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undefi ned suppl enents, such as sera and other bodily extralc#i%E F 06exarrpl e,
fibroblasts obtained fromthe skin of an ani mal can be rodti %d
cultivated through many cell 10 generations as. karyotypically diploid
cell's or wodehssssiel y as established cell Jines. Epithelpa mﬁﬁ}ok '
however, have norphol ogi cal and prollferatlve properties th fer from
fibroblasts and are nore difficult to cultivate. Moreover, when epithelial
cells and fibroblasts are grown in the sane culture, the epithelia] cells
are commonly overgrovm by the fibroblasts. 15 V\hile the gromh of cells in

two di nensions is ' g i ng and
studying cells in ]@l}ﬁ?ﬁt\?g\m@ﬁ Qﬁg‘%g“%ﬁﬁs ?ﬁgeﬁqlvﬁé}aﬁdél iferation, it

| acks the cell-cell and cell-matrix interacti ons characteristic of whole
tissue in vivo. In order to StRudkesuadof ethvenfigh and nor phol ogi cal
interactions, a few 20 investigators have expl or ed the use of

t hr ee- di nensi onal substrates such as collagen g é las et al., (1980)
In Vitro’16: 306-3%aryolegelf qujturg was ﬁ(Si@q*gsveMlbéleeNéxﬂ 50Ao§@|cet@é|time ¥6: 3401;
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lethal Iy 3fom fibattlasis et 4re proobdifBuB td Ridiareh Motdover, whbn er(thOIBbYeliCahd

6: 331- 343) gFRGhIAL SE E?ou&yﬂtﬂté%hlg cﬁl%é FHE 1tﬂa%%%§§?§% Hirrﬁnonsp)ﬁ&%&%own

5, 282, 859; E at ent Appl ication ases,
medi a used lf%%’?lg&ﬂ§ {tth cells is mani pul at ed by adding bi ol ogical
extract 43 - incl ud’i’ln@ thie t growtr 9f eollsriactv® dinébnsiersajs andnvapleawinetisd ipl enent s,

such as ephERkARl ol3eQ arfda%@fl Rehd Bs lc!hl'tlﬂe ( ﬁﬁivﬁ%aauggé 1@4& ot( qp2) J.

Der mat ol . Scbhfer (“Zl?? 1 é? ]mﬁ Ea ent Numer ous
attenpts at’ grow ¢S e SRHpellornd 5 "EE%’W@&PP%R‘E‘F?C‘WFF&@W@% enpt s
typically |tr$é!¥qm@w@he step of separating the keratinocytes i.n the epiderms

from fibrobl asts o tf)a§tu@ye Ishéh bhchidial d84 %ér};heﬁé%&n MRt 1_%2 %‘%S?G ar own

in el osdRRE ik B AR imareianal SRR B BpaERAIES] The
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epi der m S mcérhﬁesdgf i‘ﬂzﬁ f0§7} ce]Iulose -sponge, alone (Leighton et al., (1951) ). Nail
_ Cancer Inst. 12:545-561) or collagen coated (Leighton et al., (1968) Cancer Res.
25 - 28:286- 296), a- gelatin Sponge Gelfoam (Sorour et al., (]975)_ A Neurosurg- :
43:742- 749) ,

For growing epithelial cells in.a clonally competent manner, a variety of culture

. conditions have been employed. For example, epithelial cells, and in particular, skin
epithelial cells (keratinocytes), have been cultivated on feeder layers of lethally

30 wradiated fibroblasts (Rheinhardt et al. (1975) Cell 6:33]—343) and on semi-synthetic |
' collagen matrices (U.S. Patent No. 5,282,859; Furopean Patent Application No.
0361957). In some cases, the media used to grow such cells is manipulated by adding
- biological extracts, including pititary extracts and sera, and growth supplements, such
- as epidermal ‘growth factor and insulin (Boissean et al. (1992) J. Dermatol. Sci

35 3(2):111-120; U.S. Patent No. 5,292,655). : :

-Numerous attempts at growing skin in vitro have been undeftaken. These
attempts typically include the step of separating the keratinocytes in the epidermis from
fibroblasts and fat cells in the dermis. After separation, the keratinocytes are generally




preserved. Cul tivation methods including growi ng keratinocytes on
non-viable 5 fibroblasts (Rheinwald et al. (1975) Cell 6: 332-Mag 26 pl aci ng
keratinocytes on a dernal substrate of collagen and fibroblasts that is
synt het i avons/asssibeen derived froman alternative sourcepdfapbhas of the
epiderms (Sugihara et al. (1991) Cell. Dev.  Biol. 27:142-146; Parenteau
et al. (1991) J. Cell Biochem 45(3):245-251) have al so been undertaken.

I n some cases, however, separation-of keratinocytes is not perforned and 10
the whole organ is placed in culture. z“"Atterrpts to cultivate organs in vitro
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studied thygybarg @gv;sg,logplgﬁpfﬁl‘c ‘Iflu §c§| F?ss.}éqt '%S‘l’de h@g eégéﬂsfo nd to be

dependent opn orje tatl res otter (the

sane. or di TAFRESIPS of B Smme and ?Odflmo‘!*ﬁérfem%lﬁ%vﬁ'dgébfsmﬁ@?lr gave imtht/ or t he

- presence ommbsenﬁa:nmﬁ—cmmlagmecﬁubstances (factors) such as hornones,

autocri nes Or  RPERARIh & e drRbRITTR LI a%g néf(? ?ﬁtactg{laand %we}' Hafeﬁlogsr qcess 's

.capabl2§ | rul t anequsl y achi eV| ng su
suf fici®nt "d'grf’éﬂ’%’?’ jan cellsi g ple VF‘WéE’EfE?H]méPRF %Wl“éﬂ)&ﬂqc}mp@ﬁ@ﬂsperl ods
for criti cathicbellowicelleoasicmbledntd fisfues whick aedulad the spaial GideslimedsRsil to al | ow

excel | ent mRAeds 'a@lgalessdeQm\{ﬁeViﬂtagt oz%ﬂﬁm éBﬁ{%LHJnﬁr t:sa&@c%ftﬁre g?ocgssesel?rglt

therefore, .for i.n vitro g{eneralng{ tions of
organs in & st“ﬂ'fkgsre‘i’sﬁnme HPciE ferepylyredrtispyss o GrRIgH blﬁ@gé“ﬂvémth{’@ nat ur al
i nt er cel | ubpecializddatridiffesdnitipted State cmsﬁderbdeshcﬁnmfd»rﬁdzﬁmﬁ:ihah|caled1ffEPHﬂnaibal | abi | ity

of tissye amfl #reliby &0 c§9¢=:C1allz«=:d biologically active molecules of research and -
pharmaceutlcal interest. Unlike microorganisms, the cells of higher organisms such as

‘mammals form themselves into high order multicellular tissues. Although the exact
“'mechanisms of this self-assembly are not known; in the cases that have been’ studied
‘thus-far, development of cells into tissues has been found to be dependent on orientation

30 - of the cells with respect to each other (the same or different type of cell) or other |
-anchorage substrate and/or the presence or absence of certain substances tfac'to'rs) such
- as hormones, autocrines, or paracrines. In summary no conventional culture p}oc;e'Ss is
~capable of simultaneously achieving sufficiently low shear stress, ~ sufficient
‘3-dimensional spatial freedom, and sufficiently long periods for critical cell interactions

35  (with each other or substrates) to allow excellent modeling of in vivo tissue structure.

' There is a need, therefore, for in vitro methods offgene.rating and maintaining
portions of organs in cultures in which the cells of the culture preserve their natural
intercellular relationships for extended periods of time. The availability of tissue and




WD 031035851 PCT/I1LQJ/ 00976 3 organ nodels in which cell differentiation,
cell proliferation, and cell function minmcs that found i #2tM& 8 e organ
invivo would have utility in understanding the nechanisns by which organs
are mai N deadsdsi a heal thy state and consequently how ghnofBhessyents may
be reversed. Summary of the Invention The present invention provides an
in-vitro mcro-organ culture which addresses the above-cited needs.

Salient features of the subject micro-organ cultures include the ability
to be maintained in culture for relatively |long periods of tine, e.g., at

| east abou% ,tmequ.fo ( hogr& LeteraQéﬁ_%gr.at | east seven days or
| onger, as “Wel'"mES A& tefyced dPfrrighpny fellproierstinn. pnd cdb fRepiangmbmitse whi ch
faci | itat edhatffopndeimantyl sholcedrgar é |viansiouidehdve nuttlity sin ivntlesasdiapmis: anal ogous
to those OGRihdnisRG By wiiliEoBR £€ nfAlfAkd il ¥Rieily! Yate Bld éo%?%,]h n‘ﬁ?%ﬁfe' | of the
populatlonzégoc Iégnof tFe m cr.o-organ culture” has the a T y to
“pr01iferate..ITﬁe p&ﬁ@@é?rygﬁ?‘cells in the mcro-organ culture can,
overall, be in a state of equilibrium i.e., the ratio of cel
proliferation to cell |oss inghligarPeRut &ivepffo?f cells is approximtely
one, or the cells in the mcro-organ culture: can be proliferating at a
greater rate than they are lost,. resulting in a ratio of cel
proliferation téhe Bresent ipypngon nw_vildes popuiits inénno-orfgar_ceﬂltuse whick hddressgr eat er
than one, - eheGaboveasitet hedils PSYMe htafbaitﬁfials of the GEbjbdh ntibtb Q:gftﬁrgmn@ﬁgplhﬁft rec
tissue, or,..e nitor c ogulation jnduced to ..proliferate in
an expl ant .ablgfyg & r%e I{agér%gé?\ésuq Feotﬁf Wﬁ%gﬁy k(’ﬁ‘é pg‘é‘f‘#sé’ Bt e W@B&‘-%B‘r‘tgan o
cul'ture cafve¥ ifaus| kavesd proferablydfer |ay pssbiseven odayares, loegey. g5 teitnassthand spl een;
(Cj“ gest : Ve bresdttatioh QARS orgn BricrodiéHitectlnleWRiich fa&ﬁﬂféﬁ,ef@x(sjexa%itzl, Q&ﬁl@ég%da”d bile
uct; lung; ,[epk: ve organs, e.d. . pr.ostate and uterus; reast, e.g.,

manmary gl gﬁ%ﬁ%ﬁﬁﬁ&%&lp ﬁs'nazfra gjg?-“rsa%ﬁ] Oger%ﬁ‘f’{gf’g g’%ée SOUSF 8% and ki dney;
cornea; and bIEﬂﬁmgb§bbmé@@@F@¥@ah%P@mkﬁomsfhﬂnefﬁanﬁgmwxghewﬁwelated
p(r)Tguljat i onhaf :EE abilisy prrclaﬁfhateml' b ﬁgﬁﬂﬁ@fﬂ of Bél_tsl«ihqg@ fHioro-ofhaf @hingt Pan, del i
enpodi nent C AWt N Ner| lces, e.q., .fTor delivery
of the cel Pear bEArFRALELERHMLLE, RELUIRELS) bttt o Suipanie “The
present i np¥latign ofrells isnpprozimndely gue, oo igicelisondlt misti-organ edtuet@d ber om t he
i cr 0- or gaprolifekdring esa giatdrige ﬂmsﬁ?hrcildh\t’,lﬁiékhitiﬂﬂéq #-ﬁtig BfceASRAHrafiin thhe lor esent
I nvention, .4 I . ge Lcally nodifle m cr o-qr.gan .expl ant
expr essi ng. %?stggé% %h@xéog'ccg_c |I %‘gﬁl?ﬁ bsﬁ%at%rﬂba&fg?’,e'gt"haé ’W@PB‘S%‘?’ME expl ant
conpri si ng®As gbied fiopnnesplagic| tssue, oh &84 cPoswvtgassliepgyilanen idieeddPni ng a
m cr oar chi prelifeuutecinaf exgmt.or gan fromwhich it is derived and at the same
time having dipgpsd Xe |l ow di ffusion of. adequate
nutrients agg gas eﬁ ﬁdgg%g P@C‘%]ﬁ(q} t?i’g ca%%?‘(%?’(’)'rcr(égﬁgagxcﬁﬁgﬁtca“aﬁedlsglf? usi on of
cel | ul ar, waEPde bmphid ofeaus, fre e Mymys gushsplegss | digestive dragtorgans, e.g., gut, liver,

pancreas, gallbladder and bile duct; lung; reproductive organs, e.g., prostate and uterus;

 breast, e.g., mammary gland; skin; urinary tract organs, e.g., bladder and kidney; cornea;

and blood-associated organs such as bone marrow. The isolated population -of cells of

the micro-organ culture can, in certain embodiments, be encapsulated within polymeric
- devices, e.g.; for delivery of the cells or cell products, e.g:, gene products, to a subject.
The present invention also pertains to: conditioned medium isolated from the
- ..micro-organ cultures of the present invention. |
In one aspect of the present invention, there is provided a genetically modified
micro-organ explant expressing at least one recombinant gene product, the micro-organ
explant comprising a population of cells, the micro-organ explant maintaining a
microarchitecture of the organ from which it is derived and at the same time having
dimensions selected so as to allow diffusion of adequate nutrients and gases to cells in the

micro-organ explant and diffusion of cellular waste out of the micro-organ explant so as to
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22 May 2006 3a mnimze cellular toxicity and concom tant death due to
insufficient nutrition and accurul ation of the waste int *or gan
explant, at |east some of the cells of said population of cells of the

m cro-organ explant expressing at le st one reconmbi nant gene product. In
one enbodi nment of the present invention, the mcro-organ culture includes a
popul ation of cells which is a. section of an organ. Preferably, the

m cr 0- or gammiikaRblluldNekiAE Sng Plohbiehiladd daid wONhemblMGedt! SdkEnCHll S- 1N
one enbodi ment u?f, the invention, the organ explant is obtained froma -
pancreas, e<grmuiaiqn ofither wasiccihithertce-ereet cxplat, §blsast some of thsfeelieef ssidj s
subst ant i al dopulbdit FaRms &sthé Bffcrélofh® kit Teﬁﬁ&és'ih% aPleadi RBe Rlch@bifgh sBRNCT eas
from which the explant was derived, and includes pancreatic epithelial
cells, e.gPo9%%et cells, and pancreatic connective tissue cells. 22 My

2006 WO 03/ 03585 of@Ehitodibicd08ifie pieseanhivErtion, ahd AilirdBRtan Shilndrd frciuBdent i on, the

k -fr SKi.n, n€eds. croarchi tecure of the
popul ation cel|s i.§ su ‘g{ﬁglﬁ%ﬁ%tflgnt%so%% %‘5&?"{?&’ U6 B OPEN PR Ur e of
skin in viVvee “dsﬁaplﬁﬁﬁfr‘&a%gmgwweéaﬁu? edisi kel one gmpodimenyj of dlrenipvention; Itke,  and
- skin connedrgamexplagssiebtaiatd Som @.pgncread e gibthe B@drbSchittbre B eheQopligiidh CUl ture
‘which is 5®blai; s ' I sa- 4 ncl.ude a basal |am na
supporting th i)llgg) %ﬁn%ﬂ»%éi%hgaggﬁ @)%?%@%fﬁt (grth?r%?%'fwﬁ p\z/’\?ﬁre(?ﬁ%of%cl udes
the der mal “é‘é‘i?ﬂ‘g, X Xps feryed a9 dnclydes pagrisaitc pithelie! eells, e, iskhedllsone hai r
fol l'i cl e orngjpapaxtatid qenemetivdwissueatetiodi ment of . the present invention, the
--mcro-organ culture. includes an isolated population of cells infected with
a virus, such as a.. hepatitis virus, 10 e.g., hepatitis B or hepatitis C,
or a human papilloma virus (HPV),.e.g., HPV-6, HPV-8, orHPV-33. Wen '
infected with a virus, the mcro-organ culture can be used in a nethod for
identifying an inhibitor of viral infectivity. This method incl udes
isolating a. mcro-organ explant according to the nmethod of the present -
invention, which explant is derived froma virally-infected organ, or is
subsequently infected in vitro with a virus to 15 , produce a popul ati on of
virus-infected cells in the explant..The explant can then be .contacted
with a candidate agent, e.g., agent which is being tested for anti-viral
activity, and, the level of infectivity (e.g., viral |oading, new
infectivity, etc) in the presence of the candidate agent is nmeasured and
conpared to the level of. infectivity. by the virus in the absence of the
candi date agent. A decrease in the level of infectivity of the virus in the
20 presence of the candidate agent is indicative of an inhibitor of viral
infectivity. The present invention also pertains to a nethod for producing
a m cro-organ




culture. This method includes isol ati ng, froma manmal i an donaor su%j ect, a
m cro-organ explant havi ng di nensi ons which provide the i SBIMEe0
popul ation:. of cells as maintainable in a mniml, nmediumfor at |east.

about twewiysfoessss hours. The 25 micro-organ:. explant isPH?‘ﬁEOl%OQ‘?ﬁed in
culture. Typically, the explant includes an isolated population of cells

having a mcroarchitecture of the.organ fromwhich the explant is

i solated. I n one enbodi nent of the present invention, at |east one cell of
the explant has the ability to prolifsderate. The cells of the subject

m cro-organ cul tyr an be j.n a .state af quilibrium i.e,, the ratio of
cell proliferat if‘(t)l'n&t0 %’%3‘?‘&4’_’3‘%@ 0i.fﬁhet Wé“@&‘bu‘ﬁ&ﬁ*&’ﬁ-%%wlagt jssobtinedne, or
the cells i fomkingg.g; migpaehitceust ol thepepafrtibe cglsos sibematillpgheadama agtheat er rat e

than they afi@odretitecti@oflskin Mvive) add indlulld sRfn e%ﬁj_léiiagre%l.,ieg@Fl%;%é?]stﬁdcel I loss
titono C S: IChjS greater

in the populg}i . cell logss in,th ul.. C
than: one, e Ié'.cfagr.'e%{%ee%ﬁ%u% rcgﬁ%reggande&gjl g‘ﬁff) AP PeEea FYPIR iHnisof cel | s
obt ai ned °f r ShriREbiPE skin iplagisesn ajso drclide achastl damisa uppmiting it epidesnatel | s.  of
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maintainable in a minimal. medium for at least about twenty-four. hours.. The
25 micro-organ explant is then placed in culture. Typically, the explant includes an isolated
. population of ceils having a microarchitecture of the .organ from :‘which the explant is
- isolated. In one embodiment of the present invention, at least one cell of the cxp]ant'has
the ability to proliferate. The cells of the subject-micro-organ culture can be in a state of
equilibrium, i.., the ratio of cell proliferation to cell loss in the population of cells is
30 one, or the cells in the micro-organ culture can be proliferating at a greater rate than they
are lost resulting in a ratio of cell proliferation to cell loss in the population of cell loss
in the population of celis which is greater than one, e.g., the micro-organ explant
. includes a population of eells obtained from neoplastic tissue. A
Preferred organs from which: the cells of the micro-organ culture can be isolated
.35 include lymphoid orgaps, e.g., thymus and spleen; digestive tract organs, e.g., gut, liver, -
pancreas, gallbladder and bile duct; lung; reproductive organs, e.g., prostate and. uterus;
- breast; skin; urinary tract organs, e.g., bladder; kidney; cornea; -and blood-associated
organs such as bone-marrow. In each of these examples, the microarchitecture of the




The m cro-organ culture of the present invention can be used in a nethod
for ‘delivering a gene product to a recipient subject. Thi $2Mehd06 ncl udes
providing an isolated population of cells froma donor subject, the

popul at i s having a 20 microarchitecture of an organ or tissue
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encodes and dlrects expression of a desired gene product can then be introduced into the

of

population of cells to produce a population- of transgenic cells in the micro-organ

25 - cxplant, e.g., a transgenic explant. The transgenic -explant..cari be administered to a -
-recipient subject. The donor subject and the recipient subject can be of the same species

- or of different species. : ‘

The micro-organ culture of the present invention-can also be used in a method
for identifying agents which induce proliferation of cells of a given organ, including
30 -progenitor celis. This. method includes generating a micro-organ explant culture
according -to the present invention, which explant includes at least one cell which has
the ability to proliferate. After being placed-in culture, the explant is contacted with a
candidate compound, €:8., a compound to be tested for cell proliferative capacity, and
-the level of cell proliferation in the presence of the candidate compound. is measured.
35  The measured level of cell proliferation in the presence of the candidate: compound is
: ;hen compared ‘to the level of cell proliferation in the absence of the candidate
- compound. An increase in the level of cell proliferation in the presence of the candidate

- compound is indicative of a cell proliferative agent. Inhibitors of cell proliferation can




explant having a mcroarchitecture of that organ, as described hereonbel ow,
al eph of at |least about -1.5 nm-1, and including at |east22dviay 8&}d whi ch.
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Yet another embodiment of the present invention provides a method for identifying,
and isolating, stem cell or progenitor cell populations from an organ. This method
generally provides isolating, in a culture, an explant of a population of cells from an

~-organ. As described. herein, the explant is characterized by (i) maintenance, in the
culture, of a microarchitecture ‘of the organ from which-the explant is derived, (i) a
- surface area to volume-index (aleph) of at least about 1.55 mm™, and (iii) at least one .
* progenitor or stem cell which has the ability to proliferate. The -explant is contacted
- with an agent which induces proliferation of the progenitor or.stem cell, e.g.; a growth
- factor or other mitogen, in order to-amplify discrete populations of cells in the explant.
Subsequently, the -amplified progenitor cells can be- isolated from ‘the- explant. Such
sub-populations of the explant can be identified by virtue of their proliferative response.
In other embodiments, the progenitor/stem cells will proliferate spontineously in the
culture even without addition of an exogenous agent. In other embodiment, progenitor
- - or stem cells from the explant that proliferate in response to the agent can be isolated,




can be used is in a method for pronoting wound healing in a_recipient
subject. This nethod includes isolating, froma donor subjzg ?Yé)POG

popul ation of cells having an al eph of at |east approximately 1.5 nm' and
appl yi ng Wopspesy] ation of cells to a wound of the reci %%2{%%?037ect . The
donor subject and the recipient subject can be of the sa {88’% or of
different species. In one enbodinent, the tissue fromwhich the cells are
isolated is skin and the wound of the recipient subject is an ulcer, e.g.,
an ulcer associated with diabetes. In another aspect of the present

i nvention, t%ﬁre is_provided a conditioned nmedium conditioned by the

genet i cal | ySYOdF OF SiestimpseBaniad spawlon ahnevdy empraingrtade fromi thy east potle and

cont ai ni ng ssilaht pelgoditiohaioh ofjelher ppOtLE bf the BxANALAE kutRsReMtisdMtichke Present

i nvention, mg%gliﬁéi ‘Bﬁ?‘\“{ fifdn@ pharmaceutical preparation conprising the
genetical ly nodi jled o-organ explant of the present invention. In

anot her aspect oft#ethgr wetpd I whish thegpicrortreanecuftyremnf dhd presenbinmentibnd f or
produci ng acam Brcedisgare mehbdifir ppopstRgSicigd Atalingas b refigiedtannsll TRt gene
product, -t h@{ethﬂ@fnmges(iﬁ)rlm{nh Sttdi¥a gﬁﬁﬁgdbﬁe@l l:i%ﬂé;[ﬁ)é?ilog&‘ Q&S%;[B,Vill'l eaa}lsaﬁe g% of the
cells of a mero-organ e 31 ant;, wth a réc I nant gene togeégrp SS at | east
one reconbi ﬁelﬁs Ve mady homma Apd anphying the perlatien oficadls o antouedbeiihé si ng a
portion of eAPsnigabjestnEheuttnogsubiegaipd thetrédpiern kulget b, be df iR sPME kpeaids Of the
argan rmal nt & dfifibrt PebiEOR 6 hBEAHES, AL ilhRGh WAL LI ks i ®

derived andgat t ht same %#rre hayi n% di mensi ons selected So as ato_ al | ow

- diffusion of At 3Pund, o 1 aeriRien Sebigph A YerrceE an pleen asociedr ithor gan

expl ant anddighefeusi on of cellular waste out of the nicro-organ explant so
as to mnimze cglluar | eGll aleleey death due t.o insufficient
nutrition and _a}ccﬁl mu atals%ege%oﬁfiﬁet%%S@l\%gg‘t%g&ﬁlh%{ﬁ?%g‘r’l? T oa‘ncocr)lg1 Ppd meéhruénan. I n
anot her aspwaditigrfed by shquepstisally inndified ingrg-orghreesplans oftho picgkatlinsention amf  t he
phar maceut i Galai-SRAL,] f resent invention for the manufacture of
a nedi canent for g‘égll irvqejlgl?{ri:lé&?%ibg%&lﬁl?oduct to a recipient. In another
aspect of the priagonthei sppesttaf ke prebear ewigiops teredie pravideddi pladrmatewvticale
conpri si ng ZeRAk LG ice +ng _the genetically nmodified

m cro-or gan%ﬂepg%plfﬁgﬁc% hlg?&?%g% pgg{ség%ﬁ y :{lﬁ(\%iedril% one aR/aefl(p%%O I7h§ I1rﬁseentpr actice
of the predaymiion.nvention will enploy, unless. otherw se indicated,
conventional teghni f .C bj el |l .culture, . nol ecula i ol ogy,
transgenic biol ogn‘{??*ﬁﬁ%sé‘g’g%ﬁ g# E)hgey%rgireg{g%iﬁﬁlﬁﬁghttheﬁ\lﬁ, pﬁ)ﬁgg?r%rﬁlﬁ%‘f’%d& whi ch
are w t hi n produciog jal thicrogfrganhexplnt expBuging bicledsh bopussomsigane ypleaproddt, flhel 1y i n

the liter atiieyd c%?rﬁ')risifng rgeﬁ?@ﬁw I%Odifying at least some of the cells of a micro-organ

explant with a recombinant gene to express at least one recombinant gene product, and

said micro-organ explant comprising a portion of an organ including a population of cells,
the portion of the organ maintaining a microarchitecture of the organ from which it is
derived and at the same time having dimensions selected so as to allow diffusion of
adequate nutrients and gases to cells in the micro-organ explant and diffusion of cellular
waste out of the micro-organ explant so as to minimize cellular toxicity and concomitant
death due to insufficient nutrition and accumulation of the waste in the portion of the
organ. '

In another aspect of the present invention, there is provided a use of the
pharmaceutical preparation of the present invention for the manufacture of a medicament
for delivering a gene product to a recipient. -

In another aspect of the present invention, there is provided a medical device
comprising a polymeric device encapsulating the genetically modified micro-organ

explant of the present invention,
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(Figure SB) an ure ulture. Figure .6 is a histogram
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where (a) has been kept constant at 4mm Figure 7A-7B are m crographs
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Figure 1 is a diagrammatic representation of a micro-organ depicting the
dimensions that determine Aleph where x = thickness and a = width of tissue.
Fligure 2 is a histogram showing cell proliferation in a guinea pig micro-organ
culture as determined by BrdU labeling after incubation for different time periods.
Figure 3 is a histogram showing celi proliferation in a human back -skin

micro-organ culture as determined by BrdU labeling after incubation of cultures for 1-8
days.




pancreas ni cro-ergan cultures. 15 Figure 9 is a histogram showr n

3H Thym di ne incorporation in proliferating cells in m cr & ??poéul tures
of the colon, liver, kidney, duodenum and esophagus; at three days four

days and wp¥3@ys of culture. Figures 10A-1OC are mcrogrﬁpﬂﬁ
active proliferation of hair follicles in mcro- organ cul fures as

determ ned by i mmunofl uorescence. Magnification 40x 20 (Figure | QA), 40x
(Figure | OB), and 75x (Figure 10C). Figure 11 is a histogram show ng the
size distribution of hair shafts at the beginning and end of the

m croculture. Figure 12 is a histogram showi ng the inhibition of

m togenesi s i n fi&re=Hi-Rare visoempbsshonngamypeiirrsesnet carespordingto TGF- (3 in
gui nea- pi g -splidating)bdllyref Snoudb sk guage 503) (Bgde dA@,Qg"uai&myi% €kih Qﬂﬁ%sﬁﬂ} ation of

a i Cr 0- OF G@fhyRX n)?ﬂ.gmﬁx%reslﬁﬁ %ﬁp@eg Soktey Jt"ﬁ’ Ml fpreih Jmds

i nconpl et eO&ect of tissue sl &6 as fure t hat
can be readi!8"St&fi pul ated in vivo. . Figure 14 i$ a photograph of the
surface of a noWigraf ﬁArSGapel anssvent @ttioas Pofeb@mardlepidermiihl mikd-orei t h a

i Cr o- Or gangihis urn% hb@ﬁ%g tgﬁg%r&hr;&r}e A POVRR SARREL Priddle %ﬁ

I mpl ant, and’,i nc r I.on, 0 ant 1nto"the ho se"skin can be
observed (3§ E‘)'e R e s graphl c representation of the 7
expressi on--of aFfigiee Has- ahetogmpoddrmnstrzgﬁgumer dffeat gLiépidsampli olifisiatiodbLr 0- Or gan

culture af t\%f'ylﬁgr tﬁﬂﬁﬁé@&r‘) Qf‘%u(megf Ef,[ﬁ’ﬁ fid-bosn WI&Eﬁasmé)bﬁﬁmngorﬁgr%ﬁ)g | g the

Iucrferase [€po ter ? g ure 16 1s°a grap epresen on of the
express Oon e eda Rpsib %té‘”gsé?ﬁ’é gt | ung and thyrrus m cr.o-or gan

cul tures after (qura)ﬁAdBl arq:)nnbrmtbhatsmdmhg anabeduorestende doRrespofidihd ty € Wi th

pl asmi d en 8liforgid ]liﬁl%hrﬁc%a@ﬁ&nfe@ﬂ%rb%f aﬂ@ﬁlﬁn’es%%a%/?%%2006 VO 03/ 035851
PCT/1L01/0 976 ur e | S mﬂ.’%t""ﬁlc repr sentation of the activation

of telogen folli Eﬂ”é% Updn '?tf’%ré’f“ i"ﬂo‘i‘—’@F" HistHoc Fedeassdg b 28t Pl es of t he
present i nentréagmicrpioggan euliu@si s a graphi c represent ation of t he expression

of a transgeni Cﬂ%ﬁFé 56§ A%Rtog &erl%dmn%wmﬂﬂ%%% kﬁi&h%n ol esent

I nvention 5 tai]l ed Desc he 1 pre ent fhvention is
directed t 5% PHPER-GFfe P%ﬁ&?&ﬁﬁalﬁﬂ ]é‘S?br]‘é‘ﬁch‘ﬁﬂof’@P@ and\ cepRVgUSTR| s cul ture
syst em can three daysdodralaystané sik dmg of evltwrer ol i f er at i on of - mi'cro-.or gan

Figures 10A-10C are micrographs showing active proliferation of hair follicles
- in micro-organ cultures as determined by immunofluorescence. Magnification 40x
20 (Figure 10A), 40x (Figure 10B), and 75x (Figure 10C).
Figure 11 is a histogram showing the size dlstnbunon of hair shafts at the
beginning and end of the microculture. :
Figure 12 is‘a histogram-showing the inhibition of mitogenesis in microzorgan
cultures in the presence of 2.5 ng/ml TGF-f in guinea-pig skin cultures. - ‘

25 Figure 13 is a diagrammatic representation of a micro-organ explant for

treatment of chrenic skin ulcers showing incomplete sectioning of tissue slices so as to
- maintain a structure that can be readily manipulated in vivo. e
Figure 14 is a photograph of the surface of a mouse after replacement of a piece
of normal skin with a micro-organ culture; healing, generation of new hair shafts in the

30 implant, and incorporation of the implant into the normal mouse skin can be observed -
(mag 10x). _

Figure 15 is a graphic representation of the expression of 2 luciferase reporter
gene ina gumea pig skin micro-organ culture after transfection ( of the culture with a
plasmid encoding the luciferase reporter gene.

35 Figure 16 is a graphic representation of the expression of a luc;ferase gene inrat -

' lung and thymus micro-organ cultures after cationic- lipid mediated transfection of the
culture with plasmid encoding the luciferase reporter gene.




