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COMPOSITIONS AND METHODS FOR TREATING LEBER’S
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REFERENCE TO SEQUENCE LISTING
{8002] The instant application contains a Sequence Listing which has been submitted in ASCH
format via EES-Web and is hereby incorporated by reference in its entivety, Said ASCH copy, created
on August 16, 2019, is named WNBT-005_02WO_ST25.4x1 and i3 298 kb in size.

BACKGROUND
j0803] Leber's hereditary optic weuropathy (LHON) is a mitochondrially  inherited
{transmitted from mother to offspring) degeneration of retinal ganglion cells (RGCs) and their axons
that leads to g acute or subacute loss of ceutral vision; this affects predominantly young adult males.
LHON is only transmitted through the mother, as it is primarily due to nmutations in the mitochondrial
{not nuclear) genome, and only the egg contributes mitochondria to the embryo. LHON is usually due
to one of three pathogenic mitochondrial DNA {mtDNA) point wmutations. These mutations are at
nucleotide positions 11778 G 1o A (GLI778A), 3460 G 1o A (G34604) and 14484 T 1o C (T14484C),
respectively in the NADH dehydrogenase subwuit-4 protein (ND4), NADH dehydrogenase subunit-1
protein (ND) and NADH delivdrogenase subunit-f protein (ND6) sabunit genes of complex 1 of the
oxidative phosphorylation chain in mitochondria. Each mutation is believed to have significant risk of
permanent loss of vision. It typically progresses within several weeks to several months without pain,
until the binocular vision detertorate {o below 0.1, which sentously affects the quality of life of the
patient. Two LEON mutants, G3460A and T14484C, results v the reduction of the patient’s platelets
solated mitochondrial NADH dehydrogenase activity by 80%. Ninety percent of the Chinese LHON

patients carry the GH1778A mutation. The G11778A mutation changes an arginine into histidine in
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the ND4 protein, resulting the dysfunction and optic acrve damage in LHON patients. There is a need
for developing compositions and methods for treating LHON with higher transfection efficiency and

wreatment efficacy.

SUMMARY
{9004] Disclosed here recombinant nucleic acids, pharmaceutical compositions, and methods

for treating LHON. In one aspect, disclosed herein is a recombinant nucleic acid, comprising: a
mitochondrial targeting sequence; a mitochondrial protein coding sequence comprising d sequence
that is at least 999 identical to a sequence selected from the group consisting of SEQ ID N(O: 7, 8, 10,
and 12; and a 3’UTR nucleie acid sequence.

{00051 In some cases, the mitochondrial targeting sequence encodes & polypeptide comprising
a peptide seguence that is at least 90%, at feast 95%, at least 97%, at least 999, or 100% identical o
a sequence sclected from the group consisting of SEQ 1D NQ: 129-159. In some cases, the
mitochondrial targeting sequence comprises a sequence that is at least 90%, at least 93%, at least 7%,
at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 2. In some cases, the
mitochondrial targeting sequence comprises a sequence that is at loast 90%, at least 95%, at least 7%,
at feast 99%, or 100% identical 10 a sequence as set forth in SEQ ID NO: 3. In some cascs, the
mitochondrial targeting sequence comprises a sequence that 1s af least 90%, at least 93%, at least 97%,
at least 99%, or 100% identical {0 a sequence as set forth in SEQ ID NO: 4. In some cases, the
mitochondrial targeting sequence comprises a sequence that is at least 80%, al least 958%, at least 97%,

at least 99%, or 100% identical 10 a sequence as sef forth in SEQ D NO: 5.

{0006] In some cases, the mitochondrial protein coding sequence comprises a sequence that is
at least 90%, at least 95%, at least 97%, af least 99%, or 100% identical to a sequence a3 set forth in
SEQ IDNO: 7 or 8. In some cases, the mitochondrial protein coding sequence comprises a sequence
that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to 8 sequence as set
forth 1 SEQ ID NO: 16 In some cases, the miochondnial protein coding sequence comprises a
segquence that is at least 90%, at least 93%, at least 97%, at least 99%, or 100% identical to a sequence
ay set forth i SEQ D NO: 12,

{8007] In some cases, the 3'UTR nucleic acid sequence comprises a sequence that is at least
90%%, at least 98%, at least 97%, at least 99%, or 100% identical to a sequence selested from the group

consisting of SEQ 1D NO: 111-125. In some cases, the 3"UTR nucleic acid sequence comprises a
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sequence that is at least 90%, at least 95%, at least 979, at least 99%, or 100% identical to a sequence
as set forth in SEQ 1D NO: 13 or SEQ 1D NO: 14,

{8008] In some cases, the recombinant nucleic acid comprises a sequence that is at least 90%,
at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group

consisting of SEQ [D NO: 17-20, 23-24, 27-28, 31-34, 37-38, 41-42, 45-48, 51-52, 55-56, 59-62, 65-
66, 69-70, 73-76, 79-80. and 83-84.

{8009 In another aspect, disclosed herein 13 a recombinant nucleic acid, comprising: a
mitochondnal targeting sequence comprising a sequence that is at least 20% wdentical to a sequence
selected from the group consisting of SEQ 1D NO: 2, 3, 4, and §; 9 mitochondrial protein coding
sequence, wherein the mitochondrial protein coding sequence cncodes a polypeptide comyprising a

mitochondrial protein; and a 3"UTR nucleic acid sequence.

{0010] In some cases, the mitochondrial targeting sequence comprises a sequence that is at
least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ
1D NO: 2. In some cases, the mitochondrial targeting sequence comprises a sequence that is at feast
0%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID
NO; 3. In some cases, the mitochondrial targeting sequence comprises a sequence that is at least 90%,
at Ieast 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO:
4. In some cases, the mitochondrial targeting sequence comprises a sequence that is at least 90%, at

least 95%, at least 97%, at least 99%, or 100% identical {0 a sequence as set forth in SEQ ID NO: 5

{0811] In some cases, the mitochondrial protein s selected from a group consisting of NADH
dehydrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase 1 (ND1), and a
vartant thereof. In some cases, the mitochondrial protein comprises NADH dehydrogenase 4 (ND4),
or a variant thereof. In some cases, the milochondrial protein comprises a peptide sequence that is at
least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to & sequence as set forth in SEQ
2 NO: 160, In some cases, the mitochondrial protein coding sequence comprises a sequence that is
at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in
SEQ 1D NO: 6, 7, or 8. In some cases, the mitochondsial protein comprises NADH dehydrogenase 6
{ND6), or a variant thereof. In some cases, the mitochondrial protein comprisss a sequence that is af
least 90%, at least 93%, at least 97%%, at least 99%, or 100% identical to a sequence as set forth in SEQ
ID NQ: 161, In some cases, the mitochondrial protein coding sequence comprisss a sequence that is
at least 90%, at least 95%, at least 97%, at least 99%, or 1% identical {0 a sequence as set forth in
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SEQ 1D NO: 9 or 10. In some cases, the mitochondrial protein comprises NADH dehydrogenase 1
{ND1), or a vaniant thereof. In some cases, the mitochondrial protein comprises a sequence that is at
least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ
1D NO: 162, In some cases, the mitochoadrial protetn coding sequence comprises a sequence that is
at least 90%, at least 85%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in
SEQ I NO: tlor 12

{0012] In some cases, the 3"UTR nucleic acid sequence is located at 3° of the mitochondrial

mrgmma sequence. In some cases, the 3'UTR nucleic acid sequence comprises a sequence selected

hsNDUFVL, hsNDUFVZ, hsS0D2, hsCOXée, th{PL hsMRFS?Z hsATPSI2, mS0D2, and
hsOXA1L, In some cases, the 3'UTR nucleie acid sequence comprises a sequence that s at least 90%,
at least 95%, at least 97%, at least 99%, or 100% identical to a sequence sclected from the group
consisting of SEQ 1D NO: 111-125. In some cases, the 3'UTR nucleie acid sequence comprises a
sequence that 1s at least 90%, at least 95%, at least 97%, at least 999, or 100% identical to 8 sequence

as set forth in SEQ IDNO; 13 or SEQ IDNO

{8013] In some cases, the mitochondrial targeting sequence is located at §7 of the 3'UTR
nuclede actd sequence. In some cases, the mitochondrial targeting sequence is located at 37 of the

mitochondrial targeting sequence,

{0014] In some cases, the recornbinant nucleie acid comprises a sequence that is at least 90%,
at feast 93%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group

comsisting of SEQ 1D NO: 26-84.

{9015] In another aspect, disclosed herein is a recombinant mucleic acid, comprising: a
mitochondrial targeting sequence; a mutochondrial protein coding sequence comprising a sequence

that 13 at least 90%, at least 93%, at least 97%, at least 99%, or 100% identical to a sequence selected

from the group consisting of SEQ ID NO: 7, 8, 10, and 12; and a Y'UTR nucleic acid sequence.

{0016} In some cases, the mitochondrial {argeting sequence comprises a sequence gncodes a
polypeptide selected from the group consisting of hsCOX10, hsCOXS, scRPM2, 1eSieds, thNDBUST,
aefJCR2, hsATPIGZ, hsLACTB, spitvl, gmCOXZ, orATP, hsOPALl, hsSDHD, hsADCKS,
0sP0644B06.24-2, Neurospora crassa ATPY (ncATP9), heGHITM, hsNDUFABI, hsATPSGS,
crATPO _hsADCK3, ncATPY ncATPS, 2L OCT00282174,

neATPO 2mBOCT00282174 spilvl_ncATPY, amLOCI00282174 _hsADCK3_orATPO _hsATPSGS,
4
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ZmLOC100282174_hsADCK3 hsATPSG3, ncATP9 zmLOC100282174,
hsADCK3 zmLOCI00282174 crATP6 hsATPSG3,
r:rA’i"Pé___hsAI)C.‘:KZ%__"z.m LOC1002821 .74___&15;—&?1‘}35(}3._ mwcxz___zmz;ocs 00282174,

ﬂcATPQ___szOC 1002821 74___3pilv¥ ‘_'3CSirtﬁ'“OSPO(iélfiBGﬁ.Z?LQ___hSA"E‘}’S»GE_“HCATP(). In some cases,
the mitochondrial targeting sequence encodes & polypeptide comprising a peptide sequence that is at
teast 90%, at least 95%, at least 97%, at least 99%, or 100% idemtical to a sequence selected from the
group consisting of SEQ ID NO: 129-139. In some cases, the mitochondrial targeting sequence
comprises a sequence that is at loast 90%, at Teast 95%, at least 97%, at least 99%, or 100% identical
to a sequence as set forth in SEQ 1D NO: 2 or 3. In some cases, the mitochondrial targeting sequence
COMPTISEs 3 sequence that 1s at Toast 90%, at Toast 95%, at Toast 97%, at Teast 99%, or 100% identical
t0 a sequence as set forth tn SEQ 1D NO: 4. In some cases, the mitochondrial targeting sequence
comprises 8 sequence that is at Teast 90%, at Toast 95%, at least 97%, at least 99%, or 100% identical
to 4 sequence as set forth in SEQ ID NO: 5.

{0017] Tn some cases, the mitochondrial protein coding seguence comprises a sequence that is
at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in

SEQ ID NO: 7 or 8. In some cases, the mutochondrial protein coding sequence comprises a seguence

that 1s at least 90%, at least 93%, at least 97%, at least 99%, or 100% identical to a sequence as set
forth i SEQ 1D NG: 16 o some cases, the mitochoudrial profein coding sequence comprises a

sequence that is at least 90%, at feast 95%, at least 97%, at least 99%, or 1009% identical to a sequene

as set forth in SEQ 1D NO: 12,

{H018) In some cases, the 3'UTR nucleic acid sequence is located at 37 of the mitochoudral
trpeting sequence. In some cases, the 3'UTR nucleiv actd sequence comprises a sequence selected
from the group consisting of heACOR, hsATPSB, hsAK2, hsALDH2, hsCOX18, hsUQCRFSH,
heNDUFVE, hsNDUFVZ, hsSOD2, hsCOX6e, hsiRPI, hsMRPSI2, hsATPSIZ, mSOD2, and
hsOXA1L, In some cases, the 3'UTR nucleic acid seguence comprises a sequence that is at least 90%,,
at least 93%, at least 97%, at least 99%, or 10095 identical to a sequence selected from the group
consisting of SEQ 1D NO: 111-125, In some cases, the 3UTR nucleie acid sequence comprises a
sequence that is at least 90%, at loast 95%, at least 97%, at least 99%,, or 100% identical to a sequence
as set forth in SEQ ID NO; 13 or SEQ 1D NO; 14,

in
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{8019 In some cases, the mutochondrial targeting sequence is located at 37 of the 3'UTR
nucleic acid sequence. In some cases, the mitochondrial targeting sequence is located at 37 of the

mitochondrial targeting sequence.

{00201 In some cases, the recombinant nucleic acid comprises a sequence that is at least 0%,
at least 95%, at least 97%, at least 99%, or 100% idemtical to a sequence selected from the group
consisting of SEQ ID NO; 17-20, 23-34, 27-28, 31-34, 37-38, 41-42, 45-48, 51-52, 353-56, 39-62, 65-
66, 69-70, 73-76, 79-80, and 83-84,

{0021 In another aspect, disclosed herein is @ recombinamt nucleic acid, comprising a
mitochondrial targeting sequence that is at least 909%, at least 95%, at icast 97%, at least 99%, or 100%
wdentical 10 a sequence selected from the group consisting of SEQ ID NO: 2, 3, and 4. In some cases,
the mitochondrial targeting sequence comprises a sequence that is at least 90%, at least 95%, at least
97%, at fcast 99%, or 100% identical o a sequence as set forth in SEQ 1D NO: 2. In some cases, the
mitochondrial targeting sequence comprises a sequence that is at least 90%, at least 95%, at least 97%,

at least 99%, or 100% identical to a scquence as sot forth in SEQ ID NO: 3. In some cases, the
mitochondrial targeting sequence comprises a sequence that is at least 30%, at least 95%, af least 97%,

at least 99%, or 100% identical 1o 8 sequence as set forth in SEQ D NO: 4.

{0022] In some cases, the recombinant nuelete acid further comprises a mitochondrial protein
coding sequence, wherein the mitochondrial profein coding sequence encodes a polypeptide
comprising 4 mitochondrial protein. In some cases, the mitochondrial protein is selected from a group
consisting of NADH dehydrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase
I (ND1), and a variant thercof. In some cases, the mitochondrial protein comprises NADH
debvdrogenase 4 (ND4), or a variant thereof, In some cases, the mitochondrial protein comprises a
peptide sequence that 1S at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a
sequence as st forth in SREQ 1D NO: 160, 1n some cases, the mitochondrial protein coding sequence
comprises a sequence that 1S at feast 90%, at feast 95%, at least 97%, at least 99%, or 1001% identical
1o a sequence as set forth in SEQ DN 6, 7, or 8. In some cases, the mitochondrial protein comprises
NADH dehvdrogenase 6 (ND6), or a variant thercof. In some cases, the mitochondrial protein
comprises a sequence that is at feast 90%, at least 95%, at least 97, at least 99%, or 100% identical
0 a sequence as set forth in SEQ 1D NO: 161, In some cases, the mitochondrial protein coding
sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100%

identical to a sequence as set forth in SEQ ID NG 9 or 10, In some cases, the mitochondrial protein

&
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comprises NADH dehydrogenase 1 (ND1), or g variant thereof, In some cases, the mitochondrial
protein comprises a sequence that 1s at feast 90%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence as set forth in SEQ ID NO: 162, In some cases, the mitochondrial protein
coding sequence comprises a sequence that is at least 90%, at least 5%, at least 97%, at least 99%, or

100% identical to a sequence as set forth in SEQ IDNO: 11 or 12,

{00231 In some cases, the recombinant nucleic acid further comprises a 3"UTR nucleie acid
sequence. In some cases, the 3'UTR nucleic acid sequence is located at 37 of the mitochondrial
targeting sequence, In some cases, the 3"UTR nucleie acld sequence comprises a sequence selected

from the group consisting of hsACO2, hsATPSB, hsAK2, hsALDH2, hsCOX10, hsUQURFSH,

hsNDUFVIL, hsNDUFV2, hs80D2, hsCOXée, hsIRPL, hsMRPSI2, hsATP3I2, mSOD2, and
hsOXA1L, In some cases, the 3'UTR nucleic acid sequence comprises a sequence that s at least 90%,
at least 95%, at loast 97%, at least 99%, or 100% identical to a sequence selected from the group
consisting of SEQ 1D NO: 111-125. In some cases, the 3'UTR nucleie acid sequence comprises a
sequence that is at least 90%, at least 95%, at least 97%, at least 999, or 100% identical to 8 sequence
as set forth in SEQ I NO: 13 or SEQ D NO: 14, In some cases, the mitochondrial targeting sequence
is located at 57 of the 3I'UTR nucleie acid sequence. o some cases, the mitochondrial targeting

sequence s focated at 37 of the mitochondrial targeting sequence.

{6024] In some cases, the recombinant nueleie acid comprises a sequence that i3 at least 90%,
at feast 95%, at least 97%, af least 99%, or 100% identical to a sequence selected from the group

consisting of SEQ 11 NO: 29-7(.

{6025 In another aspect, disclosed herein 8 a recombinant nucleie acid, comprising a
mitochondrial protein coding sequence, whersin the mitochondrial protein coding sequence encodes
a polypeptide comprising a mitochondrial protein, wherein the mitochondrial protein coding sequence
comprizes a sequencs that is at feast 90%, at least 93%, at least 97%, at least 99%, or 100% identical

o a sequence selected from the group consisting of SEQ ID N 7, §, 10, and 12,

{0026] In some cases, the recombinant nucleic acid further comprises a mitochondrial

targeting sequence. In some cases, the mitochondrial targeting sequence comprises a sequence encodes

a polypeptide selected from the group consisting of hsCOX 10, hsCOXS, scRPM2, leSirts, thNDUS7?,

neQUR2, hsATPSG2, hsLACTR, spibvl, gmCOX2, orATPS, hsOPAL, hsSDHD, hsADCKS3,

osPO644806.24-2, Neurospora crassa ATP9 (ncATPO), hsGHITM, hsNDUFABL, hsATP3G3,

crATP6 _hsADCKS, neATPY ncATPY, zmLOCT1O0282 174,
7
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ncATPY zmLOCIN0282174 spilvl neATP9, zmLOCI00282174 hsADCK3 crATP6 hsATPSG3,

amLOCI0282174 hsADCK3 hsATPSG3, acATPY zmLOC100282174,
hSADCK3_zmLOC100282174 crATPS_hsATPSG3,
ctATPG_hsADCK3 zmLOCI00282174 hsATPSG3, hsADCK3 zmLOC100282174,

hsADCK3 zmLOCI00282174_crATPS, neATPY zmLOCI00282174 spibel GNFP_ncATPY, and
neATPY 7l OCIO02R2174 spilvl 1eSirtS osPO644B06.24-2 hsATPSG2 neATPY, In some cases,
the mitochondrial targeting sequence encodes a polypeptide comprising a peptide sequence that is at
feast 90%, at feast 95%, at least 97%, at least 9%, or 100% identical to a sequence selected from the
group consisting of SEQ ID NO: 129159, In some cases, the mitochondrial targeting sequence
comprises a sequence that is at feast 90%, at least 93%, at least 97%, at least 99%, or 100% identical
to g seqguence as set forth in SEQ 1D NO: 2. In some cascs. the mitochondrial targeting sequence
comprises & sequence that is at least 90%, at least 93%, at least 97%, at least 99%, or 100% wdentical
to & sequence as set forth in SEQ ID NO: 3. In some cases, the mitochondrial targeting sequence
comprises a sequence that 1s ot feast 90%, at feast 95%, at least 97%, at least 99%, or 100% identical
to a seqaence as set forth i SEQ ID NO: 4. In some cases, the mutochondrial targeting seguence
comprises a sequence that 1s at feast 90%, at least 93%, at least 97%, at least 99%, or 100% wdentical

to a sequence as set forth in SEQ ID NO: 5.

{H027] In some cases, the mitochondrial proiein coding sequance comprises 8 sequence that is
at least 90%, af least 95%, at least 97%, at keast 99%, or 1% identical {0 a sequence as set forth in
SEQ ID NO: 7 or & In some eases, the mitochondrial protetn coding sequence comprises a sequence
that is at least 90%, at least 95%, at least 979%, at least 99%, or 100% identical 10 a sequence as set
forth in SEQ ID NO: 10, In some cases, the mitochondrial protein coding ssquence comprises a
sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence

as st forth in SEQ 1D NO: 12,

{0028 In some cases, the recombinant nuclsic acid further comprises a3"UTR nucleic acid
sequence., In some cases, the 3'UTR aucleic acid sequence is located at 37 of the mitochondrial
targeting sequence. In some cases, the 3"UTR nuocleie acid sequence comprises a sequence selected
from the group consisting of hsACOZ, hsATPSB, hsAK2, hsALDH2, hsCOX18, hsUQURFS
hsNDUFVE, hsNDUFV2, hs80D2, 1eCOX6c, hsIRPI, hsMRPSI2, hsATPII2, mSOD2, and
hsOXAIL, In some cases, the I'UTR nucleic acid sequence comprises a sequence that is at least 90%,

at feast 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group
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consisting of SEQ 1D NO: 111-125. In some cases, the 3"UTR nucleic acid sequence comprises a
sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence
as set forth in SEQ 1D NO: 13 or SEQ ID NO: 14, In some cases, the mitochondrial targeting sequence
is located at 37 of the 3I'UTR nucleic acid sequence. In some cases, the mitochondrial targeting

sequence is located at 37 of the mitochondrial targeting sequence.

{8019] In some cases, the recombinant nucleic acid comprises a sequence that is at least 0%,
at least 95%, at least 97%, at least 99%, or 100% identical to a sequence selected from the group
consisting of SEQ 1D NO: 17-20, 2324, 27-28, 31-34, 37-38, 4142, 4548, 51-52, 55-36, 59-62, 65-
66, 69-70, 73-706, 79-80, and 83-84,

{00301 In another aspect, disclosed herein is @ viral vector comprising the recombinant nieleie
acid disclosed herein. In some cases, the viral vector is an adeno-associated virns {AAV) vector. In
some cases, the AAV vector is selected from the group consisting of AAVL, AAV2, AAVI, AAVY,
AAVE, AAVE, AAVT, AAVE, AAVY, AAVID, AAVIL, AAVIZ, AAVIE3, AAVL4, AAVILS, and
AAVIE vectors. In some cases, the AAV vector is 8 recombinant AAV FAAV) vector. In some cases,

the tAAYV vector 18 TAAVZ vector,

{8031} In another aspect, disclosed herein is a phannaceutical composition, comprising an
adeno-associated vivus (AAV) comprising any recombinant nucleic scid disclosed herein. In some
cases, the pharmaceutical composition farther comprises a pharmaceuatically acceplable oxcipient
thereot, Also disclosed s a pharmaceutical composition, comprising the vival veclor disclosed berein,
and a pharmacentically acceptable excipient thereof, wherein the viral vector comprises any
recombinant nucleic acid disclosed herein. Also disclosed i5 a pharmaceatical composition,
comprising: an adeno-associated virms (AAV) comprising any recombinant nucleic acid disclosed
herein, wherein the recombinant mucleic acid comprises a sequence that is at least 90%, at feast 95%,
at least 979%, at feast 9%, or 100% 1dentical to a sequence s set forth i SEQ ID NG: 135; and a

pharmacentically acceptable excipient,

{8032 In some cases, the pharmacentically acceptable excipient comprises phosphate-
buffered saline (PBY), wo-~trchalose dehydrate, L-histidine monobydrochloride monobydrate,
polvsorbate 20, NaCl, NathPQs, NaHPOs, KHPOy, K:HPOy, poloxamer 18&, or any combination
thercof. In some cases, the pharmaceutically acceptable oxcipient is selected from phosphate-buffered
saline (PBS), a,o-trehalose dehydrats, L-histidine monohydrochloride monohydrate, polysorbats 20,
NaCl, NaH:POu, NapHPOu, KHPQs, KoHPOy, poloxamer 188, and any combination thereof. In some

Q
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cases, the pharmaceutically acceptable excipient comprises poloxamer 188, In some cases, th

o

£

pharmaceutically scceptable excipient comprises 0.0001%-0.01% poloxamer 188, In some cases, the
pharmaceutically acceptable excipient comprises 0.001% poloxamer 188, In some cases, the
pharmacentically scceptable excipient further comprises one or more salts. In some eases, the one or
more salts comprises NaCl, NaH:PO4, NazHPOy, and KH:PO4. In some cases, the one or more salts
comprises 80 mM NaCl, 5§ mM NaH:POu, 40 mM NapHPO4, and 5 mM KH:PO4. In some cases, the
one or more salts comprises NaCl, NasHPO4, and KHiPOs, In some cases, the one or more salts
comprises 154 mM NaCl, 5.6 mM NipHPOy, and 8.4 mM KHzPOu. In some cases, the pharmaceutical
composition has a pH of 6-8, In some cases, the pharmaceutical composition bas a pH of 7.2-7.4. In
some cases, the pharmaceutical composition has a pH of 7.3, In some cases, the pharmaceutical
composition has 2 viral titer of at least 1.0 x 10" vg/mL. In some cases, the pharmaceutical

composition has a viral titer of at feast 5.0 x 10" vg/mlL.

{8033 In some cases, the pharmaceutical composition is subject to five freezedthaw cyeles,
the pharmaceutical composttion relatns at teast 60%, 70%, 80%%, or 90% of & viral titer as compared
to the vival titer prior to the five freezefthaw cyeles. In some cases, the pharmaceutical composition,
when administered o a patient with Leber™s hereditary optic neuropathy, generates a higher average
recovery of vision than a comparable pharmaceutical composition without the recombinant nucleic
acid, In some cases, the pharmacawtical composition, when administered to a patient with Leber’s
hereditary optic neuropathy, generates a higher average recovery of vision than a comparable

pharmacsutical composition comprising a recombinant nuclete acid as set forth in SEQ IDNO: 14

{0034 In another aspect, disclosed herein is 8 method of treating an eve disorder, comprising
administering any pharmaceutical composition disclosed herein {0 a patient in noed thereof. In some
cases, the eye disorder s Leber’s hereditary optic neuropathy (LHON). In somo cases, the method
comprises administering the phanmaceutical composition to one or both eyes of the patient. In some
cases, the pharmaceutical composition is administered via intraccular or intravitreal injection. In some
cases, the pharmaceutical composition is administered via intravitreal injection. In some cases, about
€.01-0.1 mb of the pharmaceutical composition is administered via intravitreal injection. In soms

cases, about (.05 mL of the pharmacentical composition s administered via intravitreal injection,

{0035] In some cases, the method further comprises administering methylprednisolone to the
patient. In some cases, the methylprednisolone is administered prior to the intravitreal injection of the

pharmaceutical composition. In some cases, the methylprednisolone is administered orally In some
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cases, the methylprednisolone is administered daily for at least 1, 2, 3, 4, 5, 6, or 7 days prior 1o the
mtravifreal injection of the pharmaceutical composition. In some cases, the methylprednisolone is
administered daily. In some cases, the a daily dosage of about 32 mg/60 kg methylprednisolone is
administered. In some cases, the methylprednisolone is administered after the intravitreal injection of
the pharmaceutical composition. in some cases, the method further comprises administering sodium
creatine phosphate to the patient. In some cases, the sodium creatine phosphate is adndnistered
intravenousty. In some cases, the methylprednisolone is administered intravenousty or orally. In some
cases, the method comprises administering methylprednisolone intravenously for at least one day,
which is followed by administering methylprednisolone orally for at least a week. In some cases, the
method comprises administering methylpredoiselone intravenously for about 3 days, which is
followed by administering methylprednisolone orally for at least about 6 weeks, In some cases, the
wmethylprednisolone is admimistered tntravenoosty at a daily dose of about R0 mg/60 ke, In some cases,
the administering the pharmaceutical composition generates a higher sverage recovery of vision than
a comparable pharmaceatical composition without the recombinant nucleic acid. Tn some cases, the
administering the pharmaceutical composition generates a higher average recovery of vision thas a
comparable pharmaceutical composition comprising a recombinant nucleie acid as set forth in SEQ
D NO: 15,

{H036] In some embodiments, the present disclosure provides a method of treating an eye
disorder, comprising administering to a patient in need thereof (a) a first pharmaceutical composition
comprising an adeno-associated virus (AAY) comprising a recombinant nucleic acid comprising: (i}
a nucleic acid sequence encoding a mitochondrial targeting peptide; (1) a nucleie acid sequence
sncoding a mitochondrial protein comprising a nucleic acid sequence that is at least 90%, at least 95%,

at least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ
1D NO: 6-12; and (1) 2 IUTR nucleic acid sequence; and {b) a sccond pharmaceutical composition

comprising a steroid.

{0037 In some embodiments, the nucleic acid sequence encoding the mitochondrial protein
encodes a polypeptide comprising an amino acid sequence that is at least 90%, at least 95%, at least
97%, at least 99%, or 1(0% identical to a sequence selected from the group consisting of SEQ 12 NO:
160-162. In some embodiments, the nucleic acid sequence encoding a mitochondrial targeting peptide
encodes a polypeptide comprising an amino acid sequence that is at least 90%, at least 95%, at least

97%, at least 99%, or 100%: identical to a sequence selected from the group consisting of SEQ 1D NO:

i
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126-159. In some embodiments, the nocleie acid sequence encoding a mitochondrial targeting peptide
comprises a nucleic acid sequence that is at least 0%, at least 95%, at least 97%, at least 99%, or 100%
identical to a sequence sclected from the group consisting of SEQ ID NO: 1-5, In some embodiments,
the 3"UTR nucleic acid sequence comprises a nucleic sequence that is at least 90%, at loast 95%, at
least 97%, at least 99%, or 100% 1dentical to a sequence selected from the group consisting of SEQ
IDNO: 13, 14, and 111-123,

{0038] In some embodiments, the present disclosure provides a method of treating an eye
disorder, comprising administering to a patient in need thereof {a) a first phanmaceutical composition
comprising an adeno-associated virus (AAY) comprising a recombinant nucleic acid comprising: (1)
a nucleie acid sequence encoding a mitochondrial targeting peptide comprising an amino sequence
that is at least 90%, at least 95%, at least 7%, at least 99%, or 1004 identical to a sequence selected
from the group consisting of SEQ ID NO: 126-159; (i) a nucleie acid sequence encoding a
mitochondrial protein; and (i) a 3’UTR nucleie acitd sequence; and (b)Y a second pharmaceutical

composition comprising a steroid,

{0039] In some embodiments, said mitochondrial protein is selected from the group consisting
of NADH dehydrogenase 4 (ND&), NADH dehvdrogenase 6 (ND6), NADH dehvdrogenase 1 {(ND1),
and vartants thereof, Tn some cmbodiments, the nucleie acid sequence encoding a mitochondrial
protein comprises a nucleic acid sequence that is at least 9096, at least 953%, at feast 97%, at least 99%,
or 100% identical to a nacleic acid sequence selected from the group consisting of SEQ D NO: 6-12.
In some embodimenis, thenucleiv acid sequence encoding 2 mitochondrial protein cocodes a
polypeptide comprising an amino acid sequence that is at least 90%, at least 953%, at least 97%, at least
99%, or 1009 identical to & sequence selected from the group consisting of SEQ IDNO: 160-162. In
some embodiments, the nucleic acid sequence encoding a mitochondrial targeting peptide comprises
a nucleic acid sequencs that is at feast 90%, at least 95%, at least 97%, at least 99%, or 100% identical
o a sequence selected from the group consisting of SEQ 1D NO: 1-3. In some embodiments, the
FUTR nucleic acid sequence comprises a sequence that is at least 90%, at least 95%, at least 97%, at

Jeast 99%, or 10050 identical 1o a sequence selected from the group consisting of SEQ {D NG: 13, 14,
and 111-125.

{60440 In some embodiments, the prosent disclosure provides a method of treating an eye
disorder, comprising administering to & patient in need thereof (a} a first pharmaceutical composition
comprising an adeno-associated virmes (AAV) comprising a reconbinant nucleic acid comprising: (i)

12
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a nucleic acid sequence encoding a mitochondrial targeting peptide comprising an amino sequence
that is at least 90%, at least 93%, at least 97%, at least 999, or 100% identical to a sequence selected
from the group consisting of SEQ 1D NO: 126-139; (i) a nucleic acid sequence encoding a
mitochondnal protein comprising a nucleic actd sequence that is at loast 9086, at least 95%, at least

T, at least 9%, or 100% identival to a sequence selected from the group consisting of SEQ 1D NO:
6-12; and (iif) 8 3I'UTR nucleic acid sequence that is at least 90%, at least 95%, at least 97%, at least
99%, or 100% 1dentical to a sequence selected from the group consisting of SEQ ID NO: {3, 14, and

F1E-125; and (b) a second pharmaceutical composition comprising a steroid.

{8041 In some embodiments, the present disclosure provides a method of treating an eye
disorder, comprising administering 1o a patient in need thereof (a) first pharmaceutical composition
comprising an adeno-associated virus (AAV) comprising a recombinant nucleic acid comprising: (1)
a nucleie acid sequence encoding 8 mitochondrial targeting peptide; and (1) a nucleie acid sequence
encoding a mitochondrial protein; and (b} a second pharmaceutical composition comprising a steroid.
Tn some embodiments, the mitochondrial protein is sclected from the group consisting of NADH
dehydrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase 1 (ND1), and
variants thercofl In some embodiments, the 3"UTR nucleic acid sequence comprises a necleie
sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence
selected from the group consisting of SEQ 1D NQ; 13, 14, and 111-

{60421 In some embodinments, the recombinant nucleic acid comprises a sequence that s at
feast 90%, at least 95%, at least 97%, at least 99%, or 100% identical to & sequence selected from the
group consisting of SEQ ID NO: 15-84. In some embodiments, the recombinant nucleie acid
COMPLises a scquencs that is at feast 90%, at least 95%, at least 97%, at least 99%, or 100% identical

to SEQ IDNO: 15

{B043] In some cmbodiments, the firgt pharmacentical composition iy adminstered via
intraccolar or intravitreal mjection. In some embodiments, about 0.01-0.1 mbL of the first
pharmacsutical composition is administered via intravitreal injection. In some embodiments, about
€.03 mL of the first pharmaceutical composition s administered via intravitreal injection. In some

embodiments, the first pharmaccutical composition 1s administered to oae or both eyes of the patient.

{6044] In some embodiments, the steroid selected from the group consisting of alclometasone
diproprionate, ameinonide, beclomethasone diproprionate, betamethasone, betamethasone benzoate,
betamethasone diproprionats, betamethasons sodium phosphate, betamethasone sodium phosphate
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and acetate, betamecthasone valerate, clobetasol proprionate, clocortolone pivalate, cortisol
{hydrocortisong), cortisol (hydrocortisone) acetate, cortisol (hydrocortisone) butyrate, cortisol
thydrocortisone) cypionate, cortisol (hydrocortisone) sodiom phosphate, cortisol (hyvdrocortisone)
sodium succinate, cortisol (hydrocortisone} valerate, cortisone acetaie, desonide, desoximetasone,
dexamethasone, dexamethasone scetate, dexamethasone sodium phosphate, diflorasone discetate,
fludrocortisone  acetate, flunisolide, fluocinolone acetonide, fluocinonide, fluorometholone,
flurandrenotide,  halcinonide, medrysone,  methylprednisolone,  methylprednisolone  acetate,
methylprednisolone sodium succinate, mometasone furoate, paramethasone acetate, predaiselone,
predoisolone  scetate, predaisolone  sodium  phosphate, prednisolone  tebutate,  preduisone,
triameinoione, triameinolone acetonide, triamcinolone diacetate, and triameinolone hexacetonide or a

synthetic analog thereof

{0045] In some embodiments, the steroid is a glucocorticoid. In some embodiments, the

glucocorticoid 1s methylprednisolone or preduisone,

{0046} In some embodiments, the methylprednisolone is formulated as a tablet or as & lguid
for intravenous administration. In some embodiments, the steroid iy administered orally or

intravenously.

{0047] In some embodiments, the steroid 1s administered prior 1o administration of the first
pharmaceutical composition. In some embodiments, the steroid is administered daily for at least 1, 2,
3.4, 5, 6, or 7 days prior to the admimstration of the first pharmaceutical composition. In some
embodiments, the steroid s methylpredoisolone and is administered af a daily dosage of about 30
mgé6h kg to about 40 mg/60 kg or about 30 my to about 40 mg. In some embodiments, the daily
dosage of methyviprednisolone is about 32 mg/60 kg or 32 myg. In some embodiments, the steroid 18
prednisone and is admanistered at a daily dosage of about 30 mg/60 kg to about 70 mg/60 kg. In some

embodiments, the daily dosage of prednisone ix about 60 mg/60 kg,

{0048] I some emibodiments, the sterotd is administered after the administration of the first
pharmaceutical composition. In some embodiments, the steroid i3 administered daily for at least 1 day,
at least 2 days, al feast 3 days, at least 4 days, af least § days, at least 6 days, at least 7 days, at least 8
davs, at least 9 days, af least 10 days, at least 1 week, af least 2 weeks, at least 3 wecks, at least 4
weeks, at least 5 weeks, at least 6 weeks, at least 7 weeks, at least 8 weoks, at least 9 weeks, at joast
10 weeks, at least 11 weeks, at least 12 weeks, at least 13 woeks, at loast 14 weeks, or at least 15 weeks
after the administration of the first pharmacentical composition.
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{8049] In some embodiments, the stercid is methylprednisolons and is administered at a daily
dosage of between about 70 mgf60 kg and 90 mg/ 60 kg or between about 70mg and 90mg. In some
embodiments, the daily dosage of methylprednisolone is about 8¢ mp/60 kg or S0mg. In some
embaodiments, the methylprednisolone is adnministered for at least two days after the administration of
the first pharmaceutical composition. In some embodiments, subsequent doses of methylprednisolone
are administered daily for at least 7 weeks after the administration of the first pharmaceutical

composition and wherein the dosage of the methylpredoisolone is decreased on a2 weekly basis.

{0050 In some embodiments, the steroid is predisone and is administered at a daily dosage of
between about 50 mg/60 kg and 70 my/ 60 kg or between abowt 50 mg and abowt 70 mg. In some
embodiments, the daily dossge of predisone is about 60 mg/ 60 kg or about 60 mg In some
embodiments, the predisone is administered for at least seven days after the adnunisteation of the first
pharmaceutical composition. In some embodiments, wherein after seven days, the predisone is
administered at a daily dosage of between gbout 30 mg/60 kg and about 30 mg/60 kg or between about
30 mg and 50 mg. In some embodiments, the daily dosage of predisone is about 40 mg/60 kg or 40
mg. In some embodiments, subsequent doses of predisone are administered daly for at least 4 days

and wherein the dosage of the predisone is decreased on a datly basis.

{0051 i some embodiments, the sterotd is administered prior to and after the admindstration

of the first pharmacestical compound.

{0052] In some embodiments, the sieroid is methylprednisolone and is administered daily for
at least seven days prior o the administration of the first pharmaceotical compound and daily for at
least 7 weeks after administration of the first pharmaceutical compound. In some embodiments, the
methylprednisotone is administered prior to the administration of the first pharmaceutical compound
at a daily dosage of about 32 mg/60 kg or 32 mg. In some embodiments, the methylprednisolone is
administered at a daily dosage of about 80 mg/60 kg or Blmyg for at least 2 days afler the admimgstration
of the first pharmaceutical compound. In some ombodiments, beginning three days after
administration of the first pharmaceutical compound, the methylpreduisolone is administered at a daily
dosage of about 40 mg/60 kg or 40mg for at least 4 days. In some embodiments, beginning one week
after administration of the first pharmaceutical compouand, the methylprednisolone is administered at
a daily dosage of about 32 mg/60 kg or 32mg for at least one week. In some embodiments, beginning
two weeks after administration of the first pharmaceutical compound, the methyipredaisolone is

administered at a daily dosage of about 24 mg/60 kg or 24mg for at least one week. In some
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embodiments, beginning three weeks after administration of the first pharmaceutical compound, the
methvlprednisolone is administered at a daily dosage of abount 16 mp/6e0 kg or {6mg for at least one
week. In some embodiments, beginning four weeks afier administration of the first phanmaceutical
compound, the methylprednisolone is administered at a daily dosage of about 8 mp/60 kg or 8mg for
at least one week, In some embodiments, beginning five weeks after administration of the first
pharmaceutical compound, the methyiprednisolone is administered at a daily dosage of about 6 mg/60
kg or 6mg for at least one week. In some embodiments, beginning six weeks after administration of
the first pharmaceutical compound, the methylprednisolone is administered at a daily dosage of about

4 mg/60 kg or 4mg for at least one week.

{8053 In some embodiments, the steroid is predaisone and is administered daily for at least
two days prior to the administration of the first pharmaceytical compound and daily for at least eleven
days after administration of the first pharmaceutical compound. In some embodiments, the predaisone
is administered prior to the administration of the first pharmaceutical compound at a daily dosage of
abowt 60 mg/60 kg or 60mg. In some embodiments, the prednisone is admindstered at a daily dosage
of about 60 mg/60 kg or 6mg for at least seven days afler the admindstration of the first
pharmaceutical compound. In some embodiments, eight days after administration of the first
pharmaceutical compound, the preduaisone is administered at a daily dosage of about 40 mg/60 kg or
40myg for at least one day. In some embodiments, nine days afier administration of the first
pharmacentical compound, the preduisone iy administered at a dasly dosage of about 20 me/60 kg or
20mg for at least one day. In some embodiments, ten days afier adnmunistration of the frst
pharmaceutical compound, the preduisone is administered at a daily dosage of about 10 mg/60 kg or

10mg for at {east one day.

{6054] In some embodiments, the methods farther comprise administering sediam creatine
phosphate o the patient. In some smbodbiments, the sodium creatine phosphate is administered

inteavenousty prior to andfor after the administration of the first pharmacentical composition.

{8055) In some embodiments, administration of the first and second pharmaceutical
compositions generates a higher average recovery of vision than a comparable pharmaceutical
composition administersd without the second pharmaceutical composition. In some embodiments,
administration of the first and second pharmaceuntical compositions gencrates a lower incidence of an
adverse event than a comparable pharmaceutical composition administered without the second

pharmacentical composition. In some embodiments, the adverse event is sclected from anterior
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chamber Inflammation, vitritis, ocular hypertension, cataract removal, keratitis, vitreous hemorrhage,
allergic conjunctivitis, and cye pain. In some embodiments, the higher average recovery of vision and
the lower incidence of an adverse event is determined in a population of patients with the eve disorder.
T some embodiments, the population of patients are ethnically matched. In some embodiments, the

population of patients are Chinese or Argentinian,

{0056] In some embediments, the eye disorder is Leber’s hereditary optic neuropathy (LHON).
In some embodiments, the AAV is selected from AAVI, AAVZ, AAV3, AAVA, AAVE, AAVS,
AAVT7, AAR, AAVY, and AAVID, In some embodiments, the AAV is AAVY.

