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COVPCOSI TI ONS BACKGROUND Heparin, a highly sulfated heparin-Ilike

gl ycosamwogbyosmsg HLGAG) produced by mast cells and i seCatusdooosrmehat ur al
sources, is a widely used clinical anticoagulant. However, the effects of
natural, or unfractionated, heparin can be difficult to predict and
patients nmust be nonitored closely to prevent over- or
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avai | e heparins). For a polysacchari de preparation provided
her eilrenoadne, RBA0% Jowenad vf @liniealo®nddieg)f 83:120WP+2§).char act eri stics: the
preparation has | ess than 50% gl ycol split uronic acid residues; the
preparation has no nore than 3 glycol split uronic acid residues (UG per
pol ysacchari de chai n; thegpgigaarat DFTIRINVERALEON t han 40% U2SHNS, 6S

di sacchari de residues; degrée of desulfation of the preparation is |ess
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preparatioh. I'n"sonme enbodi nents, the preparation contal et ween 5% and
50% glojysadchapdd ¢hairr; ol prepartion kesi grerer then $0% Uhellwae disaeeharide A8iue§% and

30% 10% a 50%. 10% and 40% or, 10% a 30% gl ycol [ i ur,oni ¢ acid

C esi disgEs of gesu?fe{%%o thE BEsarerian gelses the 38"’&@1%% biermelivaraetie hains s

pol YSRCHRBALESH RIVRRAS, Sduh@ubBoof a RollARAED HE LiForRTaddd RRATAL &RV ni@¥i Ng t he
foll om nhg characteristics: (a) a welght average chain nol ecul ar wei ght

bet ween 3,500 and 7,000 Da; (b) an anti-Xa activity and an anti-ha activity
each less than 50 U ng (e.g., an antL-Xa activity less than about 40
Umg, 30 IUng, 20 U ng, 15 11U ng, or 10 U ng and an anti-ha activity

| ess than about 40 1Unmg, 30 Il1l/nmy, 20 1Ung, 10 11U ng, 5 1Ung, 4 1U ng,
or 31U ng); and (c) the polysaccharide chains of the preparation have no
nore than 3 glycol split uronic acid residues (UG per pol ysaccharide chain
(e.g., each polysaccharide chain has no nore than 2 or no nore than 1

gl ycol split uronic acid residue (U0) per polysaccharide chain). In a
third aspect, the invention features a pol ysaccharide preparation (e.g., a
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WO 2009/ 059283PCT/ 1JS2008/ 082223 no nore than 2.5, no nore than 2, no nore
than 1.5, or no nore than 1 glycol split uronic acid residues (UG per

pol ysacchsioi2de/osbassn. In a fourth aspect, the inveotriusaoosesi2as es a
polysaccharide preparation (e.g., a heparin derived preparation) havi ng t he

foll istjcs: . ' Iarwe ht
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di saaghfdudeprepsiation@s) . | n sone enbodi nents, the preparation has a degree

of desulfation_ less than 40% (e.g., |less than 30% 20% or 10%. In a
fifth aspetgcordipgy;ipndiss PR he ivention fsatuyescrtivsareharige @mﬁ@(ﬂp@ﬂ? gedag., a
he ar Vi ty
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 nch s SR YO T o e AP Troth St OIS raticd 10FRe: 40 1 Wes 6
(1 e 015 1{1{/1% ;&fv\tl% U %Qndﬂn%ﬁu Tf a%avuﬂte@thaﬂ a%'ut 4@;1%%53)0 Imﬁg_ %%‘Il_[l}/'m (e.g RS
or 61(0)|—]U/mg, 5 IU/mg, 4 IU/mg, or 3 IU/mg) and (c) less than 50% glycol split uronic acid residues

(e.g., less than 40%, 30%, 25%, or 20% glycol split uronic acid residues) in the preparation. In

some embodiments, the preparation contains between 5% and 50% glycol split uronic acid

residues (e.g., between 5% and 40%, 5% and 30%, 10% and 50%, 10% and 40%, or 10% and

30% glycol split uronic acid residues).

In a second aspect, the invention features a polysaccharide preparation (e.g., a heparin-
derived preparation) having the following characteristics: (a) a weight average chain molecular
weight between 3,500 and 7,000 Da; (b) an anti-Xa activity and an anti-Ila activity each less than
50 IU/mg (e.g., an anti-Xa activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 15 IU/mg, or
10 IU/mg and an anti-Ila activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 10 IU/mg,

5 IU/mg, 4 IU/mg, or 3 IU/mg); and (c) the polysaccharide chains of the preparation have no
more than 3 glycol split uronic acid residues (Ug) per polysaccharide chain (e.g., each
polysaccharide chain has no more than 2 or no more than 1 glycol split uronic acid residue (Ug)
per polysaccharide chain).

In a third aspect, the invention features a polysaccharide preparation (e.g., a heparin-
derived preparation) having the following characteristics: (a) a weight average chain molecular
weight between 3,500 and 7,000 Da; (b) an anti-Xa activity and an anti-Ila activity each less than
50 IU/mg (e.g., an anti-Xa activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 15 IU/mg, or
10 IU/mg and an anti-Ila activity less than about 40 I[U/mg, 30 IU/mg, 20 IU/mg, 10 IU/mg,

5 IU/mg, 4 IU/mg, or 3 IU/mg); and (c) polysaccharide chains of the preparation have on average

no more than 3 glycol split uronic acid residues (Ug) per polysaccharide chain (e.g., on average



and UG =HOCOH wherein the synbol - indicates that the units marked m
and n are distributed along the pol ysaccharide chain and are not
necessar iwQ 200/8ez33ence, wherein w, x, y, and z are eacrCTlis268082203
different on each unit marked m and wherei n x, y, and z are each the sane
or different on_each unit narked n, In a sixth aspect, the invention
f eat roaBotg thn 3,8 dtocmae then Hrivpaeisithasnl -feorglo, meregal gldcﬁétpilt/%r@nﬁraé}ﬂar ation)
| acki nt activity (e.g., having substantially
noantr?%g‘géégﬁgﬂ&gctxs\%bﬁgiﬁ%lnﬁavi ng anti net ast at ic activity, wherein the
pr epar at i dn aifowthigkpsctptheyisentiha fé¢atiess 4 pallysadcnicdridd réparationge .k, a heparin-
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- 60H;50 IU/mg (e.g., an anti-Xa activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 15 IU/mg, or

10 IU/mg and an anti-Ila activity less than about 40 IU/mg, 30 IU/mg, 20 IU/mg, 10 IU/mg,

5 IU/mg, 4 IU/mg, or 3 IU/mg); and (c) the preparation has greater than 40% U,sHns ¢s

disaccharide residues (e.g., greater than 50%, 60%, 70%, or 80% U,sHys ¢s disaccharide

residues). In some embodiments, the preparation has a degree of desulfation less than 40% (e.g.,

less than 30%, 20%, or 10%).

In a fifth aspect, the invention features a polysaccharide preparation (e.g., a heparin-

derived preparation) lacking substantial anticoagulant activity (e.g., having substantially no

anticoagulant acfivify), wherein the preparatTOTrﬁmiude&pe}ysacQ]%arides that include Formula I:

[Uw'Hx,y,z] mN[UG'Hx,y,z]n

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;
m and n are integers such that

m = 4-16 (e.g., 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, 4-14, or 4-15), and
n=1-4(e.g., 1-2 or 1-3);

w =-208 or —20H;
x =-NS or -NAc;

y =-30S or -30H;
z = —60S or —60H;



WO 2009/ 059283PCT/ 1352008/ 082223  and UG =HOOH wherein w, x, y, and
z are each the sane or different on each unit marked m n, o, p, or g. In
sonme enboaDrmeIws928s8he sumof n + p is | ess than or equalCrarsdoogesn23 | ess
than or equal to 3, 2, 1, or 0). In sonme enbodi ments, the preparation has a
wei ght average chai n nol ecul ar wei ght between 3,500 and 7,000 Da. The
i nvention al so i ncl ud§9%har naceutically acceptable salts of any of the
preparations described herein (e.g., described above) and conpositions
(e.g., pharnmaceuti cal sitions) that conprise the preparations

descri bed herein and/or they har maceutically acceptable salts. Any
of the preparati gpsfdescribed hgrein, e.g., described above, can have ot her
properties. E. g., of the above described preparations or pharnmaceuti cal
conpositions can further have one or nore of the functional or structural
properties set out bel ow. I n one enbodi nent, at |east one of the

pol ysacchamddk Thai H® i n t K& preparati on has one of the follow ng
structures at the non-reducing end: wherein Xis Hor Me and Ris H or
S03. For exanple, about 10% 20% 30% 40% 50% 60% 70% 80% 90% or
subst ant i alereiatte Fnbole iNdIBateLABCHS Bni@ kel nt ARl PLRRAGAbION aldhg the

phar maceuti cal conposition have the structure. I n one enbodi nent, at

| eastpodysacehfridhehabindsae aptndcgssadlydn nequcnce, Ndicpie pakaY.iad Zawe gaehitheceut i cal

COm L 15 s RO BTRAE, { Sy B BRI
substoardatlalhiymatiedaf t he pol ysaccharide chains in the preparation or

phar maceut i cal conpositi.on include a 2,5-anhydromannitol residue_ at the
reduci ng dR@ sixth aspect, the invention features a polysaccharide preparation (e.g., a heparin-

derived preparation) lacking substantial anticoagulant activity (e.g., having substantially
noanticoagulant activity) and having antimetastatic activity, wherein the preparation includes

polysaccharides that include Formula I1:

[Uw'Hx,y,z] m- [UG‘Hx,y, z] n~ [Uw‘Hx,y,z] o~ [UG'Hx,y,z] p- [Uw'Hx,y,z] q

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;
wherein m-r are integers such that:

m=0-10;

n=0-3;

0=0-10;

p=0-3;

q=0-10;

w =-208 or -20H;
x =-NS or -NAc;

y =-30S or -30H;

z =—-60S or —-60OH;



WO 2009/ 059283PCT/ 1JS2008/ 082223 I n one enbodi nent, the preparation
or pharmaceutical conposition has a nol ecul ar wei ght distribution such that
10- 50% ( ewQ.20091039286% 10- 30% 15-30% or 15-25% of the ecirgss@sobzes des of
the preparation have a nol ecul ar wei ght < 3000 Da; 40-65% (e.g., 45-65%
50-65% or 55-65% of ol i gosacchari des have a nol ecul ar wei ght between
3000- 8000 Da, and 5-3 e.g., 10-30% 15-30% 10-25% or 15-25% of the

ol i gosacchari des have |[a nol ecul ar wei ght > 8000 Da. I n one

enbodi ment, the prepayati has a pol ydi spersity of about 1.2 to 1.7 (e.qg.,
about 1.3 to 1.7, 1.3 to 1.6). In one enbodi nent, the
preparation or c as @nti-netastatic activity. In one
enbodi ment, the prepagati oy or conmposition binds specifically to or
inhibits an activity @f one or nore of: VEG-, FG-, SDF-1-a, or P-selectin.

I n one enbaggi nt, theée preparation or conposition has a sodi umcontent |ess
t han 30% JérC?‘ZO% HPS% 10% | n>one enbodi ment, the preparation or
conposi tion conprises: |less than 20 ppm 15 ppm 10 ppm 5 ppmiodine; |ess
than 30% 25% 20% 15% 10% sulfur; |less than 50, 40, 30, 20, 15 ppm

bor on. whergin varxeyhand z@peath the kane nwéiffercnn of eathumétsmankthag s, afp, orki ng a

re ation. ,The t hods i ngcl ude: . conbi ni n FH and nitrous aci to
P e lb3birdmebdtid MR O 4035 1SRN B il b ol BPbasedel tg 3.2
treatneny). PaoieeMbddirh@as thoOpSpiratid RAUCReighihvE&ek cBith ol&lulAtvdigrst a
portion of the uronic acid residues in the preparation. | n anot her

aspedietwemit hyWsandf 7.080dPmg a preparation include: depol ynerizing an UFH

(e.qg., by | Cal r. i e i I rhzati . and..
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In one enbodi nent, reactiagns to produce a glycol split of at |east a

por t i 1B cOmPIiAe thghEsnagations dersabed ﬁer?w«sané@é Hsicrhapnaseytiralbyeacesatehle s t he

pol ysacchagi R . e i e; Eq@:r i e j di zed
pol ysacchar |}g§ftp§ g%?é%wgﬂdé\%%%d%éﬂg’?n@%béeg y I’dl ag)g.%’lggg hé%a‘r’%%%ﬂje, t he
met hqotsperticsl tilg, and afithé alppveldesqiiley pagpateiohsler plraepaceaticalvomipbsitipey dagdat e f or

about -20 hours at a tenperature of about 0-10 C, and foll ow ng
oxi dafﬂjfg‘ﬁ, a?"’eﬂ%ﬁ:‘i’rrfﬁoﬁet?éﬂ%gﬁ‘ﬁf’téo"{ﬂ; PSSR AT RS B S P‘H&Q%Y- about 1 hour at
a pH of ahpuhe emBo@nfinflat Ralt@FROT ﬁ{ﬁ%g)?ysgéchaﬁgéjéha@ﬁs]ig_tﬂ% gpreparati&phé%%?ﬁe her

i i a preparation. The

aspect, the invention features nmethods of manufacturin
met hodshd fedbwitg: stquetureseyd theymmriedicigg emd: unf r act i onat ed heparin (UFH) (e.g.,
by nitrous acid depol ynerization, hydrolytic depol ynerization, or enzymatic
depol yneri xat¢ on) to yiel dC@X WO 2009/ 059283PCT/ 1JS2008/ 082223

pol ysaccharid epar ati ong—@2) oxidizing the polysaccharide preparation

wi th peri odat ©H 03O educ iy oxi di zed pol ysacchari de preparation with
sodi um bor ohydrtide; and §d sol ating the pol ysacchari de preparation (e.g.,
by precipitatingHith a sal tOBRnd a pol ar organic solvent, or by subjecting

breparisrn e R4 8PMe T F0R b S8 horthinpleS aup M. oB0f et To et uces
t r eat7ong) 804 90HomubBtanhigllt alDoOthe hOn-Pedivinilchs Qf-th? gh@ﬁﬁaﬁgn @ to 0.04 M

nitrous acid at a pH of about 2 to 4 for about 1 hours at a
t enpdhatmaceutital egyapasitian haye dige ructure.

In one embodiment, at least one of the polysaccharide chains in the preparation or
pharmaceutical composition includes a 2,5-anhydromannitol residue at the reducing end. For
example, about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or substantially all of the
polysaccharide chains in the preparation or pharmaceutical composition include a

2,5-anhydromannitol residue at the reducing end.