10 explants in vitro in an environnent that closely approxi mates that found
in the whole organ in vivo. The culture system descri bed ﬁ@rl\ﬂ?‘ih*?ooﬁr ovi des
for, proliferation and appropriate cell maturation to maintain structures

anal ogoWwyolBpedsgan counterparts in vivo. The micro-orgap mt res of the
present invention provide in vitro culture 15 systems i hCWRFERPssue or
organ sections can be nmaintained and their function preserved for extended
periods, of tinme. These culture systens provide in vitro nodels in which
cell differentiation, cell proliferagion, cell function, and nethods of
altering such cfell ﬁhar acteristics and_functions can be conveniently and
accuratel y test'dd™ ThE 3 @aviic Fergsention of the aplixasion of igfogen follisfesappm i cat i ons
rangi ng f riegatmengwsh FGRtimmicomorgen cuitoteanf tht pesent iveldioki Vo, 1 0. screening

cyt ot oxi ¢ conpQusags 18136 fd e N Vvitro. to.the '
producti on e%!: i b%lgl ogi ca% i?@?%é‘aﬁ@f c:afgtu, eg%?%%' f;lotrme"a% nlc‘):rlgc’t:eraﬁ?\.d to

i sol ati ng Progelfiereaneaprus pr BaPEse BYGHOR-For . exanpl e, and not by way. of
limtatfon, specific enbodi-nents.: of -the invention include. (i)

mi cro-organ bone. marrow CHthHELDeseAPHA YTt RSHd " el ace bone 25 marrow
destroyed duri-ng chenot herapeutic treatnent; (1 |‘3 m cro-organ liver

inplants used to augment |iver function in cirrhosis patients; (iii)
genetically at tTé? erFsené hveniggnowliredted tofrethseshiimetsionhlcargarmexpiint Cullukair € (such
as pancr eajyitemNTHi§ Qi@FOFNEmVdh 65 vRATHAES lcf'flé t{rﬁ%@f%ﬁﬂgﬂ o%ﬂ?()-grgﬁfd' ng
: u
ol

i nsul i m; _ éi.v .. dental prostheses ined to a m cro-qQrgan ture of
oral rrucosegmgt_ “ _%”r;‘}é'% i ngfonfnﬂ‘ttfg‘ftfg#%?é‘pm@ﬂmﬂew fRynd i B s, the
subj ect ni%8%- #r Yemh Theupwyree systemaylesobedsizalein rpraviides ofot Qraliferesoh andni de
vari ety ofappropiiui¢ BIEma®kitibn 36 nfliAh hictureCAARONRAS O Lo5au LAt ory
factors, pharmaceutical agents, etc. To this gﬁ% tcﬁ%{n m cF%’-orgngn,
~cultures are maintained in vitro and exposed to the conpound to be tested.
The activity off b igevkae. cbmweseh dhecpmsept invemtnr quovidoin ekanpliere by, its
abi | i tysdt gyst@ﬁs-igémﬁ&gei_s@_é okérghn ﬁ:@(!idn§ cédbetTnE]ﬁmﬁﬁH ﬁﬂ&hefirTiﬂhéio ﬁ:fcrr&%d: ly be
assesse ot ctn d E'%h t _ ni gues. e effect ol row n/regul atory
factors may, be as_@ie‘ss%%ﬁ':ﬁlﬁ_ aVam sf{ﬁg"sc%rf’]”a? 4t V'E’Bd%‘é#’f s IBfWhE"f%e expl ant ,
e.qg., by tb! dpicgaliationoert rrolifeeation, diell fenction, iand nediods obaltring sttt elimay be
acconpl i skbataddistitayand GGt Qb/ R3oR%chicRBY ahd- bR Bsik TISEAR;t andar d
cyt ol ogi calinfRd0L JRLSHEPLPGl ¢l t echni gues | ncluding the use.of.
i mmunacyt ochem c?a% rec f}g%)é)gi%aenr%f oV h lingWt ?ﬁ?ﬁﬂﬂ%’ﬂ?‘%t‘mﬁ%‘?ﬁ@ in
t ype- s-?ﬂeci"f"f”cm'_é'_é’]e‘?“l’ﬂga‘rﬁot‘éﬁ*ﬁ Pgweynds pné phfrineceutiod corapdupdsindvingso 6 nor nal
cel I s cul prodedion pf bokgichliyetide ARG 1A Fbioreactors”, and to isolating progenitor
cells from a tissue. _ . '
. For- example; and not by way .of limitation, specific embodiments.‘of' the
invention include . (i) micro-organ bone marrow culture. implants used to replace bone
25 marrow destroyed during chemotherapeutic treatment; (ii) micro-organ liver implants
. used to augment liver function in cirrhosis patients; (jii} genetically altered cells grown
in the subject micro-organ culture (such as pancreatic micro-organs which express a
recombinant gene -encoding insulin); and (iv) dental prostheses joined to a micro-organ
culture of oral mucosa. _ o R
30 - In yet other illustrative non-limiting embodiments, the subject micro-organ
- cultures may be used in vitro to screen a wide variety of compounds, such as cytotoxic
- compounds, growth/regulatory factors, pharmaceutical agents, etc. To this end, the
-micro-organ cultures are-maintained in vitro and exposed to the compouﬁd to be tested.
The activity of cytotoxic compound can be measured, for example, by its ability to
35 damage or kill cells in the explant. ' SRR
This may readily be assessed by vital staining téchniques. The effect of
growth/regulatory factors may. be assessed by analyzing the cellular content of the

-explant, e.g., by total cell counts, and differential cell counts. This may be accomplished




system may be assessed. For exanple, drugs that increase red bl ood cell
formation can 5 be tested on the bone nmarrow m cro-organ c #tie2006py ugs
that affect cholesterol netabolism e.g., by lowering chol esterol

- product i omQ ogeaskxl be tested on the liver. jcro-organs. %éf@ﬁﬁyggﬁﬁ
cultures of abnormal tissue can also be enployed, such as to acilitate
study of hyperproliferative or neoproliferative disorders.' For instance,
m cro-organ explants of organs invaded by tunor cell growmh may be used as
model 10 systens to test, for exanplie, the efficacy of anti-tunor agents.

For conveni ence, cerfain_ter lLloyed.in the.specification, exapples, and
appended clSPEssER sYiokEte gsaﬂggse).h‘%‘ﬁ‘ég_“fagrﬁf%‘?%? a‘ﬁfl“glf’%f @’F s¥Fo® :
col | ect i on myMmugalytoshdmiorhteshnignay amploymi entitfod emthak definodyhe-spexdficgretiviar i N an
artificial gRgdhiinne\eR Jrohfdus dRgs bR n6i 8dfsTulthe@iPile Ar8@fmedstordVi NG bot h
stromal and Sﬁﬁpl t helbl al co(gﬁ:onents t.he %herm. enerﬂﬂl % ,r«?{é‘rs 10 explants
whi ch cont ST B bE GRESAE AL Srirble- SRyl Besss et Podd ATt GmaPRam  The term
"tissue"s r dketeded on gheboup narrovapero-orgars cwlivres: | Drugpdel affet ediolestos whi ch
toget her perdiPbRngeékaivh BREHIgAEholedRf | Fifctiol) &ohiBr ¥R 1eRlJaR " thE afveF s to two
or nore adjacent Iary{ﬁrs of tl?sue Lgm ch Jéaﬁers ?f 20 &);yscﬁue mai ntain sone
form of celMCRAgans McEroraay qulprs ¢ pnorrELYStRs FB Rl e gmplaysd guch as to
i croar chi tfesdlitate estudyn of heypppedifantive nowe medpooliferative olisordgemn Bl instams, wer e
prepared f maso-opstalexBlaBB T offins In9ide@ t3 TMEr cJIPEHORIH My BKukkd BRI | an
pancrea-fb, | L yer, It<| tdg(ﬁyk q_ugﬁeec% etso%rt\‘?rgurs, ‘I&adder, cornea, prostrate,
~ bone mal’r oR S THYRIES L FEP Bl Pt 1§ refers to the supporting
ti ssue or ‘mat ri Korofonyeniense.orertain 2&mis epypdoyed rim thervspacidicatioganxamplesyipmd’ as used
herei n ref @pgenldQ imk SRIcalRedmerul ati on of cells, e.g.,-an expl.ant, having

a mcroarchitecture of._an grgan or tissue framwhich the ,cells are

S0l at ea. That - T8 GpRcoftipf /PRG @a PLSRHTel feBT SR A bt e PR S ona
struct ure bedy etd giownl intaasarvifidialimesliunh eWhemteferting it explants §om, ancorgan
cell-cejsl , hadhd boMtstlomaP il epifibllal SdihisumBits, i thE @rACicnSaly rd8d «d Bepiakd ent ati on
of actual .ti sc?)ugst a %thtche bngﬁflsct ar gani sm 1?3r0 ft&ém.\ghl ch the explant was
derived. ACCOTdI %813’, LTEROTRES ARPFE P L BB B EHFBt r omal  and epi t hel i al
| ayers is preseFheigm ntisshe’ refers ta atzeenptdr davaecksimiarishepecialized icells| whigd |

i nteracti ongedberfdfin céridin H¥AMPRtioRUt OCri ne and paracrine factors and
other extracel | il A, SiLIN et G RIS A0 N8B Al BYICHhial HOGE ben of the
expl ant, and provi &e I oﬁgr% efrm viabi [l bger con |'t|phs &t ei n adequat e
nutriem? afeugemiiniaim, spmspbrm efceellresil 335?(/){ leelbrngiBu interpdion dapdeperate 2 The
subj ect M gfi@oatigRul i HeGFelMViRventioh, GhioRE siPad aflfutdsenat padpared Gdm Or tissue

o v e i BT bl R ARE gt
tissue exppgqﬂenqq‘a, GWH}EEPSQ@H%SI carpeigprostrate, bone marrow, thymus and spleen.
The term “stroma” refers to the supporting tissue or matrix of an organ:
25 " The term “micro-organ culture™ as used herein refers to an isolated population of
- <cells, e.g., an explant, having a micrearchitecture of an-organ or tissue from which the
- cells are isolated. That is, the isolated cells togéther form a three dimensional structure
which- simulates/retains the -spatial interactions, e.g. celi-cell, cell-matrix and
cell-stromal interactions, and the orientation of actual tissues and the intact organism
30 - from which the ¢xplant was derived. Accordingly, such interactions ‘as between stromal
and epithelial layers is preserved in the explanted tissue such that critical cell
" interactions previde, for example, autocrine and paracrine factors and other extracellular
stimuli which maintain the biological function of the explant, and provide long term -
viability under conditions wherein adequate nutrient and waste transport occurs
35 throughout the sample. o
-+ 'The subject micro-organ cultures have a microarchitecture of an organ or tissue
- from which the cells or tissue explant are isolated. As ‘used herein, the term

* "microarchitecture” refers to an isolated population of cells or a tissue explant in which
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about 60%, nore preferably at |east about 70% still nor &2 M@f%@%l y at
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organ or tlgéﬁﬁp?qDBH \‘M‘Hr ﬁra&Pié‘&]eé?‘é‘ P 5 %y BgTe B raf"ér"‘ﬁ#’*‘?tsf%‘l"%it@cf’ as used
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fromits nat nviro enoval onor:- ani ma g., a
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cell's in tWélchihGY@fB@ﬁo@énd culture of -the invention. The.term."ectodermn
refers to the owuﬁrtaﬁs'ﬁsoﬁfedt El@us%@ﬁ@@in@éfbr@‘t&énvé‘( Qﬁ(mlbl@ua%fb%en%fepa:&t@& enbryo;
fromlt@re derJveqPQ F erms and%’gS e@}l tlss S such C&Pe nail s,

Chair gl PAs" o FAPRE CORTGpmept, I 48, Qrgapismy o Lhis, fermy incfudes, gross pBYSiSS gans and,

rrucous 20 fepRrBiQeEom fits mReralnoutitenmne, aayEmoThdane tiresdohepanihal,icag., and

"epi t hel i untham@beuck & 4 ﬁlﬁ‘neﬁ@ir |ala|11uﬁiratu?é)§4ﬁﬁé Por é?{fambfét @ ’Ek%ln "ls@fafid'e?&?’e% nal body
surfaces (cgt aneo serQu S and ot her

| a
structures erP(\)Peyfﬁ”here w i lsa“e ga}‘hé%f“ﬁ Y oﬁ*r?f&e%fg’ o Fdt and hair
fol liole  cpmsplanedin thesform of e metans hesl wed tocpfor hod pcanlu!anpzs slietis,ithe| ude:

ol fact ony epinh hedolattan mMUdSshp@'ﬁlah&l bhenp $AakH sl don] prefteRBbA BEldivm | i ni ng
t he ol fact Oy i '%Ea??niltu%o% nasal .cavity, and containing the, receptors.

for the sense 0 thcfdp‘éefmepl thelium which refers to epithelium

conposed of secrld¢ e, "evé%der@" refeepta ispaiteapost hethe thage primiidte gemh Byers vh

elpl t hel :c um tﬁﬂ@ﬁﬁ@&dﬁ'@f] iff- drﬁﬂérﬁ)&@@?‘]epépﬁkﬂm's:?mk&e}ﬁ@ﬂnﬁl tistig sﬁ@f & BPhdiRke! | Um can
al so refer r t :qna | ich is aracteristically
found 1inin ﬁaﬂ ntdglq W%c()):’f% Lku?pthn% %xaoysn; sig Je)é% al sensijcr l‘g?nsr?élgﬁlélhl cous, | change
- due to %‘bnt‘lﬂ% TRRSHP é‘}?dmﬂ!t yePPen, . e. g. tls_s_ue whi ch represents a

transition bet wdbe tesins adpithélad aﬁcqt@MsmamderqelmHmnlaewaﬂeg dmmbmlhe_ term
"epitheli aldna%{eﬁﬁ" b¢5 fs%ﬁfﬁceg ?cd?a%@é;ds &HP&GS taF@ se%l&.gt Fﬁﬁ)&m ?n' g Llssue

over a denu ed sur ro ectlve
covering. oft qggtx%ag;:, egg?flstlhgrf:fr?fg ebg corneal, esophageal, epidermal and ha_lr follicle

epithelial cells. Other exemplary epithelial tissues include: olfactory epithelium, which
25 s the pseudostratified epithelium lining the olfactory region of the nasal cavity, and
-~ containing the. receptors for the sense of smell; glandular epithelium, which refers to
- epithelium composed of secreting cells; squamous epithelium, which refcfs to
-epithelium composed of flattened plate-like cells. The term epithelium can also refer to
- transitional epithelium, which is that charactenst:cally found lining hollow organs that
30  are subject to great mechanical change due to contraction and d;ster_xtlon _e.g. fissue
- ‘which represents a transition between stratified squamous and columnar epiphelium. The
term “epithelialization” refers to healing by the growth of epithelial tissue over a
denuded surface. o A
The term "skin" refers to the outer protective covering of the body, consisting of -

35 the corium_ and the epidermis, and is understood to include sweat and sebaceous glands,
' as well as hair follicle structures. Throughout the present application; the radjective-
"cutaneous” may be used, and should be understood to refer generally to attributes of the

skin, as appropriate to the context in which they are used.




35 the coriumand the epiderm s, and is understood to include sweat and
sebaceous glands, as well as hair follicle structures. Thr ddg¥iax20Gbhe
present application, the adjective "cutaneous" may be used, and should be
understo r generally to attributes of the skin, rlateto
t he cont g‘)??tﬂ?fgg fch they are used. 22 May 2006 WO 03/ 0355%%"?’%’% A1/ 00976
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t he hairs of a hair foilicle instead of directly onto the skin, and are found only in certain body

areas, as around the anus and in the axilla. - S
25 - The term - "hair" {or “pilus”) refers t6 a. threadlike structure, especi'ally the-
" specialized epidermal structure composed of keratin and déveloping from a papilia sunk
© in the corium, produced only by mammais and characteristic of that group of animals.
* The term also réfers to the aggregate of such hairs. A "hair follicle™ refers to one of the
tubular-invaginations 'of the epidermis enclosing the hairs, and from which the- hairs
30 grow; and "hair follicle epithelial cells" refers to epithelial cells which are surrounded by -
the dermis in ‘the hair follicle; e.g., stem cells, outer root sheath cells, matrix cells, and
~ inner -foot sheath cells. Such ‘cells may be normal non- malignant cells, or
 transformed/immortalized cells.
The term "alopecia” refers generally to baldness, e.g., the absence.of hair from
35  skinareas where it is normally present. Various forms: of alopecia-are noted in-the art.
*  For instance, alopecia areata refers to hair loss, usually reversible, in sharply defined
areas, usually involving the beard or scalp; alopecia mediacamentosa refers to hair loss
due to ingestion of a drug; and male pattern alopecia, or male pattern baldness, refers to




30 grow;, and "hair follicle epithelial cells"” refers to epithelial cells
which are surrounded by the dermis in the hair follicle, e2dvay2dm cells,
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her ei n lifer ndergoi n
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As used herein, "proliferating” _and "proliferation”. refer- to celis undcrgomg
. mitosis. : §
25 The term "progemtor cell” refers to an undlfferentlated cell which 1s capable of -

prol:feration and giving rise to. more progenitor cells having the ability to generate a-

. large number of mother cells that can in turn give rise to differentiated, or differentiable

- daughter cells. As used herein, the term "progenitor cell” is also intended fo éncompass

-a cell which is sometimes referred to in the art as a "stem cell”..In a preferred

30 embodiment, the term “progenitor cell” refers to a generalized mother cell whose
descendants (progeny) specialize, often in different directions, by differentiation, e.g., by

B acqumng completely individual characters, as occurs in progressive diversification of
Vembryomc cells and tissues. For instance, a "hematopoietic progenitor cell” (or stem

.. cell) refers to progenitor cells arising in bone marrow and other blood-associated organs

35 and giving rise to such differentiated progeny as, for example, erythrocytes, lymphocytes

~and other blood cells. - :

_ As used herein, “transformed ceﬂs” refers-to cells which have spontaneously
converted to a state of unrestrained growth, i.e., they have acquired the ability to grow




25 The term "progenitor cell" refers to an undifferentiated cell which as
capabl e of proliferation and giving rise to. nmore progeni tZBMge2@d havi ng
the ability to generate a |arge number of nother cells that can in turn
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t he epit heldedved from epithelium and having a papillomavirus as a causative agent; and
"epidermoidomas”, which refers to a cerebral or meningeal tumor formed by inclusion
25 -of ectodermal elements at the time of closure of the neutral groove.

- As used herein, a "transgenic ammal“' is any animal; preferably a non-human
mammal, bird or an amphibian, in which one or more of the cells of the animal contain .

heterologous mucleic -acid introduced by way of human “intervention, such as by

' transgenic techniques well known in the art. The nucleic acid is introduced into the cell,

30 directly orindirectly by introduction into a precursor of the cell, by way of deliberate

‘genetic manipulation, such as by micro injectibn or by infection with a recombinant

v:rus The term genetic manipulation does not include ¢lassical cross-breeding, or in

vitro- fertllzzatlon but father is directed to the introduction of a recombinant DNA

-molecule. This molecule may be integrated within a chromosome, or it may be

s - _extrachromosomally rephcatmg DNA. This term also includes transgenic animals in

which the recombinant gene is silent, as for example, the FLP of CRE recombinase

dependent constructs described in the art. Transgenic animals also’ include both
constitutive and conditional "knock out" animals. The "non-human ‘animals” of the




20 lining of the space behind the nose; and "renal cell carcinom", which
pertains to carcinom of the renal parenchyma conposed of X2J¥ay390&el|s in
varying arrangenents. Anot her carcinomatous epithelial growmh is

" papi | | 0ighgs3, ¥QICh refers to benign tunors derived fromepithel i umand
havi ng a papl?ﬁonHV|rus as a causative agent; and "epidéef YRS whi ch
refers to a cerebral or neningeal tunor formed by inclusion 25 of
ectodem al elenents at the tinme of closure-of the neutral groove. As used
herein, a "transgenic animal" is any-gnimal, preferably a non-hunman
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mat ur at i onandilight gmencrisaExappleard functional contact ‘between one cell and another cell
: includes - electrical or chemical communication between cells. For example,
25 cardiomyocytes communicate with other cardiomyocytes via electrical impulses. In
' _addition, ‘many-.cells communicate with other cells via chemical: méssages,- e.g.,
‘hormones which either diffuse locally (paracrine signaling and autocrine signaling) or
‘are transported by the vascular system to more remote locations {endocrine :signa'ling).
- Examples of paracrine - signaling between cells are the messages produced by various
30 cells (known as enteroendocrince celis) of the digestive tract, . g., pyloric D cells which
secrete somatostatin which in turn inhibits the release of gastrin by nearby pyloric
' gastnc {G) cells. . ‘ ' ' '
Not wishing to be bound by any particular theory, this microarchitecture can be
" extremely important for the maintenance of the explant in minimal media, e.g., without
35  exogenous sources of serum or growth factors, because the tissue can be sustained in

guch minimal media by paracrine and autocrine factors resulting from specific cellular
mteractions within the explant..




segregation of cells in explant culture, thereby sustaini n% t he
m croarchitecture and function of the tissue for prol onged2pday dWoof ti ne.
An exanpl e of physical contact between a cell and a noncellul ar substrate

20 (matri e physical contact between an epithelial nd its
¥é 0&/&3 sl ]elf%f}"afﬁﬁm%”ﬁot her

basal |amn n  exanpl e of physical contact between a c

cel l |ncludes actual physical contact naintained by, for exanple,
intercellular cell junctions such as gap junctions and tight junctions.
Exanpl es of functional contact betweeyy one cell and another cell includes

el ectrical or chem cal comunication between cells. For exanple, 25
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one cell. ??25'8 12 f @)I} to preserve layers of different-cells if
present i n g‘féﬁ or exanple, in skin mcro-organ cultures,
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facilitate §k1|nﬁmgrpd§gqn§| prayztro according to their normal occurrence in vive (see-Examples
VHI and Figures 10A -10C), or islets. of Langerhans in the pancreas according to the
25  norma) occurrence in vivo (see Examples IV, V and V). Because these cultures can be -
-maintained in controlled and uniform cogci_itjgns and yet closely resemble tissue.in vive, .
they provide a unique opportunity to-obséﬁé, measure and control natural phenomena
and the perturbation of natural phenomena arising from disease, aging or trauma.
Furthermore, the ready availability of techniques to study individual cells at identified
~ 30~ sites on the culture provide insights into the functioning of individual components of the
tissue as they interact with each other as well as the whole tissue. _
Examples of micro-organ cultures prepared according to the invention are
“described in the appended Examples, and can include a population of cells grouped in a
‘manner that may include a plurality of layers so as to preserve the natural affinity of one
35 -cell to another. The proliferation of individual cells or groups of cells can be observed
' -and followed by autoradiography or immunoflucrescence. |
As merely further exemplification, the appended examples demonstrate that the
subject culture system provides for the replication of epithelial and stromal elements in




communi cation. Many types of communi cation take place anong animal cells.
This is particularly inportant in differentiating cells May Hfi%ct i on i s
defined as the 15 , interaction between one (inducing) and another

(respondi ue or cell, as a result.of which the res cells
under go ﬁgﬁgﬁéﬁgﬁl n the direction of differentiation. &W@ ‘%F‘ﬁduct i ve

I nteractions occur in enbryonic and adult cells and. can act to establish
and mai ntai n norphogenetic patterns as well as induce differentiation
(Gurdon = (1992) Cell 68: 185-199). 20 #Furthernore, the m cro-organ cultures
prepared according to the. invention Ypreserve nornal tissue architecture
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cel i.ch are
to form rmrp glbf %allkf Wgr?dmﬂl’s‘f’g TR KT ATy 'ﬁlﬁ}eﬁsa"f“ &P W Usgiisdnder nal
conponent s M Ihﬁw@tfdlﬂtnr arredy enberdimeitn ghezatepbof haatplavnisch theatagens 1t5he
cel I - ceﬂol meinr' B [proferabldl in Elec;ﬁ{gl:nstlrpmmﬁhl LefaCdvidh ﬂmPJ &ﬂf‘abgf ihgi nating
tissue, 981 905 @Inth ouﬁﬁlgnt are ngto{:% é] the viabhility of
t he: cellst g Wt e PEUEHHAeRES Iy Eﬁ“é% P ml“b’”ﬁ?éﬁéledto be
sust ai ned ¥t %??ﬂ"&ﬁ'f&!%ﬂe -peri ods of tine, 7-21 days or |onger.
Accordingly, the present invention prowdes that the surface area to volume
index of the tissue explant is maintained within a selected range. This selected range of
- 25 surface area to volume index provides the cells access to mitrients and to avenues of

waste disposal ‘by diffusion in a manner similar to ‘cells in a monolayer. This level of
accessibility can be attained and maintained if the surface area to volume index, defined
herein as "Aleph or Aleph index" is at least about 1.5 mm™. The third dimension has
been ignored in determining the surface area to volume index because variation in the
30 third dimension causes radiometric variation in both volume and surface area. However,
‘when determining Aleph, a and x should be defined as the two smailest dimensions of

the tissue slice.” ' |
‘Examples of Aleph are provided in Table I wherein, for example, a tissue having
- a thickness (x} of 0.1 mm and a width (a) of 1mm would have an Aleph index of 11. In
35  Example L, the tissue had x=0.3 mm and a=4 mm such that Aleph = 3.48. In Example
I, x is varied and a is constant at 4 mm. As illustrated in Figure 6, proliferative activity
is substantially reduced as the thickness of the explant increases. Accordingly, at 900
um thickness, the number of proliferating cells in a micro-organ culture is about 10 fold




Accordingly, the dinensions of the tissue explant are selected to rovrde
di ffusion of adequate nutrients and gases, e.g., 02 , to e&¢édgy in the
three dinensional 10 micro-organ, as well as di ffusion of cellular meste
out of tRenG¥MseE SO as to mnimze cellular toxicity a g conconi t ant
death due to |ocalization of the waste in the micro-orgaht "AMEPYongl y,
the size of the explant is determned by the requirenent for a m ninum

| evel of accessibility to each cell in the absence specialized delivery
structures or synthetic substrates. |gt has been di scovered, as descri bed
her ei n, this. 15 accessibility can be pmintained if Al eph, an index
cal cul at edqﬁséllﬁ"t'ﬁe S?“ﬁ%eﬂlﬁ’esé’g"aéﬁ refavingiadbigkngss f 30 ER’pl”ém‘f\Bpli dew | east
greater thdar approldvirgt athigkdesSofi Pl -uin As1.66 eoh” héeleivthe miliaph descsiber s to a

surface ar qererrpwyekdgrrﬁe ARbh ShaBi R sk havmé Qe R PS 08 1 h 23 581l‘{n§1 amm 1
wherein x= t| ﬁ kqﬁgs agg &= Eh of tissue in I In
preferred e&B Fangedh Aetped Berely ) ant. is in the range of 1.5 to 20
25mMm ', Yrore preferably in the range of 1.5.to 15 nm 1, and even nore

~ preferabl y TABLENE Diae@R vafueslfod tledsub@cdMeal 1o Hiﬁlll Red dﬁ@% "Aidbit, hg 4 ange of

1.5 to 6. 67 nm 1 -1 ‘arge contenp ate ccordi’ngly, the
present |nven°fio%hfapqw6%)§§§ ?ﬁ’%nﬁsﬂénmface area to volune index of the
ti ssue explant is. mai WiBTHed within a selected range. This sel ected range
of 25 surﬁ@ﬁm)area ta® M@hUME b BAgym P OV dag,t he chhénacces§ﬂ£8nnutrrents
and to ave s of wagt e drsposzé by drffr€ nin a nner simlar to cells
i na nonol ayér. This l'evel of éessrbll y?can bel% ai ned Y8 mai nt ai ned
if the surfe area %o vol ume PAdex, defbddd hereb@Sas "Al epB or Al eph
index" is &3 |east a@ggut 1.5 nyks The thggﬂ di mensi g has bggg ignored in
deternlnrn% t he surfgge area to9 vol une |?g X becaugﬁ variation'in the 30
third dlnenS|on causés radionetric varia i n bot'h’ vol ume &Ad surface
area. Howe¥er, when3deternmini 2§ Al eph, A3&nd x shd2fd be detined as the
two snal | egte di nensi gg of . thg;grssue spice. Exanpbps of Al gp ﬂ are
provided ig,Table | erein, exanpl e tissue, having a_ thickness (x)
of 0.1 nnrgnd a mrdt?aéa) of 19%%1mould hgse an Alegﬂ i ndex bf311. In 35
Exanpl e 1, %he tissud2had x=0.B87Hm and ak88 nm suchl.fhat Al eph4s 3.48. In
Exanple 11109 x is vaeilgd and aiks constanigat 4 mm zés |IIusf§ﬁted in
Figure 6, qrolrferatbve actrvr}§ i's subfggntrally %fduced the t hi ckness
of the explant i ncreases. Accordingly, 00 pnll ckness, the nunber of
proliferatittg cells #83a microldrgan.culllfe is abb® 10 foIUOQZ May 2006
WO 03/ 0358%3 PCT/ HO1469976 | S tp@ss thenlln trssue1@10n1a Sigg ar source

havi ng a thigcckness o§6§po grn ye Al ep @dex %¥%.t|ssue%ggvrng a
e escri be

t hi ckness gf 900 tmi1s 1. 36 s, below m ni mu
15 075 - 0.7
10 Again, not wishing fo be ‘bound by any .;.)art‘i;:ular tlleory, a nurnber of fer:lors

provnded by the three-dimensionat culture system may contribute to its success:
- (@ The appropriate choice of the explant size, e.g., by use of the above '
- Aleph calculatlons three-dimensional matrix provides appropriate surface area to
~ volume ratio for adequate diffusion of nutrients to all cells of the explant, and adequate
15 diffusion of cellular waste away from all cells in the explant. : ‘

_(b) Because of the three-dimensionality of the matrix, vanous cells contmue
to actively grow, in contrast to cells in monolayer cultures, which grow to confluence,
exhibit contact lnhibition, and cease to grow and divide. The elaboration ef growth and
regulatory factors by repllcating cells of the explant may be partially responsible for

20 stimulating proliferation and regulating differentiation of cells in culture, e.g., even for
the micro-organ culture which is static in terms of overall volume.
(c) ‘The three dimensional matrix retains a spatial distribution of cellular
_ elements Wthh closely approxxmate that found in the counterpart tissue in vivo. -




herein whereas the Al eph index for tissue having a thickness of 300 pmis
3.58 mmr, which is well within the range of defined her eiZd.May 3008 E 1.
Different values for the surface area function of a (width) and Xx

(th| cknesgg od/dss 1 o volune ratio index "A eph", as a WDIH a=1 =
2nmma=3ma=4nma=5mm 0. 11110. 510. 3310. 2510. 2 0. 265. 55. 335. Pﬁé“%‘(""”

0. 3433.833.673.583.53 A 43.532.832.752.7 0.532.52.332.252.2
0.61662.1621.91.1.87 0.72.41.921.761.681.63 0.82.251. 751.581.51. 45
0.92.111. 611. 441. 361. 31 121 51 331. 25& 2 1.21.831.31.161.081.03

1.31.771. 261. 11 20.96 1 1..130..960. 880. 83. . 21.510.830. 750. 7 10
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grow, in contra nono €¢onf | .uence,
exhi bit co a@Pu‘PﬂﬁPlﬁlﬂS‘lso‘Pladdﬁhé%f’ela%@"t,d'l)@m@w spletndiave Hesn idiedsdndbor at | on

of growt h anavn foegpiteat lodays frﬂﬁiltﬁi’eSHbWe\l’eEFlﬂ isGathi e S@bé of fie kRGB! ant may
be, parig allﬁ&Yﬂt&lﬁ%Q&pe%If leﬁtelu?edg%r? %megeyomg% ?E]OI Iferation and regul ating

differentiation lorr the m cro-organ
culture which i-s static in termns of overal | .volune. (c) The

t hr ee- di mensi onél Samrofa«praetsgomsezaw&patgh;ahulﬁllét ribution of cellular
el enents whi ch closely apprOX| mat e that found in the counterpart tissue in

Vi Vo. -
. - The subject mlcro'orgvan. culture can be denved using _explants_ 1solated fro_m, for

15 example: skin and mucosa (including oral mucosa, gastrointestinal mucosa, nasal tract,
resplratory tract cerv1x and cornea); pancreas; liver; gallbladder bile duct; lung; ,7
prostate; uterus; mammary gland; bladder tissue; and blood-associated organs such as
thymus, spleen and bone MAITow. Accordmgly, in vitro culture equivalents of such
organs can be generated The tissue forming the explants can be diseased or normal

20 (e.g., healthy tissue). For example, the organs from which the micro-organ explants of -

- the invention are isolated can be affected by hypexprohferatwe disorders, e.g., psoriasis
or keratosxs prohferatlon of virally-infected cells, e.g, hepat:tls infected or
paplllomawrus infected; neOprollferattve disorders, e.g., basal cell carcinoma, squamous'

~ ceil carcmoma sarcomas, or Wilm's tumors; or fibrotic tissue, e. 2., from a cirthotic fiver
25 ora pancreas undergomg pancreatitis. _ . S l .

. Examples of animals from Whlch the cells of the mventlon ean be 1solated
mclude humans and other pnmates swine, such as wholly or partlally mbred swme

. (e £, mtmature swine and transgemc SWme), rodents etc.

