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preventio reat ment of bone netastiases or other b S
The invenﬁ"@%g@gl%? s to formul ati ons and nedi canment s %’&ﬁ@ﬂgﬁm‘%ﬁz
treat nent of bone 5netastases and ot her bone di seases. It al so

relates to nmethods of prevention and of treatnent.
Bi sphosphonat es ar Eospuiatied aod aredhaioe sheoprepgmtophaosbineatmebtofrhateur e

P-O-P) in which the central gxvgen at ol SodERk with a carbon

atom Their chem cal structure can be represente y the follow ng

formula: OHR OH Il = --c-R=0[,1 OHR OH 10 Bi sphosphonat es can
be placed in t"}’ﬂe(ﬁ%ﬁﬂﬁ?{r’e%?es to formulatr-gheeaﬁd heHicSMERE 96YihE BRI P e S bR
"first-generation" ounds do not contain a nitrogen atomin

their §i deepRiases wanger&onerwﬁ%aseat'é@&ﬁpyreeéﬁrpﬁol Bgt§ody Af ar%v?ntem%nd of

et i dronat er,ea@,l.émlr onate and til udr onate. 15The secondary cat egory

conprises the ' eneratio and "t hi r ion ounds, .
ohi ch’ contal SRENGTRGAES At POTIGHE SUERRUGE o SHEPPOPRTAER (oG e ERa ki
al or . whivbstRe @E&nttd ex@ﬁamhger@ra@‘etu Qiith GOotEpsdrs&tomN Their pietical ssuclare
chai n beari ng a ni trt)geon : PH‘]? fl telrm nal NH2 group. Mention should
be made of2PERTHGIFIE Py U ErA ™ Phandr onat e and neri dr onat e.
Those of the thirdygeneratj on bear a heterocyclic nucleus

20cont ai ning a n|tr|ogep a1tom Mention shoul d be nade of risedronate

and zol edronat e ¢f ki dazolge=nycl eus) . This classification as
first, second and tjhird generation is entirely known to those skilled
in the art. By wayolaf rEltstration, nention wll be nmade of T. Yuasa

et al.'"® Current Medical Chenistry 2007, 14: 2126-2135 and Sel vaggi et
al., Crit. RevBisghesphondtenendle. pl&®d@0to a6g8)ies. 365-378; V. Stresing

et al., Cancer 6 ,
Ann. N Y. Ac adThéﬁ&%%%%gpgoﬂpﬁgs % FrgggienPYatrS?% %@8%’% JE a%ogéo'gg'n
common i n athgogseasomfin éwaﬁde@h@laﬁ&’erandﬁei higreategont ceraprises inrparticular,

mul tipl e QYGLRIBSlodbRASinEANGERat@nd prostate cancer, but are al so
present in the _case of nelanoma and in the case of bI adder cancer

| ung dancer anEWF‘%ﬁ?@%%&ﬁ@@?W COQ’G“ESS‘b%o?ﬁ?f&ﬁ%ﬂ”@éat'ﬁav@dbé’&’érﬁé”erai'on
essenti al cbrﬂp@drﬂs ihehapekn diretdr@rﬁir@ﬁrﬂbg@f at@rﬁé irfdHeSof MéirfsRiel dhgink ROBY R,
bone cancerrl Cl .odr onat dronat e | r.ongte an i bandr, nate are
Dhue oons Thesecorie STand pebS Al NS af 31aats SRk Endlt Bapid Kk

can al so be suéjrded NN@gZ&W/Méﬂ@%QrRﬁH IBBZBQEéO&Zﬁ%rd’r@rateonﬁerdm@Dé e
ol e e g OARR! SOl 8 G 80 o B TRl A
cl i ni eal | gontainingreamgrogers tatdye Manteﬁwuishqaldsb@emadese‘drlmdnbnmarﬂd radledronate
t hensel vegml%%k&g/nhgﬁ ffecti ve doses for the treatnent of bone

met ast ases. 3 e’clinical doses of zoledronate are 10 to 40

ti mes | ower th&his Slepgificetipres fitsd speerbantbinad generdtiomis gntiigl knowp to those
geen'r G‘@?he—ﬁgrhstf]:e 4R08y wa; orgnlﬂrﬁ)atron mentron'wrlllﬁ@ﬁr%'de%tf Ta{(uaga‘]t—ﬂtﬂi nalirr&t
G e b ehomar 2 10 31 2 b s R Sr b« Kot e Drleemeist

t het ﬂe@l ebbes) 53(3)%65-910&1&96&33:1{ eyt aal @en@hes_cdue&ezorr?eatsgem?@fthtrehan&
erythrocyte n of et hanol am ne an
of bovi ne Ef"ﬁﬁﬁ'gfé %"H ﬁ%décﬂf}tsﬁbggé;]gﬂrgfn?ﬁggg a 10 depletion of
spl een macr ophBges metastisee arel bammbdnldy thaetdsb et ademeed tantw! Tiswarsages
t he use of hr oc b 0S r in n .
bl ot 1 SrEmSh W RGHbEIBRefher bRBASERAR 3R RroSETH Bincl oRFAIE alog presprtn
propose atheaase Dbnelfammajefhd nahe capelnl biptides phoreatlew eincertandlkidney carfcet.he
bone rrow, t t -

pr obl g?ns of toglﬁéﬁﬁéh% kv He%&%% e%%érﬁnapﬁt é“Eh ut’r‘e’%&*n%ﬁthéi}gatrents

current Icac
active 15pwtariagifiom sone cancer /ﬁioctmpaé@tnamedronateh@krdrm eorh ibagdepnaie are
propose sukl @e$0l ution which nmakes it possible to increase the

