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Heparan Sulphates

Field
The present disclosure relates to heparan sulphates and particularly, although not
exclusively, to heparan sulphates that bind TGFB1.

Background

Glycosaminoglycans are complex, linear, highly charged carbohydrates that interact with
a wide range of proteins to regulate their function; they are usually synthesized attached
to a core protein. GAGs are classified into nonsulfated (HA) and sulfated (CS, DS, KS,
heparin and HS).

Among the GAGs, the heparan sulphate (HS) family is of particular interest because of its
ability to interact with targeted proteins based on specific sequences within its domains.
The family (heparin and HS) consists of repeating uronic acid-(1->4)-D-glucosamine
disaccharide subunits with variable patterns of N-, and O-sulfation. For example, the anti-
coagulant activity of heparin requires 3-O-sulfation of glucosamine residues with a unique
pentasaccharide arrangement (Lindahl U, Backstrom G, Hook M, Thunberg L, Fransson
LA, Linker A. Structure of the antithrombin-binding site in heparin Proc Natl Acad Sci U S
A. 1979;76:3198-202.). A unique sulfation pattern is also apparent for ECM proteins; an
avid heparin-binding variant that binds FN is particularly highly charged, with 7 to 8 N-
sulfated disaccharides being required, and with a larger domain than usual (> 14
residues) (Falcone DJ, Salisbury BGJ. Fibronectin stimulates macrophage uptake of low-
density lipoprotein-heparin-collagen complexes Arteriosclerosis. 1988;8:263-73.;
Mahalingam Y, Gallagher JT, Couchman JR. Cellular adhesion responses to the heparin-
binding (Hepll) domain of fibronectin require heparan sulfate with specific properties. J
Biol Chem. 2007;282:3221-30). However, HS differs from such sulfated heparins by
having highly sulfated NS domains separated by unsulfated NA domains; such
dispositions provide unique arrangements for selectively binding proteins, without the side
effects of heparin (Gandhi NS, Mancera RL. The Structure of Glycosaminoglycans and
their Interactions with Proteins. Chem Biol Drug Des. 2008;72:455-82.).

The disaccharide composition of HS can be elucidated through a series of enzymatic
cleavages (Venkataraman G, Shriver Z, Raman R, Sasisekharan R. Sequencing complex
polysaccharides. Science. 1999;286:537-42.; Desai UR, Wang HM, Linhardt RJ.
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Specificity studies on the heparin lyases from Flavobacterium-heparinum Biochemistry.
1993;32:8140-5.; Shriver Z, Sundaram M, Venkataraman G, Fareed J, Linhardt R,
Biemann K, et al. Cleavage of the antithrombin Ill binding site in heparin by heparinases
and its implication in the generation of low molecular weight heparin. Proc Natl Acad Sci
U S A. 2000;97:10365-70) using the Flavobacterium heparinium enzymes heparinase |, ||
and lll to cleave the glycosidic bonds. More than 90 % depolymerization of heparin or HS
is possible when all 3 heparinases are used in combination (Karamanos NK, Vanky P,
Tzanakakis GN, Tsegenidis T, Hjerpe A. lon-pair high-performance liquid
chromatography for determining disaccharide composition in heparin and heparan
sulphate. J Chromatogr A. 1997;765:169-79.; Vynios DH, Karamanos NK, Tsiganos CP.
Advances in analysis of glycosaminoglycans: its application for the assessment of
physiological and pathological states of connective tissues. J Chromatogr B.
2002;781:21-38.). The resulting disaccharide mixtures can be analyzed by PAGE
(Hampson IN, Gallagher JT. Separation of radiolabeled glycosaminoglycan
oligosaccharides by polyacrylamide-gel electrophoresis Biochem J. 1984;221:697-705.),
SAX-HPLC (Skidmore M AA, Yates E and Turnbull JE. Labelling heparan sulfate
saccharides with chromophore, fluorescence and mass tag for HPLC and MS
separations. Methods in Molecular biology. 2009;534:157-69.), or highly sensitive
capillary electrophoresis (CE) (Lamari F, Militsopoulou M, Gioldassi X, Karamanos NK.
Capillary electrophoresis: a superior miniaturized tool for analysis of the mono-, di-, and
oligosaccharide constituents of glycan moieties in proteoglycans. Fresenius J Anal Chem.
2001;371:157-67.; Karamanos NK, Vanky P, Tzanakakis GN, Hjerpe A. High
performance capillary electrophoresis method to characterize heparin and heparan
sulfate disaccharides. Electrophoresis. 1996;17:391-5.; Sudhalter J, Folkman J, Svahn
CM, Bergendal K, Damore PA. Importance of size, sulfation, and anticoagulant activity in
the potentiation of acidic fibroblast growth-factor by heparin J Biol Chem. 1989;264:6892-
7.; Militsopoulou M, Lamari FN, Hjerpe A, Karamanos NK. Determination of twelve
heparin- and heparan sulfate-derived disaccharides as 2-aminoacridone derivatives by
capillary zone electrophoresis using ultraviolet and laser-induced fluorescence detection.
Electrophoresis. 2002;23:1104-9) by comparison to known disaccharide standards.

Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present disclosure as it existed before the priority date of each of the
appended claims.
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Throughout this specification the word "comprise”, or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.

Summary

The present disclosure concerns a heparan sulphate species and heparan sulphate
preparations comprising or consisting of the heparan sulphate species. The heparan
sulphate species is called HS16. HS16 refers to a novel class of structurally and
functionally related isolated heparan sulphate.

HS16 has been found to bind TGFB1, enhance the thermal stability of TGFB1 and
potentiate TGFB1 signaling and thus the chondrogenic differentiation of mesenchymal

stem cells.

In one aspect of the present disclosure a heparan sulphate HS16 is provided. HS16 may
be provided in isolated form or in substantially purified form. This may comprise providing
a composition in which the heparan sulphate component is at least 80% HS16, more
preferably one of at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%.

In one embodiment, HS16 is capable of binding a peptide or a polypeptide having the
amino acid sequence of RKDLGWKWIHEPKGYH (SEQ ID NO: 1). The peptide may have
one or more additional amino acids at one or both ends of this sequence. For example,
the peptide may have any of 1, 2, 3,4,5,6,7,8,9, 10,11, 12,13, 14, 15, 16, 17, 18, 19,
20 or more amino acids at one or both end of this sequence.

In other embodiments the polypeptide is a TGFf1 protein. In some embodiments HS16
binds to a peptide having or consisting of the amino acid sequence of SEQ ID NO:1 or a
TGFB1 protein with a Kp of less than 100uM, more preferably less than one of 50uM,
40uM, 30uM, 20uM, 10uM, 1uM, 500nM, 100nM, 50nM, 10nM or 1nM.

HS16 may be obtained, identified, isolated or enriched according to the inventors’
methodology described herein, which may comprise the following steps:
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(1) providing a solid support having polypeptide molecules adhered to the
support, wherein the polypeptide comprises a heparin-binding domain having
the amino acid sequence of RKDLGWKW IHEPKGYH;

(ii) contacting the polypeptide molecules with a mixture comprising
glycosaminoglycans such that polypeptide-glycosaminoglycan complexes are
allowed to form;

(iii) partitioning polypeptide-glycosaminoglycan complexes from the remainder of
the mixture;

(iv) dissociating glycosaminoglycans from the polypeptide-glycosaminoglycan
complexes;

(v) collecting the dissociated glycosaminoglycans.

Optionally, the method may further comprise a size fractionation step, e.g. after step (iv)
or (v). Size fractionation may be used to remove heparan sulphate chains smaller than a
selected threshold, e.g. one of dp4, dp6, dp8, dp10, dp12, dp14, dp16, dp18, dp20, dp22,
or dp24.

In the inventors’ methodology the mixture may comprise glycosaminoglycans obtained
from commercially available sources. One suitable source is a heparan sulphate fraction,
e.g. a commercially available heparan sulphate. One suitable heparan sulphate fraction
can be obtained during isolation of heparin from porcine intestinal mucosa, another is
heparan sulphate from porcine mucosa [HS™] (e.g. from Celsus Laboratories Inc. —
sometimes called “Celsus HS”).

Other suitable sources of heparan sulphate include heparan sulphate from any mammal
(human or non-human), particularly from the kidney, lung or intestinal mucosa. In some
embodiments the heparan sulphate is from pig (porcine) or cow (bovine) intestinal
mucosa, kidney or lung.

In another aspect of the present disclosure provides a composition comprising HS16
according to any one of the aspects above and TGFB1 protein.

In one aspect of the present disclosure a pharmaceutical composition or medicament is
provided comprising HS16 in accordance with the aspects described above. The
pharmaceutical composition or medicament may further comprise a pharmaceutically
acceptable carrier, adjuvant or diluent.
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In some embodiments the pharmaceutical composition is for use in a method of
treatment, the method comprising the repair and/or regeneration of tissue, e.g. connective
tissue (cartilage, bone, tendon, ligament, skin, cornea) or a broken bone. In some
embodiments the pharmaceutical composition or medicament may further comprise
TGFB1 protein. In some embodiments the pharmaceutical composition or medicament

may further comprise mesenchymal stem cells.