{8037) In some embodiments, the present disclosure provides a method of screening patients
for treatment of an eye disorder, the method comprising: (a) obtaining a scrum sample front a patient;
(b} culturing a population of target cells with a composition comprising an adenoc-associated virus
{AAV) comprising a recombinant nucleie acid encoding a detectable label in the presence of the serum
sample; and {¢) detecting the expression level of the detectable label in the target cell population after
the culturing, wherein the patient is sclected for the treatment if the expression level of the detectable

label in the target cell population is higher than a pre-determined threshold.

{8058 In some embodiments, the present disclosure provides a method of screening patients
for treatment of an eye disorder, the method comprising: (a) culturing a population of target cells with
a composition comprising an adeno-associated virus (AAV) comprising a recombinant nucleie acid
encoding a detectable label in the presence of a serum sample from a patient; and (b) defecting the
expression level of the detectable label in the target cell population after the colturing, wherein the
patient is selecied for the treatment if the expression lfevel of the detectable label in the target cell

population is higher than a pre-determined threshold.

{0059 In some embodiments, the present disclosure provides a method of treating an eye
disorder for a patient in need thereof, comprising: (a) obtatning 2 serum sample from a1 patient; (b)
culturing a population of target cells with a compostiion comprising a frst adeno-associated virus
{AAV} comprising a first recombinant nucleic actd encoding a detectable label in the presence of the
serum sample; (¢} detecting the expression level of the detectable label in the target call population;
and (d) administering to the patient a pharmaceutical compesition comprising a sccond AAV
comprising a sccond recombinant mucleic acid, wherein the expression level of the detectable labet in

the target cell population is higher than a pre-determined threshokd.
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{806 In some embodiments, the present disclosure provides a method of treating an eye
disorder for a patient in need thereof, comprising: (1) culturing a popualation of target cells with a
composition comprising a first adeno-associated viras (AAV) comprising a first recombinant nucleic
acid encoding a detectable label in the presence of a serum sample from a patient; (b) detecting the
expression fevel of the detectable label in the target cell population; and (¢} adnuinistering to the patient
a pharmaceutical composition comprising a sccond AAV comprising a second recombinant nucleic
acid, wherein the expression level of the detectable label in the target cell population is higher than a

pre~determined threshold.

HEUO Y In some embodiments, the detectable label is a fluorescent protein. In scme
embodiments, the fluorescent protein is green fuorescent protein (GFP). In some ernbodiments, the
detectable label is detected by flow cytometry or gPCR. In some embodiments, the culturing step s at

feast 12 hours, | day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or longer.

{0062] In some embodiments, the pre-determined threshold is about 40% of cells expressing
the detectable label when detected by flow eytometry, 1a some embodiments, the pre-determined
threshold is a relative expression level of the detectable Tabel of about 0.6 when detected hy gPCR. In

some embodiments, the target cells are HEK-293 T eclls,

{0063] In some embodiments, the treatment is a recombinant AAV comprising a nucleic acid
sequence encoding a mitochonddial protein. In some embodiments, the mitochondrial protein s
selected from the group consisting of NADH dehydrogenase 4 (ND4 ), NADH dehydrogenase 6 (NDa),
NADH dehivdrogenase 1 {ND1), and variants thereof. In some embodiments, the patient comprises a
mufation selected from G11778A in the ND4 gene, G3460A in the NI gene, and T14484C in the
ND6 gene.

joted] In some embodiments, the present disclosure provides a ki, comprising an adeno-
associated virus (AAV) comprising a recombinant mucleie acid encoding a detectable iabel, a
population of target cells, and one or more reagents for detecting the defoctable label. In some
embodiments, the kit further comprises a transfoction reagent for transfecting the population of target
cells with the AAV. In some embodiments, the kit further comprises a second AAVY comprising a
recombinant nucleie acid encoding a mitochondrial protein. In some embodiments, the one or more
reagents for detecting the detectable label are selected an antibody that binds to the detectable labet
and one or more primer oligonucleotides specific for the recombinant nucleic acid encoding the
detectable label.
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BRIEF DESCRIPTION OF THE DRAWINGS
{8065] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth ilfustrative embodiments, in which

the principles of the invention are utilized, and the accompanying drawings of which:

{0066] FI1G. 1 shows the PCR nucleic acid ¢lectrophoresis verification of ND4 {lane A) and

optimized ND4 (lane B) gene cloning resulis.

{0067} F1G. 2 shows the relative expression level comparison using gPCR between the
rAAV2-opt ND4 (left black columm) and rAAV2-ND4 (right black colummu). f-actin is the internal

reference gene {white columa).

{8068] FIG, 3 shows the relative expression level comparison using imununoblofting between
the tAAV2-opt. ND4 (left black column) and rAAV2-ND4 (right black column). B-actin is the internal

reference gene (white column).

{0069 F1G. 4 shows the fundus photographic results for rabbits injected with tAAV2-
opt ND4 (right) and tAAV2-ND4 (Jeft), respectively.

{0070] F1G. 5 shows the fondus photographic resulis for a patient before (left) and after (right)

the injection with rAAV2-optimized ND4.

{0071} F1G. 6 shows EGFP expression levels of rAAVZ-ND4 (left) and rAAVZ-opt_ND4*
{right).
{6072} FIG. 7 shows the ND4 expression in 293T cells: rAAVZ-ND4 (left) and rAAV2-

opt ND4* (right).
{00731 FIG. 8 shows the relative ND4 expression in 2937 cells: rAAVI-ND4 (left) and
rAAVZ-opt ND4* (right).
{0074} FIG. 9 shows the ND4 expression in rabbit optic nerve cells: rAAV2Z-ND4 (left) and
rAAVZ-opt ND4* {right).
{0075] FIG. 10 shows the relative ND4 expression in rabbit optic nerve cells: rAAV2-ND4
{left) and rAAV2-opt ND4* (right).
{0076} FI1G. 11 shows the fundus photographic results for tAAV2-ND4 (left) and rAAV2-
opt ND4* (right).
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{8077] FIG, 12 shows the microscope inspection (HE staining) results for tAAV2Z-ND4 (left)
and rAAV2-opt ND4* (right}.

{8078) FIG, 13 shows the fundus photographic results for rabbits injected with tAAV2-ND6
{A), rAAV-GFP (B) and PBS, respectively.

{8079 FIG, 14 shows the fundus photographic results for rabbits injected with rAAV2-
opt NDO (A), rAAV2-NDG (B), rtAAV-EGFEP {C), respectively.

{0080] FIG, 15 shows the relative ND6 expression in rabbit optic nerve cells: rAAV2-
opt ND6 (A}, rAAV2-ND6 (B), and rAAV-EGFP (C).

{8081] F1G. 16 shows the refative ND6 expression by western blot: rfAAVZ-opt ND6 (A),
rAAVI-NDS (B}, and rtAAV-EGFP (C).

{8082] FI1G. 17 shows the relative NDU expression in rabbit optic nerve cells: rAAV2-
opt NDI (A}, rAAV2-NDIT (B), and rAAV-EGFP (C).

{8083] FYG, 18 shows the refative NDT expression by western blot: tAAVZ-opt_ND1I (A),
rAAVZ-NDI (B}, and tAAV-EGFP (C).

{8084} F1G. 19 shows a first exemplary steroid dosing schedule.
{B08S] F1G. 20 shows a second exemplary steroid dosing schedule.

DETAILED DESCRIPTION

Definitions
{8086] Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly anderstood by one of the ordinary skill in the art o whach this disclosure
belongs. Although any methods and materials similar or equivalent to those described herein can be
ased in the practice or testing of the formulations or unit doses herein, some methods and materials
are now deseribed, Unless mentioned otherwise, the techniques emploved or contemplated herein are
standard methodologies, The materials, methods and examples are ilustrative only and not limiting.

{8087] As used herein and in the appended claims, the singular forms g, “and,” and “the™
mnclude plural referents unless the context clearty dictates otherwise. Thus, for example, reference to

“a compound™ includes s plurality of such agents, and reference to “the salt™ includes reference to one
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or more salts {or to a plurality of salts) and equivalents thereof known o those skilled in the art, and

so forth.

{0088] As wsed herein, unless otherwise indicated, the torm “or™ can be conjunctive or
digjunctive, As used herein, unless otherwise indicated, any embodiment can be contbined with any

other embodiment.

{00891 As used herein, unless otherwise indicated, some inventive embodiments herein
contemplate numerical ranges. When ranges are present, the ranges include the range endpoints.

Additionally, every subrange and value within the range Is present as if explicitly written out,

{80940] The term “about”™ and its grammatical equivalents in relation to a reference pumerical
value and s grammatical equivalents as nsed herein can include a range of values plus or minus 10%
from that value, such as a range of values plus or minus 10%, 9%, 8%, 9%, 6%, 5%, 4%, 3%, 2%, or

1% from that value, For example, the amount “about 10™ includes amounts from 9 to 1.

{0091 The term “comprising” (and related terms such as “comprise™ or “comprises” or
“having” or “inchuding”™) is not intended to exclunde that in other certain embodiments, for example, an
embodiment of any composition of matier, composition, methed, or process, or the like, described

herein, may “consist of” or “consist essentially of” the described features.

{6092] The term “subject” refers to a mamnzal that has been or will be the object of treatment,
observation or experiment. The term “mammal™ is intended to have s stondard meaning, and
encompasses humans, dogs, cats, sheep, and cows, for example. The methods described herein can be
useful in both human therapy and veterinary applications. In some embodiments, {he subject is a

human.

{8093] The ferm “treating” or “trestment” encompasses administration of at least one
compound disclosed berein, or a pharmaceutically acceptable salf thereof, to a mammalian subject,
particularly a hwman subject, in need of such an adminsstration and ncludes (i) arvesting the
development of chnical symptoms of the disease, such as cancer, {i1) bringing about a regression in
the clinical symptoms of the disease, such as cancer, andfor (i) prophylactic treatment for prevenling

the onset of the disease, such as cancer,

{6094 The term “therapowtically effective amownt” of a chemical entity described herein

refers to an amount effective, when administered to g human or son-huroan subjedd, to provide a
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therapeutic benefit such as amelioration of svmptoms, slowing of disease progression, or prevention

of discase.
{8095] As used hersin, unless otherwise indicated, the terms “nucleic acid” and

“polynncicotide™ can be used Interchangeably.

{8096] As used hereln, unless otherwise indicated, a drug dosage of X my/60 kg refers to X
mg of the drug per 60 kg body weight of the patient. For example, a drug dosage of 100 mg/6t kg
means a patient with 60 kg body weight is instrocted to take 100 myg of the drug, and accordingly,

another patient with 30 kg body weight is instructed to take 50 mg of the drug.

Nucleic acid and polypeptide sequences

{6097] Table | discloses all the nucleic acid and polypeptide sequences disclosed herein. The
first column shows the SEQ 1D NO of each sequence. The second column describes the nuclsic acid
or polvpeptide construct. For example, the construct COXI0-ND6-3'UTR is a nucleic acid combining
the nucleic acid sequences of COX10 {SEQ ID NO: 1), ND6 (SEQ ID NO: 9), and 3’'UTR (SEQ ID

NO: 13) (from 37 to 37 without linker between the nucleie acid sequenc

Table 1 - nucleie acid and pelypeptide sequences and SEQ D NOs

SEQ | Description Seguence
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SEQ | Description Sequence
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Py : e g
GGOTTCAL SAGT, GGROGCCCACOEIITTT

CAAGAAGAGARRTTOOTS

EUR IR

E\{!\x\\(:\r{\ i\»\\(\h ey

3
U N YT S T ) e
AAGLALLL T LALL

ATUEC

.CAGC'E.

I er
TRECAT

GOO

SRR
ER VAV W SR SRR RARR

PRI B
GAGTGGTACTT FULRGARA TEAG

Wl .,‘1‘(‘(‘(‘ TOARAG \\:Ci«
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N T T Y T
ACACATTOTCAADDATAD

CAL AAT ;3\‘::. o

(., i‘iii"f PER
T T

P N er
LALLM

P ATGAGO A TTTO;
STATGAGCAY

‘1‘.*'\(‘ R

PTEGA

SR
FAeRL L

AT

A RO
WGUAGT

CCCCHTTA

RO T T T T AR GaCT
SCACGEOTTITTNAAS

~ \n\ r\\‘[\v‘g\ TATALT

SN N IR V*‘A‘

A a CAGCOCGEATADOTOT
hh(,uu*“:‘ PRSI ELCY: AGCC BRE

Gls R AL
é‘?\C‘I‘CPTG T

TETECTEEET
AP -
ATCOTGATATER

530 LC”RI:\
A “i‘"]“;‘sGC‘C B

PYRCCTET

PO T T TOTOOTOOD
aA & L

f oy e M
CACAT
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% SCAGGETTOTSE
ITTROCTS ~
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IGCAAT-’ { BBGE

ACCE

R N R N e e T LAY 2 ¢
CATOTGOOOARRGETUTTEAN GACAGHS o
P
CARACATTTAMA
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AAGGGEATY
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ARTCTTCCCTE

opt_COX10
-opt_ND4*-

_m}“xéukﬁ‘.\(;‘r{)‘}“‘:‘x’,“ ALH
ATCEUUGLUITOTCCACACACATTGAGTAL "l“u&( [

R NN R R NN SACARTGOTSAA T R
T{)L)“\N,. SAACGECEGACALTGEUTGAAGTITE TIHICCRET

ACOT RGCRR roTaEs W
COTGOTGTTET TE AR AAT A

SOOOTRACC AT (i"."u‘:.(('..
R PN T AGCOOOTRADD
ABIGCCATTTEAGCRGCS an‘(swv\(\ TRAT

CTGCCCUTGACTATT
GTACCTYGEAGT
SARTOA

eIt ar X
GIEGGCA

L
VIGUTEAD

SIS AGAAG

ORI TR
LSRRG
ST
L

RSN G NEtN

Ik Xarsl
Y
RERTAS

TEAITY Y ey

PR RO
£ 2, AGCCTGCCCCTEETG

Gﬂbk,\n, MRS FAUM LA e
e

1Y

ACPTCCTST

TOCTALE 'Ts‘\&‘\x"f‘\i"ift',‘.‘,‘:‘t’;‘\' *’»\(\IS-"(““"E"G,T\ GACOOTS

R R YR SR,
GOCCARGEAGUTGAGUAACAGET

2 ,n:\n\\ -\'ﬁ-\(\(\(\ v

FETRRCARCCTGRATETGEC
CTCCATUTEPRGETE000
TEEOCGCCRTECTHUTBARGIT
COCOTGACTAARDACA TGO
CATGACCASCAGRATOTG COPGUGC

R TR R N N A T T
CAGCATCAGCOACATSECOCTEETT

TT’ Q":” SUBRIGTGATC AT SGECCC eta ‘T“S?’JJ‘\,A
SO RROAGCARCTACGA CATOATCOTEAGCI!

CEECTECOCITEATGECCTTOY FHOTES CAGCOTGECCAADD TGO
ACCATCAADOTANTHRRAE \"\"\ \‘ <
CTECTECTHRATIGECCTERAATATEC

e
T \\\\\C.; VGO

AR A TS A TS
TAOGGRUATEATER

-

S, -
CAGACCGRACOTEAAGAGUCT
AT TN OO AL A

ST AT O

o s Y
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SGGAGCA
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EE ANy
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T
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GOCTTT 3\1" SCCCACCEOCT ’”"I“““""""‘ CCGOTEUCA
TEETE ATTCFCGAALS A EAUAAGATYY
RTTCGE LGTEATCADT T TTACCOARAAS
CARAS TECATD %’ 3N AUAARAA

GYOTTIT R {CAC Tll”‘\""““’?i:‘? ¥

ALY RO B G
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A A R
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PRG0N
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RO Y
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opt_COX10
-ND6-
FUTR
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TEUTTTGTTTOTG

VoAl
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AN B e TRt ed T T o
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PR TSI R EIA D B Y
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g e
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:
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GYTGEIGTATATATTETAATTGAGH! l"l‘ GOULQGGHHERAATTAGEA

TR g g T ST A AL
CTOUTNCCGUTECCAL TTUTGEAAL

e e e A 3
GGETUAGGETTGAY

TS oy
T SE3L
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STTTAGRACRAGA

TERCCCRARN

CENEE

CPORGTEATOALT
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’I.’ T 'l‘ ’1‘ :

AR N
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o
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DD
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A
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SGGTOTTY Ee {
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PECE T T T CTROCPOOTOA TN TR A

PCCTCOTCADAY S

O
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f ’I"I‘ oy

A

3 v Y g
A LU

ACATTOTN AR
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e I R
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o 3 NP N R
TCATGATITRCOY TTETR

&

A AT T TN
CATTTTTETTTE

."”‘““ "‘C'Z“GT
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ADC DT
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*9\\‘3\\3\,:‘??‘. »s‘“:{h‘SCT“‘ A \’C TETCCCTTEEET s”é.e\?’ia?
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CUTTGTROTCC ”. AUGGE I"

e OO IR
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Y :»4 o~ f -,(, 'C’
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e

e
*"‘\ft\ Y
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AGC
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N R T R P )
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\..\.«.f TEETOTTOTRAL \\;Z

TIET R AT AN
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TTT AT AT
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\;\;L-« A
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A COTTOTARDARTACCANTAGUTAGCATTOR LT Tl AL \7\1\)?}\.- LG
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opt_COX10
-opt_ND6-
FUTR
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VT A T T
TGETATCT
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\\AT\) Sy snGCC:Ti *3 T‘ ’,, T TG
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e e e R AR »-_n‘m;»x{mﬁ -~
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PIREUIRE FARELEES SN
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P
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P Acait

G Gé“:; C G}BGA l‘

TR R T Y e
'\.'\. '.\‘Csf,} GOUAL

. HRLIREIOIA A S A
3 ??\ A I I LEEARLAL
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STTTAGRACRAGA

TERCCCRARN

CENEE
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CPCAGTGATOADT
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R AT
I. I. ) A

AAGARATGO

CATAZRTCYT

DD
ARATAT 3
AA AN
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SGGTOTTY Ee {

AL S

S AD e mm-rc:cw‘r
AASAACCARATTATTET

PR T TP TCCTCOTCASAT \..“\3. NIOTRO R ATRACACE CTTTTOOTTOON
T A ACACGORAD RO o sy
ACCATTACACCACACGUACATTOCACATOUITAGTAGANTE
R N N O O ey PR
CUATGATITGRCT TG »‘:f T I STEAGITIA AGGOCTC

A AT T TN
CATTTTTETTTE

."”‘““ "‘C'Z“GT

ACATTO
COACACATTC

e I R
Lalae \4,?‘."‘.;“': b
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T ’?sf'(‘Tm

OO AGOORGAT AT
AOCAGROGEEATA 7

R \’l‘ STEEG v'“T*fK“““‘
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*"“{‘P"‘(“ [ {f
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A
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o
b
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{Jh‘\a_,\.w\.».f:. SRR
CERGCCCOCACCOCATY

AOURGTA PP

1
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7
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STTTTIATT
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ey \,\ e f‘ o ("C’
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e
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N RO R
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M
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R R NP N T
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B
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@
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R
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o
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A COTTOTARDARTACCARATAGUTAGCACCOGEI THOTETEAS \7\1\)?}\.- i
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Sequence
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opt_COX10
-NDI-
FUTR
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ATEGTUTECC AN

s

[T R

Aallisi.a

BRTEOOC D ACCT O T
SGOCARCOTOOTA

T T D el el el
Ll S ALLTLL LS ATT
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A Ry

N g 8 NPT
CEAAAANTY ST XN

COOOTA

o » B
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ACCAT ACATOAS GAC

N - o a
BESEEU AN GGEECA, ’S(
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,\{ CCATCGRTRTTOTAC
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§.’}'3T’£ CTAG

T A
TAGUOTARRCE
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T U Ty
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-

AARUAT

O AT AT R A A A A A OO POT GG T ACT

ACCOTTATCATAACATAAGAALS SGTTACT
N

CCACATTAG

GOOTTOANS
GEOTTORAD

AR
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CCCTT6 GL CATGATG

I
SCOTRCE

SHACEA

A AL

GAATACATAAAD? f’i“? AT
SACGOA
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N T
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PP AT
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e
A
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i
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REEERA
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AACGARATTCGETECT & AN

T R A AT R RIS R AT -
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Al ST
AL %\_ri
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RO P AR ARG TORRAS
G TTT\‘L, SCACCO “A"eb'léTi‘?\‘f
VEOTETECANTROGATTEGEEE

PN NN RN SR N
SIS Tl.s.TCC‘

N ST
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TX(:T{‘CTTCT
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T
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PR N
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STTOTRA

P
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CTOGAGTUANTALT GG
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STOOATONTOATY
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A
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e e A e e oy e o
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P AL TR TOTOOC e Y N e e R Ny
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A
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T
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2R ENEY N LI B IR
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opt COXI0
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PR R RRR
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T TN NN a
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-
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a
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A
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&2 ST AT NN e N e CTTOR
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T B Y, P T T R TR R P
..Cls\uu“.m TECOATGC \\MHA %
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TYCTGETAMTTCTGOARCACARGAR
AGTEAT
7\“ PN T O F

T
AR DI T AS

VT R
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S e e
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"
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A GOT T O AN AR
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P
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SAGUATGOOCA
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R
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g R IR R
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GAT Uy TP A X DT AT
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A
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o

s
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A SR
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AXRTACCE A WTM\?R??‘.\M\@\':\:\ TECTERTECACTEERATTG
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SUAGAC

43 opt_COX10 | RTGETCECC B GAGT

N T B (T Ay
-opt_NI3 SCGGACRATEGCUAACCTEUTER Tw ST ATORON
PUTR™ cC l‘m}‘"{’bb CEAT TG SHOAS BRGUTACA
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SEQ | Deseription Sequence
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Adeno-associated virus (AAV)
{80938] Adenc-associated virus (AAV) is a small virus that infects humans and some other
primate species. The compositions disclosed herein comprises firstly an adeno-associated virus (AAV)

genome or a derivative thereof,

{0099 An AAV genome is a polynuclootide sequence which encodes functions needed for
production of an AAYV viral particle. These functions include those operating in the replication and
packaging cyele for AAV in a host cell, including encapsidation of the AAV genomie into an AAV
viral particle. Naturally ocowurving AAV viruses are replication-deficient and rely on the provision of
helper functions in frans for comypletion of a replication and packaging cycle. Accordingly, the AAV

genome of the vector of the invention is typically replication-deficient.
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{0100 The AAV genome can be o single-stranded form, cither positive or negative-sense, or
alternatively in double-siranded form. The use of a double-stranded form allows bypass of the DNA

rephication step in the target cell and so can accelerate transgene expression,

{0101 The AAV genome may be from any naturally derived serotype or isolate or Glade of
AAV, Thus, the AAV genome may be the full genome of a natarally occurring AAV virus, As is
known to the skilled person, AAYV viruses occurting in nature may be classified according to various

biclogical systems,

{01021 Conmmmonly, AAV viruses are referred to in terms of their serofype. A serotype
corresponds to @ variant subspecies of AAY which owing to its profile of expression of capsid surface
antigens has a distinctive reactivity which can be used to distinguish it from other variant subspecies,
Typically, a virus baving a particular AAV serotype does not cfficiently cross-react with neutralising
antibodies specific for any other AAV serotype. AAV serotypes include AAVE, AAVE, AAV3, AAV4,
AAVI, AAVE, AAVT, AAVE, AAVY, AAVID, AAVILL, AAVIZ AAVIZ, AAVI4, AAVIS, and

AAV G, also recombinant serotypes, such as Ree2 and Ree3, recently identified from primate brain.

j0103] A preferred serotype of AAV for use in the imvention is AAV2. Other serotypes of
particidar Interest for use in the invention include AAV4, AAVS and AAVR which efficientdy
fransduce tissue in the eye, such as the retinal pigmented epithehium. The serotype of AAV which is
used can be an AAY serotype which is not AAVE, Reviews of AAV serotypes may be found in Chot
et al (Cury Gene Ther, 2005; 5(3); 299-310) and Wu et al (Molecular Therapy. 2006; 14(3), 316-327).
The sequences of AAV genomes or of elements of AAV genomes including ITR sequences, rep or
cap genes for use in the ipvention may be derived from the following accession nambers for AAV
whole genome sequences: Adeno-associated virs I NC 002077, AF063497; Adeno~-associated virus
2 NC _001401; Adeno-associated virns 3 NC_001729; Adenco~-associated viras 3B NC_001863;
Adeno-associated viras 4 WC _001829; Adeno-associated virus 3 YIR063, AFO85716; Adeno-
aysociated virus 6 NC_{01862; Avian AAY ATCC VR-865 AYIR6198, AY629583, NC_0(4828;
Avian AAV strain DA-1 NC_006263, AY629383; Bovine AAV NC_005889, AY388617.

{H04] AAY viruses may also be referred to in terms of clades or clones. This refers to the
phylogenetic relationship of naturally derived AAYV viruses, and typically to a phylogenetic group of
AAV viruses which can be traced back to a conmunon ancestor, and includes all descendants thereof,
Additionally, AAY viruses may be referred to in terms of a specific isolate, i.e. a gonetic isolate of a
specific AAY virus found in nature. The term genetic isolate describes a population of AAV viruses

7
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which has undergone Hmited genctic mixing with other aaturally occuering AAV viruses, therebhy

defining a recognizably distinet population at a genetic level,

{8105] Examples of clades and isolates of AAY that may be used in the invention include:
Clade Ar AAV1 NC _002077, AF063497, AAVE NC_001862, Hu. 48 AYS30611, Hu 43 AYS30606,
Hu 44 AYS30607, Hu 46 AYS30609: Clade B: Hu. 19 AYS30584, Hu. 20 AYS30386, Ho 23
AYS30589, Hu2l AYS30SBE, Huld4 AYS30590, Hull AYS30587, Hul7 AYS530592, Huls
AYS30593, Hu 29 AYS30594, Hub3 AYS30624, Hu6d AYS30625, Huld AYS30378, Hus6
AYS30618, HuS7 AYS30619, Hud9 AYS30612, HuS¥ AYS30620, Hu3d4 AYSA30598, Hu3s
AYS30599, AAVZ NC 001401, Hudd AYS30608, Hud7 AYS30610, Hudl AY330613, Hud2
AY6O5373, Ho T40 AY D537, Hu T332 AY69S371, Hu T17 AY 693370, Hu LGIS AYR95377; Clade
C: Huf AY330629, Hal0 AYS30576, Hull AYS30577, Hul3 AYS30615, HuSS AYS30617, Hus4
AY 530616, Hu7 AYI30628, HulB AYS30583, Huls AYS30580, Huld AYS30581, Hu2S AYS30591,
Hub0 AYS30622, Chd AY243021, Hud AYS30595, Hul AYS30375, Hod AYS30602 Huo2,
AYS30383, Hubl AYS30623; Clade D: Rha2 AYS30573, Rh48 AYS30561, Rh54 AYS530567, Rh33
AYS30568, Cy2 AY243020, AAVT AFS13851, Rh35 AY243000, Rh37 AY242998, Rh3s AY242999,
Cy6 AY243016, Cy4 AY243018, Cy3 AY243019, Cy5 AY243017, Rh13 AY243013; Clade B: Rh38
AYS30538, Hub6 AYIING26, Hudd AYIZN605, Hus? AYS3I0627, Hudd AYSI30603, Hudl
AYS30604, Hu37 AYS30600, Rha40 AYS30559, RhZ AY 243007, Bbl AY243023, Bb2 AY243022,
Rhi0 AY243015, Hul7 AYS30382, Hub AY3I30621, Rh23 AYS30557, Pi2 AYS30554, Pil
AYS30353, Pi3 AYS30555, Rh87 AYS30569, Rh30 AY 530563, Rb49 AYS30562, Hu39 AYS30601,
Rh38 AY 330570, Rhel AYS30572, Rh32 AYI30565, RbS3 AYS30566, Rh31 AYS30564, Rh6d
AY330574, Rhd3 AYS30360, AAVE AFS13852, Rh8 AY242997, Rhl AY330336; Clade F: Huld
(AAVOY AYS530579, Hu3l AYS30596, Hu32 AYS30597, Clonal Isolate AAVS Y18063, AROSS716,
AAV INC_ 001729, AAV 3B NC_001863, AAVANC_ 001829, Rh34 AY243001, Rh33 AY243002,
Rh32 AY243003.

{6106] The skilled porson can select an appropriate serotype, Glade, clone or isolate of AAV
for use in the present invention on the basis of thetr common general knowledge. For instance, the
AAVS capsid has been shown to transduce primate cone photoreceptors efficiently as evidenced by

the suceessful correction of an inherited color vision defect (Mancuso et al., Nature 2009, 461:784-7).
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{8107] 1t should be understood however that the invention also encompasses use of an AAV
genome of other serotypes that may not vet have been identified or characterized. The AAV serotype
determines the tissue specificity of infection {or tropism) of an AAV virus, Accordingly, preferred
AAYV serotypes for use in AAV virpses administered to pationts in accordance with the invention are
those which have natural tropism for or a high efficiency of infection of target cells within eve in
LHON. Thus, AAV serotypes for use in AAV viruses administered to patients can be ones which

infect cells of the neurosensory retina and retinal pigment epithelium.

{0108] Typically, the AAV genome of a naturally derived serotype or isolate or Glade of AAV
comprises at least one inverted terminal repeat sequence (ITR). An ITR sequenee acts in cis fo provide
a functional origin of replication, and allows for integration and excision of the vector from the genome
of a cell. In preferved embodiments, one or more ITR sequences flank the polynucleotide sequence
encoding ND4, ND6, or NDI or g variant thercof, Preferred ITR sequences are those of AAVE, and
variants thercof, The AAV genome typically also comprises packaging genes, such as rep and/or cap
genes which encode packaging functions for an AAV viral particle. The rep gene encedes one or more
of the proteins Rep78, Repd8, RepS2 and Repd0 or variants thercof, The cap gene encodes one or
more capsid proteins sach as VP1, VP2 and VP3 or variants thereof. These proteins make up the capsid

of an AAV viral particle. Capsid vartants are discussed below,

{8109 A promoter will be operably linked to sach of the packaging gones. Specific examples
of such promoters mchude the p3, pl® and p40 promoters (Laughlin et al., 1979, PNAS, 763567~
3871} For example, the pd and p19 promoters are generally used to express the rep gene, whils the

pdG promoter is generally used 1o express the cap gene.

{8119 As discussed above, the AAV genome used 1n the vector of the invention may therefore
be the full genome of a naturally occurring AAY virus. For example, a vector comprising a full AAV
genome may be used to prepare AAV virus in vitro, However, while such a vector may in principle
be administered to patients, this will be done rarely in practive. Preferably the AAV genome will be
derivatized for the purpose of administration to patients. Such dertvatization is standard in the art and
the present invention encompasses the use of any known derivative of an AAV genome, and
derivatives which could be generated by applving techniques known in the art. Derivatization of the
AAV genome and of the AAV capsid are revicwed in Coura and Nardi (Virology Journal, 2007, 4:99),

and  Chet et al and Wu et al, referenced above,
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{8111] Derivatives of an AAYV genome include any troncated or modified forms of an AAV
genome which allow for expression of a ND4, NDG, or KD wransgene from a vector of the invention
in vivo. Typically, it is possible to truncate the AAV genome significantly to inclde minimal viral
sequence yei retain the above function. This is preferred for safety reasons to reduce the risk of
recombination of the vector with wild-type virus, and also 1o avoid triggering a cellular immune

response by the presence of viral gene proteings in the target cell.

{0112] Typically, a derivative will inclade at least one inverted terminal repeat sequence (FTR),
preferably more than one 1TR, such as two ITRs or more. One or more of the ITRs may be derived
from AAY genomes having different serotypes, or may be a chimeric or mutant ITR. A preferred
mutant ITR is one having a deletion of a trs {ferminal resolution site). This deletion allows for
continued replication of the genome to generate a single-stranded genome which contains both coding
and complementary sequences L.e. a self-complementary AAV genome. This allows for bypass of

DINA replication in the target cell, and so enables accelerated ransgene expression,

{8113} The one or more ITRs will preferably flank the polynucleotide sequence encoding ND4,
ND6, NDI, or a variant thereof at either end. The inclusion of one or more I'TRs is preferred to aid
concatamer formation of the vector of the invention in the nuclens of a host cell, for example following
the conversion of single-stranded vector DNA into dogble-stranded DNA by the action of host cell
DNA polymerases. The formation of such episomal concatamers protects the vector construct during

the life of the host cell, thereby allowing for prolonged expression of the fransgene in vivo.

{0114] In preferred embodiments, TR elements will be the only sequences retained from the
native AAV genome in the derivative. Thas, a derivative will preferably not inclode the rep andfor cap
genes of the native genome and any other sequences of the native genome. Thig iy preferved for the
reasons deseribed above, and also to reduce the possibility of integration of the vector o the host
cell genome. Additionally, reducing the size of the AAV genome allows for increased flexibility i
imcorporating other sequence elements {such as regulatory clements) within the vector in addition to

the transgene.

{6115] With reference to the AAV2 genome, the following portions could therefors be
removed in a derfvative of the invention: One inverted terminal repeat (ITR) sequence, the replication
{rep) and capsid (cap) genes (NB: the rep gene in the wild tvpe AAV genome should not to be confused
with ND4, ND6, or ND1, the human gene affected in LHON). However, in some smbodiments,
including in vitro embodiments, derivatives may additionally include one or more rep andfor cap genes
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or other viral sequences of an AAV genome. Naturally occurting AAV virus integrates with a high
frequency at a specific site on human chromosome 19, and shows a negligible frequency of random
integration, such that retention of an integrative capacity in the vector may be tolerated in a therapeutic

setting.

{8116] Where a derivative genome comprises genes encoding capsid proteins Le. VP, VP2
and/or VI3, the derivative may be a chimerie, shuffled or capsid-modified derivative of one or more
naturally cccurring AAV virgses. In particular, the invention encompasses the provision of capsid
protein sequences from different serotypes, clades, clones, or isolates of AAV within the same vector

i.e. pseudotyping.

{8117] Chimerie, shuffled or capsid-modified derivatives will be typically selected to provide
one or more desired functionalities for the viral vector. Thus, these derivatives may display increased
efficiency of gene delivery, decreased immunogenicity (humoral or cellular), sn altered tropism range
andfor improved targeting of a particular cell type compared © an AAY virgl vector comprising a
natgrally occuring AAV genome, such as that of AAVZ. Increased efficiency of gene delivery may
be effected by tmproved receptor or co-receptor binding at the cell surface, improved intemalization,
improved trafficking within the cell and into the nucleus, improved uncoating of the viral particle and
improved conversion of a single-stranded genome to double-stranded form. Increased efficiency may
also refate to an aliered tropism range or targeting of a specific cell population, such that the vector

dose is not difuied by administration {o tissues where i is not needed.

{8118] Chimerie capsid proteing inchsde those generated by recombination between two or
more capsid coding sequences of naturally occurring AAV serotypes. This may be performed for
example by a marker rescue approach in which non-infectious capsid sequences of one sevotype are
co-transfected with capsid sequences of a different serotype, and divected selection s used to select
for capsid sequences having desired properties. The capsid sequences of the different sevotypes can be
altered by homwologous recombination within the cell to produce novel chimeric capsid proteins.

{8119 Chimeric capsid proteins also include those generated by engineering of capsid protein
sequences to transfer specific capsid protem domans, surface loops or specific amino acid residoes
between two or more capsid proteins, for exampls between two or more capsid proteins of different

serotypes.

{8120 Shuftled or chimeric capsid protoing may alse be gensrated by DNA shuffhing or by

4

error-prone PCR. Hybrid AAV capsid penes can be created by randomty fragmenting the sequences
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of related AAV genes e.g. those encoding capsid proteins of multiple different serotypes and then
subsequently reassembling the fragments in 2 self-priming polymerase reaction, which may also cause
crossovers in regions of sequence homology. A library of hybrid AAV genes created in this way by
shuffling the capsid genes of several serotypes can be screened to identify viral clones having a desired
fanctionality. Similarly, error prone PCR may be used to randomly mutate AAV capsid genes to ereate

a diverse Hibrary of variants which may then be selected for a desired property.

{8121 The sequences of the capsid genes may also be genetically modified to introduce
specific deletions, substitutions or insertions with respect o the native wild-type sequence. In
particular, capsid genes may be modified by the insertion of a sequence of an unrelated protein or
peptide within an open reading frame of a capsid coding sequence, or at the N- and/or Cterminus of

a capsid coding sequence.

{8122 The unrelated protein or peptide may advantageously be one which acts as a ligand for
a particular cell type. thereby conferring improved binding to a target cell or improving the specificity
of targeting of the vector 1o a particelar cell population. An example might include the use of RGD
peptide to block uptake in the retinal pigment epithelivm and thereby enhance transduction of
surroonding retinal tissaes (Cronin et al., 2008 ARVO Abstract: D1048). The unrelated protein may
also be one which assists purification of the viral particle as part of the production process 1.e. an
epitope or affinity tag. The site of insertion will tvpically be selscted so as not to interfere with other
functions of the viral particle e.g. internalization, trafficking of the viral particle. The skilled person
can wdentify suitable sites for insertion based on their common general knowledge, Particular sites are

disclosed in Chot et al, referenced above.

{0123] The invention additionally encompasses the provision of sequences of an AAV genome
in a different order and configuration {0 that of a native AAV genome. The invention also encompasses
the replacement of one or more AAV sequences or genes with sequences from another vires or with

chimeric genes composed of sequences from move than one virus, Such chimeric genss may be

composed of sequences from two or more related viral proteins of different viral species,

{8124} The vector of the invention takes the form of a polynucleotide sequence comprising an

AAY genome or derivative thereof and a sequence encoding ND4, N6, NDY or a variant thereof.

{61251 For the avoidance of doubt, the invention also provides an AAV viral particle
comprising a vector of the invention. The AAV particles of the invention include trans-capsidated

forms wherein an AAY genome or derivative having an ITR of one serotype is packaged in the capsid
§2
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of a different serotype. The AAY particles of the invention alse include mosaic forms wherein a
mixture of unmodified capsid proteins from two or more different serotypes makes up the viral
envelope. The AAV particle also includes chemically modified forms bearing Hgands adsorbed to the
capsid surface, For example, such ligands may include antibodies for targeting a particular cell surface

receptor,

{0126} The invention additionally provides a host cell comprising a vector or AAV viral

particle of the invention.

Recombinant nucleic actd sequences
{8127 Also disclosed berein are recombinant pucleic acid sequences comprising a
polynucleotide sequence sncoding a NADH dehydrogenase subunit-4 (ND4), NADH dehydrogenase

subunit-1 (ND1) and NADH dehydrogenase subunit-6 (ND6) polypeptide or a variant thereof.

{6128 The polynucleotide sequence for ND4 is shown in SEQ D NO: 6 and encodes the
protein shown in SEQ ID NO: 160. Fusther nucleic acid sequences for ND4 are SEQ 1D NO: 7 and
8. The polynucleotide sequence for ND6 is shown in SEQ 1D NO: 9 and encodes the protein shown
in SEQ 1D NO: 161, A further nucleic acid sequence for ND6 is SEQ ID NO: 16, The polynmucleotide
sequence for NDI is shown in SEQ 1D NO: 11 and encodes the protein shown in SEQ ID NO: 162,
A farther nucleic acid sequence for ND1 1s SEQ 1D NO: 12,

{0129 A variant of any one of SEQ ID NO: 160, 161, or 162 may comprise truncations,
mutants or homologues thereof, and any transcript variants thercof which encode a functional N4,
N6, or ND1 polypeptide. Any homologues mentioned herein are typically at least 70% homologous
to a relevani region of ND4, NDG, or ND1, and can functionally compensate for the polypeptide

deficiency.

{0130 Homology can be measured using known methods, For example the UWGCG Package
provides the BESTFIT program which can be used to caleulate bomology (for example used on its
default setlings) (Devereux et at (1984) Nucleic Acids Research 12, 387-395). The PILEUP and
BLAST algorithms can be used to caleulate homology or line ap sequences (typically on their default
seltings), for example as described i Alischul S, F. (1993} J Mol Evel 36:290-300; Altschul, S, F et
at (19907 J Mol Biol 215:403-10. Software for performing BLAST analyses is publicly available

through the National Center for Biotechnology Information (hitpr/www.nebinimonth.gov/)
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{8131 In prefared embodiments, a recombinant nucleic acid seguence may encode a
polypeptide which is at least 33%, 63%, T0%, 75%, 80%, 85%, 90% and more preferably at least 95%,

T, 99%, 99.5%, or 100% homologous 1o a relevant region of ND4, ND6, or NDI (SEQ ID NO:
160, 161, or 162) over at feast 20, preferably at least 30, for instance at least 40, 60, 100, 200, 300,
400 or more contiguous aming actds, or even over the entire sequence of the recombinant nucleic acid.

The relevant region will be one which provides for functional activity of ND4, ND6, or NDI,

{0132] Alternatively, and preferably the recombinant nucleic acid sequence may encode a
polypeptide having at least 70%, 75%, 80%, 85%, 90% and more preferably at feast 95%, 97%, 99%,
99.5%, or 100% homelogous to full-length ND4, ND6, or ND1 {(SEQ 1D NO: 168, 161, or 162) over
its entire sequence. Typically the recombinant nucleic acid sequence differs from the relevant region
of ND4, ND6, or ND1I (SEQ 1D NO: 160, 161, or 162) by at Teast, or {ess than, 2, 5, 10, 20, 40, SG or

60 mutations {each of which can be substitutions, inserfions or deletions).

{8133] A recombinant nucleic gcid ND4, ND6, or ND1 polvpeptide may have a percentage
identity with a particulsr region of SEQ ID NO: 160, 161, or 162 which is the same as any of the
speeific percentage homology values (i.e. it may have at least 70%, 80% or 90% and more preferably

at least 98%, 97%, 99% tdentity) across any of the lengths of sequence mentioned above.

{0134] Variants of NDd, ND6, or NDI (SEQ ID NO: 168, 181, or 162) also include
truncations. Any truncation may be used so long as the variant is s6ill fonctional, Troncations will
typically be made to remove sequences that are non-essential for the protein activity andior do ot
affect conformation of the folded protein, i particular folding of the active sle. Appropriate
truncations can routinely be identified by systematic truncation of sequences of varying length from
the N« or C-terminus. Preforred truncations are N-terminal and may remove all other seguences except

for the catatytic domain.

