10

15

20

25

30

Pol ysacchari des derivatives with high antithronbotic
activity in plasma FI ELD OF THE | NVENTI ON The

wo pwsoid6661 field is the preparati on of sul phatBdI/EP2004/051391

pol ysaccharides with anticoagul ant antithronbotic
activity starting from pol ysaccharides with m crobia
origin. PRIOR ART Natural heparin is a polyner having
gl ycosam nogl ycani ¢ structure, with variabl e nol ecul ar
wei ghts between 3,000 and 30,000 Da, nmade up of the
sequence of repeated di saccharli de units nmade up of
uronic acid (L-iduronic or D-glucuronic) and of an

my&cﬁm_e@-%égﬁ@ae& m@ih RRjPantheemibolictivity iR plagina

bonds. Uronic a can be sul phated 1 n positioh 2 and

FIELB RMTHE MENBON acet yl ated or Nsul phated and
Ghe; SIH\}eQHFBﬁe?ist%t P %ﬁe?ﬁra@ib}fp%?agﬂllgﬁat%ﬁg g@\ﬁgccharides with

contain a sul phate gro posi 1 on

antisdaguldre s aatitbraalsstict activity ctartimg frore pblysacablaritiés with microbial

bi.nding region with high affinity to antithronbine

CR#™ 1) and to explicate the anticoagul ant and

PRIORARTOOtI ¢ activity of the polymer. Heparin is the

basi c anti coagul ant and antithronbotic agent for . .

Nesurahbaparin issa nohinerdiaving glycesamineglycanigtaiciiieg, with variable
; a

T ediial Waich? BeBLoRT™ 0B0TE 30,000 e s bf he sequence of

sepeatéy disaecharides asita gnadet ap iodluroriqueeid ¢ -ideiromic resttD-glpcuronic)

at .the sane tinme _an ccidental ,contam pation,fr .
Bhe el AL sier (O eRRamIR! b8ud 388y offirfB- 154 Pands. Uronic
deldetaped sulphdied impbsifiem2sand alucopamiRs 68 bbON-dcatylated or N-
aratio %f__rmnl ecul es_wi th an heﬂarl n-Jike
oF-

re ] .
Stinhatesh @ngs Gx-FUlRBaRH; FEINRRARS, PIUGPSaTEINes cap ¢ plg contain a

SupMabt GoBbYh BeaAsPaans pol ysaccharides having
bacterial origin and, therefore, avail able w thout

dheae isupstituias areTpesentiat &arytheegraatiomef g \pinding segiar with high
elfh®, 7, entf bRy TATHID oY, foFFPEREART ane ] anticoaguiant and
aatitheomboticacivky of thepdlymersane basic structure of the

B 60 0 e T et SSE B bermmput use
baddeveh epiddate & obbtined loylebeitten froftahiafil oRgingeenthe attempt
{0 SubMRGRINY Sopply $Ufce and, thoreiare, o salicly ‘the dreasing material
requests, eliminating at the same time any accidental contamination from infective
agents, principally virus or prions, were developed in the last years, vary
processes for the preparation of molecules with an heparin-like structure as ell as
alike characteristics, starting from N-acetylheparosans polysaccharides having
bacterial origin and, therefore, available without quantity limit.

The N.acetylheparosan polysaccharide isolated from a few natural or recombinant
K5 Escherichia Coli or from Pasteurella multocida bacterial stocks, has the same
basic structure of the natural heparin precursor made up of a repeated sequence
of D-glucuronic acid and N-acetyl glucosamine bond to each other by a 1-4 bonds.
The bond between the disaccharidic units is, on the contrary, § 1-4.

The uronic acid can be sulphated in two different positions and the glucosamine
can be N-acetylated or N-sulphated and 6-O-sulphated. Furthermore glucosamine

can contain also a sulphate group in position 3.
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The uronic acid can be sul phated in two different
positions and the glucosam ne can be N acetyl ated or

wok@slpfess ed and 6- O sul phated. Furthernore gl RCDER2UD41E51391

can contain also a sul phate group in position 3. The
N- acet yl hepar osan pol ysaccharide isolated from E. Col
K56 (Vann WF., Schm dt MA, Jann B., Jann K. (1981) in
Eur. J. Biochem 116, 359-364) was chenically nodified
as described by Lornmeau et al. in US patent n. 5,550,1
6 and by Casu et al (Carb. Re& 263-1994-271-284) or
chemcally and enzymatically in the attenpt to obtain
products endowed wi th biological activity conparable
to the one of extractive heparin. Furthernore the sem

Jyet Neagelylperaigsar palvsacaharideydselatedppynds Colit K9n(Vann W.F.,
t | ' t |

oM/ ST s Bt 1 (RRT) I P, IR e P ARE, 236364 was

a&hemically modifiedasdesdribet by Liarmieap rebab n USpateat n. 5,550,116 and

vahl abi) Lt y. andre e e er risk.associated t .
By oetet oA Res RSt 280 s iR 3R ik lioaty i
il aftérapt toosistadf picdacieadtdeiied! wigld biotagied) 2icticiey edrAparable to the
descri bed for exanple in the Italian patent NO
ene Pt gisactiyadieRaiiRe K5 pol ysaccharide is

RuAReRe&TeY kit abn@ndyhingti AhBEGsts hiIRD uddergsies 98 5 I¢rAerization

enzymatic epimerization of the glucuronic acid. ese

Pregess de slegreaspanpleaular wgight tvdrich mekes dhe pseduat Meratsuitable in
' ' id ot ' UQAT it pesrs

i Bt ingiebuldh doARafort [ eBReyaR i HrB 08 fvaiabitty
Bad rédypay the bledder pislko desdciatpd éptheirt userarst ether side feffeaisk5

| ysaccharide by neans.of .N-des tylatian .
(TS | B0 a F¥me cRAifgarions, [Bdhe ) bacigHar lysascharide are
dekérbardiopexahpie cRl - @halliha | pateADdNONT1Z0H85Y Wherd the K5
N-sul phation. The patent application WO 96/ 14425 and

Pﬁb’sﬁ%ﬁr@!ﬁ'ﬂedg n 5,958,899 describe a nethod for the
R-§&RcatyIRBd %fn? Pf?—gﬂ@hﬁ%ﬂ? R ﬁﬁdgf‘grdg‘!‘a ag}'!/ivé‘r&yﬁ?a‘ﬁb Hpimerization

hi gh content o uronic acid obtai'n
R geurgnigtacish Theae apsilephansi foliowesh by ether dransfers of enzymatic

j ] ' ' . QN ' . t han 50% of the
SPaRBf T Bahdh o8l HAS Holt e SpBRIE 0" Oprai n a
Thetpaterit apipticatioint WO9241 1508edkseyibses bprhethod foohepedrin ldasproducts

A2 or, Sl Bl W0 Kb sctsguRde By HhSand” 8 NEadScdyiation, -
sulphation and C5 enzymatic epimerization passages, followed by chemical O-
sulphation and optionally by a N-sulphation.

The patent application WO 96/14425 and the patent US n° 5,958,899 describe a
method for the preparation of K5 polysaccharide derivatives having high content of
iduronic acid obtained by N-desacetylation and N-sulphation, enzymatic
epimerization to iduronic acid of more than 50% of the glucuronic acid using
modified buffers to obtain a critical viscosity, followed by sulphation of at least
some of the free hydroxyl groups of the uronic acid and of the glucosamine
groups.

The patent application WO97/433117 and the patent US 6,162,797 describe the
preparation of K5 derivatives with high anticoagulant and antithrombotic activities
obtained by means of N-deacetylation and N-sulphation, enzymatic epimerization
of the glucoronic acid, and by O-supersulphation and N-risulphation.
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The patent application WX7/4331 7 and the patent US
6, 162, 797 descri be the preparation of K5 derivatives

wowrak/ohiegh anti coagul ant and antithronboti c acPCWEP108$£051391

obt ai ned by neans of N-deacetyl ation and N sul phati on,
enzymatic epinerization of the glucuronic acid, and by
O supersul phation and N-risul phati on. The patent
appl i cation WD 98/ 42754 and the patent US nO 6, 197, 943
and Naggi A. et al. Carbohydrate Research 336 (2001)
283-290, describe a nethodol ody for the preparation of
sul phat ed gl ycosam nogl ycans i ncl udi ng K5

pol ysaccharide derivatives having high antithronbotic
invitro activity by nmeans of solvolitic desul phation

?hesegewsammwam V\b@e&ﬁﬂ%ﬁ%ﬂ%ﬂﬁ%@@&ﬁhbﬁ 8’ 6,197,943 and Naggi
rA, Séi'd@r@ér’ EeZR@é’én%?h gg@g?b@ﬂt%ﬁb?pon oﬁgél & RABfhollogy for

02/50125 priepar at i
dhqmreaanahogl qfcamiphaﬂedi glycoseminoglycads jrudlydiag dk@ rpaliessaccharide

I{éﬂeéiklgﬁ/e? ggv@g:@gﬁa%@{lt rﬁténq%glfd:l ﬁnt i hr GVl o :@& %%a'n\sl,l ofy solvolitic
Meie!pﬁatlw of $Lméréljlpmbt§d|pﬁémr$d}§ éﬁd ?TZM&BQJO? rlsulphatlon
duroni ¢ acid

eﬁ‘es B t I O 'PBnW23 %ag(égﬁr*@gn@h Q50 Apsartbeod method of
Qﬁépé}ﬁﬁén §ﬁb§€6ééﬁ?in§gl9céh§&érﬁ}?ﬁ% ¥dm Rﬁepché%\%ﬁéndeshavmg high

characterize he”Use of % ucuroni | epl merase
@ﬂiﬁlsmgulanta atndumteth@manm@cﬂvﬁys he toresessr comprises the following

PSR, 2 AL, ' A o S5 H belagon of e
(ch@tYnie @CIEIA ROGTTIC laaided) mpetmjlpﬂwodles)mvtgl yhemical desulphation
ROt et 60 ARURARY  rcrobeRUS OB terg by the use of a
mas glucuronll epimtbrabe eRzy@hé ava tidAcaeadored, iiv BoRtios @fMindidbilized.
\Mrrrs of the enzyne havi n% hi gher act i Vi ty/ stabilit

@OV es Heckatenl anpication Y 026 mad i & ahyl. Biok: Chem, vol
iareenis ‘?ZDUﬁQ@bGQQO@?’P Hav€ 3&d ’(Effhe@@c%@&éf é‘tn'eﬁpm%se gene for

sul phat ed gl ¥cosam nogl ycans derived acet
they exrresgian of e Ch epimeprase @szyme coolainng ity ad@penala)equence at

4 REEnbif End o] bR @ 14 R offbmplet,fopms g enzyme
tavingdugter metivitylstabiblyi with ©spectdo the foemay.nat i

InFAP tion through the C5-epinerase gl ucuronil
Mﬁ@ c) partial O sul phation conbined to a parti al

Phdeprdgehatingshtiorl) réfar ttoab Prddess!! R athieOpreparation of sulphated
glycosaminoglycans derived from acetyl N-heparosane which comprises the
following steps:

a) N-deacetylation and N-sulphation of a N-acetylheparosan polysaccharide
isolated from natural or recombinant bacterial source,

b) enzymatic epimerization through the C5-epimerase glucuronil enzyme,

c) partial O-sulphation combined to a partial O-desulphation,

d) partial 6-O sulphation

e) N-risulphation

- further comprising an intermediate controlled depolymerization step carried out

alternatively after step b), c¢) or d) and wherein such process is characterized by
the fact that the partial O-sulphation in step c) is carried out using a molar ration
between the sulphating/hydroxyl agent of the N-acetylheparosan lower than or
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e) N-risulphation further conprising an internediate
control | ed depol yneri zation step carried out

w@bdoson@msé vel y after step b), c) or d) and whePE&I/RPRO4H51391

process is characterized by the fact that the parti al
O sul phation in step c) is carried out using a nol ar
rati on bel ween the sul phating/ hydroxyl agent of the

N- acetyl heparosan | ower than orequal to 5, nore
preferably lower than 2.5 or even nore preferably

| ower than .5 and that the padtial 60-sul phation in
step d) is carried out using a nolecular ratio between

baaaﬁtalsamdrbrwé@yébhﬁmerqa@m Dbr Srcchbid prEsrabRSewer than 1.5

equal to or | ower t According to a preferred

ant darlibapartial G%@ph@mrémestae@c)ugzﬁ@nﬂeém &i§ingsa molecular ratio

M SuPhafroRofl | SIN-AE| fehettsarbeglal to or lower

tear2.ed out with sul phating agents sel ected anDng

t th | SO th SO SO .
AGPang G0k Bered efbofirignl B8 ifiSrmn B Aol e gl i caried
@Dt)alﬂt@r thé eplinétization é@ﬁ hyl en-sul f one,

4- Di net hyl sul f ol ane, N, - Dlmsthillacetamd

&081 ﬁ?'ft'al:@r%ﬂﬁ*@é'onem reﬁféw | §OsHlphafi %@g%cwﬁﬁ A a@thaw'phatmg
%&Eht@'ée)’ec?@d Sﬁlbhgntnéﬁﬁbsrﬂ easdpttﬁmét gwmeem& pyridine-SO; in an

i thronbi ne Il ragnents. The invention al so
apraticr rrmlamesc&wﬁr@haraa‘eraywco@radpn@rgl yfarfermyl groups, such as
geri-ocessl)f?n%ﬂi oot 3'4”8?11 fl@hﬁ‘dl& Nhﬁurﬁgﬁ@%b&%ﬂude or N,N-

A aten use hes
dietimdadatamided dpyloaalmhemrpd:wm cmmmtsgsem dffinjbyeseledtiom step on a

40%.and prefe fro 50% to 85% very
SrfE e ogan T RE T b5 EF Te0MeBenepar i n-and by t he
TheS@slion Alsd é&o@ﬁ%u ) Qul?ﬁébed%lyébséﬁi del%s' Wﬁ(ﬂSS@BNS-epl
resi due, preferabltg sul ositions ,

e

Phiainag @cepreing: fiar t€e$0i@ed b9r0&9§%lf9h aahaﬁrﬁaa@gtweb U&ﬁ These
EF@J&Y %Pé(ycl,hagééi’éﬁkédn bgoé'éd)%ﬁlpﬁl etmguer than 40% and
rous nannit ol equ | to or | er t an 20% an

amfewabimgomnse¢>rfr@rrer50§/d tasfpﬁ%tva:uy close toitie enaliles of extractive

ace of  f 0 u n
REPEHE R bk B preRere an el IR 8afy 807 AEREIeEkChannio
ﬁé@dm qzyéfeﬁfblyﬁsmbhéﬁeﬂ mrpbsﬁbasﬂoe axal 6. rTI'I'léyaﬁméBalhm gharacterized

an that of the bjotec i cal. hepari ns ohtai ned
b Bomiplifionsiases Pt e ASoRG S50 BoSen b aBA &etfe anhydrous
Aftnnital édshi 3 o hldfheﬁﬁ‘iéﬁ/ P0Y% &tabcdr@ingtol plesrrédaspect by the
ali ke the extractive heparins.
complete absence of formyl groups on the amino sugar.
According to the invention the sulphated glycosaminoglycans show a biological
activity anti-factor Xa in plasma higher than that of the biotechnological heparins
obtained according to prior art methods and a ratio between antiXa and anti lla
activity equal to or higher than 1, alike the exiractive heparins.
The products obtainable according to the process of the invention:
a) are able to release a tissue factor inhibitor (TFPI) from the cells of the vascular
endothelium just like the extractive heparins or even more,
b) are particularly resistant to degradation with hydrolythic enzyme such
heparinase |,
¢) are able to inhibit thrombin and Xa factor protease release,

d) show a low affinity for the PF4 factor (platelet factor 4).



10

15

20

25

30

The products obtainable according to the process of
the invention: a) are able to release a tissue factor

WO pdosioi4e66 (TFPI) fromthe cells of the vascul BET/EP2004/051391

endot hel ium just like the extractive heparins or even
nore, b) are particularly resistant t degradation wth
hydr ol yt hi c enzyne such heparinase , c) are able to
inhibit thronbin and Xa factor protease rel ease, d)
show a low affinity for the PF4 factor (platelet
factor 4).According to a furtlger aspect, the invention
refers to biotechnol ogi cal heparins (nodified N acetyl

RRBFRATH RS )a Fi}?fh%k %%E e&C HY %\Rﬁ.tlbﬁ rbfé?s l% sieehmflodiB® heparins

i nvention for therapeutic use and

dmadified dNraretyl Igemmu) pbtamobmqwdlgg ﬁfg tmmwcpmgmegnventlon

r i_ple s .
T et B, ofe BRARhABaR CotbiciforSBiTprising such
froodudbe ap lraetlm ptinciplesf Adcmrgmgvtotmfta’ﬂtertdspeoﬂmeimveden regards
'@Ptlcoa ant ctivities,

QYSP A i p[ﬂdjugf pbtgmeﬁgfepy ecpmr%qﬂq g,ré:ggdgm antithrombotic

R é‘fﬂi&aag@aﬁtnﬁeﬁawn-nkl@ea&maar fiiritR8 pﬁépéfaﬂm afpRdfbrihelytic and
t he prophyl axi s 'and the treatnment of thronbo-enbol ytic

@ndrrageegant anedigamentso ape nior atheopreparatiane @f m%%cwents for the

FOHERETHRE the irefimast B inRRREpmBLICL HRKfRrs Cfaused by

a:ndgatﬁ’@’sﬁtmqﬂlredﬂack mftantnlivdrr@ireslllcarryl ng the amﬂ n| c

he.a ee era fI0
7o e oot o R. FireBlion, Rheefisctids il of Chsupnated,
IKEDSNdgle %MMSGOSNI—E%mIIrﬁQmadla’@B oefryNgstHemmlmﬂc group of
nd/ or N acet y#%ed rosan dFI‘IV i ves.
Hscain Guoe s 9, oML JOETYI, areungviagrein such
ik8rrAc@aRE el be i§8!af&!j ahd LB&d Relthe fb@éﬁh’%é!l&?oﬁﬁ-sulphated and/ or
Nsul phat e- epi merised as described in exanple 1. Fig.

N-geriyiatashhoparpsast darvatiy@®duct obt ai ned in exanple 1.
'Béscﬁﬁgéﬂt':épl’ﬁ.? DIRINGS Product obtained in

spectrum C- NVR of the product
d:'-hg a1 rspelctrum e&hNMl%oB thdiaponmericpe ragiomoCinv/Rotybactiaride K5 N-

SRAE S IR Fenid. o 75 TS
CFRMR spécirii "HENRBRCG thé prodiuetiobtairddnieixample 1.
Fig. 3 spectrum "H-NMR of the product obtained in example 2.
Fig. 4 spectrum ™C-NMR of the product obtained in example 3.
Fig. 5 spectrum ®C-NMR of the product obtained in example 4.
Fig. 6 spectrum "*C-NMR of the product obtained in example 5.
Fig. 7 spectrum "*C-NMR of the product obtained in example 6.
Fig. 8 spectrum ™C-NMR of the product obtained in example 7.
Fig. 9 spectrum *C-NMR of the product obtained in example 8.
Fig. 10 spectrum "*C-NMR of the product obtained in example 9.
Fig. 11 spectrum ™C-NMR of the product obtained in example 10.
Fig. 12 spectrum "*C-NMR of the product obtained in example 11.
Fig. 13 spectrum ®C-NMR of the product obtained in example 12.
Fig. 14 spectrum "*C-NMR of the product obtained in example 13.
Fig. 15 spectrum "*C-NMR of the product obtained in example 14.
Fig. 16 spectrum "*C-NMR of the product obtained in example 15.
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Fig. 8 spectrum CNWR of the product obtained in
exanple 7. Fig. 9 spectrum G NMWR of the product

wobitalonsss i n exanpl e 8. Fig. spectrum C NVR of PCTIEP2004/051391

product obtained in exanple 9. Fig. 1 spectrum C NWVR
of the product obtained in exanple 10. Fig. 12
spectrum C-NVR of the product obtained in exanple .
Fig. 13 spectrum C-NWR of the product obtained in
exanpl e 12. Fig. 14 spectrum C NWVR of the product
obtained in exanple 13. Fig. $pectrum G NWR of the
product obtained in exanple 14. Fig. 16 spectrum C NWVR

OFid. N speeriA! ™ QINMR M thd proBiéraltSindd iTbRampiee®. r um
C-NWR of the product obtained in exanple 16. Fig

s pige | BeReriramRbNMReofihe atrducspblainrsdniexampiardB.e 18.
CBEMAIEEDRRESERIEFHEN OF THE YRR According to a

mai n aspect, e Invention is related to a process for
t Aecgrdimgatata anaiaf aspeqghh étee dnvgnfion ssnrelaigdy ttares process for the

derived. fro cetyl heparosan and called for the
obrapsCaogy Of sHlpRprk ADEBrATRBRYPaL, (B digm N-Boetyiheparosan
Har@cansd forvihe PugeBIdfaeis ihlhtibh| FBivtateinslogieal Haparins”, which
N- deacetyl ati on and N-sul phation of a

NCRRBTigas g Jplowing plePssacchari de isol ated from a

na{ u j er i@l 4S ' :
03] eoRonef s A L |, oM S S50 B ccnorc
par tisalated o @haaticah oc tacombintnt bapterial source,

Y eVt e ALY £ h Pl SeblniSipll ehht. "
go)rp?érﬁals(_)au:prmtiem cehbated teipertliatbb-de?mphz?ﬂoadf t t

0 r ion.carried out alternative after ste
bﬁ)od?grg;' b‘ﬁﬁ?'e e W{@'?%H‘?’ said process i g P
CEpI RGiselghagenby the fact the O sul phations are

partial, wherein in step c) this is achieved using a
nwharein athiso Presasseflirhics eoMprsRS @9 dgjermediate Step of controlled

] r i twl ;
A ALRANY Sl R 4R LRI Ao 1181 o, o) prd wherein
| eaid proc¢ess is chawmgtarized by, tbe dact they Esuiphatiqnsedre ipabiial, wherein in

| U5 80 L B f B M B S B ana e

ssulstie hgdlylagroaps biepimentgdaN+aeetyl hepatosaheloneenharher equal
to 5, more preferably lower than or equal to 2,5 or, even more preferably, lower
than or equal to 1.5 and a sulphation time lower than 10 hours. A partial 60-
sulphation according to step d) is obtained by using a molar ratio between the
sulphating agent and the hydroxyl groups of the substrate (epimerised heparosan
N-acetyl) lower than or equal to 2, or more preferably lower than or equal to 1,5
and sulphation time lower than 2 hours or, even more preferably lower than or
equal to 90 minutes, or, even more preferably, lower than or equal to 60 minutes
at a temperature comprised between 4°C and 30°C, preferably between 10°C and
25°C.