In another aspect of the present disclosure HS16 is provided for use in a method of
medical treatment. The method of medical treatment may comprise a method of wound
healing in vivo, the repair and/or regeneration of tissue, e.g. the repair and/or
regeneration of connective tissue (cartilage, bone, tendon, ligament, skin, cornea). Such

repair and/or regeneration of may be in a mammal or a human.

In a related aspect of the present disclosure the use of HS16 in the manufacture of a
medicament for use in a method of medical treatment is provided. In some embodiments
the method of medical treatment comprises the repair and/or regeneration of tissue as
described above.

In a further aspect of the present disclosure a biocompatible implant or prosthesis
comprising a biomaterial and HS16 is provided. In some embodiments the implant or
prosthesis is coated with HS16. In some embodiments the implant or prosthesis is
impregnated with HS16. The implant or prosthesis may be further coated or impregnated
with TGFB1 protein and/or with mesenchymal stem cells.

In another aspect of the present disclosure a method of forming a biocompatible implant
or prosthesis is provided, the method comprising the step of coating or impregnating a
biomaterial with HS16. In some embodiments the method further comprises coating or
impregnating the biomaterial with one or both of TGF@31 protein and mesenchymal stem
cells.

In some aspects a method may comprise administering HS16 and mesenchymal stem
cells to a patient. In such methods at least two of HS16, TGFf1 protein and
mesenchymal stem cells may be formulated in a pharmaceutical composition comprising
at least two of the HS16, TGFf1 protein and mesenchymal stem cells and a
pharmaceutically acceptable carrier, adjuvant or diluent.
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Preferably, the HS16, TGFB1 protein and mesenchymal stem cells are respectively
provided in therapeutically effective amounts. In some embodiments the method further
comprises the step of formulating therapeutically effective amounts of HS16, and/or
TGFB1 protein and/or mesenchymal stem cells as a pharmaceutical composition
comprising the HS16, and/or TGFB1 protein and/or mesenchymal stem cells and a
pharmaceutically acceptable carrier, adjuvant or diluent, wherein the pharmaceutical
composition is administered to the patient.

In another aspect of the present disclosure a method of treating a patient is provided, the
method comprising surgically implanting a biocompatible implant or prosthesis, which
implant or prosthesis comprises a biomaterial and HS16, into tissue of the patient at or

surrounding the site of fracture.

In some embodiments the implant or prosthesis is coated with HS16. In some
embodiments the implant or prosthesis is impregnated with HS16. In some embodiments
the implant or prosthesis is further impregnated with one or both of TGF@31 protein and

mesenchymal stem cells.

In a further aspect of the present disclosure culture media is provided, the culture media
comprising HS16.

In another aspect of the present disclosure the use of HS16 in cell culture in vitro is
provided. In a related aspect of the present disclosure the use of HS16 in the growth of
connective tissue in vitro is provided. In another related aspect of the present disclosure
a method for growing connective tissue in vitro is provided, the method comprising
culturing mesenchymal stem cells in contact with exogenously added HS16.

In yet a further aspect of the present disclosure a method for the repair, replacement or
regeneration of tissue, e.g. connective tissue, in a human or animal patient in need of
such treatment is provided, the method comprising:
(1) culturing mesenchymal stem cells in vitro in contact with HS16 for a period of
time sufficient for said cells to form tissue;
(i) collecting said tissue;
(iii) implanting said tissue into the body of the patient at a site of injury or disease
to repair, replace or regenerate tissue in the patient.
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The tissue may be connective tissue, e.g. bone, cartilage, tendon, skin or fat. In some
embodiments the method further comprises contacting the mesenchymal stem cells in
culture with exogenous TGFB1 protein.

In another aspect of the present disclosure tissue obtained by in vitro culture of
mesenchymal stem cells in the presence of HS16 is provided. In some embodiments the
tissue is obtained by in vitro culture of mesenchymal stem cells in the presence of HS16
and TGFB1 protein.

In a further aspect of the present disclosure a method of culturing stem cells, e.g.
mesenchymal stem cells is provided, the method comprising culturing stem cells in
contact with HS16.

In some aspects of the present disclosure a method of culturing stem cells in vitro is
provided, the method comprising culturing stem cells in vitro in contact with heparan
sulphate HS16. The HS16 is preferably exogenous and isolated, and added to the
culture as a supplement, e.g. as part of the culture media.

In yet a further aspect of the present disclosure a kit of parts is provided, the kit
comprising a predetermined amount of HS16 and a predetermined amount of TGFB1.
The kit may comprise a first container containing the predetermined amount of HS16 and
a second container containing the predetermined amount of TGFB1. The kit may further
comprise a predetermined amount of mesenchymal stem cells. The kit may be provided
for use in a method of medical treatment. The method of medical treatment may
comprise a method of wound healing in vivo, the repair and/or regeneration of tissue,
such as connective tissue (e.g. cartilage, bone, tendon, ligament, skin, cornea). The
repair and/or regeneration may be in a mammal or a human. The kit may be provided
together with instructions for the administration of the HS16, TGFB1 protein and/or
mesenchymal stem cells separately, sequentially or simultaneously in order to provide the

medical treatment.

In a further aspect of the present disclosure products are provided, the products
containing therapeutically effective amounts of:

(1) HS16; and one or both of

(i) TGFB1 protein;
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(iii) Mesenchymal stem cells,
for simultaneous, separate or sequential use in a method of medical treatment. The
method of medical treatment may comprise a method of wound healing in vivo, the repair
and/or regeneration of connective tissue. The repair and/or regeneration may be in a
mammal or a human. The products may optionally be formulated as a combined

preparation for co-administration.

As shown herein, HS16 has the property of stabilising TGFB1, and thereby prolonging its
action. HS16 prevents TGFB1 from degradation in culture medium. This can be usefully
applied to the storage of TGF(1 preparations and the preparation of TGFB1 containing

culture media.

As such, in one aspect of the present disclosure a composition comprising a growth factor
and isolated HS16 is provided. The growth factor may be a protein growth factor, and is
preferably TGFB1. The composition may comprise isolated TGFB1 and isolated HS16. In
some embodiments the composition may be a culture media. In other embodiments the
composition may be a pharmaceutical composition or medicament containing TGFB1.

The composition may be an TGFB1 preparation comprising TGFB1 and isolated HS16 in
a container. A suitable container may be a bottle, vial, tube or syringe.

A method of increasing the stability of a growth factor is also provided, the method
comprising contacting a growth factor with isolated HS16.

The stability of the growth factor may be measured in terms of its half-life, i.e. the amount
of time taken for half of the growth factor in a given composition to be degraded and/or
lose its activity. The growth factor is preferably a protein growth factor, more preferably
TGFB1. HS16 acts to maintain and prolong TGFB1 half-life. The method may involve
contacting isolated HS16 with the growth factor (e.g. TGFB1) in vitro, e.g. as part of
preparation of a growth factor (e.g. TGFB1) composition, its storage or transport.
Alternatively, the method may involve contacting isolated HS16 with the growth factor
(e.g. TGFB1) in vivo, e.g. by administering isolated HS16 to tissue in which the growth
factor (e.g. TGFB1) [naturally occurring in the tissue or exogenously added to the tissue]
is present. The method may also comprise the step of adding exogenous growth factor
(e.g. TGFB1) to the tissue.
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The stability of TGFB1 in a given composition or tissue that contains isolated HS16 (or to
which isolated HS16 has been added) may be compared against a comparable
composition not containing HS16 (or to which isolated HS16 has not been added.

In the composition and method described above the HS16 may be purified, as described
herein. The TGFB1 may be isolated and/or purified, non-isolated or partially isolated, e.g.
part of an extracellular matrix material, or present in a composition of cells. Isolated or
purified TGFB1 may be recombinant TGF1. Recombinant TGFB1 is commercially

available from a number of commercial manufacturers.

In some aspects HS16 is used as a preserving agent and/or preservative during the
production of blood-derived products. In some embodiments the blood-derived products
include platelets, platelet products, platelet lysates and platelet-rich plasma (PRP). The
blood-derived products may be isolated from blood or serum, and optionally enriched or
partitioned from other components of blood and/or serum.

In some aspects a preparation of blood derived product(s) is provided, the preparation
comprising a blood derived product and a predetermined quantity of HS16. The HS16 is
preferably in isolated or purified form and is preferably exogenous to the blood derived
product(s), being added to the blood derived product(s). The preparation may be a
platelet preparation, e.g. platelets, platelet products, platelet lysates or platelet-rich
plasma (PRP), to which HS16 has been added.

In accordance with the above, a method of preserving biological material is provided,
preferably biological material comprising TGFf1, the method comprising contacting the
biological material with a predetermined quantity of HS16. In some embodiments the
biological material may be selected from cellular material, tissue, blood-derived products,

cells, or stem cells.

