APPARATUS FOR ENCAPSULATI NG CELLS BACKGROUND [ 0001]
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thgné\hgg nate, and the incorporation of cells within
the formed external nmenbrane. Consequently, a two-step
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%rmn% external membrane. Conse uea/tKI?a two-step encapsulation scheme was

25 used. The calcium alginate gel droplets were incorporated into larger alginate gel
spheres and then reacted with a poly-amino acid such as poly-L-lysine to form a
semi permeable membrane. Sodium citrate was then added to liquefy the interior
to form microcapsules. Unfortunately, sodium citrate had adverse effect on-the
bioactivity of hepatocytes, and the water-soluble alginate and polylysine were

30 found to be not particularly biocompatible as individual polymers. As a result,
other alternatives, such as collagen, have been investigated to see if they are
better substrates for cellular functions than alginate.



other alternatives, such as collagen, have been

investigated to see if they are better substrates for
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25 increased and the single-strand chain of drops is expanded to form a cone of

drops. These drops fall into a hardening bath to form patrticles. The charges of the

drops are removed by grounding of the hardening bath. -

[0007] U.S. Patent 6,649,384 discloses a method and a system for the

encapsulation of viable biological material with a polymeric material to form a
30 gelled capsule, which preferably can be transplanted into genetically dissimilar

hosts. The method includes an electrostatic mixing process for producing

encapsulated cell clusters with at least two polymeric coatings. The system

includes a spinning disc atomizer. Biological material is encapsulated in a first



encapsul ati on of viable biological material with a
polynmeric material to forma gelled capsule, which
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remai ns a need for an alternative systen1that al | ows

ensmMAﬂY@F'pHEqNVE\]T[D[@ control | ed, reproducible
and econom cal manner.- SUMWWARY OF THE | NVENTI ON [ 0009]
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Acﬂwgmgpgumtmdl@moraspect of the invention, there is
provi ded an apparatus for encapsul ating cells which

15 ap 1 us Agrerdingston agosirinaenedtopl #ie pryaitieg. dhew lis provided an

our PEEtE fiehERoERERANCHAR \HloT Mol MRS & dispenser for
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20 t hadaptedr&ucmhat the monmgu member of ﬂp:eﬂlsldl@l’ltalpe[ lsaaeparable from the

def he .outl et qf the di d | i
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ti pwehtio®Bscohagissnt dilépér’ﬂ;lﬁg ﬂpﬂﬁéﬁ defifes HePautRtWT the dispenser
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25 that pumps the displacement fluid present in the fluid container into the feed line
for indirectly dispensing the cell éuspension therein.

[0011] Other aspects and advantages of the invention will become apparent

from the following detailed description, taken in conjunction with the

accompanying drawings, illustrating by way of example the principles of the

30 invention.

BRIEF DESCRIPTION OF DRAWINGS
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acconpanying drawi ngs, illustrating by way of exanple

t r{eoggl ncFigtes 148 atschematiodmying ShaTERPDRiatys forjanqappulating cells,
' | : Ilﬁ%ﬁatic drawi ng of an
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efootsrenFigufe thés angemematic drawitg] ofiagdispeBsers of the apparatus in

schenmatic drawi ng of a di spenser of the apparatus in

Fifdg¥® %; [0014] Figure 3 is an isometric drawing of a

di[ﬁﬁjllgﬂ 1??%@%?]5{@@r‘igoﬁ1e‘iﬁ@gﬂvﬁn§fof ‘ﬁ@p?@?%é&h’énibm and a support

Fitgur Igures 4-9 are schena draw ngs of
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' ft [ iop; J0016] FEi . ' .
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S ' ; iR ﬁq!m.p orted therein;
[38%@5’&%?%(1” S aé g??ﬁ’rﬁlgeo a plan view IoP an
al[0616ht i Figusaipirs a hrawing ofea ydal viéw hotft tee support in Figure 3,
apparatus in Figure 1; 018 [ 12
} 93 varsl Rhe Ged s pRE havi ng a
p ty itki i f4 '

[ JRETT Y ERs T i P ArauG el Pl oty &F e iferRaifis seport that can
c dpsuses wiih doieiapparsus in Flgareppar at us in- Figure 1;

| 588, e 12 2o O B G R bl 4R o a phraiy
t hst GivRiRsNSadre6N@Richadfifest@Véssaiispensi on di spensed at

four different flow rates; [0021] Figure 15 is a graph .
sHOOMaY t Rigurarli3aisi aphetognaphicaipiagesof peliedyicapsyles produced using

chan [ nate of the cell suspension for
tﬁﬁg%%&’l’ag%[g‘%@ ﬂﬁ%& 10f t he di ppi ng nechani sm and

[ J0020] Fi giguee 1@ issaagraphpshosingithg viahietivarin ahe aapstle size with a
t he degree of e|ongation o ules with a,.cha

{ ANSRat? dhes FERHG el ool (M HIPPING FieReBisms Bt cell suspension
t TYigFeidPitt8ur difRPertifidwfatdé;PPi g mechani sm .

[0021] Figure 15 is a graph showing the variation of the capsule size with a
change in fhe flow rate of the cell suspension for three dipping rates of the dipping
mechanism; and

[0022] Figure 16 is a graph showing the variation of the degree of elongation
of capsules with a change in the rotation speed of the support in Figure 1 for three

dipping rates of the dipping mechanism.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0023] It is understood that the terminology and definitions used herein are for
the purpose of describing particular embodiments of the invention only, and not
intended to be limiting.

[0024] The term “cell” as used herein refers to any type of cell that is suitable
for encapsulation with a polymer membrane such as a polyelectrolyte based

membrane. The cell can be any prokaryotic or eukaryotic cell.
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enbodi nents of the invention only, .and not intende

bd0025 t | Ryamples2af PrekaryeliGnoeliawhich £ans 08 FREZRSY ated using the
;nfggra?atflgtcﬁn%et 4l nfj\én ‘?l {:/Ihdé,hﬁh%% ﬂé‘ttlﬁ’ﬂt]e%l {®'Serratia marcescens

pSu on Wt po mer ne rane sucC as a
p@wWhihecan dey ercipstatedenbpayelectfolyte ebmpleneshdP @)y prepared from

prokaryotic or euk otic cell.[002 | es of .

Do oreluiGse saiaen ash BendiRERuaRIBEafim, ghioride,  for
aRa éél)s of the invention include, but are not

[im to.Serratia marcescens (which can be

eff00p6l! aEekiaiyntip ke cantheotigtived: o loxes ofgamisms such as yeast or

DT dTShATSHERER PUTLARGHTIA SPUPT-db Core,of gl gpocies, the cels

[Qﬂéglpré‘éké’dlg%tfin?arﬂﬁ{d@n iR CinRRIdING Aufia®Nan@edn be derived from

organisns such as yeast or trom hi gher species such as
aranyedrgapethesell canaisebefa bybriehart%pi@t el ortamy atbevgse genetically

gﬁ%o%é& %‘Leﬂgjeéfqh?%% w (I(;fﬂ(}, gﬁ&g’g% _rclzél]l.%‘rggrlcgf ? rf@)g#@?tgb to new a few

bes2niBE.| ExhblekidtisBbh @RIl th&t catbe ehb&psMiated with the apparatus of

genetically nodified cell such as PC 12 cells, OKT3
c ethbdnventicdiTciuder bepatocyestar oibar livercoelisx &6 diom other endocrine

Exanpl es of h lls t | :
CHapE 3HEk 88 mereri o Bro carBr L S SRR B ISie cols), kidney
othas bi Y&yrokE kR, Oieét exbrproidietelsnifeiudenestectasts, fibroblasts,
such as pancreatic cells (for exanple, insulin

profwneiroeytes:| antibogly| Rrpduging meis dari exagaple B @i §-qelip), or other cells

O | '

f i‘%ﬁbﬁﬁ@n@eﬂ%\%&@f@gﬁ@gé%g&n’?f%%sjégg%@ﬁ%@h'& ot ?Il.,SAdvanced Drug
( f DeliverR RehviewRs 42(2000)eRD<H4). The ternefcallt lalso inbludes any other active
e SYSe o nars (e Loag ol Uitage t lntana e
EP@PQPF Hélllhﬁﬁihle"s a\}ir%%?' NGJriges HKRedODNA, divh¥eor other multicellular

gi cal mat ef_i al at” can be encapsul at ed. Exanpl es
of parasttesras eesatibécinl U8 dtentyP,.53A 198, fere@mpler uses,

| d DNA | . oth i
DRI 8" B 7 I LBl W bl Known oot
exéﬁ@;%uldtféﬁ%?tébhma@ewmﬁ@i wslibre beatetveitlt baoslatiaelytihin coating by
used tfor any known cell encapsul ation technique in

wheaitacied selis orcany adher maricylaleamalerigl sueh asdungig viruses etc.
cells or- any other particulate nmateri al

by contacte

sum’?"ﬁen?fﬁ;ﬁgf",’ew ruses etc.
[0028] The encapsulating reagent used in encapsulation methods that can be
practiced with the apparatus of the invention is typically one or more polymer
(material) that can be water soluble or water insoluble. Examples of encapsulation
techniques that can be conveniently carried out using the apparatus of the
invention include, but are not- limited to, microencapsulation and
macroencapsulation
[0029] In macrocapsulation cells are enclosed between two or more selectively
permeable flat sheet membranes or within the lumen of a semi-permeable hollow

fiber (cf. Uludag et a., Advanced Drug Delivery Reviews 42(2000) 29-64). In



menti oned above. [0028] The encapsul ati ng reagent used
i n encapsul ati on nmet hods that can be practiced wth
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appar at us lon'inc are’n _

| i Brug deliverynReviesrsc42(2008) 28+64 145 Me@sagsfwbrm 5,620,883),
0029] .In, macrocapsul ation cells are enclgse et ween

E M%S}e'ﬂgh'é RQIyrBef carsye peavBaye @ dinmetendet ofrahautd8dto about 1.5
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42baqfrapti@at 64th. thenapparatuc ap thd ivedtion sreeddmipleraddacervation and

mas r particle is individually entrapped in an ]
es@zﬁ?@%{g'l yPEEOIRItateR SOnpieX nsen@tiogecinveives the electrostatic

' : [ VT VaRavi .

