(19 DANMARK (100 DK/EP 3510049 T5
(12)  Rettet overseettelse af
europaeisk patentskrift
Patent- og
Varemeerkestyrelsen
(61) Int.Cl. C 07 K 16/44 (2006.01)
(45) Overseettelsen bekendtgjort den: 2024-09-02
(80) Dato for Den Europaciske Patentmyndigheds
bekendtgerelse om meddelelse af patentet: 2023-11-08
(86) Europaeisk ansggning nr.: 17768082.4
(86) Europaeisk indleveringsdag: 2017-09-12
(87) Den europeeiske ansggnings publiceringsdag: 2019-07-17
(86) International ansggning nr.: EP2017072945
(87) Internationalt publikationsnr.: WO2018046775
(30) Prioritet: 2016-09-12 EP 16306149
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR
(73) Patenthaver: Genethon, 1 bis rue de, I'lnternationale, 91000 Evry, Frankrig
Sorbonne Universite, 21 rue de L'Ecole de Médecine, 75006 Paris, Frankrig
INSERM - Institut National de la Santé et de la Recherche Médicale, 101, rue de Tolbiac, 75013 Paris, Frankrig
Centre National de la Recherche Scientifique, 3 rue Michel Ange, 75016 Paris, Frankrig
Association Institut de Myologie, Batiment Babinski , 47, Boulevard de I'Hopital, 75013 Paris, Frankrig
(72) Opfinder: MINGOZZI, Federico, 104 rue Oberkampf, 75011 Paris, Frankrig
RONZITTI, Giuseppe, 4, Rue du Canada, 77300 Fontainebleau, Frankrig
COLELLA, Pasqualina, Via Mario de Rosa 132, 80048 S. Anastasia NA, Italien
PUZZO, Francesco, 1103B Laurel street, Menlo Park 94025, California, USA
(74) Fuldmaegtig i Danmark: RWS Group, Europa House, Chiltern Park, Chiltern Hill, Chalfont St Peter, Bucks SL9
9FG, Storbritannien
(54) Benaevnelse: VARIANTER AF SUR ALFA-GLUCOSIDASE OG ANVENDELSER DERAF
(56) Fremdragne publikationer:

WO-A1-2012/085622

WO-A1-2015/192092

WO-A1-2016/065319

WO-A2-2013/013017

US-A1- 2005 281 805

US-A1-2013 316 366

JEFF ZHIQIANG LU ET AL: "Genetic Engineering of a Bifunctional IgG Fusion Protein with Iduronate-2-
Sulfatase"”, BIOCONJUGATE CHEMISTRY,, vol. 21, no. 1, 20 January 2010 (2010-01-20), pages 151-156,
XP002692096, ISSN: 1043-1802, DOI: 10.1021/BC900382Q [retrieved on 2009-12-14]

JEFF ZHIQIANG LU ET AL: "Genetic Engineering of a Bifunctional IgG Fusion Protein with Iduronate-2-
Sulfatase"”, BIOCONJUGATE CHEMISTRY,, vol. 21, no. 1, 20 January 2010 (2010-01-20), pages 151 - 156,

Fortsaettes ...



DK/EP 3510049 T5

XP002692096, ISSN: 1043-1802, [retrieved on 20091214], DOI: 10.1021/BC900382Q



DK/EP 3510049 T5

DESCRIPTION

[0001] The present invention relates to variants of acid-alpha glucosidase (GAA) and uses
thereof. Said variants are linked to heterogenous signal peptides.

[0002] Pompe disease, also known as glycogen storage disease (GSD) type Il and acid
maltase deficiency, is an autosomal recessive metabolic myopathy caused by a deficiency of
the lysosomal enzyme acid alpha-glucosidase (GAA). GAA is an exo-1,4 and 1,6-a-glucosidase
that hydrolyzes glycogen to glucose in the lysosome. Deficiency of GAA leads to glycogen
accumulation in lysosomes and causes progressive damage to respiratory, cardiac, and
skeletal muscle. The disease ranges from a rapidly progressive infantile course that is usually
fatal by 1-2 years of age to a more slowly progressive and heterogeneous course that causes
significant morbidity and early mortality in children and adults. Hirschhorn RR, The Metabolic
and Molecular Bases of Inherited Disease, 3: 3389-3420 (2001, McGraw-Hill); Van der Ploeg
and Reuser, Lancet 372: 1342-1351 (2008).

[0003] Current human therapy for treating Pompe disease involves administration of
recombinant human GAA, otherwise termed enzyme-replacement therapy (ERT). ERT has
demonstrated efficacy for severe, infantile GSD |I. However the benefit of enzyme therapy is
limited by the need for frequent infusions and the development of inhibitor antibodies against
recombinant hGAA (Amalfitano, A., et al. (2001) Genet. In Med. 3:132-138). Furthermore, ERT
does not correct efficiently the entire body, probably because of a combination of poor
biodistribution of the protein following peripheral vein delivery, lack of uptake from several
tissues, and high immunogenicity.

[0004] As an alternative or adjunct to ERT, the feasibility of gene therapy approaches to treat
GSD-Il have been investigated (Amalfitano, A., et al. (1999) Proc. Natl. Acad. Sci. USA
96:8861-8866, Ding, E., et al. (2002) Mol. Ther. 5:436-446, Fraites, T. J., et al. (2002) Mol.
Ther. 5:571-578, Tsujino, S., et al. (1998) Hum. Gene Ther. 9:1609-1616). However, muscle-
directed gene transfer to correct the genetic defect has to face the limitation of the systemic
nature of the disease and the fact that muscle expression of a transgene tends to be more
immunogenic compared with other tissues.

[0005] Doerfler et al., 2016 describe the combined administration of two constructs encoding a
human codon-optimized GAA, one under the control of a liver specific promoter and the other
one under the control of a muscle-specific promoter. Liver-specific promoter driven expression

of GAA is employed to promote immune tolerance to GAA in a Gaa” mouse model, while

muscle-specific promoter driven expression of GAA provides expression of the therapeutic
protein in part of the tissues targeted for therapy. However, this strategy is not entirely
satisfactory in that it requires the use of multiple constructs and it does not result in body wide
expression of GAA.

[0006] Modified GAA proteins have been proposed in the past to improve lysosomal storage
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disease treatment. In particular, application W0O2004064750 and Sun et al. 2006, disclose a
chimeric GAA polypeptide comprising a signal peptide operably linked to GAA as a way to
enhance targeting of the protein to the secretory pathway.

[0007] However, therapies available to the patient are not entirely satisfactory and improved
GAA polypeptides and GAA production is still a need in the art. In particular, a need still exists
of a long term efficacy of the treatment with GAA, of high level GAA production, of improved
immunological tolerance to the produced GAA polypeptide, and of improved uptake of GAA by
the cells and tissues in need thereof. In addition, in W0O2004064750 and Sun et al., 2006,
tissue distribution of the chimeric GAA polypeptide disclosed therein is not entirely satisfactory.
Therefore, a need still exists for a GAA polypeptide that would be fully therapeutic, by allowing
a correction of glycogen accumulation in most if not all tissues of interest.

SUMMARY OF THE INVENTION

[0008] The present invention relates to GAA variants that are expressed and secreted at
higher levels compared to the wild type GAA protein and that elicit improved correction of the
pathological accumulation of glycogen body-wide and results in the induction of immunological
tolerance to GAA.

[0009] According to one aspect, the invention provides a nucleic acid molecule encoding a
functional chimeric GAA polypeptide, comprising a signal peptide moiety and a functional GAA
moiety. In the encoded chimeric GAA polypeptide, the endogenous (or natural) signal peptide
of a GAA polypeptide is replaced with the signal peptide of another protein. The nucleic acid
molecule therefore encodes a chimeric GAA polypeptide comprising a signal peptide from
another protein than a GAA, operably linked to a GAA polypeptide. The encoded chimeric
polypeptide is a functional GAA protein wherein the amino acid sequence corresponding to the
natural signal peptide of GAA (such as that corresponding to nucleotides 1 to 81 of SEQ ID
NO: 1 which is a wild-type nucleic acid encoding human GAA) is replaced by the amino acid
sequence of a different protein. In a preferred embodiment, the encoded signal peptide has an
amino acid sequence selected in the group consisting of SEQ ID NO:2 to 4. In a particular
embodiment, the GAA moiety is a N-terminally truncated form of a parent GAA polypeptide.

[0010] In a particular embodiment, the GAA moiety has 1 to 75 consecutive amino acids
deleted at its N-terminal end as compared to a parent GAA polypeptide, wherein the parent
polypeptide corresponds to a precursor form of a GAA polypeptide devoid of its signal peptide.
In a particular embodiment, said truncated GAA polypeptide has at least 2, in particular at least
2, in particular at least 3, in particular at least 4, in particular at least 5, in particular at least 6,
in particular at least 7, in particular at least 8 consecutive amino acids deleted at its N-terminal
end as compared to the parent GAA polypeptide. In another embodiment, said truncated GAA
polypeptide has at most 75, in particular at most 70, in particular at most 60, in particular at
most 55, in particular at most 50, in particular at most 47, in particular at most 46, in particular
at most 45, in particular at most 44, in particular at most 43 consecutive amino acids deleted at
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its N-terminal end as compared to the parent GAA polypeptide. In a further particular
embodiment, said truncated GAA polypeptide has at most 47, in particular at most 46, in
particular at most 45, in particular at most 44, in particular at most 43 consecutive amino acids
deleted at its N-terminal end as compared to the parent GAA polypeptide. In another particular
embodiment, said truncated GAA polypeptide has 1 to 75, in particular 1 to 47, in particular 1
to 46, in particular 1 to 45, in particular 1 to 44, in particular 1 to 43 consecutive amino acids
deleted at its N-terminal end as compared to the parent GAA polypeptide. In another
embodiment, said truncated GAA polypeptide has 2 to 43, in particular 3 to 43, in particular 4
to 43, in particular 5 to 43, in particular 6 to 43, in particular 7 to 43, in particular 8 to 43
consecutive amino acids deleted at its N-terminal end as compared to the parent GAA
polypeptide. In a more particular embodiment, said truncated GAA polypeptide has 6, 7, 8, 9,
10, 27, 28, 29, 30, 31, 40, 41, 42, 43, 44, 45, 46 or 47 consecutive amino acids deleted at its
N-terminal end as compared to a parent GAA polypeptide, in particular 7, 8, 9, 28, 29, 30, 41,
42, 43 or 44, more particularly 8, 29, 42 or 43 consecutive amino acids truncated at its N-
terminal end as compared to a parent GAA polypeptide. An illustrative parent GAA polypeptide
is represented by the human GAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36.

[0011] In another particular embodiment, the nucleic acid molecule of the invention is a
nucleotide sequence optimized to improve the expression of and/or improve immune tolerance
to the chimeric GAA in vivo.

[0012] In a particular embodiment, the nucleic acid molecule of the invention encodes a
chimeric GAA polypeptide comprising the moieties shown in the following table 1, table 1" or
table 1", in particular table 1' or table 1"

Table 1

Signal peptide GAA moiety

moiety

SEQ ID NO:2 wild-type hGAA devoid of its natural signal peptide; e.g. SEQ
SEQ ID NO-3 ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 8 consecutive N-terminal amino
SEQ ID NO-3 acids; e.g. SEQ ID NO:29

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 29 consecutive N-terminal amino
SEQ ID NO-3 acids; e.g. SEQ ID NO:41

SEQ ID NO:4

SEQ ID NO:2 Truncated hGAA deleted for 42 consecutive N-terminal amino
SEQ ID NO-3 acids; e.g. SEQ ID NO:30

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 43 consecutive N-terminal amino
SEQ ID NO-3 acids; e.g. SEQ ID NO:42
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Signal peptide
moiety

GAA moiety

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 47 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:43

SEQ ID NO:4

Table 1'

Signal peptide
moiety

GAA moiety

SEQ ID NO:2 wild-type hGAA devoid of its natural signal peptide; e.g. SEQ
SEQ ID NO:3 ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 8 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:29

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 29 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:41

SEQ ID NO:4

SEQ ID NO:2 Truncated hGAA deleted for 42 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:30

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 43 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:42

SEQ ID NO:4

Table 1"

Signal peptide
moiety

GAA moiety

SEQ ID NO:4

SEQ ID NO:2 wild-type hGAA devoid of its natural signal peptide; e.g. SEQ
SEQ ID NO'3 ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5

SEQ ID NO:4

SEQ ID NO:2 truncated hGAA deleted for 8 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:29

SEQ ID NO:4

SEQ ID NO:2 Truncated hGAA deleted for 42 consecutive N-terminal amino
SEQ ID NO:3 acids; e.g. SEQ ID NO:30
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[0013] For example, such nucleic acid molecules may be the result of the following

combinations shown in table 2, table 2' or table 2":
Table 2

Signal peptide moiety coding sequence

GAA moiety coding sequence

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:31

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO: 13

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO: 14

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:32

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:33

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:34

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:35

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:44

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:45

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:46

SEQ ID NO:26

SEQ ID NO:47
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Signal peptide moiety coding sequence

GAA moiety coding sequence

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:48

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:49

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:50

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:51

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:52

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:53

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:54

Table 2'

Signal peptide moiety coding sequence

GAA moiety coding sequence

SEQ ID NO:26

SEQ ID NO:31

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:26

SEQ ID NO: 13

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:26

SEQ ID NO:14

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:26

SEQ ID NO:32
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Signal peptide moiety coding sequence

GAA moiety coding sequence

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:33

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:34

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:35

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:44

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:45

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:46

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:47

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:48

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:49

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:28

SEQ ID NO:50

SEQ ID NO:26

SEQ ID NO:27

SEQ ID NO:51
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Signal peptide moiety coding sequence GAA moiety coding sequence
SEQ ID NO:28
Table 2"

Signal peptide moiety coding sequence GAA moiety coding sequence
SEQ ID NO:26 SEQ ID NO:31

SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:26 SEQ ID NO:13
SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:26 SEQ ID NO:14
SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:26 SEQ ID NO:32
SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:26 SEQ ID NO:33
SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:26 SEQ ID NO:34
SEQ ID NO:27
SEQ ID NO:28
SEQ ID NO:26 SEQ ID NO:35
SEQ ID NO:27
SEQ ID NO:28

[0014] In yet another aspect, the invention relates to a nucleic acid construct, comprising the
nucleic acid molecule of the invention operably linked to one or more regulatory sequences
such as a promoter, an intron, a polyadenylation signal and/or an enhancer (for example a cis-
regulatory module, or CRM). In a particular embodiment, the promoter is a liver-specific
promoter preferably selected in the group consisting of the alpha-1 antitrypsin promoter
(hAAT), the transthyretin promoter, the albumin promoter and the thyroxine-binding globulin
(TBG) promoter. In another particular embodiment, the promoter is a muscle-specific
promoter, such as the Spc5-12, MCK and desmin promoters. In another embodiment, the
promoter is an ubiquitous promoter such as the CMV, CAG and PGK promoters. The nucleic
acid construct may further optionally comprises an intron, in particular an intron selected in the
group consisting of a human beta globin b2 (or HBB2) intron, a FIX intron, a chicken beta-
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globin intron and a SV40 intron, wherein said intron is optionally a modified intron such as a
modified HBB2 intron of SEQ ID NO:7, a modified FIX intron of SEQ ID NO:9, or a modified
chicken beta-globin intron of SEQ ID NO: 11.

[0015] In another particular embodiment, the nucleic acid construct comprises, preferably in
this order: an enhancer; an intron; a promoter, in particular a liver-specific promoter; the
nucleic acid sequence encoding the chimeric GAA polypeptide; and a polyadenylation signal,
the construct comprising preferably, in this order. an ApoE control region; a HBB2 intron, in
particular a modified HBB2 intron; a hAAT promoter; the nucleic acid sequence encoding the
chimeric GAA polypeptide; and a bovine growth hormone polyadenylation signal. In specific
embodiment, the nucleic acid construct comprises a nucleotide sequence selected in the group
consisting of the combinations of sequences shown in table 2, table 2' or table 2", in particular
in table 2' or 2", more particularly the nucleotide sequence of SEQ ID NO:17 (corresponding to
the fusion of SEQ ID NO:26 and SEQ ID NO:32), 18 (corresponding to the fusion of SEQ ID
NO:27 and SEQ ID NO:32) or 19 (corresponding to the fusion of SEQ ID NO:28 and SEQ ID
NO:32).

[0016] In another aspect, the invention relates to a cell transformed with the nucleic acid
molecule or the nucleic acid construct of the invention. In a particular embodiment, the cell is a
liver cell or a muscle cell.

[0017] According to another aspect, the invention relates to a chimeric GAA polypeptide,
comprising a signal peptide moiety and a functional GAA moiety. The signal peptide moiety is
selected in the group consisting of SEQ ID NO:2 to 4, preferably SEQ ID NO:2. Furthermore,
the GAA moiety may be a truncated form of a parent GAA polypeptide, such as a GAA moiety
having 1 to 75 consecutive amino acids truncated at its N-terminal end as compared to a
parent GAA polypeptide, in particular 6, 7, 8, 9, 10, 20, 41, 42, 43 or 44 consecutive amino
acids truncated at its N-terminal end as compared to a parent GAA polypeptide, such as 8 or
42 consecutive amino acids truncated at its N-terminal end as compared to a parent GAA
polypeptide, wherein the GAA moiety is in particular a truncated form of the human GAA
protein of SEQ ID NO:5 or SEQ ID NO:36, in particular of SEQ ID NO:5. In a particular
embodiment, the GAA moiety has 8 consecutive amino acids truncated at its N-terminal end as
compared to a parent GAA polypeptide (more particularly the parent GAA polypeptide of SEQ
ID NO:5 or SEQ ID NO:36, in particular of SEQ ID NO:5). In a particular embodiment of the
invention, the chimeric GAA polypeptide of the invention is selected in the group consisting of
the combinations of amino acid sequences shown in table 1, table 1' or table 1", in particular in
table 1' or table 1". Further particular embodiments of the chimeric GAA polypeptide
comprising a truncated for of a parent GAA polypeptide are disclosed in the following detailed
description.

[0018] In another aspect, the invention relates to a pharmaceutical composition, comprising, in
a pharmaceutically acceptable carrier, the nucleic acid sequence, the nucleic acid construct,
the cell or the chimeric polypeptide disclosed herein.
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[0019] Another aspect of the invention relates to the nucleic acid sequence, the nucleic acid
construct, the cell, or the chimeric polypeptide of the invention, for use as a medicament.

[0020] In yet another aspect, the invention relates to the nucleic acid sequence, the nucleic
acid construct, the cell, or the chimeric polypeptide of the invention, for use in a method for
treating a glycogen storage disease. In a particular embodiment, the glycogen storage disease
is GSDI, GSDII, GSDIII, GSDIV, GSDV, GSDVI, GSDVII, GSDVIII or lethal congenital glycogen
storage disease of the heart. In a more particular embodiment, the glycogen storage disease is
selected in the group consisting of GSDI, GSDIlI and GSDIIlI, more particularly in the group
consisting of GSDII and GSDIII. In an even more particular embodiment, the glycogen storage
disease is GSDII.

LEGENDS TO THE FIGURES

[0021]

Figure 1. Signal peptides enhance secretion of hGAA to a variable extent in vitro and in vivo.