Bisphosphonates can, however, be toxic at high doses. They can also be subject



An objective of the invention is also to propose such a solution

whi ch nmake ossible to decrease the anount of bis ,l;f?#t’\os‘Phonate
admi ni ster 8@%9(11549& ven treatnent and conpared with t EFFe&P0577
An objective of the invention is also to propose such a solution

whi ch makes it possible to increase the adm nistrable dose, w thout
experi enc|tug:ohﬁdaerbblmrbma‘ngehmrmhbrerf-B:rcdxampDe; i tzpledfonttee tis @Bmination by ik
subj ect of tion i a_ suspensi on o I

encapsul at9785 SEIENRe 80T A0 o HEERE o8 B ol 3 B Aos mutt vy
the bone marsfidly sapefvised ahat magifing themselyes ptios teféctve dosehife thetieatment
marrow, | 'd?‘o&r'\é"ligue%'étaggseﬂ‘hﬁé 13 E\E\ dap@osﬁgléf disdforhe %r%x‘l'octbt% tllrrle@ lower than

partlcul ar renal toxicit ‘A'sU e lnvention IS

suspen$i ofheeffaskva ¢asge g WIE%@G@W%& {JnGreen. QocanaisiRBEhRoAdBE, for
use as a carri errha ofdi &S &DW&%@&RB%&# Hécb, tI@(@ :RO0E 1B ANs

in particular for the treat ment or tBreventlon bone di seases such
as bone nef&8pcgpgdation of clodenatrsin gryihrasitestand the vse thareqirerstha siealetion of

enconpass ésacidghadre Thbﬁﬂb@ﬁmﬂwﬁ@ﬁmeﬁtﬂﬂ tr{el“@ytﬁ@hytés a«nﬁl zd@s BNABEY 8 the
thereof, and in pﬁ& t he ftj[)St- secon ener ation

bi sphosphfHEeRe & ag’éﬂet nd, Ay RRg \§3'PF\/@®UEPW€I‘ stanﬁ%gge["@P’ﬁ{ate a
t her ef1or e dépletimroomspieza snatirgihaged baicesThebstipdyosfthemnioncans Asr amdsages the

AR T L Al R e
tiludronate, péamehjeative of the inyeniancisl therefdie tdimoprtisana fsolutipn for delivering
al endr onal@onsdhailiefal fie Ié\&?%ﬂfh%r%tng mAled, HAOR! @n%ﬁ%ﬁﬁgg &mﬁg{ogyd

zol edrona the i nvention U

cont ai ni ngveieing ethgt preblemsi efr tsxgtt@ﬁy ahigny creently xlimip | tee ﬁ@@ﬁ!d%éh@ﬂeaﬂpﬂm
and t Risr dypafiend.i on bi sphosphonates. In particular 5 selected are:
pam dronate, alendronate, ibandronate and neridronate for the second
generation. ThBE&LKCtyegl thaiinyenien s alse ShPiesse sUfed 8PlBgchien makpils
cont ai ni N@ogsitslé tto AGEBat OB bivEHilbKility SéTobibshobshomaie &if thel 1Beslr &IN@AE ebarad
zol edronat e 'g)l m dazol e nucleus). The invention relates in particul ar
to a suspgﬁ’ 8n of erythrocytes encapsul ating a 10 bi sphosphonat e,
for use as a nAdicbpectve off the itveatigr @vasd tooproposd $uckad HHDNOnOWhlblomkemd
bone rr r h hon ,
e aiegs. PreE ELBELED BB larine i ObaRIBRRIBLEL RN, B o Mt Bri ey
t he pat hoﬁo@jslommrgdewéhithelfreesf@'ﬂf ar as the treatnent protocol is no

| onger 1imtedahyy f?efwet Wﬁe'.ﬁ%nﬁaﬁ%@ P@/Péé”é %]Jéﬁ 4 £86tidnORR Tk BE it

blsphosphonate e use revention or

treat ment p@%ﬁl%mn%@%m@émm%@bmqsgrMHlOUhWéﬁ@mrtgéwlraitm@prqblﬁg@tofs
di sease amgticRy oOht GEERIASI S- The invention is nore
particularly a suspens n of ﬁg‘éthrocyt es encapsul at i n?

bi sphé2phonat e® U8 Q! 8§"“§“ [SciiHR At SUSBRNSI RO HrED Y e §nerngulating a
tr S_at Ment bigphdsphenai tiesisesisa ma@tzfmer;tri&retaﬁgﬁmg kb $ené ﬁa&‘bﬁﬁ‘ﬂlnﬁqo@rmgmg
medi canment,_contai ni n uspensi on of. t hr oc tes ncapsul atin

bi sphosphbRATerorBPTdedo FU BRI grat drtid e aYer & A Bk Qe
bone or bopaticwarremsltakicigases, and in particul ar of bone net ast ases.
The invention al o) t tes
encapsul ati ng A BEEroebRImsRuT R H57 ausP RN AR Es Bhtiedl 8K €
for use i hisptmsphersiesieriuse asredca@iarferdirimging adﬁsmhaﬁ@natemﬁocﬁre Ihamgemarrow,
marrow di ﬁﬁ%ﬁ%ﬁ thd t%aﬂﬂéﬁt OFE teREntih oPB ZRfi%s bone metabfies,
invention also relates a suspension 0 eryt rocytes ‘encapsulating
a bi sphosphonaP¥; deﬁzr@tponug@ @gmab@almspb@naﬁe)reugpmﬂ@%ﬁg a2y the Hishoeyphormies

into the BeNend"8AKOYhd fRfivdiiDes tHPad MR i haRic@Ye Hd %t-oge&ﬁeﬁand third-
nmet ast ases. Preferably, the encapsul ati on of

bi sphos ph8engraliongbisphosphanalestangy/ h?resah% apd d&”‘@é‘t&‘?%ﬁ@éﬁﬂf eﬂi‘%ﬁ%i’“r bgrefese
as | ysss- eme@lab@. diphosphonatze, @biﬁﬁb@&%éﬁlﬁ@d‘ diph@eptendl dadspr epared in