ARAEon 80496, Bbnich{ SARGEY ReSI R AT W matohing

5, 6!2@'9&86¢ns_i’whelneitwot ﬂjrblyiopelqmnk;bineaalmglnﬁgl‘m? tbafemaa colloid-rich or
10 o, ARATANS Bl Thesble i mplghband Ghalueanformation parameters

o . N
SrSERS RSN, ThA) A0 oy BRHASER I 1 1 WA Bkon process.
I ninterfacialbpremiptzitipnt reties simglgnon ¢he cotidificatidn of a dissolved polymer
i nvol ves thg glﬂectrost atic interaction of t wo

op[RYR FENACE W, @éba%tﬁ%é@%eol ytes. At the right

MBfoR30]9 Ch SElyRRIS Lik¥d chrhlﬁeté/i'fbathDé'tiBH%aﬁ%gﬁgo%%ﬁble or if, for

b
mgrate to form a col TE'0| d-rich or water-ins
15 phexamplenheniy lire yivicastudisisgate tm thecperifornuesh fndthniiiel encapsulated cells,

p af the polyions may al sp..pl an_ i nportant :

P o 8% Rt i Pu Ry Ja o GRRu =Ry Tad ibgivihers B8sd can be of
pregiupaltortsyathetieldrigin.si npl y on t_he solidification of a

di ssol ved pol yner upon contact w th an aqueous Ehase. )

[ 9931 Th&o@mqlﬁ%r@ nadwally iccuring: pebyprers areoseliegan dwhich can be

bi AeaMmRA "cdglb% giésr#‘g\?jel};mfcﬁ]n @égmlrlfchgﬁéaﬂt ég gél%’q?%&é{ghﬁschitosan or

are to be perf encaps ed ~Ct
20 repalyaribeicalginatey tomereion 4 faw bf polyraers ikablintis thd e,

P OS83R] B Iremelcs ot hiptRBPRUbB sTtheNG ReB e ayectrolytes) that
COLLTRT A0S LT R FE RN Do) or
paigrilate npolymeysnabeitable mentlaten polymersf ingchideneaarylate polymers,
kn@o%l&rﬂegshgngr{e'rpolymers such as poly(acrylic acid), poly(methacrylic acid)

25  poly(methacrylate), poly(methyl methacrylate) and acrylate copolymers and
terpolymers of acrylic acid, methacrylic acid, methacrylates, methyl
methécrylates, hydroxyethyl methacrylic such as 2-hydroxyethyl methacrylate,
hydroxypropylacrylate and the like, and blends thereof. One specific example of
such an acrylate terpolymer consists of 25% hydroxyethyl methacrylate, 25%

30 methacrylic acid and 50% methyl methacrylate. Copolymers or terpolymers of
acrylic acid and/or methacrylic acid with 2-hydroxyethyl methacrylic and/or
hydroxypropylacrylate and methacrylate and/or methyl methacrylate are further

examples anionic synthetic polymers that can be used for encapsulation methods



[ 0032] Exanpl es of bioconpatible synthetic polyners
(pol yel ectrolytes) that can be used in the practice of
WO bios/1232vent i on are pol ycationic pol y(L-Iysi nepCDBG2005/000175
acryl ate pol ymers. Suitable acrylate polyners include
ac H§'|n§t @%oﬂl@ﬂﬁfﬁ@s &b gbey investigRd F%CéY(gwngiilwlesnl@g@thyhsmethacrylate)

th I
POTIAENIAS ) AR "o il o, gmetneminosny
ac mdthaeryade wmwﬁ-ths/deowetrwi moétheendatefaratioy hidroxgpidpylacrylate and
mtmezh %Cr%yl h;%@ @@{CI ’95 {P’niygrrég@ﬁcgga ge tﬁh r@gneay%@t hgg{ofl %ta’?lgnlc synthetic

5 ep ofkat e, hydroxypropyl acrylate and the |ike, and
bl en%ﬁ{thereof. One specific exanple of such an
acf0033]e t'E'reptﬂnyn’éluicmesllwn’éraﬁérsﬁﬁ%riwty!p@mf/ sbluyibn or cell suspension

o SoiipEsed HEF THAP are o thsr SifaymmiatSar Ther Gigapsulation solution
aCbé’n BB, eﬁE%th@Fa‘tlbh's%lLﬁandth‘ét Is'"\ér % Sth m.fé@ﬂl for this purpose.

nethacryllc and/ or hydroxypropyl a
mefQ034] y| sAceozaing oto aemleybmbmdlnaen’gsl af ¢harievéntionhean apparatus for

10 £ BT el bl ns s R TR M anisin.thai in gltachable to a
' n%\/ﬁéh@ér foPGls\b(aﬂhiﬁPtd@ﬂb WsPERAEY In Eﬁhf@ﬁﬁéﬂ#@ﬁ €2ell suspension). The

and copolyners and terpolyners o
d| digping anealmmlaml isreadapted! 40 edip tan 2oufletr of yttehydispenser in an

ma%lﬂ i '33{021 Sg@fﬁ t%{%\;\f ¥lﬁ%‘epﬁgl acr {'I%E)Er(gsg%gﬁﬁq @’gthe dispenser

of ogtdti @6 Gormentimtet icontxk yWﬁhSthé Oé%ﬂpsmﬁlotne@alutfolnu' %he dipping
medi unt’ refers to any type of solution or cel

15 sumeehanism insludescargippivasmember thahis attached ite the dispenser outlet

oo R ing B0 1AL AR bR BRCte@nE Mo fimper

t hj00354r pdis esonh® AF 4thede camBodignérits s thiee digpiaglimember dhay include a
SR TR o0 0 e Fasbocstal g
di érﬁ)ed?ésertrafn%(/el%'esﬂﬁﬁsbi%gnec%'asgﬁﬂmr&\ewméh % (/éégéi' containing the

medi um (cel | suspensi on ppi ng mechani sm |
20 adengapsulationi gpletioroistsuppodablene di spenser in an

ot CBRL . 1 2B elfiecp e e ef e U e TGP arlaeing member,
Wi the ddhgatficmeans atdymckeleld hittor Jﬁ@a%mmgnmr@%ember for

i ncl udes a di pping menber that is attached to the

di spnrslating tha ratetienal raevementef a@haﬁa@fsthermotorio axial movement of

o ErEEnbEr ol Rl AR A HotEher e BaBember that is

25 fixed to the shaft of the motor to be thereby rotatable, and a link having a first end

and a second end. The first end of the link is pivotably attached to the plunger and

the second end of the link is pivotably attached to the rotatable member at an off-
center position thereof to thereby allow the movement translation.

[0037] In some of the abovementioned embodiments, the apparatus may in

30 addition to the dipping mechanism further include the dispenser for dispensing the

cell suspension. The dispenser may include at least one dispensing tip, wherein

the dispensing tip has an outlet that defines the outlet of the dispenser.

