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CARBIOPROTECTIVE BAG3 THERAPIES
CROSS-REFERENCETO RELATED APPLICATIONS

[3801] This application claims the benefit of US. Provisional Paient Application

Ne. 63/495,293 filed Apnl 10, 2023, which is incorporated herein by reference 1o ifs entirety.
REFERENCE TOSEQUENCE LISTING

{30802} The present application 1s being filed clectronically via USPTQO Patent Center and
mclades an electronically submitted Sequence Listing in XML format. The name of the XML
file containing the Sequence Listing is TENA 044 01WO Seqglist ST26.axt. The XML file,
created on Aprid 5, 2024, is 82,519 bvtes in size and is being submitted clectronically via
USPTO Patent Center. The Sequence Listing contained in the XML file 1s herein incorporated

by reference in its entirety.
TECHNICAL FIELD

0643} The present disclosure relates (o expression cassettes, vectors, virons, pharmaceutical
compositions and cells comprising a nucleic acid encoding a BAG3 polvpeptide or a
cardioprotective variant thercof, such as BAG3-CI51R. The present disclosure also relates to
the prevention and treatment of heart discase {e.g., cardiomvyopathy, heart failure and related

disorders) using such expression casseties, vectors, virions, compositions and cells.
BACKGROUND

G004} Cardiorovopathy 1s responsible for about half of cardiac-related deaths. It 1s estimated
that about 1 1 250 1o 1 in 10,000 adults are affected by some form of cardiomvopathy. See
McKenna et al. Cire Res. 121:722-730 {2017). Despite major ¢fforts in screening, diagnostics,
and therapeutic strategics, the provalence of cardiomyopathiss and mncidence of
cardiomyopathy-related deaths remains high. See Brieler et al. dm Fam Phvsician. 96:640-
646 {2017).

8005} Cardiomyopathy refers to a collection of conditions of the heart that sccur when s
ability to pump blood is reduced. Reduction in proper functioning, such as a contractile
dvsfunction, of the heart muscle can lead to myocardial mfarction, heart faiture, blood clots,

valve problems, and cardiac arrest. Cardiomyopathics can be separated nto primary and
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secondary categories that result in varied phenotypes. Sec McKenna et al. Cire Res. 121:722-
730 (2017}, Pamary cardiomyopathies can be genetic, acquired, or mixed in cticlogy. Genetic
cardiomyopathics are mherited and include arthythmogenic right ventricular dysplasia,
hypertrophic, ion chamnel disorders, left ventricular compaction, and mitochondrial
myopathies. Acquired cardiomyopathies are due prnmanly o non-secondary, non-genetic
causes that lead to cardiac complications and include myocarditis, penpartum, tachycardia-
mnduced cardiomvopathy, and stress-induced cardiomyopathy. Cardiomvopathies with muxed
etiology are caused by a combination of non-genetic and genetic factors, and include dilated
cardiomyopathy and restrictive cardiomyopathy. Secondary cardiomyopathies refer to heart
discase resulting from an extra cardiovascular cause. The underdying causes of sccondary
cardiomyopathics can be endocring, infoction, exposure to toxins, autoimmune related,
nutritional, and/or neuromuscular,

{0806} Dilated cardiomyopathy (BUM), a discase affecting the ability of the heart muscle to
gencrate sufficient and effective foree to circulate blood throughowt the body, affects 1:250
individuals worldwide. Genetic mutations are an important cause of dilated cardiomyopathy.
Current treatment for DCMis bmited to standard heart failure therapies and heart
transplantation.

16067} BAG family molecular chaperone regulator 3 (BAG3) 1 entical for normal heart
function, playving a key role in formation of chaperone complexes and the stability of sHSPs.
Loss of function vanants of BAG3 are associated with genetic DUM (haplomsufficiency}. in
particular, keock out of BAGS and E435K mutant of BAGS lead to dystunction of the
chaperone complex and destabilization of sHSPs, resulting in increased msolubility of BAG3
complex substrates and DCM. See, e.g., Fang et al, JCI, 2017, 127{813189-3200. About 2.3
10 3.6% of DUM 1s associated with expression of BAG 3 vanants. BAG3 exon mutations are
most significant finding in GWAS for heart fasture in UK BioBank. Also, decreased BAG3
protein levels are found m failing human hearts.

0808} Given these challenges, there remains a need in the art for improved therapies for heart
disease, and in particular heant disease associated with BAG3 vanants, loss or

haploinsufficiency.
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SUMMARY

08091 b some aspects, the disclosure provides an expression cassetie comprising a
polynuclestide encoding a BAGS protein operably hinked to a TNNTZ promoter. In some
crbodiments, the BAG3S protein is a wild type human BAG3 protein comprising the amino
acid sequence of SEQ D NO: 16, In some embodiments, the polynucieotide encoding the wild
type human BAG3 protein 18 a codon-optinnized polynuciestide. In some embodiments, the
polymucleotide is at least 80%. at least 83%, at least 90%, at least 95%, at least 98% or 100%
identical to SEQ 1D NO: 15, In some embodiments, the BAG3 protein is a human BAG3
protem having 3 CI15IR mutation. In some embodiments, the polynucleotide encoding the
human BAGS protein having a C131R matation is a codon-optimized polyvauclestide. In some
cmbodiments, the polynucleotide 1s at least 80%, at least 85%, at least 90%, at least 95%, at
least 98% or 100% identical to SEQ 1D NO: 19, In some embodiments, the human BAG3
protein having a CI51R matation has an amino acid sequence sharing at least 90%, at least
95%, at least 98% or 100% identity to SEQ 1D NO: 20,

16018} In some cmbodiments, the TNNTZ prometer 1s a humpan TNNTZ prometer. In some
embodiments, the TNNT2 promaoter comprises a sequence sharing at least 85%, at least 90%,
at least 85%, at least 98% or 100% wlentity to SEQ ID NO: 1. In some embodiments, the human
TNNT2 promoter is a wild-type homan TNNTZ promoter of 606 bp, optionally having 100%
wdentity to SEQ 1D NO: 1. In some embodiments, the TNNT?2 promoter has a sequence sharing
at least 8596, at least 90%, at least 95%, at least 98% or 100% dentity to SEQ ID NG 3. In
some embodiments, the human TNNT2 promoter is a modified human TNNT2 promoter of
350 bp to 450 bp, or 350 bp to 500 bp. In some embodiments, the human TNNT2 promoter 15
a modified human TNNTZ2 promoter of about 400 bp of SEQ ID NO: 3. In some embodiments,
the expression cassette comprises a polvadenylation sequence.

(6811} In some embodiments, the polyadenylation sequence is 3 bGH polv{A) sequence. In
some embodiments, the bGH poly{a) has a sequence at least 50%, at least 75%, at least 80%,
at least 85% or 100% identical to SEQ ID NG: 11,

{3812} In some embodiments, the expression cassette comprises a WPRE sequence.

16613} In some embodiments, the expression cassetic does not comprise a WPRE sequence.
(0614} In some aspects, the disclosure provides a vector comprising any of the expression

cassettes described herein. In some embodiments, the vector is g viral vegtor,
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13615] In some aspects, the disclosere provides a virlon comprising any of the expression
cassettes described herein. In some aspects, the disclosure provides a virion comprising any of
the vectors described herein,

6816} In some aspects, the disclosure provides a recombinant adeno-associated virus (rAAVY)
virion, compnsing a veclor gonome comprising an expression cassette disclosed hersin,
wherein the cxpression cassetic is flanked by a 87 inverted terminal repeat (ITR) and a 37 ITR.
[3817] In some embodiments, the 5° TTR comprise a sequence at least 95% or 100% identical
to SEQ ID NGs: 13, and/or the 3" TR compnses a sequence that is at least 85% or 100%
identical to SEG 1D NG 14

16018} In some embodiments, the virion 15 a wild type AAVYS virion. Ie some embodunents,
the virion is an AAVY virion variant comprising a capsid protein {such as any varnant capsid
protein described herein}. In some embodiments, the capsid protein comprises a sequence
sharing at least 75%, at least 80%, at least 85%, at least 93%. at least 98% or 100% identity to
the AAVY VP3 sequence of SEQ 1D NO: 21 In some cmbodiments, the capsid protein
comprises, relative to reference sequence SEQ 1D NG: 22:

{a} an amino acid insertion at position 584, or between positions 583 and 584, comprising one
or more of an asparagine (N), a threonine (1), a tyrosine (YY), phenylalanine {F), and an alanine
{A);

{b) an amino acid msertion at position 583, or between positions 584 and 583, comprising one
or more of a histidine (H) and a methionine (M);

{c} an anmivo acid insertion at position 386, or between positions 385 and 586, comprising one
or more of a hisidime (H), a tyrosine V), a valine {V), a threonine (1), an alanine (A}, an
isoleucine {1}, a tryptophan (W}, a methionine (M), and a leucine (L},

{d) an amino acid iusertion at position 387, or between positions 386 and 387, comprising one
or more of an isoleucine (I} and a proline (P);

{e} an amino acid msertion at position 588, or between positions 587 and 588, comprising one
or more of an isoleucine (I}, a threonine (1), and a proline (F);

{f} av amivo acid insertion at posttion 389, or between positions 388 and 589, comprising one
or more of a glveine (G) and a ghitamine (Q);

{g} one or more aming acid substitutions selected from the group consisting of NASZEK_ N432A,
W45V, NAS2E G453, G453N, 84347, 54540, G455N, Q456L, Q436K N4ASTL, N437V,
(4581, and Q438H; and/or

SN
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{h} one or more amino acid substitutions selected from the group consisting of T3820, T382ZL,
TA82E, TA82A, TARZF, TSRZR, TA82P, WSR3V, NASR3T, HSR4R, HSR4(, HABAK, H384V,
HS584Y, HS84M, H584T, HOB4W, HI84E, HS84D, Q585T, Q585C, Q585V, (35851, Q583N,
(35858, (585P, (S85A, (Q585M, (Q383E, (Q3585Y, (35385G, (3585H, (5851, S386D, S386T,
S386(G, S386K, S586M, S586N, 55861, 55860, 55861, S586P, S586F, 5586R, ASSTE,
ASBTS, ASETT, ASRTN, ASETL, ASRTP, ASETV, ASBTK, ASR7, A387R, ASRTH, A587G,
ASETM, ASETD, AS8TW, (3S8EL, 3885, Q588F, (588N, (583G, QSB8R, (5881, 3588V,
Q588T, Q588Y, (Q588H, (Q583M, Q388K, (588D, ASBOR, ASE9I, AS8ON, AS898, A380V,
ASROG, ASRIF, ASROT, ASROK, ASSOH, ASSOE, AS89W, AS80L, ASRUY. ASROM, (5901,
Q35908, Q390N, Q390G, Q590D, QSO0R, Q390H. Q390T, QS00M, Q390F, Q390Y, Q390L,
ASOH, 3943, and GS%4D.

{0819} In some embodiments, the capsid protein comprises oneg, two, three, four or more
substitutions or tnsertions in the VR-VHI site.

G026} In some embodiments, the capsid protein comprises, relative to reference SEQ 1D NG:
22, one, two, three, four or more substitutions or insertions at positions from 584 to 590 1n the
YR-VII site, or one, two, three, four or more substitutions or insertions at positions from 585
10 590 in the VR-VII site.

68211 v some embodiments, the capsid protein: {1} 1s cardiotrophie, (1) exhubits mcreased
transduction efficiency in cardiac cells compared to the parenmtal sequence, (i) exhibits
decreased transduction efficiency in fiver cells compared to the parental sequence, and/or (1v)
exhubiis increased sclectivity for the cardiac cells over hiver celis compared to the parenial
SEQUENCE.

13622} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ

(¢

1 NG: 22, at position 452 an amine acid selected from the group consisting oft K and N.
16023} In some embodiments, the capsid proten comprises, relative to reference sequence SEQ
ID KNG 22, an ammo acid substitution N4SZKL

{6824} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22

{a} at position 384 an amino acid selected from the group consisting of R and H;

{b} at position 385 an amine acid selected from the group conmisting of N M, O E, G, 8, V,

AT H Land @

W
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{¢} at position 586 an amine acid selected from the group consisting off M, BN, G, A, T, R,
fand §;

{d} at position 387 an amino acid selected from the group consisting of, TN, V. LLL SR P
and A

{e} at position 388 an aming acid selected from the group consisting of Y, T, 5, L V. F, L. R,
N, D, Gand

{f} at posiion 389 an amino acid selecied from the group consisting of L LR 5, G N, T, V,
Q. F E, Y and A; and/or

{g} at position 390 an amine acid selected from the group consisting oft GRS, LH N Y, L,
Mand Q.

6025} In some embodiments, the capsid proten comprises, relative to reference sequence SEQ
1D NG 22

{a} at position 452 an amino acid selected from the group consisting of K and N;

{b) at postion 584 an amino acid selected from the group consisting of) R and H;

{¢} at position 385 an amine acid selected from the group consisting of N M, C E, G, 8, V,
AT H Land O

{d} at position 386 an amino acid selected from the group consisting oft M, D, N, G, A, T, R,
Tand §;

{e} at position 387 an aming acid selected from the group consisting of T, N, V. L L §, R P
and A

{fy at posiion 388 an amino acid selected from the group consisting of Y, T8, L V. F, L. R,
N, D, Gand G

{g} at position 589 an anune acid selecied from the group consisting of L L RS, G N, T, V,
Q. F E Yand A; and

{h} at position 390 an amine acid selected from the group consisting of G, R, S, L H. N, Y, L,
M and Q.

{8826} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NO: 22

{a) at posiion 584 amino acid R;

{b} at position 385 an amine acid selected from the group consisting of N M, C E, G, 8, V,

A T . Hand, L;
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{¢} at position 586 an amine acid selected from the group consisting off M, BN, G, A, T, R,
and §;

{d} at position 587 an amino acid selected from the group consisting oft T, N, V, L, |, 5, R, and
P;
{e} at position 388 an aming acid selected from the group consisting of Y, T, 5, L V. F, L. R,
N, D, and G;

{f} at posiion 389 an amino acid selecied from the group consisting of L LR 5, G N, T, V,
Q. F E, and Y and/or

{g} at position 390 an amine acid selected from the group consisting oft GRS, LH N Y, L,
and M.

16027} In some embodiments, the capsid proten comprises, relative to reference sequence SEQ
1B NG 22, at least two, three, four, five, six, seven or all eight of any of the following:

{t} atposition 452 amino acd K

{ii} at position 384 amino acid R;

(:ithat position 385 an amine acid selected from the group conmisting of N, M, O E, G, 8V,
A T H and L;

{iviat position 386 an amino acid selected from the group consisting oft M, B, N, G, A, T, R,
and I

{v} at position 587 an aming acid selected from the group consisting of T, N, V, L L S, R and
P,
{vi}at position 388 an amino acid selected from the group consisting of Y, T8, L V. F, L. R,
N, D, and G

{vii} atposition 389 an amino acid selected from the group consisting oft L, LR S, G, N, T,
YV, Q,F E and Y; and

{vizl} at position 390 an amino acid selected from the group consisting oft G, R, §, L H N,
Y, L, and M.

{6828} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NO: 22

{a} at position 585 an amino acid selected from the group consisting of ELN, G M, CV, T
and {3;

{h} at posttion 5%56 an anmine acid selecied from the group consisting of N, T, M, G, D, and §;

~3J
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{¢} at position 387 an amino acid selected from the group consisting oft T, L L K, §, N, Vand
A

{d} at position 388 an amino acid selected from the group consistng of V. F. Y, L, T. S, L R
and ;

{e} at position 389 an amino acid selected from the group consisting oft S, N, L T, L Rand A,
and/or

() at postion 390 an amino acid selected from the group consisting of L, 5, G, H, Rand .
{36298} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NO: 22

{a) at posifion 452 an anuno acid selected from the group consisting of: K and N;

{b} at position 385 an anino acid selected from the group consisting of E, N, G, M, C YV, T
and ;

{c} at position 586 an amino acid selected from the group consisting off N, T, ML G, D, and §;
{d} at postiton 387 an anuno acid selected from the group consisting of: T, L, L KU S, N, Vand
Al

{e} at position 588 an amino acid selected from the group consisting of V. F, Y. L T. 5, LR
and

{fy at position 389 an amino acid selected from the group consisting of S, N L, T, L, Rand A,
and

{g} at position 590 an amino acid selected from the group consisting of | 5, G, H, Rand .
(G036 In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22

{a} at position 383 an amino acid selected from the group consisting of B, N, G, M, €. V and
T

{b} at position 586 an amino acid selected from the group consisting of N, T, M, G, and D
{c¢} at position 587 an aming acid sclecied from the group consisting of T, L, LK, S, Nand V,
{d} at position 588 an amino acid selected from the group consisting off V. F, Y, LT, 8§, Fand
K

{e} at position 589 an amino acid selected from the group consisting of 5, N, L, T, T and R;
and/or

{f} at position 590 an anune acid selected from the group consisting of LS, G . Hand R
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{3631} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NO: 22, at least two, three, four, five, six or alf seven of any of the followg:

{i} atposition 452 anino acid K

{1} at position 385 an amino acid selected from the group consisting of: E, N, G, M, C, V and
T

{i1)at postion 586 an amino acid selected from the group consisting oft N, T, M, G, and D;
{iviat postbion 387 an amino acid selected from the group consisting of T, L LK, 5, Nand V;
{v} at position 388 an aming acid selected from the group consisting oft V. F, Y, L, T, § Tand
R

{vi}at position 389 an amino acid sclected tfrom the group consisting of S, N, L, T, Fand R;
and

{vii} at position 390 an amino acid selected from the group consisting of L 5, G, Hand R
(8832} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NO: 22

{a} at position 53 an aming acid selected from the group consisting of E, N, M, €, and (};
{h} at position 586 an amine acid selected from the group consisting off A, M, G, B, Nand S;
{c} at position 587 an anuro acid selected from the group counsisting of T, N, V and A;

{d} at position 588 an amino acid selected from the group consisting of V.V, T, §, Tand @,
{e} at position 589 an amino acid selected from the growp consisting off 5, G, L, L, Rand A,
and/or

{f} at postiion 390 an amino acid selected from the group consisting of |, 8, G, Rand (.
[3833] In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NO: 22

{a) at posifion 452 an anuno acid selected from the group consisting of: K and N;

{b} at position 585 an amino acid selected from the group consisting of B, N M, C, and (;
{c} at position 586 an amine acid selected from the group consisting off A, M, G, B, Nand 5;
{d) at position 587 an amino acid selected from the group consisting of. T, N, Vand A;

{e} at position 388 an amino acid selected from the group consisting of ¥V, Y, T, 8, Tand Q
{} at position 589 an amino acid selected from the group conmsting of §, G, L, L, R and A;
and

{g} at position 590 an anuno acid selecied from the group consisting of L5, G, Rand Q.
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13834} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NG: 22

{a) at position 583 an anuno acid selected from the group consisting of: B, N, M, and ;

{b} at position 586 an amino acid selected from the group consisting oft A, M, G, D, and N;
{c¢} at position 587 an amine acid selected from the group consisting oft T, N, and V,;

{d} at position 388 an amino acid selected from the group consisting of V. Y, T. S, and L

{e} at position 389 an aming acid selected from the group consisting of: §, G, L, Tand R; and/or
() at posiion 590 an aming acid selected from the group consisting of L 8, G, and R.

13635} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I3 NG: 22, at least two, three, four, five, six or all seven of any of the following:

{i} at position 452 amino acid K;

{i1} at position 385 an amine acid selected from the group consisting oft B, N, M, and C;
{tiijat position 386 an amino acid selected from the group consisting off A M, G, B, and N;
{iv)at postion 387 an amino acid selected from the group consisting of. T, N, and V;

(v} at position 588 an amine acid selected from the group consisting of VY, T, S, and [
{vi}at position 5%9 an amine acid selected from the group counsisting of §, G, L, Fand R; and
{vii} at position 590 an amino acid selected from the group consisting of L, 5, G, and B,
06636} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG 22

{a) at position 452 an amino acid selected from the group consisting of. K and N and

(b} at posttion 587 amino acid substitution ASE7T; and optionally comprises amino acid N or
R at one, two or more positions selected from the group consisiing oft 384, 583, 586, 588, 589,
and 390

16037} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
D NG: 22

{a} at position 452 an amine acid selected from the group consisting of! K and N; and

{b) amivo acid N or R at ane, two or more positions selected from the group consisting of: 584,
583, 586, 588, 589, and 590.

[3838] In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
iDNG:22:

{a} at position 452 an anvine acid selected from the group consisting oft K and N; and

10
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(b} ammo acid S at two or more positions selected from the group consisting oft 385, 386, 587,
584, 589 and 590,

16039 In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
D NG: 22

{a} at position 452 an amine acid selected from the group consisting of! K and N; and

{b} at three, four, five or six positions i the region 585-5390 of the VR-VIII site, anuno acids
selected from the group consisting oft N, S, T, Rand L

{3840} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NO: 22 at three, four, five or six positions in the region 385-590 of the VR~V site, amino
acids selected from the group consisting off N, S, T, and R.

0841} In some embodiments, the capsid protein comprises, relative o reference sequence SEQ
ID NO: 22, amino acid sebstitutions G385E, §3586N, ASETT, Q588V, AS3895, (5901, and
N452K.

G042} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
ID NO: 22, amino acid substitutions S536T, AS87L, Q588F, ASBON, (35908, and N452K.

(¢

13643} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG: 22, amino acid substitutions Q385N, AS&TT, Q588Y, AS89L., Q590G, and N452K.
0644} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG: 22, amino acid substitutions 385G, AS87E, 3881, ASE9T, Q590H, and N452K.
{8845} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22, amino acid substitutions Q583M, 8586M, ASETT, Q5887 and (590K, and amino
acid N at position 452,

13646} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I3 NO: 22, amino acid substitutions Q585N, ASR7T, Q588Y, ASEYL., and Q5390G; and anuno
acid N at position 452,

{0847} I some embodiments, the capsid protein comprises, relative o reference sequence SEQ
1D NO: 22, amino acid substitutions QS85C, ASETT, Q584S, A5891, and (35390K; and amino
acid N at position 452,

[3848] In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
ID NO: 22, amino acid substitations Q583E, 55860, A3S87N, (35881, ASE9R, and (3590S; and

amino acid N at position 452
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3849} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I3 NO: 22, amine acid substitutions Q583E, S586D, AS8TN, (5881, AS89R, 5908, and
N4SIK.

6038} In some embodiments, the capsid proten comprises, relative to reference sequence SEQ
ID NOG: 22, amino acid substitutions Q583N, §386N, ASE7Y, (S88L AS3895, (590G, and
N452K.

3051} In some embodiments, the capsid protein comprises, relative to referenee sequence SEQ)
ID NG: 22, amino acid substitutions 85860 and (Q588Y; and amino acid N at position 452,
13652} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I3 NO: 22, amino acid substitutions S38GA, ASRTN, (35388Y, ASE9G, and N4S2K.

6033} In some embodiments, the capsid proten comprises, relative to reference sequence SEQ
1D NG:22, amino acids ATN at positions 581-583, and amino acids AQTG at positions 591-
594

G034 In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG:22, aming acids ATNH at positions 581-384, and amino acids AQTG at positions 591-
594.

16035} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
1D NG:22:

{i} amino acid sequence ATNHENTVSIAQTG (SEQ ID NG: 353 at the VR-VII positions
581-594, and amino acid K at the VR-1V position 452,

{ii} amino acid sequence ATNHQTLFNSAQTG (SEQ 1D NO: 36) at the VR-VHI positions
581-594, and amino acid K at the VR-IV position 452;

{itiyamino acid sequence ATNHNSTYLGAQTG (SEQ ID NO: 37) at the VR-VIH positions
581-594, and amino acid K at the VR-IV position 452;

{iviamino acid sequence ATNHGSILTHAQTG (SEQ 1D NO: 38) at the VR-VHI positions
581-594, and amino acid K at the VR-IV position 452,

{v} amino acid sequence ATNHMMTTARAGTG (SEQ 1D NO: 39) at the VR-VIH positions
581-594, and amino acid N at the VR-1V position 452;

{vijamino acid sequence ATNHNSTYLGAQTG (SEQ 1D NO: 37) at the VR-VIH positions
581-594, and amine acid N at the VR-IV position 452

{vit} amino acid sequence ATNHUSTSIRAQTG (SEQ 1D NO: 40) at the VR-VHI positions

581-594, and amino acid N at the VR-IV position 452;
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{(viit} amino acid sequence ATNHEDNIRSAQTG (SEGQ 1D NQ: 41) at the VR-VIH positions
581-594, and aming acid N at the VR-IV posttion 452

{ixjamino acid sequence ATNHEDNIRSAQTG (SEQ 1D NO: 41) at the VR-VHI positions
581-394, and amuno acid K at the VR-IV position 452,

{x} amino acid sequence ATNHNNVISGAQTG (SEQ 1D NG: 42) at the VR-VHI positions
581-594, and amino acid K at the VR-1V position 452;

{xijamino acid sequence ATNHQGAYAQAQTG (BEQ ID NG: 43) at the VR-VHI positions
581-594, and amine acid N at the VR-IV position 452

{xit} aminc acid sequence ATNHOANYGQAGTG (SEQ 1D NO: 44) at the VR-VIH
positions 581-394, and amino acid K at the VR-IV position 457;

{xiii} amino acid scquence ATNHNMNRVNAQTG (SEQ ID NO: 45) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 452,

{xiv}) aming acid sequence ATNHNNVISGAQTG (SEG 1D NG: 42) at the VR-VIH positions
581-594, and anuno acid N at the VR-1V position 452

{(xv} amno acid sequence ATNHSNEVOQSAQTG (SEQ ID NO: 46) at the VR-VIH positions
581-394, and amino acid N at the VR-IV posttion 452

{xvi) amino acid scquence ATNHSSTFQGAQTG (SEQ 1D NG: 47) at the VR-VIH positions
581-394, and ammno acid N at the VR-IV position 452,

{xvii} amine acid sequence ATNHVYSSFTSAQTG (SEQ D NG: 48} at the VR-VIH positions
581-594, and amino acid N at the VR-1V position 452,

{xviii) amino acid sequence ATNHSTINFRAQTG (SEQ [D NO: 49) at the VR-VIH positions
581-594, and amino acid N at the VR-1V position 452

{xix} amino acid sequence ATNHSSIFNSAQTG (SEQ 1D NO: 50} at the VR-VHI positions
581-594, and amino acid N at the VR-IV position 452;

{xx} amino acid sequence ATNHAGNYNNAQTG (SEQ ID NO: 51) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 452,

{xxi} aming acid sequence ATNHTISVISIAGTG (SEQ 1D NO: 52) at the VR-VHI positions
581-594, and anuno acid N at the VR-1V position 452

{xxii} amuno acid sequence ATNHHSRVEIAQTG (SEQ D NG: 53) at the VR-VI positions
581-594, and amine acid N at the VR-IV position 452

{xxiit} amino acid sequence ATNHSSHYSAQTG (SEQ ID NO: 543 at the VR-VI positions

581-594, and amino acid N at the VR-IV position 452;

13
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{xxiv}) amino acid sequence ATNHEGRDSYAQTG (SEQ ID NG 33) at the VR-ViIH
positions 581-594, and amino acid N at the VR-IV position 452;

{xxv} amino acid sequence ATNHSSSYNNAQTG (SEQ ID NG: 536) at the VR-VIH positions
581-5394, and amuno acid N at the VR-IV position 452,

{xxvi} aming acid sequence ATNHHNPSINAGTG (SEGQ ID NO: 537} at the VR-VIH positions
581-594, and amino acid N at the VR-1V position 452;

{xxvii} amino acid sequence ATNHNRNGLLAQTG (GEQ 1D NG: 58) at the VR-VIII
posttions 381-594, and amino acid N at the VR-IV position 452;

{xxvitijamino acid sequence ATNHESTSVRAQTG (SEQ ID NO: 539) at the VR-VIH positions
581-594, and amino acid N at the VR-IV position 452;

{xxix} amino acid sequence ATNHNIRTEMAQTG (SEQ 1D NG: 60) at the VR-VIH positions
581-594, and amino acid N at the VR-IV position 452,

{xxx} aming acid sequence ATNHOQTLENSAQTG (SEQ 1D NG: 36) at the VR-VIH positions
581-594, and amino acid N at the VR-1V position 452;

{xxxi} amino acid sequence ATNHLSVSSIAQTG (SEQ 1D NO: 613 at the VR-VHI positions
581-594, and aming acid N at the VR-IV posttion 452

{xxxii} amino acid sequence ATNHEDHRSAQTG (SEQ D NO: 62) at the VR-VHI positions
581-5394, and amuno acid N at the VR-IV position 452,

{xxxiityaming acid sequence ATNRQTAQAQAQTG (BEQ ID NO: 63) at the VR-VIH
positions 581-594, and amino acid N at the VRV position 452, or

{xxxiviamino acid sequence ATNRGIAQAQAQTG (SEQ 1D NO: 64) at the VR-VIH
posttions 581-594, and amino acid N at the VR-IV position 432,

13656} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22

{i} an amino acid msertion at position 584 consisting ofa TY, FN, or AT,

{i1} an amino acid msertion at position 585 consisting of MH;

{#iijan amino acid msertion at position 586 consisting of HY, VT, AL WM, or ML;

{ivian anvuo acid msertion at position 5387 consisting of PI; and/or

{v} an amino acid msertion at position 388 consisting of IT or PT.

{3857} In some embodiments, the capsid protein, except for the specified modifications, shares,

o at least 83%. at least 90%, at least 5%, at least 96%. at least

=24

O COMPIISes a sequence sharin

7%, at least 99%, or 100% amino acid sequence identity to: (i) the AAVY VP1 sequence

14
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according to SEQ ID NG: 22, and/or (1) the AAVS VP3 sequence according to SEQ ID NO:
2%

[0658] ln some embodiments, the virion has a cardioprotective effect, wherein the
cardioprotective effect is protection against and/or amelioration of decrease in sarcomere count
or sarcomere dysfunction or disarray in cells, optionally wherein the cells are cardiomyocytes,
and optionally wheremn the cardioprotective effect is observed i a BAG3 haplomsutficiency
background i vifro.

13652] In some aspects, the disclosure provides a pharmaceutical composition comprising a
vector of disclosed herein or a virion of disclosed herein and a pharmaceutically acceptable
excipient. In some ernbodiments, the pharmaceutical composition comprises the virion in the
amount of about or less than Ix10™ vg/ke, about or less than Ix10" va/ke, or about or less
than 6x10'? vg/kg, or in an amount from about 1x10™ to 1x10%* ve/ke.

{0868 In some aspects, the disclosure provides a method of transducing a cell, comprising
contacting the cell with the vector or virton disclosed berein, wherein the vector or vition
transduces the cell.

10661} In some aspects, the disclosure provides a cell comprising an cxpression cassette,
vector, or virion disclosed heremn. In some embodiments, the cell is a cardiac cell, optionally
wherein the cardiac cell is a cardiomyocyte.

[0862] I some aspects, the disclosure provides a method of treating and/or preventing heart
disease in a subject, comprising administering to a subject a vector, virion, pharmaceutical
composition, or cell described herem. In some embodiments, the heart discase 15 associated
with a deleterious or loss of function mutation in the BAGS gene and/or a decrcased BAGS
protein level 1n cardiac cells of the subject. In some embodiments, the deleterious or loss of
function mutation i the 4G 3 gene is any mtation described berein or known inthe art, ez,
E453K. In some embodiments, the subject is a buman. In some embodiments, the method is a
method of treating heart disgase in a subject in need thereof, optionally wherein the subject has
been diagnosed with the heart disease.

[8863] In some embodiments, the heart disease 1s cardiomyopathy. In some embodiments, the
cardiomyopathy 15 dilated cardiomyopathy or hypertrophic cardiomyopathy, In some
embodiments, the heart disease 1s heart failure. In some embodiments, the heart failure 15 a
heart failure with reduced ejection fraction. In some embodiments, the heart failure is an

1schemic heart fatture.

—
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13664} In some embodiments, the administering improves cardiac function, optionally wherein
the administering decreases loft ventrcular mtemal diameter (LVID) and/or increases gjection
fraction. In some embodiments, the adnunistering ameliorates decrease in sarcomere count o
sarcomere dysfimetion or disarray i cardiac cells of the subject.

[0865] In some embodiments, the administering is systemic admuinistration or local
adminstration to the heart. In some cmbodiments, the systemic administration is intravenous
admimstration. In some embodiments, the local adounistration 18 by direct mjection into the
heart or cardiac tissue, wntracoronary administration or retrograde coronary sings infusion. In
some embodiments, the administenng is admirustering the virion in the amount of about or less
than 1x10" ve/kg, about or less than 1x16% vg/kg, or about or less than 6x107? vg/ke, or in an

amount from about 1x10% 10 Ix10™ va/kg.
BRIEF DESCRIPTION OF THE DRAWINGS

[0666] FIG. 1 is a graph deomonstrating sarcomere count in cardiomyocytes treated with
siBAG3 alone or with AAV BAGS wild tvpe, AAV BAG3 C151R or AAV GFP control. High-
content microscopy of a wild-tvpe mduced plusipotent stem cell (iIPSC) treated with siBAG3
shows decreased normalized sarcomere count {p< 0.001) recapitulating a key cellular
phenotype in BAGS deficient cardiomyopathy. Treatmoent with AAV-BAG3wianpe did not
correct the deficit in normalized sarcomere count in siBAG deficiency (p=0.85), while
treatment with AAY-BAG3cisie improved nomalized sarcomere count {(p=0.026). Treatment
with a negative control AAY-GFP does not restore sarcomere cownd. Nommalized sarcomere
count 13 sarcomere count divided by nuclear count.

6067 FIG. 2 shows graphs measuring LV {(left ventricolar) dilation, cardiac function
{Ejection Fraction}, and survival rate of BAG3-<K O and BAG4-E455K mice compared to
wild-type control mice.

3068} FiGs. 3A-3D are graphs showmg ejection fraction (FIG. 3A), left ventricular internal
diameter at systole (LVIDs) (FIG, 3B), left ventncular intemal diameter at diastole (LVIDd)
(K16, 3C), and deita ejection fraction (FIG, 3D} m BAG3-cKO mice adminusiered vehicle,
AAVYEBAGS, or AAVImBAG3 compared to wild-type mice admunistered Hanks Balanced
Salt Solation (HBSS).

16
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DETAILED BESCRIPTION

[6869] In some aspects, provided herein are polvnucleotides, expression casseties, vectors,
virions and compositions for expression of BAG3. In some aspects, provided herem are
polynuclectides, expression casseftes, vectors, virions and composttions for expression of a
cardioprotective variant of BAGS, such as CI5IR vanant of BAG3. In some embodiments,
provided herein are expression cassettes comprising a nucleie acid encoding BAGS or a variant
thercof (operably linked to a cardiac specific-promoter, in particelar a TNNT2 promoter
described herein {c.g., TNNT2 promoter of SEQ {3 NO: 1 or SEQ 1D NO: 3, or a promoter
having at least 0% or 95% dentity thereto). In some embodiments, provided herein are
expression casseites compnsing a nucleic acid encoding a cardioprotective vartant of BAG3,
such as BAG-CI151R, operably linked to a cardiac specific-promoter, in particular a TNNT2
promoter descrbed herein {e.g., TNNT2 promoter of SEQ ID NO: 1 or SEQ ID NO: 3, ora
promoter having at least 20% or 95% identity thergto). In some embodiments, provided herem
are vectors comprising an expression cassctic described herein. In some embodiments, the
vectors are AAY vectors such as AAVY vectors. In some embodiments, provided herein are
AAV vinions comprising any of the expression cassettes deseribed herein and an AAV capsid
protein, wherein the capsid protein can be a wild-type capsid protein (e.g., wild type AAVO
capsid protein) or a variant capsid protein {such as any of the variant capsid proteins describad
herein). In some aspects, provided berein are methods for transduction of cells with
polynucleotides, expression cassettes, vectors or virions for expression of BAGS or a
cardioprotective variant of BAG3. In some aspects, provided herein are cells comprising a
polynucleotide, an expression casseite, a vector or a virion described herein. In some aspecis,
provided herein are pharmaceutical compositions comprnsing a polyvnucleotide, an expression
cassette, a vector or a virion described herein, and a phamaceutically aceeptable carrier. In
some aspects, provided herein are methods of treatment of heart discase comprising
adrinistering 0 a subject 1 need thereof a polvoucleotide, an expression cassette, a vecior, a
virion, a pharmaceutical composition or a cell desenbed herein.  In some embodiments,
provided herein are methods of treatment of heart disease comprising administening to a subject
in need thereot a polvnucleotide. an expression casseite, a vector, a virion, a pharmaceutical
composition or a cell comprising a nucleic acid encoding BAGS or a cardioprotective vanant
of BAGS (e.g., C151R vanant of BAG3) operably linked to a promoter, sach as a cardiac-

specific promoter, e.g.. a TNNTZ promoter {such as any of those described herein}. In some
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embodiments, the administering 18 intravenous {1V} or by local delivery to the heart (e g., by
intracardiac injoction or intracardiac catheterization}. In some embodiments, the methods
described herein are effective in treating cardiomyopathy {¢.g., hvpertrophic cardiomyopathy
or dilated cardiomvopathy) or heart fatlure {¢.g., heart talure with reduced ejection fraction).
In some embodiments, the methods described herein are effective m increasimg ejection
fraction, decreasing left ventricular wnternal diameter and/or increasing survival. In some
embodiments, a single admmistration of a vector or virion described herein s effective n
maintaining or improving heart function in the treated subject for at least 2 weeks, 3 weeks, 4
weeks, 3 weeks, 6 weeks, 7 weeks, 8 weeks, 10 weeks, 12 weeks, or more. In some
embodiments, the subject being treated has a deleterious or loss of function mutation in BAG3
and/or haploinsutticiency or decreased protein level of BAGS {e.g., in cardiac cells). In some
cmbodiments, the polynuclectides, expression casseties, vectors and virions described herein,
when delivered to a cell or a subject, are offective to protect against and/or amelicrate
sarcomere dysfunction and/or disarray (such as that caused by BAG3 knockdown, loss of

function or haplomnsufficieney).

