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(57) ABSTRACT

According to certain embodiments of the present invention,
methods for modulating the production of sialic acid in a
system are provided, which comprise providing the system
with a wild-type GNE-encoding nucleic acid sequence.
According to such embodiments, the system may comprise a
cell, muscular tissue, or other desirable targets. Similarly, the
present invention encompasses methods for producing wild-
type GNE in a system that comprises a mutated endogenous
GNE-encoding sequence. In other words, the present inven-
tion includes providing, for example, a cell or muscular tissue
that harbors a mutated (defective) GNE-encoding sequence
with a functional wild-type GNE encoding sequence.
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METHODS AND COMPOSITIONS FOR
MODULATING SIALIC ACID PRODUCTION
AND TREATING HEREDITARY INCLUSION

BODY MYOPATHY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. Ser. No. 12/526,239, filed Oct. 20, 2010, which is a 371
of International Application PCT/US2008/001650, filed Feb.
7,2008 and claims priority to, and incorporates by reference,
U.S. provisional patent application Ser. No. 60/900,034, filed
Feb. 7, 2007.

FIELD OF THE INVENTION

[0002] The field of the present invention relates to methods
and compositions for modulating sialic acid production in a
system. The field of the present invention further relates to
methods and compositions for treating and/or preventing
Hereditary Inclusion Body Myopathy and/or symptoms
thereof.

BACKGROUND OF THE INVENTION

[0003] Hereditary Inclusion Body Myopathy (HIBM2)is a
chronic progressive skeletal muscle wasting disorder, which
generally leads to complete disability before the age of 50
years. There is currently no effective therapeutic treatment for
HIBM2. Development of this disease is related to expression
in family members of an autosomal recessive mutation of the
GNE gene, which encodes the bifunctional enzyme UDP-
GIcNAc 2-epimerase/ManNAc kinase (GNE/MNK). This is
the rate-limiting bifunctional enzyme that catalyzes the first 2
steps of sialic acid biosynthesis. Decreased sialic acid pro-
duction consequently leads to decreased sialyation of a vari-
ety of glycoproteins, including the critical muscle protein
alpha-dystroglycan (c-DG). This in turn severely cripples
muscle function and leads to the onset of the syndrome.

SUMMARY OF THE INVENTION

[0004] According to certain embodiments of the present
invention, methods for modulating the production of sialic
acid in a system are provided, which comprise providing the
system with a wild-type GNE-encoding nucleic acid
sequence. According to such embodiments, the system may
comprise a cell, muscular tissue, or other desirable targets.
Similarly, the present invention encompasses methods for
introducing and expressing wild-type GNE in a system that
comprises a mutated endogenous GNE-encoding sequence.
In other words, the present invention includes providing, for
example, a cell or muscular tissue that harbors a mutated
(defective) GNE-encoding sequence with a functional wild-
type GNE encoding sequence.

[0005] According to additional embodiments of the present
invention, methods for treating, preventing, and/or ameliorat-
ing the effects of Hereditary Inclusion Body Myopathy are
provided. Such methods generally comprise providing a
patient with a wild-type GNE-encoding nucleic acid
sequence. The wild-type GNE-encoding nucleic acid
sequence may, optionally, be delivered to a patient in connec-
tion with a lipid nanoparticle, either via muscular injection or
intravenous administration.

[0006] According to yet further embodiments of the inven-
tion, novel compositions are provided for expressing wild-
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type GNE in a system. The compositions preferably include a
wild-type GNE-encoding nucleic acid sequence disposed
within or connected to a lipid nanoparticle. The lipid nano-
particle may, optionally, be decorated with agents that are
capable of recognizing and binding to muscle cells, muscle
tissue, or components of the foregoing.

BRIEF DESCRIPTION OF THE FIGURES

[0007] The file of this patent application contains at least
one drawing executed in color. Copies of this patent with
color drawing(s) will be provided by the United States Patent
and Trademark Office upon request and payment of the nec-
essary fee.

[0008] FIG. 1: is a diagram of the pUMVC3-GNE expres-
sion vector described herein.

[0009] FIG. 2: is a diagram that shows a sequence align-
ment of GNE wt (NB8), M712T (MB18), and R266Q
(R266QQ). The original DNA sequence was converted into an
amino acid sequence to illustrate the mutations located
therein.

[0010] FIG. 3: is an image of a gel that shows GNE expres-
sion in CHO-Lec3 cells grown in 10% serum. Lane 1:
untreated Lec3 cells. Lane 2: wt GNE. Lane 3: M712T GNE.
Lane 4: R266Q GNE.

[0011] FIG. 4: is an image of a Western blot that shows
GNE expression in CHO-Lec3 cell lines. Lanes 1-4: CHO-
Lec3 cells grown in 10% FBS. Lanes 5-8: CHO-Lec3 cells
grown in 2.5% FBS. Lanes 1 and 5: Untreated Lec3 cells.
Lanes 2 and 6: wt GNE. Lanes 3 and 7: M712T GNE. Lanes
4 and 8: R266Q GNE.

[0012] FIG.5: is an image of a gel that shows GNE mRNA
is expressed in transfected CHO-Lec3 cells, but not in control
cells. Lanes 1-4 contain 15 pl of serial diluted pUMVC3-
GNE-wt PCR product, which was used to quantitate the
amount of GNE mRNA present in the Lec3 samples. Lanes
5-6 contain 15 pl of the PCR product from transfected or
untransfected Lec3 cells.

[0013] FIG. 6: is a bar graph that shows that sialic acid
production is stimulated by GNE expression in CHO-Lec3
cells cultivated in the presence 0f 2.5% FBS. In comparison to
untreated Lec3 cells (“blank™), sialic acid production was
significant greater following GNE-wt (p=0.0157) transfec-
tion. GNE-R266Q (p=0.0566) and GNE-M712T (p=0.0708)
approached significance.

[0014] FIG. 7: is a table that summarizes the toxicological
studies described herein involving intramuscular injections of
GMP DNA complexes.

[0015] FIG. 8: is a table that summarizes the toxicological
studies described herein involving intravenous injections of
GMP DNA complexes.

[0016] FIG. 9:is a line graph that summarizes the toxico-
logical studies described herein involving intravenous injec-
tions of GMP DNA complexes.

[0017] FIG. 10: is a line graph summarizing the survival
rate of mice provided with intramuscular injections of GMP-
GNE in Plasma-Lyte®.

[0018] FIG. 11: is a line graph summarizing the survival
rate of mice provided with intravenous injections of GMP-
GNE in Plasma-Lyte®.

[0019] FIG. 12: is a line graph summarizing the survival
rate of mice provided with intravenous injections of GMP-
GNE in water.

[0020] FIG. 13: is a bar graph that summarizes GNE
expression in muscle tissue among three different groups of
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mice provided with varying amounts of GNE-encoding DNA.
Each group included two different mice.

[0021] FIG. 14: is an image of a gel showing GNE mRNA
derived from mice injected with the GNE-encoding
sequences described herein.

BRIEF DESCRIPTION OF THE SEQUENCE
LISTING

[0022] SEQ ID NO: 1-6 are the nucleic acid sequences of
the PCR primers listed in Table-1 below.

[0023] SEQ ID NO: 7-8 are GNE-specific PCR primers.
[0024] SEQ ID NO: 9 is the nucleic acid sequence of the
PUMVC3-wt-DNA construct described herein and shown in
FIG. 1.

[0025] SEQ ID NO: 10 is the GNE-encoding sequence
contained within the PUMVC3-wt-DNA construct.

[0026] SEQ ID NO: 11 is the wild-type amino acid
sequence of GNE.

[0027] SEQ ID NO: 12 is the modified nucleic acid
sequence for GNE-R266Q.

[0028] SEQIDNO: 13 isthe modified amino acid sequence
for GNE-R266Q.

[0029] SEQ ID NO: 14 is the mutated nucleic acid
sequence for GNE-M712T (a mutation that causes HIBM?2).
[0030] SEQID NO: 15 is the mutated amino acid sequence
for GNE-M712T (a mutation that causes HIBM2).

DETAILED DESCRIPTION OF THE INVENTION

[0031] According to certain embodiments of the present
invention, methods for modulating the production of sialic
acid in a system are provided. The methods generally com-
prise providing the system with a wild-type GNE-encoding
nucleic acid sequence. The wild-type GNE-encoding nucleic
acid sequence may, preferably, comprise a promoter operably
connected thereto. The promoter will preferably be functional
and capable of driving the expression of the GNE-encoding
nucleic acid sequence in the target cell (or target extra-cellu-
lar space). A non-limiting example of a promoter that may be
operably connected to a GNE-encoding sequence is the CMV
promoter, which is shown to be operably connected to the
wild-type GNE-encoding nucleic acid sequence of the
PUMVC3-wt-DNA construct (FIG. 1).

[0032] As used herein, the terms “GNE-encoding nucleic
acid sequence,” “wild-type GNE-encoding sequence,”
“GNE-encoding sequence,” and similar terms refer to a
nucleic acid sequence that encodes the wild-type bifunctional
enzyme UDP-GIcNAc 2-epimerase/ManNAc kinase (GNE/
MNK), which is represented by the amino acid sequence of
SEQ ID NO: 11. A GNE-encoding sequence may only
include a nucleic acid sequence that encodes the wild-type
form of GNE, such as SEQ ID NO: 10. Alternatively, the
GNE-encoding sequence may comprise the nucleic acid
sequence that encodes the wild-type form of GNE, along with
other transcriptional control elements, such as a promoter,
termination sequence, and/or other elements. A non-limiting
example of such a GNE-encoding sequence is the pUMVC3
GNE construct shown in FIG. 1, which consists of the nucleic
acid sequence of SEQ ID NO: 9.

[0033] The terms “GNE-encoding nucleic acid sequence,”
“wild-type GNE-encoding sequence,” “GNE-encoding
sequence,” and similar terms are further meant to include a
nucleic acid sequence which, by virtue of the degeneracy of
the genetic code, is not identical with that shown in any of the
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sequences shown in the Sequence Listing appended hereto,
but which still encodes the amino acid sequence of the wild-
type GNE (SEQ ID NO: 11), or a modified nucleic acid
sequence that encodes a different amino acid sequence, pro-
vided that the resulting GNE protein retains substantially the
same (or even an improved) activity of the wild-type GNE
protein. A non-limiting example of such a modified GNE
protein includes the GNE isoform R266Q described herein
(SEQ ID NO: 13). That is, modifications to a GNE-encoding
sequence that alter the amino acid sequence of the wild-type
GNE protein in such a way that one amino acid is replaced
with a similar amino acid are encompassed by the present
invention, as well as other modifications which do not sub-
stantially negatively affect GNE activity because the change
(whether it be substitution, deletion or insertion) does not
negatively affect the active site of the GNE protein.

[0034] As used herein, the term “system” refers to any
biological system that is capable of receiving a GNE-encod-
ing sequence described herein, including any type of cell or
biological organism. In addition, a “system” may further
include an intercellular space within a biological organism.
[0035] According to certain embodiments of the invention,
the GNE-encoding sequence may be disposed in or connected
to an appropriate carrier or delivery vehicle. Various strate-
gies may be employed to deliver the GNE-encoding
sequences described herein into target cells, including the use
of lipid carriers (lipid nanoparticles), viral vectors, biode-
gradable polymers, polymer microspheres (e.g., S0 nm or
smaller), and various conjugate systems and related cytofec-
tins.

[0036] Theuse ofliposomes or other particle forming com-
positions is a preferred delivery vehicle for the GNE-encod-
ing sequences described herein. Liposomes are attractive car-
riers insofar as they protect biological molecules, such as the
GNE-encoding sequences described herein, from degrada-
tion while improving cellular uptake. One of the most com-
monly used classes of liposome formulations for delivering
polyanions (e.g., DNA) is that which contains cationic lipids.
[0037] Lipid aggregates may be formed with macromol-
ecules using cationic lipids alone or including other lipids and
amphiphiles, such as phosphatidylethanolamine. It is well-
known in the art that both the composition of the lipid formu-
lation, as well as its method of preparation, have an effect on
the structure and size of the resultant anionic macromolecule-
cationic lipid aggregate. These factors can be modulated to
optimize delivery of polyanions to specific cell types in vitro
and in vivo.

