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COMPOSITIONS AND METHODS FOR TREATING NEUROFIBROMATIC
DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS

{80811 This application claims priority to U.S. Provisional Application No. 63/202,359, filed June
8, 2021, which is hereby incorporated by reference in its entirety.

BACKGROUND

{6682} Neurofibromatosis 2 (NF2) is a rare genetic disorder caused by germline mutations in the
NF2 gene encoding Merlin, a tumor suppressor protein. These mutations lead to deficiency in
Merlin protein which regulates cellular processes including contact inhibition, proliferation, and
apoptosis. NF2 is characterized by slow-growing tumors, such as: schwannomas (which arise from
Schwann cells), meningiomas (which arise from arachnoid cells), ependymomas (which arise from
ependymal cells), as well as juvenile cataracts, and retinal hamartomas.

{8083{ Typical presentation of NF2 includes bilateral vestibular schwannoma which are multi-
lobular masses occurring on the eighth cranial nerve. Vestibular schwannomas cause hearing loss,
ringing in the ears, deafness, dizziness, and loss of balance. Patients typically become deafened
either because of the effects of tumor growth (including ototoxic effects on the ear leading to death
of the cells in the inner ear involved in sensation of sound) or interventions to manage the tumors
(including partial or complete removal of the auditory nerve). Left unmanaged, these tumors can
eventually compress the brain stem and cause death. Additional symptoms may include
disfigurement, facial weakness, headache, and vision loss.

{8684} Almost all affected individuals develop these schwannomas by age 30. For individuals with
sporadic NF2 (slightly more than half), the average age of diagnosis of NF2 is between 18 to 24
years. The life expectancy of patients with NF2 is 69 years of age, 11 years less than the life
expectancy of the general population.

{BGH8] Patients with NF2 have an 80% lifetime probability of developing a meningioma.
Meningiomas occur in the meninges, the lining of the brain or spinal cord, and originate in
arachnoid cells. The median number of meningiomas these patients develop is three. Over 33%
of the tumors are characterized as growing significantly (> 1mm/year). Additionally, meningiomas
can also occur in sporadic (non-NF2) patients due to somatic mutations in the NF2 gene. Sporadic

meningiomas are the most common brain tumor (~ 35% of all brain tumors) and can cause
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neurological deficits due to compression of brain or spine. Occurrence of meningiomas is the
greatest driver of permanent morbidity and mortality in NF2 patients.

{808&{ There are currently no FDA-approved drugs for meningiomas. The current standard of care
includes surgery or radiation therapy. Recurrence is uncommon for meningiomas that are removed
completely. In contrast, subtotal resection is associated with high rates of recurrence. Radiation
therapy is a reasonable option for patients with non-surgical meningiomas. However, radiation is
associated with increased rates of secondary cancers, which is particularly problematic in the
context of a tumor suppressor syndrome. For this reason, many clinicians minimize use of
radiation in NF2 patients, particularly young patients.

{86871 NF2 patients are at increased risk for developing spinal ependymomas. These tumors arise
from ependymal cells and typically occur within brainstem or spine. Ependymomas often occur
in a “string of pearls” pattern with multiple lesions in the cervical spine. Only a subset of
ependymomas will require treatment. The standard approach is surgical resection with radiation
reserved for lesions that recur after surgical resection.

{86881 In addition to the eighth cranial nerve (CN8), or vestibulocochlear nerve, patients with NF2
commonly develop schwannomas on other cranial nerves including: CN3: oculomotor, CN4:
trochlear, CN5: trigeminal, CN6: abducens, CN7: facial, CN9: glossopharyngeal, CN10:
vagal, CN11: spinal accessory, CN12: hypoglossal. Damage or loss of function in any of those
nerves can cause a wide variety of conditions in the head and neck.

{80891 NF2 patients may also develop a number of conditions of the eye including: cataracts,
retinal  detachment, damage to the nerves of the eye, papilledema
(optic disc edema), ocular migraine (retinal migraine), retinitis pigmentosa (RP)
(retinal degeneration), combined hamartoma of the retina and RPE, retinal microaneurysms,
epiretinal membrane conjunctivitis, physiopedia (severe dry eyes), nystagmus-oscillopsia
(ocular flutter/cross), diplopia (double vision), and gaze-evoked tinnitus (GET).

{8618] Thus, there is a need for compositions and methods for treating NF2 patients. The present
embodiments fulfills these needs as well as others.

SUMMARY

{8811} In some embodiments, an adeno-associated virus (AAV) comprising an adeno associated
virus capsid protein and a transgene encoding a full-length Merlin protein or one or more active

fragments thereof, such as, but not limited to residues 1-359 of Isoform 1 of Merlin, residues 1-

-



WO 2022/261209 PCT/US2022/032679

313 of Isoform 1 of Merlin, residues 1-219 of Isoform 1 of Merlin, residues 1-73 of Isoform 1 of
Merlin, residues 312-595 of Isoform 1 of Merlin, residues, 479-595 of Isoform 1, residues 503-
595 of Isoform 1 of Merlin, or any combination thereof are provided.

{8312} In some embodiments, compositions comprising an AAV as provided for herein are
provided.

{8613} In some embodiments, pharmaceutical compositions comprising an AAV as provided for
herein and a pharmaceutically acceptable carrier are provided.

{8814} In some embodiments, methods of delivering a Merlin protein to a cell, the method
comprising the step of contacting the cell with an AAV as provided for herein.

{68615} In some embodiments, methods of treating a subject with NF2, the method comprising
administering to the subject with NF2 an AAV as provided for herein.

{881&! In some embodiments, methods of inhibiting the growth of a schwannoma, a meningioma,
or an ependymoma in a subject, the method comprising administering to an AAV as provided for
herein.

{86171 In some embodiments, methods of preventing the growth or formation of a schwannoma,
ependymoma or a meningioma in a subject, the method comprising administering to the subject
an AAV as provided for herein.

{8018} In some embodiments, methods of treating a subject with a disorder, or at risk of a disorder,
associated with merlin deficiency (e.g., neurofibromatosis type 2, schwannomatosis, or a cancer),
the method comprising administering to the subject an AAV as provided for herein.

{861%] In some embodiments, a nucleic acid molecule comprising a sequence that is at least 90%,
95%, 96%, 97%, 98%, or 99% identical of SEQ ID NO: 2 is provided herein, or a nucleic acid
sequence that encodes the Merlin protein or an active fragment thereof.

{8628} In some embodiments, compositions comprising a nucleic acid molecule provided for
herein and a carrier are provided.

{8621} In some embodiments, methods of producing an AAV as provided herein, the method
comprising contacting a cell with a nucleic acid molecule as provided herein to produce the AAV
are provided.

BRIEF DESCRIPTION OF THE DRAWINGS
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{8622} The patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the Office
upon request and payment of the necessary fee.

{8023} FIG. 1 illustrates a non-limiting vector (plasmid) map of a recombinant DNA plasmid that
can be used to generate AAV particles that comprises a nucleic acid molecule encoding for Merlin
protein under a CAG promoter to express MERLIN protein.

{86241 FIG. 2 illustrates a non-limiting vector (plasmid) map of a recombinant DNA plasmid that
can be used to generate AAV particles that comprises a nucleic acid molecule encoding for Merlin
protein under a CAG promoter to express MERLIN protein, this example includes HPRT stuffer
sequence, the posttranscriptional regulatory element of HBV as a well as a modified left AAV2
ITR as compared to the plasmid illustrated in FIG 4. In addition, the bacterial backbone has been
modified using kanamycin selection gene to facilitate testing in human clinical studies.

{83251 FIG. 3 shows an exemplary Western blot that demonstrates that HEK 293T cells transduced
with AAV9-CAG-Merlin-v2 can overexpress Merlin (NF2).

18626} FIG. 4 illustrates exemplary cerebellum tissue sections, which were obtained from
cynomolgus macaques at 28 days from administration of AAV9-CAG-Merlin-v2 (2TX-G38) or
AAV9-CAG-eGFP (2TX-C10) by intracisternal magna (ICM) injection and are stained against
eGFP by immunohistochemistry and demonstrate the cerebellum biodistribution of AAV9-CAG-
eGFP.

{86271 FIG. 5 shows example enhanced immunofluorescent micrographs of cervical DRG tissue
sections stained for the presence of eGFP, obtained from 2 month old Postn-Cre;Nf21o¥ox mice 1
month post administration with AAV9-CAG-GFP by ICM injection, which demonstrate
significant biodistribution of eGFP in the DRG of Postn-Cre;Nf21°¥1°x mice injected with AAV9-
CAG-GFP into the Cisterna Magna.

{8628 FIG. 6 shows example enhanced immunofluorescent micrographs of cervical DRG tissue
sections stained for the presence of eGFP, obtained from 2 month old Postn-Cre;Nf210¥ox mice 4
weeks post administration with a low dose of (group 3; 5.6 E12 vg/kg) AAV9-CAG-GFP by ICM
injection, and demonstrates GFP expression in the SC surrounding the axonal cells in the DRG of
said mice.

{86281 FIG. 7 shows example enhanced immunofluorescent micrographs, stained for the presence

of eGFP, of tissue sections with nerves distal of the DRG, which were obtained from 2 month old
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Postn-Cre;Nf210¥10x mice 4 weeks post administration with low dose (group 3; 5.6 E12 vg/kg)
AAV9-CAG-GFP by ICM injection, and demonstrate that eGFP is also observed in the nerves
distal of the DRG of NF2 knockout mice dosed by ICM.

{8038} FIG. 8 is a graph showing the density of Schwann cell (SC) nuclei (nuclei/um?) in cross-
sections of dorsal root ganglia (DRG) from 6 month old Postn-Cre;Nf21°¥1°X mice 5 months from
AAV9-CAG-Merlin or AAV9-CAG-GFP administration by ICM injection, which demonstrate
that there can be a significant reduction in SC proliferation in NF2 knockout mice administered
with AAV9-CAG-Merlin compared to mice injected with the AAV9-CAG-GFP control vector.
{8831 FIG. 9 1s a non-limiting embodiment of a vector map for pAAV_CAG Merlin Kan (SEQ
ID NO: 7), which can be used to produce AAV particles comprising a nucleic acid molecule
encoding for Merlin under control of a CAG promoter. This vector map, which is similar to FIG.
2, is illustrated with a kanamycin resistant gene to help selection, although other selection genes
can be used.

ENUMERATED EMBODIMENTS

1086321 1. An adeno-associated virus (AAV) comprising an AAV capsid protein and a
transgene encoding a full-length Merlin protein (e.g. Isoform 1 of Merlin or Isoform 2 of Merlin)
or one, or more, active fragments thereof, such as, but not limited to, residues 1-359 of Isoform 1
of Merlin, residues 1-313 of Isoform 1 of Merlin, residues 1-219 of Isoform 1 of Merlin, residues
1-73 of Isoform 1 of Merlin, residues 312-595 of Isoform 1 of Merlin, residues 479-595 of Isoform
1, residues 503-595 of Isoform 1 of Merlin, or combination thereof.

IB8331 2. The AAV of embodiment 1, wherein the transgene is within AAV inverted terminal
repeats.

{88341 3. The AAV of embodiments 1 or 2, wherein the transgene is operably linked to
regulatory sequences which direct expression of the heterologous gene in a host cell.

1863581 4. The AAV of embodiment 3, wherein the regulatory sequences comprise a promoter.
{80381 S. The AAV of embodiment 4, wherein the promoter is a constitutive or tissue specific
promoter, such as, but not limited to, a neuron or neuronal tissue specific promoter, including, but
not limited to, those provided for herein.

{88371 o. The AAV of embodiment 5, wherein the promoter is a CAG promoter, a CMV

promoter, CBA promoter, or an SV40 promoter.
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{6638] 7. The AAYV of any of the preceding embodiments, wherein the capsid protein is an
AAV9 capsid protein.
{38341 8. The AAV of embodiment 7, wherein the AAV9 capsid protein comprises a protein
having the amino acid sequence of:

amino acid residues 1 to 736 of SEQ ID NO: 3;

amino acid residues 138 to 736 of SEQ ID NO: 3; or

amino acid residues 203 to 736 of SEQ ID NO: 3.
{8044} 9. The AAV of embodiment 7, wherein the AAV9 capsid comprises an amino acid
sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to amino acid
residues 203 to 736 of SEQ ID NO: 3.
{86411 10.  The AAV of any of the preceding embodiments, wherein the Merlin protein
encoded by the transgene comprises a sequence that is at least 90%, 95%, 96%, 97%, 98%, or 99%
identical or homologous to a sequence of SEQ ID NO: 1 or SEQ ID NO: 8.
{60421 11.  The AAV of any of the preceding embodiments, wherein the Merlin protein
encoded by the transgene comprises a sequence of SEQ ID NO: 1 or SEQ ID NO: 8, or an active
fragment thereof.
100437 12. The AAYV of any of the preceding embodiments, wherein the transgene comprises
a nucleic acid molecule encoding a protein comprising the sequence of SEQ ID NO: 1 of SEQ ID
NO: 8, or an active fragment thereof.
{8044] 13, The AAV of embodiment 12, wherein the nucleic acid molecule encoding the
Merlin protein comprises a nucleic acid sequence of SEQ ID NO: 2, SEQ ID NO: 9, or a codon
optimized version of each of the foregoing.
{8845} 14. The AAV of embodiment 2, wherein the AAV inverted terminal repeats are AAV-
2 inverted terminal repeats.
{80461 15, The AAV of embodiment 14, wherein an AAV?2 inverted terminal repeat comprises
a sequence of SEQ ID NO: 4.
{8047} 16,  The AAV of any of the preceding embodiments, wherein the AAV comprises a
nucleic acid molecule stuffer sequence upstream of the transgene and downstream of the 5° (left)
AAV ITR.
18848 17. The AAV of embodiment 16, wherein the stuffer sequence comprises a sequence

of SEQ ID NO: 6.
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{86491 18, The AAV of any of the preceding embodiments, wherein the AAV comprises a
nucleotide intron sequence that is downstream of the transgene and upstream of the right (3’) AAV
(e.g., AAV2)ITR.

{86581 19. The AAV of embodiment 18, wherein the intron sequence is a HPRE sequence.
{8511 20. The AAV of embodiment 19, wherein the HPRE sequence comprises a sequence
of SEQ ID NO: 5.

{86521 21. A composition comprising the AAV of any one of embodiments 1-20 and a
physiologically compatible carrier.

{80883] 22. A pharmaceutical composition comprising the AAV of any one of embodiments
1-20 and a pharmaceutically acceptable carrier.

{8054] 23. A method of delivering a Merlin protein to a cell, the method comprising the step
of contacting the cell with the AAV of any one of embodiments 1-20 or the composition of
embodiments 21 or 22.

{0655] 24, A method of treating a subject with NF2, the method comprising administering to
the subject with NF2 the AAV of any one of embodiments 1-20 or the composition of embodiments
21 or 22.

{8858} 25. The method of embodiment 24, wherein the administration is intraventricular,
intracisternal, intrathecal, intrastriatal, intrapleural, intramuscular, intravitreal, intravenous, or
intratumoral.

{B057] 26. A method of inhibiting the growth of a schwannoma, a meningioma, or an
ependymoma in a subject, the method comprising administering to the subject the AAV of any
one of embodiments 1-20 or the composition of embodiments 21 or 22.

{80658] 27, The method of embodiment 26, wherein the subject is a subject with NF2 or NF2
deficiency disorder, such as schwannomatosis.

{8059 28, The method of embodiment 26, wherein the administration is intrathecal,
intravenous, intraventricular, intrastriatal, intrapleural, intramuscular, intracisternal, or
intratumoral.

{#8368] 29. A method of preventing the growth or formation of a schwannoma, ependymoma
or a meningioma in a subject, the method comprising administering to the subject the AAV of any

one of embodiments 1-20 or the composition of embodiments 21 or 22.
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{88611 30. The method of embodiment 29, wherein the subject is a subject with NF2 or NF2
deficiency disorder, such as schwannomatosis.

188621 31. The method of embodiment 30, wherein the administration is intrathecal,
intravenous, intracisternal, or intratumoral.

{88631 32. A method of treating a subject with a disorder, or at risk of a disorder, associated
with merlin deficiency (e.g., neurofibromatosis type 2, schwannomatosis, or a cancer), the method
comprising administering to the subject the AAV of any one of embodiments 1-20 or the
composition of embodiments 21 or 22.

{1364 33. The method of embodiment 32, wherein the disorder is neurofibromatosis type 2,
schwannomatosis, schwannomas (e.g., vestibular schwannomas); a cancer (e.g., a hematological
cancer (e.g., juvenile myelomonocytic leukemia), a leukemia (e.g., adult acute lymphoblastic
leukemia, childhood acute lymphoblastic leukemia, adult acute myeloid leukemia, childhood acute
myeloid leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, or hairy cell
leukemia); a lymphoma (e.g., AIDS-related lymphoma, cutaneous T-cell lymphoma, adult
hodgkin lymphoma, childhood hodgkin lymphoma, adult non-hodgkin lymphoma, childhood non-
hodgkin lymphoma, primary central nervous system lymphom, sézary syndrome, cutaneous T-cell
lymphoma, cutaneous waldenstrom macroglobulinemia); a chronic myeloproliferative disorder;
langerhans cell histiocytosis; multiple myeloma/plasma cell neoplasm; a myelodysplastic
syndrome; a myelodysplastic/myeloproliferative neoplasm); an ovarian cancer (e.g., ovarian
serous carcinoma); breast cancer, invasive breast carcinoma; or a neurocutaneous disorder; (e.g.,
mesothelioma, peritoneal mesothelioma, skin squamous cell carcinoma, cancer of the urinary tract,
thyroid cancer, stomach cancer, schwannoma, renal cell carcinoma, cancer of the pituitary, ovarian
cancer, meningioma, melanoma, lung cancer (e.g., squamous cell carcinoma, non-small cell lung
cancer, mixed lung cancer, lung adenocarcinoma), liver cancer, large intestine cancer,
hepatocellular carcinoma, acute myelogenous leukemia (AML), aerodigestive tract cancer
(squamous cell carcinoma), bladder cancer, bone cancer (e.g., bone sarcoma), colorectal
carcinoma, ependymoma, colorectal carcinoma, endometrium (mixed adenosquamous
carcinoma), or a glioma, or cataracts, retinal detachment, damage to the nerves of the eye,
papilledema (optic disc edema), ocular migraine (retinal migraine), retinitis pigmentosa (RP)

(retinal degeneration), combined hamartoma of the retina and RPE, retinal microaneurysms,



WO 2022/261209 PCT/US2022/032679

epiretinal membrane conjunctivitis, physiopedia (severe dry eyes), nystagmus-oscillopsia (ocular
flutter/cross), diplopia (double vision), or gaze-evoked tinnitus (GET).