Alternatively, the dispenser may include a syringe having an integral dispensing



plunger that is fixed to the dispenser outlet. The

pl unger is reciprocatable along an axis transverse to
wapkan4@f a support on which a vessel contai PCTY§GLI0E000175

encapsulatlon solution i s supportable. £0036] In sone

entiBdTherfisPeNser may plsgdneiges syfige, #sdigpemyipg iig separate from the

gv ﬁﬁ ta'i‘lﬁ é‘g%&ﬁ? d f&mﬁoﬁﬁé@t Cohi rf'ﬁﬁ@% eMl&héhsing tip. The

tran I’ ng menber ansl|
r otﬂexlbdmﬁedﬂmealsmdapjéd dorstaftaingig ﬂ'ieece‘mslmpldnemmx Tak dispensing tip
rmverrent of the n The vement translatin
me Y RIS ¢358 'Ug@gﬁ%ﬂlﬂ%ﬂ’ ReRdle. PUCH A @cdipBosaRlS srarle.
of not el ; j :
> ha\;??%s]a f‘ﬂhse{n P ﬁ?\gﬁ% a s%%lgé@é g%n?ﬁggl{;@?tblt ﬂzsnhg soe?galnst the cell
t heubpesion foi dmp&hsg Ht tmrdaspertsarhls p&ferrgdrtoammheas a “direct-

second .end ,of th Wak IS Vota attgch&d to the
;o PThIFE BhekseT, WhEn & il ertloSt pB& Sieraest Rushes against a
t hGis?}Pé/cei‘ﬁérﬂVﬂLﬁ@ fhdtaM QHW&UéH&“édéﬁétQHe Jeﬂ%g%)ehé}oﬁ%’ﬁlspense the

of the abovenentioned enbodi nents, the apparatu
i ncallddusipensioa, tthe dispgms&g‘ mecefan'edntd tnerdinr as rari umellrect-pumplng

10 41 BisEeEBE gy ot MRIESAT Podes O angrdRBSREET fhe moving member
whebatdtHelGells ssimsicwheRedidh AR irtiitdc UH}ﬁﬁ%ﬁﬁs"deﬂgér the moving

the outlet of the dispenser. Alternativ
d| spember isvagpanablesfrona tbgrdeﬂgwsmnsm by a misplacément fluid. Some

i The di nﬁer ma o_include a directl
oy PIRERSEE iy, Bitcy st o0 s, A dracthf BHARIAS S5y pelleas an indirectly
angumﬁﬁgamspleﬁsé;eed line connecting the syringe to the
ensi ng:tlp The flexible feed line is adapted for

Qa’#% nd-@henskodimants ewbiess . thehedigpenrarsiingudes aayynnge the

STl TAEE IR BB 2 B o svnoe T
di syxmmrmdyrbet bynmﬁhwl@ahespuh’rlﬁn@ellnleaﬁsstlfﬂﬁs;@éhse the cell
<S5y A Sl S 50at o o e i
di aRePaBIsHPHDRGRe JEH r%uﬂéts Pl FRRAE ftl%é‘é?ﬂﬁéé@ﬁa&%e pumped in

turn pushes agai nst 't susp ensi on
20 t heywrbnlza’smmthdhe dlpelngmpm ef thesdlspéesereamtlesi For example, the

?@rgnge}aﬁag%(ﬁ P@%Péﬁgﬂﬁg}{gg g @’Bgﬁgﬁensﬁgu NG teo be dispensed at

Mefeedisponk et ddﬂ@t B&fdre $KS Eﬁipﬁig)ﬁléﬁhﬁh%ﬁﬁd ip% tﬁ@ dispenser outlet in the
i ndi rect-punp l?.fﬁldl spenser, the noving nber is

seﬁﬁ@%&ﬁl}éatfqrbﬁo jencdihe syEpeasnay bg wmpecﬂulagaemﬁer the dlppmg
Mg B B B SEhETRY o350 gh 914, FeBstlbES' ot 1n i
25 manner, the syringe is pumped intermittently, i.e. when the dispenser outlet is
lifted out of the encapsulation solution.
[0040] The syringe may be used as a direct or indirect pumping dispenser for
dispensing the cell suspension. When used as a direct pumping dispenser, as
referred to herein, a moving member of the syringe, in this case a piston or
30 plunger, is in direct contact with the cell suspension. The movement of the
plunger thus directly pushes the cell suspension to dispense it. When used as an
indirect pumping dispenser, as referred to herein, a displacement fluid separates

the cell suspension from the plunger. The movement of the plunger directly



[ 0039] For enbodi nents where the dispenser includes a
syringe, the apparatus may further include punping

wore@ig2$2e0 punpi ng the syringe. The syringe mapCt®G2005/000175
punped using the punping neans to dispense the cel

suByehRs @gainstatheadisplasemenibuidnta dherebyopsuseithe |egll suspension

: i | e—fli.s . o
g, o elog O RGP S0 s MoRRSLACTHL MEASEE e ot in drec
3yc@rhﬂaohi/vitatﬂ1|enceﬂ %lhB[idﬂ'BiG]H. P’Mmgispslztdeme' _ mfflmmm%y be air or any fluid

[ nser outlet. For exanple, the syringe may be . .
oUTHR GO TPtTHNGA! 8l G oY a6 3 ReSlisi SAanaiidh ¥ el suspension during

i di ‘ ; _ A '
5 R RABRRIARpohSR! ARSI oRithbR! of el fircle ptniith Uispenser is
enpegssuteadiiven goimp,i whereih resauregd theygdsetheueineshn be regulated to

again after the dippin chanismlifts the dispenser. .
ouieBefer e ol RuSEATSRy dPas FERTOM Bt P aHtable RrRRSUTe triven pump is
n‘a " o | 3) " . »
AR BBy LSRRG e orinfour. A porstati
enpappuhay iatso beused as.a ioeet@r indisect yispempsemay be used

as Lrect or,.indirect pupping dispenser for
10 & 1AL gFeRgisnnseR sBiihg & sVand. Joeiseensess raay each further
PUFR|UYS A SRIVBSESnnekSed eﬁeﬁﬁvﬁéﬁ e 86 @’zatn@ fﬁ(ﬁ’ iBRible feed line to

menber of the syringe, in this case a piston
pl uidieally iconhecidheesyringerio dbe flekibhe feed .| The valve includes an inlet

suspensi on. .The mv nt of.the plunge ug directl

o anEan, filtete Wheleld BRaaF rietisSaiEeted 16 it it Sutiet and the
asvalfe oMkt REEomiEBed & BhSRABHISEARd ofthé AbRbICfEdddline. The valve may
herein, a displacenent fluid separates the cell

15 suinplidei D reeonrshinieidoprapeiéng theneelhenapansiorsf t he

PR TS HpUPARIF B R e S HEARRRE! b tafl or can be
di apoargegnin fthelilattdrocdse, di Speavet-valbe" phorgeused t804utomatically
in direct contact with the cell suspensi on.

The
di 3FFrRgEdetween i dramng e ol s Sign it ihgatiexiblentred line and
M : | gibLe t, WM i
" ispénghl B 51 XL BRI SAbSEHAN br' s operaton te
20 exdnawlirg odf dme i celi saspemsiopi aigd ddispemsieg Wil deperd sam ehe syringe

R  S5eP B HCERH. oSSRl AR Bt -ore
exgapPhaver canBd Lsdd forRhRSSUHEsEr OMExBHIPIe bf s@éh a suitable valve is

pneumati'c punp, which can be an air-exhausting or o
f oA chagk p@ﬁo@. Mogieghieskaialves falyrpnrithg usesof Beballsefoa aertain diameter

O B RO AR S0 Sk L ALl BB IR Bt 2 iameter

25 } Paélghg? gﬂgééigg\tlﬁziaﬁ gﬁattgﬁttﬁd b2l PRAD shBEIdSKG pHks tABLHERR valve in any

way but through the seat. When the pressure behind the seat exceeds that above

the ball, fluid flows through the valve. When the pressure above the ball exceeds

the pressure below the seat, the ball returns to rest in the seat, forming a seal and
preventing fluid backflow.

30 [0043] In some of the embodiments, the apparatus may in addition to the

dipping mechanism further include the support for supporting a vessel containing

the encapsulation solution. The support may be rotatable using a second motor

for providing some turbulence in the encapsulation solution. In such a case, the



fluidically connect the syringe to the flexible feed
line. The valve includes an inlet and an outl et,

wob@saeiz4e he valve inlet is connected to the sSpeT/RGEN05/000175
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outl et and the valve outlet is connected to an input
endispensarotileixinbly def dipded iimte.th@hvesseal atea payitiondhaids «ff the axis of

inket f i Vi t | | Lon. .[ 0042
ThiBfien it o sObrofelc At eitfefrae PASRRES ThR dispper outout may
or beajipesd 8usraRtiR@s ihthé DesdadHh thasRippdrt effles a single revolution
way-val ve" can be used to automatically alternate

beton@dawdihendigpansedcdrapssok gelh ssuspension tchder depositad at different

e RbbRe s SSREAROR LRl B RTINS dd i 5Rer wores, e
celippiiup Reo df e dipeAssinautist tay\bé beleRe Aithe@igher than the speed of
syri nttlge attached to the punp for infusion and

wi fafatiemar tharsuppart: a%lt@naﬂnweaﬂdliwlmayh?@weortdaay be gently
Cor bR QiR P4 RRE e ORPS AR PBhuBHE] sPlton may bo fowed

r eby cietuléfed tosslion dspeakéd dfops 6RcdIRsUspEnei & bé @@bosited in fresh

sits freely above a seat containing a single
thP’b[RﬂfCH@){%d gneapsulaiiomesletior| i ght |y smaller than

th t . i . p k
i, b ] Yoo B B IR an apoaratus o
pr escapstildtirty odld ezt aeXadieds-puheing kispensbe fhedispensing a cell
fluid flows through the val ve. VWien the pressure above

t hBUSRANSIN) ke @ eneansuiadionrsolytianthreugh sa:autlet flkensaf.| An example
. i: . r.a

