w0 20227161990 A1 | I 00 A O 0 OO 00

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

(19) World Intellectual Property N

Organization
International Bureau
(43) International Publication Date /
04 August 2022 (04.08.2022)

(10) International Publication Number

WO 2022/161990 Al

WIPOIPCT

(51) International Patent Classification:

AGIK 9/127 (2006.01) AGIK 47/42 (2017.01)
AG1K 35/00 (2006.01) A61K 48/00 (2006.01)
(21) International Application Number:
PCT/EP2022/051727
(22) International Filing Date:
26 January 2022 (26.01.2022)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
213820624 27 January 2021 (27.01.2021)  EP

(71) Applicants: CONSEJO SUPERIOR DE INVESTI-
GACIONES CIENTIFICAS (CSIC) [ES/ES]; C. Serra-
no, 117, 28006 MADRID (ES). CONSORCIO CENTRO
DE INVESTIGACION BIOMEDICA EN RED [ES/ES];
C. Monforte de Lemos 3-5. Pabellén 11, 28029 MADRID
(ES). FUNDACIO HOSPITAL UNIVERSITARI VALL
D'HEBRON - INSTITUT DE RECERCA [ES/ES]; Pas-
scig Vall d'Hebron, 119-129, 08035 BARCELONA (ES).
NANOMOL TECHNOLOGIES, S.L. [ES/ES]; Edifi-
ci Eureka, Campus de la UAB, 08193 CERDANYOLA
DEL VALLES (ES). LEANBIO [ES/ES]; C. Dr Maraiion,
8, Parc Cientific de Barcelona, Edifici Cluster II, 08028
BARCELONA (ES).

Inventors: VENTOSA RULL, Leonor; Instituto de
Ciencia de Materiales de Barcelona, Campus Universi-
tat Autonoma de Barcelona, 08193 BELLATERRA (ES).
VECIANA MIRO, Jaume; Institut de Ciéncia de Materi-
als de Barcelona (ICMAB - CSIC), Campus de 1a UAB,
08193 BELLATERRA (ES). ROYO EXPOSITO, Miri-
am; Instituto de Quimica Avanzada de Cataluia (IQAC-
CSIC), Jordi Girona 18-26, 08034 BARCELONA (ES).
TOMSEN MELERO, Judit; [nstituto de Ciencia de
Materiales de Barcelona, Campus Universitat Autonoma
de Barcelona, 08193 BELLATERRA (ES). ABASOLO
OLAORTUA, Ibane; Hospital Vall d'Hebron, Passeig de
la Vall d'Hebron, 119-129, 08035 BARCELONA (ES).
SCHWARTZ NAVARRQO, Simén; Hospital Universitari
Vall d'Hebron/Vall d'Hebron Institut de, Recerca (VHIR)

(72)

Collserola Building, Lab.202, Passeig de la Vall d'Hebron,
119-129,08201 SABADELL (ES). CORCHERONIETO,
Jose Luis; Institut de Biotecnologia i de Biomedicina (IBB-
UAB), Campus Universitat Autonoma de Barcelona, Plaga
Civica Bellaterra, s/n, 08193 CERDANYOLA DEL VAL-
LES (ES). PULIDO MARTINEZ, Daniel; Instituto de
Quimica Avanzada de Catalufia (IQAC-CSIC), Jordi Girona
18-26, 08034 BARCELONA (ES). CRISTOBAL LECI-
NA, Edgar, Instituto de Quimica Avanzada de Cataluiia
(IQAC-CSIC), Jordi Girona 18-26, 08034 BARCELONA
(ES). GONZALEZ MIRA, Elisabet; Instituto de Ciencia
de Materiales de Barcelona, Campus Universitat Autono-
ma de Barcelona, 08193 BELLATERRA (ES). SALA
VERGES, Santiago, NANOMOL TECHNOLOGIES,
S.L., Edifici Eureka, Campus de la UAB, 08193 CER-
DANYOLA DEL VALLES (ES). CORDOBA INSENSE,
Alba; NANOMOL TECHNOLOGIES, S.L. Edifici Eure-
ka, Campusdela UAB, 08193 CERDANYOLA DEL VAL-
LES (ES). MERLO MAS, Josep; NANOMOL TECH-
NOLOGIES, S.L., Edifici Eureka, Campus de la UAB,
08193 CERDANYOLA DEL VALLES (ES). SOLDE-
VILA FABREGA, Andreu; LEANBIO Parc Cientific,
Cluster II, AV Dr. Marafion, 8, 08028 BARCELONA (ES).
FONT INGLES, Albert; LEANBIO, Parc Cientific, Clus-
ter I, AV Dr. Marafion, 8, 08028 BARCELONA (ES).

(74) Agent: ZBM PATENTS - ZEA, BARLOCCI & MARK-
VARDSEN; Rambla de Catalunya, 123, 08008 Barcelona
(ES).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ. AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CI, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, 8D, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: LIPOSOMES AND ITS USE FOR ENZYME DELIVERY

(57) Abstract: The present invention refers to a liposome comprising: a) a phospholipid; b) cholesterol (chol); c) a conjugate comprising
a cholesterol moiety, a polyethylene glycol (PEG) moiety and a peptide moiety comprising a RGD sequence, wherein the PEG moiety
is covalently attached to the cholesterol moiety by one end via a bond of the type alkyl ether and is covalently attached to the peptide
moiety comprising the RGD sequence by the other end: d) a non-lipid cationic surfactant presentin a percentage of less than 30% mol in
respect to the total mol of the components of the liposome a), b), ¢) and d); and ¢) alpha-galactosidase (GLA) enzyme present in a ratio
of micrograms of GLA in respect to the total milligrams of the components of the liposome a), b), ¢) and d) of between and including
2 to 35. It also refers to a pharmaceutical composition that comprises it and to the liposome or the pharmaceutical composition for use
as a medicament, in particular for use in the treatment of Fabry discase. It also refers to a process for the production of the liposome.

[Continued on next page]



WO 2022/161990 A1 NN 00000 0T

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL. ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FIL FR, GB, GR. HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO. PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPIL (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as o applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
—  with international search report (Art. 21(3))
—  with sequence listing part of description (Rule 5.2(a))



10

15

20

25

30

35

WO 2022/161990 PCT/EP2022/051727

Liposomes and its use for enzyme delivery

This application claims the benefit of European Patent Application EP21382062 filed on 27 January 2021.

Technical Field

The present invention relates in general to the field of liposomes which are useful in the delivery of enzymes,
in particular of the alpha-galactosidase enzyme. The present invention provides, among others, the
liposomes, as well as a process for the preparation of these liposomes, and uses thereof in the treatment of

diseases such as Fabry disease.

Background Art

Certain diseases can be caused by the lack of activity of a particular protein or of a certain enzyme, either by

being defective or absent, as in the case of lysosomal diseases, such as Fabry disease.

Fabry disease (FD) is a rare lysosomal storage disorder characterized by a deficiency or absence of a-
galactosidase A (GLA), a lysosomal hydrolase. The missing GLA activity leads to the accumulation of its
neutral glycosphingolipid substrates, mainly globotriaosylceramide (Gb3), within lysosomes of a wide variety
of cell types including vascular endothelial cells, podocytes, cardiomyocytes, and nerve cells. In Fabry
patients, Gb3 accumulation in kidney can start as early as 17 weeks of gestation and increases gradually, and
directly correlates with early kidney damage and albuminuria (Najafian, B. et al,, 2011). The Gb3
accumulation in renal cells and consequently the urinary loss of podocytes are previous to clinical
manifestations (e.g., proteinuria), meaning that the cellular damage takes place before tissue damage
becomes clinically evident (Schiffmann et al., 2017). Gb3 accumulation in other organs and the later
development of clinical symptoms seems to follow the same trend also in other organs, including the heart
(Hsu M.J., etal, 2019). In preclinical and clinical samples, Gb3 accumulation can be visualized or quantified

using immunohistochemistry, thin layer chromatography, electronic microscopy and mass spectroscopy (MS).

The principal treatment of Fabry patients is enzyme replacement therapy (ERT), which relies on the
intravenous infusion of exogenous recombinant GLA every other week. Currently, there are two GLA enzymes
approved for ERT in FD: agalsidase beta (Fabrazyme®, Sanofi-Genzyme) and agalsidase alfa (Replagal®,
Shire-Takeda) administered at 1 mg kg-1 and 0.2 mg kg-1, respectively. Fabrazyme® (produced in
genetically engineered Chinese Hamster Ovary (CHO) cells) and Replagal® (produced in a human cell line)
present comparable biochemical properties and no significant differences in the specific activity (Lee et al,,
2003). Although both compounds reduce Gb3 accumulation in tissues, neither treatment seems to completely
reverse the disease, especially in advanced stages (Fervenza, F. C., et al. 2008).

The enzyme replacement therapy administering naked GLA shows several drawbacks including poor
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biodistribution, short plasma half-life, limited efficacy, and relatively high immunogenicity in Fabry patients. An
attractive strategy to overcome these problems is the use of hanocarriers for encapsulating the enzyme.
Nanoliposomes functionalized with guiding ligands have already emerged to protect and deliver GLA to
endothelial cells (for example, in Cabrera, 1., et al. 2016), however, low colloidal stability and limited enzyme
entrapment efficiency present a problem for the pharmaceutical development and the clinical franslation of
these nanoformulations.

From what it is known in the field, there is still a need to find a specific enzyme delivery method for diseases
that use enzymes as therapeutic agent, such as Fabry disease, that efficiently entrap the enzyme and which
improves enzymatic activity.

Summary of Invention

The inventors have developed a robust tool for a-galactosidase A (GLA) enzyme delivery, allowing the
transported enzyme to perform its activity in vivo with high efficacy which is useful in the freatment of Fabry
disease. This tool is based on liposomes, wherein each liposome (named herein also as a ‘hybrid-liposome’
(HLP) or "nano-GLA" or “nanoGLA"), comprises;

a) a phospholipid (e.g., dipalmitoylphosphatidylcholine (DPPC));

b) cholesterol (chol);

¢) aconjugate comprising a cholesterol moiety, a polyethylene glycol (PEG) moiety and a peptide moiety
comprising a RGD sequence, wherein the PEG moiety is covalently attached to the cholesterol moiety by one
end via a bond of the type alkyl ether and is covalently attached to the peptide moiety comprising the RGD
sequence by the other end;

d) a non-lipid cationic surfactant present in a percentage of less than 30% mol in respect to the total mol of the
components of the liposome a), b), ¢) and d) (that is, the phospholipids, chol, the conjugate and the non-lipid
cationic surfactant); and,

e) alpha-galactosidase enzyme present in a weight ratio of micrograms of GLA in respect to the total
milligrams of the components of the liposome a), b), ¢) and d) (ug GLA/ mg of the a), b), ¢) and d)
components, (that is, of the phospholipids, chol, the conjugate and the non-lipid cationic surfactant) between
and including 2 to 35.

The present invention provides comparative results with an already known liposomal system disclosed in
Cabrera, |., et al. 2016 (see example 1) and also with the free enzyme Replagal® (see examples 2 for in vitro
experiment and example 3 for in vivo experiment) with surprising results. In the present invention the GLA
was exemplified with the human GLA wherein the monomers were of sequence SEQ ID NQO: 1 both containing

tags and tag free.

The comparison with the known liposomal system disclosed in Cabrera, |. et al. 2016 was performed as that
liposomal system (named herein as “LP" or “LP-GLA” in example 1) was previously developed for GLA
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delivering and it was composed of the phospholipid DPPC, cholesterol, and an RGD unit (comprising the
tripeptide Arg-Gly-Asp) linked to the cholesterol moiety (chol-PEG200-RGD) to favor the recognition of avg3-
integrins, expressed in endothelial cells. Nevertheless, in the GLA-loaded liposomal system of Cabrerall., ef
al. 2016, the enzyme entrapment efficiency was around 40%, resulting in an insufficient drug concentration for
achieving in vivo therapeutic doses (see figure 2).

Surprisingly, the incorporation of cationic myristalkonium chloride (MKC) surfactant in a concentration of less
than 30% mol (in respect to the total mol of the components of the liposome &), b), ¢} and d)) to the liposomes
of the present invention outperformed that previously known liposomes in terms of GLA entrapment (ses fig.
2), andlor GLA enzymatic activity in vifro (see fig. 4). Moreover, the liposomes of the invention were safe. The
fact that MKC in low concentration (less or equal to 30% mol in respect to the total mol of the components of
the liposome a), b), ¢) and d)) surprisingly improved the GLA efficacy in vitro was unexpected taking into
account that higher concentrations of MKC, for instance, a concentration of more or equal to 50% mol of MKC
in other nanovesicles allowed to achieve the entrapment of the GLA (see fig. 2) but abolished GLA enzymatic
activity (see fig. 4A).

The results obtained with the liposomes of the invention were due to a synergistic effect as can be seen in
example 2. The ratio in weight between GLA and the components of the liposome a), b), ¢) and d), had a
critical impact on physicochemical properties and stability of the liposomes of the invention (example 2.1), The
liposomes wherein the GLA enzyme was present in a ratio of micrograms of GLA in respect to the total
milligrams of the components of the liposome a), b), ¢) and d) (ug GLA/ mg of the a), b), ¢) and d)
components) of 30 performed with a 150% activity of that of Replagal® in vitro; whereas wherein that ratio
was at least 36 the liposomes were not stable and their physicochemical properties were altered (see figures
5A and 5B).

For in vivo experiments, surprisingly when the composition comprising the liposomes of the invention
comprised glucose, sucrose or threalose, the GLA enzymatic activity was improved in comparison with other
isosmotic solutions (see example 3 and figures 6A and 6B ), in particular, with glucose at 5% wiv. Moreover,
the liposomes of the invention increased the GLA enzymatic acfivity levels in plasma over the free enzymes
(Replagal® or a recombinant human GLA) (Figure 7).

In vivo in a mice model of FD the liposomes of the invention DPPC:Col;(Chol-PEG400-RGD):MKC, wherein
the MKC was at 5% mol in respect to the total mol of the components of the liposome a), b), ¢) and d),
showed better results than the Replagal® and the free recombinant GLA in the reduction of Gb3 in several
organs as a single dose (see figure 8) and as a repeated-dose (twice per week up to 8 doses) (see figure 9).
Significantly, the liposome of the invention showed reduction of Gb3 in the brain both, as a single dose and
after repeated administrations, which was not observed with the free enzyme (including Replagal®) (see fig.
10).
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From the data provided below, it is remarkable the fact that the liposomes of the present invention can be

used as enzyme-replacement therapy system for treatment of Fabry disease.

Thus, a first aspect of the invention refers to a liposome comprising:

a) a phospholipid (e.g., dipalmitoylphosphatidylcholine (DPPC));

b) cholesterol (chol);

¢) aconjugate comprising a cholesterol moiety, a polyethylene glycol (PEG) moiety and a peptide moiety
comprising a RGD sequence, wherein the PEG moiety is covalently attached to the cholesterol moiety by one
end via a bond of the type alkyl ether and is covalently attached to the peptide moiety comprising the RGD
sequence by the other end;

d) a non-lipid cationic surfactant present in a percentage of less than 30% mol in respect to the total mol of the
components of the liposome a), b), ¢) and d) (that is, the phospholipids, chol, the conjugate and the non-lipid
cationic surfactant); and,

e) alpha-galactosidase enzyme present in a ratio of micrograms of GLA in respect to the total milligrams of the
components of the liposome a), b), ¢) and d) (ug GLA/ mg of the a), b), ¢) and d) components, that is, of the
phosphalipids, chol, the conjugate and the non-lipid cationic surfactant) between and including 2 to 35.

A second aspect of the invention refers to a pharmaceutical composition comprising a therapeutically effective
amount of the liposome of the first agpect of the invention together with pharmaceutically acceptable

excipients or vehicles.

The liposome of the first aspect of the invention or the pharmaceutical composition of the second aspect of
the invention can be used for the treatment of diseases that use the enzyme as defined in the first aspect of

the invention as therapeutic agent, for example, for the treatment of human diseases as the Fabry disease.

Athird aspect of the invention refers to the liposome of the first aspect of the invention or the pharmaceutical

composition of the second aspect of the invention for use as a medicament.

Afourth aspect of the invention refers to the liposome of the first aspect of the invention or the pharmaceutical
composition of the second aspect of the invention for use in the treatment of Fabry disease.

Afifth aspect of the invention refers to the use of the liposome of the first aspect of the invention as a
bioimaging tool.

A sixth aspect of the invention refers to the liposome of the first aspect of the invention or the pharmaceutical

composition of the second aspect of the invention as a delivery system for GLA enzyme replacement.

The preparation of the liposomes can be performed by the CO,-based DELOS-SUSP methodology disclosed
in W02014001509 and Cabrera |, et al. 2013, which ensures a robustness and the reproducible scale up of
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the liposomes which allows the preparation of nanomedicines in sufficient quantities for both preclinical and

clinical testing, followed by concentration and diafiltration (in any order) as explained herain.

A seventh aspect of the invention refers to a process for the production of the liposome of the first aspect of
the invention comprising the following steps:

a) preparing an agueous solution which comprises the GLA enzyme defined in the first aspect of the
invention;

b) preparing a solution comprising the conjugate as defined in the first aspect of the invention, cholesterol and
a phospholipid dissolved in an organic solvent, where the organic solution is expanded with a compressed
fluid;

¢) adding the non-lipid cationic surfactant defined in the first aspect of the invention either to the solution of the
step a), or to the solution of the step b) before expanding this solution;

d) depressurizing the solution resulting from the step b) over the resulting solution of the step a); and

)
e) diafiltrating and concentrating, in any order, the resulting solution obtained in step d).

An eighth aspect of the invention refers to a device comprising the liposome of the first aspect of the invention

or the pharmaceutical composition of the second aspect of the invention.
Brief Description of Drawings

Fig. 1: shows the stability of HLP-GLA nanovesicles in terms of diameter size, PDI and {-potential measured
as a function of time. Assay corresponds to a single representative experiment, replicated in three
independent measurements.

Fig. 2. GLA entrapment efficiency of all the tested systems. Non-containing MKC liposomes (LP-GLA),
quatsomes (MQ-GLA) and hybrid liposomes (HLP-GLA). The results correspond to the average of three

independent assays.

Fig. 3: Cryo-TEM images of the three different nanoformulations; A) non-containing MKC liposomes (LP-
GLAZ20), B) quatsomes (MQ-GLA20) and C) hybrid liposomes (HLP-GLA8.5).

