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MANI PULATI ON QF CHEM CAL ANDY OR BI OLOG CAL SPECI ES
USI NG MAGNETI C FI ELD MODULATORS FI ELD OF | NVENTI ON The

wones@at4ssd nvent i on rel ates to net hods and apparParase®e/046183

for mani pul ati ng chem cal and/or biol ogi cal species

and, nore specifically, to nethods and apparatuses for
mani pul ati ng chem cal and/or bi ol ogi cal species using
magnetic fields. BACKGROUND The ability to manipul ate

AN, APEONCOF (HEMICATIS ANBVOR BIOE/UGICAL SPECIES USING
brorogr cal’_speci g ¢RETIC MEDMODUAILTORS, polymers,

pr ot ei ns, DNA, a"d"t"ﬁ%“l'—ﬂn —on a‘ m croscale is
i mportant in many ap&} 58 O g,ppl ications are
in the fields of tlssue englneerlng, I ot echnol ogy,

m cr O%ﬁquyﬁn&nzemd)nrr:al@te@ wmhﬁﬁﬂl;] and @pamgllsaes farheargpulating
Dependi ng on the applicatjon, the i pul atj o

ahARpERY erchie pBieRpeties gnd: Ty RACHiGRUY. 1o aandianl gpparatuses
BB fa’ﬁﬁ% SRAhhING IR %1&%%1%?%01%1@%@@ﬁ9 fleRis.

mani pu Fati g species 1 nvo e use of
magneti c- based systens. Oten, the targeted species is

associated with a nagne (e.g., by tagging

the species with nagnetlt[ltA%@%lgg) the species can

be attiafiIRg (@ mafRRREAERIs ! 's?@nd’éﬁ(l BetchémichPledgentd) e b1010g1ca1
many cases, the species are attracted towards nmagneti

Ppeyeo e ,pzq:lltlbr meterioh pglmﬁyg;wg{p@s I8NHs and b ilikg) o hgucroscale is

ecies may for aLt eg t
1{115? gtgntr}g .aeplﬁneagpré%s gﬁh %nss %ﬂ%éflg Ifgeé?seéf t&ﬁ% emémeermg,
RO SIS illoro gy siss hﬂcﬂnﬂc&m{l/@llthesﬁpam&igéﬁothenst [deemﬂmg on the
‘Magnet | nmmobilization of Cells," hy Casagrande e

applicatipiy the regmepwlations maydnvale BOSARE(EE- PRile FREEINg), Separating,
Huhl t&géﬂog{hvé@%ggg%% i mobi | i zi ng one or nore cells

aSSOCI a rragnetl c material on a substrate on
whi chOse gpproavitte thanipmlatingepemierievolyes the et efah@grs:}lc based

Ay TR AM AL TR S g Y LY
ﬁg%ﬂgliﬂe“s fﬁh a%ﬁet‘i’d sRasesdithesRens cdhee dtgeatkd sekparated
I C gra

ent may be derived from permanent
wmagle@mfebtbe dn imany lsases,he spegics ammtra‘ée%ﬁmﬂrds magnetic regions

ro ches 03|t|

SRR B3I B3 SSERRHSIR BaRiSh5D S ARHS P g uosir
Adrese by BB hidda&id ﬁé@ioﬁ§| U)S. Patui P@oliasa@mNbczmmm@m S
that are fabricated in, or on, a substrate.

[13 g
publishes! Jenadry 30n203¢ entitled “Magnerisraehilizationof Féﬂs by Casagrande

L f RinRVe8 1a8IBlhg one
R e e
d')ﬂ’inarel’vdnbﬁsodﬁted ivfifher magnefic ahai&na‘BUh/MRE{stﬂ% JiHEhich are located one
I NVENTI ON
more magnetic receptacle(s). Alternatively, the device arrays cells associated with a
magnetic material on a substrate having a pattern of magnetic receptacles disposed
thereon. The localized magnetic field gradient may be derived from permanent magnets
embedded in the substrate.

While many approaches enable positioning of chemical and/or biological species

through the use of magnetic fields, these techniques typically require magnetic
components that are fabricated in, or on, a substrate. Advances in the field that could,

for instance, enable positioning of species in defined spatial arrangements independently

of the substrate would find application in a number of different fields.
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Met hods and appar atuses associ ated w th mani pul ati ng

chem cal and/or biol ogical species are provided. In
wone7@ebwdi ment, a net hod of form ng a patternrPof/usedob®46183

proxi mte a surface is provided. The nethod conprises

providing a surface for directing formation of a

pattern of cells, providing a nagnetic field,

positioning a magneti c field nodulator in a first

position in rela UMMAGRY:?FQH'IEW%dM ating the
( ; ol
0 Bleth i SppdREGS ot iR byl St Ao

b 1§dyglﬁmaw1§ﬂ@vﬁieﬁl uid containing a first set of
cells, and formng a first pattern of cells proxi nat

t he Bwnea%bodwméweﬁl pethed of Saming A paftern 98 C?llSrMXlHﬁ*ﬁ aewface is
I
PRI, R R Bk Ao A P ORI ol G2 p pattern
ofrels) Iabmdmgi amagminh dield @bmdomnga ;megnatixt field noddull asominrafirst
a.pattern of I r oxi, nmat face i s V|de
P BoR R RO ARG eI et e

nfagﬁé{ﬁzt 1iedd n%ulﬁﬁirﬁ?ﬁ&%n@éraﬂ? |cbl%1ecfbﬂ%f ki SUBfade, ¥BAREKHLCthe
positioning a magnet i nodul ator in a

srﬁnferostmﬁmﬂmnd@nntammga first eet of @elﬂsh encétqrma@a Grstipattern of cells

nodul at.i ic field 0 att
ofpa @ hriags IRAIE Mepositbidr ookl Btefly oL Sl plRhE e
st e ROt brnBRedOAt 1édaepafrtlal$>t by aletfktipoition ioMtHeembdirtic field

surface is determ ned at |least partially by the first

megsglatqron of the magnetic field nodul ator, positioning

th . T
e SFRIRA Bl AL gbr o PRAR, BPRUIK ARk
siifleds prokried The hEtHoldrcﬁ)tnpallseh Iﬁ*emdnrg guausfate forslirmcting formation

different, and form ng attern of a se d .
of patiegts Qs PErUSRRTIAIRGS *ficed SN HmgEnY Yo 1lq medulator in
a“cfﬁ"g tp%EltlSﬁ lid lathﬂ% &l uH*ﬁ@e REShbNARRS th«t: A ciasomddd, forming a

ern 1s determ ne | east partially by the second
ﬁmspattem of affirstlset ofwghepnomrﬁate te swoided, aitherein the pesidiohef the first
enbodi nment hod f for a pat f
oias prrdvaas G ArLee s Blosk AL o o cifsoRay of the
nidigAMididg nﬁ)dﬁléféraﬁ@bltfd?ﬁ ngﬂhé eedohaige fi618 MRIdubiforah adecond position
pattern of cel providing a magnetic field,

iprsdationde th@uﬁ&t%@ﬂ@@@lmr@ the n@amtm figld i whegeinthesfirst and second

ﬁaﬁoﬁ a?re d f?er E‘], < onl?lél E?t ﬁg&{nﬁi@%ﬁe L as g\n&f{dﬁsteg &%C‘HQ grommate

tl(&ﬁltsﬁpa’ﬂﬂeﬁgofahé ﬁfﬁ betaftells, whetdisthefpositibm9f thefsecwtd pattern is
pattern of cells proxinate the surfaﬁéq(’e wher e

h
dg@@ﬁmé At lepst pariafly Py thepieend ppsitiongRtt Wﬁ&%ﬁ‘aweﬁeﬂi ltélagvlator
part ﬁ!atlnéfhé}% (yaﬁlrﬁérﬁ Satm 34 bF {Rﬁ"m%{g 3 PRtePRENGNs prddifhbid a

rmuator causmgt e cells to forma
smﬂﬁaoees plnomaiedj Ghalmetteld cobgpriset proeidingsa surfaca fiotdierting formation

g & iPP% gﬁqlﬁg]?rgg agr g ﬁlléllgnelttﬁ:rﬁeflc? posmgmng aarﬁég%% ic %eld modulator
in a first position relative to the surface and modulating the magnetic field, contacting the
surface with a fluid containing a first set of cells, forming a first pattern of cells
proximate the surface, wherein the position of the first pattern is determined at least
partially by the first position of the magnetic field modulator, and causing tﬁe cells to
form a three-dimensional cellular structure.

In another embodiment, an apparatus for forming a pattern of cells proximate a

surface is provided. The apparatus comprises a surface for forming a pattern of cells, a
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surface is provided. The apparatus conprises a surface
for formng a pattern of cells, amagnetic field, and a
woroT@e740f i el d nodul at or positioned adj acent PO®US2006/046183
magnetic field and the surface, wherein the nagnetic
field nodulator is not integrally connected to the
surface. O her advantages and novel features of the

present invention will becone apparent fromth
mpgnetip ekl 2nd & magaeticiield masiulage nesitipaed #iacenbihe |ﬁilarﬁnﬁl<h’661d

%'TEBQ gﬂﬂ’%@t @h&gltnhtﬁ% Hiagl)fe%ﬁtﬁe?c?m%ﬁﬁt ??@ﬁdtqﬁt@&‘aﬂﬁz Ronnected to the

onjunc 'on"w acconpanyi ng figures.~In”cases
subes.e the present specificati on and a docunent

i ncorporated by refer e include conflictin d/ or
i ncoHHEICE & Wta@F%W{)‘%‘{YF&%W{Uﬁf‘é ﬁ%ené B’J&?tﬂ‘?rg‘giqr%?‘fome
;aﬂ?érﬁ frﬁﬁlnthé %llov&hfl% g&@ﬂéﬂr d&%ﬁlﬂ%ﬁﬁ@ﬁssndrpﬁlﬁﬁﬁfgre%&ﬁments of
y reference I ncl

e conflicting and/ or inconsistent
theiisehtien Meemomldeeeba@pnmcm\mtbthqaezccomn@wmm@gures In cases

\Y/ Brﬁ#b“cgn?rtese%ggl n%ﬁég er et e%_t | V%Q%%ﬁ%pe%ﬁence include

e et ngnt/on %&ﬁa@ehmmcssu@é tﬁd;ﬁemeqeeiﬁcameman@anmu IXf two
be descri bed by way of exanpl e wth reference tqQ th

OO HOG YRR mqogmr@tgd byeferenes iackide sordiipingangd/ (&r“écqii‘é]tswnt
t ended..t o dr I
aisofify sa Sreie ey, BRR e Ao il e e C iy date
sHaidoggbl. ¥ represented by a S|ngle nuner al . For
pur poses of clarity, not every conponent is labeled in
every figure, nor is every conponent of each

enbodi ment oy HRYPRIPPIONOMTIATIRAWINGS T at i on
ow t

is not necessary to a ose of ordinary skill in
t he Woh-linniting dmbediaredtstdfehd presmt mynntlornvvﬂ dﬁsgmheélsby way of

IA- | G show,a schene il strat
YR BTSSR HOfPE SpaPTBRRe e Mo f B R gt fd arenot
1r§éi{dfe@?c?b@§1‘é%% Q&h1d.OInQRE f181HRS Ea b enBéal b RedrMaettican;
GS. 2A and 2B show schematic illustrations of a

cwmgmnt dlusirasbdiisppiohlit opreaensest b aagmgl@ st He For purposes of

odi rent of the n
G Re Rl e SspPgt Bt vy SR oAyt Sfi8Phent of cach
enBb@&hRht ¥ the @8RAGHN MR, wherd unsﬁatlix;n 1a notggeessacy tiatlosy those of
nmodul at or accordi ng to anot her errb?dl ment of the

ordinesy slillrin the agf toamalpisisad she @Xﬁﬁ‘&ne phefiEwSSer i ment al
set U FI(E@HAP 1 & W I QnGEL lﬁlsﬁﬁnﬂgga eﬂﬁﬁ"b@tfélﬁnﬁ% 8hlor more

nodu or "accor |ng to anot odi nent of
phttarandf ceils pfox@nats aisarfacepvoomlgrgsp wne Erdogianené r)ﬁtheﬂnventlon

cel I s_f orned a sur e.UsSi a nma
71 el BIGSh sbrD ShouraIRgTE 5 SRt HE O DU He Eicapoquigor
a.;deﬁﬁg% 'td)ghoﬂfér@nb%anM%me%welnﬁ@n ,of induced nmagnetic
I e simul ated for different magnetic
FIGS. 3A and 3B show simulations of magnetic flux lines and magnetic field
intensity, respectively, induced by a magnetic field modulator according to another
embodiment of the invention;
FIG. 4 shows an example of an experimental setup for patterning cells using a
magnetic field modulator according to another embodiment of the invention;
FIG. 5 is a photograph of a pattern of cells formed proximate a surface using a
magnetic field modulator according to another embodiment of the invention;

FIG. 6 shows a series of induced magnetic fields simulated for different magnetic

field modulator designs according to another embodiment of the invention;
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field nodul at or designs according to anot her

enbodi nent of the invention;FIG 7 is a photograph of
wanai7her4epat t ern of cells fornmed proxi mate a sSBCTASE006/046183

usi ng magnetic field nodul ators according to anot her

enbodi nent of the invention; FIG 8 is a magnified

phot ograph of a pattern of cells fornmed proxinate a

surface using a na%?g(?fti c field nodul ator according to
anot K& & tearaphal apetber pajier olgells Farmsd pyoximayey irface

uﬁﬁggn%glﬁaf%%elgﬁloeafa{o% Q&of’c{ingiof a[ngfh%? gnﬁSJgihlew Bfhe E@[eﬁﬁ&;
on®suffaces using nagnetic fre modul at ors” accordi ng
t 0 aRpId.Ieks aandpediiiedeptiotafraphhef d paveni ofasells FirfaSd piéddmateR surface
are photographs of primary, cells deposited on surfaces

uging A sirenetitlicld madplatorageidinedo pnether srRadiaey ol thy agention;
10C- e ]
sur t Ses TSP PRt AR B (U7 fALAB ! (ke BT LR Rekeln
safirthesing magukitivefild ofodtlaters aocentingi; ankth@r ethbodisieat of the
&gpotograph showi ng the formation of thin columms of
YEPYI b oxj mat e a surface using a magnetic field
noduFatOr 0ac 68 dichot Qloh gAmaRbal ABpdsited oh B&faces without
i nventi on; F!GS.%E%iﬁ%@#%reESﬁbtographsE%ho&ﬂng t he
theatse ef aimagngic figld miqduletarel | types proximate a surface

embofl Feritarot fis phf EreR ! ity HAS bl SRRk sine
niakhéti! fledd h@ﬂuﬁfor@él@bi’tﬁﬁn%mﬁ)ﬁiek embbdihténtofiht aivehtion;

accordi ng to anot her enmpbodi pent of the_ invention;
FI GSFIG.4. is achetesierb shevingithe formaten af thimeolypng ef gells
¢ . . . . _
PRAVHRS S Mgl TR, SO TBARE i Sbosimen
ofthednkendon; of the invention; FIGS. 15A-15C show

sche {c il trati ons of another magnetic.fiel
roduF Btr et areporee asoherng soaiaanee of mifie cell pes
proRVRAE b Q0ifadd (B 8RR fibRBme BaWtoP ReoPdih @ BN Endher embodiment
tubul ar cell patterns fornmed using the magnetic field
ofrihdub@ntion;shown in FI G 15 according to another

enbod| t .of the invention.. Fl 7 1 s a phoetaqraph

o an i pes ek af nctfor o R B Qb AR
a6Rkdifig HSarthe efBdigddn€ of thelitheiBsyl at or according to

anot her enbodi nent of the invention; FIG 18 is

anot HEGS.pdy-bF sy sehematie dhmppionsiof gall paians thatieay be formed
uagé W rBé)énetic field modulator shown in FIG. 13 according to another embodiment

of the invention;

FIGS. 15A-15C show schematic illustrations of another magnetic field modulator
according to another embodiment of the invention;

FIGS. 16A and 16B show photographs of tubular cell patterns formed using the
magnetic field modulator shown in FIG. 15 according to another embodiment of the
invention;

FIG. 17 is a photograph of an example of an experimental setup for patterning
cells using a magnetic field modulator according to another embodiment of the
invention;

