a9y United States
12y Patent Application Publication o) Pub. No.: US 2024/0009247 Al

Cherqui et al.

US 20240009247A1

43) Pub. Date: Jan. 11, 2024

(54)

(71)

(72)

(21)

(22)

(62)

(60)

Crystal coverage (%)

METHODS OF TREATING LYSOSOMAL
DISORDERS

Applicant: The Regents of the University of
California, Oakland, CA (US)

Inventors: Stephanie Cherqui, La Jolla, CA (US);
Eric Adler, La Jolla, CA (US); Sylvia
Evans, La Jolla, CA (US)

Appl. No.: 18/342,642
Filed: Jun. 27, 2023

Related U.S. Application Data

Division of application No. 16/493,573, filed on Sep.
12, 2019, now Pat. No. 11,806,367, filed as applica-
tion No. PCT/US2018/022598 on Mar. 15, 2018.

Provisional application No. 62/471,741, filed on Mar.
15, 2017, provisional application No. 62/507,713,
filed on May 17, 2017.

v SN OW

-
d
. ) H§GH
N N 1
- "
r
d
d
.
"
1
d
d
d
.
"
d
d
[
u
L)
d
[
[
1
L]
d
‘‘‘‘‘‘‘‘‘‘‘
.
ﬂ . .‘.
s
P A Y RN ‘I‘I L AL AL L N 1_-.
+1.4.+++||rl|.+a.l-il_"'x;ll_ E W+ 5k L 444
R T R R ‘lt::.t‘l‘ '.-i*:‘ hhhhh RN
g L R e L e 1.:'.‘-_‘ L A e e e
' :‘!il-*'al'\"lll-‘rli:"l;:‘_'ll:l ..'\ "'l.:'l .'r" l‘!t y ".:' ‘‘‘‘‘‘‘‘‘‘ 1
' ﬁhl'll-.ibihihh"rli'rl'll '-ll":l.-'l ‘*:':I £y .“". 'h-_:h‘ I-I.Ib'a'.ﬁ'.l
“ ) J.." ‘‘‘‘‘‘‘‘‘‘ - *‘:"‘ITI.*J "'l-“'l-"l 1‘: "l-" L] "'l.“'l"'q,"l.":. "'1"4
W T g i"i:hl:'l o] "'l-"‘t_" ‘:‘t -"l:an;:: '-l:'!q: l-"'q_"‘l:'rh-"i ]
1 *|-|'ﬁ1hl'.Ii.I,‘_lb.l‘I-l_.Hl.l_“ﬁ_‘l.‘ " l_tl_ . ! _‘:‘.l.‘ _‘_:lil.‘l-l'il X
4 % 4 A EE YT LA LY, R ETNA4EFN
kRO E N RS "'l"' . :‘I“_
L AT

a L
lllll
i ik
LRI e T R A R G
1 L}
uuuuuuuu
_____
="}
______
. L a" T
iiiiiiiiiiii
A, N T
.........
lllllllllllllllllllllllllll
iiiiiiiiiiiiiii

A WMok N R iw =
[+ % % A FFE 4 EFELR 3 EFFEY 4 RN
------

-

lllllllllllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

|||||||||||||||||||

-------------
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

e T L T R T L T T

llllllllllllllllllllllllllll
........

llllllllllllllllllllllllllllllll
llllllllllllllllllll

Publication Classification

(51) Int. CL.

A6IK 35/28 (2006.01)
A6IP 3/00 (2006.01)
A6IK 35/14 (2006.01)
CO7K 14/705 (2006.01)
CI2N 15/86 (2006.01)

(52) U.S. CL
CPC ..oocoveenn.. AGIK 35/28 (2013.01); AGIP 3/00

(2018.01); AG6IK 35/14 (2013.01); CO7K
14/705 (2013.01); CI2N 15/86 (2013.01):

A61IK 38/00 (2013.01)

(57) ABSTRACT

Provided herein are methods for treating a lysosomal trans-
membrane protein disease or disorder through ex vivo
introduction of a nucleic acid molecule into hematopoietic
stem and progenitor cells (HSPCs) followed by transplan-
tation of the HSPCs into a subject 1n need of treatment. Also
provided are vectors containing the nucleic acid molecule.

Specification includes a Sequence Listing.
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METHODS OF TREATING LYSOSOMAL
DISORDERS

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application 1s a divisional application of U.S.
Ser. No. 16/493,573, filed Sep. 12, 2019, which 1s a US
national phase application under 35 U.S.C. § 371 of Inter-
national Patent Application No. PCT/US2018/022598, filed
Mar. 15, 2018, which claims the benefit of priority under 35
U.S.C. § 119(e) of U.S. Ser. No. 62/4771,741, filed Mar. 15,
2017, and of U.S. Ser. No. 62/507,713, filed May 17, 2017,
the entire content of each of which 1s incorporated herein by
reference.

GRANT INFORMAITION

[0002] This invention was made with government support

under Grant Nos. DK090038 and HLL107755 awarded by the
National Institutes of Health. The United States government
has certain rights in the mvention.

SEQUENCE LISTING

[0003] The nstant application contains a Sequence Listing
which has been submitted electronically 1n ASCII format

and 1s hereby incorporated by reference 1n 1ts entirety. Said
ASCII copy, created on Mar. 15, 2018, 1s named 20378-

201753 _SL.txt and 1s 109 kilobytes in size.

BACKGROUND OF THE INVENTION

Field of the Invention

[0004] The mnvention relates generally to lysosomal dis-
cases associated with dystunctional transmembrane lyso-
somal proteins and more specifically to treatment of such
diseases with hematopoietic stem and progenitor cell

(HSPC) gene therapy.

Background Information

[0005] Lysosomal membrane proteins act at several cru-
cial steps of the lysosome life cycle, including lumen
acidification, metabolite export, molecular motor recruit-
ment and fusion with other organelles. Lysosomal storage
diseases are a group of mherited metabolic disorders that
result from defects 1n lysosomal function. Lysosomes are
sacs of enzymes within cells that digest large molecules and
pass the fragments on to other parts of the cell for recycling.
This process requires several critical enzymes. If one of
these enzymes 1s defective (for example, because of a
mutation), the large molecules accumulate within the cell,
eventually killing it.

[0006] Among the ~50 known lysosomal storage diseases,
several are caused by lysosomal membrane protein dysfunc-
tion. One such lysosomal membrane protein disease 1s
cystinosis, which 1s characterized by the abnormal accumu-
lation of the amino acid cystine 1n all cells of the body
leading to multi-organ failure. Cystinosis 1s caused by
mutations in the CTNS gene that codes for cystinosin, the
lysosomal membrane-specific transporter for cystine. Intra-
cellular metabolism of cystine, as i1t happens with all amino
acids, requires its transport across the cell membrane. After
degradation of endocytosed protein to cystine within lyso-
somes, 1t 1s normally transported to the cytosol. But if there
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1s a defect in the carrier protein, cystine 1s accumulated 1n
lysosomes. As cystine 1s highly mnsoluble, when 1ts concen-
tration 1n tissue lysosomes increase, 1ts solubility 1s imme-
diately exceeded and crystalline precipitates are formed 1n
almost all organs and tissues. Another example 1s Danon
disease, which 1s caused by mutations in the LAMP-2 gene,
a lysosomal transmembrane protein critical for autophagic
flux.

[0007] To date, there are no known cures or preventative
measures for such lysosomal diseases, with current therapies
being directed to treating the associated symptoms. Thus,
there 1s a need 1n the art for alternative or improved methods
for treating lysosomal diseases/disorders.

SUMMARY OF THE INVENTION

[0008] Accordingly, in one aspect, the invention provides
a method of treating a lysosomal transmembrane protein
disease or disorder 1n a subject. The method includes intro-
ducing a corresponding functional human lysosomal trans-
membrane protein into hematopoietic stem and progenitor
cells (HSPCs) of the subject, and transplanting the HSPCs
into the subject, thereby treating the lysosomal transmem-
brane protein disease or disorder. Thus, when the lysosomal
transmembrane protein disease or disorder 1s cystinosis, the
corresponding functional human lysosomal transmembrane
protein 1s cystinosin (CTNS); the lysosomal transmembrane
protein disease or disorder 1s Salla disease or infantile sialic
acid storage disorder, the corresponding functional human
lysosomal transmembrane protein 1s sialin (SLC17AS5); the
lysosomal transmembrane protein disease or disorder 1is
Cobalamin F-type disease, the corresponding functional
human lysosomal transmembrane protein 1s LMBDI; the
lysosomal transmembrane protein disease or disorder 1s late
infantile neuronal ceroid lipofuscinosis, the corresponding
functional human lysosomal transmembrane protein 1is
CLN7; the lysosomal transmembrane protein disease or
disorder 1s juvenile neuronal ceroid lipofuscinosis, the cor-
responding functional human lysosomal transmembrane
protein 1s Battemin (CLN3); the lysosomal transmembrane
protein disease or disorder 1s malignant infantile osteopetro-
s1s, the corresponding functional human lysosomal trans-
membrane protemn 1s C1C-7 or OSTMI; the lysosomal
transmembrane protein disease or disorder 1s mucolipidosis
IV, the corresponding functional human lysosomal trans-
membrane protein 1s TRPML-1; the lysosomal transmem-
brane protein disease or disorder 1s mucopolysaccharidosis
type IIIC, the corresponding functional human lysosomal
transmembrane protein 1s HGSNAT; the lysosomal trans-
membrane protein disease or disorder 1s Neiman-Pick Type
C, the corresponding functional human lysosomal trans-
membrane protein 15 NPC-1; and the lysosomal transmem-
brane protein disease or disorder i1s Danon disease, the
corresponding functional human lysosomal transmembrane

protein 1s LAMP?2.

[0009] In various embodiments, the step of introducing
may include contacting a vector comprising a polynucle-
otide encoding functional human lysosomal transmembrane
protein and a functional promoter with the HSPCs and
allowing expression of the functional human lysosomal
transmembrane protein. In various embodiments, the lyso-
somal transmembrane protein disease or disorder 1s cysti-
nosis and the functional human lysosomal transmembrane
protein 1s CTNS. In various embodiments, the lysosomal
transmembrane protein disease or disorder 1s Danon disease
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and the functional human lysosomal transmembrane protein
1s LAMP2. The LAMP2 may be an 1soform selected from

the group consisting of LAMP-2A, LAMP-2B, LAMP-2C.
The subject may be a mammal, such as a human. In various
embodiments, the vector 1s a viral vector selected from the
group consisting of a lentiviral, adenoviral, and AAV vector.
In various embodiments, the vector 1s a lentiviral vector. In
various embodiments, the vector 1s an adenoviral vector. In
various embodiments, the vector 1s an AAV vector. In
various embodiments, the vector 1s a self-inactivating (SIN)-
lentivirus vector, such as pCCL-CTNS or pCCL-LAMP2. In
various embodiments, the step of introducing 1s performed
ex vivo. In various embodiments, the HSPCs are 1solated
from the bone marrow of the subject.

[0010] Inanother aspect, the present invention provides an
expression cassette comprising a promoter functionally
linked to a transgene encoding a functional human lyso-

somal transmembrane protein selected from the group con-
sisting of CTNS, SLC17A5, LMBRDI1, CLN7, CLN3,

CLC-7, OSTM1, TRPML1, HGSNAT, NPC1, and LAMP?2.
Also provided are a vector, such as a self-mnactivating
(SIN)-lentivirus vector, that includes a promoter function-
ally linked to a polynucleotide encoding a functional human
lysosomal transmembrane protein selected from the group
consisting of CTNS, SLC17A5, LMBRDI1, CLN7, CLN3,
CLC-7, OSTM1, TRPML1, HGSNAT, NPC1, and LAMP?2.
In various embodiments, the functional human lysosomal
transmembrane protein 1s CINS. In various embodiments,
the functional human lysosomal transmembrane protein 1s

LAMP?2.

[0011] In another aspect, the present invention provides a
method of treating or ameliorating a lysosomal protein
disease or disorder 1n a subject. The method includes 1so-
lating hematopoietic stem and HSPCs cells from a subject’s
bone marrow, mtroducing a functional human lysosomal
transmembrane gene into the HSPCs, wherein the gene
encodes a protein corresponding to the lysosomal protein
disease or disorder, and transplanting the HSPCs back into
the subject, thereby treating or ameliorating the lysosomal
protein disease or disorder. Thus, when the lysosomal trans-
membrane protein disease or disorder 1s cystinosis, the
functional human lysosomal transmembrane gene 1s CTNS;
the lysosomal transmembrane protein disease or disorder 1s
Salla disease or infantile sialic acid storage disorder, the
functional human lysosomal transmembrane gene 1is
SLC17A5; the lysosomal transmembrane protein disease or
disorder 1s Cobalamin F-type disease, the functional human
lysosomal transmembrane gene 1s LMBRD1; the lysosomal
transmembrane protein disease or disorder 1s late infantile
neuronal ceroid lipofuscinosis, the functional human lyso-
somal transmembrane gene 1s MFSDS; the lysosomal trans-
membrane protein disease or disorder 1s juvenile neuronal
ceroid lipofuscinosis, the functional human lysosomal trans-
membrane gene 1s CLN3; the lysosomal transmembrane
protein disease or disorder 1s malignant infantile osteopetro-
s1s, the functional human lysosomal transmembrane gene 1s
CLCN7 or OSTM1; the lysosomal transmembrane protein
disease or disorder 1s mucolipidosis 1V, the functional
human lysosomal transmembrane gene 1s MCOLNI; the
lysosomal transmembrane protein disease or disorder is
mucopolysaccharidosis type IIIC, the functional human
lysosomal transmembrane gene 1s HGSNAT; the lysosomal
transmembrane protein disease or disorder 1s Neiman-Pick
Type C, the functional human lysosomal transmembrane
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gene 1s NPC1; and the lysosomal transmembrane protein
disease or disorder 1s Danon disease, the functional human
lysosomal transmembrane gene 1s LAMP2.

[0012] In various embodiments, the HSPCs are CD34+
cells. In various embodiments the lysosomal protein disease
or disorder 1s cystinosis and the functional human lysosomal
transmembrane gene 1s CINS. In various embodiments, the
lysosomal protein disease or disorder 1s Danon disease and
the functional human lysosomal transmembrane gene 1s
LAMP2. In various embodiments, the step of introducing
the functional human CTNS gene 1nto the HSPCs includes
using a vector, such as a viral vector. In various embodi-
ments, the vector 1s a viral vector selected from the group
consisting of a lentiviral, adenoviral, and AAV vector. In
various embodiments, the level of cystine in the eye, skin,
leukocytes, parenchymal tissue or gastrointestinal tract of
the subject 1s reduced following treatment. In various
embodiments, the dosage is about 1.0x10° to 5.0x10° cells/
kg, such as 2.5x10° cells/kg, administered as a single dose.

[0013] The subject may be on cysteamine therapy, such as
oral cysteamine therapy, prior to treatment. The dose admin-
istration may be intravenous. In various embodiments, cys-
tine or cystine crystals are measure in the eye, skin, leuko-
cytes, parenchymal tissue and/or gastrointestinal tract prior
to and/or following treatment. In various embodiments,
cystine or cystine crystals are measured 1n the eye prior to
and/or following treatment. In various embodiments, cystine
crystals are measured using in vivo confocal microscopy. In
various embodiments, cystine levels may be measured prior
to, during and/or following treatment. In various embodi-
ments, cystine levels are measured using biological samples,
such as blood, rectal biopsies, or buccal mucosa. In various
embodiments, cystine levels are measured from rectal biop-
S1€S.

[0014] In another aspect, the present invention provides a
method of treating or ameliorating a lysosomal protein
disease or disorder in a subject. The method includes pro-
ducing a functional human lysosomal transmembrane gene
in the subject using gene editing. Thus, when the lysosomal
transmembrane protein disease or disorder 1s cystinosis, the
functional human lysosomal transmembrane gene 1s CTNS;
the lysosomal transmembrane protein disease or disorder 1s
Salla disease or infantile sialic acid storage disorder, the
functional human Ilysosomal transmembrane gene 1s
SLC17A5; the lysosomal transmembrane protein disease or
disorder 1s Cobalamin F-type disease, the functional human
lysosomal transmembrane gene 1s LMBRD1; the lysosomal
transmembrane protein disease or disorder 1s late infantile
neuronal ceroid lipofuscinosis, the functional human lyso-
somal transmembrane gene 1s MFSDS; the lysosomal trans-
membrane protein disease or disorder 1s juvenile neuronal
ceroid lipofuscinosis, the functional human lysosomal trans-
membrane gene 1s CLN3; the lysosomal transmembrane
protein disease or disorder 1s malignant infantile osteopetro-
s1s, the Tunctional human lysosomal transmembrane gene 1s
CLCN7 or OSTM1; the lysosomal transmembrane protein
disease or disorder 1s mucolipidosis IV, the functional
human lysosomal transmembrane gene 1s MCOLNI; the
lysosomal transmembrane protein disease or disorder is
mucopolysaccharidosis type IIIC, the functional human
lysosomal transmembrane gene 1s HGSNAT; the lysosomal
transmembrane protein disease or disorder 1s Neiman-Pick
Type C, the functional human lysosomal transmembrane
gene 1s NPC1; and the lysosomal transmembrane protein
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disease or disorder 1s Danon disease, the functional human
lysosomal transmembrane gene 1s LAMP2.

[0015] In another aspect, the present invention provides a
method of treating or ameliorating a lysosomal protein
disease or disorder in a subject. The method includes con-
tacting cells expressing a defective lysosomal transmem-
brane protein from the subject with a vector encoding a gene
editing system that, when transfected into the cells, removes
a trinucleotide extension mutation of the gene encoding the
endogenous lysosomal transmembrane protein, thereby
treating the lysosomal protein disease or disorder. Thus,
when the lysosomal transmembrane protein disease or dis-
order 1s cystinosis, the lysosomal transmembrane protein 1s
cystinosin (CTNS); the lysosomal transmembrane protein
disease or disorder 1s Salla disease or infantile sialic acid
storage disorder, the lysosomal transmembrane protein 1s
sialin (SLC17A3S); the lysosomal transmembrane protein
disease or disorder 1s Cobalamin F-type disease, the lyso-
somal transmembrane protein 1s LMBDI1; the lysosomal
transmembrane protein disease or disorder 1s late infantile
neuronal ceroid lipofuscinosis, the lysosomal transmem-
brane protein 1s CLN7; the lysosomal transmembrane pro-
tein disease or disorder 1s juvenile neuronal ceroid lipofus-
cinosis, the lysosomal transmembrane protein i1s Battenin
(CLN3); the lysosomal transmembrane protein disease or
disorder 1s malignant infantile osteopetrosis, the lysosomal
transmembrane protein 1s C1C-7 or OSTMI1; the lysosomal
transmembrane protein disease or disorder 1s mucolipidosis
IV, the lysosomal transmembrane protein 1s TRPML-1; the
lysosomal transmembrane protein disease or disorder is
mucopolysaccharidosis type I1IC, the lysosomal transmem-
brane protein 1s HGSNAT; the lysosomal transmembrane
protein disease or disorder 1s Neiman-Pick Type C, the
lysosomal transmembrane protein 1s NPC-1; and the lyso-
somal transmembrane protein disease or disorder 1s Danon
disease, the lysosomal transmembrane protein 1s LAMP2.
[0016] In various embodiments, the gene editing system 1s
selected from the group consisting of CRISPR/Cas, zinc
finger nucleases, engineered meganucleases, ARCUS, and
transcription activator-life eflector nucleases. In various
embodiments, the step of contacting comprises administer-
ing to the subject an eflective amount of the vector. In
vartous embodiments, the step of contacting comprises
obtaining a sample of cells from the subject, transiecting the
gene editing system into the sample of cells, and thereaftter,
transplanting the transfected cells into the subject. In various
embodiments, the sample of cells 1s selected from the group
consisting of blood cells and HSPCs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1A-1D are pictorial diagrams showing his-
tological analyses of kidney sections of 15 months old
Ctns™~ mice. FIGS. 1A and 1B show the results from

hematoxylin & eosin staining revealing severe anomalies 1n
Ctns™~ mice (FIG. 1A) whereas HSC-transplanted Ctns™'~
mice exhibited only focal anomalies (FIG. 1B). FIGS. 1C
and 1D show the results of methylene blue staining revealed
the presence of abundant cystine crystals 1n the kidney of the
Ctns™~ mice (FIG. 1C) and very few in the treated Ctns™~
mice (FIG. 1D).

[0018] FIGS. 2A and 2B are pictonial and graphical dia-

grams showing cystine crystals in the cornea. FIG. 2A shows
lateral cornea IVCM representations of Ctns™~ controls and

LOW and HIGH HSC-transplanted mice. FIG. 2B shows
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surface crystal quantification within each layer of the full
[VCM cornea scans from both eyes of Ctns™~ controls and
transplanted (LOW and HIGH) mice. Error bars represent
SEM (* p<0.05, ** p<0.005).

[0019] FIG. 3 1s a graphical diagram showing the results
of a Thyroid study. Measure of cystine content (Leit panel)
and TSH level (Right panel) in Ctns™~ mice compared to
wild-type mice (WT) and Ctns™~ mice transplanted with
Ctns-expressing HSCs (grafted Ctns™).

[0020] FIG. 415 a pictonal and graphical diagram showing
the impact of HSC transplantation on gastrointestinal tract in
Ctns™~ mice. Left panel: Representative confocal picture of
the colon: abundant GFP-expressing HSC-derived cells can
be seen. Right panel: Cystine content 1n colon and intestine

in HSC-transplanted Ctns™~ mice compared to controls.
*p<0.05.

[0021] FIGS. 5A-5D are graphical and pictorial diagrams
showing TINT-mediated transfer of cystinosin 1s the pre-
terred mode of cross-correction. FIGS. SA and 5B show
histograms representing percent decrease 1n cystine content
in DsRed-Ctns™~ fibroblasts (recipient cells) when plated
together with contact co-culture assays (FIG. 5A) or sepa-
rated by 1-um port transwell filters from transwell assays
(FIG. 5B) either GFP-MSCs or GFP-macrophages (donor
cells) (N=4 replicates for each). Values are means+standard
deviations. *p<t0.05; **p<0.01; *** p<0.005. FIG. 5C
shows a confocal image of TNTs (arrowheads) extended
from GFP-macrophages to DsRed-Ctns™~ fibroblasts. FIG.
5D shows representative frames from a confocal movie
showing migration of cystinosin-GFP-contacting vesicles
via TNTs from a CITNS-GFP-expressing macrophage
towards Ctns™'~ fibroblasts (arrowheads). Bars: (FIG. 5C) 30
um; (FIG. 5D) 20 um.

[0022] FIGS. 6 A-6C are pictonial diagrams showing TNT-
mediated transfer in vivo, study of the kidney. FIG. 6A
shows confocal images of kidney from 8-month-old Ctns™~
mice at 6 months post-transplantation with GFPW'T HSPCs.
GFP 1s i green and laminin 1 red. PTCs (lumen, #) was
labeled by Lotus Tetragonobus-lectin (LT) (blue). FIGS.
6A-al, 6 A-a2, and 6A a3 show that eGFP-expressing HSC-
derived cells display numerous extensions. Arrowheads
indicate TBL crossing. Apoptotic PTC (*). FIG. 6A-a3
shows GFP-expressing green structures are located within
PTCs. FIGS. 6B-6D show Z-stack confocal images of
kidneys obtained from Ctns™~ mice transplanted with
DsRed-Ctns™~ HSPCs (control, FIG. 6B) or DsRed-Ctns ™"~
HPCs lentivirally transduced to express cystinosin-GFP and
stained for phalloidin (FIG. 6C). Cystinosin-GFP-containing
vesicles are abundant 1n the cytoplasm of PTCs (FIG. 6C).
FIGS. 6B and 6C show nuclei that are stained in blue
(DAPI). Scale bars: um (FIG. 6A), 10 um (FIGS. 6B and
6C).

[0023] FIG. 7 1s a pictorial diagram showing pCCL-CTNS
lentivirus vector structure. SIN-LTR=Self-inactivating long
terminal repeat; W=Psi1 sequence; RRE=rev responsive ele-
ment; cPPT=central polypurine tract; EFS=elongation factor
laa short; CITNS c¢DNA=human CTNS c¢DNA;
WPRE=woodchuck hepatitis post-transcriptional regulatory
clement.

[0024] FIGS. 8A-8D are graphical and pictorial diagrams

showing cystine and cystine crystal quantification 1n male
kidney. FIG. 8A shows cystine content in non-treated
Ctns™~ mice (KO) compared with treated with pCCL-
CTNS-HSCs. FIG. 8B shows quantification of cystine crys-
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tals on kidney sections stained with methylene blue. Abun-
dant cystine crystals were observed 1n kidney sections from

nontreated Ctns”~ mice (FIG. 8C) in contrast to
pCCLCTNS-treated mice (FIG. 8D). Error bars are defined

as Mean+SD, *P<0.05.

[0025] FIGS. 9A-9B are graphical diagrams showing the
results from 1 vivo toxicology studies. FIGS. 9A-1 and
9A-2 show body weight of Ctns™™ males (FIG. 9A-1) and
temales treated (FIG. 9A-2) with pCCL-CTNS-transduced
HSCs and mock treated. FIG. 9B shows cystine content 1n
tissues of Ctns™~ mice treated with pCCL-CTNS-trans-
duced HSCs and mock treated.

[0026] FIGS. 10A-10E are pictornial diagrams showing
LAMP2 expression in heart and skeletal muscle of WT-
HSPC-transplant recipients. FIGS. 10A-10C are images
showing LAMP2 expression 1n the hearts of WT (FI1G. 10A),
KO (FIG. 10B), and WT-HSPC ftransplanted showing
LAMP2 expressing vesicles 1n cardiomyocytes adjacent to
WT-GFP+ macrophages (FIG. 10C). Arrows demonstrate
RFP+ vacuoles. Western blots of heart (Figure and skeletal
muscle (FIG. 10E) lysates show near WT-level restoration of
LAMP2 expression in mice recipient of WIT-HSPC trans-
plant.

[0027] FIG. 11 1s a graphical diagram showing the results
of physiological assessment. Grip strength 1s rescued 1n
mice recipients of WI-HSPC compared to KO (untreated)
and KO-HSPC recipient mice. *p<0.05 vs. WT; #p<0.05 vs.
WI1-HSPC group.

[0028] FIGS. 12A-12D are pictorial and graphical dia-
grams showing rescue of increased autophagic flux follow-
ing W1 BMT. FIG. 12A shows representative EM 1mages of
the hearts of WT, KO, WT-HSPC transplanted, and KO-
HSPC transplanted mice. FIG. 12B shows quantification of
EM images demonstrating rescue of the accumulation of
AVs 1n WT-HSPC mice to near WT levels. FIGS. 12C and
12D show Western blots and results demonstrating
decreased LC-II/GAPDH levels in WIT-HSPC transplanted
mice vs. KO mice. *p<0.05 vs. WT; #p<0.05 vs. KO.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0029] The present invention 1s based, imn part, on the
finding that a self-inactivating (SIN)-lentivirus vector con-
taining the encoding human cystinosin (CTNS) or LAMP-2
cDNA and a functional promoter can be used to ex vivo
gene-corrected patients’ autologous hematopoietic stem and
progenitor cells (HSPCs), which can then be re-transplanted
in the patients to repopulate their bone marrow, which 1s a
reservoir of “healthy™ cells for the rest of the life of the
patients. These cells mobilize and integrate into the disease
tissues, brain, muscle, heart, leading to their rescue. While
autologous HSPCs are used in the illustrative examples
herein, one of skill 1n the art would recognize that other
HSPCs would be usetul as well (e.g., allogeneic).

[0030] Belore the present compositions and methods are
described, 1t 1s to be understood that this 1invention 1s not
limited to particular compositions, methods, and experimen-
tal conditions described, as such compositions, methods, and
conditions may vary. It 1s also to be understood that the
terminology used herein 1s for purposes of describing par-
ticular embodiments only, and 1s not intended to be limiting,
since the scope of the present mnvention will be limited only
in the appended claims.
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[0031] As used in this specification and the appended
claims, the singular forms *““a”, “an”, and “the” include plural
references unless the context clearly dictates otherwise.
Thus, for example, references to “the method” includes one
or more methods, and/or steps of the type described herein
which will become apparent to those persons skilled in the
art upon reading this disclosure and so forth.

[0032] The term “comprising,” which 1s used interchange-
ably with “including,” “containing,” or “characterized by,”
1s inclusive or open-ended language and does not exclude
additional, unrecited elements or method steps. The phrase
“consisting of” excludes any element, step, or ingredient not
specified 1n the claim. The phrase “consisting essentially of”
limits the scope of a claim to the specified maternials or steps
and those that do not materially aflect the basic and novel
characteristics of the claimed invention. The present disclo-
sure contemplates embodiments of the invention composi-
tions and methods corresponding to the scope of each of
these phrases. Thus, a composition or method comprising
recited elements or steps contemplates particular embodi-
ments 1n which the composition or method consists essen-
tially of or consists of those elements or steps.

[0033] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and matenals
similar or equivalent to those described herein can be used
in the practice or testing of the invention, the preferred
methods and materials are now described.

[0034] The term “subject” or “host organism,” as used
herein, refers to any individual or patient to which the
subject methods are performed. Generally the subject 1s
human, although as will be appreciated by those 1n the art,
the subject may be an animal. Thus other animals, including
mammals such as rodents (including mice, rats, hamsters
and guinea pigs), cats, dogs, rabbits, farm animals including
cows, horses, goats, sheep, pigs, etc., and primates (includ-
ing monkeys, chimpanzees, orangutans and gorillas) are
included within the definition of subject.

[0035] The term “biological sample,” refers to any sample
taken from a participant, including but not limited to cells,
blood, tissue, skin, urine, etc., or hair.

[0036] The term ““buccal mucosa,” refers to the mside
lining of the cheeks and floor of the mouth.

[0037] The term “therapeutically eflective amount” or
“effective amount” means the amount of a compound or
pharmaceutical composition that elicits the biological or
medical response of a tissue, system, animal or human that
1s being sought by the researcher, veterinarian, medical
doctor or other clinician. Thus, the term “‘therapeutically
cllective amount” 1s used herein to denote any amount of a
formulation that causes a substantial improvement in a
disease condition when applied to the aflected areas repeat-
edly over a period of time. The amount varies with the
condition being treated, the stage of advancement of the
condition, and the type and concentration of formulation
applied. Appropriate amounts in any given instance will be
readily apparent to those skilled in the art or capable of
determination by routine experimentation. In the context of
cystinosin, an example of a therapeutically eflective amount
of an agent, such as a population of hematopoietic stem cells
transduced, gene-edited, or otherwise modified to express a
human cystinosin transgene, 1s an amount suflicient to
reduce the quantity of cystine (e.g., crystalline cystine) in the

b
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lysosomes of a cell in the patient, such as a cell in the kidney,
liver, lung, spleen, muscle, brain, and/or heart.

[0038] A “dosage” or “dose” are defined to include a
specified size, frequency, or exposure level are included
within the definition.

[0039] A “therapeutic effect,” as used herein, encompasses
a therapeutic benefit and/or a prophylactic benefit as
described herein.

[0040] The terms “administration” or “administering’ are
defined to include an act of providing a compound or
pharmaceutical composition of the invention to a subject in
need of treatment. The phrases “parenteral administration”™
and “administered parenterally” as used herein means modes
of administration other than enteral and topical administra-
tion, usually orally or by injection, and includes, without
limitation, intravenous, intramuscular, intraarterial, intrath-
ecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular,
intra-articulare, subcapsular, subarachnoid, intraspinal and
infrasternal injection and infusion. The phrases “systemic
administration,” “administered systemically,” “peripheral
administration” and “administered peripherally” as used
herein mean the administration of a compound, drug or other
material other than directly into the central nervous system,
such that 1t enters the subject’s system and, thus, 1s subject
to metabolism and other like processes, for example, sub-
cutaneous administration.

[0041] If a viral vector specific for the cell type 1s not
available, the vector can be modified to express a receptor
(or ligand) specific for a ligand (or receptor) expressed on
the target cell, or can be encapsulated within a liposome,
which also can be modified to include such a ligand (or
receptor). A peptide agent can be mtroduced 1nto a cell by
various methods, including, for example, by engineering the
peptide to contain a protein transduction domain such as the
human immunodeficiency virus TAT protein transduction
domain, which can facilitate translocation of the peptide into
the cell. In addition, there are a variety of biomaterial-based
technologies such as nano-cages and pharmacological deliv-
ery walers (such as used 1n brain cancer chemotherapeutics)
which may also be modified to accommodate this technol-
0gy.

[0042] The viral vectors most commonly assessed for gene

transier are based on DNA-based adenoviruses (Ads) and
adeno-associated viruses (AAVs) and RNA-based retrovi-

ruses and lentiviruses. Lentivirus vectors have been most
commonly used to achieve chromosomal integration.

[0043] The term “parenchymal,” refers to the functional
parts of an organ, which sometimes includes structural parts
of the same and/or adjacent organ.

[0044] As used herein, the terms “reduce” and “inhibit”
are used together because it 1s recognized that, 1n some
cases, a decrease can be reduced below the level of detection
of a particular assay. As such, 1t may not always be clear
whether the expression level or activity 1s “reduced” below
a level of detection of an assay, or 1s completely “inhibited.”
Nevertheless, 1t will be clearly determinable, following a
treatment according to the present methods.

[0045] As used herein, “treatment” or “treating” means to
administer a composition to a subject or a system with an
undesired condition. The condition can include a disease or
disorder. “Prevention” or “preventing” means to administer
a composition to a subject or a system at risk for the
condition. The condition can include a predisposition to a
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disease or disorder. The effect of the administration of the
composition to the subject (either treating and/or preventing)
can be, but 1s not limited to, the cessation of one or more
symptoms of the condition, a reduction or prevention of one
or more symptoms of the condition, a reduction in the
severity of the condition, the complete ablation of the
condition, a stabilization or delay of the development or
progression of a particular event or characteristic, or mini-
mization of the chances that a particular event or character-
1stic will occur.

[0046] As used herein, the term “genetic modification” 1s
used to refer to any manipulation of an organism’s genetic
material 1n a way that does not occur under natural condi-
tions. Methods of performing such manipulations are known
to those of ordinary skill 1n the art and include, but are not
limited to, techmiques that make use of vectors for trans-
forming cells with a nucleic acid sequence of interest.
Included 1n the definition are various forms of gene editing
in which DNA 1s mserted, deleted or replaced in the genome
of a living organism using engineered nucleases, or
“molecular scissors.” These nucleases create site-specific
double-strand breaks (DSBs) at desired locations 1n the
genome. The induced double-strand breaks are repaired
through nonhomologous end-joming (NHEJ) or homolo-
gous recombination (HR), resulting in targeted mutations
(1.e., edits).

[0047] There are several families of engineered nucleases
used 1n gene editing, for example, but not limited to,
meganucleases, zinc finger nucleases (ZFNs), transcription
activator-like eflector-based nucleases (TALEN), the
CRISPR-Cas system, and ARCUS. However, 1t should be
understood that any known gene editing system utilizing
engineered nucleases may be used 1n the methods described
herein.

[0048] CRISPR (Clustered Regularly Interspaced Short
Palindromic Repeats) 1s an acronym for DNA loci that
contain multiple, short, direct repetitions of base sequences.
The prokaryotic CRISPR/Cas system has been adapted for
use as gene editing (silencing, enhancing or changing spe-
cific genes) for use 1n eukaryotes (see, for example, Cong,
Science, 15:339(6121):819-823 (2013) and Jinek, et al.,
Science, 337(6096):816-21 (2012)). By transfecting a cell
with elements including a Cas gene and specifically
designed CRISPRs, nucleic acid sequences can be cut and
modified at any desired location. Methods of preparing
compositions for use 1n genome editing using the CRISPR/
Cas systems are described 1n detail in US Pub. No. 2016/
0340661, US Pub. No. 20160340662, US Pub. No. 2016/
0354487, US Pub. No. 2016/0355796, US Pub. No.
201603557797, and WO 2014/018423, which are specifically

incorporated by reference herein 1n their entireties.

[0049] Thus, as used herein, “CRISPR system” refers
collectively to transcripts and other elements involved 1n the
expression of or directing the activity of CRISPR-associated
(““Cas™) genes, including sequences encoding a Cas gene, a
tracr (trans-activating CRISPR) sequence (e.g., tracrRNA or
an active partial tracrRNA), a tracr-mate sequence (encom-
passing a “direct repeat” and a tracrRNA-processed partial
direct repeat i1n the context of an endogenous CRISPR
system), a guide sequence (also referred to as a “spacer”,
“ouide RNA” or “gRNA” 1n the context of an endogenous
CRISPR system), or other sequences and transcripts from a
CRISPR locus. One or more tracr mate sequences operably
linked to a guide sequence (e.g., direct repeat-spacer-direct




US 2024/0009247 Al

repeat) can also be referred to as “pre-crRNA” (pre-CRISPR
RNA) before processing or crRNA after processing by a
nuclease.

[0050] In some embodiments, a tracrRNA and crRNA are
linked and form a chimeric crRNA-tracrRNA hybrid where
a mature crRNA 1s fused to a partial tracrRNA via a
synthetic stem loop to mimic the natural crRNA:tracrRNA
duplex as described in Cong, Science, (2013) and Jinek, et
al., Science, 337(6096):816-21 (2012)). A single fused
crRNA-tracrRNA construct can also be referred to as a guide
RNA or gRNA (or single-guide RNA (sgRNA)). Within an
sgRINA, the crRNA portion can be i1dentified as the ‘target
sequence’ and the tracrRNA 1s often referred to as the

‘scaftold’.