[0038] The use of cationic lipids for cellular delivery of the
GNE-encoding compositions described herein has several
advantages. The encapsulation of anionic compositions using
cationic lipids is essentially quantitative due to electrostatic
interaction. In addition, it is believed that the cationic lipids
interact with the negatively charged cell membranes, thereby
initiating cellular membrane transport.

[0039] Experiments have shown that plasmid DNA may be
encapsulated in small particles, which generally consist of a
single plasmid encapsulated within a bilayer lipid vesicle
(Wheeler, et al.,, 1999, Gene Therapy 6, 271-281). These
particles often contain the fusogenic lipid dioleoylphosphati-
dylethanolamine (DOPE), low levels of a cationic lipid, and
can be stabilized in aqueous media by the presence of a
poly(ethylene glycol) (PEG) coating.

[0040] These lipid particles have systemic applications, as
they exhibit extended circulation lifetimes following intrave-
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nous (i.v.) injection, can accumulate preferentially in various
tissues and organs due to the enhanced vascular permeability
in such regions, and can be designed to escape the lyosomic
pathway of endocytosis by disruption of endosomal mem-
branes. These properties can be useful in delivering biologi-
cally active molecules, such as GNE-encoding sequences, to
various cell types for experimental and therapeutic applica-
tions, such as to muscle tissue cells. Various lipid nucleic acid
particles and methods of preparation thereof are described in
U.S. Patent Application Publication Nos. 2008-0020058,
2003-0077829, 2003-0108886, 2006-0051405, 2006-
0083780, 2003-0104044, 2006-0051405, 2004-0142025,
2006-00837880, 2005-0064595, 2005-0175682, 2005-
0118253, 2005-0255153 and 2005-0008689; and U.S. Pat.
Nos. 5,885,613, 6,586,001, 6,858,225, 6,858,224, 6,815,432,
6,586,410; 6,534,484, and 6,287,591, all of which are incor-
porated herein by reference in their entirety.

[0041] The invention provides that the GNE-encoding
sequences, and/or the associated delivery vehicles used there-
with, may be targeted towards specific cell types, for
example, muscle cells, muscle tissue, and the like. For
example, the liposomal nanoparticles can be directed to bind
to cell surfaces by a number of specific interactions. This
binding facilitates the uptake of the DNA into the cell by one
of'several well understood cell entry pathways. Rapid seques-
tration of the nanoparticles (e.g., liposomes) by these inter-
actions reduces their time in the peripheral circulation,
thereby decreasing the likelihood of degradation and nonspe-
cific uptake. General targeting agents include, but are not
limited to, transferrin (Trf) which binds to the transferrin
receptor (TrfR) on a cell surface—or using an antibody (or a
derivative thereotf) that binds to the TrfR on the cell surface.
Muscle has a relatively high proportion of TrfR on its cell
surfaces. Another target for sequestration is the epidermal
growth factor receptor (EGFR), which is prevalent on the
surface of muscle cells and other epitheleoid cell types.
Erbitux (an EGFR monoclonal antibody approved for human
use) is an exemplary agent for EGFR-targeting, which may
also be used to decorate the liposomal nanoparticles
described herein. Additional targeting moieties can be, but are
not limited to, lectins or small molecules (peptides or carbo-
hydrates) which recognize and bind to specific targets found
only on (or are more restricted to) muscle cells. The advan-
tage of smaller (and possibly higher affinity) molecules is that
they could be present at a higher density on the surface of the
nanoparticles employed.

[0042] The GNE-encoding sequences described herein,
which preferably are used and delivered to a system in con-
nection with an appropriate delivery vehicle (such as a lipo-
some or lipid nanoparticle), may be administered to a system
using any of various well-know techniques. For example, in
the case of a mammal, the GNE-encoding sequences may be
administered to a mammal via parenteral injection. The term
“parenteral,” as used herein, includes subcutaneous, intracu-
taneous, intravenous, intramuscular, intraarticular, intraarte-
rial, intrasynovial, or infusion techniques.

[0043] The GNE-encoding sequences and related compo-
sitions may contain any conventional non-toxic pharmaceu-
tically-acceptable carriers, adjuvants or vehicles. In some
cases, the pH of the formulation may be adjusted with phar-
maceutically acceptable acids, bases or buffers to enhance the
stability of the formulated composition or its delivery form.
For example, sterile injectable aqueous or oleaginous suspen-
sions may be formulated according to the known art using
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suitable dispersing or wetting agents and suspending agents.
The sterile injectable preparation may also be a sterile inject-
able solution, suspension or emulsion in a nontoxic parenter-
ally acceptable diluent or solvent. Among the acceptable
vehicles and solvents that may be employed are water, Ring-
er’s solution, U.S.P. and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose, any bland
fixed oil may be employed, including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid may be
used in the preparation of injectables.

[0044] According to certain embodiments, a Plasma-Lyte®
carrier may be employed and used to deliver a GNE-encoding
sequence, particularly for parenteral injection. (Baxter Labo-
ratories, Inc., Morton Grove, I11.). Plasma-Lyte® is a sterile,
non-pyrogenic isotonic solution that may be used for intra-
venous administration. Each 100 mL volume contains 526
mg of Sodium Chloride, USP (NaCl); 502 mg of Sodium
Gluconate (C;H, NaO,); 368 mg of Sodium Acetate Trihy-
drate, USP (C,H;Na0O,.3H,0); 37 mg of Potassium Chlo-
ride, USP (KCl); and 30 mg of Magnesium Chloride, USP
(MgCl,.6H,0). It contains no antimicrobial agents. The pH is
preferably adjusted with sodium hydroxide to about 7.4 (6.5
10 8.0).

[0045] The injectable formulations used to deliver GNE-
encoding sequences may be sterilized, for example, by filtra-
tion through a bacterial-retaining filter, or by incorporating
sterilizing agents in the form of sterile solid compositions,
which can be dissolved or dispersed in sterile water, Plasma-
Lyte® or other sterile injectable medium prior to use.

[0046] Inorder to prolong the expression of a GNE-encod-
ing sequence within a system (or to prolong the effect
thereof), it may be desirable to slow the absorption of the
composition from subcutaneous or intramuscular injection.
This may be accomplished by the use ofaliquid suspension of
crystalline or amorphous material with poor water solubility.
The rate of absorption of the composition may then depend
upon its rate of dissolution, which, in turn, may depend upon
crystal size and crystalline form.

[0047] Alternatively, delayed absorption of a parenterally
administered GNE-encoding sequence may be accomplished
by dissolving or suspending the composition in an oil vehicle.
Injectable depot forms may be prepared by forming microen-
capsule matrices of the GNE-encoding sequence in biode-
gradable polymers such as polylactide-polyglycolide.
Depending upon the ratio of GNE-encoding sequence mate-
rial to polymer and the nature of the particular polymer
employed, the rate of GNE-encoding sequence release can be
controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides). As described
above, depot injectable formulations may also be prepared by
entrapping the GNE-encoding sequence in liposomes (or
even microemulsions) that are compatible with the target
body tissues, such as muscular tissue.

[0048] In addition to methods for modulating the produc-
tion of sialic acid in a system, the present invention further
encompasses methods for producing wild-type GNE in a
system. According to such embodiments, the system (e.g., the
muscle cells of a human patient) may comprise a mutated
endogenous GNE-encoding sequence (e.g., the GNE-M712T
sequence of SEQ ID NO: 14). In other words, the present
invention includes providing, for example, a cell or muscular
tissue that harbors a mutated (defective) GNE-encoding
sequence with a functional wild-type GNE encoding
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sequence. The wild-type GNE encoding sequence may be
delivered to such a system using, for example, the liposomes
or lipid nanoparticles described herein, via parenteral injec-
tion.

[0049] According to additional related embodiments of the
present invention, methods for treating, preventing, and/or
ameliorating the effects of Hereditary Inclusion Body
Myopathy (HIBM2) are provided. Such methods generally
comprise providing a patient with a therapeutically effective
amount of a wild-type GNE-encoding nucleic acid sequence.
In certain embodiments, the wild-type GNE-encoding
nucleic acid sequence may, preferably, be delivered to a
patient in connection with a lipid nanoparticle and a carrier
similar to that of Plasma-Lyte®, via parenteral injection.

[0050] The phrase “therapeutically effective amount” of a
wild-type GNE-encoding nucleic acid sequence refers to a
sufficient amount of the sequence to express sufficient levels
of wild-type GNE, at a reasonable benefit-to-risk ratio, to
increase sialic acid production in the targeted cells and/or to
otherwise treat, prevent, and/or ameliorate the effects of
HIBM2 in a patient. It will be understood, however, that the
total daily usage of the wild-type GNE-encoding nucleic acid
sequence and related compositions of the present invention
will be decided by the attending physician, within the scope
of sound medical judgment.

[0051] The specific therapeutically effective dose level for
any particular patient may depend upon a variety of factors,
including the severity of a patient’s HIBM2 disorder; the
activity of the specific GNE-encoding sequence employed;
the delivery vehicle employed; the age, body weight, general
health, gender and diet of the patient; the time of administra-
tion, route of administration, and rate of excretion of the
specific GNE-encoding sequence employed; the duration of
the treatment; drugs used in combination or contemporane-
ously with the specific GNE-encoding sequence employed;
and like factors well-known in the medical arts.

[0052] Uponimprovement of a patient’s condition, a main-
tenance dose of a GNE-encoding sequence may be adminis-
tered, if necessary. Subsequently, the dosage or frequency of
administration, or both, may be reduced, as a function of the
symptoms, to a level at which the improved condition is
retained when the symptoms have been alleviated to the
desired level.

[0053] According to yet further embodiments of the inven-
tion, novel compositions are provided for expressing wild-
type GNE in a system. The compositions preferably include a
wild-type GNE-encoding nucleic acid sequence. As
described herein, the GNE-encoding nucleic acid sequence
may comprise various transcriptional control elements, such
as a promoter, termination sequence, and others. A non-lim-
iting example of a composition encompassed by the present
invention includes the pUMVC3-GNE expression vector
described herein, shown in FIG. 1, and represented by SEQ
ID NO: 9. Also as described relative to other embodiments of
the present invention, the GNE-encoding nucleic acid
sequence may be disposed within or connected to an appro-
priate vehicle for delivery to a system, such as a liposome or
lipid nanoparticle. Still further, according to such embodi-
ments, the delivery vehicle may, optionally, be decorated with
agents that are capable of recognizing and binding to target
cells or tissues, such as muscle cells or muscle tissues.
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EXAMPLES
Example 1

Expression of Exogenous GNE in CHO-Lec3 Cells

[0054] In the following example, several GNE expression
vectors from human cDNA were created. Three different
GNE forms, wild type, M712T, and R266Q, were robustly
expressed in GNE deficient cells (Lec3 cells). All enzymes
demonstrated similar protein expression levels, albeit distinct
enzymatic activities. As the following will show, the trans-
fected GNE expressing cell lines produced significantly more
sialic acid than untransfected cells.

Example 1 Methodology

[0055] GNE Cloning.

[0056] Parental vectors containing the GNE cDNA were
provided by Daniel Darvish (H IBM Research Group,
Encino, Calif.) and included pGNE-NBS (wild type), pGNE-
MB18 (M712T mutant), and pGNE-R266Q (R266Q) mutant).
The destination vector, pUMVC3, was purchased from
Aldevron (Fargo, N. Dak.). The subcloning vector, pDrive
(Qiagen, Valencia, Calif.), was used to shuttle the R266Q
mutant from the parent vector to the destination vector.
[0057] Wild type and M712T GNE was cloned from the
parent vector into pUMVC3 via Eco RI restriction digest, gel
purification, and T4 ligation. The R266Q mutant GNE was
cloned from the parent vector into pDrive via Hind [TI+Xba |
digest and then moved to pUMVC3 via Sal [+Xba I. (FIG. 1).
All pUMVC3-GNE clones were sequenced by Seqwright
(Houston, Tex.) with the primers set forth in the Table-1
below.