SR Pty BRSS! 9D &38BLe Yoo, Oter oxamples

enincllides bus are et imitadabua pregsure driventpump tamdt d@eristaltic pump. In

S B TR Reir T 9, Ao B Aot o o
S OiglchRismT BRaShEP R theB¥pdifser %ﬂéﬁﬂr%imﬁgﬁ $h& dRPEABSr outlet in the

motor for providing some turbulence inth _
eneRgrRsUationrsaldiian iwallow thesealhsuspeasion dispenssskihergat to come into

ou ) ] I.at o vessel at a position

thaé'ﬁlg%tr@%ﬂ? ?rf%ghgﬁs;m%ﬁbq%élgﬁ%n of the support, i.e.

at [00d5pf f Refotrizie to (Riguiteison-3, Tae dppipstise? Qstopdihg @Y one specific
be di pped several tinmes in the vessel when_the support
ro%'abegmae@i Q41 e dvantionois texhi deseribre. dikg eappagatus includes a

dr&’igéeﬁger% leby E%ﬁ%ﬁ@ﬁ{ 0f ¢ [f é?@pgﬁfﬁgﬁ: @‘8?' sﬂbp@?,&é g;rhlgﬁ{ber holder or

| ocations in the encapsulati on' so n con
t heuppest €l forl suppidrting v ivdsselt hecottginingg ana¢recapisutdtien solution (not

SRR 2Pg i PEIRGNeE R SHib e GRPERReIEA % A GBRiet 10 from which

LA Sl 19 BORECA™TPE BB HOKhBRRHS Bl to tho

megispenseroowttet 10 for reciprocating the dispenser outlet 10 towards and away
from the support 6 for dipping the dispenser outlet 10 into the vessel 7
supportable on the support 6 to thereby allow the cell suspension dispensed at
the dispenser outlet 10 to come into contact with the encapsulation solution
contained in the vessel 7.
[0046] In this embodiment, the dispenser 4 includes a syringe 12 having an
outlet 14; a hollow needle 16 having an inlet 18, and an outlet 10 that defines the

dispenser outlet 10; a valve such as a stopcock 20; an adapter such as a luer lock

10



or circulated to allow di spensed drops of cel

suspensi on to be deposited in fresh or recircul ated
wen@ansizh@t i on sol ution. [0044] According to oPGIERG2005/000175

enbodi.nents of the invention, an apparatus for

enédpsnd & flegblefaeasd llm\%IZédé'éleaadanidt mayt alpermptively be RECORD and

S RRTSOF 445, o7 T0REII, T Houp=ERR RpL iy By pramle bo

exdlspralolé mdl@dTheQIsepUﬁﬁisst@blénﬂms beevidh®s contamination. The
ab ﬁve descri bed syrin O her exanpl.es incl ude,

Sible Reri P64 Hiayoreaaie bera Jorib@uibmshat about, but not limited
5 pe{d Stéﬁ'éé us Et%*r oLn@r %ﬁgfﬁgcw@% &Erﬂ%rctse'ﬁp%%kﬂﬁgé Yutlet 14 to an

t he’appara esS a di ppl ng nec
at irpob eddtof thda dleslibbp teeblineat] The flwer IdclopRrgrineets the output end of

o Bt AR RieCtben e Bat; e HalBporaedio REr 4 I dhisgnanner the hollow
L PQe@IBWt@&tﬂu"@ﬁléal){aélﬁﬁ?&Pﬁﬂh%t fﬂgaw tion. [0045]

erring to an appar according to

onf00AT§ci flnctl'fmtmﬂbommerﬁf theedippingnmeshantsmes8t includes a dipping
descrlbed he app di spenser 4

10 g4 ag| g{rj_ggg_s I Q;\a'tﬁg%eahm)holgercggﬂggp luer lock 22 is
hoh‘%‘t’ﬂhté& 1S B HAId& 267 ISP MY, heVRSI néed&e 16 is, substantially

contai ning an encapsulation sol ution (not shown nd
a fixgbtonthenplohger S0nt@ beTmevelalslpdhsmmth s plongert $@3ts supported by
10 from which the

ai B TS8 T S NGRS FlgnBIAN aksp 3t reCiprocation that is
OUﬁéﬁévéQef@i' éxﬁﬁ*\[.ﬂé %ﬁéﬂ&ic&lﬁ? @ §Eﬁ}§8f e lSﬁbPélg 6. The guiding

t owar ds and fromthe support 6 I pp! ng
15 d| slpecivesr 38uncleldesaa base Ithea walls3$ thratsexdpods dtdre thbe base 36, two

AL B8R oA SR o BSABRBSHGPe base 30, Each

CO@MQIO mchhje*sh@n el allotdp slekinéd QReemit Phaeflidifg structure 32
the vessel 7. [0046] In this enbodi nent, the dispenser

POEULES S T pRfebeRMY i inmasinted belusen tho aarms 40. This
0) t
@%nes t%ﬁ'lp q&: 'Sggﬁggém%%l?rﬁtq%%ﬁ \%eé gtrg% 46 E@ that its distance

20 stfnqmothle w4l 3&iis admistable sWihienaaowed teea ders(rbaazosﬁm the ends of the

R el 30 Meor 4 o o P o et oo
”%%Lﬁbﬁ%é@bbtg QQ lﬁ)‘tﬁgﬁl\/\ﬁ) Bfn@ 401 SRR ﬁlenér%%eoeaﬁ?gm is a guide

use of di sposabl e need prevents contam nati on
fIbIQchI@ thaidhas raetmbug’ayhcblerd@’)m@)tl’mrbm al'He elingex 30 is inserted

o8ty P Bl Bl o S B it block
25 t 05@MThe axis of the through hole thus defines the axis 34 of reciprocation of the
plunger 30.
[0048] In this embodiment, the dipping mechanism 8 has a movement
translating member that includes a rotatable member such as a disc 52 and a link
54. One end of the link 54 is pivoted to an off-centered position on the disc 52 via
30 an elongated pin 56. The link 54 is slideable along the elongated pin 56. The
other end of the link 54 is pivoted to the plunger 30. In this manner, the link 54
connects the plunger 30 to the disc 52. The disc 52 is fixed to a shaft 58 6f a first
motor 60 that is mounted to the wall 38. With such an arrangement, the rotating

11



input end of the flexible feed line 24. The |uer | ock

22 connects the output end of the flexible feed Iine
wQ4oos0232h€ hol | ow needl e inlet 18. In this nmnPer/S6®s/000175

holl ow needle 10 is fluidically connected to the

squi@@ afzhe[diem3? is ransliatecbichan aw@hmotloneofcthp wilurger 30 for dipping

ot 5 QSRR aBlt°R0% i BB aTREr e 65p8Rsdl. punigh 10 may be
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! eﬂﬁf %léﬂﬁor{ 5%t IBE 1]@1. é&ﬁgﬁgm Ithe cghﬁé%‘??ﬁe (/éQ "1t a dipping rate

ust a noved to a desi
pograatmnthmﬁheamdodf ttothatiarr ofsthebampoqr%athe blsbteasleﬂ output 10 may

t nbe P sousial s o s Vesas! 2 wiSnahe suRBa (i is Fiated a single
CT RSRIRRA o ictcbyaldW Qﬁpﬁhg&!ﬂ drshs Gfthe i stis FBQQMH% be placed at

hol e defined therein. pl unger 30 Is I nser
15 t hdlﬁ@g&ﬂttth@thnsrlodbh \Ae@sel 7 nThese poatiens farok asdreutarbecus 70 in the

PRl 500 o575 e i aperr ot

of 1@ haaplbegeverdPtime@Odighet thariise @pb@dldfer@taudmgf the support 6 to
pi ng mechani sm 8 has_a novenent translatin

t hfabtaulrh sHehy @scl'a:ul‘aﬁla@% 78 weem&ie SuRPOAS 8 r@tﬁ@d @QSlall@ revolution.
o Mgl e eRrBly e il iy Y8142 08

I a an el ongated

20 pi [0058] Timlﬁnmkse54he$yﬂhgdazﬁaisenaumg tbi'aapampmhmbns such as a
pin 56. The her , end of tl}i“ﬂk 54|s ivoted to

pl SHEWe RIgNP 12, Witha RiLREEF 740fdhe syingsy ! @m%'@teg %a?alr is drawn
Pl RS tHe SHide 19'® fintGoR2s JB%ﬁgdc%ﬁeﬁﬁ flufd. g?éer‘été 8f Bumping by the

shaft 58 of Ta first notor 60 I'S nounte
Wasyrirg®. puinp 7 Ziscdjusicdto mogespond to Bedasiredtflovy rateuairwhlch the cell

of t h?&ndlﬁ%‘cfsoé h?s&r&r ansl tel.g_|| to an a%@@flggt&fgne%ottors 60, 64 can

25 t hél%o REhstelhs p%\ﬁ@@%sdﬁsn‘é'dtdlﬁbmé%@d‘f th& dipping mechanism 8 and
a desired speed of rotation of the support 6. The cell suspension to be
encapsulated, for example with a charged polyelectrolyte, is introduced into the
flexible feed line 24. The cell suspension may be obtained by first filling the
flexible feed line 24 with a fluid medium (not shown) and then introducing the test

