1 Heparan Sul phates Field of the Invention The present invention relates to
heparan sul phates isolated frommale murine liver and female nmurine |iver.
Backgr oungtot201vdaessh nvent i on Hepar an sul fate proteogl ycamrctldgRém)oosiss uct ur e
consists of a core protein to which 10one or nore |inear glycosam noglycans
(GAGs) chains are attached at specificqyserine- glycine residues. Heparan
sul fates (HSs) have conplex sulfated domain structures, which are initially
synt hesi zed as non-sul fated pol ysaccharides of D-glucuronic

aci d-N-acetyl - Dgl ucosam ne (G cA&gardi'Shiphgegats (1-4). Concurrent with

pol yneri zation of the HS chain, a series of enzymatic nodifications occur
that generate the diverse sul phat ed 15domeins at intervals along a grow ng
chai n. Thp.em)ar-memem.andrl ven diversity of HS structure thus is able to
give rise_to a wi.de ran bi o on udi es have
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t 0 m&t ogefenaleamuring ltvgr. happens only when specific structural features are
present 20within the HS chain (5). Such features include sulfation at
specific positions within a disaccharide; 6-0 sul phated, N-sulfated

gl ucosam Backgrdurd ® thellfivanéioni dur oni ¢ aci d residues are particularly

i nportant, and m ni mum bi ndi ng sequences are generally at |east 5-6

di saccharides in length (6-8). The precise structures of HS that are
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exanple, differing co appear .to _change the way that
hepari n/ I—Sﬂtf@’fﬁ%ﬂb‘él'ﬁa%ﬁ’ ORive fegde ér"%des'&[i%e efdiqlpgicatfypetiot®er t their mitogenic
and di fferentl ative effects within devel opi ng t| ssues (10). 2 rat bone
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f or mat i ongi¢ibg yise formitogesiatactivity happens only when specific structural features are present
20 within the HS chain (5). Such features include sulfation at specific positions within a
disaccharide; 6-O sulphated, N-sulfated glucosamine and 2-O sulfated iduronic acid
residues are particularly important, and minimum binding sequences are generally at
least 5_—6 disaccharides in length (6-8). The precise stbru'ctures of HS that are involved in
these interactions have remained elusive. Knowledge of the variations in composition a'nd -

25 organization of HS from different cells and tissues is bécoming increasingly essential as
-attempts are made to elucidate the relationship between HS structure and function. Each '
tissue type bears a unique complement of HS structures that may also vary atdifferent
stages of tissue development (4,9). It is clear that particular heparan suI‘phate structures.

, are expressed in different tlssue types and at different time during development and

30 these different structures are selectlvely recognlzed by heparan sulphate blndlng
proteins; thus for example, differing complements of HS appear to change the way that
heparin/HS-dependent growth factors such as the FGFs exert their mitogenic anc{ -

differentiative effects within developing_tiSsues (10). .

35 Our“group has previously shown that HS plays a role in osteogenic ‘differ'entiation ofa
preosteoblast MC3T3 cells (11), furthermore, exogenous application of HS to cultures of



years human nesenchynmal stern cells (hMSC) have been denonstrated to be an
alternative cell source for tissue engineering applications. These cells
are easy wosaléadee 5and can be hi ghly expanded by vari @g3/SG2e®mweodsul t ur e
techni ques. These cells are differentiated into a variety of .nmesenchynal

ti ssues (13), such as osteoblasts (14,45), adipocytes (16), myocytes,
astrocytes and neurons (17,18). Recently gender specific HS were purified
frommurine tissues and showed that the 10di sacchari de conposition of HS
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mesenchymnal ut th Ition of exogenous growh
factors. MPORMBSHAR). myesyteshastiocytes ardpeisens (A7.d8) f erati on of . hMSCs in
culture in a dose dependent manner. 25MML HS and FM. HS have al so been
shown to, separately and indivi dual ldygq exhi.bit strong facilitation of
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This is reflected by differences in the effect of M. HS and FML HS on
proliferation of hMSC during culture in growh and osetoegenic nedia. 3 In
growt h nmegtmmarypf thadnweitiendependent |y i ncreases the cell nunber of hMsC,

w t hyst he hi ghest cell nurrber bei ng obtai ned with the highest concentration
of HS tested (12.5 ‘9 ver, FM. HS at | ower once tration (152
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HS) and female mouse liver heparan sulphate (FML HS).

20 MML HS and FML HS have separately and individually been demonstrated to exhibit
strong growth effects on human mesenchymal stem cells (hMSCs), without the addition of
-exogenous growth factors. MML HS has been shown to increase proliferation of h(MSCs

in culture in a dose dependent manner.

~ 25 - MML HS and FML HS have also beenr shown to, sepérately and individ'ually, exhibit
strong facilitation of differentiation of human mesenchymal stem cells towards the
osteogenic lineage, promoting osfeo_genic differentiation and mafrix mineralisation of
human mesenchymal siem cells in a dose dependent manner and without the addition of
exogenous growth factors. o

30 ' | . :

MML HS and FML HS have been shown to be structurally different in terms of both gross .

.and fine structure. This is reﬂected by differences in the effect of MML HS and FML HS o

Von proliferation of hMSC during culture in growth and osetogenlc medla o )



In osteogenic nmedium MWL HS at | ower concentration (312 ng/m) was found
to lead to 10the highest increase in cellnunber, whilst FM. HS at the

hi ghest owocentmadsion tested (12.5 pg/ m) yielded the | acgsskoionesLase in
cell number. The inventors' results clearly show that MML HS and FM. HS
each (individually) increase hMSC ninegalizationin a dose dependent
manner, although MML HS at | ower 15concentrati ons was found to |l ead to an
equi valent increase in nineralization as t hat achi eved ‘with higher

concent r afy g?&?th‘?rf\etd: v, I\hﬁL H&CdoRE @ewdﬁntlﬁlh&ehﬁé%ﬁ &-:‘llsnuhﬂ)e%ﬁiww vhllﬁat .
exogenous applicati on. of murine |iver aran su ncr e
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t hose takggnmiyr om conventional culture techniques. Thus, nurine |iver
derived heparan sul phates offer a novel means for decr easi ng the expansion

ti me necessary for obtaining |'arge nunbers of mutipotent adult stemcells
for tSher apewever, AMieH@iat looset cdriventealidn (152mgshl) ere fprend trslegd tovdt greditect or s t hat
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sul phat e rovi rovi in1solated or

subst ant i €li215ugsub i f| ed form This may conprise providing a conposition in
whi ch the heparan sul phate conponent is at |east 80% MVL HS, nore - ,
preferably one of at |east 85% 90% 95% 96% 97% 98%  99% or 100% 30MWVL
HS pref eré‘tﬂ%ﬁoﬁﬁ'ﬁc RegiyrTy. MMLoHS 3 Ioet sneentealen {312 gl s foynd tolsed oy s

has:10 4 (ihpthighebt nliddéafs%tm 661 imbee twimstFVb BB at (Ha%ighest cnoeritrafiéi¥tesad/ or
(ii)total en _abaut 44% and about 52% and/ or

| f
(iii)N supgﬁﬁj%'ﬁ f‘)%ggvﬁeléwevﬁgﬂ?asf@/c%{hﬂ‘%éut 22% and/ or

(iv)6-0-sulfation of between about 22% and about 30%, and/or-
~ The inventors’ results clearly show that MML HS and FML HS each (|nd|V|duaIly) increase
hMSC mineralization in a dose dependent manner, although MML HS at lower
15 concentrations was found to lead to an equivalent i increase in mineralization as that

achieved with higher concentrations of FML HS.

Accordingly, the inventors have shown that exogenous application of murine liver
-heparan sulfate can increase the growth of mesenchymal stem cells from a bone marrow -
20 asplrate above those taken from conventlonal culture techniques. Thus, murine liver
derived heparan sulphates offer a novel means for decreasing the expansion time
necessary for obtaining large numbers of mutipofent adult etem cells for therapeutic use

Without the addition of exogenous growth factors that compromise stem cell fate.

25 In one aspect of the present invention heparan sulphete MML HS is provided. MML HS
may be provided in isolated or substantially purified form. This may comprise providing a
composition in which the heparan sujphate component is at least 80% MML HS, more

- preferably one of at least 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%.

30 MML HS preferably has N-sulfation of between about 14% and about 22%.

‘MML HS has:



5(v) 2-0-sul fati on of between about 18% and about 26% In sone preferred
enbodi nents MML HS has: (i) total sulfation of about 65% or about 66%
and/ or (iwD 20obmbsed- sul fati On of about 47% about 48% owrcasceudioh6sse and/ or
10(iii)N-sul fation of about 17% about 18% or about 19% and/or
(iv)6-0-sul fation of about 25% about £26% or about 27% and/or .
(v)2-0-sul fation of about 21% about 22% or about 23% - MW HS has an
N-unsubstituted di saccharide content of between about 53% and about 1561%
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fractions of different nol ecul ar wei %St foll owed by sel ection of the major
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MML HS has an N-unsubstituted disaccharide content of between about 53% and about
15 61%. In some preferred embodiments MML HS hés an N-unsubstituted disaccharide
content of about 56%, about 57% or about 58%.

MML HS has a disaccharide composition that is within £ 10% of the values shown for
each disaccharide in the Male Liver HS column in Table 2. In some preferred
20 embodiments MML HS has a disaccharide composition within + 5% of the values shown

~ for each disaccharide in the Male Liver HS column in Table 2.

MML HS is obtainable by a method comprising conducting size exclusion
chromatography on a male mouse liver heparan sulphate preparation to identify heparan
25 sulphate fractions of different molecular welght followed by selection of the major. h|gh

-molecular weight fraction.

‘MML HS is provided for use in a method of medical treatment, for example use in the

treatment of bone fracture.

30
Compositions comprising MML HS are provided. In some embodiments the composition '
- is a pharmaceutical composition or medicament oomprising MML HS, optionally in
comblnatlon with a pharmaceutlcally acceptable diluent, adjuvant-or carrler ' _ '
“Pharmaceutical compositions or medicaments accordlng to the present lnventlon may
35  comprise MML HS together wnth a therapeutically effectlve amount of mesenchymal stem ‘

cells. The pharmaceutical compositions or medlcaments may be provided for use in a



cells. The pharmaceutical conpositions or medi canents may be provided for
use in a 5 nmethod of nedical treatnent, for exanple use in the treatnent
of bone fweeburmaseThe use of MML HS in the manufacture etracredioc@sent for
the treatment of bone fracture is also provided. A nethod of treating a
bone fracture in a patient is also proyided, the method conprising .

adm ni stration of a therapeutically effectlve amount of MML HS to the
patient.- The method may conprise administering MML HS to the tissue
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adm ni st epredidedy t he ti ssue surrounding The fracture, at the same site
to which the MML HS is.adninistered. Another nethod of treatlng a bone
fracture in a patient is also provided, the nethod conprising surgically
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cells, I IS
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met hod rraiPrmH%T‘Q/@eSH%Pgé%*%% the rate of proliferation of the cells or
tlssue as corrpared with culture of the cells or tissue |n the absence of
nar. mal | |on of MML HS
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Culture media comprising MML HS is also provided as weII._as the use of MML HS in cell
culture in vitro. A method of culturing cells in vitro comprising the step of adding MML -
HS to cells in in vitro culture, preferably such that theiM_ML HS comes into contact with

25 the cells, is also provided. -

The use of MML HS in the culture and/or growth of stem cells, bone cells, bone precursor
cells or bone tissue in Vitro is provided. Accordingly, a method for the culture and/or
, growth of stem cells; bone cells, bone precursor cells or bone tissue in vitro ié_ provided,
30 the method comprising ad'ministering MML HS to the cellsftissue in culture such that the
'MML HS is allowed to contact the cells/tissue. The rﬁethod may involve increasing the
rate of proliferation of the cells or tissue as compared' with culture of the cells or tissue in
. the ébsence of MML HS. Administration of MML HS will normaIIy involve addition of MML
" HS to the cuIture ie. mtroducnng an amount of MML HS to the culture that is effectlve to l
35 increase the growth and/or prollferatlon of the cells/tlssue '



A nmet hod of pronoting osteogenesis is also provided, the nethod conprising
adm ni stering MML HS to bone precursor cells or bone stemcells. The nethod
may, i nvoleeoprmeessti ng or facilitating the differentiatipomsshooebdssoi nt o
bone precursor cells or bone cells or bone tissue. The process of

ost eogenesi s may be nonitored by folloging the expression of osteogenic

mar ker proteins such as Al kaline Phosphatase, Bone Sialoprotein 2,

Ost eopontin and/ or Runx2. Additionally or alternatively, the process of,
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culturing nmesenchymal stemcells is provided, the nethod conprising:
cul turi ngarﬁé%eéﬁEWFPéf stehe&#litel Is in contact with MM HS. Product s
cont ai ni ng therapeutl caI I y effective amounts of: (i) MM HS; and (i |)
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provi d| ng a conpositi eparan su conponent 1s at | east
80% FML HS, nor eofpimer gffigigny fos gaid eplisde fCPFQ'dEJL"e%%e gyhope pEoYrsogR]ls; 079, 98%

99% or 100%;i)S wat{ﬁ,gmaﬁj‘wngb,gyum%ohgg,lék;u,gg,l@msof bet ween about 57% and

about 66%
- (i) |mplant|ng said bone tissue or bone precursor cells into the body of the patient.

at a site of injury or disease to repair, replace or regenerate bone tissue in the -

25 patient.

Bone tissue or bone precursor cells obtained by in vitro culture of mesenchymal stem

cells in the presence of MML HS is also provided.

30 Additionally, a method of éulturing mesenchymal stem cells is provided, the method
comprising culturing mesenchymal stem cells in contact with MML HS.

Products containing therapgutically effective amounts of: (i) MML HS; and (ii)
~ mesenchymal stem cells, for simultaneous, separate or sequential use in a method of . -

35 medical treatment are also provided. -



FML HS has: (i)total sulfation of between about 80% and about 90% and/or
10(ii)total O-sulfation of between about 19% and about 27% and/or (iii)
N- sul f at iwo,20f1/dseteneen about 57% and about 66% and/ or @CT)SGEe10A8MBY ati on
of between about 8% and about 16% and/or (v) 2-0-sul fation of between
about 7% and about 15% 15In sone preferred enbodi nents FML HS has: (i)
total - sul fati on of about 84% about 85% or about 86% and/or (ii) total
O-sul fation of about. 22% "about 23% or about 24% and/or (iii) N-sulfation

of about /OSotePasPectIthe BogH: iddifiodepiratsuBRife FMLA4DIs frbvidedd-FlMS Ul fat i on
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or about %%%"&ﬁpr%%}laig songo?j?tg%%%%%%’i g%%b%ﬁrr/ﬁgggi@‘i’?gr/f’? Qf&?}gj%\r/\n }lz'n 10% of
t he wal ues shown for each disaccharide in the Female Liver HS colum in

Tabl e 2 kb SRR ARAN TR Mo S0 8% St seChar i de

conposi tion of t al ues shown for each disaccharide in the
Femal e Liver HS colum in Table 2. FM. HS is obtainable by a method
conpri si ngmedyyst | ng si ze excl usi on chromat ography on a fenmal e nouse |iver
heparan sul phate preparation to identify heparan sul phate fractions of

p p) P Y g O%f_agﬂ

di fferent mé ecufeid! SHERIGROT PIVERRRRPUSOB ENEePPBROGF 21K maj or | ow ol ecul ar
wei giot f raction. totél d=8difatih dfdefwerviatoat 1008 antssbout2 @ raridiedd of nedi cal

treatnent, for e le u in_the treatnment of ne fracture. Conpositions
conpri si ng Igﬁh_ Héﬁsﬁatm&%g?‘a’&a? aﬁ%utth‘%Earﬁgr%g%iis ﬁtagfj/ff)he conposition
(iv) 6-O-sulfation of between about 8% and about 16%; and/or ,
) 2-O-sulfation of between about 7% and about 15%.

15 In some preferred embodiments FML HS has: o
(i) total sulfation of about 84%, about 85% or about 86%; and/or
(i)  total O-sulfation of about 22%, about 23% or about 24%; and/or
(iii) N-sulfation of about 60%; about 61%, about 62% or about 63%; and/or -
(iv) 6-O-sulfation of about 11%, about 12% or about 1 3%; and/or
20 ) 2-O-sulfation of about 10%, about 11% or about 12%.

FML HS has an N-unsubstituted disaccharide contenf of between about 26% and about
34%. In some preferred embodiments FML HS has an N-unsubstituted disaccharide
content of about 29%, about 30% or about 31%

25
FML HS has a disaccharide composition that is within i 10% of the values s‘howni fbr
each disaccharide in the Female Liver HS column in Table 2. In some preferred
- embodiments FML HS has a disaccharide‘ combosition within + 5% of the values shown
for each disaccharide in the Female Liver HS column in Table 2.
30

FML HS is obtainable by a method comprising vcondu‘cting size exclusion chromatography
on a female mouse live heparan squhate preparation to identify heparan sulphate
fractions of different molecular weight followed by selection of the major low molecular
weight fraction. " A '
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5i s a pharmaceutical conposition or nedicament conprising FM. HS,
optionally in conmbination with a pharmaceutically acceptable diluent,

adj uvant wo 0mraR®n. Phar maceutical conpositions or nedipcarsent®/oaccor di ng
to the present invention nmay conprise FM. HS together with a

t herapeutically effective anount of negenchynal stemcells. The :
pharmaceutical conpositions or nedicaments may be provided for use in a 10
met hod of medical treatment, for exanple use in the treatnment of bone
fracture. Fllne4SIS rovidet¥br S5 & ntehﬁ;draaméﬁaalttwaﬁnaft for eRHprAusRNA tHeor t he
treat nent  of bom? fraf éire is also provided. A met hod of treating a bone
fracture FRRDeptaiibaRg MdUg| o provi ded, the method conpri sing

15admi ni stratl on of a therapeutically effecti ve anount of FML HS to the

patient. dm ni ter t i e
surroundi n %P?T?t chfnﬁys' govgv'ﬂ[(':_ﬁengprov' e Feéo?rge %%?Jgﬁe'g?thﬁ%ﬁnﬁgéﬁo the
tissfe suisraphaghacputita cémpasitioner mEHeamemtmmpnayg FMLtHE: optianatly inse -

adni ni St etdtindfRA M DIRBm SR AP bl@olicldiEeRLdfaht orlieh_MaY al so be
adni ni stere tothetlssue surro ﬁ ?racture e.g. at the same site
to which Ph@n@e@n@ammpgs'mﬁQﬁmdaa@entsmmrﬁ@@ toibe meRpentinyengen "3y a bone

fracture pdmgtisB@MLEAS tdgatal ffh B'ilféf‘é&@ﬁcally BRedIRE Bﬁduﬁ%ﬁfebéﬁoﬂﬁmﬁllﬁé]h cally
i mpl ant i nge a bioconpatible inplant or grost hesi's, which gg)rl ant or

pr ost hesi Se8oHisrRNegRaceutical pepRgsitions ggeHfAMeRNS maj pg Prqvided Loryse inp, pati ent
at o1 25smethod deinegicii@atineng f@fexéﬁ@@tusémthétrbamtrpmdnblﬁecmra)rrams@r

h | d ded hod
01 1 or m ndf Ao DA ST R LB e todrheR Bo BB (T

met hod contpmded ng the step of coating or inpregnating a b| omaterial with
FM. HS. 30 Culture nedia conprising FML HS is al so provided as well as the
use of FML HS.in cell culture in vitro. A method of culturing cells in

vi t ro. conpmeshaskpf trrating: abenerfragiyr ing mEtentisalse prawided, the mefodicomprising t ur e,

pr efgr abl adrﬁ.HﬁhatHﬂa;fa&f#@aﬁuhcdﬂﬁeﬁaaﬁéamehmdwmaf@étovthé BatidAe BRI s, is also
provi ded. use of FM ure and/ or L&rowth f ste ells,

Done. ool | ethas iy spaplse gimstenas BYILEHo e tds o e s Eckio o
Accor di ngingy inglug@irjetion of FNIESasl tHeltissuesiifoandigg thetffactfe. Shemeumblrsay bone

cells, bo ecur.sor . ce bon y Vit ro.i de he mnet hod
corpr | st o eAPLEEPIriG oS meSP i Ryma I e e b BORY %o ®  ha

t he FM. HS8imigisterdcotartine tissue surraunting e frasture,/a.§. s the. saifiessiterta Which they i nvol ve

i ncrasi ngut a8 oliferation of the cells or tissue as conpared
wtr@culturem%flggﬁ m?sft ‘55 or tissue in the absence of FM. HS.

Admi ni stration of FNL HS will normally involve addition of FML HS to the

cul ture, Ancﬁher'nﬁ'@tﬁcmjéf(il'e@ﬁhgaé\bmtur@fn J:Mtlehﬁs b@otphﬁldéwt'hé' hitidaat is
effective to jncrease t feratlono ecells/tlssue

10 A net hWRSF'”EPHW«'ﬁaf'hG‘ 'B%aé?f?é%meatlb 'H]p L RIGT RS Wthl‘f ARy

conpri si ngoadesmcmﬁmses\g bfdiatdrial ared 1D eISp mectissae bf the phtendat done stemcells.
The JEet hosurroude es‘te op{rom)tl ng or facilitating the differentiation of

cel IS i nt©o bone %recursor ceFI s or bone cells or bone tissue. The process
of osteogenesis may be nonitored by foll owi ng 15t he expression: of

ost eogeni _ i al oprotein
2, Cbteopgr?'[s?é{lﬁggg' mp%ﬂ Zébﬁlgbcf?é? or%Jf%}‘l %%Idang%?@r"%g(?lp@é F%qggﬁ§cprocess of
ost eogeneRPYdeshyA pethog|of fﬂn@tﬂ'gwﬂ?ﬁ?mpﬁﬂhﬁ leplani €r RicRBPSs Issaé'-’tq RSRVigs

cul tured hifhsBomprisihg tRY stebaF Bddiitlg 6f infpfddnating & bidMatdribfwith FMiapsn red S or
von Kossa stains. |In sone enbodi nents the bone precursor cells or bone stem
celI'S are contacted with FM. HS in vitro. In other 20enbodi nents the bone
precur sor Caltthrd Mmedia compasing EML ¢ ik 3isa pRovitiedag Gicll As thd isefdVEMUESHS in cell

culture in vitro. A method of culturing cells in vitro comprising the step of adding FML HS
to cells in in vitro culture, preferably such that the FML HS comes into contact with the
cells, is also provided. :

35



vivo, and the method may thereby formpart of a nethod of treatnent of a
patient, e.g. treatnent of bone fracture in a patient. Adm nistration of
FML HS t owoeblieessiorder to pronote osetogenesis w |l necwsicGkyioonesd ve
addition of FML HS to the cells, i.e. introducing an anount of FML HS to
the cells that is effective to pronotegosteogenesis of 25the cells. In sone
enbodi ments the bone precursor or "bone stemcells are mesenchymal stem
bells. A nethod for the repair, replacement or regeneration of bone tissue

in a humanhenseastiFml H@&ith@ebltm@arﬁtﬂ@cbr@inhwgtbnidéﬂatuan@belissb@reqyémr t he

met hod co I sing:,. 30(i)culturin h nvitroin
contact wf 'I%°Pk)?_"qq—‘§s é)f’") Vé(mdélpfodﬂfggﬁ °r‘r& éﬂf%?‘%&g‘ﬂ cuét'e\rec?”géﬁrl s to form
bone ti ssgnewﬂroftsmm@'lsehnneaﬂns ®ehe precursor(delly orcmink ¢isdueng v:trausjprbmded ti ssue or

bone pr eCH\g "Q‘ith&e‘:%mo"”ﬁ'ﬂa ém d'us}er;fng g Vi 9ogthg%eﬂ{ti§8ue mtc'uﬁér?}%ua{ thafH

precur sor he patient a ury or di sease
t o répai r FML &S iaatioverd tpegmta@rﬂm eelipissuet iTHs methad mmem@s\mmcremmg the0 Bone

tissue or a@%rﬂﬁ&ﬁﬁnscﬂhec&lll% &e@&g‘g@ @fea Wltﬁ’éﬁltrugae@‘%é HiR opt.ssnsﬁenchynal

stemcells 1.n't resence o rovi Itionally, a

met hod of thé@bﬁ%ﬂ@ﬂﬁ%é‘lﬁwc&%ﬁﬁ"@@éﬂf EMHFBS Wiy narrfwlv dvalve pAditiopfdd-

conpri si ngsGtreleLitie, |@ﬁﬂ66&1§{ﬂ§9&n Sh&IR 6ENIS HEMo HRYufiGre thidtideffMlive .
Products. contai n| n her a eutlcaltlﬁl ef fect )ve anounts of: (i) FM. HS; and

(ii) mes eRERGFRINE ‘E’ﬁ?é%‘? prokferatial] ehing CREUEYS: separate or sequential use
I n aomet hod of nmedical treatnment are _aI SO prow ded. 10 Descri ptlon of
nt s The prese L NV l,on rtﬁl ares 1o fwo ‘novel

Preferred %do romoti €0 si§ IS also_prgvi he m rs
hepar an sﬁl"b L P r’%éﬂgeﬁ VEIB bt a? ned ? lln nare and Tems e nouse |iver.
They haveadmensteuag FEt Hatodbone nesguispieslls heprmessters d:lphéﬁhe medfddvhayHS) and

femal e rmflﬁ(ﬂve br%ﬁ\otnj(r;be&%élﬂ%ﬁp éﬁ?@i ?reﬁtl: %n U@ellamt}% ajré:cMcel ey each be

provided Inisolated or su Purl I e
provi ded %@erﬁeﬂf’c ofrhoge gssueo fhe PARESSY @?/0@ eogenasisraay ks mg'l“ﬁ%%‘éh%l‘@@!‘%/cans or
heparsan smbeka@fteeﬁan &'Uste%B@ﬁic Watiar pfteitdSueh aEMkaH% PHdabhaEse, Banef using ML

HS or usi ng sucg ur are scrlb d including their use
inin VI t?'@'%’[ﬂteﬁ' ?’eoﬁ?mf’é §”‘%{qu‘{%% ﬁgﬁé@aﬂw nétﬁf"l?a Yréfhgsess®h as the
t r eat ment osdéogenssis napbé tollewed by monitoriAg trdaainerialisdion ef e multdb@ﬂ_tlsidﬁe&ngi FML HS

have been fs%llﬂl%gtopcellgﬁ gseuaesvﬁthpﬁ{l ilrllnf r%d%torQ/ ossZaSS é\@sc Ilnréo}ng Yﬂ E?ne%'t’sl ture.

the bone precursor cells or bone stem cells are contacted with FML HS in vitro. In other

~ 20  embodiments the bone precursor cells or bone stem cells are contacted with FML HS in
vivo, and the method may thereby form part of a method of»treatment ofa patient-, eg.
treatment of bone fracture in a patient. Administration of FML HS to cells in order to
promote osetogenesis will normally involve addition of FML HS to the cells, i.e. ;
mtroducmg an amount of FML HS to the cells that is effectlve to promote osteogeneS|s of

25 the cells. In some embodlments the bone precursor or bone stem cells are mesenchymal

~stem cells.

