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Formul ati on and nethod for the prevention and

treat ment of bone netastases or other bone di seases
wab@oiiment i on relates to forful ati ons and NMedPCERPIWS052792

for the treatnent of bone netastases and ot her bone

di seases. It also relates to nethods of preventi on and

oy oFtP SPROEBBATLT Bty i B Bone

central oxygen ahetnstaseseploabaobdmddhsaamr bon at om
Their chem cal structure can be represented by the
followng formula: OH1 OHO=P- C- PO OHR2 H
Bi sphe &veotat mte:sato fwnplba@tsdarimrrieMamaheg‘or ihestrealhent of bone

el TR AP RO RS2 Sl AP "5 oH PO BICAP ginAryenton and o

tredthrent. si de chains Rl and R2. This cat egory corrprl ses,
| odronat e

TE e %rgﬁ%s?pglgﬁétb% 5‘{% a&r} Egt&c ogues qf byrop osphate L(quruc ure%’ O-P) in
whichalc® odntge ney@dn anim idndplatdd wilk geteb@t bioni. Thempbemital structure
i ch con |trogen atons i n one of
Caﬁ/\ﬁ%rerpr%ﬁeﬁfée%cw ﬁﬁﬁo"wn@? Those of the second
gener at,t,tgn FQOMI se an ali phat| c side chain bearing a
mtroge or a term nal NH2 group. Mention should
ng rrhdr@nate al endronate, ibandronate and
nerl ate ose of the third generation bear a

het er ocygl i @qqzl eus containing a nitrogen atom
Mention shoul d be made of risedronate and zol edronate

(1 "bABRSILRoRAEL B be pEBES IlBTSIddoRaL I on as fiTst,
second_and third generation is entirely known to t hose

ski Thefrst eategrsy spMPrisss e yfirsiroeneration r camroyndswhich sl not contain

a rﬁ‘ﬂrddenbﬁomqethé’lF sibe fHARARELNAIRA Tﬁlér&a%?@orﬁ/%@n%ﬁées in particular,
Chem st 2007, 14: 2126-2135 and Sel vaggi et al

etiqrppate, onatpape tiludganateol . 2005, 56(3): 365-378; V.
St r egd BE&RHad! oaiegG%HQ@rﬁpﬁs%%ttﬁé %e%@rw er?e53tion1@n§5th|r($generat|on

G aham G, Russel | et al ] )
CO@RqUﬂdSMWta'fBQ?I%Oh@P@s@'%@ %9'@3 é‘bﬂﬁ‘ﬁ)?f th‘ﬁ'r ?'H% CE%@%R or R".

Th&e FANABE&SHhICRNERion EBRYrigd Sn BRSHatic side chain bearing a nitrogen atom
or a terminal NH, group. Mention should be made of pamidronate, alendronate,
ibandronate and neridronate. Those of the third generation bear a heterocyclic nucleus
containing a nitrogen atom. Mention should be made of risedronate and zoledronate
(imidazole nucleus).

This classification as first, second and third generation is entirely known to those
skilled in the art. By way of illustration, mention will be made of T. Yuasa et al., Current
Medical Chemistry 2007, 14: 2126-2135 and Selvaggi et al., Crit. Rev. Oncol. Hematol.
2005, 56(3): 365-378; V. Stresing et al., Cancer Letters 2007, 257: 16-35; R. Graham
G. Russell et al., Ann. N.Y. Acad. Sci. 2007, 1117: 209-257.

Bone metastases are common in the case of advanced cancer. They are most
common in multiple myelomas, breast cancer and prostate cancer, but are also present in
the case of melanoma and in the case of bladder cancer, lung cancer and kidney cancer.

Bisphosphonates have become essential in the therapeutic treatment of patients
suffering from bone cancer. Clodronate, pamidronate, zoledronate and ibandronate are
thus used.

Bisphosphonates can, however, be toxic at high doses. They can also be subject
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common in nultiple nyel omas, breast cancer and

prostate cancer, but are alsqQ present in the case of
woredoano¥s and in the case of gl adder cancer, |PBPEOEP2009/052792

cancer and ki dney cancer. Bi sphosphonates have becone

essential in the therapeutic treatnent of patients

to Sttt RS, Bapie e Phagledosie. s EHition by te
kid Béypderepdten atresal aadicity Fuisk tiedt, thé)eloéesm%daihmbialg/hn desess must be
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Thus oses ate are .
the igesSfaoron dlfidhaid R ERARbeiE HedbsuBe Heiedtist fhe 'deptetion o
maamph’agés dey &sedascriCotrehtmgirs of BeQAythcytds Wdth.ZnlCl, dRAB33, in the
prefgra(‘f) of %éwafolfﬂned gg(? q?%)é)g%ggérgrﬁgglsge%;?ﬁgy alez)tgors demonstrate a
de;ﬁlétmﬂmr@fl’riﬁﬂ@nl ma@?gﬁdyeectryhﬁce Taecttddyenefumer tddie:emsgndr@fnwsages the

. [0 al s escri be

usg EarfBietes B8 Ao dRS P RPAR fektor)y B SaditedERg b 1

t heApr@h}@mce affthetieamtiba s rteerefutle db ﬂmmsreeassmlujlmn for delivering
o R e B PRV S TBRP R RAlED ThhR Ao an
avaiding stagesrobleesuse tmﬂcﬁyr whithocyrtedly alimia the s¢fficephoin#iese active
'”g[eﬁﬁeé}i% in bone applications. An objective of the
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on is therefore to propose a solution for
del Anejb;emg'véabsmeompémmatiesalsai tot hrepbmed;choé dohsiobavidch makes it

rr ere Limt mnalon

podkiit It intrBaee P atdiftey SE oSt Bleoft i iqup! of the bone
malrowi t t he eff| cacy of these actlve |ngred| ents. An

Obj ctive pLo

ool BE ittt o, Mo, b RETR' 8 BudeP 15 3Bode MR SRR Which makes it
podsidav@ideabasa the ahomtaﬂfmmbepmem administeree Vel a gfveh tesatment

one marra ectlve of the invention is also to
anDFe 'B%%rgdgvucﬁhﬁq%ef) (f'i on which makes it possi ble to

decAe abiective ofitheuinerdionbis saﬂﬂmomphr@pasee smlma moﬂmen emhlcfhomakes it

en trea f or.

possotﬁ%gq ingrease {r}%%}mu gﬁtfcl? g s? Sw@log Oe>{p§rls? I|m| ljung %roblems of

tox&dy utuherﬁrewhomh makes it possible to incr ease t he

pr o % ia]BJf ﬁ]edl%\slgﬁtlon is rlﬁust aesXLBSérHs(laonnC 01n gry{hrocytesmértlci:arﬂ)gulating a
blsphosphonate, for use as a medicament for targeting the bone marrow and for bringing
the bisphosphonate to this bone marrow, limiting or even eliminating any risk of toxicity, in
particular renal toxicity.