In another aspect of the present disclosure HS16 is provided for use during isolation
and/or processing of stem cells. In some embodiments, HS16 is provided as a reagent
for use during culture and/or expansion of stem cells. Accordingly, a method of isolating,
processing, culturing or expanding stem cells may be provided, the method comprising
contacting the stem cells with a predetermined quantity of HS16. The stem cells may
optionally express TGF{1.

Optionally, aspects and embodiments of the present do not include an HS as described in
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Specific aspects and embodiments of the present disclosure are recited below as items
1-31:

Item 1. An isolated or substantially purified heparan sulphate composition in which the
heparan sulfate component is at least 80% HS16, wherein the HS16 is isolated from its
core protein and is capable of binding a peptide or polypeptide having, or consisting of,
the amino acid sequence RKDLGWKWIHEPKGYH (SEQ ID NO:1).

Item 2. The isolated or substantially purified heparan sulphate HS16 composition
according to item 1, wherein following digestion with heparin lyases |, Il and lll and then
subjecting the resulting disaccharide fragments to HPLC analysis the heparan sulphate
HS16 has a disaccharide composition comprising:

Disaccharide Normalised weight percentage
AUA,25-GIcNS,6S 14.7513.0
AUA,2S-GIcNS 4.58+2.0
AUA-GIcNS,6S 12.9813.0
AUA-GIcNS 22.2413.0
AUA,2S-GlIcNAc 0.5610.5
AUA-GIcNAc,6S 12.6313.0
AUA-GIcNACc 32.2613.0

Item 3. The isolated or substantially purified heparan sulphate HS16 composition
according to item 1 or 2, wherein following digestion with heparin lyases |, Il and lll and
then subjecting the resulting disaccharide fragments to HPLC analysis the heparan
sulphate HS16 has a disaccharide composition comprising:

Disaccharide Normalised weight percentage
AUA,25-GIcNS,6S 14.7541.0
AUA,2S-GIcNS 4.58+0.4
AUA-GIcNS,6S 12.9841.0
AUA-GIcNS 22.24+1.6

AUA,2S-GIcNAc 0.56+0.4
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AUA-GIcNAc,6S 12.63+1.0
AUA-GIcNAc 32.26+1.6

Item 4. The isolated or substantially purified HS16 composition , according to any one of
items 1 to 3 obtained by a method comprising:

(i) providing a solid support having polypeptide molecules adhered to the support,
wherein the polypeptide comprises a heparin-binding domain having the amino
acid sequence RKDLGWKWIHEPKGYH;

(i) contacting the solid support with a mixture comprising glycosaminoglycan,
including a heparan sulphate preparation, such that polypeptide-
glycosaminoglycan complexes are allowed to form;

(iii) partitioning polypeptide-glycosaminoglycan complexes from the remainder of the
mixture;

(iv) dissociating glycosaminoglycans, including heparan sulphate species, from the
polypeptide-glycosaminoglycan complexes;

(v) collecting the dissociated glycosaminoglycans, including one or more heparan
sulphate species.

Item 5. The method of item 4 wherein the polypeptide has, or consists of, the amino acid
sequence selected from RKDLGWKWIHEPKGYH (SEQ ID NO:1).

Item 6. The method of item 4 or 5 wherein the mixture comprising glycosaminoglycans is
a heparan sulphate preparation obtained from porcine mucosa (HS™).

Item 7. A composition comprising the heparan sulphate HS16 composition according to
any one of items 1 to 6.

ltem 8. The composition of item 7, further comprising a growth factor, including TGFp1.

Item 9. A cosmetic composition, pharmaceutical composition or medicament comprising

the heparan sulphate HS16 composition according to any one of items 1 to 6.

Item 10. The pharmaceutical composition or medicament of item 9 wherein the
pharmaceutical composition or medicament further comprises TGF1 protein and/or

mesenchymal stem cells.
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ltem 11. The pharmaceutical composition or medicament of item 9 or 10 when used
in a method of medical treatment.

ltem 12. The heparan sulphate HS16 composition according to any one of items 1
to 6 when used in a method of medical treatment.

ltem 13. The heparan sulphate HS16 composition according to item 12 wherein the
method of medical treatment comprises a method of wound healing in vivo.

ltem 14. Heparan sulphate HS16 according to item 12 wherein the method of
medical treatment comprises the repair and/or regeneration of tissue, including

connective tissue.

Item 15. Use of the heparan sulphate HS16 composition according to any one of
items 1 to 6 in the manufacture of a medicament for the treatment of a disease, condition
or injury to tissue, wherein the method involves the repair and/or regeneration of tissue,

including connective tissue.

Item 16. A method of treating a disease, condition or injury to tissue in a patient, the
method comprising administration of a therapeutically effective amount of the heparan
sulphate HS16 composition according to any one of items 1 to 6 to the patient leading to

repair and/or regeneration of the tissue, including connective tissue.

Item 17. The method of item 16 wherein the method comprises administering the
heparan sulphate HS16 composition according to any one of items 1 to 6 to tissue at or
surrounding a wound or location on the patient’'s body at which regeneration or repair of
tissue is required.

Item 18. The method of item 16 or 17 wherein the method further comprises

administering TGFB1 protein to the patient.

Item 19. A method of treating a disease, condition or injury to tissue in a patient, the
method comprising surgically implanting a biocompatible implant or prosthesis, which
implant or prosthesis comprises a biomaterial and the heparan sulphate HS16
composition according to any one of items 1 to 6, into tissue of the patient at or
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surrounding the site of the disease, condition or injury leading to repair and/or
regeneration of the tissue.

Item 20. A biocompatible implant or prosthesis comprising a biomaterial and the
heparan sulphate HS16 composition according to any one of items 1 to 6.

Item 21. A method of forming a biocompatible implant or prosthesis, the method
comprising the step of coating or impregnating a biomaterial with the heparan sulphate
HS16 composition according to any one of items 1 to 6.

ltem 22. A method of culturing stem cells in vitro, the method comprising culturing
stem cells in vitro in contact with the heparan sulphate HS16 composition according to
any one of items 1 to 6.

Item 23. Culture media comprising the heparan sulphate HS16 composition
according to any of items 1 to 6.

Item 24. The culture media of item 25, further comprising TGFB1.

Item 25. A kit of parts, the kit comprising a predetermined amount of the heparan
sulphate HS16 composition according to any one of items 1 to 6 and a predetermined
amount of TGFp1.

Item 26. Products containing therapeutically effective amounts of:
(1) The heparan sulphate HS16 composition according to any one of items 1 to 6;
and one or both of
(ii) TGFB1 protein;
(iii) Mesenchymal stem cells, or cells in the fibroblastic lineage,
when used simultaneously, separately or sequentially in a method of medical treatment.

Item 27. A method of increasing the stability of a growth factor, including TGF1,
the method comprising contacting a growth factor, including TGFB1, with the heparan

sulphate HS16 composition according to any one of items 1 to 6.
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Item 28. A cosmetic method comprising administering the heparan sulphate HS16
composition according to any one of items 1 to 6 to a subject.

Item 29. A preparation comprising a blood derived product and a predetermined
quantity of the heparan sulphate HS16 composition according to any one of items 1 to 6.

Item 30. The preparation of item 29, wherein the preparation is a platelet
preparation.
ltem 31. A method of preserving biological material, the method comprising

contacting biological material with a predetermined quantity of the heparan sulphate
HS16 composition according to any one of items 1 to 6.

Description

The inventors have used a sequence-based affinity chromatography platform to exploit
the heparin-binding domain of TGFB1. This allowed the enrichment of a TGFB1-binding
heparan sulphate (HS) fraction.

The terms “sulphate”, “sulphated”, and “sulphation” are used interchangeably with
“sulfate”, “sulfated” and “sulfation” respectively.

HS16

The present disclosure relates to a class of heparan sulphate molecule called HS16.
HS16 molecules are obtainable by methods of enriching mixtures of compounds
containing one or more glycosaminoglycans (GAGs) that bind to a polypeptide
corresponding to a heparin-binding domain of TGFB1. In particular, HS16 molecules can
be obtained by enriching for heparan sulphate that binds to a heparan binding domain of
TGFB1 which domain comprises, or consists of, the amino acid sequence
RKDLGWKWIHEPKGYH. The enrichment process may be used to isolate HS16.

The present disclosure also relates to mixtures of compounds enriched with HS16, and

methods of using such mixtures.

In addition to being obtainable by the methodology described here, HS16 can also be
defined functionally and structurally.
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Functionally, an HS16 is capable of binding a peptide having, or consisting of, the amino
acid sequence RKDLGWKWIHEPKGYH (SEQ ID NO:1). The peptide may contain one

or more additional amino acids on one or both ends of the peptide, or in some instances
may be attached to a short amino acid linker sequence (e.g. about 1 to 5 amino acids in
length) and/or a tag such as biotin.