30 /i Z?le'growtil media

There are a large number of tissue culture media that ex:st for culturmg cells
i from ammals Some of these are complex and some are snmple ‘While it is expected that
mlcro—organ cultures may grow in complex medta ‘it has been shown here that the

35 cultures can be maintained in a simple medium such as Dulbeccos Mmlmal Essennal |
' _ Media. Furthermore although the cultures may be grown ina medta containing sera or
other blologlcal éxtracts such as pltultary extract, it has been shown here that nelther
. serum nor any other biological extract is required. Moreover the organ cultures. can be




22 May 2006 W0031035851 ° 9 . PCT/1L01/00976 (d) . The ceI I - %@nd
cel'l-matrix interactions nay allow the establishnment of

m croenvi ronnents conducive to cellular maturation. It has been recogni zed
that mai Ry@@aRzesiof a differentiated cellul ar phenotypes ﬁﬁw}aﬁmgot only
growt h/di fferentiation factors but also t he ‘appropriate ce

I nteractions. The present 5 invention effectively mmcs the tissue

m croenvironnment. As described in the illustrative exanpl es bel ow,
m cro-organ cultures from animals (igcluding humans), such as derived from
ski n, pancreas,: Ilver ki dney, ~duodenum esophagus, bl adder, bone narrow,

t hynus or dSpAmaiRed pavke shercd 66|semay fognextengedinsripdse ofiimen In1prefagred i n
cul ture. Hawbodimentstof itle imdnkibl) dréveth @S arf ndt HEcliday @R kheOReditn dungTai Nt ali n
cultures f%mrﬂﬁrlaﬁ&%%epcﬁldnggﬁlv% time beyond 21 days. I|I. .Source of

or t

explants f m Cr o- or%an culfure The Sueflj;ECt m cro-organ culture can be
derived using eXpt BeipSrepading gEayth iy minimal mein Bymppitant. Ak Prseabdducosa |
(i ncl udisng medial omGRER, fof) PRI lgeBkth malmmm&ﬁﬁ,cenas@orﬁoiﬂ@hnddfﬂ&pl ratory

tract, cer \f)ll'&ell‘ZHIGr Q& '?e%ﬂgr c 9'18 ? d hxloe S’ ne%@ssm?lt%gs%g i Sd.lC owtl:’lt | ungr,

prost at e; ferus, mammary i'Ssue, ocl at ed
or gans sucHPeCHse the Ripsgnse O%F%éﬁffegl’ﬁﬂ’ RSQIFIES SARRISTETS Rﬁ'@dl*%llﬂﬁgﬂ%ﬂ enfligseyj t r o
cul ture. eagliiheabiget siiab-caias bultwesgavdll gatkrale by desmble @6l culfifetht | egdags form ng

the expl an%ﬁd&%ﬂ%nglﬁﬁﬁﬁ ﬁ@ cg&lzggéunaglngﬂﬁg)te:n%]eal thy tissue). For

exanpl e, the organs from m cr 0- of ants of the invention

" are isolated cafSB¥ dﬁe@bthéd%yaa% ﬁB'F‘E'Pb'I“F‘ll@F‘ fﬁlf%t‘ljﬁ%‘?@éﬂb’ definggd

psori asi s nedivkewbitio sicBidespondy th awaich® mhad brevtequatell Yy it @4l @slswbd and €. g.

hepatitis 'pl‘l;li?&eltg% Qﬁltur@ﬁl?plcll hd &gi{ﬁé’% e Clseﬁjee &eﬂglroglcﬁlf &rn%ét S,VG%,? ! \S/\;) Ir ?ner S

e.g., basal “‘l{%’ carci no

tunors; or SFEh Gelos. F‘?rg@u@{““érygex“a‘f@r%r?ﬂl&r é‘lbﬁlaﬁ‘i?ﬁ |“(!"qh| %f@ POt TEE"PSW ® pancreas
under goi ng syrnt ribasirivs! arfdxpiffeasionfof andeligpopulatiaminibilelie.t e &x@hpls, of t he

i nventign ﬁﬁﬂnﬁﬁnétﬁ% %&%Qxlly ugﬁldgsd’ft l&ﬁ@@%mﬁlBQCﬂt Q%astp(;ne'm&%% atgvxlf.r ansSUCh

as mholly 0 genic

;
swi ne), 88?1{) g até"taét %thﬁl’?tlcﬂéea@tr%ﬂlh%&l% ‘Iﬂl‘é‘i“é "‘?i’r Eseé tp ﬁ?‘ﬁ@"ﬁ’u nber of
tissue ¢ uI ﬁlmr%emym @ntdniatiany gletosé,aind othbit wiseetignawes tanpdnesméeadsiglfer.  Sone of

these are @Rh4 ﬁl?l%@l?fgx%tl@:{ §f i l%llseMm\llhél rléecln.lm 1ssseﬁ}l9?l%£ edy

" mcro-organ.cul tures row. 1.n cofp| e, een Asrﬁmn here t hat
the 35 cul frﬁ'?"é"glt &f BESA léd“’l“gglzi é‘?’l‘rxﬁ'@c‘l@&urﬁ”é‘ﬁ&‘?‘“&s MB #ecco' s

M ni nal20Esy@nmﬂleﬂssenwmedxa Furthernore, although the cultures may. be grown
N a redia contmyGY vk gm%h faeiobseandt}b@la@aw@émmgdaﬁ%ew&nt Pl tui tary

tract, it h .
oo g1 cal PSRRI i oy g bt o Bgiwecthed ol tiene

used to enhance, alter or modulate proliferation and cell maturation in the cultures. The
growth and activity of cells in culture can be affected by a variety of growth factors such
25  as insulin, growth hormone, somatomedins, colony stlmulatmg factors, erythropoietin, -
' epldermal growth factor, hepatic: erythroponetzc factor (hepatoponetm) and liver-cell
growth factor. Other factors which regulate prohferat:on and/or differentiation include
prostaglandins, interleukins, and naturally-occurring negative grow_th factors, fibroblast
growth factors, and members of the transforming growth factor -B family.
30 The micro-organ cultures may be maintained in any Suitable cullu're Vessel such

as 24 or 96 well microplates and may be maintained at 37 C in 5% CO;. The cultures
may be shaken for improved aerat:on the speed of shakmg bemg for example 12 rpm.
~ With respect 1o the culture vessel m/on which (opuonaliy) the subject
"mlcro-organ cultures are prov:ded it is noted that in the preferred embodlmcnt such
35  vessel may generally be of any matenal and/or shape A number of dlﬁerent matena!s |
may be used to form the vessel, mcludmg but not limited to nylon (polyamldes) dacron
(polyesters) polystyrene polypropylenc polyacrylates polyvmyl compounds (e 2.,




22 May 2006 WD 03/035851 PCT/1101/00976 20 nai nt ai ned in th§\4 Sence of
serum for extended periods of tine. In preferred enbodi mere
invention, growth factors are not included in the medi um during

- mai nt enan&go%%sts%[e cultures in vitro. The point regardi ng‘?%@?%ﬁgm ni mal

media i s I nmpor At present, nost 5 nedia or systens

grom h of mammalian cells incorporate undefirned proteins or use feeder
cells to provide proteins necessary to sustain such growh. Because the
presence of such undefined proteins egh interfere with the intended end use
of the subject mcro-organ cultures, 1t will generally be desirable to

cul ture t hepdypndehlaide)sngelycactmalit (¥, t polmemﬂnomahyielne (REFEe nmﬁom)f
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be used tol-aBEgh#Eare arep@‘pd @$ CWI oft the prastrt finveationo Theredltered rertherur ati on i n

the cult ur egFoviddie in ghﬁ{&ﬁdlat&ﬂ(fo:ﬁﬂ%d) Vdst 6 Q‘foxd) Gkt Nejedtioh U 8ires aébn@t%l affected

by a varj et o t-ors_suc 5 as uI|

sorratorredl %e%cpo%@ %pr?mﬁec j<d i Ag &a &tor §mg rye’t H?‘%pé etﬁ? ﬂhm ép%@?hl gr owt h
- factor, hep‘a%m‘?!a@rlyt?%képw é@usmgﬁ%pw:mqm@my@@men Pxnla)nts Aheimerbrane cel |

growt h f actiecomikBeto & p6lyoEs g(\é:ﬂltﬁ‘éﬂ i &&ub@ir@ctp iRl devRE A braad 0G0 By

di f f 1
ifferenti %ﬁngﬁhléti%ﬁ oi"ﬁlng rr%cBlli)pa%E ?«9—%@% so'as J‘p?v%ee %%’Pusion F‘ %Woﬁe ?Iéct ors,

natural |l y-occurrin 8 br 60 as
members of 'Pﬂ‘é‘“tl?aélﬁﬁ% ‘Pﬁ*hé’“@jﬁgb\ﬁk%“ﬁ@état}?, )&‘b ‘bloglipassage30f W@OW&:P@ organ
cul t ur ege neymplecpmes, moahdpbenia @ Ye SukidtalddcinGlahértit@tonGiSEIGiniB4AlE Beatéll as 24 or

96 wel I m cgaphated.ardn 37 Cin 5%CQ. The cultures
may be shake?\}%? @ﬁc nprove tg?%gﬁa%%%%zé}ise)d of shaking being for exanple
12 rpm n a second approach, hollow’ fibers contammg the pancreatlc explants are

(optionally) immobilized in the polysaccharide alginate. When the device is placed
intraperitoneally in diabetic animals, blood glucose levels can be lowered and good

25 - tissue compatibility observed (Lacey et al. ( 1991) Science 254:1782; see also Example '
“VI). Accordingly, - fibers can be pre:spun and subsequently loaded with ‘the
micro-organexplants (Aebischer et al. U.S. Patent No. 4,892,538; Aebischer et al. U.S.
- Patent No. 5,106,627; Hoffman et al. (1990) Expt Neurobiol. 110:39-44; Jaeger et al.
(1990) Prog Brain Res. 82: 41-46 and Aebischer et al. {1991) J. Biomech Eng.

36 - 113:178-183). :
Third, the micro-organ islet explants can be placed in micrqcapsules composed
_ of alginate or polyacrylates (see, for example, Lim et al. (1980) Science 210:908; O'Shea
- et al. (1984) Biochim. Biochys. Acta 840:133; Sugamori et al (1989) Trans Am. Soc.
"Artif. Intern. Organs 35:791; Levesque et al. (1992) Endocrinology 130:644; and Lim et
35 al. (1992) Transplantation 53:1180). -

Finally, it is noted that the culture medivm in which the micro-organ cultures of

refers

and

the present invention are maintained can be collected as' a source of conditioned

medium. The term “"conditioned media" refers to the supernatant, e.g. fre¢ of the




Wth respect to the culture vessel in/on which (optionally) the subject

m cro-organ cultures are provided, it is noted that in the Mgt

enbodi ment such 35 vessel may generally be of any material and/or shape. A
nunber ofwgighhpkent materials may be used to formthe ves gjr ﬁé’é]gdl ng but
'not limted to nylon (polyam des), dacron (polyesters), g %dt]&

pol ypr opyl ene, pol yacryl ates, polyvinyl conpounds (e.g., 22 May 2006 WO

03/ 035851 PCT/1L01/00976 21 polyvinylchloride), polycarbonate (PVC);

Pol ytetrafluorethyl ene (PTFE; teflon)s2 thermanox (TPX), nitrocellul ose,

cotton, pol [ t.sutures | ul ose, gelatin,
dextran. etéélﬁllr%\& in::lls 139% %sxﬁprggﬂer% en%j of Erg \%wﬁm} Wf"g ﬂ’ﬁ.‘é’f?d re the
m cro- or gar?“ﬁlh‘?h?tl}h"emf’@a hasdggrraliersd Helth'ﬂ¢ emtaincpaiapring and/or autoarimy fswror ef er abl e
to use 5 bimebgedbipiticcceMind s@ft@URb 8t Py, BkagMds & ach ocﬁ@tt:,%t suture

materi al Qfxsuﬂg,l V%I’l#ﬂ% %r&% fac?&?%’ci Eorm\c/:\:yileesr dts 0 hﬁg’f]&g% can ‘fsg mai nt ai ned

for |l ong per preserve fal s such
as nyl o% &Hh‘t“ﬁ fediyg @SPW?@W@S Y %‘I Wdﬁwew@m Atgmpatively, the candftioosdls, cot t on,
etc. may benqulivef ear Blemplopaieniogitt of\Hood ceﬂ@ﬁiﬂu&@ Iskdh 45 B&meﬁctb'éed in
accordance gy n;dggts|ég¥q%t%&ﬂoﬁ%dNﬁcpthaeanr 441%3% Iﬂgﬁ‘—‘gﬁ rresh haV| ng

an aver age Si.ze an average n 90m
(#3-210/ 36 coﬁ%'t"l{’ﬁ dmedim. N Y. ). Yet ot her enbodl ments. are di scussed bel ow.

I n an exenpl ary enbodi ment, pancreatic mcro-organs containing islets. of
Langer hgns are resent nvention. The cul tures
Care theﬁ prowgggﬁ?%ﬁgzﬁg%gg%{)% g’?”ﬁ% o gy ‘i%f’cf i mune-rej ecti on.
Three general IS (exenpl ary) approaches for encapsul ation mght- be used. In
the first, a tubhd sicro-omabdmgesiod tﬁ@pie@éit hﬁeﬁxoﬂ%ﬁbé@ﬁ&ﬂ%aﬁﬂrﬁsﬁiens the

m cro- or ga'ﬁa\@(@eﬁ@fnﬁm %ﬁﬁmﬂ&ﬁfo & of h%lgl%) ?a@%c\xflﬁl r‘r%rﬁﬁﬂﬁng?l ﬁﬁow%ﬁ rare that in

turn connects the device 10 “VEesSs e nmenbrane
per meabi | i f;g}s‘?'c'i‘c’%‘so"f"é ﬂ%ﬁ‘?“e@sﬂﬁ ffusion of gl ucose and insuljn back

and forish t hr oulfathbdeofmertnamesellygblifetaiok afaa@aagﬂovﬂf uamelfbpmaeﬁms%tnd 20
| ynphocyt ed |
Teated eg‘”“"‘@*‘m“*"@w‘z AR G AL MBS B AP RIPRUASHOTAES 1\ ©

treated wth this de In a
second appfEdUHTHy I“fe I3 e art dorrmenshiinegDNAcsyprheres: enx pEwhicpinsitte ar e
(opt i onal | y3ediapavoding fozldinventiol én potyibaiiaiabt te ifke@icAgDNA éﬁ)k‘-l@.es,;m@ device is

“placed i nbgeﬂpggér;ﬂm@a Wy [ C | evel s can be
I owereg and t %5‘5@' H::Ye cBaQi"g‘?ﬁ’tﬁl rabty g%hzrl\(/lgﬁf(aga%{ééi CP lfx"at‘:l(eal%l)
Sci enc 252n ( f%fl muneffuoresgesesor di ngl y, fi bers can be

pre-spun and sdﬁs:ecqorgm ¢ujotudemeaild:d fodinted ahdh Maintsired aoQinfabieke balifgatibAebi scher
et al. U Sef RatRrbnd¥u al‘.’m 8y 3765.13&3 éﬁ%ﬁ@lﬁiﬁ@?ﬁ%{%&ﬂﬂor %%%uda Jent, No.
5, 106, 627 lnmncfega erllnbryomc cellg 1’?119 1cro- organ cultures have been-shown to | ata et- 2l
present-a
suitable environment for preserving, identifying, isolating and facilitating the natural
25 evolution of these precursor cells. For example, the immature. cells of -t.he basal layer
' ‘have been observed to become mature keratinocytes in skin micro-_érgan cﬁitufes.
. Similarly, embryonic -pancreatic cells can provide a mature pancreatic .epithelium in
, macro~organ cultures. The maturation of precursor cells and their subsequcnt functioning
as adult cells can be monitored by measuring secretion of specialized products such as
30 specific keratins in epidermal cells and insulin, Glut 2 and glucagon in pancreatic
epithelia, and albumin and Factor VI in liver micro-organ cultures.
- The micro-organ cultures prepared ~according to the invention prcserve the
normal tissue architecture that is present in vivo. As set out above, this includes
maintenance of hair follicles, sweat glands and sebaceous_ glands in skin micro-organs
35 invitro, according to the normal occurrence in vivo and insulin and glucagon secreting .
~ cells in pancreatic micro-organs. Because these cultures can be maintained in controlled
- and uniform conditions and yet they closely resemble the microarchitecture of the organ
in vivo, they provide a unique opportunity to observe, measure and control natural




(1990) Prog: Brain Res. 82:4146; and Aebischer et at. (1991) J. Bianech
Eng. 30 113:178-183). Third, the mcro-organ islet explant May2 (0o pl aced
in mcrocapsul es conposed of alginate or polyacrylates (see, for exanple,
Limet alywobiga9l, Science 210:908; O Shea et al. (1984) Biochim Biochys.
Act a 840: 133 Uganori et al (1989) Trans Am Soc. Arti fPCTVROP76 O gans
35:791; Levesque et al. (1992) Endocrinol ogy 130:644; and Limet 35 al.
(1992) Transplantation 53:1180). Finally, it is noted that the culture

medi umin which the m cro-organ cul tupes of the present invention are

rrai nt ai ned can be collected as a source of conditioned nedium The term
"condi t i oneRfieA¥ena and drearesturbationhef miypd rhertoaety amising: frbmatiseade, idigy @2 May 2006

WO 03/ 0358&iauﬁﬁTFdrth&r‘uQQQK§ reaa? avaﬁldinht}r&fqe&ﬁiqhéj tro' dlﬁ/ﬁﬁﬂlc@i}f& after a
ul.tured. cell suc’ﬁ1 nmedi a has

period of tj ntact w
been alter eH&F‘S&? e P c(t’:f]e&ce?‘fltg pb‘“?‘%ﬁ PRSRLS, iRty 8}‘3 %‘ﬂ‘f‘&%‘mgn%f mdividypls
pr oduced bf“f"rﬁ’éﬂeéélolf@eafﬂ#ﬂ%@@ﬂhﬁtﬂédterammﬂtdaél @hdriagivell afthawhblesrgad. such

productss are i Matbeiorey e sabjsct Ghigwtdigdnaitaes arearﬂﬁknm{aﬂi@flﬁ%uuu@!fcgs of cell

condi ti one 5cu|ture medi.um for o

and ti ssuecké%rﬁ?égr%m%nopgmgt F%(fe b e mickiores G ?Fﬁdmi‘fﬂ‘%'é?ﬁ%b‘é enpl oyed

as a sour céulipre fpsgbleagt gbqut Eﬂ’@&:f@tﬂ‘s oyse morg preferably ForfabbehsimBout twdSdugd) pr oduct s

candbte f r agkt morapeterabngfop b ledst ﬂﬂumvefiﬁﬁ,s%ﬁlﬂﬁéréb}dew htfléa‘éfabf)ﬁt%@ekhe :

condi ti one e bi ol 0 roperties o

i cro- or gagiaggﬁgatﬂg %Jggle}ér%ﬁg%gr ga SLATPRLE S ‘%FS f"nﬁ“" g@'&rﬁ“"l"ﬁ’%’éﬁtl on

- derived%r c?H]it‘r‘f‘bsr?fﬁﬁ’e inyendign arertypieal by seaintaingsiin colturerfirmt &ast saventdayse Tof

- homeost asi SHustrith, spinGhicfoedradn @iMumed m&nmm&uﬁ&ke %Gfrleb%l AR liPHREal | growth
of the ti S%H&m&rﬁal'.\/@&ﬁ%qﬂmghrq&%g r]%fn twe fera ion are well known in

I NC e

the art and rms‘Ex c(l) synt hesis characteristic
of cell replicaff bdharpia; ela&B’@gﬁ ?tém%blmtchws Tiefers taghegropulftam offeasur i ng
DNA synt hesells of ariysuoéxphak 6fwhithaat 1dast abbl&@d%%ﬁ@i@faﬂ%r&gieﬁﬁ abd} 760RMRGL T ON. ' n an

enbad Nt pRljshea léh\éﬁsﬂohf’ébd@%%% HRAEEHT ol R8T S0 S Rt oo B oy

radi oact i v«a
for detecti 6ﬁ°69’°fe GFrUsmadcabledn cwiugsrafient epstainpatiodipfdanecan - be f ormed and

mai nt ai ned not lord grefesred kmbpdimbitf e aditic0sT cenfprdlﬂérhﬁcﬁl foedeliFod2UL, g?bﬁo by the.
active par e At f ome instances,
b@ﬂm% oGS B thg ibr3-okdAG é:\%;ﬁiurgsglg caupl i one, i SrB8ent - a

enbr yoni ¢ celé?‘3 ﬂ nhfero organ culture
suitabl e efUPPBARSEHE P faﬁ%é%‘ﬂ%*ﬁgthe F‘Eféli’ﬂ'iof‘iﬁi“ﬁbm s another ergbadiment
facilit28ti ﬁ@thetprﬁecnhamwnMH the ratio of cell proliferation to cell loss of the cells in the

.micro-organ cultures is greater than one, i.e.; the cells are proliferating at a greater rate
- than the cells are being lost. In the instance of the latter, the micro-organ culture is
- understood to include-a population of cells which:is being amplified. -

25 - V. Application of micro-organ cultures

Exemplary applications for the micro-organ culiures of the present invention
- include the following:

(@)  identification of factors involved in normal homeostasis of tissues and
30 organs; : A C
{b)  studying the effect on the normal homeostasis .of tissues and cells of an
“organ with respect to changes in the environment including changes in nutrients and the
presence of potentially toxic agents; .
(©). understanding the pathway of changes in the tissues and cells of an orga.n
35  thatare triggered at the beginning and during pathogenesis or trauma; -
(d)  identification of repair mechanisms that reverse the adverse effects in an
altered envirpnment associated with pathogenesis or trauma; -




25 evolution of these precursor cells. For exanple, the immture cells of
the basal |ayer have been observed to becone mature kerat i%%\@'s‘f)f % n skin
mcro-organ cultures. Simlarly, enbryonic pancreatic cells can provide a

mature p i epitheliumin mcro- or gan cul tures. % /ér tion of
precur sor%‘%cﬁeﬁﬁ é-‘aimd t heir subsequent f unct’i oni ng as adul? r'\glril &@n be
~nmonitored by neasuring secretion of specialized products such as 30
~specific keratins in epidernmal cells and insulin, Gut 2 and glucagon in
pancreatic epithelia, and al bum n and Factor VIII in liver mcro-organ
cultures. The m cro-organ cultures priepared according to the invention
preserve the - néMnal develppmentalrepilatootdirells it diferptiesedtring nhey numal As set

out above, Homeﬁsﬁswfmsueﬁal ntenance of hair follicles, sweat glands and
sebaceous gl and? 35.n éltl‘o acc rdl ng to the nornal

occurrence in viYo & ede{g’ﬁgfﬂq?l %ﬁf’ﬁt‘?ﬁ&‘@r‘?" é‘EP‘@[“F‘hH‘ B @ 0% SUincr eat i ¢

m cr o- or garfs alB@th!@e these cultures can"be maintained in controlled and
| ?EI formgcondi ti gs . aN%ﬁpﬂéMtaﬁbﬁﬁﬁJsMaﬁt@tﬁﬁ”th‘retﬂﬂﬁts m%f%?gﬁcﬁhaﬁaw ure of
e organ jn vivo e a u u ortuni 0, observe, neasure
and contr ol " Hattra bé‘ %ﬂ% %%F(Rb 'ﬁ’%ﬁg’ﬁ Eiﬁ*)% HEYo%Ch ghenonena
and the peroCeHh iy pasiants pvithahionig skmqumenaomrfpmw distetes.dirsbesi, livagi ng or
trauma. Furfiihes;nor e, the ready avail abi | i ty of techniques to study

~individual cell ent| ied site cul ture rOV|de i nsi ghts
“into the functi gﬂl ng oaf 'ssueé“%ancfﬂ%ﬂ’aleni5‘?{@8@@&6?’8& a'{dtﬁ?mg a’ﬁi‘j t heir
interact® with efith otsheliagagstipessay fos proliferaivo Hisodergan. 5 Furt her nore, the

subj ect m cro-ogyan gulsbbrcest ke gwra@tofgabl e in culture-for. extended
- periods of tine,.Preferabl X?ﬂ,\,&ﬁ? Cr.0- o an cultures are . mai ntai nable in

culture for at RastS3580F O?eé'ﬂ?“i’? nore preferably for at |east
about two days,{d) yetasr?ﬁpef%@feﬂ@cmlslWOlﬁfmlesat | east about five days, still

nor e preferabl y (rlf |£&%Ere&bﬁﬂhdﬁﬁﬂgﬂﬂo{edﬁég8 still further preferably for at
| east ahout tvvo an cul tur of.-the invention
are typi cal I I a| rn@ Stlrrzr’g * CGIPES ﬁ?“emeﬁ‘cggcgi% éﬁi? O BEBYAY ?Bfgumll’ﬂ‘s '
illustrate, ’“ ﬁth Erirgpgan cdresyBre svay ebhackgnenrd, insmeted thptinpmerops g, and

rat s k| n hauenptbam ‘e fieiibefor Broviing epieliadiceltd indioh! b vlrz@raa%tto tivid y - one
daye, B bl Bie R pb Al PR AOERSSHUE RS, O
~pref er abl y ca#sistseakstwosyes of7assye. (ibess arﬂlﬁlbﬂ@f oyl §r dermisewlich Hsbdes 80% vyet
nore praf efibhiblastatthdt @sslooghodiipeROdowvithinsd hx@li bR RbNageR DD asrTQélBas)f t he

cells remai Qrv<¥§ ﬁﬁh@v@:s@elﬁ%ﬂéﬁﬁr c%ll?’f %ﬁhe %E’e saﬁdpcl"pl fugg Ogep%: gﬁnrai Pasal

preferred tj eratton 1 0Ss, e.g.
by deat h Ye" s? d%ﬂ?’ R, e@)fa“?‘f?éy prelifestipg, i mt“ﬁét“ﬁ witheligf gells: Aafheipelisof s equal
to one, i. ¢he batdhdnyerueplivate, afmecefl thsydqung bélls @eraiin Mgth baod lagtr Wisletditers nunber of
cells | OSt migrie AURVAET iRFBQINTRA and eventually develope an envelop resistant to
25 detergents and reducing agents. In humans, a cell born in the basal layer takes about 2
weeks to reach the edge or outer layer after which time the cells die and are shed. The
- skin contains various structures including hair follicles, sebaceous glands and sweat
glands. Hair follicles are formed from differentiating keratinocytes. that densely.- line
* invaginations of -the epidermis. The open ended vesicles that formed from such
30 invaginations collect and concenirate the secreted keratin and a hair filament results.
- Alternatively, epidermal cells lining an invagination may secrete fluids (sweat gland) or
sebum -(sebaceous -gland). The regulation of formation and proliferation of these
structures is unknown. ‘The constant renewal of healthy -skin' is ‘accomplished by a .
- balanced process in which new cells are being produced and aged cells die. There isa -
35 need to understand how this precise regnlation comes about in order to counteract

~abnormal events occurring in aging, and also through ‘disease and trauma that disrupt the
balance. ‘ -




20 of the present invention, the ratio of cell proliferatigon to cell |oss
of the cells in the mcro-organ cultures is greater .thanza%é?ygqoé., t he
cells are proliferating at a greater rate than the cells are being |ost.
In the i e of the latter, the mcro-organ culture is__understood to

i ncl ude ?%gg%%ﬁi'on of cells which is being anplified. ZECNALOKBRN6 cation
of. mcro-organ cultures Exenplary applications for the mcro-organ cul tures
of the present invention include the followi ng: (a) identification of
factors involved in normal honeostasi.g of tissues and 30 organs; (b)
studying the effect on the normal hongostasis of tissues and cells. of -an
organ with resp&teng gnkadimeneof ihe inyratiemvthe ovureanthiteciok wditregmchaogas | n

nlﬁt rie PL s - adfturk hRimify @sgr@t@ﬁ@fﬁtappmnﬁnﬁl %i'sytﬂafl)&" §kif§-9§‘ Wd; eeCit H%dﬁ SE andi ng
t he pat hway nges in.the tissues cel ls.of .an_organ at are
triggered at RIE%%P ‘%8"?%? H?eﬁav%ﬁﬁu%%ﬂcﬁ’ée‘%gf ﬁ’b“ﬁ‘é’hﬁeé‘f g‘“bf’““t‘?'g culpugss,
identifi catkemtinesytes ob sbe enidasmisnienyin asheriatedewith ke tdnpedily disse aflfteects in an
al ter ed senviormdlrisiie afhidednat odprebdredDindiBABE ARSKa% Rllicles A BmictRoRy 2006 WO
031035851 Suftfed Mul:(hLls DR b b ShinRNE! QREENES! ﬁﬁﬁ@}@%g@%ﬁﬁ% 's that

differentiate during t OneosSt ast's n o
devel opnentSEPPoFtEg thaenidsimaliceldss ar peracelbdpr smptyiy thichgnalides the damadeglen, such

as. hair f ahdkgbssoneInvagihationgan, Sueel BB Blidk)/The ARSHARAbaeaKRher e.
' i cient far replacing

parts. of sl mdi i dual NI tn. but..are.ins _

or regenergc llﬂjﬁgglldggr?geg%!g t?? gs'aga}snﬁ%tﬁ'eag Sueq%‘élﬂ?’{se_s ilﬂerpﬁg{“;a’éﬁ?@"wwoehr oni ¢
skin ul Wer Morgaier. oyl "thigkness slein fan hst grevn gp @ Matishl ef wayseellowing lanraie | (h) as
a'ti ssue/ origeracedBipoairent tifeoterahnb@&ciransegardél Ak Yrethdd Silﬁoyej: shpiidi es; 10
(i) > as a g i _ r.proliferative di.sorders. . (j):..qS a source
of novel grdgkwtwﬁ ? g‘%}“’t %frlge?ﬁﬁ%{ﬁ{tegfgga{l? %%ﬁgtg%“gf Segrte{é?ﬁ f’)frjI %@%Wi ]ia%eﬁg’c"g]“f (1) as
a source of™#gyeyAGPUBPERskiapenctrayign stidies.  screen for i nduci ng nol ecul es;
15 To further i Finallyt itdis aoted At pras enticRiveandicte B thsah Istgﬁt@%ﬁlat e skin
equi val @nt L s - - 1 CI O= Cul ture f round, it
I S not eled; t%?%_bﬂﬂr%%c%g{@a@ % ggrr%ﬁse ‘?Yg‘\r?fg‘,a‘@é’e’ﬁe'ﬁe%‘eif%sﬁé Tp%%eghraggmﬁ’zlﬁ%epi t-hel i al
cells in s9BRS& %gergzgto{qu,xﬁ eneral Medicine, 3d. Ed., McGraw Hill, NY (pp.610-626).

One of the major cell types in the skin which is responsible for various immune
activities is the Langerhans cell. These cells may be prepared from fresh skin samples
and added to the three-dimensional skin culture to produce an immunologically
20 complete tissue system. Growth of these cells in the culture for long periods of time by
conventional tissue -culture techniques is-difficult. The ability to grow these cells in a
three-dimensional system would be of great importance in all aspects of study including
‘engraftment, cytoxicity, and disease mechanisms.- This type of skin cultire system
would have the greatest impact on research involving auto-immune disorders which

25 have direct or indirect cutaneous involvement - (lupus erythematosis, bullous
pemphigoid, etc.). Accordingly, the micro-organ cultures of the present invention can be
used to study proliferative/differentiative disorders under conditions ~in ~which
immunological aspects of the disease are minimized. An exemplary drug screening

assay can be derived using psoriatic skin explants in order to identify agents whichcan

30  inhibit proliferation of the hyperplastic epithelial cells. i

The skin is merely an example of a tissue which can be grown as a micro-organ
cuItute' having epithelial tissue which is supported by stromal tissue. ‘Other tissues
including epithelial tissue can be grown -as micro-organ cultures of the ‘pl;eseni
invention. Epithelial tissues are found in every part of the body where an interface

35 between an organ and the environment arise. Epithelial cells cycle continuously in an -
uninjured body and form the covering tissue for all the free surfaces in the body
including the skin. In some cases, such as in the pa'ncreas,. the epithelial cells line

numerous invaginations and secrete enzymes into open spaces that enable the organ to




human skin for purposes of wound treatment, in particular treat rrent of
bunms. The skin consists of two types of tissue. These are: P(I%) 240e stroma
or derms which includes 20 fibroblasts that are |oosely di spersed within a

.- hi gh- den;yé)jﬂ&g&] agen matrix as well as nerves bl ood Ve?é%{{[i(g@ﬂ%ﬁ&?t

ells e epiderm s which includes an epi dermal basa
tightly packed, actively proliferating immture epithelial cells. As the
cells of the basal |ayer replicate, sone of the young cells remain in the
basal |ayer while others mgrate outy@rd i ncrease in size and eventually

devel ope an enyel_ﬁﬁz resistant to 25 g ents and reducing agents. In
hunans, a copftios Ippg 15 quotper expmplg php éevaawea@ organ, Gaglk WVAENAflgRch t he
edge. or outlerthb dyeg beihg dinedviwitbhegiihniial tdels deblgh dhieh amd ddfveesshad.thdhe  skin
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sebum ( seba@Pgun §lksigna “i*}‘?éac?%'@d‘f B ATOMor mat i on -and proliferation of

t hese structur éli;ms, gn am(hﬂn\mrbod' menicaingit prdsent emenddn, aficloaahitdayireséi a0 | S
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and aged cells dre.” There is a g’ﬁ\‘f{‘ erstan owt precise
 regul at I ori TCBHES  Bpolit> i ’OFJB‘F "’t“oelﬂ etfsé conupgHyT ﬁ‘éﬁlueei?’é‘ﬁtt’@ &eturring in
agi ng, and exhmple} panoegshmitirsezae calbgest ingludea proabtic esithell delig e. daisknce. 22
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I nventi on, tlhe m cro chlﬁﬁ.t @feo {emcro prgan cul ture mcs or is
subst ant i alT§ e g dhFHYE apl fipsug japehiteurg is preserygd agd) thespi t hel | al
ti ssue/ conﬁ@etlai@énqrﬂayscmthsltal cadk prodnctsfFog., mmﬂmphdzglucagos kferpraducado- or gan
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connective tilc%sue aug norma sue architec | s preserved
i ncl udi ng tHeRAF" ¢ 'I"fef’cqeé‘gc 'frﬁﬁl H}c © P Bhich lfr“ urGh iREEeVe Wbt ai ned
from a ski rnigiosshitecieec off ta it afvoatrgo. iAscdescdibed i Esahplk 26V nbonesopper t i ng t he

. epidermal  GRikloSorg AR hAN bERGSIIAM Blculle i aenw@hgﬁtennsdmlét%hﬂ%ﬁm cells,

and at Ieast <]c>{1e i nvagi nation, e.g., at least” one hair tollicle.” The
associ ati on betWeen skin' eplthellal ti ssue and t-he skin connective tissue
facilit®t es int &b bereuparove outtvnsi ofahé present ivkatiosoner be iised| ferhreatimess ski n

Cﬁn tk)e gr OWifikedsds @r \baﬁdlﬁﬁr% @ﬁncW&r@f' h&mwgoneaﬂlaab{v cdiRt & &é}fé%s tkegposur e of
EZII 1? f e(ratraﬁt : ;h?(} gzr’]I%ZTa 8lk‘g’r 2’?? ﬁa?)ttg:t"%lgtg lbjr?ﬁt}r)g"cé‘?(f"éﬁ? & é"e(‘?{fa{z'iwf)ﬁ“ &€ keratin
| ayers, whiti€pmeptesf hsmaiplogigal !i'm‘éﬁﬂ@@m‘ts and ogfer neqplasies: wichdnvadvaudie dene
marrow. This aspect of the invention is also effective in treating patients whose bone
25 . marrow has been adversely affected by the environmental factors (e.g., radiation, toxins,
- etc). While reimplantation of explants derived from' the patients own marrow are
- genenally preferable, it is noted that such explants can be allogenic, e.g., from another
member of the same species, or xenogenic, e.g., from another organism. An exemplary
xenogenic implant could be a micro-organ culture derived from a miniature swine for
.30 mmplantation in a human. ‘ . : |
- Moreover, long-term growth of human hematoponettc progenitors is possible if
- they are- provided with the necessary stromal-derived growth/regulatory factors. Such
.interactions are . provided by the subject micro-organs, rendering these explants as
sources of stem and progenitor cells. In general, hematopoietic progenitor cells of the
35  marrow colonize ("seed") the natural packets formed in the stromal matrix of the bone
marrow micro-organ. The primary rate limiting factor in the growth of marrow stromal
cells 1s the relatively low mitotic index of the fibroblasts included among the marrow
stromal g:ellsT Accordingly, where the growth of these cells and their disposition of




Finally, it is noted that recent studies have indicated that the skin is an
Integral 15 and active elenent of the i mune system (Coopé?l\@ty?élo.ﬁ, (1987)
The nechanobul | ous disease. In: Dermatol ogy in General Medicine, 3d. Ed.,
MG aw pp. 610-626). One of the rraj or cell types in the skin
which i Wpeagﬂg%g’r( ble for various imune dctivities is tRETIENJWPHans cel | .

