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L] NWM‘HM‘““NW“W\TRO M CRO- ORGANS, AND USES RELATED THEREM2y Z8@6kgr ound
t e lnventj %%65 Eukaryotic cell culture was first achieved in the early
19503 Since that time, a wide range of transfornmed and primary cells have
been cul tWOB#HSSEi ng a wide variety of media and defi nedPGUBL@EInt S,
such as growth factors and hornones, as well as undefined suppl ements,
such as sera and other bodily extracts. For exanple, fibroblasts obt ai ned
fromthe skin of an animal can be routinely cultivated through nmany cell 10
generations as karyotypically diploid tells or indefinitely as establlshed
cell lines. Epithpl vAEROCHICRO-ORGENS ANDASESREIATED JHERETAN . -
proliferative properties that differ fromfibroblasts and are nore
difficult to cultivate. Mreover, when epithelial cells and fibroblasts
are grown in the sanme cul ture, B?%r@m“t?{éh‘f%ﬂ"%‘&'ﬁ s are commonly overgrown
by the fibroblasts. 15 Wiile the growth of cells in two dinensions is a

conveni ent et hogyfaore Qélﬁﬁﬁ{uw»% GRS B0nPRL AL HODBRE i il FU1 L LT,

al l owi ng "a hi 8&1 eration he ce and
cel | - mat ri x Wik BP&E? I‘E?HEfOE‘PféraéetPé‘magt gells haveficem eultiyqiedsymng %W{Ae\)’é}"ewl n order
to study suoi nfediacinid alefihedasugplemek clucly i< glowithn fetoas i hamoaes, @swwel As

[ nvest | 9al OrAlIRLE s FXRk R LutING HBEalodR AL ARAS aPelsOTbiRLSS such as

col | agen gel ang et al.
(1979) Proc.obRHee from S skigept & ?B"’E‘h@i“ b?amﬁ ingly %‘t'va(':fgémugw&ey RII | .
Acad. Scio. génc2Qiv8s 20 Kayotypieglyetlipldid ,cellsl 88 Indefifitiy @ . eR@blishdd :cdlD 2ihes1 027) ;

|l ul v ertf L.
g; 5250; 21?*??9‘?"81 @él:égﬁo%égg{ egwn,oﬁghomg.cal £njd9?r@ifex3an N@kdp n%r}fa%,fgegs -

28:/286- 296) :from Bpblasthand e, gare @F?gm ‘S’&Peomo"'é’f’er I“’%e“ il ?'sajcei sapdyr osur g.
43: 742- 749) .fibrablasgragagrogn @piht ahe aﬁltuceltlh&:pnthelal cilbreed tommanipeteegrbwmranner, a
variety of Cb?'tﬂe‘&fb‘?obl&f%nd't'ons have been errpl oyed. For exanple, epithelial

cells, and in particu pitheli cel |'s. (keratinocytes), have been

cul tivat®d on fe&ﬂ‘éF 'P%\ﬁé‘?‘%‘ off f HHIW g’@“ﬁ“?‘?“asdf af €@PYSHH BT
(Rnei nhar dt pedpacig, (b39Viby ©dl StudyuBtelBAB) caitute,omleyeng - hizhhetd @f cckbl | agen
matrices (Upglifeaidait INks the &3RoefiORd JEHORSAThtPRkiBRS cHPRIIEAE bPWhIe-

0361957). In. some cases, the media used to grow such cells is manipul ated
by adding BISBId§I%% extracts, including pitui tary extracts and sera, and
growt h suppl enenirs ordsuch stady elpnhdémnmnagrm}d/t motfphelpgicala inderagtiond, i 1 fEBoi sseau

et al. (3993hvedgaldrs KRt Skplored the udofSthrdk-direhsibadl subdtidtes RaheR ttolM@en gel
5,292, 655). (Douglas et al., (1980) In Vitro 16:306-312; Yang et al., (1979) Proc. Natl. Acad. Sci.
76:3401; Yang et al. (1980) Proc. Natl. Acad. Sci. 77:2088-2092; Yang et al., (1981)
... Cancer Res. 41:1021-1027); cellulose sponge, alone (Leighton et al., (1951) J. Nail
Cancer Inst. 12:545-561) or collagen coated (Leighton et al, (.1\968) Cancer Res.
25 - 28'286-296)' a gelatin sponge, Gelfoam (Sorour et al., (1975) J Neurosurg. .
e 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 irradiated fibroblasts (Rheinhardt et al. (1975) Cell 6:331-343) and on semi-synthetic
collagen matrices (U.S. Patent No. 5,282,859; European Patent Application No.
0361957). In some cases, the media used to grow such cells is manipulated by adding
biological extracts, including pituitary extracts and sera, and growth supplements, such
as epidermal growth factor and insulin (Boisseau 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 undertaken. 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
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Nunmerous attenpts at growing skin in vitro have been undertaken. These
attenpts typically include the step of separating the kerat 2hdbayt96i n t he
epiderms from fibroblasts and fat cells in the derms. After separation,
the .kerati gﬂ&g%‘es are generally 111111111112121212122121 LLJIL]1 I I LET 1
111 *Q Ivay 2006 WO 03/035851 PCT/1L01/ 00976 2FPGrEWHI%%7% manner
that pen-nits the. formation of a stratified epiderms. The epiderms
prepared in this manner, however, |acks hair follicles and sweat gl ands.
Moreover, in such cultures, the natural relationship between the epiderms
and the derms is not preserved Cul t'i vati on met hods i ncl udi ng grow ng

ker at i nocyt gewniin aarmnusraldt @emifsithy fopinatinsof(aRivatificda¢pddesmisallhe ¢HidEH)s Cel |

6:331-343 o re;mr&mnnglswnﬁérl W&ﬁsacﬁphﬂr flfmér@sl andsswa%glﬁ{de Plorea®d:] fgen and
flbroblasts t al.ternative
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X Smme and i ned viable for several days in the presence
of serum co‘%‘fagll gmnégg%r?;lﬁgﬁgﬁn addition to the drawbacks of cell danmge,

bi o-react ors andVett lssistingeinvisehsmedels ofthe apidermiisn lpckrhmmiallicles. swear glapde al so
very |im t eghd sabdcb@isglabé (fol ¥ vie@ dcrreeiaeﬁlxex eendmtur@@ee cohibab ethil pwmel s to

assenble_in | e lie spatial hr ee- f or m of
Rotual o sargush Ryt Bl S ) Hxeeniogs, REBNE s sl phaladRinetier
processes | Engttal. (192) Sren INarl deasds das | 8X §7648dpRcint whighp skin igixplante dvith ssues to
express a inghdiohsf ofrck i s :iny! 2. Gmﬁltfml:lt z@fhindd dhbié esredevérall &4s Sh aliee
consi der ed Héﬁfeaéfs&%h an:cell differentiation 25 and secretion of
speci al i zed" bi ol ogi ca act | ve rml ecul es of research and pharmaceuti cal
interest. Unlikdn ﬁf’?ﬁ%‘%‘b%g‘hﬁf’fs“wb“kf REcdlefamaserbigrregeiats agd gHsr gwﬁwém% as
mamal s 26 or enltulisgremmvwetian odlle akd gho oergl dimited | ih itlesd Ahilitgno prvideedndifibishough t he

exact —mechgpicg qgo\%elfs% SssSfibik 3RS SEAR! Whidh Sinfthe HBYWhial ikl diefpRgs that
have been studi e . . . . . , .
form of actual tissues in the intact organism. Conventional tissue culture processes limit,

~ for similar reasons, the capacity for cultured tissues to express a highly functionally
specialized or differentiated state considered crucial for mammalian cell differentiation

25 and secretion of specialized biologically active molecules of research and
pharmaceutical 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 (factors) such .

as hormones, autocrines, or paracrines. In summary no conventional culture process is
‘capable of simultanecusly 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 of generating 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



thus far, devel opnent of cells into tissues has been found to be dependent
on orientation 30 of the cells with respect to each ot her (2hMay@@06or
different type of cell) or other anchorage substrate and/ or the presence
or absenﬁ%nof certain substances (factors) such as hor rmnes}I aut ocri nes,
or parac BE35854 sumary no conventional culture process PCT @éﬂ?gﬂ:ﬁ e of
si mul t aneously achieving sufficiently | ow shear stress, sufficient

3-di mensi onal spatial freedom and sufficiently |ong peri ods for critical
cell interactions 35 with each other @r substrates) to allow excellent
nodeling of in vivo tissue structure.” There is a need, therefore, for in
vi t ro net hedgnohodgisne rvdti¢hnegllahfferemtianomiceil prylifgration ambcelif funstigamsimies cul t ur es
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di f f er ent i @bnhamal evehts may bk rdfversed-i on, and cell function mmcs that found
.in the whole organ in vivo would have utility in understanding the

mechani sns by whi ch organs are, maint ai in a healthy state and

consequent |y how abnor nal 3%?&“ fﬂnggvawged Summary of the Invention

The present invention prOV|des an in- V|tro m cro-organ culture which
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of..an or ganwsitg rfoay ﬁbﬁrgeg.tewrmw%rcht faagl tvttdags of qsng@xamk@n &ele-cel | and
cel’l -matrix_interactions anal o e organ.

Typi cal Iy, PRV} Ol 8) Pieks O?’ﬁ ctmﬁ%ﬁl ICE%?C Ft%%% rtj8'é%a§’p!)ef c?qh‘éeﬂur ro- organ
cul ture haslmagrixipieractignstapalpgayb idf thpsgtoecuriigsintgnobese prganof cells in the
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of cell prqlophletiai éfarlld B apprekimatedssonel or thb eclpdp thehiceroQhn edluteScantiech i s

greater t hEB;I gmgeatg grea%§ rz{tfpthgn ﬁ’x%p&l: %S%Q‘RURP\F mCaeJall tg:lilffj a&(y

neopl astic 1 ss g r-ce dced
proliferat e rlpsaﬁn @52 @P&H@tlonmf éF' rwlaeh GRS “fanWFvﬁﬂ czﬁ ip H@OB‘QP‘F%’ fo t he
m cr o- or garcettubﬁituhed framn deeplasiol B or, ielgG |l aiptogdnytopbedi popatagam snduedgo, - t hynus

and spl een tiy t organs e.g., gut, liver, pancreas
gal | bl adder’ f%%% + e lia% r epr oducti ve organs, g., prostate and

uterus; breast Prefergd OTWﬁ#ﬁF‘W’ jthathe cellsiof the microrep ‘t‘ﬁ"ﬁ'&?tca’é) P@&ﬁ@‘ede g.
bl adder andnd{udil:nynyiphcﬁdbbnga& e.g., thymus and spleen; digestive tract organs, é.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; comnea;
| 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



and bl ood- associ ated organs such as bone marrow. The isol ated popul ati on of
cells of the micro-organ culture can, in certain enbodi nen22 Maye2006
encapsul ated within polyneric devices, e.g., for delivery of the cells or
cell products, e.g., gene products, to a subject. The present invention

al so pertains to conditioned nediumisalated fromthe mcro-organ cultures
of the present invention. In one aspect of the present invention, there is

provi ded a netlca |y nmodi.fie m cro-or xpl ant pr essin at | east
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cel lular waste qyt, QEmB@mQPu o'%ﬂ)eorrgs%rr{t .%‘e%[ MinS QS ofel éu mreg{a 26, 32
mnimze cellular Foxi ¢ ncom eat N gue P NSUPFeeht
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expl ant expfess ne, reconbi na ene uc n_on

enbodi nent ((;)?;h %}7@9&,,?}5 Ob%? %lhrg\?)e P ancrea% & rHiec'(ngc r%arrc an l(’:rﬁlot ltjl?e UIa'I'?Jndes a
popul at i on Qﬁcek!selswgbwww thg same acthe ancrefrrclaﬁcwgé%he eiginal pagsrgas fope

m Cr 0- or ganwkixlp therdxplahteastddeised phd fheludél padireatizepiRdial vedist ¢. gSidRt €4ls] S. I n
one enbodlmgg$agg ,@gmhgaggqﬁagteqhe organ explant is obtained froma
pancr eas, e m croarchitecture of the population of cells is
substantlally the sanme as the microarchitecture of the original pancreas
from which the explant was derived, and includes pancreatic epithelial
cells, e.g.,.islet cells, and pancreatic connective tissue cells. 22 My
2006 WD 03/035851 PCT/1L01/00976 4 In another enbodi nent of the
invention, the mcro-organ explant is obtained fromskin, e.g.,

m croarchitecure of the population cells is substantially the sane as the
m croarchitecture of skin in vivo, and includes skin epithelial, e.g.,
epidermal cells, and skin connective tissue cells, e.g., dernmal cells. The
m cro-organ culture which is 5 obtained froma skin explant can al so

i nclude a basal |am na supporting the epidermal cells, an extracellul ar
matri x which includes the dermal cells, and at |east one invagination,
e.g., at least one hair follicle or gland. In another enbodi nent of the
present invention, the mcro-organ culture includes an isolated popul ation
of cells infected with a virus, such as a. hepatitis virus,



to e.g., hepatitis B or hepatitis C, or a human papilloma virus (HPV),e.qg.,
HPV-6, HPV-8, or. HPV-33. Wien infected with a virus, the ngrmayaz(gml
culture can be used in a method for identifying an i nhi bi tor of viral
infectivity. This nethod includes isolating a mcro-organ expl ant

accor di ngWM®0343&8Sket hod of the present invention, which exBCAALOVMITGeri ved
froma virally-infected organ, or is subsequently infected in vitro with a
virus to 15 produce a popul ation 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 adtivity, and the |evel of

infectivity (e.gIn anbiedlenlbodieiengof thevhveRli@s tthe! ividte- oagaﬁ)exbmnt ueobrkn@@ence of
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25 micro- -organ explant is then placed in culture. Typically, the explant includes an isolated
. population of cells 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 exp]ant'has
the ability to proliferate. The cells of the subject micro-organ culture can be in a state of
equilibrium, i.e., 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 resuiting in a ratio of cell proliferation to cell loss.in the population of cell loss
in the population of cells which is greater than one, e.g., the micro-organ explant

includes a population of cells obtained from neoplastic tissue. .

Preferred organs from which the cells of the micro-organ culture can be isolated
35 include lymphoid organs, 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



5 Cells in the mcro-organ explants can also be nodified to express a
reconbi nant protein, which protein may or may not be nor nmed) Mag¢2poessed by
the organ fromwhich the explant is derived. For exanple, gene products
normal |y produced by the pancreas, and which can be augnented by the

subj ect waesgsssic nethod, e.g., to correct a deficiencyPCracénmderd nsulin,

anyl ase, protease, |ipase, trypsinogen; chynotrypsinogen, |o
car boxypepti dase, ribonucl ease, deoxyribonucl ease, triacylglycerol |ipase,
phosphol i pase A2, el astase, and anyl ase; |ikew se, gene products nornally

produced by the liver, and which cansbe conpl enented by repl acenent gene
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i nvention can. bé a net hod for gene produ t to a
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of cells frmoatm, dbiobprosabmeg by maj eotemermaliyoexpuhssed dly|the drgan figm avhih

m croar chi tgCtidmt ?sfde?i(led)'i“gna&aﬁ{plet éﬁ%ocfdc&rﬂomélﬁrbr&lh%e&g} {he paficgeas SOl at ed
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expresshon Qfbod 151; gdked q%ﬁud@éagéuctde@ﬁﬁlﬂoh@akape i nﬁm%&e@n Niipast he
-populatlonq?(‘}ehsto roduceaﬁﬁbgtlono ns %J (ﬁ#nthe

m cr o- or garPOEPRUPASE A, clastage, and amylasre Bkeyyiye, §?518Ipé "CS PRYEH Y expl ant
can be admi tht $ver zd wloclacanrlemomplmtensdlbp'ec,nlacefﬁhet gstmdlemsnbp@@de Hoadl t he

reci pi ent sybkige fact?d) Heh af bibe o?&ﬂi?g PRES O8I afd Fatodin fl@DP"gtluc‘éRﬁ‘}l es. The
m cro-organ culture %a sent, i nventio nmet hod
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organ, ificl nuinally pRQuqeddgethymos insdide ssenimhithynie e, thyolicdusogkfastaat i ng a
m cr o- organthe,a(,plgoafmn agwh;yg,egn&ecordl ng to the present invention, which

expl ant includes,at .| east on ‘gﬁ t jferate.
After being pl aifé‘ PROCUF T euretch i Qrelsem mvlegn ab%BleS%d "y? et}Bdgénd dat e
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proliferati@f thvelpae d‘ﬂ%‘é‘n@é‘“é?s ‘thﬁésoé‘”é?ﬂjP%I%H‘*’é‘°“é’éﬁﬁ%?ﬁjmaﬂf?"?ahkr‘e’é’se in the
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population of cells to produce a population- of transgenic cells in the micro-organ
25 - explant, e.g., a transgenic explant. The transgenic -explant- can 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 cells. 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, e:g., 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,
then 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