I n one enbodi nent, the step of oxidizing includes treating the

pol ysacchari de preparation with about 0.05 to 0.2 M periodate for about 10
to 20 howwe 2a49/89188nper at ure of about 0 to 10 C PO TAISR008/0R2A3 NeNnt |
the step of reducing conprises treating the oxidized pol ysacchari de
preparatiqn with about 0.5 to 2.0% (w v) sodi um borqghydride for about 0.5
Lo 3 hour dngfe smp igrenk SR preparglionorphriaceuical sppRPieR Bas malsewer 0 to 10
C.  weight!distARRiAHROH HIE 10-50% (&L heds @k, f@k@%glﬁﬁow%%wrdf@& a

pol ysaccharide preparation inc udes reduci ng t he” amount ‘of ‘boron in the

pr eparligpsagaharides of the prepacationihewé avrelgcutan aveghe ga3080 Do 40658 @l gLat5e@h%.0r a

bi ol ogy aGtd Md, Q.. anti-metastatic activity; bindi of
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VEGF, aniGF30% g .| #0-3694 1R-39¢4, 801259, or 15-25%) dfﬂ{ey&%,%@ib%hé&!%s PaePar ation that
| acks substantial anticoagulant activity, as used herein, is one that has
ant i -sxelecier weight 180WdP2-vity each | ess than 100 U ng (e.g., |ess than 80
| U g, 704.f : . (e C | de
preparatiéh“ﬁgngﬁﬁgggh##%ﬁ?@“ﬁ%ﬂéﬁg?@%ﬁ%ﬁﬁ%ﬁ%§§¥?F9ﬁp§%9?*%%?£a%?ﬁiXa and
ant i -lHateak ) N2 toyl.6a@hl.3 esk.6).han 50 | U ng. I n sone enbodi nents, the

pol ysacchari de Béggaration has anti-Xa and anti-ha activity each |less than
40, 30, 2067°D&° }?¥§Pt@%“ﬁ?“@“@lﬁﬁﬁﬁum$uonhTﬁ@“bEﬁF@@“ﬁP“ﬂ@%blfation, as
used her eiffoné em86dihRAH 1RSprePRalG GE&R¥mpoSHiA bl sb&iﬁ'a%lg% of inhiifsahe per

nmol es of di saccharide unit as conpared'to unfractionate %eparln. The
degr estivity sfidneatr inpme ofis VEEEd Fdy 8DR; 1-psordefdlentid. as t he aver age nunber of

nol es of sulfate r l.es of disaccharide unit. . | not her pect,
The  nvendl i PELPSEE FpPputidriotwos o Brat sesimsanitnlies: it ARG
descrishedohen 8441 10%. In oné BmBb@kRA!, tRSR8Fdratid @ doRUREHibAROMPELLIRSs RBn
intermedi ate or reaction mxture fromany of the nethods for making or
anal y2¥inpgn. d 5 pory 4 opmad ippe igdimgaless tham 3eés 23 %obedyohkYei W% sulfdr; less than
2009/05 PCT /111 52008/ 082223 I n anot her aspect, the invention
featdﬁ%%&g%pﬁgﬁééiéhgwég1 conposition that includes a pol ysaccharide

pr epar at i dn afeherdspad, theimieition featuresl cthods ENhakind® ptepatation.pa¢ ARteLSE | cal
conpagsition further includes a pharmaceutically acceptable carrier.

I n adBelpds: compwag UFHand mutgotsiasl (HOQNQ) tspradygstarplysgecharide prapgrations et

t hat 4 Ka'l ' i f j f .

pol y O AR AL S R B ARR o e ) bl £ L3RRS o fovton

"t r eatfithegironit tacdatsidus'in tlengepdratidn. ke, nmean admi ni stering the preparation
to a subject OL a cell q@ éis ue .of a subj.ect in order to,obtaig_ﬁ desired
phar macol 35%%1 er 35RSRL: TBFBGT T making f prrpastior felde: depobynsrizing 3 VRde . by
pol y . . . . o : & .
R S L R R S b S R S A
or a reachiphoio prodice afglycal $plitef apleastiaqeition efthe utonieacahmsmints mghepspiratiam
amount effective, at dosages and for periods of .tinme necessary, to achieve
the. dest r 8o ERhedbeRG Fefon e Bien G St of phiFCS PO RECAL e ioRE

Subj @&didues in the pI&RrdtioNSRdILAN 0 i BGINgdRS @l?ﬁié%’qﬁidfe%eﬂa?ﬁ%' Wigh feriidRicesdd
having, or at risk of having, a metastafic disorder (e.g., a cancer, e.g.,
a camredustngethe pxidized polyshdcHaradedpriparatiol wih sediumaoecdhyyrid¢.nFerrezemplubieect s,

treat t. nay incl.yde, but s t.limted. to,..inhihit t.u wt h,
edacBBs TR Gy e R belsSrer e errdiongic iedetedr R BRI on,
i nhi i § eghpteataleQEaBait 0010 PEVNIED BG iiokidaBsh,aBuciiy Ak QNG veith 36dimh .

prol onged progression-free survival, prolonged time to progression, and/or
enharbeedygiidg for pbext 1 hous af wpHedebet SdhBOdit ademperathes efiabpecd-108$- have a

di sorder it r th 0 SL.Sti f:

it 1 ame 07 §RETEGPbER FELREES: AERY R B TG ARR g Gpareth. The

fi br epstiddsfigiladd: (@) dpplyteiziog avinfedctiphaedhgRiid UFHEXaER be itdusiatitil ammat ory
di sorders include but are not limted to chronic obstructive pul nonary

di se&lspolymerization, hydeelirtie derplupenzationsor enaymatidapelynBiraion)dp yelde

(i ncluding Crohns disease and ul cerative colitis), nultiple sclerosis,
psoriasis, ischem a-reperfusion injuries, septic shock, age-related macul ar
degenerati on, atherosclerosis, Al zheimer's disease, cardiovascul ar di sease,
vasculitis, type I and Il diabetes, tabol i ¢ syndronme, diabetic
retinopathy, restenosis. Exanples of autoi nmune di seases include but are
not limted to asthma, rheumatoid arthritis, inflammatory bowel disease,
multiple sclerosis, psoriasis, type | diabetes, system c | upus

eryt hemat osus (SLE), SjQgren's syndronme, Hashinoto's thyroiditis, G aves'

di sease, Quillain-Barre syndronme, autoinmune hepatitis, Masthenia gravis.
Exanples of fibrotic diseases include but are not limted to scleroderm

D T T T T S o . o



WO 2009/ 059283PCT/ 1JS2008/ 082223 sarcoi dosi s, idiopathic pul nonary

fibrosis, cirrhosis, cystic fibrosis, neurofibromatosis, endonetriosis,

post - operaiDizo®/dshIsB0i ds, restenosis. Exanpl es of atopi cpdirasaas/osrzes ude but

are not limted to atopic dermatitis, atopic asthma, and allergic rhinitis.

The conpositions of the |nvent| on are adm njstered to a subject having or

at r ipokysa¢chgddeprepirations 1) exidigmedhepoly spschirisle pseparation gyrithepariodatey e am)unt

for t e t, the
; e YR AR R0 8 oe e PE Bhckn Afion with colpfo b AP AT REIATE

(e g the polymcmamdm)repamlonegxgqby@recim'atlﬁglmnhcatsahasda pptar weganict dotvent, and has,

or ig at risk of havin a Jretastasis of. that pri . I'n one
enboﬁa ehiectnege afbrom EWQP’iCc?SPaﬂ'f‘té(Hh?ré%“F‘@ﬁatﬂ%“)a‘ﬂﬁg"?’fF‘é{ wg%a PrePRtiehousl y or
subcut aneqyghy eﬁBudllﬁlehFh@ ﬁéb of depolyhr2Dg i8R lf@?z[lh% leh?FH?Q\lqmscﬁﬁﬁhar i de
preparation is adm nistered in conbl nati on wi th anot her apy, e.g.

anot He01 torkdalMelatg ,cabagte(hOZ tae0.64 Manicqusccskat@ ot otia}hoasﬁa@ Hcforae@eml toand’
conmbinati o ns t here odi nent, the pol ysaccharide preparation
RS & sRAR s iy Fo B €

is a at |east twi ce over a specific period of

tine, e. 9 In oﬁé eﬂnBé‘&inehtMtHdi‘st@bléﬂ J}Qd@m@(iﬁél@&ksQlfeaﬁmg(thmlﬁﬁcchhﬂd@;ﬁl@paratlon
enbodi nent , g@&saccharl de preparation is admnistered twi ce over a

per i owﬂomboah@O 2 Mpsrigdate £or abputdld ta2fibourssyi e teraparaturg Qinbasi tsl0 tChr ee
mont hs, S o %Eédm%ﬂ? 1HE :}% 0 e%t?c‘ﬁ?é)ccl(lﬂeﬁ}gs%g treém% tH? !m\ﬁ%i%ﬁ %@Us haride

preparation-can M’ ni's ree or four

t I MepréjRirdtioh, widhgwue0.8rty 2d1% éw/vil aydiumebdkdhydfide for, abodeS td Whowrs atd pHof ee
times_a week) e every other week, monthly, or any other chronic

admi rAbeE Foo710§6 adgmeerature of apgpt Gigyl 0 Ié]t he ranges described herein, e.g.

for a 9' VR oﬁ%}éﬂﬂﬁ&diﬁfcnp% Iﬁ&hbd’bfﬁaklhgﬁr f’n%ﬂ&%étuﬁg% ?Qly%&ﬁﬁrde%}gﬁﬁat%rﬁd osed

as well as ot ranges. For exanple, a range c ructed froma | ower
endpondudasfredmmgrthclgmpumcgfbordrunt]ae piepaatigni | di ng bl ock or activity, can be

corrblned th th er .endpoi nt of aoth or the given
ot Lt gt o SBPodiRRRL R SesRort s RARMAS bor'a OS] fiviey g - oy

" pur ihdigdaticRRbYRRGHEhE feary SPALGE, FAE, SDFS 1) ShaPtdectid; drfifkibRIon®Ehh Ul ar
materi al or ot her contam nati ng proteins fromthe cell or tissue source

f r omastivigghofi dny of IB(Stad€adDel d, end rselestin. or subst antl ally free from

" Sunst ant Papry P pedolon S IES s ATRE R e RS BRA Frcitn s e

In a ippef MaIIRE BADQOUHIRM-TI4 haivityRReH RE @An |I'6($IU@;$§%t§1 Asssahani80 B0%hg, 20%
10% and nore prefer able‘y 5% (by dry wei of non- heparjn-derived

ht)
pol y4dbime; a&9 IUsne). einrsomsrenghodinens, t %&ma@@haél dg preperation baesybsiantalle g.

from
2000520 aHBbP e G oo S Sk AR RelF 8 han SBIUIme. Insome nane
t hat egdbvdiigents, ﬂseqﬁulydaac}@nﬂe Ipy@ambﬁhadmpxepad ahti-fla aptivivy ebetl 1éve tieinrto,

include, but are not [imted to, sodium sulfur, boron, enzyne (e.g., a
hepar30n3%@59%%)}§e}0 or2lWa%| | ethanol, iodine, and chloride. Ct her

features :

oatur s 9 AEKENHARERAly LG ONEDL SR asife ARORELCTROR RS o o

THE [StAME NeSmoles of dlsEccgwﬂ@e Unit & @nhﬂrecgbmpﬁa&immddglepmm effect of a

polysaccharlde pr tion described, here a nurine

experi mentde dﬁ%ﬁ@? ?aglopBalsethgngreyl, Js %@&8& as %ﬁﬁﬁer@&%?mg?‘}rcg qasl fhg wei ght
nor rmned for female C57BL/6 mce (9-10 weeks

ol d) te gﬂr}gg%@\?mg?’ﬁaﬁc?%idfiﬁl}lgctl on of 2x105 BI 6F10 cells and pretreated

Wi th a SI Ag Ianotﬂclsasp@ciﬂhayiﬂcgmomfeamﬂCMMys(abdtamlde Rrepasifion dzdde dyarmethod
Fr a?d”n' ng{e, h MONC 202 (negatl ve control, Ndesul fated pol ysacchari de)
esqribed Br@fr’ore inj ection. "Normal" designates unchal | enged and

unt r eat ed [Ff@her aspect, the invention includes an intermediate or reaction mixture from any of

the methods for making or analyzing a polysaccharide preparation described herein.



Figure 2 is a bar graph showi ng the effect of a polysaccharide preparation
descri bed herein in a 4T1 therapeutic nodel of breast cancer netastasis to
t he | ung.wbhung/aseaser burden (1 ung wei ght - normal | ung wergistioswse23
determ ned on day 32 for fenmale BALB/c mice (8 weeks old) challenged with

i ntra- mamar at pad jnj.ecti.on_ of 8x104 4T1 cells and treated as indicated
starti ngm;ﬁ %‘8{?6 ?J%E)%T%E’I?ﬁnﬂﬁggﬁ%uﬁﬁ aRhasperhtisalFopgioyion et inchudes a I'n

many p‘d@gﬁb@@h@gﬁ?ﬁ@ggn deRFME Rérdln y avail able LMMH preparations are
preferred over UFH preparations as anticoagul ants because LMAHs have nore

pr edi ct abl k& qpegmbadionantdhe pharmageutisal dompadition ifierther éxthales o phamewestioplly
Howevgr.. t?ﬁgﬁéﬁig of the potential for bleeding conplications due to their
anti coagul ant e ]f'ects, currently avail able LMMH preparations are |ess

sui tabl e flaranbther apyctpfhe iventionGiahats Hmetiddiof il SQIGRE that HoRides for

di sorders, that nmay require higher doses or chronic dosing regi nens. The

i nverfdTgRiskEng atadapsyticalycelfreive ampyipd e ol ysreshakds preperation fligdrseddistrimnt i al
ant i i Mid el en i nj l.inj.cal properti es.
P opary eanliet Fis Wy (AR, P RLRIBA el b S A RRREHR 2l R
subst@mparation th\@ sEHREY @528 IPETIUISTAGEHRBAR 2Bder anbdbtamapddsitad activity, e.g.,

havi ng substantially. po,anticoagul gnt activity (e.g., anfi-: activity less
{ han BETTRAIEC Lol ei P eH et fasmenthultiolvanraharids mrgparation
ant i -deeérasell detetn maf 1480 r QBRI hitidRE! Shelffthtt; debdy 6%%%th%§fsﬁ§%h¥ﬁ%rﬁé@”p' es

of such pol ysaccharide preparations include chains that inc
f ol | cvndigion ouiheransst of p simptomr Hhergofz A ‘ftherapeuticalbyeef@ictive/ainotnt® a¢fess taaunir oni ¢

aci d E{Il?(ﬁjl’lg gﬁ%c%?g,ﬁf{ dlf)n&%leég\icgfor %ﬁlgg OOE%@@?E’?CC&;%%E}’? W h\ée\llsf_g rél%%_@esﬁr]e&md Ng 2:: e_ NAC,

i nt egers sucC = -

y = -pifmavologdédl, phygiologidal&r @inicabOffkct imth@ sWhjectiOOH wherein the synbol -
indicates that the units nmarked mand n are distributed al ong the

pol ysacchakhedBvastian inchites aredhatlsforferatias aspbigetihgvagqeraicisk ofhevieg.r w, x, v,
o 2 8RR RS  LEGRb SAMB LA, Tyl
[ U Hiose, sibjeftsiGrdatment apayninluide, Hbag 16, moit timitets, ibhilited tamolr hsvidl, réddiction in
wherein U indicates a uronic acid residye and H.indicates a hexosan ne
resi dHROT A, EAHCHRY In$7¢ qr 5t of mgfastatiqlgsions: inibited dpvelppmgnipofney. 10, p =
g; 3: é(ﬂg?ﬁ?stﬁic]igsioﬂfpfog&%eﬁ surviHT prdfongddrBEres Mt fred siivival Prolbngedihe o = - 60S

progression, and/or enhanced quality of life. In another embodiment, the subject may have a

disorder or condition selected from the group consisting of: an inflammatory disorder, an

autoimmune disease, a fibrotic or fibroproliferative disorder or an atopic disorder. Examples of

inflammatory disorders include but are not limited to chronic obstructive pulmonary disease,

asthma, rheumatoid arthritis, inflammatory bowel disease (including Crohns disease and

ulcerative colitis), multiple sclerosis, psoriasis, ischemia-reperfusion injuries, septic shock, age-

related macular degeneration, atherosclerosis, Alzheimer’s disease, cardiovascular disease,

vasculitis, type I and II diabetes, metabolic syndrome, diabetic retinopathy, restenosis. Examples

of autoimmune diseases include but are not limited to asthma, rheumatoid arthritis, inflammatory

bowel disease, multiple sclerosis, psoriasis, type I diabetes, systemic lupus erythematosus (SLE),

