- ; e3et 4@/6T[ cWO 03/ 035886 PCT/ FR02/ 03617 METHOD FOR PREPARI NG HEPARI N FROM
MAST CELL CULTURES The present invention relates to the preparation of
heparin fromcell cultures. 5 Heparin belongs to the glycosam nogl ycan

" (GAQ fam | ywomMpizglosisaeleudes the |inear polysacchari depceprRoRposgia repeat
of a disaccharide sequence nade up of an amino sugar (D-glucosam ne or

galactosanlne) n d curaoni ¢ t he case
of heparin, ﬁ98glgh§ bﬁﬁ%ﬁﬁgﬁgpgﬁgﬁgé | FRPY, Mﬁg& hg&é1§@§égﬁ#%oglycan
subfam |y, the am no sugar is D-glucosam ne. The uronic acid is elther 15
gl ucuronic a%h% ( Th u n

N-acetyl at ed é;ﬂg ?85 C%r&}]fo ggl&nven{:?oﬁ%}% %Qse%ergr% rl(rE%% heparl n"
refers to hl@ﬁmﬁrﬁ@-§awmaﬁédip@$#§an%ﬁarldes in mhlch nmore than 80~ of the
gl ucosanmne residues are N-sulfated and the nunber of O sulfates is greater

than that of the N-sulfates. The sul fate/disaccharide ratio |s general ly
greater thanEEPRSAThRRIGNES HReFBe, FUHVERIUAAFY G hEPAF) nEpRilN. 25 fact

very heter ogereeds, iradihddi fhe Wi @R agab g aidhateidedi ébef£Mhingt BOS
exi st. Like all GAGS hepggln I%F thesi zed in thgﬁfornlo a proteoglycan

Thi s synt hesFERSaFe Sl acLFASE CalI§AEHTH BPSUbP8p HtatFdn®Bt *fast

cells, serOU$u@bxcomDegﬂumesamsﬂee oastgabddisodliiss) . afltbsa masbndel | s are

abundant I, bmucosae. They have a very | ong
| i fespan Eeat 9 eai:b( m)ntuh chESI d‘gi’s‘l%&ehp?rusl n, they contain heparan sulfate

and 35 appreci abl e anpbunts of histam ne (approxinately 10 pg/cel

according to Itrpetl%' Bl sSPBEI 8%dparin, - whichenhbibshsSt §R af H%Béi-!aﬂ
synthesis is the formation of tHhe serglycine proteln core consisting of

regul arly al t3¥df&teng rFhe §|%&C(j’lsy§‘éﬁlﬁé’9:1é(§@a’ue°§l fasingan | BlRe opMiRE
heparin chai iugakes igl ace gledsanield.asabehaiirdaicd Byiguceesskyehadditions

of osam and of _uranic aci pr.ot eog| ycan t hus .f.or nde oes many

sequent i gg S oS dﬂk o‘g';é:gt yI°§t| &gl REEq £ 86+ (Sin |° Cur | c acid

epinerizat|omlumuﬁamunﬁfenanNLbéi)NtaeeEylatﬁds cﬂﬁphbfeteétuoatlﬁﬁ only

t akes pl ace g? Pf the proteoglycan, which generates a great structural
0 ]hepan

variability n, responsible for its heterogeneity. 15 The
pol ysacchari de chains are then cleaved fromthe serglycine by an

endog| UCUron'dﬂﬁﬁﬁe 'Efb‘?ﬁﬁ_l‘i}]a' Rl heBrhavenhap il geul ads iRl ght, ohiBehyeen 5
000 and 30 000 . They form conp| exes with alkaline proteases and are
sulfated polysaccharides in which more than 80% of the
glucosamine residues are N-sulfated and the number of
O-sulfates is greater than that of the N-sulfates. The
sulfate/disaccharide ratio is generally greater than 2
for heparin. However, the structure of heparin is in
25 fact very heterogeneous, and chains which can contain

very different ratios exist.

Like all GAGs, heparin is synthesized in the form of a
proteoglycan. This synthesis takes place preferentially
30 in a subpopulation of mast cells, serous or connective
tissue mast cells (CTMCs). These mast cells are
abundant in the skin and the respiratory submucosae.
They have a very long lifespan (at least 6 months).
Besides heparin, they contain heparan sulfate and

35 appreciable amounts of histamine (approximately
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10 pg/cell, according to the animal species).
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20 thus stored in the mast cell granules. Heparin is excreted only during
mast cell degranul ation. Heparin plays an inportant biological role, in
particular in henostasis, and is very widely used in 25 therapeutics, in
“particular as an anticoagul ant and an angithronbotic agent. Currently, npst
of the heparin used is isolated frompig intestinal nucosa, fromwhere it
is extracteddne im0t £0dy SbB, hépht Dredyhyhesisf i sathen fermation efchange
resin (for a review on the vario%s.mathods for re¢)ari n%fl_;e%arig, f.
DUCLOS, L' HEPIR | REZOairEat PERCCATY uEPEre, CHIBITT Bids 0 andryidar 1y
Masson, Pari sltE8htimbd dedide t antihgliydisreentedisdwsngeRkohyabiohepdrin i s
the diversity . of bat c .Of L ol ramahi ch_it i I <A very
substantial V&t alélgﬁ?fﬁﬁrte&glalgs 'fa%wkeér%f %%}cgre e“gt%dttlerﬁsgrg;ci%g%%grde’l’n t he
| evel of 5 - W& shiademgicet abditdans dh eehiinesnd tof saxbhrid adids o
regul arly have a sufficient supply of raw material. The use of cells
derived from mammal s for_producing GAG 5 or proteoglycans has al ready been
proposed. Thi3e apbPteadiveamOtbys2 gt SErIeEOeF cMBBY aiSHdvgrsial

conpounds of ¢hmdepadtidnge, Wi &basaYy e P6RL eoghysansathBR, PG por
gl ycosam nogl ycans HEP_QGQgﬁl'O fromrat mast.cells. _The conpounds are not

heparin. The T&FH 4 Redner e Hot OTs t 3 | SHEHL FR ¥ | 0 addi ti on,

t he appl Loant recomends coculturing the isolated cells with fibroblasts.
15 The article b ng, Ak (Q | afj Resear 4 74-83,
1999) itself Ig?‘%oveﬁsctr:ﬁggsléﬁﬁ%q%s%o a %tg%'r%%ic?%t Og%sloutggkrrea{tp(l:éf?s%gnd t he
producti on ofpgriot exfyl ydeens Hrareadiestacel vhiicks igengyg@tiasat ison oweat

99/ 26983, th Msed £ or i hes prodyction of, 20,069t eoglycans,are ot
est abl i shed %%gis%abut _ngrp{'?/ ce P{s, whi ¢ éi%aven'been ?so?at ed ang tlhesn
stimul at ed t QGHFFKRAK Y eogl ycans. Application WO 90/ 14418, cited in the
search regort, 25 describes cell lines obtained from nouse nastocytonmas and
their use for_the production.of heparin. The igin of these.cells.is
theref ore t urial POMNEGR AT LA SERRLHP! IFTR oIS, CARREPH) CFoTy the

Mont gonmery etsedglydime Ngt larAcaddSgilutiSAonB88asa3, ThERX/- dN88ds 1H@R)
itself 30 al sScr| i | ON-0 C . e or esent

i nvention pr ég%ge:sgt%g%\g/%ég%ﬂea%%gﬂgrgabggggg%glngﬁﬁpgd%ggg\%) g-rl;)? tD(% ‘avoi d
probl ems of sipy fiorm erpspdexqaamitly addadiinguabreyeaasengnd 35re
conveni eppl y ayal | ahl e gpurice eheNORREENEONS] M ayvdRi £Ld al naidAist 3l e
characteristics, facilitating the product]on_of preﬁgr ations of heparin of
const ant qual§t§reted onlWHETH@TRFE FRbvE FRIERNEHAELIPR- s possible to

produce, frommast cell line cultures, a considerable anmpunt of heparin
havi n r rti r.abl h f the h rin.extr fr i
i ﬁt es'?i galope (les j?r?rrp%l%.?/se tgnt Oisfr?poortaFnte %R%logi%a aclt“oefe, OTIP 9

particular in hemostasis, and is very widely used in
25 therapeutics, in particular as an anticoagulant and an

antithrombotic agent.

