with the required substrate (i.e., Man-1-P). However, the delivery and maintenance of such a
systemic supply of Man-1-P is problematic, as extracellular enzymes within bodily fluids
degrade Man-1-P when delivered exogenously by oral or intravenous administration. Another
problem with exogenously delivered Man-1-P is that its high polarity prevents Man-1-P from
penetrating into the cell interior (i.e., cytosol) and thus treating the deficiency in PMM

production.

[0009] Derivatives of the polar Man-1-P can be synthesized to make Man-1-P more cell-
permeable (US Patent Publication No. 2009/0054353). This approach, however, is also
problematic, as the cell-permeable Man-1-P derivatives have been shown to be either unstable
for clinical use or cytotoxic via the by-products of the Man-1-P derivatives (Eklund et al.,
Glycobiology 2005, 15: 1084-1093; Rutschow et al. Bioorg Med Chem 2002, 10: 4043-4049;
and Hardre et al., Bioorg Med Chem Lett 2007, 17: 152-155).

[0010] Other potential therapies have focused on inhibiting enzymes that catabolize
mannose-6-phosphate (Man-6-P), a precursor to Man-1-P, via the inhibition of phosphomannose
isomerases (PMI). The approach focuses on forcing the reaction towards optimizing
homeostasis, which with the use of PMI inhibitors, would have been skewed toward production
of Man-6-P. These approaches, however, are ineffective as clinical treatment options due to their

associated toxicity, off-target side effects, and poor selective tissue penetration.

[0011] Another potential solution is to use a delivery vehicle (e.g., lipid particles) to

encapsulate and deliver Man-1-P to the cell interior (see WO 2015/053910). However, due to
the high charge and polarity of phosphorylated carbohydrates in general, the optimal delivery
vehicle must overcome challenges of stability, phosphorylated carbohydrates loading rate and

concentration, toxicity, and delivery efficiency.

[0012] Accordingly, unmet needs exist for improved compositions and methods for
delivering phosphorylated carbohydrates, such as Man-1-P and Man-6-P, to the cell interior in
order to treat disorders, such as a congenital disorder of glycosylation (CDG), to subjects

(including, for example, humans) in need of such treatment.
BRIEF SUMMARY

[0012a] Inan aspect of the present disclosure, there is provided a composition comprising:
a liposome comprising:
)] 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine or a salt thereof; and
3



i) (a) one or more phospholipid having a polar head group, wherein the polar head
group comprises glycerol, choline, phosphate and serine and a fatty acid tail
comprising a Cio-28 aliphatic chain, or
(b) an acidic cholesterol ester,
or both (a) and (b); and

iii) polyethylene glycol (PEG) conjugated to at least one phospholipid; and

at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

[0012b]  In another aspect of the present disclosure, there is provided a composition
comprising:
a liposome comprising:
)] N-dodecanoyl-1,2-di-(9Z-octadecenoyl)-sn-glycero-3-phosphoethanolamine or a
salt thereof; and
i) 1,2-dioleoyl-sn-glycero-3-phosphocholine or salt thereof; and

at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

[0012c] In a further aspect of the present disclosure, there is provided a composition
comprising:
a liposome comprising:
i) at least one phospholipid having an ethanolamine head group and at least one
unsaturated fatty acid tail, wherein each unsaturated fatty acid tail independently
comprises at least one Cio-28 carbon chain;
i) one or more of (a) to (c):
a) at least one phospholipid having a polar head group and at least one
saturated fatty acid tail,
b) at least one phospholipid having a polar head group and at least one
unsaturated fatty acid tail, wherein the polar head group comprises a quaternary
ammonium cation, a glycerol group, or a serine group, and
C) at least one acidic cholesterol ester; and
iii) polyethylene glycol (PEG), wherein the PEG is conjugated to at least one
phospholipid; and

at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.
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[0012d]  In another aspect of the present disclosure, there is provided a composition
comprising:
a liposome comprising:

