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20 In general, some methods and uses of micro-organs and therapeutic micro-organs are
described in US Patent 5,888,720, PCT application PCT/IL01/00979, EP application 01 204
125.7 and US Patent application 09/589,736, the disclosures of which are incorporated herein by
reference. These references also include reviews of the prior art, which is not repeated here. They
also include information on possible uses of TMOs and the types of proteins that can potentially

25  be generated.

US patents 5,888,720 and 6,372,482 to Mitrani and unpublished patent application
09/589,736, PCT/IL01/00979 and EP 01 204 125.7, the disclosures of which are incorporated
herein by reference, provide some information regarding the preparation and maintenance of
micro-organs and the preparation and maintenance of genetically modified micro-organs. Some

30 of this information, including information on nutrients and gasses in the maintenance and
information on genetic modification possibilities are applicable to some of the embodiments of

the present invention. Since the present invention is generally directed toward improved
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waste out of said cells so as to minimize cellular toxicity and concomitant death due to

20 insufficient nutrition and accumulation of waste.

The term "donor" as used herein refers to a subject, from which the explant is removed
that is used to form one or more micro-organs.

The term "therapeutic micro-organ (TMO)" as used herein refers to a micro-organ that
has been genetically altered to produce a therapeutic agent, such as a protein. The therapeutic

25  agent may or may not be a naturally occurring body substance.

The term "implantation" as used herein refers to introduction of one or more micro-
organs or TMOs into a recipient, wherein said micro-organs or TMOs may be derived from
tissues of the recipient or from tissues of another individual or animal. The micro-organs or
TMOs can be implanted by grafting into the recipient’s skin, by subcutaneous implantation, or by

30 placement at other desired sites within the recipient.
The term "recipient" as used herein refers to a subject, into which is implanted one or

more micro-organs or TMOs.
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25  embodiment of the invention, skin tissue is used as the basis for the TMO. Alternatively, the
tissue can be lung, intestine, muscle or liver tissue. Potentially, any tissue can be used. Various
tissue types, such as, for example skin, lung, liver, have been shown as being suitable for
producing micro-organs. The tissue to be harvested can be removed from the body by any means
of removing tissue, known in the art, such as biopsy procedures. Preferably, the harvesting

30  procedure keeps intact the micro-architecture of the tissue from which it is removed.

In an exemplary embodiment of the invention, for example when skin is the tissue being
harvested, the tissue sample is harvested by lifting the surface of the tissue and cutting a section

of the skin to a specified depth. The section is thick enough to include all of the desired layers of
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may make processing and utilization of the micro-organs more difficult. Furthermore, the

epithelial layer of skin is tough and the sharp edge tends to deform the sample while it is being
25  sliced. In addition, skin tends to stick to any surface that it contacts, further complicating the
cutting process.

An aspect of some embodiments of the invention is concerned with preparing micro-
organs from tissue samples. In accordance with an exemplary embodiment of the invention, the
harvested-skin sample is cut into micro-organs using a plurality of cutting blades in a single

30  assembly driven against the skin sample on a support base using a stamping operation, rather
than utilizing a simple cutting operation. In one embodiment, the blades are arranged in two sets.
The blades of each set are interlaced with the blades of the other set, but are slightly misaligned

along the length of the blades. When a sample of tissue is stamped with this cutter, alternate ends
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25 As indicated above, the micro-organ is in contact with a nutrient solution during the
process. Thus, a therapeutic agent generated by the micro-organ is secreted into the solution
where its concentration can be measured.

The micro-organ, genetically altered or not, can be utilized in several ways. One is to
implant it (or part of the total amount that has been generated) into a subject. In an important

30  exemplary embodiment of the invention, the TMO is implanted in the same subject from whom
it was taken. For example, genetically altered skin may be implanted under or grafted onto the
skin of the subject. Tests in animals have shown that such an implant will continue to produce

the therapeutic agent for a considerable amount of time, in vivo.
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opt i onalsinyilsgsgbjedte, modul es, with transfer of the mcro-organ/ TMO taking
pl ace between nodul es under sterile, controlled circunstances, w thout
manual handl iGegresfonding areungs of tharsamibherdpreutio pesteindipasifitalf tot thet sameesubijeon,
t he nodul gs hav t. chin orts.so that. there can be an easy transfer of
n cr o- oF@%ﬁﬁ?ﬁ%@?%@%@:]?agf?ge%&}lvéasmﬁao%s&rt%r TOWHES PRSUIONEY: can 25
cooper at e t 0SgBfekYda fuchhS wi i kfafhsan aspect of sone
embodi ment s of j{ehe i nvent i on,%’ﬁ%é’mﬁﬁkgr&ﬁg%%g’?égﬁﬁcsa%% *oaded i nto one or

nmore of a sePhasnasbkidetikdaty fiotgrievioss TMO adhinistiation py cthessmilassudjectar ri ed

out and/or in which the mcro-organ/TM) i s maintained. This process is
optionally AR o WBWP%{Fma‘g‘BW@P%tQ‘@a@%?ocol . 30 In accordance

! ! . ; _ ( Palh
with an aspegt a@or@ﬂi@?ﬁﬁgﬁg?ﬁw& Bfnd 6&?%%1%'o?QherﬁgJe%{téﬁndPagclglhge%uﬁr €

TMO generated is used in n treatnent Session.
por ti onapparated iy newdl toocarry, support and alter the micro-organ/TMO from its harvesting until

20  implantation. Ideally, the entire process is carried out using closed, optionally sterile, modules,
with transfer of the micro-organ/TMO taking place between modules under sterile, controlled
circumstances, without manual handling of the micro-organ/TMO.

In an embodiment of the invention, the modules have matching ports so that there can be
an easy transfer of micro-organ/TMO between the modules and so that the modules can

25  cooperate to carry out the processes.

In accordance with an aspect of some embodiments of the invention, the modular
apparatus is loaded into one or more of a series of docking stations, in which the processes are
carried out and/or in which the micro-organ/TMO is maintained. This process is optionally
computer controlled according to a protocol.

30 In accordance with an aspect of some embodiments of the invention, only a portion of the
TMO generated is used in a given treatment session. The remaining TMO portion is returned to

maintenance (or is stored cryogenically or otherwise), for later use.



mai nt enance (or is stored cryogenically or otherwise), for later use. 6 WO
03/ 049626 PCT/1L02/00879 It is a characteristic of some enbodi nents of the
i nvent i orwDlaw4%26 ar ge anmount of mcro- organ i s processe@CrnLe/@smPvo

together. This, allows for. easier and nore exact determ nation of the
secretion of 1 it ehorgcigristie Of sorae embpdimentsrofdhe Mysatin thhe lasgs amewniof micro-
provi deq, ;1 ; : 1 i t._af the invention,. a .5
et nod of i Pegieran itopt THHCT el MHPREEE ol by e Eornp o of g
an out erthssectetion of thed MO dridofor détefntigationsuRssrPpl € to a substantially fl at
surface area, lifting the surface area, together with the portion of the
tissue; and sifieEs isghusieroyided i agpordange weth aa exemplasy Isaibodinuang of thefiaventionea
of said i . i.ssue portion fromthe subject.

Opt i gnalrﬁﬁ)é}fl&isgqh aetsﬁlggﬁru%%u%iségl %eo%(gﬁtgéﬁ%avg%ruwﬁ%cti on. Alternatively or
addi tional | y attacliing ah barhsnGacedTRIPosEsn Hf Bitidiutsadipl @ 88 ShBkGarSUNY BGEsitrice
said substantially flat area. In an exenplary enbodi nent of the invention,
lifting2@hprises placing a support el enment between an extension of the

flat surface g h he.surf of .the.portion is raised 15 by

substanti al | };&é@&%éﬁ}\%% %%asﬁ%gggr%@&ﬁe ?%_"?8@@1" t‘c?f‘_lesﬁ’f‘ oundi ng tissue

surface. Optisi@iakkhe tisshé ai HGiveR BRianSEBelowithé RefichArdal STIHR 1 i6h !o]?s\égérate the
al fr

substantially equal to a surface of the support elenent dis m sal d
ti sdle Ssyuecapetionniem izesnbjast.yOptidradlymesid sfaching isnpremidedrhy vhmmni ssetoni s

skin an e.tissue .face is he .outer surface, pof the ski.n. tionally,
the gi vg\r#eg’f aéltk'g c¥ ?‘i&fﬁ%‘%@é{e ﬁa%'a%tagtﬂag §°W“(§3P‘i°6’ﬁ§’ilg Nah ad%@“‘l’%é jest igntadd j s
bet ween sgbstargialy Habargan | n an exenpl ary enbodi nent of the invention, the

di nensi ons of t%e tissue that is harvested are between 3 and 150 nm

Optional |y, thennpxdneplarydembodimsnt iof thetimestiod, difithg? @omprisesAplagingad isuppott or
addi ti onal | t he maxi num.di si,on i s betwee 0 and 60 There s al so
pr ovi de&ﬁ?ﬂ*‘r’%&‘&f‘é&ﬁ%ﬂt@%wl gtﬁﬁ%ﬁiﬂréfz?a@ﬁﬁﬁgﬁ eé‘f‘r?%(ﬁé hrRaAtip IS raiged 25
der 19t 08P sabetlably\id Biveh WishcE AL the MO AlniRuAEAL Rsfe LidRHCOBHBLAGS
to a surface theréof; "a lifter adapted to Ii1ft a portTion of said tissue’
sur f ace slicingl campuisesi sipitd Hubetissoafat guleeel substantialtyhequal 36 wesurfasbsifant isapport
parall el to f%l d gurfa}c’:de,. at a_. controlled distance bel ow said surface.

Opt i onafieient fistal Bpm; s P¢ SEECEs formed with holes and 30 further

conpri sing apsyEeeSn SR 'ﬁi(itﬁ] Y n al: ' teby
to provide said adap@grtyivon f(l)rglggﬁé@% gl\r?e fgi}eng%?gg %%?%%ﬂfﬁ%% fai‘}“?ls[ he
carri er theumtacerfas aithaskiasOptonally, the given distance is between 0.3 and 3 mm. Optionally,

20  the distance is between 0.5 and 1.5 mm.
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In an exemplary embodiment of the invention, the dimensions of the tissue that is
harvested are between 3 and 150 mm. Optionally, the minimum dimension is between 5 and 20
mm. Alternatively or additionally, the maximum dimension is between 20 and 60 mm.
There is also provided in accordance with an exemplary embodiment of the invention, a
25  dermotome comprising:
a tissue carrier adapted to adhere a tissue surface to a surface thereof:
a lifter adapted to lift a portion of said tissue surface; and
a cutting blade configured to cut the tissue, substantially parallel to said surface, at a
controlled distance below said surface. Optionally, the carrier surface is formed with holes and
30  further comprising a source of vacuum that provides a vacuum at said holes, thereby to provide
said adaptation for adhesion. Alternatively or additionally, the carrier surface is an adhesive
surface, thereby to provide said adaptation for adhesion.

In an exemplary embodiment of the invention, said cutting blade is moved from side to



surface, thereby to provide said adaptation for adhesion. In an exenplary
enbodi nent of the invention, said cutting blade is noved fromside to 7 WO
03/ 049626WB@3/044602/ 00879 si de whil e advanci ng, to provi de PEATILIZI0KT acti on.
Alternatively or additionally, the cutting blade is at a controlled

di st anc&9erEie sivapcipg,taprayide askicing petinn. Adiemagivelyiosgddinionally, shd wusting blade

addi ti onalky. i I i . ol ed djstance fr t he skin
surfacerlls;l?lrti%&ng?lﬂgzﬁ%ﬁg.ﬂ%t@o%%y%%ee der mg')t%}é” L@igucfgggr%aqaﬁﬁ'dgr
that sewddisiahdlbtimdattatg iadeds apnesmtolied dibtstano the sEheuFadedury Saidlcamided

in accordance with an exenpl ary enbodi nent of the invention, a "mcro-organ
st r uct ul@teBal: thy drymaiomeinsiudespeyile thet sstysaid blede bl Gantnolled disance

tisswe, in i i - st t m crn-organs, are |inked, o t.o the

ot he!r3| by msa\r?glllm(c)e::i S Zﬁ}sﬂ)nrg%lld%%ﬁ} %crc % ?V_bt&agae%&mﬂ%% G%ILS&HWHF 8ﬂﬁ’FH’évenu°n’ a
M Cr 0- othgemsorg@i Strh@inFecbrifieigl hOMastQMd AAGblotgarportiBA$ Forhilde®om a tissue, in
m cro-organs are attached to one another via the sane junction forned from

the sam¥hishsspithatgleastweanigravpigpes aediked one tathemtbertiyamsans mfadimaion fofmede

i nventi egl - ] h structure farme f punctions of

ni cr o- o?lggnngm?st& e gf i%@%%‘”%‘%o%’f‘?'gfga%we&eeﬁfnﬂeﬂ tﬁﬁﬁﬁ%ﬂma opplhy: jag ileast ree
sai d | unti¢doQutgardr e athchce 99 8RS hESth&Yvilttd OmtY RRBSon WHEEE Rin hﬁas%frﬁ%%ué Beh
mcro-organ is attached to one of said junctions at one end of the

i ch®- oA Anigredongansalis en gremplastiembodimenthefithe inmeotiomr micro-oegantrhesh semdiued
said megro-qrgan. .15 Ther.e i s also provided in,accordance with an exenpl ary
embod nEiegiot etioRe B e a8 fRsiitied APPHB i DRV 1 WAk SUPBEP D) of
having_bald Guhétiihs Nate] itidnBted b MRS Brahs! GRSl SOMRstObne Lkh HELBIdrhat &
junctions have two |inear micro-0rgans connected to It. nlehere Is als

provi dedttached éx onelaf said jimdtioas aesmmpidacsthe mhioth-omzan and id hleo iattehiet! ito Another

segnent ed |.i ne LCIro-prgan structure, having interlinking junctions, in
whi ch a{uniclé%%?‘taté%%e 'FmP ALMETO-REE3A) | nked j unctions have nore than two
lingar m cr oTRE@aalse PHRGER dcRoddhncPid ' ' ' ion
has four linear m rgofpgr gan str u?:t urcg?%%%ﬁ%%%%glaﬁ?&??é&%%ﬁ %pndggﬁi?{eﬂ?ﬁé a

| i near sdgorentedrliear slicroetrganesruahnte, thaginglinetlinkisg fumctioms, ireshichtat kekidotae bM

an exerrﬁjlgari%/3 ﬁ[ﬁg@di nment of the invention, the |linear mcro-organs and the

j unct i off§ Mg JungHens havedue linesr qricip-greanysomnesiedtodt-st ring of al ternating

m cr o- or gansTaAd i j ; ' 1 nventi on,

the mcro-organ ilismc%g ?‘?geeddgl g}CE%d%beﬁg@?é%&%?&%%}gg aﬁlgt{%fttg%gl Whetaith

t he j unsignenteddineai s¥aoidigansametirayaving ifletlinkivd junctiddigin whithiadleaktSsote of

m cJ o-oraggm. %&5‘%{1 exenpl ary enbodi ment _of the invention, a mcro-organ

st robt uidd fue Jegtiopsyhavigrners the typ dingarggpaerorgang apractaddtodt. @ptionally,

pl ural i gathGhtelid NBEN -t j ' ri ses f ewe

layers hanfl‘gtehlg&r%ﬁ&?‘rl%@%rﬁg%ﬁ M THEE Rlifdo o?galﬂ ﬁ&%&9§00£90t88 WPlt! 6p§10na?ly, the
linear micro-organ structures and the junctions form a mesh structure.

In an exemplary embodiment of the invention, the linear micro-organs and the junctions
form a super-linear structure comprising a string of alternating micro-organs and junctions.

25 In an exemplary embodiment of the invention, the micro-organ is comprised of a plurality
of tissue layers and wherein the junction comprises the same layers. Optionally, the junction is a
micro-organ.

In an exemplary embodiment of the invention, a micro-organ structure is provided, in
which the micro-organ is comprised of a plurality of tissue layers and wherein the junction

30  comprises fewer layers than the micro-organ.

In an exemplary embodiment of the invention, a micro-organ uses as the tissue, a human

skin tissue.

There is also provided in accordance with an exemplary embodiment of the invention, a



I n an exenpl ary enbodi nent of the invention, a mcro-organ uses as the
tissue, a human skin tissue. There is also provided in accordance with an
exenpl ar ywerbodiepent of the invention, a 8 WO 03/049626 PCT/ILO@BABOB79
device for the preparation of mcro-organs froma volunme of tissue by

cut t i ngevice fpthspreparatign of wickd-orgnafromya wdompe iof tissye &y phitting) ¢anyprizingadj acent
cutting bl ades that are disposed i ri (f-l ose é)roxi m t'?{ gT%@g rallel. to one
anot her al on@ arcuftegarray rempgiginga plyralityef pdiacedh gwfing ola 3}%?@ FRfsed m
mai nt ai -anpr oxi I i chi r }
egnentCoe ppiREEAY RERLE & B ULoE) BBhe HIN QRERARITSE (Bl APPCAN oty
separ ataad nkyntainsd bt Sppldstratteehediskeniraname aAbher aong eadtsegmerttpsimbdbdt tRO00
m croneters al ong sai d_segnent; a tissue sanple_ carrier, ada tﬁgﬁgg old

b .
a sbi ceusmgadsenes, saiadipachbeutiplades e senssaied bY paliep ataaes RPwes :
pr esse%i?%ﬁeg%%ms%oﬂ{ %%géd%{&goﬁétre%yﬂo@asla% debiSpe is sliced by said cutting

bl ades. Vi ce conprises: a’renoval nmask conprising at
| east one i myeriissubssiplbichfideidapra tbhwldarsits ef tisegmauhsthaf whéresaid tissieng
bl ades wi t hout hindering the cutting action of the bl ades. tionally, the

at | eadeldope saidreseiier is psed againstiaid autfing agpysHid tissiseistdicedy i saidapiting
said plurality.of .inserts are |jnked together so that they can be inserted
or re S'f(ﬁ%}ﬂnﬁ%}”\%ﬁ%ﬂevtl%eecoggﬂsfasﬁg bl ades together. Alternatively or

addpt i Qnakdoyal fhsk BbHprding ¥t Rhstl dnedagert Whithifits detvesh tthe padlltiogginests dtthends
thereof. 15 In an exenpl ary enbodi nent of the invention, the device

i ncl udesttingabladdsowithgys|hmdeging ghe suiting astionos the Rlades; ppiranaliyr the it leask ovg d

cutting array. In an e ary. enbodi nent.. of .t Lavent | '

bl ades Tarer okipetsPEPLEE PEAY iSO Chrtp Ay ooy Rt S s plet el bt
ni cr 0- QHGRASHEY O BdBisdrtcdSdtaemdBl om! BbtRBere RttiieybledesaofdiiR! Alibrmatieely
i nvention, the cutting bl ades have substantially the 20 sane |ength, but

ar e | ongiatiditionallyl, $heqflrebity dflionardassts arsastachestiogethetatepdstheigpf.a plural ity of

| i near mcro-organs.connected at .alternate ds t.hereof . t n j Ol .
lindar micr &“cﬂ“xj%ﬁm e_ffﬁ’ﬂéﬁl Of%ec FB’-G%i‘%}’aﬁH% ta?ﬂﬁ? {peludes (r%lnegaﬂs Zglje%ﬂ@%{r}%
enbodi ik A ehieni iAW barfiiiend WhiicRdingTakay. conprises at |east three
pluralities of blades each arranged end to end in a linear array of bl ades

spaced by a Igianerempbrisgmbodigentifsheinvention the eutting bladesydl have thersemederetki de
by side, wi.ith the spaces, of_.one. array bei situat ed between the spacings
of adj oAl gt %Y&?@p ipeEmegt Miqie-oggans E‘%E’p%‘& ilfllﬁﬂlei Sé"mlBLet ween 0.5 and 2
tinmes the sly 29 | fRfbg 8fadbhBaveNBBERRLy thbe
cutting bl ac}ggﬁaﬁsﬁ%ﬁ%ygg e?ﬁgd@gbr?g)&?g{r?g%ﬁgmgdr%g?re I’IIO% gf f seetl ef rom eacg

ot her, san@ lekpth,ciun are longitidigplydfsebfrombeach lothwe suckt thal they oult eplaradigy of lincar

micro-organs connected at alternate ends thereof to an adjoining linear micro-organ by a junction

micro-organ structure.
In an exemplary embodiment of the invention, the cutting array comprises at least three
pluralities of blades each arranged end to end in a linear array of blades spaced by a given
25  spacing, wherein said linear arrays are arranged side by side, with the spaces of one array being
situated between the spacings of adjoining arrays. Optionally, the given spacing is between 0.5
and 2 times the slice spacing.
In an exemplary embodiment of the invention, the cutting blades all have the same length
and are not offset from each other, and wherein a cutting edge of the blades at alternate ends of
30  adjoining blades is below the edge of the remaining extent of the blade, such that the blades cut a
plurality of linear micro-organs from the tissue connected by a junction that is less than the full
thickness of the tissue.