Nonlimiting examples of bisphosphonates include: etidronate, clodronate,



m xture is left to incubate for, for exanple, from10 to 60 m nutes,

typically roximately 30 mnutes. |safonic condition
subsequent%@%@ﬁéﬁébl i shed and the pores are thus res}ﬁéﬁzg@ms&zmz
re-cl osed, such that the erythrocytes stably encapsul ate the

bi sphosphonate. According to one advantageous characteristic of the
i nvent i on,tiludnenate, ypdmidonstes imrpartichlat rtbat digbdivim Horan, cilemdrodte,apeadronate,
under C°”qﬂaérfdfdh%te‘“’ﬂéﬁ&or%rté’Wé&oﬁa@é 9&%&&%18&%“9 bone marrow. This
chem cal agen e agocytic cells

(macr ophages aﬁdefelr@hbrr thei lovemébm y)zea)blsplrrJ@pm@smang at least orphgitrogen

chem cal t t t
Che b son APl OB O SRR

IS CO at |
with clbi nisstgrteds@e; Ramighenate. i ensirenals,| ipansis rﬁ'ﬂ%"tﬂi'ﬁ')o”@‘@b@f gﬁ% second
(abbr evi atRAetfoBSthdRe BSBe NS g%%én%@or?he@b a ﬁet@%yﬁllb%c@ust@n%nﬁﬂfﬁt

i's advanta eousl subj ect_ of the |nv ntlon |s
suspensi orf Eﬂge%r%?rﬁr 3&?{'% shgyld > d@aﬂfeﬂﬁedé g
suspensi omucléosjprl Si ng eryt hrocyt es encapsul ati ng the 15

bi sphosphonate F’l t %@ qu has beeQE treat d in or %
pronot e recogni ?BWG% rﬁg eﬁH’éB i o AeupRENSon 9l EHYTERYY %‘?WCSWU 0 ﬁg
a chemncalblsv)gesmonqﬂe eﬁ)eusd:)iasya BE3licanteat BEId grependibe mab ingatoset obbaeend
with the t e a t S
Pnclz.  acobrine ParpRties" AFfu A HGepRinalaial GERBRY 1 R 4
first- gen@oa?efli"@ﬁp br‘osqghmwn@ﬁ@ﬂeseSAetﬂjedreﬁ@nqn@ohthgmmwgmﬁam@temwtso far
the bi Sph%ﬁﬁ@ﬁ@étﬁen@&oﬂoéol% ﬁ@fbﬂﬂ& Igrﬁféﬁrb?ttﬁé)fbxﬂtfé)ﬁgél%ﬂm%e free form
According to a nbodi nment bi sphosphonate I's a

t hi rd- gené’?ﬁ‘?lt’dﬁﬁ’h%%‘ﬁﬂ@%honat e. NonI imiting exanpl es of

bi sphagphonat eshig)ahd!des nlirfle@NBtife pfdveRiANG thoatrhért Wil lbBA@ hRitastases, of
pam dronat e, uI ar tFS di,sadi um f@g{ﬁnp al endronat e,

arti
i ncadr onat™@' |gnq%ﬁ a@mlahg bR ieease 3 HRRAOS®d zol edronat e.
Accor gl ng to ofke waﬂﬁhnnﬁnﬁoretdmglcblaﬂpmbmreoﬂ éi“lylﬁfdcﬁlt@ts @;dcéprsolmmg a
25et i dron te am dronat e articular t
form -l omphetbetelf RENSe BT HEBEMES 1 o8Nkl hlipd fenb dFocfthéR e e
and zol ednatastases. According to one characteristic of the nethod
of tregtnent B h u i n,o o] a I
t he bl%gphosph\gﬁrﬁ%e I'S éoﬁsﬁtéﬁﬁ%ﬁ t(gont Qg?&%@%ﬁ 8%@@@@ % Qé%e%bmgof
sui t abl e gafhroeytes eﬁcﬁﬁ@'atlﬂﬁlacbﬁn'ﬁQWWEtes for peg far thel pipvenen aed eatment of

appr oxi matelsy boﬁ%oorl&n@‘nﬁhn%%l%géé)éhm Sdrifcutlar BP8Bne ndlhstadegr i od of
time is advant a%qeousl y between ‘pr)]r oximately 15 m n and approxi mately