1) a phospholipid of formula (PL-1):

R1
|
O O
(FI;\OH
Pl
T1a o O)J\T'Ib
O (PL-1),

or a salt thereof, wherein:
at least one of T** and T is an unsaturated carbon chain comprising a Cio-2s
alkenyl or a Cio-28 alkynyl; and
R? is aminoalkyl;

i) at least one phospholipid of formula (PL-2), at least one phospholipid of formula

(PL-3A), or at least one cholesterol ester of formula (CE), or any combination of the

foregoing:
R2
|
Os,..0
(FI;\OH
A3
2a
oo e
o (PL-2),

or a salt thereof, wherein:
each of T? and T? is an unsaturated carbon chain comprising a Cio-2s alkenyl or
a Cio-28 alkynyl; and
R? is alkyl substituted with a quaternary ammonium, glycerol, or alkyl substituted
with —-COOH and —NH3;

O, __0G?®
1 “OH
P
RO
0 (PL-3A),

or a salt thereof, wherein:
each of T® and T°° is a carbon chain; and
G2 is H or alkyl substituted with at least one —OH; and
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0
27 (CE),
or a salt thereof, wherein:
Z' is alky! substituted with -COOH; and
iii) polyethylene glycol (PEG), wherein the PEG is conjugated to at least one
phospholipid; and
at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

[0012e] In a further aspect of the present disclosure, there is provided a composition
comprising:

a liposome comprising a phospholipid of formula (PL-4):

R4
|
O+ .0
Z\OH
LB
O (PL-4)1

or a salt thereof, wherein:
at least one of T and T is an unsaturated carbon chain comprising a Cio-2s alkenyl or a
C10-28 alkynyl; and
R* is an aliphatic chain comprising an amide moiety; and
at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

[0012f] In another aspect of the present disclosure, there is provided a pharmaceutical
composition comprising the composition disclosed herein, and a pharmaceutically acceptable

carrier.

[0012g] Ina further aspect of the present disclosure, there is provided a composition
disclosed herein for use in a method for delivering a carbohydrate to a human in need thereof.

[0012h]  In another aspect of the present disclosure, there is provided a composition disclosed
herein for use in a method for delivering a carbohydrate to a cell interior of a subject in need

thereof, wherein the composition is to be administered to the subject, and wherein at least a
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portion of the administered composition traverses the cell plasma membrane to deliver the

carbohydrate to the cell interior.

[0012i] In a further aspect of the present disclosure, there is provided a composition
disclosed herein for use in treating a congenital disorder of glycosylation (CDG) in a human in
need thereof.

[0012j] In another aspect of the present disclosure, there is provided a use of a composition
disclosed herein in the manufacture of a medicament for treating a congenital disorder of

glycosylation (CDG) in a human in need thereof.

[0012K]  In a further aspect of the present disclosure, there is provided a kit comprising:
a composition disclosed herein;
a container; and

a label or package insert on or associated with the container.

[0013] The present disclosure meets the unmet needs described above by providing
compositions and kits comprising phosphorylated carbohydrates encapsulated by certain

liposomes that address the phosphorylated carbohydrate loading efficiency, cytotoxicity, and
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stability problems associated with either permeabilizing cells or encapsulating phosphorylated
carbohydrates using lipid particles. Such phosphorylated carbohydrates may be endogenous
carbohydrates, including, for example, mannose-1-phosphate. By utilizing endocytotic
pathways, these liposomes can enter the cell interior and deliver the phosphorylated
carbohydrate into the cytosol of a cell. This use of certain liposomes to encapsulate
phosphorylated carbohydrates, facilitates simultaneously the ease of therapy, allowing for higher
dosages of the phosphorylated carbohydrate to reach the biochemical glycosylation pathway, as
well as potential easement on administration. In some examples, the present disclosure provides
methods for preparation of phosphorylated carbohydrates encapsulated by certain liposomes for
pharmaceutical delivery to cell interior, endoplasmic reticulum, and Golgi. The present
disclosure provides phosphorylated carbohydrate replacement therapies for, but not limited to,

treating diseases of CDG type | and CDG type II.