In an exemplary embodiment of the invention, the cutting blades all have the same length



30 adjoining blades is below the edge of the remaining extent of the bl ade,

such that the blades cut a plurality of linear mcro-organs fromthe tissue
connect edwbys@4geaccti on that is |l ess than the full thickmeTgLaf008Tve

tissue. In an exenplary enbodi nent of the invention, the cutting bl ades all

have t had asnsotl affset fromSeatDoflt, bl 62BeriGThe Lk 008D is futmad evitlodepsédsiws af r om

h ot her, d wheregin the ti hol der, i s_f it i
e U R TN RIS T Y
bl ad J I fi ks ] - : t b
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a junction ess than the tissue. 5 1n an
exenpl afyheatdoasli nent of the invention, the cutting array conprises at | east
three bl ades, said bl ades having, periodicall

) y spaced thereon, ut%i n
edgés bel owlnige exemplareembodiment of the Ryenbions the SURnS aREY COBPTISES %tﬁéa |ﬂ§g%
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cut 11 n e aid 8680 B beRbRelly SUIRFURER, Pitifk Secibiify oSyt e
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t hi ckness lgess than the thickness of the 10 tissue sanples is, forngd a

the | ovks baverumttinggsusfacesaebene blade beingasiypigd pebrgsadheaaverst quiing Hyae Obn,
th ttin i t ] . th i -
N T L

spaged {{HeR QEDIQNS fdrhel aPihe 16VEEE SRARLkde® positions of said cutting
bl ades, wth the depressions of one array being situated between the

depr essi ons Infanzapwphingmbedimpest ofthetinvensionathe Sutfing ey gommniises alolgast fEse ng

t hi | th t t hi ck f.the ti i th
Clepr es G, i iee s Hoap oD Bmarg W A NEo, BETRYNT abidys B RgRLy "
arranged, @3 @eBlsidis er}geoﬁ? NeaRigonding ¢ RSitiohpasedailly cathd Blhdsee wiachag,

such that a plurality of mcro-organs having a ring shape are produced

from a depressiens @orerareay tekengitvateyd tetrsesai the depressianseotiadicsming orrays sheh Bhdes,
as described aboye, -have the. form of a_.continuou i.ral spaced Sgi

o 115 SBHE o angheis ToRDE hipker S Gt o BlashrS A BF bk RPIR 1y oA
produceg. é}ﬁ‘eéiﬂm xenpl ary enbodi ment of the invention, said tissue carrier
i s adapt eg to hold said tissue by vacuum Alternatively or additionally,

sai d tissue Inanr éxemplay admpdénertoofbe dneaiidn,t sasd biade Brebyrranghé i dnsarigs 1
surface of the carrier. ‘lig,ere is al so. provithE dtin
f

accordance wth an.
exenpl &OPCEMOairGHEhPed: esa}l%éﬁ‘fﬁ T Ea S Het'fiot p}u(g??lﬁ% rog&]ﬁle{?ﬁ%rgﬂscﬁ%vﬁ%ﬁe
g]ofr{)(r)i- ﬁr%{ﬁﬁp@ﬁre%ﬁu@é@ﬁgﬁrhtﬁsﬁ&m ures froma tissue by cutting,

20 In an exemplary embodiment of the invention, said blades, as described above, have the
form of a continuous spiral spaced by said slice spacing, such that a micro-organ in the form of a
spiral is produced.

In an exemplary embodiment of the invention, said tissue carrier is adapted to hold said
tissue by vacuum. Alternatively or additionally, said tissue carrier is adapted to hold said tissue

25 by adhesion to a surface of the carrier.

There is also provided in accordance with an exemplary embodiment of the invention, a
method for producing accessible micro-organs or micro-organ structures from a tissue by cutting,
comprising:

a) providing tissue of a suitable thickness from which to form the micro-organs;

30 b) providing a device as described above;

¢) placing the tissue on the sample carrier of said device;

d) placing tissue on the cartier into intimate contact with the cutting blades of said device;

and

10



a) providing tissue of a suitable thickness fromwhich to formthe

m cro-organs; 30 b) providing a device as described above; c¢) placing the
ti ssue orwDhg/0s®epl e carrier of said device; d) placing tiPSTURI2NW8T%€e
carrier into intimte contact with the cutting blades of said device; and
10 WO 03/ 049628 eRTE $did 2is008722ins) sid dixien gnilatdesst perieofagid tissue has dedrl cufes
until at | east rt of said tjssue_.has been cut through .a thicknes
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structure. j I\ i Qféﬁﬁ@ i ;
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m cr o- or gan Q tisstf G . | .l east one m cro-organ or

m cr o- organ @#ﬂ%ﬁ%ﬂr}l@hﬁ om t&%&é@r%%gog ?%g%?{:eﬁg bl ades by renoving the
masio from bedwisuinghssde oulilid ¢agridd iaddatimhieeoriayt whtls flessuttihgtBisdes of said device;

m cro-organs on the surface of the renmoved nmask.. In an exenplary

embodi nent o) RIBBiNEsAih tisis, againet 831 Gladenpriikesleass partpf saidcljssup dias Sgen C¥r um
fromo of; : L er r ' t | SSU It :
mher e Sr SRl s idkyFesbieh ndrl Rl et KhE ilbotft b BlGe R sthRlu
inventignd, a 20 nethod of producing a mcro-organ froma tissue sanple,
conpri si ng:.ngrovi ding a thin tissue sanple having a thickness and an extent
in directiond repevipenidiecal| lgast tamet mMECTe-QrgeR e sBECrapEgaRystrucHie t frem diefeen the

2 ror BN DR e B IneR Bonftook S0t Clin Ehrabis RSB BoBpathr Al

and at heRsbrgadboR iR RS ofthe RS, RA thakger than a | argest dinmension of the
extent. Optionally, the cutting conprises a stanping action. Alternatively

or addi ti onalnl 3n exemeplatyi embadimens efatirpliavantion, prassing cernprsseanolliag|aycylindrical

rectangyl arc 85450 3R 3038 RS oElel SgSHE ELAGaL R bl the formof a

There is also provided in accordance with an exemplary embodiment of the invention, a
20  method of producing a micro-organ from a tissue sample, comprising:
providing a thin tissue sample having a thickness and an extent in directions
perpendicular to the thickness; and
cutting the sample through the thickness thereof over at least part of the sample to
produce a micro-organ having at least one dimension smaller than 2000 micrometers and at least
25 one other dimension larger than a largest dimension of the extent. Optionally, the cutting
comprises a stamping action. Alternatively or additionally, the thin tissue sample is a thin,
substantially rectangular tissue sample and wherein the cutting is in the form of a series of
substantially straight cuts substantially parallel to one end said cuttings having a similar length
and being offset lengthwise from each other so as to leave a junction of said tissue between
30  alternative strips tissue at alternating ends of the cuts. Optionally, the method includes unfolding
the thus formed cut sample to produce an extended micro-organ comprising strips of tissue
connected by said junctions.

In an exemplary embodiment of the invention, cutting comprises cutting in a spiral shape.

11



substantially straight cuts substantially parallel to one end said cuttings
having a simlar length and being offset | engthw se fromeach other so as
to | eave woOjoafetseo©n of said tissue between 30 alternativePSTMLEH0BTSSUe at
alternating ends of the cuts. Optionally, the method includes unfolding

t he t hu©mtionasy themethpdpineludes prviading the spixaldadeovide en extended cloogased siieny-
strips Q& i ssue connected by said junctions. In an exenplary enbodi nent
of the inventi on, cutting conprises cutting in a spiral shape. 11 WO

03/ 049626 PCTh hh 8R4RAPIBACembIimenadltNe invBRidHE LRAHg HEhHERTuHMY theltifGe it a
spiral to _provide an extended el ongated m cro- orfgan. In an exenplary
enmbodi msefessif comgeniripgirpuiasutscut ti ng conprises cutting the tissue with a

series of copeent.ric circular cuts, 5 There is also oyi ded Lp accor.dance
¢ han exempnarty° afbotp FE in fétbRtanpe VR e iremBlstyelhaiisnt g Badeisgon &

M Cr 0- OhgkHiod dfPRdRuciASHHErS Srork HREdeTatPle, Eérﬁﬁﬁﬁhgg a thin tissue
sanpl e having a thickness and an extent in directions” perpendicular to the
t hi ckness; amtbvsding| & athéousdsye caaimplachaving sathptlnessirandglant eetenthiin kdiessions
thereof with.a 1IE)ﬂ%)urtﬁll1[t(1)4glof cuts, 10 said cuts being formed in rows in an
el ongat @“WEPUEY ? hiH®es:£8d each row having a plurality of spaced cuts
spaced by a RinhffnasikdPERAHS RIS RRGER ikl i)
offset in the di recti}in ofgt he a?:ﬁjti SO ttﬁg?&tﬂté eegssglae%:tg)g%@%@%lbg%%he %rf%\%tsére
si t uat edaiddptsdeing foumed uowson tn elongdte divectmdj cfdlentuts, @ach Qv haoied 4 plurdlive of

e R B s o e FESd oo £
e . y | hd. o o
er nalgi&lon SFm@ddt Rzl thy sé;?ai:és %}ﬁl@éﬁ%ﬁ ?t%tsﬁgﬁt\ég ?@ta@éﬂt"i’&g@ﬁtt}go#ﬁgn bf C

bet ween 200 and 2000 'm cr onet ona ance Is ween
and 150@djacent oonet ©ptonally, the offsenial cauyl terdpprbixiraattlyainetindf the\pétoh iand thd hies of
di stance hetween adjacent cuts is between one-fifth and five tines the
di st ancéaogleﬁ%@fﬁ substantiaHy cepigred akthesnasgsi )fcaadjacent roygaMipatysly or additionally,

00" i3 p oo RiRen RA AaeMiadl Suls?iOBLWEED Bl db0d Michhdisis. DRiShINCUL
In

20 between adj acent rows.” I'n an exenplary enbodi

spaci ng distanapisrbexwemt #0yandddal ntierotdeeers.di st ance bet ween adj acent rows.

an exenpl ary_enbodi nent of the invention, the method includes stretching
said cut ti&%38 Xsmplasy ssbodypentiofihe juveantigpsihe Jistanee hetwere mdiagent cuts is

oo neatal HREGhAVERE B ks, 6 HMBRE ORI SC s BRI ANEHR Ry B
t1 ssue additionally, the distance between adjacent cuts is between one-half and twice the distance
20  between adjacent rows.

In an exemplary embodiment of the invention, the spacing is approximately equal to the
distance between adjacent rows.

In an exemplary embodiment of the invention, the method includes stretching said cut
tissue sample so that it forms a mesh.

25 In an exemplary embodiment of the invention, the cutting comprises a stamping action.

In an exemplary embodiment of the invention, the thin tissue sample is a skin tissue
including at least the basal layer of the epidermis and a portion of the dermis. Optionally, the
tissue sample includes the entire epidermis. Alternatively or additionally, the tissue sample
includes stratum corneum. Alternatively or additionally, the tissue sample includes a majority of

30  the dermis. Alternatively or additionally, the sample includes substantially the entire dermis.

In an exemplary embodiment of the invention, the thin tissue sample is between 0.3 and 3

mm thick. Optionally, the tissue sample is between 0.5 and 1.5 mm thick.

In an exemplary embodiment of the invention, the distance between cuts is between 200
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including at | east the basal |ayer of the epiderm s and a portion of the
derms. Optionally, the tissue sanple includes the entire epiderms.

Al t er nat iwelog/oge2@ddi tional ly, the tissue sanple include®PCIHLE/WRTICOr neum
Alternatively or additionally, the tissue sanple includes a majority of 30
t he depmid 20000 infrombiene! @pdnatigiditid dixtdricy, bdtweers @l & ibetvasde§00 and 1500
substantially the entire derms. In an exenplary enbodi nent of the

i nvent PBYTOMEIEES.t hin tissue sanple is between 0.3 and 3 nmthick.

ptionally, ol NeetdSas SRl DR #OaMd hedlflo bt e TEhdllio? the B1AdAMy the

exenpl ary e 3 I'Aventi on, stance en cuts I s between

200  12pMRst0ERGRELIRA is leRYRA8 71902000 mi croneters. Optionally, the
di stance between cuts is between 500 and 1500 m crojet.ers. flbn an exenpl ary

enbddi nent dheretie thusweeyidedhin agserdengs with pneremplergembedimentotihy yaventign.iae

spaci ng_bet wee e bl ades | t ' ; € o -
or ovi dga e i daR Brgalls, A Bierkioh B Wibidrenghog EHa® obforal denetl
fi xt ur ghdapicalieh Bidesdurt eededTiop dlng Rardpbitaicdatiedixtaluicongrisiagnt enance and
optional genetic nodification Er ocedure thereof or during transportati on,

the fixtureachiferi bodygprayided with dsdgr prose aperdurgs tofyeH YUt thip PECIRIENL A% s
over which the mcro-organ is nounted; and to a plurality of m cro-organ
securi myUafed ifts, said elenents holding said micro-organ juxtaposed with
respect to $3i16raBRE 0P miBRLSg@P 8Eduing Selerietid) dalibtlchrhly BildRg id Mit®-drban
70% of said mcro-organ is exposed. Optionally, nore than 80% of both

si des @ixtifvsedrivithaespecfdn siisl oneof ozwel apadireso sech] that bash sidehafimorsothen 786t Af
sides of, the m cro-.organ i.s_exposed. ln_an ary enhodi . Of -

i nvent FHA, MICKG-GrEFN P (?-%B?Sﬁgn ql?ggnajﬁrn&qge Ry ?%;Eil?ogﬁ Sld%g oglntggaﬁlgﬁéo}ﬁglgésl d
securi . SR RIBPbSh ARRPbEfe ticRPGaR I Rposash at a

peri phg%ﬁtag;’@@goi%gﬁ%erﬁgﬁﬂeznd of/g?ai d apert uree. %pti onallsld;pot he hol ders
conpri se pi fisamexennulsry epitacladertiof theghvensioensandygiidra-organ hnaratmesh| opnigurpiien y
stretched nesh, therehy securing the nmesh over 't apertuyre. In an .
exéefpl an@w_@ﬁm%mcue £ Pl RORPRSH 1Ry A B figdasshiig ERperiphery
conf | 94 akili ks A ot RAHBrE! BpfiRMY! MG HBIRMPATDrER T Sroll, PR hiddapt ed
to engage the nmesh at a non 20 m cro-organ periphery thereof. Optionally,
t he hologetiagsiarthe patialy osfutly streidsed raekhpthertby seqirmgdke mestbevep Klecapdrtiter ough
openi ngs in_the non-m crq-ofrgan periphery thereof, thereby securi t he
nmesh over tpan EWRlﬁWee.ml?orﬁm&ﬁméE gff‘p‘ﬁ&?‘}}%é‘n% PREhoTEM hase ql?ﬁilecf?flﬁg?f?g%%i d
hol der | i Q5 R, ideC ' d QhSageCtRBRRdsHI 2% Aéd d
apert uragés?%??%aglng%géﬁ%l ar y%éngbggﬂ?l{n%n%{%f&&tgﬁgéﬁmzn?i %ar%e t he sSI ots have
an 2axi ahicexérgai paiphest theeof. Optionally, the holders comprise pins or rods, adapted to pierce or

be placed through openings in the non-micro-organ periphery thereof, thereby securing the mesh
over the aperture.

In an exemplary embodiment of the invention, said holder body is a ring formed with
circumferential slots, comprising said apertures.

25 In an exemplary embodiment of the invention, the slots have an axial extent of between
300 and 2000 micrometers. Optionally, the slots have an axial extent of more than 500
micrometer. Optionally, the slots have an axial extent of 1 mm or more.

In an exemplary embodiment of the invention, the securing elements are placed along the
circumference of the ring and are adapted to hold a long micro-organ oriented with its length

30 along the circumference, such that between the securing elements, the micro-organ is exposed.

There is thus provided in accordance with an exemplary embodiment of the invention,
method of holding micro-organs during maintenance and optional genetic modification

procedure and transportation, the method comprising:
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300 and 2000 m crometers. Optionally, the slots have an axial extent of
nore than 500 mcroneter. Optionally, the slots have an axial extent of 1
nm or norwo B/4mne exenpl ary enbodi ment of the invention, Prog/Ibexwsing

el enents are placed along the <circunference of the ring and are adapted to
hol d a | ong mrovidmgoy ydding fixéme baving ahleast swd angrolprg@useatnngelements;

exposed.  TherbutE PR i SRR By it SEBR AR/t THE ey 5 BABoR et
of the {yeBidatormiEh A heerh hCurBLESRo@EAANSIA [ ng i nt enance and

optional genetic nodification procedure and transportation, the nethod
conpri si ng: T®ra\d 1B8d pzb%‘dbﬁ 1@@E¢drdmb®ﬂ817zm exmmlarghemj)odlmmtdxf ttige niventione a

havi ng mc ur i n el enent s curi t he m cro-organ
' al dnebed oT }«tﬁe%m@%ﬁ[i amg iyl prapgitic Bco-pigah 40, bF pplatiss 1 patient, the

m cro- %&ﬁﬁdk&ﬁgﬁ |ate the el errents and are exposed on all sides. There
is thus provided | n~accordance with an exenpl ary enbodi ment of the

i nvention, aletdrminihpadseofetioei@rehbha tigerigeatiampentitbyod qearitite o eutioro-organ in

m cro-organ to be inplanted in a patient, the nethod conprising:
deternmifg a secretion level of a therapeutic agent by a quantity of the
i Cr O O 93N dfiruaith} Orel SRR e il Qo BG4 %7 Berkhd el of the
secretions and ivo seru Ieve s of %erapeutlc agent;

det ®r imithéragewio agemtyimid of therapeutic mcro-organ to be inplanted, based on
the determ ned secretion | evel and the estinmated rel ationship. Optionally,
the rel ati orfkerfﬁrgnmgg @stam@atlte@ theapeptisn Bugp-ofgae 19 e dnplagicds dasqdr o thee
fol |l ow p ) a , I
cond {1 SR s@aed B 180E el o SfEhed Bhidliihy *DoHEhAN, 8RR BN TR

adm ni sdstimatedbdsed GﬁélelfmStenfad:tafs chusynefedrs itheaibﬂowﬁ))g drbay oBfaoloksret i ¢ data from
previous TMO admi ni stration to that subject. Optionally, the relationship

i sI est i maekdSubiesé data sueh a3 weight, sage Plysiceheendition, shimicalgiftisnal |y, t he
o Bhe o BB R R G a B O3 Bl BB LBl RgRIB g

be i npl anb)ect)haﬁnacdmtduerahtal@orﬁbﬁemd@@qwuogammtratonh@tﬁm@tb e&Or r espondi ng
anounts of the sane therapeutic protein routinely adm ni stered to such

subj ect s bas@l@ilmlly,etba trdatmrylngus atimated bassd oniat lenstciwondicsaid fetors Cuitionally,
popul at tat| Stlﬁs for ects; and correspondi ng anounts of

the sa }0515138117 asg&gﬂtthrg%gﬁaﬁgagﬁr% to that sane subject in

In an exemplary embodiment of the invention, determining an amount of a therapeutic

20  micro-organ to be implanted in a patient is also based on one or both of:
corresponding amounts of the same therapeutic protein routinely administered to such
subjects based on regulatory guidelines, specific clinical protocols or population statistics for
similar subjects; and
corresponding amounts of the same therapeutic agent specifically to that same subject in
25  the case the he/she has received it via injections or other administration routes previously.
In an exemplary embodiment of the invention, the method includes preparing an amount
of therapeutic micro-organ for implantation, in accordance with the determined amount.
There is also provided in accordance with an exemplary embodiment of the invention, a
method of implantation of a micro-organ in a patient, comprising:
30 preparing a micro-organ having a known orientation of the skin surface;
forming a slit in the skin of a patient; and
implanting the micro-organ in the slit, with an orientation corresponding to the same

orientation as the skin. Optionally, forming comprises forming a slit having a predetermine size
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25 the case the he/she has received it via injections or other

adm ni stration routes previously. In an exenplary enbodi nent of the

i nvent i ornwotod®49seé hod i ncl udes prepari ng an anount of th@cageeios79

m cro-organ.for jnplantation,. in accqordance with the determ ned anmount.
There is sggp?)fg%eﬁwr& digipeed e BLRIFTO0TE-KIS FPkHY ssBermaerposgan. of t he
invention, a mEtdLesh L ' 1M ¢ orgdan in.a patient,
conprising: 30 preparpii%frll’sé Igmr)n(ﬁg{reg{%ﬁg%ﬁ{vﬁgt\ﬁﬂﬁg& aﬁ{n%mon%?l?sgﬁ‘t ation of the
skin surf ace; pladiog tiemgico-okgan inrthé ket sokthat B skinpakfaedand 36GedpBRliAR sintsket Jte
mcro-organ.in the slit, with an orientation corresponding to the sanme

ori ent at 5 AUGO-9Tgan &g 3 subsiantiahy ths same leweln @ptiongl by, Sessmethodiingudesgllosing the
havi ng aR%Seahe MR red - 6 /1 102/ 00879 . and shape.

Al ternatively or addi trgonglpflag/c,é ag%%l%%%ggs%oa%g?g { %mécrgmr%aqlpyiqu.

m cro-organ. Inramexemqday auibodémbdifee inhtibhethe Bt 6:@8n i4 TReARdaN altered
conpri se | acing the mcro-organ in the slit so that the skin surtace and

corresp&ﬁ@? FregnicE-erean that pecrafpe# heppgaiic agest.at substantial |y the same

| evel . Optio : i.ncl ud closing the 5 cut with the .

ni cr o- or gan Pﬁ{%%/ éscéelgbgP%gggng 3€%qrajasn§§ éivéhlt b W%“H’q?rﬁgn}hog%e-‘ﬁ Pg the oxenionea.
In an exsethbdoineptaitignicrebrdaien b priest coMpritihe mcro-organ is a
genetically altered therapeutic mcro-organ that excretes a therapeutic
agen®. Ther e RURCRIES adisgia Wel@ce;n accordance with an exenpl ary enbodi nent of

the inventio - [ ntihng a-mcro-organ in a patient
conpri si ng: 1ndl Vg?fﬁ%%?#ﬁegtg%be ?@%@é‘? Séﬂ??ﬁ@é“? Qﬂ\ﬁfﬂfgpmft‘ge’cat het er beneath

the skin surfingetifg nebapste Ruft Wafing RS oRn aEhRAN@RR ' g9 a
m cro-organ attached thereto at a kn%wn posifﬁﬂgn at her eon, ?ﬁ%o‘d@&%t&t@#l%gh

t he cat Ragreen, dgfotand thrpeghethe cathetaesesthef it exitsathe siméackios shetisspgsi t i oni ng t he
carrier such ; he, m cr.o-organ,j,s at a known pqsition within the
catheter 15 p&’%@é}]}nlgﬁl%e %aﬁy?rasggﬁﬁpt {Jﬁémﬂ%‘gli%f;l 134 @ knawgposidon Mathin the seheter
whi 118 hahdértbe blrEacdiof fiR-tRE@ARNG N position. Optionally, the mcro- organ is

a genetically altered therapeutic mcro-organ that excretes a therapeutic
agent. Ther e T¢owng shpeaihiterewhilehaldingr themuierosrighn impesition | Qutionelfyabé Faetb- Of

br oducedr 5y 15 R e kAR alro-otean gt snireies PrnGialsBy egentand

excreting a timefeaReildd t; oSk I i f. .

t herapeutic agent in tgréﬁ gﬁgjlgcate %H%ﬂg}% v@%mag@(%m%ggg e§¥8g6hé%n¥1v?rg1og,

desi r edmathasl of pdjpstinfg thnalosageedf @ sherapeatic tabant Eodiced e &eutié AEBro-organ
By kiexg) g

i mpl.anting addi.tional therapeuytic
TPLAEN §d an% ina sﬁ'b] ect ang ex retlilng a therapeutic agent, comprising:

(a) monitoring level of therapeutic agent in the subject;
(b) comparing the level of agent to a desired level;
(o) if the level is lower than a minimum level, then implanting additional therapeutic
micro-organ; and
25 (d) if the level is higher than a maximum level, then inactivating or removing a portion
of the implanted micro-organ. Optionally, the method includes periodically repeating (a) - (d).
Alternatively or additionally, inactivating or removing consists of removing a portion of the
implanted micro-organ. Optionally, removing comprises surgical removal. Alternatively or
additionally, inactivating or removing includes inactivating, Optionally, inactivating comprises
30 killing a portion of the implanted micro-organ. Optionally, inactivating comprises ablating a

portion of the implanted micro-organ.