A subject of the invention is also a suspension of erythrocytes encapsulating a
bisphosphonate, for use as a carrier for bringing a bisphosphonate into the bone marrow,
in particular for the treatment or prevention of bone diseases such as bone metastases.

By definition, the term “bisphosphonate” encompasses all the bisphosphonates,
and the salts and derivatives thereof, and in particular the first-, second- and third-
generation bisphosphonates and the salts and derivatives thereof. This term therefore
encompasses diphosphonates, biphosphonic acids and diphosphonic acids.

Nonlimiting examples of bisphosphonates include: etidronate, clodronate,
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toxicity of the free form A subject of the invention

is thus a suspension of erythrocytes encapsul ating a
whe@phazphonat e, for use as a“nedi canent for tBCTEPI00Q052792

the bone marrow and for bringing the bi sphosphonate to

this bone marrow, limting or even elimnating any
. risk of taxicity, in particulat renal toxicity. .
tiogigBAise PTAIORES! Y AT e S0oNG [QglngFBoRR. incadronate,
ibagdrphbtepestidesnadcRpsivhatlel ang z@lddr@pitesphonat e, for use

as arrier for hringing.a bi sphosphonate in t he ,

ponBrefdpblyuine vertop {86 Byt GrORB B, Gafding Bbjeast Sne nirogen
atopr, gstesxanpie sécobdpendiatieasars tistdedenasation misphmt@Emhawsesin particular

By definitio he term "bi sphasphonat " enconpasse
selggied e proffnaifonafibhe s EREH A8 aRGaRS 367 fegsecont
geridraticmof Thosadofi thep#itdi geleastidnheeédn Bsheteroegdienducléusd containing a

i rdgenerat i.on sg]isl%h$spho ates.and the s
GHe 7h

Lthir . h |t nd .
nirgaert AT AR g oh PRI $hdn ¢dRiatag, (midazole
nudéyhiosphonat es, bi phosphoni c acids and di phosphoni c

e PRl e R BB cncapstatng
bisplagspt omatat fer usd apar inedivhraentt bethadi gredéniion faninteatment of bone and
al endr onat g] i ncadr on

- id : :

vorfy SR AR oSS B MR BT PP Bl ) Phan e It gpakes i
possites tdpopite spliviratetoses fdrahatragtnant betst patiegogyl targegeh in so far
o Pl Pt gereT A B e B S RoRap e P Bhperestaicg vith the free form
of the besphesphanete. pam dronate, al endronate, ibandronate

e T B Genarat Pl BEAR BRREV RS B14BHL 4T Y8 Retastases. o
matgreané hypencpleaemis rof egetd diseasktmdiodpstebparbsisbe nmade of
ri siﬁr onatfje and zol edr.o

: invento re parti r]arﬁye (si m'pdaszlol 5 nrughe_uyg(# Tchaepsulating a
i nv e DT 509 RITISYETE AIPPY S SLEWERLTST 8F
bisphgsphomatyt &8 wsecapuhaticameat forshkogphartiaheand teatnsmt of bone
megas aaemadi canment for the prevention and treatnent of
3}15 and bone narrow pat hol ogi es for which
bi sPiwsiphartahe alsoayelbiesi i & atedicarhentmaketining possispérsion  of
ool B oL BB L U 5 P B Abieatmont o
thepe bboe ot bare marrdvodigeasdsi, and mchatjcutanef band metagtases.
ass?l% arlmt St Vr\{ieﬁ h rt Pa? ftr et@ef X5 e?g st h(r? ibri1 (S)Phrg)/%rr)(pc?/peaste%capsuIating
Thus'® PHEM PSS TRy T'& Rt'e° t'D° PHeS BiPsUERE Por ™~ or
a hisphatphemate ffob theepreptiativm©é 2, metlicemengfuantse in the prevention and
ercal caem a, of Paget's .disease and_ of
treaoﬁ{t)egg %lﬂ%ssel one or%one ngarrow diseases,andin par%cular of bone metastases.
The invention also relates to a suspension of erythrocytes encapsulating a
bisphosphonate, for use as a carrier for bringing a bisphosphonate into the bone marrow,
for the treatment or prevention of bone metastases.
Preferably, the encapsulation of the bisphosphonate is carried out by means of a
procedure referred to as lysis-resealing.
The bisphosphonate is generally prepared in a buffered solution, for example PBS,
at pH 7.2 to 7.6, preferably at 7.4.
According to one characteristic of this procedure, the lysis of the erythrocytes is
first carried out by subjecting the latter to hypotonic conditions. The erythrocytes swell,
opening the pores. The bisphosphonate is then added and penetrates inside the

erythrocytes. Preferably, a solution of bisphosphonate is gradually added, and then the
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The invention is nore particularly a suspension of

erythrocytes encapsul ating a bi sphosphonate, for use
w@soowimaes canment for the prevénti on and tr eat neCt/EP£009/052792

bone netastases. The invention also relates to a

medi canment contai ni ng a suspension of erythrocytes

.enca l.atin i sphosphonat e r .use for .the .
mife o Gindibatt Beabnervar. s 40 6 il aTaitSh gt apptpimately
30 diir&ﬂ@&_esotoﬁlbd:ohditi?r&f tal'teCs;llt&eﬂ@éntlbGe%fsrmtiaﬁida@esf(heTm?s are thus

invention also relates tq t use a_suspensi.an o
rosgRSE A 5o PRRE SHULBELI BTy O 67 ShBSERARMIES iR Rgphonate.
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ne i Wik BTt acelf ShufeConeiond a0 el PrESlerpERIRG r the bone
maa&b®oThielchbeiat agent puspetas revogoifiore by the pieagoegtic cells (macrophages

(fgcadg?ul a]’i ng. a bi sphosphonate, for use as a carrier
anq dengiiie GElish g e PPEpAEE SRonat e i nto the bone narrow,

f or Thdrechbmaal meatmeatt igr exrded icon @f tHeorkeytiret@ssd asespsulating the
bi Pr efﬁrat}I y, the encapsul ation of the bisphosphonate is
ISRRGSPR YRSt by nmeans of a procedure referred to as

| ysAsprefesred| dheenical lgebi #/pleasip vonaiatibleswigepkriadl luge in humans is

. prepared.in. buf f er.ed [ution, f examlse
oisfRfPRB5 i iof Y nsfis obBrele so B AR T G oRefle-T70). A
solotivar gfchie bpeitiic adfantdyesugly as@ure, the lysis of the
ervthrocytes, is first.carried out .b bj,ecting the .
et v DRt RO s aYAriSR i ARt ioriepensiaY of TRt aniagt 3 medicament
corapiding @pemi ng tduspgwicrs. conerisingphesptitonddée iedchpstiating the
. add d trat i nsi t. th tes..
oisBEpHpRRF A el b e o kil 8 ibn G463 o ey fg, promote
recagaitich byathe phigocytib eallsxdfuieborse inefrdwl wsinge alvahiealfagent, preferably
oL, e le, from 10 t,o 60 m.nutes, typicall .
B8 T S hies Prr &80 Yk crios. St RS el B by gther chemical or
biokglrakagemnidugh me-Zesi,aBbéstiad tandirdt kenbpdingst,ahe btsptssphonate is a
such

s Y B8 A b b MR b Bgposotonat
is @neseadvdgtreyetns Wisipoaph@atet iAccadingheoi avénitd cembddieent, the
B 5, 2T, B RREHAE, Rk s o
bispiosphoiees dedludeg etitiropatenatoeisorats dgundronata, pymtdnenate, in particular
o RSN oo LRRIPAED. ERSRAR: bhAGoib] Blpdfme on
zoledrohdte. eXogbiulirgr 1o esnee recatalinhextt nige thisphossipdnasp o nedexted from:
etidronate, tiludronate, pamidronate, in particular the disodium form, alendronate,
incadronate, ibandronate, neridronate, risedronate and zoledronate.