A method for the repair, replacement or regeneration of bone tissue in a human 6r. animal
patient in need of such treatment is provided, the method comprising: '
30 0] culturing mese'nchymal stem cells in vitro in contact with FML HS for a period
~ of time suffi cient for said cells to form bone tissue or bohe precursor cells;
(ii) collectmg said bone tlssue or bone precursor cells; _ '
(iii) implanting said bone tissue or bone precursor cells into the body of the patlent
at a site of injury or disease to repair, replace or regenerate bone tlssue in-the
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Al so as described herein, MM HS and FM. HS have been found to increase
osteogenic differentiation of hMSC and bone mneralisation in a dose
dependentwomon@ic2s630_Heparan Sul phate is a naturally ocegmrsicagononsyi t uent
of mammalian cells that acts by catal yzi ng nol ecul ar encounters between
growt h factors and their endogenous regeptors. As such it provides -

i ncreased specificity and sensitivity over traditional techniques used to
expand stemcell nunbers that rely on dosing cultures with |arge

concent r aBbReissé ogts&wtdned‘ua&dr @érﬁs ob&.rreeq:yt,h QitroRLise GPMEsendhymalisei growt h
factors themsel ves, %‘@1 q % Qe 35correct HS variant we are able
to sust ai ﬁeléf'éWP&é?SF" n%zf %ﬁ'ﬁ/\? H¥QY9e%he need for exogenous growth factor
suppl ements. That is, there is no requirenent for exogenous 11 application
of growt h,f s durin |t stemcell e cultured
in MWL &F?fﬁ[ et cchf% |lh"g"|g mese"gh mal gt)é err dg\/n %L@aoﬁ‘grrﬁee?{t‘o? met hods of
cell 5cu| tmrreprmmutllwrmg nesent¢hymat sismmells In\nentacbmttdaV\L b&. carried out wi thout
exogenous addition of growth factors in anmounts nornally effective (or
required) to maintain the viability, or increase the growth and/or

prol i f er aPfogkcts sentaipingitheranestiealiyeffegtive amounts of () FME &t5: aed (. Accor di ngl y,
MWL HS angheEddeniiralateh ¢ Sélﬁhfopélﬁt\éltﬂ'%‘éué SBpAaR fls¥q@intialuse HPmatob@n) for use
(in vitro or_in vi 9(51% he stimul ation of stem cell proliferation and/ or
for use i megigadreatm f’r'i?tal'WmY'%%’ener ation and repair. 10 The nurine |iver
as ajosource of heparan sul phate represents-a scal abl e tissue source of

heparan s .e Si i a large organ that is easily extracted
and the h§5§ '°£tﬂfg’ﬁ§’ﬁ g& W%gﬂ StiSHepar an sul phates isolated by

enrichment frommurine liver may be pure, i.e. contain substantially only
one type gfe Q@Q%%Fﬁﬁn%%&%% dB%Xr BQFah%Hﬁth‘és%s cmeif};r&lftﬁnégfr&hfferem

types of he an su hav oportion of a
parti cul ama‘%@@érfemale mogBativer.( They, hﬂWEeﬂBCQi'ﬁémﬂ'e 'Pwsel-lﬂ?f hepg sylpbateher ei n,

t he qger MsMINHSS Bhd¥@male RASeqNEEparan sBphbeNeML Hsyt ¢, describes a process
(or stateg whereby the relative conposition of a mxture is (or has been)

altered in such a way that the fraction of that m xture given by one or

nore of tikeBeHSahd FMeasj may éauheaeq:eahudeuhh tseratetueorfsnastéritramy pdrifiedh &irmmi Xt ur e

grvenby?rheo ﬁi xe %rsnrs ecesuolr 215I\/I\/LHSor FML HS
preferably AT o%le rﬁh'g? S?ﬁ'f “é??%“t RREWS Sﬁt ac %iswrth cells. The

f unct i onaglyefsbmagiyeansive hepargm slwtaeeso stiighet aiitb MNhESr EMLHS. aletbpdof cel | s
of gncert g L@ln:qWL s dr it did fAHORLLi rﬁi&tuﬂa@e r%%legcrfbl‘:@ﬁrc 8ing tﬁé?pt her, or

the expressro one or nore protei ers For exanpl e, “each of MMVL
HS and FMiSeHSImyiled elttyrs of cstlstﬁnsttee'r:'eﬂer mmqgrqatrerataw%wchuas@e tgatmetokase in
cell nunbggne fRiIctdpg. onot e differentiation of stemcells into specialised cell
types (e.g. nmesenchymal stemcells into bone or bone precursor
cells/tissue), pronote or inhibit the expression of protein markers

i ndi cat i vas 8ésctibei maikihj MUIL e18candFMIdHEfrave beérafounditostabaseqirolifdrationadfl s (e. g.

narl&e)rs SI%QC?‘nS/naf/ltrl%a(‘!ullture phosphatase RUNX2, esteopontrn BSP2) .

Also as described herein, MML HS and FML HS have been fetjnd to increase ostebgehic '

differentiation of (MSC and bone mineralisation in a dose dependent manner.

30 | Heparan Sulphét_e is a naturally occurring constituent of mammalian cells that acts by ‘
catalyzing molecular encounters between growth factors and their endogenous receptors.
As such it provides increased specifi crty and sensitivity over traditional techniques used to
expand stem cell numbers that rely on dosing cultures with large concentratlons of growth
factors. Since the cells make sufficient growth factors themselves, simply by adding the -
35 correct HS variant we are able to sustain stem cell expansion without the need for

exogenous growth factor supplements. That is, the're‘is; ne.requirement for exog_eneus Lo



12 MM HS and FML HS may be useful in a range of applications, in vitro
and/or in vivo. Each may be provided for use in stinulation or inhibition
of stem ogbl2ogrmeedsh and/ or proliferation and/ or differeptiraichonoesdsher in
cell or tissue culture in vitro, or in cells or tissue in vivo. MWL HS and
FML HS nay be provided as a conpositiqp or formulation for such purposes.
For exanple, culture nedia nay be provided conprising M. HS or FM. HS.
Cells or tissues obtained fromin vitro cell or tissue culture in the

presence g, néé\don'dﬁgr%ﬂﬂ@EMs ddﬁn&@b!ulbﬁerﬁ%li &Fptaﬁéioﬁwﬂeﬁ Bélisaaﬂé 8ghuidditie @ human

or -ani nmal atlent I n -need of treatnent. of | antation of cells

and/or ti¥ AR ML RSy Afcordingls imsiNg Ef@f?"ef’ I‘?é“bﬁé‘m?ﬂtf ’E?}H?ﬁ‘ﬁ ficalhcyiHEe st eps
of : (a) ca!dcbmgne tieprbSent Mléritiontck BY earribd oMtiithBut éxog@tus alidibr &F ML HS or

FML HS; col.lecti t he ce d/or tissues | anti ng the
cells and9r8Y’"(h[f%%tg'i§é'§amﬂ't"ggﬁ°rﬂl?rur¥1ﬁ#‘°t9?“’%¢?r ﬁeﬁl“"%‘bg? E@Edt?'?lﬁ%‘éﬁf '{ST‘P % r eat ?rent
The 6el | sincreyseiite grovithiasdior prolperatior( @jd/dr wiflecentiatidn, of thé chidredt&ller FML HS f or
a period of tinme sufficient to allow growh, proliferation or
differentiation of the cells or tissues. For exanple, the period of tine

may be chiererdifgho MMLakS apd EMLIHS asessach pravisied (separatkly o, in gompipptians for 20 days,
at least R0 Ga)5 Qin H o)llﬁﬂ'%tstlﬂ‘lgla@‘@ﬂéf%erh'Eelpﬁrlafﬂ‘ér aoask/omt SseMYbokdS or FM

HS may be for ated use In a net I cal treatment, including
the pr evefﬁfmiiﬁ"dleg?ﬂeé%fpﬁ@ﬁﬁ’ refRiN nj ury or disease. A pharmaceuti cal

conpesi tion or nedi canent nmay be provided corrprl 5| ng MWL HS or FNL 25HS and
a pharmaceutical |y acceptable diluent, carrier Suc

Phar mac e IR MEdBERA 4 SHEE Serai Suble SripBe SrsvIedBas Birsand

prevent i oeparantsuphtizesiice e livef israflamge otjahdiatés eakilgexteaeteafaniithe hipacan FML HS
in the mapu fhagturng gf a nedi canent' for the prevention or treatnent of

I njury or o €eREMTS al so provi ded. In sone enbodi nents the pharmaceuti cal
conposi tions and nedi canents may further conprise stemcells, e.g.

30m§enCWémLa§§ﬁﬂﬂaﬁglié§ated by enrichment from murine liver may be pure, i.e. contain
substantially only one type of heparan sulphate, or may continue to be a mixture of
different types of heparan éulphates, the mixture haviing a higher propdrtion of a particular
heparan sulphate (i.e. MML HS and/or FML HS).

20 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.

25 MML HS or FML HS -prefe‘rab.ly exhibit a functional effect when contacted with cells. The
R functional effect may be to promote (stimulate) the proliferation of cells of a certain ‘type or
the differentiation of one cell type into another, or the expression of one or more protein

markers.

30 " For example, each of MML HS and FML HS preferably promote cell proliferation, i.e. én A |
increase in cell number, or promote differentiation of stem cells into specialised cell types |
(e.9. mesenchymal stem cells into bone or bone precu’rsor ceIIs/tissUe), promote or inhibit
the expression of protein markers indicative of the multipotency or differentiation state_ of
the cells (e.g. markers such as alkaline phosphatase, RUNX2, osteopontin, BSF"2)'.:
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Treatnment of injury or disease may conprise the repair, regeneration or
repl acenent of cells or tissue, particularly bone tissue. For the repair or
regener atwononfostscssue, the pharmaceutical conposition ecTsedinaresd
conprising ML HS or FM. HS may be 35admi nistered directly to the site of
injury or disease in order to stinulatg the growth, proliferation and/or
differentiation of new tissue to effect a repair of the injury or to cure
or 13 alleviate (e.g. provide relief to the synptoms of) the disease

condi t i onmmings bRPAML r@méﬁgeu&rf@tm 2Parb of bﬁ)r.t:étﬁﬁ.eern 0Rrs aRerof MpeYed by
conbining stemcells. har maceut i cal m& osition or | cament. 5For

t he repl aE8GHRY bR ptoree%@f u SFB“BF'WFWL"'WE‘:“ st eglar W@d%(ﬂrt h cells

and/ or ti p@liferatibh bigor diffstédtiafiorCéithetingePbr fidage eaiturs inameb, of intceliserdissue or der
to generate cells and/or tissue for inplantation at the site of injury or
di sease i 19 patient. Inplantation of cells or tissue can be used to
effedt a repair of the inj ured or diseased tissue i.n the patient by

repl aceneiy G LREFUNH 88 6L il 86ASEd ohiicifon of W hullin oPghve exci si on of

10i nj ured seased trssue | ssue prepared by

cul t ure opurpedess FaneXaople, i slwemertlamw@onromqum_lsmNML for FL HS.

Phar maceuti cal conpositions and nmedi caments accordlng to the present~

i nvention may therefore conprise one of: 15(a) MM. HS or FM. HS; gb) MWL HS
or FML HSCPIf & §nten gbtasied fiomn ¥ireieel o1 issue puliurerindhg presesce OEMML BP0 ned

fr oge/f u”s F0e H§m§)€‘bé &I@Ete? h@ Mefaritéy iGN Iﬂﬁﬁarﬂbrta{‘r\mhévbatﬁéﬁt Pektylof HS 20IVIVL HS
or may be used in ai rr neratio

especi al WeadPéﬁ'ét Augethed gt 'F‘Bﬁn{aﬁﬁﬁoﬁ%ﬂ? ﬂ’é&gﬁﬁa‘h‘ﬁ BH Qﬁr&f%%g? p%’e—! of stem
cel |l s. Acthemettingl gopmplibihg ke stepsfafl. HS may be used to prevent or treat a wde
range of di Seasega)ac'ﬁﬂuré@cléﬁ gf‘ﬁi/ortIQ%LIelé l#plg'oﬁ'rséo%%%t HLMML%'IS erﬁ\lm_aﬁsbones of

any kind (e.g. sprna usion trea ong bone breaks, cranial
defects), criticél) colleatingthervetmansinidissiiesect 25regenerat|on The use of MWL

HS g5 FML HS in J?meﬁﬁtﬂ'tg_rthe QR SRBhLALidsBs Rfo & ﬁtﬂhé’&mal‘%ﬁbﬁéﬁﬁ%my
|nvolve use in moun heal'i ng, e.g. acceleration of wound healing, healing

of scar or bone ti ¥tigat@RAt tissue grafting. 30
The cells may be cultured in part (a) in contact with MML HS or FML HS 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

20 least 20 days, at least 30 days or at least 40 days.

In other embodiments MML HS or FML HS may be formulated for useina method of ,
. medical treatment, including the prevention or treatment of injury or diseese‘. A

pharmaceutical composition' or medicament may be prbvided comprising MML HS or FML
25 HS and a pharmaceutically acceptable diluent, carrier'or adjuvant. Such pharmaceutical

composrtlons or medlcaments may be provrded for- the prevention or treatment of i injury.or

drsease The use of MML HS or FML HS in the manufacture ofa medrcament for the _

prevention or treatment of i |njury or disease is also provrded In some embodiments the

pharmaceutical composmons and medrcaments may further comprrse stem cells, e.g.

30 mesenchymal stem cells.

Treatment of injury or disease may comprise the repair, regeneration or repl~acement of

cells or tiesue, ’particularly bone tissue. For the repair or regeneration of tissue, the

pharmaceutical composition or medicament comprieing MML HS or FML I-tS ‘may be
35 administered dir‘eetty to the site of injury or disease in order to stimulate the growth,

prqlifer'ation and/or differentiation of new tissue to effect a repéir of the injury or to cure or



I n anot her aspect, the present invention provides a biological scaffold
conprising ML HS or FML HS. I n sone enbodi nents, the biol ogical scaffolds
of the prweenti/iézssenti on may be used in orthopaedi c, vagcuisarglopo®st heti c,
skin and corneal applications. The bi ol ogi cal scaffolds provi ded by the
present invention. include extended-relqgase drug 35delivery devices, . tissue
val ves, tissue val ve | eafl ets, drug-eluting stents, vascul ar grafts Wbund
heallng or skin grafts and orthopaedlc prostheses. 14 I'n another aspect,

the presepleviabV@Y. pRNIMBTENEF Bafie BIIASBRS 8F the dibdase 166MHUNADING réinBdl at i ons

conprising a mxture of conpounds c risi one o

gl ycosani ?f’@ﬁf‘ eféorﬁ‘soft'?atrsa“?rr‘it5?é“weré%byeﬁﬂ"?%gfh%swt%maifb"ect_ to MML HS or
FM. HS. - Theargbyetisal kbmpoditiohaor neelivaaieht. of t he fornul ati on may have at | east
50% MVML HS or FML HS, nore preferably one of at |east 60% 70% 75% 80%
85% “90% 95% 96% 97% 98% 99% or 100% |n another aspect of the present
i nverst i onFer thé teplagepentaf tigaiief BMLUSR o VL WS mayples ¢ontastedMitheaglimandieri on of
bone tiss [ fb@é‘r\ or FML
HS. The. cg{r&p]%éﬁ'l ’hfy ;tm%gmgﬁp f%‘ﬁgﬁﬁsm%dﬁ‘rﬁ%geg? Bﬁﬁe egghféﬁllg\%%# on can be
adni ni st elissye fas Irapleruetlcecﬁt thessitg o imimnercdisrase 41 e paueﬂéptnmbaréat@mot cgliser eof .

For exanpbmissitasdh tealsed tOfidchS repai QFTHaUGrad @F- dfs,@@searﬁgétehﬁedwernaméwbgs of the

present invention include, but are not Ilimted those formed with - .
phar naceutsPREPTS QL e IS o BiseassAdissiey d W'Sdgass'amtﬁﬁxcrﬂﬁ"ﬁs. um |ithium
cal cioum  iFRgRAdisea8ed FBIO Ahd MEatatiiniy hawtissuelprepaldEbypeuitaredf celsvadidlor on
includes wthin.its sco poni.c, salts, for exanple the sodi umor

pot assi unfsssé{ﬂ"sco"%’@f\)g'ﬁf @m gr()@Wnghar maceut i cal conpositions according to
aspects of the present invention may be fornulated for administration by a

nunber Of ﬁéf%@&nlcal%ﬁhﬂgsggtsl%“& eranfca msta%gorﬁﬁ td fﬁ'e%?és'eﬁg %g&'hﬁl ?' te of

di sease or 1 njur dnents and conposi ?ions may Flted in
fluid or @equqiepwmsemnerotl fornul ations may be fornul ated for

admqai strat l(é)”MhM HIGreili A8: to a sel ected region of the human or aninal
body. 25 The SUMLECt to be treated maﬁgbe anée"anr mal or human. The subj ect

maybe a nonid) rEneRiML H én cqmpiration with sigd ¢ellson- human mammal (e. g.

rabbit, gui g@aTigugs of &dlls obRLNRE from culttverof Eeldantisdues i contaepwith IMLaHE ani mal
in the order. Ror}w_trg cat, dog, pig, sheep, goat, cattle (including cows,
e.g. dairy bovl¥ ny ani mal in the order Bos), 30horse (including any
animal in the order Equidae), donkey, and non-human prinmate). The.non-human

manmgy| naMNRQ—IS”‘or‘HWEﬁS'rﬁayp@etuseQ @@' % Jf%bten&%ﬁoﬁ ﬁfﬂls‘%he %F&Qﬁ@ﬁé e.g.

a race horse, or farm ng 'l1vest 0¢ pI gs, eep or cat

subj ect n@@neﬂeg%araeoeranﬂemﬁfe@xnwnsam]seEfemw' tfétea:n pritsi Aspordingly,
MML HS or FML HS may be used to prevent or treat a wide range of diseases and
injuries, including osteoarthritis, broken bones of any kind (e.g. spinal disc fusion
treatments, long bone breaks, cranial defects), critical or noh-uniorf bone defect ,

25 regeneration.

The use of MML HS or FML" HS in the repair, regeneration or replacement of tissue may -

involve use in wound healing, e.g. acceleration of wound healrng, heallng of scar or bone j ‘

tissue and tissue grafting. ' '
30

In another aspect, the present invention provides a biological scaffold comprising MML
HS or FML HS. In some embodiments, the biological scaffolds of the present invention

rriay be used in orthopaedic, vascular, prosthetic, skin and corneal applications. The

] biOIogicaI scaffolds provided by the present invention include extended- release-drug
35 delivery devices, tissue valves, tissue valve leaflets, drug-eluting stents, vascular grafts

wound healing or skin grafts and orthopaedlc prostheses



15 Methods according to the present invention nmay be performed in vitro or
in vivo, as indicated. The term"in vitro" is intended to enconpass

pr ocedur esowntineesh| s in culture whereas the term"in viPew/sGeelojonésnded t o
enconpass procedures with intact nulti-cellular organisns. MML HS One
aspect of the present invention relatgg to Male Muse Liver Heparan

Sul phate (MM. HS). MM. HS can be identified and characterised by reference
toits structure arid function, and is obtainable frommale nmouse |iver
froma range of ages, but especially from3 nmonths to 6 nonths of age.
15MVL HS may be identified or. obtained. nriching for i gh nol ecul ar
noi it molCAhofey BSPath e ArseRt beion Praviset pEAmaREUEaY Seltal St o

enr i chmenformatids cafiprisivgd ninturperf Eampounds soraprisingadnesr etore hr oat ogr aphy.  As
descri bed_bel ow, HS i.s 0 inabl e . onduct i (4 L ON

chr omat og?'ﬁ%%?%w%%nsﬁ?'émﬁ)gﬁggeﬁ \?g?'c 83’@5 a{%scps?ﬁtiqgha %ﬁéﬁégﬁd z—tél)'on to

i dentSi fy Mepalycosamirioglysarecdnteat ofl the ormfilaticr panbavesit aagt &% WMLgHS of ol | owed by

sel ection [ ' ' I oMehghted r [ b X§holSi ONn

chr omat gl At b BB s B O P B by 25
separ at i of7 698, 9P eed@9%75 col urm (GE Heal t hcare)) has been used to obtain
MW HS. Initial size exclusion chromatography of nouse |iver heparan

sul phat es showed that nml e nouse |jver heparan sul phates contain a najor

hi gh nol et AnRMeRaRGAE of faeapresid inyertion|a kibis Broyiapd ﬁ’é# & iMthe reReingit peak (Fig.
1A) .1030 TheegBhethtionodfeond fesuseia@iKit doapaisiag a prddeterinmedamotintedAMML HBE of el ease
associateﬁ gﬁg%y)peptide(s) and fractionated (e.g. on a Superdex 200 col um
(CE Healt W ') to determine the size of the intact heparan sul phate
chain. These techni ques were used to show that MM HS elutes froma
Super dex i £ ; Wﬁﬁﬁf 0.29 and
0.33, or ﬁ@%ﬂﬁ@%“ﬁ@%ﬁ?m%gﬁgﬂgﬁﬁmﬁgéa, gﬁ m%%ﬁ%@%ﬁwﬂ}ggﬁkh alﬁégﬁgg)of about
100kDa ( s@euligg as aghameaceytically gccpptable galhtheeof. Mor exanpie deseipally af et he
presgnt i yiun@NohEERNABY Wnidd@ss 8ithé Pleatht iv2Atich iRtidde, Blt AiehvaRmteabout 90
and about 110 kDa, nore ﬁ;eferablé one of between about 95 and about 105

kDa, bet welosH BTGyt pRArRBeRHICHY ACRTRLADIS ERLRAS SUChBYSOUM AUPSHH B
lithium, calcium, magnesium, ammonium and“alkylammonium. The present invention

includes within its scope cationic salts, for example the sodium or potéssium salts.

20 Medicaments and pharmaceutical compositions according to aspects of the preseht
invention 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.

25
-~ The subject to be treated may be any animal or human. The subject—may be a non-
human mammal. The subject may be a-non-human ma_mmal'(e.g. rabbit, guinea _-pig, rat,
. mouse or other'rodent (incIQding from any animal in the order Rodentia), cat, dog, pig, -
sheép, goat, cattle (including cows, eg. dairy cows, or ény animal in the order Bos),
30 horse (including any animél in the order Equidae), donkey, and non-human primate). The

non-human mammal may be a domestic pet, or animal kept for commercial purposes,
‘e.g. arace horse, or farming livestock such as pigs, sheep or cattle. The subject may

be male or female. The subject may be a patiént'

35



5103 kDa, between about 98 and about 102 kDa, between about 99 and about
101 kDa, or about 110 kDa. Calibration of the size exclusion colum
used to eWotelidébsetiS wi t h heparin ol i gosacchari de size ®rtasdaswsoeg. Dp2
to Dp26) was used to show that MM HS i s 10conposed of approxi mately 30-40
or 40-50 disaccharide repeats. Accordijggly, MW HS according to the present
i nventi on may 'have one of between about 25 and about 55 di saccharide
repeats, between about 27 and about 53 disaccharide repeats, between about

3_0 andhabmgthoéga&btﬁﬁs*gc-_ 'tgautié ﬂ@sérﬂgﬁa?t%gzrwwd boahwt fgvg_fb @md\ga&_about 40 t

i saccharj de r ats, hetyween. abou and about 38 disaccharide repeats,
bet ween aﬁS‘ﬁ?teﬁ'gﬁ‘&ﬁﬁmh%Y!pgéﬁ"@‘?”989Eon%[}cpﬂ‘@a?seﬁf8%?d§‘few'§1b°§ﬁ§/\}é'é:w%{ﬁout 42 and
about- 48 wWhaascthatdrahe'im e & iatended to Bnzameass pasiedures itb intdod gruttipdeylulef MVL HS

foll owi ng rdirgestion wi th one of Heparinase I, 20l or 1ll was used to
generate %98 PT&s (of absorbance at 232 nn) of MML HS followi ng digestion
w t hb5ne of Heparinase I, Il or Ill (Fig. 2 A, C and E respectively).

Heparin | yfs&ess may al so be used to exhaustively digest an heparan sul phate
to its constituent disaccharides. Follow ng such digestion strong
ani on- exchange hi gh 25performance |iquid chromatography (SAX HPLC) was. used

to gener apge asﬁéepéfitm%prégént AREMIAIBERs 3 MARIMSUY: Lifer HBSargh SapRita(MME

conposi tion of MM HS (Figure 3A). This analysis was used to characterise
the struct®re of ML HS in terms of disaccharide per cent age conposition
(seeqoTable 2). 30 The di saccharide conmposition of MML HS is shown in Table

2 (Fi , : H di to th - t ti i nel h
sul phat e V8075 BrETER R0 Pheederlsgt of oM L A OR S 8T e or abi y
one of 99%nd3%pbtaltabléFtombiale Mdusdliyer Ao onandépf agest i espaciais freh@wn f or each

di sacchar%gﬁ%{beﬂ%ghﬁsé{ el 7 Accordingly, MWL HS according to the present
i nvention nay I ncl udte SRavi ng a heparin |yase digestion disaccharide

conposi tion wherein each disaccharide corresponding to those shown in Table
2 (FHisgur eMiIHS $apbé whificdtH oblahel 87 BRMINMYTOCHRBA FoldcaRr Akighafiduse

di saccharide is no nmore than -10% 5% 4% 2% or 1% . re%t er._.or |ess than
the per ceYERRRPABANRIRLS AT St QUiigheid this eRfighmest (X B aFtiRNsA by -

char act erpefenipy sraaksissiéh efrorhitegmapkyent age conposi tion of sul phated and
N-unsubstituted di saccharides, as anal ysed by SAX-HPLC. As sunmmarised in
Figure 4A, MML HS was found to have: 10 a total sulfation of about 65-66%
-48 % t ot Ad déscehddf eiavwgMML HS is obtainable by conducting size exclusion chromatography

20 on a male mouse liver heparan sulphate preparation to identify heparan sulphate
fractions of varying molecular weight followed by selection of the major high molecular

weight fraction.

Size exclusion chrbmatography (e.g. DEAE anion-exchange chromatography followed by

25 separation on a Superdex'75 column (GE HeaIthcare)) has been used to obtain MML HS.
Initial size exclusion chromatography of mouse liver heparan sulphates showed that male
rﬁouse liver hepafan sulphates contain a major high molecular weight peak and a smaller '

small moIeculér weight'peak (Fig. 1A).

30 The high molecular weighf heparan sulphate was treated to release associated
(poly)peptide(s) and fractionated (e.g. on a Superdex 200 column (GE Healthcare)) to

determine the size of the intact heparan sulphate chain.

These techniques were used to show that MML HS elutes from a Superdex 200.column
35 with a Kav of about 0.31 (e.g. between about 0.29 and 0.33, or between about 0.30 and
0.32) and has an intact chain size of about 100kDa (see Fig. 1A and C).



-18% N-sul fation, about 26% 6-0-sul fation, about 22%

2-0-sul fation, 15 about 57% N-unsubstituted disaccharides. Accordingly, MW
HS accor dvogQofmetdse present invention may include HS havcmgcane/o0ss3or e of :
a total sulfation of one of between about 60% and about 70% between about

62% 20and about 68% between about 64%gand about 67% or about 65% or about
66% - total O-sulfation of one of between about 44% and about 52% between
about 46% and about 50% or one of about 47% about 48% or about 49%

N-sul fati on of one of between about 14% and about 22% bet vveen about 16%

and about 20% ne of about 17% about 18% or _about 19%
or0- oo T apesdingy. AC HE asBoabe e KsRrEseabhyian RS9 BRI b out 24%

and about si28 6 betwesh uboaf 90edIRLEbodEPA0 mwubréﬁ%mblwdnmﬁf b2téen aBe-9sul f at i on

of one of 18% a out ween abo @&7/ out 24%
or one of %%%Qﬁu(?g(i%%aa%ﬁvteeﬁf&)% fﬁgug 99% et‘g\ee VISR 'fdr%o? P

di saéchar it@kk2a hetween abowi 98 anfl abeutvid2 lkDamnMeeTs@hpamB amnoueﬁﬁlma bet ween
about 55‘V 59% or one of about 56% about 57% or about. 58%

The sen5|%|V|ty of 'a heparan sul phate to heparin |yase digestion is at
| east partially -a consequence of its structure and therefore sensitivity to

hepar i nasgafbratloh o@fhelskzle é)‘(élﬂs@@célﬁﬁﬂ used © éﬂﬁé NFML F-I@ wfﬁh 'hla'ﬁérh'\r al.
characteri sati on of hepar an sul phat e. f ound not to be

particul aP I%?S%‘?é?ﬁ%’i'd(eis\/?@ stt%“’é‘fde°fa(9Qg@p%ﬁfD @f@ﬁé\“’?ﬁ'&i%%’@ ISh‘?ﬁ’ thaF MM S iepar i nase

111 10 eaveshmpdsed bf diptoxahattlp@0Mblor M8-50Iusabehaiae rdpgatsnt o di - and
tetrasaccharides. 5 The structural data generated for MML HS has been used

to generate a predicted structure of MM HS, shown in Figure 8. In Figure
8, when uAcdosdiegly MMipE&taedordind dythemeeseesingantiorechay beve ere of betweenh @bott he uni t

bei ng rep eShowed t hat
i ntact M\Zgéép %ztij? %é;ag%cé: h%{}%prog&gg %? %ﬂ%biﬁ%%ﬂ%@lé@r@% Iagéltég ari des
repeats. IRRatRIDetwRANRborfeand aboutHhdisagchasidesernatss beiwerarbpt 3Bandi on of

15 about 40 disaccharide repeats, between about 32 and about 38 disaccharide repeats,

between about 40 and about 50 disaccharide repeats, or between about 42 and about 48

disaccharide repeats.

-Size exclusion chrematography of MML HS following digestion with one of Heparinase |,
20 - llorlll was used to generate profiles (of absorbance at 232 nm) of MML HS following
digestion with one of Heparinase I, Il or lll (Fig. 2 A, C and E respectively). '

“Heparin lyases may also be used to exhaustively digest an heparan sulphate to its
constituent disaccharides. Following such digestion strong anion-exchange high
25 performance liquid chromatography (SAX HPLC) was. used to generate a profile (of
absorbance at 232 nm) of the disaccharide composition of MML HS (Figure 3A).