{0135] Variants of ND4, ND6, or ND1 (SEQ ID NO: 168, 161, or 162) fuwther include
mutants which have one or more, for example, 2, 3, 4, 5 to 10, 10 to 20, 20 to 40 or more, amino acid
insertions, substitutions or deletions with respect 10 a particular region of ND4, ND6, or NI (SEQ
1D NO: 166, 161, or 162). Delctions and insertions are made preferably outside of the catalytic domain
as described below. Substitutions are alse tvpically made in regions that are non-essential for protease

activity ad/or do not affect conformation of the folded protein,

{8136] Substitutions preferably introduce one or more conservative changes, which replace

antine acids with other amino acids of similar chemical structure, simifar chemical properties or
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similar side-chain volume. The amino acids introduced may have sinlar polarity, hydrophilicity,
hydrophobicity, basicity, acidity, neoteality or charge to the amino acids they replace. Alternatively,
the conservative change may introduce ancther amino acid that is aromatic or aliphatic in the place of
a pre-existing aromatic or aliphatic amino acid. Conservative amino acid changes are well known n

the art and may be selected in accordance with the properties of the amino acids,

{8137} Similarly, preferred variants of the polynucleotide sequence of ND4, ND6, or NDI
(SEQ ID NO: 6, 9, or 11) include polynucleotides having at least 70%, 75%, 80%, 85%, 90% and
more preferably at least 95%, 96%%, 97%, 98%, 99%, or 99.5% homologous to a relevant region of
ND4, ND6, or NDI (SEQ 1D NO: 6, 9, or 11). Preferably the variant displays these levels of
homology to full-dength ND4, ND6, or NDi (SEQ ID NO: 6, 9, or 11) over its entire sequence.

{0138] Mitochondrial targeting sequences (MTS8s) and three prime ontranslated regions
{3"UTRs) can be used to target proteins or mRNA to the mitochondria. The charge, length, and
structure of the MTS can be important for protein import into the mitochondria. Particular 3'UTRs
may drive mRNA localization to the mitochondrial surface and thus facilitate co-translational protein

import fto the mitochondria.

{0139 The potynucleotide sequence for 3 mitochondrial targeting sequence can encode a
polypeptide selected from hsCOX10, hsCOXS, scRPM2, {e8ints, ONDUST, ncQCR2, hsATPSG2,
hsLACTB, spilvl, gmCOX2, crATPS, hsOPA L, hsSDHD, hsADUKS, 03P0644B06.24-2, Neawospora
crassa  ATPY  (ncATPY), hsGHITM, hsNDUFABRL,  hsATPSG3, orATPS  hsADCKS,
ncATPS ncATPY, L OCT002821 74, ncATPE amlOCHN282174 spilvl ncATPY,
2l OCIONIR2174 hsADCKS crATPE _hsATPIGE, amlOCI00282174 _hsADCK3_hsATP5G3,
acATPS zmLOCHNIZE2174, hsADCK3 _2mLOCI00282174_orATP6 _hsATPSG3,
crATPE_hsADCK3 zmLOCIO0282174 hsATPSG3, hsADCKS _zmLOCI00282174,
hsADCK3 2mLOCI100282174_crATP6, neATPI amLOCI00282174 spitvl _GNFP_ncATPY, and
AcATPY 2mLOCT00282174 spilvi _1oSintS_osPO644B06.24-2 hsATPSGZ_ncATPO {see Table 1 for
SEQ ID NO). In one exampie, the polynucieotide sequences, COXI0 {(SEQ 1D NO: 1, 2, or 3) can
encode the mitochondrial targeting sequence, MTS-COX10 (S8EQ ID NO: 126). In another example,
the polynucleotide sequences, COX8 (SEQ ID NO: 4) can encode the mitochondrial targeting
sequence, MTS-COXS (SEQ ID NO: 127} In another example, the polynucleotide sequences, OPAL
(SEQ 1D NO: 5) can encode the mitochondrial targeting sequence, MTS-OPAL (SEQ ID NO: 128),
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{8140] The 3"UTR nucleic acid sequence can be selected from hsACO2 (SEQ ID NO: 111},
hsATPSB (SEQ 1D NO: 112), hsAR2 (SEQ ID NO: 113), hsALDH2 (SEQ 1D NO: 114), hsCOX10
(SEQ ID NO: 115), hsUQCRFST (SEQ 1D NO: 116), hsNDUFV] (SEQ 1D NO: 117, heNDUFV2
(SEQ 1D NO: 118), hsSOD2 (SEQ ID NO: 119), hsCOX6e (SEQ ID NO: 120), hsIRP1 (SEQ ID
NO: 121), hsMRPS12 (REQ ID NO: 122), hsATP3I2 (SEQ ID NO: 123}, sm30D2 (SEQ ID NO:
124), and hsOXAIL (SEQ ID NO: 125). The 3’UTR nucleic acid sequence can also be a variant
having at least 70%, 75%, 0%, 85%, 90% and more preferably at least 95%, 96%, 97%, 98%, 99%,
99.5%, or 100% homologous to any 3"UTR nucleic acid sequence listed bere, For example, the 3'UTR

nucleic acid sequence can be SEQ 1D NO: 13 or 14,

{0141} Also disclosed herein are recombinant nucleie acid sequences comprising @
mitochondrial targeting sequence, a mitochondrial protein coding sequence, and a 3'UTR nucleie acid
sequence. For example, the recombinant nucleic acid sequence can be sclected from SEQ ID NO: 15-
84, The recombinant nucleic acid sequence can also be a variant having at least 70%, 75%, 80%, 85%,
90% and more preferably at least 95%, 96%, 97%, 98%, 99%, 99.5%, or 100% homologouns to any

recombinant nuelete acid sequence Hsted here,

Promoters and regulatory sequences
{8142] The vector of the invention also includes elements allowing for the expression of the
disclosed transgene in vitro or in vivo, Thus, the vector typically comprises a promoter sequence

operably linked {o the polynucleotide sequence encoding the ND4, NG, or ND transgene or a variant

thereof.
{0143] Any suitable promoter may be used, The promoter sequence may be constitutively

active Le. operational in any host cell background, or alternatively may be active only in a specific
host cell envivonmaent, thus allowing for largeted expression of the transgene in a particular cell type.
The promoter may show inducible expression i response to presence of another factor, for example
a factor present i a host cell. In any event, where the vector is administered for therapy, the promoter
must be functional in a retinal cell background.

{0144 In some embodiments, it is preferred that the promoter shows refinal-cell specific
expression in order to allow for the transgene to only be expressed in retinal cell populations. Thus,
expression from the promoter may be retinal-cell specific, for example confined only to cells of the

neurosensory reting and retinal pigment epitheliom,
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{8145] Preferred promoters for the ND4, ND6, or ND1 transgene include the chicken beta-
actin {CBA)} promoter, optionally in combination with a cytomegalovirus ({CME} enbancer clement,
In some cases, the preferred promoters for the ND4, ND6, or ND1 transgene comprises the CAG
promoter. A particularly preferred promoter is a hybrid CBA/CAG promoter, for example the
promoter used in the rAVE expression cassetie. Examples of promoters based on human sequences
that would induce retina specific gene expression mclude rhodospin kinase for rods and cones (Allocea
et al., 2007, J Viol 81:11372-80), PR2.1 for cones only (Mancuso et al. 2009, Nature) and/or RPEGS

for the retinal pigment epitheliom (Bainbridge et al., 2008, N Eng I Med).

{0146} The vector of the invention may also comprise one or more additional regulatory
sequences with may act pre- or post-transcriptionaily, The regulatory sequence may be part of the
native ND4, ND6, or ND1 gene locus or may be a heterologous regulatory sequence. The veetor of
the invention may comprise portions of the FUTR or FUTR from the native ND4, ND&, or ND1

franseript.

{0147} Regulatory sequences are any sequences which facthtate expression of the transgene
1.2, act to tnerease expression of g franscript, improve nuclear export of mRNA or enhance its stability.
Such regulatory sequences mclude for example enhancer clements, postregulatory clements and
polyadenviation sites. & preferred polvadenylation site is the Bovine Growth Hormone poly-A signal.
In the coutext of the vector of the imvention soch regulatory sequences will be cis-aeting. However,
the fnvention also encompasses the use of trans-acting regulatory sequences located on additional

gene tic constructs.

{0148] A preferred postregulatory element for wse in a vector of the invention is the
woodchuck hepatitis postreguatory clement (WPRE) or a variant thersofl Another regulatory
sequence which may be used in a vector of the present invention 1s a scaffold-attachment region (SAR).
Additional regulatory sequences may be selected by the skilled person on the basis of their common

general knowledee,

Preparation of vector
{81491 The vector of the invention may be prepared by standard means koown in the art for
provision of vectors for gene therapy, Thus, well established public domain transfection, packaging

and purification methods can be used to prepare a suitable vector preparation,
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{8150] As discussed above, a vector of the invention may comprise the full genome of a
natarally occurring AAV virus in addition to a polvaucleotide sequence encoding ND4, ND6, or NDi
or a variant thereof. However, commonly a derivatised genome will be used, for nstance a derivative
which has at least one inverted terminal repeat sequence (ITR), but which may lack any AAV genes

such as rep or cap.

{0151 In such embodiments, in order to provide for assembly of the derivatised genome into
an AAY viral particle, additional genetic constructs providing AAV and/or helper virus functions will
be provided in a host cell in combination with the dertvatised genome. These additional constructs
will typically contain genes encoding structural AAYV capsid proteins e, cap, VPI, VP2, VP3, and
genes encoding other functions required for the AAV life eyele, such as rep. The selection of structural
capsid proteins provided on the additional construct will determine the scrotype of the packaged viral

VECIOT.

j0152] A particularly preforred packaged viral vector for use in the invention comprises
derivatised genome of AAV2 in combination with AAVS or AAVE capsid proteins. This packaged

viral vector typically comprises one or more AAV2 ITRs,

{0153] As mentioned shove, AAV viruses are replication incompetent and so helper virus
functions, prefersbly adenovirus helper functions will typically also be provided on one or more

additional constructs to allow for AAV replication.

{0154] All of the above additional consiructs may be provided as plasmids or other episomal
elements 1o the host cell, or alternatively one or more constructs may be integrated into the genome of

the host cell.

{0155] In these aspects, the invention provides a method for production of a vector of the
invention, The method comprises providing & vector which comprises an adeno-associated virus (AAV)
genome or a derivative thereof and a polynucleotide sequence encoding NI, ND6, or NP1 or a
variant thereof 10 a bost cell, and providing means for replication and assembly of the vector info an
AAY viral particle. Preferably, the method comprises providing a vector comprising a derivative of
an AAV genome and a polynucleotide sequence encoding N4, ND6, or ND1 or a variant thereof]
together with one or more additional genetic constructs encoding AAV and/or helper vivus functions,
Typically, the derivative of an AAV genome comprises at least one TR, Optionally, the method
further comprises a step of purifving the assembled viral particles. Additionally, the method may

comprise a step of formulating the viral particles for therapeutic use,
&8
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Methods of therapy and medical uses

{01561 As discussed above, the present inventors have surprisingly demonstrated that a vector
of the invention may be used to address the cellular dysfunction underlying LHON. In particular, they
have shown that use of the vector can correct the defeet associated with LHON, This provides a means

wherehy the degenerative process of the discase can be treated, arrested, palliated or provented.

{0157] The invention therefore provides a method of treating or preventing LHON in g patient
in need thereof, comprising administering a therapeutically effective amount of a vector encoding a
mitochondrial protein described herein to the patient by direct retinal, subretinal or intravitreal
injection, In some embodiments, the methods further comprise administration of a stereid prior to,
during, andfor afier the administration of the vector encoding the mitochondrial protein. Accordingly,

LHON is thereby treated or prevented in the patient.

{0158] Vectors suitable for use in the present methods include those described herein,
comparable vectors encoding a mitochondrial protein, and biosimilars thereof, Comparable vectors
encoding a mitochondrial protein suitable for use according to the present methods include those
described in the art, for example, those described in Guy et al,, Ophthalmology 2017; 124:1621-1634
and Vignal et al., Ophthalmology 2018; 6:945-947, each of which are incorporated by reference in
their entireties. A biosimilar 15 a biological product that is highly similar to and has no climceally
meaningful differcnces from an existing FDA-approved reference product (reference product™).
“Highly simifar”™ products are products with similar purity, chemical identity, and bioactivity to a
reference product. However, minor differences between the clinically mactive components of the
reference product and the proposed biosumilar product in are acceptable. For example, these could
include minor differences in the stabilizer or buffer compared to what is used in the reference product
and shght differences {ie., acceptable within-product variations) are expecied during the
manufacturing process. Any differences betwesn the proposed biosimilar product and the reference
product are carefully evaluated by FDA to ensurs the biosimilar mests FDA's high approval standards.
*No clinically meaningful differences™ means that the biosimilar product has no clinically meaningful
differences from the reference product in terms of safety, purity, and potency (safety and effectivencss),
generally demonstrated through luman pharmacokinetic {exposure) and pharmacodynamic (response)

studies, an assessment of chinical immunogenicity, and, if needed, additional clinical studies,

{8159 In some embodiments, the patient in need of treatment according to the methods

provided herein has one or more mitochondrial DNA (mtDNA} point mutations. In some embodiments,
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the patient has a point mutation i a gene encoding a protein of complex | in the oxidative
phosphorylation chain of the mitochondria. For example, paticnts may have one or more point
mutations in the MT-NOY gene {also known as D4, NCBI Gene 1D: 4338) encoding the NADH
dehydrogenase subunit-4 protein (ND4), the MT-ND/J gene (alse known as N, NCBI Gene [D: 4535)
encoding the NADH dehydrogenase sabunit-1 protein (KD1), or the M7-ND6 gene {also known as
NDa6, NCBI Gene 1D: 4541) encoding the NADH dehydrogenase subunit-6 protein (ND6). In some
embodiments, the patient has a point mutation at nucleotide position 11778 in the NDY gene. In some
embodiments, the point mutation is G11778A in the ND4 gene. In some embodiments, the patient has
@ point mutation at nucleotide posttion 3460 in the D7 gene. In some embodiments, the point
mutation is G3460A in the NDJ gene. In some embodiments, the patient has a point mutation at
nucleotide position 14484 in the ND6 gene. In some embodiments, the point mutation is T14484C in
the ND6 gene, In some embodiments, the patient in need of treatment according to the methods
provided herein has one or more of point mutations selected from G1I778A in the NIM gene, G3460A

in the VDT gene, and T14484C in the ND6 gene and 15 of Chinese and/or Argentinean descent.

{@164] In some embodiments, the patient in need of treatment sccording to the methods
provided herein has one or more of point mutations selected from G11778A in the ¥ND4 gene, G3460A
in the NDT gene, and T14484C in the ND6 gene and is of Argentincan descent. In some embodiments,
the patient i need of treatment according 10 the methods provided herein has one or more of point
mutations selected from G11778A in the ND9 geng, G3460A in the VD7 gene, and T14484C in the
ND6 gene and is of Chinese deseent. In particular embodiments, the patient in need of treatment
according to the methods provided herein has one or more of point mutations selected from GHI7TSA

in the ND4 gene and is of Chinese descent.

{61611 In a related aspect, the invention provides for use of a vector of the invention in a
method of freating or preventing LHON by administering said vector to a patient by direct retinal,
subretinal or intravitreal injection. Additionally, the vention provides the use of a vector of the
invention i the manufacture of a2 medicament for treating or preventing LHON by divect retinal,
subretinal or intravitreal injection.

{8162] In all these embodiments, the vector of the invention may be administered in order to
prevent the onset of one or more symptoms of LION. The patient may be asymptomatic. The subject
may have a predisposition to the disease, The method or use may comprise a step of identifving

whether or ot a subject is at risk of developing, or has, LHON. A prophylactically effective amount
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of the vector is admindstered to such a subject. A prophylactically effective amount is an amount which

prevents the onset of one or more symptoms of the discase.

{8163 Alternatively, the vector may be administered once the symptoms of the disease have
appeared in a subject L.e. to cure existing svmptoms of the disease, A therapeutically effective anzousnt
of the antagonist is administered to such a subject. A therapeuntically effective amount is an amount
which is effective to ameliorate one or more symptoms of the discase. Such an antount may also arrest,
slow or reverse some loss of peripheral vision associated with LHON. Such an amount may also arrest,

slow or reverse onset of LHON.

[0164] A typical single dose is between 10'%and 10" genome particles, depending on the
amount of remaining retinal tissue that requires transduction. A genome particle is defined herein as
an AAV capsid that contains a single stranded DNA molecule that can be quantified with a sequence
specific method (such as real-time PCR). That dose may be provided as a single dose, but may be
repeated for the fellow cye or in cases where vector may not have targeted the correct region of retina
for whatever reason (such as surgical complication). The treatment is preferably a single permanent
freatment for cach eye, but repeat injections, for example in future vears andfor with different AAV

serotypes may bhe considered.

{0165] The invention also provides a method of monitoring treatment or prevention of LHON
in a patient comprising measuring activity ex vivo in reting cells obtained from said patient following
administration of the AAV vector of the invention by divect refinal, subretinal or intravitreal injection.

This method can allow for determination of the efficacy of treatment.

j0164] In some embodiments, the preseat disclosure provides a method of treating an eve
disorder (e.g., LHON) comprising adnunistering a therapeutically effective amouant of a vector
described herein and a steroid. Exemplary steroids nclude, but are not limited to, alclometasone
diproprionate, amcinonide, beclomothasone diproprionate, betamethasone, betamethasone benzoate,
betamethasone diproprionate, betamethasone sodiom phosphate, betamethasone sodium phosphate
and acetate, betamethasone valerale, clobetasol proprionate, clocortolone pivalate, cortisol
{hydrocortisone), cortisel (hydrocortisone) acelate, cortisol (hydrocortisong) butyrate, cortisol
{hydrocortisone) cypionate, cortisol (hydrocortisone) sodinm phosphate, cortisol (hydrocortisong)
sodivm succinate, corfisol (hydrocortisone) valerate, cortisone acetate, desonide, desoximetasone,
dexamethasone, dexamcthasone acetate, dexamethasone sodium phosphate, diflorasone diacetats,
fludrocortisone  acetate, flumisolide, fluocinolone acctonids, fluocinonide, fluoromethelone,
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flurandrenolide,  halcinonide, medrysone, methvlprednisolons, methylprednisolone  acetate,
methvlprednisolone sodium succinate, mometasone furoate, paramethasone acetate, prednisolone,
predoisolone  acetate, prednisolone  sodium  phosphate, predaisolone  tebutate,  predniscne,
triamoinoione, triamcinolone acetonide, triamcinolone diacetate, and triamcinolone hexacetonide or a
synthetic analog thercof, or a combination thereofl In some embodiments, the sternid is a
glucocorticoid. In some embodiments, the steroid is selected from predaisone, methylprednisolone,

and methylprednisolone sodium succinate.

{0167] In some embodiments, the steroid is methylprednisolone. In some embodiments, the
methylprednisolone is formulated as a tablet for oral adnunistration, e.g, MEDROL® tablets. For
example, in some embodiments, the methylprednisolone is formulated as a tablet with one or more
inactive ingredients such as caleiwm sterate, corn starch, ervthrosine sodium, lactose, nineral oil,
sorbic acid, sucrose, or FR&C Yellow No. 6. In some embodiments, the methylprednisolone is
formulated is a liquid for administreation by injection, e.g., SOLU-MEDROL®. For example, in some
embodiments, methylprednisotone sodinm suceinate is formudated as a Hquid with one or more
inactive ingredients such as monobasic sodium phosphate anhydrous, dried dibasic sodiom phosphate,
or lactose hvdrous, optionally formalated with a preservative such as benzyl alcobol. In some

embodiments, the steroid s MEDROLE or SOLU-MEDROL®, incluading generic versions thereof,

{B168] In some erabodiments, the patient receives one or more steroid doses of between about 1 mg/60
kg to about 104 mgfe0 kg, about 1 mg/60 kg to about 8O my/el kg, about 1 mg/o0 kg to about 60
mg/60 ki, about T mgfo0 kg to about 40 me/6d kg, abont 1 mg/60 kg to about 20 mg/60 ke, about 20
me/60 kg to about 100 mg/60 kg, about 20 me/60 kg to about 80 mg60 ke, about 20 mg/60 kg to
about 60 mg/60 kg, about 20 me/6d ke to about 40 mgf60 kg, about 40 mg/60 kg to about 100 me/6h
kg, about 40 mg 60 kg to about 80 mg/60 kg, about 40 mg/60 kg 1o about 60 mg/60 ke, about 60 mp/60
kg to about 100 mg/60 kg, about 60 mg/6l kg to abont 80 me/60 kg, or about 80 mg/60 kg to about
160 mg/60 kg. In some embodiments, the patient receives one or mwore steroid doses of about 4 mg/60
kg, 6 mg/60 kg, 8 me/6l kg, 10 mp/60 kg, 16 mg/6l kg, 20 mg/60 kg, 24 mg/60 kg, 32 mg/60 kg, 40
mgd6l kg, 48 mg/o0 kg, 60 mp/60 kg, or 80 me/60 kg In some cmbodiments, the patient receives ons
or more sterotd doses of about 1 myg to about 86 mg. In some embodiments, the patient receives one
or more steroid doses of at least about 1 mg. In some embodiments, the patient receives one or more
steroid doses of at most about 96 mg. In some embodiments, the patient receives one or more steroid

doses of about T mg to about 2 mg, about 1 mg to about 4 mg, about 1 mg o about & myg, about | mg
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o about 16 myg, about 1 mg to about 32 mg, about | mg to about 64 mg, about 1 my to about 96 mg,
about 2 mg to about 4 mg, about 2 mg to abont 8 mg, about 2 mg to about 16 mg, about 2 mg to about
32 mg, about 2 mg to about 64 mg, abont 2 mg to about 96 my, about 4 myg to about 8 mg, about 4 myg
to about 16 mg, about 4 mg to about 32 mg, about 4 mg 1o about 64 myg, about 4 mg to about 96 mg,
about § mg to about 16 my, about 8 mg to about 32 mg, about § my to about 64 mg. about 8 mg
about 96 mg, sbout 16 mg to sbout 32 mg, about 16 mg to about 64 mg, about 16 myg to about 96 mg,
about 32 mg to about 64 mg, about 32 mg to rboat 96 my, or sbout 64 mg to about 96 my. In some
embodiments, the patient receives one or more steroid doses of about | mg, about 2 mg. about 4 myg,
about & mg, shout 16 mg, about 32 mg, about 64 mg, or about 96 wg. In some embodiments, the

steroid is methylprednisolone {e.g., MEDROL®). In some embodiments, the steroid is prednisone.

{0169] In some embodiments, one or more doses of the steroid are administored prior to administration
of the therapeutic vector {i.¢., one or more pre-operative steroid doses). In some embodiments, a daily
dose of a steroid s delivered for at least | day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days,
9 days, or at least 10 days before administration of the therapentic vector. In some embodiments, the
patient receives one of more pre-eperative stereid doses of about I mg/e0 kg to about 100 mg/60 ke,
about | mg/60 kg to about 83 mg/60 kg, shoot 1 mgf60 ke to about 60 me/60 kg, about 1 mg/60 kg to
about 40 mg/60 kg, about T mg/60 kg to about 20 mg/60 kg, about 20 mg/e0 kg to abowt 100 myg/6l
kg, about 20 mgae0 kg to about 80 mig/60 kg, about 20 mg/60 kg to about 60 mg/60 kg, abount 20 mg/60
kg to about 40 mg/60 kg, about 40 myp/60 kg to about 100 mg/60 kg, about 40 mg/60 kg to about &0
mg/60 kg, about 40 mgHi kg to about 60 mg/60 kg, about 60 my/60 kg to about 100 mg/60 kg, about
60 mg'60 kg to about 80 mg/60 kg, or about 80 mig/60 kg to abowt 100 mgs/60 ke, In some embodiments,
the patient recsives one or more pre-operative steroid doses of about 4 mg/60 kg, 6 mp/60 kg, 8 mai60
kg, 10 me/60 kg, 16 mp/60 kg, 20 mg/60 kg, 24 mg/60 kg, 32 mgd60 kg, 40 mg/60 kg, 48 mg/60 kg,
60 mg/60 kg, or 80 mg/60 kg, In some embodiments, the patient receives one or more pre-operative
steroid doses of about 1 mg to about 96 mg. In some embodiments, the patient receives one or more
pre-operative steroid doses of at least about 1 ma. In some embodiments, the patient receives one or
more pre-operative steroid doses of at most abont 96 mg. In some embodiments, the patient receives
ne or more pre-operative steroid doses of about 1 mg o about 2 myg, about 1 myg to about 4 mg, about
1 mg to about 8 mg, about 1 my to about 16 mg, about 1 mg to about 32 mg, about I mg to about 64
mg, about 1 mg to about 96 nug, about 2 mg to about 4 mg, sbout 2 mg to about § mg, about 2 mg to
about 16 mg, about 2 mg to about 32 mg, abow 2 my to about 64 myg, about 2 mg to about 96 mg,
about 4 mg to about 8 mg, about 4 myg to about 16 mg, about 4 mg to about 32 mg, about 4 mg to about
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64 mg, about 4 mg to about 96 mg, about & myg w about 16 myg, abowt § myg to about 32 mg, about 8
mg to gbout 64 my, about 8§ mg to about 96 mg, about 16 my to about 32 mg, about 16 my to about 64
myg, about 16 mg to about 96 mg, about 32 myg to about 64 my, about 32 mg to about 96 mg, or about
64 myg to about Y6 myg. In some embodiments, the patient receives one of more pre-operative steroid
doses of about 1 mg, gbout 2 mg, about 4 mg, about 8 mg, about 16 mg, about 32 mg, about 64 mg,
or about 96 mg. In some embodiments, the steroid is methylprednisolone (e.g., MEDROL®). In some

embodiments, the steroid is prednisone,

{0170] In some embodiments, the patient receives one or more pre-operative sterodd doses of
between about 20 mg/60 kg to gbout 45 mg/60 kg, about 25 mg/60 kg to about 45 mg/60 kg, about 30
mg/e0 kg to about 45 mp/ad kg, about 35 mg/60 kg 1o about 45 mg/60 kg, abont 40 mg/60 kg to about
45 mg/60 kg, sbout 20 mg/60 kg to about 40 mg60 kg, about 25 mg/60 kg to about 40 mg/60 kg,
about 30 mg/60 kg to about 40 mg/60 kg, about 35 mg/60 kg to about 40 mg/60 kg, about 20 mg/60
kg to about 35 mg/ 60 kg, about 25 mg/60 kg to about 35 mg/60 kg, about 30 mg/60 kg o about 33
/60 kg, shoot 20 mg/60 kg to about 30 mg/60 kg, abowt 25 mg/60 kg to about 30 mg/60 kg, or shout
20 mg/60 kg to about 28 mg/60 ke In some embodiments, the patient receives one or more pre-
operative sterod doses of about 25 me/60 kg, about 26 mg/60 kg, abouat 27 mg/60 kg, about 28 me/60
kg, about 29 mg/60 ke, about 30 mg/60 kg, about 31 mg/a0 ke, about 32 mg/60 kg, about 33 mg/60
kg, about 34 mp/60 kg, or about 35 mg/60 kg In some embodiments, the steroid 18 methylprednisolone
{e.g., MEDROLE} In some embodiments, a daily dose of methylpreduisolons (e.g., MEDROLR)
botween abowt 23 mg/60 kg and about 43 mg/60 kg is deliverad for at least 1 day, 2 days, 3 days, 4
days, 5 days, 6 days, 7 days, 8 days, 9 days, or at least 10 days before administration of the therapeutic
vector, In some embodiments, a daily dose of methyviprednisolone {e.g., MEDROLE) of about 32
m6l kg is delivered for at keast 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, @ days,

or at least 10 days before administration of the therapeatic vector,

{6171 In some embodiments, the patient receives one or more pre-opsrative steroid doses of
between about 50 mg/60 kg to about 70 mp/6( kg, about 35 mg/60 kg to about 70 mg/60 kp, about 60
mf6ikg to about 70 mg/60 kg, about 65 mg/60 kg to about 70 mg/60 kg, about 30 me/60 ke to about
65 my/o0 kg, about 35 me/60 kg to about 65 mg/60 kg, about 60 mg/60 kg to about 65 mg/60 kg,
about 30 mg/60 kg to about 60 mg/6h kg, about 55 mg/60 kg to about 60 me68 kg, or about 30 mg/6l
kg to about 35 mp/60 kg. In sorme embodiments, the patient receives one or mmore pre~operative doses

of about 33 me/60 kg, abowt 56 mg/60 kg, about 57 mgi60 kg, about 58 mg/60 kg, about 59 mg/60 kg,
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about 60 mgd'k, about 61 mgE/60 kg, about 62 mg/60 kg, about 63 mg/60 kg, about 64 mg/60 kg, or
about 65 mg/60 k.. In some embodiments, the steroid is prednisone. In some embodiments, a daily
dose of prednisone between about 50 mg/60 kg and about 70 mg/60 kg is delivered for at least 1 day,
2 days, 3 days, 4 days. § days, 6 days, 7 days, 8 days, 9 days, or at feast 10 days before administration
of the therapeutic vector, In some embodiments, a daily dose of prednisone of about 60 nig/60 kg is
delivered for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, § days, 9 days, or at least

10 days before administration of the therapeutic vector,

{0172] In some embodiments, onc or more doses of the steroid are administered afier the
administration of the therapeutic vector {(f.e., one or more post-operative steroid doses). In some

~

embodiments, a daily dose of a stevoid 1s delivered for at Teast | day, 2 days, 3 days, 4 days, 5 days, 6
days, 7 days, 8 days, 9 days, or at least 10 days after administration of the therapeutic vector. In some
embodiments, a daily dose of g steroid is dehivered for at least 1 week, 2 weeks, 3 weeks, 4 weeks, 5
days, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 1 weeks, 12 weeks, 13 weeks, 14 weeks, or at
feast 15 weeks after administration of the therapeutic vector. In some embodiments, the patient
receives one or more post-operative sterotd doses of about 1 mg/60 kg to about 100 mg/60 kg, about
I mgf60 kg to about 80 mgdo0 kg, about | mg/60 kg to about 60 mag/60 kg, about 1T mg/a0 kg to about
40 me/60 ke, shout T mg/60 kg to about 20 /60 kg, about 20 me/ed ke to about 100 mg/60 kg,
about 20 mg/60 kg to about 80 mg/60 kg, about 20 mg/60 kg to about 60 mg/60 kg, about 20 mg/60
kg to about 40 mg/60 kg, about 40 mg/60 kg to about 100 mg/60 ky, about 40 mp/60 kg to about &0
mg/60 kg, about 40 mp/60 kg to about 60 mg/60 kg, about 60 mg to abont 10 mg/60 ke, about 68
me/6 kg to about 80 me/60 kg and about 80 mp/60 kg to about 100 mg/60 ke, In some embuodiments,
the patient receives one or mors post-operative steroid doses of about 1 mg to about 96 mg. In some
embodiments, the patient recetves one or more post-operative steroid doses of at least about I mg. In
some embodiments, the patient receives one or more post-operative steroid doses of at most about 96
mg. In some embodiments, the patient receives one or more post-operative steroid doses of about {
mg to about 2 mg, about 1 myg o about 4 mg, about | myg o about 8 mg, about 1 myg to about 16 mg,
about | mg to about 32 mg, about 1 mg to about 64 mp, about 1 mg to about %6 mg, about 2 mg to
about 4 mg, about 2 mg to about & mg, about 2 mg to about 16 myg, about 2 mg to about 32 mg, about
2 mg to about 64 mg, about 2 mg to abowt 96 mg, about 4 mg to about § mg, about 4 mg to about 16
mg, about 4 mg to about 32 mg, sbout 4 mg to about 64 my, abowt 4 mg to about 96 mg, about & mg
to about 16 mg, about 8 mg to about 32 mg, about 8 mg to about 64 mg, about 8 mg to about 96 mg,
about 16 mg to about 32 mg, sbout 16 mg to about 64 mg, about 16 myg to about 96 mg, about 32 my
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o about 64 mg, about 32 mg to about 96 mg, or about 64 my to about 96 mg. In some embodiments,
the patient receives oneg or more post-operative steroid doses of abount 1 myg, about 2 mg, about 4 myg,
about 8 mg, about 16 mg, about 32 mg, about 64 myg, or about 96 mg. In some embodiments, the

steroid is methylprednisolone (e.g., MEDROL®), In some embodiments, the steroid is prednisone,

{8173 In some embodiments , the patient receives one or more post-operative steroid doses of
about 70 mg/60 kg to about 90 mg/el kg, 75 mg/60 kg to about 90 mg/e0 kg, about 80 mg/o0 kg to
about 90 mg/60 kg, about 85 mg/60 kg to about 90 mg/60 kg, about 70 mg/60 kg to about 85 mg/60
kg, about 73 mg/60 kg to about 85 mg/60 kg, about 80 mg/60 kg to about 85 mp/60 kg, about 70 mg/60
ka to about 80 mg/60 kg, about 75 my/60 kg to about 80 mg/60 kg, or about 70 mg60 kg to about 73
mg/60 kg, In some embodiments, the patlient receives one or more post-operative stereid doses of
about 75 mg/60 kg, about 76 mg/e0 kg, about 77 mg/60 kg, about 78 mg/60 kg, abouwt 79 mg/60 kg,
about 80 mg/60 kg, about 81 mg/60 kg, about 82 mg/60 kg, about 83 mgi60 kg, about 84 mg/60 kg,
or about 83 mg/e0 kg, In some embodiments, the steroid is methylpredanisolone sodinm suceinate {e.g.,
SOLU-MEDROLE). In some embodiments, a daily dose of methylprednisolone sodiam succinate
{e.g., SOLU-MEDROL®) between about 70 mg and about 90 mg/60 ke is delivered for at least 1 day,
2 days, 3 days, 4 days, § days, 6 days, 7 days, B days, 9 days, or at teast 10 days after administration
of the therapeutic vector. In some embodiments, a daily dose of methylpredaisotone sodium succinate
{e.g., SOLU-MEDROLE Jof about 80 mp/6() kg is delivered for at least 1 day, 2 days, 3 days, 4 days,

5 davs, 6 days, 7 days, 8 days, 9 days, or at least 10 days after administration of the therapeutic vector.

{0174] In some embodiments, the pationt receives one or more post-operative steroid doses of
about 30 mg/0 kg to about 30 mgfe0 kg, 35 me/6 ky to about 50 my/60 kg, about 40 mg60 kg to
about 50 mg/60 kg, about 45 mp/60 kg 1o about 50 mg/60 kg, about 30 mg/60 kg 1o about 43 mg/6h
kg, about 33 mg 6l kg to about 435 mg/60 kg, about 40 mg/60 kg 1o about 45 mg/60 ke, about 30 mg/e0
kg to about 40 mg/60 kg, about 35 mg/60 kg to about 40 mgf60 kg, or about 30 mg/e0 kg to about 33
me/6l ke, In some embodiments, the patient receives one or more post-operative steroid doses of
abowt 35 mg/60 ke, about 36 mpe/6l) kg, about 37 mg/60 kg, about 38 mg60 kg, about 39 mg/6l kg,
about 40 me/60 kg, about 41 mg/60 kg, about 42 mg/60 kg, about 43 mg/e0 kg, about 44 mg/60 kg,
or gbout 45 mg/60 kg ln some embodiments, the steroid is methylprednisolone (e.g., MEDROL®RY.
In some embodiments, a daily dose of methylprednisolone {e.g., MEDROL®) between about 30
mg/60 kg and about 30 mg/60 kg is delivered for at feast | day, 2 days, 3 days, 4 days, § days, 6 days,

7 days, B days, 9 days, or at least 10 days afier administration of the therapeutic vector. In some
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embodiments, a daily dose of methylprednisolone {e.g., MEDROL®R) of abont 40 mg/60 kg is
delivered for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, ¥ davs, 9@ days, or at least

10 days after administration of the therapeatic vector.

{6175 In some embodiments, the patient receives one or more post-operative steroid doses of
about 20 mg/60 kg to about 43 mg/60 ki, 25 mg/60 kg to about 45 mg/60 kg, about 30 mp/ed kg
about 45 mg/60 kg, about 353 mg/60 kg 1o about 45 mg/60 kg, about 40 mg/60 kg to about 45 mg/60
kg, about 20 mg/60 kg to about 40 mg/60 kg, about 25 mg/60 kg to about 40 mg/60 kg, about 30 mg/60
kg to about 40 mg/60 kg, sbout 35 me/60 kg to about 40 mg/60 kg, about 20 mg/60 kg to about 35
mg60 kg, about 25 mp/60 kg to about 35 mg/60 kg, about 30 mp/60 ke to about 35 mg/60 kg, about
20 mgd60 kg to about 30 mg/60 kg, about 25 mg/60 kg to sbout 30 mg/60 kg, or sbout 20 mp/e0 kg to
about 25 mg/60 kg In some embodiments, the patient receives one or more post-operative steroid
doses of about 25 mg/a0 kg, abowt 26 mg/o8 kg, about 27 m/60 kg, about 28 mg/60 kg, shout 29
mgd60 k, about 30 mg/60 kg, about 31 mg/a0 kg, about 32 mg/60 kg, about 33 mg/60 kg, about 34
wme/60 kg, or about 35 mgf0 kg In some embodiments, the steroid is methylprednisolone (e.g.,
MEDROLRY). In some embodiments, a daily dose of methylprednisolone (e.g.. MEDROL®) between
about 20 mg/60 kg and about 45 mg/60 kg is delivered for at least 1 day, 2 days, 3 days, 4 davs, § days,
6 days, 7 days, 8 days, 9 days, or at feast 10 days after administration of the therapeutic vector, In
some embodiments, 8 daily dose of methylprednisolone {e.g., MEDROLE) of about 32 mg/60 kg is
delivered for at feast 1 day, 2 days, 3 days, 4 dayy, § days, 6 days, 7 days, 8 days, 9 days, or at Jeast

10 days after administration of the therapetic vector,

{6176} In some embodiments, the patient receives one or more post~operative steroid doses of
about 15 mg/60 kg to about 35 mg/60 ke, 20 mp/e0 kg to about 35 mgf60 kg, about 25 mpf6l kg to
about 35 mg/60 kg, about 30 mg60 kg to about 33 mye/60 kg, about 15 mg/60 kg to about 30 myg/6l
kg, about 20 mg/60 kg to about 30 mg/60 kg, about 25 mg/60 kg to about 30 mg/60 kg, abount 13 mg/60
kg to about 23 mg/60 kg, about 20 mg/60 kg to about 235 myg/60 kg, about 15 mg/6l kg to about 20
mg/60 kg, In some embodiments, the patient receives one or more post-operative steroid doses of
about 20 me/60 kg, about 21 mg/60 kg, about 22 mg/60 kg, about 23 myg/60 kg, about 24 mg/60 kg,
about 23 mg/60 kg, about 26 mg/60 kg, about 27 me'60 kg, about 28 mg/6el kg, about 29 mg/6l ke,
or about 30 mg/60 kg. In some embodiments, the steroid is methylprednisolone {e.g., MEDROL®),
In some embodiments, a daily dose of methylpredniselone {e.g., MEDROL®) between about 138

m60 kg and about 35 mg/60 kg is delivered for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days,
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7 days, 8 days, 9 days, or at least 10 days after administration of the therapeutic vector, In some
embaodiments, a daily dose of methylprednisolone {e.g., MEDROLE) of about 24 mg/e0 kg i
delivered for at least 1 day, 2 days, 3 days, 4 days, 5 davs, 6 days, 7 days, 8 days, 9 days, or at least

10 days after administration of the therapeutic vector,

{8177 In some embodiments, the patient recelves one or mare post-operative steroid doses of
about 5 mg/60 kg to about 25 mg/60 kg, 10 mg/60 kg to about 25 mp/e0 kg, about 15 mg6l kg to
about 23 mg/60 kg, about 20 mg/60 kg to about 23 mg/66 kg, about 5 mg/60 kg to about 20 mg/60 kg,
about 10 mg/60 kg to about 20 mg/60 kg, about 15 mg/60 kg to about 20 mg/60 kg, about 5 mg/60 kg
to about 15 mp/60 kg, about 10 mg/60 kg to about 15 mg/60 kg, or about 3 mg/60 kg to about 10
mg/e0 kg, In some embodiments, the patient receives one or more post-operative stereid doses of
about 10 mg/60 kg, about 11 mg/60 kg, ahout 12 mg/60 kg, about 13 mg/60 kg, sbout 14 mg/60 kg,
about 15 mg/e0 kg, about 16 mg/60 kg, about 17 mg/al kg, about 18 mg/60 kg, about 19 mg/60 kg,
or about 20 mg/60 kg. In some embodiments, the steroid is methyiprednisolone (e.g.. MEDROLE:}.
Ta some embodiments, a daily dose of methylprednisolone {e.g., MEDROL®) between about S mgf60
kg and about 25 mgf60 kg is delivered for at least 1 day, 2 days, 3 days, 4 days, 3 days, 6 days, 7 days,
8 days, 9 days, or at least 10 days after admunistration of the therapeutic vector. In some embodiments,
a daily dose of methylpredaisolone {e.g., MEDROL®) of about 16 mg/60 kg is delivered for at least
1 day, 2 davs, 3 days, 4 dayy, 5 days, & days, 7 days, 8 days, ¢ days, or at least 10 days after

adnupistration of the therapeutic vector,

{0178] In some embodiments, the pationt receives one or more post-operative steroid doses of
about 1 mg/60 kg to about 20 mg/60 kg, § mg/60 kg to about 20 mg/60 kg, about 10 mg/60 kg to about
20 mp/6h kg, about 15 mg/60 kg to about 20 mg/60 kg, about 1 mgfo0 kg to about 13 mgf60 kg, about
3 mpf60 kg to abowt 15 me/6d ke, about 10 me/60 kg to aboat 13 mg/60 kg, about 1 mg/60 kg to about
10 mg/60 kg, about 3 me/6i kg to about 10 mg/60 kg, or about | mg/60 kg to about 5 me/6d kg. in
some embodiments, the patient receives one or more post-operative steroid doses of about 1 mg/e0 kg,
abowut 2 me/60 ke, about 3 mg/60 kg, abowt 4 mg/60 kg, about 5 mg/60 kg, about 6 mg/60 kg, about 7
med6l kg, about 8 me/60 kg, about 9 mg/60 kg, abmut 10 mg/60 kg, about 11 mg/60 kg, about 12
mg/60 kg, about 13 me/60 kg, about 14 mg/60 kg, or about 15 mg/60 kg, In some embodiments, the
steroid i3 methylpredniselone {e.g., MEDROL®) In some embodiments, a daily dose of
methylprednisolone (¢.g., MEDROL®) between about 1 mg/60 kg and about 20 mg/60 kg is delivered

for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, or at least 10 days after
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administration of the therapeutic vector. In some embodiments, a daily dose of methylprednisolone
{c.g.. MEDROLE) of about 8 mgd60 kg is delivered for at least 1 day, 2 days, 3 days, 4 days, 3 days,

6 days, 7 days, ¥ days, 9 days, or at least 10 days after administration of the therapentic vector. In

delivered for at least 1 day, 2 days, 3 days, 4 davs, 5 davs, 6 days, 7 davs, 8 days, 9 days, or at least
10 days after administration of the therapeutic vector. In some embodiments, a daily dose of
methylprednisolone {e.g., MEDROL®R) of about 4 mg/60 kg is delivered for at least 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, § days, 9 days, or at least 10 days after administration of the

therapeutic vector.

