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(57) Abstract: The present invention provides compositions comprising an isolated mixture of recombinant human NaGlu proteins
in which a substantial amount of the NaGlu proteins in the mixture has increased levels of phosphorylated mannose that confer the
proteins to be efficiently internalized into human cells. The present invention also provides methods of producing such mixture of
o NaGlu proteins, vectors used in transgenesis and expression, host cells harboring such vectors, and methods of isolating and purify -
ing the mixture of NaGlu proteins. The invention further provides methods of treating NaGlu associated diseases.
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RECOMBINANT HUMAN NAGLU PROTEIN AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is related and claims priority to U.S. Provisional Application
Serial No. 61/546,248, filed October 12, 2011, the entire contents of which are expressly

incorporated herein by this reference.

BACKGROUND OF THE INVENTION

Sanfilippo Syndrome B is an autosomal recessive lysosomal storage disease
(LSD) caused by a deficiency in a lysosomal enzyme known as N-acetyl-alpha-D-
glucosaminidase (NaGlu). NaGlu is required for the degradation of heparan sulfate as
part of the stepwise breakdown of glycosaminoglycans (GAG) in the lysosome. The
deficiency or absence of NaGlu leads to accumulation and urinary excretion of heparan
sulfate. With over 70 different mutations identified to date, Sanfilippo Syndrome B
exhibits extensive molecular and genetic heterogeneity.

Approximately 1 out of 200,000 births is affected by Sanfilippo Syndrome B and
the deficiency mainly manifests in young children. After initial symptom-free interval,
patients suffering from Sanfilippo Syndrome B usually present with a slowing of mental
development and behavioral problems, followed by progressive intellectual decline
resulting in severe mental retardation, dementia and motor disease. Acquisition of
speech is slow and incomplete. Profoundly affected patients may present delayed
psychomotor and speech development as early as 2 years of age. The disease usually
progresses to increasing behavioral disturbance and sleep disturbance. Although the
clinical features are mainly neurological, patients often develop diarrhea, carious teeth,
an enlarged liver and spleen, stiff joints, hirsteness and/or coarse hair and may exhibit
blood-clotting problems. In the final stage of the illness, patients become immobile and
unresponsive and develop swallowing difficulties and seizure. The life-span of an

affected child typically does not extend beyond late teens to early twenties.
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Different approaches have been attempted to provide the missing enzyme in
patients. To produce NaGlu for enzyme replacement therapy (ERT), human NaGlu has
been expressed in various mammalian cell culture systems. However, in contrast to the
naturally occurring NaGlu which trafficks to the lysosome intracellularly, recombinant
NaGlu proteins produced and secreted from mammalian cells were found to contain no
or only a trace amount of mannose 6-phosphate (M6P). The absence or scarcity of M6P
moieties in the secreted NaGlu has been known to prevent its efficient internalization
into target cells (e.g., human skin fibroblasts), which have M6P receptors on the surface
on its plasma membrane (see, Zhao et al., Protein Expression and Purification, 19:202-
211 (2000); and Weber et al., Protein Expression and Purification, 21:251-259 (2001)).
The low degree of phosphorylation was seen in secreted mouse NaGlu expressed in
CHO cells, secreted human NaGlu expressed in Hel.a cells, secreted human NaGlu
expressed in human fibroblasts, and secreted human NaGlu expressed in human
embryonic kidney (HEK) cell line 293 (see, Zhao et al., Protein Expression and
Purification, 19:202-211 (2000); Yogalingam et al., Biochim Biophys. Acta 1502: 415-
425; and Weber et al., Protein Expression and Purification, 21:251-259 (2001)). No or
weak phosphorylation of N-glycans in the NaGlu proteins secreted from the mammalian
cells has posed a major obstacle for the development of a recombinant human NaGlu
protein suitable for enzyme replacement therapy as all the aforementioned attempts has
failed to produce an enzyme which is efficiently taken up by target cells as the
concentration of the internalized proteins, if detectable at all, was nearly a thousand
times less than wild-type levels (see, Zhao et al., Protein Expression and Purification,
19:202-211 (2000)). To date, no approved product is available for the treatment of
Sanfilippo Syndrome B.

Direct administration of mammalian cell-produced recombinant human NaGlu
protein (rthNaGlu) having the native amino acid sequence into the central nervous
system (CNS) (e.g., intrathecal administration into the cerebrospinal fluid (CSF)) of
NaGlu deficient mice has been attempted, but failed to demonstrate successful
biodistribution of the enzyme to the brain due to excessive accumulation of the protein
on the ependymal ling of the ventricles as well as lack of requisite M6P residues for

efficient cellular uptake. Similarly, systemic administration (i.e., intravenous (IV)
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injection) of mammalian cell-produced rhNaGlu having the native amino acid sequence
also failed to demonstrate successful localization of the protein to the brain. In addition
to known risks associated with highly invasive intrathecal administration, these obstacles
in targeting rhNaGlu to the brain have been too great a challenge to achieve effective
therapy for the treatment of Sanfilippo Syndrome B.

Therefore, there is a need to provide a stable NaGlu protein which is
enzymatically active and has physical properties that allow for the protein to cross the
blood brain barrier (BBB) and for effective internalization of the protein into the
lysosomes of target cells. There is also a need for a high expressing and robust protein
production platform which can provide a recombinant human NaGlu that effectively

crosses the blood brain barrier and is efficiently internalized into human target cells.

SUMMARY OF THE INVENTION

The present invention is drawn to compositions comprising recombinant human
NaGlu protein (rhNaGlu) useful for therapy, for example, in the treatment of Sanfilippo
Syndrome B. The present invention is based on the surprising and unexpected discovery
that the thNaGlu described herein has one or more glycosylation patterns that allow the
rhNaGlu to efficiently cross the blood brain barrier (BBB), and be taken up into cells
within the central nervous system (CNS) of animals deficient in the enzyme, resulting in
a dramatic increase in a-N-acetylglucosaminidase activity in the brain, as well as a
reduction of substrate levels. Moreover, the thNaGlu described herein is efficiently
taken up into a mammalian cell (e.g., human cell), resulting in an increased enzymatic
activity as compared to NaGlu proteins produced and secreted from unmodified
mammalian cells that are not designed to produce specific glycosylation. The increased
cellular uptake of the NaGlu protein also provides benefits for the use in enzyme
replacement therapy for a human patient suffering from Sanfilippo Syndrome B by
minimizing the need for an increased amount and frequency of dose, and thereby greatly
reducing the potential risk of immunogenicity.

The rhNaGlu protein described herein contains sufficient amount of
oligosaccharides (e.g., mannose and phosphorylated mannose (i.e., M6P)) to allow

efficient cellular uptake via mannose and/or M6P receptor-mediated endocytosis and be
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correctly targeted into human cells. In one embodiment, the rhNaGlu contains at least
one mole of protein, for example, 1, 2, 3, 4, 5 or 6 moles of M6P per mole of protein. In
one embodiment, thINaGlu can be internalized into a NaGlu deficient human cell such
that the internalized protein fully (100% or more) restores normal levels (i.e., wild-type
levels) of NaGlu activity in the NaGlu deficient cell.

Also disclosed herein are methods for producing a transgenic avian that
expresses thNaGlu which benefits from phosphorylation of mannose. In particular, a
transgenic avian that expresses thNaGlu protein in oviduct cells, secretes into the lumen
of the oviduct and deposits the protein into egg white. Avian eggs that contain such
rhNaGlu are also included in the present invention.

The present invention also contemplates vectors and host cells that contain a
transgene encoding rhNaGlu as well as pharmaceutical compositions comprising
rhNaGlu to be used in the application of such thNaGlu for the treatment of Sanfilippo
Syndrome B.

In one aspect, the invention provides a composition comprising an isolated
mixture of recombinant human N-acetyl-alpha-D-glucosaminidase (thNaGlu)
comprising the amino acid sequence 24-743 of SEQ ID NO:1, wherein at least 10 % of
the rhNaGlu in the mixture comprises at least one glycan structure having mannose-6-
phosphate (M6P). In one embodiment, the thNaGlu having M6P is capable of being
taken up into a mammalian cell deficient in NaGlu such that internalized thNaGlu
restores at least 50%, 60%, 70%, 80%, 90% or 100% of normal NaGlu activity observed
in a wild-type mammalian cell of the same type. In another embodiment, the glycan
structure is an N-linked glycan.

In one embodiment, the rhNaGlu contains at least 1 mole of M6P per mole of
protein. In another embodiment, the thNaGlu contains between about 1 and about 6
moles of M6P per mole of protein. In another embodiment, the rhNaGlu contains about
2 moles of M6P per mole of protein. In yet another embodiment, the thNaGlu contains
about 3 moles of M6P per mole of protein. In another embodiment, the thNaGlu
contains about 4 moles of M6P per mole of protein. In another embodiment, the
rhNaGlu contains about 5 moles of M6P per mole of protein. In yet another

embodiment, the rhNaGlu contains about 6 moles of M6P per mole of protein.
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In one embodiment, the mammalian cell deficient in NaGlu is a human cell. In
another embodiment, the human cell deficient in NaGlu is a skin fibroblast, a hepatocyte
or a macrophage. In one embodiment, the human cell deficient in NaGlu is a neuronal
cell.

In one embodiment, the rhNaGlu is effectively delivered to the brain of a
mammal having NaGlu deficiency when systemically administered. In one particular
embodiment, the rthNaGlu is effectively delivered to the brain of a mammal having
NaGlu deficiency when intravenously administered. In one embodiment, the thNaGlu is
effectively delivered to the brain of a mammal having NaGlu deficiency when
administered intrathecally.

In one embodiment, the thNaGlu having M6P is internalized by a NaGlu
deficient cell and restores at least 100% of normal NaGlu activity in vivo. In one
embodiment, the rhNaGlu having M6P contains at least 25 moles of mannose per mole
of protein.

In one embodiment, at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or
95% of the thNaGlu in the mixture contains M6P. In another embodiment, at least 20%
of the rhNaGlu in the mixture contains at least one M6P. In another embodiment, at
least 30% of the thNaGlu in the mixture contains at least one M6P. In another
embodiment, at least 40% of the rhNaGlu in the mixture contains at least one M6P. In
another embodiment, at least 50% of the thNaGlu in the mixture contains at least one
M6P. In another embodiment, at least 60% of the thNaGlu in the mixture contains at
least one M6P.

In another aspect, the invention provides a composition comprising an isolated
mixture of recombinant human N-acetyl-alpha-D-glucosaminidase (thNaGlu)
comprising the amino acid sequence 24-743 of SEQ ID NO:1, wherein the mixture
comprises a sufficient amount of rhNaGlu containing one or more glycan structures
comprising mannose-6-phosphate (M6P) such that the thNaGlu containing M6P is
internalized into a mammalian cell having NaGlu deficiency via M6P receptor-mediated
endocytosis and restores at least 50 % of NaGlu activity observed in a wild-type cell of
the same type expressing endogenous NaGlu. In one embodiment, the rhNaGlu is N-

linked glycosylated. In another embodiment, the thNaGlu is O-linked glycosylated.
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In one embodiment, the thNaGlu comprises at least 1 moles of M6P per mole of
rhNaGlu. In another embodiment, the thNaGlu comprises about 1, 2, 3, 4, 5 or 6 moles
of M6P per mole of rhNaGlu. In another embodiment, the thNaGlu comprises about 3
moles of M6P per mole of thNaGlu. In another embodiment, the thNaGlu comprises
about 4 moles of M6P per mole of thNaGlu.

In one embodiment, the rhNaGlu comprises mannose. In another embodiment,
the rhNaGlu comprises N-acetylglucosamine (GIcNAc). In another embodiment, the
rhNaGlu comprises galactose. In another embodiment, the thNaGlu comprises N-
acetylgalactosamine (GalNAc). In another embodiment, the rhNaGlu contains no
fucose. In another embodiment, the thNaGlu contains no glucose. In one embodiment,
the thNaGlu restores at least 60, 70, 80, 90, 95 or 100% of normal NaGlu enzymatic
activity.

In another embodiment, the thNaGlu is effectively delivered to the brain of a
mammal having NaGlu deficiency when administered systemically. In one
embodiment, the rthNaGlu is effectively delivered to the brain of a mammal having
NaGlu deficiency when administered intravenously. In another embodiment, the
rhNaGlu is effectively delivered to the brain of a mammal having NaGlu deficiency
when administered intrathecally.

In one embodiment, the mammalian cell deficient in NaGlu is a human cell. In
another embodiment, the human cell is a skin fibroblast, a hepatocyte or a macrophage.
In one embodiment, the human cell deficient in NaGlu is a neuronal cell.

In one embodiment, the thNaGlu is a fusion protein comprising a second moiety.
In one embodiment, the second moiety is a polypeptide. In another embodiment, the
polypeptide is selected from the group consisting of transferrin receptor ligand (TfRL),
insulin-like growth factor receptor (IGI2R) ligand, low density lipoprotein (LDL)
receptor ligand and acidic amino acid (AAA) residues.

In one embodiment, the thNaGlu is produced from a transgenic avian. In one
embodiment, the transgenic avian is a chicken, a turkey, a duck or a quail. In one
embodiment, the transgenic avian is a chicken. In one embodiment, the rhNaGlu is

produced from an oviduct cell.
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In another aspect, the invention provides a composition comprising an isolated
recombinant human N-acetyl-alpha-D-glucosaminidase (thNaGlu) comprising one or
more glycan structures having sufficient amount of mannose-6-phosphate (M6P) that
allows for internalization of the rhNaGlu into a mammalian cell having NaGlu
deficiency via M6P receptor-mediated endocytosis, such that when internalized in vivo,
the rhNaGlu restores at least 50% of NaGlu activity observed in a wild-type cell of the
same type expressing endogenous NaGlu.

In one embodiment, the thNaGlu protein is N-linked glycosylated. In another
embodiment, the rhNaGlu protein is O-linked glycosylated. In one embodiment, the
rhNaGlu comprises about 2, 3, 4, 5 or 6 moles of M6P per mole of rhNaGlu.

In one embodiment, the rhNaGlu is effectively delivered to the brain of a
mammal having NaGlu deficiency when administered systemically. In another
embodiment, the rthNaGlu is effectively delivered to the brain of a mammal having
NaGlu deficiency when administered intravenously. In another embodiment, the
rhNaGlu is effectively delivered to the brain of a mammal having NaGlu deficiency
when administered intrathecally.

In another aspect, the invention provides a transgenic avian comprising a
transgene containing a promoter operably linked to a nucleic acid sequence encoding a
recombinant human NaGlu (rthNaGlu), wherein the transgene is contained in the genome
of the transgenic avian and expressed in an oviduct cell such that the thNaGlu is
glycosylated in the oviduct cell of the transgenic avian, secreted into lumen of oviduct
and deposited in egg white of an egg of the transgenic avian.

In one embodiment, the rhNaGlu comprises about 2, 3, 4 or 6 moles of M6P per
mole of thNaGlu. In another embodiment, the promoter component is an oviduct-
specific promoter. In another embodiment, the oviduct-specific promoter is an
ovalbumin promoter. In yet another embodiment, the transgenic avian is selected from
the group consisting of a chicken, a turkey, a duck and a quail.

In another aspect, the invention provides an egg produced by the transgenic avian
of the invention.

In yet another aspect, the invention provides a method of producing a

recombinant human NaGlu (thNaGlu) comprising: a) producing a transgenic avian
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comprising a transgene having a promoter component operably linked to a nucleic acid
sequence encoding the thNaGlu set forth in 24-743 of SEQ ID NO:1, wherein the
transgene is contained in the genome of the transgenic avian and expressed in an oviduct
cell, such that the rhNaGlu is glycosylated in the oviduct cell of the transgenic avian,
secreted into lumen of oviduct and deposited in egg white of an egg laid by the
transgenic avian; and b) isolating the thNaGlu from the egg white.

In one embodiment, the promoter component is an oviduct-specific promoter. In
another embodiment, the oviduct-specific promoter is an ovalbumin promoter. In one
embodiment, the avian is selected from the group consisting of a chicken, a turkey, a
duck and a quail. In one embodiment, the avian is chicken.

In another aspect, the invention provides a vector comprising a nucleotide
sequence encoding a human NaGlu operably linked to an ovalbumin promoter. In
another aspect, the invention provides a host cell comprising the vector of the invention.
In another aspect, the invention provides an isolated nucleic acid comprising the nucleic
acid sequence of 5232-10248 of SEQ ID NO:4.

In one aspect, the invention provides a pharmaceutical formulation comprising a
composition of the invention in combination with a pharmaceutically acceptable carrier,
diluent or excipient.

In another aspect, the invention provides a composition comprising recombinant
human NaGlu protein that crosses the blood brain barrier of a mammal having NaGlu
deficiency when administered intravenously.

In yet another aspect, the invention provides a method of treating a subject
suffering from NaGlu deficiency, the method comprising administering to the subject a
therapeutically effective amount of the composition of the invention.

In yet another aspect, the invention provides a method of delivering recombinant
human NaGlu protein to the brain of a subject suffering from NaGlu deficiency, the
method comprising intravenously administering recombinant human NaGlu protein to
the subject.

In another aspect, the invention provides a method of transporting a recombinant

human NaGlu protein from the circulation across the blood brain barrier in a
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therapeutically effective amount, the method comprising intravenously administering a
recombinant human NaGlu protein to a subject having NaGlu deficiency.

In one embodiment, the NaGlu deficiency is Sanfilippo Syndrome B. In another
embodiment, the subject is a human.

In another embodiment, the recombinant human NaGlu protein is administered
intravenously to the subject at a dosage of about 0.5 to about 50 mg/kg body weight. In
another embodiment, the recombinant human NaGlu protein is administered
intravenously to the subject at a dosage of about 1 to about 30 mg/kg body weight. In
another embodiment, the recombinant human NaGlu protein is administered
intravenously to the subject at a dosage of about 6 to about 27 mg/kg body weight.

In yet another embodiment, the recombinant human NaGlu protein is
intrathecally administered to the subject. In one embodiment, the recombinant human
NaGlu protein is intrathecally administered at a dosage of at least about 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, or 0.9 mg/kg body weight. In another embodiment, the recombinant human
NaGlu protein is intrathecally administered at a dosage of about 1, 2,3,4,5,6,7, 8, 9,
or 10 mg/kg body weight. In another embodiment, the recombinant human NaGlu
protein is administered intrathecally at a dosage of about 10 to about 30 mg/kg body
weight.

In another embodiment, the therapeutically effective amount is an amount
effective to reduce heparan sulfate levels in the brain, the kidney, or the liver of the
subject. In another embodiment, the therapeutically effective amount is an amount
effective to increase NaGlu activity in the brain or the liver of the subject.

In another embodiment, the method further comprises administering a second

therapeutic agent. In one embodiment, the second therapeutic is an immunosuppressant.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 depicts the amino acid sequence of human recombinant NaGlu (amino
acid residues 1-23, signal peptide).

Fig. 2 depicts the nucleic acid sequence (cDNA) of human recombinant NaGlu,
including the nucleic acid sequence encoding the signal peptide.

Fig. 3 depicts the nucleic acid sequence of 1.1kb ovalbumin promoter.
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Figs. 4A-D depict the nucleic acid sequence of pSIN-OV-1.1-I-thNaGlu vector
used in transgenesis of an avian.

Fig. 5 is a schematic representation of pSIN-OV-1.1-I-thNaGlu vector.

Fig. 6 depicts Western analysis of thNaGlu isolated and purified from egg white
of a transgenic Gallus.

Fig. 7 depicts the average concentration of thNaGlu deposited in egg white of
transgenic Gallus.

Fig. 8 depicts an oligosaccharide profile of thNaGlu produced from a transgenic
Gallus using HPAEC-PAD.

Fig. 9 depicts uptake analysis of thNaGlu by human skin fibroblasts (MPS IIIB,
NaGlu deficient; Normal, wild-type human skin fibroblast; 1U of enzymatic activity =
nmol of protein/hr).

Fig. 10 depicts uptake inhibition analysis of thNaGlu (Gallus) using
various concentrations of M6P monosaccharide (1U of enzymatic activity = 1umol of
protein/min).

Fig. 11 depicts a schematic representation of pT'T22 vector containing a
recombinant human NaGlu fusion construct (AAA-NaGlu: acidic amino acid residues
fused to N-terminus of the full length NaGlu).

Fig. 12 depicts a schematic representation of pTT22 vector containing a
recombinant human NaGlu fusion construct (NaGlu-TfRL: transferrin receptor ligand
fused to C-terminus of the full length NaGlu).

Fig. 13 depicts enzymatic activity of AAA-NaGlu produced from HEK293 as
compared to thNaGlu produced from Gallus.

Fig. 14 depicts enzymatic activity of NaGlu-TfRL produced from HEK293 as
compared to AAA-NaGlu produced from HEK293.

Fig. 15 depicts uptake levels of thNaGlu (Gallus) into a macrophage cell line
(NR8383) over time (48 hours). Cellular NaGlu activity was measured in units/mg of
protein.

Fig. 16 depicts heparan sulfate substrate levels (ug/mg tissue) in the kidney of

naglu ('/') mice following intravenous administration of vehicle (KO); thNaGlu gallus at
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a dosage concentration of 6.25 mg/kg; or thNaGlu gallus at a dosage concentration of 27
mg/kg. Wild type (W'T) mice were untreated.

Fig. 17 depicts heparan sulfate substrate levels (ug/mg tissue) in the brain of
naglu (") mice following intravenous administration of vehicle (KO); thNaGlu gallus at
a dosage concentration 6.25 mg/kg; or thNaGlu gallus at a dosage concentration of 27
mg/kg. Wild type (W'T) mice were untreated.

Fig. 18 depicts heparan sulfate substrate levels (ug/mg tissue) in the liver of
naglu (") mice following intravenous administration of vehicle (KO); thNaGlu gallus at
a dosage concentration of 6.25 mg/kg; or thNaGlu gallus at a dosage concentration of 27
mg/kg. Wild type (W'T) mice were untreated.

Fig. 19 depicts heparan sulfate substrate levels (ug/mg tissue) in the brain of
naglu (") mice following intrathecal administration of vehicle (KO) or thNaGlu gallus

at a dosage concentration of 0.31 mg/kg. Wild type (W'T) mice were untreated.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides compositions comprising recombinant human
NaGlu protein (rhNaGlu) useful for therapy, for example, in the treatment of NaGlu
associated diseases, e.g., Sanfilippo Syndrome B. The present invention is based on a
discovery that the thNaGlu protein described herein contains sufficient amount of
oligosaccharides (e.g., mannose and phosphorylated mannose (i.e., M6P)) to allow
efficient cellular uptake via mannose and/or M6P receptor-mediated endocytosis and be
correctly targeted into human cells. Since the thNaGlu of the invention is more
efficiently taken up into a human cell, the thNaGlu of the invention exhibits increased
enzymatic activity as compared to NaGlu proteins produced and secreted from
unmodified mammalian cells that are not designed to produce specific glycosylation.
Additionally, the thNaGlu described herein has one or more glycosylation patterns that
allow the rhNaGlu to efficiently cross the blood brain barrier (BBB) when administered
intravenously. The increased cellular uptake of the thNaGlu protein of the invention
minimizes the need for large and frequent dosing, thereby greatly reducing the potential

risk of immunogenicity.
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Some of the definitions and abbreviations used herein include the following: aa,
amino acid(s); bp, base pair(s); CDS, coding sequence cDNA, DNA complementary to
an RNA; GalNac, N-acetylgalactosamine; Gal, galactose; GlcNac, N-acetylglucosamine;
nt, nucleotide(s); kb, 1,000 base pairs; ug, microgram; mL, milliliter; ng, nanogram; and
nt, nucleotide.

Certain definitions are set forth herein to illustrate and define the meaning and
scope of the various terms used to describe the invention herein.

The term “avian™ as used herein refers to any species, subspecies or strain of
organism of the taxonomic class ava, such as, but not limited to, chicken, turkey, duck,
goose, quail, pheasants, parrots, finches, hawks, crows and ratites including ostrich, emu
and cassowary. The term includes the various known strains of Gallus gallus, or
chickens, (for example, White Leghorn, Brown Leghorn, Barred-Rock, Sussex, New
Hampshire, Rhode Island, Ausstralorp, Minorca, Amrox, California Gray, Italian
Partridge-colored), as well as strains of turkeys, pheasants, quails, duck, ostriches and
other poultry commonly bred in commercial quantities.

The phrases “based on” and “derived from” typically mean obtained from, in
whole or in part. For example, a retroviral vector being based on or derived from a
particular retrovirus or based on a nucleotide sequence of a particular retrovirus mean
that the genome of the retroviral vector contains a substantial portion of the nucleotide
sequence of the genome of the particular retrovirus. The substantial portion can be a
particular gene or nucleotide sequence such as the nucleotide sequence encoding the
gag, pol and/or env proteins or other structural or functional nucleotide sequence of the
virus genome such as sequences encoding the long terminal repeats (I.TRs) or can be
substantially the complete retrovirus genome, for example, most (e.g., more than 60% or
more than 70% or more than 80% or more than 90%) or all of the retrovirus genome, as
will be apparent from the context in the specification as the knowledge of one skilled in
the art. Examples of retroviral vectors that are based on or derived from a retrovirus are
the NL retroviral vectors (e.g., NLB) which are derived from the avian leukosis
retrovirus (“ALV”) as disclosed in Cosset et al., Journal of Virology (1991) vol. 65, p
3388-3394.
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The term “coding sequence” and “coding region” as used herein refer to
nucleotide sequences and nucleic acid sequences, including both RNA and DNA, that
encode genetic information for the synthesis of an RNA, a protein, or any portion of an
RNA or protein.

Nucleotide sequences that are not naturally part of a particular organism’s
genome or are introduced at a non-native site in the organism’s genome are referred to
as “foreign” nucleotide sequences, “heterologous” nucleotide sequences, “recombinant”
nucleotide sequences or “exogenous” nucleotide sequences. In addition, a nucleotide
sequence that has been isolated and then reintroduced into the same type (e.g., same
species) of organism is not considered to be a naturally occurring part of a particular
organism’s genome and is therefore considered exogenous or heterologous.
“Heterologous proteins™ or “exogenous proteins” can be proteins encoded by foreign,
heterologous or exogenous nucleotide sequences and therefore are often not naturally
expressed in a cell of the host organism.

As used herein, the terms “exogenous,” “heterologous™ and “foreign” with
reference to nucleic acids, such as DNA and RNA, are used interchangeably and refer to
nucleic acid that does not occur naturally as part of a chromosome, a genome or cell in
which it is present or which is found in a location(s) and/or in amounts that differ from
the location(s) and/or amounts in which it occurs in nature. It can be nucleic acid that is
not endogenous to the genome, chromosome or cell and has been exogenously
introduced into the genome, chromosome or cell. Examples of heterologous DNA
include, but are not limited to, DNA that encodes a gene product or gene product(s) of
interest, for example, for production of an encoded protein. Examples of heterologous
DNA include, but are not limited to, DNA that encodes traceable marker proteins, DNA
that encodes therapeutic proteins. The terms “heterologous™ and “exogenous” can refer
to a biomolecule such as a nucleic acid or a protein which is not normally found in a
certain cell, tissue or substance produced by an organism or is not normally found in a
certain cell, tissue or substance produced by an organism in an amount or location the
same as that found to occur naturally. For example, a protein that is heterologous or

exogenous to an egg is a protein that is not normally found in the egg.
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The term “construct” as used herein refers to a linear or circular nucleotide
sequence such as DNA that has been assembled from more than one segments of
nucleotide sequence which have been isolated from a natural source or have been
chemically synthesized, or combinations thereof.

The term “complementary” as used herein refers to two nucleic acid molecules
that can form specific interactions with one another. In the specific interactions, an
adenine base within one strand of a nucleic acid can form two hydrogen bonds with
thymine within a second nucleic acid strand when the two nucleic acid strands are in
opposing polarities. Also in the specific interactions, a guanine base within one strand
of a nucleic acid can form three hydrogen bonds with cytosine within a second nucleic
acid strand when the two nucleic acid strands are in opposing polarities.
Complementary nucleic acids as referred to herein, can further comprise modified bases
wherein a modified adenine may form hydrogen bonds with a thymine or modified
thymine, and a modified cytosine may form hydrogen bonds with a guanine or a
modified guanine.

The term “expressed” or “expression” as used herein refers to the transcription of
a coding sequence to yield an RNA molecule at least complementary in part to a region
of one of the two nucleic acid strands of the coding sequence. The term “expressed” or
“expression” as used herein can also refer to the translation of an mRNA to produce a
protein or peptide.

The term “expression vector” as used herein refers to a nucleic acid vector that
comprises a gene expression controlling region, such as a promoter or promoter
component, operably linked to a nucleotide sequence encoding at least one polypeptide.

The term “fragment” as used herein can refer to, for example, an at least about
10, 20, 50, 75, 100, 150, 200, 250, 300, 500, 1000, 2000, 5000, 6,000, 8,000, 10,000,
20,000, 30,000, 40,000, 50,000 or 60,000 nucleotide long portion of a nucleic acid that
has been constructed artificially (e.g., by chemical synthesis) or by cleaving a natural
product into multiple pieces, using restriction endonucleases or mechanical shearing, or
enzymatically, for example, by PCR or any other polymerizing technique known in the
art, or expressed in a host cell by recombinant nucleic acid technology known to one of

skill in the art. The term “fragment” as used herein can also refer to, for example, an at
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least about 5, 10, 15, 20, 25, 30, 40, or 50 amino acid residues less than a full length
amino acid sequence for NaGlu (i.e., amino acid sequence 24-743 of SEQ ID NO:1),
which portion is cleaved from a naturally occurring amino acid sequence by proteolytic
cleavage by at least one protease, or is a portion of the naturally occurring amino acid
sequence synthesized by chemical methods or using recombinant DNA technology (e.g.,
expressed from a portion of the nucleotide sequence encoding the naturally occurring
amino acid sequence) known to one of skill in the art. “Fragment” may also refer to a
portion, for example, of about 50%, about 60%, about 70%, about 80%, about 90%,
about 95% or about 99% of a particular nucleotide sequence or amino acid sequence.

“Functional portion” and “functional fragment” can be used interchangeably and
as used herein mean a portion or fragment of a whole capable of performing, in whole or
in part, a function of the whole. For example, a biologically functional portion of a
molecule means a portion of the molecule that performs a biological function of the
whole or intact molecule. Functional portions may be of any useful size. For example, a
functional fragment may range in size from about 20 bases in length to a length equal to
the entire length of the specified sequence minus one nucleotide. In another example, a
functional fragment may range in size from about 50 bases in length to a length equal to
the entire length of the specified sequence minus one nucleotide. In another example, a
functional fragment may range in size from about 50 bases in length to about 20 kb in
length. In another example, a functional fragment may range in size from about 500
bases in length to about 20 kb in length. In another example, a functional fragment may
range in size from about 1 kb in length to about 20 kb in length. In another example, a
functional fragment may range in size from about 0.1 kb in length to about 10 kb in
length. In another example, a functional fragment may range in size from about 20
bases kb in length to about 10 kb in length.

The term “fully transgenic™ or “germline transgenic” refers to an animal such as
an avian that contains at least one copy of a transgene in essentially all of its cells.

The term “gene expression controlling region” as used herein refers to nucleotide
sequences that are associated with a coding sequence and which regulate, in whole or in
part, expression of the coding sequence, for example, regulate, in whole or in part, the

transcription of the coding sequence. Gene expression controlling regions may be
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isolated from a naturally occurring source or may be chemically synthesized and can be
incorporated into a nucleic acid vector to enable regulated transcription in appropriate
cells. The “gene expression controlling regions” may precede, but is not limited to
preceding, the region of a nucleic acid sequence that is in the region 5° of the end of a
coding sequence that may be transcribed into mRNA.

As used herein, “host cells” refers to cells that harbor vectors constructed using
recombinant DNA techniques and encoding at least one heterologous gene.

The term “isolated nucleic acid” as used herein covers, for example, (a) a DNA
which has the sequence of part of a naturally occurring genomic molecule but is not
flanked by at least one of the sequences that flank that part of the molecule in the
genome of the species in which it naturally occurs; (b) a nucleic acid which has been
incorporated into a vector or into the genomic DNA of a prokaryote or eukaryote in a
manner such that the resulting vector or genomic DNA is not identical to naturally
occurring DNA from which the nucleic acid was obtained; (c) a separate molecule such
as a cDNA, a genomic fragment, a fragment produced by polymerase chain reaction
(PCR), ligase chain reaction (LCR) or chemical synthesis, or a restriction fragment; (d) a
recombinant nucleotide sequence that is part of a hybrid gene, i.e., a gene encoding a
fusion protein, and (e) a recombinant nucleotide sequence that is part of a hybrid
sequence that is not naturally occurring. Isolated nucleic acid molecules of the present
invention can include, for example, natural allelic variants as well as nucleic acid
molecules modified by nucleotide deletions, insertions, inversions, or substitutions.

The term “nucleic acid” as used herein refers to any linear or sequential array of
nucleotides and nucleosides, for example cDNA, genomic DNA, mRNA, tRNA,
oligonucleotides, oligonucleosides and derivatives thereof. For ease of discussion, non-
naturally occurring nucleic acids may be referred to herein as constructs. Nucleic acids
can include bacterial plasmid vectors including expression, cloning, cosmid and
transformation vectors such as, animal viral vectors such as, but not limited to, modified
adenovirus, influenza virus, polio virus, pox virus, retroviruses such as avian leukosis
virus (ALV) retroviral vector, a murine leukemia virus (MLV) retroviral vector, and a
lentivirus vector, and the like and fragments thereof. In addition, the nucleic acid can be

an LTR of an avian leukosis virus (ALV) retroviral vector, a murine leukemia virus
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(MLYV) retroviral vector, or a lentivirus vector and fragments thereof. Nucleic acids can
also include NL vectors such as NLB, NLD and NLA and fragments thereof and
synthetic oligonucleotides such as chemically synthesized DNA or RNA. Nucleic acids
can include modified or derivatized nucleotides and nucleosides such as, but not limited
to, halogenated nucleotides such as, but not only, 5-bromouracil, and derivatized

nucleotides such as biotin-labeled nucleotides.

20 Ce 20 Ce

As used herein, the terms “glycan,” “glycan structure,” “glycan moiety,”
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“oligosaccharide,” “oligosaccharide structure,” “glycosylation pattern,” “glycosylation
profile,” and “glycosylation structure” have essentially the same meaning and each
refers to one or more structures which are formed from sugar residues and are attached
to glycosylated protein such as human NaGlu. For example, “N-glycan” or “N-linked
glycan” refers to a glycan structure attached to a nitrogen of asparagine or arginine side-
chain of the glycosylated protein. “O-glycan” or “O-linked glycan” refers to a glycan
structure attached to the hydroxyl oxygen of serine, threonine, tyrosine, hydroxylysine,
or hydroxyproline side chain of the glycosylate protein.

The term “vector” and “nucleic acid vector” as used herein refers to a natural or
synthetic single or double stranded plasmid or viral nucleic acid molecule that can be
transfected or transformed into cells and replicate independently of, or within, the host
cell genome. A circular double stranded vector can be linearized by treatment with an
appropriate restriction enzyme based on the nucleotide sequence of the vector. A nucleic
acid can be inserted into a vector by cutting the vector with restriction enzymes and
ligating the desired pieces together, as is understood in the art. A typical vector can be
comprised of the following elements operatively linked at appropriate distances for
allowing functional gene expression: replication origin, promoter, enhancer, 5 mRNA
leader sequence, ribosomal binding site, nucleic acid cassette, termination and
polyadenylation sites, and selectable marker sequences. One or more of these elements
can be omitted in specific applications. The nucleic acid cassette can include a
restriction site for insertion of the nucleic acid sequence to be expressed. In a functional
vector the nucleic acid cassette contains the nucleic acid sequence to be expressed

including translation initiation and termination sites. An intron optionally can be

included in the construct, for example, 5’ to the coding sequence. A vector is
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constructed so that the particular coding sequence is located in the vector with the
appropriate regulatory sequences, the positioning and orientation of the coding sequence
with respect to the control sequences being such that the coding sequence is transcribed
under the “control” of the control or regulatory sequences. Modification of the
sequences encoding the particular protein of interest can be desirable to achieve this end.
For example, in some cases it can be necessary to modify the sequence so that it can be
attached to the control sequences with the appropriate orientation, or to maintain the
reading frame. The control sequences and other regulatory sequences can be ligated to
the coding sequence prior to insertion into a vector. Alternatively, the coding sequence
can be cloned directly into an expression vector which already contains the control
sequences and an appropriate restriction site which is in reading frame with and under
regulatory control of the control sequences.

The term “operably linked” refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual function. Gene
expression controlling regions or promoter(s) (e.g., promoter components) operably
linked to a coding sequence are capable of effecting the expression of the coding
sequence. The controlling sequence(s) or promoter need not be contiguous with the
coding sequence, so long as they function to direct the expression thereof. Thus, for
example, intervening untranslated yet transcribed sequences can be present between a
promoter sequence and the coding sequence and the promoter sequence can still be
considered “operably linked” to the coding sequence.

“Overexpression”, as used herein, refers to the production of a gene product in
transgenic organisms that exceeds levels of production in normal or non-transformed
organisms.

The term “oviduct” or “oviduct tissue” refers to a tissue of an avian oviduct, such
as the magnum, e.g., tubular gland cells, where proteins are produced with N-linked
oligosaccharides that contain increased amounts of mannose and mammose-6-phosphate
(M6P) and substantially reduced amounts of galactose and/or sialic acid relative to that
of proteins produced in other tissue of the avian such as liver or kidney tissue.

The term “oviduct-specific promoter” as used herein refers to promoters and

promoter components which are functional, i.e., provide for transcription of a coding
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sequence, to a large extent, for example, primarily (i.e., more than 50% of the
transcription product produced in the animal by a particular promoter type being
produced in oviduct cells) or exclusively in oviduct cells of a bird. Examples of oviduct
specific promoters include, but are not limited to, ovalbumin promoter, ovomucoid
promoter, ovoinhibitor promoter, lysozyme promoter and ovotransferrin promoter and
functional portions of these promoters, e.g., promoter components. By limiting the
expression of NaGlu protein to the magnum using oviduct specific promoters,
deleterious physiological effects to the bird as result of expression of these enzymes in
other tissues of the bird can be minimized.

20 Ce

The terms “percent sequence identity,” “percent identity,” “% identity,” “percent

20 Ce

sequence homology,” “percent homology,” “% homology” and “percent sequence
similarity” can each refer to the degree of sequence matching between two nucleic acid
sequences or two amino acid sequences. Such sequence matching can be determined
using the algorithm of Karlin & Altschul (1990) Proc. Natl. Acad. Sci. 87: 2264-2268,
modified as in Karlin & Altschul (1993) Proc. Natl. Acad. Sci. 90: 5873-5877. Such an
algorithm is incorporated into the NBLAST and XBLAST programs of Altschul et al.
(1990) T. Mol. Biol. Q15: 403-410. BLAST nucleotide searches are performed with the
NBLAST program, score = 100, wordlength = 12, to obtain nucleotide sequences
homologous to a nucleic acid molecule of the invention. BLAST protein searches are
performed with the XBLAST program, score = 50, wordlength = 3, to obtain amino acid
sequences homologous to a reference amino acid sequence. To obtain gapped
alignments for comparison purposes, Gapped BLAST is utilized as described in Altschul
et al. (1997) Nucl. Acids Res. 25: 3389-3402. When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective programs (e.g., XBLAST and
NBLAST) are used. Other algorithms, programs and default settings may also be
suitable such as, but not only, the GCG-Sequence Analysis Package of the U.K. Human
Genome Mapping Project Resource Centre that includes programs for nucleotide or
amino acid sequence comparisons. A sequence may be at least 50%, 60%, 70%, 75%,

80%, 85%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99% or more identical to

another sequence, e.g., the NaGlu protein sequence identified herein.
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The term “avian derived” refers to a composition or substance produced by or
obtained from a bird, poultry or avian. “Avian” refers to birds that can be kept as
livestock, including but not limited to, chickens, duck, turkey, quail and ratites. For
example, “avian derived” can refer to chicken derived, turkey derived and/or quail

derived.

20 Ce SN 19

The terms “polynucleotide,” “oligonucleotide”, “nucleotide sequence” and
“nucleic acid sequence” can be used interchangeably herein and include, but are not
limited to, coding sequences, i.e., polynucleotide(s) or nucleic acid sequence(s) which
are transcribed and translated into polypeptide in vitro or in vivo when placed under the
control of appropriate regulatory or control sequences; controlling sequences, e.g.,
translational start and stop codons, promoter sequences, ribosome binding sites,
polyadenylation signals, transcription factor binding sites, transcription termination
sequences, upstream and downstream regulatory domains, enhancers, silencers, DNA
sequences to which a transcription factor(s) binds and alters the activity of a gene’s
promoter either positively (induction) or negatively (repression) and the like. No
limitations as to length or to synthetic origin are suggested by the terms described
herein.

As used herein the terms “polypeptide” and “protein” refer to a polymer of
amino acids, for example, three or more amino acids, in a serial array, linked through
peptide bonds. The term “polypeptide” includes proteins, protein fragments, protein
analogues, oligopeptides and the like. The term “polypeptides™ includes polypeptides as
defined above that are encoded by nucleic acids, produced through recombinant
technology (e.g., isolated from a transgenic bird), or synthesized. The term
“polypeptides’ further contemplates polypeptides as defined above that include
chemically modified amino acids or amino acids covalently or noncovalently linked to
labeling ligands.

The term “promoter” as used herein refers to a DNA sequence useful to initiate
transcription by an RNA polymerase in an avian cell. A “promoter component” is a
DNA sequence that can, by itself or in combination with other DNA sequences, effect or

facilitate transcription. Promoter components can be functional fragments of promoters.
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The terms “recombinant nucleic acid” and “recombinant DNA” as used herein
refer to combinations of at least two nucleic acid sequences that are not naturally found
in a eukaryotic or prokaryotic cell. The nucleic acid sequences may include, but are not
limited to, nucleic acid vectors, gene expression regulatory elements, origins of
replication, suitable gene sequences that when expressed confer antibiotic resistance,
protein-encoding sequences and the like. The term “recombinant polypeptide” is meant
to include a polypeptide produced by recombinant DNA techniques such that it is
distinct from a naturally occurring polypeptide either in its location, purity or structure.
Generally, such a recombinant polypeptide will be present in a cell in an amount
different from that normally observed in nature.

As used herein, the term “regulatory” sequences or elements include promoters,
enhancers, terminators, stop codons, and other elements that can control gene
expression.

2 Ll

A “retrovirus”, “retroviral particle,

219

transducing particle,” or “transduction
particle” refers to a replication-defective or replication-competent virus capable of
transducing non-viral DNA or RNA into a cell.

A “SIN vector” refers to a self-inactivating vector. In particular, a SIN vector is
a retroviral vector having an altered genome such that upon integration into genomic
DNA of the target cell (e.g., avian embryo cells), the 5° LTR of the integrated retroviral
vector will not function as a promoter. For example, a portion or all of the nucleotide
sequence of the retroviral vector that results in the U3 region of the 5’ L' TR of the
retroviral vector once integrated can be deleted or altered in order to reduce or eliminate
promoter activity of the 5’ LTR. In certain examples, deletion of the CAAT box and/or
the TAATA box from U3 of the 5’ LTR can result in a SIN vector, as is understood in
the art.

The term “sense strand” as used herein refers to a single stranded DNA molecule
from a genomic DNA that can be transcribed into RNA and translated into the natural
polypeptide product of the gene. The term “antisense strand” as used herein refers to the
single strand DNA molecule of a genomic DNA that is complementary with the sense

strand of the gene.
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A “therapeutic protein” or “pharmaceutical protein” is a substance that, in whole
or in part, makes up a drug. In particular, “therapeutic proteins” and “pharmaceutical
proteins” include an amino acid sequence which in whole or in part makes up a drug.

2N 19

The terms “promoter,” “transcription regulatory sequence” and “promoter
component” as used herein refer to nucleotide which regulates the transcriptional
expression of a coding sequence. Exemplary transcription regulatory sequences include
enhancer elements, hormone response elements, steroid response elements, negative
regulatory elements, and the like. The “transcription regulatory sequence” can be
isolated and incorporated into a vector to enable regulated transcription in appropriate
cells of portions of the vector DNA. The “transcription regulatory sequence” can
precede, but is not limited to, the region of a nucleic acid sequence that is in the region
5’ of the end of a protein coding sequence that is transcribed into mRNA.
Transcriptional regulatory sequence can also be located within a protein coding region,
for example, in regions of a gene that are identified as “intron” regions.

The terms “transformation™ and “transfection” as used herein refer to the process
of inserting a nucleic acid into a host. Many techniques are well known to those skilled
in the art to facilitate transformation or transfection of a nucleic acid into a prokaryotic
or eukaryotic organism. These methods involve a variety of techniques, such as treating
the cells with certain concentrations of salt, for example, but without limitation, a
calcium or magnesium salt, or exposing the cells to an electric field, detergent, or
liposome material, to render the host cell competent for the uptake of the nucleic acid
molecules.

As used herein, a “transgenic animal” is any non-human animal, such as an avian
species, including the chicken, in which one or more of the cells of the animal contain
heterologous nucleic acid introduced by way of human intervention, such as by
transgenic techniques known in the art (see, for example, U.S. patent publication No.
2007/0243165, published October 18, 2007, the disclosure of which is incorporated in its
entirety herein by reference) including those disclosed herein. The nucleic acid is
introduced into an animal, directly or indirectly by introduction into a cell (e.g., egg or
embryo cell) by way of deliberate genetic manipulation, such as by microinjection or by

infection with a recombinant virus. The term genetic manipulation does not include
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classical cross-breeding, or in vitro fertilization, but rather is directed to the introduction
of a recombinant DNA molecule. This molecule can be integrated within a
chromosome, or it may be extrachromosomally replicating DNA. In the typical
transgenic animal, the transgene can cause cells to express a recombinant form of the
target protein or polypeptide. The terms “chimeric animal” or “mosaic animal” are used
herein to refer to animals in which a transgene is found, or in which the recombinant
nucleotide sequence is expressed, in some but not all cells of the animal. A germ-line
chimeric animal contains a transgene in its germ cells and can give rise to an offspring
transgenic animal in which most or all cells of the offspring will contain the transgene.
As used herein, the term “transgene’” means a nucleic acid sequence (encoding,
for example, a human NaGlu protein) that is partly or entirely heterologous, i.e., foreign,
to the animal or cell into which it is introduced, or, is partly or entirely homologous to an
endogenous gene of the transgenic animal or cell into which it is introduced, but which
is designed to be inserted, or is inserted, into the animal or cell genome in such a way as
to alter the genome of the organism into which it is inserted (e.g., it is inserted at a
location which differs from that of the natural gene or its insertion results in a knockout).
As used herein, the term “enzyme replacement therapy (ERT)” refers to a
therapeutic strategy for correcting an enzyme deficiency in a subject by administering
the missing enzyme to a subject. For lysosomal enzyme replacement therapy to be
effective, the therapeutic enzyme must be delivered to lysosomes in the appropriate cells
in tissues where the storage defect is manifested. In one embodiment, the enzyme may
be administered to the subject intravenously, intrathecally, intracerebrally,
intraventricularly, or intraparenchymaly. In one embodiment, the enzyme is able to
cross the blood brain barrier (BBB). Without intending to be limited by mechanism, it is
believed that as the blood perfuses patient tissues, enzyme is taken up by cells and
transported to the lysosome, where the enzyme acts to eliminate material that has

accumulated in the lysosomes due to the enzyme deficiency.
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I. Composition of NaGlu

The present invention provides novel compositions of recombinant human
NaGlu (thNaGlu or NaGlu) (amino acid sequence 24-743 set forth in SEQ ID NO:1)
having patterns of glycosylation that confer an increased cellular uptake and an
increased subcellular activity which are particularly useful for therapy, for example, in
the treatment of Sanfilippo Syndrome B (mucopolysaccharidosis (MPS) IIIB).

In some aspects, the composition can be an isolated mixture of thNaGlu
comprising the amino acid sequence 24-743 of SEQ ID NO:1. In one embodiment, the
mixture contains a sufficient amount of rhNaGlu having at least one glycan structure that
contains phosphorylated mannose (e.g., M6P) or mannose such that the rhNaGlu
containing M6P or mannose is internalized into a human cell deficient in NaGlu and
restores at least 50 % of NaGlu activity observed in a wild-type human cell of the same
type that actively expresses endogenous NaGlu. In one aspect, at least 10 %, 20%, 30%,
40%, 50%, 60%., 710%, 80%, 90%, 91%, 92%, 93% 94%, 95%, 96%, 97 %, 98% or 99%
of thNaGlu in the mixture contains at least one glycan structure having phosphorylated
mannose and/or mannose. In one embodiment, at least 10 % of rhNaGlu in the mixture
contains at least one glycan structure having phosphorylated mannose and/or mannose.
In one embodiment, at least 20 % of thNaGlu in the mixture contains at least one glycan
structure having phosphorylated mannose and/or mannose. In one embodiment, at least
30 % of thNaGlu in the mixture contains at least one glycan structure having
phosphorylated mannose and/or mannose. In one embodiment, at least 30 % of rhNaGlu
in the mixture contains at least one glycan structure having phosphorylated mannose
and/or mannose. In one embodiment, at least 40 % of thNaGlu in the mixture contains
at least one glycan structure having phosphorylated mannose and/or mannose. In one
embodiment, at least 50 % of rhNaGlu in the mixture contains at least one glycan
structure having phosphorylated mannose and/or mannose. In one embodiment, at least
60 % of thNaGlu in the mixture contains at least one glycan structure having
phosphorylated mannose and/or mannose.

In some aspects, the NaGlu contains one or more N-linked glycan structure. The
NaGlu contains at least one phosphorylated mannose (e.g., M6P or bis-M6P) which

allows the protein to be recognized by the Mannose 6-phosphate receptor (M6P
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receptor), and subsequently taken up into a human cell, including but not limited to, a
skin fibroblast, an endothelial, a neuronal cell, a hepatocyte, a macrophage or any cell
that expresses M6P receptor on the cell surface via M6P receptor-mediated endocytosis.
In one embodiment, the NaGlu contains at least one mannose (Man). In another
embodiment, the NaGlu contains at least one N-acetylglucosamine (GlcNAC).

In some aspects, the NaGlu contains a glycan structure comprising a
phosphorylated mannose (M6P). As used herein, M6P can encompass any
phosphorylated mannose residue and includes mono- and bis-phosphorylated mannose.
In one embodiment, the M6P is present at a concentration that is about 1, about 2, about
3, about 4, about 5 or about 6 mole(s) per mole of protein. In one embodiment, the
NaGlu contains M6P at a concentration that is about 2, about 3, about 4, or about 5
moles per mole of protein. In one embodiment, the NaGlu contains M6P at a
concentration that is about 2 moles per mole of protein. In one embodiment, the NaGlu
contains M6P at a concentration that is about 3 moles per mole of protein. In one
embodiment, the NaGlu contains M6P at a concentration that is about 4 moles per mole
of protein. In one embodiment, the NaGlu contains M6P at a concentration that is about
5 moles per mole of protein. In one embodiment, the NaGlu contains M6P at a
concentration that is about 6 moles per mole of protein.

In some aspects, the thNaGlu contains a sufficient amount of M6P for cellular
uptake into a human cell having a M6P receptor on the cell surface via M6P receptor-
mediated endocytosis. In one embodiment, a sufficient amount of M6P for uptake into a
human cell is about 1, 2, 3, 4, 5 or 6 moles per mole of protein. The rhNaGlu can be
internalized into a human cell deficient in NaGlu such that the internalized protein fully
(100% or more) restores a normal level of NaGlu activity in the human cell deficient in
NaGlu. In one embodiment, the internalized thNaGlu protein fully restores a normal
level of NaGlu activity in the human cell at a concentration that is at least 0.5, 0.6, 0.7,
0.8,0.9 or 1.0 ug/mL. In one embodiment, the internalized protein fully restores a
normal level of NaGlu activity in the human cell deficient in NaGlu at a concentration
that is at least 2, 3,4, 5, 6,7, 8, 9 or 10 ug/mL. In one embodiment, the internalized
protein fully restores a normal level of NaGlu activity in the human cell at a

concentration that is at least 20, 30, 40, 50, 60, 70, 80, 90 or 100 pug/mL. As used
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herein, the normal level of NaGlu activity is a level of NaGlu activity measured in a
wild-type human cell of the same type that actively expresses a normal NaGlu enzyme.

In some aspects, the thNaGlu can be internalized into a human cell deficient in
NaGlu such that the protein restores at least about 50%, about 60%, about 70%, about
80%, about 90% or about 95% of NaGlu activity of a normal human cell of the same
type. In some embodiments, the thNaGlu can be internalized into a human cell deficient
in NaGlu such that the internalized thNaGlu provides a higher enzymatic activity than
that observed in a normal human cell of the same type. In one embodiment, the
rhNaGlu is internalized into a human cell deficient in NaGlu such that the internalized
rhNaGlu provides about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9
and about 10-fold higher activity than that observed in a normal human cell of the same
type. In one embodiment, the thNaGlu is internalized into a human cell deficient in
NaGlu such that the internalized rhNaGlu provides about 15, about 20, about 25, about
30, about 40, about 50, about 60, about 70, about 80, about 90 or about 100-fold higher
activity than that observed in a normal human cell.

In one embodiment, the human cell deficient in NaGlu is any human cell
deficient in NaGlu that expresses one or more M6P receptors on the cell surface. In one
embodiment, the human cell deficient in NaGlu is a human mucopolysaccharidosis
(MPS) IIIB fibroblast that accumulates heparan sulfate. In one embodiment, the human
cell deficient in NaGlu is a hepatocyte. In one embodiment, the human cell deficient in
NaGlu is a neuronal cell. In one embodiment, the human cell deficient in NaGlu is an
endothelial cell. In one embodiment, the human cell deficient in NaGlu is a
macrophage.

In some aspects, uptake of thNaGlu into a human cell is inhibited by the
presence of about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9
or about 10 mM of competing M6P monosaccharide. In some aspects, the cellular
uptake of thNaGlu is inhibited by the presence of about 0.1, about (.2, about 0.3, about
0.4, about 0.5, about 0.6, about 0.7, about 0.8, about 0.9 or about 1.0 mM of M6P
monosaccharide. In one embodiment, the cellular uptake of rhNaGlu is inhibited by the
presence of about 0.01, about 0.02, about 0.03, about 0.04, about 0.05, about 0.06, about
0.07, about 0.08, or about 0.09 mM of M6P monosaccharide.



WO 2013/055888 PCT/US2012/059708

10

15

20

25

30

-27 -

In some aspects, the thNaGlu contains mannose in its glycan structures at a
concentration that is about 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33, 34 or 35 moles per mole of protein. In one embodiment, the thNaGlu has mannose
at a concentration that is about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 moles per
mole of protein. The thNaGlu contains mannose at a concentration that is about 22, 23,
24,25, 26, 27 or 28 moles per mole of protein. The rhNaGlu contains mannose at a
concentration that is about 24 moles per mole of protein. The thNaGlu protein contains
mannose at a concentration that is about 25 moles per mole of protein. The rhNaGlu
contains mannose at a concentration that is about 26 moles per mole of protein. The
rhNaGlu contains mannose at a concentration that is about 27 moles per mole of protein.
In one embodiment, the rhNaGlu has mannose at a concentration that is between about
20 and about 30 moles per mole of protein.

In some aspects, the thNaGlu comprises N-acetylglucosamine (GlcNAc). In one
embodiment, the rhNaGlu contains GlcNAc at a concentration that is between about 28
and about 42 moles per mole of protein. In one embodiment, the NaGlu protein has
GlcNACc at a concentration that is between about 30 and about 40 moles per mole of
protein. In one embodiment, the NaGlu protein comprises GIcNAc at a concentration
that is between about 32 and about 38 moles per mole of protein. In one embodiment,
the NaGlu protein comprises GlcNAc at a concentration that is between about 34 and
about 36 moles per mole of protein. In one embodiment, the NaGlu protein has GlcNAc
at a concentration that is about 35 moles per mole of protein. In one embodiment, the
rhNaGlu protein contains GIcNAc at a concentration that is about 30, 31, 32, 33, 34, 35,
36, 37, 38, 39 or 40 moles per mole of protein.

In some aspects, the thNaGlu contains N-acetylgalactosamine (GalNAc) and/or
galactose (Gal). The presence of the GalNAc and Gal typically indicates that the NaGlu
may contain one or more O-linked glycan structures which are added to the protein in
the Golgi compartment. Accordingly, the present invention optionally includes a
composition comprising a recombinant human NaGlu that contains one or more O-
linked glycan structure.

In one embodiment, the rhNaGlu contains galactose at a concentration that is

about 1, 2, 3, 4, 5, 6 or 7 moles per mole of protein. In one embodiment, the thNaGlu
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has galactose at a concentration that is about 2, 3, 4, 5 or 6 moles per mole of protein. In
one embodiment, the thNaGlu has galactose at a concentration that is about 3 moles per
mole of protein. In one embodiment, the thNaGlu has galactose at a concentration that
is about 4 moles per mole of protein.

In one embodiment, the NaGlu comprises at least one GalNAc molecule per
mole of protein. In one embodiment, the NaGlu comprises GalNAc at a concentration
that is about 1 or 2 moles per mole of protein.

In one embodiment, the NaGlu contains no fucose. In yet another embodiment,
the NaGlu contains no glucose. In yet another embodiment, thNaGlu contains neither
fucose nor glucose.

The present invention also contemplates compositions of modified thNaGlu
proteins produced from modified nucleic sequences of thNaGlu. The modified nucleic
acid sequences include deletions, insertions, or substitutions of different nucleotides
resulting in a polynucleotide that encodes a functionally equivalent polynucleotide or
polypeptide. The encoded protein may also contain deletions, insertions, or substitutions
of amino acid residues that produce a silent change and result in a functionally
equivalent protein or polypeptide. Deliberate amino acid substitutions can be made on
the basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity,
and/or the amphipathic nature of the residues as long as the biological activity of the
NaGlu is retained. For example, negatively charged amino acids can include aspartic
acid and glutamic acid; positively charged amino acids can include lysine and arginine;
and amino acids with uncharged polar head groups having similar hydrophilicity values
can include leucine, isoleucine, and valine; glycine and alanine; asparagine and
glutamine; serine and threonine; phenylalanine and tyrosine.

In other aspects, the rhNaGlu can be modified such that it contains an additional
moiety or second peptide. Although unmodified NaGlu protein may cross the blood
brain barrier at a high serum concentration, modifications of the protein can be
performed to increase the efficiency of central nervous system (CNS) targeting. In one
embodiment, transferrin receptor ligand (TfRL) can be attached to human NaGlu at N-
or C-terminus of NaGlu protein. A non-limiting example of TrRL is

THRPPMWSPVWP (SEQ ID NO:5). In one embodiment, the transferrin receptor
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ligand can be attached to human NaGlu C-terminus of the NaGlu protein. In another
embodiment, human NaGlu is fused to insulin-like growth factor receptor (IGF2R)
ligand at N- or C-terminus of the NaGlu protein. In yet another embodiment, the NaGlu
protein is fused to low density lipoprotein (LLDL) receptor ligand at N- or C-terminus of
the NaGlu protein. In one embodiment, the NaGlu protein is fused to a stretch of five to
ten consecutive acidic amino acid residues. The acidic amino acid residues can include
aspartic acid (D) or glutamic acid (E).