[0051] There are many resources available for helping
practitioners determine suitable target sites once a desired
DNA target sequence 1s 1identified. For example, numerous
public resources, including a bioinformatically generated list
of about 190,000 potential sgRNAs, targeting more than
40% of human exons, are available to aid practitioners 1n
selecting target sites and designing the associate sgRNA to
affect a nick or double strand break at the site. See also,
crispr.u-psud.ir, a tool designed to help scientists find
CRISPR targeting sites in a wide range of species and
generate the appropriate crRNA sequences.

[0052] In some embodiments, one or more vectors driving
expression of one or more elements of a CRISPR system are
introduced into a target cell such that expression of the
clements of the CRISPR system direct formation of a
CRISPR complex at one or more target sites. While the
specifics can be varied in different engineered CRISPR
systems, the overall methodology 1s similar. A practitioner
interested 1 using CRISPR technology to target a DNA
sequence can insert a short DNA fragment containing the
target sequence mto a guide RNA expression plasmid. The
sgRINA expression plasmid contains the target sequence
(about 20 nucleotides), a form of the tracrRNA sequence
(the scaflold) as well as a suitable promoter and necessary
clements for proper processing in eukaryotic cells. Such
vectors are commercially available (see, for example, Add-
gene). Many of the systems rely on custom, complementary
oligos that are annealed to form a double stranded DNA and
then cloned into the sgRNA expression plasmid. Co-expres-
s1on of the sgRINA and the appropriate Cas enzyme from the
same or separate plasmids in transiected cells results in a
single or double strand break (depending on the activity of
the Cas enzyme) at the desired target site.

[0053] Zinc-finger nucleases (ZFNs) are artificial restric-
tion enzymes generated by fusing a zinc finger DNA-
binding domain to a DNA-cleavage domain. Zinc finger
domains can be engineered to target specific desired DNA
sequences and this enables zinc-finger nucleases to target
unique sequences within complex genomes. By taking
advantage of endogenous DNA repair machinery, these
reagents can be used to precisely alter the genomes of higher
organisms. The most common cleavage domain 1s the Type
IIS enzyme Fokl. Fokl catalyzes double-stranded cleavage
of DNA, at 9 nucleotides from 1ts recognition site on one

strand and 13 nucleotides from its recognition site on the
other. See, for example, U.S. Pat. Nos. 5,356,802; and

5,487,994 as well as L1 et al. Proc., Natl. Acad. Sci. USA 89
(1992):4275-42°79; 11 et al. Proc. Natl. Acad. Sci. USA,
90:2764-2768 (1993); Kim et al. Proc. Natl. Acad. Sci. USA.
01:883-887 (1994a); Kim et al. J Biol. Chem. 269:31,
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978-31,982 (1994b), all of which are incorporated herein by
reference. One or more of these enzymes (or enzymatically
functional fragments thereof) can be used as a source of
cleavage domains.

[0054] Transcription activator-like eflector nucleases
(TALENSs) have an overall architecture similar to that of
ZFNs, with the main difference being that the DNA-binding
domain comes from TAL eflector proteins, transcription
factors from plant pathogenic bacteria. The DNA-binding
domain of a TALEN 1s a tandem array of amino acid repeats,
cach about 34 residues long. The repeats are very similar to
cach other; typically they differ principally at two positions
(amino acids 12 and 13, called the repeat variable diresidue,

or RVD). Each RVD spec1ﬁes preferentlal binding to one of
the four possible nucleotides, meamng that each TALEN
repeat binds to a single base pair, though the NN RVD 1s
known to bind adenines 1n addition to guanine. TAL eflector
DNA binding 1s mechanistically less well understood than
that of zinc-finger proteins, but their seemingly simpler code
could prove very beneficial for engineered-nuclease design.
TALENSs also cleave as dimers, have relatively long target
sequences (the shortest reported so far binds 13 nucleotides
per monomer) and appear to have less stringent require-
ments than ZFNs for the length of the spacer between
binding sites. Monomeric and dimeric TALENSs can include
more than 10, more than 14, more than 20, or more than 24
repeats. Methods of engineering TAL to bind to specific
nucleic acids are described in Cermak, et al, Nucl. Acids Res.
1-11 (2011); US Published Application No. 2011/0145940,
which discloses TAL eflectors and methods of using them to
modity DNA; Miller et al. Nature Biotechnol 29: 143 (2011)
reported making TALENs for site-specific nuclease archi-
tecture by linking TAL truncation variants to the catalytic
domain of Fokl nuclease. The resulting TALENs were
shown to induce gene modification in immortalized human
cells. General design principles for TALE binding domains
can be found 1n, for example, WO 2011/072246. Each of the
foregoing references are mncorporated herein by reference 1n
their entireties.

[0055] The nuclease activity of the genome editing sys-
tems described herein cleave target DNA to produce single
or double strand breaks 1n the target DNA. Double strand
breaks can be repaired by the cell in one of two ways:
non-homologous end joining, and homology-directed reparr.
In non-homologous end joining (NHEJ), the double-strand
breaks are repaired by direct ligation of the break ends to one
another. As such, no new nucleic acid material 1s inserted
into the site, although some nucleic acid material may be
lost, resulting 1n a deletion. In homology-directed repair, a
donor polynucleotide with homology to the cleaved target
DNA sequence 1s used as a template for repair of the cleaved
target DNA sequence, resulting 1n the transfer of genetic
information from a donor polynucleotide to the target DNA.
As such, new nucleic acid material can be nserted/copied
into the site. Therefore, 1n some embodiments, the genome
editing vector or composition optionally includes a donor
polynucleotide. The modifications of the target DNA due to
NHEJ and/or homology-directed repair can be used to
induce gene correction, gene replacement, gene tagging,
transgene insertion, nucleotide deletion, gene disruption,
gene mutation, etc.

[0056] Accordingly, cleavage of DNA by the genome
editing vector or composition can be used to delete nucleic
acid material from a target DNA sequence by cleaving the
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target DNA sequence and allowing the cell to repair the
sequence 1n the absence of an exogenously provided donor
polynucleotide. Alternatively, 1f the genome editing compo-
sition 1ncludes a donor polynucleotide sequence that
includes at least a segment with homology to the target DNA
sequence, the methods can be used to add, 1.e., isert or
replace, nucleic acid material to a target DNA sequence
(e.g., to “knock 1n” a nucleic acid that encodes for a protein,
an siRNA, an miRNA, etc.), to add a tag (e.g., 6xHis (SEQ
ID NO: 27), a fluorescent protein (e.g., a green tluorescent
protein; a vellow fluorescent protein, etc.), hemagglutinin
(HA), FLAG, etc.), to add a regulatory sequence to a gene
(e.g., promoter, polyadenylation signal, internal ribosome
entry sequence (IRES), 2A peptide, start codon, stop codon,
splice signal, localization signal, etc.), to modily a nucleic
acid sequence (e.g., introduce a mutation), and the like. As
such, the compositions can be used to modily DNA 1n a
site-specific, 1.e., “targeted” way, for example gene knock-
out, gene knock-in, gene editing, gene tagging, etc., as used
in, for example, gene therapy.

[0057] ARCUS i1s a genome editing platform derived from
a natural genome editing enzyme referred to as a “homing
endonuclease.” Homing endonucleases are site-specific
DNA-cutting enzymes encoded in the genomes ol many
cukaryotic species that are able to precisely recognize long
DNA sequences (12-40 base pairs). These non-destructive
enzymes trigger gene conversion events that modily the
genome 1 a very precise way, most frequently by the
msertion of a new DNA sequence. Thus, the ARCU
genome editing platform relies upon engineered ARC nucle-
ases, which are fully synthetic enzymes similar to a homing
endonuclease, but with improved specificity to recognize a
DNA sequence within any target gene.

[0058] The terms “polypeptide,” “peptide,” and “protein™
are used interchangeably herein to refer to a polymer of
amino acid residues. The terms apply to amino acid poly-
mers 1n which one or more amino acid residue 1s an artificial
chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid
polymers and non-naturally occurring amino acid polymer.

[0059] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function 1n a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
a-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, 1.e., a carbon
that 1s bound to a hydrogen, a carboxyl group, an amino
group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that 1s different from the general chemical structure of an
amino acid, but that functions 1n a manner similar to a
naturally occurring amino acid.

[0060] Amino acids may be referred to herein by either
theirr commonly known three letter symbols or by the
one-letter symbols recommended by the IUPAC-IUB Bio-
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chemical Nomenclature Commission. Nucleotides, likewise,
may be referred to by their commonly accepted single-letter
codes.

[0061] As used herein, a “regulatory gene” or “regulatory
sequence’” 1s a nucleic acid sequence that encodes products

(e.g., transcription factors) that control the expression of
other genes.

[0062] As used herein, a “protein coding sequence”™ or a
sequence that encodes a particular protein or polypeptide, 1s
a nucleic acid sequence that 1s transcribed into mRNA (in the
case of DNA) and 1s translated (in the case of mRNA) nto
a polypeptide 1 vitro or 1n vivo when placed under the
control of appropriate regulatory sequences. The boundaries
of the coding sequence are determined by a start codon at the
S' terminus (N-terminus) and a translation stop nonsense
codon at the 3' terminus (C-terminus). A coding sequence
can include, but 1s not limited to, cDNA from eukaryotic
mRNA, genomic DNA sequences from eukaryotic DNA,
and synthetic nucleic acids. A transcription termination
sequence will usually be located 3' to the coding sequence.

[0063] As used heremn, a “promoter” 1s defined as a
regulatory DNA sequence generally located upstream of a
gene that mediates the nitiation of transcription by directing
RNA polymerase to bind to DNA and mitiating RNA
synthesis. A promoter can be a constitutively active pro-
moter (1.e., a promoter that 1s constitutively 1n an active/
“ON” state), 1t may be an inducible promoter (1.¢., a pro-
moter whose state, active/“ON” or 1nactive/“OFF”, 1s
controlled by an external stimulus, e.g., the presence of a
particular compound or protein), 1t may be a spatially
restricted promoter (1.e., transcriptional control element,
enhancer, etc.)(e.g., tissue specific promoter, cell type spe-
cific promoter, etc.), and 1t may be a temporally restricted
promoter (1.e., the promoter 1s 1 the “ON” state or “OFF”
state during specific stages of embryonic development or
during specific stages of a biological process. Thus, 1n
various embodiments, the promoter may be a stem cell-
specific promoter that drives transgene expression. For
example, constitutive promoters of diflerent strengths can be
used. Expression vectors and plasmids in accordance with
the present invention may include one or more constitutive
promoters, such as viral promoters or promoters from mam-
malian genes that are generally active in promoting tran-
scription. Exemplary promoters include, but are not limited
to, human Flongation Factor 1 alpha promoter (EFS), SV40
carly promoter, mouse mammary tumor virus long terminal
repeat (LTR) promoter; adenovirus major late promoter (Ad
MLP); a herpes simplex virus (HSV) promoter, an endog-
enous cellular promoter that 1s heterologous to the gene of
interest, a cytomegalovirus (CMV) promoter such as the
CMV mmmediate early promoter region (CMVIE), a Rous
sarcoma virus (RSV) promoter, synthetic promoters, hybrid
promoters, and the like

[0064] As used herein, the term “gene” means the deoxy-
ribonucleotide sequences comprising the coding region of a
structural gene. A “gene” may also include non-translated
sequences located adjacent to the coding region on both the
St and 3' ends such that the gene corresponds to the length
of the full-length mRNA. The sequences which are located
5! of the coding region and which are present on the mRNA
are referred to as 5' non-translated sequences. The sequences
which are located 3' or downstream of the coding region and
which are present on the mRNA are referred to as 3
non-translated sequences. The term “gene” encompasses
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both cDNA and genomic forms of a gene. A genomic form
or clone of a gene contains the coding region interrupted
with non-coding sequences termed “introns™ or “intervening,
regions’’ or “intervening sequences.” Introns are segments of
a gene which are transcribed into heterogenous nuclear RNA
(hnRNA); introns may contain regulatory elements such as
enhancers. Introns are removed or “spliced out” from the
nuclear or primary transcript; introns therefore are absent in
the messenger RNA (mRNA) transcript. The mRNA func-
tions during translation to specily the sequence or order of
amino acids in a nascent polypeptide.

[0065] As used herein, the terms “functionally linked” and
“operably linked” are used interchangeably and refer to a
functional relationship between two or more DNA segments,
in particular gene sequences to be expressed and those
sequences controlling their expression. For example, a pro-
moter/enhancer sequence, including any combination of
cis-acting transcriptional control elements 1s operably linked
to a coding sequence if 1t stimulates or modulates the
transcription of the coding sequence 1n an appropriate host
cell or other expression system. Promoter regulatory
sequences that are operably linked to the transcribed gene
sequence are physically contiguous to the transcribed
sequence.

[0066] “‘Conservatively modified variants” applies to both
amino acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively modified
variants refer to those nucleic acids which encode 1dentical
or essentially identical amino acid sequences, or where the
nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy
of the genetic code, a large number of functionally 1dentical
nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino
acid alanine. Thus, at every position where an alanine 1s
specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the
encoded polypeptide. Such nucleic acid varniations are
“silent variations,” which are one species of conservatively
modified variations. Every nucleic acid sequence herein
which encodes a polypeptide also describes every possible
silent variation of the nucleic acid. One of skill will recog-
nize that each codon 1 a nucleic acid (except AUG, which
1s ordinarily the only codon for methionine, and TGG, which
1s ordinarily the only codon for tryptophan) can be modified
to yield a functionally 1dentical molecule. Accordingly, each
silent variation of a nucleic acid which encodes a polypep-
tide 1s 1implicit 1n each described sequence.

[0067] As to amino acid sequences, one of skill will
recognize that individual substitutions, deletions or addi-
tions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or
a small percentage of amino acids in the encoded sequence
1s a “conservatively modified variant” where the alteration
results 1n the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known 1n the
art. Such conservatively modified variants are 1n addition to
and do not exclude polymorphic vanants, interspecies
homologs, and alleles of the invention.

[0068] The term “antibody” as used herein refers to poly-
clonal and monoclonal antibodies and fragments thereof,
and 1mmunologic binding equivalents thereof. The term
“antibody” refers to a homogeneous molecular entity, or a
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mixture such as a polyclonal serum product made up of a
plurality of different molecular entities, and broadly encom-
passes naturally occurring forms of antibodies (for example,
IeG, IgA, IgM, IgE) and recombinant antibodies such as
single-chain antibodies, chimeric and humanized antibodies
and multi-specific antibodies. The term “antibody” also
refers to fragments and derivatives of all of the foregoing,
and may further comprise any modified or derivatized
variants thereof that retains the ability to specifically bind an
epitope. Antibody derivatives may comprise a protein or
chemical moiety conjugated to an antibody. A monoclonal
antibody 1s capable of selectively binding to a target antigen
or epitope. Antibodies may include, but are not limited to
polyclonal antibodies, monoclonal antibodies (mAbs),
humanized or chimeric antibodies, camelized antibodies,
single chain antibodies (scFvs), Fab fragments, F(ab')2
fragments, disulfide-linked Fvs (sdFv) {fragments, {for
example, as produced by a Fab expression library, anti-
idiotypic (anti-Id) antibodies, intrabodies, nanobodies, syn-
thetic antibodies, and epitope-binding fragments of any of
the above.

[0069] As used herein, the term “humamzed mouse” (Hu-
mouse) 1s a mouse developed to carry functioning human
genes, cells, tissues, and/or organs. Humanized mice are
commonly used as small animal models 1n biological and
medical research for human therapeutics. Immunodeficient
mice are often used as recipients for human cells or tissues,
because they can relatively easily accept heterologous cells
due to lack of host immunity.

[0070] HSCs possess the ability of multipotency (1.e., one
HSC can differentiate into all functional blood cells) and
self-renewal (1.e., HSCs can divide and give rise to an
identical daughter cell, without differentiation). Through a
series of lineage commitment steps, HSCs give rise to
progeny that progressively lose self-renewal potential and
successively become more and more restricted in their
differentiation capacity, generating multi-potential and lin-
cage-committed progenitor cells, and ultimately mature
functional circulating blood cells.

[0071] The ability of hematopoietic stem and progenitor
cells (HSPCs) to self-renew and differentiate 1s fundamental
for the formation and maintenance of life-long hematopoie-
s1s and deregulation of these processes may lead to severe
clinical consequences. HSPCs are also highly valuable for
their ability to reconstitute the hematopoietic system when
transplanted and this has enabled their use 1n the clinic to
treat a variety of disorders including bone marrow failure,
myeloproliferative disorders and other acquired or genetic
disorders that aflect blood cells.

[0072] As used herein, a “pluripotent cell” refers to a cell
derived from an embryo produced by activation of a cell
containing DNA of all female or male origin that can be
maintained in vitro for prolonged, theoretically indefinite
period of time 1n an undifferentiated state that can give rise
to different differentiated tissue types, 1.e., ectoderm, meso-
derm, and endoderm. “Embryonic stem cells” (ES cells) are
pluripotent stem cells derived from the 1nner cell mass of a
blastocyst, an early-stage preimplantation embryo.

[0073] As used herein, an “autologous transplant” refers to
a transplant that uses a subject’s own stem cells. These cells
are collected 1n advance and returned at a later stage. Thus,
an “allogeneic transplant” refers to a transplant where the
donor and the recipient of the stem cells are different people.
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Exemplary allogeneic cells include, but are not limited to,
syngeneic cells, WIC-matched cells, etc.

[0074] As used herein “pharmaceutically acceptable car-
rier” encompasses any of the standard pharmaceutical car-
riers, such as a phosphate bullered saline solution, water and
emulsions such as an oil/water or water/oi1l emulsion, and
various types ol wetting agents.

[0075] As used herein, a “lysosomal protein disorder” or
“lysosomal protein disease” refers to any metabolic disor-
ders that result from defects 1n lysosomal function. Also
referred to as “lysosomal storage disorders™, such diseases/
disorders are typically caused by lysosomal dysiunction
usually as a consequence of deficiency of a single enzyme
required for the metabolism of lipids, glycoproteins (sugar
containing proteins) or so-called mucopolysaccharides.
Exemplary lysosomal storage disorders include, but are not
limited to, cystinosis, Salla disease, infantile sialic acid
storage disorder, Cobalamin F-type disease, neuronal ceroid
lipofuscinosis (both late infantile and juvenile forms),
malignant infantile osteopetrosis, mucolipidosis IV, muco-
polysaccharidosis type IIIC (Sanfilippo syndrome C),
Niemann-Pick Type C, and Danon disease (Ruivo, et al.

Biochimica et Biophysica Acta 1793 (2009) 636-649, incor-
porated herein by reference).

[0076] For example, Cystinosis 1s an autosomal metabolic
disease that belongs to the family of the lysosomal storage
disorders. Cystinosis has a devastating impact on the
allected individuals, primarily children and young adults,
even with cysteamine treatment. The prevalence of cystino-
s1s 1s 1:100,000 to 1:200,000. The gene involved in cysti-
nosis 1s the gene C'INS that encodes for the 7-transmem-
brane lysosomal cystine transporter, cystinosin. The most
severe and the most frequent form of cystinosis 1s the
infantile form, also called nephropathic cystinosis. Children
develop a renal Fanconi syndrome at 6-8 months of age,
characterized by severe fluid and electrolyte disturbance,
growth retardation and rickets. Progressive loss of glomeru-
lar function leads to renal failure; according to NAPRTCS’
(North American Pediatric Renal Trials and Collaborative
Studies), 1.4% of children on dialysis (2011 Annual Dhalysis
Report) and 2.1% with kidney transplants (2010 Annual
Transplant Report) have cystinosis. Cystinosis as a clinical
entity 1s also a progressive dysfunction of multiple organs
caused by the accumulation of cystine 1n the lysosomes of all
the cells in the body; aflected patients store 50-100 times the
normal amounts of cystine in their cells.

[0077] Cystine storage leads to the formation of cystine
crystals 1n all tissues. The main clinical complications 1n
cystinosis 1nclude to diabetes, hypothyroidism, myopathy
and central nervous system deterioration. Cormeal cystine
crystals appear from the first decade of life resulting 1n
photophobia and visual impairment. Swallowing difliculties,
directly correlated with muscle atrophy, 1s a major cause of
death 1n cystinosis. In addition to cystine builds up, cellular
dysfunctions such as abnormal vesicular traflicking,
autophagy and TFEB (Transcription Factor EB) signaling
have also been described as responsible for the pathogenesis
ol cystinosis.

[0078] The current treatment for cystinosis 1s the drug
cysteamine (mercaptoethylamine), which reduces the intra-
cellular cystine content. However, this therapy only delays
disease progression and has no eflect on renal Fanconi
syndrome nor does it prevent end stage renal failure in
aflected patients. Cysteamine has also been shown to be
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ineflicient to improve cellular dysfunctions 1 CTNS-defi-
cient cells, proving that cellular defects 1n cystinosis are not
only due to cystine accumulation but also due to the lack of
the cystinosin itself that interacts directly with key cellular
components.

[0079] In addition, cysteamine has to be taken every 6
hours including at night, and results 1n bad body odor as well
as severe gastrointestinal side effects such as vomiting and
diarrhea that render treatment compliance diflicult. In 2013,
a delayed-release formulation of cysteamine (PRO-
CYSBI®) was FDA-approved, which requires dosing every
12 hours. While PROCYSBI® reduces the number of doses
improving the patients’ quality of life, the impact on the
disease 1s similar than immediate release cysteamine and
patients still experience gastric side eflects. Moreover, the

cost of this medication is very high, $300,000-$600,000 per
year per patient.

[0080] The ocular pathology 1n cystinosis requires topical
administration of cysteamine eye drops every hour, which
causes 1rritation and burning so compliance 1s very chal-
lenging. The cost of eye drops 1s about $50,000 per year per
patient. Cysteamine and the supportive treatment for all the
complications associated with cystinosis requires patients to
take up to 60 pills per day; the kids often require placement
ol a gastric tube to be able to tolerate the medications and get
essential caloric intake. Medical complications increase 1n
severity and number with age resulting 1n new and ever-
increasing symptoms and treatments. There are unending
doctor appomtments, G-tube {feedings, frequent blood
draws, growth hormones shots, bone pain, daily vomiting,
eye pain and severe gastrointestinal side eflects. As the
disease progress, their bodies deteriorate. The most severe
complications for adults are myopathy, pulmonary 1ssues
and progression of corneal cystinosis. Patients with renal
fallure require dialysis or transplantation, both of which
have significant negative health effects and due to the severe
shortage of donor organs, patients may wait three to six
years for transplantation. Thus, the current standard of care
does not prevent the progression of the disease and signifi-
cantly impacts the quality of life for patients with cystinosis
who still die 1 early adulthood.

[0081] Danon disease has many similarities to other lyso-
somal membrane protein diseases and 1s characterized as a
disorder of autophagy that affects the degradation of many
cellular components and thus does not result 1n the accu-
mulation of a single substrate. Danon disease has been more
recently described as an autophagic vacuolar myopathy.
Danon disease 1s caused by mutations 1n the gene encoding
lysosomal associated membrane protein 2 (LAMP-2), result-
ing in decreased expression of the LAMP-2 protein. Loss of
LAMP-2 expression disrupts autophagic tlux, impairing the
ability of cells to respond to stress and remove damaged
cellular components.

[0082] Thus, the present disclosure demonstrates that one-
time hematopoietic stem and progenitor cell (HSPC) trans-
plantation holds the potential to become a life-long curative
therapy for a disease or disorder associated with a defective
lysosomal transmembrane protein. The therapy may further
prevent kidney transplantation and long-term complications
associated with cystinosis including unexpectedly the clear-
ance of the corneal cystine crystals. This should also allow
patients to withdraw from oral cysteamine, cysteamine eye
drops and any other medications used for treating symptoms
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associated with the disease. As such, the quality of life of the
patients 1s greatly improved and the cost of treatment highly
decreased.

[0083] Due to the multi-systemic nature of cystinosis and
all the drugs necessary to compensate for the absence of the
protein, cystinosin, in every tissues, a gene therapy approach
was 1nvestigated. Gene therapy has the potential to become
an 1mportant new approach for the third millennium to treat
both rare and common severe diseases because its reach
extends well beyond that of conventional drugs and oflers
the prospect of a curative stem cell-based therapy with
limited risks as compared to allogeneic HSC transplantation.
Hematopoietic stem and progenitor cells (HSPCs) are there-
fore 1deal candidates for use 1n regenerative medicine and
cell replacement therapies because of their ease of 1solation,
self-renewal capacity, and safety. Moreover, gene therapy
can address unmet medical need such as in the case of
cystinosis, especially this strategy overcomes the unavail-
ability of matched HSC donor and makes the treatment
potentially available to all patients.

[0084] Using a rodent model of cystinosis, Cins™ ™ mice,
it has been shown that transplantation of HSCs expressing a
tunctional Cins gene resulted 1n abundant tissue integration
of bone marrow-derived cells, significant decrease of cystine
accumulation (up to 97% clearance), and long-term kidney
preservation. Indeed, while non-treated Cins™ ™ mice pro-
gressed to end-stage renal failure, age-matched Cins™~ mice
transplanted with wild-type HSCs maintained normal renal
function after more than a year post-transplant. Few to no
cystine crystals were observed in the kidneys of treated
mice, in contrast to non-treated Cins™~ mice, in which
abundant cystine crystals were consistently observed 1n the
kidney. It has also recently been demonstrated that HSC
transplantation rescues eye defects in the Cins™~ mice.
Treated Cins™~ mice exhibited almost complete resolution
of cystine crystals from the epithelial layer to the middle
stroma (100% to 72% reduction, respectively), and normal
corneal thickness and intraocular pressure. The impact of
transplanted HSCs on the thyroid gland has also been
studied. Cins™~ mice present with sustained TSH activation
combined with thyrocyte hypertrophy, hyperplasia and vas-
cular proliferation. In contrast, Cins™~ mice treated with
transplanted HSCs exhibited normalization of cystine and
TSH values and normal histology. These studies are the first
prool of concept that one single HSC transplantation could
prevent the multi-organ degeneration associated with cysti-
nosis

[0085] As such, the present disclosure evaluates the
impact of HSPC transplantation i a mouse model for
cystinosis (Ctns™~ mice). Using a mouse model of cystino-
sis (Ctns™~ mice), the present disclosure demonstrates that
transplantation of wildtype (WT) murine hematopoietic
stem cells (mHSCs) led to abundant tissue integration of
bone marrow-derived cells, significant decrease of tissue
cystine accumulation (up to 97% reduction) and long-term
kidney, eye and thyroid preservation. Given the risks of
mortality and morbidity associated with allogeneic HSC
transplantation, such as graft-versus-host diseases (GVHD),
an autologous transplantation protocol of HSCs was devel-
oped for ex vivo modification. Using a self-inactivated-
lentiviral vector (SIN-LV) to introduce a functional version
of the CTNS cDNA, pCCL-CTNS (backbone pCCL-EFS-
X-WPRE), efficacy in Ctns™~ mice has been shown.

/

Jan. 11, 2024

[0086] In vitro studies using human CD34+ HSPCs 1s0-
lated from peripheral blood of healthy donors and cystinosis
patients have now completed, and the serial transplantation
in the Ctns—/- mice has been significantly advanced. Thus,
the data provided herein demonstrates eflicacy of transplan-
tation of CD34+ HSCs from G-CSF mobilized peripheral
blood stem cells (PB SC) of patients with cystinosis, modi-

fied by ex vivo transduction using the pCCL-CTNS LV,

[0087] Cystinosis and Danon disease both arise from loss
of function mutations in transmembrane lysosomal proteins,
Cystinosin and LAMP-2, respectively. In fact, Cystinosin 1s
localized to LAMP-2 positive vesicles that are transferred
during cross-correction. Thus, the present disclosure also
demonstrates that bone marrow was harvested from patients
with Danon disease and sorted for CD34+ hematopoeitic
stems cells (HPSCs). After harvest, patient HPSCs are
genetically modified using viral transduction vectors includ-
ing, but not limited to, lentiviruses and other retroviruses
carrying any normal variant of the LAMP-2 gene and/or any
of the LAMP-2 splice 1soforms (e.g., LAMP-2A, LAMP-
2B, LAMP-2C), referred to hereafter collectively as “wild-
type LAMP-2” or “WT LAMP-2”, 1s imserted into the
genome of the harvested HPSCs. After infection, the viral
vector mserts the wild-type LAMP-2 transgene into the host
cell genome at specific sites that limit genome disruption.
This insertion allows the wild-type LAMP-2 transgene to
then be stably expressed by the host cell. Following trans-
lation, the wild-type LAMP-2 protein is trailicked to the
lysosomal membrane where 1t embeds and assumes 1ts
normal intracellular position. Introduction of the wild-type
LAMP-2 protein into the lysosomal membrane restores
autophagic flux, allowing the cell to function normally.

[0088] Adfter the wild-type LAMP-2 gene has been intro-
duced, the HPSCs are transplanted back into the patient from
which they were harvested. These cells then re-engraift in the
patient’s bone marrow and begin to produce progenitor
cells. Some of these progenitor cells diflerentiate into mono-
cytes carrying the wild-type LAMP-2 gene. Monocytes with
the wild-type LAMP-2 gene enter the circulation and sub-
sequently invade the peripheral tissues where they transform
into tissue resident macrophages. These macrophages,
through a variety of mechanisms including, but not limited
to, the formation of tunneling nanotubes, vesicular release,
and direct cell-cell adhesion they transfer their lysosomes,
which carry membrane-bound wild-type LAMP-2 protein,
to diseased peripheral cells. Wild-type LAMP-2 protein may
also be transferred between macrophages and diseased
peripheral cells in additional forms including, but not lim-
ited to, as free protein or bound to other proteins, membranes
or organelles. The transfer of wild-type LAMP-2 containing
lysosomes or wild-type LAMP-2 1n other forms restores
normal autophagic flux in the diseased cells resulting in
partial or complete amelioration of the Danon phenotype.

[0089] Accordingly, 1n one aspect, the mnvention provides
a method of treating a lysosomal transmembrane protein
disease or disorder in a subject. The method 1ncludes 1ntro-
ducing ex vivo a functional human transmembrane protein
corresponding to the disorder to be treated into HSPCs of the
subject, and thereafter transplanting the HSPCs into the
subject, thereby treating the lysosomal transmembrane pro-
tein disease or disorder. Thus, for example, when the disease
or disorder to be treated 1s cystinosis, the functional human
transmembrane protein to be itroduced 1s CI'NS. In various
embodiments, the vector 1s a self-inactivating (SIN)-lenti-
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virus vector, such as, for example, pCCL-CTNS (1n the case
of CINS). Likewise, when the disease or disorder to be
treated 1s Danon disease, the functional human transmem-
brane protein to be introduced 1s LAMP-2. In various
embodiments, the step ol mtroducing may include contact-
ing a vector comprising a polynucleotide encoding the
functional protein (e.g., CTNS or LAMP-2) and a functional
promoter (e.g., an ubiquitous or endogenous promoter of the
tfunctional protein) with the HSPCs and allowing expression
of the functional protemn. As such, the present disclosure
provides a method for autologous transplantation of ex vivo

Human

disease/disorder

Cystinosis

Salla disease, infantile
sialic acid storage

disorder

Cobalamin F-type

disease
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species linking this channel to lipid storage and membrane
traflic defects 1s debated. Finally, the autophagy defect of
Danon disease apparently arises from a role of LAMP2 1n
lysosome/autophagosome fusion, possibly secondary to a
role 1 dynein-based centripetal motility. (Rwmvo, et al.

Biochimica et Biophysica Acta 1793 (2009) 636-649, incor-
porated herein by reference).

[0091] Table 1 sets forth the exemplary lysosomal trans-
membrane protein diseases or disorders to be treated with ex
vivo introduction of corresponding functional human trans-
membrane proteins.

TABLE 1

Protein size, # of

Neuronal ceroid
lipofuscinosis, late
infantile variant

Neuronal ceroid
lipofuscinosis, juvenile

form

Malignant infantile
osteopetrosis

Mucolipidosis IV

Mucopolysaccharidosis
type IIIC (Sanfilippo
syndrome C)
Niemann-Pick Type C

Danon disease

gene modified HSPCs to introduce a functional protein
associated with a specific lysosomal transmembrane protein
disease or disorder.

[0090] In various embodiments, the lysosomal transmem-
brane protein diseases or disorders include, but are not
limited to, cystinosis, Salla disease, infantile sialic acid
storage disorder, Cobalamin F-type disease, neuronal ceroid
lipofuscinosis (both late infantile and juvenile forms),
malignant infantile osteopetrosis, mucolipidosis IV, muco-
polysaccharidosis type IIIC (Sanfilippo syndrome C),
Niemann-Pick Type C, and Danon disease. Without being
bound by theory, i cystinosis and free sialic acid storage
diseases, transporters for cystine and acidic monosaccha-
rides, respectively, are blocked or retarded. A putative coba-
lamin transporter and a hybrid transporter/transferase of
acetyl groups are defective 1n cobalamin F type disease and
mucopolysaccharidosis type 11IC, respectively. In neurode-
generative forms of osteopetrosis, mutations of a proton/
chloride exchanger impair the charge balance required for
sustained proton pumping by the V-type AT Pase, thus result-
ing 1n bone-resorption lacuna neutralization. However, the
mechanism leading to lysosomal storage and neurodegen-
eration remains unclear. Mucolipidosis type IV 1s caused by
mutations of a lysosomal cation channel named TRPML1;
its gating properties are still poorly understood and the 10n

Causative Protein name transmembrane helices
gene, locus (aliases) (TM)
CTNS, 17p13  Cystinosin 367 aa; 7' TM
SLC17A53, Sialin 495 aa; 12 TM
6ql4-qls
LMBRDI, LMBDI1 (probable 540 aa; 9 TM
6ql3 lysosomal cobalamin
transporter)
MESDS, CLN7 (major 518 aa; 12 TM
4q28.1-g28.2  facilitator superfamily
domain-containing
protein 8)
CLN3, 16p12.1 CLN3 (Battenin) 438 aa; 6 TM
CLCN7, 16pl13 CI1C-7 OSTM1 805 aa; 18 TM
OSTM1, 6921 338 aa; 1 TM
MCOLNIJ, TRPMLI1 (mucolipin- 380 aa; 6 TM
19p13.3-p13.2 1, MLN1)
HGSNAT, HGSNAT (TMEM76) 663 aa; 11 TM
&pll.1l
NPCI1, 18qll- NPCl1 1278 aa; 11 TM
ql2
LAMP2, Xq24 LAMP2 (LAMPB, 410 aa; 1 T™M
LGP110)

[0092] Vectors derived from lentiviruses have supplanted
y-retroviral vector for gene therapy due to their superior
gene transier efliciency and better biosafety profile. Indeed,
all cases of leukemogenic complications observed to date 1n
clinical trials or animal models involved the use of retroviral
vectors with LTR containing strong enhancer/promoters that
can trigger distant enhancer activation. In contrast, the third
generation of lentivirus vectors, SIN-LV, with the deletions
in their LTR, contains only one internal enhancer/promoter,
which reduces the incidence of interactions with nearby
cellular genes, and thus, decreases the risk of oncogenic
integration. SIN-LV are also designed to prevent the possi-
bility of developing replication competent lentivirus (RCL)
during production of viral supernatants with three packaging
plasmids necessary for production. Lentivirus vectors efli-
ciently transduce HSPCs and do not alter their repopulation
properties, which make this type of vector an attractive
vehicle for stem cell gene therapy.

[0093] Clinical trials using SIN-LV to gene-correct human
HSPCs are being undertaken in the U.S. and Europe for
several conditions including HIV-1, 3-thalassemia, immune
deficiencies, metabolic diseases and cancers. For immune

deficiency disorders, 35 patients have been transplanted with
SIN-LV-modified HSPCs so far. A clinical trial in patients

with Adrenoleukodystrophy (ALD) has achieved stable gene
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correction 1n —20% of hematopoietic cells 1n two patients.
Cerebral demyelination was arrested without further pro-
gression over three years of follow-up, which represents a
climical outcome comparable to that observed after alloge-
neic transplantation; there was no evidence of clonal domi-
nance. Recently, a clinical trial for Wilskott-Aldrich syn-
drome was reported in three patients 32 months post-
transplantation. Stable and long-term engraftment of the
gene modified HSPCs (25-50%) resulted 1n improved plate-
let counts, protection from bleeding and infections, and
resolution of eczema. Another clinical success was recently
reported 1n three pre-symptomatic patients with Metachro-
matic Leukodystrophy. Transduced cell-dertved blood cell
engraltment achieved 45 to 80%, and up to 24 months later,
protein activity was reconstituted to above normal values in
cerebrospinal fluid associated with a clear therapeutic ben-
efit.