30 sample of cells (not shown) into the flexible feed line 24 to be mixed with the fluid
medium. Alternatively, the cell (test) sample may be introduced into the flexible

feed line 24 to partially fill the feed line 24, with the fluid medium only introduced

12



periodically | owered towards and raised fromthe
support 6. [0049] The support 6 is fixed to a shaft 62
W(mfzooalls:ea@nd not or 64 nounted to the base 36. HOESG2005/000175

support 6 is thus rotatable about an axis of rotation
f osUpseqi@itlyy lisisrase posaiblntrefill the Aexiblectessiuline R4 with both the fluid
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the sUpRdnhed d@?dch‘%% ﬁ‘d)rl?lrﬁee&gﬁénééﬂ b6kt 198k Mdd%ﬂlated in the

use, the syringe 12 is nounted to a punpi ng neans
15 suGﬁC@@Slda’@ql‘r selygopdefora,a gelied sapsuladit (comprret Iﬁgure 13). Due to

=Y I B RSB e rRu Bl i WS oot o1 s abe
r atcmeafverthamm(;wort §sotSii the @acapsiatiéh ssluigh lé‘-’ttvﬂﬁcﬁ & is deposited
correspond to a desired flow rate at which the cel

sulpeiid tywands the Oé’éefo\{‘/%|b@f1§’@ove$$ﬁb7s@§éﬂln@)fh& wammrcﬁﬂother capsule
°f 84 th dH%EB& 4otﬁ§P rdg. \Qﬁh %Hé lb?f &tEP dﬂgp?% g? éﬁe dispenser
I ppr ng t

desire e dip anl sm
20 desutletd!@,pitdsl uoflkelpttbail alh tiod fdn’maeds uapetnlés @1 5@ Idb'altéd at about the
susgensn on .t o, be encaﬁ@u ate for exa

chPESRRIDheRnEPstiglionsq %t%%e&%ngwﬁtht %"h other. This allows
fl e éér%u‘ie%egh ké BE s%?'sfadTBGt lﬁ%lﬁ eﬂéﬁ@?ﬁ]ﬁ H{?Jl’lohe

obt ai ned first filling t I exi ne 24
wi [A053] 1 | lActilamtage.nus(moﬂﬁes appayatasldhahe&mbmhesdhhm n'g/entxon allows

the test f c into,.the flexi
r coATHADIT ool il el Biv BB P eiprHICIR oS of material and
25 Al figeNFor ekbinplé, htﬁe%lumétcﬁ’sér)ca%méltlén'@ﬂut% that is required may be

introduced into the flexib

as low as 2 ml and the volume of a cell suspension drop that is encapsulated may
be as low as 100 pl. With such small drop sizes, the batch size of cell
suspensions may be below 1ml, thus reducing consumption of valuable cell
samples. In the apparatus, sterility is relatively easily maintained as the cell
30  suspension can be injected through the 2-way stopcock, and the cell suspension
is separated from the syringe plunger by the displacement fluid. Flushing of the
cell suspension from the apparatus is also possible through the stopcock. Sterility

can be further improved by changing the flexible feed line and disposable needle
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feed line 24 to partially fill the feed line 24, wth

the fluid mediumonly introducedsubsequently. It is
wabk®s/1pgsi bl e to fill the flexible feed |ine PAT®G2M05/000175

both the fluid mediumand the test sanple of cells
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s pelethreé difmensivhal iméding G?brtcrellQﬁomitmardhrmgﬂcﬂyopméer\/ﬁlon, and for
cel | susR8n3|on .di spensed at the dispenser outl et

10 10 fug tgsiipe @hd $ereRNiRGcapsul ati on sol ut| on cont ai ned
[de?:%lve?ﬁ ougﬂ %é RS isd Gk akS; %h’é?nented in the above-
er outl et

pen e encapsu?a ed
endeqmlhzlealt embo&dmhenisont i nbbrion be g&irishﬂedaﬂmsbéehrﬁltéd as such. For

o AR e RHTHTCTaRiG stk AR BEn(6s bed KD tbe ARRAEtgS 2 in place of
' Sth%bhfbpﬁrib Inestanidie 8 YeREHBEd ‘Hbo%BOtFné el B&hows one such dipping
TR d oS §

encapsul atm on solution at I ch osite
15 drmephamsm 8s. This dipping mmhamﬁmt&aenoleldeelthé' ,abot/edesagbed plunger

ﬁ%% éar?\/ﬁ{zﬂ%r ﬁg‘a%% atl’é?}ﬂlg? Bﬁhde os'f%igms a circumferential

dl SUreAtEe83 alvdt istustd, toi dirdcly Widvek ey pluRgér @b' Thé ‘blunger 30 is biased
f or med capsul es 8 1 are |ocated at about the sane sp

. na‘l"ﬁ)é front B BVRRATE A on Goil 6RTING Bdvierakuss tb@ pwcwa&rentlal surface 83
Fthe J%%?'AQP%OEQI% PBtS 06%%})%@ r 3 a%%ﬂeﬂlﬁushed against

e encapsula n so geousl
20 t htdaeetp]aalngtfoacet biatheeuhbslpmg Bh,eto bg ¢héieby rablealsle along the axis 34

enca tion of cells with a very |low | evel of
extﬁ@%&aﬁ ﬂ?eles‘l‘FPquEgrrB of materi al Zmd time. For
eX[0B6§ 'FI"@JréO'BmEhé\K/se%ﬁBﬂ%ﬂ' Q{l%ﬁﬁ% %ifﬂé?f‘srhh%b | Shis  dipping

required nmay be as low as 2 unme of
cemacbausﬂpeméb mlutd@)thehlalunger 80 dessribed ebomayTI’m@ aamatmg means of

tfn'bsaa*plpgrgg Pr?‘%%f\%%ﬁ?h@f h ﬁﬁ@ %@drggﬁm\pé Ucf‘n tE)Utt not limited to a

2 e sarg @;br?mas'd;?. 19, T PARSRESD 4 Bt to bt the
aspurnp Yol be moveable when the pump 90 is activated.

[0057] Figure 6 shows yet another dipping mechanism 8c that includes a

plunger 30a having a magnetic portion 92. The actuating means includes a

solenoid 94 through which the magnetic portion 92 of the plunger 30a is inserted.
30 An alternating current source 96 is connected to the solenoid 94 to activate the

solenoid to reciprocate the plunger 30a.

[0058]  Other non-plunger types of dipping mechanisms may also be used.

Figures 7, 8 and 9 show three dipping members of such dipping mechanisms.
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suspensi on can be injected through the 2-way stopcock,

and the cell suspension is separated fromthe syringe
w@bkaksger4by t he di splacenent fluid. Flushing oPCT/R€62005/000175

cell suspension fromthe apparatus is al so possible

t hrihesh dlhpmgtmpnmaxs msemdlludg/ aqdatd)éomax,r 10@, 100c to which one or

ove ¢cha the .fl.e d.line
o s EpGenianEaripa SSuaiBhbeathenial 4Apsfiot dhersen thatis offset
pelﬁfdi’ﬂi mdaﬂ@'oﬁtrbte@lbh SRl Mat@"%oalsmma PRy EFaWés may be oval,
The cells that are encapsul ated are _unli kel

dafigelar andeolygenal ihshanea agehown i EtQUcEﬁS if] g(ﬂl‘g‘la%lwlth such dipping

5 So'ﬂd&ﬁéérsggggfagfﬁ% ﬂ1gg {I[S) ﬁ%hg@?ﬁ s%\%% %@@S&?ﬂ%on solution more

appo afiewiezsier dlé@aicmmmfeseutdmp@nﬁahair@ps arRyechsed Hsteat.
for encapsul ating cells such as hepatocytes for use in

a B0 YactHs anathen 9??@91%% thm@uaﬁpﬁcﬁ mﬁymludﬁh@ldmg means, such as

B B T ——r

f oeaehasthen ! Bhéseg bo&é|rﬁa§/d‘5e tsbr@@diuriten@md)rmlt dfeh|cav1t?/ 110 of the
culture studi es or three dinensional |nag|n% for cel

10 pr sHBReN SroVidifTerrntdenahp é@lém@twmmve%ﬁeds syiehdslygssel 7a, such that it
tend hOGHAEY Sk %ﬂﬂérﬁ@ in El?@gé\llﬂf] LE) orfention
enen ove S

i s described as crlbed
enf@0B0ientAs yet ansthl&oteX!am;ib@ o of enyd)ftthe kiippingirh&@chanisms and a

< 8HPAPIL e b AppER ke JelRtive 1ithe SYasr WRISAS ThicHg for sxample sing
mnga)@\ng gﬁtftcéﬂdg\ﬁﬂ @hl S?edb)}: LBl Ené d#;)‘é‘f‘%epgﬁtléﬂbhbe dipped into

di ppi'ng mechani sm I°ppi Ng Mec
15 i nthauslessal Yeatdiffecetepasiiidred inpthengesseB . dmduah @aoa®® the support 6
as an act uat,i ng