Terminoclogy

{66781 Unless the context indicates otherwise, 1t 1s specifically infended that the varous
features of the invention deseribed herein can be used m any combination. Morgover, the
disclosure also contemplates that m some emmbodiments, any feature or combination of features
set forth herein can be excluded or omitted. To illustrate, if the specification states that a
complex comprises components A, B and C, it 18 specifically intended that any of A, Bor C,
or a combination thereof, can be omitted and disclaimed singularly or in any combination.
16071} As used in this specification and the appended claims, the singular forms "a,” “an” and
“the” include plural references unless the content clearly dictates otherwise.

{0872} As used in this spectfication, the ferm “and/or” is used 1 this disclosure to mean either
“and” or “or” unless indicated otherwise.

3073} Throughout this apphication, the tormo “about” s used to indicate that a value includes
the inherent varation of error for the device or the method being employed to determine the
value, or the variation that exists among the samples being measured. Unless otherwise stated
or otherwise evident from the context, the term “about” means within 10% above or below the

reporied numencal value {except where such number would exceed 100% of a possible value
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or go below 0%}, When used in conjunction with a range or series of values, the term “about”
applies to the endpoints of the range or each of the values enumerated in the series, unless
otherwise indicated. As used in this application, the terms “about” and “approximately” are
used as equivalents.

{0874} “AAV” 13 an abbreviation for adeno-associated virus. The term covers all subtypes of
AAV, except where a subtype 1s indicated, and to both naturally occurring and recombinant
forms. The abbreviation "“TAAV” refers to recombinant adeno-associated virus, “AAV”
mclades AAV or any subtype. “AAVS” refers to AAV sobtype 5. “AAVY refers to AAY
subtype 9. The genomic sequences of various serotypes of AAVY, as well as the sequences of
the native mverted terminal repeats (FTRs), Rep proteins, and capsid subunits may be found m
the literature or m public databases such as GenBank. See, .2, GenBank Accession Numbers
NC 002077 {AAV1), AF063497 (AAV1), NC 001401 (AAVZ), AF043303 (AAVZ),
NC 001729 (AAV3), NC 001829 (AAV4), URG790 (AAV4), NC 006152 (AAVS),
AFS13R31 (AAVT), AF513852 (AAVE), NC 006261 (AAVE), and AYS30579 (AAVY)
Publications descnbimg AAY include Srivistava et al, (19833 .7 Virel 45:555; Chionini et al.
(3998} .J. Virol 71:6823; Chionni et al. {1999y J. Virol 73:1309; Bantel-Schaal et al. {1999/
Viral 73:939; Xigo ot al. (1999} J. Virol 73:3994; Muramatsu ¢t al. {1996} Virol 221.208;
Shade et al. (1986) J. Virol 538:921; Gao et al. (2002) Proc. Nar. Acad. Sci. US4 99 11854,
Moris et al. (2004} Virology 33:375-383; Imt’l Pat Publ Nos. WO2018/222503A1,
WO2Z012/145601 A2, WOZ000/028061A2, WO1999/61601A2, and WOI99R/11244A2; U S,
Pat. Appl. Nos. 15/782,980 and 15/433.,322; and U.S. Pat. Nos. 10,036,016, 9,790,472,
9,737,618, 9434928 9233131, 8,806,673, 7,790,449, 7906111, 7,718,424, 7,259,151,
7,108,951, 7,103,345, 6,962 815, 6,984,517 and 6,156,303,

[B673) An "AAV vector” or “rAAV vector” as used in the art to refer either to the DNA
packaged into n the rAAYV virion or to the rAAYV vinon tiself, depending on context. As used
herein, sunless otherwise apparent from context, rAAY vector refers to a nucleie acid {typically
a plasmud) comprising a polynucleotide sequence capable of being packaged into an TAAV
virion, but with the capsid or other proteins of the TAAV virion. Generally an rAAV vector
comprises 3 heterologous polynucleotide sequence (e, a polynucleotide not of AAV origin)
and one or two AAY mverted termunal repeat sequences {(FTRs) flanking the heterologous
polynuclectide sequence. Only one of the two F'TRs may be packaged into the rAAV and vet

infectivity of the resulting rAAV virion may be maintained. See Wu ct al. (2010} Mo/ Ther.
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18:80. An rAAY vector may be designed to generate either single-stranded (s3AAV) or self-
complementary {(scAAV}. See McCarty D. (2008} Mo. Ther. 16:1648-1656;, WO2001/11034;
WO2001/92551;, WO2010/129021.

16076] An “AAV particle” refers to an extracellular viral particle including at least one viral
capsid protein {e.g. VP1} and an encapsidated AAY vector {or fragment thercof}, including the
capsid proteins,

3877} For brevity and clarnty, the disclosure refers to “capsid protein” or “capuid proteins” of
AAV. Those skilled in the art understand that such references refer to VP1, VP2, or VB3, or
convbinations of VP, VPZ, and VP3. Ag in wild-type AAY and most recombinant cxpression
svstems YP1, VP2, and VP3 arc expressed from the same open reading frame, engincering of
the sequence that encodes VP3 mmevitably alters the sequences of the C-ierminal domam of VPI
and VPZ. Onc may also express the capsid proteins from different open reading frames, in
which case the capsid of the resulting tAAV virion could contain a mixture of wild-fype and
enginecred capsid proteins, and mixtures of different engincered capsid proteins.

{3878} The terms “polynuclectide” and “nucleic acid,” used interchangeably herein, referto a
polymernc form of osucleotides of more than about 100 nucleotides, either ribonucleotides or
deoxyribonucleotides. Thaus, this term includes, but is not lonited to, single-~, double-, or multi-
stranded DNA or RNA, genpomic DNA, ¢DNA, DNA-RNA hybrids, or a polymer comprismg
punne and pyrimidine bases or other natural, chemically or biochemically modified, non-
natural, or derivatized nucleotide bases. “Oligonucieotide”™ generally refers to polynuclestides
of between about 5 and about 100 nucleotides of single- or double-stranded DNA or RNA.
However, for the purposes of this disclosure, there is no upper limit to the length of an
oligonuclestide. Ohigonucleotides are also known as “oligomers” or “cligos”™ and may be
isolated from genes, or chenucally svnthesized by methods known 1o the art. The terms
“polynucleotide” and “nucleic acid” should be understood to melude, as applicable to the
embodiments being described, single-stranded (such as sense or antisense} and double-stranded
polynuclectides.

[B879] The term “promoter” as used herein refers a polynucleotide sequence that has one or
more recognition site{s) to which an RNA polymerase binds, such that in a host or target cell,
an RNA polymerase may imtiate and transcribe a polynucleotide sequence “downstream”™ of
the promoter 1nto an RNA . Smmilarly stated, a “promoter” is operably linked or operatively

linked to a polynuclectide sequence if in a host or target celt m which the promaoter is active,
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an RNA polymerase imitiates transcription of the polymucleotide at a transcription stafe site.
Promoters operative in manunalian cells gencrally comprise an AT-rich region located
approximately 25 to 30 bases upstream from the site where transcription is mifiated and/or
another sequence found 70 to 30 bases upstream from the start of transeription, a CNCAAT
region where N may be any mucleotide.

[B086] The terms “upstream” and “upstream end” refer to a portion of a polynucleotide that s,
with reference 1o a transcription start site {TH5}, 5 to the TSS on the sense strand (or coding
strandd} of the polynucleotide; and 37 to the TSS on the antisense strand of the polvnucleotide.
The terms “downstream” and “downstream ond” refer to a portion of a polynucleotide that is,
with reference to a 1TSS, 3" to TSS on the sense strand (o1 coding strand) of the polynucleotide;
and 5" to the TSS on the antisense strand of the polynucleotide. Thus, a deletion from the
apstream end of a promoter 1s 8 deletion of one or more base pairs in the nop-transcribed region
of the polvoucieotide, 5 to the TSS on the sense strand {or equivalently, 3’ to the TSS on the
antisense strand). A deletion from the downstream end of a promoter is a deletion of one or
more base pairs in the transcribed region of the polynucieotide, 3" to the T5S on the sense strand
{or equivalently, 5" to the TSS on the antisense strand}.

{6681} As used herein, the term “ransgene” refers to a nucleic acid sequence encoding a
protein or BRNA {e.g., a therapeutic protein), which s partly or enfirely heterologous, ie.,
forgign, to the transgenic ammal or cell into which ¢ s introduced, or, 1s homologous to an
endogenous gene of the transgenic amimal or cell into which it is introduced, but which is
designed to be mserted, or is 1nserted, mto the animal’s genome n such a way as to alter the
genome of the cell into which 1t is inserted (e.g., 1 is inserted at a location which differs from
that of the natural gene or its insertion results in a koockout). A transgene can include one or
more transcriptional regulatory sequences and any other nucleic acid, such as mirons, that may
be necessary for optimal expression of a selected nucleic acid.

{0882} The term “sequence identity” refers to the percentage of bases or ammno acids between
two polvnuclectide or polypeptide sequences that are the same, and i the same relative
position. As such one polynucleotide or polypeptide sequence has a certain percentage of
sequence dentity compared to another polvnucleotide or polypeptide sequence. For sequence
comparison, typically one scquence acts as a reference seqaence, to which test sequences are
compared. The term “reference sequence” refers to a molecule to which a tost sequence is

compared.
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3883} Methods of sequence alignment for comparison and determmation of percent sequenee
identity is well known in the art. Optimal alignment of sequences for comparison can be
conducted, e.g., by the homology alignment aigorithm of Needieman and Wuunsch, J Aol
Biol 48:443 (1970}, by the search for similanty method of Pearson and Lipman, Proc. Nat'l
Acad. Sci. USA 85:2444 (1988}, by computerized mplementations of these algorithms (GAP,
BESTFIT, FASTA, and TFASTA i the Wisconsin Genctics Software Package, Genetics
Computer Group, 573 Science Dr., Madison, W1}, by manual alignment and visual imspection
{see, e.g., Brent ef ol | Current Protocols in Molecular Biology (20033}, by use of algorithms
know in the art including the BLAST and BLAST 2.0 algorithims, which are described
Altschul etal., Nuc. Acids Kes. 25:3389-3402 (1977}, and Altschul etal, J Mol Biol. 215:403-
410 (1990), respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information.

(68584} In some embodiments, the determunation of the percentage of sequence identity may
take place after a local alignmment. Such alignments are well known 1o the art, for instance the
service EMBOSS Matcher identifies local sinularities between fwo sequences using an
algorithm based on the LALIGN application. version 2.0ud. In an example, the identity
between two nucleic acid sequences may be calculated using the service Matcher (EMBOSS)
set to the default parameters, e.g. matrix {DNAfl]), gap open (16}, gap extend (4), altemative
matches {13

{6855} The term “expression cassetie” refers to a polvnucleotide cassette comprising a coding
sequence which encodes a gene product of nterest used to effect the expression of the gene
product in target cells, which is operably linked to a promoter. Unless otherwise specified, the
cxpression cassette of an AAY vector includes only the polvnuciestides between {and not
mcluding} the TTRs.

0686} “Operativelv linked” or “operably linked” refers to a juxtaposition of genetic elements,
wherein the elements are 1n a relationship permitiing them to operate i the expected manner,
For instance, a promoter is operatively linked o a coding region if the promoter helps imitiate
transcrption of the coding sequence. There may be mtervenmg residues between the promoter
and coding region so long as this functional relationship is maintamed.

{3687} “Recombinant,” as applied to a polymucleotide means that the polynucleotide 1s the
product of various combinations of cloning, restriction or hgation steps, and other procedures

that result m a construct that is distinct from a polynucleotide found 10 vature, or that the
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polynucleotide is assembled from synthetic oligonucleotides. A “recombinant™ protein is a
protein produced from a recombivant polypeptide. A recombinant virion is a virion that
comprises a recombinant polynucleotide and/or a recombinant protein, e.g. a recombinant
capsid protemn.

{0688} As used herein, the term “delivery”, which is used interchangeably with “transduction,”
refers to the process by which exogenous nucleic acid molecules are transferred into a cell such
that they are located mside the cell. Delivery of nucleic acids 18 a distinet process from
expression of nucleie acids.

10689} The term “modified” refers 1o a substance or compound {e.g.. a cell, a polymuclootide
sequence, and/or a polypeptide sequence) that has been altered or changed as compared to the
corresponding unmodified substance or compound.

{0898} The term “sample” refers to a bislogical composition {e.g., a cell or a portion of a tissug)
that is subjected to analysis and/or genetic modification. In some embodiments, a sample is a

>

“primary sample” in that 1t is obtained directly from a subject; in some embodiments, a
“sample” is the result of processing of a primary sample, for example to remove certain
components and/or to 1solate or punfy certain components of interest,

16091] The term “transfection” refers to the uptake of forcign DNA by a cell. A cell has been
“transfocted” when exogenous DNA has been introduced mside the cell membrane. A number
of transfection techniques are generally known o the art. See, e.g., Grabam et al., Virology
52:456 {1973}, Sambrook et al.. Molecular Cloning: A Laboratory Manual (1989); Davisetal
Basic Methods in Molecular Biology (1986); Chu et al, Gere 13:197 (1981). Such techoiques
can be used to introduce one or more exogenous DNA moicties, such as anucleotide miegration
vector and ather nucleic acid molecules, into suitable bost celis. The term captures chencal
and clectrical transfection procedures.

6692} The term “expression” refers to the process by which a nucleic acid 1s translated into
peptides or is ransceribed into RNA, which, for example, can be translated mto peptides,
polypeptides or proteins. If the nucleic acid is derived from gonomic DNA, expression may, if
an appropnate cukarvotic host cell or organism s selected, include splicing of the mBRNA. For
heterologous nucleic acid to be expressed in a host cell, it must mitially be delivered mto the
cell and then, once in the cell, vlimately reside 1n the nuclous.

10693] As used berein, a “heterologous” polyvoucleotide or mucleic acid refers o a

polynucleotide or portion of a polvnucleotide derived from a source other than the host
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orgamsm or, for a viral vector, the native, non-recombinant virus. Examples of heterclogous
DNA include, but are not limited to, DNA that encodes traceable marker proteins, such as a
protein that confers drug resistance, DNA that encodes therapeutically effective substances,
such as anti-cancer agents, enzymes and hormones, and DNA that encodes other tvpes of
proteins, such as antibodies.

[0094] The term “wild type” refers to the naturally-occurring polvaoucleotide sequence
encoding a profein, or a portion thereof, or proten sequence, or portion thereof, respectively,
as it nomally exists in vivo in a normal or healthy subject.

10693] The term “varant” refers to a protein or nucleic acid having one or more genetic
changes {e.g. msertions, deletions, substitutions, or the like) that retums all or substantially all
of the tunctions of the reference protein or nucleic acid. For example, a vanant of a therapeutic
protein retaing the same or substantially the same activity and/or provides the same or
substantially the same therapeutic benefit to a subject in need thereof A variant of a promoter
sequence retains the ability to initiate transcrption at the same or substantially the same level
as the reference promoter, and rotains the same or sabstantially the same cell type speciﬁcity.
In particular embodiments, polynucieotides vanants have at feast or about 50%, 55%, 609
65%, T0%., T1%, T2%, 3%, 74%, 75%76%, 7%, 78%., 79%, R0%, 81%. 82%, 83%,
84%,85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 949, 95%, 96%, 97%, 98%, 99% or

100% sequence wdentity to a reference sequence. In particular embodiments, protein variants

have at least or about 50% Yo, 60%, 65%., T0%, T1%. T2%, T3%, 4%, 75%.,76%., 77%,
78%, T8%, 80%, 819%, 82%, 83%, 849%%,85%, 86%, 87%. 88%, 89%, 0%, 91%, 92%, ©39%,

4%, 95%, 96%, 97%, 98%, 99% or 1060% sequence identity 1o a reference sequence.

10696] The term “subject” imcludes animals, such as e g mammals. In some embodiments, the
maromal 1s a primaie. In some embodiments, the maounal is a humwan. In some embodimends,
subjects are hivestock such as cattle, sheep, goats, cows, swine, and the like; or domesticated
animals such as dogs and cats. In some embodiments {e.g., particalarly i rescarch contexis)
subjocts are rodents {e.g.. mice, rats, hamsters}, rabbits, primates. or swine such as inbred pigs
and the bike. The terms “subject” and “patient” are used interchangeably heren.

3097} The term “administering” to a subject is a procedure by which one or more delivery
agents, together or separately, arg tntrodaced nto or applied onto a subject such that target cells

which are present in the subject are eventually contacted with the agent.
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{3698} As used herein, the term “gene product” refers to a protein or nucleie acid produced by
the transcription of a polynuclestide and, in the case of a protein gene product, the subsequent
translation of transcript into a protein.

16099} As used herein, the term “cardiomyopathy” refers to the deterioration of the function of
the myocardium {i.e., the actual heart muscle} for any reason. Subjects with cardiomyopathy
are often at risk of archvthmia or sudden cardiac death or both.

[3188] The term “diated cardiomvopathy”™ mcludes, but is not himited to, cardiomvopathy
caused by trancating vanants in the TIN Gene.

10181} As ased herein, the term “hypertrophic cardiomyopathy” refers to a disease of the heart
and myvocardium in which a portion of the myocardium 1s bypertrophied.

[6102] As used herein, the term “famubal hypertrophic cardiomvopathy™ refers to a genetic
disorder characterized by increased growth (7.e., hypertrophy} in thickness of the wall of the
left ventricle.

[3103] As used hercin, the toom “left ventricular intemal diameter at diastole” or “LVIDG”
refers to left ventricular size at diastole.

10184} As used herein, the term “left ventricular mtemal diameter at systole” or “LVIDS” refers
to left ventricular size at systole.

{63105} As used herein, the term “left ventricular mass™ refers to the weight of the left ventnicle.
{3186} As used herein, the term “ejection fraction” refers to the amount of blood being bumped
out of the left ventricle cach time # contracts, expressed as a percentage to the total amount of
blood in left ventricle.

[3187] As used herein, the term “cffective amount” refers to the mmimum amount of an agent
or composition required to reselt in a particolar physiological effect. The effective amount of
a particular agent may be represented m a vanety of ways based on the nature of the agent,
such as mass/volume, # of cells/volume, particles/volume, {mass of the agent)/{mass of the
sabject), 4 of cells/(mass of subject), or particles/{mass of subject). The effective amount of &
particular agent mav also be expressed as the half-meximal effective concentration (ECse),
which refers to the concentration of an agent that results in a magnitude of a particular
physiological response that is half-way between a reference level and a maximum response
level.

10188} The practice of the present disclosure will employ, unless otherwise mdicated,

conventional techmuques of tissue culture, immunology, mwlecular biology, cell biology and
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recombinant DNA, which are within the skill of the art. See, e.g., Sambrook and Russell eds.
(2001) Molecular Cloning: A Laboratory Manual, 3 edition; Ausubel et al. eds. (2007)
Current Protocols m Molecular Biology; Methods in Enzvmology (Academic Press, Inc,
N.Y .}, MacPherson et al. (1991 PCR 1 A Practical Approach (JRL Press at Oxford University
Press); MacPherson et al. (1995) PCR 2: A Practical Approach; Harlow and Lane eds. (1599)
Auntibodies, A Laboratory Maoual; Freshoey (2005) Culture of Animal Cells: A Mamual of
Basic Technique, 5%edition: Gait ed. (1984) Oligonucleotide Synthesis: US Pat. No.
4,683,195; Hames and Higgins eds. (1984} Nucleic Acid Hybndization, Anderson {1999}
Nucleic Acid Hybridization; Hames and Higgins eds. (1984) Transcription and Translation;
IRL Press (1986) Immobilized Cells and Enzymes; Perbal (1984} A Pracucal Guide o
Molecular Cloning: Miller and Calos eds. (1987 Gene Transfer Vectors for Mammalian Cells
{Cold Spnng Harbor Laboratory), Makrides ed. (20033 Geng Transfer and Expression in
Mammalian Cells; Maver and Walker eds. {1987y Imounochemical Methods in Cell and
Molecular Biology (Academic Press, London}); Herzenberg et al. eds (1996) Weir’s Handbook
of Experimental Immumology, Manipulating the Mouse Hmbryo: A Laboratory Manaal,
3 edition (2002) Cold Spring Harbor Laboratory Press; Sohaif (2004} Gene Silencing by RNA
Interfercnee: Technology and Application {CRC Press); and Sell (2013) Stem Celis Handbook.

BAG3 POLYNUCLEOTIDES, EXPRESSION CASSETTES, VECTORS, VIRIONS AND
COMPOSITIONS

16169} In some embodiments, described herein are polynucicotides encoding BAG3S or a
cardioprotective mutant thereof, and expression cassettes, vectors and vinons comprising the
same. In some embodiments, described herein are polynucleotides encoding C151R mutant of
BAGS3, and exprossion cassettes vectors, and virions comprising the same.

{3116} In some embodiments, described herem are polynucleotides encoding BAG3 or a
cardioprotective mutant or variant thereof operably linked to a promoter, such as TNNT2
promoter, and expression cassettes, vectors and virions comprising the same. In some
embodiments, described herein are polynuciectides encoding CH5 1R mutant of BAGS operably
hinked 1o a promoter, such as TNNT? promoter, and expression cassettes vectors, and virnons
comprising the same.

(6111} In some cmbodiments, described herem are polynuclestides encoding BAGS or a

cardioprotective routant or vanant thereof, and AAV-based vectors and virtons comprisiog the
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same. In some embodiments, described herein are polynucleotides encoding C151R mutant of
BAG3, and AAV-based vectors and virions comprising the same. Insome embodiments, AAY
1s AAVY. In some embodiments, AAV 1s a modified AAV. In some embodiments, AAV is a
modified AAVY. In some embodiments, modified AAVY virion compnises a modified or
variant AAYY capsid protein, as described herein,

{3112} In somoc embodunents, the cxpression cassettes, vectors and virions descrbed herein,
when delivered (o a subject, are effective to protect against and/or amehiorate sarcomere
dyvsfunction and/or disarray. In some embodiments, the expression cassettes, vectors or virions
descnbed herein, when delivered to a subject, are effective to treat a heart discase {og.,
cardiomyopathy). In some cmbodiments, the vectors or virnons described herein, when
delivered 10 a subject, are effective to treat dilated cardiomyopathy (BCM).  In some
cmbodiments, the vectors or virions desertbed hercin, when delivered to a subject, are effective
to treat heart fatlure.

[3113] In some embodiments, freatment with a vectors or vinon described herein provides a
therapeutic physiological effect or benefit to a subject with heart disease {e.g., 3 subject with

cardiomyopathy}.

AG3 and cardisprotective muatasts of BAGS3, in particalar BAG-CI8IR
13114} In some ombodiments, the transgene used in the vectors, virions, compositions and
methods described herein 1s wild tvpe human BAGS gence.
[6115] v some embodiments, the transgene used m the vectors, virions, compositions and
methods described herein is a cardioprotective mutant or variant of human BAG3 gene.
[B116] In some embodiments, the transgene used in the vectors, virions, compositions and
methods described herein s a gonetic vanant of the BAG3 gene which encodes a CI51R murtant
of BAG3.
{3117} In some embodiments, the disclosure provides a vector comprising a polynuclectide
sequence that encodes BAGS protein (or a mutant, variant, or fragment thereof}, operatively
linked to a cardiac-specific promoter {e.g., a TNNT2 promoter). In some embodiments, the
polvnuclestide sequence 15 codon-optimized.
(3118} In some embodiments, the disclosure provides a vector comprising a polynuclestide

sequence that encodes BAG3-C15 1R mutant protein, operatively linked to a cardiac-specific
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promoter {e.g., a TNNT2 promoter). In some embodiments, the polynucleotide sequence is
codon-optimized.

13119} As a result of the degeneracy of the genetic code, there are many nucleotide sequences
that encode a polypeptide, or fragment of varant thereof, as described herein. Some of these
polynuclestides bear mimimal homology to the nucleotide sequence of any native gene.
Nonetheless, polyoucieotides that vary due to differences m codon usage are specifically
contemplated in particular embodiments, for example polynucleotides that are optimized for
human and/or primate codon selection. Further, alleles of the genes comprising the
polymucleotide sequences provided hercin may also be used. Alleles are endogenous genes that
are altered as a result of one or more mwtations, such as deletions, additions and/or substitutions
of nacleotides.

{3128} Polvnucieotides can be prepared, mamipulated and/or expressed using any of a vanety
of well-established technigues known and available in the art.

[3121] In some embodiments, the polvaucleotide sequence described herein encodes a BAG3
protein that shares at least 80%, at least 85%, at least 90%, at least 95%, at teast 97%, at least
G8%, at least 99% or 100% sequence identity to a wild-type human BAG3. in some
embodiments, the polvoucleotide sequence described herein encodes a BAG3S protein that
shares at least 809, at least 85%, at least 0%, at least 93%,, at least 97%, at least 98%, at
least 99% or 100% sequence wlentity to SEQ ID NG 16,

(3122} In some embodiments, the polvmucleotide sequence that encodes BAG3 shares at least
80%, at least 83%, at least 90%, at least 95%., at least 7%, at least 8%, at least 99% or
100% sequence dentity to a wild-type human BAGS gene. In some emnbodiments, the
polymucleotide sequence that encodes BAG3 1s codon optimized. In some embodiments, the
polynucleotide sequence that encodes BAG3 shares at least 70%, at least 75%, at least 80%,
at least 839%, at least 90%, at least 95%, at least 97%, at feast 989, at least 99% or 100%
sequence identity to SEQ 1D NG 15,

(3123} In some embodiments, a mutant, varant or fragment of BAG3 retains the function of
BAG3. In some embodiments, a mutant, variant or fragment of BAG3 15 cardioprotective. In
some embodiments, a cardioprotective vanant of BAGS3 15 used mn the polynucleotides,
expression cassettes, vectors, virtons, cells and methods deseribed herein,

13124} In some embodiments, the polynuciectide sequence described herein encodes a BAG3

C15 1R mutant or varant protein that shares at least 80%, at least 85%, at least 90%, at least
P
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95%, at least 97%, at least 98%, at least 99% or 100% sequence dentity to a natarally
occurring BAGS C15IR vanant. In some embodiments, the polynucleotide sequence
described herein encodes a BAG3 C151R mutant or varnant protein that shares at least 80%,
at least 839%, at least 90%, at least 95%, at least 97%, at feast 989, at least 99% or 100%
sequence identity to SEQ 1D NG 20
[3125] In some embodiments, the polynucleotide sequence that encodes BAG3 shares at least
80%, at least 83%, at least 80%, at least 85%, at least 97%, at least Y8%, at least 99% or
100% sequence identity to a naturally occurning BAG3 C151R variant. In some
embodiments, the polvmicleotide sequence that encodes a BAG3 CI1S1R mutant or variant is
codon optinuzed. In some embodimerts, the polvnucleotide sequence that encodes BAG3
C151R mutant or vanant protein shares at least 70%, at least 75%, at least 80%, at least 85%,
at feast 909%, at least 95%, at least 97%, at least 98%, at feast 99% or 1009% sequence identity
to SEQ ID NG: 19,
3126} In some embodiments, the disclosure provides a vector comprising a codon-optinvized
polynucleotide sequence that encodes BAG3S protein, operatively hnked to a TNNT2 promoter.
In some embodiments, the polynucleotide sequence that encodes codon-optimized BAG3
proteim shares at least 85%, at least 909, at least 93%, at least 97%, at least 98%, at least 99%
or 100% seqguence identity to SEQ ID NG 15,
(3127} In some embodiments, the disclosure provides a vector comprising a codon-optintized
polynuclectide sequence that encodes BAG3-CI531R mutant proigin, operatively linked to a
TNNT2 promoter. o some embodiments, the polvoucleotide sequence that encodes codon-
optimized BAG3-CI51R protem shares at least 83%, at least 909, at least 953%, at least 97%,
at keast 989, at least 99% or 100% sequence wdentity to SEQ 1D NG: 19,
{01 28] Hlustrative BAG3 sequences are shown m Table 1 below,

Table 1. IHustrative BAGS3 Sequences

MName Seguence SE&%EQ
BBAG3 ATGTCTGCCGCCACACACAGCCCTATGATOGCAGGTCGCAAG i35
nucleic acid | CGGCAACGGCGACAGAGATCCTTIGCCTCCTGOUTGGGAGA
{codon- TCAAGATCGATCCTCAGACCGGCTGGCCCTICTTICGTGGAL

optumized CACAATAGCAGAACCACCACCTGGAACGACCCCAGAGTGC
nucleic acid | CTTCTGAGGGUCCCCAAAGAGACACCCAGCTUTGCCAATGGA
encoding CCCAGCAGAGAGGGAAGCAGACTGUCTCOTGCCAGAGAAG
homan GACACCCTGTOTATCCACAGUTGAGGCCCGGCTACATCCCC
BAG3) ATTCCAGTICTGCATGAGUGGCGUCGAGAACAGACAGGTGCA
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Mame

Sequence

SEGQ ID
NO.

CCCCTTTCATGTGTACCCTCAGCOTGOGCATGCAGCOGOTTTAG
AACAGAAGCCGUTGCTGCCGUTCCTCAGAGATCTCAGTCTC
CTCTGAGAGGCATGCCCGAGACAACCCAGCCTGATAAGCAG
TOTGGACAGGTGGLAGCTGCTGUTGCAGCTCAACCTOCTGC
TICTCACGGCCCCGAAAGAAGCCAATCTCCTGCCGCCTCTG
ATTGCAGCAGUTCTAGCTCTAGCGCCAGCCTGCCTAGCAGC
GOCAGATCTTCTCTGGGUTCTCACCAACTGUCTCGGGOCTA
CATCAGCATCCCAGTCGATCCACGAGCAGAACGTGACCAGALC
CTGCTGCTCAGCCCAGCTTCCATCAGGCCCAGAAAACACAL
TACCCCGUTCAGCAGGGLGAGTACCAGACACACCAGCCAGT
GTACCACAAGATCCAGGGUGACGACTGGGAGUCCAGALCCTT
TCGAGAGCCGLTAGTCCCTTCAGATCCTCTGTGCAGGGCGCC
TCTTCTAGAGAGGGCTCTCCTGCTAGAAGUAGCACCCCTCT
GCACAGCCCATCTCCAATCAGAGTGCACACCOTGGTGGACA
GACCCCAGCAGCCTATGACACACAGAGAGACAGCCCCTOTC
AGCCAGCCTGAGAACAAGCCTGAGTCCAAGCCAGGACCTGY
GGOACCTGAACTGCCTCCAGGACACATCCCTATCCAAGTGA
TCCGGAAAGAGGTGGACAGCAAGUCCGTGTCTCAGAAGCCT
COTCCACCTAGCGAGAAGGTGGAAGTGAAGGTGUCACCAG
CTCCAGTGCCTIGTCCTCCTCCATCTCCTGOACCATCTGCCG
TGCCTAGCTCTCCTAAAAGCGTOGGCCACCGAGGAAAGAGCC
GCTCCTTCTACAGCTCCTGCCGAAGUCACACCTCCTAAGCOT
GGCGAAGCTGAAGCCCCTCCTAAACATCCTGGUGTGCTGAA
AGTGGAAGCCATCCTGGAAAAGGTGCAGGGLCTTGAGCAG
GCCGTGGACAACTTICGAGGGCAAGAAAACCGACAAGAAAT
ACCTGATGATCGAGGAATACCTGACCAAAGAACTGCTGGOC
CTGGACAGCOGTGGACCCTGAAGGCAGAGUAGATOGTTCGGE
AGGCTAGAAGAGATGGCGTGCGGAAGGTGCAGACCATOCT
CGAGAAGCTGGAACAGAAAGCCATCGACGTGCCAGGCCAG
GTGCAGOTTTACGAACTGCAGCCCAGCAACCTGHGAAGCCGA
TCAGCCTCTGCAGGCCATCATGCAAATOGGAGUCGTGOCCG
CCGACAAGGGAAAGAAGAATGCTGOCAACGCCGAGGATCL
CCACACCGAAACACAACAGUCTGAAGCTACAGCCGCCGCTA
CCAGCAATCCCAGCAGCATGACAGACACCCCTGGCAATCCA
GCCGCTCCATAA

hBﬁkGB
protein
{human,
wild type}

MSAATHSPMMOVASGNGDRDPLPPGWEIKIDPOTGWPFFVDH
NSRTTTWNDPRVPSEGPKETPSSANGPSREGSRLPPAREGHPV
YPQLRPGYTPIPVLHEGAENRQVHPFHVY PQPGMQRFRTEAAA
AAPQRSOQSPLRGMPETTQPDEQCGQVAAAAAAQPPASHGPER
SGSPAASDCSSSSSSASLPSSGRSSLGSHOLPRGY ISIPVIHEQNY
TRPAAGPSFHOAQK THY PAOQGEY QTHOPYYHRIQGDDWEPR
PLRAASPFRSSVOGASSREGSPARSSTPLHSPSPIRVHTVVDREQ
QPMTHRETAPVSQPENKPESKPGPVGPELPPGHIPIQVIRKEVDS
KPVSOKPPPPSEKVEVKVPPAPVPCPPPSPGPSAVPSSPKSVATE
ERAAPSTAPAEATPPKPGEAEAPPKHPGVLKVEAILEKVQGLE
QAVDNFEGKKTDKKYLMIEEYLTKELLALDSVDPEGRADVRO

16
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Mame Sequence SE&%EQ

ARRDGVRKVOQTILEKLEQKAIDVPGQVOVY ELQPSNLEADOPL
QAIMEMGAVAADKGKENAGNAEDPHTETQOPEATAAATSND
SSMTDTPGNPAAPR

mBag3 ATGCTCTGCCGLCTACACAGAGCCCCATGATGCAGATGGLCTC 17

nucleic acid | TGGCAACGGCGCCAGCGATAGAGATCCTTTIGCCTCCTGGLT

{codon- GGGAGATCAAGATCGACCCTCAGACAGGCTGGUCCTICTIC

optimized GTGGACCACAACAGCAGAACCACCACUTGGAACGACCCCA

nucleic acid | GAGTGUCTCOTGAGGGACCTAAGGATACAGCCAGCTICTGCT

encoding AACGGCCCCAGCAGAGATGGAAGCAGACUTGCTGUCTATCA

mouse GAGAGGGACACCCTATCTACCCACAGCTGAGGCCTGGUTAL

BAGH) ATCCCCATTCCAGTGUTGCACGAGGGCAGUGAGAATAGACA

GCCTCACCTGTTCCACGCCTACTCTCAGCCTGGUGTGCAGA
GATTCAGAACAGAGGUCGUTGCTGCCACACCTCAGAGATCT
CAGTCTCCTCTGAGAGGCGGCATGACAGAGGUTGCCCAGAL
AGACAAACAGTGCGGCCAGATGUCTGCCACAGUTACAACA
GCTGCTGCCCAGCCTCCTACAGCTCACGGACCTGAAAGAAG
CCAGTCTCCTGCCGUCAGCGACTOGTAGCAGTTCTAGCTCTA
GCGCCAGCCTGOCTAGCAGCGGCAGATCTICTCTGGGOTCT
CACCAACTGCCTAGAGGCTATATCCCTATICCTGTCATCCAL
GAGCAGAACATCACCAGACCTGCCGCTCAGCCCAGOTICCA
CCAGGCTCAGAAAACACACTACCCCGCTCAGCAGGGLUGAGT
ACCAGCCTCAGCAGCCTGTGTACCATAAGATCCAGGGCGAC
GACTGGGAGCCCAGACCTCTTAGAGUTGCTAGUCCCTTCAG
ATCCCCTGTCAGAGGCGCTTCTAGCAGAGAGGGCTCTCCAG
CTAGATCTGGCACCCCTOTGCACTGCCCATCTCCAATCAGA
GTGCACACCOTGOTGGACAGACCCCAGOCTATGACACACAG
GCAACCTCCACCTGTGACACAGCCCGAGAACAAGCCTGAG
AGCAAGUCCAGGACCTGCTGGUCCTGATCTTICCTCCTGGACA
CATCCCTATCCAAGTGATCCGCAGAGAGGCCGACAGCAAGT
CCOTGTCTCAGAAGTCTCCACCTCCTGUCGAGAAGGTGGAA
GTGAAGOGTOTCCAGCGCTCCCATTICCTTGTCCTAGTCOATCT
CCTGUTCCTAGCGCCGTGUCTICTCCACCTAAGAATOGTOGCC
GCTGAGCAGAAGGCTGCACCCAGTCCTGUTCCAGCTGAACC
TGCTGCTCCTAAGTCTGUGCGAGGCTGAGACACCTCCTAAAL
ACCCAGGCGTGUTGAAGGTCCAGGUCATCUTGGAAAAGET
GCAGGCACTCGAGCAGGCCOTGGATAGCTICGAGGGLAAG
AAAACCGACAAGAAATACUTGATGATCGAGGAATACCTGA
CCAAAGAGCTOGCTGGCTCTGGACAGCGTTGACCCTGAAGGC
AGAGCTGATGTOGCGUGCAGGCTAGAAGAGATGGCGTGCGCA
AGOGTGCAGACCATCCTCGAGAAGCTGGAACAGAAAGCCAT
CGACGTGCCAGGCCAGGTGCAGOTTTACGAGUTGCAGCCTA
GCAACCTGOAAGCCGAGCAGCCACTGUAAGAGATCATGGE
AGCTCTGOTGGCCGACAAGGACAAGAAGGGACCTGAGAALC
AAGGACCCACAGACCGAGTCTCAGCAGUTGGAAGCCAAGE
CTGCTACCCCTCCTAATCCAAGCAACCCTGCCGATICTGOCG
GCAACCTGOTGGCTCOTTOGA