188651 34. The method of any of embodiments 23-33, wherein the AAV is administered at
least every 6 months, 9 months, 12 months, 15 months, 18 months, 21 months, 2 years, three years,
four years, five years, six years, or more.

{8866} 35. The method of any of embodiments 23-34, wherein the AAV is administered
intravenously, intradermally, subcutaneously, intrathecally, systemically, intracisternally,
intraventricularly, intraparnchymally, intrapleurally, intrastriatally, intramuscularly, intravitreally,
or locally.

{88671 36. A nucleic acid molecule comprising a sequence that is at least 90%, 95%, 96%,
97%, 98%, or 99% identical, or is identical, to SEQ ID NO: 2.

IB86E] 37. The nucleic acid molecule of embodiment 30, wherein the nucleic acid molecule is
an isolated nucleic acid molecule.

{8869} 38. The nucleic acid molecule of embodiments 36 or 37, wherein the nucleic acid
molecule comprises a sequence of SEQ ID NO: 2.

{86781 39. The nucleic acid molecule of any one of embodiments 36-39, wherein the nucleic
acid molecule comprises AAV inverted terminal repeats.

{88711 40. The nucleic acid molecule of embodiment 39, wherein the sequence of SEQ ID
NO: 2 is bound within the AAV inverted terminal repeats.

196721 41, The nucleic acid molecule of embodiments 39 or 40, wherein the AAV inverted
terminal repeats are AAV2 inverted terminal repeats.

iBG73] 42 The nucleic acid molecule of embodiment 41, wherein one of the AAV2 inverted
terminal repeat (e.g., the 3° AAV ITR) comprises a sequence of SEQ ID NO: 4.

18674 43, The nucleic acid molecule of any one of embodiments 36-42, wherein the nucleic
acid comprising SEQ ID NO: 2 is operably linked to regulatory sequences which direct expression
of the protein encoded by SEQ ID NO: 2.

{B075] 44 The nucleic acid molecule of embodiment 44, wherein the regulatory sequences
comprises a promoter.

{8876} 45, The nucleic acid molecule of embodiment 44, wherein the promoter is a constitutive

promoter or a tissue specific promoter.
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{88771 46. The nucleic acid molecule of embodiments 37 or 38, wherein the promoter is a
CAG promoter, a CMV promoter, or an SV40 promoter.

D878 47. The nucleic acid molecule of any one of embodiments 36-46, wherein the nucleic
acid molecule comprises a stuffer sequence upstream of SEQ ID NO: 2 transgene and downstream
of the 5° (left) AAV ITR.

{86791 48. The nucleic acid molecule of embodiment 47, wherein the stuffer sequence
comprises a sequence of SEQ ID NO: 6.

0GR} 49, The nucleic acid molecule of any one of embodiments 36-48, wherein the nucleic
acid molecule comprises a nucleotide intron sequence that is downstream of SEQ ID NO: 2 and
upstream of the right (3’) AAV (e.g. AAV2) ITR.

{8881} 50. The nucleic acid molecule of embodiment 49, wherein the intron sequence is a
HPRE intron sequence.

BG83} 51, The nucleic acid molecule of embodiment 50, wherein the HPRE intron sequence
comprises a sequence of SEQ ID NO: 5.

{B0683] 52 The nucleic acid molecule of any one of embodiments 36-51, wherein the molecule
is a plasmid.

{B084] 53. A composition comprising the nucleic acid molecule of any one of embodiments
36-52 and a carrier.

{3685} 54. The composition of embodiment 53, wherein the carrier is a transfection reagent.
{8886} 55. A method of producing an AAV particle of any one of embodiments 1-20, the
method comprising contacting (e.g. transfecting or electroporating) a cell with a nucleic acid
molecule of any one of embodiments 36-52 or the composition of embodiments 53 or 54 to produce
the AAV.

{60871 56.  The method of embodiment 55, wherein the cell is of an AAV packaging cell line.
{BORR] 57, The method of embodiment 56, wherein the AAV packaging cell line is an AAV9
packaging cell line.

{084 58, A cultured host cell comprising a recombinant nucleic acid molecule encoding an
AAYV capsid protein and a recombinant nucleic acid molecule encoding Merlin protein.

{8694} 59. The cell of embodiment 58, wherein the capsid protein is the AAV9 capsid protein.
188211 60. The cell of embodiments 58 or 59, wherein the nucleic acid molecule encoding the

capsid protein encoding a protein that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
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identical, or is identical, to a protein having the amino acid sequence of: amino acid residues 1 to
736 of SEQ ID NO: 3; amino acid residues 138 to 736 of SEQ ID NO: 3; or amino acid residues
203 to 736 of SEQ ID NO: 3.

{Be%2] ol. The cell of anyone of embodiments 58-60, wherein the recombinant nucleic acid
molecule encoding the Merlin protein encodes a protein that is at least 90%, 95%, 96%, 97%, 98%,
or 99% identical or homologous, or is identical, to a sequence of SEQ ID NO: 1, SEQ ID NO: 8,
or an active fragment thereof.

jBGR3] 62 The cell of anyone of embodiments 58-61, wherein the recombinant nucleic acid
molecule encoding the Merlin protein encodes a protein that comprises a sequence of SEQ ID NO:
1, SEQ ID NO: 8, or an active fragment thereof.

{8694} 03, The cell of anyone of embodiments 58-62, wherein the recombinant nucleic acid
molecule encoding the Merlin protein comprises a sequence that is at least 90%, 95%, 96%, 97%,
98%, or 99% identical to SEQ ID NO: 2 or SEQ ID NO: 9.

{8895} o4. The cell of anyone of embodiments 58-63, wherein the recombinant nucleic acid
molecule encoding the Merlin protein comprises a sequence of SEQ ID NO: 2 of SEQ ID NO: 9.
{8694 65, The cell of anyone of embodiments 58-64, wherein the recombinant nucleic acid
molecule is a plasmid.

DETAILED DESCRIPTION

{86971 Embodiments provided for herein are directed to, in part, compositions, methods and other
embodiments for treating NF2 disease or conditions, tumors, or disorders related to Merlin protein
deficiency.

{B0398] Because of the reduction of functional Merlin, which plays a critical role as a tumor
suppressor protein, leads to Neurofibromatosis 2 or a condition, tumor, or a disorder related to
Merlin deficiency, restoring Merlin activity by delivering functional copies of the NF2 gene may
lead to an effective treatment.

{80%4¢! Accordingly, in some embodiments, a recombinant virus is provided that comprises a
transgene that encodes for the Merlin protein. The type of virus used can be any virus that when
used to infect a cell or a subject will lead to the expression of the transgene and the Merlin protein,
or any portion thereof, in the cell or in the subject. In some embodiments, the portion is an N-
terminal fragment of the Merlin protein (Tikoo et. al., An Anti-Ras Function of Neurofibromatosis

Type 2 Gene Product (NF2/Merlin), The Journal of Biological Chemistry, Vol. 269, No 38, Issue
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of September 23, 1994 pp. 23387-23390; Cui et. al., The NF2 tumor suppressor merlin interacts
with Ras and RasGAP, which may modulate Ras signaling, Oncogene, Vol. 38, 2019, pp. 6370-
6381). In some embodiments, the N-terminal fragment of Merlin encoded comprises or consists
of amino acid residues 1-359 of Isoform 1 of Merlin. In some embodiments, the N-terminal
fragment of Merlin encoded comprises or consists of amino acid residues 1-313 of Isoform 1 of
Merlin. In some embodiments, the N-terminal fragment of Merlin encoded comprises or consists
of amino acid residues 1-219 of Isoform 1 of Merlin. In some embodiments, the N-terminal
fragment of Merlin encoded comprises or consists of amino acid residues 1-73 of Isoform 1 of
Merlin. In some embodiments, the portion is a C-terminal fragment of the Merlin protein (Cui et.
al., The NF2 tumor suppressor merlin interacts with Ras and RasGAP, which may modulate Ras
signaling, Oncogene, Vol. 38, 2019, pp. 6370-6381). In some embodiments, the C-terminal
fragment of Merlin encoded comprises or consists of amino acid residues 312-595 of Isoform 1 of
Merlin. In some embodiments, the C-terminal fragment of Merlin encoded comprises or consists
of amino acid residues 479-595 of Isoform 1 of Merlin. In some embodiments, the C-terminal
fragment of Merlin encoded comprises or consists of amino acid residues 503-595 of Isoform 1 of
Merlin.

{BG166] In some embodiments, the “Active Fragment”, as used herein, is a fragment of wild
type Merlin that has biological activity. In some embodiments, the “Isoform”, as used herein, is an
alternative splicing variant of wild type Merlin.

{3181 In some embodiments, the virus is an adeno-associated virus (AAV). AAYV has
many naturally occurring serotypes that can be used. In some embodiments, the AAV serotype is
AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVE, AAVY, or AAV-DJ. The serotype refers
to the capsid protein that is encoded by the particular strain of the AAV. In addition, the proteins
which comprise that capsid proteins of different AAV serotypes can be engineered, or modified
from the naturally occurring serotypes, to have enhanced properties. Enhanced properties as a
result of capsid engineering may include, but are not limited to, ease of scalable manufacture of
AAYV, reduced immunogenicity, altered tissue tropism and/or provide advantageous properties for
therapeutic application. Therefore, in some embodiments, an AAV is provided that comprises an
AAYV capsid protein and a transgene encoding a Merlin protein. Methods of making AAV are
known in the art and can be found in, for example, U.S. Patent No. 7,906,111, which is hereby

incorporated by reference in its entirety. The transgene can be incorporated in what can be referred
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to as a minigene that comprises AAV inverted terminal repeats as well as sequences that encode
for the Merlin protein. The sequences of the transgene can also be operably linked to regulatory
elements or sequences that direct the expression of the Merlin protein in a host cell.

186103 The regulatory elements can include conventional control elements which are
operably linked to the transgene in a manner which permits its transcription, translation and/or
expression in a cell transfected with the plasmid vector or infected with the virus. As used herein,
“operably linked” sequences include both expression control sequences that are contiguous with
the gene of interest and expression control sequences that act in trans or at a distance to control the
gene of interest.

{86143} Expression control sequences can include appropriate transcription initiation,
termination, promoter and enhancer sequences; efficient RNA processing signals such as splicing
and polyadenylation (polyA) signals; sequences that stabilize cytoplasmic mRNA; sequences that
enhance translation efficiency (i.e., Kozak consensus sequence); sequences that enhance protein
stability; and when desired, sequences that enhance secretion of the encoded product. A great
number of expression control sequences, including promoters which are native, constitutive,
inducible and/or tissue-specific, are known in the art and may be utilized.

{0G184] Examples of constitutive promoters include, without limitation, CAG promoter
(Miyazaki et al, Gene. 79 (2): 269-77; Niwa et al., Gene. 108 (2): 193-9), the retroviral Rous
sarcoma virus (RSV) LTR promoter (optionally with the RSV enhancer), the cytomegalovirus
(CMYV) promoter (optionally with the CMV enhancer) (see, e.g., Boshart et al, Cell, 41:521-530
(1985), the simian virus 40 (SV40) promoter, the dihydrofolate reductase promoter, the beta-actin
promoter, the phosphoglycerol kinase (PGK) promoter, the human elongation factor 1 alpha (EF1)
promoter (Qin, J. Y., Zhang, L., Clift, K. L., Hulur, 1., Xiang, A. P., Ren, B. Z., et al. (2010).
Systematic comparison of constitutive promoters and the doxycycline-inducible promoter. PLoS
One 5 (5), el0611. doi: 10.1371/journal.pone.0010611), and the human ubiquitin C promoter
(UBC), (Qin, J. Y., Zhang, L., Clift, K. L., Hulur, 1., Xiang, A. P, Ren, B. Z., et al. (2010).
Systematic comparison of constitutive promoters and the doxycycline-inducible promoter. PLoS
One 5 (5), e10611. doi: 10.1371/journal.pone.0010611). Inducible promoters allow regulation of
gene expression and can be regulated by exogenously supplied compounds. environmental factors
such as temperature, or the presence of a specific physiological state, e.g., acute phase, a particular

differentiation state of the cell, or in replicating cells only. Inducible promoters and inducible
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systems are available from a variety of commercial sources. Many other systems have been
described and can be readily selected by one of skill in the art. Examples of inducible promoters
regulated by exogenously supplied compounds, include, the zinc-inducible sheep metallothionein
(MT) promoter, the dexamethasone (Dex)-inducible mouse mammary tumor virus (MMTYV)
promoter, the T7 polymerase promoter system (International Patent Publication No. WO
98/10088); the ecdysone insect promoter (No et al, Proc. Natl. Acad. Sci. USA, 93:3346-3351
(1996)), the tetracycline-repressible system (Gossen et al, Proc. Natl. Acad Sci. USA, 89:5547-
5551 (1992)), the tetracycline-inducible system (Gossen et al, Science, 268:1766-1769 (1995), see
also Harvey et al, Curr. Opin. Chem. BioL, 2:512-518 (1998)), the RU486-inducible system (Wang
et al, Nat. Biotech., 15:239-243 (1997) and Wang et al, Gene Ther., 4:432-441 (1997)) and the
rapamycin-inducible system (Magari et al, J. Clin. Invest., 100:2865-2872 (1997)). Other types of
inducible promoters which may be useful in this context are those which are regulated by a specific
physiological state, e.g., temperature, acute phase, a particular differentiation state of the cell, or
in replicating cells only.

186105 In some embodiments, the promoter is the CAG promoter. In some embodiments,
the promoter is the SV40 promoter. In some embodiments, the promoter is the CMV promoter. In
some embodiments, the promoter is a constitutive promoter. In some embodiments, the promoter
is not a tissue or cell specific promoter. In some embodiments, the promoter is a tissue or cell
specific promoter. In some embodiments, the promoter is not an inducible promoter.

{83106} In some embodiments, the native promoter for the Merlin product will be used. The
native promoter can be used when it is desired that expression of Merlin should mimic the native
expression. The native promoter may be used when expression of the transgene must be regulated
temporally or developmentally, or in a tissue-specific manner, or in response to specific
transcriptional stimuli. In some embodiments, other native expression control elements, such as
enhancer elements, polyadenylation sites or Kozak consensus sequences may be included in the
promoter sequence in order to more closely mimic the native expression.

{80197} In some embodiments, the transgene includes a gene operably linked to a tissue-
specific promoter. In some embodiments, the promoter is a neuron or neuronal tissue specific
promoter. Examples of such promoters, include, but are not limited to, a neuron-specific enolase
(NSE) promoter (Andersen et al., Cell. Mol. Neurobiol., 13:503-15 (1993)), a neurofilament light-
chain gene (Piccioli et al., Proc. Natl. Acad Sci. USA, 88:5611-5 (1991)), the neuron-specific VGF
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gene (Piccioli et al., Neuron, 15:373-84 (1995)), or a human synapsin promoter (Synl), (Kugler,
S., Kilic, E., and Bahr, M. (2003). Human synapsin 1 gene promoter confers highly neuron-specific
long-term transgene expression from an adenoviral vector in the adult rat brain depending on the
transduced area. Gene Ther. 10 (4), 337-347. doi: 10.1038/sj.gt.3301905 , Kugler, S., Meyn, L,
Holzmuller, H., Gerhardt, E., Isenmann, S., Schulz, J. B, et al. (2001). Neuron-specific expression
of therapeutic proteins: evaluation of different cellular promoters in recombinant adenoviral
vectors. Mol. Cell Neurosci. 17 (1), 78-96. doi: 10.1006/mcne.2000.0929 | McLean, J. R., Smith,
G. A, Rocha, E. M, Hayes, M. A, Beagan, J. A, Hallett, P. J, et al. (2014). Widespread neuron-
specific transgene expression in brain and spinal cord following synapsin promoter-driven AAV9
neonatal intracerebroventricular injection. Newrosci. Lett. 576, 73-78. doi: 10.1016/.
neulet.2014.05.044 ), or chicken beta actin (CBA), or CBh (a hybrid of CBA) (Gray et. al,,
Optimizing Promoters for Recombinant Adeno-Associated Virus-Mediated Gene Expression in
the Peripheral and Central Nervous System Using Self-Complementary Vectors, HUMAN GENE
THERAPY 22:1143-1153 (September 2011) a Mary Ann Liebert, Inc.), or MeCp2 (Gray et. al.,
Optimizing Promoters for Recombinant Adeno-Associated Virus-Mediated Gene Expression in
the Peripheral and Central Nervous System Using Self-Complementary Vectors, HUMAN GENE
THERAPY 22:1143—-1153 (September 2011) a Mary Ann Liebert, Inc.), or PDGFp (Ingusci et.
al., Gene Therapy Tools for Brain Diseases, Selene Ingusci, Frontiers in Pharmacology, July 1,
2019) astrocyte specific such as GFAP (Smith-Arica, J. R., Morelli, A. E,, Larregina, A. T., Smith,
J., Lowenstein, P. R., and Castro, M. G. (2000). Cell-type-specific and regulatable transgenesis in
the adult brain: adenovirus-encoded combined transcriptional targeting and inducible transgene
expression. Mol. Ther. 2 (6), 579-587. doi: 10.1006/ mthe.2000.0215 , ; Lee, Y., Messing, A., Su,
M., and Brenner, M. (2008). GFAP promoter elements required for region-specific and astrocyte-
specific expression. Glia 56 (5), 481-493. doi: 10.1002/glia.20622), oligodendrocyte specific such
as human myelin associated glycoprotein (MAG), (von Jonquieres, G., Mersmann, N., Klugmann,
C.B., Harasta, A E., Lutz, B., Teahan, O., et al. (2013). Glial promoter selectivity following AAV-
delivery to the immature brain. PLoS One 8 (6), €65646. doi: 10.1371/journal.pone.0065646 ), or
myelin basic promoter (MBP) (von Jonquieres, G., Frohlich, D., Klugmann, C. B., Wen, X,
Harasta, A. E., Ramkumar, R., et al. (2016). Recombinant human myelin-associated glycoprotein
promoter drives selective AAV-mediated transgene expression in oligodendrocytes. Front. Mol.