Sjégren's syndrome, Hashimoto's thyroiditis, Graves' disease, Guillain-Barré syndrome,

autoimmune hepatitis, Myasthenia gravis. Examples of fibrotic diseases include but are not

limited to scleroderma, chronic obstructive pulmonary disease, diabetic nephropathy,



WD 2009/ 059283PCT/ 1JS2008/ 082223 and Uo =HOOH wherein w, x, y, and z are
each the sane or different on each unit marked m n, o, p, or . Anti-ha
Activity WO 2009/059888| ysacchari de preparations are di scl opet/usesosiosz2zehat
provi de substantially reduced anti-Ha activity, e.g., anti-Ha activity of
about O to about 0 _to 40 U ng, about O to 30 I U ng, about O to
25 |waﬁﬁ>ld0§b%otﬁlomth1%p9@qn@7% rogigirhpis, 6ystig fibpsigy newtedibronmtesis,5 RI / g,

abOUterﬁoﬁf%triloglslégl Pe%ﬁ%"ﬁ r%l&s resRnbd. rﬁ}?@su(gf a%oaﬁ ? di%gzﬁg%a?d B%'?Exle

activity 1s caf nt ef nat'| onal y per
mi | | i gmied tositoyge deratatisis, atapic aehinegmdfabierghartaitiel The compesitions of ilﬁ‘ee anti - ha
| evel s, descri

t t d h nmeas using the follo
S?u In\cll:m %/181 onsgy %@BE?FF&?‘F s [eclt aV%ﬁ??li ati:lSF nge‘ﬁw §L05PY m%’?lo\len thes ps  ATM
Ha] "‘dlki%sés@i%ﬁ%ﬁ%ctﬁ% a@r@iﬁ?ﬁﬁ)treﬁu@‘@étd'is%}d’er orchiRpidde + PNA (nmeasured

spect rophot onetri cal Anti-factor Ha activity is determ ned by the
sanpl e potlarprefermge @r{)ﬁ@menbrtheambnemhh@ﬂmrm a(mk of I)avmg,ahenqenhr mletastauc of
throna)loderThronbl n.excess, can b F bec&'h% ectro hot 0 ]tl %/ K
moasUTEH TS A1 TR0 FoF ki it Hogecy s ety Eor dngas, giis gt is

Di agnéftiaving, Sinrgietasis af yaepridéryofinp. ACL Futura3 Coagul ation system with
reagents from Chronpgeni x (S-2238 substrate, Thrombin ‘i53 nkat/vial), and
Ant i t hr ondfiyppe eﬁwowe&whww/wmﬂd@w@w@aﬂonm@drplzl&terfs BieMerously ogal i br at ed

usi ng%% Q&a@%l#@r%ﬁﬂﬂ&lé@”a' Standard for Low Ml ecul ar Wi ght Heparin.

Ant i Acti Vi referably, a polysaccharide preparation provided
her ei n haslname anﬂz)belﬁ@:naahe polysacoliarale puépatation 1S8dMihisteryd irccagmbinativautittD) to 40
Uiy, oﬁwr 'filera%yf g gggngﬂ%r eraggu%%taggntt g gzg clyt%/toqgé oracby?(l)JsttatS: e;[ggnt and

combinations thereof.

In one embodiment, the polysaccharide preparation is administered chronically, e.g., at
least twice over a specific period of time, e.g., at least twice during a period of six months. In
one embodiment, a polysaccharide preparation is administered twice over a period of one week,
two weeks, fhree weeks, one month, two months, three months, six months, one year, or even
longer. The polysaccharide preparation can be administered daily (e.g., once, twice, or three or
four times daily), once every other day, weekly (e.g., once, twice, or three times a week), once
every other week, monthly, or any other chronic administration schedule.

For any of the ranges described herein, e.g., for a given structure or activity, the ranges
can be those ranges disclosed as well as other ranges. For example, a range constructed from a
lower endpoint of one range, e.g., for a given building block or activity, can be combined with
the upper endpoint of another range, e.g., for the given building block or activity, to give a range.

An "isolated" or "purified" polysaccharide preparation is substantially free of cellular
material or other contaminating proteins from the cell or tissue source from which the
polysaccharide is derived, or substantially free from chemical precursors or other chemicals
when chemically synthesized. “Substantially free” means that a preparation is at least 50% pure
(wt/wt). In a preferred embodiment, the preparation has less than about 30%, 20%, 10% and
more preferably 5% (by dry weight), of non-heparin-derived polysaccharides, proteins or

chemical precursors or other chemicals, e.g., from manufacture. These are also referred to herein



WO 2009/ 059283PCT/ 1352008/ 082223 20 | U ng, about 0 to 10 I U ng, about 0 to
51Uny, about 5to 10 U ny, about 5 to 15 ILI/ng, about 5 to 20 | U ng.
Anti - Xa awDI200%0p9138 a preparation is cal cul ated in | ntePoatisesalosidnsts of
anti-factor Xa activity per mlligramusing statistical methods for

parallel |ine asg,a}és. The anti-factor Xa activity of preparations described
her ei®t FRUARNRASedE¥ANPGS Pheontamings Myt s broprgseat inaspalyseeeharide. > [ ps

AT e EXRidRSroAlibd hereih ih8Sde, Al kb noFial {ExC EXRESR)g
Substﬂrrgl%:e iil%léf’%pti deeri plNA (eﬁeasur gg spetgﬂogp 5%@?5%3;%% é&)‘%ae

ant i -Hepatinnse Xezyaest)i methynalsethatodrindingdindyehtonidesanpl e potentiating effect on
antit hronbi Tl 11) i.n.the inhipition,.of i vat ed Factqr FXa). Factor
Xa exces rsrb(étﬁﬁl( fggtufeﬁd’infi é‘g‘f?‘sag% 8 t&ﬂf’dﬁ‘f’ﬁgf%ﬁ@gﬁ 5’8 apPRareIEm, ﬁ'\?cff))ﬁ%‘%‘flg -factor Xa
act i Vdetaileg ABspiptiE a9 FREh tHR-thimsON @ Di agnostica Stago anal yzer with the
Stachron(r) Heparin Test kit, on an ACL Futura3 Coagul ation systemw th the
Coatest(r) Heparin Kit from Chronogeni x, or on any equival ent system

Anal yzer response can i i I nt ernati onal Standard
for Low Mol ecul ar Wi E %E%ﬁf bﬁ%ﬁéﬂ \ﬁ éd Chain Length

When wei gitigwe dringdangplc shawingwiegdffecndf pqly@apetagide prepasitidgidesciibedd, a

wei ght average .nol e(ful ar wei ght of about, 3500 to 7000 Da, about 3500 to
6300 1S5 Bt 2 PRFiAE MplangBkexnefgnental meggatin(B Lobddd va pepste]. oLwgtigmop puidee ut

4300 {ithoR00ht DhorindPiuk He\Rhs GetcrhBd fof ftfal icE 08i10%ve

pol ys(acghargrge por epar agik}%?\g a’r]\g So su'?’%': ciroe?létﬁgac g?@?@%ﬁ@m%&wpght

aver apellengeé withdrv. wgéagion'of 45 1 RIS 6 cellnamdgireraatddowitine singleghtse 6Mange) i n

o e A MONCAE (Ootoh £ 0B Eroan b ERaRE s SOV BB b e B0 %S are not
i ncl yrded ey ag%s?&%gaﬁheﬁn{rﬁ&ﬁx@iy%forev@éé%. wmbﬁﬁalb’@esig\ﬁdt&fﬁnchamﬁged he

mol ecul ar wei non-uroni c aci d and non-hexosam ne buil di ng DIl ocks
wi t hiumtrgatedhaiiee.or chains in the preparation should not be included in

det erm ni t he .wei ght aver age | ecu i ght,. .The wei ght .aver age

ol ecul ar HIBIGAd & b Sy Sheate Raqt i HIErUProRP R A P STy, =
(€M) /hekehih in BT WRFdpeiliemedell of bidaet ADGaNdtasMsiOm tRd lunBe LRAL WiFkdr bukdenl | ce
land m is the nolecular weight of the pol({qr;er in slice i. The sunmations

are t(Hlogrvesghtr- norapk lgng vsighabrascdgerarned/mi ¢y 2dnat Eimale BddPB/eImice 8 of dat a.
A sli I.Gt rf. i 0

chr orcge o i e R BELHARRES of pHEliblelifln of R0CHL PedlisthuBearep s v
2009/ih&i0R8BRGiTiIng H2MaP8/ 082223 di vi ded into many slices. The wei ght average
nol ecul ar wei ght cal culation is average dependant on the summation of all
slices of the concentration and nol ecul ar wei ght. The wei ght average nol ar
wei ght can be neasured, e.g., using the Watt Astra software or any
appropriate software. The wei ght average nol ecul ar wei ghts descri bed herein
are determ ned by high |i quDEALGIRDESCRIPVIONt h two col urms in series,
for exanple a TSK 03000 SWKL and a Q2000 SWKL, coupled with a multi angle
| i ghtosssibéEPbIREhctMNGSy detector and a refractonmetric detector in series.
The eluent used is a 0.2 Msodiumsulfate, pH 5.0, and a flowrate of 0.5
mL/ mn.  Inmany g¢binisalsetitgs oronohergialy hwailabledodViyed preraratives preqpefiestd over

i ncl chains of sufficient, chain.l th can be for ex le, b
det erihpREREREn S el ARG v SR fr b Rl btsp R A s 7
and/ Qind R¥n BeiEhifi siro@sibetanehiBil 1BneEREDHe0R]Ise eBtRpovakiaor Bfcegitgi NS Wi t hin
the preparation. Wen average chain length is determ ned, an average chain
| engtehmplications dusto theip antieoagulantgitegts, qurreptly @vaitaply MW ragrsgatiops ees less or 8
to 1 I J e - ndl ca: 3 hankfie r ai ns
o R PSR PR Su EBES e PR AR IR, R
higher doses or chronic dosing regimens. The invention features polysaccharide preparations

designed to lack substantial anticoagulant activity while retaining clinically advantageous

properties. Properties of the polysaccharide preparations include, e.g., lacking substantial

10



"Average chain |length" as used herein refers to the average chain |l ength of
uroni ¢ aci d/ hexosam ne di saccharide repeats that occur within a chain. The
presence WO 20@mse8eni ¢ aci d and/ or non- hexosam ne bui | dipaog/usb@sios226e. g. ,
attached PEG noieties) are not included in determ ning the average chain

| engt h,.. Av aain length is determ ned by dividing the nunber, average
Rt U A R A BRI M

di saclessathard§0 (e}, Bey)-XaMetilieg kesothafl 60 UMM S dntRMela8dRe liecul ar

wei ght are ﬂescrlbed,belom1u5|ng SEC MALS. dycol Split Uronic Acids

A pol dpegenisapdler prteprlemmaerysi¥ity-bed herein can include an opening of the
gl ycosi de g i . reducti.on: oxidatio geri vatives.
T These: prenies THarbURaR A B RIREHERIB DS 1B it Tl siPvined <
that are opened, e.g., at the bond between C2 and C3, by neans of an

oxi dati on tion, followed by a reduction. The conpounds referred to herein
wll also @&'Eﬁly]zwﬂ%'ﬁmz BSplit" derivatives. In a further

enbodi ment of the invention described herein, the glycol split residues

| end thensel ves to the subsequent functionalization. Therefore, the

conpounds wiayeiall BiddRacs acaodt a8l réfidicamgm i@t %ek@saﬂliﬁ‘@%sﬁhe}ﬂﬁer@ﬁi mary
r

hydr oxy groups derivin fron1%lycol split, fo
2OOQFBngBaﬁﬂmkg@SZU@B&@BQQ?@'§x@Nb1§J¢hWU%h9@§(gr@ﬁ@bxﬁﬂﬁﬁ&omyﬂggqups, or
ol i gos ahj ar .d roups, ranging froma single saccharide or
anino%ggﬁ% ?gﬂﬁgre‘gﬁghiéﬁ%ﬁUnit of length, e.g., 2 or 3 units. In
sone enbodi nents, fewer than 50% of the uronic acid residues are glyco
split uronic acid residues (e.g., less than 40% 30% 25% or 20% of the
uroni ¢ acid residues glycol split uronic acid residues). Reducing End
Structures In sone instances, at |east about 50% of the chains in a
pol ysacchari de preparatioo descri bed herein have a nodified reducing end
structure such as a mannose residue or a 2,5-anhydromannose t hat
has been reduced@ oAf orm anj)al @hol. In sone enbodi nents, at |east about
55% 60% 65% 70% Y5% 85% 90% or 95% of the chains in the

d reducing end structure, such that the reducing
end includes a 2, 5- mannose residue or a 2, 5-anhydromannose that has
been redueddUce f oriPan al &hol ., Pol vdi spersity The pol ydi spersity
of polysaccharide preparations provided herein is about 2 or less, e.g.,
1.7 or less, e.g., about 1.7 or 1.6 to 1.2, about 1.4-1.5, and nunbers in
bet wegrein the symbbE~ ilidhtesRBARY SHE HAke®m and] #EIasReNRES Mond Bhers to the
wei ght average nol ecul ar wei ght of a conposition (Mwv) divided by the nunber
aver 2gbysspsharedel chaingaidgine ngiviepessatily im sedvenceawbermiewnsl e end arramicytite (M) is

cal c . al l..owm equation: . Mh = Eci/(lci/m). The variable c
i's t%e %gﬂ%lgf% 5 a{n?gancfho At %&%%Pg?&‘i}é’ﬁ%‘}ﬁ}% % Fimg? I/‘H(ceeeaf’ﬁ g%??fﬁ‘ﬂ)ﬁ of different
ol eotleach wiit ghikedh; ddde pol ysaccharide in slice i. The summmations are taken

over a chromat ographi c peak, which contains many slices of data. A slice of
data can be pictured as a vertical line on a plot of chromatographic peak

versus time. fhhe el yti peak;cap t herefo b ivided.into many slices.
The nunbefeédgﬁé @'ﬂgﬁggﬁ$ Vk&gfg%vﬂﬁéﬁLTégw@ifgpwﬂﬁ&dépendent on the

nmol ecul ar wei ght and concentration at each slice of data. Methods of
determ ni ng wei ght average nol ecul ar wei ght are descri bed above, and were

used to dethereiri Ueéngicityda spaicsicidreailueend H inditht200 8é-0E9283ReHdds]) $20R% 082223
m-r are integers such that: m = 0-10, n=0- 3, 0 = 0-10, p = 0-3, ¢ = 0-10, w = -20S or —20H, x =
—NS or -NAc, y =-30S or -30H, z = -60S or -60H,