[0094] The recent gene therapy successes using AAV
vectors 1n the MCK mice not only prevented heart failure
when given to pre-symptomatic animals, but also reversed
the cardiomyopathy when given after the onset. While
encouraging, this approach presents potential safety and
logistic concerns: 1) localized delivery by direct viral injec-
tion to aflected sites poses certain challenges 1n accessing
sites such as heart and brain and leads only to tissue-specific
rescue, 11) systemic AAV delivery remains difhicult in
humans due to the high levels of vector necessary, leading
to vector synthesis and safety concerns. In contrast, HSPC
gene therapy approach has the key advantages: 1) it treats all
the complications by a single infusion of stem cells, 1)

GenBank Accegsgion No.
sequence (SEQ ID NO:

AJ222967 .1,
2)

12
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gene-correction occurs €x vivo 1n a controlled environment
allowing cell characterization prior to transplantation, 111)
gene-corrected HSPCs reside in the bone marrow niche after
transplantation where they self-renew and become a reser-
voir of healthy cells for the lifespan of the patients, 1v) 1t
avoilds 1mmune reaction as compared to allogeneic trans-
plantation. Thus, autologous HSPC gene therapy could
provide a cure for lysosomal transmembrane protein dis-
cases or disorders.

[0095] Amino acid and nucleic acid sequences for the
human proteins set forth 1n Table 1 are known 1n the art. See,
for example, GenBank Accession No.: Y15924.1, human
CTNS gene, exon 3, flanking intromic regions and joined
CDS, which provides the amino acid sequence (SEQ ID NO:

1):

MIRNWLTIFILFPLKLVEKCESSVSLTVPPVVKLENGSSTNVSLTLRPP

LINATLVITFEITEFRSKNITILELPDEVVVPPGVTNSSEFQVTSONVGOLT

VYLHGNHSNOTGPRIRFLVIRSSAISIINOVIGWIYEFVAWSISEYPOVI

MNWRRKSVIGLSEFDEFVALNLTGEFVAYSVENIGLLWVPYIKEQFLLKY PN

GVNPVNSNDVEFEFSLHAVVLTLIIIVQCCLYERGGORVSWPAIGEFLVLAW

LEAFVTMIVAAVGVITWLOFLEFCEFSY IKLAVTLVKYFPOQAYMNEYYKST

EGWS IGNVLLDFTGGSESLLOMEFLOSYNNDOWTLIFGDPTKEGLGVEST

VEDVVEFIQHFCLYRKRPGYDQLN

human CTNS mRNZ, which provides the nucleic acid

cgcctceteocce aaagtctage cgggcagggg aacgceggtgce attcectgacc

gggﬂggttﬂﬂ

cggagtgcegg

ctcectgagcet

tcgagaaaca

gttcctectg

ggtgatcact

CECCECLtLLC

ctttettgtyg

tcaggtgatc

tggcctacag

gtgaaccccg

cctgtatgag

ggctgcagtg

ggcctacatg

tcagcctcecct

ctcggggtcet

tagcacccag

geggttggge

tcgagcctgg

ggctecgggy

ctgcctettc

tgataaggaa

tcgtaaagcet

tttgaaatca

caagtgacat

atccgcagca

atgaattgga

tgtattcaac

tgaacagcaa

cgeggtggec

ggagtgatca

aacttttact

gcagatgttc

tctccatcegt

ggacccagtg

cctggcacac

gggcgctceag
gactgagcag
cagtaacatt
ttggctgact
ggagaacggc
catttegttc
ctcaaaatgt
gcgccattag
ggcggaaaay
atcggcctcec
cgacgtcttce
agcgcgtgtce
cgtggctgca
acaaaagcac
ctccagtcect
cttcgacgtc

tacccagcct

agggctggcet

attgctttygg

cacgagaccc

gaggattact

atttttatcc

agctcgacca

caaaaatatt

tggacaactt

catcataaac

tgtcattggt

tctgggtgcec

ttcagcctgc

ctggcctgcec

gtttctette

tgagggctgg

dacCdacaacdada

gtcttettea

ctggcctcegt

cagtgtgcegy

agacgctgag

catcctcoccecece

gtgttttgtyg

CLCECLECCcCCtE

acgtcagcct

actatccttyg

actgtttatc

caggtgattg

ctgagcttcg

ctacatcaag

acgcggttgt

atcggecttcc

tgcttcetect

agcattggca

ccagtggacg

tccagcactt

gccecctgetygyg

acagaggaga

ggcacctggc

agaacctttg

tccgggtttt

agagctcgcet

gaagctcgta

caccctgogg

agctcceccecga

tacatggaaa

gctggatcta

acttcgtggc

gagcagtttc

cctcacgetg

tggtgctcgc

acatcaagct

acgtgctcct

ctgatcttcg

ctgtttgtac

ggaaggcctc

ccactctgct

gaggctcatg
cgagagcgcc
cacactgggc
aggcgcccta
gagaaatgtg
ccaccattaa
tgaagttgtg
tcactccaat
ctttgtggcec
tctgaacctg
tcctcaaata
atcatcatcg
gtggctcttce
cgcagtcacg
ggacttcacc
gagacccaac
agaaagagac
acccagcgaa

cctggggeca

cgtcccecgtga

ggttgacgtg

gJaagyggaygygda

agcaacagag

agtcaagcgt

atgcaaccct

gtgcctectyg

cagaccggcec

tggtccatct

acaggcttcg

ccccaacgga

tgcagtgctg

gcatttgtca

ctggtcaagt

gggggcagcet

caagtttgga

cggggtatga

ggccdgadaa

gaggccattc

ttctgagaaa

cagcctcact

gagtgacaaa

cgaggatacyg

ccttctaccc

ccatgatcgt

attttccaca

ccagctgaac
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aatagcctgce

tttctttaag

gccttgceccce

tgccaccgcet

ctttggggtt

agccagccct

agcatagtaa

gagccccatce

tgccttagayg

gacacctact

gcccaaccct

tgcctcatac

cgcettecttt

GenBank Accesgion No. :
(SEQ ID NO:

MRSPVRDLAR

FIVYALRVNL

YOWDAETOQGW

LEFTPIAADLG

ISYAGAQLGT

YEKEYILSSL

REFNVOQENGFEL

GMIGPAVELV

TEFATIPGMVG

EVONWALNDH

cttecgtecygy

gcttcaggca

aaactaccag

gcattcccag

aggccatggg

acccagagta

ctcctttecag

tgagcacatc

gtcgttaggce

tgagactcac

gatctcaaac

atgacttgag

-

3)

NDGEESTDRT

SVALVDMVDS

ILGSEFEYGY1L

VGPLIVLRAL

VISLPLSGII

RNQLSSQKSVY

SSLPYLGSWL

AAGEFIGCDYS

PVIAKSLTPD

HGHRH

GenBank Accesggion No

sequence
cggctacttt

aagatggcgg

catcgccccc

gtggcgagta

ggaccgcacyg

ttttggectt

CCCCECLLLC

tcctectggy

cacttagacc

tgtcctcacce

CCLLtttcaact

tttaggttca

aaggcgtgtc

ctttgggcta

(SEQ ID NO:

gcgccaatcce

Cg99999<c99Y

gccececocgoccy

cacctgctca

cctcttctac

ttttggtttc

aatattttgg

gaccccectgat

ctgaggggag

gaaggactag

gctgctggcet

atactaaagyg

atgcagaaac

cttatatgaa

gcccecctecty
gcegcegcacag
cgtttctgca
agatcaagca
gctctttete
tttctgagcc
attttttgga
cagctgctcc
ctgccaaacg
caatttctygg
ctcettecct

cttgtcagtc

CABo2540.1,

PLLPGAPRAE

NTTLEDNRTS

ITQIPGGYVA

EGLGEGVTFEP

CYYMNWTYVFE

PWVPILKSLP

CMILSGQAAD

LAVAFLTIST

NTVGEWQTVE

AJ387747

4y

tacgagaact

agtcggcgceyg
gtccagccag
cgtaggcgtc
cgggcegcoccc
ttcattgtgt
tatgaaaagg
gccattttet
tatcagaggc
aaagaagcaa
gcttttgete
ggtactgata

atatgttgcc

ctcttggtta

.1,

ggcctceccecy

gctctggcag

agcagcttga

gccecggtgec

tgaaggccac

atgaggggcc

gggacgtttg

ttacccagca
gcgaccagcet
cctgttecagy
ctgcccaaayg

cactgagttt

human sialin,

13

-continued

gccaggcacy
ccgtetcagy
agggctgacc
gtggccagtyg
tttcctgacy
caccagattyg
gaagtggctt
tctggagtac
cccecctggagce
agcctcagat
ctgtcecttec

cCcttctacga

which

AAPVCCSARY NLAILAFEGE

KACPEHSAPI

KVHHNQTGKK

SKIGGKMLLG FGILGTAVLT

AMHAMWSSWA PPLERSKLLS

YFEFGTIGIFW

FLLWIWLVSD

tggcaccgtce

caggactggyg

ttgcagccygyg

aactcagagg

tactctetgt

gttctgaatt

actctcttct

aggacatagc

gaggdgcagge

aagtatttgt

tatggcagga

gatcaacgcyg

gccttgacac

caccaagctt

gtgagccaag

tgctggtgga

acataactca

ggattcatgc

JgCCcCtcCctcCctc

tctectectge

cccttoecectce

acttgagacc

cgceccatctet

gcagccgaag
ggcactttgc
cgggctagga
gcgtcecgtga
ccagcgcatt
ctacctccac
taccagtctg
tctttccceca

acctcacaca

ggggggggyg tcccaggacg

aggggcctgt

atcttgaatt

provides the amino acid sequence

TPOQKHKRISH

LWAIWAHES YNWTFYTLLT LLPTYMKEIL

NLRAKWNEST

TLGGFCSSGE

LCVRRIFSLI

SINHLDIAPS

YIAAAINVEFG AIFFTLFAKG

cccagaactc

gccgcoctcety

ctcggaccgy

atgaggtctc

acgggcacgaa

tagaagataa

ccattttaaa

gacactgaag

tcaatgtgta

tggaataatt

catcacaaat

tcaaacttta

ctgttcactc

ttatgtgttc

human sialin mRNA,

cgcttcccta

ggcgggaccd

gggctteggy

cggttcgaga

gccgctcocag

gggtaagaag

tttattgaca

gccttetgta

aaactttccec

CCCCcttttgt

aacactgttyg

tgtgcccagyg

gagagggtgt

tcattggctyg

YAGILLGITN

which provides the nucleic acid

gtccaaccca

cggggactag
ctgtcgggcec
cctggcccgy
tgtgctgctc
atcacacaga
tcttecattge
atcatgaaat
atgcattacy
aatacattct
Ctacactatt
agcatccaag

acttcttagc

ttctggattt

agccagagtt

acgtggccgc

ggcgctceccect

aacgatggcyg

tgctcecgttac

ttggcactgc

caaaatggaa

ggacttctac

tagaacttcc

atcccectgcea

gaaccaataa

gataaagccc

tgctactata

acatttgcca

gcccacacct

ggggcggtgt
tctctgccag
aggagagcac
aacttagcaa
cagagcacta
attcctggta
ttttagggcc
taccaatggg
ttattgccta
ttgtgtaagc
ttcccagcac

ggatctggtt

gagaatggca

Jan. 11, 2024

ctgcagtaac

cttctcagat

atctgtatgy

aaagcctact

CCCCCtcCttg

acactgggag

ataattctca

ttcctggagy

cttatttagg

atcactagtt

tgtgaatctyg

Ctcatcatta

cgccaaaggt
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ataatcctgc

tgagtaggca

tgaattggac

ctattccagy

ggagctgcca

gggggaaaat

tgtctggtca

tgtgtttaat

ggtagattca

tcattgtact

gaagtcagtg

gacctgcagt

caatgatcac

tctgttgatt

gcctttecte

GenBank Accesgsgion No. :
(SEQ ID NO:

attctatgtc

agaggaatat

agttagtgac

aaccgtgttc

gcactccctc

agatttagga

tagccttata

gcaacatgaa

aatacaactt

ccatgtggtc

ccgtgggtac

Ctttcctaac

catggacaca

ttgcttaatt

tgaggggcta

5) :

gccagaataa
agtgttgcgt
agaaatcagc
gaagtacaaa
gtgtcgactc
gccatgcatyg
ttggccgttyg
cctgatacct
aaagttcatc
ttcttggget
tacaactgga
tatatcaaca
ttatcatgta
aaactagatg

tatggtcttyg

CCP79466 .1,

catacctgcc

cagagcattc

tcgtagttgc

ctctattaat

agagcagtga

caggagcaca

atctggatat

ttcctcataa

ataatcaaac

gcttgggaca

CCLLLttatac

tgctecttey

acctcaaagt

aaattgtcag

atacatcctc

human LMBD1,

14

-continued

gaatgagctyg

tcaaggatgy

ggagatccta

CCLttttaat

tggctggcat

ttatgtctte

aatggttggg
tccactgtat
CCLCCCLtCCa
gtaatttectc
ttcaagagaa
tatgctggta
Ctagattttt
ctctcectcectga

aaagaaaaat

aacacctgtt

agcaaaatag

tgtatgatcc

taaaatgaac

tagtggatat

acaccacaaad

tatattgctyg

cctggcttcea

tggctacatc

Cacttttttyg

tgggttttta

ccegtecattyg

aaggcctata

aatttcgcect

gcC

GAASAELVIGWCIFGPLLLAIFAFCWIYVRKYQSQRESEVVSTITAIFSLATIALITSALLPYV

DIFLVSYMKNONGTEFKDWANANVSROIEDTVLYGYYTLYSVILFCVEFEWIPEFVYFYYER

KDDDDTSKCTQIKTAFKYTLGFAVI CALLLLVGAFVPLNVPNNKNSTEWEKVKEFLEFEEL

GSSHGLAALSEFSISSLTLIGMLAATITYTAYGMSALPLNLIKGTRSAAYERLENTEDIEEVE

QHIQTIKSKSKDGRPLPARDKRALKQFEERLRTLRKRERHLEY ITIENSWWTKEFCGALRPL

KIITWGIFFILVALLFIISLEFLSNLDKALHSAGIDSGFI IFGANLSNPLNMLLPVLOTVEPLDYI

LITITIMYFIFTSMAGIRNIGIWFFWVRLYKIRRGRTRPOALLFLCMILLLIVLHTSYMIYSL

APQYVMYGSONYLIESNITYDDHKNNSAFPVPKRCDADAPEDQCTVTRTYLELHKEWE

FSAAYYFGNWAFLVVEFLIGLIVSCCKGKKSVIEGVDEDDSDISDDEPSVYSY

GenBank Acceggsion No.:
the nucleic acid sequence

ggcgcggcett
ggcatgtctyg
atggtacatt
acattgaaaa
gaaaaagtga
gtcagcggga
ttcaaacgat
actcaaatta
actactggct
ttacgaacgt
ttgtctactt

tggataaagc

GenBank Accesggion No. :
(SEQ ID NO:

tctgttggat

ctgaagacat

ctacacctta

Cttcatctta

gttctctgac

agcacttctt

atttgaagaa

gagcttttgt

gtctccacca

agcaaagatyg

caagtatact

7)

HAAEFO01007642.1,
(SEQ ID NO:

CCCLCCECLtCtg

gccagcaagyg
gaaaaggatyg
ggtgatcggce
aaatctaata
gccaatgcta
acaaaatttt
tgaagaactt
tatttttggt
cacttaggaa

gttcctaata

AAH295036

.1,

6) :
aaaaatcaaa

cacttagaat

ctgtaatttg
aaataccaaa

gagcaacaca

tattattctyg

tgtttataat

atgttggcag

acagatcgag

gcgtcoccocty

atggtttagc

human CLN7,

tatatggtta

ggggaatatt

tacagagtgyg

ttatcacatc

ccttCaaaaca

tagtaaatgt

ttggccectt

gaagcgcetgc

tggatccctt

ctgtcaaatt

cacagcctat

ctactatgaa

cggcggagcet
CCLLtctatta
taaggactgyg
cagctggtgg
cttttagttg
aagtgaagtt
taaatcaaaa
aaactgcatt
atttttgcat

ttagaaaaca

gcatctctgt

ccattgctgce

gcagaatttt

tgctagtcgyg

tgctcccata

CCtcttcaca

actgggctct

ttcggcetggt

gctgctagga

gtactattgg

agctgcetgac

ctaaaagtct

tatgaataat

ggcaactgga

ttgggatttyg

atatgttcgt

cattaccttt

tattctgtta

gttgcattgc

agttcectgtt

ccagtggata

aggttaagaa

tcctcectaaat

taacggcaat

gtcggecttt

cagctgccaa

tacatttcca

tgattattct

aaacagacct

attctceggtt

acacttttct

gtatttttat

gatccactgce

tttgggatcc

aacacaagag

aatttaaggy

ctgctattaa

atgtaagcta

gggtcagagt

which provides the amino acid sequence

human LMBD1 transcribed RNA, which provides

acaaaaattc

gcgattgcac

tgaagaagtyg

atgatgatac

tggtgcatat

cttgattgga

atgtcagcag

gtggtgctct

ggaagtagtc

ttcttacatyg

adagagagagy

which provides the amino acid sequence

Jan. 11, 2024

cccagagceca

atttcatatg

agcatcaacc

gttgttcact

aggttcaatyg

tgtacttgta

gcaacctgca

gttggaccac

aatttcccat

ggaatgattg

tgtttttggt

gtaggacagt

gcccagegtt

tgcattgtca

gataaacgcg

tgcacttctt

aaaggcacta

tgtgtttttc
ttctctette

ctataactta

gacactgtgt

aagatcattt
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MAGLRNESEQ

VGESVVMMSI

RPRKEPLIVS

VVRSYTAGAT

DVIKLOQINMY

QGNIDQVAVY

IILAALGVEA

FPKIOWEDLH

TSAVLIGLGY

FISQVYAHWG

GenBank Accesggion No. :
(SEQ ID NO:

sequence
aggttacaag

caggtgtcgc

gccgctcectta

ctattaggat

atccgacagc

ctaattatag

cttctcataa

gtgctacttc

cttgttttac

ccttectggy

attttgaaga

tgactctatt

ataatggcat

ctattctact

atttgcacaa

caactggttyg

taggctatcc

cagcatctgy

ttcagcctgy

aggattcagy

gagccagtct

tgtgaatagt

GenBank Accesgsgion No. :
(SEQ ID NO:

EPLLGDTPGS

WPYLOKIDPT

ILISVAANCL

SLOERTSSMA

TTPVLLSAFL

AINVLFEVTL

VVIFLGVKLL

NNSIPNTTEG

PVCNLMSYTL

PRWAFSLVCG

cagcagatcc

gagagttggg

ggcgacacac

Cttatatctt

tgatacaagt

accaagdaddad

taaatactac

ccttcaggaa

attccttgga

aattttaaat

agcaagtaca

tatctttgec

aatacttgct

gggaggactc

taattcaatc

ctcgattgaa

agtctgcaat

aagtggagcc

tgtgtggaat

aataaactag

ccaagaatca

aggttatata

Q)

REWDILETEE

ADTSEFLGWVI

YAYLHIPASH

NISMCQALGE

GILNIILILA

FIFALFETII

SKKIGERAIL

EITIGLWKSP

YSKILGPKPOQ

IIVLTITLLG

BC0O29503 .1,
8) :

caccttcagt

cgcaagacgc

ctggaagcag

actatgtttc

tttttgggcet

gagcctctta

atgctggttyg

agaacaagtt

gaaaaaggtyg

attattctga

gatgaagctc

ctttttgaaa

gctcttgggy

atcgttgtat

cctaatacca

caagcctggt

cttatgtcct

cggattcttyg

aatagtgctc

ctaagactgt

gactacagat

aaaacatact

AABB1075.1,

HYKSRWRSIR

ASYSLGOMVA

NKYYMLVARG

ILGPVEQTCE

ILREHRVDDS

TPLTMDMYAW

LGGLIVVWVG

MEDDNERPTG

GVYMGWLTAS

VVYKRLIALS

cctggetcety

cttgtaggga

agaatgggac

tcagcagtgt

gggttattgc

ttgtctecat

ctcgtggatt

ccatggcaaa

tgacatggga

tccttgecat

aggttcccca

ccatcattac

ttgaagccgt

gggttggctt

catttgggga

gcctctacac

atactctata

ggcctatgtt

accatcaccc

gatggaaact

attgcagatt

15

-continued

ILYLTMEFLSS

SPIFGLWSNY

LLGIGAGNVA

TELGEKGVTW

GROQCKSINFE

TOQREQAVLYNG

FEILLPWGNQ

CSIEQAWCLY

GSGARILGPM

VRYGRIQE

acaagccctc

gtgtaactat

attttagaga

agggttttet

ttcatatagt

cttgatttcc

gttgggaatt

cataagcatg

tgtgattaaa

actaagagaa

aggaaatatt

tccattaaca

Cgttatttcc

ctttatcttg

aattattatt

ccecggtgatt

ttcaaaaatt

catcagccaa

tcctgggagt

acttgctgtyg

ttgaagaaca

agatgataatt tcaaaaaaa

human CLN3,

EASTDEAQVP

TPVIHLAQFL

cagcttcacy

ggccggcctg

ctgaagagca

gtagtgatga

cttggccaaa

gtggcagcca

ggagcagdada

tgtcaagcat

ctgcagataa

catcgtgtgg

gaccaggttyg

atggatatgt

ttaggagtta

ttaccttggy

ggtctttgga

catctggccc

ctaggaccaa

gtgtatgctc

ggtttacaaa

tggcacttcce

agaacatatg

dddadaaadada

which provides the

MGGCAGSRRRESDSEGEETVPEPRLPLLDHOGAHWKNAVGEWLLGLCNNESYVVMLS

AAHDILSHKRTSGNOQSHVDPGPTPIPHNSSSREDCNSVSTAAVLLADILPTLVIKLLAPLG

LHLLPYSPRVLVSGICAAGSEFVLVAFSHSVGTSLCGVVEFASISSGLGEVTEFLSLTAFYPRA

VISWWSSGTGGAGLLGALSYLGLTQAGLSPOQOTLLSMLGIPALLLASYFLLLTSPEAQDP

GGEEEAESAARQPLIRTEAPESKPGSSSSLSLRERWTVEFKGLLWY IVPLVVVYFAEYEIN

ccacccaggga

cggaacgaaa

ttataagagc

tgtccatatyg

tggtagcttc

actgcctcta

atgtagcagt

taggttttat

acatgtatac

atgactcagyg

ctgttgtggc

atgcctggac

agttgctttc

gaaatcaatt

agtctccaat

agttccttac

aacctcaggyg

actggggacc

agactcattyg

tggtctaaag

ttgaataaca

amino acid

human CLN7 mRNA, which provides the nucleic acid

tgggagaaag
gtgaacagga
cgatggagat
gccatatctce
acctatattt
tgcatatctc
tgttagatca
tctaggtcca
aacaccagtt
aagacagtgt
catcaatgtt
tcaagaacaa
caaaaagatt
tcccaaaata
ggaagatgac
atcagctgtyg
tgtatacatyg
acgatgggca
ctctttetgt
ctctgctaga

gagagaattc

seJquence

Jan. 11, 2024

caaaagattg
ggtttatggt
cacatcccag
tatactgctg
gtttttcaga
ttacttagcg
aaaagtatta
ctgttttttyg
gctgtgttat
ggcgagcegtyg
cagtgggaag
aatgaaagac
ctaataggat

ggctggttaa

aagatatggg
caattgcggt

tacatgtcat
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16

-continued
OGLFELLFFWNTSLSHAOQYRWYOMLYOQAGVFASRSSLRCCRIRFTWALALLOCLNLVY

FLLADVWEFGFLPSIYLVEFLIILYEGLLGGAAYVNTFHNIALETSDEHREFAMAATCISDTL

GISLSGLLALPLHDFLCQLS

GenBank Acceggion No. :

nucleic acid sequence

cccctagaca

gggaggtcac

cagtgcctca

agccggagcet

ctcattectgt

acctggtygtt

gcggegcettt

gggccctgtce

gggctcctgyg

tcggattcecyg

ctacctgggc

gaggcgceagce

aggdyggygagyga

ctcacccagy

acctgcatct

tggctgctygyg

ccectcecataa

ctgatactcyg

atcgggaaac

gaaccgaggc

ggatcctcag

GenBank Accesgion No. :
(SEQ ID NO:

cctecegtygy

tgggggagct

tcctgatcat

gagcccecectt

Cttcctcectec

tctgtatgayg

ggcgcgcatt

tatcccectgcce

gggagtttgc

ggaagaacgc

ctgctgcectgy

aatggcggcc

ggtgggcttc

ccagctattt

gccagctctce

acaagaggac

ggacagtatt

cccaccccadg

tgcaactcty

caagggtcty

agaccctcca

11)

U32680.1,

(SEQ ID NO:

ggaggctgtg
accctgetgt
ggagaccagt
caggctcgcy
gggctgcetgg
gatgagcacc
tgctgagtgc
gaagaagaag
gcctcectgeat
cgcccacgac
cagagagcgc
gacttcctct
atccttagcec
agcccggcag
gacacccagg
acgatttgac
taaccaggga
aagccttgtt
ctcctettgy
ctttttgaac

tcettgecagy

AAF347711.1,

human CLN3
10) :
tccctetgtt

aggcccagga

ctgtcggggc

ggaccatcag

ccatgcectggy

tcctggettt

cccaacgcocy

ccagctccayg

gtgggcagag

atcccceccaca

cctctcecectt

ggacaggtca

acagctcatc

cgggaaaggt

ggaagggctyg

aaattgttgg

taccagatgc

ttctgaataa

cttcgtecty

tgtaccaggc

atgccgattt

human CLCN7,

mRNA complete cds,

caacttctct

cccggagtcog

gacgcaggtc

tatgtggtga

ccctggaggg

acattcacct

cagagccatg

ctgtggtaca

tgaactgtgc

tggacccagyg

aagccaggct

ccccagcectt

which provides the
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tctctacgge ccttcacctg gttgectttt

CCCcCcttttt

ggggccagec
tgctgtgcetce
ttgtteccett

attgtctccc

tggcgtettt

tgtccatygg

ctgccctaca

ctggaacact

ggdgaccgdca

ctggggaca gcccceegggt ggggaccagce ctcactgect

ggtcgtagtt

cceggcaggt

tcctcecececcac

tactttgccg

ctgggagtag

actcgtcatc

agtatttcat

gcatcatgcc

ctgctggaag

cctgggcecct

gaccctcatc

tccectgagtce
acttggggag
tctcgtcagt
acgctcagca
tttettecty
gggatttgtyg
ataccgctgy
acctgtcgca
tagcatctca
gccaagcatc

tgatgcgatg

cttectetecy

atcgggegtt
ctgtgtggtyg
ctgctgtcgce
gatccttgtc
tggtcttcgce
atccgtttca
gacctgaact
tcctggtggt

accttccaca

gagccacggce

cctgetggcea

atgaccctgy

tctaccccag

gacgtgtggt

accctcecgggy

ggccgtgatce

tcggetttet

gaccgtccecg

ccggcoctcetc

ctgacacact

gcctttgcaa

taggccttg cctcagggac ccctcagcag acatctectyg

ggccctgetyg tacctegtcet acatcgcececct ggggatctcec

MANVSKKVSWSGRDRDDEEAAPLLRRTARPGGGTPLLNGAGPGAARQSPRSALEFRVG

HMSSVELDDELLDPDMDPPHPEFPKEIPHNEKLLSLKYESLDYDNSENQLFLEEERRINHT

AFRTVEIKRWVICALIGILTGLVACFIDIVVENLAGLKYRVIKGNIDKEFTEKGGLSESLLL

WATLNAAFVLVGSVIVAFIEPVAAGSGIPOQIKCEFLNGVKIPHVVRLKTLVIKVSGVILSVV

GGLAVGKEGPMIHSGSVIAAGISQOGRSTSLKRDEFKIFEYFRRDTEKRDEVSAGAAAGVSA

AFGAPVGGVLESLEEGASFWNQFLTWRIFFASMISTFTLNFVLSIYHGNMWDLSSPGLIN

FGREDSEKMAYTIHEIPVEFIAMGVVGGVLGAVEFNALNYWLTMFRIRY IHRPCLOVIEAV

LVAAVTATVAFVLIYSSRDCOQPLOGGSMSY PLOQLEFCADGEYNSMAAAFEFNTPEKSVVS L

FHDPPGSYNPLTLGLFTLVYFFLACWTYGLTVSAGVEFIPSLLIGAAWGRLEGISLSYLTGA

AIWADPGKYALMGAAAQLGGIVRMTLSLTVIMMEATSNVTYGEFPIMLVLMTAKIVGDV

FIEGLYDMHIQLOSVPFLHWEAPVTSHSLTAREVMSTPVTCLRRREKVGVIVDVLSDTAS

NHNGFPVVEHADDTOQPARLOGLILRSQLIVLLKHKVEVERSNLGLYVORRLRLKDEFRDAY

PREFPPIQSIHVSQDERECTMDLSEFMNPSPYTVPQEASLPRVEFKLFRALGLRHLVVVDNR

which provides the amino acid sequence

gcctceocget

tggacactct

ctacgtgaac

cttgttgcetc
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NOQVVGLVTRKDLARYRLGKRGLEELSLAQT

GenBank Acceggion No. :

nucleic acid sequence

gccggcegcett
cgggacgacy
gceceggggcet
ttttggaccc
gagagcttgg
ggtggagatc
tggaaaacct
tcecctgttyge
tgctggcagce
tgatcaaagt
tcagtgattyg
agacacagag
tcctgttcag
tgaattttgt
tggcctacac
ttgaactact
cgccgtcacyg
acccgctgca
gtgagcctct
ctgctggacc
ttgggatctc
cagctgggcyg
ccceccatcatg
tgcagagtgt
gtgacctgcc
ccececgtggtyg
taaagcacaa
tacccgcegcet

gaacccctcc

acctggtggt

agaggcttgg

ccttetgeat

agetgggcegy

gcgectectt

ggctatcggce

cctgcectgcetyg

ctgcttggcec

ccecggecggt

aggagygcggc

gcgcgcecagt

ggatatggac

actatgacaa

aagcgctggg

ggctggcctce

tgtgggccac

ggaatccccce

gtccggtgtyg

ccgecgggat

aagcgggact

cttggaggag

tctgagcatt

gatccacgag

ggctgaccat

gccacagttyg

gctcttttgt

tccacgaccc

tacgggctca

cctgtcctac

ggattgtgcyg

ctggtgctca

gcccttocty

tgaggcggcey

gagcatgccg

ggtgtttgtyg

tcccacccat

ccctacacgyg

ggtggacaac

aggagctctc

ttcctecegy

gcaggcdgyca

gcgcaggcecc

ctcttgggayg

ccecocgagggc

tcattttcag

AF2247741 .1,
(SEQ ID NO:

gtcgctccge

gccgctgety

caccacgttc

cctccacatce

cagtgagaac

tcatctgcgc

aagtacaggy

gctgaacgcc

agatcaagtyg

atcctgtecy

ctctecaggga

tcgtcectecgc

ggtgcgtcct

taccacggga

atcccggtcet

gtttcgaatc

ccttegtget

gcagatggcg

gccaggctcc

cggtgtetgc

ctcacggggg

gatgacactg

tgaccgccaa

cactgggagg

tgagaaggtc

atgacaccca

gagcggtcca

ccagtccatc

tgccccagga

cgcaatcagy

gctggccocag

agtcactggt

gycgcggaac

agcctccecact

ccagcggcag

tgccctgcecc

ccatgagcag

12) :
ggcgggccat

cggagygacyy
tgogetttte
ccttcececcaa
cagctgttec
cctecattggy
tcatcaaggy
gcecttegtyge
cttcctcaac
tggtcggggy
aggtcaacgt
aggggctgceg
tctggaacca
acatgtggga
tcatcgccat
aggtacatcc
gatctactcyg
agtacaactc

tacaaccccc

cggggtettc
cggcgatcty
agcctgacceyg
gatcgtgggc
ccececggtceac
ggcgtcattyg
gcctgceococgyg
acctgggcect
cacgtgtccc
ggcgtecgcetce
ttgtcgggtt
acgtgaggcc
ttctecggcecc
tgaccctcetc

ctcetegtet

ggccggcacce

tggaagggcc

acggcctgtyg

17

-continued

ggccaacgtc

cygcgyccecgy

cgagtcaggac

ggagatccca

tggaggaggda

atcctcacgg

caatatcgac

tcgtgggctce

ggggtgaaga

cctggecegty

cactgaaacy

gccggagtgt

gttcctgacc

cctgtcocage

gggcgtggtyg

accggccctyg

tcgcgggatt

catggctgcg

tgaccctecgyg

atcccgtccc

ggcggacccc

tcatcatgat

gacgtcttca

ctcacactca

tggacgtgct

ctccagggcec

ggtacagcgg

agdacygadgcy

ccacgggtgt

ggtgaccagg

cagccctgec

aaaccatgct

gcgggactga

aggtttettt

tgcgtgectyg

CCtCthCtC

gtccectgggc

human CLCN7 mRNA complete cds,

tctaagaagyg
cyggggggyacy
atatgagcag
cacaacgaga
gcggcggatc
gcctegtggc
aagttcacag
tgtgattgtg
tcccecccecacgt
ggaaaggaag
agatttcaag
cagcggcegtt
tggaggatct
ccaggcctca
ggcggtgtge
cctgcaggtyg
gccagccocct
gccttettcea
cctgttcacyg
tgctcatcgyg

ggcaaatacyg

ggaggccacce
ttgagggcct
ctcactgcca
gagcgacacyg
tgatcctgceyg
cgcctgaggc
ggagtgcacc
tcaagctgtt
aaggacctcyg
cataatgggc
ccccagcagt
ccetgttgty
acctccaggy
tgccegtgty

cacaccagtg

ctgaggcacg

which provides the

tgtcctggtc

ccgcetgetga

cgtggagcetg

agctcocctgtc

aatcacacgyg

ctgcttcatt

agaagdgcyddy

gctttcecatag

ggtgcggctc

ggccgatgat

atcttcgagt

tggagccccc

tctttgettc

tcaacttcgyg

ttggagctgt

attgaggccyg

geaygggygygygce

acaccccgga

ctggtctact

ggctgcecetgg
ccctgatggyg
agcaacgtga
gtacgacatyg
gggaggtgat
gcgtccaatc
ctcccagcetce
tgaaggactt
atggacctct
ccgggcecctyg
ccaggtaccg
actggcgctyg
ggcaatggcg
ggcagtggtc
atcagctgtyg
cgtgagacag
gagtcttcga

gactcgtagce

cygccygyyac

acggggctgg

gatgatgaac

cctcaagtat

ccttcococggac

gacatcgtgg

actgtccttc

agccggtggc

aagacgttgyg

ccactcaggt

acttccgcag

gtgggtgggy

catgatctcc

aaggtttgac

gttcaatgcc

tgﬂtggtggﬂ

tccatgtcct

gaagagcgtg

tcttoctyggc

ggccggctet

agctgectgcec

cctacggcett

cacattcagc

gagcacacca

acaacggctt

atcgttctcc

ccgagacgcc

ccgagttcat

ggﬂﬂtgﬂggﬂ

cctgggaaag

gcaccccggce

agcaccctgce

tcccececttg

tgtgtgtgac

agcccttgec

gacttgggag

accagggttt
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acgttcaccc

tcggagaaaa

ctccecctaceg
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18

-continued

ggaggctgceyg

gcttgggtac

ggccctgagce

cttggtccct

accgecccygy

acaggcccag

cccatgccca

gagcctcaaa

agagcagctt cacactggeg ccacagagga gccccacgtg cactcecccegg cctgcatcecyg

aggactgggg tgactcacgg gccoctgtget gtgatgttga gagctgagaa aaacctccaa

gccctgectt ggtcccocccaa tcecccagagce ttggagtcectg ggceccccacac ccagcecctgce

gcgtggaatt gctgccctgt ggacact

GenBank Accesggion No. :
(SEQ ID NO: 13):
MEPGPTAAQR RCSLPPWLPL

AAH68581 .1, human OSTM1l, which provides the amino acid sequence

GLLLWSGLAL GALPFGSSPH RVEFHDLLSEQ
QLLEVEDLSL SLLOGGGLGP LSLPPDLPDL DPECRELLLD FANSSAELTG
CLVRSARPVR LCQTCYPLFQ OWSKMDNIS RAAGNTSESQ SCARSLLMAD
RMOIWILSE FENTTWQEAN CANCLTNNSE ELSNSTVYFL NLENHTLTCE
EHNLOGNAHS LLOQTKNYSEYV CKNCREAYKT LSSLYSEMQK MNELENKAEP

GTHLCIDVED AMNITRKLWS RTENCSVPCS DTVPVIAVSYV FILFLPWEY LSSEFLHSEQK

KRKLILPKRL KSSTSFANIQ ENSN

BC068581 .
14) :

GenBank Accesggion No. :
sequence (SEQ ID NO:

1, human OSTM1 mRNA, which provides the nucleic acid

ggctgtccgce
ccgacagcecyg
cgegcecteccc
tgtccctgtc
cgggagctcc
ctgtcagacc
agagtcagag
aggcaaattyg
cctgctttga
acaaaactct
tggaagatgc
tttetgtgtt
aacgtctcaa
aatggtggaa
ttcagatcca
agcagtgtta
tctattttaa
ctggtatctt
aaaaagaaat
taatatataa
acattacatt
atttcataag
taatttaaaa
tatttggcaa

cttcttaaga

tatatagagyg

ggtgccggcet
cgcagcggag
ttcggcagca
cctectgeag
tgctggactt
tgctaccccc
ttgtgccaga
tgcaaattgt
acataacctt
gagtagtctg
aatgaacatc
cattctcttet
gtccagtacc
gacacaactt