Fig. 4. Enzymatic activity and in vitro cell-activity of different GLA-nanovesicle conjugates: A) Enzymatic
activity in liposomes (LP-GLA), quatsomes (MQ-GLA), and hybrid-liposomes containing MKC (HLP-GLA). All
values refer to the enzymatic activity with free GLA as reference. The results correspond to the average of
three independent assays. B, Enzymatic activity in the presence of free MKC, reproducing the same
concentrations than in the HLP-GLA systems (assay corresponds to a single representative experiment,
replicated in two different assays); C) In vitro efficacy assays measured as loss of Gb3 (due to its hydrolysis
by GLA) in primary endothelial cells derived from Fabry KO mice. Assay corresponds to a single

representative experiment, replicated in three independent assays.
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Fig. 5. A, in vitro efficacy assay in MAEC of nanoGLA "NF-630" (liposomes DPPC.Chol;(Chol-PEG400-
RGD):MKC) comprising the rh-GLA in a ratio of about 36 compared to the free proteins (GLA final version
from LeanBio (rh-GLA) and Replagal®); ‘“NF-631_w/o RGD_w/o GLA” and NF-629_w/o GLA" were used as
controls (having the same structure as “NF-830" (with DPPC, chol and MKC) but in “NF-631" without chol-
PEG400-RGD and without GLA, and in “NF-629” with chol-PEG400-RGD but without GLA); B, Gb3 reduction
in cell culture of the liposomes DPPC:Chol:(Chol-PEG400-RGD):MKC with the rh-GLA in aratio of 30 (GLA
was present in a ratio 30 in GLA in respect to the total milligrams of the components of the liposome a), b), ¢)
and d) (GLA at 271 ug/ml).) ('nano-GLA") in comparison with free rh-GLA, and free Replagal®. “NF-empty” is
the nanoformulation constituted by the liposomes DPPC:Chol: (Chol-PEG400-RGD):MKC without GLA).

Fig. 6. A, Entrapment efficiencies for nano-GLA didfiltrated in different media. B, Specific enzymatic activity
(EA) of nano-GLA samples, in relation to the control (Replagal® enzymatic activity was normalized to 1). C, In
vitro efficacy assay in MAEC of nano-GLA samples diafilirated in an aqueous solution of glucose 5% and
sucrose 10%, and nano-GLA samples 7-fold concentrated and didfiltrated in an agueous solution of glucose
5% and sucrose 10%.

Fig. 7: Plasma activity of the liposomes DPPC:Chol:(Chol-PEG400-RGD):MKC with the rh-GLA, free rh-GLA,
and free Replagal®. In plasma, the enzymatic activity (EA) at 30 min post-administration was referred to

activity at 1-min in order to calculate the percentage of injected dose (ID).

Fig. 8 In vivo efficacy of single dose of the liposomes DPPC.Chol:(Chol-PEG400-RGD):MKC with the rh-GLA
in comparison with free th-GLA, and free Replagal® in (A) liver and spleen, and (B) kidney and heart of a

Fabry KO mice model.

Fig. 9 In vivo efficacy of repeated-dose of the liposomes DPPC.Chol:(Chol-PEG400-RGD):MKC with the rh-
GLA in comparison with free rh-GLA, and free Replagal® in (A) liver, spleen and lung, (B) plasma, kidney,
and heart, and (C) skin of a Fabry KO mice model. “(1)", Gb3 levels pmol eq./mg prot; and “(Il)", Gb3 loss
(referred to WT).

Fig. 10 In vivo efficacy of liposomes DPPC:Chal:(Chol-PEG400-RGD):MKC with the rh-GLA in comparison
with free rh-GLA, and free Replagal® in brain of a Fabry KO mice model after a single and repeated
intravenous administrations.

Detailed description of the invention
All terms as used herein in this application, unless otherwise stated, shall be understoed in their ordinary

meaning as known in the art. Other more specific definitions for certain terms as used in the present

application are as set forth below and are intended to apply uniformly through-out the specification and claims
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unless an otherwise expressly set out definition provides a broader definition.

For the purposes of the invention, any ranges given include both the lower and the upper end-points of the

range. Ranges given should be considered approximate, unless specifically stated.

The first aspect of the invention refers to a liposome comprising

a) a phospholipid, for example, dipalmitoylphosphatidylcholine (DPPC);

b) cholesteral (chol);

¢) a conjugate comprising a cholesterol moiety, a polyethylene glycol (PEG) moisty and a peptide moiety
comprising a RGD sequence, wherein the PEG moiety is covalently attached to the cholesterol moiety by one
end via a bond of the type alkyl ether and is covalently attached to the peptide moiety comprising the RGD
sequence by the other end (chol-PEG-RGD);

d) a non-lipid cationic surfactant present in a percentage of less than 30% mol (30 mol %) in respect to the
total mol of the components of the liposome a), b), ¢) and d); (that is, the phospholipids, chal, the conjugate
and the non-lipid cationic surfactant) and,

e) alpha-galactosidase enzyme present in a ratio of micrograms of GLA in respect to the total milligrams of the
components of the liposome a), b), ¢) and d) (g GLA/ mg of the a), b), ¢) and d) components) between and
including 2 to 35.

The term "liposome" is to be understood as a self-assembling structure comprising one or more membranes
comprised by lipid bilayers, each of which comprises two monolayers containing amphipathic lipid molecules
oppositely oriented. Liposomes can have a single bilayer membrane (small unilamellar vesicles “SUVs' and
large unilamellar vesicles “LUVs"), or multiple bilayer membrane (multilamellar large vesicles "MLVs").

The liposome membrane may include, without limitation, phospholipids such as
dipalmitoylphosphatidylcheline (DPPC), phosphatidylcholine (PC), phosphatidyilserine (PS),
phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylinositol (P1) and phosphatidic acid
(PA).

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided below, the phospholipid is dipalmitoylphosphatidylcholine (DPPC).

Cholesterol (Chol), CAS number; 57-88-5, is also known as Cholesten-3f-ol.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the conjugate (c) is of formula cholesterol-(polyethylene glycol)-(peptide comprising
aRGD sequence) (chol-PEG-RGD), wherein the PEG is covalently attached to the cholesterol by one end via
abond of the type alkyl ether and is covalently attached to the peptide comprising the RGD sequence by the
other end via a carbamate bond.
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The conjugate of the present invention can be obtained following the teachings of W02014001509, or
Cabrera, |. et al. 2013, or Cristébal-Lecina, E. et al. 2020, followed by a concentration and diafiltration step.

The liposome of the invention is also named herein as DPPC:Chol:(Chol- PEG-RGD):non-lipid cationic
surfactant (e.g., DPPC.Chol:(Chol- PEG-RGD):MKC); in a particular embodiment is DPPC:Chol:(Chol-
PEG400-RGD):MKC.

The RGD peptides (comprising the Arg-Gly-Asp motif) are peptides commonly described in the art as peptides
that are able to interact with integrins present in the membrane of cells, and of particular interest for the study
of cell adhesion, both between cells and between cells and different tissues or the basement membrane.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the RGD peptide comprises (e.g., consists of) the sequence SEQ ID NO: 2
(RGDfK).

In the peptide with RGDIK sequence (SEQ ID NO: 2), the phenylalanine is the only D-amino acid (this is why
it has been distinguished in the sequence with a lowercase letter), and wherein the covalent bond with the
polyethylene glycol has been carried out functionalizing the lysine side-chain as described in W02014001509.

In another embodiment of the first aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the RGD sequence is head-to-tail cycled SEQ ID NO 2 (*oRGDfK") as
described in Cabrera, 1., ef al. 2013 and W02014001509.

In another embodiment of the first aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the polyethilenglycol (PEG) molecular weight is between and
including PEGsy and PEGgoo (subscript referring to molecular weight), for example, is PEGss, PEGi00, PEGogo,
PEGs00, PEGaoo, PEGen0, or PEGsoo.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the non-lipid cationic surfactant is present in a percentage of at least 0.1%, 0.2%,
0.3%, 0.4%, 0.5%, 1%, 1.5%, 2%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 3%, 3.5%, 4%, 4.1%, 4.2%, 4.3%, 4.4%,
4.5%, 4.6%, 4.7%, 4.8%, 4.9%, 5%, 5.1%, 5.2%, 5.3%, 5.4%, 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6%; 7%, 8%,
9%, 10%, 11%, 12%; 13%, 14%, 15%; 16%; 17%, 18%, 19%; 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%,
28%, 29%, or 30% mol in respect to the total mol of the components of the liposome a), b), ¢) and d); or, in a
percentage of less than 0.1%-30%, 0.1%-20%, 0.1%-15%, 0.4%-6%, 4%-6%, or 4.5-5.5% mol in respect to
the total mol of the components of the liposome a), b), ¢) and d).

Non-lipid cationic surfactants include, but are not limited to, non-lipid cationic quaternary ammonium



10

15

20

25

30

35

WO 2022/161990 PCT/EP2022/051727

surfactants.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the non-lipid cationic surfactants are non-lipid cationic quaternary ammonium
surfactants.

In the present invention non-lipid quaternary ammonium surfactants refers to quaternary ammonium salts in
which one nitrogen substituent is a long chain alkyl group. The non-lipid quaternary ammonium surfactants
are water-soluble and self-assemble to form micelles above a critical micelle concentration (cmc). Conversely,
the lipid quaternary ammonium surfactants self-assemble to form other structures, such as vesicles, planar
bilayers or reverse micelles. The quaternary ammonium surfactants of the present invention are not lipids.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the non-lipid cationic quaternary ammonium surfactant is selected from the list
consisting of; myristalkonium chloride (MKC), cetyl trimethylammonium bromide (CTAB), cetylpyridinium
chloride (CPC), benzalkonium chloride (BAC), cetyl trimethylammonium chloride (CTAC), benzethonium
chloride (BZT), stearalkonium chloride, cetrimide, benzyldimethyldodecylammonium chloride, and
combinations thereof.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the non-lipid cationic quaternary ammonium surfactant is myristalkonium chloride
(MKC) present in a percentage of less than 30% mol in respect to the total mol of the components of the
liposome a), b), ¢) and d) (that is, the phospholipids, chol, the conjugate and the non-lipid cationic surfactant),
e.9., MKC is present in a percentage of at least 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1%, 1.5%, 2%, 2.1%, 2.2%,
2.3%, 2.4%, 2.5%, 3%, 3.5%, 4%, 4.1%, 4.2%, 4.3%, 4.4%, 4.5%, 4.6%, 4.7%, 4.8%, 4.9%, 5%, 5.1%, 5.2%,
5.3%, 5.4%, 5.5%, 5.6%, 5.7%, 5.8%, 5.9%, 6%; 7%, 8%, 9%, 10%, 11%, 12%; 13%, 14%, 15%; 16%; 17%,
18%, 19%; 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, or 30% mol in respect to the total mol of
the components of the liposome a), b), ¢) and d); or, in a percentage of less than 0.1%-30%, 0.1%-20%,
0.1%-15%, 0.4%-6%, 4%-6%, or 4.5-5.5% mol in respect to the total mol of the components of the liposome
a), b), ¢) and d).

Myristalkonium chloride (MKC), CAS number 139-08-2, is also known as benzyldimethyltetradecylammonium
chloride or myristyldimethylbenzylammonium chloride or N-benzyl-N-tetradecyldimethylammonium chloride or

N, N-dimethyl-N-tetradecylbenzenemethanaminium chloride or tetradecylbenzyldimethylammonium chloride.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the mol ratio of the DPPC:cholesterol:chol-PEG-RGD is 10:6.5:0.5, e.g.,
DPPC:cholesterol:chol-PEG400-RGD wherein the RGD s cyclic SEQ ID NO: 2 (for example, the RGD
peptide as described in in Cabrera, |, et al. 2013 and W02014001509 (thus, the chel-PEG-RGD represents
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the 3% mol in respect of the components)).

The term "alpha-galactosidase" (also hamed as alpha-galactosidase A or galactosidase alpha) (GLA for short)
as used herein, refers to the glycoside hydrolase enzyme that hydrolyses the terminal alpha-galactosy!
moieties from glycolipids and glycoproteins. It is encoded by the GLA gene (e.g., GenBank® Gene ID: 2717 at
13 December 2020, DNA >NC_000023.11:¢101407925-101397803 Homo sapiens chromosome X,
GRCh38.p13 Primary Assembly; UniProt number P06280). It predominantly hydrolyzes ceramide trihexoside,
and it can catalyze the hydrolysis of melibiose into galactose and glucose. As it is here understood, GLA can

mean an alpha-galactosidase cloned and expressed both in procariotes and eucariotes.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the GLA (also named herein as “the enzyme”) of the present invention is the human
GLA (EC 3.2.1.22), which is a homodimeric enzyme with a monomer weight of 48.8 kDa, so the whole GLA
shows an approximated molecular weight of 100 KDa; or, alternatively, an enzyme with at least 85%
sequence identity with SEQ ID NO: 1 and which retains its enzymatic activity. In an example, the GLA of the
present invention does not comprise a tag, such as, for example, a histag or cmyctag. In yet another example,
the GLA of the present invention is the enzyme GLA comprises at least one tag, for example, a histag or
cmyctag.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the enzyme is a dimer comprising (e.g., consisting of) in two monomers of sequence
SEQID NO: 1.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the enzyme is the GLAcmycHis which amino acid sequence is disclosed in
Corchero Jl ef al., 2011.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the alpha-galactosidase enzyme is present in a ratio of micrograms of GLA in
respect to the total milligrams of the components of the liposome a), b), ¢) and d) (g GLA/ mg of the a), b), c)
and d) components) between and including 2 to 35, 2 to 34, 2t0 33, 2t0 32, 2 t0 31, 2t0 30, 1010 35, 14 to
35,1410 33,1410 30, 15 t0 35, 1510 34, 15 t0 33, 1510 32, 1510 31, 15t0 30, 20 to 35, 20 to 34, 20 to 33, 20
to 32, 20 to 31, 20 to 30; or, in another embodiment is present in aratio of 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 or 35 (ug GLA/ mg of the a),
b), ¢) and d) components).

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided below, the liposome comprises

a) a phospholipid, for example, dipalmitoylphosphatidylcholine (DPPC);
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b) cholesterol (chol);

¢) aconjugate comprising a cholesterol moiety, a polyethylene glycol (PEG) moiety and a peptide moiety
comprising a RGD sequence, wherein the PEG moiety is covalently attached to the cholesterol moiety by one
end via a bond of the type alkyl ether and is covalently attached to the peptide moiety comprising the RGD
sequence by the other end (chol-PEG-RGD) (e.g., the RGD sequence is head-to-tail cycled SEQ ID NO 2
("cRGDTK");

d) a non-lipid cationic surfactant present in a percentage of less than 30% mol in respect to the total mol of the
liposome components (that is, the phospholipids, chol, the conjugate and the non-lipid cationic surfactant)
(e.g., atleast 0.1%, 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.1%, 5.2%, 5.3%, 5.4%, 5.5%,
6%; or, in a percentage of less than 0.1%-30%, 0.1%-20%, 0.1%-15%, 0.4%-6%, or 4.5-5.5%); and,

e) alpha-galactosidase enzyme present in a ratio of micrograms of GLA in respect to the total milligrams of the
components of the liposome a), b), ¢) and d) (ug GLA/ mg of the a), b), ¢) and d) components) between and
including 2 to 35, for example, 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 or 35; wherein each of its monomers is of sequence SEQ ID NO: 1 or of
sequence with at least 85% of sequence identity (e.g., 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100 percent sequence identity) with SEQ 1D NO: 1.

In the present invention the term "identity" refers to the percentage of residues that are identical in the two
sequences when the sequences are optimally aligned. If, in the optimal alignment, a position in a first
sequence is occupied by the same amino acid residue as the corresponding position in the second sequence,
the sequences exhibit identity with respect to that position. The level of identity between two sequences (or
‘percent sequence identity") is measured as a ratio of the number of identical positions shared by the
sequences with respect to the size of the sequences (i.e., percent sequence identity = [number of identical

positions/total number of positions] x 100).

A number of mathematical algorithms for rapidly obtaining the optimal alignment and calculating identity
between two or more sequences are known and incorporated into a number of available software programs.
Examples of such programs include the MATCH-BOX, MULTAIN, GCG, FASTA, and ROBUST programs for
amino acid sequence analysis, among others. Preferred software analysis programs include the ALIGN,
CLUSTAL W, and BLAST programs (e.g., BLAST 2.1, BL2SEQ, and later versions thereof).

For amino acid sequence analysis, a weight matrix, such as the BLOSUM matrixes (e.g., the BLOSUM45,
BLOSUMS0, BLOSUMG2, and BLOSUMS0 matrixes), Gonnet matrixes, or PAM matrixes (e.g., the PAM30,
PAM70, PAM120, PAM160, PAM250, and PAM350 matrixes), are used in determining identity.

The BLAST programs provide analysis of at least two amino acid sequences, either by aligning a selected
sequence against multiple sequences in a database (e.g., GenSeq), or, with BL2SEQ, between two selected
sequences. BLAST programs are preferably modified by low complexity filtering programs such as the DUST

or SEG programs, which are preferably integrated into the BLAST program operations. If gap existence costs



10

15

20

25

30

35

WO 2022/161990 PCT/EP2022/051727

12

(or gap scores) are used, the gap existence cost preferably is set between about -5 and -15. Similar gap
parameters can be used with other programs as appropriate. The BLAST programs and principles underlying
them are further described in, e.g., Altschul ef al., “Basic local alignment search tool”, 1990, J. Mol. Biol, v.
215, pages 403-410.