{0179] In some embodiments, the patient receives one or more post-operative steroid doses of
about 30 mg/60 kg to about 50 mg/60 kg, 35 mg/60 kg to about 30 mg/60 kg, about 40 mg/60 kg to
about 50 mg/60 kg, sbout 45 mg/60 kg to about 50 mg/60 kg, about 30 mg/60 kg to about 45 mg/60
kg, about 35 mg/60 kg to about 45 mg/60 kg, about 40 mg/60 kg to sbout 45 mg/60 kg, about 30 mg/60
kg to about 40 mg/60 kg, shoat 35 mg/60 kg to about 40 mg/60 kg, or about 30 mg/60 ke to about 35
mgf60 kg, In some embodiments, the patient receives one or more post-operative steroid doses of
about 35 mg/e0 kg, about 36 me/60 kg, about 37 mg/60 kg, shoot 38 mg/60 kg, about 39 mg/60 kg,
about 40 mg/60 kg, about 41 mg/60 kg, about 42 me/60 kg, about 43 mg/60 kg, aboot 44 mg/60 ke,
or about 45 mg/60 kg, In some embodiments, the steroid is prednisone. In some embodiments, a daily
dose of prednisone between about 3 me/60 kg and about 50 mge0 ke s delivered for af least 1 day,
2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, or at least 10 days after administration
of the therapeutic vector, In some cmbodiments, a daily dose of predmsons of about 40 me/60 kg is
delivered for at least 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 dayvs, 8 days, 9 days, or at least

10 days after administration of the therapeutic vector.

{0180 In some embodiments, the patient receives one or more post-operative steroid doses of
about 10 mg/60 kg to about 30 mg/e0 kg, 15 mg/60 kg to about 30 mg/60 kg, about 20 mg60 kg to
about 30 mg/60 kg, about 25 mp/6l kg to about 30 mg/60 kg, about 10 mg/60 kg to about 25 mg/60
kg, abount 135 me/60 kg to about 23 mg/6t kg, about 20 mp/60 kg to about 25 mp/60 kg, about 10 mg/60
ke to about 20 mp/60 kg, about 15 me/60 kg to about 20 mg/60 kg, or about 10 mg/60 kg to abowt 13
mg/6l kg, In some embodiments, the patient receives one or more post-operative steroid doses of
about 15 mg/e0 kg, about 16 mg/6d kg, about 17 mg/60 kg, about 18 mg/60 kg, about 19 mg/60 ke,

about 20 mg/60 kg, abowt 21 me/60 kg, about 22 mg/60 kg, sbout 23 mg/e0 kg, about 24 mg/60 k.
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or about 25 mg/60 kg In some embodiments, the steroid is prednisone, In some embodiments, a daily
dose of preduisone between about 10 mg/60 kg and about 30 mg/60 kg s delivered for at least | day,
2 days, 3 davs, 4 days, 5 days, 6 days, 7 davs, 8 days, 9 days, or at least 10 days after administration
of the therapeutic vector. In some cmbediments, a daily dose of predaisone of about 20 mp/6d kg is
delivered for at least 1 day, 2 days, 3 days, 4 davs, 5 davs, 6 days, 7 davs, 8 days, 9 days, or at least

10 days after administration of the therapeutic vector,

{8181 In some embodiments, the patient receives one or more post-operative steroid doses of
about 1 mg/60 kg to about 20 mp/e0 kg, 3 mp/n0 kg to about 20 me/60 kg, about 10 mg/60 kg to about
20 mg/60 kg, about 15 mg/60 kg to about 20 mg/60 kg, about 1 mg/60 kg to about 15 mg/60 kg, about
5 mg/60 kg to about 15 mg/60 kg, about 10 mg/60 kg to about 15 mg/60 kg, about 1 mg/60 kg to about
10 mg/60 kg, about 5 mg/60 kg to shout 10 mg/60 kg, or about 1 mg/60 kg to about 5 mp/e0 kg, In
some embodiments, the patient receives one or more post-operative steroid doses of about 1 mg/60 kg,
about 2 mg/60 kg, about 3 mg/60 kg, about 4 mg/60 kg, about 5 mg/60 kg, about 6 mg/60 kg, about 7
/60 kg, about 8 mgde0 kg, about 9 mg/60 kg, about 10 mg/60 kg, sboot 11 mg/60 kg, about 12
mgf60 kg, about 13 mg/60 kg, about 14 mg/60 kg, or about 15 mg/60 kg, In some embodiments, the
sterotd iy prednisone. In some embodiments, 8 datly dose of preduisone between about 1 mg/6t ke
and about 20 mg/60 kg 1s delivered for at Teast 1 day, 2 days, 3 davs, 4 days, 5 days, 6 days, 7 days, 8
days, 9 days, or at least 10 days after administration of the therapeutic vector. In some embodiments,
a daily dose of predmisone of abowt 10 mgd60 kg is debivered for at least 1 day, 2 days, 3 days, 4 days,

5 days, 6 days, 7 days, & days, 9 days, or at least 18 days after administration of the thorapeutic vector.

{0182] In some embodiments, the patient receives one or more post-operative steroid doses of
about T g/60 kg to abont 15 /60 kg, about 5 g/60 kg to about 15 p/60 kg, about 10 g/60 kg 1o about
13 2/60 kg, about 1 g/60 kg to about 10 /60 kg, about 5 g/60 kg to about 10 2/60 kg, or about 1 g/60
kg to abowt 5§ g/60 kg In some embodiments, the patient receives one or more post-operative stevoid
doses of about 1 g/60 kg, about 2 p/60 kg, about 3 g/60 kg, about 4 g/60 kg, about § g/60 kg, abowt 6
2/60 kg, about 7 /60 kg, about 8 2/60 kg, about 9 g/60 kg, about 10 /60 kg, about 11 p60 kg, about
12 g/60 kg, about 13 2/60 kg, about 14 ¢/60 kg, or about 15 2/60 kg, In some embodiments, the steroid
is sodium creatine phosphate. In some embodiments, 8 daily dose of sodium creatine phosphate
between about 1 2/60 kg and about 15 ¢/60 kg is delivered for at least 1 day, 2 days, 3 days, 4 days, §
days, 6 days, 7 days, 8 days, 9 days, or at least 10 days after administration of the therapeutic vector.

In some embodiments, a daily dose of sodium creatine phosphate of about 2 g/60 kg is delivered for
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at least 1 day, 2 days, 3 days, 4 days, 3 days, 6 days, 7 davs, ¥ days, 9 days, or at least 10 davs after

administration of the therapeutic vector,

{8183] In some embodiments, the patient recoives an intravenous dose of sodium creatine
phosphate (2 g/60 kg) and an intravenous dose of methyiprednisolone sodium suceinate (e.g., SOL-
MEDROL®, 80 mg/60 kg) on the same day as administration of the therapeutic AAV vector and daily
for 3 days following administration of the therapeutic AAV vector, On day 3 following administration
of the therapeutic AAY vector, the patient 1s administered methylprednisolone (e.g., MEDROL®)
tablets at a dose of 40 mg/60 kg for 4 days, On day 7 following administration of the therapeutic AAV
vector, the patient is administered methylprednisolone {(e.g., MEDROL®} tablets at a dose of 32 mg/60
kg for 7 days. On day 14 following administration of the therapeutic AAV vector, the patient is
administered methylprednisolone {e.g,, MEDROLR) tablets at a dose of 24 mg/60 kg for 7 days. On
day 21 following administration of the therapeutic AAV vector, the patient is sdministered
methylprednisolone {e.g., MEDROL®) tablets at a dose of 16 mg/o0 kg for 7 days. On day 28
following administration  of the therapeutic AAV  vector, the patient s admanistered
methylprednisolone (.., MEDROL®R) tablets at a dose of B mg/60 kg for 7 davs. On day 35 following
administeation of the therapentic AAV vector, the patient 1s admindstered methviprednisolone (c.g.,
MEDROLRY) tablets at a dose of 6 mg/e0 kg for 7 days. On day 42 following administration of the
therapeutic AAV vector, the patient iy administered methylpredniselone {e.g., MEDROL®) tablets at
a dose of 4 mg/e0 kg for 7 days. See Figure 19 for a schematic of an exemplary trestment regimen for

LHON gene therapy.

{0184 In some embodiments, the patient receives methylpredmisolone {e.g., MEDROLEY)
tablets at a dose of 32 me/6d kg 7 days prior to administration of the therapeutic AAV vector. On the
day of administration of the therapsutic AAV vector, the patient rocetves an infravenous dose of
methylprednisolone sodivm soecinate {e.g., SOL-MEDROL® (80 mp/60 kg), which is administered
daily for 3 days. On day 3 following administration of the therapeutic AAY vector, the patient is
administered methylprednisolone (e.g.. MEDROLE) tablets at a dose of 40 mg/60 kg for 4 days. On
day 7 following administration of the therapeutic AAV vector, the patient is administercd
methylprednisolone {(e.g., MEDROLE) tablets at a dose of 32 mp/60 kg for 7 days. On day 14
following administration of the therapeutic AAV vector, the patient s  administered
methylprednisolone (e.g., MEDROL®) tablets at a dose of 24 mp/60 kg for 7 days. On day 21

following  adminmistration  of the therapeutic AAY  vector, the patient is  administered
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methylprednisclone (e.g., MEDROL®) tablets at a dose of 16 mg/60 kg for 7 days. On day 28
following administration of the therapeutic AAV  wvector, the patiemt is  administered
methylpredniscione (e.g.. MEDROL®) tablets at a dose of 8 mg/60 kg for 7 days. On day 35 following
administration of the therapentic AAV vector, the patient 1s administered methylpredmisolone (e.g.,
MEDROLRY) tablets at a dose of 6 mg/60 kg for 7 days. On day 42 following administration of the
therapeutic AAV vector, the patient is administered methylprednisolone (e.g., MEDROL®) tablets at
a dose of 4 mg/e0 kg for 7 days. See Figure 20 for an exemplary schematic of the treatment regimen

for LHON geue therapy.

{0185 In some embodiments, the patient receives predaisone tablets at a dose of 60 mg/60 kg
prior to administration of the therapeutic AAV vector and daily for 7 days following administration of
the therapeutic AAV vector. On day 8 following administration of the therapeutic AAV vector, the
patient ts administered predaisone tablets at a dose of 40 mg/'kg for one day. On day 9 following
administration of the therapeutic AAY vector, the patient is administered prednisone tablets at a dose
of 20 mg/kg for one day. On day 10 following adondmistration of the therapeutic AAV vector, the
patient is administercd prednisone tablets at 8 dose of 10 me/kg for one day. See Figure 21 for an

exemplary schematic of the treatment vegimen for LHON gene therapy.,

{0186] Dosage amoont and interval can be adjosted individoally to be sufficient to maintain
therapeutic effect. Skilled artisans will be able to optimize effective local dosages without undue

experimentation.

{8187] In some embodiments, adnyinistration of a steroid prior to, during, and/or afler
adnunistration of the therapentic AAV vector described hercin results in a higher average recovery of
vision than s achieved with adminsstration of a comparable therapawtic AAY vector without the
steroid, for example, in a population of at least 1) patients. In some embodiments, administration of a
sterord prior to, during, and/or affer administration of the therapeatic AAV vector resalts in a jower
incidence of an adverse event than is achieved with administration of a comparable therapsutic AAV
vector without the steroid, for example, in a population of at least 10 patients. In some embodiments,
the adverse event i3 selected from anterior chamber inflanunation, vitritis, ccnlar hyvpertension,
cataract removal, keratitis, vitrsous hemorrhage, allergic conjunctivitis, and eye pain (See eg.,
Example 15},

{0188] In some embodiments, the higher average recovery of vision and the jower incidence
of an adverse cvent achieved according to the present methods are determyined by comparison to a
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population of patients with the ove disorder treated with a therapeutic AAY vector without
administration of a steroid prior o, during, and/or after administration of the therapeutic AAY vector.
In some embodiments, the population of patients treated according 0 the methods of the present
disclosure and the population of patients treated with a comparable therapeutic AAV vector are

ethaically matched. In some embodiments, the populations of patients are Chinese or Argentindan,

Diagnostic Methods and Kits

{0189 In some embodiments, the present disclosurs provides methods of screening patients
for treatment of an eve disorder. In such embodiments, the methods compriss calturing a population
of target cells with a composition comprising an AAVY comprising a recombinant nucleic acid
sequence encoding a detectable label in the presence of & serum sample obtained from a patient, and
detecting the expression level of the detectable label in the target cells after the eulturing, wherein the
patient is selected for the treatment if the expression level of the detectable label in the target cells is
higher than a pre-determined threshold, In some embodiments, the methods futher comprise
administering to the patient a pharmaccutical composition comprising an AAV comprising a

recombinant nueleie scid sequence encoding 8 mitochondeial protein,

{81944 The methods of screening patients for treatment of an eve disorder described herein
ulilizes patient-derived serum samyples o assess the immune response of particular patient against a
recombinant viral vector used to deliver a therapeutic protein, Solable factors present in patient serum,
e.g.. antibodies, can prevent viral infection of target cells, thereby reducing the dehivery of the
therapeutic protein and/or reducing the efficacy of the pharmaceutical composition. Methods of the
present disclosure utilize an AAV encoding a detectable label, such that the level of infectivity of
target cells can be measured by detection of the fabel. o some erwbodiments, the present disclosure
provides methods for identifying patients that demounstrate low fmmune reactivity to an AAV
composition amd selecting those patients for treatment with the therapeutic AAY vectors described
herein. In some embodiments, the present disclosare provides methods for wdentifying patients that
demonstrate high inmane reactivity to an AAV composition and excluding those patients from futore

treatment with the therapentic AAV vectors described herein,

{8191) In some embodiments, the expression level of the detectable label in the target cells
correlates with the patient’s immune response against the AAY vector. For example, serum from a
patient demonstrating high immune reactivity to the AAV contains sohuble factors preventing the AAV

encoding the detectable label from infecting the target cells and preventing expression of the detectable
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label in the target cells. In such instances, the expression level of the detectable label in target cells
cultured in the presence of the patient serum is reduced relative to the expression level of the detectable
label In target cells cultured in the absence of the patient serum. Alternatively, serum from a patient

demonstrating low immune resctivity to the AAV contains fewer, or an absence of, soluble factors

the expression level of the detectable label in target cells cultured in the presence of the patient seruym
is the same, or is not significantly reduced, relative to the expression level of the detectable label in

target cells cultured in the absence of the patient serum.

{0192] The detectable label can be any protein or nucleic acid meolecule that is not
endogenously expressed by the target cell andfor the AAV vector, Examples of detectable Inbels
include but are pot limited to, FLAG tags, poly-histidine tags {e.g. 6xHis), SNAP tags, Halo tags,
cMyc tags, glutathione-S-transferase tags, avidin, enzymes, floorescent proteins, luminescent proteins,
chemiluminescent profeins, bioluminescent proteins, and phosphorescent profeins, In some
embodiments the fluorescent protein is selected from the group consisting of blue/UV proteins (such
as BEP, TagBFP, mTagBFP2, Awxurite, EBFP2, mEalamal, Sivtus, Sapphire, and T-Sapphire): cvan
proteins (such as CFP, eCFP, Cerudean, SCFP3A, mTurquoise, mTurgooise?, monomeric Midoriishi-
Cyan, TagCFP, and mTFP); green proteins (such asy GFP, ¢GFP, meGFP (AZ0SK mutation),
Emerald, Superfolder GFP, Monomeric Azami Green, TagGEP2, mUKG, mWasabi, Clover, and
mNeonGreen}; yellow proteins (such as YFP, eYFP, Citring, Venus, SYFP2, and TagYFP); orange
proteiny {such as Monomeric Kusabira-Orange, mKOx, mKQO2, mOrange, and mQOrange); red
proteins {such as RFP, mBaspberry, mCherry, mStrawberry, mTangerine, tdTomato, TagRFP,
TagRFP-T, mApple, mRuby, and mBuby2); far-red proteins (such as mPlum, HeRed-Tandem,
mKate2, mNeptune, and NirFP); near-infrared proteins (such as TagRFP637, IFP1.4, and iRFP); long
stokes shift proteins (Such as mKeima Red, [88-mKatel, LSS-mKate2, and mBeRFP);
photoactivatible proteins (such as PA-GFP, PAmCherryi, and PATagRFP); photoconvertible proteins
{such as Kaede {green), Kaecde {red), KikGR1 (green), KikGR1 (red), PS-CFP2, PS-CFP2, mEos2
{green), mBos? {red), mEo0s3.2 (green), mBosd2 (red), PSmOrange. and PSmOrange); and
photoswitchable proteins {such as Dronpa). In some embodiments, the detectable tag can be selected
from AmCyan, AsRed, DsRed2, DsRed Express, E2-Crimson, HeRed, ZsGreen, ZsYellow, mCherry,
mStrawberry, mirange, mBanana, mPhum, mRasberry, dTomate, DsRed Monomer, sad/or AcGFP,

all of which are available from Clontech. In particular embodiments, the detectable label is GFP.
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{8193] The detectable label can be detected by means commonty known in the art including,
but not linited to, flow cytometry, gPCR, Western blot, ELISA, and immunohistochemistry. In
particular embodiments, the detection method is & high throughput detection method such as flow
cytometry or gPCR, such that multiple patient samples can be analyzed simultaneonsly. In some
embodiments, the detection method is flow eyvtometry, In some embodiments, the detection method is
gPCR.

{0194] In some embodiments, a pre-determined threshold for the expression level of the
detectable label is set for the screening of patients for treatment of an eye disorder. In some
embodiments, patients that meet or exceed this threshold are selected for treatnrent with a therapentic
AAV vector described herein. In some embodiments, patients that do not meet this threshold are
excluded from futere treatinent with a therapeutic AAV vector deseribed herein or must undergo an
immunosuppression regiment prior to beginning treatment with a therapeutic AAV vector described

herein,

{8195 In some embodiments, the pre-determined threshold can be expressed as an absolute
expression level of the detectable label in a test sample, above which patient is characterized as suitable
for gene therapy and/or below which the patient is characterized as not suitable for gene therapy. For
example, in some embodiments where the detectable label Is detected by gPCR, the pre-deterniined
threshold is an absolute expression level of greater than or equal to 0.2, In such embodiments, a patiend
is characterized as saitable for gene therapy if the absolule expression level of the detectable label is
greater than or equal to (.2 and characterized as not suttable for gene therapy if the absolute expression
level of the detectable jabel i3 less than (.2, In some embodiments, the pre~detormined threshold s an
absolute expresston fevel of greater than or equal to 0.6, In sach embodiments, a patient s
characterized as suitable for gene therapy if the absolute expression level of the detectable label is
greater than or equal to (1.6 and characterized as not suitable for gene therapy if the absoluts expression

level of the detectable label is less than 0.6,

{8196] In some embodiments, where the detectable label s detected by flow cytometry, the
pre-determined threshold is an absolute expression level of greater than or equatl to 20% label-positive
target cells n the tost sample (eg, WOFPE cells = 20%). In such embodiments, a patient is
characterized as suitable for gene therapy if the absohute expression level of the detectable label is
greater than or egual to 20% label-posttive target cells and characterized as not suitable for gene

therapy if the absolute expression level of the detectable label is less than 20% label-positive target
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cells. In some embodiments, the pre-determined threshold is an absolute expression level of greater
than or equal to 40% label-positive target cells in the test sample (e.g., %GFP+ cells > 40%). In such
embodiments, a patient is characterized as suitable for gene therapy if the absolute expression level of
the detectable label is greater than or equal o 40% label-positive target cells and characterized as not
suitable for gene therapy if the absolute expression level of the detectable label is less than 40% label-

positive target cells.

{8197} In some embodiments, the pre-determined threshold can be expressed as a relative
expression level of the detectable label in a test sample (L.e., expression of the detectable label in a test
sanpie relative to a control sample), above which patient is characterized as suitable for gene therapy
and/or below which the patient is characterized as not suitable for gene therapy. In some enmbodiments,
where the detectable label is detected by flow cytometry, the pre~determined threshold is a relative
expression level of greater than or equal to 40% label-positive target cells in the test sample
{e.g., %GFP+ cells = 40%). In such embodiments, a patient is characterized as suitable for gene
therapy if the absolote expression level of the detectable label is greater than or cqual to 40% label-
positive target cells and characterized as not suitable for gene therapy if the absolute expression level
of the detectable label is less than 40% label-positive target cells. In some crubodiments, where the
detectable label is detected by flow evtometry, the pre~determined threshold is a relative expression
tevel of greater than or equal to 30% label-positive target cells in the test sample {e.g., “GFP+ cells
> 80%). In such embodiments, a paticnt 15 characterized as suttable for gene therapy if the absolute
expression levet of the detectable fabel is greater than or squal to 80% label-positive target cells and
characterized as not suitable for gone therapy if the absolute exprossion level of the detectable label i3

less than 8096 label-positive target cells

{61981 In some embodiments, the patienty screened for andfor selected for treatment according
1o the methods described herein have one or mors mtDNA point mutations. In somes embodiments, the
patients have a point mutation in a gens encoding a protein of complex 1 in the oxidative
phosphorylation chain of the mitochondria. For example, patients may have one of more point
mutations in the ND4 gene, the NDJ gene, or the ¥D6 gene. In some embodiments, the patients have
a point mutation at nucleotide position 11778 in the N4 gene. In some embodiments, the point
mutation is G11778A In the ¥D4 gene, In some embodiments, the patients have a point mutation at
nucleotide position 3460 in the NOT gene. In some embodiments, the point mutation is G3460A in the

ND{ gene. In some embodiments, the patients have a point mutation at puclectide position 14484 in

106



WO 2020/038352 PCT/CN2019/101538

the ND6 gene. In some smbodiments, the point muotation is T14484C in the ND# gens. ln some
embaodiments, the patients screened for andfor selected for treatment according to the methods
deseribed herein have one or mere of point muistions selected from GUITTEA in the ND4 gene,
G3460A In the NI gene, and T14484C in the ND¢ gene and are of Chinese and/or Argentinean

descent,

{8199 In some embodiments, the paticats screened for and/or selected for treatmant according
o the methods described herein have one or more of point mutations selected from GII778A in the
NDA gene, G3460A in the NDT gene, and T14484C in the ND¢ gene and are of Argentinean descent,
In some embodiments, the patients screened for and/or selected for treatment according to the methods
described herein have one or more of point mutations selected from G11778A in the ND4 gene,
G3460A in the NDT gene, and T14484C in the ND6 gene and are of Chinese descent. In particular
embodiments, the patients screened for andfor selected for treatment according to the methods
described herein have one or more of point mutations selected from G11778A in the NDY gene and is

of Chinese descent.

{0200 I some embodiments, the present disclosare provides kits for use in screening patients
for treatment of an eve disorder and/or use in the election of a patient for treatment of an cye disorder,
In such embodiments, the kits comprise AAV comprising a recombinant pucleie acid encoding a
detectable label and one oy more reagents for detecting the detectable fabel. In some embodiments, the
one or more reagents for detecting the detectable label are selected an antibody that binds to the

detectable label and one or more primer oligonucleotides specific for the recombinant nucleic acid

encoding the detectable label.

{6201] In some embodiments, the kit further comprises one or more reagents for reconstituting
andfor diluting the AAV vector andfor detection reagent componeats. In some embodiments, the kit
further comprises one or more additional reagents, such as a buffor for introdacing the AAV vector to
a cell, a wash buffer, and/or a cell enlture media. Components of a kit can be in separate containers or

can be combined in a single container.

{62021 fn addition to above-mentioned components, i some embodiments a kit further
comprises instructions for using the components of the kit to practice the methods of the present
disclosure. The instructions for practicing the methods are generally recorded on a suitable recording
medinm. For example, the instructions may be printed on a substrate, such as paper or plastic, ste. As
such, the instructions may be present in the kits as a package insert or in the labeling of the container
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of the kit or components thereof (i.e., associated with the packaging or sub-packaging). In other
embaodiments, the instructions are present as an electronic storage data file present on a suitable
computer readable storage medium, e.g. CD-ROM, diskette, flash drive, ete. In et other embodiments,
the actual instructions are not present in the kit, but means for obtaining the instructions from a remote
source, e.g. via the imernet, are provided. An example of this exabodiment is a kit that includes a web
address where the astructions can be viewed and/or from which the instructions can be downloaded.

As with the instructions, this means for obtaining the instroctions is recorded on a suitable substrate,

Pharmaceutical Compositions

{8203 The vector of the invention can be formulated into pharmaceutical compositions. These
compositions may comprise, in addition to the vector, a pharmaceutically acceptable excipient, carrier,
buffer, stabilizer or other materials well known to those skilled in the art. Such materials should be
non-toxic and should not interfere with the efficacy of the active ingredient. The precise nature of the
carrier or other material may be determined by the skilled person sccording to the route of

administration, .e. here direct retinal, subretinal or intravitreal injection.

{8204] The pharmsceuntical composition Is typically in liquid form. Liquid pharmaceutical
compositions generally inchade a liquid carrier such as water, petroleum, animal or vegetable oils,
mineral oif or synthetic oil. Physiological saline solubion, magnesium chloride, dextrose or other
saccharide solation or glycols such as ethylene glycol, propylene glyeol or polyethylene glveol may

be incheded. In some cases, a surfactant, such as pluronic acid (PF68} 0.001% may be used.

{8205] For injection at the stie of affliction, the active ingredient will be in the form of an
agueous solution which is pyrogen-~iree and has suitable pH, isotonicity and stability. Those of relevant
skill in the art are well able to prepare suitable solutions using, for example, 1sotonic vehicles sach as
Sodium Chloride Injection, Ringer™s Injection, Lactated Ringer’s Injection. Preservatives, stabilisers,

buffers, antioxidants and/or other additives may be included, as required.

{02046] For delayed release, the veclor may be included 1o a phavmaceutical composition which
is formudated for sfow release, such as in microcapseles formed from biocompatible polvmers or in

Hposomal carrier systems according to methods known in the art.

Samples
{0207 Samples that are suitable for use in the methods deseribed herein can be nucleie acid

samples from a subject. A “nucleie acid sample™ as used herein can include RNA or DNA, or a
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combination thereof. In another embodiment, & “polypeptide sample™ (e.g., peptides or proteins, or
fragments therefrom) can be used 1o ascertain information that an amino acid change has oceurred,
which is the result of a genetic variant. Nucleic acids and polypeptides can be extracted from one or
more samples including but not Himited to, blood, saliva, urine, mucosal scrapings of the lining of the
mouth, expectorant, serum, tears, skin, tissue, or hair. A nucleic acid sample can be assayed for nucleic
acid information. “Nucleie acid mformation,” as used herein, includes a nucleie acid sequence itself,
the presence/absence of genctic variation in the nucleie acid sequence, a physical property which
varies depending on the nucleic acid sequence {e.g., Tm), and the amount of the nucleic aad (g,
nunther of MRNA copies). A “nucleic acld”™ means any one of DNA, RNA, DNA including artificial
nucieotides, or RNA including artificial nucleotides, As used herein, a “puorified nucleic acid™ includes
eDNAs, fragments of genomice nucleie acids, nucleic acids produced using the polymerase chain
reaction (PCR), nucleic acids formed by restriction enzyme treatment of genomic nucleie acids,
recombinant nocleie scids, and chemically synthesized nucleic acid molecndes. A “recombinant”™
nucteic acid molecule includes 8 nuclete acid moleaude made by an artificial combination of two
otherwise separated segments of sequence, e.g., by chemucal synthesis or by the manipulation of
isolated segments of nucleic acids by genelic engineering techmigues. As used herein, a “polypeptide™
mcludes proteins, fragments of proteins, and peptides, whether isolated from natoral sources, produced
by recombinant technigues, or chemically synthesized. A polypeptide may have one or more
modifications, such as a post-translational modification (v.g., glyeosylation, phosphorylation, ete.) or
any other modification {e.g., pegylation, etc.). The polypeptide may confain one or more non-

naturally-occurring amine acids {e.g., such as an amino acid with a side chain meodification).

{0208] In some embodiments, the nucleic acid sample can comprise cells or tissue, for example,
cell lings. Exemplary cell tvpes from which nucleic acids can be obtained using the methods described
herein include, but are not limited to, the following: a blood cell such as a B lympheocyte, T lymphocyte,
feukoeyte, erythrocyte, macrophage, or nsutrophil; a muscle cell such as a skeletal cell, smooth muscle
cell or cardiac wuscle cell; a germ cell, such as a sperm or egg: an epithelial cell; a connective tissue
cedl, such as an adipocyte, chondrooyte; fibroblast or osteoblast; a neuron; an astrocyte; a stromal cells
an organ specific cell, such ag a kidney cell, pancreatic cell, liver cell, or a keratinocyte; a stem cell;
or any cell that develops therefrom. A cell from which nucleic acids can be obtained can be a blood
cell or a particular type of bloed cell including, for example, a hematopoietic stem cell or a cell that
arises from a hematopoietic ster celf sueh as a red blood cell, B lymphocyte, T lymphocyte, naturat
kitler celd, neutrophil, basophil, cosinophil, monocyte, macrophage, or platelet. Generally, any type of
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stem cell can be used inclading, without Hmitation, an embryonic stem cell, adult stem cell, or

pluripotent stem cell.

{8209 In some embodiments, a nucleic acid sample can be processed for RNA or DNA
solation, for example, RNA or DNA in a cell or tissue sample can be separated from other components
of the nucleic acid sample. Cells can be harvested from g nucleic acid sample using standard
techniques, for example, by centrifuging a cell sample and resuspending the pelleted cells, for example,
in a buffered solution, for example, phosphate-buffered saline (PBS). In some cmbodiments, after
centrifuging the cell suspension to obtain a cell pellet, the cells can be lysed to extract DNA. In some
embodiments, the nucleic acid sample can be concentrated and/or purified to isolate DNA, All nucleic
acid samples obtained from a subject, including those subjected to any sort of further processing, sre
considered to be obtained from the subject. In some embodiments, standard technigues and kits known
i the art can be used to extract RNA or DNA from a nucleic acid sample, including, for example,
phenol extraction, a QIAAMPR Tissue Kit (Qiagen, Chatsworth, Calif}, a WIZARD® Genomie DNA
purification kit (Promega), or a Qiagen Autopure method using Puregene chemistry, which can enable

purification of highly stable DNA well-suited for archiving.

{8214 In some embodiments, determining the identity of an allele or determining copy
number can, but need not, include obtaining # nucleic scid sample comprising RNA and/or DNA trom
a subject, and/or assessing the dentity, copy number, presence or abssnee of one or more genetic
vartations and their chromosomal locations within the genomic DNA {1.e. subject’s genome) derived

from the nucleic acid sample.

{8211 The individual or organization that performs the determination need not actually carry
out the physical analysis of a nucleic acid sample from a subject. In some embodiments, the methods
can inclode using information obtained by analysis of the nucleic acid sample by a third party. In some
embodiments, the methods can include steps that occur at more than one site. For example, a nucleic
acid sample can be oblained from a subject at a first site, such as at a health cave provider or at the
subject’s home in the case of a self-testing kit. The nucleic acid sample can be analyzed at the same

ot a second site, for example, at a laboratory or other testing facility.

Nucleic Acids
{8212} The nucleic acids and polypeptides described herein can be used in methods and kits

of the present disclosure. In some embodiments, aptamers that specifically bind the nucleic acids and
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polvpeptides described herein can be used in methods and kits of the present disclosure. As used herein,
a nucleic acid can comprise a deoxyribonucleotide (DNA) or ribonucleotide (RNAY, whether singular
or in polymers, naturally occurring or non-naturally occurring, double-stranded or single-stranded,
coding, for example g translated gene, or non~coding, for example a regulatory region, or any
fragments, derivatives, mimetics or complements thereof. In some embodiments, nucleic acids ean
comprise oligonucieotides, nucleotides, polynucieotides, nucleic acid sequences, genomic sequences,
complementary DNA (cDNA), antisense nucleie acids, DNA regions, probes, primers, genes,
regulatory regions, introns, exons, open-reading frames, binding sites, target nucleie acids snd allele-

specific nucleic acids.

{0213] A “probe,” as used herein, includes a nucleic acid fragment for examining a nueleie

acid in g specimen using the hybridization reaction based on the complementarity of nucleie acid,

{02141 A “hybrid”™ as used herein, includes a double strand formed between any one of the
abovementioned nucleie acid, within the same type, or across different types, including DNA-DNA,
DNA-RNA, RNA-RNA or the like.

j0215] “Iselated™ nucleic acids, as used herein, are separated from nucleie acids that normally
flank the gene or nucleotide seguence {as in genomic sequences) andfor has been completely or
partially purified from other transcribed sequences {e.g., as in an RNA library). For example, isolated
nucleic acids of the discloswre can be substantially isolated with respect to the complex cellular milieu
in which it naturally occurs, or colture mediom when prodoced by recombinant techniques, or
chemical precursors or other chemicals when chemically synthesized. In some instances, the isolated
material can form part of a composition, for example, a crude extract confaining other substances,
buffer system or reagent mix. In some embodiments, the material can be purified fo cssential
homogeneity using methods koown in the art, for example, by polvacrylamide pgel electrophoresis
{PAGE} or column chromatography {e.g., HPLC) With regard to genomic DNA (gDNA), the term
“1solated” also can refer to nueleic acids that are separated from the chromosome with which the
genomic DNA s naturally associated. For example, the isolated nucleic acid molscule can contain less
than about 250 kb, 200 kb, 150 kb, 100 kb, 73 kb, 30 kb, 25 kb, 10 kb, 5 kb, 4 kb, 3 kb, 2kb, 1 kb, 1.5
kb or 0.1 kb of the nucleotides that flank the sucleic acid molecule in the gDNA of the cell from which

the nucleic acid molecule is derived.
{8216] Nucleic acids can be fused to other coding or regulatory sequences can be considered
isolated. For example, recombinant DNA contained in a vector is incladed in the definition of “isolated”
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as used herein. In some embodiments, isolated nucleic acids can include recombinant DNA molecules
in heterologous host cells or heterologous organisms, as well as partially or substantially purified DNA
molecules n solation. Isolated nucleic acids also encompass in vivo and in vitro RNA transcripts of
the DNA molecules of the present disclosure. An isolated nucleic acid molecnle or nucleotide
sequence can be synthesized chemically or by recombinant means. Such isolated nucleotide sequences
can be useful, for example, in the manufacture of the encoded polypeptide. as probes for isolating
homologous sequences {(e.g., from other mammalian species), for gene mapping (¢.g.. by in situ
hiybridization with chromoesomes), or for detecting expression of the gene, in tissue (e.g., human tissue),
such as by Northern blot analysis or other hybridization techmques disclosed herein. The disclosure
also pertains to nucleic acid sequences that hybridize ander high stringency hybridization conditions,
such as for sclective hybridization, to a nucleotide sequence deseribed herein Such nucleic acid
sequences can be detected and/or solated by allele- or sequence-specific hybridization {e.g., under
high stringevcy conditions). Stringencey couditions and mwethods for nocleic acid hybridizations are
well known to the skilled person (see, e.g., Current Protocols in Molecular Biology, Ausubel, F. etal,,
John Wiley & Song, (1998), and Kraus, M. and Aaronson, S., Methods Enaymol., 200:546-556 (19913,

the entire teachings of which are incorporated by reference herein.

{217 Caleulations of “identity™ or “percent identity™ hetween two or more nucleotide or
amine acid sequences can be determined by aligning the sequences for optimal comparison purposes
{e.g., gaps can be introduced in the sequence of a first sequence). The nucleotides at corresponding
positions are then compared, and the percent identity between the two sequences 18 a function of the
number of klentical positions shared by the sequences {ie. 9% identity = # of identical positions/total
# of positions x 100}, For example, a position in the first sequence is occupied by the same nucleotide
as the corresponding position in the second seguence, then the molecules are identical at that position.
The percent identity between the two sequences is a function of the number of identical positions
shared by the sequences, taking into account the number of gaps, and the length of each gap, which

aced to be introduced for optimal alignment of the two sequences.,

{6218] In some embodiments, the length of & sequence aligned for comparison purposes is at
feast 30%, at least 40%, at least 30%, at least 60%, at least 70%, at least 809%, at least 0%, or at least
95%, of the length of the reference sequence. The actual comparison of the two sequences can be
accomplished by well-known methods, for example, using a mathematical algorithm. A non-limiting

exampie of such a mathematical glgorithm &s described in Karlin, 8. and Altschud, 8., Proc. Natl. Acad,
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Sci. USA, 90- 3873-3877 (1993). Such an algorithm is incorporated into the NBLAST and XBLAST
programs {version 2.0), as described in Altschul, 8. et al,, Nucleic Acids Res,, 25:3389-3402 (1997).
When utilizing BLAST and Gapped BLAST programs, any relevant parameters of the respective
programs {e.g., NBLAST) can be used. For example, parameters for sequence comparison can be set
at scores= 100, word length= 12, or can be varied {(e.g., W=3 or W=20}. Other examples include the
algorithm of Myers and Miller, CABIOS (1989), ADVANCE, ADAM, BLAT, and FASTA. In some
embodiments, the percent identity between two antine acid sequences can be accomplished using, for

example, the GAP program in the GOG software package (Accelrys, Cambridge, UK.

{0219] “Probes” or “primers” can be oligonuclentides that hybridize in & base-specific manner
to a complementary strand of a nucleic acid molecule. Probes can fnclude primers, which can be a
single-stranded oligonucleotide probe that can act as a point of nitiation of teroplate-directed DNA
synthesis asing methods including but not limited to, polymerase chain reaction {PCR) and ligase
chain reaction (LCR) for amplification of a target sequence. Oligonucieotides, as deseribed herein,
can include segments or fragments of nucleie acid sequences, or their complements. In some
erbodiments, DNA segments can be between 5 and 10,000 contignons bases, and can range from 5,
10,12, 15,20, or 25 nucleotides to 14, 135, 20, 25, 30, 40, 30, 100, 200, 500, 1000 or 10,000 nucleotides.
In addition to DNA and RNA, probes and primers can include polypeptide nucleic acids (PNA), as
described in Nielsen, P. et al,, Science 234: 1497-1300 (1991). A probe or primer can comprise a
region of nucleotide sequence that hybridizes to at least about 13, typically about 20-25, and in certain

embodiments about 40, 30, 60 or 75, consccutive nucleotides of a nucleic acid molecule.

{02201 The prosent disclosure also provides isolated nuclsic acids, for example, probes or
primers, that contain a fragment or portion that can sclectively hybridize to a nucleic acid that
comprises, or consists of, a nucleotide sequence, wherein the nucleotide sequence can comprise at
feast ong polymorphism or polymorphic aliele contained in the genetic variations described hersin or
the wild-type nucleotide that is Jocated at the same position, or the complements thersof. In some
smbodiments, the probe or primer can be at least 70% identical, at least 8% identical, at least 83%
identical, at least 90% identical, or at least 9556 identical, to the contiguous nucleotide sequence or to

the complement of the contiguouns nucleotide sequence.,

{6221] In some embodiments, a nucleic acid probe can be an oligonecleotide capable of

hybridizing with a complementary region of a gene associated with a condition {e.g., LHON)
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containing a genetic variation described herein. The mucleic acid fragments of the disclosure can be

used as probes or primiers in assays such as those deseribed herein.

{8222] The nucleic acids of the disclosure, such as those described above, can be identified
and isolated using standard molecular biology techmgues well known to the skilled person. in some
smbodiments, DNA can be amplified andfor can be labeled (e.g., radiolabeled, fluorescently labeled)
and used as a probe for screening, for example, a cDNA Hbrary derived from an organism. ¢cDNA can
be derived from mRNA and can be contained in a suitable vector. For example, corresponding clones
can be isolated, DNA obtained fallowing in vivo excision, and the cloned insert can be seguenced in
either or both orientations by art-recognized methods to identify the correct reading frame encoding
polypeptide of the appropriate molecalar weight. Using these or similar methods, the polypeptide and

the DNA encoding the polypeptide can be isolated, sequenced and further characterized,

{02231 In some cmbodiments, nucleie acid car comprise one or more polymorphisms,
variations, or mutations, for example, single nucleotide polymorphisms (SNPs), single nucleotide
varigtions (SNVs), copy number variations (CNVs), for example, insertions, deletions, inversions, and
fransfocations. In some embodiments, naucleic acids can comprise snalogs, for example,
phosphorothioates, phosphoramidates, methyl phosphonate, chiralmethyl phosphonates, 2-0-methyl
ribonueleotides, or modified nucleic acids, for example, modified backbone residues or linkages, or
nucteie acids combined with carbohydrates, Hipids, polypeptide or other materials, or peptide nucleie
acids (PNAs), for example, chromatin, ribosomes, and franscriplosomes. In some embodiments
aucleic acidy can comprise nucleie acids in various structures, for example, A DNA, B DNA, Z-form
DINA, siRNA, tRNA, and ribozymes. Inn some embodiments, the nucleic acid may be naturally or non-
nataralty polymorphic, for example, baving one or more sequence differances, for example, additions,
deletions andfor substitutions, as compared 10 a reference sequence. In some embodiments, a reference
sequence can be based on publicly available information, for example, the U.C. Santa Cruz Human
Genome  Browser  (atoway  (gonomeucse.cdw/ogi-bindhgGateway) oy the NCBI website
fwww.nchbinlmonib.gov), In some embodiments, a reference sequence can be determined by a
practitioner of the present disclosure using msthods well known in the art, for example, by sequencing

a reference nucleic acid.