Currently, most of the heparin used is isolated from
pig intestinal mucosa, from where it 1is extracted by

30 proteolysis, followed by purification on anion exchange

resin (for a review on the various methods for
preparing heparin, cf. DUCLOS; “L'Héparine:
fabrication, structure, propriétés, analyse”’; Ed.

Masson, Paris, 1984).

35
Added to the inherent heterogeneity of heparin is the
diversity of the batches of animals from which it 1is
obtained. A very substantial wvariability results

therefrom, reflected in particular in the 1level of



5 The use of cell cultures as raw material also makes it possible to
control the conditions for synthesizing the heparin, and to thus obtain a

_ product having reproducjble characteristics. 10 A subject of the present
invention is a nmethod for producing hepanin, characterized in that it
conprises culturing mast cells of porcine origin and recovering the heparin
fromthe cul tweﬁo@b&aln%tﬁﬁt@r ef@ﬁabsldﬂltsl&ird, magt 1cee| bigghitunes @ e nast
cell lines of_por o tern1 cultu ere denotes, .in general,
acell or a sﬁgg%ﬁ gY é g?oﬁnsV £YFiFRt §P€B#¥u? HRYTOhEH 20 direct | y
fron1a cell or tissue sanple taken from an ani nmal |s referred to as a

“primary cultgpg"yse TBE LE1FL" KeB§velsS fH UM %‘Eﬁ’n ér"’iﬁi SR eads:

and general | y several Consecut Fve passages in su cuI

successful8ly 9@rpmh9@91ﬁﬂdnaeh@$e§1aﬂ? g5beant Br@PMedh is derived

t herefrom (SCHAEFFER, In Vitro Cellul ar and Devel opnental Biol ogy, 26,
91-101, 1990). Advantageously, said nmast cells are _derived from porcine

mast cel | cul Thres aRPlleaidan ciPaPof268830 dricrikesmihec @htainiag

obt ai ned as dgscr bbﬁ@ouﬂdé\ppldfcatﬁr@ ﬁ%&éﬁﬁ@%tyﬁad al®9chn e PEe

application entitled," stocytes de porg et leurs utilisations"
ot CherPratesarueinnd (BRer el o) Yy Sra e Ty e A S BvA

filed onlthe Saom day ﬁEsascehéspr&‘&entcoa@plumm iae rAtorigeddese, ﬂpheeferred

lines for i rrpj:ﬁgf?gt | PG L hglgc?iQQQd c?@”cgs ﬁﬂél{x‘&i' nlveﬁ\%m (%7 fue

the mast cell Tine déerive rompig rver ep05| ed b
de 1' Uni versi&édigsony thes ap@ﬂuganvzr arr@@pnmemla hé:O@I‘t.IGI\MU(IGO’ig‘ ecthen

Nat i onal e de Cubiyres de1MicyerhoafbsaBsakNati onal Collection of Cultures
of M croorgani sns], Pasteur Institute, 26, rue du Docteur Roux, 75724 PARI S

CEDEX 15, France) on 5 Cctober 17, 2001, under the nunber |-2735; - the
nmast cel l1g i nendeniryed1kr cw Phd eaﬁa kbvaheand diranSfzeGied naddntdre, SV40

virus T antig ep | INRA Wi CM on Cctoher 17, 2001 under
t he nunber §47369 83 ? d’élsle }% ﬁ‘gs&’ & sqiatimgh
mar r ow and traﬁsf eated smtdmst hen&ttlo cvellis Taadtl ghe dﬂpmh:dtexzbrby dﬂ\IRA

e NMboR-CoLeherad T 2081 e’ Khg bl | Rl Shodn e ot v,

t hese nmast s ar erous imms These Srrast - cel erably be

cultured in aWdePP 26988l t urke neaeLik® ( MERBADMEM RFAME pu\mcfex@n) of

suppl enented &'ﬂe%?yféénéacéﬁ’éS,nd{:'se‘ii:s't'&bqqféi?felaat l@ﬂe%o Opy £ N Mpeclual 1y,
such as SCF ( Factor) at a concentration of between 1 ng/m" and 1

~g/nl and, opEfohAl P”}‘lcll'lL:?m(‘f%tE?P’éuRlsﬁl@)tth apd ohBeRAt FALMHasedDdiheen

0.1 ng/nl andp88uBe/ ptotebgPEEIn&pr ost agl andin E2) at a concentration of
between 1 nMand 1 E,iM 25 The nedia nmay al so be suppl enmented with bovine
serum at a concentration of between 0.5~ and 20~ (v/v). The addition of
bovi ne serum Applheatiibhurnwd rﬁi‘cMJaéUbJem 3¢ilbedr ejph acdek wsthrthe temo0df, a

Serumfreg C“h{e LgipEdl wa S.LUCfl g(h'!\é' TE%%N}noE%ea é&éé‘fﬁ&ﬁ
protel n concen ra 1 on Of t |um an e rils assocCl a e USE
of conmpounds @ahdahkhgar @Siegl‘f@r( kReBRredugit ion) off dansiin Mt dey 14,
101-10, 200).085these cells is therefore tumoral, which may raise
health problems. An article by Montgomery et al. (Proc
Natl Acad Sci UsA, 89, 23, 11327-11331, 1992) itself

30 also describes the isolation of mouse mastocytomas.

The present invention proposes to overcome the
drawbacks mentioned above and to avoid problems of
supply in terms of quantity and of quality, using a

35 conveniently available source of homogeneous raw
material, with stable characteristics, facilitating the
production of preparations of heparin of constant
quality.



It is possible to obtain cells which do not depend on the addition of serum
and/or the use of gromh factors by controlled nutation of the cel
phenot ype through the action of transfornmer and/or imuortalizing agents -
"6 (TSWI MJRA, Pathol ogy International, 46, 933-8, 1996; Pl AO and
BERNSTEI N, Bl ood, 87(8), 3117-23, 1996). The mast cells can be cul tured
using the tecf{d quasyendevel opegef Ohot B8 rrgﬁﬁtcu[ﬁ:yrgsof poskani@l i gcells,
as described, for exanmple, by GRIFFITHS et al. (Animal Cell Biology, Eds.
Spier and G iB¥OHURE. E\Eaa@mn@air eSell | diaen, cuidtures, 179-%,1%@%1.e It is
possi bl e to uaroOreAChepSr ht Ra®ingl BPBpareaksr chhparadier alo Mhosas 10
descri bed by P IkaS et _al. (La%ge gc l e. Mammal.ian, Cel | _Culture, Eds. Feder
and Tol bert, Pcak8fi PRI BNEARGESUSHE OB o8aF o b5 M IRAHM S Stess
Bi ochem BuguBtie 9sd2pf1883). cif threscudd uramgneteradsoahbsocaakiesd idut i n
suspensi on or. ] CL OS a rding: e chai rJ by VAN
VEZEL (Nt ur OB T o oL BRGEY] ERR' LRl LEohas shET RGN0 ot
cul turing syshepari) weaingh ake coiimenl y apfedrf or aeukargdi¢le cdaviad tures
due to the fagl thdlcibEy ALLrddich-séppter to use on an industrial scale
(VOGEL and TODARO, Fernentation and Bi ochem cal Engi neering Handbook, 2nd
edition, Noyes Publication, Wstwod, New Jersey, USA, 1997). The cell 25

e D A R trr o e T
cells : e productiv of, e batch cultures c vanpt ageous, e
Cncroased by PERRATRE s BRBAGRR: P AT TS 19D m Phet M for SHC ORISR 0 90-)
for the GAG exiltactimyn aadthepallsn o5olpatricineoper ddimnandanctdeeming t he
remai ni ng cel i t hin. i i toinitiate a new