For multiple sequence analysis, the CLUSTAL W program can be used. The CLUSTAL W program desirably
is run using "dynamic” (versus "fast") settings. Amino acid sequences are evaluated using a variable set of
BLOSUM matrixes depending on the level of identity between the sequences. The CLUSTAL W program and
underlying principles of operation are further described in, e.g., Higgins et al.,, “CLUSTAL V: improved
software for multiple sequence alignment’, 1992, CABIOS, 8(2), pages 189-191.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the enzyme (the GLA of the present invention) is obtained recombinantlly from
Chinese Hamster Ovary (CHO) cell culture, for example, following standard cell culture techniques (e.g.,
stable expression-based production method), for example as described in Sambrook J. et al. Molecular
Cloning a Laboratory Manual, Third Edition. Cold Spring Harbor Laboratory Press. Chapter 16, 16.1-16-54.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the GLA enzyme is Fabrazyme®; or alternatively, biosimilars from Fabrazyme®; or,
alternatively, Replagal® or its biosimilars.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the liposome comprises:

a) a phospholipid which is DPPC:;

b) cholesteral (chol);

¢) aconjugate comprising a cholesterol moiety, a polyethylene glycol (PEG) moiety and a peptide moiety
comprising a RGD sequence, wherein the PEG moiety is PEG400 and is covalently attached to the
cholesterol moiety by one end via a bond of the type alkyl ether and is covalently attached to the peptide
moiety comprising the RGD sequence by the other end via a carbamate bond, wherein the RGD peptide is of
sequence SEQ D NO: 2 (e.g. cyclic, e.g., cRGDK);

d) a non-lipid cationic surfactant which is MKC present in a percentage of less than 30% (e.g., at least 0.1%,
0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.1%, 5.2%, 5.3%, 5.4%, 5.5%, 6%) mol percent in
respect to the total mol of liposome components a), b), ¢) and d) (that is, the phospholipids, chol, the
conjugate and the MKC); and,

e) alpha-galactosidase enzyme as defined in the first aspect of the invention wherein each of its monomer is
of sequence SEQ ID NO: 1.

In another embodiment of the first aspect of the invention, optionally in combination with any of the

embodiments provided below, the liposome comprises:
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a) dipalmitoylphosphatidylcholine (DPPC);

b) cholesterol (chol);

¢) aconjugate comprising a cholesterol moiety, a polyethylene glycol (PEGA400) moiety and a peptide moiety
comprising a RGD sequence, eg. SEQ ID NO: 2 (e.g., cRGDfK), wherein the PEG400 moiety is covalently
attached to the cholesterol moiety by one end via a bond of the type alkyl ether and is covalently attached to
the peptide moiety comprising the RGD sequence by the other end (chol-PEG-RGD);

d) a non-lipid cationic surfactant which is MKC present in a percentage of about 5% mol (e.g., 4.5-5.5%) in
respect to the total mal of the liposome components (that is, the phospholipids, chol, the conjugate and the
MKC); and,

e) alpha-galactosidase enzyme present in a ratio of micrograms of GLA in respect to the total milligrams of the
components of the liposome a), b), ¢) and d) components) between and including 20 to 35, in an embodiment
the ratio is 30; wherein each of its monomer is of sequence SEQ ID NO: 1 or of sequence with at least 85% of
sequence identity (e.g. 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 percent sequence
identity) with SEQ ID NO: 1, e.g., the GLA is obtained in CHO cells;

wherein the mol ratio of the DPPC:cholesterol:chol-PEG-RGD is 10:6.5:0.5.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the enzyme in the present invention is integrated in the liposomes in a non-covalent

manner.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the enzyme (the GLA of the present invention) is inside the liposome; o,
alternatively, outside the liposome; or, alternatively, the enzyme traverses the liposome.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments

provided above or below, the liposome is spherical, unilamellar, homogeneous in size and stable.

There are well-known methods in the state of the art to characterize the liposomes of the invention, for
example by means of their {-potential. The size of the nanovehicle can be measured by any method known to
the expert, for example by dynamic light scattering (DLS), mass spectrometry, Small-angle X-ray scattering
(SAXS), transmission electron microscopy (TEM) or high resolution fransmission electron microscopy (HR-
TEM). The stability of the liposomes of the present invention can be measured by dynamic light scattering
(DLS).

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the liposome has a mean diameter of less than 300nm; for example, 20-300 nm; for
example, between 80-200nm; cr, for example, between 100-160 nm, e.g., between 120-155 nm, e.g.
measured by dynamic light scattering (DLS).
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The term “homogeneous size” refers to a liposome with a polydispersity index (PDI) of 0.05-0.40, for example
between 0.05-0.30, or, e.g. 0.05-0.2.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the liposome has a (-potential of 20-65 mV, e.g., 30-50 mV, or, e.g., 35-50 mV.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the liposomes are spherical with a mean diameter of 100-160 nm, unilamellar, with
aPDI of 0.05-0.3, a (-potential of 20-65 mV and they are stable in dispersion at least to 2 months; e.g., the
liposomes are spherical with a mean diameter of 120-155 nm, unilamellar, with a PDI of 0.05-0.2, a {-potential
of 35-50 mV and they are stable in dispersion at least to 2 months.

In an embodiment of the first aspect of the invention, optionally in combination with any of the embodiments
provided above or below, the liposome is further bound to an element selected from the group consisting of: a
fluorophore, a radiopharmaceutical, a peptide, a polymer, an inorganic molecule, a lipid, a monosaccharide,
an oligosaccharide, an antibody or fragment of an antibody, an antigen, and any combination thereof.

A second aspect of the invention refers to a pharmaceutical composition comprising a therapeutically effective
amount of the liposome of the first aspect of the invention, together with pharmaceutically acceptable
excipient or carriers, or vehicles.

The expression "therapeutically effective amount" as used herein, refers to the amount of a compound (i.e.,
the liposome of the invention) that, when administered, is sufficient to prevent development of, or alleviate to
some extent, one or more of the symptoms of the disease which is addressed. The particular dose of
compound administered according to this invention will of course be determined by the particular
circumstances surrounding the case, including the compound administered, the route of administration, the

particular condition being treated, and the similar considerations.

The expression "pharmaceutically acceptable excipients or carriers, or vehicles" refers to pharmaceutically
acceptable materials, compositions or vehicles. Each component must be pharmaceutically acceptable in the
sense of being compatible with the other ingredients of the pharmaceutical composition. It must also be
suitable for use in contact with the tissue or organ of humans and animals without excessive toxicity, irritation,
allergic response, immunogenicity or other problems or complications commensurate with a reasonable
benefit/risk ratio.

In an embodiment of the second aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the pharmaceutical composition comprising a therapeutically effective
amount of the liposome of the first aspect of the invention, comprising glucose, sucrose or threalose in an
amount from 2 to 15% (2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%; e.g., from 2%
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to 10%, from 2% to 8%, or from 2 to 5%, e.g., is 5%) in weight with respect to the total volume of the

composition (% wiv) together with pharmaceutically acceptable excipient or vehicles.

In an embodiment of the second aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the pharmaceutical composition comprises glucose in an amount from
210 15% (2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%; e.g., from 2% to 10%, from
2% to 8%, or from 2 to 5%, e.g., is 5%) in weight with respect to the total volume of the composition together
with pharmaceutically acceptable excipient or vehicles.

In an embodiment of the second aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the pharmaceutical composition comprises glucose in an amount of
5% in weight with respect to the total volume of the composition together with pharmaceutically acceptable
excipient or vehicles.

In an embodiment of the second aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the pharmaceutical composition comprises the GLA enzyme in an
amount of at least 0.1 mg/mL (mg per mL of the pharmaceutical composition), e.g., at least 0.2 mg/mL, in
another example, at least 0.225 mg/mL, or at least 0.271 mg/mL, or at least 0.35 mg/mL.

A third aspect of the invention refers to the liposome of the first aspect of the invention or the pharmaceutical

composition of the second aspect of the invention for use as a medicament.

The third aspect of the invention can be reformulated as the use of the liposome of the first aspect of the
invention or the pharmaceutical composition of the second aspect of the invention for the manufacture of a
medicament,

A fourth aspect of the invention refers to the liposome of the first aspect of the invention or the pharmaceutical
composition of the second aspect of the invention for use in the treatment of Fabry disease.

The fourth aspect of the invention can be reformulated as the use of the liposome of the first aspect of the
invention or the pharmaceutical composition of the second aspect of the invention for the manufacture of a
drug for the treatment of Fabry disease. It can also be reformulated as a method for the treatment or
prevention of Fabry disease, that involves administering a therapeutically effective amount of the first aspect
of the invention's liposome, together with pharmaceutically acceptable carriers or excipients, to a subject in
need of it, including a human.

The medicament can be presented in a form adapted for parenteral, cutaneous, oral, epidural, sublingual,
nasal, intrathecal, bronchial, lymphatic, rectal, transdermal or inhaled administration. The form adapted to

parenteral administration refers to a physical state that can allow its injectable administration, that is,
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preferably in a liquid state. Parenteral administration can be carried out by intramuscular, intraarterial,
intravenous, intradermal, subcutaneous or intraosseous administration, but not limited to these types of
parenteral routes of administration. The form adapted to oral administration is selected from the list
comprising, but not limited to, drops, syrup, tisane, elixir, suspension, extemporaneous suspension, drinkable
vial, tablet, capsule, granulate, stamp, pill, tablet, lozenge, troche or lyophilized. The form adapted to rectal
administration is selected from the list comprising, but not limited to, suppository, rectal capsule, rectal
dispersion or rectal ointment. The form adapted to the transdermal administration is selected from the list
compriging, but not limited to, transdermal patch or iontophoresis.

In an embodiment of the third and fourth aspects of the invention, optionally in combination with any of the
embodiments provided above or below, the medicament is presented in a form adapted for intravenous
administration.

In an embodiment of the third and fourth aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the medicament is administered repeatedly; for example, at least
once every week, in yet another example, at least once every two weeks, .g., until symptoms reverse or,

alternatively, during the whole life of the patient (life-long).

In an embodiment of the third and fourth aspects of the invention, optionally in combination with any of the
embodiments provided above or below, at least 0.20 mg, 0.25 mg, 0.5mg, 0.75mg, 1 mg, 1.5mg, 2mg, 2.5

mg of the GLA is administered per Kg of the subject suffering Fabry disease to said subject every other week.

The liposomes of the present invention can be labelled, for example with adye; and functionalized with targeting

ligand for site-specific labelling; and finally deliver the enzyme.

Thus, afifth aspect of the invention refers to the use of the liposome of the first aspect of the invention as a

bioimaging tool.

In an embodiment of the fifth aspect of the invention, optionally in combination with any of the embodiments
provided above or below, it is used as a bicimaging tool, to track the enzyme internalization and delivery.

As “bicimaging tool" is to be understood according to this description a reagent used in an imaging technique
used in biclogy to trace some compartments of cells or particular tissues. Examples of bioimaging tools
include chemiluminescent compounds, fluorescent and phosphorescent compounds, X-ray or alpha, beta, or
gamma-ray emitting compounds, etc.

A sixth aspect of the invention refers to the liposome of the first aspect of the invention or the pharmaceutical
composition of the second aspect of the invention as a delivery system for GLA enzyme replacement.
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The liposome of the first aspect of the invention can be formed by different techniques, such as
ultrasonication (US), thin film hydration (THF) and a one-step scalable method using CO, expanded solvents
called Depressurization of an Expanded Liquid Organic Solution-suspension (DELOS-SUSP) (e.g., as
disclosed in W02014001509; or EP1843836 following concentration and diafiltration).

A seventh aspect of the invention refers to a process for the production of the liposome of the first aspect of
the invention comprising the following steps:

a) preparing an aqueous solution which comprises the GLA enzyme defined in the first aspect of the

invention:

b) preparing a solution comprising the conjugate as defined in the first aspect of the invention, cholesterol and
aphospholipid dissolved in an organic solvent where the organic solution is expanded with a compressed
fluid;

¢) adding the non-lipid cationic surfactant defined in the first aspect of the invention either to the solution of the
step a), or to the solution of the step b) before expanding this solution;

d) depressurizing the solution resulting from the step b) over the resulting solution of the step a);

e) diafiltrating and concentrating, in any order, the resulting solution obtained in step d).

In an embodiment of the seventh aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the aqueous solution of step (a) can also contain buffers, salts,
sugars and/or other excipients.

The diafiltration steps can be performed by, for example, the KrosFlo® Research Ili TFF didfiltration system
(KR2i), for example, following the procedure already described in Cabrera, I., et al. 2016, e.g., with certain
modifications, such as lowering the diafiltration cycles to 4 or 5; the concentration steps can be performed by,
for example, the same equipment, with the following modifications:

a) the order of the diafiltration and concentration process is interchangeable: diafiltration and concentration, or
concentration and diafiltration;

b) operation flow rate (provided by pump) can be from 20 to 200 mL/min;

¢) operation TMP (transmembrane pressure) can be from 2.5 to 10 psi;

d) hollow fiber filter columns can be from 13 to 235 ¢cm2 of Modified Polyethersulfone (mPES) and 300 kDa,
depending on the working volume scale; and/or

e) reservoirs from commercial provider can be replaced for glass flasks depending on the process volume.

For example, in order to perform the concentration, a volume between 10 and 5000 mL can be added to the
sample container, which is only connected to the column. In this case, the sample will become more
concentrated as volume is being removed. The degree of concentration (Concentration Factor, CF)
corresponds to the initial volume (Vi) divided into the final volume (Vf), CF = Vi/ Vi, For example, if the initial
volume is 50 mL and the desired CF is 5, then the process will stop when sample volume in the sample

container is 10 mL. The time for the completion of the process depends on the total volume processed and
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the operation parameters and the expert in the field knows how to adjust it.

In an embodiment of the seventh aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the diafiltration and concentration steps are performed in an aqueous
solution, for example water or an isosmotic solution, in order to the elimination of the non-incorporated GLA
and the organic solvents from the dispersion.

In an embodiment of the seventh aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the diafiltration and concentration steps are performed in an aqueous
solution comprising sucrose, glucose or trehalose in 2-15% wiv, for example sucrose 10%, glucose 5% or
trehalose 10% wiv, for example, glucose 5% wiv.

In an embodiment of the seventh aspect of the invention, optionally in combination with any of the
embodiments provided above or below, the diafiltration is performed at least 3 times, for example 3, 4, 5, 6 or
7 times, in another example is at least 4 times, for example 4,5, 6, 7, 8, 9, 10, 11 or 12 times, to allow solvent
change.

Ancther aspect of the present invention is also the liposome obtainable by the method of the seventh aspect

of the invention,

Also part of the invention is a process for the production of the liposome of the first aspect of the invention by
self-assembling of the phospholipid, cholesterol, the conjugate of the first aspect of the invention and the non-
lipid cationic surfactant of the first aspect of the invention (e.g., DPPC, Chol, the conjugate Chol- PEG-RGD
and MKC) and following GLA entrapment (the GLA of the first aspect of the invention), for example, by
adsorbing the GLA in the surface of the liposome. Also part of the invention is the liposomes obtainable by

this process of production.

An eighth aspect of the present invention refers to a kit kit of parts) comprising the liposome of the first aspect
of the invention or the pharmaceutical composition of the second aspect of the invention, which optionally can
comprige instructions for the delivery of the enzyme comprised in the liposome of the first agpect of the
invention or the pharmaceutical composition of the second aspect of the invention (from now on, “the kit of the
invention”). Optionally the kit may additionally comprise further means to visualize the liposome of the
invention.

Also part of the invention is the use of the kit of the invention for the uses described in any of the aspects of

the present invention.

Also part of the invention is a device for the release of the liposome of the first aspect of the invention or the

pharmaceutical composition of the second aspect of the invention comprising them.
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Throughout the description and claims the word "comprise" and variations of the word, are not intended to
exclude other technical features, additives, components, or steps. Furthermore, the word “comprise”
encompasses the case of “consisting of’. Additional objects, advantages and features of the invention will
become apparent to those skilled in the art upon examination of the description or may be learned by practice
of the invention. The following examples and drawings are provided by way of illustration, and they are not
intended to be limiting of the present invention. Reference signs related to drawings and placed in
parentheses in a claim, are solely for attempting to increase the intelligibility of the claim, and shall not be
construed as limiting the scope of the claim. Furthermore, the present invention covers all possible
combinations of particular and preferred embodiments described herein.

Examples

Example 1. Nanovesicles and their performance in GLA enzyme intracellular delivery:

Different RGD-targeted nanovesicles were obtained and their performance in intracellular delivery of GLA
(using Repalgal® as the GLA included in the nanovesicles) was compared: (i) a liposomal system (named
herein as “LP") containing a recombinant GLA already known, which was composed of the phospholipid
DPPC, cholesterol, and an RGD unit (tripeptide Arg-Gly-Asp) linked to the cholesterol moiety (chol-PEG200-
RGD) described in Cabrera, ., et al. 2016 wherein the RGD peptide was cyclic cRGDfk; (i) nanovesicles
containing the quaternary ammonium surfactant miristalkonium chloride (MKC) in high amount (>80 mol% of
the total membrane components, “h-MKC"), known as “quatsomes” (Ferrer-Tasies, L. ef al. 2013) (named
herein as “MQ"); and (i) liposomes with various concentrations of a cationic surfactant (exemplified by MKC)
in their membrane, named herein as “hybrid-liposomes”(*HLP") comprising low MKC (<5 mol% of the totel
membrane components, “I-MKC") amounts. All were obtained using the DELOS-SUSP method, based on the
use of compressed CO,, as described in WO2006/079889 , which allowed the preparation of nanovesicles
with high batch-to-batch consistency and easy scalability, in comparison to other nanovesicle processing
techniques (Cabrera, 1., et al. 2016).

Materials and methods

Materials; Cholest-5-en-3 /3 -ol (cholesterol; purity 95%) was purchased from Panreac (Barcelona, Spain).
1,2-Dipalmitoyl-sn-glycero-3-phosphocholine (OPPC) was obtained from CordenPharma (Plankstadt,
Germany). Miristalkonium chloride (MKC) was purchased from US Biological (Salem, United States).
Cholesterol-PEG200-RGD was prepared as described previously in Cabrera, 1., et al. 2013 or from Cristébal-
Lecina, E., et al. 2020 (wherein the PEG moiety was covalently attached to the cholesterol moiety by one end
via a bond of the type alkyl ether and was covalently attached to the peptide moiety comprising the RGD
sequence by the other end via a bond of the type carbamate). The GLA enzyme was exemplified by the

Agalsidase alfa (GLA, 1 mg mL-1, Replagal®) purchased from Shire-Takeda (which was a tag-free enzyme).
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Ethanol HPLC grade (Teknocroma Sant Cugat del Valles, Spain) was purchased with high purity and used
without further purifications. Dimethyl sulfoxide (DMSQ, ACS reagent, purity 99.9%) was obtained from
Sigma-Aldrich (Madrid, Spain). Carbon dioxide (purity 99.9%) was supplied by Carburcs Metalicos S.A.
(Barcelona, Spain). The water used was pre-treated with a MilliQ Advantage A10 water purification system
(Millipore Ibérica, Madrid, Spain).