- This anaIyS|s was used to charactense the structure of MML HS in terms of dlsacchande =

-percentage composmon (see Table 2). '
30 _ : _
The disaccharide composition of MML HS is shown in Table 2 (Figure 10). MML HS
accordmg to the present invention includes heparan sulphate that has a dlsaccharlde
composntlon within + 10% (more preferably + one of 9%, 8%, 7% 6%, 5% 4% 3%, 2%, _
or 1%) of the values shown for each disaccharide in Table 2. '
35



alternating acetyl ated gl ucosam ne sequence (G cA-A cNAc) in the reducing
end (NA donmai n) and N-unsubstituted glucosam ne are the major proportion of
m xed seowen¢awebssit he m ddl e of the HS chain, which corcaist010/000439

AHexA- G cNH3+, AHexA- G cNH3+(6S), AHexA(2S)-d cNH3+, AHexA(2S)-G cNAc(6S)
and a mnor portion of AHexA-G cNSO03 }5(NA/ NS dormain). There are also a
relatively minor proportion of about 4-5 trisulfated disaccharides

( AHexA(2S) -G cNS(6S)) within the sequence on the S-domain in thé

non-r educww% MML HS accoFifig td W8 preREst ilehlion MyP Ficiud@Hethaving o unct i onal
properties of rtrcyular its Zg&ffect on_human nmesenchymal stem

a
cel |'s (hNEP&sin 'Vl%ﬁﬁ_d'PBSt\%é’P BEREde ePTRASHian vdelsht eAhSAEENF B¢ er at i on and
di fferent ¢dwfebﬁdihdﬂfg tb MEe shoviin iable@ (emjuteufo; is preseént pAd tHeQJehﬁhtagMVL HS

exhi bits a dos ent _increase in o ted MML HS
e ToundARBERTY PR 2BacHREA GG mile Mot Bor S B REST to Tovk
ser um andessthae fherperddntage campasitionfshivivh irHBables2.consi dered i nportant as
regards i.ts effect on proliferation of hMsC. 30MM. HS was al so found to
af fect osteogenic differentiation of hMSC and matrix mneralisation,

i ndi cat i NYMLITER was fugther dheragtedsied by dnadysisiof thel RegcantrgedeePBinfedit of bone

tissue fromHaaehd N-unsubﬁltlﬂéﬂ Bk&éﬂhaﬁdesmams\é@%}/‘WWE@ Agicrease hMsC
m neralisation in_ a_dose R/@n dent S5manner extensi ve-mneralisation

bei ng pr exBHpariged Q‘lF'I‘é{?§AaM 1S wasfound i kavei f ferentiation (Figure 6). 19
Theqpacilitati. gg,tgfst,mm,ngfamesﬂés%n ost eogenl c differentiation of hMSC is
supported by the upregul ati on of expression of osteogenic narker .genes

al kal i ne phdsphtf ést%ta?QEF’j‘athone sial oprotein 2 (BSP2), osteopontin (COPN)
and Runx2. ALP-tapnes@aton Wwas 5 upregul ated within 7 days of exposure to
MM HS (Fig. 7 nsistent with ALP being an essenti al
transcriptidn %%‘f%‘??fsoq Sﬁlg"’lt'%rbl ast differentiation that is expressed early
i N osteogeni«c ghdit 22 OULIFMBA, EXpressi on of BSP2, OPN and Runx2 were all

| ated at da II to ML HS (F 7 10FML HS On
;EL@S? gf e’t H'g ?f?"é%gﬁ%'{o ?tit‘B%d 8@‘1&&?‘@% etsoOFematI e Ivéulsg Li 3/er Hepar an ©
Sul phate (FM. HS). 15FM. HS can be identified and characterised by
ef e enCend:Brdiigh, A S HE S O Bleb O in ARl R REBLI ARG BR R, © Tuse
ge o

liver fromar ecrally Trom nmont hs of
age. more ofis descri bed bel ow, FML HS |s obtai nabl e by conducting size

excl usi on cfr OJ‘EB%:P&In%?éW N8 3¢ Hethvé t?ouf’?é%%nh AT 7060 BL@HBers HbRR BES
preparatlon to enti y heparan sul pha . . .
and about 68%, between about 64% and about 67%, or about 65% or about 66%;
. total O-sulfation of one of between about 44% and about 52%, between about
46% and about 50%, or one of about 47%, about 48% or about 49%; ' '
e N-sulfation of one of between about 14% and about 22%, between about 16% and
about 20%, or one of about 17%, about 18% or about 19%; ‘
25 e 6-O-sulfation of one of between about 22% and about 30%, between about 24%
and about 28%; or one of about 25%, about 26% or about 27%;
. 2-O-sulfation of one of between-about 18% and about 26%, between about 20%
and about 24%, or one of about 21 %, about 22% or about 23%; _
‘ e an N-unsubstituted disaccharide content of one of between about 563% and abqut
30 - 61%, betWeen about 55% and about 59%, or one of about 56%, about 57% or
about 58%. - -

The sensitivity of a heparan sulphate to heparin Iyase' digestion is at least partially a
consequence of its structure and therefore sensitivity to heparinase |, Il or Il can be used

35 to assist in structural characterisation of an heparan sulphate.



fractions of varying nolecular weight followed by selection of the nmgjor
hi gh nol ecul ar wei ght fraction. FML HS may be identified or obtained by
enri chi ngvbantizoekssv nol ecul ar wei ght nmouse |iver. 25hepacascoloph@te
fraction. As set out herein, this enrichnment may be achieved by performng
si ze excl usi on chromat ography. Si z#g excl usi on chromat ography (e.g. DEAE
ani on- exchange chronat ography foll owed by separation on a Superdex 75
colum (GE Heal thcare)) has been used to obtain FM. HS. 30lnitial size

excl usi on chromat ography of nouse |iver heparan sul phates showed that

femal e no | i ver heparan sul phates contajn, a major |ow nol ecular wei ght
peak and Qi’ﬁ‘rﬂéf Was foyn HOﬂBIb&?aB'ﬁP a&k?edﬁit'v‘bk’a%a("ﬁ?%lgy hegarinasges TP, 'EH%I ecul ar
wei ght hepapagnaseull pleates] atmst 80% af thd MML H8Ichaiae magdyoioioati-chd tetra- :
35(po|y)p§¥%h%%g§) and fractionated (e.g. on a Superdex 200 colum (.GE

e

Heal t hcar O determ ne the size of the intact heparan sul phate chain.
20 Tlese techni ques were used to show that FML HS el utes from a Superdex

200 col umpdih i 3% c?%ée%%a"ﬁ)rn MBS Rasthech BUPRLARRM o Predifteand O 56, or

bet ween about 0.53 an oar as an Intact chain size of about 22kDa
(see Fi g.stugtusgef ML HS, spevat iniRigyrs 8. Irfigurss. adesitharerrereatad. Hiey st

I nvent i ondd¥ighbRABNEY adr@surts” (Ha @tbefigdépratddZetiriés) PEHe/SIRrdR@ad sikihgand about
32 kDa, nore |_gre er,gbl%qjgne, of(,\ﬁehvl\_gsg about 17 ang ??(gui 27 kE@, bet ween
about 18 SAMLBSlE shewedihat igtact MM ns g€ GAPes60 Qf S5k P50 BBt ween about
20 and abdisdccRrideDegpehtst MR IHS baits dibeantd cahsistiof 2 3ulbkdbantiabgropdatiait of1022 kDa:

Calibrati of. the siz xcl usion col u S a, el HS Vit h heparin
o1 | gosacchbriain Rerted gRissaithe e Bhe Bk Binlly Mk Fedtho B thA 1 PRbl” Ly
HS i s congusan) anfl Napysubstituted glugosamineBard itheamajhepropertioreploniked sebBiergssor di ngl vy,
FML HS ac i t Nt A E We -} en about 4
and aboutﬁ%éj‘hl{aglgcoghﬁgri dgﬁarq@%‘;tﬂs%a“ et V\Aq/(i:-eibn a %E{ag AAlg%g\gcglﬁt(ﬁ,

di saccharfdexARPLAENH: paodAS B NACEShary amingr Partion PAiRPIcHEOs epeat s, or
one 1gf ab@UINS doRBiAN tThére RO QD aFelafBihinGr prEporfidtsitabd(t Absahaai de

repeats. 20 Size exclusion chromatograp of FM. fol | owi ng di gestion
Wt e one Grachides KSR FOLSERDRHGRERY scavencs wbheraramah Brne 84T of
absor bancedading?&d. nm) of FML HS fol |l owi ng digestion with one of Heparinase
I, Il or Il (Fig. 2 B, Dand F respectively). :

The inventors also investigated the fdnctibnal properties of MML HS, in particular its

20 effect on human mesenchymal stem cells (hMSCs). h

MML HS was found to increase both the proliferation and differentiation of hAMSC in in

vitro culture.

25 In particular, MML HS exhibits a dose dependent increase in hMSC number.v De-N-
sulfated MML HS was found not to increase hMSC when compared to exposuré of h(MSC
to 10% serum and therefore N-sulfatibn of MML HS is considered important as regards its
effect on provlife_ration of h(MSC. | B '

30 MML HS was also found to éﬁect osteogenic differentiation of hMSC and matrix o
mineralisation, indicating that it can be used in facilitating the development of bone tissue
from hMSCs.

In particular, MML HS wés found to increase hMSC mineralisation in-a dose dependent '
35  manner, with extensive mineralisation being present at 21 days after induction of

differentiation (Figure 6).



25Heparin |lyases may al so be used to exhaustively digest an heparan

sul phate to its constituent disaccharides. Follow ng such digestion strong
ani on- excwengsa/dsewh performance |iquid chromatography (8&KsERGonas used
to generate a profile (of absorbance at 232 nm of the disaccharide
conposition of FM. HS (Figure 3B). 30Ty s anal ysis was used to characterise
the structure of FML_ HS in terns of disaccharide percentage conposition
(see Table 2). The disaccharide conposition of FML HS is shown in Table 2
(Figure 10). FM. HS according to the present invention includes heparan

sul phate that has a disa ride 35conposition wthi 0% ( nmor r ef er abl
one or - SoymescEnS et SEMINEHS G s SHERG resgmgton o SMSG SRR T o1 each
di sactc_har 'thée.ipiretigu'I%bigj ef éxpresgibn Aﬁﬁﬂécﬁjen@ln_yarkél?hgjenéﬁalpa]ineIptibsi]@)ataee (Atlﬁ’)p_r Ssent

i nventi on _may .i,ncl ude. Vi n i on: di sacchari de
conposi ti Bﬂn‘iy/\ﬂ@?%rf)y 'ne%i@%%?’soggegﬁ ?tingge,y&ra ?%ég%’h&d%n%e%%ret%ﬁlggeﬁ ghown I n Tabl e
2 (Fisur e upeyulated witbiwendayantiexpoeurp de Wbt 49 &ig dixpducitis oonsisterd adth ALP

5di sacchapLie o 3s i afsdribfith faO8} fordBtedbilst tfehtidkith 1ot R Glestbd b&RS han

t he peice_nt'a € carrpgsi tal_%_nI g‘ﬂ]own I n- sFag?e sé. Il%IIEI\/L lHéhwas fu)érﬁ‘t%er :
characteri aggnia difeseatiations Expresgient efddRRZy OPMARITINXE wiereall waiegtiedd and

N-unsubst pf 4yed BlicwigiPbsHe o MRB H@Hig/ ggd by SAX-HPLC. As 10surmmarised in
Figure 4A, FM. HS was found to have:@d% i?ot al sul fation of about 85%

about 23 %total O-sulfation, about 61-62% N-sul fation, ~ about
12% 1 O- sgMiads on, 15 about 11% 2-0-sul fation, -

One aspect of the present invention relates to Female Mouse Liver Heparan Sulphate
(FML HS)., - ' ’

15 FML HS can be identified and characterised by reference to its structure and function,
and is obtainable from male mouse liver from a range of ages, but especially from 3

months to 6 months of age.

As described below, FML HS is obtainable by conducting size exclusion chromatography
20 on a female mouse liver heparan sulphate preparation to identify heparan sulphate .
fractions of varying molecular Weight followed by selection of the major high molecular

weight fraction:

FML HS may be identified or obtained by enriching for a.low molecular weight mouse liver.
25 heparan sulphate fraction. As set out herein, this enrichment may be achieved by

performing size exclusion chromatography.

Size exclusion Chromatography (e.g. DEAE anion-exc‘:hange_ chromatography followed'by -
separation oh a Superdex 75 column (GE Healthcare)) has been used to obtain FML HS. .
30 ' Initia_l size exclusion chrorhatography of mouse liver heparan sulphates showed that
 female mouse liver heparan sulphates contain a majo'r I'ow molecular'weight peak anda

smaller high molecular weight peak (Fig. 1B).

The low '_moIeCUIar weight heparan sulphate "was_ treated to reiease assdciated
35 (poly)peptide(s) and fractionated (e.g. on a Superdex 200 column (GE Healthcare)) to
determine the size of the intact heparan sulphate chain. ' R



about 30% N-unsubstituted disaccharides. Accordingly, FML HS according to
the present invention may include HS having one or nore of: 20 a total

sul f ati oowoh20me2sfi bet ween about 80% and about 90% betreesc2eioui4382% and
about 88% between about 84% and about 87% or about 84% about 85% or
about 86% total O-sulfation of one ol between about 19% and about. 27%
bet ween about 21% and about 25% or one of about 22% about 23% or about
24% 25 N-sul fation of one of between about 57% and about 66% between
about 59% and about 64% or one of about 60% about 61% about 62% or about

63% ul fati on of one qQf het b out. 1 et ween about
oo and OBhehe Enles befitsh o SN RS I AN S 805 s ¥ Rblet B0B i
2- 0- sul f awitioa Kat obaluob.54 ¢ gﬂmnueémmbbum%:ﬁmh @.b6,uir bétigen bbowtdé3 amdout 9%

2 202000l B8y M RS 08 by 120 o

N- unsubst | e con ween about 26% and about
34% %het ween about 28% and about 32% or one of about 29% about 30% or

about 31% %cco?ana,rﬁtme% grzéo\f&.wtoqhe areeem%@nt.a%rg@?éb@ AR dRGRaEl Rathyase.

digestion I's at least partia conseqguence its structure and

t her ef or esizepkhetweangpopl! %]@aﬁbiOH‘a%?ekqa "’I°Fe piefarahly ermofihetwpea@bey 1dssi st in

ﬁt r UCL ur ﬁbn@éﬁfu?ﬂ kD4, fb?fwééﬁ aBbutard dhamesmsa@apbamen 5tEd\ﬁt-d | 1M&ml ut and It 0
ave high sensitivi arinases ~an In particular,

exposur o KA epiaeh b 8000 24985, beoveenaonib2! pef Aot Pakpedr B0 “Jield

dp2-10dp6 2z kbdie nwj or pr oduct with an -35%yield of |onger

ol i gosacchari des, and exposure to Heparinase |Ill led to conplete .

degradation into di- and tetrasaccharides, which was considered to be a
uni que f eGalibratiopfof fRlsizeSxcligioMbelunb usest toredite ML witiehenagdd f or FML HS has

been usedd@g %gﬁéts?zeast Fysﬁ‘(égéji {o SWaQL?{at f thabPMD Hals Fi gure 8.

The Super sl zin ovved e Intact FML HS chai ns
wer e conpéeRrpsed °@®r@1"§%t€|&ﬁarq C'F%E‘éa?@.atsl'he FML HS chai ns appear to
consisst of a major pr oportl on of N-sul fated glucosam ne (AHexA- 15G cNS03)

and al so subst a rop of N-unsupstituted I ucosam ne in the
o dale. of Ateiray. e s Beerare todhe BeatrNeR b e L e et Rt 69
AHexA( 2S) 4 aﬁill abddd 18 G&NdNSrndk)rleﬁeaﬁ .beldeheabobat taéranabmummdmsaqnhmmmtl on of

AtexA- G CNA%zf]tQ ?v?nt 2%) tg]gwerﬁgfjl&&sac@q clg'rg attéllor gr? dé&)ut%‘%bgﬂd%o a m nor

proportlon P esent e ‘'non-r1 e ng en
(N-sul fat ajzbud&rmongg op@bout 10 disaccharide repeats

20
Size exclusion chromatography of FML HS following digestion with one of Heparinase |, I
or lll was used to generate profiles (of absorbance at 232 nm) of FML HS following
digestion with one of Heparinase 1, Il or lll (Fig. 2 B, D and F respectively).

25 Heparin lyases may also be used to exhaustively digest an heparan sulphate to its
" constituent disaccharides. Following such digestion strong anion-exchange high
performance liquid chromatography (SAX HPLC) was uéed to generate a profile (of -
-absorbance at 232 nm) of the disaccharide composi_tion of FML HS (Figure 3B).

30 - This analysis was used to',characterise the structure of FML HS in terms of disaccharide

percentage composition (see Table 2).

The disaccharide eomposition of FML HS is shown in Table 2 (Figure 10). FML HS
according to the present invention includes heparan sulphate that has a dlsacchande

.35 composition within + 10% (more preferably + one of 9%, 8%, 7%, 6%, 5%, 4% 3%, 2%,
or 1%) of the values shown for each disaccharide in Table 2.



The inventors also investigated the functional properties of FM. HS, in
particular its effect on human nesenchymal stemcells (hMSCs). FM
HS was f owodotimebsser ease both the proliferation and di f Persci@iobeno of hMSC
inin 25vitro culture. De-N-sulfated FM. HS was found not to increase hMsC
when conpared to exposure of hMSC to 3% serum and therefore N-sul fation of
FML HS is considered inportant as regards its effect on proliferation of
hMSC. 30 FML HS was al so found to affect osteogenic differentiation of hiMsC
and matrix mneralisation, indicating that it can be used in facilitating

t he devel rrent of_bone tissue from hMsCs EM._HS was

| n, part
found to AREIYANY aheas 1S P e UReRisROHE ek APt 1
ext ensi vetyasét@gedtubﬁ alsbcuhahéd cgnpsrise Whein éith d&yscmﬁdet:orre?.dumngm of

differentjation F.i e facil it ost eogeni c
di fferent }hg?? 8'?10 ﬁuﬁg&ﬁbggﬁl ﬁ%ﬁ%ﬁse@yg’%‘#@g p§’°‘ég om%évlt H%(%%]cé'sm on of
ost edgeni disaehiiide igenevrathieal1Dite SPhéBpPiatoadt, gratey or bosntinasrtm oprotein 2

(BSP2), Bé iTole] %%d??%%% ,ﬁgﬂ]( Eq—gg,g%) ALP expression was upregul at ed Wi thin

7 days of “expos which is consistent with ALP being
an essential transcription factor for osteoblast differentiation that is

expr essedFm@rHS/waspfunh&%so%ngé‘d sy éﬁaﬁ/s@rmr@tde%ntaéé Bbﬁtﬁ&érm af BSP2, OPN
and Runx2 Werea upre ulated at” day 21 foll ovmng ’3 éreto FML HS(Flg

7). Hepar s¥iphalpdang N-upsubptitytsicisaccharides. £5 pralysed by (BISPGs) repr esent
a highly dinnasedsnbgueun, ML WeoBuie itsavand are conposed of heparan

sul fate gl ycosam no can_sjd ains covalently attached to a protein
backbone. The ég‘}t@' %’L%tt°8ictﬁa@9&f%§§2’i n three major fornms: a secreted form
known as perd eabsut 23 % tancasuttatisred i n the pl asma nenbrane known as

-glypican, and _a tr pengbr ane form known as syndecan. They are ubi quitous
20constituents g‘?“tﬁg’%ﬁéﬁ H%Hl?"’g'tgpl surfaces and nost extracel lular matrices.

There are otheabqnndtz%lme-suﬂamnas agrin, or the anyloid precursor protein,

in ich an HS ch attached to |less commonly found cores. "Heparan
Sul \Sﬁat e" ("Heﬁg‘?‘grvé[?%sﬁugat'o& "HS') is initially synthesised in the Gol gi

25appar at us €s apmjt)‘&e%o*ct hasubdtitated disacatarides. of t andem repeats of D- gl ucuronic
acid (A cA
Accordingly, FML HS according to the present invention may include HS having one or
more of: | o
20 . a total sulfation of one of between about 80% and about 90%, between about 82% -
and about 88%, between about 84% and about 87%, or about 84%, about 85% or
about 86%; | o |
e total O-sulfation of one of between about 19% ahd about 27%, between about '
21% and about 25%, or one of about 22%, about 23% or about 24%;
25 - N-sulfation of one of between about 57% and about 66%, between about 59% and
abOut'64%, or one of about 60%, about 61%, about 62% or about 63%;
e 6-O-sulfation of orte of betWeen about 8% and about 16%, between about 10%
and about 14%, or one of about 1>1% about 12% or about 13%; -
e 2-O-sulfation of one of between about 7% and about 15%, between about 9% and
30 - about 13%, or one of about 10%, about 11% or about 12%;
« an N-unsubstituted disaccharide content of one of between about 26% and about '
34%, between about 28% and about 32%, or one of about 29%, about 30% or
about 31%. ' '



and N-acetyl -D-glucosam ne (A cNAc). The nascent pol ysaccharides may be
subsequently nodified in a series of steps: N-deacetylation/Nsulfation of
A cNAc, Ghoepimmpicsati on of G cA to iduronic acid (I doApcT@G0ioph@tsd on at
C2 of 1doA and A cA, O0- sulphation at C6 of N sul phoglucosam ne (A cNS) and
occasi onal O-sul phation at C3 of 30G olS. N-deacetyl ation/N-sul phati on,
2-0-,.6-0- and 3-0-sul phation of HS are nedi ated by the specific action of
HS N-deacetyl ase/ N-sul fotransferase (HSNDST), HS 2-0- sul fotransferase
(HS2ST), fiR Serfitiviy (ff%tﬁe?al%ﬁ%ﬁ@ﬁ@te(té'ﬁéﬁfh e dldsst%n(?s aibhst patiansd er ase,

he

respectively. ‘At ea nodi fi-cati on ste fraction of the
pot ent i al *¥13634YE"SE 8 'tsa?”é“’tr’ff?d?rfditaﬁe W%%?ﬂsttW%t°Rﬁ?p%rﬂﬁ§¥H@r%ﬂ?‘éa”stéeq‘t’fgﬂce

di ver si t yto aEBistin 3badturaténarakericatianl of vh thgparan kifpias. made it difficult to
determne its sequence and to understand the relationship between HS
structure and function. 24 Heparan sulfate side chains consist of

al t enat eFML&-tSruan;;bdnd)o@auehugbrsensntudytb eachlof Hepayimasesdcil dndiiid I'D- gl ucosami ne,

| i nked tyl at ed
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parti cul apeMiiRdsd @ mﬁrotdaﬁfpleltédéz{]f&&.sﬁ indYdit B RRESdcEhFidBa WHRdhwaf car boxyl ,
acetyl and sulfate groups att ed to the glucosam ne and the uronic acid.

I n contra%ctnstdﬁreﬁéﬁé??r‘\’"'qH%f)%‘%{ﬁ°§W'f—5ise contains less N and O-sulfate
groups and nore N-acetyl groups. The heparan sulfate side chains are |inked
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protei ” X Mgg]?éoggpﬁvﬁéﬂaﬁ%oﬁér? gﬁ’fﬂkéé ];%fr Eg@ﬁlsé&gérld&¥%ﬂga{§ RE Py 1 nfluence

their oglc een consli dered to
15sur pas sH§ waaln@apmctomoe&atcﬁf@anm m@&ﬁﬂloneqf Nogulfated @gicogamipe @iHexBhem 273,

2497S; SUG%N@@ afHEIQaIs!@ 4 SRRl %%Qrtlo%f ReunSRbsituted JlbsamBedh the Hlddie18) .

Variation in Ies arises fromthe synthesis of non-random highly
sul f at ed %fé'ﬁﬁl@ﬁ&éé'" Wh'%wa'?%%H%@%*ﬁe#%"é ey @S AHARRUI f at ed
regi ons obicHHsINAINS délasinC Théraiigdlsga hdnnoa@&ipyhnahedAgémerpeesemm initial

f f
For 200t P FABATB ANV BHREY SORBITAhg=Ra Tty S GRS BRe @Rl d 1o

i duroni c preseht anthesnonarilaing guelt(Vesutiated domain).f at i ons on. gl ucosami ne or.
i durgni c acids. In addition, within the non-nodified, |ow sulfated,

N-acetyl at ed sequences, the hexuronate residues remain as gl ucuronate,
wher eas i Fhe ineentarg Alsg investioateddheuseionat rraperties GHdIL H$dn garclday 'ﬁsﬁffe?tdur onat e

pr edom nagesumahesdnchirtal sthediy ivescgf potenti al - di sacchari de variants
possi bl e in any 25given chain but not the abundance of each. Mdst

nmodi fications occur in the N-sulfated domains, or directly adjacent to
them so FMEHS wad fbéndmlinciease bathithé bl@liﬁralibﬂaﬁ@giffénéatiaﬁonbfljthSUkh‘fnati on
sep%{sat ed @/ qtomal ns of |low sulfation (Brickman et al. (1998), J. Biol.
273‘(’ CURS50- 4359, which is herein incorporated by reference inits
entirety). 30It is hypothesized that the highly variable heparan sulfate

chains pl ~B¥-I\)§§J¥fatre8 lFﬁ/ﬁ_ I-iiéngag?ound‘ not to increase hMSC when compared to exposure of
hMSC to 10% serum and therefore N-sulfation of FML HS is considered important as
regards its effect on proliferation of h(MSC. -
30 | | - | |
~ FML HS was also found to affect osteogenic differentiation of h(MSC and matrix
mineralisation, indicating fhat it can be used in facilitating the development of bone tissue .
from h(MSCs. | ' |



nodul ati on of the action of a |large nunber of extracellular |igands,

i ncl udi ng regul ati on and presentation of growth and adhesion factors to the
cell, vi ave 200mpbkisgat ed combi nati on of autocrine, juxtaecise2emndo@adyacrine
f eedback | oops, so controlling intracellular signaling and thereby the
differentiation of stemcells. For exagple, even 35though heparan sulfate
gl ycosam-nogl ycans may be genetically described (Al berts et al. (1989)

Garl and Publishing, Inc, New York & London, pp. 804 -and 805), hepar.an

sul fate WQadfddib/, #REI6d Wad: fo'ﬁﬁ@wﬂér%_g%flggsé%igérxmﬁmmsugaaerﬁeﬁtcI es

isolated froma single source may di n biological activity. As shown

i n Bri ckn@aMmer, vith extengiye misyalisalion krine mesens st 2 days afipHpditcionshol s of heparan
sul fat e gliysresmfibmasdurs8ns obtai ned from neuroepithelial cells could
specifically activate either FG-1 or FG--2, dependi ng on-mtogenic status.
Simlarly, the capability of a 5heparan sulfate (HS) to interact with

ei t her FGhelfacilitafirigref2ct of Fiit 43S b esteogenitidifse2068of MMEO istiupportedl byhi s pat ent
applicati ect | . e .of i t] ' PR
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conpl exand e between e variation in HS structure is
consi der eRpiRgAMRsEgNtightranssoptioafacterfer ostepblashdifferpuiiating thabifexeressrd &Y f er ent

act ifgi ty iRlosRagehid SifdrantitioMDEXpIEssiohl df BSPVWOPNaRE RiinkBwbieHll upRigulated
differentiatign. The structure}:l Cﬁgﬁi_eé}ty i's considered to surpass that of
Ui iie (e

nucl ei ¢ ai93% 24 FRYOWING FURATHHS nmay be characterised as a sequence
of repeating disaccharide units having specific and uni que sul fation

patterns af thnes Elrhe%e:p%]ti me no standard sequencing techni que equivalent to

t hose avat eic acid sequencing is available for determ ning HS
sequence structure. In the absence of sinple nethods for determning a

def igi ti vig., : I ehQSdubl identified and
str t](g:t ur aﬁ?%%%%ﬁgg}g?gﬁlé%gg Eﬁ@sﬁlrﬁgﬁ‘g% EE’P g o?vr_l théb?ri\(,)g})gf by a nunber of
anal yt i calroleaglysang ged ?feﬁ?éwé’s?%%fl heaarap sulfaie glycessmnoglyeavside thalissacchari de

anal ysi s, cdvBibARSR@EINRY tb @ratBm|bhskbone HleGorISHotEN &Gd RIthieBingHbr forms: a

determ nati on. These anaI‘}/tl cal techni ‘and used by

ﬁue .are Yvel . known t

those of ST PR KPRITAS PeTSEaR,3 RraL eGR4 15 PIRSPHATIIHBRE BIOWhaS and
tetra- Sagypdicanh| siesa fraremenibranectbun knowrt asteyadecandT lthyges tibiquitoasd | yase

di gestion, A.descrd ption.of on ' i igest i

eSB! qoaon P SERE APy RRlf ot SSBY ol R SAEMBII, hFREs. ThBRSHL Blher
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Ni trous .aghébatﬁ?é%s%ﬂﬁ-lo%ﬁﬁ%&rﬁ%}%n of heparan sul phate | eads to the

eventual degradation o e carbohydrate chain into its individual
di sacchari de conponents when taken to conpl eti on. -

“Heparan Sulphate” (“Heparan sulfate" or "HS") is initially synthesised in the Golgi’ :

25 apparatus as polysaccharides consisting of tandem rebeats of D-glucuronic acid (Gch)‘
and N-acetyI-D-qucosan;iné.(GICNAc). The nascent polysaccharides may be
subsequently modified in a series of steps: Nfdeacetylation/N-suIfatiOn of GlcNAc, C5
epimerisation of GIcA to iduronic acid (IdoA), O-sulphation at C2 of IdoA and GIcA, O-

, sulphation at C6 of N-sulphoglucosamine (GicNS) and occasional O-sulphation at C3 of

30 GIcNS. N-deacetylation/NquIphation, 2-0-, 6-0O- and 3-O-sulphation of HS are mediated

by the specific action of HS N¥deacetylase/N-suIfotrahsférasé (HSNDST), HS 2-0-
sulfotransferase (HSZST), HS 6-O-sulfotransferase (HS6ST) and HS 3-0- )
sulfotransferase, réspectively. At each of the modiﬁcaﬁdn steps, only a fraction of the
potential substrates are modified, resulting in considerable sequence div_ersity. This

35 | structural complexity of HS has made it difficult to determine its.sequence and to . »

'understand the relationship between HS structure and function.