Fe "hoditin Grofi B SEFEHER LA,

culture. In this pea uring no is also possible to 35
di stingui sh the opti mum paraneters of the cell growth phase fromthose

whi ch al hew gb£at&Fa180F UNsk 881 RRsOf cEES-anduebshapar oW daiin the&el | s.
7 _ Continuous perfusion-fed culture systens, with or w thout cel

retention, ca®f PLECHS RBWIVELEZ at al ., J. |nmnunol. Methods, 102(2),
275-278, 1987; CHAUBARD et al., Cen. Eng. News, 20, 18-48, 2000). In the

text 5 of th t i on, [ ticul b f
per fusi on- f edBl FGFE SguEHE ST oI B w1 SO o BRSF 8t ai ot A1 ¢ he
reactor, and ahissdt r esul telhsa growm h and-itqr.odact cohtgreatdvdlmred hose
whi ch cangbe gbLalpey i hateh it uce. (TheJeteahlen candie H.affgeted by

virtue of retentron Systens of e spirnfilter, er or solid matrix
type (WANG etamimal Cysotrefemogledgyro Bs 44 - Aprimgoy; cvELEXedt ghe trprm

I munol . Met hogls,  102(2) 1en%751%§7e7c§1 whd) atTh§e§§£: geasities  pbtaifigd are

general ly between 10' and x 10" cells/m. Culturing 1 n_biaoreactors
al | ows, througfrerelige SGVEFRY | RRNARELSHIVRg REGTAFSS bRt tBIPTOHYS ' of the
physi cocheni cehvear Bageher suetekheutell geadblmadd alas@ ofddrvaaaccwnyt ati on

of GAGs d of heparin wiihin the.cells: pH. p02, / r 20

subst r at g su%ﬁT5§r$iW3ﬁf s}saﬁFﬁ6V§§i§§F@€§F% njégggﬁﬁéﬁ%gtﬁgigggf?%r
exanpl e gl ucoGellfitactasd, Dguthcptmsslal nBiabopyt eg6suh-a81l atfabe. or
aqueous ammoni a, etc. The cells can be harvested and separated fromthe 25

culture nedium generally by centrifugation or_ filtration, after from3 to
30 days of cuhgvenhggegendyal | paart emastom @1bs 10a88ys deriz@t urfrm under

these conditighscine mast cell cultures and in particular from
30 porcine mast cell lines obtained as described in
Application FR 0113608, and also in the PCT application
entitled “Cultures de mastocytes de porc et leurs
utilisations” [pig mast cell cultures and their uses]
in the name of INRA and of ENVA filed on the same day
35 as the present application. Among these, preferred
lines for implementing the method in accordance with

the invention are:
- the mast cell 1line derived from pig fetal liver
deposited by INRA (147 rue de 1'Université, 75007



30 Various centrifugation systens can be used; nention will, for exanple,
be made of those described by VOGEL and TODARO (Fernentation and
~Biochem cal Engineering Handbook, 2nd Edition, Noyes Publication, Wstwood,
New Jersey, USA). 35 Alternatively, or-is conbination with centrifugation
the separation nay be carried out by tangential mcrofiltration using
rrelmlara?gs t he pat@g%t Erahcwi & dhs 'dl'%F]SCNd‘I\@n(é@Elé&leiaﬁ?thaﬁﬁaQéhdﬁa t he
cells to .~ e at the sane {i allo t he. ot her,
conpounds in SgPEFFBﬁFSLéQp )QQCGROFQ%%fglthréﬁﬁﬂsoﬁé \r,é?rhgl%cf ¥hg8hti al
fl ow and the pcaisuresappf i ®dcrodriganisma]gnepasteube I’mﬂsietmm) agéto

generate 11111 ¢, ghag! 5 fate (Reynol s, Nuoherc | G38ekhes SpdGRcssoh) [0

order to reducé" Cl 6ggin t he nenbranes reservé e Integrity of
t he celIsSdurlﬁgchersé@araODhg upéeattba nvmbe§u§ gédbranes can be used,

for exanple spi m}e cé%s Lllaﬂpaég Vher el Lf%%o%ﬁ)g fé@él MR IRERAN@H O

hol | ow fi bers ( I US, PALL, Is al so possible
to choose nenbt?iﬁé§f?ﬁ§e§0|"'\6éf|ht ythe heVaRavgausr T hénb%gﬁlr ngepPrsiticch makes

it possible 15p,0 rixgiaf QFiNGR EROACREMOBRASEbHd St7 PUE0di catihaBrwichie
respect to possib]e coné?g}snants whi ch may be present in the culture

medi um such a8¥ DNA, viruses, or other macronol ecul es. 20
Use may he nadethk mabhodelazf mneddetriwedarfdom‘ pdel Ifeltarlvé:@mien@awhio&h make

it possible to ns g@% t ep [ i Rtr I 1
content; howevc‘;i}?18 t%‘e\égﬁgg%g‘n q%‘e ra\?l?é]n c%rllagl s{o}l{gnghag‘ves i g;ér dmthe
cul ture nedi ur‘rd&ppéﬂ-tESiSIIB/ &N%gwahbl &hieo SN t PR Qst@bﬁlfsﬂThé?OOl

degranul ati on pRYcke fauUseRRY the-Riynding of specific ligands to the
receptors present at the surface of the mast cells, for exanple the binding

of 30 allergen-type agents (such as IgE Fc fragrrent or analogs of this

fragment ) st o pherdmadl el thd OF heSePiST Bs - addedetdies epat | dehBs. been

rel eased fromthe intracellular content, by degranulation or lysis of all
or sone of the mast cells, and is present in the 35 culture nediumat the
time of the sepsseat imtste:;m,lltshewuié opre€abahihegs et howal suedd erirporeosi ty

may al so be eqyisagedc il Ll Sucasen {AaREIAPPARBIION hingoniised vi th a

step con5|st|ng of ultra TTon on one or
or gani zat i on s¥rpl¢mpented ngtborQ)‘”sﬂ?Vl’ih ofaghper, mueed t lpownﬁll@att(}on

concentrg Qe the Eﬁe%aauamqyt,o SIRRAT gke Jor f [9Pahhecat hera SRGE) eacpresent

in the ium as a function of the size and the nol ecul ar wei_ght and,
optional |y, ofoR¢RnErakioncapfs Pﬁ’é’r’@@n ot Bg/f“ﬂre BRS odi ¢4/ ™ ofd1di es. In

thefconL Ie><t bocf> &mﬁalgr%odumntelﬁmmmri 3hr a&hca dceﬁcéheraeﬂbﬁamﬁs i's
preferably between and nmay mad ne systi.ens
simlar to tHSE"A% WLed IF%fm?'n ?:ng rﬁﬁr /812 £or %g%g Ipé: ranes,
flat marrbraneszrathodxImnéeﬂnerstldﬂseofmyeadaemt}mMU@@ beplmade of

nmenbr anes whi ch make it possible to separate and purify the heparin due to

their charge properties or their gropertl es of grafting of |igands
exhi biting 15Thefmediy may hebaei Pe( fSorrbengitehnivi PodPeying&T|ISqrun.ect j n,

peptides, nuckeolidescestfatioft HEILAORELS Gk akse 2oguce/vRst - cell
degranul ati on. These agents can be classified in several categories,
The addition of bovine serum to the culture media can
30 be replaced with the use of a serum-free culture medium
such as AIMV (INVITROGEN) so as to reduce the protein
concentration of the medium and the risks associated
with the use of compounds of animal origin (KAMBE et
al., J. Immunol. Methods, 240, 101-10, 200).
35
It is possible to obtain cells which do not depend on
the addition of serum and/or the use of growth factors
by controlled mutation of the cell phenotype through

the action of transformer and/or immortalizing agents



20 such as cytotoxic agents, enzynes, polysaccharides, |ectins,
anaphyl at oxi ns, basic conmpounds (conpound 48/80, substance P, etc.),
~cal cium (A23187 ionophore, iononycin, etc.) [D. Lagunoff and T. W Martin,
1983, Agents that rel ease histam ne fromgnast cells. Ann. 25 Rev.
Pharmacol . Toxicol., 23:331-51]. A degranul ati ng agent can be used
repeat edl y on(tduy nare cebhshBabglal nateimacididr e. akn t983-8pt 1od 60f