There is thus provided in accordance with an exemplary embodiment of the invention, a

micro-organ processing system , comprising:
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m cro-organ; and 25 (d) if the level is higher than a maxi mum | evel, then

I nactivating or renoving a portion of the inplanted m cro-organ.

Opt i onal I'wp oBloeeaet hod i ncl udes periodically repeating (apca/ile)as79
Alternatively qr additionally, inactivating or removing consists of
renoving a pdérRineHb! epgeatiopdignedulesgeash spid taedppertysaringall pypart efaprogess of
conpris ' | . rnati 0 additionally, inactivating or
renovi ngﬁ?%%dgggdlin%cgé(;:rﬁl%gtffdr%%%ég%%%gi %Ji nactivating conprises 30

Ki | 1'i ng redpe féri teimsfetrind e itisgleaningth dFirticRrorg8d frorfid MO@IE Yo a h&@Ghddidd inntle
conprises ablating a portion of the inplanted mcro-organ. There is thus
provi de®reseshcddn9siida the thodimese wathouhrgmeydh oxfi the riisset sathplei fiienanthe gnodides.

i cr Q- ' ising. 15 03/ 049626 PCT/.1.1.02/ 0087
ol ur 31 1 (GPOp RIS RS Rl e BURERs OGS b Eor RGEET s PEPR ke BieUparg
of a prore®stsef surRico@led BY tisdietoMidniroted Bafkdct® ORichhEy URi® BIMERsr BdesiEaNs

for transferring the tissue sanple or mcro-organ fromone nodule to a next
nodul e isArfadeeslicgraddisges of Pentisdled svidih atdelengiiu Adismativelioutaddiionslly, wk dfithe

tissue sar@ie ifrom.the m)dulg_sl. .5 @hl ﬁ” II%, oqﬁ of the nmodules is a )
Ui seue AT S, O ERpate in wEehdRe Jsifrmile 1t pUdRl ShohBye Ltieros
sur f ace oghdn§ COpfiodalls S tigéuef%%breqh held dntt GlDS SarriEPIoRahb o6 ordéth Suid! WAL er

harvests a surface slice of tissue of controlled width and I|ength.
Al t dpnatstilldeipgdeldaeitsaid careibd, o foomer rofcre-hegannodul es is a m cro-organ nodul e,

in which the.tissue s l e .is.cut into one or nore . Ccro-.Qrgans. .

Cpt i onal |y, Ehabs FETIITY ST ERERt & HcHVE EamShe ACAh Bodudfigot AHEREOTSH o
a cut t emmodl inByhid® tiltiskhie HEIPIY;ishGt PSR Hoe@iikidRbreat® fOrm a

m cro-organ. In an exenplary enbodi nent of t%e I nventi on, one of the

nmodul es i s alwaoepemplggnembmlimbnt ofithevuiveitidgn) ¢het issseiss @ mph endasdarinig dutitsaclone
or nore mcro-organs. l.n an exenpl ary enagﬂinen_ of the invention, the

m cr
tissue iHdatdthps, IHerorqTEY Rasian wiggnndediageordien shage: £ or med i cr o- or gan
has {@n unexp | : I ' f
I mvaR one | h e BB e BBt (B fth, AR Bt L Mk TR ] o Blifher
devel opmmygluidhwhilé deelaigntheimicm-arghoigo adoge super imadr shapgdaving\a legeth 1degt h
| onger _thap the tissye sanple. tionally, a | eading edge of the
mi cr o- oFlbaé’ﬁE? %‘S%uﬁéﬁ@l’gﬁ' Pegonally, ﬁgaﬂmgt%\? of Fh?dmcy-amnmgw&qudﬁe thre fisthsp e d
M Cro- OLAaid shdt . : | [ 1t h r
hol ds t he m1 é@g;@?&g@%@é?ﬁ@ﬁ%@ I?hcggé%%é 1%: %ﬁ%ﬁ% do&{) ﬁé%%&ég?{%e_rg&lggﬁﬂ%a?ﬁ, a
sur f ace tispthotdét obdsethe midrbrorgackupb that drrd Reoe@tt of@ht mddraldryan Witle a BRIThdenly
corresponds to.less than 10%of the mcro- organ. Optionally, the portion

cor P8spONER? kpitedpertiondherens, Bptienadlynibe pottisngertespandate exethien Pl afitpeariorent
of the ipyanbhRshatly e PYHdAor @Bt 1d Bsd thid $8, WihdmaGo bt

In an exemplary embodiment of the invention, the further module is fitted with an inlet

for nutrients and an outlet for waste such that the micro-organ can be maintained therein.
Alternatively or additionally, the further module is fitted with an inlet for supplying a
25  transduction agent, such that the micro-organ can be genetically altered therein. Alternatively or
additionally, the further module is fitted with a sampling outlet for sampling the surrounding
fluid therein. Alternatively or additionally, the further module is fitted with cutting apparatus
adapted to cut the micro-organ herein into one or more smaller pieces.
In an exemplary embodiment of the invention, the system includes a transporting module
30  having an arm adapted to enter a port in said further module and remove at least a selected
portion of a micro-organ therefrom for transfer to said transporting module.
In an exemplary embodiment of the invention, the modules are supplied with matching

ports and connect mechanisms such that material can be transported between them without
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for nutrients and an outlet for waste such that the m cro-organ can be
mai ntai ned therein. Alternatively or additionally, the further nodule is
fitted wwboam4demé et for supplying a 25 transducti on agentCTduetnostvat t he
m cro-organ can be genetically altered therein. Aternatively or

addi t i ampbduye te he outsidchenvirondiche Aleerhativebdomadditienadlapdid mgodnles| etrryf ot the

sanpling the surrounding.. fluid therein.. Alternatively or additionally, the
Fur L herbogsat A SeH1% coagitint Reginediony tejptedetios oL e w8 %t the
m Cro-organ ’JITT@E is”chﬁsC;Bt%vfﬂ@@ iR E%dli?(la?lcé Wl & exRhBERS endbddARen® 6 e R i@ dntion, 220

enbodi nent of the Invention, the systemincludées a transporting nodul e
havi ng micreorgenpeqessdng siattot for the parttol iofi nwditehahoe tind pptwcill gencdindiltemton ©f at
| east a selected portion of a mcro-organ therefromfor transfer to said
t r ans pdPETheeABY GPEPIIPASan exenpl ary enbodi ment of the invention, the

nodul es are | i - chi ni sms such t hat
mat eri al cana% gegg‘{drng g#ofp?gﬁrguv@gﬁmg %gér?\l/]\]ﬁ ?ﬂ'—g&t? ﬂﬂgégﬁ%&%ggla’o49626
PCT/ 1 LO2/ 008&/8uidiex postitr]&ystemauperitilvs ital eorery ithieofiowe of ond\bt monadf fhally amt waste

additional |y, said nodules carry out the process under sterile conditions
st arti g and Hem HdegshoneRfithe moAulss:; afe tissue sanple. There is thus provided

i n accordance. \ | ary.. ogdi L i : 1 = 0L gan
processi ng ST GaoRE SRER Bk P REHRR hofe ftfer SRRk ffelt S0t

al ter atdfahe gfodufes.NOptiGirallly gthie Statiof ieluddsngvacatml emsiol eyterp@perafios talagplyng a
nodul e or a plurality of linked nodules; a fluidics control system

oper at iopatroledvastnm) to gk keast) apg ob thegnadwes, der rolding majergpds withingideast ongofhe

Supp y st OBt R ERER T Bt AR PRl PGt S ORRRGR BBl

Opt i onadnkYnatéig tigd 3hisetherehetitattetation Off U MiEOIrEM irsottfihopeddtd. ve to
supply a controlled vacuumto at | east one of the nodules, faor holding

mat eri al s wilnkngxemplasaembestiaenfofithpinvansing, the stationiiaradas\r sapping mechanisn

confrol.systemis . rative to control the intyroduction of | E

a1 P Vit B8 SRk Bk Bf SR A O el Bl R BRI
nodul esun dnly28r BX _ﬁﬁﬁl&z@ﬁ%t}ﬁf}hﬁa’d 158 Bhe 6f mbReof tAY pRide@ pardhtestiadli@ing ichebstges
a sanpling nmechanism 15 for sanpling fluids fromat |east one nodul e.

Al t er ndagtete) gissnlvesldetiygemrdissolved tcharboptdiotidey amroonigeglutagine pdl, epatanfigants, or

anal yzin e, fluids for . or e of. the process paranpeters includin
gl ucos es,egrefeactpgrlag?uq i 4858 32‘310&%”3 ° aplyes)ap Z%Saﬁlﬁofgm ge i %gj,eraé)m% f‘%‘?ﬂg
gl ut am&@ret@%yﬁgmi@md}%ms, or secreted therapeutic agent. Optionally,
t he anal yzer @nalyzes the fluids for a therapeutic agent excreted by the

m c200- or gan.In2f exeraplaex empodimgnie ob ¢l mventiord, theestatipneincludas at eanteoflar it
i ncl udes a controll er ni tors the anpunt .oé. t.hera eu%i ¢ agent and
e £ g indic b

provi d Juonffors Aneury éf&ﬁ%ﬁp agent, q}l_doprgg e ation when the micro-organ 1S

suitable for implantation. Optionally, the station includes means for enhancing the genetic
alteration of the micro-organ. Optionally, the means for enhancing includes mechanical or
acoustic vibration.
25 In an exemplary embodiment of the invention, sajd power control system controls a
cutting of a tissue into one or more micro-organs.
BRIEF DESCRIPTION OF DRAWINGS
Exemplary, non-limiting embodiments of the invention are described in the following
description, read in with reference to the figures attached hereto. In the figures, identical and
30 similar structures, elements or parts thereof that appear in more than one figure are generally
labeled with the same or similar references in the figures in which they appear. Dimensions of
components and features shown in the figures are chosen primarily for convenience and clarity of

presentation and are not necessarily to scale. The attached figures are:
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suitable for inplantation. Optionally, the station includes nmeans for
enhanci ng the genetic alteration of the mcro-organ. Optionally, the neans
f or enhanwDrg/oigses udes nechani cal or acoustic vibration. PEF/ILeR/@R79

exenpl ary enbodi nent of the invention, said power control systemcontrols a
cutting of aFigi $due schenmtiormeeonewwmf en rexemplagy paosart BitlafRaCEECH! patadignOfor
DRAW NGS Exepnpl.ary, n-l.imting enbodi nents of the invention are described
in the%ﬁlpr%ﬁ{\ﬂi%@e@gﬁab??B ,e%é%mmisn with reference to the figures
attached hergfos ik Ikenl GRS, abASA bER ARl nRiHBh ey Sbf PRMERS and

el enents or ptgrts1 t her ercl)lf 1t hat aplpear In rrgre Hﬁéﬁ one f%&ﬁre gre ge%earnal ly
| abel edutilizitg geretisaiye albered mmictonorgpms ErMdOs) Sniaccorndendei with em embodimett ofthe
appear.. Di nensi ons of conponents and features shown in the figures are
chosen BVFHI% |y for convenience and clarity of presentation and are not
necessarily iS¢RI Ly FGnAkiAe Bz o EaVU Y 486260,

PCT/ 1 LO2/ 008718’8';]’:9. ??% a schenmat |X(E: gv r\%eg{veﬁo?#an e;ggl %aglg prlp(%? frgrrr% 2

" phar mesubict, da hécopdanaelivitinah @kemplaey @niosliimentarf thomhverdtidnt zat i on of

medi cati ons;_Fi g, is a schematjc bl ock di agr am of an exenp| ary

2
met hodol ogy El&?-gﬁp“r-&&&%a&ﬁaemmam RRaFLG B dns esrdugtien pbpdRicr-eresn digads

(TMDs) , 4;d j nent ' iaQni.. Fi.gs. nd
(EVO) e PABSE BPCERHE R 4 RRUSLARE oh &6 elANSLAN. i H00

subjeectin Hig. R dcar eangaryichibodimex efifednyendoiodi nent of the invention; Figs.
4A- 4D show an exe ary apparatus for the production of a mcro-organ from

|
a tissue salﬁﬁgﬁ-éAqBBrsheW@m@nala&bhd@ pisasere Jamibp erodugien aka prere-gigan Eawed

using t S ip: Fi 3, i ofy &h
ovent i SR raate P Bihoudl R tduc S o SAREPARL S ATRRI AP leuila Sy, o,
of a migrfig.®, gada tésainganiticssigen SbaE:@mpl ey esvodiphedt of thisifventisgue sanpl e,
such as that_harvested using the method shown in Fig. 3, and a resulting
m cr o- or gan Figs.\-6Lefomas yneshritigi misrR-oten sHactirsy éh efendance gath gpesomptow a
mesh ty . cr Q- ergan structure, in accordance with an exenplary 15

enb%di nen orgél?%elﬁhogti nl\rllggﬁt}oglh; Fig. 7 shows a skin sanple cut in a manner
such that a MF.SVI shyWe aBkil Sm1e20t FAR ni¥@ned ficABHatt NEIEH ERI¥ micho-8paA cdRMee
with an exenplary enbodi nent of the invention; Fig. 8 schematically shows a
tool f ofored therpfronhdn pegordanae withpngxemplapheraketimanirafdhainyintion; embodi ment
of the | nvenlg,i O%%-' E?%glagfc%@pg}goeﬁsﬁ%ntggfgr%ﬁ 1%%%('3 83&4&{ of E?gv.v7t, Pneacsé%{ aﬁct:eu\&fﬁh%

i
fixtures for fo
embodiment of the invention;

P
-
-

20 Figs. 9A and 9B schematically show the structure of fixtures for holding a super linear
and a mesh patterned micro-organ, respectively during one or more of transportation,
maintenance and genetic modification thereof, in accordance with an embodiment of the
invention;

Fig. 10 shows a simple Bio-reactor for processing micro-organs to produce TMOs, in

25  accordance with an exemplary embodiment of the invention;

Fig. 11 shows a tool being used to implant a TMO or micro-organ, in accordance with an
exemplary embodiment of the invention;

Figs. 12A-D illustrate successive steps in a first subcutaneous implantation procedure, in
accordance with an embodiment of the invention;

30 Figs. 13A-E illustrate successive steps in a second subcutaneous implantation procedure,
in accordance with an embodiment of the invention;

Fig. 14A shows a correlation analysis between in-vitro secretion of pre-implanted

mIFNa-TMOs and the serum in-vivo levels following their implantation, in accordance with an
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and a nmesh patterned m cro-organ, respectively during one or nore of
transportation, naintenance and genetic nodification thereof, in

accor dancwowsiiwean enbodi nent of the invention; Fig. 10 faeumsoz0o87npl e

Bi o-reactar for proceSS| ng m cro-organs to produce TM3s, in 25 accordance
wth aneé&@%'f" HORi of the invention, Fig. 11 shows a t ool bei ng

used to inpl e exe

enbodi nent of"ﬂ%‘#‘é l%ee e.s%?ﬁg s Qe en)fbB 5P LA Enitelel Ry G Ehouig

first syhouimnieaysbjesiptogsthet ivith nllFNeasudhRed iafd dASEAEIBERENIM §n IVIO in SCID

enbodi ment of the invention; 30 Figs. 13A-E illustrate successive steps in

a secondSeHBaceaidBIrs Withanambadinentef dhesavension; i n accor dance vm th an

enbodi ment ofg;th correlatio Si s be n
i n- wqt ro secr eé.%nbﬂé}%&% g%lg Fé’%tva%%nﬁlfﬁlfﬁ%% S&h 10(n‘ni(f gl@%{? g]ﬂn\fia% es o

| evel s fdfftremt p@udﬂn@uprobapécarat aiffernt tithedC EPREANEMW Wih ah ehBoMRRB/ 4626
PCT/ 1 L02/ 00879 enbodi nent of the invention; Figure 14B represents the

phar macdRYSEPRCs of various i nj ect ed r ecombi nant therapeutic proteins in a

subj ect, tog e p uc d deliver y hu Skl TMD i n

S0 D i ce. HPaL Shbn LERRA TSR e reaivetsy T SETO i, R iy nigion gn
shows t hecélegicesyit ava@hbaiimeht of tBS invBntidnt r 0 secretion |evels from skin
sanpl es of different patients, processed at different times, in accordance

wi t H0an errbocﬁlﬁfelrﬁ ShﬁW& inevive mmpnmeomﬁ erfyihgopai@ins troinspletited aniee ab eviahetioaf of a
eryt hr oppiLet i n inmplantation, in accordance with an
enbodi mecﬁ erS?tqqu) &mﬁ@ﬁeﬁmm 17 shows in Vi vo response of

eryt hr opoi et ifigd. N SIATRAA BB hhEC SesPiotivefyliREdvhRA seiun%hE@U FER HotdMATRAT

i mpl ant ed TI\/@g Figs. 18A and 8?38950 m?v}“r espectively, el evater}f@fégglrﬁ%?ﬁ II?HE%%

| evel s diiﬂSAmSWchnld;remb@Ld @amt slvustionnafier etiolngoos YMO tophntatbewah indniatdré er
aut ol ogous antatjon i % 3, m nlfati}ure sWi ne, in accordance with an

embodi meNtR fn ?‘?198 43?1%\’{# B’HE gdipegtof the Hiventigk o hEPO protein in-vitro
secrigtion detpged erh Al edholy %E?@Jﬁ}dtgﬂ inl- ﬂtro Perti%ﬁn&@ce ({lmﬁéﬁr&aglg&fctmn in

enbodi nent of tThe invéntion; Fig mai n no es of a
sterile anttqrdancoMg‘éJnvquusesbodlmen'acsfsthe tm/pntsmrt h t he nodul es separated for
ease of vi SU%J 72?{[ ows tﬁenmgﬁlcrgcr)glﬁgscgf a{/\f:ls)shedasrt]enelgtr)rggrloncggén Sr]cocésrs]l%g clags\étetg t\:w?}?
the modules separated for ease of visualization, in accordance with an embodiment of the
invention;
20 Figs. 21 and 22 show the operation and details of a tissue harvester module, in
accordance with an embodiment of the invention;
Figs. 23-25 illustrate the formation of a micro-organ from a skin tissue sample, in
accordance with an embodiment of the invention;
Figs. 26-28 show some details of a TMO bio-processing module and the transfer of a
25 micro-organ thereto, in accordance with an embodiment of the invention;
Fig. 29 shows a processing station, having cassettes, each composed of a plurality of
modules, mounted in it, in accordance with an embodiment of the invention;
Figs. 30-32 illustrate the cutting of a super-linear micro-organ into segments, in
accordance with an embodiment of the invention;
30 Figs. 33 schematically illustrates a transfer module, in accordance with an embodiment of
the invention;
Figs. 34-37 schematically illustrate removal of segments of micro-organs/TMOs from a

bio-processing module and their transfer to a transfer module, in accordance with an embodiment
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20 Figs. 21 and 22 show the operation and details of a tissue harvester
nodul e, in accordance wth an enbodi nent of the invention; Figs. 23-25

i 1l ustratwotone4deos mati on of a mcro-organ froma skin tiseaa/1eeER®, in
accordance W th an enbodi nent of the invention; Figs. 26-28 show sone
details ijfth%tm’i"m%émbrocessi ng nodule and the transfer of a 25

m cr o- organ tfer @Lo, 1.l | od| f_the iny NoJgk
i o 29 ohove 1 pooehelaRGhd; HRRGRCY\dHAD TR LR of muicREalBANOCR an
pl ur al i tiynpldntativadisides, nounted in it, in accordance with an enbodi ment of

the invention; Figs. 30-32 illustrate the cutting of a super-I|inear

m cro-organ into segrRBSERIPAIONOHEREVEPRARY B8 of the

i nvent i grs H 3 ically illustrates a transfer nodule, in
acco;}dagg‘emw;imgftn ygﬁFgF%Eum mefit—of the invention; Figs. 34-37 schematically

iIlustrate repVvAthods HEQBRBAES 0Pk niBikddR1dYyRB0 ForHeBudih® B Butilify RE Q6B Y
nodul e and thelir transfer to a transfer nodule, 1 n accordance with an

enbodi med gepstieatlyoafenerb srerorrgins (TMONgnoblogl didgmarh nfpany irpagcoadricEivgth 38

schemati cally illustrates-transfer o segnent, of..m cr o- or TMO t 0, an
ol ant A0 BRaR PR ER b oo A AR e ARV TS e
THE SYSTizNbine @mbd dEHEHS o fithe QN RILYbE O bxFlafiEl hedebied ¥rotPthe @meREBRECHNGh AR ]
utilizing mcro-organs and genetically altered mcro-organs (T , In

bl ockR ditherepnwilblatgr hernpalied ld an czemplaty embodémentpifahy inmebidati, tensanyfle isweskin
[ ti . At 2 | ant of ti ' ted f .a.subj ect . |

some. 0Pl SRR NG OIS B AR SAEC IS HTOESERUIE F At Hesceied
subj ect JeRwMIMAR hRRIRPWINd the! AL RRsARRUI Eiow 18 e%%@ﬁ?y%t?%‘%gﬁefhgds of

embodi ment of the invention, the sanple is a skin sanp
ot her t ilesiesingtissuhsampkseshichrad cogegl punchingpetoe cars berubar int sontehahbatibments loéd
s. Wiile the nethod described below is exenplary,

gf lhg\rN Lg%@&g@f%ﬁ%ﬁmwa generaly anseopmesially available dermatqgme E@h%uwg-, The
- d_i0: di f he i. .on. Furt '
Genclal TrpSitett SR S BRRoSIRC MR ad s Hetpthelifh s ot et dgrotide e
ral . el BUOTTE U3 _
sanpl e 'asglgafpé&gah t?ﬂrﬁﬁ@?%%aﬁ@%,ﬁgﬁ@éﬁl 6inb e Bﬁ%ﬂ‘.’%‘ﬂ% %&ﬂﬁ@?ﬁlgw. If

transport a mcro-o ng apparatus, y using
met hodoldegirediethertisead eiplaticahfbe E§aéfidally bRréd Fot mt&X R (ile. Cftrdction at
cryogenically stored for later use (r.e., 1ntroduction at "the sane stage

of the phosasektage of the process).