In one embodiment, the rhNaGlu is produced in a transgenic avian that contains
a transgene encoding the NaGlu protein. In one embodiment, the thNaGlu is produced
in an oviduct cell (e.g., a tubular gland cell) of a transgenic avian (e.g., chicken
(Gallus)). In one embodiment, the thNaGlu is glycosylated in the oviduct cell (e.g.,
tubular gland cell) of the transgenic avian. In one embodiment, the thNaGlu has a
glycosylation pattern resulting from the rhNaGlu being produced in an oviduct cell of a
transgenic avian. In one embodiment, the thNaGlu can be isolated and purified from the
content of the hard shell eggs laid by the transgenic avian. In one embodiment, the
rhNaGlu can be isolated and purified from egg white of the transgenic avian.

The present invention also includes compositions of an isolated mixture of
NaGlu proteins, such as a mixture of one or more fragments and full-length thNaGlu
(e.g., 24-743 set forth in SEQ ID NO:1). In one embodiment, a substantial portion of the
mixture contains phosphorylated M6P. In one embodiment, at least 10%, 20%, 30%,
40%, 50%, 60%, 710%, 80%, 85%, 90% 95%, 97%, 98% or 99% of the thNaGlu in the
mixture contains M6P. In yet another embodiment, at least 50% of the isolated thNaGlu
in the mixture contains M6P. In yet another embodiment, at least 60% of the isolated
rhNaGlu in the mixture contains M6P. In yet another embodiment, at least 70% of the
isolated rhNaGlu in the mixture contains M6P. In yet another embodiment, at least 80%
of the isolated thNaGlu in the mixture contains M6P. In yet another embodiment, at
least 90% of the isolated rhNaGlu in the mixture contains M6P. In yet another
embodiment, at least 95% of the isolated rhNaGlu in the mixture contains M6P. In yet
another embodiment, at least 96% of the isolated rhNaGlu in the mixture contains M6P.
In yet another embodiment, at least 97% of the isolated thNaGlu in the mixture contains

MG6P. In yet another embodiment, at least 98% of the isolated rhNaGlu in the mixture
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contains M6P. In yet another embodiment, at least 99% of the isolated thNaGlu in the
mixture contains M6P.

Optionally, the thNaGlu protein produced from an avian or mammalian
expression system (e.g., CHO, HEK293, or human skin fibroblast cell-line) can be
further modified to achieve a favorable glycosylation pattern (i.e., an increased amount
of M6P) for cellular uptake while retaining the biological activity. Additional terminal
MG6P can be introduced to the thNaGlu by the general methods applied to other
hydrolases as described in U.S. Pat. No. 6,679,165, U.S. Pat. No. 7,138,262, or U.S.
Publication No. 2009/0022702, the entire teachings of each of which are incorporated
herein by reference. For example, a highly phosphorylated mannopyranosyl
oligosaccharide compound can be derivatized with a chemical compound containing a
carbonyl-reactive group, followed by oxidizing the thNaGlu protein to generate carbonyl
(aldehyde) group on one glycan structure of the protein, and reacting the oxidized NaGlu
protein with the glycan with the derivatized highly phosphorylated mannopyranosyl

oligosaccharide compound to form a new compound having hydrazine bond.

II. Vectors

Methods which are well-known to those skilled in the art can be used to
construct expression vectors containing sequences encoding NaGlu and appropriate
transcriptional and translational control elements. These methods include in vitro
recombinant DNA techniques, synthetic techniques, and in vivo genetic recombination.
Such techniques are described, for example, in Sambrook, J. ef al. (1989) Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Press, Plainview, N.Y., and
Ausubel, I. M. ef al. (1989) Current Protocols in Molecular Biology, John Wiley &
Sons, New York, N.Y., the entire teachings of which are incorporated herein by
reference.

A variety of expression vector/host systems can be utilized to express nucleic
acid sequences encoding thNaGlu. These include, but are not limited to, microorganisms
such as bacteria transformed with recombinant bacteriophage, plasmid, or cosmid DNA
expression vectors; yeast transformed with yeast expression vectors; insect cell systems

infected with virus expression vectors (e.g., baculovirus) or with bacterial expression
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vectors (e.g., Ti or pBR322 plasmids); or mammalian cell culture systems (e.g., pT122
vector). Non-limiting examples of the pT'T22 vector containing human NaGlu cDNA
fused to a nucleic acid sequence encoding acidic amino acid residue and TfRL are
shown in Figs. 11 and 12.

Polynucleotide and nucleic acid coding regions of the present invention may be
associated with additional coding regions which encode secretory or signal peptides,
which direct the secretion of a polypeptide encoded by a polynucleotide of the present
invention. According to the signal hypothesis, proteins secreted by vertebrate (e.g.,
avian or mammalian) cells have a signal peptide or secretory leader sequence which is
cleaved from the mature protein once export of the growing protein chain across the
rough endoplasmic reticulum (ER) has been initiated. Those of ordinary skill in the art
are aware that polypeptides produced in the ER by vertebrate cells generally have a
signal peptide fused to the N-terminus of the polypeptide, which is cleaved from the
complete or “full length” polypeptide to produce a secreted or “mature” form of the
polypeptide. In certain embodiments, the native signal peptide, e.g., the
MEAVAVAAAVGVLLLAGAGGAAG (1-23 of SEQ ID NO:1) signal peptide of
human NaGlu is used, or a functional derivative of that sequence that retains the ability
to direct the secretion of the polypeptide that is operably associated with it.
Alternatively, a heterologous signal peptide (e.g., a heterologous mammalian or avian
signal peptide), or a functional derivative thereof, may be used. For example, the wild-
type leader sequence may be substituted with the leader sequence of, for example,
human tissue plasminogen activator (tPA) or mouse 3-glucuronidase.

The control elements or regulatory sequences can includes those non-translated
regions of the vector-enhancers, promoters, 5° and 3’ untranslated regions that interact
with host cellular proteins to carry out transcription and translation. Such elements can
vary in their strength and specificity. Depending on the vector system and host cell
utilized, any number of suitable transcription and translation elements can be used. For
example, when cloning in bacterial systems, inducible promoters such as the hybrid lac-
7. promoter of the BluescriptTM phagemid (Stratagene, LaJolla, California) or pSportlTM
plasmid (Gibco BRL) and the like can be used. In mammalian cell systems, promoters

from mammalian genes or from mammalian viruses are preferred. If it is necessary to



WO 2013/055888 PCT/US2012/059708

10

15

20

25

30

-3

generate a cell line that contains multiple copies of the sequence encoding NaGlu,
vectors based on SV40 or EBV can be also used with an appropriate selectable marker
such as puromycin and ampicillin (see, e.g., Figs. 11 and 12).

When the thNaGlu is produced in a transgenic avian, the present invention
contemplates that the thNaGlu sequence be placed downstream of a promoter such that
the sequence encoding the thNaGlu can be expressed in a tissue-specific manner in a
transgenic avian. Por example, the promoter can be an oviduct-specific promoter that is
largely, but not entirely, specific to the magnum, such as the oviduct-specific promoter,
including but not limited to, ovalbumin, lysozyme, conalbumin, ovomucoid, ovomucoid,
ovomucin and ovotransferrin promoters. In one embodiment, the promoter is an
ovalbumin promoter, a lysozyme promoter, a conalbumin promoter, an ovomucoid
promoter, an ovomucin promoter and/or an ovotransferrin promoter or any functional
portion thereof.

Alternatively, a constitutive promoter can be used to express the coding sequence
of human NaGlu in an avian. In this case, expression is not limited to the magnum;
expression also occurs in other tissues within the avian (e.g., blood). The use of such a
transgene, which includes a constitutive promoter and the coding sequence of NaGlu, is
also suitable for effecting or driving the expression of a protein in the oviduct and the
subsequent secretion of the protein into the egg. In one embodiment, the constitutive
promoter can be, for example, a cytomegalovirus (CMV) promoter, a rous-sarcoma virus
(RSV) promoter, a murine leukemia virus (MLV) promoter, and B-actin promoter. In
one embodiment, the promoter is a CMV promoter, a MDOT promoter, a RSV
promoter, a MLV promoter, or a mouse mammary tumor virus (MMTYV) promoter of
any functional portion thereof.

The invention also contemplates any useful fragment or component of the
promoters described herein. The promoter can be at least one segment, fragment or
component of a promoter region, such as a segment of the ovalbumin, lysozyme,
conalbumin, ovomucoid, ovomucin, ovotransferrin, CMV, RSV or MLV promoter
region. In a preferred embodiment, the promoter is a segment of the oviduct-specific
promoter region which contains essential elements to direct expression of the coding

sequence in the tubular gland cells. For example, included in the scope of the present
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invention is a segment, portion or fragment of an oviduct-specific promoter and/or
condensing the critical regulatory elements of the oviduct-specific promoter so that it
retains sequences required for expression in the tubular gland cells of the magnum of the
oviduct. In one embodiment, a segment of the ovalbumin promoter region is used. This
segment comprises the 5’-flanking region of the ovalbumin gene.

A vector that contains a coding sequence for human NaGlu can be used for
transfecting blastodermal cells of an avian or mammalian cell to generate stable
integrations into the avian or mammalian genome and to create a germline transgenic
avian or mammalian cell line. A non-limiting example of such vector is shown in Figs.
4A-D and 5. In the avian expression system, the human NaGlu coding sequence is
operably linked to a promoter in a positional relationship to express the coding sequence
in a transgenic avian, particularly in the tubular gland cell of the magnum of the avian
oviduct, such that the recombinant human NaGlu protein is expressed and deposited in
egg white of a hard shell egg laid by the transgenic avian. Additional suitable vectors
and methods to making vectors for expressing thNaGlu in an avian system are also
disclosed in U.S. Pat. No. 6,730,822; U.S. Pat. No. 6,825,396; U.S. Pat. No. 6,875,588;
U.S. Pat. No. 7,294,507; U.S. Pat. No. 7,521,591; U.S. Pat. No. 7,534,929; U.S.
Publication No. 2008/0064862A1; and U.S. Patent Publication No. 2006/0185024, the
entire teachings of which are incorporated herein by reference. Non-limiting examples
of other promoters which can be also useful in the present invention include Pol III
promoters (for example, type 1, type 2 and type 3 Pol Il promoters) such as H1
promoters, U6 promoters, tRNA promoters, RNase MPR promoters and functional
portions of each of these promoters. Typically, functional terminator sequences are
selected for use in the present invention in accordance with the promoter that is
employed.

In one embodiment, the vector is a retroviral vector, in which the coding
sequence and the promoter are both positioned between the 5’ and 3’ L'TRs of the
retroviral vector. In one useful embodiment, the LTRs or retroviral vector is derived
from an avian leukosis virus (ALV), a murine leukemia virus (MLV) or a lentivirus.

One useful retrovirus for randomly introducing a transgene into the avian genome is the
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replication-deficient ALV, the replication-deficient MLV, or the replication-deficient
lentivirus.

The present invention also contemplates the use of self-inactivating (SIN)
vectors. SIN vectors can be useful for increasing the quantity of human NaGlu produced
in the oviduct of a transgenic avian. This effect can be further enhanced when the SIN
vector does not contain any selectable marker cassette with a functional promoter
(SIN/SC negative vector). In one embodiment, a SIN vector is a retroviral vector having
altered genome so that the 5’ L'TR of the integrated retroviral vector does not function as
a promoter. In one particular embodiment, a portion or all of the nucleotide sequence of
the retroviral vector that results in the U3 region of the 5’ L'TR of the retroviral vector
once integrated can be deleted or altered in order to reduce or eliminate promoter
activity of the 5> LTR. A non-limiting example of SIN vector which contains an
ovalbumin promoter region fused to the coding sequence of human thNaGlu is shown in

Figs. 4A-D and 5. Functional components of the vector are also tabulated in Table 1.

Table 1. Functional components in pSIN-OV-1.1kb-I-rhNaGlu

Functional components Nucleotide Sequence in SEQ ID NO:4
poly A site 634-639
Partial gag 692-945
LTR (RAV2) 1243-1588
Partial LTR (RAV2) 4691-4863
ALV CTE 4899-4986
1.1 kb Ovalbumin promoter 5232-6363
DHS II 5334-5714
DHS I 6064-6364
Exon L 6364-6410
Intron 1 6411-7999
NaGlu 8017-10248

Any of the vectors described herein can include a sequence encoding a signal
peptide that directs secretion of the protein expressed by the vector’s coding sequence
from, for example, the tubular gland cells of the oviduct of an avian. Where a
recombinant human NaGlu protein would not otherwise be secreted, the vector

containing the coding sequence is modified to comprise a DNA sequence comprising
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about 60 bp encoding a signal peptide from, for example, the lysozyme gene. The DNA
sequence encoding the signal peptide is inserted in the vector such that it is located at the
N-terminus of the thNaGlu protein encoded by the DNA.

Further, the coding sequences of vectors used in any of the methods of the
present invention can be provided with a 3’ untranslated region (3’ UTR) to confer
stability to the RNA produced. When a 3’ UTR is added to a retroviral vector, the
orientation of the promoter, the coding sequence and the 3’ UTR is preferably reversed
with respect to the direction of the 3’ UTR, so that the addition of the 3° UTR does not
interfere with transcription of the full-length genomic RNA. In one embodiment, the 3’
UTR may be that of the ovalbumin gene, lysozyme gene or any 3° UTR that is

functional in a magnum cell, i.e., the SV40 late region.

III. Transgenic Avians

Transgenes described herein can be introduced into avian embryonic
blastodermal cells to produce a transgenic chicken, transgenic turkey, transgenic quail
and other avian species that carry the transgene encoding recombinant human NaGlu in
the genome of its germ-line tissue. In one aspect of the invention, a transgenic avian
that produces rhNaGlu is created by transduction of embryonic blastodermal cells with
replication-defective or replication-competent retroviral particles carrying the transgene
between the 5’ and 3° L'TRs of the retroviral vector. For instance, an avian leukosis
virus (ALV) retroviral vector or a murine leukemia virus (MLYV) retroviral vector can be
used. An RNA copy of the modified retroviral vector packaged into viral particles can
be used to infect embryonic blastoderms which develop into transgenic avians.

By the methods of the present invention, transgenes can be introduced into
embryonic blastodermal cells of various avian species. For example, the methods can be
applied to produce a transgenic chicken, transgenic turkey, transgenic quail, transgenic
duct, and other avian species, that carry the transgene in the genome of its germ-line
tissue in order to produce proteins of the invention. The blastodermal cells are typically
stage VII-XII cells as defined by Eyal-Giladi and Kochav (1976), or the equivalent

thereof. In a preferred embodiment, the blastoderm cells are at or near stage X.
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In one method of transfecting blastodermal cells, a packaged retroviral-based
vector can be used to deliver the vector into embryonic blastodermal cells so that the
vector is integrated into the avian genome. Such viral particles (i.e., transduction
particles) are produced for the vector and titered to determine the appropriate
concentration that can be used to inject embryos. In one embodiment, avian eggs are
windowed according to the procedure described in U.S. Pat. No. 5,897,998, the
disclosure of which is incorporated herein by reference in its entirety, and the eggs are
injected with transducing particles at or near stage X.

The transgenic avians of the invention which produce thNaGlu are developed
from the blastodermal cells into which the vector has been introduced. The resulting
embryo is allowed to develop and the chick allowed to mature. At this stage, the
transgenic avian produced from blastodermal cells is known as a founder and is chimeric
with respect to the cells carrying the transgene and is referred to GO. GO founder avians
are typically chimeric for each inserted transgene. That is, only some of the cells of the
G0 transgenic bird contain the transgene. Some founders carry the transgene in tubular
gland cells in the magnum of their oviducts. These avians express the thNaGlu protein
encoded by the transgene in their oviducts. The NaGlu protein may also be expressed in
other tissues (e.g., blood) in addition to the oviduct. Some founders are germ-line
founders that carry the transgene in the genome of the germ-line tissues, and may also
carry the transgene in oviduct magnum tubular gland cells that express the exogenous
protein.

The transgenic avian can carry the transgene in its germ-line providing
transmission of the exogenous transgene to the avian’s offspring stably in a Mendelian
fashion. The GO generation is typically hemizygous for the transgene encoding
rhNaGlu. The GO generation can be bred to non-transgenic animals to give rise to G1
transgenic offspring which are also hemizygous for the transgene and contain the
transgene in essentially all of the bird’s cells. The G1 hemizygous offspring can be bred
to non-transgenic animals giving rise to G2 hemizygous offspring or may be bred
together to give rise to G2 offspring homozygous for the transgene. Substantially all of
the cells of avians which are positive for the transgene that are derived from G1

offspring contain the transgene. In one embodiment, hemizygotic G2 offspring from the
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same line can be bred to produce G3 offspring homozygous for the transgene. In
another embodiment, hemizygous GO or G1 animals, for example, are bred together to
give rise to homozygous G1 offspring containing two copies of the transgene(s) in each
cell of the animal. These are merely examples of certain useful breeding methods and
the present invention contemplates the employment of any useful breeding method such

as those known to individuals of ordinary skill in the art.

IV.Production of rhNaGlu

The rhNaGlu can be produced using a transgenic avian that contains in the

genome a transgene encoding thNaGlu. In one embodiment, the transgenic avian is a
germline transgenic chicken, quail, duck or turkey. In one particularly useful
embodiment, the invention is drawn to the production of NaGlu which can be produced
in the oviduct of a chicken.

Production of thNaGlu with or without modification in the avian system (e.g., in
the avian oviduct) is within the scope of the invention. In one embodiment, the
unmodified thNaGlu comprises the wild-type amino acid sequence (24-743 of SEQ ID
NO:1) with a glycosylation structure (i.e., M6P) that enables efficient uptake by human
cells. In another embodiment, the modified protein can be an rhNaGlu fusion protein
having a glycosylation pattern (i.e., M6P) that enables efficient uptake by human cells.

A suitable avian vector that contains a nucleic acid sequence encoding a NaGlu
protein, operably linked to a tissue-specific or constitutive promoter that drives
expression of the encoding sequence in the chicken oviduct are introduced into chicken
embryonic cells at or near stage X as described herein. The transformed embryonic cells
are incubated under conditions conducive to hatching live chicks. Live chicks are
nurtured into a mature chimeric chicken which are mated with a non-transgenic chicken
naturally or via artificial insemination. A transgenic chicken is identified by screening
progeny for germline incorporation of the protein encoding sequence. The transgenic
progeny can be mated with another transgenic or a non-transgenic chicken to produce a
fully germline transgenic hen that lays eggs.

The rhNaGlu can be produced in a tissue-specific manner. For example,

rhNaGlu can be expressed in the oviduct, blood and/or other cells or tissues of the
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transgenic avian. In one embodiment, the NaGlu is expressed in the tubular gland cells
of the magnum of the oviduct of the transgenic avian, secreted into the lumen of the
oviduct, and deposited into egg white. In one embodiment, egg white containing
rhNaGlu is harvested and stored in bulk at a temperature ranging from 4°C to -20°C.
The NaGlu is then isolated and purified from the contents of the eggs using various
methods known in the art.

One aspect of the present invention relates to avian hard shell eggs (e.g., chicken
hard shell eggs) which contain the thNaGlu protein. The thNaGlu produced and
secreted by the transgenic avian is glycosylated in a manner favorable to cellular uptake
by a human cell. The protein may be present in any useful amount. In one embodiment,
the protein is present in an amount in a range between about 0.01 ug per hard-shell egg
and about 1 gram per hard-shell egg. In another embodiment, the protein is present in an
amount in a range of between about 1 ug per hard-shell egg and about 1 gram per hard-
shell egg. For example, the protein may be present in an amount in a range of between
about 10 ug per hard-shell egg and about 1 gram per hard-shell egg (e.g., a range of
between about 10 pg per hard-shell egg and about 400 milligrams per hard-shell egg).

In one embodiment, the thNaGlu is present in the egg white of the egg. In one
embodiment, the rhNaGlu is present in an amount in a range of between about 1 ng per
milliliter of egg white and about 0.2 gram per milliliter of egg white. For example, the
rhNaGlu may be present in an amount in a range of between about 0.1 pug per milliliter
of egg white and about 0.2 gram per milliliter of egg white (e.g., the thNaGlu may be
present in an amount in a range of between about 1 ug per milliliter of egg white and
about 100 milligrams per milliliter of egg white. In one embodiment, the rhNaGlu is
present in an amount in a range of between about 1 ug per milliliter of egg white and
about 50 milligrams per milliliter of egg white. For example, the rhNaGlu may be
present in an amount in a range of about 1 ug per milliliter of egg white and about 10
milligrams per milliliter of egg white (e.g., the thNaGlu may be present in an amount in
a range of between about 1 pg per milliliter of egg white and about 1 milligrams per
milliliter of egg white). In one embodiment, the thNaGlu is present in an amount of
more than 0.1 ug per milliliter of egg white. In one embodiment, the thNaGlu is present

in an amount of more than 0.5 ug per milliliter of egg white. In one embodiment, the
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rhNaGlu is present in an amount of more than 1 ug per milliliter of egg white. In one
embodiment, the protein is present in an amount of more than 1.5 ug per milliliter of egg
white. In one embodiment, the thNaGlu is present in an amount of more than 0.5 ug per
milliliter of egg white. In one embodiment, the protein is present in an amount of more
than 0.1 pg per milliliter of egg white.

In one embodiment, the rhNaGlu is present in an amount of 20 mg/L, 30mg/L.,
40mg/L., 50 mg/L, 60 mg/L, 70 mg/L., 80 mg/L, 90 mg/L, 100 mg/L, 120 mg/L,, 130
mg/L, 140 mg/L, 150 mg/L, 160 mg/L, 170 mg/L, 200 mg/L, 300mg/L, 400 mg/L, 500
mg/L, 600 mg/L, 700 mg/L, 800 mg/L., 900 mg/L., or 1,000 mg/L. egg white. In one
embodiment, the rhNaGlu is present in an amount of about 100 mg/L of egg white. In

one embodiment, the thNaGlu is present in an amount of about 200 mg/L of egg white.

V. Host Cells

The present invention also contemplates thNaGlu produced in any useful protein
expression system including, without limitation, cell culture (e.g., avian cells, CHO
cells, HEK293 cells and COS cells), yeast, bacteria, and plants.

A host cell strain can be chosen for its ability to modulate the expression of the
inserted sequences or to process the expressed NaGlu in the desired fashion. Such
modifications of the polypeptide of NaGlu include, without limitation, glycosylation,
phosphorylation, or lipidation. Different host cells such as CHO, COS, HelLa, MDCK,
HEK?293 and W138, which have specific cellular machinery and characteristic
mechanisms for such post-translational activities, can be chosen to ensure the correct
modification and processing of the fusion protein of the present invention. An avian
tumor cell line is also contemplated as a host cell for expressing the polypeptide of the
present invention. Examples of a useful avian cell line (e.g., an avian oviduct tumor cell
line) are described in U.S. Pat. Publication No. 2009/0253176, the entire teachings of

which are incorporated herein by reference.

VI Pharmaceutical Compositions

The present invention also features pharmaceutical compositions comprising

isolated and substantially purified thNaGlu or a pharmaceutically acceptable salt thereof.
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The recombinant human NaGlu proteins may be administered using one or more
carriers, e.g., as part of a pharmaceutical formulation, or without a carrier. The carrier(s)
must be "acceptable” in the sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof. Compositions comprising such
carriers, including composite molecules, are formulated by well-known conventional
methods (see, for example, Remington’s Pharmaceutical Sciences, 14th Ed., Mack
Publishing Co., Easton, Pa.), the entire teachings of which are incorporated herein by
reference. The carrier may comprise a diluent. In one embodiment, the pharmaceutical
carrier can be a liquid and the protein may be in the form of a solution. The
pharmaceutical carrier can be wax, fat, or alcohol. In another embodiment, the
pharmaceutically acceptable carrier may be a solid in the form of a powder, a
lyophilized powder, or a tablet. In one embodiment, the carrier may comprise a
liposome or a microcapsule.

In some embodiments, a pharmaceutical composition comprising recombinant
human NaGlu protein further comprises a buffer. Exemplary buffers include acetate,
phosphate, citrate and glutamate buffers. Exemplary buffers also include lithium citrate,
sodium citrate, potassium citrate, calcium citrate, lithium lactate, sodium lactate,
potassium lactate, calcium lactate, lithium phosphate, sodium phosphate, potassium
phosphate, calcium phosphate, lithium maleate, sodium maleate, potassium maleate,
calcium maleate, lithium tartarate, sodium tartarate, potassium tartarate, calcium
tartarate, lithium succinate, sodium succinate, potassium succinate, calcium succinate,
lithium acetate, sodium acetate, potassium acetate, calcium acetate, and mixtures
thereof. In some embodiments, the buffer is trisodium citrate dihydrate. In some
embodiments, the buffer is citric acid monohydrate. In some embodiments, a
pharmaceutical composition comprises trisodium citrate dehydrate and citric acid
monohydrate.

In some embodiments, a pharmaceutical composition comprising recombinant
human NaGlu protein further comprises a stabilizer. Exemplary stabilizers include
albumin, trehalose, sugars, amino acids, polyols, cyclodextrins, salts such as sodium

chloride, magnesium chloride, and calcium chloride, lyoprotectants, and mixtures
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thereof. In some embodiments, a pharmaceutical composition comprises human serum
albumin.

In some embodiments, it is desirable to add a surfactant to the pharmaceutical
composition. Exemplary surfactants include nonionic surfactants such as Polysorbates
(e.g., Polysorbates 20 or 80); poloxamers (e.g., poloxamer 188); Triton; sodium dodecyl
sulfate (SDS); sodium laurel sulfate; sodium octyl glycoside; lauryl-, myristyl-, linoleyl-,
or stearyl-sulfobetaine; lauryl-, myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-,
myristyl-, or cetyl-betaine; lauroamidopropyl-, cocamidopropyl-, linoleamidopropyl-,
myristamidopropyl-, palmidopropyl-, or isostearamidopropyl-betaine (e.g.,
lauroamidopropyl); myristamidopropyl-, palmidopropyl-, or isostearamidopropyl-
dimethylamine; sodium methyl cocoyl-, or disodium methyl ofeyl-taurate; and the
MONAQUAT™ geries (Mona Industries, Inc., Paterson, N.J.), polyethyl glycol,
polypropyl glycol, and copolymers of ethylene and propylene glycol (e.g., Pluronics,
PF68, etc). Typically, the amount of surfactant added is such that it reduces aggregation
of the protein and minimizes the formation of particulates or effervescences. For
example, a surfactant may be present in a formulation at a concentration from about
0.001 - 0.5% (e.g., about 0.005 - 0.05%, or 0.005 - 0.01%). In particular, a surfactant
may be present in a formulation at a concentration of approximately 0.005%, 0.01%,
0.02%, 0.1%, 0.2%, 0.3%, 0.4%, or 0.5%, etc. Ranges and values intermediate to the
above recited ranges and values are also contemplated to be part of the invention.

In some embodiments, suitable pharmaceutical compositions of the invention
may further include one or more bulking agents, in particular, for lyophilized
formulations. A "bulking agent" is a compound which adds mass to the lyophilized
mixture and contributes to the physical structure of the lyophilized cake. For example, a
bulking agent may improve the appearance of lyophilized cake (e.g., essentially uniform
lyophilized cake). Suitable bulking agents include, but are not limited to, sodium
chloride, lactose, mannitol, glycine, sucrose, trehalose, hydroxyethyl starch. Exemplary
concentrations of bulking agents are from about 1% to about 10% (e.g., 1.0%, 1.5%,
2.0%,2.5%, 3.0%, 3.5%, 4.0%, 4.5%, 5.0%, 5.5%, 6.0%, 6.5%, 1.0%, 1.5%, 8.0%,
8.5%, 9.0%, 9.5%, and 10.0%). Ranges and values intermediate to the above recited

ranges and values are also contemplated to be part of the invention. The pharmaceutical
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compositions can be in the form of a sterile lyophilized powder for injection upon
reconstitution with a diluent. The diluent can be water for injection, bacteriostatic water
for injection, or sterile saline. The lyophilized powder may be produced by freeze drying
a solution of the fusion protein to produce the protein in dry form. As is known in the
art, the lyophilized protein generally has increased stability and a longer shelf-life than a
liquid solution of the protein.

Pharmaceutical formulations include those suitable for oral, rectal, nasal, topical
(including buccal and sub-lingual), vaginal or parenteral administration. Preferably, the
pharmaceutical formulations of the invention include those suitable for administration
by injection including intrathecal, intraparenchymal, intracerebral, intraventricular,
intramuscular, sub-cutaneous and intravenous administration. In one embodiment, the
formulations of the invention are suitable for intravenous administration. In another
embodiment, the formulations of the invention are suitable for intrathecal
administration. The pharmaceutical formulations of the invention also include those
suitable for administration by inhalation or insufflation. The formulations can, where
appropriate, be conveniently presented in discrete dosage units and can be prepared by
any of the methods well known in the art of pharmacy. The methods of producing the
pharmaceutical formulations typically include the step of bringing the therapeutic
proteins into association with liquid carriers or finely divided solid carriers or both and
then, if necessary, shaping the product into the desired formulation.

Recombinant human NaGlu proteins of the invention can also be formulated for
parenteral administration (e.g., by injection, for example bolus injection or continuous
infusion) and can be presented in unit dose form in ampoules, pre-filled syringes, small
volume infusion or in multi-dose containers with an added preservative. The therapeutic
proteins can be injected by, for example, subcutaneous injections, intramuscular
injections, intrathecal injections, intracerebral injections, intraparenchymal injections,
intraventricular injections, and intravenous (IV) infusions or injections.

In one embodiment, the recombinant human NaGlu protein is administered
intravenously by IV infusion by any useful method. In one example, the recombinant
human NaGlu protein can be administered by intravenous infusion through a peripheral

line. In another example, the recombinant human NaGlu protein can be administered by
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intravenous infusion through a peripherally inserted central catheter. In another
example, the recombinant human NaGlu protein can be administered by intravenous
infusion facilitated by an ambulatory infusion machine attached to a venous vascular
access port. In one embodiment of intravenous infusion, the medication is administered
over a period of 1 to 8 hours depending on the amount of medication to be infused and
the patient's previous infusion-related reaction history, as determined by a physician
skilled in the art. In another embodiment, the recombinant human NaGlu protein is
administered intravenously by IV injection. In another embodiment, the recombinant
human NaGlu protein can be administered via intraperitoneal or intrathecal injection.

In some embodiments, the therapeutic proteins are administered by infusion, and
the infusion can occur over an extended time period, for example, 30 minutes to 10
hours. Thus, the infusion can occur, for example, over a period of about 1 hour, about 2
hours, about 3 hours, about 4 hours, or about 5 hours. The infusion can also occur at
various rates. Thus, for example, the infusion rate can be about 1 mL per hour to about
20 mL per hour. In some embodiments, the infusion rate is 5 mL to 10 mL per hour. In
one embodiment, the infusionrate is 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19 or 20 mL per hour. In one embodiment, the infusion rate is 0.1 to 5 mg/kg/hr. In
one embodiment, the infusion rate is about 0.1, about 0.2, about (.3, about (.5, about
1.0, about 1.5, about 2.0, or about 3 mg/kg/hr. Ranges and values intermediate to the
above recited ranges and values are also contemplated to be part of the invention.

The therapeutic proteins can take such forms as suspensions, solutions, or
emulsions in oily or aqueous vehicles, and can contain formulatory agents such as
suspending, stabilizing and/or dispersing agents. The recombinant human NaGlu
proteins can be in powder form, obtained by aseptic isolation of sterile solid or by
Iyophilization from solution, for constitution with a suitable vehicle, e.g., sterile,
pyrogen-free water, before use.

Formulations in accordance with the present invention can be assessed based on
product quality analysis, reconstitution time (if lyophilized), quality of reconstitution (if
lyophilized), high molecular weight, moisture, and glass transition temperature.
Typically, protein quality and product analysis include product degradation rate analysis

using methods including, but not limited to, size exclusion HPLC (SE-HPLC), cation



WO 2013/055888 PCT/US2012/059708

10

15

20

25

30

_44 -

exchange-HPLC (CEX-HPLC), X-ray diffraction (XRD), modulated differential
scanning calorimetry (mDSC), reversed phase HPLC (RP-HPLC), multi-angle light
scattering (MALS), fluorescence, ultraviolet absorption, nephelometry, capillary
electrophoresis (CE), SDS-PAGE, and combinations thereof. In some embodiments,
evaluation of product in accordance with the present invention may include a step of
evaluating appearance (either liquid or cake appearance).

Generally, formulations (lyophilized or aqueous) can be stored for extended
periods of time at room temperature. Storage temperature may typically range from 0°C
to 45°C (e.g., 4°C, 20°C, 25°C or 45°C). Formulations may be stored for a period of
months to a period of years. Storage time generally will be 24 months, 12 months, 6
months, 4.5 months, 3 months, 2 months or 1 month. Formulations can be stored
directly in the container used for administration, eliminating transfer steps. Ranges and
values intermediate to the above recited ranges and values are also contemplated to be
part of the invention.

Formulations can be stored directly in the lyophilization container (if
lyophilized), which may also function as the reconstitution vessel, eliminating transfer
steps. Alternatively, lyophilized product formulations may be measured into smaller
increments for storage. Storage should generally avoid circumstances that lead to
degradation of the proteins, including but not limited to exposure to sunlight, UV
radiation, other forms of electromagnetic radiation, excessive heat or cold, rapid thermal
shock, and mechanical shock. The pharmaceutical compositions according to the
invention can also contain other active ingredients such as immunosuppressive agents,

antimicrobial agents, or preservatives, discussed in more detail below.

VII. Methods of Treatment

The present invention also provides methods of treating NaGlu-associated

diseases, e.g., Sanfilippo Syndrome B. Recombinant NaGlu employed in accordance
with the invention includes recombinant NaGlu which can be produced in any useful
protein expression system including, without limitation, cell culture (e.g., CHO cells,
COS cells), bacteria such as E. coli, transgenic animals such as mammals and avians

(e.g., chickens, duck, and turkey) and in plant systems (e.g., duck weed and tobacco
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plants). In one embodiment, the recombinant NaGlu is produced in a transgenic animal,
such as an avian.

In one embodiment, the method comprises administering to the subject a
recombinant human NaGlu protein (thNaGlu), for instance a recombinant human NaGlu
protein containing a sufficient amount of oligosaccharides (e.g., mannose and
phosphorylated mannose (i.e., M6P)), in an amount sufficient to treat (e.g., reduce,
ameliorate) or prevent one or more symptoms of a NaGlu deficiency or NaGlu
associated disease. The recombinant human NaGlu protein can be administered
therapeutically or prophylactically, or both. The recombinant human NaGlu protein
(thNaGlu) can be administered to the subject, alone or in combination with other
therapeutic modalities as described herein.

2N 19

The terms “treat,” “treating,” and “treatment” refer to methods of alleviating,
abating, or ameliorating a disease or symptom, preventing an additional symptom,
ameliorating or preventing an underlying cause of a symptom, inhibiting a disease or
condition, arresting the development of a disease or condition, relieving a disease or
condition, causing regression of a disease or condition, relieving a condition caused by
the disease or condition, or stopping a symptom of the disease or condition either
prophylactically and/or after the symptom has occurred.

“Therapeutically effective dose” as used herein refers to the dose (e.g., amount
and/or interval) of drug required to produce an intended therapeutic response (e.g.,
reduction of heparan sulfate levels and/or increase in NaGlu activity in a target tissue).
A therapeutically effective dose refers to a dose that, as compared to a corresponding
subject who has not received such a dose, results in improved treatment, healing,
prevention, or amelioration of a disease, disorder, or side effect, or a decrease in the rate
of the occurrence or advancement of a disease or disorder. The term also includes
within its scope, doses effective to enhance physiological functions.

As used herein, the term “subject” or “patient” is intended to include human and
non-human animals. Non-human animals include all vertebrates, e.g., mammals and
non-mammals, such as non-human primates, sheep, dogs, cats, cows, horses, chickens,
amphibians, and reptiles. Preferred subjects include human subjects having a NaGlu

deficiency or NaGlu associated disease.
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As used herein a “NaGlu associated disease” is a disease or condition which is
mediated by NaGlu activity or is associated with aberrant NaGlu expression or activity.
An example of an NaGlu associated disease includes, but is not limited to, NaGlu
deficiency such as Sanflippo Syndrome B (also known as mucopolysaccharidosis type
I1IB).

The therapeutic methods of the present invention encompass any route of
administration which facilitates the uptake or transport of the recombinant human NaGlu
protein into the pertinent organs and tissues. In one embodiment, the methods of the
invention include delivering the recombinant human NaGlu proteins of the invention to
the CNS (central nervous system), the kidney, or the liver of a subject for the treatment
of a NaGlu associated disease (e.g., NaGlu deficiency). For example, the recombinant
human NaGlu protein may be administered to the patient intravenously (e.g., via
intravenous injection or intravenous infusion) and surprisingly crosses the blood brain
barrier (BBB) of the subject having NaGlu deficiency. In another embodiment of the
invention, the recombinant human NaGlu protein is administered to the patient

intrathecally.

A. Device for Intrathecal Delivery

Various devices may be used for intrathecal delivery according to the present
invention. In some embodiments, a device for intrathecal administration contains a fluid
access port (e.g., injectable port); a hollow body (e.g., catheter) having a first flow
orifice in fluid communication with the fluid access port and a second flow orifice
configured for insertion into spinal cord; and a securing mechanism for securing the
insertion of the hollow body in the spinal cord. As a non-limiting example, a suitable
securing mechanism contains one or more nobs mounted on the surface of the hollow
body and a sutured ring adjustable over the one or more nobs to prevent the hollow body
(e.g., catheter) from slipping out of the spinal cord. In various embodiments, the fluid
access port comprises a reservoir. In some embodiments, the fluid access port comprises
a mechanical pump (e.g., an infusion pump). In some embodiments, an implanted
catheter is connected to either a reservoir (e.g., for bolus delivery), or an infusion pump.

The fluid access port may be implanted or external.
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In some embodiments, intrathecal administration may be performed by either
lumbar puncture (i.e., slow bolus) or via a port-catheter delivery system (i.e., infusion or
bolus). In some embodiments, the catheter is inserted between the laminae of the
lumbar vertebrae and the tip is threaded up the thecal space to the desired level
(generally 1.3-1L4).

Relative to intravenous administration, a single dose volume suitable for
intrathecal administration is typically small. Typically, intrathecal delivery according to
the present invention maintains the balance of the composition of the CSF as well as the
intracranial pressure of the subject. In some embodiments, intrathecal delivery is
performed absent the corresponding removal of CSF from a subject. In some
embodiments, a suitable single dose volume may be e.g., less than about 10 mL, 8 mL, 6
mL, 5mL,4mL, 3mL, 2ml, 1.5mL, 1 mL, or 0.5 mL. In some embodiments, a
suitable single dose volume may be about 0.5-5 mL, 0.5-4 mL., 0.5-3 mL, 0.5-2 mL, 0.5-
1 mlL, 1-3mL, 1-5mL, 1.5-3 mL, 1-4 mL, or 0.5-1.5 mL. In some embodiments,
intrathecal delivery according to the present invention involves a step of removing a
desired amount of CSF first. In some embodiments, less than about 10 mL (e.g., less
than about 9 mL, 8 mL, 7 mL, 6 mL, 5 mL, 4 mL, 3 mL, 2 mL, 1 mL) of CSF is first
removed before intrathecal administration. In those cases, a suitable single dose volume
may be e.g., more than about 3 mL, 4 mL, 5 mL, 6 mL., 7 mL, 8 mlL., 9 mL, 10 mL, 15
ml., or 20 mL. Ranges and values intermediate to the above recited ranges and values
are also contemplated to be part of the invention.

Various other devices may be used to effect intrathecal administration of a
therapeutic composition. For example, formulations containing desired enzymes may be
given using an Ommaya reservoir which is in common use for intrathecally
administering drugs for meningeal carcinomatosis (Lancet 2: 983-84, 1963). More
specifically, in this method, a ventricular tube is inserted through a hole formed in the
anterior horn and is connected to an Ommaya reservoir installed under the scalp, and the
reservoir is subcutaneously punctured to intrathecally deliver the particular enzyme
being replaced, which is injected into the reservoir. Other devices for intrathecal
administration of therapeutic compositions or formulations to an individual are

described in U.S. Pat. No. 6,217,552, the entire contents of which, as they relate to these
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devices, are incorporated herein by reference. Alternatively, the drug may be
intrathecally given, for example, by a single injection, or continuous infusion. It should
be understood that the dosage treatment may be in the form of a single dose
administration or multiple doses.

For injection, formulations of the invention can be formulated in liquid solutions.
In addition, the NaGlu enzyme may be formulated in solid form and re-dissolved or
suspended immediately prior to use. Lyophilized forms are also included. The injection
can be, for example, in the form of a bolus injection or continuous infusion (e.g., using
infusion pumps) of the NaGlu enzyme.

In one embodiment of the invention, the NaGlu enzyme is administered by
lateral cerebro ventricular injection into the brain of a subject. The injection can be
made, for example, through a burr hole made in the subject's skull. In another
embodiment, the enzyme and/or other pharmaceutical formulation is administered
through a surgically inserted shunt into the cerebral ventricle of a subject. For example,
the injection can be made into the lateral ventricles, which are larger. In some
embodiments, injection into the third and fourth smaller ventricles can also be made.

In yet another embodiment, the pharmaceutical compositions used in the present
invention are administered by injection into the cisterna magna, or lumbar area of a
subject.

In another embodiment of the method of the invention, the pharmaceutically
acceptable formulation provides sustained delivery, e.g., "slow release” of the enzyme or
other pharmaceutical composition used in the present invention, to a subject for at least
one, two, three, four weeks or longer periods of time after the pharmaceutically
acceptable formulation is administered to the subject.

As used herein, the term “sustained delivery” refers to continual delivery of a
pharmaceutical formulation of the invention in vivo over a period of time following
administration, preferably at least several days, a week or several weeks. Sustained
delivery of the composition can be demonstrated by, for example, the continued
therapeutic effect of the enzyme over time (e.g., sustained delivery of the enzyme can be

demonstrated by continued reduced amount of storage granules in the subject).
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Alternatively, sustained delivery of the enzyme may be demonstrated by detecting the

presence of the enzyme in vivo over time.

B. Intravenous Delivery

As discussed above, one of the surprising features of the present invention is that
the recombinant human NaGlu proteins of the invention are able to effectively and
extensively diffuse across the blood brain barrier (BBB) and brain surface and penetrate
various layers or regions of the brain, including deep brain regions, when administered
intravenously. The methods of the present invention effectively deliver the rhNaGlu
proteins to various tissues, neurons or cells of the central nervous system (CNS), which
are hard to target by existing CNS delivery methods. Furthermore, the methods of the
present invention deliver sufficient amounts of the recombinant human NaGlu proteins
to the blood stream and various peripheral organs and tissues.

“Intravenous injection,” often medically referred to as IV push or bolus injection,
refers to a route of administration in which a syringe is connected to the I'V access
device and the medication is injected directly, typically rapidly and occasionally up to a
period of 15 minutes if it might cause irritation of the vein or a too-rapid effect. Once a
medicine has been injected into the fluid stream of the IV tubing, there must be some
means of ensuring that it gets from the tubing to the patient. Usually this is
accomplished by allowing the fluid stream to flow normally and thereby carry the
medicine into the bloodstream. However, in some cases a second fluid injection,
sometimes called a “flush,” is used following the first injection to facilitate the entering
of the medicine into the bloodstream.

“Intravenous infusion” refers to a route of administration in which medication is
delivered over an extended period of time. For example, the medication can be
delivered to a patient over a period of time between 1 and 8 hours. The medication can
also be delivered to a patient over a period of about 1, about 2, about 3, about 4, about 5,
about 6, about 7, or about 8 hours. To accomplish an intravenous infusion, an IV gravity
drip or an IV pump can be used. IV infusion is typically used when a patient requires

medications only at certain times and does not require additional intravenous fluids (e.g.,
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water solutions which can contain sodium, chloride, glucose, or any combination

thereof) such as those that restore electrolytes, blood sugar, and water loss.

C. Target Tissues

In some embodiments, the thNaGlu of the invention is delivered to the central
nervous system (CNS) of a subject. In some embodiments, the rhNaGlu of the invention
is delivered to one or more of target tissues of brain, spinal cord, and/or peripheral
organs. As used herein, the term "target tissue" refers to any tissue that is affected by
the NaGlu associated disease to be treated or any tissue in which the deficient NaGlu is
normally expressed. In some embodiments, target tissues include those tissues in which
there is a detectable or abnormally high amount of enzyme substrate, for example stored
in the cellular lysosomes of the tissue, in patients suffering from or susceptible to the
NaGlu associated disease. In some embodiments, target tissues include those tissues
that display a disease-associated pathology, symptom, or feature. In some embodiments,
target tissues include those tissues in which the deficient NaGlu is normally expressed at
an elevated level. As used herein, a target tissue may be a brain target tissue, a spinal
cord target tissue and/or a peripheral target tissue. Exemplary target tissues are described

in detail below.

D. Brain Target Tissues

In general, the brain can be divided into different regions, layers and tissues. For
example, meningeal tissue is a system of membranes which envelops the central nervous
system, including the brain. The meninges contain three layers, including dura matter,
arachnoid matter, and pia matter. In general, the primary function of the meninges and
of the cerebrospinal fluid is to protect the central nervous system. In some
embodiments, a therapeutic protein in accordance with the present invention is delivered
to one or more layers of the meninges.

The brain has three primary subdivisions, including the cerebrum, cerebellum,
and brain stem. The cerebral hemispheres, which are situated above most other brain

structures and are covered with a cortical layer. Underneath the cerebrum lies the
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brainstem, which resembles a stalk on which the cerebrum is attached. At the rear of the
brain, beneath the cerebrum and behind the brainstem, is the cerebellum.

The diencephalon, which is located near the midline of the brain and above the
mesencephalon, contains the thalamus, metathalamus, hypothalamus, epithalamus,
prethalamus, and pretectum. The mesencephalon, also called the midbrain, contains the
tectum, tegumentum, ventricular mesocoelia, and cerebral peduncels, the red nucleus,
and the cranial nerve III nucleus. The mesencephalon is associated with vision, hearing,
motor control, sleep/wake, alertness, and temperature regulation.

Regions of tissues of the central nervous system, including the brain, can be
characterized based on the depth of the tissues. For example, CNS (e.g., brain) tissues
can be characterized as surface or shallow tissues, mid-depth tissues, and/or deep tissues.

According to the present invention, the thNaGlu of the invention may be
delivered to any appropriate brain target tissue(s) associated with a particular disease to
be treated in a subject. In some embodiments, the rhNaGlu of the invention is delivered
to surface or shallow brain target tissue. In some embodiments, the rhNaGlu of the
invention is delivered to mid-depth brain target tissue. In some embodiments, the
rhNaGlu of the invention is delivered to deep brain target tissue. In some embodiments,
the rhNaGlu of the invention is delivered to a combination of surface or shallow brain
target tissue, mid-depth brain target tissue, and/or deep brain target tissue. In some
embodiments, the rhNaGlu of the invention is delivered to a deep brain tissue at least 4
mm, 5 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm or more below (or internal to) the
external surface of the brain. Ranges and values intermediate to the above recited ranges
and values are also contemplated to be part of the invention.

In some embodiments, the rhNaGlu of the invention is delivered to one or more
surface or shallow tissues of cerebrum. In some embodiments, the targeted surface or
shallow tissues of the cerebrum are located within 4 mm from the surface of the
cerebrum. In some embodiments, the targeted surface or shallow tissues of the cerebrum
are selected from pia mater tissues, cerebral cortical ribbon tissues, hippocampus,
Virchow Robin space, blood vessels within the VR space, the hippocampus, portions of
the hypothalamus on the inferior surface of the brain, the optic nerves and tracts, the

olfactory bulb and projections, and combinations thereof.
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In some embodiments, the rhNaGlu of the invention is delivered to one or more
deep tissues of the cerebrum. In some embodiments, the targeted surface or shallow
tissues of the cerebrum are located at least 4 mm (e.g., 5 mm, 6 mm, 7 mm, 8 mm, 9
mm, or 10 mm) below (or internal to) the surface of the cerebrum. In some
embodiments, targeted deep tissues of the cerebrum include the cerebral cortical ribbon.
In some embodiments, targeted deep tissues of the cerebrum include one or more of the
diencephalon (e.g., the hypothalamus, thalamus, prethalamus or subthalamus),
metencephalon, lentiform nuclei, the basal ganglia, caudate, putamen, amygdala, globus
pallidus, and combinations thereof.

In some embodiments, the rhNaGlu of the invention is delivered to one or more
tissues of the cerebellum. In certain embodiments, the targeted one or more tissues of
the cerebellum are selected from the group consisting of tissues of the molecular layer,
tissues of the Purkinje cell layer, tissues of the Granular cell layer, cerebellar peduncles,
and combination thereof. In some embodiments, therapeutic agents (e.g., enzymes) are
delivered to one or more deep tissues of the cerebellum including, but not limited to,
tissues of the Purkinje cell layer, tissues of the Granular cell layer, deep cerebellar white
matter tissue (e.g., deep relative to the Granular cell layer), and deep cerebellar nuclei
tissue.

In some embodiments, the rhNaGlu of the invention is delivered to one or more
tissues of the brainstem. In some embodiments, the targeted one or more tissues of the
brainstem include brain stem white matter tissue and/or brain stem nuclei tissue.

In some embodiments, the rhNaGlu of the invention is delivered to various brain
tissues including, but not limited to, gray matter, white matter, periventricular areas, pia-
arachnoid, meninges, neocortex, cerebellum, deep tissues in cerebral cortex, molecular
layer, caudate/putamen region, midbrain, deep regions of the pons or medulla, and
combinations thereof.

In some embodiments, the rhNaGlu of the invention is delivered to various cells
in the brain including, but not limited to, neurons, glial cells, perivascular cells and/or
meningeal cells. In some embodiments, a therapeutic protein is delivered to

oligodendrocytes of deep white matter.
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E. Spinal Cord Target Tissue

In general, regions or tissues of the spinal cord can be characterized based on the
depth of the tissues. For example, spinal cord tissues can be characterized as surface or
shallow tissues, mid-depth tissues, and/or deep tissues.

In some embodiments, the thNaGlu of the invention are delivered to one or more
surface or shallow tissues of the spinal cord. In some embodiments, a targeted surface
or shallow tissue of the spinal cord is located within 4 mm from the surface of the spinal
cord. In some embodiments, a targeted surface or shallow tissue of the spinal cord
contains pia matter and/or the tracts of white matter.

In some embodiments, the thNaGlu of the invention are delivered to one or more
deep tissues of the spinal cord. In some embodiments, a targeted deep tissue of the
spinal cord is located internal to 4 mm from the surface of the spinal cord. In some
embodiments, a targeted deep tissue of the spinal cord contains spinal cord grey matter
and/or ependymal cells.

In some embodiments, replacement enzymes (e.g., a NaGlu fusion protein) are

delivered to neurons of the spinal cord.

F. Peripheral Target Tissues

As used herein, peripheral organs or tissues refer to any organs or tissues that are
not part of the central nervous system (CNS). Peripheral target tissues may include, but
are not limited to, blood system, liver, kidney, heart, endothelium, bone marrow and
bone marrow derived cells, spleen, lung, lymph node, bone, cartilage, ovary and testis.
In some embodiments, the thNaGlu of the invention is delivered to one or more of the

peripheral target tissues.

(5. Biodistribution and Bioavailability

In various embodiments, once delivered to the target tissue, the thNaGlu of the
invention is localized intracellularly. For example, the thNaGlu of the invention may be
localized to exons, axons, lysosomes, mitochondria or vacuoles of a target cell (e.g.,
neurons such as Purkinje cells). For example, in some embodiments the rhNaGlu of the

invention demonstrates translocation dynamics such that the thNaGlu moves within the
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perivascular space (e.g., by pulsation-assisted convective mechanisms). In addition,
active axonal transport mechanisms relating to the association of the administered
protein or enzyme with neurofilaments may also contribute to or otherwise facilitate the
distribution of the rhNaGlu proteins of the invention into the deeper tissues of the central
nervous system.

In some embodiments, the thNaGlu of the invention delivered according to the
present invention may achieve therapeutically or clinically effective levels or activities
in various targets tissues described herein. As used herein, a therapeutically or clinically
effective level or activity is a level or activity sufficient to confer a therapeutic effect in
a target tissue. The therapeutic effect may be objective (i.e., measurable by some test or
marker) or subjective (i.e., subject gives an indication of or feels an effect). For
example, a therapeutically or clinically effective level or activity may be an enzymatic
level or activity that is sufficient to ameliorate symptoms associated with the disease in
the target tissue (e.g., GAG storage).

In some embodiments, the thNaGlu of the invention delivered according to the
present invention may achieve an enzymatic level or activity that is at least 5%, 10%,
20%, 30%, 40%. 50%, 60%, 70%, 80%, 90%, 91%., 92%, 93%, 94%, 95%, 96%. 97%,
98% or 99% of the normal level or activity of the corresponding NaGlu enzyme in the
target tissue. In some embodiments, the rhNaGlu of the invention delivered according to
the present invention may achieve an enzymatic level or activity that is increased by at
least 1-fold, 2-fold, 3 -fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold or 10-fold as
compared to a control (e.g., endogenous levels or activities without the treatment). In
some embodiments, the rhNaGlu delivered according to the present invention may
achieve an increased enzymatic level or activity at least approximately 10 nmol/hr/mg,
20 nmol/hr/mg, 40 nmol/hr/mg, 50 nmol/hr/mg, 60 nmol/hr/mg, 70 nmol/hr/mg, 80
nmol/hr/mg, 90 nmol/hr/mg, 100 nmol/hr/mg, 150 nmol/hr/mg, 200 nmol/hr/mg, 250
nmol/hr/mg, 300 nmol/hr/mg, 350 nmol/ht/mg, 400 nmol/hr/mg, 450 nmol/hr/mg, 500
nmol/hr/mg, 550 nmol/hr/mg or 600 nmol/hr/mg in a target tissue. Ranges and values
intermediate to the above recited ranges and values are also contemplated to be part of

the invention.
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In some embodiments, inventive methods according to the present invention are
particularly useful for targeting the lumbar region. In some embodiments, the thNaGlu
delivered according to the present invention may achieve an increased enzymatic level
or activity in the lumbar region of at least approximately 500 nmol/hr/mg, 600
nmol/hr/mg, 700 nmol/hr/mg, 800 nmol/hr/mg, 900 nmol/hr/mg, 1000 nmol/hr/mg, 1500
nmol/hr/mg, 2000 nmol/hr/mg, 3000 nmol/hr/mg, 4000 nmol/hr/mg, 5000 nmol/hr/mg,
6000 nmol/hr/mg, 7000 nmol/hr/mg, 8000 nmol/hr/mg, 9000 nmol/hr/mg, or 10,000
nmol/hr/mg. Ranges and values intermediate to the above recited ranges and values are
also contemplated to be part of the invention.

In general, therapeutic agents (e.g., the thNaGlu) delivered according to the
present invention have sufficiently long half time in CSF and target tissues of the brain,
spinal cord, and peripheral organs. In some embodiments, the rhNaGlu delivered
according to the present invention may have a half-life of at least approximately 30
minutes, 45 minutes, 60 minutes, 90 minutes, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours,
7 hours, 8 hours, 9 hours, 10 hours, 12 hours, 16 hours, 18 hours, 20 hours, 25 hours, 30
hours, 35 hours, 40 hours, up to 3 days, up to 7 days, up to 14 days, up to 21 days or up
to a month. In some embodiments, In some embodiments, the thNaGlu delivered
according to the present invention may retain detectable level or activity in CSF or
bloodstream after 12 hours, 24 hours, 30 hours, 36 hours, 42 hours, 48 hours, 54 hours,
60 hours, 66 hours, 72 hours, 78 hours, 84 hours, 90 hours, 96 hours, 102 hours, or a
week following administration. Detectable level or activity may be determined using
various methods known in the art. Ranges and values intermediate to the above recited
ranges and values are also contemplated to be part of the invention.

In certain embodiments, the rhNaGlu delivered according to the present invention
achieves a concentration of at least 30pg/mL in the CNS tissues and cells of the subject
following administration (e.g., one week, 3 days, 48 hours, 36 hours, 24 hours, 18 hours,
12 hours, 8 hours, 6 hours, 4 hours, 3 hours, 2 hours, 1 hour, 30 minutes, or less,
following administration of the pharmaceutical composition to the subject). In certain
embodiments, the thNaGlu delivered according to the present invention achieves a
concentration of at least 2 pg/mlL, at least 15 pg/ml., at least 1 pg/ml., at least 7 pg/mlL,
at least 5 pg/mlL, at least 2 ng/ml., at least I pg/mL or at least 0.5 pg/mL in the targeted
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tissues or cells of the subject(e.g., brain tissues or neurons) following administration to
such subject (e.g., one week, 3 days, 48 hours, 36 hours, 24 hours, 18 hours, 12 hours, 8
hours, 6 hours, 4 hours, 3 hours, 2 hours, 1 hour, 30 minutes, or less following
administration of such pharmaceutical compositions to the subject). Ranges and values
intermediate to the above recited ranges and values are also contemplated to be part of

the invention.

H. Treatment of Sanfilippo Syndrome

Sanfilippo syndrome, or mucopolysaccharidosis III (MPS III), is a rare genetic
disorder characterized by the deficiency of enzymes involved in the degradation of
glycosaminoglycans (GAG). In the absence of enzyme, partially degraded GAG
molecules cannot be cleared from the body and accumulate in lysosomes of various
tissues, resulting in progressive widespread somatic dysfunction (Neufeld and Muenzer,
2001).

Four distinct forms of MPS III, designated MPS IIIA, B, C, and D, have been
identified. Each represents a deficiency in one of four enzymes involved in the
degradation of the GAG heparan sulfate. All forms include varying degrees of the same
clinical symptoms, including coarse facial features, hepatosplenomegaly, corneal
clouding and skeletal deformities. Most notably, however, is the severe and progressive
loss of cognitive ability, which is tied not only to the accumulation of heparan sulfate in
neurons, but also the subsequent elevation of the gangliosides GM2, GM3 and GD2
caused by primary GAG accumulation (Walkley 1998).

Mucopolysaccharidosis type IIIB (MPS IIIB; Sanfilippo syndrome B) is an
autosomal recessive disorder that is characterized by a deficiency of the enzyme alpha-
N-acetyl-glucosaminidase (NaGlu). In the absence of this enzyme, GAG heparan sulfate
accumulates in lysosomes of neurons and glial cells, with lesser accumulation outside
the brain.

A defining clinical feature of this disorder is central nervous system (CNS)
degeneration, which results in loss of, or failure to attain, major developmental

milestones. The progressive cognitive decline culminates in dementia and premature
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mortality. The disease typically manifests itself in young children, and the lifespan of an
affected individual generally does not extend beyond late teens to early twenties.

Compositions and methods of the present invention may be used to effectively
treat individuals suffering from or susceptible to Sanfilippo syndrome B. The terms,
“treat” or “treatment,” as used herein, refers to amelioration of one or more symptoms
associated with the disease, prevention or delay of the onset of one or more symptoms of
the disease, and/or lessening of the severity or frequency of one or more symptoms of
the disease.

In some embodiments, treatment refers to partial or complete alleviation,
amelioration, relief, inhibition, delaying onset, reducing severity and/or incidence of
neurological impairment in a Sanfilippo syndrome B patient. As used herein, the term
“neurological impairment” includes various symptoms associated with impairment of
the central nervous system (e.g., the brain and spinal cord). Symptoms of neurological
impairment may include, for example, developmental delay, progressive cognitive
impairment, hearing loss, impaired speech development, deficits in motor skills,
hyperactivity, aggressiveness and/or sleep disturbances, among others.

Thus, in some embodiments, treatment refers to decreased lysosomal storage
(e.g., of GAG) in various tissues. In some embodiments, treatment refers to decreased
lysosomal storage in brain target tissues, spinal cord neurons, and/or peripheral target
tissues. In certain embodiments, lysosomal storage is decreased by about 5%, 10%, 15%,
20%, 25%, 30%. 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 15%, 80%, 85%, 90%,
95%, 100% or more as compared to a control. In some embodiments, lysosomal storage
is decreased by at least 1-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold
or 10-fold as compared to a control. In some embodiments, lysosomal storage is
determined by LAMP-1 staining. Ranges and values intermediate to the above recited
ranges and values are also contemplated to be part of the invention.