Panel A. Human hepatoma cells (Huh7) were transfected by Lipofectamine™ with a control
plasmid (GFP), a plasmid expressing wild-type hGAA under the transcriptional control of a liver
specific promoter (noted as sp1), or plasmids expressing sequence optimized hGAA (hGAAco)
fused with signal peptides 1-8 (sp2 (sp1-8) of synthetic origin or derived from other highly-
secreted proteins. 48 hours after transfection the activity of hGAA in the culture media was
measured by a fluorogenic enzymatic assay and GAA activity evaluated against a standard
curve of 4-methylumbelliferone. The histogram plot shows the average + SE of the levels of
secreted hGAA deriving from three different experiments. Statistical analysis has been
performed by ANOVA (* = p<0.05 vs mock transfected cells). Panel B. The histogram plot
shows the average + SE of the activity of hGAA in serum of 3-month-old C57B16J mice (n=5
mice/group) 1 month after the injection of PBS (PBS) or 1E12 vg/kg of AAV8 vectors
expressing sequence optimized hGAA (hGAAco) under the transcriptional control of human
alpha-1-antytripsin promoter and fused with signal peptides 1 to 3 and 7-8 (sp1-3, 7-8). The
activity of hGAA in serum has been quantified by a fluorogenic enzymatic assay and GAA
activity evaluated against a standard curve of recombinant hGAA protein. Statistical analysis
has been performed by ANOVA (* = p<0.05 vs PBS injected, § = p<0.05 vs sp2).

Figure 2. sp7 signal peptide increases levels of circulating hGAA and rescue the respiratory

impairment in a Pompe disease mouse model. 4 months-old wild type (WT) and GAA™" mice
(n=6-9 mice/group) were intravenously injected with PBS or 2E12 vg/kg of AAV8 vectors
expressing sequence optimized hGAA (hGAAco) under the transcriptional control of human
alpha-1-antytripsin promoter and fused with signal peptides 1, 2, 7 and 8 (sp1, 2, 7, 8). Panel
A. The histogram plot shows the hGAA activity measured by fluorogenic assay in blood three
months after vectors injection. Statistical analysis has been performed by ANOVA (* = p<0.05
as indicated, § = p<0.05 vs sp1 treated mice). Panel B. Kaplan-Mayer survival curve measured
on mice treated as described above and followed for 6 months. Statistical analysis has been
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performed by log-rank test (* = p<0.05). Panel C. Respiratory function assessment.
Histograms show the tidal volume, in milliliters (ml) measured three (gray bars) and six (black
bars) months after the treatment with indicated vectors. Statistical analysis has been
performed by ANOVA, in the histogram are reported the p-values obtained vs sp1 treated GAA

-/- animals (* = p<0.05).

Figure 3. Biochemical correction of glycogen content in quadriceps. 4 months-old GAA™ mice
were intravenously injected with PBS or 2E12 vg/kg of AAV8 vectors expressing sequence
optimized hGAA (hGAAco) under the transcriptional control of human alpha-1-antytripsin
promoter and fused with signal peptides 1, 7 and 8 (sp1, 7, 8). Panel A. hGAA activity
measured by fluorogenic assay in quadriceps. Panel B. In the histogram is shown the
glycogen content expressed as glucose released after enzymatic digestion of glycogen,
measured in the quadriceps. Statistical analysis has been performed by ANOVA (*=p<0.05 vs
PBS injected GAA -/- mice).

Figure 4. Biochemical correction of glycogen content in heart, diaphragm and quadriceps. 4

months-old wild type (WT) and GAA” mice (n=4-5 mice/group) were intravenously injected
with PBS 6E11 vg/kg of AAV8 vectors expressing sequence optimized hGAA (hGAAco) under
the transcriptional control of human alpha-1-antytripsin promoter and fused with signal
peptides 1, 7 and 8 (sp1, 7, 8). Panel A. The histogram plot shows the hGAA activity
measured by fluorogenic assay in blood three months after vector injection. Statistical analysis
has been performed by ANOVA, in the histogram are reported the p-values obtained vs PBS
treated GAA -/- animals (* = p<0.05). Panel B-D. The histogram plots show the glycogen
content expressed as glucose released after enzymatic digestion of glycogen, measured in the
heart (panel B), diaphragm (panel C) and quadriceps (panel D). Statistical analysis has been
performed by ANOVA (* = p<0.05 vs PBS injected GAA -/- mice, § = p<0,05 vs. sp1-treated
mice).

Figure 5. Highly secreted hGAA reduces humoral responses directed against the transgene in
a Pompe disease mouse model. 4 months-old GAA-/- mice were intravenously injected with
PBS or with two different doses (5E11 or 2E12 vg/kg) of AAV8 vectors comprising an optimized
sequence under the transcriptional control of human alpha-1-antytripsin promoter, encoding
A8 hGAA, fused to signal peptide 1 (co), signal peptide 2 (sp2-A8-co), signal peptide 7 (sp7-
A8-co) or signal peptide 8 (sp8-A8-co). 1 month after the injections, sera were analyzed for the
presence of anti-hGAA antibodies by ELISA. The quantification has been performed using
purified mouse IgG as standard. Statistical analysis has been performed by ANOVA with
Dunnett's post-hoc test (* = p<0.01).

Figure 6. AAV8-hAAT-sp7-A8-hGAAco1 injection leads to efficacious secretion of hGAA in the
blood and uptake in muscle in NHP. Two Macaca Fascicularis monkeys were injected at day 0
with 2E12 vg/kg of AAV8-hAAT-sp7-A8-hGAAco1.Panel A hGAA western blot performed on
serum from the two monkeys obtained twelve days before and 30 days after vector
administration. On the left are indicated the positions of the bands of the molecular weight
marker (st) running in parallel with the samples. Panel B Three months after vector injection
the monkeys were sacrificed and tissues harvested for biochemical evaluation of hGAA uptake.
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A hGAA Western blot was performed on tissue extracts obtained from biceps and diaphragm.
An anti-tubulin antibody was used as loading control. On the left are indicated the positions of
the bands of the molecular weight marker running in parallel with the samples.

Figure 7. Increased GAA activity in media of cells transfected with plasmids encoding GAA
variants combined with heterologous sp7 or sp8 signal peptide. GAA activity measured in the
media (panels A) and lysates (panels B) of HuH7 cells 48 hours following transfection of
plasmids comprising optimized sequences encoding native GAA combined to the native GAA
sp1 signal peptide (co) or encoding engineered GAA including native GAA combined to the
heterologous sp7 or sp8 signal peptide (sp7-co or sp8-co). A plasmid encoding for eGFP was
used as negative control. Statistical analysis was performed by One-way ANOVA with Tukey

post-hoc. Data are averagetSD of two independent experiments. *p<0.05, **p<0.01,
***p<0.001, ****p<0.0001.

Figure 8. Biochemical correction of glycogen content in the liver of GDE -/- animals injected
with hGAA expressing vector. 3 months-old wild-type (WT) or GDE -/-mice were intravenously
injected with PBS or AAV8 vectors expressing codon optimized hGAA under the transcriptional
control of human alpha-1-antytripsin promoter and fused with signal peptide 7 (AAV8-hAAT-
sp7--A8-hGAAco1) at the dose of 1E11 or 1E12 vg/mouse. The histogram plot shows the
glycogen content expressed as glucose released after enzymatic digestion of glycogen,
measured in the liver. Statistical analysis was performed by ANOVA (*=p<0.05 vs PBS injected
GDE -/- mice, §=p<0.05 vs PBS injected WT animals).

Figure 9. GAA activity in media of cells transfected with plasmids encoding different GAA
variants. GAA activity was measured in the media of HuH7 cells 24 (panel A) and 48 hours
(panel B) following transfection of plasmids comprising optimized sequences encoding native
GAA combined to the native GAA sp1 signal peptide (co) or encoding engineered GAA
including native GAA combined to the heterologous sp7 signal peptide (sp7-co). The effect of
different deletions in the GAA coding sequence after the sp7 signal peptide was evaluated
(sp7-A8-co, sp7-A29-co, sp7-A42-co, sp7-A43-co, sp7-Ad47-co, sp7-A62-co). A plasmid
encoding for eGFP was used as negative control. Statistical analysis was performed by One-
way ANOVA with Tukey post-hoc. Hash marks (#) in the bars show statistically significant
differences vs. co; tau symbols (r) show statistically significant differences vs. sp7-A8-co, sp7-
A29-co, sp7-Ad42-co, sp7-Ad43-co. Data are average+SD of two independent experiments.
*p<0.05, *p<0.01, **p<0.001, ***p<0.0001 except where different symbols are used.

Figure 10. Intracellular GAA activity of different GAA variants. GAA activity was measured in
the lysates of HuH7 cells 48 hours following transfection of plasmids comprising optimized
sequences encoding native GAA combined to the native GAA sp 1 signal peptide (co) or
encoding engineered GAA including native GAA combined to the heterologous sp7 signal
peptide (sp7-co). The effect of different deletions in the GAA coding sequence after the signal
peptide was evaluated (sp7-A8-co, sp7-A29-co, sp7-A42-co, sp7-A43-co, sp7-Ad7-co, sp7-
AB2-co). A plasmid encoding for eGFP was used as negative control. Statistical analysis was
performed by One-way ANOVA with Tukey post-hoc. Tau symbols (1) show statistically
significant differences vs. sp7-co, sp7-A8-co, sp7-A29-co, sp7-A42-co, sp7-A43-co. Data are
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averagexSD of two independent experiments. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
except where different symbols are used.

Figure 11. Increased GAA activity in cell media using the A8 deletion combined with the sp6 or
sp8 signal peptides. GAA activity was measured in the media (panel A) and lysates (panel B) of
HuH7 cells 48 hours following transfection of plasmids comprising optimized sequences
encoding native GAA combined to the native GAA sp 1 signal peptide (co) or encoding
engineered GAA including native GAA combined to the heterologous sp6 or sp8 signal peptide
(spb6-co or sp8-co). The effect of the deletion of 8 amino-acids in the GAA coding sequence
after the signal peptide is evaluated (sp6-A8-co, sp8-A8-co). A plasmid encoding eGFP was
used as negative control. Statistical analysis was performed by One-way ANOVA with Tukey
post-hoc. Asterics in the bars shows statistically significant differences vs. co. Data are average
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+SD of two independent experiments. *p<0.05, **p<0.01, ***p<0.001,
where different symbols are used.

p<0.0001 except

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention relates to a nucleic acid molecule encoding a chimeric GAA
polypeptide. This chimeric GAA polypeptide comprises a signal peptide moiety and a functional
GAA moiety, wherein the signal peptide moiety is selected in the group consisting of SEQ ID
NO:2 to 4. The inventors have surprisingly shown that fusion of one of these signal peptides to
a GAA protein greatly improves GAA secretion while reducing its immunogenicity.

[0023] Lysosomal acid a-glucosidase or "GAA" (E.C. 3.2. 1.20) (1,4-a-D-glucan
glucohydrolase), is an exo-1,4-a-D-glucosidase that hydrolyses both a-1,4 and a-1,6 linkages
of oligosaccharides to liberate glucose. A deficiency in GAA results in glycogen storage disease
type Il (GSDII), also referred to as Pompe disease (although this term formally refers to the
infantile onset form of the disease). It catalyzes the complete degradation of glycogen with
slowing at branching points. The 28 kb human acid a-glucosidase gene on chromosome 17
encodes a 3.6 kb mRNA which produces a 952 amino acid polypeptide (Hoefsloot et al., (1988)
EMBO J. 7: 1697; Martiniuk et al., (1990) DNA and Cell Biology 9: 85). The enzyme receives
co-translational N-linked glycosylation in the endoplasmic reticulum. It is synthesized as a 110-
kDa precursor form, which matures by extensive glycosylation modification, phosphorylation
and by proteolytic processing through an approximately 90-kDa endosomal intermediate into
the final lysosomal 76 and 67 kDa forms (Hoefsloot, (1988) EMBO J. 7: 1697; Hoefsloot et al.,
(1990) Biochem. J. 272: 485; Wisselaar et al., (1993) J. Biol. Chem. 268: 2223; Hermans etal.,
(1993) Biochem. J. 289: 681).

[0024] In patients with GSD Il, a deficiency of acid a-glucosidase causes massive accumulation
of glycogen in lysosomes, disrupting cellular function (Hirschhorn, R. and Reuser, A. J. (2001),
in The Metabolic and Molecular Basis for Inherited Disease, (eds, Scriver, C. R. et al.) pages
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3389-3419 (McGraw-Hill, New York). In the most common infantile form, patients exhibit
progressive muscle degeneration and cardiomyopathy and die before two years of age.
Severe debilitation is present in the juvenile and adult onset forms.

[0025] Furthermore, patients having other GSDs may benefit from the administration of an
optimized form of GAA. For example, it has been shown (Sun et al. (2013) Mol Genet Metab
108(2): 145, WO2010/005565) that administration of GAA reduces glycogen in primary
myoblasts from glycogen storage disease type Ill (GSD lll) patients.

[0026] The term "GAA" or "GAA polypeptide", as used herein, encompasses mature (~76 or
~67 kDa) and precursor (e.g., ~110 kDa) GAA, in particular the precursor form, as well as
modified or mutated by insertion(s), deletion (s) and/or substitution(s)) GAA proteins or
fragments thereof that are functional derivatives of GAA, i.e. that retain biological function of
GAA (i.e., have at least one biological activity of the native GAA protein, e. g., can hydrolyze
glycogen, as defined above) and GAA variants (e.g., GAA Il as described by Kunita et al.,
(1997) Biochemica et Biophysica Acta 1362: 269; GAA polymorphisms and SNPs are
described by Hirschhorn, R. and Reuser, A. J. (2001) In The Metabolic and Molecular Basis for
Inherited Disease (Scriver, C. R., Beaudet, A. L., Sly, W. S. & Valle, D. Eds. ), pp. 3389- 3419.
McGraw-Hill, New York, see pages 3403-3405). Any GAA coding sequence known in the art
may be used, for example, see SEQ ID NO:1; GenBank Accession number NM_00152 and
Hoefsloot et al., (1988) EMBO J. 7: 1697 and Van Hove et al., (1996) Proc. Natl. Acad. Sci.
USA 93: 65 (human), GenBank Accession number NM_008064 (mouse), and Kunita et al.,
(1997) Biochemica et Biophysica Acta 1362: 269 (quail).

[0027] In the context of the present invention, a "precursor form of GAA" is a form of the GAA
polypeptide that comprises its natural signal peptide. For example, the sequence of SEQ ID
NO: 12 and SEQ ID NO:37 are the precursor forms of human GAA (hGAA) variants. Within
SEQ ID NO: 12 and SEQ ID NO:37, amino acid residues 1-27 correspond to the signal peptide
of the hGAA polypeptide.

[0028] In the context of the present invention, a truncated GAA polypeptide of the invention is
derived from a parent GAA polypeptide. According to the present invention a "parent GAA
polypeptide” may be a functional, precursor GAA sequence as defined above, but devoid of its
signal peptide. For example, with reference to wild-type human GAA polypeptide, a complete
wild-type GAA polypeptide (i.e. the precursor form of GAA) is represented in SEQ ID NO: 12 or
SEQ ID NO:37 and has a signal peptide (corresponding to amino acids 1-27 of SEQ ID NO: 12
or SEQ ID NO:37), whereas the parent GAA polypeptide serving as basis for the truncated
GAA forms of these wild-type human GAA polypeptides are represented in SEQ ID NO:5 and
SEQ ID NO:36 and have no signal peptide. In this example, the latter, corresponding to amino
acids 28-952 of SEQ ID NO: 12 and to amino acids 28-952 of SEQ ID NO37, is referred to as a
parent GAA polypeptide.

[0029] The coding sequence of the GAA polypeptide can be derived from any source,
including avian and mammalian species. The term "avian" as used herein includes, but is not
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limited to, chickens, ducks, geese, quail, turkeys and pheasants. The term "mammal” as used
herein includes, but is not limited to, humans, simians and other non-human primates, bovines,
ovines, caprines, equines, felines, canines, lagomorphs, etc. In embodiments of the invention,
the nucleic acids of the invention encode a human, mouse or qualil, in particular a human, GAA
polypeptide. In a further particular embodiment, the GAA polypeptide encoded by the nucleic
acid molecule of the invention comprises the amino acid sequence shown in SEQ ID NO:5 or in
SEQ ID NO:36, which corresponds to hGAA without its signal peptide (of note, the natural
signal peptide of hGAA corresponds to amino acid 1-27 in SEQ ID NO: 12 or in SEQ ID NO:37,
which corresponds to hGAA including its natural signal peptide).

[0030] In another embodiment of the invention, the nucleic acid molecule of the invention has
at least 75 percent (such as at least 77%), at least 80 percent or at least 82 percent (such as
at least 83%) identify to nucleotides 82-2859 of the sequence shown in SEQ ID NO:1, which is
the sequence coding the wild-type hGAA of SEQ ID NO:37 (nucleotides 1-81 of SEQ ID NO: 1
being the part encoding for the natural signal peptide of hGAA).

[0031] The GAA moiety of the nucleic acid molecule of the invention preferably has at least 85
percent, more preferably at least 90 percent, and even more preferably at least 92 percent
identity, in particular at least 95 percent identity, for example at least 98, 99 or 100 percent
identity to the nucleotide sequence of SEQ ID NO: 13 or 14, which are sequences optimized for
transgene expression in vivo.

[0032] In addition, the signal peptide moiety of the chimeric GAA protein encoded by the
nucleic acid molecule of the invention may comprise from 1 to 5, in particular from 1 to 4, in
particular from 1 to 3, more particularly from 1 to 2, in particular 1 amino acid deletion(s),
insertion(s) or substitution(s) as compared to the sequences shown in SEQ ID NO:2 to 4, as
long as the resulting sequence corresponds to a functional signal peptide, i.e. a signal peptide
to that allows secretion of a GAA protein. In a particular embodiment, the signal peptide moiety
sequence consists of a sequence selected in the group consisting of SEQ ID NO:2 to 4.

[0033] The term "identical" and declinations thereof refers to the sequence identity between
two nucleic acid molecules. When a position in both of the two compared sequences is
occupied by the same base e.g., if a position in each of two DNA molecules is occupied by
adenine, then the molecules are identical at that position. The percent of identity between two
sequences is a function of the number of matching positions shared by the two sequences
divided by the number of positions compared X 100. For example, if 6 of 10 of the positions in
two sequences are matched then the two sequences are 60% identical. Generally, a
comparison is made when two sequences are aligned to give maximum identity. Various
bioinformatic tools known to the one skilled in the art might be used to align nucleic acid
sequences such as BLAST or FASTA.