These cells may be prepared fromfresh skin-sanples and added to the

t hree- di nensi onal skin culture to produce an imunol ogically 20 conplete
ti ssue system G owh of these ceIIs |n the culture for |ong periods of
time by conventional tissue culture*techniques is difficult. The ability
to grow t hesecaielat mairit cdmpbietiesds dhisired s ibo BaHansads the Miwian lcgh Beconfacted eat

| nport ance, Ltgls,ﬁh e@.&%%ﬁi(ﬁo&ﬁm%%%yﬁl : Cu@lﬁggo%ﬁ%%}s”em cytoxicity, and

di sease nechani s em woul d have the
greatest inpact! 8K ?‘E‘%éﬁ?"&’l" |‘Sn¥Po|"x’/F'l‘\'@“’"é?u’t“o‘-’fﬂ?ﬁﬁﬂfnﬁeaél|°§'€§4"€1é’?‘$€1%h1”t§1h 25 have
di rect or  magitaeciscasdioaheoatslogical alatignmdids, (k npaswabydinee omakd gatiedts! | ous

Pt 9! Caa)pudSral ity bRTIGE oL BAMEILT i G Bhehur esent

I nventi on can to study ative/ eren Ive sorders
under cond"f4"3R o”?lc\’/m’inéﬁ |rmunol ogi cal aspects of the d| sease are
mnimzed. An &he n@icbtrqneﬂm@umdroaembm magswayicioasigdhsullet iof e piesdnng

psoriatic ﬁlﬁénﬂox?&ﬂll Ms@d L, Q&ﬁ’&r ndvdl QFmdvﬁylyﬂxgﬁ]&x%s %Cﬂ £ 39 1 NN bi t
proliferat] OWF‘@%’Ht e hyperpl asti c epi t hel i al The' skin I's nmerely an

exanpl e of ™ e which can be grown as a mcro-organ culture having
- ‘epithel®al tisdbe inveniadn cantegpidas) inechelaypest, tiomade dfi thes subjecOmlites-ofghs Sues

i ncl udi ng amu{e@fdmﬁh dn%%’dﬁ i A ofhigH. %ms@@h&hﬁ Gl ﬁrxgggg&m.%#{n ¥ OI oL hgo iy

present invention. Epithelial tiss
where an i BUePFRge 285 BUSRAUTSaAre 55 d’l‘ferg]lgﬂﬂ“g'ﬁ%g’ AR ﬁ@rﬂla"ﬁﬁ“f;@é
Epi t hel i al the edll ppolptiore of dint inmentios info a mutgart, eumianj allogeheibanty xanegefide m t he

covering t éuﬁﬁé{eb)r Dnedbll of hﬁtef Mﬁ& &Elfltfs%?ﬁ)éaﬂzﬁugrhﬁ’ tﬂ,ogéﬁs td 5'%5“’9{? ?iﬁ:.et hﬁufnke 'r (r;us

I n sone ca.g]ﬁ lg as in ancr
i nvagi Nt | scegﬁl’ﬂp Hana can ‘?12 ’§tef ttﬁaéb FICt af‘é‘é?pf"ﬁﬁ‘i'at"eff’éffiﬂ ®hithe organ to
22. May - 200@swexr0B1108 5 8bthe celRET A Histdad DOBIBH in BE subfecn vhéreat leﬂ§h9pd)l‘[lﬁg S

~ anot her exgR! @lIfenin Vishls. Yt is i-é?éﬂ;‘eﬁ'ﬂfa?g 1950t ﬁ/@%efbr@ﬂ@% Rk LYy i n the
| ung belngd)ne Wi L1s, t self]fromthe
av

envi r onnent P AREHP Eeheéabﬁpweas bcc’t“:*t @&I ¥ ”‘P’?’fég%h‘"é‘%taﬁ Eqa?télgo'gélo(% st
char act er i Bere erefosatdpatriesse sboutT s, dndinmgt ptfetahly agdewsti abowt| 5966 eonpesed of
speci aké zede egis rkigdih dlabledles addhinfstraiRh (5 a Qbj¥ct | nrenisea.o@ 3F bla&‘ﬁ:gbéﬁth@' s 0

comaun, PEGL sy S0 AN S 5 WU R B9, (St 11
- conpr i si nghoutsnisc MaY@;éPIaS sanggaal few eglsdotrantls. Methdde obadrenisgnapw.  Thus,
i N anot herpoputhidits GE6Hs 6f the ifventnhes@ii ihplRRidnUF cell iR Gitklabalt € of a
parietal peritoneum, for example into a pouch of the omentum, implantation of cells into
25 or onto an organ of the recipient subject, e.g., pancreas, liver, spleen, skin. The
micro-organs’ of the invention can also be administered to-a subject by implantation
- under, e.g., a kidney capsule. - :
As ‘used herein, the term "subject” refers to mammals, €.g., primates, ¢.g.,
- humans. A "xenogeneic subject” as used herein is-a subject into which cells of another
30 species are introduced or are to be introduced. An "allogeneic subject” is a subject into
-which cells of the same species are introduced or are to be introduced. Donor subjects
are subjects which provide the cells, tissues; or organs, which are to be placed in culture
and/or transplanted to a'tecipient subject. Recipient subjects can be either xenogeneic or
allogeneic subject. Donor subjects can also provid'e cells, tissues, or organs for
35 reintroduction into themselves, i.e. for autologous transplantation.
To facilitate transplantation of the cell populations which may be subject to
~ immunological attack by the host, e.g., where xenogenic grafting is used, such as
swine-human tr_ansplaniations, the micro-organ can be inserted into or encapsulated by




m cro-organ pancreas. culture mmcs or is substantially the sane as t hat
of the. source 10 :.pancreas. in vivo, e.g., it has an epl%thPY%@Oﬁ
tissue/connective tissue structure. For exarrpl e, pancreas m cro-organ
cultures B%Mgf's ﬁancr eatic epithelial cells, e.g., islet cells, remain
associ ate "the pancreatic connective tissue: In the BamdlLWI76

m cro-organ culture, therefore, the normal tissue architecture is preserved
and the normal pancreatic epithelial cell products, e.g., insulin and

gl ucagon are produced. 15 In another gnbodi ment, the present invention
provi des for the generation of mcro-organ cultures derived fromthe bone
marrow, whi Egh %&ﬂaglewéénoa?@@bbl@dewm andithen deanspidnteaicintor e edcipiidne sibject.i vo

organ. As dGSMprbﬁﬁtslﬂ%du@ﬂmh@;c&%;cath&% m&n@\%am %r%x%ﬁl@rb%)l?ﬁé!ﬁ been

i sol ated iny %BU gru‘feg vecg},l s?f ({,E‘fm conpar abl e ré)hya ol O’H%lﬁ‘ﬁ :
condi ti ons. BoHe row ArELeEsV o (ioﬂ’é’obrfdé’sé’ Nt tiif%ay be
used for t r%‘&fequgeouﬁll%@hmcwc%nﬁlW@MSOfV\moemnmmermlylhﬁal(irh;udlngne mar r ow
cel I s or sdehydessis), hﬂﬂh}!df:ngfﬁdiﬂﬁﬁlb&@&ﬁa&@hﬂd ﬁdﬁ-deh,fmélﬁ@bélhh% c,% bE'ﬁ?edStHbJ ect

m cro- or gan _

mal i gnanci eg’“ﬁ%ﬁ Hgﬁlﬁ"q forqﬁe op tgged;rs? K .05 A &F 'ﬁe\}’(f?‘s’ét O{theec d‘ﬁ’B“la'g"é’Fl"BWe Thi s
aspect. of tHEentigy gy P‘E‘i‘P“t‘aS taéigeé sitceTheganesption of ek implays ppaenealysombvose bone
25 marrow hiashbaersee adwefampleycafcfse%@d@ydxb I&}‘Jt@ﬂz\éblr& msﬁ‘m MadpLteds (e g.

201211 on, hoas bV Oie LR a0t L9, 6L LBl Terhgg rom e

patients owy Marrow are
expl ant 4° cah3HeLo8t Aelyishere "ﬂ"eUg'S Pa*Fﬁ*t(Nﬁ 4¥52.138%; Adbisale et df UtShBatentNo. speci es,

or xenogeni £}066629; Linf USTPaaaNGG 8,301,969) aSdEef¥d I@SelméxﬁNb 48?3‘9&9@%8 ' rrpl ant
coul d be a ﬁﬂpﬁlr Qorgr&a{ﬂe xﬁ%hhw gandgg ragmlénsfie‘rg mler ﬁmg:%u ﬁﬁwaﬁccﬁ@%af opoi et i C

I mpl antatlon ln a

progeni t or s FE“BBQ%‘I“’HF ei-"““rhfaS %qﬁ@;ﬁahﬂ%alﬂrm?%@uﬁfﬁt fo]utions. rlde ass aff such

stromal - derdauets gidadilbdntyiegull Ricmyin fleakor s. Such  interactions are provided
by the, ;subj ect r| n e ants as .sources of stem
and progljenl t or Iﬁnoﬁé gmﬁiﬁg%ﬁeﬂlgﬁpgr agéluch’% f)g)ﬂgrp&ﬁ%ﬂt 'PB?""@%ICF‘% Bf the 35
marrow col o‘?‘i’?p}‘@'e?'f%'éwnﬁi heahpe. r?é?%lfaﬁ Skﬁa’@‘f‘é@lﬂsls #@?W‘Bt@ berp t highly complax matri x

of the boneprocess thaindbides prirearg githeffdn eell xlﬂfgkzﬂﬁh)ds wall % repliation & ef)ﬁﬁrtnﬁi'l in the

rowt h of I [ e ow mitotic dex of the
?I brobl ast ;@{!squ 2}“’ 1%%509%9‘ rr[t)on Iﬁtﬁ%]cluﬁr s%ngaﬂ fr&? %de'rlgmél $onnec (\:/% Ot 1S5S h T wher e

the growth ’B‘me‘ﬁ%‘g’ec‘égllﬁfssa%rﬂ?s‘t‘ﬁ@q thergins ph @i miodel B wounplyealhgn sUner 03/ 035851
PCT/ 1L02¢ 0G9meolR% cubtwt rcanditidns) Attortbdonirdllifg MRORE s bb&:aﬂ:ﬂiﬁlyhﬁﬁhlfoﬂadbe

 enhanced, {ghanGRlABlca GRMRiRORL Al Vlsb et Yt AT BBoPYpRE! 1 Sones

or other fibrobl acto marrow | CYUI tured in
or d er to t rag%{{'s%cgf%%ﬂ??? 138 PTOESTE gque[ done without the additional complexnty of blood

- bone factors or cells. Normal epidermis has a low mitotic. activity with: cells: cycling

every. 200-300 hours._When the epidermis is wounded, a burst of mitotic activity takes

25 place so that the cells divide.up to 10 times faster depending on the conditions and
-severity of the wound (Pinkus H.(F951)J. Invest. Dermatol. 16:383-386).

As demonstrated in Example 11, skin micro-brgan cultures show increased
proliferation of up to 10 fold for several days. In this example, the edge of a wound is
comparable to the micro-organ culture. This increased prolifératiqn mimics the events

30 that are associated with wounding and provides a unique opportunity to study .the
-process of wound healing. Moreover, the appended examples demonstrate in vivo that
the epidermal explants of the present invention can be applied to chronic wounds
- (example IX) and can form a viable implant capable of growing hair (example XI).

Moreover, the subject epidermal micro-organs can be used in the treatment of

35  burn patients. The need for a skin replacement for burn patients is evident. Several .
centers in the United States and Europe have utilized cultured human keratinocyte
alidgrafts -and autografts to permanently cover the wounds of burns and chronic ulcers
| (Eisinger et al., (1980) Surgery 88:287-293; Green et al., ( 1979) Proc. Natl. Acad. Sci.




nmetastatic di sease or hematol ogi cal malignancies, the narro ned from

the patients 5 should be "purged" of abnormal |y prollferaé%ﬂﬁ

physical or chenotherapeutic means prior to culturing. The condltloned
medi um f e marrow mcro-organ culture of the present I nventi on can

be used as” a source of novel or known |ynphokines, e.g., Hs"H0UtEe of

I nterl eukins. 10 The invention contenplates; in one aspect, the use of the

subj ect nicro-Organ cultures for transplantation in an organism As used

herein the ternms "adm ni stering", It roduci ng", and "transpl anting” are

used interchangeably and refer to the pl acement of the cell popul ations -of

the inventilBd Taice5acetiliiuone ot el.g(198@nPlalll Bgenst.cSuog. £0-606AE3GR MHiege ~ subj ect

by a net hothefHods @Y bReMisGitetsARUAY Seckht &M'hh?e%ﬂi@&le@ fhat t\%t&fﬁ laﬁd/&o a
to a subject by

desired si .The 0 ations can be n| st

any approp%il?f';]lttfegt Heud ﬁ?/\#iakeﬁ gp#%srﬁﬁ'yt?“ﬁ‘ e‘ﬁ’@?"l Qfaé"f Bema @’ IpONE 8T P9, desir ed
| ocation i ﬁOIFﬁ@IV§@B§Ue@QmWﬂeFté ferme(l amdar thestramsplinitaiepidsimalHeyec EWbadleyenai n

vi abl e. sl t ei 51 [(tes8pUaRH & D5Eo- z@tnj q&stskawhre%ﬁmﬂr&ftﬁé amsé'm%ehmst about

10% nor e f % .yet .nor,e er a | east about
30% sti B¥o% d@g Q‘Q(uy 1equ tvaL 65 Sftbo eé’g%—‘{m‘gﬁ%‘by rﬁ:bso;ﬂmd \gefcomeg@% y at
| east abouP W%létﬁc qfeneendy Uif@ cvheeééetrmswmmaﬁs viabl € after administration
to absub Jt ect . Tlh@retpﬂbllhaﬁknﬁfodl‘{ﬂcﬂb itk rw:moérg&m“uﬁ%&dtén 8f ﬁ@ﬁn@mﬁ%ﬁt r at ion to
- a subjec e our ours, to a
few djays %@&gga Yéﬁdes o mtr‘?d%cmﬁle%elg dr ﬁ%‘ﬁtﬁ{g‘j‘f"ﬁe’f’h‘iﬁﬂy WM 8%t eri ng
popul at'P onegpics dior- §X36Wles Hang m@nbm@ﬁ DNﬂs Feghidquenyal gene &irivdrichod patiertl s i nt o
t he vi scer @ldefitiertt hould baﬁllaaa‘daind@&ﬁé EGIOLER a Fifdl oSN Rl E'me{%até?Oﬂféh of the

orentum | RRbaRhak A Ol in bLRR gl 5. A e v Phe

subj ect, eg panc the
i nvention €38 8 %8 %‘élea‘dﬁ’im?@f@ﬂe@ﬂ'tutﬁ aystagbj ‘Bt mhgrojongsnaenttad ovhichunder ,

e.g., a ki cpeyssesaipsidli@: geASprd8ed chid Bk fnplind& ih@aRindbHiif 6ho i &?&Eﬁt to

Ml §5 5 thar RLAJRL €S, €. 0. humans. A "xenogenei ¢ subject” as used
herein 1s a sub ect into mhlch cells of another 30 species are-introduced
or are to be i JHE O8 dheatibieal misgerReser cyliisy drigene] therapys his§ @ etmbertef whi ch

cel | s of thbvasage Kpdygisase afee:wtﬁierdmdipﬁgﬂ eQkarpdtie cbis; e &Rt l’p&i&ﬂ@te@iu Donor
subjects . g& Ero§é1l R %F&se%& 'M%E%}é CIS]HI?E Fole*‘olnﬁ 2 atCF eule)r%dléclx L?e%%? whi ch

are to be. El acg Ubj ect.
Reci pi ent SU6; BTy f(f%!w*%‘es &fet prstul M%&é?‘i‘él‘%’"ﬁ’? oftrpesdRstrdi eclls o st . Donor
subj eceé cabstaitely pihonied e odflcinichl whispRlevaice, g afilsty] BE subjéet b@tudsr oduct i on

into themsglovues, ex?arglon o?fl'ﬁe%%gé Q??l'ﬁﬁsfécli WEI?J aﬁiﬁ%&;f:@&ho-ro racilitate

t ranspl ant atiog he l(’:_‘g popu t1.ons e Subject to
i mrunol ogi cal 'Elaaﬂllﬁheﬁ)‘/' ImRRT t "Q’e“t‘%g}eér%@%ﬁ’ﬁéﬁi%o Qreart eyiwEesi s used,
such as sm}n@—dsedmﬁamlltanggieammunmfoﬁdxmmemndnwlgamﬁﬁmﬂbﬁumﬂaerted into

or encaps %ﬁi‘(ﬁé}gzm’cu?tgrel\&)ﬁpgggé a recombinarit Virus expression vector may be used to
25  iransfér the recombinant virus into cells brought into-contact with thie culture, e.g., by
implaritation, thereby simulating:viral transmission in vivo. Accordingly, this- system
“can be a more efficient way of accomphshmg gene transduction than: are current
+"techniques for DNA transfection.” ‘ " '

' Accordingly, the cells of the micro-organ cultures: of the present invention can

30 ~ be modified to express a gene product. As used hérein, the- phrase "gene product™ refers
to proteins, peptides and functional RNA ' molecules. -Generally, the gene product
encoded by the nucleic acid molecule is the desired gene product to be- -supplied to a

2 subject Examples of such gene products include proteins, peptides, glycoproteins and
“Hipoproteins normally produced by an organ of the recipient subject: For example, gene

35 - products _which‘ may be supplied by way of gene replacement to defective organs-in the
pancreas include -insulin, -amylase, protease, - lipasé, trypsinogen, chymotrypsinogen,

- carboxXypeptidase,  ‘ribonuclease,  déoxyribonuclease,  triacylglycerol lipase,
phospholipase A,, elastase, and amylase; gene products normaily produced by the liver |




WD 03/ 035851 PCT/ | LAL/ 00976 28 rechar geabl e or blodegradabl deV|ces and
then transplanted into the. recipient subject. GCene produ Woced by
such cells can then be delivered via, for exanple, polynerlc deV|ces

desi gned.ywHQsoishe control led delivery conpounds,. e.g., g#g {Qg%udl ng
pr otei naceous bi opharnmaceuticals. A vari ety of b| oconpati bl'e pol'yners

(i ncluding 5 hydrogel s), including both biodegradabl e and non-degradabl e
polynmers, can be used to forman inplant for the sustained rel ease of a
gene product of the cell populatlons pf the invention-at a particular

et 95en, ! FrEBETG0B PRl B 80 roR R SR SRE A B A ot 5 .
ed. By Davglecupinyi trean%rawdrmm@s@ns@nmladgend mchmmﬂmmsmed et al.

US Pat ent N@eno‘bﬁhe @eﬁﬁﬁas@ 6161' ﬂﬁ?ﬁéc@ﬁh’@of 8truAl adeﬁés@e OPMHOMSIS%f W 538;
Aebi scher Pat ent . 4, 391, 909;

and Sefton n§£’ lﬁpaopéoﬁ?nsl\kgen% p%gctg é’goja“?f'gl %y “Bo ﬁ'l“&st inghude grergnh YIS e nt i on
can be atimifasten deyseic hvmerak Fastorethysunrioistin.land thygiesip atl gene prdviteproducedii | uent |

_ ygtla :
such as st ey thedfgaéuw&a@laaisaﬁam@smfsfe@&uﬁQhM&d ﬁmme&mu&eaunofan@ uch
carriers ang,dl Icgefntgl | S tv\\g nor\{\n‘éd Cﬂ le J wgl odi rent, the
mi cr o- or gan U Eare s BFPEHEY s Ehdt @%’ﬁt P{?ﬂ éa’ﬁ %ré f’f%l UES 18 wound
heal i ng. Repfaiessiasfofdhy ‘i?sﬂf'é%#@ﬁi?fquﬂlbﬁmeﬂée petbg inffagheed geoeisimeateriahr oces's
t haéI i ncl udmeodes hEfﬁtisyn}ﬂibhtfﬁlﬁérlvﬁhclﬁﬂhﬁcemhlh@ﬁécﬁﬁho%&)f\mé éenangdlﬁ?di'té gation of
epi der | span r tunder | yi n
connec'ﬂad ve %ﬁ ILshea 19 the §1‘e<‘br’g:% i %élo ng&)'e %85'“’1“1‘“'8{' g’se r?icr c’?e BE&H: ﬁl{gwg? n as. a
nodel for vﬁilﬂﬁaol?@awwgﬂﬂarﬁd@ﬂtIE@VQWWQﬁlﬂlledvhéqmltlareépr@sméhﬂormﬁtsncca‘ actors
control I ngzahalal mﬁhgmcramcbeclnﬁwneﬂzylcw bEPRIVEdRE & . r}onﬁmmah%mt ?anbe&ausle t he
m cro-orga B is . Jjso rom una anal ysi s
of the healr'L"lﬁH) 95’% gséntcz’n %e oﬁeé”pleni h‘lglllf a%'vely’ lz"tems Tl r?p‘l\'@%ty of -

bl ood bor rléh‘g%b@ ExXpresion oF petion b erdenordyiHE cgens srode n@nmiw qameme@ @ activity
with celd s, thepiztd-igan &pRAY . 200- 300 hours.. WWen the epiderm's is wounded,

2 burst of m Lo el b A HnRell BRE 1S 1l L RGellpdiy do. up to

10 tines faster sever e "wound
( Pi nkus H. (%%%)031 in ﬂﬁxﬁé% t)f thegenesnreduct %@@8@3‘?@6}%'8)&@6&%#@%@%&,&? in
Exarrpl e | |.,nuslkicn a¢til Coleoulg ainckitdst ebdifig. sdi\GWrdgﬂlafoqasSeduenpésoIr¢cfuﬁécatfb10n of up

to.10 fold e t
conpar abl e t{aggmﬁt%ﬁ % %qu)r@rap Clﬂ'l t%rgoeffwg glqil ﬁlg :Lg%egg%ﬁm?o? ?P }(,ax?éil?l on m m cs
the eveth s PSE“‘lehé'f‘“Séﬂ“@“ £E <he npglein agi tlﬁolﬁﬂ%mcweaﬁemgtﬁ@v eelesces @l que
oppor t uni t ypolyadeayladiyn tngamls Pk GelSE @ﬁumnﬁc&w Ichtgt.raﬂ!vﬁirEOf/ﬁxli endoll@l appended

exarrpl es d?ﬁ’&&ﬁ bf flé Fo Véx%ﬁg%'?@{ennﬁlg 8\2 s f§ r?oi?#&otgﬂg o’ esent

i nvention roni ¢ vvo exanpl e can form a
vi abl e i nplpﬁli’ﬂ e?:'é? “éfa‘i?fo ARl aEsaRlion- (exarrpl e Xl).

Nucleotide sequences. which regulate expression of a gene. product (eg.,
25 promoter and enhancer sequences) are selected based upon the type of cell in which the

. gene product is to be .expressed and the desired level of expression of the.gene product.
.. For example, a promoter known to confer cell-type spcciﬁc expression of a gene linked
to the promoter can be used. A promoter specific for rhyqblast gene. expression.can be
- linked to a gene of interest to confer muscle-specific expression of, that.ge_né product.

30 . Muscle-specific regulatory elements :rw;hich; are known in the art include, upstream .
- regions -from the dystrophin gene (Klamut et al., (1989) :'Mol.r Cell Biol.9:2396), the
- creatine kinase gene (Buskin and Hauschka, {1989) Mol. Cell. Biol. 9:2627) and the
* troponin gene (Mar and-Ordahl, (1988) Proc. Natl.. Acad. Sci. USA. 85:6404), Negative
- responise elements in. keratin genes mediate. transcriptional repression (Jho Sh et al,
35 . (2001).-J ‘Biol Chem). Regulatory elements specific for other cell types are known in the art
{e.g., the albumin enhancer for liver-specific expression; insulin regu]a’tbry elements for
pancreatic islet cell-specific expression; various neural cell-specific r_egulatofy‘el,_eménts,
- including neural dystrophin, neural enolase and A4 amyloid promoters). Altematively, a




Mor eover, the subject epidermal micro-organs can be used in_the treatnent
of 35 bum patients. The need for a skin replacenent for b M%X'@qﬁs S
evident. Several <centers in the United States and Europe have utilized

cul tured atinocyte allografts and autografts to Iy cover
t he woundsﬁggja:b o and chronic. ulcers (Eisinger et al. PB@E‘S’E@? urgery

88: 287-293:; C?een et al., (1979) Proc. Natl. Acad. Sci. 22 May 2006 WO

03/ 035851 s PCTI W1/ 00976 29 USA 7(5:5665-5668; Cuono et al., (1987)

Pl ast. Reconstr. Surg. 80:626-635): These nethods are often unsuccessful
and recent studies have indicated that blistering and/or skin fragility in
t he heal ed g%dﬂDSfdaym@xﬂmﬂl@mchﬁsemmﬁmaweahmeﬁmmoﬂagamnmaemnﬂymﬁre

connecti ve H:H‘ér%hle(:eﬁo Q%mhsasfa%aﬁé le1dnlifit, tcémlmz@ @ﬁl £PLAGLal | ayer
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- the nucleic-acid encoding the gene product is-inserted into-the viral genome (or partial
~ viral genome). The regulatory elements directing the expression of the gene product-can .
- be included with the nucleic acid inserted into the viral genome (i.e., linked to the gene
inserted into the viral genome) or can be provided by the viral genome itself. -~ -
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- ‘mediated transfection, DEAE-dextran’ mediated - transfection, ~ :electroporation,
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- cells. A glycerol or dimethyl sulfoxide shock step can be added to increase the amount
- of nucleic actd taken up by certain cells. CaPO;-mediated transfection can be used to
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cell; or sebe glgqtmpuise the temperature, the conformation and concentration of the DNA and
' the ionic composition of the media. Electroporation can be used to stably (or transiently)
25 transfect a wide variety of cell types. Protocols for electroporating cells:can be found in -
- Current Protocols in Molecular Biology, Ausubel F.M. et al. (eds.) Greenc:Publishing
‘Assaciates, (1989), Section 9.3 and in Molecular Cloning: A Laboratory Manual, 2nd
- Edition, Sambrook et al, Cold Spring: Harbor Laboratory Press, (1989), Sections
16.54-16.55 or other standard laboratory manuals. TR S
-30 . . Another method by which naked nucleic-acid' can be 1ntroduced into cel[s: '
includes liposome-mediated transfection (lipofection). The nucleic acid is mixed with a
liposome . suspension containing cationic lipids. The DNA/liposome complex is then
. incubated with cells. Liposome mediated transfection can be used to stably {or
. transiently) transfect. cells in- culture in vitro. Protocols can be found in. Current
35 - Protocols in Molecular Biology, -Ausubel F.M. et al. (eds) Greene Publishing -
.. Associates, (1989), Section 9.4 and. other standard .laboratory manuals. . Additionally,
- gene delivery in vivo has been accomplished using liposomes. See for example Nicolau
et al. (1987) Meth. Enz. 149:157-176; Wang and Huang (1987) Proc. Natl Acad. Sci.
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- complex by intracellular lysosomes (see for example Curiel et al. (1991) Proc.- Natl.
25 “Acad. Sci. USA 88:8850; Crstiano et al. (1993) Proc. Natl. Acad Sci. | US4 -
190:2122-2126). Receptor-mediated DNA uptake can be used to. introduce  DNA: into -
cells either in vitro or in vivo-and, additionally, has the added feature that DNA can be
selectively targeted to a particular cell type by use of a ligand which binds o a receptor
-selectively-expressed on a target cell of interest. : AR
30 . - ."Generally, when naked DNA is introduced into cells in culture (e.g., by one of
the transfection techniques described hbove) only a small fraction of cells (about. 1 out
- of 10§' typically integrate-the transfected DNA.- into their genomes (i.c., the DNA is
maintained in the-cell episomally). Thus, in:order to identify cells which have taken up
- exogenous DNA, it is advantageous: to -transfect nucleic acid encoding a selectable
35  marker into the cell-along with the nucleic acid(s) of interest. Preferred selectable -
markers include:those which confer resistance to drugs such as G418, hygromycin and
. methotrexate. Selectable markers may be introduced on the same plasmid as the gene(s)
- of interest or may be introduced on a separate plasmid. -
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acconpl i she n one or exa co
Enz. 148 15 0%‘“?"%“9‘0% i{ﬁcfaﬁsiilﬁ% fe'{'ié%ﬂf')")’%ﬁl 6%“0"1%3?‘1 foreiga dNA isjaree (WD

03/ 035851 “tocS RETYassDIATDE 16 BBr deBA delineR8 Betor S Berkedr iegjaRrited. sagra; ( 1989)
Am IMed. Sgi -Alﬁ&.&dgﬂcﬁcjraﬁéiﬂ(@@ | A vogericys M&heatca?c(nl%% vé%datﬂ W 929- 438.
C

Naked nucl e] I nj ecting
the nucl ei ce%ta(r:si o S’dn{'%é’m %ﬁteg%ﬁ'—‘gﬂ’r&’ Sl‘f{n"\‘ﬁ‘f'ﬁaﬁélcﬁ rESNGOUERIATS T DNA can
be i nt r ocksdrithiay80°% ofiherdshenimbednoue m@krte each cel | is microinjected

i ndi vi deal |y, tm@n@wm&hvm Maew) ImaDQ{atdrmye&%wsg VR&Riva DS Wiang | arge
nunber s of m croinjection i s, a nethod

l. |
of choi ce. %(gmreﬁ a?clh_ger 5 rBSt‘fI 033(?1 T O?C}G{I?Vé?fg Qéﬁ?’frpﬁ‘ﬁ st 8 ahglpercyjasder i n
great er deteéﬁ‘Plel}iéqpb?@)“OﬂP!Pﬂ a prpdnctiye lifg ciada, (Fotrere DA s¢esMetyaiiayet alnCmeduced i nto

a , fertilizpesopb-e imhutod (19veN1 58970190 189 allENR| P Bhel OV Qirddds i mal . The
r esu' tant. arﬂémlegrate its DNA into non-dividing cells, and exhibits a high frequency of stable
25 . integration (see for example Flotte et al. (1992)- Am. T Respir. Cell:- Mol. Biol. -
- 7:349-356; Samulski-et al. (1989) J. Virol. 63:3822-3828; and McLaughlin et al (1989) -
J. Virol. 62:1963-1973). Vectors containing as little as 300 base pairs.of AAV can be
- -packaged and can integrate. Space for exogenous DNA-is limited. to.about 4.5kb. An
. AAV vector such as that described in Tratschin et al. (1985) Mol -Cell. Biol.
30 5:3251-3260 can be used to introduce DNA into cells.. A variety of nucleic acids have -
. been introduced into different cell types uSing'-AAV vectors (see for exampié;_Hel.'mouat
et al. (1984)Proc. Natl. Acad. Sci.- USA-81:6466-6470; Tratschin et al. (1985)-Mol. Cell
Biol. 4:2072-2081; Wohdisford et al. (1988) Mol. Endocrinol..2:32-39; Tratschin et al.
(1984) J Virol. 51:611-619; and Flotte et al. (1993) . Biol. Chem. 268:3781-3790).
35 . . Theefficacy of a particular expression vector system and method of introducing
 nucleic acid into a cell can be assessed by standard approaches routinely used in the art.
- For example, DNA introduced into a-cell can be detected by a filter hybridization'
~-technique (e.g., Southem blotting) and RNA produced by transcription of intreduced




10 contains cells .carrying the DNA introduced into the oocyte. Direct
I njection has al so been used to introduce naked DNA i nto IMay 2496y vo
(see e:g_; Acsadi et al..(1991) Nature 332:815-818;.Wlff et al. (1990)

Science gA7c}a0n,1468) A delivery apparatus (e.g., a " P odg" "
J 'n

I njectin o cells in vivo can be used. Such an appa

comercially available (e.g., fromBioRad). 15 Naked nucleic acid can be
conpl exed to a cation, such as pol yl ysi ne, mhich-is coupled to a. ligand
for a cell-surface receptor to.be taken up by receptor-nediated
endocytosis (see for exanple Wi, G ahd Wi, CH (1988) J. BioL Chem 263:
14621; W.|[I3éA cat badetec(edORR exakmple, Biyd‘llorﬂih&lnblotﬁﬁg BRé3e Poofectian dr Kv&rse Pat ent

No. 5,166, 32Q)riptalll g gyr&gasa)tb?@bﬁaa y(ﬁﬁa goﬂ;ﬁe@@%}g@g&) Gb%xde&&e&tsﬁ receptor

facilitates upt ake 0 rece te ocytosi s
Recept ors t38 BRAPRPAIG2NATer qramale dypinaolegisal detestionpog W??@Fquﬁo'teﬁe
transferri mutrheaseqnt}m spacific tudtibody ioa bp g fiynct@rabbsaynior deeepi Ginctidhal iy | gand

conpl ex 4 i-neeh éege mvéu[:fr'gs Qﬁ" gx%tné"@s@" Ilmg Yk n]!)er&l:'t 3 g'ﬁ’éres? @cggeg ? mes,

t her eby rel.easi sm can be use

mat er |
degr adat i orft B‘FStt“ﬁE‘a e"@&%ﬁpg’i S'n‘t‘:’tl ;a"@ N APRROIPRE SEBTERION PEER CRRFISt exanpl e
Curiel et  di.op(ihEed sty o ccpoitiat gene Pked té\ctmokeguiBoty. elemGitiSAdBS&cB®B85Dbe Cri sti ano

et al. ( 199344 ﬁ&%porwa éne cﬁ&ﬁgs d%g‘h roh@‘t\whﬁ:@l @r'la%ﬁY &’jtgtﬁable adaeﬁ:nﬁptcg{ medi at ed