In some embodiments, treatment refers to reduced vacuolization in neurons
(e.g., neurons containing Purkinje cells). In certain embodiments, vacuolization in
neurons is decreased by about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 10%, 715%, 80%, 85%, 90%, 95%, 100% or more as compared to a

control. In some embodiments, vacuolization is decreased by at least 1-fold, 2-fold, 3-
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fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold or 10-fold as compared to a control.
Ranges and values intermediate to the above recited ranges and values are also
contemplated to be part of the invention.

In some embodiments, treatment refers to increased NaGlu enzyme activity in
various tissues. In some embodiments, treatment refers to increased NaGlu enzyme
activity in brain target tissues, spinal cord neurons and/or peripheral target tissues. In
some embodiments, NaGlu enzyme activity is increased by about 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%., 10%, 15%, 80%, 85%, 9%, 95%,
100%, 200%, 300%, 400%, 500%, 600%, 700%, 800%, 900% 1000% or more as
compared to a control. In some embodiments, NaGlu enzyme activity is increased by at
least 1-fold, 2-fold, 3 -fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold or 10-fold as
compared to a control. In some embodiments, increased NaGlu enzymatic activity is at
least approximately 10 nmol/hr/mg, 20 nmol/hr/mg, 40 nmol/hr/mg, 50 nmol/hr/mg, 60
nmol/hr/mg, 70 nmol/hr/mg, 80 nmol/hr/mg, 90 nmol/hr/mg, 100 nmol/hr/mg, 150
nmol/hr/mg, 200 nmol/hr/mg, 250 nmol/hr/mg, 300 nmol/hr/mg, 350 nmol/hr/mg, 400
nmol/hr/mg, 450 nmol/hr/mg, 500 nmol/hr/mg, 550 nmol/hr/mg, 600 nmol/hr/mg or
more. In some embodiments, NaGlu enzymatic activity is increased in the lumbar
region. In some embodiments, increased NaGlu enzymatic activity in the lumbar region
is at least approximately 2000 nmol/hr/mg, 3000 nmol/hr/mg, 4000 nmol/hr/mg, 5000
nmol/hr/mg, 6000 nmol/hr/mg, 7000 nmol/hr/mg, 8000 nmol/hr/mg, 9000 nmol/hr/mg,
10,000 nmol/hr/mg, or more. Ranges and values intermediate to the above recited
ranges and values are also contemplated to be part of the invention.

In certain embodiments, treatment according to the present invention results in a
reduction (e.g., about a 5%, 10%, 15%, 20%, 25%, 30%. 40%, 50%, 55%, 60%, 65%,
70%, 715%, 80%, 90%, 95%, 97.5%, 99% or more reduction) or a complete elimination
of the presence, or alternatively the accumulation, of one or more pathological or
biological markers which are associated with the NaGlu associated disease. Such
reduction or elimination may be particularly evident in the cells and tissues of the CNS
(e.g., neurons and oligodendrocytes). For example, in some embodiments, upon
administration to a subject the pharmaceutical compositions of the present invention

demonstrate or achieve a reduction in the accumulation of the biomarker lysosomal
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associated membrane protein 1 (LAMPI) in the CNS cells and tissues of the subject
(e.g., in the cerebral cortex, cerebellum, caudate nucleus and putamen, white matter
and/or thalamus). LAMPI is a glycoprotein highly expressed in lysosomal membranes
and its presence is elevated many patients with a lysosomal storage disorder (Meikle et
al., Clin. Chem. (1997) 43:1325-1335). The presence or absence of LAMP 1 in patients
(e.g., as determined by LAMP staining) with a lysosomal storage disease therefore may
provide a useful indicator of lysosomal activity and a marker for both the diagnosis and
monitoring of lysosomal storage diseases.

Accordingly, some embodiments of the present invention relate to methods of
reducing or otherwise eliminating the presence or accumulation of one or more
pathological or biological markers associated with the NaGlu associated disease.
Similarly, some embodiments of the invention relate to methods of increasing the
degradation (or the rate of degradation) of one or more pathological or biological
markers (e.g., LAMP1) associated with lysosomal storage diseases.

In some embodiments, treatment refers to decreased progression of loss of
cognitive ability. In certain embodiments, progression of loss of cognitive ability is
decreased by about 5%, 10%, 15%, 20%., 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 710%, 715%, 80%, 85%, 90%, 95%, 100% or more as compared to a control. In
some embodiments, treatment refers to decreased developmental delay. In certain
embodiments, developmental delay is decreased by about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 75%, 80%, 85%., 90%, 95%, 100%
or more as compared to a control. Ranges and values intermediate to the above recited
ranges and values are also contemplated to be part of the invention.

In some embodiments, treatment refers to increased survival (e.g., survival time).
For example, treatment can result in an increased life expectancy of a patient. In some
embodiments, treatment according to the present invention results in an increased life
expectancy of a patient by more than about 5%, about 10%, about 15%, about 20%,
about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, about 100%, about 105%, about 1 10%, about 115%, about 120%, about
125%, about 130%, about 135%, about 140%, about 145%, about 150%, about 155%,
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about 160%, about 165%, about 170%, about 175%, about 180%, about 185%, about
190%, about 195%, about 200% or more, as compared to the average life expectancy of
one or more control individuals with similar disease without treatment. In some
embodiments, treatment according to the present invention results in an increased life
expectancy of a patient by more than about 6 month, about 7 months, about 8§ months,
about 9 months, about 10 months, about 11 months, about 12 months, about 2 years,
about 3 years, about 4 years, about 5 years, about 6 years, about 7 years, about 8§ years,
about 9 years, about 10 years or more, as compared to the average life expectancy of one
or more control individuals with similar disease without treatment. In some
embodiments, treatment according to the present invention results in long term survival
of a patient. As used herein, the term "long term survival” refers to a survival time or life
expectancy longer than about 40 years, 45 years, 50 years, 55 years, 60 years, or longer.
Ranges and values intermediate to the above recited ranges and values are also
contemplated to be part of the invention.

The terms, “improve,” “increase” or “reduce,” as used herein, indicate values
that are relative to a control. In some embodiments, a suitable control is a baseline
measurement, such as a measurement in the same individual prior to initiation of the
treatment described herein, or a measurement in a control individual (or multiple control
individuals) in the absence of the treatment described herein. A "control individual" is an
individual afflicted with Sanfilippo syndrome B, who is about the same age and/or
gender as the individual being treated (to ensure that the stages of the disease in the
treated individual and the control individual(s) are comparable).

The individual (also referred to as “patient” or “subject”) being treated is an
individual (fetus, infant, child, adolescent, or adult human) having Sanfilippo syndrome
B or having the potential to develop Sanfilippo syndrome B. The individual can have
residual endogenous NaGlu expression and/or activity, or no measurable activity. For
example, the individual having Sanfilippo Syndrome B may have NaGlu expression
levels that are less than about 30-50%, less than about 25-30%, less than about 20-25%,
less than about 15-20%, less than about 10-15%, less than about 5-10%, less than about
0.1-5% of normal NaGlu expression levels. Ranges and values intermediate to the

above recited ranges and values are also contemplated to be part of the invention.
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In some embodiments, the individual is an individual who has been recently
diagnosed with the disease. Typically, early treatment (treatment commencing as soon as
possible after diagnosis) is important to minimize the effects of the disease and to

maximize the benefits of treatment.

I. Combination Therapies

Recombinant human NaGlu proteins, for instance a recombinant human NaGlu
protein containing a sufficient amount of oligosaccharides (e.g., mannose and
phosphorylated mannose (i.e., M6P)), can be used alone or in combination to treat
NaGlu associated diseases (e.g., Sanfilippo Syndrome B). It should be understood that
the recombinant human NaGlu proteins of the invention can be used alone or in
combination with an additional procedure, e.g., surgical procedure, or agent, e.g.,
therapeutic agent, the additional procedure or agent being selected by the skilled artisan
for its intended purpose. For instance, the additional procedure or agent can be a
therapeutic procedure or agent art-recognized as being useful to treat the disease or
condition being treated by the recombinant human NaGlu protein of the present
invention. The additional procedure or agent also can be an agent that imparts a
beneficial attribute to the therapeutic composition, e.g., an agent which affects the
viscosity of the composition.

It should also be understood that the combinations which are included within this
invention are those combinations useful for their intended purpose. The agents and
procedures set forth below are for illustrative purposes and not intended to be limiting to
the present invention. The combinations, which are part of this invention, can be the
recombinant human NaGlu proteins of the present invention and at least one additional
agent or procedure selected from the lists below. The combination can also include
more than one additional agent or procedure, e.g., two or three additional agents if the
combination is such that the formed composition can perform its intended function.

The combination therapy can include surgical procedures, gene therapy, or
enzyme-replacement therapy. Additionally, the recombinant human NaGlu protein can

be coformulated with one or more additional therapeutic agents, e.g., other recombinant
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proteins or antibodies or drugs capable of preventing or reducing the accumulation of
undegraded substrates (e.g., substrate reduction therapy).

In one or more embodiments, the combination therapy can include co-
administration with immunosuppresants, as discussed in further detail below.
Immunosuppresants such as, but not limited to, antihistamines, corticosteroids,
sirolimus, voclosporin, ciclosporin, methotrexate, IL-2 receptor directed antibodies, T-
cell receptor directed antibodies, TNF-alpha directed antibodies or fusion proteins (e.g.,
infliximab, etanercept, or adalimumab), CTLA-4-Ig (e.g., abatacept), anti-OX-40
antibodies can also be administered before, during, or after administration of a
recombinant human protein, such as a recombinant human NaGlu protein, for example,
if an anaphylactic reaction or adverse immune response is expected or experienced by a

patient.

J. Immunogenicity

The pharmaceutical compositions of the present invention are characterized by
their tolerability. As used herein, the terms “tolerable” and “tolerability” refer to the
ability of the pharmaceutical compositions of the present invention to not elicit an
adverse reaction in the subject to whom such composition is administered, or
alternatively not to elicit a serious adverse reaction in the subject to whom such
composition is administered. In some embodiments, the pharmaceutical compositions of
the present invention are well tolerated by the subject to whom such compositions is
administered.

Generally, administration of a rhNaGlu protein according to the present
invention does not result in severe adverse effects in the subject. As used herein, severe
adverse effects induce, but are not limited to, substantial immune response, toxicity, or
death. As used herein, the term ““substantial immune response” refers to severe or
serious immune responses, such as adaptive T-cell immune responses.

Thus, in many embodiments, inventive methods according to the present
invention do not involve concurrent immunosuppressant therapy (i.e., any
immunosuppressant therapy used as pre-treatment/pre-conditioning or in parallel to the

method). In some embodiments, inventive methods according to the present invention
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do not involve an immune tolerance induction in the subject being treated. In some
embodiments, inventive methods according to the present invention do not involve a
pre-treatment or preconditioning of the subject using T-cell immunosuppressive agent.

However, in some embodiments, a subject mounts an immune response after
being administered the thNaGlu of the invention. Thus, in some embodiments, it may be
useful to render the subject receiving the thNaGlu of the invention tolerant to the
enzyme replacement therapy. Immune tolerance may be induced using various methods
known in the art. For example, an initial 30-60 day regimen of a T-cell
immunosuppressive agent such as cyclosporin A (CsA) and an antiproliferative agent,
such as, azathioprine (Aza), combined with weekly intrathecal infusions of low doses of
a desired replacement enzyme may be used.

Any immunosuppressant agent known to the skilled artisan may be employed
together with a combination therapy of the invention. Such immunosuppressant agents
include but are not limited to cyclosporine, FK506, rapamycin, CTLLA4-Ig, and anti-TNF
agents such as etanercept (see e.g., Moder, 2000, Ann. Allergy Asthma Immunol. 84,
280-284; Nevins, 2000, Curr. Opin. Pediatr. 12, 146-150; Kurlberg et al., 2000, Scand. J.
Immunol. 51, 224-230; Ideguchi et al., 2000, Neuroscience 95, 217-226; Potteret al.,
1999, Ann. N.Y. Acad. Sci. 875, 159-174; Slavik et al., 1999, Immunol. Res. 19, 1-24;
Gaziev et al., 1999, Bone Marrow Transplant. 25, 689-696; Henry, 1999, Clin.
Transplant. 13, 209-220; Gummert et al., 1999, J. Am. Soc. Nephrol. 10, 1366-1380; Qi
et al., 2000, Transplantation 69, 1275-1283). The anti-IL.2 receptor (a-subunit) antibody
daclizumab (e.g., Zenapax "), which has been demonstrated effective in transplant
patients, can also be used as an immunosuppressant agent (see e.g., Wiseman et al.,
1999, Drugs 58, 1029-1042; Beniaminovitz et al., 2000, N. Engl J. Med. 342, 613-619;
Ponticelli et al., 1999, Drugs R. D. 1, 55-60; Berard et al., 1999, Pharmacotherapy 19, 1
127-1 137; Eckhoff et al., 2000, Transplantation 69, 1867-1872; Ekberg et al., 2000,
Transpl. Int. 13, 151-159). Additional immunosuppressant agents include but are not
limited to anti-CD2 (Branco et al., 1999, Transplantation 68, 1588-1596; Przepiorka et
al., 1998, Blood 92, 4066-4071), anti-CD4 (Marinova-Mutafchieva et al., 2000, Arthritis
Rheum. 43, 638-644; Fishwild et al., 1999, Clin. Immunol. 92, 138-152), and anti-CD40
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ligand (Hong et al., 2000, Semin. Nephrol. 20, 108-125; Chirmule et al., 2000, J. Virol.
74, 3345-3352; Ito et al., 2000, J. Immunol. 164, 1230-1235).

In other embodiments, the invention includes methods comprising co-
administration of the NaGlu proteins of the present invention with agents which
decrease or suppress an immune response to the NaGlu protein, e.g.,
immunosuppresants. Immunosuppresants such as, but not limited to, antihistamines,
corticosteroids, sirolimus, voclosporin, ciclosporin, methotrexate, IL.-2 receptor directed
antibodies, T-cell receptor directed antibodies, TNF-alpha directed antibodies or fusion
proteins (e.g., infliximab, etanercept, or adalimumab), CTLA-4-Ig (e.g., abatacept), anti-
0X-40 antibodies can also be administered before, during, or after administration of a
recombinant human protein, such as a recombinant human NaGlu protein, for example,
if an anaphylactic reaction or adverse immune response is expected or experienced by a
patient.

In one embodiment, the invention provides for a pretreatment procedure to
minimize or prevent any potential anaphylactic reactions that can be incurred by
administration of the recombinant protein in accordance with the invention. In one
embodiment, to prevent a potential anaphylactic reaction, an H-1 receptor antagonist,
also known as an antihistamine (e.g., diphenhydramine) is administered to the patient.
In one embodiment, the H-1 receptor antagonist is administered in a dose of about 1 mg
to about 10 mg per kilogram of body weight. For example, an antihistamine can be
administered in a dose of about 5 mg per kilogram. In one embodiment, the
antihistamine is administered in a dose of between about 0.1 mg and about 10 mg per
kilogram of body weight. In one embodiment, the antihistamine is administered in a
dose between about 1 mg and about 5 mg per kilogram of body weight. For example the
dose can be 1 mg, 2 mg, 3 mg, 4 mg, or 5 mg per kilogram of body weight. The
antihistamine can be administered by any useful method. In one embodiment, the
antihistamine is administered intravenously. In another embodiment, the antihistamine
is administered in pharmaceutically acceptable capsules.

Administration of the antihistamine can be prior to the administration of the
recombinant NaGlu in accordance with the invention. In one embodiment, the H-1

receptor antagonist is administered about 10 to about 90 minutes, for example, about 30
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to about 60) minutes prior to the administration of recombinant NaGlu. The H-1 receptor
antagonist can be administered using an ambulatory system connected to a vascular
access port. In one embodiment, the antihistamine is administered about 90 minutes
prior to the administration of recombinant NaGlu. In one embodiment, the antihistamine
is administered between about 10 and about 60 minutes prior to the administration of
recombinant NaGlu. In another embodiment, the antihistamine is administered between
about 20 and about 40 minutes prior to administering recombinant NaGlu. For example,
the antihistamine can be administered 20, 25, 30, 35, or 40 minutes prior to the
administration of recombinant NaGlu.

In one embodiment, the antihistamine administered is diphenhydramine. Any
useful antihistamine can be used. Such antihistamines include, without limitation,
clemastine, doxylamine, loratidine, desloratidine, fexofenadine, pheniramine, cetirizine,
ebastine, promethazine, chlorpheniramine, levocetirizine, olopatadine, quetiapine,
meclizine, dimenhydrinate, embramine, dimethidene, and dexchloropheniramine.

In another embodiment, with reference to intravenous infusion, the potential for
anaphylactic reactions can be reduced by administering the infusions using a ramp-up
protocol. In this context, a ramp-up protocol refers to slowly increasing the rate of the
infusion over the course of the infusion in order to desensitize the patient to the infusion

of the medication.

K. Administration

The methods of the present invention contemplate single as well as multiple
administrations of a therapeutically effective amount of the thNaGlu of the invention
described herein. The rhNaGlu of the invention can be administered at regular intervals,
depending on the nature, severity and extent of the subject's condition. In some
embodiments, a therapeutically effective amount of the thNaGlu protein of the present
invention may be administered intravenously or intrathecally periodically at regular
intervals (e.g., once every year, once every six months, once every five months, once
every three months, bimonthly (once every two months), monthly (once every month),

biweekly (once every two weeks) or weekly).
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In some embodiments, intrathecal administration may be used in conjunction
with other routes of administration (e.g., intravenous, subcutaneously, intramuscularly,
parenterally, trans dermally, or transmucosally (e.g., orally or nasally)). In some
embodiments, those other routes of administration (e.g., intravenous administration) may
be performed no more frequent than biweekly, monthly, once every two months, once
every three months, once every four months, once every five months, once every six
months, annually administration.

As used herein, the term "therapeutically effective amount" is largely determined
based on the total amount of the therapeutic agent contained in the pharmaceutical
compositions of the present invention. Generally, a therapeutically effective amount is
sufficient to achieve a meaningful benefit to the subject (e.g., treating, modulating,
curing, preventing and/or ameliorating the underlying disease or condition). For
example, a therapeutically effective amount may be an amount sufficient to achieve a
desired therapeutic and/or prophylactic effect, such as an amount sufficient to modulate
lysosomal enzyme receptors or their activity to thereby treat such lysosomal storage
disease or the symptoms thereof (e.g., a reduction in or elimination of the presence or
incidence of “zebra bodies™ or cellular vacuolization following the administration of the
compositions of the present invention to a subject). Generally, the amount of a
therapeutic agent (e.g., the rhNaGlu of the invention) administered to a subject in need
thereof will depend upon the characteristics of the subject. Such characteristics include
the condition, disease severity, general health, age, sex and body weight of the subject.
One of ordinary skill in the art will be readily able to determine appropriate dosages
depending on these and other related factors. In addition, both objective and subjective
assays may optionally be employed to identify optimal dosage ranges.

A therapeutically effective amount is commonly administered in a dosing
regimen that may comprise multiple unit doses. For any particular therapeutic protein, a
therapeutically effective amount (and/or an appropriate unit dose within an effective
dosing regimen) may vary, for example, depending on route of administration, on
combination with other pharmaceutical agents. Also, the specific therapeutically
effective amount (and/or unit dose) for any particular patient may depend upon a variety

of factors including the disorder being treated and the severity of the disorder; the



WO 2013/055888 PCT/US2012/059708

10

15

20

25

30

-67 -

activity of the specific pharmaceutical agent employed; the specific composition
employed; the age, body weight, general health, sex and diet of the patient; the time of
administration, route of administration, and/or rate of excretion or metabolism of the
specific fusion protein employed; the duration of the treatment; and like factors as is
well known in the medical arts.

In some embodiments, the therapeutically effective dose ranges from about 0.005
mg/kg body weight to 500 mg/kg body weight, e.g., from about 0.005 mg/kg body
weight to 400 mg/kg body weight, from about 0.005 mg/kg body weight to 300 mg/kg
body weight, from about 0.005 mg/kg body weight to 200 mg/kg body weight, from
about 0.005 mg/kg body weight to 100 mg/kg body weight, from about 0.005 mg/kg
body weight to 90 mg/kg body weight, from about 0.005 mg/kg body weight to 80
mg/kg body weight, from about 0.005 mg/kg body weight to 70 mg/kg body weight,
from about 0.005 mg/kg body weight to 60 mg/kg body weight, from about 0.005 mg/kg
body weight to 50 mg/kg body weight, from about 0.005 mg/kg body weight to 40
mg/kg body weight, from about 0.005 mg/kg body weight to 30 mg/kg body weight,
from about 0.005 mg/kg body weight to 25 mg/kg body weight, from about 0.005 mg/kg
body weight to 20 mg/kg body weight, from about 0.005 mg/kg body weight to 15
mg/kg body weight, from about 0.005 mg/kg body weight to 10 mg/kg bra body in
weight. Ranges and values intermediate to the above recited ranges and values (e.g., 10-
50 mg/kg, 1-5 mg/kg, 2-8 mg/kg, 5-10 mg/kg, 0.1-10 mg/kg, 0.3-30 mg/kg, 0.3-50
mg/kg, 0.5-10 mg/kg, 5-30 mg/kg, or 6-27 mg/kg) are also contemplated to be part of
the invention.

In some embodiments, the therapeutically effective dose is greater than or at least
about 0.1 mg/kg body weight, greater than or at least about 0.2 mg/kg body weight,
greater than or at least about 0.3 mg/kg body weight, greater than or at least about 0.4
mg/kg body weight, greater than or at least about 0.5 mg/kg body weight, greater than or
at least about 1.0 mg/kg body weight, greater than or at least about 3 mg/kg body
weight, greater than or at least about 5 mg/kg body weight, greater than or at least about
6 mg/kg body weight, greater than or at least about 7 mg/kg body weight greater than or
at least about 10 mg/kg body weight, greater than or at least about 15 mg/kg body

weight, greater than or at least about 20 mg/kg body weight, greater than or at least
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about 30 mg/kg body weight, greater than or at least about 40 mg/kg body weight,
greater than or at least about 50 mg/kg body weight, greater than or at least about 60
mg/kg body weight, greater than or at least about 70 mg/kg body weight, greater than
about or at least 80 mg/kg body weight, greater than or at least about 90 mg/kg body
weight, greater than or at least about 100 mg/kg body weight. Ranges and values
intermediate to the above recited ranges and values are also contemplated to be part of
the invention.

In some embodiments, the therapeutically effective dose may also be defined by
mg/kg brain weight. As one skilled in the art would appreciate, the brain weights and
body weights can be correlated (see, e.g., Dekaban AS. "Changes in brain weights
during the span of human life: relation of brain weights to body heights and body
weights," Ann Neurol 1978; 4:345-56).

In some embodiments, the therapeutically effective dose may also be defined by
mg/15 cc of CSFE. As one skilled in the art would appreciate, therapeutically effective
doses based on brain weights and body weights can be converted to mg/15 cc of CSF.
For example, the volume of CSF in adult humans is approximately 150 mL (Johanson
CE, et al. "Multiplicity of cerebrospinal fluid functions: New challenges in health and
disease," Cerebrospinal Fluid Res. 2008 May 14;5: 10). Therefore, single dose
injections of 0.1 mg to 50 mg protein to adults would be approximately 0.01 mg/15 cc of
CSF (0.1 mg) to 5.0 mg/15 cc of CSF (50 mg) doses in adults.

It is to be further understood that for any particular subject, specific dosage
regimens should be adjusted over time according to the individual need and the
professional judgment of the person administering or supervising the administration of
the enzyme replacement therapy and that dosage ranges set forth herein are exemplary

only and are not intended to limit the scope or practice of the claimed invention.

VIII. Kits
The present invention further provides kits or other articles of manufacture which
contain the recombinant human NaGlu of the present invention and provide instructions
for its reconstitution (if lyophilized) and/or use. Kits or other articles of manufacture

may include a container, a catheter and any other articles, devices or equipment useful in
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intrathecal administration and associated surgery. Suitable containers include, for
example, bottles, vials, syringes (e.g., pre-filled syringes), ampules, cartridges,
reservoirs, or lyo-jects. The container may be formed from a variety of materials such as
glass or plastic. In some embodiments, a container is a pre-filled syringe. Suitable pre-
filled syringes include, but are not limited to, borosilicate glass syringes with baked
silicone coating, borosilicate glass syringes with sprayed silicone, or plastic resin
syringes without silicone.

Typically, a label on, or associated with, the container may indicate directions for
use and/or reconstitution. For example, the label may indicate that the formulation is
reconstituted to protein concentrations as described above. The label may further
indicate that the formulation is useful or intended for, for example, intravenous or
intrathecal administration. In some embodiments, a container may contain a single dose
of a stable formulation containing a replacement enzyme (e.g., a recombinant NaGlu
protein). In various embodiments, a single dose of the stable formulation is present in a
volume of less than about 15 ml, 10 mL, 5.0 mL, 4.0 mL, 3.5 mL, 3.0 mL, 2.5 mL, 2.0
mL, 1.5 mL, 1.0 mL, or 0.5 mL. Alternatively, a container holding the formulation may
be a multi-use vial, which allows for repeat administrations (e.g., from 2-6
administrations) of the formulation. Kits or other articles of manufacture may further
include a second container comprising a suitable diluent (e.g., BWFI, saline, buffered
saline). Upon mixing of the diluent and the formulation, the final protein concentration
in the reconstituted formulation will generally be at least 1 mg/mL (e.g., at least 5
mg/ml., at least 10 mg/mlL., at least 25 mg/mlL., at least 50 mg/ mL, at least 75 mg/mL.,, at
least 100 mg/mL).

Kits or other articles of manufacture may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents,
filters, needles, catheters, syringes, and package inserts with instructions for use.

Ranges and values intermediate to the above recited ranges and values are also

contemplated to be part of the invention.
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EXAMPLES

The following specific examples are intended to illustrate the invention and
should not be construed as limiting the scope of the claims. The contents of all figures
and all references, patents and published patent applications cited throughout this
application, as well as the Figures, are expressly incorporated herein by reference in

their entirety.

Example 1
Purification of rhNaGlu

rhNaGlu protein was purified by using methods known in the art. Egg white
(EW) containing rhNaGlu was solubilized at pH 6 overnight and clarified through
centrifugation and/or depth filtration. The EW was adjusted with 1 M NaOAc buffer
(pH 4) to pH 6. For the depth filtration process, 172600 filter (Pall™, 40 um) was used
as a 1* filtration and then PDF1 (Pall™, K200P,15 um + EKS, 0.22 um) as a 2™
filtration step. The filters are single-use membrane with an optimized capacity 60 L
EW/m” for each filter. The hold volume of membrane is 2 I/m? for T2600 and 4-5 I/m’
for PDF1. In the process, the hold volume was discarded before the filtered EW
collected. The buffer (20 mM Phosphate/137 mM NaCl, pH 6) equivalent to the
membrane hold volume was used to chase EW left on the filters.

A phenyl-HIC (hydrophobic interaction chromatography) column was applied as
a capture step. Since most of egg white proteins are hydrophilic, 99% of egg white
proteins passed through the HIC column into flow through. rhNaGlu has a higher
hydrophobicity binding to phenyl-HIC.

Egg white containing rhNaGlu was loaded onto the column with a ratio of 30:1.
After completion of loading, the column was washed with the equilibration buffer, 5
mM phosphate buffer, pH 6, and 5 mM Tris buffer, pH 7.2. thNaGlu was eluted with
30% propylene glycol, pH 7.2. After the completion of loading, the column was washed
with equilibration buffer and 5 mM phosphate buffer (pH 6). thNaGlu was eluted with
30% propylene glycol with 5 mM Tris buffer (pH 7.2). The column binding capacity is
approximately 4.5 mg/ml.. The purity of thNaGlu through the phenyl-HIC column can
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be reached to >95% (950 time increase). The recovery is approximately 80% with 30%
of propylene glycol elution.

The eluted thNaGlu fraction was adjusted to pH 5 with 1 M acetic acid and then
loaded onto a GigaCap S column (EW: column size=10:1). The column was
equilibrated with 50 mM NaOAc buffer (pH 5). After completion of loading, the
column was washed with the equilibration buffer. The thNaGlu was eluted with 50 mM
NaOAc/60 mM NaCl (pH 5).

The protein characterization was performed using purified thNaGlu. The
molecular weight of thNaGlu (~90 kDa) purified from egg white was analyzed on SDS-
PAGE (Fig. 6). The average expression level of thNaGlu in egg white is shown in Fig.
7. The characteristics of thNaGlu produced from the transgenic avian are summarized

in Table 2.

Table 2.
rhNaGlu (Gallus)
Apparent Molecular Weight ~90 kDa
)| 6.1-6.9
H Stability pH 5-8
Stability in Egg White > 50 days

Example 2
Stability of rhNaGlu in egg white

A single egg was cracked 7 days post-lay and analyzed for activity. Contents
were divided in half and each half was subject to standard egg white clarification. Both
untreated and clarified egg whites were aliquoted and stored at 4°C and -20°C for
enzyme activity stability. rhNaGlu in egg white showed stable enzyme activity at least

up to 50 days.
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Freeze/thaw cycle stability was assessed. The purified rhNaGlu was frozen in
liquid nitrogen for 10 seconds and thawed at 37 °C for 2 min. The enzyme activity
showed no change for 10 cycles.

The purified thNaGlu was dialyzed into different pH buffers to measure the
stability of pure enzyme. The results showed that pure rhNaGlu was stable between pH

5-8 for 12 days.

Example 3
Oligosaccharide Profiling

Mannose-6-phosphate (M6P) is a terminal monosaccharide of N-linked
oligosaccharides that is an important part of the tertiary structure of glycoprotein and,
when incorporated in the glycoprotein’s final oligosaccharide, is recognized by and
bound to the M6P receptors present on the cell surface, subsequently allowing
internalization into the lysosomes. Thus, M6P is an effective epitope for the targeting of
glycoproteins to the lysosomes.

Analysis of protein glycosylation is an important part of glycoprotein
characterization. Oligosaccharides can be linked to a protein through a serine or a
threonine as O-lined glycans or through an asparagine as N-linked glycans.

To analyze the structure of oligosaccharides, various chromatographic and
spectroscopic techniques were performed. High-performance anion exchange
chromatography with pulsed amperometric detection (HPAEC-PAD) was employed.
Using this technique, oligosaccharides were quickly separated into general groups based
on charge (i.e., neutral, singly charged, or multiply charged) and their structures were
determined by comparison to pure standards.

All methods were based on protocols described by Hardy and Townsend (Hardy,
M. R., and Townsend, R. R., “High-pH anion-exchange chromatography of
glycoprotein-derived carbohydrates™, 1994, Methods Enzymol. 230: 208-225). Purified
samples of transgenic avian derived rhNaGlu were dialyzed using a Tube-O-Dialyzer
against nanopure water at 4°C for about 24 hours to remove salts and other
contaminants. Nanopure water was replaced four times during the entire dialysis period.

After dialysis, each of the samples was divided into three aliquots. The aliquot intended



WO 2013/055888 PCT/US2012/059708

10

15

20

25

30

-73 -

for neutral and amino sugars analysis was hydrolyzed with 2 N trifluoroacetic acid
(TFA) at 100°C for 4 hours and the aliquot for mannose-6-phosphate analysis was
hydrolyzed with 6.75 N TFA at 100°C for 1.5 hours. The hydrolysates were then dried
under N3, re-dissolved with 50 uL. H,O, sonicated for 7 min in ice and transferred to an
injection vial.

A mix of standards for neutral and amino sugars, and for mannose-6-phosphate
with a known number of moles was hydrolyzed in the same manner and at the same time
as the sample. Four different concentrations of the neutral and amino sugar standard
mix and mannose-6-phosphate were prepared to establish a calibration equation. The
number of moles of each sugar in the sample was quantified by linear interpolation from
the calibration equation.

The oligossacharide profile and mannose-6-phosphate profile were analyzed
separately by HPAEC-PAD. Instrument control and data acquisition were accomplished
using Dionex chromeleon software. HPAEC-PAD analysis of hydrolyzed rhNaGlu
detected M6P. The mean measured amount of MOP was 3.8 ug (CV 3.7%) per 210 ug
of hydrolyzed protein. Converting to moles resulted in 13.4 nmol of M6P per 2.8 nmol
of protein which was equivalent to a ratio of 3.2 moles of M6P per mole of protein.

The oligosaccharide profile was also obtained for thNaGlu (Gallus) using
HPAEC-PAD (see Fig. 8). The profiles demonstrated good repeatability of the PNGase
I reaction on the single sample. Peak clusters were observed in regions corresponding
to neutral oligosaccharides (~10 min to ~20 min). A group of significantly smaller
peaks eluting between ~25 and ~35 min were also observed, which were possibly
attributed to singly charged species.

The monosaccharide composition analysis results obtained from samples of
rhNaGlu produced from a transgenic avian (Gallus) are summarized in Table 3, which

tabulates the average molar ratio of each monosaccharide analyzed for thNaGlu.
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Table 3. Monosaccharide Molar Ratios in rhNaGlu (Gallus)

N-acetylgalactosamine (GalNAc) 1.1°
N-acetylglucosamine (GlcNAc) 35.6°
Galactose (Gal) 4"
Mannose (Man) 25.5"
Mannose-6-phosphate (M6P) 3.2
Fucose Not detected
Glucose Not detected

* mole of monosaccharide per mole of protein

Example 4
Cellular Uptake into Fibroblasts

Wild-type human fibroblasts and mucopolysaccharidosis III B (NaGlu deficient)
human fibroblasts were placed in a 24-well plate (2.5 x 10* cells per well) and incubated
for overnight at 37°C in 5% CO,. Conditioned media containing fibroblast basal
medium and fibroblast growth kit having low serum were used. Various amounts of
rhNaGlu (30, 10, 3.0, 1.0, 0.3 and 0 ug/mlL) were co-incubated for 24 hours at 37°C
with 5% CO; to determine levels of cellular uptake by the human fibroblasts (see, ig.
9). The wells were washed three times with PBS. 100uL lysis buffer was added per
well and the plate was incubated for 10 min at 37°C. Cell lysate was transferred into 1.5
mlL centrifuge tube. One cycle of freezing and thawing was performed. The cell lysate
was centrifuged at 10,000 rpm for 10 min. 25ul. of supernatants were used for the
assay. The assay time was 2 hours. The enzyme activity was measured using the
methods known in the art and according to the methods described in Marsh et al.,
Clinical Genetics (1985) 27: 258-262, Chow ef al., Carbohydrate Research (1981)
96:87-93; Weber et al., Protein Expression and Purification, (2001)21:251-259).

As shown in Fig. 9, negative control (i.e., MPS IIIB) did not exhibit any NaGlu
activity while positive control (i.e., wild-type human fibroblast) showed NaGlu activity.
MPS IIIB cells treated with 0.3 pg/ml. of thNaGlu exhibited approximately 50% of the
normal activity level observed in wild-type fibroblast cells. MPS IIIB cells treated with
1 pg/mlL of rhNaGlu demonstrated NaGlu activity that was approximately 4-fold higher
than that observed in wild-type cells. Surprisingly, MPS IIIB cells treated with 30
ug/mL of thNaGlu showed NaGlu activity that was at least 40-fold higher than that
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observed in wild-type cells. This result indicated that thNaGlu produced from a
transgenic avian (Gallus) was efficiently internalized into human fibroblasts at a high
level.

To determine whether internalization of thNaGlu is via M6P receptor mediate
endocytosis, M6P inhibition assays were performed. For the M6P inhibition assays,
various concentrations of free M6P were added to human MPS IIIB fibroblasts treated
with 30ug/mL of thNaGlu and enzymatic activity was measured as described above, As
shown in Fig. 10, human MPS IIIB fibroblasts did not exhibit any NaGlu activity,
suggesting effective inhibition of NaGlu uptake by free M6P. In contrast, MPSIII
fibroblasts treated with 30 ug/ml. of thNaGlu in the absence of free M6P exhibited a
high level of enzymatic activity, suggesting that the protein was efficiently internalized
into the NaGlu deficient fibroblasts and retained activity. This enzymatic activity was
inhibited by the presence of M6P monosaccharide in the medium at the concentration
0.03 mM and higher. The presence of 1mM of M6P monosaccharide in conditioned
medium inhibited more than 90% of cellular uptake of the protein.

These results indicated that the thNaGlu produced from a transgenic avian was
efficiently internalized into the MPS IIIB fibroblasts via M6P receptor-mediated
endocytosis and the rhNaGlu competed with M6P monosaccharides for the receptor
recognition. The results were consistent with the glycan analysis that revealed the

presence of the M6P structures on the thNaGlu produced from the transgenic avian.

Example S

Generation of Active NaGlu Fusion Proteins

Two different thNaGlu fusion constructs were designed to validate the feasibility
of expressing thNaGlu fusion proteins in the avian expression system.

In one construct, a nucleic acid sequence encoding 8 consecutive aspartic acid
residues (DDDDDDDD) was fused to the nucleic sequence encoding NaGlu protein at
the 5° end of the full-length NaGlu cDNA sequence (SEQ ID NO:2) using conventional
PCR and DNA recombinant technology. In another construct, a nucleic acid sequence
encoding TfRL (i.e., THRPPMWSPVWP; SEQ ID NO:5) was fused to the nucleic
sequence encoding NaGlu at the 3’ end of the full-length NaGlu cDNA sequence. The



WO 2013/055888 PCT/US2012/059708

10

15

20

25

30

-76 -

each construct was inserted into the pT'T22 expression vector using EcoRI and HindIII
restriction sites. The resulting vectors were each transfected into human embryonic
kidney (HEK) 293 cells and stable clones expressing high levels of the fusion NaGlu
proteins were obtained. An rhNaGlu protein fused to a stretch of 8 consecutive aspartic
acid residues at N-terminus (AAA-NaGlu) and an thNaGlu protein fused to transferrin
receptor ligand (TfRL) at C-terminus (NaGlu-TfRL) were isolated from conditioned
media.

The enzymatic activity of AAA-NaGlu and NaGlu-TfRL was measured using the
methods known in the art (see, e.g., Marsh et al., Clinical Genetics (1985) 27:258-262;
Chow ef al., Carbohydrate Research, (1981) 96:87-93; Weber et al., Protein Expression
and Purification (2001) 21:251-259; Neufeld et al., Protein Expression and Purification
(2000) 19:202-211; and Weber et al., Human Molecular Genetics (1996) 5:771-777.

As shown in Figs. 13 and 14, AAA-NaGlu and NaGlu-TfRL fusion proteins
produced from HEK?293 cells showed high levels of enzymatic activity. These results
confirmed the possibility that these constructs can be used to produce NaGlu fusion
proteins that have increased levels of phosphorylated mannose while retaining

enzymatic activity from a transgenic avian expression system.

Example 6
Cellular Uptake into Macrophages

Internalization of thNaGlu produced from Gallus into human macrophage cells
was also measured. NR8383 macrophage cells were incubated with 10ug/mlL of
rhNaGlu in F12 growth media for 0, 4, 8§, 24, 32 and 48 hours at 37 °C with 5% CO..
Samples were recovered and washed with PBS prior to lysis. 2.5 x 10 cells were lysed
in 1 mL of lysis buffer (10mM of Na Phosphate pH6.0, 0.05% NP40), and lysates
transferred into 1.5 mL centrifuge tubes and centrifuged at 10,000 rpm for 10 min.
Protein concentration was determined by the Bradford assay and aliquots were frozen
for NaGlu enzyme assays.

Enzyme activity was measured using standard methods. 25mM of substrate (4-
methylumbelliferyl 2-Acetamido-2-deoxy-a-D-glucopyranoside) was diluted to 2mM in

nanopure water to form a working substrate stock. Dilutions of samples were prepared
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in assay buffer (1% bovine serum albumin). 25ul. of 200mM sodium acetate was
distributed to wells of a multi-well plate. 25ul. of standard and 25ul. of samples were
added to designated wells. 50uL of the working substrate stock was added to each well
and the plate was gently tapped to mix. The plate was sealed with adhesive film and
incubated at 37°C for 30 minutes. The reaction was then terminated by addition of 50uL
of stop solution (1M Glycine pH 12.5). The plate was placed on a microplate reader
using a fluorescence bottom and the intensity was measured at an excitation 360nm and
an emission 460nm. The level of liberated 4-methylumbelliferone (4-MU) was measured
by comparison with standards of 4-MU at 0.25mM, 0.125mM, 0.0625mM, 0.0312mM,
0.0156mM, and 0.0078mM.

As depicted in Fig. 15, levels of the NaGlu activity in macrophages incubated
with 10ug/mL of thNaGlu increased almost linearly over a 48 hour period: The thNaGlu
uptake by macrophages was rather slow, but steady throughout the entire time period
measured. The relatively slow, extended uptake of NaGlu activity (as compared to other
lysosomal enzymes containing M6P and/or mannose in their glycosylation structures)
was unexpected and surprising. Equally surprising and unexpected was that a large
amount of thNaGlu proteins was taken up into the macrophages over the extended time
period, resulting in intracellular enzymatic activity levels at least 10, 50, 100, 200, 300,
500, or even 1,000-fold higher than the basal levels observed in wild-type macrophages
not exposed to thNaGlu. The results demonstrate that thNaGlu is extremely stable in
extracellular as well as intracellular environments. Further, these results suggest that
rhNaGlu may possess physicochemical characteristics that allow for longer serum half-
life (e.g., longer circulation) and high serum concentrations in vivo, properties which are

ideal for enhanced uptake into the central nervous system (CNS).
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Table 4. Summary of NaGlu Characteristics

Avian (gallus) Natural

produced human CHO produced

rhNaGlu NaGlu human NaGlu
Apparent Molecular
Mass (kDa) ~85--~90 ~86 ~79 - ~89
Enzymatic Activity
(nmol/min/mg) >1,000 ~500 ~1,057

None or very
Mannose-6-phosphate High High Low
Example 7

Administration of rhNaGlu into NaGlu deficient mice

Homozygous null mice were generated from breeding pairs of the strain
B6.12986-NaGlu™""/J. Control wild-type mice were generated in the same manner.
Genotyping was performed according to a standard PCR protocol. It is described in the
art that at birth, homozygous naglu('/') null mice are viable, normal in size, and do not
display any gross physical or behavioral abnormalities, though they exhibited no NaGlu
in all tissues (see, Li et al., (1999) Proc., Natl. Acad. Sci. USA 96:14505-14510). At one
month of age, vacuolated macrophages are found in most tissues. Epithelial cells in
kidney and neurons in some parts of the brain are also affected. The vacuolation
becomes more prominent with age. At 4-5 months, the mice show abnormal behavior in
an open field test. Older animals may have urinary retention and difficulty walking.
Typical life span of the homozygous null naglu ” mice is 8-12 months (see, Li et al.,

(1999) Proc., Natl. Acad. Sci. USA 96:14505-14510).

Intravenous (IV) administration

The intravenous administration of test article and vehicle by tail vein injection
was accomplished as follows. Before injection vasodilation was achieved by gently
warming the animal with an incandescent lamp or by soaking the tail in warm water,
approximately 43°C. The animal was then placed in restraint device. The surface of the
tail was disinfected with 70% isopropanol prior to injection. The lateral veins of the tail
are located just under the skin and are identified in the distal part of the tail with the

application of tension. A 27G needle, bevel up, was inserted into the vein for 3 — 4 mm.
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The test article or vehicle was then administered as a slow bolus injection over a period
of ten seconds as evidenced by the observed clearing of the vein as the administered
liquid momentarily occupies the vascular space. After removal of needle, gentle
pressure was applied to the puncture site to provide hemostasis. The animal was

monitored immediately following procedure to assure normal activity.

Intrathecal (IT) administration

The intrathecal administration of test article and vehicle by lumbar puncture
injection was accomplished as follows. Before injection, animals were anesthetized
using isoflurane that was maintained via nose cone throughout the procedure. The site
of injection was prepared by shaving the fur, as necessary, prior to each injection. The
animal was placed in a prone position on a platform, ensuring the hind limbs were
straddling the platform forming a convex curve of the animals back. The surface of the
back was swabbed with 70% isopropanol and allowed to dry prior to injection. Spinal
column and hip bones were palpated to locate the L4-L5 or L5-1.6 margin. A 30G
needle, bevel facing cranially, was inserted into the intervertebral space. Placement was
confirmed by the observation of a tail flick. The test article or vehicle was then
administered as bolus injection. The animal was allowed to recover from anesthesia and

monitored immediately following procedure to assure normal activity and use of limbs.

Results

Twelve-week old naglu  mice (B6.129S6-Naglu™*"/J) were administered
rhNaGlu (Gallus) at dose levels of 6.75 or 27 mg/kg via tail vein injection (IV
administration), once every other day, for a total of 5 doses (at thNaGlu concentrations
of 1.125, or 4.5 mg/mlL,, respectively). Similarly, twelve-week old rnaglu " mice were
administered with thNaGlu (Gallus) at a dose level of 0.31 mg/kg via lumbar puncture
injection (I'T administration), once every other day, for a total of 5 doses at NaGlu
concentrations of 1.54 mg/mL. Vehicle (10 mM phosphate buffer, 150 mM NaCl and
0.02% Tween80, pH 5.5-5.8) was administered to naglu *~ knock-out mice at the same
dose concentration for 5 doses every other day. Untreated wild-type and naglu * knock-

out mice were also maintained for the duration of the study.
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Animals were sacrificed 4 hours after the fifth and final injection. All animals
were necropsied and the liver, brain, spleen, heart, lung and kidneys were excised. Each
organ was divided sagittally, providing samples for both frozen (-80°C) and formalin-
fixed storage.

Tissue samples were analyzed for: (1) heparan sulfate concentration using an
analytical method based on SAX-HPLC analysis of heparan sulfate disaccharides; and
(2) a-N-acetylglucosaminidase enzyme activity using a cell-based enzyme activity assay.

Histopathologic evaluation of brain, liver, kidney, spleen, heart and lung tissue
was conducted using formalin-fixed tissue samples, embedded in paraffin, sectioned at 4
um, mounted on glass slides and stained with hematoxylin and eosin (H&E).

Following the repeated intravenous administration (5 doses over a 10 day period)
of thNaglu (Gallus) to naglu’™ mice at dose levels of 6.25 and 27 mg/kg body weight,
there was an apparent dose-dependent decrease in the concentration of Heparan Sulfate
in the brain, liver and kidney of naglu'/' mice (Table 5; Figs. 16-18). The relative a-N-
acetylglucosaminidase activity was increased in the brain and liver following
intravenous administration (Table 6). These results were unexpected and surprising
because the NaGlu enzymatic activities and resulting substrate clearance were observed
in the brain of the treated naglu”™ mice with the IV administration, suggesting that
rhNaGlu (Gallus) administered systemically was distributed to the brain of the naglu'/'
mice and effective to elicit efficacy even in the present of the blood brain barrier (BBB).

Following the intrathecal administration (5 doses over a 10 day period) of
thNaGlu (Gallus) to naglu”™ mice at a dose level of 0.31 mg/kg, there was a decrease in
the concentration of Heparan Sulfate in the brain of naglu'/' mice (Table 5; Fig. 19),
suggesting that rhNaGlu (Gallus) was targeted to the brain and effective in reducing the

accumulated substrate in the brain of naglu” mice.

Table 5: Tissue Substrate Level (rhNaGlu Gallus)

Heparan
Age at Sulfate
Animal sacrifice Dose Route ug/mg
Tissue | Number | Genotype (wks) Treatment | (mg/kg) tissue mean sd
KIDNEY 253 WT 4 na - - 0.1
155 WT 12 na - - 0.045 0.0725 | 0.038891
178 KO 12 na - - 1.882
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242 KO 4 na - - 1.687
145 KO 13 na - - 1.904
474 KO 13 vehicle 0 v 1.501
479 KO 13 vehicle 0 v 1.983
484 KO 13 vehicle 0 v 1.839 1.799333 | 0.175908
487 KO 13 rhNaGlu 6.25 v 0.928
492 KO 13 rhNaGlu 6.25 v 0.737 0.8325 | 0.135057
481 KO 13 rhNaGlu 27 v 0.591
485 KO 13 rhNaGlu 27 v 0.311
490 KO 13 rhNaGlu 27 v 0.585 0495667 | 0.159954
86 KO 15 vehicle 0 IT 2.105
91 KO 14 vehicle 0 IT 1.704 1.9045 0.28355
94 KO 14 rhNaGlu 0.31 IT 1.324
101 KO 14 rhNaGlu 0.31 IT 2.233 1.7785 0.64276
LIVER 253 WT 4 na - - 0.045
155 WT 12 na - - 0.092 0.0685 | 0.033234
243 WT 4 na - - 0.045
178 KO 12 na - - 1.85
242 KO 4 na - - 2.263 2.0565 | 0.292035
255 KO 4 na - - 1.85
474 KO 13 vehicle 0 v 1.822
479 KO 13 vehicle 0 v 1.981
484 KO 13 vehicle 0 v 2.004 1.961667 | 0.165779
487 KO 13 rhNaGlu 6.25 v 0.748
492 KO 13 rhNaGlu 6.25 v 0.444
504 KO 13 rhNaGlu 6.25 v 0.494 0.562 | 0.163009
481 KO 13 rhNaGlu 27 v 0.491
485 KO 13 rhNaGlu 27 v 0.172 0.3315 | 0.225567
BRAIN 253 WT 4 na - - 0.021
155 WT 12 na - - 0.013
243 WT 4 na - - 0.014308
10 WT 36 na - - 0.012649 | 0.015239 | 0.003906
239 KO 4 na - - 0.095
178 KO 12 na - - 0.084
242 KO 4 na - - 0.099
255 KO 4 na - - 0.094538
165 KO 24 na - - 0.084015
474 KO 13 vehicle 0 v 0.085447
479 KO 13 vehicle 0 v 0.072




WO 2013/055888 PCT/US2012/059708

-8 -
484 KO 13 vehicle 0 v 0.073 0.085875 | 0.009972
487 KO 13 rhNaGlu 6.25 v 0.045

492 KO 13 rhNaGlu 6.25 v 0.044119

504 KO 13 rhNaGlu 6.25 v 0.044 0.044373 | 0.000546
481 KO 13 rhNaGlu 27 v 0.017796

485 KO 13 rhNaGlu 27 v 0.016668

490 KO 13 rhNaGlu 27 v 0.028 0.020821 | 0.006242
86 KO 15 vehicle 0 IT 0.094521

o1 KO 14 vehicle 0 IT 0.072623 | 0.083572 | 0.015484
94 KO 14 rhNaGlu 0.31 IT 0.038866

101 KO 14 rhNaGlu 0.31 IT 0.028229 | 0.033548 | 0.007521

na: Not applicable (mice were untreated).

Table 6: Tissue enzymatic activity (rhNaGlu Gallus; U/ng protein)

Enzymatic
Age at Activity
Animal sacrifice Dose (Ulug
Tissue | Number | Genotype | (wks) [ Treatment | (mg/kg) | Route protein)
BRAIN 253 WT 4 na - - 7.7
178 KO 12 na - - 0
474 KO 13 vehicle 0 I\ 0
479 KO 13 vehicle 0 v 0
484 KO 13 vehicle 0 v 0.575
487 KO 13 rhNaGlu 6.25 v 10.58
492 KO 13 rhNaGlu 6.25 I\ 5.066666667
504 KO 13 rhNaGlu 6.25 v 4.033333333
481 KO 13 rhNaglu 27 v 87.91666667
485 KO 13 rhNaGlu 27 v 90.15
490 KO 13 rhNaGlu 27 v 17.35
LIVER 253 WT 4 na - - 36.69
178 KO 12 na - - 0
474 KO 13 vehicle 0 v 0
479 KO 13 vehicle 0 v 0
484 KO 13 vehicle 0 I\ 0
487 KO 13 rhNaGlu 6.25 I\ 512.92
492 KO 13 rhNaGlu 6.25 v 378.805
504 KO 13 rhNaGlu 6.25 v 607.9225
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481 KO 13 rhNaGlu 27 v 659.6825
485 KO 13 rhNaGlu 27 v 654.2475
490 KO 13 rhNaGlu 27 v 677.8725
na: not applicable (mice were untreated).
% % %

Each example in the above specification is provided by way of explanation of the
invention, not limitation of the invention. In fact, it will be apparent to those skilled in
the art that various modifications, combinations, additions, deletions and variations can
be made in the present invention without departing from the scope or spirit of the
invention. For instance, features illustrated or described as part of one embodiment can
be used in another embodiment to yield a still further embodiment. It is intended that
the present invention cover such modifications, combinations, additions, deletions, and
variations.

All publications, patents, patent applications, internet sites, and accession
numbers/database sequences (including both polynucleotide and polypeptide sequences)
cited herein are hereby incorporated by reference in their entirety for all purposes to the
same extent as if each individual publication, patent, patent application, internet site, or
accession number/database sequence were specifically and individually indicated to be

so incorporated by reference.
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CLAIMS
What is claimed is:
1. A composition comprising an isolated mixture of recombinant human N-acetyl-

alpha-D-glucosaminidase (rhNaGlu) comprising the amino acid sequence 24-743
of SEQ ID NO:1, wherein at least 10 % of said rhNaGlu in said mixture

comprises at least one glycan structure having mannose-6-phosphate (M6P).

2. The composition of Claim 1, wherein said thNaGlu having M6P is capable of
being taken up into a mammalian cell deficient in NaGlu such that internalized
rhNaGlu restores at least 50% of normal NaGlu activity observed in a wild-type

mammalian cell of the same type.

3. The composition of Claim 2, wherein said glycan structure is an N-linked glycan.

4, The composition of Claim 3, wherein said rhNaGlu contains at least 1 mole of

MG6P per mole of protein.

5. The composition of Claim 3, wherein said thNaGlu contains between about 1

and about 6 moles of M6P per mole of protein.

6. The composition of Claim 5, wherein said rhNaGlu contains about 2 moles of

MG6P per mole of protein.

7. The composition of Claim 5, wherein said thNaGlu contains about 3 moles of

MG6P per mole of protein.

8. The composition of Claim 5, wherein said thNaGlu contains about 4 moles of

MG6P per mole of protein.
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The composition of Claim 5, wherein said rhNaGlu contains about 5 moles of

MG6P per mole of protein.

The composition of Claim 5, wherein said thNaGlu contains about 6 moles of

MG6P per mole of protein.

The composition of Claim 2, wherein said mammalian cell deficient in NaGlu is

a human cell.

The composition of Claim 11, wherein said human cell deficient in NaGlu is a

skin fibroblast, a hepatocyte or a macrophage.

The composition of Claim 11, wherein said human cell deficient in NaGlu is a

neuronal cell.

The composition of Claim 13, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when systemically

administered.

The composition of Claim 14, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when intravenously

administered.

The composition of Claim 13, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when administered

intrathecally.

The composition of Claim 2, wherein said thNaGlu having M6P is internalized
by a NaGlu deficient cell and restores at least 100% of normal NaGlu activity in

Vivo.
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The composition of Claim 2, wherein said thNaGlu having M6P contains at least

25 moles of mannose per mole of protein.

The composition of Claim 1, wherein at least 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or 95% of said rhNaGlu in said mixture contains M6P.

The composition of Claim 19, wherein at least 20% of said rhNaGlu in said

mixture contains at least one M6P.

The composition of Claim 20, wherein at least 30% of said rhNaGlu in said

mixture contains at least one M6P.

The composition of Claim 21, wherein at least 40% of said rhNaGlu in said

mixture contains at least one M6P.

The composition of Claim 22, wherein at least 50% of said rhNaGlu in said

mixture contains at least one M6P.

The composition of Claim 23, wherein at least 60% of said rhNaGlu in said

mixture contains at least one M6P.

A composition comprising an isolated mixture of recombinant human N-acetyl-
alpha-D-glucosaminidase (rhNaGlu) comprising the amino acid sequence 24-743
of SEQ ID NO:1, wherein said mixture comprises a sufficient amount of
rhNaGlu containing one or more glycan structures comprising mannose-6-
phosphate (M6P) such that said thNaGlu containing M6P is internalized into a
mammalian cell having NaGlu deficiency via M6P receptor-mediated
endocytosis and restores at least 50 % of NaGlu activity observed in a wild-type

cell of the same type expressing endogenous NaGlu.

The composition of Claim 25, wherein said thNaGlu is N-linked glycosylated.
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The composition of Claim 25, wherein said thNaGlu is O-linked glycosylated.

The composition of Claim 25, wherein said thNaGlu comprises at least 1 moles

of M6P per mole of thNaGlu.

The composition of Claim 26, wherein said thNaGlu comprises about 1, 2, 3,4, 5

or 6 moles of M6P per mole of thNaGlu.

The composition of Claim 29, wherein said thNaGlu comprises about 3 moles of

MG6P per mole of thNaGlu.

The composition of Claim 29, wherein said thNaGlu comprises about 4 moles of

MG6P per mole of thNaGlu.

The composition of Claim 25, wherein said thNaGlu comprises mannose.

The composition of Claim 25, wherein said rhNaGlu comprises N-

acetylglucosamine (GlcNAc).

The composition of Claim 25, wherein said rhNaGlu comprises galactose.

The composition of Claim 25, wherein said rhNaGlu comprises N-

acetylgalactosamine (GalNAc).

The composition of Claim 25, wherein said thNaGlu contains no fucose.

The composition of Claim 25, wherein said thNaGlu contains no glucose.

The composition of Claim 25, wherein said thNaGlu restores at least 60, 70, 80,

90, 95 or 100% of normal NaGlu enzymatic activity.
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The composition of Claim 25, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when administered

systemically.

The composition of Claim 39, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when administered

intravenously.

The composition of Claim 25, wherein said mammalian cell deficient in NaGlu is

a human cell.

The composition of Claims 41, wherein said human cell is a skin fibroblast, a

hepatocyte or a macrophage.

The composition of Claim 41, wherein said human cell deficient in NaGlu is a

neuronal cell.

The composition of Claim 25, wherein said rhNaGlu is a fusion protein

comprising a second moiety.

The composition of Claim 44, wherein said second moiety is a polypeptide.

The composition of Claim 45, wherein said polypeptide is selected from the
group consisting of transferrin receptor ligand (TfRL), insulin-like growth factor
receptor (IGF2R) ligand, low density lipoprotein (LDL) receptor ligand and

acidic amino acid (AAA) residues.

The composition of Claim 25, wherein said thNaGlu is produced from a

transgenic avian.
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The composition of Claim 47, wherein said transgenic avian is a chicken, a

turkey, a duck or a quail.

The composition of Claim 48, wherein said transgenic avian is a chicken.

The composition of Claim 49, wherein said thNaGlu is produced from an oviduct

cell.

A composition comprising an isolated recombinant human N-acetyl-alpha-D-
glucosaminidase (rhNaGlu) comprising one or more glycan structures having
sufficient amount of mannose-6-phosphate (M6P) that allows for internalization
of said thNaGlu into a mammalian cell having NaGlu deficiency via M6P
receptor-mediated endocytosis, such that when internalized in vivo, said rhNaGlu
restores at least 50% of NaGlu activity observed in a cell of the same type in a

normal subject.

The composition of Claim 51, wherein said rhNaGlu protein is N-linked

glycosylated.

The composition of Claim 51, wherein said thNaGlu protein is O-linked

glycosylated.

The composition of Claim 51, wherein said thNaGlu comprises about 2, 3,4, 5

or 6 moles of M6P per mole of thNaGlu.

The composition of Claim 51, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when administered

systemically.

The composition of Claim 55, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when administered

intravenously.
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The composition of Claim 51, wherein said thNaGlu is effectively delivered to
the brain of a mammal having NaGlu deficiency when administered

intrathecally.