[0034] In a particular embodiment, the GAA moiety of the nucleic acid molecule of the
invention comprises the sequence shown in SEQ ID NO: 13 or SEQ ID NO: 14.
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[0035] The nucleic acid molecule of the invention encodes a functional GAA polypeptide, i.e. it
encodes for a human GAA polypeptide that, when expressed, has the functionality of wild-type
GAA protein. As defined above, the functionality of wild-type GAA is to hydrolyse both a-1,4
and a-1,6 linkages of oligosaccharides and polysaccharides, more particularly of glycogen, to
liberate glucose. The functional GAA polypeptide encoded by the nucleic acid of the invention
may have a hydrolysing activity on glycogen of at least 50 %, 60 %, 70 %, 80 %, 90 %, 95 %,
99 %, or at least 100 % as compared to the wild-type GAA polypeptide encoded by the nucleic
acid sequence of SEQ ID NO:1, SEQ ID NO: 13 or SEQ ID NO:14 (i.e. the GAA polypeptide
having the amino acid sequence of SEQ ID NO:5). The activity of the GAA protein encoded by
the nucleic acid of the invention may even be of more than 100 %, such as of more than 110
%, 120 %, 130 %, 140 %, or even more than 150 % of the activity of the wild-type GAA
polypeptide encoded by the nucleic acid sequence of SEQ ID SEQ ID NO: 1, NO: 13 or SEQ ID
NO:14 (i.e. the GAA polypeptide having the amino acid sequence of SEQ ID NO:5).

[0036] A skilled person is readily able to determine whether a nucleic acid according to the
invention expresses a functional GAA protein. Suitable methods would be apparent to those
skilled in the art. For example, one suitable in vitro method involves inserting the nucleic acid
into a vector, such as a plasmid or viral vector, transfecting or transducing host cells, such as
293T or Hela cells, or other cells such as Huh7, with the vector, and assaying for GAA activity.
Alternatively, a suitable in vivo method involves transducing a vector containing the nucleic acid
into a mouse model of Pompe disease or another glycogen storage disorder and assaying for
functional GAA in the plasma of the mouse and presence of GAA in tissues. Suitable methods
are described in more details in the experimental part below.

[0037] The inventors have found that the above described nucleic acid molecule causes
surprisingly high levels of expression of functional GAA protein both in vitro and in vivo
compared to the wild-type GAA cDNA. Furthermore, as also shown by the inventors, the
chimeric GAA polypeptide produced from liver and muscle cells expressing the nucleic acid
molecule of the invention induces no humoral immune response against the transgene. This
means that this nucleic acid molecule may be used to produce high levels of GAA polypeptide,
and provides therapeutic benefits such as avoiding to resort to immunosuppressive treatments,
allowing low dose immunosuppressive treatment, and allowing repeated administration of the
nucleic acid molecule of the invention to a subject in need thereof. Therefore, the nucleic acid
molecule of the invention is of special interest in contexts where GAA expression and/or activity
is deficient or where high levels of expression of GAA can ameliorate a disease, such as for a
glycogen storage disease. In a particular, the glycogen storage disease may be GSDI (von
Gierke's disease), GSDIl (Pompe disease), GSDIIl (Cori disease), GSDIV, GSDV, GSDVI,
GSDVII, GSDVIII or lethal congenital glycogen storage disease of the heart. More particularly,
the glycogen storage disease is selected in the group consisting of GSDI, GSDIl and GSDIII,
even more particularly in the group consisting of GSDIl and GSDIII. In an even more particular
embodiment, the glycogen storage disease is GSDII. In particular, the nucleic acid molecules
of the invention may be useful in gene therapy to treat GAA-deficient conditions, or other
conditions associated by accumulation of glycogen such as GSDI (von Gierke's disease),
GSDIl (Pompe disease), GSDIII (Cori disease), GSDIV, GSDV, GSDVI, GSDVII, GSDVIII and
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lethal congenital glycogen storage disease of the heart, more particularly GSDI, GSDIl or
GSDIIl, even more particularly GSDIl and GSDIII. In an even more particular embodiment, the
nucleic acid molecules of the invention may be useful in gene therapy to treat GSDII.

[0038] The sequence of the nucleic acid molecule of the invention, encoding a functional GAA,
is optimized for expression of the GAA polypeptide in vivo. Sequence optimization may include
a number of changes in a nucleic acid sequence, including codon optimization, increase of GC
content, decrease of the number of CpG islands, decrease of the number of alternative open
reading frames (ARFs) and decrease of the number of splice donor and splice acceptor sites.
Because of the degeneracy of the genetic code, different nucleic acid molecules may encode
the same protein. It is also well known that the genetic codes of different organisms are often
biased towards using one of the several codons that encode the same amino acid over the
others. Through codon optimization, changes are introduced in a nucleotide sequence that
take advantage of the codon bias existing in a given cellular context so that the resulting codon
optimized nucleotide sequence is more likely to be expressed in such given cellular context at
a relatively high level compared to the non-codon optimised sequence. In a preferred
embodiment of the invention, such sequence optimized nucleotide sequence encoding a
truncated GAA is codon-optimized to improve its expression in human cells compared to non-
codon optimized nucleotide sequences coding for the same truncated GAA protein, for
example by taking advantage of the human specific codon usage bias.

[0039] Table 3 provides a description of relevant parameters with respect to sequence
optimization conducted by the inventors:

Table 3. Description of the optimized sequences. Table illustrating the characteristics of the
two hGAA optimized sequences compared to the wild-type one. a) codon adaptation index and
b) GC content calculated using a rare codon analysis tool (http://www.genscript.com). ¢) and
d) are respectively the alternative open reading frames calculated on the 5' to 3' (aORF
5'—3%and 3' to 5' (aORF 3'—-5")strands. e) and f) are respectively the acceptor (SA) and donor
(SD) splicing sites calculated wusing a splicing site online prediction tool
(http://mww.fruitfly.org/seq_tools/splice.html). g) and h) are respectively the percentual identity
calculated versus wild-type (wt) and optimized co1 sequence. i) CpG islands calculated using
MethDB online tool (http://www.methdb.de/links.html). CpG islands are sequences longer than
100 bp, with GC content>60% and an observed/expected ratio>0.6.

sequence WT co1 co2
CAI2 0.84 0.94 0.77
GC contentP 64.7 61.9 54 4
aORF 5' -3¢ 2 3 0
aORF 3'—54 5 4 0
SA® 3 0 1
sDf 3 0 0
% identity vs wt9 83.1 77.7
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sequence WT co1l co2
% identity vs co1h 80.8
CpG islands’ 4 5 1

[0040] In a particular embodiment, the optimized GAA coding sequence is codon optimized,
and/or has an increased GC content and/or has a decreased number of alternative open
reading frames, and/or has a decreased number of splice donor and/or splice acceptor sites,
as compared to nucleotides 82-2859 of the wild-type hGAA coding sequence of SEQ ID NO:1.
For example, nucleic acid sequence of the invention results in an at least 2, 3, 4, 5 or 10 %
increase of GC content in the GAA sequence as compared to the sequence of the wild-type
GAA sequence. In a particular embodiment, the nucleic acid sequence of the invention results
in a 2, 3, 4 or, more particularly, 5% or 10% (particularly 5%) increase of GC content in the
GAA sequence as compared to the sequence of the wild-type GAA nucleotide sequence. In a
particular embodiment, the nucleic acid sequence of the invention encoding a functional GAA
polypeptide is "substantially identical", that is, about 70% identical, more preferably about 80%
identical, even more preferably about 90% identical, even more preferably about 95% identical,
even more preferably about 97%, 98% or even 99% identical to nucleotides 82-2859 of the
sequence shown in SEQ ID NO: 1. As mentioned above, in addition to the GC content and/or
number of ARFs, sequence optimization may also comprise a decrease in the number of CpG
islands in the sequence and/or a decrease in the number of splice donor and acceptor sites. Of
course, as is well known to those skilled in the art, sequence optimization is a balance between
all these parameters, meaning that a sequence may be considered optimized if at least one of
the above parameters is improved while one or more of the other parameters is not, as long as
the optimized sequence leads to an improvement of the transgene, such as an improved
expression and/or a decreased immune response to the transgene in vivo.

[0041] In addition, the adaptiveness of a nucleotide sequence encoding a functional GAA to
the codon usage of human cells may be expressed as codon adaptation index (CAl). A codon
adaptation index is herein defined as a measurement of the relative adaptiveness of the codon
usage of a gene towards the codon usage of highly expressed human genes. The relative
adaptiveness (w) of each codon is the ratio of the usage of each codon, to that of the most
abundant codon for the same amino acid. The CAl is defined as the geometric mean of these
relative adaptiveness values. Non-synonymous codons and termination codons (dependent on
genetic code) are excluded. CAIl values range from 0 to 1, with higher values indicating a
higher proportion of the most abundant codons (see Sharp and Li, 1987, Nucleic Acids
Research 15: 1281-1295; also see: Kim et al, Gene. 1997, 199:293-301; zur Megede et al,
Journal of Virology, 2000, 74: 2628-2635). Preferably, a nucleic acid molecule encoding a GAA
has a CAl of at least 0.75 (in particular 0.77), 0.8, 0.85, 0.90, 0.92 or 0.94.

[0042] In one embodiment, the nucleic acid molecule of the invention encodes a protein having
between 0 and 50, between 0 and 30, between 0 and 20, between 0 and 15, between 0 and
10, or between 0 and 5 amino acid changes to the protein encoded by the nucleotide
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sequence of SEQ ID NO: 13 or SEQ ID NO: 14. Furthermore, the GAA protein encoded by the
nucleic acid of the invention may be a variant of a functional GAA protein known in the art,
wherein the nucleic acid molecule of the invention encodes a protein having between 0 and 50,
between 0 and 30, between 0 and 20, between 0 and 15, between 0 and 10, or between 0 and
5 amino acid changes to GAA protein known in the art. Such GAA protein known in the art that
may serve as the basis for designing functional variant may be found in particular in the
Uniprot entry of GAA (accession number P10253; corresponding to BenBank CAA68763.1;
SEQ ID NO:37). In a further particular embodiment, the GAA moiety of the nucleic acid
sequence of the invention encodes variants GAA polypeptides, or functional variants of such
peptides as defined herein, such as those selected in the group consisting of the polypeptides
identified as Genbank Accession Numbers AAA52506.1 (SEQ ID NO:38), EAW89583.1 (SEQ
ID NO:39) and ABI53718.1 (SEQ ID NO:40). Other variant GAA polypeptides include those
described in WO2012/145644, WO00/34451 and US6,858,425. In a particular embodiment,
the parent GAA polypeptide is derived from the amino acid sequence shown in SEQ ID NO: 12
or SEQ ID NO:37.

[0043] In a particular embodiment, the GAA polypeptide encoded by the nucleic acid molecule
of the invention is a functional GAA and has a sequence identity to hGAA protein shown in SEQ
ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, optionally taking into account the
truncation carried out if a truncated form is considered as a reference to sequence identity, of
at least 80 %, in particular at least 85 %, 90 %, 95 %, more particularly at least 96%, 97%,
98%, or 99%. In a particular embodiment, the GAA protein encoded by the nucleic acid
molecule of the invention has the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in
particular in SEQ ID NO:5.

[0044] The term "identical" and declinations thereof when referring to a polypeptide means
that when a position in two compared polypeptide sequences is occupied by the same amino
acid (e.g. if a position in each of two polypeptides is occupied by a leucine), then the
polypeptides are identical at that position. The percent of identity between two polypeptides is
a function of the number of matching positions shared by the two sequences divided by the
number of positions compared X 100. For example, if 6 of 10 of the positions in two
polypeptides are matched then the two sequences are 60% identical. Generally, a comparison
is made when two sequences are aligned to give maximum identity. Various bioinformatic tools
known to the one skilled in the art might be used to align nucleic acid sequences such as
BLAST or FASTA.

[0045] The term "nucleic acid sequence” (or nucleic acid molecule) refers to a DNA or RNA
molecule in single or double stranded form, particularly a DNA encoding a GAA protein
according to the invention.

[0046] The invention also relates to a nucleic acid molecule encoding a chimeric functional
GAA polypeptide comprising a signal peptide selected in the group consisting of SEQ ID NO:2
to 4.
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[0047] In particular, the inventors have further surprisingly shown that signal peptide
replacement results in the production of higher expression levels and higher secretion of
functional GAA polypeptide as compared to a previously reported other chimeric GAA
polypeptide comprising GAA fused to the signal peptide of human alpha-1-antitrypsin (hAAT,
chimeric GAA protein described in WO02004064750 and Sun et al. 2006). In the nucleic acid
molecule of the invention, the signal peptide moiety corresponds to a sequence encoding a
signal peptide having an amino acid sequence selected in the group consisting of SEQ ID NO:2
to 4 (otherwise referred to herein as an "alternative signal peptide"). The nucleic acid molecule
of the invention may further be an optimized sequence coding for a chimeric GAA polypeptide
comprising an alternative signal peptide operably linked to a functional GAA polypeptide.

[0048] As compared to a wild-type GAA polypeptide, the endogenous signal peptide of wild-
type GAA is replaced with an exogenous signal peptide, i.e. a signal peptide derived from a
protein different from GAA. The exogenous signal peptide fused to the remainder of the GAA
protein increases the secretion of the resulting chimeric GAA polypeptide as compared to the
corresponding GAA polypeptide comprising its natural signal peptide. Furthermore, according
to a particular embodiment of the invention, the nucleotide sequence corresponding to the
alternative signal peptide may be an optimized sequence as provided above.

[0049] The signal peptides workable in the present invention include amino acids 1-25 from
iduronate-2-sulphatase (SEQ ID NO:3), amino acids 1-20 from chymotrypsinogen B2 (SEQ ID
NO:2) and amino acids 1-23 from protease C1 inhibitor (SEQ ID NO:4). The signal peptides of
SEQ ID NO:2 to SEQ ID NO:4, allow higher secretion of the chimeric GAA protein both in vitro
and in vivo when compared to the GAA comprising its natural signal peptide, or to a chimeric
GAA protein comprising the signal peptide of hAAT.

[0050] The relative proportion of newly-synthesized GAA that is secreted from the cell can be
routinely determined by methods known in the art and described in the examples. Secreted
proteins can be detected by directly measuring the protein itself (e.g., by Western blot) or by
protein activity assays (e.g., enzyme assays) in cell culture medium, serum, milk, etc.

[0051] Those skilled in the art will further understand that the chimeric GAA polypeptide can
contain additional amino acids, e. g., as a result of manipulations of the nucleic acid construct
such as the addition of a restriction site, as long as these additional amino acids do not render
the signal peptide or the GAA polypeptide non-functional. The additional amino acids can be
cleaved or can be retained by the mature polypeptide as long as retention does not result in a
non-functional polypeptide.

[0052] Furthermore, the chimeric GAA polypeptide encoded by the nucleic acid molecule as
herein described may comprise a GAA moiety that is a functional, truncated form of GAA. By
"truncated form", it is meant a GAA polypeptide that comprises one or several consecutive
amino acids deleted from the N-terminal part of a parent GAA polypeptide. Therefore, the GAA
moiety in the chimeric GAA polypeptide of the invention may be a N-terminally truncated form
of a parent GAA polypeptide. According to the present invention, a "parent GAA polypeptide” is
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a GAA polypeptide devoid of a signal peptide, such as a precursor form of a GAA devoid of a
signal peptide, in particular the hGAA polypeptide shown in SEQ ID NO:5, or SEQ ID NO:36, in
particular in SEQ ID NO&, and may be any of the variants as disclosed above. For example,
with reference to typical wild-type human GAA polypeptides, the complete wild-type GAA
polypeptide is represented in SEQ ID NO: 12 or in SEQ ID NO:37, and have a signal peptide,
whereas the parent GAA polypeptide serving as basis for the truncated GAA form of this wild-
type human GAA polypeptide is represented in SEQ ID NO:5 or SEQ ID NO:36, respectively,
and have no signal peptide. In this example, the latter are referred to as a parent GAA
polypeptide. In a variant of this particular embodiment, at least one amino acid is deleted from
the N-terminal end of the parent GAA protein. In a particular embodiment, the GAA moiety may
have at least 1, in particular at least 2, in particular at least 3, in particular at least 4, in
particular at least 5, in particular at least 6, in particular at least 7, in particular at least 8
consecutive amino acids deleted from its N-terminal end as compared to the parent GAA
polypeptide. For example, the GAA moiety may have 1 to 75 consecutive amino acids or more
than 75 consecutive amino acids deleted from its N-terminal end as compared to the parent
GAA polypeptide. In another embodiment, said GAA moiety has at most 75, in particular at
most 70, in particular at most 60, in particular at most 55, in particular at most 50, in particular
at most 47, in particular at most 46, in particular at most 45, in particular at most 44, in
particular at most 43 consecutive amino acids deleted at its N-terminal end as compared to the
parent GAA polypeptide. In a further particular embodiment, said GAA moiety has at most 47,
in particular at most 46, in particular at most 45, in particular at most 44, in particular at most
43 consecutive amino acids deleted at its N-terminal end as compared to the parent GAA
polypeptide. Specifically, the truncated GAA moiety may have 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74 or 75 consecutive amino acids deleted from
its N-terminal end as compared to the parent GAA protein (in particular a truncated form of the
parent hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID
NO:5). In another particular embodiment, said GAA moiety has 1 to 75, in particular 1 to 47, in
particular 1 to 46, in particular 1 to 45, in particular 1 to 44, in particular 1 to 43 consecutive
amino acids deleted at its N-terminal end as compared to the parent GAA polypeptide. In
another embodiment, said GAA moiety has 2 to 43, in particular 3 to 43, in particular 4 to 43, in
particular 5 to 43, in particular 6 to 43, in particular 7 to 43, in particular 8 to 43 consecutive
amino acids deleted at its N-terminal end as compared to the parent GAA polypeptide (in
particular a truncated form of the parent hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID
NO:36, in particular in SEQ ID NO:5). Using an alternative nomenclature, the GAA polypeptide
resulting from the truncation of 1 amino acid in the parent GAA polypeptide is referred to as A1
GAA truncated form, the GAA polypeptide resulting from the truncation of 2 consecutive amino
acids from the N-terminal end is referred to as A2 GAA truncated form, the GAA polypeptide
resulting from the truncation of 3 consecutive amino acids in the parent GAA polypeptide is
referred to as A3 GAA truncated form), etc. In a particular embodiment, the chimeric GAA
protein of the invention comprises a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13,

A4, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31,

A32, A33, A34, A35, A36, A37, A38, A39, A40, Ad1, Ad2, A43, Ad4, N5, A46, A47, A48, A49,
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A50, A51, A52, A53, A54, A55, A56, A57, A58, A59, ABO, A61, A62, A63, AB4, AB5, A6B6, A67,
AB8, A69, A70, A71, A72, A73, A74 or A75 GAA truncated form moiety (in particular a
truncated form of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in
particular in SEQ ID NO:5), fused at its N-terminal end to a signal peptide selected in the group
consisting of SEQ ID NO:2 to 4.

[0053] In a particular embodiment, the chimeric GAA protein of the invention comprises a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, A41, A42, AA3, Ad4, N5, A46 or A47 GAA truncated form moiety (in particular a
truncated form of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in
particular in SEQ ID NO:5), fused at its N-terminal end to a signal peptide selected in the group
consisting of SEQ ID NO:2 to 4.

[0054] In a particular embodiment, the chimeric GAA protein of the invention comprises a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, Ad1, A42, A43, A4, A45 or Ad6 GAA truncated form moiety (in particular a truncated
form of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ
ID NO:5), fused at its N-terminal end to a signal peptide selected in the group consisting of
SEQ ID NO:2 to 4.

[0055] In a particular embodiment, the chimeric GAA protein of the invention comprises a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, Ad1, A2, A43, Ad4 or A45 GAA truncated form moiety (in particular a truncated form of
the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5), fused at its N-terminal end to a signal peptide selected in the group consisting of SEQ
ID NO:2 to 4.