Gl 11 cat i gn 4 HRVAE Y, (AR T8 Port 4 £ 5 stiR it ant and by

the maintaining of the cells in culture. In the particul ar case of A23187

i onophor e, ?ﬂ;g ulatign |4 35
treat ment of h]%l %%% el | s}"‘m b§v| t rkﬁﬂee&sgggﬁgon%}? o%)é%gﬁl%ue%y
concent r abi oreurtkaradh ﬂoénah%@a«s@/ fuldireacef oRUkRHEQTEENGRASSHr &F 1

mnute to 4 NQUSeibedq, 1QorTh@xaﬁﬁﬁ.eCE|Ey| BRIFrFaameet ndiced, (aimaaxanpl e,
ypotoni c_or hypertonic solutions, by thermal shock

by osnotic shock usij
(freezing/ t hdv®hy )Blﬁogﬁch%‘%caﬁpﬁﬁécﬂn@f GriéfaibPe S6ACEIRICORTESSor essur e

variation), Tdnadde astiop, ofighemiocal 19@@nt s1ENAGH pddEShile, tBP4GEM
TWEEN 20TM BRI J-58TM TRl

T XTM 100, etc. or. by enzyne_.lysis apai n,
trypsin, etc.3LOGTRHPLE cUﬁﬁ%lnﬁi%?\lﬂb‘Pet%eB}:e?for@%%/ Fﬁgéﬁaﬁeﬁhodg(splg To
extract aod [IﬂEESCf];/llﬁé‘rE epeHINIPEoatt bk . céLhrhpsdrelet Masepdiane Qald

pol ysacchari f th gly, e nd at heparin
chains from S(Ee %’?%1 C—f»{g\%%] rggeﬁ%gr aqﬁle g‘%?%%?l onh%gglggl%e u?elle%%y
made of net hd@ilsl%tiidm alSPo th8§é used by t MEZRBHEon{BR@CRFS t ﬂ?éoé&'ﬁﬂactl on

and purifi catA%hg heppg | mégpm ani mal tissues, which are known in
t hensel ves described in general works such as the manual by DUCLCS

(rmentioned above). 20 By way of nonlimting exanples, in order to separate

thF Beioallisn frrigén &:ﬁEtﬁﬂQhQi @:aﬁCiad.an(rjlﬂa fcfé)xl;]ﬁ‘ié‘@ cet! ipr guepensiand dro .
SOUIlzeItI e bonds with t s cine core; .- the ce
lysate can be®BuBj @&FE&SFBP(%% cﬁcqﬁﬁ 55 té%zgﬁs gl gbéﬂ‘qblﬁs do(erﬁ'C:(S:r‘?g’s":‘éi,q
trypsin, papdwn, VEIMEZEE (Retilmepar2hé prodebh, bb®@s) can be hydrol yzed in
al kal i rredi um in the presence of sulfates or chlorides; - it is also
possible to carry out a treatnment in acid medium (for exarrpl e wth

trichl oroacetIt &6 daladerrgisidvlal Eondi2s opfkchn eulerring dEMSt@mahe

nucl ei ¢ 3@ dsyRNgh t R T Ob/hHE1 P! At EfP fdmtha icel ka1t euihieied S
added the use_of an 1onic solution which nmakes_ it possible to dissociate

the GAG prot e?¥ei hPeFBet FBRE; thaft theYapLs PsH ﬁllé‘PtIGrcé:ror PEUECTR AR
extraction V\nmd@@tgy@nl dgdzﬂe af VGGEBnZa/rmB h'qumwsnsermenputwu tadred

sol ubilized arin 055|ble @ PLex |tat it wWth
pot assi um acgg CéheW‘f?'ll e A ] a%ﬁfh% % acett On’et g\loyes’- 11
These purificebtbbicateps, cdasavdvadt agewué’leyrslearveU@@ded%@ )t-héfheprceplel
replaced \w thy r t ogr.aph PSg rt I

28 thaghe ol e C?Dtgﬂ;r?é@ %aﬁ Xreke a}éheef“@ LEY agergél}lbl Ny

exchange chro ography_or affinit r omat ogr y steps.

the present iheeweennl S angd rhe eﬁ&ﬂllﬁ/mlepar ations which can be

obtained fromnast cell cultures using a nethod according to the invention.

10 The heparl n gr eparations in accoréianct_ghvmth the i nvention, which have
hos

bi ol ogi cal rti B3O89msAVAbYe t & ®f tRBCRBpar PSS at iGHS
obtained in ta@v@ntageaﬂsli/rmarimm&lea@eﬁsuby wenomgls edmen afl the usual

applicati3%ns I:gilge rrolrr? the bioreactor (70% to 90%) for the GAG
extraction and heparin isolation operations, and

keeping the remaining cells within the same bioreactor

in order to initiate a new culture. In this “repeated

batch” culturing mode, it 1s also ©possible to

35 distinguish the optimum parameters of the cell growth

phase from those which allow greater accumulation of

GAGs and of heparin within the cells.



15 The present invention will be understood nore clearly fromthe

addi tional description which follows, which refers to exanples of preparing
_heparin frommast cell cultures and of characterizing the heparin obtained.
20 EXAMPLE |: EXTRACTI ON OF HEPARIN FROW;MAST CELL CULTURES Cul turing of
mast cells 25 A pig fetal liver mast cell line and a line of pig fetal

l'iver mast catézstiﬁ@mé eréE‘stEBnT—hjédSV‘lﬁlVddxlés Ts@é‘ﬁéxﬂ@” ({fipgs QYCM
| -2735 and CNCM | - 273 ectiyely) were_use 30 The cells are seeded at

S
a rate of 105v1heuk ‘i%!‘) EEF@PHOTI nc8BnBl&pPe ﬁENﬁeﬁ]edlv%Eizn athélpresence
of porcine |L38. (Enmt@ghel) medghefisporopne) SCB768Q789/ mop7 ;3vHEUBARY tdd es are

d | t di_sh =it flask. Th
Cel | arovt h (&% nonbPer ed g 1YPTor 40t 0 12y 00Me hERatPR REBER on i o
noni t ored5i n pfrehéebrebgntnahyenhgonheuse- md? igl peosdcuiegl Weamaqm oduced
in culture. The F:%%E'u%i]pﬂr L€ g V&ﬁﬂd}%é: #}%Eémé Whixn Féﬂfgﬁscél 3

illustrate the owth of liver S In static culture 1 n dishes
(Figure 1; i rml getaépgingrithin xthesrearter,: and wiggkreresylandn @

suspensi on i ngfb@sk Sankl Q%Eo&hct%ﬁ bb@a%?"‘ﬁ:haﬁf thoaRs tesied ddn/&e mast
cells in suspension in flasks %Fl gure 3 In these exgerl ment s, the

cultures in stRPRMISIN iR f PRSES extididres na?}il‘?runFEE?Pt eRsi CRTr akf

from appraoxi naf byt 8dX bi05rifoiet bE nowtemnisdheckgdtemk! 9f t Qhépﬂilﬁ)ﬁ-mit ely
1.5 x 106 cel#si]m (fﬁr he ﬁ.ﬁnsfected 1 ceIIs The w n t| e,
calcul ated auFTHEEE BBk baRehEPRE SFoRPR Andesriks e 2S5 hour s.
G ycosam aogl greotechnélegyi ondThedtekhPs uddégo W‘@E@I ysits ial.al kal .
nediumin the @}qgéfserﬁgtl%dgal tléf(?ﬁ_ﬁerzﬁ) ﬁ§avel§gmﬁ prolt;l,gé)glcyélains and

avoid ionic proteln |nteract|ons tT eat nent conprlses
fol | owi ng st epensbtias TebieABRE widde so@?@ﬁmywoxbeéwre*ﬁnsalwe rﬁ,fdium

this steps s §lﬂ9ﬂo7atcéiq?st/fn9yl ngcﬁﬂEuEthS and abielkearthgst h%lQLCHWhS
bet ween t he hepari its m)togﬁrog ?teln 30 The step conpri ses t he
d“of

addi tion of 1B@r49 f M REeH 808 H92BFRS RPREGFSto FEPAT et of
106 cells. Theomtxdlr eft hilse ophgsmedchsmheane®ammwtserobattheatceBMC for