FIG. 18 is another photograph of an example of an experimental setup for .
patterning cells using a magnetic field modulator according to another embodiment of

the invention;
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patterning cells using a magnetic field nodul ator
accordi ng to anot her enbodi nent of the invention;FlG

waed7waoes a schematic diagramillustrati ng a reThsen06/46183

tagging cells with nmagnetic particles according to

anot her enbodi nent of the invention; and FIG 19B-19E

are phot ographs of cells tagged with nagnetic

particles according to another enbodi ment of the

i nvenFI®ni9ADE A IaEE‘h@E&S'@RhﬁgThﬁ‘xﬂﬂ'dmatmg e&mtﬂiod oftegdingeells with

rel ates to. nethods s for ul ating
e e Bt B asrorn e b grelp adrmertos B et it
nor e FReAioRL paE Ar¥ phb@gfﬁ%h@ S8 b @@R@ﬂh%&gﬁleﬁ@ f>artlcles according
manl ul ati ng chem cal "and/ or bi ol og| cal species using
I embpdimgst ofjthe gyventéathodi ment, a met hod of
mani puI ating cells involves the patter ning of cells
using a magnetic field nodul ator, which can nodul ate

the magnetic field QEPAENEDYDBESORIPEION fiel d source.
The ceIIs may . be nagnetlcally susceptible in sone

caseslng pﬁesqnﬁ Hvapféqu refaigsyio mejhadls and gpeatatig fay mandpidating

| h
SRS MRS L O LA
appduatust for miagippbsihg icheneidalpmdiar Ihi&ﬂ@glbd‘l@p&hld‘sﬁﬁ&% mb@ietic fields. In

%}e@l elél?it?oﬁa ¥%{t’? @r]%&oﬁat Loy e{ ﬁ)g(lcgli%ngy Vet an é%%feqn(% of cells using a
mb@letic fi Hl?m@@@lhtbf QPhi8 cdnBo@Akit %eﬂn nefig e : ﬁ(ﬁéﬁy @tmagnetic

| edst partially determned by the position o
iheld seurce Tlnee¢ s megUheanagneticallysuseeptibletio sethe caswes;facimstance, they

in.cer odijment s, .t.he netic, .
P PO RGP Rb breeh @i SRR SRR Al b haibiB PR Feount in
ﬁimtafcﬁﬁv&h a'Ehtﬁce ped iR mkenefic f6ldInfoduditolis Bﬁflﬁi@&l ﬁBleate the
varl ous types of surfaces and the ma netp

Wﬁerm éﬁ’@gﬁ:mlpéi@?@@law thqrgutacg by @hgmgg ch@l portions of
I |
PSR B STl T e o
nnmsallyl determiadal tythé pesifian ofthe aragnéticaielé awiddlapatih eslaic to the
s on the surface and/o n the first patterns_ of
/SGY%%?%? -4 optipin gmipdigignisethe Faagnpticteld aaqduiator is not
: I et C {
1ﬁfe[gfé?lly ct%lrl]ré & rth glgeeﬁﬁ’ﬂt:@ ?h%?péatn&gl%{]def: C%Iel% ?’clﬁlt 6361{ Prﬁlgcfi on various
typastif durfaces ahd the magnefiofiadtmetulabr mey be ppbsitionsl without altering

0 | Si multiple cell.types an singl e surface.
R P B st gzt oo the i madic Ml LAbTupor from 2
frdtto REsettsiRIG dsiod eMablbLthy f@masigh bF R géong?ﬁtteqrﬁ%? cSI dd thE surface
involves the patterning of nultiple cell types

qyfl@k orrdfceligt Baiternscad celds @r othetwise uu]@;thg tg thel ﬁre’ratattern of cells,
\{llpattl?e[] QSﬁHaQﬁrgethAﬁ g?{t rrci%% E%l[aégtﬂe%\ﬁﬁj%veﬁgti‘lh?er gné%her ent1ty) This

stru
m&atBGdJ%)) alloAt the Geigintiohef pell pateynsdRadiishigimiltipR! @Wtypes on a

ol ves patterning of cells proximte
smgesur ace.

The methods and apparatuses of the present invention can be used in a variety of
settings. One such setting involves the patterning of multiple cell types proximate a
surface, e.g., for studying cell-cell interactions. Another setting involves the formation
of three-dimensional cellular structures (e.g., tissues).

Although the primary description below involves patterning of cells proximate

surfaces, it is to be understood that the invention can be used to manipulate other
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surfaces, it is to be understood that the invention

can be used to mani pul ate ot herchem cal and/ or
woial7ogiwal speci es by way of positioning, sepRCatSH®6/046183

and/or transporting the species in other settings.

FIG 1 illustrates a nmethod of formng a pattern of
cells according to certain enbodi nents of the present
invention. In the enbodinment illustrated in FIG 1A,

cheppesl and/or bdlagiedl sersiesragrest dfpositioningnsspatatingrangfr transporting
i ncl udi.n rotrusions 20, 22, and 24, positioned
thﬁﬁB?(‘fl?Fang)ﬂ%ﬁé%%Pésc field source 30. Magnetic field
sour pE3. 30i1Eyatéen mbthod bf &ginitid@patesiih bScdlsrBetdingto certain
field, such as a permanent magnet. Magnetic fjeld
b fat I

ermberimgnisrof i pas nhiyemtiane [n Hes qralpsdnr Hpiapdemf Gett,
i . )
ot i BUACas B o TR i aciol 95 AOKERE phb@lbichs 20, 22, and 24,
posigoredipgofimatedadgnetio fiskspuca $6s Mapndiit felidenuet 38 may be any
magnetic field can _be controlled by the shape and
ORBRAIHFTHS 3 SIS F e S GPerHRATRbIR e o MaggEte field
nﬁiﬁ&ﬂﬁ‘qg ah Hno'aﬁfa?el He hdlchetReh QWembitidt fisin R, g@@gmﬁlﬂlfsource 30 to

ustrated, highly localized magnetic fields | be
podnechigblyilocaigpd megmaicdicdd ggdienist(i.ov medpletsdmagneiisficlds). In

20-24. Tho of ardi nar LIl in_the.ar i1l readj .
sciae Gt g ast > Tuirere e hEpodRyRbulhe SnebEB Sphcing of
PR s f 1R, mB&diaet, 28 AREMse@fn Bo déeaiMaldwet Yn BF arrangement

magnetic field patterns useful in connection with the

illusiratad.i oghly leegHead magnesp delds il ke gireatsd dneppaexgists alignment

f.i el . i.nat : I
b SR B T DAL R P TR UL s
anfietomkiict Uiférentaddul atogHyiséselislonert af b widé harsaty dfumegnetic
35. I n other enbodi nents owever, magnetic field

figldcpttaing psaf! ingpnpcetion vt Be INVERYAY cal contact with
surf aeen3% AQA 6@61&?& BeRanAL £ HOr Sicta0 gn%%&ﬂ?%ﬂe

or nore additi materials,” as described bel ow.
psairaate asgace I5hdn plosénbaiimedt shben immKstliAs nidgaktc field modulator
Ln.relatiop to.t

dul at o rface, ;i..e. . in the X .
1§ Bl B e PR g g B Gfersmagnecc
fiPRth8Watef 15 Blak De B 8XEABhRidd) QombidtivAaLsurfboe 3 Mg ealeparated

(x) position of magnetic field nodulator 15 in

fioml srfasn 3§ by sue pamerezBldiippalyaaigapls rsdlesqriiedibglova fasome cases,
b siti.gns A a i N.:-E I d.
e BB AR 50 AP RAB! Pyt Bbh e SRR pépin thexy, or:

dﬂ&lﬂfb‘hk}cﬁd iﬁkl)ﬂl’llehﬁ@ﬂﬁffpﬁmtlrt{oﬁ@éa@ﬁtterh@é’?df@rbﬂi&ia&ﬁﬁﬁ&urfﬁdw The
cells may be magnetical |y susceptible, e.g., they y
heyézanig} feiaition q%ﬁgﬂge@%ﬁiié mqdglager 1548 reladen ﬁ%*élafg?#? may be

- 2] o i y localized nmagnetic field
d%{egl Fo%ﬁsﬂnc@,ﬁ&dfgfé\ﬁgltgég tﬁgé&rﬁ

gradrents pro e protrusions of magnetic
fi el dhsrshowh at BIGR.9 Beaand 13 diliad 4@ borsaiamgtaoplatalignofiretin45 may be

t he. netic. field gradient. For instance, .as .
dpRosiiEq %EOé’oofiSHffg?eéSQ 18 sopg ristanges. Jiq Ggils fidype magnetically
SECOLEBIS ePNSthéPmag de tzagrgéd fth tRadhetic PREERs ARG fore detail
field gradients are the highest.. us, patterns of
beleim. sSThedvighde ldcglimslgnagnetic field gradients produced by the protrusions of
magnetic field modulator 15 can cause cells 45 to align with the magnetic field gradient.
For instance, as illustrated in FIG. 1C, cells 45 align with protrusions 20, 22, and 24, e.g.,
where the magnetic field gradients are the highest. Thus, patterns of cells can be formed
actively on surface 35 by magnetic attraction. The position of the pattern of cells on

surface 35 may be at least partially determined by the position of magnetic field
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actively on surface 35 by magnetic attraction. The

position of the pattern of cells on surface 35 may be
wanold/@asteo parti al |y determ ned by the positi onPof/US2006/046183

magnetic fieldnodulator 15 in relation to surface 35.

For instance, the placenent of magnetic field

nodul at or between positions A and B can cause, in sone

i nstances, the formation of a pattern of cells between

nf¥A8latdrdB3Sn fel@ih 18.sukbRded 3. IFFRishaEs, thé plabeémen \of itagaetic field

can allow the patterning of nulti pI e cell types on or

quuh@réletvmnmswogs fAgnd %swca@%e; irFypime ingtenges gthe fymation of a

second set of cells
p%%efl e%ggybe%qngggﬁgg%%%bg%depo& ted on surface 35.
Cel | Seft@mﬂﬂ@th@ds&ﬁ't]bﬂnﬂ'&gmtdaﬁ allby tsausatepting b’émaftlple'rw}l types
align wwth the, hjg uﬁgm tic field radleggS (gﬁg
owrmr@%a}tlegr«bmmg@ 908 rzlzﬁt%reﬁc‘f PAP &3 &
s&@id s@crdpcéllﬁs GaRRE b %Eltlsefo"ca‘?lfbe%bbﬁted%' seffadess. éélfs 50 may also
Instance Ign on"top of first pattern of cells

bt aragretidajly sesckstikls andAmay Iallglswnhttmjluglm malgeetmﬁﬁddl igraskiangs

h FI G f.i el.d |
PR B PAPEAReRd oa 0 220 PROES. | SARFRPAgBb Uy second
philrf of kél%“@hwﬁ%é?%qflétﬁncfd gl sy bﬁﬂﬁfﬁrﬁt%alﬁ@m of cells formed

rep03|t| ohed withHout altering the surface. For
bymsisdce, as shown in FIG |F, after the patterning of

RS PGB ES G, b ot 15

id ﬁdté}ﬁtbgﬂll& Qomsiiéicled e saface BSQ Advmdgéoaklgv[ thi#:':alhm;s the magnetlc field
noved from positions A and Btci_ﬁ 33“ C and D

neestilader tojbe repogiioned i whakedng e (pé 1%08,&3%9% in FIG.
15 éilte% 31%1%5&{:%&&12% B¥ Lreitde g rHBF HIRIREin&d &Y&lﬁ%tdnoé%ﬂa&e 35,

rface "t he magneti c [ d nodul at or
metulder repagbe reqbbadonéd 1deellat1mdto sli)@cm”pi | Eg m@bﬂ%@tdﬁ may be

: e\}eg\%qmi g!)s:q@}r}%%e\ L I%fﬂﬁ&? péSI 5%9,( ?g’r%%#aiglgqt g€ %od1ments
tﬂé)ﬂrfacg Rard ?e @Jbv‘l:ﬂegﬁﬂe @ﬁrrﬁdg'i‘i'eﬂld’ fislatneddl A6ickt stdﬁ@nﬁl?y\br both

tiron tor 15, 'e.g., positions and, D,
théwmmface anthhe.rnagaem ﬁeldgmmaowmtb@rrep@ftw@é@ idesige. blaeposmng a

t {
L
?a&e&mgﬂmﬁb@,po@ﬁi@ﬁ% allbast pardslly detedmiodd h}agnetewposmon
|e nodul ator 15 is not integrally nn ﬁlg
cumddatsiods, e gapostings SPGB | AS SN QT hadheessagpalierm of
c%ﬁ? gi% 196{ I?IOSS{ urta %gtvs%gn h%sﬁ gt'}?a‘r& §ielld) tﬁ@éﬁfgﬁ%ﬁié alternating

escrl p I on ei'n conderni
JoRfrAmt de)@llQiS piad § R rhscefthinc@todimens |em$l]a omas fnawhich magnetic

usi ng anetl c fi elag1 nodul at or O%S of ord {% b
fagld moduhitqr & 1ot intgarallycappected e S y P EnapEse
BImTPYLLLS % LEAGEITENSS, O REFRAIANbSre Rl bél)@sﬁed

upon genera ge of 'the art and avail abl e
r ef erlenhedesetptioreicseio cooerming thegounasioamfipatters gheallsproximate a

w %eaﬁqt%rlégo g gjggﬁ%/)%t t?e&% glrotdlaﬂa?or MRLS (')faor%hallﬁkﬁpﬂ;qw At lcBselect

surfaces, types and shapes of materials, arrangement of components, etc. based upon

general knowledge of the art and available reference materials concerning preferential
magnetic attraction between certain materials, in combination with the description

herein.
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herei n. Exanpl e 1: Magnetic Field Mdul ator FIGS. 2A
and 2B show exenplary illustrations of a magnetic

woied7dhémwalul at or accordi ng to one enbodi nent. REGUSLI06/046183

field nodulator 15-1 can include a base portion 16 and
protrusions 26 and 28. As discussed in nore detai

bel ow, the shape of protrusions 26 and 28 can

i nfluence the nodul ation of a magnetic field gradient.

For | Pgdndil€ @ MdpnS@dFictERRaulatirdt hs 26A and 28A of
protrusions 26 and 28, respectively, define the

r esol G RAmd2Reshosuexgrmplary ilustrpienseyta resgnetip fisld modulator
{aﬁéﬁﬁggst%ro% !eHﬁ)togifn?e z.;%?ﬁeqic 4e'i‘% R%Qﬁ{atoggﬁﬁscanﬂﬁ&ﬁ&eg{i base portion

olution o €5 0 tern can
Tearidyrburesioeddandt28e Aodisdussed inindré detai Geletr, thef shepaof
nmodul.ator in relation to_the surface, as dhsgussed,

EIBYPNS 40 B Srandpituangs thermesilation ol afeaanets sield; spdjent. For
AR ol QU ERA G0 96 b pRulkhios W28 EPectively,
dedise 2x0resohutivmief the faaheed inp faBérh alivdll2 6Bined provimae satface. In
t he base, (26A- 3 i n.hej ght .(26A- = h0) nd

ShG B nbFserahe S lin bt et orb 2R oaler g hisp B2 uftuenced by
the @hsifton ofFhe HRAENSE> fiARRMSIRIHGIR rdRRRER, thEbFRRE] R Wscussed
configurations, and materials used to form rr%argnetl C

Yelew d Imeehupastionlsr esshodiraeny, maghetia fickkmddulatord frd gvdsyfabricated

OB R 24 R b bl o A, B Pl 1 Btorwas 200
thagiee aPhe Kb TRs £ afd D)) ¢ting Willehtkhpbast2ed-Dy3 sun in height (26A-

magnetic field source %’i% g., a pernanent mgnet), t he
ﬁgﬂabﬁn@:sﬁap@@ 80Gvea Apaxt dont B adinaens (reftusianH@o fehn & course,

. . : . N v of .
Bl 5o GBS Sn LSRR o antc
foelt moaiutangs eqn zat iand nidy bldsteamined Hy tieosefof bitBnarpgkiditin che art
npnent .per unit volunme of material. It can al so be

WS ONH A S RYIRStaANt mass, or by the specific -
MagnefigAbininkfi0eld nldRIARGE Blaked ?ﬂoﬁitﬂa‘c@ﬁ ndiReOHEIE §roduced
material Is called the applied field (H), and is the

byos alaghétel fikld barcan@ig. ch rempnent ermgnet), themagnesicdisid medulator can

BB et SR i S PR B bk,

RHASSN 6L 4tk ® ARtlgn@iceel @ ivithhemam@tedtion ¥ af & avaishat fthe
Consi dering both lines of force fromthe applied field

magnetin enaragyi et vt YA Rme P tterigh gl et @lse pe prepressad ingpes pnit mass,
15, TRHEIA BB P ALl Hio FES0ut8 AR cale
firegpeitddctidld g7y andisehs idtildield thesweultlibegirasentdf tHesfipbe riete applied

source 30_when magnetic, field dul ator 15-1 i s )
t9dsyacrene dhp minensHs BInigRdE) 1 g Aoyt niagyRids figld lines through

thé ldfo%%—sgtqwﬂfé’lﬁar%% if t?? frfag?af&l f?elgﬁioﬁﬂfaﬁfi‘. @htii&dhd Yoth lines of force

upwar ds, ux-T'rtnes 31 extendi ng outwards
fromrthe fyeplicd fitckt andfthé tmagnetization of the magnetic field modulator, the

magnetic induction is B = u,(H+M).