(O8]




GAGAGGACAGOGTTGCCGCTGCAGCTGUTGCTCAACCTCOCTG
CTTCTCACGGCCCCGAAAGAAGCCAATCTCCTGOCGCCTCT
GATTGCAGCAGCTCTAGUTCTAGCGCCAGCCTGCCTAGCAG
COGCAGATCTTICTCTGOGCTCTCACCAACTGCCTCGGGGLT
ACATCAGCATCCCAGTGATCCACGAGCAGAACGTGACCAGA
CCAGUTGCTCAGCCCAGCTTCCATCAGGUCCCAGAAAACACA
CTACCCCGCTCAGCAGGGCGAGTACCAGACACATCAGCCAG
TGTACCACAAGATCCAGGGCGACGACTGGGAGCCCAGACCY
TTGAGAGCCGCTAGTCCCTTCAGATCCTCTGTGCAGGGUGC
CTCTTCTAGAGAGGGUTCTCCTGUTAGAAGCAGCACCCCTC
TGCACAGCCCATCTCCAATCAGAGTGCACACCGTGGTGGAL
AGACCCCAGCAGCCTATGACACACAGAGAAACAGCCCCTOT
GTCTCAGCCCGAGAACAAGCCTGAGAGCAAGCCAGGACCT
GTGGGACCTGAACTGCCTCCAGGACACATCCCTATCCAAGT
GATCCGGAAAGAGGTGGACAGCAAGCCCGTGTCTCAGAAG
CCTCCTCCACCTAGCGAGAAGGTGGAAGTGAAGOGTGCCACC
AGCTCCAGTGCCTIGTCCTCCTCCATCTCCTGGACCATCTGE
COTGCCTAGUTCTCCTAAAAGCOGTGGUCACCGAGGAAAGAG
CCGCTCCTICTACAGUCTCCTGCCGAAGCCACACOTCCTAAGC
CTGGCGAAGCTGAAGOCCCTCCTAAACATCCTGGCGTGCTG
AAAGTGGAAGCCATCCTGGAAAAGGTGCAGGGCCTTGAGC

WO 2024/215655 PCT/US2024/023699
Mame Sequence SE&%EQ

mBag3 MSAATQSPMMOMASGNGASDRDPLPPGWEIKIBPOTGWPFFY 18

protein DHNSRTTTWNDPRVPPEGPKDTASSANGPSRDBGSRLLPIREGH

{mouse, PIYPOQLRPGYIPIPVLHEGSENROQPHLFHAYSQOPGVQRFRTEAA

wildtype) | AATPQRSQSPLRGOMTEAAQTDRQUGGOMPATATTAAAQPPTA
HGPERSQSPAASDUSSSSSSASLPSSGRSSLGSHQLPRGYIPIPVE
HEQNITRPAAQPSFHQAQKTHY PAGOGEY QPQQPYYHKIQGD
DWEPRPLRAASPFRSPVRGASSREGSPARSGTPVHOPSPIRVHT
VVDRPOPMTHREPPPYVTQPENKPESKPGPAGPIRLPPGHIPIQVIR
READSKPVSQKSPPPAEKVEVKVSSAPIPCPSPSPAPSAVPSPPK
NVAAEQKAAPSPAPAEPAAPKSGEAETPPKHPGVELKVEAILEK
VOGLEGAVDSFEGKKTDKKYLMIEEY LTKELLALDSVDPEGR
ADVROQARRDGVRRKVOTILEKLEQKAIDVPGOVOVYELQPSNL
EAEQPLOEIMGAVVADKDKKGPENKDPOQTESQULEAKAATRP
NPSNPADSAGNLVAP

BAG3 ATGTCTGCCGCCACACACAGCCCTATGATGCAGGTICGCAAG 19

CIi31iR CGGCAACGGCGACAGAGATCCTTTGCCTCCTGOGCTGGGAGA

nucleic acid | TCAAGATCGATCCTCAGACCGGUTGGCCCTIOTTCGTGGAC

{codon- CACAATAGCAGAACCACCACCTGOAACGACCCCAGAGTGC

optimized CTTCTGAGGGCCCCAAAGAGACACCCAGUTCTGCCAATGGA

nucleic acid | CCCAGCAGAGAGGGAAGCAGACTGCCTCCTGCCAGAGAAG

encoding GACACCCTGTGTATCCACAGCTGAGGCLCCGGUTACATCCCC

human ATTCCAGTTCTGCATGAGGGCGCCGAGAACAGACAGGTGCA

BAGR CCCCTTTCATGTOTACCCTCAGCCTOGCATGCAGUGGTTITAG

{1S1IR AACAGAAGCCGCTGUTGCCGCTCCTCAGAGATCTCAGTCTC

variant} CTCTGAGAGGCATGCCCGAGACAACCCAGCCTGACAAACA
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SEGQ ID

Mame Sequence ;
4 NO.

AGGCCGTGGACAACTTICGAGGGCAAGAAAACCGACAAGAA
ATACCTGATCGATCGAGGAATACCTGACCAAAGAACTGCTGG
CCCTGUACAGCOGTGGACCCTGAAGGCAGAGCAGATGTTCGG
CAGGCTAGAAGAGATGGUGTGCGGAAGGTGCAGACCATCC
TCGAGAAGCTGGAACAGAAAGCCATCGACGTGCCAGGCCA
GOTGCAGGTTTACGAGCTGUCAGUCCCTCTAACCTGGAAGCLG
ATCAGCCTUTGCAGGCCATCATGGAAATGGGAGUCGTGGCC
GCCGACAAGGGAAAGAAGAATGUTGGCAACGCCGAGGATC
CCCACACCGAAACACAGCAGCCTGAAGCTACAGCCGLCGOT
ACCAGCAATCCCAGCAGCATGACAGACACCCCTGGCAATCC
TGCCGLACCTTAA

hBAG3 MSAATHSPMMOVASGNGDRDPLPPGW EIKIDPQTGWPFFVDH 20
Ci51R NSRTTTWNDPRYPSEGPKETPSSANGPSREGSRLPPAREGHPY
protein YPQLRPGYIFIPYVLHEGAENROVHPFHVY POPGMORFRTEAAA
(hunan, AAPQRSQSPLRGMPETTOPDEOQRGOVAAAAAAQPPASHGPER
CI51R SOSPAASDCSSSSSSASLPSSGRSSLGSHOLPRGYISIPYIHEQNY
variant) TRPAAQPSFHOQAQK THYPAQQGEY QTHQPVYHKIQGDDWEPR
PLRAASPFRSSVQGASSREGSPARSSTPLHSPSPIRVHTVVDRPQ
OPMTHRETAPVSOPENKPESKPGPVGPELPPGHIPIQVIRKEVDS
KPVSQKPPPPSERVEVKVPPAPVPCPPESPGPSAVPSSPRSVATE
ERAAPSTAPAEATPPKPGEAEAPPKHPGVLKVEAILEKVOGLE
QAVDNFEGKKTDKKYLMIEEYLTKELLALDSVDPEGRADVREO
ARRDGVRKVOQTILEKLEQKAIDVPGOVQVYELQPSNLEADQPL
QAIMEMGAVAADKGKKNAGNAEDPHTETQOOPEATAAATSNP
SSMTDTPGNPAAP

BAG3 Expression Cassettes

[6129] I some embodiments, the present disclosure provides expression cassettes encoding a
BAG3 protein or a vanant thereof {e.g., BAG CI31R) operably hinked to a promoter. In some
cmbodiments, the present disclosure provides expression cassettos encoding a BAG3 proten
or a variant thereof {c.g., BAG Ci51R) operably linked to one, two or more promoters. In
some embodiments, an expression cassetic comprises one or more muscle-specific or cardiac-
specific promoters operably linked to a gene encoding BAG3 protein or a variant, mutant or
fragment thereof. In some cmbodiments, an eXprossion cassefic COMPriscs one OF more
cardiac-specific promoters operably linked to a gene encoding BAG3-CI3 1R protem.

{3138} The polynucieotides and expression cassettes contemplated herein, regardless of the
length of the coding sequence itself, may be combined with other sequences, such as promoters
and/or enhancers, untranslated regions (UTRs), signal sequences, Kozak seguences,

polvadenviation signals, additional resiriction enzyme sites, multiple clonmg sites, internal
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ribosomal entry sites (IRES), recombinase recognition sites (e.g., LoxP, FRT, and Att sites),
termination codons, transcriptional termination signals, and polynuclectides cncoding seif-
cleaving polvpeptides, epitope tags, as disclosed elsewhere herem or as known in the art.
16131} The disclosure provides an cxpression cassette comprising a transgene encoding a
BAG3 protein, e.g., a wild type BAG3 or a cardioprotective variant thereof {¢c.g., BAG3-
C151R). The transgene polvnucieotide seguence in an expression cassetic can be, for example,
an open reading frame encoding a protein. The expression cassetfe may comprise, optionally,
a promoter operatively linked to the transgene, optionally an intron region, optionally a
polyadenviation {polv{A)} signal, optionally a woodchuck hepatitis virus post-transcriptional
clement (WPRE), and optionally a transcription termuination signal. The expression cassetic
may be flanked by one ormore inverted terminal repeats (ITRs). An expression cassette flanked
by one or more ITRs is herein referred to as a “viral genome.” The ITRs in an expression
cagsetic serve as markers used for viral packaging of the expression cassette (Clark et al. Hum
(Grewe Ther. 6:1329-41 (1995}). The cxpression cassctte can be integrated into the host cell
genome by, for example, mfecting the host cell with an rAAY virion comprising capsid protein
and a viral gonome comprising an expression cassette, thereby expressing the transgene within
a host cell.

6132} The polynucleotide, expression cassetie or vector described herein may also contain a
ribosome  binding site for trasslation imitiation, a transcription terminator, and/or

polynucleotide sequences for amplifying expression.

Hlustrative Expression Cassettes

3133} The disclosure provides expression cassetfes comprising a polynucieotide comprising a
5710 37 arrangement of clements. In some embodiments, the elements comprise one or more
promoters; optionally one or more enhancers; optionally one or more ntrons; one or more
transgenes. optionally onc or more WPRE sequences; and optionally one or more
polvadenyiation sequences {(p{A}}. In some embodiments, the 57 to 37 arrangemeoent of clements

is selected from:
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#1398} 5 -enhancer-enhancer-promoter-transgene-WPRE-p(A}37;

13140} 5 -enhancer-enhancer-promoter-intron-transgenc-WERE-p{A}¥-37;

3141} 5 -enhancer-promoter-intron-transgene-W PR E-p(A)-p{A)-transgene-utron-promater-
enhancer-37;

[0142} 5 -enhancer-promoter-intron-transgene-WPRE-p(A}-eshancer-promoter-intron-
transgene-p{Aj-37;

[3143] 57 -p(A}-WPRE-transgene-intron-promoter-enhancer-enhancer-promoter-intron-~
transgene-p{A}-37;

13144} 5 -promoter-intron-transgene-WPRE-p{A}-p(Aj-transgene-intron-promoter-37;

163145} 5 -promoter-intron-transgene-WPRE-p( A }-promoter-intron-transgene-pl A3-37; and
6146} 57-p(A)}-WPRE-transgene-intron-promoter-promoter-intron-transgene-p{ A }-37.

[0147} I some embodiments of the expression cassettes provided herein, the WPRE clement
is replaced by any other post-transcriptional regulatory clement known in the art. In some
cmbodiments, the expression cassettes provided hercin comprise any post-transcrptional
regulatory element known in the art. In some embodiments, the expression cassettes provided
herein do not comprise a post-transcriptional regulatory clement {e.g., do not comprise the
WEPRE clement). In some embodiments, the expression cassctics provided herem comprise
WPRE.

{3148} In the expression cassettes described herein {such as those listed above), the orientation
of the promoter, enhancer, transgene and poly{A} clements can be forward or reverse {e.g., in
cases where there are more than one promoters, one promoter, optionally enhancer, and
operably linked transgene can be oriented in a forward direction, and ancther promoter,
optionally enhancer, and operably linked transgene can be oriented in a reverse direction).
{3149} In some crbodiments, an expression cassetie described herein is flanked by ITRs as
deseribed herein

Regulatory Elements

G158} As used herein, the torm “regulatory element” refers those non-transiated regions of the
vector {eg.. ongin of replication, selection casseties, promoters, enhancers, translation
mitiation signals (Shine Dalgarno sequence or Kozak sequence) ntrons, a polvadenylation
sequence, 3" and 3" untranslated regions) which interact with host cellular proteins o carry out
transcription and translation. Such clements may vary in their strength and specificity. The

transeriptional regulatory clement may be fooctional 1o either a cukarvotic cell {eg, a

[O5]
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mammalian cell} or a prokaryotic cell {e.g., bacterial or archacal cell}. In some embodiments,
a polvnuclectide sequence encoding a BAG3 protein is operably linked to multiple control
clements that allow expression of the polynuciestide i both prokarvetic and eukarvotic cells.
(6181} As used herem, the term “transcription start sue” or “TSS” refers to the first base pair
transcribed by an RNA polymerase shen the RNA polymerase initiates transeription. A T88
ts different from the start codon (canonically, ATG), which must be downstream of the TSS
the transcribed region of the polynucleotide. The location of a transcription start site can be
determined experimentally or by prediction using any of varicus prediction algorithms.
Annotated TSSs are available from the Eukarvotic Promoter Database and the UCSC Genome
Browser, Multiple TSSs for TNNTZ are identified i the UCSC Genome Browser.

13182} Asused herein, the TSS for TNNT? 1s defined to be the sequence identified by the C at
the 5" end of the motif identified by dbTHS: CTCCATC.

G153} In some embodiments, the vectors described herein comprise a transcription termination
signal. Elements directing the efficicnt termination and polvadenylation of the heterologous
nucleic acid transcripts mercases heterologous gene expression. Transcription termination
signals are generally found downstream of the polyvadenyiation signal. In some embodiments,
vectors comprise a polvadenvlation sequence 37 of a polynucleotide encoding a polvpeptide to
be expressed.

Promoters

(3154} The term “promoter” as used herein refers to a DNA sequence that directs the binding
of RNA polymerase and thereby promotes RNA synthesis. Promoters and corresponding
protein or polypeptide expression may be ubiguitous, meaning strongly active in a wide range
of cells, tissues and spocies or cell-type specific, tissue-specific, or species specific. Examples
of ubiquitous promoters include the CAG promoter and CMB promoier (Yue et al
RBioTechnigues 33:672-678 (2002}). Promoters may be “consfitutive,” meaning continually
active, or “inducible,” meaning the promoter can be activated or deactivated by the presence
or absence of biotic or abiotic factors. Also included in the nucleic acid constructs or vectors
of the invention are enhancer sequences that may or may not be contiguous with the promoter
sequence. Enhancer sequences influence promoter-dependent gene expression and may be
located w the 53" or 3" regions of the native gone.

13155} In some embodiments, the expression cassette comprises a single promoter. In some

embodiments, the expression cassetie comprses at least one promoter. In some embodiments,
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the cxpression cassetie comprises two promoters. In some embodiments, the expression
cassetie comprises a ubiquitous promoter. In some embodiments, the expression cassette
comprises an inducible promoter. In some embodiments, the expression casseite comprises a
cell-type specific promoter. In some embodiments, the promoter specifically promotes
expression of the polynucleotide encoding a polvpeptide, or functional vanant thereof, n a
cardiac cell {e.g., a cardiomyocyic).

[3156] In some embodiments, the polynucleotides, expression casseties and vectors described
herein comprise a muscle-specific promoter. In some embodiments, the polynucleotides,
cxpression cassettes and vectors described herein comprise a cardiac-specific promoter. In
some embodiments, the polvaucleotides, expression cassettes and vectors described herein
comprise a cardiomyocvie-spectfic promoter. In some embodiment, the polynucleotides,
expression cassettes and vectors desenbed herein designed to express a cardioprotective gene
product, such as BAGS or BAG3-CI151R, comprise a cardiomyocyte-specific promoter.
(3157} A “cardiomyvocyte-specific promoter”, as used herein, specifies a promoter whose
activity in cardiomyocyites is at least 2-fold higher than in any other non-cardiac cell type or
cardiac cell which is not a cardiomvocyte. Preferably, a cardiomyocyic-specific promoter
suitable for being used in the vector of the present disclosure has an activity in cardiomyocyies
which s at least 5-fold, at least 10-fold, at least 15-fold, at least 20-fold, at least 25-fold, or at
least 30-fold higher compared fo its activity in a non-cardiac cell type or a cardiac cell type
which is not a cardiomyocyie.

{3158} In some cmbodiments, the cardiac-specific or cardiomyocyte-specific promoter is a
human promoter. Examples of cardiac-specific or cardiomvocyte-specific promoter include,
but are not hoited to, the alpha myosin heavy chain promoier, the myosin light chain 2v
prometer, the alpha myvosin heavy chain promoter, the alpha-cardiac actin promoter, the alpha-
fropomyosin promoter, the cardiae troponin C promoter, the cardiac troponin I promoter, the
cardiac myosin-binding protein C promoter, and the sarco/endoplasmic reticulum Ca®” ATPase
{(S§ERCA) promoter {e.g. isoform 2 of SERCAZ).

[3159] In some embodiments, the cardiac-specific promoier is the cardiac troponm T promoter
{(TNNT2) promoter. In some embodiments, the polvnucleotides, expression cassetics and
vectors described herein comprise a TNNTZ promoter, such as any of the TNNT2 promoters
described herein. In some embodiments, the TNNT2 promater is a human TNNT2 promoter.

In some embodiments, the TNNT2 promoter is a chicken TNNTZ promoter. In some

~3

(O3]



WO 2024/215655

PCT/US2024/023699

embodiments, the cardiac TNNT2 promoter is modified, e g, by the deletion, msertion, or

substitution of polynucleotides. In some embodiments, TNNT?2 promoter i3 a modified human

TNNT2 promoter {¢.g.. a truncated buman TNNT2 promoter).

Hlustrative polynuclectide

sequences of the cardiac TNNT?2 promoter are shown in Table 2 below. The transcription start

site (TS} of the TNNTZ promoters are bolded and underlined.

Table 2. Hustrative TNNTZ promoters

Name

DBNA Sequence

SEQ ID
NO.

THNT2p-660

GTCATGGAGAAGACCCACCTTGCAGATGTCCTCACTEGGGOTGGCAGAGCCS
GCAACCTGCCTAAGGOTGCTCAGTCCATTAGCGAGCCAGTAGCCTCGGAAGATG
TCTTTACCCCCAGCATCAGTTCAAGTGGAGCAGCACATAACTCTTGCCCTCT
GCCTTCCAAGATTCTGGTECTGAGACTTATGCAGTETCTTGGAGGTTGCCTT
CTGCCCCCCAACCCTGOTCCCAGCTEGCCCTCCCAGGCCTGEGEETTGCTGECT
TCTGCTTT e CTCAAGAGGGACAGCTGGTTTATGTTGEC B
TTCCCTGCATATCTGCTCTEGTTTTAAATAGCTTATCTGAGCAGUTGCEAGGA
CCACATGEECTTATATGECGTGEGETACATGTTCCTESTAGCCTTETCCCTEG
CACCTGCCARAATAGCAGCCAA CCATC
CCCACCCETCCCCTGTCGCACATT

GGCTGE
CCCCAGCCCACATGCCTGCTTAAAGCCCTCTCCATCCTCTGCCTCACCCAL
CCCGCTGAGACTGAGCAGACGCCTCCA

CCELAG

THNNT2p-36G0

GATGTCTTTACCCCCAGCATCACTTCAAGTGGAGCACCACATAACTCTTGECC
CTCTGCOTTCCARGATTCTGETGCTGAGACTTATGGAGTGTCTTGEAGETTG
COTTCPGCCCCCCAACCCTGCUTCCCAGLTGGCCCTCCCAGGELC GTTGCT
GGCCTCTGCTTTATCAGGATTCTCAAGAGGGACAGCTGETTTATETTGCATG
ACTGTTCCCTGCATATCTGCTCTGETITTAAATAGCTTATCTGAGCAGCTGG
AGGACCACATGGGCTTATATGGCGTCGGGGTACATGETTCCTGTAGCCTTGTCE
CPGGCACCTGCCRAAAATAGCAGCCAACACCOCCCACCCCCACCELCATCCCC
CTGCCCCACCC CCCTETCGCACATTCCTCCCTCCGCAGGGCTGELTCAL
CAGGCCCCAGCCCACATGCOTGCTTAARGCCCTCTCCATCCTCTGCCTCACT
CAGTCCCCCGCTEAGACTGAGCAGACGCCTCCA

TRNT2p-400

GTTGCCTTCTGCCCCCCAACCCTGOTCCCAGUTGEGECCUTCCCAL
TECTGGCCTCTGCTTTAT CAGGATTCTCAAGAGGGACAGCTGET ]
CATGACTGTTCCCTGCATATCTGCTCTGGTTTTARAATAGCTTATOTGAGCAG
CTGGAGGACCACATGGGCTTATATGGOGTEGEETACATGETTCCTGT
GTCCCTGGECACCTGCCAAAATAGCAGCCAACACCCCCCACCCCCACCGCCAT
CCCCCPGCCLCACCCGTCCCOTETC CATTCCTCCCTCLGCAGGGCT
TCACCAGGCCCCAGCCCACATGCCTGOTTAAAGCCCTCTCCATCCTCTGCCT
CACCCAGTCCCOGOTGAGACTGAGCAGACGCCTOCR

THNNT2p-3060

GTTGCATCACTGTTCCCTGCATATCTGCTCTGETTTTAAATAGCTTATCTGA
FCAGCTGGAGGACCACATGRGUTTATATGECCTGGGEETACATETTCCTGTAG

TCCCTCEGCACCTCECCAARATAGCAGLCAACACCCCCCACCCCCACT:
CCATCCCCCTGCCCL CGCACATTCCTCCOTCCGCAGE
TGGCTCACCAGS TGCTTAAAGCCCTCTCCATCCTCT
GCCTCACCCAGTCCCCGUTGAGACTGAGCAGACGCCTCCA

CCrTaE

[6168] v some embodiments, the polynucleotides, expression cassettes and vectors described

herein compnse any promoter, ¢.g., any TNNTZ promoter, described in WO2021/163337A2
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and/or U.S. Patent No. 11,129,908, both of which are incorporated by reference herein in their
cntirety.
{3161} In some embodiments, the polynucleotides, expression cassettes and vectors described
herein comprise any promoter, e.g., any TNNT2 promoter, deseribed in WO2023/283649,
which is incorporated by reference herein in its entirety.
[3162] In some embodiments, the polynucleotides and expression cassetics described herem
comprise a cardiac troponin T promoter, comprising a polynuclectide having between 300 bp
and 500 bp, or between 330 bp and 430 bp. In some embodiments, the promoter comprises a
sequence that shares at least 8309%, at least 90%., or at least 100% identity to any one of SEG 1D
NOs: 1-4. In some embodiments, the promoter comprises a sequence that shares at least 80%,
at least 909%, or at least 100% identity to SEQ ID NG 1. In some embodiments, the promoter
comprises a sequence that shares at least 80%, at feast 90%, or at least 160% identity 1o SEQ
I NO: 3. In some embodiments, the promoter shares at least 80%, 90%, 93%. 96%, 97%.
98%, 99%, or and 100% sequence identity with a genomic polvnucleotide sequence upstream
of and including the transcription start site of a troponin T gene. In some embodiments, the
promoter shares at least 80%, 90%, 95%, 96%, 87%, 98%, 99%, or and 100% sequence wdentity
with a genomic polyouclentide sequence ~450 bp to +1 bp relative to the transcription start site
of atroponin T gene. In some embodiments, the promoter shares at least 80%, 90%, 95%, 96%,
7%, 98%, 99%, or and 100% scquence identity with a genomic polynacleotide sequence =350
bp to +1 bp relative to the transcription start site of a troponin T gene. In some embodiments,
the promoter shares at least 80%, 90%, 95%, 96%, 97%, 98%, 99%, or and 100% sequence
wdentity with a genomic polvnucleotide sequence -250 bp to +1 bp relative to the transcription
start site of a troponin T gene. In some embodiments, the promoter shares at least 80%, 90%
5%, 96%, 97%, 98%, 99%, or and 100% sequence identity with a genomic polvaucleotide
sequence ~450 bp to +30 bp relative to the transcription start stte of a troponin T gene. In some
embodiments, the promoter shases at least 809, 909, 95%, 96%, 97%, 98%, 99%, or and 1009%
sequence identity with a genomic polynucleotide sequence -330 bp to +50 bp relative to the
transcription start site of a troponin T gene. In some embodiments, the promoter shares at Jeast
80%, 90%, 95%, 96%, 97%, 98%, 99%, or and 100% scquence identity with a genomic
polynucleotide sequence -250 bp to +50 bp relative to the transcription start site of a troponin

T gene. In some embodiments, the troponin T gene 1s a human tropounin T gene.
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[3163] In some cmbodiments, the promoter 18 a muscle-specific promoter. In some
embodiments, the promoter is a cardiac cell-specific promoter. In some embodiments, the
prometer is a cardicmyvocyte-specitic promoter. {n some enmbodiments, the promaoter has the
same cell-type specificity as a native tropomn T promoter of about 600 bp. In some
cmbodiments, the promoter described herein has the same celi-type specificity as a reference
promoter comprising SEQ 1D NG: L In some embodiments, the promoter expresses a gene
product operatively hinked thereto at least about 10%, at least about 20%, at least about 30%
more than a native troponin T promoter. In some embodiments, the promoter described herein
oxpresses a gene product operatively hinked thergto at least about 10%, at least about 20%, at
lcast about 30% more than a refercnce promoter comprising SEQ 1D NO: L

[6164] The term “modified cardiac TNNT? promoter” as used herein reters 1o a promoter that
comprises a polynucleotide sequence of at least 200 base pairs that compnses one or more
continuous or discontinuous polynucleotide segments each sharing 70%, 80%, 90%, 93%,
96%, 9T%, 98%, 99%, or 100% identity to a comresponding segment of the TNNT2p-600
segment provided in Table 2 as SEQ 1D NO: 1. As it 15 a “promoter,” a modified cardiac
TNNTZ promoter must be capable of promoting buitiation of transcription by an RNA
polymerase in a host or target cell at or near a TSS within the promaoter (e, at or near the TS
of TNNT2 as defined herein) or, if the endogenous TSS of TNNT2 is not present in the
modified cardiac TNNT2 promoter then at a heterologous TSS at most 100 base pairs
downstream {3’ on the sense strand) to the downstream (37 end of the modified cardiac TNNTZ
promoter. Simuarly stated, a modified cardiac TNNT2 promoter may comprise only sequences
upstream of the TSS of TNNT2 or more comprise the TSS of TNNT2.

10165] In some embodiments, the cardiac TNNTZ promoter is modified to comprise a
polynucleotide sequence of between about 200 and 500 base paurs, between about 250 and 500
base pairs, between about 300 to 500 base pairs, between about 350 to 500 base pairs, between
about 350 to 450 bp, between about 400 to 500 base pairs, between about 450 to 500 base pairs,
between about 200 and 450 base pairs, between about 200 and 400 base pairs, between about
200 and 350 base patrs, between about 200 and 300 base pairs, and between about 200 and 250
base patrs m length. In some embodiments, the modified cardiac TNNT2 promoter comprises
a polymucleotide sequence of between about 350 base pairs to about 458 base pairs, between
about 375 base pairs to about 423 base pairs, between about 375 base pairs to about 400 base

pairs, between about 375 base pairs to about 423 base pairs, between about 400 base paurs to
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about 425 base pairs, or between about 400 base pairs to about 450 base pairs. In some
embodiments, the cardiac TNNT2 promoter comprises a polvaucieotide sequence of about 400
base pairs.

[3166] v some embodiments, the moditied cardiac troponin T promoter comprises between
300 byp and 500 bp, or 350 bp to 450 bp, of SEQ ID NO: 1. Forinstance, the modified cardiac
troponin T promoter may comprise, consist essentially of, or consist of SEQ HI NO: 3. 1n some
examples, the 300 bp-300 bp sequence may be Iimked to further polvaucleotide sequences but
may not be linked to additional sequences denved from SEQ IR NO: 1. For example, in an
embodiment, the modified cardiac troponin T promoter may inchude no more than 500 bp of
SEQ 1D NO: 1 but may mclude additional unrelated polvnucicotide sequences. In another
example, the modified cardiac troponin T promoter may melude SEQ [D NO: 3, no additional
sequences derived from SEQ ID NO: 1, but may include additional unrelated polvnucleotide
Sequences.

3167} In some embodiments, the cardiac THNNTZ promoter 15 modified by the deletion of
polynucleotides. A modification may inclade one, two, three or more nternal deletions. Each
deletion may be a deletion of 1 base pair, 2 base pairs, 3 base pairs, 4 base pairs, 5 base pairs,
10 base pairs, 15 base pairs, 20 base pairs, 25 base pairs, 30 base pairs, 40 base pairs, 50 base
pairs, 60 base pairs, 70 base pairs, 80 base pairs, 90 base pairs, 100 base pairs, 125 base pairs,
150 base pairs, 175 base pairs, 200 base pairs, 225 base pairs, 250 base pairs, 275 base pairs,
or 300 base pairs with respect to a reference cardiac TNNT? promoter (SEQ 1D NG: 1) having
about 600 base pairs.

[3168] ln some embodiments, the TNNT2 promoter is modified by the deletion of
polynuclectides from the upstream end of the promoter with respect to a reference cardiac
TNNT2 promoter (SEQ {3 NG: 1) having about 600 base pairs. A modification may wnclude
the deletion of T base pair, 2 base pairs, 3 base pairs, 4 base pairs, 5 base pairs, 10 base pairs,
15 base pairs, 20 base pairs, 25 base pairs, 30 base pairs, 40 base pairs, 50 base pairs, 60 base
pairs, 70 base pairs, 80 base pairs, 90 base pairs, 100 base pairs, 125 base pairs, 150 basg pairs,
175 base paurs, 200 base pairs, 225 base pairs, 250 base pairs, 275 base pairs, or 300 base pairs
from the upstream end of the promoter with respect fo a reference cardiac TNNT2 promoter
(SEQ 1D NG: 1} having about 600 base pairs. In some embodiments, the modification s a 200
base pair deletion from the apstream end of the promoter with respect to a reference cardiac

TNNT2 promoter (SEQ 1D NO: 1) having about 600 base parrs.
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{3169} In some embodiments, the cardiac TNNT2 promoter is modified by the deletion of
polynuclectides from the downstream end of the promoter with respect to a reference cardiac
TNNT2 promoter (SEQ {3 NG: 1) having about 600 base pairs. A modification may wnclude
the deletion of T base pair, 2 base pairs, 3 base pairs, 4 base pairs, 5 base pairs, 10 base pairs,
15 base pairs, 20 base pairs, 25 base pairs, 30 base pairs, 40 base pairs, 50 base pafrs, 60 base
pairs, 70 base pairs, 80 base pairs, 990 base pairs, 100 base pairs, 125 basc paurs, 150 base pairs,
175 base pairs, 200 base pairs, 225 base pairs, 230 base pairs, 275 base pairs, or 300 base pairs
from the downstream end of the promoter with respect to a reference cardiac TNNT?Z promoter
(SEQ 1D NG: 1) having about 600 base pairs.

16176] In some embodiments, the cardiac TNNTZ promaoter s moditied by an internal deletion
of polvnucleotides. A modification may include the miternal deletion of 1 base pair, 2 base
pairs, 3 base pairs, 4 base pairs, 3 base pairs, 10 base pairs, 15 base pairs, 20 base pairs, 30 base
pairs, 40 base pairs. 50 base pairs, 60 base pairs, 70 base pairs, #0 base pairs, 90 base pairs,
100 base pairs, 125 base pairs, 150 base pairs, 175 base pairs, 200 base paurs, 225 base pairs,
250 base pairs, 275 base pairs, or 300 base pairs with respect to a reference cardiac TNNTZ
promoter {SEQ ID NG 1)

16171} In some embodiments, the cardiac TNNTZ prometer is modified by the wnsertion of
polyvnucleotides. A modification may include the msertion of 1 base pair, 2 base pairs, 3 base
pairs, 4 base pairs, 5 base pairs, 10 base pairs, 15 base pairs, 20 base patrs, 25 base pairs, 30
base pairs, 35 base pairs, 40 basc pairs, 45 base pairs, 50 base pairs, 35 base pairs, 60 base
pairs, 65 base pairs, 70 base pairs, 73 base pairs, 806, basc pairs, 85 base pairs, 90 base pairs,
100 base pairs, 123 base pairs, 150 base pairs, 175 base pairs, 200 base pairs, 225 base pairs,
250 base pairs, 275 base pairs, or 300 base pairs with respect to a reference cardiac TNNT2
promoter (SEQ ID NG 13 .

16172} In some embodiments, the cardiac TNNT2 promoter is modified by the substitation of
polvnuclestides. A modification may include the substitution of 1 base pair, 2 base pairs, 3
base pairs, 4 base pairs, 5 base pairs, & base pairs, 7 base pairs, 8 base pairs, 9 base pairs, or 10
base pairs with respect 1o a reference cardiac TNN'T2 promoter (SEQ 1D NO: 1)

[3173] In some embodiments, the polynucleotide sequence of the TNNT2 promoter shares at
least B(3%, 90%, 95%, 96%, 97%, 98%, 99%. or 100% sequence identity with the
polynuclectide sequence 430 base pairs to -+1 base pairs relative to the transcription start sife

of the human TNNT? gene. In some crobodiments, the pelyvancleotide scquence of the TNNT2
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promoter shares at least 80%, 90%, 359, 36%, 37%, 98%, 99%, or and 100% sequence wdentity
with the polynucicotide sequence -350 base pairs to +1 base pairs relative to the transcription
start site of the human TNNT2 gene. In some embodiments, the polynucleotide sequence of
the TNNT?2 promoter shares at least 80%, 90%, 895%, 96%, 97%, 98%, 99%, or and 100%
sequence identity with the polynuclestide sequence -250 base pairs to +1 base pairs relative to
the transcription start site of the human TRNT2 gene.

[3174] In some embodiments, the polynucleotide sequence of the cardiac TNNT2 promoter
shares at least 80%, 90%, 95%, 36%, 97%, 98%, 69%, or and 100% sequence identity with the
polymucleotide sequence -450 base pairs to +50 base pairs relative to the transeription start sife
of the TNNT? gene. In some embodiments, the polvnucleotide sequence of the cardiac TNNT2
promoter shares at least 80%, 90%, 93%, 96%, 97%, 98%, 99%, or and 100% sequence wdentity
with the polynucleotide sequence -350 base pairs to +50 base patrs relative to the transcription
start site of the TNNT2 gene. In some embodiments, the polynuclectide sequence of the cardiac
TNNTZ promoter shares at least 80%, 90%, 95%, 96%, 97%, 98%, 99%, or and 100% sequence
identity with the polynucleotide scquence -250 base pairs to +5 base pairs relative to the
transcription start site of the TNNTZ gene.