According to one characteristic of the method of treatment with BS3, the
suspension of erythrocytes encapsulating the bisphosphonate is brought into contact with
the BS3 for a suitable period of time, which may be, in particular, between approximately
10 min and approximately 1 hour. This period of time is advantageously between
approximately 15 min and approximately 45 min, preferably between approximately 20
and approximately 40 min, typically of the order of 30 min.

According to another characteristic of the method of treatment with BS3, this
incubation is preferably carried out at ambient temperature, in particular between 18 and
25C.

According to another characteristic of the method of treatment with BS3, the
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A preferred chem cal agent which is conpatible wth
clinical use in humans is blg(sulphosuccininidyl)
wGeiven si4e3 (abbrevi ated to BS3 or BS3; CAS 8243PcTEPH)9/052792
A solution of this agent is advantageously used. A
subject of the invention is also a suspension of
thro S nt conprisjng such . .
suEEEh T B TToenEs PRTRGEr s RissbyTRonal S setii s et vitha sutable
tmﬁmsaboBB$onate and the nenbrane of whi ch has been
tregted in.or reco nition

to
pha 8‘&?'[‘% t%&np&e&p %ﬁ"@ eﬂﬁ‘i‘?@ tpr%rs oR"S198 (%yergtha%é/msc gated with
BSage btougpt tef ecaizeytr@Ba. of HeevdB3appsoyneatess (315I><y1 0ised approximately

| f her..che 6
5 ~oiS T et Dalsaie BEGHE ZboGe Pt dololi A vpPipfhatgl 3% 10
celBrpbdubfore beingtbneudbit Sdceraca vathehé solano‘ri of|BS3gener ati on

0O a Se

bi h Al rd i di h i
b BACIRG I o e’ PhaEERRst ehep IR BRI LA g8 a final
corfen atibnngf B$B af bétivedn en‘pmllnnmew 0.1 bed bpsr@hmmndﬂpmsahm p&eferably

Do PR GTETH Do A BB A DY B B sGimately 1 mM in the
suspleosigmnm soluttonl udeSBa@feapmamtrﬂtelmatreM may parpdrtadlaar be used. A

[ al.endr onat. e .
oo AUARRa ST (a0 GPRIRRY P Enirb RS g PhesRbAlE Sufler, s
prefergloly diseg t® atan etmbodegrmm flnalheortueﬁphrmmwrm:e ins particular of
app?rﬂmwgﬁeff d C[nrﬁ Imptoﬁtgrldg{ggggg)ﬁ %8%%n ﬁ? otﬁ] red s&ﬁ"uon of BS3 is
advantagoosinbiea thﬁrbdt\mat@proxenatdlydrmam ampre)amatnmf 6, praterably a

ordi,ng .t o _one char ti,c.0

oL eRBENBRY 24 AR 1B, %aE8: GRE BTl &b el stuon or Bs3
hasearybkmola;rﬂyeﬁ beumeap:apb@klm’agely I280 Iand; pbpmpuhmtmy 820 ;Osm.

b 3 f

per 0 st BRRsECAt, B et dsao A% apsfl s TRl hen e
miﬂmprle)denmlftﬂjeyj 30d ithen cellsdarappasived naatdetegudpended in hsuitable buffer,
oo 5 SHoSka TR A PEAER RSB o BT RE T e s
in p&aplmumrlfrmat etqmmmm ap@nngnmmebgatulre mn, typically

o TR BB IS B b R Dyt il o
belhgladmlnm«a:’edmnbnuuwlumreferabl y carried out at anbient

enperat ur e rt| uI ar tvveen 18 .and 25

ncclr Behgb'ee, Ui sBRasef n” i Ce) BED A0 81 Bl g lred before
admmmmﬁmt Wi th 883 t hesuspen3| on of erythrocytes

gan{kg r}(lélﬂgu?f e? |nv Osgt%%%age?neltgcrﬁ)ro? tﬁweisrgg(yy-%ﬁr-tuge asuspension is
advantageously between approxmately 40% and approximately 70%, preferably between
approximately 45% and approximately 55%, better still approximately 50%.

In its form for dilution, the haematocrit may be high, in particular between
approximately 60% and approximately 90%.

The suspension is preferably packaged in a volume of approximately 10 to
approximately 250 ml. The packaging is preferably in a blood bag of the type suitable for a
blood transfusion. The encapsulated amount of bisphosphonate corresponding to the
medical prescription is preferably contained entirely in the blood bag.

For example, the suspension corresponding to one dose, for example one blood
bag, comprises from 1 to 40 mg of bisphosphonate, in particular from 2 to 10 mg.

According to one characteristic of the invention, the erythrocytes to be
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According to another characteristic, the suspension of
erythrocytes treated with BS3 is brought to a
wa@ongam4pat i on of between approximately 0.5 * ROBGEP2009/052792
approximately 5 ¢ 106 cells/m , typically between
approxi mately 1 106 and approxi mately 3 106 cells/m
bei nﬁ brou i.nto ﬁont act

adBRSTERA AP T DE b e PR RS i roboiia] e dgilion (for
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ais i psauer s B RER S Tt on of BSa,
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patight, ofadarrlilatipnton obm merdimmt @(lfdoﬁdlrh@to théénveutidrer ed

sol t| an f BSS advant S a pH of

o oloarabends it 15 ARERS i AhnReion; of ot nfifyation or
meﬂidamienaispbmbdratuelby Mtrévenéosajrdhtr@-attenaiﬁm‘bbt&m and preferably by
me%g%{gf (ﬂo %%%btél{)aigagggg %Ek %Ponﬂg'ﬁﬁﬁt}ﬂﬂ‘ |sqyp|caéhy carried out
mtramrrduxiynmtrelarm&ﬂ@na’r&mtraTbethemcubat| on can be st opped

usi an_agent then

s Bl rarthetl dor e Sebfodapy” Al
acaoeding matrnéenivenlnora asauint oo | b widhréristesadc ﬁrm SSAﬂ}lJBEIArdsThm use of
adm Xturfﬁ”a | eft to i ncubate before centrifugation for