TABLE 1
GNE-F1 5'-TGTGAGGACCATGATCGCATCCTT-3' SEQ ID NO: 1
GNE-F2 5'-ACCTCCGAGTTGCAATAGTCAGCA-3' SEQ ID NO: 2
GNE-R1 5'-AATCAGGCCCATCCAGAGACACAA-3' SEQ ID NO: 3
GNE-R2 5'-TTCCAATCTGACGTGTTCCCAGGT-3' SEQ ID NO: 4
UMVC-F  5'-CGCCACCAGACATAATAGCTGACA-3' SEQ ID NO: 5
UMVC-R  5'-TAGCCAGAAGTCAGATGCTCAAGG-3' SEQ ID NO: 6
[0058] Positive pUMVC3-GNE clones were grown over-

night in 175 mls LB broth+50 pg/ml Kan and 150 mls culture
was used for a Qiagen (Valencia, Calif.) HiSpeed Plasmid
Maxi kit according to the manufacturer protocols.

[0059] DNA:Lipid Complex.

[0060] The DNA:lipid complex used in this example was
produced by mixing, at room temperature, 1,2-Dioleoyl-3-
Trimethylammonium-Propane (DOTAP) with test DNA
(pUMVC3-GNE). DOTAP is a commercially-available lipid
particle that is offered by Avanti Polar Lipids, Inc. (Alabaster,
Ala.). The DOTAP was mixed with the pUMVC3-GNE DNA
in a manner to achieve the desired total volume, which exhib-
ited a final ratio of 0.5 pg DNA:4 mM DOTAP, in a final
volume of 1 pl.

[0061] Cell Culture.

[0062] GNE-deficient CHO-Lec3 cells were provided by
Albert Einstein College of Medicine. The cells were grown at
37°C. in 5% CO, in alpha-MEM media supplemented with 4
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mM L-glutamine and 10% heat inactivated, Fetal Bovine
Serum. Cells for transient transfections were plated at 1x10°
cells per well in 6-well plates and grown overnight. Lec3 cells
were weaned to reduced serum conditions by reducing the
FBS by 2.5% per passage.

[0063] Transient Transfections.

[0064] Lec3 cells were transfected for 6 hours with DNA:
lipid complex per well in OptiMEM (Invitrogen, Carlsbad
Calif.), then the media was changed to normal alpha-MEM
growth media and the cells were cultured overnight. DNA:
lipid complexes were formed by mixing 4 ug DNA+10 pul
Lipofectamine 2000 (Invitrogen) according to the manufac-
turers protocol. Twenty-four hours post-transfection, cells
were harvested by trypsin digest and washed once with PBS
before subsequent western blot or enzyme/sugar assays.
[0065] mRNA Quantitation.

[0066] Total RNA was extracted from 1.5 million trans-
fected CHO-Lec3 cells using the RNeasy kit according to the
manufacturers instructions (Qiagen, Valencia, Calif.). The
purified RNA was quantified by 260/280 ratio using a Nano-
Dropl000 spectrophotometer (NanoDrop, Wilmington,
Del.). Five hundred nanograms oftotal RNA was converted to
c¢DNA using oligo dT primers and the TagMan reverse tran-
scription kit (ABI, Foster City, Calif.). Using the Sybr Green
PCR master mix (ABI, Foster City, Calif.) along with 25 ng
c¢DNA and 0.2 pM primers (GNE-F3=5'-cggaagaagggcat-
tgagcate-3' (SEQ ID NO: 7) and GNE-R3=5"-tttgtcttgggtgt-
cagcatce-3' (SEQ ID NO: 8)), 25 ul PCR reactions were
compared against serial dilutions of'a known concentration of
pUMVC3GNE-wt DNA. The Sybr Green fluorescence was
detected using the iQ5 real-time PCR detection system (Bio-
Rad, Hercules, Calif.) and the PCR conditions: 95° C.-10
minutes to activate the enzyme and (95° C.-15 seconds and
58° C.-60 seconds)x45 cycles to amplify the product. Fifteen
microliters of the PCR reaction was run on a 4% pre-cast
agarose E-gel (Invitrogen, Carlsbad, Calif.) and the image
was captured using the G-box chemiluminescence detection
system (Frederick, Md.).

[0067] Western Blot.

[0068] Approximately 5x10° cells were used for Western
blot analysis. Cell pellets were lysed using 20 pl Cell lytic
(Sigma, St. Louis, Mo.), plus 1% protease inhibitors. The cell
debris were spun down at maximum speed for 5 minutes and
the supernatant was mixed 1:1 with Laemmli buffer (BioRad,
Hercules, Calif.) containing 5% p-ME. Protein samples were
separated by polyacrylamide electrophoresis at 100V for 2
hours on 10% denaturing gels, followed by transfer to a
PVDF membrane using 100 volts for 2 hours. The membranes
were probed for GNE and GapDH using chicken anti-GNE
(1:10,000 dilution) and mouse anti-GapDH (1:50,000 dilu-
tion) overnight. Primary antibodies were detected using
HRP-labeled secondary antibodies and they were visualized
using the West Dura detection reagent (Pierce, Rockford, I11.)
and the G-box chemiluminescence camera (Syngene, Fred-
erick, Md.).

[0069] Sialic Acid Quantitation.

[0070] Approximately 4x106 cells were used for the quan-
tification of membrane-bound sialic acid by the thiobarbituric
acid method. Cells were resuspended in water and lysed by
passage through a 25 gauge needle 20 times and centrifuged.
The supernatant was used for Bradford protein estimation and
the remaining pellet was resuspended in 100 pl 2M acetic acid
and incubated for 1 hour at 80° C. to release glycoconjugate-
bound sialic acids. 137 pl of periodic acid solution (2.5 mg/ml
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in 57 mM H,S0,) were added and incubated for 15 minutes
at37° C. Next, 50 pl of sodium arsenite solution (25 mg/mlin
0.5 M HC1) were added and the tubes were shaken vigorously
to ensure complete elimination of the yellow-brown color.
Following this step, 100 pl of 2-thiobarbituric acid solution
(71 mg/ml adjusted to pH 9.0 with NaOH) were added and the
samples were heated to 100° C. for 7.5 minutes. The solution
was extracted with 1 ml of butanol/5% 12M HCI and the
phases were separated by centrifugation. The absorbance of
the organic phase was measured at 549 nm. The amount of
sialic acid was measured as nmol sialic acid/mg of protein.

[0071]

[0072] UDP-GlcNAc 2-epimerase activity was determined
by a colorimetric assay. It contained 45 mM Na,HPO,, pH
7.5, 10 mM MgC,,, 1 mM UDP-GIcNAc and variable
amounts of protein in a final volume of 200 pl. The reaction
was performed at 37° C. for 30 minutes and stopped by
boiling for 1 minute. The released ManNAc was detected
using the Morgan-Elson method. In brief, 150 ul of sample
were mixed with 30 ul of 0.8 M H,BO,, pH 9.1, and boiled for
3 minute. Next, 800 ul of DMAB solution (1% (w/v) 4-dim-
ethylamino benzaldehyde in acetic acid/1.25% 10N HCl) was
added and incubated at 37° C. for 30 minutes. The absorbance
was read at 578 nm.

[0073] ManNAc kinase activity was measured by a radio-
metric assay. It contained 60 mM Tris/HCL, pH 8.1, 10 mM
MgCl,, 5 mM ManNAc, 50 nCi ['*C]ManNAc, 10 mM ATP,
and variable amounts of protein in a final volume of 200 ul.
The reaction was performed at 37° C. for 30 minutes and
stopped by addition of 300 pl of ethanol. Radio-labeled com-
pounds were separated by paper chromatography and radio-
activity was determined by liquid scintillation counting.

[0074] Statistical Analysis.

[0075] Three independent experiments for enzyme activity
and sialic acid expression were performed. The average and
standard deviation was calculated using Microsoft Excel. A
student’s t-test was used to determine p-values for each
treated group, relative to the untreated sample.

Kinase and Epimerase Activity.

Example 1 Results

[0076] GNE Clones.

[0077] The GNE cDNA clones that were tested included a
human wild type cDNA and two human mutant cDNAs. The
mutants included the M712T GNE deficient clone and the
R266Q sialuria clone. Sialuria is a human disease caused by
point mutations in the CMP-sialic acid binding site of GNE,
leading to a loss of feed-back inhibition and mass production
of'sialic acids. GNE cDNAs were subcloned from their origi-
nal vectors to the expression vector, pUMVC3, by restriction
digest cloning. Clones were screened by directional restric-
tion enzyme digest to confirm the GNE insert was in the
correct orientation. Positive clones were sequenced in both
orientations to confirm that no mutations occurred during the
cloning process. The resulting chromatograms were com-
pared against the GNE sequence from GenBank (accession #
NM_005467) and the wild type did not exhibit any mutations,
while the M712T and R266Q clones contained only the
expected point mutations (FIG. 2). Positive pUMVC3-GNE
clones were scaled using a maxi prep plasmid purification
procedure and sequenced again to confirm that no mutations
occurred. These DNA stocks were used for all subsequent
experiments.
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[0078] Gene Protein Expression.

[0079] Plasmid UMVC3-GNE DNA was transiently trans-
fected into CHO-Lec3 cells and grown in 10% serum for 24
hours, and then the cells were harvested and analyzed for
recombinant GNE expression. A GNE Western blot illus-
trated that the untreated Lec3 cells (which were not trans-
fected) do not express GNE and CHO-Lec3 cells transfected
with different pUMVC3 clones express high levels of recom-
binant GNE (FIG. 3). The expression level was relatively
equivalent, regardless of GNE isoform. In a second experi-
ment, recombinant GNE was expressed following transfec-
tion of CHO-Lec3 cells grown in 10% or 2.5% fetal bovine
serum (FBS), due to the ability of CHO cells to incorporate
sialic acids from the culture media. Again, GNE protein
expression was relatively equivalent, regardless of GNE iso-
form and the concentration of FBS (FIG. 4).

[0080] Wt-GNE mRNA Quantitation.

[0081] CHO-Lec3 cells were grown in 10% serum and
transiently transfected with pUMVC3-GNE-wt DNA for 24
hours to quantitate the amount of recombinant GNE RNA that
was expressed. Total RNA was extracted and RT-qPCR was
performed to amplify a 230 bp fragment from the GNE tran-
script. Serial dilutions of pUMVC3-GNE-wt were used to
determine that the concentration of GNE-wt expressed in
transfected Lec3 cells was equal to 4.1 The dynamic range of
the qPCR was from 5 ng-5 fg and there was no GNE mRNA
product detected in control (untransfected) CHO-Lec3 cells
(the ¢T value for untransfected cells was greater than 42
cycles, which is less than 5 fg). Therefore, recombinant GNE
mRNA expression was detected in transfected Lec3 cells,
while untransfected cells had undetectable amounts of GNE
mRNA. (FIG. 5).

[0082] GNE Enzyme Assays.

[0083] In addition to the Western blot assay, an aliquot of
the transfected cell pellets were assayed for enzyme activity.
As shown in Table 2 below, both epimerase and kinase activ-

ity were quantified in Lec3 cells with or without recombinant
GNE protein

TABLE 2

GNE enzyme activity of CHO Lec3 cells
transfected with different plasmids

Epimerase Kinase
Lec3 Act Act
Cells + DNA (mU/mg) p-value (mU/mg) p-value
Untreated 1+0.7 214
WT GNE 2202 0.0003* 3507 0.0006*
M712T GNE 3114 0.0007* 3754 0.0063*
R266Q GNE 2629 0.0035* 3326 0.0023*

*comparison to untreated

[0084] Lec3 cells alone had both epimerase and kinase
activities less than 3 mU/mg, which displays background
activity. Cells expressing wild type, M712T, or R266Q GNE
had an average 0f22, 31, and 26 mU/mg of epimerase activity,
respectively. The same Lec3 samples displayed an average of
35, 37, and 33 mU/mg of kinase activity. All of the cells
expressing recombinant GNE had enzyme activity signifi-
cantly above the non-treated cells with a p-value<0.006 for
both epimerase and kinase activities. There was no statistical
difference in enzyme activity between the three different
GNE isoforms, with p-values ranging from 0.11-0.47.
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[0085]

[0086] Transfected Lec3 cells also were tested for cell sur-
face sialic acid expression. All Lec3 samples had approxi-
mately 6.0 nmol/mg membrane bound sialic acid, with the
exception of Lec3 cells transfected with the R266QQ GNE,
whichhad a 1.5-fold higher amount. The R266Q mutant lacks
the feed-back inhibition of GNE and is known to cause an
overproduction of intracellular sialic acids. Lec3 cells seem
to be undersialylated, and this could only be overcome by
expression of the sialuria mutant and not by the about 100-
fold overexpression of wild-type GNE compared to wild-type
CHO cells.