Preparation of nanovesicles: All formulations were prepared using the same preparative route with the
DELOS-SUSP methodology as described in Cabrera, |., et al. 2013, Ventosa, N., et al. 2005 and
W02006/079889 followed by a concentration step.

In all cases (LP, MQ and HLP) the RGD peptide was the head-to-tail cycled SEQ ID NO 2 (*cRGDfK")
disclosed in Cabrera, ., et al. 2013 and 2016 and the conjugate was obtained as described in the same
document, as described in Cabrera, 1., ef al. 2013,

Quatsomes (MQ and MQ-GLA) preparation: For GLA unloaded-quatsomes (MQ), chol-PEG200-RGD was
dissolved in DMSO before adding dropwise an ethanolic solution of cholesterol and MKC, obtaining a solution

with DMSO and EtOH in 2:5 volume ratio. The mixture was loaded into a 25 mL high-pressure vessel and
volumetrically expanded with compressed CO; to reach a working pressure (Pw) of 10 MPa. The system was
kept at 308 K and 10 MPa for approximately 15 minutes to achieve a complete homogenization and thermal
equilibration. For GLA-loaded quatsomes (MQ-GLA), GLA was added to water for injection (type I) to reach
the desired final enzyme concentration (20 ug mL-1). To form the nanovesicles, the expanded organic phase
was depressurized over the cold agueous solution. In this step, a flow of N2 at the working pressure was used
as a plunger to push down the CO-expanded solution from the vessel and to maintain a constant pressure of
11 MPa inside the vessel during depressurization. Dispersions of nanovesicles in a total concentration of 3.6
mg mL-1 (detailed final molar concentration of each component was 0.35, 2.59 and 5.87 pymol mL-1 for chol-
PEG200-RGD, cholesterol, and MKC, respectively) in an agueous media containing low amounts of DMSO

and EtOH (3% and 7% viv, respectively) were obtained and stored at 4 °C until characterization.

Liposomes (LP and LP-GLA) preparation: L iposomes (LP) were prepared following the described procedure

procedure in Cabrera, ., et al. 2016 with slight modifications. Briefly, chol-PEG200-RGD was dissolved in
DMSO before adding dropwise an ethanolic solution of cholesterol and DPPC, obtaining a solution with
DMSO and EtOH in a 1:5 volume ratio. The mixture was loaded into a 25 mL high-pressure vessel and
volumetrically expanded with compressed CO; to reach a working pressure of 10 MPa. The system was kept
at 308 K and 10 MPa for approximately 15 minutes to achieve a complete homogenization and thermal
equilibration. For GLA-loaded liposomes (LP-GLAx), GLA was diluted in water for injection (type I) to reach
the desired final enzyme concentration (20 ug mL-1). To form the nanovesicles, the expanded organic phase
was depressurized over the aqueous solution at room temperature. The next steps followed the same order
as for quatsomes preparation. Dispersions of nanovesicles in a total concentration of 1.5 mg mL-1 (detailed

final molar concentration of each component was 0.10, 0.91 and 1.45 umol mL-1 for chol-PEG200-RGD,
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cholesterol, and DPPC, respectively) in an agueous media containing low amounts of DMSO and EtOH (0.8%

and 4% viv, respectively) were obtained and stored at 4 °C until characterization.

Hybrid-liposomes (HLP and HLP-GLA) preparation: For the preparation of hybrid-liposomes, a similar

preparative route to that for liposomes was used. MKC (0.4, 2.2, or 4.3 mol% of the total moles of membrane
components) was incorporated to the ethanolic solution before loading into the reactor. Next steps followed
the same order as for liposomes preparation, obtaining (0.4%MKC)-HLP, (2.2%MKC)-HLP, and (4.3%MKC)-
HLP systems. For GLA-loaded hybrid-liposomes, as it was described previously, GLA was diluted in water for
injection (type 1) to reach the final enzyme concentration: 20 ug mL~" for (0.4%MKC)-HLP-GLA, (2.2%MKC)-
HLP-GLA2, and (4.3%MKC)-HLP-GLA, and 8.5 ug mL™" for (2.2%MKC)-HLP-GLAgs. Hybrid-liposomes in a
total lipid concentration of 1.5 mg mL™" (detailed final molar concentration of each component was 0.10, 0.91,
and 1.45 pmol mL="for chol-PEG200-RGD, cholesterol, and DPPC, respectively, and 0.01, 0.06, or 0.11 umol
mL-" of MKC for (0.4%MKC)-HLP, (2.2%MKC)-HLP, or (4.3%MKC)-HLP, respectively) in an aqueous media
containing low amounts of DMSO and EtOH, 0.8% and 4% viv, were obtained and stored at 4 °C until
characterization.

Digfiltration and concentration; The non-conjugated GLA enzyme was separated from the GLA loaded

liposomes using the KrosFlo® Research I1i TFF diafiltration system (KR2i) following the procedure already
described in Cabrera, ., et al. 2016 with the madifications detailed herein, such as a concentration step
explained herein.

Briefly, to separate the free GLA (= 100 kDa) a 300 kDa cut-off mPES hollow fiber column was used. For
each GLA-containing formulation, 10 mL of the nanovesicle dispersion was submitted to 6 cycles of
diafiltration with cold pure water for injection (type 1) (60 mL) resulting in the elimination of non-incorporated
GLA and the organic solvents from the dispersion.

In order to reach the dose for in vivo testing, the (2.2%MKC)-HLP hybrid-liposome system was concentrated
using the KrosFlo® Research [li TFF diafiltration system (KR2i) with a 300 kDa cut-off mPES filter column. An
initial volume of 74 mL was submitted to a concentration factor of x12, resulting in 6 mL of the final
nanoformulation. Three independent batches were produced following the same procedure to ensure the
administration of a fresh formulation throughout the in vivo study, with no significant difference in

physicochemical properties (see below).

In order to concentrate the samples (2.2%MKC)-HLP hybrid-liposome for in vivo testing), it was used the
same process specified for the diafiltration, with the exception that in this case, the buffer reservoir was not
connected to the system. This allowed the sample to became more concentrated as volume was being
removed. The degree of concentration (Concentration Factor, CF) corresponded to the initial volume (Vi)
divided into the final volume (Vf), CF = Vi / Vf, for in vivo toxicology, sample was concentrated with a CF of 12,
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Physicochemical characteristics (size, PDI and {-potential) of the liposomal system were determined by DLS
after the concentration step, in order to ensure that the procedure itself had no relevant impact. Ne significant
changes were observed after concentration in terms of size (p = 0.169), PDI (p = 0.903) and {-potential (p =
0.116), since liposomes maintained a nanoscopic size (below 250 nm) and low polydispersity (PDI <0.35).
Statistics were done by two-sample t-test using Minitab® 17 statistical software (2013). Morphology was also
inspected by cryoTEM imaging. Images showed spherical and mostly unilamellar vesicles, with the size in the

nanometric range.

Size, polydispersity index and {-potential characterization: The size, polydispersity index (PDI) and {-potential

of all the vesicles produced were measured using a dynamic light scattering (DLS) and electrophoretic light
scattering (ELS) analyzer combined with non-invasive backscatter technology (NIBS) (Malvern Zetasizer
Nano ZS, Malvern Instruments, U.K). The samples (1 mL) were analyzed without any previous modification or
dilution. All reported values were the average result of three consecutive measurements at 20 °C on the same
sample using the Zetasizer Software, the next day after production. Size data were based on intensity size-
distribution and corresponded to z-average + standard deviation between the three measurements.

Morphology characterization by Cryo-TEM: Nanoformulations were examined by cryo-TEM to directly analyze

vesicles morphology and learn on their uniformity (heterogeneity) and coexistence of structures. Information
about size, shape, number of bilayers and bilayers distribution was gathered. Vitrified specimens were
prepared after few days of nanoformulation production and 2-3 times in the following month, to learn about the
short-term stability. Nanoformulations were stored at 4 °C until eryo-TEM analysis. For that, they were
equilibrated for 30 min at 25 °C and then vitrified from this temperature in a controlled specimen preparation
chamber following well established procedures (Danino, D. 2012) and examined in a T12 G2 Tecnai (FEI) and
a Talos F200C (Thermo Fisher) microscopes at cryogenic temperatures. Perforated Ted Pella grids were
used; vitrified specimens’ temperature was always kept below =170 °C. Images were recorded with a Gatan
UltraScan 2kx2k CCD camera or a Ceta camera at low dose operation, as previously described (Danino, D.
2012). Images were recorded at various magnifications (from 8.8 K to 53 K) to properly capture all structures,
namely, at different length scales, ranging from few nm to few hundreds. No image processing was applied
except for background subtraction. All measurements were performed at the CryoEM Laboratory of Soft
Matter at the Technion (Israel Institute of Technology, Israel).

Morphology characterization of liposomes using small-angle X-ray scattering (SAXS): Quantitative information

about the liposomes’ bilayer thickness and profile, degree of lamellar structure, and amount of incorporated
GLA was investigated with small-angle X-ray scattering (SAXS) on an optimized NanoSTAR SAXS instrument
(Pedersen, J.S., 2004) from Bruker AXS set up at Aarhus University and equipped with a liquid Ga metal jet
X-ray source (Excillum) (Schwamberger, A. et al. 2015) and scatterless slits (Li, Y., ef al. 2008). GLA in water
(1 mg mL-1) and liposomes or hybrid-liposomes (1.5 mg mL-1) in their dispersant medium (water or water
with 4% EtOH and 0.8% DMSQ viv) were measured, the matching backgrounds subtracted and water was

used for absolute scale calibration. Note that prior to the measurements, the samples were checked for
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changes during shipment by performing DLS in Aarhus on an ALV instrument (ALY, Langen, Germany) with
an ALVICGS-8F goniometer equipped with an ALV-6010/EPP multi-tau digital correlator.

Nanovesicles stability: The stability at 4 °C of the liposomal systems was followed by measuring the size,

polydispersity index (PDI) and (-potential of the nanovesicles at different time points (1, 7, 14, and 31 days
after production) using a DLS equipment (Malvern Zetasizer Nano ZS; Malvemn Instruments) as described
previously.

Enzyme quantification and entrapment efficiency: The entrapment efficiency (EE%) was determined by

comparing the amount of the enzyme encapsulated in the nanovesicles after removing the free GLA by
diafiltration (named prototype Loaded, L) with the amount of initial GLA present in the raw batch obtained just
after their production (named prototype Total, T), see Equation (1). The GLA loading was calculated by
comparing the amount of GLA loaded on liposomes after elimination of free GLA with the total amount of
membrane components of the vesicles, see Equation (2). Statistics were done by two-sample t-test using
Minitab® 17 statistical software (2013).

EE% = (mass GLA Loaded / mass GLA Total) x 100 (Equation 1)

GLA loading = mass GLA Loaded / mass membrane components (Equation 2)

To detect and quantify the recombinant enzyme concentration in each of these samples, SDS-PAGE was
performed by using TGX Stain-Free™ FastCast™ acrylamide 12% gels (Bio-Rad, ref. 161-0185). To visualize
the fluorescent bands, a ChemiDoc™ Touch Imaging System (Bio-Rad) was used. GLA protein amounts were
estimated by densitometry after SDS-PAGE and photoactivation, with known amounts of a control His-tagged
GLA produced, purified and quantified in-house. Samples and standards, to be quantitatively compared, were
run in the same gel and processed as a data set. Densitometric analysis of the bands were performed with the
Image Lab™ software (version 5.2.1., Bio-Rad).

In vifro enzymatic activity: GLA enzymatic activity was assayed as previously described (Cabrera, ., et al.

2016) using fluorometrical methods initially described by Desnick et al. 1973 with the modifications of Mayes
ef al. 1981 The protocol included the use of 4-methylumbelliferyl a-D-galactopyranoside (4-MUG, M-7633
Sigma Aldrich) as substrate (2.46 x 10—3 m) in assay buffer (0.01 m acetic acid, 0.01 m acetate, pH 4.5). The
reaction was stopped by glycine buffer (0.1 m, pH 10.4) and the released product (4-methylumbelliferone or 4-
MU) was determined by fluorescence measurement (Aexc = 365 nm, Aem = 450 nm), and fluorescence
measurements were transformed into 4-MU pmol using a regression plot and adjusted per time and protein
quantity.

In vitro efficacy assay: The ability of GLA-loaded nanovesicles to reach the lysosomes and hydrolyze Gb3

was tested in primary cultures of mouse aortic endothelial cells (MAEC) from GLA deficient mice (GlatmKul1)
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(Oshima, T. et al. 1997). These cells were isolated at the in vivo Experimentation Platform/U20 of ICTS
NANBIOSIS and grown as previously described (Cabrera, I., ef al. 2016) in RPMI media supplemented with
non-essential amino acids (Gibco), heparin (0.1 mg mL~", Sigma Aldrich), endothelial cell growth supplement
(ECGS) (0.05 mg mL—1, BD), hydrocortisone (1 ug mL™, Sigma Aldrich) and fetal bovine serum (10-20%,
Gibco) to allow the growth of endothelial cells. Cells in passages 2-5 were seeded in 24-well plates to 60-80%
of confluence and incubated with Gb3-NBD (0.8 x 107 M, Matreya) along with the specified concentrations of
tested compounds. After 48 h, Gb3-NBD fluorescent signal was analyzed by flow cytometry (FacsCalibur,
Beckton Dickinson) in viable cells (negative to 7-aminoactinomycin D staining). The fluorescent signal in
control cells (without treatment) was established as 100% and the percentage of Gb3 loss (%Gb3 loss = 100
- %Gb3-NBD signal) was used to plot the results.

In vitro toxicity: Cell cytotoxicity was tested using 3-(4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) on Hela cells (BotellaP et al. 2011). Briefly, 2,000 cells were seeded in 96-well plates, let to adhere
and then exposed to different doses of the nanovesicles for 72 h. Then, an MTT solution (5 mg mL-1) in PBS
was added to the wells and incubated during 4 additional hours. Formazan crystals resulted from the MTT
reduction by active mitochondria were dissolved with DMSO and spectrophotometrically measured at 530 nm
(Biotek ELx800 Absorbance Microplate Reader, |zasa Scientific). The data were expressed as the
percentages of viable cells compared to the cell survival of a non-treated control group.

In vitro hemocompatibility: Two types of assays were performed to test the hemocompatibility of the

nanosystems. On the one hand, their effect on the integrity of red blood cells was measured using a
hemolysis test (Giannotti, M.I. ef al. 2016). On the other hand, their potential interference with blood
coagulation was studied by analyzing the plasma coagulation times. In detail, for the hemolysis test, mouse
red blood cells (RBC) were isolated from three wild type C57BL6 mice, resuspended in 2% (v/v) of PBS, and
exposed to different concentrations of test compounds during 1 h at 37 °C in duplicates. The amount of
released hemoglobin was measured in a spectrophotometer at 405 nm (Biotek ELx800) after centrifugation
(1000 g, 10 min). Absorbance values were referred to a positive control of 100% hemolysis obtained after
incubating RBC with 1% of Triton-X. Samples with <5% were considered non-hemolytic.

The effect of the nanovesicles in plasma coagulation was tested as previously reported (Rafael, D., ef al.
2018) using the Start4 equipment (Stago, France) and following the manufacturer's protocol to determine the
activated partial thromboplastin time (APTT), the prothrombin time (PT), and the thrombin time (TT). Values
were compared to the normal reference time ranges. The APTT assay was used to assess the intrinsic
pathway, while the prothrombin time (PT) assay was a measure of the extrinsic pathway. Extrinsic and
intrinsic pathways converged into the common pathway. Thrombin time (TT) was an indicator of the

functionality of the final common pathway.

In vivo toxicity: In order to test the feasibility of repeated administration of MKC containing nanovesicles, the
effect of 8 intravenous (i.v.) administrations of hybrid-liposomes at three different doses (0.37, 1.22 and 3.67
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mg lipid per administration) were tested in wild type C57BL6 female mice (22-38 g) obtained from our GLA
transgenic colony maintained in heterozygosity (GlatmKul1) (Oshima, T., et al. 1997). Animal care was
handled in accordance with the Guide for the Care and Use of Laboratory Animals of the Vall d'Hebron
University Hospital Animal Facility and followed the EU Directive 2010/63/EU for animal experiments. Precise
experimental procedures were approved by the Animal Experimentation Ethical Committee at the institution
and the regional government (ref, 9572),

All studies using animals or samples derived from animals, including MAEC obtaining and hemocompatibility
assays, were performed by the ICTS NANBIOSIS, at the CIBER-BBN's in vivo Experimental Platform of the
Functional Validation & Preclinical Research (FVPR) area (U20 /n vivo Experimental Platform, Nanbiosis,
Barcelona, Spain).

Stability of the nanostructured formulations in the assay conditions: The stability of the nanostructured

formulations in the assay conditions, diluted 1:1600 in acetic buffer (0.01 m acetic acid, 0.01 m acetate, pH
4.5), containing the 4-MUG substrate (2.46 x 10-3 m), 37 °C, 60 min, was also checked. The integrity of the
nanostructured in the assay conditions was assessed by DLS and by Nanoparticle Tracking Analysis -
Nanosight (NTA). The NTA (Nanosight NS300, Malvern Instuments, U K., equipped with a sSCMOS camera
and a 488 nm laser) tracks particles individually and uses the Stokes Einstein equation for calculating their
hydrodynamic diameters as well as the particle concentration. A video of particles moving under Brownian
motion in a field of view of 100 um x 80 um x 10 um was recorded and analyzed by the NTA software. The

mean size, PDI, and particle concentration of the nanovesicles were assayed.

Stability of (2.2%MKC)-HLP in human serum
Stability of 12-fold concentrated (2.2%MKC)-HLP in human serum was measured by turbidity measurements,

that allowed the monitoring of changes in the system over time. By turbidimetrical methods, it was possible to
measure the transmissivity and hence the attenuation of light. Changes in transmissivity over time, can act as
indicator of changes in the suspension, e.g., if sedimentation or increasing of nanoparticles size occured.
Turbidity can be then assessed by absorbance, since the absorbance has a logarithmic relationship to the

transmittance.