Neurosci. 9, 13. doi: 10.3389/fnmol.2016.00013), microglia specific such as F4/80 (Rosario, A.
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M., Cruz, P. E., Ceballos-Diaz, C., Strickland, M. R., Siemienski, Z., Pardo, M, et al. (2016).
Microglia-specific targeting by novel capsid-modified AAV6 vectors. Mol. Ther. Methods Clin.
Dev. 3,16026. doi: 10.1038/mtm.2016.26), or CD68 (Rosario, A. M., Cruz, P. E., Ceballos-Diaz,
C., Strickland, M. R., Siemienski, Z., Pardo, M., et al. (2016). Microglia-specific targeting by
novel capsid-modified AAV6 vectors. Mol. Ther. Methods Clin. Dev. 3, 16026. doi:
10.1038/mtm.2016.26), glutamatergic neuron specific such as phosphate-activated glutaminase
promoter (PAG) , (Rasmussen, M., Kong, L., Zhang, G. R, Liu, M., Wang, X., Szabo, G, et al.
(2007). Glutamatergic or GABAergic neuron-specific, long-term expression in neocortical
neurons from helper virus-free HSV-1 vectors containing the phosphate-activated glutaminase,
vesicular glutamate transporter-1, or glutamic acid decarboxylase promoter. Brain Res. 1144, 19—
32. doi: 10.1016/}. brainres.2007.01.125), or vascular glutamate transporter promoter (vGLUT),
(Rasmussen, M., Kong, L., Zhang, G. R, Liu, M., Wang, X., Szabo, G., et al. (2007).
Glutamatergic or GABAergic neuron-specific, long-term expression in neocortical neurons from
helper virus-free HSV-1 vectors containing the phosphate-activated glutaminase, vesicular
glutamate transporter-1, or glutamic acid decarboxylase promoter. Brain Res. 1144, 19-32. doi:
10.1016/j. brainres.2007.01.125), and GABAergic neuron specific such as glutamic acid
decarboxylase promoter (GAD)( Rasmussen, M., Kong, L., Zhang, G. R, Liu, M., Wang, X,
Szabo, G., et al. (2007). Glutamatergic or GABAergic neuron-specific, long-term expression in
neocortical neurons from helper virus-free HSV-1 vectors containing the phosphate-activated
glutaminase, vesicular glutamate transporter-1, or glutamic acid decarboxylase promoter. Brain
Res. 1144, 19-32. doi: 10.1016/]. brainres.2007.01.125), among others. Other promoters can also
be used, such as, but not limited to where expression in skeletal muscle is desired, a promoter
active in muscle should be used. These include the promoters from genes encoding skeletal P-
actin, myosin light chain 2A, dystrophin, muscle creatine kinase, as well as synthetic muscle
promoters with activities higher than naturally-occurring promoters (see Li et al., Nat. Biotech.,
17:241-245 (1999)). Other tissue specific promoters include, promoters that are tissue-specific are
known for liver (albumin, Miyatake et al., J. Virol,, 71:5124-32 (1997), hepatitis B virus core
promoter, Sandig et al., Gene Ther., 3:1002-9 (1996); alpha-fetoprotein (AFP), Arbuthnot et al.,
Hum. Gene Ther., 7:1503-14 (1996)), bone osteocalcin (Stein el al., Mol. Biol. Rep., 24:185-96
(1997)); bone sialoprotein (Chen et al., J. Bone Miner. Res., 11:654-64 (1996)), lymphocytes
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(CD2, Hansal et al., J. Immunol., 161:1063-8 (1998); immunoglobulin heavy chain; T cell receptor
chain),

138108 The combination of the transgene product, the promoter/enhancer regulatory
sequences, and 5' and 3' AAV ITRs can collectively be referred to as a “minigene” for ease of
reference herein.

{861489] In some embodiments, the capsid used is taken from AAV9. In some embodiments,
the AAV9 capsid comprises a group of viral proteins (VP1, VP2, VP3, etc.) having the amino acid
sequence of: amino acid residues 1 to 736 of SEQ ID NO: 3; amino acid residues 138 to 736 of
SEQ ID NO: 3; or amino acid residues 203 to 736 of SEQ ID NO: 3. In some embodiments, the
AAVO9 capsid comprises a group of viral proteins (VP1, VP2, VP3, etc.) having the amino acid
sequence of amino acid residues 1 to 736 of SEQ ID NO: 3. In some embodiments, the AAV9
capsid comprises a group of viral proteins (VP1, VP2, VP3, etc.) having the amino acid sequence
of amino acid residues 138 to 736 of SEQ ID NO: 3. In some embodiments, the AAV9 capsid
comprises a group of viral proteins (VP1, VP2, VP3, etc.) having the amino acid sequence of
amino acid residues 203 to 736 of SEQ ID NO: 3. In some embodiments, the AAV9 capsid
comprises an amino acid sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical to amino acid residues 1 to 736 of SEQ ID NO: 3; amino acid residues 138 to 736 of SEQ
ID NO: 3; or amino acids 203 to 736 of SEQ ID NO: 3. In some embodiments, the AAV9 capsid
comprises an amino acid sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical to amino acid residues 1 to 736 of SEQ ID NO: 3. In some embodiments, the AAV9
capsid comprises an amino acid sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
or 99% identical to amino acid residues 138 to 736 of SEQ ID NO: 3. In some embodiments, the
AAV09 capsid comprises an amino acid sequence that is at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% identical to amino acid residues 203 to 736 of SEQ ID NO: 3.

0114 In some embodiments, the recombinant AAV genome encodes for the Merlin
protein. In some embodiments, the Merlin is isoform 1. In some embodiments, the Merlin is
isoform 2.

{80111 In some embodiments, the Merlin protein encoded by the transgene comprises a
sequence that is at least 90%, 95%, 96%, 97%, 98%, or 99% identical or homologous to a sequence
of SEQ ID NO: 1 (isoform 1). In some embodiments, the Merlin protein encoded by the transgene

comprises a sequence of SEQ ID NO: 1. In some embodiments, the recombinant AAV genome
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encodes for one or more active fragments of the Merlin protein. In some embodiments, the one or
more active fragments include, but not limited to, residues 1-359 of SEQ ID NO: 1, residues 1-
313 of SEQ ID NO: 1, residues 1-219 of SEQ ID NO: 1, residues 1-73 of SEQ ID NO: 1, residues
312-595 of SEQ ID NO: 1, residues 479-595 of SEQ ID NO: 1, residues 503-595 of SEQ ID NO:
1, or any combination thereof. In some embodiments, the one or more active fragments include,
but not limited to, residues 1-359 of SEQ ID NO: 1. In some embodiments, the one or more active
fragments include, but not limited to, residues 1-313 of SEQ ID NO: 1. In some embodiments, the
one or more active fragments include, but not limited to, residues 1-219 of SEQ ID NO: 1. In some
embodiments, the one or more active fragments include, but not limited to, residues 1-73 of SEQ
ID NO: 1. In some embodiments, the one or more active fragments include, but not limited to,
residues 312-595 of SEQ ID NO: 1. In some embodiments, the one or more active fragments
include, but not limited to, residues 479-595 of SEQ ID NO: 1. In some embodiments, the one or
more active fragments include, but not limited to, residues 503-595 of SEQ ID NO: 1.

{88112 The active fragments, in some embodiments, can comprises a sequence that is at
least 90%, 95%, 96%, 97%, 98%, or 99% identical or homologous to such fragments.

0113 In some embodiments, the transgene comprises a nucleic acid molecule encoding a
protein comprising a sequence of SEQ ID NO: 1, or an active fragment thereof. In some
embodiments, the nucleic acid molecule comprises a nucleic acid sequence of SEQ ID NO: 2, or
a sequence encoding the active fragments thereof. In some embodiments, the nucleic acid
molecule comprises a nucleic acid sequence that is least 90%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 2, or to the sequence encoding the active fragments thereof.

186114 Also provided herein, are variants of polypeptides or nucleic acid molecules
described herein, which include polypeptides or nucleic acid molecules having at least 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98% or 99% identity with the amino acid sequences or nucleic acid
molecules provided for herein or of the wild-type sequences. For example, variants of Merlin
(NF2) include polypeptides having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identity or sequence homology with the amino acid sequence of SEQ ID NO: 1, or an active
fragment thereof. For example, variants of nucleic acid molecules encoding Merlin (NF2) include
nucleic acid molecules having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identity with the SEQ ID NO: 2, or encoding an active fragment thereof are provided.
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{88115} In some embodiments, the Merlin protein encoded by the transgene comprises a
sequence that is at least 90%, 95%, 96%, 97%, 98%, or 99% identical or homologous to a sequence
of SEQ ID NO: 8 (isoform 2). In some embodiments, the Merlin protein encoded by the transgene
comprises a sequence of SEQ ID NO: 8. In some embodiments, the recombinant AAV genome
encodes for one or more active fragments of the Merlin protein. The active fragments, in some
embodiments, can comprises a sequence that is at least 90%, 95%, 96%, 97%, 98%, or 99%
identical or homologous to such fragments.

{00118 In some embodiments, the transgene comprises a nucleic acid molecule encoding a
protein comprising a sequence of SEQ ID NO: 8, or an active fragment thereof. In some
embodiments, the nucleic acid molecule comprises a nucleic acid sequence of SEQ ID NO: 9, or
a sequence encoding the active fragments thereof. In some embodiments, the nucleic acid
molecule comprises a nucleic acid sequence that is least 90%, 95%, 96%, 97%, 98%, or 99%
identical to SEQ ID NO: 9, or to the sequence encoding the active fragments thereof.

{8817} Also provided herein, are variants of polypeptides or nucleic acid molecules
described herein, which include polypeptides or nucleic acid molecules having at least 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98% or 99% identity with the amino acid sequences or nucleic acid
molecules provided for herein or of the wild-type sequences. For example, variants of Merlin
(NF2) include polypeptides having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identity or sequence homology with the amino acid sequence of SEQ ID NO: 8, or an active
fragment thereof. For example, variants of nucleic acid molecules encoding Merlin (NF2) include
nucleic acid molecules having at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identity with the SEQ ID NO: 9, or encoding an active fragment thereof are provided.

{88118 Calculations of “identity” or “sequence homology” between two sequences (the
terms are used interchangeably herein) are performed as follows. The sequences are aligned for
optimal comparison purposes (e.g., gaps can be introduced in one or both of a first and a second
amino acid or nucleic acid sequence for optimal alignment and non-homologous sequences can be
disregarded for comparison purposes). The optimal alignment is determined as the best score
using the GAP program in the GCG software package with a Blossum 62 scoring matrix with a
gap penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5. The amino acid
residues or nucleotides at corresponding amino acid positions or nucleotide positions are then

compared. When a position in the first sequence is occupied by the same amino acid residue or
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nucleotide as the corresponding position in the second sequence, then the molecules are identical
at that position (as used herein amino acid or nucleic acid “identity” is equivalent to amino acid or
nucleic acid “homology”). The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences.

{B8119] Variants of polypeptides described herein can be those having amino acid
modifications (e.g., deletions, additions or substitutions, such as conservative substitutions) from
the wild-type amino acid sequence of the polypeptide, or any active fragment thereof as described
above. For example, a variant of Merlin can differ by at least 1, 2, 3, 4, 5 but not more than 50,
40, 30, 20, 15 or 10 amino acids from Merlin (SEQ ID NO: 1 or SEQ ID NO: 8). The sequence
may also have conservative amino acid substitutions. A “conservative amino acid substitution” is
one in which the amino acid residue is replaced with an amino acid residue having a similar side
chain. Families of amino acid residues having similar side chains have been defined in the art.
These families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic
side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine).

{86128) Also provided herein are isolated nucleic acid molecules. An “isolated” protein or
nucleic acid molecule refers to a purified protein or a nucleic acid molecule that is removed from
at least 90% of at least one component of a natural sample from which the isolated protein or
nucleic acid molecule can be obtained. Proteins can be “of at least” a certain degree of purity if
the species or population of species of interest is at least 5, 10, 25, 50, 75, 80, 90, 92, 95, 98, or
99% pure on a weight-weight basis.

{80121 As provided for herein, the recombinant AAV can comprise AAV inverted terminal
repeats (ITR). In some embodiments, the inverted terminal repeats used are the AAV-2 inverted
terminal repeats. ITRs from other AAV serotypes may also be used and this is merely a non-
limiting example.

186122} In addition to AAV being the vehicle for delivering Merlin protein (e.g. by
delivering DNA encoding for the Merlin protein), other vehicles can be used, such as adenovirus,

retroviruses, lentiviruses, and the like. Therefore, in some embodiments, a recombinant virus for
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gene delivery is provided that encodes for Merlin protein, or an active fragment thereof, and
expresses Merlin, or an active protein fragment thereof, in the infected cell. The AAV can also be
pseudotyped with other viral structural or capsid proteins (non-AAV) to help specify the cell type
that is infected by the AAV. Therefore, in some embodiments, the AAV is a pseudotyped AAV.
{B6123] Compositions comprising the AAV or virus encoding for Merlin, or an active
fragment thereof, are also provided. In some embodiments, the composition comprises a
recombinant virus encoding for Merlin, or an active fragment thereof, and a physiologically
compatible carrier. In some embodiments, the composition is a pharmaceutical composition and
comprises a pharmaceutically acceptable carrier.

{68124] By “pharmaceutically acceptable”, it is meant the carrier, diluent or excipient must
be compatible with the other ingredients of the recombinant virus and not significantly deleterious
to the recipient thereof.

IBG12S] In some embodiments, the composition or pharmaceutical composition comprises
an effective amount of the virus. This can also be referred to as a therapeutically effective amount.
A “therapeutically effective amount” refers to an amount effective, at dosages and for periods of
time necessary, to achieve the desired therapeutic result. A therapeutically effective amount of the
composition may vary according to factors such as the disease state, age, sex, and weight of the
individual, and the ability of the therapeutic to elicit a desired response in the individual. A
therapeutically effective amount is also one in which any toxic or detrimental effects as a result of
the composition are outweighed by therapeutically beneficial effects.

EHH B As provided herein, the compositions can comprise pharmaceutically acceptable
vehicles, carrier, or excipients. The pharmaceutically acceptable carriers (vehicles) useful in this
disclosure are conventional. Remington’s Pharmaceutical Sciences, by E. W. Martin, Mack
Publishing Co., Easton, Pa., 15th Edition (1975), describes compositions and formulations suitable
for pharmaceutical delivery of one or more therapeutic compositions, and additional
pharmaceutical agents.

{B80127] In general, the nature of a suitable carrier or vehicle for delivery will depend on the
particular mode of administration being employed. For instance, parenteral formulations usually
comprise injectable fluids that include pharmaceutically and physiologically acceptable fluids such
as water, physiological saline, balanced salt solutions, aqueous dextrose, glycerol or the like as a

vehicle. For solid compositions (for example, powder, pill, tablet, or capsule forms), conventional
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non-toxic solid carriers can include, for example, pharmaceutical grades of mannitol, lactose,
starch, or magnesium stearate. In addition to biologically-neutral carriers, pharmaceutical
compositions to be administered can contain minor amounts of non-toxic auxiliary substances,
such as wetting or emulsifying agents, preservatives, and pH buffering agents and the like, for
example sodium acetate or sorbitan monolaurate.

{B6128] In some embodiments, compositions, whether they be solutions, suspensions or
other like form, may include one or more of the following: DMSO, sterile diluents such as water
for injection, saline solution, preferably physiological saline, Ringer’s solution, isotonic sodium
chloride, fixed oils such as synthetic mono or diglycerides which may serve as the solvent or
suspending medium, polyethylene glycols, glycerin, propylene glycol or other solvents;
antibacterial agents such as benzyl alcohol or methyl paraben; antioxidants such as ascorbic acid
or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium chloride
or dextrose.

186129 Also provided herein are nucleic acid molecules comprising a sequence that is at
least 90%, 95%, 96%, 97%, 98%, or 99% identical of SEQ ID NO: 2. In some embodiments, the
nucleic acid molecule is an isolated nucleic acid molecule. In some embodiments, the nucleic acid
molecule comprises a sequence of SEQ ID NO: 2. In some embodiments, SEQ ID NO: 2 can be
used to distinguish between endogenous mRNA encoding for Merlin protein and the mRNA that
is produced from the AAV encoding for the Merlin protein. SEQ ID NO: 2 is a non-limiting
example of a sequence that is distinct from the native mRNA and another sequence that can be
distinguished from the native sequence can be used. Accordingly, in some embodiments, methods
of detecting a Merlin mRNA encoded by the AAV are provided. In some embodiments, the
method comprises contacting a sample with a probe that is specific to the AAV encoding mRNA
and does not bind with the native mRNA and detecting the AAV mRNA when the probe binds to
interacts with the AAV encoding mRNA. In some embodiments, the method comprises
performing RT-PCR on a sample with primers that are specific to the AAV encoding mRNA to
detect the AAV encoded mRNA. In some embodiments, the primers are specific to the AAV
encoded mRNA and do not bind or interact with a native mRNA. As used herein, the term “native
mRNA” refers to a RNA that encoded by the cell’s or organisms original DNA that has not been

modified, i.e. wild-type that has not been genetically manipulated. This type of assay, can be used,
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for example, in a subject that has been treated with the AAV compositions provided for herein to
determine expression of the AAV encoding merlin protein, which is distinct from the native
protein.