PPt es, in particular from1 to 10 mnutes, at
anbAerneattren‘pebatpnsa tﬁ_é‘leadBMISIpEaﬂBjnODf rmy beser eadgf §emera| doses

use and rm have tocrit e, for n.
acdtifind 0, TR PHaERo SPETRT ik STH' RIS (B0 Siole s gsovera
admmmttbhsaat/vaymasthlyo tdmevmmntfchy bteimeistriat, esnimsfriat @r annual frequency,
m ni strati,on. OIcofr A t.o the invention, the
IiJ]O ? tre

qu{gré%et%@metndg? pp "% - use suspension is
advaimg &g:bmqséyfdn@nmmmlﬂpgramkwmgﬁddwn@% redlood cells are known,

a5 SAHE R R SR SSbAgL W B PRl By egorved in

patﬁﬂl% EH’-M\-1(11s34brandﬂiﬂ-A€B7l9ul(D‘brto whieh trespedkdlediib tma)artbmay refer.
Acco&%n%x? @é{)ﬁ%c%léﬁ% bg%\é\%gg ;gepgrlllent %?Jé%i%(s%%/ffement (for example,

diajyaisk &gg dori rdlaiysmlaartadg)sf) aprpoothivvaslgl yuddlied owith a suspension of

(a'm uF]tlon (oene dose)

erythrocytes, while the second compartment contains an aqueous solution that is
hypotonic with respect to the suspension of erythrocytes, in order to lyse the latter; next, in
a resealing unit, the resealing of the erythrocytes is induced in the presence of the
bisphosphonate, by increasing the osmotic and/or oncotic pressure, and then a
suspension of erythrocytes containing the bisphosphonate is recovered. In accordance
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
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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approximately 250 mi. The packaging is preferably in a
bl ood bag of the type sui tabZe for a bl ood
wo e@ndiugd on. The encapsul at ed anount of bi sphpephPvaY/€s52792
corresponding to the nmedical prescription is
preferably contained entirely in the bl ood bag. For
exanpl e, the spensi on correspondi ng to one dose, for
o IRA BASSAES BT BBCPUBRYT st VBREVES Gt 1 AeB s s Vg oreater than
or &4z sk @ndtot a hypotpaictlygisis@utidn @vled tb®ebbemngt 1 and + 8T, into a
. Accordin one characteristic of .the .invention, the
dialf5 s Fo st ol s ERER P S Eidas s PR QL pensi on' i n a
3 phancapselatiorc aprogedice epy abtiditie@nl preferablyutgrantual,f of a solution of
. exanpl e t andard nedi um for, red bl opd cells. in
bisGRPRaTHE 0 1 BPtd PUrPtsRrarh? g REEL % M BAked Pefyiseg + 1 and
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and rr?nngé ol.: e..g. SAG mannitol or ADsol). This
APRIGRTETDNY B 209b1 e of preserving the erythrocytes,
4 -apskdiny padceduiencdriicte oat ipries @resahc@of adgpeitotee sslutidn, &s a higher
L-carnitine,. Th ubj ect . of  t | nvention is thus a
ter RIS PO IR BRMERg PO BrebARTy bone ot ast ases or
ot has abpreéerdidseamas . indgviagonmeidyolbk desvipr fremstheheethod described in
WY jon,.to the patient, of a formulatjon or, of
wWEARGERl B2k Heiche ks T T PREHIgyionrb TP altBopRRnRphonate
effautitdly t leprddogiblyt safaly anldestatsdyn Thiesduspémnsion off ert/theocytes encapsulating

e PRI O S B8 bE BT 5 BTGB i s o a s
of the @fventidl:y by nmeans of a drip froma blood bag or the

like. Th dnmi nd ' i icall: i ed. ,
1 ARG P AELR & AR 8L oAl LB o noematocr
levéirgreatapihamor aquat k6390, tavliag petacenmateand 28€, M of

forpul ati on (one.dose ccording to the i,nventi,on are .
o Bartastent s 1R S Eradh fbg o sipil T B BB from wis
sarus eeddfload ckli gelles preferred. A treatnent conprises the
cadmnistration of 0 dose ar  of, .severa ose .
it B BTG s tihe! aRLE KLBF Sty Bl BEE Rl Tpg inpaspte
may3 pr lygsisderotedurs.eine patticaldminsidst thet sans ciandenpaltt bl tgmperature
two-nont.hly, trinestri.al, strial. or annual .
consfatiatatsg HeMeeh + d Asidvb ReqORR S0 nePSR4eEYl the spspension of
eryfhecytechin baasatborit levet gpsatdrahamgr adeW@GB%gir@d@fmhﬁodtonic lysis
solffith S iender i SRPFBC, P A FENARNE 278 MBI edage (he
cartteigeris Ipexlerred)ptiteclpsis pBRMetdB1beddl adinste&ERs/fe Gif@tidrOaf the osmotic

fratifﬂ V\hivclzofbsf hoseS ?ekd Ial ﬁd inthe art may refer. According
9'0Y PSP hd (ﬁjue,’ tfe primary conpartment of a

di a# ysiescapseltort pféaedusx agpddaition, preferably gradual, of a solution of
bisphosphonate to the lysed suspension, at a temperature maintained between + 1 and
+ 8T, preferably for an incubation period of in particular 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 intended 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 + 8T, preferably
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di al ysis bag or dialysis cartridge) is continuously
supplied with a suspension of erythrocytes, while the

WG emon4gdnpar t ment cont ai ns in aqueous sol ut i BOT/EP@ENI/052792
is hypotonic with respect to the suspension of
erythrocytes, in order to lyse the latter; next, in a

oo SRR Y RS 50 00 e LSRR Shoosmen:
thel haeraasIrin @ vélhe bewsweh 66 Yaad! 80% Qrefetdbly pst@ssmTE% amdd0%.

bi <BirBagh 3h BResEy neobabells Faif oS GRuanasr el mgamred on the
erytiacyaes jesi séfore b [ydestepyianthe @nesente ios apsefcerdf étbphosphonate in
eGP JhE S Reener BeSRBEHR i) fem R M Eageousy ot
a tenpaptue aloed to dhigesticap enthiedempéraanry shieoteytfesthe lysis. According to
ond BB P e N B P R AR v forikonlr&gtg meSsurement

carsiedjorctis edpidihexpoitentiiconhe lysis prospéunsiiorcaaiedaouiteshortly after the

bl ood cell pellet .in an.isotonjc solution at .
sagle e fge ke, Erefably ty bead &tk heghvepy T fajng of the sample
and @ baginbeg wedrR tysid isds th&Opr 2quallty S0anmipuize cavsrebettdr still less
a tenperature constantly maintai ped.between + 1 and +
el BRE IS ¢F Al SRatise et o Ralu e AR RUAEH of
er ywithoegrdsoahe avalae meichcthetlydieresbalgigegbesdurd éncaried out, with
ey e, 85 s T A BREr iy Sy g SRpEg ™ % art may
refeh tal WE-A-2086/01 621yefof firthet aletails.dTids idecynerftas nedypordted herein by
Waen{:%?esurl]get i on procedure by addition, preferably
éPa (aF"“%f a sol ution of bi sphosphonate to the |ysed
Ssuspled giresgnt dhventibe npiér adwirke nfesoatoed nind gleateredstair by means of