A transgenic avian comprising a transgene containing a promoter operably linked
to a nucleic acid sequence encoding a recombinant human NaGlu (thNaGlu),
wherein said transgene is contained in the genome of the transgenic avian and
expressed in an oviduct cell such that said rhNaGlu is glycosylated in the oviduct
cell of the transgenic avian, secreted into lumen of oviduct and deposited in egg

white of an egg of the transgenic avian.

The transgenic avian of Claim 58, wherein said thNaGlu comprises about 2, 3, 4

or 6 moles of M6P per mole of thNaGlu.

The transgenic avian Claim 58, wherein said promoter component is an oviduct-

specific promoter.

The transgenic avian Claim 60, wherein said oviduct-specific promoter is an

ovalbumin promoter.

The transgenic avian of Claim 58, wherein said transgenic avian is selected from

the group consisting of a chicken, a turkey, a duck and a quail.

An egg produced by the transgenic avian of Claim 58.

A method of producing a recombinant human NaGlu (rthNaGlu) comprising:

a) producing a transgenic avian comprising a transgene having a promoter
component operably linked to a nucleic acid sequence encoding the rhNaGlu set
forth in 24-743 of SEQ ID NO:1, wherein said transgene is contained in the

genome of the transgenic avian and expressed in an oviduct cell, such that the
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rhNaGlu is glycosylated in the oviduct cell of the transgenic avian, secreted into
lumen of oviduct and deposited in egg white of an egg laid by the transgenic
avian; and

b) isolating said rhNaGlu from said egg white.

The method of Claim 64, wherein said promoter component is an oviduct-

specific promoter.

The method of Claim 65, wherein said oviduct-specific promoter is an

ovalbumin promoter.

The method of Claim 64, wherein the avian is selected from the group consisting

of a chicken, a turkey, a duck and a quail.

The method of Claim 67, wherein the avian is chicken.

A vector comprising a nucleotide sequence encoding a human NaGlu operably

linked to an ovalbumin promoter.

A host cell comprising the vector of Claim 69.

An isolated nucleic acid comprising the nucleic acid sequence of 5232-10248 of

SEQ ID NO:4.

A pharmaceutical formulation comprising a composition according to Claim 1 in

combination with a pharmaceutically acceptable carrier, diluent or excipient.

A composition comprising recombinant human NaGlu protein that crosses the
blood brain barrier of a mammal having NaGlu deficiency when administered

intravenously.
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A method of treating a subject suffering from NaGlu deficiency, the method
comprising administering to the subject a therapeutically effective amount of the

composition of any one of Claims 1, 25 or 51.

A method of delivering recombinant human NaGlu protein to the brain of a
subject suffering from NaGlu deficiency, the method comprising intravenously

administering recombinant human NaGlu protein to the subject.

A method of transporting a recombinant human NaGlu protein from the
circulation across the blood brain barrier in a therapeutically effective amount,
the method comprising intravenously administering a recombinant human NaGlu

protein to a subject having NaGlu deficiency.

The method of any one of Claims 74-76, wherein said NaGlu deficiency is

Sanfilippo syndrome B.

The method of any one of Claims 74-76, wherein said subject is a human.

The method of any one of Claims 74-76, wherein said recombinant human
NaGlu protein is administered intravenously to the subject at a dosage of about 1

to about 30 mg/kg body weight.

The method of Claim 79, wherein said recombinant human NaGlu protein is
administered intravenously to the subject at a dosage of about 6 to about 27

mg/kg body weight.

The method of Claim 74, wherein said recombinant human NaGlu protein is

intrathecally administered to the subject.

The method of Claim 81, wherein said recombinant human NaGlu protein is

intrathecally administered at a dosage of at least about 0.3 mg/kg body weight.
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The method of Claim 82, wherein said recombinant human NaGlu protein is
intrathecally administered at a dosage of about 1, 2,3,4, 5, 6,7, 8,9, or 10
mg/kg body weight.

The method of Claim 82, wherein said recombinant human NaGlu protein is
administered intrathecally at a dosage of about 10 to about 30 mg/kg body

weight.

The method of Claim 74, wherein said therapeutically effective amount is an
amount effective to reduce heparan sulfate levels in the brain, the kidney, or the

liver of the subject.

The method of Claim 74, wherein said therapeutically effective amount is an
amount effective to increase NaGlu activity in the brain or the liver of the

subject.

The method of Claim 74, further comprising administering a second therapeutic

agent.

The method of Claim 87, wherein the second therapeutic is an

immunosuppressant.
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Human NaGlu Amino Acdid Sequence (sighal peptide: 1-23, underlined)
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Human NaGlu Coding Sequence (cDNA)

atggaggcgyg ¢
geggcaggey a

ccaggece
ggcttggaca
acgggcgtygy
gtggeetggt
CcLgaccgagy
~ctttegtgt
ggcatcaace
geettgggee
tgggggcaea
aagcagetit ¢
gtgctgectyg
aatgtcacyga
ctggeteeygy
aaagagtttg

Sfel

acgggcatyy
ctgggctyge
cggeggtaty
gtgtacaact
ccqtccctac

gegetggtty
gtettecasc
ggagacacty
)ctettggt

[EOTNE
40

{SEQ ID NC:

@]

9

(_(‘

cagt 99
agge
pcccggpug
cctacagect
cageegeege
ceggetetea
ceacgeccaa ¢
ggtgggacty g
tggcactygge
tgacceagge
tgcccaacct
atctgcagea
cattcgeggg
agatgygacagy
gagaccccat

kCe

\_Lg
@]

.l
kCe

cat qﬂt

ctcggeagygc
tgagcaagga

> Cggeactygga

aggcccgaye
acc&gctgac
cggggttggt
ac&gtnggc
£ggageagyc
£ggacctgge ¢
gatt

cgoggeggtyg
99aggegge
cttctoegtyg
gggeggcgge
ggggetgcac
g qfvy«wkq
aggtaccg
gceegatag
atggagcggse
agagatcaat «
gcacacctyg

tt*q@ coac

attcceeate

catctatggg

L tgocogeagee
gotgetecaa
g ggctgtgery
ccageatgty
gcacaacttt
agaagctgcc

coa ‘qﬁw‘c

ctacqt:c c
saagaagatc

ggggtectte
geegtgegyy
tcggtggage
ggcgcggege
cgctacetge
COYCayooac
tattaccaga
gagcgagaga
caggaggeca
igbictita

(LS S O O B LS

Oy (ua Qr e Sl‘

@] (w2 1 or

OO0 o O oW

Qi Qu o) (50

e Wy G

o QO

<3 ot 0

T LW O
(GO

o RTo BN SR oRETs’

,(.L

acgaagtyy
ttggcagoct
9999cagegt

ggccacaatco

Q3
s

tacaac

(‘.’.-

RO RN TO RN IO NN ES]
(]
ot

;g
SRS

0
O

,_‘_
¢
o]
pooE
T
(Lo
(&3]

Ccagaagdca

» tacacoecte

agcaagcaga
ttectoasat

Fig. 2

SUBSTITUTE SHEET (RULE 26)

cgetegtgge
gcgetoetgga
gegtgeggat
gogactictg
Lgoocageegt ¢
gtgtgtgeac
tagactggat
tctggcagey
ctggtectge
tgcceeceocta
gCthtﬁC
ccaggaty

cetactee

Qgtcttt\

tctattecct
ggutgaccau
ggaggctact
gL\Qﬂ““ ct
ctgatgtgtt
cecgectitocg
tgtattatga
ﬂggaggcgt
geocygcettett
gggccgattt
acat C\MgCI\.
gctggegge
¢ agcaccagtt
ggtaccceag

>
attaccoocg

PCT/US2012/059708

} 99eCggegge

ccggetgety
tqccaa ce

gecgeggetoe
Luqctquuac
QCaaauctac
gocgctgaat
ggtgtaccty

cttcttggea

: ctggcacatc

v e lalalalalk=)
cargaccota

cteaggtc
ctecttoctt
agagctgate
gcagccacct

tgaggeetye
ctacgaccty
ggaggcaaga
cerggectat
]-m— gogCage
ctacgagcay
ctatgecaac

N
<>

-t
[

L)

‘...\
> Q0

el

fa)

(98]
<>

I8 2 T "N SO P
N Sl
R S G

<>
-

~d Gy h
oD D
<o D

]
~J

(X IR N eI o]
O O o
O O O

[N
)

}_\
e
vl

} 3
o7 >
T

[

DO OO

i
[Ox
N

et
[

-t
-4 G O
L)

> Q0
<

.Y

}-3

(o)

[
o3
oY D

DO OO

<>

2 b
(Xe N e
T N

G SR S N
bt
e QTS

160
220
2234



WO 2013/055888

1.1kb OV promoter

gttaagtcet
dgaggaaggag
agtaattety
tactttttic
actgtrtgic
tgetattgta
atteetetgt
aagttcatat
trtgotgtat
tttaaatatt
ctecticaca
gtictca
atcaaatgaa
taattgctaa
cccattatet
tcoecatecaa

taagagacta

acccaatocce

Ish sk
(PR U

S)]

a
dbtvfg
ceaacte
Lgcacgotte
tttatgtoct
acagactuct
ttatgttore
ggttgtaact
cagtectygat
atatttgcte
attaaatgat
caattcagac

{42

aaggagaatyg

& gaaaatggca

attgcagtoa

tttcaataca

- gtccctcgaa

gccattaag

tttgaaattg
aaagtrtgtl
gaaagaaaqb
tttatttete ¢
gtctagegty
ggtctgttac
catcteceaay
. gaageteaat
guattagcayg
tccatteaat
ttctatggtyg
tatatattoce

3/19

tagatttcca
ctgactaaac
tctetatgta
v ghtgetitaca
gaacaatagc
ccatgaacac
tatteat qa

atgtctactc

tgtitttate
geteagatge
tacaaccata
gttcecacat
goaacatgag
aacaggcaga
ccaaaatgga
tcaaaggtca
ceagggctea

cagtatatat g
ttcagetagt
tgtcetgaag

gaggtcagaa

ﬂ’\m'
Gl

ctetat
rectocaget
agatcttiga
tgcattgtat
cacacccata
ttcactctag
aaggaaatas
acattgtaca
gtaataagca
rrtictgtte

caatattuce

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/059708

titteacas
ggbataggae
- aattatgtig
ggtttetit
gaaatatatt
gaatttcaca
guaacactge
ggagetatgt
aasagatagca
tctcagttgg
tdqqt”dd”“
tacaagaagg

o

D et pet
w0 B O
o O OO

ind
oy D
<o

N
>

~d Oy OY U1 i s W
[o o TN N BN « A SR e I R Y
o] 3 O O O D

L)

[Ty
<>

O 0D
Lo ) U e
<>

b3

[ AN

[y
L
(v o)

[N
YO O O

(€8]

[
5



WO 2013/055888

ESIN-OV-1.1--rhNaGlu

goccgcaaga
atcaggggta
taattcaga
cotttacaca
Lcacagtact

gogoaaaaat
tagtcactca
aaggcaattg
atgcattata
gttggcaaat
c::a*qddbq
tccacttgta
,CC“”aga [

gggtcategt
gtggecgace
atgcatgtge
aatgtggtya

ctgeaatge
A30aaggcac

> gheotic
. CTecgac

ccgctccccg

agaaagetga
gaatgasaag
aaazaaaatca
Odﬁ,ua act

gagtcatcac
ng“C”CCCC
aaatcte

:ttgttctct
gaaatcttat
atggtatatt
tgctcttttg
gtatttgsag
titaactete

ac

)]

Q

teeeay

4

3]

3L

agggec
Cacgcy

NN
cadllld

e
AC
g

93}

r
58}

13

@}

G
aa

e}

Gy U U
S

L
>
Q3
[@]

[

g

actattcect
tcatagtcgt
atggtcaaat
3gaa;tpagt
gatcatacca

tete toctiataag

c:acaaqagt
atcctgaggy g
ttgtooecte
attatccgta
gocaagtot
taccaatgeg
gcreacaatt
atgagtgage
cotgteghbyge
tgggegetot

attgoataag
ctoctaac
agtcaagcct

geattattte

a caagtbtact

cgcttggegt
ccacacaaca
taactcacat
cagetgeatt

teegottect

aaaactctat
tatgbtatct
gazagaaatt
ggtaactcat

actgaaaaat g

aattaageca
a gattasatta
gtgttectaa
aattcacatt

ccgatttte
coggggaata
tagccoctat
aaa ctt

aaccggaatc
gactctotga
actcagette

cagggaat.ca
ggcegtttatt
ggttcgteo
a cgatcatace
gcatgttget
actacattte
cgcgtacaac
tgcecgttac
ctagcagh.ca
attcagegac
gatcatggtc
tacgagecay
taattgegtt
aatgaatcag ¢
gg

cgoteact

4/19

gatabtcty
tcaac:c:ca
tactacaagy
totocctaaa
tigtttboct

t cataataaaa

£ogageegec
aagtacc&ta
taagtctgag

tteottcetta

(SR NI U R D i

tatqacbyct
ACgcetoggy
gttLuCvaﬁ

' tgoectocta @

acggatgagy
tcgaggteoac
acggtecgge ¢
gtatcgaget

a atcogtatt
1

! k‘LJsav

accttactee
aactcategt
coecteccta
Cgaagecccy
aaccecgatto
tcagagctac
ctectatatt
atagetgtt
aagcataaag
gcgetcacty
£CAACyegey
ctegetgoge

Fig. 4A

aagacccaga
gacttcataa :

Qo1

CmgbUng
ttaaggcaat
acatcagcag
tgaccaagct
ccagccat

Ft»t,ictqa

tttgactca

+‘qu
acatgttra

caatgeee

o

ceata

ggggaog ag
qaaqqdqa gg
tccatgettg
ngaccgctv
gggtatgttg
&g0CYCEges C
agcaggatege
caaatgaagc
catcaacccea
aggeacttas
gaccecgtctg
CACCaatcy
tacataagea

*qc:a&aq

oy
9]

Qg\ag
budchGCCc
cectgtgtgaa
tgtaaagec
ceegottte
gggagaggey
teggtegtte

@]

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/059708

actgota
geLgga
3ttcabtttt
Jaaattggac
aaggtttatg

getecagaat

ﬂ

g

\£2 ((2

‘(.} L£

jsH]
[a))

ctatgetgac
ctrectaaag

atcatggtat
tgtaatgggt
a gcaaacactt

Caaaaccas
g agagcgecge
gcaacceeotic

ttteecgea
atccaccqqg

agtegtcggg
Sfelolelele Lgc
coctetact

cacgccgcct

ttetgetice
ggtgcacacc
atacagtatc

ﬁfﬂ““
ol

ctatgctgta
qccgatcaat
attgttatec

£ ggggtgecta
9599

agtcgggaaa
gtttgegtat
gactygegycy

.Y

-
T O
L

-3

[ TS N S S )

-t

.Y

}-3

T O I S S A

-t

[ I S

B2

[N}

Ty
<>

N
>

)

(v 8]

-3

de P Lo D N
[0 TN N B @ A S e R 15
fa) 3OO O O D

L)

O W WD O =0 =3 O D N
P O W OO BN O D
D DD OO OO DD

<>
[o.0)
<>

3
>

i..'il

U oW o ) DN N
[aw IS ¢ o I SO TR & N o)
< 2 I O OO O

(O3]
Ty
<>

™y
5
>

(oA NN BN S o)
DO O D

(X BN e o BN ¢ o St B o )
[

WD
[0 o TN N
<

L)

040
100
160



WO 2013/055888

agcggtatcea
aggaaagaac
getogegtet
tcagaggtgg
cotegtgege
ttegggaage
cgttegetee ¢
atccggtaac
agccactggt
gtggtggect &
geeagttace
tagcgatagr

agatcctttg

aatcagtaag
cooegtegtyg
gataccgoga
aagaﬂhccag

ﬁmqqaad ~.

f?htaCaggc
ccaacgatca
cogtectecg
agcactgcat
AdCC
gtcaatacgy
acgttctteg
acccactegt
dgcaaaadca
aatactcata
G‘q"erm”
tcoccgaaaa
ggttacgeyc
crtLcecttec
ccotttaggyg
tgatggttca
G‘i“cc = qt-&—p
itotattet
tgatttaa
ceattca
Vagctgg
ccagtcac
gu,C&"Cﬁ
tcoggeca
<L,g&gctag
cogect

gtact

[ e R g e is]
QtQ rra

[V EOIRT ]

Ty ) Y (Q G iy O 3 Ul

[N
TCr Wi Q (
o o

D W
£ v
¢
(A1 NG
{
@}
Q
K
[

£2

()]

[SIIRE ]

O g oor
WK

(PO RN e

p=s
k.C{ [fo N

eI G IR BN G RN g MR @)

‘!’QO‘

S).l G v Oy 7

AC
tate gt
saca ga ta

»tvmgaauaa
Ettttbontt
atcttticta
atgagattat
tcaatctaaa
gcacctatcet
Maxu,aact

»-gdr\m ok CT—

atcgttatca
aattctetta
aagteatict
gataataccy
4ggCgaaaac
gcacccaact
ggaaggeaad
ctetnecttt
atatttgaat
gtgccacctg
AgCatgaccy
tttetegeca
ttecgattta
cgtagtgggc
Lttaat“qta
ttrgatttat
”aaquavbta

bgaaaggggg
gacattgtaa
aatgaagecet
tcaacccagg
gecacttaaat
coctatgeaa
ceeegetitt

> gattcegeaay

gctacagaag

at

Ca

c cC
ag ata
cgacectgec
ctcatagete

qf— geacya

geagagegag
- acactagaag
gagttggtag
gcaagcagea
cggggtctgs
caaaaaggat
gtatatatga
cagcgatchy
cgatacgggs

&f‘i(\ Yoy wtﬂc
gte ctﬂca?

gtagttegec

cacgctegte
CatgdLbuCC

gagaatagtg t
cgecacatag
tctoaaggat
gatctteage

atgoegeaaa
ttcaatatta
gtatttagas
acgcgaecty
ctacacttge
cgttegeooy
gtgetttacy
catcgacocty
gactcttgte
aagggathtt
avvcuqutwv

tgggaa g

atgtcczgca
aacgacggec
ctgctteat
Lg"a\aCuaa
acaat

n\/ vC

aagcyagact

5/19

acggttatce
A3aggecagy
tgacgagesat

» aagataccag

gettacegga
acgctgtagy
ACCOOOH »-ﬁ-t
ggtaagacac
gratgtagge
eaniy

ctettgatec
gattacgege
cgcteaghgy
cttcacctag
gtaaacttgy
tetatitogt ©
gqcrrwcca
agatttatca
tttatccgece
agttamtdgt
gtttogtatg
catgttgtge
t ggcogeagty
atccgtaaga
tgeggega
Vugaact::a
cttaccgoctyg
atcttttact
aaagggaat
ttgaagcatt
aaatagacaa
tagcagcgca
vaqf\r\- -u- fw-&-d

et
ctttoccogt

tc
gCacctegac
atagacgott
ccaaactuga
gecgatittog
taacazaata
gggcgat

~gagegey
Q'Latw Tgc e
totggtgaat
tgcaatgcgy
actatatect

tgctattagtc

cocacattat

ctgtagccaa

Fig. 4B

SUBSTITUTE SHEET (RULE 26)

acagaatcag
aaccgtaaaa
cacaaaaatc
gegrttooce
Fan

Qs

9]

@]

oF
)
(e

9]

p)

Q

gacttatoge

ggtgctacag ac

ggtatctgeg
ggcaaacaas
AgaGaaa3aY
2acgaassct
atcettttaa
tctgacagt*
catcecatag
C E}CI\~\ 2Ca
q”dat&aacc
tccatecag
ttgcgeaac
gettcatica
FEEEE e lelele)
ttatcactca
tgetttoets
ccgaghitget
gaagtgcetea
ttgagatccea
tteaccageg
AgQUgCgacac
tatcagggtt
ataggaattc ¢
£Laagegeogs «
qbgc(wnm t,—q
caagetetas
ceraaaasgac
tttogeeott
acagcactca
gcerattggt
ttaacgetta
tgogggeet.e
gttgggtaac

tattcectaa

;)‘(.} "

ggtca
aattcag
gaggyy a

VBN G IRIOIRIO]

ceeteagt
c(\qr < oo

\x
gtbta::acx

LIRS
() (’TLQ O

- g
i

T
1({

PCT/US2012/059708

sy}
[}

i OO
O QWG ot

DLWy G N ey G
) (VLY Oy ot B TG

e

ctetgotyaa
coaccgetyy
gatctcaaga
cacgttaagy
attaaaaat
accaatgctt
ttgoctgact
gtgctgeaat
AgeCageoay
¢ ctattaattg
tf-qttm(\f\—\f-
gcteoggtic
t# qr\‘- -4/- 4~
tagttataac

Ll

gﬂaaﬂ*gt*g
ttgteteat
*cq"“dtt
cggotgtggt

ctttegettt

. atcggggact
ttmdt_aggg
tgacgttgaa
accctatete
taaaaaatca
cagttitccat
ttcgetatta
gocagogttt
cgatcacgtc
gggaatcaac
cotthattat
ttcogtcocaat
: ctaacogogt
3 agccttgece

atttectage
ttactattca

2220
2280
2340
2400
2460

2520

oY WU
[ee]

~3
o

< OO

L)

BN DO OBO OB ND DN BO
M
~J
(S oINS R e

=3 et D DO O GO -
) >
<O D

3000
3060
31290
3180
32490
3300
3360
34290
34890
35490
3600
3660
37290
37890
3840
3960
3960

4029
4080
4149
4200
4269
43290
43890
4449
4509
45690
4620
4689
749
4800
48610
4929
4989
504

5100



WO 2013/055888

gacctecet
atacaaga
“tatattcoct
t?:t:tcaca
ggtatagga
ttatgtt
ggtttot
gaaatatat
tgaattteac

aggaacactg

~
A
P
a

""L_Q [§e3

[ e
o

.‘-LLQ(‘“

s
O or

[{o]

tggagetatyg t
aszaagatag @

gteteagttg ¢
d*anbbdag
atuvaagaug
acactaacta
ttcttaaaga
ccagtcttct
gttacccaga
actagaatct
agggaacctg
tﬁ*'cataca
:tctjgaatt

caattattgt

aasacttcic

tgttttcagy

corgtoghc
gtgcacagag
attctetaga
gtggggggt

aaagaaaatg
aggggtttaa
ctgggctety

ttcatgetgy

agthcagore
catgaacaag
ctgeatttct
tacaﬁtabab
aatatgaatt
ttatctattce

aagtagtgtyg
ataaaatagt
agtttgetet
ctgaaaagta
tctagggacag
tatggttbig

ctttaaaac
gectaccata

© atatteogey
actcgectac
cgtiaagtec
aaaggaagya
aagtaatict
gtactttttt
tactgtttgt
ctgctatogt
aattectotyg
caagttcata

CLV
aa ga
ataattgcta
tcccattate

gacccaatce
tggetgggte
gcta aaagc
accroetete

SIS
(9]

T

£

(w1

wy
(e

£9]

=i

T

(83
) G

actatctgat a
ag:aaaavca
agtttaatte
catasacgta
agaaaaatgt
tacagaaaat
aagoactret
cCaadaagc
tttataatag
aattcatica
~tr~~q ctg

catatct
ab&*qﬁ"“qt
tgccatcace
caacaaacag
cagcaagect
ttgaatttce
tcaatgaatt ¢
tttgctaccee :
aacatgcaca
tacttgttaa

gagtaccoty

tgocageoga
ijct»ut::
tcagacttag
gagaaacasaa
gcttﬂacaca
catttt
udotf”“a“*
atattatgat
tcatctgeea g
tcatazacac
tcetcagast
~craactata
dtgc&”qc::
atttatghtc
aacagacttc
attatgittt
tggttgtaac

3

- acagtectaa

aa atttget
taaatga
dpnat'Ca"G
tgtatty
ta"at,u ¢
gtatctita
gvutt”"gvu
tttgtgctta
VK,tt ,q
tuvtu::cag
C aaagty
tattcttaca
gtgtatgtat
ccaatoctos
gactttcaca
tgtgetotat
aaacagacag
gtggcretgt
a&%qf- ~o wC
ttg ac” a%
ﬁ,bt '
aaaacac
atattt
bt th

AFats
C\uu

o G m
a o

')
e
S})
[€e]
@]
T
g‘i"
"}

Lgugaggtjg
catttaatty

catggtacta

6/19

tcaattacca
cgggatgott
Caagdag gaat g
agaaaatgge
gattgcagtg
taaatcaaac
atttcgatac
£ tgtceoctogs
Jgecattasg
1 ttgaaat
aa’agtttgt
ggaaagassyg
ctttatttcet
¢ tgtctagegt
tggtctgtta
\catctccaa
tgaagctcsa
tggatitagea
ctecattcaa
tttctatggt
ctatatatic
ttageagtca
cttacttgea
& gggtgaagta
ctattttatt
agatatgttt
» grttgottga
tgaattctgy
‘agctqctga
ataatagata
actcacag
ggceccagea ¢
gattatataa
ataagcacac
agcaagtata
tttatagtaa
ctazagtita

ac gtggte

atccaacca
otaagcc:

gragat
uctg ctaas
atctetatgt
ggtgetotac
ggaacaatag
accatgaac

) 3
} (’)Li

\“\“l‘.\

gagratt gtt
tataaageat
tgtgtetget
butattttgv
ggctcagata ¢
ctacaaccat
ggtteccaca
tggeacatga
gaacaggeag
tccaaaatyg
gbcaaaagte
cccaggacte a
agcicgaaag
cctaaacttt
cekgegtgat
atgtgtaaaa
ttagtttcag
tfaacticta
ggagttattt
tcactacaca
catgtgaact
agta
tcagtacge
atctcaggaa
tggetatacs
aatct t\bd
acattgeta
aCtdeCag‘
ctgaaagtgc
cceeatatas
tttgaagate

ttagguaata |

ccaaacctaa
ttgtgtttta
atatgtagag
tacataaata
agacacatta
gctegtaatt

teceatbectta

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/059708

ctatcacacyg
tgtaatttet
acagtatata
cttcagcetag
atgtcetgaa
gaggtcags
cttctataac
ctcca"ﬂ

Ct

(')
@
[
(‘?’("e

”quddddbm
cacattgtac
agtaataag
Lttﬂtbtgtt
gcaatattte
aaaacacatt
acctattgas
aaactictga
agecagtgte
gtaageaact
aaaaaattaa
accecctats
getttgtgrt
aacatcttat
gcectacaga
taatgtgass
a agataaasat
tatatacaga
aaaacttbig
.**taaacqg

4mgt thL
f Ngt\,vatv\,
- tttatcatgt
A

tatac

cattttcaot

N
(@ el

U oo O

L)

Do 0D N2
<>

O O
[ @b I @

Y U O

a0 N2
fa)

-

o Ut
NG P NS TS 2 YN SR USI NC S NG )
T H

Ut O
<3N0 GO 00
O DD Oy
D O

-

)
e
& e

(S oINS R e
L)

IR VI UE I b )
P Oy
D D OO

> O

(o)

> 3 (O O

[

Y ONY Gy O Oy OY OY G Sy OY GY O Oy O

CO WD WD DD 3 ~d AN O (Y ks
W 0D N OY (O oH OO N0
o OO DD DD

I~ =3 1 O OY O Oy
fned

e
N B b OO

a0 N2 O O

Lo I i T i T i)

]

e o 2

w3 3 d
T H

¢
<

-1

~1 =
D O

WD DD GO ~d GY O (N
£

(S oINS R e

<>

oo 00 DD DN
<o OO D

IR B T N

e

L)



WO 2013/055888

gttctgetgt
9¢99t99999
gcggcgaecy
,ch tgtegg

taccgetatt
cagtgggage
agCggecagy
atcaatgagt
acctgggaty
“cctggacc
LLCCCgagy
cacttta
categ

at
tggggecy
3

Q
\'i'
()

(€]

Qi
ot

[@]

OO)

cacca

P (O NN o N G T U I TS N
T [}
f}

gocatcoctt
gttcteagea
aagatcttoc

{GEO ID NOG:

ttgetctaga
tectictect
tgegggeget ¢

tggagegeyge

ggagectett
acactttcaa
ctgcegteta
ggctetteca
ctgtgccceg
cccqc.ctgc

aatcatgg
thtCCwCﬁd

' aagtggtcta

cagectgagt

84"‘@%“qtd
tcaaatatta

fre

caactcagagy
gaccqqggcc

tgtqqctqcc

]vvgﬂ gcg
cttetatgge

ageegtyocy

gtgcacygeaa

ttoecteat

Qd”"&“Ct

CtangCLu
ctggte

tgtgtttgag
¢ cttecgotac g
ttatgaggag
aggegtoctg
cttcttgotg
cgatttetac
cctggactat

e te Tt e
goUgeritnc

P
CcC v

7/19
ttcaccatgg
999ggCcacay
CLgetggege
aagcegaget
ggctceeacyy
tgccacgtgg
ggggagctyga
agctactett
ctgaqbbvca
£acctyggc
.ngvatggg
cacatcaage

actgcagtgy
cagttcotogy
ctggtteray
ggccageoct
gocttggagy
gtaggeacag
gCtgageeag
gCCgeccgyge
gggaqtutgt
aggcggecgt
QCuLuQCGgu
tgetgy

[t
33

O G
oY) ('a

[ORNES RIS IR TS NG IR
Q1O
]
(&3]

tggagacgc

Fig. 4D

aggcgygtygac
caggcygacaa
caggb
tggaca
gegtgg
cetggtce
CCdaggclcs
tegtgtogty
tcascctgac
t tgggcetgac
gqgcgaatyss
ggetttatet
tgectgeatt
tcacgaagat
cteeggaaga
agtttggeac
cagageocta
atactgagsc
ggcocgeeea
acotgtttge
tcatctgogtyg
ccgtgaacygyg
geatggeoce
gctageoaas
ggtatggggt
acaactgcetce
ccetacagat
cgetgeteac

9
cta

cage
oelsis
<l

('} [£%]

falalaral

accteactey
cctatg;gag
tgcrgeegyge
baaagbagaﬂ

-~

wg gg g9
£gat tg% g

498
acactgty gd

SUBSTITUTE SHEET (RULE 26)

PCT/US2012/059708

C
gcocaacagqg
ggactgggee
actggeatyg
ccaggcagay
caacctgcac
gCageaceay
cgeggggeat
gggcagttag
coecatatic

agaccacatc
ctatcttgee
tgtgtegery
gatcaggyct

gagagCeayg
catgctgeac
aggcccagaa

cgagggrate
ggacceagtyg
cteeeaceey

cggggaggca

ctggacgag
CCgaYCagey
qmuq&qﬁt g

o2
B>
4
>

.
828
el lV;]
Jaa

e e R

E NGRS
(e AT ]
o T

[0 o TN N
fa)

(O BN Ga

o000 W W o

o o0
~3 -3 T
(o) SN anc T 2
OO O DD

L4

o
(Ko lNN e elN e e
[S oI N

229

WO o
OO
T O

L) "

L

[e
fa)

[N
=N

¢

O WO O
2
T

(Xe]
e e e
6 O

OO DO

.,

A ¢ o)

L)

W Ag
Ty Ut
(o)
fand

()
~3 T
Ty
<o

WO WO O O
o =3
> OO >
O O O

(KoY el
[

[

10620
10080
10240
10200
10256



WO 2013/055888

Aval (9891)
Aval (8350}

rhNaGlu
PSHH{B037)

Aval (8765}

23t (8694)
Apall{(8422)
Smal {8096}

Aval (8094)

Xmal (8094)

Neol (8016) .
EcoRl (7697) @ﬁ
FcoRl 7211\ \ §“§‘*

intron 1 §

FcoRL (6753} <
Apall(6722) \[
Hindill (6590) \

Exon L \\
OV +1 N\

P
ov TATA X W&
DHS T2,

1.1 kb OV promoter

DHS B
Start of 1.1 promoter

Start of 1.1 OV promoter

pSIN-OV-1.1-l-rhNaGlu

PCT/US2012/059708

8/19

dsSa

PolvA

AATAAA

End of 3'UTR

Aval (691)
BamHl (789)

T Xmal (801)
Aval (801}

Smat (803}
partial gag

splice donor
sequence present

10256bp \\ir pTombak
Pstl {(1081)
Apall (1313}
/ EcoRl {1393)
LTR (RAV2)
b / Reverse
=W Apall (2544)

Apall {3790}

M13-20
Apall{4761)

partial LTR (RAV2)
Hogness Box
EcoRi {484 1)

Extra G
ALV CTE

Fig. 5

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

9/19

E+DTT] [-DTT]

N

Coomassie
Protein Stain

Fig. 6

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

10/19

200~

180+

160 -

140 ~

120~
100 ] %
80
60

40—

20~

Average

Fig. 7

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

11/19

ED 1
min

103090-2

2011080202 #5

350

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888

Cellular Activity (Units/cell)

10.00---

8.00+

8.00+

7.00+

6.00-

5.00-

4.00-

3.00+

2.00+

1.00+

0.00-

PCT/US2012/059708

12/19

Uptake of rhNaGlu in Human Fibroblasts

S MPS B

1 Normal

— I a L
0.3 0 g
MPS HIB Normal
rhNaGlu {ug/mi)

Fig. 9

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

13/19

T
S R— | i —_
0.020----reemeeeo- R i
ST I T — R ——————

0.010+---—--mo-

Cellular NaGlu Activity (nUnits/cell)

X1 L S L o

SO
e

0.000

I — i I : |
cellonly OmM  0.03mM O01mM 03mM  TmM  nocells

rhNaGlu

Oug/mi
30ug/mi
30ug/mi
30ug/mi
30ug/mi
30ug/mi
30ug/mi

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

14/19

TPL

pTT22-AAA-Naglu
8046 bp

Ampidillin

Fig. 11

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

15/19

SD\ SA\ //‘ EcoRI {1}

e,

A

\enhMLP A
3 _Naglu-TRL

BGHpA-
pTT22-Naglu-TfRL
8046 b
Puromycim\ \ P Hinﬁiii(2263)
SVAlp—~__ A4 DS

\\‘
Ampicillin

Fig. 12

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

16/19
MaGlu Enzymatic Activity

9 e o e e e e e e e et e e e e e e

8 -

7 -

6 -
=~ 5 B I . £
[
[l 4 ~

3 -

7 -

1

0 ! e — | i : : ‘ !

dng EW  ZngBEW  Ing BEW  4ngHEK 2ngHEK 1ngHEK
NaGlu (Gallus) AAA-NaGlu (HEK293}
Fig. 13

Enzymatic Activity of rhNaGlu fusion
proteins (HEK293)

Neg. Ctrl  AAA-NaGly NaGlu-TfRL

Fig. 14

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

17/19

200~

180~

160

o i

it £

< [a»)
i |

o

(0]

[
}

Cellular Activities
{units/mg of protein)

@ ¥ i H
G 4 8 12 16 20 24 28 32 36 40 44 48
Time (hours)

Fig. 15

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888 PCT/US2012/059708

18/19

Heparan Sulfate in the Kicﬁneg following
intravenous administration of rhNaGlu gallu

] rhiNaGlu gallus
{6.25 myg/kg)

- rhiNaGlu gallus
< (27 mg/kg)

Fig. 16

Heparan Sulfate in the Brain following
intravenous administration of rhNaGlu galius

0.1+
{),98"' e jﬁ \erT
71 KO
rhNaGlu gallus
0.06 L (6.25 mgikg)
& rhiNaGlu gallus
0.04-" (27 mg/kg)
0024
0

Heparan Sulfate Conc, (ug/mg tissus)

Fig. 17

SUBSTITUTE SHEET (RULE 26)



WO 2013/055888

Heparan Sulfate (ug/mg tissue)

-
I3
.
-
G 5 ’
.

S

19/19

Heparan Sulfate in the Liver following
intravenous administration of rhNaGlu galius

PCT/US2012/059708

/

Fig. 18

. rhiNaGlu gallus
{6.25 myg/kg)

Heparan Sulfate in the Brain following
intrathecal administration of rhNaGlu gallus

issiie)
o
|

£ 008+
0.08+"
0.07-"

0.06-" -
0.05+4"
0.04+"
0.03+" 7
0.02+4" 7
0.01+4"

L)

Heparan Sulfate Conc. (ug/mg t

Fig. 19

SUBSTITUTE SHEET (RULE 26)

T KO

. rhNaGlu gallus
— {0.31 mg/kg)




wo 2013/055888 A3 || I 00000 0 O R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

18 April 2013 (18.04.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/055888 A3

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
CI2N 9/26 (2006.01) A61K 38/47 (2006.01)
CI2N 5/07 (2010.01)

International Application Number:
PCT/US2012/059708

International Filing Date:
11 October 2012 (11.10.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/546,248 12 October 2011 (12.10.2011) US
Applicant: SYNAGEVA BIOPHARMA CORP.

[US/US]; 128 Spring Street, Suite 520, Lexington, MA
02421 (US).

Inventors: QUINN, Anthony; 107 Manet Road, Chestnut
Hill, MA 02467 (US). LEAVITT, Markley, C.; 1140
Latham Drive, Watkinsville, GA 30677 (US). ZHINAN,
Xia; 29 Burke Lane, Wellesley, MA 02481 (US).
RUTKOWSKI, Joseph, Victor; Synageva Biopharma
Corp., 128 Spring St., Suite 520, Lexington, MA 02421
US).

Agents: ZACHARAKIS, Maria, Laccotripe et al.; Mc-
Carter & English, LLP, 265 Franklin Street, Boston, MA
02110 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

(88)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

Date of publication of the international search report:
13 June 2013

(54) Title: RECOMBINANT HUMAN NAGLU PROTEIN AND USES THEREOF

(57) Abstract: The present invention provides compositions comprising an isolated mixture of recombinant human NaGlu proteins
in which a substantial amount of the NaGlu proteins in the mixture has increased levels of phosphorylated mannose that confer the
proteins to be efficiently internalized into human cells. The present invention also provides methods of producing such mixture of
NaGlu proteins, vectors used in transgenesis and expression, host cells harboring such vectors, and methods of isolating and purify -
ing the mixture of NaGlu proteins. The invention further provides methods of treating NaGlu associated diseases.



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 12/59708

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C12N 9/26; C12N 5/07; A61K 38/47 (2013.01)
USPC - 435/201, 435/349, 424/94 .61

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
USPC- 435/201, 435/349, 424/94 .61

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC- 435/325; 435/85; 435/69.1; 435/68.1, 435/69.7, 435/195, 435/97, 530/350, 536/23.2, 536/23.5, 536/4.1

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PubWEST(PGPB,USPT,USOC,EPAB,JPAB); Google/ Patents/Scholar: Alpha-N-acetylglucosaminidase, NAGLU, EC 3.2.1.50,
N-acetyl-alpha-glucosaminidase, NAG, transgenic avian. GenCore 6.3: SEQ ID NO: 1

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X ' | WO 2009/131698 A2 (Ellinwood, et al.) 29 October 2009 (29.10.2009) Abstract, SEQ ID NO: 1, | 1, 2, 11-17, 19-25, 32, 38
-- pg 6,In 13-14; pg 7, In 6-11, 21-24; pg 8, In 1-10; pg 9, In 18-24; pg 16, In 10; pg 17, In 9-14, Fig | -46, 51, 55-57, 72-76, 81-
Y 3B, 8,9, 11; claim 7-9, 12, 19 84

3-10, 18, 26-31, 33-37,
47-50, 52-54, 87-88

Y . | UniProtKB/Swiss-Prot Direct Submission P54802. ANAG_HUMAN (21 September 2011). 3-10, 26, 28-31, 52, 54
[Retrieved from the Internet 21 February 2013:
<http://www.uniprot.org/uniprot/P54802.txt?version=111>]; pg 5

Y « | Kim, et al. Carbohydrate recognition by the mannose-6-phosphate receptors. Curr Opin Struct 4-10, 28-31, 33, 54
Biol. 2009, 19(5):534-42; pg 10, Fig 1 and its legend

Y + | WO 2009/088998 A2 (Harvey, et al.) 12 July 2009 (12.07.2009) Abstract, pg 3, In 30-31; pg 5, In | 18, 27, 34-37, 47-50, 53
1-10, 28-31; pg 6, In 1-4; pg 17, In 5-14; pg 31, In 18-36; pg 31, In 25-36; pg 32, In 1-3; Fig 8A;
claim 1

Y 1| Ellinwood, et al. Safe, efficient, and reproducible gene therapy of the brain in the dog models of | 87-88

Sanfilippo and Hurler syndromes. Mol Ther. February 2011, 19(2):251-259; Abstract

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

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

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

“E" earlier application or patent but published on or after the international «X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

g"egi;fr::;zzh(i ;hccrixgg(lil)c ation date of another citation or other .y document of particular relevance; the claimed invention cannot be

pe pe considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g» 4ocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
21 February 2013 (21.02.2013) O 8 AP R 20]3
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
o PCT Helpdesk: 571-272-4300
Facsimile No.  574.273.3201 PCT OSP: 571-272.7774

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 12/59708

C (Continuation). ~ DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

A

>

> >» » » >» » >

Chen, et al. Glycoproteomics analysis of human liver tissue by combination of multiple enzyme
digestion and hydrazide chemistry. J Proteome Res. 2009, 8(2):651-61

Liu, et al. Chemical synthesis of N-linked glycans carrying both mannose-6-phosphate and
GlcNAc-mannose-6-phosphate motifs. J Org Chem. Epub 06 October 2011, 76(21):8682-8689

Bones, et al. Identification of N-glycans displaying mannose-6-phosphate and their site of
attachment on therapeutic enzymes for lysosomal storage disorder treatment. Anal Chem. July
2011, 83(13):5344-52

Pohl, et al. Glycosylation- and phosphorylation-dependent intracellular transport of lysosomal
hydrolases. Biol Chem. 2009, 390(7):521-7

Braulke, et al. Sorting of lysosomal proteins. Biochim Biophys Acta. 2009, 1793(4).605-14

Mizutani, et al. Genetic modification of a chicken expression system for the galactosylation of
therapeutic proteins produced in egg white. Transgenic Res. Epub 13 April 2011, 21(1):63-75

US 2005/0142141 A1 (Pardridge) 30 June 2005 (30.06.2005) Abstract, claims 1-2

US 2010/0183577 A1 (Stem, et al.) 22 July 2010 (22.07.2010) Abstract, para [0011}, [0067],
[0096], claim 33, 34, 40 for fusion claims

US 7,001,994 B2 (Zhu) 21 February 2006 (21.02.2006) Abstract, claims 1, 4, 6,

US 2004/0248262 A1 (Koeberl, et al.) 09 December 2004 (09.12.2004) Abstract, para [0068],
(0070, [0077], (0135}, (0192], [0206}-[0207],

US 6,861,242 B2 (Canfield) 01 March 2005 (01.03.2005)

US 6,670,165 B2 (Canfield) 30 December 2003 (30.12.2003)
US 7,138,262 B1 (Daniel) 21 November 2006 (21.11.2006)

US 2009/0022702 A1 (Zhu) 22 January 2009 (22.01.2009)

US 7,001,994 B2 21 February 2006 (21.02.2006)

WO 2011/000958 A1 (Garcia, et al.) 01 June 2011 (01.06.2011)

US 2011/0318327 A1 (Concino, et al.) 29 December 2011 (29.12.2011)

1-57, 72-76, 81-88

1-57,72-76, 81-88

1-57, 72-76, 81-88

1-57, 72-76, 81-88

1-57, 72-76, 81-88

1-57, 72-76, 81-88

1-57, 72-76, 81-88

1-57,72-76, 81-88

1-57,72-76, 81-88

1-567,72-76, 81-88

1-57, 72-76, 81-88
1-57,72-76, 81-88
1-57,72-76, 81-88
1-57,72-76, 81-88
1-57,72-76, 81-88
1-57, 72-76, 81-88

1-57, 72-76, 81-88

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US 12/59708

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. Claims Nos.: 77-80

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1.

Group I: claims 1-24, 72, 74, 81-88, drawn to a composition comprising an isolated mixture of recombinant human N-acetylalpha-D-
glucosaminidase (rhNaGlu) comprising the amino acid sequence 24-743 of SEQ ID NO:I, wherein at least 10 % of said rhNaGlu in said
mixture comprises at least one glycan structure having mannose-6-phosphate (M6P).

Group Ii: claims 25-57, 74, 81-88, drawn to a composition comprising an isolated mixture of hNaGlu of the amino acid sequence 24-
743 of SEQ ID NO:1, said mixture comprises a sufficient amount of rhNaGlu containing one or more glycan structures comprising M6P
such that said rhNaGlu containing M6P is internalized into a mammalian cell having NaGlu deficiency via M6P receptor-mediated
endocytosis and restores at least 50 % of NaGlu activity observed in a wild-type cell of the same type expressing endogenous NaGlu.

*** See Supplemental Sheet to continue

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

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

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:
1-57,72-76, 81-88

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

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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e seesreietess Supplemental Sheet
In Continuation of Box Ili. Observations where unity of invention is lacking:

Group lll: claims 58-70, drawn to a transgenic avian comprising a transgene containing a promoter operably linked to a nucleic acid
sequence encoding a rhNaGlu, and a method of using said transgenic avian to produce said a rhNaGlu.

Group IV: claim 71, drawn to an isolated nucleic acid comprising the nucleic acid sequence of 5232-10248 of SEQID NO4.

Group V: claims 73, 75, 76, drawn to a composition comprising recombinant human NaGlu protein that crosses the blood brain barrier of
a mammal having NaGlu deficiency when administered intravenaously, a method of delivering recombinant human NaGlu protein to the
brain of a subject suffering from NaGlu deficiency by intravenously administering recombinant human NaGlu protein to the subject.

The inventions listed as Groups 1-V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The inventions of Groups I-lll and V do not include the inventive concept of an isolated nucleic acid comprising the nucleic acid
sequence of 5232-10248 of SEQID NO:4, as required by Group IV.

The inventions of Groups I-IV do not include the inventive concept of a composition comprising recombinant human NaGlu protein that
crosses the blood brain barrier of a mammal having NaGlu deficiency when administered intravenously, a method of delivering
recombinant human NaGlu protein to the brain of a subject suffering from NaGlu deficiency by intravenously administering recombinant
human NaGlu protein to the subject, as required by Group V.

The inventions of Groups |, Il, IV, and V do not include the inventive concept of a transgenic avian comprising a transgene containing a
promoter operably linked to a nucleic acid sequence encoding a rhNaGlu, and a method of using said transgenic avian to produce said a
rhNaGlu, as required by Group IIl.

The inventions of Groups 1lI-V do not include the inventive concept of a composition comprising an isolated mixture of rhNaGlu
comprising the amino acid sequence 24-743 of SEQ ID NO:1, wherein said rhNaGlu contains one or more glycan structures comprising
M6P, as required by Groups | and Il. .

The inventions of Group | do not include the inventive concept of a composition comprising an isolated mixture of rhNaGlu comprising
the amino acid sequence 24-743 of SEQ ID NO:1, wherein said mixture comprises a sufficient amount of rhNaGlu containing one or
more glycan structures comprising M6P such that said rhNaGlu containing M6P is internalized into a mammalian cell having NaGlu
deficiency via MBP receptor-mediated endocytosis and restores at least 50 % of NaGlu activity observed in a wild-type cell of the same
type expressing endogenous NaGlu, as required by Group ll.

The inventions of Group |l do not include the inventive concept of a compaosition comprising an isolated mixture of recombinant human N
-acetylalpha-D-glucosaminidase (rhNaGlu) comprising the amino acid sequence 24-743 of SEQ ID NO:I, wherein at least 10 % of said
rhNaGlu in said mixture comprises at least one glycan structure having mannose-6-phosphate (M6P), as required by Group I.

In addition, a composition of claim 25 does not represent a contribution over prior art as being obvious over WO 2009/131698A2 to
Ellinwood, et al. (hereinafter "Ellinwood") that discloses a composition (Ellinwood, claim 19, "A composition comprising the isolated
recombinant mannose-6- phosphorylated N-acetyl-a-D-glucosaminidase (NaGlu) fusion protein of claims 12 and a pharmaceutically
acceptable carrier”) comprising an isolated mixture of rhNaGlu comprising the amino acid sequence 24-743 of SEQ ID NO:1 (Ellinwood,
claim 12, "An isolated recombinant... NaGlu fusion protein, wherein the NaGlu protein comprises SEQ ID NO: 1", wherein SEQ ID NO: 1
is identical to the claimed SEQ ID NO: 1 and represents an amino acid sequence of human N-acetyl-alpha-D-glucosamidase (Ellinwood,
Substituted Sheet 4, Fig 3B, showing that SEQ 1D NO: 1 is prhNaGlu, wherein "p" stands for "protein”, "r" stands for "recombinant”, "h"
stands for "human”, as evidenced by the legend to the Fig 3B, "Figures 3 A-B depict the phNaGiu vector and cDNA sequences (SEQ ID
NOs: 1-2) used to generate recombinant human NaGlu" (Ellinwood, pg 6, In 13-14),

wherein said mixture comprises a sufficient amount of rhNaGlu containing one or more glycan structures comprising M6P (pg 17, in 10;
pg 7, In 21-24, and Fig 11) such that said rhNaGlu containing M6P is internalized into a mammalian cell having NaGlu deficiency via
M6P receptor-mediated endocytosis (pg 17, In 11-14, pg 7, In 6-11, "Figure 9 depicts the cellular uptake of NaGlu-ApoE. MPS HIB
fibroblasts were incubated with 10 units of NaGlu- ApoE or native NaGlu for 5 hours. A. Depicts NaGlu activity in cells after uptake. B.
Confocal microscopy of MPS IIIB fibroblasts incubated with NaGlu- ApoE or native NaGlu and stained with Anti-myc or Anti-Lamp 1
antibodies (third row is a merge of panels from columns one and two)").

Ellinwood does not specifically disciose restores at least 50% of NaGlu activity observed in a wild-type cell of the same type expressing
endogenous NaGlu. However, Ellinwood does disclose that said NaGlu-ApoE has 120% activity of urine NaGlu when MPS I1iB
fibroblasts were incubated with 10 units of NaGlu-ApoE or native urine NaGlu (see Fih 9 and its legend). Therefore, one of ordinary skill
in the art would have a reasonable expectation that NaGlu-ApoE of Ellinwood restores at least 50% of NaGlu activity observed in a wild-
type cell of the same type expressing endogenous NaGlu.

Groups |-V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (July 2009)
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L. —F a5 SEQ 1D NO:1 M7 24-743 (A A N- SBEE - a -D- &2
HIEHE LR (rhNaGlu) 177 BHR EWAEGW, Sorh ik iR &9+ 22 /0 10% 19T i& rhNaGlu
b BAH R -6- #5R M6eP) HIZPESE .

2. MRPEBRNE R 1 iRl &4, Horp B M6P [ ATid rhNaGlu B85 W i 31 5k =
NaGlu I FLEN 40 M, CLEC Ak 1 rhNaG lu Pk 52 T 28 A8 [7) 2 20 1 55 A 80wl L 50 400 40 e
HHOIR S B [ 1E 5 NaGlu 3 PE K 28 /b 50%.

3. WABRBIRIE SR 2 Frik (4G4, Ho ik SR 0 2k 4 N- JE B S Bl

4. MRPERRNE R 3 Bk 4164, Hoh BTid rhNaGlu &H BEEE R A A D 1 BRI
M6P

5. MARBURIE K 3 Pk A G4, Hrp ik rhNaGlu &8 N THRE/REARY 1 Y
6 JEE/R 2 [E] ] M6P.,

6. MRIERANE K 5 FriR 4L &4, Horp BTig rhNaGlu &4 6 B R 8 1 A 2 FE IR I
M6P

7. MRPEBRE R 5 ik A5, Hod ik rhNaGlu &4 R B8 /R iR
M6P

8. MRIEBAN LR 5 BTk (4L 54, Hrp BTk rhNaGlu & & R 8 H L 4 IR
M6P

9. MIEBUFE R 5 BTk K54, Horp BTk rhNaGlu & & FE /R 8 1 4 5 FE IR K]
M6P

10. ARPEBCRE R 5 Frik 264, A Frik rhNaGlu &H &
M6P

L1 ARPEBCRE R 2 BTk AL A4, Hdp i > NaGlu 6 FTds il FLah 4 40 i > A 400

12, ARIEBRNE R 11 TR 4590, Hrp B NaGLu (1) BT A 40 i A Bz IR s 4T 4 41 i
JH- 40 i sk e 4 e o

13, MRAERRIE SR 11 AR A9, B NaGlu AR A 40 i A #h 2 o4 ..

14, ARPEBUREL R 13 Frdk (A A4, Hop 14 B I, BTk rhNaG Lu B 208 1% B
NaGlu 2 4 I FL 30 20 1 i 58

15, MRPEARESK 14 Frik (54, b Ak Pyt H N, Pk rhNaGLu $i 5 28508 32 2]
A NaGlu 52 E 100 L3020 I o

16. ARAEAHNELSK 13 Fralk (1454, Horp 4 88 Py it FH IS, JTid rhNaG Lu g 280858 21H
NaGlu #f Z 4 IR0 FL30 40 i 58 o

17, RIEBCRE K 2 ik 454, Horh HAG M6P 11 TiR rhNaGlu  NaGlu = 24 41 fig
Pk B RS T AR IE % NaGlu 3 M 222 100%.

18. MRPEACFI TR 2 ATk 4154, Hob B M6P [ BTIA rhNaGlu &8 fE/RE AR E
b 25 PEIR B H bl o

19. RBEAHE R 1 Pk K454, 2 ik &9 1 2 2 20%. 30%40%. 50%- 60%-
70%+80%+90% B% 95% [ FTiR rhNaGlu 54 M6P,

20. FRABEBCRIE K 19 Pri’ a4, Hod frikiB &4 220 20% [Tk rhNaGlu &4
2 /b—/> M6P,

D}
=
0
w
s
ST
&F

||T

JEEIR &R R 6 FEIRI
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21 MRIEBRNE R 20 Jrk 464, Kb rRiR G920 30% (1A rhNaGlu &
% /b—A~ M6P,

22, REBOREEK 21 Prk &4, Kb rRiR G 2/ 40% (1A rhNaGlu &
Z/b—A~ M6P,

23, IRIEBOREE K 22 Jrk 24064, Kb rRiR G 2 /b 50% (1 JT& rhNaGlu &
% /b—A~ M6P,

24. RIEBOREEK 23 Pk 4L -E64, Kb rRiR G 2/ 60% (1 TA rhNaGlu &
%5 /b—A~ M6P,

25. — P55 SEQ ID NO: 1 (2 MR T41) 24-743 M EH A N- ZBEIE — o -D- 20k
HAHETBE (rhNaGlu) (95> BR A WAEY, b iR EMaES L8 8N & A — 1k
ZATEREE TN rhNaGLu, ik SR 0E 25 F0 0 1 Bl —6- IR (M6P) , LAB & MeP [ iTik
rhNaGlu 28 M6P 32 &N S 1 P B A FH A AL B NaGlu B2 5E (9 FLah i 4 e b F K &
TAERIE IR NaGlu [RIAH [R] 70 ) 5 A Y 40 A 00 82 2111 NaG Lu 35 PR 11 227> 50%.

26. MRPEARNE K 25 P’ 2469, Hrh Tk rhNaGlu 28 N- &R AL

27, MRIRRNE K 25 Pk 459, Kb ik rhNaGlu 48 0— AL

28. MRPEACRIEE R 25 Frdk I &4, Jrh BTk rhNaGlu 67 B3B8 /R rhNaGlu 22 /b 1 B8
IR M6P,

29. MRABBCRER 26 BTk 2044, Hoh BTk rhNaGlu 44 & BEEE/R rhNaGlu £ 1.2.3,
4.5 8K 6 EEIR 1) M6P.

30. ARPEACRIE R 29 Prid Il &4, Hrh ik rhNaGlu A7 5 BE /R rhNaGlu £ 3 /R
] M6P

31, ARPEACRIE R 29 Prik 14l &4, Hrh BTk rhNaGlu A7 B8R rhNaGlu £ 4 JBE/R
(] M6P

32. FRHEBCREESR 25 BTkl &4, Hodr Bk rhNaGlu £ & H 228k .

33, R AR Bk 25 Bk B4 A A, b TR rhNaGlu £ & N- & Bt A 4 B ik
(GlcNAc) »

34. FRAEBCRE R 25 Frik 4 &4, Hoh Bk rhNaGlu £ 5 208 .

35. R BUR) B sk 25 Bk B 4L A A, b TR rhNaGlu £ 5 N- & - OB ik
(GalNAc)

36. FRHEBCREE SR 25 BTk 4l &4, Hodr ik rhNaGlu AN &7 k.

37, MRIEBANE R 25 Pri® AL G4, Hrh Tk rhNaGlu A5 fi 4585 o

38. IREBUREE K 25 Frdk 2L -&4, b Tk rhNaGlu PRS2 T 1EH NaGlu B ot 1) 2
/1> 60.70.80.90.95 B 100%,

39. MRHEBCR)EESK 25 Frik 4L &4, Hod 44 B I, BT id rhNaGlu 3 A R0 6 3A
NaGlu fif 2 E (I L3N B I 8

40. FRYFAURIE K 39 Frid (A4, FoAr bk oy it B, TR rhNaG Lu B 28088 32 2
A NaGlu B2 5E (10 LB I8 o

41. FEAERCREE SR 25 BTk 204, Hoh = NaGlu (PR i SLE0A0 40 Mo g N 40 1 .

42, MRYEBCRIEESK 41 Jrik (I A4, b il A0 Mo A B JER e 41 4 40 . 4t e B

3
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I 441 o

43, WRHEARIE K 41 Pk A A9, B2 NaGlu fIFTIR A48 ik #h 22 e 40 i

44, FRIEBRNEL R 25 PRk A &9, o ik rhNaGlu 2058 3 Ml & & H.

45. MRARBURE R 44 BTk A G0, o Frd 28 =3 A 2 K.

46. FRIEARNEL K 45 Prik 4L &4, Hoh ik 2 kit B %2 A 2R m Ak (TERL) %
By RZFEAEKE T2k (IGF2R) Alfk (K2 RS 1 (LDL) SZARECAAFIER M2 IR (AAA) Bk
o

A7, FRPEARIEL R 25 Brik 2064, o Tk rhNaGlu H % 5 R 8 28 AR B

48. FRIEARNEL R 47 Prik (21 -E4, Horh iR e 2 R 8 28 %8 L kXS RS sl A 5

49. MARBURE R 48 ATk A &4, b Frd i FE R o039

50. MRIEAFNE R 49 PR 24059, Hrh ik rhNaGlu H1%6y 99 5 40 B A2 R o

5L, — P& &A — D N RIS ELN N- LB - o -D- 2S5 45 1
(rhNaGlu) WIZLE9, ik R HE S5 10 B L B0 H Bk —6- BEIR (M6P) , Jrik MeP fu it
BTk rhNaGlu 28 M6P 52 1R A S 18 P 546 F AL B4 NaGlu St Z 5E 1R FLah P 4n i, LLEL
MRy LT, BT rhNaGlu P T 76 1 52 383 AH R 28 28 (1) 40 e b W 22 B0 NaGlu i P
(11220 50%.