The partial O-sulphation according to step ¢) and the partial 60-sulphation
according to step d) are carried out with known sulphating agents in an aprotic
polar solvent preferably non-donor of formyl groups, more preferably selected

from: N,N, dialkylacetamide (more preferably N,N,-Dimethylacetamide or N,N,
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sul phati ng agent and the hydroxyl groups of the
substrate (epinerised heparosan N-acetyl) |ower than

w@eoosquabe to 2, or nore preferably | ower than PCT/EPRoad/051391

to ,5 and sul phation tinme |ower than 2 hours or, even
nore preferably |ower than or equal to 90 m nutes, or,
even nore preferably, |ower than or equal to 60

m nutes at a tenperature conprised between 4 and 30,
preferably between C and 25 C. The parti al

O sul phation according to steff ¢c) and the parti al

60- sul phation according to step d) are carried out

vvdtdmy{maMmhid)phﬁﬂl 8diphgians s (preferdbl P tdtantetR@bAisulfone or 2,4-
ef erably non-donor of fornyl groups, nore

p QPE{P‘X@% olaBelcted from N N dial kyl acet armi de (nore

PTaE Qisabbiy afl digarit Byt ﬁéﬁto%'ﬁbg%fq mil grou 58 combined to partial

N, di et hyl acet am de) and sul phol ans (prefera
t Sulphaiamgenditions Ieadstagprodyats charastdnzed byt tbe zlmzk) of fotmeyl groups

f. f
Sap el B INGH 9Lk 988 A, £ gt o rovos
psurdiactcsthermream:ﬂemtnazm bgparine. | ack of formyl groups or
e.an

LREHr G oo e hribs ifRalioe” chRlre it aéSainerzatioprs carried
eyt & bh iitehApdiaieSiep AURIRH thétths! SltdrRStivRIP SRS Sstep bl) fkf) or d) and
i nvention, controlled de oI%/rrerl zation i's carried

aBotiA 4 final Phage ap deserhnd inrhe Rrinearsit & prefarablycared out on the
a&blﬁ{erﬁbém Qﬁlph&t)e I%pa?ésaﬂ%l*ﬁ%ch&lcféf Béfﬁg% orpgl?eﬁ'est 5,) of partial

describ prior art erably carr
o@tSl{bFPhatlﬁ’@ dpsanche QémleN-MIbMphy&daépmthmmnlncludmg a gamma rays

pﬂbéﬁﬁ‘ﬂ%ﬁ‘f A qu:%ten‘ﬁéé? Fr?et%das?l:{nﬁ@gm?% BB%) 970 g‘%atgqtétﬁgphwgg nitrous
i acit UIl'I iteg salltsg] gmaatreatymrit vt p@ﬂ?d@rstahy c{r‘@ I‘I’fteﬁa'bdltcals treatment.
nt w nitrous
ROl S Bierettbashact. E8 HRalmer eO RaaMbis wiTous pgd and the
opolpsdochgridéds amed i @k ittty eﬁﬁﬁﬁrs@unﬁoﬁpﬁtooﬂeb eﬂhgeé’alt/g of

awﬁect t he depol ynerising agent is nitrous acid

§%\%hﬂ?q ErRactign ﬂﬁse@mrmesi @ﬁ@ﬁQmpgra@uﬁmmtsed from 4 to
fw@ bR né%?er%bga'cbﬁﬂouéﬁj o Méﬁ&é‘cib%r is d@afn; idd® E?&CI%E%Qhan 30

IS perfor eratur nprise
mt@r @f’réem?enmftsadﬁmnamtme ymrdrlt satErmlmatezd oyaaddiad a molar

Yoehlr beghybhaLsgf] nar 25 |1 Lhe, Presence of sodlum
dhe bmte:rmerdliatd edepslymerizatiod aNéws nediobtain a low molecular weight
tion allows to obtain a | ow nol ecul ar

Rgpdglﬁ prefera Qh a molecular weight lower than or equal to 15000 Da, more
preferably comprised from 3000 to 90000 Da, carrying an anhydromannitol residue
at the reducing end which shows, besides the hydroxyl sulphation in position 6,
like in the extractive heparins, the hydroxyls sulphation in position 1 and 3.
However the process is compatible also with a further depolymerization carried out
at the end of the process. It has been observed that, when the depolymerization is
carried out in an intermediate phase, the final products have anticoagulant and
antithrombotic activity and a ratio between antiXa and anti lia, unexpectedly higher
than those found in products with the same molecular weight but obtained after a
depolymerization performed after sulphation/desulphation and 60-sulphation
steps, as demonstrated by the data shown in table 1.
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product, preferably with a nol ecul ar wei ght | ower than
or equal to 15000 Da, nore preferably conprised from

wWR2®8/0148500000 Da, carrying an anhydromanni t ol PCEBPIIO€051391

at the reducing end which shows, besides the hydroxyl
sul phation in position 6, like in the extractive
heparins, the hydroxyls sul phation in position 1 and
3. However the process is conpatible also with a
further depol ynerization carried out at the end of the
process. t has been observed tgat, when the

depol ynerization is carried out in an internediate

MwreRling 18 &i pferPéP Pi6éesshanBodiidrit O e/ Q{P-Tacéﬂﬂ olysaccharide
antithronbotic activity and a ratio bet ween anti Xa ‘and

deparasan ig peslprablycdrrivetifighe E.€0laiRS+ hose found i n
r{égp?fﬁgés&‘é%%{‘fy’rn@rglr grggﬁgn peﬂﬁbﬁ{%%@ %htal BHAsEBF & ihent of the

spnd:qmtzhs msdlhtags lfrbph atapsnalaald coasisling iratinoaffinityeplsronedography on

denﬁ_g? bif jﬂ ﬁbg%%%%a' ﬂﬂ%é‘%_e g fgé%r&to

WHéé@éiﬁbﬁdin @md mmrmﬂan iafe RaATeRN 6l dcolrdiny a8 gricPrart methods
E.caoli K5. The process can _further and optionally

VUi FaBPHSS AR alka&na@yd@ysww&rﬁm Bl tanreraiuse Gemprised from
o5l dor69p Fe"f@:‘éblti/ti?&ﬁ 4D toP? CCbe%hﬁérioﬂ%f'tl%@{?omgnsed between 10

affinity-chroma raphy on antit mbi ne
dnda3a Msl prerfereblydmetween rER®dL2Q hoursy Bllowed dy-@ Featment, for a

Yoo B3 S, DDA Y6 5o, ifroy e
aulphiotrivxideyid rsodivsn sagpenbier nred at a terrperature
T BbRtizgtiont i slre Bhiipriate puttvith Bacnabalogr decombining
RSuesRiC S ePFhﬁé!I@@é effyme 9réf@|*é'b§le infa@l ihf&slliZRd @rm.

treatrrent or atime of up to 12 hours at_ 20-65
Jdirerenzyeg lgmpf,eﬁ@bl&y@][ecomb@}a@t gpedescribed in W098/48006 or even

PYGred! F@él‘é{%%é' 8L dg %dﬁbé&dln“rﬂ§aﬁ%2e0%6-r hﬁnd is preferably

eplmS|zat| |nsep I'sS carried
exprasaed and mexified ifiorm insgtiucalls oniflomCgeagiisiraingssuchrasyioe example

SPEpEBRIWet n el BB biE T8 MeenP i Tk Niphdn 4 aptygrorena

Sacehaomyees ppefbeabl Kidyveromieeslesdaotibed KluyWeromices  lactis,
1}ﬁ(f9/ 732,026 ang?, is preferably expressed and purified
WWAveroraices f@glifs or from yeast strains such as for

q’hé@iz?m@ﬂﬁﬁk@d‘lilﬂat’@ﬁ% ﬁ%r@abwloamed%lﬁwﬁemf@nm Bepharose 4B
Hansenul a pol ynorpha, Saccharonyces po

KPosgmacia)i e solymatiacrylia oy \nolyshireais neﬁm | with epoxidic groups or
L\ GrERE S&8RaldPRith (NBr, in buffer NaHCO3 100-300 mM or in phoshate

buffer 10-50 mM at pH 7.0-8.3, more preferably at pH 7.2-7.8, at a temperature of
4-25° for 12-72 hours.

According to a more preferred aspect, the epimerization reaction occurs at a
temperature not higher than 35°C, preferably at a temperature comprised from 15
to 30°C, more preferably comprised from 20 to 25°C.

The epimerization is perforfned according to known methods, such as the ones
described in WO 01/72848, preferably at a temperature not higher than 35°C,
more preferably between 15 and 30°C, or even more preferably between 20°C and
25°C.
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The enzyne inmobilization is preferably carried out on
resins CNBr Sepharose 4B (Pharnacia) or

w@eiogneteh@cr yl i ¢ or polystyrenic resins, wth BPEDEPIINQ051391

groups or diolic groups activated with CNBr, in buffer
NaHCO3 100-300 M or in phoshate buffer 10-50 mM at p
7.0-8.3, nore preferably at p 7.2-7.8, at a
tenperature of 4-25 for 12-72 hours. According to a
nore preferred aspect, the epinerization reaction
occurs at a tenperature not hpgher than 35 C
preferably at a tenperature conprised from15 to 30 C,

TREe pirRérAbhY baRaP'| bsﬁébgéfaag(lyo?é) LEPES %ohﬁlaﬁ %)referably in

epimerization is perfor rding to known net
§ga¢erﬁ@tlpn e2prmoi) dewith i ii compriged 1bainees, 55-&0e rrmﬂeypreferably

HenfedreARCBAA aﬂ8tfugbg|ﬂ8 mé{ekae%rtgg dgﬁ%t&la{t’éo‘%ﬁ& g%%ﬁlphated

@oﬂlsaﬁcr@rﬂbﬁ E«m‘mﬂ 0L niMprefidrbbly 15-2pr mMaertDbé (a:r alternatively

\ﬁa %%BS o iy @'S}p@Zf erabl %%n@%n%ﬂrﬂgr e&'? ,g||51, concentration

Rekprsed Phétfvedn ﬁoOan@nQo.m tnhgdh m@@bréfe.%btmetween 75-100 mM.
N-deacetyl ated and N-sul hat ed pol ysacchari'de, EDTA

Thezelytion ip taersiomated ﬁaztsmmatmomaﬂs% betwagn; 18 gnd 30° C
me?%?aﬂg SR C? ﬂl@l‘é?&ﬁl 9@6 c%?ﬁgisg%\nﬁaf 5@ E?gllﬂ\%]r for a time

concent’rat| on rised between
rbeMeem‘t eng QéfMITymemullme nomBinsDefeably ions d2ut 1@o 3 x 10"

i SR of TS od PR B Mgt PR B Mhartiiet BERR0

fﬂhevnb@ﬁ/e Yefindd opbrdiiod rcondlitions} in paridakirwee présetouted® temperature,
ho The col umm ggft ai ns E(rye{ erabl

iize DR PRTEER Ca SIS Y IHEBY (Mke AIPAD Gy femarkable
'sﬁﬁﬁb of DRl IR GHitRe rééﬁé?l@s” for thEsre Bﬁi%n‘iﬁfthé‘éﬁmenzatlon column.

operati ve conditions, particul ar the presel ected

{TeaprartialPesulphation inz ﬁwet ﬁ@C@§$ Blease) s pereymad byrusing known
%U@Hﬁw Hgé’r%ssucﬁlé af]nelﬁg 5, ?ﬁ#&hﬁ%ﬁlﬁ?—ﬁ?m VA&ne-SO;3 in

reagents prepa
api aprotic polay rsahtﬂrﬂ,nprefé’t’ablypmrt—dahor@fsfdnrmlyhg'rcmpsi it ishperformed

BaPECa i Shuk ebied ke ThPabil bl HAYY subsots nycrosy

rgmup%t lbwbamarifoﬁéh@alﬁws ot ﬁl@féﬁ@blyﬂow&r mrobr éqmmltarz 5 or more
sol vent, preferab %fonon donor gf for

DERTE DL IEE g 3. Solosrs Peathoh mesesial e & [PRs tha, 10 hours,
W@tpré‘fﬁgaﬂlﬁéqﬁé'lbl%tdrqbﬁrér méﬁr@mibrsg b%*@?aﬂlf&@rhpﬁ%fr@h 110 6

equal to 5 or preferably | ower than or equal

mouks at a temperature from 20 fo 70°C, preferably from 30 t060°C

The partial O-sulphation is followed by a partial desulphation performed by
{reatment with a desulphating agent such as DMSO in methanol, for a period of
time comprised from 10 to 240 minutes at a temperature comprised from 45 to
90°C.

Each process step can also comprise precipitations and/or intermediate
polysaccharide desalifications according to known methods.

The partial 60-sulphation (step d) is obtained by adding a sulphating agent in
molar ratio with the substrate hydroxyl groups equal to or lower than 2 or
preferably lower than 1,5 for a period of time equal to or lower than 2 hours, or
preferably equal to or lower than 90 minutes, even more preferably between 4°C

and 30°C, preferably 10°C and 25°C in solution with an aprotic polar solvent,
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preferably lower than 1,5, for a period of tinme equa
to or lower than 10 hours, nore preferably equal to or

wo oweni4eb@n 8 hours, preferably conprised fronPdI/EP2064/051391

hours at a tenperature from20 to 70 C, preferably
from30 to60C. The partial O sul phation is followed by
a partial desul phation perforned by treatnent with a
desul phati ng agent such as DMSO in methanol, for a
period of time conprised from10 to 240 m nutes at a
tenperature conprised from45{go 90C. Each process
step can al so conprise precipitations and/ or

'd?éf%FéH?)ﬂ hah ‘aoﬁe,l a%ﬁﬁpp@bdss %i%kdnﬁ ¢@kih cauérr%ﬁﬁe réi‘hﬁtﬂjlment of
known nethods. The partial 60-su aghatl on (step d

.tI@e ompaessedthby padigi riPO-sulphiafient (siep aljelst ppromagdr after the N-
Bliehaltod dnd S5 13U Bro btictived Hiaht ierkphhack.) 21

dhetN-mieulphaﬁdm (scbep)e) isq)mferaﬁlgapeﬂodnmdm caovonate baffabibyyadding a
ua | oner .t ha nut es,
7, SHlPPtsL S 300 2810 Gxemele SEVaBTge-$ G Limptademine-
Go §mﬂ,né43@13 with an aprotic polar solvent, preferably
non donor of fornmyl groups. According to an i
an t eeneisione ’@\%@m%ﬁt obfihe h'évmtblfbéowﬁhg‘epé‘i"{‘?“ﬂﬂg innovative

%rﬁé‘ﬁtghﬁéd@rb-(sﬁgﬁgtlgﬁ éﬂ)% geﬁ R 60- Eﬁ?Péﬁ@ad?%oIgHerizaﬁon

Nrisul phation an are perfor
ipevformed iroani eﬂermzmbat&andsmatm fmi step epdurthermore, a partial O-

R A8 e BoOCTRHafoh FRERRAGH © B L Gl Bl Befic sonent

tpréfetadlyamm-deﬁ@sihf fctrmwrgtdupbam ne- SO, pyridine-SO .
clu t he srocess of the vent on sho fttﬂl
tc? e invention

118 SracRly PRREPSENG cogy e LtaipgR o ¢
(Predet RAra@eristiedshGctird RRAt bie 1caquﬂFPér!§ﬁ€éé min ®8spect to the

perfornmed in an internmedi ate and not as a final step

Mechﬂﬂlqg'@ﬁ' hgparinsobiainedaccorlingieavelbinew pdor art processes.
+©t£%h%ﬁ'e Eécg @llr mﬁ%\k 'ﬁréé‘ R@Qé&}%h%{lﬁ@é Gf tl'fgéﬁ @Qé'r'ltfbnﬁre defined as

I‘&aob'sgd:chaepm;r olsmnermerremaserwted b tthe rfewbwlngngemm'al formula (1)

process of the invention present characteristic

structure and biol qgical differences with rgspect to

t he bi ot echnol ogi cal K&parins obt ai’H¥® accorlding to

wel | -known prior art progesses. Fram g chemjcal point

of view the pol ysaqc s op_the¢/invention, are

defined as a polyss i besent ed by

the foll ow ng gener

Formula (I)

where n ranges from 3 to 150, R1 can be a hydrogen, a group SO3 or an acetyl
group. R1 does not present other functional groups such as formyl groups. R2, R3,
R4 and R5 can be hydrogen or a SO3- group where preferably R1, R2, R3, R4, R5
are substituted as follows:
- R1 from 85 to 97% with SO3" groups and/or from 3% to 15% of acetyl
groups and/or from 0 to 12% of H*
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COO" OR4 Formula (1) where n ranges from3 to 150, R1
can be a hydrogen, a group SO3 or an acetyl group. Rl

walo®s/onete present ot her functional groups suchPEEEP2004/051391

fornyl groups. R2 R3, R4 and R5 can be hydrogen or a
SO3- group where preferably R, R2, R3, R4, R5 are

substituted as follows: - RL from85 to 97% w th SO3"
groups and/or from3%to 15% of acetyl groups and/or
fromO to %of HRZ fromto 60%wth SC3 R3 with SC3"
groups to at least a 40% prefigrably from50%to 85%
at | east 20% of the glucuronic acid units are non

sul phat eqR2 o0 thig0Is whth Stgt RS. n particul ar the
depol yneri sed polgsaccharl des according to the process

of the- i & NMithd¥03 groupsito atieast ar4lfacpreterakly fiom 6¢%te 85%
anhydr omgp f}lalnats‘c)bo‘/ Sf'tﬂé'%nlw.u“%g ledoﬁlﬁtsrg)n[e%o‘ﬁf uibﬂd?@@ riegosmons
en the depoly nis

hydroxyl 'S occurs Zat

carri ed &4 ancRpresence of nitrous acid or its
derivatives, such as the sodiumnitrite, foll owed by
the bor ohydri de sodiumtreatnent, to obtain the

G0 Rtk tﬁ@%pélfﬁﬁbﬂs@d%ﬂﬂﬁéﬂch@%é@ga&dr@ﬁg ubethel ;irbcess of the
Formula (I1) coo S wher e R3 can

W@@nsm& &t dreir reglusing @ﬁfﬁrpl%ﬁ@ra;mygrqm@}@tol resuqbgp with one

roqé]gfosreforfg Aatle hggr/dx? S&B" - R from100%o SB - R3
fromO to /oo 3" 'Preferably RL and R3 conpri se

fiihisocRys tnldmea;'d% depgyBerizatibnHe carred aul i pissenceoBnilioas acid or
%eé&{ aﬁgﬁg rsqﬂ’“c% ﬂ?@t( %oﬁ’&?ﬁq%i’cmet, t]’olff‘owrfeod %g/utlhgrb%h%ﬁde sodium

["ower
treatment, to obtain the compounds according to the following structure (II)

Formula (ll)

CH,OR3

00"
. Q oo ‘
H,R1

where R1, R2, R3 can be hydrogen ora SO3 group and preferably where :
R1 ranges from 0 to 100% of SO3"
- R2 from 0 t0 100% of SO3"
- R3 from 0 to 100% of SO3"
Preferably R1 and R3 comprise from 20% to 85% of SO3  and R2 from 15 to 60%
of SO3"

The preferred products are those with a molecular weight lower than or equal to

Q

156000 Da, or preferably comprised from 1500 and 15000 Da, even more
preferably from 3000 to 9000Da.

The products obtained according to the invention are different from a structural
point of view as compared to the products of the prior art, because of the presence
of multiple signals in the *C NMR spectrum region comprised from ppm 79 to 89,
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15000 Da, or preferably conprised from 1500 and 15000
Da, even nore preferably from 3000 to 9000Da. The

w@e@doctess obt ai ned according to the invention BCEEP2004/051391

different froma structural point of view as conpared
to the products of the prior art, because of the
presence of nmultiple signals in the C NMR spectrum
region conprised fromppm79 to 89,in particular from
80 to 86 ppm which are in excess with respect to the
characteristic signals of thelanhydromannitol (see
figure which shows the C NVWR spectrum at high

e spdrticulan fim t4TE 16286 Spriy MRREIE thrk Nine 6REE with Adpect to the
ggl ch inpdicate the presence of anhydromannit ol

ArasiRrsic Sianamet e anfysremanniigl (e fiaweniQinbiop haws the °C
mRtép%gtr&maé}%(i]@anésadﬁe o‘F‘B‘ueegé’rhgre Oq}ﬁpﬁ%'dl iR'3AMpIeS9) and which

prepared accor g to the proces nvent I on
vedicatarihe wresensdioftanhydrootanmitol variousty, siiphated in particular on the

icularl .t h bt ai med di h .
PRIk Po¥isbd SR 161y Bl e R Cona Ok ofhared pocording
&d tHehprobysls obdiib snvientipn Withiadrnfermtdiale dapdlysieazatival t ol

se of the signal in the region

Hord o prvoiey i ooidls QePedcascoroipadhe; uanton protess are

diffcRbiie BcvatSe | Bf AshipEARh a&f PRB Wyd?&lyié“ ﬁpﬁkfsftiéﬁ‘ G of the
NVR The difference Is showed by conparing the
apbydromangitol asyshawgctby thesipeiegse @f the sigeal in the region at ppm 67-

I ' ; ' in. .
B 3060 B B SRl SR 0B o B g
apedesnF?CbWR.n exanpl e 8). These differences are nore
THe iliratte BoSuhlay | Sriealiin he Secbim A3ePied L fedfesponding
Tothentsigszchaddderoansédas desotedan exBmpfe! $oYdhd thd - shown in

he in characteristic of these regions derive from
hiarer, (PolPatsharige mrodisedian daseribed i exerpaie BT bese diferences

Bk riord | evid et P By Thedmie oft W-@Trﬁé‘ﬂ?é?&?él Nmrha r@iﬁ§ fo the method

formed at the reducing extremty of the polysacChari
des¢rikgddafeusipi pizak iSemingusdn Thipmbosiscand Hedmostasis, vol 27, 5,

I sul phation step and in particular by the
Qz%%?gt?@ﬁ'of the hydroxils in position 1 and 6. A

The tnhain ohaeacteristic iof theseategidms derivd frdrs tied pattiel or total sulphation
SRR oS TEG e 8 MRS BoRa B Sr i t e
reduelnigexirerhite R e e dfysatehafideodtririd idepslyaieri-Afon, when this is
85%28 ncgu’cabloelfl)‘ckrlec‘:zilwgaI sour?p))hal\tisont st]cgp %Elsdeirr]lcgar(t)ifzulgp %y the sulphation of the
hydroxils in position 1 and 6.