[0087] No differences between wild type (wt) and M712T
GNE were observed. This was likely due to the incorporation
ofsialic acids from the cell culture medium, as it is known that
sialic acids from FBS can bypass the defective GNE pathway.
In this case, differences between wild type and M712T could
be masked by the bypass. Therefore, the cell culture condi-
tions were altered by reducing the percent serum (FBS) in the
media. As shown in Table-3 below, as the serum level was
reduced, sialic acid production decreased, with a marked
decrease demonstrated at 2.5% FBS.

Sialic Acid Assays.

TABLE 3

Sialic Acid
% FBS (nmol/mg) p-value

10 8.05 £0.27
5.0 7.26 £0.61 0.2996*
2.5 4.69 £1.20 0.0096*

*comparison to 10% FBS

[0088] Sialic acid levels continued to decrease as the cell
culture media approached serum free conditions, but the cell
morphology and growth characteristics were altered. It was
determined that the 2.5% FBS concentration of the cell cul-
ture media was optimal in order to test the impact of GNE
gene transfection in Lec3 cells. Lec3 cells were thus grown in
2.5% FBS and transtected with pUMVC3-GNE clones. GNE
expression was concurrently confirmed via Western blot
(FIG. 4). Significant increase of sialic acid production was
indeed demonstrated, again with the best eftect of the R226Q
mutant (FIG. 6: p=0.0157 for GNE-wt; p=0.0566 for GNE
R266Q)). A slight, but significant, difference between wt and
M712T GNE was observed, indicating that the re-sialylation
capability of the mutant is lower than that of the wild-type,
suggesting a similar mechanism in HIBM muscle.

[0089] Studies on HIBM2 reveal mutations in the GNE
gene associated with glycosylation errors in the muscle mem-
brane, which may lead to defective muscle function. Loss of
GNE activity in HIBM2 is thought to impair sialic acid pro-
duction and interfere with proper sialylation of glycoconju-
gates. The reactivities to lectins are also variable in some
myofibers, suggesting that hyposialylation and abnormal gly-
cosylation in muscles may contribute to the focal accumula-
tions of autophagic vacuoles and/or amyloid deposits in
affected patient muscle tissue. The foregoing example dem-
onstrates the effect of a novel GNE gene/CMV promoter
plasmid for mRNA and protein expression in GNE deficient
CHO-Lec 3 cells, which were shown to be capable of restor-
ing GNE/MNK enzyme function and subsequent induction of
sialic acid production.
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Example 2

Expression of Exogenous GNE In Vivo

[0090] The following example demonstrates the ability of
the GNE-encoding sequences described herein to be trans-
fected into live mice, and to stimulate GNE expression in the
muscular tissue of such mice.

[0091] DNA:

[0092] Ilipid complex. The materials used in this example
included pUMVC3-wt-DNA (FIG. 1) and 1,2-Dioleoyl-3-
Trimethylammonium-Propane (DOTAP):Cholesterol (DOT-
AP:Chol), which together represented a lipid nanoparticle/
DNA complex. The DNA:lipid complex used in this example
was produced by mixing, at room temperature, DOTAP:Chol
with test DNA (wild-type, M712T, or R266Q pUMVC3-
GNE). DOTAP:Chol is a commercially-available lipid par-
ticle that is offered by Avanti Polar Lipids, Inc. (Alabaster,
Ala.). The DOTAP:Chol was mixed with the pPUMVC3-GNE
DNA in a manner to achieve the desired total volume, which
exhibited a final ratio 0of 0.5 ug DNA:4 mM DOTAP:Chol, in
a final volume of 1 pl.

[0093] Intramuscular Toxicology.

[0094] A set of mice (10-12 week old, nominally 20 g
BALB/c mice), with each set consisting of 6 female mice and
6 male mice, were provided with either (1) 10 pg (80 ul of
GMP DNA reconstituted in Plasma-Lyte®, (2) 40 ng (80 ul of
GMP DNA reconstituted in Plasma-Lyte®, or (3) 0 ug (80 ul
of GMP DNA (which served as the control and consisted of
empty liposomes and Plasma-Lyte®). Another set of mice
were not injected at all, and served as an additional control. A
single injection was made, the mice were sacrificed at 2
weeks post-injection, and their organs and fluids were har-
vested. Toxicity was assessed at 24-48 hours, 1 week, and 2
weeks post-injection. Toxicity was assessed based on serum
chemistry profiles, CBC analysis, gross toxicity, and immu-
nohistochemistry analysis of muscle tissue.

[0095] Asshown in FIG. 7, none of the mice provided with
the above-described compositions exhibited toxicity at 24
hours, 48 hours, 1 week, or 2 weeks post-injection.

[0096] Intravenous Toxicology.

[0097] A set of mice (10-12 week old, nominally 20 g
BALB/c mice), with each set consisting of 6 female mice and
6 male mice, were also provided with either (1) 10 pg (200 ul)
of GMP DNA reconstituted in Plasma-Lyte®, (2) 40 ng (200
ul) of GMP DNA reconstituted in Plasma-Lyte®, (3) 100 nug
(200 pl of GMP DNA reconstituted in Plasma-Lyte®, or (4) 0
ng (200 pl of GMP DNA (which served as the control and
consisted of empty liposomes and Plasma-Lyte®). An intra-
venous dose was made, the mice were sacrificed at 2 weeks
post-dosage, and their organs and fluids were harvested. Tox-
icity was assessed at 24-48 hours, 1 week, and 2 weeks
post-injection. Toxicity was assessed as described above.
[0098] As shown in FIG. 8, none of the mice that were
provided with 10 pg of GMP DNA exhibited toxicity at 24
hours, 48 hours, 1 week, or 2 weeks post-injection, and only
2 female mice exhibited acute toxicity at 24 hours post-
dosage (with all other mice at all other time points not exhib-
iting any signs of toxicity). Still referring to FIG. 8, three
female mice that were provided with 100 ng died at 24 hours
post-dosage, and another female mouse died at 48 hours
post-dosage. All 6 males exhibited acute toxicity at 24 hours
post-dosage. However, these 6 mice all survived, and did not
exhibit signs of toxicity at 48 hours, 1 week, or 2 weeks
post-dosage. FIG. 9 summarizes the survival data of these
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mice that were injected intravenously with GMP grade DNA
(reconstituted in Plasma-Lyte®).

[0099]

[0100] In order to identify a preferred carrier in which a
GNE-encoding sequence may be disposed, a toxicological
comparison was made between Plasma-Lyte® and water.
Plasma-Lyte® is a sterile, non-pyrogenic isotonic solution
that may be used for intravenous administration. Each 100
ml, volume contains 526 mg of Sodium Chloride, USP
(NaCl); 502 mg of Sodium Gluconate (CsH, ;NaO,); 368 mg
of Sodium Acetate Trihydrate, USP (C,H;NaO,.3H,0); 37
mg of Potassium Chloride, USP (KCl); and 30 mg of Mag-
nesium Chloride, USP (MgCl,.6H,0). It contains no antimi-
crobial agents. The pH is preferably adjusted with sodium
hydroxide to about 7.4 (6.5 to 8.0).

[0101] Referring to FIGS. 10-12, a group of four mice were
provided with either 40 pg, 10 ng or 0 ng of GMP-GNE
reconstituted in Plasma-Lyte® via intramuscular injections
(F1G.10); 100 pg, 40 ng, 10 pg, or 0 ug GMP-GNE reconsti-
tuted in Plasma-Lyte® via intravenous injections (FIG. 11);
or 100 pg, 40 ug, or O ug GMP-GNE reconstituted in water via
intravenous injections (FIG. 12). The GMP-GNE reconsti-
tuted in Plasma-Lyte® exhibited significantly improved
(lower) toxicological properties (FIGS. 10-11), when com-
pared to the GMP-GNE reconstituted in water (FIG. 12).

[0102] GNE Expression in Mice.

[0103] Three sets of 10-12 week old, nominally 20 g
BALB/c mice, with each set including four mice, were pro-
vided with intramuscular injections of varying amounts of
GNE-encoding compositions, namely, the pUMVC3-wt-
DNA construct (FIG. 1), represented by SEQ ID NO: 9, and
1,2-Dioleoyl-3-Trimethylammonium-Propane  (DOTAP):
Cholesterol—together representing the lipid nanoparticle/
GNE-encoding complex described above.

[0104] Inthis example, a first group was injected with O ng
of GNE-encoding DNA, a second group was injected with 10
ng of GNE-encoding DNA, and a third group was injected
with 40 pg of GNE-encoding DNA. At two weeks post-
injection, the mice were sacrificed and the injected muscle
tissue was harvested.

[0105] Next, total RNA was collected from the muscle tis-
sues. The amount of GNE mRNA transcript contained within
each sample was next measured via RT-PCR, using GNE-
specific primers (and a standard curve was constructed using
varying amounts of RNA of known concentration, which was
used for extrapolating the quantitative amount of GNE
mRNA within each test sample). Table-4 below summarizes
the average amount (ng) of GNE mRNA measured by RT-
PCR (from two mice within each of the three groups).

Comparison of Plasma-Lyte® to Water.

TABLE 4
Mouse ng GNE/ Avg. Std. Fold
Dose # mg Muscle ng/mg Dev. Change
0 pg GNE 32 0.00E+00  1.36E-09 1.92E-09 1
33 2.71E-09
34
35
10 pg GNE 8 2.46E-07 8.00E-08 182
9

10 3.03E-07
11 1.90E-07
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TABLE 4-continued

Mouse ng GNE/ Avg. Std. Fold
Dose # mg Muscle ng/mg Dev. Change
40 pg GNE 20 1.51E-06 8.24E-07 1115

21 2.09E-06
22 9.29E-07
23

[0106] These data are further summarized in FIG. 13,
which shows the amount of GNE mRNA that was measured
for each group (0, 10 and 40 pg of GNE-encoding DNA)
normalized against the total amount of muscle tissue from
which the RNA was extracted. As shown therein, the 10 pg
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dose of GNE-encoding DNA resulted in a significant level of
GNE expression (a 182-fold increase in GNE expression
levels relative to the O pug sample), and the 40 pg dose of
GNE-encoding DNA resulted in an even greater level of GNE
expression (a 1115-fold increase in GNE expression levels
relative to the 0 ug sample). These data are consistent with the
PCR results shown in the gel of FIG. 14.