35For exanple, nitrous acid may be prepared by chilling 250 Il of 0.5 M
H2SO4 and 0.5 M Ba(NQ2)2 separately on ice for 15 mn. After cooling, the
Ba( NO2) 2iwocontiisessd with the 26 H2SO4 and vortexed bef ece/sieeirn®oo439
centrifuged to renove the barium sul phate precipitate. 125 gl of HNOQ2 is
added to GAG sanpl es resuspended in 2Q4p. 1 of H20, and vortexed before

bei ng-incubated for 15 min at 25C with occasional m xing. After incubation,
1 MNa2C38 is added to the sanple to bring-it to pH 6. Next, 100 p.1 of
0.25 MNaBH4 in 0.1 MNaCOH i s added to the sanple and the mxture heated to
50C for 20 min. The m xture-is then cool ed to 25C ?nd aC|d1f| d gl acial

acetic aclBPHASYRIeSHE FhANsIoasistatgitenatsly sriangedifglupiropigagid & Ly e

neut Iral | seidronictdtidldhd\d-blachsanik, lifiedwid <ume4;1@|9mmmbnhy Tfffeeﬁ.msa}hiyien;g Fi nal
sanpl es ar to sej
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chai ns, ere varying sulfation patterns are fo Note The repeating
di sacchar8®"backbone of the heparan pol ynmer is 20a uronic acid connected
to the anmi no sugar glucosam ne " NS" nmeans t he am no sugar s carryi ng a

sulfate o he am n r 0 ot h I and
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Hepaisi nasg, hlds tm526W¥d§é%%hll%9Iphédd §eéio|"‘§hérﬁ3%3ﬂse§49")’rges fHRpred in a

buf f er contai ni ng ng/ BSA an at pH 7.5.
Purel y byangitasawa,2098] Gurr. i@y StietsBiol. 1P, 378): AEatinnia HISapesiererisssr 114 of HS

and i nCUb@érﬁ@heaégn?nzgsfof)ﬁon]-l@n@orhﬂf@ﬂﬁsﬁfaféﬁ%b&t%n'&:@@oféﬁ@ﬁrtrb@iﬂu&ywm@rﬁér‘eng to
70C for 5 mn

chr omat ogfeRARAed @t@iﬂ‘@%ﬂ' téeeg%%gl% @g%gﬁ%@?? ég'?téﬁ‘m N%l%etﬁ% eg)lg'églﬁg'g\ngel ncl ude
st em cel | Bhe initial conversion of N-acetylglucosamine to N- sulfoglucosamlne creates a focus for
20 other modifications, incIudihg epimerization of glucuronic acid to iduronic acid and a
complex pattern of O-sulfations on glucoéémine or iduronic acids. In addition, within the
non-modified, low sulfated, N- acetylated sequences, the hexuronate re3|dues remain as
glucuronate, whereas in the highly suifated N- sulfated reglons the C- 5 epimer |duronate
predominates. This limits the number of potential disaccharide variants possible in any
25 . given chain but not the abundance of each. Most modiﬁcations occur in _the N-sulfated
. domains, or directly adjacent to 'them, so that in the mature chain there are regions of |
high sulfation separated by dofnains of low sulfation (Brickman et al. (1998), J. Biol.
Chem. 273(8), 4350-4359, which is herein incorporafe_d by reference in its entirety).;

36 - dtis hypbthesized that the highly variable heparan sulfate chains play key roles in the
modulation of the action of a Iarge number of extracellular ligands, including regulatlon -
and presentatlon of growth and adhesion factors to the ceII via a complicated '
combination of autocrine, juxtacrine and paracrine feedback loops, so controlling
intracellular éignaling and thereby the differentiation of stem ceIIs.AFor_ example,' éven

35 though heparan squaté glycosaminoglycans fnay be genetically described (Alberts etal.
(1989) Gafland Publishing, Inc, New York & London, pp. 804 and 805), heparan sulfate

.



27 The stemcells cultured and described herein may be stemcells of any
kind. They may be totipotent or multipotent (pluripotent). They may be

enbr yoni cwonoadebisistem cell s from any tissue and may bechscatiopodedi c stem
cells, neural stemcells or nmesenchymal stemcells. Preferably they are
adult stemcells. Mre preferably thegsare adult nmesenchymal 5stemcells,
e.g. capable of differentiation into connective tissue and/or bone cells
such as chondrocytes, osteoblasts, nyocytes and adi pocytes. The stemcells

may be obgipédeaminbpEarcdpecies istRitedifonhd BRBle sBule nityiffed BtlolagibaTakity €. g.

rabbit, gulnea pigqg, rat, ' o[, other ro including cells from any
Cnimal i A A BrctRiet o 455 Ay Sobigigy Bofe. bt seipratd pidls Sthepbien “hor e,
non- humansyifaienghicesaminegdlyrans bbtained fram neardepithicdiblecetis caud specifieally/aotivate
10non- hu | i i s, and/or h n. Qo t r.e non- human.
In this g%g‘&rg |Eic'altolr%%,':?%)?gg%nedr'ﬂgcoeq 'f"??gsemlréerggart\ S'gﬁ{}"a@g’%é %’%Pﬁgﬁphogfa has t he
abi | Bty tbeparan syifatéi(H8) todmerfact withegithean@F 11 @mkiGir-2 istdepesibed in \&/P SRA0PPot ent
(pluri pot ; i I SLi kb i of: fﬂ%sj,- 15 Stem
cells cul %ﬁgr?}ed' | nﬂ?i}egagﬁtle E%%ﬁfﬁ\%gﬁ%@ghﬁngi%gﬂéébgeb?fé?tﬁga or t erl f/ic?s from
exi sting eRipinahieEommuiine cels af embaienigisiay Fam aboukehbleyabavtc! Sowhereesd HS ssue,
i ncl udi NgcdpapR@f inRPARINGRth PEF-5iioBtairRBictdt mbAyoAic daftbi balit Eerabo(@ ti ssue
that is normally discarded). 20The nultipotency of stemcells may be
determ ne?)o-by use of suitable assays. Such assays may conpri se detecting
one 10r nore nmarkers of pluripotency, e.g. alkaline phosphatase activity,
det ecti on, of, RUNX2: teri;x, .collagen |. | 1V V]IIl. X.qsteaopgntin,
Oot eocal oA RIeAS St 1Ra PaMbIa 2 el offyeen s SRAGRERE: |
(¢ EBPa) , vagidiigroo yiSestiuctoredis lspmsidened {orpayeamimpaitar8 Part iroenndribsting toyewsttbén 2,
(BSPIT), 2 I ; St A4S or human
AifrRAt Ddadnis |n2;ﬂ3mamé, d%?.é%“ﬁne ﬁ@g@&gf&&gﬁ&ﬁ@ﬂ&ﬁﬁ{.éé

bone marrow stromal stemcell's are I'potent (nultipotent)

pr ogeni t ofhecwiucyrajremplexily isernsideledite sypass thakof paeleicagige angaltheudhiiScl e,
tendgn, - Iétg@mﬁwafséicﬁaaeterﬂéa;‘ae alehiRrick \berdpe AR tidaeEfariad Ukits RAmMmgnat al | y and
exhibit 30stemcell characteristics, nanely | ow incidence and extensive
renewal ptReEHE Ao 9"'%%3%%?%@&@@@8%?%?? Btﬁ“%rSﬁe‘i“r‘?BF'Pg devel opnent al
pl asti ci tigchngue egaineleatite those avzidRU6r riusleir a2zl seqnendie) ipatalableddr use of

mesenchymal,_stem ceglls to replace ged ti A e enchymal
Stom ool 1Bl B8 seiefs 0R B8 criinasEnet b RE BRI AR o o
t he i nj urdafinitive HS sequente strgterd iHEgMP IRt Wes are absitivalisidedifige aed strustusalyr opri ate |,

35t bgsue GaRtdrgd sy sﬁulh%g whikss indhe fdId BY a3 In%Er frransumhtetmq@e&e kRt

nmuscul ar, tendon and ament repalr IS e sel ection, expansion and
nodul at i ORclgde eeor aserbpation ef disasehatide gpalyes. [tefrasaedhatide FsEpHBEENI t or
cel | s i n idaan@éssar WeidhPa&einmnRARADTHERE Aflytidal fBcihidiRl GHCWéIVithoWh t BRICt I ve
scaffold to %u ort g(r]d gnui de regeneration together with judicious - -
sel ect | orfis6H PEHIese pf skil n the art - R

- 25 Two techniques for production of di- and tetra- s’acchérides from HS include nitrous acid
digestion and lyase digestion. A description of one way of performing these digestion
techniques is provided below, purely by way of example, such description not limiting the

scope of the present invention:

30 Nitrous acid digestion
Nitrous acid based depolymérisation of heparan sulphate leads to the eventual
degradation of the carbohydrate chain into its individual disaccharide components when
taken to completion. ‘ . '

35 For example, nitrous acid may be prepared by chiliing 250 pl of 0.5 M H,SO,and 0.5 M
Ba(NOz)z separately on ice for 15 min. After cooling, the Ba(NO,), is combined with the



5tissue grow h factors. Human bone marrow nmesenchymal stemcells can be

i sol ated and detected using selective markers, such as STRo-1, froma CD34+
fracti on wodboizieessg t heir potential for marrow repopul arcorsG2iiesesecel |
surface markers are only found on the cell surface of 10nesenchynmal stem
cells and are an indication of cell plaripotency. Mesenchymal stemcells
are easily obtainable frombone marrow by mninmally invasive techni ques and
can be expanded in culture and pernitted to differentiate into the desired

i neaﬁef %ﬁ@ﬂr@l%ﬁaﬁdd%f&@?elhgcérﬂﬁmg&ﬂtoﬁﬁmbmmbgh&m@Ill_tl)_ge gfecﬁ)nﬁlél fic

gr owt actors e ansform ng. growt ctor_ bet et a

super f ani 1P h‘é’ﬁﬁ'@‘?) ﬂ)sr?f{d@ Ggﬁcﬁ?"g’ée%trﬂ%’sBﬂ?@d%?%Hdﬁghét"i"l’:’ YreY ns . (BVPs)
are i npor bgbie Heiltifdubatel f&h@nﬁth@gm.&i&c@ﬁ&mmgc et fnenmbhatmon of
mesenchymal stemcells. Suitable bt ai ned -or  derived from bone

e o o RBia R Eqaegd ine SATPIBIRIEEY £ ioh B e f0GHI 0 3o PARBEHE R tbMe Trorr o

(€. 9.5 VeXNBOHES adled té\He! SamPRIMNIITRE Fikilirk Pedted t-$0°BabK emAl THE MRRuEES enchy mal
"stenml cells but unbilical cord and nobilized adult bl ood are not.

HAEMOPQO Etbes cagles! 1ora5COend peidifipq 9'?§'ﬁ' ay@tﬁ%ﬂ adsied i bring te safPieda PH: 368- 374,

Apri | 2008ng midurd\iahérPReutralildlwithofo M RROHEHA the Pdlume becrefsed-b Ty-ﬁ%e@é al .
Long-t erm Expansi on and Pl ur| ot ent Marker Ar r‘t%ﬁl Ana sis, of Wharton's

Jel I'y- 2580y EMa\RAmRIRSAFREIN 8t 2 Riocds!|Fs2 cdyrapy ¥anb009 July 20

(Epub)) . {deasnchytiet toiii thebbégrei/ddaeadatiomi ned by d| fferentiation of
plurjpotent stemcells, such as human enbryonic stemcells or i nduced
pluri'potent stemcells, by application of suitable differentiating factors,
as is wel Lydsaotigesiion the art. 30 In a further aspect of the present

| nventi OnHe@arﬂE@rﬂg@ig %'sﬁ&ér cﬁQRPQtS@E&LP&h.&QWagr 5 NehedeRY Sﬁjié pﬂfs%er ated by

any of the nethod sent Tnvention agnents o ucts
t her eof , erZypmesVli Head l"TnéCM%nlam@@ﬁvth@nethéﬁﬁwvbv é@pqng@errmngmﬁrtan met hod of

medi cal t h&atdPediphafiidda@éi@s BNSHHIASSR likftish récogmas §.fe9nﬂeaarma§éxr ther
corrprl se a 35pharnmaceutically acceptable carrier, 4uvant or diluent. 29

I n drot he?e%ﬁé‘bﬁcr@fnsﬂ"ﬂt@ 'ﬁ’@%’ﬁ? aloRg i S Ahairs ¢ T lead © GERIea ey any of

the met hodﬂpm‘?ddw‘ba@fsemﬁrma&wnﬂepﬁwém&ebasmdhe NA@OﬁﬁIﬂbO@SLgfng]‘Bdl cal
treat nent rerera neal. c n

adm i ot PP RGBS e RPRARe heidas oL SRR aor il Jitedfiteskiy ' <!
ef f ect i veprimariyntleaves gathe NS tshoeider” dompinaphitd8 ebains alhemnmg;q';qlfam S.t em
cells obt LR drbtRHENGY! T EpdHhd BScc B BHEREIR P el dafmePis N S

i nvention
20 a-uronic acid connected to the amino sugar glucosamine. “NS” means the amino sugaris
carrying a sulfate on the amino group enabling sulfation of other groups at C2, C6 and

C3. “NA” indicates that the amino group is not SUIphated and remains acetylated." ;

‘For example, for depolymerisation in the NA regions USing Heparinasé Il both enzyme

25 and lyophilised HS samples are prepared in a buffer containing 20 mM Tris-HCL, 0.1
mg/ml BSA and 4 mM CacCl, at pH 7.5. Purely by way of example, Heparinase |ll may be
added at 5 mU ber 1ug of HS and incubated at 37°C for 16 h before stopping the reaction
by heating to 70°C for 5 min. ' |

30 Di- and tetrasaccharides may be eluted by column chromatography.
Stem cells

Cells contacted with MML HS or EML HS include stem cells.
35



may be used to differentiate into another cell type for use in a nmethod of
nmedi cal treatnment. Thus, the differentiated cell type nmay be derived from
and may beocongicetsned 10as a product of, a stem cell obtrairsedotyodtre
culture nethods and techni ques described which has subsequently been
permtted to differentiate. Pharmaceutdycal conpositions may be provided
conprising such differentiated cells, optionally together with a
pharmaceutically acceptable carrier, adjuvant or diluent. Such

phar maceutrhé gbnmrcef9 SiNaFdd dnardesErbid BerelhSRbpibe sBmLelSbItM kiHd. masy ﬁnai/

treatnment, 15 B | | | |

present i h%%??tg&e%ﬁ"tﬂgfeﬁﬁ@mﬂﬁ% &éutﬁegr%gyg% %"Bé’%’gggﬁé‘gﬁn%nﬂ ﬁ%‘sgﬁﬁr‘t ure of
cell's. | napoissueairiaybe hematopoietid dtem alys, beurbiostem peuscmmmmncmetnhssteﬁﬁ hese
2_0rray be st Igrqgre %ﬁﬁ'ﬁﬁaagl gdlﬁt stedrh ]c%IFs wpore fefecrabl a?ee g(#]l.ﬁt rﬁ’%séh%h&m%?et ogeni ¢

| i neage. one precursor A senc mcells.
Cel | $ of sthe cells, eapeapabld ofridftegentiating rutde:obraﬁeeve:msus aod/omrrexfeuﬁrwmg%el | s,

exanpl es mon\fm:'cgtg s ) oS ORY S%E%d@e%er n QYdrf Bells %&5.%& ure In

sone aspects the present Invention Is w th the therapeutic use
(human anfi?® @nweme\ai PrNaNoe-gVMN-ymagranimals. 19 trabhity giReaRigdat F‘&E%ﬁuﬁ”e

HS and FMyinhklSodéf (RaGhng sérerfrbﬁphﬁyearnﬁnérmtﬁeeﬂreahchamemanesg ¥, emm C
differenti at ion in a dose 3 OdePen ent manner.: Bone fracture is nmedi cal

condi t i ongeatiPaftie; Borse fopdymag primatel oiies non HW%e@e@%Q@aﬁ'F“’r ?ﬁqﬂ to bone
i n woi ch gorPsuiear MamraGdeshimbiscderor aumani Pptshally'they asknonefueias. t 0
discontinuity in the bone. A fracture may be caused by physical inpact, or
mechani cal 35stress or by nedical conditions such as osteoporosis or

ost eoar t hinitbis specif@@tid@, b otesredtiids mbars siny beibtvbe)ﬂnabfﬁanthaebilityecsdivide liedes cl osed

or ~open as@f r@hémlé%dcrém i ttgstitpbfet'\ww&]ftg I@rﬁ)to'tgnﬁ ndg e9‘38§§ efciraﬁ{etdures the

skin remalns I nt'act, an o acture 'the bone may be exposed
t hr ough t eris ifsanlgsissck e, which bri ngs a higher risk of infection. Sinple
fragiures occur along a single line, tending to divide the bone in two.
5Nult|-fra§rrentary fractures spilt the baone into nujti | eces. O her

fracture PEPeels AjurRin theRips ?W%’ﬁmf‘r"%?é’ttt‘fr@ ained {5 et ff ersiing, spiral

fracture, Ctmormloetji%ecalwromrmgmﬁhletem&yoamtduIf@tél tiséuiea MeIUang &joodi bemer and obl i que
fractur esmgri?'gwc%n eerr Fa or un%)clﬁclélt[ cord (a tissue that is normaIIy discarded).

20 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, detectron of RUNX2, osterix, collagen |, Il, IV, VII, X, osteopontrn
Osteocalcin, Aggrecan, ALBP CCAAT/enhancer brndrng ‘
protein-a (C/EBPa) adipocyte Irprd binding protein (ALBP) bone sraloprotern 2, (BSPII)

25 Collagen2a1 (Coll2a) and SOX9.

Mesenchymal stem cells or human bone marrow stromal stem cells are defined as
pluripotent (multipotent) progenitor cells with the ability to generate cartilage, bone,
mUscte, tendon, ligament and fat. These primitive progenitors exist postnatally and exhibit
30 ste‘m' cell characteristics, uamely low incidence and extensive renewal potential. These
properties in combination with their developmental plasticity have generated tremendous
_ interest in the potential use of mesenchymat stem cells to replace damaged tissues. In
essence mesenchymal stem cells could be cultured to eXpand their numbers‘ then.”
'transplanted to the injured site or after seeding in/on scaffolds to generate appropriate.

, 35 tissue constructs



10 I n nost subjects bone healing (fracture union) occurs naturally and is
initiated following injury. Bleeding normally |leads to clotting and
attracti omoabiwdseiee bl ood cells and fibroblasts, followedTisg2pnmdesi on of
collagen fibres. This is followed by bone matri x (cal ci um hydroxyapatite)
deposition (mneralisation) transformogg the collagen matrix into 15bone.

| mmat ure re-generated bone is typically weaker than mature bone and over
time the irmature bone undergoes a process of renodelling to produce nature

"lamel l ar LﬁoaﬁaneTm.vsaaalosérefobg@etmahéda&r néma%adﬁ.gdﬁﬁ&teﬂmna@a@abl e tine,
typically gr,! nont hs. 20Bones .in which fractures occur and whi ch may

benefit f?%‘?ﬁt' SXPFRSIAN %@.%’Uhﬁw P§h8PPF’R/E"QIEPPHE’"[?HEe'!§ls|”°'bﬁ?1e t ypes,
Fartl cul assdtyopaddenit@ et inatie &RBS borcih udmbmatlmwlthrwéonldumv"efbdmﬁOctlvbolng) bo?les
e. g ner us es es (e.g. carpals sal s at
bones (o eref HrpRer R SUBE BBttt bhp el itifioPis SHAPLronfhEgu M
bone$ (e.tipsuw growdibfaatels, sesanoi d bones (e.g. patella). 25 Bones in which
fractures occur and whi.ch may benefit fromtreatnent using MM HS or FM. HS
i nclude skel etal bone (i.e. any bone of the skeleto r@? bones of the

crani o- f alduman besgi arrovhmreenchymaltateraselisican ke lisetatas qndl dpteolastuséfior ae, ri bs),

appendi Cuéél’éctlpé’fhﬁrk(e% Suchs SO, iffoRed CDQ@nﬁa&Bn Waﬁﬁd Her Bﬁt%ﬁﬂlﬁ'fd?n (e. 0.

pel vis). 30 Bones in which fractures occur enefit from
t r eat ment MASOW EEPORAIAGS. EPeSPI\ﬂ?" F{Sf%eé‘é?r\“?fﬁP[fo@'%fﬁﬂ%mbﬁhetcﬁ'ésmﬁ fskul I) and

neckio i NChbéknBByrhd)efen &ils bhE afeadraingibdtion @% céilAuripateincylose and cheek. In this
respect, in sonme preferred enbodinents MML HS or FML HS may be used to

assist in repair or regeneration of bone during dental or facial or
35cr ani al Mesengymyal steim cdiis aee/edsitye bhtdiealble fomgsione otarrow byfmibioradg ingasivedi st i nct

fromteet tg%hn?(juets rAﬁd Qﬁ:ge @g%/nﬁéd .H%Hfd}e afid eﬂnﬁt?édl{g'dﬁgaésnnﬁglgr? e sxred?‘ 1 Bone

fracture al'so’ 1 nc I cal porosi such Ited by
subj ect s Knieage. &ﬁ%ﬂ@hmrtay besmiqoad ) kherﬂﬂpll¢atlﬁm of spgcifio gromth fectesedne

i nveRt | Ontrark%‘?rniﬂb'gfﬁhﬂfa%f"&r'b@ﬁsﬁél‘: by shifsermilf Mem RinstRicRBs gl | s wi thin,
adj acent to, or caused to mgrate into the wound site and nmay be on the

bone st erRAEIMYPhqggRStGRERIENE FBYIRS ase BRpartaat facteis o Faandiogepic aﬂﬁ any of the

anci | | ar yogdfogenis aiffeRpeation of tesendhgmarkstavhicbilsn or caused to migrate into the
wound bed. 10MML HS or FML HS and pharnmaceuti cal conpositions and

medi caments conprising MML HS or. FM. HS are provided for use in a nethod
of treat nBuitablefM$Csm@ay baobtained bndetivad froml boae matrbyvewdnonuclear cells

20 (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- 3‘74 April 2003.) or Wharton's Jelly of the umbilical cord (er g
Taetal. Long-term Expansion-and Pluripotent Marker Array Analysis of Wharton s JeIIy-

25 Derived Mesenchymal Stem Cells. Stem Cells Dev. 2009 July 20 (Epub))

Mesenéhymal 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 |
A suitable differentiating factors, as is well known in the art.

30 | S
In a further aspéct of 'the present invention, a pharmaceutical compositioh comprising
stem cells genérated by any of the methods of the présént invention, or fragments or

- products thereof, is provided. The pharmaceutical com'posi_tion useful in a method of
medical treatment. Suitable pharmaceutical compositions may further comprise a -

35 pharmaceutically acceptable carrier, adjuvant or diluent.



Treatment may conprise wound healing in bone. The treatnent may involve
repair, 15regeneration and growth of bone. Treatnent may al so incl ude

t r eat mentwofo0gtseepor 0si s or osteoarthritis. Adm ni strapcescaiioddsssiS or
FM. HS is preferably to-the tissue surrounding the fracture. 20This may
include adninistration directly to bong tissue in which the fracture has
occurred. Adm nistration may be to connective tissue surroundi ng the bone
or fracture .or to vasculature (e.g. blood vessels) near to and supplying

t he bone. In%mh@f géieattdf(ﬂfé Wenbﬁﬁvéhtfoﬁcgtehi cteﬂ)s ééh%ra‘iéd 5y &y df Helthdthédsosmay be

to a callus forne initial heali woun 25Medi canent s and

phar maceuth? PHSERYRYFEEPR "gK Le 5&%F‘6l’ﬁ"§h?%°ftrﬂ"é“fﬁ't§§%ﬁ‘9"5 RFERRRGR ey be
f or mul at eglethod oflBHitdl Hrebtnianoi p&)ﬁld%d%ﬂibﬂélng)édrﬁlﬁlsteﬁﬁg td\irsindipiciedi e aéﬁoy MWL HS

or FML HS ornmulated i.n f wdform or |

enboot menteee ek et bl Bece et ARt Rl 2o 30
f or mdl at i ampositign. i n a drug capsule for inplantation at the wound sifte. The
MWL HS or FML HS may be attached to, inpregnated on or soaked into a
carrier material (e.g. a biomaterial) such as nanofibres or biodegradable
paper or $temt delle obtained fderghicy tura megpdsani/igchpigues adepdingdpo this ipverttienabl y in a

“ther apeurtnh)fﬁé Lyedth fd%FénY@teWHH&ther c%ﬁ’%bsfort?ﬁb fa HatolioF BRbickio | nprove
heal i ng .of bone fracture conpared to a correspondi ng untreated

fract ur e. trepfaenic Thys. t%ﬁﬁfﬁntﬁ’éﬁﬁ Gofl $trerery. bedriivedifremaad Panke eansidseedof 32
gd mi10i Strada QrB]guMﬂof la s#aP eAIFoKEINGd Y thakulise Afthods wAd técb!m@jestdé@crft{]eaCt ur e.
rescription of treatment e.q. decjsi 0 iS within the

r esponsi b‘f’h'fr’}f V%?Uba%W@PQW bﬁﬁ“é’%{’l"ﬂ?‘ih&}»‘@ W@peoqﬂ'@f'ﬂ i L PORRIEE and wi l |
t ypi cal | ymaypbkep@eided odmprfsirighseicmdiffercatiaiéd télis, dptiasalyrtegetienevitb@andi ti on  of t he

i ndi vidu I - te of N “ nistration and
ot her fagéh(??@;%?%ﬁ%q"y%g‘%ﬁfégg:etcfaﬁe&neHdggﬁ@?ﬁj&'ﬁ%ﬁogﬁéﬂ}ﬁﬁrﬂ%ceﬁ g{{‘ m ni strations of
MVL HS orcofposikishsdnake usefullifea angthiodiof mediedl tieatregntor dance wit h t he gui dance
of yBe prescribing nedical practitioner. Purely by way of exanple, MM HS
or FML HS may be deI|vered in dosages of at least Ing/m, nore preferably
at | east DX/ HR8NQE S¥9eS 10 ng/ml or nore. Individual MM HS or FML HS
dosages may be of the order Iess than 10 1ng and greater than 1pg, e.g. one

of about 5 bt t5 t ., about bout 100pg,
Sbout 0. dRgeeasenguih HeareSeRt timreB v PRnp g EP e Bedieg s T
ment ! onedhabultuee ofa:ellbelnfspmacémhodnﬁgmisyt@é oﬂlssn@i‘bﬁ_rbmeemeaur célisi dheses, 20t h
Edi szon, r%Q;P Qe stBMQ:'ellé‘éa?)%bI@%?Eﬁ‘fereWAtJoh% cgfls\é# Hé' dggtogenic Iineage.— One

example of bone precursor cells are mesenchymal stem cells. Cells of the osteogenic

lineage include bone cells or bone-forming cells, examples of which include osteoblasts

and osteocytes.
25 Bone Fracture

In some éspects the present invention is concerned with the therapeUtic use (human
" and/or Veterinary) of MML HS or FML HS to treat bone fracture. MML HS and FML HS
are each reported here to separately enhance osteogenic differentiation in a dose

30 dependent manner.

Bone fracture is a medical condition. Jn this .application “fracture” includes damage or
’_injury to bone in which a bone is cracked, broken or chipped. A break refers to ‘
discontinuity in the bone. ‘A fracture may be caused by physical impact, or mechanical

35  stress or by medical conditions such as osteoporosis or osteoarthritis.



15MML HS or FML HS may be used to treat bone fracture al ongsi de other
treatnents, such as admnistration of pain relieving or anti-inflammatory
medi canmerwe,20iwmesedsill | sati on and setting of the bone, e.@cCTisGaoioiohessy ng t he
injured linmb in a plaster cast, surgical intervention, e.g. to re-set a
bone or nmove a bone to correct displaggnment, angulation or dislocation. If
surgery is required MML HS or FML HS nay be adm nistered directly to
20(e.g. applied to) the fracture during the surgical procedure.