45 nin, prefer aM Pventenaia relaiss ddhrweepla epraRronghsndkPREeEeRFaReH 3N,

typi cal | Yaoﬁlsﬁr'b@pmfnd%r f&ﬁh@Q)réﬂafﬁatlon of a medlcéﬁﬁ‘l@mrﬂf 08 TierI‘%n@l’éhﬁftlon and
characteristijc treatnment wt I NCU

b or i yepbin s tle Lpor AN IRGHREE, t BBt Bore P Gaated

bet ween 18 andTBbAw/eGtion 515\609%]@59/tdﬁ%%/o&%@@t@&&&%mp@%goa
of erythrqc cont ai_nin theb with a
Ui tabl o BEPREpnag Horliahe Gt S RTINS e SR R Aot Moy
suspensi orforchlie’ree'aymmt@wteesntton@ab@w meuahtases 333 is brought to a

concent rat o BlodBliySa AEREOKIATR Y blofocbndfifs R AAPLRX) MRAL Y 55

x 106 cel |l s/ pl tween approx
appro%PnaP@WdlSeke@W T@é?lsllssiisﬁeﬁeallb@fore bel ng brought i nto contact

with the solut Tlﬁﬁqbl%hé%nate is gener@l@cﬁéﬁgré@ntaob@f@@d%rutt&h%raeg(ﬁﬁlgfeﬁtééf1

a solution of _353 to aln a final concentration of 853
bet ween apbpdXid rfﬁt7@| 9r9®9r§b|)§ﬁ67‘?&pprom mately 6 mM preferably between

approxi mat el y Redordiisltcromy aa@rémérfsw oB ] rotcydzjr@ ahé YysRPHtRX b%r@&y}’eslis
mMin the_ 10 sugpenay o& A sol u% on. of gggr o>gr| mat eh'y rr?
in parti cliishrarged Qubly swbigripg dhe @iieh I%WF’GF?”&COB ng,rl&f ryhiogytes swel
cont aizpi n@p@inte alse pang. pimes plpiicsphotidieris thén pideéeranll pernstatst psidbt then
erythrocytes. Preferably, a solution of bisphosphonate is gradually added, and then the

(wnu?azole



Inits formfor dilution, the haematocrit may be high, in particular
bet ween appr.oxi matel y 60% and approxi nately 90% 30The sus ension is
pref er abl yWHLRAIES i n a vol ume of approxinmately 10 to & ﬂfpﬁﬁ‘]gf?ﬁ‘"t"g?y
250 m . The packaging is preferably in a blood bag of the type
suitable for a blood transfusion. The encapsul at ed anount of

bi s ]E)hos Elhm‘laiu&a i6 GssTt @I peibeiertgr, for dxbﬁpﬁ'ﬁ?kbrﬁ ao S@Beaﬁrﬁdtﬁ ihypitally appro>|<imately
preferably,.contained entirely int 0 a . For exanpl e,
Phe. sucperSBib@s EReRE candiche e elbersu ™, § ¥ aplsnop angibe BRAGLES thus
35bag, conpsdakerfe-dosed, sach4batriige erfythioocyieh cigblyeEnasssulatethp disphosphanate.

the eryt ooyt B2 A B R SBEID SRR L ReatlE e MkkiRe re
adni ni §t eregtedrwith g chegeahsigen unsien condifionscehich exnafe dergeliigapl the bone
saline soludrioin rhiQhoRAMRsht phBRATEELGAREh BPULEhabBY b lceRtnRRldoRagds”

particul ar a sol uti on containi ng and oné or moreé ingred ent
sel ect ed faEReRditesels) OHBQPP'E%@a"%em ne and mannitol; e.g.

SAG manni t ol omhéhemical TRbenehPlid!ichPRdi sutCaPaR @rymro te%ssﬁdébsﬂaﬁdgeme
erythrocyte and may 5al so include a preservation additive, such as

L-carniti ﬁi’é‘-‘phOSphO”ateThe subj ect of the invention is thus a nethod for
prevenbi ng or &rgaferrsd dpomalees tvafichSisOdontiahisle VaBINEin@as 8&S &S humiisSis

t hod h t i
o of a iR B EE (revided BoRES § BetoraR e 18 Re
i nvent i on solutien efdns ag@ttnsmdvemagéouslyelséd)r mul ation or 10 nedicament is
carried out by,i \/ I i .
reterably. by Al G Bt Rod Lispbfviod B G5htdies Xl pegicament
admi ni st r §OMEHsING  SYeH cal | 9U@@n$lp@d eqnaprisigr ae@ﬁmtey i enqapheulating othe
via a 1§entbfs‘?ho%ﬁ5ﬂ% &nd the membrane Fcyfqmlapm%gxﬂe@ﬁtt?éa‘fedl% bRier t(f)] promote

approxi mat e formul ation gone dose) according to
i nventi on r%ﬂogmrl?ﬂ Baihe |pea90§vt'0aw+f Af 8¢ epeRIMalp 1Sy aAhemisrbrerst Prefeabiye

OL 15 ? tisi3p The BB3efsepreRehbly use]zcd aBné, r@m{ g@bxmmr 6fS&8 ber chemical or
adm ni str se_Oor oI S vera ccor
pr ot ocol ﬁglqgg@ﬁaq?agﬁuggas; i &08‘8 n9riay f'b‘fq megh ﬂ’?&%@ﬁ@ﬁphonate is a

adm ni st ratst-gmsaratona)lgmmﬂmwateimrﬂmg ﬂ@laysecbhd msbdrnne:ht the&jmbﬁph@hater
annual fr gueng ye eri treat nent
AU on s e|r'f;t°| n§ é V%nae % g io (ﬁd bFrSB%(? @8? the

technl ques for-énca I r
are known blsamisphh@teba!ﬂ catémhgeq@retldw iblymosphcm\seal Nogjimitiig c&xamples of

pr ef er r ed Eﬁcf‘s'tpﬂona’tés ﬁ%ﬁﬁé' Qtﬁf#od rfb %o%hta?e B dr%m'la@é' ,&%cor gﬁ'ﬁe - férﬁgu?ar