Preferably, HS16 binds the peptide with a Kp of less than 100pM, more preferably less
than one of 50uM, 40uM, 30uM, 20uM, 10pM, 1pM, 500nM, 100nM, 50nM, 10nM, 1nM,
or 100pM.

Preferably, HS16 also binds TGFf1 protein with a Kp of less than 100uM, more
preferably less than one of 50uM, 40uM, 30uM, 20uM, 10pM, 1uM, 500nM, 100nM,
50nM, 10nM, 1nM, or 100pM.

Binding between HS16 and TGFB1 protein may be determined by the following assay
method.

GAGs are immobilized in each well and then challenged with TGF-1 according to the
manufacturer's instructions. Briefly, triplicate wells are first pre-coated with 5 pg/ml of
heparin, HS?, HS16**¢ or HS16*¢in standard assay buffer (SAB: 100 mM NacCl, 50 mM
sodium acetate, 0.2% v/v Tween 20, pH 7.2), and then incubated overnight at room
temperature. The plates are next washed carefully three times with SAB, blocked with
250 pl of blocking solution (0.4% w/v fish skin gelatine, Sigma-Aldrich, in SAB) and
incubated for 1 h at 37°C. TGF-B1 was then dissolved in blocking solution at a
concentration of 100, 200, or 400 ng/ml. The plates are washed three times with SAB and
each dilution of protein (200 pl) is dispensed into triplicate wells and incubated for 2 h at
37°C, rinsed with SAB and 200 pl of 750 ng/ml monoclonal mouse anti-TGF-1 antibody
(MAB2401, R&D Systems) added in blocking solution. Plates are then incubated for 1 h
at 37°C, washed with SAB, and 200 pl of 1 ug/ml polyclonal goat anti-mouse biotinylated
antibody (ab6788, Abcam) added in blocking solution. Again, plates are incubated for 1 h
at 37°C, washed with SAB, and 200 pl of 220 ng/ml ExtrAvidin AP (Sigma-Aldrich) is
added in blocking solution, incubated for 30 min at 37°C, and then rinsed with SAB.
Finally, 200 pl of development reagent (SigmaFAST p-Nitrophenyl phosphate, Sigma-
Aldrich) is added, incubated at 37°C for 40 min and read at 405 nm within 1 h.
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In this assay, binding may be determined by measuring absorbance and may be
determined relative to controls such as TGFB1 protein in the absence of added heparan
sulphate, or TGFB1 protein to which an heparan sulphate is added that does not bind
TGFB1 protein.

The unique interaction of HS16 with TGFB1 can be analysed by surface plasmon
resonance (see experimental results), e.g. in competition assay with heparin, HS?M,
HS16**¢ or HS167¢.

The binding of HS16 is preferably specific, in contrast to non-specific binding and in the
context that the HS16 can be selected from other heparan sulphates and/or GAGs by a
method involving selection of heparan sulphates exhibiting a high affinity binding
interaction with the peptide comprising RKDLGWKWIHEPKGYH such as SEQ ID NO:1,
or with TGFB1 protein.

HS16 according to the present disclosure preferably enhances the thermal stability of
TGFB1 and potentiates TGFB1 signaling and chondrogenic differentiation of
mesenchymal stem cells. HS16 finds use in any application wherein stabilisation of
TGFB1 and/or prevention of degradation of TGFB1 and/or prolonging of TGFB1 is
desirable. For example, HS16 finds use to stabilise TGFB1in platelet products.

The disaccharide composition of HS16 following digestion with heparin lyases |, Il and llI
to completion and then subjecting the resulting disaccharide fragments to HPLC analysis

is shown below.

Disaccharide Normalised weight percentage
AUA,25-GIcNS,6S 14.75
AUA,2S-GIcNS 4.58
AUA-GIcNS,6S 12.98
AUA,2SGIcNAc,6S 0.0
AUA-GIcNS 22.24
AUA,2S-GIcNAc 0.56
AUA-GIcNAc,6S 12.63

AUA-GIcNAc 32.26
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HS16 according to the present disclosure includes heparan sulphate that has a
disaccharide composition within £ 10% (more preferably + one of 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, 1% or 0.5%) of the normalised percentage values shown for each
disaccharide above for the HS16 retained species (HS16+) as determined by digestion
with heparin lyases |, Il and Il to completion and then subjecting the resulting
disaccharide fragments to HPLC analysis.

The disaccharide composition of HS16 as determined by digestion with heparin lyases |,
II'and Il to completion and then subjecting the resulting disaccharide fragments to HPLC
analysis may have a disaccharide composition according to any one of the following:

Disaccharide Normalised weight percentage
AUA,25-GIcNS,6S 14.7513.0
AUA,2S-GIcNS 4.58+2.0
AUA-GIcNS,6S 12.9813.0
AUA,25-GlIcNAc,6S 0.0+2.0
AUA-GIcNS 22.2413.0
AUA,2S-GIcNAc 0.5610.5
AUA-GIcNAc,6S 12.6313.0
AUA-GIcNACc 32.2613.0
or
Disaccharide Normalised weight percentage
AUA,25-GIcNS,6S 14.75+2.0
AUA,2S-GIcNS 4.58+2.0
AUA-GIcNS,6S 12.98+2.0
AUA,25-GIcNAc,6S 0.0+2.0
AUA-GIcNS 22.24+2.0
AUA,2S-GIcNAc 0.5610.5
AUA-GIcNAc,6S 12.63+2.0
AUA-GIcNAC 32.26+2.0
or
Disaccharide Normalised weight percentage
AUA,25-GIcNS,6S 14.75+2.0
AUA,2S-GIcNS 4.58+1.0

AUA-GIcNS,6S 12.98+2.0
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AUA,2S5-GIcNAc,6S
AUA-GIcNS
AUA,2S-GIcNAc
AUA-GIcNACc,6S
AUA-GIcNACc

or
Disaccharide
AUA25-GIcNS,6S
AUA,2S-GIcNS
AUA-GIcNS,6S
AUA,2S5-GIcNAc,6S
AUA-GIcNS
AUA,2S-GIcNAc
AUA-GIcNACc,6S
AUA-GIcNAc
or
Disaccharide
AUA,25-GIcNS,6S
AUA,2S-GIcNS
AUA-GIcNS,6S
AUA,2S-GlIcNAc,6S
AUA-GIcNS
AUA,2S-GlIcNAc
AUA-GIcNACc,6S
AUA-GIcNACc
or
Disaccharide
AUA,25-GIcNS,6S
AUA,2S-GIcNS
AUA-GIcNS,6S
AUA,2SGIcNAc,6S
AUA-GIcNS
AUA,2S-GIcNAc
AUA-GIcNACc,6S
AUA-GIcNACc

18

0.0+1.0
22.24+2.0

0.56%0.5
12.63+2.0
32.263.0

Normalised weight percentage

14.75+1.0
4.58+0.4
12.98+1.0
0.0+0.6
22.24+3.0
0.56+0.4
12.63+1.0
32.26+1.6

Normalised weight percentage

14.75+0.75

4.58+0.3
12.9810.75

0.0+0.45
22.24+2.25
0.56+0.3
12.6310.75
32.26+1.2

Normalised weight percentage

14.7540.5
4.58+40.2
12.9810.5

0.0+0.3
22.24+1.5
0.56 0.2
12.63120.5
32.2610.8
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In preferred embodiments the total weight percentage of the 8 disaccharides listed is
100% (optionally £ 3.0% or less, or £ 2.0% or less, = 1.0% or less, £ 0.5% or less).

In some embodiments, the normalised weight percentage of AUA,2SGIcNAc,6S is
different than in the above profiles. For example, HS16 may have the disaccharides at
normalised weight percentages as described in above, except for AUA,2SGIcNACc,6S,
which may be present at a different normalised weight percentage, or may be absent.

In some embodiments, HS16 is defined by reference to the above normalised weight
percentages for AUA,2S-GICNS,6S, AUA,25-GIcNS, AUA-GIcNS,6S, AUA-GICNS,
AUA,25-GIcNAc, AUA-GIcNAc,6S and AUA-GIcNAc.

Digestion of HS preparations with heparin lyase enzymes may be conducted as follows:
HS preparations (1 mg) are each dissolved in 500 uL of sodium acetate buffer (100 mM
containing 10 mM calcium acetate, pH 7.0) and 2.5 mU each of the three enzymes is
added; the samples are incubated at 37 °C overnight (24 h) with gentle inversion (9 rpm)
of the sample tubes; a further 2.5 mU each of the three enzymes is added to the samples
which are incubated at 37 °C for a further 48 h with gentle inversion (9 rpm) of the sample
tubes; digests are halted by heating (100 °C, 5 min) and are then lyophilized; digests are
resuspended in 500 uL water and an aliquot (50 pL) is taken for analysis.