[0014] The present disclosure also addresses unmet needs related to effective therapeutics
for diseases, such as diseases of CDG, as well as issues related to the delivery of such
therapeutics. In some examples, the present disclosure provides a method of delivering
phosphorylated carbohydrates such as mannose-1-phosphate to the cytosol of cells. Without
wishing to be bound by any theory, it is believed that such method of deliver the phosphorylated
carbohydrates (e.g., as part of a medicament) would bypass the work of genetically defective
cytosolic enzymes, namely phosphomannomutase (PMM) and phosphomannose isomerase

(PMI), which are found prevalent in CDG I disorders.

[0015] In some examples, the present disclosure provides a composition comprising a

liposome comprising:

i) 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE);
i) one or more stabilizer selected from

(a) one or more phospholipid having a polar head group selected from the
group consisting of glycerol, choline, phosphate and serine and a fatty

acid tail comprising a Cio-28 aliphatic chain, or
(b) an acidic cholesterol ester, or a mixture of (a) and (b); and

iii) PEG conjugated to at least one phospholipid; and
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at least one endogenous phosphorylated carbohydrate, wherein the at least one endogenous

phosphorylated carbohydrate is encapsulated in the liposome.

[0016] In some examples, the at least one phospholipid conjugated to PEG is 1,2-distearoyl-
sn-glycero-3-phosphoethanolamine (DSPE). In some examples, the one or more stabilizers
comprises 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 1,2-dipalmitoyl-phosphatidyl-
glycerole (DPPG), 1,2-dioleoyl-sn-glycero-3-phosphoglycerol (DOPG), 1,2-distearoyl-sn-
glycero-3-phosphate (DSPA), or 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS). In some
examples, DOPE is present at a concentration of up to 80 mol%. In some examples, the
liposome further comprises cholesterol.

[0017] In some examples, the present disclosure provides a composition comprising a

liposome comprising

) N-dodecanoyl-1,2-di-(9Z-octadecenoyl)-sn-glycero-3-
phosphoethanolamine (N-C12-DOPE); and

i) 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC); and

at least one phosphorylated endogenous carbohydrate, wherein the at least one endogenous

carbohydrate is encapsulated in the liposome.

[0018] In some examples, the liposome further comprises PEG conjugated to at least one
phospholipid. In some examples, the at least one phospholipid conjugated to PEG is 1,2-
distearoyl-sn-glycero-3-phosphoethanolamine (DSPE). In some examples, the liposome further

comprises cholesterol.

[0019] In some examples, the at least one endogenous phosphorylated carbohydrate is a
phosphorylated monosaccharide, a phosphorylated disaccharide, a phosphorylated
oligosaccharide, a phosphorylated polysaccharide, a phosphorylated mannose, a phosphorylated
mannofuranose, a phosphorylated mannopyranos, or a nucleotide sugar, or any combination
thereof. In some examples, the at least one endogenous phosphorylated carbohydrate is a
phosphorylated mannose. In some examples, the phosphorylated mannose is mannose-1-
phosphate. In some examples, the phosphorylated mannose is mannose-6-phosphate. In some
examples, the endogenous phosphorylated carbohydrate is present at a concentration of about
0.1-75 mM.



[0020] Other examples of the present disclosure relate to a pharmaceutical composition
containing a composition of any of the preceding examples, and a pharmaceutically acceptable

carrier.

[0021] Other examples of the present disclosure relate to a kit containing a composition of

any of the preceding examples for use in any of the methods described herein.

[0022] Other examples of the present disclosure relate to a method for delivering a
phosphorylated carbohydrate to a subject in need thereof, by administering to the subject a
composition of any of the preceding examples. In some examples, the composition is
administered orally, topically, dermally, nasally, intravenously, intramuscularly,
intraperitoneally, intracerobrospinally, intracranially, intraspinally, subcutaneously,

intraarticularly, intrasynovialy, or intrathecally.