{BG138] In some embodiments, the nucleic acid molecule comprises AAV inverted terminal
repeats. In some embodiments, the sequence of SEQ ID NO: 2 is bound within the AAV inverted
terminal repeats. In some embodiments, the AAV inverted terminal repeats are the AAV2 inverted
terminal repeats. In some embodiments, the nucleic acid comprising SEQ ID NO: 2 is operably
linked to regulatory sequences which direct expression of the protein encoded by SEQ ID NO: 2.
In some embodiments, the regulatory sequences comprise a promoter. In some embodiments, the
promoter is as described herein. In some embodiments, the promoter is a constitutive promoter or
a tissue specific promoter. In some embodiments, the promoter is a CAG promoter, a CMV
promoter, or an SV40 promoter. In some embodiments, the promoter is a CAG promoter. In some
embodiments, the promoter is a CMV promoter. In some embodiments, the promoter is an SV40
promoter. In some embodiments, the nucleic acid molecule is a plasmid.

186131} In some embodiments, non-viral vectors are used. The compositions are provided
that comprise the nucleic acid molecules described herein. In some embodiments, the
compositions comprise a carrier. In some embodiments, the carrier is a transfection reagent or a
reagent to facilitate the delivery of the nucleic acid molecule to a cell. In some embodiments, the
transfection reagent is a lipid based transfection reagent. In some embodiments, the carrier is an
electroporation agent.

1881324 The nucleic acid molecules provided for herein can be used to produce an AAV
that encodes for the Merlin protein. Methods of producing AAV are known to one of skill in the
art and any method can be used. A non-limiting example is provided in U.S. Patent No. 7,906,111,
which is hereby incorporated by reference. For example, the minigene can be carried on any
suitable vector, e.g., a plasmid, which is delivered to a host cell. The plasmids may be engineered
such that they are suitable for replication and, optionally, integration in prokaryotic cells,
mammalian cells, or both. In some embodiments, these plasmids (or other vectors carrying the 5'
AAYV ITR-heterologous molecule-3' AAV ITR) contain sequences permitting replication of the
minigene in eukaryotes and/or prokaryotes and selection markers for these systems. Selectable
markers or reporter genes may include sequences encoding geneticin, hygromicin or purimycin

resistance, among others. The plasmids may also contain certain selectable reporters or marker
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genes that can be used to signal the presence of the vector in bacterial cells, such as ampicillin
resistance. Other components of the plasmid may include an origin of replication and an amplicon,
such as the amplicon system employing the Epstein Barr virus nuclear antigen. This amplicon
system, or other similar amplicon components permit high copy episomal replication in the cells.
In some embodiments, the molecule carrying the minigene is transfected into the cell, where it
may exist transiently. Alternatively, the minigene (carrying the 5' AAV ITR-heterologous
molecule-3' ITR) may be stably integrated into the genome of the host cell, either chromosomally
or as an episome. In some embodiments, the minigene may be present in multiple copies,
optionally in head-to-head, head-to-tail, or tail-to-tail concatamers. Suitable transfection
techniques are known and may readily be utilized to deliver the minigene to the host cell.

{83133 In some embodiments, the AAV comprises a nucleic acid molecule stuffer
sequence upstream of the transgene and downstream of the 5 (left) AAV ITR. In some
embodiments, the stuffer sequence comprises a sequence of SEQ ID NO: 6. In some embodiments,
the AAV comprises a nucleotide intron sequence that is downstream of the transgene and upstream
of the right (3’) AAV (e.g., AAV2) ITR. In some embodiments, the intron sequence is a HPRE
sequence, such as those described herein. In some embodiments, the HPRE sequence comprises a
sequence of SEQ ID NO: 5.

{80134] In some embodiments, when delivering the vector comprising the minigene by
transfection, the vector is delivered in an amount from about 5 ug to about 100 pg DNA, about 10
1g to about 50 pg DNA to about 1X10* cells to about 1X10'3 cells, or about 1X10° cells. However,
the relative amounts of vector DNA to host cells may be adjusted, taking into consideration such
factors as the selected vector, the delivery method and the host cells selected.

188135] The host cell itself for producing the AAV may be selected from any biological
organism, including prokaryotic (e.g., bacterial) cells, and eukaryotic cells, including, insect cells,
yeast cells and mammalian cells. In some embodiments, the host cells are selected from among
any mammalian species, including, without limitation, cells such as A549, WEH1, 3T3, 10T1/2,
BHK, MDCK, COS 1, COS 7, BSC 1, BSC 40, BMT 10, VERO. W138, HeLa, 293 cells (which
express functional adenoviral El), Saos-2, C2C12, L cells, HT1080, HepG2 and primary
fibroblast, hepatocyte and myoblast cells derived from mammals including human, monkey,
mouse, rat, rabbit, and hamster. The requirements for the cell used is that it not carry any

adenovirus gene other than E1, E2a and/or E4 ORF6, which is done to avoid homologous
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recombination of a contaminating virus during the production of AAV; and it is capable of
infection or transfection of DNA and expression of the transfected DNA.

188136] In some embodiments, the host cell is stably transfected with the capsid protein,
such as AAVO capsid. It can also have the rep protein being produced from the same cell.
Alternatively, these proteins can be encoded for on separate plasmids that encode for the viral
proteins and are transfected into the cell at the same time or sequentially into the host cell to
produce the AAV encoding for Merlin. For example, one host cell that could be used is a host cell
stably transformed with the sequences encoding rep and cap, and which is transfected with the
adenovirus E1, E2a, and EAORF6 DNA and a construct carrying the minigene as described above.
Stable rep and/or cap expressing cell lines, such as B-50 (International Patent Application
Publication No. WO 99/15685), or those described in U.S. Pat No. 5,658,785, may also be
similarly employed. Another example of a host cell is one that contains the minimum adenoviral
DNA which is sufficient to express E4 ORF6. Yet other cell lines can be constructed using the
AAV9 cap sequences provided for herein.

186137} The preparation of a host cell involves techniques such as assembly of selected
DNA sequences. This assembly may be accomplished utilizing conventional techniques. Such
techniques include ¢cDNA and genomic cloning, which are well known and are described in
Sambrook et al., cited above, use of overlapping oligonucleotide sequences of the adenovirus and
AAV genomes, combined with polymerase chain reaction, synthetic methods, and any other
suitable methods which provide the desired nucleotide sequence.

{BO138] Introduction of the molecules (as plasmids or viruses) into the host cell may also
be accomplished using techniques known to the skilled artisan and as discussed throughout the
specification. In some embodiments, standard transfection techniques are used, e.g., CaPOa
transfection, lipid based transfection, or electroporation, and/or infection by hybrid
adenovirus/AAYV vectors into cell lines such as the human embryonic kidney cell line HEK 293 (a
human kidney cell line containing functional adenovirus E1 gene which provides trans-acting E1
proteins).

{80139 The AAV9 capsid protein can also be used to pseudotype other viruses encoding
for Merlin. Thus, they could be used in other rAAV and non-rAAV vector systems. Such vectors
systems may include. e.g., lentiviruses, retroviruses, poxviruses, vaccinia viruses, and adenoviral

system, among others.
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{60148] Accordingly, in some embodiments, methods of producing an AAV as provided for
herein are provided. In some embodiments, the method comprises contacting a cell with a nucleic
acid molecule as provided herein or a composition of the same to produce the AAV. In some
embodiments, the cell is an AAV packaging cell line. In some embodiments, the AAV packaging
cell line is an AAV9 packaging cell line, such as those described herein or in U.S. Patent No.
7,906,111, which is hereby incorporated by reference in its entirety.

{80141 In some embodiments, a cultured host cell is provided that comprises a recombinant
nucleic acid molecule encoding an AAV capsid protein and a recombinant nucleic acid molecule
encoding Merlin protein. In some embodiments, the capsid protein is the AAV9 capsid protein or
variants thereof as described herein.

881421 In some embodiments, methods of delivering a Merlin protein to a cell are provided.
In some embodiments, the methods comprise contacting the cell with an AAV or virus encoding
for Merlin, such as those described herein. In some embodiments, the methods comprise non-viral
delivery methods, such as needle injection, ballistic DNA injection, sono-poration, photo-poration,
magneto-fection, hydro-poration, or electro-poration, transfection, and any combination thereof.
In some embodiments, the non-viral methods comprise a liposome or a polymer carrier, and a
combination thereof, for delivery of the genetic material encoding Merlin protein.

{80143} In some embodiments, methods of treating a subject with NF2, or other merlin
deficiency are provided, the methods comprising administering to the subject with NF2, or other
merlin deficiency, a virus or an AAV encoding for Merlin, such as those provided herein. The
method of administration can be any suitable method, such as those described herein. In some
embodiments, the administration is intrathecal, intravenous, intrapleural, or intratumoral.

{88144] In some embodiments, methods of inhibiting the growth of a schwannoma, a
meningioma, mesothelioma, or an ependymoma in a subject are provided. In some embodiments,
the method comprises administering to the subject virus or an AAV encoding for Merlin, such as
those provided herein. The method of administration can be any suitable method, such as those
described herein. In some embodiments, the administration is intrathecal, intracisternal
intravenous, intrapleural, or intratumoral.

{B81458] In some embodiments, methods of treating a subject with NF2 are provided. In
some embodiments, the subject is a subject with NF2. In some embodiments, the subject is a

subject with a NF2 deficiency. As used herein, the term “NF2 deficiency” refers to a condition or
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disorder in a subject that is caused by a mutated or inactivated Merlin protein. This can also be
referred to as a “Merlin deficiency.” These conditions can be the various types of tumors or
disorders provided herein. In some embodiments, the disorder is as provided herein. In some
embodiments, the disorder is cataracts, retinal detachment, damage to the nerves of the eye,
papilledema (optic disc edema), ocular migraine (retinal migraine), retinitis pigmentosa (RP)
(retinal degeneration), combined hamartoma of the retina and RPE, retinal microaneurysms,
epiretinal membrane conjunctivitis, physiopedia (severe dry eyes), nystagmus-oscillopsia
(ocular flutter/cross), diplopia (double vision), or gaze-evoked tinnitus (GET). In some
embodiments, a method of treating a subject with a disorder, or at risk of a disorder, associated
with merlin deficiency (e.g., neurofibromatosis type 2, schwannomatosis, or a cancer), is provided,
and the method comprises administering to the subject an AAV, such as those provided herein.
138148] In some embodiments, methods of preventing the growth or formation of a spinal
schwannomas or a meningioma in a subject are provided. In some embodiments, the method
comprises administering to the subject virus or an AAV encoding for Merlin, such as those
provided herein. The method of administration can be any suitable method, such as those
described herein. In some embodiments, the administration is intrathecal, intravenous, or
intratumoral. In some embodiments, the subject is a subject with NF2.

{80147} In some embodiments, methods of treating a subject with a disorder, or at risk of a
disorder, associated with merlin (e.g., neurofibromatosis type 2, schwannomatosis, or a cancer)
are provided. In some embodiments, the method comprises administering to the subject virus or
an AAYV encoding for Merlin, such as those provided herein. The method of administration can
be any suitable method, such as those described herein. In some embodiments, the administration
is intrathecal, intravenous, intrapleural, or intratumoral. In some embodiments, the subject is a
subject with NF2. In some embodiments, the disorder is neurofibromatosis type 2,
schwannomatosis, schwannomas (e.g., vestibular schwannomas); a cancer (e.g., a hematological
cancer (e.g., juvenile myelomonocytic leukemia), a leukemia (e.g., adult acute lymphoblastic
leukemia, childhood acute lymphoblastic leukemia, adult acute myeloid leukemia, childhood acute
myeloid leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, or hairy cell
leukemia); a lymphoma (e.g., AIDS-related lymphoma, cutaneous T-cell lymphoma, adult
hodgkin lymphoma, childhood hodgkin lymphoma, adult non-hodgkin lymphoma, childhood non-

hodgkin lymphoma, primary central nervous system lymphom, sézary syndrome, cutaneous T-cell
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lymphoma, cutaneous waldenstrom macroglobulinemia); a chronic myeloproliferative disorder;
langerhans cell histiocytosis; multiple myeloma/plasma cell neoplasm; a myelodysplastic
syndrome; a myelodysplastic/myeloproliferative neoplasm); an ovarian cancer (e.g., ovarian
serous carcinoma); breast cancer; breast invasive ductal carcinoma, or a neurocutaneous disorder;
(e.g., mesothelioma, pleural mesothelioma, pleural epithelioid mesothelioma, cutaneous
melanoma, cancer of the urinary tract, thyroid cancer, thyroid anaplastic carcinoma, stomach
cancer, schwannoma, renal cell carcinoma, papillary renal cell carcinoma, cancer of the pituitary,
ovarian cancer, meningioma, melanoma, lung cancer (e.g., squamous cell carcinoma, mixed lung
cancer, lung adenocarcinoma), liver cancer, large intestine cancer, hepatocellular carcinoma, acute
myelogenous leukemia (AML), aerodigestive tract cancer (squamous cell carcinoma), bladder
cancer, bladder urothelial carcinoma, bone cancer (e.g., bone sarcoma), colorectal carcinoma,
ependymoma, colorectal carcinoma, colorectal adenocarcinoma, pancreatic adenocarcinoma,
endometrium (mixed adenosquamous carcinoma), endometrial endometrioid adenocarcinoma, or
a glioma, or a conventional glioblastoma multiforme. In some embodiments, the disorder is
cataracts, retinal detachment, damage to the nerves of the eye, papilledema (optic disc edema),
ocular migraine (retinal migraine), retinitis pigmentosa (RP)
(retinal degeneration), combined hamartoma of the retina and RPE, retinal microaneurysms,
epiretinal membrane conjunctivitis, physiopedia (severe dry eyes), nystagmus-oscillopsia
(ocular flutter/cross), diplopia (double vision), or gaze-evoked tinnitus (GET).

{B3148] As used herein and in the appended claims, the singular forms “a”, “an” and “the”
include plural reference unless the context clearly dictates otherwise.

{B3149] As used herein, the terms “comprise,” “have,” “has,” and “include” and their
conjugates, as used herein, mean “including but not limited to.” While various compositions, and
methods are described in terms of “comprising” various components or steps (interpreted as
meaning “including, but not limited to”), the compositions, methods, and devices can also “consist
essentially of” or “consist of”” the various components and steps, and such terminology should be
interpreted as defining essentially closed-member groups.

{881 58] The terms “co-administration” or the like, are meant to encompass administration
of the selected therapeutic agents to a single patient, and are intended to include treatment regimens
in which the agents are administered by the same or different route of administration or at the same

or different time.
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{88151} The term “subject” or “patient” as used herein includes, but is not limited to,
humans and non-human vertebrates such as wild, domestic, and farm animals. In certain
embodiments, the subject or patient described herein is an animal. In certain embodiments, the
subject or patient is a mammal. In certain embodiments, the subject is a human. In certain
embodiments, the subject or patient is a non-human animal. In certain embodiments, the subject
or patient is a non-human mammal. In certain embodiments, the subject or patient is a domesticated
animal, such as a dog, cat, cow, pig, horse, sheep, or goat. In certain embodiments, the subject or
patient is a companion animal such as a dog or cat. In certain embodiments, the subject or patient
is a livestock animal such as a cow, pig, horse, sheep, or goat. In certain embodiments, the subject
or patient is a zoo animal. In another embodiment, the subject or patient is a research animal such
as a rodent, dog, or non-human primate. In certain embodiments, the subject or patient is a non-
human transgenic animal such as a transgenic mouse or transgenic pig.

{83183 The terms “treat,” “treated,” or “treating” as used herein refers to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is to inhibit, prevent or
slow down (lessen) an undesired physiological condition, disorder or disease, or to improve,
inhibit, or otherwise obtain beneficial or desired clinical results. For the purposes of this invention,
beneficial or desired clinical results include, but are not limited to, improvement or alleviation of
symptoms; diminishment of the extent of the condition, disorder or disease; stabilization (i.e., not
worsening) of the state of the condition, disorder or disease; delay in onset or slowing of the
progression of the condition, disorder or disease; amelioration of the condition, disorder or disease
state; remission (whether partial or total), whether detectable or undetectable, or enhancement or
improvement of the condition, disorder or disease; and prevention of disorder or disease
manifestation. Treatment includes eliciting a clinically significant response without excessive
levels of side effects. Treatment also includes prolonging survival as compared to expected
survival if not receiving treatment.

{80153 “Encoding” refers to the inherent property of specific sequences of nucleotides in
a polynucleotide, such as a gene, a cDNA, or an mRNA or viral RNA, to serve as templates for
synthesis of other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., rRNA, tRNA and mRNA) or a defined sequence of amino acids and
the biological properties resulting therefrom. Thus, a gene encodes a protein if transcription and

translation of mRNA corresponding to that gene produces the protein in a cell or other biological
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system. Both the coding strand, the nucleotide sequence of which is identical to the mRNA
sequence and is usually provided in sequence listings, and the non-coding strand, used as the
template for transcription of a gene or cDNA, can be referred to as encoding the protein or other
product of that gene or cDNA.

{01541 As used herein “endogenous” refers to any material from or produced inside an
organism, cell, tissue or system.

IB8185] As used herein, the term “exogenous” refers to any material introduced from or
produced outside an organism, cell, tissue or system.

{H3158] The term “expression” as used herein is defined as the transcription and/or
translation of a particular nucleotide sequence driven by its promoter.