11



Met hods of Maki ng Pol ysacchari de Preparations Vari ous net hods of
maki ng pol ysacchari de preparations, e.g., a preparation described herein,
are al so wonvemsbmBed. One net hod includes providing a pceEaseesnsizepari n
preparation having a wei ght average nol ecul ar wei ght of greater than 7000
Da or a chain length of greater than 7 to 18 di saccharides, and processing
t he precursor heparin paration (e.g., by enzymatic or chem ca

depol yneri zation, e.g., by nitrous acid depolynerization) to obtain a

pol ysacchari de prepar aztto® _havi ng a wei ght average nol ecul ar wei ght of

about 3000 to 7000 rage chain |length of about 7 to 18

di saccharides. F heOpr ecursor heparin preparation can be
unfracti onat ed heparN\n. The precursor heparin preparation can be
processed by a method)conpfi sing depol ynerization (e.g., by nitrous acid
treatnment, hydrolysis/, or enzymatic depol ynerization) followed by a glycol
split reactiddf=N t HOus aci® depsvl ynerization can be acconplished, e.g., by
treating the precursor heparin preparation (e.g., UFH) with nitrous acid
(e.g., about 0.02 to 0.04 Mnitrous acid) at a pH of about 2 to 4 for a
speciwheéinpg i 9hndfz dré BEch(tBe Game abdiftreht b0edehh@itrBarked manf &pp6F @t ur e of
about 10 to 30 C. The glycol split reaction involves periodate oxidation
using periodate (e.g., about 0.05 Mto 0.2 M sodium periodate) for about 10
to 20 hourg enperature of about 0 to 10 C. In sone enbodi ments,
resi dual i%ﬁha%&ﬁ uch as salts or diethylene glycol (DEG can be
subsequentRojysaerhetide plepaatiohy arordisolpsablindrein niedt peslidesulpstageallyf rethided tahtin

h t hy. 1] L Ly, i dj ti i.s th dyced b
{1 catTRHE iy e o elnarhyaganou Llogo TuB oot § 0 80w us pbwup el um
bor ohygihb Abuf ®io ?@Rﬂ%mg?g&l% 9 Ct:§ ZBTUfrﬁ%\aaBoé"t (Pl l@fllﬁlglgyébo@t §td 91U, and a

t enper at ure of about precursor heparin preparation can be
pr oc edbsaicd sy mgzahont 5 ¢o 8 Heamg, eboutditeRVdbImgi destliactiorty cosdbduleed mns

t her eof Exanpl.es, of. chem cal .di gesti.on i nclude.oxidativ epol rization,
o IRgEoRN 3RS oty T Sy s TityRlh Fies 9 SicabPiipuds B Bl s oany)
Ni t ridsgay®r Thé aritRUS a86vitl ledds BbdcAbERhrYiR a6d HRNABRL useadthe f&ﬂdvﬂn@?ﬂﬁé’lblees't er,
and/or by al kaline treatnment. Enzymatic digestion can include the use of
one or nore heparin degrading enzynes. For exanple, the heparin degrading
enzyne(s) can be, e.g. ne or. he i n , rin |yase, heparin

sul fate glycoaninoglycgﬂ£?%§ﬁ%&¥ﬁ?§&§é£ﬁ@L??ggé}g§®2ribed as a

gl ycoam nogl ycan (GAG) |yase that can al s, degrade heparin. Preferably, the
enzynme cl eaves at one or nore glycosidic |inkages of unsul fated uronic

aci ds. WD 2009/ 059283RON ATIS2¢|08/¢08PRD81IB] vlllagEgedss)Acti viti es The
preparations described herein _have anti-netastatic activit&@as assayed in

an ani mal rBYEIXcess) ferubsiaisi2 Peptidgnt eNASIespswedapestopkotemeltisaliy ect ed int o

the tail vgj . ' ' r.oli

di screte 6@#ﬁ%ﬁ§%§&§%é§iy tﬁ%%ﬂgéggégfgga%ﬂg?gﬁﬁgﬁﬂgggﬁﬁfgﬁi%ﬁﬁ%§§¥®§et al .,
2006,(Adiib) inGandibifResof thictnbia9 ThABnbiA epeespedrelid indiremly spdctrdphotvalckycaligyv e
activity in Eher. X er{nental nodel s of tastasis, inclyding the CL70HWR
assaﬁeaﬁwee\m?f ‘hafét%gﬂl\‘?é AATHIHY CB1 BF BRSO &8c O 3 P1RBNQSEC Stagp 311?1}1%%@{ ed

into i RS re: I | - et i1 S$..1S to the
| ver BB LR oG doh oy O i AP TR Rl T S8Rl 1 <
act i Vitirymbin (5P akdtated ) uad dodicghrombin) petasingelgsivalencdyses. t Aralpdd kddpomdads , i n
whi ch AP5LV human co] orectal cancer cells are inplanted into the peritoneal
wal | <afibraigd e dhe tra Sioadd frd o Molgoufs Ng‘?lg}étrH?H%mﬂl model , in
whi ch 4T1 nmurine mamrary carcinoma cells inplanted in to the manmary fat
pad exhi bit spontaneous netastasis to the lung and ot her organs. The
pr epar at i gusi-Hegwtivited herein can bind to and/or nodulate (e g, inhibit) an
activity qQf one or re of VEGF, FGF, SDF-la, and P-sel.ectin. In_sone
ebodi mendEcieTh e REB e %W@p%ﬁwraﬂds%ﬁeﬁeyﬂw@@. Gnti-2 dviY of 8Youh
targ?fto%%ﬁhg, e(.%; Shout V&0 1/, B0 1030 IBf/mg‘a?b%h?@{df'NéI@/  BsoRBaYed,
e.g., Invitro, &.g., using nmethods known in the art. Numerous methods and
techni ques to detect binding or nodulation (e.g., inhibition) of activity
are known, e.g., standard receptor conpetition assays, fluorescence energy
transfer (FET), fluorescence resonané? energy transfer (FRET) (see, for
exanple, U S. Pat. No. 5,631,169; U S. Pat. No. 4,868,103), and

fl uorescence polarization (FP). In sone enbodi nents, evaluating binding of
a pol ysaccharide preparation to a target protein can include a real-tine
nonitoring of the binding interaction, e.g., using Bionolecular Interaction
Anal ysis (BIA) (see, e.g., S olander and Urbaniczky (1991) Anal. Chem,

63: 2338- 2345 and Szabo et al. (1995) Curr. Opin. Struct. Biol., 5:699-705).
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Conpositions, e.g., pharmaceutically acceptable conpositions, which include
a preparation described herein, fornulated together with a pharmaceutically
accept ablwocarwisers3 are provi ded. As used her ei n, PCphseonaoeazes cal | y
acceptable carrier” includes any and all solvents, dispersion nedia,

i sotoni c_and absorption del aying agents, and the |ike that are

physi ¥ Bgmeanhopt @éﬂrb%w/m% abputly) teAr Hmer ahoubsita H) Bd/me, mbont Stad SdHMmg.er can

be suj,aPs i(PfU/ _RabLesal c?tdag% afr&tﬁ&xt is Qcul gtea in %ﬂt%ﬁméf’i‘?fneaﬁ]%ﬁs 0
i nt ranruscu ar, cu aneous, | Itraoc recta or spinha
adm rensitfaetot Ka aétemgf per lmydhgnqimmlsmg rstadisti¢ah megiods for parallel l1ﬂ'é1&smnﬂ®slahhons of

this inveption be in ,a vari of . f.orns ese i nc| for exanple,

| i quifget tOE SOl of speradioms de @aééerﬁwrlﬁéneaw usiag meéaﬁ%wgl&pama}?s (e.g.,
i nj ect abl e and infusi bl e sol p& i s or suspensions, and

|'i posonmes. The preferred for n%&’de‘%g%?d% ﬁgﬁl?ﬂtended node of

adm ni stration and therapeutic appl FXation. Typical preferred conpositions
are in the formof injectable or infusible solutions. The preferred node of

adninistration is parfent 8441 &P e AT ¢ B¥elbEXa(Exgewsdt aneous, i ntraocul ar,
o i storapxes] h LSRN, S Peptdl A RA TR OO ety P e er g

enbodi ﬂEntThetdﬁﬁ-faditera attivty is ﬁe’@ﬁh’ﬂn@d B @Me%inipye patbit&g eeélonor
subcut aneous. i nj.ecti ases %gr enteral adm nistration” and

" adm Aigrenbi (ﬁéfrlgmr\ethavwbltlag Oﬁé%ﬁ’aWérFéFtﬁf AREahdstor gta axgpsssPB bE at i on
ot her; &1?&%%?%} gh?tﬁﬂx@tﬁc‘aﬁ%?@éas&%" Bhg A >@£‘ }a{ﬁtgac'ah Ye B&’eakd}%&%tga% a and

|ncIu8es

Imtati I ntravenous, scul ar cutaneous,
i nt r ddiagwrstied Stagmhiiayiee edth, the Stachoai® tﬂlepamn Télstt kiapohiaha CL Fofurasvi t r eous,
intracardjac, intradermal, intraperjtoneal, transtracheal, inhaled,

subctongigtien systave withahe Gpatest®t Heparin kit fram Clygmospris efron a3yisarivelsabi d,

2000, D88 a3 e 5Bt by b0y AP e R MR n Rl Bt Ry ffony |

shoulMolkeulsat Weighe Hapatirst abl e under the conditions of nanufacture and
storage. The conposition can be fornulated as a sol ution, mcroenulsion,
di spersion, |iposone, or other ordered structure suitable to high

concent r atNiQRculat WeldnE ahCRShaRhemso! uti ons can be prepared by
i ncor por at‘ﬁﬁ—réié’_ibé[_—@_m%g‘l (i.e., polysaccharide preparation) in the

requi red aWbemweight mr@apnaﬂpwulatwelghﬂ of aptrepairdtionam éetemnmed;@lmelgh’tewemgof

<t or PSSO aPat 00 4 2y R GREED0 5 BAPHR w0005 1 ne

act i \gp0o PP 4200 @ 08! &1 dblofit 4301615806 Dﬁhn@féé‘t%@t}ﬁ%aél gRARhAt Hin®RebEI ON
medi um and the required ot her i ngredi ents from those enurrerat ed above. In

t he cheigs ot the pelystashpradeoprearfian th@f pufpigntehanlengthst eri | e i nj ect abl e

Freoze o o QP REEh Bt M be R REDLRTS B SRR e ATt

addi tdfeRdhs ssbhie Acidipkeshingné dish@inAddfepyit UPhe/preteicé bend-lifoaiagicsol ution
thereof. The proper fluidity of a solution can be naintained, for exanple,

by t adies éomhe@semm bvgfd mgcbioca@ arfemttlmﬂlmedby detsemimingnihe iveight avdragehe

requir art f rsiaon

surf %@gch tl on&%gh orc §h on %lfc’) of iy j et(E:)rt abclaé"ldc%n%oglﬁex%aémggRu%cgn%r ought
aboutpldrks m&iru@lbmn bﬂcHalilﬁ; i AEOREparhi@ch sHouRIGRN be itviddedeh d&’t%rrﬁhhﬁigrtﬁél on for

exarrpl e, various @2 mers, nonostearate salts and gelatin many

t her apaghtiareragpmolestionHeighi. h@hﬁ‘r)Wél“géF pwsipgesneles iy decight %mlwéwl%tﬁql Erﬁmi s

intr or i | ed
't SRR URARGE PC Y @0 TS vlloble O BPRLRERALER e Wb Don
t he d#ed rad mds tHetrﬁolecular welgmrcrﬁxhapmlgmm inadlice nj Elad smna)teqnslaee pkaserrad in
unit dosage farm n oul es ri y e pens, .or in

mul t ik oEBHiaPe: 8 §vh1¢é1 C@n‘fal %Pyafﬂlca%yj@é@ r%éﬁ?ﬁ/&t{]‘? canePiEtBIES At i ons
may S [ r
raueon b £BBE oo BRph ek St %@?yTQ%%%?Eﬁ B Rl
stabilizing and/ or dispersing agents. For adm ni stration by

i nhal ation, the preparation nmay be conveniently delivered in the formof an
aerosol spray presentation from pressdrized packs or a nebulizer, with the
use of a suitable propellant, e.g., dichlorodifluoronethane,

trichl orofl uoronet hane, dichlorotetrafl uoroethane, carbon dioxide or other
suitable gas. In the case of a pressurized aerosol, the dosage unit may be
determ ned by providing a valve to deliver a netered anount. Capsul es and
cartridges of, e.g., gelatin for use in an inhaler or insufflator may be
fornulated contalnlng a pomder m x of the conpound and a suitable pomder
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The preparation can also be used to coat various nedi cal devices. For
exanpl e, the preparation can be used to coat a stent or extracorporeal

ci rcuit, WochoYosesal ati ons of the preparations nay incl RAE/U$0080H82223 Q. ,
controlled rel ease beads, gel or mcrospheres as well as various polyners

such .PLGA, cel |l ul os al ginate or ot her pal ysacchari des. Dosage
gt matided e gy sliet” The etk Al redranSlsrin NP B GAr OB Bifsage depgidon

t her apgitel sGmnRHBABE Gl slideRlof eABRLEtrafion bAWS1RAla VelBRY, PR RERhMWLREEd,
several divided doses may be admi nistered over tinme or the dose nay be

pr opomolaswegighy carebluimeasuend, ige ngmgdbe Wy aitrdite spBdateyortahg appriogeate sefwat. t he
therapgutic.situation. Lt is especi.al advant.ageaus. o, fornul ate

par en ger‘év 1gg§%(r)a etr?%ﬁ%ul?rnw%i%@%ggscﬁl F%’ X?rsmr? 8%%5%11&%(1 %¥ hﬁg‘rﬁqﬁf tration and
uni f oglifoinyitogfaptlp sa@ierwoldohages idRkties, ArExaspRIETSN 63000 SMEXERAd h G2y Si cal |y
discrete units suited as, unitary dosages ?or t he subjects to be treated;

each dMXL.conplsd wathap multipnels light septigting (V-So detgetor gid & siisstometiaal cul at ed
to pr : . e s i i hatl j e required
phar recaagh i e eAREL b PSRl s B PR A A e $7 3t 1 e
i nvenf.baonl/arie. di ctated by and directly dependent on (a) the unique

characteristjcs of the_.active c ound. and the, particul ar. t herapeutic
offect to BACEERIMSER of RREMEL) PelNEAH P R srrion R Garchrns pheithrEttor
CoMpogRsh RAgHEH bathadE [ foy 8x Qi%'r@té(rﬁﬁnih tneldBRALERMin WngBEOShE bididein! N

i ndi vi dual's. WD 2009/ 059283PCT/ 1JS2008/ 082223 I't I's to be noted that
dosagtepaipatatiomand/paby deterrhiningshe yeight averagsunelecylanieighieofchaigs witin the be
alleviated. ltyhs to be further.underst.ood that for, an rticul ar bj ect,
apect PR Wi bleraie et GG L OGH R0 ah gDt el MeoBB Rl o 2he

i ndi v¢.gduaboutgad 18slpichigy ot €36 19028 td USIGIRBIhakde fepatDeiEONcAHEI i St ering
or supervising the adm nistration of the conpositions. The

phar ntigificant ahmbehefcdinins i thegrepardionpye af susficipehychpindengle a t herapeutical ly
effective f. P i . i .effective apount of
the' pr epar ot T BoireRbRE L el MBI LR bk R LBl ot o o
age, sgdhe:anamineididacclakide hepehzdhatiodeial wigiinl achdini Mht petsemierof nbharomdgcidini t
dose. t heragpeutical ]y effective amount is also one in which any toxic or
detri ﬁ@mrenongwmn% uijdige ploglsH(ed i dachadd RS magstighlare Byt ppluded m

t her [: L iGk:al e I ; nount may
i brgeniek e REAEE i o Rl Smad igRElCARRL iR b SRANE LY