6 be identified using a simlar nmethod. Specifically, when the neasured
level of cell proliferation in the presence of the candi dajemaorpognd is
determ ned usi ng the above-described nethod, it can be conpared to the

| evel of i{gﬁl feration in the absence of the candidgf fﬁfcb ﬁy,lad A
decrease in tﬁe evel of cell.proliferation in the presence 0

candi date conpound is indicative of an inhibitor of cell proliferation.
Anot her nethod in which the mcro-organ culture of the present invention
can be wused is in a nethod for identifying an agent which induces, or
inhibits, di fferentlatlon of . one or nore cell In a_given _organ

an agent whiteHIsRtfIEd 35ipg 2asihHen Methed rSpegifisallgy eﬁ?’%lglee’ac%st“éfl ge‘(ebt"é\?élgt
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anot her enbﬁﬁfeffémt'oaf" ﬁﬁ@r F*&g@ﬁﬂ’e cRvidhs wreg ﬁS&eepee%f&h% iP5 of
i dent i fyi ngeell @lﬁ"demt@abramthgabss&tcenf the kandgolatepomgewidt An inpedabe indlpulevel obns from

an organ. Tgip dmémaghongﬁneﬁ@lplreée&eoaﬂ Qé?x%ldbt%o&ﬁﬁﬁdﬁgd ,g Nin@ic&iVet o 8¢l aN
expl ant of ation o | bed her§| n,

expl ant 1 QiR @eieBes By e S arihRsfnugion o ERaeGR tE » S
m croar chit en@thaﬂ .dn pérticar, whomthe freasorednliewdh of ¢edl diffgrentimtion insthd eresergelof (i) a

surface ar ea,ethna&autél@&mb&ﬂlexs Gakenhed Qding a{e Ab@@ééesammmém&ﬁ it BAR Be and

iii) at |east on st em ce|

() ot CaSarRa B OAF O L oSl S aiian o B e R

prol i f er at i &rieertast frethp feygleficelbdifforentatiomim the Ipresencg of the cgrd@dwhconfmend)r or

ot her i t 0gRNndicatiVe &ifad Shibitor 3NV differélitafi£t € popul ations. of cells in the
explant . UPSCAYENbde LG AP L] SELBr USRI B8 RuGaRhel sppat od from

the explant. Such I ons e expl can &d by
ViTtue of t#nsi isolpting istear gstlh Oeproggstonaslé populatlons from an organ ThlS 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, (ii) 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 prdgenitor/stem cells will proliferate spontaneously 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,



I n other enbodi nents, the progenitor/stemcells will proliferate
spontaneously in the <culture even without.addition of an eXdymydid®béagent .
I n ot her enbodi nent, progenitor or stemcells fromthe explant that
proliferate in response to the agent can be isolated, 22 May 2006 WO .
03/ 035851"P¢H P11/ 00976 7 such as by direct nechanical sREHIENI0I6OT
new y energing buds fromthe rest of the explant or by dissolution of all
or a portion of the explant and subsequent isolation of the anplified cell
popul ation. Still another method in which the mcro-organ culture of the
present invention can be used is in a nethod for pronoting wound healing
[ nba reci pi ewh sUHyj diett. mél'dhhxi'ﬁcal rﬁeﬁal?mdniom(ﬁl:\u?%heirgs@ e&asnilgemfm@f&taofdiaaor I
subj ect, a Lon. i.ng. e Q t .|l east .approxi.mately
1.5 nm1 anS)Qﬁzii&oﬂ|ct)ﬁ'_’P Fﬁglsgﬁl’et gg“lﬁf‘rﬁ’?i\éo"%@ﬁ%@’ﬁ ésg(p{aBI%n WOORRIUSE PREOR P ci pi ent
subj ect. Th&edswhtetesljepelationd t he reci pi ent subject can be of the sane
speci es or of dSdif efosiet nefediie svhichnh® RkcreBianliciant of tHagrédemSentic@m whi ch
the cells a ' . ' [ . he recipi ent bject is
an ul cer, e?@ ?éggﬁaﬁfg?eér‘ %gé@gc@aﬁggoémxgﬁwﬁn%ﬁg{ge@gfer? 'péengtsﬁé?m‘:l?ﬁ%ect of
the present "CHPEMUGRS iselpinselrom aslopersybiectsr rapriation offrells Pavéneamalepbifi t i oned
by the geneti least hyprovoaatkiydds minc'rand appiging eheppopilatiaf of dtfis By £50M@td dMEENt i On
and _cont ai Rlclifiend alefkel 360 AHoR AbiecOERANPIBANEL sublelt AR BPeAZRECL L e
present invention, there i1 s provided a pharmaceuti cal prepara?lor]

conpri si ng f’ﬁ%tj T FRESIEP-yIn ARscRmhodineRt diedissiedeam whish shercells are selafpddss ent

i nvention: bkin andtheerouns pédlie wtipichesubfeesienh ulday,any.) anulcérBERiated Wiitpvi ded a
rmet hod for gppQduci ng a mcro-organ expl ant expressing at |east one
reconbi nant gene_product, the nethod conprising genetically nodifying at

| east some of t h& ¥ethesaspect of thi presrnp nyemiondhest drirovifladte eenditiensdmediont gene
to express aindhtRAS byPile gERECHD AN edIRR-REAMElant S pR@hMinPirEbR R 9an
expl ant conprising a portion of an organ including a population of cells,
t he porti onYfRIRASSa [FeeMiBAThERE RTOFECta ni cr oarchitecture of the organ from
which it is derpygeshuRdsikt b heSRAERBN! inEBRAVHOY ig'p%lioan?ha%éc%&%cgp SO as
to allow diffusion of adequate nutrients and gases to cells 1n the

M cr o- or ganPERPBALR: CUPRTISHET the s3eaetically aradified amicrorprgane explantof theepraicst o- or gan
expl ant so gsedtRnm nim ze cellular toxicity and concomtant death due to
insufficient nutrition and accunul ati on of the waste in the portion of the
organ. | n anot hef" 3895t aspgct tah ethp maesenit invenjient there, ist provided ¢ pedod ded a use
of the phapaeeiH 4 %ﬂéro-BFg%{?%&ﬁﬁﬁt%pl@gsiﬁghﬁ 1BIE SR e MR I8 Fr0duct, R

manuf acture of a nedi canment o
method comprising genetically modifying 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.




for delivering a gene product to a recipient. In another aspect of the
‘present invention, there is provided a nedical device conpZNangoes

pol ymeri c devi ce encapsul ating the genetically nodified m cro-organ

expl ant of the present invention. 22 May 2006 7a The practice of the
present. invention will enploy, unless otherw se indicated, conventional
t echni ques of cell biology, cell cultéae, nolecular biology, transgenic
bi ol ogy, m crobi ol ogy, reconbi nant DNA, and i mrunol ogy, which are within
the skill of the art. Such techniques are explained fully in the

literature. See, I ual , 2nd
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Wi r ?nd C. Culwl aph\mdl Ce:[@lgs(K 1.18@6hhey, CAiaﬁerv;@sI llx{i(.esll\Iaﬁfi @&%antatﬁﬂés of ghe
i nvention par e etaile C lon an
from the c&?clr[ﬁsrs Br e {:?’BSWJB‘E%%FFCE ﬁgg\& EV\F% g% o ﬂgrxg %

di‘agr anmat i Barberpkabeestanat |Mﬁﬁh<@$ in BEnzymelogy, géats- dléﬁla@til lrﬁé (W et dl rnésm ons t hat

det er ni ne Ahﬁrﬂiho&ﬂ&ﬁﬁ@l Mefhoti!sllm: ker mdandiedular BloRk) (Phydriaad URalkéd geye 2 is a
hi st ogram S[t:l nea ‘cul ture

{
as determ reg m' Igreﬁfﬂl‘log‘% ’58‘3 gif‘{i glrflnébﬁ(ggﬁg#’ip(?ﬂm?'ﬁ?lqﬂ?n’}“ﬁglr% Or\g’?‘f"heé peri ods.
Figure 3 id- é((ﬁJthWgrrandgﬁ‘oﬁlmgwelbleds 986} feration in a human back skin

m cro-organ cul 0 RfuLetaal NHdoafa yoﬁrtﬂy invRBGdn Q&N Akt flpaleRC gbat ten of

cultures fqr,d-.8 dgﬁ}éﬁd gc uonyando ecl 03/ 035851 PCT/ | LO /00976 8 Figures
4A- 4D are m crog fo WP Jd€&cence correspondl ng to

replicating cel I S of nouse Skl n (rrag 50x) (Figure 4A), guinea pig skin
(mag. 75x) Brief Description of the Drawings

Figure 1 is a diagrammatic representation of a micro-organ depicting the
dimensions that determine Aleph where x = thickness and a = width of tissue.
Figure 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.
Yy Figure 3 is a histogram showing cell proliferation in a human back skin -
micro-organ culture as determined by BrdU labeling after incubation of cultures for 1-8
days.



(Figure 4B) human foreskin (mag. 50x) (Figure 4C) and human foreskin (nmag.
75x) (Figure 4D). 5 Figures 5A-5C are transverse sections 21 May2006

epi dermal mcro-organ explants. (mag x75) showi ng tissue architecture at
zero (Figure. 5A), three (Figure 5B) and six (Figure 6D) days in culture.
Fi gure 6WQO43[$Mdt ogr am denonstrating the effect on epi de®faIpVY¥7¢ er ati on
of wvarying thickness (x) of guinea pig skin mcro-organ cul tures using
BrdU i ncorporation 10 where (a) has been kept constant at 4nm Figure

7A- 7B are m crographs showi ng i nmunof | uorescence corresponding to
proliferating cells in pancreas-deri véd nicro-or gan cultures (mag 75x).
Figure 8 is a hiFshegr4amib hanhitepgeaphslsiosingf iminngiokludtedcenRasrekpbiydimgsl t  pi g
pancreas m s I : Fi 9 ISt ogr Show | _ _
BE¥ Thymm o P Bls ohdihe Suin Kol S Bk 18, BUBLOBAMELN. 980 ) oo
of the col dfisure YRy humanfarekin Giad eXuhi Fgre g%ﬁﬁ‘é@ﬁ@?" greskimfgag. g@y)s, f our
days and si¥igdaeyd)of culture. Figures | 0OA-10OC are m crographs show ng

active oliferat] f itof lofidk €S0nsid ' = Or S
dot er i fied by i Hoblh ?ﬁ‘oﬁsﬁ%n‘%@%"e&/ggﬁﬁc?%at@ g{lll%igxga%ed&?iﬁm&?eo@ﬁm% 40x
(Figure | CBPlanta{agselo) shoyinedispyscarehitertyrg at zare (Figure 3Ms thégsr &itteend ng t he

si ze di st ridndkix@Rigofe A idayssiafltuge. at t he begi nning and end -of . t he

m crocul ture. Fi 12 ' ' t FalalgcImE '

T togenesi & | n LArES ey bl SR atrR LA ol Rpldithdl riafln ot -
gui nea- pi g ‘@RYine hiskesss &9 of guyjnes Rig slen Mucrp-organ gplresaag BrdUr isgareasationat i on of
a m cr oior gelere(aphabeerf kept cohsteratandnin. of chroni ¢ skin ul cers. show ng

P | et e secti@nj i e . i i : ure that
i nconp ﬂgurpgﬁgiseﬁh %H%gébﬂscs%?gﬁlgelﬂl%lﬁlgﬂum!c @1cBrr& cfu*tclto

cah be readily. nahi in vivo, | 14 1s a phot ograph of” the
surface of PIOWERuRe coflf ByPapapsAeaiadpictrorganfuliures (B3g ) -mal skin with a
m cr o- organ cul tFiguee 8hsad hisgpgraye sisovang amoofits ndwinhdinr rellaseddt by adult pig 30

i npl ant, a%&r%qﬁi%[@%qmt&gs_t he inplant into the normal nouse skin can be
observed (‘mag 10x). FI gg&e 15 isﬁ a gggphi C .r,egr,esent atiqn of_ the
expression of aff81Es Pelf ASUsPEHYsPRYINE g Brkhymidige inserpeEatign gn LIANEETAHNGr o- or gan
cul ture af tells imr mivsd-engtn onitufesaff thehevlay lliver; &idney, Rluadenphasdiesopbagadatng t he
l'uci f er ase hRPa&sSoudfPeand3tk &ayger@ind®. i s a graphic representation of.the
expressi on of aél.uc‘igfﬁ)r é_lf %ene r| nrat., I un% aned t@%rrus n}; r.o-Eoglr an
cultures after &N (fcp & "HEGPRPEFOYV PSP EeRPlifiragPn £hadir (i e wi th
pl asm d encadnietp-ergen cwgirésepsa Jetemmapasr b imganeflu@civgg. Mg ication 40x
20  (Figure 10A), 40x (Figure 10B), and 75x (Figure 10C).
Figure 11 is a histogram showing the size distribution of hair shafts at the
beginning and end of the microculture.
Figure 12 is a histogram showing the inhibition of mitogenesis in micro-organ
cultures in the presence of 2.5 ng/ml TGF-$ in guinea-pig skin cultures. ' '
25 Figure 13 is a diagrammatic representation of a micro-organ explant for
treatment of chronic skin ulcers showing incomplete sectioning of tissué slices so as to
- maintain a structure that can be readily manipulated in vivo.
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 a.luciferase reporter
gene in a guinea 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 luciferase gene in rat
lung and thymus micro-organ cultures after cationic lipid mediated transfection of the

culture with plasmid encoding the luciferase reporter gene.



WO 03/035851 PCT/ILO /00976 9 Figure 17 is a graphic representation of the
activation of telogen follicles upon treatnent with FG- i n22iMay®@0@6gan
cultures of the. present invention. Figure 18 is a .graphic representation
of the expression of a transgenic luciferase gene in mcro-organ explants
of the pV@dMEBFhvention. 5 Detailed Description of the IRGESADOION7The
present invention is directed to a three-di nensional organ explant culture
system This culture systemcan be used for the long termproliferation of
mcro-organ 10 explants in vitro in an envi ronnment that closely

approxi mates that found in the whole organ in vivo. The culture system
descri bed her eiRigype 0V iigdegraplic rgpraabrititivn ifitenactingtionaTREIORIN! follitleS @bdn

rraturatlon"éaanémm@e@lmnral&},pgﬁeunmlo?e}%%es&,a g, counterparts in  vivo.

The micro-organ_. cultures Avention prowde invitro
culture 15 sydtigfig ¥ i aginRc FP@E%&E‘“B‘P obthg s¥Prewioniodadrapsganip ducifgiapr ai ned and
thei r funcgdneim picesepaedplahBlof e tpesseie thvprtionods of time. These cul ture
systenmssprovide in vitro nodels in which cell differentiation, cell
proliferation, cell function, and nethods of altering such cell
characteristics and funct PGH%'“&Qﬁscb'@"&%ﬁf/@ﬁllé‘fﬂ“wnand accurately tested.
The resulting cultures have a variety of applications ranging from

transpl ant ati onyerprdsBR! iAEhabd %ndx}e@leg(po X'tfﬁ@e-dﬁr?eﬁlgﬁaq%@%aﬂge BhOLRSHE

conpounds and ?\? ceutica oun% in vit oduct1 on of
bi ol ogi cal P§'*Ret P SV HEF @’é[ff‘b%a" bﬁ used {7 thedgng (5 ‘proliferationyof @Blomrgﬁg
progenile or expbaisl ig vitrooim an dniviserneent far clesehngipeoxirames that foayd Wathe .whole

lim tationge®PgFivfvbCThe w& @?Q&rﬁ dchrfBﬁ:d 1Rin pr‘C?d}E'f? H]%r!!%% %Ld) -
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- For- example, and not by way of Jlimitation, specific .embodifnen_ts.;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; (iii) 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 _

30 ~In yet other 1llustrat1ve non—llmmng 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 compouhd 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. :

This may readily be assessed by vital staining techniques. 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



This may readily be assessed by vital staining techniques. The effect of
growt h/regul atory factors may be assessed by anal yzi ng the 2&2Mayl2906cont ent
of the explant, e.g., by total cell counts, and differential cell counts.
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present InV&‘)G&Iaﬁm,grdu,rprnOarpMﬁelapmkaxuﬁﬁavmr@femx@o@r@@Hnwmm&uc&g:ﬁf gans as,

for exa e uodenum
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term"mcro-or gme%Hnt‘uxrsﬁxe” ?eiferblﬁﬁﬂgxhﬁﬁ%k Ryéedfeinildly specialived adisdvin@pul at i on

of cells expl ant m croarchitecture of an organ or
tissue frorﬁogﬁhdéﬁe??fm ena‘f]ls%ecgfémag)g ated. That is, the isolated cells
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30 from whiC ragtlons as
bet ween st r B6hjorgans as for example mammalian skin, mamma 1an pancreas, liver, kidney,

- duodenum, esophagus, bladder, cornea, prostrate, 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 microarchitecture of an-organ or tissue from which.the
- cells are isolated. That is, the isolated cells together form a three dimensional structure
which- simulates/retains the -spatial interactions, e.g.” cell-cell, cell-matrix and
cell-stromal interactions, and the orientation of actual tissues and the intact organism
30 from which the explant was derived. Accordingly, such interactions as between stromal
and epithelial layers is preserved in the explanted tissue such that critical cell
interactions provide, 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. . '
"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



and epithelial layers is preserved in the explanted tissue such that
critical cell interactions provide, for exanple, autocrine2aMhyf0acri ne
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sanple. The subject mcro-organ cultures have a mcroarchitecture of an
organ or tissue fromwhich the cells or tissue explant are isolated. As
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of cells or a tissue explant in which'22 May 2006 WO 03/035851
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epi thelium whi ch seudo t1fied
ol factory regdsnenpl bas SHEEReEb (éappeys, maprps and strous), including the glands and

other structures derived therefrom, e.g., corneal, esophageal, epidermal and hair follicle
epithelial cells. Other exemplary epithelial tissues include: olfactory epithelium, which
25 is the pseudostratified epithelium lining the olfactory region of the nasal cavity, and .
- containing the. receptors for the sense of smell; glandulaf epithelium, which refers. to
- epithelium composed of secreting cells; squamous epithelium, which referé to
epithelium composed of flattened plate-like cells. The term epithelium can also refer to
transitional epithelium, which is that characteristical_ly found lining hollow organs that
30 are subject to great mechanical change due to contraction and distention, e.g. tissue '
- which represents a transition between stratified squamous and columnar epithelium. The
term "epithelialization" refers to healing by the growth of epithelial tissue over a
denuded surface. . _
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 adjective
"cutancous” 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.



containing the:.. receptors for the sense of snell; glandular epithelium
which refers to epithelium conposed of secreting cells; sq2aivays2006
epithelium which refers to epitheliumconposed of flattened plate-like
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tissue which represents a transition between stratified squanous and
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“of a hair follicle instead of directly onto the skin, and are found only in certain body

areas, as around the anus and in the axilla. -
25° The term "hair" (or “pilus”) refers to a threadlike structure, especially the-
specialized epidermal structure composed of keratin and developing from a papilla-sunk
* in the corium, produced only by mammals and characteristic of that group of animals.
~ The term also refers 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 root 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  skin areas 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
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mitosis. _ :
25 The term ' progemtor cell" refers to an undifferentiated cell which is capable of
. prohferatlon 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 to encompass
~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
~ acquiring completely individual characters, as occurs in progressive diversification of
embryonic 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 cells” refers to cells which have spontaneously
converted to a state of unrestrained growth, i.e., they have acquired the ability to grow
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Another carcinomatous epithelial growth is "papillomas”, which refers to benign tumors
derived’ from epithelium and having a papillomavirus as a causative agent; and
"epidermoidomas”, which refers to a cerebral or meningeal tumor formed by inclusion

J 25 of ectodermal elements at the time of closure of the neutral groove.