FIGS. 3A and 3B show simulations of the magnetic flux lines and magnetic field
intensities, respectively, of magnetic source 30 when magnetic field modulator 15-1 is
positioned proximate magnetic source 30. Magnetic source 30 has its north pole oriented
vertically upwards, with its flux lines 31 extending outwards from the center of the
magnet. The magnetostatic simulations can be performed using ANSOFT Maxwell®2D

software. The software created the required finite element mesh automatically for
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magnet. The magnetostatic sinul ati ons can be perforned

usi ng ANSOFT Maxwel | (r) 2D software. The software
woneeoeticb he required finite el enent nmesh aut orariusa00bp46183

forcal culating the desired magnetic field solution for

anal ysi s and mani pul ation. Magnetic field nodul ator

15-1 was a three-di nensi onal object, but the software

anal yzed a twodi nensi onal cross-section of the node

oalédlahhg theQtRIIREBin@ Snedic Tl dI§dI @b fF afdipdis AdOBaSHGTatieD Magnetlc
using finite elenent analysis. After the first run,

fiefbmpdplatos 1 Srfeyss meer@men@anatl obieak bukihe spfiwaig cmalyzed e two-

O Rh P TB SIRA F6cs
segtion usii@Cﬁrtlte dighéemenilpsis aA&astha fipstran, ttheinfitiad htbsh was reﬁned to
e S R o i
?%'t&tal‘ 6181' 1@06%9411 %&fgleé %le ¥&a tb Mfidene 8dadMound the field
protrusions 20, 22, 24, "and 26, which were in the
mdrchl;haiooéndsm/baclegbhnd The fiel d lines that were close to

Chat Abtgvar Rl 50 BF sies sERdu BREE S Hnf Py wiold
MEAKEE ﬁeﬁgﬁ&ldlﬁof 05-¢ evasTllimleaéat Eydﬁbﬁﬁﬁoﬁd BRDed4)iagh 26, which

magnetic field gradients (i. netlcflelds whi ch
e ingtheishapstafsatteethn The ﬁelﬁitlmeﬁﬂ@t WéW dosede epdrytheragpresented

ats{l]rr%gtﬁl e*g(r)lg id %g(i:eo 'il?lélst t'ﬂ%t !c}g pr le\g\cﬁ O&ﬁgﬁ%ﬁ% &lgg%ar?thvgly weaker

HRG8RE Fecd. d151‘o&ﬁ51oﬁm¢r6&ted/\mghandgﬁal$mﬁﬁd @iadi¢rts (i.e., magnetic
rra netic fiel i nduced at the tip_ of t

rusi ons,
which ghangg in sigmeiihia & %ﬂa&&l&?n Hrestip eehﬁw tip of the
ﬁfgth%%rtés e %%geﬁlpﬁelagzreﬁéth URY Qﬁﬁdlq@ce(ﬁ F@éf%vﬁﬁﬁ‘ﬁ@t 9B, and the
he nagretic I n on was si mul at ed
1Raghd 87 1n'ELuctst whle}swasea)mezmlm eﬂhbynagneta:rﬁx@d irgluaeikati the tip of the

FIG 3B. A
%@ﬁ?redvv%?s?@réec{ vﬁ %C@Cﬁ%{@%@% E%WBE PARd26) of

eﬁé?eﬂfmeaﬁatﬁp gsth aghe rmagﬁé(ﬁ’d"iﬁhﬁct%n V@é%ﬁhﬁ%ﬁt@ |be 0. 4337 T,
Pat t er ni ;11% sfh@ds FI G shows an exanp
e

\almclemepnemuhlby sd e o e indtIGe |8B; rglayer ff gldaqgmgermaﬁ@n (0.3224
’{")gwé)anqeadﬂl}egqjo%ﬁtwg |ng}eﬁ§16)ﬁ121¥1]%g§ kp%gtfu A?SQ'ns (#21 %[ﬁ Z'bﬁ@l Tdeulator.

can bexpasé bi BaRdinasiAcefib forRateAoadeelld o form a
| arger nodulator for patterning cells. A surface, ﬁuch

as t HAG. 4rshpws an expraple ghan gppepmeniak setup fqgé)att%rnggbC@ s according

trgrg gu}e{nt%gg %éf)}o_gf(ﬂégﬁlfnﬁenﬁgn.gAs 11{1@}15%' rﬁ&ﬂs ﬁ@g@ %ﬁl@i fe n%g‘i’letw field

ators sIn a petr & attract ed
Ihydulagfneltsi t c@b&poﬂ[ﬁrﬁdtaﬂﬁcdﬂbbh@mcﬂ]ﬁernefmm ajlasger&@)dulator for

S 0 B il
%g{&%%%g gfﬁl%tg é@g d Ht ?6&%5 ﬂeti’(‘?ﬁel@ ﬁﬁﬁufa@br@ a5t @EHS in a petri dish

epithelial cel
qan e iattedceedebysmagdrmtie forde muee& bottom of petri dish 60 under sterile

conditions.

Example 3: Patterning Cells Proximate a Surface

In one particular embodiment, magnetic field modulator 15-1 was used to pattern
Madin-Darby canine kidney (MDCK) epithelial cells proximate a surface. A NdFeB
permanent magnet with an internal magnetization of ~ 1 T was used as the magnetic field
source. The MDCK epithelial cells, which were tagged with streptavidin-conjugated

superparamagnetic beads (Dynal Biotech) of 1 pm-diameter, were patterned proximate a
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per manent magnet with an internal magnetization of ~ 1
T was used as the magnetic field source. The MDCK

wenpbdrhvetdéal cells, which were tagged with PCT/US2006/046183

strept avi di n-conj ugat ed super paramagneti ¢ beads (Dynal
Bi otech) of 1 mmdi aneter, were patterned proximte
asurface (e.g., the surface of a sterilized petri dish
or a glass slide). The surface and cells were
saffatd (e abe Ririk AL @tehh@edm{l dish@r highdsel siide) uTat eirfa8a@nd cells
magnetic field source, as showin FIG 4
WRTE BPsitipedupreximal the mqgﬁetsc - forld enadplater s an%@e%ﬁelﬂ\sewce €.g.
rot [
ages@wglb?g? 4, Wﬁi aﬁl}l%fso 'ﬁfe]g of célis oﬂh g mSo %‘% r%l]qf%
[ﬁéﬁl@lorﬁ of wgaemxf ﬁeld mdnhllatmgl St-heFItﬂe I5I ﬁow&'la@atteme]f cplds in the form
el ms ( ) .was nea
R sofips gics Bpuig et b 1%ftﬁ%1ﬁ"3g Thh i paset ﬁﬂf cqlppaag(columns
‘fr}ze!ﬁldgﬁgl ORfedsited RawBhPhd ét’v%'r Swidth G %ﬁl%&llﬁ&te RN Shi these cells
e g'u [ator 15-1,  respec |ver e two outer cell
atighedrwith powtusions 22 andAd of ipgueticdichbmodnlatdr H4vl, mgspmuvely The

el Ohhae ool BBrD P S0 S BB A i picfagg widun of

@Mﬁﬁ@fy 259 dn; thefRens hvaled wilB6@uasReEI0 ARITGdf magnetic field
ndi ngs substanti ated the sinulation results,

rdedrdeter | ud i lespechvely+ Mhesgicperanenal fodingssubgpntiatesdhe simulation
% e% ,pge onsggtn% otﬂgt;tﬁ% Hﬁﬁieng%nts p?@%%ﬁgﬁggﬁl rrg%m%?%? '.c ﬁolféﬁ by the

ruso e nmagne

dhapd areldimensiSnsufehd b[@tﬂllkldﬂ&@ﬁhé @b tktivoitd ntodatatarn in particular,
the two outer protrusions é\%ee hi gher than those .0
@

S{llﬁ‘@ theidpoad iénld pancspizations &yvp gu%p@t@@pp@@iegdhlgher than those

A0l EBIR Tl SO ke By
\&idet/mlmhhseatcthe mgpar mglommgm]emmns 70 mid/&@yodul at or 15-1

duced - field
N N o T
rﬁmghom&;%héo& qiemoééfthcsfbtﬁ? bﬂﬁltt.l‘s@hé Yeshitidoetheh-utifdih Sell

as shown iIn . In order to generate uni form cel |

Eéetnsy aig., call golumnebf substniielly dffersniogidalm pashoynsindilGas. In order

b S TREP bt e B O S 5 8 s, e

BRaetb ficRehv@amop Al bekidsipnsd toheeptarubions OF diffepddtidivgensions
Modul ati on of a Magnetic Field The shape and

aydfrispenieg basyeot PratEgghet i c fiel d nodul ator can
0l RS TR AN, ModfialBIBEE MashétR Meld O

denonstrate the € Of  dI menst ons of a hagnetic
fi el dTmeoghapeaimt ccmlﬁgtli_mﬁoﬂbﬁmhmgﬂetldﬁaéﬂ dmdplatetwar dofhyence

; hg@gc?c%gtlj gttn%égpegc %g[dd elics f % gt%:gl!éescetfgqi.?g lap ﬁe}%giogg of D magnetic
1?&5 dﬁﬁ&org)'nrﬂ'i@ ﬁioﬁﬂl%tedqﬂﬁ‘dst f6dureduy ﬁieel‘ﬁo&'ﬁ%?ta! $eries of magnetic

S pro uced at the center of each protru3| on were
Séldulcalubor c‘bﬁ 245R, Modudmt Br5 pRraglesigned nadrifferent digiegsions,

B Bt s i oo i i B RS b
$hatatddSioPBiehGhodulator (FIG. 6). Magnetic field modulators 15-2, 15-3, 15-4, and

15-5 were designed to have a total width (w) of 1.8 mm, including five protrusions of

vertical sidewalls 200 pm-wide, spaced 200 um apart from adjacent protrusions.
Magnetic field modulator 15-2 had an overall height (%) of 3 mm and a protrusion height
(hg) of 0.4 mm. Induced fields of 0.38 T and 0.44 T were estimated for the three inner

teeth and the two outer teeth, respectively, of modulator 15-2. By reducing % to 2 mm
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vertical sidewalls 200 mmw de, spaced 200 mm apart

from adj acent protrusions. Magnetic field nodul ator
wa3e@/0aado an overall height (h) of 3 mmand a PCT/US2006/046183

protrusion height (ho) of 0.4 nmm Induced fields of

0.38 T and 0.44 T were estimated for the three inner

teeth and the two outer teeth, respectively, of

nodul at or 15-2. By reducing h to 2 nmand nai ntaining z

ankd rfaidtaining hy dtet modisl thé aroddlator desifw formagpnetic ﬁelfdlr@édiﬂator 15-3,

nodul at.or 15-3, verall increase in the fie
P RCRAT i BT S ab G <SgRBER 't praggetic fcld

ABghBE 98- 2151‘h€13 Y fongth sy %5@9&‘:&‘ %nc?tl Eel gﬁ}/ane‘gi by

magnetic field can be varie varyrng t
‘anengrthyriwight of thel miagmtju ﬁaldonodu‘l'dta STheamgngthcoif theaodulated

rmdu can also b nt.roll e

il B RE0R e GonlrEIS, B e i R drighcerdohe Padator
Mﬁl@@rﬂﬁ@ ad/othy thb @isttingé 8NGE ndfdulRE: FHRH WeAhAEndit ‘Héld source.
t he Enetl c field source. In general, nagnetic fiel

Igtgﬁmfg magaeticiielé sirengtindeanensesawith incerasing darioe dram ﬂw@ magnetic
ﬁ% fleld source. In the illustration described
ove, manl pul ating h did not produce a uniform

i ndudadhd ilkktgatfodrdesdribelliabve) rahiputitiog s de heSsroduce a uniform
n&l?ul tmlS 3. To increase the field strength of the
ipdyced tielthior alh fiye prasyusiens perossioduwlater 138. tlioanergasedhe Beld

PRSP recinih BUARLFS B 1Rl PO G0 be BRAARHE"
SMgg'eltwd p!rmsmn leeigh de$1gnu samopesadapted) Whereby kearidneatesignated the
it SR PV ET RS 305 ey P it abeRR . For

1ﬁétﬁ¥c‘éai%fe§§1h¥ Ry 6.9 bith il Qte%ﬁﬁé’ﬁﬁat'l)hﬁmﬁf REkS 'IIRR@S sdtﬁtantlally
d nodul ator 15 except for the md

netic ,
’rgrm disibaerossitis pI@}ﬂlSlms mnnat%lats@ ﬁclldenwh@atem 14 mbpi for the

sI £gn f.or bl usi o net i

i b G rOoal fiufigRiahy §efile RR92R 5 kil miqqe
protPusion)Maghblisticle mcsmldtcﬁd stpwa@@és@gﬂ@aso havet/ye= 0.aGuEQEd 7, =
fields for all five protrusions to a substantially

Os7 prnp-af his dogien lege ingreagefeindbe menendtiicdyionald five @mjmsx@@s toa

ok Bl S 1O 508 NarRELRS TRl Shullh Ath adehfigon of

tﬂe S&raanﬂﬂﬁlafbrﬁleight he b girovidedn 0% dnerpase éal thiednduced fields to
net | el d dulator 15-2. . This exanpl e shows that .

O ook §t0r1§r?fﬁ0ﬁ the O%aavsatc@ap%rﬁ@wgnqﬂcgf A @aﬁuls@r 153, This

e%‘c&ﬁ Qb &d 1Ry tHerb?reﬁg?ch%? hﬁ?ocﬁla’f@ﬂﬁbél{éﬁc P }cf Ha H@%Hﬁ&ﬂ&i by the

d nodul ator. Exanple 5: Aligninhg Cells Proximat
r@aﬁf’a«hmemjgn@of the iaghdlimfbdd hadolatd5- 5 was used to
] 3 er manent magnet and

ol at ed magneti c

fiel (Mag‘h%tl@ &ﬁ@mnbaulé&bﬁ 5 3 ,way@% @thcﬁaléi’t@ FIR AAdHEE 'ﬁ%ﬂ:‘l ofa

into five colums of substantlall% uni form wi dt h of
s

pappRnswt magegtynd woaligm aglls aepordingittnis modilatedmggnadicdield. As
B in FI¥E * RIDEK! ANERLH: patterned into five columns of substantially uniform

width of approximately 175 um using magnetic field modulator 15-5. The cells in each
of the columns aligned over the protrusions of magnetic field modulator 15-5. The width
of the columns of cells were controlled at least in part by the shape and dimensions (e.g.,
height and width) of the protrusions. FIG. 8 shows a close-up photograph of cells
patterned in a column. As shown in FIG. 8, cells can be packed closely and can attach to

the surface within four hours of exposure to a magnetic field.
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of the columms aligned over the protrusions of

magnetic field nodul ator 15-5. The width of the
woaburrmasieof cells were controlled at | east in partwskpe/046183

the shape and di nensions (e.g., height and w dth) of

the protrusions. FIG 8 shows a cl ose-up photograph of

cells patterned in a colum. As shown in FIG 8, cells

can be packed closely and can attach to the surface

Wi t hipkab QW 6: hPétHe?mﬁv of IRBSGHECdOTFhegBINEL i C

fiel d Exanple 6: Patterning of Different Cell Types

FI GS. FIGS - Ahelww that crabdsbients of thedfivantien icar batsedrio palitern

seyert iR SRR 16 A fhoyi s i Huiof Bt pebb Bttt bpfRans: FIG.