16175} In some cmbodiments, the cardiac TRNNT2 promoter comprises a polynuclectide
comprising a sequence that shares at least 80%, 890%, 895%, 96%, 97%, 98%, 99%, or and 100%
wlentity to any one of SEQ 1D N(Os: 1-4. In some embodiments, the polynucleotide comprises
a sequence that shares af least 80% identity to any one of SEQ 1D NOS: -4 In some
crbodiments, the polyoucieotide comprises a sequence that shares at least 90% identity to any
one of SEQ ID NOS: 1-4. In some embodiments, the polvnucleotide comprises a sequence that
shares at least 100% identity to any one of SEG D NOS: 1-4. In some embodiments, the
polynucleotide comprises a sequence that shares at least 80% identity 10 SEQ ID NGO 1. In
some embodiments, the polynucleotide comprises a sequence that shares at least 90% dentity
to SEQG ID NG 1. In some embodiments, the polynucleotide comprises a sequence that shares
at feast 100% ideniity to SEQ 1D NG: 1. In some embodiments, the polynucleotide comprises
a sequence that shares at least 80% identity to SEQ 1D NO: 3. In some embodiments, the
polynucleotide comprises a sequence that shares at least 90% identity to SEQ ID NG 3. In
some embodiments, the polynucleotide comprises a sequence that shares at least 100% dentity

to SEQ 1D NG: 3.
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{3176} In addition to or instead of a modified cardiac TNNT2 promoter, some embodiments
cemploy other cukaryotic promoters, including but not limited to: cytomegalovirus (CMV}
mmediate carly, herpes simplex virus (HSV) thymidine kinase, a viral simian virus 40 (SV40)
(e.g.. carly and late SV40}, a spleen focus forming virus (8FFV) promoter, long terminal
repeats {(LTRs} from retrovirus (e.g., a Moloney murine leskemia viras {(MoMLV) LTR
promoter or a Rous sarcoma virus {RS8V) LTR), a herpes simaplex virus (HSV) {(thymidine
kinase) promoter, H3, P7.5, and Pli promoters from vaccinia virus, an elongation factor 1-
alpha (EFlo) promoter, carly growth response 1 (EGRI) promoter, a forrinin H (FerH)
promoter, a ferritin L (Ferl) promoter. a Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) promoter, a eukarvotic translation intfiation factor 4A1 {(EIF4A1) promoter, a heat
shock 70kDa protein 5 (HSPAS) promoter, a heat shock protein 90kBa beta, member |
(HSP90B1) promoter, a heat shock protein 70kBa (HSP7(0) promoter, a B-kanesin (B-KIN}
promoter, the homan ROSA 26 locus {(Inions ef af., Nature Biorechnology 25, 1477-1482
(2007, a Ubiguitin C (UBC) promoter, a phosphoglycerate kinase-1 (PGK) promoter, a
cytomegalovirus enhancer/chicken P-actin (CAG) promoter, a B-actin promoter and a
myeloproliferative sarcoma virus enhancer, negative conteo! region deleted, di587rev primer-
bindmg site substituted (MIND) promoter, and mouse metalothionein-l,

6177} In some cmbodiments, the promoter 1s any promoter suifable for expression n
mammalian cells. In some embodiments, the promoter 13 a constitutive promoter. In some
embodiments, the promoter is an inducible promoter. In some embodiments, the promoteris a
CMV promoter. In some emboduments, the promoter s a SV40 promoter.

Enhancers

(3178} The term “enhancer” refers to a segment of BNA which contains sequences capable of
providing enbanced transcription and in some instances can function independent of their
orientation relative to another control sequence. An enhancer can function cooperatively or
additively with promoters and/or other enhancer glements. The term “enhancer” further refers
to a DNA scquence that directs the binding of transcriptional regulatory proteins {e.g,
transcriptional machinery) and RNA polvmerase, and thereby promotes RNA synthesis. An
erhancer may overlap with a promoeter or be upstream or downstream of the promaoter,

{3179} The cxpression casseite can inchide one or more enhancers. The enhancer can be
operably linked to a promoter and modulate the expression of a transgene operably linked to a

promoter. The presence of an enhancer can modulate fransgene expression by, for example,
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mcreasing expression or decreasing expression. An ephancer can modulate transgene
cxpression by, for example, increasing expression levels in a desired cell type, for example, a
cardiac cell. An enhancer can modulate transgene expression by, for example, decreasing
expression levels in an “off-target” ecll type, or a cell type in which expression is not desired.
[3188] I some embodiments, the expression cassette compnses a single enhancer. In some
cmbodiments, the expression casseite comprises at least one enhancer. Tn some embodiments,
the expression cassette comprises two enhancers. In some embodiments, the expression
cassetie compnses three enthancers. In some embodiments, the expression cassette comprises
four enhancers. In some embodiments, the expression cassette comprises an enhancer that is
operably linked to a promoter. For example, a ACTCI cardiac enhancer can be hinked 10 a
human ¢TnT promoter.  In some embodiments, the expression cassette described herem
comprises one or more enhancers. In some embodiments, the expression cassette described
herein comprises no enhancer. In some embodiments, the expression cassetie comprises an
enhancer that s operably linked to another enhancer. For example, a ACTCH cardiac cnhancer
can be operably linked to an oMHC enhancer. In some embodiments, the expression cassette
comprises an enhancer that is operably linked t© a promoter and operably linked to ancther
gnhancer.

(6181} In some embodiments, the enhancer comprises an ACTCI cardiac enhancer (ACTCle).
In some embodiments, the ACTCI cardiac enhancer shares at least 90%, 95%, 96%, 7%, 98%,
99%, or 100% identity to SEQ ID NG 5. In some embodiments, the ACTCH cardiac enhancer
comprises SEQ ) NO: 5. In some emboduments, the enhancer comprises an aMHC eohancer
{aMHCe). In some embodiments, the oMHC enhancer shares at feast 90%, 93%, 96%, 979,
G8%, 99%. or 100% identity to SEQ ID NG 6. In some embodiments, the ¢MHC enhancer
comprises SEQ 1 NO: 6.

Table 3; Hustrative Enhancer Sequences

Enhancer Sequences

Name

ACTCH AACTGGCCTGCCCGAGACCAAACGTGUGGAACGTAGTTAAGTGTTAGAGG
cardiac TAGGATTTGAAGCCTGTCGATCATTCTGATTCTCCTTTTCTCTACGTCTGET
enhancer TCCTGTCAATGGGCATCCTCACTGTCAAATGCAGATGGTACAGCAGGGCT

(ACTCle} TCOTCTCAGCCAGCGCAGGCCTCTCCCCAGTCTCCATCOUTCAGCTGTCCAG
CAGTTTCATCCCTAGACCATCCCAAACATOOTTOAGAAGCTCTGAGGGGA
GGACCCAGCACTGCCCGGCCCCTGAAGATAATCAGCAGTCCTGCTCAGCA
TATCAATCCAAGCCCACTCTAGACAGAGATOCCGOTOLCCAGTTTTICTATT
TTTAACTGGTGTGAACTGAAGGAAAAGCACAGCATTAGAAGTCCAAGCA
(SEQID NG 5
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Enhancer Sequences
Name
oMHC CCTTCAGATTAAAAATAACTAAGGTAAGGGCCATGTGGGTAGGGGAGGTY
cardiac GGTOTGAGACGGTCCTGTCTCTCCTCTATCTGCCCATCGGCCOTTTGGGGA
enhancer GGAGGAATGTGCCCAAGGACTAAAAAAAGGCCCTGGAGUCAGAGGGGLG
{MHCe) AGGGCAGCAGACCTTTCATGGGCAAACCTCAGGGCTGCTGTC (SEQID
NO: 6}
Introns

13182] The expression cassette can include an intron sequence, for example, a synthetic or
chimeric mtron sequence. The intron sequence can be used to adjust the length (e, size) of
the expression cassette for tuproving recombinant AAV packaging. The wntron sequence can
be used to improve the efficiency of transgene expression e, mRNA production or
transeription} in a host cell containing the expression cassette. In some embodiments, the
expression cassetie comprises an intron. In some embodiments, the intron comprises the MV
mtron {CMVint). In some embodiments, the CMY intron shares at least 90%, 95%, 969%, 979,
8%, 99%, or 100% dentity to SEQ ID NO: 7. In some embodiments, the UMV intron
comprises SEQ 1D NO: 7. In some embodiments, the intron comprises a chimeric intron. In
some embodiments, the chimeric intron shares at least 90%, 93%, 96%., 97%, 98%, 99%, or
100% identity to SEQ ID NO: 8. In some embodiments, the chimeric intron comprises SEQ ID
NO: 8.

Table 4. Hustrative Intron Sequences

Intron Intron Sequence

CMYV intron GTAAGTACCGCCTATAGACTCTATAGGCACACCCCTTTIGGOTC
TTATGCATGCTGACAGACTAACAGACTGTTCCTTICCTGGETIC
TITTCTGCAG (SEQIDNG: T

Chimeric Intron GTAAGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAG

{Chimint) AAACTGGGUTTGTCGAGACAGAGAAGACTCTIGCGTTTICTGAT

AGGOACCTATTGGTCTTACTGACATCCACTTTGOCTTTOTCTCC
ACAG (SEQ ID NO: 8)

WPRE Sequences and Other Post-Transcriptional Elements

13183 In some cmbodiments, the cxpression cassectie comprises a postiranscriptional
regulatory  element. In other ombodiments, the expression cassette comprises no
postiranscriptional regulatory clement(s}. In some embodiments, the expression casseite

comprises no WPRE.
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{3184} In some embodiments, the expression cassette comprises a woodchuck hepatitis virus
post-transcriptional clement (WPRE) The WPRE sequence can be inserted, for exampie,
proxumal 1o on the 37 end of a transgene m a viral vector to, for example, optunize gene
expression in g viral vector (Lee et al. Fxp Phusiol 90:33-37 (20053, In some embodiments,
the WPRE comprises a polymucleotide sequence that shares at least 90%., 95%. 96%., 97%,
08%, 99%, or 100% identity to SEQ ID NG 9. In some embodiments, the WPRE comprises
SEQ D NG 9.

Table 5; Hlustrative WPRE Sequence

WPRE Sequence

TCAACCTCTGOATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTIGCTCCT
TTTACGCTATGTGGATACGCTGCTTITAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGC
TTTCATTTTCTCCTCCTTGTATAAATCCTGGTTIGOTGTCICTTITATGAGGAGTTOTGGECCG
TTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGG
CATTGCCACCACCTGTCAGCTCCTITCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGG
CGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTG
ACAATTCOGTGOTCTTIGTCGGGGAAATCATCOGTCOTTTCOTTGGCTGCTCGCOTGTGTTGE
CACCTGGATTCTGCGCGOGACGTCCTTCTGCTACGTCOCTTICGGCCCTCAATCCAGCGGAL
CTTCCTTCCCGOGGCCTGCTGCCOGCTCTGCGOCCTCTTCCGOGTOTTOG (BSEQ I NO: %)

Polvadenviation Sequences

{3185} In some embodiments, the expression cassette comprises a poly{A) signal sequence.
The polyv{A) sequence can be any poly{A) sequence known in the art or deseribed herem.

{3186} . In some embodiments, expression casseties comprise a polvadenviation sequence 3
of a polynucleotide encoding a polypeptide to be expressed. The toom “polvA site” or “polvA
sequence” as used heremn denotes a PINA sequence which directs both the termination and
polvadenviation of the nascent RNA transcript by RNA polymerase 11 Polyadenylation
sequences can promote mRNA stability by addition of a polvA tail to the 3" end of the coding
seguence and thus, contribute to increased translational efficiency. Cleavage and
polvadenylation is directed by a polv(A) sequence in the RNA. The core poly{A) sequence for
mammalian pre-mBRNAs has two recognition elements flanking a cleavage-polvadenylation
site. Typically, an almost nvariant AAUAAA hexamer lies 20-50 nucleotides upstream of a
more vanable clement rnich in U or GU residues. Cleavage of the nascent transcript occurs
between these two elements and is coupled to the addition of up to 250 adenosines to the 3
cleavage product. In particolar embodiments, the core polv(A) sequence is an ideal polvA
seguence (2.2, AATAAA, ATTAAA, AGTAAA). In particular embodiments, the polv(A}

sequence 1s an SV40 polvA sequence, a bovine growth hormone polvA sequence (BGHpA), a
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rabbit B-globin polvA sequence (rPgpA)}, vanants thercof, or ancther suitable heterologous or
endogenous polyA sequence known 1o the art.

16187} In some erobodiments, the polvA sequence comprises, counsists essentially of, or
consists of a sequence that shares at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identity to SEQ 1D NG: 10. In some embodiments, the polyA sequence 18 SEQ 1D NO:
i0

[3188] In some embodiments, the poly{A) sequence 13 a BGH poly{A) sequence. In some
embodiments, the BGH poly(A) sequence comprises, consists essentially of, or consists of a
sequence that shares at least 70%, 73%. 80%, 83%, 909%, 95%, 96%, 97%, 98%, 99%, or 100%
identity to SEQ D NO: 11 In some embodunents, the polvA scquence 15 SEQ 1D NG 11
16189} In some embodiments, the polv{A} sequence 1s an SV40 polv{A} sequence. In some
cmbodiments, the 5V40 poly(A) sequence comprises, consists essentially of, or consists of a
sequence that shares at least 70%, 75%, 80%, 85%, 90%, 95%, 96%. 97%, 98%, 99%, or 100%
wdentity to SEQ D NO: 12, In some crobodiments, the polvA sequence 18 SEQ 1D NOG: 12

Table 6; Hustrative Poly(A) Sequences

Poly(A) Sequence

Segquence

pCardl AATAAAAGAT CTTTATTTTC ATTAGATCTG TGTGTTGOTT

polyA TTTTGTGTG (SEQ 1D NO: 10}

signal

BGH GCCTCGACTOGTGUCCTTCTAGTTIGCCAGCCATCTGTIGTTTGCCCCTCC

CCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATIGCATCGCATTGTCTGAGTAGGTGTCATT
CTATTCTGOGOGGTGOGGTCOGGCAGGACAGUAAGGGGGAGGATT
GOGGAAGACAATAGCAGGCATGCTGGGGA (SEQID NG 1)

SV4D GATCCAGACATGATAAGATACATIGATGAGTITGGACAAACCACAA
CTAGAATGCAGTGAAAAAAATGCTTTATTTIGTCGAAATTTGTGATGCT
ATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGT (SEQ ID
NO: 12)

Inverted Terminal Repeat Sequences

{3198} In some cmbodiments, the expression cassette 1s flanked by AAV mverted terminal
repeats {ITHs). In some embodiments, the expression cassette is flanked by AAY I'TRs at the

5”7 and 37 ends.
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{3191} Any suitable ITRs described herein or known in the art may be used. The I'TRs function
as recoguition sites for replication. TTRs serve as markers used for viral packaging of the
cxpression cassette {Clark ¢t al. Hum Gene Ther. 6:1329-41 (1993})). ITRs form T-shaped
secondary structures by two adjacent inverted repeats separated by a sing unpaired nucleotide.
I'TRs are required for packaging the expression cassette into an rAAV virion, which provide
the function of expressing the transgene afier a host cell 1s targeted by the TAAVY vition. The
ITRs contain tetranucleotide repeat motifs called Rep-binding elements (RBE) that act as
contact points for the Rep68/78 proteins encoded by the rep gene. The TTRs also contamn a
packaging signal for genome encapsidation, which directs 37 genomic transport indo
preassembled capsids by Rep proteins {(Wikmott ot al. Hum Gene Ther Methods. 3(:206-213
(2019)). Any naturally occurring or synthetically derived I'TRs described herem or known m
the art can be used.

6192} In some embodiments, the 'TRs flanking the transgene expression cassetic are FTRs of
the same AAV scrotype as the Rep protemn used 1 making the virions described herein. For
example, where a Rep protein from AAVY 1s used, the transgence expression cassette used in
the expression system comprises I'TRs from AAVYS as well. In another example, where a Rep
protem from AAV?2 is used, the transgone expression casseite used in the expression system
comprises [TRs from AAV2 as well. In another example, where a Rep protem from AAVS is
used, the transgene expression cassette vsed in the expression system comprises ITRs from
AAVS as well. The I'TRs may be of the same or different serotype as the capsid protein used
in packaging the virion described herein.

[3193] In some embodiments, the ITRs comprise the polvnuclestide sequence that shares at
cast 80%. 83%, 90%, 93%, 96%. 97%. 98%, 99%, or 100% identity to SEQ 1D NG 13 and/or
SEQ D NO: 14,

Table 7: Hustrative ITR Sequences

TR Seqguences

CTGCGCOGCTCGCTCGCTCACTGAGGCCGCCCGGLGCAAAGCCCOGGGCOTCOGGGUGA
CCTTTGOTCGUCCOGGUCTCAGTGAGCGAGCGAGCOGUCGCAGAGAGGGAGTGGCCA
ACTCCATCACTAGGGGTTCCT (SEQ 1D NO: 13)

AGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACT
GAGGCCGGGCGACCAAAGGTCGCCUGACGUCCGGGCTTIGCOCGGGOGGCUTCAG
TGAGCGAGCGAGCGCGCAG (SEQ 1D NG: 14)
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{3194} In some embodiments, rAAVY genome comprises an expression cassetie that s flanked

F

by one or both of a 3" inverted terminal repeat (JTR) and a 3" ITR. In some embodiments, the
5" {TR comprises a sequence that shares at least 90%, 95%, 98% or 100% identity to SEQ 1D
NO: 13, In some embodiments, the 3" TTR comprises a sequence that shares at least 90%, 95%,

8% or 100% 1dentity to SEQ 1D NG 14,

Vectors

[3195] In some aspects, the disclosure provides vectors comprising the expression cassettes
provided herem. The vector can be any viral vector or any noun-viral vector known in the art or
described herem.

[6196] v some embodiments, the vector is a viral vector. In some embodiments the viral
vector 18 an adenc-associated viras vector (AAV), an adenoviral vecitor (AV}, alentiviral vector
{(LV), a retroviral vector (RY), a herpes simplex virus vector (HSV}, or a poxvirus vecior.
[3197] In some embodiments, provided herein 1s an AAV comprising any expression cassette
described herein. In some embodiments, provided herein is an AV comprising any expression
cassette described hergin. In some embodiments, provided herein is an LV comprising any
cxpression cassetic described berein. In some embodiments, provided hercin 1s an RV
comprising any expression cassetie described herem. In some embodiments, provided herem
i3 an HSY comprising any expression cassette desertbed herein. In some embodiments,
provided berein is a poxvirus-based vector comprising any expression cassctie described
herein.

[3198] In some embodiments, the viral vector 15 a retroviral vector, e.g., a lentiviral vector. As
used herein, the term “retrovirus” or “retroviral” refors an RNA virus that reverse transcribes
its genomic RNA mio a lincar double-stranded DNA copy and subsequently covalently
infegrates s genomic DNA mto a host genome, Retrovirus vectors are a common tool for gene
delivery {(Miller, Narure, 357 455-460 (2000}, Once the virus 15 integrated mnto the host
genome, it is referred o as a “provirus.” The provirus serves as a template for RNA polymerase
It and directs the expression of RNA molecules encoded by the virus. In some embodiments,
a retroviral vector is altered so that it does not integrate into the host cell genome.

{3199} Hlustrative retroviruses (family Retrovindae) inclade, but are not limited to: {13 genus
gammarctrovirus, such as, Moloney murine leukemia virus (M-MulV), Moloney murnne

sarcoma virus (MoMSV}, murme mammary tumor viaas (MuMTV), gibbou ape leukeroia virs

W
fas}
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(GalVy, and feline levkemia virus (FLV), (2) genus spumavirus, such as, simian foamy virgs,
(3} genus lentivirus, such as, human immuncdeficiency virus-1 and simian immunodeficiency
vitus.

102081 As used herein, the term “lentiviral” or “lentivirus” refers to a group {or genus) of
complex retroviruses. Hlustrative lentiviruses include but are not boted to HIV (human
taownodeficiency virus; ineluding BIYV type 1, and HIV type 2; visna-maedi vitus (YMV)
virus; the caprine arthniis-encephalitis virus (CAEV); equine infectious anemia virus (EIAV);
fehine mmmunodeficiency virus (FIV) bovine immune deficiency virus (BIV), and sinunan
immunocdeficiency virus (S1V}.

16201} In some embodiments, the viral vector is an adenoviral vector. The genetic organization
of adenovirus mcludes an approximate 36 kb, linear, double~stranded DNA virus, which allows
substitution of large preces of adenoviral BNA with foreign sequences up to 7 kb (Grunbaus et
ak., Seminar in Virology 200(23.535-5346, 1992)).

[0202] In some embodiments, the viral vector s an adeno-associaied viral {AVV) vector, such
as an AAY vector selected from the group consisting of serotype 1,2, 3,4, 5,6, 7, 8, 9, and 10
or chimenic AAVY derived thereof

16203} In some embodiments, the AAY expression vector is pseudatyped to enhance targeting.
A pseudotyping strategy can promote gene transfer and sustam expression in a target cell type.
For example, the AAV2 genome can be packaged into the capsid of ancther AAVY serotype
such as AAVS, AAVT or AAYS, producing pscudotyped vectors such as AAVZ/5, AAVZ/T,
and AAV2/8 respectivelv, as deseribed 10 Balaji et al. J Surg Kes. Sep; 1841} 691-698 (2013}
In some embodiments, an AAVY may be used to target expression in myofibroblast-like
lineages, as described in Piras et al. Gene Therapy 23:469-478 (2016). In some embodiments,
AAVIE, AAVS, or AAVY 15 used, and in some embodiments, the AAV is engineered, as
described in Asokari ¢t al. Hum Gene Ther. Nov; 24{11): 906-913 {2013); Pozsga et al. Mol
Ther. Apr 5; 25(4): 835869 (2017}, Kotterman, M. A and DV, Schaffer Engincering Adeno-
Associated Viruses for Clinical Gene Therapy. Nature Reviews Genetics, 15:445-451 (2014);
and US20160340303A1 to Schaffer et al. In some embodiments, the viral vector is AAY
engineered 1o merease target cell mfectivity as deseribed m US20180066285A1. In some
embodiments, the vector is an AAVY vegtor,

13264} In some embodiments, the vector is a non-viral vector. In some embodiments, the non-

viral vector 1s anaked DNA {¢.g.. a DNA plasmid). Insome embodiments, the non-~viral vector
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is a plasmid. In some embodiments, the non-viral vector 1s a liposome or hpid vector
comprising plasmid BNA and a lipid solution.

16205} For example, viral and non-viral vectors and delivery systems are described in Sung &
Kim 2019, Biomatenials Research 23:8; Mali, 2013, Indian Joumal of Human Genetics,
19(1):3-8; Hardee ot al, 2017, Genes 8:65; Bulcha et al, 2020, Signal Transduction and
Targeted Therapy: Ghosh et al, 2020, Apphed Biosafety: Journal of ABSA Intemational
25¢1):.7-18, the disclosures of each of which arc hereby incorporated by reference herein in
their entircties.

16266} In some embodiments, the vectors are recombinant vectors.

{02071 In some embodiments, the vectors described herein comprise an expression cassctie
comprising a polymucleotide encoding BAGS protemn or a vanant thereof (c.g., CI5IR) as
deseribed herein.

{0208} In some aspeots of the disclosare, a vector 15 used to deliver the expression cassettes
described hercin to cardiac cells of a subject, eg, to treat cardiomvopathy. In some
embodiments, the disclosure provides a viral vector comprising an oxpression cassette
comprising a polynucleotide encoding BAG3 protein or a varnant thereof {e.g., CI5IR}
operatively linked to a promoter and a phammaccutically acceptable camrier. {o some
embodiments, the disclosure provides a virion comprising a capsid and an expression cassetfe
comprising a polynuclestide encoding BAG3 protein or a variant thereof {e.g., CI151R)
operatively linked to a promoter and a pharmaceutically acceptabie carrier. In some
cmbodiments, the disclosure provides a plasmid comprising an expression cassette comprising
a polynuecleotide encoding BAG3S protein or a vanant thereof (e.g., C1531R) operatively linked
to a promoter and a phammaceutically acceptable carner.

[0209] In some embodiments, the viral vectors desceribed herein are replication incompetent,
in that it canmot independently further replicate and package its genome. For example, when a
cardiac cell 1s targeted with a vinon, the transgene 18 expressed in the targeted cardiac cell,
however, due to the fact that the targeted cardiac cell lacks packaging and accessory function
genes, the virion is not able fo replicate. In some embodiments, the viral vectors described
herein are replication-competent.

{3218} In some embodiments, the vectors described herein are capable of being delivered o

both dividing and non-dividing cells. In some embodiments, the vectors described herein are



WO 2024/215655 PCT/US2024/023699

capable of being delivered to non-dividing cells. In some embodiments, the vectors described
herein are capable of being delivered to dividing cels.

16211} In some embodiments, the vectors comprising the cxpression cassettes described herein
lead io cardiac cell-specific expression of a transgene (such as BAG3 or BAG3-CISIR). In
some embodiments, the vectors compnsing the expression cassettes described herein lead to
cardiomyocyvte-spectfic oxpression of a tramsgene.  In some embodiments, the vectors
comprising the expression cassettes described herein allow high expression of a transgene i a
cardiae cell {e.g., a cardiomyocyte) and low or no expression m other cells {e.g., low or ng
cxpression in liver cells, low or po expression in muscle cells except for muscle cells of the
heart, low or no expression in cardiac fibroblasts). In some cmbodiments, the vectors
comprnsing the expression casseties described heremn allow high expression of a transgene in
heart tissue of a subject (e.g., m human heart}. In some embodiments, the vectors comprising
the expression casscties described herein allow no or fow expression of a transgene in tissues
of a subject other than the heart (¢.g., in hiver or in muscles oxcept those of the hearty. “High”
and “low” can be relative to cach other, for example, the expression of a transgene i cardiac
cells {o.g.. cardiomyocytes) and/or heart tissue can be at least 2 fold, 5 fold, 10 fold, 15 fold,
20 fold, 59 fold, 100 told, 150 #old, or 200 fold higher than its expression m other cells and
fissues (e.g., liver, muscle except for the heart).

(0212} I some embodiments, the vector genome has a size of less than 6 kilohases. In some
embodiments, the vector genome has a size of less than 5.6 kilobases. In some embodiments,
the vector genome has a size of about, at most or less than 4.0 kilobases, 4.5 kilobases, 4.6
kilobases, 4.7 kilobases, 4 .8 kilobases, 4.9 kilobases, 5 kilobases, 5.1 kilobases, 3.2 kilobases,
5.3 kilobases, 5.4 kilobases, or 5.5 kilobases. In some embodiments, the vector genome has a
size of 4 kilobases to 5.2 kilobases. In some embodiments, the vector genome has a size of 4
kilobases to 3 kilobases. In some embodiments, the vector genome has a size of 4 kilobases to
4.8 kilobases. In some embodiments, the vector genome has a size of equal to or less than 4.9
kilobases. In some embodiments, the vector genome hag a size of equal to or less than 4 8
kilobases. In some embodiments, the vecior genome has a size of cqual to or less than 4.7
kilobases.

{3213} In some of these embodiments, the vector is an AAV vector or a variant thereof. In

some of these embodiments, the vector 18 an AAVY vector or a vaniant thereof. In some of
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these embodiments, the vector 18 an AAVS vector or a variant thereof.  In some of these
embodiments, the vector is an AAV?2 vector or a vanant thercof,

16214} Methods of introducing polynucleotides nto a host cell are known in the art, and any
known method can be used to miroduce the polvnuclectides described herein into a cell.
Suitable methods include e.g., viral or bacteriophage infection, transfection, conjugation,
protoplast  fusion, lipofection, clectroporation, calcium  phosphate  procipitation,
polvethyleneimine  {(PE-mediated  transfection, DEAEB-dextran mediated transfection,
liposome-mediated transfection, particle gun technology, calcium phosphate precipitation,
direct micre injection, nanoparticle-mediated nucleic acid delivery, microfhudics delivery

methods, and the bike.

Recombinant AAY vectors and virions

[6215] In some aspects of the disclosure, an rAAY virion is used to deliver the expression
cagsetics described herein to cardiac cells.

{3216} In some embodiments, an adenc-associated virus {AA V) referenced herein is any AAY
known in the art or described hercin. In some embodimenis, an AAVY 15 an AAV selected from
the group consisting of serotype 1, 2, 3.4, 5,6, 7, 8,9, 10, 11, and 12, or a chimeric AAY
derved therefrom. In some embodiments, AAY 15 AAVI, AAV2Z, AAV3, AAV4, AAVS,
AAVE, AAVT AAVE, AAVS, AAVIO, AAVIL or AAVIZ, or a varant thereof.

(6217} In some embodiments, the disclosure provides an rAAY virion comprising an AAY
capsid {¢.g., AAVYY capsid} and an cxpression cassetie comprsing a polvnucleotide cncoding
atransgene described herein (such as BAG3 or BAG3-CI151R) operatively hinked to a promoter
{c.g.. a TNNTZ promotery. In some cmbodiments, the disclosure provides an rAAY virion
comprising a modified AAV capsid {c.g., a modificd AAVY capsid comprising one of more
substifutions or insertions) and an expression cassetie comprising a polynucleotide encoding a
transgene described herein (such as BAGS or BAG3-CI51R} operatively linked to a promoter
{c.z., a TNNT2Z promaoter).

[0218] The rAAV virions of the disclosure comprise a capsid protein. Capsid proteins arc
structural proteins that make up the assembled icosahedral packaging of the rAAV virion that
contains the expression cassette. Capsid profeins are classified by the serotype. Wild tvpe
capsid serotypes in rAAY virions can be, for example, AAVE AAV2 AAV3, AAV4, AAVS,
AAVE, AAVT, AAVE, AAVY, AAVIO, AAVLL, or AAVI2 (MNaso et al. BioDrugs 31:317-
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334 (2017}). Engincered capsid types inchide chimeric capsids and mosatce capsids (Chot et al.
Curr Gene Ther, 5. 299-310 {2005)). Capsids are selected for rAAV virions based on their
ability to transduce specific tissue or cell types (Lavw et al. Curr Pharm Des. 21:3248-36 (2015)).
16219} Any capsid protem that can facilitate rAAV viron transduction into cardiac celis for
delivery of a transgene, as desenibed herein, can be used. Capsid proteins ased in rAAVY virions
for transgene delivery to cardiac colis that result m high expression can be, for example, AAV4,
AAVE, AAVT AAVE, and AAVY (Zincarelli etal. Mo/ Ther. 16:P1073-1080 (2008)). Insome
embodiments, the AAY capsid protem described herein s a wild type AAY capsid protein from
AAV serotype 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12 or a variant thereof. In some enmbodiments,
the AAV 1s AAVY or a vanaot thereof. In some embodiments, the AAV 1s AAVS or a vanant
thereof. In some embodiments, the AAV 18 AAV?2 or a vanant thereof

[0228] Artificial capsids, such as chimenie capsids generated through combinatonal Libraries,
can also be used for transgene delivery to cardiac cells that results in high expression. Other
capsid proteins with various features can also be used in the rAAY vinions of the disclosure.
AAV vectors and capsids are provided m U.S. Pat. Pob. Nos. US10011640B2; US7892809B2,
US8632764B2, USE889641B2. US9475845B2, US10889833B2, US10480011B2, and
US10894949872, the contents of which are herein incorporated by reference; and Int’] Pat. Pub,
Nos. WO2020198737A1, WO2019028306A2, WO2016054554A1, WO2018152333A1,
WO2017106236A1, WO2Z008124724A1, WO2017212019A1, WO2020117898A1,
WO2017192750A1, WO2020191300A1, and WOZ017100671A1, the contents of which are
herein incorporated by reference.

3221} In some embodiments, the rAAV vinons of the disclosure comprise a wild type AAVY
capsid protein.

0222} In some embodiments, the AAVY capsid protem described hercin comprises a sequence
that shares at least about 8056, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.3%, or 100% identity
to SEQ 1D NO: 22, as shown below. In some embodiments, the AAVE capsid protein described
herein comprises a sequence that shares at least about 80%, 85%, 90%, 95%. 96%, 97%, 98%,
99%, 99.3%, or 100% dentity to SEQ 1D NO: 21, The N-terminal residue of VP1, VP2, and
VP32, as well as the VR sites (VRAIV, VRV, VR-VI and VR-VHI), are mndicated (n bold, and
underlined} in the sequence of full-length VP1 (SEQ D NG: 22) below. The wild type AAVY
YP1 has the amino acid sequence of SEQ ID NG:22. The wild type AAVY VP3 has the amino
acid sequence of SEQ 1D NO: 21
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VPi--»> (SEQ ID NO: 22

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQCUHODNARGLVLPGYKYLGPGNGLDKGEPVNAA

DAAATLEHDFAYDQOQLKAGDNPYLKYNHADAEFQERLKEDTEFGONLGRAVEFQAKKRLL
VP2-->
EPLGLVEEAAKTAFGEKRPVEQSPOEPDSSAGIGKSGAQPAKKRELNFGOTGDTESVPDPQPIG
VP3--> (SEQ ID NO: 21)
EPPAAPSGVGSLTMASCGEAFVADNNEGADGVESSSCGNWHCDSOWLEGDRV ITTS TRTWALPTYNNHLY
KOISNSTSGGSSNDNAYFGYSTPWGSYFDEFNREFHCHEF SPROWORLINNNWGFRPKRLNFRKLENIQVKEY
TONNGVKTIANNLTETVOVEFTDEDYQLPYVLGSAHEGCLPPFPADVFMIPQYGYLTLNDGSCAVGRSS
FYCLEYFRSOMLRTGNNFQFSYEFENVPFHSSYARSOSLDRELMNFLID
VRV VR-V
QYLYYLEKTINGSGONQOTLKESVAGPENMAVOGEN Y IPGPEYROQORVETTVTONNNSEFAWD
WVR-VI
GASSWALNGRNSLMNPGPAMASHKEGEDRFFPLEGSLEIFGKOGTGRDNVDADKVMITNEEEIK
VR-VHI
TTNEPVATESYGOVATNHOSAQAQAQTEGW VONQG I LPGMVWCDREOVY LOGPIWAK I PHTDGNFHEPSFLM

GOFGMKHPPPOILIKNTRPVPADPP TAFNKDKILNSFITQYSTGOVSVELEWELOQKENSKEWNPEICY TS

NYYKENNVEFAVNTEGVYSEPRPIGTRYLTEND

(SEQ ID NO: 22;

Name DNA Seguence SEQID
NQ.

AAVO Capsid | MASGGGAPVADNNEGADGVGSSSGNWHCDSOWLGDRVI | 21
VEs TISTRTWALPTYNNHLYKQISNSTSGGSSNDNAYFGYSTP
WGYFDFNRFHCHFSPROWORLINNNWGFRPKRLNFELENT
QVKEVTDNNGVKTIANNLTSTVQVFTDSDYQLPY VLGSA
HEGCLPPFPADVEMIPQYGYLTLNDGSOAVGRSSFYCLEY
FPSOMLRTGNNFQFSYEFENVPFHSSY AHSOSLDRLMNPLI
DOYLYYLSKTINGSGONQOTLKFSVAGPSNMAVQGRNYI
PGPSYRQORVSTTVTONNNSEFAWPGASSWALNGRNSLM
NPGPAMASHKEGEDRFFPLSGSLIFGKQGTGRDNVDADK
VMITNEEEIKTTNPVATESYGQVATNHQSAQAQAQTGWY
ONOGILPGMYWODRDVY LOGPIWAKIPHTDGNFHPSPLM
GOFGMKHPPROILIKNTPYPADPPTAFNKDKLNSFITQYST
GOVSVEIEWELQKENSKRWNPEIQY TSNYYKSNNVEFAY
NTEGVYSEPRPIGTRYLTRNL

AAVY Capsid | MAADGY LPDWLEDNLSEGIREWWALKPGAPQOPRANQGH
VPi QDNARGLVLPGYKYLGPGNGLBKGEPYVNAADAAALEHD
KAYDQOLKAGDNPYLEYNHADAEFQERLKEDTSFGGNL
GRAVFQAKKRLLEPLGLVEEAAKTAPGKKRPVEQSPQEPD
SSAGIGKSGAQPAKKRINFGOTGDTESVPDPOPIGEPPAAP

2
[
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MName DNA Sequence SEQID
N

SGYGSLTMASGGGAPVADNNEGADGVGSSSGNWHCDSQ

WLGDRVITTSTRTWALPTYNNHLY KQISNSTSGGSSNDNA
YPGYSTPWGY FDFNRFHCHFSPRDWORLINNNWGFRPKR

LNFKLFNIQVKEVTDNNGVKTIANNLTSTVQVFTDSDYOL
PYVLGSAHEGCLPPFPADVEMIPQYGYLTLNDGSQAVGRS
SFYCLEYFPSQOMLRTGNNFQFSYEFENVPFHSSYAHSQSLD
RLMNPLIDOQYLY YLSKTINGSGONQQTLEFSVAGPSNMAV
QGRNYIPGPSY RQGRVSTTVTONNNSEFAWPGASSWALN

GRNSLMNPGPAMASHKEGEDRFFPLSGSLIFGKQGTGRDN
VDADKYMITNEEEIK TTNPVATESYGQVATNHQSAQAQA

QTGWVONQGILPGMVWODRDVYLOGPIWAKIPHTDGNF

HPSPLMGGFGMEHPPPOILIKNTPVPADPPTAFNKDKLNSF
ITQYSTGQOVSVEIEWELQKENSKRWNPEIQY TSNY VK SNN

VEFAVNTEGVYSEPRPIGTRYLTRNL

6223} In some embodiments, the rAAV vidons of the disclosure comprise an enginecred
capsid protein. Eugineered capsid proteins can be derived from a parental, e.g. wild type, capsid
and include, for example, varant polvpeptide sequence with respect to a parental capsid
sequence at one or more sites. For example, variant sites of the parental capsid can occur at the
YR-IV site, VR-V site, VR-VI site and/or VR-VHI stte (see, e.g. Binng and Svivastava. Mol
Ther Methods Clin Dev, 12:248-263 (2019)).