{0224] In some cmbodiments, a probe can hybridize to an allele, SNP, SNV, or CNV as
described hersin. In some embodiments, the probe can bind to another marker sequence associated

with LHON as described herein.
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{9225 Oae of skill in the art would know how to design a probe so that sequence specific
hybridization can occur only if & particudar allele s present in a genomic sequence from a test nucleic
actd sample. The disclosure can alse be reduced to practice using any convenient genotyping method,
meluding commercially available technologies snd methods for penotyping particular genctic

variations

{0226] Control probes can also be used, for example, a probe that binds a less variable
sequence, for example, a repetitive DNA associated with a centromere of a chromosome, can be used
as a control. In some embodiments, probes can be obtained from commercial sources. In some
embodiments, probes can be synthesized, for example, chemically or in vitro, or made from
chromosomal or genomic DNA through standard technigues, In some enmtbodiments sources of DNA
that can be used include genomic DNA, cloned DNA sequences, somatic cell hybrids that contain one,
or & part of one, human chromosome along with the normal chromosome complement of the host, and
chromosomes purified by flow cytometry or microdissection. The region of interest can be isolated

through cloning, or by site-specific amphfication using PCR,

{0227 One or more nucleic acids for example, a probe or priner, can also be labeled, for
example, by divect labeling, to comprise a detectable label. A detectable label can comprise any label
capable of detection by a physical, chemical, or a hiclogical process for example, a radicactive label,
sach as 32P or 3H, a fluorescent fabel, such as FITC, a chromophore label, an affinity-ligand label, an
enzyme fabel, such ay alkaline phosphatase, horseradish peroxidase, or 12 galactosidase, an enzyme
cofactor fabel, 2 hapien conjugate label, such as digoxigenin or dimitrophenyl, a Raman signal
generating fabel, a magnetic label, a spin label, an epitope label, such as the FLAG or HA epitope, a
tuminescent fabel, a heavy atom label, & nanoparticle label, an electrochemical {abel, a light scattering
label, a spherical shell label, semiconductor manocrystal label, such as quantum dots (described in ULS.
Pat. No. 6,207,392), and probes labeled with any other signal generating label known to these of skill
in the art, wherein a label can allow the probe to be visualized with or withoat a secondary detection
maiecule. A nucleotide can be divectly incorporated into a probe with standard techniques, for example,
nick translation, random priming, and PCR labeling. A “signal,™ as used herein, include a signal
suitably detectable and measurable by appropriate means, iluding fluorescence, radioactivity,

chemilwminescence, and the like.

{8228 Noa-limiting examples of label moietics useful for detection inchude, without limitation,

suitable enzymes such as horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or
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acetvicholinesterase; members of a binding pair that are capable of forming complexes such as
streptavidin/biotin, avidindbiotin or an antigen/antibody complex including, for example, rabbit IgG
and anti-rabbit IgG: fluorophores such as umbelliferons, fluorescein, fluorescein isothiocyanate,
rhodamine, tetramethyl rhodamine, cosin, green fluorescent protein, eryvthrosin, coumarin, mothyl
coumarin, pyrene, malachite green, stilbene, lncifer yellow, Cascade Blue, Texas Red,
dichlorotriszinylamine fluorescein, dansyl chloride, phycoerythrin, fuorescent lanthanide complexes
such as those including Europiom and Terbium, cvanine dye family members, such as Cy3 and Cy5,
molecular beacons and fluorescent derivatives thereof, as well as others known i the art as described,
for example, in Principles of Fluorescence Spectroscopy, Joseph R. Lakowicz (Editor), Plenun: Pub
Corp, 2nd edition (July 1999) and the 6th Edition of the Molecolar Probes Handbook by Richard P.
Hoagland; a Tuminescent material such as tuminoel; light scattering or plasmon resonant materials such
as gold or silver particles or guantum dots; or radiosctive material inclode 14, 1231, 1241, 1251,

T, 328, 33P, 3538 or 3H,

{0229 Other fabels can also be ased in the methods of the present disclosure, for example,
backbone labels, Backbone labels comprise nucleic scid stains that bind nucleie acids in a sequence
independent manner. Non-Hmiting examples include intercalating dyes such as phenanthridines and
actidines {e.g., cthidivm bromade, propidium jodide, hexidium todide, dibtvdrocthidium, ethidivm
homodimer-1 and -2, cthidim monoazide, and ACMA); some minor grove binders such ay indoles
and imidazoles (o2, Hoechst 33258, Hoechst 33342, Hoechst 34580 and DAPI); and miscellaneouy
nucteic acid stains such as acridine orange {(also capable of mtercalating), 7-AAD, sctinomycein D,
LDST751, and hydroxystiltbamidine. All of the aforementioned nucleic acid stains are commercially
available from suppliers such as Molecalar Probes, Inc. S6il other examples of nucleic acid stains
include the following dyes from Molecular Probes: cyanine dyes such as SYTOX Blue, SYTOX Green,
SYTOX Orange, POPO-1, POPO-3, YOYO-1, YOYO-3, TOTO-1, TOTO-3, JO-1, LOLO-1,
BOBO-1, BOBO-3, PO-PRO-1, PO-PRO-3, BO-PRO-T, BO-PRO-3, TO-PRO-1, TO-PRO-3, TO-
PRO-5, JO-PRO-1, LO-PRO-1, YO-PRO-L, YO-PRO-3, PicoGreen, OliGreen, RiboGreen, SYBR
Gold, SYBR Green [, SYBR Green H, SYBR DX, SYTQ-40, 41, -42, <43, 44, 45 (blue), SYTO-13,
-16, .24, =21, <23, -12, 11, =20, -22, <15, -14, <23 (green), SYTO-81, -80, -82, -83, -84, -85 {orange),
SYTO-64, -17, -59, 61, -62, -60, -63 {red).

{8230] In some embodiments, fluorophores of different colors can be chosen, for example, 7-

amino-4-methylcowmarin-3-acetic  acid {AMCA),  3-{and-6)-carboxy-X-rhodamine, lissamine
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rhodanine 8,  3-(and-6)-carboxyfluorescein,  fluorescein-S-isothiocyanate  (FITC),, 7-
diethylaminocowmarin-3-carboxylic acid, tetramethyirhodamine-5-{and-6)-1sothiocyanate, 5-(and-6)-
carboxytetramethylrhodamine,  7-hyvdroxycoumarin-3-carboxylic  acid, 6-[fluorescein  S-(and-6)-
carhoxamidothexancic acid, N-{4.4-diflvoro-5,7-dimethyvi-4-bora-3ada diaza-3-indacenepropionic
actd, cosin-3-isothiocyanate, erythrosin-5- isothiocyanate, TRITC, rhodamine, tetramethyirhodamine,
Rephycoerythrin, Cy-3, Cy5, Cy-7, Texas Red, Phar-Red, allophycocyanin (APCland
CASCADETM blue acetylazide, such that cach probe in or not in a set can be distinetly visualized, In
some embodiments, fluorescently Iabeled probes can be viewed with a fluorescence nicroscope and
an appropriate filter for vach fluorophore, or by using dual or teiple band-pass filter sets to observe
multiple fluorophores. In some embodiments, techuiques such as flow cytometry can be osed to

examine the hybridization pattern of the probes.

{8231] In other embodiments, the probes can be indirectly labeled, for example, with biotin or
digoxygenin, or labeled with radioactive isotopes such as 32P andfor 3H. As a non-limiting example,
a probe indirectly labeled with biotin can be detected by avidin comjugated to a detectable marker. For
example, avidin can be conjugated to an enzymatic marker sach as alkaline phosphatase or horseradish
peroxidase. In some embodiments, enzymatic markers can be detected using colorbmetric reactions
using a substrate andfor a catalyst for the enzyme. In some embodiments, catalysis for alkahne
phosphatase can be used, for example, 3-bromo-4-chioro-3-ndolyiphosphate znd nitro blne
tetrazobam. o some embodiments, a catalyst can be used for horseradish peroxidase, for example,

diaminobenzoats.

Formulations, voutes of administration, and effective doxex

{0232] Yet another aspect of the present disclosure relates to formulations, rovles of
adnunistration and effective doses for pharmaceutical compositions comprising an agent oy
combination of agents of the instant disclosure. Such pharmacsutical compositions can by used 1o freat

a condition {e.g., LHON) ay described above,

{6233] Compoands of the dizclosore can be administered as pharmacsutical formudations
including those suitable for oral {including buccal and sub-lingual), rectal, nasal, topical, transdermal
patch, pulmonary, vaginal, suppository, or parenteral (incleding intraocular, intravitreal, itramuscular,
inteaarterial, intrathecal, intradermal, intraperitoneal, subcutancous and intravenons) administration or

in a form suitable for administration by aerosolization, inhalation or insufflation. General information
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on drug delivery systems can be found In Ansel of al.. Pharmacentical Dosage Forms and Drug

Delivery Svstems (Lippencott Williams & Wilkins, Baltimore Md, {1999),

{8234] In various embodiments, the pharmacentical composition includes carriers and
excipients (including but not limited to buffers, carbohydrates, mannitol, polypeptides, amine acids,
antioxidants, bacteriostats, chelating agents, suspending agents, thickening agents andfor
preservatives), water, oils including those of petroleum, animal, vegotable or synthetic origin, such as
peanut oil, soybean oifl, mineral oil, sesame oil and the like, saline solutions, aqueous dextrose and
glycerol solutions, flavoring agents, coloring agents, detackifiers and other acceptable additives,
adjuvants, or binders, other pharmaceutically acceptable auxiliary substances to approximate
physiological conditions, sach as pH buffering agents, tonicity adjusting agents, emulsifying agents,
wetting agents and the like. Examples of excipients include starch, glucose, lactose, suerose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, tale, sodium chloride, dried
skim milk, glycerol, propylene, glycol, water, cthanol and the like. Tn some embodiments, the
pharmaceutical preparation i3 substantially free of preservatives. In other ewmbodiments, the
pharmaceutical preparation can contain at least one preservative. General methodology on
pharmaceutical dosage forms 15 foond in Ansel ot al, Pharmaceutical Dosage Forms and Drug
Delivery Systems (Lippencott, Willians, & Wilking, Baltimore Md. {1999)). It can be recognized that,
while any suitable carrier known to those of ordinary skill in the art can be employed to administer the

compositions of this disclosure, the type of carricr can vary depending on the mode of administration.

{6235] Compounds can also be encapsulated within liposomes using well-known technology.
Biodegradable microspheres can also be employed as carriers for the pharmacentical compositions of
this disclosure. Suitable biodegradable microspheres are disclosed, for example, in U.S. Pat. Nos.

4,897 268, 3,075,109, 5,928,647, 5 811,128, S 826,883, 5,853,763, 5,814,344 and 5,942,252,

{B236] The compound can be administered in {iposomes or myicrospheres (or microparticies).
Methods for preparing Hposomes and microspheres for administration to a subject are well known to
those of skill in the art. LS. Pat. No. 4,789,734, the contents of which are hereby incorporated by
reference, describes methods for encapsulating biological materials in liposomes. Essentially, the
material is dissolved in an aqueous solution, the appropriate phosphelipids and lipids added, and along
with surfactants if required. and the material dialyzed or sonicated, as necessary. A review of known
methods is provided by (. Gregoriadis, Chapter 14, “Liposomes,” Drug Carriers in Biology and

Medicine, pp. 2.3up.87-341 {Academic Press, 1979},
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{8237 Microspheres formed of polvimers or polypeptides are well known to those skilled in
the art, and can be taitored for passage through the gastrointestinal tract direetly into the blood stream.
Alternatively, the compound caa be incorporated and the microspheres, or composite of microspheres,
implanted for slow release over a period of time ranging from days to months. See, for example, U.S.
Pat. Nos. 4,906,474, 4,925,673 and 3,625,214, and Jein, TIPS 19:135-157 (1998}, the contenis of

which are hereby incorporated by reference,

{0238] The concentration of drug can be adjusted, the pH of the solution buffered and the

isotonicity adjusted to be compatible with intraocular or intravitreal injection.

{9239 The compounds of the disclosure can be formnlated as a sterile solution or suspension,
in suitable vehicles, The pharmacentical compositions can be sterilized by conventional, well-known
sterilization techniques, or can be sterile filtered. The resulting aqueous solutions can be packaged for
use as is, or tvophilized, the lyophilized preparation being contbined with 2 sterile solution prior to
administration, Suitable formulations and additional carriers are deseribed in Remington “The Science
and Practice of Pharmacy™ (20th Ed., Lippincott Wilhams & Wilkins, Baltimore MD), the teachings

of which are incorporated by reforence i their entirety herein.

{02404 The agents or their pharmaceutically acceptable salis can be provided alone or in
combination with one or move other agents or with one or more other forms. For example, a
formulation can comprise one or more agents in particular proportions, depending on the relative
potencies of cach agent and the intended indication. For example, in compositions for targeting two
different host targets, and where potencies are similar, about a 1:1 ratio of agents can be used. The two
forms can be formulated fogether, in the same dosage unit e.g., in ope cream, suppository, tablet,
capsude, acrosol spray, or packet of powder to be dissolved in a beverage; or cach form can be
formulated in a separate anif, e.g., two creams, two suppositories, two tablets, two capsales, a tablet
and a hquid for dissolving the tablet, two acrosol sprays, or a packet of powder and a Hauid for

digsolving the powder, etc,

{B241] The term “pharmacewtically acceptable salt™ means those salts which retaim the
biological effectiveness and propertics of the ageunts used in the present disclosure, and which are pot

biologically or otherwise undesirable.

{02421 Typical salts are those of the inorgauic tons, such as, for example, sodium, potassinm,
calcium, magnesium jons, and the like. Such salts include salts with inorganic or organie acids, such

as hydrochloric acid, hydrobromic acid, phosphaoric acid, nitric acid, sulforic acid, methanesuifonic
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actd, p toluenssulfonic acid, acetic acid, fomaric acid, succinic acid, lactic acid, mandelic acid, malic
acid, citric acid, tartaric acid or maleic acid. In addition, if the agent(s) contain & carboxyl group or
other acidic gronp, it can be converted into a pharmaceutically acceptable addition salt with inorganic
or organic bases. Examples of suitable bases include sodium hydroxide, potassium hydroxide,
ammonig, cyclohexyiamine, dicyclohexyl-amine, ethanolamine, dicthanolamine, tricthanolamine, and
the like.

{0243 A pharmaceutically acceptable ester or amide refers to those which retain biological
effectiveness and properties of the agents used in the present disclosure, and which are not biologically
or otherwise undesirable. Typical esters include ethyl, methyd, isobutyl, ethylene glycol, and the like.

Typical amides include unsubstituted amides, alkyl amides, diatkyl amides, and the like.

{0244 In some embodiments, an agent can be administered in combination with one or more
other compounds, forms, andfor agents, ¢.g., as described above. Pharmaceutical compositions with
one or more other active agents can be formulated to comprise certain molar ratios, For example, molar
ratios of about 99:1 to about 1:99 of a first active agent to the other active agent can be used, In some
subset of the embodiments, the range of molar ratios of a first active agent: other active ageats are
selected from about $(:20 to sbout 20:80; about 75:25 to about 25:75, about 7(:30 to about 3070,
about 66:33 to about 33:66, about 60:40 to about 40:60; about 38:50; and aboat 90:10 to about 10:9¢.
The molar ratio of a first active: other active agents can be about 119, and in some embodiments can
be about 1:1. The two agents, forms and/or compounds can be formulated together, in the same dosage
unit .., in one eream, suppository, tablet, capsule, or packet of powder to be dissolved in a beverage;
or each agent, form, aadior compoand can be formulated in separate units, e, two cresms,
sappositories, tablets, two capsules, a tablet and a hiquid for dissolving the tablet, an aevosol spray a

packet of powder and a lguid for dissolving the powder, ete.

{0245] If necessary or desirable, the agents and/or combinations of agenis can be administered
with still other agents. The cheice of agents that can be co~administered with the agents andfor
combinations of agents of the instant disclosure can depend, at least in part, on the condition being

freated.

{8246) The agent(s) {or pharmacsutically acceptable salts, esters or amides thereof) can be
administered per se or in the form of a pharmacsutical composition wherem the active agent(s} is in
an admixture or mixture with one or more pharmaceuntically acceptable carriers. A pharmaceutical
composition, as used hercin, can be any composition prepared for administration to a subject.
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Pharmaceatical compaositions for use in accordance with the present disclosure can be formulated in
conventional manner using one or more physiologically acceptable carriers, comprising excipients,
diluents, and/or auxiliaries, e.g., which facilitate processing of the active agents into preparations that
caa be adninistered. Proper formulation can depend at least in part upon the route of administration
chosen, The agoent(s) usefud in the present disclosure, or phanmaceutically acceptable salts, esters, or
amides thereof, can be delivered to a subject using a number of routes or modes of administration,
incloding oral, buccal, topical, rectal, transdermal, iransmucosal, subcutancous, intravenous,

mtraocular, intravitreal, and intramuscular apphications, as well as by inhalation,

j0247] In some embodiments, oils or non-agueous sobvents can be used to bring the agents
mto solution, due to, for example, the presence of large Hpophilic moieties, Alternatively, emulsions,
suspensions, or other preparations, for example, liposomal preparations, can be used. With respect to
fiposomal preparations, sny known methods for preparing liposomes for treatment of a condition can
he used. See, for example, Bangham of al,, I, Mol Biol, 23: 238-252 (1965) and Szoka et al., Proc.
Natl Acad. Sci. USA 75: 4194-4198 (1978), incorporated herein by reference. Ligands can also be
attached to the liposomes to direct these compositions o particular sites of action. Agents of this
disclosure can also be integrated into foodstufts, e.g., cream cheese, butter, salad dressing, or ice cream

to facititate solubilization, administration, anddor compliance in certain subject popolations.

{9248] The compounds of the disclosure can be fornmdated for parenteral admbustration {e.g.,
by injection, for example, intraccular or intravitrea! injection) and can be presented in wit dose form
in ampoules, pre-filled syringes, small volume nfusion or in mulii-dose containers with an added
preservative. The compositions can take such forms as suspensions, solutions, or emulsions in oily or

agqueous vehicles, for example, solutions in agueous polyethviene glycol.

{62491 For injectable formulations, the vehicle can be chosen from those known in art to be
spitable, mcluding agqueous solutions or oil suspensions, or emulsions, with sesame oil, corm oil,
cottonseed oil, or peanut oil, ay well ay elixirs, manmitol, dextrose, or a sterile aqueous solution, and
similar pharmacentical vehicles. The formulation can also comprise polymer compositions which are
biocompatible, bindegradable, such as polyv(iactic-co-glveolicacid, These materials can be made into
micro or nanospheres, loaded with drug and further coated or derivatized to provide superior sustained
reloase performance. Vehicles suitable for periocular or intraocular injection include, for example,
suspensions of therapeutic agent in injection grade water, liposomes and vehicles suitable for

Hipophitic substances. Other vebicles for periocular or intraccular injection are well known in the art.
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{8250] In some embodiments, the composition is formulated in accordance with routine
procedures as a pharmacentical composition adapted for intravenous administration to human beings.
Typically, compositions for intravenous administration are solutions in sterile isotonic aqueous buffer.
Where necessary, the composition can also include a solubilizing agent and a local anesthetic such as
Hidocaine to case pain at the site of the injection. Generally, the ingredients are supplied either
separately or mixed together in unit dosage form, for example, as a dey Ivophilized powder or water
free concentrate in a hermetically sealed container such as an ampoule or sachette indicating the
quantity of active agent. Where the composition is to be administered by infusion, it can be dispensed
with an infuston bottle containing sterile pharmaceutical grade water or saline, Where the composition
is administered by injection, an ampoule of sterile water for injection or saline can be provided so that

the ingredients can be mixed prior to administration.

{8251} When administration is by injection, the active compound can be formulated in aqueous
solutions, specifically in physiologically compatibie buffers such as Hanks solution, Ringet™s solution,
or physiological saline buffer. The solution can contain formulatory agents such as suspending,
stabilizing andfor dispersing agents. Ahernatively, the active compound can be in powder form for
constitution with a suitable vehicle, e.g., sterite pyrogen-iree water, before use. In some embodiments,
the pharmaceutical composition does uot comprise an adjuvant or any other substance added to
enhance the immune response stimulated by the peptide. In some embodiments, the pharmaceutical
composition comprises a substance that nhibits an ymmune response to the peptide. Methods of
formulation are known in the art, for example, as disclosed in Remington's Pharmacentical Sciences,

latest edition, Mack Publishing Co., Easton P

{8252) In some embodiments, eye disorders can be coffectively treated with ophthalmic
sofutions, suspensiony, ointrenty or inserts comprising an agent or combination of agents of the
present disclosure. Eve drops can be preparsd by dissolving the active ingredient in a sterile aqueous
solution such as physiological saline, buffering solution, ete., or by combining powder compesitions
1o be dissolved before use. Other vehicles can be chosen, as is known o the ant, including but not
hmited to: balance salt solution, saline solution, water soluble polyethers such as polyethyvene glveol,
polvvinyls, such as polyvinyl alecohol and povidone, cellulose derivatives such as methyleeliulose and
hydroxypropyl methyleelinlose, petroleum derivatives such as mineral oil and white petrolatum,
animal fats such as lanolin, polvmers of gerylic acid such as carboxypolvmethyviene gel, vegetable fats

such as peanut oil and polysaccharides such as dextrans, and glveosaminoglveans such as sodivm
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hyatwonate. Hf desired, additives ordinarily used in the eye drops can be added. Such additives include
isotonizing agents {e.g., sodivm chioride, etc.}, buffer agent {e.g.. boric acid, sodivm monohvdrogen
phosphate, sodium dihvdrogen phosphate, efc). preservatives (o.p., benzalkontum chloride,
benzethomum chloride, chlorobutanel, eic.), thickeners {e.g., saccharide such as lactose, manaitol,
maltose, ete,; e.g., hyaluronic acid or its salt such as sodium hyaluronate, potassium hyaluronate, ete;
e.g.. mucopolysaccharide such as chondroitin sulfate, ete.; e.g., sodium polyacrylate, carboxyvinyl
polymer, crosslinked polvacrylate, polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose,
hvdroxy propyl methyleeltulose, hydroxyethyl cellulose, carboxymethyl cellulose, hydroxy propyl

cellulose or other agents known to those skilled in the ant).

{0253] The solubility of the components of the present compositions can be enhanced by a
surfactant or other appropriate co-solvent in the composition. Such cosolvents include polysorbate 20,
60, and 80, Pluronic F68, F-84 and P-103, cyclodexirin, or other ggents known to those skilled in the

art. Such co-solvents can be emploved at a level of fron about 0.01% 10 2% by weight.

{0254] The compositions of the disclosure can be packaged in multidose form. Preservatives
can be preforred fo prevent microbial contamination during use., Suitable preservatives include;
benzalkonium chloride, thimerosal, chlorobutanol, methyl paraben, propyl paraben, phenyiethyl
alcohol, edetate disodivm, sorbic acid, Onamer M, or other agents known to those skilled in the art, In
the prior art ophthalmic products, such preservatives can be employed at a level of from 0.004% to
0.02%. In the compositions of the present application the preservative, preferably benzalkonhum
chioride, can be emploved at a level of from (0.001% to less than 0.01%, ¢.g., from 0.001% to 0.008%,
preferably about 0.003% by weight. | has been found that a concentration of benwalkonium chioride
of 0.005% can be sufficient to preserve the compositions of the present disclosurs from microbial

attack.

{B255] In some embodiments, the agents of the present disclosure are delivered in soluble
rather than suspension form, which allows for more rapid and quantitative absorption to the sites of
action. In general, formulations such as jellies, creams, lotions, suppositories and ointments can
provide an area with more extended exposure to the agents of the present disclosare, while

formudations in solution, e.g., sprays, provide more immediate, short-termy exposure,

{6256] It is envisioned additionally, that the compounds of the disclosure can be attached
rleasably 1o biocompatible polymers for use in sustained release fornutlations on, in or attached to
inserts for topical, intraocnlar, periocular, or systemic administration. The controlied refease from a

12
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biccompatible polymer can be utilized with a water soluble polymer to form an institlable fornwulation,
as woll. The controfled rekease from a blocompatible polvmer, such as for cxample, PLGA
microspheres or nanospheres, can be utilized in a formulation suitable for intra ocular implantation or
mjection for sustained release administration, as well any sultable biodegradable and biocompatible

polymer can be used,

EXAMPLES
{9257 The following exemplary embodiments further deseribe the present invention. it should

be understood that these examples are only intended to illostrate the invention, but not to it the
scope of the present invention. Unless otherwise indicated, the methods and conditions disclosed in
e.g.. sambrook et al, molecular cloning: a laboratory manual {(New York: cold spring harbor laboratory

press, 19893 or the conditions recommended by the manufacturer can be used in the examples below,

Example I - ND4 plasmid and virus preparation

1 1 plassid preparation

{0258 The nucleotide sequence for human ND4 (SEQ 1D NO: 6) was obtained based on US
National Center for Biotechnology Information reference sequence yp_803024035.1. The sequences
for the non-optimized mitochondrial targeting sequence COXI0 s SEQ ID NO: 1. The optimized
sequences for the mitochondrial targeting sequence COX10 {opt_COX 10, SEQ ID NO: 2} and the
coding sequence of human ND4 (opt ND4, SEQ ID NO: 7) were designed to improve the
trauscription efficiency and the translation efficiency. The optimized COX10-NIM sequence, which
is about 75.859% homology 1o the nop-optimized COX10-ND4, was followed by s three prime
antranslated region (Le., I'UTR, SEQ ID NO: 13) to a recombinant nocleic acid, opt COX16-
opt ND4-3"UTR {as shown in SEQ I NO: 31).

{8239] The synthesized recombinant nucleic acid, opt COXiG-opt ND4-3'UTR, was
meorporated into an adeno-associated viras (AAV) vector by PCR amplification (FIG. 1). The
opt_COXi0-opt_ ND4-3"UTR was cut by the EcoR¥Sall restriction enzymes to form cohesive ends,
and then embedded o an AAV vector with EcoRU/Sall restriction sites, soch as the pSNaV vector,
o generate the pSNaV/IrAAVIZ-ND4 plasmid (e, the pAAV2-optimized ND4 plassmd), The

pAAVI-opt ND4 plasmid was compared o the non-optimized pAAV2-ND4 plasmid,
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{0260] The recon screening and identifying steps were similar to the ON1026345278: the
plasnud was cultured at 37 °C in a LB plate. Blue colonies and white colonies were appeared, where
white colonies were recombinant clones, The white colonies were picked, added o 100 mp/L
ampicillin~containing LB culture mediom, cultured at 37 °C, 200 rpm for & hours and then the plasmid
were extracted from the cubtured bacterial mediwm based on the Bioniga plasmid exivaction protocol.

The identification of the plasmid was confirmed using the EcoRESall restriction enzymes.

1.2 cell transfection

{0261] One day before transfection, HEK293 cells were inoculated to 225 em® cell colture
bottle: at the inoculation density of 3.0 x 107 cellsiml, the culivre medium was the Dulbecco’™s
Modified Eagle Medium (DMEM) with 10% bovine serom, at 37 "C in a 5% COy incobsator overnight.
The cnlture medium were replaced with fresh DMEM with 10% bovine serum on the day of
transfection.

{8262] After the cells grow to 80-90%, discard the culture medium and wansfect the cells with
the pAAV2-NDY and pAAVZ-opt ND4 plasmid, using the PlasmidTrans (VGTC) transfection kit
The detatled transfection protocol was described in UN10263435278 example 1. The cells were

collected 48 h after the transfection.

1.3 Collection,_concentration and purification of the recombinant gdeno-gssociated virus

{8263] Virus collection: 1) dry ice ethanol bath (or liguid nitrogen) and a 37 *C water bath
were prepared; 2) the transfected cells along with media were collected in a 18 mi centrifuge tube; 3)
the cells were centrifuged for 3 minutes at 1000 rpmimin; the cells and supernatant were separated;
the supernatant were stored separately; and the cells were re-suspended in 1 mi of PBS; 4) the cell
suspension were wansferred between the dry ice-ethanol bath and 37 °C water bath repeatedly, freeze

thawing for four times for 10 minutes each, slightly shaking atter each thawing.

{62641 Virus concentrabion: 1) cell debris were removed with 10,000 g centnfugation; the
cenirifugal supernatant was fransferred 10 a new centrifuge fube; 2) impurities were removed by
filtering with a 043 pm filter; 3} each 142 volume of 1M NaCl and 10% PEG 8000 solution were
added in the sample, unitormly mixed, and stored at 4 °C overnight; 4) supernatant was discarded after
12,000 rpm centrifugation for 2 h; afier the virus precipitate was completely dissolving in an
appropriate amowyt of PBS solution, sterilizing the sample with a2 0.22 pm filter; 5) adding benzonase

nuclease was added to remove residual plasmid DNA {(final concentration at 50 U/ml). The ube wag
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mmveried several times to mix thoroughly and then incubated at 37 °C for 30 minutes; 6) the sample

was filtered with a 0.45 o filtration head; the filtrate is the concentrated rAAVZ virus,

{0265] Virus purification: 1) CsCl was added to the concentrated viras solation until a density
of 1.41 g/ml (refraction index at 1372} 2) the sample was added to in the wltracentrifuge tube and
filled the tube with pre-prepared 141 gfml CsCl sohution; 3) centrifuged at 175,000 g for 24 howrs to
form a density gradient. Sequential coliection of different densities of the sample was performed. The
enriched rAAV?Z particles were collected; 4) repeating the process one more time. The virus was
loaded to a 100 kDa dialysis bag and dialyzed/desalted at 4 “C overnight. The concentrated and

purified recorbinant adeno-associated viras were rAAV2Z-ND4 and rAAVZ-optingized ND4,

{8266] Similarly, other mitochondrial targeting sequences (MTS), suchas OPAL (SEQ ID NO:

§) can be used to replace COX10 in the above example and create AAV with recombinant plasnuds,

Example 2 — Intravitreal injection of rAAV2 in rabbit gyes

{02671 Twelve rabbits were divided into 2 group: rAAV2-ND4 and rAAV2-optimized ND4,
Viras sohation (1 % 10' vg/0.05 mL) was punctured into the vitreous cavity from 3 mm outside the
cornegl timbus at the pars plana. After the intravitreal injection, the eyes were examined using sl
lamp exam and fundos photography inspection. Injection for 30 days. RT-PCR detection and

immunoblotting were carried out in each group respectively.

Example 3 ~ Real-time PCR for the expression of ND4
{0268] The RNAs from the transfected rAAVZ-ND4 and rAAVZ-optimized ND4 rabbit optic
nerve cells were extracted using the TRIZOL total RNA exiraction kit eDNA templates were
synthesized by reverse franscription of the extracted RNA,
{02691 The NCBI conserved structural domain analysis software were used to analyze the
comservative structure of ND4, ensuring that the desigoed privoers amplified fragments were Jocated
at now-conserved regiow; then primers were designed according to the Buorescent quantitative PCR
primer design principle:

{2)  Pactin-S  CGAGATCGTGCGGGACAT (SEQ ID NO: 8%);

() factin-A 1 CAGGAAGGAGGGCTGGAAC (SEQ ID NO: §86):

{¢} ND4-S : CTGCCTACGACAAACAGAC (SEQ 1D NO: 87y

(dy ND4-A AGTGCGETTCGTAGTTTGAG (SEQ 1D NO: 88);
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{0270) The flaorescent quantitative PCR reaction and protocol: fluorescence quantitative PCR
were measured in g real-time POR detection system. In a 0.2 mi PCR reaction tube, SYBR green mix
12.5 ul, ddH:0 & pl, | pl of'each primer, and the ¢cDNA sample 2.5 pl, were added to an overall volume
of 25 ul. Each sample was used for amplification of the target gene and amplifying the reference gene
P-actin, and cach amplification were repeated three times. The commion reagents wore added together
and then divided separately to ninimize handling variation. The fluorescent guantitative PCR were
carried out: pre-denaturation at 95 °C for | s, denaturation at 94 °C for 15 s, anncaling at 55 °C for 15
sec, extension at 72 °C for 43 5. A total of 40 cycles of amplification reaction were performed and
fluorescence signal acquisition was done at the extension phase of cach cycle. After the reaction, a 94
“C 1o 53 °C meliing curve analysis was done. By adopting a relative quantitative method research of

gene expression level difference to beta-actin was used as an internal reference gene.

{8271 As shown in FIG. 2, the relative expression level (mRNA level) of the rAAVZ-ND4
and rAAVZ2-optimized ND4 were 0.42 & 0.23 and 0.57 & (.62, respectively {(p < 0.05, FIG. 2). The
results unexpectedly show that the optimized ND4 {opt ND4, SEQ ID NO: 7) coding nucleic acid
sequence and the corresponding recombinant nucleie acid {opt COX10-opt ND4-3"'UTR, SEQ ID
NO: 31) swprisingly increased the transcription efficiency, increasing the expression of the rAAV2-
optimized ND4 by about 36%. The results showed that the transceniption efficiency of the rAAV2-

optimized ND4 is significantly higher.

Example 4 - Immunoblotting detection of ND4 expression

{8272 The ND4 protein was purified from the rabbil nerve cells transfected by rAAV2-
optimized ND4 and rAAV2-ND4, respectively. Afier a 10% polyacrylamide gel electrophoresis, and
transterred to a polyvinylidene difluoride membrane (Bio-Rad, HER-hercules, CA, USA) for immune
detection, B-actin was used as an internal reference gene. The film strip was observed on an automatic
image analysis nstrument (Li-Cor; Lincoln, WNE, USA) and analyred using the integrated oplical
density of the protein band with stegral normalization method, so as to obtain the same saople
corresponding optical density value, The statistical analysis software SPSS 19.0 was used for the data

analvsis,

{0273] The results was shown in FIG. 3. The average relative protein expression level of ND4
for rAAVZ-optinized ND4 (left black column} and rAAV2-ND4 was 0.32 £ 0.11 and 0.68 = 0.20,
respectively {p < (.01, FIG, 3). The results unexpectedly show that the optimized ND4 coding nucleic

acid sequence {(opt_ND4, SEQ ID NO: 7) and the corresponding recombinant nucleic acid
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fopt COXi0-opt ND4-3"UTR, SEQ 1D NO: 31) surprisingly increased the transiation efficiency,
mmcreasing the expression of the rAAVZ-optimized ND4 by about 112%. The results showed that the

translation efficiency of the rAAV2-optimized ND4 is also significantly higher.

Example 5 - Rabbits intraocular pressure and eve-gronnd photography

{0274] Sht lamp examination and intraocular pressure measurement was porformed on both
groups of rabbits at 1, 3, 7, and 30 days after the surgery, No obviousty abnormality, conjunctival
congestion, secretions, or endophthalmitis were observed and the indraocular pressure were not

elevated in all the rabhits.

{9275 The fundus photographic results were shown in FIG. 4. No obvious damage or
complication to the optic nerve and retinal vascular of the rabbits, indicating the standard intravitreal

injection is safe without noticeable inflammation reaction or other complications,

Example 6 — Human clinical trial

{9276] Two groups of patients were tested: 1) between 2011 and 2012, 9 patients received
intravitreal injection of 1 * 10" vg/0.05 mL rAAV2-ND4 in a single eve, as a control group; and 2)
between 2017 and January 2018, 20 patients received intravitreal injection of 1 # 10 vg/.05 mL
rAAVZ2-optimized ND4 in a single eye, as an experimental group. The results of the clinical trial were

analyzed using the statistical analysis SPSS 19.0.

{02771 The comparison of the two groups is shown in Table 2. The fastest evesight tnaproving
time was 1 month in the experimental group, which was significantly faster than the control group at
3 months {p = 0.01); the optimal recovery of viston for the experimental group was 1.0, which was
obvicusly higher than the control group at 0.8 (p < 0.01): the average recovery of vision in the
experimental group was 0.582 £ 0.086, which was obviously higher than the control group at 6.344 %
Q.002 {p < 0.61). The fundus photographic results were shown in FIG. 5. No obvious damage or
complication to the optic nerve and retinal vascular of the patients in the experimental and control

groups, indicating the safety of the intravitreal injection of rAAVZ-optimized ND4 and rAAV2-NDA.
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Table 2: The comparison of rAAV2-optimized ND4 and rAAV2-ND4 in LHON gene therapy

Fastest optimal
) Patient evesight Number of patients ‘L e QVErIge recovery
group . L R recervery of -
number | inproving time | with improved vision o of vision
R vision
(month)
control G 3 6 (67%) 8.8 03440062
experimental 20 | 13 {75%) 1.0 0.582:40.086
P value EStIREN <0014 <20.01 <01
Example 7~ OPAL1 as the mitochondrial targeting sequences
{8278] The COXI10 and FUTR sequences in the recombinant nucleie acid (opt_ COX10-

opt ND4-3'UTR, SEQ ID NO: 31} in examples 1-6 were replaced with another mitochondrial
targeted sequence, OPAT (SEQ ID NO: 5) and another 3'UTR sequence, 3'UTR* (SEQ ID NO: 14)
respectively, to generate a new recombinant nucleic acid, OPAT-opt_ ND4-3'UTR* {SEQ ID NQ: 74).

{8279 Experimental methods were the same as examples 1-6, where the recombinant nucleie
acid opt_COX10-opt ND4-3'UTR (SEQ ID NO: 31) was replaced by QPAl-opt ND4-3'UTR®
(SEQ ID NO: 7). It was found that, the optimized ND4 sequence has significantly improved
transcription and translation efficiencies, expression levels, as well as higher efficacy and safety in

treating LHON when compared to non-optimized ND4 (COXI0-ND4-3"UTR, 8SEQ ID NO: 15),

Example 8 — Optimized ND4 sequence opt_ND4*

{H280) Similar experimental methods in examples 1-6 were followed using the nucleic acid,
opt_COXI0%-opt ND4*-3'UTR (SEQ ID NO: 47). Follow the similar procedures as in example 1,
virus tagged with a fuorescent protein, BOFP, was prepared as tAAV2-ND4-EGEP and rAAV2-
opt ND4*-EGFP.

{9281 The frozen 2937 cell was resuscitated and allowed to grow ina T73 flask to about 90%.
The cells were precipitated and resuspended in DMEM complete medium to a cell density of § x 107
cells/mi. The cells were resuspended. About 100w of the cell suspension {about 3000 cells) were
added in cach well of a 96 well plate. The cells were cultured and grown to 50% under 37 °C and 5%
COy. About (.02 1l PBS was mixed with 2 x 101% vg/0.02 wl of the virus tAAV2-NDA-EGFP and
rAAV2-opt NDA*-EGEP, respectively. After 48 hours, Huorescence microscopy and RT-PCR
detection asd immumoblotting experiments were performed. As shown i FIG. 8, EGFP was
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ssfully expressed, indicating that rAAV carrving the EGFP gene was successfully transfected in

the 2937 cells and rAAVZ-ND4-EGFP and tAAVZ2-opt ND4¥-EGFP were successfully expressed.
{9282) Real-time PCR tests similar to example 3 was following using the following primers:

{a)  P-actin-S: COAGATCATGCGGGACAT (SEQ ID NO: 85)

() Peactine A CAGGAAGGAGGGCTGGAAC (SEQ 1D NO: 86);

(€}  ND4-8: GCCAACAGCAACTACGAGC (SEQ ID NO: 187y,

{d)  ND4-A: TGATGTTGQCTCCAGCTGAAG (SEQ 1D NO: 108);
{8283 The resuits unexpectedly show that the optinvized ND4¥ {opt ND4, SEQ D NO: 8
coding nucleic acid sequence and the corresponding vecombivant nucleic acid (opt COX10%-
opt ND4*-3'UTR, SEQ ID NO: 47) surprisingly increased the transcription efficiency, increasing
the expression of the rAAV2-opt ND4 by aboot 20%. The resulis showed that the transeription

efficiency of the rAAVZ-opt ND4 s sigmificantly higher

{0284] FIG. 7 shows the ND4 expression in 2937 cells. The average expression of ND4
protein for rAAVI-ND4 is 0.36, while the average expression of ND4 protein for tAAVZ-opt ND4¥
18 1.65, which is about 4.6 times lugher than the rAAV2-ND4 group {p < 0.01) (see FIG. 8).

{0285] FI1G. 9 shows the ND4 expression in rabbit optic nerve cells, The average expression
of ND4 protein for rAAV2-ND4 is 0,16, while the average expression of ND4 protein for rtAAV2-
opt ND4% i3 (0.4¥, which is about 3 times higher than the tAAVI-ND4 group (p < 0.01) (see FIG., 1),

{H286] Sumilar to example 3, shit lamp examination and intracculsr pressure measprement was
performed on both groups of rabbits at 1, 3, 7, and 30 days after the surgery. No obviously abnormality,
conjunctival congestion, secrctions, or endophthaliitis were observed and the intraccular pressure

were not elevated in all the rabbits,

{9287 The fundus photographic results for tAAVZ-ND4 and rAAV2-opt ND4* were shown
in FI1G. 11. No obviocus damage or complication to the optic nerve and retinal vascular of the rabbits,
indicating the standard intravitreal injection is safe without noticeable inflammation reaction or other

complications.

{9288) Eye balls from both rabbit groups were removed after the shit lamp examination and
intraccular pressure measurement. Eye balls were fixed, and dehydrated using paraffin. Tissues were
pathologically sectioned along the direction of optic nsrves. After further dehydration, the tissue
sample was dved using hematoxylin and cosin. The microscope inspection result is referred to FIG,
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12. As shown in the HE staming results, the rabbit retinal ganglion fiber layver was not damaged and
the number of panglion cells was not redueed, indicating the intravitreal injection did not produce

retinal toxicity or nerve damage, and can be used safely,

{0289] Experimental methods were the same as example 8, where the recombinant nucleie
actd opt_COX10¥-opt ND4¥-3'UTR (SEQ 1D NO: 47) was replaced by OPAT-opt ND4*-3"UTR*
{SEQ ID NO: 76). It was found that, the optimized ND4 sequence has significantly imyproved
franscription and transtation efficiencies, expression levels, as well as higher efficacy and safety in

treating LHON when compared to non-optinized ND4 ({COX10-ND4-3'UTR, SEQ 1D NO: 15).