" As used herein, a "transgenic animal" 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 nucleic ‘acid introduced by way of "hljman"intervehtion, such as by
transgenic techniques well known in the art. The nucleic acid is introduced into the cell,

30 -directly or indirectly by introduction into a brecursoi' of the cell, by way of deliberate
genetic manipulation, such as by micro injection or by infection with a récombinant
virus. The term genetic manipulation does not include classical crdssLbreedihg,' or in
vitro fertilization, but rather is directed to the introduction of a recombinant DNA
molecule. This molecule may be integrated within a chromosome, or it may be

35  extrachromosomally replicating DNA. This term also includes transgenic animals in
which the recombinant gene is silent, as for example, the FLP or 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



"squanous cell carcinoma”, which refers to carcinomas arising from squanous
epi thelium and having cuboid cells; "carcinosarcoma", which2pmiuziE6
mal i gnant tunors conposed of carci nomat ous and sar conat ous ti ssues;
"adenocystic carcinoma”, carcinoma nmarked by cylinders or bands of hyaline
or nmuci nove 089358Ma separated or 15 surrounded by nests or ROVH®1/06976 el |
epithelial cells, occurring in the manmary and salivary glands, and nucous
gland of the respiratory tract; "epidernmoid carcinoma”, which refers to
cancerous cells which tend to differentiate in the sane way as those of

the epiderms; i.e., they tend to formiprickle cells and undergo
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the neutral groove. As used herein, a "transgenic animal" is any animal,

preferably a nony, ird or an anphi bian, in which one or nore
of the cells of tEzn@ﬁf"%ﬂ’E’?Izﬁf"éfr%orgﬁﬁf@a’ﬁfogous nucl ei ¢ acid introduced by
way of human intervention, such as by transgenic techniques well known in
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i ncl ude vert ebr ategexahilé o PhyHEERbRact Eebvded B GelPahd @l RshcelfiMdr bstReep, dog,

cow, Ch'zﬁkegﬁatn%”phbcp ﬁ)@ﬁal $ Pz{c{ h&%&en anh%meﬁ%}e& neﬁd“?{‘bé‘s%ﬁﬁnpuga”'ﬁ' S are

nini ature re se rom ng rat and
mouse, nost SRt AYyical Fgntag betryean et and Hnatbes ?;e"a'r'TFlﬁﬁfrs"aCF‘@‘ gBysiFaherein to
refer to antomdcs maintaiitiddly, fdveximpleciarbiendat caiejnfctioss Seuhnad, gaprjundiiodi ch t he

recombi nant aﬁdstlé?ﬁ(mngt?&]@dE*apnp?&r@ 8o Lothdt 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 - messages, e.g.,
hormones which either diffuse locally (paracrine signaling and autocrine signaling) or
are transported by the vascular system to more remote locations (endocrine :signaling).
Examples of paracrine signaling between cells are the messages produced by various
30 cells (known as enteroendocrince cells) of the digestive tract, e.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
such minimal media by paracrine and autocrine factors resulting from specific cellular
interactions within the explant.



cells of the animal. |. Establishnment of the micro-organ culture 10 A
salient feature of the present mcro-organ cultures and net Q@qﬂ,@a m@ordl ng
to the invention, is the ability to preserve the cellular m croenV| r onment
found in vivo for a particular tissue. The invention is based, in part,
upon the WO9803588 t hat under defined cireunstances gr owPCHILOEBDIZ i n
different tissue |ayers of an organ explant, e.g. mesenchymal and
epithelial layers, can be activated to prollferate and mature in culture.
15 Moreover, the cell-cell and cell-matrix interactions provided in the
explant itself are sufficient to supb% cel lul ar homeostasis, e.g.,
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(G cells. ticu
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expl ant in wihithmat B®dhding € cgls, untleigdOaltchary . X thg ediftitors Ofl [diffSertiati&er um or
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by paracrine an utocrine factors resultin I ¢ cellular
i nt er act i on§SQRIsh AN PRBtIBRIEREeenchs Pﬁfévﬂ%crge IS %%%seeﬁatiﬁefﬁﬂds&/ 00976
.16 I\/breovel(1992h@elp$8ra&39199)n| ntain, in vitro, their physical and/or

functiongl  cont AGlerhdie Nk mroe&gﬁﬂ chﬂur@ﬁ(ﬁl‘éﬁgﬁda&cd@ﬂ %eé.epmpwt@m on of
cells in which at

t ‘one _cell “develo §! cal .and/ or f L onal
cont act | i PIFSTe P i St SRR R For protonged pesiods O ke
This includes the maintenance of hair follicles, sweat glands and sebaceous glands in
skin micro-organs in. vitro according to théir normal occurrence in vivo.(see: Examples
VIII and Figures 10A -10C), or islets of Langerhans in the pancreas according to the
j 25  normal occurrence in vivo (see Examples IV, V and VI). Because these cultures can be ;
maintained in controlled and uniform conditions and- yet closely resemble tissue in vivo,
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 immunofluorescence.
As merely further exemplification, the appended examples demonstrate that the
subject culture system provides for the replication of epithelial and stromal elements in
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25  surface area to volume index provides the cells access to nutrients and to avenues of
‘waste disposal by diffusion in a manner similar to célls 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 smal]est 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 Imm would have an Aleph index of 11. In
35  Example 1, the tissue had x=0.3 mm and a=4 mm such that Aleph = 3.48. In Example
111, 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
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10 Again, not wishing to be bound by any paﬂiéula_r tﬁeory, a numb_ér of faictors
provided by the three-dimensional culture system may contribute to its success: |
(@) The appropriate choice of the e_xpl_ént s_izc,. e.g., by use of the above
-Aleph calculations, three-dimensional matrix provides appropriate su_rfaé_e 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, vérious cells continue
to actively grow, in contrast to cells in mdnolayef cultures, which 'grow to conﬂﬁence, :
exhibit contact inhibition, and cease to grow and divide. The elaboration of growth and
regulatory factors by replicating 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.
©) The three-dimensional matrix retains a spatial distribution of cellular
elements which closely approximate that found in the counterpart tissue in vivo. -



35 Exanple I, the tissue had x=0.3 mmand a=4 mm such that Al eph = 3.48. In
Exanple Ill, x is varied and a is constant at 4 nm As il ugpn4yez0o6n
Figure 6, proliferative activity 1is substantially reduced as the thickness
of the explant increases. Accordingly, at 900 Itmthickness, the nunber of
proliferXQmy03s8dlls in a mcro-organ culture is about 10 PairdL@ookky 2006
WO 03/035851 PCT/ILO /00976 18 less then in tissue froma.simlar source
having a thickness of 300 m The Aleph index for a tissue having a
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culture system success:. . (a

of the expl%lﬂ‘lmgar"@%gl ays ‘B “ll.llé% l‘lﬁwet"Fle“ 5B blllli‘ NFGPTH O d'Ellea‘t"l’bl"?s _
t hr ee- dllmwmolamlculmwfoxemﬂ@vd prendapipmepbayatd2Isdays.ace area to volume ratio
for adequate diffusion of nutrients to all cells of t he expl ant, and

['l.cells in the
23;?;?}{ e 15 dl fl g'gzlrgen f%xplgr?tl }olr'I lh%rmtlrll@)?otrganam@rllr froma ce _

o The sub_;ect micro-organ culture can be denved using explants isolated from, for
15 example skin and mucosa (including oral mucosa, gastrointestinal mucosa, nasal tract, |
respiratory tract, cervix and comea); pancreas; liver; gallbladder; bile duct; lung;
prostate; ,uterus;' mam_rhary gland; bladder tissue; and blood-associat_ed organs such as
thymus, spleen and bone marrow. Accordingly, in Qirro 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 miero -organ explants of
the invention are isolated can be affected by hyperproliferative disorders, e.g., psoriasis
or kerat051s prohferatlon of virally-infected cells, e.g, hepatitis infected or
paplllomawrus infected; neoproliferative disorders, e.g., basal cell carcinoma, squamous'
cell carcinoma, sarcomas, or Wilm's tumors; or fibrotic tissue, e.g., from a cirrhotic liver
25  orapancreas undergomg pancreatms | .
_ - Examples of animals from wh1ch the cells of the mventxon can be lsolated
include humans and other primates, swine, such as wholly or partially inbred swine
(e.g., miniature swine and transgenic swme), rodents, etc.

30 I The grow!h media

There are a large number of tissue culture media that exist for cultunng cells
from animals. Some of these are complex and some are simple. While it is expected that
mxcro-organ cultures may grow in complex media, it has been shown here that the

35 cultures can be maintained in a simple medium such as Dulbecco’s Minimal Essential
Media. Furthermore, although the cultures may be grown in a medla containing sera or
 other biological extracts such as pituitary extract, it has been shown here that neither

serum nor any other biological extract is required. Moreover, the organ cultures can be



(b) Because of the three-dinensionality of the matrix, various cells
continue to actively grow, in contrast to cells in nonol ayep May 200ees,

whi ch grow to confluence, exhibit contact inhibition, and cease to grow
and divide. The el aboration of growh and regulatory factors by

repl i cat iwe 03833881 of the explant may be partially responsiRIEIHG00PG
stinmulating proliferation and regulating differentiation of cells in
culture, e.g., even.for the mcro-organ culture which is static in terns
of overall volunme. (c) The three-dinmensional nmatrix retains a spatial

di stribution of cellular elenents. wkich closely approximate that found in
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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 stimulating factors, erythropoietin, -
' epiderm'él growth factor, hepatic erythropoietic factor (hepatopoietin), and liver—cell
growth factor. Other factors which regulate proliferation and/or differentiation include
prostaglandins, interleukins, and naturally-occurring negative growth factors, fibroblast
growth factors, and members of the transforming growth factor -B family.
30 The micro-organ cultures may be maintained in any suitable culiu'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 aeration, the speed of shaking being for example 12 rpm.
Wlth respect to the culture vessel infon which (optlonally) the subject
‘micro-organ cultures are prov1ded it is noted that in the preferred embodlment such
35  vessel may generally be of any matenal and/or shape A number of different matenals
may be used to form the vessel, mcludmg but not limited to: nylon (polyamrdes) dacron
(polyesters), polystyrene polypropylene, polyacrylates, polyvinyl compounds (eg.,



(e.g., mniature swine and transgenic swne), rodents, etc. 30 111. The
grom h nedia There are a | arge nunber of tissue culture ned2ZaMagai006xi st
for culturing cells fromanimls. Sone of these are conplex and sone are
sinple. Wiile it is expected that mcro-organ cultures may grow i n conpl ex
medi a, i tWAA&A30EE8EN shown here that the 35 cultures can bePGATIROHIAED in a
si npl e medi um such as Dul becco's M ninmal Essential Media. Furthernore,

al t hough the cultures may be grown in a nmedia containing sera or other

bi ol ogi cal extracts 'such as pituitary extract, it has been shown here that
neither serumnor any other biologica@ extract is required. Mreover, the
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In a second approach, hollow fibers containing the pancreatic 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.

30 113:178-183).

Third, the-mi'cro-organ' islet explants can be placed in microcapsules 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 medium in which the micro-organ cultures of

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

medivm. The term "conditioned media" refers to the supernatant, e.g. free of the



25 as insulin, growth hornone, somatonedins, colony stinmulating factors,
erythropoietin, epidermal growmh factor, hepatic erythropoi28tMay 260 or
(hepatopoietin), and liver-cell growh factor. Qther factors which

regul ate proliferation and/or differentiation include prostaglandins,

interl eukYQ'F?s“/oé??él natural | y-occurring negative growth factBFEILEOBI6hI ast
grom h factors, and nenbers of the transformng gromh factor -P famly. 30
The m cro-organ cultures may be naintained in any suitable culture vessel
such O as 24 or 96 well mcroplates and nay be maintained at 37 Cin 5%
CO2. The cultures nmay be shaken for inproved aeration, the speed of
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instances, embryonic cells. The micro-organ cultures have been shown to present-a

Inthe

suitable environment for preserving, identifying, isolating and facilitating the natural

25 evolution of these precursor cells. For example, the immature cells of ‘the basal layer

- have been observed to become mature keratinocytes in skin micro-organ - cultures.

Similarly, embryonic pancreatic cells can .provide a mature pancreatic epithelium in

micro-organ cultures. The maturation of precursor cells and their subsequent 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 VIII in liver micro-organ cultures.

- The micro-organ cultures prepared ‘according to the invention preserve 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
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animals treated with this device (Sullivan et al (1991) Sc?ZNbw 2098: 718) .
In a second approach, hollow fibers containing the pancreatic explants are
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| owered and good 25 tissue conpatibility observed (Lacey et al. (1991)

Sci ence 254:1782; see also Exanple VI). Accordingly, fibers can be pre:
spun and subsequently | oaded with the .m cro-organexpl ants (Aebischer et
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characterlstlc F | i cation. .There
—organ cultures lS reater-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 cultures. of the present invention
include the following:

(a) identification of factors involved in normal homeostasis of tissues and
30 organs;
(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 organ
35  that are triggered at the beginning and during pathogenesis or trauma;
(d)  identification of repair mechanisms that reverse the adverse effects in an
altered environment associated with pathogenesis or trauma;. |



are nunerous nethods in the art for neasuring DNA synthesis, any of which
may be wused according to the invention. In an enbodi nent of2Mway 2006ent i on,
DNA synt hesis has been determ ned using a radioactive | abel (3Hthym dine)
or |abel ed nucleotide 20 analogues (BrdU) for detection by

i munof | W e4B88%de. M cro-organ cul tures can be forned an®@GHRILAVS%ed not
only by the proliferation of mature cells but also by the-active
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environnent for preserving, identifyitg, isolating and facilitating the
natural 25 evol '44' OndéiffeloE)Hx@x%@l &g@nswrﬁefcaﬁltha diffenfat@Mtify thdRorkdXITBL UT €.
cells of the f have been observed to becone mature kerati nocytes
in skin n1cr8w8? 5H’é T%Hes " Simlarly, enbryonic pancreatic cells can
provi de a mat ur é)pandsvelmpimentelgegtation ofispasialingd stoichregamithin bn orees;. sudthe
naturatlonz@mapﬁggaéﬁor cells and their subsequent functioning as. adult

cells ¢ be noni.t or ed uring,.secreti.on of speciallzed cts such
05 30 spboi fi o REY ot PR HPRATHA RSP LUE 4 Hort fef BB ERIE o1 ucagon
i N pancr eatdrgan igpainHwk prg, mmﬁ@mwt ferreplacingiorezgensrativg [damiaged| tisvesr sunh @5 0- OF gan

cul tures. Tdt€urdiif pArehls Gath didddid 58S uREBPAM:RHs Aol idRBetes dr RErohiRMRRE I ON
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at s« ar\r/ngrate outward, increase in size 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 concentrate the secreted keratin and a hair filament results.
Altematively, 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 is a

35  need to understand how this precise regulation comes about in order to counteract