At 204 a viable micro-organ is produced from the explant. In order to be viable a micro-
20 organ must have at least one dimension that is small enough so that nutrients can diffuse to all
the cells of the micro-organ from a nutrient medium which contacts the micro-organ and so that
waste products can diffuse out of the micro-organ and into the medium. This enables the micro-
organ to be viable ir vitro long enough for the further processing described below and for the
optional further utilization of the micro-organ as a source for a therapeutic agent, such as a
25  protein. The maximum distance from the outer surface of the micro-organ to any tissue that is to
remain viable preferably should be less than about 1000 micrometers, although greater distances
may also produce viable structures. The method of producing a micro-organ from a tissue
sample, as described below, generally results in a micro-organ having an iz vitro life of several

months.
30 After the micro-organ is produced, it is optionally visually inspected to determine that it
is properly formed and that it has the desired dimensions. Inspection can also be performed
optically. It is then optionally mounted on a holder and transported (206) to an apparatus in

which it can be genetically altered. A suitable genetic modification agent is prepared (208).
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At 204 a viable mcro-organ is produced fromthe explant. In order to be
viable a mcro- 20 organ nust have at |east one dinension that is snall
enough sowDhlaw4gseé ri ents can diffuse to all the cells of PChALR/@®BT- or gan
froma nutrient medi um which contacts the mcro-organ and so that waste
pr oduct Alterantivi dxbnpiarg nfethafds ol prepiingtheragent inclddeé ereatidnhef ahgdotswithrhdesired
enables . the mcro-_qrgan.to be viable jn vitro | o enough for th urt her
pr oces sHifiy Va8 Ahr nstg B&W%{h‘aﬁf ) r"l%tV Héf PEBPEIFS |P8F51$]g CBRREr G tsfqrglggaqnﬁ&%a\glpg t he
m cr o-Q : I, L 2020 : hdoiral NE
ot s ar 2 oo il RhuBnldChAPAN £ 23R  an TERES o SR v

t hat i svector. AHNGHl thesei rbtasgr &é avadlbknovahiuihd dne Atebis fdiainthabmicto-45330 can be

m cronmeters, althou ?reater, di stances _may al Sﬁmpr.od ce vi abl

h .
strdct iesd cryescrisaRnaiass lafsr datiedusgion i teosagryRIFCE Bt I?Iioggﬁﬁe%h?aﬁﬂ’r &e as
2 . i I . romor . © TS ¥
of st Uind SAGHA pob SR bt BraliBur Rl GINAAD MALLIE, Bllng For labibiy,) | ©

vi sual |IYMBM peiiigd cottaia@igeY0%DRIIMat it is properly formed and that it has
the desired dinmensions, Inspection can also be perforned optically. It is
then opti onaht ¢loohatmigresareanyis| sraeticply dlfeaek pos tadiciiodan the SHBHYaMANYS

agent 1 Gopl SaHF BEPEICRE (o el B ps YR R bRoBE TE lipfTar i HRbishE
exeqp! ahy folswiag desdripiiofRabhdtd dohesiggeniral Redtoid® Ds@atigRne ditoahe qeld of thict h
a desired titer, using a predefined dilution buffer of viral particles,

possi blmicze-pragenThissprogesgds avall knowi sad vall nasdeyfurther descebed exgerieds to the

controlled te at yre -4C and .val i dat i Y the viral
vect or .paﬂl?utl%fr}g‘%\%iogogr%’gjeaé’gé@mg%r ‘\]i@f)ﬁllu"%’%)@% V%rﬁg{qﬁt?élg glrl%goy%g;ﬂ'hi s point the
m cro- or gan gem DheTehbiital§l alEtk@ ALY (TNIO) it 8ptednallf kesRsifol keuretidn fafs
sane place in the process. This can be performed using known protocols for

gr adual offthe gherapguiod aginssThese anedvaviend methads afd¢termisingripe guanti qeEtiognior
cont ai ni n 09 . 210 the m cro-organ is.genetically altered,

i ndi>cat eé‘&%p#’ tﬁéﬁgﬂ rﬂ%‘?’ry’f’“ﬁ%‘?ss%t FRSGE o‘f—“a:};’é%%ﬁt% I ?’éeci%?rf ¢ g}'l%lt%ﬁotsjf\/\%leand
can be dsetioh s bhtforRIS IS, FVERkIpH for Aferiity 8XRARIVEy ofkRe t&Retb@lpt¥iNThis

description is based on using a viral vector to insert a gene into the
cel | s ahay beperfamed pegadicallfhorsopiiowasky andingel | known and wil |l not be

For i ntr ouckhiRsRRT GG e frribebaly oot FBra8t e Ounet i cal 1y

al tered m crQe 9700 116V dnfoRPbF 2RAD lréﬁtuirgé & hrbQicises iefileanhdrahiR offkt she
t herapeutic agent. There are various nethods of determ ning the quantity of

seczoet | deternfimed. AS imdicatpd deloBl, |tBA, thatbretici dosa neqsisayents, sgaacbe astimatgtl yon,
etc. In addition the quality of the secretion.is . onal.l .ested, .for
exanp| MRS BreHOR 2 @S POVTPSS S OB SO cSHRER SrapSBa
per T or nRfhiBRHIPBEGREL i R0 SEOLHH QS iR ket fevels.

At 218 the selected portion of the TMO is transferred to an implantation tool. Exemplary

implementation tools are described below. If needed, for allografts or xenografts the or for other
25  reasons, the TMO is encapsulated. If the charged implementation tool (or the TMO) must be
transported, it is optionally held (220) in a maintenance station, in which the temperature,
humidity, etc. are held at a level that allows the TMO to survive during transport. The remaining
TMO material is optionally maintained in vitro for future use. This can be at warm incubator
conditions (37 ©C), in conditions as described above or at cool incubator conditions (4 ©C),

30  which may prolog its viability in vitro.
At 224, a portion of the TMO (or a portion of the TMO produced by the previous acts) is
implanted into the subject. There are a number of methods described herein for this implantation

procedure. Other methods of doing so will occur to persons of skill in the art and are primarily
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At this point the TMO can be cryogenically stored for |ater use. At 214 and
216, the anount of TMO required for producing a desired theraputic effect
is 20 dewermgiommde As indicated bel ow, the therapeutic do®eTneeuios®nents,
can be estimated from neasured secretion rates, patient paraneters and
popul atdependehtion $hd specific gdometrygtafiiias mibroorgamovang nsedaAnonaltylitschapmeeshown

vitro secretiqQn and in vivo serumlevels, At 218 the sel ect orti.on aof

t he Tmﬁﬁtstﬁ? pHrerEaspnd I MQs ifﬁ%ﬁ%f’&ﬂedﬁ Wispm taf%ﬁ?ﬂ %ﬁ‘glﬁje?ﬂﬂge"r%‘h{“é?si%n

t ool s 1] I ] f I , : tAEnAr
for ot gt afl B fte Werangydd BRA for it AGRHS aler ARG n ifind

i npl emestiidi¢s, ierdpeatic mowith arePvbuced $dr peeiods entopk@0tdags (drtlonger)o Bthiterthe tigsukel d
(220) in a maintenance_station, i \1Nni ch the tenper huni dit%;i etc.

n s ature,

a1 & Shel of the MRCTPFE SHENIOLFAPSHE te Re nRamRies taig (45 YsuaGE thegubiesihigfowhich s
remaini. {Ale J S . I; i nt.al i hdar WHEHHE; )
Thi s czilﬁlﬁg)tl)aé&-%%c%mlyﬁ% &%%P%lr% 1%:)o I tﬁegﬁg Q(t%ﬁhé ,{h:éns\éié{gn@}lgtl ?lg)rlll{s as bt 48
descr i begvetedy,ehocelBtcoapisingrihie/hadrosorgamnstithe INEO Cdntidue to bdnbé arfd seaetpthel og
its viability in vitro. At 224, a portion of the TMO (or a portion of the
TMO pr oherépelitisyagee previ ous acts) is inplanted into the subject. There

are a nunber;_of i ..t or LSl i e.
Q her net hoolé1 agfaﬁg%rhiﬁgg S%B%&Hegggfc@? E@gﬂ%élﬁé%%@@%?é@% %%l n htgﬂ’g Stgé ;ﬁ% ﬁg&ar e
prifwar i irrd TG 288 paA 862 G el vie LB 8D waste pestiiest The pltifted gent fsi igjected

geonetry of the mcro-organ being used. Aninmal studies have shown that the
m cr o- oYl Wieddmimsteredriniarsgbi¢ftabl e in vivo, in the sense that the TMO

conti nues t oduce .and secrete r t.] e f b Qd

ront ho - af t e BPEEE, B 9 pEtiPplanCe b1EAARSS) foBdER definel 1236} pRea
producegh iy eRQuAtRASToH Rxiplk2 Bndiay 6n past Jagiogtedata (MN6)) patidae dbiags ugaybtheh behe
m cro-organ or TMO appears to be integrated into the tissue of the subject
i nt o whadgustad: (336) biyriptraasieg) theeapewnt 0fl the jimplank or reysedng somgpfdhe daplant, s

tissue of th me kind,fr which it .was  harvested).. the I rising
t hel’ni ¢ 66916t?e§aﬁ318¥" t%%qkf‘?vﬁ?ﬁ]%aﬁ?’ i fiudog 6meaBEI Lfi%n%?ﬁ’d agé%ll‘p BQeTﬁﬁé Sselgﬁ%{r@plérﬁ%t ic
agent. ihphiafled! ternative enbodi ment of the invention, the therapeutic agent
is harvested fromthe 10 in vitro TMO and purified to renove nutrient and
wast e producTlss follesviggsectionsidesgabe some of thecaboue aots avdheriptions thaepni Braeisd
to a suﬁliq'te t. In either case, the in vivo performance of the TMOis

opti onaf%3*det erm ned (228). Based on this evaluation for exanple, and/or
on pastgRaRNIHNGAAR ERBEANTPAt | ent dosage may then be adjusted (230) by

i ncreasing the anount of the inplant or renoving sone of the inplant, as 15
deszr i bed beFigsv.34snd BB whémetaayly showhan exquiplany m¢thed of harydsting oskin sample

segment ﬁ‘on%raesubjl e%El'r? g}:c%gdance with an exemplary embodiment of the invention. A base plate 314

is placed against a donor site of a subject 311, from which a skin sample is to be harvested. The
base plate is optionally pressed against the skin with a slight pressure, for example by a strap 313
around the arm or by other means. This base plate has a cutout window that defines the length
25  and width of the tissue to be harvested and also serves to stabilize the skin around the donor site.
A sample carrier 310 is located a known distance above the upper surface of the base plate (the
depth of the tissue to be harvested). In an embodiment of the invention, sample carrier 310 is
formed with small holes or slot's and a vacuum head 312 is placed behind sample carrier 310 to
draw the skin surface toward the sample carrier and hold it tightly against it at a predetermined
30  height above the base plate, when a vacuum source 320 is activated. Various hole structures can
be provided for different shapes of micro-organ structures shown below. The vacuum serves to
stabilize the skin sample that will be harvested and to keep the harvested skin sample attached to

the carrier after the tissue is removed from the person. Alternatively, an adhesive is placed on the
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The follow ng sections describe sone of the above acts and variations
thereon, in nore detail. HARVESTI NG AN EXPLANT 20 Figs. 3A and 3B

schemat i cablog/ogtsesy, an exenpl ary met hod of harvesting a skca/ise@B® from a
subj ect, in accordance with an exenpl ary enbodi nent of the invention. A
base pl &twpRirrisrsoghalcthd skipnivilg be attadredrtogt. ther ekamplou bj devbledsided ddheriveiis ch

Ki i,s to.be..h ted. Th |l ate | t] 1.
2gai net PERE 3pi e PeRSigRats STy pardlt o0 R o s & B, FESaifn 35 S tgtng
t he ar maps thé Biipl 9BARRYr t0/Blich BB SRInMefir8 bEIAS 1ifted HvaY frol AE QWr&iRingd&ld nes

the length 25 and width of the tissue to be harvested and also serves to
stabilize theé\ g, rshampoblade 8 heiddmwn asidse the wprenspifesecxfithe base3llfteits hanesit 2d

a known di st ance ,apoye the. upper. surface of the base e. (the .depth of
the o1 oS “EHE 378 ¥ Be BGkHRR e RE shBoh fhsemble el A lbris SemibpE the
carrier g ' ] I t 271

ol aced ok B QOLARE st ST boao bile Bons R RIS oh ST AERP R0 “The
sanpl e bhldeiieoptiomhllyoldved fibigkitde o sk while it adtaneesptoefieiltateitine dlidhg bEitght

above the has | at e en a. vacuum source 320.is activated. Various hole
st r uct up&eEpP aﬁhgb%éeﬁﬁ"é%%lga’t]fo&rm@f FP aninizednotpthe g matiendngake dyrhedyes

shown b T v ! ki ]
nar vest ai aoy 08 MACRITGRLL 65 Pbiae BR 0 rctolfucl The SARRLE Heplf il demaf
af t @0 t hitached Suichd samearibr fto pueviehesliiarsample N8 &omafalived yif sampidbedenv 10 s
pl aced qn.th 22 WD 03/ 049626 PCT/[1L02/ 00879 sanple carrier so that the
skin wi pn%&gtcpmemgﬁiqf_thq:f@ lowingpesss.a doubl e si ded adhesive is

pl aced on the | : ! Sj | d

Dt ovi si on | & THEQAR, AR 6o Wiy 33T hond By LGSR, IOWERE e,
bei ng | idngthdl veidéhyarid thickness ater useful dThg ladtandinferisiong ars hoy pritidad &g a@%ﬁnéﬁls.
drawn acgross the u%gle_r surface of the base plate to harvest a 5 skin

sanpl e SPFevel & PHAIRKEcongistephEiergpigres By theafpdlowing pracess 18 ipusefal to have a
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undgési e Oe#?&g%@ﬁ%f% é%%t'ri er 310. The blade is optionally noved from side

to si dePRODECTION ANID OESUNTINGOF MEIRDIJRGAN ci ng of the sanple. This
side-to-side_notion nay be notorized or the entire notion may be by hand.
In additi onFigsnhdA g\l shawen exemsplapherperaieiet ihipr tee produetioneef 2 Mherovaagamum

head ma enp| t d to 1 I rrier t revent. skin, sanmpl
315 ofioEq s Mpfle, R IRAmBR 4 1 STR'Aupft Ml e RalRusnl biie of e
fol | ow ghwal BGEES3, inl MPeEcRhpliny chibddikém of B¥Rh®NtiSn.6 MM wi de by 35 mm | ong,
by 1 min thick. However, other length, width and thickness are useful. The
| at &t al di meFsFighdAaskimeample i3l 8 caounigd amgamplencarriertille (ot visiblepawtibeld iy

g?gﬁh; g&gllufzﬁe}?e(r%ggég gsln%ﬁ%qghttirqt% c%g‘clalc:tov\(/\fﬂrl] I Igr%(s:s% Satgéi%st' 2 sefies gf‘l')lacrie% 4qa\ﬁ(1aou%ted15
on a block 414. The blades are parallel and of the same length and are somewhat longer than the

extent of the sample. A micro-organ mask 416 is set between blades 412, prior to tissue cutting.
When the sample carrier is pressed against the blades with sufficient force, the tissue is sliced
25 through and the skin sample (now micro-organs 418) is caught between the blades. If the micro-
organs are held snugly between the blades, the carrier can be removed, along with the vacuum
source of adhesive. Otherwise, the vacuum or adhesion is released. This is shown in Figs. 4B and
4C respectively, which are isometric and cross-sectional views of the micro-organs after slicing.
The spacing between the blades, W, determines the width of the cut micro-organs. Micro-organ
30 mask 416 is then lifted out of the blades (Fig. 4D) and the slices of micro-organ can then be
removed for further processing. The pressing action described above may be aided by a press

fixture or may be aided by rolling a rod over the top of the sample carrier.
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PRODUCTI ON AND MOUNTI NG OF M CRO- ORGAN Fi gs. 4A and 4B show an exenpl ary
apparatus 410 for the production of a mcro-organ froma tissue sanple,
for exanpwe oa/osdeeér ti ssue sanple, such as that harvested wsirngoxdee7aret hod
shown in Fig. 3, in an exenplary enbodi nrent of the invention. 20 In Fig.

4A, skin samp &A3dbwien Mokt visangl £starture €6r Qitfing a differtisti shiyse) mémetohgaind by
vacuum head 312 is brought into contact wth_and pressed_agai nst atgeri es

of bl adrthisistpuotire hladas 5bharg dividedingo wo greepsihatiers axially ohisel ram eafPther. fhe

o or or opauh A S et BRfhylal {REhc NB]s bt U Yad R SR reSiin

When t REmPRITP beought fHit® EontBctPyiEts RtbladRians torésbed hlanehe shen,tthe skififsampknis cut
force, the tissue is sliced 25 through and the skin sanple (n

mi cf o- dntgampatiersys povenigRig. B8: where tReubskineampls (heprnafies for gg@f@&ﬁ@ﬂé%
hel d Siyugl ¥, OPLWERRLNG B 38841 NS KA LIEhiFAN-AR £18T0GhveR bR Bt bBad

vacuum e vacu or adhésion 1Is rel edsed.

Thi s i $n3RQWH. Adlisfifnt ifﬂﬁ?i%mia,_nﬁ@rotﬁgaesrs,mieﬁcutl\ﬂaiiﬁ_hs@fpenthfecsmier.i ¢ and
cross-sectional views of the micro-organs after slicing. The spacin
bet ween t he Whielisthe wietloist daspriibrdsaborie the Gilhthisknesseofdhe sample és preggavad at the

M cro- 30 k. 416 j.s then lifted out. of .the b Fi g. nd 1 h
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ed ing a rod over the top of the sanple carrier. 23 WO 03/ 049626
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the skin” sanple I's broug into contact with the bl ades and pressed
agai nstredults in “juheionk™ thas avepinty pastia depth of thedtissupat t ern as shown in Fig. 5B,

where the cut_skin sanmple.(hereinafter the, mcr.o- n).is, designated 518.
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structure, in _general, only enough structyre_to hqld the linear 1 ieces
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skin s OS5 i bR . i i ak; e
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A schematic diagram of an exemplary mesh shaped micro-organ 600 is shown in Fig. 6A,

with details of the mesh shown in Figs. 6B and 6C.

25 In viewing Fig. 6 it should be understood that the surface seen in the figures is either the
outside of the skin layer (stratum corneum) or the opposite inner skin surface (lower dermis).
Mesh structure 600 is designed such that each section of the mesh structure has a distance from a
surface that allows it to receive nutrients and deliver waste products to a surrounding nutrient
bath and, in addition, keeps the entire tissue sample intrinsically held together to simplify tissue

30  handling and processing. Furthermore, the structure allows for the continuing identification of
which side of the skin is which, so that the micro-organ or TMO can be implanted with a proper

orientation, as described below.
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very long structure, alnost in the formof a parallelepiped. Due to its

extrene length as conpared to that of the original sanple, this structure
i s sonetiwedserseed herein as a "super-linear" structurePCOIbeyoogtyapes are
al so possible. For exanple, if a spiral pattern is cut in the explant, the
result is si dis shownointFigt 6By fdbe exddthy62hef argurietidn B4 dretvbern twiot ¢lemestpexfithe o
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junctions such that the structure can be opened to forma m cro-organ

ti ssue slighjly morscteeromted droti sgpream aff nudmendss et IMakingresdthsd(@pshdrted firthenraglace
600 is sh in Fi A ith details,of th sh shown ipn Figs. 6B and
6C. 55 PRI fhgy#Re 2Rl giothnce, I FoRIF FIRRoCiERF S Jbt IRYeRPOR.nwIdth i deide el fon
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t he opposi tg I nner sEi nggtulrs%%%ér?(ﬁgg%rth epﬁn S Sé G%SSAHS %{“rﬁﬁr‘g‘?ggo |’seaa{
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surface that allomrsfit%é\%_recei ve nutrients and deliyver waste products to a
surroundi ng AREMTaRE Prodicineapresh, suchapsithat showp b Figs ¢d-G it tp peess ppaliensQfpl e
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i npl ant ed. wi {?g a_pmer orientation, as described bel ow. 24 WO 03/ 049626
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M CRO- ORGAN. _(One way of producing a nesh, such as that shown in Figs. 6A-C
is to press ¥ panidebs undgstood g l@ﬁi theasupshtngar jamd mesh thicrperganpsiruciuges e

i | i dth . i f 10 sli h
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extent to which it can be expanded when stretched open. An exenplary bl ade
car 29 dge ar Adisyprassing 80Bsdeio formasstimoturg, g is Figorr thepisaati isdaterallappatchedio

414 of Eig..,4A) i h J i9..8. At ti |y, i d b f
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sufficient to hold the structure
shapes. Alternatively, the mesh is opened less than the maximum.

Fig. 9A shows an exemplary structure 900 used to hold the "super linear" micro-organ
25 during processing. Another function of structure 900 is to facilitate the introduction and removal
of the micro-organ into and out of a bio-reactor, in accordance with an embodiment of the
invention.
As shown in Fig. 9A, structure 900 comprises a substantially rectangular (but curved)
body 910 formed with slots 912 having the same (or slightly greater) width than the tissue
30  sample. The slots enable the free passage of fluids to both sides of the micro-organ.
Periodically along the length of body 910, clips 914 or other means for holding the micro-
organ in place are formed. As micro-organ 518 is loaded onto body 910, the clips are closed to

hold the micro-organ. The initial placement of the micro-organ into the clip may be effected by
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together as a nmesh. It should be understood that both the super-linear and
mesh m cro-organ structures as described above can be considered to be a
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is to facilita ein uction and renov f the mcro-organ into and
out200f ghotwnpdifteaait dimensiomscamdr sitren of mictdioman ea ockuttentondyf partial openingt olothe As
shown in Fig. 9B, nesh type mcro-organ 600 is nounted on a hol der 962,

havi ng esh.