f bl.y f [ bat i i od i [
ool L6 FamRtheReBs cai 1y of appr oxi mat el y 30

recbblpoodicetlsed variant, inspiration may be drawn fromthe
met hod described in WO A-2006/0 16247, which makes it
possi bl e to encapsul ate the bi sphosphonat e

la dWidtecibl:vel y, reproduci bly, safely and stably. The
suspertbe dialysfs: dialysisroadyidges(Gandap 60 fibiesy t he

o SRSV Sl BiePBRALT5 b Ml B e out o
higbus@@siaone ofquinl rcecbnhﬂtogrdplqel HPRE| | after | preparatisotainthe samples
accisogclji%gtg.’h}é) %eitqll?w%%g@?@é@rn#ﬁe li?%\gj?ger%ag%fjlgﬁngt A" Fear6 it Iare 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
or not 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

Column: Gemini C18 5y 110A 250 x 4.6 mm ID

Temperature: 40C
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2 - measurenent of the osnotic fragility using a

sanple of erythrocytes fromthis sane red bl ood cel
w@edoba12493 t bei ng possible for steps 1 and 2 tBCDEP2009/052792

carried out in any order (including in parallel), 3 -

| ysis procedure, in particular inside the sane

chapber., at a tenperature constantly maintained

bet éﬁbqvqu@ﬁd + géf conpri sing passage of the
suspengiationf erytpe®awtes at a haematocrit |evel
greater than or equal _to 65% and of a hypotonic lysis
sol Pﬁﬁﬁ{cooled toggéP&BQn + 1 and + 80, into a di
al yNiobildptaserA:a di alnmyhd iKeHea4t + (1degeg/()f et AlaRHPAge- (0s! g/l),

preferred); the |ysi [ ers hei adj ust

Punction o the oshaMERIRFT oM T eBRer SuRka8G &7 on
andMvébile ghsais ul at Methgapbcedur e by addi ti on,

preferably gradual, of a solution of bisphosphonate to
the | ysed suspension, at a tenperature naintained

Ib bdetheen + 1 and + 80, preferably for an incubation
per Tosl red blood paells tare gbatrifugeonardd tHed W8shednthrdey rneslin YBS. The

d I d

nagp BT i Sepeleideisnia gl i PRE. pREEREETY Go aansis
ThéRBOd ol dialyebditit erflomatata dfii2ghkémint agghest &t lwmwegsmaiarity lysis buffer
ok it tp 2R e Jvstit BRErsde? itk cpbb e e pe imto two
eqddhaolbh&phﬁmakmmaineoﬂm (Oteememyltdizoleytob: adid) is gradually added
e B afis e of vt 4 el eBpt Hoet S0 BirchiE palsapgentration
of mé\etgambcrl t level, greater than or equal to 65% and

ng%‘g:‘fg” (ﬂ tﬁ @beélvg aln}a?n?f\?éaé%&% d%)ﬁ Zjog/ %Psddlupelds with one volume
of I?B@fe&jdablgymmllgeé'lhewd saspinsiobOare iypibzdad fpr a0 otmdestatd=B<C.

et B oS i Bosa Bl poBrEhER B0 Besotpign g 1 voume)

andbmmen'lf@%(Hmmu&%t AW Thietresenlerk aslis ad wdshed dsemtimes in PBS
dvant a eousl red

f I o
cor}sélaﬁlﬁr%lté sgST %&Js%e 1ongqr é)r?@ltjgo& %em h(ﬂcr{t oé 50%, either with
SABrregeniob sopplatbeﬂlndeororﬁotbsmplwmitmmamtb BPAt(B%), or PBS containing
o B Repgra mane e ARG atin 08 WP PERS o Mappgtivte the final
prodljctse RBC-ol | ¢ehddroadte)t oande RBEYpRr atysee-resehiedt ecbnfror  without

20l qs l%f Accordi ng to one advant ageous
3%8r% erlstlc of the invention, the osnotic fragility
measurenent carried out is rapi dI y exploited, i.e. the

(B bnebe rémblobdloeﬂg cohtdihiagzatgzirenate

The suspension of red blood cells containing zoledronate is obtained as described
in Example 1. This suspension is washed several times before being diluted to
1.7 x 10° cells/pl, 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 one volume of 20 mM Tris, 140 mM NaCl.
After 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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and the beginning of the lysis is |less than or equal

to 30 mnutes, even better still less than or equal to
wQ@200an4eyen | ess than or equ%?l to 20 mi nut es. PAN/EP2009/052792

regard to the way in which the lysis-resealing

procedure is carried out, with the osrmti c fragi lity

d d t t
i BSGTERTHE 55 RS LR B BRSP B ol 25 D b manni
su;ﬁb@rﬁedtéd Oﬂ-lﬂb’SSlﬁ*ﬂﬂEm‘i@ﬂéd N\Sthlmmmy afrerBd eoetamiraygluedse, or else

ferenc The, present ention wll now be
areose%rgs dggé[}lﬁa %hl?%im 5(2%&%%/ means of enbodi ments
taken as nonlimting exarrpl es. - Exanple 1: Method
for!!eﬁaﬁeul at Eng ZE| edroEQte |n murine and human red
bl o or the dialysis: dialysis
cartridge (Ganbro 280 fibres) Assaying: the assaying
of the zol groonallt in red blood cells is carried

out 2 : qui d chr omat ogr aphy, HPLC,
af t Ehe follepayadblengioé atrbdew anplZemetatarcdpsigation dxberiments carried

oyt St el Pt ey BB oo e R et ot et er . and

t hemhd keell datae(itableat)eobitsinek bn emfaq/emlgytherfeei piodatts RBOZol at D1

the RLO ei. ns anes with 1 or,0ac t
ot M BB Rt P PRl B “HRRER' 1h6 bag Recs
ancpd@dulcémeRB(&eZme pantuRBdambRgé.r eat ed or not treated

with BS3, and al so the supernatants thereof at DO and

at D1, are assayed in order to estinmate the anmount of

zol Téablenate t hat has been encapsul ated. In order to

rot nt

+he 1 adranat a An +hna 10
| ||P| UV\J CITre |b|- 1 UT

....... . C Ej'é\al elatip o"‘numa\nr3 Blood c=lrén(1a 3’1):,1'"“’ T

QE&F rﬁﬁ ST PO [FMEVY T “EXtracellt f'ymcﬁe "UCeII yield
are|i's used asméoqﬁn pdi {ulﬂ@g agen ngt gdt.;)d‘gp

Shi rmdzu UFLC Coljum: Gem 18 5 @/(i A2 4.6 mm

D Tenpefature: 400 pgEClijong/ Ol UMEyg40 M| G¥5 -

detection: 220 ni &namidgatle: 0.7 m/m n Mbil e phase

A 8 mM K2ZHPOA - |((duco3d d/1), 2 mM Na2HPM4 - (Q.1

g/ I )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 1.17 281 58.00%
mannitol

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
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 um?®) compared with the red blood cells of the bag
(97 um®).