Bi omat er i @hﬁo,Peae %@Qﬁﬁa‘t@@bf FRIPEShEIL @RI o%ﬁé&ﬁ@dﬁﬁe%ﬁ mhhe i nvention
may take the formof a biomaterial that i s coated and/or inpregnated with

MVL HS or fragorentasy fragturesy [ngiesed fragtys e sid regnaipgintaet, WBH'%#%P‘WR? t he

bi omat eri ﬁéoturgufszdn@mhaweSexgbsdart%h@eﬁ@svmw s \Aﬁﬂhhginﬁgé b yiighemrisief ed to

assi st |nEqg V\itg {%eneratlo ibﬂ Hg and/or r eno elllng MWL
HS or FMLM BBl gplropl 979 SR 7. Frgere SREe 5 bREah Boxt e pew
bone 530f omMotitflagmentanyefrateses st the bahe into mltipleipidcedre appr eci-at ed that heparan
sul phates, unlike proteins, are.particularly robust and have a nmuch better

ability to wthstand the soI vents required for the manufacture of synthetic
bi oscaf f oDther kanture types dwtudercompréssipndractireasompadied fiadwrs. spird@rasbiiponent s of

the bi OgBt% b an(?mgomﬂléfe'fﬂa@tlﬁé’sl ¥aRdvbRAL N8 arﬂf otiﬁeéé)fr&tlﬂgs M4 HS or FM. HS

into th Iomaterial. Coatlng may conprise adsor |ng HS or FML HS

onto the eammiauted FACtUIGE. bi onat eri al . 5The bi omat er. al shoul d allow the

coatygd or inpregnated MM HS or FM. HS to be rel eased fromthe biomateri al

when adm ni stered to or n"o ed in ge subj ect . Bi Omteiﬁidg‘ll rel ease
tBtsdgel

ki netics Rdprsheubigeshang hsp ’}Ql(fré?tf"ﬁd‘“i% OquF t‘df?@' and ig Ini M9 of the
bi omat er i iajury. Eetirgddirhalyiedds tcomtinggnd)attnammnagmue btyoacéilscamat eri aI with
MWL -HS or_F '

i npr egnat%b(!icl)\()g?sts 50"9‘"%(’ g%p%ﬁggtﬁl O?C(ﬁlg ?nybr¥$ .‘é‘?mBB}eS%gk) 8I -eas one chosen
from t he @aloum hydrexyanatite) dedositiBivimiperalisgtion) tr@to]_mmg@k dollagrmrmatrix NEF- ( 31,
TG-}32, T@%\el%ﬁmaMFquLgeﬁg altégc%?\e id @H‘hmy'%veai(ért%?ﬁ‘ﬁl%wr@boﬁé' dridMECHhS- I N

addition or alternati vel ove "bl oacti ve nol ecul es, one or nore
bi sphosphHfiraatureshane unéergﬁﬁﬁr%erﬁa@wf&mwam@@ pRdvremaiuts maliat i al  al ong

W th ML (dae0rmhé MbmpiSte donamphimg prdcebsked cdhisriBRBREINE) fpisallygny ncl ude at

| east one chosen fromthe group consisting of: etidronate; clodronate;
al endr onaf®"pani dronate; risedronate; zol edronate. Bionaterials coated or
inpregnated with MML HS or FM. HS may: be useful in both

20 Bones in which fractures occur and which may benefit from treatment using MML HS or
FML HS include all bone types; particularly all mamma‘lian bones including, but not limited
to, long bones (e.g. femur, humerus, phalanges), short bonés (e.g. carpals, tarsals), flat
bones (e.g. cranium, ribs, scapula, sternum, pelvic girdle), irregular bones (e.g.'.

) vertebrae), sesamoid bones (e.g. patella). '
25 | _ | L
~ Bones in which fractures occur and which fnay benefit from treatmeht_usi‘ng MML HS o,rﬁ.
FML HS include skeletal bone (i.e. any bone of the skeleton), bones of the cranio-facial
region, bones of the axial skeleton (e:g. vertebrae, ribS), appendicular bone (e.g. of the . |
limbs), bone of the pelvic skeleton (e.g. pelvis).

30 | | o |

" Bones in which fractures occur and which may benefit from treatment using MML HS or

FML HS also include those of the head (skull) and neck, including those of the face: suvch :
~as the jéw, nose and cheek. In this respect, in some preferred embodiments MML HS or
FML HS may be used to assist in répéir or regene'ration,of bone during dental or facial or

35 cranial surgery, which may include reconstruction of bones (as distinct from teeth) of the -

face and/or mouth, e.g: including the jawbone.



20medi cal and veterinary purposes. It will be appreciated that the present
invention may inprove the quality of life of a patient or potentially

ext end t hwol2nfieneederan ani mal, for exanpl e a val uabl e r aeelmsGa@0fo00432Se in
br eedi ng. The biomaterial provides a scaffold or matrix support. The

bi omaterial may be suitable 25for inplgntation in tissue, or may be.
suitable for adm nistration (e.g. as mcrocapsules in-solution). The

i npl ant or prosthesis should be bi.oconpatible, e.g. non-toxic and of |ow

i rmunogenicity (nost preferably non- innunogenic). The biomaterial may be
30bi odegr dab e.such th t t he bj omat er i g1 ade . nd | i ng occurs,
I t1 at o1 BOTSRATE 23R e PRISgBHER OB b aHEY Pne] PUTGIY PheuEay b

Al ternati vﬁécypoaosrson bi odegr adabl e bi omaterial may be used, e.g. to gui de
bone regeneration over a |arge discontinuity and/or to act as a structural
support during bone healing, with surgical renpval of the biomaterial being
an ot i onAlthqughupt limiting to dife resent bwentiohuthe womar dedens of ¢IML BE oBiFitedRr i al s
may be soff,, %9@419&!@%% Qhﬁcerﬁtc?or @ﬂ@@%@rat@ Iy 4 fh@ \A)Uﬁpd Qie APhRay be

or, col | agen’ sponges. 6@ i's a substance formed when an organic
pOI ymer, Whﬂ‘@lpoeg.ﬁteﬂbceﬂﬁtt qeogtpolgi?ﬁﬁ REthe estepkiasiy or gR agypfithe ANEIRTY & creat e

a t hr ee- di,R0BGEHEEIS RSN Withini o @asdetus Hibrste ifatheadunamed ol ecul es of wat er
or other solutirons to forma gel. Solidification can occur Sby aggregati on,

coagul ati on, hydrophobic interactions or cross-linking. Aternatively
bi omat er i BIVE. WSy ML HS aidi phatryadeutiiaticarhpasitibns &sd medigaménts eardprfsingm sol i d
mat er | a! S‘\@/[II_CI-F? Flﬂgﬁﬁlg\eﬁ @ro(\)nrdsg Ifé)rluggl C%a }nle%od 3P trré r[r@rtlt%wﬁo uﬁgctl.ﬂé lrF ét ani um

10The bio or ous X oS Cr ucture may be provi ded
by a cr osmaMmahkreshmrmtyrrer The matrix is preferably perneable to nutrients
and growth factors required for bone growth. Matrix structures nay be
formed by crosslinking fibres, e.g. fibrin or collagen, or of liquid

15fi | ms on%mealcgmﬁWOWthﬁé'mﬂ" bejre. o'Eﬂ?éieaH@ﬁ“)'lgﬁ’d&Y&P’Pd@%a"w th

sui tabl e EhesshiidheHdroh®f bl Ci um sal ts, polyacrylic acid, heparin. ‘
Al ternatively scaffolds may be forned as a gel, fabricated by col | agen or

al gi nates, crosslinked using well established nethods known to those

ski | | ed i Treatgentimay a0 Silddeleatnt yhasteopatosisioabstedarthriti|t ri X f or mati on

i nclude, but are not limted by, biodegradabl e/bioresorbable polynmers which
may be chosen fromthe group of: agarose, -collagen, fibrin, chitosan,

pol ycapr oRdministrationoaf IMMIDHS| o EMLAES tsmrefarpbkvltmtnedlne;e surrounding the fracture.

pol yol| aCﬁh.Q ‘ﬂwcﬁﬁ@ragh\?rﬁgt%ﬂf’n Gifscll) msunb%gaue .n%aegwecﬂcfnﬁsha&eé&k@etl de,

poly ydroxya noates, co-polyners’ thereo or non-b egr adabl e pol yners

whi ch may Adrginistationmay Qﬁ‘ﬁ%‘ﬁé“%gﬁ @ﬁfﬁeéﬂ”o%’élngﬁl‘weé’éé'?gt"@ orde| | ul ose
but yr at e, vaahinfd @.g. BRbY S6dskeRNRearf®hyd/§upbly®ad8he bone. Administration may be

directly to the site of injury and may be to a callus formed by initial healing of the wound.

25 Medicaments and pharmaceutical compositions accordihg to the present rinventiori m'ay;
' be formulated for administration by a number of routes. Most preferably MML HS or FML
HS is formulated in fluid or liquid form for injection. '

In some embodiments the MML HS or FML HS is formulated as a controlled release
30 formulation, e.‘g. in a drug 6apsule for implantation at the wound site. The MML HS or
‘ FML HS may be attached to, impregnated on or soaked into a carrier material (_e.g. a
" biomaterial) such as nanofibres or bi‘odegradable pape'r or textile.

Administration of MML HS or FML HS is preferably in a "therapeutically effective amount”,
35 this being sufficient to |mprove healing of the bone fracture compared to a correspondlng

untreated fracture. The actual amount administered, and rate and time-course of



pol yacrylonitrile, sulfonated pol ysul fone, polyam de, polyacrylonitrile,

pol ynet hyl net hacryl ate, co-polyners thereof. Collagen is a prom sing

mat eri al woronmisesex constructi on owi ng to its bi oconpat iPhirisiGegioanak39

30f avour abl e property of supporting cell attachnent and function (U S. Pat.
No. 5,019,087; Tanaka, S.; Takigawa, TKp; |chihara, S. & Nakanmura, T.
Mechani cal properties of the bioabsorbable polyglycolic acid-collagen nerve
gui de tube Pol yner- Engi neering & Sci ence 2006, 46, 1461-1467). Ctinically

accteﬁt abl t@drﬁ.ﬁis{rmnwmmeaaﬁﬁorath@ nBfife AHEPEERE efthafraahfei Pragidpidneofvel | known
I N e ar

m | nte Life S .35 rin scaffolds (e.g.
fibrin gl h%a}(tmﬁi%oﬁigd °é§t'f’”§l°8(9r%ﬁ%ﬁq e '?T’é{?'?"i‘ ﬁ"erfﬁ‘f@“ﬁ'ail'ty ¥EIENGA gl ue enj oys
Wi des_ﬁr feadraeﬂutlonereahd atmk meditalaocidss, and\mmnmmalaaatapccmnt efthe nature df thedel i ver
gr owmt a nd a t he e r bi-ol ogi cal
i mpl ants F TSS tiog of %ﬁl rr'aé‘ﬁ'%ll?aapgpel?g?he S'%@fgvxivﬁ fg%t Oél}g%é){)l very systens
for i ssuedrelngtrat@erand@Iheafatrmtr%knca\lnsto5paetlmp‘ea iSirgle Exrpeltllole Raminisietions  Medi cal
Devi ces. () éﬂﬁ%’.{g S.
Thronb. Haermst @A%@ é?ses\é@% g%dr*ﬁ’ son Elﬂléeé%n?i‘?rgfn DS.
Fi brin scﬁ\ﬁfptﬁsaﬂta@g a‘ﬁd'éﬂi'fpé%‘%'tlwf vBWﬁUIté’WQYrOf?h@“HéIMMbW SFEMIcHEMaygr owt h

factor (F ’ §t TNIRhI @ 8 B asildd nddtigielly DeBl oi s
Cote M. Sf{ljéllﬂ/ereé o &ﬁagéﬁdrt]{%:cal bﬁ% Ilasta ;egr?ov&ab%ctagr fglﬁglra: n%?g Iyex in

vitro and'9 o'y dea'ﬁphnpwawlmtﬁé of & W3 getRoss B2y bref hieiosiet lesgtiAat er i al s.
l%9941,0 15( %y ahdbretié2than 1hy.aNg-oviemnf aboudbud, IalboMI 1008, aiéioﬂtlﬂmaabdlnt Bwugy(and )
ioactivit m cro S ar.an ate I terials 28 (2007
2127- 2136?6/ ?%%’r 5%?"33@@‘&1 J? Httﬁqsg' e?beotué @ggp&ersloggg tﬁ?h(g'l'%'ﬁs an | ocal i sed
del i very pbtoels imeotivonzdl apoepcal taa:foomrblnrﬁeu:mnmarps BhamacgBicAl Saiemnchs 20thx anpl e of
a biomate I tes hydroxyapatite or hyaluronic
aci d. Oneé{ja@éan IZ?O@BPQ LY@%H%{\QEIIPQ‘PC&;&@@Q%' e for use in conbination with MW
HS or FML HS is 20t he JAXTM bone void filler (Smth & Nephew). Jax granul es

ar e 160NPOKRA 1 o FIGNHBUYRAY Be 53l G #EAtDBhé RhQURNbNgSHA bihet fi@ithestBaRRN T O
provide a scaffold with controlled,  .inter- granul ar or05| t andrygqranul e

ni gr at i onSRAHNIFIrALin of gain (RligHNg aaririatigmmat ’é/é?‘"&"i? iisaionAand, ¢ he
body. 25C1Edrtmfg of tie tpk Ce. bnmmbmcmgkr& ihjoRdWe® uﬁ}erpmef-c@s‘t guagiedl (e. g.

A T s
al | ogr af t dislocatiah.t ¥ sdrgeinieqfirahMiihédS orsfddle HSfmayrbesarinmiaibtetadatirectly tnot  t he
pati %nt) %(Qﬂafe@rté;%éfra@l)/relaﬁn t?%laﬁré S ér&&uréret al, fibrin, ceramc) or

bi ol ogi ca reier materia rom ani mal “ti ssue, e.g. non-hunman
mammal s (e.g. cow, piQg),
Biomaterials
Pharmaceutical compositions and medicaments of the invention may take the form ofa -
biomaterial that is coated and/or impregnated with MML HS or FML HS. Animplantor. '
25 prosthesis may be formed from the biomaterial. Such implants or prostheses may be -
surgically implanted to assist in bone growth, regenefat_ion, restructuring and/or fé-l |

modelling.

MML HS or FML HS may be applied to implants or prosthesas to accelerate new bone
- 30 formation at a desired IocatiOn. It will be appreciated that heparan sulphatas, unlike

proteins, are particularly robust and have a much better ability to withstand the solvents

required for the manufacture of synthetic bioscaffolds and application to implants and

prostheses.

35 ~ The biomaterial may be coated or impregnated'With MML HS or FML HS. Impregnation
may comprise forming the biomaterial by mixing MML HS or FML HS with the constitutive



300r human). The biomaterial can be supplenmented with additional cells. For
exanpl e, one can "seed" the biomaterial (or co-synthesise it) wth

undi f f er emvi2atigd24s0ne precursor cells, e.g. stem' cell sprsusic2e®/onesenchynal
stemcells, nore preferably human nesenchymal stemcells. 35 Culture Media
36 Culture nmedia conprising ML HS or 3gM. HS may be of any kind but is
preferably liquid or gel and may optionally contain other nutrients and
optionally growmh factors (e.g. FOE-2). MM HS or FML HS will preferably be

present i BorfisYhehisdf thedBdibfal, £@ duBn@pal Rerishtich, 6PASRRSINPMMLHDEr ML HS or
FML HS in the culture nedia my r)&r;)?ne bet ween aﬁémﬁ % n?_j(wjl ulture nedia
to about 5 ¥gMA biempte(ale CRAUNIIMAYGHMRIRS AfTAEPING EEATFML BR0BP L HS
or FM. HStherutfhee ofthd pibmaterall a may be between one of about 5 ng/m culture
medi a and about 200 ng/m culture nedia, between about 200 ng/m culture

medi a and about 400 ng/m culture nedia, between about 400 ng/m culture
medi & andThdbioma@dal shgildialleuthewoatededimpredgrateddéML diSoartFMIOOS tgyberl cul t ur e

medi a and ' I : i ; wlapg/ M culture
medi a and 2 gg‘% fr%ﬂ%%%‘%{:rﬁ%tgﬁ%lﬁh&ﬁ%gé%ﬁ@rggfo m%'ﬁﬁbbagﬁggtﬁgg%gyjé?t culture nedia
and about Bietajrgiahielegse kinetiss malibg, altared by @ltesngrthe pleisture.;e- @ drorasite of ther e nedi a
and about pidRafegan cul ture nedia. The invention includes the

conmbi nati on of the aspects and preferred features described 15except where
such a conbination is clearly inpermssible or expressly avoided. The
sect1ipon . hpadidigs tdcbnderidpregasthglafiormateasliwitaMMD BIS PEMLASS,Dneky and are

not to be construed as_limting the subject tter described. 2 ects and
enbod monF ety R o e TIPEnaist, ko] TP ar ) by of
exanpl e, exaniple, ef leastrone chasenli@neatbe gmuprepnsigiingiof) BME-2, BMPih OP-h&det,s and
enbodi nen ' . . RN =Yo (g : urment s

ment i onedhléir:f\yt t?glﬁﬁéiﬁpgr&ﬁﬁégr%ﬁ% 8%@?gﬁ’hdlrggbl&g?g{né\r’{g@%écgggﬁi ef

Descri pt i additon or akerpatiyelyds therdbove bieastive metpcalep.caanerps mose bisphesphenatasg t he

pringi pl egapbe iifed MBS BBtelohlo thOBoRateRbisfidhySAth WuL Mg &friilense to the
acconpanying figures. in which: 30Figure 1.H gh perfornmance size-exclusion
chr omat ogFPXmRIeHf useiykhisniepriioqates may dpciude aA'ﬁ#HT@)PhPFedW%F‘P&’ Hbhce Liquid
Chr onmat 0g¢aeRYng 6iPétidrorfays cRbIonate; slettlohfle @aidrofut&irdedropate patddeshaiiper dex
75 HR colum (10 x 300 nm CE healthcare) at 0.5 m/mn in 10 mM HEPES
buffer, 150 mM NaCl (pH7.2). The ani on-exchange chromatography purified

| i ver HS Biamptegislsweated br apregmatetedthtME hiSode RMLeHS ntagde useful in®6tbhai ns. Then

t he Jai gh : i a I F?é i i FoTTe NN oV
nol eégul ar mg\/\g'?ag%b agﬂ\gﬁ"é%g%rﬁt%éesng%e" ti%lda r C%éédcﬁgtlrtﬂgrﬁv?g% '@%Bar at 5638 and run
agai n on impeove the quality of life of a patient or potentially extend the life of an animal, for

example a valuable racehorse for use in breeding.

The biomaterial provides a scaffold or matrix support. “The biomaterial may be suitable
25 for implantation in tissue, or may be suitable for administration (e.g. as mi_crocapsqles in

solution).

The implant or prosthesis should be biocompatible, e.g. non-toxic and of low
_ immunogenicity (most preferably non-immu'nogenic). The biomaterial may be
30 biodegradable such that thé biomaterial degrades as wodnd healing occurs, ultimately
~ leaving only the regenerated bone in situ in.the subject. Alternatively a non-

biodegradable biomaterial may be used, e.g. to guide bone regeneratibn over a large
discontinuity and/or to act as a structural support during bone healing, with surgical__
removal of the'bior'naterial being an optional requirement after successful wound healing.

35



37 same colum to confirmthe honogeneity. The nmale liver HS (C) and fenale
liver HS (D) were run on the Superdex 200 HR colum (10 x 300 mm) to check
the si ze wb 20h@ekiB1chai n. The Superdex 200 col um was catirscai®soassy ng gel
filtration high and | ow nol ecul ar wei ght protein calibration marker
proteins and even nunbered heparin 5olgygosacchari des derived fromheparin.
The colum void (Vo) and total (Vt) volunmes were deternined using blue
dextran 2000 .and sodi um di chromate, respectively. The elution vol unes (Ve)

of protei Bnoﬁaﬁéﬁgﬁrrﬁh%/ B/éesfcﬁl acs@mvﬁéméi égﬂthwragaglﬂbhﬁ Web @PmebRIdr cOfagkRy agai nst

mol ecul ar mass (K \ é‘) §> g A'line of best fit wasflttedto

t he cal i b?RA"PH M&V%{Ogﬁl 'ﬁg"SHP ARSS N anQeaNGROIBRIaVNISR B PE his 1 ne

\C/jvas USﬁd h&uRBér syAthetid Rsset &:Dﬁtﬁdnﬂéditomgeatt@aubs@amml.suksam .opéhatiicetslictorenber  of
i sacchar

cul at n.the el osition of the
cnoan heplP sigPs glslkaen o aELS Hies 3aRGks ¥ dimia & e e b PRl e
el utison pbsadgregatiof, cobf\iation, hydwiphobit iterastions dacrdss-frikinger r i t| n; 2. Al dal ose;
3. Conal bum n; 4. Oval bumi n; 5. Carbonic Anhydrase; 6. Ri bonucl ease A; and
7. Aprotin) and dotted |ine indicates the el ution position of heparin
150l i gos asltdmpatively binmatetiatsdway be wiatigely Agid gpegures, e.gjamedfromygplid: 5. dp8; and
6. dpb). 'ﬁbﬁHflgsaclBé%lgﬁks Bﬂﬂonsg.éﬁry%;dMétbe%uahémaﬁ@ﬂr aphy profiles of
mal e and fenm liver HS after Cleavage wth heparinase | or heparinase |1,
or Heparinase.lll- (A) Male liver HS after digestion with heparinase |, (B)

F]t; malloedl | yid b.blﬁatéf.mﬁaﬂia@@%tdde\Mdtﬁk diRpRird Wlﬁ@@ lm%Q be p(&)dewaiye débsser HS
after digestion wt ri.nas enma ive er i gestion
with hepat ﬁ%ggly’f‘?r t}b%fpa%ﬁﬂ 2P F‘V@Q'V Pé"g%ag 10 By 5%@? F'?)q'lgﬂ"'ﬁh K8fari nase 111,
(F) Femal eqliredefor bdbeafrdveth. di gestion with heparinase Il11. The colums void
(Vo) and total (Vt) volunmes were determ ned using haenmogl obin and

sodi um di chromat e, respectively. The colum was calibrated using even
nunber ed Meipiarstmptwbs ey dedoraneddy sraselinking dibfesoerg hdypiaor aollager op 8f lisidy me

di gggt ed mﬁe%ﬁsmnearg%fét bhitosSh Y ofhBEp ééEéH%HdMi'tﬂ étﬁt@bl@fcrc;sgﬁklél‘%o"m ‘heparin

ol i gosaccharides. Thé arrow i ndi cat es t'he el ution position of heparin
ol i gosacchdrGaiun salisdeelyacrylic apidgheparin. fltggatively %ﬁﬁife'dsmav@ﬁéom@ a8/4; and 6.
dp2). Fi ggd ea&éfdacuy@o}%yearm ElyPare oG oddlighedRRINgMVeNRREBlidHed idhddsr omat ogr aphy

profiles 30of n@% le liver HS after cleavage with heparin |yases.
Di sacchar %8 té@}oéea'F Pg% #Y exhaustive digestion with a combination of

hepari nases I, and I11. Disaccharides were purified by Bio-CGl P2 gel

. Tt

colum el U hgradi escri rial and
Met hods. mh@geadableéhrprmbatﬂmbqlm@ra wtm:h mepYzbeLphogen @ e GIeuBe2amreRe (A

Mal e 'lveéoubb%rmrﬁ{ cﬂio@ﬁﬁtdo@ea%lta&oﬂe%MtﬁLaﬁetldebcoLéap?dﬁéi:theb gl -(B) Ferale
liver HS after digéestion W th heparinasé |, The col um was
cal i brat elact@grqqg;amgolq?gme-co glycolide), polyglycolide, ponlactlde polyhydroxyalcanoates : .

co-polymers thereof, or non-biodegradable polymers which may be chosen from the

25 group of; cellulose acetate; cellulose butyrate, alginaté 'polysulfone polyurethane, ;
polyacrylonitrile, sulfonated polysulfone, polyamide, polyacrylonltrlle :
polymethylmethacrylate, co- polymers thereof.

Collagen is a promising material for matrix construgtion owing to its biocompatibility and
30 favourable property of supporting cell attachment and function (U.S. Pat. No. 5,019,087,
Tanaka, S.; Takigawa, T.; Ichihara, S. & Nakamura, T. Mechanical properties of the
bioabsorbable polyglycolic acid-collagen nerve guide tube Polymer Engineen'ng &
Science 2006, 46, 1461-1467). Clinically acceptable collagen sponges are one example
of a matrix and are well known in the art (e.(g. from Integra Life Sciences).
35



unsat urated heparin disaccharide standards from | duron 1. AHexUA- GLcNH3+;

2. AHexUA-d cNAc; 3. AHexUA-Gd cNH3+(6S); 4. AHexUA(2S)-d cNH3+; 5.

AHex UAG olkiBQ811/(B256fAHeX UA- G cNAC(6S); 7. AHexUA( 2S) - G cNACT/sS20tdexB\( 2S) -

A cNAC(6S); 9. AHexUA(2S) - GLcNH3+(6S); 10. AHexUA(2S)- GLcNS03; 11, Al -IexUA-
SA cNS(6S), 12. AHexUA(2S)- GLcNS(6S). zghe nunber on the peak corresponds to
the elution position of known di sacchari de standards. Figure 4. The

percent age conposition of sulfated and N-unsubstituted di sacchari des of

mel e and f?%ﬁ@éc?affbidé’gégtﬁbﬁﬁgl‘éé) &Bﬁhé( 5@9!t§¥at§é¥1dﬂ?ﬂ—rﬁateﬁﬁ) Fnih?%lﬁgéﬁjeﬁ age of

total, O- O-sul fat ed di sacchari des anon

di saccharWGé%P’@?d ¢tiical apRlicationas 8 worpd pealant, a('Bfe'TPfétf’pﬂ@n"Y,%ﬁf%Ef%ﬁm ,

N- unsubst aﬁdas% sl RS pRESHGE aﬁ@@@@r.h@baduoldg.smﬁﬂaﬁts fegespfvazabe and femal e
liver O\aﬁ Bﬁgrsbndlag ng em)usellverI HS. Gowth
factors bP'P:' G AP PPVt Aol t"&ﬁysﬂ mIs 'Isﬁue(‘ﬁ}g'}?ﬁﬂ'%%alrﬁ}%?aﬁ-ls coat ed on
an | gur onpdTbmmt‘meﬁé‘eﬁt Reéviglvsvg MedidabBevide's. E00G:8( ): 2967 @oing @, ImmedreE.and f emal e

el IS, Sl GG et L BLTIRIBA0E SAOSLERATY SuiERLY™. Cel ! S

wer e culture days in norna ena umin resence of
di ffer entFeidmcteﬁﬁrlabmrosmffqldmanpg‘émve@ehlmemtlp:gdélmry@f a@@sgmﬂhﬁactw 312

ng/ m or ﬂ:@,@ e rg,()mé;g (ﬁ)@)\gp,}cgtmg 3880( fA3); Qfgizifmbfmé EHEMADOB) . Cel I's

were cultured for S In osteogeni ¢ mediumin the presence of
di f f er ent Cédinpar- ﬁ@pblaﬁgrwa fagtas Giprn casppiege M Yilge afd ipvive BPPYGGIiPAS)to of mal e

livap HS {dihgerttided pramigls! Bivpardisis( 19o4; M48Pbes5-672 ). counts were deterni ned
at day 1, 3, 5 and 7. (E) The |rrportance of FGFR signaling for HS activity

was i nvestigated by suppl enenting serum starved sub confluence cul tures

Wi th mal e Qg f\f%m't S Fgl Ilt(@bléCd?ﬂ!a%l)lt[vJ%ﬁd E@Egtlvf oﬁnﬂgfeﬂtépshlﬁtehhﬁpﬁraﬁsence or

absence of an nhi bi t or 60 min. Total protein

was ext ra%{‘@@tq %!Pm%?ﬁ’é?ﬁ (3104} ?12579215@1 "qufp§fat Bl\%é'ﬂ by geferenee . RpEPeERK1/ 2

expr essi oftoloRgEdidéatised ddHUEH) BNAS foRT Soljdapidldttionk pactoddpdulesepr obed Wi th ant i
ERK1/2 antibody. (F) The anount of pERK1/2 protein was determ ned by

den Ptorretry (G Cells were cultured for 5 days with male HS (2.'5 pg/m)
or FGF2 (A& fsthegéxampld of atbimmaterds & polymerabatempepopdteshydr@iyRiatitentni bi t or
(SU5402 at aﬁ:Q%chzE’M Figure 6. Csteogenic differentiation of human
rresenchy emcel | s (hMsC) 21 days after ‘induction with osteogenic

medi um (A) Phase contrast norphol ogy of human nesenchymal stemcells

(hMsC) gr@H@e)ldih éfeaoaﬁﬂétené]%dhéﬂefmhéb iR lcoMbinBRIAwith ML ME sHFMISAS ik pg/ M)
liver HS after. culture period, Al pictures are shown in 10 X

magrPf i cahf dAx’ (tB'j‘e VPR dllen (it & RphPwk e 19RYIes,Are 6RPRASPE OLREN PISTY r eat ed

hMSC wer ecalcium sulfate and retain their shape to provide a scaffold with controlled, inter-granular
porosity and granule migration stability. Jax granules dissolve safely and completely in
the body. ‘

25 Other suitable biomaterials include ceramic or metal (e.g. titanium), hydroxyapatite ;
tricalcium phosphate, demineralised bone matrix (DBM) autografts (i. e. grafts derlved
from the patlent's tissue), or allografts (grafts derived from the tissue of an animal that is
not the patient). Biomaterials may be synthetic (e.g. met_al, fibrin, ceramlc) or b|oIog|caI ,‘ -
(e.g. carrier materials made from animal tissue, e.g.>non'-human mammals ‘(e.g'. cow pig),

30 or humyan).