MICRO-ORGAN BIO-REACTOR AND GENETIC ALTERATION

Once a micro-organ has been produced and mounted, it is ready for genetic alteration of

the micro-organ to form a TMO.

25 Generally, genetic alteration comprises genetically engineering a selected gene or genes
into cells that causes the cells to produce and optionally to secrete a desired therapeutic agent
such as a protein. In an exemplary embodiment of the invention, at least parts of the process of
sustaining the micro-organ during the genetic alteration and the genetic alteration itself are
performed in a bio-reactor, as described above.

30 It is desirable for such a bio-reactor to have some or all of the following properties:

1) Allow for the provision of nutrients and gasses to the surfaces of the micro-organ so
that they can diffuse into the micro-organ and the micro-organ can remain viable. Thus,

significant areas and volumes of the micro-organ should not be blocked from coming into contact
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15 aperture 964 in its central portion. A plurality of pins 966 is fornmed
around the periphery of aperture 964. Mesh structure 600 is stretched, as
descri bedwelweweys2and held in the aperture by pins 966. APCERAug0opin or rod
type hol ders are shown, other holders (such as clips), which hold the
edges ofvithesumgoypdingdlyibe used. Furthernore, while a square aperture is

ied. Wit e 37 SR or Biemnhut oL DR e 0CsTeh FEPRER mensi ong and
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M CRO- ORGAN Bl O- REACTOR AND GENETI C ALTERATI ON Once a micro-organ has been
pr oducedgieddrgunt ed, it is ready for genetic alteration of the
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parts of theSprAdmedonh simplst siethodgoft eeming rthe @egeticatly modjfitine vgetoe without
alteratign, and t he netic alteration.itself, are erformed in a
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to have sorre65)@}@“fop{hetrgg0{,£Iokgxgeggmmsg@?é&%ﬁs: 1) Allow for the provision
of nutrients and gasses to the surfaces of the mcro-organ so that they
canldi f f use 7hAdlowHer mieasurernery af therahduneoftherapewtiogaantgmnemtdai n vi abl e.
Thus, signifjicant areas d.vol unes of the mcro-organ should not be
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desired tenperature. ow for the mainhtenance o esire gas

conposi M. in the vicinity of the mcro-organ. 5 4) Allow for the renoval

of waste proguctﬁ romthe mcro-organ and fromthe bio reactor. 5) Alow
§

for a sinpl erHedRshows ampsty crosgseqionglesshemati Yigw ripig-15aat9T  80Q BY acgprdanea
subst antial he Wolo it 2 BETR ' t

2108 bl Ot oAl OSBLMAUE e WL o0 KA B84 ol s,
for neadesiedepublitbds ¢éfhun akimand bfrehdtor, apslllusiraige Rf ag@mpleaiseeil méel AF h®BioS or
renoval of substanti al lé‘FSt erile therapeutic agent. 9) Allow for easy
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T™O. a holder, as shown in Fig. 9, simple variants of the structure can be used for super-linear
structures and for short linear structures of the prior art.
20 A container 1002, of plastic or some other non-reactive material is formed with a

depression 1004 in its bottom. Depression 1004 is suitable for holding a micro-organ such as
micro-organ 600 in holder 962 (Figs. 6A and 9B). A drain 1006, optionally in the lowermost
portion of the container, is controlled by a valve 1008.
An input port 1010 is formed in the container. A nutrient solution, such as, for example,
25 minimal DMEM including glutamine and antibiotics, optionally with dissolved gasses as
necessary for the sustenance of the micro-organ is pumped into the container, from a nutrient
reservoir 1012 by a pump 1014.
An overflow outlet 1016 is also formed in container 1002, such that any excess nutrient
solution in container 1002 overflows into an overflow container 1018. A steady state fluid level
30  is maintained, such that the average drainage flow-rate from the bio-reactor is equal to the inlet
flow rate. Container 1002 is covered by a cover 1020, fitted with a suitable gasket system (not
shown) so that it is gas tight and so that sterility is maintained. An optional air inlet 1021 (or

outlet), filtered to preserve sterility in the container, is also provided for the container 1002,
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Fig. 10 shows a nostly cross-sectional schematic view of bio-reactor 1000

I n accordance 15 with an exenplary enbodi nent of the invention. Wile

bi o- r eactwp 0300B26¢loes not have all of the desired qualitiPe3/Tné2/@R79ul ti mat e
bio-reactor, it is illustrative of a sinple useful nodel of a bio- reactor.
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In either case, the nutrient material leaving container 1006 is optionally periodically or
continuously checked to determine the level of glucose, lactate, ammonia, dissolved Op,

25 dissolved CO7 and other nutrients such as amino acids. If the levels are outside a desired range,
corrective action is taken.

After a specified latency period, typically of the order of 24 hours, which has been found
to assist viral transduction of micro-organs. (or, optionally, immediately on insertion of the
micro-organ in container 1002), nutrient 1030 is removed via drain 1006 and replaced by new

30 nutrient containing a viral vector. Only enough nutrient solution need be provided to cover the
micro-organ, but more may be used. Optionally, the viral vector is added by injection via a
separate septum port 1023. Alternatively, it is delivered via port 1010 and a three-way connection
in the line leading up to port 1010. Optionally, only a portion of the nutrient is removed and the
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acoustically or by allowing the fluid flow mxing to mx the nutrient so
that there is a steady flow of fresh nutrient to the mcro-organ and so
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t hen pder safe ad leffeetivectihe@py et exdstdep periods. In some embodiments of the mvention, the

micro-organs/TMOs are implanted in the same subject from which the original tissue sample was

taken (autologous). In another optional embodiment, the micro-organs/TMOs can be implanted
in a different subject (non-autologous). More information on implantation is given in a later

25  section.
IMPLANTATION OF THE MICRO-ORGANS/TMOS

Implantation of TMOs, in accordance with embodiments of the invention, has proven to

be relatively simple and effective.
Before implantation a portion of the TMO must be removed from the Bio-reactor and
30  prepared for implantation. For the examples of Figs. 9A and 9B holder 962 (or 900) on which the
TMO is mounted is removed from the bio-reactor and the desired portion of the TMO is removed
for implantation. The amount of material removed is optionally based on the measurements made

on the secretion levels in the bio-reactor.
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by neasuring the concentration of therapeutic agent in the nmaterial renoved
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based on wha3seweeti on data, for exanple, an additional PCansed@si%N can
be carried out. 15 Furthernore, once the secretion |evels of the desired

agent from tyie fifll Gie@apirgld PoichtialloTak TMO)iis optﬁlh@lﬂymdlnmddngmnipéammgmd’ﬁyﬁl her
wi th an appropriate pharnokinetic nodel and/or ul ation statistics data
to det & mibjects h@nmﬂméthempewwmt@%aﬁws&% fﬁéé"&E eHoB can HAYE ASHEIEEE he

S0l 0 loelt B beri R SRRl Nad BRI WelBIAPRMRL 6 1RIGEC |0 v VO The VD

is inplf |en nora er tissue so that it

wi Il remainiyicadtk @0 nyAS@iveahé éﬂioaaydomerrmm, ahmummhwmmmhabm@mamo the
function, while producing and delivering the agent_ at desired ]evels_ for

saf 6 am’dtl@ﬁfmémqh\ﬁewﬂ}’l% amptmze thetkenglity of dre he@peytic retetn eserde MefesIMP- t he

uni ch ERB Bt il @%@FW@ SETBS Pt rﬁ%"%eﬁv%e?‘g AL bRy B R e OF

opt i onghe tea he pREES (& gRehIMKtedild deRvéripOpiitatly, the tiasut bdirg ent
subj ect non auto gous). More information on inplantation 1s given in a

| at er 1mﬁlaseadtshomid nomMMlmmaWMMWmm/MWW%EW|d@ﬁ138$

c ce.Wwth nb di f t
ol ot 1 GEHGT SREELIE dheieRFEcane BB eririnneraity fo RRMER Mo
s b%rﬂb%ﬁﬁﬂé%ﬂs b0 et B%lﬁtﬁr&n@ﬁ%&&ﬁu@ﬂﬂbe Siehpide ecp Iﬁsinf QreferBlyandtatingfing For
t he exanpl es of Figs. hol der 962 (or on which the TMO s

mount edhe sxpestirewéd Hastimstugeoiidsrmatatogist Olatbﬁielt 3])@01@1@@ Teeiprosedure phaytd elsebanvo
IS renove f a |on hea n terla removed i s optionall
based &?rfg%eq?@ﬁ@g? Pr@ {‘r’oﬁ‘ é’é‘g?%ttrﬁﬂg’rgtre@veé]rs in the bio-react o?/
29 WO 03/ 0491@1%(?%1%%'&4 ghg%{zQQﬁﬁ%AEBE%th Yhd inf @r{té@%ﬁ béntRAtRA@ d6fe. Wiko1d MO

Is optimally achieve y inplanting the I n subjects in need of
t her apegattiat TMOt eande Riplaraetl Deserﬁmredlmpﬂrdmedtto adjushthentovel af sncg@ﬁOtll ipathe

effect on the efficac possi. bl e ffects of rea n a TMO.
161 c@enes. Nt T0on e b ePraatas oA erat Horspokie Saonk SRS G ek

I nt roduced | hiog of
t he therapeu %%n%@ggg?ﬁpﬂgﬂgghg%}@% G%gﬁ%héﬁ%ésqggﬁgmgﬁ@o&%?%&fﬁ%an be

i mpl antaeDMiOnare égdopibed bblewve | ocal protein delivery is required, or they can
be inplanted to provide (or optimze) systemc delivery. Opti mal ly, the
tissue IH@P?\‘Q M(Prﬁr&ﬁtt ed should not be altered in any way or danmaged duri ng
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reauty Ivri]g a tube 1110 to a vacuum source (not shown). The holes hold a length of TMO 1112 with its
stratum corneal edge held by the vacuum. This vacuum pick-up tool is used to guide a TMO into

slit 1104.
A linear TMO can be grafted onto a patient’s skin by making an incision of an
25  appropriate depth and length at the recipient site, placing the linear TMO in the incision and
resealing the wound with the TMO in place. The grafted TMO becomes an integral part of the
skin at the recipient site. For best results, the TMO orientation should be such'that the stratum
corneum, epidermis and dermal layers of the TMO line up with the corresponding layers of the
surrounding skin tissue. Optionally, a scalpel used for making the cut is held in a structure that
30  controls the depth of the cut. This scalpel tool used to make the slit should have a base plate with
a window cutout that defines the length of the cut and provides a means for putting the

surrounding skin under a slight tension prior to the incision. The scalpel tool is placed onto the

base plate and allows for the scalpel tip to protrude approximately 1 mm below the bottom
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the expertise of a plastic surgeon, dermatol ogi st or other specialist. The
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PRy the skin, thepskin of the patient at the recipient site can be raised by some mechanical means,

such as by a vacuum source or by lifting a stuck piece of double-sided tape, and the catheter can
be passed through the base of this protrusion of skin. The length of the base can be defined by the
size of the tool producing the vacuum or the size of the piece of double-sided tape used.

25 Once implanted subcutaneously, the TMO has access to the intracellular fluid in the
subcutaneous space and all protein secreted passes into the subcutaneous space; this space is the
same as the injection site of many bolus injections of therapeutic proteins.

Figures 12A-D illustrate successive steps in a subcutaneous implantation procedure, in
accordance with an embodiment of the invention. In this procedure, in preparation for

30 implantation a TMO 1202 is first attached to a surgical thread 1204 or other similar type of
thread using, for example, titanium clips or other means of fastening. A catheter 1206 is inserted
under the skin 1208 so that its end does not exit the other side (Fig. 12A). The thread can be stiff

or flexible, absorbable or not, fabricated out of any biocompatible material and with a wide range
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10 to the graft to hold it in place and assist in its integration. Protein
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cor Rect Fept phihe procsdire i erdbedisheec.under the skin as described above (Fig.
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protrusion at only one end, or it can be nmade to protrude slightly at both
ends. of the catheter into the subcutaneous space. As above, the catheter is positioned, but does not

protrude through the skin surface on the opposite side. When the catheter is positioned, it is
25 immediately withdrawn and the hooks of the thread prevent the tread from being withdrawn
together with the catheter.

In general, for subcutaneous procedures, the TMO can be unencapsulated or it can be
encapsulated or enclosed in a membrane. The membrane should have a pore size that is large
enough to allow for the passage of nutrients waste and the therapeutic agent, but is small enough

30  so that it does not pass cells of the immune system.

Figs. 13A-E illustrate successive steps in a second subcutaneous implantation procedure,

in accordance with an embodiment of the invention.

This procedure is similar to the first subcutaneous implant procedure, but in this case the
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Alternatively agent can be withdrawn from the nutrient material, purified and injected or

otherwise administered to a subject.
25 TMO Removal or Neutralization:

An advantage of the micro-organ/TMO for therapy is that the tissue secreting the
therapeutic agent is localized at a well-defined location in the body. Therefore, if the treatment
needs to be terminated for any reason, simply removing this tissue will stop the delivery of
protein. Alternatively the implanted tissue can be ablated or stop functioning as described herein

30  below.

Reference points for visualization of the location of the Micro-organ/TMO are provided
by the TMO itself in the case of grafting or by the thread in the case of the subcutaneous
implantation or by any other material implanted along with the TMO for this purpose. For

33



t he subcut aneous space (Fig. 13D). In this position, the two ends of the
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Examples
Example 1
Human skin TMOs, expressing mouse interferon alpha (mIFNa?, implanted in SCID mice.

Human skin micro-organs were prepared from fresh skin tissue samples, obtained from
25  tummy-tuck surgery procedure. A section of 1.4-1.5 mm skin thickness (depth) was removed and
cleaned using hypochloride solution (10 % Milton solution). A cleaned skin sample was
sectioned, using a tissue chopper (TC-2 chopper, Sorval, Du-pont instruments) into 450
micrometer sections (width) under sterile conditions. The resulting micro-organs were placed,
one per well, in a 48-well micro-plate containing 400 pl per well of DMEM (Biological
30  Industries - Beit Haemek) in the absence of serum, under 5% COp at 37 ©C for 24 hours.
Thereafter, each well underwent a transduction procedure in order to génerate a therapeutic
micro-organ (TMO) using an adeno viral vector (1x10° IP/ml) carrying the gene for mouse

interferon alpha (Adeno-mIFNa. Thereafter, the TMOs were again maintained in 400 pl per well
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vect or Wﬁg@ﬂ P/m) carrying the gene for nouse interferon al pha
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days and anal yzed for theifpresence of secreted ., Ml ENa using a specific
ELISA kit (Cat. # CK2010- Fronegpfierd o pgent i protetnglpuey, o e descri bed human
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m Fha d’lg}agscci[u%golil \rzlvaé Bgr (§armse IZQ hr(])iu?sepossi(:a rrnll'lc%-\?)?ésanfp?gp%gation. Medium was assayed for in-
vitro mIFNa secretion on day 6 following transduction by using a specific ELISA kit (Cat. #
CK2010-1, Cell Science Inc.). Fig. 15 shows that the degree of variability between skin samples
from different patients, processed at different times, is remarkably small. This low variation
25  between human patients indicates that sufficiently comparable levels of protein secretion can be
obtained from a standard sized skin sample taken from patients in practical use for dosing and
titrating the amount of TMOs to be implanted in order to achieve the desired therapeutic effect.
Example 3
Human skin linear TMOs, expressing human erythropoietin (hEPO), implanted in SCID
30 mice, including re implantation.
Linear (20 mm long and 0.4 micrometer wide) human skin micro-organs were prepared

from fresh skin tissue samples obtained from a tummy-tuck surgery procedure. Tissue samples of

0.85-1.1 mm split skin thickness (depth) were removed and cleaned using DMEM containing
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to be biologically active as assayed by a viral cytopathic inhibition assay
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Linear (30.6mm long and 0.6 micrometers wide) human skin micro-organs were prepared
from fresh skin tissue samples obtained from a tummy-tuck surgery procedure. Tissue samples of
0.85-1.2mm split skin thickness (depth) were removed and cleaned using DMEM containing
glutamine and Pen.-Strep in Petri dishes (90 mm).

25 In order to generate the linear micro-organs, the above tissue samples were cut by a press
device utilizing a blade structure as described above, into the desired dimensions: 30.6 mm x 600
micrometers. The resulting linear micro-organs were placed, one per well, in a 24-well micro-
plate containing 500 pl per well of DMEM (Biological Industries - Beit Haemek) in the absence
of serum under 5 % CO2 at 37 OC for 24 hours. Each well underwent a transduction procedure in

30 order to generate a therapeutic micro-organ (TMO) using an adeno viral vector (1x1010 IP/ml)
carrying the gene for human erythropoietin (Adeno-hEPO) for 24 hours while the plate was
agitated. The medium was changed every 2-4 days and analyzed for the presence of secreted

hEPO using a specific ELISA kit (Cat. # DEP00, Quantikine IVD, R&D Systems).
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hours while the plate was agitated. The medium was changed every 2-4 days and analyzed for the
presence of secreted hEPO using a specific ELISA kit (Cat. # DEP00, Quantikine IVD, R&D
Systems).

25 The above described miniature swine skin hEPO linear TMOs were implanted both sub-
cutaneously and grafted as skin grafts in several immune competent miniature swines (in two of
the miniature swine, the TMOs-hEPO were implanted subcutaneously, and in two different
miniature swine, TMOs-hEPO were grafted in 1mm deep slits). Sufficient number of TMOs-
hEPO were implanted in each miniature swine so that their combined pre-implantation secretion

30 levels in each pig was approximately 7 micrograms per day. Elevated serum hEPO levels (Figure
18A) determined by an ELISA assay and reticulocyte count elevation (Figure 18B) were obtained
for seven days after implantation. Figures 18A and B indicated the delivery of therapeutic
quantities of physiologically active (erythropoietic effect) hEPO into the pig serum.
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Human skin linear and Super linear TMO’s expressing human erythropoietin (hEPO) in-

vitro

Linear (20 mm long and 0.6 micrometer wide) and portions of super linear (15 mm long
and 0.6 micrometer wide) human skin micro-organs were prepared from fresh skin tissue
25 samples obtained from a tummy-tuck surgery procedure. Tissue samples of 0.85-1.2 mm split
skin thickness (depth) were removed and cleaned using DMEM containing glutamine and Pen.-

Strep in Petri dishes (90 mm).
In order to generate the linear and the super linear micro-organs, the above tissue samples
were cut by a press device using the blade cassette described in Fig. 4A for generating linear
30  micro-organ or the blade cassette described in Fig. 5A for generating a super linear micro-organ.
The resulting linear/super micro organs were placed, one per well (linear) containing 500 ul
DMEM or in a petri dish containing 3750 ul of DMEM. (Biological Industries - Beit Haemek) in

the absence of serum under 5 % CO2 at 37 OC for 24 hours. Each well underwent a transduction
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order to Iglgener ai}e a therapeutic mcro-organ (TMO) using an a%\no vi ral
vectdr generate a therapeutic micro-organ (TMO) using an adeno viral vector (1x101Y IP/ml) carrying

the gene for human erythropoietin (Adeno-hEPO) for 24 hours while the plate was agitated. The

medium was changed every 3-4 days and analyzed for the presence of secreted hEPO using a
specific BLISA kit (Cat. # DEP00, Quantikine IVD, R&D Systems). As can be seen in Fig. 19C,
hEPO protein was detected for in-vitro secretion for 23 days after transduction.

25 CLOSED STERILE MICRO-ORGAN PROCESSING CASSETTE

Figs. 20-39 describe cassette modules that are used for processing all of the stages of
micro-organ/TMO processing starting from tissue harvesting and through implantation in a
subject. In the described cassette modules, various functions described above are performed in a
sterile environment, with transfer of micro-organs/TMOs between modules performed in an

30 efficient, sterile and controllable manner.

Fig. 20 shows the main cassette modules 2000, with the modules separated for ease of

visualization. The main modules are a tissue harvester 2002, a micro-organ module 2010, a bio-

processing module 2020, and a fluidics module 2040. Each module comprises a plastic or other
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(1x1010 IP/ M) carrying the gene for human erythropoietin (Adeno-hEPO for
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20 2110 to hold the surface of the skin flat against the surface of the sample carrier.

The contact surface of the sample carrier is positioned vertically by the plunger and
maintained at a desired distance above the cutting edge of the blade, in order to cut the desired
thickness of skin sample.

A blade 2118 (shown in an end on view) is optionally oscillated side to side by a motor

25 2122, which is driven forward, for example, by a screw drive 2126 to cut the tissue (e.g., skin).
Drive 2126 is actuated by a motor (not shown).

Figure 22 shows a resulting harvested skin sample 2202 attached to the carrier, with port
2116 in the closed position. The tissue harvester module is now sealed again in a sterile manner
and ready for transport to and transfer of the micro-organ to the micro-organ module.

30 Figs. 23-25 illustrate the formation of a micro-organ from a skin sample, in accordance
with an embodiment of the invention.

Closed harvester 2002 with skin sample on the carrier, is then detachably mounted via air

tight gasket 2304 to micro-organ module 2010 via clips 2302 as shown in Fig. 23. A top view of
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bi o-conpati bl e housing. In general, tissue harvester 2002 is detached from
the rest of the cassette when tissue is being harvested, and is then

at t ached wo o3ioes606 or gan nodul e 2010 to transfer the harvesradoriosmue
thereto. Each set of nodules is unique to a given subject and a given
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preferably discarded. 5 Figs. 21 and 22 show the_ operation agaﬁlrl det ai lﬁ ﬁf
har vest er 200 mictorprgar rodikes2010), & rEpMingG w@iyidse AA%h coBpIRTss APLEAYINORH 3

clinic,or, o ting,room, a skin s f i ect. US]

ok n ndreSPalE s PP Asrgl o gn 3RSk {cRlRlhe I LRBAH B0k

ei t her yfichBamOhe range &f SERANALR] PPBFted B Hage €821, Optivia)ly, himmingycaatridge be
power ed by neans such as nedically isolated power supply. 10 In _accordance
with t R820esingnisesrfone blades fasminghe reqtansiee td de maﬁt%gb()&gﬁ&p@ﬂ@%g lergtl Pheq
above, wihqgftrﬁs?ect to Fig. 3, harvester 2002 uses a vacuum source 2102,
whi ch S4AteRh AR anmile.a dedi cated, portable vacuum source or derived from
non- nobi | e ifishald LehrifRIGH VD6 QAR SHtNHa sanple @i of Hatwestor 2000, ahd gorth s
made at the donor site, and | ocal anesthetic adm nistered. A port 2116 is
opened 236 anliaskarpésteran@ 2306 pwthfeonieraongen dwdulz1 26 opghidh is the only 15
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Pregs Ugg?éegs@is_tdeli@@re& % Bothkhd it dhlithd Quripid8eviatahdigieaker Whowkbowd 120.