BB LR WAt fgﬂfﬂihlﬁk@lleellﬁﬂE@ 9C@Bd>\|v§patl'_ehﬁlg 9EfiBRdSts; and FIG.
atterning of fibroblasts; and FIG 9D shows

shosysratermiie efspithelial s¢llse £ coursex otheri iyres of selepan ajsacas
pgﬁr;‘g j!s can also be patterned. Exanple 7: Patterning
rimary Cells Proximate a Surface Culturing of
pri rrﬂ?mn@eaé’Vstemmg oﬁBnmama@disPrmimmte:hShifmi ng than

t hat ot her. cells I i nes . 0., secon
i mmrcslgwlﬁé@ f pamag) cellgjissin %m%%ws n%q%%lf f?ﬁ%l&gmtgat&f other
c%f‘@hh&v(t@ gt Is0%n8 Cagﬁ 1%%%3%1%&81?%116)‘9 TGP ) SRIws B8! dnsbodiments of

proxi mat € 'a sur . I's patterned
the invemtitinecaa be ms¢hepattam m'anarm nclﬂmrbshinaetm surfdrgt Gaowth of cells

nol ayer . of, cel or .mul ti ers of cell ar .
PR E PR cu Rircro P pattol BAEES e p Riha e Gally, o multi-
1Bk 181 361188 Fore@ prd¥Binalc Ui B0 FIGSiﬂ@ApdﬂanB/sHo@tpnmary
hepat ocytes, respectively, cultured on a surface

hmrtanmn‘vmmbtuw@ cstls prchprémity raf kepatoppigu repsptévely, cultured ona
S0 e AT BB HIO BRIl e ot iton

rhagnet@rickdrhedlilaeiiticad to ramipidy distribusddoeligaittbmik oin se be

used. to form dense patterns of _cell denonstrat e
ePHpoRineEsts, araseho Bl medutztor cPEeAiE RBTBIRSNARE 906115 as

dn%%&ra&é&fﬁ RS, 1oeuhe 168! | F:IG%n fo® alammﬁ shédv rlmary human

epat ocyt es, respectively, cultur Foxi mate a
peertifrat tibuki aells andvpugmetyi ret Hepelodytes) dedpactmely, Eulured QR ximate a

BT s ARG Tl ot eBoE IR YEOT o g Ay Bfpeipeses labeled

WaleBeat 3kl A8 uRFRIETE. FGhERREHRMS Eshotddramb fisddnge, aligned
magneti Cc fiel'd nodul ator. Normal cell shapes were

mﬁsmmflélldpwm}hes foerved u%ng s magneticciald mg)dtl}@mr ngb@lh shapes
t
S8 B POE  RERF ol PR e S

ﬁ@n%ﬁéml&aqiauéﬁmgﬁdﬁeﬂ@ccuﬂst ances, dinensions of the

features (e.g., colums) of a cell attern can be

cont ri&4 81 Coptelling Dimensionsof Gell Fadle £S cel | s

depo [ t

o nbogh ne%te @ﬁs‘i’ﬁﬁh ﬁg%hsg#{s yf‘g‘% fedt ﬁ{es (@ % @xﬂﬁﬁmrj & aocréﬁ pattern can

tercdatrolddd &k Oastinl ﬂast/ bylthedensity of cells dep051ted prox1mate a surface For
instance, in one embodiment, a high density of cells (e.g., on the order of 10° cells/mL or
greater) can produce columns of packed cells approximately 200 pm wide. In another
embodiment, a low density of cells (e.g., on the order of 500 to 1000 cells/mL) can
produce columns of cells on the order of a few cells wide (e.g., approximately 8-20 pm
wide), as shown in FIG. 11. In some cases, single columns or other patterns of cells can
be patterned proximate a surface, and the dimensions of the patterns may be less than 10

pm.
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greater) can produce colums of packed cells
approxi mately 200 mm wi de. | n another enbodi nent, a

woamwensoty of cells (e.g., on the order of 580THIS2006/046183

1000 cells/m) can produce columms of cells on the

order of a fewcells wde (e.g., approximately 8-20 mm

wi de), as shown in FIG 11. In sone cases, single

colums or other patterns of cells can be patterned

pr OXi 1Rl Rsidns B éeﬂ%ﬂeﬁi’l@aﬁﬁ% ch ABHBE BHrdfed )8he position of the
patterns may be |ess than 10 nm D nensi ons of ce

Ipmeﬁia fickdenedulater inanlatips to the serdaner &bt itapge, tihgome cases, a
PP PByhod FORAA Bl RO BB TR DrtgL A b e

foRgatRinl of strbed chapRei¢! fld PRsitied REA thesuphicsl This caR Alléw the
with the surface can allow the formation of strong

feeraattan of relpéyely W@e@f@ﬁemS@i caldeproxieatesy pyrface. Etghiia angn

l} innérptethg Wi f g%oﬁ{mﬂ C%EE Ys%ﬁst&ﬁtgﬁg%%n‘{)ﬁgg %hea{vldth ofa

s proxinmate a surface. E g., 1n oné enbod nent,

Iirhteusmdbfa mbgeetic dleithimodiilaioe blased @ phyrkishlacohtaat with the surface. In
sjmlar to the prat.rusjon of a ma
CfdleéwaS%m@&%wv}dtﬂ?%@@guW BRYEPRES) P el e \ﬁh%il}?'f’et pig not in
;ﬁlzﬁlfcﬁ%%ntakpwﬁfl tﬂfersuﬁ%&e% g SulRaReh bhp fs Bl MAWEE @E modulator

sitioned proxi mate the surface, but not In physical
andmhfamrfam)t aylveussuvdakicemagnetic fiekliotensitias near gagsuiface. This may

f or ned b tween t surface
ERR e BkER R Bohely SeorRRn brf rae R rom the
Baledl6 ﬁeldeJamsceﬂM sBE é&hb&hﬁféﬁtst J]ﬁlamaeﬂdl@mbuallad)r positioned
n ensity decreases with increasi g di stance fromthe

amgrfectm @hef suefee epmpllon the forsstien e ivebrastovapaggifeticells
pr mat #a 3L of: Lp 91§fa1t1 oﬁl%%?ﬁ@é{f af dopihd Gf“ceﬁé rn{lazpt?e s%%,?tantially
P ormabi on relatirvel’y narrow patterns o

rﬁl@ﬂolv@r ﬂfaﬁxhdmtcﬁh af @plrofuaslen oFthe magiean field hédnlabrt h of

a colum of ceIIs may be subs .ntlaII narro :r t han
t he g XA YHD 1 ! 'u:f.li .L'. ”-, Ma.z.’a.‘ us f

nmodul g ésﬁ Fr%agﬁ&tﬁceﬁeﬁﬂ ﬁg)dﬁfatd}/y L:&ﬂ w 1%6@% ¥orm patterns of

Types SrOX|nate a I'n " some enbodi ment

megrikdn eneftysd of auﬂq:nbmnmtesa smfacéa eCubwing of Iﬁdtlpiemﬂttmaas

of n%[ethan e of cel roxwratez 4 tv of
ROET i ool sprii ransgimany oSl SR s Wide variety o

eﬁﬁ%ﬁ&aﬁ%h efloSRshh@! s&hraﬁréﬁ SoffdefX LaRERDbR stuldyf Sfaflelecular
has a w de variety of applications. For instance, such

1ater@ngmfeerﬁwserodlffcmnt @pcsaﬂf ehabhdthetfomyation oftisetes camprising
IP‘EI&WL i}ﬁ%ge% Ilrglg lggueg 8&%6 ! ee (r)]rt 8m¥ﬁ)1$ ?xhlﬁné %gcfé% %c?ﬁgcra IA?Chltec‘cure

RIfiR6LbY HieSPesal @lasiti f[ﬂf@‘ﬁé&rﬁcﬁﬁel%hmeﬂl thpes, ﬁatﬁmmg tells in
m cro-architecture defined the spatial relatiaonshi

qeatraded snatiplasrangements pany %lb@é%e sy of therfynetignpk sigificance of such
AR S ot SSRGS bl LR n e

dimpnsiomd tcamfmatldnh,ecapaéatdeﬁb mhen@rmﬁtmnbﬁbmdreﬁmel d)rgaw es,

especj al |y n I hreed menS| copfiguratjons,
| eadC]J(l(SmFﬁ PEIBRRE 319 cag %pag} rlbeﬁdgﬂgmateasurface using

a magnetic field modulator and a second set of cells can be deposited on the same surface

without using a magnetic field modulator to position the second set of cells. For
example, FIG. 12A shows a first set of cells 45-1 (fibroblasts) patterned in the form of a
column on a surface, and a second set of cells 45-2 (hepatocytes) positioned randomly on
the surface. This method shows that active attraction of a first set of cells (e.g., attraction

of magnetically-loaded fibroblasts to a magnetic field modulator) can be combined with

13



10

15

20

25

30

In one enbodinent, a first set of cells can be

patterned proxi mate a surface using a magnetic field
waoundrliated and a second set of cells can be deposiuseme6/046183

on the sane surface wi thout using a magnetic field

nodul ator to position the second set of cells. For

exanple, FIG 12A shows a first set of cells 45-1

(fibroblasts) patterned in the formof a colum on a

il @gracidifof BERNE §fc‘&e11@f(e gegé&rﬂan?ac&taﬁ BP&QE% @%})uagen-

posi tioned randomy on the surface. This nethod shows

Qqawdsatfw@@natsmgl@smfmeof a first set of cells (e.g.

attractio icall.y- oad i brobl as

oL o A BTG, LA R B Bt 80881 5Bt one
aloted 6t nQtrfade. dn9a€ paticslet eribodi@khis n(uﬁlrge types Bﬁd‘e@ﬂs can be
attractl on_of cells to a coll agencoated surface)

rosiipned besidoene anofhes gp Switessd iFeE Histancengp ti{ysirated 9]@@56 lafFIGS
gl#cglc(g 1?{?%62 gf‘ %ééirsﬁﬁfgg(i 0 é#%g{lj ro‘%ﬂnat@g(gpﬁ‘gcre Wi magnetlc
ﬁ)éld aslduktargriaded apofirst positoh, had ﬂm&n@dlﬁatanmnﬁmrmmedan relatlon to
urface. For instance, as illustrat above in _FIGS.
pSURdRRe fosh Sepopf popitiens (5g Eigier Picg A lyP b s siiisirpan be moved,
RN ABSR i@ nRNEAD BERIMSH RIUR 0@[%3) 'eWhﬁe ftﬂe%gddﬁ’cgpfs ah ‘ﬂ{e second
placed at a first position, and the nodul ator can
prsitie, & secondl attiofecscantve petiethed proxonate ﬁmnﬁacq)o@rthample in

E. Q. ' th
GBS PSP & Rl P OIBER BT RR iGuonea
prbligtake a Wi ce, drtdienfieP ek ioQhe irﬁglhdﬂlctﬁbﬂfd HREQIRAEr 206 i &fjacent the
a second set of cells can be patterned proximate the

fansk mﬁe)n Fé@coeaslémﬂ of celln(3d) ﬁﬁbwbhst)@m positionsd grarimeate the first set

éf ceﬁ§ % c’ﬁws a élé) C\ﬁ‘g,&g%rﬁ ﬁ%{:’aﬁs %e @&?ﬂeﬁ éot%‘)gg’late the

prOXI ate,
Jurfatel nDduIator 200 nn1adjacent t he flrst p05|t|on a

f . .
;sggr e oS Sal ST BT PLRThde sBosl L nES
co-C t ' JrQE] fﬁ% 50 &p of
A 1A R

pmsthlér oxa mlfm:ea FSuefaagde,lag 1ly®tra’@don HEES elrﬁJ@@ti lrE,rmultlple types

f cel | it d
Fihs FrtvriaiEed onfp afel ol Bibmanodte iy igRefp ol
thBddthteSin fefatidRdo the, sufftdet iTRlothet ¥eS, Iﬁﬁltlﬁl@ltyﬁescaaelbsecan be

patterned on top of one another wit hout novi ng the )
prstiivacd on feredidnesaathar ﬁtshpat@mng erﬁrst@e& ¢feccHywhie @ magnetic

ﬁerid %{o‘&%[at q? ?n e% £l gﬁgsn%n aﬁé’ g}%ﬁ & a se {%?of cells whlle the

POSI |one oné "an I rs erni ng

ﬁlagrfetlc field mf)dlﬂaﬂolr & iwhiskend prBigioat FGr éXaﬁip% rai@dhdveﬁ imrFIGs 12C, a
I.rst position, and then patterning a second set

et @épf el (e el brablﬁaﬁ)l can e OB iFmR A gRals & Syripcg. After the
FEEOOLRRL 805 L SR AU o G,
Ipagleuc (ﬁﬂkﬁnpdldaﬂonemebeauﬁwdfaameangéé (eeg Qméegaced:s}ihimtahibn to the
ﬁ é:{ﬁle%g?f cg: lg té? se%cgt}% sz’y 5{ cﬁagl 4? I%d(e ?\/If)%rl{mtl s %fe paatterned on
top of the first set of cells. The circle in FIG. 12C indicates a defined area where the
cells overlay. In some instances, the cells in this area can form a three-dimensional
cellular structure, as described in more detail below. Of course, additional sets (e.g.,
third, fourth, and fifth sets) of cells can also be patterned on top of one another if desired.
As demonstrated herein, a first pattern of cells can be positioned proximate a

second pattern of cells with micron precision. In some instances, at least one feature of a
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magnetic field nodul ator can be turned at an angle
(e.g., 90 degrees) in relation to the first pattern of
woebd79s7480 second set of cells 45-6 (e.g., MDCKPCEIUS3)06/046183
can be patterned on top of the first set of cells. The
circle in FIG 12C indicates a defined area where the
cells overlay. In sone instances, the cells in this
area can forma three-dinmensional cellular structure,
fast F“Jiﬁ@ 861 dfleells Ay M sepatigtdby a bedtAnvdistdnce BufSa least one feature of
additional sets (e.g., third, fourth, and fifth sets)
the seeend Batteam obgadls. Fer pamnle.vag obmorRsaesH@ firsoratien of cells
. . . h . .
thy PERpRtg oS ARISIO Alchihr REPUY 80 st DB BRI
mields, lesstthanri @ micrpmise of Bsothan 56 niaoes fromt anreae snorafeatures of the
| east one fea]gure of afirst pattern of cells may be
sgeqneeften ofywells.certain distance fromat |east one
featu t
one. o Sy PRPBENS oS He bt g Sotlcs aRK ARk of the
resestinserdiondegy nhangmalidng hads@ialrand phang cellsgs &n somamerBb@liments, a

ess .than ess. than 200 m cron | ess .than 1
ffpglotcind SERLIR A 06 Ty BHiEhor=GrRgHS g ifpignd o sceond
bt del18 Bavf at I8t SRCAEreRBEHaRcheriRfic. CRb dcarmPlyy (1@ fidt and second
variety of cells nay be patterned using nethods and

sapplacHs ulgydxe dififeremtrasH dynesi onibest manbe thegamepghve tay have other
t t, | A
AL e BBl ol B! B RPBIRA Sy

ephesibaents, a first and a second set of cells have at

| east. one different characterjstic. For exanple t({1e .

fi r stingne cBbediment @ PagemCOPPEishg AN FErayof solondetingq spatial
a&%ﬁ%&ngﬁ{ ifstflaﬁﬂe a AGtdcBe 1P @ &?&é, a ¥R SePAlcelldtfa defined
othér differing characteristics (e’ g., internal and/or
spatidranahgengent heydave ) differéntabapetetigiofren prsegsideatofl dels in a

e enbodi ment, a pattern_.conprising.an array,.of cell
feRed Pt et man o e SR oRPA e Prpihent e fifst set of
SHUE hRGDe of Bnd dIBtypa 8RS the@eddndSht (FRE119Mald Bk 108 adiff@ent cell type.

definéd spatial arrangenent may have a different

Qhenuasst thinds fauethf fifihg etc. sets oif delbseaf thsf same erdlifferent eellftyprspan also

spat.ial ‘arrangepent .on th I Lcul ar
SR fe EORETRT T SRR Bl s DR RAL WA G for
foyRmganidrot igusLamiystistet diffbreaeddlisty pay fdvatudlying odilfdel imtotactions,
cell type. O course, third, fourth, fifth, etc. sets

agfl/ g do1i performingecelplepaseysdi f f erent cell types can al so

be pa t : r

many Poron L v sa e ieReotsil ArkRlod bR A B cells
i0 @onirolkidrgatiil fafrengambentseinl two yipresnsidnsr Iis terthyn egbodiments, these