52. MRIEBCHIELK 51 Frik (A -&4, HoA ik rhNaGlu 25 e N- ERREIEAL .

53. MRIEECHIELK 51 Frik I &4, HoA ik rhNaGlu 25 RER 0- IEHME AL .

54. MRIEAANE K 51 Prik Il &4, Hoh Bk rhNaGlu €5 & B8R rhNaGlu £ 2,34,
5 8Y 6 FEE/K [ M6P.

55. MRIEBCRIEE K 51 Frik AL &4, Forh 44 Bl I, BT rhNaGlu 35 R0 15 3
NaGlu i 2 E [ LB 1 I 38

56. MR LK 55 Frid fI4H &4, Horb Y ik PR I, Jrd rhNaGlu #8208 1%
B NaGlu 5 Z RE R0 7L 304 16 i 8

57. MAEACHIZEK 51 frik K4 &4, Horp 98 P I, Jrid rhNaGlu A W08 I8 2I1H
NaG1u B JiE [0 7L 304 1 i 35 o

58. — ML G S EZ A NaGlu (rhNaGlu) [RIRZ R )8 41) W] 45 A M 4 1) 8 3+
(1% 2t BE DRI 2t B R 218, b P e 25 DR, 5 7 P o 5 R 8 SIS R R ERT 2 v O ELZE o A
Y R IE, LABUITIAR rhNaGLu 75 JIT i 5 55 DRI 88 205 [0 O 65 40 B B 64, 43 81 B
Ji P 9 HAZRLE i i S IR g R B ) s

59. MR E K 58 Pk i 2L R & 28, P BT if rhNaGlu £ % B3B8 /K rhNaGlu 24 2,
3.4 3K 6 EIR Y] M6P,

60. FRAEBHNELK 58 Jrid () 4 FE R & 25, Horh T ik J8 o)) 7 204 2 S O 89 e S Mk JR 3
*o

61. MRIEARIELR 60 Frid (4 FE R 28, Horh i i 5N &R 7 1t FE 3 1 = O R B8
BT

62. FRAEBURNELSK 58 il i JE PR 88 28, Jorh T i i DR 8 28 10k 1 X5 L KON | g R

w

o Ol

63. — i IR IEBOME SR 58 Pk i A &5 287 i i

4
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64. — P EZH A NaGlu (rhNaGlu) 777, ff .

a) £S5 B 5 SEQ 1D NO: 1 [y 24-743 Hh T~ 4R rhNaGlu A% BR 741 n] 5 4E
R (8 B AR (R R R R R A R DR 8 28, L b Pk A D DR A 25 7 Pk A i R & SIS I 2k
ERIZH 3 ELZE S On A 4 e b 2235, DASUIT IR rhNaG Lu 75 BT i 4 55 DR 8 25 (0 B9 /2 41 it rp g
FEAL, 73 A BE BN E s N I HAFRTE TR e R R g 28 I s ) =T o

b) M TR HIE T 43 B BTk rhNaGlus

65. MARBUFIE K 64 Pk k) 772, o Brid 8 8l 7 4L 2 S R g e e I 3o

66. MRIZBCRE K 65 Frik i 7 v, Horp prik i ONE R ke 3 2N B & B 83 1.

67. MARBIFIE R 64 Pk k7732, HoAr ik & 2818 A X L KOm RS HIES 55 ,

68. MRYLBCRE R 67 ik i 77 vk, Horb i g5 240 38

69. —FpEk, S 550 A& DS 8 B EHIEB 409 A NaGlu R IR F41 .

70. —FirE EA M, HAL SRR PR RN K 69 BT i34

71, — P BRI, HALS SEQ 1D NO:4 [ 5232-10248 LR IF4) .

72. — Ry, HA S 52 BTS2 BB AR R R BRI 41 R AR 2
K1 TRKAEY .

73. — M EY), HoALE SRR P A 2 1 NaGLu SR 2 0E 0 L3400 1) 00 i 5 i
HIEZH A NaGlu 25 it

T4, —FRIT B NaGlu Sk 20 F 52388 19 535, BTk J7 B4 W) Brids 5238 3 it ¥R
7 AR R AR B Sk 1,25 88 51 TP T — TR -S4

75, — Pl E 2 NaGlu 85 (i 2% 21 G NaG Lu B2 0E 5238 3 I 38 16 7 7%, Bk o7
VEALRE ) TR 523K bk N it FH 41N NaGlu 25 3 5T

76. — M LLAIT A BE NI P E YL NaGlu 25 ()5 27 ok A ads i i S s 19 5 425,
PR 7 A48 0 NaGlu S22 905 152 8 & o B4 NaGlu 25 .

77, WP EE R 74-76 FE— IR 1) 7, Forb IR NaG lu i 2 0 2 S AE ST G 4R
HAEB L.

78. MRPEACREE R T4-76 AT B 7, b ik sz A .

79. MRIRBORE R 74-76 AE— IR ) 7732, A LAZY 1 2245 30mg/ ke 4 5 151 & )
JIT IR 52 A 2 0 T N it FH T IR 20N NaGlu 8 A .

80. MRYHBCHIE R 79 Frid i 77 v%, Hd L4 6 24 2Tmg/ kg AR 151 & [n) rid 523X &
Fre ot BT id 20 NaGlu 2R A iR

81. MRAEAUCHIELK 74 Prak 17732, Hor ) ik 21838 88 P il iR B0 N NaGlu R H
Ji

82. MRPEACHIE K 81 Arid i 77 vk, Hrp LA A /4 0. 3mg/ kg 1R {157 & 5 P il Fr ik 8
20 N NaGlu 259 ).

83. MRPEACFIE K 82 Frid iy 77 v%, Hd L2y 1.2.3.4.5.6.7.8.9 5k 10mg/kg 1A [¥5
AN TR EZH N NaGlu 25 .

84. FRYZBURIE =K 82 Frid (1) 7712, HAr DAL 10 24 30mg/ kg M2 [1)571) & 45 PN it FH T ik
B A NaGlu A .

85. MRIEBIAELK 74 Prik i1 7712, Horr ik v6 97 A R 2 A AR TR 52 8 3 i

5
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I SO A RO R £ BT 3K A

86. MRIEBURIEIR 74 Prik ik 75k, b BTk 167747 20 28 R In B 52 183 1o &1 5%
JF R ) NaGlu 3% P 2

87. MRYFAAUHIESR 74 Frid ¥y 7%, it — DA H] 28 — 36777

88. MRARBUM R 87 BTk (¥ 7532, Horh it 5 A 77 572 S e sl o
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F2H A NAGLU EH R R H A%

[0001]  AHOCHHIEHIAZ X 51

[0002]  ASHUIEW K 2011 4F 10 H 12 H2AC KI5 EIEI I 7 415 61/546, 248 3 H 223k
AR SR, HoaE iy 2l 1 5 | H B A 9 A28 3.

[0003]  RHIH 5t

[0004]  ZFEAIHIGEESAE B Y (Sanfilippo Syndrome B) J& FHFR A N- ZEEIE —a -D- 4
T A BETTRE (NaGlu) FHSEEPRBESR = 51 I Gy R Ra MRS BRI B (LSD) o 1E %
B AR ol e R (GAG) HIIE L 73 I — 80 0, PR AR B SR 32 5 22 NaGlu.o 2 BRRH
NaGlu FEBRER S 2= A 2R . 124 4 1h% e T 70 P AFRRAR, ZIEF)H
[CERGTE B BRI )2 18 7 Fas AL S ok o

[0005] K%y 200,000 1~/ JLHA | ANEA RIEVNH IRERAE B B IF Hok Z hE F 2240 )L
I FESAIR RS, A RIEVNA RERE1E B AU A0 38 18 0 H IO 3k iR 2%
FAT R )8, e 2 1 T b, SEUEE CT R MBER . 55 18181
HAGERE, PR32 5 m 1) 838 v] e A 2 2 Nk SRS MPIS s TR 5 R R IEIR o Pk 15 i il
W R IE IAT R B A AR B S . BARIR R R = B R M2 LI, H R B A
JEVE BB RIS G DS e i & (hirsteness) F1 / B ROHRS 3T H o] B 30 0 e 1L
Al 50 ) B I B B, S B AR AT AN RERE Bl I s VAR B HL A e A TR IR YE RN - R85
JLEE I A3 8 5 A I DA B =4 sk

[0006] L2 5ik T AN 7 AR B iR AL B R B b A it B R AQUT IV (BRT)
[¥) NaGlu, L AE S PR FL Y 40 M35 8 R R 18 T A NaGluo 2R, 55 40 il py R 2R
A7 1E 11 13 % 21 5 B8 44 1K NaGlu AH Jie, & R HH i L 30 420 40 B A= Jse A 43 3 1) B 20 NaGlu 28]
F RS sl S a1 H BR M 6- B ER (M6P) o & %0 0 WA 1Y NaGlu A M6P 5 43 Bk /b 5
AN 2 Wi 15 A 20 Ak 31 A8 L TR R [ M6P Sz AR HE 40 e (9] 4, N S K BT 4 4
M) o (WL, Zhao %%, Protein Expression and Purification, 19:202-211(2000) ; i
Weber Z&, Protein Expression and Purification, 21:251-259(2001))., £F CHO 41 Ji
R IR 1 43 W B/ B NaGlu HelLa 40 M rh 3028 19 43 WA 8N NaGlu A R4 4 40 e vh 320
(1) 73 W B4 N NaGlu F RS (HEK) 40l 5% 293 R 1K1 73 Wb B N NaGlu 71 7 B
) 1% 1k (W, Zhao %%, Protein Expression and Purification, 19:202-211(2000) ;
Yogalingam 2%, Biochim Biophys. Actal502:415-425 ; #1 Weber 2%, Protein Expression
and Purification, 21:251-259(2001)) o M FL 50 4%) 40 i 73 ¥k ) NaGlu £ 1 5 h N- 5§
BB W IR Ak B 59 B IR A 6 T R OE A B AT AR E A NaGlu SR B g i 1 — A3
LR G, PR R AT A 52 1 38 oK A8 AL R A 40 B A 20 I R I, TR R i B e A mT A
WAL B B IR B B B AR YK P R I — A% (WL, Zhao %%, Protein Expression and
Purification, 19:202-211(2000)) . &4 4 ik, WA LKA o] H T RAEFH KRGS
ik B BLEIVRTT o

[0007]  CL &85 ik EH L 0] NaGlu B = /N BB AR A 22 R4 (ONS) Jit I (43 4, 1] i ¢
BEVE (CSF) #5 PN i ) WrT L2040 40 M A= e i) A RAR 2 18 7 41 () B4\ NaGlu 85 A i

7
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(rhNaGlu) , {HA2 FH T Bk 85 1 0 7E i 28 3 45 Ao FEL b o AR 38 DA R B 2 A 238 4 R 4 B 1)
WhTF MEP ik , A REIE B [v) J 38 IR e AE W o A o SSA0IHE, A SR (BRI, Bk N (TV) ¥
) T FL Bl AN Mo A R B AR SRR 7 H1) 1) rhNaG Lu 2R B8 UE B BT I 2 (1 5[] i 348 1)
BB AT o i 50 iR AR N PR PN it P A DG TR AR A1, 4 rhiNaG L u 3 i i 350 F0 30K 26 i i
LV 3R A3 R AR50 IRGRATE B A R0 iR R Bk -

[oo08]  [A|ik, 75 B A ELE kO H A e vr e AU 2 ol I i 5 fs (BBB) R A2 1/ 25 (13
A P AL B P I 1 A A B TR A2 NaGlu 2R . I8 7R B nl$R A 2 i i
i B 5 A 2 A BSR40 o () B2 N NaGlu [/ 2608 BRI 8 R R G
[0009] & BH A

[0010] Ak B K AL XAy A L Bl fE R 4E )l IR 4541 B LR y7 i A 41
A NaGlu S 5 (rhNaGlu) AL G, A& BHE T B H T BRI R I, REA SC T iR
rhNaGlu A —ak 2 MREFAEI A, AR VF rhNaGlu A 2028 ik i 5 (BBB) FF H.We i 3
Bz Frid BRI Z I PR A R S (ONS) A, SRR o -N- ZBE2 8 A0
WIS P S22 3G 0, DL KT B o 1T L, AN SCHTIR rhNaGLu 4% 7 200 531 L 3 4 40 e
(Han, N4ifs) , S AR BT 0™ AR R e RS 0 ARAS A L 3h A 48 i A2 oRn 73 30
1) NaG1u 25 1T b, B PR 15 00 o NaG Lu &5 15140 40 M 0 R M4 M s 168 g ot 154 o 2 R0 458 o
25 2R I T BRI B A X H TR R ARSI IR A E B B B A I AT AR it
TR G, FFH NI R RBRAR T 528 Jir 2 47 98 70 AU

[0011]  ZSCHTR rhNaGlu 85 & A L0 B 50 (B, B s s et ig i H Sem (BD,
M6P)) , UL SR VF 48 f H s A A/ B MOP 52 1R A 18 ) A FH I 2040 MR B8, L IE Af 48 1)
N4t 75—t 7 &, rhNaGlu & 22 /0 1 R IR 6 5, 491 G g R R el T 142434
4.5 B 6 BE/R M6P., fE— Sy 2, rhNaGlu 1] PIALE] NaGlu 62 (0 A4 e, LAEL N
LB E B4 (100% 55 & ) WA T 6= NaGlu 40 i NaGlu 3 PE ) IE % KSE (BRI, B
AR ) o

[0012]  ASCEAIF T A= RIEZ 50 T H SRR rhNaGlu R E R 5. R
PRI & RS UNE 4 B 3K rhNaG Lu 28 1 0 5 5k IR 6 28 1) S O s N 40 b 644 Pk 2
FRAREEEIE . A 3 rhNaGlu & B AR A RS,

[0013] A BH IR 55 & A B rhNaG Lu [ 5 56 D] 1 28 A i 32 40 B DA R A3 1 R
K rhNaGlu Y697 R AEFH IRERETE B B4 rhNaGlu (25459 .

[0014]  —Jjiil, AREHFRME T — A0 554 SEQ ID NO:1 [ZZEMRT41) 24-743 [EA
A N- SESE - a -D- ZUIEE AR (rhNaGlu) 4y BIRE M4l &w, L Brikii &)
/b 10% [ rhNaGlu AL & 22 /b — A B H 86 -6- B (M6P) HIZRRELE M. 76— 45K
Jii 77 S A, A M6P (1) rhNaGlu BER8 #% W f 3 5 2 NaGlu (WP L3 40 i, DAEC I AL 1
rhNaGlu Pk 52 T 7EAH [R1288 28 (17 A= TR0 L 20 470 40 e oW 28 381 1) 1E 5 NaG Lu 7 PE 1R 22 20 50%.
60%-70%. 80%90% B 100%, 15— St 77 S, ZEBE S5 N- I B

[0015]  7E—/NSEjE 7 &, rhNaGlu & REE/R HE A2 /b 1 IR M6P . 7E 55— Sl 77
ZH, rhNaGlu ZH N TREE/RE E L L EIRFIZ) 6 FEIR AR M6P o 75 75— S it 75 %,
rhNaGlu &4 B E /R [ R 2 BEIR I M6P. 75 X — S 77 22, rhNaGlu &7 & B /R B 1
JRY 3 FEIRIGIM6P . 7 55— 3t 77 %8, rhNaGlu &5 R /R 88 R 4 BEJR I M6P. 1E 55

8
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— ST, rhNaGlu & &R EE IR R R4 5 BE/R I M6P. 75 N — Sl 77 91, rhNaGlu
T REEREE Y 6 FEIRI M6P,

[o016]  FE—NSEil &, = NaGlu BN I M 9 N, 705 — Sy &, st
Z NaGlu I 40 M A 52k T 4 40 f B 40 e s e i i o 76— NS 7 S8 P, B2 NaGlu
(RN 4 JH A o 22 T 4 o

[0017]  E—ANSEitiJ7 i, 244 5 it I, rhNaGlu 4% 245 2% 245 NaGlu B2 5 [
FLBNIIIAS o 76— ANREE SE T S, ik A E IR, rhNaGlu #H 20H X 214 NaGlu
ik Z NE I LB B IR ES o A8 — A ST A, A i A Y, rhNaGlu g% 206K 2IH
NaGlu i Z 4 (N FL30 P01 B8

[0018]  FE—/NsEili 7 &, B M6P [¥) rhNaGlu #% NaGlu Skt = BY 4 g AL IF HIR R T 1K
W IEH NaGlu 3522 100%. 75— St 7 22, B M6P 1) rhNaGlu 3 &F /R H

JRAE /> 25 FEIR I H 28 .

[0019]  7F—ANSEili 7 22, Va4 T & 2 20%. 30%- 40%. 50%- 60%. 70%. 80%- 90% &% 95% [¥]
rhNaGlu 7 M6P. {55 —SEE 5 &, RG220 20% [#) rhNaGlu & 22 /b—> M6P,
TE S —SEHi 7 S IRE 2270 30% [ rhNaGlu & 22 /0—A> M6P. 55— L0t 77 &7,
TBEW A A 40% [ rhNaGlu & 45 £ /0—ANM6P. {857 — Szt 7 &b, JRA )b 20 50% (X
rhNaGlu & 22 /b—/> M6P. 185 —SEhti 7 &, IRG Y 2 /b 60% 1) rhNaGlu & /b —
A M6P.,

[0020]  Gj—J7 0, A KR T — RS B SEQ 1D NO: 1 (M2 R R 74 24-743 &
N N- ZWedk — o« -D- S MM FRE (rhNaGlu) 14y BB SWIIMA S, Hh kg4
MAE LB SH — NI EZABHE SR rhNaGlu, AR S 45 & B B bl —6- B
(M6P) , LA M6P ) rhNaGlu 28 M6P 52 46 T 1) Py A 4 P9 AL EI7H NaGLu 6l 2 4iE [V
FLahan b AR T 28R 1K Y5 NaGlu [FIAH [F] SR 2L (1 A= 9 40 fg A oW 42 2111 NaGlu 75
PR ZE /D 50%. £F—AN Sl )7 27, rhNaGlu 28 N- EREREREAL . 76 5 — 52 J7 &P, rhNaGlu
2 0- R

[0021]  7E—ANSEHE 7 4, rhNaGlu L7 REEE /R rhNaGlu 22/ 1 BE/R I M6P . 7E 5 — 3K
Ji 77 e, rhNaGlu 409 B BE /K rhNaGlu 24 1.2.3.4.5 B 6 JE/R I M6P. 75 5 — St 7 %
W, rhNaGlu £ 8 &8 /R rhNaGlu 2 3 JE/R [ M6P. {E 5 —5Ejili 7 & 70, rhNaGlu 9, & B JE
/K rhNaGlu £ 4 FEJK[¥) M6P.,

[0022]  7E—/NSEE Ty S, vhNaGlu B3 H B il o 78 5 — Sl 77 €70, rhNaGlu (.5 N- &
T 8 24 M i (GleNAc) o fE 55— SEME 7 &7, rhNaGlu & 2 FL k. 85 — L &,
rhNaGlu £ N- ZBE- IR (GalNAc) o 7E 55— 3Ll 77 2, rhNaGlu AN A HERE . 765
— S 7, rhNaGlu AN AR . 76— NS0t 77 b, rhNaGlu Pk & T 1E NaGlu BEGE
PR 42 60.70.80.90.95 B 100%.

[0023] 75— S 7 S, A Bt I, rhNaG lu #2808 24 NaGlu 62 5E I L
IV . AE— AL S, AR K N B B, rhNaG Lu 8% 20832 27 NaGlu B Z i
(RIV LB IR o 76 55— SEH 7 S8, 485 P IR, rhNaGlu %A 808X 214 NaGlu 6t
Z i R LA P i

[0024]  FE—/NSEiE T A, B2 NaGlu M FLah P an s N g, 765 — S i b, A
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S0 Ay B2 R S AT A 40 i L AT A B B W 4 i o A — N SEHE T S, B NaGlu O BTIA A 41 i
AR ST L o

[0025]  7E—/NSEHE 7 S, rhNaGlu A& M MRG0 . /12— SEiT &4,
REE o 2K AR 5 — Sl Serh, PR 2 K0k H AR B A2 ARBO AR (TERL) R 254
A K732k (IGF2R) FAARZE EERR R (LDL) SRR AR ME IR (AAA) Rk,
[0026]  7E—/NSEi 7 S, rhNaGlu FAE BRI B A e 7E— NS0T S, BT ik i 5L 1A
BN M8G5 BT B, TR SR &N, fE— DR =,
rhNaGlu H%ir 5P 40 g A

[0027]  5j—J7 0, AR T —MEESH I BENRBEHN S EEAANN- L
k3 —a D A A BT A (rhNaGlu) 24L&, ATk B pE 4 i B 2% 210 H &
BE —6— Bl (M6P) , Tk M6P i il rhNaGlu 45 M6P 216/ 51t P9 7575 F N AL B4 NaGlu
B REMI LAl A, CLECH AR AL, BTIA rhNaGlu PR T #£ 3K IE P NaGlu [ AH
[ 2 200 f M A TR 40 i A OW 2% B NaGlu ¥ P 222 50%.

[0028]  7E—NSEJt 7 P, rhNaGlu 85 1 48 N- M ik, 78 5 — S5 7 &,
rhNaGlu 25 [ 4R 0- ERMEIAL . 78— NS0t 77 2, rhNaGlu A9 3 &5 /K rhNaGlu £ 2.
3.4.5 5k 6 EE/R P M6P .

[0020]  FE—/MSE 7 S, A Bt I, rhNaG lu #3280 B NaGlu B2 JE I L
SIS o 75 55— S 7 S, Ak Py i I, rhNaGlu #A 20X 345 NaGlu B2 i
(RIV LB IR o 76 55— SEHi 7 S8, 485 P IR, rhNaGLu %A 08X 21 NaGlu 6t
Z i R L BN A 1 B o

[0030]  Gj— 70, AR T — RS ESA SHSGEL A NaGlu (rhNaGlu) KRR 7
G T A & B2 (1) )5 B 1 IR A SE R () SR R 28, I A BT 5 IR 5 AE BT IR SR (R E 2
(K2 PRI 20 T 9 HLAR 5 B4 40 i b 2 ik, DLSUITIR rhNaGlu 75 BT i % 2k Rl 8 2 1k 0 40 i
HRORESEAL, 3 WA RIS O s N O BLAF RUE ik B SR IR R R B

[0031]  7E—SEHE 7 S, rhNaGlu A, B /K rhNaGlu £ 2.3.4 BY 6 EE/R I M6P . 11 5]
— ST S, Tk A B AR O E R e B B . TR ST B, TR O E R
M ESFRINEEREE T 16X ST 0, Prif 5L B E 2R B | KO | g4
[0032]  Gj—T7 i, A ISRt T — R A R AR R R 2 H IR R .

[0033] P[], A& IR AL T —FPAE Bl E AL NaGlu (rhNaGlu) (#5725, 645 :a) 427~
5 HA 5 SEQ 1D NO:1 [ 24-743 B /s K465 rhNaGlu IRIFZIR P 41) Al AR R
B)F LA 1R e DR PRy 2 R R 8 28, L o i s 2 R K1 B, A T O 2 S AT 8 SR (1) B R A1 9 L
FEHT O 40 P R IE, LAELATIA rhNaGlu 8 Bt i 55 J [R]85 5 190 5 UR 7 40 i opl 4k, 3k
BT O I W I BAF R BT IR R R IR & 25 = I B R 25 580 b) M BT 259 40 & ik
rhNaGlu.

[0034]  FE—/NSEHl 7 &, Pk A sh T A2 MOV E R R R 3o 785 — ST &,
Pk O E R et G sh 7ROV EE B A8 o B DSEHETT FZ, Frid & 2R B K
GRS . 78— NS rp, TR BN

[0035] 7 [, AR BHERAIL T —Rh Ak, HoAU S 5 00 B 5 S 3 ] R4 O )
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BN NaGlu L EFRRIT S o o— 7 Tl AR AR AL 7 — PP & AR BRI s E40 . )
— 7T, AR A T —FP 682 SEQ 1D NO:4 [ 5232-10248 [IRE R T4 14y BS A% TR »
[0036]  —Jj 1, AR BHERAL T —Fh 2550, HoAw & 55 2525 B mT 9 52 B 88008 4 R 5 Bl
TEFNAL A A R A5 .

[0037] 55—y TH, AR B4R T — R &4, oA & Ui ik oy it A i 28 1 NaGlu st =
3iE (1499R 2L 30 420 1 ot i Bt B () EEZH N NaGlu 5 [ )3

[0038]  F§— 7 1H, A& BIHRAE T — PG 7 °H NaGlu B2 RE M 523K 5 10 7 v, Brid 7 v
A4 ) BT 5238 3 il BT A SR AR R A 59 .

[0039]  FF— 5[, AR BAIRML T — R ELL A NaGlu 8 A JFH X 3 B NaGlu B2 AER
AR W 1) 515 BTl T A AHE ) B 23R 38 bk Y e FH 41N NaGlu 25 (1 ).

[0040] i — 5 HI, AR BERAL T —F LIGIT A RGE WA P iR Is AN NaGlu 5 RS
ok o 5 I 7 V2, TR 5 A 1A NaGlu B 2 9 1 52 3 3 0 ik P9 it FH 40N NaGlu &
5

[0041]  7E—NSEE /7 2, NaGlu Bk Z 0E A S E A IR SR A1 B L. A6 ) — Sl 77 2,
Pk 5238 N o

[0042]  7E % —SZifi 7 &b, L2 0.5 224 50mg/ kg 1A T (151 &5 ] Ik 5238 3 % Jik o ik
FrRE N NaGlu S5 . 1B — W7 b, A4 1 24 30mg/ kg 7RI (157 & W) T id 52
KA FK N TR E AL NaGlu AR 65— LT &4, LAY 6 B4 27mg/kg A
(109370 2 1) JT 2 52 KA i P e FH Ik T2\ NaGLlu 55 3o

[0043] N — St 77 &, 1) TR 52 8 N i BT iR AL NaGlu SR A . fE— A>3l
g, LLE /D10, 3.0. 4.0, 5.0. 6.0. 7.0. 8 5 0. Img/ ke 14T ) 751 5 15 P i FH Pk S 41N
NaGlu & 95 7659 — S5 7 22, L2 1.2.3.4.5.6.7.8.9 B, 10mg/ kg 14 B (1) 71 & 54 P4 it
I PTIR BN NaGlu 85 A J5t. 55— STy S, A2 10 222 30mg/ ke 4B [ 571 555 Y it
TR EZH A NaGlu 22 H Jit.

[0044] 75— St 7 S, Y67 A 2808 2 A AU AR I I 52 R 3 1 B O B A v 1
M TR 2K A6 —SEHE 7 7D, Y07 A 80 SR A S n i 2 52 383 o 3 T
HH ) NaGlu 35 T &

[0045] 75 —SEiE 7 A, BTk ikl — 0 S M FH 28 iR T o AE— N SERE T =, BT
R AR R PRI .

[o046] Pl fajid

[0047]  J& 1 $i%: T NE4 NaGlu MEZEIRTH) (R IERIRIEE 1-23,([F590K) .

[0048] & 2 Hfi%x T N NaGlu [IZIRST41 (cDNA) , GLEESRIE (5 5 KL IR 741
[0049] &I 3 22T 1. 1kb 5P HEE AR B TR TH .

[0050] K] 4A-D 5% T H T E L pSIN-OV-1. 1-T-rhNaGlu ZARIZ IR T4 .
[0051] [ 5 J2& pSIN-0V-1. 1-I-rhNaGlu # kK~ K .

[0052] K] 6 izl T MELFEIR SRS (Gallus) 827 FP 4> B ANZEALAY rhNaGlu ()85 (3 i B
BT

[0053] & 7 e T AP RAERESE DR JE0S B3 A 1 rhNaGlu (P39

[0054]  [&] 8 Hifi%2 T % FH HPAEC-PAD 2 il ) H %% Jk ER1 JEUHS A2 B IY) rhNaG Lu 1) S8 i«
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[0055]  [&] 9 4 T AR AT 44t Mt vhNaGlu (RS (MPS I11B, NaGlu #f= Y
TE S BYAE RN R AT 4E 40 M 51U Bl & 1 =nmol &5 /h) o

[0056]  [&] 10 % T 48 A [FIVR B 1Y M6P BRBERT rhNaGlu (SRS ) A E ] 234 (LU
BErEME =1 umol 22 /min) o

[0057] & 11 #i% T &H =4 NaGlu @& A pTT22 Bk R & Kl (AAA-NaGlu -
54K NaGlu [ N st R M 2 ZE IR R L ) o

[0058] [ 12 % T & B4 NaGlu Bl M EEAR I pTT22 A K) 7R & B (NaGlu-TfRL :
542K NaGlu 1 C sty 36k 8 s AR AA ) o

[0059] & 13 % T 5 R XA A rhNaGlu AHEL , HEK293 A2 Bift] AAA-NaGlu (B PE
[0060]  [&] 14 #5421 5 HEK293 2E Rl i) AAA-NaGlu FHEL, HEK293 A= i f¢) NaGlu—TfRL {7
T

[0061] & 15 Hfi2z T BERS (R 4HERE (48 /NHY ) rhNaGlu (JR XS ) FEANEWEA iR (NR8383) 1)
FEHUK o %A /mg 7 TN E A0 NaGlu W5 1.

[oo62] & 16 #figz T HE Nk Py it FHEEN ) (KO) VIR IR EE A 6. 25mg/kg 1R rhNaGlu B,
FIEWSE A 2Tmg/ ke HIJEXS rhNaGlu J&, naglu () /BB IEH HORR IR Z BEIT 2R /K F
(ng/mg 4121) . HPARL (WD) /NRARZLAH.

[0063] & 17 Hi%s T HRK A i FHEEA ) (KO) \FIEIRFE N 6. 25mg/kg 154 rhNaGlu B¢
FIEIE Ky 2Tmg/ ke HIJEXY rhNaGlu Ji&, naglu (77) /I UG & A (% B ZERT =) /K F
(pg/mg 4121) . HFAARL (WD) /NRARZAH.

[0064] 18 2 1wk N i A (KO) FFI K 2R 6. 25mg/kg ¥ 5L XS rhNaGlu BR
FIEWSE A 2Tmg/ ke KIS rhNaGlu J&, naglu () /N EUTFIEH BT IR 2 BEIT 2R /K F
(ng/mg 4128) . HPARL (WD) /NRARZLAH.

[oo65] ] 19 #fizx THS N HERH BENY) (KO) BGRIEAE N 0. 31mg/kg I JRX rhNaGlu )5,
naglu (77) /N BUBEE P BT R ZBEAT SR ACE (ug/mg L) o BFAERS (WD) /NR &AL
M,

[ooe6]  EHIFA

[0067] A BHERALAL S GG 7 L B WiLE NaGlu AH2CH0 (4] 40 S 3E 5l IREE A 1L B
) HIET T R EA A NaGlu A5 (rhNaGlu) IS . ARET LN R, &
ST rhNaGlu 85 (& A R = 1S (B, B S e J 2 (/Y. M6P)) , L
FVFE HH BT/ BUMBP 524K 3 1) P A4 FH A R4t s 0, I HLIE A A8 g N4t fferh .
PRI A A B %) rhNaG Lu 8 55 a2 iR e BN gl i b, 5 e R e ™ 2R R e R 540 ) R
A6 VR L B0 0 41 A BSRH 434 1) NaG 1u 2 1A LE, AN % BH 9 rhNaG Lu & IR 3G I i i Pk
TN RSCPTR rhNaGlu B — B AL B, 3L A 1F rhNaG Lu 7E & ik Py 7t FH I A5 2%
LI GBS (BBB) o A A B rhNaGlu £ 1 5 A 40 i B ECHE s o K B R B 4 25 () 5
FLPRBN A, AT KK FRAR T 2 Jir 1 FKT s £ R

[0068]  AXSCAF A — 285 M4 5B FELLT aa, 2 ZE K sbp, G IEXT ;CDS, 4% 14 )7 %)
cDNA, 5 RNA HL£} ) DNA ;GalNac, N- S F L% ;Gal, - ¥L8E ;G1cNac, N- SELHT % HE L
nt, R ;kb, 1, 000 MEIEXS 5 0 g, T smL, Z T sng, 0T sH nt, IR

[0069]  ACSCHEH T HEA 5w SOk U B RN s SUAR SCH R AR e B 125 AR I 2 ORI
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Ml

[0070] @A 3C A FH AR SE “ & 287 35 ava 43 28 10 AW AT AT 4 Fb L 0 g &R 4]
(EEN S ENY G NN N R T NG N ARy e IR B ST R PR3 e IR = )8
X ARTEARES A CANS R RS ERS (FUn, AR (White Leghorn) FRER FXY
(Brown Leghorn) % 7a Xy (Barred—Rock) 75 & 7a Hh XY (Sussex) T FEAT T /R (New
Hampshire) . 15 &M% (Rhode Island) JEM XY (Ausstralorp) Kifi+=¥ (Minorca)
MEBE 7 163 (Amrox) « il ) 48 F) W K ¥ (California Gray) . & KA & #S # (Italian
Partridge—colored)) , AR KX R B8 55 L 09 L 56 5 B it 3 N 42 7 b 280 SRR A e X
o

[0071]  3E “2E T MU B 7 IR TR A G AP 3RTG . B, W SRR R BRI T
B B R 8 10 A S B B TR E R SO BRI T IR HVA R, 10 SO B AR I R R 4
AR W SRR R BE R AL AR K — 8B 0 2 R 74 o 1E AR 3 AS SIS AR N 52 R R
UL A TR SC AR T 2 DL, AR K853 AT DL o ik DR s 1R 7 4, 461 a6 gag
pol M1/ 8% env & F BT HZ IR 7 41) 8l 5 25 IR 41 1 8 S5 /) sl Dh e MERZ 17 IR 7 47, 43 4
KR E R 74 (LTR) BIFA, BT KAk bR se B il b S s BE DR A1, 461 an 8 43 (49
U, R I 60% SiGER Ik 70% SR Ik 80% SR Ik 90%) BN SR E LA, BT EE B i
B S T A B S R AR SE U Cosset 2%, Journal of Virology (1991) 2 65 %%,
5 3388-3394 GUA IR B & A M s ( “ALV”) [ NL 3 S se 284 (i,
NLB) »

[0072] QA SC AT AR FH AR TR “ G e 41) 7 RN “ g i X 32 Fa 4w Bid & il RNA S 25 (1 JBiEl, RNA 8%
B AR TR 8% 5 B B BT 5 HUZ IR 741, 45 RNA AT DNA.

[0073]  FFAER AR RN 8 AW EE R 20 1 — 0 20 305 | N AR 8 DRI A0 1R AR R AR A i IR R 1R
JEHNRRA “AMR7 AR P4« IR 7 R 740 B R T Y ONR” TR T
o TGN AN O S, ARG G INAHRIZER CHlan, FHED R D IR 7
FIVAR AR E AL S IR 2H B R ARAFAE IR 40 FF HLSTH A MR Bl R 5 o “ i a1 7 B 40
YRR BT AT DU AR S B MR R 7 4 g ) i B, BRI R AR R AR TS
GSt7/lE DR RS PN

[0074]  GUASSCATAERT, ¢ TAZ IR 11 DNA F1 RNA FRIARTE “AMIR7. “ IR 7 Fl “ Ak n] AT #i
{8 FF BAe FFARE A B F AR BORIRAE R B/ B8R EASR T HAE AR SR P AR AL
B/ B B g R DR 2 B4 M ) — 8 T R ARAEAE AL IR » LT LUK JE (R4 L e
AR M R AE IR ME I H O 2 /ME SN BIZE R A G (AR B4l e P A% R« 7 DNA
(1S B FEAEAS R T gt B ARZE D=4 (9l ) CLAR i dmbs 85 1 5T DNA. 5 DNA 15K
B G AR T 2m 05 m] 38 BEbn 10 88 115K DNAL 2R iB a7 PE B 1 FUR) DNA. AREE “ S8 7 A
“CHNIR” RTER AL 1 WA HIRAE B AR AR R R 4 R A 2R B B B AN L S
RIRRANATAE WA R BeAr B R IAE H 2B 400 A2 B S 4 B A 2R sl i b I % PR B i
5. 9, ) 8 S B MIE ) 8 B — IRANEAE TP ISR A i

[0075] AL TS FH I AR “ AR 7 8 th © 28 AR AR R IR 73 B B 22 & I % IR )T
VBRI A AN LA b BE B 4 1t BOARAZ 7R 3 41481 11 DNA.

[0076]  4nACSCHTAE AT “ ELAN” FamT AH B BeRs 2 AH BLAE - W AME IR 73 o 7EF
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EAREAER Y, P8 A% R s AR R MERT , — 25 % FR BE h (1) B v e A ] 5 88 T A IR
B R R B N TR o 2 SV . [RIRE LRSS 2 AH B A, A AR BE AR AR PERT, — 4
LR B T 1) S NG R L T 5 5 A A R B TP IR s e TR i, 3 AU

[0077]  ASCATEERN K B AMEZIR W] 1 — S0 A8 LA (AR IE L rp 805 1 1 R EE e ] 15 il
PRI IV el 2065 T 1) OB P g Jle 0B, I LR A8 B 1) AR W e ] g 1 WA g 2 s ) 154 M
A ks

[0078]  WIASCHTAE HARTE “BERIL” B “RIE” FaE Fe4nhd 7 51 LIRS 5 9005 51 PR 4%
MR BE . — (KX I 42 /3 73 HAME RNA 43 1o WA SCHTAE IR TE “I ik ” s “Kis” th
A FEREE mRNA DUAE B 1 BRIk

[0079] WA SCHTASE FHIARTE “ RIBEAR” el & SRS 2D — A Z IKIAZ B IR 7 7)) v]
VEHE R R RIS HIX. (B E 3 78088 T4 ) ik,

[0080]  WIASCRTAY FHRIARTE “ B wlde (Bl ) e N T (i, did s 4 k)
BCIE o A5 FH PR P DDA R Bl BN LR BY DI TRAR 7 1) R0 i 22 v RAL 32 , BB (2 A 2 , 191
WA PCR BASSIIEL 40 IREAT HL 2 B A R, BIGE I A AR i3 O ) AL IR
ARAETE F 40 R IE R BR I— A 2 /b 4 10.20.50.75.100. 150,200 250,300,500, 1000
200050006, 0008, 000+ 10, 000+ 20, 000+ 30, 000,40, 000,50, 000 B 60, 000 4% £ K- 1)
Wy e WIASCHEHARTEC F Bk n g (Flan) /T NaGlu K&K 751 (R, SEQ
ID NO: 1 BB 24-743) 12 /D) 5.10.15.20.25.30.40 8% 50 P IEER I, FTid
0 I 2 b i 1 B R 1 KA AR TSR AT AE (M S 2R 1R 7 91 R, B Tl Ak 2
T3S ARSI AR 53 CUANEE 4L DNA FoR (040, FR 4R hs RARAFAE =S5/ 7 51 11
RPN -85 RIE ) AR RRFAEN AR TN 5. “ B v g (i
W) R KT G 4 B R R T 41 240 50%. 29 60%. 24 T0%. 24 80%. £ 90%- £ 95% B2 99% F)
—HB5r.

[0081]  “IhREH S R Thie b B W] A2 # At F JF H WA AE A, 48 RE68 58 A 86 20 AT
AR D RE R EAR ) — o 8O BLe 1, 43 B AED D BEHS 73 ¥R Uk AT A B 1 10 A2
VIhEE) o>+ B85 o DhREIS 0 m] BARfA R ST . 4, hie i BRI BT A
29 20 MEEE R E S T E P e K E— MZE R . 60— DL, DiRe )y BORSHE
T A B 2 50 MR B 5 TR e P A Kl — ME TR . 785 — ALl h, Dhigg
FrBRSEE B AT K B 2 50 AL B B 2 20kb o 7855 —ANSEB R, Thie A BOR ST Ve AT
MACFEL] 500 AMZE B E L) 20kb, 78 55— NS4, Dhae v BORST SR MK 4 1kb
FHCREL 20kbo 7E 5 — AL, Dhie f BRI G AT WA EEZ) 0. 1kb I FEZ) 10kb, 7E
A, DR BORSHE I A L) 20 MZE kb B EZT 10kb.,

[0082]  R¥E“TERFIERM” 8P REZF K e HEAR Firag b a2 b—4
5 UL LR 3, s 2.

[0083] WAL HTAT H AT “ R RIR A X7 38 5 95 7 51 AH OC I H.58 4 8l 7 4%
Yl e B IR IE , 91 U 58 A2 B 40 A HE 4R b0 e 51 () 5 S AT IR 741« 2R R R A48 i X n]
RERATAE AR 73 125 BT b 25 A i I FLAT 9 AN R R 3 1 b A 15 B8 0 78 18 1 40 i b 52 1
Pl s o “FEPRIFRIA S T X AT BEAEAN PR T 0] 4 53 A mRNA (405741 5 A ity X 5k (1)
IR A1 X 2 T
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[0084] QAT ATAL L, “4e T2 407 45 #5414 H L 2H DNA B ify eI+ HL 4wt 22 /b —A>
SR R R AR (40

[0085]  HHIA SCHT AL HI M ARTE “ 70 IR " t 4 () (a) BATRRAZAEREE R A 7
T BB R 515 (B P AN AE L ORARAFAE 1 WD BE IR A b 20 1 1R i 20 P 0 £ 2 21
22> /N DNA 5 (b) L4 DAE S BT 15 20 1 s 2E IR 41 DNA KT p 3R AG A% BR (K R AR A7 AR 1Y
DNA AN 4577 35 I AN SR B A% 40 M SR 4 Mg 6 AT 4 DNA X DR 5 (c) Sl 1, 4
i cDNALEE LRI 20 1 B i B A B =X S Y. (PCR) IR RE A S M. (LCR) BAG 2% 5 By A&
IR B SRR AR A B 5 (d) A2 2% A2k DAL, B2 A R o o 1 O BE DAL A — 20 R LR T IR
B sH () FEIFARRIRAAAE MR P AN — E 0 WA FIRT A AR BRI IR
Gy TS (T ) TRARSE A FE PR AR AR DA R G A IR ik 2% A A\ A8 67 BB A R A TR
P

[0086]  UNASCHTAE I RUATE “HLIR ” Fig AT AT 4 ME SO S HE A1 A% IR AAZ 5 491 41 cDNA
SLIAZH DNAL mRNA. tRNALSERZH IR S H AT AED . D9 F1E, A SCDR AR IR A AE
IR R AR A R SR o A% R v EL 435 20 T TR 30K, ARG RIE L Tl KPR AL AR, ] an s
T BRG] A0 (ELAS PR 1 224G R 11 s 5 « SR80 5 3 W8 AT R 0 7 O SR
CHltngs A Mp s (ALV) W0 SR s 800k L B w7 (MLV) 30 SR 75 28 1R 1 g
BERR ) A MR B Ak, RLIR AT & A s (ALV) TS S0 R0 L B L 9 5
(MLV) 390 26 55 095 B 280 AR i 0 s 7 8 14 B G 7 B LTR AL TRt W A 4% NL 24, f81) 41 NLB \NLD
AUNLA K FC R BURIG SR RZ T R A9 A 75 P DNA B0 RNA #% % m] R G 22 B U iy A2 1
R BRAZ A, B U EABR T st IR (A, (AR 5- IRKIENE ) AIRT AR
(PR ZIOCE IR ) o

[0087]  BASSCHTAR T, AHE “ZRMH” .« BB G« BROBHAL 707 SRR SR A R R
AL “BlEBLAL B A ORREEALE R BAT A EARIRI 0 SOTF A8 B R iR
I LR 2R A (B NaGlu) f—AsRE S5, B, “N- ZR8E” Bl “N- 3%
BB 4R R R LA ER 1B R ) A B BORS 2 IR I e 1) 2L PR R B A o O SR
B O- HEPR R BE TR R RN E A T 2 R R IR T s R P TR B e 2 R
BERR IR BRI BRRE S5 .

[0088]  HIASSCHTAE AL, AT “ Btk A1 RLIR AR i n] e e sl AL 2140 i mp OBk ST T4
5 2 o i DA ZH B A 3 240 M 66 DAL 20 Hh SR AR R R B 5 ol P UL SR B B IR 70
A TE T 3 24 1) PR A T A A IR P S AR BEA AR U 2 AR e PEAL o AU Py 2L
figk, RO e FH PR Al i D) B U O ELR i 7 4 7 IR B R R R IR AN B R . R A ]
HAEE 2 2 ] SR A T, DA SR VE DD RE L A R AE R A Te A A B SRS s R Bl 7 1
5R5\5" mRNA {381 L BE R S G L IR A LB IR IR AL 1R AT bR 8
FER AR A R] A WX LT ) — A B A o RS AT R A RIE IR Py 51 1) B i)
Pr o FEDNRER AT, IR G & A R RIE IR 51, AR A A A o AERE AR
R RSN S, Bl ANTE GRS AR 57 o Bk, LAEUR & b e 2 A T HA1E 4
VR P A BB AR 5 G 65 ) S Pl 400 1) AT T e AR 2 2 470 42 1 S8 42
FI PR N e o IERIE— B, B MRS H bRk 2 8 A5 e 52 rT IR . 14, 48
R B AT REL AU U 7 41, DA I R] e A HATIE 2 R R R 4 RS D A
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TERR AR Z /T, AL 3R P AR Y4 e 2 e 22 4 )7 41 o T] th, P 4741 B
P vl B 28 5 A 58 7 90 FH G 24 PR A s I 3Rk 2R R, BT I FR A7 s 7E HLA #5857 471
I H 32 45 ) e 21 428 1) 1) A

[0089]  R¥E “RIER/EHLER:” FR 0T BIHES , 2o Bk 4 A BB s DA AT H— R D
5 gt 7 A T ERE OGRS R R R A X BUR 37 (i, Al 4144 ) e Seii gnhs
JPANIERIE . 07805 3 1 T S gy 7k sk, RE AR ie R E e .
I, B, 75 J8 B 740 R G e 41) 22 18] AT A7 AR VAR B PR H 20 2 SR (RN 41 3 LTS Tl
KRBT P55 g e 8 T EfE R R

[0090] WAL PTAE A, “IERIE” P74 FE R A1) b 5 R = 16 2E GBI B AR A2
W A2 K

[0091]  IATH“HayOp/E el “Ha Op 8 41 2R 74 & R 5 U0 A8 I 42K, 1 anfn R /87 2 K8 (magnum)
(o, AR AR AL ) , Forb A2 it 88 (A i LA N- R S, SO TAE & R e 41l an
PP 5 T 2 2R AR ) R 1 B N- R SR, B G N = ) H SRR H B b -6 iR
(M6P) B KTgos /b & ()~ FLRE A/ Bl R -

[0092] AL TS FH I AT “ S OR 8 R S 1t 8 3+ Fe DhRE PR 1, RETEIR KRR FE |, 451
FE R, Zh H eh i ONE 40 i b AR i 28 I8 B 1 2R B AR i i 50% IEE %) ) BX
LA SIS 50 40 M b SR A S i R AN I SR B B T BUR B AL SO E R R It e B
T B SE AR EARR T 00 B 82 B 8 31 SRR B B )8 31 BRI S 3 V5 RS Bl
T HISR AR R A 3+ X 8 )1 [ D Re 43, B, Ja sh 2k Tl AT o R
PEJE B NaGlu g5 B RIE PR T4 B0 A B2 K80, Rk fH THIX Lo /r SR A 2 rh R
T B 287 A R S AR BN I B a2

[0093]  R¥E“JP A Al — M G 40 Le7 IR — PR E 40 Lo R — 1 %7\ e A1) TR IR M 4y
b7, A1 M T 43 B 7RI M %7 AR AL B 4 LL 7 T % B F DN LR I 41 B
NI 7 A 2 R P ) IE R FE . 7] A8 Karlin&Altschul (1990) Proc. Natl. Acad.
Sci. 87:2264-2268 {1515, W Karl in&Altschul (1993) Proc. Natl. Acad. Sci. 90:5873-5877
FRAE R, I 2SR VGG o BEX PP EVE I N Altschul 25 (1990) T. Mol. Biol. Q15:403-410
[¥) NBLAST F11 XBLAST #£/7H1 . HI NBLAST #2747 BLAST #% HiR %2, 1373 =100, 7+ =12,
CLHAS 5 AR B IAZ IR 5 F RIVR A% IR [ 41« FH XBLAST #2J71E4T BLAST S AR &R, 15
53 =50, T =3, LIk 1S 5 2B A K RIT O IR 2R 7 5. A T 345 26 o LEAT
b2z, fn Altschul 26 (1997)Nucl. Acids Res. 25:3389-3402 T firi&k#1) FH 4% fif BLAST. FFH
BLAST 177 A7 BLAST F&J7 I, 488 FH # #2)7 (514n, NBLAST H1 XBLAST) HIBRiNZ%k. HEH
VAR B A BB R AT B &, 9 AN 9 BN SIS EE BRI v R B0 o0 (UL K. Human
Genome Mapping Project Resource Centre) HJ GCG 4/ #4s, HAFEH TR
TR IR o JEAA RS I — 7 41, 4 an AR SC %8 58 1 NaGlu 85 1 5751 B 20
50%+60%+ 70%- 75%- 80%- 85%+ 90% 91%- 92%. 93%- 94%- 95% 96%. 97%. 98% 99% ¥ 58 £ [&] — 1t .
[0094]  RIE“EARYEN” 5 tH K FKEBE R LB A WS R, “ER" 0]
VER F B FRH 52, A REEAS R TX G L KO0 B3P M2 5 o 5o, “ & ki i) v de
KSR KGRI TN/ BRASESA U o

[0095] RIE“ZHEMIR”“HEHIR”. ML RTH)” M LI {5 A a] A2 #e i H
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H HAFEEA IR T 9005 751, RIZEE T 38 2 18 4 50 6 e 40 s R B, 2E RS BRIk Py %
SEIFRREEN 2 I 2 AT RRBUL IR T A 38 W74, ] Wil e R s 26 - 2608 1 J3 3 17
G HZHEAR G G AL i 2 R IR A 5 Ve R R T 25 B R S 2P 4 BT Ui
AR R T DU TV RN T S5 2 g5 IR HIER (%) sl (6] ) ez A
JA BTG R DNA J7 3155 o AR ST AR T 2% B O B B Rt s 8 PR

[0096]  WIASCHTAL A BIARTE “ 2 K7 F1 B (A7 Fr2d JERR (W 58 -5 4, 49 T o ok oA e 222 0%
SHEPERLN) 3 DN EE 2 AR . RIECZ I BRSO B B B TR )
SR ARVE “Z K7 ARE WL b SR E A% ER S i, 38 T A B R AR (a0, AL
BRNE) BHARMZIK. RiE“ZIK7 dE— Pl b X aRRE = Emi a2t
B ek S5 bRt AR s AR AN B 2 R 0 £ K.

[0097]  WIASCHAT HARTE J3 3+ "HR &5 2840 jo A T ik RNA B84 B2 6 SR 1) DNA
P8 “IRahFUE R B 585 S DNA R4 A s B sk (e 8k 4% S 1 DNA 4. B s 1
HAF] R Ja s F I D RE T B

[0098]  HIASSC AT FH AR TE “ EAHRZ IR 7 A1« TE2H DNA” $5 ELA% s S5 A% 4 . b A R AR AEAE
(IO ZIR IR G o IR 75 i) LFEE AN R % Bk ok 2R R RIS PR # To 1 B2 )
FE A5 RIS T HUAE R P E A R T4 R A S 7 h % . R “EH 2K B
A L E A DNA $e AR A R, DLEUHLAEA B 408 sl 454 AR TR T RARAEALE I £ BRI £ ik
B, XM EA 2 R DA TR AE B R RN A7 E T4 .

[0099]  WIASCETAE A, RTE “iiE” FFASontH s B a0 1 o 1 2ok 7 &R % 1
il fa ik R R IA P HE ot

[0100]  “I AL Es " “I0 G S BRURL 55 S JTRE (transducing particle) "ok “# &
WORL (transduction particle) ” FigREAEAG E T EE DNA B RNA % 5 22 4H o rp 1) 52 il ik b 22
BB S I B o

[0101]  “SIN#fR” i B ERIIER Bk, HAKT S, SIN 2042 2k R 21 5088 (1) 300 4 SR i 25
Bk, AECERA BIRRAN M (4l an, SRR AN M ) 2R RIZH DNA Ji , B 8 A 100 0 3o B 3014
(1) 5" LTR ¥ AN B 3l FIER - BN, — 38 G5t L 00 SOm BRI 10 5° LTR [ U3 [X 5k
(1R300 2% S AR AR (1) — 0 7 BRI % B R P 4 AT ke 2 B TS , DARR A B B 5 LTR (1)U
B FIETE . AERELESE R, G0 ARSI AT AR, AL 57 LTR ¥ U3 B2k CAAT &A1 / B TAATA &v]
PeAE SIN B4k

[0102]  WIASCHTAE HIATE “H BE” $82k B JE R ZH DNA, W] 5 3% RNA FF 58 38 ik R
RARZ K= (P 585 DNA 73 o IAS SO A FH R T I XBE” T 5 25 TR A Bt EL AR
J=[R1ZH DNA [1) 5.%5% DNA 4o

[0103]  “yAyrPEER R B “ SR AR 2 A BGE W R R . BRI, “iA
7 AR 5 RN 2 AR 1T B RE A G A M 2 ) M SR R ST A o

[0104]  WIASCETAEHIAIE “Bah 77, i 57 F“ B8+ faiiis gwis 7
GG S RIB AT IR o 78 ML SRR 428 17 9 B G G5 T o F IR S B e A 208 o et e 1
TCA AR TOAE R o R SRR AR 4 BT BOFNBUA T, DAEA3 4 2 ik DNA Refg AR
T M 2 s S . B SR P AT DMEASER AL T 5% 0 mRNA [ 8T T 4RSS
F)5° iy DX AL IR 7 F1) X 3k BT o A SR 458 T A ] A6 8 1 S g A DX 3N, 49 s+
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YETEN ST RS R A

[0105]  WIASCHTAE GRS “BeAb” Fl L 3e” S % R m N TE E IR . ARSURE AR A
AR S0V 2 H AR MR U IR 1) JA A% A e P A s e, XML AR S P RR,
90 401 ] R PR, 90 QL AN PR 405 & B 2 A B AN e, BOKF 4 B 2 R T L R Bk
eSS ARAA R, LLATE 32 40 BE B W KO IR 7 1

[0106]  4IASCHTAE HH, “#EFER B0 7 S AT AE NS, ) 4n & 250 F, A0 4558, o 3)
VI — PP Ek 2 Bl Al e & A Sk 8T T 49 Jn i iok ARk A R R IR R, BLRE AR ST A
TR L R AR S IR SRR (O, #1401, 2007 4F 10 H 18 H AT HIEE LR AT 5
2007/0243165, /AT 7B 5| AR FEAA ) o L iz R0, ) dnid i 854
T BlOm ok B e S A R, W R s S I NG (), BR sk R AR 4N ) M RZ IR S TN
P . RIEBALIRPAFESE B AAE T BRI ZHE, T 2481 51 NFELL DNA 47 1, iX
By Pl RS LEYEAR T, BT BEAE G BRSNS I DNA. (E SRV EE LR ) o, S S Rl T
R I AT AR EARZ K. RiEREEEM) (chimeric animal) ” B “BEHk /&
) (mosaic animal) "fEA ST H THRAEI P RV IL D, slIL TP A H IR FHIESIY)
(1) — ey AE A iR 40 fu h R IR B . PR IK A RS HL AR T 40 b 570 S R R 3 HomT 7
A TR LR B, FoAh AR R 2 4 sl AR 40 fts S A i AL

[0107]  AIARSCHTAE A, “HFL R $ei% BRI 41) (T, gmts A NaGlu S5 ) , HXT T3
b B s BT & 50 43 B 4 IR, BR AR, SO T 5 TN A 1 2 B 1R ) 4 sk 40 e 1
PR IR 5 30 0 B e 4 R AE W vk A DA 508 1) G mhofeie NI A P V2 ERT A 1) X o
NSRS R A M SE R 20 (B, ZEAS R RAR R R A B 4 N sl AR N S 350 B ) o
[0108]  HIASCHATH, AE “BEACvE (ERT) ” 3530t m) 5238 2 i 2D 1 Bl sk 195
IE SR BB 2 R AR T RS o A B AR BRI T VA R, 20K ¥R 7 MR I 16 3 3R
IR AR R A R S S Al M P SRR . FE— ST SR, BT 2R VYK
I P9 0 5 PN B RY R) SZ AR A o A — NS T b, R RENE 2k il ik bR (BBB) o AN
FIARESZ AL B ), 545 I v R0 420, Wi ot 40 B W e o e a RIS A, 70 705 LA LAV
Bk F g i = S ARV AR AR B T

[0109]  I.NaGlu [{#4H-&

[o110] A BHERAL T HA B LA 20 F 41 A NaGlu (rhNaGlu B¢ NaGlu) (SEQ ID NO:1
TR S B IR T 1) 24-743) WEBT LA G4, BT kb AR 7 a7 U L, 9 anfe
ZAEPNIH IREE G B A CREZ BB (MPS) TTIB) FIVA T A FH FRY 15 0 F 400 e 356 B R 5
T I 40 J

01111 fE—4E 5[, Bk &7 A& SEQ 1D NO: 1 (E LR F41) 24-743 () rhNaGlu
I B R G . £ AL B, TR IR G W& H L a1 Ba 20— B 41
rhNaGlu, AT S0 25 4 & A BEIR AL Hr 2 il (9 4, MeP) sl H 258, LA & MeP sl H 2= pE 11
rhNaGlu % AL 25 = NaGlu (A4 P I HARE T 235 B R IE U5 NaGlu [IAH R 2R ALK
A 0N 40 i U2 31 () NaG Lu 3 P 1) 2220 50% . — 75 T8 YR-E 4 48 71> 10%. 20%- 30%. 40%-
50%. 60%- 70%- 80%. 90%- 91%-92%. 93%- 94% 95%. 96%. 97%- 98% B 99% [¥] rhNaGlu & £ /b—
AN HA WA H B/ SCH SRR . AE— Sy Z IR a2 10% 1
rhNaGlu & 2 /0—A B BERAL H SRR/ SCH Z2 0 1 SR 2544 o E— A2 &, 1R
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G A D 20% 1 rhNaGlu A 20— B B & fEf / S0 i R mes i . 18
—ANSEHE T = IRAY T A D 30% 1 rhNaGlu &0 /b — A A B ieik B &R / 80
FEPEII RS . A2 — A SEIt T = IREW T 22> 30% [ rhNaGlu &A 20— H AW
FRACH SR AT/ BUH SR BRI R Ei . fE— Sl b, IR G rh 2220 40% 1) rhNaGlu
TAHR DA HAHRAH BN/ SCH BRI RS . RS = IREY T
2/ 50% (1) rhNaGlu &5 20— BABERA H SR/ sCH SRR R 2 . fE— 5K
Wi T7 S IREYTH 2D 60% 1) rhNaGlu &°F 2 /0 — A B A H S f A/ slcH B8 1)
FERELE .