A plun 106 is |owered through sterile bushings 2104 in a seal ed housing
2105 aFigri¥etetcandecoert mct top kiaw indfig. 22cuum i s applied through a sanple

carrier 2108 via ss_holes . 20 2110 old.th rface of L Ll at
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desi reJS??G{S%%%ﬂeb%g m/eth!t1 e cu]'tﬁ%itﬁg%g%%%o%e %kﬁlgsﬁill%de, in order to cut the
desired thiRlkngss2106 skicirastadyben héight juke o8 blades\d318n whilecthd auwn i)
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f or War dnaiptinegy fiyp paldmg bosh g@rtﬁwn%ﬁdi g B Ct“&)mé‘ﬁﬁmi ?‘\@Hlsfg?lfém(eé‘. g., skin).
Drive 2126 i éHHc \ 4 I5BOWSard 3 £ SWtingNg
har vest ed sk@nﬁg%%cg%%gﬂe tagﬂeesfjatg%ot&ﬁcemg%? }N:E[lelrgggp\?\ngttzth Iggft 2116 | n1 tg he
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sterile manner, and ready faor transport_ to and transfer of .the nicf.o-organ
to t he mperted dpgBRPARH deAse 2338, g sarapged 5o, %Phé’flfla?‘gn?fﬁ%‘? fbé?‘}r??ﬁt %YSn‘{lﬂ?laCSg

m cr o- of . Ski.n . i W i
Mvent BT Babi Ao S0 Bysap e AL SARE I LR IRARACKATRING B Wi
det gichady an AREbREnMiyBically in the gitte 988 ket hAlldd micrameters: or gan nodul e 2010

via clips 2302 as shown in Fig. 23, A top view of 40 . .
P A removal mask 2328 hatgsJ been inserted between blades 2330, and is held in place by a

bracket 2326, which rides against an offset 2324. Bracket 2326 is optionally latched in position
against pressure such as a compressed spring, held in place by a latch (not shown).
Trimming cartridge 2320 and micro-organ cartridge 2321 are driven by a screw drive
25 2233 so that micro-organ cartridge 2321 is now aligned with the carrier.
Plunger 2106 is driven against blades 2330, as shown in Fig. 24 until they cut through the
skin to the carrier beneath.
Plunger 2306 is raised, typically back to its initial starting position prior to mounting on -

2010, as shown on Fig. 25.
30 Mask 2328 is raised up above blades 2330 by bracket 2326, which is lifted by one of

several means, such as by recoil of compressed spring, actuated by release of a latch holding it
(not shown). The latch release can be actuated by the pressure from the plunger during the cutting

by the cutting cartridge, among others.
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WO 03/ 049626 PCT/1L02/00879 the placenent |ocation of the harvester nodul e
Is shown at 2014 in Fig. 20. In mcro-organ nodul e 2010, a trinmm ng
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pl ace byy@ bracket 2326, which rides against an offset 2324. Bracket 2326

is optionally latched in position against pressure such as a conpressed
spring, hel dDetmilpbfomubiing neshatist 2602 sivowlkmwn Tir Figsi 3¢ aodrX7r Mrgbarggn268ad

' - . tridge 2321 dri b g dri 2 hat
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driven @@h%téﬁh@ﬁﬁ%@%ﬁé@ﬁﬁ%}f&ﬂ%lbﬂu 118ad 2604 MHith 1shRYeaSed b){)ﬁft@t‘ﬁﬁg‘thtehe

skin to e carri nea unger® 2306 is raiSed, typically back to its
I ni ti al ingtraotating meohartisan prior to nounting on 2010, as shown on Fig. 25.

30 Mask 2328 _j i sed bove bl ades 2330 by. bracket 2326, which i
" ted by onBEoRS Judiie sHIeTHURHD: BaCHREE s TS P ReOut oD g
act uat egiyfpy phal 928 d 2306 ﬁ&@b&@' (%Jr%ﬁiaih gnd £09bt SRAW)) vadilten Lalde ol elagse

can be actuated by e pressure fr pl unger during the cutting by the
cut 20 ngstasing piosigien i fiengproadee bstween the modules and vacuum pick-up lead 2604 is resting

on vacuum guide 2011 so that its pick-up 2606 position is positioned slightly away from micro-
organ 2502 which is resting on mask 2328. In order to grasp micro-organ 2502, inner rotating
mechanism 2702 is rotated clockwise slightly so as to push the pick-up 2604 adjacent to the side
of micro-organ 2502 and overlaps its end. Vacuum pick-up 2606 is activated and the pick-up
25  lead is withdrawn into module 2020, by rotating inner mechanism 2702 counterclockwise and
being guided over vacuum guide 2011 which has only enough vacuum pressure so as to keep the
vacuum pick-up lead 2604 and the micro-organ 2502 after it clinging to it. When the leading end
of the micro-organ reaches the rotating micro-organ holder 2704, it lies on a segment mount
2610. Segment mount 2610 (shown magnified in the blow-up circle) comprises at least two
30  closure portions 2608, an optionally expandable cross-bar 2614 (described below) and also
optionally comprises an eye 2612, whose function is described below. Once the micro-organ
reaches micro-organ holder 2704, the inner rotating mechanism 2702 locks onto the outer

rotating mechanism 2703 such that both turn together as a unit with the effect that the micro-
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41 WO 03/ 049626 PCT/1L02/00879 A resulting super-linear mcro-organ 2502,
rests on top of mask 2328, in a known position and orientation ready for
t ranspor twoNew®ehat carrier 2108 now hol ds the tissue naPgrAB02/t0R= wer e
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nmount i ng mechani sm 2602 are shown 1n Figs. 26 and 27. Mechani sm 2606 15
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and 2020. Ports 25 and 2306 have been opened (and are not shown). Vacuum
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whi ch i:58 88103 RENIRRH %168 thel Hehfish rbpdt&r@% tm1ifff @v&ﬁ&ﬂﬂbs&ﬁ@c?olodewﬁe

rotating mechanism 2702 is rotated clockw se slightly so as to push t
pi ck- u;ﬂ@S@ﬁthtﬂpr&ts@rﬁtthet@gmhat mpuig. Opée i anicrosorgamis2®oDletely holde tHeapsuim of

d. Vi 26 t t. d 25 | d i t hd
"htls ot MacBES IR AR B FERRGHamean BR Sl So S o aHrr U R R S
bei ng Qﬁbxggé’d 8y %ﬁmyoas h%}ue@%@ 1%11&@ hei h@%eﬂ”ﬂeﬁa&@@‘ﬂﬁﬁ MRPILHFPaR GSRHE €

so as to ep the uum pi ck-up Tead 2604 and the m cro-organ 2502 after
it clirylogadnmtéd by Mbﬁﬂwtdmel m&dmrrgeaemme pirtst Whichiage then cipsed. IBmahieso-obigan

rount 2898 éq‘im‘;% LR iy g ot PESSiT BRI 200% LG EHRAFRBdat | onst Cwo
20,005y B AR RER B X AR 1 209306 83rsoran
funmt | Qﬁouxﬁecﬁ@n?mmsbgﬂerheh@nm Once t he m cro-organ reaches m cro-organ
hol der 2704’A%3?0%re|a2tg§ lroasreOZtS%tZ I1sn rgalsrég (1:12% 'Ehg ?ugezphzne!aror%kcio %?éa% ho?cfer 3%4? {s seated
against the inner surface of base 2802. Base 2802 is raised, for example, via a support plate 2805
driven by motor 2806 through coupling 2808. In one embodiment the base with the super-linear
micro-organ within it is not covered with a cover. Optionally, a cover could be applied fo
25  prevent splashing of the fluid within the bioreactor due to agitation or to decrease evaporation, if
needed. A cover could be a loosely fitting cover over the base as in a petri-dish, or it could be a
hermetically sealed cover to entire seal the bioreactor. The cover can either be made of a hard
plastic material or other biocompatible material, or it could be made of a membrane, such as a
gas permeable, liquid impermeable membrane or other type of membrane. A gas permeable
30 membrane would have the added advantage of allowing for control of the gaseous environment
by means of the gas concentration in an additional chamber sounding said bioreactor. The cover

could either be beneath the blade assembly 3220 (described below) or above it.

Fig. 29 shows'a processing station 2900, having a series of modules mounted in it. In an
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rotating nmechani sm 2703 such that both turn together as a unit with the
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addi ti onal chanber soundi ng said bi oreactor. The cover
by a vacuum controller 2934). Motors 2224, 2226, 2906 and 2912 are actuated by motor control

2936.

25 Modules 2020 and 2040 are placed in an envelope 2901 and are kept at a desired
temperature by a heater 2942 responsive to a temperature sensor (not shown) and controlled by a
heater controller 2938. Controllers can be separate controllers or can be part of a large local
controller 2930. Local controller 2930 also controls sampling and analysis from the TMOs via
sampler 2912, which samples fluids from bio-reactor 2037 via a sterile port 2943 such as a

30 septum and feeds them to analyzer 2996, which communicates with master control 2940. Sensor
can optionally sense a plurality of parameters such as temperature, humidity, CO», pH or other
commonly monitored parameters used in bioreactors for documentation or control.

Fluids, such as nutrients, waste products, gases, etc., are transferred to and from bio-
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could either be beneath the bl ade assenbly 3220 (described bel ow) or above
it. Fig. 29 shows a processing station 2900, having a series of nbdul es
nount ed iwWOi0B/04d6m6 an 43 WO 03/ 049626 PCT/1L02/ 00879 exemwpraryz/@satyodi nent
of the invention, the functions described above with respect to Figs. 23-
28 ar e rp@idra03e Gy\hedicd medaedoh@s are parked in the left had portion of

contr ol rrodélée 2900%1 as s@g& @CJJI ear]y shom‘ggéﬁe&gé)g !Yﬁr? qlz]cb)@geaCé@ 2@32
2040 Modul Cmpptle mesigy igé 1N SEF“E’@StVOIH’ﬁ‘?

dul e, 201 nodul es, 2002, 2010, 2020 5 and 2040 are
h o ok e d‘%% ongopopﬂuldl sggﬁroei{erg% S

vacuumr 23 and a fl ui d| cs controller 2921, for

exanmpl e,  byweastk Gkedlifc @ naabved Wa6 Wispensigy ! wilmne 2309 amibr acdhkrol if cBuidics
controller 2921 are under the control of a local controller 2960 which is
i n tur reopiwelder 2988, control of master control 2940. local controll er 2960

al so control.s. notors y.fo tat

descri bed ab@\?%ensrntg %ﬂﬁﬁ‘r%df%’z %ndé?@%gg‘g%?%%?ggs Fﬂ & d rgjnﬁ?%l di cs and
el ect rigakurt BRI, AkOmamly,ofolinfic 48T carbbel us@hioydélivlﬂt dmtibwﬂicspdismfectant or
electrical control can be used. After the tissue sanple has been harvested

by har vadberalesingsiiflyia. 2002 harvester modul e 2002 is linked to nodul e 2010,

via port 2014. .The ste S " i QS -

cut micro- orEHc;al (grs g )t‘bal%d%ﬁagégb }aéeglgrgﬁ]gs ?dtrog‘{g%g&cfb?to
Fi R %uﬁ%ratla%toﬁawp%eﬂaterﬁun g@ﬁyﬁ@u@%@vadmhh rmdul e 2002 stl Il attached
toi1t, i's no | onger 'needed and can be 15 disconnected from nodul e 2020 and

di scarded. Bifodep mn:recsls:fngnm lIIl\éOzm@ssan@ algpiithen exsonisd by enastig gonfraller B4,

transferredtothe ckln t|o i. ght si de_ of 9

o o figA seiebi ofsids Hiohsd e g it aub it tnellofy o Bulss, fnd B,
roces t | {<f R tfidhalt dndSthsBEoRLES,
whi oh %ﬁﬂf%?%rﬁaugﬁ?@rr%ﬂ%ﬁﬁs%ﬁ B B o

casset tiasvdmertt béthelmicad-digen afoupOindecieactor 2038t ardyshaesspitagequstie endigp eigiiicdhe
dock on the left at the co nt of ther .0cessi.n s _side of
ol B8 e BEGER B o e R T ey e 2
actuato d k128 TdePRihed

r egul at((i)rt%gﬁlgeél( Ef@%%;%a%;}l? %ﬁl\éf) grtﬂgg ﬁ%ﬁ@l Iaer e2934) 6Blé/ﬁt ors 2224, oS
2226, 280ditiond 2E4 t@l&l]@msélmaited do h:r;atcrh)ﬂle praperigsalf the §Re1ficognkod lgbn;@tr@@ﬁ@

and 2040 are_pl aced in an envel ope 29 nd are. kept at a desired
terrperaYQSrF%‘l!??“ge‘%péQta@P1%1@124“@5‘363?\’&({;?? B WEF at ure sensor (not shown)

and contr ol | et D4 ferd CGLs: BRRE OVbIRe29350 {ORbRRIHP riaifidlhoRC a6 WipIhR

controllers or can be part of a ar ge ocal controll"'er 2930. Local
conty ol fefipe9d6s bl Incarsniat shewaaamd ahtheaagpraprédty sinse isr maveé aﬁ&ﬂbawech and
sanpl er 2912, which sanples fluids from bio- re&ﬁ]érdlzow Vi égelrl I l;%ort

2943 su%ﬁmwteée@mlasae%@@ﬁmp&ﬁd?%%ew 138 SrRcP Yk 38 sPgyne
conmmuni i?l%l% is Welg%rmtﬁﬁreg&&t f@h &%épconﬁgPMuldlcs controller 2932.

At an appropriate time, typically 24 hours after formation of the super-linear micro-organ,

gene transfer vector is injected through sterile port 2929 to fill dispensing volume 2911, and the
25  delivery of the first portion of said vector is commenced.
Assaying TMO performance:
Assaying the performance parameters of the TMOs, such as protein production rate, can
be done at various times before, during, and after application of the gene transfer vector, in order
to monitor and adjust the preparation process so as to result in TMOs having performance in a
30  desired range, such as producing a desired range of protein per unit time. One way such assaying
can be performed is by means that require a sample of the tissue or surrounding fluid that is
physically removed from the bioreactor, such as immunoassay or similar chemical or biological

assays which use up a portion of sampled material. Another way, which could be used instead of
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can optionally sense a plurality of paraneters such as tenperature,

hum dity, C02, pH or other commonly nonitored paraneters used in

bi or eact owe 0Bowdsdocunent ati on or control. Fluids, such asPoEILIZW8Y®, waste
products, gases, etc., are transferred to and from bio- 44 WD 03/ 049626
PCT/ | LO2t ©0ed8binaeer tvith the Jizsthis by uiedis thatroghu bans GkOper@rmante padingter iof the

stored | | spensi ng .vol ume, 2905 and delivered.to bi oreactor 203 under
cont r ol TGk B Hisie Bbalie Forthe Prosesabr WAk FeAmuiRe RRTLEA SppE Fipces optiel
di spensigny %dlé&ﬂ&g)?@oeuééﬂﬁg tfcﬂﬂ&l‘b@& siRth, s N Aiof BroteinGARAYE, Ok biersd3R4m in the
D spensing vol ume 2907 can deliver~sterile gaseS such as oxygen, nitrogen,
C2 or arti xEithee vody, (TMO peiformanat cancbey assapdduatev2D0E toman pbmtwufronh the titaé itheer

antibioti.cs, disinfectant or other desired fluid. Sterjle air filters (not
shown) BUFFOBRgaRs;Rfe drsidnaduged fo b Boreiei 0a0] K BSdEROT S B KSRy for | 10

equilibratio ' ' | 1.0 LQII‘I;@]- h .
of a master '?}\1/%&3{)@%%0&;& éﬁ%@ﬁg‘g?f}{e%%ngéggéf&?‘ggfob@gﬁngsg tY)g% contgﬁg% I@falrm‘t:(ggﬁfjé)csl4 a
time seqaenilzeahest apse vaidbidsldoviag thepreparativg ofmhe TMON in@ndanol raachthealesiodd
fluids, including gene transfer vector at appropriate tinmes, and agitation
by nmeanBCRIERNGS TG SKABRLES Ogﬁ‘éth‘ia&ﬁ@P%’cni"B#‘?&}g bytpoEkeHed B t he ni cro-or gan

mount iR bi ongactQr e f c ' plied 15

the 1 uteim Nasodt of Yot edlhetlie, VRS of mAS alSkits SPIRPMBRRLEE el o1
of theseasdfapchidy adéition 6 the biortatoraxalimh@ontlninethe Byici-&gais. pr ogr am

and/ or as determ.ned by neasured process conditions, and is typically

sel ect ed-t o_rRuration pheash drcatmengs ceth epeswp daneally cgdnby seplagement olhsoutecr all
vector, I ' ' ai n t t '

{ranst el 3HAERRIoARb S i T BEioPar i b R S AR B B0
t enper avedi@Sadiyitie fise Bidteaclde Wy, siply alowiieitap @efitivatt With itie, iof biyeH¥RN®dtcaNd
t hawed, and admnistered via a sterile port 2929, such as a septum and
fills diegsénaery oflagrgheh means;, Theitere injhetwepnrexpesugrs|is ¢lse edatieblpi or eact or

2ostsnder <ol ol by SORMG e b A MARARL Lt Wi,

t ransf ekedtOC wdlich Say Be RBORE th DeAHObardd 6f HifRrdd@Fér tRO2Brib @ Edpoburd. STROTEASK
vol une 2911, and the 25 delivery of the first portion of Said vector is

comrenc adourtds g iapplieivimay smicitlde veried\by, nsing thet samepe rdi Fenninspecifiad potsney of of
the TMOs, ,such as..proLein product.ian rate, can be.done at varjou i mes
bet or o VR (hder o iR tentgus) arht i o idtimaEidles, 0¥ tiecshSe BF 2 y8al Srtodnuer
to noni {akingiee RA1USlundEnbiR RAAGE bR PORESDS SO as to result in TMs

havi ng performance in a )
20 4. Vector enhancement means: Vector action may optionally be enhanced by using one or

more means to increase efficiency of gene transfer whether while the vector is present in the
medium of the micro-organs, or before or after it. Such means include by way of example:
addition of various forms of chemical agents known to enhance vector uptake or effect; physical
treatment of the micro-organs such as abrasion or perforation of the tissue (such as stratum

25  corneum or dermis in the case of skin) to enhance entry of vector; physical agitation of the micro-
organs within their medium; causing physical vibration of the micro-organs or their medium;
exposure of micro-organs or their medium to sonic or ultrasonic energy; utilization of various
electrical means to enhance vector uptake and effect such as electroporation and application of
electromagnetic fields, among others.

30 5. Adjustment of maintenance conditions: The scheduled amounts and timing of medium

removal and replacement, the rate of gas exchange, the addition of agents such as buffer and
other chemicals to the bioreactor medium, in order to maintain the desired condition of the

growth medium in the bioreactor.
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30 desired range, such as producing a desired range of protein per unit
tinme. One way such assaying can be perfornmed is by neans that require a
sanpl e ofwohea/td6scue or surrounding fluid that is physicaCTjyLexmwewed from

the bioregactor, . such as i munoassay or simlar chemcal or biological
assays mﬁ%—eh—@@g‘ﬁgm&i’gé@&)ﬁh%mwﬁﬂdﬂ #Hiwneafieath stemit the conweysiomMionhmixoed d
be used jnst & 6 | LO2/ 00879 .0k 10 conbination with
the fi rstﬂ,%ﬁ%ls lglmrfeﬁéoﬁlgﬂ}t\é%éﬂ éh%;}r%géonoslp%%aere BePHS Hﬁﬁgi%aéﬁﬁagy??ﬁus%e
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prot ei n S, Uming ang duration fBveiving fixed preset valges foe thevafpreridioped frarabdsscand

can ri { ipnts.fromthe i the. 5,mcrgQorgans are
Prrsess e ofbiok el 1ty B! Bhdtithin Bl bl diSiens B SOLRHIG R
pr ot ocol museof the vfaﬁ_ﬁiilé@hbdd&%a@émﬁﬁlﬂ&d meagm}éarpms 9@1‘1’&%1:91{:6 at géﬂ’d%@.s?d#@é ?rFthﬁ
into TMOs can utilize one or nore variables during the preparati o o e

TMOs i n RIFRRERLIQM, 1R OKdon te lalieriidisit metformance dn weder do reavhethe dgsingdl eduofangeiahthe
vari abl et?mé ?&llﬂg.ﬁrf'@?al?ftﬂ%gns%ﬁjgl?@ mted to: 1. Nunber of vector treatnments: one

or nore exposures o 0-organs to gene 10 transfer vector by

addi tion to therikk Mpacdesd, siagics 6T R Hinh 'Plgbfo?&cfgr@?)?r ARk b%;a:@g%r@g?”

of each treatnent: each exgosure_ typically ends by replacenent
al | 10 heandeaplyred by arakyree 29 edymeaily to guansity tireoamate phoduced af therspedifio dedireilt

can als ' redu vector activity in the bhioreactor by sinply
a1 o ngDEH §¥6ie R 30 WFRA] pirdiods allynia 485 g woh 2adadSRy Slesr 63 suter
such nmeails beliiRdttb BRarhéteRRS 18 HRotehRARSMUIES b&_%l%é“i“ il GRlcal agn%g%is o?%zl%ro“
vector used: each exposure utilizing a specified dose or -anoun gen

transf ertest¥ect or, which nay be chosen to be the sanme or different for the
lied may typically be varied

vari ous exposures.. The vector , a nt to.be app
by using theS[Eaaﬁéltl(?:rn’ Wﬁ%ﬁt%ﬁn&& P?e@dfobé‘?s@ﬁéfaﬁy asgpsets o the (TMPs,ofuch as
| nf et | Qusilapshaeddonl S6hi@HanMalitBAL idhes, Tn the case of a viral

vector), or varying the total volune anbunt added to the bioreactor. 20

4. Vector enhdheethenpronesamssultydndioate ait¢ TdAOsTaN: ©plly Gnabdryinbeagoh anaadbiy:,
usi ng onRe o r ans i ncrease efficiency of gene transfer whether

whi o t 085S, 289208 @H%rr@%ma% ShomiRon i3 Qrip Girverib inf Blastes agrembly 3220 efhmse
or aftemlddes? J . ; i.t-on vari ous
forms of Qh?am%?t iziaﬁggﬁ? géf%é&n%ﬁtgﬁgtﬁﬁg%géa%g 4 E){ng)k%géscg Bef ?)Iegllg 3} ﬁl}jg?’% al
tr eat mentview afftee hiadesofromgetnge fasctongmrabloahit @ieorewaItITaE 20)0Upeh rédiBinkiths Ue
(su\c?g ag} strat un% 5 cor.neum ﬁr derms in the case of skin) to enhance entry
of véct OFS© bﬁ\}‘%% N %gfl‘teaSPP@ ngx TMQ ipfodpgividgplygamentst hin' t heir medi um
causi ng physi (M) WV ] - S,0r their . nedium .. exposure
of micro-or gg@oggm;? F?Z%dre s %%%?n&w%ﬁsgaﬁ}?%eo%?ﬁﬁlptl?cgs j4sed o ngnﬂ?ﬁy ?‘?éﬁteon
of vari thesfluidl @t the dadividaahmidro-opgHsMOEOY atb Gepate aRamBBE. efifis Ghn B RR o

el ectr O%Sa{b% {n%?vicelll?a? sQalggllirilgcIa"rl(t)rinoegclﬂndividual cut micro-organ/TMO segment. In this instance,
base 2802 is lined along its bottom and sides with a soft, biocompatible, impermeable layer 3004,
25 such as silicon rubber, and blades assembly 3220 has an inner disk 3012 of the same material
embedded on its lower side. Blades 3220 fit snuggly between the inner diameter of base 2802,
and upon lowering, cut into layer 3004, while the disk 3012 mates firmly against the bottom of
base 2802. The result is the creation of an individual chamber for each TMO segment,
substantially isolated from the other segments, allowing for measurement of individual secretion

30 levels from each segment.
To prepare TMOs for administration to the subject, the requisite number of segments to

be administered is estimated, typically using as inputs such data as, but not limited to:

a) Corresponding amounts of the same therapeutic protein routinely administered to such
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el ectromagnetic fields, anong others. 30 5. Adjustnent of naintenance

condi tions: The schedul ed anounts and tim ng of nmedium renoval and

repl acenewn,03oks26 at e of gas exchange, the addition of agecTdLeu®B79%AS
buffer and other chemcals to the bioreactor nmedium in order to maintain
t he desispligcte bastid: pmegflatotyeguidelineshspeeidicustinical tphetotnls oe populationt 6tath@ics for
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order to alter their performance in order to reach sired valué range
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ddition, . | | typi cal . . .
‘?’I\/[g, | gg@ﬂg‘gg&)dl@??%lt%}i Q%@;?%}fézfsh@%mmr%‘f@egﬂmhﬁ deekiagsiatipslls agent s.