30 m nutes, and t?ﬁn sodu citt ed f %m nut es [éore befa g; ra,'eutral i ze with
d&8CE

1 N HCl. 35 29Tt a&i% fRe ?’lydro yz%ﬁcggﬁpl—" P89 t 8" gn ahi on
exchange r esihepatimn Wswu;nVathan)c;eiAhsch PEL ai p@z,hepmd/rﬂx,Thegmwuhm is

‘3’?32?0' three LiPESriPedl bHCLPUW f Bimi R 7afhin60RARY NG L Mg i n
substrates (for example glucose, fructose, galactose),

metabolites such as lactate or agqueous ammonia, etc.

The cells can be harvested and separated from the
25 culture medium, generally by centrifugation or
filtration, after from 3 to 30 days of culturing,
generally after from 3 to 10 days of culturing, under

these conditions.

30 Various centrifugation systems can be used; mention
will, for example, be made of those described by VOGEL
and TODARO (Fermentation and Biochemical Engineering
Handbook, 2™ Edition, Noyes Publication, Westwood, New
Jersey, USA).

35
Alternatively, or in combination with centrifugation,
the separation may be carried out by tangential
microfiltration using membranes the porosity of which

is less than the average diameter of the cells (5 to



- 13 to elimnate the proteins and the other GAGS, in particular the
dermatan. The heparin is then eluted with 1 ml of Tris/HCL buffer, pH 7.4,
containing 3 MNad . 5 3. Desalting/lyophilization: the elimnation of the
" sodium chloride (necessary in order to_bg able to apply some of the
anal ytical methods which are described below) is carried out by steric

exclusion 10 qhngimt af;aphy 40 EFRHARERRCIQ aRl . ghallawed RheCopduetl metry.

The coll ected heparin fractiqns are then |3/Ophl |ized 0 as to concentrate
the sanple. ARIRRYNASy1B0ISPHUEHRH SHERFRS G cEP o pRGSesFRTqwshh; The

techni que nakesgé toﬁ)O@&:’h@éxeciﬂ SED&W a4 Rdt BRe HEBsaGELN appgltea EBEItheSI ze
and their char and cp ht ut 55 a test for_ra |dl% verlﬁ ékgg 2‘5 resence
or absence of™ . Yoh TRE FOPPFRed prdharat YoRe Bt 8 né FESEFi bed
above i s boadeskramt ()Rayf[olés’stnumblee pbésysactlgxaamsdeO@else(cg‘r)admnbrﬁlemm 10 to
20~) for sep t I 0 r Qpo f ~t1 of
preparation g‘%@ %égt&éé&%nggo?édté%%a gﬁg?anég gnﬁgggf E%S%%Irgt a% ard 25
por ci ne heparintégnity mirthe iembls sdumridg cPhQ)qumthﬂenme{m!rmtmmm

i ntestinal nmucosa), and of the heparin extracted from porci ne nucosa and

purified by treatnment wth sodi um hydroxide and purificatign on anign
exchange resiYANARKRS (MIREFRETOFRAR | RS 389%hosdC30 FESERSed SREERd are

Iogdeﬁ omt)oI t:ﬁ@(@ﬁd’fﬁeﬁelAMMJ eMsLBIPORE) W £Dha8 ﬁxeinbtaﬁesobra%a@m:@wbldue .
and then silver nitr N DT (Applied an

Theoreti cal J&?F%p%&%@% ?%@é 3@%@@%&%% ssible to reveal
t he gl ycosam nogl ycans (silver nitrate alone only reveals proteins). - 14

The gel's are 1hehsandlt? shalish & eGANBEALBIQE ADled NoAEIBL LS ANt LTy

t he various arin quanlflcatlon d. 5 The
results of anthﬁ(p@hanﬁﬂt ozr eungee febagi pfTallich makesy, 1i:npm|seﬂvltehe

amount O?Shep@é' ePEQEMCEd N6 L84 | 8nks X essegdudsr9tdPboseldizn Tabl e
1 Days of harvesting34567101114Li ver cells,

di sh2. 63. 54. SRS $Og PPRSARS CERRUCRPVRADE 66 Wb Ch1 Fan 0P8 PISSERLtIcel | s,

di shLiver celis, tHeaskllZure- -mediansf enied b.lsveéeZJ.l-proteﬁ@éJ sDNal,ask 10
These results are also ill strated in f%%u:[ (curve = cell popul ation;
Uttt es

bars = hepari W PIRRict9ort T‘—Ifgrﬁ?cérgf“? t he heparl n production

during 15 growth of the liver mast cells in static culture in dishes. The

heparin nc a n I e 106
colie i B80T ahe P b oEag bt HEHIKEL, BE C OER b WS AT B T ri o

OF THE PREPARAINGRS TREHEFRARIN OBkAl NED M IMES Tt TEC PN ek TeRERE2 FAGS

Di saccharide profihge BepHPLE in the intracellular content; however,

the GAGs and the heparin can also be harvested from the
culture medium after 1lysis or degranulation of the
25 cells.

The degranulation may be caused by the binding of
specific ligands to the receptors present at the
surface of the mast cells, for example the binding of
30 allergen-type agents (such as IgE Fc fragment or
analogs of this fragment) to the mast cell IgE
receptors. When the heparin has been released from the
intracellular content, by degranulation or lysis of all
or some of the mast cells, and 1is present in the
35 culture medium at the time of the separation step, the
use of membranes with a smaller porosity may also be
envisaged. In this case, the cell separation is
combined with a step consisting of ultrafiltration on

one or more membranes, the organization and the



The di saccharide conposition nmakes it possible to differentiate the heparin
fromthe other glycosam noglycans. 30 The di saccharide profile of the

gl ycosam nogl ycans produced by the mast cells in culture was determ ned
according to the nethod described by LLNWARDT et al. (Bionethods, 9,