[0056] In a particular embodiment, the chimeric GAA protein of the invention comprises a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, Ad41, A42, A43 or Ad44 GAA truncated form moiety (in particular a truncated form of the
parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5),
fused at its N-terminal end to a signal peptide selected in the group consisting of SEQ ID NO:2
to 4.

[0057] In a particular embodiment, the chimeric GAA protein of the invention comprises a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, Ad1, A42 or A43 GAA truncated form moiety (in particular a truncated form of the parent
hGAA protein shown in SEQ ID NO: & or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at
its N-terminal end to a signal peptide selected in the group consisting of SEQ ID NO:2 to 4.



DK/EP 3510049 T5

[0058] In a particular embodiment, the chimeric GAA protein of the invention comprises a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, A41 or Ad2 GAA truncated form moiety (in particular a truncated form of the parent hGAA
protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-
terminal end to a signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0059] In a particular embodiment, the chimeric GAA protein of the invention comprises a A2,
A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22,
A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40,
A41, A42 or A3 GAA truncated form moiety (in particular a truncated form of the parent hGAA
protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-
terminal end to a signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0060] In a particular embodiment, the chimeric GAA protein of the invention comprises a A3,
A, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22,
A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40,
A41, A42 or A3 GAA truncated form moiety (in particular a truncated form of the parent hGAA
protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-
terminal end to a signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0061] In a particular embodiment, the chimeric GAA protein of the invention comprises a A4,
A5, AB, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23,
A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40, Ad1,
A42 or A43 GAA truncated form moiety (in particular a truncated form of the parent hGAA
protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-
terminal end to a signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0062] In a particular embodiment, the chimeric GAA protein of the invention comprises a A5,
A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24,
A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40, Ad1, A42
or A43 GAA truncated form moiety (in particular a truncated form of the parent hGAA protein
shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-terminal
end to a signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0063] In a particular embodiment, the chimeric GAA protein of the invention comprises a A6,
A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25,
A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40, Ad1, A42 or A43
GAA truncated form moiety (in particular a truncated form of the parent hGAA protein shown in
SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-terminal end to a
signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0064] In a particular embodiment, the chimeric GAA protein of the invention comprises a A7,
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A8, A9, A10, A11, A12, AM13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25,
A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40, Ad1, A42 or A43
GAA truncated form moiety (in particular a truncated form of the parent hGAA protein shown in
SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-terminal end to a
signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0065] In a particular embodiment, the chimeric GAA protein of the invention comprises a A8,
A9, A10, A1, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26,
A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40, Ad1, Ad2 or A43 GAA
truncated form moiety (in particular a truncated form of the parent hGAA protein shown in SEQ
ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), fused at its N-terminal end to a
signal peptide selected in the group consisting of SEQ ID NO:2 to 4.

[0066] In a particular embodiment, the GAA moiety of the chimeric GAA protein is a A6, A7,
A8, A9 or A10 truncated form of GAA (in particular of the parent hGAA protein shown in SEQ
ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NQO:5), in particular a A7, A8 or A9 truncated
form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID
NO:36, in particular in SEQ ID NO:5), in particular a A8 truncated form of GAA (in particular of
the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5).

[0067] In a particular embodiment, the GAA moiety of the chimeric GAA protein is a A27, A28,
A29, A30 or A31 truncated form of GAA (in particular of the parent hGAA protein shown in SEQ
ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), in particular a A28, A29 or A30
truncated form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ
ID NO:36, in particular in SEQ ID NO:5), in particular a A29 truncated form of GAA (in particular
of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5).

[0068] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A40,
A41, A42, A43 or A44 truncated form of GAA (in particular of the parent hGAA protein shown in
SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), in particular a A41, A42 or A43
truncated form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ
ID NO:36, in particular in SEQ ID NO:5), in particular a A42 truncated form of GAA (in particular
of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5).

[0069] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A41,
A42, A43, Ad4 or A45 truncated form of GAA (in particular of the parent hGAA protein shown in
SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), in particular a A42, A43 or A44
truncated form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ
ID NO:36, in particular in SEQ ID NO:5), in particular a A43 truncated form of GAA (in particular
of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5).
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[0070] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A6,
A7, A8, A9, A10, A27, A28, A29, A30, A31, A40, A41, A42, A43, Ad4, A45, N6 or A47
truncated form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ
ID NO:36, in particular in SEQ ID NO:5).

[0071] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A7,
A8, A9, A28, A29, A30, Ad1, A42, A43 or A44 truncated form of GAA (in particular of the parent
hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5).

[0072] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A6,
A7, A8, A9, A10, A40, Ad1, Ad42, A43 or A44, truncated form of GAA (in particular of the parent
hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5).

[0073] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A8,
A29, A42, A43 or A47 truncated form of GAA (in particular of the parent hGAA protein shown in
SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5).

[0074] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A8,
A29, A42 or A43 truncated form of GAA (in particular of the parent hGAA protein shown in SEQ
ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5).

[0075] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A8
or A42 truncated form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5
or SEQ ID NO:36, in particular in SEQ ID NO:5).

[0076] In a particular embodiment, of the invention, the chimeric GAA polypeptide of the
invention comprises a truncated GAA moiety derived from a functional parent human GAA
polypeptide. In a further particular embodiment, the parent hGAA polypeptide is the hGAA
polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5. In a variant
of this embodiment, the GAA moiety in the chimeric GAA polypeptide of the invention is a A1,
A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A0, Ad1, A42, A43, Ad4, N5, N6, A47, A48, A49, A50, A51, A2, A53, A54, A55, A56, A57,
A58, A59, ABO, AB1, AB2, A63, AB4, ABS, A66, A67, A68, AB9, A70, A71, A72, A73, A74 or A75
GAA truncated form of a hGAA polypeptide, and more particularly of the hGAA polypeptide
shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a functional
variant thereof comprising amino acid substitutions in the sequence shown in SEQ ID NO:5 or
SEQ ID NO:36, in particular in SEQ ID NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in particular to SEQ ID
NO:5. In a further particular embodiment, the GAA moiety of the chimeric GAA polypeptide of
the invention is a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17,
A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35,
A36, A37, A38, A39, A40, Ad1, A42, A43, Ad4, A45, A46 or A47, in particular a A6, A7, A8, A9,
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A10, A40, Ad1, Ad2, A43 or Ad4, in particular a A8, A29, A42 or A43, in particular a A8 or A42

truncated form of a hGAA polypeptide, and more particularly of the hGAA polypeptide shown in
SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a functional variant thereof
comprising amino acid substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36,
in particular in SEQ ID NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98
or 99 percent identity (for example 80, 85, 90, 95, 96, 97, 98 or 99 percent identity) to SEQ ID
NO:5 or SEQ ID NO:36, in particular to SEQ ID NO:5.

[0077] In a variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide of the
invention is a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17,
A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35,
A36, A37, A38, A39, A40, Ad1, A42, A43, A44, A45 or A46 GAA truncated form of a hGAA
polypeptide, and more particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID
NO:36, even more particularly in SEQ ID NO:5, or of a functional variant thereof comprising
amino acid substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular
SEQ ID NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0078] In a variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide of the
invention is a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17,
A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35,
A36, A37, A38, A39, A40, A41, A42, A43, Ad44 or A45 GAA ftruncated form of a hGAA
polypeptide, and more particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID
NO:36, even more particularly in SEQ ID NO:5, or of a functional variant thereof comprising
amino acid substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular
SEQ ID NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0079] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16,
A7, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34,
A35, A36, A37, A38, A39, A40, Ad1, A42, A43 or A44 GAA ftruncated form of a hGAA
polypeptide, and more particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID
NO:36, even more particularly in SEQ ID NO:5, or of a functional variant thereof comprising
amino acid substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular
SEQ ID NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0080] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16,
A7, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34,
A35, A36, A37, A38, A39, A40, Ad1, A42, or A43 GAA truncated form of a hGAA polypeptide,
and more particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even
more particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
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substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0081] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16,
A7, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34,
A35, A36, A37, A38, A39, A40, Ad41 or A42 GAA truncated form of a hGAA polypeptide, and
more particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0082] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17,
A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35,
A36, A37, A38, A39, A40, A41 or A42 GAA truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0083] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18,
A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36,
A37, A38, A39, A40, A41 or A42 GAA truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0084] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18,
A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36,
A37, A38, A39, A40, A41 or A42 GAA truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.
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[0085] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19,
A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37,
A38, A39, A40, A41 or A42 GAA truncated form of a hGAA polypeptide, and more particularly
of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in
SEQ ID NO:5, or of a functional variant thereof comprising amino acid substitutions in the
sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5, and having at
least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ
ID NO:36, in particular SEQ ID NO:5.

[0086] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20,
A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38,
A39, A40, Ad1 or A42 GAA truncated form of a hGAA polypeptide, and more particularly of the
hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in SEQ ID
NO:5, or of a functional variant thereof comprising amino acid substitutions in the sequence
shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5, and having at least 75,
80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ ID NO:36,
in particular SEQ ID NO:5.

[0087] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, A41 or A42 GAA truncated form of a hGAA polypeptide, and more particularly of the
hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in SEQ ID
NO:5, or of a functional variant thereof comprising amino acid substitutions in the sequence
shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5, and having at least 75,
80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ ID NO:36,
in particular SEQ ID NO:5.

[0088] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22,
A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40,
A41 or A42 GAA truncated form of a hGAA polypeptide, and more particularly of the hGAA
polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in SEQ ID NO:5,
or of a functional variant thereof comprising amino acid substitutions in the sequence shown in
SEQ ID NO:5 or SEQ ID NO:386, in particular SEQ ID NO:5, and having at least 75, 80, 85, 90,
91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ ID NO:36, in
particular SEQ ID NO:5.

[0089] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17,
A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35,
A36, A37, A38, A39, A40, Ad1, A42, or A43 GAA truncated form of a hGAA polypeptide, and
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more particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0090] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18,
A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36,
A37, A38, A39, A40, A41, A42, or A43 GAA truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0091] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18,
A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36,
A37, A38, A39, A40, A41, A42, or A43 GAA truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0092] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A5, A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19,
A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37,
A38, A39, A40, A41, A42, or A43 GAA truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more
particularly in SEQ ID NO:5, or of a functional variant thereof comprising amino acid
substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID
NO:5, and having at least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to
SEQ ID NO:5 SEQ ID NO:36, in particular SEQ ID NO:5.

[0093] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A6, A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20,

A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38,

A39, A40, Ad1, A42, or A43 GAA truncated form of a hGAA polypeptide, and more particularly
of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in
SEQ ID NO:5, or of a functional variant thereof comprising amino acid substitutions in the
sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5, and having at
least 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ
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ID NO:36, in particular SEQ ID NO:5.

[0094] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A7, A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21,
A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39,
A40, A41, A42, or A43 GAA truncated form of a hGAA polypeptide, and more particularly of the
hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in SEQ ID
NO:5, or of a functional variant thereof comprising amino acid substitutions in the sequence
shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5, and having at least 75,
80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ ID NO:36,
in particular SEQ ID NO:5.

[0095] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A8, A9, A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, A20, A21, A22,
A23, A24, A25, A26, A27, A28, A29, A30, A31, A32, A33, A34, A35, A36, A37, A38, A39, A40,
A41, A42, or A43 GAA truncated form of a hGAA polypeptide, and more particularly of the
hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, even more particularly in SEQ ID
NO:5, or of a functional variant thereof comprising amino acid substitutions in the sequence
shown in SEQ ID NO:5 or SEQ ID NO:36, in particular SEQ ID NO:5, and having at least 75,
80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 SEQ ID NO:36,
in particular SEQ ID NO:5.

[0096] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A6, A7, A8, A9 or A10, in particular a A7, A8 or A9, more particularly a A8
truncated form of a hGAA polypeptide, and more particularly of the hGAA polypeptide shown in
SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a functional variant thereof
comprising amino acid substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36,
in particular in SEQ ID NO:5, and having at least 80, 85, 90, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5.

[0097] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A27, A28, A29, A30 or A31, in particular a A28, A29 or A30, more
particularly a A29 truncated form of a hGAA polypeptide, and more particularly of the hGAA
polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a
functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having at least 80, 85, 90, 95, 96,
97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5.

[0098] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A40, Ad1, A42, A43 or Ad4, in particular a A41, A42 or A43, more
particularly a A42 truncated form of a hGAA polypeptide, and more particularly of the hGAA
polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a
functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having at least 80, 85, 90, 95, 96,
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97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5.

[0099] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A41, Ad2, A43, A44 or A45, in particular a A42, A43 or A44, more
particularly a A43 truncated form of a hGAA polypeptide, and more particularly of the hGAA
polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a
functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having at least 80, 85, 90, 95, 96,
97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5.

[0100] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A6, A7, A8, A9, A10, A27, A28, A29, A30, A31, A40, Ad1, A42, A43, Ad4 or
A45, in particular a A7, A8, A9, A28, A29, A30, A41, A42, A43 or A44, in particular a A8, A29,
A42 or A43 truncated form of a hGAA polypeptide, and more particularly of the hGAA
polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a
functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having at least 80, 85, 90, 95, 96,
97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5.

[0101] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A6, A7, A8, A9, A10, A40, Ad1, A42, A43 or A44, in particular a A8 or A42

truncated form of a hGAA polypeptide, and more particularly of the hGAA polypeptide shown in
SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, or of a functional variant thereof
comprising amino acid substitutions in the sequence shown in SEQ ID NO:5 or SEQ ID NO:36,
in particular in SEQ ID NO:5, and having at least 80, 85, 90, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5.

[0102] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A8, A29, Ad2, A43 or A47 truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in
SEQ ID NO:5, or of a functional variant thereof comprising amino acid substitutions in the
sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having
at least 80, 85, 90, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in
particular in SEQ ID NO:5.

[0103] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
of the invention is a A8, A29, A42 or A43 truncated form of a hGAA polypeptide, and more
particularly of the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in
SEQ ID NO:5, or of a functional variant thereof comprising amino acid substitutions in the
sequence shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having
at least 80, 85, 90, 95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in
particular in SEQ ID NO:5.

[0104] In another variant of this embodiment, the GAA moiety of the chimeric GAA polypeptide
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of the invention is a A8 or A42 truncated form of a hGAA polypeptide, and more particularly of
the hGAA polypeptide shown in SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5,
or of a functional variant thereof comprising amino acid substitutions in the sequence shown in
SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID NO:5, and having at least 80, 85, 90,
95, 96, 97, 98 or 99 percent identity to SEQ ID NO:5 or SEQ ID NO:36, in particular in SEQ ID
NO:5.

[0105] In a specific embodiment, the GAA moiety in the chimeric GAA polypeptide of the
invention has an amino acid sequence consisting of the sequence shown in SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO: 41, SEQ ID NO:42 or SEQ ID NO:43, in particular an amino acid
sequences consisting of the sequence shown in SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:
41 or SEQ ID NO:42, in particular an amino acid sequences consisting of the sequence shown
in SEQ ID NO:29 or SEQ ID NO:30.

[0106] The invention also relates to a nucleic acid construct comprising a nucleic acid molecule
of the invention. The nucleic acid construct may correspond to an expression cassette
comprising the nucleic acid sequence of the invention, operably linked to one or more
expression control sequences and/or other sequences improving the expression of a
transgene and/or sequences enhancing the secretion of the encoded protein and/or
sequences enhancing the uptake of the encoded protein. As used herein, the term "operably
linked" refers to a linkage of polynucleotide elements in a functional relationship. A nucleic acid
is "operably linked" when it is placed into a functional relationship with another nucleic acid
sequence. For instance, a promoter, or another transcription regulatory sequence, is operably
linked to a coding sequence if it affects the transcription of the coding sequence. Such
expression control sequences are known in the art, such as promoters, enhancers (such as
cis-regulatory modules (CRMs)), introns, polyA signals, etc.

[0107] In particular, the expression cassette may include a promoter. The promoter may be an
ubiquitous or tissue-specific promoter, in particular a promoter able to promote expression in
cells or tissues in which expression of GAA is desirable such as in cells or tissues in which GAA
expression is desirable in GAA-deficient patients. In a particular embodiment, the promoter is a
liver-specific promoter such as the alpha-1 antitrypsin promoter (hAAT) (SEQ ID NO: 15), the
transthyretin promoter, the albumin promoter, the thyroxine-binding globulin (TBG) promoter,
the LSP promoter (comprising a thyroid hormone-binding globulin promoter sequence, two
copies of an alpha1-microglobulin/bikunin enhancer sequence, and a leader sequence - 34.1l,
C. R, et al. (1997). Optimization of the human factor VIIl complementary DNA expression
plasmid for gene therapy of hemophilia A. Blood Coag. Fibrinol. 8: S23-S30.), etc. Other useful
liver-specific promoters are known in the art, for example those listed in the Liver Specific
Gene  Promoter Database compiled the Cold Spring Harbor Laboratory
(http://rulai.cshl.edu/LSPD/). A preferred promoter in the context of the invention is the hAAT
promoter. In another embodiment, the promoter is a promoter directing expression in one
tissue or cell of interest (such as in muscle cells), and in liver cells. For example, to some
extent, promoters specific of muscle cells such as the desmin, Spc5-12 and MCK promoters
may present some leakage of expression into liver cells, which can be advantageous to induce
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immune tolerance of the subject to the GAA protein expressed from the nucleic acid of the
invention.

[0108] Other tissue-specific or non-tissue-specific promoters may be useful in the practice of
the invention. For example, the expression cassette may include a tissue-specific promoter
which is a promoter different from a liver specific promoter. For example the promoter may be
muscle-specific, such as the desmin promoter (and a desmin promoter variant such as a
desmin promoter including natural or artificial enhancers), the SPc5-12 promoter or the MCK
promoter. In another embodiment, the promoter is a promoter specific of other cell lineage,
such as the erythropoietin promoter, for the expression of the GAA polypeptide from cells of
the erythroid lineage.

[0109] In another embodiment, the promoter is an ubiquitous promoter. Representative
ubiquitous promoters include the cytomegalovirus enhancer/chicken beta actin (CAG)
promoter, the cytomegalovirus enhancer/promoter (CMV), the PGK promoter, the SV40 early
promoter, etc.

[0110] In addition, the promoter may also be an endogenous promoter such as the albumin
promoter or the GAA promoter.

[0111] In a particular embodiment, the promoter is associated to an enhancer sequence, such
as cis-regulatory modules (CRMs) or an artificial enhancer sequence. For example, the
promoter may be associated to an enhancer sequence such as the human ApoE control region
(or Human apolipoprotein E/C-| gene locus, hepatic control region HCR-1 - Genbank accession
No. U32510, shown in SEQ ID NO:16). In a particular embodiment, an enhancer sequence
such as the ApoE sequence is associated to a liver-specific promoter such as those listed
above, and in particular such as the hAAT promoter. Other CRMs useful in the practice of the
present invention include those described in Rincon et al., Mol Ther. 2015 Jan;23(1):43-52,
Chuah et al., Mol Ther. 2014 Sep;22(9):1605-13 or Nair et al.,, Blood. 2014 May
15;123(20):3195-9.