When th IS 40 f i ni tion t
2 subj ect | paenobf3ETE JMEH bl ORI SRk Ph HRIRHE 0L M 4 ©
into bl pdes330$sétted tha@2d),a phedity dfl agsegr2§aé F310 nbuitee ¢ ahof-yedagy 985l

bet ween adj acent segnent nounts (Fig. 32(%@ Fig. 31 shows a view of the
bl ades FPHRTSBS VWO (l5ad seiepard 2t #ndk Balds | diven | bsivmetorsi3g06 Ishownysehematiseliy)ng

opt Fonal T e SO et SR PP B ok e 30 e 1o 0T

substanti al | psshpanaheFig! B4 hbdild 2000 Hab ®ebr fiidéd tnodhier 9300 e/ EMeiddt 0
separate chanbers. This can be used to enable individual sanpling from
each i nifingddieanodule 284@ rte formy assembly 34adhe ports betwesn inmartudesc020 apd S800 @62

is line it t an (des with a soft. bigconpatible, inperneable
| ayer 386%1,68‘2?‘”3 l??)%tg%s 5&5’4} %%%%‘ﬂ%ﬁéﬁ%wgﬁarybﬁc&%@ ®¥eﬁ%‘{5§ Y oAy qqggp%rﬁtlve

i nner dicstotad@icroforehId2 70Rb06d trdperReRSdead 33n1its | ower side. Bl ades
3220 fit snuggly bet ween the inner cfiarret er of base 2802, and upon

| owd¢ i ng, cufig b shpwyameIgins whi0, extendediintk ndgiuke A2 and engrgingagm midrot he
bot t om 81];gan segment mount 2610 . Fig. 37 (at A) shows pin 3310 engaging eye 2612 on the top of

segment mount 2610. A slight rotation of micro-organ holder 2704 or a lateral motion of pin
3310 (by the x-y stage) causes the segment mount (together with an micro-organ/TMO segment
3702) to detach from holder 2704, so that the micro-organ segment 3702 is held by pin 3310 (at

25 B). Eyelet 2612 is shown as a circular structure, but could also be tubular or other to assist in
grasping the leading portion of pin 3110.

Pin 3310, together with segment 3702 can then be withdrawn into module 3300, as shown
in Fig. 36 by means of the x-y stage. This process can be repeated for any desired number of
segments, as needed for implantation, by loading another pin onto the x-y stage and grasping

30 another micro-organ segment from module 2020. The ports are closed and module 2020, together
with module 2040 can then be returned to a docking station on the right side of Fig. 29 for
continued maintenance of any unloaded micro-organs/TMOs.

The entire TMO transfer module 3300 is disconnected from the assembly, and transported
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base 2802. The result is the creation of an individual chanber for each TMO
segnent, substantially isolated fromthe other segnents, allow ng for
measur enewbD 09fo4d6n€li vi dual secretion 30 |evels from each ®egmeoraosBo
prepare TMJs for adm nistration téo t he subject, the requisite nunber of

segnent <0 @Adreaaeny fighist.sqntioaglly with providedseontro) of dha tepupgritirg, bumidipugases wof
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to other simlar subjects. e) Response to previous TMO adm nistration to
t hat sut}jséfbt. The nodul es are renoved from docking station, and a TMO

t f d 3 i det achably but .h ticall t hed
bi o- pr ocessor a0 P MG AR fipi RS g iR sbgn cpprg. suet)
and i nsestaeshtpaidst chhie dr"t%ef&ﬁ‘ﬁﬁirﬂ&n.sl\/ﬁidhlbn3m sNopically t5b&8sQf mhRally in th%

processing station 2900 (Fig. 34). (What is 3402 shown in the figure? |
it tlRe detorangrepmain baprespeeegtdhwsubiecki g. 33 and 34, transfer nodul e 3300

i i 02, havi t 3305 fitted. thegein, luralit
of Transter AP TEuR L GR o Hende S Mol ajenins Pcedupr SRR IEds PuB N
screws CiﬁgLZssaMith%?rﬁiém-&rghm@)égg?é& 13503498 ub&RoN é&&%ﬁﬁ g@gé %% Prtoc%sgi%,

transfer pins 3310 bei ng adapte or selective passage t
As showresuHing ig. a Segmanb dedt és 20 fficisnthe straigltti foe thenonaxb dtepe, B3MOwnvini the left
remai ni 'oti n t.o m)dEI e 2048, %G(# form assenbly 3402. The ports between
nodul es }%ﬁ%séﬂ § °4p Be aciueyed gs Smot ors, 3404 and 3406 are shown very
schagat i cal | Wotd 1Hap Badi¥eSenth8wmANS tathbN&d JfQhfellsBlifont] Hol; hedpae
2704 and to operate x-y glina%e 3311. ZObFi g. 3565howsno’n%oo O‘{S?%QZ’S 1(%,’ and

ext ended8mtan avduwn20kbetrod 38i§abiypmllomnesaction 680D agd/or $8¢Hewhy Fountend@l 0

. Fig. 37 (at hows pi n 331Q. engagi n ye 2612 on _the top of segnent
mount 269¢1°0A @i gqﬁlﬁloﬂlol{)agﬁ?eoﬁpxglfeﬁﬁgctg%_@{léawgmpﬁéps@tmnbptregghtg@e@r ggment
motion ggypin 3310 (by the x-y stage) causes the segnent nount (together
with an m cro-organ/ TMO segnent 3702) to detach from hol der 2704, so that
t he mi cro- or Ghe sgeight nticrd7@2ar/SME lsegnmnt wan md310e (ahovd Bith rEydlebrie®idon S

shown as. a circular structure, but could also be tubular or other to assist
; k
in &r azr&ﬂh etSﬁgmplgdaplﬁ“&. § 1sdmpigal y#qpeglﬁlﬂg_ a vacuum pickup tool 1110, intended for

use in conjunction with the method described with respect to Fig. 11. Tool 1110 is brought into

close contact with straight segment 3812 while connected to vacuum source, so that it can be
held against the stratum corneum 3816 side of the straight segment 3812 and hold the micro-
organ/TMO by means of its vacuum holes.
25 This process is repeated until the requisite number of micro-organs/TMOs has been
administered to the subject.
In an embodiment of the invention, the bio-reactor is maintained at near body temperature
(for example, 36-380C, at high humidity preferably 95 %, and in a CO enriched atmosphere (3-
10% CO2, 90-97% air). Optionally, the micro-organ is conditioned with antibiotics, anti-fungal
30  and/or other agents. Chemicals or reagents required for accurate measure of protein secretion
may be kept in refrigerated storage while awaiting use.
A control center for inputting commands and receiving data is also optionally provided.

Controller 2940 is provided with software to make the process automatic or quasi-automatic and
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Pin 3310, together with segnent 3702 can then be w thdrawn into nodul e
3300, as showmn in Fig. 36 by neans of the x-y stage. This process can be
repeat ed worosamg26élesi red nunber of segnments, as needed f @CTiIDg/@819%ati on,
by | oadi ng another pin onto the x-y stage and graspi ng 30 anot her

m cr o- opgrévide gae id therdisplaypdul e 2020. The ports are cl osed and nodul e 2020,
together wth nodule 2040 can then be returned to.a docking station QP t he
right side oft willghusiw qlenr, the prespriuB¥Entign hes hascdesgrbodHsmgmEnlmyng detailed

the. assanrony shers el Rt bR AN sB38M i WL Hal B0 BUREAE MG HRLwe o
treat memjt iGRAdSY to 1apitithd adopy ofithdinvemiil@d parithifag| thekystéas destabedhaveeheen
hum dity, gases, and other environnental paraneters. Mddule 3300 is

opt iSonadhoyncnsaent detsil. Havillde ayptentito prisans of skitlypehe ad ithat anasiy o thaeperatigisn a

m cro-organ/ TMD i.s 1o.be i.np e he _pinQ i 0 I nd
5 tranciarness 08 0 pESTTel TR Bk Rebin ARl i T TG B8 2 eI o AT
r espect shfodmfr@nothbsoldely #RU§s8R, ot her inplantation nethods, as described in
the art and as described herein can al so be used. M cro-organ/ TMO

admi ni st rat i Ber ¢emplei edy laylipged oumbdr of gandici ehanged have begn shopm. JIeweveas a

out patient.clinic gr .operatin om_Mdul e ;3300 is.typicall. 0.be used
manual | §ASF4 Op e OFPIE)&Y %W%F%glﬁ{efrhlq Wﬁ‘cﬁrlé@etﬁfé‘ée bsfl%Bjr?g%g dﬁjt%ecpm%f Oéglg h
Pi N33 LohieRIMBME theBAbIHRASTHS tRoRd iah BE@PARG iRDRMEMIEN it if SlearalANBiteallyahy
shown i'n Fig. 38. If the mcro-organ/ TMO segnent 3702 has under gone

r el axat geneticlohdngg in the fissoeasdioad by vireallyt anydnownametbodrsall resulitinisgerpidens of
sufficigentl t.raig for then next.steps, as shown in the left figure,
strai gh%?ﬁﬁ’%‘?}%orﬂgﬁ?iéﬁ?r _ Cégeli‘%%?’lthﬁg?“ ' Note that each segnent nount
I's conpri sedygfiaidis 8¢ eﬁl%lsaihféﬂﬁs, of SO MR Ao $R2udiR8 QdmbiARtons 3 FbatuRB fdnt HRTTON

ratchet rod 3810. By pulling section 3802 and/or 3806 away from central
sect i onvaakod embediments wihodwer tppdred of she e THEBcepgnbtine invessiah i thys limited
strai ght ened segnent 812, T trai ght m cro-organ/ TMO s nt can w be
i SO O (R RiaRBIS (B FBi ARBRREor O ACRR TRBUPE Dprsoay of e
typi cal Lo {R%eAny B SHURALOQYr hiVD, anldtheR A8HubRiEs, 48 BsddMin th
conj unct%{on’\?\ﬁe?t}ﬁeemt ho essc'rjlilﬁbeg Wi th respect to F?Jg.E 1SI. TO(SSI 11nll(()3 is
br ought clainisgthey negme "tohtdacg butinbtnestssaripHimsegiotnt 3812 whil e connected to
vacuum source, so that it can be held against the stratum corneum 3816
side of the straight segnent 3812 and hold the m cro- organ/ TMO by neans of

its vacuum hol es. 25 This process is repeated until the requisite nunber of
m cr o- organs/ TMOs has been
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adm nistered to the subject. In an enbodi nent of the invention, the

bi o-reactor is maintained at near body tenperature (for exanple, 36-38C,
at hi gh hwoiodiosgs2greferably 95 % and in a CO2 enriched arcwdpéesnns’y 3- 10%
C02, 90-97% air). Optionally, the mcro-organ is conditioned with
antibiotics, anti-fungal 30 and/or ottHeAIM8ents. Chenicals or reagents
required for accurate neasure of protein secretion may be kept in
refrigerated storage while awaiting use. A control center for inputting
comands, and T Ga&b\EM Ricurk ComlptindPi 1088t RIGofad. porlo fuphnke!frcl i)
is provided wth software to make the process automatic or quasi-automatic
and  49tiWReOid/vaI 16 26d ROIEASt 8 mIOR7@ gansoarp liokédenatatthe ober by mgprgpizajungtion
will thys be clear, the present invention has_.been described using
non-?inﬁﬂpﬁéﬁ@@%%F@E&mcG§§§W§ﬁ¥?Hﬂgnd¥g%§éW%?QFVE H8eH Mt s t her eof t hat
are provided by way of exanple and that are not intended to limt the
scope of the invention. In particular, the systens described have been 5
shown i 0. gr et mi@b-airgan s$ttucthiré lacdrediagitdetatimt b ipevisiomst tfaststhiréel miqgo-organg are
that many of the operation descri bed_ can, he perforned by ot.her. neans, and
Lhat  naAgaded eieosensBahs B SHETERAIR:CoTaAD GRS gt PSP aRys
necessary. For exanple, only a limted nunber of genetic changes have been
shown. However, based on the nethodol ogy described herein in which live

ti sspe Bs rep| midredrian hésh shadrofortiee of imcpians efrhicranranh ecoprdibg kd clpinofl,
that tissue in the body after inplantation, it is clear that virtuglly any
genet i c ikWhishe mpltipHeity pkspidjunctions aseinigroqnnesigd PVWWrﬁWhﬁ@Fh%ge# pPype
result in.secretions I 20N i C id he
bt i ent S0l Ts Atacks B9 She BT LR R8s 8L Y erd i B CORAE IS 1 dlsd 1

of feat yft@shell t®MIRE juntdivh atitheerire dhdrefdasd midrb-opganur t o persons of the art.
The scope of the invention is thus limted 15 only by the scope of the
claims. Furthernore, to avoid any question regarding the scope of the

cl ai rrs,t4\g2,er t%e%ﬁ‘set& ﬁf{fﬁl@%ﬁﬁlﬁ%%?%%nsﬁhﬁﬁ%;gﬁ%%% ﬁ% have" and their

confﬁga s, ncl udi ng but not

necessarily lijheiin@hot Pnetictd A0Eb1AR(0982#n PCH WLAY A0BA9 sofilerdMaid intdrlinked
m cro-organ structure conprising at |east two micro-organ portions forned
from a juwictionehaviekwetlingsr migratorgens expsectedyt? it cr o- or gans are |inked one to
the other by neans of a junction 5 forned fromsaid tissue of which the
m cro-organs were forned therefrom 2. A mcro-organ structure according to

claim ls in viGheated 18R8 midh6-SfzafisehOuty, GRApridhe
20 interlinking junctions according to Claim 1, in which at least some of said interlinked

junctions have more than two linear micro-organs connected to it.

6. A segmented linear micro-organ structure according to claim 5, in which each interlinked
junction has four linear mirco-organ structures connected to it.

25

7. A segmented linear micro-organ structure according to claim 6, in which the linear micro-

organ structures and the junctions form a mesh structure.

8. A segmented micro-organ structure according to claim 5 in which the linear micro-organs
30  and the junctions form a super-linear structure comprising a string of alternating micro-organs

and junctions.

0. A micro-organ structure according to any of claims 1-8 in which the micro-organ is
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attached to one another via the sane junction formed fromthe sanme tissue
as said mcro-organs. 10 3. A mcro-organ nesh structure forned of

j unct i onswofo3uwse®- or gans according to claim1, in which &craLez/qBixcity of
said junctions are interconnected by mcro-organs, wherein at |east one
such m compriseda aipburalityadhiechetlaysondofheaindhg junctiorotsngmiseo tie samd 1oferd. he

m cro-organ and is also attached to another junction at the other end of
said mcro-organ. 15 4. A segnented |inear m cro-organ structure,

compri Shod: WhRES bith Al tRGlob AL el I WndrinGh&ullbon 15k UL Brodh. | CaSt
some of said interlithked junction ave two [rnear” m cro-organs connected
toit. 5. A segnented |linear mcro-organ structure, conprising: 20

interlinking junctions according to Claiml, in which at |east sone of said
intet | i hked A WiPiossan siEirdraviceordimgntor sy Pl lains -8 b Voigh ke suereeugenis o

i ch oSuPrRRaY Fohr Bt R SR RGHThEL AT Pl S BBl pagtt

connect gderb@rgdn. 25 7. A segnented |inear mcro-organ structure according
to claim6, in which the Iinear mcro- organ structures and the junctions
forma nmesh structure. 8. A segnented mcro-organ structure according to

claim 530 Al Gl NEd SR ILCLRnRL 9808y P ARG: LHAS! LR80T AR ie

super - | inear structure conpriSing a>stri

j uncd i oRgmarPskidtigduer 0- organ structure according to any of clains 1-8 in
which the mcro-organ is 51 WO 03/049626 PCT/1L02/00879 conprised of a
plurality of tissue |layers and wherein the junction conprises the sane

| ayers. ;, 10. ,A m.crq-or,gan structure according.to claim?9 erein the,.
inct ofi s & ARG 3o B0 Breghiaich S nRGS S, § RS e Biste iy Plitngy
of cl ai gdingrisdud;n Whi ch the mcro-organ is conprised of a plurality of

ti ssue layers and wherein the junction conprises fewer |ayers than the

m cro-organ. )2 cyting erray oergansisg apdwality efcasiiacdningptting blagesothatt 4re dispesatliong

cl aj erein. t.he tjss is 10 human skin tjissue. 13. devi ce for, the
ot oo at PgReE i SRS prd ol Glmae st TRty e Hgbcove tengls
conpr i ShiimamlaifedCattadppRELiAAERYedaRiIRii ST ofle BhAhE! d1dk Qfid §%ﬂ% B Ykt ak kg
bl ades that are di splgis)ed in f'%',15q%cl ose proximty and pgar allel to o%e aanot her
al ong atuttiegedges 0€ said gdjpnent ehittinigdilades @espeeptiated Hyengicaslistanme betwaeh aboeto2 08t
approxi mat el y equi gi st&% f.rom one anot hsr al ong said segnment, such that
t he micrometers to about micrometers along said segment;
b) a tissue sample carrier, adapted to hold a slice of tissue, such that when said tissue,
20  held on said carrier is pressed against said cutting array, said tissue is sliced by said cutting

blades.

14. A device according to claim 13 and comprising:
a removal mask comprising at least one insert which fits between the parallel segments of

25  the cutting blades without hindering the cutting action of the blades.

15. A device according to claim 14, wherein the at least one insert comprises a plurality of

said inserts.

30 16. A device according to claim 15 wherein said plurality of inserts are linked together so that

they can be inserted or removed from between the cutting blades together.

17. A device according to claim 15 wherein the plurality of linear inserts are attached
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cutting edges of said adjacent cutting blades are separated by a slice

di stance between about 200 mcroneters to about 2000 m croneters al ong

sai d segrepto3/oie2@ ti ssue sanple carrier, adapted to hol dPaTaLI2@STf

ti ssue, such that when said tissue, 20 held on said carrier is pressed
agai nst tegatheretiendsibereof ay, said tissue is sliced by said cutting bl ades.
14. A device according to claim 13 and conprising: a renoval mask
conprising at |east one insert which fits between the parallel segnents of
25 the agtti ng devissascomiinBaytank oFd@4iid ol 3t 17 ad! idcliiEn 2 Gl AN 3 appignd brdase
15. A device according to claim14, wherein the at |east one insert

conpr i sdstweep|saidshinple aafriersail daidesingsurag0 16. A devi ce accor di ng to claim
15 erein said plurality of inserts are |inked together so that they can
be inserted or renoved from between the cutting bl ades together. 17. A
devi ce 39cor g Qevit®addofdifly 1@ aM6f Ghitas 121 Pherdd the Qittidg PIRaEs AINBS/E!the @érﬁe
attached 52 WD 03/049626 PCT/’1 L02/ 00879 together at ends thereof. 18.
devi ce adexgth stichghatsheyrynt afplurhlity s lindar hYicwnaetgansciramd ithatisseasmnglor appl yi ng
pressure between said sanple carrier and said cutting array. 5 19. A
device according to any of clains 13-18 wherein the cutting blades all have
the samg | eUQHF\Jiéé'E&oMlﬁ% td BBy ofcélﬁmﬁs - 18 bl e c!u'ttﬁfgaﬁlaéi@sq{a% QhikRFially OM
the tissue sanple. 20. A device according to any of clains 13-18 wherein

t he 1out thegprid daleth, bat ereslohgitwdinallyl dffset fiont techsdne duel ghdt thd:)ututea plurahty of
longitudinally offset fromeach other such that they .cut a urallt

| noar hoesomlsr I areane SRRRECIdcAt ltomptecds faerealde ap QBRE ok, MiEP+ 8@%@5/

| i near nj Bn%&%ﬂ? erQtrudtM?Ct' on micro-organ structure. 21. A device

accordi to any o alns 13-18 wherein the cutting array conprises at
| east 15 three pluralities of blades each arranged end to end in a linear
array of blades spaced by a given _ spaci n% wherejn said |linear arrays are

arr angedlsi de\ §§vies agcordipg o taﬁ)é of ﬁ]éi'HE% 1318 greerein thg cWEng Grra¥copRrIsss Hdedwen
the ;spa fgs%gfbhﬂght?eglo?'bﬁ'dd@g v r%)’a?‘%e t% éiil‘a"h%glr%&c%ﬂl ﬁlgolﬁcgeg%g?éeﬁ‘l%la iven

wheréin the“given spacing Is I mes I ce “spacl ng.
23. A dephdgisg, avieedifishid limzannyaydfare h@aﬁg’ed iidte by sideg frdthnthe Bpaces bl biig alvhyablesg
all have the same |length and are not offset fromeach other, and wherein a
cutting Sgﬂﬁédb?twte%thﬁlSﬁél‘éggseﬂfaélql@ﬂﬁéfféys ends of adj oining bl ades is bel ow
the edge of the remaining extent of the blade, such that the

22. A device according to claim 21 wherein the given spacing is between 0.5 and 2 times the

20  slice spacing.