The 12-fold concentrated (2.2%MKC)-HLP system was incubated with two different concentrations of human
serum (H4522, Sigma-Aldrich), 75% and 90% (vol %), in triplicates in a 48-well plate. Samples were then
incubated at 37 °C in orbital shaker agitation, and analyzed at 0 min, 15 min, 30 min, 60 min, 90 min, and 120
min. At each time-point the absorbance of samples was read at A = 300 nm (Microplate reader Infinite 200
Pro, Tecan) with the corresponding amount of serum alone as reference. Relative turbidity was determined
dividing the sample turbidity by the turbidity at time zero (Eq S1). No significant changes were observed.

Additionally, concentrated (2.2%MKC)-HLP was incubated with 50% (vol%) of human serum (1 h, 37 °C,
agitation by orbital shaker), No macroscopic appearance was observed. Then, liposome integrity was also
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assessed by cryoTEM imaging, demonstrating the stability of the liposomal vesicle structure in presence of

serum.

Theoretical number of GLA per vesicle: Being human GLA a homodimeric enzyme with a monomer weight of
48.8 kDa, the whole GLA showed an approximated molecular weight of 100 KDa. A theoretical number of
homodimer GLA units per nanovesicle was calculated in an approximated approach, using the following

theoretical (Table 1) and experimental (Table 2) data of the systems after purification by diafiltration (Loaded
prototype), since non-incorperated GLA was remaved. It was only possible to perform these calculations for
HLP-GLA hybrid-liposomes, due to LP-GLA instability issues and unsuitability of SAXS technique for MQ-GLA

quatsomes.

Table 1. Theoretical data of hybrid-liposomes.

GLA parameters (homodimer)

Iolecular weight (My) 100 kDa (100,000 g/mol}

Liposome's parameters

Theoretical lipid concentration (C) 1.5 mg mL™?
Bilayer Thickness (T, from SAXSY 5 nm
Theoretical lipid bitayer density (dj® 1gcom™

a) Theoretical amount of lipid used in the initial preparation by DELOS-SUSP procedurg; b) Estimated from
SAXS analysis of blank HLP systems; ¢) From T. Miyoshi et al (2014).

Table 2. Experimental data of hybrid-liposomes and final calculation of number of GLA (homodimer)
per vesicle.
Size Lipid volume per
[GLAJ*  #of GLA" ] # of liposomes® )
System {0 liposame {V)¥ GLA/vesicle”
gml]  [mL7] [mL]
[nm] [om]
{0.4%NKC)
28 168x10" 140 3.08x10°¢ 4.87 x 107 34
HLP-GLA;
(2.2%MKC)
6 360x10° 124 242% 107" 6.21 x 10 58
HLP-GLA
2.2°MKC)-
(@.2MKC) 48 276 % 10" 12 197 x40 761 %102 a8
HLP-GLA; 5
{4.3%MKC)-
12 7.20 x 10" 123 238 % 107 6.31x 10" 1.4

HLP-GLA;
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a) Determined by TGX (see Experimental Section); b) Calculated using Equation S2 (see below), where NA
was the Avogadro’s number; ¢) From DLS measurement, mean size based on intensity; d) Lipid volume per
liposome, calculated using Equation S3; €) Number of liposomes, calculated using Equation S4; f) Ratio

between number of GLA dimers (# of GLA) and number of liposomes (# of liposomes).

# of GLA (mL-1) = [GLAY My % Ny ($2)
V (em?) = Surface vesicle x T=4m (D/2)* x T (83)
# of liposomes (mL-1) = C/V xd (S4)

Statistical analysis: All results were expressed as the mean + standard deviation (SD) of several experimental
replicates, unless otherwise specified. ANOVA tests, student's t-tests or equivalent non-parametric tests were
used to investigate the differences between different formulations, using Prism 6.02 software (GraphPad
Software, Inc., CA, USA). Statistical differences were accepted as significant (p < 0.05, *), very significant (p <
0.01, ™ or as highly significant (p < 0.001, **) according to the obtained p-value.

Results:

1.1 Characterization of the nanovesicles:

GLA-nanovesicle systems were obtained using three different membrane compositions and all were
functionalized with chol-PEG200-RGD to allow the recognition of avp3-integrins overexpressed in endothelial
cells (as explained in Cabrera, I., et al. 2016). The first formulation was constituted of DPPC, cholesterol, and
chol-PEG200-RGD yielding liposomes (LP). The second formulation was composed of cholesterol, chol-
PEG200-RGD, and h-MKC (more than 50% MKC as explained in the material and method section), that
formed quatsomes (MQ). For the third system, a small amount of MKC was added to the liposome formulation
at three different I-MKC concentrations; 0.4, 2.2, and 4.3 mol%, allowing the generation of hybrid-liposomes
(HLP) with positively charged membranes. All the GLA-loaded systems (named LP-GLAz, MQ-GLAg, and
HLP-GLAy, respectively) were prepared using the same initial theoretical GLA concentration, i.e., 20 pg/ml.
An additional HLP-GLAs5 system was prepared at the lower GLA concentration of 8.5 jg/m, to yield the same
enzyme and membrane components ratio of 3.4 ug umol—1, asin MQ-GLAy (see Table 3). All the

nanovesicles were prepared with the DELOS-SUSP production route described in the Experimental Section.

The composition of the obtained nanovesicles is described in table 3 below and their physicochemical

characteristics are described in table 4 below.

Table 3. Compositions of the nanovesicle systems prepared by DELOS-SUSP at a working condition of Pw
C02 =10 MPa, 308 K and XCO2 = 0.85. Concentration of components in organic and aqueous phase before
depressurization.
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Nanovesicle | Name Organic Aqueous | a) b) c)
systems Phase phase
(GLA
theoretical)
Quatsomes MQ MKC (54.51 x 103 m) water 3.57
(blank) Cholesterol (24.0 x 1073 m)
Chol-PEG200-RGD (3.1 x 10-3 m)
7.7% EtOH, 3.0% DMSO (viv)
GLA-loaded MQ-GLA» | MKC (54.51 x 10-3 m) GLAIn 357 | 340 |56
Quatsomes Cholesterol (24.0 x 1073 M) water
(20 ygmL™) Chol-PEG200-RGD (3.1 % 108 m) | (21 pg
7.7% EtOH, 3.0% DMSO (viv) mL™")
0.4%mol MKC | (0.4%MKC) | DPPC (30.4 x 10-3 m) water 1.54
Hybrid- -HLP Cholesterol (19.2 x 10-3 m)
Liposomes Chol-PEG200-RGD (2.1 x 10-3 m)
(blank) MKC (0.2 x 10-3 m)
4% EtOH, 0.8% DMSO (v/v)
GLA-loaded (0.4%MKC) | DPPC (30.4 x 10-3 m) GLAIn 154 | 850 |13
0.4%mol MKC | -HLP-GLAg | Cholesterol (19.2 x 10-3 m) water
Hybrid- Chol-PEG200-RGD (2.1 x 10-3m) | (21 pg
Liposomes MKC (0.2 x 10-3 m) mL-1)
(20 yg mL-1) 4% EtOH, 0.8% DMSO (v/v)
2.2%mol MKC | (2.2%MKC) | DPPC (30.4 x 10-3 m) water 1.54
Hybrid- -HLP Cholesterol (19.2 x 10-3 M)
Liposomes Chol-PEG200-RGD (2.1 x 10-3 m)
(blank) MKC (1.2 x 10-3 m)
4% EtOH, 0.8% DMSO (v/v)
GLA-loaded (2.2%MKC) | DPPC (30.4 x 10-3 m) GLAIn 154 | 850 |13
2.2%mol MKC | -HLP-GLAz | Cholesterol (19.2 x 10-3 m) water
Hybrid- Chol-PEG200-RGD (2.1 x 10-3 ™) | (21 pg
Liposomes MKC (1.2 mM) mL—1)
(20 yg mL-1) 4% EtOH, 0.8% DMSO (v/v)
GLA-loaded (2.2%MKC) | DPPC (30.4 x 10-3 m) GLAIn 154 | 340 |55
2.2%mol MKC | -HLP- Cholesterol (19.2 x 10-3 m) water
Hybrid- GLAs5 Chol-PEG200-RGD (2.1 x 10-3 ™) | (8.9 g
Liposomes MKC (1.2 mM) mL—1)
(8.5ug mL—1) 4% EtOH, 0.8% DMSO (v/v)
4.3%mol MKC | (4.3%MKC) | DPPC (30.4 x 10-3 m) water 1.54
Hybrid- -HLP Cholesterol (19.2 x 10=3 m)
Liposomes Chol-PEG200-RGD (2.1 x 10-3 M)
(blank) MKC (2.3 mM)
4% EtOH, 0.8% DMSO (viv)
GLA-loaded (4.3%MKC) | DPPC (30.4 x 1073 m) GLAIn 1.54 |85 13
4.3%mol MKC | -HLP-GLA | Cholesterol (19.2 x 10~3 m) water
Hybrid- Chol-PEG200-RGD (2.1 x 10°m) | (21 pg
Liposomes MKC (2.3 x 107 m) mL-1)
(20 yg mL-1) 4% EtOH, 0.8% DMSO (viv)
Liposomes LP DPPC (29.7 x 10-3 m) water 1.54
(blank) Cholesterol (17.8 x 103 M)
Chol-PEG200-RGD (3.0 x 10-3 m)
4% EtOH, 0.8% DMSO (viv)
GLA-loaded LP-GLAxn | DPPC (29.7 x 10-3 m) GLAIn 1.54 |85 13
Liposomes Cholesterol (17.8 x 10-3 m) water
(20 ygmL-1) Chol-PEG200-RGD (3.0 x 10-3 ™) | (21 g
4% EtOH, 0.8% DMSO (v/v) mL—1)
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a), Membrane components [mg/mL~"]: sum of total mg of membrane components divided by total mL of final
solution; b), GLA per membrane components [lg/umol™"]: ratio between mass of GLA (ug) and total mass of
membrane components (umol); ¢) GLA per membrane components [ug GLA mg-1]: ratio between mass of

GLA (ug) and total mass of membrane components (mg).

Table 4. Physicochemical characteristics of the GLA nanoformulations, the next day after production. Values

in parentheses are for diafiltrated nanoformulations. Average of two independent productions for each system.

(of blank vesicles and GLA-loaded vesicles were assessed by measurements of the particle size, size

distribution, and -potential using DLS.

Nanovesicle | Mean size PDI (-potential GLA Theor. GLA per
systems [nm] [mV] GLA membrartu[a
-1 er componen
[bgmL7] vegiclea) u?nol*]b) W
LP 152 + 1 0.41+0.02 26+ 1 - - -
LP-GLAx =0 = 63102 201 ND 8.3
i -9 (-252 £0.8) (7£2)
MQ 69 + 1 0.19 + 0.01 642 +£0.7 - - -
MQ-GLAx 69+3 0.19+£0.02 61.0£09 18+ 1 ND 3.4
(65+3) (0.20£0.01) | (88.00.6) (151 %
0.3)
(0.4%MKC)- | 107 £1 0.23£0.02 36=+4 - - -
HLP
(0.4%MKC)- | 14116 0.18 £0.02 171 12+2 3 8.3
HLP-GLA
(140+4) | (0.17+£0.01) (17+1) (28+0.2)
(2.2%MKC)- | 112 +1 0.24 +0.01 59+2 - - -
HLP
2.2%MKC)- | 123 +1 0.17 £0.01 36=+2 1M1+2 6 8.3
LP-GLA2
(124£3) | (0.17£0.02) | (423+0.1) 6£1)
(22%MKC)- | 108 +2 0.18 +0.01 51+2 49+04 4 3.4
HLP-GLAs5
(M2+1) | (0.20£0.01) (46 £ 1) (46+0.2)
(4.3%MKC)- | 113 £1 0.23 £0.02 636 £0.7 - - -
HLP
4.3%MKC)- | 126 + 1 0.19 £0.01 46807 | 121+09 11 8.3
LP-GLAx
(123+1) | (0.17+£0.01) (49 + 1) (12+1)

a) Theoretical number of GLA per vesicle; b) Theoretical ratio mass of GLA per mol of membrane component;

¢) Not reliable data, sample showed some sedimentation.

1.2 MKC improved the colloidal stability and GLA entrapment efficiency of the nanovesicles
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GLA-loaded liposomes (LP-GLAg) similar to those described in Cabrera, |, ef al. 2016 were prepared, but
using the commercially available agalsidase alfa (Replagal®) as model enzyme of high quality, tag free, and
already approved and commercialized GLA instead of the in-house produced His tag GLA abtaining similar
low enzyme entrapment efficiency but less stability than the previously reported system (Cabrera et al. 2016).
Entrapping the commercial GLA, LP-GLA2 showed higher mean particle size and wider size distribution
compared to LP and the previous evaluated systems (Cabrera et al. 2016), also reflected by a significantly
higher polydispersity index. Besides, LP-GLAy showed low negative (-potential values, fact that had a direct
negative impact on their stability. Specifically, these LP-GLAx liposomes sedimented few days after
production.

In comparison, MQ formulations showed a narrow size distribution and a significantly smaller mean size,
around 70 nm. Notably, their physicochemical properties were also maintained when GLA was incorporated
into the system (MQ-GLA).

All three HLP systems (see Table 4) formed small vesicles around 110 nm in diameter; slightly larger than the
MQ vesicles, but still with a narrow size distribution. The (-potential values directly correlated with the MKC
concentration, increasing when more MKC was added to the structures. The addition of MKC maintained high
and positive (-potential values even when the GLA was entrapped (HLP-GLAy systems), although values
were slightly below those obtained in absence of GLA (HLP). The nanoformulation stability was clearly
observed when MQ-GLA2 and HLP-GLAy containing the cationic MKC surfactant were compared with the
non-containing MKC LP-GLA system, since no vesicle sedimentation was observed up to 1 month after
production for the first systems. The remarkable stability of MKC-containing systems was also be observed by

monitoring the evolution of their size, PDI, and {-potential over time (Figure 1).

Next, the concentration of GLA in the nanovesicles was quantified by SDS-PAGE and densitometry analysis
(GLA concentration for each nanovesicle system shown in Table 4) and, based on it, the entrapment
efficiency (EE%) and GLA loading were determined (see Experimental Section). As can be seenin Fig. 2,
MKC played an important role in the integration capacity of GLA into the nanoformulations. Significantly higher
entrapment efficiency was achieved in MQ-GLA (EE > 80%) in comparison 1o the free-MKC LP-GLA (EE ~
30%). As aforementioned, the quaternary ammonium surfactant MKC was the main membrane component of
MQ-GLA20 formulations, and consequently, it led to higher cationic surface charge in the membrane, which
induced higher entrapment of GLA by electrostatic interactions. Similar effects were found in the hybrid-
liposomal systems as shown in Figure 2; in HLP-GLAy systems, EE and GLA loading directly correlated with
the amount of MKC present. For the (0.4%MKC)-HLP-GLAx (the lowest MKC concentration) an entrapment
efficiency of 23 + 5% was obtained, comparable to LP-GLAy, suggesting that despite the improvement of
physicochemical characteristics (size, PDI, and stability) given by MKC addition, more electrostatic
interactions were needed to achieve improvement of EE. In the formulations with higher MKC levels,
(2.2%MKC)-HLP-GLA2 and (4.3%MKC)-HLP-GLA, considerably improved EE of up to 60 + 20% and 100 =
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20%, respectively, were detected. However, the difference between EE% of (4.3%MKC)-HLP-GLAy, and MQ-
GLA2 was not statistically significant at this specific GLA concentration of 20 ug/ml, indicating that the
electrostatic interactions provided by MKC concentrations = 4.3 mol% were more than enough to entrap this
amount of GLA.

SAXS was used to gain further understanding of changes in the liposome morphology. First, the scattering
from the free GLA was investigated since GLA contributed significantly to the total scattering signal in the
loaded liposome samples. The SAXS data of the pure enzyme could be fitted with a rigid-body refined dimer
structure (Steiner, E.M., ef al. 2018) based on the known dimeric crystal structure of GLA (PDB: 1r4626, ¥2 =
1.8). Fitting was done on absolute scale yielding a concentration estimate of 1.10 mg mL—1 (assuming all
GLA was on dimer form), which was slightly higher than the concentration of 1 mg mL—1 for the commercial
stock GLA sample. A small increase in intensity at low scattering vector moduli, g, could suggest slight
aggregation in the sample, resulting in a somewhat elevated concentration estimate. For the
nanoformulations, the SAXS data showed a characteristic minimum at intermediate g, typical for liposomes,
arising from the variations in electron density across the cross-section profile of the bilayer membranes, The
data was fitted with a paracrystalline model (Hosemann, R. et al. 1963) based on Pabst et al. 2000 and 2003,
where the average number of layers (N layers) and the bilayer thickness (T) can be determined. When fitting
the data, it was observed that an additional contribution from polymer scattering had to be included to obtain
good fits (Table 5). For the samples without GLA (LP and HLP), this scattering contribution was constant and
probably arised from the flexible chol-PEG200-RGD on the membranes surface. For samples containing GLA,
the polymer scattering was therefore fixed at an average value obtained from the GLA-free fits. In LP-GLAg
and HLP-GLAz, GLA also contributed to the scattering patterns and, thus, the theoretical sighal from free
GLA was added to the liposome scattering through a linear combination with its own individual scale factor.
Even though the scattering contributions from polymer and GLA were small and to some extent correlated, it
was still possible by this approach to determine the GLA concentrations with SAXS, which corresponded fairly

well with the theoretically calculated GLA concentrations (Table 5).

Table 5. SAXS data of the nanoformulations. Values corresponded to the mean £ SD.

Nanovesicle systems X' Polymerscale [GLA|,,  [GlAL  Neyd To

(109 Jugml [ugml] A
LP 1.1 46+08 - - 15+01 51.5+03
LP-GLA» 1.1 42") 20 13+2 20+01 51.0+£0.2
(0.4%MKC)-HLP 2.2 42+08 - - 1.3+01 489+03
(2.2%MKC)-HLP 15 34+07 - - 1.0+01 486+03
(4.3%MKC)-HLP 15 44+08 - - 1.0+01 485+04

(0.4%MKC)-HLP-GLA 1.2 49? 20 2+3 1101 50.7+03
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(22%MKC)-HLP-GLAy 1.5 499 20 18+3 11+01 502+05
(22%MKC)-HLP-GLAgs 1.6 499 8.5 8+4 11+01 499+0.4
(4.3%)MKC-HLP-GLA» 0.9 499 20 16+£3 11+01 493+03

a) x2 was the reduced weighted chi-square; b) Average number of layers in liposomes; ¢) Bilayer thickness
defined as T =2 (zH,1 +aH,1), where zH,1 is the distance from the center of the bilayer to the centers of the
Gaussian used to describe the headgroup and oH, 1 was the width of this Gaussian; d) Not fitted value.