A further characteristic of the products of the invention with respect to the products
and procedure of the prior art (such as i.e. the ones showed in the experimental
example 6 and 7 comparative of the present application) is the absence of the
signals at 7-9.5 ppm in the spectrum 'H NMR and at 51 and 165 ppm in the
spectrum ®C NMR which indicates the absence of chemicals groups different from
a free aminic group or from an acetyl group or from the sulphate group on the
glucosamine in all the products derived with low and high molecular weight.

On the contrary these signals are usually present in products derived from
processes wherein sulphation of N-acetyl heparosan is performed in organic

solvents donors of formyl groups such as N,N, dialkyl formamides.
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signals at 7-9.5 ppmin the spectrumH NVR and at 51
and 165 ppmin the spectrum C NVMR which indicates the

wabwsncwsof chem cal s groups different from a PCEEP2004/051391

am nic group or froman acetyl group or fromthe

sul phate group on the glucosamne in all the products
derived with | ow and hi gh nol ecul ar weight. On the
contrary these signals are usually present in products
derived from processes wherein sul phation of N acetyl
heparosan is performed in orgthic solvents donors of
fornyl groups such as N N dial kyl formam des. Sul phat ed

lﬁﬁ}%%éu“gly&i AbBY | gsdindac aest L& LhisS ti h
fgnventl on shgé/ an a%ngoglgui ant actrlm\i/hlgt)flb r@gsll?ygg IoansS ow an

anticoagaant rackvity measueashae aoti-fatias Ka, inhprgsence phplasma, higher

%arpih%tt of wb&%&ﬁé'ﬁ%t i grlﬂ§|\$g)kl) lﬁé@%%c@#érgf &g&o@? modification

hodi ficati o reover
m&tthodsb doveeveratiayXéhoanal ratiot bethMaen @ntiXa tapdemtidla adivily equal to

hi gher {han ver, si ilar to,.th ne .of extractive
e B e, yae SRURLIE hRlonk o epfadle et o) o

flﬁiééﬂibuléﬁtHefﬁé\@deUuﬂs%Hdwlty hl gher than 501 U ny,

nor e preferably hi gher than 70 |ntests carri

ed
out i A) t Be BG‘Q§8§§:€‘W"‘%|¢&H‘"W B'ﬁﬁﬁ" thae SAR/ mgxenore preferably

g;h%Prthé}FZ'b\{Uy g liry g&f@%@#&@'ﬁ%ﬁg@g@& gg%se?lésgaz | ﬁlabﬁha. The

Bofi ofe factdhactivity d¢p pedfarabhomeadsdreddas idescribedt ineTen Cate H et al.
i I ' i ol oai cal LY ] . v

i Ee M oD oBE Br M BuBBEAR prBfinkioceia fiagy 3 edition. I

lﬂwpresreaco rof hlamsrnia \hit oiplogioal an:ttvutp ngm%l?gghlei than that of

Didlserolaetcst NEBal o IRERGHGer Wil QRO Ara profesSes. g [sgmitar to the
oA Atadsuréy for M@pm&’é e)(tﬂé\c‘ﬁ%' w.tﬁaﬁgwar IBa MBRtulaR Mekjht,or

described in Bronze . Blood 71, 335-343,
1988) bbqaalaﬁwamrgwapa@tyaﬁf thﬁaﬂ' FBi (Eisswe dracies Pathway Inhibitor,

ABE&{HeMSin BronZe r@j 'JP eP L\é@S&A §§4%nt1'98§538ﬂ%al or higher than

activities equal at conpa
iﬂlﬂt@éekmawel@pann%re pr ef erabl y the ratio is higher

than 1.5, d t h i di i
caoal Sr niiRoRaR G Relid T HAPASE GURTH Ihey than 1 at
cempardble hroldoulEriwdi hthMotéIpmférbblyahd raftio katgiesr than 1.5,

rotease release, f) |ow aff for the PF4, factor
Pt al op (TRsplnca, brhePasRRs dt URSIER Py ot gRst than that of

xpaRiNeHephAhs endot hel i al cells enhance the
e) capacity to inhibit the thrombin and Xa factor protease release,
f) low affinity for the PF4 factor (platelet factor 4)

The activation ability of TFPI from vascular endothelial cells enhance the
antithrombotic and antinflammatory activity of these products and extends and
improves the therapeutic indications to deep venous thrombosis in chirurgical
procedures, ischemic complications of the unstable angina and to myocardial
heart attack and to ischemic events.

The ability to inhibit the protease production, combined to the increased TFPI
production, allows the further extension of the therapeutic indications of these

products to the treatment of sepsis and of its complications such as the
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antithronbotic and antinflammatory activity of these
products and extends and i nproves the therapeutic

WO padsoates®©ONs t o deep venous thronbosis in chi reegERBD4/051391

procedures, ischem c conplications of the unstable
angi na and to myocardi al heart attack and to ischemc
events. The ability to inhibit the protease
production, conbined to the increased TFPlI production,
all ows the further extension of the therapeutic

i ndi cati ons of these productsi4o the treatnent of
sepsis and of its conplications such as

8 hHeREd NAk: &F%écgl i Zéé)?gﬁl‘é'tléﬁ (@‘i@g What foOthel %@né’?‘ﬂ bt @seases

t he treat ment s caused by congenita
saysed b)dcormﬂnlfaf oagquined darlki of @ntithrombine let er mi nat i on

ﬁ'&\gt%?% 1 tde %f tﬁﬁ g-gr \ﬁiyeénrff%ﬁf flag{otégﬁ‘tfaf thHE\frE&vﬁW tﬁg products of

ithe trevention 1 éérhed out fdlliNEence in Vltmcom HUWVIBCtaozll$ laecording to the

rocess, descrj.bed in Et Thr onb

oS lasp Last nSsaV 9. Eumobrom, Heemesaye Bi58139341099).
Ol \Wabdgp ﬁéﬁaﬁb@&d a66RIIYESJ obRiddiE AdBoRdlhg O  the |nvent|on
(bi ot echnol ogl cal heparins) are particularly resistan

blotwgn@eapa heRaring) ﬁwpmw?ldy edeisjpiios degradatiomwitn hydrolytic
t
poggtﬁgggfi?n atsgﬁ%g\{ag %“e Ieﬁ'hﬁ dHa &Qﬁtﬁqg?%r ogﬁ@??&e possibility

ecul ar vl
tth @btany law mdlécularcwelghb praduetsbihehbyiitisalb unoreqseartbe bioavailability

TG GRESEsge e EoBRAdle ik ARsrl 1B, Py fhe ARY "8 Conateral

I@ﬁf‘e@l@w\lﬁﬁ r&@@h&o hﬁg]ﬁhhdh@culér&gé‘@hﬁheparﬁri’s ao mbr Math a high Xa
anti-factor . activi wsul

d
Fisaeot ael aoe Wit Sty Sviphaforsd wre@ngﬁw {Ush agf only for
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The products obtained according to the process of the invention are furthermore

endowed with a low affinity for the PF4 factor (Platclet Factor 4) that can be
measured in plasma as residual anti-Xa activity after adding addition of a fixed
quantity of PF4 factor in the solution containing the biotechnological heparins.

The residual anti Xa activity calculated as percentage with respect the initial
activity is higher than the one obtained with extractive heparins or with extractive
heparins with low molecular weight which indicates a lower affinity for PF4.

This lower binding affinity improves the clinical profile of the products obtained
according to the invention as it decreases the risk of thrombocytopenia onset
induced from heparin (HIT). Even if the preferred molecular weight of the
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- a anti-Xa activity/anti lla factor ratio equal or higher than the one of
biotechnological heparins prepared according to the prior art methods, preferably
higher or equal to 1 or much more preferably higher or equal to 1.5.
- aresistance to heparinase equal to or higher than exiractive heparins;
- the ability to inhibit thrombin and Xa factor production
- low PF4 affinity
The biological activities of the newly produced biotechnological heparins are
peculiar: in particular a ratio between the anti-Xa activity and the anti-lla activity
equal to or higher than 1, it is usually in products obtained according to prior art is
lower than 1 indicating an optimal ratio between the antithrombotic and
anticoagulant activities which results from APTT values. Such ratio is similar to

the one of extractive heparins.
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bi ot echnol ogi cal heparins prepared according to the
prior art nethods, preferably higher or equal to 1 or

wornwh/onwse preferably higher or equal to .5. aPCT/EP2004/051391

resi stance to hepari nase equal to or higher than
extractive heparins; - the ability to inhibit thronbin
and Xa factor production |ow PF4 affinity The

bi ol ogi cal activities of the newly produced

bi ot echnol ogi cal heparins are peculiar: in particular
a ratio between the anti-Xa aggivity and the anti-Illa
activity equal to or higher than 1, it is usually in
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RihaRINtibgyreaaling Sethaty] t ution of extractive hepar| ns and
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aration o
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Frﬁin%fﬁ?aéﬁdh Hdudl 8s!thel &8ive SiRgRdidnt Sof 'ﬂY@rHrb&WIams and the
pro uct COITpOSI tions co rsing such pro ucts
dreatrnentaef insdable gnginas maydagrdiahlbegrt apagh. daep wenrpushi@rombosis,
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tE, revention of its conplications such as
4 em nated intravascul ar coagul ation (Cl D).

mgfdihgwo tanLﬁ'tl'felPl rdspett dsadlentioe donb:émtsl m asNe#rhe invention
the use of the invention products for the ar ati

SFogIchs f?&é%premr%‘ﬂ%@f pharmacepisainiardhe é@%‘%ﬂg treatment

of unstable angina, arterial thrombosis, atherosclerosis and for the treatment of

thromboembolic diseases due to congenital or acquired lack of antithrombin I11.
The products can be carried by micelles, carrier molecules etc. and result
particularly suitable for oral use besides for the parenteral one.

Therefore it represenis a further aspect of the invention the pharmaceutical
compositions containing as the active principle the polysaccharides derivatives of
the N-acetyl-heparosans produced according to the process of the invention, in
appropriate formulations both for the oral and the parenteral use.

According to a further aspect the invention concems the preparation of O-
sulphated intermediates with the free amminic group of the amino sugar and
completely lacking formyl groups and without any of anticoagulant activity, useful,
for example, in the preparation of the final products of the invention.
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at heroscl erosis and for the treatment of
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| ack of antithronbin Il1l. The products can be carried
by mcelles, carrier nolecules etc. and result
particularly suitable for oral use besides for the
parenteral one. Therefore it represents a further
aspect of the invention the pharnaceutica

conpositions containing as thg7zactive principle the
pol ysacchari des derivatives of the N acetyl-heparosans

PeREiiRa ?Féf@r"r&d K the ihlaPmBAIBRE KS-05 NHISepinyBiBinedNand Nsolated
appropricate fornul ations both for the oral and the

parerding 9l the peocess slesaiibrg indhis inventies; whighds defined as a mixture
FEEPRAARaERGH PHE-PPER AP AP R B

Foygmula(il) conpl etely | acking formyl groups and w t hout
any of anticoagulant activity, useful, for exanple, in
the preparation of the final products of the

i nvention.Particularly preferred is the internediate
K5- OS, NH , epi obtained and isol ated according to the
process described in this invention, which is defined
as a mxture of polysaccharidic chains represented by

the followi ng gdneral formula (111); Forrfula (I11)
COO' | HRL where |n £3%ges from 3150, RL can be
hydrogen or an gcetyl group wt cetylation
degree ranging f 0 5% v t carry any
ot her functi onal pre ' es not carry
formyl groups; H 4 and ydrogen or a

SO3- group wheragin suljphation range i ef erably
conprised from 30%to d@8% K OSNhf @&HrRepi,| ( H NWR
spectrum shown ijn figure 16) has a nol ecyl ar wei ght
preferably conprli sed between 1500 and 154000 Da or,

ofe RrI’SII és‘”%%yé {00{%0’3 &?'gg%rg B? %&?r&%p?&\}%@éﬁe&“&m?% gri]th an the

C aracter?sed by” an an
h0etyldtion degrevcaagingdrdoy 30hto t8%i factor Xa activity

1 oo Bk T RO CERAT LGNl ot rorerehY et cery formy
Rsupef RPARE Raarff RE@nBORyb§e® br BIBOBNY®BpIvkrein sulphation
range is preferably comprised from 30% to 98%.

K50SNH; -epi, (*H NMR spectrum shown in figure 16) has a molecular weight
preferably comprised.between 1500 and 15000 Da or, more preferably from 3000
to 9000 Da and is characierised by an anticoagulant activity lower than 10 1U/mg
as measured by the anti factor Xa activity with a chromogenic method (Coatest
Heparin kit, Chromogenix).

K5OSNH-epi is useful, for example, in the preparation of the products of the
invention.

K5-OS60SNHSy,epi is obtained and it can be isolated according to this invention is
defined as a mixture of polysaccharidic chains represented by the following
general formula (IV):

Formula (IV)
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K5- OS60SNH , epi is obtained and it can be isol ated
according to this invention is defined as a m xture of

w@oelogsawshari di c chains represented by the fol POWEPIPO4/051391

general formula (1V): Fornmula (1V)COO CH2OR3 - where n
ranges from3 to 150, R1 can be hydrogen or an acetyl
group where the acetylation range is conprised from 3%
to 15% Rl preferably does not carry other functional
groups. Preferably it does not carry formyl groups.

R2, R3, R4 and R5 can be hydrggen or a SO3- group
where R2, R3, R4, R5 are preferably substituted as
follows: - R2 fromto 60%f SO3- - R3 higher than 40%
preferably from50 to 85% of SO3- and atqleast 20% of

m ni ¢ group
ferably free
ed by an

on the am no sugar, n n, sul phat ed @pe pr
fromfornyl groyps. t Ts also characteri
anti coagul ant ag¢tivity lower than 10 IU as found by
nmeasur enent of e anti factor Xa activity with a

wherem gangas irremfﬁ)tlb 15 Reean bedwdregan er an acetyl group where the

SRAVARSR Fapde K SoMrtd TaH a0F Bb 14tk KICHitBblbdoes not carry
ﬂlzlsgﬂ.gtrc]ﬂtluﬁﬁl gm@py Gﬂreéfgrat%y ? Ueef numnrnofmnan?hlgmlupsioes not
B3 Ray RAcAEh BB PVHBS TR e 8SOB BrEunheg Re R Ray RS are

b{@e,lgb@lmmu{@ 44 pvRacteri al pol ysaccharides, such
as the N-acetxl heparosan (K5 pol ysaccharide of E.coli)

cBﬁ}ifqrﬁé5t€>ﬁQ/}f©ﬂ @%i ng steps: Preparation and
DHaHiGrRa thal 4%, Pregrebl) RERZ0ASABopeY woRCohar | des The

mat er ably the N-acetyl eparosan
aod pstmashzm%ctﬂ gmurmacld dinidy ase nobsuipheted %EPOSINOHS R4 and R5.

gé@é@%ﬂg—g eal, |nte{9_§%c§|ﬁ‘é)m(@ﬁ @I\@% %Bécé‘tﬁdﬁ %%\Aﬂnl in } igure 15) has a
MoRsceilat waighicoreforatle campesed $rolrm8@dito 15000 Da or more preferably
from 3000 to 9000 Da. The K5-OS60SNH:-epi intermediate is characterized by a
free aminic group on the amino sugar, non sulphated and preferably free from
formyl groups. It is also characterized by an anticoagulant activity lower than 10
IU/mg as found by measurement of the anti factor Xa activity with a chromogenic
method (Coatest heparin kit, Chromogenix). The K5-OS60SNH;,epi intermediate is
useful, for example, in the preparation of N-sulphated derivatives according to the
invention and it does not have any anticoagulant activity.

In a particularly preferred embodiment the process for the production of the
bioheparins from bacterial polysaccharides, such as the N-acetylheparosan (K5
polysaccharide of E.coli) comprises the following steps:

Preparation and purification of N-acetylheparosan polysaccharides

The starting material is preferably the N-acetyleparosan polysaccharide
represented by a chain of the disaccharidic units [-4)-GicA a 1-4 GIcNAc~(1-],
constituted by a D-glucuronic acid and a N-acetyl-glucosamine monomers lonked
by B 1-4 bonds. The polysaccharide can be obtained for example from natural
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by b 1-4 bonds. The pol ysaccharide can be obtai ned for
exanpl e from natural Escherichia coli K5 strain (strain

w®008888%¢ 41 serotype OLO: K5: H4) (in this casePCTEP2004/051391

pol ysaccharide is the K5 pol ysaccharide) or from
Pasteurella nultocida bacteria type D or fromtheir
derivatives or nutants or Escherichia coli reconbinant
strains obtained for exanpl e as described in Finke A
et al. Journal of Bacteriology, 173 (13): 4088-4094,
1991, or in Drake CR, Robertsid S, Jann B, Jann K and
Boul nois GJ. FEMS M crobi ol Lett 54 (1- 3) 227- 230,

%rncﬁ@c@?ﬁ%ﬁ%feﬁn (&r &R Bi ZM”\ é@r%yﬂ 696:K5" 4 gn this case

production o pol'ysacchari can b tal ne
theo mOWch:harmbl isedhé IS peflysacchaide)ant s'mm sBaﬂeaeelIATm@Itomda

R A

féommbﬁzfiﬁsﬂﬁirisecﬁﬁtamécli d’dk'@@wpldﬂ@d&)scnb'gdein FlrékebA et al. Journal of
acet epaLo Q ccharide is
BeCieapioay: 26 (AL Siae e DRl 2. Goke dnitt REbers (S dann B,

Ba& R-anbBolHsisIG.L FEMS MléroBi%l f_él!t negl(103): bmmo 1990.
t echni ques, as those described for exan? e in patent W
8

dhe GEssberichia weli shrainsusefalfor H@ pwdugtiem gt K& nqhya@cshmde can be

BB I8 Y bl dtetiortdf ibrobrafibins ubfes ATec, (American
Fype LatterelGolldctiogiiA)s 8° ATCE 235062d apart) 2gr/l,

.. t 1000 ni 7. 3. - j .
WRBEcdiira sl whe R Slpdk dan Beltitafiel T ATEs; cqtleotion (aTCC
thgg&) 8337/ 41 (010 K5: H4) derived froma sl ant kept
Ln Tripic soy is incupbated at 37C faor 24

dhady- ag@ty}hepﬁ@)s ﬁ %plgﬁgqgglgqm@nig ahiaiged bydniceehi %lrfermgrlljtatlon and
%S?ﬁ?é}ﬁ]&ioﬂ' AGni htﬁec'chﬁtﬂenﬁﬂﬂthTHes pufEaticH ¢4 6érfc9mled’ by known

the above nentioned preculture and a fernmentation
teshnizgienoas shege desaibied forexamaleoin patent V(g 01/02597 in which is

Lgédmtﬂé al‘og@ﬂlnéhsuﬁﬁe BeY3E Bkinnr %63“ a+&°§gﬁ 2HPO497 ar/l,

produced sacchari de and ba
KBBPOQZ g, MgCtghm ‘£ rgi/l, cfodiven witratet 0dngt/lh antrmrpennaswprmte 1gr/l,

o el el pafl bR R SL R Y. RAT S0 2t 10. 000

Apﬁfe&ﬂﬂiufd]% ﬁr@fé?éllgtlﬁéﬁulatéd ffitht £ cepl sub;.lsemdh bf Et eolt Bo B337/41
mbr anes wit 00-10. 000 Da_cut-off to reduce t

(@FQH@ kid) dedvrd fom a siast keptjp) Tripic savagae If § '"P'Fltlﬁ’fed at 37°C
Ryre l%dré‘tt@ﬁepﬁnﬁﬁg . |EI% éub(ééqﬂgﬁfsst@f) PfFneRfraBAtaining the cited

recovered centr

medium, is moculated at 0, 1% w1th the above mentioned preculiure and a
fermentation for 18 hours at 37°C is carried out. During fermentation the pH,
oxygen, residual glucose, produced K5 polysaccharide and bacterial growth are
monitored.

At the end of fermentation the temperature is brought to 80°C for 10 minutes. The
cells are separated from medium through centrifugation at 10.000 rpm and the
supernatant is filtered through filtration membranes with a 1000-10.000 Da cut-off
to reduce the volume to about 1/5. The K5 polysaccharide is, then, precipitated by
adding 4 volumes of acetone and recovered by centrifugation.

Deproteinization of the pellet is preferably carried out using a protease type Il from
Aspergillus Orizae in a buffer comprising NaCl 0,1 M and EDTA 0,15M at pH 8

containing SDS at 0,5% at 37°C for 90 minutes.
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8 containing SDS at 0,5% at 37 C for 90 m nutes. The
solution is ultra-filtered with 10000 Da cut of f

menbr anes and the pol ysaccharide is then precipitated
with acetone. The purity of the polysaccharide is
usual |y above 80% and is neasured by at | east one of
the follow ng anal ytical nethpols: cal cul ati on of

uroni c acids (carbazole nethod) proton and CG NWVR, W/

arHé Colwfopt 95 NufRPfIREd  #lth 18006 eDd adyjtem mbranes and the
N-sul phation of a N-acetyl hepar osanﬂ_gol ysacchari de

fRodrpageharisls is then pwpltatemwﬁh acgtopeeae Arify efogmolsaccharide
U5 2 98 nh LG o 28581 B s oty gnavical

Irnéihodm cadcutdtiont of ADekio a@idsr(badbazldemthbd) potori and *C- NMR, UV
| et ed. (CGFE 15-30 hours). The solution is led to
qr‘,ﬂrptpgp @sol ution containing the deacetyl ated

Ki? NdeiicstyRdtion aed INsstphatiannsich Ntacktyl Réparcaad ﬁblﬁ@cchamde

carponat e sodiumare added in a single step as well
deomimicrebicARNIER. 4 sul phating agent sel ected anong

SR B0 BT ST a8 o

Sgihilized laomJé)dZOOO mitaf@N dwdnmymdeosqcﬁumoand; JeftAto rea@t @hd0-80°C

ﬁ]:%lmg éﬁbﬂ%ﬂé}r{ i € %ﬁgﬁ%ﬁ? (Slye 1%"3‘(;00@%1;# .d dgféroz r#ﬁ?cigﬂ{ytog\%utrahty
Tire soloithre tontaining tid deladetylated K5 polysakafrmmget |scrhmntammi at 20-
n win s

Wi Al 10 90g G b i Sadlufineadiacih et hinble Sigh s well as with
Retgogast Br dpbhtihg AGHICSSlebtBdVaoRE Pedddnts® st as pyridine-

pol ysaccharl de concentration is obtalned. Concentrated

Swifairioside awUﬁ@ctgﬁ%thyla%sw@trM%ﬁ@ ed with known
I

oD b AR AT b 16 5001 MRS enctn,
dglesessanyi theegnlutioraiscbronight © ®ospitempéeraiurepandtie® pH comprised
g{ynﬂ?%ﬂvgl ves the epinerization of a part of the

UedrdM @ acid in iduronic acid, is carried out with
tThe gfodgttuie uwified from seltsby kabanreckriqguéeduéh as, for example, by
d’.{i)af rt%%ezmitﬂatsgﬁ'g\l m%rmbrgﬁgsnb IF 886 Bé\t prepslc%lleS oc!allittndge-MlIllpore)

Retained product is reduced in volume until a 10% polysaccharide concentration

is obtained. Concentrated solution, if necessary, can be exsiccated with known
methods.