{B31S7] “Expression vector” refers to a vector comprising a recombinant polynucleotide
comprising expression control sequences operatively linked to a nucleotide sequence to be
expressed. An expression vector comprises sufficient cis-acting elements for expression; other
elements for expression can be supplied by the host cell or in an in vitro expression system.
Expression vectors include all those known in the art, such as cosmids, plasmids (e.g., naked or
contained in liposomes) and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and adeno-
associated viruses) that incorporate the recombinant polynucleotide. In some embodiments, the
expression vector is the alphaviruses as described herein.

{8G158] Preventing, treating or ameliorating a disease: “Preventing” a disease refers to
inhibiting the full development of a disease. “Treating” refers to a therapeutic intervention that
ameliorates a sign or symptom of a disease or pathological condition after it has begun to develop.
“Ameliorating” refers to the reduction in the number or severity of signs or symptoms of a disease.

Formulations and Routes for Administration to Patients

1B6159] Where clinical applications or methods are contemplated, it will be necessary to
prepare pharmaceutical compositions--expression constructs, viruses, expression vectors, fused
proteins, transfected or transduced cells, in a form appropriate for the intended application.
Generally, this will entail preparing compositions that are essentially free of pyrogens, except for
the viruses or plasmids provided for herein, as well as other impurities that could be harmful to
humans or animals.

188164 The recombinant nucleic acids, virus products or pharmaceutical compositions

thereof, may be delivered, for example at doses of about 1-5 million particles per dose. Vials or
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other containers may be provided containing the product, for example, a volume per vial of about
0.25 ml to about 10 ml, for example, about 0.25,0.5, 1, 1.5,2,2.5,3,3.5,4,45,5,55,6,65, 7,
7.5,8,8.5,9,9.5, or 10 ml, for example, about 2 ml.

183161} One may generally desire to employ appropriate salts and buffers when
recombinant nucleic acid, viruses, or viral products are introduced into a patient. The phrase
“pharmaceutically or pharmacologically acceptable” refers to molecular entities and compositions
that do not produce a significant adverse, allergic, or other untoward reactions when administered
to an animal or a human. A pharmaceutically acceptable carrier includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying
agents and the like. The use of such media and agents for pharmaceutically active substances is
known. Except insofar as any conventional media or agent is incompatible with the vectors or
cells, its use in therapeutic compositions is contemplated. Supplementary active ingredients also
can be incorporated into the compositions.

{88162] Upon formulation, solutions can be administered in a manner compatible with the
dosage formulation and in such amount as is therapeutically effective. The formulations are easily
administered in a variety of dosage forms such as injectable solutions, drug release capsules and
the like. For parenteral administration in an aqueous solution, for example, the solution may be
suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saline or
glucose. These particular aqueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this connection, sterile aqueous media can be
employed. For example, one dosage could be dissolved in 1 ml of isotonic NaCl solution and either
added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of infusion, (see for
example, “Remington’s Pharmaceutical Sciences” 15th Edition, pages 1035-1038 and 1570-1580).
Some variation in dosage will necessarily occur depending on the condition of the subject being
treated. The person responsible for administration will, in any event, determine the appropriate
dose for the individual subject. Moreover, for human administration, preparations may meet
sterility, pyrogenicity, and general safety and purity standards as required by FDA Office of
Biologics standards.

{86163} The compositions may be formulated for aerosolized delivery to a subject. For
aerosol delivery, the compositions described may be formulated in aqueous solutions such as water

or in physiologically compatible buffers such as Hanks’s solution, Ringer’s solution, or
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physiological saline buffer. The solution may contain one or more formulatory agents such as
suspending, stabilizing or dispersing agents.

D064 Delivery systems of the disclosure that deliver the polynucleotides of the disclosure
to a desired cell of a subject are not limited to the viruses of the disclosure. In some embodiments,
the delivery vector comprises a virus as provided for herein. These can be used in methods of
treating disorders or conditions, such as those described herein.

1B8165] In some embodiments, the therapeutic is administered at least every 6 months, 9
months, 12 months, 15 months, 18 months, 21 months, 2 years, three years, four years, five years,
six years or more. In some embodiments, the therapeutic is administered intravenously,
intradermally, subcutaneously, intrathecally, which includes which includes intraventricularly,
intracisternally, or injections into lumbar locations, intra-cisterna magnally, intrapleurally,
intravitreally, subretinally, intramuscularly, systemically, or locally, such as intratumoral
injection.

KITS

1883166} Additionally, certain components or embodiments of these recombinant nucleic
acids, viruses, or pharmaceutical compositions thereof, can be provided in a kit. For example, any
of the recombinant nucleic acids, or, viruses, can be provided frozen or refrigerated and packaged
as a kit, alone or along with separate containers of any of the other agents from the pre-conditioning
or post-conditioning steps, and optional instructions for use.

{83167} Some embodiments are also directed to any of the aforementioned compositions in
a kit. In some embodiments, the kit may comprise ampoules, disposable syringes, capsules, vials,
tubes, or the like. In some embodiments, the kit may comprise a single dose container or multiple
dose containers comprising the topical formulation of embodiments herein. In some embodiments,
each dose container may contain one or more unit doses. In some embodiments, the kit comprises
a pre-filled syringe containing a pharmaceutical composition. In some embodiments, the kit may
include an applicator. In some embodiments, the kits include all components needed for the stages
of conditioning/treatment. In some embodiments, the cellular compositions may have
preservatives or be preservative-free (for example, in a single-use container). In some
embodiments, the recombinant nucleic acids, virus products may be prepared and frozen or

refrigerated at a desired stage, suitable for shipping to a hospital or treatment center.
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{88168] Various sequences are referenced herein, such sequence can comprise, as

applicable, one or more of the following sequences:

MERLIN ISOFORM 1 (SEQ ID NO: 1):
MAGATASRMSFSSLKRKQPKTFTVRIVIMDAEMEFNCEMKWKGKDLFDLVCRTLGLRETWEFEFGLQ
YTIKDTVAWLKMDKKVLDHDVSKEEPVTFHFLAKFYPENAEEELVQEITQHLFFLOVKKQILDEK
IYCPPEASVLLASYAVQAKYGDYDPSVHKRGFLAQEELLPKRVINLYOMTPEMWEERITAWYAEH
RGRARDEAEMEYLKIAQDLEMYGVNYFAIRNKKGTELLLGVDALGLHIYDPENRLTPKISFPWNE
IRNISYSDKEFTIKPLDKKIDVFKFNSSKLRVNKLILQLCIGNHDLFMRRRKADSLEVQOMKAQA
REEKARKOQMERQRLAREKQMREEAERTRDELERRLLOMKEEATMANEALMRSEETADLLAEKAQT
TEEEAKLLAQKAAEAEQEMORIKATAIRTEEEKRLMEQKVLEAEVLALKMAEESERRAKEADQLK
ODLOQEAREAERRAKQKLLEIATKPTYPPMNPIPAPLPPDIPSFNLIGDSLSFDFKDTDMKRLSME
IEKEKVEYMEKSKHLQEQLNELKTEIEALKLKERETALDILHNENSDRGGSSKHNTIKKLTLQSA
KSRVAFFEEL

NUCLEIC ACID SEQUENCE ENCODING MELRIN ISOFORM 1 (SEQ ID
NO: 2)
ATGGCCGGCGCGATTGCTTCCCGGATGTCATTCTCCTCACTTARAAGARAACAGCCTAAGACTTT
TACCGTGCGGATCGTGACTATGGATGCAGAGATGGAATTCAACTGCGAGAT GAAGT GGAAGGGAA
AGGACCTCTTCGACCTCGTCTGTCGCACCTTGGGACTGCGGGARACCTGGTTCTTCGGACTGCAG
TACACAATCAAGGACACCGTGGCCTGGCTGARAATGGACAAGAAGGTCCTGGACCACGACGTGTC
CAAGGAAGAACCCGTGACTTTCCACTTTCTGGCCAAGTTCTACCCGGAGAACGCTGAGGAAGAAC
TCGTGCAGGAGATCACTCAGCATCTGTTCTTTTTACAAGT CAAGAAGCAAATCCTAGATGAGAAG
ATCTACTGCCCGCCGGAAGCGTCCGTGCTTCTGGCTTCCTACGCGGTGCAGGCCARATATGGAGA
CTACGATCCCTCCGTGCACAAGCGCGGGTTCCTGGCCCARGAGGAACTGCTGCCTARGCGCGTGA
TCAACCTGTACCAGATGACCCCCGAGATGTGGGAGGAACGAATTACGGCTTGGTACGCGGAGCAT
CGCGGCAGAGCACGCGAT GAAGCCGAGAT GGAGTACCTGAAGATCGCGCAGGAT CTTGAGATGTA
CGGGGTCAACTATTTCGCCATCCGCAACAAGAAGGGCACCGAACTCCTGCTTGGAGT GGACGCAC
TCGGGCTCCACATCTACGACCCGGARAACCGCCTGACTCCCARGATCAGCTTCCCTTGGAACGAA
ATCAGAAACATTTCCTACTCGGATAAGGAATTCACGAT CAAGCCACTGGACAAAARAGATTGACGT
GTTCAAGTTCAACTCGTCGAAGCTGCGCGTGAACAAGCTGATACTGCAACTGTGCATTGGCAATC
ACGACCTGTTTATGCGCCGGCGGAAGGCCGACTCATTGGAGGTCCAACAGAT GAAGGCCCAGGCC
CGCGAGGAAAAGGCT CGCAAGCAGAT GGAACGGCAGAGGCTGGCCAGAGAGAAGCAGATGCGGGA
AGAGGCCGAACGCACCCGGGATGAACT GGAGCGCAGGCTGCTGCAGATGAAGGAAGAARGCAACCA
TGGCCAACGAAGCGCTGATGCGGAGCGARGARACCGCGGACCTGTTGGCCGAARAGGCTCAGATC
ACCGAGGAAGAAGCCAAGCTCCTTGCGCARAAGGCCGCCGAGGCCGAACAGGAGATGCAGAGAAT
CAAGGCCACCGCCATCAGAACCGAAGAAGAGAAGCGGCTCATGGAACAGAAAGTGTTGGAAGCCG
AGGTGCTGGCGCTTAAGATGGCAGAGGAGT CCGAGAGAAGGGCCARAGAGGCAGACCAGCTGAAG
CAGGATCTGCAGGAAGCCCGGGAAGCCGAGCGGCGGGCGAAGCAGAAGCTCTTGGARATCGCCAC
CAAACCGACTTACCCACCGATGAATCCTATTCCCGCCCCCCTCCCCCCTGACATTCCCTCCTTCA
ACCTCATCGGAGACTCCCTGTCCTTCGACTTCAAAGACACCGATATGAAGCGGCTGTCTATGGAA
ATTGAAAAGGAARAGGTCGAGTACATGGAGAAGT CCAAGCATCTGCAAGAGCAACTCAACGAACT
CAAAACTGAGATCGAAGCTCTGAAGCTGAAGGAAAGAGAGACTGCCCTGGACATTCTCCATAACG
AAAACTCGGACAGGGGTGGTAGCAGCAAGCACAACACCATCAAGAAGCTGACTCTGCAATCGGCC
AAGAGCCGCGTGGCATTCTTCGAGGAGCTGTAACT CGAGGATTA

AAV9 CAPSID (SEQ ID NO: 3)

MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHQDNARGLVLPGYKYLGPGNGLDKGEPV
NAADAAALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLG
LVEEAAKTAPGKKRPVEQSPQEPDSSAGIGKSGAQPAKKRLNEFGQTGDTESVPDPQPIGEPPAAP
SGVGSLTMASGGGAPVADNNEGADGVGSSSGNWHCDSQWLGDRVITTSTRTWALPTYNNHLYKQT
SNSTSGGSSNDNAYFGYSTPWGYFDFNRFHCHESPRDWQRLINNNWGFRPKRLNFKLENIQVKEV
TDNNGVKTIANNLTSTVQVEFTDSDYQLPYVLGSAHEGCLPPFPADVEFMIPQYGYLTLNDGSQAVG
RSSEFYCLEYFPSQMLRTGNNFQFSYEFENVPFHSSYAHSQSLDRLMNPLIDQYLYYLSKTINGSG
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ONQOTLKFSVAGPSNMAVQGRNYIPGPSYROQRVSTTVTONNNSEFAWPGASSWALNGRNSLMNP
GPAMASHKEGEDREFFPLSGSLIFGKQGTGRDNVDADKVMITNEEETIKTTNPVATESYGQVATNHQ
SAQAQAQTGWVONQGILPGMVWODRDVYLOGPIWAKIPHTDGNFHPSPLMGGEFGMKHPPPQILIK
NTPVPADPPTAFNKDKLNSEFITQYSTGQVSVEIEWELOQKENSKRWNPEIQYTSNYYKSNNVEFAV
NTEGVYSEPRPIGTRYLTRNL

Left-ITR sequence that can be used as an alternative ITR replaces the original

fragment within pAV-CAG-Merlin. (SEQ ID NO: 4)
ACATGTCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTCAGGCCGCCCGGGCARAGCCCGGGCGT
CGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTC
CATCACTAGGGGTTCCTGCGGCCGGTCGCGTCTAGTTAT TAAT GCATACTAGTTACCATTGACGT
CAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAC
TATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATG

HPRE fragment (SEQ ID NO: 5)

CTCGAGTAAATAACAGGCCTATTGATTGGAAAGTTTGTCAACGAATTGTGGGTCTTTTGGGGTTT
GCTGCCCCTTTTACGCAATGTGGATATCCTGCTTTAATGCCTTTATATGCATGTATACAAGCARA
ACAGGCTTTTACTTTCTCGCCAACTTACAAGGCCTTTCTCAGTARACAGTATATGACCCTTTACC
CCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCAACCCCCACTGCTTGGGGC
TTGGCCATAGGCCATCAGCGCATGCCTGGAACCTTTGTGTCTCCTCTGCCGATCCATACTGCGGA
ACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCARACCTCATCGGGACCGACAATTCTG
TCGTACTCTCCCGCAAGTATACATCGTTTCCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTG
CGCGGGACGTCCTTTGTTTACGTCCCOTCGGCGCTGAATCCCGCGGACGACCCCTCCCGGGGCCG
CTTGGGGCTCTACCGCCCGCTTCTCCGTCTGCCETACCGTCCGACCACGGGGCGCACCTCTCTTT
ACGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCAC
GTCGCATGGAGACCACCGTGAACGCCCACCGGAACCTGCCCAAGGTCTTGCATAAGAGGACTCTT
GGACTTTCAGCAATGTCATCGATATC

HPRTI1 intron 1 DNA sequence that can be used as a stuffer sequence in the

pAV-CAG-Merlin-V2 construct. (SEQ ID NO: 6)
ACTAGTTACAGCTCTGGTAGCGGTAACCATGCGTAT TTGACACACGAAGCAACTAGGCARAAGGC
ATTAGGTCATTTCAAGCCGAAATTCACATGTGCTAGAATCCAGATTCCATGCTGACCCATGCCCC
AGGATATAGAAAATGAGAATCTGCTCCTTACCTTCAAGAACATTCTTAACCGTAATCAGCCTCTG
GTATCTTAGCTCCACCCTCACTGGTTTTTTCTTGTTTGTTGAACCGGCCAAGCTGCTGGCCTCCC
TCCTCAACCGTTCTGATCATGCTTGCTARAATAGT CAAAACCCCGGCCAGTTARATATGCTTTAG
CCTGCTTTATTATGATTATTTTTGTTGTTTTGGCAATGACCTGGTTACCTGTTGTTTCTCCCACT
AAAACTTTTTAAGGGCACTAGT

pAAV2 CAG Merlin_Kan, a DNA vector. (SEQ ID NO: 7)

GTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAR
GTCGTGTCTTACCGGGTTGGACTCAAGACGATAGT TACCGGATAAGGCGCAGCGGTCGGGCTGAR
CGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAG
CGTGAGCTATGAGAAAGCGCCACGCTTCCCCAAGGGAGARAGGCGCACAGGTATCCGGTAAGCGS
CAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGARACGCCTGGTATCTTTATAGTC
CTGTCGGGTTTCGCCACCTCTGACTTCAGCCTCGATTTTTGTGATGCTCCTCAGGGGGGCGGAGE
CTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCA
CATGTCCTGCAGGCAGCTGCGCGCTCGCTCCCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTC
GGGCGACCTTTGGTCGCCCGGCCTCACT GAGCGAGCGAGCGCGCAGAGAGGGAGT GGCCAACTCC
ATCACTAGGGGTTCCTGCGGCCGETCGCGTCTAGTTATTAATGCATACTAGTTACAGCTCTGGTA
GCGGTAACCATGCGTATTTGACACACCAAGCAACTAGGGAAAAGGCATTAGGTCATTTCAAGCCG
AAATTCACATGTGCTAGAATCCAGATTCCATGCTGACCCATGCCCCAGGATATAGAAAATGAGAA
TCTGGTCCTTACCTTCAAGAACATTCTTAACCGTAATCAGCCTCTGGTATCTTAGCTCCACCCTC
ACTGGTTTTTTCTTGTTTGTTGAACCGGCCAAGCTGCTGGCCTCCCTCCTCAACCGTTCTGATCA
TGCTTGCTAAAATAGT CAAAACCCCGGCCAGTTARATAT GCTTTAGCCTGCTTTATTATGATTAT
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TTTTGTTGTTTTGGCAATGACCTGGTTACCTGTTGTTTCTCCCACTAAAACTTTTTAAGGGCACT
AGTTACCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGA
CGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC
AAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGA
CCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTCGAG
GTGAGCCCCACGTTCTGCTTCACTCTCCCCATCTCCCCCCCCTCCCCACCCCCAATTTTGTATTT
ATTTATTTTTTAATTATTTTGTGCAGCGATGGGGGCEGEEEEEEEEEEEEGGCGCGCECCAGGCE
GGGCGGGGCGGEGGCGAGGGEGCEGEGECEEGGCGAGGCEGAGAGGTGCGGCGGCAGCCAATCAGAGC
GGCGCGCTCCGAAAGTTTCCTTTTATGGCGAGGCGGCGGCEGCGGCGGCCCTATAAAAAGCGAAG
CGCGCGGCGGGCGGGAGTCGCTGCGACGCTGCCTTCGCCCCGTGCCCCGCTCCGCCGCCGCCTCG
CGCCGCCCGCCCCGGCTCTGACTGACCGCGTTACTCCCACAGGTGAGCGGGCGGGACGGCCCTTC
TCCTCCGGGCTGTAATTAGCGCTTGGTTTAATGACGGCTTGTTTCTTTTCTGTGGCTGCGTGAAA
GCCTTGAGGGGCTCCGGGAGGGCCCTTTGTGCGGGGGGAGCGGCTCGGGGCTGTCCGCEEGEGEGA
CGGCTGCCTTCGGGGGEGGACGEGGCAGGGCGGGETTCGGCTTCTGGCGTGTGACCGGCGGCTCTA
GAGCCTCTGCTAACCATGTTCATGCCTTCTTCTTTTTCCTACAGCTCCTGGGCAACGTGCTGGTT
ATTGTGCTGTCTCATCATTTTGGCAAAGAATTGGATCGGTACCAGCCACCATGGCCGGCGCGATT
GCTTCCCGGATGTCATTCTCCTCACTTAAAAGAAAACAGCCTAAGACTTTTACCGTGCGGATCGT
GACTATGGATGCAGAGATGGAATTCAACTGCGAGATGAAGTGGAAGGGAAAGGACCTCTTCGACC
TCGTCTGTCGCACCTTGGGACTGCGGGAAACCTGGTTCTTCGGACTGCAGTACACAATCAAGGAC
ACCGTGGCCTGGCTGAAAATGGACAAGAAGGTCCTGGACCACGACGTGTCCAAGGAAGAACCCGT
GACTTTCCACTTTCTGGCCAAGTTCTACCCGGAGAACGCTGAGGAAGAACT CGTGCAGGAGATCA
CTCAGCATCTGTTCTTTTTACAAGTCAAGAAGCAAATCCTAGATGAGAAGATCTACTGCCCGCCG
GAAGCGTCCGTGCTTCTGGCTTCCTACGCGGTGCAGGCCAAATATGGAGACTACGATCCCTCCGT
GCACAAGCGCGGGTTCCTGGCCCAAGAGGAACTGCTGCCTAAGCGCGTGATCAACCTGTACCAGA
TGACCCCCGAGATGTGGGAGGAACGAATTACGGCTTGGTACGCGGAGCATCGCGGCAGAGCACGC
GATGAAGCCGAGATGGAGTACCTGAAGATCGCGCAGGATCTTGAGATGTACGGGGTCAACTATTT
CGCCATCCGCAACAAGAAGGGCACCGAACTCCTGCTTGGAGTGGACGCACTCGGGCTCCACATCT
ACGACCCGGAAAACCGCCTGACTCCCAAGATCAGCTTCCCTTGGAACGAAATCAGAAACATTTCC
TACTCGGATAAGGAATTCACGATCAAGCCACTGGACAAAAAGATTGACGTGTTCAAGTTCAACTC
GTCGAAGCTGCGCGTGAACAAGCTGATACTGCAACTGTGCATTGGCAATCACGACCTGTTTATGC
GCCGGCGGAAGGCCGACTCATTGGAGGTCCAACAGATGAAGGCCCAGGCCCGCGAGGAAAAGGCT
CGCAAGCAGATGGAACGGCAGAGGCTGGCCAGAGAGAAGCAGATGCGGGAAGAGGCCGAACGCACL
CCGGGATGAACTGGAGCGCAGGCTGCTGCAGATGAAGGAAGAAGCAACCATGGCCAACGAAGCGC
TGATGCGGAGCGAAGAAACCGCGGACCTGTTGGCCGAAAAGGCT CAGATCACCGAGGAAGAAGCC
AAGCTCCTTGCGCAAAAGGCCGCCGAGGCCGAACAGGAGATGCAGAGAATCAAGGCCACCGCCAT
CAGAACCGAAGAAGAGAAGCGGCTCATGGAACAGAAAGTGTTGGAAGCCGAGGTGCTGGCGCTTA
AGATGGCAGAGGAGTCCGAGAGAAGGGCCAAAGAGGCAGACCAGCTGAAGCAGGATCTGCAGGAA
GCCCGGGAAGCCGAGCGGCGGGCGAAGCAGAAGCTCTTGGAAATCGCCACCAAACCGACTTACCC
ACCGATGAATCCTATTCCCGCCCCCCTCCCCCCTGACATTCCCTCCTTCAACCTCATCGGAGACT
CCCTGTCCTTCGACTTCAAAGACACCGATATGAAGCGGCTGTCTATGGAAATTGAAAAGGAAAAG
GTCGAGTACATGGAGAAGTCCAAGCATCTGCAAGAGCAACTCAACGAACTCAAAACTGAGATCGA
AGCTCTGAAGCTGAAGGAAAGAGAGACTGCCCTGGACATTCTCCATAACGAAAACTCGGACAGGG
GTGGTAGCAGCAAGCACAACACCATCAAGAAGCTGACTCTGCAATCGGCCAAGAGCCGCGTGGCA
TTCTTCGAGGAGCTGTAACTCGAGTAAATAACAGGCCTATTGATTGGAAAGTTTGTCAACGAATT
GTGGGTCTTTTGGGGTTTGCTGCCCCTTTTACGCAATGTGGATATCCTGCTTTAATGCCTTTATA
TGCATGTATACAAGCAAAACAGGCTTTTACTTTCTCGCCAACTTACAAGGCCTTTCTCAGTAAAC
AGTATATGACCCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGACGCA
ACCCCCACTGGTTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGTCTCCTCT
GCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACCTCA
TCGGGACCGACAATTCTGTCGTACTCTCCCGCAAGTATACATCGTTTCCATGGCTGCTAGGCTGT
GCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGA
CGACCCCTCCCGGGGCCGCTTGGGGCTCTACCGCCCGCTTCTCCGTCTGCCGTACCGTCCGACCA
CGGGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCAL
TTCGCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCGGAACCTGCCCAAGGTC
TTGCATAAGAGGACTCTTGGACTTTCAGCAATGTCATCGATATCCGATCCACCGGATCTAGATAA
CTGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCT
CCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATA

-35-



WO 2022/261209 PCT/US2022/032679

ATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCT
AGTTGTGGTTTGTCCAAACTCATCAATGTATCTTAACGCGGTAACCACGTGCGGACCCAACGGCC
GCAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGAGGCCG
GGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCGGGCEGCCTCAGTGAGCGAGCGAGCGCGL
AGCTGCCTGCAGGGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCG
CATACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGT
TACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTT
CCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTC
CGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGG
GCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGAC
TCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTCTTTTGATTTATAAGGGATT
TTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAA
CAAAATATTAACGTTTACAATTTTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGT
TAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGCA
TCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATC
ACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGACGC
GGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACC
CTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGCCATATTCAACGGGAAACGTCGA
GGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTC
GGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAA
ACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGT CAGACTAAACTGGCTGACGG
AATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACC
ACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATAT
TGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTA
ACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCG
AGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGT CTGGAAAGAAATGCATAAACT
TTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTG
ACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGAT
CTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAA
ATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCT
AATCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGA
TCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCA
CCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGG
CTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCA
AGAACTCT

MERLIN ISOFORM 2 protein (SEQ ID NO: 8):

MAGATASRMSFSSLKRKQPKT FTVRIVTMDAEMEFNCEMKWKGKDLFDLVCRTLGLRETWFFGLQ
YTIKDTVAWLKMDKKVLDHDVSKEEPVT FHFLAKFYPENAEEELVQEI TQHLFFLQVKKQI LDEK
IYCPPEASVLLASYAVQAKYGDYDPSVHKRGFLAQEELLPKRVINLYOMT PEMWEERT TAWYAEH
RGRARDEAEMEYLKIAQDLEMYGVNYFATRNKKGTELLLGVDALGLHI YDPENRLT PKI SFPWNE
IRNISYSDKEFTIKPLDKKIDVFKFNSSKLRVNKLILQLCIGNHDLFMRRRKADS LEVQQMKAQA
REEKARKQMERQRLAREKQMREEAERTRDELERRLLOMKEEATMANEATMRS EETADLLAEKAQT
TEEEAKLLAQKAAEAEQEMQRI KATAT RTEEEKRLMEQKVLEAEVLALKMAEESERRAKEADQLK
QDLQEAREAERRAKQKLLEIATKPTYPPMNPTPAPLPPDIPSFNLIGDSLSFDFKDTDMKRLSME
IEKEKVEYMEKSKHLQEQLNELKTEI EALKLKERETALDI LHNENSDRGGS SKHNTIKKPQAQGR
RPICT

MERLIN ISOFORM 2 coding region (SEQ ID NO: 9):

ATGGCCGGGGCCATCGCTTCCCGCATGAGCTTCAGCTCTCTCAAGAGGAAGCAACCCAAGACGTT
CACCGTGAGGATCGT CACCATGGACGCCGAGATGGAGTTCAATTGCGAGAT GAAGT GGARAGGGA
AGGACCTCTTTGATTTGGTGTGCCGGACTCTGGGGCTCCCAGARACCTGGTTCTTTGGACTGCAG
TACACAATCAAGGACACAGTGGCCTGGCTCARAATGGACAAGAAGGTACTGGAT CATGATGTTTC
AAAGGAAGAACCAGTCACCTTTCACTTCTTGGCCARATTTTATCCTGAGAAT GCTGAARGAGGAGC
TGGTTCAGGAGATCACACAACATTTATTCTTCTTACAGCTAAAGAAGCAGATTTTAGATGARAAG
ATCTACTGCCCTCCTGAGGCTTCTGTGCTCCTGGCTTCTTACGCCGTCCAGGCCARGTATGGTGA
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CTACGACCCCAGTGTTCACAAGCGGGGATTTTTGGCCCAAGAGGAATTGCTTCCAAAAAGGGTAA
TAAATCTGTATCAGATGACTCCGGAAATGTGGGAGGAGAGAATTACTGCTTGGTACGCAGAGCAC
CGAGGCCGAGCCAGGGATGAAGCTGAAATGGAATATCTGAAGATAGCT CAGGACCTGGAGATGTA
CGGTGTGAACTACTTTGCAATCCGGAATAARAAAGGGCACAGAGCTGCTGCTTGGAGTGGATGCCC
TGGGGCTTCACATTTATGACCCTGAGAACAGACTGACCCCCAAGATCTCCTTCCCGTGGAATGAA
ATCCGAAACATCTCGTACAGTGACAAGGAGTTTACTATTAAACCACTGGATAAGAAAATTGATGT
CTTCAAGTTTAACTCCTCAAAGCTTCGTGTTAATAAGCTGATTCTCCAGCTATGTATCGGGAACC
ATGATCTATTTATGAGGAGAAGGAAAGCCGATTCTTTGGAAGTTCAGCAGATGAAAGCCCAGGCC
AGGGAGGAGAAGGCTAGAAAGCAGATGGAGCGGCAGCGCCTCGCTCGAGAGAAGCAGATGAGGGA
GGAGGCTGAACGCACGAGGGATGAGTTGGAGAGGAGGCTGCTGCAGAT GAAAGAAGAAGCAACAA
TGGCCAACGAAGCACTGATGCGGTCTGAGGAGACAGCTGACCTGTTGGCTGAAAAGGCCCAGATC
ACCGAGGAGGAGGCAAAACTTCTGGCCCAGAAGGCCGCAGAGGCTGAGCAGGAAATGCAGCGCAT
CAAGGCCACAGCGATTCGCACGGAGGAGGAGAAGCGCCTGATGGAGCAGAAGGTGCTGGAAGCCG
AGGTGCTGGCACTGAAGAT GGCTGAGGAGT CAGAGAGGAGGGCCAAAGAGGCAGATCAGCTGAAG
CAGGACCTGCAGGAAGCACGCGAGGCGGAGCGAAGAGCCAAGCAGAAGCTCCTGGAGATTGCCAC
CAAGCCCACGTACCCGCCCATGAACCCAATTCCAGCACCGTTGCCTCCTGACATACCAAGCTTCA
ACCTCATTGGTGACAGCCTGTCTTTCGACTTCAAAGATACTGACATGAAGCGGCTTTCCATGGAG
ATAGAGAAAGAAAAAGTGGAATACATGGAAAAGAGCAAGCATCTGCAGGAGCAGCTCAATGAACT
CAAGACAGAAATCGAGGCCTTGAAACTGAAAGAGAGGGAGACAGCTCTGGATATTCTGCACAATG
AGAACTCCGACAGGGGTGGCAGCAGCAAGCACAATACCATTAAAAAGCCT CAAGCCCAAGGCAGA
AGACCTATCTGCATT

{03169} Although the embodiments have been described with respect to various preferred
embodiments, it is not intended to be limited thereto, but rather those skilled in the art will
recognize that variations and modifications may be made therein which are within the spirit of the
embodiments and the scope of the appended claims.

{68178] EXAMPLES

{6171 Example 1. AAV Design Encoding for Merlin Isoform 1. An AAV plasmid to
produce an AAV vector encoding for Merlin Isoform 1 was designed. The transgene was
subcloned into pAV-ACG (Vigene Biosciences) at the Kpnl and Xhol sites. The entire AAV
genome (excluding the ITRs) was sequence confirmed.

{86173] The sequence of Merlin is as follows:

MAGATASRMSEFSSLKRKQPKTFTVRIVIMDAEME FENCEMKWKGKDLFDLVCRTLGLRET
WEFFGLOYTIKDTVAWLKMDKKVLDHDVSKEEPVTFHFLAKFYPENAEEELVOEITQHLE
FLOVKKQILDEKIYCPPEASVLLASYAVOAKYGDYDPSVHKRGFLAQEELLPKRVINLY
OMTPEMWEERITAWYAEHRGRARDEAEMEYLKIAQDLEMYGVNY FATRNKKGTELLLGV
DALGLHIYDPENRLTPKISFPWNEIRNISYSDKEFTIKPLDKKIDVFKENSSKLRVNKL
ILOQLCIGNHDLEFMRRRKADSLEVOOMKAQAREEKARKOMERQRLAREKOMREEAERTRD
ELERRLLOMKEEATMANEATIMRSEETADLLAEKAQITEEEAKLLAQKAAEAEQEMORIK
ATATRTEEEKRLMEQKVLEAEVLALKMAEESERRAKEADQLKODLOEAREAERRAKQKL
LEIATKPTYPPMNPIPAPLPPDIPSENLIGDSLSFDFKDTDMKRLSME IEKEKVEYMEK
SKHLOQEQLNELKTETITEALKLKERETALDILHNENSDRGGSSKHNTIKKLTLOSAKSRVA
FFEEL (SEQ ID NO: 1)
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{88174} The nucleotide sequence provided in the vector is simply illustrative and due to the
degeneracy of the genetic code other nucleotide sequences can be used to encode for the Merlin
protein. In the present example, the following nucleotide sequence can be used to encode for the
Merlin protein (the stop codon is not shown)

ATGGCCGGCGCGATTGCTTCCCGGATGTCATTCTCCTCACTTAARAGAAAACAGCCTAA
GACTTTTACCGTGCGGATCGTGACTATGGATGCAGAGATGGAATTCAACTGCGAGATGA
AGTGGAAGGGAAAGGACCTCTTCGACCTCGTCTGTCGCACCTTGGGACTGCGGGAAACC
TGGTTCTTCGGACTGCAGTACACAATCAAGGACACCGTGGCCTGGCTGAAAATGGACAA
GAAGGTCCTGGACCACGACGTGTCCAAGGAAGAACCCGTGACTTTCCACTTTCTGGCCA
AGTTCTACCCGGAGAACGCTGAGGAAGAACTCGTGCAGGAGATCACTCAGCATCTGTTC
TTTTTACAAGTCAAGAAGCAAATCCTAGATGAGAAGATCTACTGCCCGCCGGAAGCGTC
CGTGCTTCTGGCTTCCTACGCGGTGCAGGCCAAATATGGAGACTACGATCCCTCCGTGC
ACAAGCGCGGGTTCCTGGCCCAAGAGGAACTGCTGCCTAAGCGCGTGATCAACCTGTAC
CAGATGACCCCCGAGATGTGGGAGGAACGAATTACGGCTTGGTACGCGGAGCATCGCGG
CAGAGCACGCGATGAAGCCGAGATGGAGTACCTGAAGATCGCGCAGGATCTTGAGATGT
ACGGGGTCAACTATTTCGCCATCCGCAACAAGAAGGGCACCGAACTCCTGCTTGGAGTG
GACGCACTCGGGCTCCACATCTACGACCCGGAARAACCGCCTGACTCCCAAGATCAGCTT
CCCTTGGAACGAAATCAGAAACATTTCCTACTCGGATAAGGAATTCACGATCAAGCCAC
TGGACAAAAAGATTGACGTGTTCAAGTTCAACTCGTCGAAGCTGCGCGTGAACAAGCTG
ATACTGCAACTGTGCATTGGCAATCACGACCTGTTTATGCGCCGGCGGAAGGCCGACTC
ATTGGAGGTCCAACAGATGAAGGCCCAGGCCCGCGAGGAAAAGGCTCGCAAGCAGATGG
AACGGCAGAGGCTGGCCAGAGAGAAGCAGATGCGGGAAGAGGCCGAACGCACCCGGGAT
GAACTGGAGCGCAGGCTGCTGCAGATGAAGGAAGAAGCAACCATGGCCAACGAAGCGCT
GATGCGGAGCGAAGARAACCGCGGACCTGTTGGCCGAARAGGCTCAGATCACCGAGGAAG
AAGCCAAGCTCCTTGCGCAAAAGGCCGCCGAGGCCGAACAGGAGATGCAGAGAATCAAG
GCCACCGCCATCAGAACCGAAGAAGAGAAGCGGCTCATGGAACAGAAAGTGTTGGAAGC
CGAGGTGCTGGCGCTTAAGATGGCAGAGGAGTCCGAGAGAAGGGCCARAAGAGGCAGACC
AGCTGAAGCAGGATCTGCAGGAAGCCCGGGAAGCCGAGCGGCGGGCGAAGCAGAAGCTC
TTGGAAATCGCCACCAAACCGACTTACCCACCGATGAATCCTATTCCCGCCCCCCTCCC
CCCTGACATTCCCTCCTTCAACCTCATCGGAGACTCCCTGTCCTTCGACTTCAAAGACA
CCGATATGAAGCGGCTGTCTATGGAAATTGAAAAGGARAAAGGTCGAGTACATGGAGAAG
TCCAAGCATCTGCAAGAGCAACTCAACGAACTCAAAACTGAGATCGAAGCTCTGAAGCT
GAAGGAAAGAGAGACTGCCCTGGACATTCTCCATAACGAAAACTCGGACAGGGGTGGTA
GCAGCAAGCACAACACCATCAAGAAGCTGACTCTGCAATCGGCCAAGAGCCGCGTGGCA
TTCTTCGAGGAGCTG (SEQ ID NO: 2)
Additionally, although the present example, and those below, illustrate the use of Isoform 1 of

Merlin, Isoform 2 of Merlin could also be used in its place.