[o112]  7E—2E77 [, NaGlu %A — P ELE N N-IE L RS . NaGlu &8 20— AR
A H B R (9, M6P B M6P) , . A VF 8 1 ifl H 85 B 6- BEIR 2k (M6P 5244k ) Ui,
HL Bt 5 28 M6P 52 R T 1 N A3 4 FT WS 2N 48 i b, A0 46 (AN BR T B Ik e 21 4 48 i s v B2
H L PR 22 T4 R T 40 B 40 B BXC7E A 3R T SR M6P 2 AR AR AT 4l o 7E— NSl
Jr&EH, NaGlu 2 b— 1 H ik Man) o 7R —SEHE7 E9, NaGlu ZH 2D N-&
Pk ] 25 B i (G1eNAe) o

[0113]  7E—2E77 [, NaGlu A1 F IR AL H B2 Bl (M6P) I ZRME 4544 o WAL ATE A, M6P
TR AT T ER AL H BR M AR L I HALHE SR — SR AL H 880 o £E— AN SEiitiJr =, MeP L
REREIRER AR 1.2 2.4 3.4 4.4 5 5040 6 BEIRIKIK BEAFAE o AE— S 5 Z7P, NaGlu
THWRE R REEIRE AR 2.4 3.4 4 82 5 FEIRIG M6P. fE— 5L 77 &, NaGlu &
AT A RFEIREE L) 2 BEIRIGMEP . E—ANSEHil 7 %8, NaGlu & H W T 4 R R /R ER
JRZ) 3 FEIRIG MOP . 7E—N Sl 77 2, NaGlu &3 W A B R /R 81 1 R4 4 FEIR I M6P
TE—/NSEHET7 S, NaGlu &AW FE A BEEE /R ER 1 LAY b PEIRIF M6P . fE— MLt &,
NaGlu A W A B /R 88 1 T2 6 PER ) M6P

[0114]  {E—2E77 [, rhNaGlu &4 L% & 1) M6P, LAZE M6P /3 1) N A5 F DAL 41 i £ HY
BITESH M 3 1 B A M6P A2 AR N b o 78— NSt 7 2, AR R8O N 40 e i) A2 4% Y
M6P A& R /R B 4 1.2.3.4.5 B 6 /K. rhNaGlu R4 AL BB Z NaGlu ) A4l i,
PLECR AL AT 584 (100% B ) R T B2 NaGlu i A 40 i b NaG Lu 35 24 (19 1 5 7K F .
E—ANE 7 %, 247 0.5.0. 6.0, 7.0. 8.0. 9 5L 1. 0 v g/mL KR, ALK rhNaGlu
TERGERWE T N NaGlu 3G PR IEH K. fE— AT &rh, fE2 /D 2.3.4.5,
6.7.8.9 BL 10 0 g/mL KIRE T, WALEE B E 2Kk E T 6= NaGlu [ A40 i NaGlu 7% 1%
HIEE AKCE . E— D927 9, 46 27 20.30.40.50.60.70.80.90 B¢ 100 1 g/mL (13K A
T, WALE B SRR E T NG NaGlu W& PR IE R K WA AT, NaGlu 3 PEfR)
IEH KPR BR RIS IE B NaGLu B AH [R] 248 28 1 A8 78 A 40 i rh 0 52 1Y) NaG Lu 35 14 7K
[0115]  FE—2E751H, rhNaGlu 7] #f WAL BIHR Z NaGlu IS AN, A rd & AR R T
AH R R Y ) 1 N 22 220 50% 2 60%. 2 T0%. 24 80%. £ 90% 5K 2 95% ] NaGlu 75 14
PE— 4852 i 7 P, rhNaGlu 7] g AL BB = NaGlu i A0 e rh, DAEOR ALY rhNaGlu $2 5%
LEAEAH R 2 (1) TE 5 N 40 i mp B W0 46 210 11 5 ey IS 1 o B — DN SETf7 &2, rhNaGlu 4
WALBIBR = NaGlu B A ZE M b, DAEL Y AL rhNaGLu 326t Eb 78 AR [R128 70 i E B 40 i b p
WA B2 2 20 320 A2 5 20 6.2 T 29 8,49 9 F1Z0 10 fi5IidtE. fE— P SEii o &
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o, rhNaGlu 4% WAL 2B Z NaGlu AN ZE A, ELEUA ALK rhNaGlu $2 4 b A 1E B A4 g
FIT AL E2 B [ = 240 152 20,4 25,4 30,45 40,4 50,4 60,2 70, %) 80, %) 90 5Z 100 £
R

[0116]  /FE— /NSl S2H, B2 NaGlu (19N 4 A2 76 40 i 36 1 R 18— F sk £ ot M6P 5214,
iz NaGlu AT NGERE. 72— DSEiEr S, 6= NaGlu I 40 2 AR SRR SR 2=
[FI K 2 B R0 (MPS) TTIB 4T 44l . 78— A SEHE 7 A, 52 NaGlu ¥ A 40 i 2 B
M. E—ASLiliEd, k2 NaGlu N4 HZ2 AR ZE T . 7E—NSCili F &, vz
NaGlu F N 402 N S 4. 76— SEil 7 S, Bk NaGlu F9 N 40 2 B4 e

[0117]  AE—HET5 0, 20 1.4 2.4 3. 4. 20 5. 20 6.4 T2 8.9 9 54 10mM 5% 5+ 1
M6P 8 (47 LE PN rhNaGlu [a] A0 ML o £E—2E 5 T, 29 0. 1.2 0. 2,249 0. 3.4 0. 4,
270.5.270.6.250.7.470.8.270. 9 B{Z 1. omM [ M6P BUHE (A7 700 ) 40 Mo rhNaGlu.
PE— AT, 290, 01,29 0. 02,29 0. 03,27 0. 04,27 0. 05,27 0. 06,2 0. 07.%5 0. 08 £,
£90. 09 [ M6P A R A7 7R il 48 B 2 B rhNaGlu.

[0118]  FE—2E75 1, rhNaGlu fEHLEERE G5 b O A R EE N B EE/R S 1 4 17.18.19,20,
21.22.23.24.25.26.27.28.29.30.31.32.33.34 8 35 FE/RAH b 76— ANSeili 7 &,
rhNaGlu ELA ¥R B b 453 R B2 1 B4 20.21.22.23.24.,25.,26,27.28.29 B 30 /R (1) H &
B . rhNaGlu & W E AR EE R A i) 22.23.24.25.26.27 8% 28 FE/R I H B Kl . rhNaGlu
B N R R R AR 24 BERIH B BE . rhNaGlu &5 R & R E/R R A RY 25
IRIH EEHE . rhNaGlu &3 W N &R /R BT R4 26 BERIFTH B2 88 . rhNaGlu AWK E A
TR A RY 27 BERBH @bl . 76— NSl b, rhNaGlu AW TR EE/REH
Ji2) 20 Ny 30 EERZ TR H @6k

[o119]  fE— &5 [, rhNaGlu fu & N- Z B %5 #5 % (G1cNAc) o AE — A~ SE i J7 1,
rhNaGlu ZA R AN TR EE/R B R L) 28 12 42 BEIR Z [0 G1eNAco 75— SEE 77 &,
NaGlu & [ UG WA TR B R 30 FIZ) 40 BEIRZ ] GleNAco fE—ANSEitE 7y
Zr, NaGlu 85 TR B R A TR BE R S A 24 32 FHZ 38 JEE R[] f#) GleNAc o 7E—AN5E
i 77 4, NaGlu &5 E SRS R FE A T /R 2y 34 FIZy 36 FEIRZIE) I GleNAc, 1
— AR JT T, NaGlu 21 T A WA B E /R 88 1 52 35 EZR IR GleNAco 78—~ SE it
J %, rhNaGlu & 5 & W B B B IR 4 30.31.32.33.34.35,36.37.38, 39 5%
40 JE/R I GleNAco

[0120]  #E—%E75 10, rhNaGlu & N- ZWE-FLBEZ (GalNAc) FT / a2 FLHE (Gal) . GalNAc
F Gal WAF/ERH R, NaGlu A RES AN INE S/RERE P EAR— P EE A 0- &
PR BEGER . AHRH, AR TR —F A, HE S — DA 0- E s
R EZH A NaGlu,

[0121]  FE—ANSEHt T 9, rhNaGlu &4 WA B E /R B E AT 1.2.3.4.5.6 B 7 E/R
[RIEFLBE . A5 — KT S, rhNaGlu HAA WS AR /RE A Y 2.3.4.5 5 6 E/R I
FFUME . AE— AL R, rhNaGlu B3RS REEE R BT 1 R4 3 FEORIG 2L FLME . fE—
ANSEIT7 ZE Y, rhNaGlu HA W 4 & B /R B R4 4 FEIR ISR o

[0122]  FE—/NSEi Ty S, NaGlu A& B /R EE 1 L &2 /b — A GalNAe 73 F o 76—
J7 %, NaGlu A&k BN B BE /R B A B4 1 Bl 2 /K] GalNAco
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[0123]  FE—ANSEJtT7 2, NaGlu NS A EERE . 78 X — L7 &7, NaGlu ANE i &R
P62 5 2P, vhNaGlu BEAS 3 5 T AN 55 7 27 4

[0124] A BRI =5 T H rhNaGlu F 2SI IR 741 A2 UK 22454 rhNaGlu 25 A B 41
G . EAEMINEIR T A EFEA R BRI B 2% 3 N SR, T i dn it Th BE 2521 2 1 1R
BRZ K Z AL TR o Sib5 12 0t m] 3 S S R e 22 ) % s N BREUAR, L7 AR P R AR
AT B D) RE S R B B K. HOBLOREF NaGlu B AEM i M, TR SRS AE AR 1 e
T A VBRI SR K PERD /SR S R T T (AR B AT ORI R R BRI AR . 91 L,
B R R 2 L TR ] L FE R A RN A 2R 517 1 H 12 R R ] L FR I IR AR 24 IR 5 JF By
B A FHBLSE K PR B AN 7 B AR PR S SR ) 2 2R R ] LG 2 2R v s 2 IR AN AR 24 1R s H 2 R
RN Z IR R & BRI R B 22 SRR IR IR 5 25 TN 2R R T 2R

[0125]  ZEILE 75T, Al &G rhNaGlu, DAECIL &8 BN 70 88 — /MK BARTE M s ik
FER, REAEM K NaGlu £t [ J5UR] 28 i 1M i e F, (H2 ] AT 8 0T 1AE 1 LLIG I rpop
2748 (CNS) SRIn 3. 78— ALty =, Fk s 1 2 AR L& (TFRL) R 7E NaGlu 25
JiUN B C v 4% 2 N NaGluo TrRL [FJEEFR il P 5541 & THRPPMWSPVWP (SEQ ID NO:5) o fE—
ANSEHE T Zrh, B A2 IR A ERE S NaGlu BB A NaGlu € 3. 785 —SEHE 77
Z, A NaGlu £F NaGlu &5 (5 N 8 C i 5 R B AR KR 7324k (IGF2R) FiiAmdl G . 7F
N5 77 %, NaGlu &5 FJIAE NaGlu 25 5 N B8 C o SK# IR 8E 2 (LDL) ZAKM A4
A fE— ST E A, NaGlu B[S —BE 5 2 10 NMESR LIRS . R
TR AR RA AR O) SinzdR 6.

[0126]  7F—ANSEi 7 P, 768 9 i NaGlu 8 135 11 6 2k DR 1 6 35 DR & 2 b Ak
rhNaGlu. E—ANSEHE 7 &, EREE B 280y (B, 38 (JRRS ) % Bn o4 e (o4,
EORIRGE ) TP AE R rhNaGlue 7E— NS 7 2, rhNaGlu 75 5% 55 R3S 1 i B9 /2 4 g
Can, R A ) PR . 78— SEiTT S, rhNaGlu HAA T 7ER R R & 28 1 5
B[ 40 B P AR rhNaG Lu 1M 7= A2 IR SR AR . FE— AN Sl b, mT SIS IR 8 257 1)
Tl S 2R 1K N S 4 35 JF 440 rhNaGLuo £E— AN SRl 7 7R, W L IR & 2RI B VE Hh 4 i
4tk rhNaGlu,

[0127] A RWHELFENaClu EE AW IR G, Bl — P22 BES5eK
rhNaGlu (21, SEQ ID NO: 1 H 7R 24-743) KRS AW . £ AT &b, Kb
TR GV S AR M6P. 7E—ASEHE T B, IREW 2220 10%. 20%. 30%. 40%+50%- 60%-
70%-80%. 85%- 90%95%. 97%. 98% BY, 99% [¥] rhNaGlu ¥4 M6P. 75X —SZii 5 &, RS9
/b 50% (43 25 rhNaGlu 570 M6P. 75 XS 7 b, I & 2220 60% (1) 43 B rhNaGlu
A MeP . {E X Sty P IRE Y 2D T0% K53 B rhNaGlu &4 M6P. 75 X — S5y
S IREYIF 2D 80% 1940 2 rhNaGlu &°F M6P. #F N —SZiliJy &9, IR &4+ 270 90%
153 55 rhNaGlu & M6P. 78 X —SEjti /7 &, AW 2220 95% 11432 rhNaGlu & M6P.,
TE X —SET7 9, RG220 96% 173 & rhNaGlu & M6P. £ L 77 &=, 1R
G2 D 97% 703 rhNaGlu & H M6P. EX —SEjili 7 9, IR EWH 20> 98% 14 B
rhNaGlu & M6P, 7E X —SZiti 7y &b, IR & 22/ 99% 1153 2 rhNaGlu &7 M6P.
[0128]  fRiLHh, Wk — G & RBURFLE IR IE RS (41, CHO. HEK293 B A ¢ ik
A AR ) 7R rhNaGlu 25 F R USRS R IR A (R, MeP &390 ) , DAAE
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PREFAD)IE PRI BN EE 40 Bt Y . Pl s = £H) 5 6, 679, 165K H L5 7, 138, 262
256 [ A AT 5 2009/0022702 Fid 11, W] T H e /K g V0 38 AL 75917 rhNaGlu 51N IR
o M6P, T il TR 4 B 48U IS 5 HFHEAAR S a0, v &8 B I WV R A 244k
EAT AL R BB R A IR IEL e H R R IR SRR A, B SR AL rhNaGlu 2R A5 BAE 8
[R)—AFEREEEI) EAEOEE (1) , I BATHA ZEBE A NaG Lu &5 BT S AT A AR I e P i
PR A NP R H i 8 2 SR AL A S N LR 1 A BB BT AL &

[0129] I1. #Ak

[0130] W] A% FH A4 AN 52 A il 0 ) 7 2 A 38 5 A G i NaGlu [ 79 41 R 18 24 5%
SEANEH PRSI T R IR B M . X BT VA AR SN EE 2 DNA $ R & B AR i py £ A
BEH, WU, F Sambrook, J. Z& (1989)Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Press,Plainview, N. Y. il Ausubel, F. M. 28 (1989) Current Protocols in
Molecular Biology, John Wiley&Sons, New York, N.Y. H4fiiR T R K, frid =2 Cak
A A a5 I AR

[0131]1 W[ RIH Z R RIREAR / 15 LR G R E IS rhNaGlu IR 1) o X A0 FR{H AN R
TR, ) 48 B 40 W B A4 SR Bk R DNA 1A 3RS0 40 R SRR IR 3RS b
(IR RE B TR B R IAEUA ()t FIRWE 5 ) B4 R ISE A (i, Ti 8¢ pBR322 Ji
Fi) B R RS s L4 s I R g (B, pTT22 #ifk ) o Kl 11 F 12 R
TEA 59 IR I FE IRV EL R TORL MR IR T A RilA ¥ N\ NaGlu ¢DNA ¥ pTT22 241 4E
L 1) 2 S48 o

[0132] AR WK 20 A% 17 IR RHAZ BR 4 65 DX R] 5 i 7 b BA ' IR FRY B n s XA G BB 5 X
BT HAK W2 RIS 2 KK 75 W . ARG SR BHEsh (i, &2eliFL3)
W) AR v AR A SR — B GR S HE I B B 1 SURE A RS 1T (BR) 5 5
B R E 5 IR B BT e 41 o AN T RN D1 IR B HESH A 40 A ER
P AE IR 22 G A5 2 KN sl A5 5 K, P (e 5 IR e BB A 2 Ik L
AR W e R TE A 2 IR AR LS 7 S, A R AR 5 Ik, 49 4, A NaGlu i
MEAVAVAAAVGVLLLAGAGGAAG (SEQ 1D NO: 1 [#) 1-23) 15 5 ik, BUAR#F T 182 5 2 nl R % #%
1) 22 BRI 73 WA I B 0 1 P 2 I Sh BEAT B4 ] EHh, TS FH R /5 S Ik (flan, s FLah
BB RAE TR ) Bt ThRe T Y. wlan, v () NARET RIS R 5~ (tPA)
BR/NEL B — A PR IR IS 1A AT 3 4 B AR B AT S PR A1)

[0133] &l ot Bk U 45 7 21 il B R B AR AR R IR X - R 1. B B .50 3 Ak
BRI, H 578 E 40 M & O PO BAE A DL AT B SRt . e 2 Jn MR A LR FE R
6 e s e A R | DS MR = N W i I T Ll SR R R A G = e = S IR R s
Jefe B, AR A R G s B I, W AE 5 88 Bl 1490 40 Bluescript™ W B R
(Stratagene, LaJolla, California) 8¢ pSport1™ ik (Gibco BRL) [Z4AF lac—Z JaEhF
Lo RIS AL R G, Phik ok A LR Bk B L s PR R R R B 1. i
WA A 28 DU S i NaGlLu (721 40 i 28, 25 T SV40 B EBV (13t n] H1E 4
AT E AR RN #5238 (puromycin) MZ N E &2 (ampicillin) —#AHEH] (W, #40,
Bl 111 12) .

[0134]  H{ERLHLIA B SR AL rhNaGlu I, A% B o rhNaGlu P90 w] B T R 31 H
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LAEL 4 rhNaGlu [1))7 51 ] 2E5E SE R & 2 b DU R0 e 7 SRR IE . . e 3l 7ol ok &
T 56 A6 T O R A e S O O RS S M SR B 9 G A B A R R I B T
ALFEAEAN R T00 B 8 B R £ 1 8 1 DR RE 8 (1 DR 2RG 2 1 L BORS 8  R0 B 5 Bk i
HBB . fE— NS E, Jash FRWARA B3~ Wi E s Ea & A B 7.
UiES3 i =g S V= b S NUTLE i s & U = B VA= ] R 22 S D = bl e S R (P o4

[0135]  mJ b, 40 Rk A B+ 1] H TAEE P RIE A NaGlu RS 741 . fEXFE LT,
RIEAR THONE G, EE R eI (Hln, M) P gLERE. SRR N
JA B 1 F1 NaGlu [ G i J37 471 (143 A e 25 R 149 P 3 0 368 A S DR s BIK 30 2 11 3£ S B A Hh 3R
AN R G i B . AE— ANy b, AR B BTl (B ) B4 i B
(CMV) JHBI T 557 KRR EE (RSV) Jazh 7 WA pw s (MLV) B3 7~F B - DahiE A
BIF. LTS, BT OV 831 MDOT J& 3RSV g 8+ MLV Jg 3 F 5/
SUFLARBREE (MMTV) a3 3 7 BRI T BE 4

[0136] Ak B i A SC T 3 3 T A8 R BEs ALtk B 7l B3l XA
e PN N e & R R D IS RE S ] N E S g S NV EAY i g S NI TR i =g & INCITE 2273
B OMVRSY BU MLV JA 31 F IR — AR B 75— MU SEiti 7 &, Ja 3 7 2 5 U e
A8 7 X B — X B, A A e S0 7 A0 fEE R IR0 e b R A 2 A ok i, Ak
AF e TR P L8 A U0 R S R B I — A X B IR BOR BORT /B EE A R O SR R R B
T B VR R TC A, DA FLOR B 0 U9 A (0 G TP B R IR A e R IA P R A . AE
— AL R N AE A FIX I — X B X BRSO AR SR 5 -
HIX,

[0137] &4 A NaGlu 45 740 (K 2504 m] H T4 Gy 2 S IR A 4t Mo B0 L 30400 40 M LAk
BRI R A AR e A I LA M R SRR AN R, K
4A-D FI1 5 R T B AR AR PR IR S . AE BRI ARG, A NaGlu 4ihd) 741 LAAE
HEFLIRIBE IS, e A 70 B S U0 IO B G B R IR 4 i b RIS Gmbd 7 A1) A B R R S
B F A EHOE R, ABCE LN NaGLu £ R 4% 25 R 88 28 A 52 25 ) AT h R L IR A7
e EEELTAH]S 6,730, 822, K EH EH|'T 6, 825, 396K [H LH|5 6, 875, 5883 [H L'~
7,294,507, K H £ R 5 7,521,591, K EH L H T 7,534,929, % [H 2 415 2008/0064862A1
2 B A A5 2006/0185024 H AT T HAMUE G H ARG EH TEBLRRAE P KRIE
rhNaGlu (AR 732, BTid BRI AR B GR E 5 | FH A S BT F AR e E
)T AERR HIPE S Pol 11T A3l (fildn, 1 2.2 BF0 3 B Pol 111 jAzh+) filan
H1 J837 . U6 JA3I T tRNA JA 50T RNA B MPR J& 3l T FX 285 3 12 A DU REH 7 @
R R G 301, R Th e P o H T A K .

[0138]  7E— NSl /7 S, SR 0 T 5 S w8 A, L h 4 e 31 LS B0 - 28 o T 10
SRR EREARRT 57 F 37 LTR 2 Mo fE—ANE FH Sl 7 S, LTR B4 S 2480 A R B 85
M EE (ALV) B M EE (MLY) sM89ies . FH T 1 & R IE R 0 BE AL 5 | N2 JE R 1 — Fof
P (3002 SR 5 75 2 S RV 7R ALV L B R A 28 MLV s A s e s AR 05 75

[0130] ARG HFARNEE (SIN) BRI iR . SIN Zofn] T Infe s L R & 28
BN E A NaGlu . 4 SIN kA& BA DhEe a8 A Em ik brid & (SIN/
SC BAPE#AR ) I, IX PN Tk — 2P 58 . 7E—AN S 7 28, SIN B2 55 PR 20 e 2 iy
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B BRI, CLBUEA I 3 S B 3R 5 LTR ARG 3 FIOER « £ — MR e L
7, — G HE L R A SRR AR 57 LTR ) US DX s (00 56 S 5 30 AR 1) — 340 B
LR A AT Bk A B, DAE PR ER 5° LTR (833G PE. B 4A-D Fi 5 iR
T 5 N rhNaGlu 05721 -G 150 B 8 B A 30 DX SIN 2o 1) E R il e se . 3%
Loy T SR DhBe AL

[0140] 3 1. pSIN-OV-1. 1kb—I-rhNaGlu F1 [ LhRELA 1

) R 201 SEQ ID NO:4 % 444% 584+ 7|
R B & 634-639
4 gag 692-945
LTR(RAV2) 1243-1588
#4LTR(RAV2) 4691-4863
ALV CTE 4899-4986
o141 L1kbor & %@ B3 ¥ 5232-6363
DHS 11 5334-5714
DHS 1 6064-6364
SPEFL 6364-6410
HeT1 6411-7999
NaGlu 8017-10248

[0142]  ASCHTRATAE A ] B FE RIS E S KNP, E 5 ke S mk A (Hlw) &
K G A DR R 40 R ) 2 PR S 6 P A R IR I R R 20 W e AN X WA EEZHN NaGlu HE
JU, S A b A B E ARE Sk B () W BB K 415 5 K2y
60bp I¥] DNA J7- 41 F42mba (5 5 KK DNA 914 A\ a8 44, AECHAT T H DNA 465 i) rhNaGlu
H AR N I

[0143] ik — D Hh, W] H T Ak BHAT AR J7 5 v B PR 1 4 B e A1) B4 37 AERIE X
(3 UTR) LAWK 3 2E J f¥) RNA A8 8 1t o 4 )0 8 SO BR8N N 37 UTR I, J3 3+ 437 471
13 UTR W77 MR AR XS T 37 UTR B9 77 Al AH i, RS N 37 UTR AT K LR 41 RNA
[R5 AE—ANSEET 22, 37 UTR W] RS2 ON [ 81 A 2 ] S B R AT 1) 3° UTR Bl On & i
KA e K Zh et AFA7T 3° UTR, B SV40 BRIHIX .

[0144]  TII. #IERRIEE

[0145]  FRE A ST IR S BE DR 5 |ON B8 28 W6 IV A 40 A 7= A= 70 0P 2R 240 2R ) S5 IR 4 rp 485
g E 20N NaGlu FRY% J5 PR (1R 55 R DRI 5 BE DR O R SR RIS 3 sl B B b AR A
KR —AN T T, 0 A A S ER AR I 57 RN 37 LTR 2 [R]85 17 4 31k IR 114 52 sl Bk s 28
R 52l PR 190 20 S35 B R 2% 3 VR VR 253 40 o 7 A A2 B rhiNaG Lu PG R R85 2K o 4 g, Rl A
& A e (ALV) 1058 SRom SR 8RB A M e 8 (MLV) 1008 e s 0k . nIAE A
PP B ORI P 22 5 0 T8 2 SR B A0 1) RNA 5 DU R B I JE R 8 2R IR IR G R
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[0146] IS AN K B 15, DB R R 5 N SR E R Rh G IR A e rh o 9, mT Y
FH P 53 77 A A0 0P 28 2 2R 25 DR 28 v 445 i 2 55 AT R 2 55 DRI RS | A L [RT K R 2 56 AT
25 LRI AL R R, DS A A R B B 1 5. WA 40 Bl i 22 H Eyal—Giladi
Fl Kochav (1976) & X I#) VIT-XTT M40 s 584 o 76— MU Lt 7 S, A 48 i Ak
TEdE X .

[0147]  FE5E YL R 55 40 B 19— Fh 5 v rh, mT A FH 28 40 2 0 SR 0 53 10 280 MAOF 28 p e ik
BIMEAERAA f rp, DA S BB R R A . A8 stk 2w s ks (R, % 3
WORL ) I FLI 2 LA 52w FH 38 SRR B0 Ak g o AE— S 7 b, MR 38 B &R 5
5,897, 998 HHIR KL F N B 3% (window) , BTk 5 H LA TF N & 5| 544 3F
AT, FF HAE SR X A 8y 5 % S ki .

[0148]  H &5 A T EAR B AN M &k E A Kk B A B rhNaGlu [P R SR R 85 25, A
FIAFIENG &8 I HAL /NG Rl 7EIXANBY B, H VR A 40 Mo 7 A 1 5 T R 88 2B A B 4 3
(founder) F HAHXS T 457 4% FL DRIV 40 i 4 Bk & 14 HAFR G GO GO ANl%h 5 85 2818 X T A~
i N FE R T 5 A2 R G BRI, A GO B2 IR S 28 () — Lol o & A F R R . — S8 dh 3 /e 3L
AT 0 IR P I R R A e R B A L TR, X e B SR AR U O A P R A R SR R Y
(1) rhNaGlu & . BRETONE A1, NaGlu & AR I AE e 02 (i, g ) Rk, —
SOG4 A AR A R AL 2 DR A P 5 e SRR ) R R AN 46 , JF B AR W AR R B SME & A i
(1) 5 G0 A IR R AR R 4 e 5 R A

[0149]  ALILREKAIIEH UL Ff8/R (Mendelian) TR A g ik &K FACER UL AP 44 2
DRI 38 R 2R Fh B A 6 R . GO AR 4R 05 rhNaGlu 8L FERE 2 24 T . Al f# GO
REE AR, L B4 TR ERWE FE T BAEEAR FIrg S840 &
AR 6L IR 7. nlf 61 P& F T REFH™E 62 &7 FRIVHER R )
W] — B EH LN TRER AL 71 62 . Kk EIra sl A 61 FARRNHZE
ER] S22 BH MR ) B 2R A M3y S A e 2 R o FE— NS T &b, ARk B R — R IEE 1 62 7R
HH N TR 4G 110 63 14K 78— SEti Ty £, i, {F 24+ GO 5 G1 3))
V)— R EE U AEAE S A A 2 AN DU BRI 4l G 1 G R X2
L H A P 71210 52480 3 B AR e B8R 5 SR AT A 08 542, 490 G A Al 1 3 1
RN &M E R 5.

[0150]  IV.rhNaGlu [ Rk

[0151]  W{EHEEFEA P 5 A S rhNaGlu 143 R 1 2R R 8 25248 i rhNaGlus 76—
ST S, T DR B A P AR A TR DR A 5 G Bl KO o AR AR I SE T =
AR BB S A2 AT 7 X 1R B4 TR AR ) NaGlus

[0152]  FEERRG (Hln, fEERMmONE ) A SA BOLEME rhNaGlu 78 4% & B3 [
WMo ZE—ANSEHE T, KA rhNaGlu A8 HA 515 58 0% b A 41 G R B f ot
ity (B, M6P) (P4 FEMRF 51 (SEQ ID NO:1 [ 24-743) . {EH—S2ili i &, 4
1B ) 2 1 50R] A HLA A5 RE 68 Bl A 48 A R4 B R bl 2R AR s X (R, M6P) ) rhNaGlu il
HHEH.

[0153] WA CRTIR, 7R BT X W & 4Rt NaGlu 8 (AR, 15 K 4 i 7 5 76 X9 5 O 4
R R R LR e 1 B s B S B P R AR M B LR e ) IS A B R MR T | A IR
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Mt AR TSR/ NS A T LA RGE R o 3 ) /1N X 5 B 2 1 ik
VR, A SR R A R XS F AR B N L2 SRR RS AC L . I IR RN T &
504 7 41) ) S AR 6 e B SR R o B JEER S AT 5 ) — S SR IR A A T DRI XS AT e B
AP ER I e AP R AR RENY

[0154] A% 4LEUF S E 7 AR rhNaGlue 141, rhNaGlu W] £S5 R & S BRI
WA/ B S B A A Rk . TE— AT S, NaGlu 785 5L R 25 2R )4 R & i K
R E R IR 40 Mo 2Rk, W R H SR A IS W IF HAFRRAE TG o fE— DSty &9, ok &
rhNaGlu [ 8575 B A7 AEVE I A 4°C 2 -20°C RE T o AR5 A F A4k 0 % 16 45 B
EINER A EY o 5 FF 44k NaGlu.

[0155] AU I — N5 I & rhNaGlu & BRI & R se 8 (fan, i Fen e ) o %%
F RIS A A 3 7] rhNaG Tu DA T N 40 i i 40 B s B i 07 R 24k o a1 ] LUME
A HEAAAE. fE— A8 &b, \E R LE B TR ELZ 0. 01w g AR
WA Lg Z AN EAFE. 160K EH, SN TR EEES Lo g M4
WHSE 2 1g Z I EAFLE. B, & AF ] gE LI B T RS2 L) 10 1 g FIREAME 5%
WA g 28] (B, A FRAESEEL 10 u g AR MESEEZ 400mg 2 (6] ) I EA74E
[0156]  7E—/NSEii 7 %, rhNaGlu /F7E TR ERIE . 76— SEili 7 &, rhNaGlu LA
TGN THZTHEEY Ing GZTHEIED 0. 2g Z MBI, B4, rhNaGlu 7] RELLTE
Bl TR2THRIEZ 0. Lo g AT 0. 2g 210 (Hlln, rhNaGlu 7] fg LYER AT
BRI EREN 1w g IEGZETHERIEA 100mg Z M EAFAE) WEA/E. £ DT £,
rhNaGlu LLYEH A T2 EIE A 1 v g FifF =T+ 8016 4 50mg 2[R I & A7 1E . #9401, rhNaGlu
Al RELIE [ T R2=Z G4 1w g MR EIE 4 10mg 22 18] (141, rhNaGlu W] G LAY [
N THEFEFL 1w g FREFEEN Ing ZAAFER &) WEFAE. /£l %
W, rhNaGlu LUK TR 805 0. 1 u g FEAFE. fE— 30 9, rhNaGlu LUK FH2
FHEIE 0.5 0 g EAFLE. 7T &9, rhNaGlu DUK TR AT 1 v g EAFTE.
TE— A7 s, iR B AR T2 85 15w g MEAF(E. LT &£,
rhNaGlu PLK FRFZTHEIE 0.5 0 g (EAFE. £ LT &9, iid&E ALK a2
FHERIE 0. 11 g EAFLE,

[01571  fE— Lt /7 &, rhNaGlu PA 20mg/L.30mg/L.40mg/L.50mg/L.60mg/L.70mg/L.
80mg/L.90mg/L 100mg/L+120mg/L 130mg/L. 140mg/L+150mg/L. 160mg/L.170mg/L.200mg/
1..300mg/L~400mg/L+500mg/L+600mg/L+700mg/L.800mg/L-900mg/L B¢ 1, 000mg/L &% W5 (1
BAFAE. fE— LM77 %7, rhNaGlu L4y 100mg/L HiE K EAFE. £ SEMET7 &,
rhNaGlu PLZ) 200mg/L i 2= AFAE

[0158] V. i L4 i

[0159] AUk BRI sg fEAE A R R IE RS, B EAR T4 Ry (i, &
40 M, CHO 41 g . HEK293 4H Mo Fi COS 4H i ) % Bk 40 B FHAE A A5 ) rhNaGlu.

[0160] W] bHE A5 3= 40 Mo B R U 15 4 AP 40 (1) 30 I8 B LA BT 75 07 200 T3R5 1) NaGlu [ 58
770 NaGlu 2 KX A S 1A R A0 AN PR T8 2540 B IR AL BUIR AL . W] IE % HoA AT I 25 30
VEJE I BRI S 40 B AL PR A AL R A [543 40 B 8 4 CHO. COS \ HeLa MDCK , HEK293 Fi1
W138, LA DR IEFRE AN TAS R BB & S 8 B R IE A R AN RIS K2
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JRAfE B, ESEEEFIA TS 2009/0253176 FRiR THHEXMMER (Fln, &35
SRR AT ML R ) IS, BTl £ R A g s i 5 T A AR

[o161]  VI. ZiW &Y

[0162] AR BHIEFFE T A5 450 B HURARLIAL 1K) rhNaGlu B L 254 Frl 852 1 #h i 24
RS . WAEH—Fh sl 2 BB, A1 an e 250500 i — 48, A VAT 4L
NaGlu &5 Fi. M55 H 8 Rl o AH 28 5 Ho0 L2 38 e S5 0 X B Ui, 0tk b 20 «“ n] 32
27 BE R A G, BFE L5501, Wk AP B AR L7 SRE ] C 9 4,
Remington’ s Pharmaceutical Sciences,# 14, Mack Publishing Co.,Easton, Pa. ),
AR I HIF AR SR ES BN 2SS B, 9B AR i ik
I H TR SR A ] 2T AEATT A IR B . 75 S — ST =, 255 ]
R BT e & BB R R TR s R R AR A o A8 — ANt T7 Zmh, BT e ig i
NS UIE P

[0163]  7F—4852jili 7 & rh, A5 A A NaGlu & AR WA G — LA & ).
TGP 2% P ) B R T R 5 L IR Eh AT AR BR Eh A Z R Eh G2 iR o s 9 1 G2 1 SR I B FE AT AR
FREE T BR AN AT AR TR AT AR IR A FLIR AN FLIER AN . LR 1 LIRS B IR W IR A L o
FRABR T TR  E SR R AE \ R IR LR IR B | E R R A 109 A BR B L P A FR A T A TR A 1
AT BRA B FE IR B T R B B9 T TR PR L R B TR 405 T TR B0 T TR M T TR B TR R A5 B HLVR
G AE— ST R, PRI IR = AN K AW . (B SS  Eh, AT
BEE—IKEW. 12— &b, AMA EWATIER = — /KGRI ER -—KE
Yo

[0164]  7F—4852jili 7 & rh, A A A NaGlu R AR WA G — L& FEH .
AN MRS E L HE AR R OB R IR 2 U ORIRG R (A an SR SRR AN
FULES ) T IRIPR LR G A 2SI T =, 9 AH S A S NG A EE.
[0165]  7E—LESLi Jy Ze 75 L ] 25 AL -GN DR TEE PR TR o 70 9] 1 3 1T o 2k ) 0. i
A - AU v PR, A an 2 L AL (e, R AL EE S 20 BY 80) svAv& v Al (A5, vH
IEVPUE 188) sTriton s HEFEMI RN (SDS) s H RESENR BR AN ;- 55/ AR ol s HAESE .
W8I — WM — B IR 2L - W2 — A Qs s R - R - Iy - R
T TR IR I — LR 5 0 yr 2 — A s 2 — Bt 26 — S s H AR S5 T 28 — B0 e It M
FETNEE — M R 5L TR 2 - N S W e R TR — AR R I i ik T 2 — e el IR W e R T
HE - A (0an, AR I N RN ) 5 A SR I IR A - AR B R T 2 - B
T IR R TR — AR i 5 PR ol T 24 Tt R sl PP RS IO 62 T I 8 5 R MONAQUAT™
%% (Mona Industries, Inc.,Paterson,N. J.), 5 & — W BN —FE ) £ —EE RN )
LY (B, Pluronics, PF68 55 ) o 1H , N IR 7% M7 16 2 A DA BSCH /b B B o
1) 5 £ ELRIURL I T Rl BORS Y9 3 A 2D o 49 2, S5 T AR AEIR B2 0. 001-0. 5% (41 11,
3 0. 005-0. 05% 5% 0. 005-0. 01%) IR FIVE M. HAKME , 50 Al AF R BEEZY 0. 005%.
0. 01%-0. 02%-0. 1%-0. 2%.0. 3% 0. 4% B 0. 5% % [RIF TP o bR 0 FEIRIF H 1) F) 9 [ A
B AR A A R R — 8 43

[o166]  7E—L8Sjli Ty S, AR WIS & 29 -G ] 3 — 0 G — R el 2 Fhgiaa 7,
AR TR BRI 5 o “BAR )72 B A TR S R R T HAT B TR T HOR 4
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RIS o 9140, BAA AT 5 R HeRy) (BN, R4 5 iR Heika) .
T8 A A T FEAR AN R T U FURE  H e Bl H 208 L IRl i el R SRR o B
FAFERT 715 080 I B AZ4T 1% B2 10% (AT, 1. 0% 1. 5% 2. 0%+ 2. 5% 3. 0% 3. 5% 4. 0%- 4. 5%,
5. 0%.5. 5% 6. 0% 6. 5% 7. 0% 7. 5%. 8. 0%-8. 5%.9. 0%.9. 5% FI 10. 0%) o _F & & FFI{E 7] ()
JO AL A AR —88 5. AW 2 WG TR B, DEHRERSEKE
TR o MREF T v S K S 0 BR Pk S F K B B 7K o AT I I VA 1R T i A
WA= R R, VAR B A A 0. WA A, T B 0 SOl 2R L R e
S R B ey AR e PR B I R A

[o167]  ZyHIFEFEIES O Elg S W 58 (B OESEE T ) CBE s E 4 it
2T o DLdEHb, A BH IR 245400 w300 A0 38 - 20 ey 5 e P BB PN L SRR PN S K
P2 N LI P ST R K PRt FH KT 20 030 o 78— AN SETE T S8 7P, AR R BH ) i) )i 5
AR T o A8 D) — ST =T, AR W IFRIE S N R o AR B B 25 R I AL
T8 A T RN BRI 25900500 o AR S 1 D0 T S B il 550 ] 5 (5 b DA G B A7
I H AT T i 25 24 AT ok BT T S0 AT AR T v A o A7 2RI G Dy R A AR AR YT
PR 5T VR A 38 T Bl A 1 [ A B A B 3 4 5, SR JE W e 2, A8 I T A P e ol
FIRIC R

[o168] AR B E AL A NaGlu & Bt n Bo il H T 8 A () G, 38 kv 5, 461 dn [
BGOSR ) BT AR ZEE - PO AR S 2% /N R BRU v B2 SR i AR S S I B R
) LA R T X 2P 5 a0, PTG Rz T VG LA P S A P v S R PN A
SR B O S TR SRR K Y (TV) S s B, RS VR T R AU

[0169]  E—ANSEJti 7 &, Al AT 5k TV S, & bioit 4L NaGlu &2
Jite FE— NS A, AT AN A TE VK N S A AN NaGlu SR A it 53— 1S54
oh PR AR A RN DR CE B R I A B4 NaGlu 2R A 5t 78 55— ANk, ]
TR SR A N OB AL sl A A LA Ok e Py A it P E 20N NaGlu A it 7EH
JUET R ) — AN STt 7 S, MR AR S 1 29 () AR S AT I R A O I MY S, R AR A
BB e, 78 1 2 8 /NN B A 259 . 78 5y — Sty &b, 18l IV 3 g4
Ak N B ZH N NaGlu 85 BT A8 D) — L7 S8, AT 20 0 v sl e S i FH 2N
NaGlu 2 i »

[0170] 75285 )7 2, W ad ik By i FH v 97 PR 8 5, JF B R mT AR SEAC I TR B R
Az, 440 30 438h A 10 /NI o [RIB S nT AR AT, 29 1 /NI 20 2 /NI V2 3 /NI 4 /N
B2 5 /NI R A o SRR T AR F R A BRLG, 04n, dd i E R A ) Inl/h 2
2 20mL/ho 75— e 7 2, HvE %y bml 2 10mL/he 75— SEli 7 &, v R
1.2.3.4.5.6.7.8.9.10.11.12.13.14.15.16.17.18.19 B} 20mL/h. 7E—SZjli /7 &,
TEMR N 0.1 & 5mg/kg/ho £E—PSEME T &, Bl R A2 0. 1.49 0. 2.45 0. 3.4 0. 5,
27 1.0.29 1. 5.2 2. 0 BXZY 3mg/kg/ho by [ RHAE A [R) 0 [FEURARL AR AR A A B 1) — 356

ﬁj\o

[0171] A7 MR 1 B0a] E I SO BEA b 208 B W v s AL K 2 3, OF ol
AT, N ARE IR/ B EON. EAA NaGlu 85 15T H] 2 AR @il e
B 73 25 G T ] R B3 P R R T 3R AR AR AR 2 A& S 880, B i JE e AR K R
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7K

[0172] WL F 7= S i Bk R WG+ ) SRR E (IR ET ) R T
T AR A AR FE VR AR YR AR i B ATl iy il5R) . 38, 88 BUBTE R o A R AR AR
HF 577 V3547 1 7= i A 2 0 B, B G ELAS R 1 R~T HEBH. HPLC (SE-HPLC) « BH &5 1 A2 #t
HPLC (CEX-HPLC) « X $4 75 (XRD) i #il7s Z R #E (mDSC) « A HPLC (RP-HPLC) £
FAREGEURT (MALS) 56 SRAMR R v BE I 5 Vs B 40 A vk (CE) WSDS-PAGE K HAH Ao
TE— 25 7y 2, VRO RRAR A R BT IR 16 o] AR PEAN SR (AR ERBCIR AU ) 17
IR,

[0173]  JE, #IF) (HETBCEK ) PRSI TG A7 BRI R A7 30 BT B8 38 M
0°CH| 45°C (1, 4°C20°C\25°CBL45°C ) o HIFIFT A7 LA H B AR LA B o i
AEW TR IE S R 24 S A2 A H WA H A S H S AH 2 A HE A B 50T
AFLER T HER 2825 b, BUH TR D08 Lk yu A8 AP 1) 14 9 FE R 40 4 A< & B 1K)
— i)

[0174] 5] HEMEAFAER T 228 COIRGET ), R T8 MR R R ER I VE R, B
TR DR n e, AR b R0 R N B DU A o AT R B S R
1T A R A58, A FEAELAN R T B2 5 T PO R AR S L e B X 0 W R 5 ot sl i v
PR R R 7 o ARYE AR R B Tk I 25 40 & ik & LA SN 408 i HEvs
PR3 » A0 0 G B2 P I B v 7R s S ) o

(01751  VII. J&J7 &

[0176] A HIEHRME TIRT NaGlu AHICHHN , 1 4 SAEFNIH [CLR-GAE B AU 725 iR A
R UK I AL NaGlu BLHE AT AR T FH I8 B PR IR R g b AL K B A NaGlu, Ty
MR AR L R EARR T40 ki 7249 (1, CHO 41, COS 40/ ) \4uw (i,
KA E (. coli)) FEIERZNY) (A FLahAE e (Flan, X5 BRIk ) Y &
g (I, PRI ) o FE— AN T e, fE IR R B, W& 2R b AL E 4 NaGlu,
[0177]  FE—NSEHET7 S, ik i ass m 2 i E i H B NaGlu A (rhNaGlu) ,
B A R SRR (a0, H B s AR B S8 (B, M6P)) HE 4 A NaGlu 8 AR,
HE L LAY (ltm, ykig o ) sRTPT NaGlu B2 R B NaG Lu AH I (1 — ek £ Fii
Ko BN NaGlu 85 [ ] R 77 s R A 8k =38 o B2 NaGlu 251l (rhNaGlu)
A BB S A SR e iR T N G 45 52 i

[0178]  RIE“VRIT” TaGefift SNBSS s BCRE R, TR BA MR, et B A e AR R i
A R, P08 B AR B 0 B IR R R, D22 0 B IR, 5 | BS503R 52, ik
R BT AR S BOT IR 5 R (KPR, BRI M b R/ B HE IR e 2% 1B T 05 0 IR )
KR K77 V25

[0179]  WIASCHTAE I “ I 7 A RGRR” a7 AL BUG T RN (4040, $EZA 23 i iR £ %
M ACERRARAT / 8] NaGLu 3G PRSI ) ez 25 i) (B, &/ siEbg )« W97 A
BOR R, 5 MR RS2 IS & A N 52 1838 A L, 3 B0 5 e BCRINE 3697 iR
AT TR B 42 e B B B R AR B HE R PR A B . RIE IS, fE TN
B R s A B I BE TR

[0180]  WIASCHTAE A, RifE “ i3 7 8k “ B3 ” BEERFE AR NS . SEASPEHE
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PG HES) ), AN FLah AR LB, ) e N REEBI 0 2E S
W AAICAT N AL 2R AFEA NaGlu B2 AEEL NaGlu AR A2 R # .
[0181]  WIASL TS, “NaGlu AHICHE WG ” 42 HH NaGlu Ji5 T/ S80S NaGlu Rk B It 7
AR IR BRI . NaG Lu AH I 1 SE 41 B3 FEEAN R+ NaGlu S 2 E 151 1 & 35 51030 [
LREE B B (BRROARS 2 BEIC BN T11B A ) .

[0182] A& BHIYAYT i e M T E 20 A NaGlu & R BRI B 3% 18 3 o2 28 B A4
PR AT 7B SET =, AR A AR AR R B4 A NaGlu 2 H i
15 B 2R I ONS (AR AR 22 R4 ) B R s E, DA 9697 NaGlu AHCE 7 (49,
NaGlu fZ9E ) o 40, EH A NaGlu S5 JTn] £tk B (A8 2, 20 7 ik PN v 50 B kA
D) R A I B AR A ZE I NaGlu 52 5E 1 5238 B bR (BBB) o 7EAC K B[]
Ty SET R, e AR E B NaGlu SR A .

[o183] A, I T4 B IR E

[o184] R E I W] H TR AR B A N Ik o 75— L8t 7 Zerh, T8 o it FH 1)
FEETAHWMAAND CFIn, dE5 0 stk (Blhn, S ), HEA SN DRARIEE )
S WAL B A AR AT BE 1S AL s AR E LA, BT B s gl AN . AN AERR
il P S8, i 1R SR LA A [ e AR DR R I — DB Z AN B O (nob) FILEFT IR —A>
BEZAE O BTl 4 538, CLp ks ik (fFlan, S5 ) WERETIE H . 7E5SEtiT
FE AN OAFE RS o /48— 2057 P, WA DRFENLCE (B, 5vEsR ) o f£—
LS T rh AN S E SIS (i, AT RS E ) Sl . WA AT
NEANE

[o185]  FE—LESIjt 7 Z&rp, nld T IEME 2 ) (BRI, A2 ) BRE AN - S BIX RS
CBI, Sy s E ) AT N o« 7E— 285l 7y b, SRR IEMENR 2 1) FF H.AQ i 7 44
(B SRR L & P R /K (Gl L3-1L4) o

[0186]  AFXTT# Mt » 3G 285 PRt FH ) B3 2 (A AR 7 R 0 o 8, AR R AR R BH I B Y
IR YERF CSF AAE L) K2 i E PN S P A8 — S8SETt7 SR, BT Bk, W
M2 AR AR 2 CSFo E— 2850t 7 S, 18 & 1 S50 =& (R AT (il ) /45 10mL
SmL.6mL5mL4mL.3mL+2mL. 1. 5mL. ImL 5% 0. 5mL. £E—&852 i 7 &b, & & 1 57 8 AR
]k 4y 0.5-5mL.0. 5-4mL.0. 5-3mL. 0. 5—2mL.0. 5-1mL 1-3mL. 1-5mL. 1. 5-3mL. 1-4mL &,
0.5-1. 5mL, 7E—285 )i 75 Gy, AR A BH ) 4 Py st ik 29 i S 2 B I 7R =W CSF 1920
BRo 10— LeSTti Ty S, 76 N i 2 /T, B SE 2B/ T4 10mL (940, /N T4 9mL 8mL.
7mL6mL5mL4mL3mL2mL ImL) [¥] CSF. TEARLERE LT, & & B & AR (Flin) K
%y 3mL.4mL.5mL6mL 7mL8mL9mL. 10mL 15mL B 20mL . F3A& i [F A o 18] (90 3B A0 {8
FRA A B )48 o

[0187] X AhH BB W H TSIV T 4S5 B P o 190, mT A A A T 4 PN it
I R P 98 5 245 D 1K) Ommarya figh #5125 5 B 5 g 28 () 57 (Lancet2:983-84, 1963) o B H{&
M, ZEIX A 72, Jin 2l O BT A R R FLAE N I R B 22 3670 SK B2 T 1Y) Ommaya fif
% I HS T 27 ) iy s DATE B PN O 028 S0 (7 A\ s R IR 2 Bl . 7R 35 [ B4 5 6, 217, 552
HRHEIAR T T AN N YR T 2L A D BRGNS R e R, it LA
HATMANB@EL T HIFAARIL . wkHh, G ann] @ o o S BUE ST 2 MmN G 2. N
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TEAE, 1 BB YT W] 2 BN R e R 2R K

[0188] X Ty 5, FIHF A% i BH ) o) 5] o) SRS 8 o 3 A1, T°H NaG Lu R /i) ] 4 T
It HAEAE 2 ar o7 BRI E B i oig % . ERETHER. Bl FEHTT 2 NaGlu B F
TEBOE ST A (B, SRR ) .

[0189]  FEAR B — ANt 77 S, T8 M 2 v S 21052 1R 2 i B K i A NaGlu o 41
W, AU AE 2 AR R B R R LA TR S 7R Sy S, i ) 2R e =
A3 NI 73 it Kt BT/ s 3L 2550 o 90, Ay ) S8 K B0 i 2 AT 6 AR —
oS 7 g, AT [ S =R AR DO AN = AT

[0190] X —Sijif /7 G, 8 ik [v) 524 2 149 /)N M S 08 vt Bl 8 3 S 4 it FH AR A B A A FH 14
AW .

[0191]  FEA R B J7 V0 O — S5 77 22 7, 8 1) 2R & i FH 252 LT B2 il s, 254
AT AZ ) 1 A2 R R A A D 1,234 JE B R K I TR AR R AN o B P A P e 2
WA YRR LI IE, U “ 2R

[0192]  WIASCHTAE ], AT “Hpalif it ” Fe e it F Ja 19— Bt Rl gy, ik 2220 JLR  — B
JUJE, TEAR P9 B SRi 3 Ak B R 25900150 o 490 T, 308 3 e g ) 4R % , T 1) 3% 427 2880 E B 4
GRS (B, 3k 52 P A ORI B0 S D W E BRI RR S % ) o Tk
1, R TE A W B TR AR 4 P TR A7 AR IR B I P R S 3K

[0193]  B. Bk IiHiE

[0194]  GilL BRI, Ak BRI i — A2 NI R IE A2, & Ik Nt A I, AR & B 2
2 A NaGlu 25 FUR RS 20 HL) 3z ™ Boar o i Ji e fs (BBB) i 340 2% 11 - Ly 328 o 358 11
T2 B BLFE IR YR X o AR B I 7 VA s rhNaGLu 8 (s 126 31 4 DA i 0
A ONS BB 7 VAR ) (1 P AR 2 R4 (ONS) IS APl s ok 4 e . eAh, AR B T
s R R E AN NaGlu 8 A BUs ik B g B 5 Fh ok i 88 B FH 2.

[0195]  “Pflk NIEST 7, AEBE 2% B FR oy TV HEVE B 108, Fe b i S 28 55 TV 3 N3 B k2
I B BB 2%, 18 E AR PR HLan 5] 58 5 | § bk R PR, A Ik 15 408
(I IR . — B2 S B 31 TV & B R A, Bt 40 — 2677 i R LN I B o
PP o T X IR AT VR AR LE LB IR TR 2 e NI SE B SR, 7E— 28100 R
TE SR — YRR JE A A R AR E S, A I RRCA e, DUk 24 i idk N i

[01961 bk Py 4y FiHe v 76 SE K IR () Bt Y 0 38 25 it FH i 4 o, mIAEA T 1 0
8 /NI RIS P 1) SR R 2. TR 1 2 2.4 3 20 4.4 5.4 6. 49 7 5R&1 8 /M)
I PN 1) R R IR 25 2. O S AR P A, AR TV BRIV R MR ANAE
G i T L 2 I AN T B RS R R P IR (A9, S R S R A B BT AT A A Y
IREEIE ) » 15 IR 2 H AR R LR R 7K 352 2 (R SR PRI T8 A P TV B

[0197] C. #EZH 20

[0198]  7E—2BSLJf 7y, A2 i E P AR R G0 (ONS) IBIE AR B K] rhNaGlu, 75—
LS 7 S, R A BE R/ BAMNE R E B — A R AL U I AR B rhNaGlu.
WA SC AL A, ARAE BB 217 48 52 R 16 77 1 NaG Lu AH 2C 5995 52 M (19 4T 20 2R Bl il = 1)
NaGlu 76 H i IEH RISM AT AL, E— 25 7 &b, AN BB AR Ak S &
NaGlu FH I 1) 8 T, A7 A0 AT A 2 B 0 1K 2 (KT R4y (490 2 fi 7 A0 4 2R 1R 40 i
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WM ) B E—SS 7y 2 b, S SV FE R I H 0 A D 3L E R BICRR IR O 8
LRI, FE— Sy R, SR VR RE P B Z 6 NaGlu DAFH R K IE 5 R H AR L4
2o WA, SR ZAR] 0 i S SR 4128 CE RERE AL / BRAMRIFEZH 2N, T g A
TR PESLAL R

[0199]  D. Jixiisérm e 4n

[0200]  — 1T &, F PR o R ANR X 3 JZ AZH R . 5, A 20 20 B P AR Al 48 R 4
CRLFEMGES ) MRS, TS 3 )2, CLFRE A i 1 ok W R AR s . — iy 5 i JEE 01 i
BHER M EE YRR A RS, (E— 2SIy b, PR A KR B R3E 7 M B A
IR BRI — ZEE .

[0201]  JFEBEA 3 A FEBAN X, AFE KM N R T o K 23K, A7 T K 2 5L i
it b7 HoA R Z B w47 T KM T i, BT R AEH B 2. 7R
(140 J TR » A R T 0 i T A 70 i o

(071072 v o i R 1 B e o i 1 (1o = D NG = o [N S W 1 I o 0 = 11 9 1.
FIRTTRG « "X (mesencephalon) , A ik (midbrain) , & T 5 « KM D 75 ik 2 HP ik
JE R R I B, £TAZ RS — i A% . i S A0 W 07 s s i HEE /TR A MR R A
FIAHIRHK o

[0203] AT R LR IR FE RAE K AR LE R G0, BRI I AR X 3. 51 ar, NS (481, i
H# ) AN RAE AR BRZ A IR LR/ SR

[0204]  ARPEA K B, AR BT rhNaGlu AJ 3% 3 5 52 3838 HPARF VR 77 R 8 i AH OC I T ]
TR A AR 7R —2ES0E y b, AN R BHIY rhNaGlu J 26 3136 [ B VR 2 I 4R 41 21 .
FE—LEs it 77 S, AR B rhNaG Lu 33825 B R I iR A4l 2R o #F — 28 sl 7 =, AR I
(1) rhNaGlu 13 1% BRI AR 02 . AE— 285 5 2, ANk B ) rhNaG 1u 33 326 31 3 1 8%,
RIZ IR ZR | PR FE L 2N/ BRI AR AR A & o B S8 S0ETT B, Ak
BH I rhNaGlu i B ai A% M (BN EE ) 220 4mm. 5mm. 6mm. 7mm. Smm- 9mm. 10mm 5
2 IR AL 2R o bR i B R o T ey S PR Rt A A A R B I — 353

[0205]  7F %65z 5 &, A% B IR rhNaGlu 38 3% 3 K — AN sl 2 AR ek 2 4
2o AR U 7 S, R R ) 36 i B VR AL AL TR AR T 4mm N o AR 285 T
ZErp, R B ) R T B VR 2 A 2R 00k B RO I 2 2R K 52 iy 223 g 5 | Virchow Robin
) B VR T B A 0 0L e s P R T 1 e o 8 2 AL AR R R A A L MRER N 5 H R L
HE

[0206]  7E—LESit 7 &, AR B rhNaGlu #8353 K — A Bk 2 AN RI AR, 75—
RS ZE S DR P B v 2R T B VR R A 2R T ORI R R T (B AR ) A2 /b Amm (540,
5mm ., 6mm-, 7mm - 8mm . 9mm £, 10mm) o £F L8 S 7 G2, R FRYHE ) R 8 A 2R AL A K B2 o
o FE—HESHE Ty Zrh, KW B ) R A A 2R B R TR i (0 2, 1 e o e AT g 3
JEH ) S SR R AT R R R G AR A A S PSR
[0207]  7F—46Sjli 7 &b, A B rhNaGlu BE% /N — D B2 M, IR Lbsr
77 A, AN — A E AR M AL B TR NARH SR E (Purkinje cell
layer) HIZHZ KR4 )2 IZHZ /M R SE20 & o AE—28siiliy E b, 367 ) (o, B )
T IE BN — AN B AR AR, AL FR (RN BR 3 1 AN M 2 L 2 RN B 2 R 4 2R
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AN TR ERZHLZY (0, A% TR g i 2 B8R ) AN INAZ IR ER L4

[0208]  7F—UESfili 7 22, AR B rhNaGlu #hR5 30 T i — D2 AN H L. sy
77 Z s i — AN E R AR R A BRI T B A ZUR /B T2

[0209]  7E— 65 7 &b, AR B rhNaGlu 3% 3 R i 20 20, A4 (E AN PR T 253 (4
RIS BIHT I 0k P o J BT 52 0 /DN Ji K B2 o R R o T2 R /5%
AZ X A T i A S T R R X S LA A

[0210]  £E—4bsiiifi 75 Zerh, A B A rhNaG Lu 336325 1) o 245 o 1) 4% Fb ] i, A5 (H AN TR T
PRZE TG JR T A0 i i 75 JE 4 R/ el A . o — RS T R, VAT R R (1 T % 3
TR TR 2 SR S5 4 Yo

[0211] E. ESHEiragal

[0212]  — 1T & » TR HE AL 2R R P 3R ARG i 1K DX s 2 21 4 1, B B A0 23 m] R AE A 3R
B8R = A2 IR RN/ SR Z,

[0213]  7E—%esj 7 &b, AR B If rhNaGlu B IE BB — A B2 AR 24
2L, FE—HESIE 7 A, E 0 1) R T R 2 AL T R T 4mm Y o AE— S S Ty
SR, B AL ) 2R T SR B S A WA /B R .