The N-sulphated/N-acetyl ratio is measured with 13 carbon NMR.

b) Enzymatic epimerisation by C5 glucuronil epimerase.

The C-5 epimerization step, which involves the epimerization of a part of the
glucuronic acid in iduronic acid, is carried out with the C5 glucuronil epimerase
enzyme (called C-5 epimerase) natural or recombinant either in solution or
preferably in an immobilized form.

For this step, recombinant epimerase C5 enzyme as described in WO 98/48006 is
used. Preferably, the recombinant enzyme modified as described in US
n°09/732,026 and in Li et al J. Biol. Chem, vol 276, 23, (2001) 20069-20077) and

contains an additional sequence at its N-terminal end.
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preferably in an i mobilized form For this step,
reconbi nant epi nerase C5 enzyne as described in W

wQ@04800666 i s used. Preferably, the reconbi nant PENERI984/051391

nodi fied as described in US n 09/732,026 and in Li et
aJ. Biol. Chem vol- 276, 23, (2001) 20069-20077) and
contains an additional sequence at its N-term na

end. The reconbi nant enzyne is preferably expressed and
purified frominsect cells or yeast cells preferably
bel onging to the genera of SazZtharonyces Cerevi siae,
Pichia Pastoris, Pichia nethanolica, Hansenul a

MleV@BHBManbasA/iié Wr%féraﬁl?%re%baWﬁr&]ﬂﬂéﬂﬂ’rdrﬁ‘ﬁﬁe‘d cells or
Kl uyverom ces fragilis . I mobi I'i zat'i on of

¥phfiecellfe Pegicrabll hslonging i digrigansra ofnSgeabaramysss Cerevisiae,
'F%FL?Q i’é&@ﬁ%oﬁléﬂlé frﬂéﬁ%‘hoh eagﬁ?é(ﬁdl& Vﬁcgl?r%ﬁqh%s %accharomyces

res ranes ofr ass eri
fpm:kte ghaivepnuagss|astis, H(Iuywerbmajeslfmgﬂls.such as cyanogen

?}r1 'de J éhar d carbodi i mi de_or by letting
qee ?#iepﬁnﬁ@%&maﬁ% resin or by

et ﬂeB@mbtnaﬁbéﬁiﬁn@ @aﬁ&i&)rnaﬂasmze‘ﬂ:aﬁmfér@nt Pieft matrices such as
preferred real i zation the enzyne is immvbilized

on
éﬁfﬂ%r@ﬁm ranes; 9fs9'3gt peads GQBYa"%S’h‘HWbs@m&’BO"aI groups by known

| 0] a
ﬁtcgéslﬁl @%Rgﬁs?rﬁ s Byé’f%dséﬁt cﬁﬂd&w‘ql%tﬁepo@ga CJaYl‘)ddilmmlde or by
detbing dhmzymetmaat withca danic exshandec esin oy t;yr @fttmg #cabsorb on

%n%ﬁ%% g to the invention is the enzyme

'zation on polynethacryli resin with diolic
goooring td |a\/pmekravi tr&alZXBon ithe leriziyee i!slairl@%bﬂiﬁd od0€ommercial

Sesing oaecry 8 1GRBS SepRerosd, 2 fbirinatiecof nenpPlRirenic. or

HagidtRabrpte resmki QReSihdiohe mm}zt Qm’éHWeepd)@dlb BRt Hiolic-CNBr
is carried out in the presence of K5 N-deacetylated

RCYYAtRH SfAPSsubst rate to avoid such binding to involve

ERRIGRSN BB ki o FRRUBh 1 8 Vo MR Bton on
Ipetymeipacrylc res!ruw&h d;olmigrom@]adlvetadj«m Edtdrdn bufigr NaHCO3 100-

BT A s BrsvereBuct 27 B A MFRTB R B e et 1272

ihmm;bi I i zed enzyme di ssol ved i n buf f er HEPES 25niV
Accordinig 18 the' invention, the Biriding
ccord” ing to the |nven ion inding reactlon of the enzyme to the inert matrix

is carried out in the presence of K5 N-deacetylated N-sulphated substrate to avoid
such binding to involve the enzyme active site with loss of activity.

Measure of the immobilized enzyme activity is carried out by letting recirculate,
through a column containing the immobilized enzyme, the quantity of N-
deacetylated N-sulphated K5 theoretically convertible by cpm of the immobilized
enzyme, dissolved in buffer HEPES 25mM, KCI 0,1 M, Triton X100 0,01% and
EDTA 0,15 M at 7,4 pH at 37°C for 24 hours with the flux of 0,5 ml/minute. After
purification through DEAE chromatographic method and desalting on Sephadex
G-10, the product is lyophilised and analysed for the iduronic acid content by
proton NMR technique according to WO 96/14425.

b.2) Epimerisation with immobilised enzyme.

The C5 epimerisation reaction can be performed, for example, as described in WO
96/14425 in reaction buffer at pH 7.4 comprising preferably HEPES 0.04 or Tris
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EDTA 0,15 Mat 7,4 pHat 37 Cfor 24 hours with the
flux of 0,5 mM/mnute. After purification through DEAE

W@ boosietesgr aphi ¢ met hod and desal ting on SephaPEREP2000051391

the product is |yophilised and anal ysed for the

i duronic acid content by proton NWVR techni que
accordi ng toW96/14425. b.2) Epinerisation with

i mmobi | i sed enzyne. The C5 epimerisation reaction can
be perforned, for exanple, as described in W96/14425
in reaction buffer at pH 7.4 2®nprising preferably
HEPES 0.04 or Tris0.05 M KCI 0.4 M EDTA 0.06 M and

t0.05 ) K mﬂmambme 08'M maqmﬁd(-ﬂ 0U @hdHetbraferei dtiditives such
particul ar, ycerol or polyvinyl pyrrolidone. The

ASa I P Hcula gbreewépr eplwaylaxrra tbed in WD 01/72848
Wr%bﬁtléh &1 Wd ?é‘rf QHQQ?TE%@% WO 6‘1\/’7 %@n ?‘solutlon
0 art I CU

pH, at a erature i's used.
@GWIHQ&ER&%ZE hreMr Eafi3 b0 noMrati 4,4 pht abha tegrrppmtaltmofe30-40 °C
qglgs&yffer whi ch allow the activity of glucoronyl C5
eplnerase to be long-lasting and stable even after

iRarbhilariyzprefarredyrare the Irehmmon 29ndiioAs of tavhpetatuas aad buffer which

| utjon o n of eacet yl at ed
Rl ph8 s Bob lscionk! G5 GRmbree1a-bé ana-stas sdpigble even
HEREABbilPAtichad £chlinfFoncentration from 70 to 150 m\/l
referably 75-100 mM at pH 5,5-8,0, preferably

05 0P0pmh § anHRIUesYS Boluioa: comprising: 0ALI-E0 @o«nprrm@etylated N-
Shipajeefich 3nd £TA BOSCHAR Hgitatiy 18125 bl HEPES2d fim, caciz

g rmencertdationofrom 70 o4 160r oM r(peeferabyn75e@ aiM) ag pH 5,5-8,0,

Pretetati ol 557 Lot SrorbueBibtod & BObhoRiaGrediibdea fom 15°C 1o

36°Q Qpr@lferablyczmnw@@ﬂe anowed @ eircifidte apaefugr &FIo240 Rilthour for a
0 to 25 C., The @bove tenperature and buffer conditign

fiAts errserisadeiTem, T iR 24 hass in aycalime Sortaining from e kit and 3 x
IEIQ'”' SfliV:AEHEE lof {iRBN3RAE iMABHRIZ8B%n Eﬁﬁéﬁﬁégt é: MRKEmEARim at a

process particul arly advant ageous. he en

it%raeeratme m@pgaﬁ%fcum 6°6uit0i 30 detgfeqa@b'sfmrg aoﬁpéiﬁgﬁ a

pr eC| Pl tatbr@S%'gtug%‘dé iy ggﬁ%%'%ﬁ{ f@f\g ang’?éjﬁ"%gﬁ“f%ystab"ity on

dekiaint a)rwdﬁmgamﬂmﬂmngeesﬂhan @boarhacs ea)'ndg)rthegrefdré,i athke the

RS beBlcClart 2Bty tod at Y FearoB e mRla & purifed by

passing through a DEAE resin or a Sartobind DEAE cartridge and precipitated by

addition of 2M of NaCl and, finally desalted on G10 Sephadex resin (Pharmacia)
or purified through precipitation with 2 volumes of ethanol and passing on IR
120H+ resin to obtain the sodium salt.

The product obtained under said preferred conditions has an epimerisation rate
measured by proton NMR technique as described under WO 96/14425, of at least
50% (iduronic acid rate on total uronic acids).

Controlled depolymerization.

The product obtained under step b) or c¢) or d) undergoes controlled
depolymerization with known techniques such as deamination with nitrous acid as
described in WO 82/03627, or by an oxidative opening with sodium periodate (EP
287477), or by free radicals freatment (EP 121067) or by beta-elimination
(EP40144), or by gamma rays treatment (US 4,987,222) to obtain molecular
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The product obtained under said preferred conditions
has an epinerisation rate neasured by proton NWR

wo ewbiigee as descri bed under WO 96/ 14425, of BCT/ERMS4/051391

50% (i duronic acid rate on total uronic acids).
Control | ed depol yneri zation. The product obtai ned
under step b) or c) or d) undergoes controlled

depol yreri zati on with known techni ques such as

deam nation with nitrous acid as described in WD
82/ 03627, or by an oxidative Zgpening wth sodi um
peri odate (EP 287477), or by free radicals treatnent

%m&%&é}ls %re@faﬂ? t @cir@bﬁé@o“ fbh PR 506PH0 14600 O oPYeven more

rays treatnen 7,222) to obtain
nmfer@blyammrmed frorm 300Q Fs9QI®Der abl y conpri sed from

5
B U T
oarricd@ut befond tltmsulplﬁa‘tbndtépsd depol yreri zation is
b Bl neC e RSP IR o Genb i Bt b Lontotec
aesﬁym@ﬂéﬁﬂdhl Wil (l88ad \WERT of atittP Bodiu nRfifel MhiShidCtabedthe salt
th sodiumnitrite. n this case the salt quanti

t
gg@ww ised sy p@@aqudoffom 1 do 11689 morier eask 9rapHh A Refysaccharide,
RAbvRa ?éd ﬁong [-foﬁ,gn@é(,r{ gLion by borohydride

I n exce ccor a second preferred enbodi nent,
Abeorslmgploea issconds prﬂfereeti emtsdinet, theosampleds dissalved iad50-250

ﬁhaq? f Ilgp@g#p{} ﬁ&%’f"?‘%ﬁﬁ @ﬁ%d"%ﬁa%n‘ébuég@hen tzgli(ﬁ]decp 'tgﬁed quantity

tbmprised froon5 ite 500 mhg e ébnf addddesrsd tHeareaGiion is continued for less

ref abI ‘. After destruction of the
i %W?E/S'P ﬁl\ cess, the product is recovered

hﬁe%@sﬁhﬁ:’tlbﬁbf e %dlbnﬁbcﬁ‘bh@ﬁie iM @EERS ti Prodst isGakd®féred by
in a vacuum oven. ol ynerization is carried out

precipilatien wiig3 ¢ﬂaenerrVQLt5§%s an ezs%lepaSed [Fed VagUHag o¥an.

U6 B R RIS O A 2P k) o e,y on oo

pedchmned aedesceithet famexample i3 AHG2E48s r e- suspended

cDp Rl s RhehetRh HhRlagef pabiish Qe HiBulaliorRc ' °

TREPSfodudt eefved: fidmi atigh stepR- ddleHis atistispendaxt angater at a
E:gr? o Afartl \?ﬂft{p/geﬁ-glﬁré’lé@%l%egg‘aﬁs q ot\npnr at qB éha?nc[ %gssned while
keeping the temperature at 10°C through a IR-120 H* cationic exchange resin.
After the solution is passed through the resin is washed with deionised water until
the eluate pH is higher than 6. The acidic solution is led to neutrality by adding a
tertiary ammine or a quaternary ammonium salt such as a 15% hydroxide
tetrabutylammonium aqueous solution obtaining the relevant ammonium salt. The
solution can be concentrated to a minimum volume and lyophilised.

The product obtained is suspended in 10-1000 ml of an organic solvent
consisting, preferably of sulfolane or 2,4-dimethylsulfolane. Alternatively, the
organic solvent can be dimethylformamide (DMF) or dimethylsulfoxide (DMSO) or
N,N,-dimethylacetamide. This organic solvent is added with a sulphating agent
such as a pyridine adduct —SOs in solid form or in solution with the same solvents

previously used.
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the eluate p is higher than 6. The acidic solution is
led to neutrality by adding a tertiary amm ne or a

W@ r@ber4e8¢ y anmoni um salt such as a 15% hydr oxPGBEP2004/051391

t et rabut yl ammoni um aqueous sol uti on obtaining the

rel evant ammoni um salt. The sol ution can be
concentrated to a m ni num vol unme and | yophilised. The
product obtained is suspended in 10-1000 m of an
organi ¢ solvent consisting, preferably of sulfol ane or
2,4-di et hyl sul folane. Alterdtively, the organic

sol vent can be di net hyl f ormram de (DWVF) or

ﬁl‘\mc@éﬁ] o’ tween (tﬁé/%apggf néa"aﬁen bﬁ&ttﬁ‘%”p% fRh8MaRlic substrate

hi s organic sol ven hat i1 ng agent
@tpuhermdaNtB}liphatecé Ka&jidodie intssdednas e catrpobetween .tl'me sulphating

o e R A4 g o

mbw&am i morubrefarablg, loaer them 2.6drNeser ploese preféaply lower
to be intended as the ratio between the sul phating
BritS-and t he hydr oxyl noles of the polysaccharidic

ﬁl‘\ BlutioF léﬁbﬁﬁﬁhéﬁ Qt 8 %%ﬁ%erhﬁjr@ 'cohfPphged Flaan2d thVO°GmJ"r6ferany
erably, | ower even nore preferab]

sampisachEomy 39, o Csf@r atpesied of fee fwerriaan 4 egual 1 10 hours,
I BIbEG, SAES BE P Sl R Ay, oo
dbhlawenthamcfihoutso Ahtnerend cnfcfeactmnethe isehitipn dg)awdntuallyggooled down

R LA UG 1 Rl R, AR BEFAER i e SBum u
&6thpletedpracipitati6nm bkl pblyé@@blﬁ—ﬁndéom at roomtenperature

and added wi th acetone sat urat ef EI ori de, sqdi

The ipregiited ds epargied diom ihe Fojveat bxl fil 0 glizeg it the
?{ rﬁﬁw‘uﬂ‘l LRy bfd%l%ﬁi@éég\%%lf érﬂm\dd& With ¥BIBFid®¥odium untll a0,2M

tratlon | Ze emnlrrumquantlt of
selition iscobtainedr The sokitide i Iquu-ht‘m IH|7d5-85b)ﬁ$QﬁW'@rﬁ N hydroxide

Bufdrs *Boibhg Ig; fieRofieRCth SERRIE plekPlation, (TR Récibitated is
kéwaﬁdda?ngsmg\mmydﬂtwtmnedhpldmamed solithés polubiliped atikad10-100
it of GeipuBed e ancEifefironbreiid) ol e BaREGL

AﬂdaIIQ;‘fdlbt fid %p‘mrs@urfes ity RtrusRirdlSandlysisi i the partially O-sulphated
ultra Jation. q}alﬁuot is lyophilised for the

etqducstlw SC-NIMER 984l oH he partially O sul phated
?hg%ﬁﬁuo%oﬁtdl}lﬁ{ﬁﬂat 9o SrVRuIpR&R dSHbYL S pﬁ@&!aﬂt%@ a IR-120*

art product 1s passed throug
bﬂicmkﬂexchange resin or equivalent.

The resin is washed with deionised water until the pH of the eluate is higher than 6
and is then added with pyridine. The solution is concentrated to a minimum
volume and lyophilised. The product is treated with 20-200 ml of a solution of
DMSO/methanol (9/1 V/V) and the solution is kept at 45-90°C for 10-420 minutes.
At the end the solution is added with 10-200 ml of deionised water and treated with
acetone saturated with sodium chloride o complete precipitation.

The solid obtained is purified through diafiliration according to known techniques
and an aliquot is lyophilised for structural analysis by “C-NMR.

d) partial 6-O sulphation

The product from the previous step is then 60-sulphated. The content of sulphate

groups in 60 position is measured by known techniques such as for example NMR
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cationi c exchange resin or equivalent. The resin is
washed with deionised water until the pH of the eluate

w0 g008fogless than 6 and is then added with pyri dPCIEEPZIh&051391

solution is concentrated to a m ni num vol unme and

| yophilised. The product is treated with 20-200 m of
a solution of DMSO nethanol (9/1 V/V) and the sol ution
is kept at 45-90 C for 0-420 m nutes. At the end the
solution is added with 0-200 m of deionised water and
treated with acetone saturate26wi th sodiumchloride to
conplete precipitation. The solid obtained is purified

RSy @ e &&{cﬁﬁqr%nd eéeﬂmadémmn@m REMAAQUARSThrombosis

and an aI |§uot 'S Ised for structural analysis

kagzdd:lemmsta 5, Yol 2 5J4 -*G)S%lﬁoﬁhat i on The product from
pEFq%\Uc{) Uﬁtaﬁ{eﬁos r%gﬁ%%ﬂd?@' r?%gfa?aatt% ng%ﬁggﬁcﬁ] g@mlﬁr‘]\pﬁéed from

e groups 10N |I'S neas
EemhM%Lmsd kapﬂ‘naiamohotempaa‘mke. Nh&aoh.ﬂzbdimghém pabsed through a

condi ti.ong_described in errin

S8 bR IREER e Ao pxehaphp 5 pabiyaleiss s R6 Selyllon flow, the
Tésin By REsKdd with dbidRiscdsvdiesarrPrRANe heutal§ivitth Aterflary ammine or
concentration conprised from5 to 10% and kept at room

eetpieraaDt ammanir swalitsugh ass for IxAMple JB@reie irjfRbstiammonium
rf c{l‘JeBﬁ¥' A lllcﬁ‘l ?F\n%ameﬁrﬂél%vﬁfﬁc '&ﬁﬂﬁ@mﬂﬁ\ S.QH! HeCBbiution is
ed wth

& 2ol'Utlon e resinis was
denceritsxied toaa exinianuin Veldmecantdiophylizad; with a terti ary

agi_ne o ternary. a t chas. for _

oS Pt BB ! S ABTARE o A1, MG i oroanic. sovent

$°h$‘§ﬂ"@ dipethyiforgarnie [fjrefe@mayl,tlnEdnlforainemrSHIZA-d'Hmnsulfolane or
trat 10 .a vol une

i Qb Rirveiiacetrnge e i anfibce | Sl et sueh as —SOs

})eréﬁg %dﬂhcﬁﬁ s@ﬁd %rﬁ?é}* il SOIRLYR WithGRE Shitld sﬁﬁlvent
diimet hyl formam de preferably, in sulfolane or

Tha- guspansioulis dirakahtoto jan twnemmrﬁepgmaﬂéecbﬁrqm 4ifd to 30°C,

Z’%% W{ ﬁgsaosgi @g%‘tr%%teﬁ‘ﬁﬁﬁﬂﬁ?@h% ¥Pa; uﬁﬂqa‘ﬁ)ig %Hﬁsuch as the

pylidineiSO4T laddycis psingi less itsarbr2o eghlvatenta compaegchitartbe hydroxile
conpri,s dfro 4 Cto er.abl to C. .
ERRSR h HHBIRER Griyon Moo BFToFERY itnaben i 7 quivatents for
t1 bmminies en8@rchied diitht adesoriegsatbrsed byrsodianuchiatidats such a
ngared to the hydroxile q_rou s. to be sulgcﬁ g?pﬁ
antiiopecomplets PEePIAtoR. 1hesSqlidaAbtpingd: 5ol n purified by
Uiﬁﬂltﬂa@ibﬂ%c&b%g?tb ﬁ\@ﬂ\ddé@%ll%oWntlH tRE BHOAR ahigliot id hyhilised for

by sodi um chl oride jn such
the structural analysis by “C-NMR.

e) N-risulphation

The solution from step d) containing the 60 sulphated polysaccharide, is brought
to 20-65°C and added with 10-100g of carbonate sodium with a single addition
and with 10-100g of a sulphating agent selected among available reagents such
as, preferably, the pyridine-sulfotrioxide. The addition of the sulphating agent is
carried out during a variable time up to 12 hours. At the end of the reaction, if
necessary, the solution is brought to room temperature, and to a pH comprised
from 7,5 to 8, preferably with 2M sodium hydroxide.