[0107] Although illustrative embodiments of the present
invention have been described herein, it should be understood
that the invention is not limited to those described, and that
various other changes or modifications may be made by one
skilled in the art without departing from the scope or spirit of
the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 1

tgtgaggacc atgatcgcat cctt

<210> SEQ ID NO 2

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 2

accteccgagt tgcaatagte agca

<210> SEQ ID NO 3

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 3

aatcaggccece atccagagac acaa

<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 4

tteccaatectyg acgtgttece aggt

<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

24

24

24

24
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<400> SEQUENCE: 5

cgccaccaga cataataget gaca

<210> SEQ ID NO 6
<211> LENGTH: 24

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 6

tagccagaag tcagatgete aagg

<210> SEQ ID NO 7
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 7

cggaagaagg gcattgagea tc

<210> SEQ ID NO 8
<211> LENGTH: 22

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 8

tttgtcttgg gtgtcageat cc

<210> SEQ ID NO 9
<211> LENGTH: 6217

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: PUMVC3-wt-DNA construct

<400> SEQUENCE: 9

tggccattge

acattaccge

tcattagtte

cctggetgac

gtaacgccaa

cacttggcag

ggtaaatgge

cagtacatct

aatgggcgtg

aatgggagtt

gecccattga

cgtttagtga

agacaccggg

atacgttgta

catgttgaca

atagcccata

cgcccaacga

tagggacttt

tacatcaagt

cegectggea

acgtattagt

gatagcggtt

tgttttggca

cgcaaatggyg

accgtcagat

accgatccag

tccatatcat

ttgattattg

tatggagttc

ccececgecca

ccattgacgt

gtatcatatg

ttatgcccag

catcgetatt

tgactcacgg

ccaaaatcaa

cggtaggcgt

cgectggaga

cctecgegge

aatatgtaca
actagttatt
cgcgttacat

ttgacgtcaa

caatgggtgg

ccaagtacge

tacatgacct

accatggtga

ggatttccaa

cgggacttte

gtacggtggg

cgccatccac

cgggaacggt

tttatattgg

aatagtaatc

aacttacggt

taatgacgta

agtatttacg

ccectattga

tatgggactt

tgcggttttyg

gtcteccacce

caaaatgtcg

aggtctatat

getgttttga

gecattggaac

(plasmid)

ctcatgteca

aattacgggyg

aaatggceceg

tgttcccata

gtaaactgce

cgtcaatgac

tcctacttygy

gcagtacatc

cattgacgtce

taacaactcce

aagcagagct

cctecataga

geggattece

24

24

22

22

60

120

180

240

300

360

420

480

540

600

660

720

780
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cgtgccaaga gtgacgtaag taccgcctat agactctata ggcacaccce tttggetcett 840
atgcatgcta tactgttttt ggecttgggge ctatacacce ccgettectt atgctatagg 900
tgatggtata gcttagccta taggtgtggg ttattgacca ttattgacca ctccaacggt 960

ggagggcagt gtagtctgag cagtactcgt tgctgccgeg cgcgccacca gacataatag 1020
ctgacagact aacagactgt tccttteccat gggtcttttce tgcagtcacc gtecgtcgacg 1080
gtatcgataa gcttgatatc gaattcgccce ttatggagaa gaatggaaat aaccgaaagce 1140
tgcgggtttg tgttgctact tgtaaccgtg cagattattc taaacttgcce ccgatcatgt 1200
ttggcattaa aaccgaacct gagttctttg aacttgatgt tgtggtactt ggctctcacc 1260
tgatagatga ctatggaaat acatatcgaa tgattgaaca agatgacttt gacattaaca 1320
ccaggctaca cacaattgtg aggggagaag atgaggcage catggtggag tcagtaggece 1380
tggccctagt gaagctgcca gatgtcectta atcgcctgaa gectgatatce atgattgtte 1440
atggagacag gtttgatgcc ctggctectgg ccacatctge tgccttgatg aacatccgaa 1500
tcettcacat tgaaggtggg gaagtcagtg ggaccattga tgactctatce agacatgceca 1560
taacaaaact ggctcattat catgtgtgct gcacccgcag tgcagagcag cacctgatat 1620
ccatgtgtga ggaccatgat cgcatccttt tggcaggctg cccttectat gacaaacttce 1680
tctcageccaa gaacaaagac tacatgagca tcattcgcat gtggctaggt gatgatgtaa 1740
aatctaaaga ttacattgtt gcactacagc accctgtgac cactgacatt aagcattcca 1800
taaaaatgtt tgaattaaca ttggatgcac ttatctcatt taacaagcgg accctagtcc 1860
tgtttccaaa tattgacgca gggagcaaag agatggttcg agtgatgcgg aagaagggca 1920
ttgagcatca tcccaacttt cgtgcagtta aacacgtccc atttgaccag tttatacagt 1980
tggttgccca tgctggctgt atgattggga acagcagcetg tggggttcga gaagttggag 2040
cttttggaac acctgtgatc aacctgggaa cacgtcagat tggaagagaa acaggggaga 2100
atgttcttca tgtccgggat gctgacacce aagacaaaat attgcaagca ctgcaccttce 2160
agtttggtaa acagtaccct tgttcaaaga tatatgggga tggaaatgct gttccaagga 2220
ttttgaagtt tctcaaatct atcgatcttc aagagccact gcaaaagaaa ttctgcttte 2280
ctcctgtgaa ggagaatatc tcectcaagata ttgaccatat tcttgaaact ctaagtgect 2340
tggccgttga tecttggcggg acgaacctcee gagttgcaat agtcagcatg aagggtgaaa 2400
tagttaagaa gtatactcag ttcaatccta aaacctatga agagaggatt aatttaatcc 2460
tacagatgtg tgtggaagct gcagcagaag ctgtaaaact gaactgcaga attttgggag 2520
taggcatttc cacaggtggc cgtgtaaatc ctcgggaagg aattgtgctg cattcaacca 2580
aactgatcca agagtggaac tctgtggacc ttaggacccce cctttcectgac actttgcatce 2640
tcectgtgtg ggtagacaat gatggcaact gtgctgcect ggcggaaagg aaatttggcece 2700
aaggaaaggg actggaaaac tttgttacac ttatcacagg cacaggaatc ggtggtggaa 2760
ttatccatca gcatgaattg atccacggaa gcteccttetg tgctgcagaa ctgggccacce 2820
ttgttgtgtc tctggatggg cctgattgtt cctgtggaag ccatgggtgce attgaagcat 2880
acgcctetgg aatggccttyg cagagggagg caaaaaagct ccatgatgag gacctgctcet 2940
tggtggaagg gatgtcagtyg ccaaaagatg aggctgtggg tgcgctccat ctcatccaag 3000

ctgcgaaact tggcaatgcg aaggcccaga gcatcctaag aacagctgga acagcetttgg 3060
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gtcttggggt tgtgaacatc ctccatacca tgaatcccte ccttgtgatce ctecteccggag 3120
tcetggecag tcactatatce cacattgtca aagacgtcat tcgccagcag gecttgtect 3180
ccgtgcagga cgtggatgtg gtggtttcgg atttggttga cecccgecctg ctgggtgetg 3240
ccagcatggt tctggactac acaacacgca ggatctacta gaagggcgaa ttcacgtggg 3300
cceggtaceg tatactctag agecggcecgceg gatccagatce tttttecccte tgccaaaaat 3360
tatggggaca tcatgaagcc ccttgagcat ctgacttcetg gctaataaag gaaatttatt 3420
ttcattgcaa tagtgtgttg gaattttttg tgtctctcac tcggaaggac atatgggagg 3480
gcaaatcatt taaaacatca gaatgagtat ttggtttaga gtttggcaac atatgcccat 3540
tcttecgett cectegetcac tgactegetg cgecteggteg tteggectgeg gegagceggta 3600
tcagctcact caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaag 3660
aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta aaaaggccge gttgetggeg 3720
ttttteccata ggcteccgeee cectgacgag catcacaaaa atcgacgctce aagtcagagg 3780
tggcgaaacc cgacaggact ataaagatac caggcgtttc cccctggaag ctcececctegtg 3840
cgctctectg ttceccgacecet gecgettace ggatacctgt cecgectttet cectteggga 3900
agcgtggege tttctcatag ctcacgetgt aggtatctca gttcecggtgta ggtegttege 3960
tccaagetgg getgtgtgeca cgaaccccce gttcageccg accgctgcege cttatceggt 4020
aactatcgtc ttgagtccaa cccggtaaga cacgacttat cgccactggce agcagccact 4080
ggtaacagga ttagcagagc gaggtatgta ggcggtgcta cagagttctt gaagtggtgg 4140
cctaactacg gctacactag aagaacagta tttggtatct gecgctcectget gaagccagtt 4200
accttcggaa aaagagttgg tagctcttga tccggcaaac aaaccaccgce tggtagecggt 4260
ggtttttttyg tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct 4320
ttgatctttt ctacggggtc tgacgctcag tggaacgaaa actcacgtta agggattttg 4380
gtcatgagat tatcaaaaag gatcttcacc tagatccttt taaattaaaa atgaagtttt 4440
aaatcaatct aaagtatata tgagtaaact tggtctgaca gttaccaatg cttaatcagt 4500
gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgecctg actcecgggggy 4560
ggggggcgct gaggtctgce tcgtgaagaa ggtgttgctg actcatacca ggectgaatce 4620
gcceccatcat ccagccagaa agtgagggag ccacggttga tgagagettt gttgtaggtg 4680
gaccagttgg tgattttgaa cttttgcttt gccacggaac ggtctgegtt gtcgggaaga 4740
tgcgtgatct gatccttcaa ctcagcaaaa gttcgattta ttcaacaaag ccgccgtecce 4800
gtcaagtcag cgtaatgctc tgccagtgtt acaaccaatt aaccaattct gattagaaaa 4860
actcatcgag catcaaatga aactgcaatt tattcatatc aggattatca ataccatatt 4920
tttgaaaaag ccgtttctgt aatgaaggag aaaactcacc gaggcagttc cataggatgg 4980
caagatcctg gtatcggtet gegattccga ctegtccaac atcaatacaa cctattaatt 5040
tceecctegte aaaaataagg ttatcaagtg agaaatcacc atgagtgacg actgaatccg 5100
gtgagaatgg caaaagctta tgcatttctt tccagacttg ttcaacaggc cagccattac 5160
gctegtcate aaaatcactc gcatcaacca aaccgttatt cattcgtgat tgcgcctgag 5220
cgagacgaaa tacgcgatcg ctgttaaaag gacaattaca aacaggaatc gaatgcaacce 5280

ggcgcaggaa cactgccagce gcatcaacaa tattttcacc tgaatcagga tattcttcta 5340
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atacctggaa tgctgttttce ccggggatcg cagtggtgag taaccatgca tcatcaggag 5400
tacggataaa atgcttgatg gtcggaagag gcataaattc cgtcagccag tttagtctga 5460
ccatctcatc tgtaacatca ttggcaacgc tacctttgcce atgtttcaga aacaactctg 5520
gcgcatcggg ctteccatac aatcgataga ttgtcgcacce tgattgcccg acattatcege 5580
gagcccattt atacccatat aaatcagcat ccatgttgga atttaatcgc ggcctcgagce 5640
aagacgtttc ccgttgaata tggctcataa caccccttgt attactgttt atgtaagcag 5700
acagttttat tgttcatgat gatatatttt tatcttgtgc aatgtaacat cagagatttt 5760
gagacacaac gtggctttce ccceccceccece attattgaag catttatcag ggttattgte 5820
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgcgca 5880
catttcccecg aaaagtgcca cctgacgtct aagaaaccat tattatcatg acattaacct 5940
ataaaaatag gcgtatcacg aggcccttte gtectegegeg ttteggtgat gacggtgaaa 6000
acctctgaca catgcagcte ccggagacgg tcacagettg tcectgtaageg gatgceccggga 6060
gcagacaagc ccgtcagggce gcgtcagegg gtgttggcegg gtgtcecggggce tggcttaact 6120
atgcggcatc agagcagatt gtactgagag tgcaccatat gcggtgtgaa ataccgcaca 6180
gatgcgtaag gagaaaatac cgcatcagat tggctat 6217
<210> SEQ ID NO 10