SEbbgohl iR SISk Ly SR BL0R, Sk

diRAbAD eIt BRcHIED 4sQusPRhEBINMESA] hat He QM EsPHInRGsion of the
spatial arrangenents in two dinensions. In certain

eitblad stmehtrs (e.gh bngthywtidibddeptaor bross-aectinnal dimprsieds @ beast 100

attern cells |.n three-di mensions.. ".Threedi,nepsi onal
Rions: A &Sss-Section difnension may 1ncluHe, for instarice, b Between two

opposed points of a surface, or surfaces, of a hollow or partially hollow structure
comprising cells, such as a semi-tubular or tubular structure. In some cases, three-
dimensional patterning of cells may be carried out by attracting cells to inner and/or
outer surfaces of three-dimensional structures that can be used as templates for cells.
These three-dimensional templates may include, for instance, single tubules or complex

tubular structures, such as branching structures. Mono-layers or multi-layers of cells can
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cellular structures,"” as used herein, neans that the
smal | est di nension of the cellular structure (e.g.,
woOenmgtoa746m dt h, depth, or cross-sectional di TeR6TMIS206846183
a |l east 100 microns. A cross-section di nension may
i nclude, for instance, the distance between two
opposed points of a surface, or surfaces, of a hollow
or partially hollow structure conprising cells, such
b@ afer8&dbn HAWAL AL, tI‘HEéé'—cﬁﬁleﬁ&BHaqF)b.'lrtc?rmnh%f%gﬂ@caﬁ%%%eful for
reedi nensi onal patterning of cel be carried
tmue dogingetingetg. rfgr feming thteerdmmenmm pdiulamtrerctumwnalc astissues

of three-di S al. res t hat. can

P gttns B Bl DRt inc TR R 1 PP NIE D TS e
may iExahipiel 1 f Bliteiding 8NCELs if IThedeeDinREioas or conpl ex
tubular Structures, such as branchi ng structures,

MonoHlQy &3 shasys Wml%ﬁ@r“gmgfﬁe&mpé tonh anagaetieHeld anodulator
t
93 PASGR8 S8 prflos 91 RSN IEILL - S gy bewod
t® pateSrn @elldlh%&c(ﬂlhﬂ@fﬁmgmabectpdﬂdmhsaams fini Brhelcasss, ol phiteas cells
t ssues and or?ans or parts_thereof [

[ cI din
indodhres-dimesipnal sajigiar Sgﬂﬁuvésg{at@sme&éhﬁ ed from, for
iR dcE! rl{Ul %elgﬁ lh%vinrg} a-a@)'b JE@QISdl%ﬂ&eF | & célu'::f‘seS baws

an exanp o rlng ul at or magnetic field
dmmelmﬂmtsoconlﬁufg,tmns;mlr witab@: ﬂnatsleali gambelugedde falgicetesh@modulator

OF Qg’fqlg’tnlr“' e(’f‘? CS’F%@P aﬁs%ﬁalr% AP ¥‘bgqr‘?’e‘$ﬁgren§?1%ﬂrfseﬁrf cells. For

ISR e CASRSwWn iR FRGL 1484, Relld dnDelpokidiohét Bem@itmaibgs @éﬂ@rtlally
cellular structures. Protrusions 2 1 can be fornmed

ofvpximmg oell ¢iredesar{esdl, citvddsinovitioneskas noinreyeHapRing chcleperniiso be

ol @76, Pt or B S SR Bhadt RMBIR/reonrolled cell-cel

1ﬁt@fﬁ'ct161@st 8 defified®@ead thhiodan Ok apdlytddoBg., byepecdl det‘&dui. alnsome

15-6 can be usedtoformdlfferent patterns of ce 'f' )

imgancepgnagvetc Tigld naodgior kp-fre bausd t aftragt qells inya tubular fashion.
e t I

R B P

odil top Ioéene:mﬂadr sofdpm theeeridefsiGl cdliByr stBatitessfich iramiero-tissues.

appro S can ab e the st cont r ol .

(36t SEBPRm & BEFREIT b et A g ru GBS Formsd By adding cells

t8 ré%hﬁfé@eqay&rﬁ lay e@y Iﬂ’%dﬂ?&? lenfh8 bRk, AthreeiiSeRstonal cellular

I nstances netic field nodul ator 15-6 can be used

stroctate eogaprisieg arshltqo:ttaes Qmmtlamacra@nd orcTORBInCnFHeRLiio de

et Ry B penst ek e B LR IR g B mire-

drEHiRBdsN RSk AR ?lle ahl tibaes ssﬁfouﬁawlgssrﬁalpéapasanes
m cro-tissues. I n one enbodi nent, a three-dinensjonal

cel | Unapmerembedimeatyggllsrantog pﬁg@ng@lwam@e dimansiong) tybular
?rﬁlﬁ oo : S‘Sdﬁy eg:‘rug%fé %%‘Ieﬂfe fP}IHeCﬁ?&tIH%‘JtEnC% mha {EEr&nboﬁlments

mensi ona ructure’ conprisin
inugthitddeiatiiGe $5.0FIh dtshshtms awexemeblevfa tjsemmdnﬂalolﬁ]dd mmlulator”,
be assen%: ed. At e di nrensi onal _cellu ructu

TR#gReHE A medylpigg 3 sle?éferr% 2 EOSPYE BEPE I B0 +gé‘§aﬂ% r
Wg}tﬁqg at bERBLES st vaded sRYws WRFIG. 15A, tubular structure

34 can be positioned proximate magnetic field modulator 15-7. In some cases, multiple

magnetic field modulators 15-7 can be used (FIG. 15B). Permanent magnets may serve
as magnetic field sources 30, and can be positioned proximate the magnetic field
modulators. In certain embodiments, inner surface 35-1 of tubular structure 34 can be

used as a surface for patterning cells into a three-dimensional tubular structure. For
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In sonme enbodi nents, cells can be patterned into a

t hr ee- di mensi onal tubul ar structure. Such a structure
woam7me7460r med, for instance, using the enbodi REMUS2006/046183

illustrated in FIG 15. FIG 15 shows an exanple of a

"sem -tubular field nodulator”, magnetic field

nmodul at or 15-7, having a concave shape and a

configuration conplenentary to that of tubular

&aiptd, dIfkid dontABing ality dfl dells ddn/be depbsitadlingitié tibLMF Structure

34 can be positioned proxinmate magnetic field
o and selisrmaysatiract syrfaemds-t duety thﬁmargnﬁrCeﬁ% grasiiengs mrpdyqed by

%&éltl@tfﬁfémaléuﬂto?saﬁ 9eFH§§ q6§AF4.n& 6 hgt%éf%gg %owdng renal

Serve as nmagnetic Gree
a@dls phiterpadbint tubuwedstpicoxe phiert Il2chonpg ﬂﬁtsbmefcaﬁsdthe amount of time

nmodul I n_certain, enbodi nent.s, ner rface 35-1
rSﬂulrirﬁfﬂrcgftugetCPU&trﬁr mbslar structyres jEng n%rgmés Qﬁﬁrﬁeerfowemwn is
{584ty BoR& then bé}faﬁl SonlvBiiE R OnBBRaL ARALL In'd?kﬂk%ru to 10 days.

ructure. Forexanple, a fluid containing a plurality
Tiiercfetd shecraethbds @Ef;mimdﬂed:lm ey de usefblifosaceeraitng the c@id seeding

and cel attract .surf 5-.1 due to the magnetic
P S e e R e Bl e SRS T o et ot or &
15- 7. OfkefBmbbeinahpd 16B are phot ographs show ng renal

cells patterned i n tubular structure 34 after 12

hour sMagaetisdirid mwdulstors may peansbleot! aftraping ceprpingg andjor
glltroﬁ{n% tﬁg Sog% 1or{ <?] C%H% gggél?{ed%lgﬁﬁ%{%g tnfﬁ%érgagso ?Ig gl%ﬁh% magnetic

et rdddnlat@vas e lu@ertaﬂo forit b oddsty o patberiiayf d:eak prdxﬁlnhte a]sﬁrface A
days. Therefore t he net hods descri bed here
of qellp cap e &R gr # RBITEEY Pt @@éarnﬁgr Srf’seeeg Yanires. For

RS oL PGl Bt U o e L

anfd the t'kaclnl soge drmlmdrmﬂgs, tleenfthtorescoadread Wherg celieare pos1t1oned
ca of cells assogiated w t.h net i

(bR TedturedS ReRvES Lo Box Sa bR reidn P rape pih Sadkie). In

JtHéﬂ'@n%o\d%érﬁE %h@feaﬁﬁ‘ést & &%a@%h&%'claﬁs RE QbR aif the feature is a

surface. A pattern of cells can conprise one or a

sqluareatdlisymayf be mltmné arpund| itfef perigreterfod dnﬂqeare Pgmot in the square).
NSt ance, 0 e. f eat ures

RSl RGm S EPh Gt SR slrifia SRS, PRgbelfgrets
prokBnatd H s rﬂﬁmdﬂﬁﬁﬂﬁ b}t he shal bwrﬁ‘fgu@ttfbnﬁmﬁi%ﬁmensmns of the
where cells are positioned if the feature is

gagnetie fieklempdulatey, thematssipk mdmgh the magnetin fpld apdulafer : i5 made,
g,lucﬁé S%:Séﬁl(%t{]op&lgﬁ{ fi Oﬁé(lmtdﬁ}ato%rhﬁﬁglﬁ Ub e Qlrfacé! EPOme

ere s are absent eature 1s a
agen dBcretepdiiernyayf cblés inawo hnd/nedlr@er-dnmmismhd aoeawys ot e formed,

of the squar but . not in uar e) he features
iy S EnazICRF BB TRRIOr BRY Eretds Stk celfign Bk 5rete areas
r@kﬁ@cft{? s&}?abc%e Ih §thRF QuskIBcEmArrRHE FRREMIBNaBmay be used to pattern

contr e shape, configuration, and dlnen5|ons
astls b eomgtremmg:thhcejllummmat ¥ea praxematataeniface qndl/ontid dérm a

t.h ne field nodul ator ,i.s nade nd t 0sSition
ek TBRARGs sl S als Mt PabTo P RE P Pat bl fie petneter of
Stbb-AEE sudfiteS M Fhown in FIG. 16, is one example of such a method.

As described above, the shape of a magnetic field modulator can vary. For

example, a magnetic field modulator may include one or a plurality of protrusions (e.g.,
as shown in FIG. 2), or a concave area that may facilitate immobilization of cells (e.g., as
shown in FIG. 15). In some cases, e.g., as shown in FIG. 13, a modulator can have

protrusions that are supported by a base. In other cases, modulation of a magnetic field
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cases, discrete patterns of cells in two and/or

t hree-di nensi onal arrays can be forned, e.g., the
worT@e74of i el d nodul ator may be used to attraeCTaskdos/046183

in certain discrete areas proxinmate a surface. In

ot her cases, the magnetic field nodul ator may be used

to pattern cells by concentrating the cells in a

general area proxi mate a surface and/or to forma high
caheiesichieves usigg h serjpsof pmtresians’ thitacenotAtppatadi by base, g,

ea;ﬁ\g?é{xqtfsﬁ)tngﬁé chgg a?%aglsgtgct % dgla%#rbjﬁ lé{%tkozh%g{a%%gg m’&gﬁeﬁc
ﬁéﬁﬁg&f dupRd c%ﬂ%\é%ub&at}ﬁlaﬁg/‘ i€ @f ccﬂui@igﬂh%ﬁ i Péd &lddor conﬁguratlons

ator can vary. For exanple, a magnetic field
oﬁmdgﬂeabd)‘neldrmydmlmtotajdepossénl@r a plurality of

e PP L s B o
dﬁﬁengmns %%@W’&eht‘i‘m&b@ to hfi}roniefer§)0 MBr GaE@Se, em@gnetiagield

shown in a nodul ator can,  have protrusions
nloldalatoawyé@pp@t least obg fagtuse baving A dimapsfoncafdess than 1 om, less than

I at faf [
T
mraﬁﬁforoﬁs (bss 12RO micinsUsiless thay] (anicras. dn seme eases, the pattern of

field rmdulator In yet other caseﬁ d%nrm netl ¢
coisclaragchon & e Tise hatHaEash PREFRGTG 1R 2 fhe st a

dﬁgeg'ﬁﬁﬁ oq@tgellﬁﬁ%lfeﬂg ff'eﬁﬁx{n@&ﬁl%? pér éfﬁlﬁﬁ%t h?nagh@tlldjﬁeld modulator

tors ar Magneti c [d nmodul ators can
hb\finé abfotnmioadwvﬂh dilkne‘nelanmimsumdm 20@ min (eag;,gm the shape of a square)

T G Bl G LT

pf(ﬁ{ﬁﬁ%te %réﬁrﬁ@t Iﬂraﬁoﬂﬁ@ﬁ’ 8o Bmeht'E ﬁﬁt‘g@eﬂmoﬁielﬂ @fﬁﬁlulakt&ﬂlaﬂzmg a

ess mm | ess than 500 mcrons, less t

pﬁﬂmsrmcmdn@mdne@es 1Gam POl windR®ns ussd 1o f3m 3 PP&WH!L@{]F@HS in the
, 5 r S 0

fiﬁp@rogﬁs 1(1 é’n@a Sgga% %ﬁo%%at? t% es}nlr%&%f é%ﬂrslaf ’%1;: r%me%shons and

sRapRWF kiacsuteasofdells easbe &g&lafed&iywtl&r fadtbrs ar rheﬂmals isueh asrvarying

the order of a dinension of the rra ti frﬁﬁﬂ‘d
thepdistrraedhetwaesy the magpetic figdd H‘Q&H]@ﬂr @n ﬁ@ gF disgyssed above.
h aV| %gneﬁ{ ﬁgquﬁécﬁpatw%stcgn i pBas grp s%@cgbl@%é?éhaa %t @HR be used

a square be used to forma
t@ﬂfoﬂﬁlﬁfé a)tfnagm:ltilcﬁield] Memhsaﬂuedmﬁems ma@@ﬁmtﬁ@ldyn@@t@fﬁﬂfe
squar e pr oxi mat e .a surffsc% n Ihert e on a:e) nickel
orssHdrqrh Qs eER AR BIS. FLSoRBEaets oA P AT PR
QS drd RafetaltiBat can be easil

GUTEIBIACD) Mg G0, SR Bao8 i Sy conbo sl
rmmlnamdp o riheaterds, fuoimgacticQhatetels san exareanditiesiive or gepulsive
SR SPEE Sl SRR, Bhehh AR HER P il

fa%rﬁ@g%{éut: hRiterRON Stbet if 4 edrdramydiatdtseong ritrdbles nsalicdle elloy of

as di scussed above. Magnetic fi el d npdul at ors can_be h
ironcied |cnrbanw8§aﬂx eqsiainingibeRyaEn Ghand b aReISENt Faghpny iten with other

TR O )L BT RS bt ),

cbpperacRy nelgseniEecdtalt{Cofer sitivey (8}, depersing draths desitedhulloy
as iron_(Fe), nickel
properties. In one part1cu1ar embodiment, a magnetic field modulator was made from a

low carbon steel, e.g., Steel 1010. Other non-limiting examples of ferromagnetic
materials that can form magnetic field modulators include FeOFe;03, NiOFe;03,
CuOFe,03, MgOFe;03, MnBi, MnSb, MnOFe;,03, Y3FesO1p, CrO2, MnAs, Dy, and
EuO.
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(Ni), cobalt (Co), gadolinium(Gd), and various
alloys, are materials that can be easily magneti zed.

wonowtoaeso wor ds, ferromagnetic material s can eRETHUSANG6/046183

attractive or repulsive force on other material s.
Sonetimes, magnetic field nodul ators are made from
steel (a ferromagnetic material). Steel is a generally
hard, strong, durable, malleable alloy of iron and

car ban,som@ @l Hodire&ind, daghag: fxad Wertldord aftNfdrmediroRI P Magnetic
carbon, often with other constituents such as

hafagd e Barappeyeticapsteniale Atpet-and reped kike nprpal magaety yden gpject to
P TRREL o ) 0By 800 B g amad g el

flligmmd Tt idgesl ndt mcmghqmeEdf, cillea thembieciainet subjactedh@nemagnetic field.
i e|.d.nmodul at or s made from a | ow carbon, st eel .
Tﬁqr@llml@tge%i@ﬁ%@?@mnﬁ&mﬁtpﬂ@lﬁ ingrds,apingg (@), barium (Ba),
e o Sl G By U0 So R 0N MRERE (Sefh (1)
vigDesiEMdh Bid tebm@bipmMi©Fe203, Y3Fe5G 2, Cr (2, MAs,