101, ose s ed In e art
t echnl quethet ﬂéocblim rf%fffy %ﬁmﬁmd'@ﬂatﬁ maaqiryaatg, egridrasate, (”ﬁ@ﬁ#ronate and

exanpl e, dhalngate. R@%@ﬁgdioabﬁé'énﬁcﬂfrﬁédtd% H|s?)h6ébfﬂbhé1é'0i§5£é1ec§éﬂ3mo'rrﬁd
wi th a suspension of erythrocytes, while the second conpart nent

bont afhe. 2ITaRAtRoHUCkpAB: | RAIRREIT 9 HRAGLISRT BowreRoiBs SEd: e,
SUSpe:’l_SI Omcﬁtﬁroﬁ?ﬁtytlbér@%ﬁaﬁfneﬂid?o?iti’t@i&fsear@nétﬁ%ﬁd b&18drbadté. 'erd next, i nha
reseal i ng unit seal i ng of, t rocytes is induced in f

presence of th@ccﬁffﬁ%ggpméﬁ%racﬁ 'icnegirh% ”H% 3%, &f JEQI%F?'E ﬂ'ﬂﬂ/%& the
oncoti c psespensien olbergthtdegies ancapspletisy the b&bh@ﬂpyibﬂime)esydra,ﬁghcm eoriadd grith

t he bi sph I 30

Char act or TSI 8 slifarli BRI o fime) PnBE SRV IRE Hnagttplst eMarpramately
| ysi s3of 40 musrmdsammomlatetyyﬂ hinauy This adzrroeadfy timensastvianggedisly between
bi sphos phgﬂd%ﬁmg% a};ﬁ? ﬁﬂ?gpé lé Brrog%atwo 45 mlr-1r 2;? Qectlrv%'n %F)pmf(lmatety 20

erythrocytes enca phon |n part
obt ai ned BYyd @momfﬁﬁtleh\ﬂoﬂgmn@mlﬁ@ﬂﬂ0fUDﬁ|QE¢ﬁH°§3(hIT\s'O a subject of the

i nvention: Accoflding W%H&ﬁ@r‘ %r@dcter%tlé%@ tpelz %&iebﬁ tr@ﬁllnhﬁ’tt with B3, this
isotonic solution at” a haenmatocrit |evel agl:"ea er than or equal to

65% cool I”ﬁ@baé'éﬂ\%fé’ﬁfeiabiy eavted.ograt apbient g¢§]p§r rgciadgrtisulagpetyeen 18 and
t enperat upsgcconstantly nai ntai ned between + 1 and + 8t, 7 WO

According to another characteristic of the method of treatment with BS3, the



2 - neasurenent of the osnotic fragility using a sanple of

eryt hrocyte mthis sane red blood gell pellet, it bein 0SSi
for steps ‘f%éﬂ@?lizﬂ% be carried out in any order (| ncl J& HES’Z %/052792
parallel), 20 3 - lysis procedure, in particular inside the sane
chanber, at a tenperature constantly maintai ned between + 1 and + 8t,
conpri si ngupEssagef @fytirbeytesuspemnsing thetisphoypHunar)is @s-aishad Wbnmbdabiet
| evel great%%% gapBgr equal to 65% and of a hypotonic |ysis solution
cooled to h+ 1 and + 8t, into a di alysis bag or a dialysis
cartridge (theAcearting dg@notberpcim‘rmteresdq,,the reespersios giandmetees trbated gvith
adj ust ed i i 9}

reasur ed, %%331 b\'HUQH @ré Sgncéﬂﬁaé!gégﬂ)%tﬁegrﬁgéﬁ%luré{e yd)f) Q:jb Hr?c] prronmateli
pr ef er &bl \p @ﬂ%dgguslui,ofyp@a%lbeme@n @ﬁpr@il@%lysﬂﬁowat@dt @pmrﬁ@magﬁése@ x 10

suspensi Or&ens?ﬁl @efér%%@!ﬁg%trwgﬁt Hﬁ'd&h@bﬂﬁfﬂm RELNBERI of BEzand + 8t,
preferably for an incubation period of in pa rticular from 10 to 60

mn, typicall y%?or%ib%rt‘bﬁf‘ﬁ*a?w@a@éeflﬁ'% a gflytign sl BSP ds usgd HyobiriBcadntle
carried oubnidntratichesFEER 6 MR adp;r&hﬁat@mﬁﬁaﬁ@ aPproAmBRes frmmpeeferauy

sol uti on, her rature, articul ar between +
22t Bl Aot L P Apios e e ) &e&ﬂ&%p%%%&ﬁ&a}\?mhsn
of theobi spsespibonAt slutiosi dfeB3hef epyriokirmaeyt @mM may in partibillar be used A
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30  with one characteristic of the invention, it is preferred to carry out the lysis of a suspension

of erythrocytes already containing the bisphosphonate to be encapsulated.
The suspension of erythrocytes encapsulating the bisphosphonate can in particular
be obtained by the following method, which is also a subject of the invention:
1 - suspension of a red blood cell pellet in an isotonic solution at a haematocrit level
35  greater than or equal to 65%, cooling between + 1 and + 8T,
2 - lysis procedure, at a temperature constantly maintained between +1 and + 8T,
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87 0.81 2

EAG mannitol 83 1.49 26.9 76.50% 3 -

cont ai ni ng

10

15

20

25

30

35

comprising passage of the suspension of erythrocytes at a haematocrit level greater than
or equal to 65% and of a hypotonic lysis solution cooled to between + 1 and + 8T, into a
dialysis bag or a dialysis carfridge (the cartridge is preferred),

3 - encapsulation procedure by addition, preferably graduai, of a solution of
bisphosphonate to the lysed suspension, at a temperature maintained between + 1 and
+ 8T, preferably for an incubation period in particular from 10 to 60 min, typically of
approximately 30 min, and

4 - resealing procedure carried out in the presence of a hypertonic solution, at a higher
temperature, in particular between + 30 and + 42<T.