Increasing MKC concentrations decreased the bilayer thickness (T) slightly for both GLA-containing (from
51.0 A to 49.3 A) and GLA-free (from 51.5 A to 485 A) liposomes. Furthermore, for samples with MKC, T was
slightly higher when GLA was added, suggesting that the protein possibly binds to the positively charged
liposome surface and thereby increase the apparent bilayer thickness. Both LP and LP-GLAz showed some
multilamellarity that diminished as MKC was introduced into the liposomes, probably an effect of the general
lower stability and early sedimentation observed for LP and LP-GLAx in comparison with HLP and HLP-
GLA.

Direct analysis of the nanovesicles with cryo-TEM was fully consistent with the SAXS analysis (Figure 3). The
nanoformulations were largely unilamellar as expected, and rather uniform in size. LP-GLA and HLP-GLAg 5
nanovesicles were about 120 nm in diameter, and MQ-GLAx nanovesicles were smaller and on average 60-
70 nmin diameter, all in excellent agreement with the DLS data shown in Table 3. Because cryo-TEM showed
individual nanovesicles, certain polydispersity with some double-layer structures was recognized, but overall
and in agreement with the SAXS analysis, vesicles showed a high degree of unilamellarity.

QOverall, the physicochemical properties showed that both quatsomes and hybrid-liposomes were promising
systems for further exploration as potential carriers of the GLA enzyme. The increase in their membrane
positive charge due to the presence of the cationic surfactant leaded to a narrower and more monodisperse
size distribution, with a marked improvement in the colloidal stability. This amended the earlier destabilization
phenomena seen in the MKC-free system (LP-GLAx») and made MQ-GLAg and HLP-GLA systems suitable
for further examination. Especially important was the two-fold increase in GLA entrapment efficiency
compared with LP-GLAz. This was a major advance in enzyme nanoformulations, where it was often very

challenging to obtain high or full incorporation of big biomacromolecules into nanovesicles.
1.3. The specific enzymatic activity of GLA was increased when using MKC in less than 30% mol

The specific enzymatic activity of the GLA enzyme conjugated to the nanovesicles was measured using a
fluorescent assay following Cabrera, 1., et al. 2016, Since the GLA was a lysosomal enzyme, the enzymatic
activity assay needed to occur at low pHs. To be sure that the enzyme activity was measured over the non-
altered encapsulation patterns, the stability of the nanostructured formulations was confirmed, in the acidic
media of the assay conditions, before performing the enzyme assays as explained in the Method section and
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the mean size, PDI, and particle concentration of the nanovesicles were maintained in the enzymatic assay

conditions, without significant change.

Surprisingly, as can be seen in Figure 4A, the results indicated that the presence of MKC in the nanovesicles
had a dramatic impact on the protein enzymatic activity. The use of h-MKC in MQ-GLAx provoked a
considerable reduction in the activity of the enzyme of up to 80%. On the other hand, when no MKC was used
(LP-GLAy system), enzymatic activities were about half of those of the commercially available GLA
(Replagal® as commercialized was formulated as solution with a series of excipients (polysorbate-20, sodium
chloride, sodium hydroxide and sodium phosphate monobasic) in its final pharmaceutical form). The
entrapment of the commercialized GLA formulation into non-containing-MKC liposomes possibly destabilized
the enzyme, initially stabilized in its original formulation with 0.2 ug/ml of the non-ionic polysorbate-20

surfactant.

Interestingly, in the case of HLP-GLA, the presence of I-MKC in the liposomal membrane helped to
substantially increase the enzyme activity in the nanoformulation, since the enzymatic activity of all hybrid-
liposomes were above of those of the commercial free enzyme and LP-GLAs without MKC in the membrane.
Statistical comparison between LP-GLA and HLP-GLA or LP-GLA and MQ-GLA was highly significant (p =
0.0001, **) and very significant (p =0.004, **), respectively (not shown inside the graph in Figure 4A for sake
of clarity). Statistical comparisons on enzymatic activity among HLP-GLA where only significant when
comparing (0.4%MKC)-HLP-GLA to other HLP-GLAs containing higher MKC content (p= 0.004, **).

Enzymatic activity of GLA, measured in presence of pure MKC at equivalent surfactant concentrations to
those in HLP-GLA formulations, was lower than the one measured for the corresponding formulations (See
Figure 4B) This result pointed out that the enzymatic activity enhancement was related to the entrapment of
GLA in HLP-GLA liposomes, containing I-MKC in their membrane, and not only due to the presence of this

surfactant in the formulation.

The hybrid-liposomal systems produced surprising results in terms of improved GLA loading, physicochemical
stability, as well as higher enzymatic activity of conjugated GLA in comparison with the other nanovesicle
systems used.

1. 4. The liposomes of the invention increased the in vitro efficacy of the GLA enzyme while keeping a
safe in vivo toxicological profile

The capacity of HLP-GLA to enter cells and reduce the Gb3 deposits within the lysosomes was measured by
adding a fluorescent-labelled Gb3 (NBD-Gb3) (Cabrera, I., et al. 2016). In this assay, mouse aortic endothelial
cells (MAEC) from Fabry KO mice, with no endogenous GLA activity, were challenged with different
concentrations of HLP-GLA. Consequently, total Gb3 loss was solely attributed to the action of the enzyme

carried by the nanovesicles after cell internalization and lysosomal localization, where the low pH allowed
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enzyme activity. Results showed better efficacy of nanoformulated enzymes compared to experiments with
free GLA, in accordance with the previously described increase in the intrinsic enzymatic activity (Figure 4C),
as well as in agreement with the previous published GLA loaded liposomal system Cabrera, |., et al. 2016.
However, unlike the previous system, these new HLP-GLA systems presented enhanced colloidal stability
and higher GLA entrapment efficiency (EE = 90%) and, thus, they were of better quality, overall fulfilling the
physicochemical and biological requirements to warrant their progress to an advanced stage of preclinical

development.

In order to characterizs the safety and toxicological profile of the HLP-GLA systems, several in vifro assays
were performed. Firstly, HelLa cells were exposed to different concentrations of HLP-GLA and cell viability
was measured after 72 h incubation by the MTT assay. Cell viabilities were kept above 75% in all cases,

indicating that integration of MKC into the hybrid-liposomes was not inducing any dose-dependent cytotoxicity.

Further, it was also tested whether the HLP-GLA could be safely administered intravenously, using well-
established hemocompatibility studies. First, the impact of different nanoformulations in red blood cell fragility
was studied by using hemolysis tests in murine blood samples. It was found that none of the tested HLP-GLA

systems induced significant hemolysis and the values measured never surpassed 5% of total hemolysis.

Similarly, no significant variations in plasma coagulation times were detected after incubating human plasma
with 0.154 mg mL—1 of (2.2%MKC)-HLP-GLA20, and the results were within the normal expected range (see
table 6)

Table 6: Plasma coagulation times measured as prothrombin time (PT), activated partial prothrombin time
(APTT) and thrombin time (TT) after incubation with (2.2%MKC)-HLP-GLA20 liposomes. Values into brackets
correspond to diafiltrated nanoformulations. Non-treated plasma (control plasma) and the nanoformulation
without liposomes (vehicle) were used as controls. Values in the table correspond to the mean +- SD of 2

independent measurements.

Sample PT APTT T

[s] (=] [s]
MNormal coagulation time range £134 <341 £ 21
Controf plasma 123201 33.8 + 0.1 164207
Vehicle 124 £0.0 404 162202

(123£01) (343:03) (166:0.1)

(2.2%MKC )-HLP-GLA 126+01  339:01 160200
(1232 00) (33.9:£00) (16.204)

Once the HLP-GLA demonstrated to be safe in vitro, an in vivo repeated dose toxicity assay was performed
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with just the vehicle (without GLA). The rationale behind this preliminary in vivo study was to evaluate the
plausibility of using MKC containing liposomes and, thus, identify potential toxicities caused by the vehicle in
vivo. Accordingly, C57BL6 wild type mice were treated twice a week during 4 weeks with three different doses
(0.37, 1.22 and 3.67 mg of lipid per injection, which corresponded approximately to 12, 41 and 105 mg kg—1
of lipid) of non-GLA (2.2%MKC)-HLP hybrid-liposomes. Prior to administration, concentration of the liposomal
system was needed to reach the desired doses, mimicking the concentration factor that was required to reach
sufficient GLA concentration in the nanoformulation for achieving in vivo a therapeutic dose. This step did not
induce any significant change in physicochemical properties of the system and 12-fold concentrated samples
were obtained (concentrated as indicated in the material and method section). Additionally, stability of this
system in human serum (37 °C) was assessed by turbidity measurements (as indicated in the material and
method section). No significant changes in turbidity were observed, and vesicle integrity was also confirmed
by cryoTEM.

The treatment schedule was aimed at mimicking that of efficacy assays with GLA in Fabry mice, where
repeated administrations of the enzyme were required to ensure a sustained effect (with Replagal® or
Fabrazyme®). Overall welfare of the animals (general appearance, drinking/eating behavior and response to
stimuli) as well as weight were monitored during the 5 weeks (4 weeks of treatment plus an additional week of
surveillance), with no significant alterations of any of the monitored parameters demonstrating a good

tolerability of the HLP system upon repeated administrations.

Conclusion:

It was explored the use of two different RGD-targeted lipid-based nanovesicles for GLA enzyme entrapment,
with distinct MKC content, e.g. non-liposomal nanovesicles, known as quatsomes, which contained high MKC
concentrations (>50 mol% of the total membrane components), and hybrid-liposomes that contained low MKC
concentrations (<5 mol% of the total membrane components). Both systems were successfully prepared
using the DELOS-SUSP procedure, confirming the suitability of this technique for the preparation of
multifunctional nanovesicles with a high level of homogeneity. Membrane composition of these vesicles
strongly impacted both the physicochemical and biological characteristics of the nanoformulations. The
addition of positive charges to the membrane by incorporating MKC improved the colloidal stability of the

nanoformulation.

Moreover, the amount of positive charge added to the system had a direct impact on the ability to entrap the
enzyme. Consequently, quatsomes showed high entrapment efficiencies, but, surprisingly, hybrid-liposomes,
with lower levels of MKC, achieved enzyme entrapment efficiencies similar to quatsomes. However, despite
high entrapment efficiency and good colloidal stability, quatsomes completely abolished the activity of the
GLA enzyme. In vitro, I-MKC hybrid-liposomes (0.4-4.3 mol% of the total membrane components) showed to
be non-cytotoxic and non-hemolytic. Moreover, the entrapment of GLA into these hybrid-liposomes enhanced

the efficacy of the enzyme and showed greater reduction of lysosomal Gb3 than the free administered GLA.
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Good tolerability and no adverse side effects were observed in mice after repeated administrations of MKC-
containing liposomes. Overall, the improvements in the colloidal stability, entrapment efficiency, and biological
activity of GLA described herein allowed a reduction in dose and volume of GLA-conjugated liposomes to be
administered jn vivo, a necessary step to demonstrate the significant benefit of these systems versus the
current enzymatic replacement therapy in Fabry patients. This results allow to use the, I-MKC hybrid-
liposomes for Fabry disease treatment,

Example 2. Impact of the ratio of GLA to membrane excipients

The relation between the GLA concentration and the concentrations of the membrane excipients forming the
nanoliposomal system (i.e. DPPC, Cholesterol, and Cholesterol-PEG400-RGD and the non-lipid cationic

surfactant) was analyzed.

Previous published studies on nanoGLA formulations using GLA-HIS (obtained in HEK cells), without MKC
surfactant, and Chol-PEG200-RGD, showed that ratios of more than 14 ug GLA/ mg membrane excipients
resulted in non-stable intermediate formulations, presenting high polydispersity values and poor stability over
time, as described in Cabrera et al. 2016, Furthermore, those previous formulations had low encapsulation
efficiencies. On the other side, a lower GLA to membrane ratio of 6.1 enabled a stable formulation, but the

GLA concentration achieved was only of 8,5 ig/mL (Cabrera et al. 2016).

Once the addition of MKC revealed an improvement on physicochemical and encapsulation properties of the
nanoliposomes, as indicated in example 1, range-finding tests were carried out to evaluate if optimized
formulations with previously discarded ratios around 30 ug GLA / mg membrane excipients (as disclosed in

(Cabrera et al. 2016) could be obtained in a stable manner.

Materials and methods

All the materials and methods used in this example were the same as indicated in example 1, unless

otherwise indicated.

GLA-loaded nanoliposomes (nanoGLA) formulation consisted of the entrapment of GLA protein (in this case a
tag-free alpha galactosidase (named as “recombinant human GLA", “rh-GLA"), explained below) in an
aqueous liposomal system containing DPPC, Cholesterol and Cholesterol-PEG400-RGD with a small amount
of surfactant myristalkonium chloride (MKC) (5% mol in respect ot the other membrane excipients). The
nanoGLA was produced in two steps 1) by DELOS-susp obtaining an intermediate dispersion and 2) this

intermediate was concentrated and diafiltrated by Tangential Flow Filtration (TFF).

For the in vitro experiments “hybrid-liposomes” (HLP) comprising low MKC (5 mol% of the total membrane

components) similar to the HLP of example1 were obtained (as described in material and methods of example
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1) but in this case the PEG was PEG400, named herein as “Liposome DPPC:Chol:(Chol-PEG400-
RGD):MKC" or “HLP DPPC:Chol;(Chol-PEG400-RGD):MKC" or “nano-GLA", Therefore, this liposome
contained the indicated MKC content and also the phosphoalipid DPPC, cholesterol, and the RGD unit
(tripeptide Arg-Gly-Asp) linked to the cholestercl moiety (chol-PEG400-RGD) as described in Cabrera, |., ef al.
2016, wherein the PEGaoo (subscript corresponded to the PEG molecular weight) was covalently attached to
the cholesterol by one end via a bond of the type alkyl ether and was covalently attached to the peptide
comprising the RGD sequence by the other end via a carbamate bond; wherein the RGD peptide was the
head-to-tail cyclic cRGDfk (SEQ ID NO: 2). This liposome was obtained using the DELOS-SUSP method as
indicated in example 1 with slight differences in the didfiltration and concentration step. The liposomes
produced by DELOS-SUSP were concentrated 7.0 to 7.5-fold and diafiltrated in water or water with glucose 5
% wiv applying 4 to 5 diafiltration cycles.

The mol ratio of the DPPC:cholesterol:chol-PEG400-RGD was 10:6.5:0.5. Thus, the chol-PEG400-RGD

represented the 3% mol in respect of the components.

The Liposomes DPPC:Chal: (Chol-PEG400-RGD):MKC comprised also the tag-free alpha galactosidase (‘rh-
GLA") wherein the monomer had the sequence SEQ ID NO: 1 (approximately 100 KDa tag free protein with a
non-modified sequence, the same sequence as the human GLA but without the signal peptide included in the
UniProt number P06280 at date of 25" January 2021) (Gene ID: 2717) and which was obtained recombinantly
using the GLA gene using Chinese Hamster Ovary (CHO) cell culture (CHO K1 cells) following standard cell
culture techniques (stable expression-based production method) (Sambrook J. et al. Molecular Cloning a
Laboratory Manual, Third Edition. Cold Spring Harbor Laboratory Press. Chapter 16, 16.1-16-54),

The rh-GLA was loaded as indicated in example 1 and it was entrapped into the nanoliposomes (liposomes
DPPC:Chol:(Chol-PEG400-RGD):MKC) through a noncovalent binding; for example, for the weight ratio of 30,
0.27 mgiml GLA was loaded, representing a ratio GLA/membrane components of about 30 g GLA/mg
membrane excipients (in respect to DPPC, Chol, Chol-PEG400-RGD and MKC).

For the example related to the impact on physicochemical properties and stability of nanoGLA formulations
Ratio GLA/membrane components, the nano-GLA samples were prepared with the tag-free GLA version (“rh-
GLA"), containing a 5 mol% of MKC and 3 mol% of Cholesterol-PEG400-RGD. The samples were obtained
formulating GLA at 0, 30 and 45 pg/mL with 1.2 mg/mL of membrane excipients during the first DELOS step.
Then, during the second production step (TFF), samples were concentrated 7.0 to 7.5-fold, obtaining different
formulations of the nanoGLA containing up to 343 pg/mL of GLA and 8.4 or 9.0 mg/mL of lipidic membrane
components, with GLA to membrane ratios from 0 to 41 ugimg .

For the in vitro enzymatic efficacy in cell cultures of nanoGLA formulations, in this experiment the capacity of
HLP-GLA to enter cells and reduce (hydrolyse) the Gb3 deposits within the lysosomes was measured by
adding a fluorescent-labelled Gb3 (Nitrobenzoxadiazole- Gb3, NBD-Gb3) substrate in Mouse Aortic
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Endothelial Cells (MAEC) derived from Fabry KO mice (as disclosed in example 1 and in Cabrera, |., et al.
2016), In this assay, mouse aortic endothelial cells (MAEC) from Fabry KO mice, with no endogenous GLA
activity, were challenged with different concentrations of HLP-GLA. Consequently, total Gb3 loss was solely
attributed to the action of the enzyme carried by the nanovesicles after cell interalization and lysosomal
localization, where the low pH allowed enzyme activity.

Results:

2.1. Impact on physicochemical properties and stability of nanoGLA formulations or the ratio
GLA/membrane components

The results showed that the weight ratio GLA/membrane components had a critical impact on the
physicochemical stability of nanoGLA regarding its macro and microscopic appearance, mean particle size
and polydispersity. Besides the presence of non-lipid cationic surfactant (e.g., MKC) at low concentration
(below 30% molar in respect to the phospholipid, chol, the conjugate and the surfactant), another parameter
was also critical, that is, the relation between the GLA weight and the weight of the membrane excipients
forming the nanoliposomal system (i.e., DPPC, Cholesterol, Cholesterol-PEG400-RGD, and MKC).

Table 7. Summary of main physicochemical properties and stability of nanoGLA samples prepared at different
GLA / membrane excipients ratio, using the tag-free GLA from CHO, and containing MKC and Chol-PEG400-
RGD (DPPC:Choal:Chol-PEG400-RGD=10:6.5:0.5). The values of the intermediate formulations obtained after

DELOS production step, before concentration by TFF, are presented between brackets (intermediate

formulation).