Specifically, HS16 could be digested as follows: HS™, HS16*** and HS16"¢ samples are
solubilized in water (1100 pl) and filtered (Minisart RC15, 0.2 um syringe filter unit,
Sartorius Stedim, #17761) to remove any particulate matter. As a further clean-up step,
the filtered solution is passed through a 2000 MWCO membrane (Vivaspin 2, Hydrosart,
Sartorius Stedim, #VS02H91, 2000 MWCO HY membrane, 2 mL ultrafiltration spin
column) by centrifugation (4000 rom, 1 h, 15°C). The retentate is washed with water (3 x
1 ml), recovered from the filter and lyophilized. The purified HS samples are solubilized in
water (1 mg/ml) and aliquots (2 x ~1 ml) of each freeze-dried sample were taken for
analysis. The HS samples are digested to di- and oligosaccharides by the sequential
addition of heparin lyase enzymes (Heparin lyase |, Il and Ill, Ibex Technologies) based
on the method of Brickman et al. (Brickman, Y. G., Ford, M. D., Gallagher, J. T.,
Nurcombe, V., Bartlett, P. F., and Turnbull, J. E. (1998) J Biol Chem 273, 4350-4359), but
with some modifications. The dry HS samples are re-solubilized in digestion buffer (500
ul; 50 mM sodium phosphate buffer, pH 7.0) and heparin lyase | (5 pl; 5 mlIU) is added to
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each sample. The samples are incubated (37°C, 2 h) with gentle mixing on a rotating
wheel (9 rpm). Heparin lyase Il (5 pl; 5 mlU) is added to the digests and incubated for a
further 1 h (as above). Heparin lyase Il (5 pl; 5 mlU) is added and the digests are
incubated as above, for 18 h. Finally, aliquots (5 ul; 5 mIU) of all three heparin lyases are
added simultaneously and the digests are incubated for a further 24 h. The enzyme
digestion is terminated by heating (100°C, 5 min). All three HS samples are digested in

duplicate.

In some embodiments an HS16 chain comprises about 12 to 26 saccharide units (degree
of polymerization, dp). In some embodiments the dp number may be one of at least 12,
at least 14, at least 16, at least 18, at least 20, at least 22, at least 24, or at least 26.
Optionally, it may be less than 26.

A composition of HS16 chains having a desired range of size (in dp) can be prepared by
applying a size fractionation procedure to HS16.

To identify HS16 the inventors used a method that involves enriching for
glycosaminoglycan molecules that exhibit binding to particular polypeptides having a
heparin-binding domain. Isolated GAG mixtures and/or molecules can then be identified
and tested for their ability to modulate the growth and differentiation of cells and tissue
expressing a protein containing the heparin-binding domain. This enables the controlled
analysis of the effect of particular GAG saccharide sequences on the growth and
differentiation of cells and tissue, both in vitro and in vivo. This methodology is described
in PCT/GB2009/000469 (W02010/030244), incorporated herein by reference. The
inventors applied this methodology to TGF@1 in order to isolate and characterise GAGs
having high binding to TGFp1.

Accordingly, to identify HS16 the inventors provided a method of isolating
glycosaminoglycans capable of binding to proteins having heparin/heparan-binding
domains, the method comprising:
() providing a solid support having polypeptide molecules adhered to the
support, wherein the polypeptide comprises a heparin-binding domain;
(i) contacting the polypeptide molecules with a mixture comprising
glycosaminoglycans such that polypeptide-glycosaminoglycan complexes are

allowed to form;
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(iii) partitioning polypeptide-glycosaminoglycan complexes from the remainder of
the mixture;

(iv) dissociating glycosaminoglycans from the polypeptide-glycosaminoglycan
complexes;

(v) collecting the dissociated glycosaminoglycans.

The inventors also provided isolated glycosaminoglycans identified by their ability to
modulate the growth or differentiation of cells or tissues. To do this, they provided a
method of identifying glycosaminoglycans capable of stimulating or inhibiting the growth
and/or differentiation of cells and/or tissues, the method comprising:

(i) providing a solid support having polypeptide molecules adhered to the
support, wherein the polypeptide comprises a heparin-binding domain;

(i) contacting the polypeptide molecules with a mixture comprising
glycosaminoglycans such that polypeptide-glycosaminoglycan complexes are
allowed to form;

(iii) partitioning polypeptide-glycosaminoglycan complexes from the remainder of
the mixture;

(iv) dissociating glycosaminoglycans from the polypeptide-glycosaminoglycan
complexes;

(v) collecting the dissociated glycosaminoglycans;

(vi) adding the collected glycosaminoglycans to cells or tissues in which a protein
containing the amino acid sequence of the heparin-binding domain is present;

(vii)  measuring one or more of: proliferation of the cells, differentiation of the cells,

expression of one or more protein markers.

The inventors used these methods to identify a GAG capable of binding to TGFB1 (which
they called HS16), wherein the polypeptide used in the inventors’ methodology comprised
the heparin-binding domain of RKDLGWKWIHEPKGYH (SEQ ID NO:1).

In the inventors’ methodology, the mixture comprising GAGs may contain synthetic
glycosaminoglycans. However, GAGs obtained from cells or tissues are preferred. The
mixture comprising GAGs is preferably a heparan sulphate preparation such as HS™. In
preferred embodiments the GAG is heparan sulphate.
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The heparan sulphate or GAG component may be extracted from a tissue or cell sample
or extract by a series of routine separation steps (e.g. anion exchange chromatography),
well known to those of skill in the art.

GAG mixtures may contain a mixture of different types of glycosaminoglycan, which may
include dextran sulphates, chondroitin sulphates and heparan sulphates. Preferably, the
GAG mixture contacted with the solid support is enriched for heparan sulphate. A
heparan sulphate-enriched GAG fraction may be obtained by performing column
chromatography on the GAG mixture, e.g. weak, medium or strong anion exchange
chromatography, as well as strong anion exchange high performance liquid
chromatography (SAX-HPLC), with selection of the appropriate fraction.

The collected GAGs may be subjected to further analysis in order to identify the GAG,
e.g. determine GAG composition or sequence, or determine structural characteristics of
the GAG. GAG structure is typically highly complex, and, taking account of currently
available analytical techniques, exact determinations of GAG sequence structure are not
possible in most cases.

However, the collected GAG molecules may be subjected to partial or complete
saccharide digestion (e.g. chemically by nitrous acid or enzymatically with lyases such as
heparinase lll) to yield saccharide fragments that are both characteristic and diagnostic of
the GAG. In particular, digestion to yield disaccharides (or tetrasaccharides) may be
used to measure the percentage of each disaccharide obtained which will provide a
characteristic disaccharide “fingerprint” of the GAG.

The pattern of sulfation of the GAG can also be determined and used to determine GAG
structure. For example, for heparan sulphate the pattern of sulfation at amino sugars and
at the C2, C3 and C6 positions may be used to characterise the heparan sulphate.

Disaccharide analysis, tetrasaccharide analysis and analysis of sulfation can be used in
conjunction with other analytical techniques such as HPLC, mass spectrometry and NMR
which can each provide unique spectra for the GAG. In combination, these techniques
may provide a definitive structural characterisation of the GAG.

For example, the '"H NMR spectra of HS16, in comparison with a gross HS preparation
such as HS™ (from which HS16 may have been derived) and HS16 is shown in Figure 7.
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HS16 according to the present disclosure may have a '"H NMR spectra corresponding to
the HS16 spectra of Figure 7.

A high affinity binding interaction between the GAG and heparin-binding domain indicates
that the GAG will contain a specific saccharide sequence that contributes to the high
affinity binding interaction. A further step may comprise determination of the complete or
partial saccharide sequence of the GAG, or the key portion of the GAG, involved in the
binding interaction.

GAG-polypeptide (e.g. HS-polypeptide) complexes may be subjected to treatment with an
agent that lyses glycosaminoglycan chains, e.g. a lyase. Lyase treatment may cleave
portions of the bound GAG that are not taking part in the binding interaction with the
polypeptide. Portions of the GAG that are taking part in the binding interaction with the
polypeptide may be protected from lyase action. After removal of the lyase, e.g. following
a washing step, the GAG molecule that remains bound to the polypeptide represents the
specific binding partner (“GAG ligand”) of the polypeptide. Owing to the lower complexity
of shorter GAG molecules, following dissociation and collection of the GAG ligand, a
higher degree of structural characterisation of the GAG ligand can be expected. For
example, the combination of any of the saccharide sequence (i.e. the primary (linear)
sequence of monosaccharides contained in the GAG ligand), sulfation pattern,
disaccharide and/or tetrasaccharide digestion analysis, NMR spectra, mass spectrometry
spectra and HPLC spectra may provide a high level of structural characterisation of the
GAG ligand.

As used herein, the terms 'enriching’, 'enrichment’, 'enriched’, etc. describes a process (or
state) whereby the relative composition of a mixture is (or has been) altered in such a
way that the fraction of that mixture given by one or more of those entities is increased,
while the fraction of that mixture given by one or more different entities is decreased.
GAGs isolated by enrichment may be pure, i.e. contain substantially only one type of
GAG, or may continue to be a mixture of different types of GAG, the mixture having a
higher proportion of particular GAGs that bind to the heparin-binding domain relative to

the starting mixture.