As a preferred variant, inspiration may be drawn from the method described in
WO-A-2006/016247, which makes it possible to encapsulate the bisphosphonate
effectively, reproducibly, safely and stably. The suspension of erythrocytes encapsulating
the bisphosphonate can then be obtained by the following method, which is also a subject
of the invention:

1 - suspension of a red blood cell pellet in an isotonic solution at a haematocrit
level greater than or equal to 65%, cooling between + 1 and + 8T,

2 - measurement of the osmotic fragility using a sample of erythrocytes from this
same red blcod cell pellet,
it being possible for steps 1 and 2 to be carried out in any order (including in parallel),

3 - lysis procedure, in particular inside the same chamber, at a temperature
constantly maintained between + 1 and + 8T, compri sing passage of the suspension of
erythrocytes at a haematocrit level greater than or equal to 65% and of a hypotonic lysis
solution cooled to between + 1 and + §C, into a dialysis bag or a dialysis cartridge (the
cartridge is preferred); the lysis parameters being adjusted as a function of the osmotic
fragility previously measured, and

4 - encapsulation procedure by addition, preferably gradual, of a sclution of
bisphosphonate to the lysed suspension, at a temperature maintained between + 1 and
+ 8T, preferably for an incubation period of in pa rticular from 10 to 60 min, typically of
approximately 30 min, and

5 - resealing procedure carried out in a second chamber in the presence of a
hypertonic solution, at a higher temperature, in particular between + 30 and + 42T.

The term “internalization” is infended to mean penetration of the bisphosphonate
inside the erythrocytes.

In particular, for the dialysis, the red blood cell pellet is suspended in an isotonic
solution at a high haematocrit level, greater than or equal to 65%, and preferably greater
than or equal to 70% and this suspension is cooled between + 1 and + 8C, preferably
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carried out is rapidly exploited, i.e. the lysis procedure is carried out shortly after the
sample has been taken. Preferably, this period of time between the taking of the sample

10  and the beginning of the lysis is less than or equal to 30 minutes, even better still less
than or equal to 25 and even less than or equal to 20 minutes.

With regard to the way in which the lysis-resealing procedure is carried out, with
the osmotic fragility being measured and taken into account, those skilled in the art may
refer to WO-A-2006/016247 for further details. This document is incorporated herein by

16  way of reference.
The present invention will now be described in greater detail by means of

embodiments taken as nonlimiting examples.

I - Example 1: Method for encapsulating zoledronate in_murine and human
20 red blood cells

la - Material:
For the dialysis: dialysis cartridge (Gambro 280 fibres)

Assaying: the assaying of the zoledronate in the red blood cells is carried out by
25 high performance liquid chromatography, HPLC, after preparation of the samples
according to the following method. The RBCs encapsulating the zoledronate are lysed
with 2.5 volumes of water, and then the zoledronate is extracted by precipitation of the
proteins and membranes with 12% trichloroacetic acid.
The RBCs (before encapsulation), the final products RBC-Zol and RBC-LR treated
30 ornot treated with BS3, and also the supernatants thereof at DO and at D1, are assayed
in order to estimate the amount of zoledronate that has been encapsulated.
In order to improve the retention time of zoledronate on the C18 support, the
compound tetrabutylammonium hydrogeno sulphate is used as ion-pairing agent.
Instrument: Shimadzu UFLC
35 Column: Gemini C18 5 4 110A 250 x 4.6 mm ID
Temperature: 40C



Intracel lul ar zol edronate (% Extracellul ar zol edronate (0/)
| ncor por at | ??rﬁ{)%/l eld (%9 1 50% PBS conta ning glucose 54.3 68 32

50% SAG maTmPe%6 1288, 2 83 17 33.6 3 80% PBS cont ai ni ng &T@c"&g@’“w"‘%
83
Injection volume: 40 ul
UV detection: 220 nm
Flow rate: 0.7 ml/min
Mobile phase A: 8 mM K2HPO4 — (1.39 g/l}), 2 mM Na2HPO4 —~ (0.1 g/l),
5 7 mM tetrabutylammonium hydrogen sulphate — (2.7 g/}
Mobile phase B: Methanol
b - Method:

The red blood cells are centrifuged, and then washed three times in PBS. The
10  haematocrit of the suspension is brought to 70% with PBS, before beginning the dialysis.
The RBCs are dialysed at a flow rate of 2 ml/min against a low-osmolarity lysis buffer
(contraflow at 15 ml/min). The lysed RBCs leaving the column are divided up into two
equal volumes. The solution of Zometa® (0.8 mg/ml of zoledronic acid) is gradually added
(ten times) to one of the volumes of dialysed red blood cells, to reach a final concentration
15 of 0.4 mg/ml.
As control, the other volume of dialysed red blood cells is diluted with one volume
of PBS, added gradually. The two suspensions are incubated for 30 minutes at 4-8C.
The red blood cells are resealed by adding a high-osmolarity solution (0.1 volume)
and incubation for 30 minutes at 37C. The resealed cells are washed three times in PBS
20 containing glucose. The suspensions are brought to a haematocrit of 50%, either with
SAG-mannito! supplemented or not supplemented with BSA (6%), or PBS containing
glucose, or else are stored directly at a high haematocrit (80%) so as to constitute the final
products RBC-Zol (zoledronate) and RBC-LR (lysed-resealed control without
zoledronate).
25