DNAuptake can I ntr e DNA into s elther_in \7|tro or in

t
vivo and,’ a\’ﬁdﬁs?‘ﬂf’n‘é‘laﬁ?te Eﬁg‘éﬂci’ H’g ey hstemy Sianderd Tepprter BRICSCUSAS Bk thes@t ect i vel y
tar get el t andudpgenes cancalingcighlattysidnsd) yhlomenpbénian] adeityd anadsfovhier lciferads to a

receptor Qﬁip@;@pp/ﬁh]ﬁu,gggpé]gmng&ca target cell of |nterest 30 CGenerally,
when naked DNA‘g/ﬁ;ﬁ qﬁéedlnto ells.in cylture ( Ef by one- of the
transfection te ‘?E’ﬁ é’ﬁ"rdltBHHm \?E?Ie’ﬁﬁ?‘a {03 paRy atf"i“é’éf‘f"éﬁesﬁllts cells
(about. I élutnodl(ﬁf:atm@)oftayqugcatdpymmtoé@eaieﬂs tinkefficiamsdxpoissidn DReigato their
genones (i. ﬁ}dm am meﬁlmee&se Whén\Rir & ‘}lmﬁgiﬁ%hlv&;ter) Tﬂ:\ys

order t |de ‘ﬁ h ha e en %@ genous

advant ageoﬁ‘éo tpPB %tf"@c %I"@?’ ea{EF with cﬂ"ﬁ% Soé%ﬁoécﬁlrasﬁb‘éo@ﬁ H‘ér ker into
the cel | .. aidividpalreedlh withia thepdpelatom dihek(is )thapé miay be sfitientRreduetioneef tsel ect abl e
markers i n%kl&é&ﬁodd&@ﬁﬁtﬂé’rﬂoﬁﬁlaﬁ&m)i%ellﬁ %&h%ﬁﬂ%ﬁﬁirﬂexdééﬂgﬁoﬁéﬂ&ﬂs 3&618

'hygrorrycm ¢ thotr at(F ct abl e markers L@i d on the
sane pi asni e‘élg"f Ye 'Y ?’g CgFabie, {0 pro¥t @ Jpmpgsp OB%P? ?tl’?& eﬂe‘?:}’r‘fal separ at e
plasmd. 2»difisd CQBG@WI@B‘#O@@%@ P iSQBQIGGDQWBICB#ff ickengly eXmeessalit appr oach
for i ntaodgedeBodudc K&dnCa, ,@dphliusmf)@hﬁﬁn%em&daﬁ bR pRGHEEE. b rl&d?atﬁkg%%d ds by use

or oduct . 1 ALEY st 37 BURRE SR GO0 Tbyst ol o Ratini e ke %1853 that &
| ar ge pr opé\"t‘JFQ)‘ﬁtOGfCIOT'eh?OIPHIaB@t@ﬁW]éS hyrstandard teshwiquesi d. whi ch can ‘obvi ate t he
need for .sel ect ADmke®heréif] thphieCRansgenic cell” referred to-a cell into-which a micleic
- acid sequence which is partially or eﬁtireiy heterologous, 1.e., foreign, to the cell in
25 ".which it has been inserted or introduced. A transgenic cell can also be a cell into which -
*-an nucleic acid which - is homologous. to an endogenous gene of the .cell has been
~ - inserted. In this case, however, the homologous nucleic acid is designed to be inserted ,
.~ or is inserted, into the cell's geﬁome‘in such a way as to alter the genome-of the cell into
- which it is inserted. For example, the homologous nucleic acid is inserted. at a Tocation
30 .:which differs from that of the natural gene or the insertion of the homologous nucleic:
--acid results in a knockout of a particular phenotype. The nucleic- acid inserted into the
- - cells'can include one or more transcriptional regulatory sequernices and any other nucleic
acid, such as an intron,” that may be necessary for optimal expression -of a selected
nucleic acid. _ ' : C o
35 ... In'yet another aspect of the present invention, the subject micro-organ cultures -
~.may be used to aid in the diagnosis and treatment of malignancies and diseases. For
. example, a biopsy of an organ (e.g. skin, kidney, liver, etc.) may be taken from'a patient
- 'suspected of having a hyperproliferative. or neoproliferative disorder. If .the biopsy




5 have received the nucleic acid. Additionally, nolecules encoded within

- the viral vector, e.g. a cDNA contained in the viral vect QQ,M%}?@Oéxpressed
~efficiently in cells which have taken up viral vector nucleic acid and

vi ral vec\gérs@y_gt ens can be used either in.vitro or in vivo. Defective
retroviruSed¥&Pe el | characterized for use in gene transteFIHEP03ene 10
t herapy purposes (for review see MIller; A D (1990) Blood 76:271). A
reconbi nant. retrovirus can be constructed having a nucleic acid encodi ng
a gene product of interest inserted.into the retroviral genone. _

Addi tionally, portions. of the retroviral genome can be renoved to render
t he retrovi ¢pdant sphultomtiaorordied ecth pesent Thethade plolifeitive reltbedfabd expdant _
retrovirus il 6\@onaRackReadh duth® cMidin@ MPhidiiF ik tf?eecﬂéﬁ%gowetécﬁ ct a

s, by standard techni ques.

target cell _throu 15 th e of a helper vir

Prot ocol s f%’?ﬁ;ﬁ'f%&%’@r ﬂ‘b‘f:llgeé%ﬁ% Hihypse tﬁ%f‘?"&fﬁ"?l? e dipgpopizy Mpisovsbt heig cel | s

i N Vi tro orPpatgnty| gacrevotgan saulhrevéquics ds wad dbevifroutod sireen. Grtotnxa tanBiopt ocol s i n
Mol ecul a5 BhtatBa¥uticAlsompBhndsin Mder@d iddhify t HBhd 80 iRGe

Associ at es!gf)ht %i%al Sect i({l)ns g ]lg 9.14 fg dﬁglﬁlﬁa?‘%’?am@g@%%r@%ry -
manual s. Exan‘]plﬁ BPOERR YR oF 1 Yo RFULE BomRL rllse Eeﬁgeﬂzmﬂ,d%vm and pEM
whi ch are wisusekiodhgranenti@ly trétpd e patiant.| ed in the art. “Exanpl es .of suitable
packagi ng virus A ifiefer a§RbusetdGhveRtioM perditd Y Hehds ldrUding UsE Suthi@re been
used to i ”%1%?‘4& arf YR ei(}/ of%{?enesa into npng differ egt cell “types, .
including epitherialUEErs & SHEBT RelVisl V&R &1 PORIRAR el as IMPXISt s

. hepat ocy? escompepisls geawthweulaionstactpry, phatmageuticel/ agents, sicvFurex{rsple theoredxanpl e
Eglitis, : efor thorough &9%R)of SREMOAELBRnkA 6;1&3%@:@@@81%&[]?1%‘%;%@%6 (1988)

Proc. Nall. Sci . . USA 25 85: 6460- 4. W/ son .et.a 988) Proc. .
et Acade B Gl SstiS b 1 aRiollk s BR AR viCQ 895 OB, Nt |
Acad. Sch USaluatgp: of 1dragse 1snetignbfod eadditfves (and9pdsticiflesods -apjardnt. - Abad. Sci .
ggAng 7 803%B%garﬁﬁﬂthre@Hesﬁiillaed(hlr%gﬂﬁfnﬁfé%é uNaéﬂza- thsﬁféaéalgogiv%{gfag bphssay -

: 3 : 0 , | ence X - ;ovan
Beusechéﬁe?s% %ﬁu.g% "‘?’(‘93’3@@ tg‘% oc? mﬁéts I°.'“%9§§93?@8%r%§%’58§:3%§%9 yelosgkay et al .
(1992) Hundfserblss tsgn vivapaieapy 3: 641-647; Dai- et al . (1992) Proc. Natl.
Acad. ScE USA 8%o01ki88zt iH2@9MmiredItimamtainall ik LH93nd ngmiemwnﬁlcomi@%ﬁa 4104-4115;

Riit

g0/ 07156, Reriah M Gty e Bl BBl e ol Be Fiarrd By W6l 8570

pl \ )1 024% ) ) k 5 374 5;
and PCT Apﬂmd(‘:@?‘i ba Pheyolpe Gnguding kitking} elsellain the cxpleny. Thieguy readibabyet cel |
di vi si 020 | resessdé by Vil stahéng tedhbiaMés] pre3 €SB0 BEM4RAE, ) Foi igftamtb Gheiffecaici d 35
inserted i Qo dutividoR1aR8y q:sgg)h ' he host genagne to stably introduce
nucl ei ¢ aci d%rl nt o gtgﬁe%(’:ee[afg- £F 'ggaﬁsgsts%agx‘%‘gﬂyr%é“ge@‘éﬁeﬁyﬂﬁﬁr&o%@trﬁ?l%et e _
replicati of 9ot ByApgheellcapnts, anddiffe elpgountsnThgimanhé sogemplishede
mani pul at edsisgcsaidaat dytologivalo ded/onmikioleial eeeiesquas gasledipg oglelGise 06f 1 Nt er est
- but is i naghiniAd&thchdhitf rtéEﬁniQ{xes 'eInﬁlo?BE Lahéibale? tﬂaﬁ&éﬂnﬁ_q}p%fsgéimxilllﬁgro6 Vo .

03/ 035851 PCJ/ I L /09976 3 S ,
25 antigens. The effect of various drugs on normal cells cultured in the present system may -
be. assessed. For example, drugs.that decrease proliferatiqn- of ;psoriatiq tissue can. be
. identified. S o .
In an exemplary embodiment of this method, derived for detecting apents which
stimulate proliferation of a cell in the explant, the method includes isolating a- tissue
30 explant from a’ subject, ~wherein the population of cells of the explant retains a
microarchitecture of the organ'or‘lissue‘ﬁ'om,which the explant was isol_éted_, e.g.; the
_explgnt is characterized by Aleph of at least about 1.5 mm™, and includes at least one
cell which has the ability to proliferate. The explant is cultured and contacted with a
- candidate .compound. The level of cell: proliferation in the ﬁresence of the candidate
35  compound is then measured and compared with the level of cell proliferation in the
absence of the candidate compound. A. statistically significant increase in'the level of
- cell proliferation in the presence of the candidate compound is indicative of a cell
proliferative agent. |




35 inanormal lytic viral life cycle. See for exanple Ber r | .
(1988) . Bi oTechni ques 6:616; Rosenfeld et al. (1991) Sci en@é@%ﬁ%ﬁ- 434,

and Rosenfeld et Al. (1992) Cell 68:143-155. Suitable adenoviral vectors

- derived {WogRgadenovirus strain Ad type; 5 d1324 or Ot]l}ﬁ] %5,5 gs of
adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are wel | ‘known. ose skilled
in the art. Reconbl nant adenoviruses are advantageous in that they do. not
require dividing cells to be effective gene delivery vehicles and can be
used to infect a wide variety of cell; types; including airway. epithelium
(Rosenfeld et al (1992) cited supra), ~endothelial cells (Lemarchand et al.
(1992) Proc. WNaflhe phvesedcagtilate QQSA?O@QG"MSanﬁﬂﬁﬁ)agent'lmpaed)hqmeseférh{w z and

Gelr Iar d Elqi’gﬁ) aEd’nOthnNat is. tebe@or R1be bR I %ﬁﬁ%r%ﬁ%fs allij} é%%% fSLC|2§84)
cells: C

Addi t i onal f};quférent‘ta geis u%“é’adl fz‘?{%’# 5'?5’ a4 %&v’(ﬂnﬁt’f'& TG, 8B @Bnkcai fRed

t Herei'n) i sexﬁ'ﬁﬁlc $m1bgmlemql€rwbs t hielogical otxtracss, amd remimbirehi probudts pemai ns

epi somals, tdampeduyordvoi di ng. - .potential problens that .can occur as a result
of insertional nesis_i.n s where jintraduced. DNA becones
integrated |ntowe}tq%%gc?gtmeasmg%ﬁeigmg'fem °§t%ﬂeﬁahn°w7%‘ & gBd S¥Ser . the
carryi ng c&pmeoply 1a¢lvdent6tem@m@ élsyybmafaeﬂerlﬂ@roélcglh rdphigatios. Therege (up.
to 8 kil obasesymdr@lsahdiis ip tRthelor gRARH bw,@@ﬁﬂiéﬁﬁtﬁ %f Gﬁ?dhkrﬂﬁf pet al.

cited e and Graham
r :apl i ca;5 |ugn o?e? ect f"@ggg]cfelﬁ‘é‘?/“g?%lln on%g’%? 'Efrqfé]ﬁﬂ Ve'it‘ﬂ“ u@g‘zasﬁ'ﬁ&/b‘é?éﬁ eted for

all or 9ar thas beent fateripined | usimg aradiordivgdatest (t thymechm) ror labelodumisieaide80% of t he

adenov: Iral agslogics @rdmeﬂdt@klon%ﬂnﬁﬁﬂﬁﬂﬁ&§@€ﬁc€t ed virus .(AAV) is a ]
natural ly. occu tiy r u| res another viruys, such as
an adenovi.rus o]rya %’gthepgmg@%lmm?pmw%s ﬁé‘f%‘?ﬂd{/ Gaifyige an. q?"é’f 8#1?"’“

replicati oﬁ“ﬁ'ﬁ‘ﬂa‘&mpp@ﬂ mettiodénchidesproyiding a(tissie explaends abovseeoniotinrthita et al |

Curr. Topiegslart Rvili z(:d’aﬁdldz%ldorhljmhﬂ}&hd b8&dhe ilﬁaev%yof]&ﬁé)rolﬂ&ht%nq}l% one of

the fewsvi i.ts vi.dj.n and
exhi bi t's aﬂ?éﬁ %?gltetfg@atéo 'E‘Ita Satisically ngﬁifogﬂ e f'b'rheg‘?’ﬁﬁ‘ﬁjl e Flotte
et at. (199 PIA erajwn Re@ﬁplieseﬂ@eqflthe capgidate Bpropoundysl joati36 6f arSahibiterki et al .
(1989) J. VW eablpr@ferd®@d2- 3828; -and. McLaughlin et al (1989) -J. Virol.

621963 1973) . Mo OlfiaFROL Aot phi bhii B2 0P BREBE of oL Y o4

be packag ed % can I nte exogenou ed to
about 4.5 eﬁ&f‘OﬂA&&\w\fé@%ﬂF t%é}erﬁmaas taﬁaprobﬁesﬂﬁw teents)rcamy bet yesdi doret al
(1985) 2N/bL¢xaﬁq:Ildfac&ltmlhﬁﬂgxﬁwﬁﬂﬁﬁenﬂﬁ@&nﬁﬂerﬂeb@ewﬁd to int roduce DNA i nto

cells. A vari et'ﬂqeoéro%%feﬁa?d Eéf}ﬁtglsﬁgéyglfchbﬁ%m'l %c[ B:gy &jﬁp c{e f.erent cell

types usin vectors (see roc. NatL
Acad. Sci . 8’(9@%8"1‘084’6 6166'2@3’ Gheaty %PE%cHPlh Tdficlg steny qedigof - ﬂmsbs!re@blare h Iyl .

4: 2072- 2084stividtadd sgive diset tealhair ( iBA8)thivukh Bapidc rptolfiﬂiratilvn?»ancﬁghom'ﬁreﬁt schin et
al . ( 1984ahfflrent\{étfoﬁ Lnélhagﬂc}d@ mmvgmm%ar ih& &,ﬁ&seélan #&g@f? h 0' Chem

268: 3781- 3790 i cac P ar ‘ex or system
" and ne f]od \regy Ssﬁnﬁ}, rﬂ&@d@pg?a (restmg) The epldermal stem cells. of the halr fo]llcle are - 7

- activated by dermal ‘papilla during late telogen. This is termed "buige activation”.

Moreover, such stem cells are thought to be pluripotent stem cells, giving rise not only

*:to hair and hair follicle structures, but also the' sebaceous gland and e‘pideﬁnis. Cell

proliferative agents and inhibitors of cell proliferation provide means for altering the

30 dynamics ofthe hair growth cycle to, for example, induce quiescence of prohferatlon of
- hair follicle cells, particularly stem cells of the hair follicle.

- Inhibitors of hair follicle cell proliferation can be employed as a way of reducmg

thc growth of human hair as opposed to its convention rémoval by cutting, shaving, or

- “depilation. For example, inhibitors of ‘hair follicle cells identified using the method of

35 = the present invention can be tsed in the treatment of trichosis- characterized by

- abnormally rapid or dense growth of hair, e.g.; hypertrichosis. In an illustrative

embodiment, such inhibitors can be used to manage hirsutism, a disorder ‘marked by




nucleic acid into a cell can be assessed by standard appro?zﬁs 5§ tinely
used in the art. For exanple, DNA introduced into a cell Pe“'tet ect ed
by a filter hybridization technique (e.g., Southern blotting) and RNA

pr oduced cription of introduced 22 My 2006 V\D 03/035851 t

PCT/ | LOl/‘gié)sgg"/bggél DNA can be detected, for exanple; Nég TR b ot t i ng,
RNase protection or reverse transcriptase-polynerase cha| n reaction
(RT-PCR). The gene product can be det ect ed by an appropriate assay, for
exanpl e by i nmmunol ogi cal detection of. produced protein, such as with a
“specific ant| bo or by a functional "assay to detect a functlonal activity
5 of the gefl® %hﬂt‘{'ess diselof suchaphibitery eratalso pesirieya prbéest foe egremingothoduct  of
i nt er est todtbﬁxonloﬁﬂ@ﬁletsdn to be expressed by a cell is not, readily

R A S A e BB o e e o
- gene encode€lly r@@ri—‘é"oﬁ}"éfcﬂséflts whwbwequge orogressiondintoeS phast of thedell-tyrlisfor can  be
used to evatffiedce, eff irsdiagondhduiche eyt emau%&]ﬁndaﬁdsdcﬁp%ﬁ%rsgﬁfb%ﬁieysed in.
(he art 10 b, 95058 ADGIFCRLA SATLBSLE ke R 2o
met hod” used‘“‘"’f‘%lij WrentsEpe & Phise) @ddherehypreveninga ﬂ}?cfplilh&tqeﬂﬂﬁﬁmwﬁttrgom@sul ts in

nmodi fi cat i omitatfc atabtanphe oppmgﬁhﬁneﬁrbenfdeitﬂ@&Qk&rﬁp]@ﬂﬁhxsftérh %Fﬁm fdid ession of
en.usin

t he gene py e g a
viral ex res?%ﬁgﬂtfs%‘ém%% b héeﬁlfépp%%icﬁh F;’\?nger mf)'%ll Eff'r?%n faa'é’g?’f -LBerRpiss e used
~ wi t hout. '§ ur Vgt o §’6’f"é{t'"F%5’|"f 'Br hagr b9es- &b inbybising celhenold preatessiwl thwingisttti n t he
popul at i on. thédthgits, ibs inHitier &earmyntbﬁn pifdct ﬁé:ﬁfbﬁl&l&éﬂ@ﬁbﬁﬁe@tﬂm \M’ﬁ&r mig€ne

product by Sthewi h 1 hat ell isolation is
needed. Al te na%)'l%ué y‘%rglgbtggmgle fcatljgééﬁ]r ram% ﬁﬁggcé’ ‘35% dopul at i on

of i denti caMPpHor jsamepleracatio f‘%’W‘hwéthrFQD@%@h 1f*?lléfdofctl;lf: linlilgtiorsof at e cel | s
whi ch effld‘plélnlelcyﬂmlpﬁemamthe 20 gene product. Such a . population. of

uni formgel | s cagwb&r Ak %Hi%x; tQ’Y c Cf?:ﬁ:le?iEm 0 %hed dmglec ?‘ﬁ éneci;r}%){‘gﬁnfésl ‘g‘ T;?Y?rlfglq

limting dllutlon cIonLg cul ture
into a cl o3l &¥phrueha B’FH E%Tol tEStIBW%‘taé hﬂa?f&cizn&q*mgaamyopme Ias’éd? herein,
t he phr ase maedelsdergeirigrovek late'reqefedr hatle igactafliie prEHeﬁt WdnEibn ahdﬂ% eBil C aCl d

- sequence Wéﬂ*{bd' B Qﬁﬂtﬂoakélﬁéra% Wt bohiRleY nﬁ%&%F Oe[g(?’}‘é%ts W 1ch’re[ %E:g

t he cell |n %fﬁ een |nserte 4 n (‘:] enlc ceII
can al so ‘bé Igméré;]?’ ec'luﬁtogt 17'eafr8n the iRie Rt Retween e hair fﬁ@ﬁhleﬁﬁéﬂ@l to an
endogen#us lfg’éh@dcsfromﬁ@omad)ﬂentsa(me lewral papilt) of & haik follidle;%..ame or hoKever, the

honol OQOUS oﬂ klﬁ:l St célg| ' &tér%o&es'ﬁbﬂﬁ‘ %let Hla{i)ﬁedfpsts %fé& ﬁjgxﬁt roof :':;l}ca ceﬂé‘s .8 eld nt Iont 0

- the cel I O Eted nnstE% gp\ga S5l
which it | s ASer fed (PB FF%/)I Samplfe rrﬁ'f%’&b&é" rh?clf’é‘ic(:"eﬁclﬂdthie# i nserted,
at a |-ocat iM8fropmEapguithres evemrin - the orbstrivat ofofentriee pat wir al mipang - Medib.he
i ns ert I on . Ghpdriagdy) Pk RER Hivemtitnl ﬁb&prow__des a hair follicle culture which provide the
' 25 hair follicles in a substantially telogenic phase, e.g., resting. As demonstrated below; the -
- .. -telogenic hair follicle explants can be activated in the in vitro. culture to -growing anagen
- follicles, and in a certain embodin_lent, in a synchronized manner. The early transient
.- proliferation of the epidermal stem cells.of the follicle provide a unique opportunity to
- understand the-activation .of anageni¢_phase as mediated, for example, by paracrine -
30 and/orautocrine factors produced by the various. tissues of the hair follicle organ. . . -
Moreover, the subject micro-organ cultures supply a. system_for identifjihg
S agents which modulate the activation or inactivation of the hair follicles, e.g.; to-identify-
. agents. which can eitherpromete or inhibit hair growth. In one: embodiment,. telogenic
(resting) hair follicle explants, such as described in Example XVII below; are contacted
35 'with various test agents, and the level of stimulation of the hair follicles is detected. For
example, transition of the hair follicle stem celis from telogen to anagen.can be
- monitored by observing the ‘mitotic index of the cells of the follicle; or some. other
-similar method of detecting proliferation. To illustrate, Figure 17 shows that Lhymidine




acid results in a knockout of a particul ar phenotype. The nuclelc aci d
inserted into the cells can include one or nore transcrlpﬁﬁdﬂéx (Ebulatory
sequences and anyother nucleic acid, such as an. intron'that. may be
necessar yyy mal expression of a sel.ected nucleic acid: 35 In yet
anot her as%§299§§ithe present invention, the subject mecr 3@5%%‘%Uitures

- may be used to aid in. the diagnosis and treatnment of malignancies and,

di seases. For exanple, a biopsy of an organ (e.g. skin, kidney, Iiver,
etc.) may be taken from a patient su§9ected of having a
hyperproliferative.or neoproliferative disorder. If the biopsy 22 May 2006
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t ype- speci 4 (g é@ﬂqtﬁqea?,SS I —200) The control of cell multiplication will therefore be the
.- ‘consequence-of signals affecting these processes. These signals may be: either positive or
negative, and the acquisition of tumorigencity results from genetlc changes that affect
25 - these control points. - R : o
-"As described -in Example- IX and’ illustrated in. Figure 112, skm micro-organ
a 'cultures‘of the present invention have been.used for identifying cell proliferative agents
~and inhibitors -of cell proliferation. As described in Example IX; TGF- §: - ‘was tested
~.and found to act as an inhibitor of cell proliferation.. Activin, a-protein which-is a
30 member of the TGF-B = superfamily, has also been shown to inhibit ‘proliferation of
- epidermal cells. These results indicate there may be other members of the TGF-p faniily
‘that play a role in inhibition of proliferation of epithelial cells. The data- suggests a‘role
.- for proteins in the TGF-B family as significant regulators of ep:dermai homcostasns and
in mhlbmng epithelial tumor formation and growth in vivo. : '
35 .- Another aspect of the present invention pe-rtams-to a ‘method. for identifying a -
“cell differentiating agent, ie., a compound which causés cell differentiation. This
method includes isclating a-population of cells from a subject wheréin the population of
cells having a microarchitecture of an organ or tissue from which the cells are isolated, a




25 antigens. The effect of various drugs on normal cells cultured in the
present systemmay be assessed. For exanple, drugs that ddeMeaE006
proliferation of psoriatic tissue can be identified. In an exenplary

enbodi mentvoads/obiisg et hod, derived for det ectl ng agents stinulate
proliferation of a cell in the explant, thé. nethod incl 3’3’8&’%’6‘! 03t ng. a

tissue 30 explant froma' subject, V\/nerel n-the popul ation of cells of the
explant retains a mcroarchitecture of the organ or tissue from which the
explant was isolated, e.g.;: the explsant is charact erized by Al eph of at
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prol i fer at icomparEhi wiumeich oo iSRG, BellSaHe SXBL AL gas, above,

contacting p at'e conp Fthe | evel
of cell pr OCFH]%% gy ?‘osrtlazint caW%élg’i‘g B%‘é?f’é% ingthe tlel‘{éI fzslidifirentiginmpiouhe. A
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ool P8l gk Bt eyt oS0 EBEER O anc
anti-proli ]agd infecied \epglépﬁcg)wrg%m abé;enpg:edx,rus&sgre g., herpes srmplex virus 1, herpes
simplex virus 2; varicetla-zoster vu'us or human papilloma viruses, e.g., any of human
papilloma viruses I 58 eg, HPV 6 or HPV- 8 Sum]arly, hepatic models can be
prowded for hepatms 1nfecuon e.g., an explant mfected with hepatitis viruses, e.g.,
25 hepatms A v;rus, hepatms B vlrus or hepatitis C virus. The vnraily—mfected tissue -
. explants can be used to ldenufy mhlbltors of viral mfectmty by method of the present
invention. ‘As above the particular mxcro-organ culture is provided, and contacted
_ (opt:onally) with a virus which infects the cells to produce a population of virus-infected
: cells. The virus-infected ce]ls can then be contacted with a candidate compound and the
30. level of mfcctrvuty of the virus in the presence of the candldate compound measured
The measured fevel of viral mfectmty in the presence of the cand:date compound is
then compared to the level of viral mfectmty in the absence of the candidate compound.
A stattstlcally sngmﬁcant decrease m the level of mfectwnty of the virus in the presence
of the candldate compound is 1nd1cat1ve of an mhlbltor of viral mfectmty .
35 Methods of measurmg viral mfecuvnty are known in the art and vary depeodmg
on the type of vnrus used. For example one method which can be used to measure the
‘level of viral mfecuwty is by measunng the level of production in the infected cells of
the micro- organ culture orin the micro-organ culture medium of gene products spec:f ic




20 exanple to control hair growh. depending on the desired effect. The
growth of hard keratin fibers such as wool and hair is dep@hddat2096 the
. prol |ferat|on of dermal sheath cells. Hair follicle stemcells of the
sheath arg active, and give rise. to hair fibers thrOﬁgh ra_}a
prol i ferat ] on ané1 conplex differentiation. The hair cycl ECHALRYRS ¢ hree
di stinct phases: anagen (grow ng), catagen 25 (regressing), and tel ogen
(resting). The epidermal stemcells of the hair follicle are activated by
dermal papilla during late telogen. This is terned "bul ge activation”
Mor eover, such stemcells are thought To be pluripotent stemcells, g| Vi ng
ri se not onifer the particalar vimsdbehngitestedoF¢rieghmaple tio nebmuresthe lelyeltofalnﬁmutrtye)fsebaceous

- gland and epigaf :{T‘hﬁ}s & Hepatis® {ih@r @tdellﬁnaagﬁ@rtoso@éﬁq:ultmy R %:t(ﬂfs & mCel |
prollferatlondcrtow ghP‘??g lélgr aIt rlnlgl %? ‘¥/ mc,sd’ air growh
cycle. to, SRS NP B ghu Fls B bt h PR I IR-05gn ‘l‘l&l"F follicle
cells, part Ff@éllualr tap bt inowloedd) waantlbtehehaagmmftod sélesteal. vilralhprbtetnoaxsl te hair
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of hair, n,a ive, e
I nhi bi tors grglﬁe%éfgg gisﬁo%ﬁtg etﬁ?‘?%ﬁfi liﬁeég Hlesrﬁelnd %ﬁ“ﬁ?’ §2 May
2006 WD 103/ a5 86 imaiified] Efemm@tmorabrﬁrog reefiallyaidilites standdgd esugfices antigen
i nhi bi tor s’ (GuiBiattem).PA QwkisieaBy BloAFRSH df:&éasé‘)ﬁl ﬂtadalcagnﬁlﬁt%‘on sltUE Btttgns

ised to propepe Bl Ra cBlprd Ml s e sp R et RAFER o equi 1 o
progr essi onml”(l’tt@f@ preyevipss infpddivits] | - cycle for 5 efficacy, e.g.
radi ati on-i nduced adaiﬁtmro riﬁéa%ﬁﬁﬁ’geﬁl}elé/\bft thBﬁngla th@hﬂmbbio@aﬁ cht&E"nQ‘;@ﬁmpr otection
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follicle cefd @rqqaohoﬁeeqt@oqnﬁ@uamt trycP ta:aslrfrcemeofdhe Ppigy feliomed br e |
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during suchMapysb ol Sgring HébehFrﬁll!ﬂ“tt@fb’s ?frdeﬁt rfe}#tQ b 18114t1865). HRglative ol | i cl e
cel I s from gieatitatiothias be adhgived bpadigitomets aﬁesdrt'tmécmmcaetraﬂ@tdomu@fofcel I
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al so be rerrg icle
cell prolif F&"’t"idt?ﬁte cqmpquadssted Is qnyiniybits pf hepatitisvirps infgHYRGt er i zi ng the

mol ecul ar “mecharis smshet axtmr;llgutlirggagl;lpdvlr ar@re(a%l‘btdhoprbﬂmlts oaetmaldsesas gho test:
potenti al Wﬁlxﬂan%ln%ﬁddeﬁtge&sr"ﬂﬁs (HARR, ORI Emb Rl Lgrgg the above-descnbed‘ |
: 25 and other standard techmques known in the art. For example  pol protem express:on in
Veells of micro—organ cultureés infected with HIV can be measured by mcubatmg cell
" -extracts ‘with anti pol antrbodres or pooled AIDS patrents sera and rmmunoreactwe
"""protexns analyzed on SDS/polyacrylamrde gels To measure mfectlvnty of herpes virus,
“eg. epstemlbarr viris (EBV) in the micio- organ cultures of the present invention, EBV
30 DNA and EBV -mdueed nuclear antrgen productron can be analyzed usmg the methods
descnbed herein. :
- ' " The mrcro-organ cultures of the present mventlon can also be used to
' promote wound healing”in a subject. Thus, the present invention further pertains toa
method for promoting wound healmg ina rec:plent subject “This method includes
35 rsolatmg, from a donor subject a populatron of cells havmg a surface area to volume
“index is at least approximately 1.5 mm ™' Typlcally, the populatlon of cells 18 placed in
" “cultire for at least about twenty-four hours. The population of cells can then be applied
"to a wound of the recipient subject In one embodiment, the wound or lesron 15




nodels for hair gromh are required- In one aspect of the present
invention,' the subject method is used to. generate hair P8MaIW6
~mcro-organ explants which retain the mcroarchitecture of the follicle,
e.g., th |nteract|on bet ween the hair folllcle epithelial 20 layer. and
stronal %:8 Is (the dermal papilla) of” the hair folliRCBLO&Ts. one or
nmore of the stemcells, outer root sheath cells, matrix cells, and inner
root sheath cells. As denonstrated in the*appended exanpl es, hai r growt h
can be observed in these mcro-orgay cultures even in the absence of
serum e.qg. ‘amniml nmedia. Inportantly, the present invention also
provi des a ﬂ‘é‘?’ rhe*’fhﬂg [OF Elranig 1-8-u3 wouad aspeciptedvivite dishees2be.fiad buthpt.ki et es in a
subst ant i al wlyert A degenitatedh@BeampesQK andDESKiTN@icrd Sr gg.egmmgs Leged bel ow, the

el ogeni ¢ gtdend Albbiich oA A3 35 GAoRSHAGL Aol LhS LA VLG, oul ture

to grow ng , .and

synchroni ze@nﬁgﬁﬁ andrqzs formy Yjable implanteepablpeigrowioe hair Gixanpletie epi der mal
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activation Qf,,aqh tine 30
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e ther- 0 alr
(Irestl ng ﬁnﬂtl?wea(?lyfjftﬁ‘ft’é’né&ﬁ‘fglﬁﬁf Pf%‘lk’&?fl ‘aéhed‘@%fﬁ bed i'n Exanpl e XVI 11 bel ow,

are cont act ed 3Suméntly, peteitdlseyt emtl. ke MikigatioAnst inagy |cﬂéfﬁi|ca]9f heukdnaidl ati on of
the hair fQ:'léajnﬁé ‘lfaﬁ)dhéls %Elﬁ@lfcg élhrF sOEndaﬁi%éWHJ:t?nal& a% altuéit%? l@éh hal r

follicle stem t ’PﬂT 41 obserw ng
the nmtotié P gease t(‘S’fa“f S gpyraangiubjeeis IﬁQ}YqVP’éIaé is - gppregiaied byt mest in dieni | ar

~nmethod of - dedustet iswgh ppohitice r@trioomet Woh bvdruhémateepublit goppert 17heshevm t hat
thym di e Z&tMYpr&Q% a\QQIQg{agv?bsgs@Jy G}ﬂ %Zéll[x(QQ‘?(Zuﬁre sgxcrlflicgco?r e?nlrjlgn{;iglon can be

used to neasur '"%P e regﬁ]tcl ve. level stemce expl ant

in the abséhes fé‘dcﬂlsotﬂﬁ‘é‘" &tadﬁﬁwhﬁef“(eﬁemqt nI“taﬁé“‘#Sngfwee) Wi th
i ncreased. Gﬂ’b?dime!#tashlromlqrmdigelamlmaesmfe derived sccagiing to Wiy pre@niiabéntigh. oM h

Promoting bt kil explinisiBe EGVRIRiti%P RageNARRTL & JLALR BLABREXP! an! S |

are provi d |tr(13 g %‘g such as t e activate ar expl ants’
descri bed et eap Rl gxéﬁfeé[sat BPegimqafier f"&c?’@PSUﬁ i Wut Rrefredx pl ant s
(e.g_, RG-smpedimentemn MTTaswy dyenitan tahiedition oif hitétrapslthink figr ot fusgtionslf the hair