<211> LENGTH: 2169

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

atggagaaga atggaaataa ccgaaagetg cgggtttgtg ttgetacttg taaccgtgca 60
gattattcta aacttgcccc gatcatgttt ggcattaaaa ccgaacctga gttctttgaa 120
cttgatgttg tggtacttgg ctctcacctyg atagatgact atggaaatac atatcgaatg 180
attgaacaag atgactttga cattaacacc aggctacaca caattgtgag gggagaagat 240
gaggcagcca tggtggagtce agtaggectyg gecctagtga agetgecaga tgtcecttaat 300
cgectgaage ctgatatcat gattgttecat ggagacaggt ttgatgecect ggetctggece 360
acatctgetyg ccttgatgaa catccgaate cttcacattg aaggtgggga agtcagtggg 420
accattgatg actctatcag acatgccata acaaaactgg ctcattatca tgtgtgetge 480
acccgcagtyg cagagcagca cctgatatce atgtgtgagg accatgatceg catccttttg 540
gecaggctgee cttectatga caaacttcete tcagccaaga acaaagacta catgageatc 600
attcgcatgt ggctaggtga tgatgtaaaa tctaaagatt acattgttge actacagcac 660
cctgtgacca ctgacattaa geattccata aaaatgtttg aattaacatt ggatgcactt 720
atctcattta acaagcggac cctagteetg tttccaaata ttgacgcagg gagcaaagag 780
atggttcgag tgatgcggaa gaagggcatt gagcatcatc ccaacttteg tgcagttaaa 840
cacgtcccat ttgaccagtt tatacagttg gttgeccatg ctggetgtat gattgggaac 900
agcagctgtyg gggttegaga agttggaget tttggaacac ctgtgatcaa cctgggaaca 960

cgtcagattg gaagagaaac aggggagaat gttcttcatg tccgggatgce tgacacccaa 1020
gacaaaatat tgcaagcact gcaccttcag tttggtaaac agtacccttg ttcaaagata 1080

tatggggatg gaaatgctgt tccaaggatt ttgaagtttc tcaaatctat cgatcttcaa 1140
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gagccactgce aaaagaaatt ctgctttect cctgtgaagg agaatatctce tcaagatatt 1200
gaccatattc ttgaaactct aagtgccttg geccgttgatce ttggcgggac gaacctcecga 1260
gttgcaatag tcagcatgaa gggtgaaata gttaagaagt atactcagtt caatcctaaa 1320
acctatgaag agaggattaa tttaatccta cagatgtgtg tggaagctgc agcagaagct 1380
gtaaaactga actgcagaat tttgggagta ggcatttcca caggtggccg tgtaaatcct 1440
cgggaaggaa ttgtgctgca ttcaaccaaa ctgatccaag agtggaactc tgtggacctt 1500
aggacccccce tttctgacac tttgcatcte cctgtgtggg tagacaatga tggcaactgt 1560
gctgecctgyg cggaaaggaa atttggccaa ggaaagggac tggaaaactt tgttacactt 1620
atcacaggca caggaatcgg tggtggaatt atccatcagc atgaattgat ccacggaagc 1680
tcettetgtg ctgcagaact gggccacctt gttgtgtete tggatgggece tgattgttcece 1740
tgtggaagcce atgggtgcat tgaagcatac gcctctggaa tggccttgca gagggaggca 1800
aaaaagctcc atgatgagga cctgctettg gtggaaggga tgtcagtgcce aaaagatgag 1860
gctgtgggtyg cgctcecatct catccaaget gcgaaacttyg gcaatgcgaa ggcccagagce 1920
atcctaagaa cagctggaac agctttgggt cttggggttg tgaacatcct ccataccatg 1980
aatccctecee ttgtgatcct cteccggagte ctggccagtce actatatcca cattgtcaaa 2040
gacgtcattc gccagcaggce cttgtcecctecce gtgcaggacyg tggatgtggt ggtttcecggat 2100
ttggttgacc ccgcecctget gggtgctgce agcatggttce tggactacac aacacgcagg 2160
atctactag 2169
<210> SEQ ID NO 11

<211> LENGTH: 722

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Glu Lys Asn Gly Asn Asn Arg Lys Leu Arg Val Cys Val Ala Thr
1 5 10 15

Cys Asn Arg Ala Asp Tyr Ser Lys Leu Ala Pro Ile Met Phe Gly Ile
20 25 30

Lys Thr Glu Pro Glu Phe Phe Glu Leu Asp Val Val Val Leu Gly Ser
35 40 45

His Leu Ile Asp Asp Tyr Gly Asn Thr Tyr Arg Met Ile Glu Gln Asp
50 55 60

Asp Phe Asp Ile Asn Thr Arg Leu His Thr Ile Val Arg Gly Glu Asp

Glu Ala Ala Met Val Glu Ser Val Gly Leu Ala Leu Val Lys Leu Pro
85 90 95

Asp Val Leu Asn Arg Leu Lys Pro Asp Ile Met Ile Val His Gly Asp
100 105 110

Arg Phe Asp Ala Leu Ala Leu Ala Thr Ser Ala Ala Leu Met Asn Ile
115 120 125

Arg Ile Leu His Ile Glu Gly Gly Glu Val Ser Gly Thr Ile Asp Asp
130 135 140

Ser Ile Arg His Ala Ile Thr Lys Leu Ala His Tyr His Val Cys Cys
145 150 155 160

Thr Arg Ser Ala Glu Gln His Leu Ile Ser Met Cys Glu Asp His Asp
165 170 175
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Arg Ile Leu Leu Ala Gly Cys Pro Ser Tyr Asp Lys Leu Leu Ser Ala
180 185 190

Lys Asn Lys Asp Tyr Met Ser Ile Ile Arg Met Trp Leu Gly Asp Asp
195 200 205

Val Lys Ser Lys Asp Tyr Ile Val Ala Leu Gln His Pro Val Thr Thr
210 215 220

Asp Ile Lys His Ser Ile Lys Met Phe Glu Leu Thr Leu Asp Ala Leu
225 230 235 240

Ile Ser Phe Asn Lys Arg Thr Leu Val Leu Phe Pro Asn Ile Asp Ala
245 250 255

Gly Ser Lys Glu Met Val Arg Val Met Arg Lys Lys Gly Ile Glu His
260 265 270

His Pro Asn Phe Arg Ala Val Lys His Val Pro Phe Asp Gln Phe Ile
275 280 285

Gln Leu Val Ala His Ala Gly Cys Met Ile Gly Asn Ser Ser Cys Gly
290 295 300

Val Arg Glu Val Gly Ala Phe Gly Thr Pro Val Ile Asn Leu Gly Thr
305 310 315 320

Arg Gln Ile Gly Arg Glu Thr Gly Glu Asn Val Leu His Val Arg Asp
325 330 335

Ala Asp Thr Gln Asp Lys Ile Leu Gln Ala Leu His Leu Gln Phe Gly
340 345 350

Lys Gln Tyr Pro Cys Ser Lys Ile Tyr Gly Asp Gly Asn Ala Val Pro
355 360 365

Arg Ile Leu Lys Phe Leu Lys Ser Ile Asp Leu Gln Glu Pro Leu Gln
370 375 380

Lys Lys Phe Cys Phe Pro Pro Val Lys Glu Asn Ile Ser Gln Asp Ile
385 390 395 400

Asp His Ile Leu Glu Thr Leu Ser Ala Leu Ala Val Asp Leu Gly Gly
405 410 415

Thr Asn Leu Arg Val Ala Ile Val Ser Met Lys Gly Glu Ile Val Lys
420 425 430

Lys Tyr Thr Gln Phe Asn Pro Lys Thr Tyr Glu Glu Arg Ile Asn Leu
435 440 445

Ile Leu Gln Met Cys Val Glu Ala Ala Ala Glu Ala Val Lys Leu Asn
450 455 460

Cys Arg Ile Leu Gly Val Gly Ile Ser Thr Gly Gly Arg Val Asn Pro
465 470 475 480

Arg Glu Gly Ile Val Leu His Ser Thr Lys Leu Ile Gln Glu Trp Asn
485 490 495

Ser Val Asp Leu Arg Thr Pro Leu Ser Asp Thr Leu His Leu Pro Val
500 505 510

Trp Val Asp Asn Asp Gly Asn Cys Ala Ala Leu Ala Glu Arg Lys Phe
515 520 525

Gly Gln Gly Lys Gly Leu Glu Asn Phe Val Thr Leu Ile Thr Gly Thr
530 535 540

Gly Ile Gly Gly Gly Ile Ile His Gln His Glu Leu Ile His Gly Ser
545 550 555 560

Ser Phe Cys Ala Ala Glu Leu Gly His Leu Val Val Ser Leu Asp Gly
565 570 575
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Pro Asp Cys Ser Cys Gly Ser His Gly Cys Ile Glu Ala Tyr Ala Ser
580 585 590

Gly Met Ala Leu Gln Arg Glu Ala Lys Lys Leu His Asp Glu Asp Leu
595 600 605

Leu Leu Val Glu Gly Met Ser Val Pro Lys Asp Glu Ala Val Gly Ala
610 615 620

Leu His Leu Ile Gln Ala Ala Lys Leu Gly Asn Ala Lys Ala Gln Ser
625 630 635 640

Ile Leu Arg Thr Ala Gly Thr Ala Leu Gly Leu Gly Val Val Asn Ile
645 650 655

Leu His Thr Met Asn Pro Ser Leu Val Ile Leu Ser Gly Val Leu Ala
660 665 670

Ser His Tyr Ile His Ile Val Lys Asp Val Ile Arg Gln Gln Ala Leu
675 680 685

Ser Ser Val Gln Asp Val Asp Val Val Val Ser Asp Leu Val Asp Pro
690 695 700

Ala Leu Leu Gly Ala Ala Ser Met Val Leu Asp Tyr Thr Thr Arg Arg
705 710 715 720

Ile Tyr

<210> SEQ ID NO 12
<211> LENGTH: 2169
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

atggagaaga atggaaataa ccgaaagetg cgggtttgtg ttgetacttg taaccgtgca 60
gattattcta aacttgcccc gatcatgttt ggcattaaaa ccgaacctga gttctttgaa 120
cttgatgttg tggtacttgg ctctcacctyg atagatgact atggaaatac atatcgaatg 180
attgaacaag atgactttga cattaacacc aggctacaca caattgtgag gggagaagat 240
gaggcagcca tggtggagtce agtaggectyg gecctagtga agetgecaga tgtcecttaat 300
cgectgaage ctgatatcat gattgttecat ggagacaggt ttgatgecect ggetctggece 360
acatctgetyg ccttgatgaa catccgaate cttcacattg aaggtgggga agtcagtggg 420
accattgatg actctatcag acatgccata acaaaactgg ctcattatca tgtgtgetge 480
acccgcagtyg cagagcagca cctgatatce atgtgtgagg accatgatceg catccttttg 540
gecaggctgee cttectatga caaacttcete tcagccaaga acaaagacta catgageatc 600
attcgcatgt ggctaggtga tgatgtaaaa tctaaagatt acattgttge actacagcac 660
cctgtgacca ctgacattaa geattccata aaaatgtttg aattaacatt ggatgcactt 720
atctcattta acaagcggac cctagteetg tttccaaata ttgacgcagg gagcaaagag 780
atggttcgag tgatgcagaa gaagggcatt gagcatcatc ccaacttteg tgcagttaaa 840
cacgtcccat ttgaccagtt tatacagttg gttgeccatg ctggetgtat gattgggaac 900
agcagctgtyg gggttegaga agttggaget tttggaacac ctgtgatcaa cctgggaaca 960

cgtcagattg gaagagaaac aggggagaat gttcttcatg tccgggatgce tgacacccaa 1020
gacaaaatat tgcaagcact gcaccttcag tttggtaaac agtacccttg ttcaaagata 1080
tatggggatg gaaatgctgt tccaaggatt ttgaagtttc tcaaatctat cgatcttcaa 1140

gagccactgce aaaagaaatt ctgctttect cctgtgaagg agaatatctce tcaagatatt 1200
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gaccatattc ttgaaactct aagtgccttg geccgttgatce ttggcgggac gaacctcecga 1260
gttgcaatag tcagcatgaa gggtgaaata gttaagaagt atactcagtt caatcctaaa 1320
acctatgaag agaggattaa tttaatccta cagatgtgtg tggaagctgc agcagaagct 1380
gtaaaactga actgcagaat tttgggagta ggcatttcca caggtggccg tgtaaatcct 1440
cgggaaggaa ttgtgctgca ttcaaccaaa ctgatccaag agtggaactc tgtggacctt 1500
aggacccccce tttctgacac tttgcatcte cctgtgtggg tagacaatga tggcaactgt 1560
gctgecctgyg cggaaaggaa atttggccaa ggaaagggac tggaaaactt tgttacactt 1620
atcacaggca caggaatcgg tggtggaatt atccatcagc atgaattgat ccacggaagc 1680
tcettetgtg ctgcagaact gggccacctt gttgtgtete tggatgggece tgattgttcece 1740
tgtggaagcce atgggtgcat tgaagcatac gcctctggaa tggccttgca gagggaggca 1800
aaaaagctcc atgatgagga cctgctettg gtggaaggga tgtcagtgcce aaaagatgag 1860
gctgtgggtyg cgctcecatct catccaaget gcgaaacttyg gcaatgcgaa ggcccagagce 1920
atcctaagaa cagctggaac agctttgggt cttggggttg tgaacatcct ccataccatg 1980
aatccctecee ttgtgatcct cteccggagte ctggccagtce actatatcca cattgtcaaa 2040
gacgtcattc gccagcaggce cttgtcecctecce gtgcaggacyg tggatgtggt ggtttcecggat 2100
ttggttgacc ccgcecctget gggtgctgce agcatggttce tggactacac aacacgcagg 2160
atctactag 2169
<210> SEQ ID NO 13

<211> LENGTH: 663

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Ile Glu Gln Asp Asp Phe Asp Ile Asn Thr Arg Leu His Thr Ile
1 5 10 15