Il - Example 2. chemical treatment with bis(sulphosuccinimidyl)suberate
;BS3) on the red blood cells containing zoledronate

The suspension of red blood cells containing zoledronate is obtained as described

30 in Example 1. This suspension is washed several times before being diluted to
1.7 x 10° cells/ul, and then brought into contact with a 2 mM solution of BS® containing

50 mM phosphate buffer, pH 7.4, and 0.09% glucose, so as to obtain a final concentration

of BS® of 1 mM. The red blood cells are incubated for 30 minutes at ambient temperature,

and then the reaction is stopped by adding cne volume of 20 mM Tris, 140 mM NaCl.

35  Aifter centrifugation for 5 minutes, the red blood cells are washed once with PBS
containing glucose, and then once with SAG-mannitol supplemented or not supplemented
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10 The cell data (Table 1) obtained on analysing the final products RBC-Zol at D1
demonstrate that the loaded RBCs maintain cell characteristics close to the bag RBCs
and do not experience any particular damage.

Table 1:
Cell data relating to human red blood cells {at D1)
Experiment | Treatment Storage MCV Extracellular | MCHC Cell yield
medium (um® | haemoglobin | (g/dl)
(grdl)
1 - PBS 87 0.81 255 -
containing
glucose
2 - SAG- 83 1.49 26.9 76.50%
mannitol
3 - PBS 80 0.69 28.8 78.00%
containing
glucose
4 1 mM BS3 SAG- 84 117 281 58.00%
mannitol

15
The corpuscular haemoglobin concentrations (MCHC) remain satisfactory, with
values greater than 25 g/dl. This attests to a small loss of the intra-erythrocyte content
during the method. The extracellular haemoglobin is less than 2 g/dl, the final products
obtained are therefore of injectable quality. The yield for the 1 mM BS3 group generates a
20  cell loss of 17%. However, the overall cell yields of the final products are all compatible
with an industrial production (> 55%).
The dialysis process results in a decrease in the mean corpuscular volume (MCV)
of the RBC-Zol red blood cells (80-88 pm®) compared with the red blood cells of the bag
(97 um®).

25 The data relating to the encapsulation of zoledronate are given in Table 2.
Table 2
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Data relating to the encapsulation of zoledronate (at D1)
Exp Storage Storage Dosed Intracellular | Extracellular | Incerporation
haematocrit medium zoledronate | zoledronate zoledronate yield
4T {ug/ml) (%) (%) (%)
1 50% PBS 54.3 68 32 23
containing
glucose
2 50% SAG- 66.2 83 17 3386
mannitol
3 80% PBS 69.5 83 17 355
containing
glucose
4 50% SAG- 56.1 71 29 24.5
mannitol

Zoledronate has a critical size for encapsulation in RBCs and the most important

criterion to be observed is the amount of the compound encapsulated in the RBCs at D1

compared with the extracellular proportion. Three experiments were carried out without

5 particular treatment of the erythrocyte membranes, and the results show a satisfactory
encapsulation of zoledronate at D1 (from 68% to 83% of the zoledronate in the final
product is encapsulated in the RBCs). With the BS3 treatment, the encapsulation is 71%.

Table 3 shows data relating to the stability of the human red blood cells containing
zoledronate. On the day of production (D0) and on the following day (D1), the extraceliular

10 haemoglobin, the haematocrit of the suspensions and the amounts of intracellular and
extracellular zoledronate are measured.
Experiment | Medium Extra- Extra- Extra- Extra- | Haematocrit | Haematocrit
ce!gllar ce:::llar ce}l-lfublar Cell-lllljalar DO(%) yield
D1(%) (%)
DO (%) | D1 (%) DO D1
{g/dl) {g/dl)
PBS 13 32 0.30 0.81 494 | 47.8 96.76%
containing
glucose
SAG- 13 17 0.45 1.49 50.0 | 48.4 96.80%
mannitol
SAG- 16 29 0.26 1.47 51.1 | 49.5 96.87%
mannitol
An increase in extracellular zoledronate between DO and D1 is observed. This can
16  be correlated to the extracellular haemoglobin which increases between D0 and D1, and

also to the cell loss (haematocrit yield). The release of zoledronate into the extracellular
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10 Table 4
Cell data relating to murine red blood cells (at D1)
Experiment Treatment MCV (um®) Extracellular Osmotic MCHC (g/dl)
haemoglobin fragility
(gldl) (g
5 1mM BS3 43 1.99 1.67 32.2
6 - 46 3.38 147 28.7
7 1mM BS3 43 2 - 31.5

The corpuscular haemoglobin concentrations (MCHC) are very satisfactory. The
extracellular haemoglobin is higher than in the case of the human RBCs, since the mouse
red blood cells are more fragile. The dialysis process results in a mean corpuscular

15 volume of the RBC-Zol red blood cells (43-46 um®) which is homogeneous from one
experiment fo another.

Table 5 shows data relating to the encapsulation of zoledronate in murine RBCs
(measurement at D1). The final suspension is a concentrated suspension with a
haematocrit of 80%.