Dy, d. EuQ. | ne enbodi nen magnetic field .

ol BRSSP e PR R HHRCUr B P s afipending on the
Relr @ BAPE b the TioEl &l d A dduBkdr, a@dy;?&ﬁahat&iéﬂqn HidHthe
magnet s when sugé_ect to a magnetic field, e.g., the

rde@atesisaradehetc ndhesei ofordinary skill inkhesrt ean égtermiine appropriate

net | i .1 AL . { r \; .
GRRRR oo Al S B B 22 Mo ORI Phrgiques such
d¥aird ¢utlitid o cevsenelge svied-citan /e pioce 3 Wingbcron-sized wires)
i ncl ude, al um num ium (Ba), calcium (Ca

A, barit : ,
B phetelitogranhy sep 5?9 ﬁ%e@ﬁpiaféﬁrsca@ﬁ apAduiggrs i ﬁ%ms)s% In other cases,
CRmerctI bl ot RPZE: SEIE) BN AR TR e ficld

muodiddtatso s samn emboyinctatse maieniglsenitttie fadsiming nsigapiéc HéEld
the magnetic field nodulator, the.t of terial |
AR E erdem Rl DaRialrS) canhs shagiidy RO gy into

pofythérsi N the art can determ ne appropriate techniques
and materials used to fabricate magnetic field

nodul latsoms enbediméniu de magretia Sield medwator ismyt pitegraliseannected to

e. ., Wd&e-cut,. machi ni rocesses uUsing,mcrgn-size
ity A PR SRR ERORE ARt A S g Glbeeratty
doRfstted, Otvhen fbfaﬁﬂF tEBRES: mbik oHijdte, nkafEshje@OHARAS hét Yeome
avai l able materials (e.g., steel tubes) can be used as

sepyated ifom pashopthes diyriag iescoursa of pemnal o @nFvoR separation requires
Jﬁlg%lﬁé g%g%estzﬂgt ge.tc)t,gtec%nfe QU tﬁeocro% gem%fé%a?}n Sl%,eégg)rr]eaé(éng, peeling, etc.

erronagneti c parti
(sémapeihglympohads fasgnédhrgeihat via pdhasives soolsets.pnBor instance, in one
enbadi nents, the, netic field nodul ator is naqt )
qﬁ@w% S et B PRSIt B PR € Sfigpce (e, cither
| t | i, :
SN baplet Aol apadic ) DEROIr oy s
medwatobjase kB w teamsdwigioe tt s epesitiaisd vdthoptaleming the surface. For

instance, in some cases, the surface does not have to be manipulated or moved in order to

reposition the magnetic field modulator.. This can allow, for instance, the patterning of a
second set of cells on the same surface and/or the patterning of a second set of cells on a
different surface using the same modulator.

In some embodiments, positioning of a magnetic field modulator proximate a
surface can be facilitated by the use of a stage apparatus. An example of such an

apparatus is shown in FIGS. 17 and 18. As shown in the embodiment illustrated in FIG.
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separated from each other during the course of normal
use, and/or separation requires causing danage to at

woOeearstocowe of the conponents, for exanpl e, by BCeais2g/46183

peeling, etc. (separating conponents fastened together
vi a adhesives, tools, etc.). For instance, in one
enbodi nent, the nmagnetic field nodul ator is not
enbedded into a surface (e.g., either partially or

thnpigetpparatus 80 iriideg plitfsli 82 doruPpbifing Biaghbic ﬁeld source 30 and
connect e? glaetl ¢ _field nodulator camallow th
maerAtsfistd medyator dody furigrete-gui a prstidish arefash ghqiea dor directing

BwhhasGeor e a’ct@ﬁ'l% QR ({)srelt dﬁ%ﬁ%ﬂ%@%ﬁurﬁé gx%gf %@Cﬁagf?&ﬁ: field

not have to be nmani pu
mefivdsuor il 5 gan beposionest] |p«:0}t1meteckuppm‘tlhgtrmmbeﬂ' 84 Gandamn therefore be

f t ti of a se d se
Sstirlleq xR s bl SePrE 61D st BB f Eh ool £ and
B 6R61 6§cofiol 83l ITheQcdhtidisl daf LB rSchRAEoMBE ﬁ%gh&f‘c field
same nodul ator. I n sone enbodi nents, positioning of

m@miéﬁor withinaictpresenprecision pFtokoutd be understopd that therush ef a stage

h
R alapioaS b Yo B3 Bul R BB BRIl iafh® i genow of
ddlitiohal ﬁbﬁﬁ@uds Ruithtde @cﬂ’q%&ltl BRI nidghbisd it @sbdulatbrs Grdximate a

st age apparatus 80 includes platform82 for supporting
@tic field source 30 and magnetic field nodul at or

ACeci"tHufl ?ﬁ?o&iﬁleﬁtg oﬁhéjl%]‘i/f:ﬁtlo‘ﬁ' ?\%l% C&thc%%g SA' s'uﬁﬁ% \fvﬁfl h3 fluid

d| rect ng mat1 on rns can
mteampganﬂmra]gtym&f (4578 IaﬁsomMmgm,ta fRuitlicehtdirimgia bhiraifty ibﬁcells can
roxi mate sup

t d t mb 84 (
GEboD Rt BPEe pHEE APURUS (SE ok Pa s SpReLPIpgfe) or another
dﬁ%e‘n@iﬁ@ 'deglce el &dleltt%ls&g ﬂiﬁ%& tcbﬁéihnﬁgzaeug e&ﬁ bk A)%@lt&f% a surface

hori zontal (x) control hese controls ca
oflewsgthofluidoe naghet.i Eorfln&tmﬂmsmfeae orayietih contact with, and/or

nd t th
TR S R Aol S 5 iR i R ot momes
BRfigh ARRENR 0PMhdiaPpdrdtus ikhd belisn k@A nail Hel atteatPod ©fa magnetic

addl tional techniques suitable for positionin

ﬁml@ modplatar I@S@OH%moaﬂmtg thersoxtperatbileths mwé?ovaég pawhile the
? Lafy of the invention involve contacting a

surface wt'h a fluid containing a plurality of cells.

I n soAwardatyes differédtsidfaceptmbaiged for ditactial fdrynatibn oépht&:rns of

Al apectiDAGE AP G pIsgB I ash F MERGE RGPS B NS nol
igfegfa‘fl? -cohBe @@ thé ?ﬁc e, Al.tly'sgﬁab‘f@ﬂlta 1@% fﬁ Hé: &lskd & BBribse

osited on a sur [ owm ng t on a
swiatescmcludong pcrhxmensc(eg @olsysﬁyfmbamb!}onblmlymem(nga@lass quartz,

S Rl atcoRle Wklp® onos bipie-SafE Rrdiiederdiepisgin some

As&hanieks ab fkﬁﬂ)l@@@rélﬁéﬂi%) Acas Mol Bnfifurt i Ifu{xﬂé'dilffé@ﬂt shapes.
be attracted to a magnetic field nodul ator positioned

Prresmer heveany soitalde shipielaad na belcyiedi wibeqlike sufstantially planar,
r\%‘éﬂ, %mtogﬁl, E)!)r%hg, ana/ost2 %Qlttérgm}{h features (e.g., micron-sized features). In

some embodiments, surfaces may be sterile and may contain layer(s) of proteins (e.g.,
extracellular matrix proteins) to facilitate cell attachment. Surfaces may also include
those of scaffolds or other materials for implanting into a mammalian body and/or
surfaces that facilitate the fabrication of bio-artificial organs.

In certain embodiments of the invention, cells are associated with a magnetic

material. Cells can be associated with a magnetic material, e.g., by loading (i.e., tagging)
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A variety of different surfaces can be used for
directing formation of patterns of cells, especially

wobano7@mebwdi ments in which the magnetic field PCT/US2006/046183

mani pul ator is not integrally-connected to the
surface. Any suitable material can be used to
fabricate surfaces, including polyners (e.g.,

pol ystyrene) and non-polyners (e.g., glass, quartz,

tieedctlNivg th, m?ﬂéﬂ& inhdt@RIY suchus iAsRSicTRYINE tiredeg rBdabhdetic

or non bi o radable In sonme cases, surfaces are
mateial may ey, @1 sizeglyug o &e}lel@ﬂm Iesa thand 1w i Higimedd. For ingtaace, the
nﬁd&%@t&% 13151 beg?xglﬂ% g(ej ’le§%“ &b %S&M die se?ea{ﬁt@ Flll bqkﬂtﬁ 11‘? Hﬁﬁl%ter or
1¢se tign, 10sim o iamp et ONﬁgnaiMmrmlatrﬂ@rh&&"dnmd in a‘ngatlm‘tﬂs material
mcron-sized fe enbodi nent s,

f%rt}Flg SREES P apaghelief) F@{ gé\’g??’%i%?s laglﬁggqurqng@gm@n dof

&fy@rhﬁiﬁ ABichateBait racel lular matrix proteins) to
|ta%e cell attachment. Surfaces may al so incl ude

t hos dn edme trafahodsy seltsrcan tbh @ssonmtedrvigh magustici mqibmls thmgugh

bod d/ f hat f t
o Rt B0 4 e BlF o Ay B &8 vk Mg frane
&!@P@% NBYnS pafticilt® ekahS18! delld cartBd lodded witR S&faviliactonjugated
h a magnetic material. Cells can be associated with

bga&sg(g;getﬂyalah@(d@} bwsubj Q@tl@g thekg;ells tredisQYgfiqn caataining the streptavidin-

h%gg%t{eg%é%dg g§§ qultl h %tbf?itlr{r% S%a?édsleg I@S 9/%)3 Other

exanilek Ihcﬁidé%nﬁilg kappa I@ﬂi ehﬁh hﬁtl]i(ﬁl?ﬁaﬁthGD%Rmmlbdﬁy, or anti-
di amet er . For _i nstance, magnet i ¢

el Mbiehoeas bmswodmm VisHvaiPd Besalisn e Ao ghgntivody
énjda bmt‘ﬁﬁ acgn ‘geglapt"ona' &ll%lﬁr%P@l{d o'g ﬁﬁflbéﬂg affinity as
teri a or ned a for

In any suit e materia
ettt zﬁsraauge:m@anmty bf the ma:’rgeted;ellqaopulehm Mmphbedy—mﬂtqdimgnetlc

e e G e R g RS

e%bﬁfﬂ&ﬁ@ atrﬁﬁgﬂéﬁ@nﬁféhhpi@éﬂﬁﬁ fﬁﬂbﬁ’&ﬁ&s@?ﬁb@ff&ﬁ? ligand. For

magnetic material, which to specific cel

instarise preticlecelficoF 0 canrad(hnl@ tp shet qe&iwuefaceé warpitan celd ush as

S(%g&]ﬁromﬁ%%ggrggz\é%ﬁte xggltﬂég € ceildl ! gﬁ?q][né g% ?%I?&Y %?aq‘ferent techniques
£5104s6b dighoCRITE iithi rﬁ&n%ﬁ@rrﬁlte&ﬁma%/kﬁbm&fmug bt eetebmaelds by those
and_a sol ution containing biotin-conjugated |ectin

of prdipary gl ingeradt. exanpl es i ncl ude anti-1g kappa |ight
chai Il

i o Saif8eRts, AT b A CICH il REu R AR, For
imstanieal magnetio badiedy such g ithiosd of the (haobalctajamﬂlya(g getG.c
materiagl tqQ a cell nd.on, the antibo

i e pens Samms 1% s R o Sy Bie Thisas Bipegeitc (BP0 &
R4l Bhh SMbtic M&m@mrh@ ﬁfégnaﬁémﬂmg Bsété&a afa@résthgﬁxct% to
phagocytosed by the cells to which they bind

niiviean palitevted fa,shlcm agrpemegristidifickhlines. a magnetic

t t sel f f unct ffmit .
ot e ala bt B R AR R b g or e
pe&bht i8WHtRE St @fe fRHS Bé BorkBlbSasSlitahingsind do not exemplify the full

scope of the invention.

Example 12: Procedures for Culturing Cells

This example shows procedures for culturing cells for cell patterning according to

certain embodiments of the invention.
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Saccharonyces cerevisiae, making the cells magnetic. A

variety of different techniques for associating cells
weibdT/o6egmet i c materials are known or nmay be deCemstmed4c183

by those of ordinary skill in the art. In certain

cases, cells are naturally associated with a magnetic

material. For instance, nmagnetic bacteria such as

those of the Geobacter famly (e.g., G

met al Wﬂﬁl@%?@amrféq{‘iﬁﬂgﬁcéﬂéiﬂdﬂ Eref, 92 il RUHGEIH 3T3

the rust to magnetite ( a natural [y magnétic
faleroblastaells T ghelyantaria eell/\hlmththWme bbtziredifrone Aatgrican Agpe

PPRERS b el L s O s PR T

(ThvittsgenasiBg GRid Ricll e r@ﬁg’dp(’fﬁ‘é)tvﬁﬂpfo% Rala8S8Aim (Invitrogen
I nvention, but are not to be construed as |imting and

Y zanore Biedvi $inganore) and 1p% @ﬁ&)&lc&ntmn@otm sednti¢mnvitrogen
exg{@#@m@ﬁd Q8 %3%% e%rlfn%%y Qegatt Mc@ I\?Xlegg SO altedri#g'm w1stﬂ rats by a

e shows ures or gul ing ce
tpat-dtey i ml-sn’gl @ﬁag&rdsm@gémoﬁ €S eglen) 10TH)0 DuriptAl e ptdeedures, the

i pventi on. Madi n- DarP Eanl e Kidney cells (II\/DCK) . .
REDRary %tE?ﬁe%@Fq%u thgepy L %Il'lgp‘i‘tpﬁﬁ%‘ﬁ?% gesylrepgdium (Invitrogen
GhbaREBLITR G C%A poté gﬁ&}t{'()lgz c(l:éteiﬁ%%t ?Rock(\@;%‘ijrref AR%%R) Smg?}?ore) and

Aneri can Type
K6 antibieti¢- atl@ﬂpgsotmowtloul(hmtmgen rSnngEMe(Htﬂ Lid, Smpore) was used.

~anti bnﬁs emfmts |sl%’\ﬁ§15ﬂo6ecﬁ1%s%f rbadlh fé¥1'1§ WRE %g&ﬁtqﬁ@teh@ls for cell
Pte Ltd, Singapore). Primary iptlh ocytes were isol ated
e

Hatiering acardingitoscenginenehadimenspol the dinentien| | agenase
S Ihgezl?*@a%egdgﬁﬁk & S}e?%tg %%%Dgﬁ éf]n?xf)\%ltivaté}ﬂtegh %%Eg(jalf)or% ‘were used

dsepainery Maseeialsfof msmaumhgt Wite céltsChnurWe(rJ: pwphfea@eébrd1ng to the
Singapore Pte Ltd, Sin apore) with 10 7 dexanet haso
magy %Féqul sdpﬂg}pnogz ﬁ@ﬂbﬁr@? gﬁ]@prql% in FIG. 19A A 100 pL volume of the

Ak @hg&ﬁ gaeaaaaams 3hf) CarSH ét‘é ho EE{S'W hdg %SRQL &b F%aiﬂ%e% 20
Pte Ltd, i ngapore) was use Pr ocedur es
dootaivdsg 38 ipdt ofrtgotmylldt@d whéadt gMan aglu‘mnh/mf ectbalabof#todes,

i BiRe, USAS AP RS S ReRposa aran et of ar gt gt room

t@&b&@hﬁ‘e 88Ro diD¥RAL Sinffle Mb&riMNEMHVR Biofo¥ N &AREARSM A nL

Srepatavidin A (Innovative Biotech, Singapore) Were
vigderde a%thmgauéttngdewm -eeadablhitivn Maagédm tatappx@xmxathlyaeﬁ trgllion

epared acc | nufatur
e R0R] SRPLS ARBL AT, Sal P g ping o Dyl
shBplorhinep! BI® 108 shbess kelddinsabpehbion afesexpdsled td Re@Phdbeads;
of sterile PBS + 0.1% BSA + 0.01% Tween-20 cont ai ni ng

begdywerstbogndiq th icalie Lellsdnsupensiomigt werersxposedde therbeads only,
\Jvﬁ’i%"t ?etcﬁfl,' 1824 to cells without attached beads. This observation indicates the

specificity of the binding process caused by the lectin (FIG. 19C).