183-97, 1997). - 15 The GAG preparation obtained as above was

depol ymer i zedbormddi hacd £r whilche prditdi U beparibilas aso Scohten GRAMVE! ANe
ENZYMES). The_ described jn _the publicatio ntioned abqve. descri,bed in
Exampl 6 1 a S oF ™ ab8( nEBRRFALSes T, THolnd iondtiens REE e by
LI NHARDT et greseist ainorntfreolmedhem SPab st aftlacdidepafi thessife and

depol yneri ze iftiQns : eseC it :
depolynerizaﬁ?%%qﬁél%%%% e9§e§§%?p%%§chgkg?§é%%gér?gegggl%rgﬁgr%ggﬁ

di sacchar Pdesshasiggit 9m qfuridee bigledical rRYePRFtNeSUl f ated or

N-acetyl ated, are represented in Figure 5. Wdetection 20 These

di sacchari des_are separated and jdentified by HPLC, on an _anion exchange
col umm as destt i HRl ERRESRHARDTERL S aPMOPHERENE e §R8HSWEP L ETHE TESSHCs are
i||UStF?F6di?f:?Ewrﬁeﬁbrégéée%%gﬁﬁéﬁﬁ¥é%¥¥3?&ﬁﬁ@@@?l?de FhFTBl&%§'Fhed
preparation of heparin prodyced by a flask culture of, fetal |iver-derive
mast cells ()YSToNpHr é’c?pt%a#ﬁeo(fi s‘%%rl‘%lesﬁfﬁgﬁnﬁe %Tlmt%ﬁer sF%n?’f&p&enepari n
30 Theselpnesulded st mbatofillttaeiohsatohaekdmplpr epdrtali melrie-aBielsV
reference porgj h I re a e LN t I []

al t hough in dﬁ%%r%%&%é%%%r%oiﬁégl%{e%?%%ﬁlss Pgtgi gg%s 5‘??Jfa.nt%%%%uusg;yescence
detection A sSherimade nef hoembianes| wbithempke dét posisdRlealkes sepagedsi bl e to
quantify onl yatdeps;i apd thleS s sacohaghdeso chadaet ehhehbC Rlodenardsn, and
to calculate the ratio thereof. - 16 The enzypmati c depolyneri,zati on and
the HPLC sepdffat FBRIEr ®XCRSLERDueti Hrﬁﬁélﬁnéy%grlﬁgnggate’ﬁ’é?&tilﬁ’éﬂ
above. 51Fhe sepaiity ofors hephpird (Hor paamptel uamtiesdies ) zATITL, SO as
to forma fIqPrescent coqﬁiex mﬁtg%gugn'dine. 10, The IS trisulfated

di sacchari de, TSt Tl HAPTHEEEt riIAGEE +3ephontE  thttor by this technique, is
detected and quantified with respect to a solution of standard heparin of
known Concentégﬁéfnagents can also induce mast-cell degranulation.
These agents can be classified in several categories,

20 such as cytotoxic agents, enzymes, polysaccharides,

lectins, anaphylatoxins, basic compounds (compound
48/80, substance P, etc.), calcium (A23187 ionophore,
ionomycin, etc.) [D. Lagunoff and T. W. Martin, 1983,

Agents that release histamine from mast cells. Ann.

25 Rev. Pharmacol. Toxicol., 23:331-51]. A degranulating
agent can be used repeatedly on the same cells
maintained in culture. In this method of production,
the productivity 1is increased significantly by the
simplification of the method of harvesting from the

30 supernatant and by the maintaining of the cells in
culture.

In the particular case of A23187 ionophore, the mast-
cell degranulation can be induced, for example, by
35 treatment of 2 x 10° mast cells/ml with the A23187
ionophore at concentrations between 1 and 100 pg/ml and

action times ranging from 1 minute to 4 hours.



15 The detection Iimt of the nethod is of the order of 5 ng/m of heparin
in the cell culture sanples. Table 2 below illustrates the I1S/1I1S ratio of
cell cultures over tine. 20 Table 2 Days of harvesting34567101114Li ver
“cells, dishl.91.61.61.41.41.3-1.4Transf qqf ed
liverd4_154. 66. 63. 74. 95. 65. 7cel I s, di shLiver cells,

flask2.3----- thd I aaskeeked |1 @is_can_ﬁel |lsnd1.fd€§§k ESAVRAERmp18) O)G CAL
CHARACTERI ZATI ON QF T HgPARl N B¥ DETERM NATI OF THE. ANTI - XA .AND

ANTI - | | A ACTISATES 28NeF)| Y§ieg WRItATS ©CF nF¥PRYEPPLA SR HIOHSs Xa and
llais charaaﬁerlsmefmaﬂ hepatkn, (aﬁdeﬁﬁhg$thhwmﬁ§$|blbytom@chb@henujate it
from hepar an uI f.at ?Sand from-der mat an he nmet hod used i s

t h
described in % c]T':'u Bean ﬁnﬁ%cﬁﬁﬁécatl oé:dlP?%ﬁsfﬁﬁyyanﬁotﬁg&r)dph on
| ow nol echl arbweitghe hepaiéms.of -chgmidad reaenten 6¥aQHs | BHEBLER',St eps:

L AT+ hagadm, - mish o™, hepauiskee, EATbly xooper i nhe f actay

(excess) ~ | heparin - factor] + factor (residual ) fact or
(residual) + Xhr RAAW e WHsT r atRARAITHNA CrRE Hifbunte s - paré’—rnl af | i ne

(PNA) rel easegbris: RS el wd 06r NMbréd tof Stheyermeto®s oportional to the
10 anmount of heparin. 15 20 The anti-Xa or anti-lla activity is eval uated

Wth respect to a calibration straight |line established with the SPIM
st andar d10Thersessttaot t yn@f phhefyethedhepa®iQ0Grbhl the Ted Ir dspddtse,

obtai ned are %Ve%elprér-g%bl € g’hgel 9 olysaablceharlde chains from the
serglycine core, and to separate the heparin chains
from the other GAGs present in the extraction medium,
use may be made of methods similar to those used in the
15 context of the extraction and purification of heparin
from animal tissues, which are known in themselves, and
described in general works such as the manual by DUCLOS
(mentioned above) .

20 By way of nonlimiting examples, in order to separate
the heparin from the nucleic acids and from the cell
proteins, and to solubilize it, i.e. to break the bonds
with the serglycine core:

- the cell lysate can be subjected to one or more

25 enzyme digestions (pronase, trypsin, papain, etc.);

- the heparin-protein bonds can be hydrolyzed in alkali
medium, in the presence of sulfates or chlorides;

- it is also possible to carry out a treatment in acid
medium (for example with trichloroacetic acid under

30 cold conditions) in order to destroy the nucleic acids

and the proteins originating from the cells, to which
is added the use of an ionic solution which makes it
possible to dissociate the GAG-protein interactions;

- it is also possible to carry out an extraction with

35 guanidine, after enzyme hydrolysis; to purify the

solubilized heparin, it is possible, for example, to
precipitate it with potassium acetate, with a

gquaternary ammonium, with acetone, etc.



' Days of harvesting34567101114Liver cells,

dirsh: Anti-Xa2.11.85.74.02.42.2-0.0Anti-1la -Anti-Xa/anti-lla-------- r
ati oTransfected |ivercells,
“dish: Anti-Xa4411.511.712. 311. 413. 011. 6123 PAnti-lla-------- Anti-Xa/anti-I1a-

------- ratioLiver. cells)

flask: Anti - XaPhdse - purifiththibal steps -ca\nhiviatagbbublar alahel . fided - - - Tra
nsfected |i vercel

flask: Anti - Xat%. E{-"-el-“- orpfg q§RLaced with,ppexqraMors |RIPRALOITARNY | o The
anti-Xa or angtepsp det waftyl@ﬁlazheahepar i ek g en e dhi-poatogstphel lor i n

culture was coppared with t anti: Xa anti-lla activity, respectively,
of the - 18 %%hFYnc%ﬁ?ﬂ?ﬁ%%r??%% %g?efhe nucosa or of the standard
heparin. TBhe results are illustrated in Table 4 below. Table 4 Anti-Xa

U Anti-lla ] t 30.2
'Eo 1%2:osa: hépaﬁ)hj/ggg ?g dﬂh%]eparl nﬁ%%ﬁ%%ogeggr azjfr%act?lﬁl}%%%%%% of the
ATI |1 bi ndi ngeTerabahiiPng b‘é]tlif\%]'en meparkbe plRtaMmed Erendrtt ateRlby a

mgration shiff)usiag k€A rmeeméasa&eébahﬂ%eeoaaheemzéhe@ohn LEE and
LANDER (Proc. Natl. Acad. Sci., 10 88, 2768-7 1991). The el ectrophoresis

is carried out on a 0.8~ agarose gel in a solution of pH 3 (acetic
acid/lithioum 'huéroﬂe(iﬁ)rinlS pBEpatabiodd] | lin( huaawondagte; BLOEEN e

sol ution at decreaLn centr |on o] 4o 100
~, 1 of test sahpFé-+ ’8 glc?’ oS l8£ %a& gr%i)erﬁ‘j&argﬁe?&ﬁ%%ratlon
is for 30 m ntlbestm:tseloofvctlhes hgmrglel @r@p@rﬁtﬂ@@sm ohtaizef utinonthd 0. 1~
hexadecyl tri ﬁ%ﬂ%ﬁ%@“'%&r%ﬂ& ( GEE@MEQN %a%e g2e&e el a&llontﬁé

carried out ure 080 1.n water) he gels are scanned and
i nterpreted \Mlﬁﬁaﬂ»héPI{lDARﬁfF}'Vnéomehgﬁﬁere (BIORAD). The results are
expressed fas ~ heparin bound to ATIII. - 19

The present invention will be understood more clearly
from the additional description which follows, which
refers to examples of preparing heparin from mast cell
cultures and of characterizing the heparin obtained.