. T h
& HsRH BroubRPrA sUBSrERN 26 sUB & 3 water substipte or an ELISA

m)b%té hRaPinoneRss ARultipl Becaﬁhﬁw g4 Qébdtémmga%%j e@x‘&@Msulatlon solution.
fromthe support 6 by a coil sp rlngqr84to but

ci Thisne@mbedimnent cair bacasiy esiployrd tambiganalpticalh bwcpaarmaceutncal or

o2l SEh e CRURLARSse¥oL b bASRe BUSHEF5aRReRlp on o ten
20 noselaﬁl'aeaTrhisgeﬁahmleﬁlsb Arakeswisatthahitesapiratustof the invention only

[ 0056 e 5 shows anot her dippin rrechanl sm 8b.
ThF% ﬂﬁ%g ﬂlf diepingnnerhanisimidal seftaghabla angiéachng to a dispenser for

dea bﬁgﬂgsgot‘@ll ST% eﬁ&BHaEéng%ﬁ@?th t%h(? gérfFHeansed with any

n| sm nclu
I i subsinateoarad/bydnessdah maiumtam an pelmmmﬂatlomuspmuah,ewherem this

pl un erlénaﬁéﬁ Syh\gﬁ%‘é rﬁtjgg% Ilf)t@ . thgéggaratus of ?he invention.
25
EXAMPLES

[0061] | The apparatus 2 allows cell encapsulations in a manner similar to
manual extrusion of immobilization mixtures such as positively charged collagen
30 into hardening polyelectrolyte terpolymers solutions of methylacrylic acid (MAA),
hydroxyethylmethacrylate (HEMA) and methylmethacrylate (MMA), for example,
through complex coacervation. Complex coacervation involves the electrostatic
interaction of two oppositely charged polyelectrolytes. At the right matching

15



[0057] Figure 6 shows yet another dipping nechani sm 8c

that includes a plunger 30a having a magnetic portion
waQ200s7ikR4@ct uat i ng means includes a sol enoi d 9HCT/RGZOFH00175

whi ch the magnetic portion 92 of the plunger 30a is

i nsbataeddengityaithe twatchegoed polielecimiites combine and mlgrate to form a

CopngsL ﬂgofu%é Bﬁﬁ%) l ?Xﬂﬁéég?géat&l%%?b%%gl% RYROY encapsula’uon of

to reci proca

n 0 heptamgees byud dise oéspﬂacmpe ngsUIBCHIstainsaEareriesatised pext.
EC?P Fi g 7, 8 and show t hree di ppi ng nenbers of
ﬁﬁlppu r@' F&%r@&ﬁ?@ﬁ%’aﬂmﬁ bepigionytem npedifiesagollagen was used

5l ”Whﬁ’cﬂ'ﬁm@sﬂir@%&r %@f ol &étg)?l)f/c g@ égga'h @/lfi’{fﬁer‘? 108PEBllagen Corp.,

di spensing ti IS pIv
poE’lato Alto} Galifeomia) vat dbdainbl dketoulghdthreanodificatior of the carboxyl group

bebg ssteriiation vl G maleolianaian e %&%@hﬁg.m Chia et al. for
F' Qk'érﬁ g@s@é‘ﬁname\é‘ﬁhg d?b‘@@ \%I'ﬁ{ﬁggb K@% ) a total of 20 ml

|spen fip rs-draggdd across encapsu
sobﬂsiom:k sadutiort (B8 ald/ol efasolEgedaf\atcdoent! 00f Coﬂdacj;en Corp Palo Alto,

10 & R ek b TNREPIAG Mih AADIThG! ASFIOPRYTHA aRaciPEsied collagen is
asd?égbltvéd' uﬁwot 9fl of br1°MgIth; ESnt‘éfﬁ{uLng] ﬂi%thgﬁglscpﬁée}ge ,b&d: é;hrred at 4°C

be angul arly spaced apart trom eac
rraﬁorlﬁedays endel stetile mmdltmxmts the madified xco[légbméoluﬂm is then dlalyzed

0051 ebtef VWS Biad SRR R REALSAET LS rommns
OfThé %gf igbd rﬁ*loﬁmédcéb{l'abén kHp tﬁ%ntﬁ@s@l‘é’cﬂ) PttoeB months at —20°C in

[ 0060] yet anot her exanple, one of any o
15 di thei preseoed ahidegiccant F@r§h@pcﬁap$tﬂ§tlm1aenwtﬁabhts as described here,

B T A—,

dlbmdrsannbl(psst)o be di pped into the vessel 7 at
di ffer 05|t|ons in the vessel 7. In such a ca
t hk9 %&ipor eRRelymeT ysed copsistashet 25% Rydsexyeihy rmetbwacrylate 25%

SUf 'étlga% éN?H ﬁH%%aﬁﬂ%ﬂR&éﬂ&hglc epll'-"fbtretﬁ:tehélﬁcapsulatlon al%

i ncl cavit cont’ai ni ng t
20 ensclptaen émHo:rPBSD of ihertermlymeewhscbmploye@an be easily

S CBOBAT 1 P sedBRilgtion te hedtalPores ausend %‘ééf? F@S{rﬁ’ | media were
Ceéphﬁ*l ﬂéWh%WéelﬂﬂfL@aﬁbHeWhéH b@lb@bﬁ -coHtifii hﬁg‘)ml collagen

makes clear ‘that the apparatus of the Inve on on
C Omﬂﬁe@ér@’ﬂ@h)awds @oided tadbdgall pellethand the eeltsamemgmtlyr resuspended

AEE ThOuE LIBRLE Ol HPETR 18 Ralihl The o, obtained cal
25 Smﬁhrﬁhﬁgé ‘te}:iennlﬁlﬁzgintd Badow @BHAHhG SiRBtE ARG W ALOPhm used as
flexible feed line 24. The cell suspension was then brought in contact with the
terpolymer solution which was contained in the vessel 7 (a 35 mm culture dish) by
using the dipping mechanism 8 and a BD needle 30 % G employed as hollow
needle 16. As a result, capsules comprising a membrane formed by complex
30  coacervation between the positively charged collagen and the negatively charged
terpolymer were formed.
[0065] Figure 13 is an enlarged photograph showing the capsules produced

using the apparatus. Both the flow rate of the cell suspension and the dipping rate
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vessel and the substrate are not part of the apparatus
of the invention. EXAMPLES [0061] The apparatus 2

wa@bkdosuz3e@l | encapsul ati ons in a manner sim | aPCT/8G2005/000175

manual extrusion of inmmobilization m xtures such as
posf they dispeprar gutetcwereayasied it eblain diffaragt capsule sizes. The dipping

2ok 75,84 B A A BRI DARL Hh ow rte wes

nevhsiédrbetwesry oyt /ihiivand SO0QL/exaME mentibhed oh BEPASEES 30G % was
coacervatjon, Conpl ex coacervation invalves the

ol B864 88 the isnanser aLtigiaH) worﬂ@bt%aﬁm fereasydkalagement.

5po£(yd%\@ct eyt poﬁ/ erﬁgle fest ta@ﬁ%ﬁ%ﬁ@&i‘% - gﬂrz‘%éﬁ is a graph

15

20

25

30

char ge yt és conbi ne an

t oshmwmgathea\ta?ra{lonsmﬂ thl capphlessize Fiipea ichianys i shendipphey rate of the
apparat us f t he Fcapﬁul ation of heptatocytes and
t h 'npé%értetq Ise Sulor $ed susparRion disprised; #fetd, 30 and 50 uL/min

0 I t
[ mglgtggog {ugdoft 16084 1R pér?i; nggjmrﬂc & bEULh'fihn the graph
Cathatnlrmreaﬂddaghpplﬁg’l tategeulut@s, cépdulagsize Carhe folking equations,

Altp, .California) was obtained through the

nDBBfQ'Q,%f{ iVéh %'FV% rflf:t"?ﬁhr%k e 5?@@6%%@5@%%&5& gwerage capsule

W ohol as described in Chia
H’%njlét o@gﬁg‘n%ﬁmpﬁ?%%g %ﬁ'gi neering, 2000,

VoI 6(5), P.481-495). Briefly, a total of 20 m of

CoR e p0.A8AR ATl ey can 11 Kar BoAMIN 412 <d<676
pr 8 giobated? wWot7y m729f56ac etone. Yhe Sgdﬁs/hﬂhtﬁéwk d <591

collagen is dissolved in 200 Ml of 0.1
cod=a0.008¢ xret h&fox: t ¥8Ock), and stirxed 2é)t,uldoﬁh‘f3)10 & d<526

ol gt 1100 &7t TR RRR H Fhai mot o ST BB 2R < <043

an addltl onal 4 days at 40C foll owed by freeze-drying.
The | yophilized nodified collagen can then be stored
upheis nont A< diemeter ofccansulenid gnesence of desi ccant .