Cttttaaata

tgtgtatttyg

cttactaaca

gtacttgtta

ttcagtctet

tatctttgta

atcactggat

Cttataattt

attttggaga

gyggggcggygay
gtgttegtty
gtccgcacag
ggtggagggc
cgccaacagc
tcttccaaca
agtctcttaa
ttaacaaaca
caggggaatg
tacagtgaaa
actcgaaaac
ctacctgttg
agttttgcaa
ggtttcagaa

agaattttcg

tcacaataac
taagtatctc
ggaagtagct
agtttcccta

aaaagattta

tgctttatta

attactactt

agagagacag

aggcggeggt
ccgecgtggc
ggtcttccac
tggggcctcet
agcgcagagc
ggtcgtcagce
tggcagatag
acagtgaaga
cacatagtct
tgcaaaaaat
tatggagtcyg
Ccttctacct
atattcagga
agaagataaa

atttttcttt

agaacatgca

aagtagaaaa

taattacccc

gagtcatttt

tggtaactgy

tattcagggc

taaatcaaat

gaggggtaaa

gggctccctyg
tgccgcectggy
gacctcctgt
gtcgctgcecc
tgacagggtyg
aagatggaca
aatgcaaata
attatcaaac
tttacagaca
gaatgaactt
aactttcaac
tagtagcttt
aaattcaaac
ctgtgatttyg

ccttttccac

agaacaatca

gtttttgaaa

ccattgcagt

tgaaaccact

Cttcttactt

aatatggatt

gtagcattat

accagcttaa

gggtgtgtga gcccggtgat ggagccgggc

gctgctgcectyg
cggagcagca
ccggacctgce
tctggtgcgce
acatcagccg
gttgtgattc
agcacagtat
aaaaattatt
gagaataagyg
tgttcagtcce
cttcactcag
tgagacctac
acaagtcaag

CECtttctaa

Ctattttatt

actaacattt

attattgtta

gattgcaaac

gacttttata

atttttatac

cacactgtat

ggttcagcga

tggtcggggc
gttgctggag
cggatctgga
agcgcccecggce
agccygcyggyy
tctcagaatt
atttccttaa
cagaagtatg
ctgaacctgg
cttgcagtga
agcaaaagaa
aaaatggaga
ctcttaagaa

cagatttgga

ttataggcat

aaaaattaat

tatatatagt

ctccecctgaca

aatagtattt

caaggatttyg

ttaaattgtc

gcagadaaddyy

tggcecctggy
gtggaggact
tcctgagtgce
ccgtgcgect
aatacttcag
CCLtaatacc
tctatttaat
caaaaactgc
aacacattta
cacagtgcct
acgcaaactc
attgacatat
atacaaggac

Catttttaat

ttgattacta

cagttacagt

taatatgttyg

atttttaaaa

tacatcttat

catcgtgaat

attttttaaa

acctgagagyg

acatggcagyg

cacaccctga

cgtgaagcat

tgcattgaty

gtaattgctyg

attctgcceca

cacgtgaatyg

ttccaggcat

ttctagactt

aaagactttyg

tacatcacaa

gtagtaagcc

CCCtgccttt

taaattaagt

ggaatatttt
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atgctcacty

atccttattyg

tatgtttgta

attaatttct

ttaaaaagag

gtggagtgaa

ggggtttgtt

tcattaatgc

gtattatgta

ddadaaadaad

GenBank Accesggion No. :
(SEQ ID NO:

S edquence

taagactgtt

Cttctaaatt

ttagccttta

Ccttgctttt

aatttgaatc

atataaggct

ctgctgtcac

agataaaaca

tttgtaaaaa

dddadaaadaaad

ggacagtggt
atttcaatca
gadaddadcdac
ttggtggaaa
cctteocctata
cttggatgta
tgtttatgcet
agtttacatg
ccattgtttt

dadadadaadaa

AAOQQT797.1,
15) :

gtgtattgag

gatgaaagtyg

tcecgtttcag

taggctttgt

ctataaaatg

taacatactc

gctggaactt

tgcagagtta

tggatataaa

dddadaaaada

human MCOLNI,

19

-continued

gggatgaatc

atacgattga

aattgttcac

tgtaaacatt

ctctataggyg

aaaagctgtt

agcactgtct

gaaaatgaca

gctaataagc

ggaacgatag

aatgaaatca

agttttattt

aagaatataa

agacaaagtg

acactttctc

tgatttgaag

tgttcaattc

actttaaaaa

MTAPAGPRGSETERLLTPNPGYGTQAGPSPAPPTPPEEEDLRRRLKYFFMSPCDKERAKG

RKPCKLMLOVVKILVVTVOLILFGLSNQLAVIFREENTIAFRHLFLLGY SDGADDTEFAAY

TREQLYQAIFHAVDOYLALPDVSLGRYAYVRGGGDPWINGSGLALCORY YHRGHVDP

ANDTFDIDPMVVTDCIQVDPPERPPPPPSDDLTLLESSSSYKNLTLKEFHKLVNVTIHEFRLK

TINLOSLINNEIPDCYTEFSVLITEFDNKAHSGRIPISLETQAHIQECKHPSVEFQOHGDNSEFRLLE

DVVVILTCSLSFLLCARSLLRGFLLONEFVGEFMWRORGRV ISLWERLEFVNGWYILLVT

SDVLTISGTIMKIGIEAKNLASYDVCSILLGTSTLLVWVGVIRYLTEFFHNYNILIATLRVAL

PSVMRFCCCVAVIYLGYCEFCGWIVLGPYHVKEFRSLSMVSECLESLINGDDMEVTEFAAMQ

AQOGRSSLVWLEFSQLYLYSEFISLEFIYMVLSLEIALITGAYDTIKHPGGAGAEESELQAYTA

QCODSPTSGKFRRGSGSACSLLCCCGRDPSEEHSLLVN

GenBank Acceggsion No. :
the nucleic acid sequence

agatcagctyg

ggctgccccoy

cgagcggctt

aagaccttcyg

ctgatgctgc

attccgggaa

cctacacgcey

cggtatgcgt

aggccacgtyg

ageggecccc

cacaagctgy

ctgctatacc

cccacatcecca

atcctcacct

cggcagcgygy

tgtgctcacc

tcectgggceac

atgccggagg

ccgtaccecege

ctgacccecca

ccgtegtcetc

aagtggtcaa

gagaacacca

ggagcagctg

atgtccecgtgy

gacccggceca

tCCgCCCCCC

tcaatgtcac

ttcagcgtcc

ggagtgtaag

gctcoccectgte

gacgggtcat

atctcgggca

ctcgacgctyg

AF287269.1,
(SEQ ID NO:

gtttgaagcc

ctgcgtececy

acccegggta

aaatactttt

gatcctggtyg

tcgecttecy

taccaggcca

tgggggtgac

acgacacatt

agcgacgatc

catccacttce

tgatcacgtt

caccccagty

Cttcctecte

cagcctgtgy

ccatcatgaa

ctggtgtggg

16) :
gegccgcgay

cgcteccecgec
tgggacccag
tcatgagtcc
gtcacggtgc
acacctcttc
tcttceccatge
ccttggacca
tgacattgat
tcaccctcett
cggctgaaga
tgacaacaaa
tcttceccagea
tgcgceccget
gagcggcetgyg

gatcggcatc

tgggcgtgat

human MCOLN1 mRNA,

ggagcgaggt

ccagcatgac

gcggggcctt

ctgcgacaag

agctcatcct

ctgctgggcet

tgtggaccag

atggctcagyg

ccgatggtgg

ggaaagcagc

ccattaacct

gcacacagtyg

cggagacaac

cactccttcyg

aatttgtcaa

gaggccaaga

ccgctaccetyg

cgcagtgaca

agcceeceggcey

caccggceccec

tttcgagcca

gtttgggctc

actcggacygyg

tacctggcgt

gcttgectcetc

ttactgactg

cccagttaca

ccagagcctce

ggcggatccc

agctteegygce

aggcttectyg

tggctggtac

acttggcgag

accttcttcecc

tctcatgcayg

catagttcgt

cttaggtttt

aatctcctcet

CCCCLLLLLL

tgatctgctyg

catatgattyg

tgtaagtggt

ddaddadadaad

gcdggcgggcy
ggtccgegceg
tccgacaccc
agggccgcaa
agtaatcagc
agcggatgac
tgcctgacgt
tgccagcecggt
catccaggtyg
agaacctcac
atcaataatyg
catcagccty
tcctgtttyga
ctgcagaacyg
atcctgctcyg

ctacgacgtc

acaactacaa

aaaatagtga

gctcagaaat

tagagttcag

atatagaaac

cCCtttatgtt

tgatccactyg

agagccattt

gactttttga

ddadadadadaad

which provides the amino acid

complete cds, which provides

atcggaccca

gctcagagac

ccagaagagyg

gccctgcaag

tggctgtgac

accttcgcag

gtcactgggc

actaccaccg

gatccccecyg

gctcaaattc

agatcccgga

gagacccagyg
cgtggtggtce
agtttgtggyg
tcaccagcga

tgcagcatcc

tatcctcatce
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gattaagatc

tctattttgyg

gatttcattt

aagaattttyg

tactgtttat

aaaatgtgct

gaagcaatct

gcacctttca

ddadadadaadaad

gttcatgtgy

gccacactgce
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gggtggccct

gtgcetggggce

acgttcgcecy

atctacatgyg

agaggadagc

cggcctgcag

gccgttggac

tgtcgegecc

gcccagegtce

cctatcatgt

ccatgcaggc

tgctcagcect

gagctgcagg

ccttetetgce

cgtaggccct

gaggagggdcc

GenBank Acceggion No

(SEQ ID NO:

MTGARASAAR

LAPGGSSGRD

SECCYHCLFEQ

CRLEYRFGEF

LRLLLSLDDF

VDTFRGIALI

IFLSMTSILO

GVTYEFVVAVL

WLGLTFLLPV

YOHPSSAVLY

ILIRFTAWCC

VEKGLWTGTPFE

IVATALWVLI

GenBank Accesgsgion No. :
(SEQ ID NO:

sequence
agyggcdgdgde

gctgetggcec
cacgagactt
accaacttga
aagcctagtyg
agtttgtagy
tgacctggcet
ctttctgagy
tgagctggga
ccegectecy
aacatgcaag
cttctatact
ttgtgaatcc
tggttgctgt
ccagctggcec

tgccctactyg

17) :
QRRAGRSGOA

AQALAPPRDLD

VLVNVPQSPK

GNYSLLVEKNI

NNWISKALISS

LMVEVNYGGG

RGCSKFRLLG

ELLFAKPVPE

PGCPTGYLGP

HTEVAYDPEG

ILGLISVALT

FYPGMNSILV

AYTILYRKKIF

gcagcydgyca

gcgtececgtge

dadacadaddad

ccgtcectactyg

ctgcagctgc

ttggaataca

gtgaacgagg

ctcttgttga

tctcecagca

cagcgtggac

ttggaatggg

gcaacygdgyy

caattattgc

gttggagctc

ccagtggctyg

gttatcttygg

atgcgcettcet

gaagttccgce

gcagcayyyc

cttcatcgey

cctacatcgc

tgctgcggaa

ggactgcaga

tggacctttc

Q68CP4 .2

RAAERAAGMS

KKRHAELKMD

AGKPSAAAALS

HNGVSEIACD

RETDRLINSE

KYWYFKHASW

KIAWRSFLLI

HCASERSCLS

GGIGDFGKYP

ILGTINSIVM

KVSENEGFIP

YVGHEVFENY

WKI

NM 152419

18) :

ggcaagggcy
tgagcgcocgc
agacatgcag
gaaatctgaa
ctctgtcagce
gatttggaga
atccagttga
gtttggatga
ggacagaccc
accttcagygg
ctgacagtygg
tgttcaaaat
cttggtccat
ctctttgeta

ctcatcctgy

tcctgggggc

gctgcetgegt
tcactctceca
cgcagcagcc
ctcatcaccy
acagtgccag
gggaccccte

gacccecgec

gtgtcggacc

human HGSNAT,

GAGRALAALL

QALLLIHNEL

VSTOHGS ILO

LAVNEDPVDS

LGSPSRTDPL

NGLTVADLVE

CIGIIIVNPN

LRDITSSWPOQ

NCTGGAAGY T

AFLGVQAGKI

VNKNLWSLSY

FPEFOWKLEKDN

20

-continued

ggctgtcatc

tggtgtctga

tggtgtggﬂt

gcgcectacga

gacagcccca

ggaggagcat

cccgacceccyg

cttgggggcey

LAASVLSAAL

LWTNLTVYWK

LNDTLEEKEY

NLPVSIAFLI

DGDVQPATWR

PWEVEFIMGSS

YCLGPLSWDK

WLLILVLEGL

DRLLLGDDHL

LLYYKARTKD

VITLSSFAFFE

QSHKEHLTQN

tacctgggcet

gtgcctgttc

cttctcccag

caccatcaag

cctcocggcaa

tcgcectgetygyg

Cttatttatt

gggagactgg

GLAVIIVISFE

LSALPPRLRS

VRIPGVLORL

ILLVLYPVVD

actgcttcty

tcgctcatca

Ctctaccttt

catccecgygcey

gttccgccgce

tgaattgatt

tgtagggttt

gtggggagdyg

tggctggatc

atggggacga
actccttcat
gcgcaggcogc
gggagcggcet
cgacctgact

gcttttaagyg

tgttgaataa

which provides the amino acid sequence

human HGSNAT mRNA, which provides the nucleic acid

gcecgagcegyy
gctgetggcec
agctgaagat
tgctgttatc
acccagcacyg
atttggaaac
tagtaacctt
ctttaacaat
tctcgatggt
ggattgctct
ctgacctcgt
tcagattgct
tgtcttggga
aacctgtgcc
tgctggaagg

attggagatt

cggcegggcat
cceggeggcet

ggatcaggct

actgcttgtt

gatctatcct

tattctctct

cctgtgagca

tggatttcta

gatgttcagc

tatactcatg

gttccegtgy

ggggaagatt

caaggtgcgc

tgaacattgt

cctgtggcetyg

ttggcaagta

gagcdgyggced

Cttcggggcyg

ttgctactca

tcaggttctg

gcagctgaac

tggtaaagaa

ttgcattect

aagccataag

cagcaacgtg

gtctttgtca

Cttgtattta

gcatggagga

attcctggty

gcctcecggaga

ggcttgacat

tccaaattgc

ggcaggygcegce
cgatgcccag
tccataatga
gtaaacgttc
gacaccttgyg
catccataat
tattggtctt
ttctcgagaa
gcgtctatcet
attatggagg
ttatgggatc
gtttcctgtt
tgctgcageyg
ggagctgcect

tCCtGCthC

actggaggag

tggccgeget

gcoegoegecygc

acttctctgyg

ctcagagtcc

aagagaaaga

ggagttagtg

gctgtcatca

actgatcgcc

gccctgecgce

aggaaaatat

CCccattttt

aatctgcata

attgggagtg

ttctettega

agtccctggy

ctgcaggcta

Jan. 11, 2024

catgtttgtyg

cagcctcttc

atcggctccc

a

aaaagcaggyg

aaattgcctg
ttgtgatatc

tcatcaattc

tggtacttca

ctatcgatga

ggaattatca

acatactttyg

gacatcacgt

catcgaccgc
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ctgctgcectygy
gggcatccty
ctcggaccaa
aaggctttat
acccagttgt
tgtttgagaa
gccactgccc
ggaagactct
cgtgtttaca
cttacagatt
actttccaaa
aaacttcctt
ataatttagt
gtccaaaaaa

atgtatctgc

gggcaggtac

ggccttggcet

gcttttcetga

gtaagtcttt

cggggacaaa
cctgtgtgag
cttccaccct
ggacccctcec
tggctttgty
ctccatcette
ttccectegtt
attgacatgg
actccactcc
cacatcacag
ctgtcatgtt
aatgttggta
gactgtgagc
tgaataaaca
aaatgttctt
gtcatcccaa
tgggtgtett
gacccagcct

cccacgaagy

cagctagaag

gagacgatca

ggcaccatca

agacatcctyg

tccagtaaac

ggatgtgaag

ctacttcccece

tctgggtgcet

agtaggccty

gactctggygg

tgaaatgtaa

agggaattgc

tccacgtgta

Ctgttttttt

tgtctatcac

ctgtctgtcc

tgtctttgec

tcctcecacttyg

aatcttcaga

tcaagatgat

ggacaaacag

gaaaacgtgg

cgccactcca

acctggaggc

aatggatcat

tacctgcagc

ccccacttcet

aaacaccatt

ctgctctcetc

aagtacctcc

taaaccccct

Ccaatctcac

ttcctaaggc

tttttaaagc

ggggccegtgt

agttcagcag

gagctgtaag

gagcttgctyg

gtgtgccata

cgcctegett

cctttaccag

actccatcgt

attcgattca

aaaaatctct

gggctgtgga

tttcagtgga

cattgcctac

caggdgaggac

gaagacactg

CEtgtcttttt

catgggtgtt

cgcgcacacc

gattgaatgc

aagccatttt

atcatcttcc

tgtgggtcca

tgaaatgagc

agaaatagtt

cctccacaat

agacacacgg

ccacagggtt

tggcagcttt

cagcccatgt

gtgtctctag

tgctetgttce

taaagtcacc

gtctggcaca

ctccacctcc

tgcttetggt

acttctaagy

agcatttagt

aagaatcatyg

aaaatgatgt

ggggacagtc
ggaaagctga
gaaggaactc
ttagctagcg
atccccttcea

gtcccaagac

cacccatctt

gatggccttt

ctgcttggtyg

ggtccecttte

caggaacccc

agctgaagga

atcctctata

tgaagcagcc

atgtcctcaa

tcctecatcet

CCCcttctgt

aacacgaaat

agtttaatgt

CECCLLLLcCC

ttcctececta

gctgagccat

gggaagatga

ccattacaga

ggagygcagcy

cattgttcat

gtgctgtacc

tggtctgttt

ctcaggccca

gtataaacct

tcatggtcac

tgtccattgc

catactcaca

ccatcctcectt

tttaattaga

gaacttctct

gcttcectgec

ccttgttyggt

ggatttttaa

gtcattcctce

gctgggectce
cggagtcagc
gaggcagctyg

acaggaaatyg

cagcagggac

21
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ctgctgtact

ttaggagttc

Ctgtattctt

gtatgtcact

attcttttat

caaccagtcc

gaaagaagat

tttgttaaag

actggttaac

tctgtggaaa

ggtgagtgaa

gccatcactce

ttccagaaag

tctctcgaaa

tctetgtgta

ccetgetggy

ctctcagttce

aaactcttca

ttcctacttg

gggaggcatc

cacccttcecec

ccggetetge

gccctagect

gacatcatct

tgctgcatca

caccagatta

tactcacctt

gtCtCCCCtC

gccttecoccecy

aatctcttat

tggtgtgaca

ttctgtatte

aataaatatt

ctcctgccac

tccaggtgag

tgggctacag

ctggtggccc

cttcccagaa

agggaactgt

ttaccacacc
aggcaggaaa
gggctcattt
acgctcagtt
ccaggaatga
cacaaggagc
tttttggaaa
ggaagcattc
tgtgacacgyg
tggatgtett
acaatctgag
ctactgcggc
ccaaagtaat
agttaaaata
tctggatggc
tgatgctggy
cttccacctc
aaataaatag
tcatcacaca
gtcaccctcec
cggcgagatyg
cctectgecct
cttctecctca
ttccaccegy
ctgagtctgy
agctttctcec
cccgtcettga
ccctetgaat
attacatttt
cctcatcccec
gttacctgtg
ctcatggtgc
taagtgctgy
CCLTCCCLtCC
ttttctagaa
gggagcttcet
aggtgctcga

gcctcectcocagce

ccgageccgt

gaggtggcect

aatactattyg

ctgttgetet

cttttgccett

attccattct

acctgactca

atctgatggc

attaggaaat

ctcgccagaa

tggaacttca

gtctggttet

tgctatgaag

CCCCLLLtCa

tctatgtgtt

agccgcetgec

caagaccctt

ttagacatgyg

tagtgaaaac

gctgaagaca

tgggtgttet

gccctaggec

gaactctcat

aattctaagt

cttacctcca

acccttgtta

agccagatca

tccceccacaca

ccagcccagc

cctcectgaatt

aaatagtgtt

tgcatgtgca

caaacacagt

taagatgagc

cagtgagtca

gcatttctca

ctaagtcctyg

caccaggcat

agcctcccct

ggctgtgtgyg

atgaccccga

tattacaagyg

gacgaaggtt

cttcatcctyg

ggtatatgtc

gaacatcgtc

tcccactgag

tgactggcty

ctctgecectgt

ttccgaggayg

tgctgacctt

cttactggtt

gatatgcaag

attcccaaac

caggggagtg

ggcccegtcetyg

tgaggtaaca

ttttaaaaac

CCgtttctta

gtgggaattt

tgtgccgctyg

ccggcttgta

JCCLLCLCLL

ccagatctcece

tcattttcaa

cctectetetyg

tctttccagce

ggggcttctce

CCLtcctatc

CCcCcttcctct

atttctaatt

gccttctaca

atgtatccgyg

ctgtggatgg

aactgtgggt

cygggaggcocca

ccecectcectect

cctgtcctat

agdaadgqycyda

Jan. 11, 2024

tctgaaaatyg

ctggtcctgt

ggccacygady

atgtgctgct

ctatttgtga

ataagcttta

gttgccecctgce

gtgatgtgtt

gCctttggtgyg

cctcttacct

gctgtgggga

gacatcaaaa

tctcattgga

ggtgtgaaat

cctgectygcet

taggtttccc

ccagttctgt

actggcctcec

agaaacctcc

ctceccectecece

ctgcctccat

tacatttgat

gggttcttat

tcccacgcecta

ttgcaggcgc

ggtgcccatg

tcccagetgt

tacatcaact
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cccocaygcac

ggggcaacaa

dadCcadddaddad

gaatatactg

caaagggtat

tggaaaaaaa

GenBank Accesggion No. :
(SEQ ID NO:

aagattggtt

ccgcetgacayg

ttctattctyg

ccgcectgtaga

cgacttaagt

ddddaddadad

19) :

tcetttggga

ctgcaacagy

tagaatgggg

tcataaaatg

gaaatttcaa

AAB63982 .1,

aggygaagagd
tgcatggcat
agagaaaatyg
tatcttttcc

catgctgtta

human NPC1,

22

-continued

gagtgtgttyg
ctcacaggga
tgacatttta
atggccaaca

CCLCCCtcctt

gggtaagggy

gygcaggygaygy

AttttCtCttt

aggggcatct

ttaatgtaat

which provides the

MTARGLALGLLLLLLCPAQVESQSCVWYGECGIAYGDKRYNCEYSGPPKPLPKDGYDL

VOELCPGFFFGNVSLCCDVROQLOTLKDNLOLPLOFLSRCPSCEFYNLLNLECELTCSPRQS

QFLNVTATEDYVDPVITNOQTKTNVKELOYYVGOSFANAMYNACRDVEAPSSNDKALGL

LCGKDADACNATNWIEYMEFNKDNGOAPFTITPVESDEPVHGMEPMNNATKGCDESVD

EVITAPCSCODCSIVCGPKPOQPPPPPAPWTILGLDAMYVIMWITYMAFLLVEEFGAFFAVIW

CYRKRYEFVSEYTPIDSNIAFSVNASDKGEASCCDPVSAAFEGCLRRLETRWGSEFCVRNPG

CVIFFSLVEFITACSSGLVEVRVTITNPVDLWSAPS SQARLEKEYEFDOQHEGPEFEFRTEQLI IRAP

LTDKHIYQPYPSGADVPFGPPLDIQILHOVLDLOIAIENITASYDNETVTLODICLAPLSPY

NTNCTILSVLNYFONSHSVLDHKKGDDEFEFVYADYHTHELYCVRAPASLNDTSLLHDPCL

GTFGGPVEPWLVLGGYDDONYNNATALVITEFPVNNY YNDTEKLORAQAWEKEF INFVK

NYKNPNLTISFTAERSIEDELNRESDSDVETVVISYAIMEFLYISLALGHIKSCRRLLVDSKV

SLGIAGILIVLSSVACSLGVESYIGLPLTLIVIEVIPFLVLAVGVDNIFILVOQAYQRDERLQG

ETLDOQOLGRVLGEVAPSMELSSEFSETVAFFLGALSVMPAVHTESLEFAGLAVEFIDELLOITC

FVSLLGLDIKRQEKNRLDIFCCVRGAEDGTSVQASESCLEFREFFKNSYSPLLLKDWMRPIVI

ATEFVGVLSEFSIAVLNKVDIGLDOSLSMPDDSYMVDYFKSISQY LHAGPPVYEVLEEGHDY

TSSKGONMVCGGMGCNNDS LVOQOQIFNAAQLDNYTRIGFAPSSWIDDYEDWVKPQSSCC

RVDNITDQFCNASVVDPACVRCRPLTPEGKORPOQGGDEFMREFLPMEFLSDNPNPKCGKGG

HAAYSSAVNILLGHGTRVGATYFMTYHTVLOTSADEF IDALKKARLIASNVTETMGINGS

AYRVEFPYSVEYVEYEQYLTIIDDTIFNLGVSLGAIFLVTMVLLGCELWSAVIMCAT IAMV

LVNMEGVMWLWGISLNAVSLVNLVMSCGISVEFCSHITRAFTVSMKGSRVERAEEALA

HMGSSVESGITLTKEFGGIVVLAFAKSQIFQIFYFRMYLAMVLLGATHGLIFLPVLLSY IGP

SVNKAKSCATEERYKGTERERLLNFE

GenBank Acceggion No. :

nucleic acid sequence

tttgctecty

cagccgaacyg

tgctactgty

aatattctgy

tctgttgtga

acctactgaa

ttacaaacca

tgccgggatg

caccaactgyg

ctcctceccgcet

ccgocggegt

tccagcecgcayg

cccaccaaaa

tgttcggcay

cetgttttgt

gacgaaaaca

tggaggcccc

attgaataca

AF002020J, human NPC1l mRNA,
(SEQ ID NO:

cctoctgegc

cagcagcctt

gtgttttcac

ccattgccaa

cttcagacac

gagctgacat

aatgtgaaag

ctcaagtaat

tgttcaataa

20)
ggggtgctga

gcgoggccac
agtcctgtgt
aggatggata
taaaagacaa
gtagcccteyg
agttacaata

gacaaggccc

ggacaatgga

aacagcccygyg

agcatgaccg

ttggtatgga

tgacttagtg

cctgcagetyg

acagagtcag

ctacgtcgga

tgggactcct

caggcacctt

complete cds,

ggaagtagag

ctcgecggcect

gagtgtggaa

caggaactct

cctctacagt

tttttgaatg

cagagttttg

gtgtgggaag

Ctaccatcac

tagagcagag
tgcgagctcc
gcatttatat
tttataaatqg

tctgttttec

amino acid

ccgectocegyg

ggcccttggce

ttgcatatgyg

gtccaggatt

ttctgtccayg

ttacagctac

ccaatgcaat

gacgctgacg

tcctgtgttt

gaatggtcag

taagtaatgyg

tcctaattcc

cataataacc

aaataaatgyg

seJquence

which provides the

ggagcccaac

cteccectceccectgc

ggacaagadyd

cttetttggce

atgtccatcce

tgaagattat

gtacaatgcc

cctgtaatgc

tcagattttc

Jan. 11, 2024

tacttaaagt

cagtttgtat

gggagacaaa

tacaattgcy
aatgtcagtc
Cgtttttata

gttgatcctyg

cagtccatgyg
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gatggagccc

gctetattgt

ggatcaccta

ctcccatcga

gctgcttgag

cgtgttecgtc

ctggaaaaag

caaacacatt

acaaatagcc

cacgaactgc

tgccgattac

gtttggtgga

tgtcaataat

tcccaatctg

tagctatgcc

aggcatcgcy

gattgaagtc

aggggaaacc

ctgtagcatt

ttctgcagat

gtgctgaaga

ggatgagacc

ctctttegat

tggaggaagy

gtgcagcaga

tttcgactgy

cgttcgetgc

tttcggataa

ggcaccaqgdyy

gaaagcccga

cttctacgaa

cctgggetgt

catcagtcty

ggtgagcatg

cacttacaaa

tcttactgygy

ctgaagagcy

gtctaagggt

ggttgtttgg

atgaacaatyg

ctgtggcccc

catggcgttt

tagcaatata

gcggcetgtte

aggcctggtg

agtactttga

taccagccat

atcgaaaaca

accattttga

cacacgcact

ccagtgttcc

tactataatyg

accatttcct

atcatgtttc

ggcatcttga

atcccgttcc

ctggatcagc

tttcttagga

tacctgtttc

tggaacaagc

aattgtgata

gccagatgac

gcacgactac

tatttaacgc

gtgaagccac

aggcctctga

ccctaacccc

tcggagccac

cttatagcca

cagtacctga

gagctctggt

aacgctgtat

aaaggcagcc

atttggaggyg

agccactcac

atacaaagga

cggtcggttt

cagcagcttt

ccaccaaagyg

aagccccagc

ttgcttgtgt

gcetttttetg

acacgctggy

tttgtccggy

ccagcacttt

accctteggy

ttactgcctc

gtgtgttaaa

ttctgtactyg

cgtggettgt

atacagagaa

tcactgctga

tatatatttc

tcgtgcetgag

tggtgctggc

agctgggcag

gcattgtccy

gtgagtctct

gtccaggcct

gcaatatttg

tcctacatgy

acttcttcca

ggcgcagctyg

agtcgtcttyg

ctccggaagy

aagtgtggca

gtacttcatg

gtaatgtcac

ccatcattga

ctgcagtcat

ccttggtcaa

gcgtggagceg

attgtggtgt

ggattaatat

acagagcgcyg

accactggac

gaacgtagcg

ctgtgacgag
cccocacctec
tttttggagce
ttaatgcaag
ggtctttety
tcacaaccaa
gggcctttcet
agctgatgta
ttatgacaat

ttacttccayg

cgtacgggcet
gttgggaggc
gctccagagy
acgaagtatt

cctagecttyg

ctcggtggcet

tgttggagtg

ggtcctagga

tgatgccagc

tggggttaga

cagagagctyg

tgggtgttet

tggattattt

adgydgycadaa

gacaactata

ctgtcgagtyg

caaacagagg

daadygygdgaca

acctaccaca

cgaaaccatyg

cgacactatc

catgtgtgcc

cctggtgaty

cgcggaagay

tggcttttge

ttctecctygt

aacggcttcet

gggtgctgca

cctgtgaact

23
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tctgtggaty

Ccctgctecce

attttttgca

tgacaaagga

cgtccgaaac

tccagttgac

tccggacgga

ccetttggac

gagactgtga

aacagccatt

cCctgcctctc

tatgatgatc

gcccaggect

gaagatgaac

gggcacatca

tgctceccttygy

gacaacatct

gaagtggctc

cgtgcacacc

cattaaacgt

tttgtttcge

gtcattcagc

caaatccatc

catggtgtgc

cccgaatagy

gacaatatca

cctcaggggg

tgctgcectat

ccgtgcectgcea

ggcattaacyg

Ctcaacctcg

accatcgcca

agctgtggca

gcacttgccc

caaatctcaa

cttactcagt

aaatttctag

tcggcaaggc

caggaatgca

aggtcacagc

tggacgatcc

gtgtggtgcet

gaggcgtcct

cctggetgty

ctctggtcag

gcagctcatc

ctcecgettga

cacttcaaga

ccgtgcectgga

tgaatgatac

aaaactacaa

gggaaaaaga

taaatcgtga

aaagctgtcg

gtgtcttcag

tcattetggt

ccagtatgtt

Ctctctctct

caagagaaaa

Ctcttcaaaa

atcgcagtcce

agtcagtacc

ggcggceatgg

cttcgcececce

ctgaccagtt

gagacttcat

agttctgcag

gacctctgcet

gcagtgccta

gtgtgtccct

tggtcttggt

tctececgtgga

acatgggcag

attttccaga

tacatagggc

ccctctcgca

caagttgaac

cagttgactt

accatgtagc

ttggcttgga

acagaaaacg

gctgtgaccc

Ccattttctt

ccceccecagceag

atccgggccc

catacagata

catctgctty

ccacaadaada

aagtttgctc

taacgccact

gtttattaat

aagtgacagt

caggcttctyg

ctacattggyg

gcaggcctac

cctgtcatcc

ttgcgggatt

atcggctaga

actcctattce

tgaacaaagt

tgcatgcggyg

gctgcaacaa

tcgtectgga

ctgcaatgct

gagattcctg

ttaacatcct

gactttattg

ccgagtattt

gggcgcgata

caacatgttt

gttctgcagce

ctcegtgttc

tcattctactt

catcagtaaa

gggcatcctyg

accggatggt

gggaagcagt

tgccaagact

cgccatgtat

gtattttgte

tgtcagcgca

ctcgcectggtc

ccaggctcgc

ctctcactga

ctgcaccagyg

gccectettt

ggggacgact

catgaccctt

gcecettgtga

tttgtgaaaa

gatgtcttca

gtggattcga

ttgcccttga

cagagagatyg

ttttcetgaga

ggcagtcttc

catcttttygc

tccacttctyg

agatattgga

tccgectgty

tgattcccty

tcgacgatta

tcagtggttyg

cccatgttcc

ccttggccat

acgctctgaa

ccttacagtyg

tttetggtga

ggagttatgt

cacataacca

agtggaatca

caggatgtat

taaagccaaa

actgaactgt

gccaaccatc

attactagat

Jan. 11, 2024

gtcatcatgt

tccgagtaca

gcatttgagyg

ttcattactg

ttcttgactt
caccgtataa

tctttgtgta

gtctgggtac
ttaccttccc
actacaagaa
ccgttgtaat
aggtctcact
ccctcecattgt

aacgtcttca

attgactttc

tgtgtcagag

ctaaaggact

ttggatcagt

tactttgtcc

accctgcectyg

tgttttatgt

ccatggtcct

ggctcetgggyg

gagcgttcac

ttggccatgy

agttgtgcca
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ctggaggcaa

actagatggc

tcccacaagt

aataaattaa

tctgtttgaa

caaagaaagc

ccacaggaca

tgtgaatgty

tctataccat

ctttgtacac

ddadagcaacda

atctcgtagy

Cctaaacttct

atccgctcac

atttttagtg

atttttatat

tgttcettcac

tgtgtctact

cccagcctct

tgacactcty

acagttgagyg

dddadddacad

agtgttcccc

gggttttaac

24

-continued

tcaggaaaga

taaaggccaa

ttgtagatac

caagtgattt

tagaaaggaa

Ctatttttct

aacctcattc

Ccaatgcact

actttataac

cagaatgttg

gagatttaat

ttaataaaat

tttggcaagc

gtctgtectce

attttatagt

taggcctcat

tgccagttag

acattgtttt

aggaggtgac
tcctttttag
ttaaagagct
tagagcttgg
atgtggcatg

cctaaaaaaa

Jan. 11, 2024

gagtaagcca

ttattaatgc

tctccaaaaa

aaatgaggga

daad

GenBank Acceggion No.: CAAL4416.1,
sequence (SEQ ID NO: 21):
MVCFRLFPVP GSGLVLVCLV LGAVRSYALE LNLTDSENAT CLYAKWOMNE

human LAMP-224, which provides the amino acid

TVRYETTNKT YKTVTISDHG TVTYNGSICG DDONGPKIAV QFGPGESWIA

NFTKAASTYS IDSVSESYNT GDNTTFPDAE DKGILTVDEL LAIRIPLNDL FRCNSLSTLE

KNDWOQHYWD VLVQAFVONG TVSTNEFLCD KDKTSTVAPT IHTTVPSPTT

TPTPKEKPEA GTYSVNNGND TCLLATMGLQO LNITQDKVAS VININPNTTH

STGSCRSHTA LLRLNSSTIK YLDEVEFAVEKN ENREFYLKEVN ISMYLVNGSV

FSIANNNLSY WDAPLGSSYM CNKEQTVSVS GAFQINTEDL RVQPENVTOG

KYSTAQDCSA DDDNFLVPIA VGAALAGVLI LVLLAYFIGL KHHHAGYEQF

GenBank Acceggion No.: X77196. 1, human LAMP2 mRNA, which provides the nucleic acid

sequence 22) :
ccgattcecetg

tgttgtaccyg
tcagggctcg
ctttatgcaa
gtgacatata
tttaccaagg
aaaggaattc
aatgatgttg
gacaaaactt
agaagctgga
tgcttcagtt
cattaagtat
ctocoegttttce
agtgtctgga
cagtgcagat
tggtctcaag
tcttacctct
gtctttatta
catcaacgtg
ggccattata

actatagtga

GenBank Accesgion No. :
(SEQ ID NO:

Ssedquence

(SEQ ID NO:

gcttttgcaa

ccgecgtoegc

ttctggtetyg

aatggcagat

atggaagcat

cagcatctac

ttactgttga

tccaacacta

caacagtggc

acctattcag

attaacatca

ctagactttyg

agcattgcaa

gcatttcaga

gacgacaact

caccatcatg

cagttgttga

ataaaacctg

caatgtttta

agaataaaat

tttaaactca

ggctgtggtce
cgccegtegcec
cctagtcectg
gaatttcaca
ttgtggggat
ttattcaatt
tgaacttttyg
ctgggatgtt
acccaccata
ttaataatgg
accccaatac
tctttgetgt
ataacaatct
taaatacctt
tccttgtgcec
ctggatatga
aacactttgc
ttctctttaa
aggtctatct
atgtagttgt

tcaatgtgcc

AARAD]1149.1,
23)

ggtggtcatc

gcctgetcety

ggagctgtgc

gtacgctatg

gatcagaatg

gacagcgtct

gccatcagaa

cttgtacaag

cacaccactg

caatgatact

aactcactcc

gaaaaatgaa

cagctactgyg

tgatctaagy

catagcggtyg

gcaattttag

ttcttaaaat

tcagcttaaa

taagaagccc

gtcttaatgg

tttgcataaa

human LAMP-2B,

agtgctcttyg

cggggtcatg

ggtcttatgc

aaactacaaa

gtcccaaaat

cattttccta

ttccattgaa

cttttgteca

tgccatctcc

tgtctgctygy

acaggcagct

aaccgatttt

gatgcccoccc

gttcagcctt

ggagctgcct

aatctgcaac

tgatatgttg

atccaaagtg

tggccaaatt

aattaataaa

gttgattaaa

acccaggtcc

gtgtgcttcc

attggaactt

Caaaacttat

agcagtgcag

caacactggt

tgaccttttt

aaatggcaca

tactacaaca

ctaccatggg

gccgttctceca

atctgaagga

tgggaagttc

tcaatgtgac

tggcaggagt

ctgattgatt

aaactttaat

tcatatttac

ttgatcctaa

tgtcatttca

taaatattga

MVCEFRLFPVPGSGLVLVCLVLGAVRSYALELNLTDSENATCLYAKWOMNETVRYETTN

agcgagcectt

gCCtCttCCC

aatttgacag

aaaactgtaa

ttcggacctyg

gataacacaa

agatgcaata

gtgagcacaa

cctactccaa

gctgcagcetyg

cactgctcta

agtgaacatc

ttatatgtgc

acaaggaaag

acttattcta

atataaaaat

CCCtttatca

tggtcctgga

ccttgaagta

ctactggtgt

tgtggtataa

ttcecctggty

ggttﬂﬂgggﬂ

attcagaaaa

ccatttcaga

gcttttecty

catttcctga

gtttatcaac

atgagttcct

aggaaaaacc

aacatcactc

cttagactca

agcatgtatt

aacaaagagc

tattctacag

gtgttgcetgg

acatgcaaat

atcccagcat

gacaaacttg

tgccttgaac

tctgttttca

atgcccatca

which provides the amino acid

ttgcagctgt

tgccacttgc

ccatggcact

gattgcgaat

tgctgaagat

tttggaaaag

gtgtgataaa

aggataaggt

atagcagcac

tggttaatgyg

agactgtttc

ctcaagactyg

CCLtattttat

aacaagattt

tttgagatca

ttcaaaagaa

ttattaacat

atgtataagyg

gatatgct
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25

-continued
KTYKTVTISDHGTVTYNGS ICGDDONGPKIAVOFGPGFSWIANFTKAASTYSIDSVSFESY

NTGDNTTFPDAEDKGILTVDELLAIRIPLNDLEFRCNSLSTLEKNDVVOHYWDVLVQAEV

QNGTVSTNEFLCDKDKTSTVAPTIHTTVPSPTTTPTPKEKPEAGTYSVNNGND TCLLATM

GLOLNITODKVASVININPNTTHSTGSCRSHTALLRLNSSTIKYLDEFVFAVKNENREFYLKE

VNISMYLVNGSVES IANNNLSYWDAPLGSSYMCNKEQTVSVSGAFQINTEDLRVOQPENV

TOGKYSTAQECSLDDDTILIPIIVGAGLSGLIIVIVIAYVIGRRKSYAGYQTL

GenBank Acceggion No. :

nucleic acid sequence

ccgattecty

tgttgtaccy

tcagggctcy

ctttatgcaa

gtgacatata

tttaccaagy

aaaggaattc

aatgatgttyg

gacaaaactt

agaagctgga

tgcttcagtt

cattaagtat

ctcegtttte

agtgtctgga

ttcgctggat

tggcagaaga

Cccaacatgc

aaaaactatc

aatcactgga

Jgaaaddaddcdad

Ctgctctttt

ttgacctttyg

acatttgtat

ttaaaaaaac

gataattgct

ctctttagec

taacgaagtyg

gggaggcecga

agaaatacaa

ttgaacccgy

atcttcaaaa

tggtcttgtt

gcttttgcaa

ccgecgtege

ttctggtety

aatggcagat

atggaagcat

cagcatctac

ttactgttga

tccaacacta

caacagtggc

acctattcag

attaacatca

ctagactttyg

agcattgcaa

gcatttcaga

gatgacacca

aaaagttatyg

aatactggtc

aactacaaat

ttataagttc

tttttgaaaa

tgtgtgtgty

agagatataa

ttatgtggcet

tggatatttc

tgccagtgcec

ttccaacatt

cacttacact

agtgggtgga

aaaattagct

gaggcagadgy

caaaacdadadaa

tccagcettgc

U36336.1,

(SEQ ID NO:

ggctgtggtc
cgcegtegec
cctagtcectyg
gaatttcaca
ttgtggggat
ttattcaatt
tgaacttttyg
ctgggatgtt
acccaccata
ttaataatgg
accccaatac
tctttgetgt
ataacaatct
taaatacctt
ttctaatccc
ctggatatca
aacttaaggt
tagttgcctyg
tattttactyg
agagattttt
tgtgtgtgtyg
tagtagattt
gtaatgacaa
aatcttttaa
aattgagggc
tcttgttgat

tataaaataa

tcacttgagy

gggcatggtyg

ttgcggtgag

caaaacaadac

attgattgcet

human LAMP -

24)
ggtggtcatc

gcctgetcety

ggagctgtgc

gtacgctatg

gatcagaatg

gacagcgtct

gccatcagaa

cttgtacaag

cacaccactg

caatgatact

aactcactcc

gaaaaatgaa

cagctactgyg

tgatctaagy

aattatagtt

gactctgtaa

atatttagtt

actttggttt

tcttgaatta

tttccetgea

tgtgtgtgtyg

gaacadgdygydcC

aagatacaaa

attgcaatat

attagtactt

agtgatgtat

cttgcatcta

ccaggagttt

gtgggcgcct

ccaagagcgc

ddacaaacaad

acaacatcac

2B mRNA,

agtgctcttg

cggggtcatg

ggtcttatgc

aaactacaaa

gtcccaaaat

cattttccta

ttccattgaa

cttttgteca

tgccatctcc

tgtctgctygyg

acaggcagct

aaccgatttt

gatgcccoccc

gttcagcctt

ggtgctggtc

cactaatcaa

gcagtccagc

ttccaaccaa

gtatttcagt

ggtagttgag

tgtgattttt

tggtattatt

agctttttaa

ataagactat

tgtgctcata

Cttattattt

ggctgggegt

gagaccagcc

gtaatcccag

accattgcac

aacttgcatc

taatttggct

complete cds,

acccaggtcc

gtgtgcttcc

attggaactt

Caaaacttat

agcagtgcag

caacactggt

tgaccttttt

aaatggcaca

tactacaaca

ctaccatggg

gccecgttcetcea

atctgaagga

tgggaagttc

tcaatgtgac

tttcaggcett

tacgtgatct

tctttagaat

ggaatttaaa

gttttcattt

ttgaacaaca

gtttgcaggt

atgttcttag

aatttagagt

tccaactggyg

aattggcctc

CCCLCCECtL

ggcggctcac

tggccaacat

ttactcggga

tccagcecttyg

ttaaccaaaa

CCtcacattta

which provides the

agcgagcectt

JgCcCtcCcttccce

aatttgacag

aaaactgtaa

ttcggaccty

gataacacaa

agatgcaata

gtgagcacaa

cctactccaa

gctgcagcetyg

cactgctcta

agtgaacatc

ttatatgtgc

acaaggaaag

gattatcgtt

ctgttacaaa

gggtggtatg

actgttattt

tagacattca

tgttctaccy

taacttagct

caataaatgc

aggtattaat

catttcaatc

tgtatgcagt

aagaaatgcc

gcctgtaatce

ggtgaaaccc

ggctgaggca

ggcgacaaaa

gtcttggttt

aatggttctyg

ttcecctggty

ggttccgggc

attcagaaaa

ccatttcaga

gcttttectg

catttcctga

gtttatcaac

atgagttcct

aggaaaaacc

aacatcactc

cttagactca

agcatgtatt

aacaaagagc

tattctacag

atagtgattyg

agaaaaaagc

ggggatttca

ttacagcaaa

gactaaaaat

tggatttgta

actttggcat

ttttctaatg

cttattgttt

cattttttag

actaaaatta

agtgtgtcct

ccagcacttt

catctctatc

ggagaatcac

acgaaactcc

tatcttaatc

tgctaatcaa
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ttgcagctgt

tgccacttgce
ccatggcact
gattgcgaat
tgctgaagat
tttggaaaag

gtgtgataaa

aggataaggt
atagcagcac
tggttaatgyg
agactgtttc
cccaagagtyg
cttacgtaat
aagtacaagt
aacttaaaca
agatgtgcaa
acaccgttta
cttgctcett
tgctgcatat
ccttttgaat
aatctttttt
gtgctttaga
atgcagattt

agaacctaga

cattaaaagt

aactttcgtt
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gttattatte

gtgtaccacc

ttttggtgtyg

CCCCCCLELLE

caatacacac

gagttatatt

actaaccccect

CCCCttaattt

gagtcaaaac

ttcagattat

catgggccag

attcatacct

tgatggtaac

Ctcttcaaat

attctt

GenBank Accesgsgion No. :
(SEQ ID NO:

Sedquence

gttatggtag

taatgtttat

tgttggaatyg

ttgtggtggyg

acacagacat

ggaattataa

ctcttagagc

aaactgtgtt

aaagcagctt

atgcctgatt

CCttatatact

gctctatcectyg

gtttaaacca

aatcattttt

aggagaaagc

gctgagcaaa

attatgtgcc

atatatatat

atattttceg

tacagcgagc

ttagtgtaaa

taaaaaaata

catagtaaaa

gctatttaca

gLtttgggtyg

ctagttgatyg

AAS6TE76 .1,
25)

aattcacgtyg

aaaatacatc

tattaaaatt

tcccattcac

atatgcacac

tcacttaaat

tgcattacca

attgttaacc

attggaagca

tacctctaat

Ctattatttc

CCtttcatgt

tatggtatct

human LAMP-2C,

26

-continued

ctttgtgtte

agcttggtag

gttaatatgc

tagaaaatga

atatataggc

ttgttetttg

gCcttaaaaca

ttgtaagatg

caatgcatgg

aaacactgtt

ctatagctac

tttagcattt

ttagatattt

agttttgtgyg
ttaacacatc
agccatatat
gaaaattgtc
agttgcatgc
tttagcctga
cttcttaggyg
gataatgtgt
cactgactga
ttatagaaaa

atgttctttyg

gtataaagaa

gcctgtetgt

MVCEFRLFPVPGSGLVLVCLVLGAVRSYALELNLTDSENATCLYAKWOMNETVRYETTN

KTYKTVTISDHGTVTYNGS ICGDDONGPKIAVOQFGPGESWIANFTKAASTYSIDSVSESY

NTGDNTTFPDAEDKGILTVDELLAIRIPLNDLFRCNSLSTLEKNDVVOQHYWDVLVQAEV

QNGTVSTNEFLCDKDKTSTVAPTIHTTVPSPTTTPTPKEKPEAGTYSVNNGND TCLLATM

GLOLNITODKVASVININPNTTHSTGSCRSHTALLRLNSSTIKYLDEFVFAVKNENREFYLKE

VNISMYLVNGSVES IANNNLSYWDAPLGSSYMCNKEQTVSVSGAFQINTEDLRVQPENVY

TOGKYSTAEECSADSDLNFLIPVAVGVALGFLIIVVEISYMIGRRKSRTGYQSY

GenBank Accesgion No. :
the nucleic acid sequence

AY561849.1,
(SEQ ID NO:

atggtgtgct tccecgectett cceccggttecy

cttaatttga
tataaaactyg
cagttcggac
ggtgataaca
tttagatgca
acagtgagca
tcctactaca
ggggctgcag
gctgcegtte
tttatctgaa

ccetgggaay

ctttcaatgt

tggﬂﬂttggg

10096]

cagattcaga

taaccatttc

ctggettttc

caacatttcc

atagtttatc

caaatgagtt

acacctactc

ctgaacatca

tcacactgct

ggaagtgaac

ttcttatatg

gacacaagga

Cttccttata

aaatgccact

agaccatggc

ctggattgcyg

tgatgctgaa

aactttggaa

cctgtgtgat

caaaggaaaa

ctcaggataa

ctacttagac

atcagcatgt

tgcaacaaag

aagtattcta

attgttgtct

26) :
ggctcagggc

tgcctttatyg

actgtgacat

aattttacca

gataaaggaa

aagaatgatyg

dadagacadadad

accagaagct

ggttgcttca

tcaatagcag

atttggttaa

agcagactgt

cagctgaaga

Ctatctctta

human LAMP-2C mRNA,

tegttetggt

caaaatggca

ataatggaag

aggcagcatc

ttcttactgt

ttgtccaaca

cttcaacagt

ggaacctatt

gttattaaca

caccattaag

tggctcegtt

ttcagtgtet

atgttctget

tatgattgga

In another aspect, the method of treating lysosomal

transmembrane protein disease or disorder in a subject

complete cds,

ctgcctagtce
gatgaatttc
catttgtggy
Cacttattca
tgatgaactt
ctactgggat
ggcacccacc
cagttaataa
tcaaccccaa
tatctagact
ttcagcatty
ggagcatttc
gactctgacc

agaaggaaaa

includes contacting cells expressing a protein associated
with the particular disease or disorder (see Table 1) from the

tctgagagat

aaatatttct

ggaaggttcc

tgggttccaa

ctagcatggyg

aaacctttat

attaaatata

ataagaatgt

atgctgttaa

cctgacttca

taccttttygt

actggtccat

ttgctcaaaa

ctgggagctyg
acagtacgct
gatgatcaga
attgacagcyg
ttggccatca
gttcttgtac
atacacacca
tggcaatgat
tacaactcac
ttgtctttge
caaataacaa
agataaatac
tcaactttct

gtcgtactgg

gtaccaattyg

tgctgettet

tgtggggttyg

aatattgaca

tattttataa

ggctcaagat

gatgtaattt

aggccttaac

tatttctaaa

gtgaatattt

agttttattt

gtaaatactt

ttgcttctaa

which provides the amino acid

which provides

tgcggtcectta

atgaaactac

atggtcccaa

CCctcattttc

gaattccatt

aagcttttgt

ctgtgccatc

acttgtctgc

tccacaggca

tgtgaaaaat

tctcagctac

ctttgatcta

tattcctgtt

ttatcagtct
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tcaaattacc

aggagaactt

ttttttegty

ttgaatggat

ccatataact

cagattcctyg

ttcaaaatcg

tatttcacat

agtttctaca

CCtgtatttta

gtattactag

tccatgtttt

aacaataaag

tgcattggaa

aaataaaact

aatagcagtyg

ctacaacact

gaatgacctt

ccaaaatggc

tggctaccat

gaaaaccgat

tgggatgccc

agggttcagc

gcagtgggtyg

gtgtaa
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subject with a vector encoding a gene editing system that
when transiected into the cells removes a mutation (e.g., a
trinucleotide repeat expansion mutation) of the endogenous
protein, thereby treating the lysosomal transmembrane pro-
tein disease or disorder. In various embodiments, the gene
editing system 1s selected from the group consisting of
CRISPR/Cas, zinc finger nucleases, and transcription acti-
vator-life eflector nucleases. The step of contacting may be
performed ex vivo by first obtaining a sample of cells from
the subject, transfecting the gene editing system into the
sample of cells, and thereafter transplanting the transfected
cells into the subject, thereby treating the lysosomal trans-
membrane protein disease or disorder. The sample of cells
may be any cells expressing the protein associated with the
lysosomal transmembrane protein disease or disorder, such
as, for example, blood cells or HSPCs of the subject.

[0097] In another aspect, the present invention provides a
method of treating or ameliorating a lysosomal protein
disease or disorder in a subject. The method includes trans-
planting a population of HSPCs 1nto the subject, wherein the
HSPCs have been genetically modified by introduction of a
transgene encoding a corresponding functional human lyso-
somal transmembrane protein, thereby treating the lyso-
somal transmembrane protein disease or disorder. Thus,
when the lysosomal transmembrane protein disease or dis-
order 1s cystinosis, the functional human lysosomal trans-
membrane gene 1s CTNS; the lysosomal transmembrane
protein disease or disorder 1s Salla disease or infantile sialic
acid storage disorder, the functional human lysosomal trans-
membrane gene 1s SLC17AS5; the lysosomal transmembrane
protein disease or disorder 1s Cobalamin F-type disease, the
functional human lysosomal transmembrane gene 1s
LMBRD1; the lysosomal transmembrane protein disease or
disorder 1s late infantile neuronal ceroid lipofuscinosis, the
functional human Ilysosomal transmembrane gene 1s
MFSDS; the lysosomal transmembrane protein disease or
disorder 1s juvenile neuronal ceroid lipofuscinosis, the func-
tional human lysosomal transmembrane gene 1s CLN3; the
lysosomal transmembrane protein disease or disorder 1is
malignant infantile osteopetrosis, the functional human lyso-
somal transmembrane gene 1s CLCN7 or OSTMI; the
lysosomal transmembrane protein disease or disorder 1is
mucolipidosis 1V, the functional human lysosomal trans-
membrane gene 1s MCOLNT1; the lysosomal transmembrane
protein disease or disorder 1s mucopolysaccharidosis type
I1IC, the functional human lysosomal transmembrane gene
1s HGSNAT; the lysosomal transmembrane protein disease
or disorder 1s Neiman-Pick Type C, the functional human
lysosomal transmembrane gene 1s NPC1; and the lysosomal
transmembrane protein disease or disorder 1s Danon disease,
the functional human lysosomal transmembrane gene 1s
LAMP?2. In various embodiments, the HSPCs are 1solated
from the subject, such as from the bone marrow of the
subject.

[0098] While the present invention has been demonstrated
with regard to cystinosis and Danon disease, it should be
understood that the methods are applicable to any of the
diseases or disorders set forth 1n Table 1. Thus, this strategy
turns HSPCs into intelligent and widespread delivery
vehicles to obtain stable and sustained cross-correction after
their differentiation into monocytes that enter the circulation
and subsequently mvade the peripheral tissues where they
transform 1nto tissue resident macrophages. These macro-
phages, through a variety of mechanisms including, but not
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limited to, the formation of tunneling nanotubes, vesicular
release, and direct cell-cell adhesion, transfer their lyso-
somes, which carry the respective protein to diseased periph-
eral cells. As such, this work demonstrates the development
of a HSPC gene therapy strategy for treating lysosomal
transmembrane protein diseases or disorders.

[0099] The following examples are intended to illustrate
but not limit the invention.

Example 1

Preclinical Model of Cystinosis for Testing,
Therapeutic Approaches

[0100] Stem cell therapeutic approaches have been tested
on the mouse model of cystinosis, the Ctns™'~ mice. This
murine model was engineered to produce defective cysti-
nosin, and 1s thus unable to properly transport cystine out of
the lysosomes. The defect results in accumulation of cystine
and formation of cystine crystals, pathognomonic of cysti-
nosis. Cystine accumulation 1s present from birth and
increases with age. The original Ctns™~ mice have been
backcrossed to generate a pure strain of C57BL/6 Ctns™'~
mice, which develop renal dysfunction from 6-months of
age, as observed biochemically (elevated serum urea and
creatinine) and histologically, and these mice are 1 end
stage renal failure by 18 months. Renal Fanconi1 syndrome
also starts around 6 months old (polyuna, phosphaturia and
proteinuria), proximal tubular cells appear de-diflerentiated,
and exhibit the typical “swan-neck” deformity found 1n mice
and humans with cystinosis resulting in atubular glomeruls.
Finally, heavy infiltration of inflammatory cells can be
observed in the kidney of the Ctns™~ mice. Ctns™~ mice also
develop ocular defects with corneal cystine crystal deposi-
tions and thyroid dysfunction similar to those observed in
aflected patients.

Example 2

Impact of BMC, HSC and MSC Transplantation on
Cystinosis

[0101] To determine the appropriate cell population for
transplantation in the context of cystinosis, syngeneic bone
marrow cell (BMC), Scar hematopoietic stem cell (HSC)
and mesenchymal stem cell (MSC) transplantations were
performed in 2-month-old irradiated Cins™~ mice. The cells
were 1solated from either green fluorescent protein (GEP)-
transgenic wild-type (WT) mice or from Cins™~ mice as
controls. Analyses of disease parameters were performed 4
months post-transplantation. MSCs had only a short-term
limited beneficial impact on the disease. In contrast, tissue
cystine content was significantly reduced 1n all organs tested
in the W1 BMC and HSC-treated mice (from 57% to 94%
decrease depending on tissues). Abundant GFP™ bone mar-
row-derived cells were present 1n all organs and kidney
function was 1mproved. This was the first proof of concept
that HSCs could rescue cystinosis even if cystinosin 1s a
transmembrane lysosomal protein as opposed to a secreted
enzyme.

Example 3

Long-Term Effect of HSC Transplantation in
Ctns™~ Mice

[0102] It was then determined 1f this treatment was stable
for the life of the mice and could result in multi-organ
preservation.
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[0103] Kidney analysis: Transplantation of WT HSCs was
able to provide long-term protection of the kidney function
and structure and prevented the progression of the renal
disease up to 15 months post-transplantation (last time point
tested; FIG. 1). However, eflective therapy depends on
achieving a relatively high level of donor-derived blood cell
engraitment of Cins-expressing cells (>50%), which 1s
directly linked to the quantity of Ctns-expressing cells found
within the kidney. In contrast, kidney preservation was not
dependent on the age of the mice at the time of transplant.
Indeed, up to 10-month-old mice could exhibit normal
kidney function after stem cell treatment, suggesting that 11
tissue mjury 1s not consolidated, kidney could be rescued. It
was also shown that cystine content was significantly
decreased 1n all tissues (from 54% in the kidney to 96.5% 1n
the liver) proving that the treatment, consisting in a one-time
HSC transplantation, led to long-term and stably low levels
of tissue cystine for the life span of the mice. Moreover, few
to no cystine crystals were observed in all kidneys from
treated mice whereas abundant cystine crystals were con-
sistently observed in kidneys from non-treated Ctns™™ mice.

[0104] Eye analysis: GFP+ WT HSC transplantation led to
the long-term preservation of the eyes in Ctns™~ mice.
Abundant GFP+ bone marrow-derived cells were detected
within the cornea but also 1n the sclera, ciliary body, retina,
choroid, and lens 1n the treated mice. To quantily cystine
crystals within the cornea, 1n vivo confocal microscopy
(IVCM) 1n live mice was performed. Effective therapy was
dependent on the level of donor-derived blood cell engrait-
ment as previously demonstrated for the kidney. While
Ctns™~ mice with low level of engraftment (<50%; LOW;
n=3) presented a partial reduction of crystal counts, the mice
with high engrattment levels (>350%; HIGH; n=35) exhibited
almost a complete resolution of crystals from the epithelial
layer to the middle stroma (100% to 72% clearance, respec-
tively; FIG. 2). One-year post-transplantation, HSC-treated
Ctns™~ mice exhibited normal corneal thickness and struc-
ture and normal intraocular pressure. This work was the first
demonstration that transplanted HSCs could rescue corneal
defects and brings new perspectives for ocular regenerative
medicine.

[0105] Thyroid analysis: Since the thyroid gland 1s also
aflected 1n cystinosis, thyroid function and structure from
Cins™~ mice and HSC-transplanted mice were analyzed.
Sustained thyroid stimulating hormone (TSH) activation
combined with morphological evidence for increased thy-
roglobulin synthesis was shown in Cins™~ mice. Follicular
changes included thyrocyte hypertrophy, hyperplasia, col-
loid exhaustion and vascular proliferation. In contrast,
Cins™~ mice treated by HSC transplantation presented vir-

tually normal histology and normalization of cystine and
TSH values (FIG. 3).

[0106] Gastro-intestinal tract analysis: Gastrointestinal
mucosal biopsies can be used to measure gene-modified
stem cell tissue engraftment and their impact on cystine and
cystine crystal levels 1n subjects enrolled 1n the HSC gene
therapy clinical trial for cystinosis. It has been previously
described that a histologic technique for evaluating tissue
cystine crystal levels on intestinal mucosal biopsies. It was
shown that cystine crystal counts could be correlated with
renal function and could help evaluating the response to
cystecamine treatment. Thus, a rectal biopsy 1s planned
before and every 6 months after gene-corrected HSC trans-
plantation 1n the subjects with cystinosis. Up to 9 biopsies
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can be obtained at a time so 1t 1s possible to measure Vector
Copy number (VCN), CTNS expression, cystine content and
cystine crystals 1n this tissue at each time point. To establish
if this tissue 1s representative of the eflicacy of the treatment,
the impact of GFP™ WT HSC transplantation on the gastro-
intestinal tract in Ctns™~ mice was studied. Six months
posttransplant, abundant GFP*™ HSC-derived cells were
observed in both intestine and colon tissues and cystine
content was significantly decreased in treated mice com-
pared to controls 1n these compartments (FIG. 4).

[0107] Skin analysis: In vivo contfocal microscopy 1s used
on the skin as a nomnvasive imaging technology for the
visualization and quantification of tissue cystine crystals
before and after HSC transplantation in the subjects with
cystinosis enrolled 1n the clinical trial. Chiaverimi et al.
(Journal of the American Academy of Dermatology 68, el 11
(2013)) showed that this technology was able to detect
dermal cystine deposition in patients with cystinosis. For
this purpose, a reflectance confocal imager (Caliber VIVA-
SCOPE® 3000) adapted for skin imaging was used to test
patients with cystinosis. It was also shown 1n the HSC-
transplanted Ctns™~ mice that abundant GFP+ bone mar-
row-derived cells engrafted within the skin leading to sig-
nificant cystine decrease 1n this tissue (79+0.87 1 HSC-
treated Ctns™~ vs 193+78 in controls, p<0.05).

Example 4

Myeloablative Conditioning Regimen: Efficacy and
Toxicity in Ctns™~ Mice

[0108] Ctns™'~ mice were exposed to myeloablative drugs
currently used 1n clinic for HSC transplantation, Busulfan
(Bu) and Cyclophosphamide (Cy) to test if drug-mediated
myeloablation allow eflicient engraftment of Ctns-express-
ing HSC 1n the preclinical model, decreased tissue cystine
and to determine 11 any unexpected toxicity occurs because
of cystinosis. Drugs were injected intraperitoneally (IP) 1n
Ctns™~ mice and WT mice as controls. The mice were
analyzed at 4 months post-transplant, demonstrating that: 1)
Ctns™~ mice did not present any toxicity to Bu or Cy
compared to WT controls; 1) Renal function was similar to
non-treated age-matched WT controls; 111) Myeloablation
was successiul 1 both cases and reached a donor cell
engraitment measured in the peripheral blood of 94.2+1.6%
for Bu/Cy and 94.0+0.8% for Bu alone; and 1v) Treated
Ctns™~ mice had a significant decrease of cystine in all
tissues tested compared to non-treated. Thus, Bu and Cy are
not toxic i the mouse model for cystinosis and drug-
mediated myeloablation and HSC transplantation in Ctns ™~
mice led to significant decrease of cystine 1n all tissues.

[0109] The dosing for myeloablation can be done using
busulfan alone without cyclophosphamide. Cyclophosph-
amide does not ablate the hematopoietic stem cells (1.e., does
not make engraftment space), and 1s 1mmune suppressive
and anti-leukemic. Since the HSC transplant 1s autologous,
and not for leukemia, cyclophosphamide 1s not needed, as 1t
adds unnecessary toxicity to the conditioning regimen.
Moreover, it 1s unusual for severe nephrotoxicity to arise

directly due to commonly used-conditioning regimen agents
such as busulfan. Note that Dr. Donald Kohn’s sickle cell
trial (ClinicalTnals.gov Identifier: NCT02247843) 1s only

using busulfan, and the sickle cell and thalassemia trials of
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bluebird bio, Inc. (Clinicallnals.gov  Identifier:
NCTO02151526) are also using busulfan without cyclophos-
phamide.

Example 5

Mechanism of Therapeutic Action

[0110] The extent of eflicacy of HSCs to rescue cystinosis
was surprising especially considering that the ability of HSC
transplantation to rescue non-hematopoietic tissue remains
contentious and that cystinosin 1s a transmembrane lyso-
somal protein. To elucidate the mechanism of HSC-medi-
ated tissue repair, a novel mouse model was developed, 1n
which Ctns™~ mice back-crossed on a DsRed background so
as to ubiquitously express the DsRed reporter gene (Harri-
son et al., Mol Ther 21, 433 (2013)). When transplanted with
GFP-expressing HSCs derived from GFP-transgenic mice,
this generated a biofluorescent mouse mode that not only
allowed us to track the fate of the transplanted HSCs 1n an
in vivo setting, but also enabled sensitive identification and
unequivocal discrimination of events such as fusion, differ-
entiation, and transdiflerentiation.

[0111] Using this model, 1t was first shown that HSCs
differentiated 1nto macrophages within tissues (Naphade et
al., Stem Cells 33, 301 (2015)). In vitro co-culture experi-
ments were then performed using W1 GFP-macrophages
and DsRed-Ctns4-fibroblasts. When WT macrophages were
co-cultured with Ctns™~ fibroblasts, cystine levels decreased
by “75% 1n FACS-sorted fibroblasts (FIG. SA). In contrast,
when the two populations were physically separated using a
transwell porous to microvesicles, cystine levels decreased
only by ‘20% (FIG. SB). These findings showed that cross-
correction occurs even 1i cystinosin 1s a lysosomal trans-
membrane protein and that direct cell:cell contact 1s the
main pathway for cross-correction. Using confocal micros-
copy (FIG. 5C), it was observed that macrophages extended
long membrane protrusions called tunneling nanotubes
(ITNTs) (‘40 um) that established contact with the fibro-
blasts. To determine whether TNTs could mediate the physi-
cal transfer of cystinosin-bearing vesicles, DsRed-Ctns ™~
fibroblasts were co-cultured with macrophages stably trans-
duced with a lentivirus vector expressing cystinosin-GEFP
fusion protein (CTNS-GFP-macrophages). Live confocal
microscopy revealed that vesicles containing cystinosin-
GFP could migrate along TNTs towards DsRed-Ctns™~
fibroblasts (FIG. 5D). LysoTracker staining identified these

vesicles as lysosomes (Naphade et al., Stem Cells 33, 301
(2015)).

[0112] Very little 1s known about TNTs 1n vivo. It was thus
examined whether intercellular vesicular exchange 1nvolv-
ing nanotubules could be detected in vivo, so as to account
for the long-term kidney preservation in Ctns™~ mice. The
initial focus was on the kidney not only because of the early
occurrence of cystinosis in proximal tubular cells (PTCs) but
also because of their physical 1solation by the dense tubular
basement lamina (TBL). In the two-color grafted mice,
GFP™ bone marrow-derived cells were observed surround-
ing but never within the proximal tubules and numerous
tubular extensions emanated from the HSC-derived macro-
phages and crossed the TBL (FIGS. 6A-al to 6A-a3).
GFP-contaiming structures were observed within PTCs, indi-
cating physical transier of cytoplasm from the macrophages
into the epithelia (FIG. 6A-a3). To test this hypothesis,
Ctns™~ mice were transplanted with DsRed-Ctns™~ HSPCs
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stably expressing cystinosin-GFP fusion protein (FI1G. 4C)
or with DsRed-Ctns™~ HSPCs (FIG. 4B). Many cystinosin-

GFP-vesicles were observed in PTCs (FIG. 4C) (Naphade et
al., Stem Cells 33, 301 (2015)). This 1s the first evidence of
direct transfer of proteins from interstitial macrophages to
epithelial cells via TNTs penetrating the TBL, so as to
correct a genetic defect leading to PTC degeneration. Simi-
lar data were obtained for the mechanism of HSC-mediated
therapeutic action for the ocular defects (Rocca et al.,
Investigative ophthalmology & wvisual science 56, 7214
(2013)) and for the thyroid rescue (Chevronnay et al.,
Endocrinology In press, (2016)) in the Ctns™™ mice. These
findings on HSC-mediated tissue repair bring new perspec-
tives to regenerative medicine, as they should be applicable
to other multi-compartment disorders involving deficient
intracellular organelles.

Example 6

Clinical Study for Hematopoietic Stem Cell
Transplantation

[0113] The work described above represents the first
proof-of-concept for using HSC transplantation as a therapy
for cystinosis. To minimize the risks of Graft-versus-host
(GVHD), subjects are required to have a sibling bone
marrow donor who 1s HLA-matched on 10 of 10 alleles. This
study was designed to include six subjects who are either
adults ages 18 years and older with significant signs of
disease progression or adolescents ages 13-17 years who do
not tolerate cysteamine. However, given the rarity of the
disease and strict donor requirements, the candidates so far
were not complete matches with their sibling. In addition,
the risk-benefit ratio for allogeneic HSC transplantation may
not be i1deal for voung patients where the introduction of
regular use of the drug cysteamine has permitted patients to
live to adulthood, albeit with significant medical problems
(Cherqui, Kidney Int 81, 127 (2012)). Indeed, there are
significant risks of morbidity and mortality associated with
allogeneic transplantation. GVHD 1s a major complication;
in recent studies, acute GVHD grade II-1V occurred 1n 20%
to 32% of patients and chronmic GVHD 1 16% to 59%, both
significantly impacting survival of the recipients (Cutler et
al., Blood 109, 3108 (2007); Geyer et al., Br ] Haematol 1355,
218 (2011); and Schleuning et al., Bone Marrow Transplant
43, °717 (2009)). Thus, a preterred candidate therapy would
utilize the patient’s own stem cells for an autologous HSC
transplantation, thereby mitigating the risks of grait rejec-

tion and GVHD.

Example 7

Viral Vector Selection

[0114] Given the risks associated with allogeneic HSC
transplantation and considering the preclinical data for HSC
gene therapy, transplantation of autologous HSC modified to
express function cystinosin represents a saler approach.

[0115] With regard to gene therapy, vectors derived from
lentiviruses have supplanted y-retroviral vectors due to their
superior gene transier efliciency and improved biosafety

profile (Case et al., Proc Natl Acad Sc1 USA 96, 2988
(1999); Miyoshi, et al. Science 283, 682 (1999); Naldim et
al., Science 272, 263 (1996); and Varma et al., Nature 389,
239 (1997)). Specifically:
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[0116] 1. All cases of leukemogenic complications
observed to date in clinical trials or animal models of
gene therapy involved the use of y-retroviral vectors
such as Moloney Leukemia Virus (MLV) retrovirus
with long terminal repeats (LTR) containing strong
enhancer/promoters that can trigger distant enhancer

activation (Hacein-Bey-Abina et al., J Clin Invest 118,
3132 (2008); L1 et al., Science 296, 497 (2002)).

[0117] 2. In contrast, the third generation of lentivirus
vectors, Self-inactivated (SIN)-lentivirus vectors (LV),
with the deletions 1 their IR, contain only one
internal enhancer/promoter, which reduces the inci-
dence of interactions with nearby cellular genes and
thus decreases the risk of oncogenic integration (Mod-
lich et al., Blood 108, 2345 (2006); Montin1 et al., J
Clin Invest 119, 964 (2009)). Moreover, 1n contrast to
the MLV, lentiviruses are not associated with oncogen-
es1s. Importantly, leukemia 1s not a recognized side
cllect of HIV patients even though memory T cells are
known to carry integrated virus for years.

[0118] 3. SIN-LTR are also designed to prevent the
possibility of developing replication competent lenti-
virus (RCL) during production of the viral superna-
tants. Indeed, transient transfection systems with three
packaging plasmids are usually employed for vector
production—gag, pol, and rev (Dull et al., J Virol 72,
8463 (1998)). A fourth plasmid containing the gene
coding for the envelope and vesicular stomatitis virus
glycoprotein (VSV-(G) 1s frequently used as the choice
of envelope. So far RCL has never been reported with

this commonly used viral production system 1n patients

alter infusion of the vector transduced cell products
(Sastry et al., Mol Ther 8, 830 (2003)).

[0119] 4. LV efliciently transduce HSCs and do not alter
their repopulation properties (Montin1 et al., J Clin
Invest 119, 964 (2009); Gonzalez-Murillo et al., Blood

112, 3138 (2008)).