[0112] In another particular embodiment, the nucleic acid construct comprises an intron, in
particular an intron placed between the promoter and the GAA coding sequence. An intron
may be introduced to increase mRNA stability and the production of the protein. In a further
embodiment, the nucleic acid construct comprises a human beta globin b2 (or HBB2) intron, a
coagulation factor IX (FIX) intron, a SV40 intron or a chicken beta-globin intron. In another
further embodiment, the nucleic acid construct of the invention contains a modified intron (in
particular a modified HBB2 or FIX intron) designed to decrease the number of, or even totally
remove, alternative open reading frames (ARFs) found in said intron. Preferably, ARFs are
removed whose length spans over 50 bp and have a stop codon in frame with a start codon.
ARFs may be removed by modifying the sequence of the intron. For example, modification
may be carried out by way of nucleotide substitution, insertion or deletion, preferably by
nucleotide substitution. As an illustration, one or more nucleotides, in particular one nucleotide,
in an ATG or GTG start codon present in the sequence of the intron of interest may be
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replaced resulting in a non-start codon. For example, an ATG or a GTG may be replaced by a
CTG, which is not a start codon, within the sequence of the intron of interest.

[0113] The classical HBB2 intron used in nucleic acid constructs is shown in SEQ ID NO:6. For
example, this HBB2 intron may be modified by eliminating start codons (ATG and GTG codons)
within said intron. In a particular embodiment, the modified HBB2 intron comprised in the
construct has the sequence shown in SEQ ID NO:7. The classical FIX intron used in nucleic
acid constructs is derived from the first intron of human FIX and is shown in SEQ ID NO:8. FIX
intron may be modified by eliminating start codons (ATG and GTG codons) within said intron.
In a particular embodiment, the modified FIX intron comprised in the construct of the invention
has the sequence shown in SEQ ID NO:9. The classical chicken-beta globin intron used in
nucleic acid constructs is shown in SEQ ID NO: 10. Chicken-beta globin intron may be modified
by eliminating start codons (ATG and GTG codons) within said intron. In a particular
embodiment, the modified chicken-beta globin intron comprised in the construct of the
invention has the sequence shown in SEQ ID NO:11.

[0114] The inventors have previously shown in W02015/162302 that such a modified intron, in
particular a modified HBB2 or FIX intron, has advantageous properties and can significantly
improve the expression of a transgene.

[0115] In a particular embodiment, the nucleic acid construct of the invention is an expression
cassette comprising, in the 5' to 3' orientation, a promoter optionally preceded by an enhancer,
the coding sequence of the invention (i.e. the optimized GAA coding sequence of the invention,
the chimeric GAA coding sequence of the invention, or the chimeric and optimized GAA coding
sequence of the invention), and a polyadenylation signal (such as the bovine growth hormone
polyadenylation signal, the SV40 polyadenylation signal, or another naturally occurring or
artificial polyadenylation signal). In a particular embodiment, the nucleic acid construct of the
invention is an expression cassette comprising, in the 5' to 3' orientation, a promoter optionally
preceded by an enhancer, (such as the ApoE control region), an intron (in particular an intron
as defined above), the coding sequence of the invention, and a polyadenylation signal. In a
further particular embodiment, the nucleic acid construct of the invention is an expression
cassette comprising, in the 5' to 3' orientation, an enhancer such as the ApoE control region, a
promoter, an intron (in particular an intron as defined above), the coding sequence of the
invention, and a polyadenylation signal. In a further particular embodiment of the invention the
expression cassette comprising, in the 5' to 3' orientation, an ApoE control region, the hAAT-
liver specific promoter, a HBB2 intron (in particular a modified HBB2 intron as defined above),
the coding sequence of the invention, and the bovine growth hormone polyadenylation signal,
such as the nucleic acid construct shown in any one of SEQ ID NO:20 to SEQ ID NO:22, which
includes the sequence-optimized GAA nucleic acid molecule of SEQ ID NO: 13 combined to
each of the signal peptideencoding sequences shown in SEQ ID NO:2 to 4. In other
embodiments, the expression cassette contains the coding sequence resulting from one of the
combinations of sequences shown in table 2, table 2" or table 2" above, in particular in table 2'
or table 2".
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[0116] In a particular embodiment, the expression cassette comprises the ApoE control region,
the hAAT-liver specific promoter, a codon-optimized HBB2 intron, the coding sequence of the
invention and the bovine growth hormone polyadenylation signal.

[0117] In designing the nucleic acid construct of the invention, one skilled in the art will take
care of respecting the size limit of the vector used for delivering said construct to a cell or
organ. In particular, one skilled in the art knows that a major limitation of AAV vector is its cargo
capacity which may vary from one AAV serotype to another but is thought to be limited to
around the size of parental viral genome. For example, 5 kb, is the maximum size usually
thought to be packaged into an AAV8 capsid (WWu Z. et al., Mol Ther., 2010, 18(1): 80-86; Lai Y.
et al., Mol Ther., 2010, 18(1): 75-79; Wang Y. et al., Hum Gene Ther Methods, 2012, 23(4):
225-33). Accordingly, those skilled in the art will take care in practicing the present invention to
select the components of the nucleic acid construct of the invention so that the resulting nucleic
acid sequence, including sequences coding AAV 5'- and 3'-ITRs to preferably not exceed 110
% of the cargo capacity of the AAV vector implemented, in particular to preferably not exceed
5.5 kb.

[0118] It is also herein disclosed a vector comprising a nucleic acid molecule or construct as
disclosed herein. In particular, the vector is a vector suitable for protein expression, preferably
for use in gene therapy. In one embodiment, the vector is a plasmid vector. In another
embodiment, the vector is a nanoparticle containing a nucleic acid molecule of the invention, in
particular a messenger RNA encoding the GAA polypeptide of the invention. In another
embodiment, the vector is a system based on transposons, allowing integration of the nucleic
acid molecule or construct of the invention in the genome of the target cell, such as the
hyperactive Sleeping Beauty (SB100X) transposon system (Mates et al. 2009). In another
embodiment, the vector is a viral vector suitable for gene therapy, targeting any cell of interest
such as liver tissue or cells, muscle cell, CNS cells (such as brain cells), or hematopoietic stem
cells such as cells of the erythroid lineage (such as erythrocytes). In this case, the nucleic acid
construct of the invention also contains sequences suitable for producing an efficient viral
vector, as is well known in the art. In a particular embodiment, the viral vector is derived from
an integrating virus. In particular, the viral vector may be derived from a retrovirus or a
lentivirus. In a further particular embodiment, the viral vector is an AAV vector, such as an AAV
vector suitable for transducing liver tissues or cells, more particularly an AAV-1, -2 and AAV-2
variants (such as the quadruple-mutant capsid optimized AAV-2 comprising an engineered
capsid with Y44+500+730F+T491V changes, disclosed in Ling et al., 2016 Jul 18, Hum Gene
Ther Methods. [Epub ahead of print]), -3 and AAV-3 variants (such as the AAV3-ST variant
comprising an engineered AAV3 capsid with two amino acid changes, S663V+T492V, disclosed
in Vercauteren et al., 2016, Mol. Ther. Vol. 24(6), p. 1042), -3B and AAV-3B variants, -4, -5, -6
and AAV-6 variants (such as the AAV6 variant comprising the triply mutated AAV6 capsid
Y731F/Y705F/T492V form disclosed in Rosario et al., 2016, Mol Ther Methods Clin Dev. 3, p.
16026), -7, -8, -9, -10 such as -cy10 and -rh10, -rh74, -dj, Anc80, LKO3, AAV2i8, porcine AAV
serotypes such as AAVpo4 and AAVpo6, etc., vector or a retroviral vector such as a lentiviral
vector and an alpha-retrovirus. As is known in the art, depending on the specific viral vector
considered for use, additional suitable sequences will be introduced in the nucleic acid
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construct of the invention for obtaining a functional viral vector. Suitable sequences include
AAV ITRs for an AAV vector, or LTRs for lentiviral vectors. As such, the invention also relates to
an expression cassette as described above, flanked by an ITR or an LTR on each side.

[0119] Advantages of viral vectors are discussed in the following part of this disclosure. Viral
vectors are preferred for delivering the nucleic acid molecule or construct of the invention, such
as a retroviral vector, for example a lentiviral vector, or a non-pathogenic parvovirus, more
preferably an AAV vector. The human parvovirus Adeno-Associated Virus (AAV) is a
dependovirus that is naturally defective for replication which is able to integrate into the
genome of the infected cell to establish a latent infection. The last property appears to be
unique among mammalian viruses because the integration occurs at a specific site in the
human genome, called AAVS1, located on chromosome 19 (19q13.3-qter). Therefore, AAV
vectors have arisen considerable interest as a potential vectors for human gene therapy.
Among the favorable properties of the virus are its lack of association with any human disease,
its ability to infect both dividing and non-dividing cells, and the wide range of cell lines derived
from different tissues that can be infected.

[0120] Among the serotypes of AAVs isolated from human or non-human primates (NHP) and
well characterized, human serotype 2 is the first AAV that was developed as a gene transfer
vector. Other currently used AAV serotypes include AAV-1, AAV-2 variants (such as the
quadruple-mutant capsid optimized AAV-2 comprising an engineered capsid with
Y44+500+730F+T491V changes, disclosed in Ling et al., 2016 Jul 18, Hum Gene Ther
Methods. [Epub ahead of print]), -3 and AAV-3 variants (such as the AAV3-ST variant
comprising an engineered AAV3 capsid with two amino acid changes, S663V+T492V, disclosed
in Vercauteren et al., 2016, Mol. Ther. Vol. 24(6), p. 1042), -3B and AAV-3B variants, -4, -5, -6
and AAV-6 variants (such as the AAV6 variant comprising the triply mutated AAV6 capsid
Y731F/Y705F/T492V form disclosed in Rosario et al., 2016, Mol Ther Methods Clin Dev. 3, p.
16026), -7, -8, -9, -10 such as cy10 and -rh10, -rh74, -dj, Anc80, LKO3, AAV2i8, porcine AAV
serotypes such as AAVpo4 and AAVpo6, and tyrosine, lysine and serine capsid mutants of the
AAV serotypes, etc.. In addition, other non-natural engineered variants and chimeric AAV can
also be useful.

[0121] AAV viruses may be engineered using conventional molecular biology techniques,
making it possible to optimize these particles for cell specific delivery of nucleic acid
sequences, for minimizing immunogenicity, for tuning stability and particle lifetime, for efficient
degradation, for accurate delivery to the nucleus.

[0122] Desirable AAV fragments for assembly into vectors include the cap proteins, including
the vp1, vp2, vp3 and hypervariable regions, the rep proteins, including rep 78, rep 68, rep 52,
and rep 40, and the sequences encoding these proteins. These fragments may be readily
utilized in a variety of vector systems and host cells.

[0123] AAV-based recombinant vectors lacking the Rep protein integrate with low efficacy into
the host's genome and are mainly present as stable circular episomes that can persist for
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years in the target cells. Alternatively to using AAV natural serotypes, artificial AAV serotypes
may be used in the context of the present disclosure, including, without limitation, AAV with a
non-naturally occurring capsid protein. Such an artificial capsid may be generated by any
suitable technique, using a selected AAV sequence (e.g., a fragment of a vp1 capsid protein) in
combination with heterologous sequences which may be obtained from a different selected
AAV serotype, non-contiguous portions of the same AAV serotype, from a non-AAV viral
source, or from a non-viral source. An artificial AAV serotype may be, without limitation, a
chimeric AAV capsid, a recombinant AAV capsid, or a "humanized" AAV capsid. Accordingly, it
is herein disclosed an AAV vector comprising the nucleic acid molecule or construct of the
invention. In the context of the present disclosure, the AAV vector comprises an AAV capsid
able to transduce the target cells of interest, in particular hepatocytes. According to a particular
embodiment, the AAV vector is of the AAV-1, -2, AAV-2 variants (such as the quadruple-mutant
capsid optimized AAV-2 comprising an engineered capsid with Y44+500+730F+T491V
changes, disclosed in Ling et al., 2016 Jul 18, Hum Gene Ther Methods. [Epub ahead of
print]), -3 and AAV-3 variants (such as the AAV3-ST variant comprising an engineered AAV3
capsid with two amino acid changes, S663V+T492V, disclosed in Vercauteren et al., 2016, Mol.
Ther. Vol. 24(6), p. 1042), -3B and AAV-3B variants, -4, -5, -6 and AAV-6 variants (such as the
AAV6 variant comprising the triply mutated AAV6 capsid Y731F/Y705F/T492V form disclosed in
Rosario et al., 2016, Mol Ther Methods Clin Dev. 3, p. 16026), -7, -8, -9, -10 such as -cy10 and
-rh10, -rh74, -dj, Anc80, LKO3, AAV2i8, porcine AAV such as AAVpo4 and AAVpo6, and

tyrosine, lysine and serine capsid mutants of a AAV serotypes, etc., serotype. In a particular
embodiment, the AAV vector is of the AAV8, AAV9, AAVrh74 or AAV2i8 serotype (i.e. the AAV

vector has a capsid of the AAV8, AAV9, AAVrh74 or AAV2i8 serotype). In a further particular
embodiment, the AAV vector is a pseudotyped vector, i.e. its genome and capsid are derived
from AAVs of different serotypes. For example, the pseudotyped AAV vector may be a vector
whose genome is derived from one of the above mentioned AAV serotypes, and whose capsid
is derived from another serotype. For example, the genome of the pseudotyped vector may
have a capsid derived from the AAV8, AAV9, AAVrh74 or AAV2i8 serotype, and its genome may
be derived from and different serotype. In a particular embodiment, the AAV vector has a
capsid of the AAV8, AAV9 or AAVrh74 serotype, in particular of the AAV8 or AAV9 serotype,

more particularly of the AAV8 serotype.

[0124] In a specific embodiment, wherein the vector is for use in delivering the transgene to
muscle cells, the AAV vector may be selected, among others, in the group consisting of AAVS,
AAV9 and AAVrh74. In another specific embodiment, wherein the vector is for use in delivering
the transgene to liver cells, the AAV vector may be selected, among others, in the group
consisting of AAVS5, AAV8, AAV9, AAV-LKO3, AAV-Anc80 and AAV3B.

[0125] In another embodiment, the capsid is a modified capsid. In the context of the present
disclosure, a "modified capsid" may be a chimeric capsid or capsid comprising one or more
variant VP capsid proteins derived from one or more wild-type AAV VP capsid proteins.

[0126] In a particular embodiment, the AAV vector is a chimeric vector, i.e. its capsid
comprises VP capsid proteins derived from at least two different AAV serotypes, or comprises
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at least one chimeric VP protein combining VP protein regions or domains derived from at least
two AAV serotypes. Examples of such chimeric AAV vectors useful to transduce liver cells are
described in Shen et al., Molecular Therapy, 2007 and in Tenney et al., Virology, 2014. For
example a chimeric AAV vector can derive from the combination of an AAV8 capsid sequence
with a sequence of an AAV serotype different from the AAV8 serotype, such as any of those
specifically mentioned above. In another embodiment, the capsid of the AAV vector comprises
one or more variant VP capsid proteins such as those described in WO2015013313, in
particular the RHM4-1, RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4 and RHM15-6
capsid variants, which present a high liver tropism.

[0127] In another embodiment, the modified capsid can be derived also from capsid
modifications inserted by error prone PCR and/or peptide insertion (e.g. as described in Bartel
et al., 2011). In addition, capsid variants may include single amino acid changes such as
tyrosine mutants (e.g. as described in Zhong et al., 2008)

[0128] In addition, the genome of the AAV vector may either be a single stranded or self-
complementary double-stranded genome (McCarty et al., Gene Therapy, 2003). Self-
complementary double-stranded AAV vectors are generated by deleting the terminal resolution
site (irs) from one of the AAV terminal repeats. These modified vectors, whose replicating
genome is half the length of the wild type AAV genome have the tendency to package DNA
dimers. In a preferred embodiment, the AAV vector implemented in the practice of the present
disclosure has a single stranded genome, and further preferably comprises an AAV8, AAV9,
AAVrh74 or AAV2i8 capsid, in particular an AAV8, AAV9 or AAVrh74 capsid, such as an AAVS8 or
AAV9 capsid, more particularly an AAV8 capsid.

[0129] In a particularly preferred embodiment, it is herein disclosed an AAV vector comprising,
in a single-stranded or double-stranded, self-complementary genome (e.g. a single-stranded
genome), the nucleic acid acid construct of the invention. In one embodiment, the AAV vector
comprises an AAV8, AAV9, AAVrh74 or AAV2i8 capsid, in particular an AAV8, AAV9 or AAVrh74
capsid, such as an AAV8 or AAV9 capsid, more particularly an AAV8 capsid . In a further
particular embodiment, said nucleic acid is operably linked to a promoter, especially an
ubiquitous or liver-specific promoter. According to a specific variant embodiment, the promoter
is an ubiquitous promoter such as the cytomegalovirus enhancer/chicken beta actin (CAG)
promoter, the cytomegalovirus enhancer/promoter (CMV), the PGK promoter and the SV40
early promoter. In a specific variant, the ubiquitous promoter is the CAG promoter. According
to another variant, the promoter is a liver-specific promoter such as the alpha-1 antitrypsin
promoter (hAAT), the transthyretin promoter, the albumin promoter and the thyroxine-binding
globulin (TBG) promoter. In a specific variant, the liver-specific promoter is the hAAT liver-
specific promoter of SEQ ID NO: 15. In a further particular embodiment, the nucleic acid
construct comprised into the genome of the AAV vector of the present disclosure further
comprises an intron as described above, such as an intron placed between the promoter and
the nucleic acid sequence encoding the GAA coding sequence (i.e. the optimized GAA coding
sequence of the invention, the chimeric GAA coding sequence of the invention, or the chimeric
and optimized GAA coding sequence of the invention). Representative introns that may be
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included within the nucleic acid construct introduced within the AAV vector genome include,
without limitation, the human beta globin b2 (or HBB2) intron, the FIX intron and the chicken
beta-globin intron. Said intron within the genome of the AAV vector may be a classical (or
unmodified) intron or a modified intron designed to decrease the number of, or even totally
remove, alternative open reading frames (ARFs) within said intron. Modified and unmodified
introns that may be used in the practice of this embodiment where the nucleic acid of the
invention is introduced within an AAV vector are thoroughly described above. In a particular
embodiment, the AAV vector, in particular an AAV vector comprising an AAV8, AAV9, AAVrh74
or AAV2i8 capsid, in particular an AAV8, AAV9 or AAVrh74 capsid, such as an AAV8 or AAV9
capsid, more particularly an AAV8 capsid, of the present disclosure includes within its genome
a modified (or optimized) intron such as the modified HBB2 intron of SEQ ID NO:7, the
modified FIX intron of SEQ ID NO:9 and the modified chicken beta-globin intron of SEQ ID
NO:11. In a further particular embodiment, the vector of the present disclosure is an AAV
vector comprising comprises an AAV8, AAV9, AAVrh74 or AAV2i8 capsid, in particular an AAVS,
AAV9 or AAVrh74 capsid, such as an AAV8 or AAV9 capsid, more particularly an AAV8 capsid,
comprising a genome containing, in the 5' to 3' orientation: an AAV 5'-ITR (such as an AAV2 5'-
ITR); an ApoE control region; the hAAT-liver specific promoter; a HBB2 intron (in particular a
modified HBB2 intron as defined above); the GAA coding sequence of the invention; the bovine
growth hormone polyadenylation signal; and an AAV 3'-ITR (such as an AAV2 3'-ITR), such as
a genome comprising a the nucleic acid shown in SEQ ID NO:20, 21 or 22 (including the
nucleic acid sequence shown in SEQ ID NO:17, 18 and 19, respectively, corresponding to an
optimized sequence encoding a A8 truncated form of GAA derived from the parent hGAA of
SEQ ID NO:5) flanked by an AAV 5'-ITR (such as an AAV2 5'-ITR) and an AAV 3'-ITR (such as
an AAV2 3'-ITR). Other expression cassette useful in the practice of the present disclosure
comprise those signal peptide moiety and GAA moiety in any one of the sequence
combinations shown in table 2, table 2' or table 2", in particular in table 2' or table 2" above.