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




been maintained in culture for at about |east twenty-one days. As used
herein, the | anguage "maintainable in culture" refers to th& NMaywO86i on of
cells of a tissue explant of which at | east about 60% preferably at |east
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ratio of cell proliferation to cell loss, e.g., by death or sloughi ng, of
the cells in the mcro-organ cultures is equal to one, i.e., the nunber of
cells proliferating is equal to the néhber of cells lost. In another
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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 which can

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-orgah

culture having epithelial tissue which is supported by stromal tissue. Other tissues

including epithelial tissue can be grown as micro-organ cultures of the present

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 pancreas, the epithelial cells line

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



(h) as a tissue/organ equivalent for drug screening and cytotoxicity
studies; 10 (i) as a diagnostic assay for proliferative di 8dMarX)06as a
source of novel growth factors; (k) as a source of stem progenitor cells;
(1) as a source of inducing mol ecul es; (m as a screen for inducing
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}uncuonal ability. Implantation of the subject micro-organs can be effective in the
treatment of hematological malignancies and other neoplasias which involve the bone
marrow. This aspect of the invention is also effective in treating patients whose bone

i) 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
generally 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  implantation in a human. . _ _

Moreover, long-term growth of human hematopoietic 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 is the relatively low mitotic index of the fibroblasts included among the marrow

stromal cells. Accordingly, where the growth of these cells and their disposition of



5 nornmal tissue architecture is preserved including the hair follicles. The
m cro-organ culture which is obtained froma skin tissue sE:Magr2004n al so
i nclude a basal |am na supporting the epidermal cells, an extracellul ar
matri x which includes the dermal cells, and at |east one invagination,
e.g., atWod3#Bs8he hair follicle. The assotiation bet weenP€kilni/oepist hel i al
ti ssue and the skin connective tissue facilitates intercellular

comuni cation. 10 Moreover, full thickness skin can be grown in a variety
of ways allowing an air interface. Exposure of the keratinocytes of the
explant to air pronotes a nore rapid27differentiation of keratinocytes and
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parietal perltoneum 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, e.g., primates; e.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 provide 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 transplantations, the micro-organ can be inserted into or encapsulated by



.26 function. The lung is another exanple of a highly invagi nated organ,
each invagination in the lung being lined with epithelial 2ZMay 2086 ough
which air diffuses fromthe environnment in to the body. Once again, these
epithelial cells have characteristic properties. The lining of the gut is
al so conpwees93s831 speci ali zed epithelial cells that not 5 RCWILOAG0IT6a
barrier but also contain specialized structures for selectively absorbing
food. Al the epithelia are supported by connective tissue. Still another
organ conprising inportant cell-stromal interactions is the bone marrow.
Thus, in another enbodi ment of the pré&ent invention, mnicroarchitecture of
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0 € bon every 200-300 hours. When the epidermis is wounded, a burst of mitotic activity ta_kes -

25 place so that the cells divide up to 10 times faster depending on the conditions and
-severity of the wound (Pinkus H.(1951) J. Invest. Dermatol. 16:383-386).

As demonstrated in Example II, skin rﬁicro-organ 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 proliferation 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  bum pétients. The need for a skin replacement for burn patients is evident. Several
centers in the United States and Europe have utilized cultured human keratinocyte
allografts 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.
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may be used to facilitate gene transduction.For example, and not by way of limitation, a
micro-organ culture comprising'a. recombinant virus expression vector'may: be used to

25  transfer the recombinant virus into cells brought into contact with the culture, e.g., by
implantation, 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 herein, the phrase "gene product” refers
to proteins, peptides and functional RNA moleculés. Generally, the gene product
-encoded by the nucleic acid molecule is the desired gene product to be supplied to a
subjeét. Examples of such gene products include proteins, peptides, glycoproteins and
lipoproteins 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, lipase, trypsinogen, chymotrypsinogen,
carboxypeptidase,  ribonuclease,  deoxyribonuclease, triacylglycerol lipase,
phospholipase A,, elastase, and amylase; gene products normally produced by the liver



which cells of the same species are introduced or are to be introduced.
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: 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 specific expression of a gene linked
to the promoter can be used. A promoter specific for myoblast gene expression can be
- linked to a gene of interest to confer muscle-specific expression of that gene product.
30  Muscle-specific regulatory elements. which are known in the art include upstream -
regions from the dystrophin gene (Klamut et al., (1989) Mol. 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
response elements in keratin genes mediate transcriptional repression (Jho- Sh et al,
35 (2001). ) Biol Chem). Regulatory elements specific for other cell types are known in the art
(e.g., the albumin enhancer for liver-specific expression; insulin regulatory elements for
pancreatic islet cell-specific expression; various neural cell-specific regulatory elements,
including neural dystrophin, neural enolase and A4 amyloid promoters). Alternatively, a
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- (Kaufman, et al. (1987) EMBO J. 6:187-195). In another embodiment, the nucleic acid ._

25  molecule to. be introduced into a cell'is contained within a viral vector: In this situation,

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.

30 Naked nucleic acids can be introduced ‘into cells using calcium-phosphate

- mediated transfection, -DEAE-dextran mediated - transfection, electroporation,
liposome-mediated transfection, direct injection; and receptor-mediated uptake. -

Naked nucleic acid, e.g., DNA, can be introduced into cells by forming a

precipitate cohtaining the nucleic acid and calcium phosphate. For example, a

35 HEPES-buffered saline solution can be mixed with a solution containing calcium

chlonide and nucleic acid to form a precipitate and the precipitate is then incubated with

cells. A glycerol or dimethyl sulfoxide shock step can be added to increase the amount

of nucleic acid taken up by certain cells. CaPO,4-mediated transfection can be used to



all ow for expansion of the nunber of transfected cells and anplification.
In a further enbodi nent of the invention, the transgenic m 22 May 286
cultures nmay be used to facilitate gene transduction. For exanple, and not
by way of limtation, a mcro-organ culture conprising a reconbi nant virus
expr essi OMOWaE3WPL may be used to 25 transfer the reconbi ndiff/HOMA®6nt o
cells brought into contact with the culture, e.g., by inplantation,
thereby sinulating viral transmission in vivo. Accor di ngly, this system
can be a nore efficient way of acconplishing gene transduction than are
current techniques for DNA transfecti’dn. Accordingly, the cells of the
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includes liposome-mediated transfection (lipofection). The nucleic acid is mixed with a
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A nucleic acid nolecule introduced into a cell is in a formsuitable for
expression in the cell of the gene product encoded by the n2ZMasyc086i d.
Accordingly, the nucleic acid nolecule - includes coding and regul atory
sequences required for transcri-ption of a gene (or portion thereof) and,
when t he W@ AE38dduct is a protein or 20 peptide, transl aPCoMLAf009Tse
nucl ei ¢ acid. nol ecule include pronoters, enhancers and pol yadenyl ati on
signals, as well as. sequences necessary for transport of. an encoded
protein or peptide, for exanple N-term nal signal sequences for transport
of proteins or peptides to the surfade of the cell or secretion.
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di fferent _Qﬁ{]l.hed-)(pESi,garﬁiJﬁJ!ﬂ aa&llasuiﬁld'earlecé'pﬁgub aJeQElNe_nelkpﬁ B?Q&ccpt@ﬁﬂlem@t.e&lse.d- '
exanpl s Ofenfidhis (L WRLESI WITE M WAERCH! QoY BioB W8, 23P1. G38),00 | 0C! ude
t hose derivec r0ﬁ1p0|éfﬁa__VIrUS, dendviru cyione_aIOV|rus and Sim an
Virus 40, aWHsonedtiaby(1993) [ el Gheny 2er-edc967eryd UsS.rRayent Aoril68i3dMent whi ch
provi des i rdindihpbfahemplesaidiigand comgens thd wkpebr ficdirites eptakenf e DNed. The
use of [ Cdolr Snefiey! I . AAHCT DI er)
all ows for Hr%gﬁu%pati on OP ?’Eggygor?%dﬁg%?goﬁs(gﬁ‘ Q’Pﬁ}e‘a?gg'ﬁ& H%Jrng_ %g{pi%%%;?%e cell.
Exanpl es of'@ggiedrbglude phey dapshirmin nmgerptas) and- dhyu asiplgglycapyaieia neecerier ke i n
eukar yot i c RiAlgand dalpltdinked wradendvirgs! kapsidsl whilchmtsly(digu:.ende@esyhder,  S.
and Wi Fe’ lﬂcrH}y r@]l%%%) mhted '-intilehJ\%’u; 1 C@aﬂ“be%ﬁl&d toU i@@égﬁa@gé&ﬁgpﬁé’
synthetic. i ?nQ;negul?te el ene té’ see,_e.%f“ _
: com% ex by intracellular lysosomes (see for example Curiel et-al. (1991) Proc. Natl.
'1 25 Acad. Sci.. USA 88:8850; Cristiano et al. (1993) Proc. Naitl. Acad. Sci. USA -
90:2122-2126). 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 to a receptor
selectively expressed on a target cell of interest.
30 . Generally, when naked DNA is introduced into cells in culture (e.g., by one of
the transfection techniques described .above) only a small fraction of cells (about 1 out
of 105) typically integrate: the transfected DNA into their genomes (i.e., the DNA is
‘maintained inthe 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. -



Spencer, D.M et al 1993) Science 262:1019-1024) and ioni zing

radi ation-regul ated elements (e.g., see Manone, Y. Et al. @2983)2006

Bi ochem stry 32:10607-10613; Datta, R et al. (1992) Proc. Natl. Acad.

Sci. USA89: 1014-10153). Additional tissue-specific or inducible regulatory
systens WP 8033} be devel oped can al so besused in accor dafeEILOLGOYt h t he
I nvention. There are a nunber of techniques known in the art for

i ntroduci ng genetic material into a cell that can be applied to nodify a
cell of the invention. In one enbodinent, the nucleic acid is in the form
of a naked nucleic acid nolecule. In #his situation, the nucleic acid

nol fcul e i nfj rod %C;grélfehQ& ShpRoaek fdr 1ﬁt%3bén§'mn€fié £4d &R18&ing B%e%rﬁ%&g .tn(?)cpa the
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o ement s Al PR R iyt FRT ATRRE R okilcn Y Aotsaat IR i

(i ncl udi ng nrmctnbtfemgap&cells wéth @lvireloreptoehasitbmadypntage tb@iratlangneebpmnphpﬁ a
pl asm d vecdend recE¥@ MRl RSleff achl aHidh Gan %Kﬂﬁt@&ﬁé AERAMBE EddcBioh mlcuﬁewﬂ;?l\/B ( Seed,

B. 1987 t 840
o 157 ok YA TRt nudesd At DT, R AR en e i ipa RO G SO0 .
intr oduced q. m@GDéJAc edritaipasl ip ghet vifahuertoy et ienprassed eiicienty inpgells whichttiawe

situation, walteR@pRital Rictor aGdi€lc 8616 @kl Vighl vbBRory RemP EAIECEsed Sithed HE¥il-86 | Nt O t he
vi ral genorrlewggr partial viral genone). The regul atory elenents directing
the expression of the gene product can be included with the nucleic acid
inserted into tRefeghivgretgeimsarareiwall chardciekiaell fo5 ushén geneetransfes &rtgste i nto t he

viral genonmra p ebefopE@Vdvﬂeéé mle'& h@ D/I(de)gmwrm zilsekfreco’ﬁ%lxu%ed
nucl ei ¢ aci dtsro can i ntr.od geimvm

medi at ed transfec OR CPEREI YT §ﬁ’ "ﬁ!ﬁ&F atmdc;e"tc?‘gﬂ%?gﬁlf %’ﬂgucgf’gé‘?efeﬁbor ation,
| i posome- ne'meéﬁbdmt theetfaviral ganomelj Adgdivionally, qrertions of thedeyredwpgeemaseh at ed

upt ake. Nakl&dreﬁidﬁécﬁtd? reéd@érdthe Ge@oviruDWeplic@th baemmermdwqﬂmatmnocl&&hb& by

formng a Lol Dg t he cl al sphat e.
For " oy ammpl Srodrelin RO AlR) Db Enith Grly B R kL rlTHRGER R"S

sol uti oM co‘hf afierﬂfr?ghféﬁﬁf dirusrby: pliaedlardy echrgrepulowicels dex mo*ﬂwlﬁgofﬁmﬂd)llpﬂﬂém p| tate
and the preeir@iitusdsent JortifiRexirgn@Ndat Bblo vt tvivaL@lth SuchAigbascan Bk féund 6 met hyl

| f d i d
Caken up by Sitt BERAE T MAeABERtILG, WIHEE ¥ N OB GrceSe pIMIEUEL 7 70,
May 2006 \i5soastes k8D, Bestiops H19-8d9 rpd other stangdppdylabogntory manuale Fxpmples r ansf ect
cell s and id¢f sohdbje rappinses iicudepLINpZiP] pWE amﬂpEMcahmbm@ivell&ﬁb\bﬁ to

Pr ot 0cobs f @t GO TRAiAL ﬁga,{‘,sl@géffmfe.%ﬁ%aags{g&&gu;é@ BB ERRLy P ot ocol s

in Ml ecul ar Bi ol o }/r Aus eene i ng
Associ at es, (Y48 @9)Rg odmses Bavecbesn Aised 19, npigduce ? YRTicy Gigsges o maBbr at or y
Manual , 2ndduffdemt|ceh typeSdndhudingkepitheltal atlls endéttlelEb cellsglyhiphbotes| abetiatspr y

Press, ( 198196})atoc§%§;[ B&Q%A’ﬁ)@&'ﬂ%pm%{n? ran(ﬂ«r)_x}'-'x%rviﬁ:‘t é&dﬁﬁ' QXample Eglitis, et al.
- (1985) Science 230:1395-1398; Danosand Mulligan (1988) Proc. Natl. Acad. Sci. USA
.25 85:'6460-6464; Wilson et al. (1988) Proc. Natl. Acad. -Sci- USA - 85:3014-3018;
-'Armentano et al., (1990).Proc. Natl. Acad. Sci. USA 87: 6141-6145; Huber et'él.-'(l99l).
Proc. Natl. Acad. Sci. USA 88:8039-8043; Feri et al. (1991) Proc. Natl. Acad. Sci. USA
88:8377-8381; Chowdhury et al. (1991) Science 254:1802-1805; van Beusechem et al.
(1992) Proc. Natl. Acad. Sci USA 89:7640-7644; Kay et al. (1992) Human Gene
30  Therapy 3:641-647; Dai et al. (1992) Proc. Natl. Acad. Sci. USA §9:10892-10895; Hwu -
‘et al (1993) J. Immunol. 150:4104-4115; US Patent No. 4,868,116; US Patent No.
4,980,286; PCT Application WO 89/07136; PCT Application WO -89/02468; PCT
"-Applibation WO 89/05345; and PCT-Application WO 92/07573). Retroviral ‘vectors
- require target cell division in order for the retroviral genome (and foreign nucleic acid
35 -inserted into it) to be integrated into the host genome to stably. introduce - nucleic acid
into the cell. Thus, it may be necessary to stimulate replication of the target cell.
The genome of an adenovirus can be manipulated such that it encodes ‘and
expresses a gene product of interest but is inactivated in terms of its ability to replicate



"l aboratory manuals.. Naked nucleic acid can be introduced into cells. by
formng a mxture of the nucleic acid and DEAE-dextran and2? MayXiliéng t he
m xture. with the cells. A dinethylsul foxide or chloroquine shock step can
be added to increase the anmbunt of to nucleic acid uptake. DEAE-dextran
transf ectW@p3/93589dnly applicable to. in. vitro nodificati ®TALOLEIOE and
can be used to introduce DNA transiently into cells but is not preferred
for creating stably transfected cells. Thus, this nethod can be used. for
short term production of a gene product but is not a nethod of choice for
| ong-term production of a gene producs. Protocols for

DEAE- dext r ag; {Tﬁéjrlm%f%ﬂ E{)ﬁﬁffé E&RA B2k il U plé%e§k9g@ al L3 Qéﬁgf&%%ﬂ pcols in

Mbl ecul ar B| 0

Associ at es. 601ggRsenteld et F‘brﬁ‘@lks%{ﬁlfelzﬁz 1-834;128¢ Reﬁf‘é‘lfﬁ“ﬁ@‘ alpn(193Bb¢ & or y
Manual , 2nd68§d41-iﬁnsumm)aidmdxvxmt vatars deivdd fiSpr thagdéteniios stanbadayery Press,

(1989), gbb@e%tf,&-sﬁémééf :ﬂi@n&ﬁm?@?rﬁa Ay aA&l{)ln@?QJe%ar%omngﬂlée Naked

nucleic acid can a Introduced. into’cells ncubating the cells and
20 t he ndcl &illedipithe artoResombmantpdenpvipsss é‘iSraF'Yaﬁ"éagﬁ?j‘Ff'éﬁha‘ Hepdoib s ng t he
cel | s..to adividigtheelloltd bgeffeitiec pereadefivdrg echidlhe aef éalndjee.mey toMrifdet whvidh nucl ei c

gf'r gnigts hi S]E "v%]rﬁe't'f@ﬂe'l '?}epgs 1E§Tdd§g Qﬁwa‘%‘ ez)ﬁﬁJlgﬁno(Tﬁi%Eénﬁé?d b %%ﬂQfgzé}PX)t the

t enper at ur e En4oHE! ’@Gﬁ‘l’so(lLﬁ’ﬁf“icB‘ﬁ‘déﬁﬂ @8%eﬁ’f"tca1f"i”6n"c64 théjsﬂ\w a ?We i oni ¢
conposi t i onhepatdcires (Hlz and Gemod (18P Btoc.oNat adraleSasEid 190:281 b3 16) and

transi engl Y)n2ge t&ﬁﬁ%@é@ﬂmaﬂ%nd?l §ihY AbiCabdd (3P eBs PERIRO 5B O

'electroporatl oun Protocols I n ecular
Bi ol ogy, Aué\‘?gg‘P Mmfe? ucgd adengyyral\D égﬁefromﬂﬂ Pé‘ﬁ.%atam&géwgk B0t (1989)

Section 9. 3im¢platedh nrMnIum: gd:rmmebeomhog cell. babemains repisMual)ahgre@navoididg t i on,
Sambr ook et p@ﬂentna@%&%leﬁﬁrthﬂgcah%mras I-aaggf]tagpfn)ferl: orfaP ﬁwut%% ﬁ)m sﬁﬁzﬁﬁh? ns

16.54-16.55 or oqther s aborat o

whi ch naked "igerodu étfﬁ%iﬁwﬂ@s r%%%%'e@grﬁ? ?S&gfagwrcée 8 FF(E‘P‘(:‘EPé?

| i posones e datayer, theaasyieg tapacity(dfitixoddesdvirahgenoimi orrforeigni BN A GS: mrgel(ap m xed
Wi t hI a i p@é@”ﬁlo%&b%ﬁ%&h@@ t&fafntealgéuengenve@t\»e@msc(éelﬂeieii%t a{TF@[e&DfN%AtaI posone
conpl ex S ranst ec on can
be used to i{;hg‘f‘ﬂ? %@H%{rﬁgﬁl\é% é’ﬂst)?yk” ‘E%rsglhgﬁe OSU@q%gt‘?%g% "f’ﬁ? P tro.
Prot ocol s caectére circentiylini use ar@deleied foral oPpatsef tiesvirahE IMyiddid dengs Bt shava)y,

Ausubel F. Masﬁshcraasso(/oaﬁshe)ad@xc@ﬁmegel?welmaséﬂang Associ ates, (1989),.Section
9.4 and gther stg dard Iaggr ne d I|very in.