[0120] 5. Clinical trials using SIN-LV to transduce
human HSCs are being undertaken in the U.S. and
Europe for several conditions including HIV-1, 0-thal-

assemia, immune deficiencies and cancers (DiGiusto et
al., Viruses 5, 2898 (2013); Drakopoulou et al., Current

molecular medlcme 13, 1314 (2013); Porter et al., N
Engl J Med 365, 725 (2011) and Zhang et al., Gene
Ther 20, 963 (2013)) For immune deficiency dlsorders
35 patients have been transplanted with SIN- LV—modl-
fied HSCs so far (Bigger et al., Discovery medicine 17,
207 (2014)). A clinical trial using a SIN-LV to correct
ex vivo HSCs 1n patients with X-adrenoleukodystrophy
showed that cerebral demyelination was arrested in the
two enrolled patients without further progression over
3 years of follow-up; and there was no evidence of
clonal dominance (Cartier et al., Methods Enzymol
507, 187 (2012); Cartier et al., Science 326, 818
(2009)). Recently, a clinical trial for Wilskott-Aldrich
was reported 1n three patients 32 months post-trans-
plantation. Stable and long-term engraftment of the
gene-modified HSCs (25-50%) resulted in improved
platelet counts, protection from bleeding and infec-
tions, and resolution of eczema (Aiut1 et al., Science
341, 1233131 (2013)). Another clinical success was
recently reported in three pre-symptomatic patients
with Metachromatic Leukodystrophy. Donor-derived
blood cell engraftment of transduced cells achieved 45

30
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to 80% and up to 24 months later the protein activity
was reconstituted to above normal values 1n cerebro-

spinal fluid associated with a clear therapeutic benefit
(Bifh et al., Science 341, 1233138 (2013)).

[0121] pCCL-CTNS lentiviral vector—a third-generation
SIN-lentiviral vector in which human CTNS cDNA has been
subcloned, pCCL-CTNS (FIG. 7), was prepared for use. The
vector backbone pCCL-EFS-X-WPRE, described by Zufle-
rey et al. (J Virol 72, 9873 (1998)), was provided by Dir.
Donald Kohn (UCLA). A central polypurine tract (cPPT)
fragment that increases the nuclear import of viral DNA was
added to the CCL vector backbone (Demaison et al., Hum
Gene Ther 13, 803 (2002)). A Woodchuck hepatitis virus
Posttranslational Regulatory Element (WPRE) 1s present to
boost titer and gene expression. However, its open-reading
frame was eliminated (Zanta-Boussif et al., Gene Ther 16,
605 (2009)) because 1t overlapped with the woodchuck
hepatitis virus X protein, a transcriptional activator involved
in the development of liver tumors (Kingsman et al., Gene
Ther 12, 3 (2005)). The transgene expression 1s driven by the
ubiquitously expressed short intron-less human Elongation

Factor 1 alpha promoter (EFS, 242 bp) (Wakabayashi-Ito, S.
Nagata, J Biol Chem 269, 29831 (1994)). The EFS pro-
moter, which lacks the intron and enhancers of the larger
clement used in many expression plasmids, has been shown
to direct high-level transcription of reporter genes 1n murine
HSCs and to have significantly reduced trans-activation

potential compared to y-retroviral LTR (Zychlinski et al.,
Mol Ther, (2008)).

[0122] Vectors with thus backbone are used in clinical
trials conducted by Dr. Kohn: 1) Autologous Transplantation
of Bone Marrow CD34+ Stem/Progenitor Cells after Addi-
tion ol a Normal Human ADA cDNA by the EFS-ADA
Lentiviral Vector for Adenosine Deaminase (ADA)-Defi-
cient Severe Combined Immunodeficiency (SCID) (BB IND
15440; NCT01852071); 11) Autologous Bone Marrow Stem
Cells (CD34+) Cultured W/Cytokines; Transduced W/Sell-
mactivating (SIN) Lenftiviral Vector Expressing Human
0-globin (LENTI/BetaAS3-FB); following Busulfan (BB

IND 16028; NCT02247843).

Example 8

Preclinical Studies for Transplantation of
pCCL-CTN-Transduced HSCs

[0123] Scal* HSCs isolated from Ctns™'~ mice were trans-
duced ex vivo with pCCL-CTNS using our optimized pro-
tocol for mHSCs and transplanted into 1- to 4-month-old
Ctns™~ mice. Cystine content in brain, eye, heart, kidney,
liver, muscle, and spleen were analyzed after 4 (group 1;
n=8) and 8 (group 2; n=12) months post-transplantation. As
controls, age matched non-treated Ctns—/— mice (n=7 and
n=12) were used or Ctns~~ mice transplanted with WT
HSCs (n=4 and n=4). Decreases 1n cystine content were

statistically significant 1n all the tissues tested 1n mice treated
with pCCL-CTNS-transduced HSCs compared to Ctns™~
controls (FIG. 8A). The impact of Ctns—/—HSCs transduced
with control vector, pCCL-GFP, was also tested on tissue
cystine levels to exclude the possibility that the presence of
any transgene results 1n cystine decreases. No decrease 1n
any tissue was observed in mice transplanted with pCCL-
GFP-Ctns™~ HSCs compared to non-treated Ctns™~ mice

(Harrison et al., Mol Ther 21, 433 (2013)).
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[0124] Renal glomerular and tubular function was
assessed by measuring creatinine, urea, and phosphate levels
in the serum, and creatinine clearance in 24-hour urine in
males at 8 months post-transplant and compared to age-
matched WT males (n=6). All the parameters were increased
and the creatinine clearance decreased in non-treated Ctns™~
mice compared to WT mice. In the pCCL-CTNS-treated
Ctns™™ mice, serum creatinine, urine phosphate and urine
volume were significantly decreased compared to controls,
showing a beneficial effect of the genetically modified HSC
on kidney function in the Ctns™~ mice. Significant reduction
ol cystine crystals present in kidney sections was demon-
strated in the treated Ctns™~ mice compared controls (FIGS.
8B and 8C). Note that we showed that cystine content 1n
female kidneys was five times more elevated then in male
kidney in Ctns™~ mice, thus studies on kidney have to be
performed on males and females separately (Harrison et al.,
Mol Ther 21, 433 (2013)).

[0125] Quantitative PCR (qPCR) was performed on
genomic DNA 1solated from blood collected from pCCL-
CTNS-transplanted Ctns™~ mice using lentiviral-specific
primers to determine the Vector Copy Numbers per cell
(VCN). Average VCN was 1.573+1.868, which fell in the
targeted range of VCN 1-3. To determine 11 lentivirus levels
could be predicted 1n tissues, linear regression analyses was
performed between pCCL levels 1n the different tissues as a
function of blood VCN levels. Direct correlation between
the levels of lentivirus present in the blood and the levels
present 1n tissues was demonstrated (Harrison et al., Mol
Ther 21, 433 (2013)), which 1s useful to follow the future

subjects enrolled in the clinical tral.

Example 9

Pre-Clinical Pharmacology and Toxicology

[0126] The pharmacology/toxicology studies for HSCs
ex-vivo gene-modified with pCCL-CINS are performed
using a batch of pCCL-CTNS lentiviral vector preparation
produced under comparable-Good Manufacturing Practice
(GMPc) obtained from the Indiana University Vector Pro-
duction Facility (IUVPF), directed by Dr. Kenneth Cometta.
The targeted VCN range that was proposed to the FDA {for
safety 1s 1included between 1 and 3.

[0127] The In Vitro Immortalization (IVIM) assays, a
genotoxicity test, was performed by the Translational Trials
Development and Support Laboratory at the Cincinnati
Children’s Hospital Medical Center. This assay consists 1n
mass culture expansion of transduced murine Lin-BMC for
2 weeks followed by culture 1n 96-well plates at a density of
100 or 10 cells/well for up to 7 weeks (Arumugam et al., Mol
Ther 17, 1929 (2009); Modlich et al., Mol Ther 17, 1919
(2009)). The positive wells are counted and the frequency of
replating cells calculated and compared to a negative (mock
transduced) and positive control (MLV vector). The IVIM
assays were performed 1n triplicates using GMPc pCCL-
CTNS preparation with a VCN ranged between 1-3. No
immortalized clone was produced with the construct, thus
demonstrating an excellent safety profile.

[0128] In vivo pharmacology/toxicology studies are cur-
rently being conducted with the analogous cell therapy
product consisting in Scal® mHSCs in the Ctns™™ mice

involving serial transplantation. 15-20 Cins™~ mice (10
males and 10 females) were transplanted with pCCL-CTNS-
transduced mHSCs (with a VCN 1-3) and 20 with mock-

Jan. 11, 2024

transduced Ctns™~ mHSCs as Primary Recipients. Subse-

quently, bone marrow cells derived from each of these mice
are transplanted into Secondary Ctns™~ mice. The Primary
and Secondary mice have to be fully analyzed 6 months
post-transplantation by comprehensive molecular, clinical
and histological analyses. So far, we have 32 Primary
Recipients that reached the 6-month time points: 11 Ctns ™~
mice transplanted with pCCL-CTNS-transduced Ctns™~
mHSCs (with VCN i1ncluded 1n 1-3) and 21 mock-treated
mice, and 18 Secondary mice. No adverse event has been
detected so far, the data show eflicacy of the product as the
weight of the mice treated with pCCL-CTNS-HSCs 1s
higher and the cystine content in the tissues tested 1s
significantly lower than the mock-treated controls (FIGS.
9A-9B). Thus, we have to reach the 6 month-time point for
up to 9 additional Ctns™~ Primary Recipients treated with

pCCL-CTNS-transduced HSCs and for 15 Secondary
Recipients.

Example 10

Manufacturing: Process Development

[0129] Using the GMPc pCCL-CTNS preparation, a pro-
tocol was optimized to transduce human CD34+ HSCs from
healthy donors to obtain a VCN included between 1 and 3.
This protocol mmvolved a one-hit vector transduction at a
MOI 20 for 20 hours. Colony Forming Unit (CFU) assays
were then performed using human CD34+ peripheral blood
stem cell (PBSC) 1solated from five healthy donors and four
cystinosis patients and neither showed aberrant proliferation
or differentiation potential with pCCL-CTNS LV compared
to mock-transduced controls. Moreover, Vector Integration
Site (VIS) analyses 1n the patient’s cells showed no enrich-
ment of the mtegration sites near proto-oncogene 5' ends.
However, while this protocol led to an average VCN of 2 1n
healthy CIDD34+ cells, the average VCN 1n cystinosis patients
was Therefore, the protocol was further optimized with the
cystinosis patients’ cells to achieve a higher level of trans-
duction as we have demonstrated that a higher level of cells
expressing CINS leads to a better therapeutic response
(Yeagy et al., Kidney Int 79, 1198 (2011); Rocca et al.,
Investigative ophthalmology & wvisual science 56, 7214
(2015); Harrison et al., Mol Ther 21, 433 (2013)). This
protocol 1nvolves a two-hit vector transduction at a MOI 20
cach for 24-hour total and an average VCN of 1.9 with
patients’ cells was obtained. CFU assays and VIS have now
to be repeated with this new protocol.

[0130] For the climical tnal, the transduction protocol 1is
performed according to the GMP facility’s standard operat-
ing procedures and uses the optimal protocol for cystinosis
patients’ CD34+ cells. Note that prior to enrolling the first
patient, optimal conditions for large-scale transductions
using the GMP-grade pCCL-CTNS vector preparation and
optimal protocol are validated 1n small scales and Profi-
ciency Runs using human CD34+ cells from healthy donors
at the GMP facility. The clinical trial will include six patients
allected with cystinosis, four adults and two adolescents.
This will be a first-in-human clinical trial for an autologous
stem cell and gene therapy treatment strategy for cystinosis.
If successiul, this treatment could be a life-long therapy that
may eliminate or reduce renal deterioration and the need for
kidney transplantation, as well as, the long-term complica-
tions associated with cystinosis. Additionally, the mecha-
nism by which transplantation of pCCL-CTNS-modified
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.

CD34+ HSCs provide beneficial and protective eflects may
be applicable to other inherited multi-organ degenerative
disorders.

Example 11

HSPC Transplantation for Danon Disease

[0131] The objective of this experiment 1s to determine
whether Danon disease can be rescued by HSPC transplan-
tation and to determine whether lysosomal cross-correction
occurs. Using the mouse model described herein, 1t has been
demonstrated that the hearts of Lamp2 KO mice exhibit
increased numbers of abnormal mitochondria, and 1mpair-
ments 1n mitophagy and mitochondrial respiration, which 1s
consistent with prior studies 1n induced pluripotent stem cell
(hiPSC)-derived cardiac myocytes from Danon patients
(Cherqui, Kidney Int 81, 127 (2012)), confirming similarities
between the mouse model and human disease.

[0132] To evaluate the ability of WT HSPCs to rescue
Danon disease, two-month-old lethally irradiated Lamp?2
KO mice were transplanted with Scal™ HSPCs 1solated from
congenic C57/BL/6 WT that ubiquitously expressed cyto-
plasmic eGFP (Tg(ACTB-EGFP)10sb/J from Jackson
Laboratory) (W1T-HSPCs) using transplantation previously
described protocols (Yeagy et al., Kidney Int 79, 1198
(2011); Naphade et al., Stem Cells 33, 301 (2015); Case et
al., Proc Natl Acad Sc1 USA 96, 2988 (1999)). As negative
controls, Lamp2 KO mice were also transplanted with Scal™

SEQUENCE LISTING

Sequence total quantity: 27

SEQ ID NO: 1 moltype = AA length = 367

Jan. 11, 2024

HSPCs from Lamp2 KO mice that constitutively expressed
cGFP (KO-HSPCs). Skeletal muscle strength was assayed

using previously described techmiques and demonstrated
significantly decreased grip strength 1n Lamp2 KO mice 1n

comparison to both WT and Lamp2 mice that had received
WT HSPCs (FIG. 11). LAMP2 protein expression, as
assessed by Western blot analyses, was restored to near WT
levels 1n hearts and skeletal muscle of Lamp2 KO mice
transplanted with WT HSPCs (FIGS. 10D-10E).

[0133] To demonstrate that LAMP2 was expressed within
cardiac myocytes of recipient Lamp2 KO mice, and not just
within donor macrophages residing in those hearts, immu-
nofluorescence studies were performed that demonstrated
LAMP2+ vesicles 1n cardiomyocytes (a-actimn: white)
located adjacent to donor macrophages (FIGS. 10A-10C).
EM analyses showed decreased vacuoles 1n Lamp2 KO mice
that recertved WT HSPCs 1n comparison to Lamp2 KO Mice
(FIGS. 11A and 11B), exhibiting an appearance similar to
that of WT mice. Improved autophagic flux following W'T
HSPC transplant of Lamp2 KO mice was confirmed by
assessing LC3-1I/GAPDH levels (FIGS. 11C-11D). In sum-
mary, these studies demonstrate the restoration of physi-
ologic and metabolic function in Lamp2 KO mice treated
with WT HSPC transplantation.

[0134] Although the invention has been described with
reference to the above examples, 1t will be understood that
modifications and variations are encompassed within the
spirit and scope of the invention. Accordingly, the invention
1s limited only by the following claims.

FEATURE Location/Qualifiers
gource 1..367

mol type = proteiln

organism = Homo sapilens
SEQUENCE: 1
MIRNWLTIFI LFPLKLVEKC ESSVSLTVPP VVKLENGSST NVSLTLRPPL NATLVITFEI 60
TFRSKNITIL ELPDEVVVPP GVTNSSFOQVT SQNVGQLTVY LHGNHSNQTG PRIRFLVIRS 120
SATSTINQVI GWIYFVAWSI SFYPQVIMNW RRKSVIGLSF DFVALNLTGF VAYSVEFNIGL 180
LWVPYIKEQF LLKYPNGVNP VNSNDVFFSL HAVVLTLIII VQCCLYERGG QRVSWPAIGEF 240
LVLAWLFAFV TMIVAAVGVI TWLOQFLEFCEFS YIKLAVTLVK YFPQAYMNEFY YKSTEGWSIG 300
NVLLDFTGGS FSLLOMFLQS YNNDOQWTLIF GDPTKFGLGV FSIVEFDVVFF IQHFCLYRKR 360
PGYDQLN 367
SEQ ID NO: 2 moltype = DNA length = 2611
FEATURE Location/Qualifiers
source 1..2611

mol type = other DNA

organism = Homo saplens
SEQUENCE:
cgcctcecteee aaagtctage cgggcagggg aacgcecggtge attcctgacce ggcacctgge 60
gaggctcatg cgtccegtga gggcggttee tcecgagectgg gggcgctcag attgetttgg 120
agacgctgag agaacctttg cgagagcgcce ggttgacgtg cggagtgcegg ggctceccgggg 180
gactgagcag cacgagaccce catcctceccecee teegggtttt cacactgggce gaagggagga 240
ctcctgaget ctgcectcette cagtaacatt gaggattact gtgttttgtg agagctcget 300
aggcgcccta agcaacagag ttctgagaaa tcgagaaaca tgataaggaa ttggctgact 360
atttttatce tttttceccceccect gaagctcegta gagaaatgtg agtcaagcegt cagcecctcact 420
gttcctcecctyg tcecgtaaagcect ggagaacggce agctcgacca acgtcagcect caccctgegg 480
ccaccattaa atgcaacccet ggtgatcact tttgaaatca catttcecgttce caaaaatatt 540
actatccttg agctccecccecga tgaagttgtyg gtgectectg gagtgacaaa ctcecctetttt 600
caagtgacat ctcaaaatgt tggacaactt actgtttatc tacatggaaa tcactccaat 660
cagaccggcece cgaggatacg ctttettgtg atccgcagca gcgccattag catcataaac 720
caggtgattg gctggatcta ctttgtggcce tggtccatct ccttcectacce tcaggtgatce 780
atgaattgga ggcggaaaag tgtcattggt ctgagcttcg acttcecgtggce tctgaacctg 840
acaggcttcg tggcctacag tgtattcaac atcggcectcece tcectgggtgcece ctacatcaag 900
gagcagtttc tcctcaaata ccccaacgga gtgaacccecg tgaacagcaa cgacgtcectte 960
ttcagcctge acgeggttgt cctcacgctg atcatcatcg tgcagtgctg cctgtatgag 1020
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cgcggtggcec
gcatttgtca
tgcttectect
aacttttact
gggggcagcet
ctgatcttcg
gtcttcttca
tagcacccag
acccagcgaa
acagaggaga
gccectecty
tttctttaag
caccaagctt
agggctgacc
agatcaagca
ctttggggtt
acataactca
atgaggggcc
ctcctttcag
ctacctccac
tctggagtac
ctgccaaacyg
gacacctact
acttgagacc
ctgcccaaag
atgacttgag
atcttgaatt

SEQ ID NO:
FEATURE
source

SEQUENCE :

MRSPVRDLAR
SVALVDMVDS
ITQIPGGYVA
AMHANMWSSWA
FLILWIWLVSD
YNWTEYTLLT
LCVRRIFSLI
YAGILLGITN
EVONWALNDH

SEQ ID NO:
FEATURE
source

SEQUENCE :
cggctacttt
agccagagtt

ggcgggaccy
gtccagccag

gtggcgagta
aacgatggcg
gccgcectcecag
ttcattgtgt
aatacaactt
aaagttcatc
attcteggtt
agcaaaatag

ctgttcactc
gaaggactag
cccececctettyg
gtaatttcte
Cacttttttg
acaccacaaa
agaaatcagc
ctttgggcta
ttattgccta
tcttecattge
aatttaaggg
ggaatgattyg
ttggccgttyg
agcatcaacc

agcgcegtgtc
ccatgatcgt
acatcaagct
acaaaagcac
tcagcctcect
gagacccaac
tccagcactt

ggacccagtyg
ggccggagaa
ccactctgcet
ggcctcecccecy
gcttcaggca
gcagccgaag
ttgcagccygg
gcceggtgcec
aggccatggg
gcgtceccgtga
caccagattg
attttttgga
cttctcagat
aggacatagc
gcgaccagcet
tgagactcac
acctcacaca
ctgtceccttcece
cttgtcagtc
aaagcctact

3

NDGEESTDRT
NTTLEDNRTS
SKIGGKML LG
PPLERSKLLS
TPOQKHKRISH
LLPTYMKEIL
GMIGPAVELV
TEATIPGMVG
HGHRH

4

gcgccaatcce
gcccacacct

cggggactag

ctcggceccecgy
cacctgctca

aggagagcac
tgtgctgctc
atgcattacyg
tagaagataa
ataatcaaac
CCCLTCLLCCCtCa

gggggaaaat
ccattgcetgce
gagagggtgt
aaagaagcaa
CCcctCctttc
gtactattgyg
aacacaagag
CLtcttcaca
tcgtagttgce
cttatatgaa
cttatttagg
caaaatggaa
gacctgcagt
ctttcctaac
atctggatat

ctggcctgcece
ggctgcagtyg
cgcagtcacg
tgagggctgg
gcagatgttc
caagtttgga
ctgtttgtac
tacccagcct
gcggttgggce
cctggggceca
gccaggcacy
gcgcegcacag
gccttgcccc
gtgagccaag
gtggccagtg
gctctttete
ctgcagtaac
gttctgaatt
gggacgtttg
gagccccatc
tctetectyge
cccecctggagce
caatttctygg
atctgtatygg
tatggcagga
cactgagttt
cgctteocttt

moltype =

atcggcttcc
ggagtgatca
ctggtcaagt
agcattggca
ctccagtcect
ctcggggtcet
agaaagagac
ctggcctcegt
cctggcacac
gaggccattc
tggcaccgtc
gctctggecayg
aaactaccag
ggcactttgc
aactcagagg
tgaaggccac
agccagccct
ggattcatgc
gaagtggctt
tgagcacatc
taccagtctg
gaggyggcaggc
cctgttcecagg
gcccaaccct
ggggtggggy
ccttcectacga
C

AA  length

Location/Qualifiers

1..495
mol type
organism

PLLPGAPRAE
KACPEHSAPI
FGILGTAVLT
ISYAGAQLGT
YEKEYILSSL
RENVQENGEL
AAGEFIGCDYS
PVIAKSLTPD

moltype =

protein

33

-continued

tggtgctcgce
cgtggctgca
attttccaca
acgtgctcct
acaacaacga
tctceccatcecgt

cggggtatga
gccctgetgy

agggctgget
aatagcctygc

gccttgacac
ccgtetcecagy
cgtttctgca
tgccaccgcet
tgctggtgga
tttcctgacy
acccagagta
ccagcgcatt
actctcttct
cagctgctcc
tgccttagag
ccecttececte
agcctcagat
gatctcaaac
tcccaggacy
gatcaacgcg

495

Homo sapilens

AAPVCCSARY
KVHHNQTGKEK
LETPIAADLG
VISLPLSGII
RNQLSSQKSV
SSLPYLGSWL
LAVAFLTIST
NTVGEWQTVE

DNA

Location/Qualifiers

1..2512
mol type
organism

tacgagaact
aagatggcgyg
acgtggccgc
gggcttcggg
cgtaggcgtc
ggaccgcacyg
tgctcgttac

tgtgaatcty
tagaacttcc

gggtaagaag
tggctacatc

gctgectagga
agatttagga
tacatttcca
acttcttagce
tggaataatt
aatattttygg
aatttcccat
gaagtcagtyg
acacttttct
ggagatccta
ctcttggtta
CLtttcaact
attcctggta
tatatcaaca
tgctcectteg

othexr DNA

length =

NLAILAFFEGF
YOWDAETOQGW
VGPLIVLRAL
CYYMNWTYVFE
PWVPILKSLP
CMILSGQAAD
TLGGFCSSGFE
YIAAATINVEG

2512

Homo sgapiens

cccagaactc

Cyygggyggcygy
ggggcggtgt
ctgtcgggcec
atgaggtctc

cctettcetac
aacttagcaa
agtgttgcgt
aaggcgtgtc
taccaatggg
atcacacaga
tttgggatcc
gttggaccac
gccatgcatyg
atttcatatg
tgctactata
CCCcttttgt
tatgaaaagg
ccgtgggtac
tacaactgga
aggttcaatg
tgtatgatcc
ttatgtgttc
gctgctggcet
acactgggag
tatgctggta

cgcttcccta

agtcggcegcg
catcgccccec
ggcgctcocect

cggttcgaga

cgggcogcoccc
ttttggcctt

tagtggatat
cagagcattc
atgcagaaac
ttcctggagy
ttggcactygc

tcattgtact
ccatgtggtc
caggagcaca
tgaattggac
ggatctggtt
aatacattct
ccattttaaa
cCttttatac
ttcaagagaa
tgtctggtca
gcagaatttt
tcattggctyg
gcttttgetc
tcctectggy

gtggctcttc
gtttctette
ggcctacatyg
ggacttcacc
ccagtggacg
cttcgacgtce
ccagctgaac

ggaaggcctc
cagtgtgcgyg
cttegtecgy
cgccatcetet
caggactggg
agcagcttga
gcattcccag
cgggctagga
tactctetgt
tttctgagec
agcatagtaa
gccctcetetce
ttacccagca
gtcgttaggc
tcttteccca
aagtatttgt
ctcctteccet
tgcctcatac

aggggcctgt

FIVYALRVNL
ILGSEFFYGY I
EGLGEGVTEP
YEEGTIGIEW
LWAIVVAHES
NLRAKWNEST
SINHLDIAPS
AIFFTLFAKG

gtccaaccca
gccgectcetyg
gccecogoccy
tctcectgecag

cctggcecceccygy

acgggccgaa
ttttggttte

ggtagattca
tgctcccata

tcaaggatgyg
atatgttgcc

tgtcctecacce
cagagcacta
ttecttggget
gcttgggaca
ttatgtctte
agttagtgac
Ctcatcatta
atccctgceca
tttattgaca
tgggttttta
agctgctgac
tagccttata
tgattattct
ttctggattt
catcacaaat

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1280
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2611

60

120
180
240
300
360
420
480
495

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
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acatttgcca
aacactgttg
gccattttet
catggacaca
ttatcatgta
tgtacttgta
taaaatgaac
catacctgcc
atactaaagg
ataattctca
ctctctcectga
aatttcgect
cctggcttcea
gtgtcgactc
tgagtaggca
ttcccagcac

SEQ ID NO:
FEATURE
source

SEQUENCE :

GAASAELVIG
PVDIFLVSYM
EKDDDDTSKC
GSSHGLAALS
EQHIQTIKSK
KIIWGIFFIL
LDYILITIII
SYMIYSLAPQ
HKEWEFESAAY

SEQ ID NO:
FEATURE
source

SEQUENCE :

ggcgeggett
atttttgcat
gtctccacca
ccagtggata
gccaatgcta
tattctgtta

gaaaaggatyg
ttgggatttyg

gttcctaata
ggaagtagtc
atgttggcag
aaaggcacta
gagcaacaca
gataaacgcy
cacttagaat
aagatcattt
ctgtcaaatt
ggagctaact
cttgattata
attcgaaata
accaggcccce
agctacatga
atagagagca
agatgtgatg
cacaagttct
ttcttgatty
gatgaagatyg
ctgtcttagg
actaacatta
ctatattttt
ctgtaataat
CCLLLLCCLC

cctettgtcea

SEQ ID NO:
FEATURE
source

ctattccagyg
gagaatggca
ttacactatt
gacactgaag
acctcaaagt
ttagattttt
tgtgtttaat
tgctagtcgy
gaatgagctg
ggtactgata
cacttagacc

ggcaactgga
gggtcagagt
ttcggctggt
agagcagtga
agaggaatat

5

WCIFGPLLLA
KNONGT FKDW
TQIKTAFKYT
FSISSLTLIG
SKDGRPLPAR
VALLFIISLE
MYFIFTSMAG
YVMYGSOQNYL
YFGNWAFLVV

6

cggcggagct
tctgttggat
taacggcaat
tatttttggt
atgtcagcag
tattattctg
atgatgatac
ctgtaatttyg
acaaaaattc
atggtttagce
ctataactta
gaagcgctgc
ttcaaacgat
ccttaaaaca
acattgaaaa
ggggaatatt
tggataaagc
tgagtaatcc
ttcttataac
tcggcatatg
aggccctett
tttatagtct
atataactta

ctgatgcccc
ggttectttag
gattaattgt
attcagacat
ggttttataa
ggatgaactg
tatgttatct
tctatgtaaa
tagtgtataa
cttcttaaaa

7

aatggttggyg
aaccgtgttc

cgccaaaggt
gaaccaataa
gccttctgta
aaggcctata
tatgaataat
gcaacatgaa
aaacagacct
aacacctgtt
tcaaacttta
ctgaggggag
gcccagcegtt
gcctttecte
gatccactgc

tggctggcat

moltype =

cccgtcecattg
tatattgctyg
gaagtacaaa
ataatcctgce
ttgtgtaagc
atcatgaaat
atgtaagcta
gtaggacagt
cctgatacct
gttgttcact
gcatctctgt
tgtgcccagy
tatcagaggc
tgaggggcta
tatggtcttyg
gcaacctgca

AZA  length

Location/Qualifiers

1..537
mol type
organism

IFAFCWIYVR
ANANVSROIE
LGFAVICALL
MLAATITYTAY
DKRALKQFEE
LSNLDKALHS
IRNIGIWEFEW
IESNITYDDH
FLIGLIVSCC

moltype =

protein

34

-continued

ctaaaagtct
ctgctattaa
actgggctct
ctctattaat
attctatgtc
atcactagtt
ggacttctac
tctgttgatt
ttgcttaatt
ttcctcataa
ggagctgcca
cagctgccaa
agcatccaag
tcaatgtgta
atacatcctc
aaagaaaaat

= 537

Homo sapilens

KYQSQRESEV
DITVLYGYYTL
LLVGAFVPLN
GMSALPLNLI
RLRTLRKRER
AGIDSGEFIIFE
VRLYKIRRGR
KNNSAEFPVPK
KGKKSVIEGV

DNA

Location/Qualifiers

1..1979
mol type
organism

ggtgatcgge
atatgttcgt
tttttctety
ttcttacatyg
acagatcgag
tgtgtttttc
tagtaaatgt
tgcacttcett
tacagagtgg
tgcattgtca
cacagcctat

ttacgaacgt
taaatcaaaa
atttgaagaa

cagctggtgg
tttcatctta
ccttcattca
actgaatatg
aattattatt
gttcttttygg
atttctttygce
tgctccccaa
tgatgaccat

tgaagaccaa
tgctgcatac
atcctgttgt
aagtgatgat
tgctgactga
actagcttca
gaagtaacat
tataaaacta
tagtgttgaa
acataataaa

moltype =

othexr DNA

length =

VSTITATIFSL
YSVILEFCVEFE
VPNNKNSTEW
KGTRSAAYER
HLEYIENSWW
GANLSNPLNM
TRPOALLFLC
RCDADAPEDQ
DEDDSDISDD

1979

Homo sgapiens

tggtgcatat
aaataccaaa
gcgattgcac
aaaaatcaaa
gacactgtgt
tggatccctt
actcaaatta
cttttagttyg
gaaaaagtga
CLttctatta
ggcatgtctyg
ttagaaaaca
agcaaagatg
aggttaagaa
acaaaatttt
gttgcattgc
gctggaatag
cttttgcctyg
atgtacttta
gttagactat
atgatacttc
tatgtcatgt
aaaaacaatt

tgtactgtta
tattttggta
aaagggaaga
gagccctctyg
atgtctatta
tcaaaaatgyg
tattgtatca
tggactttgt
ttgattaaaa
tcacttctac

AA  length

Location/Qualifiers

1..518

ttggccectt
gtcagcggga
ttatcacatc
atggtacatt
tatatggtta
ttgtctactt
aaactgcatt
gagcttttgt
agttcctgtt
gttctctgac
cattaccttt
ctgaagacat
gtcggccttt
cacttaggaa
gtggtgctct
tgtttataat
attctggttt
tactacaaac
CCLttacttc
ataaaattag
tgcttattgt
atggaagcca
cagccttecec

cgcggacata
actgggcttt
aatcagtcat
tctattetgt
tCgcatttttt
gagcatggct
tagattaaca
gagggaatgt
gtcttccaga
ctgtgcaaaa

= 518

gacccctgat
tgtttttggt
caatgatcac
gtatttttat
CCLttttaat
gccagaataa
tttaggttca
ttttagggcc
aaactagatyg
aaattgtcag
tccactgtat
gcactcectce
cccagagcca
gataaagccc
aaactttccc

gcC

ATALITSALL
WIPEFVYFYYE
EKVKFLFEEL
LENTEDIEEV
TKFCGALRPL
LLPVLQTVEP
MILLLIVLHT
CTVTRTYLFL
EPSVYSV

actactggct
aagtgaagtt
agcacttctt
taaggactgyg
ctacacctta
ctactatgaa
caagtatact
tcctcectaaat
tgaagaactt
cttgattgga
aaatctaata
tgaagaagtyg
gccagcaagg
aagagagagy
gcgtccectyg
CCctctcttc
tataattttct
agtgtttcct

aatggcggga
aagaggtaga
ccttcacact
aaattactta
tgtgccaaag
cctgttectt
tcttgtggta
tgaaggagta
ttgagagcct
aaagtgttaa
attaaaaaaa
tttaaaattyg
ttgtggaaat
attaatattc

ddaaaadadada

1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2512

60

120
180
240
300
360
420
480
537

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380

1440
1500
1560
1620
1680
1740
1800
1860
1920
1979
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SEQUENCE :

MAGLRNESEQ
WPYLOQKIDPT
YAYLHIPASH
ILGPVEQTCE
GROQCKSINFE
TQREQAVLYNG
FPKIOWEDLH
TSAVLIGLGY
PRWAFSLVCG

SskEQ ID NO:
FEATURE
source

SEQUENCE :

aggttacaag
ccacccggga
gtgtaactat
ctggaagcag
ctattaggat
tgtccatatg
gggttattgc
ctaattatag
actgcctcta
ctcgtggatt
gtgctacttc
taggttttat
tgacatggga
ccttectgygy
atgactcagg
aggttcccca
tgactctatt
atgcctggac
ttgaagccgt
ctattctact
gaaatcaatt
catttgggga
caactggttg
agttccttac
atactctata
cagcatctygg

actggggacc

tcectgggagt
aataaactag

ctctgctaga
ttgaagaaca
aggttatata

SEQ ID NO:
FEATURE

SOUrce

SEQUENCE :

MGGCAGSRRR
DILSHKRTSG
LLPYSPRVLV
ISWWSSGETGG

GEEEAESAAR
GLFELLFEFWN
ADVWEFGEFLPS
SLSGLLALPL

SEQ ID NO:

FEATURE
source

SEQUENCE :

EPLLGDTPGS
ADTSEFLGWVI
NKYYMLVARG
TEFLGEKGVTW
EASTDEAQVP
IILAALGVEA
NNSIPNTTFEG
PVCNLMSYTL
IIVLTITLLG

8

cagcagatcc
tgggagaaag
ggccggcecty

agaatgggac
CCtatatctt

gccatatctce
ttcatatagt
accaagaaaa
tgcatatctc
gttgggaatt
ccttcaggaa
tctaggtcca
tgtgattaaa
aattttaaat
aagacagtgt
aggaaatatt
tatctttgec
tcaagaacaa
Cgttattttce
gggaggactc
tcccaaaata
aattattatt
ctcgattgaa
atcagctgtyg
ttcaaaaatt
aagtggagcc
acgatgggca
ggtttacaaa
ctaagactgt
caattgcggt
agaacatatyg
aaaacatact

5

FSDSEGEETV
NQSHVDPGPT
SGICAAGSFEV
AGLLGALSYL
QPLIRTEAPE
TSLSHAQOYR
IYLVFLIILY

HDFLCQLS

10

10

mol type
organism

REWDILETEE
ASYSLGOMVA
LLGIGAGNVA
DVIKLQINMY
QGNIDOQVAVYV
VVIFLGVKLL
EITIIGLWKSP
YSKILGPKPQ
VVYKRLIALS

moltype =

protein

35

-continued

Homo sapiens

HYKSRWRSIR
SPIFGLWSNY
VVRSYTAGAT
TTPVLLSAFL
AINVLEFFVTL
SKKIGERAIL
MEDDNERPTG
GVYMGWLTAS
VRYGRIQE

DNA

Location/Qualifiers

1..1909
mol type
organism

caccttcagt
caggtgtcgc
cggaacgaaa
attttagaga
actatgtttc
caaaagattg
cttggccaaa
gagcctctta
cacatcccag
ggagcaggaa
agaacaagtt
gtttttcaga
ctgcagataa
attattctga
aaaagtatta
gaccaggttyg
ctttttgaaa
gctgtgttat
ttaggagtta
atcgttgtat
cagtgggaag
ggtctttgga
caagcctggt
ctaataggat
ctaggaccaa
cggattcttg
ttcagcctygg
agactcattg
gatggaaact
gagccagtct
ttgaataaca
agatgataat

moltype =

othexr DNA

length =

ILYLTMFLSS
RPRKEPLIVS
SLOERTSSMA
GILNIILILA
FIFALFETII
LGGLIVVWVG
CSIEQAWCLY
GSGARILGPM

1209

Homo sapilens

cctggcectcetg
gagagttggyg
gtgaacagga
ctgaagagca
tcagcagtgt
atccgacagce
tggtagcttc
ttgtctccat
cttctcataa
atgtagcagt
ccatggcaaa
cttgttttac
acatgtatac
tccttgecat
attttgaaga
ctgttgtggc
ccatcattac
ataatggcat
agttgctttc
gggttggcett
atttgcacaa
agtctccaat
gcctctacac
taggctatcc
aacctcagygyg
ggcctatgtt
tgtgtggaat
ctctttetgt
acttgctgtg
ccaagaatca
gagagaattc
ttcaaaaaaa