U MR Example 2: Vector can express Merlin protein

186176] An AAV9 vector was used to transduce HEK293 cells, the vector can be based off
a plasmid s shown in FIG. 1 or FIG. 2. The AAV9 vector comprised a transgene encoding for
Merlin protein. The cells were analyzed for expression of Merlin protein and was detected. These

results are illustrated in FIG. 3, which shows a Western Blot detecting the expression of the protein.
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{8177 Example 3. Viral Delivery of Merlin to treat NF2.

{88178 An adeno-associated virus (AAV) encoding normal (wild-type) NF2 (Merlin) is
administered to the central nervous system (CNS) of a patient suffering from NF2. The AAV is
administered by intrathecal injection, but could also be administered by multiple intertumoral
injections, intraventricularly, or intravenously. The expression of Merlin in the CNS halts tumor
progression and/or leads to tumor regression. The AAV comprises the AAV capsid, and the NF2
transgene operatively connected to a constitutive promoter. The AAV is based on AAV-DJ
(Grimm D, et al. (2008) In vitro and in vivo gene therapy vector evolution via multispecies
interbreeding and retargeting of adeno-associated viruses. J Virol. 82:5887-911.) or AAV-9 (Gao
G. et al. (2004) Clades of Adeno-associated viruses are widely disseminated in human tissues. J
Virol. 78:6381-8; Hocquemiller, M. et al. (2016) Adeno-Associated Virus-Based Gene Therapy
for CNS Diseases. Hum Gene Ther. 7:478-496). The constitutive promoter is CAG (Fitzsimons,
et al. (2002) Promoters and regulatory elements that improve adeno-associated virus transgene
expression in the brain. Methods 28:227-36.). Without being bound to any particular theory, the
use of this promoter enables the transgene to be constitutively expressed in most cells. However,
a tissue specific promoter can be used. The NF2 transgene is a human sequence-optimized
neurofibromatosis 2 (NF2) gene, which can also be referred to as “h-soNF2.” The isoform of NF2
being used will be the longest (595 amino acids), but other isoforms, or active fragments thereof,
could be used in its place.

186179] Example 4. Expression of NF2 reduces spinal schwannomas in NF2 transgenic
mice and meningioma xenografts in nude (SCID) mice. The AAV of Example 1 is delivered
intrathecally to adult transgenic NF2 mice with spinal schwannomas or nude mice with
meningioma xenografts. The mice are monitored, and then upon sacrifice tumor cells and normal
Schwann and arachnoid cells are harvested. The presence of full length human merlin is confirmed
via western blot. Volumetric measurements of tumors are made and the tumor burden is found to
be reduced.

{BUIRG] Example 5. AAV-NF2 is functional in cell culture models of neurofibromatosis
type 2. Initially the AAV of Example 1, is used to deliver the merlin gene to cells and the gene
is functional and produces the merlin protein. Human merlin production from the AAV-delivered

transgene is assessed by western blot method using human merlin-specific antibodies. The cell
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line can be, for example, a RT4 Rat Schwannoma Cell line. Colony formation assays are
performed as well and the AAV-NF2 is found to reduce colony formation in a soft agar assay.
D018 Example 6. pAV-CAG-Merlin-V2 is an improved AAV gene therapy plasmid
1BGIRY pAV-CAG-Merlin-V2 was generated by modifying sequences elements in the
original Merlin construct (pAV-CAG-Merlin) as shown in FIG. 1 and FIG. 2. The cloning strategy
is based on the nucleotide position in the original Merlin Construct. pAV-CAG-Merlin-V2 is an
recombinant adeno-associated virus (AAV) DNA plasmid with 6892 base pair (bp) in size (FIG.
2), which contains inverted terminal repeat (ITR) sequences derived from AAV serotype 2
(AAV2) and a transgene cassette expressing Merlin protein. In pAV-CAG-Merlin-V2, the Left-
ITR is modified to include a stuffer sequence, which can be used to confer optimal AAV packaging
efficiency. A HPRE sequence is inserted downstream of sequences encoding the Merlin protein in
order to facilitate transgene expression. The vector was modified to include a Kanamycin
resistance gene for ease of manufacture of the DNA product used in recombinant AAV production.
{80183 The expression cassette is comprised of a CAG promoter coupled to sequence
encoding a codon optimized Merlin protein followed by a post-transcriptional regulatory element
of hepatitis B virus (HPRE) and then a transcription termination SV40 Polyadenylation (SV40-
polyA) sequence. Without being bound to any particular theory, the HPRE element is a cis-acting
sequence that facilitates the cytoplasmic localization of intronless transcripts and contributes to
higher gene expression. In addition, a 400 bp stuffer sequence derived from the intron 1 region of
the Hypoxanthine Phospho-ribosyl-transferase 1 (HPRT1) gene is inserted downstream of the left
ITR and upstream of the CAG promoter to extend AAV package size to 4487 bp. A Kanamycin
resistance gene (KanR) is included in the plasmid backbone as a selection marker.

{80184} To produce a plasmid to increase AAV packaging efficiency, the left ITR sequence
can be modified. The Left-ITR can comprise:

ACATGTCCTGCAGGCAGCTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCARAAGCCC
GGGCGTCGGGCGACCTTTGGTCGCCCGGLCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGG
AGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCGGTCGCGTCTAGTTATTAATGCAT
ACTAGTTACCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACT
TTCCATTGACGTCAATGGGTGGACTATTTACGGTAAACTGCCCACTTGGCAGTACATCA
AGTGTATCATATG (SEQ ID NO: 4)

{B0185] A vector was created that removes any artificial tags, such as a histidine tag or
FLAG tag. Transgenes carried by a gene therapy vector are mostly devoid of intron sequences.

Intronless transcripts can be less stable and prone to accumulation inside the nucleus.
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Posttranscriptional regulatory elements (PREs) of Hepatitis B virus (HPRE) can increase
accumulation of the cytoplasmic mRNA of an intronless gene by promoting mRNA exportation
from the nucleus to the cytoplasm, enhancing 3' end processing and stability. Therefore, a HPRE
element is added to the recombinant Merlin transcript to improve transgene mRNA stability and
transgene expression. The HPRE fragment is synthesized and inserted between Xhol site (2906)
and EcoRYV site (3000). The Posttranscriptional regulatory elements (PREs) of Hepatitis B virus
(HPRE) can be as follows:

CTCGAGTARAATAACAGGCCTATTGATTGGARAAGTTTGTCAACGAATTGTGGGTCTTTTG
GGGTTTGCTGCCCCTTTTACGCAATGTGGATATCCTGCTTTAATGCCTTTATATGCATG
TATACAAGCAAAACAGGCTTTTACTTTCTCGCCAACTTACAAGGCCTTTCTCAGTAAAC
AGTATATGACCCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCT
GACGCAACCCCCACTGGTTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTT
TGTGTCTCCTCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCA
GGTCTGGAGCAAACCTCATCGGGACCGACAATTCTGTCGTACTCTCCCGCAAGTATACA
TCGTTTCCATGGCTGCTAGGCTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGT
TTACGTCCCGTCGGCGCTGAATCCCGCGGACGACCCCTCCCGGEEGECCGCTTGGGGCTCT
ACCGCCCGCTTCTCCGTCTGCCGTACCGTCCGACCACGGGGCGCACCTCTCTTTACGCG
GACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCA
CGTCGCATGGAGACCACCGTGAACGCCCACCGGAACCTGCCCAAGGTCTTGCATAAGAG
GACTCTTGGACTTTCAGCAATGTCATCGATATC (SEQ ID NO: 5)

{38186) A stuffer sequence is introduced at the 5 end of the construct in front of the CAG
promoter. The optimal packaging size of an AAV vector is 4.1~4.9 kb (Grieger et al. 2005). The
packaging size of the original Merlin construct was just 3.5 kb. To increase the AAV vector
packaging size, a 400 bp stuffer sequence derived from the intron 1 region of the HPRT1 gene is
inserted downstream of the left ITR sequence and upstream of the CAG promoter sequence. With
this sequence addition, the AAV is increased to facilitate efficient packaging into the AAV capsid.
A HPRTI intron 1 sequence is used as a stuffer sequence, but other stuffer sequences can be used:
The stuffer sequence can be as follows:

ACTAGTTACAGCTCTGGTAGCGGTAACCATGCGTATTTGACACACGAAGGAACT
AGGGAARAAGGCATTAGGTCATTTCAAGCCGAAATTCACATGTGCTAGAATCCAG
ATTCCATGCTGACCGATGCCCCAGGATATAGARARTGAGAATCTGGTCCTTACC
TTCAAGAACATTCTTAACCGTAATCAGCCTCTGGTATCTTAGCTCCACCCTCAC
TGGTTTTTTCTTGTTTGTTGAACCGGCCAAGCTGCTGGCCTCCCTCCTCAACCG
TTCTGATCATGCTTGCTAAAATAGTCAAAACCCCGGCCAGTTARAATATGCTTTA
GCCTGCTTTATTATGATTATTTTTGTTGTTTTGGCAATGACCTGGTTACCTGTT
GTTTCTCCCACTAAAACTTTTTAAGGGCACTAGT (SEQ ID NO: 6)
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{0187 Example 7. Merlin expressed in cerebellum from an AAV vector in
Cynomolgus Macaques.

{BO1RE] A study was performed to evaluate safety and biodistribution of AAV9-CAG-
Merlin-v2 and AAV9-CAG-eGFP for the treatment of Neurofibromatosis type 2 (NF2), when
given intracisternal magna (ICM) to cynomolgus monkeys. An additional objective was to
confirm transgene delivery and expression from each of the vectors in the Schwann, arachnoid,
and ependymal cells in the regions of interest. Sections of each collected tissue from were analyzed
for green fluorescent protein (GFP; Rabbit anti-GFP) (via immunostaining). Scans of each tissue
sample were prepared for immunostaining of GFP, and immunofluorescence. FIG. 4 shows
immunohistochemistry images of biodistribution of eGFP in the cerebellum of in cynomolgus
macaques dosed with AAV9-CAG-eGFP by ICM administration. These data use surrogate
biomarker biodistribution demonstrate that AAV9 vectors provided by the ICM route of
administration can express a protein in proper tissues and perhaps provide evidence that AAV9
vectors expressing the merlin protein can restore normal merlin function. The eGFP expression
was used as a surrogate marker for Merlin expression since the animal expresses native Merlin

protein, which was not distinguishable from the merlin expressed from the AAV9 vector.

{BOIRY] Example 8. In NF2 Knockout Mice Administered with AAV9-CAG-Merlin v2
There was a Reduction in Density of Schwann Cells vs Mice Treated with AAV9-CAG-GFP.
[43190) Postn-Cre; Nf21°¥10x mice were injected into the cisternal magna (ICM) with 5 puL

or 10 pL of test article (AAV9-CAG-Merlin or AAV9-CAG-Merlin-v2) or a negative control
vector (AAV9-CAG-GFP). In the Postn-Cre;Nf21°¥1°x moyse model, SC hyperplasia is observed
in the Dorsal Root Ganglion (DRG) of Postn-Cre;Nf210¥10x mice  similar to that observed in
humans with NF2. At 6 months of age Postn-Cre;Nf21°¥1°X mice have significantly increased SC
numbers (SC hyperplasia and schwannoma tumorlets) in DRGs compared to control mice.
Periostin-Cre:NF21°¥1* mice were bred with NF21o¥ox pjce.

{86191} Study design:
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Avorsge Age =t Age at
Houis of Animal Dosing | Sserifics
Name of Virus Group | ¥ iice | Admin | Lot Mumber | Doss Lavel | Welght kg {mo} {mo}

ARY-B-CAG-GFR 1 4 WM Qaaioest 8786 Low 0.0 3 g
AAGB-CAG-Mariin a 2 ICM Stanforgd STH5 Low NRiK 1 S
P AAS-CAL-GER ik 4 IO SNardord 8405 High 8.4 3 g
RSB CRG-Martin w2 i 2h B I Stanford 6404 High .44 3 8
L ARVRCAR-GFR 3 1 G Stanford 8798 Lase [ER1g} 1 3
196192} Group la: 4 x 1 month old pups injected with AAV9-CAG-GFP (low dose control,
5.6 E12 vg/kg)
{Bo183] Group 1b: 4 x 1 month old pups injected with AAV9-CAG-GFP (high dose control,
4E13 vg/kg)
186194 Group 2a: 10 x 1 month old pups injected with AAV9-CAG-Merlin v1 (low dose,
5.6 E12 vg/kg)
B0195] Group 2b: 10 X 1 month old pups injected with AAV9-CAG-Merlin v2 (high dose
7 E13 vg/kg)
186196} Group 3: 5 x 1 month old pups injected with AAV-GFP (low dose control, 5.6 E12

vg/kg) sacrificed at 4 weeks post injection to analyze tissue distribution.

D097} Post dosing mice were observed for 5 months (groups 1a, 1b, 2a, 2b), or 4 weeks
(group 3). Two Group 1b mice (AAV9I-CAG-GFP) were sacrificed after 22 days, and 50 days
respectively due to excessive weight loss. Following the post dosing observation period, mice
were sacrificed for further analysis. In order to assess anti-proliferative activity of AAV9-CAG-
Merlin, counts of Schwann cell (SC) in Dorsal Root Ganglion (DRG) histological sections were
measured by the number of SC nuclei/um? and statistical analysis of values for AAV9-CAG-
Merlin injected mice vs. AAV9-CAG-GFP injected controls. Immunohistochemistry with GFP
antibodies were used to analyze AAV-GFP expression and tissue distribution (Group 3) and
persistence of AAV-GFP expression at 6 months (Group 2).

138198 As a proxy for biodistribution of the AAV9-CAG-merlin constructs, an AAV9-
CAG-eGFP construct, in which the Merlin transgene is replaced with a surrogate biomarker
protein , was developed. It was expected that eGFP expression from this construct would correlate
with the expected biodistribution of similar tissues transduced with the Merlin constructs.
Significant biodistribution of eGFP is observed in DRG in Postn-Cre;Nf21°¥1* mice injected with
AAV9-CAG-GFP, as shown in the enhanced immunofluorescent micrographs in FIG. 5. Enhanced

immunofluorescence analyses demonstrated the presence of eGFP expression in the cells
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surrounding axonal cells (Schwan cells) in a mouse administered with a low dose (group 3; 5.6
E12 vg/kg) of AAV9-CAG-GFP via ICM administration and was sacrificed 4 weeks later (FIG.
6). The nerve distal to the DRG also showed expression of eGFP in Schwann cells (FIG. 7). A
section the full width of a DRG demonstrated distributed expression of eGFP across the full area
of the DRG.

{80199] In order to assess anti-proliferative activity of AAV9-CAG-Merlin and AAV9-
CAG-Merlin-v2, the number of nuclei per square micron of tissue were counted in AAV9-CAG-
Merlin and AAV9-CAG-Merlin-v2 treated animals and compared against mice dosed with the
negative control of AAV9-CAG-eGFP. A statistically significant reduction in number of SC
nuclei/um? was observed in the high dose arm of AAV9-CAG-Merlin-v2 as compared to similar
mice administered with an equivalent dose of AAV9-CAG-GFP. A small reduction (not
statistically significant) in # SC nuclei/um? was observed in the low dose arm of AAV9-CAG-
Merlin v2 as compared with AAV9-CAG-GFP. FIG. 8 shows significant reduction in the density
of Schwann cell (SC) nuclei (nuclei/um?) in cross-sections of DRG from 6 month old Postn-
Cre;Nf20o¥ox mice 5 months post AAV9-CAG-Merlin administration compared to AAV9-CAG-
GFP injected controls.

{00206 All literature and similar material cited in this application, including, but not limited
to, patents, patent applications, articles, books, treatises, and web pages, regardless of the format
of such literature and similar materials, are expressly incorporated by reference in their entirety.
In the event that one or more of the incorporated literature and similar materials differs from or
contradicts this application, including but not limited to defined terms, term usage, described
techniques, or the like, this application controls.

{88281 While the compositions, methods, and the like have been described in conjunction
with various embodiments and examples, it is not intended that they be limited to such
embodiments or examples. On the contrary, the present disclosure encompasses various
alternatives, modifications, and equivalents, as will be appreciated by those of skill in the art.
{80282] While the compositions and methods have been shown and described with
reference to specific illustrative non-limiting embodiments, it should be understood that various
changes in form and detail may be made without departing from the spirit and scope of the present
disclosure. Therefore, all embodiments that come within the scope and spirit of the present

disclosure, and equivalents thereto, are intended to be claimed. The claims, descriptions and
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diagrams of the compositions, methods, systems, and assays of the present disclosure should not

be read as limited to the described order of elements unless stated to that effect.