-follicle aﬁ@moﬁ&hd)&.us@dﬁscor&?dr%fabi‘l’gﬁ‘y to the untreated antigen explants,

coul d be consi-fdere sé as tel ogeni c ‘agents t hat prevent hai r
growth. In st I-ﬁ’% ?ﬁ) Organn%J fa“" ‘llﬂg Prese ??thcgﬁ“g’ Ll agg'PP“aHV@F urdrtat i on'
i dentifi ed‘%?“ft’ Fastors mvelus] isgrormanl Sameastisis b tissp anleells, Stuiintiie biftctghowt h of

neopl ast i cthemotiyid db@b@siis ©€ Gbshis an@-cBlls of changes in the environment of the cells
25 including changes in nutrients and the presence of potentially toxic agents, study the
pathway of changes in the tissues and cells that are triggered at the beginning and during
pathogenesis or trauma; ; identify repair mechanisms that reverse the adverse effects in an
altered environment associated with pathogenesis or trauma; study developmental
- regulation of cells that differentiate during the normal homeostasis of the tissue and
30 ... developmental regulation of specialized structures (e.g., hair'follicie—s) within the tissue;
-and for organ supplementation where pieces of .an individual's organ. remain but -are
- ..insufficient for replacing or regenerating damaged tissue .such.as. occurs.in patiénts
which chronic skin -uleers, which have healing - deficiencies caused by -inappropriate

.. blood supply, or where the local skin is unable to heal such as in the condmons known
35 astypelortypell dlabetes ‘ -




tumor formation and growh. A preferred enbodi nent of the i ﬁagtkg
directed to inhibition of epithelial tunmor formation and

detailed description' of skin epithelial tunor formation, see United
St at es PaygighoApe 1 cation- Serial Nunber - 08/385, 185, fil (Bg}r'%g‘ﬁé"ld
1995. Tunor formation arises as:a consequences of 15 alter the
control of cell proliferation and disorders in the interactions between
cells and their surroundings that result in invasion and netastasis. A
breakdown in the relationship betweeniincrease in cell nunber resulting
froncel |l division and w thdrawal ;Fro the cell cycle due to
differentiation or cell deathwgggﬁ gturbances in-the control of cel
proliferation. In normal tissues, ‘honeostasis i's maintained by ensuring

tﬂat as 20 each.THetigvent&l :llovfibéﬁhgd@ﬁe@llb} Jes@RA Gt wtlhs‘e &M& r@aaughﬁc@fs‘éooﬁem ”? in
the stem ce Lt to a pathway o
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t hese procemgaded td Has@hsSingamos. May . be ei.ther paositive or --:negative, and

t he ach|S|t|on ggg | results, from etic han es that affect
25 - :these conthsrﬁ(c)f(; g né gﬂlﬂé esc |"b°eu(§]"fgna(%§ ? ﬂ S8t rated in
Figure 12, %‘%W’ﬁ’iﬂﬁ"b’éﬁ”@h#“ igolgted And grayn forwep tpr%gmxnpwmwwnvmame beenused
for identi fwitigtheaktdpepf dielni\&m&inlwﬁmalr@eﬁxeﬂllﬁlres%eﬁodsiahhﬁhb@oﬁd of agg! |

" prolifegation. d found to
- act as an Lt?hl bi tor%wég? %ﬁ%ﬁé?nﬁgt&f he Inveﬂg?qv\qam 5“‘:;5? 8’Eg@‘? ‘H‘?W‘i’ﬁch is a
30 nmenber ofo% geviterange efiwmplinT heyrangraef aarrg@s isyisetelystxemplifiad tun b it
prolifer atlimmtedftot}epmdﬂwrﬁbwaai tefow.These resul ts.indicate there my be

orol ferati .efés of S?S?%‘ﬁgﬁ (56 Brptca’ S Z‘*‘%ﬁ‘“":gés"[ lrisVE® BeRRA o i ns
in the TG R glgo §i°§hP'f8P38§aWF]“F1@§l}h%1tW fan apneressmiiverh bideast asi s and
in inhibit. |dugdempmt; remplhagus tanidndladfie@r Shdiladi - Rftto-GfiMeiirds ¥ eﬁaheh’éSﬁe‘}ﬂot her

f f f
2: IpFCI:II 19f eﬁﬁ%@ﬁlﬁﬁd&hc}%%&ﬂg' &Ebspﬁés&é‘maga% V\ﬂ ﬁnveg utgs&%g érb?cﬁlq}oln ' N9 2

di f f er ent i 405 GAPP2EHT R ﬂ%@ﬁﬁ@e@%vﬂmaﬂajm @tl?fﬁ@red usispitheanitnds of theel |'s from
a subj ect whentom Infieedpapis| aithio *ho keope alfl the Navantigh @ Moldid® A MatRGh Ur € of an
organ or tiSsMCorkO Mt Chl 4 By | r | at 2 May
037035851, . BGTEID 01/ 005(7:1%&;""52}133y S P ol ‘\%’q‘f“e’%‘l’z‘r"mﬁ G (Y
about 105r'r'r’?i”héfh‘& PR udes ‘at | east one cell which has theé ability to
differentiate. Theabwtnstvathatandiiey) thel sabject idrocarbinididtufenechiniqub 8astieen about

twenty- f OUusBOWE SprRllC BLBCLETY W) Bl@Rf! it gye! o
cel l dlfferehnli tloncl the’%e ence o"j’f(C H‘? ?e %ﬁﬁgq%on&gﬁlﬁv d%s the
ithelial/stromal architecture, -such:as certain’ lymphmd tlssue € g thymus and‘spleen

explants : e
25

measur ed arf

‘ o Example X oo o0
Preparation of Micro-Organ C. ultures of Epiderinis -

‘Fresh skin was obtained after sutgery, cleaned from underlying fat tissug‘and-cut
30 .~ into 0.4 x 5 ¢m flaps, which are then transversely sectioned; using_“iﬁai‘ﬁ"ssﬁe' ¢hopper or
vother suitable cutting means into 300pm sections -under sterile conditions: so that: the
* final tissue segments had dimensions of 4 ‘mmi in width and 0.3 mim in thxékﬁéss (see
" ~Figure 1). These micrograns were placed in a- 24-well tnicroplate in’ 400k of DMEM in
: vthe absence of serum -under 5% CQat*37°C, under constant shaking at:12- rpm for
35 . periods of one to eight days. Twenty micro-explants were grown perwell. = - . -




5 conpared wth the level of cell differentiation. in the %ﬁﬁﬂ S‘Eﬂ the
candi date -conpound. A statistically significant increase i b

- cell differentiation in the presence of the candidate conpound is

i ndi cati Il differentiating agent, D'fferentlatl se

herei n, Wﬁ?gégﬁ?gpcells whi ch have acqui red nor phol ogi es & %mpﬁnctions
different fromand/or in addition to. those that the cells orlglnally
possessed. to Typically, these norphol ogi es and functions are.
characteristic of mature cells. The -differentiation of populations of
cells of the present invention can be nonitored by nmeasuring production
and/ or secretion of specialized celExampédiicts. |In sinmilar fashion, the

present i NVeMfeRRredleRPOLBIr¥bRYSratitn af WBist Guih & P; P% ‘?'HutnYzh idehad NHi bi tor

of cell differentiation. Follo %_éﬂe sgqF rot as above, the | evel of
15 cel |l differentiation in them%g e8! G¥ 4R candi date conpound i s
nmeasured and conpared with the level of cell differentiation in the absence

of the candi dat Qdmﬁﬁ&@ﬂ#ﬂhﬂureﬁw&%%épﬁkﬂ%@éol‘d{ngsbm m%d gRGESARR ofN the

| evel of ce| ffe entia i date conpound is
nat cant ve b ol VIR bPRhalvRine e B0l BFBRA e f o lovavieer
enbodi nent Sl*tlm*dsaymeemg skin| waig erewp dorrtive detseand dneamskimprowh forfovidays 20
nodel's for- mamjmmrmaawaesme&wmem&nhﬁm athxctehé&{ratmn o‘fqm%tﬁk@SUG can

be isol ated ursapoqilo!wgci ﬁy%)ﬁ:tgon oft tpe cellll %"/;’gr use@gﬁz\y e. 8&?‘] t?;’i.f.‘\ﬂ”i[%ieo%’p@rles Vi

her pes si np rus; or
~ human papi’ IW@‘ﬁémVWeﬂ m\gylggoaba:g—BrdH@tx d!ﬁﬁdﬁﬂnwedﬁamnltﬂg@maﬂ(/ﬁrlab?é@ 1G58, e.g.

HPV-6 or HPNisBlogBhlrbmFdiyas ‘be@ahbéadm%mﬁa@f%on B SXicstaidERyaeigpat i ti s
i nfectiaon, St $hto 3&9%?8&9% sﬁame@wn% Zhy\f\%x epatl tis viruses, e.g., 25

hepatitis A Virus atitis Cvirus. The
virally-infected ‘t’45§§‘ﬂ’é thag shs|fragtion Qfaﬂlsb@th@wgtwlﬁ drevitrp pfferitwhitbfouor s of

viral i nfecddyyintepiniy ineedakeadipaé 14 Rad &fzﬁﬁaﬂﬁtwﬂﬂ ﬂﬂh’ 4hidsWBserAT :ﬁb@)&eafteﬁ he
DL Suher ek 0403 TAUA Wil 3Bl oot Bl EORATHER QD1 P2l 1Y)

wth a virus
Vi rus- i nf-ectd¥sin geiuredsee Figurss 3, l}saﬁ%ﬂédpédE‘@@I 4t§l>td¢fstlhe=ﬁlt¥re, torreBet ed wit h

a- candi dat emamﬂameuhrxd semly bR 30 ploti¥edtionl arndn ffekdnition & thdieh¥i fiddse i N the
presence of Eﬁﬁk gggewﬁeﬁgggﬂg%ggzsured The neasured | evel of viral

‘infectivity In t & presence o e candi date conmpound is then conpared to
the level of viral infectivity in the absence of the candi date conpound. A
statistexal ly significant decreaseEksmpihgr! evel of . infectivity of .the virus

o Presence | FrolfRubRORCIRLE MGG bl Flo S0l 2D N BiLor of

viral infectivity measurfng vira |ty are known i-n
the artand vary depending on the type of virus used. For -exanpl e, one
met hod whi'ch cafulpes pigevictoeorgapa sugrecpréfaesd dséwd?,bcamﬁle Viwableithiblaessskit y is by

measuring tsh‘?pslﬁﬂrﬁlm @fdﬁp&gﬂgg&i‘oﬂ ! uilj&eéxﬁ’éﬁﬂs 5’%!19% Gk i ludnﬁé"&c@g cro-organ

cul ture_or o) n ene pro ucts speci fic 22
May 200@ \/\ﬁfg@b’og%)8§§6 F;(9$7' g@b ]_IP gng 3000um th:ckness ‘These Fs*?hces were pl arge d”

individually into wells containing serum free medium for two days. BrdU was added for
four hours before termination at a final concentration of IOOpM. The explants were then -
fixed in 4% formaldehyde and stained with goat antibodies to BrdU followed by an -
anti-goat IgG FITC labeled sccondary antibody preparation. The results of this
30 - experiment are illustrated in Figure 6. The amount of BrdU incorporation as a function

 of the number of cells/umt tissue is-significantly reduced as the. t}uckness of the explants'
) mcreases '

35




42 for the particular virus being tested. For exanple, to sur e |level

of infectivity of hepatitis virus, e.g., hepatitis B vi rugﬁ%ygg(#%]s in a

m cro-organ culture, hepatitis protein production and hepatitis DNA can be

quant i t ak@glesdsasgeneral , mcro-organ cul tupe nediumcan Perifiqlpaked wth

ant i bodi es agai nst a selected viral protein and the 5 i nmunoreactive

proteins analyzed by a variety of nethods known in the art, e.g., on

SDS- pol yacryl am de gels, ELISA. For exanple, 'to neasure production of

hepatitis B surface antigen, mcro-aggan culture medi um from m cro-organs

previ ously incubated wth hepatitis B virnscan be sanpled at daily

interval s and assayed for the sur'f'a%‘@mﬂffr(f/i-gen. by' an ELI SA (Abbott) nethod

as descri bed byrépaertivanfiPaetrentieMiciohOgamEultots 2kd darasdrememayCeied for

quantitation using serially diluteg,skaafgafd surface antigen (Cal Bi ochen).

A statistically significant decrease I'n the accumul ati on of hepatitis B

surface antigen in the culture nmediumindi cates that the candi date conpound

tested i § an- i rhiigapdy pafcrdae petsi iemeved andsthiem feec ity istations f800kmiian t o

measur i ng. | @iRhes, &f mdBs At Bnd BBmTh GERR Q6 i % ipewl v

synt hesi zed_hepatitis @ Vi rus D@Eﬁ%ﬁnﬁb%l &eﬁﬂc?gt% tgrg‘%rﬁ“?wgr glrﬁﬁlcdrqo- or gan

cul ture can % 3d%etilethe PARFTERT ARICTARBTULFIUES, WBbmAHHNTd | Thstpisre-rplaphe DA,

fol | owed bywsre g8uvn lire cwitund: der several siime pesibdeg frbmbsloetd . gighteer- dpai Bevehn t he HBV
pre- S (HBsAgicRP6:88Hs Mitte plh@@ i Bac QRS 50, ?’v‘g‘ épﬂ;ﬁ). t a]
(1989) g(pl eicl:"gl ca]go/ gooni g.?;cf A Lacgc?rfgﬁgﬁé_d(l\iﬁﬁgﬁ 9531(30 I [ Spri '(r?lljée Ha%Ebl\gr

- Labor at 8t y; "R &Yz 3 df L ugdenfonsiqny shakinggt {2 ypm.d at‘i“‘iﬁeadﬂﬁfi"%{fﬁﬁf’?‘ﬁati on can

be achi evedbdfye ganiticor a fipalznukepwation ofid by ard dhendxiplanastwean thew fixddiing  of

cor r espondi 49 fdy@adehy dRREHE A hQN Wit gdaf HRIbedies to'EH‘l‘J_*olthb@%ﬁ%gat—}ﬁl’L@l DNA

hibitor of hepatitis

indicate that . .the candi dat ynpound tested 1s an 1 nhi
virus inf eg?tl’e\lﬁdtlﬁ.& Fﬁ“’gﬁg?‘ﬁ@ %ELQ%F}@‘ c?elrfe‘“g‘g@?arﬁéqa?g%‘@déﬂ\?mm’%ﬁ“éi n
product s of Wereadtiyely predi€sating. g.,  human i nmunodefi ciency virus. (H V), can
al so bejgyreasured using the above-described . 25 and ot her standard _
techni ques known in the art. For e%“"‘iﬂ?’ pol protein expression in cells
of mcro-organ cultures infected w el can be ‘measured -by ‘i ncubati ng
cell extracts with afepargtion efPirsomtiediar-Qygot €EdtkeDBidat i ent s sera and
i mmunor eacti ve  pr oMishSer@dh@ by BRMIP SecRiASh Bb VR MIGiE) S TO measure |
infectivity of herpes virus, e.g. epstein/barr virus (EBV), in the
m cro-organ cultures of the present invention, EBV 30 DNA and EBV -induced
nucl ear 2tant i genAgilb it PRrsFEag dnickveorgaraleyltuess were ngrepdnal etimabls predivesr i bed
Per ein. TP&xm;ﬁémeﬁl@amaﬁdiédswﬁ&e eémdv_tb@-cﬁiﬁﬁ?ﬁss&@y@ﬂi,ﬁ@?qﬁﬁae tﬁé;ﬁl? ]139 ;Jf] ed

0 prono ng in.a: ect  Thus A sent_ i nvention further
pertains tg)f\g%mrrg?lﬂ%g&* %‘g) sﬁ?tborlr%? ﬁ% c&l‘ﬁ“ﬂ%ﬁl‘“‘lmﬁ@gfﬁng" T ITEHBAS ubj ect -
Thi s met hoduites were graym fos 4 alaysig, serump fresamednor Evarpjtwe daysathoopedivén i on of
cel I s havi ngs sensived agkfrah aRdiuth addbd Mllected media was assayed for-insulin content

' 25  using standard radioimmunoassay methods. - : o SR '

, .- - Example VI - .. . .
. Transplantation of Pig Pancreatic Micro-Organs into a Xebogeneic Subject- '

3¢~ - Adult pig pancreas micro-organ cultures -were prepared  as in .the. prévidus_
- examples for skin. Pancreases were removed, cut with.scissors to.an a’pprox-ima'te depth
of 2 mm and sticed into sections 300m thick having a width of 4 mm. The micro-organ
- cultures were then grown for different time periods of 0 to 5 days in serum-free medium,
and after culturing, the pancreatic micro-organs were removed from the culture and
35 . trarisplaﬂted into both the visceral and parietal mesoderm of rat hosts. The fnicro-orgéns. :
survived for at least one month in vivo and became well vascularized. Aﬁer three,'ﬁve, .

seven and fourteen days in vivo, extensive cell proliferation could be detected.




index is at |east approximately 1.5 mm~. Typically, the pcq%ﬂ b&%nof
cells is placed in culture for at |east about twenty-four

popul ation of cells can then be applied to a wound of the recipient

subj ect. %g %fs nmbodi ment, the wound or.lesion, is 22 May 2006 W0031035851
PCT/ 1 L01/'00876 8% sl ow heal i ng or chroni ¢, e.g., a wound HILBEP®FEG. with
di abetes , e.g., a bum e.g., an wulcer. As denonstrated in Exanples X and
Xl, skin mcro-organ cultures of the present invention can be used as
mcro-explants to be applied, to chropic wounds (Exarrpl e X) and can forma
vi abl e '”plﬂ,[t capabl e of growing hair (Exanple)(l). , In still another
enbodi ment Oﬁ‘e"'%’uﬁ?sété‘{e in§ P Slagingavaseobpirendt i vivacafise cﬁwrd@den, andithirtassay to
test for cytaspastawisplanmtidor. irritation. In an exenplary enbodi ment; the
.subj ect nethod provides a technique for in vitro testing. of ocular and
dermal irritants. The process, nuch |ike above, involves ‘the topical

-~ application of liquid, solid granuﬁa?mR!'FVngl -like materials (e.g.

cos metics) toPJtepn&ati@mﬂ-tmgaﬂney, M&wn&;;fsaﬁhagrbemwmm;mb hok on, to

ot L o QBUPS B MAbut Do ST LAERAREON G the el By aﬁttl g Syrrently.

- pot ential eye and. skin irritati‘on of ouse?f cl eani ng
- products, cosnetics, ‘paints and other materi aI s are, evaI uat ed t'hr ough
di rect appl i catGuireatpig mitiovarigan auitutesifrem sSuehy egithelial tisl@yfainind Srafs

appr eci at edw@rﬁ uf)é?ﬁ'@d hdin pRSioud Bgfﬁﬁfeg Por sidn! ﬂf%ﬁg Weﬁquﬂgéedaaﬁg with §ei Bk W

over whel m E‘g i c support. tpr esent rovides an, at ter nat| ve
. assay V\H?ch &tinap ap Eﬁ'ﬂ‘eewglﬁb? Jppglepgth oF p paiRctd Slli?ﬁﬁl iptorsections ah- ani mal
and al so prmmegnqkaﬂaxel micaruitigse otieviacibatedefor thride,afout labdi Sy @Ejrsvﬁl

enbodi ment , seplfi- Heﬂn@tﬁ:gmofga{)? Rotd BHEGS (AN B akll 6%@9 )ﬁ:}%ﬁl?nrerql hym1 éhe present

i nventi on. The c(r %B:e | ants are contact such as
a cosmet i c. VFr &t 19 ftheneu “’?ﬁ teﬁle[am%:eﬁ“l texiggtion; the 'P%“ea!é’é%%%‘b rEiltsedsome tinme
after the escp@elmnees ahd ceunpedeh erscietillaBon esdnedi Tienksul@ bl MisTe:pesay hased on

the redygti mnstﬁfedan 3 Feag o4 %%QYI?FLQNIJS’UBHJSS%Q@#XM L4 Q&Rﬁ%}‘?@lf%u s used to

score for vjahi cro-or the pres appli cati on
can additi o‘ﬁ@blf %%ue& g n%‘ys?sd‘@i‘? ‘F‘E}’bey Brthysidingd in. nor mal

honeost asi s, of tlssues and cells, study the effect on the normnal
homeostatis of -tissues and ceIIs Q&m% @mqgs in the envi ronment of the cells
25 i ncl udi ng change ence_of potentially toxic

nui r| re
agents, study the ?zﬂ’ ‘"6f’ Rgilgeﬁ'ﬁ%{iz’é"éfggglfé’guﬁﬁd cells that are

tri ggeré‘H at .t he begi nning and durl ng pathogenesis or trauna; identify
repair mechski aito- &:lgad cul@me mee ﬁrélﬁrea%%mﬁg teféx%})e 1iafq; ﬁﬁuba?cldtfgllr

Fegul at 1 on 57 B EhFuahd bk BRl SR iaion of Pk b1 NOFSOST RS o of ¢ he
tissue and 30 formededvdpnind: alainedguitht gom -oiti-BpBLi aitbedies sbliewdurtys (e. g.
hair folli Caln&x‘g))atmrr(bl!d&ek@%ﬁ Iifi&tRair follicles that were present in vivo.in their normal
25 - surroundings could be maintained under precisely controlled culture conditions, without -
- the need of adding serum or any other exogenous factor.. Hair follicle cells in-thése
micro-organs were found to proliferate vigorously for several days under the conditions
of the present method as indicated by the. large number of hair follicles cells that
. incorporated BrdU (Figures 10A-10C). The:size distribution of hair shafts at time zero
30 of a micro-organ guinea pig culture and after two -weeks is shownin Figuré 11. The |
medium was exchanged every two days. Hair shaft sizehas been arbitrarily classified as
smalll, medium and large. Afier nine days in culture, there was a clear shift in size
distribution so that the -percentage of small hairs decreased from 64% to 28%, while
large shafts which were not present at the beginning of the culture represented 30% of
35 the shaft population. '




and for organ supplenmentati on where pieces of an individual,, ﬁﬂ %ﬁ% remain
but are insufficient for replacing or regenerating danage& such as
occurs in patients mhich chronic skin ulcers, which have heallng
defi ci encwessmssssed by 'inappropriate bl-ood supply, or Whek % cal
skin is unable to heal such as in the conditions known 35 as ype or type
|1 diabetes. 22 May 2006 WO 03/035851 PCT/11:01/00976 44 Exenplification

The invention now being generallydescribed, it will be nore readily
understood by reference to the foll oy ng exanpl es which are included
nmerely for purposes of 5 illustration of certain aspectsand enbodi ments of

the present invention, and are not EXp#pledded to Iimt the invention.-
M cr o- or gan é’cﬁpﬂmle'stvfmwmj&nflm:smgm&Eﬂ}dngfaduhdzdhumpoﬁm vy CORUSE;

guinea pig and rat skin have beenp}ojygrgltngp and. grown for up to 21 days
‘in culture; However, it is wthin the scope of the invention to maintain

“cultures periods of time beyond 21 days. 10 Furthernore, it is within
the, . scope BF euhiures wesnprepered gmfl onaintained o afefard aietiin a5 suﬁxfa@@@mw de range

of ani mal s. condifiisang edatatd ey, | Exdn?ple ner @OXtr&X%%k!e; ! Glgre §zse net | limted
exa es,; -

to the sa descri.b
i cro- or ggﬁh@ﬁlfl?g g’é:ls'en\ll\gp &5 c% geﬁ'afn&fhatft %m‘%rRTOFSaaer‘t‘éFs‘stm@mﬁ@P@ans
i'ncl udi ng t%ﬂﬁmﬁawﬂaféﬂ@!ﬁé%umngweww ki dney, .15 duodenum esophagus

-and bl adder. -Si'm.larly, mcro-organ cultures of -epithelia from manmalian
ue .and various gut derived tissues in. - -addition

cornea, qKi S
to the eso ﬁafgalﬂésa Sguﬁﬁes é)g llaﬂtng‘érf’icﬁ WEheredfsied Wiy TaFdy se- %?%br&ad
usi.ngt he nﬂf’ﬁﬁ'&%‘v%fmﬂw of rihee ntmber- oft Betike dabelad l:fsklsMR]iHimnwisl”lﬁelﬁﬁﬁB@ of the

i nvent i on. taccokdify @ Bramiie MNGeateAihan 9@%%%19&95’(1)1@4' e%ﬁ ars%gl 5 nSIS_'hte ‘Q’h' ch
y. The above

contains ap, I tromal
not wi t hst ancfﬁjg%&&?ﬁg%fjﬁ paFﬁdé’Y'g‘ CSPS‘QFI%%H“F u?')e technl que has ‘been used
to preserve tissue expl ants in long-termculture fromtissue not having

epi t helisal /'stromal archltecture e g.sXcertal n | ynphoid tissue, e.qg:
aration of M cro-Organ

t hynus and spl ee

Cul tures of Epi erﬂ%}»go Wméyaf’%ﬁfg}ég&.’ff%'ﬁ@g”ﬂ“ﬁ&’g'§(‘!Pd€€“js cl eaned from
underly| ng fat tissue and cut 30 into 0.4 x 5 cmflaps, which are then

t ransver selAyessdiag ko thisdmetiSd, N0smalParkd §§h’<§iﬁﬁn%ﬂﬁ'ﬁlv9& skin graft is removed-

from the patient and full thickness micro explants-of 4 mm in width' and 0.3 mm thick
20 | are prepared as described in Example 1. The preparation however differs from Example
- Lin that the sectioning into 0.3 mm slices is 'deliberately incomplete so that a series of
sections are held together as indicated in Figure 13, the upper epiderinal layers including
“the stratum comeum:- The design of this implant is directed to»penn‘it‘ting"the-'rimrients to
reach all the cells but maintaining the. tissue slices-in a manipulatable format. The
25  patient's wound is cleaned and surrounding skin edges-are removed: The area devoid of -
-.skin is then carefually covered by the micro-explants, which are placed on the wound
- such that the non-sectioned edge is facing outward and the opposing sectioned pleces
- are suspended in the fluid within the wound. Sufficient micro-explants aré prepared - o
substantially cover.the wounded area. The treated region is then covered with a smtabie
30 dressing and allowed to heal. ' ‘

- Example XT -
Proliferation of Hair Follicles In Vive

35 An in vivo animal experiment was performed where a 1 cm? area‘of skin was
removed from a mouse and incompletely microsectioned so that the stratum comeum of
the whole skin area was left intact as described above. The micro-organ was reimplanted
into 1its original position in the mouse stitched and allowed to heal. The implant




other suitable cutting neans into 3001i msections under sterile conditions
so that .the final. tissue segnents had di nensions of 4 mm a2 M4y @4 and 0.3
nm.in thickness (see Figure |I)- Theseinicrograns were placed in a-24-well
m cropl atgglo3m ég(gg i of DMEMin the absenge of serum under, 5% (1)2 at 37C,
under constant aking at-.12 rpmfor 35 perl ods of one PG /gﬁ’ﬂf ﬁays
Twenty m cro-explants were grown per well. 22 May 2006 W) 03/ 035851
PCT/1L01/ 00976 45 Exanple Il Measurenment O The Proliferation of nouse,

Qui nea Pig and Human Epi der nal M cro-4§)rgan Cultures 5 Mcro-organ cultures

wer e prepar ng to Exa an eration of  the cells was
neasur ed by?g?] yz‘?z%e g%amgr%‘i? a(BeFj ﬂﬂ&g%gfﬂ Hlle'?i”‘éea&énef"cﬂafrék%ﬁs FHse skin
and gui nea ﬁP@%«Wla}\kf#f@fgm@mwtﬁwehsvmcmses(Saﬂﬁghmm skin grown for four
days after which BrdU was added to the nediumat. a final concentrati on. of
100pM for three hours, foIIovved by, f|xE on of the cell's'in 4%

f or mal dehyde. After flxat1on “the &OPPR e’é to were stained with goat
anti-Brd® antibodi es fol HGMGPWIMtﬁkugUMo-PrgEICMtMI ed 19gG  Histol ogi cal
preparations were enbedded in follow ng fixation in 4% f or mal dehyde and -

cut into 3 pm slgq stsgrllartxlgd {h met hyl ene, bl ue. S found t hat "t he
fraction of cell SP &P oA YooV oRE. P PAGRY ‘E"E?? tiped dlsys in

esi‘zrn
culture i nc"f"ﬁ%@é&“ﬂ%al‘im“ﬁ%ﬂ'&e lonpes dgn\seationediigtoVs wescrolflapy which i n vi Vo,
. after 15 Wovexehhernhanmfsay@écdah&a &mtm&échgﬁﬁg%dléf sdﬁmeeaﬁtﬁ@d@ Wike r emai ned
- high fonyupitP 3df l_ﬁ]axgmw‘k Cl‘ﬁeé ur e%see Fi g éi ' egl 4A4Er)) Even at six
- days in culture, ‘togﬁdvesf’ﬁf B THEEPIRES It i on and
di £ er ent i a8 BPriee, DMEM updes 5% @@:u@ 37& wider constont shaking for psiedyeftbné 6 gur es -
- \5/A— 5C) . %o foxacep|days. Il sofe dstanedsadrb@th. RborEleledlidd tMifechnQé %em@wr es V\ﬁfl
arious Siz [ wer e ared : ole
-t hi ckness @E(f"rg]ﬂ ‘Jsz"g??agg&fme nﬁl Ogvﬁg aﬁ]e Regipa g {’) afﬁfa@dﬁﬁfqgﬁys of
varying thl?f‘li‘i‘fé‘?sorgq‘?c,cl*%‘ﬁf‘ng slices 25 of :300,- 450, 600, 700, 900, 1200 and
3000pm thi ckness. These slices were placed _indivi dual ly into wells
contai ning serum free medi um for t 0 rp%//?{%Br dU was added for four hours
a

before termnation at, a _final concenat of . 100M- The  expl ants were then
fixed in 4% fornal deﬂ%@’%&@?ﬁ%ﬂ’ﬂﬁnﬁ!ﬂﬁ“@b&thHmaﬂboﬂ”res to BrduU fol l.owed

- by an -anti-goat 1gG FITC | abel ed secondary antibody preparation. The

r esu' ts of thispuman, rat, mouse, and guinea pig liver was sectioned and cultured as
20 mmcro-organ cultures as described in Example VIL Active proliferation in these
micro-organ cultures was detected using BrdU incorporation as described. herein. The
hepatocytes in these micro-organ cultures were determined to be functional as measured
by assay of urea {(Sigma Chemical, urea detection kit). and albumin. productxon (ELISA)
. after at least 14 days in culture. L o _ :
25 .. Human liver micro-organ culturcs prepared above were mcubated with sera from
‘ patlents positive for hepatitis B and hepatitis-C virus: Afier 24 hours, the. medlum was
removed and fresh. DMEM with and. without. 10% normal fetal calf serum (FCS) was
. -added. Every two days, the culture medium was exchanged with fresh medium and the
_conditioned- med:um tested for viral particles using antibodies against the viral protein
30 HBs. A significant increase in number of -viral partlcles was detected after 4 days in
- those micro-organ culture that were- cultured in the presence of FCS.

- ExampIeXIV I

- Thymus and Spleen Micro-Organ C’ulmres
Mouse and rat micro-organ cultures from thymus and spleen were prepared essentiajly
. as in the previous examples for skin. Organs were removed and cut with scissors to an
approximate width of 2mm and length of 3mm. These samples were then spliced into




30 .. experinent are illustrated in Figure 6. The anmount of
I ncorporation as a function of the nunber of cells/unit ti ay 2Q06
significantly reduced. as the. thickness of the explants increases: 35 22
May 2006 %6 03444890851 PCT/1L01/00976 46 .ExanplelV. Pr epaéat , ‘P“ﬁ
Pancreatic Mcro-Organ Cultures and Measur enent of Cel | FOITHAAT on 5
Qui nea-pi g pancreas was: renoved and then: cut. into sections ;of: 300min.
t hi ckness, 4 nun in width and 2mmin depth using an appropriate tissue
chopper and in such a vvay that t he papcreas m croarchitecturewas
mai nt ai ned. - ]i[%gs ntlcro e were grown in culture for several tine
peri ods frofi ?oapBToéH’t‘ é‘iwhwks&%ﬁm AppEopGEete tigam shoppee ipfigbed. i n
each of 96 WeY hsto pofsere Fﬂ%&nhaﬂ niib@pkhietusesfubg digae THYRNQdaRdeE5% C02 at
370C: under HeRRih Kin ed t ree.haurs -
B R 319 oL 10 Gy e 608, i RS N AB e s

before ter natlo a jina ncentrat| on of

were, then -FixXeqor ‘“ga" BYTET Vs ket using ferd E’t'ﬁ?qmatwntaﬁd%medélnmmodl es to
BrduU f ol Povved by anti-goat-FI TC- 1abeled: 1gG ‘Figures 7A-7B illustrate
that cells in the pancreas-deri vedﬁq},ﬁﬁ,g gans were actively

prollferatl ng...15 Exanple V_Preparation of Pancreatic Mcro-Organ Cul tures
and, I\/basurement of I nsul ifP"e ’é‘t"i]gf‘f"i'ﬂf&?"tq’fé’"(ﬂl t Ur e Medium 20 Adult pig

pancreas ni'cro-organ cul tures were prepared as i'n-the previ ous - exanpl es

for skin. .Pancr M’%ﬂ&gorﬁﬁxr@:ltﬁxﬁeg%ﬁﬂboxﬁ%arﬁw eie #ﬁ%@r@a \?% %ﬂf}, red ﬁPOX' mat e

$ of 4mm

dept h- sl rced sect] ons
: Thg i cr% éPgmé"ne.m”ﬁ"WlfP@%“JWé?ge ?/d{atfi'ﬂdm‘fﬂ %%‘Fs‘h? ﬁi\‘a@é‘ﬁﬂﬁ‘h?'@@f@mdl um .