AZA  length

Location/Qualifiers

1..438
mol type
organism

PEPRLPLLDH
PIPHNSSSRE
LVAFSHSVGT
GLTOQAGLSPQ
SKPGSSSSLS
WYOMLYQAGV
EGLLGGAAYV

moltype =

protein

acaagccctc
cgcaagacgc
gccgctcetta
ttataagagc
agggttttet
tgatacaagt
acctatattt
cttgatttecc
taaatactac
tgttagatca
cataagcatyg
attccttgga
aacaccagtt
actaagagaa
agcaagtaca
catcaatgtt
tccattaaca
aatacttgct
caaaaagatt
ctttatcttyg
taattcaatc
ggaagatgac
cccggtgatt
agtctgcaat
tgtatacatyg
catcagccaa
aatagtgctc
aagatatggyg
tggcacttcc
gactacagat
tacatgtcat
aaaaaaaaa

= 438

Homo sapilens

QGAHWKNAVG
DCNSVSTAAV
SLCGVVFAST
QTLLSMLGIP
LRERWTVEKG
FASRSSLRCC
NTFHNIALET

DNA

Location/Qualifiers

1..1689
mol type
organism

othexr DNA

length =

FWLLGLCNNF
LLADILPTLV
SSGLGEVTFEL
ALLLASYFLL
LIWYIVPLVV
RIRFTWALAL
SDEHREFAMA

1689

Homo sgapiens

VGEFSVVMMS I
ILISVAANCL
NISMCQALGF
ILREHRVDDS
TPLTMDMYAW
FEILLPWGNQ
TPVIHLAQFL
FISQVYAHWG

cagcttcacyg
cttgtaggga
ggcgacacac
cgatggagat
gtagtgatga
tttttgggcet
ggtttatggt
gtggcagcca
atgctggttyg
tatactgctyg
tgtcaagcat
gaaaaaggtyg
ttacttagcy
catcgtgtgy
gatgaagctc
ctgttttttg
atggatatgt

gctettgggyg
ggcgagcegtyg
ttaccttggy
cctaatacca
aatgaaagac
catctggccc
cttatgtecct
ggctggttaa
gtgtatgctc
accatcaccc
aggattcagyg
tggtctaaag
attgcagatt
tgtgaatagt

SYVVMLSAAH
IKLLAPLGLH
SLTAFYPRAV
LTSPEAQDPG
VYFAEYEFINQ
LOCLNLVFLL
ATCISDTLGI

ccectagaca agceccggagcet gggaccggca atcgggcegtt gatccttgtce acctgtcogcea
gaccctcate cctcececegtgg gagcecccecctt tggacactcet atgaccectgg accctoegggg
gacctgaact tgatgcgatg ggaggctgtg caggctcecgceg goggcegcettt tecggattcocg

60

120
180
240
300
360
420
480
518

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1909

60

120
180
240

300
360
420
438

60
120
180
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agggggyaggya
ggaagaacgc
tgctgagtgc
tggacccagy
tctectacggc
ctcctettgy
ctgctggaag
tggtcttcegce
tctaccceccag

gggccctgte
ccatgctggyg
aggcccagga
gaaccgaggc
ggacagtatt
agtatttcat
acgctcagca
cttctcteeg
acctggtgtt
tcctgatcat
acatcgccct
ctgacacact
gccagctcetce

ggacaggtca

cccggcaggt
attgtctccce

tgtccatgg

SEQ ID NO:
FEATURE
source

SEQUENCE :

MANVSKKVSW
SVELDDELLD
TVEIKRWVIC
TLNAAFVLVG
GLAVGKEGPM
FGAPVGGVLE
GREDSEKMAY
AAVTATVAFEV
PPGSYNPLTL
WADPGKYALM
LYDMHIQLOS
FPVVEHADDT
IQSIHVSQDE
LVTRKDLARY

SEQ ID NO:
FEATURE

SOouUurce

SEQUENCE :

gcecggogcett
tgtcctggtc

cgcggcececydy
caccacgttc
ttttggaccc
agctcectgtce
tggaggagga
tcatctgege
tggaaaacct
agaaggdcdd
tcgtgggcetc
agatcaagtg
tgatcaaagt
ggccgatgat
cactgaaacg
tcgtctecge
tcectgttecag
tctttgette
acatgtggga
tggcctacac
ttggagctgt
accggccectyg

gaccgtcccyg
ggtgggcttce
cgcccacgac
cccaacgccyg
tgctgtgctc
ccttcaccty
cttcgtectyg
tagcatctca
ggccgtgatc
ctacctgggc
tatccctgec

ccetggaggy
cccggagteg
caagggtctg
taaccaggga
ataccgctygg
ctgctgtcgce
cctgcectggcea
tctgtatgag
ggagaccagt
ggggatctcc
ctgatactcg
gacacccagyg
ctgggagtag
acttggggag

11

11

SGRDRDDEEA
PDMDPPHPFEP
ALIGILTGLV
SVIVAFIEPV
IHSGSVIAAG
SLEEGASEFWN
TIHEIPVFIA
LIYSSRDCQP
GLEFTLVYFFL
GAAAQLGGIV
VPFLHWEAPV
QPARLOGLIL
RECTMDLSEF
RLGKRGLEEL

12

12

ccocggecggt
cggcocgggac

cygygdggyacy
tgcgetttte

ggatatggac
cctcaagtat

gcggceggatce
cctecattgygy

ggctggectce
actgtccttc
tgtgattgtyg
cttcctcecaac
gtcecggtgtyg
ccactcaggt
agatttcaag
aggggctgcg
cttggaggag
catgatctcce
cctgtccagce
gatccacgag
gttcaatgcc

cctgcaggty

gagccacggc
tggctgetgg
atccttagcce
atcccccaca
ctggcggaca
ctgccctaca
gttgcctttt
tcaggccttyg
tcctggtggt
ctcacccagyg
ctgctgcectygg
gaagaagaag
aagccaggct
ctgtggtaca
ctttttgaac
taccagatgc
atccgtttcea
gacgtgtggt
gggctectgg
gatgagcacc
ctgtcggggc
ggatcctcag
cccaccececag

ggaagggctyg
tttecttecty

moltype =

tcccteotgtt
gcctttgcaa
acaagaggac
acagctcatc
tcctececcac

gcccoccagggt
ctcattcetgt

gggaggtcac
cctcagggac
ccggectetce
ccagctattt
cagagagcgc
ccagctccag
ttgttccctt
Ccctettttt
tgtaccaggc
cctgggcecct
tcggetttet
gaggcgcagc
gggagtttgc
tcctggettt
gacgcaggtc
agaccctceca
aagccttgtt
gcatcatgcc

AA  length

Location/Qualifiers

1..805
mol type
organism

APLLRRTARP
KEIPHNEKLL
ACFIDIVVEN
AAGSGIPQIK
ISQGRSTSLK
QFLTWRIFFA
MGVVGGVLGA
LOGGSMSYPL
ACWTYGLTVS
RMTLSLTVIM
TSHSLTAREV
RSQLIVLLKH
MNPSPYTVPQ
SLAQT

moltype =

protein

30

-continued

ggaccatcag
caacttctct
atcgggaaac
acgatttgac
actcgtcatc
tctecgtcagt

gygdaccagyc
cttccectcectec

tgggggagcet
ccctecageag
cttgttgetc
agccacggcag
cctetecectt
ggtcgtagtt
ctggaacact
tggcgtettt
ggccctgcetyg
gccaagcatc
ctacgtgaac
aatggcggcc
gcctetgeat
acattcacct
tgaactgtgc
tccttgcagy
ttctgaataa

805

Homo sapiens

GGGTPLLNGA
SLKYESLDYD
LAGLKYRVIK
CFLNGVKIPH
RDFKIFEYFR
SMISTEFTLNFEF
VENALNYWLT
QLEFCADGEYN
AGVEFIPSLLI
MEATSNVTYG
MSTPVTCLRR
KVFVERSNLG
EASLPRVFKL

DNA

Location/Qualifiers

1..3277
mol type
organism

gtcgctccgc
cgggacdgacg
ccgctgetga
cgagtcggac
cctccacatce

gagagcttgyg
aatcacacgg
atcctcacygg

aagtacaggg
tcecectgttyge
gctttcatag
ggggtgaaga
atcctgtccg
tcagtgattg
atcttcgagt
gccggagtgt
ggtgcgtect
acgttcaccce
ccaggcctcea
atcccggtcet
ttgaactact

attgaggccy

othexr DNA

length =

GPGAARQSPR
NSENQLFLEE
GNIDKFTEKG
VVRLKTLVIK
RDTEKRDEVS
VLS IYHGNMW
MERIRYIHRP
SMAAAFFENTP
GAAWGRLEGI
FPIMLVLMTA
REKVGVIVDV
LVORRLRLKD
FRALGLRHLV

3277

Homo sapilens

ggcgggecat
aggaggcggc
acggggctyg
atatgagcag
ccttococccaa
actatgacaa
ccttecggac

gcctegtggc
tcatcaagygg
tgtgggccac
agccggtggce
tcccececcacgt
tggtcggggy
ccgcecgggat
acttccgcag
cagcggcgtt
tctggaacca
tgaattttgt
tcaacttcgg
tcatcgccat
ggctgaccat

tgﬂtggtggﬂ

ggccaacgtc
gccgcetgcetyg
gccegggget
cgtggagctyg
ggagatccca
cagtgagaac
ggtggagatc
ctgcttcatt
caatatcgac
gctgaacgcc
tgctggcagc
ggtgcggcetc
cctggccgty
ctctcaggga
agacacagag
tggagccccc
gttcectgacce
tctgagcatt
aaggtttgac
gggcgtggtg
gtttcgaatc
cgccecgtcacy

ggcgcgcatt
tatgtggtga
cagagccatg
tgcaactctg
aaattgttgg

gggatttgtg
ctgtgtggtyg
ctcactgect
gggctgcetgyg
accctgetgt
acatctecctyg
ccectcecataa
cgggaaagdt
tactttgccy
tccctgagtce
gcctcocecoget
cagtgcctca
tacctcgtcet
accttccaca
acctgcatcet
gacttcctct
gtgggcagag
tcccagectt

ggggccagcc
atgccgattt

SALFRVGHMS
ERRINHTAFR
GLSFSLLLWA
VSGVILSVVG
AGAAAGVSAA
DLSSPGLINF
CLOVIEAVLV
EKSVVSLEHD
SLSYLTGAAIL
KIVGDVFIEG
LSDTASNHNG
FRDAYPRFEPP
VVDNRNOQVVG

tctaagaagyg
cggaggacgd
gcgcegcecagt
gatgatgaac
cacaacgaga
cagctgttcec

aagcgctggy
gacatcgtygyg
aagttcacag

gccecttegtgce
ggaatccccc
aagacgttgg
gyaaagygaay
aggtcaacgt
aagcgggact

gtgggtgggyg
tggaggatct

taccacggga
tcggagaaaa
ggcggtgtgce
aggtacatcc
gccacagttyg

240
300
360
420
480
540
600
660
720
780
840
900
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1689

60

120
180
240
300
360
420
480
540
600
660
720
780
805

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
960
1020
1080
1140
1200
1260
1320
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ccttegtgcet
acccgctgca
acaccccgga
tgaccctcgg
cggtgtctgce
ttgggatctc
ccctgatggyg
tcatcatgat
tgaccgccaa
tgcagagtgt
gggaggtgat
tggacgtgct
atgacaccca
taaagcacaa
tgaaggactt
aggacgagcy
tgccccagga
acctggtggt
ccaggtaccg
cagccctgcc
agtcactggt
agctgggcgg
ggcagtggte
aggtttcttt
ctcttgggag
agcccttgcec
cacaccagtg
acggcctgtg
accgcccoccgyg
cctgcatcceg
gtgatgttga
ggtccceccaa
gagcctcaaa

SEQ ID NO:
FEATURE
source

SEQUENCE :

MEPGPTAAQR
S LLOGGGLGP
QVVSKMDNIS
ELSNSTVYFL
MNELENKAEP
LSSFLHSEQK

SEQ ID NO:
FEATURE
source

SEQUENCE :

ggctgtccgce
gcccggtgat
tgccgetggy
gtccgcacag
tgtcccectgtc

cggatctgga
tgacagggtyg
tcttccaaca
agagtcagag
tctcagaatt
acagtgaaga
cctgcectttga
cagaagtatg
tgcaaaaaat
tggaagatgc
cttgcagtga
tcttctacct
aacgtctcaa
aaaatggaga
agaagataaa
CCLttaaata
tatttttaat
agaacatgca

gatctactcyg
gctcettttgt
gaagagcgtyg
cctgttcacg
cggggtcttc
cctgtectac
agctgctgcc
ggaggccacc
gatcgtgggc
gcecttecty
gagcacacca
gagcgacacyg
gcctgceccocgy
ggtgtttgtyg
ccgagacgcc
ggagtgcacc
ggcgtcgctc
ggtggacaac

cctgggaaag
cataatgggc

ttctecggece
gecaggcggca
tccecececttyg
acctccaggg
ccagcggcag
cctgetgetyg
gagtcttcga
gtccctgggc
agagcagctt
gcttgggtac
gagctgagaa
tccccagagce
gcgtggaatt

13

13

RCSLPPWLPL
LSLPPDLPDL
RAAGNTSESQ
NLENHTLTCE
GTHLCIDVED
KRKLILPKRL

14

14

ggtgccggcet
ggagccggyggce
gctgctgcty
ggtcttccac
cctectgecag
tcctgagtge
tctggtgegce
ggtcgtcagc
ttgtgccaga
CLttaatacc
attatcaaac
acataacctt
caaaaactgc
gaatgaactt
aatgaacatc
cacagtgcct
tagtagcttt
gtccagtacc
attgacatat
ctgtgatttyg
agaattttcg
ttccaggcat
agaacaatca

tcgcgggatt
gcagatggceg
gtgagcctct
ctggtctact
atcccgtcecce

ctcacggggg
cagctgggcg
agcaacgtga
gacgtcttca
cactgggagg
gtgacctgcc
gcgtceccaatce
ctccagggcc
gagcggtcca
tacccgegcet
atggacctct
ccacgggtgt
cgcaatcagg
agaggcttgg
actggcgctyg
aaaccatgct
ggcgcggaac
gcgectectt
atcagctgtg
ggccaggcace
ccccecgaggygc
gacttgggag
ctgaggcacg
cacactggcg
acaggcccag
aaacctccaa
ttggagtctg
gctgcectgt

moltype =

gccagcccct
agtacaactc
tccacgaccc
tcttcectgge
tgctcatcgg
cggcgatctg
ggattgtgceg
cctacggcett
ttgagggcct
ccoceggtceac
tgaggcggceg
acaacggctt
tgatcctgeg
acctgggcect
tcccacccat
ccgagttcat
tcaagctgtt
ttgtcgggtt
aggagctctc
gcaccccggc
ccccagcecagt
tgaccctctce
gcgcaggcocc
tgtgtgtgac
tgcgtgcectyg
tgcccectgecce
ctgcttggcc
gactcgtagc
ccacagagga
aggactgggyg
ggccctgagc
ggccccacac
ggacact

AA  length

Location/Qualifiers

1..334
mol type
organism

GLLLWSGLAL
DPECRELLLD
SCARSLLMAD
EHNLOGNAHS
AMNITRKLWS
KSSTSFANIOQ

moltype =

protein

37

-continued

gcagygygygyggce
catggctgcg
gccaggctcc
ctgctggacc

ggﬂtgﬂﬂtgg

ggcggacccc
gatgacactyg

ccccatcatyg
gtacgacatg
ctcacactca
tgagaaggtc
cceegtggty
ctcccagcetce
ggtacagcgyg
ccagtccatc
gaacccctec

ccgggcecctyg
ggtgaccagyg
gctggcccag
ccttcectgceat
ggcaatggcyg
gcgggactga
agcctcecact
ctcectaccy
tgccegtgty
tggaagggcc
tcattttcag
accagggttt
gccccacgtyg
tgactcacgyg
cccatgccca
ccagccctygce

334

Homo sapiens

GALPFGSSPH
FANSSAELTG
RMOIVVILSE
LLOTKNYSEV
RTENCSVPCS
ENSN

DNA

Location/Qualifiers

1..2869
mol type
organism

g9999gcyggay
ccgacagcecyg

tggtcggggce
gacctcctgt

ggtggagggc
cgggagctcc
agcgcoccgygce
aagatggaca
agtctcttaa

acatggcagg
agcacagtat

caggggaatg
cgtgaagcat
gagaataagg
actcgaaaac
gtaattgctyg
cttcactcag
agttttgcaa
cacgtgaatg
acaagtcaag
atttttcttt
agcagtgtta
ttattttatt

othexr DNA

length

RVFHDLLSEQ
CLVRSARPVR
FENTTWQEAN
CKNCREAYKT
DTVPVIAVSV

= 2869

Homo sapiens

aggcggeggt
cgcagcggay
tggccctggy
cggagcagca
tggggcctcet
tgctggactt

ccgtgegect
acatcagccg
tggcagatag
aggcaaattg
atttccttaa
cacatagtct
acaaaactct
ctgaacctygg
tatggagtcg
tttcotgtgtt
agcaaaagaa
atattcagga
aatggtggaa
ctcttaagaa
ccttttecac
tctattttaa
ttataggcat

gggctccctyg
gtgttegttg
cgcgceteccec
gttgctggag
gtcgctgcecc
cgccaacagc
ctgtcagacc

agccygcygygygy
aatgcaaata
tgcaaattgt
tctatttaat
tttacagaca
gagtagtctg
aacacattta
aactttcaac
cattctcttt
acgcaaactc
aaattcaaac
gacacaactt
atacaaggac
CCctttctaa
tgtgtatttg
ttgattacta

tccatgtcect
gccttettcea
tacaaccccce
tacgggctca
ggccggcetcet
ggcaaatacyg
agcctgaccyg
ctggtgctca
cacattcagc
ctcactgcca
ggcgtcattyg
gagcatgccyg
atcgttctece
cgcctgaggce
cacgtgtccc
ccctacacgg
ggcctgeggce
aaggacctcg
acgtgaggcc
ttcctececygy
agcaccctgce
ccetgttgtyg
ctcctegtet
ggctatcggc
cgtgagacag
cctetgectce
ccatgagcag
ggaggctgceg
cactcccecgyg
gccctgtget
gccctgectt
cttggtccct

QLLEVEDLSL
LCOTCYPLFEQ
CANCLTNNSE

LSSLYSEMOQK
FILFLPVVFEY

gggtgtgtga
ccgcecgtggce
ttcggcagca

gtggaggact
ccggacctgce

agcgcagagc
tgctaccccce
aatacttcag
gttgtgattc
ttaacaaaca
cacaccctga
aaaaattatt
tacagtgaaa
tgcattgatyg
tgttcagtcc
ctacctgttyg
attctgccca
tgagacctac
ggtttcagaa
ttcagatcca
cagatttgga
tcacaataac
ttctagactt

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3277

60

120
180
240
300
334

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
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ctggtatctt
aaaaattaat
Caattacccc
Caatatataa
ctccctgaca
tggtaactgg
atttcataag
atttttatac
attactactt
ggaatatttt
accagcttaa
ggacagtggt
gattaagatc
aatgaaatca
gddaddaddacac
gatttcattt
aagaatataa
ccttectata
tactgtttat
acactttctc
tgtttatgct
gaagcaatct
tgttcaattc
ccattgtttt
ddaddadadaaadaa

SskEQ ID NO:
FEATURE
source

SEQUENCE :

MTAPAGPRGS
RKPCKLMLOQV
TREQLYQAIF
TEDIDPMVVT
NLOSLINNEI
FEDVVVILTCS
SDVLTISGTI
ALPSVMRECC
QAQQGRSSLYV
IAQCQDSPTS

SEQ ID NO:
FEATURE
source

SEQUENCE :
agatcagctyg

gcgygcgygcey
ccagcatgac
accccgggta

aagaccttcg

agggccgcaa
agctcatcct

tcgecttecyg
cctacacgcy
tgcctgacgt

atggctcagy
acgacacatt

agcggecocce
agaacctcac
ccattaacct
tgatcacgtt
cccacatcca
tcctgtttga
cactccttcg
gacgggtcat
tcaccagcga
acttggcgag
tgggcgtgat
gggtggccect
actgcttctg
tggtgtctga
ccatgcaggc

cttactaaca
cagttacagt
ccattgcagt
ttcagtctet
atttttaaaa
Cttcttactt
taatttaaaa
caaggatttg
taaatcaaat
cttcttaaga
ggttcagcga
gtgtattgag
atccttattyg
catagttcgt
tccgtttcag
attaatttct
aatctcctcet
ctataaaatg
gtggagtgaa
tgatctgctyg
gctggaactt
tcattaatgc
tgtaagtggt
tggatataaa
aaaaaaaaaa

15

15

ETERLLTPNP
VEKILVVTVQL
HAVDQYLALP
DCIQVDPPER
PDCYTFSVLI
LSEFLLCARSL
MKIGIEAKNL
CVAVIYLGYC
WLEFSQLYLYS
GKFRRGSGSA

16

16

atgccggagy
atcggaccca
agcccecgygcoy
tgggacccag
ccgtegtetc

gccctgcaag
gtttgggctc
acacctcttc

ggagcagctg

gtcactgggc
gcttgetete

tgacattgat
tccgeececcec

gctcaaattce
ccagagcctc
tgacaacaaa
ggagtgtaag
cgtggtggtc
aggcttcctg
cagcctgtygg
tgtgctcacc
ctacgacgtc
ccgcetaccetyg
gcccagegtce
tggctggatc
gtgcctgttc
gcagcagygc

taagtatctc
aaagactttg
attattgtta
agtttcccta
gtagtaagcc
gacttttata
atcactggat
catcgtgaat
gtagcattat
tatatagagg
gcagaaaygyy
gggatgaatc
tLtctaaatt
gctcagaaat
aattgttcac
Ccttgctttet
atatagaaac
ctctataggg
atataaggct
tgatccactg
agcactgtct
agataaaaca
gactttttga
gctaataagc
aaaaaaaaaa

moltype =

aagtagaaaa
aaaaagaaat
tatatatagt
gagtcatttt
acattacatt
aatagtattt
tgctttatta
taaattaagt
cacactgtat
attttggaga
acctgagagg
ggaacgatag
atttcaatca
tctattttygg
agttttattct
ttggtggaaa
aagaattttg
agacaaagtg
cttggatgta
aaaatgtgct
tgatttgaag
agtttacatg
gcacctttca
actttaaaaa
aaagaaaaaa

AZA  length

Location/Qualifiers

1..580
mol type
organism

GYGTQAGPSP
ILEGLSNQLA
DVSLGRYAYV
PPPPPSDDLT
TEFDNKAHSGR
LRGFLLONEF
ASYDVCSILL
FCGWIVLGPY
FISLEFIYMVL
CSLLCCCGRD

moltype =

protein

33

-continued

gtttttgaaa
gtacttgtta
taatatgttg
tgaaaccact
tatctttgta
tacatcttat
tattcagggc
tatttggcaa
ttaaattgtc
agagagacag
atgctcactyg
tctcatgecag
gatgaaagtyg
tatgtttgta
cttaggtttt
taggctttgt
ttaaaaagag
CCCtctttttt
taacatactc
ggggtttgtt
catatgattg
tgcagagtta
gtattatgta
aaaaaaaaaa
aaaaaaaaa

= 580

Homo sapilens

APPTPPEEED
VIFREENTIA
RGGGDPWTNG
LLESSSSYKN
IPISLETQAH
VGEMWRORGR
GTSTLLVWVG
HVKFRSLSMV
SLEIALITGA
PSEEHSLLVN

DNA

Location/Qualifiers

1..2051
mol type
organism

gtttgaagcc
ggctgccoccy
ggtccgegceyg

gﬂggggﬂﬂtt
aaatactttt

ctgatgctgc
agtaatcagc

ctgctgggcet
taccaggcca

cggtatgcgt
tgccageggt

ccgatggtygy
agcgacgatc

cacaagctygg
atcaataatg
gcacacagtyg
caccccagtg
atcctcacct
ctgcagaacg
gagcggcetgyg
atctcgggca
tgcagcatcce
accttettec
atgcgcttcet
gtgctggggce
tcgctcatcea
cgcagcagcc

othexr DNA

length =

LERRLKYFFM
FRHLFLLGYS
SGLALCORYY
LTLKFHKLVN
IQECKHPSVFE
VISLWERLEF
VIRYLTEFFHN
SECLESLING
YDTIKHPGGA

2051

Homo sapiens

gcgccgoegag
ccgtacccgc
gctcagagac
caccggeccc
tcatgagtcc
aagtggtcaa
tggctgtgac
actcggacgyg
tcttceccatgce

atgtcocgtgy
actaccaccyg
ttactgactyg
tcaccctett

tcaatgtcac
agatcccgga
ggcggatccc
tcttccagea
gctccectgtce
agtttgtggg
aatttgtcaa
ccatcatgaa
tcctgggceac
acaactacaa
gctgctgegt
cctatcatgt
atggggacga
tggtgtggct

ggagcgaggt
ctgcgtccecg
cgagcggctt
tccgacaccce
ctgcgacaag
gatcctggtyg
attccgggaa

agcggatgac
tgtggaccag
tgggggtgac
aggccacgtyg
catccaggtyg
ggaaagcagc
catccacttce
ctgctatacc
catcagcctyg
cggagacaac
cttcctectce
gttcatgtgg
tggctggtac
gatcggcatc
ctcgacgcety
tatcctcecatce
ggctgtcatc
gaagttccgc
catgtttgtg
cttctcccag

actaacattt
ggaagtagct
tacatcacaa
gattgcaaac
aaaagattta
CtCtgccttt
aatatggatt
CCtataattt
attttttaaa
gaggggtaaa
taagactgtt
aaaatagtga
atacgattga
ttagccttta
tagagttcag
tgtaaacatt
aatttgaatc
Cttttatgtt
aaaagctgtt
ctgctgtcac
agagccattt
gaaaatgaca
tttgtaaaaa
aaaaaaaaaa

SPCDKFRAKG
DGADDTFAAY
HRGHVDPAND
VITIHFRLKTI
QHGDNSFRLL
VNGWY ILLVT
YNILIATLRV
DDMEFVTEFAAM
GAEESELQAY

cgcagtgaca
cgctccocgec
ctgacccceca

ccagaagagyg
tttcgagceca

gtcacggtgc
gagaacacca
accttcgcag
tacctggcgt
ccttggacca
gacccggceca
gatccccocecy
tccagttaca

cggctgaaga
ttcagcgtcc
gagacccagg
agcttccocggce
tgcgceccoget
cggcagceyggy
atcctgctcy
gaggccaaga
ctggtgtggyg
gccacactgce
tacctgggcet
tcactctcca
acgttcgccyg
ctctaccttt

1440
1500
1560
1620
1680
1740
1800
1860
1920
1280
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2869

60

120
180
240
300
360
420
480
540
580

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
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actccttcat
gcgcctacga
cctacatcgce
cggcctgcag
tgaattgatt
cccgaccecceg
gaggagggcc
tgttgaataa

SEQ ID NO:
FEATURE
source

SEQUENCE :
MTGARASAAR
AQAAPPRDLD
AGKPSAAAALS
LAVNEDPVDS
LGSPSRTDPL
NGLTVADLVE
YCLGPLSWDK
WLLILVLEGL
YOHPSSAVLY
ILGLISVALT
FYPGMNSILV
WEKI

SEQ ID NO:
FEATURE
source

SEQUENCE :

aggyggcgygggc
ggcaggygcegce
ccecggeggcet
agacatgcag
accaacttga
gtaaacgttc
acccagcacg
ttggaataca
ggagttagtg
cctgtgagcea
ctcttgttga
actgatcgcc
gatgttcagc
accttcaggyg
tggtacttca
Cttgtattta
tgttcaaaat
ggaattatca
attcctggtyg
ctctttgcta
gacatcacgt
ggcttgacat
attggagatt
ctgctgctygg
gaggtggcct
ttaggagttc
attcgattca
tctgaaaatg

acgctcagtt
gggctgtgga
ggccacgagy
cacaaggagc
atcctctata
ggaagactct
attaggaaat
actggttaac
tgaaatgtaa
ttccgaggag
ggtgagtgaa
tccacgtgta
cttactggtt
ttccagaaag

cagcctcettc
caccatcaag
acagtgccag
ccttetetgce
cgacctgact
cttatttatt
tggacctttc
a

17

17

QRRAGRSGQA
KKRHAELKMD
VSTOHGSILO
NLPVSIAFLI
DGDVQPATWR
PWEVEFIMGSS
VRIPGVLORL
WLGLTFLLPV
HTEVAYDPEG
KVSENEGFIP
YVGHEVFENY

18

18

gecagcggycea
tggccgegcet
cttcggggcyg
agctgaagat
ccgtcectactg
ctcagagtcc
gatctatcct
gatttggaga
aaattgcctg
ttgcattcct
gtttggatga
tcatcaattc
cagcaacgtg
ggattgctct
aacatgcaag
ttatgggatc
tcagattgct
ttgtgaatcc
tgctgcagcg
aacctgtgcc
ccagctggcc
tcctectgec
ttggcaagta
gagacgatca
atgaccccga
aggcaggaaa
ctgcttggtyg
aaggctttat
cttttgeccett
caggaacccc
tgtttgagaa
acctgactca
gaaagaagat

agtaggcctyg
tgactggctyg
tgtgacacgyg
Ctgtcttttt
ataagcttta
acaatctgag
cgocgcacacc
gtgatgtgtt
ccaaagtaat

atctacatgg
catccocggcey
gacagcccca
tgctgcggaa
gccgttggac
tgtagggttt
gtgtcggacc

moltype =

tgctcagcect
gcgcaggcgc
ccteccggcaa
gggaccccte
cgtaggccct
gcttttaagyg

cttgggggcy

AZ”A  length

Location/Qualifiers

1..0663
mol type
organism

RAAERAAGMS
QALLLIHNEL
LNDTLEEKEVY
GLAVIIVISFE
LSALPPRLRS
IFLSMTSILO
GVTYFVVAVL
PGCPTGYLGP
ILGTINSIVM
VNKNLWSLSY
FPEFOWKLKDN

moltype =

protein

39

-continued

cttcatcgcg
agaggagagc
gttccgocgc
ggaggagcat
ggactgcaga
atcggctccece
gggagactgyg

663

Homo sapilens

GAGRALAALL
LWTNLTVYWK
CRLEYRFGEF
LRLLLSLDDF
VDTFRGIALI
RGCSKFRLLG
ELLFAKPVPE
GGIGDFGKYP
AFLGVQAGKI
VITLSSEFAREFR
QSHKEHLTOQN

DNA

Location/Qualifiers

1..5228
mol type
organism

gygcaaggycy
gctgetggcec
cgatgcccag
ggatcaggct
gaaatctgaa
aaaagcaggyg
gcagctgaac
atttggaaac
tgacctggct

tattggtctt
ctttaacaat
tgagctggga
gcgtctatcet
tatactcatyg

ctggaatggyg
tCccattttt

ggggaagatt
caattattgc

attgggagtyg
tgaacattgt
ccagtggctyg
agtccctggy
tccaaattgc

cctttaccag

gggcatcctyg
aatactattg

ctgtattctt
tccagtaaac

cttcatccty
attcttttat
ctacttcccc
gaacatcgtc
tttttggaaa
cagggaggac
cgtgtttaca
ctcgecagaa
tcectecatcet
actttccaaa
gtctggttcet
aacacgaaat
ataatttagt
CCLtcttttca

othexr DNA

length

LAASVLSAAL
SECCYHCLFEQ
GNYSLLVEKNI
NNWISKAISS
LMVEVNYGGG
KIAWRSFEFLLI
HCASERSCLS
NCTGGAAGY L
LLYYKARTKD
ILLVLYPVVD
IVATALWVLI

= 5228

Homo sapilens

gccgagcegyy
gcgteogtgce
gccgcecgcecgc
ttgctactca
tgctgttatc
aagcctagtg
gacaccttgyg
tattctctct
gtgaacgagg
gctgtcatca
tggatttcta
tctcceccagea
gcccectgecogc
gtctttgtca
ctgacagtygg
ctatcgatga
gcatggagga
cttggtccat
acatactttg
gcctcecggaga
ctcatcctygg
tgccctactg
actggaggag
cacccatctt
ggcaccatca
tattacaagg
gggctcattt
aaaaatctct
ctggtcctgt
ccaggaatga
tttcagtgga
gccactgccc
atctgatggc
tgaagcagcc
gactctgggy
ctctgecctgt

tctgtggaaa
agggaattgc
tgctgacctt
gccatcactc
CCgttttttt
gatatgcaag

cggcgggceat
tgagcgcocgc
cacgagactt
tccataatga
actgcttgtt
ctgcagctgc
aagagaaaga
tggtaaagaa
atccagttga
ttgtgatatc
aagccataag
ggacagaccc
ccecgectecy
attatggagyg
ctgacctegt
cttctatact
gtttecctgtt
tgtcttggga
tggttgctgt
ggagctgcct
tgctggaagy
gttatcttgyg
ctgcaggcta
ctgctgtact
actccatcgt
ctcggaccaa
ctgttgctet
ggtcecttte
acccagttgt
attccattct
agctgaagga
tctgggtgcet
tcccactgag
tttgttaaag
gaagacactg
ctatttgtga
tggatgtctt
catgggtgtt
gttgccctgce
ctactgcggc
gattgaatgc
gctttggtgyg

ctcatcaccy
gagctgcagg
gggagcggcet
tcgcectgetgy
gacccccgcec
tgtcgcgcecc
gtggggaggyg

LAPGGSSGRD
VLVNVPQSPK
HNGVSEIACD
RETDRLINSE
KYWYFKHASW
CIGIIIVNPN
LERDITSSWPQ
DRLLLGDDHL
ILIRFTAWCC
VKGLWTGTPF
AYTILYRKKIF

gagcggggcy
gctgetggec
agacaaaaaa
acttctcectgy
tcaggttctyg
ctctgtcagce
agtttgtagyg
catccataat
tagtaacctt
ctttctgagy
ttctcecgagaa
tctcgatggt
cagcgtggac
aggaaaatat
gttccecegtygyg
gcaacgyggygy
aatctgcata
caaggtgcgc
gttggagctc
ttctettega
cctgtggcetyg
tcetggggge
catcgaccgc

ttaccacacc
gatggccttt
agacatcctyg

gacgaaggtt
gtatgtcact
ggatgtgaag
ggtatatgtc
caaccagtcc
cattgcctac
atgtgctgcet
ggaagcattc
atgtcctcaa
cttacagatt
tggaacttca
CCCcttctgt
aaacttcctt
tgctatgaag
agtttaatgt
gtccaaaaaa

1680
1740
1800
1860
1920
1980
2040
2051

60

120
180
240
300
360
420
480
540
600
660
6623

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
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tgtctatcac
attcccaaac
tctetgtgta
tgtctttgec
ggcccgtcety
cttccacctce
agaaatagtt
tctcattgga
tcatcacaca
agacacacgg
cctgtgtgag
gcecceteggcec
ccggcetetge
acctggaggc
gLCLLLCtcCctt
gacatcatct
tacctgcagc
tcattttcaa
caccagatta
aaacaccatt
tctttecage
gtctccectce
aagtacctcc
CLttcectatc
aatctcecttatc
tcaatctcac
atttctaatt
ttctgtatte
tttttaaagc
atgtatccgg
ctcctgccac
agttcagcag
aactgtgggt
tgggctacag
ttagctagcg
cccacgaagg
agcctcccct

agggaactgt
tcctttggga

ggggcaacaa
tgcgagctcc
tgacatttta
ccgetgtaga
cataataacc
CCLLCttcctt
aaaaaaaa

SEQ ID NO:
FEATURE
source

SEQUENCE :
MTARGLALGL

ELCPGFFFGN
LNVTATEDYV
ADACNATNWI
QDCSIVCGPK
EYTPIDSNIA
ITACSSGLVE
QPYPSGADVP
ILSVLNYFQN
VEPWLVLGGY
ISFTAERSIE
ILIVLSSVAC
DOQLGRVLGE
SLLGLDIKRO
IFVGVLSFESI
SSKGONMVCG
NITDQFCNAS
SAVNILLGHG
YSVEYVEFYEREQ
VMWLWGISLN
GITLTKFGGI

CATEERYKGT

aagccatttt
cctettaccet

tctggatggc
tgtgggtcca

ggccttggcet
ttagacatgyg

ccattacaga
gtaagtcttt
gctgaagaca
cattgttcat
gaaaacgtgyg
tgtgccgetyg
cctetgecct
cagcccatgt
taggtttccc
ttccacccygg
tgctetgtte
actggcctcc
agctttctcec
gtctggcaca
ctceectece
ccectetgaat
tgcttotggt
tacatttgat
cctecatceccece
agcatttagt
tcccacgcta
ctcatggtgc
aaaatgatgt
ggtgcccatyg
CCCLTCLLcCcttL
ggaaagctga
tacatcaact
gggagcttct
gaggcagctyg
gtgtgccata
cctgtcecctat
ccgagececegt
agggaagady
ccgctgacag
taagtaatgg
aCttttLttttt
tcataaaatg
cagtttgtat
ttaatgtaat

19

19

LLLLLCPAQV
VSLCCDVRQL
DPVTNQTKTN
EYMENKDNGO
POQPPPPPAPW
FSVNASDKGE
VRVTTNPVDL
FGPPLDIQIL
SHSVLDHKEKG
DDONYNNATA
DELNRESDSD
SLGVESYIGL
VAPSMFLSSE
EKNRLDIFCC
AVLNKVDIGL
GMGCNNDS LV
VVDPACVRCR
TRVGATYEFMT
YLTIIDDTIF
AVSLVNLVMS
VVLAFAKSQI
ERERLLNF