P- sel mohbar asehgymbiecular weighe (Mdn) byathe noinbgr awtrdgeahiolratlasweiphicfot @si ons, e. g.,

by at | east.ab 20% re preferably by at |east abqut 25% 3Q% .40%
even fioreisieroIaBR) Mytans pEaSHTHBsa B s e TS W1 SHrEOprErSt abl y
by atpdiSpskingle®ei MA3%, 80%rel ative to untreated subjects. The ability of a

conpound to rnhibit a measurabl e paraneter, e.g., netastasis or
angi ogenesi s, can be evaluated in an aninmal nodel systemor in a hunman

(e.g., in WRLES Lini cal del or a clinical trial). Alternatively, a
property pﬁ%@é&&%‘l@hﬁ&an be eval uated by exam ning the activity of the
conpound i A palyshdthiiidd prepHadn dds¥AHI frdin 4QS BielddeaniopbhiaY oSl Roside

subcut aneous admi ni stration of the pol ysaccharide preparation are about

0. 03 ring, kgnyentionally qaljed epduetion-oxidatiid (R§)idgrivetigs. hyihiksg preparatigyiskepe @. 15

o/ kot SRR e yondHiobty BSibale dfencd & OF Sondbt B bpid, 0. 15

N/ Kby Sednsti/ak @xiddtidH actink llowed B/ a@dudtiodd TRB ckBipothdé réfrk@to B4dinREIIKY,

0.47 mg/ kg, 0.5 ng/i< .55 ng/ kg, 0.60 ng/kg, 0.7 ng/ kg, preferably about
O

, .0
0. 30 algp be sdledyGis gplét.”,detiwwﬁg,/kg, 0.35ng/ kg, 0.40 ny/ kg, 0.42 ny/ kg,
0.44 ng/ k 0 / ko 0. ol kg. ; ' tiSop:
pol ysacchaiicBr e Rbn bual ey deRePTBaR TR Y S8R0 Sput fgusrtents
Mg/ kgtheedlvaan tHe dBsdtekifuntt&inaiedtioh: IBerdfdrkghe opountde mugeisceabequal
ng/ kg/ day. Also within the scope of the invention are kits conpri sing
a pol Yctitenal graursy Feplaseef the PHmaw slioregrapps derfyingdremghyeol sRlit i@ one or
nore other elenents including: instructions for use; other reagents, e.g.,
a therapeutic agent; devices or other materials for preparing the
pol ysacchari de preparation for adm nistration; pharmaceutically acceptable
carriers; and devices or other materi4 s for admnistration to a subj ect .
The instructions can include instructions for therapeutic application
i ncl udi ng suggested dosages and/or nodes of administration, e.g., ina W
2009/ 059283PCT/ 1JS2008/ 082223 patient having a disorder, e.g., a disorder
descri bed herein. The kit can further contain at |east one additional
reagent, such as a diagnostic or therapeutic agent, e.g., a diagnostic or
t her apeuti c agent as described herein, fornulated as appropriate, in one or

o o o o o, . o o o, -



WO 2009/ 059283PCT/ 1JS2008/ 082223 The met hods of the invention, e.g.,
nmet hods of treatnment, can further include the step of nonitoring the

subj ect, wWO@oQy/dser83a change (e.g., an increase or decr eRE€E)US200808E22Dr NOr e
of : tunor size; levels of a cancer marker, for a patient wi th cancer; the

size or rate of appearance of new | esions, ]g in a scan; the appearance
of neskaEplse aldehyds| sapuns. mgthory BEOUDE.HE oliggsaceltaride pf p%ntgie FEOYPSIENZIRE from g
decr e MccdrfiRioh hAd ﬁﬁd tPHBLd thin e dudif &“lﬁr‘f‘grtﬂ tnef, di sease

assocl e pain, e.g., bone pain; or any ot aneter reIated to
clinical dutsomﬂembwimsntd; jfewedr tians 136 ofrheivr@rie dc1d mesmdues are gtyxroé splft urérec

or ar RGP s ek D3RO ol B R Gt ekt Ao R

Mmﬂt&wﬁ@gmgqamhggysed to evaluate the need for further treatnent mnth t he
sanme preparation or for additional treatnment with additional agents.
Cenerally, a decrease in one or nore of the paraneters described above is

'“d'Cat'V%pQﬁwﬁP%ﬁm%RE%Mﬁg condition of the subject. The preparations
descri bed nistered to a subject in single or nultiple
doses to tlheaine iristgiices; anleast ab’&tﬁt@)l%lbf the @hatﬁﬁﬁl@ﬁﬁmy@cdi@ﬁé Pedparatiof. , a
cancerous di sorder descri bed here pr epar ations descrlbed

her eid¢s@thed hetesn haye pgpadifigd ﬁdélamg@ﬁf Ptat*ﬁ?ateeﬂgh a%% SraRRYtemanngse sesidue

fibr r

|t S aialdnifngd Bl i Ben POLAGE0 oh ARASY Sp sIBERLEENRS ot 1 e
pul nmdesst gbolit 5%60%;&65%;1%0%; T8, 8006 85 %&a 190k, Iot D8§% dfnid cnmimatiothe fropwhtichi sease

(i ncludin hns .di.sease and ul ceratiye coljtis), tipl sclerosis,
psor i Ha¥F e%lq%fgwerﬁii%% RSB SHFR @etée eedémrl“ fb@ “rel ated macul ar
dege %h?&ﬂoﬁf&nn&% 'i‘é‘s‘icﬁé(‘dr%r?ﬁ'aﬁh Ao BRS B hab heQ;' beeR ?é%tuc?cﬁfo"fbﬂﬁ AR akofbisease,

cardi ovascul ar di sease, vasculltls type | and Il diabetes, netabolic
syndrone, diabetic retinopathy, restenosis. Exanples of autoi mmune di seases
i ncl ude bgﬁlafe not limted to asthma, rheumatoid arthritis, inflamuatory
bowel dis ipIe sclerosis, psoriasis, type | diabetes, systemc

| upus er ytTiRpiydper ?loh‘_i}oo &&ﬁé@&;ﬁeﬁaﬂcﬁr@@e@wm{waﬁﬁm&ﬂwf Rkdielg. S,

G aves' dlsease illain- arre syndrone, autoi mune hepatitis, Nyasthenla

gr avils7 oEkesmpicegbeut 117 pr bbite 1 d @b%éét 1. hcanddwmibers BbetWRSD. | i mited to

scl er oden fo) WGt [ ro at hy,
sarc0|dos?§itgggdﬂﬁﬁﬁggﬁ%hl%Dhﬁﬁm%%hggnggéﬁg%ﬁ@gﬁsg*g&ﬂggéIﬁd@ rogis Y
neur afdigtit@fatcompssitien g tdivioad by tha@ahrbepaareaetge\t@oléubmdght (Magt Qh93| S.
Exanpl es of atoplc di sease include but are not limted to ato

der metumbies avesagsgneleadanveigheMn)ds caeypted Iftﬁmhthﬁfgﬂowmg equation; nes of

fibr f a r.der

kel oi siighld[?l hytrlel\ré? %%@ggg{sgé%r és&l%é#{ ero géi thmoglsg?&ra}elg @n%%?légﬁcfgﬁr 0Sar conma,
neur qholbeudaraiaghtsof tieansblyACr1ide 1D 5828 3 PG sinkfma0ky 48 2&k2a ovéreunat oi d
arthritis. Exanples of scarring a5500|a%$ Wt h trqéga i ncl ude scarrlng due

to smhgéwogremﬁa@%r%ém LIRS NG ICES 352 shiggipbdataean BrRIsEdaS Br osi s,
scar r\,e@gz}?ﬁﬁﬁ@&d QPE,@ ow:ﬂrgm'afygi‘b[ id eg %ﬁﬁs time. The ehfiof? %@al@égﬁ(%ﬂér_gﬁ% be Lhe

pol ysacchari de pteparations-a or I nhibiting angiogenesis, e.g., to
t r eatdivided mgemacy dl(&&l’ dbe aumbﬂgwegtga evilsubs wesgd ihecaculatian ddpendent on

i napp at e fo n of new bl ood vess . i qgepi ¢ di.sorders i ncl ude,
but - dhealsE Ry HeeBheRdeorppBon hegh et pey Lifhedy S gtediifeyich
e”do%fexragé’ﬁio%cuﬁ?%ig’h't alCRSOMALLO, aRS WRRPRLAH SeteRBRE R@t§u§ perSity 4y i tis,
cancer and cardi ovascul ar disorders. It is understood sone dlsorders

will wal.I within nore than one category of disease descrlbed her ei n.

The preparations described herein can also be used to treat or prevent

i nfectious disorders such as, e.g., malaria. Conbination Therapy

The net hods and conpositions of the invention can be used in conbination
with other therapeutic nodalities. Adm nistered "in conbination", as used
herein, means that two (or nore) different treatnents are delivered to the
subj ect during the course of the subject's affliction with the disorder,
such that the effects of the treatnents on the patient overlap at a point
intinme. In sonme enbodi nents, the delivery of one treatnent is stil
occurring when the delivery of the sdéond begins, so that there is overlap
internms of adm nistration. This is sonetines referred to herein as

"simul taneous” or "concurrent delivery." In other enbodi nents, the delivery
of one treatnent ends before the delivery of the other treatnent begins. In
sonme enbodi nents of either case, the treatnment is nore effective because of
conbi ned adm ni stration. For exanple, the second treatnent is nore
effectlve e.g., an eqU|vaIent effect |s ~seen with | ess of t he second
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I n one enbodi nent, the methods of the invention include adm nistering to
the subject a preparation described herein, in conbination with one or nore
addi ti onavotzbevmapises, e.g., surgery, radiation therapy, POT/UsdonSN8RLS at i on
of another therapeutic preparation. In one enbodi nent, the additional
t her apy . may incl.ude chenpt herap e.g., a cytotoxic agent. In one

HrrET LHO8 LA S EBFAHEY i ncl ude a targeted therapy, e.g. a
tyrosine kvians meMdior elakirk filRhERANE plePlalbAOE o, REREARDRI MY tOr. 1IN
one enbodi nent, the additional therapy may include an anti-inflammatory,
ant i -heinggealse codemplatedp (Qnei racthed H@E{d'ﬁs progidifiga precvsockapponpopagtign, a

st er gj.d; .0 0Ql.C | l. at.or, a no ant i bo n.ant i body
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pol ysacchari de preparation described herein. Overview. dycol Split

| ow nol ecul ar wei ght heparin al cohol (GS-LMWH CH2-0H) was generated from
unfractionated heparin (UFH) by controlled nitrous acid depol ynerization
foll owed by oxidative glycol-splitting and subsequent reduction to an

al cohol. In the first step, UFH was ngolynerized to obtain depol yneri zed
heparin (DPH CHO havi ng an anhydronannose noi ety at the reducing end of

t he pol ysaccharide. This was followed by Step Il oxidative cl eavage of the
2, 3-diols present in the depolynerized heparin with sodium periodate to
generate ring opened glycol split residues along the heparin chain
(GS-DPH-CHO). The Step Ill involved a reduction step, wherein the al dehydic
noi eties are converted to al cohols using sodi um borohydride to generate
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1. Depol yneri zation: Unfractionated Heparin (10 g) was dissolved in
100 nmL of de-ionized water equilibrated at roomtenperature. The pH of this
sol uti on wexosuissmguent |y | owered to pH 3.1, follow ng worals2e@sas2es nitrite
(0.03 M was added. This reaction solution was allowed to stir for 3 hours

foll g ng. which .t.he pH was neutralized prior to addition of sodiumchloride
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this sol utmpnraﬁamloﬁs? BESCABEd BrbAlHaRE antLRRALAE Ia@ﬂnfnar &‘s RAkyah nesh Mamaf hen
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organs.

The preparations described herein can bind to and/or modulate (e.g., inhibit) an activity
of one or more of VEGF, FGF, SDF-1a, and P-selectin. In some embodiments, interaction of the
preparation with (e.g., binding to) a target protein (e.g., VEGF, FGF, SDF-1aq, or P-selectin) can
be assayed, e.g., in vitro, e.g., using methods known in the art. Numerous methods and
techniques to detect binding or modulation (e.g., inhibition) of activity are known, e.g., standard
receptor competition assays, fluorescence energy transfer (FET), fluorescence resonance energy
transfer (FRET) (see, for example, U.S. Pat. No. 5,631,169; U.S. Pat. No. 4,868,103), and
fluorescence polarization (FP). In some embodiments, evaluating binding of a polysaccharide
preparation to a target protein can include a real-time monitoring of the binding interaction, e.g.,
using Biomolecular Interaction Analysis (BIA) (see, e.g., Sjolander and Urbaniczky (1991) Anal.
Chem., 63:2338-2345 and Szabo et al. (1995) Curr. Opin. Struct. Biol., 5:699-705). Surface
plasmon resonance or “BIA” detects biospecific interactions in real time, without labeling any of
the interactants (e.g., BIAcore).