23. A device according to any of claims 13-18 wherein the cutting blades all have the same
length and are not offset from each other, and wherein a cutting edge of the blades at alternate
ends of adjoining blades is below the edge of the remaining extent of the blade, such that the
25  blades cut a plurality of linear micro-organs from the tissue connected by a junction that is less

than the full thickness of the tissue.

24. A device according to any of claims 13-18 wherein the cutting blades all have the same
length and are not offset from each other, and wherein the tissue holder is formed with
30 depressions at positions corresponding to alternate ends of adjoining blades such that the blades
cut a plurality of linear micro-organs from the tissue connected by a junction that is less than the

full thickness of the tissue.
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25 bl ades cut a plurality of linear mcro-organs fromthe tissue connected
by a junction that is less than the full thickness of the tissue. 24. A
devi ce acworodiomg26¢ o any of clainms 13-18 wherein the cutti mgThiLe@d®es79al | have
the sane |length and are not offset from each other, and wherein the tissue
hol der 355 f ox Wedicwviatdordia@ t6l@py e slaims 1341 8pulsirtindhs cutting esyayredmpgisesoat least
alternate ends of_ adjoining blades ?uch tgaé the b ad?%gcu 12 g{‘ura%i t% of
|i near thice bades.gaidsblpdashaving. periadically SRacse ey UG RIBFORCWAEC P 1oL

t han t full thick i . 110 B8 78de25.
A dovi aB st bR %t AR bae YBorp R e IR

|
conpri sgsh #e Ib@estutiihf segadel afese bhak deinpaitestehavinegn tirelovatidcaitling syfced

t hereon, cutting edges bel ow the surface of  the cutti surface. of the
rests ofoftad@ima%éadm@ueh thas 4iseries ofgigpctigns élﬁ%mgraeth&hjifls%% g%f @?lagleb‘bmg}l%?é of
wWth t l.ower cutting surf f . ing situated between the
Iomregﬁﬁﬂfstuieﬁﬁmﬁ%ﬁ fsaiglém?f[ %t;} ﬁggi“gﬁr%‘f%“% %ggag%‘?such that a series of
junctions having a thickness |ess than the thickness of the tissue sanples

is forned at the |owered cutti ngf surfaces. 26. A device according to lgn;{ of
cl ans 1%.18 Atdsvise racedrdinguptanypizalams 13d8prhases the cptingarrayomPrseSgkisastang

wher ei he, ti i.er.is.f d. Wi I | f
e U S ST e AL Ty L Shafly A gt

r
C ereon, corresp to positions

sai ) ¢ ﬁge{r{?ﬁ&aﬁ& 36iRsd dehrelsibieneRBA Afsicammdty Nshionsay baidnyttiigt hladesdwith

bet wee e depressions of adjoining arrays, such that a series of
j unct i oths daaressiapsafohé ekaebeing siteatechbetwedvethe dpprssians of pdiofang pEYFeSIChiites

is f d at the.d [ L 15 27, A ' W f '
13- 15, wbves At BAFHOR B0 Aliearrliren iR EE AEET LY Aul Guils RomA IT

spaced fY ssakLiigisl ce spacing, such that a plurality of micro-organs having
a ring shape are produced froma tissue. 28. A device according to claim
13 wherein said blades have the formof a continuous spiral 20 spaced by

said slice spacing, such that a.m.cro-,organ in the form of ik al. .
pr oHfuced’- 29/ dﬁ‘”&é\?f’%"ég@gé%m ﬂ@crp? Sg]ﬁy{%‘?"ﬂ?:rfgﬁ sr%(ﬁi]@geffr gﬁlérgne%% ﬁ aégisgh ?SI Ysue
carrier | t Ik L 1V 8GH H PlurdBty38E mivrélemiabe havi
accordi %él% F%ﬂg%rg%% %Iagig&ngy i%—aZSgcé\}sllzar%gi% r’llgﬁs(%i dti rsiaslijreﬁ’%’ar rrinerr ii;g adafa)¥llel%j at o]
hol d  sghglsliaps areeprbyucedifmsi otistue. a surface of the carrier. 31. A nethod for

produci ng accessible mcro-organs or mcro-organ structures froma tissue
by cutting, conprising: 30 a) providing tissue of a suitable thickness from

Wr'i ch t ?%f ggm ddVe HoES Aty H ¥Uim 13PWhBERal FlEded HAQY kiteeloRf CoTaCioRfinidhsapitalof
cl ai s - 30; .
20  spaced by said slice spacing, such that a micro-organ in the form of a spiral is produced.

29. A device according to any of claims 13-28 wherein said tissue carrier is adapted to hold

said tissue by vacuum.

25  30. A device according to any of claims 13-28 wherein said tissue carrier is adapted to hold

said tissue by adhesion to a surface of the carrier.

31. A method for producing accessible micro-organs or micro-organ structures from a tissue
by cutting, comprising:
30 a) providing tissue of a suitable thickness from which to form the micro-organs;
b) providing a device according to any of claims 13-30;
¢) placing the tissue on the sample carrier of said device;

d) placing tissue on the carrier into intimate contact with the cutting blades of said device;
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c) placing the tissue on the sanple carrier of said device; d) placing
tissue on the carrier into intimate contact with the cutting bl ades of said
devi ce; WO NWIW36 049626 PCT/1L02/ 00879 and e) pressing PardLez/®sive

agai nst said blades until at |east part of said tissue has been cut

t hr oughaml t hi ckness thereof, thereby creating at | east one m cro-organ or
m cro-organ structure. 5 32. A neth for pr. cin ccessi ble m cro-organs
or i cro- or gBnPTEESIRE $aid dissue, 3gRnst §q1§§> oS Bg{ll(é%tlﬁf?%g)aﬁc%enﬁ(i gsza:rﬂa%;been ok

provi di ga, %ﬁstgﬁkﬂéss @hegéﬁff ﬂlg}e?gtcfgaﬁﬁé‘ﬁqéasft bROMIHD SR dnCoriicrB-6rgen structure.

m cr o- or ga providing a device according to any of clains 14-17 and

cl ai s dependent therefrom such that said inserts are placed between said
bl ades; 10 c) placing the tissue gn the tissue carrier of said device, d

D1 2ci nG3E s hahelhod Ak PIARYAIES SegEbl FRIFEAEEGH CHETo-TIEe SETIGER TP g (BPies
of said .ce; . pressing said tissue against said blades until at |east
part Ofbggﬁltj.gﬁg,icggn?gsﬁg.s been cut through a thickness thereof, thereby
creating at hpastidinaissucsta aighk thickmiss fromowhiah te farmcthe negro-cagans15 f)
renoving the at |east one mcro-or goan or qi,cr 0- 0{ an struc&ure from bl,gt ween
the cuttingbbpruihingy draseeesegding e Myl ¢lrigh Ye ﬂé%dn%laﬁl% %HEP‘E‘?“@“%‘F e,

t her eby di Sl i - Or .the surface of the renoved nask.
33. A n%?cﬁég&g%lgg?%ﬁqﬁﬁg%@a%ﬁa@ﬁ?%@ ng;a%g?%lg’m 32 in which pressing conprises
rolkhng a 26) shidihg el thshe 6 thntfssueroanive ofsald dévithie carrier to the ot her,

cutting the tissue as it rolls. 34. A nethod of producin m cro-Qrgan
froma tissud) plasipgsissusomthe sarge infy Blimaterryntact with the glgwgglg]gﬁemcgs H§%a

thi ckness and an_extent .in directi I ' 18 vt hjeckRassy gNnd
25 cutting t REPSSHY 8alflﬁ}38‘!ﬁeg?1éat?%té Sé)lﬁ?oéi&r%gs?gﬁp %{e%g%?ﬂ ag%/gfr g%‘?t east part of
the sanmplgugdtPa tREIQRYSE thefeoll tBERbP LRALIng aVieRd oaib thieAsbrganer diieAspan stsuiber
than 2000 m croneters and at | east one other dinension |arger than a

| ar gest aod mensi on of the extent. 35. A method according to claim34 wherein

the cutting conprises._a st i ng. actiaon, ) ceor di

cl ailm 34 or § gg)n?ﬂvé%g \R%ee?te?ef%&t ?llge PRY R F5 %% §lg ngigrr?pﬁégftgﬂg% ?\rgﬁl bltfrebe the
subst antj@hk lSle%B?P&ﬁB@ﬁ tHoSHALR RS cam saidettiaiblides, thereby digposing thetche
formof a series o subs%anti ally straight cuts substantially parallel to

one end nseroebrgarstanrths surface 0f the remavé¢damaskengt h 55

33. A method according to claim 31 or claim 32 in which pressing comprises rolling a

20  cylindrical drum from one end of the carrier to the other, cutting the tissue as it rolls.

34, A method of producing a micro-organ from a tissue sample, comprising:
providing a thin tissue sample having a thickness and an extent in directions
perpendicular to the thickness; and
25 cutting the sample through the thickness thereof over at least part of the sample to
produce a micro-organ having at least one dimension smaller than 2000 micrometers and at least

one other dimension larger than a largest dimension of the extent.

35. A method according to claim 34 wherein the cutting comprises a stamping action.

30
36. A method according to claim 34 or claim 35 wherein the thin tissue sample is a thin,
substantially rectangular tissue sample and wherein the cutting is in the form of a series of

substantially straight cuts substantially parallel to one end said cuttings having a similar length
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WO 03/ 049626 PCT/1L02/00879 and being offset |engthw se fromeach other so
as to leave a junction of said tissue between alternative strips tissue at
al t er nat iwg osnds20f the cuts. 37. A nethod according to clrarmL@oaryd
including unfolding the thus formed cut sanple to 5 produce an extended
m”&%%%?WH%@MM&%%ﬂMWmwmmm¢mmmﬁmMmmWWmA
met hod according to claim34 wherein cutting conprises cutting in a spiral
shape. aBemativersitibotissue ebaltirmaingsndy ¢fithe 9¥Sand i ncl udi ng unwi ndi ng t he
spiral to provide an 10 extended el ongated m cro-organ. 40. A nethod
according to claim 34 wherein cutting conprises cutting the tissue with a
seri es 370f CORGRNT dofding ¥ @hint 86 Snd Lixlvding Anfokiihg theothup farthed it sample to
a-mcro-organ froma tissue sanple, conprising: providing a thin tissue
sanpl e phadiicagn axtehiekmisse-osga campeRing strinsof dpsus conRasied By HEFM S ar to the
t hi ckness; and sinul taneously cutting the sanple through the thickness
thereof with a plurality of cuts, said cuts being formed in rows in an

el ongatg di rgetdiyd REoldifs ©Wlaim askeréia Wultidigicompaise dnttirg iny spiral sh@pspaced
cuts spaced by a pitch and separated by spaces, cuts in alternate rows
being offset in the direction of the cuts, so that the spaces of a given

i tuated ' tt t I, f .agk ;
ot hod Wecor i AgoD raing & Sral A o iafbe iBSpEIER okt Pk en, |

one;hal Li fific@nfeddie cuts of each row are substantially centered
at %Ohe %ﬁ%@g%e% gzgcd(jiac%nt %ows. 43. A nethod according to claim41l wherein

t he di stance between adjacent cuts is between 200 and 2000 m croneters. 30
44. A net hod according to clai.mA43 erein.the dist i : .and
T500" M1 onbeisod ssordinmia it debramigTing SRpror e deaftaet 20
the dis ﬁﬁﬂl jacent cuts is 56 WO 03/049626 PCT/1L02/ 00879

bet vveen&ﬁcﬁg%n%%ﬁ?an %glts\?/le times the di stance between adj acent rows. 46. A
nmet hod according to any of clains 41-45 wherein the distance between

adj acent cuts is between one-half and.tw ce the distance .bg_t ween adj acent

rowss A7, Amethobel prodesiag agere-oxpap B USSYRSAIPIG SORREFUEN t he spaci ng

I's approxi maf el . Al &0 b e sHsiean e} Wastknaddl RRENAn I &¥ént #B.dirdcti@ishod
accordi ng toprgﬁydu?ﬁg%cltg#néls%- ﬁ%hgltr?d ?ﬁg?udi ng stretching said cut tissue

perpendicular to the thickness; and
simultaneously cutting the sample through the thickness thereof with a plurality of cuts,

said cuts being formed in rows in an elongate direction of the cuts, each row having a plurality of
20  spaced cuts spaced by a pitch and separated by spaces, cuts in alternate rows being offset in the

direction of the cuts, so that the spaces of a given row are situated adjacent to a cut portion of an

adjacent row.

42. A method according to claim 41, wherein the offset is equal to approximately one-half the

25  pitch and the cuts of each row are substantially centered at the spaces of adjacent rows.

43. A method according to claim 41 wherein the distance between adjacent cuts is between

200 and 2000 micrometers.

30 44. A method according to claim 43 wherein the distance is between 500 and 1500

micrometers.

45. A method according to any of claims 41-44 wherein the distance between adjacent cuts is
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10 sanple so that it forns a nmesh. 49. A nethod according to any of clains
41-48 wherein the cutting conprises a stanping action. 15 50. A nethod
accor di ngwom3ams2ef cl ai ns 34-49 wherein the thin tissue empLe/087% skin
tissue including at |east the basal |ayer of the epiderm s and a portion
of t he ydRFdEh ne Fikth AdTRichRtksabe distincobdtoeal aljmebOromtser ei n the tissue sanpl e
includes the entire epiderms. 20 52. A nethod according to claimb50 or
claim51 wherein the tissue sanple includes stratum corneum 53. A nethod
according to, an f clains 50- i : | SRRy das cats is
maj or i A" of® m;ﬁnogeqpﬁgrg}ngztg ag}i.gf’g%\g{rfhg{ﬁfogs y@%@%ﬁ%ﬁto anyﬁ%éfeﬂglhgi nms 50- 53
wher ei BetenSRRIMLE and ¢vicd @ife dittasdeibiwédnl adjdcbrt roast i re derms. 55. A nethod
according to any of clainms 34-54 wherein the thin tissue sanple is between
0.35 30 and 3 mmthick. 56. A nethod according to claimb55 wherein the

tissue sanple i etween 0.5 and 1.5 I 3/ :
PCT/ | L 00y iekipd aonratiied 20% 8§?18¥nhsg‘ﬁ{%4 g)r%%g’f th8 Spdbh s pfaReRately cqual to
di st anGf. BRlweShethibisadjicdhefoden 200 and 2000 micronmeters. 5 58. A method

according to claim57 wherein the distance between cuts is between 500 and
1500 mcroneters. 59. A nethod according to any of clains 41-49 wherein the

rati o of the | engt f the blad t ' ]

betweertSL: 1 Araeog 5ot S chliph i R ARASEH SACBG ALF P tihe

bi ofeac, Iplégggﬁlgﬁt RhRtenance and optional genetic nodification procedure
ur

t her'eof I'ng transportation, the fixture conprising: a hol der body
provided with one or nore apertures over which the mcro-organ is nounted;

and 15 a plurality_ of mcro-organ securjing elenments, i rept.s | di,ng
sai d ni4%o- orgaethod asgoudiggda 5%9 t‘ﬁ °?3é & t"g% glhgra?frh]éhgn%l @#gd (r;rcl?)dri aggrstt%?%ﬁs&,g
such thai%io oth sides of nore than 70% of said mcro-organ is exposed. 61.

A fixture according to claim®60 where nore than 80% of both sides of the
m cro-organ is

15 50. A method according to any of claims 34-49 wherein the thin tissue sample is a skin tissue

including at least the basal layer of the epidermis and a portion of the dermis.
51. A method according to claim 50 wherein the tissue sample includes the entire epidermis.

20 52. A method according to claim 50 or claim 51 wherein the tissue sample includes stratum

corneum.

53. A method according to any of claims 50-52 wherein the tissue sample includes a majority

of the dermis.

25

54. A method according to any of claims 50-53 wherein the sample includes substantially the

entire dermis.

55. A method according to any of claims 34-54 wherein the thin tissue sample is between 0.3

30  and 3 mm thick.

56. A method according to claim 55 wherein the tissue sample is between 0.5 and 1.5 mm

thick.
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20 exposed. 62. A fixture according to claim60 where nore than 90% of both
sides of the mcro-organ is exposed. 25 63. A fixture according to any of
cl ai ns 60WODL3meei N sai d m cro-organ has a nmesh confi guPaTiibee/@8D™ wher ei n
said securing elenents conprise elenents adapted to engage the nesh at a
peri phery of said nesh and of said aperture. 64. A fixture according to
claim 63_wherein the holders conprise pins or rods, placed 30 through
openi ngs’-i n fBethad a¢cording &y any pf] daims BheocHarrelndhn distanes besyeeneuts isthptvern
nmesh ovggg Lhe r 65. A fixture according to any of the preceding

cl ai s ggoer el nooggll%g#drfhﬁeg?%lor gan has a nesh 58 WO 03/049626 PCT/1L02/ 00879
configuration and wherein said securing elenents conprise el enents adapted
to engage the mesh at a non mcro-organ periphery thereof. 66. A fixture
accor di # t oAdngthad @scarfias de slaime Thwhereinsthe dligtarics depress cuts isdwbyeaaddidt ad t o
5 pierc ed through openings in the non-m cro-organ periphery

t her eof ?5%%?2%15&@5@11“ ng the nmesh over the aperture. 67. A fixture
according to claim60 wherein said holder body is aring forned with

circunferential slots, conprisi gg said apertures. 10 68. A fixture
accor di Y t oAdnethed esrorfiag &9 anx pieclginet 41-A wéderein theiratio ef therength off ¢haneledes300

and 20 LG ters. 69 fixture accordi to claim68 wherein the
slots h%\c}}e‘g% nacgl ( aefweee%ttg%plaﬁ?m ?%Vef’ﬂiril 65’6]8[0%%5 m croneter. 70. A fixture
accgrding to claim68 wherein the slots have an axial extent of 1 nmm or

more. 71. A fixture according to any of clainms 67-70 wherein the securing
el emrent €0.ar eApfigtaea for2loldingrnapiarorergans dord diareastorofurintge maimienaane and eoptidagt ed

to hold . iented wi.th its | t the . .

ci v curt PeliEERAREEhS: RPSfu? IR ARt s Eioan e to R FRTRERS: or gan 1 s
exposed. 72.; AoltRl Ry Protiakdlivigh Bhé - AbHARSerHNEd Bgern@h%e&@nﬁ?crﬁ-’&g%% is
opti onal genetic nodi ?’I cation 25 procedure and transportation, the t]hod

conpr i sinagntegsrandi di ng a hol ding fixture having at | east two mcro-organ
i .ng el enents, such

securing elenents;. secuting the m cro-prgan in _said secur
that’ at | east p?‘ﬁghté’tﬁ ’?}&cé%'%fﬁant frevring Eﬁw%arsgéﬂdi ?I@?l’.%gwéciﬂég £HE BIEHORE
and ar ejyRupefAdviaredpdct 8 &88 one of more apertures, such that both sides of more than 70% of

said micro-organ is exposed.

61. A fixture according to claim 60 where more than 80% of both sides of the micro-organ is

20  exposed.

62. A fixture according to claim 60 where more than 90% of both sides of the micro-organ is

exposed.

25 63. A fixture according to any of claims 60-61 wherein said micro-organ has a mesh
configuration and wherein said securing elements comprise elements adapted to engage the mesh

at a periphery of said mesh and of said aperture.

64. A fixture according to claim 63 wherein the holders comprise pins or rods, placed
30  through openings in the partially or fully stretched mesh, thereby securing the mesh over the
aperture.

65. A fixture according to any of the preceding claims wherein said micro-organ has a mesh
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configuration and wherein said securing elements comprise elements adapted to engage the mesh

at a non micro-organ periphery thereof.

66. A fixture according to claim 65 wherein the holders comprise pins or rods, adapted to
pierce or be placed through openings in the non-micro-organ periphery thereof, thereby securing

the mesh over the aperture.

67. A fixture according to claim 60 wherein said holder body is a ring formed with

circumferential slots, comprising said apertures.

68. A fixture according to claim 65 wherein the slots have an axial extent of between 300 and

2000 micrometers.

69. A fixture according to claim 68 wherein the slots have an axial extent of more than 500

micrometer.

70. A fixture according to claim 68 wherein the slots have an axial extent of 1 mm or more.

71. A fixture according to any of claims 67-70 wherein the securing elements are placed
along the circumference of the ring and are adapted to hold a long micro-organ oriented with its
length along the circumference, such that between the securing elements, the micro-organ is

exposed. ~

72. A method of holding micro-organs during maintenance and optional genetic modification
procedure and transportation, the method comprising:

providing a holding fixture having at least two micro-organ securing elements;

securing the micro-organ in said securing elements, such that at least the surfaces of the

micro-organ intermediate the elements and are exposed on all sides.
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