The biomaterial can be suppvlemen\ted with additional cells. For exampie, one can "s_eéd"
the biomaterial (or co-synthesise it) with undifferentiated bone precursor cells, e.g. stem N
‘cells such as hesenchymal stem cells, more preferably human mesenchymal stem cells. .
35 : . ‘ '
‘ . Culture Media



39 stained with Alizarin red S and Von Kossa. Representative dishes of
different concentration of HS on hMsC at 21 days cultured were stored. (O
Quant i t atweeoanakssi s of Alizarin red S and Von Kossa stairsicagiogensdty was
measured with Bi oQuant software. Representative exanples of triplicate

wel I's are shown. 5 Figure 7. The expregsion profile of osteogenic marker
genes after 7, 14 and 21 days HS treatnment. Human nmesenhymal cells (hMSC)
were seeded at 3000 cells per cnR and grown in osteogenic nmediumw th or

Wi t hout | ENiRire H%dfanon%ﬁsﬁ@WLvﬁé Br PR HE M B SRy RIHRIGE 1B peayr%bnyTa@.al RNA
was extracted at 14 and 21, and quan tltatlve rea yner ase

I

chai n rea®t9ebandizay B@H”B\'Vn%’(ﬂt%?tﬂﬁr nuinsnsRNg apfenally gewih *aﬁ@f% eEr ggﬁge 1) and
probes aSZ)fTHIIMLEI-HSot)Fll\/IDH%lebMéralﬁlyf)éﬁl‘e@érﬁtlnahmr@ﬁaceriﬁo@uGlprm5kalﬂ)léSV?I; (2);
ost eogeni ers.a a L P one sia ot ein BSP

ost eopont § %ﬁ ?Qﬁﬂﬁgfa‘éﬂ? m&és F@E% Hﬁ"? é@ %'Be‘fblﬂim\?grr%r}ﬂe eePlaxg)S%orral RNA.
The &ata t. 9pgme:nllturanwduaREHbonSEMpgmm)lltureEnelalaglﬁoee&rﬁplaphsetdmsmtrallon ur al
model of e ﬂt;g,eq& aﬁ*ﬂﬁ‘l e of

mal e and rra'l"a%dr%use Iﬁ@g?@t }eﬁlgpl'sa has eegl?le :bZtag%iR% n?hﬁl |Ened dat a
obt ai ned medimant abert286gg/ml elmtugmmedla)bet\heqjmhmtf beulretmestia mﬁ terns

(Figure 23h0,8408 Wn\aﬁ:ﬁh%@ﬁ&f@rﬂe%eﬁra‘BBbt'4@0@16’@‘&[1&”3}71%&9&@%6@%0
di sacchari de 20conposi tion (Tabl e nd percentage of sulfated a

N- unsubst /T @duts Bedia Rehrepeabow Qj’Qr”@/ @)Cu't%f'@d'%a’}dﬁéatt%ood\g/ rﬂ'Lﬁb"tH"@at ed
G cAGl cNAgedid, Betpsst sboaf 1 fig/mptuias mdduﬁbﬁd\abwﬂb&gmrudlt&e rnﬁd&f;lbétv@én

triplicat H3+ Fi Pr i for R Ti me
oty D T Tt S o)
conposi t i ggiwl aftusohedia end amidt15ugmwtmdiematr| X HS. The area under each
peak was integrated to cal cul ate the percentage of each disaccharides. n.d
= not detected. 30Figure 11.Gowth factors binding to nmale and fenal e nouse
| i ver  HS. THeAnggntich ipglubes thecombinpiiondif tp 2apetts epd ofefereaddeatwgs desasibed nouse
livas HS geabithdpdlsh d nibihibie Raidany MiseriissBiens eRﬂ)r@Eﬁyha\(cflﬁedd' fferent
concentrations of male and female |iver HS binding with FGF2, (B) different
nol ar concentrations of nale and female liver HS binding wwth FGF2, (O

differ entTrrmée%forcmeg& usdd Er6in Qfe fﬂﬁbr@aﬁ?ﬁioﬁ@lml‘@sbi uely aftBareindtiotg wit h

35BMP2, c%ndlffer:ent | ar, .c atlo s of male and fenmale liver HS
bi ndi ng WA RI#9Ee BEIng ‘éﬁ’?cﬁ) 6157 concentrations of male and female
liver HS binding wth VEG-.

20 Aspects and embodiments of the present invention will now be illustrated, by way of

example, with reference to the accompanying figures. Further aspects and embodiments
will be apparent to those skilled in the art. All documents mentioned in this text are

incorporated herein by reference.
25  Brief Description of the Figures

Embodiments and experlments illustrating the pr|nC|pIes of the invention wﬂl now be

discussed with reference to the accompanylng fi gures in WhICh

30 Figure 1. High perforrhance size-exclusion chromafography of iiv_er heparan :
sulfates. A Dionéx High Performance Liquid Chromatography (HPLC) system was used
to equilibrate a prepacked Superdex 75 HR column (10 x 300 mm, GE healthcare) at 0.5
ml/min in 10 mM HEPES buffer, 150 mM NaCl (pH7.2). The anion-exchange
chromatography purified liver HS samples were fractionated to check the intact full

35 chains. Then the high molecular weight 3H labelled male liver HS chains and low

molecular weight 3H labeled female liver HS chains were separated and run 'aga‘in on the -



Det ai | ed Description of the Invention 5The details of one or nore

enbodi nents of the invention are set forth in the acconpanyi ng descri ption
bel ow i ncWodonignesgseci fic details of the best node cont erphrsiGediobyoshne

i nventors for carrying out the invention, by way of exanple. It will be
apparent to one skilled in the art thay the present invention may be
practiced without limtation to these specific details. 10 Exanpl es The
foll ow ng experinmental Exanple describes the conparisons of structural and

L unct i 8na|5arﬁt:§ eflehh 'hféonﬂfm ﬂ%%ﬁo@@ﬁ@@ﬁ&%ﬂéﬁu&f HB(‘j gza)ranbﬁvﬁél@mei rlisf(fay e. étﬁ e
escri be anal yses. o | re ritTj]e Si ane S rom e
Comaer o BBRRSE s ngt 2o Mel i 1ot vl € SpBbne KBRSPHR HLI T ote. (v
HS) and f emanh.@hkiSuperdaeper ertursniivhaitalibdd usiif) get fitkatidronigidandiatv maj or gross
and fine st liver

chai ns. Tﬁ]e[t?gﬁl%y %#htgﬁétgrog%g%?op ur?rﬁérrpp(%%)y‘\ggﬁ% nnﬁﬁ%{%ﬁ%o enti al of t wo
di f f &r ent pligosgccharidesdedvesifom kepagh. HE cohmimwic{yo) andtbtdl (\dhvotwneewerever
tissues t& t@Mhlédaﬁ >?ttﬁl‘?e &MRSn BH&Y érfoeéo% drrﬁ&ic%ﬂ@afé‘ FJsSé&N&lyaFHe‘Hhtuoﬁ' nal Iy we

anal yzed t gene expression profi uring osteogenic .
di ff er ent vca@m%(Vemfrprw@mtandémwaﬂe £nyerted it a ealib 'Péslgﬂh?f&ag@ﬂé@star e

upr egul at geieduibd rﬂsthN@@-‘éVé f—Q/foFﬂ(t\ﬁt fi'(\,‘é()”I A e 884t e0Rba Aty to Theesahbragsil t S
denponstrated that differentia

sul FM, 25HS nodul at e hMsSC
prol i f er af3BHSEANIGPIofterEnl 2 ﬁ"éﬁquw"r?g\%@w%maﬁé'ae SUWRLE MSevi ng,
enzyigat i Caosdo&mgetgeb&nde@mo mge M|@nmemcd1antgecﬁdﬁué:remtatrm$caimratai ructural
and conpo |t|on angl S es t he aran ulfae e results
deronst F apee AT Sleiiefion pbE Fiot RRSAT slibeR et IR 9pi0e, i ssues are
30si gni fi Gamplbysdmrrbfvemdamemutwnmombm ofd'ﬂMWaaTdrtMWmthe@smddés erm nation
shoved el el b ABYGsd. bVEnaltdlt s, URaiBlihTs| EhG AffarabAds kDo and -22

kDa and conpri se di'sacchari repeats,

respect i vBibpnuctesg A; aad,T tAPselty asd dotieidine tﬂGl@aieﬁttW%e@@ﬁ‘d@S't'Q’béﬂ?qpﬁﬂn HS chai ns

showsvar i glyobddcharifelstdlafic YRa526; ENdpoiBs idp16epabyas igaitahes, @yl di sacchari de
conposition anal yses denpnstrated significant differences in domain

350rgani zation and fine structure between gender specific |liver HS.
N- unsubst Figuteczl G msan?mdééﬁmﬁ@hd%&htog%ﬁw/bfﬂléﬁ\&ﬂ%alé &%) female

AHexA( 25) |IV§I‘ ﬁ@"lﬁer gavgae w‘f‘t‘ﬁ; R%nnasell c9 hg rﬁm%gé CISD (l-ﬁléignnasgll?%b‘ Irv%r t he.

predom nant di SRR € nouse at ed
gl ucosani H& aﬂﬁd—@@&@m%ﬁ@@?Daﬂsas&le(&)ﬂm@mIlnem'dS diteratigsistion \d@h mérpaflml e nouse

| vegy HS. | W& \AOWRH HelHer SihE4Hh Witk (T @) Femals hRstidnver HS
exerts a d@f er ent effecr 'g é{ﬁhrrétﬁhle gsrg]lr?%% r@? Hﬁe v I\/S r(%lilfner ation
and with heparinase Il. (E) Male liver HS after digestion W|th heparinase Ill, (F) ale liver

HS after digestion with heparinase lll. The columns void (Vo) and total (Vt) volumes were
~determined using haemoglobin and sodium-dichromate, respectively. The column was
calibrated using even numbered heparin oligosaccharides derived from heparin. The |
25 enzyme digested peaks were identified by the elution bosition of the known heparin
oligosaccharides. The arrow indicates the elution posmon of heparin ollgosacchande
standards (1.p26; 2. dp16 3.dp10; 4. dp6; 5 dp4 and 6 dp2). '

Figure 3. Strong Anion-Exchange High Performanée Liquid Chroma’tographyf pr‘oﬁlbes .
_ 36 of male and female liver H'S after cleavage with heparin lyases. Disaccharides - were |
| prepared by exhaustive digestion with a combination of heparinases |, Ii and IIl. .
Disaccharides were purified by Bio-Gel P2 gel filtration chromatography, and then
resolved on a Pro-Pac PA1 — SAX-HPLC column eluted Wit'h gradient of NaCl as
described/ under Material and Methods. The elution was monitored using a uv detector at
35 232 nm. (A) Male liver HS after digestion with Heparinase I, Il and Il and (B) Female liver -
HS after digestion with heparinase I, Il and lil. The column was caIibrated using 12



50steogenic differentiation. Finally, the present study denonstrated for
the first time that gender specific organ HS chains are distinguishable at
t he grosswendifdeemist ructural |evel, and proved the pot entrisahowsedwd ness of
gender specific liver HS in nodulating hMSC proliferation, osteogenic
differentiation and subsequent matri x 3@ neralization. 10Materials Heparin
lyase I, Il, and Ill from Fl avobacterium heparium heparin oligosaccharide
(dp4 - dp26), 12 heparin disaccharide standards and de-O sul fated and

ig_c I\t sul f aﬁ@wrae@aémncuudagmas b@ha@}egfrumncmrém m.rzmeiwmamcw&; 2Chonﬁr oi It in
yase inase rof or n t hanol were
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(LMN gel ion ca Ion Ver e héaf't htar weden
Bi 0- Gel PBICNSSBI)r &nABIeoUN@éF)—LCﬁM@Sbﬂ" he@umbleWWheseamrreBmmn tortheenc hymal

stem cel I?mMH\@Qﬁgmgﬁgr@%rﬂ% 1078 t’énd Al other reagents used were

anal ytica CBA nmual e an e nice of 12-24 weeks ol d were used
inthis study Animal s were killed by cervical dislocation, whole liver
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(< 1 nmmmB) an ize sing onD eni zer mashlng
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at -20C unti| further use ted tissues were each suspended
i n 0.05. Mdyfondiepagn/gGAs bingdingplatepH 8. 0) and di gested for 48 h by actinase E
10 ng/ g (Sigma) at 50C. The pr.oteol yzed horrogenat es were placed in a

boilin ter bath r 30 mnito de i e the and.t hen
oont 11 P uoBiteB00 Eart ol grasand B Ve S o e PR o BASE A MAR I ERr
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wer e desa using a 0688 urmm. ane eeze- 42
sanpl es - weg/@l epuiAtngfmlieof nhale Intelnélsu(%rand ferodlel livas iSe(B). Gejis wareneultated feret hod

gtzo)%)c-rpg? Igﬁ(ﬁ o¥¥€6§‘en¥cr RédiGH it arf‘éhé '&ré%@Héé”‘éF‘dﬁHeﬁjéﬁ @orﬁ‘:@ﬁ’tréﬁaﬂé‘ @lrzoel b/ byase ABC

renove ICc acld hondroitin and dernmaton sulfate.

After choférng/mi %&é%"ﬂ"l“ﬁ&ft"i%"ve{ R (Pé@eéfw'%\serﬁ&(m NAARIR CHhCONBlSt i ng i n a

?01 l'i ng }[/\ﬁér@rdeﬂsﬂ’hiﬂe& af daly>1, 81 Hlamdel (Ehehéiin%&wé dP SRR siyramigfodHEUt ed 1: 10
| Mes -wW

€S Wer e, passe h the H| rep DEAE
e v s v e S SR i o S s S FrE,
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was determined by densutometry (G) Cells were cultured for 5 days W|th male HS (2. 5 :
ug/ml) or FGF2 (2.5 ng/ml) in the presence or absence of an FGFR1 |nh|b|tor (SU5402 at v'
30 20 pM). ' - :

.Figure 6. | Osteogenic differentiation of hUrhan mesenchymal stem cells (hMSC) 2'1
days after induction with osteogenic medium. (A) Phase contrast morphology of human
mesenchymal stem cells (hnMSC) grown in osteogenic medium with or without (300 ng/ml

35 or 1 pg/mi) liver HS after 21 days culture period. All pictures are shown in 10 X
"~ magnification. (B) Mineralized nodules formed by cont'fols and HS treated hMSC were



anal yzed on a Superdex 200 colum to confirmtheir sizes. Protein HWVand
LMV protein standards (CGE heal thcare) and even nunbered heparin

ol i gosacowanndes2sberi ved from heparin (highly sul fated) peese209mdo469

calibrate the sizing colum. 15Enzymatic deool vnerizati on of heparan

sul' phate The purified HS sanples wereggtreated with heparinase 1, .

heparti nase Il or heparinase IIl. Dried sanples (100 pg) were dissolved in
100 nmM sodi um acetate/ 0.2 Mcal cium acetate; pH 7.0 and i ncubated with 10
lr)rU]{ ][rfL oftbtgr%aag: Wf’tﬁ%ﬁzlaérm red SHﬂB%hTP@§@ h@p%&er:ﬂ@mrdré?@§@fdlhérehtn2f) hedsgrre |
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hepar i nasefAlizianrdregessmﬁﬂv&ﬁ(maptaeﬁngvrmnertyamd iyesshredwith BicQuai-safiwarel um (1 X
120 cm eEur | i br ted Wi { Even nunbered ol i gosacchari des

derived f S%GE%%P’FﬁX%BPgs 8%‘8@'%@”@3%&&“8 "to-calibrate the col um.

25Di $acchari de anal ysis using strong ani on exchange chromat ogr aphy
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I for tawnwdstéégéﬁtcweﬁnn @tth g.uw.tho@t liVRAFIB. fbﬂ/zﬂlsd%?smﬁ nfedrt aﬁﬁfwl es were

run ona i o-Cel P-2 columm equi li-brate HAHCCS t o
recover tReN? darschatel R4 Wa?ﬁé“‘éﬁt%da?f ﬁé? i a‘ea'tﬂ%heet' 9“%’?%“’? Feéeti@edrr ed
priom to mrm&ewéhaﬁtﬁeaatainmsqoeﬁitmdq&n@tsebm spécutcyp&meerderrabreed and

d har | de Pr oP | col
(4550 nRIPDFS RS 3 oRPahias] oferitey Pl ekfslion ool SRR3R Tor ot i on i n
t he nobi | mageesakalide phdsphatast (ALPRboBS srboprotein P (BSRR), 0sieqrdn®) 6)R/b|l)tatdeCI) at
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gradient o rom mn 1 n the sanme m)blle
phase. Th-‘eSEMt(ﬂr@n was nonitored for UV absorbance at 232 nm Disaccharides
wer gsi dentified by conparison with the elution positions of known 12

di saccharide standards from | duron. 5Effe t of Male and Fenmle |iver HS on

hVBC pr ol FigEFed-i on PrRRRRSA SHWALROdRA P! @?'eﬁpe&mee MONESCAET (tachPex, USA)
were pl at adunsnrmmtc&m@anaaleedu iMAOMBUSE livegHS fchBIVENAL B (redidtéd gttrucos e),

0% f |

ooy el T e ited B RebheT o £rEN Sl T ARG Bepe Baestion BeRF ¢ wi th 596
CQ2. To atigmes2) BAXerr(bdirsdoehatdequleamWe;B)A/eereerptegé disangharide 10 det er m ne
cel lyonunber Jiibh gaa% t)h&a%ééﬁtfgér g@ a%esatrdﬁ. L%yﬁutzaegegthggaes) gs per

t he rranuf acturer I nst’fuct’i ons S were see

cel | s/ cre(Figyre1®)- Naker B repeatses dupligatad Icﬂﬁﬁég/icw"éﬁ 4deraats ehenligatgd GlcAthe f ol | owi ng

day the cglchg, VWl r%Seét?gft%lkﬁteb@cﬁﬁ@[ﬂﬁHﬁéSPmWth or without different
concentrations of HS (12 1.25, 0.625, 0.312 and 0.156 pg/m) and the

medi um wer e changed every 3 days. Proliferation of cells was
Figure 9. Table 1 — Primers for Real-Time RT-PCR.

25
Figure 10.  Table 2 — Lyase—denved disaccharide percentage composrtrons of soluble
cell surface and matrix HS. The area under each peak was integrated to calculate the '

percentage of each disaccharides. n.d = not detected

30 Figure 11. G’rowth factors binding to male and f_entale mouse liver HS. (A-E) ~ |
Growth factors binding ability of male and female mouse liver HS coated on an Iddron ,
‘Heparin/GAG binding plate. (A) different concentrations of male and female liver HS
binding with FGF2, (B) different molar concentrations of male and female liver HS binding'

- with FGF2, (C) different molar concentrations of male and female liver HS bi'nding with

35 BMP2, (D) different molar concentrations of male and female liver HS binding with PDGF

BB, (E) different molar concentrations of male and female liver HS binding with VEGF.



15assessed by Guava yiacount on 1, 3, 5 and 7 day to determ ne the total
viable cells. Cells were washed in PBS, pelleted with 0.125%trypsin, the
trypsi n neotzoaldezd, the pellet resuspended in 400 pl ofcPBB20w0t0h04B3he
addition of 4 pl of Flex reagent, incubated for 10 mn and cell nunber and
viability determned utilizing the GUAYA Viacount software. 20HS binding
assay- The interaction between HS and growth factor was determ ned using
GAG bi nding plates (lduron) according to manufacturer's instructions.
Briefly, HS was coated on the plate prior to adding growh factors. Bound
growth factor was detected using biotinylated antibodies (R& system). 25
Effect of male and female liver HS on hMSC proliferation Human
mesenchynpktafié @ Deseription(dT mvelise Pl at ed i n mai nt enance nmedi um consi sting
of DMEM (1000 ng/L glucose), 10%fetal calf serum (FCS), 2 mM L-gl utam ne
and 100 U nl penicillin-streptonycin sulfate at 37Cin a humdified
at nospher thendtailssFodd oiCalre ehtboddsntssofitieeinvertion bief st rthdmtheassays wer e
per f or med m
PNV por &SRR HLAEnSBhoeRU TR bock At Al RN oo bald |
wer e seedeyithatinvenoGdoraryingevthieinvestione by wpy aft exampled Itatill benenrbarest tadher e
35over ni g&ﬁ sk-ill-llaﬁ Jf l?!? IaR‘Mé@%ed;ﬂ'Xsénhﬁw@rﬁﬂoh%éWeepré& cé@@ﬂl’(ﬁuﬁ fimitdten e nedi um
with or wt ou erent concentrations of .5, 1.25, 0.625, 0.-312
and 0. 156thpeg sreFifigdetalhe nedi um 44 changed every 3 days Proliferation of
cel 49 was assessed on days 1, 3; 5 and 7 to determne total viable cells.
Cells vverg vvashed i n PBS, peI leted with 0.125% trypsin, the trypsin
neutral i ZEXPMRIR® pel | et resuspended in 400 pl of PBS with the addition of 4
pl of Flex reagent, incubated for 10 min and cell nunber and viability
determ ned_u I|Z|n t and
i nmunobl oﬂf |ft°|I ehﬁ%‘né ?’4@” gg%gtﬂ(g?%ﬁ%n% ia 'Jugth%%'f in
si x-wel | iuhettoesl Fammﬁsqumossb mﬂdersmtﬁcorﬁahmen@ranselfat% wer e vvashed and
deprjgved of FCS for 24 h.and then treated with HS 10or FG--2 al one, or
toget her with the FGFRL- bl ocki ng drug- SU5402 (Cal bi ochem) at 10 pmin DVSO
for 60 ni Yve deggribe a\miqufg@ophawsmvvﬂe Rrifipd simupspneously fremylie eender 150 mvi
Naﬂc (§Sﬂ@cff iE liver E{.;uge fissués, |HHhEDTrﬁale §96r heparam suffalO MmO H$%u$d)§h1ahl8 dOdng'
sulfate errent rt hovanadat e,
S rr o R B AL s AP HEet g s oS S v anadat e,
(Si gma) . differehgesaixiat between male and female liver HS chains. These findings provide further
20 insight into the potential of two differéntially sulfated species of HS chains purified from

mouse liver tissues to modulate the h(MSC proliferation andvdifferentiation. Finally we

analyzed the gene expression profile of hMSC during osteogenic differentiation. Our ‘

result showed that a set of osteogenic genes are upregulated during hMSC differentiated

into osteoblasts. These results demonstrated that differe'ntialvly sulfated MML HS and FML

25 HS: modulate hMSC proliferation and differentiation.

We have applied molecular sieving, enzymatic cleava'ge_ and Strong AnidnLexcha{_jge _
HPLC methods for structural and composition analyses of intact hépa_r}'anv sulfate chains. E =
The results demonstrated that HS chains purified from génder speciﬂc.liv‘er tissuéjs are o

30  significantly different by a humber of parameters. Size determination showed male and A
female liver intact HS chain length are ~100 kDa and ~22 kDa and comprise 30-40 or 40-
50 and 6 - 8 disaccharide repeats, respectively. This result suggests that the intra-gender
specific HS chains show variability across organs. Enzymatic depolymerization and

. disaccharide composition analyses demonstrated significant differences in domain

35 organization and fine struéture between gender specific liver HS. N-unsubstituted
Glucosamine (AHexAGIcNH;*, AHexA-GIcNH;* (68S), AHexA(ZS)-GIcNHs‘”,rand N-acetyl



15was incubated on ice for 10 mn, passed through a 21-gauge needl e and
then centrifuged at 10,000 g for 10 mn at 4C to renove cellular debris.
Prot ei n owotentosyss det erm ned using a Protein Assay Ki tctRBiGaeisad)439

foll ow ng the manufacturer’'s instructions. Protein (20 pg) was m xed with
an equal volume of 2X Laemmii buffer, 4goiled for 5 nmin, and then separated
by SDS pol yacryl am de gel el ectrophoreS| s on 8% gel s. The protein was then
20t ransbl otted onto nitrocel | ul ose nenbranes (Amersham Bi osci ences) using a

Trans- Bl 0§|ﬁé&sa§meqshbx@emm@; yrettﬁ@ar%f:&hmama@&mdéﬁl RalBHDusk Alertis N n at
20 V. The nenbr anes were | in 5% nonfat mlk in Tri.s- buffered sal i ne

Tween- 20 THRYE), N&“'@F\ﬂdr\?é@m"ﬂm |(4\H%XA%<FIN~°703A'S the prede@ippnt disacghg|idg iy
i ncubat edfemerrﬁmg;btnv@tHSIQvavsm&wdabzhlstruamauy diférent malaahd fengaké liveERIS1/ 2,

nonoc| onal |- ﬁ at ed ERKJﬁ i(%h?m The nenbr anes. were
25washed % HEPRQeFBIe ™A FOPYIHAY G  or
ant i 5rmusc$téag@n|bﬂaﬁfereammamgamalw eqoestat studyndentmndirated (Behe fitstrtimeBhet ech,

Bi r i ngh
Super & gr e S E ol RS AES isdrbEis R ORE BB R iR AR RR L
for 5 ni nandmsevesithopetantmhusafiingss0Ferder spesificliuerdiindngdutating hMSker HS on

hMBC ost eﬁ}glﬁ@r'aﬁoﬁj'ogt%%&m difiéreRihtior 9nd3§lmcsbdid'8n'i nﬁtr&frﬁlﬁé‘rﬁllz(aflorps'[ eogeni ¢
potential of male and femal e nouse liver HS, mneralization assays were

performed on triplicate cultures of human nesenchynmal stemcells "(hVBCs)
( Canbr ex, Mas_ﬁéb The cells were seeded in triplicate at a density of 3000

I'ls/ 1 t
bt eomaies B el S BTR oo PRl g B ok
aci d- 2- phdpeph a2 deparih di$acohdriBe stinysrels apth de{Ghsiifeledaand dedt-sulfate repher e for 24

h. The fo ith
O e BB oSS A P BT i A8 ik o M SRS it v L1 o
for 3 weedotnagerE, tcherqf@rm and methanat weregehtpiesdirgm SigmayAldrichyd St tlavia. Yoh)-t he

accygul atm.%p%/foab@m ealwnh@'mpﬁetaesmtofehaqtmgcedﬂmﬁgo99&;@&&(?‘5 Y& ®ashed with
PBS x 3 and incubated with Eara or mal de mn at room

t enper at Lﬁoé»'”(’R‘ﬁ)Jpe@%%oW%qoacﬁ Fluma agd ﬁ@ﬁ%@ﬁﬂ!&%‘ﬂ'ﬁ%””%lﬁ"@ Lawstil |l ed
wat er (qcmaeaduﬁm \/Qeughtr(wmtg_emtgabh cil%lrﬁioh&ﬂé wBreffesth GEdeBltHcare, ‘.Bﬂlegierﬂ, was g)e(g .
again wt X 3 a r. dried.. e re taken usi ynpus

m cr oscop@?‘qﬁbég W@ﬁﬁ‘@?ﬁ%ﬁ?& LB@&%??{'?% FE%@%\A?%HW%WSTCE%T‘%% M bhosphat e
nodul e st.ilm'(hMﬁCs()eJeke fnan Glampexs UBAT All btherreagesiteeasedivtene &iBfyticalBraded

i ncypat ed%m@ gr%‘alfe%lgé‘gf | 1 RleiBbid &b ;ﬁ;ﬂ% QYRES Aveﬁaaswg 1owashed

w t h-ddH2 |ncuba mn in Ilver trate un w
l i ght. TH@lledmmleesz@r@slmaﬂen twm*e livgs lebess wereHoasepehirgm surrwméwsé'ﬁw with 5%

sodi um t hifasué fiaLe V\fagrcutzat'?hﬂné’é?@od’@%%q v@%lﬁnWﬁeBaﬁM’BQtd‘géﬁ\ aAndeai r dried.

| mmges were taken using Ay BX51 m croscop anera, and

DPCont r ol tFusseRsS{Rlr Blatygste fvess wereiqses Wit PERARdames ﬁﬁ@(eﬁ%ﬁ&?% kept

in -20°C ‘until processing.