Alternatively, 10 pL of the lectin-bead solution can be added to a confluent layer
of cells in a 75 cm? culture flask and incubated under gently shaking conditions under
5% CO; and 37° for 30 minutes. FIGS. 19D and 19E show beads loaded on a monolayer
of cells. Subsequently, the cells were trypsinized. The bead-loaded cells were then
separated from the non-bead loaded cells in a MCP-S magnetic stand (Innovative
Biotech, Singapore) and finally counted using a Neubauer-improved counting chamber

(Paul Marienfeld, Germany). Both procedures led to a loading of 10 to 30 beads per cell.
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Burlingame, USA), and the resulting suspension was
m xed for 30 m nutes at room tenperature using a Dynal

weanple74s) xer (|1 nnovati ve Bi otech, Singapore). PATARB200L/046183

vol une of the resulting |ectin-bead solution was added

to approximately 7.5 mllion trypsinized cells and

gently incubated for 15 mnutes at roomtenperature

using a Dynal sanple mxer. FIG 19B shows cells in
suspeihis @namlﬁlh eemexinses thattcolld exntbetagged widadmgndiiegrsticles using

wer bou to the cells IIs i n suspension that were
f?sera%aarqswscq; Hgdo sm‘bg) Itk e w@%‘q% lead to

c eI | SEX\éIﬁIS!Q lﬁﬁf ptd 28 %%9 i&?%ﬂxﬁca’q%'ﬁgﬁﬁﬁ@ YA MYdulators

i ndi ca peciticl I ndl ng process

caus eﬁhlbyxamlele Isbows mp(déb@re 19 Cpbricating p maetgnetd figld bjodulator

of the | ectin- b 6%’30 ut n can.be added to a

R AT LR HE%t}t?g ﬁmé’e‘?%orbrrﬂ culture flask and

I ncubR{ ReheWrskRydiHaRt IIMag%Bﬁ&ﬁaa R tbis OfSh We dRduRier R as

and 37 for 30 mnutes 19D and 19E show beads

shoamdn Fiq. B mmpdb}leﬁol o¥5-28& 155 asilbstrgigmn FIG. & meere made from

@ﬁj Ja?béll\fsé’teeelt ﬁ“gg ?r{o (ils Ca-,[ll'be 1%@ % agctﬁg%lld?scﬂ’gﬂ’gg machining
en separ at e o e non-bea ded cel'l's i n=a

(BDM R apaedisivh evikt@n @ha@hiﬂhig\/;ﬁbdeeeﬂﬁt odes almet8 wigaplectegde to cut a
and finally count ed usi ng a Neubauer-i nproved counting
RRERBERe] goR{Aur (kR DEISK 46-8:, 3 BECHERY Jiruchye B}edeewﬂe;ﬁeld

B RrewtRAHH Bhed froh? Bﬂ)cﬁgf Fﬁ@can SteQPabed dJH éntghneenng

exanpl e denonstrates t Rat ce e tagge
dragimgs and diactdioises Ths iwitg wasmpdde foom adutass @allopend cahi nagge from

to e ments.of the inyentiaon. l.e 14

BUEL o o i daororg (B CRER LD IR G et aefies on the
tbPlaid B¥RGR 08 a%ﬁ&‘ﬁsth@ vﬂf@@@sddﬁgfedf 1efati{ @R thé BldcRI The resolution of
magnetic field nodul ator accérding to certain

@mbn@nhmng wap flepemdentrpnghe siomof the vaxsyrwhishboasi aqualtte or greater than

n eg)nsC E;_I;)@ cafg;o e u&e}ﬁf\g Eesc}né?pgecgor ?%rfa %g %}éﬁgﬁtogs whan the

llnbﬂulét'foE ébtrﬁﬁdd if afatd m@terik bed/oBdRe the Rolplexeof@brtions of the
steel. The nodul ators can be fabricated by el ectrical

wpddater (ree-nicaRTes hagyingepgl) aspact srides) g1akas sqriventiqnel fabrication
@B@ﬂ% SQ@H@&R%Fgﬁ%kgﬁk uses a netal wire electrode to

prog ontour in a block (e.g., a precursor
st r uclnienedher dinbodirgne portiohs ef the ﬂﬁﬂﬂﬂlﬂ&ﬁdﬂ&h&y beawembled, e.g., onto a

UG FOORSEAPRARFIE A mrAIE 1o 85 SHEhin A Wasguade using
£S1RWM RedpARSyR [ ANELEARs LS b, WHiALLRMd20 pRAAENS 21.

in diameter. In order to cut conical blocks.or
Basefléradithe pagidtic dieldmodilator vps amde butt Qfdawwhrt@nbte@b kyith an array

t rel.ative t ock., The .
285 b Py RS, 38 S8 Hins FerkSncel BpctiBAny BiGisebin tpgse holes

With & lﬁght/\ﬁtrtﬁ en¥iit et RSpifddiahot RoStn BARR AN tHrbadh tROholes. The

m crons. EDM can be a useful technique for fabricating

baselwrathsngrounsiad tmelsmhataaﬂ.ﬁt snefageaties achicyedhar d
{Tﬁtee rfnaclther%ﬁﬂ!oafméll\{i!sf %agﬂgtlccﬁém Irr?(%llu fo¥orS CaIP BL fa'bﬁ@ghn%fusing

lithography, e.g., optical lithography and electron-beam lithography. Modulators made

by such techniques may include, for instance, a silicon substrate having conductive
layers. Conductive layers can be formed by depositing metal films (e.g., gold, silver,
titanium, and/or platinum) on the substrate by methods such as electroplating, vacuum
deposition, and thermal evaporation. The conductive layers can act as conducting wires,

which can be fabricated to have dimensions of less than 10 microns. In some cases, the
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nodul ator (e.g., features having high aspect ratios)

makes conventional fabrication techniques difficult or
wonpoasi4be. | n anot her enbodi nent, portions oPCThS2006/046183
nodul at or may be assenbled, e.g., onto a base. For

i nstance, magnetic field nodul ator 15-6, as shown in

FIG 13, was made using hollow steel pins with

internal dianmeters of 200 mMm which served as

M cRorashARSticdds préasRd by (R cdﬂﬂﬁctﬂ%\ﬂﬁ‘éd &nfteghélulated by

modul ator was nmade out ~of |ow carbon st eel, with an
c@ntralymg thepcusrentidensity thypugiothe svitexh A medidatopperaprigRgan exposed

t t I
o Ry e S b o S bdiches deseribed
hexthat b dudimeo Wiisrdele
lﬁg?g%g%ngfgﬂtlgndéggﬁgg@th at ta flfgst Insufhflaceawao S gf:ehl 23213

s by RissarhEntasgernggiokt Ne Nepdedk addinbartdr- Sieih 98-
C ng |ithography, e.g., optical
A&F%c?gr apltl%g 1;9;?]%3 el ectron-beam | ithography. Mdul ators
made This stiniple dehonsaces thw ynagneticuield nfcdulators cambemade using a
silicaon, substrate havi nductive | ayer.s. nduct i v
Vgl rroman A g LR DGR & R PUFALR R e paenly of The
139 AionSi I ver, titanium and/or platinum on the
strate by nmethods such as el ectroplating, vacuum

depow_cm“ébr Bar@mngaﬂzﬁmProxmte afuriace ve

Lg{,ff@}ﬁ: g)gan? b By tﬁl‘:l'h%a%t%ﬁl‘ng c%l clagsl?s rﬁltf' uxi%‘[e asurface

UshSPMBeEAR ERId ﬁl'&@@lbﬁﬁ bEAIEEN €S éettaln @hbladimens e da 1byent10n
the conducting wires can be nodul ated by controllin

the cUirlvandishes{sigypetth dishesh arheovgr plides Wereted) aggeived or were
%§ erlﬁl @oqlaga? £XPOREYs ?%gacgfgog ?r i dxgibzgflgr ﬁﬁgﬁé’uc field

n on I con can ng techni ques
B6&@htoRedere Tataivptedaningrhéthedsl debdritied g ERinypledx tA serfiade was
as Introduction to M croel ectronic abi%c tion b

AN TLRSCPRRFSHIS (6381 O FURROTHEE ME 3, appizatus 80, as
sglo%ﬁﬁ FIG g@ ‘ﬁgéjétééyh }é\lﬁ%ﬁﬁyﬁas 19&Pto rﬂi‘\l’esthg ﬁﬁiﬁﬁktﬁ: field

enonst r at at nag n c field nmodul ators can be
madhdaﬂostowgardithcaﬂurﬁw(ecg idithief eardes] zrditeetiom) & lamL volume of

t hod t nbhodi
TR SoL D & BeSEihh AROS oY Bl ot o
§’1Elﬁéd11{éﬁil§ ) R0 th FOD00 Ve Bs, AdHPWEre T8 viithEDyiibehdusing the

cells’can be forned proximate a surface using.a

pmgﬁnblm destiibaddindiraniple drvese eddedito ghe nleirquiipye medium using a
| ﬁf&bﬁ?ﬂ ﬁg Sa;l)lﬁ tltlehceo | Xt%%q %%va\ier{rs%need% ﬁlﬁﬁ 15&1&t0r Within

AN TR EF °¢ e used as Trecelve
RUNHE! Bn€ Badsed ceils &blﬁ@ bé mwﬁmdngmgdlr%absw ﬂmqnaestnismns of the |

atternln cells. Magnetic fie dul at ors wer
Pagie £1ebgm9§vlﬁ§>r oeRbgS fk?élgsc‘?fj %@glﬂﬁn%ﬁa pugtig Tield modulator
S L RESedasd B éﬁf oe?ls ShALEBREAE YettS én?lyg;vash&f‘away with PBS.

supporti ng ms st age appar at us 80, as
The surface with the adhered cells was cultured further on to form confluent columns of

cells. An Olympus CKX 41 microscope (Olympus, Singapore) was used to visualize the ’
cell patterns. Images were taken with a digital camera and thereafter processed with
Photoshop 5.5 (Adobe Systems, San Jose, CA). |

This example demonstrates that a magnetic field modulator can be used to align
cells and to form patterns of cells proximate a surface. This example also shows that

cells can form patterns on different types of surfaces (e.g., surfaces of petri dishes and
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shown in FIG 17) and the stage apparatus was used to
nmove the magnetic field nodul ator "oward the surface

woleogs746m t he vertical z-direction). A 1 nilL Pormse006046183

cul ture nmedium was added to the surface on an area

above the field nodul ator. Subsequently, 20,000 to

60, 000 cells, which were tagged w th Dynabeads using

the procedure described in Exanple 2, were added to

tlass dlides)pin athdrtwiords,welds cam begjattgrned iiteBemdently péthieanrfacechn

v&e con‘%l e%g set-up was transferred to a CO i ncubator.
tchithe vRUS3ARES fine Iines of cells could be observed

congr egahhlRg caPRVEIHEErPFOkiHS !\@&lﬁpl‘éfPa&Qﬁls of (RGN Blokfmate a
field nodulator. After 4-5 hours Of incubation, thne

Benfavet i ¢ fi el d nodul ator was renoved and non- adher ed

pos. TS cstiRPEeRoN BhCralEnS At R g ¥R e g provimate

4 WirkRe usip atrBadrefietieldthbdi@itbr £obidmiStoQertdil dnfbodfents of the
O ynmpus CKX 4 1 microscope (O ynpus, Singapore) was
yeRfione vi sualize the cell patterns. |mages were taken

i th B ashebe! GAATEG AR dOGHEATH B BERIERAETMS Bom o fist

pateenpdcddle a’omﬁtst pbegon b@km@atéragmeidec Tfhle dlrst patieral oflcolls included
can he used aI| n cells and to_form patterns of
edis jaligngdy: M%a@mmmagehé%%ﬁmewgiesm%&%fmm the

Mj%gﬁ%&hr@ggyaﬁ g;é}ﬂ?ﬁﬂ{a'ie% \gid%f %c%qg Ty Pdrrﬁlsésjéo -culture of

surt aces o et ri
sllisgthe magneticofi¢ld modutatis:, W&S&hd)\&dcfmm ite ﬁmilpbsatlnmtb a second position

de th f
A RN hoplacBlaply S LA 08 gt B0t oo Biipg a movable
Radrb-8faBs, Of., e/ hﬁn@[diﬁé lofBe@naznSHE fi@l@@na_cmla&oﬁ%é‘ﬂ@@o&tloned

shows that erns of different cel %Qes can

w&en@dﬂﬁhgig(ﬂmnewale§pm@gwfm@ ﬁa@t aattmtgn dlls. flhe Bepond position

I ment
PR he S B BrRE b B IR A o Perripe
E&aﬂ@leemﬂaﬂm thgedsdribell O Bxample 4sh sqrahll eétofeElIL®hd Sat@ined
a first position _pFOXI mate a_surface. The first

PRk, thereugiaqq Whilede gereacicfisld mqduffiisavasindls seeprd position.
’1" &t BPPIRX RS efe 200 tdgg%Mﬁ ’maéﬁlgﬁég%ﬁgleg raﬁghed with the

e a j acent col ums by an oxIi mat
mpa'uswngs offtbe fnagmeta foddd mwoldtilatoe imtheseddnsl poshmnrrﬂ"gmqiroc:edure led to

| d npdul at d f r omits f t tion
‘ilé 2 1&331 ?.Cgkurﬁf? %'E'%e %F@éﬁ%é?q ﬁ"lxrhaus R
fﬁI(Qd)srcgﬁé {(ﬂ%p{ﬁ %éa?@ref) hWaS hsé@l@t@ i dullzdARE RAI atf@Y@hBiges were

m cr o- he protrusions of the nagnetic
taker Wlth@diuglwﬂ oamwe aed gesdafieoprodessediwith dPéapthhcbrzaS 3@Adofm

ig,ge spaci nsgs %f) the first pattern of cells. The
SO B%gf? 1% was determ ned by fine adjustments of
t he hriik 2Rah@k dsindseratddIhAGnatigleltypes Wi telld dad be patterned on a

single surface by repositioning a magnetic field modulator in relation to the surface.

This example also shows that patterning of multiple cell types is independent of the
surface on which the cells are patterned.