Example 9 - ND6 sequence
{62941 Similar experimental methods in examples 1-6 were followed using the nucleic acid,
COXIO-NDe-3"UTR (SEQ ID NO: 21), which is the combination (3" t0 37} of COX10 (SEQ ID NO:
1), NDO (SEQ 1D NO: 9), and IUTR (SEQ 1D NO: 13).
{9291 The plasmid sereening for COXT0-ND6-3'UTR (SEQ 1D NO: 21) used the following
primers:

(a)  ND6-F ATGATOTATGCTTTGTTTCTG (SEQ 1D NO: 89);

(b  ND6-R: CTAATTCCCCCGAGCAATCTC (REQ 1D NO: 913,
{8292] The transfected and screened viras rAAV2-ND6 had a viral titer of 2.0 % 10" vg/mL.
Similar to example §, shit lanyp examination and intraocular pressure measurement was performed on
three groups of rabbits (A rAAV2-NDG; B: rtAAV-GFP: C PBS) at 1, 7, and 30 days after the surgery
{FIG. 13). No obvicusly abnormality, conjunctival congestion, secretions, or endophthalmitis were

observed and the intraocular pressare were not elevated in all the rabbils,
{0293] Real-time PCR tests similar to example 3 was following osing the following primers:

{2}  Practin-B: COAGATCGTGUGGGACAT (SEQ ID NO: 85);

M Pactin-A CAGGAAGGAGGGCTGGAAC (SEQ ID NO: 86);

{¢})  ND6-S: AGTGTGGGTTTAGTAATG (SEQ ID NO: 91,

{d)  ND4-A TGCCTCAGGATACTCCTC (SEQ ID NO: 92).
{0294] The resulis show that the expression of ND6 for rAAV2-ND6 and control {PBS) was
0.539 £ 0.06 and 0.41 & (.03, respectively. The resulis showed that the transcription efficiency of the

rAAV2-ND6 1s higher than the conirol groap (p<Q.01}.
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Example 10 — Optimized opt_ND6 sequence

{0295] Similar experimental methods in examples 1-6 were followed using the nucleic acid,
opt COX10%-opt NDO-3'UTR (SEQ 1D NO: 51), which is the combination (5% to 3% of
opt COX10¥ (SEQ ID NO: 3), opt ND6 (SEQ ID NO: 10), and 3'UTR (SEQ ID NO: 13),

[0296] Three groups of rabbits were injected: A: 10°% vg/30 pul of rAAV2-opt ND6, B: 10%
vi'S0 pl of rtAAV2-NDG6 (example 9), and C: 10Y vg/50 ul of tAAV2-EGFP. FIG. 14 shows the
fondus photographic results for rabbits injected with rAAVZ-opt ND6 (A}, tAAVZ-NDS (B}, rAAV-
EGFP (C), respectively. No obviously abnormality, conjunctival congestion, secretions, or
endophthalmitis were observed and the intraocular pressure were not elevated in all the rabbits,
{0297] Real-time PCR tests similar to example 3 was following using the following primers:

{a)  Practin-F: CTCCATCCTGGCCTCGUTGT (SEQ 1D NO: 93);

b Peactin-R: GCTGTCACCTTCACCGTTCC (SEQ 1D NO: 94);

(€}  ND6-F: GGGTTTTCTTCTAAGCCTTCTCC (SEQ 1D NO: 95y,

{d) ND6-R: CCATCATACTCTTTCACCCACAG (SEQ 1D NO: 96);

{e)  opt ND6-F: CGCCTOGCTGACCOGCTGCGT (SEQ ID NO: 97)

) opt NDG-R: CCAGGCCTCOGOGGTACTCCT (SEQ 1D NO: 98).
{8298] As shown in FIG. 15, rAAV2-opt NDG {A) and rAAV2-NDG6 (B) both had higher
{p<0.03}) relative ND6 expression levels than the control group (C). rAAV2-opt_ND6 (A) had a litle
higher relative ND6 expression levels than rAAVI-NDG (3). As shown in the western blot in FIG.
16, TAAVZ-opt NP6 (A} had move than 3 times higher relative ND6 expression fevels than rAAV2-

NP6 (B3).

{0299 Experimental methods were the same as example R, where the recombinant nucleic
acids, COXT0-NDG-3IUTR(SEQ ID NO: 21 and opt_COX10%0pi_NDO-IUTR (SEQ ID NO: 513,
were replaced by OPAT-NDG-3'UTR (SEQ ID NO: 77} and OPAl-opt ND6-JTUTR (SEQ 1D NO:
79). H was found that, the optimized ND6 sequence has significantly improved transeription and

transtation efficiencics, expression levels, as well ay higher sfficaey and safety in treating LHON.

Example 11 - ND1 and opt_ND1 sequences

{83040] Sunilar experimental methods in exsmples 1-6 were followed using tAAV2-NDI1,
COXI0-NDISIUTR (SEQ ID NO: 25), which is the combination {5° t0 37y of COXI0 (SEQ 1D NO:
1), ND1 (SEQ ID NO: 1), and 3TUTR (SEQ 1D NO: 13); and rtAAV2-opt_ND1, opt_COX1*-
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opt ND1-3"UTR (SEQ 1D NO: 8%), which is the combination (57 to 3%y of opt_COX10* (SEQ ID
NO: 3), opt ND1(SEQ ID NO: 12), and 3'UTR (SEQ ID NO: 13

{8301) The plasmid sereening for COXTO-NDI-3UTR (SEQ 1D NO: 25) used the following
primers:

{a)  NDI-F: ATGGCCGCATCTCCGCACACT (SEQ 1D NO: 99),

by  NDI-R: TTAGGTTTGAGGGGGAATGCT (SEQ ID NO: 100),
{8302] The plasoud screening for opt COX10¥-opt NDI-Z'UTR (SEQ D NO: 55) used the
following primers:

{a)  NDI-F AACCTCAACCTAGGCCTCCTA (SEQ 1D NO: 161),

by  NDI-R: TGGCAGGAGTAACCAGAGGTG (SEQ 1D NO: 182),
{8303 Three groups of rabbits were injected: A: 10°% vg/30 pl of rAAV2-0opt NDI, B: 10"
vg/50 pl of tAAVZ-NDIL (example 9), and C: 10" vg/50 pl of rAAV2-EGFP. No obviously
abnormality, conjunctival congestion, sccretions, or endophthalmitis were observed and the
mtraccular pressure were not elevated in all the rabbits.
{0304] Real-time PCR tests similar to example 3 was following using the following primers:

(@)  NDI-F: AGGAGGCTCTGTCTGGTATCTTG (SEQ 1D NO: 103y

{b} NDI-R: TTTTAGGGGCTCTTTGGTGAA (SEQ ID NO: 104):

(£} opt NDI-F: GCCGUCTGCTGACCGGCTGCAT (SEQ ID NO: 103):

{d)  opt NDI-R: TGATGTACAGOGGTGATGGTGCTGG (SEQ ID NO: 186);
{0305] As shown in FHG. 17, rAAVZ-0pi_ND1 (A} and rtAAVZ-NDI (B) both had higher
{p=0.03) relative NDI expression levels than the control group (C). As shown in the western blot in
FIG. 18, rAAVZ-opt NDI {A) had more than 2 fimes higher relative ND6 expression levels than

rAAV2-ND1 (B}

{0306] Experimental methods were the same as example &, where the recombinant nucleie
actds, COXTO-NDI-3'UTR (SEQ ID NO: 25) and opt_COX10%-0pt NDI-3"UTR (SEQ ID NO: 55),
were replaced by OPAT-NDI-3'UTR (SEQ ID NO: 81 and OPAl-opt NDI-STUTR (SEQ ID NG:
83). It was found that, the optimized ND1 sequence has significantly umproved transcription and

transiation efficiencies, expression levels, as well as higher efficacy and safety in treating LHON.

(‘A
P
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Example 12 — Other fusion proteins
{8307]

proteins as set forth in SEQ 1D NQO: 15-84. And similar results are expected to be achioved.

Similar experimental methods in examples 1-6 can be followed using other fusion

Example 13 - Formulation development
{8308]

the different AAV formulations were evaluated using the StepOuePlus real-time PCR system. The

AAV2 virus samples were used to screen different AAV formulations. The stability of

viral titer of each formulation under a freeze/thaw cycle condition was measured.

{6309 First, three different formulations were tested ander 1, 2, 3, 4, and 3 freeze/thaw cycles
and the viral titers were measured and sommarized in Table 3. The three formulations tested were: Ac
phosphate-buffered saling (FBSY B: 1% a,u-trehalose dehydrate, 1% L-histidine monohvdrochloride
monohydrate, and 1% polysorbate 20: and C; 180 mM NaCl, 10 mM NaH:POuNa:HPOs, and 0.001%
poloxamer 188, pH 7.3. As shown in Table 3, formulation C has the lowest relative standard deviation

(RS} after § frecze/thaw cycles, indicating superior stability as an AAV formulation,

Table 3 ~Viral titers of formulations A, B, and €

8 eyele 1 evcle 2 eycles 3 cyceles 4 eveles Seycles | RSD
Formulation A{LISES11| Q48E+10 | 6.16E+10 | 2.90E+10 | L36E+10 | 5.26E+09 | &3.18
Formulation B14.23F-+111 S.12E+11 | 6.66FE+11 | 4308+11 | 4778411 | 420B+11 | 1930
Formulation C{4.96E+11] 691B+11 | 7.69E+11 | 6.82E+11 | 6.835+11 | T27E+11 {13.90 |

{03101

As shown in Table 3, formulation C has the lowest relative standard deviation (RSD)

after 5 freeze/thaw cveles, indicating superior stability as an AAV formulation.

{83114 Second, another group of three different formulations were tested under 1, 2, 3, 4, and
§ frecze/thaw cyveles and the viral titers were measured and somumarized in Table 4. The three
formulations tested were: 1) phosphate-buffered saline (PBS), pH 72-7.4; £ PBS and 0.001%
poloxamer 188, pH 7.2-7.4; and F: 80 mM NaCl, § mM NaHaPO4, 40 mM Na:HPQu, 5 mM KHPOy

and 0.001% poloxamer 188, 7.2-7.4.
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& cyele 1 eyele 2eveles | Jeyeles | 4 eveles 5 eycles RSD
Formulation D | LI13EH10 ¢ 4625409 | 228E+09 | L25E+09 | 1L.O1E09 | 948E+08 | 11325
Forrpudation £ | 4. 72E+10 | 348E+10 | S33E+10 { 533B+10 { 4.94E+10 | 4 08E+10 | 1053
 Formalation F { 6.61E+10 | 6.08E+10 { 647E+10 | 6. 84E+10 | 6. 32E+10 | 6.05E+10 | 4.81

{8312]

As shown m Table 4, formulation ¥ has the lowest relative standard deviation (RSD)

after § freeze/thaw cyeles, mdicating superior stability as an AAV formulation. Overall, formulation
F alse has the lowest RSD among all tested formuiations and can be used as the AAYV formulation for
future development.

{0313]
the viral fiters were determined using gRT-PCR. 1o additon to formulation F, the two other
formulations tested were: G 8.4 mM KHzPO4, 5.6 mM NaxHPOy and 154 mM NaClh H: 84 mM
KHzPO4, 5.6 mM NazHPQy, 0.15 M NaCl and 0.00 1% poloxamer 188, pH 7.2-7.4.

A third group of formulations were tested under 1, 2, 3, and 4 freczefthaw cycles and

{8314]

was thawed and dispensed into a cell culture flask containing high-glucose DMEM media

HEK293 cell culiure and vAAV2 transduction: A cryotube containing HEK293 cells

supplemented with 10% fetal bovine seram. HEK293 cells were incubated for 24 hours at 37°C in 5%
COz HEK293 cells were seeded into 24 well plates and transduced with the AAV2 formulation F, G,

or H at a MOI1 of 20000. The control group was incubated with PBS alone.

RNA extraction:

{8315] Total RNA was isolated from transduced HEK293 cells using TRIZOL and ¢DNA was
synthesized by reverse transcription. Primers for RT-PCR analysis were as follows:

{2y  Pactin-F: CTCCATCCTGGCCTCGCTET (SEQ ID NGO 93)

) feactin-R: GCTGTCACCTTCACCGTTCC (SEQ ID NO: 94)

{¢)  ND4-F: ATCTCCGCACACTCTCTCCTCA (SEQ 1D NO: 165)

{d) ND4-R: TAGGTTGTTGTTGATTTGGTT (SEQ ID NO: 166}
{8316} gRT-PCR: A reaction mix was prepared containing 10 ul. of TB Green, 0.3 gl of

forward and veverse primers, 0.4 pl. ROX Reference Dye, 4.3 pll EASY Dilution and 5yl of cDNAL
Quantitative RT-PCR was perfonmed by pre-denataration at 95°C for 10 minutes followed by 40

cycles of 95°C for 15 seconds and 60°C for 1 minute. The fluorescence signals were collected during
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the extension phase of cach cvele. The ND4 expression level {relative quantification) can be calouiated

as 2 {CH{N DA sampled~CH{f ~actinsample )~ CL{ND4s,control)~CH{ B ~actincontrol}}

Table 17: ND4 Expression normalized to PBS control

original 1 evcle 2eyeles | Jeycles | 4 cyeles | average RSD
Formulation G 13.2% 11.27 1277 14,93 13.37 13.05 11 1%
Formulation B 10539 104,60 71.80 102.28 HY7.29 960175 15.533%
Formulation F | 12245 | 35.19 89.60 78.85 3093 | §1.5225 | 47.28%

{8317]

As shown in Table 17, formulations F and H showed higher relative expression of ND4

after 4 freezedthaw cycles, especially formuistion H, which indicated superior stability and

transduction cfficiency as an AAV formulation.

Example 14 - Preparation of recombinant adene-associated virus

{8318 A recombinant adeno-associated virus rAAV2/2-ND4 was prepared according to the
methods described in Example 1.
{0319 Plasmid preparation: The fusion nucleic acid according to SEQ {D NO: 6 was

synthesized by Chengdu Qingke Yuxi Biotechnology Co., Lid, The full-length gene was amplified by
PCR, and the sticky terminus was formed on the fusion gene by EcoR1/Sall digestion. The fuston gene
was inserted into the adeno-associated viras carrder pSNaV with the EcoRESall restriction site, that is,
pSNaViIrAAV22-ND4 (hereinafter referred to as pAAVZ-ND4). Briefly, after incubation at 37°C, the
LB plaie showed blue colonies and white colonies, wherein the while colonies were recombinant
clones. White colonies were picked and added to LB liquid medium containing amapicillin (100 mg/L),
and cultured at 37°C at 200 rpm for & hours. Afler culturing, the bacterial solution was obtained and
the plasmid was extracted. I the plasmid extraction step, EcoRVSall enwyme digestion was used with
reference to Biomega instructions,

{63241 Cell transfection: HEK 293 cells were seeded in 225 em® cell culture Rasks at a density
of 3.0x107 celis/mL in DMEM containing 10% bovine serum and incubated overnight at 37°C and 5%
COs When the cells reached B0-80% confluency, the medium was discarded and the cells were
transtected with pAAV2-ND4 (for specific ransfection steps, sce Example 1) using the PlasmidTrans
H(VGTO) transfection kit. The cells were harvested 4% hours following fransfection.

{8321

medivm into a 15 mL centrifuge tube and centrifuged at 1000 rpm for 3 minutes. The cells and

Collection and concentration of viras: The transduced cells were collected with
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supernatant were separated, the supernatant was additionally stored, and the cells were resuspended in
I mi of P8BS, The cell suspension was repeatedly frozen in a dry ice cthanol bath or Hagoid nitrogen
bath and thawed ia a 37°C water bath four times for 10 minutes each, and slightly vortexed after sach
melting, The supematants were centrifuged at 10,000 X g to remove cell debris, transferred to a new
centrifuge tube and filtered vsing a .45 pum filter to remove impurities. A half volume of 1M Na(l
10% PEGRO0O solution was added to the supernatant, thoroughly mixed, and kept overnight at 4° C,
The following day, the virus was centrifuged at 12,000 rpm for 2 h, the supernatant was discarded,
and the precipitated virus was resuspended in an appropriate amount of PBS solotion and filtered using
a 0.22 pm filter for sterilization, The remaining plasmid DNA was removed by digestion with
Benzonase Nuclease (50 UfmL) at 37° C for 30 minutes and refiltered with a 0.45 wm filter head to
obtain concentrated tAAV2 virus,

{83224 Purification of vivus: Solid CsCl was added to the concentrated vivus to a density of
1.41 g/ml (refractive index was 1.372). The sample was placed in an ultracentrifuge tube and the
remmimng space of the centrifoge tube was filled with pre-formulated 1.41 g/ml. CsCl solution. The
sample was centrifuged at 175,000 x g for 24 hows to form a density gradient to collect samples of
different densities. The viral titer of the samples was determined and components enriched with
rAAV2 particles were collected. This process was repeated, foading the viras into a 100 kDa dialysis

bag and stored overnight at 4°C for dialysis.

Example 15 — Gene therapy for treatment of Leber’s Hereditary Optic Neuvopathy
{6323] A multicenter prospective clinieal trial was porformed to assess the efficacy of tAAV-

ND4 i patients mecting the diagnostic criterta for LHON,

Study Design

{63241 Research site: This study was a clinical trial, and the genetic diagnosis was performed
at the Genetic Diagnosis Center at Tongii Hospital, Ophthalmic examination was completed in the
ophthalmology exansination room of Tongji Hospial, The whole body examination (partial) was

performed by designated personnet and standard equipment in the laboratory.

{0325] Patient recruitment guidelines: Patients were required to be diagnosed as LHON by
genetic testing for the 11778 site mutation. The subjects were age 10463 vears old, male or female.

Patients were observed at least three months for an improvement in vision. Patients were exchuded
from the stady if they had a terminal disease, previous cenlar disease history, allergies to essential

drugs used during the treatment, or demonstrated positive results in an AAV2 humoral response test.
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Patients were required to sign the Informed Consent Form for Leber’s Gene Therapy and Informed

Consent for Vitreous Injection.

{8326] Pre-operative guidelines: Medical staff were advised to disinfect the operating room
and medical supplies before surgery, and prepare for consumables during the operation and to strictly

abide by the surgical grading system and aseptic operation principles.

{6327} Pre-operative examination: Patients underwent & whole body examination prior to
surgery including blood analvsis, urine analysis, Hiver and kidney function, blood coagulation function,
imfections disease screening, inumune analysis (cell immunity; CD3, CD4, CD8; humoral inymunity:
IgA, M, IgG), electrocardiogram and chest fluoroscopy. Patients additionally underwent pre-
operative ophthalmelogic cxaminations including visual acuity, intraocular pressure, slit lamp
examination, fundus examination, fundus photography, anterior segment photography, optic nerve
three times within 6 months. Patients were screened for the miDNA base pair motation G11778A in
Leber’s disease. That is, the arginine of the NADH dehydrogenase subunit 4 protein was converted
into histidine, resulting in g loss-of-function disorder, an optic nerve injury, and Leber hereditary optic
nerve fesion, which has a high incidence and a poor prognosis {see Chinese Patent CN 102634327 B).
An AAV2 humoral inmunological assay {described below in Examples 16) was also performed prior
to treatment.

{0328] Pre-aperative treatment: Patients recetving LHON gene therapy were administered a
daily 32 mg/60 kg dose of the oral steroid, MEDROL® |, once 2 day starting 7 days before surgery.
An AAV2 humoral immaenological examination using patient serum was performed to determine if
the pre-treatment tAAV2 immunity of the patient was low before begining rAAVZ ireatment.
Antibiotic eve drops and eye omiment were applied on the day before surgery to wash the lacrimal

conjunctival sac.

Inteavitreal injection:

{8329 The clintcal grade rAAVZ-ND4 dosage form (State Koy Laboratory of Biotherapy of
Sichuan University) was used as an injection. The recombinant adeno-associated virus tAAVZ-ND4
(SEQ ID NO: 6) was prepared as described in Example 14. The dose was 1310 vg/0.05 mL. The
amount of drug for intravitreal injection under local ancsthesia was 0.05 ml. A single dose of the drug

was administered by intrakuminal injection under local ancsthesia, Disinfection measures and surgical
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consumables were prepared in a laminar flow operation room. Routine disinfection of the towel, face,
and eye was performed before surgery, and the eve was marked for injection.

{833¢ Gene drugs were managed by designated personnel, Before the drug was administered,
the information of the patient was checked to make sure that the drug packaging was complete and
non~polluted, and the drug packaging was strictly stenifized. When the drug was extracted frony the
vial, the operation was slow and smooth, and the drug was pomped once, and the bottle wall was not
repeatedly sucked and touched to avoid drug contamination. After the drug was extracted from the
vial, the injection was completed within half an howr. After the injection was completed, the drug
package and the romaining drug were retained and stored at -20° C for reference. Absolute aseptic
operation was required during the drug extraction process. 1f the drog fell to the ground, or the suction
needle touched the contaminated area, the drug was discarded. Any drog with a risk of contamination
was not fgjected into the patient’s vitreous cavity.

{8331] Specific operating goidelines for vitreous cavity injection: preparation of fnstruments
and drags before injection, and assistants to perform routine vitreous cavity injection operations such
as disinfection and drape. The drug was removed from dry ice and held tightly by hand for 2-3 yminutes
unttil the drog thawed into liquid. The bottle cap and bottle were wiped with ganze containing jodophor
twice for stertlization, then dry gauze was ased o wipe the bottle and the bottle cap. | should be noted
that the wiping was clockwise to prevent the bottle mouth from opening and iodophor infiltration.
After completing the disinfection, the bottle cap was opencd, and the operator took the drug with an
insulin nesdle, and the volume was adjusted to 0.05 mb. At the same time, the assistant prepared for
anesthesia injection, disinfection, reclamation, ete., and washed the conjunctival sac with 0.5%
povidone todine 3 times, and injected the vitreous cavity according to the vitreous cavity injection
guidelines. Immediately after withdrawal of the needle, the injection site was pressed with a cotton
swab and massaged for 10 seconds to prevent drug leakage.

{6332 After injecting the drug, an antibictic eye ointment was applied to the injected eve and
the eye was covered with a cotton swab, The pationt laid flat for 20 min and then returned to the ward.
The patient was told not to rub their eyes. After completing the injection, attention was paid to the

recovery of the patient following gene therapy.

Post-operative medication:

{8333 Systemic medication:
(1) MEDROLR tablet, 32 mg/60 ke, for 7 davs prior to the surgery;

139



WO 2020/038352 PCT/CN2019/101538

{bY  Sodium creatine phosphate iv drip, 2 g/60 kg, for 3 days after the surgery (including
the day of surgery);

{¢} SOLU-MEDROL® iv drip, 80 mg/60 kg, for 3 davs after the surgery {including the
day of surgery);

{d)  Onthe third day after surgery, SOLU-MEDROL® was changed to MEDROL®E, po, 40
mE/60 kg once a day for 4 days;

{e) In the second week after surgery, MEDROL® was reduced, po, 32 mg/60 kg; once a
day for 7 days;

6] In the third week after surgery, MEDROL® was redoced, po, 24 mg/60 kg: once a day

~

for 7 days;

{g) In the fourth week after surgery, MEDROL® was reduced, po. 16 mg/60 kg once a
day for 7 davs;

{(h)  In the fifth week after surgery, MEDROL® was reduced, po, § mg/60 kg once a day
for 7 days;

{0 Ta the sixth week after surgery, MEDROL® was redoced, po, 6 mg/60 kg once a day
for 7 days;

(i T the seventh week after surgery, MEDROLE was reduced, po, 4 mg/60 kg; once a
day for 7 days.

{6334] Topical medications:

{a) iobramyein dexamethasone: eye drops, once a day for 7 days;
(b} tobramycin dexamethasone eye oiniment: ove drops, once a day for 7 days.

{8335) A schematic showing the medication dosing scheduls is provided in Fig. 19,

Post-operative Examination and Review

{8336 The first day after surgery, patients underwent post-operative ophthabmic examination
including vispal acuity, intraccular pressure, sl lamp examination, fundus examination anterior
segment photography and fundus photography. The sccond day after surgery, patients underwent
testing for visual acuity, intraocular pressure, and shit lamp and fundus examination. The thixd day
after surgery, pationts underwent testing for visual acuity, intraocular pressure, and slit lamp and
fundus examination.

{83374 Patients receiving LHON cve gene therapy were informed 0 go to the hospital for
consultation at a time reserved with the physician or if they felt any discomfort. Post-operative
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examinations were performed by professionals, All inspection reports were reviewed and signed by
medical personnel. it was forbidden for non-professionals or medical personnel who were not familiar
with the field to check the patient or answer the patient’s condition without suthorization,

{03381 Before all inspections, aleohol was used to wipe the contact arca between the
instrument and the patient. After the examination was completed, antibiotic cve drops were given. It

was forbidden to drop contaminated eye drops and eye drops into the conjunctival sac.
Results

Efficacy evaluation:

18339 The International Standard Guide for Improving Vision provides that a visual acuity
mprovement by 0.3 logMAR (135 letters) is considered a significant improvement and an improvement
of 0.2 logMAR (10 letters) is considered an improvemment. An improvement below (L1 logMAR (8
letters) significs no improvement. A treatment resudting in a vision improvement of 0.2 logMAR is
considered effective,

{83440 Ia 2 first phase of the study, a total of 145 patients were treated. Within one day of
treatment, 24 cases (16.55%) showed a significant improvement of 0.3 logMAR and 6 cases {4.14%)
showed an improvement of 0.2 logMAR. The total efficacy one day afier trentment was 20.69%, with
vision loss occarring i 2 cases (1.38%). Within 2 days of treatment, 33 cases (24.14%) showed a
significant improvement of 0.3 logMAR, 12 cases (8.22%) showed an improvement of 0.2 logMAR,
and the total efficacy was 32.41%. Within 3 days of treatment, 42 cases (28.96%) showed a significant
improvement of 0.3 logMAR, 11 cases (7.59%) showed an improvement of .2 TogMAR, and the fotal

efficacy was 36.35%. These results are summarized below in Table 3.

Table 3. Treatment efficacy 3 days post-surgery

fncrease 0.3 Increase 8.2 Vision loss Total
logMAR logMAR | efficiency (%)

2 cases

Firstday | 24 cases (16.55%) | 6 cases (4.14%) = ¢ 8‘;“’} 20.69
1)

Second day | 35 cases (24,.14%6) | 12 cases (8.2299) None 3241

Third day 42 cases (R8.96%) | 13 cases {7.59%) None 42.63

{83411 129 patients completed the review one month after surgery. Of these patients, 55

patients {42.66%) had a significant improvement of 0.3 logMAR in vision, and 16 {12,40%) had an

improvement of 0.2 logMAR in vision, The one month review indicated that the total effective rate of
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improved vision was 55.04%. The vision of 9 patients (6.98%:) decreased. 67 paticnts completed the
review after three months after surgery. OFf these patients, 37 patients {55.22%) had a significant
improvement of 0.3 logMAR in vision and 8 patients (11.94%) had an inyprovement of 0.2 fopgMAR
in vision, The three month review indicated that the total effective rate of improved vision was 67.16%.
The vision of 4 patients (3.97%) decreased. More recently, a total of 139 were treated: 64.66% of the
patients had a significant improvement of 0.3 logMAR i vision, and 6.89% of the patients had an

tmprovement of 0.2 logMAR in vision. Efficacy of treatment is shown below in Table 6.

Table 6. Treatment efficacy 1 and 3 months post-surgery

Increase 8.3 Increase 6.2 Vision loss Total efficiency

fogMAR logMAR T (%)

One month review S8 cases 13 cases 9 cases 55.04
{129 (42.66%) {11.02%) {6.98%) o

Three month review 37 cases 8 cases 4 cases 67.16
{n=67) (55.22%) {11.94%) {5.97%) B

Six month review 64.66% 6.89% oA, 71.55%
{8342] Safety results: A total of 143 patients were treated in an carly phase of the study,

including 7 Argentine international patients. The onset time was divided info two years and two years
or more, and safety tests were porformed regularly. We examined ocular adverse reactions three days,
one month and three months after surgery. There were 21 patients with mikd ocunlar hypertension three
days after surgery, which was a mild complication and recovered spontancously without other serious
complications, There were 17 patients with ocular hypertension one month after surgery, and only 5
patients with ocular hypertension three months after surgery. There were no other adverse reactions.

Adverse reactions are summarized in Table 7,

Table 7. Complications of gene therapy for LHON

3 days post-surgery 1 month post- 3 months post-
{n=141) surgery (m=102) surgery (n=41)
:f\.nterim‘ c%mmber 0 o 0
inflammation
Yitritis 3 0 0
Qcular hypertension 21 17 3
Catgract removal 0 Y 0
Keratitis g 0 {
Vitreous hemorrhage 3] 0 0
Allergic conjunctivitis 0 { 0
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3 days post-surgery 1 month post- 3 months post-
{n=141} surgery (n=102) surgery (n=41)
Evye pain g 0 0
{8343 A total of 10 Argentine patients were treated. A safety examination conducted on day

3 after the surgery showed that there was no safety issue. Another safety examination conduct on day
10 showed that one subject had mild ocular hypertension, which returned to normal following drug
treatment within one month, An efficacy examination was also conducted on day 3 after the surgery.
The improvement o 0.3 logMAR and 0.2 logMAR in vision among these Argentine patients were 50%
and 10%;, respectively. The improvement of 0.3 logMAR in vision at one-month, three-meonth, and

six-month were 60%, 90%, and 100%, respectively.

{83441 A similar study was conducted by GenSight Biologics: 15 subjects with the ND4-
G11778A mutation received a single intravitreal injection of rAAV2/2-ND4 in the worse-seging eye.
The study design included an initial follow-up period of 48 weeks, followed by a long-term period of
an additional 4 vears. Patients were divided into two groups: 6 months and 6 1o 12 months at the time
of onset, In peneral, patients with shorter onset time had less optic nerve cell damage and the best
prognosis for gene therapy. As onset time increased, the progaosis was worse, In the 15 patients treated,
there were 10 cases of ocular hypertension, 2 patients with selective cataract removal, 2 patients with
severe anterior chamber inflaramation and vitritis events, and many other adverse reactions such as
keratitis, vitreous hemorrhage, allergic conjunctivitis and eye pain {see Table 7). See Vignal et al,,

Ophthahmology 2018; 6:945-947.

{0345] In a separate study by Guy et al,, 14 patients with LHON received a single intravitreal
injection of AAV(Y444,500,730F)-PIND4vZ with 18 months of follow-up. The patients were
separated into two groups, one for onset time of more than 12 months and the other for onset time of
less than 12 months. Similar to GenSight Bicologics, patients with an onget of less than 12 months had
a better prognosis for gene therapy. Two cases of wveitls, 1 case of keratitis, 1 case of eye pain and 1
case of ocular hypertension was observed. See Guy et al, Ophthalmology 2017; 124:1621-1634, As
shown in Table 8 below, the methods of the present disclosure resulted in fewer post-surgical

complication than the methods of either GenSight Biologics or Guy et al,
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Tabie 8. Comparison of complications of Leber’s disease gene therapy

3 days after | 1 mth after | 3 mths after | GenSight
. . > Guy et al.

surgery surgery surgery Biologics {‘x;mi 4)

{(n=141) {(n=102) {n=41) {(n=15%)
Cataract removal () { 0 2 No statistics
Uveitis 0 0 { 0 2
Vitri t;\ 77777777 o0 1 o 0 13 Ncsﬂ;rtati stics
Keratitis 0 0 0 7 i
f{_*‘meﬂm ci_u;mber 0 ] 0 14 No statistics
mflammation
o -
\‘:treou:s 0 0 0 2 No statistics
hemorrhage
Eve pain® 0 { 0 2 1
Allergic
copjunctivitis™® 0 0 0 3 No statistics
Qcular
hypertension® 21 17 S 10 1

*Mild complications (could be selfrecovered}

{0346] Notably, the methods of the present disclosure did not vesull in any post-surgical cases
of wvetis, Uvetts is considered a serions complication and many types of uveitis require treatment with
hormones and nwounosuppressive agents. In the West, about a quarter of uveitis pationts require
reatment of hormones and immunosuppressive agents, and even then, 358% of patients have vision
disability. Ocular hypertension is considered a mild complication and is the most common
compiication in ophthalmic surgery. Under normal circumstances, patients self-recover and the
intraocular pressure refurns 1o normal levels,

{0347} In sumnary, the methods of the present disclosure provided a safe and effective

treatment for EHON, and no severe complications were observed.

{6348] Similar experiments are performed 1o assess the efficacy of rAAVE comprising the
ancleic acid sequence of SEQ D NO: 7. These results are expected to show that administration of

rAAVZ-SEQS is a safe and effoctive weatment for ocular diseases.

Example 16 — Diagnostic assay for LHON gene thevapy
{0349 In the present example, green fluorescent protein was used as a reporter gene in the
tAAVY veator (FAAVI-GFP)L HEK293T cells were cultured with ssrum from different patients and

were fransduced with rAAV2-GFP. Transduction efficiency of rAA V2 was determined using RT-PCR
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or flow cytometry in order to determine the ability of the rAAV2 veotor to infect cells in the presence
of patient serum. The method of the present disclosure can be used to screen patients prior to treatment
with the tAAV2 vector to identify those patients with low immune responses to the rAAV2 vector
{1.e., high rAAV2 vector transduction) and high imwmune responses to the rAAV2 vector (Le., low
rAAV2 vector transduction}. In this example, patients with low immune responses to the rtAAV2

vector were categorized as patients suitable for treatraent with the rAAV2 vector.

Preparation of rAAV2-GFP virus

{63501 HEK293T cells were seeded at a density of 3.0<107 cells/mL in 225 om?® cell culture
flasks in DMEM containing 10% bovine serum and cultured overpight in a 37°C incubator containing
5% Oy When the HEK293T cells reached 80G-90% confluency, the culture medium was discarded
and cells were transfected with tAAV2-GEP using the Plasmid Trans H{VGTC) transfection kit Two
days following transfection, HEK293T cells were harvested, and the collected cells were re-suspended
in PBS, frozen and thawed 3 times, then separated, concentrated and purified to obtain recombinant
adeno-associated virus rAAV2-GFP. The titer was measured and the product was customized by

Guangzhou Paizhen Biotechnology Co., Lid.

Isolation of patient serum
{8351 2 mi of whole blood was collected from patients and centrifuged to isolate serum. The
serum was separately added into two tubes and stored at -207C or -80 *C for later use. The remaining

whole blood was placed in a test tube. Patient information was recorded.

HEK293T cell culture
{0352] Sterilizarion: High temperature sterilization and UV disinfection of tips (1 mL, 5 mL, 0 mL)
and EP tubes was carried out for a minimum of 30 minutes before usage. After stertlization, the tips

and EP tubes were stored np to 12 hours, which did not resalt in cell contwmination.

{0353 Cell culture media preparation; 19 media preparation or 14 media preparation, kept at 4°C,
wherein % media preparation: 5 mlL fetal calf serumn, 45 nil. DMEM high glucose cell culture medium,
and (.5 mbL or I mL penicillin (10000 UlmlL) and streptomycin (10000 /mLywere added to 30 mL
centrifage tube and mixed; 1:4 dosing: 10 mL fetal calf seram, 40 mbL DMEM high glucose cell culture
medium and 0.5 ml or 1 mL peniciilin (10000 UfmL) and streptomycin (10000 /ml) were added to a

50 mL centirifuge tube and mixed.
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Passage and seeding of HEK293T cells

{0354] A cryotube containing HEK293T cells was removed from liquid nitrogen and rapidly
transferred to a 37°C water bath for §-2 min. After thawing, the outer part of the cryotube was wiped
with alcohol and placed in an 1ce bath at 4°C. The eryotube was occasionally shaken in the water bath
to ensure even heat distribution.

{8355 After disinfection, the HERK293T cells were transferred to a centrifuge tube and 10
times the volume of high glucose DMEM was added to the cells. The suspension was then centrifuged
at 1000 rpm for § min, the supernatant was discarded, and the HEK293T cells were resuspended in
culture medium, The cell suspension was then transferred to a 4 mb cultore medium vial and the vial
was transferred to the incabator to allow the HEK293T cells to adbere to the wall of the vial. After
the cells adhered, the medium was carefully removed and 5 mL of fresh mediom was added to continue
the culture. After HEK293T cells were incubsated for 24 b, the culture medivm was replaced and the
cells were grown until 8 monolayer formed, which was then used for cell passage. The tissue calture
media was replaced every 2 fo 3 days by removing old moediy, rinsing the cells with PBS 3 times, and
adding newly-prepared mediam to the cells.

{8356] Cedl passage in flasks: Ouce the cells reached confluency and had a round shape, the
media was removed from the fask using a 10 mL pipette and the HEK293T cells were washed three
times with 3 mb of PBS. After washing, 5 mbl of EDTA was added to the cells, incubated for 3 min,
and then 20 mi of media was rapidly added to the flask. Ay was repeatedly blown into the cultws
using a 10 mL pipette until the cells were evenly resuspended. Half of the cell suspension was
transferred to another flask and culture medium was added to a volume 0f 20 mb for both flasks.
{8357) Cell passage in 24-well plate: Once the cells reached confluency and had a round shape,
the media was removed from the flask using a 10 mL pipette and the HEK293T cells were washed
three times with 5 mL of PBS. After washing, 5 mb of EDTA was added to the cells, incubated for 3
min, and then 50 ml of media was rapidly added to the flagk. Adr was repeatediy blown into the culture
using a 10 mL pipette until the cells were evenly resuspended. Two mLs of the cell suspension was
distributed into each well of the 24-well plate, the flask was fixed 1o 4 total volume of 20 mL, and hoth
the flask and 24-well plate were placed in the incubator to continue the cultore. Once the HEK293T
cells in the 24-well plate reached conflueney (2-3 days fater), the cells received 1.7 mb of fresh media

and were transduced with rAAV2-GFP virus as described below,
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Traunsduction of vAAV2-GEFP in HER293T cells in the presence of patient serigm
{03581 Viral difotion: 1 pl. of tAAVI-GFP was diluted to 40 pl of PBS and was added to
1960 ul. of high glucose DMEM in a 4 mL EP tube. After the rAAV2-GFP dilution was prepared, the

EP tube scal was kept at 4°C.

{8359 Patient seram and dilated rAAV2-GFP was prepared as follows:

{a) 1:20 gronp: 300 ul patient serum + 300 gL culture medium + 300 b of the virus
difution {1:3 working dilution);

(b  1:60 group: 100 pl patient serum + 500 pL colture medion + 300 pb of the virus
difution {1:9 working difution);

{¢) Control group: 600 pL culture medium (or 300 pL PBS + 300 pL culture medium) +
300 ul. of the virus dilution,
{83601 rAAV2-GFP ransduction: 300 pl of patient serum/rAAVI-GFP from the 1:20 group,
1:60 group, and the control groups was added to cach well of HEK293T cells and incubated for 48

hours following transduction. The experiment was performed in triplicate for each group.

Example 17 - RT-PCR analysis of rAAV2-GFP expression
{0361} Total RNA was isolated from transduced HEK293T cells using TRIZOL, and ¢DNA
was synthesized by reverse franseription. Primers for RT-PCR analysis were designed using Primer

Premter 5 and are as follows:

{a) Beactin-F: CCTAGAAGCATTTGCGGT (SEQ ID NO: 167)

M Paactin-R: GAGCTACGAGCTGCCTGA (SEQ ID NO: 168)

{¢) FPFD ACAAGTTCAGCGTGTCCG (SEQ ID NO: 163)

{d)y GFP-R: CTCGTTGGGGTCTTTGCT (REQ ID NO: 164)
{0362] For gRT-PCR analysis, a reaction mix was prepared confaining § gl of SYBR Green,
8 gl of ddihO, 1 pl cach of forward and reverse primers, and 2.5 ul. of cDNA. The reaction mix was
added to a 0.2 mL PCR reaction tube at a total volume of 25 pl. Each sample was analyzed in triplicate.
In order to reduce error, the reagents were nuxed in each PCR resction tube and then dispensed, After
the sample was added, guantitative RT-PCR. was performed by pre-denataration at 953°C for 1 s,
denaturation at 947C for 15 5, annealing at 35°C for 13 s, and extension at 72°C for 45 ¢ for a total of
40 cyeles on a RT-PCR detection system. The flnorescence signals were collected during the extension

phase of sach cycle. After cach oyele, the melting curve analysis of 947 - 55°C was performed.
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{0363] The relative expression value = GFP expression fevel / $-actin, and the expression level
of GFP and the expression level of the internal reference gene was 1. The scrcening criseria of GFP
expression level was as follows:

{a) Low expression = relative expression value <0.2

{by  Moderate expression = .2 <relative expression value < 0.6

{) High expression = 0.6 < relative expression value;
{0364] High and moderate expression of GFP indicated that the serum of the patient did not
contain anti-rAAV2 antibodies that prevented mfection of HEK293T cells and that the probability of
an immune response against the viras was low, These patients were identified as those suitable for
gene therapy. Low GFP expression indicated that the serum of the patient contained anti-rtAAV2
antibodies that prevented infection of HEK293T cells and that rAAV gene therapy may cause an
immune response, requiring the patient to undergo immunotherapy before gene therapy treatment.

Results are shown o Table 9 below.

Table 8. GFP expression by gPCR in HEK293T cells + Patient serum

GEP/B-actin relative expression value
120 1:60 Control group
Patient A 0.33 .55 0.78
Patient B (.33 .52 .79
Patient (.29 .36 0.78
Patient 1D (.61 0.68 0.77
Patient I 3.12 0.18 0.74

Example 18 —~ GFP expression in HEK293T cells by flow cytomeiry

{0365] HEK293T cells wansduced with rAAV2-GFP were resuspended in the well and
transferred to a flow cytometry tube, GFP expression in HEK293T cells was determined using the
Beckman Coulter Cyto FLEX S,

{8366] Unitransduced cells (no drug) were used as a negative control for GFP expression {data
not shown}. Cells transdoced with the tAAV2-GFP vector in the absence of patient serum were used
as positive controls for GFP expression {(control group described in Example 16). The infection
efficiency of the control group was set to 50%, GFP expression in HEK293T cells after incubation
with serunt dilutions from Patient A is shown in Table 10, GFP expression in HEK293T cells after
mcabation with serum dilutions from Patient B is shown in Table 1, GFP expression in HEK293T
cells after incubation with serwmn dilutions from Patient C is shown in Table 12, GFP expression in
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HERZ293T cells after incubation with seram difutions from Patient D is shown In Table 13, GFP

expression in HEK293T cells after incubation with serum dilutions from Patient E is shown in Table

4.

Table 16, “aGEP expression in HEK293T cells + Patient A serum

Replicate 1:20 1:60 Control group
l 25.80 37.63 48.56
2 2503 36.21 52.09
3 255 40.32 50.07
Mean WGFP+ cells 25.43 38.05 50.24

Table 11, % GFP expression in HEK293T cells + Patient B serum

Replicate 1:20 1:60 Control group
i 3380 36.59 48.26
2 29.05 33.84 53,88
3 3135 33.86 51.37
Mean %GFP+ cells 31.43 34.76 51.17

Table 12, %GFP expression in HER2Z93T cells + Patient C serum

Replicate 1:26 1:60 Control group
i 31435 38.16 51.56
2 28,92 33.60 50,09
3 30.41 36.58 50.33
Mean %GFP+ cells 30.26 36.11 50.66

Table 13, %GFP expression in HEK293T celis + Patient D serum

Replicate 1:20 1:60 Control group
i 41.11 45.18 51.56
2 40.33 43.12 52,47
3 43.93 46.04 028
Mean %GFP+ cells 41,79 44.77 51.34

Table 14. % GFP expression in HERK293T cells + Patient E seram

Replicate 1:26 1:60 Control group
1 12.07 i5.85 49,00
77777777 2 16.27 16.94 53.88
3 13.70 14.07 5037
Mean %GFP+ cells 14,01 15.62 51.08
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{0367) GFP expression (1.e., the percentage of cells that are GEFP+ by flow cytometry) can be
expressed as absolute fluorescence (percentage of GFP+ cells i a test sample; as shown in Tables 10-
14} or as relative fluorescence ([percentage of GEP+ cells in a test sample ¢ perventage of GEPY cells
mn @ control sample] * 100; as shown in the “Relative GFP fluorescence™ column in Table 15). The

criteria for screening patients by relative GFP expression is as follows:

(@)  Low expression = % GFP+ cells < 20%
{h) Maderate expression = 20% < % GEP+ cells < 40%

o

{£) High expression = 40% <% GFP+ cells

{0368] High and moderate GFP expression indicated that the seruny of the patient did not
contain anti-rAAV2 antibodies that prevenied infection of target colls and gene therapy could be
performed. Low GFP expression indicated that the serwn of the patient contained anti-rAAV2
antibodies that prevented infection of target cells and that gene therapy with rAAY may cause an

immune response, and immunotherapy should be performed before proceeding with gene therapy.