HS16 preferably exhibits a functional effect when contacted with cells or tissue in which a
protein containing the heparin-binding domain is expressed or contained. The functional
effect may be a modulating or potentiating effect.
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The functional effect may be to promote (stimulate) the proliferation of the cells of a
certain type or the differentiation of one cell type into another, or the expression of one or
more protein markers. For example, HS16 may promote differentiation of stem cells into
specialised cell types (e.g. mesenchymal stem cells into connective tissue).

As used herein, the term 'modulating effect' is understood to mean the effect that a first
entity has on a second entity wherein the second entity's normal function in another
process or processes is modified by the presence of the first entity. The modulating effect
may be either agonistic or antagonistic.

The modulating effect may be a potentiating effect. The term 'potentiating effect' is
understood to mean the effect of increasing potency. In a preferred embodiment of the
present disclosure, the term 'potentiating effect’ refers to the effect that a first entity has
on a second entity, which effect increases the potency of that second entity in another
process or processes. In a further preferred embodiment of the present disclosure, the
potentiating effect is understood to mean the effect of isolated GAGs on a heparin-binding
factor, wherein the said effect increases the potency of said heparin-binding factor.

As used herein, the process of 'contacting' involves the bringing into close physical
proximity of two or more discrete entities. The process of ‘contacting' involves the bringing
into close proximity of two or more discrete entities for a time, and under conditions,
sufficient to allow a portion of those two or more discrete entities to interact on a
molecular level. Preferably, as used herein, the process of ‘contacting' involves the
bringing into close proximity of the mixture of compounds possessing one or more GAGs
and the polypeptide corresponding to the heparin-binding domain of a heparin-binding
factor. Examples of 'contacting' processes include mixing, dissolving, swelling, washing.
In preferred embodiments ‘contact’ of the GAG mixture and polypeptide is sufficient for
complexes, which may be covalent but are preferably non-covalent, to form between
GAGs and polypeptides that exhibit high affinity for each other.

The polypeptide may comprise the full length or near full length primary amino acid
sequence of a selected protein having a heparin-binding domain. Due to folding that may
occur in longer polypeptides leading to possible masking of the heparin-binding domain
from the GAG mixture, it is preferred for the polypeptide to be short. Preferably, the
polypeptide will have an amino acid sequence that includes, or consists of, the heparin-
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binding domain and optionally including one or more amino acids at one or each of the N-
and C- terminals of the peptides. These additional amino acids may enable the addition
of linker or attachment molecules (e.g. a tag such as biotin) to the polypeptide that are
required to attach the polypeptide to the solid support.

In preferred embodiments of the inventors’ methodology, in addition to the number of
amino acids in the heparin-binding domain the polypeptide contains no more than 1-20,
more preferably 1-10, still more preferably 1-5 additional amino acids, e.g. any of 1, 2, 3,
4,5,6,7,8,9,10, 11,12, 13, 14,15, 16, 17, 18, 19 or 20 amino acids at one or both of
the C- and/or N- terminals of the polypeptide. In some embodiments the amino acid
sequence of the heparin-binding domain accounts for at least 80% of the amino acids of
the polypeptide, more preferably one of at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100%. In order to adhere polypeptides to the surface of a solid
support the polypeptides are preferably modified to include a molecular tag, and the
surface of the solid support is modified to incorporate a corresponding molecular probe
having high affinity for the molecular tag, i.e. the molecular tag and probe form a binding
pair. The tag and/or probe may be chosen from any one of: an antibody, a cell receptor,
a ligand, biotin, any fragment or derivative of these structures, any combination of the
foregoing, or any other structure with which a probe can be designed or configured to
bind or otherwise associate with specificity. A preferred binding pair suitable for use as
tag and probe is biotin and avidin.

The polypeptide is derived from the protein of interest, which in the present case is
TGFB1. By “derived from” is meant that the polypeptide is chosen, selected or prepared
because it contains the amino acid sequence of a heparin-binding domain that is present
in the protein of interest. The amino acid sequence of the heparin-binding domain may
be modified from that appearing in the protein of interest, e.g. to investigate the effect of
changes in the heparin-binding domain sequence on GAG binding.

In this specification the protein is TGFB1. The amino acid sequences of the preferred
heparin-binding domain is RKDLGWKWIHEPKGYH (SEQ ID NO:1).

It is understood by those skilled in the art that small variations in the amino acid sequence
of a particular polypeptide may allow the inherent functionality of that portion to be
maintained. It is also understood that the substitution of certain amino acid residues
within a peptide with other amino acid residues that are isosteric and/or isoelectronic may
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either maintain or improve certain properties of the unsubstituted peptide. These
variations are also encompassed within the scope of the present disclosure. For example,
the amino acid alanine may sometimes be substituted for the amino acid glycine (and
vice versa) whilst maintaining one or more of the properties of the peptide. The term
"isosteric' refers to a spatial similarity between two entities. Two examples of moieties that
are isosteric at moderately elevated temperatures are the iso-propyl and tert-butyl groups.
The term 'isoelectronic' refers to an electronic similarity between two entities, an example

being the case where two entities possess a functionality of the same, or similar, pKa.

The polypeptide corresponding to the heparin-binding domain may be synthetic or

recombinant.

The solid support may be any substrate having a surface to which molecules may be
attached, directly or indirectly, through either covalent or non-covalent bonds. The solid
support may include any substrate material that is capable of providing physical support
for the probes that are attached to the surface. It may be a matrix support. The material
is generally capable of enduring conditions related to the attachment of the probes to the
surface and any subsequent treatment, handling, or processing encountered during the
performance of an assay. The materials may be naturally occurring, synthetic, or a
modification of a naturally occurring material. The solid support may be a plastics
material (including polymers such as, e.g., poly(vinyl chloride), cyclo-olefin copolymers,
polyacrylamide, polyacrylate, polyethylene, polypropylene, poly(4-methylbutene),
polystyrene, polymethacrylate, poly(ethylene terephthalate), polytetrafluoroethylene
(PTFE or Teflon®), nylon, poly(vinyl butyrate)), etc., either used by themselves or in
conjunction with other materials. Additional rigid materials may be considered, such as
glass, which includes silica and further includes, for example, glass that is available as
Bioglass. Other materials that may be employed include porous materials, such as, for
example, controlled pore glass beads. Any other materials known in the art that are
capable of having one or more functional groups, such as any of an amino, carboxyl,
thiol, or hydroxyl functional group, for example, incorporated on its surface, are also
contemplated.

Preferred solid supports include columns having a polypeptide immobilized on a surface
of the column. The surface may be a wall of the column, and/or may be provided by
beads packed into the central space of the column.
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The polypeptide may be immobilised on the solid support. Examples of methods of
immobilisation include: adsorption, covalent binding, entrapment and membrane
confinement. In a preferred embodiment of the present disclosure the interaction between
the polypeptide and the matrix is substantially permanent. In a further preferred
embodiment of the present disclosure, the interaction between the peptide and the matrix
is suitably inert to ion-exchange chromatography. In a preferred arrangement, the
polypeptide is attached to the surface of the solid support. It is understood that a person
skilled in the art would have a large array of options to choose from to chemically and/or
physically attach two entities to each other. These options are all encompassed within the
scope of the present disclosure. In a preferred arrangement, the polypeptide is adsorbed
to a solid support through the interaction of biotin with streptavidin. In a representative
example of this arrangement, a molecule of biotin is bonded covalently to the polypeptide,
whereupon the biotin-polypeptide conjugate binds to streptavidin, which in turn has been
covalently bonded to a solid support. In another arrangement, a spacer or linker moiety
may be used to connect the molecule of biotin with the polypeptide, and/or the
streptavidin with the matrix.

By contacting the GAG mixture with the solid support GAG-polypeptide complexes are
allowed to form. These are partitioned from the remainder of the mixture by removing the
remainder of the mixture from the solid support, e.g. by washing the solid support to elute
non-bound materials. Where a column is used as the solid support non-binding
components of the GAG mixture can be eluted from the column leaving the GAG-
polypeptide complexes bound to the column.

It is understood that certain oligosaccharides may interact in a non-specific manner with
the polypeptide. In certain embodiments, oligosaccharide which interacts with the
polypeptide in a non-specific manner may be included in, or excluded from the mixture of
compounds enriched with one or more GAGs that modulate the effect of a heparin-
binding factor. An example of a non-specific interaction is the temporary confinement
within a pocket of a suitably sized and/or shaped molecule. Further it is understood that
these oligosaccharides may elute more slowly than those oligosaccharides that display
no interaction with the peptide at all. Furthermore it is understood that the compounds
that bind non-specifically may not require the input of the same external stimulus to make
them elute as for those compounds that bind in a specific manner (for example through
an ionic interaction). The inventors’ methodology is capable of separating a mixture of
oligosaccharides into those components of that mixture that: bind in a high-affinity
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manner to the polypeptide; those that bind in a low-affinity manner to the polypeptide; and
those that do not bind to the polypeptide. These designations are defined operationally for
each GAG-peptide pair.