The product is purified from salts by known techniques such as, for example,
diaffiliration using a spiral membrane of 1000 Da (i.e. Prepscale cartridge-
Millipore). The process is complete when the permeate conductibility is below
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quantity to conplete precipitation. The solid obtained
solid is then purified by diafiltration according to

woreiokodsseel | known in the art. An aliquot i s PCI/EP2004/051391

| yophilised for the structural analysis by CGNVR e)
N-risul phation The solution fromstep d) containing
the 60 sul phated pol ysaccharide, is brought to 20-65 C
and added with 10-10Qy of carbonate sodiumwi th a
single addition and with 10-100g of a sul phating agent
sel ected anong avail abl e reagts such as, preferably,
the pyridine-sul fotrioxide. The addition of the

396@@@ EF& elbﬁr ﬁﬂf gS eﬁh(?BFodﬂl@f bB@ired 8 reaited inivBume il

our nd reaction, if
aauéwaﬁlyandqqgomnmh@m of 40%r tsugb*talnled tmfﬂtratlon An aliquot of the

AR Bl S s WeaiRa T, il 08kt by R MR

rrhelﬁ‘-Oe@bIéastw sﬂbhaudmyarkmmﬂisalmdtmnqa:wnedtmm aSSdes‘oubed in this

{590 oncprpfuds derund diere s o paiy BB Ao B)2 ifpgent order for

Bk%ﬁfésthbSN-Q% h%hSn\M“ﬂﬁfﬁ’sttér@l Pehrmateoc saigHstiod)i A9 H¥scribed in
i s bel owl000 preferably below 100 nf. The_ product

M@&Bﬁé’a%swvtwde@mmmﬁbemowmhacﬂv@es 9§ﬁ@cfml pesluct.
4 0
ERHERRerR, mifbdliented iRy Mo If anithrombinbpRBnal
fThe moduuitahtmhedamlqescsbeg/ irCthig\revibiue ste car|becoptiomally further

pHmﬁ)ﬁﬁfl éy g{? Bglrasbggxﬂp atnbng? 6%&%& gw]gLé?(gﬁgrééje §ﬁrro.hgﬁggraphic
peKHr SWth bS for gxdrhpleeori DEAE columnseasidpberisduein Lam L.H. et al.
Biocie dcl BapySieanB ssRios BammiGaon YRbar 41 Rgo: L0577, 1976,
RieHREVER o @I‘ﬁ&'p‘(.i'rﬁ’b@t‘brp& bditddd 1, tRs 9?3&3&:{ cEﬁ HeCUBdtited to a

in sequehces binding the i antithronb (opti onal

Turthep affiinify cheaipgeaphy ONRAWPNS 6YTYIRG ttfn%wbpmrdh@. )pgftl@b human
%gﬂh@%% esggﬁéﬁé’e SYHE0G] beﬂufct TehGrRpRY iry MopRT 29 EE?@’Lett 1976,

n_an ani oni ¢ ekchange' chr omat ogr aphi
6619098 euiolU3 patett 4689783 FeonpefiidéBequeneasshadng a high affinity for

B3 Bn dentiRRA L 57 o a0 N Al S0 G ALY, T2g551-6555,

%@fréét?ﬂéh@'a‘ﬂoﬁv@ thblséplabﬁtlohl, o9t subsequeriteslutiors withi &8, NaCl saline
product can_ be subjected to a f#rther affinity

éﬂWB%PB@“ﬁ%ﬂ)ﬂ fraction alie to Rigd 19 thesQliHPhRRBI e or the

h |
gFéc%e ’Iftgﬁﬁ rﬁgtdgd?gclﬁfﬂg é%% ég&ﬂfﬁggf%ﬁ%ggﬂ:gga’hbheﬂep bR loaded

UB qraaﬁhtty Sobom where 500 ngeofdumuam @ggtrmhm At ase hmg}pblllzed
ﬂ@drwntgp/i,q_ucca, italia) in buffer Tris-HCI 10 mM at 7.4 pH and 0-0.15 M NaCl
4°C. The column is then washed with at least 3 volumes of buffer Tris-HCI 10 mM
7.4 pH.

The molecules bound with higher affinity to the column are eluted by Tris HCI 10
mM 7.4 pH containing from 0.5 to 3 M of NaCl.

The eluted material is, then, preferably diafiltrated by 1000 Da cut-off spiral
membranes to eliminate salts and concentrated by lyophilization.

An aliquot can be analyzed by the Carbazole method, HPLC, NMR and
chromogenic test to measure the antiXa activity.

The obtained material shows a greater antiXa activity enriched from 1.5 to 3 times
the activity of the starting material.
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heparin as described in Liu S et al. Proc. Natl. Acad
Sci USA 1980, 77:6551-6555. This treatnent allows the

wa@epanateso©n, by subsequent el ution with a NaCl PGHEP2964/051391

solution of at |least a fraction able to bind to the
solid phase. n practice, 10-50 g of product derived
formthe N-risulphation step are | oaded on an affinity
col utm where 50-100 ng of human antithrobin Il are

i mmobi i zed (Kedrion SpA Lucca, Italia) in buffer
Tris-HCL Mat 7.4 pH and 0-0.2l5 M NaCl 4 C. The col um
is then washed with at |east 3 volunes of buffer

ThiSsditd indfedséd iR "éntﬂ%& dﬂﬂbigru@%bm by {ré’atmicﬂme" same way

affinity to the colum are ut ed Tris

extaglivecinpedna: Tiys fis arfudher signal Qf/ltm likgrgss of ke digieehnological
;ﬁ:g{)ﬁo bthﬁ]wtd%%a%@nes f \¥nitifid %)&Fa%‘ilfél hgéﬁlir%z% DBinding to

ral elimnate salts
autikhmmmatllé.d by |yophilization. An aliquot can be

gﬁ@(ﬁ%w tg?{‘ﬁf\r bazol e net hod, HPLC, NWMR and

cAIr 0 neasure the anti Xa activity. The
EXAMPEE 1TBi6telchhoidyival Iepirinpisdution@cortling to/ the invention
enriched from1.5 to 3 tines the activity of the

PreFeSSg naterial . The sane increase in anti-Xa

Fhbifiidwing %ﬁ?%\/&%@emfolfoh%“ ng the sane way

extracti v eparins. This is a further S|%nal of the
&) Nemmmarosm mlwswhaw@graparatm@amng oM Esakerichia coli K5

%fﬁlgﬁ'ié%@g/lét%nz .itsﬁ| gnﬁgﬁt' on to extractive heparins, in

0 an rn 111. EXPERI MENTAL PART EXAMPLE
t) Epinudrizatiom| ogi cal heparin production according to

t i nvent. o rocess. The follow ng steps have been
PEﬁPBWé(B"eré? c?{il-oacetyl hepar osan pol ysacchari de

@5 Baﬁlbﬁol-éiﬂbrﬁtléhldaﬂﬁal 0-a63dsisdtni chia coli K5 b)
eacetél ation/ N-sul phation c) Epinerization d)

lﬁé{%ﬁ@‘r@e spiphayane) partial O sul phation/ parti al
Qjﬂleﬁéﬂlmtohon f) partial 6-0O sul phation

a) Polysaccharide preparation

N-acetylheparosan polysaccharide was obtained through fermentation of E.coli Bi
8337/41 stock, serotype 0O10:k5:H4 (ATCC 23506) and subsequent extraction
from culture broth and purification according to the description in patent WO
01/02597 using the following culture broth: skimmed soy flour 2 gr/l, K;HPO4 9.7
gr/l, KoaHPO4, 2 gr/l MgCl> 0.11 gr/l, citrate sedium 0.5 gr/l, sulphate Ammonium 1
gr/l, Glucose (sterilized aside) 2 gr/l, water q.b at 1000 ml, pH 7.3.

The culture was inoculated with a cell suspension derived from a slant kept in
Triptic soy agar at 37°C for 24 hours under stirring. The inoculum in fermentor,
type F5 (industrie Meccaniche di Bagnolo SpA) containing the same
abovementioned medium, was inoculated at 0,1% with the abovementioned beuta
culture and the fermentation was performed at the temperature of 37°C for 18
hours. During fermentation were measured the pH, oxygen, residual glucose,
produced K5 polysaccharide and bacterial growth. At the fermentation end, the
temperature was taken to 80°C for 10 minutes. The cells were separated from
medium through centrifugation at 10.000 rpm and the supernatant filtered using
filtration membranes with 10.000 Da cut-off to reduce volume to 1/5. The K5
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g) N-risul phation a) Pol ysacchari de preparation
N- acet yl hepar osan pol ysacchari de was obt ai ned through

w0 eqosenteds | on of E.coli Bi 8337/41 stock, seroPGPEP2004/051391

0O10: k5: H4 ( ATCC 23506) and subsequent extraction from
culture broth and purification according to the
description in patent W01/ 02597 using the foll ow ng
culture broth: skinmed soy flour 2 gr/l, K HPO 9.7
gr/l, KHPO, gr/l MCb 0.1 gr/l, citrate sodiumO0.5
gr/l, sul phate Ammonium 1 grpB, G ucose (sterilized
aside) 2 gr/l, water gq.b at 1000 M, p 7.3. The

p?d‘l'%m aﬁar‘ﬁ‘feS t"\}%g@tacﬁhs d'y hacﬂmﬁ@'d voliPRANSf eReWRk! é!ﬁdj finally,

sl an riptic soy agar at 37 C for
recovered hyeenfifugationg. The i nocul umin ferrrentor type

5%@%@%“5@9%5%&%2%8@% %’r@‘%ﬁ L‘!%% &é@ol nocu j:?{’%ag%quﬁ o) from
Régeigillis GrbaganbaffepoENallt 0 B M ahdl HETAQME Meat pH 8 containing

fernentatign was perforrred at the tenperature of 37C
9.8 38Sp Qfo"[ﬁm"\‘@-’ﬁ%rnent ation were neasured the

'Pﬂ'éf SONHGE BbtdiRt W ubbHERE8 with %Hﬂﬁgné@havmg a nominal cut-off
pol ysacchari de and bacterial growh. At the

ofe r1BEIN0 tDa ransh dhe t pelysaneharide uwas werecipliried mithg@eetase. The
|

R lcbg, o, 45| RS9 SR Sld B pRRstin (Carbazol

meﬂmdr)l,anrafmh drid dafbmlmsNMig, lﬂVIatrldaprotam oententanes with

(ﬂo D&!é;l g educe volune to 1/5. The
RACTHEAIPN s'\’vg ahf’@ci pi tated by adding 4 vol unes

GRCST Preepriddct bbtafiddy frofme sRpea) dvasy selabilized lugaQOOnml of 2N
De rote| ni zation of the _solid obtai ne%hvvas Ber or g
M@ﬂé@@@y@:mﬁ@ laft @ é%%ﬁér@ PWS- hhe, SRIUten M(@s: Rrought to
l%%gk!ﬂ‘%-l %gho'whﬁ%d%emﬁrﬂeléﬂm A mdéaﬁﬂh@dnbﬁgsacﬂ@%lde was

r 90"m nut es e sol ution obtaine
obvtaineli | t ered wi t h nenbr anes haV| ng a nom nal cut-off

Phe 2 %agq%gﬁ%eafﬁ%g% rgag.gléc R rw%sﬁﬁiﬁ%t R0 bRl AkEM with 10 g
hcasbonate SadiUdS'"dﬂ'ﬁgm amiItlommr(m paf plysdine+stphipirioxide adduct

R 8 uita5 . TR R e el g EENE SRR by slibhetea 1o

g&?@dd&ﬂﬂnéé %§[§lﬁﬂlea) fr&ﬁﬁseﬂt@'%hﬂlﬂﬁﬂom 0sing& $pirad methbrane of
droxi de sodiumand | eft at for 18 hours.

The
g@pgt[p dﬁrepggalgr@jgﬁgetl\gnhpore) The purification process was completed
when the permeate conductiveness was below 100 uS.

The product was brought to a 10% polysaccharide concentration using the same
diafiltration method and was then lyophilized.

The N-sulphate/N-acetyl ratio of the obtained product was 9,5/0,5 as measured
through carbon 13 NMR.

c¢) Epimerization

c-1) C5 Epimerase immobilization on resin.

5 mg of recombinant glucuronyl C-5 epimerase obtained according to US n°
09/732,026 and to Li et al J. Biol. Chem., vol 276, 23, (2001) 20069-20077, were
dissolved in 200 ml of buffer Hepes 0,25 M, 7,4 pH, containing KCI 0,1 M, Triton
X-100 0,1% and EDTA 15mM, 100 mg of N-deacetylated N-sulphated K5 obtained
according to the description in step b) were added to the solution. The solution
was diafiltrated in a 30.000 D membrane at 4°C till N-deacetylated N-sulphated K5
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neutral pH with 6N hydrochl oride acid. A
N- deacet yl at ed pol ysacchari de was obtai ned. The

wokaeacwse| at ed pol ysaccharide sol uti on was kepeT/BP2040051391

C and added with 1 of carbonate sodiumin a single
addi tion and g of pyridine-sul photrioxide adduct in 10
m nutes. The product obtai ned nmade up of

N- deacetyl at ed N-sul phated K5 pol ysacchari de, was
purified fromsalts by diafiltration using a spiral
menbrane of 1.000 D (prepscal2® cartridge-MIIipore).
The purification process was conpl eted when the

AREPBSIRd R HAR-AKEN TS SheasdiRhOwiaheY 6P thd eerbrfidcthe buffer
was brought to a 10% pol ysacchari de _concentration

wes m@ang@d bmd@ﬂdira;:pmandaw Hbshtted with NahieQs 26@ ,M at 7 pH and

s Bt SRor] 1§ & A SREAGT H0°RA £ 3t Bephalole 48 activated

-lrbmvhm‘;llMRascbeﬁ taaeaelmvemlgbmmfﬂ}) C5 Epi nerase

bi | ti nb {

RO B b ol B L8R BB Vihhbosured

¥l the QuanijoR MethBdqDiveelifsd Biotet) aitdr, debantdtidA0The enzyme in

20069- 20077, were dissolved in 200 n of buffer gegci%
ringd, the

9“%"*“3“*7 wesAbserintdameneialieg 93k Withrheofetaod
ta| ng‘?é%°9"'% at 1Pﬂ¢ea|®b¥&lﬂ5 vethe\resiH Biied ﬁﬂﬁt Kvailable, the

accordin to description in step wer e
mms @vashedmﬂhdamnn TriseHES10% mhhat/\&pHdl afilt r at ed

kB dnhuBes R L o8, Bhrbfibt ey GBS & quantiy of the
oinobilized eetyme tribdpaticatle coretpomding foel , D uf10é comawas loaded in a
Sl gt i MM e
aBtafR adddRlinge® Bﬁp@&uﬁ@tr@ﬁféd%ﬁcﬁ&sé@%@m BiffsHTHERES 25 mM,

left to react overnight at . end of reaction

Keé OB, BRIA @AZHMe TQWTW @, ﬂ"%ﬁt@f A-Athrallogdrg it to recirculate
3Ll la ohlin’ BESRARId-ABhER H10A Jr 8Ly Rifihire

after decantation e enzyne 1 n Supernatant
Witer abwe’rwtrormehpnBEﬁﬁ i chyomatagrapiyt hmethedn@ndo dlesalification  on

SoRGAI ol Y SRR HPETEH BRIl 8 ronc s
vasteatithivdidh patgroNMR tethhiglieicebdidig ® . ddseriptidneon patent WO

Q?}#rgment of the immbilized enzyne activity, a
gg ? y of the

c-2) Epimerization with immobilized enzyme.

10 g of N-deacetylated N-sulphated K5 polysaccharide were dissolved in 600 ml of
EDTA 15 mM buffer, HEPES 25 mM, 7,0 pH, containing CaCL,75 mM. The
obtained solution was allowed to recirculate through a 50 ml column loaded with a
resin containing the immobilized enzyme.

This operation was performed at 28°C with a flux of 200 mi/h for 24 hours.

The product obtained was purified by ultrafiltration and precipitated with ethanol.
The precipitate was resolubilized in water at a concentration of 10%.

The obtained product shows an Epimerization percentage, measured with H-
NMR, as iduronic acid percentage on the total uronic acids of 55% (as shown in
picture 1).

d) Controlled Depolymerization.
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I mmobi | i zed enzyne theoretically corresponding to 1,2
X 7 cpm was |loaded in a colum. n the columm so

wee@patess 1 g of N-deacetyl ated N sul pahted KBCT/EP2004/051391

obt ai ned according to step b) was treated and
di ssolved in buffer HEPES 25 mM KCI 0,1M EDTA
0,015M Triton X-100 0,01%at 7,4 pH, allowing it to
recircul ate through said colunmm at 37 C overnight with
a flux of 0.5 mM/mnute. After purification by DEAE
chr omat ogr aphy nmet hod and degglificati on on Sephadex
GlO, the sanple was |yophilized and anal yzed for the
t H « .
T Sl Hiafiefl 1588 o puRSWCRL & RISy (BpIRYYS wih nitose
aci@ \asHfsscabed in pateriWe 82163427, iln quarkioutannd. g of the sample were

N- deacet vl d,N-sul,phat i

D EERRE I 236 By St BT ShE oS BOAE I PerfifsifEadhatn, The pH
l?role@tlHlo mgtotamh MON Ghﬂlpidéﬁcmlztodm@ at)bf%ia&ddaﬁerml rdsp200 mg of
was allowed to recirculate thro .
niEstiRl SQdiM Nese asideq. W?ﬁrhpﬁ?ﬁa?sﬁg‘qaﬁﬁlowwbﬁ@ﬁ%ﬁ&“h TN
ambﬁdﬁ?ﬁé REPOINIR SR SliRinGE6r 86 ndutesWrhé salulibhXvaefneutralized
200 h for 24 hours. The product obtai ned was

il NeiQkli 1Nycoglad-dgwn &t 4iG.on and precipitated with
Rl %é—@aﬁ?ggépgéﬂir&%cﬁ'ﬁxﬁ@ﬁgggﬂsﬁ dd iR Woﬂ@%ﬁ%gﬁﬂ water

a concen al ned product s
lepving 1t zedat for HeourenT g solutierawas éaken iorb,0 pNVKith 4Nl chloride acid

o581 T Sl PRI T 8] G A BAE Lo Sl By, ana,

BRSRkYdE it wad hettrdlized SAPNEOPD1N| T pradutt easaeddvered through

underwent to controlled degradation with njtrose acid
arecigitaton wih 3 Holyaes o' SRR A 3hen. (PRSiRled i vagiugn stove.
?F\?(BB%i ﬁuﬁ%%mg'asﬁﬁle\éﬁ%r%i@'ﬁ%f%oﬁ%mt@é. and

taken to 4 Cwth thernostated bath. The pH brought to
erOspartial sulfation LOrrartiabdesylfatiorb] ed at 4 and,

Fhb SR04 AP i Thb B 5 Vet redisnalien o 1o
edritekration imwates | sotiohi The sglution vids ndovladat 10%kand allowed to
T B8 B AR LA i o BBk eE e oy Aner
e MRV BNtHIE JoBbR the @8Yih Vihs Rasitat with Weichizsalwater,THilethe pH of
solution was taken to 5,0 pH with chloride acid . .
the eluate was higher than 6. The acid solution was then Fed to neutrality by using
a tertiary amine or a quaternary ammonium salt, such as for example tetrabutyl
ammonium hydroxide in aqueous solution at 15%, obtaining as a result the
ammonium salt. The solution was then concentrated at a minimum volume and
lyophilized.

The resulting solution was resuspended into 100 ml of N,N, dimethylacetamide
(DMA) and pyridine —SO3 was added.

Then a quantity of sulfating agent in a molar ratio between the sulfating agent and
the epimerised K5 N-sulfate substrate (as hydroxyl moles) of 1,25 was added.

The solution was kept at 50°C for 360 minutes. At the end of the reaction the
solution was cooled at room temperature and added with acetone saturated with
sodium chloride till complete precipitation.

The precipitated was separated from the solvent by filtration, solubilized with a

minimum quantity of deionized water and added with sodium chloride till a
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and left for 10 mnutes to destroy the excess of
sodi um borohydri de, and, afterwards, it was

woewsoadeszed with NaOH IN. The product was reCPUBERIH04/051391

t hrough precipitation with 3 volunes of ethanol and,
then, exsiccated in a vacuum stove. The obtai ned
product shows a nol ecul ar wei ght of about 6000 Da. e)
O partial sulfation / O partial destination The
product resulting fromthe previous step was
re-suspended at a 10% concent3ftion in water sol ution.
The solution was cooled at 10 and allowed to fl ow at

tSBRitibR P B2 M W8S biatfed. THeCdMitich was b%quht &< pRENS By addition of
resin |R-120 . After the flow of this solution, thé

sedium vrydrawidsedl Ni and cagetone; svpswadded ta lallowhpresipiigtion. The
FRES I8! 39 el iy pactied 105 85V EholAl gt e soic

neutr
gohitien thuy otained wass sblubilized byaaddition eneans of 100 ml deionised

tetrabuiyl.a ni um.hydroxi de |nh ggueous sol ution at

veaspr i et R SRS B uh B AR <ot The

9 Bliduot WS dpBNize@ oL Mg atreSturdl dhaljsii BF Ahe/ PariEly aDSulfated
!g}é&&hl lized. ‘The resulting solution was resuspended

d1ctby HNMRN N, di net hyl acetani de (DMA) and
! S i cont ni\“@sthélﬁgﬁ@g}{ gﬂ%ﬂe@g%ﬁ%@t ¥V§¥ afbwad'td Adw rElgough a

agent 1n a nolar rat+ ween the su ting agent an
tchtiore pkohanged R-K20 N sigsinareequivalentaAlie( the figwiod Ly solution, the

(B4 Weshpief T Be B waldFudf s, p8PudiiEe BEPlghigndr than 6.

Smeuhd':idnscvlammmﬁ;elbcﬁ}t]o mgp‘alityn??lemmgfge pyTi«liine.dd'hd soltfion was
acetone saturated wt odium.C orl.de. t (o40) e .

PR A T diohre AEVRRLIEE e BESIRL pbaiaed was
yahdrRAtwilY 160 hiimhso/metRholiol1 VA s¥Ibtibreafd tHa®fained solution

quantity of deionized water and added with sodi um
Masdiaptiat €910 for 24P minkiesof 0.2 M was obtai ned. The

FR 8 S 45 Bl Puin 308 il B0 bt i wi
[@cetongi tsatliuom. chilbeder salupstioat ﬁrmlf _snlmt:mtfaioql;watﬁyt tt;antlzci)mplete the
BRI RER, The"SIRL PR LR R bien! MG ciifatpl abooraing 1o
xaewA teéhriiQiesrhnd eincaliet wast igoplancbdofori biractufal cmalysis by *C-

residual salts by ultra filtration. An aliquot was
I hilized for the structural analysis of the

rppartial 630 Sufptdtred product by C NWR

The product obtained from step e) was then re-suspended into a water solution at a

concentration of 10% and kept at room temperature. The solution was passed
through a cationic exchange resin IR-120 H*. The resin was then washed with
deionised water and led to neutrality by means of hydroxide tetrabutylammonium in
aqueous solution, obtaining the ammonium salt. The solution was then
concentrated in minimum volume and lyophilized.