[0130] In a particular embodiment of the invention, the nucleic acid construct of the invention
comprises a liver-specific promoter as described above, and the vector is a viral vector capable
of transducing liver tissue or cells as described above. The inventors present below data
showing that the protolerogenic and metabolic properties of the liver are advantageously
implemented thanks to this embodiment to develop highly efficient and optimized vectors to
express secretable forms of GAA in hepatocytes and to induce immune tolerance to the
protein.

[0131] In addition, in a further particular embodiment, the present disclosure provides the
combination of two vectors, such as two viral vectors, in particular two AAV vectors, for
improving gene delivery and treatment efficacy in the cells of interest. For example, the two
vectors may carry the nucleic acid molecule of the invention coding for the GAA protein of the
invention, under the control of one different promoter in each of these two vectors. In a
particular embodiment, one vector comprises a promoter which is a liver-specific promoter (as
one of those described above), and the other vector comprises a promoter which is specific of
another tissue of interest for the treatment of a glycogen storage disorder, such as a muscle-
specific promoter, for example the desmin promoter. In a particular variant of this embodiment,
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this combination of vectors corresponds to multiple co-packaged AAV vectors produced as
described in W0O2015196179.

[0132] In another aspect, the invention provides a chimeric GAA polypeptide, comprising a
signal peptide moiety and a GAA moiety, wherein the naturally occurring GAA signal peptide is
replaced with a signal peptide selected in the group consisting of SEQ ID NO:2 to 4. In a
particular embodiment, the chimeric GAA polypeptide of the invention may be a polypeptide
derived from a truncated form of GAA, as described above. For example, the chimeric GAA
protein of the invention may a A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, A12, A13, A14,
A15, A16, A17, A18, A19, A20, A21, A22, A23, A24, A25, A26, A27, A28, A29, A30, A31, A32,
A33, A34, A35, A36, A37, A38, A39, A40, A41, Ad2, A43, Ad4, A5 N6, A47, A48, A49, ASO,
A51, A52, A53, A4, A55, A56, A57, A58, A59, ABO, A1, A62, A63, A64, ABS, AB6, A67, ABS,
ABY9, A70, A71, A72, A73, A74 or A75 GAA truncated form moiety (in particular a truncated
form of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ
ID NO:5), fused at its N-terminal end to a signal peptide selected in the group consisting of
SEQ ID NO:2 to 4.

[0133] In a particular embodiment, the GAA moiety of the chimeric GAA protein is a A6, A7,
A8, A9 or A10 truncated form of GAA (in particular of the parent hGAA protein shown in SEQ
ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NQO:5), in particular a A7, A8 or A9 truncated
form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID
NO:36, in particular in SEQ ID NO:5), in particular a A8 truncated form of GAA (in particular of
the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5).

[0134] In another particular embodiment, the truncated GAA polypeptide of the invention is a
A27, A28, A29, A30 or A31, in particular a A28, A29 or A30, more particularly a A29 truncated
form of a hGAA polypeptide, and more particularly of the hGAA polypeptide shown in SEQ ID
NO: 1 or SEQ ID NO:33, in particular in SEQ ID NO: 1, or of a functional variant thereof
comprising amino acid substitutions in the sequence shown in SEQ ID NO: 1 or SEQ ID NO:33,
in particular in SEQ ID NO: 1, and having at least 80, 85, 90, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1.

[0135] In another particular embodiment, the GAA moiety of the chimeric GAA protein is a A40,
A41, A42, A43 or A44 truncated form of GAA (in particular of the parent hGAA protein shown in
SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID NO:5), in particular a A41, A42 or A43
truncated form of GAA (in particular of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ
ID NO:36, in particular in SEQ ID NO:5), in particular a A42 truncated form of GAA (in particular
of the parent hGAA protein shown in SEQ ID NO: 5 or SEQ ID NO:36, in particular in SEQ ID
NO:5).

[0136] In another variant of this embodiment, the truncated GAA polypeptide of the invention is
a N1, A2, A3, A44 or A45, in particular a A42, A43 or A44, more particularly a A43
truncated form of a hGAA polypeptide, and more particularly of the hGAA polypeptide shown in
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SEQ ID NO: 1 or SEQ ID NO:33, in particular in SEQ ID NO: 1, or of a functional variant thereof
comprising amino acid substitutions in the sequence shown in SEQ ID NO: 1 or SEQ ID NO:33,
in particular in SEQ ID NO: 1, and having at least 80, 85, 90, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1.

[0137] In another variant of this embodiment, the truncated GAA polypeptide of the invention is
a A6, A7, A8, A9, A10, A27, A28, A29, A30, A31, A40, Ad41, A42, A43, Ad4 or A45, in particular
a A7, A8, A9, A28, A29, A30, A41, A42, A43 or A44, in particular a A8, A29, A42 or A43
truncated form of a hGAA polypeptide, and more particularly of the hGAA polypeptide shown in
SEQ ID NO: 1 or SEQ ID NO:33, in particular in SEQ ID NO: 1, or of a functional variant thereof
comprising amino acid substitutions in the sequence shown in SEQ ID NO: 1 or SEQ ID NO:33,
in particular in SEQ ID NO: 1, and having at least 80, 85, 90, 95, 96, 97, 98 or 99 percent
identity to SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1.

[0138] In another variant of this embodiment, the truncated GAA polypeptide of the invention is
a A6, A7, A8, A9, A10, A40, Ad41, A42, A43 or A44, in particular a A8 or A42 truncated form of a
hGAA polypeptide, and more particularly of the hGAA polypeptide shown in SEQ ID NO: 1 or
SEQ ID NO:33, in particular in SEQ ID NO:1, or of a functional variant thereof comprising
amino acid substitutions in the sequence shown in SEQ ID NO:1 or SEQ ID NO:33, in particular
in SEQ ID NO:1, and having at least 80, 85, 90, 95, 96, 97, 98 or 99 percent identity to SEQ ID
NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1.

[0139] In another variant of this embodiment, the truncated GAA polypeptide of the invention is
a A8, A29, A42, A43 or A47 truncated form of a hGAA polypeptide, and more particularly of the
hGAA polypeptide shown in SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1, or of
a functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1, and having at least 80, 85, 90, 95, 96,
97, 98 or 99 percent identity to SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO: 1.

[0140] In another variant of this embodiment, the truncated GAA polypeptide of the invention is
a A8, A29, A42 or A43 truncated form of a hGAA polypeptide, and more particularly of the
hGAA polypeptide shown in SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1, or of
a functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO:1, and having at least 80, 85, 90, 95, 96,
97, 98 or 99 percent identity to SEQ ID NO:1 or SEQ ID NO:33, in particular in SEQ ID NO: 1.

[0141] In another variant of this embodiment, the truncated GAA polypeptide of the invention is
a A8 or A42 truncated form of a hGAA polypeptide, and more particularly of the hGAA
polypeptide shown in SEQ ID NO: 1 or SEQ ID NO:33, in particular in SEQ ID NO:1, or of a
functional variant thereof comprising amino acid substitutions in the sequence shown in SEQ
ID NO: 1 or SEQ ID NO:33, in particular in SEQ ID NO: 1, and having at least 80, 85, 90, 95,
96, 97, 98 or 99 percent identity to SEQ ID NO: 1 or SEQ ID NO:33, in particular in SEQ ID NO:
1.
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[0142] In a specific embodiment, the truncated hGAA polypeptide of the invention has an
amino acid sequence consisting of the sequence shown in SEQ ID NO:29, SEQ ID NO:30, SEQ
ID NO:41, SEQ ID NO:42 or SEQ ID NO:43, or a functional variant thereof comprising from 1 to
5 amino, in particular from 1 to 4, in particular from 1 to 3, more particularly from 1 to 2, in
particular 1 amino acid substitution as compared to the sequence shown in SEQ ID NO:29,
SEQ ID NO:30, SEQ ID NO:41, SEQ ID NO:42 or SEQ ID NO:43. In another specific
embodiment, the truncated hGAA polypeptide of the invention has an amino acid sequence
consisting of the sequence shown in SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:41 or SEQ ID
NO:42, or a functional variant thereof comprising from 1 to 5 amino acid substitutions as
compared to the sequence shown in SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:41 or SEQ ID
NO:42. In a specific embodiment, the truncated hGAA polypeptide of the invention has an
amino acid sequence consisting of the sequence shown in SEQ ID NO:29 or SEQ ID NO:30, or
a functional variant thereof comprising from 1 to 5 amino, in particular from 1 to 4, in particular
from 1 to 3, more particularly from 1 to 2, in particular 1 amino acid substitution as compared
to the sequence shown in SEQ ID NO:29 or SEQ ID NO:30.

[0143] In a particular embodiment, the chimeric GAA polypeptide has the sequence resulting
from one of the combination shown in table 1, table 1' or table 1" above, in particular in table 1'
or table 1",, or is a functional derivative thereof having at least 90% identity, in particular at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the resulting
sequence combination.

[0144] The invention also relates to a cell, for example a liver cell, that is transformed with a
nucleic acid molecule or construct of the invention as is the case for ex vivo gene therapy. Cells
of the invention may be delivered to the subject in need thereof, such as GAA-deficient patient,
by any appropriate administration route such as via injection in the liver or in the bloodstream
of said subject. In a particular embodiment, the invention involves introducing the nucleic acid
of the invention into liver cells, in particular into liver cells of the subject to be treated, and
administering said transformed liver cells into which the nucleic acid has been introduced to the
subject. Advantageously, this embodiment is useful for secreting GAA from said cells. In a
particular embodiment, the liver cells are liver cells from the patient to be treated, or are liver
stem cells that are further transformed, and differentiated in vitro into liver cells, for subsequent
administration to the patient.

[0145] The present invention further relates to a transgenic, nonhuman animal comprising in
its genome the nucleic acid molecule or construct encoding a GAA protein according to the
invention. In a particular embodiment, the animal is a mouse.

[0146] Apart from the specific delivery systems embodied below in the examples, various
delivery systems are known and can be used to administer the nucleic acid molecule or
construct of the invention, e.g., encapsulation in liposomes, microparticles, microcapsules,
recombinant cells capable of expressing the coding sequence of the invention, receptor-
mediated endocytosis, construction of a therapeutic nucleic acid as part of a retroviral or other
vector, etc.
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[0147] According to an embodiment, it may be desirable to introduce the chimeric GAA
polypeptide, nucleic acid molecule, nucleic acid construct or cell of the invention into the liver of
the subject by any suitable route. In addition naked DNA such as minicircles and transposons
can be used for delivery or lentiviral vectors. Additionally, gene editing technologies such as
zinc finger nucleases, meganucleases, TALENs, and CRISPR can also be used to deliver the
coding sequence of the invention.

[0148] The present invention also provides pharmaceutical compositions comprising the
nucleic acid molecule, the nucleic acid construct, the chimeric GAA polypeptide, or the cell of
the invention. The present disclosure also provides a pharmaceutical composition comprising
the vector disclosed herein. Such compositions comprise a therapeutically effective amount of
the therapeutic (the nucleic acid molecule, the nucleic acid construct, the chimeric GAA
polypeptide or the cell of the invention, or the vector of the present disclosure), and a
pharmaceutically acceptable carrier. In a specific embodiment, the term "pharmaceutically
acceptable” means approved by a regulatory agency of the Federal or a state government or
listed in the U.S. or European Pharmacopeia or other generally recognized pharmacopeia for
use in animals, and humans. The term "carrier" refers to a diluent, adjuvant, excipient, or
vehicle with which the therapeutic is administered. Such pharmaceutical carriers can be sterile
liquids, such as water and oils, including those of petroleum, animal, vegetable or synthetic
origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water is a preferred
carrier when the pharmaceutical composition is administered intravenously. Saline solutions
and aqueous dextrose and glycerol solutions can also be employed as liquid carriers,
particularly for injectable solutions. Suitable pharmaceutical excipients include starch, glucose,
lactose, sucrose, sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim
milk, glycerol, propylene glycol, water, ethanol and the like.

[0149] The composition, if desired, can also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents. These compositions can take the form of solutions,
suspensions, emulsions, tablets, pills, capsules, powders, sustained-release formulations and
the like. Oral formulation can include standard carriers such as pharmaceutical grades of
mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium
carbonate, etc. Examples of suitable pharmaceutical carriers are described in "Remington's
Pharmaceutical Sciences" by E. W. Martin. Such compositions will contain a therapeutically
effective amount of the therapeutic, preferably in purified form, together with a suitable amount
of carrier so as to provide the form for proper administration to the subject. In a particular
embodiment, the nucleic acid or cell of the invention, or the vector herein disclosed, is
formulated in a composition comprising phosphate-buffered saline and supplemented with
0.25% human serum albumin. In another particular embodiment, the nucleic acid, or cell of the
invention, or the vector herein disclosed, is formulated in a composition comprising ringer
lactate and a non-ionic surfactant, such as pluronic F68 at a final concentration of 0.01-
0.0001%, such as at a concentration of 0.001%, by weight of the total composition. The
formulation may further comprise serum albumin, in particular human serum albumin, such as
human serum albumin at 0.25%. Other appropriate formulations for either storage or
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administration are known in the art, in particular from WO 2005/118792 or Allay et al., 2011.

[0150] In a preferred embodiment, the composition is formulated in accordance with routine
procedures as a pharmaceutical composition adapted for intravenous administration to human
beings. Typically, compositions for intravenous administration are solutions in sterile isotonic
aqueous buffer. Where necessary, the composition may also include a solubilizing agent and a
local anesthetic such as lignocaine to, ease pain at the, site of the injection.

[0151] In an embodiment, the nucleic acid molecule, the nucleic acid construct, the chimeric
GAA polypeptide or the cell of the invention, or the vector herein disclosed, can be delivered in
a vesicle, in particular a liposome. In yet another embodiment, the nucleic acid molecule, the
nucleic acid construct, the chimeric GAA polypeptide or the cell of the invention, or the vector
herein disclosed, can be delivered in a controlled release system.

[0152] Methods of administration of the nucleic acid molecule, the nucleic acid construct, the
chimeric GAA polypeptide or the cell of the invention, or the vector herein disclosed, include
but are not limited to intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. In a particular embodiment, the administration is via the
intravenous or intramuscular route. The nucleic acid molecule, the nucleic acid construct, the
chimeric GAA polypeptide or the cell of the invention, , or the vector herein disclosed, whether
vectorized or not, may be administered by any convenient route, for example by infusion or
bolus injection, by absorption through epithelial or mucocutaneous linings (e.g., oral mucosa,
rectal and intestinal mucosa, etc.) and may be administered together with other biologically
active agents. Administration can be systemic or local.

[0153] In a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment, e.g. the liver. This may
be achieved, for example, by means of an implant, said implant being of a porous, nonporous,
or gelatinous material, including membranes, such as sialastic membranes, or fibers.

[0154] The amount of the therapeutic (i.e. the nucleic acid molecule, the nucleic acid construct,
the chimeric GAA polypeptide or the cell of the invention) of the invention, or the amount of the
vector herein disclosed, which will be effective in the treatment of a glycogen storage disease
can be determined by standard clinical techniques. In addition, in vivo and/or in vitro assays
may optionally be employed to help predict optimal dosage ranges. The precise dose to be
employed in the formulation will also depend on the route of administration, and the
seriousness of the disease, and should be decided according to the judgment of the
practitioner and each patient's circumstances. The dosage of the nucleic acid molecule, the
nucleic acid construct, the chimeric GAA polypeptide or the cell of the invention, or of the
vector herein disclosed, administered to the subject in need thereof will vary based on several
factors including, without limitation, the route of administration, the specific disease treated, the
subject's age or the level of expression necessary to obtain the therapeutic effect. One skilled
in the art can readily determine, based on its knowledge in this field, the dosage range
required based on these factors and others. In case of a treatment comprising administering a
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viral vector, such as an AAV vector, to the subject, typical doses of the vector are of at least
1x108 vector genomes per kilogram body weight (vg/kg), such as at least 1x10° vg/kg, at least
1x1010 vg/kg, at least 1x101" vg/kg, at least 1x1012 vg/kg at least 1x1013 vg/kg, or at least
1x1014 vg/kg.

[0155] It is also herein disclosed a method for treating a glycogen storage disease, which
comprises a step of delivering a therapeutic effective amount of the nucleic acid, the chimeric
polypeptide, the pharmaceutical composition or the cell of the invention, or of the vector herein
disclosed, to a subject in need thereof.

[0156] It is also herein disclosed a method for treating a glycogen storage disease, said
method inducing no immune response to the transgene (i.e. to the chimeric GAA polypeptide
of the invention), or inducing a reduced immune response to the transgene, comprising a step
of delivering a therapeutic effective amount of the nucleic acid molecule, nucleic acid construct,
pharmaceutical composition or cell of the invention, or of the vector herein disclosed, to a
subject in need thereof. It is also herein disclosed a method for treating a glycogen storage
disease, said method comprising repeated administration of a therapeutic effective amount of
the nucleic acid molecule, nucleic acid construct, pharmaceutical composition or cell of the
invention, or of the vector herein disclosed, to a subject in need thereof. In this aspect, the
nucleic acid molecule or the nucleic acid construct of the invention comprises a promoter which
is functional in liver cells, thereby allowing immune tolerance to the expressed chimeric GAA
polypeptide produced therefrom. As well, in this aspect, the pharmaceutical composition used
in this aspect comprises a nucleic acid molecule or nucleic acid construct comprising a
promoter which is functional in liver cells. In case of delivery of liver cells, said cells may be
cells previously collected from the subject in need of the treatment and that were engineered
by introducing therein the nucleic acid molecule or the nucleic acid construct of the invention to
thereby make them able to produce the chimeric GAA polypeptide of the invention. According
to an embodiment, in the aspect comprising a repeated administration, said administration may
be repeated at least once or more, and may even be considered to be done according to a
periodic schedule, such as once per week, per month or per year. The periodic schedule may
also comprise an administration once every 2, 3, 4, 5, 6, 7, 8, 9 or 10 year, or more than 10
years. In another particular embodiment, administration of each administration of a viral vector
herein disclosed is done using a different virus for each successive administration, thereby
avoiding a reduction of efficacy because of a possible immune response against a previously
administered viral vector. For example, a first administration of a viral vector comprising an
AAV8 capsid may be done, followed by the administration of a vector comprising an AAV9
capsid, or even by the administration of a virus unrelated to AAVs, such as a retroviral or
lentiviral vector.