Y
Vi vo. been at d\?palssl $REq ISP n(é\ﬁr%pcfs?) Hara q@e%cc’f"gpg e 5‘?%?% i
at. ( 1987) mespubres ghother Yings, $B°h-a57@; adggnverusiatia hamag ViEuwso 8y lwlp@cvmmaﬁor Acad.
Sci. 22 My <BR{Gt refRaficd 4A2GRdubiik 111k Q) QBdita redidw see Muzyczka et al. Curr.

- Topics In Micro. And Immunol. (1992) 158:97-129). It is also ‘one of the few viruses that
may integrate its DNA into non-dividing cells, and exhibits a high frequency of stable
25 integration (see for example Flotte et al. (1992) Am. U 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 4.5 kb. 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 example Hermonat
et al. (1984)Proc. Natl. Acad. Sci. USA 81:6466-6470; Tratschin et al. (1985) Mol. Cell
Biol. 4:2072-2081; Wondisford et al. (1988) Mol. Endocrinol. 2:32-39; Tratschin et al.
(1984) J. Virol 51:611-619; and Flotte et al. (1993) J. Biol. Chem. 268:3781-3790).
35 The efficacy 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., Southern blotting) and RNA produced by transcription of introduced



USA 84:7851-7855; Brighamet al. (1989) Am J Med. Sci. 298:278; and

Goul d-Fogerite et at. (1989) CGene 84:429-438. Naked nucl ei 22 MayRdan al so
be introduced into cells by directly injecting the nucleic acid into the
cells. For an in vitro culture of cells, DNA can. be introduced by 5

m croi nj MQ P85 nce each cell is microinjected indivi dudIILOY/AG96
approach is very | abor intensive when nodifying |arge nunbers of cells.
However, . a situation wherein mcroinjection is a method of choice is in-
the production of- transgenic animals .(discussed in greater detail below).
In this situation, the DNA is stably #ntroduced into a fertilized oocyte

Contai ne carLn S Srac, RS, B Mofflcd Blog, KNI PRRAUMESH il 10
ol et on HEESaP R PgRrse 580 AT THAREY PERC! Sir-be dBieried P vi vo
(see e.q., ahcappohipriatt asday,. fof ¢@@iple bNabwmpml&3cal GieGctBh8of Mptokificedtpratkin, ( 1990)

Sci ence 247,84 85wiH 4 88kific AnfEddy V& By ﬁﬂﬁ&foﬂ&l%sag(t@-dgtect AfunBfRE L4y for.
i njecti _nsg_ ) into ce]ls can be use uch an agggrat us

1 VIVO . | S
commer cial 1§ B AT DR 819G 25 30 Bry LS REY b RENCAIOHSE PRIErSE fUP% an be
conpl exed tiotegesitatbe expresseschy aeellgo hetl rgaiily@ssaydbile lan expressismpsysiem can first | gand.
fo;I a ;:el | -M&iﬂﬁf&dﬂﬁﬁ.@.@tx@ orfef gBR étnatk@n; % r@éﬁlzﬁ&‘}%‘{én%hgﬂmi'@ih%ﬁ tobe L cq
enaoc OSI S or exa e , an R O% o Y . ) . : .
Ta6o1, w1tk e gD o3 g Al sk g GHatlE 30 s, B one .
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facilitag esinélﬁ&@é%ﬁe@%nctohﬁﬁ BNAIR R stdse! BflGRPRenTR h@hE rafiTElasy Iu@?térﬁse,

Receptors t i a, DNA- I'i gand conpl ex have targeted include the

tréngf erri h&F‘%QEPS?d }é"rﬁ??“tgﬁocél“gg‘?'gfot'} 1ycoprotein receptor. A  DNA-ligand
conpl ex |i-nked tWheadbhwsethedigsed spisirodncohiadic aad itah pgpulatoneprellsmeloiones,

t hereby reli@agddigcalist 6f &Argé_%rhpqrﬁ&eopm& QRNASIN SrBbichexpre@slod Of MY Yele
degradation o E@g c%psgl ex. b |ﬂ-nt acel | L“ar | ysosones (see f%g exanpl e
Curiel et aff‘f"g s CBPdee- ppbieiten e g dvbea ysins a ER1 gregion Yo 9dbs ano et

al . (1998) mediied pepulatiopofigellsSmay be)gged wighqn Fortlet I@jatioReropbddening df at ed DNA
upt ake can pgividsfitePwitlth HRPEEEINATHhALS) thedEhnhp b@kdMSEnt glodliclidOofAhe | N Vi VO
and, additi Oerrlxg‘ l lrc)t’i ctmasth:[a Q‘)e E}qgo%doff.cee@;[ ls'lxgc tLanarEo' al\'{ﬁercgégl 'ltgelat'seJ .enthlie\(/iel y
targeted t oS A Bartiicul ar PRRITHP Pl W S e RARLE Bilic %o . a
receptor sélteeativelyl f BRpbPe siswirblsntoagrpyradpmeginoup popylationeefi idem@albener al |y,
when Paked RO EBcellB o IsiBtle !rrﬂi:lﬂﬁeﬂel:li&)isélal{étﬂeﬂil{vﬂicfxi%fi?sientlb)éx&@@ftﬂé IIthe
transfegfio ri-he ' r-agii of cells
(sbout 1 o0 "?§?°'<’%f§‘??5%§§ﬁf*'% o BABF bl of picled Sy BTHR™ HelS e
genones : (imedified gl Ia\a&ml%ng ﬁ%mwml%w follopre by cipanding Hwetingly celirfpys, i n
order to i daihtiiefiyoaeldnal papilationdellsttglsendard techxigganous: DNA, it is

advant ageous t0 A ROPLEAH, deiHRk SirAthdlic & gﬁ%@éﬁg;t@a 28 B RbP, fidBrker

into the cell_ along ucl el c_ acl interes eterred

sel. ect abl e 2qfhaaBsnse Wghy g Paftils or vATTEl RePleousesf-s fIrge odheicelydn such as
(418, hyyr owlich it hanbken inserted or introduced. A transgenic cell can also be a cell into ‘which - o

“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 genome 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 location

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 sequences and any other nucleic

aéid, such as an intron, that may be necessary for optimal expression of a selected
nucleic acid. - )

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



met hotrexate. Sel ectable markers may be introduced on the sanme plasm d as
the gene(s) of interest or nmay be introduced on a separat e2pMsmddds 22 My
2006 WD 03/035851 PCT/1L01/00976 34 A preferred approach for introducing
nucl eic acid encoding a gene product into a cell is by use of a viral

vect or cowOa3@B38§l nucl ei c acid, e.g. a cDNA, encodi ng t he REFBE.01/80906uct .
Infection of cells with a viral vector has the advantage that a | arge
proportion of cells receive the nucleic acid which can obviate the need
for selection of cells which 5 have received the nucleic acid.

Addi tional |y, nolecules encoded withim’the viral vector, e.g. a cDNA
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review see Ihhidn@¢ mn@tergz&lgt%me %ﬂ@dbg Qised/ T - vitfo rtgcﬁmhn@ﬁ@toxw rzﬁ)Wo?V' rus

can be canstyucted v a nuc co in roduct, of
Chrerest 3, RbEPPEHFR FomaRer B fa BE e MBSk e R SHRRGS bt Rons of
the retrovi st kglandnmamandlstﬁ@edr@iﬂawedsm thenatewnl ¢cHe These agents cald dpehi cation
def ecti ve. ngsgdqplﬂe%gdlggl}qgaemg bMQm retrovirus is then packaged into

virions which ca use et _cell e use of a
hel per virus by g‘ﬁta?;{r %fpfcéc%ﬁb%dbvg“" %et'% '8 % 5’?“18‘? Edgi"ﬁg‘ ¢ FR¥EhbI nant
retrovir usesnigaedrgaor cyliyfesctoi syeeneh | widg nvayietyr of cempounds,veuchi asheydetoticvi r uses.
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an

| d Sect
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i ncl ude pLJtheneed, topdelopdsepEvvenand mepaeducibtel shoktrienm in ovite@ asdapss forste| | ed in

the art. Exangihf®nobf %ng%al@bﬁhe@l@§kﬂﬁﬂn9dd%ivfeblsanhl p@ﬁclu&clxy%pméﬂtomhp y2
and yJAm Ret.roviruse enes into

many” a1 £ o R SRyt Re ey (R i R SRRt e oY co | o,
| ynphocybes subprais|agd o5 s hpegsiyamsasgs eénofb@heelhmﬁr@vxp@ehlasﬁystﬁm that ichoseland/ or i n
vivo (see foéseﬂlsaﬁmlle&ﬁg&stﬁtbs et. al. (1985) Science.230:1395-1398;

ot ar (1008 Pr o2 RER B}t o B 0 SR Wi dapaiitd; f' son
(1990) Proc.beNsttsd The aqtivigepf a ggiatogic conpppnd ram e megpaed by ltﬁ bility dg 1)
Proc. Nat|. niwiabite tBephenblSfe BB8cISNBPKIBAEP of Edlk iin e efplant( Iﬁigih)ayl?éddﬂy bdlat | .

Acad. SCiy .

254 18ogiolsoggéﬁ%ﬁ’gé‘g%g‘é‘é’ﬁ%%h"%?%?‘%@ggf%Erkeélﬁg%‘ ﬁ%{aﬁﬁcﬁ‘éeff%% |
89: 7640- 76481 ereyyh/eeulgfory (@@@zwaﬁhﬁaﬁeﬁéﬁw 3mbyzing wp welulgaconatzef thai et al .
(1992) Proc.culiat Ie_g Aadtal StlicourtiSAnBiffeRAA <D 8Qmys. T may &k acdomplided) J. -

| munol . 15lei%é04anﬂdyd51cytlc}§gﬁ:§f edﬂ&/o}\bmsté]ogi@gl %el:ﬁmq&é§ fa @fuﬂﬂ% DR use of

' immunocytochemical techniques employing antibodies that define. type-specific cellular

] 25 antigens. The effect of various drugs on normal cells cultured in the present system may

be assessed. For example, drugs that decrease proliferation of ‘psoriatic tissue can.be

~identified. . . : :

In an exemplary embodiment of this method, derived for detecting agents 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 6rgan or tissue from which the explant was-isolated, e.g., the

explant 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 presence 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.



4,980, 286; PCT Application WO 89/07136; PCT Application WO 89/02468; PCT
Appl i cati on WD 89/05345; and PCT Application WD 92/ 07573) . 2 Man2008|
vectors require target cell division in order for the retroviral genone
(and foreign nucleic acid 35 inserted into it) to be integrated into the
host gen8W§°¥%b§ﬂably i ntroduce nucleic acfd into the celCT/HAYWIT¢t nay
be necessary to stinulate replication of the target cell. The genone of an
adenovi rus can be mani pul ated such that it encodes and expresses a gene
product of interest but is inactivated.in terms of its ability to replicate
22 May 2006 WD 03/035851 PCT/1L01/009¥6 35 in a normal lytic viral life
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Aden- associ a is a naturally occurring defective virus that
requi res .anot herlnypp u%‘“Stéau‘dﬁ embodimenieheli paigniptors andr prhibitary of, cels a
hel per Vi r ugrofiffatiorf (bls6 i refired &P hk@ni aOAn@PELliferivedigehis)/ €arl bé @aiséyydbe. (For a
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e hair cycle involves three distinct phases: anagen (growing), catagen
25  (regressing), and telogen (resting). The epidérmal stemi cells of the hair follicle are

- activated by dermal ‘papilla -during late telogen. This is termed "bulge 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 prdvide means for altering the

30  dynamics of the hair growth cycle to, for example, induce quiescence of prohferatxon of

~ hair follicle cells, particularly stem cells of the hair follicle.

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

the growth of human hair as opposed to its convention removal by 'cutting', shaving, or

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

35 = the present invention can be: used in the treatment of . trichosis- characterized by

' abnormally rapid or dense growth of . halr e.g., hypertnchosm In an illustrative

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



J. Virol. 62:1963-1973). Vectors containing as little as 300 base pa| rs. of
AAV can be packaged and can integrate. Space for exogenous 220Mayi2H06i i t ed
to-about 4.5 kb. 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%?%"E’P%Plof nucl ei ¢ aci ds have beén introduced i RCIILAVOPEE ent
cell types using AAV vectors (see for exanple Hernonat et at. (1984)Proc..
Nat|. Acad. Sci. USA 81:6466-6470; Tratschin et at. (1985) Mdl. Cell Biol.
4:2072-2081; Whdisford et al. (1988) Ml . Endocrinol. 2:32-39; Tratschin
et al. (1984) J. Virol. 51:611-619; &hd Flotte et al. (1993) J. Biol.
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product 26)y lﬁﬂ/ﬂh‘? aRP Kb b&ﬁbogtznts ﬁﬁé hém%%xlta}f@f: the Raif %IBH@ [ r%ednla of ARkAtiON s
needed. fe na ti ve}r] h ﬁ‘o?‘f‘ﬁs' rab ltl row a ho g&nousd‘{)opul ation
of identi ca? ‘§) %/é’ﬂte{:é‘?ol% % & ’§?‘H§I°§ Smfi‘gﬁi fanggrockpheatisells fisat e cel |'s
whi ch ef f i- cdearonptratedx iy dhes appvade0 expamdespringugowtiSiean . pbyooledtinothesd uni f orm
cel I's can bgicps- @@@H edmbys '65(91' & 1th aBsendd NI &ruhDdigf | §d 2 CRINImAY bl t1 ng

di lution Cl I0 0 Rgmly, tke presentl en? aa'i]scg)l prr]gvut]ehsea hsairr}glklgle cultulre wgnch provide the
E 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 embodiment, 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/or autocrine factors produced by the various tissues of the hair follicle organ.
‘Moreover, the subject micro-organ cultures suppiy a system for identifying
. agents which modulate the activation or inactivation of the hair follicles, e.g.; to identify:
- agents which can either promote or inhibit hair growth. In one.embodiment, telogenic
(resting) hair follicle explants, such as described in Example XVIII 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 cells 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-lhymidiné



culture into a cl onal popul ation of cells by standard techni ques. As used
herein, the phrase "transgenic cell” referred to a cell int2WMuyd00a

nucleic acid sequence which is partially or entirely heterol ogous, i.e.,
foreign, to. the cell in 25 which it has been inserted or introduced. A

t ransgeniwo®abssssan al so be a cell into which an nucl ei ¢ aBCUIIMI/00976i S
honol ogous. to an endogenous gene of the cell has been inserted. In this
case, however, the honol ogous nucleic acid is designed to be inserted , or
is inserted, into the cell's genone in such a way as to alter the genone of
the cell into mhich It is inserted. 40r exanple, the honol ogous nucleic
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in a syste mJt(WS)NéNHQSZ@,B.y 197CBDE MHeCRntrHlEofl @11 thMApIFdaBbE 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. genetxc changes that affect
25 - these control points. : -
- As described in Example IX and illustrated in- Figure ‘12, skin micro-organ
“-cultures of the present invention have been used for identifying cell proliferative agents
~and inhibitors of cell proliferation. As described in Example IX; TGF-8: . ~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-B family
that play a role in inhibition of proliferation of epithelial cells. The data suggests a‘role
-~ for proteins in the TGF-p family as significant regulators of epidermal homeostasis and
in inhibiting epithelial tumor formation and growth in vivo. - |
35 - Another aspect of the present invention pertains to a method for identifying a -
cell differentiating agent, i.e., a compound which causes cell differentiation. This
method includes isolating a population of cells from a subject wherein the population of

cells having a microarchitecture of an organ or tissue from which the cells are isolated, a



To this end, the cultures are maintained in vitro and exposed to the
conpound to be tested. The activity of a cytotoxic conpounil ¥ay 2086
measured by its ability to nodul ate the phenotype (including killing) of
cells in This may readily be 20 assessed by vital staining

t echni que‘ga%é %#8@& on of markers, etc.. For instance, thePEFHAd{H00976f
growm h/regul atory factors may be assessed by anal yzing the cellular content
of the culture, e.g., by total cell counts, and differential cell counts.
This may be accorrpl i shed using standayd cytol ogi cal and/or histol ogical
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t he candi date cgrrpou%li_ﬁsﬁ I nd |cat|ve of . a cel I'ferative agent. 22 My
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TR F T e e
Cinventidh. PRddnier éﬁﬁdﬂfeﬁwﬁt Fertexamplej epidannalor, sqDiAyus yistueesn be tsolateds been
det erm ned amsii rngctad i natc Vinkses halkabes( ARt ¥, Heped sitfpld@hialsad hE‘r‘}S&J eotide
anal ogues (&gl {0y 2 %I‘lge?]tli zggerb\Xrus or Qr?rfall li')gpi;xﬁgmae Orruses e.g., any of human
papilloma viruses 1-58, e.g., HPV-6 or HPV-8. Similarly, hepatic models can be
provrded for hepatms mfectron €.g., an exp]ant mfected with hepatitis vrruses e.g.,

25  hepatitis. A virus, hepatms B virus, or hepatitis C virus. The vrrally—mfected tissue
explants can be used to rdentrfy mhrbrtors of vrral mfectrvnty by method of the present
invention. As above, the particular micro-organ culture is provrded and contacted
(optronal]y) with a virus which infects the cells to produce a population of virus-infected

cells. The virus-infected cells can then be contacted with a candidate compound and the

30 level of mfectrvrty of the virus in the presence of the candrdate compound measured
The measured level of viral mfectrvrty in the presence of the candidate compound is
then compared to the level of viral mfectrvrty in the absence of the candidate compound.