Activities of VEGF, FGF, and P-selectin on cells in vitro and in vivo are well known in
the art. The ability of a polysaccharide preparation to modulate (e.g., inhibit) an activity of
VEGF, FGF, or P-selectin can be assayed in vitro or in a cell-based assay or in vivo in an
organism. For example, the ability of a polysaccharide preparation to modulate (e.g., inhibit) the

activity of VEGF, FGF, or P-selectin to modulate (e.g., stimulate) the proliferation of endothelial
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WD 2009/ 059283PCT/ 1JS2008/ 082223 3. Reducti on The gl ycol split

pol ysaccharide (4 g) obtained above in Step Il was dissolved in 40 nL water
mai nt ai newloanyH>3283To this sol uti on was added sodi um borahyuseed®ss203 4 Q)
and the reaction m xture subsequently stirred for 1 hour. After 1 hour, the
reactign m xture s,.brought .to.roomtenperature, foll|lowed by the addition
of sdalEnfr&HIERandEn lhcad)vsa%mtﬁieﬂml ﬁall%a?rtngﬁ@%wuﬁxswp‘%m#&}%ﬁ °f80 ni) was
addediet dmidihe nmdahidlibBf PGF AERAR &8 v thih LANG B aPAteRNS. 5|, 733, 89}.*19\ Qyjeci pitate
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and dmayédagsayocapibelpdrivimediesing edingleadlictr.a callpetionseet keast the qgymepacelits. on wit h
the f Ilowﬁ%g charagt e][%:sti S S thus obtained in 55-160% I el d; .
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Dal t gfig; 56-62% (iii) >8000 Daltons: 17-22% Anti-Xa Activity: 5-20 IU nyg
Anti-ha Activity: 1-10 11U ng Exanple 2: Anti-netastatic Properties of

Pol ysacchari de Preparations

Pharmaceutical Compositions

Compositions, e.g., pharmaceutically acceptable compositions, which include a
preparation described herein, formulated together with a pharmaceutically acceptable carrier, are
provided.

As used herein, “pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, isotonic and absorption delaying agents, and the like that are physiologically
compatible with parenteral administration. The carrier can be suitable for any parenteral
administration, e.g., intravenous, intramuscular, subcutaneous, intraocular, rectal, inhaled or
spinal administration (e.g., by injection or infusion).

The compositions of this invention may be in a variety of forms. These include, for
example, liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g., injectable and
infusible solutions), dispersions or suspensions, and liposomes. The preferred form depends on
the intended mode of administration and therapeutic application. Typical preferred compositions
are in the form of injectable or infusible solutions. The preferred mode of administration is
parenteral (e.g., intravenous, subcutaneous, intraocular, intraperitoneal, intramuscular). Ina
preferred embodiment, the preparation is administered by intravenous infusion or injection. In
another preferred embodiment, the preparation is administered by intramuscular or subcutaneous
injection.

The phrases “parenteral administration” and “administered parenterally” as used herein
means modes of administration other than enteral and topical administration, usually by
injection, and includes, without limitation, intravenous, intramuscular, subcutaneous,
intraarterial, intrathecal, intracapsular, intraorbital, intravitreous, intracardiac, intradermal,
intraperitoneal, transtracheal, inhaled, subcutaneous, subcuticular, intraarticular, subcapsular,

subarachnoid, intraspinal, epidural and intrasternal injection and infusion.
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Thi s exanpl e shows that the pol ysacchari de preparati ons have anti-cancer
and anti-netastatic activity in nultiple nodels of netastasis. Mdel A
Mur i ne newarroeweose2sper i nental netastasi s (Bl 6F10 iv) nodeCT/us2008/082223
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nel anona e é?HeHE‘ﬁ‘E%FPP %tt%&l?fg lyrshauld be sterile anchsighle vnder the ‘6’“@1@@3 eb- 10

veek smahiictiyeafd Etro?a%%e th@ @Gﬁlp\%lﬁ@n @ansl{»enf&rﬁulqgﬁeds G égluﬁgﬂ ég)cr&fmw 02,

dal t eparin/ Fragm ne whi ch has been report crease
met asCF ispergon, htpﬁSOIVlEN@r ch@r ()nde@dtstruaumommlﬂle to higlesnt¢chateoh. pSlieyE:an}eblabhede)

di t I ' ection x105B 1
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coloni zatjon of the lung relative to a pooled (untreated) control WO

2009/10859 g CTIMg3IchORE 25 sa1usdeloll@wedhy SHered steailizatianaStenstallyt o t he : i ver
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C17 CaseP §teW§’rpé’“ﬁlﬁ Lhsduenaratipnof sterile ipsfable gofytioasthe piefsrred gnm)
cont gh&hé kQ¥eratstivh aP@?écuhﬂ%gf %@ ‘flregfe[ @Hg QULNBe1FEL g%@ﬁf thd Whive

L-glutam ne at 37 Cin 5% CO2 an hum condi t1ons. from
sub- aogrﬁsdlaetmlumrycﬂdd;tmnsl dusired frgredistt dchnng ptev@u@l&&%rfﬁ@]’xkﬁredaelmadnl n culture

medi e-su din sterile hos hat e, buffere al i ne, H74(PBS)
For - itheram o pRotir SRR st sShtoh i BR B TRLS, A Giplind b e o ebitioe

i Nj eGuelad IBEIHAREY th@ﬁﬁﬂh&ﬁénb@bpth%ecml@e palaiafé stifeqn%&@as%f G@érkleﬁ ah@gyi nto
treatnent groups as below. Goup 1 10Vehi cl e contr ol oup 2: n = 1025

my/ kghewg/d éﬂr@@ﬂf@m nPﬂolml,geéybaoemtmmmfdaWstahle CQmPSSIﬁOI@m@erroughtaU@Bbyrg/ kg
COWpCéﬁag(}m% D@l 0%} %rf g agen?ﬂq%?deqays %Sorp?loﬁ), i exhmple; 1030 (gy Corrpound ’

monostearate salts and gelatin.

For many therapeutic applications, the preferred route/mode of administration is
intravenous injection or infusion. As will be appreciated by the skilled artisan, the route and/or
mode of administration will vary depending upon the desired results.

Formulations for injection may be presented in unit dosage form, e.g., in ampoules,
syringes, syringe pens, or in multi-dose containers, e.g., with an added preservative. The
compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents.

For administration by inhalation, the preparation may be conveniently delivered in the
form of an aerosol spray presentation from pressurized packs or a nebulizer, with the use of a
suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurized
aerosol, the dosage unit may be determined by providing a valve to deliver a metered amount.
Capsules and cartridges of, e.g., gelatin for use in an inhaler or insufflator may be formulated

containing a powder mix of the compound and a suitable powder base such as lactose or starch.
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G oup 5. n = 1015 ny/ kg conmpound 2 s.c. once daily Goup 6: n = 1030 ng/ kg
conpound 2 s.c. once daily Goup 7. n = 5Untreated Tr eat nent was

i ni ti at eaworroazpoB3f ol | owi ng cell injection and conti nuedTaskeos/osxy3 35 or

until the clinical condition of the aninmal required term nation. G oups 5

and 6 m_gsed one dose_on day 5., No adverse affects of the test conpounds in
m ce Iﬁeaéaﬁtlﬁ& 35 @odrfosmagens {abiabalgtion therapy ang within g sepRe of theinyeatied on day

35, aSlthdlfl‘Fp&\%@rféﬁrﬁtﬂaﬂ&ﬁ rhdyVi8Y préfd6d %&%@?&Qd%% W@Q-ﬁﬂd&e nunbers of

| ung nodul’es are also counted. The nean [iver t ror wel ghts and
cr oss- sectlnaddition tetheaompositinay desedbddprdbigy, the caMpounds may also be

SR AR RO e
wei ghduith1a polydideic oa h9d@rophdtl¢ materials (for example, as an emulsion in an acceptable oil) or
ion exchange resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

The pharmaceutical compositions also may comprise suitable solid or gel phase carriers
or excipients. The compositions can be included in a container, pack, or dispenser together with
instructions for administration.

The preparation can also be administered with short or long term implantation devices,
e.g., a stent. The preparation can be implanted subcutaneously, can be implanted into tissues or
organs (e.g., the coronary artery, carotid artery, renal artery and other peripheral arteries, veins,
kidney, heart cornea, vitreous, cerebrum, etc.), or can be implanted in physiological spaces
around tissues and organs (e.g., kidney capsule, pericardium, thoracic or peritoneal space).

The preparation can also be used to coat various medical devices. For example, the
preparation can be used to coat a stent or extracorporeal circuit. Such formulations of the
preparations may include using, e.g., controlled release beads, gel or microspheres as well as
various polymers such as PLGA, cellulose, alginate or other polysaccharides.

Dosage regimens are adjusted to provide the optimum desired response (e.g., a
therapeutic response). For example, a single bolus may be administered, several divided doses
may be administered over time or the dose may be proportionally reduced or increased as
indicated by the exigencies of the therapeutic situation. It is especially advantageous to
formulate parenteral compositions in dosage unit form for ease of administration and uniformity
of dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit contains a predetermined quantity of active
compound calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit forms of the invention are dictated
by and directly dependent on (a) the unique characteristics of the active compound and the
particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of

compounding such an active compound for the treatment of sensitivity in individuals.
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(% of vehicle) One way ANOVA frnm2\ \i (% of vehicle) One way ANOVA 1
Vehicle 0.097 100.00 - 34.18
WO 2009/059283 PCT/US2008/082223

It is to be noted that dosage values may vary with the type and severity of the condition to
be alleviated. It is to be further understood that for any particular subject, specific dosage
regimens should be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the compositions.

The pharmaceutical compositions of the invention may include a therapeutically effective
amount of a preparation. A therapeutically effective amount of the preparation may vary
according to factors such as the disease state, age, sex, and weight of the individual and can
include more than one unit dose. A therapeutically effective amount is also one in which any
toxic or detrimental effects of the preparation are outweighed by the therapeutically beneficial
effects. A therapeutically effective amount may inhibit a measurable parameter, e.g., VEGF
activity, FGF activity, P-selectin activity, or size or rate of growth of metastatic lesions, e.g., by
at least about 20%, more preferably by at least about 25%, 30%, 40%, even more preferably by
at least about 50%, 60%, and still more preferably by at least about 70%, 80% relative to
untreated subjects. The ability of a compound to inhibit a measurable parameter, e.g., metastasis
or angiogenesis, can be evaluated in an animal model system or in a human (e.g., in a pre-clinical
model or a clinical trial). Alternatively, a property of a composition can be evaluated by
examining the activity of the compound in an in vitro assay. Exemplary doses for intravenous or
subcutaneous administration of the polysaccharide preparation are about 0.03 mg/kg to 0.45
mg/kg, e.g., 0.03 mg/kg, 0.05 mg/kg, 0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg, 0.22 mg/kg, 0.25
mg/kg, 0.27 mg/kg, 0.3 mg/kg, 0.35 mg/kg, 0.37 mg/kg, 0.4 mg/kg, 0.44 mg/kg, preferably about
0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg, 0.25 mg/kg, 0.3mg/kg, 0.35 mg/kg, 0.4 mg/kg, 0.44 mg/kg,
0.47 mg/kg, 0.5 mg/kg, 0.55 mg/kg, 0.60 mg/kg, 0.7 mg/kg, preferably about 0.30 to 0.50 mg/kg,
e.g., 0.30mg/kg, 0.35mg/kg, 0.40 mg/kg, 0.42 mg/kg, 0.44 mg/kg, 0.47 mg/kg or 0.50 mg/kg. In
some embodiments, the polysaccharide preparation can be administered at a dose between 1-80
mg/kg, between 1-40 mg/kg, between 1-30 mg/kg, e.g., between 5-50 mg/kg/day.

Also within the scope of the invention are kits comprising a polysaccharide preparation
provided herein. The kit can include one or more other elements including: instructions for use;
other reagents, e.g., a therapeutic agent; devices or other materials for preparing the
polysaccharide preparation for administration; pharmaceutically acceptable carriers; and devices
or other materials for administration to a subject. The instructions can include instructions for

therapeutic application including suggested dosages and/or modes of administration, e.g., in a
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100.00 - 2 5FU/ Leu 0.037 11.94 p = 0.006 13.12 15.7 p = 0.011 3 5 ny/kg
Dalteparin 0.018 18.56 p = 0.017
WO 2009/059283 PCT/US2008/082223

patient having a disorder, e.g., a disorder described herein. The kit can further contain at least
one additional reagent, such as a diagnostic or therapeutic agent, e.g., a diagnostic or therapeutic
agent as described herein, formulated as appropriate, in one or more separate pharmaceutical

preparations.

Uses

The polysaccharide preparations can be used to treat a subject. As used herein, a subject
is a mammal, e.g., a non-human experimental mammal, a veterinary mammal, or a human. Non-
human mammals include a primate, cow, horse, pig, sheep, goat, dog, cat, or rodent.

The preparations provided herein can be used, for example, to treat or prevent a
metastatic disorder (e.g., a cancer, e.g., a carcinoma or other solid or hematological cancer). As
used herein, the term "cancer" is meant to include all types of cancerous growths or oncogenic
processes, metastatic tissues or malignantly transformed cells, tissues, or organs, irrespective of
histopathologic type or stage of invasiveness. Methods and compositions disclosed herein are
particularly useful for treating, or reducing the size, numbers, or rate of growth of, metastatic
lesions associated with cancer.

Examples of cancers include, but are not limited to, solid tumors, soft tissue tumors,
hematopoietic tumors and metastatic lesions. Examples of solid tumors include malignancies,
e.g., sarcomas, adenocarcinomas, and carcinomas, of the various organ systems, such as those
affecting head and neck (including pharynx), thyroid, lung (small cell or non small cell lung
carcinoma), breast, lymphoid, gastrointestinal (e.g., oral, esophageal, stomach, liver, pancreas,
small intestine, colon and rectum, anal canal), genitals and genitourinary tract (e.g., renal,
urothelial, bladder, ovarian, uterine, cervical, endometrial, prostate, testicular), CNS (e.g., neural
or glial cells, e.g., neorublastoma or glioma), skin (e.g., melanoma). Examples of hematopoietic
cancers that can be treated include multiple myeloma, lymphomas and leukemias and
myelodysplasia. Methods and compositions disclosed herein are particularly useful for treating,
e.g., reducing or delaying, metastatic lesions associated with the aforementioned cancers. In
some embodiments, the patient will have undergone one or more of surgical removal of a tissue,
chemotherapy, or other anti-cancer therapy and the primary or sole target will be metastatic
lesions, e.g., metastases in the bone or lymph nodes or lung or liver or peritoneal cavity or the

CNS or other organs.
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8.09 23/67 p = 0.031 4 5 ng/ kg MONC402 0.057 58.76 NS 18.34 53.66 NS 5 15

mg/ kg MONC402 0. 010
WO 2009/059283 PCT/US2008/082223

The methods of the invention, e.g., methods of treatment, can further include the step of
monitoring the subject, e.g., for a change (e.g., an increase or decrease) in one or more of: tumor
size; levels of a cancer marker, for a patient with cancer; the size or rate of appearance of new
lesions, e.g., in a scan; the appearance of new disease-related symptoms; the size of soft tissue
mass, e.g., a decrease or stabilization; quality of life, e.g., amount of disease associated pain, e.g.,
bone pain; or any other parameter related to clinical outcome. The subject can be monitored in
one or more of the following periods: prior to beginning of treatment; during the treatment; or
after one or more elements of the treatment have been administered. Monitoring can be used to
evaluate the need for further treatment with the same preparation or for additional treatment with
additional agents. Generally, a decrease in one or more of the parameters described above is
indicative of the improved condition of the subject.

The preparations described herein can be administered to a subject in single or multiple
doses to treat or prevent a metastatic or cancerous disorder, e.g., a cancerous disorder described
herein.