[0023] Other examples of the present disclosure relate to a method for delivering a
phosphorylated carbohydrate to a cell interior of a subject in need thereof, by administering to
the subject a composition of any of the preceding examples. In some examples, the composition
is administered orally, topically, dermally, nasally, intravenously, intramuscularly,
intraperitoneally, intracerobrospinally, intracranially, intraspinally, subcutaneously, intra-

articularly, intrasynovialy, or intrathecally.

[0024] Other examples of the present disclosure relate to a method for treating a congenital
disorder of glycosylation (CDG) in a subject in need thereof, by administering to the subject a
composition of any of the preceding examples. In some examples, the congenital disorder of
glycosylation (CDG) is selected from a CDG type | disorder, a CDG-la disorder, a CDG type Il
disorder, a CDG-IIc disorder, and a CDG-IIf disorder. In some examples, the congenital
disorder of glycosylation (CDG) is a CDG-la disorder. In some examples, the composition is
administered orally, topically, dermally, nasally, intravenously, intramuscularly,
intraperitoneally, intracerobrospinally, intracranially, intraspinally, subcutaneously, intra-

articularly, intrasynovialy, or intrathecally.
DESCRIPTION OF THE DRAWINGS

[0025] The present application can be best understood by reference to the following

description taken in conjunction with the accompanying figures included in the specification.

[0026] FIG. 1 depicts the in vitro M1P leakage profile under physiological conditions; n = 3.



CLAIMS

What is claimed is:
1. A composition comprising:
a liposome comprising:
)] 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine or a salt thereof; and

i) (a) one or more phospholipid having a polar head group, wherein the polar
head group comprises glycerol, choline, phosphate and serine and a fatty

acid tail comprising a Cio-28 aliphatic chain, or
(b) an acidic cholesterol ester,
or both (a) and (b); and
iii) polyethylene glycol (PEG) conjugated to at least one phospholipid; and
at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

2. The composition of claim 1, wherein the one or more phospholipid having a polar head

group comprise:
1,2-dioleoyl-sn-glycero-3-phosphocholine;
1,2-dipalmitoyl-phosphatidyl-glycerole;
1,2-dioleoyl-sn-glycero-3-phosphoglycerol,;
1,2-distearoyl-sn-glycero-3-phosphate; or
1,2-dioleoyl-sn-glycero-3-phospho-L-serine,
or a salt thereof,

or any combination of the foregoing.
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3. The composition of claim 2, wherein the one or more phospholipid having a polar head

group comprise 1,2-dioleoyl-sn-glycero-3-phosphocholine or a salt thereof.
4. A composition comprising:
a liposome comprising:

)] N-dodecanoyl-1,2-di-(9Z-octadecenoyl)-sn-glycero-3-

phosphoethanolamine or a salt thereof; and
i) 1,2-dioleoyl-sn-glycero-3-phosphocholine or salt thereof; and
at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

5. The composition of claim 4, wherein the liposome further comprises PEG conjugated to

at least one phospholipid.
6. A composition comprising:
a liposome comprising:

) at least one phospholipid having an ethanolamine head group and at least
one unsaturated fatty acid tail, wherein each unsaturated fatty acid tail

independently comprises at least one Cio-28 carbon chain;
i) one or more of (a) to (c):

a) at least one phospholipid having a polar head group and at least

one saturated fatty acid tail,

b) at least one phospholipid having a polar head group and at least
one unsaturated fatty acid tail, wherein the polar head group
comprises a quaternary ammonium cation, a glycerol group, or a

serine group, and

C) at least one acidic cholesterol ester; and
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iii) polyethylene glycol (PEG), wherein the PEG is conjugated to at least one
phospholipid; and

at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

7. The composition of claim 6, wherein each unsaturated fatty acid tail of the at least one

phospholipid in i) comprises at least one double bond.