{8369] GFP expression of patients A, B, C, and D were all higher than 20% (as shown in
Tables 10-14, indicating that patient serum did not contain anti-rtAAV2 antibodies that prevented
ifection of target cells and that the gene therapy could be dircetly performed, In particular, the GFP
expression level of patient D was higher than 40%, indicating that the patient was in ideal condition
for gene therapy {Table 13). The GFP expression level fested for patient E was less than 20% (Table
14), indicating that gene therapy with tAAV2 may cause an immune response and that impmamotherapy

was needed before starting trealment.

Example 19— Efficiency of gene therapy in patients with low immunity to rAAV2

{0370 The relationship between GFP expression and gene therapy was first discovered by the
inventors. There were no relevant reports in the prior art, and no standard for the relationship between
specific expression level and the effect of gene therapy had been established in the art.

{8371 In the chinie, the inventors unexpectedly found that subjects with GFP expression levels
below 20% experienced an inmmune response to rAAVZ gene therapy, and tor safety reasons, were not
further included in the study. Subjects with an expression lovel higher than S0% were rare, so the

purpose of this example was to verify subjecis with expression levels between 20% and 30%.

{63721 Candidates for gene therapy were sereened for an immne response 1o recombinant

adeno-associated vires as described above (Examples 16-18). The patient recruiting goidelines and
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pre- and post-operative examination procedures are described in Example 13, The dose for infravitreal
injection under local anesthesia was 1x10%" vg/0.05 mL. A single administration was performed.

Clinical observation lasted for 3 months and vision acuity was observed over time.

{63734 Subjects were grouped according to %GFE+ cells: Group A = high GFP expression
(40% < %GEFP cells £ 30%) and Group B = moderate GFP expression (20% < %GFP+ cells <40%).

Target colls were transduced with tAAV2-GFP such that approxinuately 50% of the cells in the control
group were transduced with the vector, In the 20-50% GFP+ range, the inventors found a relationship
between expression level and the cffect of gene thempy. In subjects with %eGFP+ cells below 40%
gene therapy was slightly less effective than in subjects with %GFP+ colls greater than or equal to
40%. Therefore, the above oriteria for low expression, moderate expression, and high expression was
established.

{8374} The results are shown in Table 15. The gene therapy was significantly more efficacions
in group A (high oxpression) than in group B (moderate expression) (P<0.03). Guidelines for

evaluation of efficiency and visual acuity are deseribed in Example 15,

Tabhle 15, Comparison of efficacy between group A and group B

Group Number of cases Efficiency
Group A 66 47 (71.21%) -
Group B 35 30 (51280 | P08

Example 20 — Screening patients for LHON gene therapy

{63751 The effectiveness of the diagnostic assays described above were further verified in
additional patients. Serum from 37 patient was diluted as described above in Example 16 and evaluated
in the gPCR and flow cytometry assays described above in Example 17 and 18. Testing of each sample
was repeated 3 times (0=3) and an average value was obtained (Le., mean %GEP+ cells).
Relative Y%GEP+ cells for the 1:20 and 1:60 dilutions was caleulated relative to the mean % GEP+ cells
of the control sample, and subjects were classified as suttable or not suitable for therapy with the
rAAV2 vector based on the relative %GFP+ cells (saitable for therapy = relative %GFP+ cells = 40%;
aot suitable for therapy = refative %GFP+ cells <0 409%). Using the methods described herein, 28
patients were classified as suitable and 9 patienis were classified as unsaitable for therapy. The resulis

for 37 subjects arc shown in Table 16,
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Table 16, %GFP+ HEK293T cells + Patient serum

Mean YGRP+ celis

%oGFP+ Test / % GFP+ Control

Case No. 1:28 1:60 Control 1:20 68 Classification
Al §2.25 83.66 55,13 894.8% 158.7% Suntable for therapy
A2 41.32 80.2¢ 35.43 74.9% 145.5% Suitable for therapy
A3 3243 78.86 §5.43 SR8 143.0% Suttable for therapy
Ad 3279 33.8 49,58 106.53% 108.5% Suitable for therapy
AS 5487 6179 49,58 112.3% 124.6% Suitable for therapy
Ab 53.69 64.51 48 38 108.3% 130.1%% Suitable for therapy
AT 54.31 3B.R5 4938 1039.3% HI8.7% Suitable for therapy
A8 30.43 57.24 4958 101.7% 115.4% Suitable for therapy
AY 47.87 57.21 49,58 96.6% 115.4% Suitable for therapy
ALl 49.27 5543 34.19 90.9% 102.3% Suntable for therapy
Al 326 36.114 $1.37 S89% 70.3% Suitable for therapy
Al2 3143 34.76 51.37 61.2% 67.7% Suitable for therapy
Af3 25.86 3203 31.37 50.3% 62.4% Suitable for therapy
Al4 25458 38.03 51.37 49.5% T4.1% Suitable for therapy
Als 33.82 37.84 51.37 65 8% T3.7% Suitable for therapy
AlS 39.34 39.08 51.37 76.6% 76.1% Suitable for therapy
A7 3538 43.63 5137 68.9% 85.0% Suttable for therapy
ALS 41.08 4374 31.37 B0.0% 25.1% Suitable for thevapy
ALY 34.33% 50,39 51.37 67.3% 98.1% Suttable for therapy
A20 38.96 52.91 57.84 107.9% 91.8% Suitable for therapy
A2l 49.09 6489 57.84 84.9% 112.2% Suitable for therapy
A22 55,13 7183 57.84 95.3% 124.2% Suitable for therapy
A23 30.38 59,43 57.84 87.1% 102.7% Suitable for therapy
A4 68,34 78.68 37.84 118.2% 136.0% Suitable for therapy
A2S 54.38 84.02 S7.84 94.0% 145.3% Sutable for therapy
AZG 603.39 64.2 S7.84 104.4% 11E.0% Suitable for therapy
A7 49.62 4791 57.84 85.8% B2.8% Suitable for therapy
A28 58.59 62.54 37.84 101.3% 108.1% Suttable for therapy
Bi 13.26 17.32 63,19 24.1% 27.4% Nt suitable for therapy
B2 359 2,18 1232 29 1% 17.5% Not suitablke for therapy
R3 12 Q.81 354 33.9% 27.1% Not suitahle for therapy
B4 0.72 1.35 12.32 5.8% 11.0% Not sustable for therapy
B3 2,96 243 12.32 24.0% 19, M% Not suitable for therapy
B 4.38 244 63.03 6.9% 3. 7% Nast suitable for therapy
B7 1.58 2.85 63.19 2.5% 4.5% Not suiiable for therapy
B8 13.92 7.92 $1.34 2719 13.4% Not suttable for therapy
BY 4.78 2.06 51.08 B.4% 17.7% Not suitable for therapy

"
in
1]
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{8376] The 28 patients classified as suitable for therapy received the rAAVZ gene therapy
vector. OF the 28 patients that received therapy, the therapy was effective in 20 patients (efficacy rate
of 71.43% (20/28)), Of the 9 patients classified as not snitable for therapy, 6 patients still wanted to

receive gene therapy. However, the therapy was only effective in one patient classified as not suitable

R

for therapy (cfficacy rate of 16.67% (1/6}1).

Example 21 —~ Prednisone treatment regimen for LHON gene therapy
{0377] This study will be conducted following the patient recruitment guidelines, surgery and

examination procedures as described in Example 135,

{0378] Patients undergoing gene therapy for LHON will receive the following treatment

regimen:

{a) 2 davs before surgery: prednisone tablets, 60 mg/60 kg, once per day for 10 days;

(b} 8 days afler surgery: prednisone tablets, 40 mg/60 kg, once per day for { day;

{¢) 9 days after surgery: prednisone tablets, 20 mp/60 kg, once per day for 1 day;

(d) 10 days after surgery: prednisone tablets, 10 mg/60 kg, once per day for | day;

{e} 11 davs after surgery: stop steroid treatment,
{83794 A schematic showing the medication dosing schedule s provided in Fig. 20. Patients
will be monitored for 3 months following sargery and will be advised to consult a physician if they

felt any discomfort or pain throughout the stady.

{0380 Results are expected to show an improvement in visual acuity with minimal side effects
in LHON patients following intravitreal admuinistration of AAV2-ND4 and the treatment regimen

described above.

{0381} While preferred embodiments of the present fnvention have been shown and deseribed
herein, i will be obvious o those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now oceur to those skilled in the
art without departing from the invention. It should be understood that vartous alternatives to the
ernbodiments of the invention described herein may be employed in practicing the invention. It is
intenled that the following claims define the scope of the invention and that methods and stractuwres

within the scope of these claims and thelr equivalents be covered thereby.

FURTHER NUMBERED EMBODIMENTS
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{0382] Further embodiments of the instant invention are provided ia the pumbered

embodiments below:

{8383] Embodiment 1. A recombinant nucleic acid, comprising: & mitochondrial
targeting sequence; a mitochondrial protein coding sequence comprising @ sequence that is at least 29%
identical 1o a sequence selected from the group consisting of SEQ 1D NO: 7, 8, 10, and 12; and a

3'UTR nucleie acid sequence.

{0384] Embodiment 2. The recombinant nucleic acid of Embodiment 1, wherein said
mitochondnal targeting sequence encodes a polypeptide comprising a peptide sequence that is at least
0%, at least 95%, at least 97%, at least 99%, or 100% identical t0 a sequence selected from the group

consisting of SEQ ID NO: 128-159.

{0385] Embodiment 3. The recombinant nucleie acid of Embediment 1, wherein said
mitochondnal targeting sequence comprises a sequence that is at least 90%, af least 95%, at least 97%,

at least 99%, or 100% identical to & sequence as set forth in SEQ 1D NOG: 2.

{0386 Embodiment 4. The recombinant mucleic acid of Embodiment 1, wherein said
mitochondrial targeting sequence comprises a sequence that is at loast 90%, at least 93%, at least 7%,

at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NQG: 3.

0387 Embodiment 5. The recombinant nucleic acid of Embodiment 1, wherein said
s
mitochondrial fargeting sequence comprises a sequence that is at least 90%, at least 95%, at least 97%,

at least 99%, or 100% identical to a sequence as set forth in SEQ ID NG: 4.

{3388] Embodiment 6. The recombinant nucleic acid of Embodiment 1, wherein said
mitochondrial targeting sequence comprises a sequence that is at least 90%. at least 95%, at least 97%,

at least 99%, or 100% identical {0 a sequence as set forth in SEQ IDNO: 5.

{0389 Embodiment 7. The recombinant nucleic acid of Fmbodiment 1, wherein said
mitochondrial protein coding sequence comprises a sequence that is at least 90%, at least 95%, at least
97%%. at least 9%, or 100% identical to 4 sequence as set forth in SEQ IDNO: 7 or 8.

{8390 Embodiment 8. The recombinant nucleic acid of Embodiment 1, wherein said
mitochondrial protein coding segnence comprises a sequence that is at feast 90%, at least 95%, at least

7%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 10,
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{8391} Embodiment 9, The recombinant nucleic acid of ¢l Embodiment aim 1, wherein
said mitochondrial protein coding sequence comprises a sequence that is at least 90%, at least 95%. at

least 97%, at feast 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 12,

{03921 Embodiment 10. The recombinant nucleic acid of Embodiment 1, wherein said
3UTR nucleic acid sequence comprises a sequence that s at least 90%, at least 95%, at least 97%, at

least 99%, or 100% identical to a sequence selected from the group consisting of SEQ 1D NO: 1H-

125,
{03934 Embodiment 11, The recombinant mucleic acid of Embodiment 1, wherein said

3UTR nucleic acid sequence comprises a sequence that s at least 90%. at least 95%, at least 97%, at

least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 13 or SEQ ID NO: 14

{0394 Embodiment 12. The recombinant nucleie acid of Embediment 1, wherein said
recombinant nucleic acid comprises a sequence that is at least 90%, at least 95%, at least 97%, at least
994, or 100% identical to a sequence selected from the group consisting of SEQ 1D NO: 17-20, 23-
24, 27-28, 31-34, 3738, 4142, 45-48, 51-52, 55-536, 59-62, 65-00, 6970, 73-76, 79-8Q, and 83-84.

{0395] Embodiment 13. A recombinant nucleic scikd, comprising: 8 mitochondrial
targeting sequence comprising a sequence that is at least 90% identical to a sequence selected from
the group consisting of SEQ D NO: 2, 3, 4, and §; a mitochondrial protein coding sequence, wherein
said mitochondrial prolein coding sequence encodes a polypeptide comprising a mitochondrial protein;

and a 3"UTR oucleic acid sequence,

{8396] Embodiment 14, The recombinant nocleic acid of Embodiment 13, wherein said
mitochondrial targeting sequence comprises a sequence that is at least 80%, al least 953%, at least 97%,

at least 99%, or 100% identical 10 8 sequence as set forth in SEQ IDNO: 2.

{0397 Embodiment 18. The recombinant nucleic acid of any one of Embodiments 13-
14, wherein said mitochondrial targeting sequence comprises a sequence that is al least 90%, al least
93%, af least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NGO: 3.

{8398} Embodiment 16. The recombinant nucleic acid of any one of Embodiments 13-
15, wheretn satd mitochondrial targeting seguence comprises a sequence that is at feast D0%, at least

5%, at least 97%, al least 99%, or 100% 1dentical 1o a sequence as set forth in SEQ IDNO: 4
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{0399 Embodiment 17. The recombinant nucleic acid of any one of Embodiments 13-
16, wherein said mitochondrial targeting sequence comprises a sequence that is at least 90%, at least

93%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 5.

{04001 Embodiment 18. The recombinant nucleic acid of any ong of Embodiments 13-
17, wherein said mitochondrial protein is selected from a group consisting of NADH dehydrogenase

4 {ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase 1 {ND1), and a variant thereof,

{0401] Embodiment 19 The recombinant nucleic acid of Embodiment 18, wherein said

mitochondnal protein comprises NADH dehydrogenase 4 (ND4), or a variant thereof,

{0402] Embodiment 20, The recombinant nucleic acid of any one of Embodiments 13-
19, whercin satd mitochondrial protein comprises a peptide sequence that is at Least 90%, at least 95%,

at least 7%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 160,

{0403] Embodiment 21. The recombinant nucleic acid of any one of Embodiments 13-
20, wherein said mitochondrial protein coding sequence comprises a sequence that is at least 0%, at

least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth i SEQ 1D NO: 6,

7, or &,
{0404] Embodiment 22, The recombinant nucleic acid of Embodiment 18, wherein said

mitochondrial protein comprises NADH dehydrogenase 6 (ND6), or a variant thereof,

{8405] Embodiment 23, The recombinant nucleic acid of any one of Embodiments 13-
22, wherein said mitochondrial protein conprises a sequence that is at least 90%, at least 5%, at least

7%, at least 999, or 100% identical to a sequence as set forth in SEQ ID NQ: 161,

{8406] Embodiment 24, The recombinant nucleic acid of any one of Embodiments 13-
23, wherein said nitochondrial protein coding sequence comprises a sequence that is at least 90%, at
least 95%, at least 97%, at least 99%, or 100% identical o g sequence as set forth m SEQ IDNO: 9 or

10.

[8407] Embodiment 25. The recombinant nucleic acid of any one of Embodiments 13-

24, wherein said nitochondrial protein comprises NADH dehydrogenase 1 (ND1), or a variant thercofl

{0408] Embodiment 20, The recombinant nucleic acid of any one of Embodiments 13-
25, wherein said mitochondnial protein comprises a sequence that is at least 90%, at least 95%, at least

97%. at least 9%, or 100% identical to a sequence as set forth tn SEQ 1D NO: 162,
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{8409] Embodiment 27. The recombinant nucleic acid of any one of Embodiments 13-
26, wherein said mitochondrial protein coding sequence comprises a segquence that Iz &t feast 90%, at
least 95%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NOG: 11

or 12,

{8410] Embodiment 8. The recombinant nucleic acid of any one of Embodiments 13-
27, wherein said 3"UTR nueleic acid sequence is located at 37 of said mitochondrial targeting sequence.
{9411} Embodiment 29. The recombinant nucleic acid of any one of Embodiments 13-
28, wherein said 3'UTR aueleic acid sequence comprises a sequence selected from the group
consisting of hsACO2, hsATPSB, hsAK2, hsALDH2, hsCOX10, hsUQCRFSL, hsNDUFVE,
hsNDUFV2, hsSOD2, hsCOX6e, hsIRPE, hsMRPS12, hsATP3IZ, mSOD2, and hsOXAILL,

{0412] Embodiment 30. The recombinant nucleic acid of any one of Embodiments 13-
29, wherein said 3"UTR nocleie acid sequence comprises a sequence that is at least 90%, at least 93%,
at feast 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ

1D NO: 111125

{0413] Embodiment 31. The recombinant aucleic acid of any one of Embodiments 13-
29, wherein sald 3'UTR nucleie acid sequence comprises a sequence that s at least 909, at least 93%,
at least 97%, at least 99%, or 100% identical to a seguence as set forth in SEQ IDNO: 13 or SEQ 1D
NO: 14

j0414] Embodiment 32. The recombinant nucleic acid of any one of Embodiments 13-

31, wherein said mitochondrial targeting sequence 1s located at 37 of said 3"UTR anucleie acid sequence.

{0415] Embodiment 33 The recombinant nucleic acid of any one of Embodiments 13-
32, wherein said mitochondrial targeting sequence is located at 37 of said mitochondrial targeling

sequendce,

{416 Embodiment 34. The recombinant nucleic acid of any one of Embodiments 13-
33, wherein said recombinant nucleic acid comprises a sequence that is at Teast 90%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence selected from the group counsisting of SEQ

D NO: 29-84.

{0417] Embodiment 35, A recombinant nucleic acid, comprising: a miochondrial

targeting sequence; a mitochondrial protein coding sequence comprising & sequence that is at least



WO 2020/038352 PCT/CN2019/101538

0%, at least 95%, at least 979%, at least 99%, or 100% identical to a sequence selected frons the group

consisting of SEQ ID NO: 7,8, 10, and 12; and a 3"UTR nucleic acid sequence,

{8418] Embodiment 36, The recombinant nucleic acid of Embodiment 35, wherein said
mitochondnial targeting sequence comprises a sequence encodes a polypeptide selected from the group
consisting of hsCOX10, hsCOXE, scRPMZ, feSint5, tbNDUST, ncQURZ, hsATPSG2, hsLACTB,
spilvl, amCOX2, cxATP6, hsOPAL, hsSDHD, hsADCKS, osP0644B06.24-2, Neurospora crassa
ATPY (ncATP), hsGHITM, hsNDUFABY, hsATPSG3, orATP6 _hsADCKS, neATPS ncATPY,
mLOCT00282174, eATPO zmLOCHO0282174 spilvl ncATPS,
zmLOCI00282174 hsADCK3 orATP6  hsATPSG3, zmLOCI00282174 hsADCK3 hsATPSGS,
ncATPY zmLOCI00282174, sADCKS zmLOCI00282174 orATPS _BSATESGS,
crATPG _hsADCK3 zmLOCHO0282174 hsATPSG3, hsADCK3 _=mLOC100282174,
BsADCKS zmbLOC100282174 crATP6, ncATPY :zmLOCI00282174 spilvl GNFP neATPY, and
acATPY zmLOCI00282174 spilvi feSintS osPO644B06.24-2 heATPIG2 ncATPO.

{0419] Embodiment 37. The recombinant nucleie acid of any one of Embodiments 35-
36, wherein said mitochondrial targeting sequence encodes a polypeptide comprising a peptide
sequence that is af least 0%, at least 95%, at Teast 97%, at least 9%, or 100% identical to a sequence

selected from the group consisting of SEQ 1D NO: 129-159.

{0420] Embodiment 38. The recombinant nucleic acid of any one of Embodiments 35-

37, wherein said mitochondrial targeting sequence comprises a sequence that is at least 90%, at least

QS5%, at least 97%, at least 99%, or 100% identical {0 a sequence as set forth in SEQ IDNOG: 2 or 3.
{0421 Embodiment 39. The recombinant nucleie acid of any one of Embodiments 33~

38, wherein said mitochondrial targeting sequence comprises a sequence that 1s at feast 90%, at least
93%, af least 97%, at least 99%, or 100% identical to a sequence as set forth 1o SEQ ID NO: 4.
{0422] Embodiment 40. The recombmnant nucleic acid of any one of Embodiments 35«

39, wherein said mutochondrial targeting sequence comprises a sequence that iy at least 90%, at least
39, wherein said mitochondrial targeting sequence comprises uence that is at least 90%, at least

Q3%, at least 97%, at least 99%, or 100% identical 10 a sequence as set forth in SEQ 1D NO: 5.
{0:423] Embodiment 41, The recombinant nucleie acid of any one of Embodiments 33~

40, wherein said mitochondrial protein coding sequence comprises a sequence that is af feast 90%, at
least 93%, at least 97%, at least 99%, or 100% identical 1o a sequence as set forth 10 SEQ IDNO: T or

8.
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{8424] Embodiment 42. The recombinant nucleic acid of any one of Embodiments 33-
41, wherein said mitochondrial protein coding sequence comprises a sequence that Is &t feast 90%, at

least 95%, at least 97%, at least 99%, or 100% wdentical to a sequence as set forth in SEQ 1D NO: 10,

{0425] Embodiment 43. The recombinant nucleic acid of any ong of Embodiments 35-
42, wherein said mitochondrial protein coding sequence comprises a sequence that is at least 90%, at

least 95%., at least 97%, at least 99%, or 100% identical 0 a sequence as st forth in SEQ 1D NO: 12,

{0426] Embodiment 44. The recombinant nucleic acid of any one of Embodiments 35-

43, wherein said 3"UTR nueleic acid sequence is Iocated at 37 of said mitochondrial targeting sequence.

{0427 Embodiment 45, The recombinant nucleic acid of any one of Embodiments 33-
44, wherein said 3"UTR nucleie acid sequence comprises a sequonce sclected from the group
consisting of hsACO2, hsATPSB, hsAK2, hsALDH2, hsCOX1D, hsUQURFSI, hsNDUFVI,
hsNDUFV2, hsSOD2, hsCOX6e, hslRPL, hsMRPS12, hsATPSIZ, mSOD2, and hsOXAlLL,

{0428] Embodiment 46. The recombinant nucleic acid of any one of Embodiments 35-
45, wherein said 3'UTR nucleie acid sequence comprises a sequence that is at least 90%, at least 95%,
at least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ
D NQ; =125,

{0429] Embodiment 47. The recombinant nucleic acid of any one of Embodiments 35-
46, wherein said 3'UTR nucleie acid sequence comprises a sequence that is at least 90%, at least 95%,
at least 97%, at least 99%, or 1H00% itdentical to a sequence as set forth in SEQ ID NO: 13 or SEQ ID
NO: 14

{0430] Embodiment 48, The recombinant nucleic acid of any one of Embodiments 33~

47, wherein said mitochondrial targeting sequence s located at 57 of said 3"UTR nucleie acid sequence.

{8431 Embodiment 49, The recombinant nucleic acid of any one of Embodiments 35-
48, wherein said mitochondrial targeting sequence is located at 37 of said mitochondrial {argeting

sequence,

{04321 Embodiment 50, The recombinant nucleic acid of any one of Embodiments 35-
49, wherein sald recombinant nucleie acid comprises a sequence that is at least 0%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence selected from the group counsisting of SEQ
D NO: 17-20, 23-24, 27-28, 31-34, 37-38, 41-42, 4548, 51-52, 55-50, 59-62, 65-66, 69-70, 73-76,
79-80, and 83-84.
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{8433] Embodiment 51. A recombinant aucleic acid, comprsing @ nvtochondrial
targeting sequence that is at least 90%, at least 93%, at least 7%, at least 99%, or 100% identical to

a sequence selected from the group consisting of SEQ 1D NO: 2, 3, and 4.

{0434] Embodiment 32, The recombinant nucleic acid of Embodiment 51, wherein said
mitochondrial targeting sequence comprises a sequence that is at least 90%, at least 93%, at least 97%,

at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 2.

{0435] Embodiment 53. The recombinant nucleic acid of any one of Embodiments 51-
52, wherein said mitochondrial targeting sequence comprises a sequence that is at least 90%, at least

93%5, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ D NO: 3,

{0436] Embodiment 54, The recombinant nucleic acid of any one of Embodiments 51-
33, wherein said mitochondrial targeting sequence comprises a8 sequence that is at least 90%, at least

5%, at feast 97%, at least 99%, or 1009 identical 1o a sequence as set forth in SEQ 1D NG 4.

{0437 Embodiment 55. The recombinant nucleic acid of any one of Embodiments 51-
54, further comprising a mitochondrial protein coding sequence, wherein said mitochondrial protein

coding sequence encodes a polypeptide comyprising a mitochondrial protein,

{0438 Embodiment 56, The recombinant nucleic acid of any one of Embodiments 51-
53, wherein said mitochondrial protein is selected from a group consisting of NADH dehydrogenase

4 {ND4), NADH dehydrogenase 6 (ND6), NADH debydrogenase 1 (ND1}, and a variant thereof.

{0439 Embodiment 57. The recombinant nucleic acid of any one of Embodiments 51-

56, wherein said nitochondrial protein comprises NADH dehydrogenase 4 (ND4), or a variant thereof,

{0440] Embodiment 58, The recombinant nucleic acid of any one of Embodiments 51-
§7, wherein said mitochondrial protein comprises a peptide sequence that is at least 90%, at least 953%,

at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 160,

{8441} Embodiment 39. The recombinant nucleic acid of any one of Embodiments S1-
38, wherein said mitochondrial protein coding sequence comprises a sequence that is at least 90%, at
least 95%, at least 97%, at least 99%, or 100% wdentical {o a sequence ag set forth in SEQ D NO: 6,

7,0t 8,

{8442] Embodiment 60. The recombinant nucleic acid of any one of Embodiments 51-

59, wherein said mitochondrial protein comprises NADH dehvdrogenase 6 (ND®6), or a variant thereof.
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{8443] Embodiment 61. The recombinant nucleic acid of any one of Embodiments 51-
60, wherein sald mitochondrial protein comprises a sequence that is at least 90%, at least 95%, at least

97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 161,

{0444] Embodiment 62. The recombinant nucleic acid of any ong of Embodiments 51-
61, wherein said mitochondrial protein coding sequence comprises a sequence that is at least 90%, at
feast 939, at least 97%, at least 99%6, or 100% identical fo a sequence as set forth in SEQ ID NO: 9 or
10,

{0445] Erabodiment 63. The recombinant aucleic acid of any one of Embodiments 51-

62, wherein said mitochondrial protein comprises NADH dehvdrogenase | (ND1), or a variant thereof.

{0446] Embodiment 64, The recombinant nucleic acid of any one of Embodiments 51-
1]

3, wherein said mitochondrial protein comprises a scquence that is af Ipast 90%, at Teast 95%, at least

7%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1D NO: 162

{0447 Embodiment 65. The recombinant nucleic acid of any one of Embodiments 51-
64, wherein said mitochondrial protein coding sequence comprises a sequenge that is at least 90%, &t
least 95%, at least 97%, at feast 99%, or 100% identical to @ sequence as set forth in SEQ 1D NOG: 11

or 12,

[0448] Embodiment 60. The recombinant nucleic acid of any one of Embodiments 51-

63, further comprising a 3'UTR aucleic acid sequence,

{0449 Embodiment 67. The recombinant nucleic acid of any one of Embodiments 51-

66, wherein said 3"UTR nucleic acid sequence is tocated st 37 of said mitochondrial targeting sequence.

{0430] Embodiment 68, The recombinant nucleic acid of any one of Embodiments 51-
67, wherein said 3'UTR nucleic acid sequence comprises a sequence selected from the group
consisting of hsACO2, hsATPSB, hsAK2, hsALDH2, hsCOX10, hsUQCRFSE, hsNDUFVI,
hsNDUFV2, hsSOD2, hsCOXbe, hslRPL, hsMRPS12, heATPAIZ, mSOD2, and hsOXALL.

{0451} Embodiment 69, The recombinant nucleic acid of any one of Embodiments 51-
68, wherein said 3'UTR nucleie acid sequence comprises a sequence that is at least 90%, at least 95%,
at least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ

1D NO: 1HH-125.
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{8452] Embodiment 70. The recombinant nucleic acid of any one of Embodiments 51-
69, wherein said 3'UTR nucleie acid sequence comprises 8 sequence that is at least 90%, at least 959,
at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 13 or SEQID
NQ: 14,

{0453 Embodiment 71. The recombinant nucleic acid of any one of Embodiments 51-

70, wherein said mitochondrial targeting sequence is located at 37 of said 3"UTR nucleie acid sequence.

{0454] Embodiment 72. The recombinant nucleic acid of any one of Embodiments 51-

71, wherein said mitochondrial targeting sequence is located at 37 of sald mitochondrial targeting

sequence,
{0455] Embodiment 73. The recombinant nucleic acid of any one of Embodiments 51-

72, wherein sald recombinant mucleic acid comprises g sequence that is at least 90%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ
ID NO: 29-70.

{8456] Ermbodiment 74, A recombinant nucleie acid, comprising a mitochondrial protein
coding sequence, wherein said mitochondrial protein coding sequence sncodes a polypeptide
comprising a mitochondrial protein, wherein said mitochondrial protein coding sequence comprises g
sequence that is at least 90%, at least 8%, at least 97%, at least 99%, or 100% identical to a sequence

selected from the group consisting of SEQ IDNO: 7,8, 10, and 12

{8437] Embodiment 75. The recombinant mucleic acid of Fmbodiment 74, further

comprising a mitochondrial targeting sequence.

[0458] Embodiment 76. The recombinant nucleic acid of any one of Embodiments 74~
75, wherein said mitochondrial targeting sequence comprises a sequence encodes a polypeptide
selected from the group consisting of hsCOX10, heCOXE, seRPM2, leSirts, thNDUST, ncQCR2,
BsATPSG2, hsLACTB, spilvl, gmCOX2, crATP6, hsOPAL, hsSDHD, hs ADCK3, 0sP0644B06.24-
2, Neurospora crassa ATP9 (ncATPY), hsGHITM, heNDUFARI, hsATPSGS, crdTPs _hsADCKS,
ncATPS ncATPY, #mLOC100282174, neATPS L OCIG0282174 spilvl ncATPY,
zraL OCIO02R2 174 hsADCKS _erdATP6 _bsATPIG3, zmLOCI00282174_bsADCK3 hsATPAG3,
neATPS zmLOCHNZ82174, hsADCK3 _zmLOCI00282174_orATPS _hsATPSG3,
crATPE_hsADCK3 zmlOCHO02R2174 hsATPSGA, hsADCKS _zmLOCI00G282174,
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hSADCK3 zmLOC100282174 crATPS, ncATPY zmLOCI00282174 spilvl GNFP_ncATPY, and
ncATPY zmLOCI00282174 spilvi 1eSintS_osPOG44B06.24-2 hsATPSG2 neATPY,

{8459] Embodiment 77. The recombinant nucleic acid of any one of Embodiments 74-
76, wherein smd mitochondrial targeting sequence encodes a polvpeptide comprising a peptide
sequence that is at least 90%, at least 95%, at least 979, at least 99%, or 100% identical to & sequence

selected from the group consisting of SEQ D NO: 129-159,

{8460] Embodiment 78. The recombinant nucleic acid of any one of Embodiments 74-
77, wherein said mitochondrial targeting sequence comprises a sequence that is at least 90%, at least

9%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ D NO: 2.

{0461 Embodiment 79. The recombinant nucleic acid of any one of Embodiments 74-
78, wherein said mitochondrial targeting sequence comprises a8 sequence that is at least 90%, at least

5%, at least 97%. at least 99%, or 1009 identical 1o a sequence as set forth in SEQ 1D NG: 3

{0462] Embodiment 80. The recombinant nucleic acid of any one of Embodiments 74-
79, wherein said mitochondrial targeting sequence comprises a sequence that is at least 90%, at loast

93%, at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ 1 NO: 4.

{0463] Embodiment 81, The recombinant nucleic acid of any ong of Embodiments 74-
80, wherein said mitochondrial targeting sequence comprises a sequence that is at least 90%, at least

5%, at least 97%, at least 99%, or 100% identical 1o a sequence as set forth in SEQ IDNO: 5

[0464] Embodiment 82. The recombinant nucleic acid of any one of Embodiments 74-

81, wherein said mitochondrial protein coding sequence comprises a sequence that is af least 80%, at
B i iy 1

least 95%, at least 97%, al least 99%, or 100% identical o g sequence as set forth in SEQ IDNO: 7 or

[0465] Embodiment 83. The recombinant nucleic acid of any one of Embodiments 74-

80, wherein said mitochondrial profein coding sequence comprises a sequence that is at least 90%, ot
B j P i

least 95%, at least 7%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO» 10
{8466] Embodiment 84, The recombinant nucleic acid of any one of Embodiments 74~
3, wherein satd mitochondrial protein coding sequence comprises a sequence that is at least 90%, at

least 95%, at least 97%, at least 99%, or 1030% identical 10 a sequence as set forth in SEQ 1D NO: 12,
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{8467] Embodiment #5. The recombinant nucleic acid of any one of Embodiments 74-

84, further comprising a3 "UTR sucleic acid sequence.

{8468] Embodiment 86. The recombinant nucleic acid of any one of Embodiments 74-

85, wherein said 3"UTR nucleic acid sequence is tocated at 37 of said mitochondrial targeting sequence.

{8469] Embodiment 7. The recombinant nucleic acid of any one of Embodiments 74-
86, wherein said 3'UTR aucleic acid sequence comprises a sequence selected from the group
consisting of hsACO2, hsATPSB, hsAK2, hsALDH2, hsCOXI1D, hsUQCURFSI, hsNDUFVI,
hsNDUFV2, hsSOD2, hsCOXoe, hsIRPL, hsMRPS12, hsATPSIZ, mSOD2, and hsOXAlLL,

{8470] Embodiment 88, The recombinant nucleic acid of any one of Embodiments 74-
87, wherein sald 3"UTR nucleic acid sequence comprises a sequence that is at least 90%, at least 959,
at loast 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ

IDNO: 1111250

{0471 Embodiment §9. The recombinant nucleic acid of any one of Embodiments 74-
88, wherein said 3'UTR nucleie acid sequence comprises a sequence that is at least 90%, at least 959,
at least 97%, at least 99%, or 100% identical to a sequence as set forth in SEQ ID NO: 13 or SEQ 1D

NO: 14,

{0472] Embodiment 90. The recombinant nucleic acid of any one of Embodiments 74-

89, wherein said nitochondrial targeting sequence 1s located at 57 of said 3"UTR nucleie acid sequence.

{0473 Embodiment ©1. The recombinant nucleic acid of any one of Embodiments 74-
90, wherein said mitochondrial targeting sequence is located at 37 of said mitochondrial targeting

sequence,

{8474] Embodiment 92, The recombinant nucleic acid of any one of Embodiments 74-
91, wherein said recombinant nuclete acid comprises a sequence that is at Teast 90%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ
D NO: 17420, 23.24, 27-28, 3134, 37-38, 4142, 4548, 51.52, 55-56, 59-62, 65-66, 69-70, 73-76,
7980, and 83-84.

{0475 Embodiment 93. A viral vector comprising said recombinant nucleic acid of any

one of Embodiments 1292,
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{8476] Embodiment 94. The viral vector of Embodiment 93, wherein said viral vector is

an adenc-associated virus (AAV) vector.

{8477} Embodiment 95, The viral vector of Embodiment 84, wherein said AAV vector is
selected from the group consisting of AAVL, AAVZ, AAV3, AAV4E, AAVS, AAVE, AAVT, AAVS,
AAVY, AAVIO, AAVEL AAVI2, AAVIZ, AAV 4, AAVIS, and AAVID vectors.

{04781 Embodiment 96. The viral vector of any one of Embodiments 93-95, wherein said

AAY vector Is a recombinant AAY (rAAV) vector.

{04791 Embodiment 97. The viral vector of Embodiment 96, wherein said tAAV vector

is TAAVZ vector.

{04801 Embodiment 98. A pharmacentical composition, comprising an adenc-associated

virus {AAV) comprising said recombinant nucleic acid of any one of Embodiments 1-92,

{04811 Embodiment 99. The pharmaceutical composition of Embodiment 98, further

comprising a pharmaceutically acceptable excipiont thereof.

{0482] Embodiment 100, A pharmacsutical composition, comprising said viral vector of
anv ong of Embodiments 93-97, and a pharmaceutically acceptable excipient thereof, wherein said

-

viral vector comprises said recombinant nucleie acid of any one of Embodiments 1-92.

{0483] Embodiment 101, A pharmaceutical  composition, comprising: an  adeno-
associated virus {AAV) comprising a recombinant nucleic acid of any one of Embodiments 1-92,
wherein satd recombinant nucleic acid comprises a sequence that is at least 90%, at least 93%, at least
7%, at least 99%., or 100% identical to a sequence as set forth in SEQ ID NO: 15; and a

pharmaceutically acceptable excipient.

{0484} Embodiment 102, The pharmaceutical composition of any one of Embodiments
08-101, wherein said pharmaceutically acceptable excipient comprises phosphate-buffered saline
{PBS), a,a-trehalose dehydrate, L-histidine menohydrochloride monohydrate, polysorbate 20, NaCl,

NaHaPOs, NapHPO4, KHPO4, KoHPOs, poloxamer 188, or any combination thereof.

{0485] Bmbodiment 103, The pharmacentical composition of any one of Embodiments
98~102, wherein said phanmacentically acceptable excipient is selected from phosphate-buffered saline
{PRS), s,o-trehalose dehydrate, L-bistidine monohydrochloride monohydrate, polysorbate 20, NaCl,

NaH2PO4, NapHPOy, KH2PO4, KoHPOs, polosamer 188, and any combination thercof. |
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{8486] Embodiment 104. The pharmaceutical composition of Embodiment 102, wherein
samd phanmaceutically acceptable excipient comprises poloxamer 188,

{8487] Embodiment 105. The pharmaceutical composition of Embodiment 104, wherein
said phammaceutically acceptable excipient comprises 0.0001%-0.01% poloxamer 188,

{0488] Embodiment 106. The pharmaceutical composition of Embodiment 103, wherein
said pharmaceutically acceptable excipient comprises 0.001% poloxamer 188,

{0489 Embodiment 107. The pharmaceutival composition of any one of Embodiments
98-106, wherem said pharmaceutically acceptable excipient further comprises one or more salts.
{8490} Embodiment 108, The pharmaceutical composition of Embodiment 107, wherein
said one or more salts comprises NaCl, NaHaPQu, NapHPO4, and KHPO..

{8491 Embodiment 109 The pharmaceutical compeosition of Embodiment 107, wherein
said one or more salts comprises 8O0 mM NaCl, 5 mM NaH:POq, 40 mM NazHPO4, and § mM KHPQ..
{8492] Embodiment 109.1.  The pharmaceutical composition of Embodiment 107, wherein
said one or more salts comprises NaCl, NazHPQu, and KHPO,

{8493] Embodiment 1092, The pharmaceutical composition of Embodiment 107, wherein
said one or more salts comprises 154 mM NaCl, 5.6 mM NazHPO;, and 8.4 mM KHPQ..

{8494 Embodiment 110, The pharmaceutical composition of any one of Embodiments
98-109, wherein said pharmaceutical composition has a pH of 6-8.

{8495 Embodiment 111, The pharmaceuatical composition of Embodiment 110, wherein
said phanmaceutical composition has a pH of 7.2-7 .4,

{8496] Embodiment 112, The pharmaceuatical composition of Embodiment 111, wherein
said pharmaceutical composition has a pH of 7.3.

{0497] Embodiment 113. The pharmaceutical composition of any one of Embodiments
98-112, wherein said pharmaceutical composition has a viral titer of at least 1.0 % 10" vgimL.

{8498 Embodiment 114, The pharmaceutical composition of Embodiment 113, wherein
said phanmaceutical composition has a viral titer of at least 5.0 x 10" vg/mL.

{8499 Embodiment 115. The pharmaceutical composition of any one of Embodiment 98-

114, when said pharmaceutical composition is subject to five freezefthaw cyeles, said pharmaceutical
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composition retains at least 60%, 70%, 80%, or 90% of a viral titer as compared o the viral titer prior

to the five freeze/thaw cycles.

{9500 Embodiment 116, The pharmaceutical composition of any one of Embodiment 98-
115, wherein said pharmaceutical composition, when administered to a patient with Leber's hereditary
optic neuropathy, genecrates a higher average recovery of vision than a comparable pharmaceutical

composition without said recombinant nucleic acid.

{0501] Embodiment 117. The pharmaceutical compaosition of any one of Embodiment 98-
116, wherein said pharmaceutical composition, when administered to a patient with Leber's hereditary
optic neuropathy, generates a higher average recovery of vision than a comparable pharmaceutical

composition comprising 8 recombinant nucteic acid as set forth in SEQ 1D NGO« 15,

{0502) Embodiment 118. A method of treating an eye disorder, comprising administering

said pharmaceutical composition of any one of Embodiments 98-117 to a patient in need thereof.

{0503 Embodiment 119. The method of Embodiment 118, wherein said eye disorder is

Leber’s hereditary optic neuropathy (LHON}

{0504 Embodiment 120.  The method of Embodiment 118 or 119, comprising

administering said pharmaceutical composition to one or both eyes of said patient,

{8305] Embodiment 121, The method of any one of Embodiments 118-120, wheretn said

pharmacentical composition is administered vig intraocular or intravitreal injection.

{8306] Embodiment 122, The method of Embeodiment 121, wherein said pharmaceutical

composition is administered via intravitreal injection.

{8307] Embodiment 123, The method of Embodiment 122, wherein about (.01-0.1 mL of

said phanmaceutical composition is administered via intravitreal injection,

{8308] Embodiment 124, The method of Embodiment 123, wherein about 0.05 mL of said

pharmaceutical composition is administered via imravitreal injection.

{8309 Embodiment 125, The method of any one of Bmbodimems 118-124, further

comprising administering methylpreduisolone to said patient.

{8314 Embodiment 126, The method of Embodiment 125,  wherein  said
methylprednisolone s administered prior to said tmravitreal injection of said pharmaceutical
composition.
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{0511] Embodiment 127 The method of any one of Embodiments 125-126, wherein said

methvlprednisolone is administered orally.

{8512] Embodiment 128. The method of any one of Embodiments 125-127, wherein said
methvlprednisolone is administered datly forat least 1, 2. 3, 4. 5, 6, or 7 days prior to said intravitreal

injection of said pharmaceutical composition.