The preparations described herein can also be used to treat inflammatory, autoimmune,
fibrotic, fibroproliferative, atopic, or angiogenic disorders. Examples of inflammatory disorders
include but are not limited to chronic obstructive pulmonary disease, asthma, rheumatoid
arthritis, inflammatory bowel disease (including Crohns disease and ulcerative colitis), multiple
sclerosis, psoriasis, ischemia-reperfusion injuries, septic shock, age-related macular
degeneration, atherosclerosis, Alzheimer’s disease, Parkinson’s disease, cardiovascular disease,
vasculitis, type I and II diabetes, metabolic syndrome, diabetic retinopathy, restenosis. Examples
of autoimmune diseases include but are not limited to asthma, rheumatoid arthritis, inflammatory
bowel disease, multiple sclerosis, psoriasis, type I diabetes, systemic lupus erythematosus (SLE),
Sjogren's syndrome, Hashimoto's thyroiditis, Graves' disease, Guillain-Barré syndrome,
autoimmune hepatitis, Myasthenia gravis. Examples of fibrotic diseases include but are not
limited to scleroderma, chronic obstructive pulmonary disease, diabetic nephropathy,
sarcoidosis, idiopathic pulmonary fibrosis, cirrhosis, cystic fibrosis, neurofibromatosis,
endometriosis, post-operative fibroids, restenosis. Examples of atopic disease include but are not
limited to atopic dermatitis, atopic asthma, and allergic rhinitis.

Examples of fibroproliferative disorders include systemic and local scleroderma, keloids

and hypertrophic scars, atherosclerosis, restenosis, fibrosarcoma, neurofibromatosis, and
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rheumatoid arthritis. Examples of scarring associated with trauma include scarring due to
surgery, chemotherapeutic-induced fibrosis, radiation-induced fibrosis, scarring associated with
injury or burns.

In one embodiment, the polysaccharide preparations are used for inhibiting angiogenesis,
e.g., to treat angiogenic disorders. Angiogenesis as used herein is the inappropriate formation of
new blood vessels. Angiogenic disorders include, but are not limited to, tumors, neovascular
disorders of the eye, endometriosis, macular degeneration, osteoporosis, psoriasis, arthritis,
cancer and cardiovascular disorders. It is understood that some disorders will fall within more
than one category of disease described herein.

The preparations described herein can also be used to treat or prevent infectious disorders

such as, e.g., malaria.

Combination Therapy

The methods and compositions of the invention can be used in combination with other
therapeutic modalities. Administered "in combination", as used herein, means that two (or more)
different treatments are delivered to the subject during the course of the subject’s affliction with
the disorder, such that the effects of the treatments on the patient overlap at a point in time. In
some embodiments, the delivery of one treatment is still occurring when the delivery of the
second begins, so that there is overlap in terms of administration. This is sometimes referred to
herein as "simultaneous" or "concurrent delivery." In other embodiments, the delivery of one
treatment ends before the delivery of the other treatment begins. In some embodiments of either
case, the treatment is more effective because of combined administration. For example, the
second treatment is more effective, e.g., an equivalent effect is seen with less of the second
treatment, or the second treatment reduces symptoms to a greater extent, than would be seen if
the second treatment were administered in the absence of the first treatment, or the analogous
situation is seen with the first treatment. In some embodiments, delivery is such that the
reduction in a symptom, or other parameter related to the disorder is greater than what would be
observed with one treatment delivered in the absence of the other. The effect of the two
treatments can be partially additive, wholly additive, or greater than additive. The delivery can
be such that an effect of the first treatment delivered is still detectable when the second is

delivered.
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siRNA, an antisense molecule, a fusmn protein, a cytokine, a cytokine receptor, a
bronchodialator, a statin, an anti-inflammatory agent (e.g. methotrexate), an NSAID. In another
embodiment, the additional therapy could include combining therapeutics of different classes.
The polysaccharide preparation and the additional therapy can be administered simultaneously or
sequentially.

Exemplary cytotoxic agents that can be administered in combination with the
polysaccharide preparation include antimicrotubule agents, topoisomerase inhibitors,
antimetabolites, protein synthesis and degradation inhibitors, mitotic inhibitors, alkylating
agents, platinating agents, inhibitors of nucleic acid synthesis, histone deacetylase and DNA
methyltransferase inhibitors, nitrogen mustards, nitrosoureas, ethylenimines, alkyl sulfonates,
triazenes, folate analogs, nucleoside analogs, ribnucleotide reductase inhibitors, vinca alkaloids,
taxanes, epothilones, intercalating agents, agents capable of interfering with a signal transduction
pathway, agents that promote apoptosis and radiation, antibody conjugates that bind surface
proteins to deliver a toxic agent. In one embodiment, the cytotoxic agent that can be
administered with a preparation described herein is platinum, cyclophosphamide, dacarbazine,,
methotrexate, fluorouracil, gemcitabine, capecitabine, hydroxyurea, topotecan, irinotecan,
azacytidine, vorinostat, ixabepilone, bortezomib, taxanes (paclitaxel, docetaxel), cytochalasin B,
gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, tenoposide, vincristine,
vinblastine, vinorelbine, colchicin, anthracyclines (doxorubicin and epirubicin) daunorubicin,
dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin D, adriamycin, 1-
dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin,

ricin, and maytansinoids.
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EGFR, VEGFR, BCR-ABL, c-KIT (such as Gefitinib, Erlotinib, Lapatinib, Sorafenib, Sunitinib,
Imatinib, Dasatinib, Nilotinib) or mTOR (such as temsirolimus, everolimus, rapamycin), or
cytokines or chemokines, vaccines, antibodies against cell membrane receptors pathways
including EGF-EGFR, VEGF-VEGFR, CD19, CD20, CD3, CTLA-4 (such as Trastuzumab,
Cetuximab, Panitumumab, Bevacizumab, Rituximab, Tositumomab) and/or other

immunotherapies.

Other Embodiments

This invention is further illustrated by the following examples that should not be
construed as limiting. The contents of all references, patents and published patent applications

cited throughout this application are incorporated herein by reference.

EXAMPLES

Example 1: Preparation of a Polysaccharide Preparation

This example describes the production of a polysaccharide preparation described herein.

Overview: Glycol Split low molecular weight heparin alcohol (GS-LMWH-CH,-OH)
was generated from unfractionated heparin (UFH) by controlled nitrous acid depolymerization
followed by oxidative glycol-splitting and subsequent reduction to an alcohol. In the first step,
UFH was depolymerized to obtain depolymerized heparin (DPH-CHO) having an
anhydromannose moiety at the reducing end of the polysaccharide. This was followed by Step II
oxidative cleavage of the 2, 3-diols present in the depolymerized heparin with sodium periodate
to generate ring opened glycol split residues along the heparin chain (GS-DPH-CHO). The Step
I1I involved a reduction step, wherein the aldehydic moieties are converted to alcohols using

sodium borohydride to generate Glycol Split low molecular weight heparin alcohol.

Method Overview:
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The following paragraphs describe the preparation and properties of a polysaccharide preparation
described herein.
1. Depolymerization:

Unfractionated Heparin (10 g) was dissolved in 100 mL of de-ionized water equilibrated
at room temperature. The pH of this solution was subsequently lowered to pH 3.1, following
which sodium nitrite (0.03 M) was added. This reaction solution was allowed to stir for 3 hours
following which the pH was neutralized prior to addition of sodium chloride (10 g). After
complete dissolution of salt, methanol (200 mL) was added to this solution with constant stirring.
The precipitate obtained was then aged at 6 °C for 2 hours. This precipitate was then filtered and
dried to obtain DPH in 80-85% yield and possessing the following characteristics:

Mw: 5300-6100

Mw Distribution: (i) <3000 Daltons: 23-30%

(ii) 3000-8000 Daltons: 50-55%
(iii) >8000 Daltons : 15-22%
Anti-Xa Activity: 80-120 IU/mg
Anti-Ila Activity: 40-70 IU/mg

2. Periodate Oxidation
The aldehyde (5 g) obtained in Step I was dissolved in 50 mL water equilibrated at 5 °C.
To this solution was added cooled NalOy solution (0.1 M, 50 mL) and the reaction mixture was
allowed to stir in the absence of light for 16 hours. On completion, the reaction was quenched by
the addition of diethylene glycol (10 mL), following which the temperature was raised back to
room temperature. Five grams of sodium chloride was then added to this solution, followed by
addition of 150 mIL methanol to precipitate the heparin. The precipitate was allowed to age at
6 °C for 2 hours before filtration and drying to yield a glycol-split polysaccharide (95-98% yield)
with the following characteristics:
Mw: 5000-5800
Mw Distribution: (i) <3000 Daltons: 25-30%
(ii) 3000-8000 Daltons: 55-60%
(ii1) >8000 Daltons: 15-20%
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3. Reduction
The glycol split polysaccharide (4 g) obtained above in Step II was dissolved in 40 mL
water maintained at 5 °C. To this solution was added sodium borohydride (0.4 g) and the
reaction mixture subsequently stirred for 1 hour. After 1 hour, the reaction mixture was brought
to room temperature, followed by the addition of sodium chloride (4 g). Following salt
dissolution, methanol (80 mL) was added to this solution accompanied with constant stirring.
The precipitate thus obtained was then allowed to age at 6 °C for 2 hours before filtration and
drying to yield the desired product. A polysaccharide preparation with the following
characteristics was thus obtained in 55-60% yield:
Mw: 5500-6200
Mw Distribution: (i) <3000 Daltons: 17-23%
(ii) 3000-8000 Daltons: 56-62%
(iii) >8000 Daltons: 17-22%
Anti-Xa Activity: 5-20 IU/mg
Anti-ITa Activity: 1-10 IU/mg

Example 2: Anti-metastatic Properties of Polysaccharide Preparations

This example shows that the polysaccharide preparations have anti-cancer and anti-

metastatic activity in multiple models of metastasis.

Model A: Murine melanoma experimental metastasis (BI16F10 iv) model

A polysaccharide preparation produced as described in Example 1 (herein referred to as
“MONC402”) showed anti-metastasis activity in a murine melanoma experimental metastasis
model.

Female C57BL/6 mice (9-10 weeks old) were treated once with a single dose (10 mg/kg)
of MONC402, dalteparin/Fragmin® (a LMWH which has been reported to decrease metastasis),
or MONC 202 (negative control, N-desulfated polysaccharide) immediately before i.v. injection
of 2x10° B16F10 cells. Mice were sacrificed on day 21 and tumor burden was calculated as lung
weight-normal lung weight. As shown in Figure 1, MONC402 significantly inhibited B16F10

colonization of the lung relative to a pooled (untreated) control.
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Model B: Colon cancer metastasis to the liver

MONC402 showed prophylactic anti-metastasis activity in an orthotopic liver metastasis
model.

Liver metastasis was initiated by intraperitoneal injection of C170HM?2 human colorectal
tumor cells into male MF1 nude (nu/nu) athymic mice. SFU/leucovorin was used as a positive
control.

C170HM2 cells were maintained in vitro in RPMI culture medium (Sigma) containing
10% (v/v) heat inactivated fetal bovine serum and 2 mM L-glutamine at 37 °C in 5% CO, and
humidified conditions. Cells from sub-confluent monolayers were harvested with 0.025%
EDTA, washed in culture medium and re-suspended in sterile phosphate buffered saline, pH 7.4
(PBS) for in vivo administration. 1.5 x 10° cells in a volume of 1 ml were injected

intraperitoneally into 65 mice, and the mice were allocated into treatment groups as below.

Group 1:n=10 Vehicle control

Group 2:n=10 25 mg/kg SFU/leucovorin i.v. cycled on days 1, 3, 5, 7
Group 3:n=10 5 mg/kg compound 1 (Dalteparin) s.c. once daily
Group4:n=10 5 mg/kg compound 2 (MONC402) s.c. once daily
Group 5:n=10 15 mg/kg compound 2 s.c. once daily

Group 6: n=10 30 mg/kg compound 2 s.c. once daily

Group 7:n=35 Untreated

Treatment was initiated on day 1 following cell injection and continued until day 35 or
until the clinical condition of the animal required termination. Groups 5 and 6 missed one dose
on day 5. No adverse affects of the test compounds in mice bearing the tumors were observed.

The study was terminated on day 35, and the tumors in the liver were excised and
weighed. The numbers of lung nodules are also counted. The mean liver tumor weights and

cross-sectional area are summarized in Table 1.
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NS = not significant

MONC 402 had significant influence in reducing tumor take rate. Both 15 mg/kg and 30
mg/kg MONCA402 significantly reduced the liver tumor size by 90% (p = 0.007) and 97%

(p = 0.004) respectively and also were significantly more effective than SFU/leucovorin (p =

0.041 and p = 0.011, respectively). Dalteparin (group 3) reduced liver tumor weight by

approximately 81% (p = 0.017) when compared to the vehicle control group. Similarly, the

cross-sectional area of the tumors also showed significant reduction with dalteparin (p = 0.027)
and 15 and 30 mg/kg MONC402 (p = 0.016 and p = 0.004, respectively).

Mouse weights were monitored for the duration of the study. The mouse weights for

each group remained within an acceptable range for all groups throughout the study.

Model C: Breast cancer metastasis to the lung

MONC402 also showed anti-metastasis activity in a syngeneic orthotopic model of breast

cancer metastasis (411).
Female BALB/c mice 8 weeks of age (WOA) were injected with 8x10* 4T1 cell intra

mammary fat pad. Daily treatment with saline or MONC402 with or without weekly treatment

of cisplatin started on day 5. Primary tumors were removed on day 9 and weighed.
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In a second 4T1 experiment, female BALB/c mice 8 WOA were injected with 8x1 0% 4T1

cells intra mammary fat pad. Continuous osmotic pump delivery of saline or MONC 402 with

weekly treatment of saline or Cisplatin started on day 4. Primary tumors were removed on day

9. There were no significant differences between the groups in primary tumor weight. However,

immunohistology analyses showed significant decrease in microvessel density in tumors from

mice treated with the combination of Cisplatin and M-ONC 402. The experiment terminated on

day 32 and different samples were taken. 6 mice were either found dead or were terminated

early due to worsened overall condition.

4T1 lung metastases were determined by lung weight, lung tumor nodule quantification

including nodule number, size and calculated tumor volume, as well as histological

quantification. Results are shown in Figure 2. MONC 402 (20 mg/kg/day) monotherapy groups
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Model D: Human prostate carcinoma PC-3M Model: combination therapy

Male SCID/Beige mice 8 WOA were injected with 5x10° PC-3M-luciferase prostate
carcinoma cells intra prostate. Daily treatment with saline or MONC402 with or without weekly
treatment of cisplatin started on day 3. Mice were monitored weekly with Xenogen imaging
system. The experiment was terminated on day 32. Different organs were isolated and tumor
metastasis was assessed by weight and Xenogen imaging.