For the encaies“ldfﬁadlﬁélrﬁérﬂ‘?ﬁgggﬂr?aﬂﬁ descri bed here,

the nodified col 't "a concentration of
1.5 ng/ m |nx21=xﬂphmest|aham1mfrf ered saline (PBS). [0063]
The terpol ymer used consi sted of 25% hydr oxyet hyl

nmet hacryl ate, 25% nethacrylic acid and 50% net hyl

ne yl F [

(i %dm?gn PBqu@%l}e ?ﬁéé trég?%ner 'wgstﬁgn\{) ba;“eé(f’ é%mf&ﬁ_gle size with 2

enchgnod aittfwnfchWG'ataspf theo e easmmpelrndelddlppmg rateslof 200, 500 and
ﬂ({)@fiwer Bi r,sz,gé{]f‘(e (%Aél by %pel'rm]t rilsl%;% 'hqpne sﬂﬂ)%gﬂ é: Pc;t‘laf%%eant a speed of

2.5 rpm. It can be seen from this graph that the size of capsules increases with an

increase in the flow rate of the cell suspension. The following equations, obtained
. via curve fitting, can be used for representing the average capsule diameters

within appropriate ranges:

d =-0.2395 x,2 + 22.422 x, + 150.8 at X1 = 200 dips/min; 343 <d <676
d =-0.0823 x,2 + 11.793 x, + 156.78 x1 =500 dips/min; 268 <d <540
d =-0.0968 x,? + 10.446 x, + 130.65 X1 = 800 dips/min; 222 <d <412
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concentration) was added to the cell pellet and the
cells were gently resuspended with a pipette to yield

wa2esnsizsy of 2.5 x 106 cells/m. The so obt ai PeTSGHI5/000175

10

15

20

25

suspension was then filled into a Dow corning Silastic
t wiletg | D 1.402 digmelssof aapsuled BMs feed |ine 24. The
cell suspensi Ql contact with the

t er pol ymer gél mmﬁgvﬁ@'ﬁqvgs con%é\q ned in the vessel

7 (a 35 nm cyktfloverateshyLiyinusi ng the di ppi ng

mechani sm 8 and a BD needle 30 1/ G enpl oyed as hol | ow

needle 16. As a result, capsules conprising a nenbrane
formed by conpl ex coacervati on between the positively

clia98Rld cbrdragdiee rasidis: okiainegh il isdpynd thatgibe baicpes pheapsules can

oS BHRF eI e eP et LR ARG VB rgnaard deviation below
APt alvHife tHeCsiPe UREribiRDN WhiA Pbatches below 20%mensi on

‘he di pping rateof the dispenser outlet were
va[aoem] t oVatiatiom ofi ¢apsulssizeapith eariatioesin pase dipppi higure 16 is a

SR 5 P e e 8 oRPRgRRE e vt o har
! lik ke Potafish §§eéd bf fHesupori® far dw@iiilg réte@fbﬂ‘tﬁédilmnﬁéxﬁechamsm 8

A was used as the dispenser outlet in order to

aldf RO, 200a8¢ aﬂ@pdm@énﬁmwntn tos Bpwisée snpiatained 4110 uL/min. The

results are de [ .. Fi 4 is a graph

B of FroaRpher 8 pebptie e deeli " si 2wt b a

change in the dipping rate of the dipping nechanism 8

for cell suspension dispensed at 10, 20, 30 and 50

/ 1 L nilengsit tviemeres ughorhe_sapwdarehoriast adigmeter oyf 2he capsule)
rpm It can be seen fromthe gri@ph that increased

di pping rate reduces capsule size. The follow ng

equations, obtained via curve fitting, can be used for

r I n

b PaAHY e Rim BB IABENS bR LE Iy ibdhfincrpages with an
atméféasemﬁ)thé tdsmtion s@k@d@fdhe&mpdrtﬁ 000023 Kim to 8 rpm, especially

0. f@b %Qéh c%-ps? %QS gynjad at %%Gé@%llg}rg Jd h%?g?rpé;q{ thg%lﬁgre@ gf elongation, .

piufd@Rapgd His38a., AheXe | the capsule
/?ﬁ% yﬂore Zegcgﬁd&%a%tg% (\:/\%ere d SE%I grret er of ngpi%heélclan pet

//sinapE]xsF di pping rate in dips/mn; and
[0070] Accordingly, the apparatus that embodies the invention allows the

encapsulation of cells in a very controlled, reproducible and economical manner,

making it a promising apparatus for biomedical and other applications.
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X2 = flowate in //L/mn. [0067] Figure 15 is a graph

showi ng the variation of the capsule size with a
waeb@iges2sm the flow rate of the cell suspensi oPCT/862005/000175

di ppi ng rates of 200, 500 and 800 dips/mn of the

di fpiAMYISrechani sm 8 with the support 6 rotated at a

speed of 2.5 rpm It can be seen fromthis graph that

the size of capsules increases with an increase in the

f | YV¥haitds elahetilie cel | suspension. The fol |l ow ng
equations, obtained via curve fitting, can be used for
representing the average capsule dianeters within

5 158 3 pRRA g8 SncpRuiing § s Sqmbibines 220" 0azs o
2 + 11.793 X3 dipgih§ mé&chthismihat idigtisichible t36Bdispens&d@r dispensing

d = -0.0968 X2 2 + 10.446 X2 + 130.65 X1 = 800 o

di ps/ mi A;cell spsrepsien, whpksip the dipgingh@eshagismeigpdapted for dipping an
um Xi = GiPRi r ' s/ rni.n. . = fl. at

U RUROBE AL Bpel e 12 T RarRUER, SplABY 16 ow the ool

found t baspdrisiorbdispeasedithe@as td esneaintd eont edihct@d encapsulation
usi ng the apparatus of the invention with standard

10 devi at | 8UB@Now 10% while the size distribution
within a batch is bel ow 20% [0069] Variation of
capsule size with variation in base rpm Figure 16 is
a Br dhapparstugaddudingrtoatlamm 1&thk§ndl®@ﬁﬁfping mechanism comprises:
el ongation of capsule wth a chan in the rotation
speed of theaéiﬂﬁfg'agf“%“ 8 that 57 tedhgdigpanser outlet; and

di ppi ng nechagni :af ' ' it
the flowr atgﬂr?gfnrﬁ% Iglgnmeggg% ﬂ%g(?? ? ﬁ?%éﬁ%%wog@é(}géﬁ%gmgﬁb member.
15 el ongation of a capsule is defined as: {longest

di er _of the capsule-shortest . _dianmeter of .

o A apetietys sBePreled T Cl o 2etpteim s, SR Ardtbgr comprises a
t hglufger gt & i PRoke ABpéMereRfies aid thatas rédisfoRaghlé Blong an axis
the rotation speed of the support 6 from2.5 rpmto 8

r pifpnseR taplRlane of gi gpportan wihids avesaelccantainiy the encapsulation
di leﬁ{fé)ﬁ]is JJbepog{a%?é-er t he degree of el ongation,
20
4. An apparatus according to Claim 3, wherein the actuating means comprises:
a motor for moving the plunger; and
a movement translating member for translating the rotational
movement of a shaft of the motor to axial movement of the plunger.
25
5. An apparatus according to Claim 4, wherein the movement translating member
comprises:
a member that is fixed to the shaft of the motor to be thereby
rotatable;
30 a link having a first end and a second end, wherein the first end is
pivotably attached to the plunger and the second end is pivotably attached

to the rotatable member.

19



the nore elongated the capsule shape is, i.e., the
| ess spherical the capsule shape is. [0070]

waewsnaizagl y, the apparatus that enbodi es the POWBGLIOSN00175

10

15

20

25

30

al |l ows the encapsul ation_of cells in ver .

o Gt ABIANBATaTIE BRSNS R Clala Scuheiein.the maNsment frapsiating member
i 1 Si . i di . .
oS, 2. JRRAIE b IR ko oA the plunger i
afasest is abot the cinsunifercntigh serfase afnfei eamgto ke thereby moveable

di_ppi hani sm that is attachabl di
f ot Bsrdy Red heBm sI6BHfon. wher ei n the. di ppi ng

mechani smis adapted for dipping an outlet of the

di spenser in an encapsul ati on solution to allow the

c&l.| Asappanaiusracgpdieg e £laire Be wherein dbamciuatingrvamber is one of a

Bl PUEB Bt e bhSUnall BT wpBrl R Bhliec 5 biased to abut
CQﬁ@bhﬁﬁﬁ: a di pping nenber that is attached to .the

di spenser outlet; and an actuating nmeans that is
adapted to actuate the dipping nenber. 3. An apparat us

e ppnsaEba3pR A A tS; Eletrl 3o ARt SURkey has @ magnetic
Oorfdn, Ml Whérein the &StLBNNE Aicthber edraplséyd axi s

transverse to a plane of a support on which a vessel )
cont ai ni ng teheoleneithdwoaghowhisd the snagreticu pplionasf dhe plunger is

4. An ﬁﬁg%aog%gdaccordi ng to Caim3, wherein the

act uat conprises: a notor for noving the

pl unger; andrraltemMatimntutreéntsdurte tgatie gornedtoed to the solenoid.
translating the rotational novenent of a shaft of the
notor to axial novenment of the plunger. 5.