25
Tissue processing. isolation and purification of heparan sulfate
Liver tissues were cut into small pieoes (<1 mmd and homogenized using a
homogenizer. Fet was removed by washing the homOQenized tissues with :
, chIoroform/methanoI mlxtures (2:1, 1:1, 1:2 (V). The defatted materials. were freeze- -
30 dried under vacuum and stored at -20°C until further use. The dned defatted tlssues '

were each suspended in 0.05 M Tris acetate buffer (pH 8 0) and digested for 48 h by
actinase E 10 mg/g (Slgma) at 50°C. The proteolyzed homogenates were placed ina
boiling water bath for 30 min to deactivate the protease and then centrifuged (2500 Xg)
for 30 min at room temperature. The recovered supernatant was passed through a
35 HiPrep DEAE column and total glycosaminoglycans (TGAGs) were eluted with high saIt
B The eluted samples were» desalted using a HiPrep desalting column and freeze-dried. The



Bi oquant | mage Anal ysis(r) software (Bioquant |Image Anal ysis Corporation,
TN, USA) was used to quantify the average density of Alizarin red S and von
Kossa st ayvoedivwbics. Briefly, cultures were performed i pctrsicRbionasse 21 day
cultures. MML HS and FML HS treated cultures for each concentration were
perfornmed on the sane plate. To ensurgpythe 20 sanme [ight intensity and
exposure within the sanples, imges of the plates were taken using an Epson
Perfection 1670 scanner. Using the imge anal ysis software, the digital

| mages V\’eﬁ%lé@ﬂ&@ quatdied ke td @bslc akid %brﬂéhtfbi?d:aﬂ)aﬁaéﬁie‘iﬁdﬂf‘(m)f ggeé on of

I nt er est | aced over each we S the wells
was Tt ecoré@ﬁG% yer ds‘%@%feé"%{wa'dﬁie ?'Elp@f’f‘&a'%r'?y ?*E? %gggc# %E‘géﬁ I n

t hese neastioreelicacids, diegndaiitinsdnai derragton elhlfdtee$ft85uhohbromna$émbedtlbg,hhe

transm ssj.on | Vi enS|t valu n as this
val ue subrtef‘ékoﬁé'@sgg %t%ogbxe/'g‘al e 'ét Q/'\'/Wig rbaﬂ}fog% i n%“@é%g eég?&ist ain

si gnéal i nsasmie were diatedrsi® timesvatbrwaber Gime duumn aanmlasmre hassed thrawugh the

(aRT- PCR) HllP'lr'%‘@@ @E&S@ggé{g&gﬁé !eﬁjtéﬁ%ﬁnﬁ %dTﬁ@eIE{ehgéan%E?/e?é a density

of 3000 ce ates 1 n osteogenic ne I nt enance
medi um sufgseterufinac iFrep deyalting a@wameﬂ% ﬁ@dﬁ@ltmw%gaweiwa@d@@ﬁ-

aci d- 2- phg hﬁﬁ@sa@ﬁ}ﬂbéﬁer@%%ﬂb&ﬁﬁh%&%ﬂi@n@nt Sﬁ@arb@éolérh@tﬁb@@ﬂ@?ﬂ-ﬂsfor 24h.

The followi ng day the cells were re- sane nedi um, wi

wi t hout t$@" srweéﬁéwﬂ%%ﬁeré%f%ﬁGH@O%COH@'tffbaPHﬁOBﬁhe%@D% Ifg%d gr own
for 18 weegspeadek mrwlumepmawrmmgmgscboﬁmerqns&fdmam?weaé fulhe was

t ted_35at Kit
aecor i ngEReeh e Askae e AnLsorand BBl o S or ARar ey N s on, oy
Fi rslt st r modincsiarnplacisgGEdegltiokle) @oDRMgn nubitbesschitdpasi sllgmlcqbanq;eseﬂ&nw (r)]n
t ot I ng
ot a1 RGP Sl el SUT5 SRR Affcc 01 19 (0 the
priners and probe sets (described in Table 1) for quantitative real-tine

PCRger e gesi ﬁ@giedwnwzg{rohr&ﬁe,@g ﬁa(eVer 1.0; Appl i ed Bi osystems) and
synt hesi zed by_5Prol1 go ? antitative PCR (gPCR)

Pro
was t hen Bﬁ?%‘f‘?ﬁa'ﬁlstsa H@é@’?ﬁe "(??éedr‘fé'ﬁh'?‘?ﬂ?@”%%‘?dr'éeé’é 'B?f’ed\‘mtrﬁgarfrﬁf‘@et genes in
hMSCs. ThillsDNé@saadples (80D 0g)twedd) dissolvialin P00 BV SdHiln seaatemdeaerceat i on system

(Applied Bi I n 600 nrm fo d
(A0PLL 20 R BRSHETE B b IR s i, reverse
Bi osyst enlne)pamﬂtsadm indhe samee buffen at 35 1Gfpr 1616 anth gramed sgepnd allagot afientyraen i niti al

10 gjn aCédd\é@%é%fﬁ&&t}a@& %% ﬁﬁthgrég b%v\%%?ma%gopﬂéﬁaﬁ aé%flla'l:h i-}?rfu%'%.eﬁf) sec; 55

C for 10 sec sec an sec I ological triplicates
wer e neas@@@é?q*r'ﬁﬁ@m@i% watecanalyper ornBigGREP-0 solumal (1 xdd0 c®) eaditratedsonal RNA

expressi ogitt @128 MNH ! Bven numbered oligosaccharides derived from heparin were used

as standards to calibrate the column.

25 Disaccharide analysis using strong anion exchange cHromato raphy (SAX-HPLC
'- Each-sample was sequentially digested for a recovery of disaccharides for SAX - HPLC
analysis; for this the samples were digested at 37 °C as follows: heparinase | for 3 h,
Heparihése i for 2 h, heparﬁnase Il for 16 h, and finally an aliquot of each lyases for.6 h.

30 Samples were run on a B|o Gel P-2 column (1x120 cm) equmbrated with 0 25 M '

“ NH4HCO:; to recover the disaccharides. The disaccharide products were freeze-dried
prior to disaccharide analysis. The constituent of lyase-derived disaccharides were
resolved by SAX-HPLC on a ProPac PA1 analytical column (4x 250 mm) linked to a
Dionex ICS-3VOOO HPLC system. After equilibration in the mobile phase (double distilled

35 water adjusted to pH 3.5 with HCI) at 1 mi/min, samples were injected and disaccharides

eluted with a linear gradient of sodium chloride from 0-1 M over 60 min in the same



15 RESULTS Purification and sizing of intact gender specific nouse liver HS
chains The nmale and fenmal e nouse HS- GAGs chains were isol ated usi ng DEAE
ani on- 20&®changesethr omat ogr aphy. Subsequent separ at i onpam/SSaperdes9 75
denonstrated that the male liver HS chains eluted a major high nol ecul ar
wei ght and a smaller small nolecul ar ygi ght peak (Fig. 1A). In contrast to
mal e, female liver HS chains eluted a major small nol ecul ar. wei ght and

smal | hi gh nol ecul ar weight peak (Fig. 1B). Thus in each case, the original

HS GAG Chﬁbﬂleﬁftﬁ?@rﬁb'eﬂﬂnoms %ﬁﬁ&%@fbr@fv 4bderbdh&d 4teh nm? Didaesndriabd ons of
heparan sulfate chains. W further seggrat ed the hi glh nol ecul ar wei ght peak

of MM HSverRddentird b ramnas wiliihg slutige aesitons eRknome 128isaceNaldR ¢ he

separ at edstpMardy fedim &iuebr=ML | ow nol ecul ar wei ght HS peaks on Superdex 75
colum to check the honogeneity. The Superdex 75 separated honpbgenous
popul ati on of MM HS and FML HS chai ns were sodi um borohydrate treated to

rel eadse tEBifed ofWae aod Fgmsaiadigdrdts de hMSCmrolifeya®ipept | de backbone and

fraction

o e " e SRS A AN LI LTS COrBRCLENGr DR FiplhdiEelS | |,
a Kay of m®ediamzansisting of DMENS(1800Mad- slcasel 1R%fetet calf semnt (HGH)12omihlet D). The
relative pobaid &4 1‘6@'[9:W;§en¢bﬁlhrﬂ§|'%tcﬁ1¥mf§ﬂf§ﬂeeat BY ¥&in 4 Kurkibdeds were

determ ned to be 100 respectively. In addjtion to this

t he Super ¥}BWSpIsee With 5W%§ o ea%qsgmremohfessm ASSAHRWErRerarned Byen number ed
hepabi n oddtaammcsaiumbesutizifgitHeds AV PCANS S\@tdni GUANR Teehnblegks) he FML HS

h h t h 7, ane | 26.
o oot e oS eY Rl bR o o i AL B B RS o
appr oxi mawell platés andalibmed te bdtreraleermigte Besfobovdndviidy thiScellsaveme r@feda\mpos ed. of

aDDr OX1 Ml 20 A0 30 Al SRRSO AT ARFRTHS 170 551iHend  val ves

showed S|gn|¥|can ain
Enzymat i cangehtibwgéml) 2ad thermesfiurpi@etshetianged H@Wﬁ Aayss Brafifegation @f ﬁ%i'lsevaénd feral e

liveg HS él@[e?se@ﬁ’)@ldlﬁ% Lﬁc&meP‘l Gels AD@IGI @a?ltHH'&eMnéth%a&aWﬂblé geligccaps the

distribution and ratios of the resulting oligosaccharides. Representative

patterns Weremasheshind Bénﬂe‘feéﬁgaW'g’ 01255 tr}‘l@”bﬁ’ieetfypﬁ@ﬁ‘&f“}’ﬂgg‘é the gelighst i on are
10shown Iﬂésdfdpﬁﬁdéa ;RAoapdofﬁBgllﬂﬂaélaecﬂltudwothnafFl@ﬁﬁeagénty\muumdaoem ensive in

A T o Gt e o A VA L

corresponding majority of resistant regions of |arger size to be excluded

from,t he i—%%ndlﬁasgéo colum (Fig. 2A). However, the female liver HS

depolyner ile showed 60% | inkages are susceptible to heparinase
| to The interaction between HS and growth factor was determined using GAG binding plates

(Iduron) according to manufacturer’s instructions. Briefly, HS was coated on the plate
~prior to adding-growth factors. Bound growth factor was detected using biotinylated
antibodies (R&D system). ' ’
25 ‘
Effect of male and female liver HS on hMSC proliferation
Human mésenchymal stem cells (hMSCS) were platéd in maintenance medium _
consisting of DMEM (1000 mg/L glucose), 10% fetal Calf serum (FCS), 2 mM L-gll_jtamine _
and 100 U/mi penicillin-streptomycin sulfate at 37°C in a humidified atmo$phere with 5%
30 CO.,. To assess their proliferatioh, assays were performé'd to detgrminé cell numbér '
utilizing the GUAVA PCA-96 System (Millipore, USA) as per the manufa¢turer’s '

instructions.

Briefly, cells were seeded at 3,000 cells/cm? in 48-well plates and allowed to adhere
35 overnight. The following day the cells were re-fed with the same medium with or without
different concentrations of HS (12.5, 1.25, 0.625, 0.312 and 0.156 pg/ml) and the medium



15 yield di- and tetrasaccharides. A correspondingly small er percentage of
resi stant regions of |arger oligosaccharides are still eluted in the void
vol ume ( AvQ.202B)256The splitting of the di saccharide pealkcirscdow/obe3al nost
conpl ete resolution of the disaccharides into di- and tri-sulfated. This
reflects the small clusters of the heparinase | susceptible sites in the HS
chains. 20 The heparlnase Il digested MML HS profile was the same as
heparinase | digestion (Fig. 2C). On the other hand FM. HS conpletely

di gested bﬁHn@e&ibveWQ dtaf:g IPRERSTSIbRAIIf 688 vRiRths8ég¥88 bn BgysTRBEE Al 7h@Mai ned i n

t he void vol une ari nase, | teI 0% of the
M LS andrtaEnTe fis! fiabie okl ol Weisnished b st peleiat GRNG T Byseyl 6
t et r asacchigssindesutralizédd aths paildt eersuwnﬂe@m 400i | bf RBSIvitll theraddhien vH4 dl ofol uma

(Fig. 2B gllef( &eggeg{L @Hﬁraﬁ%oafpp 70 81 d ceﬁ PMmgerga%%tv? Ilhln(iegermmed dﬁlﬁélfﬁ the and

hexasacch el ned vol-une (Fig
2F) . 5Thi sGHpwAdAadoudiesoitwate: at ed a SI gnificant gross structural di fference
between MML HS and FML HS. 30D sacchari de anal ysis using strong anion

exchange chromat ography (SA)(-HPLC) The fine structural differences in the
di saccharM&Mn&l e and female |iver HS chains were-anal yzed
after exhpggkingpe 96!&!88'@[1 &H%l%ﬁhfea n@edﬁH é@tS‘UOQI 2 |rh§Well B%%%Sanh cultdreé'il]ﬁhH Il and
separation on Bio-
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( AHepsUA- qué\rﬁeu’aatéoeoﬁ iB&fdPH @qﬁﬁndaeggd tRoBGE & Dgh GG hebdldundithén ERtiUgdal e 2) .
The SAX-H PLC data showed di stinction_between the two hegﬁlr an

eat
sul f at es #in10099:9 FPhtP Watﬁsc ?%’FHPV%G‘F luler Aehyis,BOteiBeRNIE T NVaE SSIERNORT f at i on,
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Non-sul f a nono- sul fate ate N- unsubstitu d| sacchari des

( AHex UAG SRiaglksemidsx pastar ampera{us pio-Radb foUAB i) at 29 \GNihs-mefppianes were
AHex UA( 2 S)jp&Rea N4 (B el miiverrRaiferde kA atveeR- zbq’fnbsmh svenscil ewalig, | i ver HS

with different percenta m)nst rat 15maj or
struct ur aPH al4ffé’rTé’Yﬁ?€%f° éﬂ“\ﬁ&@ﬁ%ﬁﬁﬂaéw%ﬁ'%ﬁi %Y"i'tk}@b% R e git the gross
and fine 5;&me1/%mCMalmt.m.@qumead1Azr(atgmmmelmemram verads to all

growh factorg t FeE2  BYP Q. 4 ereas femal e
| i vgsHS s‘g?sgjgai"‘('/tgls'?%go% c'lncéjﬁ?t\f gﬁga rﬁl\/ﬁablﬁeg O'Féi%)moug)e Ia@ﬂF&a
conjugated secondary antibodies (Southern Biotech, Birmingham, AL). Following washes,

the membranes were covered with SuperSignaI_® West Pico Chemiluminescent Substrate

(Pierce, Rockford, IL) for 5 min then exposed on film. :

30 " Effect of male and female ||ver HS on hMSC osteo enlc dlfferentlatlo

To confirm the effect of osteogenic potential of male and female mouse liver HS
mineralization assays were performed on triplicate cultures of human mesenchymal stem
cells (hMSCs) (Cambrex, USA). The cells were seeded in triplicate at a density of 3000
cells/cm? in 12 well plates in osteogenic medium (maintenance medium supplemented
35 with 10 nM dexamethasone, 25 pug/mi L-ascorbic acid-2-phosphate and 10 mM B-
glycerophosphate) and let them adhere for 24 h. The follqwing day the cells were re-fed



20Ef fect of gender specific liver HS on hMsC Proliferation To assess the
possibility of structural differences identified between the nale and

femal e | iwenoH3sew1nodul ate hMSC proliferation, hMSCs wece/sGeemtoees3n t h
varying concentration of HS and viable cell nunber was. counted over a 7-day
culture period in normal maintenance Qs differentiation (osteogenic)

medi um In growth medium MW HS dose 25dependently increased the cell
nunber, the highest cell nunber was obtained with the highest concentration

of HS (12wﬁn 8/ sk mddE WK or Emeukﬁ,oaa.ﬁér@man&éansmgroahsqmdnahﬁ& ng/ m )

I ncreased _t he hi-ghest cell nunber and gher concent.rati ons ve arelative

decr ease P¢PgfR) é’?ﬂ 9rowq b Sweeks anfsmem L@}‘ wefgshanesd every %B?ﬁsr R8s the

mai nt enanfe theeicuhulatdvlof bﬁcuatn Withiethe GRHRGE BEIN BbndMyetsddete Nshdd withPBS €
ost eogeni

hi gher coﬁé@ﬂgll"‘fuﬂ%%%fwgﬁig %'%%%@’?é‘?ﬂ%ﬂﬁggﬁéw %%??Eatr"f[?:@ﬁ (Fig.

5C amd D) Thé\mbadihyers werefidn \h‘&hed lith dowsls-distilleidrweaterdddH€)) at3, Dwstetgd wi t h
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and is reported in units of grayscale. In these measurements, a darker stain correlates

25 with minimal light transmission giving a higher density' value. The data is presented as

this value subtracted from the value for white light, giving apparent stain signal intensity."

Reverse Transcri tlon Pbl merase chain feactlon RT—PCR

Human mesenchymal cells were seeded in triplicate at a density of 3000 cells/cm |n 12 -
30 - well plates in osteogenic medlum (maintenance medlum supplemented wnth 10 nM

dexamethasone, 25 pg/ml L-ascorbic acid-2- phosphate and 10 mM B- glycerophosphate) j

and let them adhere for 24h. The following day the cells were re-fed with the same™

medium with or without two different concentrations of HS (1pg/ml or 300ng/ml) and

~ grown for 3 weeks and the medium were changed every 3 days. Total RNA was extracted

35 atday 7, 14 and 21 days using a Nucleosp|n® RNA 11 kit accordlng to the manufacturer’s

instructions (Macherey-Nagel, Easton PA). First strand complementary DNA (cDNA)



In vitro osteooenic differentiation and m neralization of hMsSC W showed
that structurally different male and female |iver HS exerts a different

ef fect onwblBG/gepsehi ferati on i n nmai ntenance and ost eogerice/soadiowoossNext we
exam.ned whet her these effects could still be observed when the cells were
induced to differentiate down the 250sfgeobl ast |ineage. Photoni crography
showed the osteogenic differentiation of hMSC with or without liver HS in
osteogenic nmedia for 21 days (Fig. 6A). Qur results clearly show that nmale

and ferml %Htﬁéé%rwéﬁa'rﬁ&ird%@@ﬁﬁ)té]m iR L?Etsé t'IIpfévb@e%ﬁ&rﬂ%@@ndent manner .
ower concentration uces gqﬁ)m neralization equal

to the m amrd"aa)tqé%mﬁatfaeiwe(amatqums 6’1‘“@9@"1—@”5'?% fRealtige AGR.er HS on
t he osteogmiiérs adl @rdbkaerntiésttibstinThbleMpforqQantitdiRe addl-fiel FCR/WEO can be

vi sual i ze izarinr V.0 Ssg sta 300 ng/m
and 1 o oanedeha priney Exorase Wt JE APBH M RIETEL G TSRS PV HSat 300
ng/ M5 conbkmiigs (rolige LAICHBoaitlers@Oyv | ncr eased mineralization as conpared to
control and MML HS. But at 1 pg/m fermale liver HS increased mneralization
equal to 300 ng/m MWL HS. Fermale liver HS at 300 ng/m was 35al nost equal
to controQuerﬁlt@veG’BF(W@E@waeﬂ'@ntpedémwdlteawﬁssmmdlame exprassion@fith8 dye 50
shoved i gk o€flsGh HIRSESCHIWEL bafled BltBRIaf Aﬁptufrﬁ%géis&%ﬂ&@éetéaﬁﬂ ML HS

(Fig. 60 surenment of mnerali zed bone nodu von Kossa staining
showed hi gf§tam thnpbechBigsyséams. NVauingtens UK esing §0¢ ampld fqrwaw NS Fig. 60).
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HS at 3001‘% °mg'°o°r9'°fF®8')°%FetS)r<"éeé 0§ gg”rg‘?'"q}i‘d t%s aﬁgﬁ%aﬁ‘%{é }élérﬁ‘ragzg?é’ﬁgn of ALP
when conpé@SdbasometiRNA ekpresdidn iFSagh sampidier concent ration (1 pg/m)

upregul ated ALP expression to beconme conparable with 300 ng/m MW HS. In
MW HS treated hMSC t he expression | evels of bone sial oprotein (BSP2),

ost eopont RESWEER) and Runx2 late transcription factors essential for
osteobl ast differentiation were upregulated at both concentrations tested
over the 21 daa/ culture ols. On the other hand,
the expre : + FH2ait egul at ed at -hi gher
concent r aTteomald apg/fmaléwfnoEM_HBl&AGseatm Wd\ﬁ@pla«dﬂ wing BEAD anden-abl e t o | ower
concgntra ng/ 0 d ¢ Ei 7 esent
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di f f er entthaimaje Mdusaheln@swwgﬁambjor kigh fetesniaf '\qelghirandfa smier snzajl DI SCUSSI ON
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specific an sequential manner via nenbrane-bound enzymes in the
endopl asnfléte @t’FQJ?ﬂ smallapriesr yeishbst unaliionHeplasar waight aee (F9- 4Blibi qui t ous

conponent TKs ih B&cHeodsE ARE bligihal HS'@AS icKaih Preparation was composed of two distinct
25 populations of heparan sulfate chains. We further separated the high molecular weight

~ peak of MML HS and small molecular weight peak of FML HS. We re-ran the separated
MML high and FML low molecular weight HS peaks on Superdex 75 column to check thé ,
homogenelty The Superdex 75 separated homogenous population of MML HS and FML

" HS chains were sodium borohydrate treated to release the linker oligosaccharide from the

30 peptide backbone and fractionated on Superdex 200 columns to determlne the snze of the
HS chains. Separatlon on Superdex 200 demonstrated that the MML HS eluted Wlth a.
Kav of 0.31 and the FML HS eluted with a Kav of 0.54 (Fig 1C and D). The relative
molecular weights of male and female liver HS chains Were determined to be 100,>OOO
and 22,000 Da, respectively. In addition to this the Superdex 2\00 column was calibrated
- 35 with the availa‘ble even numbered heparin oligosacchari'des from Idu'rlon, ranging from

Db2 to Dp26. The FML HS chains have the same. Kav of Dp12 but the MML HS chains



25a wide variety of animal species and tissues. The fine structure of the
chai ns depends on the regul ated expression of nmultiple biosynthetic
enzynmes, woQbi@as2ghycosyl transferases, sul photransfer asecand2em/oe@izyer ase.
Structural differences and the presence of Nunsubstituted am no groups were
observed in the heparan sulfates fromggifferent tissues and species. (19,

21, 22). In this study we describe thé detailed analysis of the structural
30and functional properties of the HS chains purified fromnmale and femal e

nmouse | i Vek dobosSHg2e. Fin rre§érh£t§ w&aan&aﬁhwwnﬁa FRE HRXEHhBaRboREd t WO
di stinct and separate popul ati ons of aran sul fates. They are

structur anI%PmeF‘T%‘P'XéﬁrS SFipEdes r?a?atea NMiHS shaip ﬁfé’d‘@é‘g%%f si gni f| cant
as they capprékitgtey@ot40rdrad-satdiddaendrides ispemsl THeea®ulatedbdalueslsabive mol-ecul ar
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| engbh observed from seven rat tissues (21). The IFM. HS had an apparent

nol ecul arg I m:dé) | naa;dg&taﬁﬁgt HS chain was approxinately 6 - 8
di sacchar stent with the previous report that,

fully sullﬁemaedammtedmalg anérfenoajen\@)r HShwate @pplied te a fio-Gel R GoMMMds of 22
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liver tissues (data not shown), and he result shown in
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frequency of these areas of g fation. Separation chai ns
from nal eofd¥aerdigegaschariges arnet' F'ﬂltﬁd "athgé@tdrvdrnn Fig- RBhd e SRk of g, e
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reflects tha
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at the nochaireduci ng end This is srmlar to the result obtained with skin
HS, the 1 doUA residue essential for heparinise | action is present in |ower
concentrations (6.5 -10 % of total HexUA) (31-33). Female |iver HS showed
hi gh sensThe hapesinase |IigrstedridMe HS prafile was tieSsameds heperingsai digestionl(Bidved t o

yield dp2ycy @H@h@&hérh%naﬁm“% c&ﬁﬂgﬁ@tdr@%fed?hﬁo/‘ﬁyarﬁj t@tras%@%ndes and

olrgosaccharrd This reflects a closer proxim '

hepar i nasdMesidodpateal eeraqineesinithe vaid valine (Fig 20 W”P@e W AiggsiREr ast to

hepar i nasﬁ)p\'oxrrhﬁBI@VBO%Z&%é UMLHS eneass, h‘ISréé’lmm@%rgeﬁteﬂlfragﬁrbyﬂs&\ie@éinﬁfnly
acchari des re i ons

N- syl fated di d erence for
cégover‘Sj Aetras[acwan e ?%’P%‘ &: %&6" §tdllq‘"§?$5'd %Yg'? M@Ufgﬁ?ﬂ@ 2(é:{]gar but is
i nhi bi t edTHeyFNE 8Ssshbihatorapletely digksfed(idtd di-3t8)ra-, and hexasaccharides and almost
no material remained in the void volume (Fig. 2F). This approach‘demons'trated a

significant gross structnral difference between MML HS and FML HS.

30 Drsaccharrde analysrs usrng strong anion exchange chromatography (SAX- HPLC}

The fine structural differences in the disaccharide content of the male and female Irver HS
chains were analyzed after exhaustive digestion with a mrxture of heparlnases l, II and III
.and separation on Bio-Gel P2 column (1 x 120 cm), followed by strong anion- exchange
HPLC. The resulting disaccharide peaks were identified by reference to weII

35 characterized disaccharide standards from Iduron. The SAX- HPLC separated MML HS

’ and FML HS disaccharide profile was shown in Figure 3A and B. The area under each



Heparinase |11 also cleaves non-sul fated, N unsubstituted disaccharide

(G cA-G@ cNH3+) (36). Heparinase |1l cleaved 80% of material from MWL HS
into di - wodotiaisesmwsaccharide units. This is simlar to trhe/SGatombisa ned for
endot helial HS (37) but substantially |ess than the 63% di sacchari de result
obtained with skin fibroblasts (31). Kgwever, female 35liver HS was
conpletely degraded into di- and tetrasaccharides. This is unique when
conpared to other previous HS studied. The susceptible sites were highly
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di saccha & Trose proximty of heparinase II
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The susce ont'i guous resis fragnents
al t er nat etecagSse infthe pelt mimbee ﬁﬁ@%phd@k I-(qWeger mFgontrast to the maintenance

- medium, MML HS at lower concentration (312 ng/ml) in the osteogenic medium increased

30 the highest cell number, and FML HS at a higher concentration (12.5 pg/ml) mcreased the-
highest cell number (F|g 5C and D). ' ’

‘Notably for FML HS, there was an inverse relationship W|th decreasmg doses glvmg a
greater proliferative effect (Figs. SA&B). In all cases, liver HS irrespective of gender,

35 stimulated proliferation of h(MSCs in the presence of 10% FCS. Taken separately, FML-
HS was maximally proliferative at 156 ng/ml, whereas MML-HS was maximally



53 The structure of male and fermal e nouse liver intact HS chains has been
predicted with conbi ned data obtained fromchain | ength, heparinase |, 11
and |11 dwvgestiweseiand % conposition of differentially euirscac®mdoos3o

di sacchari des. The Superdex 200 sizing colum profile showed that the
intact MML HS and FM. HS chai ns conpoggd of 30-40 or 540-50 and 6 -8

di sacchari des repeat, respectively. MM HS chai ns  may consist of a
substantial proportion of alternating acetyl ated gl ucosam ne sequence
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studises. Jiifelatith, We A&@&améa%tﬁéraﬁyef&n@amea.btw HHAARCa§NAMRg. of fers a
power ful new tool in the deve ment of clinical strg gl es for the repair

of vari ouRulgBR¥ityPYaflRhad “FHB'T' B' v gifest e g edliasowth gbhiats whig,gjso
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30l i ver Hsgratisg.been shown to increase proliferation and differentiation of
hM5G, We denonstrated that FML HS at | ower concentration increased hi ghest
cel I" 'nunber in rral ntenance madl um and I\/I\/L HS at | ower concentration

i ncreasedl . E Rd qunesalize wm The degree of sulfation

was an | m@rshanéd mgtt&fumum%.fefenhea@rﬁa f&Hélémee I-@éieh&)é differ&t bR&dt oh he
proliferation and mneralization of ﬁgot esi zed that 35FML HS

with hi gh"MEsaraliteration welnt%eﬁ%{}ﬁltO#eesewasedw Nextgve exagingdwhetheral

these effects could still be observed when the cells were induced to differentiate down the

25 osteoblast lineage. Photomicrography showed the osteogenic differentiation of h(MSC
with or without liver HS in osteogenic media for 21 days (Fig. 6A). Our results clearly
show that male and female liver HS increases hMSC mineralization in dose dependent
manner. MML HS at lower concentration (300 ng/ml) induces high mineralization equal to
the higher concentratioh (1 ug/mi) of FML HS. The effect of liver HS on the osteogenic

30 differentiation of h(MSC to mineralize in vitro can be visualized by Allzarln red S and von

Kossa staining. MML HS at 300 ng/ml and 1 pg/ml after 21 days, an extenswe
mineralization noted. FML HS at 300 ng/ml concentratlobn did not show increased
mineralization as compared to control and MML HS. But at 1 pg/ml female liver HS ‘
increased mineralization equal to 300 ng/ml MML HS. Female Iiver HS at 300 ng/ml wae

35 almost equal to control (Fig. 6B). Measurement of calcium-bound Alizarin red S dye



54 mai ntenance nmedium MW HS with high N-unsubstituted G cNH3+ was

i nportant for hMSC proliferation in osteogenic nmediumand also MML HS with
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and species (19, 21, 22). -In this study we describe the detailed analysis of the structural
30 . and functional properties of the HS chains purified from male and female mouse liver -
tissue. The results presented suggest the existence of two distinct and separate .-
populations of heparan sulfates. They are structurallyfdifferent, changes that cou_Id bé' j

construed to be significant as they could be confirmed at the functional Ié\/el.

35 Glycosaminoglycans are linear, sulphated, negatively charged polysaccharidés that have
molecular weights of roughly 10 -100 kDa (23). The SEC-HPLC data showed that the



Qur data however shows that MML HS, with its | esser sulfation |levels (65%
with only 11% N-sul fation) was better at triggering osteogenic

di f f er entwet2oomeassd m neral i zati on than the FML HS ( 85%peirisit 26000439

Nsul fation). These findings indicate that HS structure, and not charge
density, is the significant determ nargq for osteogenic differentiation and
10m nerali zation. W showed that gender specific liver HS nodul ate hMSC
proliferation and differentiation. Osteogenic differentiation has been
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MML HS showed less sehsitivity to heparinase |, this reflects that there is no close
20 proximity of heparinase-susceptible sites ‘in the male liver HS which probably exist in
relatively small clusters andl at the non-reducing end. This is similar to the result obtained
with skin HS, the IdoUA residue essential for heparinise | aétion is present in lower
concentrations (6.5 -10 % of total HexUA) (31-33). Female liver HS showed high
sensitivity to heparinase I, with ~ 65 % of the Iinkages cleaved to>yield dp2 — dpb as the
25 major product and 35% yield longer oIigosaccharides.'This reflects a closer proximity of

heparinase-susceptible sites in FML HS than in MML HS.