[0224] I some embodiments, the variant has a substitution or insertion in the VR-IV region of
the capsid protein {e.g., of AAVY). In some cmbodiments, the variant has 3 substitution or
nsertion in the VR-V region of the capsid protein {¢.g.. of AAVY}. In some embodiments, the
variant has a substifulion or mnsertion i the VR-VIH region of the capsid protein {e.g., of
AAVY)} In some embodiments, the vanant has a substifution or insertion in the VR-VEH region
of the capsid protein {c.g., of AAVY). In some embodiments, the variant has a substitution or
msertion in the VR-IV region and the VR-VIII region of the capsid proten {e.g., of AAVY).
[0225] I some embodiments, the capsid protein 1s an AAV3/AAVY chimeric capsid protein,
In some embodiments, the chimeric capsid protein comprises at least 1. 2, 3, 4, 5 or more
polypeptide segments that are denved from AAVS capsid protein. In some embodiments, the
chimeric capsid protein comprises at least 1, 2, 3, 4, 5 or more polvpeptide segments that are
derived from AAVY capsid protein. In some embodiments, at least one polvpeptide segment 1s
derived from the AAVS capsid protein and at least one polypeptide segment is derived from

the AAVY capsid protem.
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{3226} In some embodiments, the capsid protem is a combinatory capsid proteins. As ased
herein, “combinatory capsid protein” refers (o a AAVS/AAYY chimeric capsid protein, which
further comprises anuno acid variations with respect to the chimeric parental sequence at one
or more sites. In some embodiments, the one or more sifes of the chimeric parental sequence
are selected from those equivalent to the VR-IV sife, the VR-V site, the VR-VH aite and the
VR~V site of the AAVY capsid protein.

[3227] In some embodiments, the rAAYV virions described herein comprise any capsid protein
or variant capsid protein, €.g., any AAVY vartant capsid protein (8.g., COMPrisSing one or more
substitutions or insertions), described 1 WO2021/163357A2 and/or U.S. Patent No.
11,129,908, both of which are mncorporated by reference herein o their entirety,

16228} In some embodiments, the rAAV virions described herein comprise any capsid protem
or variant capsid protein, e.g., any AAVY variant capsid protein {¢.g., comprising one or more
substitutions or insertions), described in WO 2021/216456, which is incorporated by reference
herein in its entirety.

13229 In some embodiments, the rAAYV virions described hercin comprise any capsid protein
or variant capsid protein, ¢.g., any AAVY variant capsid protein {2.g., Comprising ong or more
substitutions or nscrtions), descnbed in Ing’l Pat. Pub. No. WO2023201207A1 (the entire
disclosure of which forms part of this disclosure).

[0238] In some embodiments, a recombinant adeno-associated virus (rAAV) capsid protein
shares at least 80%, at least 3%, at least 90%, or at least 95% polypeptide sequence identity
o an AAVY VP3 reference sequence according to SEQ 13 NO: 21, and wherein the capsid
protein comprises, relative to reference sequence SEQ D NG: 22, one or more modifications
{such as any of the modifications described in Int'l Pat. Pub. No. WO2023201207A1).

{0231} In some cmbodiments, the capsid protein comprses one, two, three, four or more
substitutions 1 the VR-VHI site. In some embodiments, the capsid protem comprises one,
two, three, four or more insertions i the VR-VII site. In some embodiments, the capsid
protein comprises, relative to reference SEQ D NO:22, one, two, three, four or more
substitutions at postiions from 384 1o 590 in the VR-VIH site, or one, two, three, four or more
substitutions at positions from 38510 590 in the VR-Villsite. In some embodiments, the capsid
protein comprises, relative to reference SEQ ID NG:22, ane, two, three, four or more insertions
at positions from 584 o 590 i the VR-VUI site, or ong, two, three, four or more ingertions at

positions from 385 to 590 i the VR-VIII site.
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{3232} In some embodiments, the capsid protein comprises at least two, three, four, five or
more substitutions in the VR-VI site. In some embodiments, the capsid protein comprises at
least two, three, four or more msertions in the VR-VI site. In some embodiments, the capsid
protemn comprises, relative to reference SEQ 1D NG:22, at least two, three, four, five or more
substitutions at positions from 584 to 590 in the VR-VIH site, or at least two, three, four, five
or more substitutions at positions from 385 to 590 i the VR-Vill site. In some embodiments,
the capsid protein comprises, relative to reference SEQ ID NO:22, at least two, three, four or
morg inseriions at positions from 384 o 590 in the VR-VHI sute, or at least two, three, four or
more insertions at posttions from 585 to 590 in the VR-VIU site.

16233} In some cmbodiments, the capsid proteuu (1) 18 cardiotrophic, (U} extubits ncreased
fransduction efficiency in cardiac cells compared o the parental sequence, {ui) exhibis
decreased transduction efficiency in fiver cells compared to the parental sequence, and/or (1v)
exhibits mereased selectivity for the cardiac cells over hver cells compared to the parental
scquence. These characteristics may be assessed in cells {e.g., 1PSC-denived cardiac celis or
cardiomyocytes) # vifre, o in mice or primates iz vive, by any methods known in the art.
10234} In some embodiments, the capsid protein may comprise an amino acid insertion at
position 584 {relative to reference sequence SEQ I NG:22) compusing one or more of an
asparaging (N}, a threonine (T}, a tyrosing {Y), phenvialanine (F}, and an alanine (A).

[0235] In some embodiments, the capsid protein may comprise an amino acid insertion at
position 585 (relative to reference sequence SEQ 1D NG:22) comprising one or morg of a
histidine (H) and a methionine (M),

[3236] Iln some embodiments, the capsid protein may comprise an amino acid inserlion at
position 386 (relative to reference sequence SEQ 1D NG:22) comprnising one or more of a
higtidine (H), a tyrosine (Y}, a valine (V), a threonine (1), an alanine (A}, an isoleucine (§), a
fryptophan (W), a methionine (M), and a leucine,

{0237} In some embodiments, the capsid protein may comprise an amino actd insertion at
position 587 (relative to reforence sequence SE 1D NG:22) comprising one or more of an
tsoleucine (1) and a proline (P).

[3238] In some embodiments, the capsid protein may comprise an amino acid inserlion at
position 588 (relative to reference sequence SEQ 1D NG:22) comprising one or more of an

isoleucine {1}, a threonine (1), and a proline (P).



WO 2024/215655 PCT/US2024/023699

{3239} In some embodiments, the capsid protein may comprise one of more aming acid
substitutions sciccted from the group consisting of N43ZK, N45ZA, N45ZV, G4534, G433N,
S4547T, 84540, G455N, Q4561 (456K, N43T7L, N457V, Q4581 and Q458H (relative to
reference sequence SEQ 1D NG:22).

[0248] In some embodiments, the capsid protein may comprise one or more anuno acid
substitutions selected from the group consisting of T582D, TI82L, TSE2E, TS82A, T382F,
TSR2ZR, TS8P, N383IV, NSR3T, HR4R, H384(, H584K, H584V, H384Y, H584M, H584T,
H584W, HSB4E, H584D, Q385T, 585C, 585V, (5851, (P585N, (33835, (3585P, (33854,
Q585M, Q585E, Q585Y, Q585G, (Q585H, (5831, S58aD, S386T, 8586, 8386K, S586M,
S386N, 85861, S586(), S586L, S386P, S586F, S58GR, ASR7F, ASRTS, ASR7T, AS8TN,
ASRTL, AS87P, AS87V, ASRTK, AS87I, ASSTR, A387H, AS87G, AS87M, ASSTD, ASETW,
(3388L, (35888, (Q588F, (3588N, (588G, (QS88R, Q5881 QSREY, 588T, QSEEY, Q588H,
388M, (388K, (35881, ASKOR, ASBYL, ASSON, ASBOR, A3S89V, AS89Q), ASEOF, ASROT,
ASBOK, AS8OH, AS8OE, ASBOW, AS8OL, ASRTY, ASROM, QSOOI Q5908, Q390N, Q5390G,
Q590D, Q3590R, Q590H, Q590T, QS590M, Q3590F, Q590Y, (Q3590L, A5S91L, (5394}, and
G594 (relative to reference sequence SEQ 1 N(O:22).

0241} In some embodiments, a recombinant adeno-associated virus (tAAV) capsid protein
shares, or comprises a sequence sharing, at least 86% amuno acid sequence identity to an AAVY
VP3 reference sequence according to SEQ ID NG 21, and wherein the capsid protein
comprises, relative to reference sequence SEQ 1D NO: 22:

an amino acid insertion between position 383 and 384 comprising one or more of an asparagme
(N}, athreonine {1}, a tyrosine {Y), phenvialanine (F), and an alanine (A},

an amino acid insertion between position 384 and 583 comprising one or more of a histidine
(H} and a methionine (M),

an amino acid inscriion between position 585 and 386 comprising one or movre of a histidine
(H}, atyrosine {Y), a valine {V), a threonine (T}, an alanine {A), an isoleucine (I}, a tryptophan
(W), a methionine (M), and a leucme (L};

an amino acid insertion between position 586 and 587 comprising one or more of an isclcucing
(1) and a proline (P}

an amine acid insertion between position 587 and 588 comprising one or more of an isoleucing

(8}, a threonine {1}, and a proline (P},
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an aming acid mmsertion between position 588 and 389 comprising one or more of a glycine ((3)
and a ghitamine (Q);

one of more amino acid substitutions selected from the group consisting of N4S2K, N452A,
N4S2ZV, N4321, G453A, G453N, 54547, 543540, G45SN, Q436L, Q456K, N437L, N45TV,
(34581, and B458H; and/or

one or more aming acid substitutions sclected from the group cousisting of T382D, T382L,
TSR2ZE, T582A, TA&2F, THE2R, T582P, NSRBIV, NAS3T, HS84R, HS584(, HS84K, H584V,
H584Y, H584M, HSB4T, H384W, HSB4H, HS84D, (5837, Q583(C, 385V, (5851, QS83N,
Q5858, Q385P, Q585A, Q585M, Q343E, Q583Y, (35385G, QS85H, (5451, 558610, 8584T,
S3R6G, 8586k, S386M. S386N, 83861, S386Q. S586L., S3R6P, S386F, 8385, ASRTF,
ASRTS, ASBTT, ASBTN, ASETL, ASETP, AS87V, A587K, AS8TE, A587R, AS8TH, A387G,
ASBTM, ASSTD, ASETW, (Q588L, (35488, (B388F, 588N, (588G, (J588R, (35881, 3588V,
3887, Q588Y, Q588H, O588M, 588K, (588D, ASROR, ASRYI, ASEON, A3895, AS89V,
ASEOQ, ASROF, ASROT, AS89K, ASEUH, ASEOKE, ASBOW, ASROL, ASEOY, A380M, (3590L,
(5908, Q390N, 590G, Q590D, G390R, Q5S0H, Q590T, Q390M, Q590F, 500V, (5901,
AS911, 659440, and G394D.

6242} In somce embodiments, the capsid protein may comprise an amino acid inseriion at
position 584 (relative to reference sequence SEQ ID NO:22) consisting ofa TY, FN, or AT,
[0243] In some embodiments, the capsid protein may comprise an amino acid insertion at
position 585 {relative {o reference sequence SEQ 13 NG:22) consisting of MH.

[0244] In some embodiments, the capsid protein may comprise an amino acid insertion at
position 5386 (relative to reference sequence SEQ [D NG:22) consisting of HY, VT, AL, WM,
or ML.

6245} In somce embodiments, the capsid protein may comprise an amino acid nseriion at
position 587 (relative to reference sequence SEQ ID NO:22) consisting of PL

[0246] In some embodiments, the capsid protein may comprise an amino acid insertion at
position 588 {relative to reference sequence SEQ 1D NO:22) consisting of 1T or PT.

3247} In some embodiments, the capsid protein may comprise one or more amino acid
substitutions selected from the group conmisting of T382D, TS82E, N583V, H384(, S586K,
ASETP, ASBTS, (388G, (3588M, A5895, ASO1L, 5940, and 394D (relative to reference
sequence SEQ 1D NG:22).
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{3248} In some embodiments, the capsid protein may comprise one of more aming acid
substitutions sclected from the group consisting of T582L, T582A, T382F, T382R, T342P,
HS584R, HA84K, H384V, HIB4Y, H584M, H3840), HAR4W, HAR4E, H384D, (35857, 3SE35N,
(3585M, (SBSE, QS85V, (5S85H, S586T, 55860, S5386{(3, S5861, SS86L., S386F, 5586,
S386R, 5586M, ASSTE, AS87L ASBTH, AS87M, ASBTN, A5S8TW, (3588Y, (Q548S, (3588T,
and Q388R (relative to reference sequence SEQ 1D NO:22).

3249} In some embodiments, the capsid protein may comprise one or more amino acid
substitutions selected from the group consisting of 5830, (5855, and 855861 {relative to
reference sequence SEQ D NO:22).

[0280] In some embodiments, the capsid protein may comprise one or more aming acid
substfutions selected from the group consisting of Q385C, 353835, 83861, ASR7V and A7
{relative to reference sequence SEQ 1D NG:22),

(0251 In some cmbodiments, the capsid profein may comprise ong or more amino acid
substitutions selected from the group consisting of 9585V, Q385T, Q383L, Q385C, Q383N,
(5858, Q585M, (385K, G385P, (I583A, (585G, {585H, (5851, S586D, S5864, 55867,
S586M, S386N, S386L, S386R., 85861, SA86K., ASRTS, ASRTT, ASRTN, AS87TL, AS87V,
ASRTK, ASRTIL, ASSTF, ASRTP, ASETR, ASSTD, (5881, (5888, Q588F, (JSE8N, Q358&R,
(35881, 588V, Q588T, (SK&H, QS588Y, (Q588M, (588K, (588D, (3588G, A380R, AS5R9I,
ASBON, A3898, AS8OV. ASBO(, ASBOF, ASSOT, AS89K, A389H, AS89E, ASROW, ASE9L,
ABB9Y, ASROM, Q5901 Q3908, Q590N, Q390G, Q390D QA00R, QS90H, Q590T. Q590M,
Q390F, Q390Y, and Q390L (relative to reference sequence SEQ 1D NO:22).

{3252} In some embodiments, the capsid profein may comptise one or more aminoe acid
substitutions selected from the group consisting of AS87V and ASRTG {relative to reference
sequence SEQ 1D NG:2).

[0283] o some embodiments, the capsid protein may comprise the amino acid sequence
ANY( at positions 586-589 or at about positions 586-589 (relative to reference sequence SEQ
D NG:22Y.

[0254] In some cmbodiments, the capsid protein may comprise two or more amino acid
substitutions selected from the group consisting of N45S2K, N452A, N4S2V, G453A, G453N,
S454T, 84540, G435N, Q456L, (436K, N45STL, N4ASTY, (4381, and Q458H (relative to
reference sequence SEQ D NO:22).
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{3255} In some embodiments, the capsid protein may comprise the aminoe acid sabstitution
N4SZEK, N432A, or N432V (relative to reference sequence SEQ 1D NG 22},
02586} In some embodiments, the capsid protem may comprise the amino acid substitution
N45ZK (relative to reference sequence SEQ 1D NG 223}
(6287} In some embodiments, the capsid protein may comprise the aming acid substitution
(G453 A or G453N {relative to reference sequence SEQ 10D N(O:22).
[3258] In some embodiments, the capsid protein may comprise the anuno acid substitution
S45347 or $454D (relative to reference sequence SEQ 1D NG:22).
13259} In some embodiments, the capsid protemn may comprise the amino acid sobstitution
G455N {relative to reference sequence SEQ 1D N(:22).
[6268] o some embodiments, the capsid protemn may comprise the amino acid substitution
34561 or Q456K (relative to reference sequence SEQ 1D NO:22)y.
(0261} In some embodiments, the capsid protein may comprise the aming acid substitution
N4STL or N457V {relative 1o reference sequence SEQ 1D NO:22).
{3262} In some embodiments, the capsid protein may comprise the amino acid sabstitution
Q4581 or Q458H {relative to reference sequence SEQ 1D NOG:22),
16263} In some embodiments, the capsid protein comprises relative to reference sequence SEQ
1B NQG: 22, at position 452 an amino acid selected from the group consisting oft K and N. In
some embodiments, the capsid protein comprises, relative to reference sequence SEG 1D NG:
22 an anuno acid substitution N432K
[0264] In some embodiments, a recombinant adeno-associated virus (rAAV) capsid protein
shares, or comprises a sequence sharing, at least 805 amino acid sequence wdentity to an AAVY
VP3 reference sequence according to SEQ ID NO: 21, and wherein the capsid protem
comprises, relative to reference sequence SEQ 1D NG: 22, amine acid substitution N452K. In
some embodiments, N452K 1s the only substifution in the capsid protein relative to the parental
or wild-type AAVY. In some embodiments, N452K is not the only substitution in the capsid
protein relative to the parental or wild-type AAVY.
63265} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
T2 NG 22:

at posttion 583 an amino acid selected from: EL N, G, M, C,V, Tand 3;

at position 586 an amino acid selected from: N, T, M, G, D3, and S

at position 587 an amino acid selected from: T, L, LK, 8, N, Vand A;
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at posttion 588 an amino acid selected from: V. F Y. L T, S, |, Rand §3;

at position 589 an amino acid selected from: 5, N, L, T, |, Rand A; and/or

at position 590 an amino acid selected from: L 8§, G, H, R and Q.
6266} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG 22

at posttion 585 an anuno acid selected from: BN, G, M, C,V, Tand Q;

at position 586 an amino acid selected from: N, T, M, G, D, and S

at posttion 587 an amino acid selected from: T, L, L K, S, N, Vand A,

at position 588 an amino acid selected from: V. F. Y. L, T, 8, |, Rand §3;

at position 589 an amino acid selected from: S, N, L, T, |, Rand A, and

at postion 590 an amino acid selected from: L &5, G, H, Rand Q.
{3267} I some embodiments, the capsid protein comprises, relative o reference sequence SEQ
D NG: 22
at position 585 an amino acid selected from: BN, G M, C, Vand T,
at position 386 an amine acid selected from: N, T, M, G, and B,
at position 387 an amino acid selected fronm: T, L, L K. 8, Nand V;
at position 588 an amino acid selected fronm: V. F, Y, L, T, &, fand R;
at position 389 an aming acid selected from: §, N, L, T, T and R and/or
at posttion 590 an aming acid selected from: £ S, G, Hand R
(0268} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NO: 22
at position 585 an amino acid selected from: BN, G, M, C, Vand T,
at position 586 an amino acid selected fronu N, T, M, G, and B,
at position 387 an amino acid selected fron: T, L, L K, S, Nand V;
at posttion 588 an aming acid selected from: V. F, Y, L, T, 5, fand R;
at posttion 389 an aming acid selected from: 8, N L, T, Tand R, and
at position 590 an amine acid selected from: L 5. G Hand R
3269} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22

at position 584 an amino acid selected from the group consisting of: R and H;
at posifion 585 an amino acid selected from the group consisting of N M, C, E. G, 5.V,

AT H, Land
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at position 586 an amino acid selected from the group consisting off M, DN, G, A, T, R,
fand §;

at position 587 an anuno acid selected from the group consisting of TN, V. LLL S, R P
and A

at posttion 588 an amino acid selected from the group consisting oft Y, T, §, LV, F. L R,
N, D, Gand

at position 589 an amino acid selected from the group consisting of, LLLR, S, G, N, T, V,
3, F, E. Y and A; and/or

at position 590 an aming acid selected from the group counsisting of G, RS, LH N Y,
L, Mand G and

optionally at position 452 an amuno acid selected from the group consisting of N and K.

13270} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22
at position 452 an amino acid selected from the group consisting of K and N;
at position 584 an aming acid selected from the group consisting of Rand H,
at position 385 an aming acid selected from the group consisting of N, M, O, E G 8, V.
AT H Land O
at position 586 an amino acid selected from the group consisting off M, DN, G, A, T, R,
fand 5;
at position 587 an anuno acid selected from the group consisting of TN, V. L L S, R P
and A
at posttion 588 an amino acid selected from the group consisting oft Y, T, §, LV, F. L R,
N, D Gand 3
at position 589 an amino acid selected from the group consisting of: L LR, S, G N, T, V,
Q.F, E, Y and A; and
at posttion 590 an amino acid selected from the group consisting of G, RS, LH N Y,
L. Mand Q.
16271} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG 22
at position 584 aming acid R,
at position 385 an amino acid selected from the group consisting of N, M, C E, G 8, V,

A, T, Hand, L;
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at position 586 an amino acid selected from the group consisting off M, DN, G, A, T, R,
and I;

at position 387 an anuno acid selected from the group consisting of T, N, V, L, L 5, R,
and P,

at posttion 588 an amino acid selected from the group consisting oft Y, T, §, LV, F. L R,
N, B oand G;

at position 589 an amino acid selected from the group consisting of, LLLR, S, G, N, T, V,
3, F, E. and Y and/or

at position 590 an aming acid selected from the group counsisting of G, RS, LH N Y,
L, and M; and

optionally at position 452 an amuno acid selected from the group consisting oft N and K.

13272} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG: 22, at least two, three, four, five, six, seven or all eight of any of the following:
{(1) at position 452 amino acid K
(i1} at posttion 584 amino acid R;
{111} af position 585 an amino acid sclected from the group consisting off N, M, C E G S,
VA T H, and L
{1v} at position 586 an aming acid selected from the group consisting of: M, D, N, G, A,
T.R and L
{v} at position 587 an anuno acid selected from the group consisting of T, N, V, L. L, 5,
Roand P;
{vi} at posttion 388 an amino acid selected from the group consisting oft Y, T, 8, LV, F,
LENDamdG
{vii} at position 589 an amino acid selected from the group consistmg oft L, L R, S, G, N,
TV, QF E and Y; and
{viit} at position 390 an anino acid selected from the group consisting of G, RS, L H, N,
Y, L, and M.
16273} In some embodiments, the capsid protein comprises, relative o reference sequence SEQ
1D NG 22
at position 585 an amino acid selected from the group consisting oft E. N, G, M, C, ¥V, T and
Q2

at position 586 an anuno acid selected from the group consisting of N, T, M, G, I}, and §;
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at position 587 an amino acid selected from the group consisting off T, L, L K. 5, N, Vand A;
at position 388 an amino acid selected from the group consisting of V. F Y, L. T, 5, 1, Rand
Q.
at position 389 an amino acid selected from the group consisting of: S, N, L, T, I, R and A;
and/or
at position 590 an amino acid selected from the group consisting oft L, S, G, H, R and Q; and
optionally at position 452 an amino acid selected from the group consisting of N and K.
13274} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NO: 22
at position 432 an amino acid selected from the group consisting of K and N;
at position 585 an amino acid selected from the group consisting of E, N, G, M, C, V, T and
Q;
at position 586 an amino acid selected from the group consisting of N, T, M, G, D, and
S:
at position 387 an amino acid selected from the group consisting of T, L L K, 5, N,V
and A;
at position 588 an anuno acid selected from the group consisting of V. FL Y, L T8, LR
and
at position 589 an amino acid selected from the group consisting off §, N, L, T, L R and
A and
at position 390 an amino acid selected from the group consisting of LS, G, H, Rand G.
[3275] In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NO: 22
at position 583 an amine acid sclected from the group consisting oft £, N, G, M, C, V and
T
at posttion 386 an aming acid selected from the group consisting off N, T, M, G, and I,
at position 587 an amino acid selected from the group consisting of T, L, L KU 5, N and
V.
at position 388 an amino acid selected from the group consisting of V. F. Y, L, T, S, Tand
R;
at position 589 an amino acid sclected from the group cousisting oft S, N L, T, Fand R,

and/or
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at posttion 590 an amino acid selected from the group consisting oft 1L 8, G, Hand R; and

optionally af position 432 an amino acid selected from the group consisting of: N and K.
16276} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
I3 NG: 22, at least two, three, four, five, six or all seven of any of the following:

(1) at position 452 amine acid K

{11} at position 583 an amino acid selected from the group consisting of E, N, G, M, C, V

and T;

{11} at position 586 an amino acid selected from the group consisting oft N, T, M, G, and

B

{iv} at position 587 an amino acid selected from the group consisting oft T, L, 1L K, 5, N

and V;

{v} at position 588 an amino acid selected from the group consisting of V. F,Y, L L S,

Tand R;

{vi} at position 389 an amuno acid selected from the group consisting oft S, N, L, T, Land

R and

{vii} at position 590 an amino acid selected from the group cousisting oft 1 8, G, Hand R.
16277} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
D NG: 22

at postiion 583 an aming acid selected from the group consisting of E, N, M, C, and 3;

at position 586 an amino acid selected from the group consisting off AL M, G, D, Nand §;

at position 387 an amino acid selected from the group consisting of. T, N, V and A;

at postiion 588 an amino acid selected from the group consisting of V, Y, T, 5, L and Q;

at position 589 an amino acid selected from the group consisting of §, G, L, L R and A;

and/or

at position 590 an amuno acid selected from the group consistimg of 1, §, G, R and §; and

optionally at position 452 an amino acid selected from the group consisting oft N and K.
(6278} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NO: 22

at posttion 452 an amino acid selected from the group consisting oft K and N;

at position 583 an amino acid selected from the group consisting of E, N, M, €, and (¢,

at position 586 an aming acid selected from the group consisting oft AL M, G, D Nand §;

at position 587 an avuno acid selected from the group consisting of T, N, V and A;
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at position 588 an amino acid selected from the group consisting off V, Y, T, S, Land (;
at position 589 an amino acid selected from the group consisting of §, G, L, L R and A;
and
at position 590 an amino acid selected from the group consisting of 1, S, G, R and Q.
{3279} In some embodiments, the capsid protein comprises, relative o reference sequence SEQ
1D NO: 22
at position 383 an amino acid selected from the group consisting of: E, N, M, and C;
at position 586 an amino acid selected from the group consisting oft A, M, G, D, and N
at postiion 587 an anino acid selected from the group consisting oft T, N, and V;
at position 588 an anuno acid selected from the group consisting of V. Y, T, 8, and {;
at position 589 an amino acid selected from the group consisung of S, G, L, 1 and R,
and/or
at posttion 590 an aming acid selected from the group consisting of: L 5, G, and KR! and
optionally at posttion 452 an avuno acid selected from the group consisting of: N and K
{3280} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NO: 22, at least two, three, four, five, six or all seven of any of the following:
{1} at position 452 amino acid K
{(11) at position 583 an amino acid selected from the group consisting of E, N, M, and C;
{111} at position 386 an amimo actd selected from the group consisting oft A, M, G, D, and
N;
(iv} at position 387 an amino acid selected from the group consisting of: T, N, and V;
{v} at position 588 an amino acid selected from the group consisting of V, Y, T, 5, and [;
{vi} at position 389 an amino acid selected from the group consisting oft 8, G, L, {and R
and
{vit} at posthion 390 an ammo acid selected from the group consisting of £ 5, G, and R
{3281} In some embodiments, the capsid protein comprises, relative o reference sequence SEQ
D NG: 22
at position 452 an anuno acid selected from the group consisting of K and N; and
at position 587 amino acid substitution AS87T.
{3282} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NG: 22

at position 452 an amino acid selected from the group consisting of: K and N; and
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amino acid N or R at one, two or more posttions selected from the group consisting of

384, 585, 386, 588, 589, and 590,
16283} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
D NG: 22
at posttion 432 an aming acid selected from the group consisting of K and N; and
amino acid 8 at two or more positions selected from the group consisting of) 583, 586, 587,
588, 589 and 590,
3284} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NG: 22
at position 452 an amino acid selected from the group consisting of: K and N; and
at three, four or more positions in the region 583-380 of the VR-VIT site, an amino acid
selected from the group consisting of N, 5, T, Rand L
{62585} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NO: 22
at three, four or more positions 1n the region 585-390 of the VR-VIIE site, an amine acid
selected from the group consisting oft N, §, T, and R.
163286} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
D NG: 22
at posttion 452 an aming acid selected from the group consisting of: K and N; and
at three, four or more positions in the region 585-590 of the VR-VHI site, amino acids selectad
from the group consisting oft N, 8, T, R and [ {such as anv combination and number of each of
these amino acids).
13287} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
D NG: 22
at three, four or more positions n the region 585-390 of the VR~V site, amino acids selected
from the group consisting of! N, 5, T, and R (such as any combination and namber of each of
these ammno acids).
3288} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
T2 NG 22:

at position 452 an amine acid selected from the group consisting of K and N; and

=4

fas}



WO 2024/215655 PCT/US2024/023699

at four, five or more positions in the region 585-390 of the VR-VII site, aming acids selected
from the group consisting of! N, 8§, T, R and [ {such as anv combination and namber of each of
these amino acids).

[6289] In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG 22

at four, five or more positions in the region 583-390 of the VR~V site, amino acids selected
from the group consisting of: N, §, T, and R (such as any combination and number of cach of
these amino acids).

13290} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I3 NG: 22, at least two, three, four or more of the amino acid substitutions (Q5835H, 8586N,
ASRTT, 3388V, ASBYS, (35901, and/or N432K {or any combination of these substitutions). In
some embodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NG:
1, amino acid substitutions Q385F, S586N, ASRTT, Q588Y, AS89S, 3901, and N432K.
63291} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
I NG 22, at least two, three, four or more of the amino acid substitutions S3867T, AS87L,
QSREF, ASRION, Q5908, and/or N432K {or any combination of these substitutions). In some
embodiments, the capsid protein corprises, relative to reference sequence SEQ 1D NG 1,
aming acid substitutions 8586T, AS87L, 3388F, ASBON, (3908, and N4SZK.

{3292} In some embodiments, the capsid protein comprises, relative o reference sequence SEQ
1D NO: 22, at least two, three, four or more of the anuneo acid substitutions Q5¥%3N, AS87T,
I588Y, AS89L, 590G, and/or N432ZK {or any combination of these substitutions). In some
embodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NO: |,
amino acid substitutions Q5¥3N, AS87T, (3388Y, AS8YL, 3590G, and N432K.

16293} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
1D NG: 22, at least two, three, four or more of the amino acid substitutions Q583G, AS87,
35881, ASSOT, Q590H, and/or 452K {or any combination of these substitutions). In some
cmbodiments, the capsid protein comprises, relative to reforence sequence SEQ 1D NG 1,
amino acid substitutions Q383G, AS87, QS88L, ASEYT, Q390H, and N452K.

[3294] In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
ID NO: 22, at least two, three, four or more of the anmuno acid substitutions (J585M, S586M,
ASRTYT. QS88T, and/or 35390R {or any combination of these substitutions) In some

embodiments, the capsid protein corprises, relative to reference sequence SEQ 1D NG 1,

~
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amino acid substitutions QS85M, S386M, ASSTT, (3588T, and QS9C0R. In some embodiments,
the capsid protein comprises, relative to reference sequence SEQ ID NO: 1, amino acd
substitutions Q385M, 8586M, ASSTT, Q388T, and Q590K and amino acid N at position 452,
16255} In some embodiments, the capsid proten comprises, relative to reference sequence SEQ
ID NG: 22, at ieast two, three, four or more of the amine acid substitutions Q5S85N, AS87T,
Q588Y, ASB9L, and/or Q590G {or any combination of these substitutions) In some
embodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NO: |,
aming acid substitutions Q385N, ASRTT, Q588Y, AS89L, and (33906 In some embodimenis,
the capsid protein comprises, relative to reference sequence SEQ ID NO: 1, amino acd
substitutions Q385N, ASRTT, Q583Y, ASE0L, and (590G, and amino acid N at position 452,
16296} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
ID NG: 22, at least two, three, four or more of the amino acid substitutions QS35C, AS87T,
35885, ASE9L and/or Q590R (or any combination of these substituiions). In some
crabodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NO: 1,
amino acid substitutions Q385C, ASBTT, (33885, A3891, and Q590R. In some embodiments,
the capsid protein comprises, relative to reference sequence SEQ ID NO: 1, amino acid
substitutions Q385C, ASETT, Q588S, ASEY, and Q3Y0R; and amino acid N at position 452,
162971 In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
ID NO: 22, at least two, three, four or more of the amino acid substitutions 383K, 55861,
ASETN, (588, ASEOR, and/or Q3908 {or any combination of these substitutions). In some
crabodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NO: 1,
amine acid substitutions Q585E, SS586D, ASSTN, (35881, AS380R, and 2590S. In some
embodiments, the capsid protein compuses, relative to reference sequence SEQ ID NG 1,
amino acid substitutions Q385E, 83860, AS8TN, (5881, A389R, and Q5908; and amuno acid
N at position 452.

[3298] I some embodiments, the capsid protein comprises, relative o reference sequence SEQ
1D NO: 22, at least two, three, four or more of the ammne acid substitutions Q585E, 8386D,
ASETN, Q38R ASE9R, Q35905, and/or N452K (o1 any combination of these substitutions). In
some embodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NG:
1, aming actd substitutions Q585E, S386D, ASSTN, (5881, A389R, (05908, and N4SZK.
13299} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ

I NG 22, amino acid $586G and/or Q388Y. in some cmbodiments, the capsid proten
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comprises, relative to reference sequence SEQ 1D NO: 1, amino acid substitutions $586G and
(588Y; and amino acid N at position 452.
163308} In some embodimerts, the capsid protemn comprises, relative to reference sequence SEQ
ID NG: 22, at least two, three, four or more of the amino acid substitutions S586A, AS8TN,
3588Y, ASBYG, and/or N45ZK {or anv combination of these substitations} In some
crabodiments, the capsid protein comprises, relative to reference sequence SEQ 1D NO: 1,
armmno acid substitufions S586A, AS87N, 35838Y, ASERG, and N452ZK.
{3361} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NO:22, amine acids ATN at positions 581-383, and amino acids AQTG at positions 591-
594,
13302} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG:22, amino acids ATNH at positions 381-584, and amino acids AQTG at positions 591-
594
G303} In some embodiments, the capsid protein comprises, relative to reference sequence SEQ
1D NG:22, any one of the following:

(i) aminc acid sequence ATNHENTVSIAQTG (8EQ 1D NO: 35) at the VR-VHI
positions 581-394, and amino acid K at the VR-IV position 457;

{n) amino acid sequence ATNHQTLFNSAQTG (SEQ 1D NO: 36) at the VR-VHI
positions 581-394, and amino acid K at the VR-IV position 452,

{11} amino acid sequence ATNHNSTYLGAQTG (SEQ 1D NG: 37) at the VR-VHI
posttions 381-594, and amino acid K at the VR~V position 452;

(v} amino acid sequence ATNHGSILTHAQTG (SEQ ID NO: 38) at the VR-VIHH
positions 581-594, and amino acid K at the VR-IV position 452;

{v} amino acid sequence ATNHMMTTARAQTG (SEQ 1D NO: 39) at the VR-VII
positions 581-394, and amino acid N at the VR-IV position 452;

{vi} amino acid sequence ATNHNSTYLGAQTG (SEQ 1D NG: 37} at the VR-VI
positions 581-594, and amino acid N at the VR-1V position 452;

{vii} amino acid sequence ATNHCUSTSIRAQTG (SEQ 1D NG: 40) at the VR-VIH
posttions 581-594, and amino acid N at the VR-IV position 452;

{vitr) amino acid sequence ATNHEDNIRSAQTG (SEQ 1D NO: 41} at the VR-VIH

positions 581-594, and amino acid N at the VR-IV position 452;
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(i} aming acid sequence ATNHEDNIRSAQTG (SEQ ID NG 41) at the VR-VHI
positions 581-594, and amino acid K at the VR-IV position 452;

{x} amino acid sequence ATNHNNVISGAQTG (SEQ ID NG: 42) at the VR-VI
positions 581-394, and amino acid K at the VR-IV position 452;

{xt} amino acid sequence ATNHQGAYAQAQTG (SEQ 1D NGO: 43) at the VR-VI
posttions 381-594, and amino acid N at the VR~V position 452;

{xii} amino acid sequence ATNHOQANYGQAQTG (SEQ 1D NO: 44) at the VR-VIH
posttions 381-594, and amino acid K at the VR-IV position 452;

{xiit} amino acid sequence ATNHNMNRYNAQTG (SEQ 1D NOG: 45) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 457;

{xiv) amino acid sequence ATNHNNVISGAQTG (SEQ 1D NO: 42) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 452,

{xv} amino acid sequence ATNHSNSVOSAQTG (SEQ 1D NO: 46) at the VR-VIH
posttions 381-594, and amino acid N at the VR~V position 452;

{(xviy amino acid sequence ATNHSSTFQGAQTG (SEQ ID NO: 47) at the VR-VHI
positions 581-594, and amino acid N at the VR-IV position 452;

{xvii} amuno acid sequence ATNHVYSSFTSAQTG (SEQ 1D NO: 48) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 452;

{xviit) aming acid sequence ATNHSTTNFRAQTG (SEQ 1D NG 49) at the VR-VI
positions 581-594, and amino acid N at the VR-1V position 452;

{xix}) anuno acid sequence ATNHSSIFNSAGQTG (SEQ 1D NO: 50) at the VR-VHI
posttions 581-594, and amino acid N at the VR-IV position 452;

{xx} amino acid soquence ATNHAGRNYMNAQGTG (SEQ 1D NO: 51) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 457;

{xx1} amino acid sequence ATNHTSVISIAQTG (SEQ 1D NG: 52y at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 452,

{xxu1} amino acid sequence ATNHHSRVEIAQTG (SEQ 1D NO: 33} at the VR-VIl
posttions 381-594, and amino acid N at the VR~V position 452;

{(xxii} amino acid sequence ATNHSSHYSAQTG (SEQ ID NGO: 54) at the VR-VHI
posttions 381-594, and amino acid N at the VR-IV position 452;

{xxiv} amino acid sequence ATNHSGRDSYAQTG (SEQ 1D NG: 35) at the VR-VIH

positions 581-394, and amino acid N at the VR-IV position 457;
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{xxv} amino acid sequence ATNHESSYNNAQTG (SEQ ID NG: 56) at the VR-VHI
positions 581-594, and amino acid N at the VR-IV position 452;

{xxvi} anmuno acid sequence ATNHHNPSINAQTG (SEQ 1D NO: 57) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 452;

{xxvii) amine acid sequence ATNHNRNGLLAGTG (SEQ ID NG: 58) at the VR-VI
posttions 381-594, and amino acid N at the VR~V position 452;

{(xxvii} aming acid sequence ATNHESTSVRAQTG (SEQ ID NO: 593 at the VR-VHI
posttions 381-594, and amino acid N at the VR-IV position 452;

{xxix} aming acid sequence ATNHNIRTEMAQTG (SEQ 1D NG: 60) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 457;

{xxx} amino acid sequence ATNHOTLFNSAQTG (SEQ ID NO: 36) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 452,

{xxxa) amino acid sequence ATNHLSVSSIAGTG (SEQ 13 NO: 613 at the VR-VIl
posttions 381-594, and amino acid N at the VR~V position 452;

{oexat) amine acid sequence ATNHEDIIRSAQTG (SEQ 1D NGO 623 at the VR-VIH
positions 581-594, and amino acid N at the VR-IV position 452;

{xxxii1} amino acid sequence ATNRQTAGQGAQAQTG (SEQ D NG: 63)atthe VR-VIHI
positions 581-394, and amno acid N at the VR-IV position 452; or

{xxxav) amino acid sequence ATNROQIAQAQAQTG (SEQ 1D NG: 64) at the VR~
VIII positions 581-594, and amino acid N at the VR-IV position 432,
3304} In some erabodiments, the capsid protein comprises a vanant polvpeptide sequence at
the VR-VII site, wherein the VR-VIIT site {e.g., the entire VR-VIII sile} comprises, consists
cssentially of, or consists of, a soquence having at least abowt 60%, 65%, 70%, 71%, 74%,
TS5%, T8%, 78.5%, 79%., 80%, 83%, 85%, 86%, 90%, 92%, 93% or 100% idomdity to any one
of the following sequences {e.g., with at most 1, 2, or 3 amino acid substitutions relative to any

ong of the following sequences):

VR-VIII Alignment (381-584) | SEQ IDNQ
ATNHENTVSIAQTG 35
ATNHQTLFNSAQTG 35
ATNHNSTYLGAQTG 37
ATNHGSILTHAGTG 38
ATNHMMTTARAQTG 39
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VR-VIII Alignment (381-594) | SEQ 1D NO
ATNHCSTSIRAQTG 40
ATNHEDNIRSAQTG 41
ATNHNNVISGAQTG 42
ATNHOGAYAQAQTG 43
ATNHOANYGQAQTG 44
ATNHNMNRVNAQTG 45
ATNHSNSVQSADTG 6
ATNHSSTFQGAQTG 47
ATNHVSSFTSAQTG 4%
ATNASTTINFRAQTG 49
ATNHSSIFNSAQTG 30
ATNHAGNYNNAQTG 51
ATNHTSVISIAQTG 52
ATNHHSRVEIAQTG 53
ATNHSSIYSAQTG 54
ATNHSGRDSYAQTG 33
ATNHSSSYNNAQTG 56
ATNHHNPSINAGTG 57
ATNHNRNGLLAQTG 58
ATNHESTSVRAQTG 59
ATNHNIRTEMAQTG 60
ATNHLSVSSIAQTG 61
ATNHEDIRSAQTG 62
ATNRQTAGAQAQTG 63
ATNRQIAQAQAQTG &4
ATNHODARAGAQTG G5
ATNHNTKLAIAQTG 56
ATNHTGTSHAQTG &7
ATNHQWMSAQAQAQTG | 68
ATNHQSAQAQAQTG 69

PCT/US2024/023699
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VR-VIil Alignment (881-5894) | SEQ ID NG
ATNHQHYSAQAQAQTG 70

[3305] In some embodiments, the capsid protein comprises any substitution and/or msertion
moif described herein. In some embodiments, the capsid protein comprises a substitution
moiif having at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, T7%, T8%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, &9%, 90%, 91%, 92%, 93%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to any substitution motif described in Int™l Pat. Pub. No.
WO2023201207A1. In some embodiments, the capsid profein comprises an msertion motif
having at least 70%, 71%, 72%, 73%, 745, 75%, 76%, 77%, 78%, 79%, 80%, &1%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, &9%, 90%, 91%, 92%, 93%, 95%, 96%, 97%, 98%, 99%,
or 100% sequence identity to anv mserfion motif described in Int’l Pat. Pub. No.
WQO2023201207A1.