While several embodiments of the present invention have been described and
illustrated herein, those of ordinary skill in the art will readily envision a variety of other
means and/or structures for performing the functions and/or obtaining the results and/or
one or more of the advantages described herein, and each of such variations and/or

modifications is deemed to be within the scope of the present invention. More generally,
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technique simlar to that described in Exanple 4, a
second set of cells was patterned proxi mate the

weoeund7aseicwhi | e t he magnetic field nodul at or waBCTmSkwe/046183

second position. The second set of cells, which were

al so tagged with magnetic particles, aligned with the
protrusions of the magnetic field nodulator in the

second position. This procedure led to the patterning
thbseaskilbedcinltheiar will raadily sppreciatierinedt all tpamnsatier alimensdons, materials,

a S CKX 4 1 microscope (A s, Si ngapor, S
i g Qs o RbEh T CR Fle et o) Prererige e tE e
Iﬁlﬂﬁ&lﬁe@rs‘? Hﬁﬁéngio(n%ggf!géﬁalé Redoh 85 Rk 8lonB Rﬁ%%%ﬁe%ﬁr ﬁiifigh bhe specific

otoshop 5.5 ( e Systenms, San Jose, . s
eppdinptien efeppheatioas &y wiieh thatdachinge of fheesesefit inedrition dare used.

atterned on a..single surfa reposi t. oning a .
TR akha A Bhe R BiCheBebnoey i 2ftls Rt BS b fp Afbodthan routine
lpefinRKANBH @l ySeubatngs tohid spesificehitodinéfts 8ltht ipledtion
cell types is independent of the surface on which the

depribedescipaltistheatorsp beurdsyeped thehihs dersasing caxbodiments are
et oo RELGF SRRy AP BLFiRh HELOAR b 1 HifehBbRlsims and

equinchilénts thiakeits ithdingentiini redyybeopractided otireewizs tiemdisapecifically
tryctures for performng the fungtions and/or. .

daseidben 7 laimede d he pisset drGRUGRE diecige e infigidual feature,

AN LASES ntRSHII 1Be @/?f Rlethod AR BE ReRin, SHGRdition, any.

arrations and/or nodifications 1s deened to be wthin

tdmabisatgmeofavoton enqoe sbrfeatinesy,esystiems, arioles materials, kits, and/or

l. killed ipn th t.owll di |
AEPaSitioh SRS B iy Setioelts RO mthors gt
ﬁ‘lﬁﬂl&lﬂ? ddogsikteht, ANBcldeKTRitRa thd@opé Bf Ak HréemithvdmioRe
exenplary and that the actual paraneters, dinensions,

mat er AlIdsfinigions.gs defined agdruged erginwshiouldegyansigrstgnskiocpetrol over

' i Coat i 0 i . . o
R R e B Sl e T
Ssidirakehebmingdef the Hefiedlterh®cogni ze, or be able to
ascertain using no npre than_routi ﬁe experi ment ati on,

many edtingslinifs atieles thandpari g esedhssan fisibe Spesfiigaian and in the

tl%};;gsp {sﬂ.tﬂg% d‘qﬁg’{ ih?xﬁ%te@ & @k Qontﬁrg,' n%lgaﬂi%ﬁﬁfd@fsﬁwo 410 nl¥En “at least

or egol ng i'ments are
predsent ed by way of exanple only and that, within the

scope..0of the a nged clai ns and equiyval.ents. therefo,
t hepi F@%ﬁ‘i‘?% aﬁgﬁ f»gés B?eé?j}efe&‘ékfl ﬁg‘“r"\ﬁ\{%ﬁélo{l AAh @‘e Slafts, shoutd
BP@fdefstéA th inshaselihd?@d baihd of iRl diliflentd mcdi? &R&d b e., elements that

invention is directed to each individual feature,
@y sowjmmctivelyl present ivptosrs cealses aadidisjanvdively presehbia other cases.

Chi herej n.. .l.n.addi.t i,on n nmhi.nation of t.wo. «
il SRR Bl g0y B SO0 SRR e By g8 ., one
&ihere” an the@leni@itdaisonjdiheds Othef €aihbiite SnayHpEbRATE; be present other
articles, materials, kits, and/or nethods are not

thel glgmenieenesificalbnidentified bycthgdapd/of tohause + Weethe splated for
; . o def it i , of .
SRS S LAEA SRy SSHI 190883 i
reference to “A and/or B”, when used in conjunction with open-ended language such as

“comprising” can refer, in one embodiment, to A only (optionally including elements
other than B); in another embodiment, to B only (optionally including elements other
than A); in yet another embodiment, to both A and B (optionally including other

elements); etc.
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dictionary definitions, definitions in docunents
i ncorporated by reference, and/or ordinary neani ngs of

wohardefs6ned terns. The indefinite articles "aPcamgd2006/046183

"an," as used herein in the specification and in the
claims, unless clearly indicated to the contrary,
shoul d be understood to nean "at | east one." The
phrase "and/or," as used herein in the specification

and i As ided Hebeih FBthe speeifidtibe anthiherhs tlagss, t‘or rebanld be understood
"either or both" of the elenents S0 copnj oi ned

te hewethe samp seaging ag Sorc oF @@ﬁl}edpwb@%nForu Graplse VS é%Paratmg
[ RELo ye [

000, L SE e 0y B RSP S s

dffag leastromef agthisorinclidiag motothan one,naf ragtundfer bhbstelf elveents, and,

EBAD AR o Bl e o DB PR P BB SR E e, sueh
as a‘@ﬂéﬂfne of* BREEactN G dr ElvALPEe in HRICPiRS S&ohMstdQFe will

ts specificdlly identified. Thus, as a
refen 14 iheiindIngomabenakdy ose elghemteqf eaumbet o byiof elen®nts. In general,

tﬁ'h ?en&lg rsgg’??ssl[wﬁé &)ln%;u ns%‘ag 1Hte {ége o g‘&f?'?lélﬁg %x?lgs%e gl%}natlves

@B Sonk PRIyt h&odouﬁ%weﬁ pRIFedddsbyokiag of dxatusBlty, $uth as
anot her enbodi nent onlé (optionally includin

“sitbarghione oA cenlyrmg ofj or {gxagly opmel heForsisig Wlaﬁl{ ef”, when
h

R 0 AT A L i

cl ai nAs usedrheresh inihe sp@ﬂl‘mden ahdiorthe olaiay,ehd pleasemeleast one,’
nmeani n and/ or" as defined apaove. _For anmpl e,
fﬁﬁé%%g‘bﬁﬂ@t qfrpgeior @pe plamgnts; should h’frundswoogﬁa)q%?n at least one
e?é}ﬁ{mllt spl%cﬂeagf 5.1?33‘ & And€b ﬂle'e'ﬂé?llléfﬁé ﬁ‘ﬁhe hst%f elenf¥its, but not

I nclusion o ast one, but also including nore
nebessanlyencluﬂmg anleatiene of edchsind @i/ereleéamtt specifm]ly listed within the

188 ok PR enand SoberoRE e st iohS Tpmied b fF FReoeloments.

Tis QefiniB¥R6kb ml@wwﬁ{ elem@ﬁts Qatpuaﬁaﬁ@ bepredeat 6hdi thbn the
‘consi st refer to the inclusion of

n
ddsraenth ype@rfgcalsly &mﬁﬁe@mtémbﬁ'bétrof@iemqr@& togvhieh thegthrase “at least

| n,, era the

oty SR Pl By MG VSRR HALTl IhaE Thus
as@NgonOlim{itihg ditaﬁhpre battleefslﬂénehiﬂm and Bhéor, eqlﬂﬁeﬂehﬂﬂ/ byt least one of A
terms of exclusivity, such as "either, "gne

ordhl wr.eauivglently opt lefgs;‘(g%q ohA gpgopBT) canggies,ila opg, Smbodlment to at
h
BEIEALALIR oG ATE b, LY Sl Ly fona
ihehudingelanseds biaeethan By ih keothpreaniddimentoto st one bpgionally
| east on

T m B 28 3 S5k O S Sl gt ot

HERA)h yePARKhRREHRURER 0 ﬁ?ﬂe@ﬁtoﬁg Jp'h@ﬁél%cl%ﬂﬁgQﬁore than one,
nor e of the eienents in the Iist of elenénts, but not

Asasiss daast gne, apfiondily includingmere tharond, Beaod ontienably épgjuding other
? n%n)t tspemflcally listed within the
clements); efc:

It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or
acts of the method is not necessarily limited to the order in which the steps or acts of the
method are recited.

In the claims, as well as in the specification above, all transitional phrases such as

2% ¢& 0« 29 ¢

“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”

H
i
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list of elenments and not excludi ng any conbi nati ons of

elements in the list of elenments. This definition also
wabkbows746hat el enents may optional ly be presenPComisSeN6/046183

than the elenents specifically identified within the

list of elenments to which the phrase "at |east one"

refers, whether related or unrelated to those el enents

specifically identified. Thus, as a non-limting

‘excaipbal of, adndl thaklke e eo bé udeasicodBo l(eafpeneﬂdé:dg adketd ngan

st one of A or B," or ently "at | east
laﬁﬁ'dmg Nt BeldfBfedsio) %ﬁfl}eé¥3élﬁlt1°¥1$1 péf?é@%?ﬁ@aalﬁﬁ%? apg

‘%nlu@tﬁ?gt esSfiallPBF! Qﬁﬁ lélo%é@!)ﬂﬁ@hﬁg;l(%@& Gat ﬁ‘P gﬁrase%
with no B present optlo [y 1nclu ng el ement s
resppestivelinzas sB) forthrin dwdﬂ hited SsatboBatemtrdffice dManual efRtent Fgamining
t i onal in ?i g nore than one, B, with no A -
1§§8§§WF:%§H ngb#'gﬁally i ncludi ng el enents ot her than
A ; |1 Whyels ciebdgr enbodi nent, to at | east one,
optionally including nore than one, A, and at | east
one, optionally including nore than one, B (and
optionally including other elenents); etc. It should
al so be understood that, unless clearly indicated to
the contrary, in any nmethods clai ned herein that
i ncl ude nore than one step or act, the order of the
steps or acts of the nethod is not necessarily limted
to the order in which the steps or acts of the nethod
are recited. In the clains, as well as in the
specification above, all transitional phrases such as
"conprising," "including," “carrying," "having,"
containing,"” "involving,"” "holding, ""conposed of,
and the like are to be understood to be open- ended
i.e., to nean |nclud|ng but not limted to Only the
transitional phrases "consisting of and "consi sting
essentially of shall be closed or sem -cl osed
transitional phrases, respectively, as set forth in
the United States Patent O fice Manual of Patent
Exam ni ng Procedures, Section 2 111.03. What is
claimed is: CLAIMS 1. A nethod of form ng a pattern of
cells proximate a surface, conprising : providing a
surface for directing formation of a pattern of cells;
providing a magnetic field; positioning a nagnetic
field nodulator in a first position in relation to the
surface and nodul ating the nmagnetic field, wherein the
magnetic field nodulator is not integrally connected
to the surface; contacting the surface with a fluid
containing a first set of cells; and formng a first
pattern of cells proximate the surface, wherein the
position of the
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first pattern of cells proximate the surface is

wo #eh&pgoned at least partially by the first pRgidd,

the magnetic field nodulator. 2. A nethod as in CF{B/OQ&%

1, further conprising contacting the surface with a

fluid containing a second set of cells, and formng a

second pattern of at l|least a portion of the second set

of cells on the surface. 3. A nethod as in claim 2,

wherein at |east a porti onrCbAIMS$ second pattern of

cells is positioned on top of at least a portion of

ltheflrsthgat ern of IIs 4I A et hod in claim 2,

wher 8RS PEpBning fpHEmn o oslls proxate syt B CoRPRSIBE:

cel I§rdv§11§%99§matceq‘oxbd4re'cﬁﬁg9erH@ﬂoégf’a t%?pﬁcefl som at

| east one Teature of the Second pattern of cells. 5. A

met hp@viting mmeeagtia fieldwher ei n t he f| rst and second

sets ne di.f

char audifhy § alBiStcHol ERRRRT § Kot FoRtbn ingslaion o pipeurface

afﬁd msdulaﬂitcg the aedetiefidd Ohhdehltbe Ahgndliciied ﬁfbﬁulﬁ%‘r lis not integrally
7. Anethod as in claimb5, wherein the first

c"a‘W&“E‘éE‘b‘ihﬁs’é’é@% of cells are the sane cell types 8. A

et Ok 4l huich WU EAEo RN Ry BFLARNLA0 the

patterne he surtace
cl ai fmﬂnmgvﬁﬁrsﬁpztttem of mtls iphgximbte theisireee, whdrbinahd bdﬂltﬁbn of the

ises flown d across the surface
SRRl Seeell PEPAAtehe Hbice st oTanesed f despipeiialy By the s

pdsﬂ[&%ﬂhé%ﬂéﬁé%ﬁ%iel&ﬁﬂoh\%% St ructure. 11. A nethod as
in claim 10, wherein the three-di mensi onal cellular

structure conprises a tissue. 12. A nethod as in claim
211, Alrmathémast ihe:laimsls fietheo cpmpsdsg omnigctingdhe ontice Wi&l Ofluid
as | claiml, wherein the fi

%ﬁ?‘?@% i SS?OnééFﬁ ‘gfo cElnind {yaing A pesontl Pafam o8 at lrss amtrpnaof the

sedbﬁfpgé%p&mfonltg@%rfgagn 300 mcrons. 14. A nethod as in
claim1l1l, wherein the first pattern of cells conprises

at Ieast one feature with a dinension of |ess than 100

mcr laim1,. wherein th .
3-sur f‘gc%zeﬂiléés?ﬁ lAnFaﬂ)rPgd W?‘%r enb\atﬁr%?{sﬁ?)a orfion;of thy S&F?ﬁ‘ﬁp attern of cells is
postiined bn tdpeofsl [dadcepdriiond bbb &i&st?fattéxﬁ'ﬂf‘c&l%bm ar. 17. A

met hod of forming patterns of cells proximate a

surface, conpri sing:
4. A method as in claim 2, wherein at least one feature of the first pattern of cells is
separated by less than 500 microns from at least one feature of the second pattern of

cells. &

5. A method as in claim 2, wherein the first and second sets of cells have at least

one different characteristic.

6. A method as in claim 5, wherein the first and second sets of cells are different

cell types.

7. A method as in claim 5, wherein the first and second sets of cells are the same

cell types.

29



providing a surface for directing formation of

wo atoteens of cells; providing a nmagnetic fiebdr/us2006/046183

10

15

20

30

positioning a magnetic field nodulator in a first
position in relation to the surface and nodul ating the
magnetic field; formng a first pattern of a first set
of cells proximte the surface, wherein the position
of the first pattern proximate the surface is
8.det et mpetber eptinicleamt], Hiarther gomprisipg atteshinigrtbe ppttssned eshls ofito the
1% g..magnetic field nodul ator;positioning the nmagnetic
el'd nodul ator in a second position inrelation to
the surface and nodul ati ng the magnetic field, wherein
thenélrs%xgnd second positions are different; and
95 or BIB§ Hﬁa% Teigoniacing Sifosusiace Bith@gilyid comprises
ﬂ@&ﬂ?ﬂﬂ?ﬁﬁd%ﬂﬁm§ﬂk§%ﬂﬂ&¥tern of the first set of cells,
ein the position of the second pattern is
determned at least partially by the second position
ft t|c fi Id nodul at o 18. hod ,as
1E] o A EadB R Sl hRRGh oG RS fobbet g groRY crlar
sttgotggral |y connected to the surface. 19. A nethod of
formng a pattern of cells proximate a surface,
conpri si ng: providing a surface for directing
for at t.ern rovi di ng net |
1 e Bl B s Rafratife e PRt e SRl
comprisés Pessubl on relative to the surface and nodul ating
the magnetic field; contacting the surface with a
fluid containing a first set of cells; formng a first
att .5 R19X i
i g B B G W D st oL scatle Ml dype of ol
partlally by the first position of the nmagnetic field
nmodu ato and causin the cells to farma .
B hr B S e el 06 vt petive o1 9Bl sermrisho st one
feamrecdvﬁa DNadRensEsrabR hE30MBRENIsC field nodulator is
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a magnetic field; and

15. A method as in claim 1, wherein the surface is flexible.

16. A method as in claim 1, wherein the surface is tubular or semi-tubular.

-17. A method of forming patterns of cells proximate a surface, comprising:

providing a surface for directing formation of patteras of cells;

providing a magnetic field;

positioning a magnetic field modulator in a first position in relation to the surface
and modulating the magnetic field;

forming a first pattern of a first set of cells proximate the surface, wherein the
position of the first pattern proximate the surface is determined at least partially by the

first position of the magnetic field modulator;
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a magnetic field nodul ator positioned adjacent the
magnetic field and the surface, wherein the magnetic

woiel7demoaul ator is not integrally connected t®CcThs2006/046183
surf ace.

positioning the magnetic field modulator in a second position in relation to the
surface and modulating the magnetic field, wherein the first and second positions are
different; and

forming a second pattern of a second set of cells proximate the first pattern of the
first set of cells, wherein the position of the second pattern is determined at least partially

by the second position of the magnetic field modulator.

18. A method as in claim 17, wherein the magnetic field modulator is not integrally

connected to the surface.

19. A method of forming a pattern of cells proximate a surface, comprising:

providing a surface for directing formation of a pattern of cells;

providing a magnetic field;

positioning a magnetic field modulator in a first position relative to the surface
and modulating the magnetic field;

contacting the surface with a fluid containing a first set of cells;

forming a first pattern of cells proximate the surface, wherein the position of the
first pattern is determined at least partially by the first position of the magnetic field
modulator; and

causing the cells to form a three-dimensional cellular structure.

20. A method as in claim 19, wherein the magnetic field modulator is not integrally

connected to the surface.

21. A method as in claim 19, wherein the three-dimensional cellular structure

comprises a tissue.

22.  Anapparatus for forming a pattern of cells proximate a surface, comprising:
a surface for forming a pattern of cells;
a magnetic field; and
a magnetic field modulator positioned adjacent the magnetic field and the surface,

wherein the magnetic field modulator is not integrally connected to the surface.
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