[0157] According to the present invention, a treatment may include curative, alleviation or
prophylactic effects. Accordingly, therapeutic and prophylactic treatment includes amelioration
of the symptoms of a particular glycogen storage disease or preventing or otherwise reducing
the risk of developing a particular glycogen storage disease. The term "prophylactic" may be
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considered as reducing the severity or the onset of a particular condition. "Prophylactic" also
includes preventing reoccurrence of a particular condition in a patient previously diagnosed
with the condition. "Therapeutic" may also reduce the severity of an existing condition. The
term 'treatment’ is used herein to refer to any regimen that can benefit an animal, in particular
a mammal, more particularly a human subject.

[0158] It is also disclosed an ex vivo gene therapy method for the treatment of a glycogen
storage disease, comprising introducing the nucleic acid molecule or the nucleic acid construct
of the invention into an isolated cell of a patient in need thereof, for example an isolated
hematopoietic stem cell, and introducing said cell into said patient in need thereof. In a
particular embodiment of this aspect, the nucleic acid molecule or construct is introduced into
the cell with a vector as defined above. In a particular embodiment, the vector is an integrative
viral vector. In a further particular embodiment, the viral vector is a retroviral vector, such as a
lenviral vector. For example, a lentiviral vector as disclosed in van Til et al.,, 2010, Blood,
115(26), p. 5329, may be used in the practice in the method of the present disclosure.

[0159] The invention also relates to the nucleic acid molecule, the nucleic acid construct, the
chimeric GAA polypeptide or the cell of the invention for use as a medicament. The present
disclosure also provides the vector herein disclosed, for use as a medicament.

[0160] The invention also relates to the nucleic acid molecule, the nucleic acid construct, the
chimeric GAA polypeptide or the cell of the invention, for use in a method for treating a disease
caused by a mutation in the GAA gene, in particular in a method for treating Pompe disease. It
is also herein provided the vector as disclosed above, for use in a method for treating a
disease caused by a mutation in the GAA gene, in particular in a method for treating Pompe
disease. The invention further relates to the nucleic acid molecule, the nucleic acid construct,
the chimeric GAA polypeptide or the cell of the invention, for use in a method for treating a
glycogen storage disease, such as GSDI (von Gierke's disease), GSDIl (Pompe disease),
GSDIll (Cori disease), GSDIV, GSDV, GSDVI, GSDVII, GSDVIII and lethal congenital glycogen
storage disease of the heart, more particularly GSDI, GSDII or GSDIII, even more particularly
GSDIl and GSDIII, and most particularly GSDII. A vector as herein disclosed is also provided
for use in a method for treating a glycogen storage disease, such as GSDI (von Gierke's
disease), GSDII (Pompe disease), GSDIIl (Cori disease), GSDIV, GSDV, GSDVI, GSDVII,
GSDVIII and lethal congenital glycogen storage disease of the heart, more particularly GSDI,
GSDIl or GSDIII, even more particularly GSDII and GSDIII, and most particularly GSDII. The
chimeric GAA polypeptide of the invention may be administered to a patient in need thereof, for
use in enzyme replacement therapy (ERT), such as for use in enzyme replacement therapy of
one of a glycogen storage disease, such as GSDI (von Gierke's disease), GSDIl (Pompe
disease), GSDIIl (Cori disease), GSDIV, GSDV, GSDVI, GSDVII, GSDVIII and lethal congenital
glycogen storage disease of the heart, more particularly GSDI, GSDII or GSDIII, even more
particularly GSDII and GSDIII, and most particularly GSDII.

[0161] It is also disclosed the use of the nucleic acid molecule, the nucleic acid construct, the
vector, the chimeric GAA polypeptide or the cell of the invention, in the manufacture of a
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medicament useful for treating a glycogen storage disease, such as GSDI (von Gierke's
disease), GSDII (Pompe disease), GSDIIl (Cori disease), GSDIV, GSDV, GSDVI, GSDVII,
GSDVIII and lethal congenital glycogen storage disease of the heart, more particularly GSDI,
GSDIl or GSDIII, even more particularly GSDII and GSDIIl, and most particularly GSDII .

EXAMPLES

[0162] The invention is further described in detail by reference to the following experimental
examples and the attached figures. These examples are provided for purposes of illustration
only, and are not intended to be limiting.

MATERIAL AND METHODS

GAA activity

[0163] GAA activity was measured following homogenization of frozen tissue samples in
distilled water. 50-100 mg of tissue were weighed and homogenized, then centrifuged for 20
minutes at 10000 x g. The reaction was set up with 10 ul of supernatant and 20 ul of substrate
- 4MUa-D-glucoside, in a 96 wells plate. The reaction mixture was incubated at 37°C for one
hour, and then stopped by adding 150 pl of Sodium Carbonate buffer pH 10.5. A standard
curve (0-2500 pmol/ul of 4MU) was used to measure released fluorescent 4MU from individual
reaction mixture, using the EnSpire alpha plate reader (Perkin-Elmer) at 449 nm (Emission)
and 360 nm (Excitation). The protein concentration of the clarified supernatant was quantified
by BCA (Thermo Fisher Scientific). To calculate the GAA activity, released 4MU concentration
was divided by the sample protein concentration and activity was reported as nmol/hour/mg
protein.

Glycogen content

[0164] Glycogen content was measured indirectly as the glucose released after total digestion
by Aspergillus Niger amyloglucosidase of the tissue homogenates obtained as described
above. The reaction was set in a 96-well plate up with 20 ul of tissue homogenate and 55 pl of
distilled water. Samples were incubated for 5 min at 95°C and then cooled at 4°C. 25 ul of
amyloglucosidase (diluted 1:50 in 0.1M potassium acetate pH5.5) were added to each sample.
A control reaction without amyloglucosidase was also set up for each sample. Both sample and
control reaction were incubated at 37°C for 90 minutes. The reaction was stopped by
incubating samples for 5 min at 95°C. The glucose released was determined using the
Glucose assay kit (Sigma-Aldrich) by measuring the absorbance using the EnSpire alpha plate
reader (Perkin-Elmer) at 540 nm
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Plethysmography

[0165] A flow-through (0.5 L/min) plethysmograph (EMKA technologies) was used to measure
the pattern of breathing in control and Gaa-/- mice. A clear Plexiglas chamber was calibrated
with known airflow and pressure signals before data collection. Signals were analyzed by using
the IOX2 software (EMKA technologies). The following variables were measured: breathing
frequency, tidal volume and minute ventilation. Ventilation data were collected in 5-min bins.
Five minutes were allowed for acclimation to the chamber. During both acclimation and data
acquirement, mice were breathing normoxic air (21% 02, 79% N2).

Mouse studies

[0166] Gaa -/- mouse was generated by targeted disruption of exon 6 and is maintained on the
C57BL/6J/129X1/Svd background (Raben N. et al 1998). Vectors were delivered via the tail
vein in a volume of 0.2 ml. Serum samples were collected monthly to monitor levels of secreted
hGAA. PBS-injected affected animals and wild type littermates were used as controls.

Anti-hGAA antibody determination

[0167] Maxisorp 96 wells plates (Thermo Fisher Scientific) were coated with Myozime® protein
in carbonate buffer at 4°C overnight. A standard curve of rat recombinant IgG (Sigma Aldrich)
was coated to the wells in seven 2-fold dilution starting from 1 pg/ml. After blocking, plasma
samples were added to plates and incubated 1 hr at 37C. Detection was performed by adding
to the wells 3,3',5,5'-tetramethylbenzidine substrate (BD Biosciences), and color development
was measured at 450 and 570 nm (for background subtraction) on an Enspire plate reader
(Perkin Elmer) after blocking the reaction with H2SO4.

NHP study

[0168] Male Cynomolgus macaques were housed in stainless steel cages and maintained on a
12-hour light/dark cycle. All macaques had neutralizing antibody titers of <1:5 before the start
of the study. A dose of2E12 vg/kg of AAVB-hAAT-sp7-A8-hGAAco1 was infused via the
saphenous vein. Blood samples were taken 12 days before and 30 days after the injection via
the femoral vein. Whole blood was collected in EDTA containing tubes and centrifuged to
separate serum. Three months after vector administration all macaques were euthanized. The
animals were first anesthetized with a mixture of ketamine/dexmedetomidine and then
euthanized using sodium pentobarbital injected IV. Tissues were immediately collected and
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[0169] Total homogenates were obtained from frozen muscles. Protein concentration was
determined in the extracts by Pierce BCA Protein Assay (Thermo Fisher Scientific), following
manufacturer's instructions. Western blot was performed with an anti hGAA antibody (Abeam) .
Anti-tubulin antibody (Sigma Aldrich) was used as loading controls.

RESULTS

[0170] In an effort to improve current gene replacement therapies for Pompe disease, we
engineered the hGAA sequence to increase its secretion by exchanging wild-type signal
peptide (indicated here as sp1) with different signal peptides (sp2 to 8, described in table 4) in
the sequence optimized sequence of hGAA (SEQ ID NO: 13).

Table 4
Signal DNA sequence Aminoacid sequence j Sequence
peptide optimized
sp1 YES
atgggagtgcgacaccctecatgtagccacagactge mgvrhppeshrllavcalvsla
tggcegtgtgtgeectggtgtetetggetacagetgeee taall
tgctg
sp2 YES
atgcctagctetgtgtectggggeattetgetgetggec mpssvswgilllaglcclvpvsl
ggcctgtgttgtetggtgectgtgtetetggec a
mllisalllglafgys
atgctgctgetgtetgecactgetgetgggectggecttt
Sp3 ggctactct YES
mllsfalliglalgys
atgctgetgagettigecctgetgetgggactggeeet
Sp4 gggctactet YES
mllehalllglahgys
atgctgetggaacatgecctgetgetgggactggeeca
Sp5 cggctattet YES
sp6 YES
atgectecacctagaacaggeagaggecetgetgtgge mppprtgrellwlghvlssvey
tgggectggtgetgtetagtgtatatgtggecctggac alg
maflwllscwallgttfg
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Signal DNA sequence Aminoacid sequence j Sequence

peptide optimized
ARECCILIC L IRBUTBL LR G CIRTIREECCUIBULY

Sp7 ggeaccaccttegge YES

masrltiitililllagdrass
atggccageagactgaccctgetgacactecttctget
ggllagtagactlg £CLg g YES

Sp8 getgetggccggegatagagecageage

[0171] We transfected hepatoma cells (Huh-7) with plasmids expressing GFP or wild-type
hGAA (hGAA; SEQ ID NO:37) in parallel with plasmids expressing codon optimized hGAA
(hGAAco) fused with signal peptides 1 to 8. 48 hours after transfection the growth medium has
been analyzed for the presence of hGAA. Notably only four of the constructs bearing efficient
signal peptide led to the secretion of hGAA levels significantly higher than what observed in the
negative control represented by GFP-transfected cells (Figure 1A). Constructs expressing the
hGAA chimeric protein carrying the signal peptides sp2, sp6, sp7, and sp8 secreted higher
levels of hGAA in medium (p<0.05 vs. GFP).

[0172] We then packaged these constructs in AAV8 vectors produced by triple transfection and
cesium chloride purification and we injected them in wild-type C57BL/6J mice. We then
compared in vivo GAA serum levels across constructs in which the signal peptides sp 1, 2, 3, 7
and 8 (figure 1B) were used. One month after the injection of 1E12 vg/kg of AAV8 vectors
expressing hGAAco we observed a significantly higher level of circulating hGAA compared to
PBS injected mice. Interestingly, the level of circulating hGAA was significantly higher in mice
treated with vectors expressing hGAAco fused with sp2, 7, and 8. Surprisingly, secretion levels
achieved with sp2 construct in vivo were significantly lower than those measured with sp7- and
sp8- engineered hGAA (Figure 1B). Taken together these data indicate that the substitution of
wild-type signal peptide with signal peptides deriving from a protein efficiently secreted in the
liver is an effective strategy to increase circulating level of hGAA in vivo. Moreover, the
unexpected results obtained in vivo with sp7 and 8 signal peptides indicate that not all signal
peptides are equally efficient in vivo, and that signal peptides sp7 and sp8 drive superior
efficacy of secretion in vivo compared with sp 1 and sp2.

[0173] Those findings were then confirmed in an animal model of the disease, GAA -/- mice.
This mouse model presents no residual activity of the enzyme in muscle, together with
glycogen accumulation in different organs, resulting in muscular strength impairment and
reduced lifespan.

[0174] To compare the effectiveness of the different vectors in the rescue of the Pompe
disease phenotype in GAA-/- mice, we followed long-term the effects of the injection of 2E12
vg/kg of vectors expressing hGAAco and engineered version fused with signal peptides sp2, 7,
and 8. Three months after the injections, we observed significantly increased circulating hGAA
after the injection with AAV8 expressing hGAAco bearing the highly efficient signal peptides
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sp2, 7, and 8 (Figure 2A). Notably, hGAAco fused with sp7 signal peptide leaded to levels of
hGAA in circulation significantly higher than those observed for the other two constructs. The
long term follow-up in this experiment permitted us to estimate the survival of GAA -/- mice.
Mice were injected at 4 months of age and then followed for six months. During this period
8/10 GAA-/- mice died in the PBS injected group whereas just 1/45 death was reported in
GAA-/- animals treated with hGAAco expressing constructs and in wild-type animals. The
statistical significance of this finding (figure 2B) indicates that the treatment with all hGAAco
expressing vectors, independently of the secretion level, rescues the lethal phenotype
observed in GAA -/- mice. Another phenotype reported for this mouse model is a decreased
respiratory function. In particular, a decreased tidal volume has been reported (DeRuisseau et
al PNAS 2008) and it has been demonstrated that the decrease is due to the accumulation of
glycogen in the nervous system. The rescue of glycogen level in the nervous system depends
on the ability of the hGAA to cross the blood-brain barrier and it has been demonstrated in
other lysosomal storage disorders (Polito et al Hum. Mol. Genet. 2010, Cho et al Orph. J. of
Rare Dis. 2015) that this is directly dependent from the circulating levels of the protein. We
therefore evaluated the effect of long-term, high circulating level of hGAA on the tidal volume of
GAA -/- mice. Three months after the injections, GAA -/- mice shown a decreased, although
not significantly (p = 0.104), tidal volume whereas mice treated with sp7 shown a tidal volume
very similar to those observed in WT mice (p = 0.974) (figure 2C, left). Six months after the
injections, only two GAA -/- mice survived and they appear to have a less severe respiratory
phenotype. Again, mice treated with sp7 hGAAco had a tidal volume similar to that observed in
WT animals (p= 0.969) (figure 2C, right). Importantly, a statistically significant difference
between the tidal volume measured in mice treated with sp1 and sp7 hGAAco (p = 0.041) was
noted, showing a more marked improvement in sp7-GAA treated mice. Taken together these
data indicate that liver transduction with an AAV8 expressing hGAAco fused with sp7 signal
peptide results in superior level of hGAA in the blood with a concomitant complete phenotypical
correction of respiratory function in GAA-/- mice.

[0175] We then verified if the high level of circulating hGAA rescued the glycogen accumulation
in skeletal muscle. We measured hGAA activity in the quadriceps of mice injected as described
above. Injection of hGAA expressing vectors leaded to an increase in hGAA activity in
quadriceps to levels comparable to those observed in WT animals (figure 3A). Measurement of
glycogen in quadriceps indicate that GAA -/- mice accumulate ~ 20-fold more glycogen than
WT animals (p = 3.5E-6). This accumulation is reversed by the treatment with hGAA
expressing vector (p<0.05 vs GAA-/-), with the sp7 that shown the lowest glycogen levels,
undistinguishable from the levels of wild type animals (p = 0.898 vs. WT) (Figure 3B).

[0176] To verify that the fusion of hGAA with an efficient signal peptide improve its secretion
and increase the phenotypical correction of the disease in vivo, we injected GAA -/- mice a low
vector dose, and we evaluated the biochemical correction of the phenotype. Three months
after the injection of 6E11 vg/kg of vectors expressing hGAAco fused with signal peptide 1, 7,
and 8, we measured circulating hGAA. Notably sp 7 and 8 leaded to a three-fold increase in
the secreted hGAA detectable in serum compared to PBS-treated mice (Figure 4A). We further
investigated the therapeutic effects of AAV8 vectors expressing hGAAco by performing
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biochemical analysis of tissues from treated animals and controls. We evaluated the glycogen
content in heart, diaphragm, and quadriceps of GAA -/- mice treated as described above.
Notably, we observed high levels of hGAA in tissues after treatment with hGAAco expressing
vectors (data not shown) that correlated with a significant reduction in glycogen content in all
the tissues considered (figure 4B-D). In particular, in the heart (figure 4B) the level of glycogen
measured after treatment with vectors bearing the highly efficient signal peptides sp7 and 8
were undistinguishable from those observed in non-affected wild-type animals (p = 0.983 and
0.996 vs. WT respectively). Importantly, the level observed after treatment with both the sp7
and sp8 vectors were significantly reduced compared with GAA -/- animals PBS-injected or
treated with wild-type hGAAco expressing vector (noted as sp1).

[0177] We also tested if the liver transduction with our vectors induced a humoral response
against the transgene. Mice were injected intravenously with AAV8 vectors expressing
hGAAco1 with native sp1 signal peptide (co) or A8-hGAAco1 fused with sp2, sp7, or sp8 under
the transcriptional control of a liver specific promoter. The results are presented in Figure 5.
Gaa-/- injected intramuscularly with an AAV expressing A8-hGAAco1 under the transcriptional
control of a constitutive promoter showed very high level of total IgG (~150 ug/mL), whereas in
general vector expressing the same protein in the liver showed lower level of humoral
response. Interestingly, mice injected with sp1 hGAAco1 (co) expressing vector showed
detectable level of antibodies at both doses, whereas mice injected with the engineered high
secreted vectors had undetectable IgG levels. These data indicate that the expression of a
transgene in the liver is fundamental for the induction of peripheral tolerance, also they provide
indications that high circulating levels of a hGAA, achieved by the fusion with an efficient signal
peptide induce a reduction in the humoral response against the protein itself.

[0178] The best performing vector selected in the mouse study was injected in two non-human
primates (NHP, Macaca Fascicularis sp.) to verify the efficacy of secretion of our vector and the
uptake in muscles. We injected two monkeys with 2E12 vg/kg of AAV8-hAAT-sp7-A8-hGAAco1.
One month after the injection we measured the levels of hGAA in the serum of the two animals
by western blot using a specific anti-hGAA antibody. We observed a clear band with a size
compatible with that of hGAA in the two monkeys. This band was not present in serum samples
obtained 12 days before vector injection, thus confirming the specificity of our detection
method (Figure 6A). Three months after the injection we sacrificed the animals and we
obtained tissues to verify if hGAA secreted from the liver in the bloodstream were efficiently
taken up by muscle. We performed a western blot using an antibody specific for hGAA on total
lysates obtained from biceps and diaphragm of the two monkeys. Interestingly we were able to
observe a clear band in animal number 2 which also showed the highest levels of hGAA in the
bloodstream (Figure 6B). Also, in animal number 1 we could observe a fainter band with a
molecular weight consistent with that of hGAA in both muscles analyzed. These data indicate
that the AAV8-hAAT-sp7-A8-hGAAco1 vector efficiently transduces liver in NHP. They also
demonstrate that the protein secreted in the bloodstream is efficiently taken up in muscle and
that this uptake is correlated with the level of hGAA measured in blood.