The data relating to the encapsulation of zoledronate are given in Table 2.
Table 2



7 mM tetrabutyl anmoni um hydrogen sul phate - (2.7 g/l)

Mobi | e phase B: Methanol |Ib - Method: The red bl ood
wa@edobaiave centrifuged, and tHen washed three ecTER20091052792

PBS. The haematocrit of the suspension is brought to

70% wi th PBS, before beginning the di al ysis. The RBCs

are rll al vead at o fl vy ratao Af 92 /M n anail nct

el oG PR egh ] gofe,dwtgﬁ«fﬁw S—
X r ntraceliular X u rporation
pl-“E‘ha M3t FBC%ghﬁqﬁ 190:2 na?e Uiidgd edI %gag% | N OyFi)eId
tyo eggal viol unes ne (g DN o.f%. omet a(r / 8 (%)
1 o7 5098 zo]!‘é‘d‘@g‘l_c_mirg 3'S gradggrty aooegz(ten 23
t{mes) to oneombinihhe|vol umes pf dialysed red bl Om‘
cells, to rleaglicasef i pal conceptration of 0.4 ng/ As
2contrg% the osher vol uree.2of (i al gsed rled bhood clel | s33.6
i$ diluted w manmae VYol une of | PBS, addeld gradual ly.
The two suslpensions are incubated for 30 mnutes iat
34180.80he rled FBSod ¢el 158-5are| resddl ed by ad@ing a 355
h{ gh- osnol CPIRE"’"%Qui ion (0.1|volune) and i ncubatl on
£ or 30 m “(:lt—eg 535278 The—reseal-ed—eeH-s—are—washed
4t 1ree5bt/? mes [ Fha?%ﬁ bnt al ﬁi ng gl ugzse. The g%spena on&*®
are—brought —to—a haefatocr+t—of—50% et ther—wth

SAG manni tol suppl emented or not supplenented with BSA

(69 o) ' r

di r/%%l??@ngl?%f%h%%ﬁﬁcﬁgg'?r%t e %?8?%% n% %(,ag ?ndS H2 rﬁgst important
critenersta bauvleservas ifitheabmprotdefdihe CGIszatthl er(c;_apStdalhedmatf@)RBCs at D1

corﬁf}?regﬂ%g&ﬁ;{ﬁ éx\’r??&u‘a&jﬁﬁ%ﬁgonz%%% te nﬁﬁﬁcrfgfla tltgr \évg{e c%r{ie%otuhwithout
5 parbctsd@rstneath@syo‘_&tml erytiyd oyt bremdrangsB88Y te reduds rsbdwhbad satisfactory
- 0 e e S e
enGRsuBNGER} 2bRLR e PEn Bk RO R R b in he fina
prodaesids ehepsilateBiathsl RBAs). Tithshe BSPdresinoent] the wasdnsdlation is 71%.
several tines before being diluted to 1.7 106 cell s/
m Taf_dﬁé shhwa deteoretsting itmthe sahilitnof theihumaa red tigod cells containing
0
ZO@%H&tghQng&o of%gtg%gzggﬁ gtg))gégd{gg{ltggﬁp\ﬂﬁg%fa?xgﬁ f'ﬁhe Macellular
10 hagroegebin r &ei hﬂenwﬂoc%@f dife susnensidhe anddhelaomdintsedl iwtragedlular and
exthﬁ:%mﬁé\tz%qjeofr%atg’gre'%ggglﬁéd at anbient tenperature, and
then the reaction I's stopped by addi ng one vol une of
20 MM Tris, 140 mM NaCl. After centrifugation for 5
m nut es, the red bl ood cells are washed once with PBS

Experiment | Medium Extra- Extra- Extra- Extra- | Haematocrit | Haematocrit
ce!gllar ce!gllar cell_IIL;)Iar cell_IIL;)Iar DO(%) yield
D1(%) (%)
DO (%) D1 (%) DO D1
(g/dl) (g/dl)
1 PBS 13 32 0.30 0.81 494 | 47.8 96.76%
containing
glucose
2 SAG- 13 17 0.45 1.49 50.0 | 484 96.80%
mannitol
4 SAG- 16 29 0.26 1.17 51.1 | 495 96.87%
mannitol

An increase in extracellular zoledronate between DO and D1 is observed. This can
15  be correlated to the extracellular haemoglobin which increases between DO and D1, and

also to the cell loss (haematocrit yield). The release of zoledronate into the extracellular



cont ai ni ng glucose, and then once with SAG mannit ol

suppl emrented or not supple &hedvvith BSA (6% . The red
whbmodined | s are brought to a“haematocrit of 5SBOE/EP2009/052792

SAG manni t ol suppl enmented or not supplenmented with BSA

(6%, or PBS containing gl ucose, or else are stored

me jkB‘F‘ &B‘?&‘%/FBree%O”ie %feﬁpﬁ'"ﬁﬁo%‘éﬁieta@o&or%pi%kéé ibi?oﬁfﬁ%ﬁ%t"‘ég&had not

reséhled frpbperip afpr ttadd iy s, \aad anot éoirepassivedorZactive d¢dking through the
ncapsul ati on Eége“ EE carc{) ted out Witbh human rgnl
eryinr @gm garteR ﬁl?(?%ggo %8 age-HngerC plvard%ﬂsacon Ions.

(Tabl e 1) obtained on anal ysing the final products

5 RBChfng] at IDioln dem)nlst E@sis that the | oaded RBCs
mai i sti cs close to the bag RBCs

an dTIﬁi@fdﬁO\tvingXaﬂe ige/eee rawywmsﬂmtﬁtfrerd:apﬁgﬁlon'@(bbﬁnénts carried

The cor.puscul a no once ntrat.ions
outy RS B 595 TR Gt gp A8 P Mol 20y, o Rec-2o
mainitais celt tleshdetisticaclosald thb@ﬂ@leotﬁlodidie intra-erythrocyte
content during the nethod. The extracel |l ul ar

haenogl obin is less than 2 g/dl, the final products
10 obt asbsled are therefore of injectable quality. The

vl d f Ay +h

7 1 o o N
yrera—tor—the L rew.ngommnared“u e NP

G TR T T W L R

productifon (> 55%| The di aI)S|s ocess regylts jn a

degreasq T TmulES3MERN cagpuscytar 1\9@ umg (VGQWg7 of [ he 322

RBG- ZOT [red bl ood fFellTSe( 80- g8 Nagp cornpar exy t h| T Néze.7
red blodd cells of|the bag (97 nmmB). The data rel pting

to7t he gncapRilESat | pn of43zol edr onate ard given in [Tabl &.5

2. Tabl e 2Zol edronate has a criti cal size for
enc sulation in nd t he ant criterdon
0CBR S FaeiiaiotihGatdt i MEBEE Bt vy ' SafbiadBry. he
extmmeﬂtpsnﬂﬁm@lobm istégheB@mandh tH2 dasearftfes ladnam RBCtheince the mouse
e cel l ul ar_propor ee ex
redbpf @ S Tk BB e LTS RS LR in, F rfean corpuscutar
15 volemgt dfr the yRRCFihbedihend eald @Ra6resi)ivwikcts imohomogeneous from one
satisg?ctoc(%%rencapsul ation of zoledronate at D 1 (from