{0513 Embodiment 129, The method of any one of Embodiments 125-128, wherein said

methylprednisolone is administered daily.

{05141 Embodiment 130. The method of any one of Embodiments 125-129, wherein a

daily dosage of about 32 mg/60 kg methylpreduisolone is administered.

{0515] Embodiment 131, The method of any one of Embodiments 125-130, wherein said

methylpredniscione is admindstered after said intravitreal injection of said phanmaceutical composition.

{0516] Embodiment 132, The method of any one of Embodiments 125-131, forther

comprising administering sodinm creatine phosphate 1o said patient.

{05171 Embodiment 133, The method of Embodiment 132, wherein said sodium creating

phosphate is administered intravenously.

{0518 Erwbodiment 134, The miethod of any one of Embodiments 125-133, wherein said

methylprednisolone is administered intravenously or oralty.

{0519 Bwbodiment 135, The method of any one of Embodiments 125-134, comyprising
administering methylprednisolone intravenousty for at least one day. which 18 followed by
administering methylprednisolone orally for at feast a week.

{8524 Embodiment 136, The method of Embodiment 135, comprising administering
wmethvlprednisolone  intravenocusly for about 3 days, which is followed by administering
methylprednisolone orally for at least about & weeks,

{0521 Bwbodiment 137, The method of any oune of Embodiments 1235-136, wherein said
methylpreduisolone is administered intravenously at a daily dose of about 80 mg/60 kg

{85221 Embodiment 138, The method of any cue of Embodiments 125-137, wherein said
administering said pharmaceutical composition generates g ligher average recovery of vision than a

comparable pharmacentical composition without said recombinant nucleic acid.
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{8523] Embodiment 139. The method of any one of Embodiments 125-138, wherein said
administering said pharmaceutical composition generates a higher average recovery of vision than a
comparable pharmaceutical composition comprising a recombinant nucleie acid as set forth in SEQ
1D NO: 1S,

{0524) Embodiment 140. A method of freating an eye disorder, comprising administering
to a patient in need thereof (a) a first pharmacentical composition comprising an adeno-associated
virus {AAV} comprising a recombinant nucleic acid comprising: (1) a nucleic acid sequence encoding
a mitochondrial targeting peptide; (D) 2 nucleic acid sequence encoding a mitochondrial protein
comprising a nucleic acid sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or
100% identical to a sequence selected from the group consisting of SEQ ID NO: 6-12; and (1ii)

3'UTR nucleie acid sequence; and (b) a second pharmaceutical composition comprising a steroid,

{0525] Embodiment 141,  The method of Embodiment 140, wherein the nucleic acid

sequence encoding the mitochondrisl protein encodes g polypeptide comprising an amino acid

o

equence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence

selected from the group consisting of SEQ D NO: 160-162.

{8526} Embodiment 142, The method of Embodiment 140 or Embodiment 141, wherein
the nucleie scid sequence encoding a mitochondrial targeting peptide encodes a polypeptide
comprising an amino acid sequence that iy at least 90%, at least 95%, at least 97%, at least 99%, or

100% identical to a sequence selected from the group consisting of SEQ D NO: 126159,

{05271 Embodiment 143. The method of any one of Embodiments 140-142, wherein the
nucleic acid sequence encoding a mitochondrial targeting peptide comprises a nucleic acid sequence
that 1s at least 90%, at least 93%, at least 97%, at least 99%, or 100% identical to a sequence selected

from the group consisting of SEQ 1D NO: -5,

{0528] Embodiment 144, The method of any one of Embodiments 140-143, wherein the
3UTR nucleic acid sequence comprises a nuclete sequence that 1s at least 90%, at least 95%, at least
QF%, at least 99%, or 100% identical {0 8 sequence selected from the group consisting of SEQ D NG:

13, 14, and 111-125.

{0529] Embodiment 143, A method of treating an eve disorder, comprising administering
to a patient in need thereof {a) a first pharmaceutical composition comprising an adeno-associated

virus {AAV) comprising a recombinant nucleie acid comprising: (3) a nucleic acid sequence encoding
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a mitochondrial targeting peptide comprising an amino sequence that is at least 90%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ
D NO: 126-1359; (i) a nucleic acid sequence encoding a mitochondrial protein; and (1) a IUTR

nucleic acid sequence; and (b) a second pharmaceutical composition comprising a steroid.

{8530] Embodiment 146. The method of Embodiment 145, wherein said mitochondrial
protein 18 selected from the group consisting of NADH dehydrogenase 4 (ND4), NADH

dehydrogenase 6 (ND6), NADH dehydrogenase 1 {ND1), and variants thereof.

{05311 Embodiment 147, The method of Embodiment 146, wherein the nucleic acid
sequence encoding a mitochondrial protein comprises a aucleic acid sequence that is at least 90%, at
least 95%, at least 97%, at least 99%, or 100% identical to a nucleic acid sequence selected from the

group consisting of SEQ 1D NO: 6-12.

{05324 Embodiment 148, The method of Embodiment 146 or 147, wherein nucleic acid
sequence encoding a mitochondrial protein encodes a polypeptide comprising an aming acid sequence
that ix at loast 90%, at least 93%, at least 97%, at least 99%, or 100% identical to a sequence selected

from the group consisting of SEQ 1D NO: 160-162.

{05334 Embodiment 149, The method of any one of Embodiments 146-148, wherein the
nucleie acid sequence encoding & mitochondrial targeting peptide comprises a mucleie actd sequence
that is at least 90%, at least 95%, at least 97, at least 99%, or 100% identical to a sequence selected

from the group consisting of SEQ 1D NO: 1-5.

{8534} Embodiment 150, The method of any one of Embodiments 146-149, wherein the
3"UTR nucleic acid sequence comprises a sequence that 1s at least 0%, at least 95%, at least 97%, at
least 99%, or 100% dentical to a sequence selecied from the group consisting of SEQ ID NO: 13, 14,

and 111-125.

{0535] Embodiment 151, A method of treating an eye disorder, comprising administering
to a patient in need thereof (a) a first pharmaceutical composition comprising an adeno-assoctated
vitus {AAV) comprising a recombinant nucleic acid comprising: (3) a nucleic acid sequence encoding
a mitochoodrial fargeting peplide comprising an aroine sequence that is at least 90%, at least 95%, at
least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ
D NO: 126-1589; (11} & nucleie acid sequence encoding a mitochondrial protein comprising a aucleie

acid segquence that is at least 90%, at least 95%, at least 97%, at least 999%, or 100% identical to a
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sequence selected from the group consisting of SEQ ID NO: 6-12; and (i) a 3*UTR nucleic acid
sequence that is at least 90%, at least 95%, at least 97%. at least 99%, or 100% identical 1o a sequence
selected from the group consisting of SEQ 1D NO: 13, 14, and 111-125; and (b) 2 second

pharmaceutical composition comprising a steroid,

{8536] Embodiment 152, A method of treating an eye disorder, comprising administering
to a patient in need thereof (a) a first pharmacentical composition comprising an adeno-associated
virus {AAV} comprising a recombinant nucleic acid comprising: (1) a nueleic acid sequence encoding
a raitochondrial targeting peptide; and (i) a nucleie acid sequence encoding a mitochondrial protein;

and (i) a second pharmacentical composition comprising a steroid,

{0537] Embodiment 133, The method of Embodiment 152, wherein the mitochondnial
protein Is selected from the group consisting of NADH dehvdrogenase 4 (ND4), NADH

dehydrogenase 6 (NDa), NADH dehvdrogenase 1 (ND1), and varionts thereof.

{0538 Embodiment 154. The method of Embodiment 132 or 133, wherein the 3°UTR
nucleic acid segquence comprises 8 nucleic sequence that is at least 90%, at loast 95%, at least 97%. at
least 99%, or 100% identical to a sequence selected from the group consisting of SEQ 1D N(: 13, 14,
and 111-123,

{8539 Embodiment 155, The method of any one of Emmbodiments 140-154, wherein the
recombinant nucleic acid comprises a sequence that is at least 90%, at least 93%, at least 97%, at least
99%. or 100% 1dentical o a sequence selected from the group consisting of SEQ 1D NO: 15-84.
{85401 Embodiment 136. The method of any one of Embodiments 140-135, wheremn the

recombinant nucleic acid comprises a sequence that is at least 90%, at least 95%, at least 979, at least

99%, or 1% identical to SEQ ID NQ: 15

{0541} Embodiment 157, The method of any one of Embodiments 140-156, wherein the

first pharmaceutical composttion is adminisiered via infraocular or intravitreal injection.

{0542 Embodiment 1353, The method of any one of Ewmbodiments 140-157, wherein about

0.01-0.1 mL of the first pharmaceutical composition is administered via ntravitreal injection,

{0343] Embodiment 159, The method of any one of Embodiments 140158, wherein about

0.05 mL of the first pharmaceutical composition is administered via intravitreal injection.

171



WO 2020/038352 PCT/CN2019/101538

{0544] Embodiment 160. The method of any one of Embodiments 140-159, wherein the

first pharmaceutical composition is administered to one or both eyes of the patient,

{8545] Embodiment 161. The method of any one of Embodiments 140-160, wherein the
steroid Is selected from the gronp consisting of alclometasone diproprionate, amcinonide,
beclomethasone diproprionate, betamethasone, betamethasone benzoate, betamethasone diproprionate,
betamethasone sodium phosphate, betamethasone sodium phosphate and acetate, betamethasone
valerate, clobetasol proprionate, clocortolone  pivalate, cortisol  (hydrocortisone),  cortisol
{hydrocortisong} acetate, cortisel (hydrocortisone) butyrate, cortisol {hedrocortisone} cypionate,
cortisol (hydrocortisone} sodinm phosphate, cortisol (hydrocortisone) sodium succinate, cortisol
{hydrocortisone)  valerste, cortisone  acclate, desomde,  desoximetasone,  dexamethasone,
dexamethasone acetate, dexamethasone sodium phosphate, difforgsone diacetate, fudrocortisone
acetate, flunisolide, fluocinolone  acetonide, fluocinonide, fluorometholone,  flurandrenolide,
halcinonide, medrysone, methylprednisolone, methylpredaisolone  acefate, methylpredaisolone
sodium spceinate, mometasone furoate, paramethasone acetate, prednisolone, predaisolone acetate,
prednisolone sodiwm phosphate, prednisolone tebutate, prednisone, iriameinolone, friameinolone

acetomde, triamcinolone diacetate, aud triameinotone hexacetonide or a synthetic analog thereof.

{0546] Embodiment 162, The method of Embodiments 140-161, wherein the steroid is a

glucocorticoid.

&

{0547] Embodiment 163, The method of Embodiment 162, wherein the glacocorticoid is
methylprednisolone or prednisone,

{0548] Embodiment 164. The wethod of  Embodiment 163, wherein  the
methylpredniselone s formulated as a tablet oy as a Hguid for intravenous administration.

{03491 Embodiment 168, The method of any one of Embodiments 140-164, wherein the
steroid is administered orally or intravenously.

{0550 Embodiment 166, The method of any one of Embodiments 140-163, whercin the
steroid 18 admunistered prior to adminisiration of the Grst pharmaceutical composition.

{0551 Embodiment 167, The method of Embodiment 166, wherein the steroid is
administered daily for at least 1, 2, 3, 4, §, 6, or 7 days prior to the admimstration of the fivst

pharmaceutical composttion.
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{8582] Embodiment 168. The method of Embodiment 167, wherein the steroid is
methvlprednisolone and is administered at g daily dosage of about 30 mg/60 kg to about 40 mg/60 kg

or about 30 mg to about 40 mg.

{05531 Embodiment 169, The method of Embodiment 168, wherein the daily dosage of

methylprednisclone is about 32 mg/60 ki or 32 mg.

{05541 Embodiment 170, The method of Embodiment 168, whersin the steroid i3

predoisone and is administered at a daily dosage of about 50 mg/60 kg to about 70 mg/o0 kg.

{0555] Embodiment 171, The method of Embodiment 170, wherein the daily dosage of

preduoisone is about 60 mp/6l kg

{0556] Embodiment 172, The method of any one of Embodiments 140-171, wherein the

steroid is administered after the administration of the first pharmacentical compasition.

{05571 Embodiment 173, The method of Embodiment 172, wherein the steroid i3
administered daily for at least | day, at least 2 days, at least 3 davs, at least 4 days, at least § days, at
least 6 days, at least 7 days, af least § days, at least 9 days, at least 10 days, at least 1 week, af least 2
weeks, at least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6 weeks, at least 7 weeks, at least 8
weeks, at least 9 weeks, at least 10 weeks, at least 1] weeks, af least 12 weeks, at least 13 weeks, at

least 14 weeks, or at least 15 weeks after the administration of the first pharmaceutical composition.

{0558] Embodiment 174, The method of Embodiment 173, wherein the steroid is
methylpredmisolone and is adnunistered at a daily dosage of between about 70 mg/60 kg and 90 mg/

60 kg or between about 70mg and 90mg.

{08559] Embodiment 175, The method of Embodiment 174, wherein the daily dosage of

methylprednisolone is about 80 mg/60 kg or 8mg.

{8360} Embodiment 176. The method of Embodiment 174 or 175, wherein the
methylprednisolone is administered for at least two days after the administration of the first

pharmaceutical compaosition,

{0561} Embodiment 177. The method of Embodiment 176, wherein subsequent doses of
methylpredniselone are administered daily for at least 7 weeks after the administration of the first
pharmaceutical composition and wherein the dosage of the methylprednisolone is decreased on a

weekly basis,
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{8562] Embodiment 178. The method of Embodiment 173, the steroid is predisone and is
administered at a daily dosage of between about 50 mg/60 kg and 70 mg/ 60 kg or between about 50

myg and about 70 mg.

{0563] Embodiment 179, The method of Embodiment 178, wherein the daily dosage of

predisone is about 60 mp/60 kg or about 68 mg.

{0564] Embodiment 180, The method of Embodiment 178 or 179, wherein the predisons

is adnuinistered for at least seven days after the admunistration of the first pharmaceutical composition.

{0565] Embodiment 181, The method of Embodiment 180, wherein after seven days, the
predisone is administered at a daily dosage of between about 30 mg/60 kg and about 30 mg/60 kg or

between about 30 mg and 50 mg.

{0566] Embodiment 182. The method of Embodiment 181, wherein the daily dosage of
predisone is abont 40 mg/60 kg or 40 mg.

~

{0567] Embodiment 183. The method of Embodiment 182, wherein subsequent doses of
predisone are administered daily for @t least 4 days and wherein the dosage of the predisone s

decreased on a daily basis,

{0568] Embodiment 184, The method of any one of Embodiments 140-183, wherein the

steroid is administered prior to and after the administration of the first pharmacentical compound.

{8569] Embodiment 183, The method of Embodiment 184, wherein the steroid i
methylprednisolone and is administered daily for at least seven days prior to the administration of the
first pharmaceatical compound and daily for at least 7 weeks after administration of the first
pharmaceutical compound.

{05701 Embodiment 186, The wmethod of Embodiment 185, wherein  the

methylpredunisolone is administered prior to the administration of the first pharmaceutical compound

at a daily dosage of aboat 32 mg/60 kg or 32 mg.

{8371 Embodiment 187, The method of Embodiment 185 or 186, wherein the
methylprednisolone is administered at a daily dosage of about 80 mg/60 kg or 80mg for at least 2 days

after the administration of the first pharmaceutical compound.
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{8572] Embodiment 188. The method of Embodinient 187, wherein beginning three dayvs
after administration of the first pharmaceutical compound, the methyvlprednisolone is administered at

a daily dosage of about 40 mg/60 kg or 40mg for at least 4 days.

{05731 Embodiment 189, The method of Embodiment 188, wherein beginning one week
after administration of the first pharmaceutical compound, the methylpredanisolone is administered at

a daily dosage of about 32 mg/60 kg or 32my for at least one week.

{0574] Embodiment 190 The method of Embodiment {89, wherein beginning two weeks
after administration of the first pharmaceutical compound, the methylprednisolone is adnunistered at

a daily dosage of about 24 mg/60 kg or 24mg for at least one week.

{0575] Embodiment 191, The method of Embodiment 190, wherein beginning three
weeks after administration of the first phammaceutical compound, the methylprednisolone is

administered at a daily dosage of abowt 16 mg/60 kg or 16mg for at least one week.

{0576] Embodiment 192. The method of Embodiment 191, whersin beginning four weeks
after administration of the first pharmaceutical compound, the methylprednisolone is adnsnistered at

a daily dosage of about 8 mg/60 kg or 8mg for at least one week,

{05771 Embodiment 193, The method of Embodinent 192, wherein beginning five weeks
after administration of the first pharmaceutical compound, the methylprednisolone is administered at

a daily dosage of about 6 mg/60 kg or 6mg for at least one week.

{8578 Embodiment 194, The method of Embodiment 193, wherein beginning six weeks
after administration of the first pharmaceutical compouad, the methylpredaisolone is adnunistered at

a daily dosage of gbout 4 mg/60 kg or 4mg for at least one week.

{0579 Embodiment 195, The method of Embodiment 194, wherein the steroid is
predoisone and is administered daily for at least two days prior to the administration of the first
pharmaceutical compound and daily for at least eleven days after administration of the first
pharmaceutical compound.

{0580] Embodiment 196, The method of Embodiment 195, wherein the prednisone is
administered prior to the administration of the first pharmaceutical compound at a daily dosage of

about 60 mg/60 kg or 60mg.
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{0581] Embodiment 197, The method of Embodimeant 195 or 196, wherein the prednisone
is administered at a daily dosage of about 60 mg/60 kg or 60mg for at least seven days after the

administration of the first pharmaceutical compound.

{05821 Embodiment 198, The method of Embodiment 197, wherein eight davs after
administration of the first pharmaceutical compound, the prednisone is administered at a daily dosage

of about 40 mg/60 kg or 40mg for at least one day.

{0583] Embodiment 199 The method of Embodiment 198, wherein nine days after
administration of the first phapmaceutical compound, the prednisone is administered at g daily dosage

of about 20 myg/60 kg or 20mg for at least one day.

{0584] Embodiment 200, The method of Embodiment 199, whersin ten days after
administration of the first pharmaceutical compound, the predoisone is administered at a daily dosage

of about 10 mg/60 kg or 10mg for at least one day.

{0585 Embodiment 201. The method of any one of Emboediments 140-200, further

comprising administering sodium creatine phosphate to the patient,

{0586] Embodiment 202. The method of Embodiment 201, wherein said sodium creatine
phosphate is adiministered intravenously prior to andfor sfter the administration of the first

pharmaceutical composition,

{0587] Embodiment 203, The method of any one of Embodiments 140-202, wherein
administration of the first and second pharmacentical compositions generates a higher average
recovery of vision than a comparable pharmaceutical composition administered without the second

pharniaceutical composition.

{0588] Embodiment 204.  The method of any one of Embodiments 140-203, wherein
administration of the first and second pharmizceutical compositions generates a lower incidence of an
adverse event than a comparable pharmaceuntical composition administered without the second

pharmaceutical composition.

{0589 Embodiment 205, The method of Embodiment 204, wherein the adverse event 15
selected from anterior chamber inflanunation, vitritis, ocular hypertension, cataract removal, keratitis,

vitreous hemorrhage, allergic conjunctivitis, and eye pain,
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{8590] Embodiment 206. The method of any one of Embodiments 203-205, wherein the
higher average recovery of vision and the lower incidence of an adverse event is determined i a

population of patients with the eye disorder.

{0591 Embodiment 207, The method of Embodiment 200, wherein the population of

patients are ethnically matched.

{05921 Embodiment 208, The method of Embodiment 207, wherein the population of

paticnts are Chinese or Argentinian.

{0593] Embodiment 209. The method of any one of Embodiments 140-208, wherein the

eve disorder is Leber's hereditary optic neuropathy {LHON).

{05941 Embodiment 210, The method of any one of Embodiments 140-209, wherein the
AAV is selected from AAVI, AAV2, AAV3, AAVY, AAVS, AAVS, AAVT, AAB, AAVS, and
AAVIG

{0595] Embodiment 211. The method of any one of Embodiments 140-210, wherein the

AAV is AAVZ

{8596} Embodiment 212. A method of screening patisnts for treatment of an eye disorder,
the method comprising: {a} obtaining a serum sample from a patient; {b) culturing a population of
target cells with a composition comprising an adenc-associated virus (AAV) comprising a
recombinant nucleic acid encoding a detectable label in the presence of the serum sample; and {©)
detecting the expression level of the detectable label in the target cell population after the culturing,
whergin the patient is selected for the treatment if the expression level of the detectable label in the

target cell population is higher than a pre-determined threshold,

{8597] Embodiment 213, A method of treating an eye disorder for a patient in need thereof,
comprising: (a) obtaining a serum sample from a patient; (b) culturing g population of target cells with
a composition comprising a first adeno-associated virus (AAV) comprising a first recombinant nocleic
acid encoding a detectable label in the presence of the serum sample; (¢) detecting the expression level
of the defeciable label i the target cell population; and (d) administering to the patient a
pharmaceutical compaosition comprising a second AAV comprising a second recombinant nuclete actd,
wheretn the expression level of the detectable abel in the target cell population is higher than a pre-

determined threshold.
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{8598] Embodiment 214. The method of Embodiment 212 or 213, wherein the detectable

label is a fluorescent protein.

{8599] Embodiment 215. The method of Embodiment 214, wherein the fluorescont

protein is green fluorescent protein (GFP),

{8600] Embodiment 216. The method of any one of Embodiments 212-215, wherein the
detectable label is detected by flow cytometry or gPCR.
{8601] Embodiment 217. The method of any one of Embodiments 212-216, wherein the

pre-determined threshold is about 40% of cells expressing the detectable label when detected by flow

cytometry.

{06021 Embodiment 218. The method of any one of Embodiments 212-216, wherein the
pre-determined threshold is a relative expression level of the detectable label of about 0.6 when

detected by gPCR.

{8603] Embodiment 219. The method of any one of Embodiments 212-218, wherein the

target cells are HEK-293 T cells.

{8604} Embodiment 220. The method of any one of Embodiments 212-219, wherein the

treatment is a recombinant AAV comprising a nucleic acid sequence encoding a mitochondrial protein.

{8603] Embodiment 221, The method of Embodiment 220, wherein the mitochondrial
protein is selected from the group cousisting of NADH dehydrogenase 4 (ND4), NADH

dehydrogenase 6 (ND6), NADH dehydrogenase | (NI, and variants thereof.

{0606] Embodiment 222. The method of any one of Embodiments 212-221, wherein the
patient comprises 8 mutation selected from G11778A in the ND gene, G460A in the NI gene, and

T14484C in the ND6 gene.

{8607] Embodiment 223, The method of any one of Embodiments 212-222, wherein the

culturing step is at feast 12 hours, | day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or longer.

{8608] Embodiment 224, A kit, comprising an adeno-assoviated viras (AAV) comprising
a recombinant nocleic acid encoding a detectable label, a population of target cells, and one or more

reagents for detecting the detectable label,
{0609 Ewbodiment 225, The kit of Embodiment 224, forther comprising a transfection
reagent for transfecting the population of target cells with the AAV.
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{8610] Embodiment 225. The kit of Embodiment 224 or 223, further comprising a second

AAV comprising a recombinant nucleie acid encoding a mitochondrial protein.

{8611] Embodiment 225. The kit of Embodiment 224, wherein the one or more reagents
for detecting the detectable label are selected an antibody that binds to the detectable label and one or

mare primer oligonucleotides specifie for the recombinant nucleic acid encoding the detectable label.

INCORPORATION BY REFERENCE
{8612] All references, articles, publications, patents, patent publications, and patent
applications cited herein are incorporated by reference in their entiveties for all purposes. However,
mention of any reference, article, publication, patent, patent publication, and patent application cited
herein is not, and should not be taken as, an acknowledgment or any form of suggestion that they

constitute valid prior art or form part of the commion general knowledge in any conntry in the world.
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CLAIMS
WHAT IS CLAIMED IS:
1. A method of treating an eye disorder, comprising administering to a patient in need thereof
a) a first pharmaceutical composition comprising an adeno-associated virns (AAV)

comprising a recombinant nucleic acid comprising:

1) a nucleic acid sequence encoding a mitochondrial targeting peptide;
i) a nucleie scid sequence encoding # mitochondrial protein comprising a nucleic

acid sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a

sequence selecied from the group consisting of SEQ 1D NO; 6-123; and

i) a 3'UTR nucleie acid sequence; and
b) a second pharmacceutical composition comprising a stevoid,
2 The method of claim 1, wherein the nucleic asid sequence encoding the mitochondrial protein

encodes a polypeptide comprising an amino acid sequence that is at least 90%, at Teast 95%, at least
7%, at feast 99%, or 100% identical to a sequence selected from the group consisting of SEQ 1D NO:

160-162,

3. The method of claim 1 or claim 2, wherein the nocleie acid sequence encoding a mitochondrial
targeting peptide encodes a polypeptide comyprising an amino acid sequence that is at least 90%, at
least 95%, at least 079, at least 99%, or 100% identical to a sequence selected from the group

consisting of SEQ ID NO: 126-159,

4. The methed of any one of claims 1-3, wherein the nucleic acid seguence encoding &
mitochondrial targeting peptide comprises a nucleic acid sequence that is at least 90%, at least 95%,
at feast 97%, at least 99%, or 100% identical to a sequence selected from the groop consisting of SEQ
D NO: 1-5.

5. The method of any one of claims 1-4, wherein the 3"UTR nucleic acid sequence comprises a
nucleic sequence that is at Jeast 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a

sequence selected from the group consisting of SEQ ID NO: 13, 14, and 111-125.

5. A method of freating an eye disorder, comprising administering to a patient in need thereof
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a) a first pharmacentical composition comprising an adeno-associated virus {AAV)
comprising a recombinant nucleic acid comyprising:

i) a nucleic acid sequence encoding & mitochondrial targeting peptide comprising

an amino sequence that is at least 90%, at loast 95%, at least 97%, at least 99%, or 100% identical to

a sequence selected from the group consisting of SEQ 1D NO: 126-159;

i) a nucleic acid sequence encoding a mitochondrial protein; and
iif) a 3"UTR nucleic acid sequence; and
by a second pharmaceutical composition comprising a steroid.
7. The method of claim 6, wherein said mitochondrial protein is sclected from the group

consisting of NADH dehydrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase

1 {ND1), and variants thereofl

8. The methoed of claim 6 or 7, wherein the nucleic acid sequence encoding a mitechondrial
protein comprises a nucleic acid sequence that is at feast 90%, at least 95%, at least 97%, at least 9%,

or 100% identical to a nucleic acid sequence selected from the group consisting of SEQ 1D NG: 6-12.

9, The method of claim 7 or &, wherein nucleic acid sequence encoding a mitochondrial protein
encodes g polypeptide comprising an amino acid sequence that is af least 90%, at least 95%, at least
97%. at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ 1D NO:
160-162.

18, The method of any one of claims 7-9, wherein the nucleie acid sequence encoding a
mitochondrial targeting peptide comprises a nucleic acid sequence that is at least 90%, at least 95%,
at least 97%, at least 99%, or 100% identical to a sequence selected from the group consisting of SEQ

1D NQO: 5.

11, The method of any one of claims 7-10, wherein the 3"UTR nucleic acid sequence comprises a
sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a sequence

selected from the group consisting of SEQ ID NO: 13, 14, and 1114125,

12, A method of treating an eye disorder, conmyrising administering to a patient in need thereof
a) a first pharmaceutical composition comprising an adeno-associated virus {AAY)

comprising a recombinant nucleic acid comyprising:
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i) a nucleic acid sequence encoding a mitochondrial targeting peptide comprising
an amino sequence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to
a sequence selected from the group consisting of SEQ 1D NO: 126-159;

i) a nucleic acid sequence encoding a mitochondrial protein comprising a nucleie
acid scquence that is at least 90%, at least 95%, at least 97%, at least 99%, or 100% identical to a
sequence selected from the group consisting of SEQ ID NO: 6-12; and

iif) a 3'UTR nucleie acid sequence that is at feast 20%, at least 95%, at loast 97%,
at feast 99%, or 100% identical to a sequence selected from the group consisting of SEQ 1D NO: 13,
14, and 111-125; and

(b}  asccond pharmaceutical composition comprising a steroid.

13, A method of treating an eve disorder, comprising administering to a pationt in need thereof
{a) a first pharmaceutical composition comprising an adeno-associated virus {AAV)

comprising a recombinant noclele acid comprising;

{1 a nucleie acid sequence encoding & mitochondrial targeting peptide; and
(it} a nucleic acid sequence encoding 8 mitochondrial protein; and

(b g second pharmaceutical composition comprising a steroid,

14, The method of claim I3, wherein the mitochondrial protein is selected from the group
consisting of NADH dehydrogensse 4 (ND4), NADH debydrogenase 6 (ND6), NADH dehydrogenase

1 {NID1), and vaviants thereof.

15, The method of claim 13 or 14, wherein the 3'UTR nucleic actd sequence comprises a nucleic
sequence that is at least 90%, at least 95%, al least 97%, at least 99%, or 100% identical to a sequence

selected from the groop consisting of SEQ 1D NO: 13, 14, and 111125,

16, The method of any one of claims 1-15, wherein the recombinant nucleie acid comprises ¢
sequence that is af least 90%, at least 95%, at least 97%, at least 9%, or 100% identical 1o a sequence

selected from the group consisting of SEQ ID NO: 15-84

17.  The method of any one of claims 1-16, wherein the recombinant macleie acid comprises a
sequence that is at least 90%, at least 953%, at least 97%, at least 99%, or 100% identical to SEQ 1D

NO: IS,
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18, The method of any one of claims 1-17, wherein the first pharmaceutical composition is

administered via infraocular or intravitreal injection.

19, The method of any one of claims 1-18, wherein about 0.01-0.1 mL of the first pharmaceutical

composition is administered via intravitreal injection.

20, The method of any one of claims 1-19, wherein about 0,05 mL of the first pharmaceutical

composition is administered via intravitreal injection.

21, The method of any one of claims 1-20, wherein the first pharmaceutical composition is

administered {0 one or both eves of the patient.

22, The method of any one of claims 1-21, wherein the steroid selected from the group consisting
of alclometasone diproprionate, amcinomide, beclomethasone diproprionate, betamethasone,
betamethasone  benzoate,  betamethasone  diproprionate,  betamethasone  sodium  phosphate,
betamethasone sodium phosphate and acetate, betamethasone valerate, clobetasel proprionate,
clocortolone  pivalate, cortisol (hydrocortisone), cortisol  {hydrocortisone) acetate, cortisol
{hydrocortisone) butyrate, cortisol (hydrocortisone) cypionste, cortisel (hydrocortisone} sodimm
phosphate, cortisol (hyvdrocortisone} sodium suceinate, cortisol (hydrocortisong) valerate, cortisone
acetate, desonide, desoximetasone, dexamethasone, dexamethasone acetate, dexamethasone sodium
phosphate, diflorasone diacetate, fludrocortisone acetate, flunisolide, fluocinolone acetonide,
fluocinonide, fluorometholone, fhrandrenolide, halcinonide, medrysone, methylpredaisolone,
methylpredmisolone  acetate, methylpredinsolone  sodiam  succinate, mometasone  furoate,
paramethasone  acetate, preduisclone, prednisolone acetate, prednisolone sodivm  phosphate,
prednisolone tebutate, prednisone, triamcinolone, triamcinolone acetonide, triameinolone diacetate,

and triamcinolone hexacetonide or a synthetic anatog thereof.
23, The method of any one of claims 1-22, wherein steroid is a glucocorticoid.
24, The method of claim 23, wherein the glucocorticod is methvlprednisolone or preduisone,

25, The method of claim 24, wherein the methylprednisolone is formulated as a tablet or as a Hquid

for intravenous administration.

26, The method of any one of claims 1-25, wherein the stereid i3 administered orally or

intravenousty.
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27, The method of any one of claims 1-26, wherein the steroid is administersd prior ©

administration of the first pharmaceutical composition.

28. The methed of claim 27, wherein the steroid is adnvinistered daily for at feast 1, 2, 3, 4, 5, 6,

I3
7

or 7 days prior to the administration of the first pharnsaceutical composition.

29, The method of claim 28, wherein the steroid is methylprednisolone and is administered at a

daily dosage of about 30 mg/60 kg to about 40 mg/60 kg or about 30 mg to about 40 my.

2

30, The method of claim 29, wherein the daily dosage of methylprednisolone is about 32 mg/60

kg or 32 myg

31, The method of claim 28, wherein the steroid is prednisone and is administered at a daily dosage

of about 50 mg/e0 kg to about 70 mg/6l kg
32, The method of claim 31, wherein the daily dosage of prednisone is about 60 mg/60 kg.

33 The method of any one of clams 1-26, wherein the stereid is administered after the

administration of the fivst pharmaceutical composition.

34, The method of clann 33, wherein the steroid s administered daly for at least 1 day, at least 2
davs, at least 3 days, at jeast 4 days, at least § days, at least 6 days, at least 7 days, at least & days, at
least 9 days, at least 1} days, at Jeast 1 week, at least 2 weeks, at loast 3 weeks, at least 4 weeks, at
feast 5 weeks, at least 6 weeks, at least 7 weeks, at least § wecks, at least 9 weeks, at least 10 weeks,
at least 11 weeks, af least 12 wecks, at least 13 weeks, at least 14 weeks, or at feast 15 wecks after the

adminstration of the first pharmacentical composition.

35, The mothod of claim 34, wherein the steroid iy methylprednisolons and is administersd at a

daily dosage of between about 70 mg/60 kg and 90 me/6d kg or between about 70 mig and 90 myg.

36, The method of claim 33, wherein the daily dosage of methylpredniselone is about B0 mg/60

kg or 80 mg.

37.  Themethod of claim 35 or 36, wherein the methylprednisolone is administered for af least two

days after the administration of the first pharmacestical composition.
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38, The method of claim 37, wherein subsequent doses of methylprednisolone are administered

e
!

daily for at least 7 weeks afier the administration of the first pharmaccutical composition and wherein

the dosage of the methylprednisolone is decreased on a weekly basis.

39, The method of claim 34, the steroid is predisons and is administersd at a daily dosage of

between about 30 mg/60 kg and 70 mg/ 60 kg or between abont 50 mg and about 70 mg.

4. The method of claim 39, wherein the daily dosage of predisone is about 60 mg/60 kg or about
60 mg.
41, The method of claim 39 or 40, wherein the predisone 13 administered for af least seven days

after the administration of the fisst pharmaceutical composition.

42, The method of claim 41, wherein after seven days, the predisone is administered at a daily

dosage of between about 30 mg/60 kg and about 50 mg/60 kg or between about 30 myg and 30 mg,
43, The method of claim 42, wherein the daily dosage of predisone is about 40 mg/60 kg or 40 mg.

44, The method of claim 43, wherein subsequent doses of predisone are adwinistered daily for at

least 4 days and wherein the dosage of the predisone is decreased on a daily basis.

43, The method of any one of claims 1-44, wherein the steroid 3s administered prior to and after

the administration of the first pharmaceuiical compound.

46, The method of claim 435, wherein the steroid is methylprednisolone and s administered daily
for at least seven days prior to the administration of the first pharmaceutical compound and daily for

at least 7 weeks after admunistration of the first pharmaceutical compound,

47.  The method of claim 46, wherein the methyviprednisolong is administered prior to the

administration of the first pharmacestical compound at a daily dosage of about 32 mg/60 kg or 32 mg.

48, The method of claim 46 or 47, wherein the methylprednisolone s administered af a daily
dosage of about 80 mg/6 kg or B0 mg for at least 2 days afier the administration of the first

pharmacentical compound.

49, The method of claim 48, wherein beginning three days afier administration of the frst
pharmaceutical compound, the methylprednisolone is admimistered al a daily dosage of about 40
mg/60 kg or 40 mg for at least 4 days.
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30, The method of claim 49, wherein beginning one week after administration of the first
pharmacentical compound, the methylprednisolone is administered at & daily dosage of about 32

il

mg/60 kg or 32 mg for at least one week.

51, “The method of claim 30, wherein beginaning two weeks after administration of the first
pharmaceutical compound, the methyipredaisolone is administered at a daily dosage of shout 24

mg/60 kg or 24 myg for at least one week.,

52 The method of claim 51, wherein beginning three weeks after administration of the first
pharmacentical compound, the methylprednisolone is administered at a daily dosage of about 16

mg/60 kg or 16 mg for at least one week.

53, The method of claim 32, wherein beginning four weeks after administration of the first
pharmaceutical compound, the methylprednisolone is administered at a daily dosage of abont 8 mg/68

kg or 8 myg for at least one week.

54 The methed of claim 33, wherein beginning five weeks afler administration of the first
pharmaceutical compound, the methylpredaisolone is administered at a daily dosage of about 6 mg/60

kg or 6 mg for at least one week.

55.  The method of claim 54, wherein beginning six weeks after sdministration of the first
pharmaceutical componnd, the methylpredaisolone is administered at a daily dosage of about 4 mg/60

kg or 4 myg for at least one week.

36,  The method of claim 45, wherein the steroid is prednisone and is administered daily for at least
two days prior to the administration of the first pharmaceutical compound and daily for at least eleven

days after administration of the first pharmaceutical compoyni,

57.  The method of claim 36, wherein the predutsone is administered prior to the administration of

the first pharmaceutical compound at a daily dosage of about 60 mg/60 kg or 60 my,

58.  The method of elaim 56 or 57, wherein the prednisone is administered at a daily dosage of
about 60 mg/el kg or 6lmg for at least seven days after the administration of the first pharmaceutical

compound.
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39, The method of claim 58, whersin cight days after administration of the first pharmaceutical
compound, the predoisone is administered at a daily dosage of about 40 mg/68 kg or 40 my for at least

one day.

60, The method of claim 39, wherein nine days after administration of the first pharmaceuntical
gompound, the prednisone is administered at a daily dosage of about 20 mg/60 kg or 20 mg for at least

one day.

61, The method of claim 60, wherein ten days after administration of the first pharmaceutical
compoungd, the prednisone is administered at a daily dosage of about 10 mg/66 kg or 10 mg for at least

ong day.

62, The method of any one of claims 1-61, further comprising administering sodinm creating

phosphate to the patient.

63.  Themethod of claim 62, wherein said sodium creatine phosphate is administered intravenously

pricy to or after the administration of the first pharmaceutical composition.

64.  The method of any one of claims 1463, wherein administration of the first and second
pharmaceutical compositions generates a higher average recovery of vision than a comparable

pharmaceutical compoesition administered without the second pharmaceutical composition.

63, The method of any one of claims 1-64, whereln administration of the first and second
pharmaceutical compositions generates a lower incidence of an adverse event than a comparable

pharmaceutical composition administered without the second pharmaceutical composition,

66, The method of claim 63, wherein the adverse event is selocted from anterior chamber
inflanunation, vitritis, ocular hypertension, cataract removal, keratitls, vitreous hemorrhage, allergic

conjunctivitis, and cve pain.

67, The method of any one of claims 64-60, wherein the higher average recovery of vision and the

lower incidence of an adverse event is determined in a population of patients with the syve disorder.
68.  The methed of claim 67, wherein the population of patients are cthnically matched.

69, The method of claim 68, wherein the population of patients are Chinese or Argentinian,
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70, The method of any one of clatms 1-69, wherein the eye disorder is Leber’s hereditary optic

neuropathy (LHON).

71, The method of any one of claims 1-70, wherein the AAY is sclected from AAVE, AAV2,

AAVI AAVYE, AAVE, AAVE, AAVT, AAK, AAVS, and AAVTO.

~3
3

The method of any one of claims 1-71, wherein the AAV is AAVZ.

73. A method of screening patients for treatment of an gve disorder, the method comprising:

{a) obtaining a serum sample from a patient;

() culturing a population of target cells with a composition comprising an adeno-
associated vivus (AAV) comprising a recombinant nucleic acid encoding a detectable label i the
presence of the serum sample; and

{c) detecting the expression level of the detectable label in the target cell population after
the culturing, wherein the patient is selected for the treatment if the expression level of the detectable

label in the target cell population is higher than a pre-determined threshold.

74. A method of treating an eye disorder for a patient in need thereof, comprising:

(a) obtaining a serum sample from a patient;

) culturing a population of target cells with a composition comprising a first adeno-
associated virus {AAV) comprising a first recombinant nucleic acid encoding a detectable label in the
presence of the serum sample;

{c)  detecting the expression level of the detectable label in the target cell population; and

(d)  administering to the patient a pharmacentical composition comprising a sccond AAV
comprising a second recombinant aucleic acid, wherein the expression level of the detectable label in

the target cell population is higher than a pre-determined threshold.
73, The method of claim 73 or 74, wherein the detectable label is a fluorescent protein,

76, The method of claim 73, whercin the fluorescent protein is green fluorescent protein (GFP).

~3

-
i,

The method of any one of claims 73-76, wherein the detectable label ix detected by flow
cytometry or gPCR.

78, The method of any one of claims 73-77, wherein the pre-determined threshold is about 40%
of vells expressing the detectable label when detected by flow cytometry,
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79, The method of any one of claims 73-77, wherein the pre-determined threshold is a relative

expression level of the detectable label of about 0.6 when detected by gPCR.
80,  The method of any one of claims 73-79, wherein the target cells are HEK-293 T celis.

81,  The method of any oune of claims 73-80, whergin the trestment 1S a recombinant AAV

comprising a nucleie acid sequence encoding a mitochondrial protein,

82, The method of claim 81, wherein the mitochondrial protein i3 selected from the group
consisting of NADH debvdrogenase 4 (ND4), NADH dehydrogenase 6 (ND6), NADH dehydrogenase

1 (ND1), and variants thereof,

lasms 73-82, wherein the patient comprises a mutation selected

33, The method of any one of ¢
33460A in the ND7 gene, and T14484C in the ¥D6 gene.

from G11778A in the ND4 gene, C

84, The method of any one of claams 73-83, wherein the colturing step is at least 12 hours, 1 day,

2 davs, 3 days, 4 days, 5 davs, 6 davs, 7 days, or longer,
2 days, 3 days, 4 days, 5 days, 6 days, 7 days, or longer

35, A ki, comprising an adeno-associated virus {AAV) comprising a recombinant nucleic acid
encoding a detectable fabel, a population of target cells, and one or more reagents for detecting the

detectable label

6.  The kit of claim &3, further comprising a transfection reagent for transfecting the population

of target cells with the AAY,

&7.  Thekit of claim &5 or 86, further comprising a second AAV comprising a recombinant nucleic

acid encoding a mitochondrial protein.

&8, The kit of any one of claims 85-87, wherein the one or more reagents for detecting the

detectable labet are selected an antibody that binds o the detectable label and one or more primer

ohigonucteotides specific for the recombinant nucletc acid encoding the detectable label,
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