By varying the conditions (e.g. salt concentration) present at the surface of the solid
support where binding of the GAG and polypeptide occurs those GAGs having the
highest affinity and/or specificity for the heparin-binding domain can be selected.

GAGs may accordingly be obtained that have a high binding affinity for a protein of
interest and/or the heparin-binding domain of the protein of interest. The binding affinity
(Kg) may be chosen from one of: less than 10uM, less than 1pM, less than 100nM, less
than 10nM, less than 1nM, less than 100pM.

HS16 obtained by the methods described may be useful in a range of applications, in
vitro and/or in vivo. HS16 may be provided for use in stimulation or inhibition of cell or
tissue growth and/or proliferation and/or differentiation either in cell or tissue culture in

vitro, or in cells or tissue in vivo.

HS16 may be provided as a formulation for such purposes. For example, culture media
may be provided comprising HS16.

Cells or tissues obtained from in vitro cell or tissue culture in the presence of HS16 may
be collected and implanted into a human or animal patient in need of treatment. A
method of implantation of cells and/or tissues may therefore be provided, the method
comprising the steps of:

(a) culturing cells and/or tissues in vitro in contact with HS16;

(b) collecting the cells and/or tissues;

(c) implanting the cells and/or tissues into a human or animal subject in need

of treatment.

The cells may be cultured in part (a) in contact with HS16 for a period of time sufficient to
allow growth, proliferation or differentiation of the cells or tissues. For example, the
period of time may be chosen from: at least 5 days, at least 10 days, at least 20 days, at
least 30 days or at least 40 days.

In another embodiment the HS16 may be formulated for use in a method of medical
treatment, including the prevention or treatment of injury or disease. A pharmaceutical
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composition or medicament may be provided comprising HS16 and a pharmaceutically
acceptable diluent, carrier or adjuvant. Such pharmaceutical compositions or
medicaments may be provided for the prevention or treatment of injury or disease. The
use of HS16 in the manufacture of a medicament for the prevention or treatment of injury
or disease is also provided. Optionally, pharmaceutical compositions and medicaments
according to the present disclosure may also contain the protein of interest (i.e. TGFp1)
having the heparin-binding domain to which the GAG binds. In further embodiments the
pharmaceutical compositions and medicaments may further comprise stem cells, e.g.

mesenchymal stem cells.

Prevention or treatment of injury or disease may comprise the strengthening, repair,
regeneration or replacement of cells or tissue, such as connective tissue (e.g. bone,
cartilage, muscle, fat, tendon, ligament), including skin. For the repair of tissue, the
pharmaceutical composition or medicament comprising HS16 may be administered
directly to the site of injury or disease in order to stimulate the growth, proliferation and/or
differentiation of new tissue to effect a repair of the injury or to cure or alleviate (e.g.
provide relief to the symptoms of) the disease condition. The repair or regeneration of the
tissue may be improved by combining stem cells in the pharmaceutical composition or

medicament.

Some uses may involve application of HS16 to the skin as part of the repair or
rejuvenation of skin. This may be a therapeutic and/or cosmetic application, involving
repair and/or rejuvenation of the skin barrier, and/or improvement of appearance of the
skin. For example, HS16 may be applied to the skin in order to repair, rejuvenate and/or
improve the appearance of burns or other scarring.

For the replacement of tissue, HS16 may be contacted with cells and/or tissue during in
vitro culture of the cells and/or tissue in order to generate cells and/or tissue for
implantation at the site of injury or disease in the patient. Implantation of cells or tissue
can be used to effect a repair of the injured or diseased tissue in the patient by
replacement of the injured or diseased tissue. This may involve excision of
injured/diseased tissue and implantation of new tissue prepared by culture of cells and/or
tissue in contact with HS16.

Pharmaceutical and cosmetic compositions and medicaments according to the present
disclosure may therefore comprise one of:
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(a) HS16;

(b) HS16 in combination with stem cells;

(c) HS16 in combination with a protein containing the heparin-binding domain bound
by HS16 (e.g. RKDLGWKWIHEPKGYH);

(d) HS16 in combination with stem cells and a protein containing the heparin-binding
domain bound by HS16 (e.g. RKDLGWKW IHEPKGYH);

(e) Tissues or cells obtained from culture of cells or tissues in contact with HS16.

HS16 may be used in the repair or regeneration of bodily tissue, especially connective
tissue. Accordingly, HS16 may be used to prevent or treat a wide range of diseases and

injuries in/to connective tissue.

The use of HS16 in the repair, regeneration or replacement of tissue may involve use in
wound healing, e.g. acceleration of wound healing, healing of scar or bone tissue and
tissue grafting.

In some aspects the disclosure relates to a cosmetic treatment comprising the
administration of HS16. “Cosmetic” as used herein is non-therapeutic. The cosmetic
treatment may be used to improve the appearance and/or texture of the skin.

In some aspects the disclosure relates to a method of cosmetic treatment comprising the
administration of a HS16. As used herein the term “cosmetic method” does not include a
method for treatment of the human or animal body by surgery or therapy, or a diagnostic
method practised on the human or animal body according to Article 53(c) EPC. In
cosmetic methods the subject does not require therapeutic administration of HS16.

The disclosure also provides a cosmetic composition comprising HS16. The composition
may be used to improve the appearance of the skin. Cosmetic compositions may be
formulated similarly to pharmaceutical compositions, as described below. A cosmetically
effective amount of a HS16 may be administered to the subject. That is, an amount of
HS16 effective to induce a cosmetic benefit. This is within the sound judgement of a
relevant practitioner, who will appreciate that the appropriate dosages of the active
compound or a composition containing the active compound can vary from subject to

subject.
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In another aspect, the present disclosure provides a biological scaffold comprising HS16.
In some embodiments, the biological scaffolds of the present disclosure may be used in
orthopaedic, vascular, prosthetic, skin and corneal applications. The biological scaffolds
provided by the present disclosure include extended-release drug delivery devices, tissue
valves, tissue valve leaflets, drug-eluting stents, vascular grafts, wound healing or skin
grafts and orthopaedic prostheses such as bone, ligament, tendon, and cartilage.

In another aspect of the present disclosure a kit is provided for use in the repair, or
regeneration of tissue, said kit comprising (i) a predetermined amount of HS16, and (ii) a
predetermined amount of TGFB1.

HS16 can be administered to a subject as a pharmaceutically acceptable salt thereof. For
example, base salts of the compounds of the enriched mixtures of the present disclosure
include, but are not limited to, those formed with pharmaceutically acceptable cations,
such as sodium, potassium, lithium, calcium, magnesium, ammonium and
alkylammonium. The present disclosure includes within its scope cationic salts, for
example the sodium or potassium salts.

It will be appreciated that the compounds of the present disclosure which bear a
carboxylic acid group may be delivered in the form of an administrable prodrug, wherein
the acid moiety is esterified (to have the form —CO2R'). The term "pro-drug" specifically
relates to the conversion of the —OR' group to a —OH group, or carboxylate anion
therefrom, in vivo. Accordingly, the prodrugs of the present disclosure may act to
enhance drug adsorption and/or drug delivery into cells. The in vivo conversion of the
prodrug may be facilitated either by cellular enzymes such as lipases and esterases or by
chemical cleavage such as in vivo ester hydrolysis.

Medicaments and pharmaceutical and cosmetic compositions according to aspects of the
present disclosure may be formulated for administration by a number of routes, including
but not limited to, injection at the site of disease or injury. The medicaments and
compositions may be formulated in fluid or solid form. Fluid formulations may be
formulated for administration by injection to a selected region of the human or animal
body.

Administration may be in a "therapeutically effective amount”, this being sufficient to show
benefit to the individual. The actual amount administered, and rate and time-course of
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administration, will depend on the nature and severity of the injury or disease being
treated. Prescription of treatment, e.g. decisions on dosage etc, is within the
responsibility of general practitioners and other medical doctors, and typically takes
account of the disorder to be treated, the condition of the individual patient, the site of
delivery, the method of administration and other factors known to practitioners.

Examples of the techniques and protocols mentioned above can be found in Remington’s
Pharmaceutical Sciences, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins.

Stem cells
Cells contacted with HS16 include stem cells.

HS16 may be used in the proliferation and/or differentiation of stem cells, and/or the

lineage-commitment of stem cells.

The stem cells cultured and described herein may be stem cells of any kind. They may
be totipotent, pluripotent or multipotent. They may be embryonic or adult stem cells from
any tissue and may be hematopoietic stem cells, neural stem cells or mesenchymal stem

cells. Preferably they are adult stem cells.