3306} In some embodiments, the capsid protein shargs, or comprises a sequence sharing, at
feast 85%, at least 0%, at least 95%, at least 96%. at least 97%, at least 99%, or 100% amino
acid sequence identity to an AAVY VI3 sequence according to SEQ I NG 21, except for the
specified modifications.

{3367} I some embodiments, the capsid protein shares, or comprises a sequence sharing, at
least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 99%., or 100% amino
acid sequence identity to AAVS VP2 sequence, except for the specified modifications.

{3308} In some embodiments, the capsid protein shargs, or comprises a sequence sharing, at
cast 85%, at least 90%, at least 93%. at least 96%, at least 979, at least 99%, or 100% amino
acid sequence identity to an AAVY VP sequence according to SEQ {1 NO:22, except for the
specified modifications.

{3309} In some embodiments, the capsid protein comprises, consists essentially of, or congsists
of an aming acid sequence at least 83%, 90%, 95%, 96%, 979%, 98%. 99%, or 100% identical
to any one ot the modified capsid protein sequences disclosed herem {e.g., VPL VP2, or VP3),
or a functional tragment thereof.

{3318} In some embodiments, the capsid protein comprises, consists essentially of, or consists
of a polvpeptide sequence of any one of the modified capsid protein sequences disclosed herein
{e.g., VPI, VP2, or VP3}).

{3311} In some embodiments, the capsid protein comprises, consists gssentially of, or congsists

of an amino acid sequence having at least 80%, 85%, 00%, 953%, 96%. 97%, 98%, 99%, or

4
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100% sequence identity to any sequence selected from the group consisting of the following
sequences provided in Int’l Pat. Pub. No. WO2023201207A1; SEQ 1D NQOg: 488 499 504,
508,506, 510, 312, 513, 516, 518, 321, 522, 333, 536, 539, 558, 562, 566, 571, 376, 878, 579,
580, 581, 585, 588, 589, 70S, 706, 707, 708, 710, 772, and 774, or a functional fragment
thereof.
[3312] In some embodiments, the capsid protein comprises, consists essentially of, or consists
of an amino acid sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to any capsid protein sequence provided in Int’l Pat. Pab. No.
WO2023201207A1 (o.g., any capsid protein sequence in any one of the tables and/or sequences
provided herein).
[3313] In some embodiments, the capsid protein compriges, consists essentially of, or consists
of a polypeptide sequence of any one selected from the group consisting of the following
sequences provided in Int’l Pat. Pub. No. WOZ023201207A1: SEQ 1D NOs: 488, 499, 504,
505, 506, 510, 512, 513,516, 518, 321, 522, 533, 536, 539, 538,362, 566, 371, 876, 578, 379,
580, 581, 383, 588, 589, 703, 706, 707, 708, 710, 772, and 774.
13314} In some embodiments, the capsid protein is any capsid protein described 1o any one of
the tables and/or sequences provided in Int’l Pat. Pub. No. WO2023201207A1. In some
embodiments, the capsid protein comprises, consists essentially of, or consists of an amimo acid
sequence of any capsid protein described in any one of the tables and/or sequences provided in
Int’t Pat. Pub. No. WO2023201207A1.
[3315] In some embodimenis, the capsid is not a chimeric capsid and/or not a combinatory
capsid.
13316} In some embodiments, a recombinant adeno-associated virus {rAAV) vidon comprises
a capsid profern {such as any described herein} and a vector genome. The vector genome may
comprise an expression cassetfe flanked by mverted terminal repeats (ITRs), wheren the
expression cassette is any one described herein for expression of BAGS or a varniant thereof.
10317
6318
6318

In some embodiments, the rAAY vinon specificaily transduces heart cells.

In some embodiments, the rAAVY virion specifically transduces cardiomyocyies.

I

|

1 In some embodiments, the rAAY virion traffics to the heart.

{33208} In some embodiments, the rAAYV virion traffics to at feast one organ other than the liver.
]

13321} In some embodiments, the rAAV virion exhibits a higher heart transduction efficiency

than an rAAV virion having an AAV9 VP capsid protein according to SEQ D NG, 22
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#3322} In some embodiments, administration of the rAAY virton {o a subject leads to a lower
fiver viral load than administration of an rAAY virion having an AAVS VP capsid protein
according to SEQ 1D NO: 22, In sonme embodiments, administration of the rAAV virlon to a
subject leads to a lower hiver viral load m a primate or as assessed in a primate, than
administration of an rAAYVY virion having an AAVY VP capsid protein according to SEQ ID
NG 22, In some embodiments, admustration of the tA AV vinon 1o a subject leads to at least
2.3.4,5,6,7, 8,9 or 10 times lower hver viral load than administration of an rAAY virion
having an AAV9 VPI capsid protein according to SEQ 1D NO: 22 {e.g. in a primate or as
assessed in a primate).

{3323} In some embodiments, the rAAV virion exhibits a higher heart-to-liver transduction
ratio than an rAAY virion having an AAV9Y VP capsid protein according to SEQ ID NG: 22
In some embodiments, the rAAVY virion exhibits a heart-to-liver transduction ratic which 19 at
least 2.3, 4,5, 6.7, 8,9 or 10 times higher than an rAAV virton having an AAYVY VP capsid
protein according to SEQ 1D NG: 22,

13324} In some embodiments, the TAAYVY virion exhibits a higher transdaction efficiency than
an rAAV vition having an AAVS VP capsid protein according to SEQ 1D NO: 22, assessed
0 a primate.

[3325] In some embodiments, the TAAVY virion exhibits a higher heart transduction efficiency
than an rAAY virion having an AAVY VP1 capsid protein according to SEQ IDNG: 22 (e.g.,
as assessed in a pnimate).

[3326] In some embodiments, the rAAY virion exhubits a higher heart-to-liver transduction
ratio than an rAAV vinon having an AAVY VP capsid protem according to SEQ D NO: 22,
assessed in a primate.

{3327} In some embodiments, the tAAV virion exhibits at least 2, 3, 4, 5, 6, 7, 8, 9 or 10 times
higher heart-to-liver transduction ratio than an rAAYV virion having an AAVS VP! capsaid
protein according to SEQ 1D NO: 22 (e g, as assessed in a primate).

(6328} In some embodiments, the rAAV virions comprise an AAVrh.74 capsid profein or a
variant thercof. AAVh 74 capuid proteins are known in the art. In some embodiments, the
TAAY virions comprise an AAVh 10 capsid protem or a vanant thereof. AAVIh10 capsid
proteins are known i the art. In some embodiments, the rAAYV virions comprise an AAY-
SLB101 capsid protein or a variant thereof as known in the art or described in, ¢g., WO

2021/072 197, which is mcorporated by reference herein o its entirety. In some embodiments,

=1
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the rAAYV virions comprise an AAVmod capsid protein or a variant thereof as known in the art
or described in. e.g., WO 2022/173847 or in Olivieri et al. (2021) 247 Amnual Meeting of the
American Society of (rene & Cell Therapy available at
https:/Awww affimatx com/pdffasget 2021 ohvieripdf, both of which arc mcorporated by
reference herein in their entirety. In some embodiments, the rAAV virions comprise the
AAYTedet A Aol andior AAV™ capsid protein or a variant thereof as known in the art
or described in, ¢.g., W 2022/173847 . In some embodiments, the rAAY virions comprise an
AAV e 47 capsid protein or g variant thereof as known m the art or described m, ¢ g, Gonzaler
ct al. Nature Communications 13:5947 (2022}, which is incorporated by reference hercin in its
cutirety. In some crobodiments, the rAAVY virions comprise an AAVHSC16 capsid protein or
a variant thereof as known m the art or desenibed m, e.g., Smuth et al. Molecuar Therapy
Methods & Clinical Development 26:224-238 (2022), which is mcorporated by reference
herein in ifs eutirety. In some embodiments, the rAAYV virions comprise a MvoAAY capsid
protein or vanant thercof as known in the art or descrnbed n, ¢.g.. Tabebordbar ot al. Cell
184(193:4919-4938. {2021), which is incorporated by reference herein in it entirety. In some
embodiments, the TAAV virions comprise the MycAAV-4E, MyvoAAV-3F. MycAAV-4A, or
MyvoAAY-4D capsid protein or vanant thereof as known in the art or described m, g,
Tabebordbar et al. ln some embodiments, the rtAAV vinons comprise the 4D-C102 or C102
capsid protein or a vanant thereof as known in the art or described m, ¢.g., USZ021/0380643.

Exemplary sequences of some of these capsid proteins are provided below.

Name Sequence

AAV-SLBI0! | MAADGYLPDWLEDNLSEGIREWWALKPGAPGPKANQOHODNAR
GLVLPGYKYLGPGNGLDKGEPVNAADAAALEHDKAYDOOLKAG
DNPYLKYNHADAEFQERLEEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGKKRPVEQSPOEPDSSAGIGK SGAQPAKKRLNFGQT
GDTESVPDPOPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSGNWHCDSOWLGDRVITISTRTWALPTYNNHLY KQISNSTSG
GSSNDNAYFGY STPWGYFDFNRFHCHFSPRDWOQRLINNNWGFRPK
RLNFELFNIQVKEVTDNNGVETIANNLTSTVQVFTDSDYQLPY VLG
SAHEGCLPPFPADVFMIPQYGYLTLNDGSGAVGRSSFYCLEYTPSQ
MLRTGNNFQFSYEFENVPFHSSY AHSQSLDRLMNPLIDOYLY YLSK
TINGSGONQOTLKFSVAGPSNMAVQGRNYTPGPSYRQORVSTTVT
QNNNSEFAWPGASSWALNGRNSLMNPGPAMASHK EGEDRFFPLS
GSLIFGKQGTGRDNVDADKVMITNEEEIK TTNPVATESYGQVATN
HOSAQRGDLGLSAQAQTGWVONQGILPGMYWODRDVYLQGPIW
AKIPHTDGNFHPSPLMGGFGMKHPPPQILIKNTPVPADPPTAFNKDK

[oe)
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Mame Sequence

LNSFITQYSTGOVSVEIEWELGKENSKRWNPEIQY TSNYYKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEGQ 1D NG: 23}

AAVoutldecl | MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQOQHODNAR
GLVLPGYKYLGPOGNGLDKGEPVNAADAAALEHDKAYDOQQLKAG
DNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGEKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSOGNWHCDSQWLGDRVITISTRTWALPTYNNHLY KQISNSTSG
ASTNDNAYFGY STPWGY FDFNRFHCHEFSPRDWOQRLINNNWGFRPK
RINFELENIQVEEVTDNNGVETIANNLTSTVOVFTDSDYQLPYVLG
SAHEGCLPPFPADVEMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQ
MERTGNNFQFSYEFENVPFHSSYAHSQSLDRLMNPLIDOYLYYLSK
TINGSGONQOQTLEKFSVAGPSNMAVQGRNYIPGPSYRQQRVSTTVT
QNNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTGRDNVDADEVMITNEEEIKTINPVATESYGQVATN
HOSAQRGDLLLSAQAQTGWVONQGILPGMVWQDRDVY LOQGPIW
AKIPHTDONFHPSPLMGGFGMEHPPPOILIKNTPVPADPPTARNKDK
LNSFITQYSTGOVSVEIEWELGKENSKRWNPEIQY TSNY YKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEGQ 1D NG: 24)

AAVdecol MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQOHQDNAR
GLYLPGYKYLGPOGNGLDKGEPYNAADAAALEHDKAYDOQQLKAG
DNPYLKYNHADAEFQERLKEDTSFGONLGRAVFQAKKRLLEPLGL
VEEAAKTAPGEKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSOGNWHCDSQWLGDRVITISTRTWALPTYNNHLY KQISNSTSG
GSSNDNAYFGYSTPWOYFDFNRFHCHESPRDWORLINNNWGEFRPK
RINFELENIQVEEVTDNNGVETIANNLTSTVOVFTDSDYQLPY VLG
SAHEGCLPPFPADVEMIPQYGY L TLNDGSQAVGRSSFYCLEYEFPSQ
MERTGNNFQFSYEFENVPFHSSYAHSQSLDRLMNPLIDOYLYYLSK
TINGSGONQOQTLEKFSVAGPSNMAVQGRNYIPGPSYRQQRVSTTVT
ONNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTGRDNVDADEVMITNEEEIKTINPVATESYGQVATN
HOSAQRGDLLLSAQAQTGWVONQGILPGMVWQDRDVYLOGPIW
AKIPHTDONFHPSPLMGGFGMEHPPPOILIKNTPVPADPPTARNKDK
LNSFITQYSTGOVSVEIEWELGKENSKRWNPEIQY TSNY YKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEGQ 1D NO: 25

AAVoutl MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQGHQDNAR
GLYLPGYKYLGPOGNGLDKGEPYNAADAAALEHDKAYDOQQLKAG
DNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGEKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSOGNWHCDSQWLGDRVITISTRTWALPTYNNHLY KQISNSTSG
ASTNDNAYFGYSTPWGY FDFNRFHCHFSPROWOQRLINNNWGFRPK
RINFELENIQVEEVTDNNGVETIANNLTSTVOVFTDSDYQLPYVLG
SAHEGCLPPFPADVEMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQ
MLRTGNNFQFSYEFENVPFHSSYAHSOSLDRLMNPLIDOYLYYLSK

90)
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Mame Sequence

TINGSGONGOTLKFSVAGPSNMAVQUGRNYIPGPSYRQQRVSTTVT
ONNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTGRDNVDADKVMITNEEEIKTTNPVATESYGQVATN
HOSAQAQAQTOWYONQUGILPGMVWQDRDVYLQGPIWAKIPHTD
ONFHPSPLMGGFGMKHPPPOILIKNTPVPADPPTAFNKDELNSFITQ
YSTGOVSVEIEWELQKENSKRWNPEIQYVTANYYKSNNVEFAVNTE
GVYSEPRPIGTRYLTRNL (SEQ 1D NO: 26)

AAVee 47 MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNAR
GLVLPGYKYLGPONGLDKGEPVNAADAAALEHDKAYDQQLEKAG
DNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGKKRPYVEQSPOEPDSSAGIGKSGAQPAKKRLNFGOT
GDTESVPDPOPIGEPPAAPSGYGSLTMASGGGAPVADNNEGADGY
GSSSGNWHCDSQWLGDRVITTISTRTWALPTYNNHLY KQISNSTSG
GSSNDNAYFGYSTPWOYFDFNRFHCHESPRDWOQRLINNNWGEFRPK
RINFELENIQVEEVTDNNGVETIANNLTSTVQVFTDSDYQLPY VLG
SAHEGCLPPFPADVEMIPQYGY LTLINDGSQAVGRSSFYCLEYFPRQ
MERTGNNFQFSYEFENVPFHSSYAHSOSLDRLMNPLIDOYLYYLSK
TIGVSLGGGOTLRKFSVAGPSNMAVQGRNYIPGPSYRQOQRVSTIVTO
NNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLSGS
LIFGKQGTGRENVDADKVMITNEEEIK TINPVATESYGOVATNHOQ
SAQAQAQTGWVONQGILPGMVWOQDRDVYLOQGPIWAKIPHTDONF
HPSPLMGGFGMEKHPPPOQILIKNTPVPADPPTAFRNKDKLNSFITQYST
GOVSVEIEWELQKENSKEWNPEIQYTSNY Y KSNNVEFAVNTEGVY
SEPRPIGTRYLTRNL (SEQ ID NG 27

AAVHSCI6 | MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNAR
GLVLPGYKYLGPGNGLDKGEPVNAADAA ALEHDKAYDOOLKAG
DNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGKKRPVEQSPOEPDSSAGIGKSGAQPAKKRLNFGOT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSGNWHCDSQWLGDRVITISTRTWALPTYNNHLYKQISNSTSG
GSSNDNAYFGY STPWGYFDFNRFHCHFSPRDWORLINNNWGFRPK
RLNFKLFNIQVKEVTDNNGVKTIANNLTSTVQVFTDSDYQLPY VLG
SAHEGCLPEFPADVEMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQ
MLRTGNNFQFSYEFENVPFHSSY AHSQSLDRLMNPLIDOYLY YLSK
TINGSGONQQTLKFSVAGPSNMAVQGRNYIPGPSY RQORVSTIVT
QNNNSEIAWPRASSWALNGRNSLMNPGPAMASHKEGEDRFFPLSG
SLIFGKQGTORDNVDADKVMITNEEEIKTTNPVATESYGOQVATNH
OSAQAQAQTGWVONQGILPGMVWODRDVYLQGPIWAKIPHTDG
NFHPSPLMGGFGMKHPPPOILIKNTPVPADPPTAFNKDKLNSFITQY
STGQVSVEIEWELQKENSKRWNPEIQY TSNY CKSNNVEFAVNTEG
VYSEPRPIGTRYLTRNL (SEQ 1D NO: 28)

MyoAAV-4E | MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQOHQDNAR
GLVLPGYKYLGPGNGLDKGEPVNAADAA ALEHDKAYDOOLKAG
DNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGKKRPVEQSPOEPDSSAGIGKSGAQPAKKRLNFGOT

o
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Mame Sequence

GDTESVPDPQPIGEPPAAPSGYGSLTMASGGGAPVADNNEGADGY
GSSSGNWHCDSOWLGDRVITTS TRTWALPTYNNHLYKQISNSTSG
GSSNDNAYFGY STPWGYFDFNRFHCHFSPRDWORLINNNWGFRPK
RLNFKLFNIQVKEVTDNNGVK TIANNLTSTVQOVEFTDSDYQLPY VLG
SAHEGCLPPFPADVFMIPGYGYLTLNDGSQAVGRSSFYCLEYFPSG
MLRTGNNFOFSYEFENVPFHSSY AHSOQSLDRLMNPLIDOYLYVLSK
TINGSGONQQTLKFSVAGPSNMAVOGRNYIPGPSYRQORVSTTVT
ONNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTORDNVDADKVMITNEEEIKTTNPVATESYGOVATN
HOENRRGDFNNTAGAQTGWVONQGILPGMYWODRDVYLOGPIW
AKTPHTDGNFHPSPLMGGFGMKHPPPQILIKNTPVPADPPTAFNEDK
LNSFITQYSTGQVSVEIEWELQKENSKRWNPEIQY TSNYYKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEQ ID NO: 29)

MyoAAV-3F | MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHODNAR
GLVLPGYKYLGPGNGLDEGEPYNAADAAALEHDKAYDQQLKAG
DNPYLKYNHADAEFOERLKEDTSFGGNLGRAVFGAKKRLLEPLGL
VEEAAKTAPGKKRPVEQSPOEPDSSAGIGK SGAGPAKKRLNFGOT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSGNWHCDSOWLGDRVITTS TRTWALPTYNNHLYKQISNSTSG
GSSNDNAYFGY STPWGYFDFNRFHCHFSPRDWORLINNNWGFRPK
RLNFKLFNIQVKEVTDNNGVKTIANNLTSTVQOVEFTDSDYQLPY VLG
SAHEGCLPPFPADVFMIPGYGYLTLNDGSQAVGRSSFYCLEYFPSG
MLRTGNNFOFSYEFENVPFHSSY AHSOQSLDRLMNPLIDOYLYVLSK
TINGSGONQQTLKFSVAGPSNMAVOGRNYIPGPSYRQORVSTTVT
ONNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTORDNVDADKVMITNEEEIKTTNPVATESYGQVATN
HOSAQRGDHASWAQAQTGWVONQGILPGMYVWODRDVYLQGPIW
AKIPHTDGNFHPSPLMGGFGMKHPPPQILIKNTPVPADPPTAFNEDK
LNSFITQYSTGQVSVEIEWELQKENSKRWNPEIQY TSNYYEKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEQ ID NO: 30)

MyoAAV-4A | MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQOHQDNAR
GLVLPGYKYLGPGNGLDEGEPYNAADAAALEHDKAYDQQLKAG
DNPYLKYNHADAEFOERLKEDTSFGGNLGRAVFGAKKRLLEPLGL
VEEAAKTAPGKKRPVEQSPOEPDSSAGIGK SGAGPAKKRLNFGOT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSGNWHCDSQWLGDRVITTS TRTWALPTYNNHLYKQISNSTSG
GSSNDNAYFGY STPWGYFDFNRFHCHFSPRDWORLINNNWGFRPK
RLNFKLFNIQVKEVTDNNGVKTIANNLTSTVQOVEFTDSDYQLPY VLG
SAHEGCLPPFPADVFMIPGYGYLTLNDGSQAVGRSSFYCLEYFPSG
MLRTGNNFOFSYEFENVPFHSSY AHSOQSLDRLMNPLIDOYLYVLSK
TINGSGONQQTLKFSVAGPSNMAVOGRNYIPGPSYRQORVSTTVT
ONNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTORDNVDADKVMITNEEEIKTTNPVATESYGQVATN
HOSNSRGDYNSLAQAQTGWVONOGILPGMYWODRDVYLOQGPIW
AKIPHTDGNFHPSPLMGGFGMEHPPPOILIKNTPVPADPPTAFNKDK
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Mame Sequence

LNSFITQYSTGOVSVEIEWELGKENSKRWNPEIQY TSNYYKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEGQ 1D NG: 31

MyoAAV-4D | MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQOQHODNAR
GLVLPGYKYLGPOGNGLDKGEPVNAADAAALEHDKAYDOQQLKAG
DNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGL
VEEAAKTAPGEKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNFGQT
GDTESVPDPQPIGEPPAAPSGVGSLTMASGGGAPVADNNEGADGY
GSSSOGNWHCDSQWLGDRVITISTRTWALPTYNNHLY KQISNSTSG
GSSNDMNAYFGYSTPWOYFDFNRFHCHESPRDWORLINNNWGFRPK
RINFELENIQVEEVTDNNGVETIANNLTSTVOVFTDSDYQLPYVLG
SAHEGCLPPFPADVEMIPQYGYLTLNDGSQAVGRSSFYCLEYFPSQ
MERTGNNFQFSYEFENVPFHSSYAHSQSLDRLMNPLIDOYLYYLSK
TINGSGONQOQTLEKFSVAGPSNMAVQGRNYIPGPSYRQQRVSTTVT
QNNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLS
GSLIFGKQGTGRDNVDADEVMITNEEEIKTINPVATESYGQVATN
HOASTRGDHGVLAQAQTGWVONQGILPGMVYWODRDVYLOGPIW
AKIPHTDONFHPSPLMGGFGMEHPPPOILIKNTPVPADPPTARNKDK
LNSFITQYSTGOVSVEIEWELGKENSKRWNPEIQY TSNY YKSNNVE
FAVNTEGVYSEPRPIGTRYLTRNL (SEGQ 1D NG: 32)

4D-C102 MAADGYLPDWLEDTLSEGIROWWERKLKPGPPPPKPAERBKDDSRG
{(variant LVLEPGYKYLGPFNGLDKGEPYNEADAAALEHDKAYDROLDSGEN
sequence-1} PYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVE
EPVKTAPGKKRPVEHSPVEPDSSSGTOGRKAGQQPARKRLNFGQTGD
ADSVPDPQPLGOPPAAPSGLOTNTMATGSGAPMADNNEGADGVG
NSSGNWHCDSTWMGDRVITTSTRTWALPTYNNHLYKQISSQSGAS
NDNHYFGY STPWGYFDFNRFHCHFSPRDWOQRLINNNWGEFRPKRL
NFKLFNIQVEKEVTONDGTTTIANNLTSTVOVETDSEYQLPYVLGSA
HOQGCLPPFPADVIMVPOYGYLTLNNGSQAVGRSSFYCLEYFPSOM
LRTGNNFTFSYTFEDVPFHSSY AHSOSLDRLMNPLIDOYLYYLSRT
NTPSGTTTOSRLOFSQAGASBIRDOSRNWLPGPCYRQQRVEKTSAD
NNKNSEYSWTGATEKYHENGRDSLVNPGPAMASHEDDEEKFFPQSG
VLIFGKOQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQOR
GNLANKTINKDARQAATADVNTOGVLPGMYWOQDRDVY LOQGPIW
AKIPHTDGHFHPSPLMGGRFGLKHPPPOILIKNTPVPANPSTTFSAAKFK
ASFITQYSTGQVSVEIEWELQRKENSKRWNPEIQYTSNYNKSINVDET
VDINGVYSEPRPIGTRYLTRNL (SEQ ID NG: 33

4D-C102 MAADGYLPDWLEDTLSEGIROWWERKLKPGPPPPKPAERBKDDSRG
{variant_seque | LYLPGYKYLGPFNGLDKGEPYVNEADAAALEHDKAYDROLDSGDN
nce-2) PYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVE

EPVKTAPGKKRPVEHSPVEPDSSSGTOGRKAGQQPARKRLNFGQTGD
ADSVPDPQPLGOPPAAPSGLOTNTMATGSGAPMADNNEGADGVG
NSSGNWHCDSTWMGDRVITTSTRTWALPTYNNHLYKQISSQSGAS
NDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLINNNWGEFRPKRL
NFKLFNIQVEKEVTONDGTTTIANNLTSTVOVETDSEYQLPYVLGSA
HOQGCLPPFPADVIMVPOYGYLTLNNGSQAVGRSSFYCLEYFPSOM
LRTGNNFTFSYTFEDVPFHSSY AHSOSLDRLMNPLIDOYLYYLSRY
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Mame Sequence

NTPSGTTTOSRLOFSOAGASDIRDQSRNWLPGPCYROORVSKTSAD
NNNSEYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPOSG
VLIFGKQGSEKTNYDIEKVMITDEEEIRTTNPVATEQYGSVSTNLOR
GNLANKIQRTDARQAATADVNTQGYLPGMVWQDRDVYLQGPIW
AKIPHTDGHFHPSPLMGGFGLKHPPPOQILIKNTPVPANPSTTFSAAKF
ASFITQYSTGOVSVEIEWELQKENSKRWNPEIQY TSNYNKSINVDFT
VDTNGVYSEPRPIGTRYLTRNL (SEQ D NO: 34)

13329} In some embodiments, the rAAYVY s replication defective, in that the rAAY virion cannot
mdependently further replicate and package tts genome. For example, when a cardiac cell 15
targeted with rAAY virions, the transgene is expressed in the targeted cardiac cell, however,
due to the fact that the targeted cardiac cell lacks AAV rep and cap genes and accessory
function genes, the tAAY is not able to replicate.

[3338] ln some embodiments, rAAY virtons of the present disclosure encapsulating the
expression cassettes as described herein, can be produced using helper-free production. rAAVs
are replication-deficient viruses and normally require components from a ive helper virus, such
as adenovirus, in a host cell for packaging of mfectious TAAY virions. rAAV helper-fice
production systems aliow the production of infections rAAV virions without the use of a hive
helper virus. In the helper-free system, a host packaging cell line is co-transfected with three
plasmids. A fust plasnid may contain aderovirus geoe products {e.g. E2A, B4, and VA RNA
genes) needed for the packaging of rAAV virtons. A sccond plasmid may contaim required
AAV genes {e.g, REP and CAP genes). A third plasmid contains the polynuciectide sequence
encoding the transgene of interest and a promoter flanked by FTRs. A host packaging cell hine
can be, for example, AAV-293 host cells. Suitable host cells contain additional components
required for packaging infectious TAAY virions that are not supphied by the plasmids. In some
cmbodiments, the CAP genes can encode, for example, AAY capsid proteins as described

herein.

Effect of administration of vectors

6331} In some crabodiments, admimistration of the vectors described herein causes specific
expression of BAGS {or a cardioprotective mutant or vanani thereot), m cardiomyocyies and/or
the heart of the subject. In some embodiments, administration of the vectors described heremn

causes spectfic expression of BAG3-C151R m cardiomyoevies and/or the heart of the subject.

<
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In some embodiments, the specific expression is at least or more than 1.25 fold, 1.3 fold, 1 4
fold. 1.5 fold, 1.6 fold, 1.7 fold, 1.8 foid, 1.9 fold, 2 fold, 2.5 fold, 3 fold, 3.5 fuld, 4 fold, 4.5
foid, 5 fold, 6 old. 7 fold, 8 fold, ¢ fold or 10 fold {or any range between these any of these
values) over the wild-type level of expression of BAG3 or the level of expression of BAG3
before administration of the vectors. In some embodimenis, administration of the vectors
described heren leads to low or undetectable overexpression of BAGS (or a mutant thereof) or
BAG3-CISIR in non-cardiac cells and/or the skeletal tissue, bram, and/or liver of the subject
(e.g.. overexpression by less than that in cardiac cells, ¢ g, less than 1.5 fold, or less than 1.25
fold over the wild-type level of expression of these proteins or the level of expression of these
proteins before adrouustration of the vectors). The expression differential between cardiac and
non-cardiac cells and/or tissues can be at least 2 fold, 5 told, 10 fold, 15 fold, 20 fold, 50 told,
100 fold, 150 fold, or 200 fold or higher.

[3332] In some ombodiments, the compositions and methods described herein can induce
detectable exprossion of BAGS or a variant thereof to modulate contractile function of the
myocardial tissue in a subject in need thereof In some combodiments, the amount,
concentration, and volume of the composition that modulates contractile function n
rovocardial tissuc admtstered to a subject can be cordrolled and/or optimized to substantially
mmprove the functional parameters of the heart while mitigating adverse side effects.

{3333} In some embodiments, the admunistration of the therapies described herem to a subject
restores or improves cardiac function in the subject. In some embodiments, the admunistration
of the therapies descrbed herein to a subject restores or tmproves contractile function of the
heart in the subject.

13334} In some embodiments, the adminisiration of the therapies descnbed herein to a subject
mmproves gjection fraction in the subject. In some ermmbodiments, the administration of the
therapies described herein to a subject increases ejection fraction m the subject.

[3335] In some embodiments, the adounistration of the therapies described herein to a subject
reduces left ventricular hypertrophy., left ventricular mass and/or left ventricular wall thickness
in the subject. In some embodiments, the adounistration of the therapics described hereinto a
subject improves left ventnaudar relaxation and/or left ventricular filling pressure in the subject.
#8336} In some embodiments, the administration of the therapics descnbed herein to a subjoct
restores or improves sarcomere function in a cardiac cchl, ¢ g, cardiomyocyte, i the subject.

In some embodiments, the administration of the therapics described herein to a subject restores
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OF IMproves sarcomere orgamization in a cardiac cell, ¢ g, cardiomyocyvie, in the sabject. For
example, the improvement in sarcomere function or organization can be demonstrated by an
icrease in sarcomere number (sarcomere count), merease in sarcomere length, increase m
length uniformity (Jength vanation), and/or increase in onentation uniformity {angle vanation).
In some embodiments, the improvement in sarcomere function or organization is as assessed

by any one, two, three, four or more of these parameters.

Cells and Cell Therapies

16337} Also provided herein is an isolated cell or population of cells comprising any vector
deseribed herein. In some embodiments, provided herein is an isolated cell or population of
cells comprising two or more vectors described herein,

(3338} In some embodiments, the cell is a cardiac coll.

[3339] As used herein the term “cardiac cell” refers to any cell present in the heart that provides
a cardiac fimetion, such as heart contraction or blood supply, or otherwise serves to mamfain
the siructure of the heart. Cardiac cells as used herein encompass cells that exist in the
epicardivm, myocardung or endocardium of the heart. Cardiac celis also include, for example,
cardiac muscle cells or cardiomvocyies, and cells of the cardiac vasculatures, such as cells of
& coropary artery or vein. Other non-hmiting examples of cardiac cells include epithelial cells,
endothehial cells, fibroblasts, cardiac sterm or progenitor cells, cardiac conducting cells and
cardiac pacemaking cclis that constiute the cardiac muscle, blood vessels and cardiac cell
supporting structure. Cardiac cells may be derived from stem cells, including, for example,
embryonic stem cells or induced phuripotent stem cells,

13346} In some embodiments, the cell 15 a cardiomyocyie.

(3341} v some embodiments, the cell is an induced pluripotent stem cell (PSC). In some
embodiments, a cell is an 1IPSC-denved cardiomyocvte.

(3342} The disclosure provides methods of manipulating polypeptide expression wx a cell
comprising comtacting the cell with any vector or virion {e.g., rtAAV virton) described herem.
In some embodiments, the cell 18 a cardiac cell. In some embodiments, the cell 15 a
cardiomyocyie. In some embodiments, the contacting is in vifre. In some embodiments, the
contacting is in vivo. In some cmbodiments, the polypepuide is any polypeptide for use n

freating or preventing a heart disease. In some cmbodiments, the polypeptide 18 any

o
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polypeptide described hercin.  In some embodiments, the polypeptide is encoded by any
transgene described herein.

6343} The disclosure provides methods of manipulating polyvpeptide expression in a tissue
comprising contacting the fissue with any vector or virion {e.g., rAAY virion) described herein,
In some embodiments, the tissue 18 cardiac tissue. In some embodiments, the contacting is in
vitra. In some embodiments, the contacting 18 i vive.