20
Table 5
Data relating to the encapsulation of zoledronate {murine RBCs) (D1)
Experiment Treatment Dosed Infracellular Extracellular Incorporation

zoledronate zoledronate zoledronate yield

(Hg/mi) (%) (%) (%)

11 1mM BS3 55.7 92 8 28

12 - 798 70 30 30

13 1mM BS3 55.1 78 22 24

The results show a satisfactory encapsulation at D1,
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precentrifuged, and then washed three times in PBS. The haematocrit is brought to 70%
in the presence of FITC-dextran, added at a final concentration of 8 mg/ml, before starting
the dialysis. The RBCs are dialysed at a flow rate of 2 m/min against a low-osmolarity
lysis buffer (contraflow at 16 ml/min). The lysed RBCs leaving the column are resealed by
adding a high-osmolarity solution and incubating for 30 minutes at 37<C. After two washes
in PBS containing glucose, the RBCs are diluted to 1.7 x 10° cells/pl, before being brought
into contact with a 10 mM solution of BS® containing 50 mM phosphate buffer, pH 7.4, and
0.09% glucose. The RBCs are incubated for 30 minutes at ambient temperature, and the
reaction is then stopped by adding one volume of 20 mM Tris, 140 mM NaCl. After
centrifugation for 5 minutes, the RBCs are washed once with PBS containing glucose, and
then once with SAG-mannitol supplemented with BSA (6%). The red blood cells are
brought to a haematocrit of 50% so as to constitute the final product, which is injected into
the mouse at D1. The mouse is sacrificed 1 h 30 after injection, and then the bone marrow
isolated fromn the femurs is placed in Tissue-Tek for freezing in nitrogen. 10 um cryostat
sections are cut for immunohistochemical analysis. After fixing in acetone, double labelling
is carried out, demonstrating the FITC (DAB, brown) and the F4/80 macrophages (new
fuschin, red).

Observation of the sections under a microscope shows colocalization of the
macrophages and of the dextran. The observation confirms the incorporation of the
dextran by the macrophages via phagocytosis of the red blood cells.

The flow cytometry analysis (FC500 Beckman Coulier) gives the following
information.

Table 6: percentage of fluorescent cells in the bone marrow 1h 30 after
intravenous injection of the RBCs into the mice

Treatments Number of total fluocrescent cells
RBC-Dextran 5.3%
RBC-Dexiran-BS3 7.4%

The flow cytometry analysis shows that, 1 h 30 after injection, approximately 7%
and 5% of the cells of the bone marrow are fluorescent in the case of the BS3 treatment
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All this validates the use of RBCs as a carrier of zoledronate for targeting the bone

mairow and in the context of bone metastases or other bone diseases.
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3. Suspension of erythrocytes according to Claim 2, wherein the chemical
treatment is carried oul with a solution of bis{suiphosuccinimidylisuberate (BS3).

4. Suspension of erythrocytes according to Claim 3, wherein the suspension of
erythrocytes encapsulating the bisphosphonate is brought into contact with the BS3 for a
period of time of between 10 min and 1 hour.

5. Suspension of erythrocytes according to Claim 4, wherein the suspension of
erythrocytes encapsulating the bisphosphonate is brought info contact with the B8S3 for a
period of time of between 15 min and 45 min.

6. Suspension of erythrocytes according to Claim 4, wherein the suspension of
eryihrocyles encapsulating the bisphiosphonate is brought into contact with the BS3 for a
period of time of between 20 min and 40 min.

7. Suspension of erythrocytes according to Claim 4, wherein the suspension of
erythrocytes encapsulating the bisphosphonate is brought into contact with the BS3 for in
the order of 30 min.

8. Suspension of erythrocyles according to any one of Claims 3 or 7, wherein the
incubation with the BS3 is at ambient temperature.

9. Suspension of erythrocytes according to any one of Claims 3 to 8, wherein,
before incubation with the BSS3, the suspension of erythrocytes containing the
bisphosphonate is washed with a suitable buffer.

10. Suspension of erythrocytes according lo Claim 9, wherein the buffer is P8S.

11. Suspension of erythrocytes according to any one of Claims 3 to 10, wherein
the suspension of erythrocytes encapsulating the bisphosphonate is brought to a
concentration of between 0.5 x 10° and & » 10° cells/ul before being brought into contact
with the solution of BS3.

12. Suspension of erythrocytes according to Claim 11, wherein the suspension of
erythrocytes encapsulating the bisphosphonate Is brought to a concentration of between
1 % 108 and 3 = 10° cells/p! before being brought into contact with the solution of BS3,
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BS3 of between 0.1 and 6 mMin the suspension. 14. Suspension
of erythrocytes according to Caim13, wherein a solution of 883 is
used to obtain a final concentration of 1363 of between 0.5 and 3 nM
in the suspension. 15. Suspension of erythrocytes according to
Claim 13, wherein a solution of 653 is used to obtain a final
concentration of 883 of approximately 1 mMin the suspension.

16. Suspension of erythrocytes according to any one of Clains 3 to
15, wherein a buffered solution of 853 having an osnolarity of

bet ween 280 and 320 nOsm and a pH of between 7.2 and 7.6 i s used.

17. Suspension of erythrocytes according to Claim 16, wherein the pH

is approximately 7. 4. 18. Suspension of erythrocytes according
to Claim16 or 17, wherein the solution of 653 conprises glucose and
phosphat e buffer. 19. Suspension of erythrocytes according to

any one of Clainms 1 to 18, wherein the bisphosphonate is selected
from pam dronate, alendronate, incadronate, ibandronate,