A statrstrcally srgmﬁcant decrease in the level of infectivity of the virus in the presence
of the candidate compound is mdlcatrve of an mhrbrtor of viral mfectrvxty

35 . Methods of measurmg viral mfectrvrty are known in the art and vary depending
on the type of virus used. For example, one method which can be used to measure the
level of viral infectivity is by measuring the level of production in the infected cells of

the micro- organ culture or in the micro-organ culture medium of gene products specific



Yet anot her enbodi nent provides a nethod for identifying an inhibitor of
cell proliferation. This nethod includes providing a tissuZ kapl2806 as
above, contacting that explant with a candi date conpound, and neasuri ng
the level of cell proliferation in the 15 presence of the candidate
conpound. WR0ESBFLt i cal |y significant decrease in the | ev CHILO1{98976
proliferation in the presence of the candidate conpound is indicative of an
inhibitor of cell proliferation. In an illustrative enbodi nent, both
potentiators and inhibitors. of cell proliferation (also referred to
herein as anti-proliferative agents) ¢an. be used, for 20 exanple to
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cycle toj f Qan eeampliffied | B U eumauoﬂssse;rg:ee pﬂlﬁltédf etanddr@supthce Bitidenf O | i Cl €
cells, part I(ﬁ%b l‘l )ZEAS%?atrs(ta'calé’/ sr%mhcant ecr aa! ] Clcgdmdl%m)nbégi l(l)e:i)’gt tOf?Eal r.

follicle cel Ion
growt h of h&nﬁweﬁaﬁlgenastheplglb%e@e@lemrm ca@%ﬂ%mercerduraéqwmwwee 1siang;,
shavi ng, or ,mdam;bﬁﬁdp@m,svlﬁeg ingcEiowy.e, inhibitors of hair follicle cells
pdenti T ed USI NGyl Do iR 0tbaQling Jede R MEEHEN twrﬁ% 09g§ R A

treatnment of. trichosi's charac &/ ense growth
of hair, 1%. gewly sppherizadi diepalits B virug PN |fr9§r Fﬂl Fx;ectSefmdhwro OEg3Bh -
i nhibitors CAlturb @an5Edbtdcd R 3@t it dd B RCR hmpli Rba Gy 6fahe DRI @6lldoed 3 May

2006 WO 03/ %%@ﬁlblg’%ér%?&!&go%eﬁed %xﬁﬁ?rgﬁll?mg% 5ﬂﬁ/ Herse&'f%ﬁ#se%p&{m uch

inhibitors can t1on

depi | ati on. TF&iPR b"‘lllr@?% (s8¢ € Haﬁi’ml?TBP‘f i cFteal (498°) %?CF'%EPEPPI%rT ‘%Ei‘l’oé"f‘%"él be used
t o protect Hhdaduaf, dold Spring HadbbisLitoemorgy2mak ak,i mlagqm S 0Vl I0h1 5). Ryelative

progress 5(9 n %%tﬂg%ng eﬁacﬂ ev&hﬁy d%%gllongr% laGa zﬂfﬁlrmnéll l?}r JeirftiGon d%uglmg of

radi ati on-i nduce Tr eat'ment suc | t.or rovid
protection HPTERGS '%b"f"ﬁ% Redpaion gt evep ef E%YY?"FES‘E%‘G%MA adisalethatg, g., by
i nhi biting tthecandidhte sorhipomnd exnted is angnlﬁmpjnaﬁnqpammxmhmfmuynpr eventing the

follicle cells: flrll erl}rrll:l‘@)?inq}?é ME gag, pol, and env protein products of retrovrmses e.g.,

human immunodefic iciency virus (HIV) can also be measured using the above-descnbed

25 _and other standard techniques known in the art. For example pol protem expression in

~ cells of micro- -organ cultures infected with’ HIV can ‘be measured by mcubatmg cell

“extracts with anti pol antibodies or pooled AIDS patrems sera and |mmunoreactrve

"protems ‘analyzed on SDS/polyacrylamrde gels To measure mfectwrty of herpes virus,

Ceg, epstem/barr virus (EBV), in the micro- organ cultures of the present mventron, EBV

30 DNA and EBV mduced nuclear ‘antigen productron can be analyzed usmg the methods
X descnbed herein. '

| ' The micro-organ cultures of the present mventron can also be used to

prbrnote wound healing’in a subject. Thus, the present invention further pertains to a

method for promoting wound heal_ing in a recipient subj'ect. This _rnethocl includes

35 isolating, from a donor subject, a:population of cells h'avin'g': a surface area to volurne

' index is at least approximately 1.5 mm ™. Typrcally, the populatron of cells is placed in

culture 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 lesion, is



mtotic catastrophe or programred cell death. For exanple, inhibitors of
hair follicle cell proliferation can be used for. patients 427deyg8bhg
cheno- or radiation-therapies 1.0 which ordinarily result in hair |oss. By
inhibiting cell-cycle progression during such t herapi es, the inhibitor
treat menWQeM3pHSst ect hair follicle cells.” fromdeath whi eaTARGIgL76

otherwi se result from activation of cell death prograns. After the therapy
has concluded, inhibitor treatnment can. al so be renoved with concomtant
relief of the inhibition of follicle ceII proliferation. 15 However, in
order to. start characterizing the mof'ecul ar mechani sms under | ying hair

gr owt h contsioy-healigg weklroms, ¢, 2 @otnd potaaned with [ibeten | £.e6 aitneg, draugs,

appr opr i at euléen A4 defrdnstARAGH Exzfnmlesbah,{d m%hué}s%rgaﬁg Wr&dfhe! N One aspect
of the present invention, the - to generate hair

j ect S
follicle mREFEMoPyemon,sah G{)ﬁt%seg\ﬁﬁl%lﬁr 'ﬁ t"t{‘ﬁe r'g AN BoPRdse of the
follicle, dEgampleXgandwaefauota \oablfbemmenaptabie ofigriowirfgdlalri(ExampdgXhel i al 20

| ayer ang st ronmstqpam@.eﬁaﬁb%dﬁme zﬁeesrusﬁl:t miRARbhPex s aP@p.Ja%héd i‘n%' icle,

e.g., one or re . % he stem ou.{ter root S % ] trix
cells, and assaﬁe? TSI CERRYEW e fér“ta}dg" BARSHITRIYY SB P‘f’fmteﬂ‘e“‘&pst}@ﬁﬂed
exanpl es, ragthodgprovides ¢ seshivauen s én wédh testingt b e@ilar rand rdsrroal garitants UTeur es.

even in thq)radaﬁseﬂﬁ@h Bike s&wdmnv&v& the kd}n&l aﬁph@htm' of 1(6%%1'! @ohd éramg gntly, the
present inve rovide the

s
DLesent | YRR AR SRS B bblerd Sl UGRSHEWL ST C0 Bhovi 08
~ denonst #at efG"WdchwdeleﬁémOlfée@éfemmomedlrﬂbtbulw@ expl ants can be activated

inthe in vit rO(RlH'Eﬁtlyr @oteanarew e alaagiermau&plotuﬁéxﬁs@heMH houékh gn‘a”a' n
|

enbodi ment , roni zed ner ra ro eration of
t he epi der rrcé'%amn?é"é/dag o1 LSPFIGH Ba"g‘](f)lapﬁl 815 %\eYPi'I‘atﬂ%' h{fgﬁlbrdfrﬁ ity to
under st and aPRkcatien FW%&'W"@J‘#‘\ op humam supissisc HDWaS@, asismppiecinted by froust éxdwepl e, by
paracrine indus@y)Ghed a@kﬁa@lﬁ‘f‘fslaﬂf—‘ncﬁ%ﬁ‘eﬁ With cﬂz'éﬂd‘léﬁﬁ‘ﬂg tﬂMbﬂchﬁx Y MY Sresedtl SSUES of

the hair, f an eover cro-organ cultures supply
 oyor el hethdd GrofErly abrES heey tFoRHGR T st Ratigef oo apmen

i nactivati dﬁa‘@f"thfémr@ai"Fal P@ﬂ FIFQ:P@Slde%d-'ga in arpobjepsine ifgrnat. dyemilbiswitiveh - can.

ei t her pr ormtbediatent, Bkih biitrolvagan ghared fire defivednRcsroing dd f!ﬁr}freseﬁtﬂh%ﬁ&i c

| g ; gsé Io ggéc?@e Feufo@ed %ﬁl&t?&&glcm%&d SHED t?s? g§,§ d’r“lf‘?gs 2 b, Exa E’Pe XV 1 bel ow,

vari ous test agen eve lTatl on of
the hair fdP ‘E? é%" jviablity dt pesgssedaF SO@R&W eﬁert the rpxpesuEsn Infa prefecred) r
fol li cl® sterbodielchs af MIM dsedyahesed b tien@@erios aNa bfrazdMAi lergdukitiopdlser vi ng

the m totiGuidRess tR% SSle 5 b e follicle, or .some other simlar
method of detec anxstS: i 1 er atflﬁlbn blqlg il lustrate, &gre 17 shows t hat

t hyni di ne 22 May "o Bt60-OeR Gdfuessythe pessnt prplicgpyzen addtionglly bpssestton can be
used to neadenti€y fattersrimiodrtedl \ne ndreabhenenktasis efmiseds andctlisy studyomhe effedtfog  expl ant

in the absapegorhl MnRISRGEossiddend €8s oq'Q:Hpr%gg'ﬂx thE FvitAme R hIER) - W th

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 dev_elopmental regulation of specialized structures (e.g., hair'follicles) within the tissue;
and for organ supplementat_ioh where pieces of an individual's organ remain but are
insufficient for replacing or regenerating damaged tissue such as occurs in patients
which chronic skin -ulcers, which have healing deficiencies caused by -inapprobriate
blood supply, or where the local skin is unable to heal such as in the conditions known

35  astypelor type Il diabetes.



increased proliferation indicative of a test agent having hair growth
pronoting activity. In the reverse assay, anageni c mni cro-orzpmaegpbants are
provided in culture, e.g., 5 such as the activated Sencar explants
described in the appended exanples, or gromh factor stinulated explants
(e.0., Rygo @lossashated). Test agents which inhibit proliferatvno/omfst he
hair follicle stemcells, e.qg., relative to the untreated anagen expl ants;
could be considered further for use as tel ogenic agents that prevent hair
growmh. In still other enbodinents, inhibitors of cell proliferation
identified by the 10 subject assay cé&h be enployed to inhibit growth of
neopl astic or hyperplastic celgg,y, fifibation tUNDI formation and growth. A
preferred enbodi nent of the i nvenf)l on is directed to. .inhibition of

epi thelial tumor formation-and growth. For" a detailed description of skin
epi t hel i al .t unpiThé inveptidnoww ing goneraliyl dSeabedsit Pall bpmorpispdilyandeposts i al

Nunber 08/ @é{éﬁée tfw th@@olFWgJéfaﬁ)pTes wioP areTHﬁﬁlﬁeCi Q‘dﬂai’ ifnp@poseesf - as. a -
consequence; terations | r.oli

I and
di sor derk i Hfuiton H?é‘?’?& PEAYS B C[]ﬁg’gﬂd'mﬁ'gf’l gthe %fe?eﬁelmr"@gthorn i %’E\({n% n"%g t hat
result in nmcamdomhmutdhmvmiba& s. ‘A breakdown in the relationship between
increase in cel vRphein EGRs dad adinfal i6&hdin Ia&'dlﬁhlﬁﬁarﬂﬂcﬁh Whdug]reaith  from

th [ | to diff t I t
e e o e BOh e Shs5 hlo PO A Byt onces |

mai nt ai ned Bithiedeucomef thrdhveatio?® remthmw@m%mrlodwf\liméeyeﬁ*ﬁ%ﬂ @#e of . the
two daugpters rqfﬁ‘i‘th%o'r@ uh?ﬁmﬁﬁﬁﬁ@ §8bé of tﬁ@mérittoﬁ&momv&hicbeorgﬁ]ﬁcmher is
comm tted to a pathwa f nt| ati g é}c?:?s L NSarel exgr?i@7fﬁehl\é% rr§t255
197- 200) . %mé‘o‘ﬁ'(dF(S g8f° @BI"Ia ?lr?ﬂgleé’ TGRS "P FRSTErDr e be
consequencehmftedsuoghwdamplesbemdedgeIDWese processes. These signal s may be

ei ther positi Ve &é’ deARBRA inVee a ﬁ?&d&@@x:ﬁﬁﬂéﬁ thxf:ﬂocbilgéhf cdltufa3 rwge pedphiedr esul t s

from enetl est at_affe contr i bed in
Exarrplge IX G&“I ragsf’efﬂoq‘norﬁ?rn d?é‘i 5 |r?mrrnnagl%%§lr1&%a§ hﬁ%l g%éré of the

present b nvémdemmn hfavﬁlab@emdjb;le‘tﬂef oFimiildry trhicrg-orgar: é‘PlF“riﬁer | eritdeli from agent s

and i nhi bi t maﬁ’mﬁflarp@(lrheap f(ﬂhé)f %Fe%it't&&ie I VAASE gub Aekived tEXL&B’ﬁH &'ldlit)ﬁn tdG-- (3
was tested _and foun

nhl
Activin, a PEGt oé)F’ﬁg‘IRﬁI‘%‘has "’Ctesé'"%ﬁ"adnrfe nper Joa?%t%grepﬁédﬁ]sﬂg 'i‘ {hhas al so
been shown inyetioni Bideetriv|is fathin ithen seope ol pheidpyeation & 1% aterﬁe%énar"ég*ﬂl ts
i ndi cate th%@o%n%lt%b@foﬁ@@ﬁ[esv«hfchtd&ﬁtaTﬁ-_an(ébltlhalmlﬁstyomztll”ad:hltpd;taxy arole
in inhihition,of J iferation of epithelial cells. The. data suggests d
role fdf pr 'f"é‘llﬁ 9" the TGF- fam |y as significant re ators g
epi der mal horreosT@PsilePVan@FW“ihﬁa'I% Bher suBlCtapici B Ul 't“{ﬁ‘r% 8t PR and

growth in Vi 1&@;&3%hﬁ§suasn§©€abtsoﬁntlheg -fehas evlturé rfvcﬁnt iisne: pmttmvmg to a
met hod for id hl; ?I aarCh'{éaL{foanﬁﬁ ﬁw@ggqgggy e.gl, 1fmus@nd SpIRAUNd

whi ch causesPCE erenti a ncl udas 1sol ating a
popul ation &kplas.l s from a subject vx/ner ein the popul ation of - cells having
a’m croaischitecture of an organ or tissue from which: the ceIIs are

‘isolated, :a"" T S ' - Example I
Preparation of Micro-Organ Cultures of Epidermis -