(3344} The disclosure provides methods of manipulating polvpeptide expression in an organ
comprising contaciing the organ with any vector or virion (e.g., rAAVY virion) described hercin.
In some embodiments, the organ is a heart. In some embodiments, the heart is diseased or at
risk of disease. In some embodiments, the heart has borderline or reduced ejection fraction. In
some embodiments, the heart has a normal ejection fraction. In some embodiments, the heart
comprises g genctic mutation associated with a heart disease. In some embodiments, the genetic
otation is a B4GS mutation. In some embodiments, the genctic mutation 15 a deleterious or
loss of function mutation m HAGS (c.g., such as any of the vutations known i the art or
described herein, e.g., E435K BAG3 mutation). In some embodiments, the contacting 13 in
vitro. In some embodiments, the contacting is i vive,

13345} Also provided herein is a ecll therapy composition comprising any cell described herein.
3346} The disclosure provides methods for expressing a polvnucleotide a cell. The method
may comprise, for example, transdacing a target cell with the rAAV virions, rAAY vector
genomes, or expression cassettes described herein. A target cell can be, for example and
without limitation, a cardiac cell, a muscle cell, an nduced plunpotent siem cell-derived

cardiomyocyte ((PSC-CM), a cardiomyocyie, a BAG3™ cell or BAG3™

Pharmaceutical Compesitions and Kits

{3347} Also provided herein are pharmaceutical compositions comprising at least one vector
described heremn.

[0348] The present disclosure provides pharmaceutical compositions for treating and/or
preventing heart disease {e.g., heart disease associated with 84G3 gene varants). In some
embodiments, the present disclosure provides pharmaceutical compositions comprising a
vector {e.g., an rAAY vector genome or tAAY virion) described herein, and one or more
pharmmacentically acceptable carriers, diluents or excipients for parenteral delivery. In some

embodiments, the vector genome comprises a gene encoding BAGS or BAG3-CISIR.
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3348} In vanous embodiments, the pharmaceutical compositions described herein contain ong
or more pharmaceutically acceptable excipieonts. Pharmaceutically acceptable excipients can
mclude vehicles {e.g., carners, diluents and excipiends) that are pharmaceutically acceptable
for a formulation capable of being injected. These may be in particular 1sotonic, sterile, saline
solutions (monosodium or disodium phosphaie, sodium, potassium, calcium or magnesium
chlonide and the hike or mixtures of such salts), or dry, especially frecze-dried compositions
which upon addition, depending on the case, of sterilized water or phvsiclogical saline, permit
the constitution of imjectable solutions. Hlustrative pharmaceutical forms suntable for injectable
use include, e.g., stenile aqueous solutions or dispersions; formulations including sesame oil,
peanut oil or agueous propvlene glycol, and sterile powders for the cxtemporancous
preparation of sterile injectable solutions or dispersions.

[B388] In some embodiments, the pharmaceutical compositions of the disclosure comprise
about 1x10® genome copies per milliliter (GC/mL), about 5x10° GC/mL, about 1x10° GC/mL,
about 5x 10° GC/ral, about 1x10'° GC/mL, about 5210Y° GC/mL, about 1 <10 GC/mL. about
5108 GC/mL, about 1x10% GC/mL, about 5102 GC/mL. about 5x10% GC/mL, about
1 10% GC/mL, or about 3% 10" GC/mL of the viral vector {e.g. rAAVY virion).

{6351} In some cmbodiments, the pharmaceutical compositions of the disclosure comprise
about 1710° viral genomes per nuilliliter (vig/mL), about 5210° ve/mL, about 1210 vg/mL,
about 5x10% ve/mL, about 1x10Y ve/mL, about 5x10Y ve/mL, about 1x10'! vg/mL, about
5x 10 vo/mL, about Ix10' vg/mL, about 5x10** vg/mL, about 5x 10" vg/ml, about 1+100*
vg/ral., or about 5x10'* ve/mL, of the viral vector {e.g. tAAV virion).

[3352] In some embodiments, the pharmaceutical compositions of the disclosure comprise less
than about 1+ 10' viral genomes per milliliter (vg/mL), less than about 510" vg/mL, less than
about Ix10" vg/ml., less than about 5710 vg/mL. less than about 1x10% vg/ml, less than
about 5x 10" vg/mL, less than about 110" vg/mL, less than about 5310 ve/mL, or less than
about 110 ve/mL of the viral vector {e.g. rAAV virion).

{3353} In some embodiments, the pharmaceutical compositions of the disclosure comprise less
than about 1+10"* viral genomes per nulliliter (vg/mL} or less than about 1210% ve/mlL of the
viral vector {e.2. rAAV virion},

{3354} In some embodiments, the phammaceutical composiiions of the disclosure comprise
from about 1x10'! viral genomes per milliliter {(vg/mL) to about 110" vg/mL of the viral

vector {e.g. TAAY virton}). In some embodumerds, the pharmaceutical compositions of the

[90)
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disclosure comprise from about 1710 viral genomes per milliliter (vg/mL} to about 1x10¢
ve/mi, of the viral vector {e.g. TAAVY vidon). In some embodiments, the pharmaceutical
compositions of the disclosure comprise from about 110’ viral genomes per milliliter
{vg/mL)} to about 1x 10" ve/mL of the viral vector {e.g. TAAV virton). In some embodiments,
the pharmaceutical compositions of the disclosure comprise from about 1x10'* viral genomes
per nulliliter {(vg/mL) to about [ x10Y vg/mi, of the viral vector {¢.gz. rAAY virion}. In some
embodiments, the pharmaceutical compositions of the disclosure comprise from about 1x3104
viral genomes per milliliter (vg/mL} to about 6310 vg/mL of the viral vector {e.g. rAAY
virion).

3385} In somc embodiments, the phannaceutical compositions of the disclosure comaprise any
amount or concentration range of the viral vectors or TAAY virions of the disclosure between
the values referenced herein.

[3356] In some embodiments, the phamaceutical compositions of the disclosure are
admuustered in a total volume of about 1 mL, 5 mL, 10 mL, about 20 mL. about 25ml., about
30 mL, about 35 mL, about 40 mL, about 45 mL, about 50 mL, about 535 mL, about 60 mL, 65
mk., about 70 mL, about 75 mL, about 80 mL, about 85 mb, about 90 mL, about 95 mL, about
100 mk., about 103 mL, about 110 mi., about 115 mL., about 120 mlL, about 125 mL., about 130
ml., about 135 mL, about 140 mL, about 145 mL, about 150 mL, about 155 mL, about 160
mi, about 165 mi, abouwt 170 mL, about 175 mL, about 180 mL, about 185 mi., about 190
mk., about 200 mL. about 205 mL. about 210 mL, about 215 mL, or about 220 mL.

3357} In some cmbodiments, the preseunt disclosure provides a kit compusing a container

housing a pharmaceutical composition as described herein,

Fuatient Populations

{0358} Subiects who are suitable for treatment using the compositions and methods of the
present disclosure include individuals (e g.. mammakian subjects, such as humans, non-human
primaies, domestic manunals, experimental non-human mammalian subjects such as mice, rats,
ete.) having a cardiac condition.

{3359} In some embodiments, the subject to be treated in accordance with the methods
descnibed herein is a mammal. In some embodiments, the subject to be treated 1n accordance

with the methods desenbed herein is a human.

\D
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{3360} In some embodiments, the subject to be treated has a mutation m BAG3. In some

embodiments, the subject to be treated has any mutation in BAGS known in the art or described

herein.

[3361] In some embodiments, the subject to be treated has a deleterious mutation in, loss of

function {(LOF} metation in, or deletion of BAG3. In some embodiments, the subject ¢ be

treated has a BE455K mutation in BAG3. In some embodiments, the deleterious or LOF mutation

is any mutation known in the art or described herein.

{3362} In some embodiments, the BAG3 mutation i3 a mutation provided tn Table 8

corresponding to NUBI Reference Sequence: NM_ 004281 4. In some embodiments, the BAG3

mutation is a BAG3 proten mutation provided in Table 8 {corresponding to the position in the

polvpeptide translated from NCBI Reference Sequence NM_004281.4).

Table 8. BAG3 Mutations

Genetic Mutation Protein Mutation
29 35del Met10fs
3B4C>T Ginl32Ter
481C>1 GinléiTer
1034 1038del Giu345ts
1257del Pro420fs
1306G>T Glud36Ter
607dup Arg203fs
T2dup GlyZ5fs
367C>T ArgltZ3Ter
626(>7 Pro20%Leu
1363G>A Ghud335Lys
2620>T Glng8Ter
403C>1 Glol35Ter
T65G>A Trp255Te
699C>A Tyr233Ter
1267 1276del Leud23fs
268C>T Arg90Ter

\D
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Genetic Mutation

Protein Mutation

568 577del Ser196fs
652del Arp218fs
670dap Ser224f5
751dup Gln2314s
901 902del Arg30ifs
141 8dup Alad74fs
108G>A Trp36Ter
165del Ser56fs
358C>T Ginl20Ter
434 437del Thridsts
448 449del Ginl50{s
508-14 S14ddel

S14C>7 Ginl72Ter
S37C>A Cyat797er
S9RC>T Gin200Ter
H526C>A Pro209Gin
540C>T Gin2i4Ter
751del Gln2514s
766G>T Glu236Ter
1013dup He3354s
1031 1032del Lvs344{s
1161dup Lvs38&is
1296 1297inv Gind33Ter
1326dup Gludd3Ter
H25C>T Pro209%Ser
1292dup Vald32fs
TIG>A TrpZ6Ter
238C>G Tyr86Ter
855 859dup Leu287s
72del Gly25fs

PCT/US2024/023699
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Genetic Mutation Protein Mutation
612det Tyr2054s

38 39dup Serl4fs

96 97del GIn33f
146G>A Trp49Ter
160del Validfs
277dup Tyr93fs
329dup Higti2fs
331 332del Phelllfs
361C>T Argl2iTer
457C>T GinlS3Ter
48%del Pro163fs
S508-1G>A

530 531del Alal76 Serl77insTer
634del Pro219fs
T20C>0G Tyr240Ter
T27dup His243%s
751C>T Gin251Ter
g11C>T Gln271Ter
824del Ser275fs
907C>T Gin303Ter
910C>T Gin304Ter
974dct Pro325fs
1240G>T Gludi4Ter
1348A>T Lyvs430Te
1353C>A Tyved5iTer
1410del Glud711s
1408C>T Prod705er
1414G>T Glyd72Ter
1345A>T Lys449Ter
206dup Ser70fs

PCT/US2024/023699
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Genetic Mutation

Protein Mutation

9461 Gin316Ter
1417C>T Argd73Te
20C>A SerTTer
339del Tyrii4fs
350dup Giviisfs
447dup Ginls0fs
580del Ser194dfs
709C>T G237 Fer
TI5G>T Glu239Ter
889 890del The297ts
1257dup Prod20fs
1385T>C Leud6ZPro
100 107del Thr34fs
252 258dup Pro871s
QU9-+-1G>A

1297C>T Glud33Ter
1067detl Pro356fs
925C>T Arg309Ter
730C>T Gin244Ter
969 972del Lyvs324fs
836{>A Ser279Ter

PCT/US2024/023699

[3363] In some cmbodiments, the BAG3 muuation relative to NUBIL Reforence Sequence
NM (042814 is sclected from the group comnsisting oft 29 33del, 394C>T, 4R1C>T,
1034 1038del, 12537del, 1306G>T, 607dup, T2dup, 367C>T, 62605T, 1363G>A, 262(0>T,

203C>T, T65GA, 699C>A, 1267 _1276del, 268C>T, 568 577del,
901_902del, 1418dup. 165del, 358C>T, 434 _437del, 448 449del.

652del, 670dup, 75 dup,
508-14 5lddel 514C>T,

537C>A, S98C>T, 626C>4A, 640C>T, 751del. 766G>T, 1013dup, 1031 1032del, 1161dup,
1296 _1297inv, 1326dup, 625C>T, 1292dup, 77G>A, 258C>G, 855 859dup, 72del, 612del,
38 39dup, 96 97del, 146G>A, 160del, 277dup, 329dup, 331 332del, 361C>T, 437C>T,
488del, 508-1G>A , 530 331del. 654del, 7200>G, 727dup, 751C>T, 11C>T, 824del,
507C>T. 910C>T, 974del, 1240G>T, 1353C>A, 1410del, 1408C>T, 1414G>T, 1345A4>T,
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206dap, 9460C>T, 1417C>T, 20C>A, 339del, 350dup, 447dup, 380del, 709C>T, 7153G>T,
B8 890del, 1257dup. 1385T>C, 100 _107del, 252 258dup, 909--1G>A, 1297C>T, 1067del,
QISC>T, 730C>T, 969 972del, and 836C>A.

[3364] I some embodiments, the BAGS mutation is a BAGS protein mutation selected from
the group consisting of: Met10fs, GInl132Ter, Gln161Ter, Glu345fs, Pro420fs, Glud36Ter,
Arg203fs, Giv25fs, Argl23Ter, Pro209Leu, Glud3Shys, GInd8Teor, Glni35Ter, Trp253Te,
Tyr233Ter, Leud23fs, Arg®0Ter, SeriS0fs, Arg218fs, Ser224fs, GIn25ifs, Arg30ifs,
Alad74fs, Serfafs, GiniZ20Ter, ThridsSfs, Ginls0fs, Ginl72Ter, GIn200Ter, Pro209Gin,
Gin214Ter, GIn251fs, GhuZ56Ter, Ue339fs,  Lys344fs, Lys388fs, Gind33Ter, Pro2098¢r,
Vald32fs, Trp26Ter, TyrBoTer, Leu287s, Gly2Sfs, Ty205fs, Seridfs, Gl fs, Trpd9Ter,
Vald4fs, Tyr93fs, Hasli2fs, Phellifs, Argi21Ter, Ginis3Ter, Prol63fs,
Alal76 Serl77insTer, Pro219fs, Tyr240Ter, His243fs | Gln251Ter, GIn271Ter, Ser2754s,
G303 Ter, Gln304Ter, Pro3256s, Glodi4Ter, Glud 715, Prod708er, Glyd72Ter, Lysd49Ter,
Ser70fs, Gin3l16Ter, Argd73Te, SeriTer, Tyrildfs, Glvii8fs, GlnlS0fs, Serivdfs,
GIn237Ter, Glu239Ter, Thr297fs, Prod420fs, Leud62Pro, Thr3dfs, Pro87fs, (Gnd337Ter,
Pro356fs, Arg309Ter, GinZ44Ter, Lys3244s, and Ser279Ter {¢.g., wherein the protein is a
protein encoded by the NCBI Reforence Sequence NM_004281 43,

[3365] In some embodiments, the subject to be treated does not have a deleterious mutation in,
loss of function mutation in, or deletion of BAG3. In some embodiments, the subject to be
treated does not have E4335K mutation in BAG3.

3366} In some embodiments, the subject to be treated bas a haplonsufficiency of BAG3S In
some embodiments, the subject to be treated has a reduced level of BAGS proteins, e.g., in
cardiac cells of the subject.

{3367} ln some embodiments, the subject to be treated has a heart discase. In some
embodiments, the subject to be treated is at risk of heart disease.

[3368] In some embodiments, the subject to be treated has a BAG3 LOF (loss of function)-
associated heart disease. In some embodiments, the subject to be treated is at risk of BAG3
LOF-associated heart disease.

[3369] In some embodiments, the subject to be treated has cardiomyopathy, ¢.g., DCM (dilated
cardiomyopathy). In some embodiments, the subject to be treated s at risk of cardiomyopathy,
c.g.. DCM. In some embodiments, the subject to be treated has hypertrophic cardiomyopathy

(HCM) or is at risk of HCM.
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{3370} In some embodiments, the subiect to be treated has a BAGS3 LOF-associated
cardiomyopathy, ¢.g., BAG3 LOF-associated DUM. In some crabodiments, the subject to be
treated 1s at nisk of BAG3 LOF-associated cardiomyopathy, e.g., BAG3 LOF-associated DCM.
In some embodiments, the subject {o be treated 1s at nisk of BAG3 LOF-associated HOM,
{3371} In some embodiments, the subject to be treated has an idiopathic DCM.  In some
crbodiments, the subject to be treated is at risk of an diopathic DCM.

[3372] In some embodiments, the subject to be treated has a BAG3 LOF-associated idiopathic
DCM. In some embodiments, the subject to be treated 18 at risk of 2 BAG3 LOF-associated
idiopathic DCM.

{6373} o some embodiments, the subject to be treated bas a heart fallure. In some
embodiments, the subject to be treated is at risk of heart failure.

{3374} In some embodiments, the subject to be treated bas a BAGS3 LOF-associated heart
fatlure. In some embodiments, the subject to be treated is at rsk of BAG3 LOF-associated
heart faitlure. In some embodiments, the heart failure 15 a heart fatlure with reduced ¢jection
fraction. In some embodiments, the heart farlure is an 1schemic heart fatlure.

13375} In some embodiments, the subject to be treated has a systolic dyshunction, e g, left
ventricular systolic dvsfunction. In some embodiments, the subject to be treated s at sk of a
systolic dysfunction, ¢.g., left ventricular systohic dysfunction.

{3376} In some embodiments, the subject to be treated bas a BAG3 LOF-associated systolic
dysfunction, ¢.g., left ventricular systolic dysfunction. In some embodiments, the subject to be
treated 1s at risk of BAG3 LOF-associated systolic dyvsfunction, ¢.g., left ventricular systolic
dvsfunction.

13377} In some embodiments, the subject to be treated has an arrhyvthmia, ¢.g., atrial and/or
ventricular arrhythmia, and/or malignant ventricular arrhyvthoua. In some embodiments, the
subject to be treated 1s at risk of an arrhyvthmia, ¢.g., atrial and/or venincular arrhythmia, and/or
malignant ventricular archythnia.

[6378] In some embodiments, the subject to be treated has a BAG3 LOF-associated an
arrhythyoia, e g, atrial and/or ventricular arrhvthmua, and/or malignant veniricular arthyvthmia.
In some embodiments, the subject to be treated s at nisk of BAGS LOF-associated an
arrhythmia, e.g., atrial and/or ventricular arrhythmia, and/or malignant ventricular arthyvthmia.
13379} Other subjects that can be treated using the compositions and methods of the present

disclosure include, but are not hmiied 1o, individuals having a congenital heart defect,
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mdividuals suffering from a degencrative muscle disease, individuals soffering from a
condition that resufts in ischemic heart tissue {e. g, wndividuals with coronary artery discase),
and the like. In some examples, a method 1s useful to treat a degenerative muscle disease or
condition {e.g, famihal cardiomyopathy, dilated cardiomyopathy, hypertrophic
cardiomyopathy, restrictive cardiomyopathy, or coronary artery disease with resultant ischemig
cardiomvopathy). In some examples, a subject method 1s useful to treat individuals having a
cardiac or cardiovascular disease or disorder, for example, cardiovascular disease, angina,
arthythmia, congenital heart disease, congestive heart fallure, myocarditis, valve dissase
coronary, artery discase dilated, diastolic dysfunction, cardiomvyopathy, hyperirophic
cardiomyopathy, restrictive cardiomyopathy, coronary ariery discase with resultant ischemic
cardiomyopathy, mitral valve prolapse, or myocardial infarction theart attack).

{3388 I some embodiments, the compositions and methods disclosed herein can be used for
the prevention and/or treatment of cardiomyopathies inr a subject. In some embodiments, the
compositions and methods described herein can be used to treat cardiomyopathies affiliated
with mutations in BAG3 gene. In some embodiments, the sustations in BAG3 gene is any

pathogenic mutation in the BAG3 gene.

Methods of Treatment
Heart diseases to be treated

[3381] I some embodiments, the heart disease to be treated or prevented mn accordance with
the methods described herein is any heart disease.

(3382} In some embodiments, the heart disease to be treated or prevented in accordance with
the methods described herein 15 a BAG3 LOF-associated heart disease.

[#383] In some embodiments, the heart disease to be treated or prevented in accordance with
the methods described herein is associated with a mutation in BAG3S, ¢.g., any mutation in
BAG3 known m the art or described herein, In some embodiments, the heart disease to be
treated or prevented m accordance with the methods described herein is associated with a
deletertous or loss of function mutation of BAG3. In some embodiments, the heart disease to
be treated or prevented in accordance with the methods described herein is associated with any
of the mutations known in the art or descrbed heremn (e.g., E453K).

[#384] In some embodiments, the heart disease to be treated or prevented in accordance with
the methods described hereimn 15 cardiomyopathy, e g, DUM. In some embodiments, the heart

()\.I’
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discase to be treated or prevented in accordance with the methods described herein is an
idiopathic DCM.  In some embodiments, the heart discase to be treated or prevented n
accordance with the methods described herein is HCM.

[3385] In some embodiments, the heart disease to be treated or prevented n accordance with
the methods described herein is BAG3 LOF-associated cardiomyopathy, e.g., BAG3 LOF-
associated DCM or BAGS LOF-associated HCM. In some embodumnents, the heart disease to
be treated or prevented in accordance with the methods described herem 15 a BAG3 LOF-
associated idiopathic DCM.

13386} In some embodiments, the heart disease 1o be treated or provented in accordance with
the methods described herein 15 a heart fatlure. In some cmbodiments, the heart discase to be
treated or prevenied in accordance with the methods described herein 1s a BAGS LOF -
associated heart failure.

{8387 In some embodiments, the heart disease to be treated or prevented in accordance with
the methods described herein is a hear failure with reduced cjection fraction. In some
embodiments, the heart disease to be treated or prevented in accordance with the methods
described herein is a BAG3 LOF -associated heart fathure with reduced ejection fraction.
{3388} In some embodiments, the heart discase to be treated or provented in accordance with
the methods descrbed herein s an ischemue heart fatlure. In some embodiments, the heart
disgase to be treated or prevented i accordance with the methods deseribed herein 18 3 BAG3
LOF -associated ischemic heart failure.

[G38%] In some embodiments, the hean disease is sclected from cardiomyopathy, systolic
dvsfunction, and arthyvthmia, ¢.g., BAG3 LOF -associated cardiomyopathy, systohe
dysfunction, and archythnua. In some embodiments, the heart disease is selected from dilated
cardiomyopathy, left ventricular systolic dysfunction, atrial and/or ventricular archythmia, and
malignant ventricular arthyvthmia, ¢.g., when these conditions are associated with a BAG3
mutation.

{3394} In some embodiments, the heart disease to be treated or prevented in accordance with
the methods described herein 15 a systolic dvsfunction, e¢.g., left vemiricular systolic
dyvsfunction. In some embodiments, the heart disease to be treated or prevented in accordance
with the methods described herein 1s a BAG3 LOF -associated systolic dysfunction, e.g., left

ventricular systolic dysfunction.
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{3391} In some embodimenis, the heart disease to be treated or prevented m accordance with
the methods described herein is an arthythmia, e.g . atrial and/or ventricular arrhythmia, and/or
malignant ventricular arrhvibnua., In some crabodiments, the heart disease to be treated or
prevented i accordance with the methods described herein 1s a BAG3 LOF -associated an
arvhythmia, ¢.g., atrial and/or ventricnlar arthythmia, and/or malignant ventricular arrhythmia.
(3392} The cardiomyopathy treated or prevenied by the corapositions and methods described
herein can also include cardiomyvopathics associated with a pulmonary embolus, a venous
thrombosis, a myocardial infarction, 3 transient ischemic attack, a peripheral vascular disorder,
atherosclerosis, ischemic cardiac disease and/or other myoeardial injury or vascular disease. In
certain embodiments, the cardiomyopathics treated by the compositions and methods described
herein can include cardiac diseases associated with myocardial tissue hypercontractility, such

as heart fathure related to left ventricular hypercontractility.

Methods of Treating Heart Disease

{3393} The composttions that are described herein can be emploved in a method of treating a
subjoct with a cardiac disease or condition. “Treating” or “treatment of a condition or subject
in need thereof” refers to (1) taking steps to obtain beveficial or desured results, including
chnical resolts such as the reduction of symptoms; (2} mhubiting the disease, for example,
arresting or reducing the development of the discase or its clinical symptoms; (3} relieving the
disease, for example, causing regression of the disease or its clinical symptoms; and/or (4)
delayving the disease. For purposes of this mvention, beneficial or desired clinical results
mnclude, but are not limited to, promoting cardiac sarcomere contraction.

(3394 In some ombodiments, the compositions and methods described herein can induce
detectable expression of a therapeutic protein or nucleic acid {e.g., BAGS3 or BAG3-C151R
protein), or a mutant, vanant, or fragment thereof, to modulate sarcomere architecture and/or
contractile function of the myocardial tissue in a subject in need thereof.

Boutes and Modes of Administration

[(3395] The vectors and virions {¢.g., AAV) of the present disclosure can be adminisiered 1o a
subject in need thereof by systemic application {such as parenteral application}, e g, by
intravenous, intra~-artenial or jntraperitoncal delivery of a vector in analogy to what has been
shown 1n anumal models (Katz et al., 2012, Gere Ther. 19:659-669). In some embodunents,

the vectors and virions {¢.g., AAV} of the present disclosure are to be administered parenterally.
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In some embodiments, the vectors and virtons (e.g., AAV} of the present disclosure are to be
adnunistered intravenously {¢.g., by IV mfusion).

3396} In some embodiments, the vectors and virions {e.g., AAV) of the present disclosure can
be delivered by direct administration to the heart tissue.

{3397} In some embodiments, the vectors and virions {¢.g., AAV) of the present disclosure can
be delivered by intracoronary adroinistration. In some embodiments, the administration s by
antegrade epicardial coronary arfery infusion, ©.g., a single mfusion over a 10-minute pertod in
a cardiac catheterization laboratory after angiography (percatancous intracoronary delivery
without vessel balloon occlusion) with the use of standard SF or 6F guide or diagnostic
catheters {(Jaskz et al, 2009, J Card Foil. 15 171-181).

[3398] In some embodiments, the vectors and vinions {¢.g., AAV) of the present disclosure can
be dehivered by direct injection mio the heart or cardiac catheterization. In some embodiments,
the vectors and virions {¢.g., AAVY) of the present disclosure can be delivered by mitracardiac
catheter delivery via retrograde coronary stnus infusion (RCS1)

3398} When direct injection is used, it may be performed either by open-heart surgery or by
mimimally mvasive surgery. In some cases, the vectors and virions {e.g.. AAV) can be delivered
1o the pericardial space by injection or infusion.

[6408] I some embodiments, the amount, concentration, and volume of the composition that
modulates contractile function in myocardial tissue administered to a subject can be controlied
and/or optimized to substantially mmprove the functional parameters of the heart while
gutigating adverse side effects.

[3401] The amount of the composition that modulates contractile function administered to
myocardial tissue can also be an amount required to result in the detectable expression of a
therapeutic protein or nucleic acid (e.g., BAGS or BAG3-C151R protem) or a mutant, vanan,
or fragment thereof in the heart; preserve and/or improve contractile function; delay the
emergence of cardiomyopathy or reverse the pathological course of the disease; increase
myocyte viability; improve myofilament fonction; inhibit left ventricular hypertrophy; cardiac
hypertrophy regression, nomalize systodic and diastolic function m heart; and restore normal
cross-bridge behavior at the myvofilament level.

{3402} In some embodiments, the compositions and methods disclosed herein result m
detectable expression {or detectable overexpression, over the wild-type level of expression) of

BAG3 protem, or a mutant, variant, or fragment thercof (in particular, BAG3-CI51R), m a
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cardiac cell of the subject being treated.  In some embodiments, the admimstration of the
compositions and methods described herein {e.g., an rtAAV vector gonome or tAAV virion)
causes specific expression of BAG3 or BAG3-CI3 1R protein in the beart of the subject.
6403} “Detectable expression” typically refers 1o expression at least 3%, 10%, 15%, 20% or
more compared o a control sabject or tissue not treated with the vector. In some embodiments,
detectable cxpression means expression at 1.5-fold, 2-fold, 2.5-fold, or 3-fold greater than a
no-vector control. Expression can be assess by Western blot, as described in the example that
follows, or enzyme-linked immunosorbent assay (ELISA), or other methods known in the art.
In some cases, expression is measured quantitatively using a standard curve. Standard curves
can be gencerated using punfied protein by methods described 1o the examples or known in the
art. Alternatively, expression of the therapeutic gene product can be assessed by quantification
of the corresponding mRNA.

{6404} In some embodiments, the detectable oxpression of the therapeutic gene product in heart
tissue occurs at doses, in vector genomes {vg) per kilogram weight of subject (kg), of 3x10*
ve/kg or less, 2x 10 ve/kg or less, 1210 ve/kg or less, 9x10Y ve/kg or less, 8x 10" ve/kg or
less, 7108 vg/ke or less, 6x10Y vo/kg or less, 510 vg/kg or less. 4x10" vg/kg or less,
3x10% ve/kg or less, 2x 10 ve/kg or less, or 1 x10% vg/kg or less.

6405} In some embodiments, the methods of the disclosure comprise adnunisterning an tAAV
virion encoding BAG3 or a variant thereof {e.g., BAG3-C151R) at a dose of about 1x10%
genome copies per nulliliter (GC/mL), about 5x10° GC/mL, about 1x10° GC/mL, about 5+10°
GC/ml, about 110" GC/mL, about 5x10'° GC/mL, about 1x10Y GC/mL, about 5x 10!
GC/mL, about 1x10'2 GC/mL, about 5x102 GC/mL, about 5210Y GC/mL, about 1x10!
GC/mL, or about 5x10" GU/mL of the rAAYV virion.

13406} In some cmbodiments, the mothods of the disclosure comprise intravenously
adnunistering an tAAY virton encoding BAG3S or a variant thereof {e.g., BAG3-CI5iR) ata
dose of about 3x10' GC/mL, about 3x16Y GC/mL, about 1x16Y GC/mL, or about 3+101
GC/mL of the rAAVY vinion.

[0407] In some embodiments, the methods of the disclosure comprise aduunistering, by
localized delivery to the heart, an rAAY virion encoding BAGS or a vanant thereof {e.g.,
BAG3-C151R) at a dose of about 310 GC/mL, about 321072 GC/mL, about 1x10Y GC/mL,

or about 3x 10V GC/mL of the rAAV virion.
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13408} In some embodiments, the methods of the disclosure comprise administering an rAAY
virion encoding BAG3 or a variant thereof {¢.g., BAG3-C151R) at a dose of about 1x10% viral
genomes per milliliter {vg/mL), about 5x10* vg/mL, about 1210% ve/mL, about 5x10° vg/ml,
about 1710" vg/mL, about 5x10" vg/mL, about 1710" vg/mL, about 3x10" vg/mL, about
1x10" vg/mL, about 5+ 10" vg/mL_ about $x10% ve/mL, about 1x10% vg/mL, or about 5= 10%
vg/ml of the rAAY virion.

3409} In some embodiments, the methods of the disclosure comprise adminstering an tAAV
virion encoding BAG3 or a variant thersof (e.g., BAG3-CI51R) at a dose of less than about
110" viral genomes per milliliter (vg/mL), less than about 310" vg/mL. less than about
1< 10M* vg/ml, less than about 5x10"Y ve/ml, less than about 1x 10" ve/mL., less than about
5x10" vg/mL, less than about 110" vg/mL, less than about 5310 ve/mL, or less than about
Ix10M vg/mL of the viral vecior {e.g. TAAV virion).

(8418} In some embodiments, the methods of the disclosure comprise adminstering an tAAY
virion encoding BAG3 or a vanant thereof {c.g., BAG3-C151R} at a dose of less than about
1210 viral genomes per milliliter (vg/mL} or less than about 1310 vg/mL of the viral vector
{e.g. rAAV virion).

{3411} In some embodiments, the methods of the disclosure comprise adnunistering an rAAY
virion encoding BAG3 or a variant thereof {e.g., BAG3-CI31R} at a dose from about 1x 101
viral genomes per milliliter (ve/mL) to about 1x10" vg/mL of the viral vector {e.g. rAAV
virion}. In some embodiments, the methods of the disclosure comprise administering an rAAY
virion encoding BAG3 or a variant thereof {¢.g., BAG3-C131R) at a dose from about 1x10"
viral genomes per milliliter (vg/mL} to about 1x10™ vg/mL of the viral vector {e.g. tAAV
vition}. In some embodiments, the methods of the disclosure comprise administering an rAAY
virion encoding BAG3 or a variant thereof {e.g., BAG3-CI51R) at a dose from about 1x10Y
viral genomes per milliliter (vg/mL)} to about 110" ve/mL of the viral vector {e.g. TAAV
virion}. In some embodiments, the methods of the disclosure comprise administering an rAAY
virion encoding BAG3 or a variant thereof {¢.g.. BAG3-C151R) at a dose from about 1+10%
viral genomes per milliliter {vg/mL} to about 1x10" vg/mL of the viral vector {e.g. TAAV
virion}. In some embodiments, the methods of the disclosure comprise administerning an tAAY
virion encoding BAG3 or a variant thereof (e.g., BAG3-CI51R) at a dose from about 1104
viral genomes per millifiter (vg/mbL} to about 6x10" vg/mL of the viral vector {e.g. rAAY

VITION).
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13412} In some embodiments, the methods of the disclosure comprise administering an rAAY
virion encoding BAG3 or g vanant thereof (e.g.. BAG3-CI51R} at anv dose or dose range of
the disclosure between the values referenced herenn

64131 o some embodiments, the methods of the disclosure compnse intravenously
administering an rAAV virion encoding BAG3 or BAG3-CISIR at a dose of about
ix10%vg/mL. about 3x10%veg/mL, about 6x10% vg/mL, or about $x 10" vg/mlL of the rtAAYV
Virion.

{3414} In some embodiments, the methods of the disclosure comprise admumistering, by
focalized delivery to the heart, an rAAVY virion encoding BAGS or BAG3-CI51R at a dose of
about §x10%vg/mL, about 3210%vg/ml, about 6x 107* vg/mL, or about 9% 10" vg/ml of the
rAAY virion.

{64158} Genome copies per milliliter can be determined by guantitative polymerase change
reaction {PCR) using a standard curve generated with a reference sample having a known
concentration of the polyvnucieotide genome of the virus. For AAV, the reference sample used
1s often the transfor plasmid vsed in generation of the rAAY virion but other reference sampies
may be used.

16416} Alternatively or in addition, the concentration of a viral vector can be detemmined by
measuring the titer of the vector on a cell line. Viral titer 18 tvpically expressed as vival particles
{vp) per unit volume {e.g., viymbL}. In varnious embodiments, the pharmaceutical compositions
of the disciosure comprise about 1x10° viral particles per nulliliter {(vp/mL}, about 5+10%
vp/mL, about 1x10° vp/mL, about 3x10° vp/mL, about 1210 vp/mL, about 5x10' vp/mL.,
about 1310 vp/mL, about 5710' vp/mL, about 1x10' vp/mL, about 3710 vp/mL, about
5x10M vp/mi, or about 110 vp/mL. or about 510" of the viral vector {e.g., rAAV virion).
{6417} The viral vector adounisicred to the subject can be traced by a vanety of methods. For
example, recombinant viruses labeled with or expressing a marker {such as green fluorescent
protein, or beta-galactosidase} can readily be detected. The recombinant viruses may be
engimgered to cause the target cell to express a marker protein, such as a surface-expressed
protein or a fluorescent protein. Altematively, the rofection of target cells with recombinant
viruses can be detected by their expression of a cell marker that 1s not expressed by the animal
employed for testing (for example, a human-specific antigen when injecting cells into an
experimental animal). The presence and phenotype of the target cells can be assessed by

fluorescence nucroscopy {e.g., for green fluorescent protein, or beta~galactosidase), by
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immunchistochemistry {e.g., using an antibody agamst a human antigen), by ELISA (using an
antibody against a human astigen}, or by RT-PCR analvsis using primers and hybndization
conditions that cause amplification to be specific for RNA mdicative of a cardiac phenotype.

[6418] In some embodiments, a single adnunistration of a vector or virion described herein s
cffective in maintaining or improving heart fanction in the treated subject for at least 2 weeks,
3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 10 weeks, 12 weeks, or more. In some
embodiments, a single adninistration of a vecior or vinon {e.g., rfAAV) described herein g
effective in maintaining or improving heart function in the treated subject for at least 2 woeks.
In some embodiments, a single administration of a vector or virion (o.g.. tAAY) described
herein s effective i matntaining or truproving heart function in the treated subject for at least
3 weeks. In some embodiments, a single admimistration of a vector or virion (e.g., TAAV)
deseribed herein i effective in mantaiming or uproving heart function in the treated sobject
for at least 4 weeks. In some embodiments, a single administration of a vector or virion {e.g..
tAAV) described heremn is effective 1n maintaining or improving heart function i the treated
subject for at least 5 weeks. In some embodiments, a single administration of a vector or virion
{c.g.. rAAV) described herein is effective in maintaining or improving heart function in the
treated subject for at least 6 weeks. In some embodiments, a single adnunistration of a vector
or vinion {¢.g., TAAY) described herein 1s effective in mamtaming or improving heart function
in the treated subject for at least 7 weeks. In some embodiments, a single administration of 3
vector or virion {e.3., TAAY) described herein is effective in maintaining or improving heart
function i the treated subject for at least 8 weeks. o some emboduuents, a single
administration of a vector or virion {e.g., rAAYV) described herein is effective in maintaining
or improving heart function in the treated subject for at least 9 weeks. In some embodiments,
a single adounistration of a vector or virion {e.z., TAAV) described hercin is effective m
maintaining or improving heart function in the treated subject for at least 10 weeks, In some
cmbodiments, a single administration of a vector or virion (e.g., rAAV) described heremn is
cffective in maindaining or improving heart function in the treated subject for at least 11 wecks.
In some embodiments, a single adounistration of a vector or vition {¢.g., tAAV) described
herein is effective m maintaining or improving heart function in the treated subject for at least

12 weeks.
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EXAMPLES

Example 1: AAV-BAG3I-CI51R Restores Sarcomere Count In siBAG Knockdown Model
{0419} In Dilated cardiomyopathy (BCM) 15 a disease affecting the ability of heart muscle to
circulate blood throughout the body. Loss of function of BAG cochaperone 3 (BAGS) i
associated with genetic DCM. To evaluate if a vector encoding wild type BAG3 and/ora BAG3
cardioprotective mutant vanant could restore cardiac function in vifro, a model of BAGS
cardiomyopathy whereby haploinsufficiency 15 induced with siRNA of BAG3 was used.
Cardiomvyocyies were treated with siRNA to inhibit BAG3 and subsequently treated with
AAVs compnising a codon optimized wild type or CI51R mutant BAG3 coding sequence
{(where codon optimized C151R BAGS nucleic acid sequence of SEQ 1D NGO 19 was used).
The AAV9-based vector used compnsed a 57 TR, a 600bp Troponin T2 promoter (SEQ ID
NG: 1), the BAG3 transgene, a WPRE, a bGH Poly Atail, and a 37 [TR.