In this specification, by stem cell is meant any cell type that has the ability to divide (i.e.
self-renew) and remain totipotent, pluripotent or multipotent and give rise to specialized
cells.

Stem cells cultured in the present disclosure may be obtained or derived from existing
cultures or directly from any adult, embryonic or fetal tissue, including blood, bone
marrow, skin, epithelia or umbilical cord (a tissue that is normally discarded).

The multipotency of stem cells may be determined by use of suitable assays. Such
assays may comprise detecting one or more markers of pluripotency, e.g. alkaline
phosphatase activity, detection of RUNX2, osterix, collagen |, Il, IV, VII, X, osteopontin,
osteocalcin, BSPIl, aggrecan, ALBP, CCAAT/enhancer binding

protein-a (C/EBPa), adipocyte lipid-binding protein (ALBP), alkaline phosphatase (ALP),
bone sialoprotein 2, (BSPIl), Collagen2a1 (COL2A1) and SOX9.
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In some preferred embodiments the stem cells are mesenchymal stem cells (MSCs), e.g.
capable of differentiation into connective tissue and/or bone cells such as chondrocytes,
osteoblasts, myocytes and adipocytes.

Mesenchymal stem cells are easily obtainable from bone marrow by minimally invasive
techniques and can be expanded in culture and permitted to differentiate into the desired
lineage. Differentiation can be induced by the application of specific growth factors. The
transforming growth factor beta (TGF-beta) superfamily member proteins such as the
bone morphogenetic proteins (BMPs) are important factors of chondrogenic and
osteogenic differentiation of mesenchymal stem cells.

Mesenchymal stem cells can be isolated and detected using selective markers, such as
STRO-I, from a CD34+ fraction indicating their potential for marrow repopulation. These
cell surface markers are only found on the cell surface of mesenchymal stem cells and
are an indication of the cell’'s multipotency.

Suitable mesenchymal stem cells may be obtained or derived from bone marrow
mononuclear cells (BMMNCs) collected from aspirates of bone marrow (e.g. Wexler et al.
Adult bone marrow is a rich source of human mesenchymal 'stem' cells but umbilical cord
and mobilized adult blood are not. HAEMOPOIESIS AND LEUCOCYTES British Journal
of Haematology 121(2):368-374, April 2003.) or Wharton'’s Jelly of the umbilical cord (e.g.
Ta et al. Long-term Expansion and Pluripotent Marker Array Analysis of Wharton’s Jelly-
Derived Mesenchymal Stem Cells. Stem Cells Dev. 2009 July 20 (Epub)).

Mesenchymal stem cells may be obtained by differentiation of pluripotent stem cells, such
as human embryonic stem cells or induced pluripotent stem cells, by application of
suitable differentiating factors, as is well known in the art.

Mesenchymal stem cells are multipotent progenitor cells with the ability to generate
components of cartilage, bone, muscle, tendon, ligament, and fat. These primitive
progenitors exist postnatally and exhibit stem cell characteristics, namely low incidence
and extensive renewal potential. These properties in combination with their
developmental plasticity have generated tremendous interest in their potential use to
replace damaged tissues. In essence these stem cells could be cultured to expand their
numbers then transplanted to the injured site or after seeding in/on scaffolds to generate
appropriate tissue constructs.
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Thus, an alternative approach for skeletal, muscular, tendon, ligament and blood
repair/regeneration is the selection, expansion and modulation of the appropriate
progenitor cells (e.g. mesenchymal stem cells, chondrocytes) in combination with a
conductive or inductive scaffold to support and guide regeneration together with judicious
selection of specific tissue growth factors.

The stem cells may be obtained from any animal or human, e.g. non-human animals, e.g.
rabbit, guinea pig, rat, mouse or other rodent (including cells from any animal in the order
Rodentia), cat, dog, pig, sheep, goat, cattle, horse, non-human primate or other non-
human vertebrate organism; and/or non-human mammalian animals; and/or human.
Preferably they are human. Optionally they are non-human. Optionally they are non-
embryonic stem cells. Optionally they are not totipotent.

In yet a further aspect of the present disclosure, a pharmaceutical composition
comprising stem cells or other cells generated by any of the methods of the present
disclosure, or fragments or products thereof, is provided. The pharmaceutical composition
may be useful in a method of medical treatment. Suitable pharmaceutical compositions
may further comprise a pharmaceutically acceptable carrier, adjuvant or diluent.

In another aspect of the present disclosure, stem cells or other cells generated by any of
the methods of the present disclosure may be used in a method of medical treatment,
preferably, a method of medical treatment is provided comprising administering to an
individual in need of treatment a therapeutically effective amount of said medicament or

pharmaceutical composition.

Stem cells and other cells obtained through culture methods and techniques according to
this disclosure may be used to differentiate into another cell type for use in a method of
medical treatment. Thus, the differentiated cell type may be derived from, and may be
considered as a product of, a stem cell obtained by the culture methods and techniques
described which has subsequently been permitted to differentiate. Pharmaceutical
compositions may be provided comprising such differentiated cells, optionally together
with a pharmaceutically acceptable carrier, adjuvant or diluent. Such pharmaceutical
composition may be useful in a method of medical treatment.

Mesenchymal Stem Cells
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Mesenchymal stem cells (MSCs) were originally isolated from the bone marrow and are
present as only 1 in 104—105 total bone marrow mononuclear cells (BMMNC)
(Friedenstein et al. 1966). These cells are capable of producing colonies derived from
single cell precursors, dubbed the CFU-F (colony forming unit fibroblast) population.
MSCs have now been identified in many other tissues including adipose tissue (Gimble
and Guilak 2003; Zuk et al. 2001), umbilical cord blood (Bieback et al. 2004; Erices et al.
2000; Goodwin et al. 2001; Kogler et al. 2004; Wagner et al. 2005) and muscle (Jiang et
al. 2002).

The minimal criteria for multipotent human mesenchymal stromal cells (MSC) has been
set out by the International Society for Cellular Therapy (Dominici et al Cytotherapy
(2006) Vol.8, No.4, 315-317). They propose three criteria to define human MSC:
adherence to plastic, specific surface antigen expression and multipotent differentiation
potential. In particular they stated that “First, MSCs must be plastic-adherent when
maintained in standard culture conditions using tissue culture flasks,. Second, 295% of
the MSC population must express CD105, CD73 and CD90, as measured by flow
cytometry. Additionally, these cells must lack expression (2% positive) of CD45, CD34,
CD14 or CD11b, CD79a or CD19 and HLA class Il (HLA-DR). Third, the cells must be
able to differentiate to osteoblasts, adipocytes and chondroblasts under standard in vitro

differentiating conditions.”

Dominici et al also stated that the biologic property that most uniquely identifies MSC is
their capacity for trilineage mesenchymal differentaion into osteoblasts, adipocytes and
chondroblasts using standard in vitro tissue culture-differentiating conditions. They
confirmed that differentiation to osteoblasts can be demonstrated by staining with Alizarin
red or von Kossa staining, adipocyte differentiation can most readily be demonstrated by
staining with Oil red O and chondroblast differentiation can be demonstrated by staining
with Alcian blue or immunohistochemical staining for collage type |l. Dominici et al state
that kits for such assays are commercially available and that demonstrating differentiation
should be feasible for all investigators.

Dominici et al also recognise that novel surface markers may be identified in the future
that could also be used to define human MSCs. Three such markers are now known:
CD49a, SSEA-4 and STRO-1.
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Rider et al reported that CD49a+ clones have enhanced expression of CD90 and CD105
compared to unsorted cells and demonstrated that CD49a+ clones readily underwent
multilineage differentiation into fat, bone and cartilage compared to unsorted cells,
supporting the use of alpha-1 integrin (CD49a) selection for the enrichment of
mesenchymal stem cells and provided a strategy for selecting the most multipotent cells
from a heterogenous pool of bone marrow mononuclear stem cells (Rider et al. J.Mol.
Hist (2007) 38:449-458). Rider et al also report that CFU-F cells are associated with the
expression of CD49a, that CD49a expressing CFU-F cells also co-express STRO-1, and
CD49a can be used to isolate MSCs from rats and mice in addition to humans indicating
that it may be conserved marker for enrichment.

Gang et al report that the stage specific embryonic antigen SSEA-4, commonly used as a
marker for undifferentiated pluripotent human embryonic stem cells and cleavage to
blastocyst stage embryos also identifies the adult human mesenchymal stem cell
population and can be used to isolate MSCs (Gang et al., Blood 2007; 109:1743-1751).
Gang et al also describe the use of a monoclonal antibody that binds the surface marker
STRO-1 in the enrichment of clonogenic stromal cells (CFU-F) — so-called STRO-1+0rioM,

Glycosaminoglycans

As used herein, the terms 'glycosaminoglycan' and 'GAG' are used interchangeably and
are understood to refer to the large collection of molecules comprising an
oligosaccharide, wherein one or more of those conjoined saccharides possess an amino
substituent, or a derivative thereof. Examples of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>