Val Arg Gly Glu Asp Glu Ala Ala Met Val Glu Ser Val Gly Leu Ala
20 25 30

Leu Val Lys Leu Pro Asp Val Leu Asn Arg Leu Lys Pro Asp Ile Met
35 40 45

Ile Val His Gly Asp Arg Phe Asp Ala Leu Ala Leu Ala Thr Ser Ala
50 55 60

Ala Leu Met Asn Ile Arg Ile Leu His Ile Glu Gly Gly Glu Val Ser
65 70 75 80

Gly Thr Ile Asp Asp Ser Ile Arg His Ala Ile Thr Lys Leu Ala His
85 90 95

Tyr His Val Cys Cys Thr Arg Ser Ala Glu Gln His Leu Ile Ser Met
100 105 110

Cys Glu Asp His Asp Arg Ile Leu Leu Ala Gly Cys Pro Ser Tyr Asp
115 120 125

Lys Leu Leu Ser Ala Lys Asn Lys Asp Tyr Met Ser Ile Ile Arg Met
130 135 140

Trp Leu Gly Asp Asp Val Lys Ser Lys Asp Tyr Ile Val Ala Leu Gln
145 150 155 160

His Pro Val Thr Thr Asp Ile Lys His Ser Ile Lys Met Phe Glu Leu
165 170 175
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Thr Leu Asp Ala Leu Ile Ser Phe Asn Lys Arg Thr Leu Val Leu Phe
180 185 190

Pro Asn Ile Asp Ala Gly Ser Lys Glu Met Val Arg Val Met Gln Lys
195 200 205

Lys Gly Ile Glu His His Pro Asn Phe Arg Ala Val Lys His Val Pro
210 215 220

Phe Asp Gln Phe Ile Gln Leu Val Ala His Ala Gly Cys Met Ile Gly
225 230 235 240

Asn Ser Ser Cys Gly Val Arg Glu Val Gly Ala Phe Gly Thr Pro Val
245 250 255

Ile Asn Leu Gly Thr Arg Gln Ile Gly Arg Glu Thr Gly Glu Asn Val
260 265 270

Leu His Val Arg Asp Ala Asp Thr Gln Asp Lys Ile Leu Gln Ala Leu
275 280 285

His Leu Gln Phe Gly Lys Gln Tyr Pro Cys Ser Lys Ile Tyr Gly Asp
290 295 300

Gly Asn Ala Val Pro Arg Ile Leu Lys Phe Leu Lys Ser Ile Asp Leu
305 310 315 320

Gln Glu Pro Leu Gln Lys Lys Phe Cys Phe Pro Pro Val Lys Glu Asn
325 330 335

Ile Ser Gln Asp Ile Asp His Ile Leu Glu Thr Leu Ser Ala Leu Ala
340 345 350

Val Asp Leu Gly Gly Thr Asn Leu Arg Val Ala Ile Val Ser Met Lys
355 360 365

Gly Glu Ile Val Lys Lys Tyr Thr Gln Phe Asn Pro Lys Thr Tyr Glu
370 375 380

Glu Arg Ile Asn Leu Ile Leu Gln Met Cys Val Glu Ala Ala Ala Glu
385 390 395 400

Ala Val Lys Leu Asn Cys Arg Ile Leu Gly Val Gly Ile Ser Thr Gly
405 410 415

Gly Arg Val Asn Pro Arg Glu Gly Ile Val Leu His Ser Thr Lys Leu
420 425 430

Ile Gln Glu Trp Asn Ser Val Asp Leu Arg Thr Pro Leu Ser Asp Thr
435 440 445

Leu His Leu Pro Val Trp Val Asp Asn Asp Gly Asn Cys Ala Ala Leu
450 455 460

Ala Glu Arg Lys Phe Gly Gln Gly Lys Gly Leu Glu Asn Phe Val Thr
465 470 475 480

Leu Ile Thr Gly Thr Gly Ile Gly Gly Gly Ile Ile His Gln His Glu
485 490 495

Leu Ile His Gly Ser Ser Phe Cys Ala Ala Glu Leu Gly His Leu Val
500 505 510

Val Ser Leu Asp Gly Pro Asp Cys Ser Cys Gly Ser His Gly Cys Ile
515 520 525

Glu Ala Tyr Ala Ser Gly Met Ala Leu Gln Arg Glu Ala Lys Lys Leu
530 535 540

His Asp Glu Asp Leu Leu Leu Val Glu Gly Met Ser Val Pro Lys Asp
545 550 555 560

Glu Ala Val Gly Ala Leu His Leu Ile Gln Ala Ala Lys Leu Gly Asn
565 570 575

Ala Lys Ala Gln Ser Ile Leu Arg Thr Ala Gly Thr Ala Leu Gly Leu
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580 585 590

Gly Val Val Asn Ile Leu His Thr Met Asn Pro Ser Leu Val Ile Leu
595 600 605

Ser Gly Val Leu Ala Ser His Tyr Ile His Ile Val Lys Asp Val Ile
610 615 620

Arg Gln Gln Ala Leu Ser Ser Val Gln Asp Val Asp Val Val Val Ser
625 630 635 640

Asp Leu Val Asp Pro Ala Leu Leu Gly Ala Ala Ser Met Val Leu Asp
645 650 655

Tyr Thr Thr Arg Arg Ile Tyr
660

<210> SEQ ID NO 14

<211> LENGTH: 2169

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

atggagaaga atggaaataa ccgaaagetg cgggtttgtg ttgetacttg taaccgtgca 60
gattattcta aacttgcccc gatcatgttt ggcattaaaa ccgaacctga gttctttgaa 120
cttgatgttg tggtacttgg ctctcacctyg atagatgact atggaaatac atatcgaatg 180
attgaacaag atgactttga cattaacacc aggctacaca caattgtgag gggagaagat 240
gaggcagcca tggtggagtce agtaggectyg gecctagtga agetgecaga tgtcecttaat 300
cgectgaage ctgatatcat gattgttecat ggagacaggt ttgatgecect ggetctggece 360
acatctgetyg ccttgatgaa catccgaate cttcacattg aaggtgggga agtcagtggg 420
accattgatg actctatcag acatgccata acaaaactgg ctcattatca tgtgtgetge 480
acccgcagtyg cagagcagca cctgatatce atgtgtgagg accatgatceg catccttttg 540
gecaggctgee cttectatga caaacttcete tcagccaaga acaaagacta catgageatc 600
attcgcatgt ggctaggtga tgatgtaaaa tctaaagatt acattgttge actacagcac 660
cctgtgacca ctgacattaa geattccata aaaatgtttg aattaacatt ggatgcactt 720
atctcattta acaagcggac cctagteetg tttccaaata ttgacgcagg gagcaaagag 780
atggttcgag tgatgcggaa gaagggcatt gagcatcatc ccaacttteg tgcagttaaa 840
cacgtcccat ttgaccagtt tatacagttg gttgeccatg ctggetgtat gattgggaac 900
agcagctgtyg gggttegaga agttggaget tttggaacac ctgtgatcaa cctgggaaca 960

cgtcagattg gaagagaaac aggggagaat gttcttcatg tccgggatgce tgacacccaa 1020

gacaaaatat tgcaagcact gcaccttcag tttggtaaac agtacccttg ttcaaagata 1080

tatggggatg gaaatgctgt tccaaggatt ttgaagtttc tcaaatctat cgatcttcaa 1140

gagccactgce aaaagaaatt ctgctttect cctgtgaagg agaatatctce tcaagatatt 1200

gaccatattc ttgaaactct aagtgccttg geccgttgatce ttggcgggac gaacctcecga 1260

gttgcaatag tcagcatgaa gggtgaaata gttaagaagt atactcagtt caatcctaaa 1320

acctatgaag agaggattaa tttaatccta cagatgtgtg tggaagctgc agcagaagct 1380

gtaaaactga actgcagaat tttgggagta ggcatttcca caggtggccg tgtaaatcct 1440

cgggaaggaa ttgtgctgca ttcaaccaaa ctgatccaag agtggaactc tgtggacctt 1500

aggacccccce tttctgacac tttgcatcte cctgtgtggg tagacaatga tggcaactgt 1560
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gctgecctgyg cggaaaggaa atttggccaa ggaaagggac tggaaaactt tgttacactt 1620
atcacaggca caggaatcgg tggtggaatt atccatcagc atgaattgat ccacggaagc 1680
tcettetgtg ctgcagaact gggccacctt gttgtgtete tggatgggece tgattgttcece 1740
tgtggaagcce atgggtgcat tgaagcatac gcctctggaa tggccttgca gagggaggca 1800
aaaaagctcc atgatgagga cctgctettg gtggaaggga tgtcagtgcce aaaagatgag 1860
gctgtgggtyg cgctcecatct catccaaget gcgaaacttyg gcaatgcgaa ggcccagagce 1920
atcctaagaa cagctggaac agctttgggt cttggggttg tgaacatcct ccataccatg 1980
aatccctecee ttgtgatcct cteccggagte ctggccagtce actatatcca cattgtcaaa 2040
gacgtcattc gccagcaggce cttgtcecctecce gtgcaggacyg tggatgtggt ggtttcecggat 2100
ttggttgacc ccgcectget gggtgctgce agcacggttce tggactacac aacacgcagg 2160
atctactag 2169
<210> SEQ ID NO 15

<211> LENGTH: 722

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Met Glu Lys Asn Gly Asn Asn Arg Lys Leu Arg Val Cys Val Ala Thr
1 5 10 15

Cys Asn Arg Ala Asp Tyr Ser Lys Leu Ala Pro Ile Met Phe Gly Ile
20 25 30

Lys Thr Glu Pro Glu Phe Phe Glu Leu Asp Val Val Val Leu Gly Ser
35 40 45

His Leu Ile Asp Asp Tyr Gly Asn Thr Tyr Arg Met Ile Glu Gln Asp
50 55 60

Asp Phe Asp Ile Asn Thr Arg Leu His Thr Ile Val Arg Gly Glu Asp
Glu Ala Ala Met Val Glu Ser Val Gly Leu Ala Leu Val Lys Leu Pro
85 90 95

Asp Val Leu Asn Arg Leu Lys Pro Asp Ile Met Ile Val His Gly Asp
100 105 110

Arg Phe Asp Ala Leu Ala Leu Ala Thr Ser Ala Ala Leu Met Asn Ile
115 120 125

Arg Ile Leu His Ile Glu Gly Gly Glu Val Ser Gly Thr Ile Asp Asp
130 135 140

Ser Ile Arg His Ala Ile Thr Lys Leu Ala His Tyr His Val Cys Cys
145 150 155 160

Thr Arg Ser Ala Glu Gln His Leu Ile Ser Met Cys Glu Asp His Asp
165 170 175

Arg Ile Leu Leu Ala Gly Cys Pro Ser Tyr Asp Lys Leu Leu Ser Ala
180 185 190

Lys Asn Lys Asp Tyr Met Ser Ile Ile Arg Met Trp Leu Gly Asp Asp
195 200 205

Val Lys Ser Lys Asp Tyr Ile Val Ala Leu Gln His Pro Val Thr Thr
210 215 220

Asp Ile Lys His Ser Ile Lys Met Phe Glu Leu Thr Leu Asp Ala Leu
225 230 235 240
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Ile Ser Phe Asn Lys Arg Thr Leu Val Leu Phe Pro Asn Ile Asp Ala
245 250 255