8. The composition of claim 6 or 7, wherein each unsaturated fatty acid tail of the at least

one phospholipid in i) comprises one double bond.

0. The composition of any one of claims 6 to 8, wherein the unsaturated fatty acid tail

comprises at least one Cis-20 carbon chain.

10.  The composition of any one of claims 6 to 9, wherein the phospholipid having an
ethanolamine head group and at least one unsaturated fatty acid tail is 1,2-dioleoyl-sn-glycero-3-

phosphoethanolamine or salt thereof.

11.  The composition of any one of claims 6 to 10, wherein the saturated fatty acid tail of the

at least one phospholipid in a) comprises at least Ci6-20 carbon chain.

12, The composition of any one of claims 6 to 11, wherein the at least one phospholipid
having a polar head group and a saturated fatty acid tail is 1,2-dipalmitoyl-sn-glycero-3-
phosphorylglycerol or 1,2-distearoyl-sn-glycero-3-phosphate, or a salt thereof, or a combination
of the foregoing.

13. The composition of any one of claims 6 to 12, wherein the polar head group of the at

least one phospholipid in b) is choline.

14.  The composition of any one of claims 6 to 12, wherein the at least one phospholipid
having a polar head group with a quaternary ammonium cation and an unsaturated fatty acid tail

is 1,2-dioleoyl-sn-glycero-3-phosphocholine or a salt thereof.

15.  The composition of any one of claims 6 to 12, wherein the polar head group of the at

least one phospholipid in b) is serine.
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16.  The composition of any one of claims 6 to 12, wherein the at least one phospholipid
having a polar head group with a serine group and an unsaturated fatty acid tail is 1,2-dioleoyl-

sn-glycero-3-phospho-L-serine or a salt thereof.

17.  The composition of any one of claims 6 to 12, wherein the polar head group of the at

least one phospholipid in b) is glycerol.

18. The composition of any one of claims 6 to 12, wherein the at least one phospholipid
having a polar head group with a glycerol group and an unsaturated fatty acid tail is 1,2-

dioleoyl-sn-glycero-3-phosphoglycerol or a salt thereof.

19.  The composition of any one of claims 6 to 18, wherein the at least one acidic cholesterol

ester is cholesteryl hemisuccinate.

20. The composition of any one of claims 1 to 3 or 5 to 19, wherein the at least one
phospholipid conjugated to PEG is 1,2-distearoyl-sn-glycero-3-phosphoethanolamine or a salt

thereof.
21. A composition comprising:
a liposome comprising:

1) a phospholipid of formula (PL-1):

R1
|
O+ O
(FI;\OH
LI
Moo e
o (PL-1),

or a salt thereof, wherein:

at least one of T2 and T is an unsaturated carbon chain

comprising a Cio-2s alkenyl or a Cio-28 alkynyl; and

R is aminoalkyl;
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i) at least one phospholipid of formula (PL-2), at least one phospholipid of
formula (PL-3A), or at least one cholesterol ester of formula (CE), or any

combination of the foregoing:

R2
|
O+ O
Z\OH
LI
o (PL-2),

or a salt thereof, wherein:

each of T? and T? is an unsaturated carbon chain comprising a

C10-28 alkenyl or a Cio-28 alkynyl; and

R? is alkyl substituted with a quaternary ammonium, glycerol, or
alkyl substituted with -COOH and —NHz;

3
O\\P:OG
& ©OH
L
T%[ro OJ\T%
¢ (PL-3A),

or a salt thereof, wherein:
each of T® and T2° is a carbon chain: and

G2 is H or alkyl substituted with at least one —OH; and

1
z" "o (CE),
or a salt thereof, wherein:

Z' is alkyl substituted with -COOH; and
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iii) polyethylene glycol (PEG), wherein the PEG is conjugated to at least one
phospholipid; and

at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

22. The composition of claim 21, wherein each of T2, T°, T?2 and T?® is independently an

unsaturated carbon chain a comprising one double bond.
23. The composition of claim 22, wherein the unsaturated carbon chain is a cis-isomer.