-45.



WO 2022/261209 PCT/US2022/032679

What is claimed is:

1. An adeno-associated virus (AAV) comprising an AAV capsid protein and a transgene
encoding a full-length Merlin protein (e.g. Isoform 1 of Merlin or Isoform 2 of Merlin) or one, or
more, active fragments thereof, such as, but not limited to, residues 1-359 of Isoform 1 of
Merlin, residues 1-313 of Isoform 1 of Merlin, residues 1-219 of Isoform 1 of Merlin, residues 1-
73 of Isoform 1 of Merlin, residues 312-595 of Isoform 1 of Merlin, residues 479-595 of Isoform

1, residues 503-595 of Isoform 1 of Merlin, or combination thereof.

2. The AAV of claim 1, wherein the transgene is within AAV inverted terminal repeats.

3. The AAV of claims 1 or 2, wherein the transgene is operably linked to regulatory

sequences which direct expression of the heterologous gene in a host cell.

4. The AAV of claim 3, wherein the regulatory sequences comprise a promoter.

5. The AAV of claim 4, wherein the promoter is a constitutive or tissue specific promoter,
such as, but not limited to, a neuron or neuronal tissue specific promoter, including, but not

limited to, those provided for herein.

6. The AAV of claim 5, wherein the promoter is a CAG promoter, a CMV promoter, CBA

promoter, or an SV40 promoter.

7. The AAV of any of the preceding claims, wherein the capsid protein is an AAV9 capsid

protein.

8. The AAV of claim 7, wherein the AAV9 capsid protein comprises a protein having the
amino acid sequence of’

amino acid residues 1 to 736 of SEQ ID NO: 3;

amino acid residues 138 to 736 of SEQ ID NO: 3; or

amino acid residues 203 to 736 of SEQ ID NO: 3.
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9. The AAV of claim 7, wherein the AAV9 capsid comprises an amino acid sequence that is
at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to amino acid residues 203 to
736 of SEQ ID NO: 3.

10.  The AAV of any of the preceding claims, wherein the Merlin protein encoded by the
transgene comprises a sequence that is at least 90%, 95%, 96%, 97%, 98%, or 99% identical or

homologous to a sequence of SEQ ID NO: 1 or SEQ ID NO: 8.

11.  The AAV of any of the preceding claims, wherein the Merlin protein encoded by the
transgene comprises a sequence of SEQ ID NO: 1 or SEQ ID NO: 8, or an active fragment
thereof.

12.  The AAV of any of the preceding claims, wherein the transgene comprises a nucleic acid
molecule encoding a protein comprising the sequence of SEQ ID NO: 1 of SEQ ID NO: 8, or an

active fragment thereof.

13.  The AAV of claim 12, wherein the nucleic acid molecule encoding the Merlin protein
comprises a nucleic acid sequence of SEQ ID NO: 2, SEQ ID NO: 9, or a codon optimized

version of each of the foregoing.

14. The AAV of claim 2, wherein the AAV inverted terminal repeats are AAV-2 inverted

terminal repeats.

15. The AAV of claim 14, wherein an AAV2 inverted terminal repeat comprises a sequence

of SEQ ID NO: 4.

16.  The AAV of any of the preceding claims, wherein the AAV comprises a nucleic acid

molecule stuffer sequence upstream of the transgene and downstream of the 5” (left) AAV ITR.

17. The AAV of claim 16, wherein the stuffer sequence comprises a sequence of SEQ ID
NO: 6.
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18.  The AAV of any of the preceding claims, wherein the AAV comprises a nucleotide
intron sequence that is downstream of the transgene and upstream of the right (3’) AAV (e.g,,

AAV2) ITR.

19. The AAV of claim 18, wherein the intron sequence is a HPRE sequence.

20.  The AAV of claim 19, wherein the HPRE sequence comprises a sequence of SEQ ID
NO: 5.

21. A composition comprising the AAV of any one of claims 1-20 and a physiologically

compatible carrier.

22. A pharmaceutical composition comprising the AAV of any one of claims 1-20 and a

pharmaceutically acceptable carrier.
23. A method of delivering a Merlin protein to a cell, the method comprising the step of
contacting the cell with the AAV of any one of claims 1-20 or the composition of claims 21 or

22.

24. A method of treating a subject with NF2, the method comprising administering to the
subject with NF2 the AAV of any one of claims 1-20 or the composition of claims 21 or 22,

25. The method of claim 24, wherein the administration is intraventricular, intracisternal,

intrathecal, intrastriatal, intrapleural, intramuscular, intravitreal, intravenous, or intratumoral.

26. A method of inhibiting the growth of a schwannoma, a meningioma, or an ependymoma
in a subject, the method comprising administering to the subject the AAV of any one of claims 1-
20 or the composition of claims 21 or 22.

27. The method of claim 26, wherein the subject is a subject with NF2 or NF2 deficiency
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disorder, such as schwannomatosis.

28. The method of claim 26, wherein the administration is intrathecal, intravenous,

intraventricular, intrastriatal, intrapleural, intramuscular, intracisternal, or intratumoral.

29. A method of preventing the growth or formation of a schwannoma, ependymoma or a
meningioma in a subject, the method comprising administering to the subject the AAV of any

one of claims 1-20 or the composition of claims 21 or 22.

30. The method of claim 29, wherein the subject is a subject with NF2 or NF2 deficiency

disorder, such as schwannomatosis.

31. The method of claim 30, wherein the administration is intrathecal, intravenous,

intracisternal, or intratumoral.

32. A method of treating a subject with a disorder, or at risk of a disorder, associated with
merlin deficiency (e.g., neurofibromatosis type 2, schwannomatosis, or a cancer), the method
comprising administering to the subject the AAV of any one of claims 1-20 or the composition

of claims 21 or 22.

33. The method of claim 32, wherein the disorder is neurofibromatosis type 2,

schwannomatosis, schwannomas (e.g., vestibular schwannomas); a cancer (e.g., a hematological

cancer (e.g., juvenile myelomonocytic leukemia), a leukemia (e.g., adult acute lymphoblastic

leukemia, childhood acute lymphoblastic leukemia, adult acute myeloid leukemia, childhood acute

myeloid leukemia, chronic lymphocytic leukemia, chronic myelogenous leukemia, or hairy cell

leukemia); a lymphoma (e.g., AIDS-related lymphoma, cutaneous T-cell lymphoma, adult

hodgkin lymphoma, childhood hodgkin lymphoma, adult non-hodgkin lymphoma, childhood non-

hodgkin lymphoma, primary central nervous system lymphom, sézary syndrome, cutaneous T-cell

lymphoma, cutaneous waldenstrom macroglobulinemia); a chronic myeloproliferative disorder;

langerhans cell histiocytosis; multiple myeloma/plasma cell neoplasm; a myelodysplastic

syndrome; a myelodysplastic/myeloproliferative neoplasm); an ovarian cancer (e.g., ovarian
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serous carcinoma); breast cancer, invasive breast carcinoma; or a neurocutaneous disorder; (e.g.,
mesothelioma, peritoneal mesothelioma, skin squamous cell carcinoma, cancer of the urinary tract,
thyroid cancer, stomach cancer, schwannoma, renal cell carcinoma, cancer of the pituitary, ovarian
cancer, meningioma, melanoma, lung cancer (e.g., squamous cell carcinoma, non-small cell lung
cancer, mixed lung cancer, lung adenocarcinoma), liver cancer, large intestine cancer,
hepatocellular carcinoma, acute myelogenous leukemia (AML), aerodigestive tract cancer
(squamous cell carcinoma), bladder cancer, bone cancer (e.g., bone sarcoma), colorectal
carcinoma, ependymoma, colorectal carcinoma, endometrium (mixed adenosquamous
carcinoma), or a glioma, or cataracts, retinal detachment, damage to the nerves of the eye,
papilledema (optic disc edema), ocular migraine (retinal migraine), retinitis pigmentosa (RP)
(retinal degeneration), combined hamartoma of the retina and RPE, retinal microaneurysms,
epiretinal membrane conjunctivitis, physiopedia (severe dry eyes), nystagmus-oscillopsia (ocular

flutter/cross), diplopia (double vision), or gaze-evoked tinnitus (GET).

34. The method of any of claims 23-33, wherein the AAV is administered at least every 6
months, 9 months, 12 months, 15 months, 18 months, 21 months, 2 years, three years, four years,

five years, six years, or more.
35.  The method of any of claims 23-34, wherein the AAV is administered intravenously,
intradermally, subcutaneously, intrathecally, systemically, intracisternally, intraventricularly,

intraparnchymally, intrapleurally, intrastriatally, intramuscularly, intravitreally, or locally.

36. A nucleic acid molecule comprising a sequence that is at least 90%, 95%, 96%, 97%,

98%, or 99% identical, or is identical, to SEQ ID NO: 2.

37. The nucleic acid molecule of claim 30, wherein the nucleic acid molecule is an isolated

nucleic acid molecule.

38. The nucleic acid molecule of claims 36 or 37, wherein the nucleic acid molecule

comprises a sequence of SEQ ID NO: 2.
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39.  The nucleic acid molecule of any one of claims 36-39, wherein the nucleic acid molecule

comprises AAV inverted terminal repeats.

40. The nucleic acid molecule of claim 39, wherein the sequence of SEQ ID NO: 2 is bound

within the AAV inverted terminal repeats.

41. The nucleic acid molecule of claims 39 or 40, wherein the AAV inverted terminal repeats

are AAV?2 inverted terminal repeats.

42. The nucleic acid molecule of claim 41, wherein one of the AAV2 inverted terminal

repeat (e.g., the 3> AAV ITR) comprises a sequence of SEQ ID NO: 4.

43.  The nucleic acid molecule of any one of claims 36-42, wherein the nucleic acid
comprising SEQ ID NO: 2 is operably linked to regulatory sequences which direct expression of
the protein encoded by SEQ ID NO: 2.

44, The nucleic acid molecule of claim 44, wherein the regulatory sequences comprises a
promoter.
45. The nucleic acid molecule of claim 44, wherein the promoter is a constitutive promoter or

a tissue specific promoter.

46. The nucleic acid molecule of claims 37 or 38, wherein the promoter is a CAG promoter, a

CMYV promoter, or an SV40 promoter.
47.  The nucleic acid molecule of any one of claims 36-46, wherein the nucleic acid molecule
comprises a stuffer sequence upstream of SEQ ID NO: 2 transgene and downstream of the 5’

(left) AAV ITR.

48. The nucleic acid molecule of claim 47, wherein the stuffer sequence comprises a

sequence of SEQ ID NO: 6.
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49.  The nucleic acid molecule of any one of claims 36-48, wherein the nucleic acid molecule
comprises a nucleotide intron sequence that is downstream of SEQ ID NO: 2 and upstream of the

right (3’) AAV (e.g. AAV2) ITR.

50.  The nucleic acid molecule of claim 49, wherein the intron sequence is a HPRE intron
sequence.
51. The nucleic acid molecule of claim 50, wherein the HPRE intron sequence comprises a

sequence of SEQ ID NO: 5.

52.  The nucleic acid molecule of any one of claims 36-51, wherein the molecule is a plasmid.
53. A composition comprising the nucleic acid molecule of any one of claims 36-52 and a
carrier.

54.  The composition of claim 53, wherein the carrier is a transfection reagent.

55. A method of producing an AAV particle of any one of claims 1-20, the method
comprising contacting (e.g. transfecting or electroporating) a cell with a nucleic acid molecule of
any one of claims 36-52 or the composition of claims 53 or 54 to produce the AAV.

56. The method of claim 55, wherein the cell is of an AAV packaging cell line.

57. The method of claim 56, wherein the AAV packaging cell line is an AAV9 packaging

cell line.

58. A cultured host cell comprising a recombinant nucleic acid molecule encoding an AAV

capsid protein and a recombinant nucleic acid molecule encoding Merlin protein.

59. The cell of claim 58, wherein the capsid protein is the AAV9 capsid protein.
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60. The cell of claims 58 or 59, wherein the nucleic acid molecule encoding the capsid
protein encoding a protein that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99%
identical, or is identical, to a protein having the amino acid sequence of: amino acid residues 1 to
736 of SEQ ID NO: 3; amino acid residues 138 to 736 of SEQ ID NO: 3; or amino acid residues
203 to 736 of SEQ ID NO: 3.

61.  The cell of anyone of claims 58-60, wherein the recombinant nucleic acid molecule
encoding the Merlin protein encodes a protein that is at least 90%, 95%, 96%, 97%, 98%, or 99%
identical or homologous, or is identical, to a sequence of SEQ ID NO: 1, SEQ ID NO: 8, or an

active fragment thereof.

62.  The cell of anyone of claims 58-61, wherein the recombinant nucleic acid molecule
encoding the Merlin protein encodes a protein that comprises a sequence of SEQ ID NO: 1, SEQ
ID NO: 8, or an active fragment thereof.

63.  The cell of anyone of claims 58-62, wherein the recombinant nucleic acid molecule
encoding the Merlin protein comprises a sequence that is at least 90%, 95%, 96%, 97%, 98%, or

99% identical to SEQ ID NO: 2 or SEQ ID NO: 9.

64.  The cell of anyone of claims 58-63, wherein the recombinant nucleic acid molecule

encoding the Merlin protein comprises a sequence of SEQ ID NO: 2 of SEQ ID NO: 9.

65.  The cell of anyone of claims 58-64, wherein the recombinant nucleic acid molecule is a

plasmid.
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FIG. 1
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FIG. 2

pAV-CAG-Merlin-V2 vector map
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FIG. 3
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FIG. 4

AAV9-CAG-eGFP
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FIG. 6

eGFP in Postn-Cre;Nf2fiox/flox Mouse (2 m.o.)
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FIG. 8
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FIG.9

[ehicken beta~actin promoter)

AsiSI - Pvul
_PspGME
Apal
Nl
:ACCGSI
~ Kpnl

~ PFIFE - TEh111X

20211015 pAAV_CAG_Merlin Kan
5398 bo

R ~ BbwCI
Acll—
~ BgiIl
PluTl
sfol~, %
Marl -
3, XmnI
Mral - Sgral

3 -~
AN
, Fspl
B \ ShI
R \ AR
BspDI - Clal h BstAPI
Bsal
R=ril /
BamHI
m XcmIE
Sphi PaeR7I - PspXI - Xhol

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

-PCT/US22/32679

A. CLASSIFICATION OF SUBJECT MATTER

IPC - INV.CO7K 14/075; C12N 15/86; A61K 48/00 (2022.01)
ADD.
INV. AG1K 48/0058; CO7K 14/075; C12N 15/86

CPC -

ADD. C12N 2750/14141; C12N 2750/14143; C12N 2830/85

B.  FIELDS SEARCHED

According to International Patent Classification (IPC) or to both national classification and IPC

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the intemnational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2017/189959 A1 (VOYAGER THERAPEUTICS. INC.) 02 November 2017; Title; claim 1; 1-6, 14, 58-60
— paragraphs [0094] and [00146] -—

A 15
Y US 2014/0128434 A1 (AUGER KURT R.) 08 May 2014; Abstract; Figure 1B; paragraph [0003] | 1-6, 14, 58-80
A 15
A WO 2017/191274 A2 (CUREVAC AG) 09 November 2017; SEQ ID 33,541 36.
A WO 2020/012149 A1 (UCL BUSINESS LTD) 16 January 2020; SEQ ID 10, page 9, line 10 15
Y US 2007/0036760 A1 (WILSON JAMES) 15 February 2007; SEQ ID 123 60
A L. MEI. "Construction of high-efficiency baculovirus expression vector and its expression in 15
chicken cells” . National Center for Biotechnology Information. Retrieved From The Web: [URL:
Https:/fwww.ncbi.nlm.nih.gov/nucleotide/GQ202120.1]. 04 July 2009; pages 1-3
A GENBANK. "XM_036353684.1" . National Center for Biotechnology Information. Retrieved 36
From The Web: [URL: Https://www.ncbi.nim.nih.gov/nucleotide/’XM_036353684.1]. 30
September 2020; pages 1-3
A GENBANK. "XM_036353685.1" . National Center for Biotechnology Information. Retrieved 36
From The Web: [URL: Https://www.ncbi.nim.nih.gov/nucleotide/XM_036353685.1). 30
September 2020; pages 1-3

D Further documents are listed in the continuation of Box C.

I:] See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“Q” documentreferring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed .

“T”  later document published after the international filing date or riority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

23 August 2022 (23.08.2022)

Date of mailing of the international search report

0CT 14 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571.273-8300

Authorized officer
Shane Thomas

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US22/32679

Box No. I Nucleotide and/or amino acid sequence(s) (Continunation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:
a. E] forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
EI on paper or in the form of an image file.
b. |—_—] furnished together with the international application under PCT Rule 13/er1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.
c. furnished subsequent to the international filing date for the purposes of international search only:
|XI in the form of an Annex C/ST.25 text file (Rule 13zer:1(a)).
I:I on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. [:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as

filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

An "Invitation to Furnish Nucleotide and/or Amino Acid Sequence Listing and to Pay, Where Applicable, Late Furnishing Fee" (Form
PCT/ISA/225), was mailed on 27 June 2022 (27.06.2022). The sequence listing filed with the 1ISA/US on 26 July 2022 (26.07.2022) in
response to the Form PCT/ISA/225 was defective. Therefore, the international search was carried out only to the extent possible without a

sequence listing.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US22/32679

Box No. Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

L. I:I Claims Nos..
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.: -

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

3. Claims Nos.: 7-13, 16-35, 37-57, 61-65
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:

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

0

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: P

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - wo-search-report
	Page 66 - wo-search-report
	Page 67 - wo-search-report