The product obtained was then suspended into 100 ml of DMF and the sulfating
agent pyridine -SO3 added into a DMA solution was then added. The solution
brought to 10°C and treated with a quantity of as sulfating agent pyridine -SO3
adduct with respect with 1,25 equivalents of sulphating agent in respect to hydroxyl
for 60 minutes.
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The solution containing the partially sulfated product
was allowed to flow through a cation exchange IR-120 H

WO e®sn014866 equi val ent. After the flow of this sPCT/EPING/051391

the resin was washed with dei oni zed water until the
per meat ed pH was hi gher than 6. The acid solution was
led to neutrality by adding pyridine. The sol ution was
concentrated at a m nimum vol ume and | yophilized. The
product obtained was handled with 100 ml DWVSQ net hanol
(9/1 VIV) solution and the ob32i ned sol ution was kept
at 65 C for 240 mnutes. Finally, the solution was

aﬂ@s&blﬂﬁdnhm@@ﬂeﬁiediﬁﬁ}ﬂ lﬁb%ge et RatedNFitt 56diu f rgfb in a quantity

w th acetone sodiumchloride saturation in suc

daasrmriote: graginiigtione Theeselide objsined iwas. puriied dhioggh diafiltration
. b ¢ il . . )

o Rl A ISR iR R B i by

SteNMRral analysis by C NMR f) partial 6-0

S Irghat' n..Ihe product obtained fromstep e) was then

r@- 'ﬂ?ﬂ &'8"i nto a water solution at a concentration

afhelfitfladtdvdecilulilizé it ANRb@gHi e a {EReraturE bPA0®@and added
assed through a cationjc exchange resin IR-120 H

& siagieRdpion Y grracdim rrthongta and 489 patidine afidiqtdexide in a
tind'SIH g Rlruids. by neans of hydroxi de tetrabutyl ammoni um
i n agueous solution, obtaining the ammonium salt. The
| tnei endwals thehgrraciinm ewhemt ratessany rtheusolutidrurwasaded to room

I i i ' t . ded
RSt i e EnEeent ¥ BHIGvel R F M GRS
-Thedradiats gva'srthﬁn pubfidd fomdalte lby\lmsgmfted?]rﬁqlm@ sudihas forfexample
|yt | . t n r eat with a antity o .
35 digieh g8 2. 00 ey SHbo saiel patobrand Horas sede “cartridge-
Wiifliore? STRE WYraddstnemdet witd! P pakrheStedesHtuctiity R Cthah 01000S,
hydroxyl for 60 m nutes. The solution was treated wth
feefeably lowen thare 400iSh Thedietainedth pradugbwias radugeshini wglume till we

t (5 cipitation.  The solid obtgned .
B ks BuFerRielPh of o PeeSmaia By e SEmifiration process
wedshapthievAdal | quot was | yophilized for the structural

al ysis by C NVR N-risul phati on The product was
3‘2‘9 PP‘H’@JH'HM@!%’%?WH? 'BLRj‘FfP'pec% a tenperature of 40C
e aflidrs activity measured into human plasma of the obtained products was
140 1U/mg (see table 2) and the ratio between the anti-Xa activity and the anti-ll
activity was 2.5.
EXAMPLE 2. O-sulphation with DMF
Example no. 1 was repeated with the variation that in step ¢) and f) the partial O-

sulphation and partial 60-sulphation were carried out using dimethylformamide
(DMF) as organic solvent. The obtained product showed an anti-Xa activity in
plasma of 85.9 IU/mg (see table 2). NMR spectrum is shovi/n in figure 3.

EXAMPLE 3. Controlled Depolymerization in presence of 50 mg/gr substrate
of sodium nitrite

Example no.1 was repeated with the difference that the controlled depolymerization
was performed with 50 mg sodium nitrite per g of polysaccharide in order to obtain
a molecular weight of about 4200 Da.

The product obtained showed an anti-Xa activity in plasma of 60.1 IU/mg (see
table 2). The ®C-NMR spectrum is shown in figure 4.
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by a single addition of 10 gr sodi um carbonate and gr
pyridine -sulfotrioxide in a tine of mnutes. At the

wepwsoiseshe reacti on, when necessary, the sol uPCDRP284£051391

led to roomtenperature, and then, if necessary, at p
| ower than 8.0 with NaOH The product was then
purified fromsalts by known techni ques, such as for
exanple by diafiltration with a 1000 Da cut-off spiral
menbrane (prep scale cartridge- MIlipore). The
process ended with a perneate3gonductivity |ower than
1000ns, preferably |lower than 100 nS. The retained

ROMPLEVAS P"r@éit?@(ﬁﬂré po %&Ib#i‘faﬁéﬂ%ﬁisnﬁﬂvﬁhglgo/?nolecular

concentrati on he sane

waightof abou 32000a (mmtuﬂlededmlyﬂngbent with 2¢ ragig issibstrate
f??%ﬁﬁ A@T&nge 2. The anti-Xa activity nmeasured into

"W f the obtained products was 140 | U ny
Examplatiox! Nasanshddied nath mebeﬁfmemé litsataint steXad) the controlled
act|V|ty and the angi-|I|

S Roly IRl WP FatieH QL 20 g SoPn ST is BB b plfspocharide

ﬁrf‘@rd\é?idéﬁt‘aﬁf‘ah}fb?écdldivﬁl d¥)ab6[]ﬁ8(§00ljéle partial -
ul phation and gartla 60- sul phation were carrie

J é\er@tajna@pmﬂw shrwedian eniiia acfiviy inplaemadn Vo lU/mge(see table

activity in plasna
%?%LEP W I% seen{)%ﬂoa@)lﬁﬂ spectrumis shown in
EXAMBLE.5. B(Amtﬁdﬁogleahhepamw pbBeduttiore havimg molégular weight

presencg @6 é&gng/gr substrate of sodiumnitrite
ﬁ (l S repeated with the difference that the

E&ghqué he.b Wa@@bpfmﬁeczaém?mga@ ttﬁl@foﬁl@wm(ktapﬂ h 50 g
ggtﬁggpn%rgtlléf{) :otge(NJpgqty%é F‘ osgq%%gﬁarlrh%gg{a%g%r %ﬁg\ Eschenchla coli

duct obt ai ned shovved an anti-Xa activity in plasma
of '60.1 |Ung (see table 2). The C- NVR spectrumis
bhbb\ﬂeaqetylawfé-smlmthLE 4. Production of

gkgéﬁg%%gh i cal heparins having a nol ecular weight of

(controll ed depol ynerization with 20 ng/g
siolbattlnaOeSmibhatmﬂi/partlaii @+desalph&iiampl e no. 1 was repeat ed

WSt hrtltarg (Sj I]E)ﬁerat?onn?ﬁ-nsu?tha ngn step d) the controlled

Steps a)-c) correspond to their respective steps in example 1, and where, lacking
the depolymerization (step d), step d) corresponds to step €) in example 1 and step
e) corresponds to step f) and g) in example 1.

The final product obtained had a molecular weight of about 20.000 Da, and is
susceptible of depolymerization. The anti-Xa activity in plasma was 135 IlU/mg (see
table 2).

The C- NMR spectrum is shown in figure 6.

EXAMPLE 6. Production of biotechnological heparins production having
molecular weight of around 15000 Da (controlled Depolymerization with 5
mg/g substrate of sodium nitrite).

Example 1 was repeated under the same temperature and time conditions used in
step d) but the controlled depolymerization with sodium nitrite was carried out with
5 mg of sodium nitrite per g of polysaccharide in order to obtain a molecular weight
of about 15000 Da.
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depol yneri zation was carried out with 20 g sodi um
nitrite per g of polysaccharide in order to obtain a

woredosouess wei ght of about 8000Da. The obt ai nePCPEPIO€ 051391

showed an anti-Xa activity in plasnma of 0 IU ng (see
table 2). The C NWR spectrumis shown in figure 5.
EXAMPLE 5. Bi ot echnol ogi cal heparins production having
nol ecul ar wei ght of around 20000 Da Exanple no. 5 was
performed according to the foll owi ng steps: a)
preparati on of N-acetyl parosa®e pol ysacchari de
starting from Escherichia coli K5; b)

t
fihe %@fﬁé’d quogeg %@dﬁ%gg?%a |(ﬁ})péé;sgia£gbié\§1?0dr§QQ0)I@)mg (see table

Shﬁhe C-BlMRgpetrthm isostiawny indiguphdt i on, Steps a)-c)

EXAPEE, Bl o 5 #Ldrrr?gt%ﬁos;%%?hP'osr%%ar-rﬁaecow-ng
mknewm&hntqnxestep e) in exanple 1 and step e)

e 2B Re ResbEiach bt g ARk byt bbb conditons

dBs&HidDn, \A@ldmgsay%mamd)b%aﬁzgemeymw Balbﬂp,nperiarmmg the
anti-Xa activity asna was

aypew@h@hommm%mﬂ%unamdes%m G fprf1 ngé_r&etheémpulphatlon at
§5 &g H'@? QR l‘é@. AHLIBRCEAY, aﬁ@!& qg@g%{@o@‘ﬁ&ﬁfd@ for 90

avi ng ecu ar wei ght of oun ontro
Délpxdbsmsrl zation W|th 5 ng/g substrate of sodium

bt BT fd B SO Do n s

tabmmqqntmaémed:fdsw/mge(see aabler?)wrhd $ONMR spdctrutreis shown in
was carried out with 5 ng of sodiumnitrite per g of
BoReBiccharide in order to obtain a nol ecul ar wei ght

eXANPLE 8l Fiedublor vt maie%h%ﬂooglhéﬂﬁéﬁaﬁﬁ@%ﬁdoﬁﬂng to prior art

anti-Xa in plasma activity of U/rrg(seetable
teghniM@R spectrumis shown in figure 7. EXAVPLE 7.

gé@gﬁagléwge RSP FetfoMBd Oby Pidhg CiHRCsafeC FupBiRitiaflon and 60-
desulphation conditionsdescribed in WO 01/72848 and WO 02/50125: in brief, the
supersulphation was performed in dimethylformamide at 50°C for 18 hours, the O-
desulphation at 65°C for 150 minutes and the 60-sulphation in dimethylformamide
at 0°C for 90 minutes.

Moreover, a depolymerization step was performed at the end of sulphation process
as described in WO 01/72848 and WO 02/50125 in the presence of 40 mg/g
substrate of sodium nitrite at 4°C for 15 minutes.

The obtained final product has a molecular weight of about 6.000 Da and an anti-
Xa activity in plasma of 31.5 IlU/mg. The *C-NMR spectrum of is shown in figure 9.
EXAMPLE 9. Production of biotechnological heparins: control of
depolymerization and sulphation conditions.

Example 1 was repeated with the following variations:

The controlled depolymerization (step d) in example 1) was performed with 40 mg
of sodium nitrite per g of epimerised KSNS under the same time and temperature

conditions of example 1. The molecular weight obtained was about 6500 Da.
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to known techniques. n this exanple the O super
sul phati on and 60-sul phati on process conditions

walemsnidsed i n WO 01/ 72848 and WO 02/ 50125 wer ePCFEP2004/051391

Briefly, perform ng the supersul phation in

di met hyl formam de at 50 for hours, the O desul phation
at 65 C for 150 m nutes and the 60-sul phation in

di met hyl f ormam de at OC for 90 mi nutes. The final
product showed a nol ecul ar wei ght of about 20.000 Da
and an anti-Xa activity in plgsm of 45 U ng (see
table 2). The C- NWMR spectrumis shown in figure 8.

necor %’ﬁﬁ\a{ué’ﬁ grg téPBf %&aﬂﬁgfét ¢C\pé’§|p%ﬁ’oﬁﬁéd RGRRA! Mdlar ratio of 5

r art tec gues IS exanpl e was
pehnmn atipg agenigancheubsinate KaNesualgshepimenises anddor a period of

n | 72848 and WO
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The dirmildﬁwaaiméﬂami%@l%e?tan B0t Xd actlvlt@ ih w%lsm% phe9 IU/mg (see table
n at 65 150_.m nutes and the
é)g 19&3%%@96&%%%%9%&%3& at 0C for 90
EXANPEE %rtht.andap%ibmrﬁﬂégml Shéparis: control of the
performed at the end of sul phation process as

depelymerizationand spiphadiongandifions., 50125 in t he
PEGF il Ao Rl Retbus AL Bo ) G K

ai ne Fina
polyemdfmndeam@pedbrnabg wndér tﬂﬂi)sﬁ)aueahirde andatenperatare conditions

Bl R Rk BnehihiBr 5SS, 8878 ol Bpimorised
RENSE € opltsig i & aholeepiar Ivvéightcﬁhbbcht 660depal Trer partisl eulphatlon

Sl 45 o il e S LSRG of 00

Bémae)ﬁnama%iﬁ@ isél%ln( 2h8Rh8 epie e BliSstrbte WEN-BETHIEd 89 8 hours

umnitrite per g of epinmerised K5NS
mwbathmwnea@edesumélaanuwa@repé'resmutéoe mingtess of

ga.éggr | aPE{S%\Errér‘ﬁz sﬁ&%&&%n‘%h a%’tpﬁtz')l(ﬁ'a ﬁ%s\e‘i%iofav\g@ulbhﬁé e table

atron (step'e
Berformed with a nolar ratio of 5 between sulfating

PEFRIMI ShedidR o o nioAlhpriaMed ettt P s el shown in
ﬁ@ureGQI m nut es.

EXAMPLE 11. Separation of polysaccharide fractions having great affinity
for antithrombin lll by means of selection on affinity column.

A polysaccharide was prepared according to Example 1. After step g) of N-
risolphation the product was allowed to pass through an affinity column as follows:
20 mg of product obtained from step g) in example 1 were loaded on a CNBr
sepharose 4B resin column (Pharmacia), on which were previously immobilized,
acéording known techniques, 100 mg of human antithrombin Ill (Kedrion SpA,
Lucca, Italia), in buffer Tris-HCI 10 mM at pH 7.4 and 0-0.15 M NaCl, at 4°C. After
a period of 60 minutes of binding, the column was washed with at least 3 volumes
of buffer Tris-HCI 10 mM pH 7.4.

The molecules bound with a greater affinity to the column were eluted by adding a
gradient of Tris HCI 10 mM pH 7.4 containing 2M NaCl.
The eluted material was diafiltrated by a 1000 Da cut-off spiral membrane to

eliminate the salts and concentrated by lyophilization.
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The product obtai ned showed an anti-Xa activity in
plasma of 89 U/ ng (see table 2). The G NVR spectrum

w0 g008hossss i n figure 10. EXAMPLE 10. Producti onP@Ff/EP2004/051391

bi ot echnol ogi cal heparins: control of the

depol yneri zati on and sul phation conditions. Exanple 1
was repeated and the internedi ate depol yneri zati on
(step d) on K5-N polysacchari de was perform ng under
the sane tinme and tenperature conditions described in
Exanple 9 but using 40 g of g®&iumnitrite per g of
epi neri sed K5NS to obtain a nol ecul ar wei ght of about

?ﬁ@%naapro n@ qus\ké@b melbANat | f WEIBhEBr 8 PRdPank ﬁnﬁ-%aeébtlwty in

I n exa was carried using nolar ratio of O.
plesmasaf 360 IUémg Bgeadaiie 2h1C-NRMspentsunasis shoym manleture 12.

éig@@ﬁ:- ﬁh[e h{kﬁg@%ﬁé} #]Elﬁgleggﬂng oﬁr%glbltc#hgﬁu aving_low molecular

fauumwoeo Dxhowed an anti-Xa acti vi ty | n pl asnma

%?aégéx Soies: feppelach Bl allet 5o NrieSURHIATL Step SRS profyct was

g ac?rﬁensmér&hé %anﬁ%ﬂﬁ fAibhe Bs Qfes@r‘i&é&ﬁﬂ@i&kﬁﬂ) &fexample 1.

ions having great affinity for antithronbin |11

e fisaheroducisebtained diadon maleguiar yeight eiabout 6.000 Da and an anti
| .
R?t 9123? Wﬁlh?ﬁ\g\’@ doflﬁf?@h(ggeon : hZi e 1C-RIATRb8etrum s shown

i so product was all owe
inofiquee 43t hr ough an affinity colum as follows: 20 ny

Balete 2" i REhpRlaid’ Herrld) Bffont WBirfrol o the

émwammlﬁndmanghl ch were previousl y i mobi l i zed,
accordi ng known techni que

EXEmPle bitAsrapepteda@ry %?'ypﬁ-sm ion n EHeF eLPf Exgmple 1, which
%Efcfea’rné—(ﬁ i oert Wi Q Mn%tr rﬂf‘b 7of45 %@ﬁuébrptﬁe's siiphafihg a@bnﬂand the

per1 od m nutes of binding, the colum
episarised éb-ailphated substsatelafovalhmw&ab’i() Buf fer Tris-HCL

'f%ﬁ:bguc% obtated HnbfdSh Q@t’b@éjggﬁ\htg iR p% Bf 7§fl%}7rn$$.it'i;’he 13

um Wwere el uted a gra |ent 0
NUIR spbgting isishoowvnm mi figung12M NaCl. The el uted materi al

wlﬁéhgtﬁ; ad b%ﬁl%lglg 8K53?§€(h§&&{2&?0 ' errm;m%tg n?non re-

sMRMated zrﬁbrmadﬁu@ of bivtbchnoldgidal Heparis).a nol ecul ar

Exar%me 1o (rvagsrggea[‘zgd z\jllvrl]‘r(ljl1oﬁl’cn’:hgrl‘atist s%gj;) gfcrtegmlpLZu

The final product had a molecular weight of about 6.000 Da and an anti Xa activity
of 5 IU/mg (see table 2). The ¥C-NMR spectrum is shown in figure 15.

EXAMPLE 15. Preparation of K5-OS,NH2,epi intermediate (intermediate of
biotechnological heparin before the desulpahtion, 60-sulphation and N-
resulphation steps).

Example 1 was repeated by varying the partial O-sulphation (step e) of Example 1)
conditions, as it was carried out with a molar ratio of 5 between sulphating agent
and the hydroxils of the epimerised K5N-sulphate substrate for 8 hours at 50°C
and without the subsequent steps of desulphation, partial 60-sulphation and N-
resulphation.

The obtained K5-OSNH.-epi product had a molecular weight of about 6.000 Da, a
95% hydroxils sulphation and an anti Xa activity of 8 1U/mg (see table 2). The

proton "H-NMR spectrum is shown in figure 18.
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pl asma of 300 | U ng 8see table 2). C NRM spectrum of
is shown in picture 12. EXAMPLE 12. bi ot echnol ogi cal

whe@ani4asse producti on havi ng | ow nol ecul ar wei gheT/BP2004/051391

about 6000 Da. Exanple 5 was repeated but after the
N-resul phation step the product was depol yneri sed
under the sane conditions as described in step d) of
exanple . The final product obtained had a nol ecul ar
wei ght of about 6.000 Da and an anti Xa activity in
plasma of 65 U ng (see tabl §72). The C NVR spectrum
is shown in figure 13. EXAMPLE 13. Bi ot echnol ogi ca

Eﬁﬂgﬂ*lﬂ? %.OWEHhPﬂanBFtlBi%\:eéI‘fndlBQicﬁP' REFERY with molecular
conditions. Exanple 1 was repeated varying the
weightpabeuldh00@Das e) of Exanple 1, which was carried

y f r I fhe sul phatin
Eéé’ﬂyeaﬁwg? gghe& %@M@e@g @@%‘%ﬁ%p (Se'd subst Pat e) ? or 8
AP prepacdtionCofN-atelyihppasesan pdiysEcoharide steeiihga froeniKd XEscherichia

activity in plasma of 75 U ng. The C NVR spectrumis
€¥bwn in figure 14. EXAMPLE 14. Preparation of

BPNREEENAtioAM-sUIphatisredi at e (non resul phat ed
I nternedi"ate of birpot echnol ogi cal heparin). Exanple 1

fhepimepgalioftd wi t hout the | ast step of resul phation.

é;‘g%rfg.b@lsg%&gﬁﬁ[gaﬁﬁ %dégih&%ﬁbﬁf wei ght of about

nti activity of 51U ng (see table
2) contiolleCduhBlyseeizatiom i s shown in figure 15. EXAVPLE

5. Preparation of K5- ,epi internedi ate

biwlﬁé isgtpgag?n/ﬁ'égﬁﬁﬁlg%gi cal heparin before the

OlEﬁt&td lﬁ%hfd'ndiﬁonﬁ@f Sﬁebs(fjai}tgb Oﬁrrmpﬂnnﬂrtemwmécd?edirekbne)respective
ample 1 S repeate varying, the partia .

CEADE e(k@gﬂ Whersr Sigps |3é%eg&\ﬁ§i'm%h§‘,"e§§di9rder with

Y&peERbithe dafidistébd bF éxdmlian. ratio of 5 between

sul phatin ent and the hydroxils of the epinerised

KbaLobiali t‘léa(‘]{m@@uqtétaé 3 prolesulasyaighitofzbogt BAW0vPa st an anti
S B B WO SR 02 BB U s i
shpweg inopictate hAdd a nol ecul ar wei ght of about 6. 000 Da,
gw&l{;&?i )éi[*ezﬁﬁﬁ{r%lfi%tn;.%i ﬁ’ped bqglo%ri]éeh é&i@@i Xf ttKeoE)roducts
obtained according to invention.

Measurement of the anti factor Xa activity: The anti factor-Xa activity was extimated
according to a chromogenic method (Coatest Heparin kit, Chromogenix). The
measure was performed in normal human plasma, using as reagents the
chromogenic substrate $2222 (Chromogenix), Xa bovine factor (Chromogenix) and
human Antithrombin [l (Chromogenix). The reaction was performed at 37°C in a
coagulometre ACL 9000 (International Laboratory) and the reading was made at
405 nm. Resulis are shown in table 2. Results obtained according the known
techniques (particularly products of the procedures made as described in WO
01/72848 and WO 02/50125) have been summarized in table 1, where data of the
literature for extractive heparin have been reported (Fareed J et al. Exp Opin.
Invest. Drugs, 1997, 6:705-733).