In contrast to heparinase |, heparinase lll cleaves HS chains in N-acetylated or N-sulfated
disaccharides regions (GIcNAc/GIcNS—HexA) with a preference for GIcA over IdoA. It will |

30 ~ tolerate 6-O sulfation of th‘e amino sugar but is inhibited by 2-O sulfation of IdoA (34, 35).
Heparinase Il élso cleaves non-sulfated, N- unsubstituted disaccharide (GIcA-GIcN'Ha*)
(36). Heparinase Il cleaved 80% of material from MML HS into di- and tetrasacchande
units. This is similar to the 78% obtained for endothelial HS (37) but substantlally Iess '
than the 63% disaccharide result obtained with skin fibroblasts (31). However, female |

35 liver HS was completely degraded into df- and tetrasaccharides. This is unique when
compared to other previous HS studied. The susceptible vsites were highly contiguous,
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Disaccharide composition analyses showed MML HS is less sulfated than FML HS. This
is consistent with the heparinase | digestion profile of M:ML HS and FML HS (Fig. 2A and
B). Comparing male and female liver HS i{ can be seen that AHexUA(2S)-GIcNS(6S) and

15 AHexUA—-GIcNS are the most likely to be the hon-reducing end sulphated disaccharides
for both HS. This finding is consistent with the previous report that the non-reducing end
of bovine kidney HS is heavily sulfated and especially N-sulfated (41). MML HS showed ~
70 % disaccharides were less sulfated, but heparinase Il digestion produce only ~10
disaccharides, this is because the N-acetylated saccharides (GIcAGIcNAc) continuously

20 present in the reducing end are cleaved into disaccharides, but the N-sulfated, N- “
unsubstituted and 6-O-N-unsubstituted saccharides present on the N-acetyl/N-sulfated
region in the middle of the HS chain. This enzyme cleaves these saccharides, because of
the longer chain length with concomitant higher mass it was excluded in the void volume -

of the BioGel P10 column (Fig. 2C). However, in FML HS ~90% saccharides were less

25 sulfated, so the complete chain was cleaved by Hepafirise Il to make disaccharides (Fig
2D). This reflects the close proximity of heparinase Il susceptible sites in the whole FML
HS chains. MML HS heparinase Il digestion produced ~80% di and tetrasaccharides. In
MML HS 8% trisulfated saccharides present on the non- reducing end followed by 12% 2-
O-N-unsubstituted saccharides, and these saccharides were resistant to heparinase lll,

30 so in BioGel P10 separatlon some Ionger chains excluded in the void volume (Fig. 2E).

‘ However, female liver HS was completely degraded into di- and tetrasaccharides.. This
showed the N-acetylated saccharides start with the reducing end followed by N-
unsubstituted and N-sulfated saccharides and trisulfated-saccharide in the non- reducmg
end. The susceptible S|tes were highly contlguous and the resistant fragments alternated S

35 to form tetrasaccharides (Fig. 2F). '
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- 5 trisulfated disaccharides (AHexA(2S)-GIcNS(6S)) sequence on the S-domain in the

non-reducing end, as illustrated in Figure 8. FML HS chain may consist of a major

proportion of N-sulfated'glucosamine (AHexA-GIcNSO;) and also a substantial proportion
of N-unsubstituted glucosamine in the mid‘dle of the HS chain, which contains AHexA- -
15 GIcNHs*, AHexA-GIcNH;*(6S), HexA(2S)-GlcNH;" (NA/NS domain). There are also a
minor proportion of AH‘exA-GIcNAc present on the reducing end (N-acetyl domain) and
also a minor proportidn of AHexA(2S)-GIcNS(6S) present on the non-feducirig end (N-

sulfated domain) as illustrated in Figure 8.

20 The present study demonstrated that the HS chains purified from gender specific liver
tissue are, undeniably, almost completely distinguishable at the gross and fine structural
level, th'ereforé the question arises as to how these hépérah sulfates exhibit their
biologically different function. We chose human mesenchymal stem cells (hMSC) for
biological functional studies, because hMSC are a p\otehtial source for cell based
25 therapeutic studies. The use of h(MSC in bone tissue éngineering applications offers a
' powerful new tool in the development of clinical strategies for the repair of various bone
disorders including osteogenesis imperfecta and osteoporesis. Our lab previously showed
that heparah sulfate isolatéd from neuroepithelial cells increases the proliferation and
osteogenic dlfferentlatlon of hMSC (12). The present study showed that male and female
30 liver HS has been shown to increase proliferation and differentiation of hMSC. We ‘ ‘
demonstrated that FML HS at lower concentration increased highest cell number in
maintenance medium and MML HS at lower concentration increased highest cell number -
in osteogenic medium. The degree of sulfation was ah important determinant of héparah o
sulfate ability to effect the proliferation and mineralizatioh ovf hMSC. We hypothesiied that '
35 FML HS with high N-sulfation was important for hMSC proliferation in nor'mél
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MWL HS hazd§O-sulfated or 6-de-O-sulfated heparin has less effect on prollferatlon_(data not
shown). However, de-N-sulfated, 2-de-O-sulfated or 6-de-_O-squated heparin had no
effect on the hMSC proliferation in osteogenic medium (data not shown). In addition to
10 this we tested the differentiation ability of both HS on confluent cells, the HS were added
to post confluence culture of hMSC, the results showed there is no difference in the
Alizarin Red S and von Kossa staining after 7, 14 and 21 days culture period (data not
shown). From the above result, we suggested two possibvilities to explain the effect of
MML HS at lower concentration inducing high osteogenic differentiation of h(MSC: (1) In
15 - osteogenic medium lower concentration of MML HS treeted hMSC produce higher cell
number than FML HS treated cells for 5 day culture period. Because of the higher cell
number in MML HS treated cells, the initiation of osteoblast phenotype starts earlier than
FML HS treated cells, this is correlated with the higher mineralization in MML HS treated
cells. Yang et al (42) showed that the degree of HS sulfation was an importavnt
20 determinant for h(MSC osteogenic differentiation and mineralization. Bovine aortic smooth
muscle cells (BASMC) mineralization was inhibited by highly sulfated heparin, but N-
desulfated heparin or less sulfated dermatan sulfate had no inhibition. Our data showed
that total sulfation of MML HS (66% with only 18% N-sulfation) was lesser than the FML
‘HS (85% with 62% N-sulfation), the less N-sulfated MML HS at lower concentration. 300
25 ng/ml showed higher osteogenic differentiation and miheralization. These findings
indicated that, overall, charge is the significant determinant for (MSC osteogenic

differentiation and mineralization.

In control experiments the effect of different de-O-sulfated heparins on hMSC
30 - growth in normal and osteogenlc differentiation medium was also assessed.
Only de- N-sulfated heparin failed to improve hMSC proliferation; 2-de-O-sulfated or 6 de-
O-sulfated heparin had less effect on proliferation and neither de-N-sulfated, 2-de- o-
sulfated nor 6-de-O-sulfated heparin had any effect on the hMSC proliferation in
osteogenic medium (data not shown). Lower concentratlons of MML HS are presumably
35 able to induce greater levels of osteogenic differentiation.in h(MSCs because cell -

proliferation was greater over the 5 days, so resulting in faster rates of confluence, which
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10 _ mineralization.

We showed that gender specific liver HS modulate hMSC proliferation and differentiation.
Osteogenic differentiation has been genetically confirmed by sequential mMRNA
expression pattern of osteoblast associated marker genes and their apparition during the
15 differentiation of hMSC. Our real-time PCR data demonstrated that HS treatment
increases osteogenic differentiation related genes ALP, 'BSP2, OPN and Runx2.»The role
of these genes on osteogenic differentiation of MSC has been well defined (43—45). ALP
is known to be an early marker for osteoprogenitor cells;its maximum expression was
observed on day 7 of the differention period and decreased after day 7 until day 21 during
20 the mineralization phase. Bone sialoprotein (BSP2) was described as a late marker of
developing osteoblasts appearing with matrix mineralization and was maximally
" expressed on day 21 for both HS treated samples. These results suggest that liver HS
induces'upregulatioh of osteogenesis related genes, which facilitate hMSC to respond to
osteogenic signals and subsequently matrix mineralization. Finally, morphological and
25 genetic analysis proved the potential usefulness of gender specific liver HS on hMSC

proliferation and osteogenic differentiation.

The abbreviations used are: GAGs, glycosaminoglycans; HS, heparan sulfate; TGAGs,

total glycosaminoglycans; MML HS, male mouse liver hepran sulfate; FML HS, female
30 mouse liver heparan sulfate; hMSC, humail mesenchymal stem cells; ALP, alkaline

phosphetaee; BSP2, bone sioloprotein 2; OPN, osteopontin, dp, degree of

polymerization.
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adm nistration of a therapeutically effective anount of MM HS to the
patient. 3019. The nethod of claim 18 wherein the nethod conprises

adm ni st ewongiiéselS t o the ti ssue surroundi ng the fracrarsc2@0/00639 et hod
of claim 18 or 19 wherein adm nistration of MWL HS conprises injection of
MWL HS to the tissue surrounding the fggbacture. 60 21. The nethod of any
one of clains 18 to 20 wherein the nethod further conprises adm nistering
mesenchymal stemcells to the patient. 22. A nethod of treating .a bone

fracture g& a AL z€MYon, M1CardRtdIRGh&TONAT (BB Bl Ch&irbks0, 1374 sl ng a
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site of fract uB,echeneﬁoz Asbsmzonpatl bl e i mpl ant or prosthesis conprising a
bi ont eri a$. anldhd‘vhﬂerdrl& J18RAved IEBiIBMEAN®IK. fmfdrsasgemdmma)mms) Btoe Natfpl ant or
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29. A nethod for the culture and/or gromh of stemcells, bone cells, bone
precursor cells or bone tissue in vitro conprising admnistering MM HS to
st em cel Iwoi2011006b3sur € 25such that the MML HS is al | owedpto/scanioacissd he stem
cells. 30. A nmethod of pronoting osteogenesis, the nmethod conprising

adm ni stering MML HS to bone precursorggcel | s or bone stemcells. 3031. The
nmet hod of claim 30 wherein the bone precursor cells or bone stemcells are
contacted with MM HS in vitro. 32.The nethod of claim 30 wherein the bone
precur sor cfafthss or bone stemcells are contacted with MML HS in vivo. 61
33. The nmethod of any one of clainms 30 to 32 wherein the bone precursor or
bone stemcells are nmesenchymal stemcells. 34. A nethod for the repair,

repl acenemt orHépganUsHateoMMefH$I0ONe tissue in a human or animal patient in
need of such treatnent, the nethod conprising: (})culturing nmesenchynal
stemcells in vitroin contact with MM HS for a period of tinme sufficient
for Said 2el | sSMMb HSinnsdiaderbort substastiatly purified fgmecur sor cel I's; (ii) coll'ecting
sai d bone tissue or bone precursor cells; (iii) inmplanting said bone tissue

or -bone precursor cells into the body of the patient 10at a site of ‘injury
or di seas® t o MMpdiS acceutiigte @nypne efpiavas Atos 2pihgeein the MML HE hap &- pat i ent.

sulfation of between about 14% and about 22%.

10 4, MML HS according to any one of claims 1 to 3 wherein the MML HS has:
0] total sulfation of between about 60% and about 70%; and/or
(ii) total O-sulfation of between about 44% and about 52%; and/or
(iii) N-sulfation of between about 14% and about 22%; and/or
(iv) 6-O-sulfation of between abouf 22% and about 30%; and/or
16 v) 2-O-sulfation of between about 18% and about 26%.

5. MML HS according to any one of claims 1 to 3 Wherein the MML HS has:

(i) - total sulfation of about 65% or about 66%; and/or
(i) total O-sulfation of about 47%, about 48% or about 49%; and/or
20 (i) N-sulfation of about 17%, about 18% or about 19%; and/or

(iv) 6-O-sulfation of about 25%, about 26% or about 27%:; and/or
) 2-O-sulfation of about 21%, about 22% or about 23%.

6. MML HS according to any one of claims 1 to 5 wherein the MML HS has anb N-
25 unsubstituted disaccharide content of between about 53% and about 61%.

7. MML HS according tb any one of claims 1 to 5 wherein the MML HS has an N-
unsubstituted disaccharide content of about 56%, about 57% or about 58%.

30 8  MMLHS accdrding to any one of claims 1 to 7 wherein the MML HS has a
disaccharide composition within £ 10% of the values shown for each disaccharide in the
Male Liver HS column in Table 2. S

9. MML HS according to any one of claims 1 to 7 wherein the MML HS has a |
35 disaccharide composmon within £ 5% of the values shown for each dlsacchande in the

Male Liver HS column in Table 2.



35. Bone tissue or bone precursor cells obtained by in vitro culture of

mesenchymal stemcells in the presence of MML HS. 15 36. A nethod of

cul turi ngwvoesamebssial stem cells conprising culturing mpeeschynmbossd em

cells in contact wwith MM HS. 37. Products containing therapeutically

effective amounts of: 20(i)MWL HS; andg(ii)mesenchynmal stemcells, for

si mul t aneous, separate or sequential use in a nmethod of nedical treatnent.

38. Heparan sul phate FM_. HS. 39. FML HS in-isol ated or substantially

purified form 40. FM. HS according to any one-of clains 38 or 39 wherein

the FML HS has N- sul fation of between about 57% and about 66% 41. FM. HS

accor di ng'®o MYLbiReacserdingdp gay ame efelaims hP ebtained &y prethes ¢paaprisingn ()

B ot a: f s ;JI é@Uut]gtm RfzeRREMESCBRABOgPRY oME maIROMbuRORGer RépAf sulphiale t ot al
sulfation o

out bout % .and/ or N- t f
between oBGRAT %)@ﬁ '@E‘SB%J“"%SU)&’?‘%?\E?%P"% bt ffesere adle Sl Wi e an about
8% asd abipudelsfish ofthel mafor high niblébutan Weight feactioh. bet ween about 7% and about
15%

¢

11. MML HS according to any one of claims 1 to 10 for use in a method of medical

treatment.

10 12. MML HS according to any one of claims 1 to 10 for use in the treatment of bone

fracture.
13. A composition comprising MML HS according to any one of claims 1 to 11.

16 14. A pharmaceutical composition or medicament comprising MML HS according to

any one of claims 1 to 10.

15. The pharmaceutical composition or rhedicament of claim 14 wherein the

pharmaceutical composition or medicament further comprises mesenchymal stem cells.

20 _
16. The pharmaceutical composition or medicament of claim 14 or 15 for use in a
method of medical treatment.
17. Use of MML HS according to any one of claims 1 to 10 in the manufacture of a
25 medicament for the treatment of bone fracture. -

18. A method of treating a bone fracture in a patie'nt; the method comprising
administration of a therapeutically effective amount of MML HS to the patient.

30 19.  The method of claim 18 wherein the method comprises administering MML HS to

the tissue surrounding the fracture.

20. The method of claim 18 or 19 wherein admlnlstratlon of MML HS comprlses
injection-of MML HS to the tissue surrounding the fracture
35



42. FML HS according to any one of clains 38 to 40 wherein the FM. HS has:
(i) total sulfation of about 84% about 85% or about 86% and/or (ii) total
0- sul f at iwo 20f1/&bssut 22% about 23% or about 24% and/ oPCIBG2010)bb4sul f ati on
of about 60% about 61% about 62% or about 63% and/or (iv) 6-0-sulfation
of about 11% about 12% or about 13% gand/or (v) 2-0-sulfation of about
10% about 11% or about 12% 43.FM. HS according to any one of clainms 38 to
42 wherein the FM. HS has an N 15unsubstituted di saccharide content of

bet ween abput Z6%mamed amtoné%%la% fa\b 20V HRFGPHE dhdPruAneF c@H\%nQJs clains
38 to 42 wherein the FML has an N- unsubstituted di sacchari de content of

about 29%dram§£ﬁ”n30%$%'?chmalﬁtef9f%stgmalﬁw HS according to any one of
clainms 38 to 44 wherein the FM. HS has a di saccharide conposition within
10% of the_val yes sho for each _disaccharide jn ver col um
Tl o 2228 e S Reatio AR R G R AR e el forte SIS S S o1 1 ¢ he
FML HS. hasnmarﬂiﬁgl'asamcodnaaubdhammmposprbstbesls/wmmhrmplé%cmfprdsl:l"fests&bmpesesmvm for
each di SaBiﬁﬂ%(e‘rin hrid M ﬁs':grfﬁrf’rﬂiss%ggbfvtﬁé RE‘ @Urrb%md@%@?ﬁe%fﬂmre': M. HS

according to any Dne’ or ' ¢t a ned conpri si-ng
conducting size exclusion chraomatography on a fenale nmouse |iver heparan

sul phat e 30Dr RBioBbERLIARHRNS USRS BltftRadiaRGhd QNG 1o di T Fer ent

nol ecul ar wei ght f y sel'ection of ‘the najor |ow nolecular weight
fraction. 48. FML HS according to any one of clains 38 to 47 for use in a

met hygd of 24redi & Aetod@RtdimiMg-a biocompatible implant or prosthesis, the method
comprising the step of coating or impregnating a biomaterial with MML HS.

25. Culture media comprising MML HS.
15 26. Use of MML HS in cell culture in vitro.

27. A method of culturing cells in vitro comprising the step of adding MML HS to cells

in in vitro culture.

20 28. _ Use of MML HS in the culture and/or growth of stem cells, bone cells, bone

precursor cells or bone tissue in vitro.

29. A method for the culture and/or growth of stem cells, bone ceIIs bone precursor
cells or bone tissue in vitro comprising administering MML HS to stem cells in culture
25 such that the MML HS is aIIowed to contact the stem cells

30. A method of promoting osteogenesis, the method comprising administering MML

HS to bone precursor cells or bone stem cells.

30 31. The method of claifh 30 wherein the bone precursor cells or bone stem cells are
contacted with MML HS in vitro.

32. The method of claim 30 wherein the bone precursor cells or bone stem cells are
contacted with MML HS in vivo. '
35 '



63 49. FML HS according to any one of clains 38 to 48 for use in the
treatnent of bone fracture. 50. A conposition conprising FM. HS according
to any ornwoabiale2iens 38 to 48. 51. A pharmaceutical corpIsiGRIOOIGIZ9

medi cament conprising FM. HS according to any one of clains 38 to 47. 52.
The pharnmaceutical conposition or nediggament of claim51 wherein the
10phar maceuti cal conposition or nedicanent further conprises nesenchymal
stemcells. 53. The pharnaceutical conposition or medi canent of claimb51

or 52 forsyse THE ethsd bmﬁf@hewab.ﬁélsotwszwwemn thé Dode pleBurSér dri¥bndiS
accordi ng to any one of ¢ l to 47 in the manufacture of a nedi canent

for the tTIBRCFERHICHMESERTIWME %%8?"&@&?, 55. A method of treating a bone fracture
in a patient, the nethod corrpri Si ng adm ni strati on of a therapeuti cally

ef fecti ve, anou E at | ent The, hod cl.ai m 55
wherein t?fg maA] ﬂ’Sg’ 85%'?? egg" ’a?n"% Pt"é?‘ rﬁaeqﬁ{ff_t'ol%ff’gn% thssu% fnsasrﬁugn%nu?rr oundi ng
t he ®r act animal pabént iMheednad shadtrestmentathenieBhagrcobrisingr ei n admi ni st ratl on of

FM. HS Conpggses ditekiR é{ﬁ\%%érﬁ:ﬂyrﬂgl il cEIR ik QIr{DhPc @?Wﬁh Wﬂﬁé”ﬂﬁh Rgt Ee met hod

fracture one of c ai ns wher ei
further conpri segftmﬁuﬁomnéfqrﬁgd@e@etn&mmneélﬁ%Qf@pn%pme@urtsﬁre:eﬂat| ent .

3059. A net hgg of cauteeﬁﬂgl Jafl BonB@8suel drdBhe!pRcliorce@t | ent, the nmet hod
conpri si ng surglca ¥

i) implariting said bone tissue or bone precursor cells into the body of the patient
10 at a site of injury or disease to repair, replace or regenerate bone tissue in the

patient.

35. Bone tissue or bone precursor cells obtained by in vitro culture of mesenchymal
stem cells in the presence of MML HS. |

15 _
36. A method of culturing mesenchymal stem cells comprising culturing mesenchymal

stem cells in contact with MML HS.

37. Products containing therapeutically effective amounts of:
20 0] MML HS; and
(ii) mesenchymal stem cells, }
for simultaneous, separate or sequential use in a method of medical treatment.

38.  Heparan sulphate FML HS.

25
39.  FML HS in isolated or substantially purified form.
40. FML HS according to any one of claims 38 or 39 wherein the FML HS has N-
sulfation of between about 57% and about 66%.

30

41. FML HS according to any one of claims 38 to 40 wherein the FML HS has:



i mpl anting a bi oconpati bl e_inplant or prosthesis, which inplant or
prosthesis conprises a biomaterial and FML HS, into tissue of the patient
at or surwoundimgseihe site of fracture. 60. A bi oconpati lpce/Scaploand43or
prosthesis conprising a biomaterial and FML HS. 64 61. A nethod of
formng a bioconpatible inplant or pr@sthesis, the nmethod conprising the
step of coating or inpregnating a biomaterial with FM. HS. . 62. Culture
media conprising FML HS. 63. Use of FML HS in cell culture in vitro.

64. A met hoqk) of fdﬁutsurfaﬂegof:@étdvéed ébo\dtéd%aﬁ@amm%b%gaﬁd)@r step of adding FM
HS to cells inin vitro cu he cul ture and/ or

growt h of stiBm cital O S‘Bféﬂ‘?é‘ ‘E‘,f(-,bFP"éee"@Bﬂ'ét 18/%%’!9%‘%9” 7c7e4’la§‘d bone tissue in
vitro. 66. (if nev\kmatidhrofbaweémbbmemrwhe@bogres% n@br st em cel I's, bone

cells, bone precursor ue in ro conprising

adni ni st eri H8> I\Ei’@'?ﬁ ag’oﬁr}@}&ﬁ?‘fﬁ?oé’tgﬁéha'?‘ﬁ%{t the FML HS is

al | o6ed to @Ynt aetO-siifatier e‘mewmmsaboutm/o ard aldubh d8P%0f pronoting osteogenesi s,
t he met hod conprising adm nistering FML HS to bone precursor cells or bone

stemcells. 20 68. The nmethod of claim67 wherein the bone precursor cells
or bone st&m deVil HSaceordivataanyaew§ claink\S tg0iwherain the FMLGIS hagie met hod of

claim67 whey el ntottél%umaﬁo%%ﬁvé@)@rabsﬁﬂém efadsgn@s%ta%m&el I's are
25contacted with FM in vivo. 70. The hod of any one of clains 67 to

69 wherein file bt Cb?‘éfétﬁ"s‘?frab%‘l‘t%%ébg{tgﬁfﬁlapgme?f‘e""ﬁﬁ@/@hchyrral stem
cel l1g. 3071y rrewtmﬁatfdarofbb&tee%aatsouteﬁnlmanez% oPabdueg8Neamiisron of bone

tissue in a, huma
fs 2 O-sulfatlon of about 11%, about 12% or about 13%; and/or
) 2-O-sulfation of about 10%, about 11% or about 12%.

43. FML HS according to any one of claims 38 to 42 wherein the FML HS has an N-
16 unsubstituted disaccharide content of between about 26% and about 34%.

44, FML HS according to any one of claims 38 to 42 wherein the FML HS has an N-
unsubstituted disaccharide content of about 29%, about 30% or about 31%.

20 45. FML HS according to any one of claims 38 to 44 wherein the FML HS has a
disaccharide composition within + 10% of the values shown for each disaccharide in the

Female Liver HS column in Table 2.

46. FML HS according to any one of claims 38 to 44 wherein the FML HS has a
25 disaccharide co_mpositidn within + 5% of the values shown for each disaccharide in the

Female Liver HS column in Table 2.

47. FMLHS according to ény one of claims 38 to 46 obtained by a method com‘prisi'ng
conducting size exclusion chromatography on a female ‘mou.se'liver heparan sulphate
30 - preparation to identify heparan sulphate fractions of different molecular weight followed

by selection of the major low molecular weight fraction.

48. FML HS according to any one of claims 38 to 47 for use in a method of medical
treatment.
35



ani mal patient in need of such treatnent, the nethod conprising: culturing
mesenchymal stemcells in vitro in contact with FM. HS for a period of tine
suf fi ci enwofori/sasedl cells to form bone tissue or bone prPeTsGOIN/00@BYS;
(ii)collecting said bone tissue or bone precursor cells; 35(iii)inplanting
sai d bone tissue or bone precursor cekks into the body of the patient at a
site of injury or disease to repair, replace or regenerate bone tissue in
the 65 patient. 72. Bone tissue or bone precursor cells obtained by in

vitro culidire g ABSLOGHNTR aistd ff Shlnss 3910480t HeMetrelimdibbibdne 73. A

met hod of culturing nmesenchymal stemcells conprising culturing nmesenchynal
stem cel | fadquyie.contact with FML HS. 74. Products containing therapeutically
effective amounts of: 10(i)FM. HS; and (ii)nmesenchymal stemcells, for

si mul t anegus, separate or sequentijal use . jn: hod ' )
50. Ac mpos}tion compr?s(i]ng r—rhm'_ ?IS accgrd{ng tg arr\ryE cgn_ Ooq C%Emggéi {ocﬂzl. treat ment
5 .
51. A pharmaceutical composition or medicament comprising FML HS according to

any oné of claims 38 to 47.

52. The pharmaceutical composition or medicament of claim 51 wherein the

10  pharmaceutical composition or medicament further comprises mesenchymal stem cells.

53. . The pharmaceutical composition or medicament of claim 51 or 52 for use in a

method of medical treatment.

15 54. Use of FML HS according to any one of claims 38 to 47 in the manufacture of a

medicament for the treatment of bone fracture.

55. A method of treating a bone fracture in a patient', the method comprising
administration of a therapeutically effective amount of FML HS to the patient.

20
56. The method of claim 55 wherein the method comprises administering FML HS to

the tissue surrounding the fracture.

‘ 57.  The method of claim 55 or 56 wherein administration of FML HS comprises
25 injection of FML HS to the tissue surrounding the fracture. '

58.  The method of any one of claims 55 to 57 wherein the method further comprises

administering mesenchymal stem cells to the patient.. -

30 59. A method of treatihg a bone fracture in a patient, the method comprising surgically
implanting a biocompatible implant or prosthesis, which implant or prosthesis comprises a
biomaterial and FML HS, into tissue of the patient at or surrounding the site of fracture.
60. A biocompatible implant or prosthesis comprising a biomaterial and FML HS.
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61. A method of forming a biocompatible implant or prosthesis, the method
comprising the step of coating or impregnating a biomaterial with FML HS.

-62. Culture media comprising FML HS.

63. Use of FML HS in-cell culture in vitro.

64. A'metho'd of culturi‘n'g cells in vitro comprisingj the step of adding FML HS to cells

in in vitro culture. .

65. Use of FML HS in the culture and/or growth of stem cells, bone cells, bone

precursor cells or bone tissue in vitro.

66. A method for the culture and/or growth of stem cells, bone cells, bone precursor
cells or bone tissue in vitro comprising administering FML HS to stem cells in culture such

that the FML HS is allowed to contact ther stem cells.

67. A method of promoting osteogenesis, thevmet'hod comprising administering FML

HS to bone precursor cells or bone stem cells.

68.  The method of claim 67 wherein the bone precursor cells or bone stem cells are
contacted with FML HS in vitro.

69. The method of claim 67 wherein the bone precursor cells or bone stem cells are
contacted with FML HS in vivo.

“70. The method of any one of claims 67 to 69 whérein the bone precursor or b()ne, .

stem cells are mesenchymal stem cells.
71. - A method for thé répair, replacement or regeneration of bone tissue in a human or’
animal patient in need of such treatment, the method comprising: '
(i) culturing mesenchymal stem cells in vitro in contact with FML HS for a period
of time sufficient for said cells to form bone tissue or bone precursor cells;
(ii) collecting said bone tissue or bone precursdr cells;
(i) implanting said bone tissue or bone precursor cells into the body of the patient
at a site of injury or disease to repair, replace or regenerate bone tisSue in the _
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patient.

72.- Bone tissue or bone precursor cells obtained by in vitro culture of mesenchymal

stem cells in the presence of FML HS.

73. A method of culturing mesenchymal stem cells comprising culturing mesenchymal = -

stem cells in contact with. FML HS. -

© 74, Products containing therapeutically effective amounts of:

C () FML HS; and
(i)  mesenchymal stem cells,

for simultaneous, separate or sequential use in a method of medical treatment.