Methods

13420} To prepare the cells for culture, 384-well plates were coated with Matrigel and stored
i a 37°C COqzincubator overnight. After overrught incubation, plates were flicked clean of
excess solution. 1CeH Cardiomvocvies ((CD cells”) were thawed and seeded on 384-well pre-
coated plates at a density of 10k/well. Cells were allowed to recover m plating media for 4
hours and switched to maintenance media for 7 days, with media changes every cther day.
After 7 days, cells were treated with one of tive conditions: a} a scrambled siRNA control
{(SCR), siBAGS, siBAGS and AAV-BAG 3 wild-wpe, sIBAGS and AAV-BAG3cisir, siBAGS and
AAV-GFP. 7 days after inttial siRNA treatment cells were fixed with 4% PFA and stained with
a nuclear stain and tlorescence antibodies for ACTNZ and cMYBPC.

[3421] After fixation, plates were 1maged n a Z-stack using an Image Xpress Micro confocal
microscope in three separate channels. § tmages were taken per well i a cross (*+7) pattern fo
capture the images across the entire well. Images were then analyzed using iIMATLAB analysis
software “Tamarack” which outputs nuclear count, sarcomere cound, sarcomere length,
sarcomere angle, and sarcomere fit score for each image. Nuclel were detected using a straight-
forward circle-identifying algonithm while sarcomere parameters including count, length,
angle, and fit-score were identified using a custom which employs a charactenstic 3-element
‘wavelet” pattern to identify and place sarcomeres within the image. Qutput of 1mages were
averaged for each well, and wells were averaged for each condition.

Results

pen}
LA
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{3422} Treatment with siRNA of BAGS led to a decrease m sarcomere count normalized {ns)
to the number of nuclel within each cardiomvocyte {SCR had a mean normalized sarcomere
count (nsc) of 4,553 vs. siBAGS mean nsc with 3,735, p<6.001}). Notably, treatment with AAY-
BAG3witdwype did not correct the nommalized sarcomere deficiency induced by siBAG3 within
the experimental treatment window (5iBAG3 had a mean nse of 3,735 vs. siBAG3+AAV-
BAG3wilg-vpe mean nsc of 3,662, p=0.85). However, treatment with AAV-BAG3 sk did result
m g normalization of normalized sarcomere count (iBAG3 had a mean of 3,735 vs
siBAG3+AAV-BAG3cisie with a mean of 4,638, p=0.026).

13423} Togother, these data demonstrate the ability of BAGS3cisik to restore normalized

sarcomere count in cardionmyocyies affer inhubition of BAGS.

Example 2: AAV:EBAG3 Maintains Heart Function in BAG3 Knoedk-out Model

(8424} To evaluate the ability of the AAV-BAG3 to treat cardiac disease in vivo, a dilated
cardiomyopathy mouse model, specifically a cardiomyvocyte-specitic BAG3 knock-out mouse
enabled by an alpha-MHC driven Cre (BAG3-cKG), was used. BAG3-cKO mice showed a
steady decline in heart function and death because of heart fadlure. By S-months of age, the
mice showed increased left ventricular internal diameter, decreased cjection fraction, and worse
survival relative to wild-type ammals (FHG. 2). Another pathogenic BAGS mutant mouse
model, with a pathogenic human point mutation BAG3-E455K crossed with the Bag3 cardiac
knockout, was also cvaluated and showed increased left ventricular wmternal diameter,
decreased gjection fraction, and severe early mortality (F1G. 2}

[3425] To determune 1T BAG3 could rescue heart function in the BAGS knock-out mouse model
codon optimized BAG3 expression vegtors were administered to the mice. AAVY viral
particles used comprised BAGS expression cassette with 57 ITR, a 600bp Troponin T2
promoter (SEQ ID NG: 1}, a BAG3S transgene encoding a wild-type BAG3, a WPRE, a bGH
Poly A tail, and a 37 ITR. At 7 wecks of age Bag3-cK{ amimals were administered a single
6e13 ve/kg dose of vehicle, hRAAYS-BAG3 comprising a codon optimized human BAG3 (SEQ
T NG 15), or mAAV9-Bag? comprising a codon optimized mouse Bag3 (SEQ D NO: 16).
Wild-tvpe mice were admimstered Hanks Balanced Salt Solution (HBSS) as a control. All
animals maiotained siable body weight through treatment. At 3 weeks post-injection when
compared to vehicle, both hAAVY-BAG3 and mAAV9-Bag3 injected animals maintained their

haseline ejection fraction (p<0.001) (FIG. 3A). Addwionally, hAAV9-BAG3 and mAAVY-

106



WO 2024/215655 PCT/US2024/023699

Bag3 treated animals had a statistically significant effect in maintaining LV internal diameters
(LVID) at sysiole (LVIDs) and diastole (LVIDd) showing carly efficacy of BAG3 AAV gene
therapy (Fi{: 3B and 3C). Further, the hAAV9-BAG3 appeared to show improved etficacy
i maintaming bascline ejection fraction relative to the mAAVY-BAGS construct (p=0.0051})
(FI1G, 3D). Together, these data show the ability of the tested BAGS expression vectors to

matntain heart function in 3 weeks after treatment 1o BAG3 ¢KO Model.

INCORPORATION BY REFERENCE

0426} Various references such as patents, patent applications, and publications are cited
herein, the disclosures of which are hereby mcorporated herein by reference in their entireties.
Also, all references mentioned herein are specifically incorporated by reference to disclose and

describe the methods and/or matenals in connection with which the publications are cited.
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What is claimed is:

1. An expression cassette comprising a polvnucleotide encoding a BAG3 protein operably

hinked to a TNNTZ2 promoter.

2. The expression cassette of claim 1, wherem the BAG3S protein is a wild type human

BAG3 protem compnsing the ammo acid sequence of SEQ 1D NO:16.

3. The expression cassette of claim 2, wherein the polymucieotide encoding the wild type

human BAG3 protein 1s a codon~-optimized polynucleotide.

4, The expression cassette of claim 3, wherein the polynucieotide is at least 809, at least

85%, at least 90%, at feast 95%, at least 98% or 100% identical to SEQ 1D NO: 15,

3. The expression cassette of claim 1, wherein the BAGS protem 18 a human BAG3 protein

having a C151R mutation.

6. The expression cassetie of claim 5, wherein the polynucleotide encoding the human

BAGS3 protein having a C151R maotation 18 a codon-optimized polymucleotide.

7. The expression cassette of claim 6, wherein the polynucicotide 15 at least 80%, at least

§5%, at least 90%, at least 95%, at least 98% or 100% identical to SEQ ID NG 19

&. The cxpression cassetie of any one of claims 5-7, wherein the buman BAG3 protein
having a C131R mutation has an amino acid sequence shanng at least 90%, at least 93%, at

least 98% or 100% identity to SE( 1D NO: 20.

9 The expression casseite of any one of clatms 1-8, wherein the TNNTZ promoter s a

human TNNTZ promoter.

10, The cxpression casscite of any one of claims 1-8, wherein the TNNT2 promoter
comprises a sequence sharing at least 85%, at least 80%, at least 95%, at least 98% or 1009%

wlentity to SEQ ID NG 1.

1 The expression casscite of claime 9 or 10, wherein the buman TNNT?2 promoier is a
wild-type human TNNT?2 promoter of 600 bp, optionally having 100% identity to SEQ 1D NO:
1.

12. The expression casseite of any one of claims 1-8, whersin the TNN'T2 promoter has a
sequence shanng at feast 85%, at least 90%, at least 93%;, at least 98% or 100% wdentity to SEQ

I NG 3.
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13. The expression cassctte of claim 12, wherein the haman TNNT2 promoter is a modified

human TNNTZ promoter of 350 bp to 450 bp, or 356 bp to 500 bp.

14, The expression cassette of claim 12, wherein the human TNNT?2 promoter 1s a modified

hinnan TNNTZ2 promoter of about 400 bp of SEQ 1D NO: 3.

15 The expression cassette of any one of clamm 1-14, wheremn the expression cassette

comprises a polvadenylation sequence.

16. The expression casseite of claim 13, wherein the polvadenylation sequence is a bGH
polv{A) sequence.

-
/.

The expression cassetie of claim 16, wherein the bGH poly(a) has a sequence at feast

i
530%, at least 75%, at least 0%, at least 95% or 100% identical 1o SEQ ID NG 11

18, The expression casseite of any one of claims 1-17, wherein the cxpression cassctie

comprises a WPRE sequence.

19, The expression cassette of any one of claims 1-17, whevemn the expression cassette does

not comprise a WPRE sequence.

20, A vector comprising the expression cassette of any one of clavns 1-19, optionally
wherein the vector is a viral vector.

21, A virion comprising the expression casseite of any one of claims 1-19, or a vector of

claim 20,

22, A recombinant adeno-associated virus {(rAAV) virion, comprising a vector genome
comprising an expression cassette of any one of claims 1-19, wherein the expression cassettc
1s flanked by a 5" inverted terminal repeat (ITRy and a 37 [TR.

23, The virion of clamm 22, wherein the 3° TTR comprise a sequence at least 93% or 100%
wlentical to SEQ ID NGOs: 13, and/or the 37 I'TR comprises a sequence that 1s at least 95% or
100% identical to SEQ ID NO: 14

24 The vinon of claim 22 or claim 23, wherein the virion 1s a wild type AAVY virion,

25, The virion of claim 22 or claim 23, wherein the vidon is an AAVY virion variant

comprising a capsid protein (such as any variant capsid protein described heroin),
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26. The virion of ¢laim 25, wherein the capsid protein comprises a sequence sharing at least
75%, at least 80%. at least 85%, at least 953%. at least 98% or 100% identity to the AAVY VP3

sequence of SEQ {D NO: 21

27, The vinon of claim 26, wherein the capsid protein comprises, relative to reference

sequence SEQ 1D NG 22

an amino acid insertion at position 384, or between positions 583 and 584, comprising
one or more of an asparagine (N}, a threonine (1), a tyrosine (YY), phenylalanine (F), and an
alanine {A});

an amine acid msertion at position 583, or between positions 584 and 585, comprising
one or more of a histidine (H) and a methionine (M},

an aming acid nsertion at position 586, or between positions 585 and 586, comprising
one or mare of a histidine (H}, a tyrosine (Y), a valine (V), a threomne (1), an alanine (A), an
isoleucine {1}, a tryptophan (W}, a methionne (M), and a leucine (L},

an amino acid insertion at position 387, or between positions 586 and 587, comprising
one or more of an isoleucine (1) and a proline (P);

an amine acid msertfion at position 588, or between positions 587 and 588, comprising
ong or more of an isoleucing (1}, a threonine (1), and a proling (P);

an aming acid nsertion at position 589, or between positions 588 and 589, comprising
one or more of a glveine (G} and a glutanmune (Q);

one or more amino acid substitutions selected from the group consisting of N432K,
N4ASZA, N452V, N4521, G453A, G433N, 84547, 8454D, G4355N, Q456L, Q456K, N457L,
NASTY, (343581, and Q458H; and/or

one or more amino acid substitufions selected from the group consisting of TS82D,
T5821, TS82E, TS82A, TS82F, TSE2R, T382P, NSB3V, N383T, H384R, H384(3, HSB4K,
H384V, H384Y, HSR4M, H384T, H584W, H3R84E, H384D, Q385T, Q385C, Q385Y, Q58351
Q585N, 5858, Q5835P, Q383A, Q585M, Q583E, Q585Y, Q585G, Q585H, 3851, S586D,
SS586T, S586G, SS86K, S586M, S556N, 85861, S386(, 5861, S586P, 8586F, S586R, A5RTF,
ASETS, ASBTT, AS8TN, ASETL, A587P, AS87V, AS8TK, A3871 A387R, A387H, A387G,
ASETM, ASRTD, ASETW, QS88L. 5888, (388F, (J588N, (388G, (588K, Q5R&I, 3588V,
Q588T, (¥538RY, (I588H, (2588M, 588K, (588D, AS89R, AS8OI, ASBUN, ASBUS, ASBOV,
A3589Q, A389F, AS89T, AS89K, AS89H, AS89E, ASE9W, ASBYL, A389Y, A589M, 5901,
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(5908, 590N, (590G, 390D, Q590R, Q590H, (Q590T, G300M, Q590F, (3590Y, Q590L,
AS91H, G394Q), and G594D.
28, The virion of any one of claims 25-27, wherein the capsid protein comprises one, twao,
three, four or more substituiions or insertions in the VR-VII site.
29, The virion of claim 28, wherein the capsid protein comprises, relative to reference SEQ
1D NG: 22, one, two, theee, four or more substitutions or insertions at positions from 584 1o
590w the VR-VIH site, or one, two, three, four or more substitutions or inseriions at positions
from 585 to 590 in the VR-VIH site.
34 The virion of any one of claims 25-29, wherein the capsid proteine (1} 18 cardictrophis,
(it} oxhibits increased transduction efficiency i1n cardiac cells compared to the parental
sequence, (i) exhibits decreased transduction efficiency in liver cells compared to the parental
sequence, and/or (v) exhibiis mercased selectivity for the cardiac cells over hiver cells
compared to the parental sequence,
31, The vinon of any one of claims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ ID NG: 22, at position 452 an amino acid selected from the group
consisting of K and N.
32, The vinon of claim 31, wherein the capsid proten comprises, relative to reference
sequence SEQ 1D NO: 22, an anuno acid substitution N452K.
33 The virion of any one of claims 23-32, wherein the capsid protein comprises, relative
to reference sequenee SEQ 1D NO: 22:

at position 584 an amino acid selected from the group consisting of R and H;

at position 385 an amino acid selected from the group consisting off N, M, C,E, G, §,
V. A T H Land @,

at position 386 an amino acid selected from the group consisting of M, D N, G, A, T,
R, Tand §;

at position 587 an amino acid selected from the group consisting off T, N,V L. L § R,
Pand A,

at position 588 an ammo acid selected from the group consisting of Y, T, 85, LV, F, L,
RN, B, Gand &,

at position 589 an amino acid selected from the group conmstimg oft L LR, 8§, G, N, T,

Y, 0, F E, Y and A; and/or
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at position 590 an amino acid selected from the group consisting of G, RS, L H N,
Y.L Mand Q.
34, The virion of any one of claims 23-30, wherein the capsid protein comprises, relative
to reference sequence SEQ ID NG: 22:

at position 452 an amino acid selected from the group consisting of: K and N;

at position 584 an amino acid selected from the group consisting of R and H;

at position 385 an amino acid selected from the group consisting off N, M, C,E, G, §,
VAT H Land

at position 386 an aming acid selected from the group consisting off M, D N, G, A, T,
R.fand S

at position 387 an amino acid selected from the group consisting of T, N, V, L, L 5§, R,
Pand A

at position 588 an aming acid selected from the group consisting o Y, T, 8. LV, F L,
BN, D, Gand 3

at position 589 an amino acid selected from the group conmisting of L LR § G N, T,
YV, 0,F. E Yand A, and

at position 590 an arsino acid selected from the group consisting of G, RO S, L HU N,
Y, L, Mand Q.
35 The virion of any one of claims 23-32, wherein the capsid protein comprises, relative
to reference sequenee SEQ 1D NO: 22:

at position 584 amino acid R,

at position 385 an amino acid selected from the group consisting off N, M, C,E, G, §,
Y.A T Hand, L;

at position 386 an amino acid selected from the group consisting of M, D N, G, A, T,
R, and I

at position 587 an amimo acid selected from the group consisting of T, N, V. L. L § R,
and P;

at position 588 an amino acid selected from the group consisting of YV, T, 5, LV, F, L,
BN, DB and G

at position 589 an amino acid selected from the group conmisting of L LR, § G N, T,

YV, Q. F E and Y; and/or
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at position 590 an amino acid selected from the group consisting of G, RS, L H N,
Y.L, and M.
36, The vinion of any one of claims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ 1D NGO 22, at least two, three, four, five, six, seven or all eight of
any of the following:

{1} at position 432 amino acid K

(11} at posttion 384 amino acid R;

(i1} at position 585 an amino acid selected from the group consisting of N, M, C, E,
G, 8. V. A T.H and L;

(iv} at position 586 an ammo acid selected from the group consisting oft M, b, N, G,
A, T.R, and 1,

{v} at position 587 an amino acid selected from the group consisting oft T, N, V, L, L
S, R and P;

{vi} at position 588 an amino acid selected from the group consisting oft Y, T, 5, L V,
FLREN D andG

{vii} at position 589 an amino acid selected from the group consisting of L. L RS, (5,
NTVYV,QFEandY;and

MN,Y,L,and M.
37 The virion of any one of claims 23-32, wherein the capsid protein comprises, relative
to reference sequence SEQ 1D NG: 22:

at position 385 an aming acid selected from the group consisting oft E, N, G, M, {, V,
Tand 3

at position 386 an anuno acid selected from the group consisting oft N, T, M, G, D, and

N

at posttion 587 an amino actd selected from the group consisting of T, L LK, S, NV
and A;

at position 588 an ammo acid selected from the group consisting oft V. F Y, LTS, 1,
Rand

at position 389 an amino acid selected from the group conststing off S, N L, T, L Rand

A and/or
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at position 390 an amino acid selected from the group consisting of: 1, 5, G, H, Rand
Q.
38, The virion of any one of claims 23-30, wherein the capsid protein comprises, relative
to reference sequence SEQ ID NG: 22:

at position 452 an amino acid selected from the group consisting of: K and N;

at position 385 an amino acid selecied from the group consisting oft E, N, G, M, C, V,
Tand Q;

at posttion 586 an amino acid selected from the group consisting of N, T, M, G, I3, and

at posttion 587 an amino acid selected from the group consisting of T, L LK S, N,V
and A

at position 588 an aming acid selected from the group consisting oft V. F Y. LT, 5, L
Rand Q;

at position 389 an amino acid selected from the group consisting of: 8, N, L, T, {, Rand
A and

at position 390 an amino acid selected from the group consisting of L, S, G, H, K and
Q.
39, The virion of any onc of claims 25-32, wherem the capsid protein comprises, relative
to refergnce sequence SEQ ID NG: 22:

at posifion 585 an amino acid selected from the group consisting of E. N G, M, CV
and T;

at position 586 an amino acid selected from the group consisting oft N, T, M, G, and
B

at posttion 387 an amino acid selected from the group consisting of T, L, LK, S, N and
&

at position 588 an amino acid selected from the group consisting oft V. F, Y, L T, 8,1
and K,

at position 589 an amuino acid sclected from the group consisting off S, N, L, T, T and
R and/or

at position 590 an amino acid selected from the group consisting of 1, S, G, Hand R



WO 2024/215655 PCT/US2024/023699

44, The virton of any one of claimg 25-30, whergin the capsid protein comprises, relative
to reference sequence SEQ 1D NO: 22, at least two, three, four, five, six or all seven of any of
the following:

{1) at position 452 amino acid K;

{11} at position 585 an anmino acid selected from the group consisting of ELN, G, M, C,
Vand T;

(i1} at postion 586 an amimo acid selected from the group consisting oft N, T, M, G,
and D;

{iv} at position 587 an amino acid selected from the group conswsting oft T, L, L K, &,
Nand V;

{v} at position 588 an amino acid selected from the group consistmg of V, F, Y, L, T,
STand R

{vi} at position 589 an ammo acid selected from the group consisting oft S, N L. T, 1
and R; and

{vit} at position 590 an amino acid selected from the group consisting of 1§, G, Hand
R.
4%, The vinon of any one of clavms 253-32, wherem the capsid protein comprises, relative
o reference sequence SEQ ID NG: 22

at position 385 an amino acid selected from the group consisting of E, N, M, €, and (;

at position 586 an amino acid selected from the group consisting of A, M, G, I, N and

5
at position 587 an amuno acid selected from the group consisting oft T, N, Vand A;
at position 588 an amino acid selected from the group consisting oft V. Y, T, 5, f and

at position 589 an amino acid selected from the group consisting of: S, G, L, I, R and
A and/or

at posttion 590 an amino acid selected from the group consisting of 1L §, G, Rand Q.
42, The vinon of any one of ¢laims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ 1D NG 22:

at position 452 an amino acid selected from the group consisting of K and N;

at position 585 an amino acid selected from the group consisting of E, N, M, C and

s
LA
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at posttion 586 an amno acid selected from the group consisting of A, M, {5, B, N and

S:

at position 387 an amino acid selected from the group consisting of. T, N, V and A;

at position 588 an amino acid selected from the group consisting of V, Y, T, §, T and
Q

at position 589 an amine acid sclected from the group consisting of 8§, G, L, I, R and
A and

at posttion 590 an amino acid selected from the group consisting of 1, S, G, R and 3.
43, The virion of any one of claims 25-32, whergin the capsid protein comprises, relative
to reference sequence SEQ 1D NO: 22

at position 583 an amino acid selected from the group consisting of E, N, M, and ;

at position 586 an amino acid selected from the group consisting off A, M, G, D, and

N;

at position 587 an anuno acid selected from the group consisting of T, N, and V;

at posttion 588 an amino acid selected from the group consisting of V. YV, T, 5§ and I,

at position 589 an amino acid sclected from the group consisting of §, G, L. land R;
and/or

at position 390 an amino acid selected from the group consisting of I 5, G, and R.
44 The virion of any one of claims 23-30, wherein the capsid protein comprises, relative

to reference sequence SEQ D NO: 22, at least two, threg, four, five, six or all seven of any of
the following:
(1) at position 452 amino acid K;

(i1} at position 585 an amino acid selected from the group consisting of! E, N, M, and

@

{111} at position 586 an amino acid selected from the group consisting of A, M, G, D,
and N;
{iv} at position 387 an aming acid sclected from the group consisting off T, N, and V;

=

{v} at position 588 an amino acid selected from the group consisting of V, Y., T, 8, and

{vi} at position 589 an amino acid selected from the group consisting of 5, G, L, Tand

R:and
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{vit} at position 390 an amino acid selected from the group consisting of 1§, G, and

R.

45, The virion of any one of claims 25-30, wherem the capsid protein comprises, relative
to refergnce sequence SEQ ID NG: 22:

at position 452 an amino acid selected from the group consisting of: K and N; and
at position 587 amino acid substitution A387T, and optionally comprises ammo acid N or R at
one, two or more positions selected from the group consisting oft 384, 585, 586, 588, 589, and
590.
46, The virion of any one of clavns 253-30, wheremn the capsid protem comprises, relative
to reference sequence SEQ ID NG: 22:

at position 452 an amino acid selected from the group consisting of K and N; and

aming acid N or R at one, two or more posttions selected from the group consisting of!
584, 585, 586, 588, 589, and 590
47. The virton of any one of claimg 25-30, whergin the capsid protein comprises, relative
to reference sequence SEGQ 1D NG 22:

at position 452 an amino acid selected from the group consisting of. K and N; and

aminoe acid 5 at two or more positions selected from the group consisting of: 585, 586,
587, 588, 389 and 590.
48, The virion of any one of claims 25-30. whercin the capsid protein comprises, relative
to reference sequence SEQ 1D NG: 22:

at position 452 an amuno acid selected from the group consisting of K and N; and

at three, four, five or six positions in the region 585-390 of the VR-VHI site, anung
acids selected from the group consisting off N, S, T, Rand L.
49 The vinon of claim 48, wheren the capsid protein comprises, relative to reference
sequence SEQ 1D NG: 22:
at three, four. five or six positions in the region 385-590 of the VR-VI site, amino acids
selected from the group consisting of N, S, T, and K.
50, The virton of anv one of claims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ IR NO: 22, ammo acid substitutions (3385E, S586N, AS587T,
588V, AS895, (35901, and N432K.
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51 The virton of any one of claimg 25-30, whergin the capsid protein comprises, relative
to reference sequence SEQ ID NG 22, amino acid substitutions S386T, AS87L, (3588F,
ASRON, (35908, and N452K.

U

2. The vinion of any one of claims 23-30, wherein the capsid protemn comprises, relative
to reforence sequence SEQ 1D NO: 22, amine acid substitutions 33835N, ASSTT, Q588Y,
ASEOL, 590G, and N45SZK.

53, The virton of anv one of claims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ ID NO: 22, amino acid substitations (585G, ASK7I, (5881,
ASRYT. QS90H, and N432K.

54, The vivion of any one of claims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ 1D NG: 22, amino acid substitutions Q583M, 5386M, AS87T,
35887, and QS90R; and aming acid N at position 452.

55, The virion of any one of claims 25-30, wherein the capsid protein comprises, relative
to referonce sequence SEQ 1D NG: 22, amino acid substitutions Q5S83N, AS87T, Q5388Y,
ASE9L, and 390G and amino acid N at position 432,

54, The virion of any one of claims 25-30, whergin the capsid protein comprises, relative
to reference sequence SEQ 1D NG 22, amino acid substitutions Q383C, ASETT, 5888,
AS589, and Q590R; and amino acid N at position 452,

57. The virion of any one of claims 23-30, wherein the capsid protein comprises, relative
to referonce sequence SEQ ID NO: 22, amine acid sobstitutions Q5385E, 83860, ASSTN,
5881, ASR9R, and Q5908; and amino acid N at position 452,

58, The virton of anv one of claims 25-30, wherein the capsid protein comprises, relative
to reference sequence SEQ 1D NO: 22, amino acid substitutions QSE3E, 83860, ASETN,
Q5881 AS89R, 5908, and N432K.

59, The virion of any one of claims 23-30, wherein the capsid protein comprises, relative
to reforence sequence SEQ ID NO: 22, amine acid substitutions Q583N, S386N, AS87Y,
33881, ASRYS, (Q390G, and N45ZK.

60, The vinon of any one of claims 23-30, wherein the capsid protein comprises, relative
to reference sequence SEQ ID NG 22, amino acid substitutions 55860 and Q388Y; and amino

acid N at position 452,
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61 The virton of any one of claimg 25-30, whergin the capsid protein comprises, relative
to reference sequence SEQ ID NGO 22, amingo acid substitutions $386A, ASRTN, (3588Y,
ASR9G, and N452K.
62, The virion of any onc of claims 25-61, wherem the capsid protein comprises, relative
to reference sequence SEQ ID NO: 22, amino acids ATN at positions $81-383, and amino acids
AGQTG at posttions 591-594,
63, The virton of anv one of claims 25-61, wherein the capsid protein comprises, relative
to reference sequence SEQ ID NO: 22, amine acids ATNH at posttions 581-384, and amino
acids AQTGQ at positions 591-594.
64.  The vinon of any one of clatms 25-32, wheremn the capsid protein comprises, relative
o reference sequence SEQ ID NG: 22

() aming acid sequence ATNHENTVSIAQTG (SEG ID NO: 35) at the VR-VI
positions 581-594, and amino acid K at the VR-1V position 452;

(i) anuno acid sequence ATNHQTLFNSAQTG (SEQ 1D NO: 36) at the VR-VIH
posttions 381-594, and amino acid K at the VR-IV position 452;

(i) amino acid sequence ATNHNSTYLGAQTG (SEQ 1D NG: 373 at the VR-VIH
positions 581-394, and amino acid K at the VR-IV position 457;

{iv} anuno acid sequence ATNHGSILTHAQTG (SEQ ID NG: 38) at the VR-VIH
positions 581-394, and amino acid K at the VR-IV position 452,

(v} amino acid sequence ATNHMMTTARAQTG (SEQ 1D NO: 39) at the VR-VH]
posttions 381-594, and amino acid N at the VR~V position 452;

{vi} ammo acid sequence ATNHNSTYLGAQTG (GEQ 1D NO: 37) at the VR-VHI
positions 581-594, and amino acid N at the VR-IV position 452;

{vii} amino acid sequence ATNHCUSTSIRAQTG (SEQ 1D NG 40) at the VR-VII
positions 581-394, and amino acid N at the VR-IV position 452;

{viit} amino acid sequence ATNHEDNIRSAQTG (SEQ 1D NO: 41) at the VR-VI
positions 581-594, and amino acid N at the VR-1V position 452;

{ix} amino acid sequence ATNHEDNIRSAQTG (SEQ 1D NO: 41) at the VR-VHI
posttions 581-594, and amino acid K at the VR-IV position 452;

{x} amuno acid sequence ATNHNNVISGAQTG (SEQ 1D NG 42) at the VR-VIH

positions 581-594, and amino acid K at the VR-IV position 452;
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{xi} amino acid sequence ATNHQGAYAQAGQTG (SEQ 1D NG: 43) at the VR-VHI
positions 581-594, and amino acid N at the VR-IV position 452;

{xit} amino acid sequence ATNHOANYGQAQTG (SEQ 1D NO: 44) at the VR-VI
positions 581-394, and amino acid K at the VR-IV position 452;

{xiit) aming acid sequence ATNHNMNRVNAQTG (SEQ 1D NG 45) at the VR-VI
posttions 381-594, and amino acid N at the VR~V position 452;

{(xivy amuno acid sequence ATNHNNVISGAQTG (BEQ 1D NG: 42} at the VR-VIHE
posttions 381-594, and amino acid N at the VR-IV position 452;

{xv} amino acid sequence ATNHENSVQSAQTG (SEQ ID NG: 46) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 457;

{xvi} amino acid sequence ATNHSSTFQGAQTG (SEQ ID NG 47) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 452,

{xvi} amino acid sequence ATNHVSSFISAQTG (SEQ ID NG: 48) at the VR-VIH
posttions 381-594, and amino acid N at the VR~V position 452;

{(xviii} amino acid sequence ATNHSTINFRAQTG (SEQ 1D NG: 49 at the VR-VHI
positions 581-594, and amino acid N at the VR-IV position 452;

{xix} ammno acid sequence ATNHSSIFNSAQTG (SEQ 1D NO: 50) at the VRE-VHI
positions 581-394, and amino acid N at the VR-IV position 452;

{xx} amino acid sequence ATNHAGNYNNAQTG (SEQ 1D NO: 513 at the VR-VI
positions 581-594, and amino acid N at the VR-1V position 452;

{xx1) amino acid sequence ATNHTSVISIAQTG (SEQ 1D NO: 32) at the VR-VHI
posttions 581-594, and amino acid N at the VR-IV position 452;

{xxit} amino acid sequence ATNHHSRVEIAQTG (SEQ 1D NG: 33) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 457;

{xxaii) amingo acid sequence ATNHSSHYSAQTG (BEQ 1D NO: 54) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 452,

{xxiv) amino acid sequence ATNHSGRDSYAQTG (SEQ 1D NO: 55) at the VR-VHI
posttions 381-594, and amino acid N at the VR~V position 452;

{(xxv}) anuno acid sequence ATNHSSSYNNAQTG (SEQ ID NG: 56) at the VR-VHI
posttions 381-594, and amino acid N at the VR-IV position 452;

{xxvi} amino acid sequence ATNHHNPSINAGTG (SEQ 1D NO: 537) at the VR-VIH

positions 581-394, and amino acid N at the VR-IV position 457;
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{xxvity aming acid sequence ATNHNRNGLLAQTG (SEQ ID NG: 38) at the VR-VIH
positions 581-594, and amino acid N at the VR-IV position 452;

{xxviil} anuno acid sequence ATNHESTSVRAQTG (SEQ 1D NOG: 59) at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 452;

{xxix) amine acid sequence ATNHNIRTEMAQTG (SEQ 1D NO: 60) at the VR-VI
posttions 381-594, and amino acid N at the VR~V position 452;

{xxx ) amino acid sequence ATNHQTLFNSAQTG (SEQ ID NO: 36) at the VR-VHI
posttions 381-594, and amino acid N at the VR-IV position 452;

{xxxi} amino acid sequence ATNHLSVSSIAQTG (SEQ 1D NO: 61} at the VR-VIH
positions 581-394, and amino acid N at the VR-IV position 457;

{xxxai} amino acid sequence ATNHEDHRSAQTG (SEQ ID NO: 62) at the VR-VHI
positions 581-394, and amino acid N at the VR-IV position 452,

{xxxifly amino acid sequence ATNROTAGAQAQTG (SEQ 1D NO: 63) at the VR-VHI
posttions 581-594, and amino acid N at the VR~V position 432; or

{oexav)y amine acid sequence ATNROQIAQAQAQTG (SEQ ID NG: 64) at the VR-VIH
positions 581-594, and amino acid N at the VR-IV position 432,
65, The vinon of claim 25-32, wherem the capsid protemn comprises, relative to reference
sequence SEQ 1D NO: 22

{1} an amino acid insertion at position 5384 consisting of a TY, FN, or AT,

{11} an amino acid msertion at position 585 consisting of MH;

{111} an amino acid inscriion at position 586 consisting of HY, VT, Al, WM, or ML,

(iv} an amino acid msertion at position 387 consisting of PI; and/or

{v} an amino acid imseriion at position 388 consisting of 1T or PT.
66, The virion of any one of claims 25-65, whercin the capsid protein, except for the
specified modifications, shares, or comprises a sequence sharmg, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 99%, or 100% amino acid sequence identity to:
() the AAVY VP1 sequence according to SEQ 1D NG: 22, and/or (1) the AAVY VI3 sequence
according to SEQ 1D NG: 21
67. The virion of any one of claims 21-66, wherein the virion has a cardioprotective effect,
wherein the cardioprotective offect is protection agamst and/or amelioration of decrease m

sarcomere count or sarcomere dysfunction or disarray in cells, optionally wherein the cells are
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cardiomyocytes, and optionally wheremn the cardioprotective effect is observed 1n a BAGS
haplomsufficiency background i vifro.

68. A pharmaceutical composition comprising a vector of claim 20 or a virton of any one
of claims 21-67 and a pharmaceutically acceptable excipient.

69, The pharmaceuatical composition of claim 68, which comprises the virion in the amount

of about or less than 1x10™ vg/ike, aboot or less than 1x10Y ve/ke, or about or less than 6x101
&/5g giKg

ve/kg, or in an amount from about 1x10% to 1x10™ vg/kg.
70. A method of transducing a cell, comprising contacting the cell with the vector of claim

20 or the virion of any one of claims 21-67, wherein the vector or vinon transduces the cell.

7L A cell comprising the expression cassette of any one of clamms 1-19 or the vector of

claim 20 or the virion of any one of claims 21-67.

72. The method of clauim 70 or the cell of claim 71, wheremn the cell is a cardiac cell,
optionally wheremn the cardiac cell 15 a cardiomvocyie.
73, A method of treating and/or proventing heart disease in a subjoct, comprising

adminstering to a subject the vector of claim 20 or the vinon of any one of claims 21-67, the
pharmaceutical composition of claim 68 or 69, or the cell of claim 71.

74. The method of claim 73, wherein the heart disease s associated with a deleterious or
loss of function mutation 1n B4G3 and/or a decreased BAGS protein level m cardiac cells of
the subject.

75, The method of clamm 74, wheremn the deleterious or loss of function mutation 1 8453

is any of LOF mutations known 1 the art or descnibed herein, e.g., E455K.

76, The method of any one of claims 73-75, wherein the heart discase s cardiomyopathy.
77. The method of claim 76, wherein the cardiomyopathy is dilated cardiomyopathy or

hypertrophic cardiomyopathy.

78. The method of anv one of claims 73-75, wherein the heart disease is heart failure.

749 The method of claim 78, wherein the heart failure is a heart faihure with reduced ejection
fraction.

80. The method of claim 74, wherein the heart fathure 15 an 1schemic heart fathure.
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gl The method of any one of claims 73-80, wherein the administering improves cardiac
function, optionally wherein the administering decreases left ventricolar internal diameter
(LVID) and/or increases ejection fraction.

82.  The method of any one of claims 73-81, wherein the administering amechorates decrease
in sarcomere count or sarcomere dysfunction or disarray in cardiac cells of the subject.

83. The method of any one of claims 73-82, wherein the administering 18 systemic
admiunistration or local administration to the heart.

84.  The method of claim 83, wherein the systemic adounistration s intravenous
administration.

85 The method of claum 83, wherein the local adnunistration is by direct injection udo the
heart or cardiac tissue, intracoronary administration or retrograde coronary sinus mfusion.

86, The method of any one of claims 73-85, wherein the admuustering s administering the
virion in the amount of about or less than 1x10' ve/ke, about or less than Ix10Y vg/kg, or

about or less than 6x10Y vg/kg, or in an amount from about 1210 to Ix10™ ve/kg.

87 The method of any one of claims 73-86, wherein the subject 15 a human.
88, The method of anv one of claims 73-87, wherein the methbod is a method of treating

heart disease in a subject in need thereof, optionally wherein the subject has been diagnosed

with the heart disease.
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