Anti-factor activity lla. Anti-factor activity lla was extimated in normal human

plasma according to the following protocol:
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proton H NVMR spectrumis shown in figure 16. EXAMPLE
16. Production of b otechnol ogi cal heparins with

woredosouess wei ght about 6. 000 Da. Exanple 1 waBCT/EP2004£€51391

out with the follow ng steps: a) preparation of

N- acet yl hepar osan pol ysaccharide starting from K5
Escherichia coli b) N-deacetylation/ N sul phation c)
epi nerization d) partial O sul phation/parti al

O desul phation e) control |l ed depol ynmerization f)
partial 6-0 sul phation/ N-res@gphati on, where the
conditions of steps a)-c) correspond to those

%ﬁgf@’ (2? ngllgﬁ‘ 8; ngrﬂéﬁéﬁﬁﬁﬁéﬁ‘ﬁinsﬁI?%r&ﬁow&elmﬁﬁg {030 wlof a

are In an I nver der wt

sslagiwcof the ddmpls aobesihegstigatedeinadifiéerent cdieendratian @ad to 60 pl of
final product had a nol ecul ar wei ght of about 6.000

pﬁvirll%ﬂuoraﬁinatﬁtat SxhnKaymiAGRomegeniXs ma of 95 | U ny (see

: H [ t of di i .
701 ion I RAGN T S 407 7 509 00 1 crpomogen
aubistraitd B-2238 tGhrpmogenixy wdre sadded. ddeoredciion was recorded for 90

i nventiap. Measurenentof the i _factorX RYIR A

Seforan o a cpang Ve serond a5, U A bbbl gL 9000

%qféﬁiélﬁﬁﬁ?ﬂéﬁbrﬂﬁ*ﬂ@d‘ hé Gestiles bbidey with khé known products (mainly
ronogeni x). The neasure was perfarped . in n JI

iSRS RTiBARroGess klgsgibedingdQ Biirizga ﬁf‘eﬁ&{j’e@g& 25) have been

%L%ﬂﬁb"ri%&i r21.(Chronogeni x), Xa bovine factor

ronogeni X) and human Antithronbin 111 .
Renistamogeloi Ypparivaser cEha iresisiance plor hepaiinasg: | vas gsimated by

| .
GBS R oA OROeFh ) R SaBld APBLASERA HRIG0 v, 0
mmg,utsz(cﬂa(?ltﬁlaﬂdlﬂg?rw%gm pflli g at héinhhmmcegtration of 0.02%.
28 6050 faedriosed Bl GAS Pofihe SRa2(ebed wire SR g 100 u
F&ﬁﬂoﬁ %i?iﬂ?ohbnsérﬁﬂbeaﬂd VRE' feadfbi Wis tifdubated at 25°C. The

Iterature extractive heparin have been reported
(cewtior tvas then stopped Py@sddition ef/dEl 50 mMgat remkgr intervals every 10

ﬁ’lll’?,ol5h(?l]?i'3% hours, 20 hours.

Every sample was analyzed both by specirophotometrical determination at 235 nm
and by GPC-HPLC to determine the molecular weight. The results obtained are
shown in table 3, where it can be observed that while extractive heparins used in
the study both high (HMW) and low molecular weight (Fraxiparina, Sanofi) have
been degraded in the long run as shown by the decrease in the molecular weight,
biotechnological heparins obtained according to this invention are stable (molecular
weight is stable even after 20 hour treatment with heparinase I).

TFPI activity. The determination of the activity on the basis of TFPI factor was
made in vitro on HUVEC cells according to the method described in Gori AM. et al.
Thromb. Haemostasis 1999:81:589-93 and the comparison was made with a
commercial non-separated heparin (table 4).

Inhibition of proteases generation. The determination of inhibition of the proteasis
generation was performed in plasma depleted of fibrinogen according to the
method reported in Fareed et al. Path. Haem. Thromb. 2002; 32 (3): 56-65. After

adding various dilutions of the samples under examination, plasma was activated
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Anti-factor activity Ha. Anti-factor activity Ha was
extimated in normal human plasma according to the

wo elosowneng protocol : 30 mof 0.5 U m of human PCT/EP2004/051391

antithrombin Il (Chronogeni x) were mxed to 30 mof a
solution of the sanple to be investigated in different
concentration and to 60 m of bovine thronbin to at
5.3 nKat/m (Chronogeni x). The sol ution was i ncubated
for 70 seconds at 37 C, then 60 m of chronopgenic
substrate S-2238 (Chronopgeni 89 were added. The
reaction was recorded for 90 seconds wth a reading

l?;?/ %ﬁ)ﬁl nﬂh rﬁﬁl%gﬁasﬂné )Xﬂ)r ?PBO&Q% RER 1ot ah&GhtriA8iR0coagulation

nter or at or e results obtained with
systerk rmM?Tﬂ'r (RadetActinyor ihe aplivadion tof thsf mtrh@lqmggé@%lon system.

escribed i 4 /
'Ef&?nl{mﬂ? ian, oF HV@ tg\rcgzg‘ﬁdi%q?@'d%v\érgg E%ﬁ\?gl“ nasenﬁﬁﬁored using a
ll\@EI %?@@ﬁglﬂgﬂﬂémr(ﬂrﬁléﬁﬂhwl Eatbora’ﬁir?)d The paleparobigined with a
ow and a hi no| ecul a e buf f
aamelemwpt'%m%w Mg/l ragaewn H}%&’&% 2 afmd Ionorl% BgrA at
ﬁhfn@ %0 %ctér f’FﬂaHet%ﬁﬂﬁlﬁﬂbﬁ F 19 aﬁ’fth tQ?fQ(eto? @’Fumplaelef factor 4)
hepari nase (Si g CAS nunber 52227- z wer e

wes avalvetad Inmma by detarmining e t'éh?éilé?énﬁﬁ é%ﬁ‘éi'\'ﬂtw @ﬂef addition
&6F 3 SoB0 YRRl 61 P04 TclBl e e shlich SEAKIfG MHe, HOBEological
Baparinsdbtainad a&cdrdmg 1o heniowestiork0 hours. Every sanpl e
181 aithPlekeoporaningt o 86 O Ol g EBped pttaige 2 PF4 fina

toreeomiaBen| ¢ 10ei@hil. Thae résdudl t antd X autidityarof Bbowmple was

in table 3 wh t be observed t
mesasa@du V%n%égr&%?%@t Fearin ffg'rfé%ea?"'gbpﬁqh? dpaguigpeter ACL

g@@b (N 'L%rbor]ﬁbﬂgt ThENRLHREN hAf. Xas%ﬁﬁ\fli ) whdVifleasured as
een degr a I

ng run as shown by the decr ease
parcehieoﬁtbee‘uhﬂlactlm(mhle ©hi ot echnol og| cal heparins

@%@?'g@e?ﬁ%{ﬁ CC{,\%FM&{ glgrtlt I Iff E&I‘lh € finf Wb{h‘% determination of

APTIL nEdst petformdi fay |omagalat|¢n féEPIusmg iavi eoaguiminester ACL 9000

eternmn f ot t I h f

(IGtereAoRaL LaRatorkl T sedstioh ae: CHTPS Gl o 3 i by pdding @

&ﬁ@ntﬂ?b\" eEbIA gklt aeq T Iﬂtéﬁﬁéﬁon%NLal@éraﬁdry colreasB71 0) to the sample
Haenostasis 1999: 81: 589-93 and the conﬁjarl son

dily silatasbanrsiolowingiiae cliat farmation aties SIC napapnee@pd%n and the
}%Ha,ﬂ]ﬂ.t?q*mg ﬁoﬁ@ﬁgfo?:ggrgtl on. The determ nation

The APTT values are reported in table 2 as percent of activity with respect to the
first international standard of low molecular weight heparin 85/600.

Determination of the activity of heparinic cofactor Il (HCII): the determination of
HCII was carried out by preparing a reaction mixture containing 20 pl HCII (Stago)
0.085 PEU/mI, 80 pl solution of the sample under examination at different
concentration, 50 ! of thrombin 0.18 U/ml (Boehringer) in 0.02 M ftris-buffer, pH
7.4, =15 M NaCl and 0,1% of PEG 6000. The solution was incubated for 60
seconds at 37°C, then, 50 pl of 1 mM of Spectrozyme chromogenic substrate
(American Diagnostic) were added. The reaction was monitored for 180 seconds at
1 seconds intervals at 405 nm wave-length on an automatic coagulometer ACL

9000 (instrumentation Laboratory).
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generation was performed in plasma depleted of
fibrinogen according to the nethod reported in Fareed

werooalol46Rat h. Haem Thronb. 2002; 32 (3): 56- 6BCT/AP1064/051391

addi ng various dilutions of the sanples under

exam nation, plasma was activatedby addi ng PT
(thronbopl astine C) for the activation of the
intrinsic coagul ati on system or APTT (Dade Actin) for
the activation of the intrinsic coagulation system
The inhibition of both thronmggn (factor 11) and of Xa
factor was nonitored using a ACL 9000 coagul onet er

i asThE Al i ' :
088 AP Rpd B o R sl Sigbhit o s
istérmational standacd off loWfoledadaeweighbheparir85/606@. af finity

b it Bl e Biofidien st ta. i BiRefiladtEh Ciedfips produced
ééécﬁﬂin?d%tih@n iffentioh, *&d agedtirigt \to Omdiiddls astlapdicténivzed by O-

the solution containi ng t he bj ot echnol ogi cal heparins
superswiation espmless (@ the wsengkseivents deprngr prastrper of formyl

GRfeR SR, Bfhetnyfforrlrie AL By i SRPOGTRiich step, or of
astrantive\ieparios. Theedaiangfiow inapanfiedeuthel thes pni-Xe @ity steasured
e alstet B G R Bty Sp BRREE bRl 1§ e BR¥es than
fortthey ptior ave prodeeisiatednamraide awiecutdr wéighi. ni tial

Pt Pt S e e Sy 4 Pl Bobipitogia
ﬂ@tﬁ/itg%"xg%éﬁiﬁd dVarGidaeior Xt AdNity BAY tS hitleculdrargghtdsBigher. Such
ACL 9000 (International Laboratory). The reaction was

an ingreapersrens tosterdug taigi Geankined aesyliapitieg oftbg Pspsass:

' : | : 72 0%t
L RSPyl 3R B SRR 8 B s
exaraples @ andiffartd compiariseadli t i on and t he reading the

t t_66 The, APTT [ .
? Hpeboh o, At offere FOUERT bt Aditin YELSERE it Burng the O-
ﬁlhlbﬁét_idmééﬁsi’ ﬂigtoﬁ?(o-gg{phatiam d’?pd (ode éxa(]mpleb ecarid? fo”? gmhparison);

eparin_ . ernmnation of .the actiyity o :
EpaimeHiglocARRLBSAIOp R Whih 4 JETBHISY, El0ss ths O-sulphation
bbbfoy@ thet 8OLdBsheAiBh s@ééps? CBRParEHiAdE bRFnidh shiied out at the
20 m HC | ( 80 ni

cont ai ni ng t ago) 0. 085 PEU/ m
snd of therprecesshises aensneples d @ndeldaior ALONMRARANEENN; f f er ent

RYVGRD3ab80or 1 AL beharetllpdlel b Sosfengre) o an
RE@dEOMYIn plasmacind ihermolesulian weligitt e the pragidict obtained, as well as
of the ratio between the anti Xa and anti lla activity is obtained when the O-
sulphations (O-sulphation and 60-sulphation) are partial together with the use of a
polar aprotic solvent non donor of formyl groups for O-sulphation and 60-
sulphation coupled to depolymerization performed in an intermediate phase as in
example 1 and in example 6.

However, the process is compatible also with a stronger O-sulphation combined
with partial 60-sulphation, as described in example 13.

Moreover, the process of the invention is also compatible with a final
depolymerization as described in example 12.

An additional parameter improved in the products of the invention, as compared to

biotechnological heparins obtained according to known method, is the ratio
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seconds intervals at 405 nm wave-|length on an

aut omati c coagul oneter ACL 9000 (instrunentation

Laboratory).HCII values are reported in table 2 as

percent of activity with respect to the first

international standard of | ow nol ecul ar wei ght heparin

85/600. n table 1 and 2 the bjtol ogical activity data

of bi ot echnol ogi cal heparins produced according to the
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WISl R Ve of Bt eoRBhe The i & show i n
Dﬁﬂ'fel mudwtstoh&tlnémacmdingk tI@e:trIVEhlioh rstieh atislis equal tmor higher

i.s .higher for .the rod btai ed accordin
g e AT torad 4 Bro aigpd apeordnedaarior it processes.

AﬁB’fP\%F %Hht%c[@lsﬁ& %hawnvw d@th. i HE@E ValuBs s }fgfeater ability to inhibit
obt ai ned according to the |nvent|on the ratT o between
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ExambleEL Ak St ourdBiuaiaThe Sphte HeBss { an
apbﬁépaﬁatnﬂ &f NssleHgtdpaesand polpsechbrid® smring frolPK5 Escherichia
dur| ng the Gsul phation and the 60-sul phati on steps
E’%ée exanples 1 and 2 for a conparison); -

N%é&%@ i ﬂ@_@g b zation step, which is perforned
gfore thﬁéonsu pLatglﬁon or before the 60-sul phation
S} epimerizaiiginr ed t o depol yneri zaion carried out at the

1 and for a
8gﬁ‘pagril é%ﬁaxsﬁﬁ%ﬁea?%fﬁgr easé[%g‘f the rati o between
ejN- risulnlmonal activity, considered as the anti Xa

cti i,n asnma and the nol ecul ar wei ght of the

g i/fe g%ﬁ?%‘ﬁﬂ@ﬂr'zaipnv\ell as of the ratio between the

gpamgps@.@d”mhbnl—la activity is obtained when the
hati ons (O sul phati on and 60-sul phati on

WQPFQ e qopgitions of GiePr )16 cosesroNd o [Sms@r %ﬁgﬂépq} in the respective
§fé|g¥%3tex59'{b %‘i’%ﬁ \Qif\elfeoﬁ’tébc(# bt 3 Ovh%hséileﬁhaéd Alerted order
and 60- su pl e

phation cou rlzatlon
péhirespestitd ﬂneaaanilms’repmﬂemmplprﬂase as in exanple 1 and
he %)Bﬂméc? fiﬁsal product had a molecular weight of about 6.000 Da, and an anti
Xa activity in plasma of 92 IU/mg (see table 2). The proton NMR spectrum is

showed in figure 18.
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obt aifmed Taccordig—to—knowr et hyod, st
rati gbet ieen fntj - Xalactivijty and anti Ha jactivity
i ndi (ﬁtol ng a |elj@iomkbetweegn anty t hponbotji ¢ and
anti ¢ agui-ant “C hiay actterl sti és, ri@gsul f4 ng al so from
APTT [gal Ues whicly is|Simlar to |valup of e@ractive
hepafqfns.| n the products ohtai ngd acgordi n@to t he
I nvengi orp such ratiojis eqyal tqg or higheritt han |,
whi | ¢2is [lower than 1 in prioduct|s obf ai nedgaccor di ng
to piger |art froeesses. Andiher |ghargcteri|@ic shown
by th@%hilgh HE I|Val yes, ig2a grlgateps abilligy to
inhi gt directly| thronbin, [as canpared to @(tractive
hepargns.| EXAVWPLE 18] Production of piotecl#ol ogi cal
hepafins with rmrt ecuiar _weifght—gbout 600 Exanpl e
1 was gi ed out according to tlhe fpllow steps: a)
pr ep3 ilen oOff l\#oacelyl hepclﬁosa pojgysacclxari de
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O-sulphation

and depolymerization
Intermediate depolymerization

Partial O-sulphation
Intermediate depolymerization

Affinity column

Intermediate depolymerization
(*) values published in: Fareed et al. Exp. Opin. Invest.Drug${

Final depolymerization

Supersulphation
Supersulphation
Partial O-sulphation
Partial 60-sulphation
Partial O-sulphation
Partial 60-sulphation
Partial 60-sulphation

TABLE 1. Comparative table of biological activity

extractive heparin
(UFH)

WO 01/72848,
Product Ex. n° 8,
WO 01/72848,
Product Ex. n° 6
Product Ex. n° 1
Product Ex. n° 11

Extractive heparin
Product Ex. n° 7,

Product
Unfractionated
LMW




Product O sul phation Ml ecul ar wei ght Anti Xa activity

in Anti a activity in anti Xa/ MAKDa) anti Xa/anti a
w@nasaewpss ymeri zation range (Da) human pl asnma PCFEP2004/051391

plasma ratio ratio Unfracti4nated 11000- 15000 160- 200*

160-200 * 13-14 1.0 extractive heparin (UFH)

Extractive heparin - 3900-6700 80-150* 25-60* 15-25

1.8-4.0 LMW Product Ex. n 7, Supersul phation

20000- 30000] 30- 80 70f 80 I.5-3 0.5- 0. 8O QL/ 72848,
Product Ex. n 8,| Supgg sul@hatlon 4000 $080z15- 50|0- 70
3-6 0.5-0.8| WD 1/ 72848, |Fingl degol yperfaation |8
Product Ex.|n 6 |Bart|&l @sul phat ifon” $H0B-£5000 (&
150- 190 1007150 |#0- 15 1. 021. 5 Par al [$0gg8! phat |®n
| nt er|medi at e depgly i Za%| orgPro@uct &x3 |6 ¥ Pafi i al
O sul [phati on 30Q8- 90FD 50 150:530- |00 %-§Eu>§1.5§
Pargilal 60 sul pré’tiorflntsrnfﬁigté de I'yrrérlgzg on
Progluct Ex. p0 Rértig Ordul piafi @ APDOZ 9608 FOR 350
50-800 25- 408 1.|§ Pard ichl s 68-§uEpisa on & nEefimid| Bt e
depdl |yneri zad i ongAf fihig ye Bl dng é‘*ﬁ /alTeg pubd |Shed
i n’'gHareed e all2 Exp p);gn}’ kngelst ¥ (B2 (§987)5 2 o
6: 5733, Erikygson el —at [ Tromb—Haenogst—(1 :7505
73:2388TABLES 2. $urmNy tabl e8 exanpl es and bi ol i cal
actngty of | t he prod cts|accarding to|the|i nvent{on.
EX.® I—I gure|[nm M (Da O:w pirattomdesut-phaton—Ant
Xa §n anqué aF’gT wt esTHPLUG pl a%ma ‘gnti aa
(|L§m§) 1 1 2 6000 r| 1 25 240 nin 140 2|5 93 n/d see
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3 4 4200 r.nF1.25 240 mn 60,1 3.0 58 254 As in

exanple 1 with depol ynerization 6 hrs, 50 C 65C to
wa208/00ms¢l 5 8000 r.nmrl. 25 240 min 150 2.0 98 PCHERX04/651391

exanple 1 wth depolymerization 6 hrs, 50 C 65C to

8000 Da 5 6 20000 r.n¥1.25 240 mn 135 1.0 n.d 725 As

in exanple 1 without 6 hrs, 50C 65C depol yneri zation 6

7 15000 r.nme1.25 240 min 180 1.2 n.a n.a As in exanple

1 wigh depol ynerijgatijgn 6|.hrs, to 15000Da 7 8
20009 Sugerspl f 120 nisn 4% 0. Super sul phati on
and |0 s@l phati ongas |iEn 18 hy 5 C WD 01/ 72848
wi t hgut |depo| ymengzatlizon & % 6 rsolf 150 min
31, %20. 8&n. d=. d |Supeesul had i O sul phation as
in iEs, |50 OH5C 90 OF 7281&
depoEyndEi zats on |8 10E650[F rE 66 mih 89 2.5 73.9
395 |As i|F expfpf =1, »gth‘—;pli%f n n step 3 hrs,
50C/B5C |E10 %?@5 0 rEnrO?-%ﬁ)ém N8101| 2.5 n.d 423 As
in amlse 15V\§§ di fﬁ;feram@\;gi@ §tep 8 hrs, 50C 65 C
e) 1d 128500 r3mel. A3 240 rﬁn_gsgc_glm 94.2 n.d As in
exanpl e |2, W3 hSakfonizty @IRipd Brig, <6pC 65C 12 13
6000 r. 1. 26 240 mn 65 L. 0O n.d r.d As in exanple 1,
wi thEfingl 6[%hrs 2500365 HepGE ymeEi zati on 13 14 6000
r.me5 240 mp 75(1,2 n.d n.d As in exanple 1, with
differerices | n step hrs, 50/ C 63C e)] 14 15 6000
r.med. 285240 nJB n.[@ n. @& n. g’gAs Bn exanple 1,
wi t hout |N-risul phat dn hrs, 50C 65C 15| 16 6000 r.n¥5
240lmni8 n.d n.d n.d As In exanplje 13 W t hout
desyt phaki onfe 8 hms, |§0C BSC |2 |2
/ 60s0l f gt azi pne/ N ri gol f afazi one 16 17| 6000 r. mel. 25
240 -+Mn-95-2- 5 n1d-nld-Aslin exanple 1 with inversion
of stepg 6 hrs, 50 C|65C d) apd e) 18 18 6000 r.n¥l. 25
2402 n |82 2l nld n.jd Asld n examphe 1 with inversion
of stepg
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hrs, 50C 65 C - g) n.d.= not determned r.m= nol ar

rati o between the sul phating agent and substrat eTABLE
W@20080mp86¢ at i ve test of Heparinase hydrol ysi s PET/EP2004/051391

bi ot echnol ogi cal and extractive heparins Sanple Tine:

Time: Tinme: Time: Tinme: 0 10" 1 hour 2 hours 20 hours

Extractive heparin HWV 12788 Da 8930 Da 4191 Da 5007

Da 4082 Da (13600 Da) Extractive heparin 5718 Da 4602

Da nd 4187 a 3417 Da LMW ( Fraxi pari na)

Bi ot echnol ogi cal heparin 85464ba 7636 Da 7932 Da 8453

Da 7868 Da MA:8500 Da (Ex. nl10) Bi ot echnol ogi cal

ASLES, CoMirsis 3 O RTSRRIS  Shlgin an
SRR o

TFPI factor fromHUVECceIIs |n V|tro
TFPI— Teleased T h‘ ot i
cul tB’rae medi um) 0O, 5-|0, gmﬁfr \( Q-M;%fract |"9§

¥ Time:
ctlona
heparl n (\/ i ster, Pflzer)02 4 2*(0’(1 Ud ¥olurl ) Zgours 20 hours
- nl) 215.3 7

BB ot VUL 1 Y2788 D | BRC094 h 4980 (P B0BY a1 892 Da

318600 DaXll UaXa/ m) |Tabl e 5:| i nhibifion assgy of
se generation{(thronhiln and Xa factor)l. Sanplle

Agtiva gpasin xa fact@?"&’/DﬁnLl"ﬁQﬁ)QtEam ofnd hr q¥IBA Da
QW%Fd)@érﬂéydUCtl on intrinsic extrinsic intrinsig

extrinsi

%
3417 Da

Biotechnological heparin | 8546 Da | 7636 Da| 7932 Da | 8453 Da| 7868 Da
MW=8500 Da (Ex. n°10)
Biotechnological heparin | 10087 Da | 9979 Da | 10978 Da | 9993 Da | 10479 Da

MW=10000 Da (Ex. n° 10
+ depolym. to 10000 Da)

Table 4: Release assay of TFPI factor from HUVEC cells in vitro

Sample TFPI released in medium
(ng/ml)

Control (only culture medium) 0,5-0,8

Unfractionated extractive heparin (Vister, Pfizer) 2,4-2,6

(1lUaXa/ml)

Biotechnological heparin 6000 Da (ex. n°1) 2,5-3,7

(1lUaXa/ml)

Biotechnological heparin 8500 Da (ex. n°10) 3.0-4,7

(1lUaXa/ml)

Table 5: inhibition assay of protease generation (thrombin and Xa factor).