[0214] 78265y 2, AR B I rhNaGlu #3328 B E e I — N B Z AMET R . 75—
SO T R, B HE R ) PR AL RN T REAR I 4mm PN o 7E—SUSTIE 7 P, HHE R 1]
TR LR G A A RE KPR/ B2 N

[0215]  fF—HEszjfi &=, B CRE ()40, NaGlu Bl &85 ) ik BPEBEIKIAHE T,
[0216] F. AL JE#mZ] 27

[0217]  WIARSCHTAET A, 40 B4 B B AR IR iR R 4: (ONS) I—& 7 R4 B
BRZHAN . A AR LR A R AE SR T IR 2R 40 T S B I o P 52 B B T B A B )
S0 B BRI S R L L B ORISR AL AR S SE T R, AR WK rhNaGlu
IR B —ANEE A AL

[0218]  G. AW A Fl A 2

[0219]  FE& 5L S, — BBk B 2N, AR BT rhNaGlu B ELN ML 2@ hr. i,
A B rhNaGlu R] g A7 T4 40 (il , sh2e e (s & 5P 40 ) NS 7 72T
WA b PR B o AN, 75— 285t 7 e, AR BHIK rhNaGlu JE7R tH 5 6730 )%, LA
Y rhNaGlu 7E M5 BRI 3 (50, @ it F 3 B FxrmaLs] ) o 54h, S5 AR
B 20 2T Y 4N 22 45 DRI s S s i R n] B8 B 50R) T AR B ) rhNaGlu
FAD AR PR R ERAR

[0220]  /FE—ESTj 75 & A, AR AN R B 16 A & B ) rhNaG Lu R 76 AX SC ATk 45 A 20
Ak 2R BURIRA ROKFEGE M. WA ST, ¥ 7 80k RA ROK P 80 1 A2 2 DA
LERRA AR IR T KBS o ST T RE AR AOM T C R, m] o ik SRR A6 slobR 2400
&) sFME) CBE, 321838 25 AR R IE BB 450) o 9101, 897 BUIR IR A ROK P B0 1
A] A AR SR AR D i (A, GAG TE AR ) AR SEREIR B /K 7 B 1

[0221]  7E—%C 5t 77 2, MR AR e B 3 2% 19 AR % BH 1) rhNaG Lu 7] 7E 1 20 23 ik ) 4H
M. NaGlu [ f) 1E 5 7K S 8005 2 1) 2 2D 5%, 10%. 20%. 30%- 40%. 50%- 60%- 70%-+ 80%. 90%- 9 1%
92%-93%. 94%+ 95%-+ 96%. 97%- 98% B 99% [FIEE /K P B Mo 7E— 2L 5t 77 S b, AR A<k B
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T3 F A R W) rhNaGlu 7] 58 31 550 B (A0, AR 2 A B ISk S0 1 ) AHECRS n 2
1 AE 2 A53 A 55 56 E T A58 5.9 fFER 10 RE IR B . A S Ty
ZE, AR A WX I rhNaGlu W] AR AR 20 2 rh s 21 58 0 () K~ 805 1%, 222025 10nmol/
h/mg+20nmol/h/mg.40nmol/h/mg.50nmol/h/mg.60nmol/h/mg.70nmol/h/mg.80nmol/h/mg.
90nmol/h/mg.100nmol/h/mg.150nmol/h/mg.200nmol/h/mg.250nmol/h/mg.300nmol/h/mg.
350nmol/h/mg.400nmol/h/mg.450nmol/h/mg.500nmol/h/mg.550nmol/h/mg 5 600nmol/h/
mgo IR FERIAE T 18] AR5 FEL IS A0 A A A I R — 3 53

[0222]  fF — 8 S 77 52 TP, MR AR K W) S B 7 v ) A ) R 0 A A . AR — 4t
S 2, MR AR R B 0K 1Y rhNaGlu R 7E B A B 3G 0 B K P B . 20 4
500nmol/h/mg.600nmol/h/mg.700nmol/h/mg.800nmol/h/mg.900nmol/h/mg.1000nmol/
h/mg.1500nmol/h/mg.2000nmo1/h/mg.3000nmo1/h/mg.4000nmol/h/mg.5000nmol/h/mg.
6000nmo1/h/mg.7000nmo1,/h/mg.8000nmo1/h/mg.9000nmo1/h/mg 8% 10, 000nmol/h/mg.
s v TR AR H ) 0 3 R R A A AR R BH ) — 384

[0223]  — i &, ARYE A K BB IL 6T 7 (914, rhNaGlu) fEfER ) CSF FIEEZH N
BEFI AN A B B 2K R . A8 — 2087 R, i Ak IR 1K) rhNaGlu ()
AT RE 2 /D 2 30 3 B0 45 438160 438090 43 BR .2 N3 ANIE 4 NIEE LB /NI L6
BFL7 7N 8 ZINBF L9 ZNES 10 ZNES (12 ZNEF L 16 ZNEF 18 /NS 20 28BS 25 (30 ZNEF L35
ANIRFLA0 NI AR 3 RVKIE T RVKIE 14 RVKIE 21 ReEKIE 1M H . 7B 28507 &
o, A BB 7 S AR A R TR rhNaGlu AR 12 /NI 24 /N30 /ML 36 /)
BF 42 Z/NEF 48 ZNEF 54 ZNEF 60 /NS 66 /NS T2 ZNEF VT8 /NI L84 ZNEFL90 ZNIFL96 /N
102 /NIl 15, AT AR CSF BRI P DR RS I A8 7K~ 8 1 o T 8 FH A S35 A
J7 VDN E RTINS B 1 bl s [ R A TR P 0 R R A A AR B — 80 23
[0224]  fERELESIH 75 S, AR AN R BB 1Y rhNaGLu AEFEF 5 (9020, ) 523835 il FH 24
WA 1 L3 R A8 /NIF 36 /NI 24 /NI (18 /NI (12 /N8 ZNE 6 /NI L4 7N 3 /)
I 2 /NI T /NI 30 3 BRI TA) 5 ) 5 7252103 1 ONS 22U i ik 3 422 30 1 g/
mL R AL FEFE LSS Ty S b, i A e I X 1Y) rhNaGlu 7R A 45 521X fm (4, )
ZRE ISR A G 1 .3 K48 /M 36 /NI 24 /NN I8 /NIF V12 /NIRF 8 /I
6 /NP4 /N3 /N2 /NI T /NI 30 A3 B ER BEATIN R JS ), 7RSS 2R )RR AL 2R el 4
e (i, IR 2 n) PIsRI R b 20 g/ml B 150 g/mL E D Lo g/mL B /DT g/
mL /D50 g/ml /b 20 g/mL B/ 1w g/mL BEA /0.5 0 g/mL IR, EIRYEFFI{E
[ )0 L R A AR A B ) — 889

[0225]  H. ZRAEFH LA NERIIAIT

[0226]  ZFEFNH IREFAAEBORG 2 BEIC AR 11T 84 (MPS 111D 2fefiEde THENZ R (GAG)
BeeAifE b A2 (R BRI 2 (1) 2 LIS AT TRE o /DI, 3853 B AR IR GAG 73 1 AN Be AR N B B JF
HAESFAL SRR PR R, S ECE R KR D) ez 8 &1 (Neufeld M Muenzer, 2001)
[0227] C&%E T 4 FORFEIERM MPS 11T, #55E 8 MPS TTTA. B, C 1D, % HALF GAG
iR B R B 28 1 4 Ml — k= o B T S A AN [FRE FE AR AH R AR AE
PR S TS O REDRRE - JER K A V22 e R e B T o AR T 5 3 S 25 (A2 AN BE ) 7™ HL
B, EAMB S M E e PR R LB AR 2 AHSCHE, M H 5 2 GAG TR R 51
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22 IR GM2. GM3 A GD2 Bifi Jii T i AH S BE (Walkley1998) .

[0228]  RGZHENAR TTIB &Y (MPS TIIB sZRIEFHIRLRAMEB MY ) 2 5 Je o iR Bt i iE
HHFIEAE TR o -N- S - IR AR 18 (NaGlu) Sb= . 7R/ IXFPRGINT, GAG Tilg
LI 22 AR 42 TO RN I T 40 R R i B AR PR R, B DAE R A MR R

[0220]  IX it () e L AR R I R R AR R TP AR B 22 B2 8 (ONS) Bk, IX T 3k R sl A fe gk
HEERE B ST RRE AR AR AR T IS B e . A B IR AEAD L
HhR IR, B AR) ZF Al s A I DA B = Sk

[0230] ANk BH B 20 A A0 7 ] B 3067 IR 8 5 B R AE I IRER A 1iE B B A4S
o MASTHAE A, ARG “¥897 7 FRUEE SR WIAH G — AP el 2 Bk, P sAE 3R 950 (1)
— P PERI AR, FI/ BURRAR I 1 — P Bl 22 PRtk (1) B AR A Bl

[0231]  7E—SUSjl 7 S rh, 16T $R 804 BUOC A SRR DG I L P ZEIR R AR, PGS
EHH RS AE B B 8B b 25045 (¥ ERE A/ slOR AR WARSCATE A, RiE“wh
S ERE S PIKME RS (1, IR AE RS ) Hi05AE IS PER . AR RE R
AAE (B ) KREIEE VU TN W ek TR S R R IS B REAN L B
TR B AT/ SRR AR B RS 2

[0232]  [RlUk, 7E—2C50ji 5 G2 rh, Y697 Fa o P AL b s BRI AR (4, GAG) 98z fE—
oS it 7y S, YR IT R N AR AR AN TR/ B R L 2 S AR R kD o AE
FELCSE T e, S0 HEAH LE , AR I AR 2D 29 5%. 10%- 15% 20%. 25%- 30%- 35%+ 40%. 45%
50%+ 55%. 60%- 65%- 70%- 75%. 80%. 85% 90% 95%. 100% B{ 5 £ . {E—L6sjili /7 &, 5 K AH
L, VBRI R D 2 /0 | 5.2 5.3 54 1535 156 157 £i5 .8 £i5.9 58K 10 fi5. 7F—4b5E
Wi 77 e, I LAMP—1 S0 2 VAR AR I B o b3R8 RO 18] 4908 R A t 40h 2 % B
[ 53 o

[0233]  7E—2BSLjl &, T e Mg o (L, S B A M e e o0 ) T IR AL TR
Do FERELESTE T FE R, 50 R LL , AP 28 o0 A R TEAL D3> 20 5%. 10% 15%- 20%. 25% 30%-
35%+40%+ 45%.50%. 55%- 60% 65%+ 70%- 75%- 80%- 85%+ 90% 95%. 100% BL 55 £ . 7F — L5 jifi J5
FH, SXIRARLE, A IR 2D 1 A5 2 £5.3 5.4 5.5 156 £5. 7 f5.8 5.9 fi5 3 10 fi%.
3RO AT A ] 4 3 LR A0k A e B — 354

[0234]  fF—2L52)fi 7 R, W7 TR & B2 TP ) NaGlu BV PRI . 48— 2L sz il 7 &
o R TT FR AR A A R M TR/ BRAN R 2P ) NaGlu B VG P3G n . 76— 285K
W77 2, HXIAREL, NaGlu BEE TERE ANZT 5%, 10% 15%. 20%. 25%- 30%. 35%. 40%- 45%. 50%.
55%-60%- 65%- 70%- 75%- 80%- 85%-+ 90%- 95%- 100%- 200%- 300%- 400%-+500%- 600%- 700%- 800%-
900%. 1000% B 5H £ . 78— 285t Jy S, S ARG, NaGlu BEE PERG 22 2D 1 5.2 4%,
35 A G5 A6 f5 T £ 8 59 f5 B 10 %o 7E—2UST 7 &, BG 0 NaGlu BEE 1t 4
£ /b Z5 10nmol/h/mg.20nmo1/h/mg.40nmol/h/mg.50nmol/h/mg.60nmol/h/mg.70nmol/h/
mg-80nmol/h/mg.90nmol/h/mg.100nmol/h/mg.150nmo1/h/mg.200nmol/h/mg.250nmol/h/
mg+300nmol/h/mg.350nmol/h/mg.400nmol/h/mg.450nmo1/h/mg.500nmol/h/mg.550nmol/
h/mg.600nmol/h/mg B £ . 7E—LL5 i 5 22 rp, JEEEh NaGlu BEE PR . 78— L850
J7 e, B A 8 b0 NaGlu B MR8 22 20 25 2000nmol /h/mg . 3000nmol/h/mg4000nmol/
h/mg.5000nmo1/h/mg.6000nmol/h/mg.7000nmol/h/mg.8000nmol/h/mg.9000nmol/h/mg-
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10, 000nmo1/h/mg B % o bk e [ RAAE H R) %) 31 R AR AR AR A A BH () — 43

[0235]  FERLEESIE Ty S, MR A R BHIVIG T R E0s D (I, 9802 5%, 10%- 15%- 20%
25%+ 30%. 40%- 50%- 55% 60%. 65%. 70%- 75% 80%. 90%. 95%. 97. 5%.99% Bk FE £ ) Bi5eH A
NaGlu AH I 5 AH ¢ 1 — Fi sl 22 i BB AE AR S A AE (BT e bR 2R ) o Sy b
BRTHFRTE CNS 4 M fn 22 (A, s oo/ S i i ) Hhoml Bl 2f & WL 1,
FE— 2B SITl 7 S, v 2R i Jia AN I B I 25 416 1) e s B BIA2 i 4 1R ONS 41 Jife
FHAZR (A, 78R B2 50 /b i EBARAZ A5 e A% EFOR / Bl ) o, AL Y0br S s i 1k
AR A 1 (LAMPL) FOF 0820 o LAMPL 2 ZE WS B (R i rp v P 30 b 4 A 9F H A7 EAE
BB A AR E 2 B 0 (Meikle 28, Clin. Chem. (1997)43:1325-1335) . it
B VBRI B ) SR AR LAMPL (AZAERBRZ (i, i LAMP e rfie ) nl4fth
FH I AR MEFE 7R 202 Wi i D0 s B AR BUE AR &

[0236]  AHPVHb, A< B () — B85t 7 S8 Sk /b 5H B 5 NaGlu AH G959 AH 5% 1) — sk
Z P BB AE AR S AP EBR B I ik SRIt, AR e BH ) — L85 il 7y b S 3 n 5 %
AR RUE AR SC ) — PP el 2 P B s AE bR s (914N, LAMPL) FRFEAE (BRI ) 7515
[0237]  7E—2ESLjl 7 0, T FRIRSS A BE )R8 Rk g o TERE LSl 2, 5 AT
FHEC, TAZNRE 73 26 1) 13E 6k 95 2 5% 10%- 15%. 20% 25%- 30%. 35%- 40%- 45%- 50%. 55% 60%-
65%-~ 70%- 75%-80%85%-90% 95%. 100% B 56 £ . {F—2dbsjifi 5 =P, GITTRIIS K B iR
FERLLCS 7 Zerh, S50 HRAR L, R IEIR RIS 2 5%, 10% 15%- 20%- 25%- 30%- 35%+40%- 45%.
50%- 55%. 60%- 65%- 70%- 75% 80%- 85%- 90%. 95%. 100% B, 55 22 I 3 5 B FIAE A 1) f) 3 el R
AR AR — 53

[0238]  7E—LESLjE ;7 &b, T feAriE e (B, A73s N 1R) ) B8in. 3, vayy v R ECER
T ar i o A8 SESl b, 5 A SN R IR TT I — AN EE A A
(R~ 25 U 5 i A EE , BRI A R BH 36 T 3 SUR 3 I T A3 dm 1S N 20 5% 27 10%- 29 15%. 2
20%. 2] 25% 2 30% 2 35% 2 40%. £ 45%. £ 50%- 2 55% 2] 60%. £ 65% £ T70% 2] 75% 2
80%- £ 85%- £ 90%. £ 95%- £ 100%. £ 105%~ 2 110%- £ 115% £ 120%- £ 125% £ 130%.
2] 135% 27 140% 2 145% 2 150%. 2 155% £ 160% 2 165% 2 170% 2 175% £ 180%. £
185% 2 190% £ 195% £ 200% B E £ . 7E—2e5jli 7 &b, 5 B A R REHR REHRIT I
— B AR AN R - 38 TR 25 i AH BL SRR A R BH IR T S 3808 3 B IO 75 a9 ik
FANMH AT NIHASNTAAINHAI0ONH A UNDNHAI2DH 28,453
FELAELASELNOFEANTELASELIFELI0FEREL, £ TR,
AR AR HEETT RECEE KIS . WA SCIAE L, ARTE KA F8 1775 I TR BT
ZF K T2 40 4,45 4,50 4F 55 4F 60 AF B, b I AT A R) )9 RS AR A
ARHE 55 o

[0239]  WIASCHTAL T, ARTE “H& %7 “HI” 80w b” Faas AR T4 B . 76— 2850
T3, T A RN FECA FEZ I &, 49 40 75 T 46 AR SCHT IR VAR T 22 R [R]— A R B B AR R =
ASLPTRIETT XA AR (BRE X IAE ) D&, X RN A RV IRER G
fiE B AY, AE RS/ BOME N S IEAEVR T AR R BT RIS R CELER IR 52 98 A PR RO A 14
[RIBETRT BT EE ) o

[0240]  IEAEVRITHIANR (PR “ 837 8l 2% 7) 2 EA RV IREAE B AYEk

36




CN 103958676 A w BB B 31/44 T

AW RER ERIENH LR G B L AMAE (6L 2L LE FHF DFEUREN ) « METTH
HHE W NaGlu RIEM / 80E s s vl & aE k. B0, B & 3E000 K LA 1E B
RIS NaGlu RIEACE AT RE A2 IE 5 NaGlu kAT B/ T2 30-50%. /N T4 25-30%.
INFZY 20-25% /N T2 15-20% /N T2 10-15% /N T2 5-10% /N T2 0. 1-5%. IR [HIA
B H ) Fy i PR R AR R A A R BH ) — 3845

[0241]  #F—S8szji )5 b, MRS I LS W o BT iems 0 A, 0, AT
CIZWiE RRIFLEIRTT ) KK 00 5 M Bl S (A v T 7 an A3 B fe KR 22 .

[0242] 1. BEEITVE

[0243] W] Fh sk 20 A B 4L NaGlu 5 115, 90 i SR 9 21X S b (o an, 8 0 R
Bk H R pE (BD, M6P)) FIE LA NaGlu £ A, 397 NaGlu A2 (494, 36413 IS
LEGAE B L) o RNTEAR, AR WL NaGlu 85 1350 A] SR s FH B8 55 i e 41418 H
B0 F ARFR 7R (B anydyr 50D, B 7 sl i) s B s T LA B 1. 51
1, BRI P SRR W] A AU A YT IR ST AR R B B4 NaGlu 25 [ BUVG 97 5 B8
kA AT R 8GR . B R T A T 6 T A A R R MR,
W, 5220 AR B AR

[0244] IR FEAR, AL FEAE AR BN IR 204 2 L PO B 00 IR & R IR Fn R
R0 T Ul B e B R TAKR I« AR B —5 7 AL 7T A R B E 4
A NaGlu £t FUBURIE B F AR 22 20— Fh b DR sOre e o WA A 2 X FE 1, T R
HEW AT LT Zh e, WA Gt n] GG —Fh DL 59 B il SCRE 5, 490 dn i o s =
B 5

[0245]  HKETIAA] AFETF ARFET R EBMEE T, Rk, A A NaGlu 8 n]
Ej—Fh sk 2 BB hnvd o7 IR A, 10 W BERS IR sod > R BRI A R e EA E A
JREHLARB ) (I, DT ) .

[0246]  AE— Bk ANSEHE T B, BEA 7 VAT ARE 5 a0 LR SR D0 VE AN e 1 S
HIF— R I o 0, Qo B 3 TORE B2 DT T R R AN R 8 S N, A it
FEANE AT BB A NaGlu 8 (152 /T 3918 32 5, B ] e i G 8 400 31 550 481 2
HAKR THrdi . Bz S B e 75 2 5 n) (sirolimus) AR E (voclosporin) (PRl E
(ciclosporin) . A 24 WA (methotrexate) « 1L-2 324K %2 [n] HUAA. T 40 i 32 14 52 ] P A
INF-a EHPriRs@Ei & & e (B, 5 RKFE (infliximab) KHTELE (etanercept) S
EARHHL (adalimumab)) « CTLA-4-Tg (40, B L V¥ (abatacept)) Pt 0X-40 Hifk.
[0247]  J. 4 JE

[0248] A B2V AR IELE T O 520 o AnASCHTAE A, AR5 “it 52 147 F0 i 52
Y Fe AR K HAMAH G T IHERA G Z AT P AL TR R RN, 8] 75
W T IR AW 2R E P A ST R EA R RN RS fE— LSy S, A T
IR G2 R BRI 2 AR I A&

[0240] W%, i AR HE A & B rhNaGlu & ARA S A2 EF SEU BN BMEH . W
AT A, 7 1 EIE AL RS PR TR & A% RO BRI BRAET . AR ST, R
R B S N i P B R A RON, A R R T T4 2 R R

[0250] PRI, 76 VF 2 SETl 7 220, AR 48 A% B 1K) R B J7 V5 AN 2238 [R] 25 4o 5 R T 2
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CHE, FAPETGAYY / PIOAL R B T ik TV AT BIATATT S e MRy ) o A8 — 2Bty &,
HRYE AR S IR I T VEAN B0 60 52 0697 B 52 1R A i 5235 5 A8 — S8l 77 %2 vh, AR
P AR IR BT IEAN AP AL ] T 40 R e e 0 528 PG YT / PR B

[0251] SR, 76— 285 U7 S, 323 70 A A IR rhNaG Lu 22 Jim H R S i S Mo
W, 16— S8 ST 2P, 452 AN R B rhNaGLu (S22 TR 52 B A7 VT s . Al
FH AU ) 8 B 70505 5 S i 52 o 90, a4 T i e S e A )] (49 G BA 10 B 2R
A(CsA) ) FIHTIGTER () anin MENGENS (Aza) ) K- F5 Jol A P Sy ALK ) 2 ) P o A ) B 0
30-60 KI7ZE.

[0252]  FEAR N 53 O 1A AT AR 4 5 S0 1050 38 n] 5 AR BRI BE G vk — R . B2k
G 2 410 1 7 49 5 H A BR T 3/ 8 5% (cyclosporine) . FK506. F W %% % (rapamycin) |
CTLA4=Tg 14T TNF 157 (4] 20 4K A8 v ¥ ) ( WL 41, Moder, 2000, Ann. Allergy Asthma
Immunol. 84, 280-284 ;Nevins, 2000, Curr. Opin. Pediatr. 12, 146-150 ;Kurlberg %%,
2000, Scand. J. Immunol. 51, 224-230 ;Tdeguchi %&,2000, Neuroscience95, 217-226 ;
Potter %%&,1999, Ann.N. Y. Acad. Sci. 875, 159-174 ;Slavik %, 1999, Immunol.
Res. 19, 1-24 ;Gaziev %%, 1999, Bone Marrow Transplant. 25, 689-696 ;Henry, 1999, Clin.
Transplant. 13, 209-220 ;Gummert %%, 1999, J. Am. Soc. Nephrol. 10, 1366—1380 ;Qi
%%,2000, Transplantation69, 1275-1283) . L4 7€ B 48 & # o iE B A7 8010 $1 1L2 2
P& Ca— VP FE) $o ik ) 2k 8 41 (daclizumab) (] 401, Zenapax™) 8 7] I AE % 2 400 1
) C W B A, Wiseman %%, 1999, Drugs58, 1029-1042 ;Beniaminovitz 2%, 2000, N. Engl
J. Med. 342,613-619 ;Ponticelli %%,1999,Drugs R.D. 1, 55-60 ;Berard %, 1999, Phar
macotherapyl9, 1127-1137 ;Eckhoff %%, 2000, Transplantation69, 1867—1872 ;Ekberg
%%,2000, Transpl. Int. 13, 151-159) 75 &b [ G P2 300 i) 57 42 55 {5 A BR 31 CD2 (Branco
45,1999, Transplantation68, 1588-1596 ;Przepiorka %%, 1998, Blood92, 4066-4071) .
BT CD4 (Marinova—Mutafchieva %, 2000, Arthritis Rheum. 43, 638-644 ;Fishwild
45,1999, Clin. Immunol. 92, 138-152) Fl $Hi CD40 A 4& (Hong %%, 2000, Semin.
Nephrol. 20, 108-125 ;Chirmule %%, 2000, J. Virol. 74, 3345-3352 ;1to %%,2000, J.
Immunol. 164, 1230-1235) .

[0253]  FEILE S Tr 0, AR AL AR LUT 77, AR 5 B AR B % NaGlu 8 A 5
G SRR, 5] 40 G B 0 — A2 L A R A NaGlu £ 9 5. 490201, 4 SR S8 k)
BNER& 7 T ik B N BAN R e S, A T B2 N R 5, A0 s 4N NaGlu 85 i
AT HATR) B2 J 5 A i FH A e 40 i 50450 G (AN B T e 2 i B2 S [ I L 7 289 5 ) AR ER
TR VIR 25 ARG L TL-2 2R BT T 40 M2 A8 M BTAR VINF- o« 58 [ Bk ek &
E (B, T RAE IR P BPTA AR AR HT ) L CTLA=4-Tg (49140, B LG5 ) (5T 0X—40 5T
(S

[0254]  fE—ANSEHE T S, AR BHRME T PG T FE R DL KR B2 ek /b s TR i FH AR 5 4%
KW E A B E O] SRR AT AR SR N o A — AN ST 2P, D PR v AR I U
] 3 A H-1 S2ARSE B0, AR o diddie (it 4] (diphenhydramine)) o £E—4>
LT RN, 1Y) Ing 247 10mg/ kg PR E K & H H-1 ZAAFE DR B4, #2427 5mg/ke
FR 3l AL i . AE— DT =, 0 T4 0. Img M2y 10me/ ke 145 17715 i H Bt
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Ml FE— SR RH, AT 4 Ing 12 5mg/ kg 7RI 157 & it H b dd i . o], 51 =
T4 1mg. 2mg. 3mg.4mg BY, bmg/kg /A . W IH AT A H ik bt A& . E— S8y
S FRK DTG . A6 5SS T P, AR 2 ERT R R it FH B AL
[0255]  W7Ejit MR 4l A & B FE 41 NaGlu &5 1 i A it bt di i . 7 — it &,
TE T 2H NaGlu £ 10 22245 90 438, il 12 30 245 60 43 8h 2 Wi i I H-1 2 635505
A S AN DER B RS H-1 S2ARRS PR 28— Sy i, 2Et HE A
NaGlu £ 90 7382 B T2 e . 48— SEtiTr S, FEMEHI 2 NaGlu 25 10 2249 60 73
Bh B ST A5 — ST S0, A B4 NaGlu 29 20 2y 40 73 BhZ At H] 3t
Y. B, {5t 4L NaGlu B 20253035 ok 40 242§ it F P4l .

[0256]  {E—NSEi 77 22, it FH Y B i i i v B o Rl AT AR P dlik . 2R3t
HIFAFEAR TR DT (clemastine) P % (doxylamine) . Wi HE (loratidine)
Ho S0 FF fth 52 (desloratidine) s JF R AETL E (fexofenadine) . JF JE 7 (pheniramine) «
Vi B H] B (cetirizine). K [ Hf 7T (ebastine). & A % (promethazine). b /R #
(chlorpheniramine) « 22 V5 & | 1% (levocetirizine) s B i&fh %€ (olopatadine) « I i “F
(quetiapine) « B 70 & (meclizine) . 5 T¢ (dimenhydrinate) « B 47 7 4 (embramine) .
dimethidene A S A HE (dexchloropheniramine) »

[0257] 7R 55— SEHtE 7 &, ¢ T ik o s, T i A @ 77 %8 (ramp—up protocol)
it FH A SR PR U N K T g o D0 T — i, T3 T e 8 70 By oo R vh S 1% 164 hn v T
R DM B8 0 2 N

[0258] K. jii

[0259] A W () J7 AR 5 1 B IR BL R 2 RO YR 9T R AR B AR ST IR AR B )
rhNaGluo A] FR 35 52 % 38 95 DR 16 2k 0 7 5 R B R 3 L, A B — o W I) it P A % B 1)
rhNaGluo, 7628507y L, n] Rpbg—@ 18] Can, B — kB 6 M H—IREBE 5 M H
—REINH—KWH—IR (B2 H—R) BH—R (BPMH—R) HE—K (&2
Jil—k ) SRR K ), 8 SRR P SO N FH TR A RE AN R B ) rhNaGlu 85 .
[0260]  7E—4USijli oy Srh, nl ok R AL e it A R (a0, FEAK S B2 R LIRSl E Ak
28 fe sl I (i dn, CIIRENG D) — AT A o 75— S8Stiy =, W AT eI
A& (B, sk AR ) AL — IR VBH IR B2 N H—RE 3N H—
W BFANHAH—IRESDH IR 6 DN H— IR —F— IR I

[0261]  WIASCHTAE A, ARE“RIT A 30E " EEE T AR H WA -G & 6 I7 7
SEIE . T, T ARG 2 DN B S B Ut Ak () an, dET R VR TR
1/ BRGARIF RBEIRBOIR ) o 11, Y697 A RE W] RE R 2 USSR ER VR T AL/ B R
(R, A A2 DA Y5 ¥ i Rl 52 AR BV R 5 AT VR 9T b2 v Bl A T B Bl G RER. (49 2t
] 52 AR I A R B0 G0 ) » 980D BOH B “BE 54k (zebra body) "ER 40 M AL IR A7 7E
BURAER) . W, A 5B S2WE A 1E 7 %) (B, A% B rhNaGlu) )&
PR T 52 BIRAE o BESRA AR A HE 52138 IR R B P R A L S A FREPR O A8 |
PERIFREE , ARG AN 518 RE % 25 Z AR 4 1 8 R0 HL g AH ¢ PR 2 i e 1 4 15 &
T, AT bR 2 WA R I e DL e B R SR = e

[0262] IR AL 2 AN PR B 45 2577 PR VR T A AR . A TR 8 R 9T
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ME O S, BT AME (N BCA A 2577 ZPiE S A R ) v (Fln) A
Hgit R 5 e WA G M E . R, SRR e S 0 B ARG 7 A RcE (i
/BT ) PTHGR T 2 R0 R R, 46 23097 B R AE ()™ SRR AL s R I Bk 24
WA S YE s IR I BAR AL G4 B8 BAE e VIR L SR BetR O PR AR & it
INFIA) il I AR/ BCR ) B AR Rl G B I HEM SR B 3R V0T RRELI TR) s 2 2
AT 0 B AHABLER 25 o

[0263]  {E—LBSjE T 0, 09T A RGN E TS M 0. 005mg/ ke 7R 3| 500mg/ ke 14 E, 1
WA T 0. 005mg/ kg 4 H F1] 400mg/ kg 1A H A2 0. 005mg/kg 74 H 2| 300mg/kg 1A WL
0. 005mg/kg A 2 200mg/kg AT ALY 0. 005mg/kg A F| 100mg/ kg A E \ A2 0. 005mg/
kg 7R 2| 90mg/kg A M) 0. 005mg/kg 14 H 2| 80mg/kg AH . 2 0. 005mg/ kg 14 £
T0mg/kg A TE . 2] 0. 005mg/ kg 1A HE F] 60mg/kg A AT 0. 005mg/kg 4 H E| 50mg/ kg 4
L Z) 0. 005mg/kg 74 T 3| 410mg/kg 7K . 25 0. 005mg/ kg 14 3| 30mg/kg 1K F. MWL
0. 005mg/kg A & 3| 25mg/kg 1A . M Z) 0. 005mg/ kg 74 2| 20mg/kg 74\ A £ 0. 005mg/
kg PAE R 15mg/keg K N 0. 005mg/ ke A ] 10mg/keg KT o b3 45 [ FHE 18] ) 95
A () f1, 10-50mg/ ke 1-5mg/ kg 2-8mg/ kg .5~10mg/kg . 0. 1-10mg/kg.0. 3-30mg/ kg
0. 3-50mg/kg.0. 5-10mg/kg.5-30mg/kg 5k 6-27mg/kg) AL A A K B —FB 57 o

[0264]  7E—2E50) 77 R, WWIT ARG E R TE R4 0. Img/kg AE K TE 2 DY
0. 2mg/kg RE . K FHE /DL 0. 3mg/kg HE KT HE DA 0. dmg/kg KE KT 2 /b4
0. 5mg/kg A HE . K T B2 /D2 1. Omg/kg A E . K T 82 /2 3mg/kg (R K TE 2 />4
bmg/kg AT K TB 22 /02 6mg/kg (A . K T 82 /D4 Tmg/kg AT . K T85> 4 10mg/
kg AAE K T2 /DY) 15mg/kg IAHE . K T2 /D4 20mg/kg A HE . K T8 2 />4 30mg/kg
EK TR DY) 40mg/kg HAHE K T 82 D2 50mg/kg A K T2 D4 60mg/kg 14
R TE AR/ T0mg/ kg AR E KT8 2 /D4 80mg/kg /A . KT BiA /02 90mg/ kg A
KTk /bZ) 100mg/kg PRHE b2 E FEFAAE P (8] (1) 98 Rl AN AR A A Ak B 1) — 843
[0265]  {F—LESEjl 7 S P, A H me/ke N B € SUIRYT H RO E . IE AU R A
TR BB, ] i R AR S &R 2>k (WL, #9141, Dekaban AS. “Changes in brain
weights during the span of human life:relation of brain weights to body heights
and body weights, “Ann Neurol 1978:4:345-56)

[0266]  7F—LLsSzii 7 T, 7] FH mg/15cc CSF & VI A %G . 1IF A4 R
N TR AR BB FE , w25 T i 3 AR S 36 7 A S80R = A Ak mg/15¢c CSFo 4l 4T, B
A AP CSF BIAFA 2y 150mL (Johanson CE 2§ “Multiplicity of cerebrospinal fluid
functions:New challenges in health and disease, “Cerebrospinal Fluid Res. 2008
5 H 14 H ;5:10) o BRI, 1] Bl SR & ST 0. Img 22 50mg & F FUAE il A 1 A 4
0.01mg/15cc CSF(0. Img) % 5. 0mg/15cc CSF(50mg) 7.

[0267] N idk— 2 PR A, 6F TARATRE 58 52 1 5, ARl IS ) AR RS AR A~ 4 75 A B
MR R ATV i N 1) e M R B B R R 4R, S HLAR SR R SR e A R
AN IR 15 A5 BRI SR R 1R B PR [ B S ik

[0268] VIII. RF&

[0269] AR EHHE— DAL T S A AR ELA A NaGlu F HIRHEH K (i) M
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/ BAT U0 B A5 AR S e L e i RO B e ) TR A A S O T
FFAH P AREATIL EY S BB . EEWAESARE (Blan) I N5
(I, DOEFTES2S ) VL A A SRR A RA (Iyo—ject) . AT HZE
PRI 1, W A 3 BB o E—SUSI 7 2, A8 A PR S 2 o 18 A I TIE 78 v
S AR ARG (AN PR T L1k A U 2 X B A 3B 353 S A A W U ke I P N ek B 2 S e B
T W R SRR I S A

[0270]  GEYE, Ay L EALS BN AR T FR R AT AT / BCROK B o, AR ] FE Rl
FNE KR TR & R . AnZEnl gk — b Fa il H e + (Bl ) #
Wk N BB T o A SBS T T, A v S SRR S R (I, A4 NaGlu
WE) WA dlR . 75 & Sl 7 S b, 555 & i AS 2 57 LA/ T 44 15mL 10mL. 5. OmL.
4. 0mL+3. 5mL+3. OmL+2. 5mL.2. OmL. 1. 5mL. 1. OmL 8%, 0. 5mL [KIAAFRAELE » AT e, 25200550 1)
w2 /M, AV ER A (B, A 2-6 ) il R E sk L e s gk —
AR T AR (40, BWFL, Ehok g2 #h/K ) B A48 . MBAIHHGFREG G, B
IR HIFR A By e 24 R K 8 8 22 /D Img/mL (91 1, 2270 Smg/mL %270 10mg/mL &2 /1>
25mg/mL %=/ 50mg/mL. £/ 75mg/mL. £ /> 100mg/mL) o

[0271] 35 B e il mT P AR AR R P A B R W R e AR, s
BTV R R ERE VB Sk S T S AR A AT D R I A . IR YE R R
18330 [ R AW A AR R B R —

S £51)

[0272] " A ARSI S 75Ul B AR A B T AN AR BR A% R B )G T . B HIE T S I H
[T RT3 2228 SCHR & RIA 2 T L1 Fss 19 P9 238 CL R B PR ot 5 | AR B A b N
A3,

[0273]  =SZjafs] 1

[0274]  rhNaGlu [¥4ifl

[0275] i jet A B AS A0 U N 16 77 vE4li4k rhNaGlu 25 . 78 pH6 T A#&7 rhNaGlu [¥) 8%
E EW) B IR E S B0/ BORZ i iEREE . M NaOAc S8 (pH4) ¥4 EW 177
Sy pH6. XTI Z e, A 72600 i3 #s (Pall™, 40um) 1E 28— Wik 38, 2R )5 1
PDF1 (Pall™, K200P, 15um+EKS, 0. 22um) VE4 5 — Rty PR, d pEas & — R MAF A, 2L
ot F RN I JEAR T 5 B AR A B A 60LEW/m’s X T2600 1M & , I 25 &L 24 2L/m” 1fi % PDF1
M5 A 4-5L/m’ s fEFTIR I FR A, AECEE L BB BW 2 BT B A6 o A0 S I A 2 2%
MR (20mM R L /137TmM NaCl, pH6) i B 7E i g4 1% EW,

[0276] Y FHASE —HIC (i/KAH BAE S ) AEAE AR R B KE 3 iGN oR
AT, BT L 99% (1) 83 2 ol ik HICAEZE AN (Flow through) » thNaGlu 523 —HIC
B R FAKMELS

[0277] 4% 30: 1 MILLE¥E & A rhNaGlu I 80E EAERE . SEc EAESS , F T3 2% ph i SmM
IR Eh St (pH6) A bmM Tris ZER (pHT. 2) VeSS FTdi A . A 30% A & (pHT7. 2) Yl
rhNaGlu. 5l FEIG , H BT 22 i A SmM IR £h 2 il (pH6) PR ATk kE. F 30% A —
FEFN 5mM Tris R (pH7. 2) YEM rhNaGlu. AL4E &R EZAA 4. 5mg/mL. Wi ZKEE -HIC
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FER) rhNaGlu B4 AER] IR 2] >95% ( 180 950 £ )« FH 30% A ZEEHENL, (MR 294 80%.
[0278]  H IM BEPRFF BRG] rhNaGlu 21430715 4 pHb, 2R 5 E#ES GigaCap S % (EW: R
S =10:1) ko A 50mM NaOAc Zeiil (pHb) AEATIAAE-P. SEm EAES, P S vt
BTk, ) 50mMNaOAc/60mM NaCl (pH5) Bt rhNaGlu.

[0279]  {f FH Z44k 1¥) rhNaGlu HEAT 85 A UK L. 7E SDS-PAGE | 43 #1 M & 1E 44k (1)
rhNaGlu 173 F & (£ 90kDa) (& 6) » K 7 st T 8035 rhNaGlu PR IE K. 3£
2 g T WL 85 5 AR AL rhNaG Lu [RIHRFTE o

[0280] % 2.

[0281]

rhNaGlu ( J& XS )

T4 T &= 4 90kDa
pl 6.1-6.9
pH F&E P pH5-8

FEEEFIRRENE [P0 R

[0282] '% ﬁ jﬁl 2

[0283]  rhNaGlu 7E & Fa e tE

[0284]  —ANERAE™ T 7 RIGHERIF M HOG o K WA 5> AT BAG R — P #EAT
PRUEEIE VTG o 5570 R AL BRI P85 I B8 I A7 A6 4°C L -20°C T LAMEE RS AR g . 2
TEH ) rhNaGlu 74 & B i 1tk 2 /DK 50 K.

[0285]  PPALi4 / ElAEEAAR B ME. 20401 rhNaGlu EVRE VA4 10 #03F HAE 37°C M fid
2mine 10 RAEIR, B 1 7R o284k o

[0286]  RtZlifk i) rhNaGlu 3% M7 B AS[F] pH S i LA B 2i i i A g M. 45 A BoR, £
pH5-8 2 [B]4l rhNaGlu F& e 12 K.

[0287] SCEAR] 3

[0288] Sk K3

[0280]  H Ea bl —6— WML (M6P) J& N— iR TERE B AR v o p, JLE MR A =AM =2
H53 IF B, A8 I N8 B A B Ja — S SRR I AR I R T A7 AR B0 MBP 2 AR U IR 45 &, B
Ji VPP EIERE AT . BRI, MEP R 2 11 B0 ) i AR A R A

[0200] i th BB BEAL K 230 M7 @ B £ A R AE A 23 o SRR T i i 22 2 IR R = IR
HETUER 2 0- R sl R AWz i e 2 N- R

[0201] R o3 BT SERE A AL, EAT T S A B AU IR R R o SR S B B 1 As e (V2
JhmtzZ JE AN (HPAEC—PAD) o A XA, ZE T i far (BT, A e B0 v ey s 2 WAy ) it
SRR 73 i — M I HLIE I 5 bR v o LU v HL A

[0292] P A J7 343 T Hardy 1 Townsend A i) J7 & (Hardy, M. R. and Townsend, R.
R., "High-pH anion-exchange chromatography of glycoprotein—derived
carbohydrates”, 1994, Methods Enzymol. 230:208-225) , 7F 4°C F# H Tube—0-Dialyzer,
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FHRBSEAGE T FE R 8 JOR IR rhNaGlu (LR TR L) 24 /NI, DLRBR SRR B 5 ).
A BN LR P R AK 4 K. BN BRSO 3 AN SRR #E 100°C TN H
2N =5 LT (TFA) 7K AR TIUHA FH T b M R 5 RE 2R 00 B 19 55 700 4 /i JF BLAE 100°C T A
6. 75N TFA KMt T H B0l —6— BEIR 0 T 10 2 70 3 1.5 /. SRJS 7E N2 R /K i =
Y, A 50 v LH20 FE B AR, Tk A A3 Tmin HER B G /NMEH

[02931  LIRIRE St AH [ 07 2[R B 7K A 0 60 B8 R 0 19 mp M AR 0 28 B H B Bl —6- IR
FIFRUE SR AW H14 T 4 DA 1 P MR G SRR vE SR S ) B H 23 0 -6 IR LA
FENTASHE T FE R o T8 I R A rEoR vy R 2 B AL S RO I B AR

[0294] 43 %1 FH HPAEC-PAD 43§ 5 B & i Fil H 522 8 —6- i 8 1K) 1% . {# F Dionex chromeleon
BRSNS 28 ) A 4 R B XK A rhNaGlu [¥) HPAEC-PAD 43 B 6 I £ M6P . M6P 1)
SIS R 210 0 g AKARER A 3. 81 g (CV3. 7%) » B di Ny BE /R 7= £ 43 2. 8nmol 4% R
13. 4nmol [ M6P, iX 5 B R /R 85 1 5T 3. 2 JBE/RK M6P [P LL I AH 2

[0295] {1437 A HPAEC-PAD 3k#3 rhNaGlu ( JE3% ) FSEfE st (LK 8) » EIERER T A
FEdh EPNG il F RN RAFEE M AR T Sl it X ot 22 2 A (25 10min 32
2 20min) o WHLELRNFEL 25 222 35min PN —2H BH 5 5 /ISR, X w] 8 U5 PR T B2 LA
RIS o

[0206] & 3 gh T HELIERIE S (JRXS) A rhNaGLu # 53R A3 (1 508 20 1y W &
F, HAH T rhNaGlu 2387 BRSO IR PS4 BE R L

[0297] 3£ 3. rhNaGlu H [f) Rl BE R EE (R )

[0298]
N- S FURIE (GalNAc) |1 1%
N- ZBEHIZRENZ (G1eNAc)  |35. 6%
FFLBE (Gal) 4%
HEERE (Man) 25. 5%
HERHE —6- iR (M6P) 3. 2k
R ARATI 2]
Cikalia ARATI 2]

[0209] = fp /R [ B B R R 3K

[0300]  SCjiafs] 4

[0301]  Jr] BT 4 40 it P 1 40 i FR HY

[0302]  HEHFA YN RCAT 4 40 MO RORG 2 BEIC B0 111 B &Y (NaGlu SRFAZAY ) A RCET 4 4 fu
BT 24 FUAR (2.5 X 10" A4 / 4L ) JFHAE 37°CF T 5%C0, IR A 0. A8 & AT 4
G0 i il 55 R L 1 % A 355 R LR AT R M v 1 R T 4 At e AR KGRI & . 7E 37°C TR 5%C0,
A5 B A R & rhNaGlu (30.10.3. 0.1, 0.0. 3 F1 0w g/mL) 24 /N LA 52 A B 4T 4E 41
JL P 40 MK (LT 9) o FH PBS BEU AL 3 ik BEASFLIN 100 v L Z4A# 22 v 3F HAE
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STC T E PR 10min. W41 R ML R 1. omL BLLE T AT MEREIF . 78
10, 000rpm N 25040 Mo 2L A4 10mine FF] 25 0 L _FVEWHEATINE . I E A K 2 /N
A8t A 453 40 1 77 5 3F MU Marsh 28, Clinical Genetics (1985)27:258-262, Chow
4k, Carbohydrate Research(1981)96:87-93 ;Weber %%, Protein Expression and
Purification, (2001)21:251-259) Fiik 1) 77 V=00 & g 1% 12k

[0303] Il 9 i, BATEXT M CHI, MPS TIIB) A4 HARAT NaGlu 351, T BH o 5ot 1
CHE, BPA 7 NS ET 44 ) 2 s e NaGlu v k. 0. 31 g/mL [ rhNaGlu AbZE ¥ MPS TTIB
1 B R HE Y A 2 R AT A 40 WS B ) T A 2 50%. FH 1w g/mL 1) rhNaGlu
ALTRIF) MPS  TTIB 40 i 27 HY B AE B AR Bt i i IS B 1K =0 29 4 A5 1) NaGlu 351 2 A
VP, H 30 1 g/mL [ rhNaGlu 4bBEf¥) MPS  TTIB 4 57 H LU 70 B A2 R0 41 g oW 8¢ 21 1)
/b 40 £5 5 NaGlu v . %45 KR, AR ZER &S (XS ) AR rhNaGlu BLE7K-F
AN AT 4E 4 o o

[0304]  4ffisE rhNaGlu [ Ak A2 5 48 F M6P 2K/ T I AR FE L EAT 17 MeP il e
X M6P JHIINE M, 17 FH 30w g/mL [#) rhNaGlu AbBE KA MPS  TTIB R4 4k 48 s n A
[PV FE AT 125 M6P FF Ho b Pk I & fg v e Wi 10 s, A MPS TTIB T 4Edm flu k3%
IR ATAT NaGlu & 7, 2 B NaGlu F 4% Ui 25 M6P A3 2Ll AH %, 7E6k Z Ui &5 MeP I H
30 1 g/mL [¥] rhNaGlu ALFH K MPSTTT g £T 4 40 M SR B HH i 7K P (K i v 12, 3 I 2 1 B 280
L EIER Z NaGlu I RCET 4E 40 M 5 ELORFFIE PR IR PP RS 2t 2 15 7225 0. 03mM FHEE =ik
FE 1K) MOP S8 (KA AE 0] o b g 1M M6P S8 (A7 AEFM ] T 90% LA 1K) 8% 13 1)
oA Y

[0305]  iXbglh ILRBH, HESE R 2R AR Bl rhNaGlu 28 M6P 32 /R S I A1E A 2N
ALF)MPS T1IB AEF4E4N farh I H. rhNaGlu 5 M6P Hupl 35 4 52 AR R ] 45 R 5 R g5k
PRI 885 S8 A 1) rhNaGlu A7 AE M6P 254 I BBk 0 i — 3.

[0306]  SZjfifs] 5

[0307] 31t NaGlu i 85 AR %

[0308] il PRI AR rhNaGlu il &4 2 & DLISAIEAE B 2RI R4 Rk rhNaGlu il &
AT,

[0309]  £E— Pirib) gt 44, 7 % 0 PCR A DNA B 21 35 AR A¥ 4w 15 8 AN 3% 4k & 2 R vk i
(DDDDDDDD) FA% S - 41) 5 1E 4K NaGlu c¢DNA 541) (SEQ ID NO:2) f 5 A, 4@hd NaGlu
HARPIZIR PG o 755 — PRk, i 9t TERL K% IR 741 (B, THRPPMWSPVWP
SEQ ID NO:5) 574K NaGlu cDNA JPAII 3 K, it NaGlu KL IR)TAIEL G . A
EcoRT F1 Hind TTT BRAHIAL s0Fs BTl BEFP R A4 N pTT22 IR . PriFaiik e B 4%
FIAR'E (HEK) 293 41 i h FF HARTS KK MK -F IRl NaGlu &5 F R IAR € e lE . A1
BRI 3 B AR N o 5 — Bt 8 ML R A 2RI EERL 5 1K rhNaGlu 25 15 (AAA-NaGlu)
MAE C i 5 2R B 2 AR BCAR (TIRL) fl& 1) rhNaGlu 28l (NaGlu-TfRL) .

[o310] i H A 40 8( & & 1 7 5 W & AAA-NaGlu F1 NaGlu-TfRL ) b
PO W, ] 1, Marsh %%, Clinical Genetics(1985)27:258-262 ;Chow 2%,
Carbohydrate Research, (1981)96:87-93 ;Weber %8, Protein Expression
and Purification(2001)21:251-259 ;Neufeld 2§, Protein Expression
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and Purification(2000)19:202-211; K1 Weber %, Human Molecular
Genetics (1996)5:771-777,

[0311]  4nl&l 13 F1 14 iz, B HEK293 40 ffd A= s 1) AAA-NaGlu F1 NaGlu-TfRL Bl & 85 &
7 H KT R 1 o X e 2 BN T A e Ra g R ] T AR i B B KO R AL H B
B, [FIB PR EFR B R RS R R L R A RIEE R NaGlu @& S A RetE .

[0312]  SCjiEfsl 6

[0313]  [] EIGE4OH e PN 1 41 B 8

[0314]  JBWE T HH R XS AE AP rhNaGlu [ A EWE4H e R W Ak 7E 37°C K A 5%C0,, 7E
F12 4 K357 Kb 48 NR8383 L IRE 40 i 55 10 u g/mL () rhNaGlu P55 0.4.8.24.,32 A1 48 /N
A2 WT ATORE i PBS Yk o 76 1mL ZEAASZ R (10mM B5IREH (pH6. 0) , 0. 05%NP40) H
it 2. 5X 10° NG, 3 B 2R R 3] 1. 5ml B0 T IR 10, 000rpm T ES.L> 10min.
IS Bradford e v e £ TR R I HLV R 56 20 i FE LAEET NaGlu Bl e o

[0315]  {f FHARVE 7 VAN BB 1« FERBZK AR 25mM ()4 (4- AR TR I ZE 2- £k
JieH —2- WA —a-D— ML RIZATIE ) MR 2mM LOE B TAE IR AE . 7RI e 2Pl (1%
FMEEEE ) THIESFES IR . 44 25 u L ¥ 200mM BEEREN 4545 3 2 FLBG AL . 1)
FRE LA N 25 w L bRéE SR 25 w L FESL o BN FLES N 50 v L TAEIR A v H AR e
FIFTRAR LAVR G o BRI R 2 6 B ik AR 9 BLAE 3T°C NI E 30 20 8. AR JFiE A m 50 v L
5 (M H 2R pH12. 5) 2l | W o A PG kAR & T Bgbr {3 b3 HAE 360nm
BOR WA 460nm A S NI SR . W E 0. 25mM. 0. 125mM. 0. 0625mM. 0. 0312mM
0. 0156mM F1 0. 0078mM T, 5 4-MU A it LA A SR8 H I 4— RIS TR (4-MU) [R7KF
[0316] W 15 A1z, 5 10w g/mL [ rhNaGlu B 7 i ELRE LR i NaGlu 35 ME 7K FAE 48
INBT N LT S R 3 0 0 4 AR B rhNaG Lu AH 24 2242, 5 2 76 0 58 1 AN e i) B P 1R
FeaE o AHATZZM2 A NaGlu W MR ( SR 0BRSS50 b & MeP A/ Bl H e B (1)
HEHE AR ) 2 TER BANHEIFH . FFEAS N HHESF REE A, 65 Kh
(BB A K& rhNaGlu 8% (5 p iR B4 B A, S 25040 g P i 3 ME KT LU e R 22 88 T
rhNaG lu [ 5 A= 780 5 40 g A 08 42 31 1 225 Al K1 = 22 2D 10.50,1004200,300,500 81 FE 42
1,000 %, £55HEH, rhNaGlu E40 M4 DL A 40 i Py SR B il FE AR e o fF— 2D h, ax el gt 3
KB, rhNaGlu 7] BEHAA TR AR VF ARG 320 (i, SEACI [REER ) Fl i Mg A
(I FEAL 2R A , o 158, 1) PR A AR 22 R 40 (CNS) O BRE T o AR P I

[0317] 3 4. NaGlu 1) 5 45
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P : s
&R (F A E CHOA & &9
X RUER) F R ANaGlu
A AgrhNaGlu ANaGlu
EIHF R E
’ 25852590 2436 2579-#589
(kDa)
[0318]
2 & e
| > 1,000 #5500 251,057
(nmol/min/mg)
H R -6-FE R N N A RIET
= " 1%

[0319]  SZjfifs] 7

[0320] &R/ NaGlu B/ Ui rhNaGlu

[0321] PR HEECA 1) B6. 129S6-NaGlu™"™/J W Rk = A 4l & TR . LUAH R 7 207 A%
HREF AR/ R o ARABFRUE PCR 77 SRIFAT IR 43 B FEARGUS PR T, A BARTE T
AR R 2R NaGlu, 2404 T naglu () #RELBENE, K/ANIEH, IR I HET B3
IS AT A5 E (L, Li 28, (1999) Proc, Natl. Acad. Sci. USA96:14505-14510) » — H#
I, 75K 2L R R IR AL A0 e o B T A 2 e A0 I R S — 283543 R (K AR 42
W2 T . AR RIS M . 7 4-5 D HI, DNREY SRR BoR
TS o KIS ] BT IR B AT E . 44 T naglu”™ 4 RUKIE S A6k 8-12
ANH OO, Li 2%, (1999) Proc, Natl. Acad. Sci. USA96:14505-14510) .