Fresh skin was 'obtaIned after sutgery, cleaned from underlying fat tissue-and cut
30 into 0.4 x 5 cm flaps, which are then transversely- sectioned, USing:a'tiés'ue chopper or -
-other suitable cutting means into 300um ‘sections -under ‘sterile conditions so that the

-~ final tissue segments had dimensions of 4 mm in width and 0.3 mm in thickness (see

- Figure l) These microggans were placed in a-24-well microplate in '400p1 of DMEM in

- the absence of serum under 5% CO, at 37°C, under constant shaking at 12 rpm for

35  periods of one to eight days. Twenty micro-explants were grown per well. -



22 May 2006 WD 03/035851. PCTII1L01/00976 .al surface area to vol une index
of at |east about 1.5nm', and includes at |east one cell WhMdY 18§ the
ability to differentiate. The cells are then placed in culture for at |east
about twenty-four hours and contacted with a candi date conpound. The |evel
of cell VPPIE8Htiation in the presence of. the candi dat ®CdIPHYNRAS i s t hen
nmeasured and 5 conpared with the |evel of cell differentiation in the
absence. of the candidate conmpound. A statistically significant increase
inthe level of cell differentiation in the presence of the candidate
conpound is indicative of a cell diffé¥entiating agent. Differentiation,
as used herein, refers to cells whigh, i acqui red nor phol ogi es and/ or
functions different from and/g; in additio thode thatEImie ells

ori gi nal |y pdéesusayn olfnhspliararyn of mause 1"61‘16’1’5'0‘61 i EpgEdions ar e
characteristic of mature cells. Mibo-Ogah{Calteresi ati on of popul ati ons of
cells of the present invention can be nonitored by neasuring producti on

and/ or. secretion of s %ﬁll i zed cell %e“t%du ts. n Si mil i’,—lfshl on,..t he

T osont Favent | vty SRSttt S Genar BRGNS 59 ElaRnil) o0 rgPRRST R b or
of cell di f flerceit Watmcmure@bv lamakyzing lﬂlhemsmf;ﬂwt\@mhesaﬁsasatbw Mdvee | evel of
15 cell ddl f(@j@ﬁ@.ﬁugmela% dkkh WEe ¢ Rfvﬁﬁﬁl mrv]gt) sﬁxklﬁht?n?dih@k : fogrowh GoHBI hys S ]
measured and_co vel..of ce ifferentli e absence
of the candPHHt¥ C%c%ﬁgd‘(?ﬁddéﬁt%ftgtrp%df b"al CEIFPTERAC ?Ebmgse}’ﬂ % the

| evel of cehburgliféliosredhy fizationmf the celirdn 4%@5@@1@@)’6‘? Afier fxahen, dhetaalteremrpound i s
I %I gatl \4;% Qfereas'ﬁau'ne'ahhk}![ bk af[i)tf -Bff) bmdioﬁa‘esemmweattuydﬂn gbat metr IQEHHdhl%G

enbodi men ect .cul tures io ro

model s for \’/"t ﬁ"g?g'?am’r&ﬁ'i“bws WES© "&gg‘#gl"éfg"@"vf"% I‘xr?é?m Pt gu?ﬁgjugydﬁa%%ue can
be i sol at edcut innd pinrdlieestapd stainechwishymiathyleneiglas ‘as herpes viruses, e.g.,

her pes si npl ex Vi LiSfobnd mﬁtrtl?@ﬁacn%h Bpée@é swmey@mg,nwfam 6ifb |aﬁethQ'8tt@fouV| rus or
human papi | | oma_ Vi,I uses viruses 1- 8, e.g.,

HPV-6 or HPYRE ™ SR 13?rF§fed 9‘?18’ E:do°r?8’d’8'in§ lthqﬁ‘gva]ues Sresd P8P Hehatiti s
i nfecti olrﬁ evhigh thearateesfpPHAL symm:ses(:gre@abw tdpcrprspdh bty rieglamr:qi dighsfor wp ¢p 10 25
hepatitis. gapl nhwsnuree&amgmeg 2B 3Vinkdusa -4D). Ev@padtisid 8aye i dultre, Faecells _

virall y- i nf Er':ncatn z{medl §Ssl{eaf!%e%a% %r}t ﬁro?%&u%ﬁ %ﬁ%eglfkpentlg%t Is(i ythétnmeb llgsgis of

viral infectiVi Inve

particul ar memnwgeﬁvresewdfFegqreﬁ 5;5’?69) ded, "and cont act ed (opt| onal | y)
with a virus which infects the cells to produce a popul ati on of

Vi rus- |g;ected cells. The virus-i ;51(3 ﬁ g€l l's can then be contacted Wi t h
a candi dat e conpound and the 30 | eve Infectivity of the virus in the
presence of the caﬁd‘?’é@ﬁ"é‘"wfrﬁd’t&HdMﬂ‘é’ﬁs({fg'é'dC"”W}‘i%”fn%HWF&Fe{ evel of viral.
infectivity in the presence of the candidate conmpound is -then conpared to

the level of vi rélnn%zf‘fng glotrélank Qre;e}}ﬁeﬁapeﬁeﬁQEqum%IQq AR frkfseqgpound. A

statistically, si ecrease, i n 0 ectjv of the virus
in the pr eséﬁ’@ 4 mm 1n w:dlh were sectioned into- explants o¥ varying tl'luckness |Jncllu5|¥1g slices

R 25 of 300, 450, 600, 700, 900, 1200 and 3000pm thickness. These slices were placed
individually into wells containing serum free medium for two days. BrdU was added for
four hours before termination at a final concentration of 100pM. The explants were then
fixed in 4% formaldehyde and stained with goat antibodies to BrdU followed by an
anti-goat IgG FITC labeled secondary 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/unit tissue is significantly reduced as the thickness of the explants

increases.

35



of the candi date conpound is indicative of an inhibitor of viral
infectivity. 35 Methods of measuring viral infectivity are 2RiMan2090the art
and vary depending on the type of virus used. For exanple, one nethod

whi ch can be used to neasure the |evel of viral |nfect|V|t
measur i WOOHB3BE el of production in the infected cells of€ pﬁﬂ”ﬂ%@ro or gan
culture or in the mcro-organ culture nedi um of gene products specific 22
May 2006 WO 03/035851 PCT/1L01/00976 42 for -the particular virus being
tested. For exanple, to neasure the |evel of infectivity of hepatitis
virus, e.g., hepatitis B virus, of cel’ls in a micro-organ culture,
hepatitis protein producti on and Eepapletl¥’s DNA can be quantitated. In
general, M Cf Op ) 8allo bl bl FeaiCRALYDER Rt R GHPReSirWhbl} o BL DOTI €5
agalnst a select@ VIT protein an e I rmunor eact1 ve proteins anal yzed
by "a variety of methods known in fréfespen o o on SDS- pol yacryl ani de
gel's, ELISA. For exanple, to neasure production of hepatitis B surface’

antigen,, mcro- u i 0. cubat ed
W thonepati {1 o CutoRpRLbirklce S@'E'a““?% md”‘h%:g’F'ﬁ?E?‘;‘?"E“"af%nd Lt I ;ﬁd for

the surf acdhicknsss, danm py Width gnd 73,‘,3("(‘ IRk p§ing R PLiRtefisse, shopper
manuf act ur euch Fiay At the gardddeas aniciverchivaivié erchs fnpaintginedt ThHeaticprexpdantsy
serially dij il Pow%t ANk si%wr f96%1 mt-:l 5Bas (vr{;m ﬁb&ﬁlﬂ%@teeﬁ d%%@tSe%ﬂ call'y

significant rease I'n

€. acc hepat, i ti gen in
the cul tur émﬁ@cﬂ’%ﬁﬁs Mser Riaged dn F"r‘fﬁ?’? ?ﬁ ﬁaﬁﬁ? Blatean d 6%88 ﬁwﬁiﬂfiﬁﬁ}?
i nhi bitar afnd&rePa00, ias3 ¥ Crusder cohaatiskaking at|13 rpmdBtdlbwag addew sser hawgs I evel )

of HBSAg | rbe?o'?@tem)ﬁﬂ?on% gﬁﬂal(EUJléeH{rﬁlo%qthW ankPth® E¥nS VB RS g jhepat i ti s

B virus romce extracts fromt ture ca

detect ed arft}e umaldeiyde ad Hgnesopth aent ?'F‘iﬁ’&a]'te Bfﬁihg‘l%ﬂ%w‘f{& “’f“cﬁqabalé‘%e by

Sout her n bl lateledrigGy Figares SIAATB lithisehte dhgirdeiein {iwipascredspletrivied Hvo-prasns ( HBsAg

encodl ng) ‘Leﬁg%&%?in’%&g (see e.g., Sanbrook, J. Et al. (1989) Ml ecul ar
Cl oni ng - oratory Manual, Cold Spring Harbor Laboratory, 2nd ed.,

vol . 2, p. 10.14-10.15). Rel ative 20 quantitation can be achi eved by

densi torretry and confirned by scintEidmele ¥n counting. of . correspondi ng

bands. Reduction in | gy %br”‘attgfz oﬁPchVea?ﬁéW'bﬁﬁDFg%ﬂ C'HI[u?JsaDNA i ndi cate that

t he candi date conpo est ed n.nhib r e i§.is virus . _
infectivity. In anoﬁ@f"’é’?wp ? g“dﬁb‘”’ '68‘1 ”'egﬁg 52”‘”;'140t ei n products- of
retroviruses, e.g. human i mmunodefi ciency virus (H V), can al so be

measur egy usi ng tA&ItaQ?V&nQ@&CHI&&GrgaR&u&BQs Qb&erprﬁia&ﬂdw ¢h tiRCprRiigues -known

in the art. For, e rotein ex on. in rgan
cul tures in®s é"é‘f’léﬁl)f( n? %—ﬂ“@reesﬁgweﬁere% su?"edv1 g‘ PPHCU: atn aﬁ’ %&,ﬂé&%ﬂfr acts
with anti pefl2 mmtandelideddnto seqtions Hrmtmek bmm&mwyltlsefi"aman q MOBFhCt | ve

- proteins analizs weRgroWR/ 0] 4/ agk Yh s¢FiEefr@ah&diunt CEVERAGAHE BayisNfhe Gidditint Y  Of
herpes vir Uias removed and fresh medium added. Collected media was assayed for insulin content

) 25 using standard radioimmunoassay methods.

Example VI o :
. Transplantation of Pig Pancreatic Mtcro-Organs into a Xebogenetc Subject

30 - Adult pig pancreas micro-organ cultures were prepared as in .-.th_e _previous.

- examples for skin. Pancreases were removed, cut with scissors to an approximate depth
of 2 mm and sliced into sections 300pm 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  transplanted into both the visceral and parietal mesoderm of rat hosts. The micro-orgéms
survived for at least one month in vivo and became well vascularized. After three, five,

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



e.g., epstein/barr virus (EBV), in the m cro-organ cul ture§ 3&1 E&E@l;resent
invention, EBV 30 DNA and EBV -induced nuclear antigen pro 4 n be
anal yzed using the nethods described herein. The m cro-organ cul tures of
the present invention can also be used to pronote wound healin in a

subj ect . WHI935%he present invention further pertains to¥ §Tﬂﬁ€%’ﬁ‘l?&6for
pronoti ng wound healing in a recipient subject. This nethod includes 35

i solating, froma donor subject, a population of cells having a surface
area to volume index is at |east appr,,om mately 1.5 mm Typically, the

popul ation of cells is placed in culfure for at |east about twenty-four
hours. The Mox}aoﬂea,tpo&nve)insclm btgining rwat lobserted iapploi der fow, wvewand tlofty t he

reci pi ent pgl%g anbflaidieneTbodi ment, the wound. or lesion, is. 22 May 2006
WD 03/ 035851: PCT/ T O /00976 43 slowhealing or chronic, e.g., a wound
associated with diabetes , e.g., a'bum e.g., an ulcer. As denpnstrated in
Exanpl es X and Xl, skin mcro-orgabfixanple UHes of the present invention can

Egnu?g?mﬁz mﬁsﬂrﬁwlo?@tvsr,md, gmwm &&/&anmlpsmemdf.gmﬁxﬁga 5' Ien><)S ) ?lnfl
anot her enbodi H‘Eesgg‘ﬁgp "/ﬁ?"g{%%é’l% ﬁgé’k?eam'%é"'éf /Ted in an

assay to test for cytotoxi C|ty or for irritation. In-an exenplary

enmbodi ment, t he GaiHah- %@mm%r?ﬁ‘iuﬂﬁr@é’frgﬁ%@raﬁ %ﬁmllﬂu%sJe%nﬂaﬂln‘gl drgddst esting
of ocular and dernma| i.rritan I nvol ves the

Dopt ool oo BEPBR a5rn et eenles fr SR CiRis vire epare SRR s o, g
cosneti ¢&) wee chido ah eppomriatramidtuefi umens lepgthtafid ipmeamhdlicedhintmgeiteons of 10

fol I owed b)@(ﬂﬁﬁmeﬁﬁdkor’fh@fmfc%ul@frése%l% nmmeaefi)mmeteh%&tunuuglﬁ daslrihently,
pot enti al %e apd sk ,hl‘lta i on hol d .. cl eani ng
C

Dt o ckertRr il Tt Shaeetiee ML g Febergyat ARt oo
di rect app\h/ascaidﬁd)rtp the <aﬂmr¢alc>§ eaplaiits néyh tegoibptea, she Higswe weass | fixgd, fimsed

gpg : \%C] Ie ?tm egsebéfalgﬁﬁécs an@ cblifted ih Q@Ufnﬁﬁéémg%bl%eram RAGREST Rk %qsmneﬂearevm t ht
\ | SU S I,ov ernative
aseny Wil onygebe i FBET A snedE i RS bl SRk i abRefoRn ani ma

and al so prmeMmtm\Mtf@r sidagmasolsjecnined/ by dptakaef H-thymidine.i | | ustrati ve

enbodi ment, skin micro-organ cultures are derived according to the present
invention. The. cultured expl antspare, c.?mact ed with. a test agent, such
as a cosnetic preparation, and the é’eﬁ viability is assessed at sone-
tinme after the expos’ﬂrﬂéfe'qfﬂ"af{iﬂéfFéf’F@d'@M"éﬂ%&‘f"%ﬁ‘t’"'ﬂan MIT assay (based
on the rneduction of a tetrazoliumdye by functional mtochondria) is used

Lo scor e ! O bbbl sulB& el GO 90 SN BLESIE] add BelBhRE B

application can . rs | nv
nor mal honetiys- a&rﬂ‘é W3p a@qeeélu%hoampeéﬁ? fegminatiopRf "["}H‘Batlé’f’f txed in

4% formald_ehyde_ .and . stained with. goat -anti-BrdU antlbodles followed by

in

anti-goat-FITC labeled 1gG. Intact hair 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-these
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 shown in Figuré 11. The
medium was exchénged every two days. Hair shaft sizehas been arbitrarily classified as
small, medium and large. After 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.



the normal honeostatis of tissues and cells of changes in the environnent
of the cells 25 including changes in nutrients and the pres%%@@yng6
potentially toxic agents, study the pathway of changes in the tissues and
cells th re triggered at the beginning and during pathogenesis or
traume; %8?}?/8?? S} epair mechani sms that reverse the adver s%gyflfqé@f’%%l n an
al tered environnent associated with pathogenesis or trauma; study

devel opnmental regulation of cells that differentiate during the nornmal
honeostasis of the tissue and 30 devel gpnental regul ation of specialized
structures (e.g., hair follicles) witBfn the tissue; and for organ

suppl enent ati on where pieces of anEuuﬁpMLkﬁu 'S organ remain but are.

i nsufficient , r e's occurs
in patients P\t;#:;l ;(-:Jnﬁi? %fq%)sﬁjlgfcors Inu é(;g'r S, j e%r/q %g%téggnﬁa""%e??& enci es
caused by inappropriate blood sup Q"eﬁwomhere t he. | ocal skln i s unabl e
to heal such as in the conditions known. 35 as type | or type Il diabetes.