GLAto [GLA] | [membrane | Macroscopic | Mean Pdi - Physico-
membrane | (ug/imL)| excipients]*| appearance | size (nm) potential | chemical
excipients (mg/mL) (mV) | Stability

ratio
(Mg GLA/
mg
membrane
excipients)
0 0 9.0 Homogeneous| 113+1 | 013+001| 50+2 | >60days
(0) ) (1.2) whitish (106 +1)| 016 £001) (57+2) (>30
aqueous and days)
opalescence
dispersion
without
sediment
20 168 8.4 Homogeneous| 125+2 | 015002 49x1 | >60days
(21) (25) (1.2) whitish (151+£1)| 016 £001)] (41+1) (>30
aqueous and days)
opalescence
dispersion
without
sediment
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GLA to [GLA] | [membrane | Macroscopic | Mean PdI - Physico-
membrane | (ug/mL)| excipients]*| appearance | size (nm) potential | chemical
excipients (mg/mL) (mV) | Stability
ratio
(g GLA/
mg
membrane
excipients)
30 271 9.0 Homogeneous| 1531 | 0.09+£002| 40x1 [ >60days
(30) (30) (1.2) whitish (143+4)| (017 £002) (40+2) (>30
aqueous and days)
opalescence
dispersion
without
sediment
36 326 9.0 Milky aqueous| 134 +1 | 026 £001| 39+1 | <7days
(38) (45) (1.2) dispersion with| (202 £7)| (0.40+0.03)] (39+1) (<3)
some sediment
4 343 8.4 Milky aqueous | 134+1 | 026+001| 39+1 | <7days
(38) (45) (1.2) dispersion with | (224 £ 3)| (0.76 £0.03)| (37 +1) (<3)
some sediment

*DPPC, Cholesterol, Cholesterol-PEG400-RGD, and MKC

As can be seen in Table 7, on the one hand 0, 20 and 30 ug/mL GLA to membrane ratios presented an

homogeneous opalescence and stable appearance with time, a mean particle size around 120-150 nm and
polydispersity indexes (Pdl) below 0.20 in all cases. The concentrated nanoGLA versions, containing up to
271 pg/ml of GLA, were stable for more than two months, and the intermediate formulations for more than

one.

On the other hand, batches prepared with higher GLA to membrane ratio of 36 and 41 ug / mg were more
milky after preparation, and some sediment appeared in intermediate formulation just few hours after their
preparation, leading to sizes around 200 nm and Pdl above 0.40. No significant size differences were
observed in the final nanoGLA concentrated versions prepared at these high ratios, but Pd| were above (.25
in all cases. lts stability had also been compromised, presenting sedimentation in less than 7 days after their

production caused by the formation of aggregates.

2.2. Impact on in vitro enzymatic efficacy in cell cultures of nanoGLA formulations Ratio
GLA/membrane components using the liposomes of the invention wherein the ratio GLA: membrane

components was about 30 micrograms GLA/mg membrane components:

The impact of these higher GLA to membrane ratios on the in vitro efficacy in mouse aortic endothelial cells
(MAEC) was also found, leading at the high ratios nanoformulations disclosed in example 2.1 (ratio at least
36) less effective reducing the Gb3 levels (see Figure 5A, in which the liposomes DPPC.Chol;(Chol-PEG400-
RGD):MKC comprising the rh-GLA in a ratio of about 36 (called “NF-630") did not show superior efficacy than
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the free proteins (Replagal® and rh-GLA)). On the other hand, the liposomes DPPC:Chol: (Chol-PEG400-
RGD):MKC comprising the rh-GLA in a ratio of about 30 (ug GLA/mg lipidic membrane components) (named
as “‘nanoGLA" in figure 5B) showed better efficacy of nanoformulated enzyme compared to experiments with
free GLA, and it had 150% of Replagal®'s activity (see fig. 5B). As can be seen in fig. 5B the
DPPC:Chal:(Chol-PEG400-RGD):MKC without rh-GLA did not presented activity (named as “NF-empty” in
said figure). The liposome DPPC:Chol;(Chol-PEG400-RGD):MKC comprising the rh-GLA effect was not due
to a summatory of the effects of the separate items (the empty liposome plus the rh-GLA), but to a surprising
synergistic effect, as can be seen in figure 5B.

Conclusions:

Therefore, the weight ratio between GLA and membrane excipients had a critical impact on physicochemical
properties and stability of nanoGLA formulations prepared with free-tag GLA, 5 mol% of MKC and 3 mol% of
Cholesterol-PEG400-RGD. As seen experimentally, a ratio of 36 g GLA/ mg membrane excipients leaded to
the formation of aggregates which caused sedimentation of the liposomal dispersion and the obtainment of
higher polydispersity values in particle size distribution. This impairment in the physicochemical properties of
the nanoformulation had a direct impact on the nanoformulation’s efficacy. On the other hand, ratios around
30 pg GLA / mg membrane excipients generated hanoGLA formulations of high quality in terms of
physicochemical properties, stability, and consequently, efficacy. Thus, the maximum ratio between GLA and
membrane excipients needed to be of less than 36 pg GLA / mg membrane excipients) for a stable nanoGLA
formulation.

Example 3. In vivo treatment of Fabry disease using the liposome or the invention:

Materials and methods

All the materials and methods used in this example were the same as indicated in example 1 and example 2

(for the results obtained in 2.2), unless otherwise indicated.

For the in vivo experiments “hybrid-liposomes” (HLP) comprising low MKC (5 mol% of the total membrane
components (DPPC, chol, conjugate and non-lipid cationic surfactant)) similar to the HLP of examples 1 and 2
were obtained (as described in material and methods of example 1) but in this case the PEG was PEGA400,
named herein as “Liposome DPPC:Chol:(Chol-PEG400-RGD):MKC" or “HLP DPPC:Chol; (Chol-PEG400-
RGD):MKC" ("nano-GLA"). Therefore, this liposome contained the indicated MKC content and also the
phosphalipid DPPC, cholesterol, and the RGD unit (tripeptide Arg-Gly-Asp) linked to the cholesterol moiety
(chol-PEG400-RGD), wherein the PEGa0 was covalently attached to the cholesterol by one end via a bond of
the type alkyl ether and was covalently attached to the peptide comprising the RGD sequence by the other
end via a carbamate bond; wherein the RGD peptide was cyclic cRGDfk (SEQ ID NO: 2) (as described in
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examples 1 and 2). This liposome was obtained using the DELOS-SUSP method as indicated in examples 1
and 2.

The mol ratio of the DPPC:cholesterol.chol-PEG400-RGD was 10:6.5:0.5. Thus, the chol-PEG400-RGD
represented the 3% mol in respect of the components.

For the in vivo experiments, the Liposome DPPC:Chol:(Chol-PEG400-RGD):MKC comprised also a tag-free
alpha galactosidase (GLA) or rh-GLA, as indicated in example 2. As being produced in CHO cells, the
glycosylation profile of the rh-GLA was comparable to Fabrazyme®. Other possible GLA enzymes that could
have been used in this experiment were Fabrazyme® from Sanofi Genzyme, or other sources such as
Biosimilars from Fabrazyme®. For the in vivo experiments, the rh-GLA was loaded as indicated in examples 1
and 2 and it was entrapped into the nanoliposomes (liposomes DPPC:Chol: (Chol-PEG400-RGD):MKC)
through a noncovalent binding (0.27 mg/mL GLA, ratio 30). Without being bound to any theory, the inventors
considered that possibly the rh-GLA enzyme was incorporated in the membrane as a peripheral protein with
the active site exposed toward the aqueous phase (opposite to the bilayer), being part of the integrated rh-
GLA adsorbed on the surface of the bilayer and another fraction encapsulated inside the nancliposomes. In
the liposome of the invention the ratio of micrograms of GLA in respect to the total milligrams of the
components of the liposome was 30 (as described in example 2.2).

Buffer formulation of the pharmaceutical composition for parenteral administration: several media were used

in the diafiltration as indicated in table 8 (see below in the result section) in order to select the appropriate
buffer for parenteral administration of the liposome of the invention. Materials buffers: MilliQ water as
described in Example 1; Sucrose: D-(+)-Sucrose, Fluka Biochemika, CAS 57-50-1; Glucose: D-(+)-Glucose,
dextrose, Sigma-Aldrich; Trehalose: D(+)-Trehalose 2-hydrate, PanReac AppliChem, CAS 6138-23-4;
Histidine: L-Histidine pure, Panreac AppliChem; Glycine: Glycine BioUltra, Sigma-Aldrich, CAS 56-40-6; NaCl:
Sodium Chloride for analysis, PanReac AppliChem, ITW Reagents; sodium phosphate dibasic: Sigma Aldrich,
CAS 7558-79-4; Sodium phosphate monobasic dihydrate: Fluka Biochemika, CAS 13472-35-0. PBS 100 mM
prepared with; sodium chloride (5.494 mg/mL), sodium phosphate dibasic (0.44 mg/mL), and sodium
phosphate monobasic dihydrate (0.14 mg/mL). For the experiments regarding the buffer formulation (related
to the result section 3.1 below), the GLA used as a model was the GLAcmycHis described in Corchero JL. et
al. 2011.

In vivo enzymatic activity (EA): GLA Plasma content of GLA was determined analysing the EA in plasma after
the administration of Liposome DPPC:Chol:(Chol-PEG400-RGD):MKC (diafiltered and concentrated as

explained in example 1 and 2), Replagal® or the rh-GLA without the liposome to a Fabry mouse model

(Ohshima et al., 1997). Fabry KO mice were administered with 1mg/kg of GLA in each group and euthanized

1 or 30 min later (4 animals per group and time point).

Single dose efficacy assay: a single intravenous (i.v.) administration of the liposome DPPC:Chol:(Chol-
PEG400-RGD):MKC, free rh-GLA or free Replagal® at the dose of 1 mg/kg (dose of the enzyme) was
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performed to Fabry KO mice (8 animals per group). One week after, mice were euthanized to callect the
organ samples (liver, spleen, kidney and heart). Organs were homogenized and Gb3 levels were determined
by Liquid chromatography-high resolution mass spectrometry (LC-HRMS). Free rh-GLA and Replagal® were
administered at the same dose of 1 mg/kg of GLA (the same amount of protein), to better see if the
nanoencapsulation of the enzyme (liposome DPPC:Chol;(Chol-PEG400-RGD):MKC) rendered any advantage
over the administration of free GLA (rh-GLA and Replagal®). The methodology and the experimental design
used in this assay followed procedures previously used for testing the efficacy of proteins currently in clinical
practice or in preclinical development (loannou et al., 2001, Shen et al., 2016). For calculation of the relative
Gb3 loss, it was assumed that the difference in Gb3 levels between non-treated KO mice and WT
counterparts corresponded to a 100% of Gb3 loss in WT. Then, the Gb3 levels in different treatment groups
were referred to this total Gb3 loss in WT, meaning that those treatments with a higher percentage of Gb3
loss were the ones with a higher efficacy. “ANOVA test with multiple comparisons and t-test were performed
in order to compare results.”

Gb3 determinations: Gb3 levels were determined with Liquid chromatography-high resolution mass
spectrometry (LC-HRMS) at the Institute of Advanced Chemistry of Catalonia (|QAC-CSIC). In detail, 750 pL
of a methancl-chloroform (2:1, volfvol) solution containing internal standards (N -dodecanoylsphingosine, N -

dodecanoylglucosylsphingosine, N -dodecanoylsphingosylphosphorylcholine, and N -heptadecanoylceramide
trihexoside, 0.2 nmol each) were added to plasma (0.1 mL) or kidney homogenates (0.1 mL, around 0.3
mg/mL protein). Samples were extracted at 48°C overnight and cooled, 75 pl of 1M KOH in methanol was
added, and the mixture was incubated for 2 h at 37°C. Following addition of 75 L of 1M acetic acid, samples
were evaporated to dryness and stored at -20°C until the analysis of sphingolipids. Before the analysis 150
L of methanol were add to the samples, centrifuged at 13000 g for 5 min and 130 pL of the supernatant
were transferred to a new vial and injected. Sphingolipids were measured with an Acquity ultraperformance
liquid chromatography (UPLC) system connected to a time-of-flight (LCT Premier XE) detector controlled with
Waters/Micromass MassLynx software. Sample was injected onto an UPLC BEH C8 column (particle size, 1.7
pm; 100 mm by 2.1 mm); flow rate of 0.3 ml/min and column temperature of 30°C were used. The mobile
phase was methanol with 1 mM ammonium formate and 0.2% formic acid (solution A)-water with 2 mM
ammonium formate and 0.2% formic acid (solution B). Gradient elution started at 80% solution A, was
increased 1o 90% solution A over 3 min, held for 3 min, increased to 99% solution A over 9 min, and after held
for 3 min. Initial conditions were attained for 2 min, and the system was stabilized for 3 min. The acquisition
range of the TOF detector was m/z 50 to 1500, the capillary voltage was set to 3.0 kV, the desolvation
temperature was 350°C, and the desolvation gas flow rate was 600 litersth. Quantification was carried out
using the ion chromatogram obtained for each compound using 50 mDa windows. The linear dynamic range
was determined by injection of standard mixtures. Positive identification of compounds was based on accurate
mass measurements with an error <5 ppm and LC retention time, compared to that of a standard (<2%).
Quantification of was carried out against internal standard (N —heptadecanoylceramide trihexoside).

Repeated dose efficacy assays: repeated dose efficacy assays were conducted comparing the
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DPPC:Choal:(Chol-PEG400-RGD):MKC with the rh-GLA (named as “nano-GLA") with component ratio
10:6.5:0.5 (DPPC:Cholesteral:Chol-PEG400-RGD) and contained 5.3%mol MKC, with the free enzymes rh-
GLA (named herein as “GLAvf)") and Replagal®. The animals (the same type of animals as used in the single
dose experiment explained above, Fabry KO mice, C57BL6 WT mice and non-treated Fabry KO mice as
control) were administered with each of the comparing formulations, at 1mg/kg of each compound (n=6 for
each group) up to 8 doses (one at day 1, at day 3, at day 5, at day 8, at day 10, at day 12, at day 15 and at
day 17 from the administered dose). WT mice were used as a control and nothing was given to them, they
served as a control to know the levels of Gb3 that a WT had (the difference between the levels of Gb3 that an
untreated KO had minus those that had a healthy WT were the level of Gb3 that would have to reduce a
100% effective treatment, thus, the 100% Gb3 loss of the graphics included in figures 8 and 9). The mice were
then euthanized and the samples (blood, kidneys, liver, spleen, lung, skin, heart and brain) were collected 24
h after the last administration. The Gb3 was analyzed by LC-MS/MS as explained previously. ANOVA test
with multiple comparisons and t-test were performed in order to compare results. Differences were considered

statistically significant when p<0.05.

Results:

3.1. Parenteral formulation comprising the Liposome DPPC:Chol:(Chol-PEG-RGD):MKC and rh-GLA

As parenteral formulations needed to be isosmotic with blood (osmolality around 275-300 mOsm/Kg) to
prevent rupture or contraction of the liposomal structure as well as avoid damage to the tissues, different
media containing sugars (trehalose, glucoss, sucrose), amino acids (histidine and glycine), phosphates and
other compounds and a standard NaCl solution were assessed.

To begin with, a first trial using PBS 100 mM was assessed. Liposomes comprising in the present case
GLAemycHis as GLA protein model were prepared by DELOS-SUSP as indicated previously in example 1,
depressurizing as usually in water. Then, in the diafiltration step, sample was submitted to 5 cycles of
diafiltration using PBS 100 mM instead of water.

Differences after the diafiltration were observed for the sample. First, the macroscopic appearance was slightly
whiter just after the diafiltration and some sedimentation was observed after two days. An increase of the PDI
was also observed (0.31). Moreover, GLA quantification showed that GLA was lost during the didfiltration.
Indicating that the medium used not only could have an impact on the physicochemical properties of the
liposomes (size, PDI, morphology) but also could have an impact on the interaction of the GLA with the
liposome, and may provoke the detachment of the enzyme from the liposome.

In conclusion, production in water and later diafiltration in PBS liposomes maintained similar physicochemical
characteristics. However, GLA can be lost during the diafiltration buffer exchange.
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Taking into account these results, buffer exchange by diafiltration seemed to be a good strategy to incorporate

the osmolality adjusting agents.

In a second study, a screening of different osmolality adjusting agents was considered, studying the impact that
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could have on the liposomal characteristics as well as in the entrapment efficiency of the GLA.

First, the concentration of the different compounds was adjusted to be isosmotic to blood (around 270-300
mOsm/Kg), as indicated in table 8 below. Then, the diafiltration in these media was performed in the media

shown in table 8, in two different experiments (screening 1 and 2).

Table 8 Composition of the media selected for osmolality adjustment with the corresponding

concentration to be isosmotic to blood (270-300 mOsm/Kg).

Buffer/Media Components Concentration | mOsm/Kg pH Used in
screening...
Water MilliQ water ~06-7 1&2
Sucrose 10% Sucrose 10% wiv 295 ~6-7 182
Glucose 5% Glucose 5% wiv 302 ~06-7 182
Trehalose 10% Trehalose 10% wiv 305 ~06-7 182
Hist. 10 mM Histidine 10 mM 24 =7 1
(pH 7 adjust HCI)
Hist. 10 mM Histidine 10 mM 288 =7 1
+10% sucrose Sucrose 10% wiv
Glycine 2.5% Glycine 2.5% wiv 299 nd 2
Sucr. 8.5% Sucrose 8.5% whv 286 nd 2
+ glycine 0.4% Glycine 0.4% wiv
Buffer L. Mannitol 30.0 mg/mL 2717 7 2
Sodium phosphate 2.75 mg/mL
monobasic
monohydratate
Sodium phosphate 8.0 mg/mL
dibasic heptahydrate
NaCl 0.9% NaCl 0.9% whiv 300 nd 2

In a first attempt, one batch of GLA-loaded liposomes (DPPC:Chol:chol-PEG400-RGD in a mol ratio of
10:6.5:0.5 with MKC=0.04mg/mL and GLA 35 pg/mL, prototype named as “NF-411") was produced by DELOS-
susp with a theoretical concentration of 35 ug/mL of GLA. The total sample was then diafiltrated against different

buffers/media instead of MilliQ water (summarized in table 10/screening 1, obtaining the NF-412 to NF-417,

which had the same liposome composition as NF-411 but different media as explained in table 9).
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Samples were analysed by DLS (size, PDI and {-potential) and GLA concentration was assessed by TGX.
Entrapment efficiency was calculated as mass GLA in the Loaded sample per mass of GLA in the Total sample,
to see if diafiltration caused the loss of GLA as seen for the PBS previously. Results are summarized in table
9

Table 9. Physicochemical characterization by DLS (size, PDI and {-potential), GLA concentration (by TGX),
entrapment efficiency (EE %) and osmolality value. DLS measurements were performed 1-2 days after
production. The values in brackets correspond to DLS after 16 days. 2Some sediment, but ressuspended well;

bMilky appereance; °Milky appereance and some sedimentation.