Every . twondaghexplapte isnadi ahont Wdswiahouarbvawas dired)siived intsadélegkan Col | ect ed
medi a was- aﬁisamedusﬁ@ 3ommlﬂﬂakc‘ggmgegt nssges S &g ﬂxﬁnﬂ@&gd rl\ﬁanglllJ oa @unoassa_y

nmet hods. antation o Pancr ea ans into
a Xebogenel cq%a%}n}aéc?f“r%ﬁ ibeu r?)‘”d’”ﬁﬁa"ﬁ???‘é’%‘g 11e rab tosy e tima| retgining aver e
prepared asufspetvalime indsxapiepaide todwagiptnesulfues. Thi inticroBagpas e:aﬁ:eﬁcumé@ removed,
cut Wi ths g6 SSEKS th GeAdh @R@rlﬁéfﬁd?@t ﬁctﬂ@%ﬁr@hfeﬁhﬁ@ LA, cef]sc ‘iend tl‘ll Lo

sections 3%9@ OH‘&H%%]IIE]I'QSV \Ivgsgde%cted usmg Ig)rdU mcorporatloﬁ agn dgszzr?bed herem

Example XVI
_ " Deéliveryof Gene Products to Skin Micrb—Organ Cultures
20 ‘ S i '
- The high surface area t¢ voluimé inherent to the micro-organ cultires of the
 present invention allows ‘easy access 16 tissues for a variety of géne transfer techmques _'
In this example;- micro-organ’ cultures are ‘transfected with foreign genes using
electroporation and lipofection. The micro-organ cultures  can be transplanted into
25 - anmimals and survive for at least about thirty days in vivo and become vascularized. This
- demonstrates the feas:bﬂny of using ‘MC ' cultures of tissues in ex vivo: gene therapy
_protocols. A further advantage of ‘the MC ‘culture is that it can be transplanted to a
~ -defined position in-the body; so that if’ necessary it could be readily removed in the
future. This contrasts with cell suspension transplantanon mto- the body in whlch the
30 -+ cells can migrate or become "lost" in‘normal tissue. T 0
Guinea pig skin was dissected and sliced into sections with a wi'dth of 2 mmand
a thickness of 300pum. The skin was cultured as a micro-organ in serum-free Dulbecco's
minimum essential media with penicillin’ and streptomycin at the concentrations
recommended by the manufacturer, 'Aﬁér one day in culture at 37°C and 5% Co,, the
35 skin micro-organ cultures were rinsed with DMEM without antibiotics and added toa -
- 0:4 cm gap disposable electroporation citvette with 500ul of media on ice. ‘
' Ten micrograms of the plasmid DNA containing ‘the - mdxcated Teporter’ genes
"~ were added -as  shown’ (each - plasmld had acytomegalovirus promoter driving the




cultures were then grown for different tine periods of O taq c5M (zq#sn
serumfree nedium and after culturing, the pancreatic m A é wer e
renmoved fromthe culture and 35 transplanted into both the visceral and
pari et al sog‘%g#m of rat hosts. The micro-organs survived for at |east one
month in VitV d'becane wel | vascul arized. After three, PCYALONKSen and
fourteen days in vivo, extensive cell proliferation could be detected. 22
May 2006 WO 03/035851 PCT/1L01/00976 47 Moreover, positive insulin staining
was observed in vi vo after four, seven; and thi rty days post _
transpl antati on; anple VIl 5 Prepar ation of Liver, Kidney, Duodenum
Esophagus aﬁ&’rﬂsﬁ’&d‘éfr eiffice moB-Oegagtosidasy . (aonisel) amdusitesase epretat gofe. Gk |
Proliferati dwifefasd ;lil&nMi bacRbde 3AE pRO!IMY ¢Rviddbéy fustd & inf iohdaragul tures
from sever aly, J1gr% ti ssue containing organs were prepared as in

previ ous ex Skl n. Organs were renoved and with scissors,. 10 were
cut to an a%ﬁ? Syrplat &erweéﬁcwwrateziwolré%@%tlzﬁcasaqnmceavmdechha godniinto
sect i ons 5of Figh@0psn(HEH90byF, Em:umﬁowllbwmmermmmw&t fekel tRrcliree, four-

and. six- dQY(ﬁ,LP') thsa%b' ﬁ%& El@&ro&grgﬁ&ﬁzﬂ&m&g\ellhv %ﬁﬂéﬁ \Pr S I&gg ! d'gner lgﬁ}@glﬁ tio n of

the experi tTo ¢t
t er mi nat i onw“%w{zﬁ"’s‘é’ﬂ@'%'%’ké‘ﬁm?ﬂﬂ frega, pgrévgmas;trepliomgnmd ghtanit ed | n a
scintill ati evid Godriagrin a PAevel eslid slatof THe miedlizodR @érdvR M tand R s&rﬁplbsl wigtrated in

Figure 9. Agysp Wm‘ Bobtl 7% B%f gell %‘tkrcﬁ%&%ga%%%t i‘&n}gg%zeﬂnqu%?eﬁ Oela{:f eration

"~ which contlpued SI X é ,
. Exanpl e Wt OmoﬂgP’&Fq £t then &fpl cY‘faS peldied t-H10p @ﬁlé’é‘feif"ﬁe RiseY segony@ron@gk) ures . 20
Ski-n mi cr o- exdyaminesdcher ess dvered pr @pHeadwik derithicngd TopEoanse posane,

i ncubat ed f gdnulo)VONIEbEYS e"@r%‘V@S’z@qdﬁﬁ"khhﬁsﬁ Aol rﬁypt%%ﬁ%ﬁe tdsr m ngt i on. of

I ncubati on. dOellﬁ)bwere Lxed In g wi th goat
ant i - Br dUMHIeb0 & de P&’?‘B’ﬁ@ﬂc'ﬂwmsaﬁtﬁ‘ug%fatedlﬂﬂ'l}@‘lf%ﬂé,l algthe g@dlqnht act hair

follicles t&afuRears prve S2T0UF) rapativmta sethiegs) sipaitiemlt REfegateruvigi Rgs coul d be

mai nt 2l ned wAGRd PEREHAE]n, %%Iami,&ﬁﬁ’oﬁgk'ﬁ syge conditions, without the need
of addi ng serumagaflan 2 her exogenous ctor. Hair:follicle cells in these

mi cr o- or gan¥™ ¥ VE éFﬁtﬂoa‘?ra&eé“wg@rsaugplysm@ atgddt-al days under
‘the conditions lofarolier pxpsiuht, mht heshstestidnndi aed etlcibyrdaneexplatsgaagurber of

hair folli ch@smpiphbs th'f?ofebtfbﬁorv&%l@t\%} @%&%Me? PO CRb ikt HOE. S!2e

dlstrlbutlor]c?f halr tinme zero a mcro-or gul nea pi.g
culture and™ &7 B¢ %o Uxé@ﬂ?"l?’s TRIRROVRTSM CHuERS  fEom Buing ig sl n " néwbom

20 mouse skin, and rat lung were transfected w:th .a plasmid c_ontammg a luciferase
' reporter. Briefly, the micro-organ cultures were grown at 37°C in 5.5% CO, in DMEN
with 1% penicillin/streptomycin and 1%. L-glatamine for one day befor_é transfection.
- The explants were plated on 24 well -plates with 20 explants and. 400pl of media-per
- well. For transfection, the micro-organ cultures were. rinsed twice with Optinicm, -and
25 10l of Lipofectin (Gibco BRL) +2ug of DNA + Optimem was added to each well with - -
- -the final velume being 500 pl. The Optimem/Lipofectin/DNA. solution was made
- aceording to the Lipofectin manufacturer’s directions. The cultures were then incubated
. for 5-6 hours at 37°C in 5.5% CO,. The Optimem/Lipofecti/DNA media was then '
replacedZWith 400 pl of DMEN with 1% penicillin/streptomycin, 1% L-glutamine and
30 10% FCS, and the cultures incubated overnight at 37°C in 5.5% CO,. The following
- merning, the micro-organ cultures were removed, washed twice -with 1X PBS, -and
groupd in a hand-operated glass tissue grinder-in 750. i of 1X cell culture lysis buffer
- -(Promega). Luciferase activity from the transgene was detected using Luciferase Assay
- System (Promega), with the results reported in Figure 18. '
35 :




medi um was exchanged every two days. Hair shaft sizehas been arbitrarily

classified as small, nmediumand |large. After nine days in, 2Mex %, there
was a clear shift in size distribution so that the-percentage of small

hai rs dec sdsfOm 64% to 28% while large shafts which vere not pr esent
at the begi nni ng of the culture represented 30% of 35 t h&dLpYo0

popul ation. - 22 May 2006 WD 03/ 035851 PCT/'1 L01/ 00976 48 Exanple IX
PreparatiOn of Assay for Measuring the Effect of a Candidate Compound On
Cell Proliferation 5 The cultures werg prepared and maintained in defined
mediumin simlar growh conditions as described in Exanple |. Control

sanpl es were anal yzed by i nmmunocyEsetele®¥Tky to deternine that the

ni cro- or gan cul t ur e - WaPeMRinibfajene Broducs to MO Dredh @S- Similar. to that
occurring in vivo: 10 ' Duplicated sanples of siln m cro-cul tures were

treated with TGF-3 at 5 ng/m. A quantitative analysis of the nunber of
BrdU | abel ed-“%%?”ld&@&ﬁlffélﬂ't%‘ Westis el famle Levdoratiiverg dissasted Bréiprotased.  Gr eat er
t han 90%si nHibrbh:tﬂo@ﬁﬁgdﬂfcuﬂﬂﬁagsa)tIﬁEshﬁBécBm\M(%mﬁlawVﬂﬂ hibro-drik dMEee0ER Of

TGF- (3 conp E 2

Pr onot i ngHe {a:‘?énélgl éhnmg%lilo';dsﬁé' ﬁe&gd %"é‘ii c)at"ﬂ' @Eéﬁl%g%ra?ed?'ﬁ P%g\%ﬁi“é met hod

a smal | - ar eP™¥ cABPleass, fagnfivpy & wisd h§RfSnW@'i€a1i!lcub3$mg eoVEEG: Th‘conattonle pati ent

and ful |OI t hiipkd(plsmidTDBIROsodxt o andsSHhirdkediTant hoveaidies @é}d i im%ﬁaﬁqu 2? are
repared as o T repara ver differs from

Banpl o 1 PRERA RStk dk S0P b devs) B8RP R B ORI Soncet ey

i nconpl dfe SXPrESHgR (sXpesssedeim Eﬁ"“a?eBgli"omtshrﬁwh@ﬁtdm efgthishexpedmeitaizcat ed in

Fi gure 13, ilhstramipiarFigpe dér ABlerhayestsd llmBilguldl 15 thet 106z, Tl abuikt @RMRYM  The

d ft e n g 1S Ll th ts to h
a|e|SI ?Reocel l@:gp? sﬁe{gpdlng:?ltgééféctéd' fu@ﬁ'%{g g %?16 Rx%dén {h 4 ngmdxr’(llggsnu ] I g‘?ff"%fl’a £ er ngf nat .

The 25 pati B"rﬁ?“‘ée Bl 'E%la‘if?séﬁ’PFeHaf&ffGteédP%omm-ﬁ@als Rlillﬁlffeﬁ]gjlesl eatienic eroved.
The area delipil domséntragdfivas hear inbehinetatiadotnl YorGighereicioh 0B il expl ant s;
whi ch ange placed on the wound such that .the non-sectioned edge is. faC|ng
outward and. the opposing secti oned pieces are suspended inthe fluid
wi thin the wound. Sufficient m cr@“é&'ﬂl‘f&?ﬂffs are prepared to substantially
cover the wounded area. The trEatSHyt 6ol i sirb hen covered with a suitable
30 dr essi ng and al |l owed to heal: Exanple Xl . . e
. New bormn ‘mouse skin was obtained  after -'surgéry, cleaned of und'erlyi‘ng- fat
20  tissue and cut into 0.4 x 5 ¢cm flaps, which were then transversely sectioned, using a
'~ tissue chopper or other suitable cutting devise into 300pm sections. The rﬁicrOeorgans
- were placed in microplates in DMEM in the absence: of seruin-under 5% CO; at 37°C
- under-constant-shaking for periods of ! to 14 days. Certain of the-micro-organ explants
- -were contacted with a growth factor, e.g., FGF; which was added to ‘the culture media.
25 - The medium was changed every 2 days. ' K e L '
' New born “hairless”™ skin can' be induced ‘to produce hair shafts when grown in
- MC cultures. Micrographs of skin from 30 hi-old mouse, grown in micto-organ cultures
“for 3 days in the presence of 1 ng/ml EGF indicated the development ‘of hair shafts in
- the explants, which growths were not present at the beginning of the culture period.
30 -~ In another set of experiments; activation of telogen follicles was observed. The
" Sencar mouse provides ‘a useful ‘model to study hair. follicle activation because the
: "'follieles'are well synchronized and the cycle stages have been well characterized. Sencar
* mice provide an in vivomodel for anagen activation. The removal of the club from a
telogen follicle can induce new hair formation, the first Signs:-of which; are -well
35  characterized. Skin from adult Sencar mice was obtained after surgery, cleaned from
underlying fat tissue and cut into 0.4 x 5 cm flaps, which were then transversely
‘sectioned, using a tissue chopper or other suitable cutting device into 300 pm sections.
The micro-organs were placed in microplates in DMEM in the absence of sérum 5%




Proliferation of Hair Follicles In Vivo 35 An in vivo ani ngl_experinment was
- performed where a 1 cnR area 'of skin was renoved from a éyg‘i)ﬂf

i hconpl etely mcrosectioned so that the stratum comeum of the whole skin
‘area was .\JvéfoB/oé's@%la'Ct as described above- .The m cro-organ was reinpl anted
into its original position in the.nouse stitched and al | oReH™RBOHES . The

i nplant 22 May 2006 WO 03/035851 c¢ PCT/1LOLF00976 49 remai ned vi abl e,
becane incorporated into the animal tissue -and new hair shafts grew from
the inplant after one to two weeks ingculture. (See Figure 14). Exanple Xl |
S Human Psoriatic Skin Mcro-O.gan cul't ur es Split-thickness psoriatic skin
from an. 899y#ad7 C uideqconsteptshekimgbor piriods eickitoddtdays. Antivaion wf whigage a

der mat one. fBHieles kitiethsRdudiIbyS B cMBOM of BoNIPEBtoX trBarGlAd h%?ﬁ%ﬁ&f}%tg e

then transv I {0 ing a tjssde c er or ot
cutting d_ev?y(r:gig,l Ol_?fglt%%&%gg?dgcme Sett F%hs. ’g‘l'ﬁegg% SEES Pregaptivaiosefiia ons. .
wer e pl aced®lopshc splapopy detested by thymidinginarpesatoWEM under 5% CO2 at 37C under
constant5-shaki ng for periods of one to fourteen days. In sone instances,
growh. factors were added to the cult ?II‘ dium The nedi um was changed
every two days. The human psoriati‘é ,é'wer{‘s%;rrgl i ferated extensively as
ni cr o- or gan cul t ur e. - Kpesegion peBancreatic IsleisyFav Transplangaion Cul t ur es 1 nf ect ed
With Hepatitis.Virus Human, rat, -nouse, and guinea pig.liver was sectioned
and cultured as j - t.ur es descri bed i cample VII.
Active prolifer S%\I%%%Q%c%ﬁ.ﬁ ée%;gﬁ%bg%?'jb-d_gwgogﬁ‘?zﬁIpf‘ai??rgsls@/g?l&eﬁx@&\?&oﬁsi ng Brdu
© i ncor pot'at i BHIRIAR SUKGES, B dprgrequentities Finee theseeastiiely aepotentialiyHtemsplanitableo- or gan
cul tures weel wibmessrivitk dviiich eucat eaglsRAa)peas dEBASHISH mh Bswa¥ko! urea
(Si gma Cherg, te ' n | bum roductj on (ELLSA) after
“at least 14 gegi})(esm :éélc%gm?]?gr%g .fhr?ﬂ.ﬂg‘ggoﬁgﬂq%ﬁ%uﬁé&pgtﬁﬁ’c? BWB?%QHICJE’I‘%’% es
prepar ed aBBV&" REPEE eaeise dearnd thesdsbility phthese qolis bashirsviprosid imwdvof or
hepatitis B argdlyhepails t Irsp: dier wShe Afst BhscabnB AN S dhb® HRAhdMat RS T enoved

and fresh. pVEMnYciiRel uiré’\éu%P&Pﬁom tl‘i]eg%’) HIRd ot calt serum é":cs) was
added. Every two da\élsﬁ%he catture nedi u'%ggag?““é*ﬁ@ﬁ%!ﬁﬁé@“w"ﬁﬁc 8Eh nedi um
and the cORUETEFSHEFPRATCOWSS Ydrairiaipige pacreatic prarns e wow hase syfanhtenbodi es
agai nst t henspceesdfulpUsingi the 30C HBRure Acchhglogyf H@aibed MediLaASRdsH had phgr , of
viral partbelieed 8 cAmisthe dnllbldtan oS drimods0ORS TiGLOHRM GANHEY! ture
that were %grltured-i ¥ thF %re ence o . ol R grifiea pig e pe
| Icreas 1n vitro in detined culture medium '
20 Pancreas micro-organ cultures have now been grown in vitro for periods of up to
onc month. Within the cultures, explants maintain their tissue microarchitecture and
certain cefl subpopulations prolif_erate actively as determined by BrdU incorporation and
* labeling. Furthermore the islet cells secrete insulin into the medium even after one
meonth of in vitre culture.
25 Transplantation experiments have been performed in which pig micro-organ
pancreas cultures have been implanted into both the visceral and parietal mesoderm of
rat hosts. Explants have been kept for periods varying from a few days up to one month’
in vivo. The explants become well vascularized and incorporate into the tissue host. '

30 Example XX
Preparation of Human Psoriatic Skin Micre-organ Cultures

Split-thickness psoriatic skin from a patient was obtained after autopsy, 'using a
dermatome. The skin was cut into 0.4 X 5 cm flaps, which were then transversely
35 sectioned with a tissue chopper into 300um thick sections. These micro-organ explants
were cultured in DMEM (no serum) in microplates at 37°C and 5% CO, for peniods of 1
to 14 days. Inspection of the micro-organ explants at various time poinis indicated that
. the cells of the explant had remained viable, and proliferation was occurring. =




Exampl eXIV  Thynmus and Spleen Mcro-Ogan Cultures 35 Nbusg’gﬁd #@f
m cro-organ cultures fromthynmus and spl een were prepared i Qy as
in the previous exanples for skin. Organs were renoved and cut with

sci ssors = sggPproxi mte w dth of . 2mm.and | engt h 'of 3mgp. These sanpl es
wer e ther}ﬁggﬁk@%ﬁ into 22 May 2006 WD 03/ 035851 ' f PCT/ RygaBaR 0

expl ants of approxinmately 300pthick using an appropriate tissue chopper in
such a way as to preserve the essential mcroarchitecture of the organ.
The mcro-organs were then incubatedgfor 1, 3, 5 and 10 days in serumfree
medi um Active proliferation . in these mcro-organ cultures was detected
usi ng BrdU i ncorHbPhathe Rovsciigd seferenses apd pehlisations pieabgsthy: ineonBeated by

mar r owM cr oreforegady--Cul tures M cro, organ- cul.tures front'. bone. marrow were
prepared by carefully renoving. 10 the bone marrowintact fromfenurs of
rats and mice. Since the dianeter of the marrowin such explants is only
about 1-2 nmm- the marrow was direBywiyalentsced i'nto ni ci6-organ - expl ants

usi ng 309pm thick using a tissue chopper: This nethod'. ensured: the

‘mi croarchitecturg ‘ 6Ser i t the sane tinme
retaining a surfg%:ees}(@gf Eprr&elgl ngex %%ﬁgfgﬁrégtg%%ozlﬁgq erm tﬂ’f)tmt?rree'.&’an_l'he-

ni cr o- or ganSuisr EXACHRENAHWy MimeroRs - equiypsnss itg, thespReificr asayrard usngenet i ve
prol i fer at i deseribkd rhereimvBucke|dgsivalentt laes eonsideret 0to Obieg AithinUiht WeGfe WRShiglet ect ed

usi ngBr dU i ja6RtarLRlHODvESd JE8E fdi ein. Exanple XVI Delivery of Gene
Product's t,ol Skitn Mcr p-gxgaﬁf&rtigﬁggr}ggﬁ#he hi gh*surface area to vol une

“inherent to'the micro-organ "cultures of“the preseéent:inventiion allows easy

access to-tissues for--a vari-ety of : gene transfer techni.gues:- In this.
exanpl e, m.cro-organ .cultures are transfected with foreign genes using

el ectroporation and |ipofection. The micro-organ cultures can be
transplanted i nto 25 ani mal s and survive for at least about ‘thirty days in
vivo and become vascul ari-zed.  This.-:denonstrates the feasibility of using
MC cul tures .of tissues in.ex-vivo gene therapy. protocols. A-further
advant age of the MC culture is that it can be transplanted to a defined
position in the body; so that if necessary it could be readily renoved in
the future. This-contrasts.-with cell"suspension transplantation into the
body in which-the . ... . . Lo S : A




30 cells can mgrate or beconme "lost in normal tissue. Guinea pig skin was
di ssected and sliced into sections with a width of 2 m"nan&ZI‘ﬁa}t %®kness of
300pm The skin was cultured as a mcro-organ in serumfree Dul becco's

m ni mum essential nmedia with penicillin and streptonycin at the
concentrations recomended by the méfhufacturer. After one day in culture
at 37C and 5% Coe, the 35 skin mcro-organ cultures were rinsed with DVEM
Wi t hout awHAY I8 CtaMEDagdded to a 0.4 cm gap di sposabl e el ectroporation
cuvette with 5001 of nedia on ice. Ten mcrograns of the plasm d DNA
containing the indicated reporter genes were added as shown (each plasmd
had a cytonegal ovirus pronoter driving the 22 May 2006 WO 03/ 035851
PCT/1L01/00976. Si &xgheballonmedified tRfo-8rghl - cxphACkpekHRs at (16R0tne! ) or

| uci ferase reporter gene- The  luciferase plasm d backbone was

PRC- CWV. [9CATROinaghesre Profiiet themicrorptganiekplantrontrisiag|apopiiatipn of edls, thene. The

s -Gt AR e e AR S e ERER MR

tr eat ed, derived28@Rt the tshme sinki evRad dehasionopaeatd e adeyiatiew ditfesisampl es wer e

~then furt%er i ncubated . with D‘gFNI contai ning .10% bovi ne calf_ serum
v S cyisde

peni ci | | FYFIV8E IREICER ARd gas A icrororggnexplant apd diffusionoboellyler |
culture hgtbeoutToe tHEUnf¥BEaheBIMEH: s tdemBRPk CSINBlC1ox3dgPeRgled i n

about 700l of cell culture l'ysis reagent (Pronega). The tissue, pieces were
10 honogediceséfantadeith Hee t oisufficient awtisbnt and1@0hmolatib of ftke amstedashy r eagent

(Pronega).. . .¢ | ym_nescence was tegted. in triplicate with the Packard

TopCoun'?.).n l?&g%g&ﬁoéskﬂaﬁge@%%@grﬁo%’l Ofd[ﬁf? ﬁéilsfc%(?éﬁ ]%OPPE’SHT‘Q ‘7'%1@1‘?{]&83?1?‘8? e flask
wer e trygmgamezsaht eapedsdiigatient oned@bdhibahhteeh®ploctm cro-organ cultures. As
illustrated in Figure 15, at the nmedium 500%) and | ow. (250F) capacitance

settings, significant luciferase activity was 15 detected. For conparison,

simlar anpu of J: rt al: yre e el ectroporated with
the sanme pl agin'i ds ﬁﬂész%eéﬁﬁégﬂﬁ l%fldé ﬁ&e#ngéeigﬁ)ggé}cﬁnéégﬁf%ny\ﬁﬁglaw n?ﬁ’&?ﬂ %aﬁ(?of t he
m cr o- or fjaleastxgieardcombhinant gerso pridushadsdiycttd Poheelid erpupwWimshiinasoropser ved
to be nore efficient. than electroporatign.  In particular, mcro-organ
cul t ur esTPVBREYRARiS! agreambipanidgiciond Ky seoleguien, and rat |ung were

transfected with a plasmd containing a luciferase reporter. Briefly, the
m cro-organ cultures were grown at 37Cin 5.5% C02 in DVEN with 1%

peni ci | | i n/ st3-ept orbhei genetie]l§ ¥ddi figditnderooegahaxphineofielyinb 8f ehereln @indf ect i on.
The expl_ant Sper.e gl ated on 1%4 | | ({)Lat es with 20 %Xc%l ants .and. 400d of
medi a p erlgzcom inant protein 1s normally produced by the organ from which said micro-organ

explant is derived.

4. The genetically modified micro-organ explant of claim 2, wherein said
recombinant protein is normally not produced by the organ from which said micro-

organ explant is derived.

5. The genetically modified micro-organ explant of claim 2, wherein said

recombinant protein is a marker protein.

6. The genetically modified micro-organ explant of claim 2, wherein said
recombinant protein is selected from the group consisting of insulin, amylase, a
protease, a lipase, trypsinogen, chymotrypsinogen, a carboxypeptidase, a ribonuclease, a

deoxyribonuclease, a triacylglycerol lipase, phospholipase A2, elastase, amylase, a




wel | . For transfection, the mcro-organ cultures were. rinsed twice with
Optinem and 25 101 of Lipofectin (G bco BRL) +2g of DNA +2@1M?5h%m6was
added to each well with the final volune being 500 |. The

Opt i mem Li pof ectin/ DNA sol uti on was made according to the Lipofectin

manuf acturer's directions. The cultuses were then. incubated for 5-6 hours
at 37Cin 5. 5% CO2. The Optinent Li pofectin/DNA nedia was then replaced

wi t h 400 bloas clogng vikacthr, 1 40R nglocurbnyl/ sansferasayy oinithinkYtranghtbamoylase, and 30
10% FCS, c%g:h}oﬁl% cuptures . L ncubat.ed ., overni ght at efz?C in 5. %CO%. The
fol | owi ng™ BPRICHRY>V CHETE S PAL8ME8 eSSy wniedag0l IYmiGIOROE]t wi ce

W th | X FRer, & &N AhiRognh@nd, 0 ' j g 750. pl
of 1X cell crul ?ﬁirl%ﬂ?ysi S %ﬁfof gr P(I%r%%n%?gnﬁ{aﬁ?aetrsglzlg%g%etgl{d\’/ir%j%]fopgm t he

t r ansgenetimaktidg feadreeythsopigetin) epiti e @rodas BctorSH ﬁmef}lﬁliﬂép@igﬁd faciirt h t he

‘results re%grte.d an Figure 18. 35 22 May 2006 WO 03/035851" .
1' c1/ 1 Lofrmeeraictn), aclisermell somth fegtory @pyintsrlenline a pregativs groveh Naees- Or gan

CU'tU_reS.ﬁbl.dH'l&tgﬂﬁ,t AR o S S e Lewis rat.were
di ssected and p oceég%%bﬁ%‘fapor M erde of g%éﬁ%iéﬁ {ﬂgeré%l%g%’ %agiﬁ&, PERF n
Exanpl e Xxholedwkinie somatogatin Cibitaics wel Ltrflsatstibn fActe! ture wel I's and

transfected with cationic lipid/luciferase encoding plasmd DNA conplexes
for five to six hours while incubating, at 37C. 'The :cationic

| i pi d/ pl asm d7DNA $QL WA PR NA SRR | S n
incubated in medium §| us a:lL Yo s?effﬁ!r% %c?(g?l{é{}%é{/’ﬂsaﬁt 8%%1%&% 213%%%%% f 6f
| uei f er asesombpant motegeissomdtomedimessi on (expressed in arbitrary |ight

units). The results of this experinent are illustrated in Figure 16. As
denonstrated in Figure 16, the lung, but not the thynus expresses the

transfected |gCif eTRS Bede@BAl RIBIHHNAR 6204 iek#)l‘ﬁﬂlsof ASinEBPSAERH se{i(he

negative control (3-gal actosidase transfected 1ung mcro-organ culture (10

pl cat i oFfcembinap piotesyis spmptastelinwas near nachi ne background for |ight
production (23 light units). 15 Exanple XVIII Hair Shaft Gowh in vitro
New born nouse skin was obtained after "surgery, cleaned of underlying fat

20 tissue and9.cut Tid gerRtidally Mmodifiell!BiRfo-ordhh CRPIVEY & BN 2L HABSHESSE! V¥
secti oned, Illjlgl ng a tissue_chopper or other suitable cutting devise

i nt o' 300MERPMEBBER, NEpfsin iy R dibrellash sevghdastorner e pl aced in nicroplates in DVEM
in the absence of serum under 5% CO2 at 37C underconstant. shaking for
periods of 1 to 14 days. Certain of the mcro-organ explants

10. The genetically modified micro-organ explant of claim 2, wherein said

recombinant protein is a negative growth factor.

11.  The genetically modified micro-organ explant of claim 2, wherein said

recombinant protein is an interleukin.

12. The genetically modified micro-organ explant of claim 2, wherein said

recombinant protein is a liver- cell growth factor.

13.  The genetically modified micro-organ explant of claim 2, wherein said

recombinant protein is an epidermal growth factor.

14,  The genetically modified micro-organ explant of claim 2, wherein said

recombinant protein is erythropoietin.




were contacted with a gromh factor,' e.g., FGF, which was gg\gedzqtqg t he
culture nedia. 25 The nedi um was changed every 2days. New 264 irless"”
skin can be induced to produce hair. shafts when grown in MC cul tures.

M crographs of skin from 30 ht-old nobuse, grown in mcro-organ cultures

for 3 days in the presence of | ng/ mMS7TEGF indicated the devel opment of hair
shafts in the "plants, which gromhs were not present at the beginning of
the cul ture pddi od.Thgenetigallzmadified métro-oigzaxeplintef chim & whesdi sxidof

tel ogen fol || bserved... The. car nouse provides a useful nodel
to study r%aalnj%b.q %?)PW% gs%gql?r@gstnlnb gtﬂ'@?g{;}glé the follicles are well
synchroni zed and the cycle stages have been well characterized. Sencar

m-ce provide an in_viva-nodel for _apagen activation. The renoval of the
club froma ti8 ogdierasnetically mogdifiedmicre-ongan explant 6 eleim i nvheraie séiflr st
si gns of .l ehianfbRtdel rized. Skin fromadult Sencar mice was
obt ai nedr'after1 aélu gery?é%%gﬁggé@%% underlying fat tissue and cut into
0.4 x 5 cmflaps, which were then transversely sectioned, using a tissue
chopper or other suitable cytti device into 300 pm sections. . Th
. micro-organs were ﬁczggﬂet}wﬁ“@:bg%?da‘ﬁ’é%o‘lofgg qnﬁofﬁ]é“al?sé‘ﬁ’@@“bﬁmger um 5%
- 22 May 2086mbRR8per8rlh édigtg;/ 00976 53 CO2. 37C. under constant
shaking for periods of | 1o 14 days. Activation of telogenic follicles,
whet her i nduced by club renoval or growmh factor treatnment, was manifested
by the prolifegati of follicle.stemcells. Figure.1l7.il|lustrates.the
. activation of ng' tgﬂgégﬂ?tgajé&ﬂ}oﬁ ed 1nicrorateap, xatagy, of %&?’rﬁlc}i’ n&eret #or at i on.
5 Exanpl eechbifdnepadteit istrblodd cib@ing taadd ¢ |1 sl ets For Transpl antation Sever al
t echni ques have been devel oped to prepare islet cells fromvarious 10
manmal i an sources, in |large quantities since they constitute a potentially

transpl ant abl g9 bet (EE@? | jch treat. establi,shed type.|
di abet es. Tvvo??fai n%g‘rg%\]/lcl)%c nwgé%d‘é@gﬁ@g%%%gueﬁc eaPte ?518"? %r .W%F]’Eel gasldproven

di f fi cul tecombilahipmotein isépubieluci bl e reliable way of preparing beta cells.
Second, the viability of these cells both in vitro and in vivo is largely

variable . In part due to the first reason and in part due to the fact that
the 15 $3-cel bg Mgt deh&flady tSSHHEEL 1S t { derlies
the islets in the norér?eft ap3<'§1ncr ealls. A%ftggﬂn%%nsg%@%oﬁfcgé a?’%lgﬂr%?ials n‘?ng

pancr eat resombipanipreteivis\hopdianeeythmpbamtic feor. unsuccessful . Using the MC

cul ture techng] ogy scri bed, herei.n, success has been  achi eved fqr
est abl i shi ng zjrcr o-'gﬁeg%‘?{‘egfﬂqltydfl% figd rpgrgzangan expland of glaim dp @a%ﬂni’atﬁ@

in culture for at least about twenty-four hours.

22, The genetically modified micro-organ explant of claim 1, having a

surface area to volume index characterized by the formula 1/x + 1/a > 1.5 mm'l;

wherein 'X' is a tissue thickness and 'a' is a width of said tissue in millimeters.

23. The genetically modified micro-organ explant of claim 1, wherein said
organ is selected from the group consisting of a lymph organ, a pancreas, a liver, a
gallbladder, a kidney, a digestive tract organ, a respiratory tract organ, a reproductive

organ, skin, a urinary tract organ, a blood-associated organ, a thymus, a spleen.