[0322] kN (IV) JtiH

[0323]  4F il 58 SR B4y ot RS- T ok R e e S PR N R o VRS T, 1l
H AT IR S 808 B iR N2 43°C R /K A SEBLI T £ 5K o 2R 5 15 s isAE PR )2 B
o VRS Z AT T0% S AR N AR I TH R AT RS MEAK AL T B R R 7 3 HAE R
ol N O e . ¥ 27G RHEET kA AN BRI 3—4mm. R A it A R AR R TR o B A
[EJ T, a0 b R 0 21 J T o E B 5 AR 5 1R 30 400 o BRE A DAE 10 R0 I I P9 4R R 48 (A1 e
o Bk, w2 fRAL N5 ) DAk . 2R fa S B 90 30 4 DA R 1E
sl

[0324]  HHpy (IT) Jiti

[0325] 4T P Il 50 JSe A B4y ot R A e ek A o v S A N o VRS T, AT
TEREANFE P 2 THEIA (nose cone) TRIEI S BPERRIESIY) o OB, FERFRF ST AT, 1@
H BAES IS AL . DAREMS S & b, iR 5 s e & &, TE s s & i)
My SR o ST R,  T0% S A BRI R o A AR LLE A L4-15
B Lo—L6 1%k . A} [ ) i 1) 306 &t Skdd AMENRIBR . 18 b W82 R 4nFT i sCE » 24
Ja RIS i BN VR A o AT S MRRIE ik 52 5T HAERE 7 S5 7. R I 2 4 LA
TRIB AR B IE E i s AL

[0326] &5

[0327] £ RHERMKFES (IV M), 4% 6. 75 81 27mg/ke HIFIE AT 12 B naglu™™ /)
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L (B6. 129S6-NaGlu™"™/ ) Jtif] rhNaGlu ( J7# ), BB —K—K, BJL 5 A5& (rhNaGlu
WEE 750 1. 125 B0 4. 5mg/mL) o FEACIHE, 28 JEME 2 I3 5 (IT JtifH ) 4% 0. 31mg/kg KI5 &
AT A 12 R naglu”™ N U] rhNaGlu ( JRR% ), FERE— KK, B3L 5 ANFIE, NaGlu
WSEN 1. 5amg/mLo  LIAH FIF R B RS — RN naglu”™ msfe /N BUEFHEE A (1omM MR
B2 L 150mM NaCl 1 0. 02% I3 80 (Tween80) , pH5. 5-5. 8) ,5 M. {ERFITEFELIT
] Y IEIETE T AR AL PRI BFAE AN naglu™™ B/ B

[0328] 7% b KA G —IRIEST 4 /NN AR TEBh ) X BTE SR AT P R 3T B0 BRI
FUE 8 BRI OB IR I o SR BN R, TR (-80°C ) FlAE /R Hhpk
I 52 it A7 BRI il o

[0320]  AFHTALZUREN < (1) JET X0 R L WERT 28 —8H 1Y) SAX-HPLC 4387, 48 FH 23 M7 75 i 4
Wi IR eI Z R EE SR (2) A8 FH 25 T 40 O PO s ek 0 2 20 BT o —N— L 25 T 2650 B 1 g
Aty M

[0330] A A 2848 /R Ty AR e O AL 2R i R AE A S b DL 4 nm VD SR RSB A b
T IRAKE T4 (H&E) G BEAT 10 380 « FF U Y55 A JA AU o O R i 500 2L 22 1) 4L 2R 3L 2%
R

[0331] 4% 6. 25 F1 27mg/ke TR [MIFI A, [ naglu”™ /D EEEFIEH (10 KRN
5 AN ) rhNaGlu (JE38 ) J&, naglu™™ /) UK & TR Ik P9 % 12 2 B AT 22 R A7 A
B2 ) AR PE B (32 5 51 16-18) o 5 ik P JtE FH ) 8 i 358 R0 F I PR, AR @ -N- &
Pk 2 5 5 B RS R IE n ( 3R 6) o IXEELE BUE R HA NIud i, RO FEZR TV it
JH AR FE ) naglu™™ /) B0 355 90 22 31 NaG Lu BiEE VA0 5 |2 10 S T e, 36 94 5 i #)
rhNaGlu ( J53% ) 234 £ naglu™™ /NG &5 97 ELEL 2 AE MK 57 & (BBB) [IAE4E N, 47255
[0332]  #% 0. 31mg/kg (K1 7K F, [ naglu”™ /N B R (10 KA 5 &)
rhNaGlu ( JEL 3% ) J&, naglu™™ /s U &5 P B R 2 B AT 25 IR B B A (3255 1 19) , £ 1]
rhNaGlu ( J50 ) 8 1 i & 3 LR naglu™™ /0 S 8 o B 2 K e A 24

[0333] 3K 5. ZHZURMI/K T (JEX rhNaGlu)

- Py : st Fogims h
Mg | %F | RAR | (§) | am g,f;fi} E2 o T a2

[0334] i 253 e 4 na - 0.1
155 AR 12 na - 3 0045 00725 | onesn

178 A 12 na . - 1.882
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242 A 4 na - - 1687
145 AR 13 - . . 1904
474 ey 13 Hapah o W 1.501
479 B 13 ﬁ’ﬁ“% O w 1.983
454 e 13 oy a w 1839 | 1799333 | 0175908
487 ARA 13 NGl | 625 v 0.928
492 AR 13 hNaGlu 625 v 0.737 08325 | 0135057
481 AR 13 hNaGlu Y v 0.591
485 AR 13 HiNaGli 27 v 6311
490 A 13 hiNaGln 27 v 0.585 | 0495667 | 0.159954
86 AR 5 W4y 0 | 208
91 A e 14 a4 0 I 1.704 19045 | 028355
93 AL 14 NG 131 i 1374
w01 | #EeH 14 hNaGlu__ | 031 | 223 17785 | 064276 |
S Ak 233 b 4 1A - “ 0045
155 | A 12 na - - 0.09 0.0685 | 0032234
43 R 4 na . . 0.045
178 A e 12 na - - 1.85
242 A na - - 2263 20565 | 0292035
[0 335] 255 A e tid - " 185
474 | A 13 Hoi-dn 0 v 1.822
479 AppM 13 e o v 1.981
484 Fi 13 W 0 ™ 2004 | 1961667 | 0165779
ag | AmA 13 NGl | 625 v 0.748
I i3 diNaGlu_ | 625 v 0444
504 AR 3 hNaGilu 625 v 0.494 0.562 | 0,163000
481 ARpR A 13 thNaGlu 2 v 0.491
455 | AR 13 NG 27 v 0.172 03315 | 5225567
fdE 253 4R 4 na - - 0021
155 | fFEA 12 na - - 0.013
243 Spa A 4 na : . 0.014308
10 I A 36 a 0012649 | 0.015239 | 0.003906
239 3 e 4 na . 0.095
178 Al 12 s - - 0.084
242 b3 4 i - - AL
255 e 4 na - - 0094538
165 | ARE o na - - | oosams
74 b1 13 ddh 0 V| 0085447
479 BeH 13 adh 0 v 0.072
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454 Eil et i3 o 0 v 0,073 | 0085875 | 0009972
487 AR 13 hiNaGilu 625 v 0,045
492 bl 13 diNatitn 625 v HO44119
504 App 13 HNaGlu 625 v 0044 | 0.044373 | 0.000546
481 AL 13 Ay NaGlu 21 v | 001796

[0336] 485 AL 13 HNaGlu 27 IV | 0016668
490 A A 13 hNaGlu 27 v o028 | 0020821 | 0006242
86 AR 15 w4 & IT | 0094521
o e 14 4 0 1| o076y | 0083572 | 0.015484
94 A 14 hNaGlu 031 IT | 0038866
101 el 14 NGl 031 1t | 0028200 | 0.033848 | 0007521

[0337]  na :ANEH (/DEARZLATE).
[0338] £ 6 ZHZUEENGTE (SRR rhNaGlu ;U/ng &5 (A )

Ab 5t o #5 H
i &9 8 & (Utug
R | gE | BENM | () | a2 mgky 22| mag)
JE3 253 o4 A 4 na . . 1.1
178 A 12 na . - 0
474 Al I3 b 0 v 0
479 AR e R i3 Hadh 0 v 0
484 AR i3 W4 0 v 0.575
487 AR A 13 thNaGlu 6.25 v 10.58
492 A e 13 thNaGlu 6.25 v 5066666667
504 R PR A 13 rhiNaGilu 6.25 v 4.033333333
481 R et 13 rhNaglu 27 IV | 87.91666667
485 A pR A 13 thNaGlu 27 v 90.15
[0339] 490 el 13 hNaGlu 77 v 17.35
F Ak 253 A4 A 4 na . . 36,60
178 AL pR A 12 na 0
474 b 13 Badh 0 v 0
479 AL 13 HI4p a v 0
484 A e 13 B 0 v 0
487 e 13 thNaGlu 6.25 v 512.92
492 A 13 thNaGlu 6,25 v 378808
504 i 13 thNaGlu 625 v 607.9225
481 e 13 thNaGiu 27 v 659.6825
485 AR (3 thNaCiln 27 v 654.2475
490 B A 13 thNaGilu 27 v 6778725
[0340] na:AiEAH (/MEALLH).,
[0341]  sksksk

[0342] DL b4 A AP OREAS SR B AR A R B, 1T AR BR AR e R A 7 R i o 3RSk b,
XA AT AN 53554 110 5 DL F) A2 A5 AN TS 8 A e B Ok AR R 42 T DA A B AT 45
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U AR 82 RS N1 7T G 7 P (/N B 9 A = 1 R 3 VI IS K B U ER R TR D
T I3 STy S DL AR S Ty S R R AN I e SR AB G AL AN R
Az

[0343] i Fffft H 1K, A S5 T BT AT H A % ) R M) B R LI Y Pt A AL S/
B e 5 (BAEZ TR Z FF) ) fRbiE L 5| BRI, B s ) H S b fa
HHAF BEANJST YRR T R B R A L LRI st B0 S/ S e s e 5 ) IR T
AFHIF
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F o3 %

1/16 1T

[0001]

[0002]

<110>

<120

130>

<140>
<141>

<150>
<1515

€160>
<170>
<2102
211>
L2125

213>

<400>

Met Glu Ala Val Ala Val Ala Ala Ala Val Gly Val Leu Leu Leu Ala

1

Gly Ala Gly Gly Ala Ala Gly Asp Glu Ala Arg Glu Ala Ala Ala Val

Arg Ala Let Val Ala Arg Leu Letu Gly Pro Gly Pro Ala Ala Asp Phe

Ser Val Ser Val Glu Arg Ala Leu Ala Ala Lys Pro Gly Leu Asp Thr

50

Tyr Ser Leu Gly Gly Gly Gly Ala Ala Arg Val Arg Val Arg Gly Ser
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[0003]

Thr

Pro

Twr

Trp

145

Gly

Arg

Phe

The

Leu

225

Val

Phe

Gly

Gly

Leu

Arg

130

Asp

Tle

Val

Thr

Tep

210

Gln

Leu

Pro

Val Ala Ala Ala

Cys

Pro

115

Tyr

Trp

Asn

Tyr

Gly

195

Asp

His

Pro

Gln

His

100

Ala

Ty

Ala

Lsu

Leu

180

Pro

Gly

Arg

Als

Val

85

Val Ala

Val Pro

Gln Asn

Arg Trp

150

Ala Leu

165

Ala. Leu

Ala Phe

Pro Leu

Val Leu

230

Phe Ala

Asn Val

Ala Gly Leu His Arg

Trp Ser

Gly Glu
120

Val Cys
135

Glu Arg

Ala Trp

Gly Leu

Leu Ald

200

Pro Pro

218

Asp Gln

Gly His

Thr Lys

Gly

105

Leu

The

Glu

Ser

Thr

185

Trp

Ser

Met

Val

Met

52

90

Ser

Thi

Gln

Tle

Gly

170

Gln

Gly

Trp

Arg

Pro

250

Gly

Gln

Glu

Ser

Asp

155

Gln

Ala

Arg

His

Ser

235

Glu

Ser

Tyr Leu

Leu Arg

Ala Thr
125

Tyr Ser
140

Trp Met

Glu Ald

Glu Tle

Met Gly

206

Ile Lys

220

Phe Gly

Ala Val

Trp Gly

Arg Asp
9%

Leu Pro
110

Pro Asn

Phe Val

Ala Leu

Tle Trp
175

Asn Glu
190

Asn Leu

Gln Leu

Vet The

Thr Arg

266

His Phe

Phe

Arg

Arg

Trp

Asn

160

Gln

Phe

s

Tyr

Pro

240

Val

Asn
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[0004]

Cys

Pro

Thr

305

Ala

Leu

Val

Na

385

Pro

Phe

Ile
290

Asp

Met

Phe

Leu

370

Glu

Phe

Gly

Pro

260

Tyr Ser
275

[le Gly

Hig Tle

G Pro

Thr Ala

340

Gln His

355

Gly Ala

Ser Gl

le Trp

Cys S

Ser

Tyr

Ser

325

Val

Gln

Val

Pro

Cys
405

Leu

Gly

310

Tyr

Asp

Pro

Pro

Val

390

Met

Ala Leu Glu Als

420

Asn Ser
435

Thr

Met

- Phe

Phe

295

Ala

I.et

Thr

Gln

Arg

375

Tyr

[Leu

Val

Val

Leu

280

Leu

Asp

Ala

Glu

Phe

360

Gly

Thr

His

Asni

Gly
440

265

Leu

Arg

Thr

Ala

Ala

45

Trp

Arg

Arg

Asn

Gly

425

Thr

53

Ala

Glu

Phe

Ala

330

Val

Gly

Leu

Thr

Phe

410

Gly

Gly

Pro Glu

Leu Ile
300

Asn Glu
315

Thr Thr

Trp Leu

Pro Ala

Leu Vgl

380

Ala Ser
395

Gly Gly /

Pro Glu

Met Ala

Asp

285

Lys

Met

Ala

Leu

Gln

365

Leu

Phe

Ala

Pro

445

270

Pro

Glu

Gln

Vel

Gln

360

Asp

Gln

His

Ala

430

Glu

Ile

Phe

Pro

Tyr

339

Gly

Arg

Leu

Gly

Gly

415

Arg

Gly

Phe

Gly

Pro

320

Gl

Trp

Ala

Phe

Gln

400

lieu

Leu

Tle
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[0005]

Ser

Lys

465

Arg

Leu

Asn

Ile

Thr

545

Leu

Glu

Arg

Val

Gln
450

Asp

Arg

Leu

Arg

Trp

530

Ser

Asp

Glu

Ala

Leu
610

Asn Glu

Pro Val

Tyr Gly

Arg Ser
500

Ser Pro
515

Tyr Asn

Ala Pro

Leu Thr

Ala Arg
580

Gly Gly
295

Ala Ser

Val

Pro

Val

485

Val

Leu

Arg

Ser

Arg

065

Ser

Val

Asp

Val

Asp

470

Ser

Tyr

Val

Ser

Leu

550

Gln

Ala

Leu

Ser

Tyr Ser Leu Met Ala

455

Leu

His

Asn

Arg

Asp

035

Ala

Ala

Tyr

Ala

Arg
615

Ala

Pro

Cys

Arg

520

Val

Thr

Val

Leu

Tyr

600

Phe

Ala Tep

Asp Ala
490

Ser Gly
505

Pro Ser

Phe Glu

Ser Pro

Gla Glu
570

Ser Lys
585

Glu Leu

Leu Leu

54

Val

475

Gly

Glu

Leu

Ala

Ala

585

Leu

Glu

Leu

Gly

Glu Leu
460

Thr Ser

Ala Ala

Ala Cys

Gln Met
525

Trp Arg
540

Phe Arg

Val Ser

Leu Ala

Pro Ala

605

Ser Trp
620

Gly Trp Arg

Phe Ala Ala
480

Trp Arg Leu
495

Arg Gly His
510

Asn Thr Ser

Leu Leu Leu

Tyr Asp Leu
560

Leu Tyr Tyr
575

Ser Leu Leu
590

Leu Asp Glu

Leu Glu Gln
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[0006]

Ala Arg Ala

625

Asn Ser Arg

Asp Tyr Ala

Pro Arg Tip

675

Gly Ile Pro
690

Glu Glnh Ala
705

Gly Asp Thr

Arg Trp Val

210> 2
211> 2234
<212> DNA
213 A

<400> 2

alggageces 1Egegetesc cgegecegty ggggtoctite tectggecgy ggeegeeedc

geggoaggeg acgaggeceg ggaggeggeg geoglgeggg cgetegtgge ceggetgety

gggecaggee cogeggeega cticteogtg teggtggage gegetetgge ‘tgceaageeg

Ala

Tyr

Asn

660

Phe

Phe

Val

Ala
740

Ala Val Ser
630

Gln Leu Thr
645

Lys GIn Leu

Leu Phe Leu

Gln Gln His
695

Val Leu Ser
710

Asp Leu Ala
725

Gly Ser Tip

Glu Ala Glu

Leu Trp Gly
650

Ala Gly Leu
665H

Glu Ala Leu

680

Gln Phe Asp

Lys Gln Arg

Lys Lys Ile
730

55

Ala Asp Phe Tyr Glu Gln
635 640

Pre Glu Gly Asn Tle Leu
655

Val Ala Asn Tyr Tyr Thr
/70

Val Asp Ser Val Ala Gln
685

Lys Asn Val Phe Gln Leu
700

Tyr Pro Ser Gli Pro Arg
715 720

Phe Leu Lys Tyr Tyr Pro
735
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[0007]

ggettggaca

acgggegteg

gtggoetget

ctgaccgagg

tetttegtgt

ggeatcaace

gecttgggee

tgegrrcgaa

aagedgettt

gtgetgectg

aatgtecacga

ctggetecgg

aadgagtttyg

tecteagage

gtegatactg

tgggggeceg

ctggacetgt

cocttcatect

gaggeegtga

acgggeatgg

ctgggctgec

cggeggtatg

gtgtacaact

cctacageet

cageegeege

ceggetetea

ceacgeeeaa

gelggeacty

tggeactgee

tgaceccagge

tgggeaacet

atctgcagea

cattegeges

agatgggeag

aagaccceat

geacagacca

cetectatet

aggetgtgty

cccagateag

ttgctgagag

ggtgeatgct

aCgEaggece

ctotegaggy

gaaaggacce

gggtetceca

getecegggra

8E8CEECEEC

ggggetgeac

getgegoetg

caggtaccge

ggeeeggleg

atggageggce

agagatcaat

geacacctgg

cegggteety

gecatgttece

ttggggeeac

attecceate

catctatggg

tgoogeageo

getgetecaa

ggotgtgety

ccageetgte

gcacaacttt

agaagetgee

catcageeag

agtgceagat

coeggacgea

ggeatgeagg

BECECERLEC

cgetacctge

cegeoggeeac

tattaccaga

gagegagaga

caggaggeta

gagttetita

gatggecceoo

gaccagatge

gaggetgtea

tttaactgtt

atogggagee

gecgacactt

accactgecg

ggotgeetet

ggagetgtee

tatacecegea

gggggaaate

cgectetice

aacgaagleg

ttggeageet

ggggeagegt

ggecacadate

56

gegtgegegt

gegacttetg

tgecapgeegt

atgtgtgeae

tagactggat

tetggoageg

ctggteootge

tgeoeceote

geteotteogg

ccagggtett

ectactoetg

tettettgeg

teaatgagat

tetatgagge

tccageacca

ceegtiggeeg

ctgecteett

atggtetott

ceaactecac

tetattecet

gggtgaccag

ggaggetact

gtageocget

pegeggetetd

tggetgecac

geegegseeag

geaaagetac

ggegetgaat

ggtgtacetg

cttcttggea

ctggecacate

catgacceta

ceécteaggte

ctecttoett

agagcetgate

geagecacot

catgactgea

geegecagtte

cetectggtt

ceaaggecag

tggagectty

gaatgetagee

cdtggetgag

ctttgeegee

gotceggagt

ggtecaggeeg

300

360

120

430

540

600

660

720

780

840

900

960

1020

1080

1320

1380

1440

1500

1560
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cegtecctac agatgaatac cageatcotgg tacaaccgat ctgatgtgtt tgaggecteg 1620
cggetgetge tracatotge teccteectg gecaceager cegeetteer ctacgacetg 1680
ctggacctea ctegecagee agtgeaggag ctigteaget tgtattatga ggaggeaaga 1740
dgopeetate trageaapgs gotggioted ttettegagge crgpappeet cotggeotat 1800
gagetgetge cpgeactgga cgaggltgetg getagtgaca geegettett getggegcage 1860
tgeetagage aggeccgage ageggragte agtgaggecg aggeogattt ctacgageag 1920
aacageeget accagetgae cttgtgggeg ceagaaggea acatectgga ctatgecaae 1980
aageagcteg cgggetiget goccaactae tacdcceote getggegeet tttectggag 2040
gegetgelte acagtegtegge ceagggeate cotitecaac ageaccagtt tgacaaaaat 2100
gtottecaac tggageagge cttegttete ageaageaga ggtaceccag cecagecgega 2160
ggapacactg tggdacctgge vaagaagate ttectcaaat attacecceg ctgggtgegee 2220
ggctettggt gatt 2234
£210> 3
211> 1132
212>  DNA
Q213> 3
400> 3
gttaagtect cagacttgge aaggagaatg tagatttcea cagtatatat gttttecacaa 60
aaggaaggag agaaacaaaa gaaaatggea etgactaaac ttcagetagt ggtataggaa 120
agtaattetyg cttaacagag attgeagtega tetetatgta tgteetgaag aattatgttyg 180
tactittttc ceceattttt aadatcaaaca gtgetttaca paggteagaa tggtttettt 240
actgtttgte aatictatta tttcaataca gaacdatage ttetataact gaaatatatt 300
tgetattegta tattatgatt gtecctegaa ceatgaacac tectecaget gaattteaca 360
attectetgt catetgeecag gecattaagt tatteatgga agatetttga ggaacactge 420

[0008]

57
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aagttcatat cataaacaca tttgaaattg agtattgttt tgecattgtat ggagetatgt 480
tttgetgtat cectecagaata aasagittgtt ataaagcatt cacacccata adaagataga 540
tttagatatt crdactatdg gaadgaaagt gtgtetgete tteactcetag teteagtigg 600
gtectteaca tgedcgette tttatttete ctattttigtc aagagaataa taggteaagt 660
cttgttetea tttatgteet gtctagegte getcagatge acattgtaca tacaagaagg 720
atcaaatgaa acagacttet ggtetgttac tacaaccata gtaataagea cactaactaa 780
taattgetaa ttatgtttte catctecaag gttecccacat ttttetgttt tettaamagat 840
ceccattatet ggttgtaact gaagetcaat ggaacatgag caatatttec cagtettete 900
tcecatecaa cagtectgat ggattageag aacaggeaga aadacacattg ttacceagaa 960
Ulaagaaeta atatbtgele Lecatleaal coagaalgga colaligaaa clagaaleta 1020
accecdatece attaaatgat ttetatggte téaaagptea aacttetgad gggaacetet 1080
gggtgpgtea caattcagae tatatattce ¢cagggetea gecagtgtet gt 1132
210> 4
<211> 10256
£212> DNA
213> AL
<2202
223>  pSIN-0V-1. 1-I-rhNaGlu
400> 4
ggeegeaaga agaaagetga aaaactetgt ceettecaac aagacccaga geactgtagt 60
atcaggppta asatgagadg tatgttatet getgeateca gactteataa dagetggage 120
ttaattcaga adasaaatca gaaagddatt acactgteag aacaggtgea atteactttt 180
cctttacaca gagtaatact ggtaactcat ggatgaagge ttaagggaat gaaattggac 240
tecacagtact gagtcateac actgasaaat geaacctgat acatcageag aaggtttatg 300

[0009]
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ggggandaat

tagtcactea

daggeaattg

atgecattata

gttggcaaat

cttgtpaatg

ttecacttgta

Léeecdggll

ggtaatggga

cttttgtaac

ataggtetta

cgaceggaat

cttecttece

gtaggegectee

ggeteategt

gtggecgace

atgeatgtge

aatgtggtega

tetgeaatge

sacaaggeac

getttttete

ctacaagagt

atectgagee

geagecttee

aaatctctea

cttgttetet

aaaatrcttat

atggtatatt

tegctetttte

gtatttgaag

Cltadctete

teeccaggace

agggacaaca

cacgeggacy

gdcgeagage

gtettecaac

ctecegacgee

cogeteceoe

agtatteeet

tegtagtegt

atggtcaaat

ggaatteagt

gatcatacca

tecttataag

attgeataag

gactectaac

aattaageca gatatetgta tgaccaaget

gattaaatta

gtgttectea

aattedcatt

actattcaaa

ttecetttaat

gtacecpgate

gegdlltlee

coggggaata

tagececctat

aadtcacctt

aaccggdate

gactetetea

actcagette

aataagegag

aacgatcacg

cagggaatca

ggegtttatt

ggttegteea

¢gateatace

geatgttget

actacattte

cgegtacaac

tcaactgtea

tactacaagg

tetccctaaa

ttgtttteet

cataataaaa

tocgageegee

gaglacedla

taagtetgag

ttecttectta

tatgacgget

acgecetegges

gttcteggta

tgeectecta

acggatgagy

teggggteac

acggtocgen

gtategaget

atccgtgita

acecttactec

aactcategt

ceecteccta

cgaageeeeg

59

ccaaccatte

ctettectga

ctttgactea

tgtacccata

acatgtttaa

tteaatgece

geeegelgag

ggggacglaa

gaaggagagsg

tecatgertg

tggaccgete

gggtatgilg

AgCeCLCagee

acaggatege

caaatgaage

catcaaccea

aggcacttaa

gaceegtetg

caccaategg

tacataagea

tgeaaaageg

cttitcegeet

getecagaat

ctatgetgac

cttectaaag

atcatggrat

tgtaatgget

goaaacactt

ceasaaceaa

dgagEELeRL

geaacectle

tttteecgoa

atecaccgpg

agtegtegeg

geeceetgea

eceotetacta

eacgoegeet

cttetgette

ggtgeacace

atacaatatc

ttgecttect

catgeacggt

tgttgeaaga

aaactactat

aaacatgeta

360

420

480

540

600

660

720

780

840

900

960

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680



F

5 &

CN 103958676 A 10/16 7T
ttegtececte agteaagect tgceegttac aaccegatte geaageette cectecceoac 1740
attatcocgta geattatttc etageagtca tcagagetac agaagatact ctatgetgta 1800
gocaagteta caagtttact attedagegae ¢toetatatt cegegtgcca gecgateaat 1860
taccadtgcg cgettggegt aateatggte atagetgttt cetgtgtgaa attgttatee 1920
geteacaatt ccacacaaca tacgageegg aageataaag tgtaaageet ggggtgecta 1980
atgagtgage tadctcacat taattgegtt gogetrcactg cecgettice agtogggaaa 2040
cotgtegtge cagetgcatt aatgaatcge ccaacgegty gggagaggeg gtttgegtat 2100
tgggcgetet toegetteet cgoteactga ctegetgcge teggtegtic gectegcgeng 2160
ageggtatea geteoacteaa aggeggtaat acggttatec acagaatecag ggeataacge 2220
aggandgade alglgagean aaggecagea aaaggecage aacceglaaaa aggeegeglt 2280
gotgegegttt ttecatagge tocgaccece tgacgageat cacaaaaate gacgetcaag 2340
toagagglge cgaaaccega caggactata aagatacecag gegtiteece ctggaagete 2400
cctegtgege totectgtto cgaccctgee gettaccgga tacctgtoeg cotttetece 2460
tteggrgaage gtggegettt cteatagete acgetgtage tatetcagtit eggtgtaggt 2520
cgttegetee aagotegget gtgtgedega acccocegtt cageecgace getgcgeett 2580
atccggtaac tategtettg agtecaacce ggtaagacac gacttatcge cactggeage 2640
agceactget aacaggatta geagagegag ghategtagee ggtgetacag agttettgaa 2700
gtggtegect aactacgget acactagaag gacagtattt ggtatetgeg ctctgetgaa 2760
gecagttace tteggaaaaa gagtiggtag ctettgatce ggcaadcaaa ceaccgetgg 2820
tageggtggt ttttttgttt geaagtagea gattacgege agdadaaaag gatctcaaga 2880
agatectitg atctttteta cggggtotga cgeteagtag aacgasaact cacgttaagg 2940
gattttggte atgagattat caaaaaggat ¢ttcacctag atcettttaa attasaaatg 3000

[0011]
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[0012]

dagttttaaa

aatcagtgag

cecegtegte

gatdccgega

aaggecegag

ttgccgggaa

tgctacagge

ceadcgalea

cggtecteeg

agcactgeat

gtactecaace

gltecaatacgg

acgttetteg

acceactegt

agcaaaaaca

aatdactcata

gageggatac

tececgaaaa

ggttacgege

gttecetice

cecetttageg

tgatgettea

gtecacgtte

teadatectaasa

geagctatet

tagataacta

gacceacget

cgoagaagtyg

goetagagtaa

atogrggtet

dagpegaglla

ategttgtea

aattetetta

aagtecattet

gataataceg

gggCcgaaaac

geacccaact

ggaaggcaad

ctotteettt

atatttgaat

gtgecacetg

agecgrgaceg

tttetegeca

tteogattta

cgtagtggre

tttaatagtg

gtatatatga

cagcegatetg

cgatacggea

gaccggetec

gtectgcaac

gtagttcgee

cacgetegte

galgateeee

gaagtaagtt

ctgteatgee

pgagaataglg

cgececacalag

teteaaggat

gatcttcage

atgccgeaaa

ttcaatatta

gtatttagaa

acgegeeetg

etacactige

cgtiegeegg

gtgetttacg

categeeetg

gactettgtt

gtaaacttagg

tetatttegt

ggeecttacca

agatttatea

tttatecgece

agttaatagt

gtttggtatyg

catglliglee

ggeegeagtg

ateocgtaaga

tatgeggega

cagaactita

cttaccgetyg

atecttttact

aaaggraata

ttgaagcatt

aaataaacasa

tageggegea

cagcgeecta

ctiteecegt

geacetegac

atagacggtt

ceagactgga

61

tetgacagtt

teatecatag

tetggeccea

gecaataaace

teceatecagt

ttgcgeaacg

getteatiea

andadagegg

ttatcactca

tgettttetg

cegagttget

aaagtgetea

ttgagateea

tteaccageg

agggegacac

tatcagggtt

ataggggtte

ttaagegegg

gegeecgete

caagetcetaa

ceecaaadaac

tttegooett

gcaacactea

accaatgett

ttgeetgact

gtgetgeaat

AgCCagCeRy

ctattaattg

ttgttgoeat

getoeggtte

Llageleelt

tggttatgge

tgactggtea

ettgeccgpe

tecattggaaa

gttegatgta

tttotggegte

ggaaatgtg

attgtcteat

cgegeacatt

egegteteet

etttegettt

ategggeset

ttgattageg

tgacgttgga

acecctatete

3180

3240

3300

3360

3420

3480

3540

3600

3660

3780

3840

3900

3960

4020

4080

4140

4200

4260

1320

4380
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ggtetattet tttgatttat aagggatttt gecgattteg gectattggt taaaaaatga 4440
gotgatttaa casaaattta acgegaattt taacaaaata ttascgetta caatttecat 4500
togecattea ggotgogeaa ctgtiggpana gegcgatogy tgeggpcete ttcgetatta 4560
ggrcagelge cgadagegge atgtgetgea aggegattaa gttgpgtaae gecaggettt 4620
tecccagteac gacgttgtaa aacgacggee aghgagegeg tattecctaa cgatecacgto 4680
ggggtecacca aatgaageet tetgetteat geatgtgete gtagtegtea gggaatcaac 4740
gegtecggeca traacecagg tgeacaccaa tgtggtgaat ggtecaaatgg cgtttattgt 4800
atcgagetag geacttaaat acaatatcte tgeaatgoge aattcagtegg ttogteoaat 4860
ccgtececet ccotatgeaa aagegaaact actatatect gaggggacte ctaacegegt 4920
geaaccegadg cecegetlll egeeltanaca tgetattgle cecteaglean ageellgece 4980
gttacadacce gattegeaag cettgecete cecacattat cegtageatt atttectage 5040
dgtecatecaga getacagadg atactetatg ¢tgtagecaa gtetacaagt ttactattca 5100
gegacctect atattccgeg tgecagecga tcaattacca atccaaccag ctatcacacg o160
gaatacaaga actcgeetac getettettt cpggctgett ataagectee tgtaattttt 5220
ttatatteet cgttaagter teagacitge caaggagaat gtagatttce dcagtatdata 5280
tgttttcaca daaggaagga gagaaacaaa agaaaaltgge actgdctaaa cttcagetag 5340
tggtatagega aagtaattet gettaacaga gattgeagte atectetatgt ategtectgaa 5400
gaattatgtt gtactttttt ceceecatttt taaatcaaac agtgetitac agaggtcaga 5460
atggtttett tactgtttgt caatictatt atttcaatac agaacaatag cttetataace 5520
tgaaatatat ttgctattgt atatratgat tgtccctega accatgaaca ¢tectccage 5580
tgaattteac aattectetg tcatetgeca ggecattaag ttattecatgg aagatetttyg 5640
aggaacactg caagttcata tcataaacac atttgaaatt gagtattgrt ttgeattgta 5700

[0013]
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[0014]

tggagetaty

aaaaagatag

gtetcagtteg

ataggtcaag

atacaggaag

acactaacta

ttettaaaga

ceaglellel

gttacccaga

actaaaatet

agggaacctyg

tgtacataca

ctetggaatt

caattattgt

aaaacttete

tgttttecagg

cotgtegtte

gtgecacagag

attctetaga

gtggereete

adagaaaatg

aggggtitaa

ctgggetetg

ttttgetgta

atttaaatat

getectteac

tettgttete

gatcaaatga

ataattgeta

teccattate

gleceateen

attaaasact

aaccecaatee

tgggregste

getagaaage

acetretete

getatgtgtt

acctgtgtat

aggettattc

actatctgat

agcaaaatca

agtitaatte

cataaacgta

agaaaaatgt

tacagaaaat

aaggactiet

tecteagaat

tecaactata

atgeacgett

atttatgrec

aacagactte

attatgtttt

tggtipgtaac

deaglteclga

aatatttget

cattaaatga

acdatteaga

tgtattgeet

tatattaget

gtatctttaa

geattetegea

tttgtgetta

atgetttgea

tggtetteag

ctgecaaagtyg

tattettaca

gtgtgtgtat

ccaatcetga

gactttcaca

aaaagtttgt

ggaaagaaag

etttattict

tgtetagegt

tggtctgtta

ccatctecaa

tgaagetcaa

Lggallagea

ctecatteaa

tttetatggt

ctatatatte

ttageagtea

cttacttgea

gggtgaagta

ctattttatt

aaatatgtit

gtttgettea

tgaatteigg

cagcetgetga

ataatagata

actcacacac

ggeceeagea

gattatataa
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tataaageat

tgtgtetget

cetatttigt

gegcteagatg

ctacaaccat

ggtteccaca

tggaacatgd

gaacdggeag

tecaaaatgg

gtcaaaggtc

cecagggete

agetegaaag

ectaaacttt

cctgegtegat

atgtgtaaaa

ttaatticag

ttaacticta

ggagttartt

tcactacaca

catgtgaact

gtggteagta

cteagtacge

atetedggaa

teacaceeat

cttecactcta

caagaaaata

cacattgrac

agtaataage

tttttectgtt

geaatatttc

ddaacaecal't

agetattgaa

aaacttctga

agecagtgte

gltaageaact

aagaaattaa

acecectata

getttgtatt

aacatctrat

geeotacaga

taatgtgaaa

agataaaaat

tatatacaga

aaaacttttg

atataaagegg

agcaactaga

5940

6000

6060

6120

6300

6360

6120

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080
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ttecatgetegg ctecaaaage tgtgetttat ateageacac tggetataca atagttgtac 7140
agtteagete tttataatag aaacdgacag aacaagtata aatettetat tggtetatgt 7200
catgaacaag aattecattcd gtggetotgt tttatagtad acattgetat tttatedatgt 7260
gtgeatttct cttetgtetg aatgtcacea ctaaaattta actecacaga aagtttatac 7320
tacagtacac atgcatatet ttgagcaaag caaaccatac ctgaaagtge aatagageag 7380
aatatgaatt acatgegtgt ctttetecta gactacatga cececatataa attacattce 7440
ttatctatte tgccatcace asaacaaagg taaaaatact tttgaagate tactcatage 7500
aagtagtgty cdacdaacag atatttetet acatttattt ttagggaata asaataagaa 7560
ataaaatagt cageoaageet ctgetttete atatatetgt ccasacctaa agtttactga 7620
aalllgetel Utgaattlee agllutgeaa goctatcaga tlgtgllilta aleagaggla 7680
¢tgaaaagta teaatgaatt ctagetttea ¢tgaacaada atatgtagag geadctgget 7740
totgggacag ttigetacece aaaagacdde tgaadtgeada tacatdaata gatttatgaa 7800
tatgegttite aacatgeaca tgagaggtge atatagecaac agacacatta ccacagaatt 7860
actttaaaac tactigltaa cattlaatlg cotaaaaact getegtaatt tactgttgta 7920
gectaceata gagtacccte catgptdcta tgtacageat tecdtectta catttteact 7980
gttetgetet ttgetetaga caacteagag tteaccatgg aggeggtgge getegecges 8040
geggtgeeee tecttetect ggecggegee ggggeegogy caggegacga ggoeegegag 8100
geggeggeeg tgeggeeget cgtggocegg otgetgggge caggeocege ggoegactte 8160
tecgtategy tggagegege tetggetgee aageeggget tggacdaceta cagectggge 8220
BECEE0EECE CHBCECBOET BURERTEAEC QEotctacyl Lgegtgeagt cRccgtagrE 8280
ctgeaccget acctgegega cttetgtgge tgccacgtgg cetggtecgg ctoteagetyg 8340
cgeetgeoge ggeeactgec ageegtgecg grggagetega cegaggeeac geoccaacagg 3400

[0015]
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[0016]

taccgetatt

egglgggagc

ageggeeagg

atcaatgagt

acctgggatg

gtocotegace

gtteccgagg

ggeeactlla

cceateateg

tatggggeeg

geagecaced

ctecaagget

glecteggag

cetgtegtata

aactrtgeegg

getgeeegee

2gCCABAACE

ceagatlitgg

8acgcagges

tgeagpegee

atetgetaca

teceetggeca

caggagetpg

accagaatgt

gagagataga

aggecatetg

totttacteg

geeceetgee

agatgecgetc

ctgteaceag

aelbglleclta

ggagectett

acactticasa

ctgecgteta

ggctetteea

ctgtgeeeey

cecgeactge

gaaatcatgg

tettececcaa

aagteggteta

vagectgget

cagegtggag

dpaategtag

accgatctga

CCageecege

tecagettgta

gtgcacgeaa

ctegatgges

geagegggtg

teetgecttc

ceectocteg

cttcggeatg

ggtgttecet

clectgelee

cttgegagag

tgagatgcag

tgaggeecatg

pgeacengeeg

tggeegeete

cteetteeaa

tetttttegga

cteccacaatg

ttoeceteatyg

gaceagettt

getactgete

ceegetggte

tgtgtttgag

ctteegetac

ttatgaggag

agetactett

ctgaatggea

taceteggeot

ttggeateeg

cacatcaage

accecagles

caggteaatg

Lteetllelygg

ctgateaaag

ccacctteet

actgeagteg

cagttctgeg

ctggttetgg

ggeeageect

geecttggagg

gtaggcaceg

gotgageteg

BCLECLCERC

cggagtglgt

aggeggeegt

geetggegee

gacctgetgg

geaagaageg

65

tegtgtogte

tcaacetgge

tgggectgae

ggcgaatges

agetttatet

tgeetgeatt

tecacgangat

clecggaaga

agtttggecac

cagagecete

atactgagge

ggeccgeeca

acctgtttege

tecatetggtyg

cegtgaacgg

gecatggcece

getgpcgaaa

ggtatggret

acaactgete

cectacagat

tgetgeteace

acctcactcy

cctatctgag

ggactaggee

actggeatgg

cecaggcagag

caaectgene

geageacegg

cgeggggeat

gggoagttgg

ceecalarlie

agaccacate

ctatettgee

tgtgtagely

gatcaggglt

tgagageeag

catgetgeac

aggeccagaa

cgagggcate

ggacccagty

cleccaceeg

cgegggaggea

gaataceage

atetgetece

goaggcagtg

caaggagety

3640

8700

8760

8820

8880

8940

9000

9060

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720
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gcetecttglt tgagggetge aggegteetg geoetatgage tgetecegge actggacgag 9840
gtgetggeta gtgacageeg cttettgetyg ggeagetgge tagageagge cogagedgeg 9900
pragteagty aggcegagge cgatttetac gagecagaaca gecgetacca getgacctty 9960
tgggggocag adggedacat cetggactat gecaacaage agetggegegg grtggtggee 10020
aactactaca cceetecgetg geggetttte ctggaggege tggttgacag tgtggececag 10080
ggeatceoctt tecaacagea ceagtttgac aaaaatgtel tccaactgga geoaggecttc 10140
gtteteagea agcagaggta ccccagecag cogegaggag acactgtgga cetggecaag 10200
aagatottct tcaaatatta CCCCegetgy ghgpccppet cttggtgatt cgaage 10256
210> B
211> 12
212> PRT
218> ATLJF%
£220>
223> EHRE A AREfK (TIRL)
400> 5
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MEAVAVAAAV GVLLLAGAGG AAGDEAREAX AVRALVARLL GEGEAADFSY SVERBLAAKP 69
GLDTYSLGGG GAARVRVRGS TGVARMAGLH RYLRDFCGCH VAWSGSQLRL PRPLPAVEGE 120
LTRATENKYR YYQNVCTQSY SFYNWDWARW ERZIDWMALN GINLALAWSG QEATWORVYL 180
ALGLTQRETN EFFTGPAFLA WCRMGNLHTW DGPLPPSWHI KOQLYLOHRVL DOMRSFGNTP 249
VLPARAGHVP EAVTRVEPQY NVIKMGSWGH PNCSYSCSFL LAPEDPIFRI IGSLFLRELT 300
KEFGTDHIVG ADTFNEMQPP SSEPSYLAAA TTAVYEAMTA VDTEAVWLLY GWLFQEQPOF 360
WOPBQIRAVL GAVPRGRLLY LDLFARSQPY YTRTASFQGQ PFIWCMLENT GGNHCLFGAL 429
EAVNGOPELL RLEPNSTMYG TOMLPEGISO NEVVYSIMAR TOWRKDEVED LAAWVTISHAL 480
RRYGVSHPDA CABWRLLLRS VYNCSCEACR CHNRSPLYRR DSLOMNTSIW YNRSDVFEAW 540
RLLLTSAPSL ATSPAFRYDL LDLTRQAVQE LVSLYYEEAR SAYLSKELAS LLRAGGVLAY 600
LLPALDEVL ASDSRFLLGS WLEQARAAAV SEAEADFYEQ NERYQLTLWG PEGNILDYAN 660
OLAGLVANY YTPRWRLFLE ALVDSVAOGI BFOOHOFDKN VFOLEQAFVL SKQRYPSOPR 720
GDTVDLAKKT FLKYYPRWVA GSW 743
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atggaggeag Lggeggtgge Cgrggrogty gogatoctte LOCtgaocyy ggcogugysc 60
goggcagyoyg acgaggoccy ggaguogycy googhgogey ogoteghgge coggetgrbg 120
gggcoaggoe cogogacrga ctictooghy togobgmage gogototgge tgocasygoceg 180
gocttggacs cebacagoct gggogorgoe gucgegacge gegbgoggal gogeggotoe 240
A00990gtyg £agcogeeye guagetacac cgotaccige gogactiety togctactac 300
gtggectagt ccggetotea gotgogodtg cogogaceac tgocadooat gocagegaay 360
cLgaccgaygy ccacgeoccas caggtacege tattaccaga atgtgtgeac goaaagotag 420
tertiegbgt gghbgggacty ggocoggigy gegogagaga Lagaciogat googongaat 480
gueabcaace tgueactygye atggagoygos Caguaggeea tetyyeancy gotgtacety 540
goettgggee Lgaccoagge agagateaat gaghictita ctogghbetige ofictigada 600
tgggggcgaa tgggcaacct goacacctgy gabgyccece Tgoceooete ctgacacate GED
aggeagettt stetgoages cogggbooty gaccagatgo gctca**caa CELGECTNEE TZ0
gtgctgooty cattogoggy goatglicce gagoeighoa coagggtelt coctoaggte 760
aatgteacgs agabyggeay ttgggoocac bitaactobt ccha atcctg ¢tecttoctt 540
ctgoctecqy sagaccccat attcocogalc atogugasce tohitotiocy agegctaate 300
asagagbbty goacagacca cabcbatyggg gecgacactt toagtgagat goagooacch 960
tectoagaye sotootatcl tQOCOUagse acoactacey tetatgagae ratgactgrs 1028
gtggatactyg aggrtatgty gotactooas ggotggetcl todageacea g*”gcagttk 1080
tagyggceoy cocagatcag goctotygchy guagetatge coogbagoog cotoctggtt 11440
ctggaccigh thgoigagag ccagoeighg tabaccogoa ctgooiocti ©Caa3ggecag 1200
cecttcatot. ggtgeatgot geacaactit gugguaastc atggtcrttt tggagoetty 1260
gagaregbys acggagacee agaagetyre cgootobics craactocar aatggtagye 1320
acgageatyy CCOCUUagde Catcagoeay ascgaautyg tebatbooch catggllaag 1380
chkgggctgye geaaggaccr agtgooagat ttgocagoot gggtgaccag ctitgeogee 1440
cggoggtaty gogtotceca £o0ggacygta gogocagogt ggaggotact gotcogyagt 1500
grgtacaact gotoogogygs ggoatyesgy goreacaste gtageooget gatosgyey 1560
cegtoectan agatgaatac cagcatohog tacasccgst ctogtgtott tgaggoectyy 1620
cggetgetge teacaboige toocherohg gocaccages cogoobiocy ohacgsanuty 168D
chbggacctoa chogyoagge agtgoaggag clggtoagol cgtalbatga Quagosaaga 1740
agogoctatc tgagoaagga gotggcttoo tightgaguy Ctggagdogt cotggoctat 1BOD
gagetyehgl ©ggeactgyd ¢Yaggtgoty gebagieacs googettoht getagycase 1880
tggetagage aggorcgags ageggoagte aghgaggooy aggecgattt ctacgsgrag 1920
aacagocget accagebgac ctbtgtougey ccagaaggca acatccetgya ctatgocase 1989
aageagetyy coguatbggt ggccaactac tacaccoote gebggooocht nhicotgeag 2040
gogobggtty acagtotoge ocagogeate cobblbogaar agoacoagtt tgacsaaaat 2188
gtottecase tggageagge ctbegtictco agoaagcaga ggtaccccaq CCRAGCOgUa 2160
goagacacty tggacctgye caagaagatc ticctcaast attacooccg ctggotggoe 2220
goctottagt gatt 2234
{SEQ ID HO:2 }



w M B

K 3

69

CN 103958676 A 3/19 ;T
1.1kb OV g8 F

gtraagtcrt cagacttggtc aaggagaatg tagatttoca cagtatatant gttttcacas &0
a89CaaYJaY aglsaCaaas gaaaatyguoe crgactasac ttcagetagt ggtataggas 120
agtaatbetg ctiascagag atigeaghbea tetctatgta tgtoctosag asttatgtbig 180
tactttttte ceccattitt aastcesacs gtgetttaca gagubteagas togbttottt 2440
actgtrtgte aattctarta ttroaataca gaacaatage ttotataact gaaatatatt 360
tgetattgta tabtatgatt gtocctogea ccatgsacae teectocaget gaatticaca 380
attcctotght catchgocag gecatteagt batbcaboggs agatcbtibgs ggaacactoe 420
sagtteatat cataaacsca titgaasttg sgbattgutt tgoattghat ggagetatgt 480
tthgotghat ¢otoagaata aaagtttgbt ataaagcatt cacacocats asaagatage 549
ttraastatt ccaactaiag gasagasagt gtotcigoue ftgsetotag totcaghtlog 640
ctocticars bgesogetto thhattbobe ctatttigbe asgaaantaa taggtoasgt 560
ctigttctca ttiatgtect gtotagoghg getcagalge acatbtgraca tacaagasasy 720
stoaastoass acagactict ggtctgitac tacaaccats gtastamgea cactaactas T80
taattgetas ttatgbttbe catctocaag ghitoccacat tttbotgttht tortasagst B840
cocattatet ggtigtaact gaagotcaat ggaacatgag caatatiice cagteotiote 840
teouateooaa cegtoctgat ggattageag aacaggcaga aaacacatity ttacccagas 980
ttzaasacts abatttocto tcoocattoaab coassatgga cctattgesas chaaaatots 1020
acccaatone attsaatgal ttoehatgoty teoaasgoutor aactictgaa gggaacctat 1084
gogtoggtea caattoagac tatatatboo ccagggetea gocagtgtet gt 1132
{8EQ ID NC:3 )
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ggocgcasga &gasagotga asaactotut coctiecaac aagaccraga goectgtagh 60
atcagggubs asatgasaag tatgtbatcet gobocaboca gacticataa aagetggage 120
ttaattcaga 2saaasstea gasagaaatt acactgtuag ascaggtgea attcactitt 180
cotttacaca gagtaatact ggtaacteat goatgaagge ttaagggaat gaaattggac 240
toacaghact gagtoatbcar aclgaasast gcaascbast acatcsgcag aaggbtttatg 309
ggggaaaaat geagecetice aattasgeca gatatebgha tgaccaaget getocagaat 360
tagtoactos aaatoboica gattasstia togsctghbos ccasgoatibc cistoctyac 424
aaggcaatiy ottgiicict gtgitoctga tactacasgg ctotbcctgs cricchbasmag 480
atgeattats asaatettab aabteacatt totcectasa ctibgactoa atcatggtat 540
gitgorasat atyggtatatt actattoass ttgiittoct tgiscccabs Lotaatgagt 508
ctigtgasaty tgotottitg ftoctitaat Cataataaaa acatgtttas greaacactt 660
tteoactbgta gtatttgeag gtaccggatc togageogos ttoaatgooe ccaasaccas 729
teoccagght tttascbele cogatithoc asgtaccata goocgetgad agagcgoosce 7584
gotaatggua toocaguace oeogguaata taagbcbgrg goggacgtas geoaacoobic g0
cthttgtasce agggacaaca tagooortat ttootictta gaaggagags tiitoccaca q00
ataggtetia cacgrgoacg aaatoacctt tatgacgget focatgettyg atocactgug 560
coaccggaal CaCECaYAge RACCORAATT ACQCCTOEYY tggaccucte agtoghegag 1020
ctigotbeooe ghetiogaar gactotobge ghtetoggts goghatutbg goceectges 1080
gtagoggobed ctacgacges actbcagotoe Lguoctocts agocgeages goctetacta 1140
gogteetogt cogetocecg aataagegag acguatgagy acagquatcege pacgoogeet 1208
gtggcegace actahbcocel aacgatcacg teoggggtcac caaatgaage ctictgettc 1260
atgeatgbye tograghogt cagggaahon acgubocgue catoaacces gglgracace 1329
aatotggbogs atggbtoaaat googbbtati ghtategaget aggeactiaa atacastate 1380
tetgraatge ggasttoagt gottogtoca atcogtgtta gaccoghctg bhgecttoot 1440
aacaaggeac gatcatacea cgatcatace acctbactor caccaatcogg catgeacagh 1500
gettitbobe tectiataay geatgtiger asctcategt tacstaagea Lgttgcassa iEEQ
ctagasgagt sttyuatsag actacalitc coegtecots tgoaaasgeoy asactactat 1620
atoctgaguy gactochaac cgogtacaac cgaageoonog ctbibtegeeot aagcatgota 1680
trgteceche agtoaagect LQoocgthac asgocdgatic goaagoctty coctooocrac 1749
attatecgta geattatite ctagoagtea beagagetac agaagatact otatgetghta 1gao
greaagteta caaghbbact attcagegad ctochatabit ccgegtgoea gocgatodat 18690
tecoaatyoy coctigacgt satcatgubc atagotgttt ectghigtoas atigttates 1820
geteacaatt ocacacaaca Lacgagrosg aageatassy tgbaaagoct goggtgoctsa 1980
atgagtgage taacteacal taatbgogtt gogetcactyg cecgetttoe agtegggaas 20490
cetgbogttn cegelgratt satgaaboug COR2CgOgey gugagagooy giitgogtat 2100
taggegetet teogettoct cgotoactoa ctegeigege toggtogtto gactgogaey 2160
Kl 4A
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agoggtatos gotoacteaa sogegotaal acggtiabor ecagsalicay gucgalaarse z224
aggaaagasc atghgagras aggoeagod 4sagyccagy aaccoytaass aggoogogny 2280
getggegett ttogatagge tocgocooct bgacgageal cacaaasato gacgotosasy 23490

CAYAgYTYY CgasACCCYa caggactata sagatacoag gogtitocoo ctggasgote 2448
SOLCgTgoge totoctgtto cgaccotger gottaccogga tanctgtocg cottictoce 2460
ttoganaage ghtgoogettt ctoatagete acgetghagg tatoteagtl cogtotagat 2520
CELECOTLer ABgCTagost gtabarangs Accooooghl CARUCOOEACT QUIglpTetL 2580
atooggtage tabtegtettg agtocamccoe ggtaagacac gacttabtogeo cactggeage 2649
agocactggt aacagoatta goagagcgag gtatgtauge ggtgotacag agttotboas 2769
gtgatggact aactacogol acactagang gacagratiy gotatftooy ototgetgas el
gueagttace ttoggaaaaa gaottogtag ctettgatoe goozascaas coacogotag 2820
tagesgtgat thttrtgttt graageagen gathbacgoge agasdaanaay gatctcasss 2889
agatcctity atchttteta coggotobos cogotdagtgy sacgasasch cacgtbtaagy 2849
gatrtrggle atgagattal Cazaaaggat oilgacctag atootittas attaaaaaty 3000
aagttttasa tcaatctaaa gtatatabga gtaaacttgy tctgacagtt accaatgett 3060
asstcagtygay goacctatet cagogatebg tetabitegt Loatofatay btgoctoact 3120
coooghogty tagataactas cgatacggga gggetiacca totggoooca gtgotgoaat 2380
gataccgoys gaccoacget cacegootee agattrabea geaataaace aglcagoruy 3240
3399506gay cgcagaagte gtoctaraan titateogee tecatecagt ctattaattyg 3300
ttgeoggoas actagagiaa ghagttogeo agtbaatagt ttoegeaaco thottocoal 3360
tgctacagge atogtgotgt cacgetogto gohtggtany goehhcatica gotocgghta 3429
coaacgatos aggooagtta catgatocco catghbtotgo saassagosy ttagoboott 3480
cogtecteocyg atogitgicoa gaagbsagtt goccgcagtg ttatcactca tggttatgge 2040
ageactgeat aatbtototta ctgteoatger atecgtaaga tgctttictg tgactoghoa 3600
gtactcaace aagtoatict gagsatagty taborgoros cogaghigot chigooogne 3668
gtoagtacoy gstastacey cgreacatag cagaactita asaghocics tratbogass 3720
acgttetieg gggogaseac totcaaggar cttacegeby ttgagavcra gtiogatgta 780
acgeactoyt goacoosact gatcttoagn atehbiitaot tioaccagoy tiictgauty 3840
IQCA4AAA0E gQasgocaaa atgoograna agagugaata aggycgacac ggasatgbiyg 28400
aatactcata ctonroctitt ttezatatta trgaagoant tatoaggott attgrotoat 3960
gageggatac atabttgeat gtatttages agatssacas atagyoottc cgogoacatt 4020
toercgaass atgocecoly acgeguocty btagcoycgrs Ltasgouogs cogotatoys 4080
guttacyeyc agogtygaced ctacadttgl cagogoodty gogencglete chitegotit 4140
ctreoptier tbbotegoea cotiogooey outboccogt caagebotaa atcguogoot 4200
cogtttaggy ttocgatita gtactibatg goacctogar cocasdasar thoatiagag 4260
foatggttes cgtagtggge catcgocctyg atagacogit titogoooht tgacgitgus 4320
gtecacgtte ttlastagty gactettgit ccoaaactyge acageactos acectarcte 43840
gutckatbot ttbogabbiat aagggattbit googatitbcog gectatbout taaaaaatos 4440
gotgattiaa caasaatita acgegaatit taaCazaata ttaacgotta caattitocat 45440
togeeattos ggotocycaa ctgtboguaa gugogatogy tgoggaecte ttogetatts 4560
caceagetyy cgasaguage atotactgea aggogatias gttygggtaac gecagogttt 4520
teccagloar gacgrtgtaa aacgacggee agtgagegeyg fatteccias cgatoacole 4680
gagotcacca aatgaagect totgoticat geatgtgobe gtagtogticos gggaatgasc 4740
guteoggees toaaccosge tacacaccas botogtonat ggtcaastoy cottbalbtar 4800
abtcgagetag geactitaaat acaatabcto tgosatgogy aaticagigo LLoghoCaat 4860
cegtecceot coctatgeas aagcgasact actatatort gaguggacto ctaacogogt 4520
BCRACCYRAT CCooCgCLitl Cgochasata bgolalighe coolosgics aguctigoe 4380
agtiacaacor gatbogeaay cottqgoncte copacebtal cogbagoatt atitoctace 5049

gteatcags gctacagaag atactetatg ctghagocas gtotacaagt tractatica 5100
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gogarchoot atatiocgeg tgocauccea toaaliacea atocaaccay cbatoaracy 5160
gaatacaaga actogeoctas gebebiotit cggoctgett atasgerice bghaatttit 5220
ttatattoct cgttaagier toagacttgg caaggegaat gtagattitoc acagtatatsa 5260
tgttbtcacs S33QQ8RJ0A JEgA3ACaad agaaastyge actgactaaa chicagohag 5340
tggtatagga asgtaatict gettagcaga gattgcagty atetctatgt atgbcctgas 5400
gaattatgtt gtactttitt cccccatttt taasatcanac agtgottiac agagutcags 5460
atgattiott tactottigh Cagtictatt atitceabad ggaacastay ctictataac 5520
tgeaacatat ytgctatigh atattafgat tgtocctoge accoatgaaca CLochoCage 5580
tgaatttede gatbtoctoty teatctgrea gogoeattasy ttatteatgg asgatobtng 5640
agdaacslty Cceabutoabs {Catanacdc aLrigasatt gagnatiott Ligcattols 5700
tggagctaty ftbigotgta tocicagasdt aassgtbigt tatasageatb tcacaccoat 5780
agsaagatay atttasatat tccaactata ggsaagasag tgtghctget citeacteta 5820
gtotcagity gotectiead atgoacgent ciiiactiol Ccobabiityl casgassata 5geg
atagotcaag tettghbtote atttatgtee tohctagoght ggoteagaty cacattgtac E94q
atacasgaay getoaastga aacagactte togtetgtia ctacaaccat agtaataage 6000
acactaacta ataatigeta attatotiif coateiceas ggticocaca bftticototr 8050
ttettaaaga toceattate tgottotaac tgeagcteoaa tggascatga goaatatbho 6129
ceagbetbet cioorateca acagtortea tggatiagoa gaacagueay &azacacato 6180
gttacccaga asttapagect aatatitgeot ctcesttoss toosaaabgy acctatiges £240
actaaaatch aacceastce Ccattaastua Ltbtctatogt gteasswggbe asactictaa £300
agguascety tggotgggte aceattoags chatatatte cccagyucke agecagtgte £360
totacatace goetagasage tgtattgoot tiaglagtos agoboyaasay guaagcaact 6420
chetggaatt aconnoiete vtabattager ctiacityca CClsasully asadaatlas £480
caattatbgt gekbatgbgtt gratetttaa gggtgeagta cctgegtgat accccotata ER4 D
asasctbebe acctghgtat geattebgoa clattitatt atgtgrassa geotttgtoto 6600
tghttieagy aggertatie thtgtaotia sgstatgttt ttaatiicsg sacatettat G660
congtogitng actanctgat atgotttgea grttgetiga tiaactbcta gooctacags §729
ghgdacagay agoagaatios Logighicag Lopalichgy ggagttatih Castygtyaas 6780
attetcbaga agtttaatio Cctglaahglyg cagltgclga fcactadaca agataaaaat &840
gtgygaogty catasacgta taticttaca ataatagata catghgaact batatacaga £900
azagaasaty agaasastgt gratgtgtat acteacacac gtgoteagta asaacttbtbg €960
agggotttas tacagasdat coaatochtos guocdcagea ctcagtacyn atatasads Tu2d
ctgggetety asquactiot gactbicaca gattatataa atcboaggaa agraactaga 7080
tteatgotgy ctocagaage tgtgetttat ataageoacsc tgocbataca atagtigtac 71480
agttoagete titatastag agacagacay aavaagtata astobiotat hgoictatgh T204
catgaacasg astteatica gtggehetgh ttiatagtaa acatbgetat btiatcatgt 7260
ctgcattiot cthotgtcty aatgboacea otassabita actocacags assthbtatac 7320
tgcagtacac stgcatatet ttgagesasg cgaaccabac orgapaghgc 38fagageag T80
natatgaath acatgegtgh ctbttctocta gectacatge ccccatatas atiacattec 7440
ttatetatte tgeooatescr asaacasagy taaaastant Ltbgaagate tacteatage 7500
aggtagtgty vaacasaray atetticict acatizatit ttagggaata asaatasges 756G
atagaatagt cagoasgoct ctgotticbe atarancigr ccagacchaa agothactgs 1620
aabbbtgetel ttgaatiter agtttbgeaa geotateage ttgbgtitta atcagaguta 7680
ctgaasagta tcaavgastt Ctagotstoa ctgescasss statgbagey graactgoct TG
totgggacay tttgotacco aadagacaac tgaatgcasa tacatasata gatttatoas TROO
tatggttity aacatgoaca tysgagobug atataglasc agacacatta ccacagaatet 786D

ctttasaac tactigbias catitaatig cotaassact gotogtaatt tactotigts 7920
gretacodta gagtacectly catggtacta tgtacageoat togatcgtia calittoact 1589
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gbtictgetgh ttgohbotaga caactoegay LLosccatyy aggoyesaus gutgoooecyg BL4YU
geggtgggyy toctictect guccyggyce gggggcscyy cagycgacga ggcceggyag 8100
GUgaoqgedy TOouYaeect Lgtgaitcygg CLOetageue caguleecgl ygoogacte 8160
toogtgtogy tggagegege toetggetgoe aageogouct tggacaccta cagootgoge 8220
GUOGUCYYRY COgoUogeat QUagatcor guolcracyy gogtgacagt Cgreetagdy 8280
ctgeacogel acctycgega ctbetorgoe bggeacgigy cotugtoegy ctotoagetyg 8340
cgectgooge ggocactgoe agecgtgeoy ggggagetga cogaggooac goocaacagsg 8400
tepogetatt accagaaiat ghocacgess agetactett teghgtgety goactgggoc B460
cgatgggage gagagataga ctggatgygoy ctgaatgora teasootgge actgocatygg BE20
agoyaccayy aggecatete goagooguty tacctgecet fgggectaar coagocagay 3580
ateaatgagt tobbtiactgg toeotgoctio tlugrebogy ggogaatogy Caaccbgoac 8640
acctgggaty goooootyes ccoctoctng cacateaage agotitatel goagoacogy 8700
gtoctggace agatgegete ctteggeatyg accccaghge tgectgeatt cgeggggeat E760
gtitocegagg ctgboaccag gotgttoort caguteaaty toacgaagatl gugoastiog BBZO
guecacttta actgitocta ctochgohae ttockictay ctocggaags noccatatte BB8O
gecateateg ggagoctett cttgcsagag ctgatcasey agtthtogeac agaccecate 5940
tatggggcryg ascactttcas tgagatgesy ceasciboet cagagoccte chatchtgse 2000
gragooaces otgoogteta tgaggocarg actgcaghyy atachgaggs tgtgbggety 3060
ctédcaagget gocteltesa gosctagoey cagtictagy goocogocta gatcaggoct By
abgctgggag ctgtgoeces tggeogoete ctyggttetygy acctgtitge tgagageray 9180
cotgtgtata cocgoactge ctocttceaa ggocagocet teateotggty catgetgeac 9240
ascttigyly casatcatygg tottintgse gootloguayy cogtgaacyy aggcocages 9300
gotgooogre toetbeoccaa chbocacaaty gtaggeacgd goatggoooo cgaggueate 3360
agecagaacyg gagtggteta ttoocteaty gotgagetgy getggogaas ggacceagty 3420
coagatitgy cagectogat gaccagoiit gecgeccgye gutatggogt ctoccaceey 3480
$acgcaggey cagegtbygag getactgete cggagtgtgt acaactgote cgggoaggca 9540
tocaggggue acaatogtag ¢oogotogte aggoegyceyt cochacagat gaataccage 3600
atetgotacs acogatoraa totgtitgeg gootggegge tgebgoteag atetgotoge 8560
tcectggoea ccagoocege cttoeogetac gacctgetgy accteactog geaggeagty 9720
caggagetgy teagettgta ttalgaggag goaageagey cotatctgay Caaggagoty 8780
gretoettgt tgagygetgy aggegtecty gootatgage tgctgeogge actggacgay 9840
gtgctggita gtgacagecy ctictigely ggragetage tagageagye cogageagly 5309
gragtcagty aggoeogagoe cgattiotac gageagaaca goeogetacea gotgaectiyg 2960

GhgNOCCaY AAgUCaacAt octggactal gUrEaCasde Agolygooog grigotggce 100240
aadtactada cotguogety goggotine ctggagacge tgothgacay tgtggoccay 10080
gaeateactt tocaacagea ceaghbttgac asasatatet todaactags glaggoctts 19140
gticteagea agoagagala COCCagoeayg oogcgaguag acactgtygs cotggccaay 10200
aagatcttoc tcasatatta cocecgctog gtggecgoet cttggtoatt cgaage 10258
(BEQ ID WO4)
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Abstract

The present invention provides compositions comprising an isolated mixture of
recombinant human NaGlu proteins in which a substantial amount of the NaGlu proteins
in the mixture has increased levels of phosphorylated mannose that confer the proteins to
be efficiently internalized into human cells. The present invention also provides methods
of producing such mixture of NaGlu proteins, vectors used in transgenesis and expression,
host cells harboring such vectors, and methods of isolating and purifying the mixture of
NaGlu proteins. The invention further provides methods of treating NaGlu associated
diseases.
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