[0179] We further performed the analysis of GAA activity in media and lysates of HuH7 cells
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transfected with different GAA versions (all codon optimized): 1. native GAA including the
native sp1 GAA signal peptide (co), 2. engineered GAA containing the heterologous sp7 or sp8
signal peptide (sp7-co, sp8-co). The analysis showed (figure 7) significantly higher GAA activity
in media of cells transfected with engineered versions compared to native GAA (co).
Interestingly, intracellular GAA activity was instead significantly higher when using native GAA
(co) compared to the engineered versions, indicating that the native GAA is mainly retained in
the cells.

[0180] We also determined the effect of the best performing vector selected in the mouse
study (AAV8-hAAT-sp7-A8-hGAAco1) in a mouse model of GSDIII. We developed a knock-out
mouse model for the glycogen debranching enzyme (GDE). This model recapitulates the
phenotype of the disease observed in humans affected by type Ill glycogen storage disease
(GSDIII). In particular GDE -/- mice, that completely lacks the GDE activity, have an impairment
in muscle strength and accumulate glycogen in different tissues. Interestingly they also
accumulate glycogen in the liver, which also is seen in humans. Here we tested if the
overexpression of sp7-A8-hGAA in the liver rescue the glycogen accumulation observed in
GDE -/- mice. We injected GDE-/- mice with 1E11 or 1E12 vg/mouse of AAV8-hAAT-sp7-A8-
hGAAco1. As controls, we injected in parallel wild-type (WT) and GDE -/- mice with PBS. Three
months after the vector administration, mice were sacrificed and the level of glycogen in the
liver has been quantified. The results are reported in Figure 8. As already reported (Pagliarani
et al and our model), GDE -/- mice shown a significant increase in glycogen accumulation in
the liver (p=1.3E-7) with 5 times more glycogen when compared to wild-type animals.
Surprisingly, the treatment with 1E11 and 1E12 vg/mouse of the AAV8-hAAT-sp7-A8-hGAAco1
vector induced a statistically significant decrease in the glycogen content (p=4.5E-5 and 1.4E-6
respectively). Importantly, the levels of glycogen measured in the liver of mice injected with
AAVB-hAAT-sp7-A8-hGAAco1 vector were undistinguishable from those measured in wild-type
animals in particular at the highest dose (p= 0.053 for the 1E11 dose cohort and 0.244 for the
1E12 dose cohort).

[0181] We performed the analysis of GAA activity in media and lysates of HuH7 cells
transfected with different GAA versions (all codon-optimized): 1. native GAA including the
native sp1 GAA signal peptide (co), 2. engineered GAA containing the heterologous sp7 signal
peptide (sp7-co), and 3. engineered GAA containing the heterologous sp7 signal peptide
followed by the deletion of a variable number of aminoacids (sp7-A8-co, sp7-A29-co, sp7-A42-
co, sp7-A43-co, sp7-A47-co and sp7-A62-co, wherein the 8, 29, 42, 47 and 62 first N-terminal
amino acids of SEQ ID NO:5 are deleted, respectively). The analysis showed (figure 9)
significantly higher GAA activity in media of cells transfected with A8, A29, A42 and A43 GAA
versions compared to both engineered non-deleted GAA (sp7-co) and native GAA (co).
Significantly lower GAA activity was instead observed in media of cells transfected with A47
and A62 GAA versions compared to the other engineered GAA versions [deleted (sp7-A8-co,
sp7-A29-co, sp7-A42-co, sp7-A43-co) and non-deleted (sp7-co)]. Interestingly, (figure 10)
intracellular GAA activity was not different among the productive deletions (sp7-A8-co, sp7-
A29-co, sp7-Ad2-co, sp7-A43-co) and the non-deleted version (sp7-co) indicating that they are
all efficiently produced and processed within the cell. Intracellular GAA activity was instead very
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low for sp7-A47-co and sp7-A62-co versions and significantly lower when compared to all the
other engineered versions [deleted (sp7-A8-co, sp7-A29-co, sp7-A42-co, sp7-A43-co) and
non-deleted (sp7-co)].

[0182] We also performed the analysis of GAA activity in media and lysates of HuH7 cells
transfected with different GAA versions (all codon optimized): 1. native GAA including the
native sp1 GAA signal peptide (co), 2. engineered GAA containing the heterologous sp6 or sp8
signal peptide (sp6-co, sp8-co), and 3. engineered GAA containing the heterologous sp6 or
sp8 signal peptide followed by the deletion of 8 amino acids (sp6-A8-co, sp8-A8-co). The
analysis showed (figure 11) significantly higher GAA activity in media of cells transfected with
A8 versions compared to: i. their respective engineered non-deleted GAA versions (sp6-co or
sp8-co); and ii. native GAA (co). Interestingly, intracellular GAA activity was not different among
all the engineered GAA versions (both deleted and non-deleted) indicating that they are all
efficiently produced and processed within the cell (cell lysates panel). Intracellular GAA activity
was instead significantly higher when using native GAA (co) compared to the engineered
versions, indicating that the native GAA is mainly retained in the cell.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o WOZ004064750A [RDOG] (00871 [0047]
o WOH2010005585A 168251

o WOZ012145844A (08421

o WOOO344514 100431

o USGRER4250 [00421

o WO2R1S162302A 10114

o WO2018013313A [61381

o WOZGTS108173A [8131)

o WOIOOA118792A 101481




DK/EP 3510049 T5

Non-patent literature cited in the description

« HIRSCHHORN RRThe Metabolic and Molecular Bases of Inherited DiseaseMcGraw-
Hill20010000vol. 3, 3389-3420 [3342]

« VAN DER PLOEGREUSERLancet, 2008, vol. 372, 1342-1351 {2442}

» AMALFITANO, A. et al.Genet. In Med., 2001, vol. 3, 132-138 {88{3}

« AMALFITANO, A. et al.Proc. Natl. Acad. Sci. USA, 1999, vol. 96, 8861-8866 {44}

* DING, E. et al.Mol. Ther., 2002, vol. 5, 436-446 [3}{41

 FRAITES, T. J. et al.Mol. Ther., 2002, vol. 5, 571-578 {1034}

« TSUJINO, S. et al.Hum. Gene Ther., 1998, vol. 9, 1609-1616 G304}

« HOEFSLOOT et al.EMBO J., 1988, vol. 7, 1697- {323} [8828]

« MARTINIUK et al.DNA and Cell Biology, 1990, vol. 9, 85- [8833]

« HOEFSLOOTEMBO J., 1988, vol. 7, 1697- {3423}

» HOEFSLOOT et al.Biochem. J., 1990, vol. 272, 485- {23}

« WISSELAAR et al.J. Biol. Chem., 1993, vol. 268, 2223- {323}

« HERMANS et al.Biochem. J., 1993, vol. 289, 681- {3323}

¢ HIRSCHHORN, R.REUSER, A. J. et al.The Metabolic and Molecular Basis for Inherited
DiseaseMcGraw-Hill200100003389-3419 {84241

* SUN et al.Mol Genet Metab, 2013, vol. 108, 2145- 31251

» KUNITA et al.Biochemica et Biophysica Acta, 1997, vol. 1362, 269- {281 [G028]

« GAA polymorphisms and SNPs are describedHIRSCHHORN, R.REUSER, A. J.The
Metabolic and Molecular Basis for Inherited DiseaseMcGraw-Hill200100003389-
34193403-3405 [G328]

« VAN HOVE et al.Proc. Natl. Acad. Sci. USA, 1996, vol. 93, 65- {325}

¢ SHARPLINucleic Acids Research, 1987, vol. 15, 1281-1295 {38411

e KIM et al.Gene, 1997, vol. 199, 293-301 [5$841}

« MEGEDE et al.Journal of Virology, 2000, vol. 74, 2628-2635 {8411

» A Blood Coag. Fibrinol., vol. 8, S23-S30 {1871

« RINCON et al.Mol Ther., 2015, vol. 23, 143-52 [8111}

» CHUAH et al.Mol Ther., 2014, vol. 22, 91605-13 {8111}

* NAIR et al.Blood, 2014, vol. 123, 203195-9 {111}

« WUZ. et al.Mol Ther., 2010, vol. 18, 180-86 {1171

e LAIY. et al.Mol Ther., 2010, vol. 18, 175-79 {117}

« WANGY. et al.Hum Gene Ther Methods, 2012, vol. 23, 4225-33 {31171

* LING et al.Hum Gene Ther Methods., 2016, [8118] [¢1207 [@123]

« VERCAUTEREN et al.Mol. Ther., 2016, vol. 24, 61042- {118} {1207 {8183}

« ROSARIO et al.Mol Ther Methods Clin Dev., 2016, vol. 3, 16026- [&1181 181281 181331

¢ SHEN et al.Molecular Therapy, 2007, [§i281

« TENNEY et al.Virology, 2014, (3128}

« MCCARTY et al.Gene Therapy, 2003, {128}

¢ VAN TIL et al.Blood, 2010, vol. 115, 265329- [§{ 58]




DK/EP 3510049 T5

« DERUISSEAU et al.PNAS, 2008, {1741
* POLITO et al.Hum. Mol. Genet., 2010, {174}
e CHO et al.Orph. J. of Rare Dis., 2015, [§i74}



10

15

20

25

30

35

DK/EP 3510049 T5

_1_
Patentkrav
1. Nukleinsyremolekyle, der koder for et funktionelt kimart
sur alfa-glucosidase (GAA) -protein, som omfatter en

signalpeptiddel og en funktionel human GAA-del,

hvor signalpeptiddelen har en aminosyresekvens valgt fra
gruppen, der bestar af SEQ ID NO: 2 til 4,

eller hvor signalpeptiddelen er en funktionel signalpeptiddel
med en aminosyresekvens, der omfatter fra 1 til
5 aminosyredeletioner, -insertioner eller -substitutioner

sammenlignet med sekvensen ifglge SEQ ID NO: 2 til 4.

2. Nukleinsyremolekyle ifglge krav 1, hvor signalpeptiddelen

har en aminosyresekvens, der bestar af SEQ ID NO: 2.

3. Nukleinsyremolekyle ifglge krav 1 eller 2, hvor den
funktionelle humane GAA-del har en afkortning pa 1 til 75 pa
hinanden felgende aminosyrer i dens N-terminale ende

sammenlignet med et funktionelt humant udgangs-GAA-polypeptid.

4, Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 3, hvor den funktionelle humane GAA-del har en afkortning
ra 6, 7, 8, 9, 10, 40, 41, 42, 43, 44, 45 eller 46 pa hinanden
foglgende aminosyrer 1 dens N-terminale ende sammenlignet med et

funktionelt humant udgangs-GAA-polypeptid.

5. Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 4, hvor den funktionelle humane GAA-del har en afkortning
ra 8, 42 eller 43 pa hinanden feolgende aminosyrer 1 dens N-
terminale ende sammenlignet med et funktionelt humant udgangs-

GAA-polypeptid.

6. Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 5, hvor den funktionelle humane GAA-del har en afkortning
Prada 8 pa hinanden fwlgende aminosyrer 1 dens N-terminale ende

sammenlignet med et funktionelt humant udgangs-GAA-polypeptid.

7. Nukleinsyremolekyle if@glge et hvilket som helst af kravene
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3 til 6, hvor det funktionelle humane udgangs-GAA er det humane
GAA-polypeptid vist i SEQ ID NO: 5 eller SEQ ID NO: 36.

8. Nukleinsyremolekyle ifelge krav 7, hvor det funktionelle
humane udgangs-GARA er det humane GAA-polypeptid wvist i SEQ ID
NO: 5.

9. Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 8, som er en nukleotidsekvens, der er optimeret til
forbedring af ekspressionen af og/eller forbedring af

immuntoleransen for det funktionelle kimare GAA-protein in vivo.

10. Nukleinsyremolekyle ifelge krav 9, som er
nukleotidsekvensen vist i SEQ ID NO: 13 eller 14.

11. Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 10, som omfatter en nukleotidsekvens opnaet ved

komblnerlng af folgende sekvenser:

...........................................................................................................................................................................................................................................

Slgnalpeptlddel kodende sekvens ‘GAA-del-kodende sekvens

%SEQ ID NO: 26 :SEQ ID NO: 31

........................................................................................................................................

SEQ ID NO: 26 'SEQ ID NO: 13

SEQ ID NO: 27

SEQ ID NO: 28

SEQ ID NO: 26 'SEQ ID NO: 14

SEQ ID NO: 26 'SEQ ID NO: 32

........................................................................................................................................
........................................................................................................................................
...........................................................................................................................................................................................................................................
........................................................................................................................................

........................................................................................................................................
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-3 -
%Signalpeptiddel—kodende sekvens gGAA—del—kodende sekvens
ESEQ ID NO: 26 §SEQ ID NO: 34
TSEQ ID NO: 27 ;

\SEQ ID NO: 28 ?

\SEQ ID NO: 26 §SEQ ID NO: 35
\SEQ ID NO: 27

‘SEQ ID NO: 28

1SEQ ID NO: 26 ‘SEQ ID NO: 44
1SEQ ID NO: 27 ‘

‘SEQ ID NO: 28 ‘

SEQ ID NO: 26 §SEQ ID NO: 45
SEQ ID NO: 27 E

VSEQ ID NO: 28

ESEQ ID NO: 26 §SEQ ID NO: 46
ESEQ ID NO: 27 E

ESEQ ID NO: 28

ESEQ ID NO: 26 §SEQ ID NO: 47
xSEQ ID NO: 27 E

SEQ ID NO: 28 :

SEQ ID NO: 26 _SEQ ID NO: 48
SEQ ID NO: 27 _

SEQ ID NO: 28 V

VSEQ ID NO: 26 _SEQ ID NO: 49
tSEQ ID NO: 27 _

iSEQ ID NO: 28 :

VSEQ ID NO: 26 §SEQ ID NO: 50
\SEQ ID NO: 27

SEQ ID NO: 28

%SEQ ID NO: 26 §SEQ ID NO: 51
VSEQ ID NO: 27 :
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%Signalpeptiddel—kodende sekvens gGAA—del—kodende sekvens

SEQ ID NO: 28

SEQ ID NO: 26 'SEQ ID NO: 52

SEQ ID NO: 26 'SEQ ID NO: 53
SEQ ID NO: 26 'SEQ ID NO: 54

........................................................................................................................................

........................................................................................................................................

12. Nukleinsyrekonstruktion, der omfatter nukleinsyremolekylet
ifeglge et hvilket som helst af kravene 1 til 11, som er en
ekspressionskassette, der omfatter nukleinsyremolekylet
operabelt koblet til en leverspecifik promotor wvalgt fra
gruppen, der bestar af alfa-l-antitrypsin-promotoren (hAAT),
transthyretinpromotoren, albuminpromotoren og thyroxinbindende
globulin (TBG) -promotoren, hvor nukleinsyrekonstruktionen
eventuelt yderligere omfatter en intron valgt fra gruppen, der
bestdr af en human beta-globin-b2 (HBB2)-intron, en faktor IX
(FIX)-intron, en kyllinge-beta-globin-intron og en SV40-intron,
hvor intronen eventuelt er en modificeret HBB2-intron ifglge SEQ
ID NO: 7, en modificeret FIX-intron ifglge SEQ ID NO: 9 eller
en modificeret kyllinge-beta-globin-intron ifglge SEQ ID NO: 11.

13. Nukleinsyrekonstruktion ifelge krav 12, som i felgende
rekkefglge omfatter: en enhancer; en intron; en leverspecifik
promotor; nukleinsyremolekylet, der koder for det funktionelle
kimzre GAA-protein; og et polyadenyleringssignal, hvilken
konstruktion i felgende rekkefolge omfatter: en  ApoE-
kontrolregion; en modificeret HBB2-intron; en hAAT-promotor;
nukleinsyremolekylet, der koder for det funktionelle kimzre GAA-

protein; og et bovint vaksthormon-polyadenyleringssignal.
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14. Nukleinsyrekonstruktion ifelge krav 13, hvilken
nukleinsyrekonstruktion omfatter nukleotidsekvensen ifwlge SEQ
ID NO: 20, 21 eller 22 eller en nukleotidsekvens opnaet fra en

hvilken som helst af kombinationerne wvist i krav 11.

15. Celle transformeret med nukleinsyremolekylet ifelge et
hvilket som helst af kravene 1 til 11 eller
nukleinsyrekonstruktionen ifglge et hvilket som helst af kravene

12 til 14, hvor cellen er en levercelle eller en muskelcelle.

16. Kimert GAA-polypeptid, som omfatter en signalpeptiddel og
en funktionel human GAA-del, hvor signalpeptiddelen er valgt fra
gruppen, der bestar af SEQ ID NO: 2 til 4.

17. Kimert GAA-polypeptid ifelge krav 16, hvor
signalpeptiddelen har en aminosyresekvens, der bestar af SEQ ID
NO: 2.

18. Kimart GAA-polypeptid ifelge krav 16 eller 17, hvor den
funktionelle humane GAA-del har en afkortning pa 8, 29, 42 eller
43 pa hinanden fglgende aminosyrer i dens N-terminale ende

sammenlignet med et funktionelt humant udgangs-GAA-polypeptid.

19. Kimert GAA-polypeptid ifglge et hvilket som helst af
kravene 16 til 18, som omfatter en aminosyresekvens opnaet ved

kombination af felgende sekvenser:

...........................................................................................................................................................................................................................................

%SEQ ID NO: 2 SEQ ID NO: 5 eller SEQ ID NO: 36

%SEQ ID NO: 2 SEQ ID NO: 29

SEQ ID NO: 3

SEQ ID NO: 4

%SEQ ID NO: 2 SEQ ID NO: 41

SEQ ID NO: 3
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-6 -
%Signalpeptiddel GAA-del

ESEQ ID NO: 4

ESEQ ID NO: 2 SEQ ID NO: 30

\SEQ ID NO: 3

\SEQ ID NO: 4

\SEQ ID NO: 2 SEQ ID NO: 42

‘SEQ ID NO: 3

:SEQ ID NO: 4

:SEQ ID NO: 2 SEQ ID NO: 43

‘SEQ ID NO: 3

SEQ ID NO: 4

20. Farmaceutisk sammensatning, som i et farmaceutisk

acceptabelt bazremateriale omfatter nukleinsyremolekylet ifglge
et hvilket som helst af kravene 1 til 11,
nukleinsyrekonstruktionen ifglge et hvilket som helst af kravene
12 til 14, cellen ifwolge krav 15 eller det kimere GAA-polypeptid
ifglge et hvilket som helst af kravene 16 til 19.

21. Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 11, nukleinsyrekonstruktion ifwlge et hvilket som helst
af kravene 12 til 14, celle ifglge krav 15 eller kimert GAA-
polypeptid ifelge et hvilket som helst af kravene 16 til 19 til

anvendelse som et medikament.

22. Nukleinsyremolekyle ifglge et hvilket som helst af kravene
1 til 11, nukleinsyrekonstruktion ifwlge et hvilket som helst
af kravene 12 til 14, celle ifglge krav 15 eller kimert GAA-
polypeptid ifelge et hvilket som helst af kravene 16 til 19 til
anvendelse i en fremgangsmade til behandling af en
glycogenaflejringssygdom valgt fra gruppen, der bestadar af GSDI
(von Gierkes sygdom), GSDII (Pompes sygdom), GSDIII (Coris
sygdom), GSDIV, GSDV, GSDVI, GSDVII, GSDVIII og letal medfedt
glycogenaflejringssygdom 1 hjertet.
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.
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