CCccttttcc
atgtatctgc
agccgctgcec
gctgagccat
tcctcacttyg
tgaggtaaca
aaactcttca
tcaagatgat
CCtgtttctta
gggaggcatc
ccacagggtt
cttccaccct
gaactctcat
ctcaggccca
tggctttgty
cttacctcca
tcatggtcac
ttccectegtt
agccagatca
catactcaca
actccactcce
ccagcccagc
tttaattaga
ctgtcatgtt
aaatagtgtt
gcttcetgcec
gactgtgagc
caaacacagt
ggatttttaa
aaatgttctt
cagtgagtca
gctgggcectc
tgggtgtett
ctaagtcctg
ctggtggccc
atccccttea
cagctagaag
ggctgtgtgyg
gagtgtgttyg
ctgcaacagg
agcaaaaaaa
gcatttatat
tatcttttcc
caaagggtat
tctgttttec

moltype =

tctctcgaaa
ctgtctgtcc
caggggagtg
ccctgetgygyg
tgaaatgagc
gacatcaaaa
aaataaatag
cctccacaat
ggtgtgaaat
gtcaccctcec
gtgctgtacc
cgccactceca
ccggcettgta
gccctagect
aatggatcat
ccagatctcc
tgctgcatca
ccccacttet
cctectetetg
tactcacctt
ctgctetete
ggggcttctc
gccttececy
taaaccccct
CCcttcctcet
tggtgtgaca
ttcctaaggce
gccttctaca
aataaatatt
ggggccgtgt
ctgtggatgg
tccaggtgag
gagctgtaag
cgggaggcca
aggtgctcga
acaggaaatg
cgcctegett
aggaaggcega
gggtaagggg
tgcatggcat
ttctattety
tcctaattcec
atggccaaca
cgacttaagt
aaataaatgg

AA length

Location/Qualifiers

1..1278
mol type
organism

FSQSCVIWYGER
QTLKDNLQLP
VKELOQYYVGO
APFTITPVES
TILGLDAMYV
ASCCDPVSAA
WSAPSSQARL
HOVLDLQIAI
DDFEFVYADYH
LVITEFPVNNY
VETVVISYAT
PLTLIVIEVI
SETVAFFLGA
VRGAEDGTSV
DOSLSMPDDS
QOIFNAAQLD
PLTPEGKQORP
YHTVLOQTSAD
NLGVSLGAIFE
CGISVEFCSH
FOQIFYFRMYL

protein

40

-continued

agttaaaata
atcatcttcc
gctgtgggga
tgatgctggy
gggaagatga
gcttttcetga
tagtgaaaac
gdgaggcagcg
cggggacaaa
tgggtgttet
cacccttecc
tggcagcttt
cctgectget
cttctecctca
gtgtctctag
ccagttctgt
ctgagtctgyg
taaagtcacc
agaaacctcc
cccgtcettga
ctccacctec
ctgcctcecat
attacattcttt
acttctaagyg
gggttcttat
gttacctgtg
aagaatcatyg
ttgcaggcgc
taagtgctgy
ggggacagtc
tcccagetgt
ttttctagaa
gaaggaactc
gacccagcct
caccaggcat
cttcccagaa
gtcccaagac
cccocecageac
tagagcagag
ctcacaggga

tagaatgggyg
tacttaaagt

aggggcatct
gaaatttcaa

gggagacaaa

1278

Homo sapiens

CGIAYGDEKRY
LOQFLSRCPSC
SFANAMYNAC
DFPVHGMEPM
IMWITYMAFL
FEGCLRRLFET
EKEYFDQHEG
ENITASYDNE
THELYCVRAP
YNDTEKLORA
MELYISLALG
PFLVLAVGVD
LSVMPAVHTFE
QASESCLFEFRF
YMVDYFKSIS
NYTRIGFAPS
QGGDEFMRFELP
FIDALKKARL
LVTMVLLGCE
ITRAFTVSMK
AMVLLGATHG

NCEYSGPPKP
FYNLLNLEFCE
RDVEAPSSND
NNATKGCDES
LVFFGAFFAV
RWGSEFCVRNP
PEFFRTEQLII
TVTLODICLA
ASLNDTSLLH
QAWEKEFINFE
HIKSCRRLLV
NIFILVQAYQ
SLEFAGLAVFEI
FKNSYSPLLL
QYLHAGPPVY
SWIDDYFEFDWV
MELSDNPNPK
IASNVTETMG
LWSAVIMCAT
GSRVERAEEA
LIFLPVLLSY

tctatgtgtt
ttcctececta
gggcaggtac
caagaccctt
ctctcagttc
aatcttcaga
ttttaaaaac
ttcctacttg
ggacaaacag
gtgggaattt
cggcgagatyg
tggtetgttt
ggacccctec
aattctaagt
gtataaacct
ctccatcttce
acccttgtta
tgtccattgc
attgacatgyg
tccccacaca
ccatcctett
cacatcacag
cctetgaatt
gaacttctct
aatgttggta
tgcatgtgca
ccttgttggt
tgaataaaca
taagatgagc
gtcattcctce
gtcatcccaa
gcatttctca
cggagtcagc
gagcttgctg
ccocctetect
gcctetcecage
cagcagggac
aagattggtt
gaatggtcag
gygcagggagy
agagaaaatyg
gaatatactg
tttataaatg
catgctgtta
tggaaaaaaa

LPKDGYDLVQ
LTCSPROSQF
KALGLLCGKD
VDEVTAPCSC
WCYRKRYFEVS
GCVIFFSLVFE
RAPLTDKHIY
PLSPYNTNCT
DPCLGTEFGGP
VEKNYKNPNLT
DSKVSLGIAG
RDERLOQGET L
DFLLOQITCEV
KDWMRPIVIA
FVLEEGHDYT
KPOQSSCCRVD
CGKGGHAAYS
INGSAYRVEP
IAMVLVNMEG
LAHMGSSVES
IGPSVNKAKS

2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3600
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
47740
4800
4860
4920
4980
5040
5100
5160
5220
5228

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260

1278
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SskEQ ID NO:
FEATURE
source

SEQUENCE :

tttgctecty
ccgeccteocygyg
agcatgaccyg
gtgttttcac
tacaattgcg
caggaactct
cttcagacac
Cgtttttata
tttttgaatyg
aatgtgaaag
tgccgggatg
gacgctgacy
caggcacctt
atgaacaatg
tgccaagact
tggacgatcc
ttgcttgtgt
tccgagtaca
gaggcgtect
acacgctggyg
ttcattactyg
ctctggtcag
gggcctttct
taccagccat
ctgcaccagyg
gagactgtga
accattttga
ggggacgact
cctgectcetce
ccagtgttcce
gcccttgtga
gcccaggect
accatttcct
gatgtcttca
gggcacatca
ggcatcttga
ttgcccttga
gacaacatct
ctggatcagc
ttttctgaga
ttctctctcet
gtgagtctct
tgtgtcagag
ttcttcaaaa
gcaatatttyg
ttggatcagt
agtcagtacc
acttcttcca
gtgcagcaga
tcgtcecctgga
gacaatatca
aggcctctga
cccatgttcec
agttctgcag
acctaccaca
cttatagcca

ccttacagtyg
ttcaacctcy
gagctctggt
ggagttatgt
agctgtggca
aaaggcagcc
agtggaatca
attttccaga
ggattaatat
agttgtgcca
ccetetegea
gggtgctgca
cagcagcttt
attactagat

20

20

ctccteegcet
ggagcccaac
ctcgecggect
agtcctgtgt
aatattctgg
gtccaggatt
taaaagacaa
acctactgaa
ttacagctac
agttacaata
tggaggcccc
cctgtaatgce
ttaccatcac
ccaccaaagyg
gctctattgt
ttggcttgga
tttttggagce
ctcccatcga
gctgtgaccc
ggtctttety
cgtgttcgtce
cccocccagcag
tccggacgga
acccttcecgygg
ttcttgactt
cacttcaaga
gtgtgttaaa
tctttgtgta
tgaatgatac
cgtggcettgt
ttaccttccc
gggaaaaaga
tcactgctga
ccgttgtaat
aaagctgtcg
tcgtgctgag
ccctecattgt
tcattctggt
agctgggcag
ctgtagcatt
ttgcgggatt

tggggttaga
gtgctgaaga
actcctattc

tgggtgttct
ctctttegat

tgcatgcggg

aggggcagaa
tatttaacgc

tcgacgatta
ctgaccagtt

ctccggaagy
tttcggataa

ttaacatcct
ccgtgcectgcea
gtaatgtcac
tgttttatgt
gtgtgtccct
ctgcagtcat
ggctctgggy
tctcecegtgga
gcgtggagceyg
cacttacaaa
tattctactt
ttcteecctgt
ctgaagagcg
gggcatccty
tcggcaaggc
gaacgtagcyg
ctggaggcaa

moltype =

DNA

Location/Qualifiers

1..4673
mol type
organism

cctectgege
cagccgaacg
ggcccttggc
ttggtatgga
cccaccaaaa
cttetttgge
cctgcagetg
cctgttttgt
tgaagattat
ctacgtcgga
ctcaagtaat
caccaactygg
tcctgtgttt
ctgtgacgag
ctgtggcccce
cgccatgtat
attttttgca
tagcaatata
tgtcagcgca
cgtccgaaac
aggcctggtyg
ccaggctcgc
gcagctcatc
agctgatgta
acaaatagcc
catctgcttg
ttacttccag
tgccgattac
aagtttgctc
gttgggaggc
tgtcaataat
gtttattaat
acgaagtatt
tagctatgcc
caggcttctg
ctcggtggcet
gattgaagtc
gcaggcctac
ggtcctagga
tttcttagga
ggcagtcttc
cattaaacgt
tggaacaagc
tccacttctg
gtcattcagc
gccagatgac
tccgectgtyg
catggtgtgc
ggcgcagctyg
tttcgactygg
ctgcaatgct
caaacagagg
ccctaacccece
ccttggecat
gacctctgcet
cgaaaccatg

cttctacgaa
gggcgcgata
catgtgtgcc
catcagtctg
gttctgcagc
cgcggaagag
atttggaggyg
caggatgtat
cttactcagt
atacaaagga
actgaactgt
caagttgaac
cctgtgaact
ccacaggaca

othexr DNA

length

41

-continued

= 4673

Homo sapilens

ggggtgctga
ccgecggegt
ctcctectge
gagtgtggaa
ccattgccaa
aatgtcagtc
cctctacagt
gagctgacat
gttgatcctyg
cagagttttg
gacaaggccc
attgaataca
tcagatttte
tctgtggatg
aagccccagce
gtcatcatgt
gtgtggtgct
gotttttety
gcatttgagy
cctggetgtyg
tttgtccgygg
ctggaaaaag
atccgggcecc
ccectttggac
atcgaaaaca
gcccoctettt
aacagccatt
cacacgcact
catgaccctt
tatgatgatc
tactataatg
tttgtgaaaa
gaagatgaac
atcatgtttc
gtggattcga
tgctceccttygg
atcccgttec
cagagagatg
gaagtggctc
gcattgtccyg
attgactttc
caagagaaaa
gtccaggcect
ctaaaggact
atcgcagtcc
tcctacatygg
tactttgtec
ggcggcatgg
gacaactata
gtgaagccac
tcagtggttyg
cctcecaggggy
aagtgtggca
ggcaccagyy
gactttattg
ggcattaacy

cagtacctga
tttctggtga
accatcgcca
aacgctgtat
cacataacca
gcacttgccc
attgtggtgt
ttggccatygg
tacatagggc
acagagcgcg
gtctaagggt
accggatggt
caggaatgca
ctaaacttct

aacagcccygyg
cagcagcctt
tgctactgtg
ttgcatatgg
aggatggata
tctgttgtga
ttctgtccag
gtagccctcyg
ttacaaacca
ccaatgcaat
tgggactcct
tgttcaataa
cagtccatgg
aggtcacagc
ccccacctec
ggatcaccta
acagaaaacg
ttaatgcaag
gctgcttgag
tcattttctt
tcacaaccaa
agtactttga
ctctcactga
ctcecgettga
ttactgcctce
caccgtataa
ccgtgcectgga
ttctgtactg
gtctgggtac
aaaactacaa
atacagagaa
actacaagaa
taaatcgtga
tatatatttc
aggtctcact
gtgtcttcag
tggtgctggce
aacgtcttca
ccagtatgtt
tgatgccagc
ttctgcagat
atcggctaga
cagagagctg
ggatgagacc
tgaacaaagt
tggattattt
tggaggaadyg
gctgcaacaa
cccgaatagyg
agtcgtcettg
accctgectyg
gagacttcat
aagygggaca
tcggagccac
acgctctgaa
gcagtgccta
ccatcattga
ccatggtcct
tggtcttggt
ccttggtcaa
gagcgttcac

acatgggcag
tggcttttge
tcttactggy
catcagtaaa
aacggcttcet
cggtcggttt
gccaaccatc
cagttgactt
cccagectet

ggaagtagag
gcgcggcecac
tccagcgcag
gdgacaagadd
tgacttagtyg
tgttcggcayg
atgtccatcc
acagagtcag
gacgaaaaca
gtacaatgcc
gtgtgggaag
ggacaatgga
gatggagccc
accatgtagc
tcctgetecce
catggcgttt
gtattttgtc
tgacaaagga
gceggetgtte
ctcgetggtce
tccagttgac
ccagcacttt
caaacacatt
catacagata
ttatgacaat
cacgaactgc
ccacaagaaa

cgtacgggct
gtttggtgga
taacgccact

gctccagagyg
tcccaatcetyg

aagtgacagt
cctagcecttyg
aggcatcgcg
ctacattggg
tgttggagtyg
aggggaaacc
cctgtceatcece
cgtgcacacc
tacctgttte
catcttttge
tttgtttege
aattgtgata
agatattgga
caaatccatc
gcacgactac
tgattccctyg
cttcgeccecece
ctgtcgagtg
cgttcgetgce
gagattcctyg
tgctgectat
gtacttcatyg
gaaagcccga
ccgagtattt
cgacactatc
cctgggetgt
caacatgttt
cctggtgatg
ggtgagcatyg
ctccgtgttce
caaatctcaa
agccactcac
taaagccaaa
aaatttctag
accactggac

ggttgtttgg
gggaagcagt
tcaggaaaga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
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aacctcattc
tgacactctg
tcccacaagt
attttatagt
aaaaaaacag
tctgtttgaa
tgccagttag
gggttttaac

SEQ ID NO:
FEATURE
source

SEQUENCE :

MVCERLEPVP
YKTVTISDHG
GDNTTEPDAE
TVSTNEFLCD
LNITQDKVAS
ISMYLVNGSV
KYSTAQDCSA

SEQ ID NO:
FEATURE
source

SEQUENCE :

ccgattcectg
agcgagcctt
gcctgctcety
ttctggtetyg
attcagaaaa
aaactacaaa
atggaagcat
gocttttecty
cattttccta
ttactgttga
gtttatcaac
cttttgtcca
caacagtggc
aggaaaaacc
ctaccatggg
accccaatac
atagcagcac
atctgaagga
ataacaatct
agactgtttc
tcaatgtgac
tccttgtgcec
ctCtattttat
ctgattgatt
aacactttgc
tttgagatca
tcatatttac
aggtctatct
ttattaacat
tgtcatttca
tcaatgtgcce
gatatgct

SkEQ ID NO:
FEATURE
source

SEQUENCE :

MVCEFRLEPVP
YKTVTISDHG
GDNTTEPDAE
TVSTNEFLCD
LNITOQDKVAS
ISMYLVNGSV
KYSTAQECSL

tttggcaagc
taaaggccaa
tctataccat
ttaaagagct
caagtgattt
aaaagcaaca
atgtggcatyg
ttatttttct

21

21

GSGLVLVCLVY
TVTYNGSICG
DKGILTVDEL
KDKTSTVAPT
VININPNTTH
FSIANNNLSY
DDDNFLVPIA

22

22

gcttttgcaa
ttccctggty
cggggtceatg
cctagtcectyg
tgccacttgc
taaaacttat
ttgtggggat
gattgcgaat
caacactggt
tgaacttttyg
tttggaaaag
aaatggcaca
acccaccata
agaagctgga
gctgcagcetyg
aactcactcc
cattaagtat
agtgaacatc
cagctactgy
agtgtctgga
acaaggaaag
catagcggtyg
tggtctcaag
atataaaaat
Ctcttaaaat
gtctttatta
tggtcctgga
taagaagccc
ggccattata
ctactggtgt
tttgcataaa

23

23

GSGLVLVCLYV
TVTYNGSICG
DKGILTVDEL
KDKTSTVAPT
VININPNTTH
FSIANNNLSY
DDDTILIPII

aggaggtgac
tcaatgcact
atttttagtyg
ttattaatgc
cagaatgttyg
tgttcttecac

aaatgaggga
ttaataaaat

moltype =

actagatggc
gtctgtcctce
acagttgagyg
aataaattaa
taggcctcat
agtgttcccc
caaagaaagc
acattgtttt

AZ”A  length

Location/Qualifiers

1..410
mol type
organism

LGAVRSYALE
DDONGPKIAV
LAIRIPLNDL
IHTTVPSPTT
STGSCRSHTA
WDAPLGSSYM
VGAALAGVLI

moltype =

protein

42

-continued

tgtgaatgtg
tcctttttag
ttgtagatac
ctttgtacac
tagagcttgg
tagaaaggaa
atctcgtagyg
cctaaaaaaa

= 410

Homo sapilens

LNLTDSENAT
QFGPGEFSWIA
FRCNSLSTLE
TPTPKEKPEA
LLRLNSSTIK
CNKEQTVSVS
LVLLAYFIGL

DNA

Location/Qualifiers

1..1868
mol type
organism

ggctgtggte
ttgcagctgt
gtgtgcttcc
ggagctgtgc
ctttatgcaa
aaaactgtaa
gatcagaatyg
tttaccaagg
gataacacaa
gccatcagaa
aatgatgttg
gtgagcacaa
cacaccactg
acctattcag
aacatcactc
acaggcagct
ctagactttg
agcatgtatt
gatgcccccc
gcatttcaga
tattctacag
ggagctgcct
caccatcatg
acatgcaaat
tgatatgttyg
ataaaacctg
gacaaacttyg
tggccaaatt
agaataaaat
tctgttttca
gttgattaaa

moltype =

othexr DNA

length =

CLYAKWOMNE
NETKAASTYS
KNDVVQHYWD
GTYSVNNGND
YLDEFVEFAVEKN
GAFQINTFEDL
KHHHAGY EQF

1868

Homo sapiens

ggtggtcatc
tgttgtaccy
gcctettecce
ggtcttatgce
aatggcagat
ccatttcaga
gtcccaaaat
cagcatctac
catttcctga
ttccattgaa
tccaacacta
atgagttcct
tgccatctcc
ttaataatgyg
aggataaggt
gccecgttcetcea
tctttgetgt
tggttaatgy
tgggaagttc
taaatacctt
ctcaagactyg
tggcaggagt
ctggatatga
aacaagattt
aaactttaat
CCctctttaa
ttcaaaagaa
ttgatcctaa
atgtagttgt
atgtataagyg
taaatattga

A7 length

Location/Qualifiers

1..410
mol type
organism

LGAVRSYALE
DDONGPKIAV
LAIRIPLNDL
IHTTVPSPTT
STGSCRSHTA
WDAPLGSSYM
VGAGLSGLIT

protein

agtgctcttyg
ccgcecgtegce
ggttcegggce
attggaactt
gaatttcaca
ccatggcact
agcagtgcag
ttattcaatt
tgctgaagat
tgaccttttt
ctgggatgtt
gtgtgataaa
tactacaaca
caatgatact
tgcttcagtt
cactgctcta
gaaaaatgaa
ctcegtttte
ttatatgtgce
tgatctaagy
cagtgcagat
acttattcta
gcaattttag
tcttacctct
Ccttttatca
tcagcttaaa
catcaacgtyg
ccttgaagta
gtcttaatgg
actatagtga
tgtggtataa

= 410

Homo sapiens

LNLTDSENAT
QFGPGEFSWIA
FRCNSLSTLE
TPTPKEKPEA
LLRLNSSTIK
CNKEQTVSVS
VIVIAYVIGR

CLYAKWOMNEF
NETKAASTYS
KNDVVQHYWD
GTYSVNNGND
YLDEFVFAVEKN
GAFQINTFEDL
RKSYAGYQTL

atccgctcac
gagtaagcca
actttataac
atttttatat
tctccaaaaa
gagatttaat
tgtgtctact
aaa

TVRYETTNKT
IDSVSESYNT
VLVQAEVQNG
TCLLATMGLQ
ENREYLKEVN
RVQPEFNVTQG

acccaggtcec
cgccgtegec
tcagggctcg
aatttgacag
gtacgctatyg
gtgacatata
ttcggacctyg
gacagcgtct
aaaggaattc
agatgcaata
cttgtacaag
gacaaaactt
cctactccaa
tgtctgcetygyg
attaacatca
cttagactca
aaccgatttt
agcattgcaa
aacaaagagc
gttcagcctt
gacgacaact
gtgttgctgy
aatctgcaac
cagttgttga
atcccagcat
atccaaagtg
caatgtttta
tgccttgaac
aattaataaa
tttaaactca
atgcccatca

TVRYETTNKT
IDSVSESYNT
VLVOQAEVQNG
TCLLATMGLQ
ENRFYLKEVN
RVQPEFNVTQG

4260
4320
4380
4440
4500
4560
4620
4673

60

120
180
240
300
360
410

60
120
180
240
300
360
420
480
540
600
660
720
780
840
500
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1868

60

120
180
240
300
360
410
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SskEQ ID NO:
FEATURE
source

SEQUENCE :

ccgattcectg
agcgagcctt
gcctgetcety
ttctggtety
attcagaaaa
aaactacaaa
atggaagcat
gcttttecty
cattttccta
ttactgttga
gtttatcaac
cttttgtcca
caacagtggc
aggaaaaacc
ctaccatggg
accccaatac
atagcagcac
atctgaagga
ataacaatct
agactgtttc
tcaatgtgac
ttctaatccc
cttacgtaat
tacgtgatct
aacttaaggt
aacttaaaca
ggaatttaaa
tattttactg
acaccgttta
ttgaacaaca
tgtgtgtgtyg
tgctgcatat
atgttcttag
gtaatgacaa
aatctttttt
tccaactggyg
aattgagggc
atgcagattt
CCLLCttctt
tataaaataa
gdgaggccga
ggtgaaaccc
gtaatcccag
ttgcggtgag
atcttcaaaa
gtecttggttt
acaacatcac
gttattattc
tctgagagat
aaaatacatc
ttttggtgty
ggaaggttcc
tcccattcac
caatacacac

ctagcatggy
tcacttaaat

actaacccct
attaaatata
attgttaacc
gagtcaaaac
atgctgttaa
tacctctaat

catgggccag
taccttttgt

gttttgggty
tccatgtttt

gcctgtcetgt

SEQ ID NO:
FEATURE

24

24

gcttttgcaa
ttcecctggtyg
cggggtcatg
cctagtcectyg
tgccacttgce
taaaacttat
ttgtggggat
gattgcgaat
caacactggt
tgaacttttyg
tttggaaaag
aaatggcaca
acccaccata
agaagctgga
gctgcagcety
aactcactcc
cattaagtat
agtgaacatc
cagctactygg
agtgtctgga
acaaggaaag
aattatagtt
tggcagaaga
ctgttacaaa
atatttagtt
aaaaactatc
actgttattt
tcttgaatta
gaaaaaacaa
tgttctaccy
tgtgtgtgtyg
ttgacctttyg
caataaatgc
aagatacaaa
ttaaaaaaac
catttcaatc
attagtactt
ctctttagcce
aagaaatgcc
cttgcatcta
agtgggtgga
catctctatc
ttactcggga
ccaagagcgc
caaaacaaaa
tatcttaatc
taatttggcet
gttatggtag
gtaccaattyg
agcttggtag
tgttggaatg
tgtggggttyg
tagaaaatga
acacagacat
tattttataa
ttgttettty

ctcttagagce
gatgtaattt
ttgtaagatg
aaagcagctt
tatttctaaa
aaacactgtt
CLtatatact
agttttatcttctt
Cttttcatgt
CCLcttcaaat
ttgctcaaaa

25

moltype =

DNA

Location/Qualifiers

1..4006
mol type
organism

ggctgtggtc
ttgcagctgt
gtgtgcttcc
ggagctgtgc
ctttatgcaa
aaaactgtaa
gatcagaatyg
tttaccaagg
gataacacaa
gccatcagaa
aatgatgttg
gtgagcacaa
cacaccactg
acctattcag
aacatcactc
acaggcagct
ctagactttg
agcatgtatt
gatgcccecc
gcatttcaga
tattctacag
ggtgctggtc
aaaagttatg
agaaaaaagc
gcagtccagc
aactacaaat
ttacagcaaa
gtatttcagt
tttttgaaaa
tggatttgta
tgtgattttt
agagatataa
ttttctaatyg
agctttttaa
tggatatttc
cattttttag
tgtgctcata
ttccaacatt
agtgtgtcct
ggctgggegt
tcacttgagg
agaaatacaa
ggctgaggca
accattgcac
caaaacaaac
cattaaaagt
tCLcacattta
aatcattttt
tcaaattacc
ttaacacatc
gctgagcaaa
ttttttegty
gaaaattgtc
atatatatat
ccatataact
tttagcctyga
tacagcgagc
ttcaaaatcg
gataatgtgt
taaaaaaata
agtttctaca
ttatagaaaa
gctatttaca
gtattactag
tttagcattt
gtttaaacca
ttgcttctaa

moltype =

othexr DNA

length

43

-continued

= 4006

Homo sapilens

ggtggtcatc
tgttgtaccg
gcctcecttecc
ggtcttatgc
aatggcagat
ccatttcaga
gtcccaaaat
cagcatctac
catttcctga
ttccattgaa
tccaacacta
atgagttcct
tgccatctcec
ttaataatgg
aggataaggt
gccgttctcea
tctttgetgt
tggttaatgg
tgggaagttc
taaatacctt
cccaagagtg
tttcaggcett
ctggatatca
aagtacaagt
tctttagaat
tagttgcctg
agatgtgcaa
gLtttcattt
agagattttt
cttgctectt
gtttgcaggt
tagtagattt
ccttttgaat
aatttagagt
aatcttttaa
gtgctttaga
aattggcctc
tcttgttgat
agaacctaga
ggcggctcac
ccaggagttt
aaaattagct
ggagaatcac
tccagecttyg
aaacaaacaa
tggtcttgtt
aatggttctg
aattcacgtg
gtgtaccacc
aaatatttct
tattaaaatt
CCLCCCCCLCCLC
tgggttccaa
atatgcacac
gagttatatt
aaacctttat

tgcattacca
CCtttaattt
ataagaatgt
attggaagca
ttcagattat
cctgacttcea
ctattatttc
attcatacct
gtataaagaa
ctagttgatg
aacaataaag

AA  length

Location/Qualifiers

agtgctcttyg
ccgecogtegce
ggttccgggce
attggaactt
gaatttcaca
ccatggcact
agcagtgcag
ttattcaatt
tgctgaagat
tgaccttttt
ctgggatgtt
gtgtgataaa
tactacaaca
caatgatact
tgcttcagtt
cactgctcta
gaaaaatgaa
ctcegtttte
ttatatgtgce
tgatctaagyg
ttcgctggat
gattatcgtt
gactctgtaa
tccaacatgc
gggtggtatg
actttggttt
aatcactgga
tagacattca
tttccecctgea
CCgCctCtttt
taacttagct
gaacaggdyc
acatttgtat
aggtattaat
attgcaatat
gataattgct
tgtatgcagt
agtgatgtat
taacgaagtyg
gcctgtaatce
gagaccagcc
gggcatggtyg
ttgaacccgy
ggcgacaaaa
aacttgcatc
tccagcttgce
tgctaatcaa
ctttgtgtte
taatgtttat
tgctgettet
gttaatatgc
ttgtggtggyg
aatattgaca
atatataggc
ggaattataa
ggctcaagat

gcttaaaaca
aaactgtgtt
aggccttaac
caatgcatgyg
atgcctgatt
gtgaatattt
ctatagctac
tgatggtaac
actggtccat
tatggtatct
attctt

= 411

acccaggtcc
cgcegtegec
tcagggctcy
aatttgacag
gtacgctatg
gtgacatata
ttcggaccty
gacagcgtct
aaaggaattc
agatgcaata
cttgtacaag
gacaaaactt
cctactccaa
tgtctgctgy
attaacatca
cttagactca
aaccgatttt
agcattgcaa
aacaaagagc
gttcagcctt
gatgacacca
atagtgattyg
cactaatcaa
aatactggtc
ggggatttca
ttccaaccaa
ttataagttc
gactaaaaat
ggtagttgag
tgtgtgtgty
actttggcat
tggtattatt
ttatgtgget
Cttattgttt
ataagactat
tgccagtgcc
actaaaatta
Cttattattt
cacttacact
ccagcacttt
tggccaacat
gtgggcgcect
gaggcagagyd
acgaaactcc
ttaaccaaaa
attgattget
aactttcgtt
agttttgtygg
aggagaaagc
aggagaactt
agccatatat
attatgtgcc
ttgaatggat
agttgcatgc
atattttccg
cagattcctyg

cttecttaggy
ttagtgtaaa
tatttcacat
cactgactga
catagtaaaa
Ctgtatttta
atgttctttg
gctctatctyg
gtaaatactt
ttagatattt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
560
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4006
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sOouUurce

SEQUENCE :

MVCERLEPVP
YKTVTISDHG
GDNTTEPDAE
TVSTNEFLCD
LNITQDKVAS
ISMYLVNGSV
KYSTAEECSA

SEQ ID NO:
FEATURE
source

SEQUENCE :

atggtgtgct
ctgggagctyg
tgcctttatg
tataaaactg
gatgatcaga
aattttacca
ggtgataaca
ttggccatca
aagaatgatg
acagtgagca
atacacacca
ggaacctatt
ctgaacatca
tccacaggca
tatctagact
atcagcatgt
tgggatgccc
ggagcatttc
aagtattcta
gcagtgggtyg
agaaggaaaa

SEQ ID NO:
FEATURE
REGION

SOUrce

SEQUENCE :
HHHHHH

25

GSGLVLVCLY
TVTYNGSICG
DKGILTVDEL
KDKTSTVAPT
VININPNTTH
FSIANNNLSY
DSDLNFLIPV

26

26

tccgectett
tgcggtctta
caaaatggca
taaccatttc
atggtcccaa
aggcagcatc
caacatttcc
gaattccatt
ttgtccaaca
caaatgagtt
ctgtgccatc
cagttaataa
ctcaggataa
gctgccegttce
ttgtctttge
atttggttaa
ccctgggaag
agataaatac
cagctgaaga
tggccettggy
gtcgtactgy

277

27

44
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-continued

1..411

mol type = proteiln

organism = Homo sapiliens

LGAVRSYALE LNLTDSENAT CLYAKWOQMNE TVRYETTNKT 60
DDONGPKIAV QFGPGFSWIA NFTKAASTYS IDSVSESYNT 120
LAIRIPLNDL FRCNSLSTLE KNDVVQHYWD VLVQAFVONG 180
IHTTVPSPTT TPTPKEKPEA GTYSVNNGND TCLLATMGLO 240
STGSCRSHTA LLRLNSSTIK YLDEVFAVKN ENREFYLKEVN 300
WDAPLGSSYM CNKEQTVSVS GAFQINTEFDL RVOQPENVTQG 360
AVGVALGFLI IVVFISYMIG RRKSRTGYQS V 411
moltype = DNA length = 1236

Location/Qualifiers

1..1236

mol type = other DNA

organism = Homo sapiens

cceggtteceg ggctcaggge tegttetggt ctgectagte 60
tgcattggaa cttaatttga cagattcaga aaatgccact 120
gatgaatttc acagtacgct atgaaactac aaataaaact 180
agaccatggce actgtgacat ataatggaag catttgtggg 240
aatagcagtg cagttcggac ctggcttttc ctggattgeg 300
tacttattca attgacagcg tctcatttte ctacaacact 360
tgatgctgaa gataaaggaa ttcttactgt tgatgaactt 420
gaatgacctt tttagatgca atagtttatc aactttggaa 480
ctactgggat gttcttgtac aagcttttgt ccaaaatggc 540
cctgtgtgat aaagacaaaa cttcaacagt ggcacccacc 600
tcctactaca acacctactc caaaggaaaa accagaagct 660
tggcaatgat acttgtctgc tggctaccat ggggctgcag 720
ggttgcttca gttattaaca tcaaccccaa tacaactcac 780
tcacactgct ctacttagac tcaatagcag caccattaag 840
tgtgaaaaat gaaaaccgat tttatctgaa ggaagtgaac 900
tggctcecgtt ttcagcattg caaataacaa tctcagcectac 960
ttcttatatg tgcaacaaag agcagactgt ttcagtgtct 1020
ctttgatcta agggttcagc ctttcaatgt gacacaagga 1080
atgttctgct gactctgacc tcaactttct tattcectgtt 1140
cttcececttata attgttgtet ttatctctta tatgattgga 1200
ttatcagtct gtgtaa 1236
moltype = AA length = 6

Location/Qualifiers

1..6

note = Synthetic construct

1..6

mol type = proteiln

organism = synthetic construct

What 1s claimed 1s:

1. A method of treating a lysosomal transmembrane
protein disease or disorder 1n a subject comprising:

introducing a corresponding functional human lysosomal

transmembrane protein into hematopoietic stem and

progenitor cells (HSPCs) of the su

transplanting the HSPCs into the subject,
thereby treating the lysosomal transmembrane protein dis-
case or disorder.
2. The method of claim 1, wherein when:
(a) the lysosomal transmembrane protein disease or dis-
order 1s mucopolysaccharidosis type IIIC, the corre-
sponding functional human lysosomal transmembrane
protein 1s HGSNAT; and

(b) the lysosomal transmembrane protein disease or dis-
order 1s Neiman-Pick Type C, the corresponding func-
tional human lysosomal transmembrane protein 1s

NPC-1.

vject; and

3. The method of claim 1, wherein the step of introducing,
comprises contacting a vector comprising a polynucleotide
encoding functional human lysosomal transmembrane pro-

tein and a functional promoter with the HSPCs and allowing
expression of the functional human lysosomal transmem-
brane protein.

4. The method of claim 1, wherein the subject 1s human.

5. The method of claim 1, wherein the vector 1s a viral
vector selected from the group consisting of a lentiviral,
adenoviral, and AAV vector.

6. The method of claim 1, wherein the step of imntroducing
1s performed ex vivo.

7. The method of claim 1, wherein the HSPCs are 1solated
from the bone marrow of the subject.

8. A method of treating or ameliorating a lysosomal
protein disease or disorder 1n a subject comprising:

1solating hematopoietic stem and progenitor cells
(HSPCs) from bone marrow from the subject;

introducing a functional human lysosomal transmem-
brane gene into the HSPCs, wherein the gene encodes
a protein corresponding to the lysosomal protein dis-
ease or disorder; and

transplanting the HSPCs back into the subject,
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thereby treating or ameliorating the lysosomal protein dis-
case or disorder.

9. The method of claim 8, wherein when:

(a) the lysosomal transmembrane protein disease or dis-
order 1s mucopolysaccharidosis type IIIC, the func-
tional human lysosomal transmembrane gene 1is
HGSNAT; and

(b) the lysosomal transmembrane protein disease or dis-
order 1s Neiman-Pick Type C, the functional human

lysosomal transmembrane gene 1s NPCI1.
10. The method of claim 8, wherein the HSPCs are

CD34+ cells.

11. The method of claim 8, wherein administration 1s
intravenous.

12. A method of treating or ameliorating a lysosomal
protein disease or disorder in a subject comprising: produc-
ing a functional human lysosomal transmembrane gene 1n
the subject using gene editing.

13. The method of claim 12, wherein when:

(a) the lysosomal transmembrane protein disease or dis-
order 1s mucopolysaccharidosis type IIIC, the func-
tional human lysosomal transmembrane gene 1s
HGSNAT; and

(b) the lysosomal transmembrane protein disease or dis-
order 1s Neiman-Pick Type C, the functional human
lysosomal transmembrane gene 1s NPCI.

Jan. 11, 2024

14. The method of claim 12, wherein producing a func-
tional human lysosomal gene un the subject comprises
contacting cells expressing a defective lysosomal transmem-
brane protein from the subject with a vector encoding a gene
editing system that, when transfected into the cells, removes
a trinucleotide extension mutation of an endogenous gene
encoding the lysosomal transmembrane protein, thereby
treating the lysosomal protein disease or disorder.

15. The method of claim 14, wherein the gene editing
system 15 selected from the group consisting of CRISPR/
Cas, zinc finger nucleases, and transcription activator-life
ellector nucleases.

16. The method of claim 14, wherein the step of contact-
ing comprises administering to the subject an eflective
amount of the vector.

17. The method of claim 14, wherein the step of contact-
ing comprises obtaiming a sample of cells from the subject,
transiecting the gene editing system 1nto the sample of cells,
and thereafter, transplanting the transiected cells into the
subject.

18. The method of claim 17, wherein the sample of cells
1s selected from the group consisting of blood cells and
HSPC:s.
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