20
EXAMPLE 1: EXTRACTION OF HEPARIN FROM MAST CELL
CULTURES

Culturing of mast cells

25 A pig fetal liver mast cell line and a line of pig
fetal liver mast cells transfected with the SV40 virus
T antigen (lines CNCM I-2735 and CNCM I-2736,

respectively) were used.

30 The «cells are seeded at a rate of 10° to
5 x 10° cells/ml, in complete MEMo. medium in the
presence of porcine IL3 (2 ng/ml) and of porcine SCF
(80 ng/ml).

35 The cultures are prepared in a culture dish or in
suspension in a l-liter spinner flask. The cell growth
is monitored daily for 4 to 12 days. The heparin

production is monitored in parallel, by analyzing the



'The results obtained in the case of a flask culture of transfected |iver

cells are illustrated in Figure 7. 31~ ATIII binding (theoretical value
33~) is observed 5 in the presence of standard heparin (SPIM, and 27~
ATl binding in the presence of the hepggin obtained fromnast cells in

cul ture (conpound). EXAMPLE 4: CULTURI NG OF MAST CELLS IN A REPEATED BATCH

10 Bl OREACTORy AR &8dhansd et 8es | bp6anbedBsh eahk§rder irned ddsmarorgidne
fetal liver was used. The cells are seeded at a rate of 2.0 to 4.0 x 105

cells per m FHEnpth FEIUEEHVEME12- nedi um suppl enented with porcine IL3
(2 ng/m) and porcine SCF (80 ng/m ). The bioreactor used has a volunme of 2

liters of culfure nediu th Yy tension_of the | tyre.is_maintained
20 at bet WeenII.'stg)ll"ﬁ‘?aﬁldi48é SP%sg{(u’?]:ﬁf%‘iﬁa‘i%etlﬂﬁ 9§°W§#nt°§i ﬁé‘é’eﬁe%e% 7.0
and 7.4, and ¢a&klsenperatatrici suldiureni hed ditsi@eC +Fig0r8Clby igiirtcidlat i on
of thernostat [ iQg.the bihagbe .| agket,. Thesc i tirsged
using a mari n%g%% [Ierg," \Ilim txhhg 2@%%%@ o??bgt \X/egﬁ S%Mé%%’awénrapmlrﬁfter
cul turing forsusgeysionheielflagdissi tFigare 2)x 168dcerhs/ Mrowel r &fondi ng

to a doubling:+inEreltbEt VAQR2IMABE 481Ns Ont heydFahforhak westidiks 80~ of
30 the culture_ is renmpved for the heparin extraction, and the renai nder of

the culture i §FkSP¥ei )t he bioreactor and diluted with fresh mediumto a
concentratg on of between 2.0 and 3.0 x 105 cells/nl as described for a

r epeat ed- bat cﬂ pr.oducti on oger ation. ;r%r ee a%f after 35 dilution i.n
repeat ed- bat ch® 5] hE*PELHMFETSIt y - OBt & 1%° 910 xS1BB8LEL PR/ M
correspondi ngflasks doadhilmipt t iare mefximetmieerl24 dedsd8yhorasgamgl clonpar abl e

to the first ! i = .2 T ien jfiad
Gescribed | n WoRESAAGeelyOBie B0 (for Pene TABeAREER R Wyl &
descri bed i n &Ranrprenateli ny- 3 he @%?Meétlédéf&rd (fepar Fhe astmsfiRGRd Tabl e

5 and Fi gy e fe1e8yesenhet hesdlirsiagart fife pr othh euandetine qurapey t itk of the
sergl yci ne (G%- Ser%l grft ein core of the péegaratingn of hggaéi n groduced by
10 suspensi onSERPRERFHGL 0P RUER BBRPE: d&Fi DEEVPPBNT DofBRAN&St BPHF i ver (),
conpared to the profile obtained for the SPIM standard heparin Table 6
represents thg,N-acetvlatio N- S i nd 15 O-sulfation profile of the
disaccharides8 < 2 dag EEE ¢ egogspension-culturing of mast cells
derived from Pbecicsd Ifset @hdérger hycomiysdss tont kdkadfl thedilisadoharheles of

o t o o S PEEERERTLI o th T2 Spier RANGRERTe the, Ror RN ITY 7. 217,

11 al. 30. 2] s62@agdgavoid ionic GAG/protein interactions.
This treatment comprises the following steps:

25 1. Treatment with sodium hydroxide in saline medium:
this step is aimed at destroying the cells and at
cleaving the bonds between the heparin and its mother

protein.

30 The step comprises the addition of 100 pl of 1 M NaOH
and of 800 pl of 0.5 M NaCl to a pellet of 10° cells.
The mixture thus obtained is heated in a water bath at
g0°C for 30 minutes, and then sonicated for 5 minutes
before being neutralized with 1 N HCI.

35
2. Extraction: the hydrolyzed sample is loaded onto
an anion exchange resin column (SAX, Varian), which
retains heparin. The column is washed three times in
Tris/HCl buffer, pH 7.4, containing 0.5 M NaCl in order



- 21 Table 6 Disaccharides~ Standard~
Cul tureAcetyl atedll. 810. 72- O sul f at ed2386- O sul f at ed4242N- sul f at ed83852- 0- s
ul fat ed84776- 0-sul f at ed8971Sul f at es/ car boxyl ates2.4 ~2.1 Simlar results
“are obtained when a |ine of mast cells tyansfected with the SV40 virus T
antigen is used. 5 EXAMPLE 5: PRODUCTI ON OF HEPARIN I N THE CULTURE

SUPERNATANT USh NG 74 rPEGRANULATE NG ASENT T ey RX PEIHJTE tcha¥er &2 T i ggh out on
a line of 10 untransiecte fetal 1iver st cells. On,the 762nd _da

(counting frdPRTHEC}195t t BFFRgFaPhe TR&t PRI iTond8nt FRER off

adj usted to ZwxtHO0G el | 8f nirriandicihebefif &4 € pMaY .i4cubshedifhdrigorse M5 hour
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constitutes a test for rapidly verifying the presence

or absence of heparin.

20 The purified preparation obtained as described above is
loaded onto a Tris/tricine polyacrylamide gel (gradient
from 10 to 20%) for separating molecules of 30 to
1 kDa, in a proportion of 20 pl of preparation per
deposit. 25 ng of dermatan, and 25 ng of SPIM standard

25 porcine heparin (4*® international standard for porcine
heparin from intestinal mucosa), and of the heparin
extracted from porcine mucosa and purified by treatment
with sodium hydroxide and purification on anion
exchange resin under the same conditions as those

30 described above are loaded onto the same gel.

Double staining with a solution of alcian blue and then
silver nitrate as described in AL-HAKIM and LINHARDT
(Applied and Theoretical Electrophoresis 1, 305-12,
35 1991) makes it possible to reveal the glycosamino-

glycans (silver nitrate alone only reveals proteins).
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between 2 and 14 ug per 10° cells, in static culture or

20 in suspension.