Gly Ser Lys Glu Met Val Arg Val Met Arg Lys Lys Gly Ile Glu His
260 265 270

His Pro Asn Phe Arg Ala Val Lys His Val Pro Phe Asp Gln Phe Ile
275 280 285

Gln Leu Val Ala His Ala Gly Cys Met Ile Gly Asn Ser Ser Cys Gly
290 295 300

Val Arg Glu Val Gly Ala Phe Gly Thr Pro Val Ile Asn Leu Gly Thr
305 310 315 320

Arg Gln Ile Gly Arg Glu Thr Gly Glu Asn Val Leu His Val Arg Asp
325 330 335

Ala Asp Thr Gln Asp Lys Ile Leu Gln Ala Leu His Leu Gln Phe Gly
340 345 350

Lys Gln Tyr Pro Cys Ser Lys Ile Tyr Gly Asp Gly Asn Ala Val Pro
355 360 365

Arg Ile Leu Lys Phe Leu Lys Ser Ile Asp Leu Gln Glu Pro Leu Gln
370 375 380

Lys Lys Phe Cys Phe Pro Pro Val Lys Glu Asn Ile Ser Gln Asp Ile
385 390 395 400

Asp His Ile Leu Glu Thr Leu Ser Ala Leu Ala Val Asp Leu Gly Gly
405 410 415

Thr Asn Leu Arg Val Ala Ile Val Ser Met Lys Gly Glu Ile Val Lys
420 425 430

Lys Tyr Thr Gln Phe Asn Pro Lys Thr Tyr Glu Glu Arg Ile Asn Leu
435 440 445

Ile Leu Gln Met Cys Val Glu Ala Ala Ala Glu Ala Val Lys Leu Asn
450 455 460

Cys Arg Ile Leu Gly Val Gly Ile Ser Thr Gly Gly Arg Val Asn Pro
465 470 475 480

Arg Glu Gly Ile Val Leu His Ser Thr Lys Leu Ile Gln Glu Trp Asn
485 490 495

Ser Val Asp Leu Arg Thr Pro Leu Ser Asp Thr Leu His Leu Pro Val
500 505 510

Trp Val Asp Asn Asp Gly Asn Cys Ala Ala Leu Ala Glu Arg Lys Phe
515 520 525

Gly Gln Gly Lys Gly Leu Glu Asn Phe Val Thr Leu Ile Thr Gly Thr
530 535 540

Gly Ile Gly Gly Gly Ile Ile His Gln His Glu Leu Ile His Gly Ser
545 550 555 560

Ser Phe Cys Ala Ala Glu Leu Gly His Leu Val Val Ser Leu Asp Gly
565 570 575

Pro Asp Cys Ser Cys Gly Ser His Gly Cys Ile Glu Ala Tyr Ala Ser
580 585 590

Gly Met Ala Leu Gln Arg Glu Ala Lys Lys Leu His Asp Glu Asp Leu
595 600 605

Leu Leu Val Glu Gly Met Ser Val Pro Lys Asp Glu Ala Val Gly Ala
610 615 620

Leu His Leu Ile Gln Ala Ala Lys Leu Gly Asn Ala Lys Ala Gln Ser
625 630 635 640

Ile Leu Arg Thr Ala Gly Thr Ala Leu Gly Leu Gly Val Val Asn Ile
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645 650 655

Leu His Thr Met Asn Pro Ser Leu Val Ile Leu Ser Gly Val Leu Ala
660 665 670

Ser His Tyr Ile His Ile Val Lys Asp Val Ile Arg Gln Gln Ala Leu
675 680 685

Ser Ser Val Gln Asp Val Asp Val Val Val Ser Asp Leu Val Asp Pro
690 695 700

Ala Leu Leu Gly Ala Ala Ser Thr Val Leu Asp Tyr Thr Thr Arg Arg
705 710 715 720

Ile Tyr

<210> SEQ ID NO 16

<211> LENGTH: 716

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Asn Arg Lys Leu Arg Val Cys Val Ala Thr Cys Asn Arg Ala Asp Tyr
1 5 10 15

Ser Lys Leu Ala Pro Ile Met Phe Gly Ile Lys Thr Glu Pro Glu Phe
20 25 30

Phe Glu Leu Asp Val Val Val Leu Gly Ser His Leu Ile Asp Asp Tyr
35 40 45

Gly Asn Thr Tyr Arg Met Ile Glu Gln Asp Asp Phe Asp Ile Asn Thr
50 55 60

Arg Leu His Thr Ile Val Arg Gly Glu Asp Glu Ala Ala Met Val Glu
65 70 75 80

Ser Val Gly Leu Ala Leu Val Lys Leu Pro Asp Val Leu Asn Arg Leu
85 90 95

Lys Pro Asp Ile Met Ile Val His Gly Asp Arg Phe Asp Ala Leu Ala
100 105 110

Leu Ala Thr Ser Ala Ala Leu Met Asn Ile Arg Ile Leu His Ile Glu
115 120 125

Gly Gly Glu Val Ser Gly Thr Ile Asp Asp Ser Ile Arg His Ala Ile
130 135 140

Thr Lys Leu Ala His Tyr His Val Cys Cys Thr Arg Ser Ala Glu Gln
145 150 155 160

His Leu Ile Ser Met Cys Glu Asp His Asp Arg Ile Leu Leu Ala Gly
165 170 175

Cys Pro Ser Tyr Asp Lys Leu Leu Ser Ala Lys Asn Lys Asp Tyr Met
180 185 190

Ser Ile Ile Arg Met Trp Leu Gly Asp Asp Val Lys Ser Lys Asp Tyr
195 200 205

Ile Val Ala Leu Gln His Pro Val Thr Thr Asp Ile Lys His Ser Ile
210 215 220

Lys Met Phe Glu Leu Thr Leu Asp Ala Leu Ile Ser Phe Asn Lys Arg
225 230 235 240

Thr Leu Val Leu Phe Pro Asn Ile Asp Ala Gly Ser Lys Glu Met Val
245 250 255

Arg Val Met Arg Lys Lys Gly Ile Glu His His Pro Asn Phe Arg Ala
260 265 270

Val Lys His Val Pro Phe Asp Gln Phe Ile Gln Leu Val Ala His Ala
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275 280 285

Gly Cys Met Ile Gly Asn Ser Ser Cys Gly Val Arg Glu Val Gly Ala
290 295 300

Phe Gly Thr Pro Val Ile Asn Leu Gly Thr Arg Gln Ile Gly Arg Glu
305 310 315 320

Thr Gly Glu Asn Val Leu His Val Arg Asp Ala Asp Thr Gln Asp Lys
325 330 335

Ile Leu Gln Ala Leu His Leu Gln Phe Gly Lys Gln Tyr Pro Cys Ser
340 345 350

Lys Ile Tyr Gly Asp Gly Asn Ala Val Pro Arg Ile Leu Lys Phe Leu
355 360 365

Lys Ser Ile Asp Leu Gln Glu Pro Leu Gln Lys Lys Phe Cys Phe Pro
370 375 380

Pro Val Lys Glu Asn Ile Ser Gln Asp Ile Asp His Ile Leu Glu Thr
385 390 395 400

Leu Ser Ala Leu Ala Val Asp Leu Gly Gly Thr Asn Leu Arg Val Ala
405 410 415

Ile Val Ser Met Lys Gly Glu Ile Val Lys Lys Tyr Thr Gln Phe Asn
420 425 430

Pro Lys Thr Tyr Glu Glu Arg Ile Asn Leu Ile Leu Gln Met Cys Val
435 440 445

Glu Ala Ala Ala Glu Ala Val Lys Leu Asn Cys Arg Ile Leu Gly Val
450 455 460

Gly Ile Ser Thr Gly Gly Arg Val Asn Pro Arg Glu Gly Ile Val Leu
465 470 475 480

His Ser Thr Lys Leu Ile Gln Glu Trp Asn Ser Val Asp Leu Arg Thr
485 490 495

Pro Leu Ser Asp Thr Leu His Leu Pro Val Trp Val Asp Asn Asp Gly
500 505 510

Asn Cys Ala Ala Leu Ala Glu Arg Lys Phe Gly Gln Gly Lys Gly Leu
515 520 525

Glu Asn Phe Val Thr Leu Ile Thr Gly Thr Gly Ile Gly Gly Gly Ile
530 535 540

Ile His Gln His Glu Leu Ile His Gly Ser Ser Phe Cys Ala Ala Glu
545 550 555 560

Leu Gly His Leu Val Val Ser Leu Asp Gly Pro Asp Cys Ser Cys Gly
565 570 575

Ser His Gly Cys Ile Glu Ala Tyr Ala Ser Gly Met Ala Leu Gln Arg
580 585 590

Glu Ala Lys Lys Leu His Asp Glu Asp Leu Leu Leu Val Glu Gly Met
595 600 605

Ser Val Pro Lys Asp Glu Ala Val Gly Ala Leu His Leu Ile Gln Ala
610 615 620

Ala Lys Leu Gly Asn Ala Lys Ala Gln Ser Ile Leu Arg Thr Ala Gly
625 630 635 640

Thr Ala Leu Gly Leu Gly Val Val Asn Ile Leu His Thr Met Asn Pro
645 650 655

Ser Leu Val Ile Leu Ser Gly Val Leu Ala Ser His Tyr Ile His Ile
660 665 670

Val Lys Asp Val Ile Arg Gln Gln Ala Leu Ser Ser Val Gln Asp Val
675 680 685
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Asp Val Val Val Ser Asp Leu Val Asp Pro Ala Leu Leu Gly Ala Ala

690 695 700

Ser Met Val Leu Asp Tyr Thr Thr Arg Arg Ile Tyr
705 710 715

What is claimed is:

1. A method for modulating the production of sialic acid in
a system, which comprises providing the system with a wild-
type GNE-encoding nucleic acid sequence.

2. The method of claim 1, wherein the wild-type GNE-
encoding nucleic acid sequence comprises a promoter oper-
ably connected to the wild-type GNE-encoding nucleic acid
sequence.

3. The method of claim 2, wherein the promoter is the
CMYV promoter.

4. The method of claim 2, wherein the wild-type GNE-
encoding nucleic acid sequence is injected into the system,
wherein the system comprises muscle tissue of a mammal.

5. The method of claim 2, wherein the wild-type GNE-
encoding nucleic acid sequence is disposed within or is con-
nected to a lipid nanoparticle.

6. The method of claim 5, wherein the wild-type GNE-
encoding nucleic acid sequence consists of SEQ ID NO: 9.

7. The method of claim 5, wherein the lipid nanoparticle
comprises one or more agents capable of recognizing and
binding to a muscle cell or a component thereof.

8. A method for producing wild-type GNE in a system,
wherein the system comprises a mutated endogenous GNE-
encoding sequence, which comprises providing the system
with a wild-type GNE-encoding nucleic acid sequence.

9. The method of claim 8, wherein the wild-type GNE-
encoding nucleic acid sequence comprises a promoter oper-
ably connected to the wild-type GNE-encoding nucleic acid
sequence.

10. The method of claim 9, wherein the promoter is the
CMYV promoter.

11. The method of claim 9, wherein the wild-type GNE-
encoding nucleic acid sequence is injected into the system,
wherein the system comprises muscle tissue of a mammal.

12. The method of claim 9, wherein the wild-type GNE-
encoding nucleic acid sequence is disposed within or is con-
nected to a lipid nanoparticle.

13. The method of claim 12, wherein the wild-type GNE-
encoding nucleic acid sequence consists of SEQ ID NO: 9.

14. The method of claim 12, wherein the lipid nanoparticle
comprises one or more agents capable of recognizing and
binding to a muscle cell or a component thereof.

15. A method for treating, preventing, or ameliorating the
effects of Hereditary Inclusion Body Myopathy, which com-
prises providing a patient with a wild-type GNE-encoding
nucleic acid sequence.

16. The method of claim 15, wherein the wild-type GNE-
encoding nucleic acid sequence comprises a promoter oper-
ably connected to the wild-type GNE-encoding nucleic acid
sequence.

17. The method of claim 16, wherein the promoter is the
CMYV promoter.

18. The method of claim 16, wherein the wild-type GNE-
encoding nucleic acid sequence is injected into muscle tissue
of the patient.

19. The method of claim 16, wherein the wild-type GNE-
encoding nucleic acid sequence is disposed within or is con-
nected to a lipid nanoparticle.

20. The method of claim 19, wherein the wild-type GNE-
encoding nucleic acid sequence consists of SEQ ID NO: 9.

21. The method of claim 19, wherein the lipid nanoparticle
comprises one or more agents capable of recognizing and
binding to a muscle cell or a component thereof.

22. The method of claim 21, wherein the lipid nanoparticle
is administered to the patient intravenously.

23. A composition for expressing wild-type GNE in a sys-
tem, which comprises a wild-type GNE-encoding nucleic
acid sequence disposed within or connected to a lipid nano-
particle.

24. The composition of claim 22, wherein the lipid nano-
particle comprises one or more agents capable of recognizing
and binding to a muscle cell or a component thereof.

25. The composition of claim 22, wherein the wild-type
GNE-encoding nucleic acid sequence consists of SEQ ID
NO: 9.