The MONC402 (30 mg/kg) monotherapy inhibited PC-3M metastasis in the peritoneum.
Cisplatin combined with MONC402 (30 mg/kg) decreased tumor growth compared to saline and
MONC 402 monotherapy groups as determined by in vivo imaging. There was no significant
difference between combination therapy (Cisplatin + MONC402 30 mg/kg) and Cisplatin

monotherapy in primary tumor weight and metastasis under the specific experimental condition.
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11. The conposition of claim8, having a degree of desulfation |ess
than 30% 12. The conposition of claim8, having a degree of

desul fation |l ess than 10% 13. A conposition conprising a

pol ysacchari de preparation | acki ng substantial anticoagul ant
activity, wherein the preparation consists essentially of

pol ysaccharides that include Fornmula I: [UsFlx,y,d mEUG Hx,y, zin
wherein .0 indicates a uronic acid residue and H indicates a
hexosam ne resi due; wherein mand n are integers such that m= 4-16,
and n = IVhhtiswlame@BS or -20H; x = -NS or -NAc; y =-30S or-30H, z =

-60S or -60H 1. gnpdoiysaccﬁaride preparation having the following characteristics:
(a) a weight average chain molecular weight between 3,500 and 7,000 Da;
(b) anti-Xa activity of 5-20 IU/mg and anti-Ila activity of less than 25 IU/mg; and

{c) greater than 5% and less than 50% glycol split uronic acid residues.

2. The preparation of ¢laim 1, wherein the preparation has less than 30% glycol

split uronic acid residues.

3. The preparation of claim 1, wherein the preparation has between 10% and 30%

glycol split uronic acid residues.

4. A polysaccharide preparation having the following characteristics:

(a) a weight average chain molecular weight between 3,500 and 7,000 Da;
(b) anti-Xa activity of 5-20 [U/mg and anti-Ila activity of less than 25 IU/mg;
(¢) a polysaccharide chain having a glycol split uronic acid residue (Ug); and
(d) polysaccharide chains each having no more than 3 glycol split uronic acid

residues (Ug).

S. The preparation of claim 4, wherein each polysaccharide chain has no more

than 2 glycol split uronic acid residues (Ug).

6. A polysaccharide preparation having the following characteristics:

(a) a weight average chain molecular weight between 3,500 and 7,000 Da;

(b) anti-Xa activity of 5-20 IU/mg and anti-IIa activity of less than 25 IU/mg; and
(¢) polysaccharide chains having on average between 0.2 and 3 glycol split uronic

acid residues (Ug) per polysaccharide chain.

7. The preparation of claim 6, having on average no more than 1 glycol split

uronic acid residue (Ug) per polysaccharide chain.
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wherein the synbol - indicates that the units marked mand n are

di stributed al ong the polysaccharide chain and are not necessarily in
sequence, wherein w, X, y, and z are each the sane or different on
each unit marked m and wherein x, y, and z are each the same or

different on each unit marked n, and wherein the pol ysacchari de
preparation has anti-Xa activity of 5-20 U ng and anti-Ha activity
of less than 25 ILI/ny. 14. A conposition conprising a

pol ysacchari de preparation with weight aver age chain nol ecul ar wei ght
bet ween 3, 500 8addcomm@enioDsompdsingalpalpsiceharide prparntion haxingithe following

wherein t ation conprises polysaccharides conprising Formula
[ [ Uw 14:“%?&%[%3%%(} Hx,y, 1 wherein U indicates a uronic acid residue

and H i ndi cat é® aawdightasangachainasdldudar wéight detwean 3300 andi?,800 IDd;eger s

sueh Lhat ?Oaé'a%g-’:xf‘%gg{%%ﬁf %‘g@ﬂg)’r‘ﬁg:aﬂd%%ﬁ%racﬁ% Fhe s Than'3 107mg; Mol Y

{c) polysaccharide chains having greater than 40% UszsHys s disaccharide

residues.

9. The composition of claim 8, having greater than 70% UssHys 65 disaccharide

residues.
10. The composition of claim 8, having a degree of desulfation less than 40%.
11. The composition of claim 8, having a degree of desulfation less than 30%.
12. The composition of claim 8, having a degree of desulfation less than 10%.
13. A composition comprising a polysaccharide preparation lacking substantial

anticoagulant activity, wherein the preparation consists essentially of polysaccharides that

include Formula I;

[Uw" x,y.z.] m""[IJG'HX,y,z]n

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;
wherein m and n are integers such that

m=4-16, and

n=1-4;

w=-208 or -20H;

X =-NS or -NAc;
y =~-308 or -30H;
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and UG = HOCH wherein the synbol - indicates that the units
marked mand n are distributed al ong the pol ysaccharide chain and are
not necessarily in sequence, wherein w, X, y, and z are each the sane
or different on each unit marked m and wherein x, y, and z are each

the sanme or different on each unit marked n, and wherein the
pol ysacchari de preparation has anti-Xa activity of 5-20 11U ng and
anti-Ha activity of less than 25 1U ng. 15. A preparation of

pol ysaccharides and their pharmaceutically acceptable salts, which
conposi tion Ia%ﬁ569§53réﬁﬁgal anti coagul ant activity, has
antinmetastatic activity and consists essentially of polysaccharides
that include Formula I1

[U,-H ,y,z1m [ UG El X, y, df FIx,y,z]cr[UG Fix,y, z]r[ Uan Hx, r, zi ci
wherein U indicates a urornic acid residue and H indicates a
hexosam ne resi due; wherej are integers such that: m= 0-10; n=
0-3; o =0-10; p = 0-3; = 0- N0 = -20S or -2011; x = -NS or-N™m
y = -30S or-30H, O

and Ug = HO OH :

wherein the symbol ~ indicates that the units marked m and n are distributed
along the polysaccharide chain and are not necessarily in sequence, wherein w, %, y, and
z are each the same or different on each unit marked m, and wherein x, y, and z are each
the same or different on each unit marked n, and

wherein the polysaccharide preparation has anti-Xa activity of 5-20 IU/mg and
anti-Ila activity of less than 25 IU/mg.

14. A composition comprising a polysaccharide preparation with weight average

chain molecular weight between 3,500 and 7,000 Da and reduced anticoagulant activity,

wherein the preparation comprises polysaccharides comprising Formula I:

[Uw"Hx,y,z] m”[-UG'Hx,y,z]n

wherein U indicates a uronic acid residue and H indicates a hexosamine residue;

wherein mi and n are integers such that

m = 4-16, and
n=1-4;
=-208 or -20H;

x =—N8S or ~NAc;
y =-30S or -30H;
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z = -608 or -6011; and 1JG =HOOH wherein w, x, y, and z are each the

same or different on each unit marked m n, o, p, or Q. 16. The
preparation of claim15, wherein the sumof n + p is less than or
equal to 3. 17. The preparation of claim 15, wherein the
preparation has a wei ght average chain nol ecul ar wei ght between 3, 500
and 7,000 Da. 18. The preparation of claim1, wherein the
non-reduci ng end uronic acid of a polysaccharide chain in the
preparation has a 4,5-unsaturation. 19. The preparation of
claim 18, whe?&00utb0 8% of the non-reducing uronic acids in the
preparation have a 4, 5-unsaturation. 20. The preparation of

claim 18, wherein the 4,5-unsaturation is a result of heparinase
di gestion or benzyl esterg@Q@cation followed by beta-elimnation.
21. The preparation of clmgim1, wherein the reducing end further
conprises a 2,5- anhydro id ol residue. 22. The
preparation of claim2l1l/ wher e\ bout 50% of the reducing ends
conprise a 2,5- anhy@r nni tol/ r €3i due. 23. The preparation of
claim1l1l, wherein the preparati/on is a pharmaceutical preparation.
24. The preparation of clfaimy, wherein 10-50% of the

ol i gosacchari a(,::1Ie of th repargti on. have a nol ecul ar wei ght < 3000
Da; 40- 65% of “theCol i gosacchari des have a nol ecul ar wei ght between
3000- 8000 Da, and 5-30% of the oligosaccharides have a nol ecul ar

eI 0000 B e e SR BBl L Bl

along the polysaccharide chain and are not necessarily in sequence, wherein w, X, v, and

z are each the same or different on each unit marked m, and wherein x, v, and z are each
the same or different on each unit marked n, and

wherein the polysaccharide preparation has anti-Xa activity of 5-20 IU/mg and
anti-Ila activity of less than 25 1U/mg.

15. A preparation of polysaccharides and their pharmaceutically acceptable salts,
which composition lacks substantial anticoagulant activity, has antimetastatic activity and

consists essentially of polysaccharides that include Formula II:

[Uw"Hx,y.z] m‘[UG'Hx.y,z]n‘[UW'Hx,y,z]O' [UG'Hx,y,z]p' [UW‘HX.y,z]q
wherein U indicates a uronic acid residue and H indicates a hexosamine residue;

wherein m-r are integers such that:
m =0-10;

n=0-3;

o= 0-10;

p=0-3;

q=0-10;
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depol yneri zing UFH to produce a depol yneri zed heparin; and

fol |l owi ng depol ynerization, performng a glycol split reaction on the
depol yneri zed heparin. 26. The preparation of claim25, wherein the
step of glycol splitting conprises: oxidizing the depol ynerized
heparin with periodate; and reducing the oxidized depol yneri zed
heparin w th sodi um bor ohydri de. 27. A use of a preparation of
claim1 for the preparation of a nedicanent for treating netastatic
di sease, VEGF=-208er-2QH-|1 a- and/or sel ectin-nedi ated di sease;

|nflannator di an infectious di sease, an autoi mune di sease,
fibrosis, %§§é 8% nvol vi ng angi ogenesis in a subj ect . 28.
The use of gA:anggr_mI@rel n the preparation is adm nistered
chronically. 29. The use of claim 27, wherein the disease is a
cancer. 30Z=FHOS@=68Hicl ai m 29, wherein the cancer is breast .
cancer, colon cancer, or prostate cancer. 31. The use of claim

29, wherein the preparation is adm nistered in conbination with
surgery, radiotherapy, @henot her apy agent, an anti body or a
tyrosi ne | dnase i nhi bitpr. 32. The use of claim?29, wherein the
preparation is adm ni st to the subject at dose of 5-50 ng/kg. 33.
A net hod of manufacturd ng apreparation, the method conpri sing:

(1) depolynerizin unfract ongt ed heparln (UFH) with nitrous acid
(HONO to yield ap acchafide preparation; (2) oxidizing the
pol ysacchari de preparatyi on M t h peri odat e;

and Ug = HO CH :
wherein w, x, y, and z are each the same or different on each unit marked m, n, o, p, or g.

16. The preparation of claim 15, wherein the sum of n +p is less than or equal to 3.

17. The preparation of claim 15, wherein the preparation has a weight average chain
molecular weight between 3,500 and 7,000 Da.

18. The preparation of claim 1, wherein the non-reducing end uronic acid of a

polysaccharide chain in the preparation has a 4,5-unsaturation.

19. The preparation of claim 18, wherein about 30% of the non-reducing uronic acids in

the preparation have a 4,5-unsaturation.

20. The preparation of claim 18, wherein the 4,5-unsaturation is a result of heparinase

digestion or benzyl esterification followed by beta-elimination.

" 21. The preparation of claim 1, wherein the reducing end further comprises a 2,5-

anhydromannitol residue.
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(3) reducing the oxidized pol ysacchari de preparation with sodi um

bor ohydri de; and (4) isolating the polysaccharide preparation,
to thereby nake a LMAH conposition. 34. The nethod of claim 33,
wherein the step of depol ynerizing conprises treating the UFH with
about 0.02 to 0.04 Mnitrous acid at a pH of about 2 to 4 for about
Ito 5 hours at a tenperature of about 10 to 30 C. 35. The net hod
of claim33, wherein the step of oxidizing conprises treating the

pol ysacchar iZdeThs rpparatidnod cim21 awberein@bos P4 of the Rdivipe pidsdatoprifo 2,5-

about jag]f‘3t’d§f)‘%9“‘ﬁ@g¥e§l\,‘\ﬁ& a tenperature of about 0 to 10C 36. The

met hod arm erein the step of reducing conprises treating

t he oxi di zed pol ysacchari de preparation with about 0.5 to 2. 0% (w v)
sodi um borogr d[edlde for .abgfg% ,O.g to 1.5 hours at a pH of about 6.0 to
7.0 and a t ﬁp SPITPFaEen Ahdeim b vihsreinthe preppratiop issphaamacsntiont prspatatien.
toclaim1, for use in treating netastatic di sease, VEG--, FG--,
SDP-1 a- and/or selectin-nedi ated di sease;, inflammtory disease, an

i nfectious dftsdhaprepantieneiotlaimh evhgreine B&60%fof reodigosacohardesioftbas e

i nvol vipRg,, Angh RSRNESLR iR @ciﬁh'tbi §600'Da; 40-65% of the oligosaccharides have a

molecular weight between 3000-8000 Da, and 5-30% of the oligosaccharides have a molecular
weight > 8000 Da.

25. The preparation of claim 1 wherein the polysaccharide is produced by a process
comprising:
depolymerizing UFH to produce a depolymerized heparin; and

following depolymerization, performing a glycol split reaction on the depolymerized

heparin,

26. The preparation of claim 25, wherein the step of glycol splitting comprises:

oxidizing the depolymerized heparin with periodate; and

reducing the oxidized depolymerized heparin with sodium borohydride,

27. A use of a preparation of claim 1 for the preparation of a medicament for treating
metastatic disease, VEGF-, FGF-, SDF-1a- and/or selectin-mediated disease; inflammatory
disease, an infectious disease, an autoimmune disease, fibrosis, or a disease involving
angiogenesis in a subject.

28. The use of claim 27, wherein the preparation is administered chronically.

29. The use of claim 27, wherein the disease is a cancer.
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30. The use of claim 29, wherein the cancer is breast cancer, colon cancer, or prostate

Cancer,

31. The use of claim 29, wherein the preparation is administered in combination with

surgery, radiotherapy, a chemotherapy agent, an antibody or a tyrosine kinase inhibitor.

32. The use of claim 29, wherein the preparation is administered to the subject at dose of
5-50 mg/kg.

33. A method of manufacturing a preparation, the method comprising:

(1) depolymerizing an unfractionated heparin (UFH) with nitrous acid (HONO) to vield a
polysaccharide preparation;

(2) oxidizing the polysaccharide preparation with periodate;

(3) reducing the oxidized polysaccharide preparation with sodium borohydride; and

(4) isolating the polysaccharide preparation, to thereby make a LMWH composition.

34. The method of claim 33, wherein the step of depolymerizing comprises treating the
UFH with about 0.02 to 0.04 M nitrous acid at a pH of about 2 to 4 for about 1 to 5 hours at a
temperature of about 10 to 30 °C .

35. The method of claim 33, wherein the step of oxidizing comprises treating the
polysaccharide preparation with about 0.05 M to 0.2 M periodate for about 10 to 20 hours at a
temperature of about 0 to 10 °C.

36. The method of claim 33, wherein the step of reducing comprises treating the

oxidized polysaccharide preparation with about 0.5 to 2.0% (w/v) sodium borohydride for about
0.5 to 1.5 hours at a pH of about 6.0 to 7.0 and a temperature of about 0 to 10 °C.
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37. A preparation according to claim 1, for use in treating metastatic disease, VEGF-,
FGF-, SDF-10~ and/or selectin-inediated disease; inflammatory disease, an infectious disease, an

autoimmune disease, fibrosis, or a disease involving angiogenesis in a subject.
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