SXREERT BEY the zol edronate in the final product is
encagse bathed:si datd hﬁatR@%)the \dhtapdulioBSB zbledatnatenih, mtilivee RBCs

ERETHTH B TnE e RS IR S R ARy win =

haematocrit of 80%

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

zoledronate zoledronate zoledronate yield

(Hg/ml) (%) (%) (%)

11 1mM BS3 55.7 92 8 28

12 - 79.8 70 30 30

13 1mM BS3 55.1 78 22 24

The results show a satisfactory encapsulation at D1.
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zol edronate. On the day of production (DO and on the
followng day (D1 ) , the extracellul ar haenogl obi n,

wo beohsmsmnt ocrit of the suspeﬁ’3| ons and the anBUMEB2009/052792
intracel lular and extracellul ar zol edronate are
measured. An increase in extracellular zoledronate

bet yeep, DX RN \Biiali he targeting o 2o Crvev'v%utﬁqhe BS®

trebmhemﬂen DO and D1, and also to the ceII Ioss
(haematocrit vyiel d) The rel ease of zol edronate into
the extracel | ul arnmedi um therefore cones essentially
f r ofmhé Iﬂeorroulpl’bmei RIJ Cadextrad (B0 @Dd) webleﬁca\diﬂudzhemadmmnhe red blood

colsaTEP, &gk e LRl o WRPeligy Dehisaly enrdkge The blood is
pregenttifugoe. anthiben egished trsh@‘ﬂmgedrd PBSoThg@aamdtrit ihdrought to 70%
TN N T RN TN
theg?ﬁlggs.uﬂﬁ RBIG)seaQ'lB&faI%?&Hdt &t @?DWItre’da ofu2 mbirtil againstne Id\/@dsmolarlty
bl o e ol _e 0 . Jus or. the

RS e A Be: T PR B [Sbingdfe PURR afF taRgated by
addihg b éighl-aspeblaritabbletich él'r’memcmanug mrlsarr?uhatemgtmﬁt After two washes
. t t e

in K535 PP st e s e HEUnka Bk > Rl idSre.peing brougnt
intaorttne withiraet0 IRBGsslutivinrot 8SE kentaibirges0r @il fiospbate eliffer, pHE 4, and
0055 Shedstt b Rt iRl B G ST R aa e, and the
rea@:ﬂéh cﬂeﬁthemﬁastoméd: Ibyi addirgnoge nehuse fof @O oieTéx petd mhNaCl. After
ce tp]fgg% onl}gw %nu ?s %rbq egﬁ\é\%ée?@g? r%n?%%b@ﬂé@con?ammg glucose, and

thef neasuw#MSAG-atanbitdl. su'bbtenfent&d \Mattlsﬁfbhs(ﬁ%r)l Tise @aed blood cells are
entrat e

(0]
orci G At te 2l BPRER SR gt ol B R R E PRl gipcteo into
theahou3elat\D1- TEe(atqulsels%achaaldl d@a B0 afterahjettioen, bad gheni thg bofie marrow
e-BS3 treatnent. ; .Th
ol PaEp DR B -l A0 TRER) Trtenadd Aiogey Wy ervosta
sedtions ae cut brlirhoadotustotiseniicH hnalysie) Attr fixing mretektonb,cdbuble labelling
is %ab(lgoeﬁlptl d'gg%t}/a% éh? ﬁzr(?&gﬂﬁggrowtq gld?lﬁ ffilonmgggphages (new
fusdiiie, redpmat ocrit is brought to 70%in the presence of
FI TG dext ran dded at a fd naI concent ration of 8
bser%%tfogr 8f e rS[eCtIOHS 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 Coulter) 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 fluorescent cells
RBC-Dextran 5.3%
RBC-Dextran-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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the dialysis. The RBCs are dialysed at a flow rate of
2 mMm/mn against a Iowosmlﬁrlty | ysis buffer

w@ ewoptiradd ow at 15 m / mn) e | ysed RBCs | ear@TigP10h®052792
colum are reseal ed by adding a high-osnolarity
solution and incubating for 30 minutes at 370 After
(%lwqt te% n PBS contai ning glucose, the RBCs are

andyin| the Jatr¢Ped C35€1 06 cel Is/m , before being brought
i nt ﬂ)atﬁl@ Mtshoivs thd pereert@yedi pfhaburtyitlo ey w3 hawnpraigotytged treated
%g hg%ﬁ) ate buffer, pH 7.4, and 0.09% gl ucose. The

or wREAEdTEd PIPOdISEISd for 30 minutes at anbi ent

tenperature, and the reaction is then stopped by
addl aono vunl nn n'F 20 Ml Tri o 140 ndl\ll NAaCl Aft or

cent [ iP@g%N%n 1 or| sTHPRMASOPhARES RBcs H0NHHRYS onde
W th Rﬁi@.g@g\(ﬂg@l ning grucogey, and thén once Ad,Nn
SAG nnitol suppllenented with BSA (6% The red bl ogod

cel | RBGOesHan§Re o a haBR¥t ocrit of 50% $63%s to
constitutre tne finar product, W CIT IS 1 njected rnto
the_nmouse at D 1. The nouse is sacrificed 1 h 30 after
i nj ee PSR, tregtenttediicep@ Moigerapigranshgrealer Hptake finophageeytosis, of
F@é@@ # the bQJ\@ﬁl%ﬁoWQha-\IH RINEad&IncE BF trédifeAl. Ng 1 N
trogen. 10 mmcryostat sections are cut for
| rmunohl stochem cal analysis. After fixing in acetone,
Codo ble Iabelling is carried out, denonstrating the
—ﬂﬁé%AB, brown) and the F4/80 nacrophages (new
fuschi n, red). Cbservation of the sections under a
e sh col.ocal i zat ha es and
t “EREOaRTer Gt e il BE Bu R e BoRPRR PR dRaY 8F ot nave
|ncbe¢mnnatnbcamwfealtdm9wrﬂe888an by the macr ophages Vi a
phagocytosis of the red blood cells. The flow
cytonetry anal ysis (FC500 Beckman Coul ter) gives the
f-oI Tl'kwvi argoums oe;rrmbis@mtedTaltml éar@elypedsmmﬂb&gemmf the amounts used

e Ln.the bone after
|t PRVETGU FoeRe i aip o e HE CRB e BVRES el Bhshowed that
f | ofinatyprotedts ycomteihipgi 56.$ lpgins bhabledﬂonlateB(\)vemét(ﬂrtamed It would

injgcti.on,, approximiely 7% and 5% of the cells .of

bong et Poh BRESplblcate 7 pRRSe itk Blilotcef FiBullaid' 71 mi of
t r eRBREDOM énordentotHame dind epatadeht odgeng. Tabl e 7 shows t he
percent age of phagocytic cells which have phagocyti zed
treated or untreated red blood cells. The BS3

tor edbergrebtnmend wdtbs1 enMMBSS maédl it grodsipleetat targeti tieakells difythe bone
pha%oc%t osis, of the RBCs in the bone marrow than in

t he"8bS8hce of treat nent.