EXAMPLE 2: CHARACTERIZATION OF THE PREPARATION OF
HEPARIN OBTAINED FROM MAST CELL CULTURES

25 Disaccharide profile by HPLC
The disaccharide composition makes it possible to

differentiate the heparin from the other

glycosaminoglycans.

30 The disaccharide profile of the glycosaminoglycans
produced by the mast cells in culture was determined
according to the method described by LINHARDT et al.
(Biomethods, 9, 183-97, 1997}).
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bacterium heparinium heparinases (heparinases I, II and
5 III, GRAMPIAN ENZYMES). The <conditions used are
described in the publication by LINHARDT et al
mentioned above.

L

As a control, the SPIM standard heparin was

10 depolymerized under the same conditions.

Under these conditions, the depolymerization is

complete and produces disaccharides.
15 The main disaccharides, eight in number, which are
either N-sulfated or N-acetylated, are represented in

Figure 5.

UV detection

20 These disaccharides are separated and identified by
HPL.C, on an anion exchange c¢olumn as described by
LINHARDT et al. (mentioned above).

The results are illustrated in Figure 6, representing

25 the disaccharide profile of the preparation of heparin
produced by a flask culture of fetal liver-derived mast
cells (M), compared to the disaccharide profile of the
standard heparin (0).

30 These results show that all the disaccharides present
in the SPIM reference porcine heparin are also present
in the mast c¢ell heparin, although in different
proportions. The IS/IIS ratio is 3.7.

35 Fluorescence detection

A similar method with fluorimetric detection makes it
possible to quantify only the IS and IIS disaccharides,
characteristic of heparin, and to calculate the ratio
thereof.
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The separation is followed by a post-column

derivatization, so as to form a fluorescent complex
with guanidine.

10 The IS trisulfated disaccharide, which has the
strongest response factor by this technique, is
detected and quantified with respect to a solution of

standard heparin of known concentration.

15 The detection limit of the method is of the order of

5 ng/ml of heparin in the cell culture samples.

Table 2 below illustrates the IS/IIS ratio of cell
cultures over time.

20
Table 2
Days of harvesting 3 4 5 6 7 10 11 14
Liver cells, dish {1.9]1.6 (1.6 | 1.4 1.4 (1.3 - 1.4
Traz:f‘i:fegii}il"er a.1| 5 |4.6| 6.6 | 3.7 |4.9]5.6]5.7
Liver cells, flask | 2.3 - - - - - - -
Transfected liver _ 2.9 _ _ _ _ _ _
cells, flask
EXAMPLE 3: BIOLOGICAL CHARACTERIZATION OF THE HEPARIN
BY DETERMINATION OF THE ANTI-XA AND ANTI-IIA ACTIVITIES
25
Biological activities
Inactivation of factors Xa and IIa is characteristic of
heparin, and makes it possible to differentiate it from
heparan sulfate and from dermatan.
30

The method used is that described in the European
Pharmacopoeia, 379 edition (1997), monograph on low

molecular weight heparins.
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The amount of para-nitroaniline (pNA) released is
measured at 405 nm. It is inversely proportional to the
10 amount of heparin.

The anti-Xa or anti-IIa activity is evaluated with
respect to a calibration straight line established with
the SPIM standard.

15
The sensitivity of the method is 0.006 IU/ml.

The results obtained are given in Table 3 below.

20 Table 3
Days of harvesting 3 4 5 6 7 10 11 14
Liver cells, dish:
Anti-Xa 2.1 1.8 5.7 4.0 2.4 2.2 - 0.0
Anti-IIa - - - - - - - -
Anti-Xa/anti-IIa - - - - - - - -
ratio
Transfected liver
cells, dish:
Anti-Xa 44 11.5}111.7 12.3 11.4 13.0|11.6 | 12.9
Anti-IIa - - - - - - - -
Anti-Xa/anti-IIa - - - - - - - -
ratio
Liver cells, flask:
Anti-Xa 0.7
Anti-IIa 1.4 - - - - - - -
0.6

Anti-Xa/anti-ITa
ratio
Transfected liver
cells, flask:

Anti-Xa - 3.1 - - - - - -
Anti-ITa - 14 - - - - - -
Anti-Xa/anti-IIa - 0.2 - - - - _ _
ratio

The anti-Xa or anti-IIa activity of the heparin
obtained from mast cells in culture was compared with

the anti-Xa or anti-IIa activity, respectively, of the
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100 ul of ATIIT (human origin; BIOGENIC) solution at

decreasing concentrations of 584 to 183 pg/ml are added

to 100 pl of test sample.

20 100-ul deposits of sample are loaded. The migration is

for 30 minutes at 100 wvolts.

The gels are fixed with a solution of 0.1%
hexadecyltrimethylammonium bromide (CETAVLON-SIGMA) .

25
Revelation is <carried out with Azure A (0.08% in

water) .

The gels are scanned and interpreted with the QUANTITY
30 ONE software (BIO-RAD).

The results are expressed as % heparin bound to ATIIT.
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—thermostated "water in the bioreactor jacket. The
culture is stirred using a marine propeller, with a

25 rate of between 80 and 150 rpm.

After culturing for 4 days, the cell density is
1.3 x 10° cells/ml, corresponding to a doubling time of
between 24 and 48 h. On the day of harvesting, 80% of

30 the culture is removed for the heparin extraction, and
the remainder of the culture is kept in the bioreactor
and diluted with fresh medium to a concentration of
between 2.0 and 3.0 x 10° cells/ml as described for a
repeated-batch production operation. Three days after

35 dilution in repeated-batch mode, the cell density
obtained is 9.0 x 10° cells/ml, corresponding to a
doubling time of between 24 and 48 hours and comparable
to the first culturing (Figure 8).
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Similar results are obtained when a line of mast cells
transfected with the SV40 virus T antigen is used.
5
EXAMPLE 5: PRODUCTION OF HEPARIN IN THE CULTURE
SUPERNATANT USING A DEGRANULATING AGENT
The experiments were carried out on a line of
10 untransfected fetal liver mast cells.
On the 762" day (counting from the first culturing) the
mast cell concentration was adjusted to
2 x 10°% cells/ml, and the culture was incubated for one
15 hour in MEM medium comprising 4 pg/ml of the ionophore
A23187, which induces mast cell degranulation.
The total GAGs and the secreted GAGs produced by the
cells are quantified by PAGE. Figure 10 shows that 70
20 to 75% of the GAGs are found in the supernatant after
treatment with the ionophore A23187, versus
approximately 10% in the nontreated cells (0 pg/ml of
A23187).
25 The mast cells for which the GAG harvesting was carried
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5 was used as a control.

The results are given in Figure 10, which shows that
the percentage of GAGs secreted is comparable with that
obtained during the first degranulation and also

10 comparable to that obtained with the control cells of
the same age.

Similar results are obtained when a line of mast cells

transfected with the SV40 virus T antigen is used.
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5 origin and recovering the heparin from the cultures

obtained.

2. The method as claimed in claim 1, characterized in
that said mast cell cultures are mast cells lines of

10 porcine origin.

3. The method as claimed in either one of claims 1
and 2, characterized in that said mast cells are

derived from pig fetal bone marrow or pig fetal liver.

15
4. The method as claimed in any one of claims 1 to 3,
characterized in that said mast cells are serous mast
cells.

20 5. The method as claimed in claim 1 or 2,

characterized in that said mast cells are derived from
a mast cell line chosen from:

the line deposited with the CNCM [National Collection
of Cultures of Microorganisms] on October 17, 2001,
25 under the number I-2735;

the line deposited with the CNCM on October 17, 2001,
under the number I-2736;

the line deposited with the CNCM on October 17, 2001,
under the number I-2734.

30

(o)}

A preparation of heparin which can be obtained by

a method as claimed in any one of claims 1 to 5.