An
appapat r i : j , [P P T=Ma ¢ alV :
CREARLAD A ALORIAS O S, IREEE Mold BoRBFERBEr comptses
t gotdt@blehglite tf which tind aispemsee dultlet éb pivabally ditashed at a position

i nk havjng. i st d d d, .wh inth
FtherecBbat s Yioeh FanT 91 aERital ey B patfer and t he
second end is pivotably attached

10.An apparatus according to Claim 9, wherein the plate has a shape that is one

of an oval, a circular, and a polygonal shape.

11.An apparatus according to Claim 1, further comprising the dispenser for

dispensing the cell suspension.

12.An apparatus according to Claim 11, wherein the dispenser comprises at least
one dispensing tip having an outlet that defines the outlet of the dispenser.

13.An apparatus according to Claim 11, wherein the dispenser comprises an

indirect pumping dispenser.

14.An apparatus according to Claim 11, wherein the dispenser comprises a

syringe having an integral dispensing tip.
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to the rotatabl e nenber.6. An apparatus according to
Claim4, wherein the novenent translating nmenber

wa@eopreres a cam having a circunferential surfRCESE@®5/000175

5

10

15

20

25

30

wherein the plunger is biased to abut the

circunferenti al surface of the camto be thereby

no ewh .
appar ) SpPaaits SSergTntIa 117 WhBRhIn¢ RisteRber dompfes:
menber is ona syfingehydraulic punp and a pneunatic

punp, and whergin the er is biased to abut the
punp. 8. An & ;Sﬁ%ﬁedﬁw@fb |ngtoCIa|m3 wher ei n
t he pl unger
BafexdbIEBEEG 1iheé dBRhEL I d%mﬁ@% g%%ﬁhf’slgensmg tip, the

actuating nmenber conprises: a SO

t he magfexible fpediinerbeirig auapipulfogemnhamlmg]ﬁmr talbsuspension.

an alternating current source that is connected to the

sol enoid. 9. An apparatus according to C ai m 2,

wh ' | [ : e :

o R B B G S P PRy Bpfoomerises
a pakiw heedlehereon that is offset froman axis of

rotation of the-plate. 10. An apparatus according to

Caim9, wherein the plate has a shape that is one of

an1PYH appaiis Hbéérdlrﬁ}j‘ﬂ) @Ié?l%' ¥50fithef @BRDrishy é\:gaum[ﬁng means for
appar at us according to Claim 1, further conpri'sing the

di pwaping thewyridgepensi ng the cell suspension. 12. An

apparatus according to Caim1ll, wherein the dispenser
conprises at | east one dispensing tip having an outl et

t heg. Adebppaatid aceordiry thCldu'i*neml ﬁfﬁéféﬁﬁfthe b@mﬁsﬂng means pumps the
apparatus according to Caim 11, wherein the di spenser

cowfiingecto dispense fthe celh @htppe@slqm gqjeaiget leash snhstantlally constant flow
appas at us accor ding to daim1ll, wherein the dispenser
conprises a syringe having an integral di spensi ng

tip.15. An apparatus accordi ng to Claim11l, wherein the

di nser conpri ses: SYri a di spensing ti nd
ﬁ)gﬂ ARPEaMS 3GFar c@'@ﬁh%@ct Bm; Hé s@'ﬁﬁf@@g#&? Fﬂ@"nge contains a
d'&@ﬁlﬁ%bﬁ\%nﬁ'%ldtﬂ/ﬁlcfhl ‘i‘é( éﬁln?péc?%td ItAg R&kiPR FKPURL for indirectly

for contalning the cel uspensi
dispensing the cell suspensmn therein.

20.An apparatus according to Claim 15, further comprising a valve that:is
connected between the syringe and the feed line to fluidically connect the syringe

to the flexible feed line.

21.An apparatus according to Claim 20, wherein the valve has an inlet for

receiving the cell suspension.

22.An apparatus according to Claim 11, wherein the dispenser comprises a

peristaltic pump.

23.An apparatus according to Claim 3, further comprising the support for
supporting the vessel containing the encapsulation solution.
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16. An apparatus according to Caim 15, wherein the
di spensing tip conprises a hollow needle. 17.An

wappanatue according to Caiml5, further conpPCEHRGZPOK000175

5

10

15

20

25

30

punpi ng nmeans for punping the syringe. 18. An apparat us
according to Gaim 17, wherein the punping means punps

t heys, I t

D245 EBRBA e URBRIRE 103pHF 25, SUARERP B0 B idbing mechanism
appad ahe§anoodr |d| mgvéablél mia’nwé&o thieestbien to tiserepyiatiow the dispenser

cont ai ace nt fI ich is ed into the
£+ Bifeta tR.GadB TESTER vesushad et eduliena inmoresest
suspensi on therel n. 20 An apparatus according to Caim
15, further conprising a valve that is connected
beR6en apparadys acgrrdingdot Glain @8dwhienginttbe sLippolit cmtdtatable

connect the syringe to the flexible feed line. 2 1. An
apparatus according to Caim20, wherein the valve has

an26 e bpparatti® a8y fd"' elam! 25 Q@W [y dls%%négr outlet is arranged

ap aratus according to Caim1l ere| nth | spense

ipdeto thepessel atl differeni Iqmatlass hntrepyessat as the support is rotated.
accor ding to daim3, further conprising the support
for supporting the vessel containing the encapsul ation

SOpRtArP BpR4rad %@@faﬁﬁ $02CR
wher ei n gﬁer of the %, g mﬁg%@n?\gbngge%@!ttﬁ"g%?gggofunher comprises

i sheldingapeans &rdnold@gtt etveeseltiin@n afé-centaredpositibnwf tiwesupport.
di spenser outlet to be dipped into the vessel at
different positions in the vessel. 25. An apparatus

ac2®1AH agpdratd fir @nddpsaRi@talld EempHSIREIt 1S
rotatable. 26. An apparatus according to C aim 25,

wherein the & dispARS fondisnensingarcaligeuspensivnpininan encapsulation

t he ves

Sppor totatidt ol B Bule? BB Syldeif tfiaRsies? BolyPfises

26, wherei n aliileids oppainerffor thetairdeger celbsuspBriony the fluid container
means for .hol di ng.the vessel in_ an off cent ered

posi ti HAERT @@ mgpmqmbqgwmr%gge ispenssF is adapted such that the
encaps %BVin@%éﬁtHe? of MR fiLidl CHhtaiRef S Blef c%m the cell suspension

di spensing a suspension 1 nto an ericapsul
sol ut i dwahhanmemantdtuld,et t hereof, wherein the
di spenser Cog&sp%nsmg tip defining the outlet of the dispenser, and a

feed line connecting the fluid container to the dispensing tip.

29. An apparatus according to Claim 28, wherein the dispenser oomprises:
a syringe as first fluid container;
a dispensing tip; and
a flexible feed line connecting the syringe to the dispending tip, the
flexible feed line being adapted for containing the cell suspension.

30.An apparatus according to Claim 29, further comprising a pumping means for
pumping the syringe.
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a fluid container for containing a cell suspension,
the fluid container having a noving nenber wherein the
walkepanzer i s adapted such that the nmovi ng nmenPer/sS6£005/000175
the, fluid container Is separable fromthe cell, .
1 A PBRS LS 2 i Br A Wieraindng puming Maans is adapted to
debumig éhd griRgé |8t dRbehde tAbSRINSBEperitith &if yl i
cq%necrjtqi n hegfl ui d E:)ont ainer to tﬁ%erﬁfnp%ﬁsﬁgattlkg& substantially
29cppstapphewtrate. according to C ai m 28, wherein the
di spenser conprises: a syringe as first fluid
container; a dispensing tip; and a flexible feed Iine
5 COBRERH | BPpAMRAEUS YAddre@ingO tb h@léllh'ﬁp?ﬂd'\/\ﬂﬁaréihpgthéh§¥ringe contains a
flexible feed |ine being adapted for containing the
cefispiagependi Buid 3didn iappamaedsinie cibed flagibleo febdi line for indirectly

oy IR B8 GRT s b ARG BB g T i ms0r
wherein the punping neans is adapted to punp the

syringe to dispense the cell suspension at an at | east
suB3tAmepparajus gaeeriing 1o Glaim8, fsthensoapsising asdipping mechanism

ac ' 0 ai [ he svringe contains a .

10 GPERRIAP 0 bl elPabnben P8 Tab ofofib' 2 FRDEAEFE Sutet in the
f eedcapsutaticrr solotion es bliow dhé eensusgendiéh 8Rlplensed thereat to come into
suspension therein. 33. An apparatus according to C aim
28contget with the apearsuiation selpBemg nechani sm attached to
the dispenser outlet for dipping the dispenser outl et
in the encapsul ation solution to allow the cel
suspensi on di spensed thereat to cone into contact with
t he encapsul ati on sol ution.
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