Sample Medium Size PDI (-pot[mV] | GLA EE mOs
[nm] [bg/mL] | [%] | miKg
NF-411 EtOH 5%, 123.0+0.6 | 0.24 +0.01 61 +4 23 £2 - 1039

(Original) DMSO 1% (1293 £3)7 | (026 £0.01) | (56 +4)

NF-412 Diaf. in 141.2+0.5 | 027001 | 48106 | 20501 | 89+8 | -2
water (141 1) | (025£0.01) | (39+1)
NF-413 Diaf. in 123708 | 023001 | 30606 | 20+2 | 90+20 | 280
sucrose 10% | (134.3+0.8) | (0.230.01) | (21.8+0.9)
NF-414 Diaf. in 116.0 £0.6 | 0.21 +0.01 46 +2 22 +1 100 299

glucose 5% | (113.5+0.7) | (0.19 £0.01) | (45.2 £0.9) +10
NF-415 Diaf. in 121 £2 024001 | 36607 [169+01]| 737 | 301
trehalose 10% | (121.8+0.5) | (0.22+0.01) | (30£0.4)
NF-416 Diaf. in 210 100 | 0.46 £0.04° 392 2142 (90«20 | 29
hist. 10 mM (214 +4) (0.48 (36.4 £0.5)
£0.03)
NF-417 Diaf. in 232 +2» | 043+£0.06° | 14707 | 23102 100 291
hist. 10mM+ | (300 +15)¢ (0.49 (14.1 £0.3) +10
10% sucrose +0.06)°

For the diafiltrated (“diaf.”) samples in the selected media, all the sugars at the tested concentration (sucrose
10%, glucose 5% and trehalose 10% wiv) let to isosmotic samples, with an osmolality value between 280 and
300 mOsm/Kg. These formulations also maintained good physicochemical characteristics, with a PDI <0.25
and similar size (around 110-130 nm) to the original sample. The encapsulation efficiency was high (> 70%)
for the three systems, with a slightly lower Entrapment Efficiency (EE) % for the trehalose (73% against 90%
and 100%), but this difference was not relevant,

The macroscopic appearance of all the samples was good, with the exception of those diafiltrated in a
medium containing histidine 10 mM, since sedimentation and milky appearance was observed, in correlation
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with a higher PDI (NF-416 and NF-417).

In conclusion, after this first screening three possible media provided to the liposomes correct osmolality and
physicochemical properties: sucrose 10%, glucose 5%, and trehalose 10%.

In a second attempt, another batch of GLA-loaded liposomes (DPPC:Chol:chol-PEG400-RGD in a mol ratio of

10:6.5:0.5 with MKC=0.04mg/mL and GLA=25 ug/mL, prototype named as NF-431 (or named as “NF-431

(original)”) was produced by DELOS-susp. The total sample was then diafiltrated against different

buffers/media instead of MilliQ water, as done in the previous example, obtaining the NF-431 to NF-441 (also
10 with the same liposome composition as NF-431 but in different media as explained in table 10).

Samples were analysed by DLS (size, PDI and -potential) and GLA concentration and the entrapment
efficiency were also calculated (see table 10).

15  Table 10. Physicochemical characterization by DLS (size, PDI and C-potential), GLA concentration assessed
by TGX, entrapment efficiency (EE %) and osmolality value. DLS measurements were performed 1-2 days

after production. The values in brackets correspond to DLS after 8-10 days.

Sample Medium Size PDI - pot GLA EE mOs
[nm] [mV] [ng/mL] | [%] | m/Kg
NF-431 EtOH 5%, 119 £3 0.28 +0.03 61+2 19.6 £0.4 - 1059
(Original) | DMSO 1% | (1198 £0.7) | (0.27£0.01) | (55 +2)
NF-436 Diaf. in 135 £2 0.30 £0.05 3342 18706 | 9545 2
water (127.3 £0.9) | (0.26 £0.01) 3182
NF-433 Diaf. in 109.0 £0.4 | 021001 48 +1 19+1 | 9747 | 289
glucose 5% | (106.8 £0.8) | (0.20 £0.01) | (52 £3)
NF-434 Diaf. in 125005 | 0.19+001 | 13206 0% 0 275
LB buffer | (123.4£0.9) | (0.20 £0.01) | (13.8 £0.6)
NF-435 Diaf. in 141 £1 0.23 +0.01 27 +2 181 | 9048 | 287
sucrose 10% | (162427 | (026 20.01) [ (22 £8)
NF-437 Diaf. in 118709 | 025+001 | 395206 | 18602 | 9543 | 347
trehalose 10% ™55 5 (023 20.01) | (40 =1)
NF-438 Diaf. in 1275406 | 0264001 | 345406 |21.6+06 | 110+6 | 297
glycine 2.5% | (124 £1) | (0.23+0.01) | (35+2)
NF-440 Diaf. in 143 +3 0.24 +0.01 26 43 17101 | 872 | 282
sucrose 8.5% (174.4 (02520.02) | (30 £2)
+ glycine +0.8)?
0.4%
NF-441 NaCl10.9% 125 +1 025+001 | 62406 0% 0 256
(134.1 (0.41 £0.03) [ (6.5£0.5) 8)
+0.8)°

In this set of diafiltrated samples, additional media were also tested: the buffer from LeanBio (similar to the

20  composition of Fabrazyme®, containing mannitol and sodium phosphates), glycine 2.5%, a mixture sucrose
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8.5% and glycine 0.4%, and finally sodium chloride 0.9%.

It was seen that all the media at the tested concentration let to isotonic samples, with an osmolality value
between 250 and 300 mOsm/Kg. To point out, the sample containing trehalose (NF-437) showed a higher
osmolarity than it was expected (347 mOsm/Kg, against 301 mOsm/Kg obtained in the first assay (NF-415)
and 295 mOsm/Kg for trehalose 10% stock).

These formulations also maintained good physicochemical characteristics, with a PDI <0.30 and similar size
{around 110-170 nm) compared to the original one. In the case of samples containing sucrose, they turned a
little milky after one week, with a slightly increase in size specially for the sample that also contained glycine
(NF-440), but PDI was not affected.

Regarding the entrapment efficiency, two trends were observed (see figure 6A): on the one hand, GLA was
well incorporated when sugars or amino acids were used as osmotic agents, since it was kept after the
diafiltration. In this case, high entrapment efficiencies were obtained (<85%), as seen in samples diafiltrated in
glucose, sucrose, trehalose, glycine and sucrose/glycine. On the other hand, when salts were used (e.g.,
sodium chloride, or phosphates) they provoked a separation of the GLA from the liposomes, leading to its loss
during the diafiltration. This effect was seen in samples didfiltrated in the buffer containing sodium and

phosphates, NaCl, and in the first experiment done with PBS,

Next, GLA enzymatic activity was also evaluated for this second screening of media (figure 6B). Diluted GLA
in water (just before the depressurization by DELOS-SUSP) showed a sharp decline of enzymatic activity,
around the half the Replagal® (normalized to 1). Whereas, the GLA entrapped into the nanoliposomes
maintained its good enzymatic activity (that was higher than Replagal®) in all the tested media, despite the
fact that the GLA in glycine seemed to show a slightly less EA than in the rest of samples.

In conclusion, glucose 5%, sucrose 10%, and trehalose 10% showed the best results to obtain an isosmotic
nanoformulation, able to keep good physicochemical characteristics, GLA concentration and enzymatic

activity.

In alast experiment related to in vitro efficacy (Gb3 reduction), a comparison between the liposomes
(DPPC:Chol:chol-PEG400-RGD in a mol ratio of 10:6.5:0.5 with MKC=0.04mg/mL (5%mol MKC) and GLA=25
pg/mL) in glucose 5%: and sucrose 10% as the isosmotic media was performed (diafiltrated in glucose 5% or
in sucrose 10%, or concentrated x7 and diafiltered in glucose 5% or sucrose 10%), studying the ability of
GLA-loaded liposomes to reach the lysosomes and hydrolyse Gb3. This was tested in primary cultures of
mouse zortic endothelial cells (MAEC) from GLA deficient mice (same material and methods explained in
Example 1). Results showed that liposomes formulated with glucose 5% presented higher in vitro efficacy
(Gb3 reduction) than liposomes formulated with sucrose 10% (figure 6C).
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Therefore, the final pharmaceutical form determined for use in the in vivo experiments (*nano-GLA") was an
aqueous nanoliposomal dispersion. The components and the role of each of the components in the nano-GLA
are described in the following Table 11 (wherein the MKC was at 5% mol, the weight ratio of GLA/liposome
membrane excipients as explained before was 30 and the glucose was at 5% wiv), The nano-GLA
composition disclosed in table 11 comprised the tag-free “th-GLA” explained in previous example, instead of
the GLAcmycHis in the experiment for the selection of the isosmotic media.

Table 11. Nano-GLA composition and roles of the components in nano-GLA.

Components Amount per mL Role
rh-GLA 0.27 mg Active Pharmaceutical Ingredient
Cholesterol 2.1mg Membrane component
Cholesterol-PEG4o-RGD 0.59 mg Membrane component with the targeting moiety
DPPC 6.2mg Membrane component
MKC 0.30 mg Stabiliser
Dimethylsulfoxide Traces Solubiliser of membrane components
(DMSO)
Ethanol Traces Solubiliser of membrane components
Glucose 50 mg Isosmotic agent
Water for injection gs. 1mL Dispersant medium

3.2. In vivo Enzymatic Activity (EA)

The liposome DPPC:Chol:(Chol-PEG400-RGD ):MKC with rh-GLA (in the formulation disclosed in table 11)
increased the EA levels in plasma over the free enzymes (Replagal® or rh-GLA) (Figure 7). Thirty minutes
after administration, plasma retained 18.9 + 0.7 % of the Injected Dose (ID) (as referred to 1 min) when GLA
was nanoformulated in the liposome of the invention as described in previous section 3.1, and only 2.9 +0.2
% ID in the case of free enzymes (p = 0.024). Therefore, the liposome DPPC:Chol. (Chol-PEGA400-
RGD):MKC(wherein the MKC was at 5% mol, the weight ratio of GLA/liposome membrane excipients as

explained before was 30) extended the in vivo circulation life of the active principle (GLA).

3.3. In vivo single dose efficacy assay

The in vivo efficacy of the nano-GLA was tested in the Fabry KO mice by comparing the Gb3 levels in animals
treated with a single dose of liposome DPPC:Chal: (Chol-PEG400-RGD):MKC with rh-GLA (in the formulation
disclosed in table 11) (components of the liposome as described in previous sections 3.1 and 3.2), free (non-
entrapped) rh-GLA or the clinically available Replagal® (free enzyme as well). Being the Fabry KO mice
model (GlatmKul in C57BL6 background) the most widespread animal model for FD and which had a
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complete absence of the GLA gene (Ohshima et al,, 1997). These mice exhibited typical lipid inclusions with
lamellar structures in the lysosomes and progressive accumulation of Gb3 in target tissues, including heart
and kidneys, following the same pattern as in the human Fabry patients. C57BL6 WT mice and non-treated

Fabry KO mice were also included as contrals.

For the sake of clarity, in Figure 8, both, the absolute Gb3 levels (in pmol eg/mg of protein) and the relative
Gb3 loss (%) were represented. Gb3 levels varied significantly among tissues of GLA KO mice, being the
kidneys, spleen, heart and the brain, the tissues mostly affected by the Gb3 accumulation (as can be seen in
Fig. 8). Comparatively, spleen showed lower levels of Gb3. Gb3 levels in non-treated KO mice (KO in Fig. 8)
were high in kidney (22,686 + 1024 pmol/mg) and spleen (6,828 + 500.4 pmol/mg), followed by heart (694 +
161 pmol/mg) and liver (2,375 + 712.1 pmol/mg). In addition, reduction of approximately 21% of Gb3 levels

was also observed in brain when mice were treated with a single dose of nano-GLA (Fig. 10).

For calculation of the relative Gb3 loss, it was assumed that the difference in Gb3 levels between non-treated
KO mice and WT counterparts corresponded to a 100% of Gb3 lossin WT. Then, the Gb3 levels in different
treatment groups were referred to this total Gb3 loss in WT, meaning that those treatments with a higher
percentage of Gb3 loss were the ones with a higher efficacy. In spleen, liver and heart the levels of Gb3 were
significantly better reduced by liposome DPPC.Chol:(Chol-PEG400-RGD):MKC (nano-GLA) than by
Replagal® treatment, meaning that the encapsulation of the protein in the liposome of the invention improved
its efficacy.

3.4. In vivo repeated-dose efficacy assay

The obtained results showed that, after 8 intravenous administration of 1 mg/kg equivalents to Fabry KO mice
and their WT littermates the nanoformulated rh-GLA in the liposome DPPC:Chol:(Chol-PEG400-RGD):MKC
(nano-GLA) (in the formulation disclosed in table 11) induced a Gb3 loss in all tested tissues (see figure 9). It
was also found that the nano-GLA outperformed the free rh-GLA (GLAf) in plasma, liver, spleen, lung, kidney
and skin in the Gb3 loss attained. It was also found that nano-GLA in repeated-dose was able to reduce in
approximately 29% the Gb3 deposits in brain. This efficacy in brain was higher than the observed in a single
administration of nano-GLA although these differences were not significant (see Figure 10).
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Claims

1. Aliposome comprising

a) a phospholipid which is dipalmitoylphosphatidylcholine (DPPC);

b) cholesterol (chol);

¢) aconjugate comprising a cholesterol moiety, a polyethylene glycol (PEG) moiety and a peptide moiety
comprising a RGD sequence, wherein the PEG moiety is covalently attached to the cholesterol moiety by one
end via a bond of the type alkyl ether and is covalently attached to the peptide moiety comprising the RGD
sequence by the other end.

d) a non-lipid cationic surfactant present in a percentage of less than 30% mol in respect to the total mol of the
components of the liposome a), b), ¢) and d); and

e) alpha-galactosidase enzyme present in a ratio of micrograms of GLA in respect to the total milligrams of the

components of the liposome a), b), ¢) and d) of between and including 2 to 35.

2. The liposome according to claim 1 wherein in the alpha-galactosidase enzyme each of its monomer is of
sequence SEQ ID NO: 1 or of sequence with at least 85% of sequence identity with SEQ ID NO: 1.

3. The liposome according to any one of claims 1 or 2, wherein the alpha-galactosidase enzyme is obtained
from a Chinese Hamster Ovary (CHO) cell culture.

4. The liposome according to any one of claims 1 to 3, wherein the non-lipid cationic surfactant is of

quaternary ammonium type.

5. The liposome according to claim 4, wherein the non-lipid cationic quaternary ammonium surfactant is
selected from the list consisting of: myristalkonium chloride (MKC), cetyl trimethylammonium bromide (CTAB),
cetylpyridinium chloride (CPC), benzalkonium chloride (BAC), cetyl trimethylammanium chloride (CTAC),
menzethonium chloride (BZT), stearalkonium chlaride, cetrimide, benzyldimethyldodecylammonium chloride,
and any combinations thereof.

6. The liposome according to claim 5, wherein the non-lipid cationic quaternary ammonium surfactant is MKC
and itis present in a percentage of less than or equal to 5% mol in respect to the total mol of the components
of the liposome a), b), ¢) and d).

7. The liposome according to any one of claims 1 to 6, wherein the PEG is A PEG with a molecular weight
from PEG50 to PEG600, preferably from PEG200 to PEG 400.

8. The liposome according to any one of claims 1 to 7, wherein the PEG is PEG400, the RGD sequence is
SEQ ID NO: 2, and the non-lipid cationic quaternary ammonium surfactant is MKC present in a percentage of
less than or equal to 5% mol in respect to the the total mol of the components of the liposome a), b), ¢) and d),
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the ratio of GLA as defined in claim 1 is 20-30, wherein in the GLA each of its monomer is of sequence SEQ
ID NO: 1 or of sequence with at least 85% of sequence identity with SEQ ID NO: 1, and the mol ratio
DPPC:chol:chol-PEG-RGD is 10:6.5:0.5.

9. A pharmaceutical composition comprising a therapeutically effective amount of liposomes as defined in any
one of claims 1 to 8, together with pharmaceutically acceptable excipient or vehicles.

10. The pharmaceutical composition according to claim 9 wherein it comprises which comprises glucose,
sucrose or threalose in an amount from 2 to 10% in weight with respect to the total volume of the composition,
together with pharmaceutically acceptable excipient or vehicles.

11. The pharmaceutical composition according to any one of claims 9 or 10 which comprises the alpha-
galactosidase enzyme in an amount of at least 0.2 mg per mL of the pharmaceutical compasition.

12. The liposome according to any one of claims 1 to 8 or the pharmaceutical composition as defined in any
one of claims 9 to 11 for use as a medicament.

13. The liposome according to any one of claims 1 to 8 or the pharmaceutical composition according to any

one of claims 9 to 11 for use in the treatment of Fabry disease.

14. The liposome for use according to claim 13 wherein the liposome as defined in any one of claims 1to 8 or
the pharmaceutical composition as defined in any one of claims 9 to 11 are administered to a subject suffering
Fabry disease as a single dose; or, alternatively, repeatedly at least once every two weeks.

15. A process for the production of a liposome according to any one of claims 1 to 8 comprising the following
steps:

a) preparing an aqueous solution which comprises the GLA enzyme defined in any one of claims 1to &;

b) preparing a solution comprising the conjugate as defined in any one of claims 1 to 8, cholesterol and a
phosphalipid dissolved in an organic solvent, where the organic solution is expanded with a compressed fluid;
¢) adding the non-lipid cationic surfactant, either to the solution of the step a), or to the solution of the step b)
before expanding this solution;

d) depressurizing the solution resulting from the step b) over the resulting solution of the step a); and

e) diafiltrating and concentrating, in any order, the resulting solution obtained in step d).
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