24. The composition of any one of claims 21 to 23, wherein each carbon chain has 10-28

carbon atoms.

25.  The composition of claim 24, wherein the at least one phospholipid of formula (PL-1) is

o]
1}
\/\/\/\/ﬁ/\/\/\)l\ —P~
O/X\O f OWNH+
AWWVYO H o
0

or a salt thereof.

26.  The composition of any one of claims 21 to 25, wherein the at least one phospholipid of

0
\/\/\/ﬁ/\/\/\/lk II'-I"
(0] & O ! 0\//\ N+/
formula (PL-2) is © or.

, or a salt thereof.

27.  The composition of any one of claims 21 to 26, wherein at least one phospholipid of

formula (PL-3A) is ©
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O ,or

, or a salt thereof.

28.  The composition of any one of claims 21 to 27, wherein the at least one cholesterol ester

of formula (CE)is  © or a salt thereof.

29.  The composition of any one of claims 21 to 28, wherein the at least one phospholipid

conjugated to PEG is

or a salt thereof.
30. A composition comprising:

a liposome comprising a phospholipid of formula (PL-4):

R4
|
" on
L
0 (P L'4),

or a salt thereof, wherein:
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at least one of T2 and T? is an unsaturated carbon chain

comprising a Cio-2s alkenyl or a Cio-28 alkynyl; and
R*is an aliphatic chain comprising an amide moiety; and
at least one endogenous phosphorylated carbohydrate encapsulated in the liposome.

31.  The composition of claim 30, wherein formula (PL-4) is

ANNNAN=NNNANY o
I -

32.  The composition of any one of claims 1 to 31, wherein the at least one endogenous

0 0

N N S P\ :
== O/Y\O’p

— O H

/ \O\/\NH

or a salt thereof.

phosphorylated carbohydrate is a phosphorylated monosaccharide, a phosphorylated
disaccharide, a phosphorylated oligosaccharide, a phosphorylated polysaccharide, a
phosphorylated mannose, a phosphorylated mannofuranose, a phosphorylated mannopyranos, or

a nucleotide sugar, or any combination thereof.

33.  The composition of claim 32, wherein the phosphorylated mannose is mannose-1-

phosphate.

34. A pharmaceutical composition comprising the composition of any one of the preceding

claims, and a pharmaceutically acceptable carrier.

35. A composition of any one of the preceding claims for use in a method for delivering a
carbohydrate to a human in need thereof.

36. A composition of any one of claims 1 to 34 for use in a method for delivering a
carbohydrate to a cell interior of a subject in need thereof, wherein the composition is to be
administered to the subject, and wherein at least a portion of the administered composition
traverses the cell plasma membrane to deliver the carbohydrate to the cell interior.

37. A composition of any one of claims 1 to 34 for use in treating a congenital disorder of

glycosylation (CDG) in a human in need thereof.
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38. Use of a composition of any one of claims 1 to 34 in the manufacture of a medicament

for treating a congenital disorder of glycosylation (CDG) in a human in need thereof.

39.  The composition for use or use of claim 37 or 38, wherein the congenital disorder of
glycosylation (CDG) is CDG-la, CDG-le, CDG-li, CDG-lk, CDG-lo, CDG-Ip, or DPM2-CDG.

40.  The composition for use or use of claims 37 to 39, wherein the congenital disorder of

glycosylation (CDG) is a CDG-la disorder.

41. The composition for use or use of any one of claims 37 to 40, wherein the composition is
to be administered to the human, and wherein the administration of the composition induces a
0.05-fold to at least a 3-fold increase in cellular production of higher-order lipid-linked
oligosaccharides in the human, as compared to cellular production of higher-order lipid-linked

oligosaccharides in the human in the absence of administering the composition to the human.
42. A kit comprising:

a composition of any one of claims 1 to 34;

a container; and

a label or package insert on or associated with the container.
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