Sample % Inhibition of Xa factor| % Inhibition of thrombin
production production
intrinsic extrinsic |intrinsic extrinsic
Extractive LMWH heparin 50 90 0 0
Biotechnological heparin 80 90 65 80
6000 Da (ex. n°1)




Extracti ve LMAH heparin 50 90 0 O Bi ot echnol ogi ca

heparin 80 90 65 80 6000 Da (ex. n1)T

was®apife66 PF4 factor Sanple %residua

PF4 presence Unfractionated extractiv
45 Low nol ecul ar wei ght extractive he
Bi ot echnol ogi cal heparin 4200 Da (ex.
Bi ot echnol ogi cal heparin 8500 Da (ex.
Process for the preparation of

gl ycosam nogl i cans-sul fates dggi ved f
N- hepar osan conprising the foll ow ng
N- deacetyl ati on and N-sul phation of a
N- acet yl heparosan pol ysacchari dei sol a
crahle 6vaffinityrasdaydioe PFdl fastorai n; b) e
epi meri zation by neans of gl ucuroni
enzyme; c) partial O sul phation conbi

able 6: affinity
| Xa actP@I/ER20041051391
e heparin (UFH)
parin (LMAMH) 65

n3) 90

n10) 70CLAI M5 1.

rom acetyl
steps: a)

ted from natur al
nzymatic

C5- epi ner ase
ned to parti al

(B4lagiel phation; d) partial 6-0 sul pha
N-resul phation further conprising a ¢
depol yneri zation step, alternatively

tyDiésidehl Xa activity in PF4
ontroll ed

per f or refeaenes

i actonated eXfraliive EHRdBOFRD The pi
oywuinplesttiiao weight sixirpctive hepgpiar(Lbivid)

gﬁé%%hﬁﬂd.mﬁth a.gg#®blﬁib%$8g§tmeen

QPWWJEH?Q n | owq
tmoﬁcamo@yaltﬂe@aﬁatssgnm (hacyrti al
(stepd) s perforne

for a time eqgLd

L

h
L

rOCESS S 45
rtial

for |less thén

t he sulfatg g
r than or gual
60- sul phatzpon

| _or lower _than 2

hours and using a nolar ratio between
and the hydroxyl groups of the N acet
| ower than or equal to 2. 2. The proc
claim1 wherein steps d) and e) are p
inverted order. 3. Process according

wherei n internedi ate depol yneri zati on
after step b) of epinerization

sul phati ng agent
yl hepar osan
ess according to
erfornmed in an
to clains 1-2,

is carried out
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4. Process according to clainms 1-2 wherein the
O sul phation according to step c) is perforned with a

wWOorRi0an146s6 | 0 bet ween the sul fating agent and tPEI/EP2004/051391

Nacetyl heparosan lower than 2.5. 5. Process according
to claim4 wherein said nolar ratio is equal or |ower
than 1.5. 6. Process according to clains 4-5 wherein
the partial O sul phation (step d) is perforned for a
time equal or lower than 6 hours. 7. Process according
to clains 1-6 wherein the par4g7al O sul phation (step
d) is carried out using a nolar ratio between the
Sk’ | ng agent and the hydroxyl.groups of N-acetyl
heparosan | ower than or equal to .5.8. Process
ac cbr Brongss ofoe | the npreparationi of glysosaminoglicass-sulfiajssadetved from

ste c I a tinme equal
t E) or QFQ}VQ(I r}teﬁgrd%gg c%ﬁﬁ)r&sl@ tRS f&%‘"@@s{egécor ding t g
cl aa)erT\ISdedﬂ:etWatlmnsul mhgt i ON-SL‘thati‘dri eg ofut éor -a%eijﬁlheparosan
equal, or m nut es r es cor.din
C o RavRrehandBioaled fiom RalRel 28 seqamiiassi becinyal siain, 0
pol br)saﬁfyaﬁéﬂcckqmmer@ém @9 meéins §p§i|a&@6nﬂ OBt fimerdde éﬂ'zyme

. Process according t | ai ms 0 char acter| zed

t hec)f pattiat @=pulphatien repmtére@ 9 mpaniial K&degylphatiany

sel c L5891 68 |é rmtri xes binding antithronbin 111
gnents t reo 12. Process according to clains

1 1e)v\Ne1esi1Iphamm1 part| al sul phation according to step

o oot PamPRHRS B ot Ao IR PaB BRI o8 Py arrommes

t hf@fﬂa"rﬁt@fp (el bgt(i))', @@d@flf(ijerélhl ssﬂi(%wmg%&@actenzed by the fact that
trimet ne- SO pyridine i nt r ot _
s ol DB ettal 6-Sigiplatiogtih ster, s merobmed eSSy ihan i hgyrs and with a

sal fHoRPr&ld befRRbAlthe %hbf@tﬁ? aderl? %@QH@ IN-8&etl/Ohépdrosan lower than
groups. 14. Process accor to claim12, "wherein

sai @ %q@\abtq & apd by the fac) drat thg pariisd 6-suipitagion (step d) is performed

t et | f f
G S804 owet dhafd 23l i B dholge ratio between
Pr mﬂphatlag @gedt and thee bydroxy gteudps Wteeéi-acemlehq;mmsm lower than

60 sul tion (step d) is perfornmed at a tenperature
corﬂfr qg'@gt ‘'om4 Cto 3CC

2. The process according to claim 1 wherein steps d) and e) are performed in
an inverted order.

3. Process according to claims 1-2, wherein intermediate depolymerization is
carried out after step b) of epimerization.

4. Process according to claims 1-2 wherein the O-sulphation according to step
c) is performed with a molar ratio between the sulfating agent and the N-
acetyl heparosan lower than 2.5.

5. Process according to claim 4 wherein said molar ratio is equal or lower
than 1.5.

6. Process according to claims 4-5 wherein the partial O-sulphation (step d) is
performed for a time equal or lower than 6 hours.

7. Process according to claims 1-6 wherein the partial O-sulphation (step d) is
carried out using a molar ratio between the sulphating agent and the

hydroxyl groups of N-acetyl heparosan lower than or equal to 1.5.
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16. Process according to claim 14 wherein said
tenperature is conprised fromCto 25 C. 17. Process

wa@ewsndichg to clainms 1-16 wherein the intermedPEr/EP2004/051391

control | ed depol yneri zation is performed by chem ca

or physical nethods. 18. Process according to claim
17, wherein said physical nethods conprise a ganmma ray
treatment and wherein said chenical nethods conprise:
atreatment with nitrous acid or salts thereof, or a
beta-elimnation or a periodyg acid or a free radicals
treatnment. 19. Process according to claim 18, wherein

th : . . .
i Br 1808 RO by 6 it W RreGng oleh BOTENpnITstep ) of
to c |tbflta m'd%sshe ;perfo[jmétﬁfmaifme lequaldo oridveentham 60 sningies.
or s s thereof, and the pol ysaccharide is r .
Fr mirosess gecaisd o ciam, BaMSRT Salpbatien I CATRY At iog @ tme
reacté'ggm bSloRerF N mmfHutés.t enperature conpri sed from
4 to C. 21. Process according to with claim?20 wherein

tﬁ %eparosan

t hd0dtacess | eerosdipal yoreclaimei dn2 | Wheesin othRed NrRfe
B o%cciaém iR Gt t@%ﬁ%@g _fﬂog\f%m@sence of

ni traus’aci ds or sa Process accordi ng
t 01¢]Rriocess aedvediog o tlaémsilttdakaraciedzed by the faghdhalil comprises

nitrate. 23. Process .accordifg AL 08, 14~ . .

wher & FirtES AA; $Oae R SR8 A ghdnBREE hiring ansthrombin 11 or

nol arfrwgtlgéreﬂfrghydgi dle. 24. Process for the

preparati on of sul phate cosam. nggl ycans rived .

P G5 206033 2REHUBRTD SIS drt WEPIR e 3B i TRjon sccording to

st e|ossite;F‘)cg3 NMrdedestartiat 60kufHhtibn BdcBRid & stdp 8@) are carried out

N-acet yl heparosan pol ysaccharide isolated froma o

nat urugingr aa SuRhelBg nagenbaseleeledl M aitlie gyoup  consisting  of:

enzy T | Al weyropyt - C - .

o B EANERAT e B 0 OSSR dovent

O daésPriogbss iaccordiny {oaclainal126 wheseinpsaid iapnotic pelah eplvent is non-
internedi ate step of controlled

conprisin n_int
depo|‘§9f§1’%§§%@é{ﬂ9f8&?-er med alternatively after step
b) 14Probss hcadi@ingitd ciamd raessn said aprotisqiatar sokebribys chosen

ngr Térg(tnaga? a]tc égt?q[{%:et%lyle(n}sgl%r%? at| %n -bpmgthf}l%uﬁgla}lg or N,N-

dimethylacetamide or N,N,-diethylacetamide.

15.Process according to claims 1-14 wherein the partial 60-sulphation (step d)
is performed at a temperature comprised from 4°C to 30°C.

16.Process according to claim 14 wherein said temperature is comprised from
10°C to 256°C.

17.Process according to claims 1-16 wherein the intermediate controlled
depolymerization is performed by chemical or physical methods.

18.Process according to claim 17, wherein said physical methods comprise a
gamma ray treatment and wherein said chemical methods comprise: a
freatment with nitrous acid or salts thereof, or a beta-elimination or a
periodic acid or a free radicals treatment.

19.Process according to claim 18, wherein the depolymerization is performed
by treatment with nitrous acid or salts thereof.

20.Process according to claim 19 wherein the ratio between the nitrous acid or
salts thereof and the polysaccharide is comprised from 1 to 100 mg salt per



10

15

20

25

30

time equal or lower than 10 hours and using a nol ar
rati o between sul phati ng agent and the N-acetyl

whepanossn | ower than or equal to 5 and in thaeCT/BR2004/051391

partial 60-sul phation (step d) is perforned for a tine
equal or lower than 2 hours and with a nolar ratio

bet ween the sul phating agent and the N acetyl

hepar osan | ower than or equal to 2 and in that the

O sul phations in steps ¢c) and d) are perforned with a

sul phati ng agent sel ected anggg: triethylam ne-SG3,

tri nmet hyl am ne- SO, pyridine-SG3 in an aprotic sol vent.

t h at Fg{r%ﬁqeﬁf ﬁgﬁ%ﬁ&i’@%& gn(f liRd Peadiicrtti€ 'B%Ff@ﬁﬁ@d o Ieéj tbMperature

ere 0 epimerrzation (step c
car r icoingriseddtona 4ttertpeCat ur e bel ow 35 and vvherel n the

g | ég #%o nélﬁ gggo?'al:qﬁgé ?fﬁﬁ\zglal%{; 25 gveriétr ' % eg%élll]eads depc%merlzatlon

F’r oca§pefofiRédifdtd timedbaknhah 3matrmtés aﬂd th theresdnuandf nitrous
C5 epinerase is a npuse enzyme expressed in insect or

i n yeagids esalis thereopr ocess according to claim 25
m%bgbfécééé Qc&o‘?&ﬂg G EHASR 24 %w&aﬂfthé StrdusBid 840t B&edium nitrate.

rocess according to claim27 wherein said
t e 2BcPracase aceordingpioi claichsf 1 a2 2@herain depolgmepigation is ended by

Proces acc ein the stationary

phasea cgtloap @iﬁ b’g%y}.regﬁ%csa%@&pgrl“@?ng%hacryl icresin with

hepaxP@icess fordinel preparation ©f auiphatdd dlycosamiahglycamsi derived from

that the ﬁ‘ﬁﬁgl nmerase i mobi | i @tlon |ts carried out in

a bufdeaiyl RrosaR CRAPEERI ithe AWK $8PFon from 0 to

30%%%-@63&:& I%h@ﬁl%‘ﬂt R- sﬂl’érfaﬁbnl Ibf & N-a6étyinbpardshh qrolysaiccharide
from7,0 to 3 at a tenperature

corgsiateddrom amamralcorgreeomna&lt P?ﬁt@“@'cﬁﬁfﬁ* sed from 12

to N @8 25- 29
E?eﬂ?%%téc ggmg&gﬁf%ﬁﬁﬁw@egsgmﬁé carried out in

HEIEBEBaﬁlaII Oesulpioationi coimiyned-oTartialdadesulpbation, mv] CaCb
0 and with a pHfrom5,5 to 8,0. 31.
(ﬂﬂpf’“a@ﬁ %fé R/wv{'%par osan obt ai nabl e by the process

ac G@itkrn GContprisiryy nan Lindérmeiitate Mstby | ofd dormiiey | depolymerization

hepar osan accor dj n to, clajm %} with a ol ecul a

We,p@ﬁfprmed alternatlvey after step c) or d) wherein sald process is
characterized by the fact that partial O-sulphation in step ¢) is carried out for a
time equal or lower than 10 hours and using a molar ratio between sulphating
agent and the N-acetyl heparosan lower than or equal to 5 and in that the partial
60-sulphation (step d) is performed for a time equal or lower than 2 hours and
with a molar ratio between the sulphating agent and the N-acetyl heparosan
lower than or equal to 2 and in that the O-sulphations in steps c¢) and d) are

performed with a sulphating agent selected among: triethylamine-SO3,

trimethylamine-SO, pyridine-SOs3 in an aprotic solvent.

25.Process according to claims 1-24 characterized in that the reaction of C-5
epimerization (step c) is carried out at a temperature below 35°C and
wherein the glucuronyl C5-epimerase either extractive or recombinant is
immobilized on a stationary phase.

26.Process according to claim 25 wherein said recombinant C5 epimerase is a

mouse enzyme expressed in insect or in yeast cells.
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| ower than or equal to 5000 Da. 33. Modified N-acetyl
heparosan according to claim32 wth a nol ecul ar

waowrioght46sonpri sed from 3000 to 9000 Da. 34. MNoPKCT/ERIH04/051391

N-acetyl heparosan obtainabl e by the process according
to claimcharacterized by the absence of formyl groups
in the nolecule. 35. Mdified N-acetyl heparosan
according to claim31-34 characterized by the fact it
carries at the reducing extremty a residue of

sul phated 2,5 anhydronanni tog 36. N-acetyl heparosan
according to claim35 wherein the hydroxyl groups in

positjon , 3 and 6, 0f an Lt.al i ;

o R Sbronipg IS P RS bal e R rate s ordbrised from
36 }/\ﬂgr%rt%mf@,l anhydromannitol is partially sul phated

on e hydroxyls in positjon 1 and .., 38. K50OS6:! - eni

N 2 EroeSaRaRRDEY A% [ SRR & BN ETS T PR e P a e g ed from
sul phhabath 98e@egree of the hydroxyl groups in position

1 is conprised from20%to 85% 39. KSOS60OSNS- epi .

N- 28 Brgtedse @ecoring doceleimngdt wherain nihe7 siplignery, (prase is a

sul phat at i degr _ _ i
o AR oB8: Sy bR R R i Rpeglie epsioiongroups
K5 OSe/ofhisted mith\ENBeand thatphe QSeepianerasalingobilizatiogiisncggied out

wherei n sajd sul phat af,i eqgr ee. | ise :
A T e U e R
wher gjnashiste pufBh Rl @incentratirfesmof0 (80 midrat il frgm dipto 8,3 at
in position 3 of the glucosampe {s |ower than.60%
42. KSCBOUEEILre GBS ORI 1agb (hior 3 JEIR COBRRTRLTRY 12 1072
to clgy,m24. 43. KSOSNH -epi obtainable by the process
according to claim?24 steps az)- Cl)aé 44. Mbodifi ed
N- 80 dRrpbessepocarding tacdaimsi 26720 gviergimthesgpimerization in step c) is
characterjzed.b bex i iV}
" Rghi B BRSO i, BB, B8 P, Cocl
| IU/ Wroﬂ?OﬁM&Omechﬁﬂ-wiﬁeth frap &, Dtm®,0according to
claimi44 c acterized b ratip b :
A Risdna RLASHH o o BhoR, B Y BRgelE gt t cams
hi ghej.aghan 1.0.
32.Modified N-acetyl heparosan according to claim 31 with a molecular weight
lower than or equal to 15000 Da.
33.Maodified N-acetyl heparosan according to claim 32 with a molecular weight
comprised from 3000 to 9000 Da.
34.Modified N-acetyl heparosan obtainable by the process according to claim
13 characterized by the absence of formyl groups in the molecule.
35.Modified N-acetyl heparosan according to claim 31-34 characterized by the
fact it carries at the reducing extremity a residue of sulphated 2,5
anhydromannitol.
36.N-acetyl heparosan according to claim 35 wherein the hydroxyl groups in
position 1, 3 and 6 of anhydromannitol are partially sulphated.
37.N-acetyl heparosan according to claim 36 wherein the anhydromannitol is
partially sulphated on the hydroxyls in position 1 and 6.
38.K50S60SNS-epi N-acetyl heparosan according to claim 37 wherein the
sulphatation degree of the hydroxyl groups in position 1 is comprised from
20% to 85%.
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46. Modified N-acetyl heparosan according to claim44
characterized by a TFPI activation activity equal or

whr@het46sO©npared to extractive heparins. 47. Mdi/EPm®d4/051391

N-acetyl heparosan according to claim44 characterized
in that it has a heparinase resistance higher than
extractive heparins. 48. Mdified N-acetyl heparosan
according to claimd44 characterized in that it
inhibits the generation of thronmbin and Xa factor
proteases. 49. Mdified N acegyl heparosan according
to claim44 characterized in that has a lower affinity

for g?ﬁég%ﬁ SN %ﬁ; NRHPAYCHe b8 (?%Ebrtd’(ﬁg '?fﬁﬁélh{?? wRerein the

hepartsan according to claim4
c har astlphatatidn kiggeeeHd the diydioxyt grolipg fie positian 6 of the glucosamine
extracti.ve r . 51. Modified N-acetyl heparosan
accorﬁl %hqrgﬁg ﬁp% 44-50 characterized by the

pr eRRRE©SBOINGiepp Neasd nl@éparbmrﬁ aCcoiffgs fre elaim B9 wherein said
excess as co_nﬁ)ared tot g%?gal S_0 hydr omanni t ol
i n t haulpRatala éﬁﬁiﬁei@QBmPF' m by the

abspNREa&: Isdéi!ﬁ%s%naécc%?dlﬁ@% %fa'immméeuhxrué I%ﬁlﬁha’(a‘uon degree
asenceof signals in region at E I7950

spect olithe rwm@l geupe ; npa;fmn Y Heosasipe is favear than 60%.
h

RS S AR AMR L OB it
s pet3. KEDSNH +&s phitainatge by thie puocess acéetdingtidiclaim®4 steps a)-c).

For EpNeaRags i nogaBeam FooRie b FRip,» i daraclenzda by an

accor ghigadier Xhaadivig mMiddisufdteindprRizanas io? ipladma equal to or higher
medi cament Wi th heparin-like antithronbotic and

ant i chaglilal/mget i vity. 56 Use of the product
ac G HodfeldoN ?c@t}m'\ééarfog i no?éin? E14thai?"ac’cenzed by a ratio

medi cament nedi ci'nes vv|t pro tic and

ant i aggiwegarthedactor Xayandsthe fan’@r dl@elnawdmmaﬁyltle@ esiual ar higher
55 fo i&h{e preparati on of a nmedi canent for the

prophgn g and the treatnent of unstable angina, of .

ny ctGaMdidifiednid-aicetyh hepartosam becmrdingviersiaim 44 chatacterized dfy a TFPI

g b s B SomosniSio et pooaris
rred47cmaamedf Kiackhi# heparsaR nhcairdmgﬁai claifnd4 @hatdcterized in that it
conplications such as dissen nate
has a heparinase | resistance higher than extractive heparins.
48.Modified N-acetyl heparosan according to claim 44 characterized in that it
inhibits the generation of thrombin and Xa factor proteases.
49.Modified N-acetyl heparosan according to claim 44 characterized in that has
a lower affinity for PF4 factor as cbmpared to extractive heparins.
50.Modified N-acetyl heparosan according to claim 44 characterized by a HCII
activity higher than extractive heparins.
51.Modified N-acetyl heparosan according to claims 44-50 characterized by the
presence of multiple signals in a *C NMR spectrum in excess as compared
to the signals of anhydromannitol in the region comprised from 79 to 89
ppm, by the absence of signals at 51 and 165 ppm and by the absence of
signals in region at ppm 7-9,5 of 'H-NMR spectrum.
52.K5 OS 60S N-epi according to claim 51 having a 'H-NMR spectrum

corresponding to figure 2.
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i ntravascul ar coagul ation (CID). 59. Use according to

claimb56 for the preparation of a nedicanent for the
w@e@plydesxi s and the treatnment of unstabl e angPCHEPD4/051391

myocardi al acute heart attack, of venous and arterious

t hronbosi s, of lungs enbolism of ischemc events, of

arteriosclerosis. 60. Use according to clains 54-55

for the preparation of a nedicanment for the

prophyl axi s and the treatnent of thronboenbol ytic

events due to congenital or &poquired | ack of

antithrombin I11. . Pharmaceuti cal conposition

o618, 80 R SELR STIGIRER PENIR soctum
conblamtespnndmglhoﬁgmmﬁol e excipients and/or diluents.
2 o IROER it SRS SRR FROIS e L 50 o
pharmacological use.
55.Use of the product according to claim 54 for the preparation of a
medicament with heparin-like antithrombotic and anticoagulant activity.
56.Use of the product according to claim 54 for the preparation of a
medicament medicines with profibrinolytic and antiaggregant activity.
57.The use according to claim 55 for the preparation of a medicament for the
prophylaxis and the treatment of unstable angina, of myocardial heart attack,
of deep venous thrombosis, of lungs embolism and of ischemic events.
58.Use according to claims 55-56 for the preparation of a medicament for the
treatment of sepsis and of its complications such as disseminated
intravascular coagulation (CID).
59.Use according to claim 56 for the preparation of a medicament for the
prophylaxis and the treatment of unstable angina, of myocardial acute heart
attack, of venous and arterious thrombosis, of lungs embolism, of ischemic
events, of arteriosclerosis.
60.Use according to claims 54-55 for the preparation of a medicament for the
prophylaxis and the treatment of thromboembolytic events due to congenital
or acquired lack of antithrombin II1.
61.Pharmaceutical composition comprising as the active principle anyone of the
products according to claims 31-41 and 44-53 in combination with suitable
excipients and/or diluents.
62.Pharmaceutical composition according to claim 61 in composition suitable

for oral adminstration.