All this validates the use of RBCs as a carrier of zoledronate for targeting the bone

marrow and in the context of bone metastases or other bone diseases.
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Concl usi ons Zol edronate can be stably encapsul ated in

RBCs, which may or may not have been nenbrane-treated
wowdk/1B38 The anounts encapsul at ed are | ar gel BCT/EP2009/052792

conpati ble with the anmounts used clinically. The

encapsul ati on experinents (wth 1 nM BS3 treatnent)

showed that final product S¢ ontaining 56.1 ng/m of

zol edronat e were obt ai ned. uld therefore be

necessary to give a person an infusion of

approximately 7.1 of RBC-Zol i.n order ,to have the

equi'v Uéﬁ?”%%/” A @Wﬁ%@f rEARRRING ¢ 'ﬁp'}?ﬁﬁ’%?%{éreé“e as a
meidicapesasiobthe prevendogeid tréstmeat bfbonk nidtestbsase mar r ow.

Al ,this val.idates . the use of RB .a carrie f

ol RartRapariat B ERBEYHS RueBER GaIT dutahoh e gvihrooytes
encapstietig e Hsphesprehatt fevesindergohderchbmiital treatment with an agent so
as %easgﬂst. Oeﬁ' nsftbe' Sus ensi on of erythrocytes

Sl araslnd 8 e LoRS I GNate, for use as a

medBcawmpéndiar df heryireyesst bosording tor Satimentin ofvhiblentde chemical
tastases. 2 spensi on, of erythrocyt. accor dj to
ne e 251 b SRRLTaP g frstipFed BRARREsRIG
bi sphd&bensdre ohanyehrodytker gavoedieg themind, it vaghneatsuspension of
ith.an agent _so as .to prqonote targetin ofte.&oe
en bRy 40 el 87 St e S ARk e BhryprlvPoRe Bss for a
periddadfitirde of betdieahl &t thim advemihoal, i pedicolenbeinweeaard mimdand 45 min,
ut, with a | ution of bis(sulphosucci m dyl)suberate
prefiiabbleBa 2 Atk R BB oh B SRRE LAY 1) o
G abmSuspemsiovh bt érythinecysassqpensiirantootlaien $tadndo aywbish the incubation
Lenc | ating.the bi sphosphonate is brought into
W't%g}ﬁag% 'Svattaﬂ%fer?é? 6% a period of tinme of between
10 61 reuspensiorhofugrythraty eardccondingr to et wé feihs 3ntord, anehiéb, before
ofilog ] FE Lo BE L0 Moyl Bl adossnonate
wasttatowith @ guitabledbuiem (Beferabdy, PB&. whi ch t he i ncubati on
vvitZ the BS3 is.at anbi.ent tepperature.. 6. . Suspensi.on .
of - & ytPEyvh et BhuBPRN st RGNkl G g RS f e the
susplensibn  bef enythroaytasb adricapsulating tthe BiSBhosphense s nisiooght to a
of erythraocytes il ng -t he ehbi osphonate is 6
corfgafat et EE, Bt M b pet o SRR B Blksbetdeen 1 x 10° and
3 x 10° cells/pl, before being brought into contact with the solution of BS3.

8. Suspension of erythrocytes according to one of Claims 3 to 7, in which a
solution of BS3 is used to obtain a final concentration of BS3 of between 0.1 and 6 mM,
preferably between 0.5 and 3 mM, even better still of approximately 1 mM in the
suspension.

9. Suspension of erythrocytes according to one of Claims 3 to 8, in which a
buffered solution of BS3 having an osmolarity of between 280 and 320 mOsm and a pH of
between 7.2 and 7.6, preferably of 7.4, is used.

10. Suspension of erythrocytes according to Claim 9, in which the solution of BS3
comprises glucose and phosphate buffer.

11. Suspension of erythrocytes encapsulating a bisphosphonate, in which these
erythrocytes have undergone a chemical treatment with an agent so as to promote
targeting of the bone marrow.

12. Suspension of erythrocytes encapsulating a bisphosphonate, for use as a

carrier for bringing a bisphosphonate into the bone marrow, in particular for the treatment



7. Suspension of erythrocytes according to one of

Clains 3 to 6, in which the suspension of erythrocytes
wenmapsubat i ng the bi sphosphoﬁsat e i's brought tBCHEP2009/052792

concentration of between 0.5 106 and 5 106 cells/m

preferably between 1 x 106 and 3 * 106 cells/m

bef ore bejng brought into contact with the solution of
Or@ﬁﬁ@m@chh@%%W§&5EB8? erythrocytes according to one of

ClbaﬂB[!SL&p]tcalﬁBiar; of érymd)@/ltbsﬁamkdjr}ig @any ?Efo Chaimis @dot 12, (ijn which

tain a final concentration qf. BS3 of. between 0.1 an

thedeShibopls 35 SFoBaT AR S-S IR e R P

sti 4. afspapgisroxiofrateefthyrotyted iaecédmgs uopeBkimn3, 9in  which the

. Suspensi,on. of erythr.ocytes according to.one d.ai ns
DisSRB RGP sy solrag Y e PR LOr e Of BREAS Hapi HEOHHm form.
aleognonatel intydrohatb gibavedron8hegidcbnaf) risddromata dnd zpledd@inate.

bet 7.2.and 7.6 r ef er abl f 7.4, Ls.used. .10, .

Sus eI el PORPUES Sdetrlingg o BRTIR0, i nanich  the
bispiosphotdte issaledromae.of BS3 conpri ses gl ucose and

phosphate buffer. | | . Suspension of erythrocytes

encapsul ating a bi sphosphonate, in which these

eryt hrocytes have undergone a chem cal treatnment with

an agent so as to pronote targeting of the bone

marrow. 12. Suspension of erythrocytes encapsul ating a

bi sphosphonate, for use as a carrier for bringing a

bi sphosphonate into the bone marrow, in particular for

the treatnentor prevention of bone netastases. 13.

Suspensi on of erythrocytes according to any one of

Claims 1 to 12, in which the bisphosphonate is a

second-generation or third-generation bi sphosphonat e.

14. Suspension of erythrocytes according to Claim 13,

i n which the bi sphosphonate is selected from

pam dronate, in particular the disodiumform

al endronate, incadronate, ibandronate, neridronate,

ri sedronate and zol edronate. 15. Suspension of

erythrocytes according to Caim113, in which the

bi sphosphonate i s zol edronate.