24, The genetically modified micro-organ explant of c¢laim 1, comprising
¢pithelial and connective tissue cells, arranged in a microarchitecture similar to the

microarchitecture of the organ from which the explant was obtained.




pancreas in vitro in defined culture nedium 20 Pancreas n155§ﬁorﬂ@%
cul tures have now been grown in vitro for periods of up to B t h.
Wthin the cultures, explants naintain their tissue mcroarchitecture and
certain cell subpopulations proliferate actively as determ ned by BrdU

i ncorporation and |abeling. Furtherd®re the islet cells secrete insulin
into the nmediumeven after one nonth of in vitro culture. 25

Transpl antati on experinments have been performed in which pig m cro-organ
pancreas cul tukes h "Hage] i.nt th it he vi al. and pgrietal
nmesoder m of | ?gt hog¥§gg%%gﬁhn Saﬁ%@gn%gﬁﬁqﬁgngkgﬁﬂﬁ%§§§%§ﬂ53?§Fﬁg froma
f ew days ougantie a pacressndrd saidpopuladon SheclBXpdladisSsiee ePN@ngeRlahs.vascul ari zed
and incorporate into the tissue host. 30 Exanpl e XX Preparation of Hunman
Psoriatic Skin Mcro-organ Cultures Split-thickness psoriatic skin froma
patient was obkai ne : J t . Th L S cut .
into 0.4 X5 ?ﬁ\flaggégﬁﬁﬁﬁﬁﬂagggx?ﬁgﬁkggg g%eﬁggﬁjﬁggmggaSﬁ%%% S%?th a

ti ssue clovgpds skintand 3aiderplahi iokludesct lastoneHagsellicleand-ghangan expl ants  were
cultured in DVEM (no serun) in mcroplates at 37C and 5% CO2 for periods of
| to 14 days. Inspection of the mcro-organ explants at various tine
points indi caped t h@the gédvficalBl hodified ierocotRhd Bipl R b IcRiMR INQheYdiARAig, and
proliferation was occurring. 22 Nay 2006 03/ 035851 PCTJI'LOL/ 00976 54

Al of tREEEESdEeesed sking éﬁl‘gﬁ%@l@é@aﬁmcbdbﬂ p papilaticn ofhypetmplfsyativamor por at ed
by 5 ThOﬁﬁ%ﬁgﬁ&ﬁﬁQekakﬁ Albacty l; recogni ze; . or be able to ascertain
using no.nore than ‘routine experlnentation, numerous equivalents to the
-specific assay and reagents . described herein. Such equivalents are
considered to gg mﬁtﬁin t he scope _of this invention and are covered by the
fol l owing cl affrs. 25hvespetendly medifiphmigrg-qreay smiant of clpim A, yéwecin said | v

modi fi ede P16t G RLSRInMPhANhinAfshRY at | east one reconbi nant gene
product, t'he m cro-organ exp1ant conprising a population of cells, the

m cro-organ explant maintaining a mcroarchitecture of the organ from which

it is deriveg,and at the.s ti. havi ng di nensi ons sel ected so_as to
al  ow di f f usi 8o %&H&S’H‘Eﬁgerfﬂ?‘ﬁlggﬂﬂ%wfé’ﬁ?fgal%’é{%la@td)r}&éﬁlms1»i Vherpie the

M cr 0- or gffin&X Mi@bhrcRinek i (o Uaidosk fnt C@nlpHs& one or more cell-cell and cell-
matrix orientations between two or more tissues of the organ from which said explant is

isolated,

30. The geneticaily modified micro-organ explant of claim 1, wherein at
least a portion of said population of cells is infected with a recombinant virus carrying a

recombinant gene encoding said recombinant gene product,

31. The genetically modified micro-organ explant of claim 30, wherein said
recombinant virus is selected from the group consisting of a recombinant hepatitis virus,
a recombinant adeno virus, a recombinant adeno-associated virus, a recombinant
papilloma virus, a recombinant herpes virus, a recombinant lentivirus, a recombinant

retrovirus, a recombinant cytomegalovirus and a recombinant simian virus.

| 32. The genetically modified micro-organ explant of claim 1, wherein at
least a portion of the population of cells are transformed with a foreign nucleic acid

sequence via a transformation method selected from the group consisting of calcium-




waste out of the mcro-organ explant so as to mnimze cellz:ﬁ{nﬁo&%i city
and conconitant death due to insufficient nutrition and aé on of
the waste in the mcro-organ explant, at |east sone of the cells of said
popul ation of cells of the micro- organ explant expressing at |east one
reconbi nant gene product. 2. The genétically nodified mcro-or gan expl ant
of claim], wherein said at |east one reconbi nant gene product is selected
f r om t he Pyperbateaneriated franpfestion, DEAE fesiram medigtest teansfestion, @lqctrgmwant

functi ong I h I Pl gan expl ant of
claim 2, Rh% {I’i:lgglgl tI%PSefg%}%f &rgiﬁ}ggét%giér{hlrg goorr'rra‘?qlgpe uced by the
organ fromwhich said mcro-organ explant is derived. 4 The genetically

nmodi fied mcrq-organ ex Jant of claim2, wherejin said _ reconbinant protein
is normal ly ngf‘ pr otBgItigyed med %awdftm?ﬁ@m%gwﬁaalm @P@lﬁeérf@%’ expl ant

i's deriveghanxplhhtofAeRStl £l dotimds bdig { ant of claim 2,
wher ei n. sgklag Xr econbi nant prgteﬁ n $ ' c%fn%@é&@@r&fﬁ% The geneti cal ly
nodi fied m cro-organ explant of claim 2 vvherel n said reconbinant protein
is selected f mth st|n insulin, amyl ase, .-a Qt ease, a
| i pase, tryps?’%ogen gﬁ?ﬁ%ﬁ@lﬁ% %eé’é‘%ﬂoﬁ ‘&Oé‘i‘%%ﬁgpé% iggaetally ‘F‘B@‘gﬁ cl ease,
a deoxymiigoritg eint &f dlaikaey! gl ycerol 1ipase, phospholipase A2, el astase,

anyl ase, a 22 May 2006 56 blood clotting factor, UDP gl ucuronyl
transferase, ornithine transcarbanoyl ase, cytochrone p450 enzynmes,

adenosi ne deagi nase, t a nor al

t hynopoi eti n, g% hymgrﬁ&%}i’d’%rmﬁg&%rk %%)n?cr%r%g e’%%af?g @BFS%%HH% acle%s(t)ro%y
stinul at ra@gmbmahtoganeq:lmdd&f ahohettiod, coﬁﬁir@&@@hetﬂfaﬂ%ﬁbdiﬁﬁig)ﬁ led¥epéthé C
erythrop% tic fagtor, (hepatopoietin), a liver-cell growh factor, an

i nt er | eufi e gl 8§ armige- Wﬁplﬁa%wh a rewrbl?lewe@pe & SRS afdeast one
transf OrfEc&ﬂbﬂlaf?ﬁ’% nﬁ}%ﬁ&&“{ 2fa the nfucro-@rgh)lr_.)é}é}?_ll ﬂ}ﬂhnsg@re § 6}%}6&1

chol ecyst oki ni n, ostatin, substanc a tion ?
The geneotigeal il:lyludm@ fii p@uhatmooﬁr@diﬂ, ﬂleplpal‘tionofofCtlhal ongdn mhRIaning SA d

rreconbi nant e | sonmat o in etically nodified mcro-organ
expl ant B¢ 8 iﬁ g}ee‘?rﬁa% o “fl’é“j'b ﬁﬁ‘%‘feﬁp?‘r@t Ei ‘1‘16 iSame g o¥BEin. 9.
The geneginfeakibis §EPéBtécd é%dasrfbca'llgwodﬂﬁﬁoﬁ)@ h@é@;fhat@fnuﬁjiéﬂt% T%éﬁlesefoeéeﬂs $gi d

r ecombi nant protein is a fibroblast growth Tactor e genetically
nodi f i edthgingiew- @Bgamﬁw}ilaadtdlﬁ‘ﬁsm af eallp]arwhastecout of dlicimicre-@ogdni exphint pr ot ei n

Is a negal ésvl% ﬁﬁ%xe ceﬁclar oxicity and concomitant death due to insufficient nutrition

and accumulation of the waste in the portion of the organ.

36. The method of claim 35, wherein said at least one recombinant gene
product is selected from the group consisting of a recombinant protein and a

recombinant functional RNA molecule.

37. The method of claim 36, wherein said recombinant protein is normally

produced by the organ from said micro-organ explant is derived.

38. The method of claim 36, wherein said recombinant protein is normally

not produced by the organ from which said micro-organ explant is derived.

39. The method of claim 36, wherein said recombinant protein is a marker

protein.




11. The genetically nodified mcro-organ explant of claim2, wherein said
reconbi nant protein is an interleukin. 12. The geneticall yzﬁﬁé‘ﬂf?@é

m cro-organ explant of claim2, wherein said reconbinant protein is a
liver- cell growh factor. 13. The genetically nodified mcro-organ expl ant
of claim2, wherein said reconbinantOprotein is an epidermal growh
factor. 14. The genetically nodified m cro-organ explant of claim 2,
wherein said reconbinant protein is erythropoietin. 22 May 2006 57 15. The
genetically ifie ] -1 0L O Ak p t.of.claim2, wherei.n sai

r ecombi nant glr‘3 g't ei nﬁllés]}ngh%glog%%rﬁg?’ i)émljrﬁ%te llnnsg";mflgg?ngirn.naﬂté).mtﬂ?els S‘gﬁfggtie%al ly
modi f i ed firone the @r@an cengistimgt obfinstlial BmPlassyheroreasai A liphRC aRPkiAdHdn, Prot ei n
is agrowmh hormpne. 17. The genetically nodified mcro-aorgan explant of
claim 2, C&He?taﬂﬁmggi’fa ar SERORBYRERHEAsE: Gt ibpnuglepsey ng péroyribonuglpaserng

Peconb na I B EREpROGAL ST Aleramin® Theod AR 021y

nodi i ed ghicaronylorigmsfeeasp) asthitidhe Clra@istarBamyyIeei &ytodirsne rmﬂﬁﬂés, protein
is insulin. 20. The genetically nodified mcro-organ explant of claim 2,

wher ei n - 8479SIn A3 mbTasen serEmo tlsimic | fotee piyitc diyrdrplo Sstat ithymensigin, 21. The
ol A3 FNE in e nt et nabl o

Qo tur o R, F HRSHEREAR F Sl 3 Dhne "SuRuEE A oo i ed

m - ] , i ~ Q. i d

mi cro- or g@mrgﬁfcgi:l’cﬁﬂfepﬂfenﬁil Stk 2848 1HRBat R 65%“5,@9%0%%6%}’%%5)?%)3 gdex

characterize the formila 1/x +'1/a > 1 I's a tissue
-t hi cknesYverrrgll' growihs factes, dnhintsilesking at negstires igrowth| factost Shreblag3groFite

geneti call di fied mcro;organ: lant f claiml1, wherein sai.d organ is
sel ect edbfcﬁ’ég&?tﬁ 0%?%,5“&'6115{?@‘?% Hgﬁ%f ﬁgmpﬁwsawéﬁefe%mpﬁwﬁ@% anig, | j ver, a
gal | bl adgifatostati, S0R¥nce P Ah@8 S PiplibABiY 92N, @ respiratory tract organ,
a reproductive organ, skin, a urinary tract organ, a bl ood-associ ated

organ, a thynus, a spleen. 24. The genetically nodified m cro-organ expl ant
of claiml, c risgn Lt hel i.al connective tissue cells,. arranged in
a nicroarchit Cturiﬁ%igrﬁletﬁgfl f’g el ’c?’Vg‘ﬁ‘iebthiﬁa t GrAMp ARty PTEFHA S £ r om
whi ch t henex@ahédih. was obt ai ned. 22 May 2006 58

42, The method of claim 36, wherein said recombinant protein is

somatostatin,

43.  The method of claim 36, wherein said recombinant protein is a fibroblast

growth factor.

44.  The method of claim 36, wherein said recombinant protein is a negative

growth factor,

45.  The method of claim 36, wherein said recombinant protein is an

interleukin_.

46.  The method of claim 36, wherein said recombinant protein is a liver- cell

growth factor.




25. The genetically nodified mcro-organ explant of claiml, wherein said
organ is a pancreas, and said population of cells includeszggﬂ%X%pQQ
Langerhans. 26. The genetically nodified mcro-organ explant of claiml,
wherein said organ is skin, and said explant includes at |east one hair
follicle and gland. 27. The geneticalsiy nodified m cro-organ expl ant of
claim1, wherein said organ is diseased skin, and said explant includes a
popul-ati on of 4yperiheomethed aef vlimr 36,nedpra i shigh atdowbimet |psotkinoms dahseased
skin. 28.. 1T e ' ly nodified mcro-organ explant of claim1, wherein
sai d exﬁpgﬁﬁngéﬂﬁgﬁh §P%able ina mniml nmedium 29. The genetically
nodi fi ed m cro-organ explant of claim1l, wherein the retained

m croarchitecture of said explant conprises one or nore cell-cell and cell-
matrix orient &% ondBefihd hoclsimndbe wheseinesaidf recnmbinaghrprdtedm ighi ch
sai d exply &ﬁgmﬁﬁsolated. 30. The genetically nodified m cro-organ expl ant
of claim1, wherein at |east a portion of said population of cells is
infected with a reconbinant virus carrying a reconbi nant gene encodi ng
sai d reconbi ngnt gene product. 31, The genetically,. nodified_ m cro-organ
expl ant of cI2?n138£eﬁﬁ%?%fﬂgggmﬂ3éf@'ﬁﬁﬁﬁﬁﬁﬁfﬁv ingny grotein éc 68lon¥om t he
group coggmalating fifora recombi nant hepatitis virus, a reconbinant adeno
virus, a reconblinant adeno-associated virus, a reconbinant papillona
virus, a reconbinant herpes virus, a reconbinant |entivirus, a reconbinant

retrovirus, acpecogbinant c e ovjrus and a reconbi nant.sim an virus.
. 32. The genet ;‘Sg'all %Sb‘iﬁ}"'de%*lﬁi“ﬁg@o‘ﬁ RIS IERemBRary PRy Is B8R n ot
| east a pewtidmen of the population of cells are transformed with a foreign
nucleic acid sequence via a transformati on nethod sel ected fromthe group
consi sting of calcium 22 May 2006 59 phosphate nedi ated transfection,
DEAE- dextr an di a r fegt] ect,roporation, i posaone- nedi at ed
transfection, gicafi reg‘ﬁgi ltrlllf@g?l gg,élglrﬂid ?éécéﬁf) °BF" it afegamh PIOBHL 15
condi t i othgrchopeittinm condi ti oned by the genetically nodified mcro- organ
explant of claim11 and contai ning said reconbi nant gene product. 34. A
phar maceuti cal preparation conprising the genetically nodified mcro-organ
expl ant of cl g m lyy3menfdanBt H&h 56r wRERAE:A e&P{Hngar P‘pPthﬁri SRR
expressing at least one Treconbi nant gene product, he Pret hod conpri sing
genet i catlbttingdaktéryi ng at | east some of the cells of a micro-organ expl ant
with a reconbi nant gene to express at | east one reconbinant gene product,
and said mcro-organ explant conprising a portion of an

53.  The method of claim 36, wherein said recombinant protein is insulin,

54. The method of claim 36, wherein said recombinant protein is hepatic

erythropoietic factor.

55. The method of claim 35, wherein said genetically modified micro-organ

explant is maintainable in culture for at least about twenty-four hours.

56. The method of claim 35, wherein said genetically modified micro-organ

explant has a surface area to volume index characterized by the formula 1/x + 1/a> 1.5

-1 . . . . . . e . .
mm ~; wherein X' is a tissue thickness and 'a' is a width of said tissue in millimeters.

57. The method of claim 35, wherein said organ is selected from the group

consisting of a lymph organ, a pancreas, a liver, a gallbladder, a kidney, a digestive tract




organ including a population of cells, the portion of the %rcﬁ{@f? i_nt ai ni ng
a mcroarchitecture of the organ fromwhich it is derived AP he sane
time having dinensions selected so as to allow diffusion of adequate
nutrients and gases to cells in the mcro-organ explant and diffusion of
cellular waste out of the mcro-orgamMZexplant so as to mnimze cellular
toxicity and concomtant death due to insufficient nutrition and

accurul atorgns, 6f restieatergtrast ionganhe 1gprodinefiveodrgah esko, gantingg. trabhergapt hod of
claim 35’blm?5s§$c@at§c?$rga§tathfrﬁﬁé, aosni%er._ecorrbi nant gene product is selected
from the group consistrng ot a PSS nant protein and a reconbi nant
functi onal RNA nol ecule. 37. The nethod of claim 36, wherein said

reconbi nant pr.gtei nTLS nqr mal I%/_ produced by the organ from said
mi cro- or gan e;& ant Themgthodwéglaimgs, whereimeseilgenetically madifigl mighepesen sai d

reconbin oL eh .S, nor-aal:ly t diuced, t r ch said
m cro-orggglagip{%ghnéhéil@ d 1?}\%1%]1. : %rgf) rf‘Elnttan%met Og&}é? %ﬁ%gmg%%ng\élﬁgﬂh sai d

r econbi namtroprebitedtureisgnidarrtathemicrparohigéciure 22 tHéborg@D AO6mMEOhieh . thd beeplaret hod  of
cl aim 36 whgg ein said reconbinant protein is a selected fromthe group
consi sti NGS8P™M8ul i n, anyl ase, a protease, a |ipase, trypsinogen,

chynot rypsi nogen, a carboxypepti dase, a ribonucl ease, a deoxyri bonucl ease,

a triacylglycerol |ipase, phospholipase A2, el astase, anylase, a bl ood
clotting factéP, UDPhe glethodr ofhelhim 35nhereirs eaid organt i3i mpanareass et baidoy| ase,
cytochro z adenosi.ne deam nase, serumthymc factor, thymc
~ I mor al %&@%?O%ﬁﬁr%n%g%gﬁ 1%1%{18 (ﬁ{ﬁfﬁ'ﬁ? 541, a growt h hornone, a

somat onmedi n, a colony stinulating factor, erythropoietin, epidermal growh
factor, hepatic erythropoietic factor (hepatopoietin), a |liver-cell growh
factor, an inP@r| eukihmethodeafzalaigne3yr wherpinfwict ongan fis Brinbprd said maigron

factor, 1; f . am |y, gastrin, secretin,

chol ecysHﬁ?%@,ﬁm@%ﬁ%%gegﬁ%@%%g@ilgll%%gd%ﬁg&'d a transcription factor. 41.
The met hod of claim 36, wherein said reconbinant protein is somatonedin.
42. The net hog of cJFllgei mfiG erein said reconbinant_protein is_ .

somat ost at i n. 0%3. TH mehpdat glam p3; whesgin PSS @ sdispascd kb ppdptid pr ot ei n

is afi bﬁﬂ&b-@ﬁéan'& R fhehuded Q??R/LgéionTmmﬁ?%?ﬁve%ﬁle%l%ﬁferWc%ilg' sai d

reconbi nant proteih Is a nega gro
from diseased skin.
62, The method of claim 35, wherein said genetically modified micro-organ

explant is maintainable in a minimal medium.

63. The method of claim 35, wherein the retained microarchitecture of said
genetically modified micro-organ explant comprises one or more cell-cell and cell-
matrix orientations between two or more tissues of the organ from which said explant is

isolated.

64. The method of claim 35, wherein at least a portion of said population of
cells is infected with a recombinant virus carrying a recombinant gene encoding said

recombinant gene product.

65. The method of claim 64, wherein said recombinant virus is selected

from the group consisting of a recombinant hepatitis virus, a recombinant adeno virus, a




45. The nethod of claim 36, wherein said reconbi nant protein.is
interleukin. 46. The nethod of claim 36, wherein said reco iM%)h?dbﬁr otein
is aliver- cell growh factor. 22 May 2006 61 47. The nethod of clai m 36,
wherein said reconbinant protein is an epidermal growh factor. 48. The
met hod of claim 36, wherein said recddbi nant protein is erythropoietin.
49. The nethod of claim 36, wherein said reconbinant protein is a colony
st i mul at iTREPIAbIRANG radengyassppiatedpYifse Aofecembingnt3apillprap eViriss i gcorabioati nant

protein i3 %Mmh@iﬂﬂcﬂ St s T t lﬁ!'?é? ' id
r econbi nan{p%rgr otein i s5 t §%pgﬁmélgl?%.’ mﬁfg&%]gﬁarpgt od 0o s’c‘)i{\grl%%n&é@?%ﬁher ein
sai d r ecaybimegatovipnodrel arecembinbhteidianedras.t i ng factor. 53. The net hod of

claim 36, wherein said reconbinant protein is insulin. 54. The nethod of
claim 36, wherein said reconbinant protein is hepatic erythropoietic

factor. 55. Tigg, net red nndd 6 dBiRDys, Wherel Bt 184k d f&ﬁﬂfﬁtéﬁﬁé };apﬂ%%fdfed
I I at | eaSt” about

m cro-organ explant is nmaintainable in culture for
t went y- f ¢ads #reuragsiogaed With anferdiginweic beiil me@Encawiaraciransaindtigremethiodal | y

nodi fied . cr rgan explant .has.a,surface.area t.0 | u ind

char act erslgilfétﬁg E"?}“%ﬁs FEPrgistipg ot cajciumphospha erﬁ‘f"fﬁlatf%f?ﬁﬂﬂ%%&(’ﬂ’ BEAETS a
tissue tleghremsdiatnd (raisfdclioR dlédfopotios Aigbsbineu@idtdd Wahdfbd®helFectd7. The
nmet hod of claim 35, wherein said organ is selected fromthe group

consi st i Ayediongandseaptesrigediated uplaker eas, a |iver, a gall bl adder, a ki dney,
a digestive tract 22 May 2006 62 organ, a respiratory tract organ, a

- reproductive organ, skin, a urinary tract organ, a bl ood-associ ated organ,
a thymus, a spl.een.Ukdf theehamideadical prepahiiomdf claheneir teigageneiktcal |y
nodi fi ed ¥n cra.—or aL} ﬁ%i@' ant conpri a‘:‘ ng epithelial and connective tissue
cell's, aPtARGYBEFIANAOT AFECHEE 8 BPRCRIPENGE ISR FRCIPA®Dtt 0 t he mi croarchitecture of
the organ from which the explant was obtained.

68. The use of claim 67, wherein said micro-organ explant is derived from
the recipient.

69. The use of claim 67, wherein said micro-organ explant is derived from
a donor subject.

70. The use of claim 67, wherein said micro-organ explant is derived from
a human being.

71. - The use of claim 67, wherein said micro-organ explant is derived from

a non-human animal.

72. The use of claim 67, wherein the recipient is a human being,
73. The use of claim 67, wherein the recipient is a non-human animal.
74, The use of claim 67, wherein said at least one recombinant gene

product is selected from the group consisting of a recombinant protein and a

recombinant functional RNA molecule.




" The use

59. The nethod of claim 35, wherein said organ is a pancreaﬁgﬁang sai d
popul ation of cells includes islets of Langerhans. 60. The 4 4 claim
35, wherein said organ is skin, and said mcro- organ explant includes at

| east one hair follicle and gland. 61. The nmethod of claim 35, wherein said
organ is a diseased skin, and said m#cro-organ explant includes a
popul ati on of hyperproliferative or neoproliferative cells fromdiseased
skin. 62. The nethod of claim 35, wherein said genetically nodified

m cr o- or gan pl antpyi i i l e L0. Nl . ium . 63. The nethod of
cl ai m 35, V\/ne?])gi n ttlrghfuestggdlfgéé%h{r?%’r g’%%%ﬁ?fg %ﬂg{}' 8{55211%1 rgd?rg?emggsn%?%agp/l y

modi f i ed prédsiced by geerorganplir@m tsaid omipro-crgsn otifartis d@ived.cel | -cel | and cel | -
matrix orientations between two or nore tissues of the organ from which
said explant is isolated. 64. The method of claim 35, wherein at |least a
portion of saig. pophatsonr Qhim 98I Rurkih s AR MR Bin' i€ GOMA virus
carrying a recombi nant gene encodi ng sai reconbl nant gene product. 65.
The net hoeprdyeedbuthnosgan fvre mbich sefl dicreoggabierplant ividerineedi s sel ected  from
the group consisting of a reconbinant hepatitis virus, a reconbi nant adeno
virus, a 22 May 2006 63 reconbi nant adeno-associated virus, a reconbi nant
papilloma virgs, a TBe@@PiofiaMim NEMPESe §4® re@nibar@irdant is| £/dddr us, a
reconbi nant retrovirus, a reconbi nant cytomegal ovirus and a reconbi nant

siman vPFM 66. The nethod of claim 35, wherein at |east a portion of the

popul ation of cells are transformed with a foreign nucleic acid sequence
via a transformation nethod selected fromthe group consisting of

cal ci um phospfiat e nEhié ateas! daiarBl eticiedn saiDiEAbmbiext prtiiedeiiced from
t ransf ect,i on, electrogggﬁ%é%n, | i posome- nedi ated transfection, direct
[

i nj ect i ofi® FRFR eCWSH BYdi. upmdiees, 7 Prefgeseofa t BRasphdpipsioeset cal
prepar at Uity inddf, 34 LaibokRRpfRRL! aF i dhucitlsed IPR SRR ulLe dg! I veri ng

a gene product"'to a reciplent. he use of c ereln sard

m cr o- or Yiaylghskmhlipass, plexsphaipaser A eldstese r aneylpiepmblood 8lottiipefacteg WHP cl ai m

67, wherein said mcro-organ _explant is derived from a donor subject. 70.
64“0181081% teppstoser crpitiing dirprsertdampeylase. egpoelomes pda9 i veaynia om a

human bejfgosine deaminase, serum thymic factor, thymic humoral factor, thymopoietin,
thymosin @i, a growth hormone, a somatomedin, a colony stimulating factor,
erythropoietin, epidermal growth factor, hepatic erythropoietic factor (hepatopoietin), a
liver-cell growth factor, an interleukin, a negative growth factor, fibroblast growth
factor, transforming growth factor of the 3 family, gastrin, secretin, cholecystokinin,

somatostatin, substance P and a transcription factor.
79.  The use of claim 74, wherein said recombinant protein is somatomedin.
80.  The use of claim 74, wherein said recombinant protein is somatostatin.

81.  The usc of claim 74, wherein said recombinant protein is a fibroblast

growth factor.

82.  The use of claim 74, wherein said recombinant protein is a negative

- growth factor.




71, The use of claim67, wherein said m cro-organ expl ant igl\ger%q@%d from
a non-human animal. 72. The use of claim 67, wherein the r@i e is a
human bei ng. 73. The use of claim67, wherein the recipient is a non-human
animal. 74. The use of claim®67, wherein said at | east one reconbi nant gene
product is selected fromthe group céhsisting of a reconbinant protein and
a reconbi nan§ fung,ili onal aﬁﬁ\lA mol ecul e. 22 May 2006 64 75. The use of claim
74, wherein s&fd r dCHH Haim4, therein saidgcambingnt npisiis aa ifgtleukin. or gan
fromsaid mcro-organ explant is derived. 76. The use of claim 74, wherein
said reconbi nant protein is normally not produced by the organ from which
sai d micro-or §&n eXpe ase of slatteridy echerdiy saifhrecamlsnaft proteionis74liveheeldi n sai d

r econbi ngptwtﬁrf ttoeri nis a mrker protein. 78. The use of claim 74, wherein
sai d rec&nb| nant protein is selected from the group consisting of insulin,
anyl ase, a protease, a |ipase, trypsinogen, chynotrypsinogen, a

car boxypeptidase, -a ri bonucl ease, a deoxyribonucl ease, a triacyiglycerol

| i pase, phospB&l i pabeuppof elpias {74swherginsazd escombhiantoprotdimis amgpiflerotabr , UDP
gl ucur onﬁoﬁﬁm&er ase, ornithine transcarbanoyl ase, cytochronme p450
enzyme, “adenosine deam nase, serumthymc factor, thynm c hunoral factor,

t hynmopoi etin, thynosin al, a growh hornone, a somatonedin, a col ony
stinmulating factor eryt hropoi etin, epidermal growth factor, hepatic

eryt hropoi eti ggf acﬂ’)‘fusﬂ?éﬁ 1848 whetsip sayd reporplinant proteig i gpythropgietsr . an
interleukin, a negative growh factor, fibroblast growh factor,
transformng gromh factor of .the (3 famly, gastrin, secretin,

chol ecyst oki néh, Tanusoof aldim 74ubdemic caif wosmbintntapoii [i$ iaotolbaget or . 79.
The use otf @Itai%rﬁ 74f wherein said reconbi nant protein is somatonedin. 80.
"The use Bf™EHAY a‘?tﬂ,‘ wherein said reconbi nant protein is somatostatin. 81.
The use of claim 74, wherein said reconbinant protein is a fibrobl ast
grow h factor. 82. The use of claim 74, wherein said reconbinant protein is
a negative g¥bwt hlteauscopl climMig #DE6inG5id Fecomitenars eprofeirc imiangrdwth wher ei n
said rec j gant prot einis an interleukin. 84. The use of claim 74,

wher ei n sal d Feconbi nant protein is a liver- cell

89.  The use of claim 74, wherein said recombinant protein is thymopoietin.

90.  The use of claim 74, wherein said recombinant protein is a blood clotting

factor.
91.  The use of claim 74, wherein said recombinant protein is insulin.

92.  The use of claim 74, wherein said recombinant protein is hepatic

erythropoietic factor.

93. The use of claim 67, wherein said genetically modified ﬁlicro-organ

explant is maintainable in culture for at least about twenty-four hours.

94. The use of claim 67, wherein said genetically modified micro-organ

explant has a surface area to volume index characterized by the formula 1/x + 1/a > 1.5

mm ; wherein ' is a tissue thickness and 'a' is-a width of said tissue in millimeters.




grow h factor. 85. The use of claim74, wherein said recongk nt(g%otein IS
an epidermal growth factor. 86. The use of claim 74, wheréf a%
reconbi nant protein is erythropoietin. 87. The use of claim 74, wherein
said reconbi nant protein is a colony stimulating factor. 88. The use of
claim 74, wherein said reconbinant p¥dtein is a growth hornone. 89. The
use of claim 74, wherein said reconbinant protein is thynopoietin. 90. The
use of claim 74, wherein said reconbinant protein is a blood clotting
. factor. 91. Thhe use [ : i: ' i eLn is

noul | n. 92, The usaiof e i o7 \FAFHR SR bl 10 TRLNAT bl b=
hepati c censtingopeilptiple ofgantopanc@3s, alher, usallbfadddrai Ridady, aigsaiatrsai d
genetically nodified m cro-organ explant is maintainable in culture for at
Poast abSlE2™ AFRRFESY Ah GFEET. 8 ACPHRSHYSEOTEH SR t BT HECE PTESar d
geneticamkwdqggkﬁﬁgnnghg@qh?ﬁﬂggSp@églant has a surface area to vol une
i ndex characterized by the Tormula 1/x + 1/a > 1.5 mm1l; wherein 'x' is a
~tissue thickness and 'a' is a width of said tissue in mllinmeters. 22 May
2006 66 95. The usef claim67,.-wherein said organ is..selected fromthe
group consis ﬁng o?ﬁ%“‘@%%ﬂh%%SQHWﬁaﬂﬂéﬁEf%%fgc yPWQ%ﬁfggnﬂgﬁFthdder, a
kirdney, axplinge oimpeisingacdpithelidannd a chRsdRiivat Biset (RN, AUr@AGed dnl ePr oduct i ve
organ, skin, a urinary tract organ, a blood-associated organ, a thynus, a
spl een. gcroghiteetpe similar i theamicrogrrbitestiredithe orapre fivwawhigh amxplaeti
M cro- or gan h&kRgant conprising epithelial and connective tissue cells,
~arranged in a mcroarchitecture simlar to the mcroarchitecture of the
organ fromwhich the explant was obtained. 97. The use of claim67,

wherein said gan |s a a#cr eas, _and said _  popul ation of cells includes
i slets of Lang r hanthe g8 ofplaiffs §7oWherean paigt Orgapelsed rpasgices: gigarrid s ski n,

and sai dpsA#HRnrean infLaits 78 LHoeg. At | east one hair follicle and
gl and. 9865 The use ofmcl aim 675, \??negeglﬁn said organ is a diseased skin, and

said mcro-organ explant includes a popul ation of hyperproliferative or
neoproliferatjjve |Is fromt i seasedq skin. . Cy
P b3, Cﬁle use ofr ciaim 67, wherein said organ 1s skin, and said micro-organ

- explant includes at least one hair follicle and gland.

99. The use of claim 67, wherein said organ is a diseased skin, and said
micro-organ explant includes a population of hyperproliferative or neoproliferative cells

from the diseased skin.

100.  The use of claim 67, wherein said genetically modified micro-organ

explant is maintainable in a minimal medium.

101,  The use of claim 67, wherein the retained microarchitecture of said
genetically modified micro-organ explant comprises one or more cell-cell and cell-
matrix orientations between two or more tissues of the organ from which said explant is

isolated._

102.  The use of claim 67, wherein at least a portion of said population of
cells is infected with a recombinant virus carrying a recombinant gene encoding said

recombinant gene product.




100. The use of claim67, wherein said genetically nodifi eg? i cr?q%%r gan
explant is maintainable in a mninmal nedium 101. The use 5 67
wherein the retained mcroarchitecture of said genetically nodified
m cro-organ explant conprises one or nore cell-cell and cell- matrix
orientations between two or nore tis$des of the organ from which said
explant is isolated. 102. The use of claim67, wherein at |east a portion
of said population of <cells is infected with a reconbinant virus carrying
a reconbi nant ne j i r [ r q 2006 67
103. The use c}?gcl a?%e%géz?gﬁ%j}g?zﬁ@%? Fg@gﬁ%‘?ﬁ@ﬁ%&ﬁggﬁ&%&“%% ed from
t he gr ouphe grsipstdnsigting ofl ar ecanbinaaniephétimtvirts, sa vicombinaat ademontiruzant adeno
virus, a__reconbi nant adeno-associated vjrus, a.reconbhi nant papi.ll oma
Virus, a TR AdPRo-REpRaedirss 3 reoombisarl arllomEdti: FustombReRonbi nant
retrovir Besped ViAGONDIrBeyHibift: ORRGARRY I Usciaiindht ' REBIRLNAN reSihifhtVi I US.
104. The use of claim 67, wherein at |east a portion of the population of
~cel | s ar éYiomegalosirweandyd reporabihant simgian mirgs.ei ¢ aci d sequence via a
transformati on nethod selected fromthe group consisting of
- cal cium phosphate nediated transfection, DEAE-dextran nedi ated
~ transfection, 184ect Thpasabi caim 67 peEasE: atmeth a%@@tidrf@mﬁlfs% il@flen df r ect

i njection, and receptor-nmedi ated uptake. 105. The use of claim 67, wherein
sai d gen&elisc @i fransbermedeWithi & dereigngnyrleie acid, sequesce vigapsttangfos@ation or t o

use. 106mefid UdfecRll Hodl M@’ erc%}lﬂst?@r Oy M c%fc?ﬁrﬂ-&aggglbh%plﬁé&at $ derived
- from an organ of a transgeni Eahi malexpt edsi ng saird reconbi nant gene _
pr oduct . tragsfectidnreDEAXH-deienai c enceltarpl | shmdectionp| gleerdporation) ckpasbm@psul ati ng

the genxex}eldﬁl eldI t}[ang%géi(];r{, %grecgl igjlé(?tio%t gn%rege):( t(l)rqr?lgdigged%lpg.lkg =
105.  The use of claim 67, wherein said genetically modified micro-organ
culture is encapsulated prior to use.
106.  The use of claim 67, wherein said micro-organ explant is derived from

an organ of a transgenic animal expressing said recombinant gene product.

107. A medical device comprising a polymeric device encapsulating the

genetically modified micro-organ explant of claim 1.