22 WMoy 20061 QuRRkOGETheRcl MO HARAR m4éef§?$§rm%fl {,,hcgltn Liffhar gnﬁwwen“ on

now bei ng generally descr (ﬁ %h be nore rea
reference tEHEN A% dﬁcﬁ‘b 'Rmﬁxé%‘l’ ilcHCoe! | FRE‘PH.‘:‘EFedW‘?fér analyzed bbur poses
of 5 ill ustiminogytarhemistry a0 detasipec that drdnenboaghmenltise ¢fas tndntpihed anh :

i nvent i on, ﬁ%e%ﬁ Mrsxmllamoelﬂﬂ%gcﬁ'Rn% JnrﬂJv the invention. Mcro-organ
cul tures from ani mals includ ing adult hunan skin, nouse, guinea pig and

rat skin have been isolated and grown for up to 21 days in culture.
However J0 i t Dipdicated sdmplest dfeskgc mippo-ofilturdsewérawented ovitht DGR 1t 2i S ng@il. tAIr es

periods -of &daﬂﬁamymg»sglofdﬁﬁésnurﬂ&r Fd-frﬁlrd@r mﬁﬁd detls/l: X}qtt\bﬁﬁ ggope of
thé invention to fo o or ga B /; @ ?? e rang ani-mal s.
The range of-“YA&H 3 r%F?f id @‘n'(th P d"‘B’Lﬂ I\Q“ﬁmtheslsl‘}‘ﬁstoéifr‘fed IR he

sanpl es pr obe dleshnmfc'ﬁ@l? -Pcodperd widdontrols (Figrapp)ended exanpl es,

m cro-organ: cultures were prepared fromskin and al so fron1organs

i ncluding the manmal i an pancr eas, I|ver ki dney, .15 duodenum

esophagus. and bl adder. Sinilarly, - ﬁf??%)ﬁrgan- cultures of epithelia from
mamal i an cor nea,4 Metmdyor RyperatitgHéatis g €handc NanilvaBng Skinddeérved ti ssues in.

addition to the esophagus such as |ntest|ne and colon nmay al so be prepared
using the npt t he vent i.on- deed it hin the sco of the
-i nventi onrr‘fg‘f)colcg'@ ¢ this 'ﬂﬁh?#;l Y arean’i’ c?‘d”‘d{" d’QWVB'LSYF‘}t{Mﬁf"QSgT?'% Shieamy ‘gl te

whi ch cont affe® ﬂ&rpaemttanemllamrcsmse madro gxpltits et 4 mme in @oithiaachp A muhehilody. The
above ned wi drbiplepaeli A0destrtRdsa Emﬁme mme Prephdasn wetvuxr &ffteequ BiGngias been

ﬁ;\e“dngo pr eIslﬁ lYa? tl;[el s%&%%m%xgto% Sr]ICCS 1s%ef gerately mcomp etc so mat a geSrILGIg oP ot

sectionsare held together as indicated in Figure 13, the upper epidermal layers including
the stratum comeum: The design of this implant is directed to-permitting the nutrients to
reach all the cells but maintaining the tissue slices-in a manipulatable format. The
3 25  patient's wound is cleaned and surrounding skin edges are removed. The area devoid of .
- skin is then carefully covered by the micro-explants, which are placed on the wound
- such that the non-sectioned edge is facing outward and the opposing sectioned pieces
~ are suspended in the fluid within the wound. Sufficient micro- explants are prepared to
substantially cover.the wounded area. The treated region is then covered with a suxtable
30  dressing and allowed to heal.

Example XI
Proliferation of Hair Follicles In Vivo

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 its original position in the mouse stitched and allowed to heal. The implant



epithelial /stromalarchitecture, such as certain |ynphoid tissue, e.g.,
thynus and spleen explants. 25 Exanple |1 Preparation of M é2dax
Cultures of Epiderm s Fresh skin was obtained after surgery, cleaned from
underlying fat tissue and cut 30 into 0.4 x 5 cmflaps, which are then

t ransver S¥PP303861 oned, using:a tissue chopper or other REWBBV%utting
means into 300l zn sections under sterile conditions so that the final.

ti ssue segnents had dinmensions of 4 mMmmin.width and 0.3 mmin thickness
(see Figure 1). These mcroglans weregplaced. in a 24-well mcroplate in
4001 of DMEMin the absence of serum under 5% CO2 at 37C, under constant
shaki ng at témaiped fighle, bgGnseintapigratod inge thet apined! diasue dag sew hashafts grew

i cro- expl ambsh WeIrSpieH ARé dae ko MBI Week2id cMivre 20Q5FigdfD1 H3/ 035851

PCT/1LO /00976 45 Exanple Il Measurenent O The Proliferation of nouse,
Qui nea Pig and Human Epidermal M cro-Organ Cultures 5 M cro-organ cul tures
wer e prepared according to Exanpl e ExampleXibliferation of the cells was

measur ed sby anal yzi ng t her.gndiiPdorific BRIA MRt ORah Tultires 0l | ows. Mouse  skin
and guinea pig skin were grown for two days and human skin grown for four

days after which BrdU was added to the nediumat a final concentration of
| 00pM.for three Spiddhisknesspsasigiel sy franxan i83rvear oldhratient| Was phtaiaag after '
f or mal dehydautopdyl @ingfd ddinh@me. Thesken WasiBiRE séctioldriBtoSt. Rix e WapwHiGR

et or ) kGBI 0058 b S S e 22

. €re then ae
preparations were enbe arron in e yde and

cut intol03 pipsidocus seadonst dhesedmigre-preapisestioahaver placed. in . Rigroplaighdn t hat t he
fraction of se@inlfeeYMENEEAdE BT CDYAL BI°VinideOconbtin@rshiking fof Perfodslof odays in .

culture increased up (tq L .f%IR% con{gﬁr I ikfl Lshe Ml Ues, QhssEved i vivo
. t gt Lo
after 15 \mf? cr%g? ﬂa rlgg %mgfns 'S’s%/“r)\ efg(l: %r-sgre ra‘fc?_ua? Ié cf’ecg_’r %%s’%eg'%nqﬁh ¥ emai ned
hi gh for up megivmpwasshgnged exery e 69yseEheriugap peormtic skipprglifpraterigxtengivedyy, at sji x
days in cul tasrficrolofanealiblré mai ntai ned a steady state of proliferation.and
differenfiation so that the tissue architecture was preserved (Fi gures
5A-5C). 20 Example Il Proliferation of Cells-in Mcro-Organ Cultures of
Various Sizes Guinea pig m cro-or gahenple Xhr epared as -in Exanple |. Wole
t hi ckness skin stri fggvet Maro-Organ dudivureslgfested it Hegarita térue xpl ant s of
varyi ng thickness including slices .
Human, rat, mouse, and guinea pig liver was sectioned and cultured as
20 micro-organ cultures as described in Example VII. 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 production (ELISA)
after at least 14 days in culture. _ _ L _ S
5 25 Human liver micro-organ cultures prepared above were incubated with sera from
_patients positive for hepatitis B and hcpatitis-'C_virus. After 24 hours, the _medium was
removed and fresh DMEM with and without. 10% normal fetal calf serum (FC_S) was
added. Every two days, the culture medium was exchanged with fresh medium -and the
conditioned medium tested for viral particles using antibodies against the viral protein
30 HBs. A significant increase in number of viral particles was detected after 4 days in

those micro-organ culture that were cultured in the presence of FCS.

. Example X1V
Thymus and 'Spleen Micro-Organ Cultures
35 . : . . : . .
Mouse and rat micro-organ cultures from thymus and spleen were prepared essentially
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



25 of 300, 450, 600, 700, 900, 1200 and 30001m thickness. These slices
were placed individually into wells containing serumfree n%?de‘thi)B? t wo
days. BrdU was added for four hours before termnation at a final
concentration of 100M The explants were then fixed in 4% fornal dehyde and
st ai ned qulodbgo?t‘ anti bodies to BrdU foll owed by an anti ?53213“0}/&(@7?I TC

| abel ed secondary anti body preparation. The results of this 30 experinent
are illustrated in Figure 6. The anount of BrdU incorporation as a function
of the nunmber of cells/unit tissue isgsignificantly reduced as the

t hi ckness of the explants increases. 35 22 May 2006 WD 03/035851

PCT/ | LOL/ 00spBnts 48 appraniplately Y00 P thskrustnigom apprdpeale rissitei choppdr an sudy gan

Cul tures angayVBas praeréine fseh@dl Imicrbhirohitct ®FAS1 MO orgdn. GHeRiRrolbrParRaRGE €as was:
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serumefree DVEM to under 5% co2 at Z¥9Pltfer constant shaking at 12 |
rpm BrdU was ‘added t hree. hinmegnariyos Miazo-Oegari Qaliren at 'a fi nal
concentration of 100l-. Mand the explants were then fixed in 4% _
formal dehyde ang st ai ned w th goaf antibodies to Br(gbl folé{@\/_\ed b%
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Example XVI
Delivery of Gene Products to Skin Micrb-Organ Cultures
20 ' " ' _
" The high surface area to volume inherent to the micro-organ cultures of the
" present invention allows easy access to tissues for a variéty of gene transfer technidﬁes. '
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 a'bbut-thirty days in vivo and become vascularized. This
" demonstrates the feasibility- of using 'MC cultures of tissues in ex vivo 'gehe"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 transplantation into the body in which the
30  cells can migrate or become "lost" in normal tissue. | ' o '
Guinea pig skin was dissected and sliced into sections with a width of 2 mm and
a thickness of 300um. 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. After one day in culture at 37°C and 5% Co,, the
35  skin micro-organ cultures were rinsed with DMEM without antibiotics and added to a
0.4 cm gap disposable electroporation cuvette with 500ul of media on ice.
Ten micrograms of the plasmid DNA containing the indicated reporter genes

were added as shown (each plasmid had a cytomegalovirus promoter driving the



Transpl antation of Pig Pancreatic Mcro-Organs into a Xeboggn%i{c Stbbj ect 30
Adul t pig pancreas mcro-organ cultures were prepared as in 2 Mayg2006

previ ous exanples for skin. Pancreases were renoved, cut with -scissors to
an approximate depth of 2 nmand sliced into sections 3001 thick having a
wi dt h of WORHO3SEAL. micro-organ cultures were then grown BGHIIEOP¥6ent
time periods of O to 5 days in serumfree nmedium and after culturing, the
pancreatic m cro-organs were renoved fromthe culture and 35 transpl anted
into both the visceral and parietal e, oderm of rat hosts. The m cro-organs
survived for at | east one nonth in vivo and becane well vascul arized. After
t hree, fi ve expresivanofacithef aupt eelactdadese i(conimol)ogr biiferasei vepore| genpr dhef er at i on

coul d be detgekae: pl%%mi%é/ck%}fé@wasM@%ﬁ&ﬁkg@ﬁé&éd%?%@Kﬁ&h e/ filVRy cover,

positive inzul n stal ning.was observed in vivo ‘after four, seven, a
thirty day “Cng?fe §PGnspl antati on. Exanple VII 5 Preparation of Liver,
Ki dney, DuodénusampleswpieadessopmatedhtaziifemVMndrtbe CrmpartancCyhriadr assshawdl in

Measur emgnt F@gulr:g@k |(H§§J9@bﬁﬁ,%&iiﬁr9f50bﬁf{ %G’TM’ RiFY: Qgan. Qlﬂ{stWrESrea@'ié?ea‘ pi g
mcro-organzgm‘ %@js .r%r&s veral .epithella |iesue cont ai ni n rgans were
repared as MBI 30tIS REL SIFHTRROTHEY deiih  NPAGRITS WRET '8 ?fég“ ﬁ‘g with

gci gsors, -mthvléMél\/bwtaﬁrdngaHO%mwmplciﬂﬁE@ummgﬁbﬂ, speptomydimragd Blugimi@ nm and
sliced into asaGhd 003§s Afa 24300 Bulthve plate. THEMBAIE VAS HINTNEEL SndBE Sarhgl& UGt ed f or
three, four. and, six. d 'r} er mfr.ee'rregi m T ve. hours before '
Lo o nat s on BPe0ded haboft (il oF ceR B HAS eaRse e T B s et o5 of
expl ant s10 Athomegerizeditand thent2Bl wisside! nd §0iili of dutiferasaseqy reagsvePedmegires and
counted in andhinilhdstdndd Waf dQQUH BMirpltaR wiSik Pacitd TEiCHuRX R8N gBilive are 15
illTustrated i nt Fi ?‘@%ﬁ}g I;IAS shown g n Fi ureﬂ9 call ot ssueg exfnl bited active
proliferatidf’ Qi oI TRE Pof>cd) Sul sfask WEE oIS n 9 EARE of :
3H-t hymi di nadenBsadippb g¢he/impi¢roRrgsini dudtprgs.i A illusfratethiin: Figird i18) atsthe mddiwm o- Or gan

Cul tures 2Qs@uFN aRl A6W- @508 EdghditdARS satflpS, BibRBBAR dudifeeRE dchitint Qabxanpl e |
and i ncugatedd

tect(g%FtV\cDo dag/s. .Br.dU was aﬁ(ﬂgs[ﬁ% ree hours before termnation
of i ncubfti SCCiEh FPECARRARSY: Y By Aoune | dehyde ... and. stained with
.. goat ant iimBogtt) calimredendis evsrefaddciropgstiedyith asimegplasmify FE50dbel ed |1 gG
Intact hair foll iClagshérhatpeiest, NheIRAEfedtidn Vof/ Che rmiérb%i‘%ann&fﬂl’@ls s

surr .Ou.ndl ngsacgo%ﬁrjligzege{)ga liﬂotfgzggr?,d w"lilll']cg;e!‘wa r ocslersvgcll ytoc%@t Fn%rel & 1c(%cyn|tt {‘H;u?
condi tions, W thou e need .’of "addi ng serum ..or any other exogenous

- factor. Hai relecproratiop. te pargcylar, migrepeganneudius Qe ayinge g skigy pepvham
proliferat e mougorkidshyd rdtOing eas Ghnsetaed wittd@r pladnfi@ @afnthitg @nsciferase
reporter. Briefly, the micro-organ cultures were grown at 37°C in.5.5% CO, in DMEN
with 1% penicillin/streptomycin and 1% . L-glutamine for one day before transfection.
The explants were plated on 24 well plates with 20 explants and 400ul of media-per
~well. For transfection, the micro-organ cultures were rinsed twice with Optimem, -and
25 10pl of Lipofectin (Gibco BRL) +2ug of DNA + Optimem was added to each well with -
-the final volume being 500 pl. The Optimem/Lipofectin/DNA solution was made
according 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
replaced with 400 ul 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
morning, the micrb-organ cultures were removed, washed twice with 1X PBS, and
ground in a hand-operated glass tissue grinder-in 750. pl of 1X cell culture lysis buffer
.(Promegé). Luciferase activity from the transgéne was detected using Luciferase Assay
System (Promega), with the results reported in Figure 18.
35



of the present nethod as indicated by the Iarge nunber of hair. follicles
cells that incorporated BrdU (Figures 10A-10C) _ The size d23Mawifid6on of
hair shafts at tinme zero 30 of a micro-organ guinea pig culture and after
two weeks is shown in Figure 11. The nedium was exchanged every two days.
Hai r shaf WQPHYBREL been arbitrarily classified as - snall E“q:l%l/%'ﬁlﬁ | ar ge.
After nine days in culture, there was a clear shift in size -distribution
so that the -percentage of small hairs decreased from64%to 28% while

| arge shafts which were not present at_the beginning of the culture
represented 30% of 35 the shaft popul%?tl on. 22 May 2006 WO 03/035851
PCT/ 1L01/ 00976 48. Exanpl e | X PrepdabipteXVHf Assay for Measuring the

Ef fect of a Candi date ol .1 i The .cul tures were
prepared and mai nt ai ne? efl ned%mé'?tu}rilﬂ?}ﬁhgs?rﬁaa? a@ntéfrr%wt h condl tions as
descri bed in Exanple 1. Control sanpl es were anal yzed by :
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a snal | - ar ecexpfesdi@mr l(mclpress:edl invabitreg Bghtnurits)afThei esulsnol dds ekpaimenherepat i ent
and full thi gmséa il $8PAASorRhad WTFiglre il nuﬂgdb& not itk 20 are

prepared as descri reparatio owever differs from
Exanpl e | iG¥Presse tb%&ﬁ%%@fq%"ﬁfﬁﬁaﬁen&eaedﬁl e F%f@glq"% aRIBREredt gy
i nconpl et e segithatcoatraef- gﬂactmidassemtsf@md Tamge miarb-drgao gettre (1@ gl icatcbngat ed i n

Figure 13, t WIEE ARl Sk Lk Sh (At eum The
design of t hllms?d %g{gﬁ?s’l S&Eil r egthz%l:q{ao %‘g&m ttll{éﬁtgjpr%ﬁlgcunugz?lueéﬁ]tlgm%’; reach

all the &¢lls but mai nt ai ni ng the tissue slices in a manipul atable format.
The 25 patient's wound is cl eaned -d@xdngleeXIdiihdi ng skin: edges are renoved.
The area devoid of skin is thegasshefy'GrbVnGRvioed by the mcro-explants,
whi ch are placed on the wound such that the non-sectioned edge is facing
outward and. the opposing sectioned pieces are suspended in the fluid

wi thin the wound.NeSubdrnghaise skincvas- @kaphfalnta@elaﬁlégm egleaned| of yndetlyingtfaint i al | y

cover. t Ia@ WIS @ Bile 0NE StnP AR WhRdivie tienithRsvefeNestbnéd, iing aSUi t abl e
tissue .chopper or other suitable cutting devise into 300pm sections. The micro-organs
‘were placed in microplates in DMEM in the absence of serum under 5% CO, at 37°C

- under-constant shaking for periods of 1 to 14 dayé. 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. ' ' -

New born “hairless™ skin can be‘induced to produce hair shafts when grown in

-MC cultures. Micrographs of skin from 30 hr-old mouse, grown in micro-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
- “follicles are well synchronized and the cycle stages have been well characterized. Sencar
mice provide an ‘in vivo-model 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 serum 5%



30 dressing and allowed to heal. Exanple Xf Proliferation of Hair
Follicles I'n Vivo 35 An in vivo aninmal experiment was perfo?dtydddbe a 1
cn? area of skin was renoved froma nouse and inconpletely mcrosectioned
so that the stratum comeum of the whole skin area was left intact as
descri beav@b®0isssiThe m cro-organ was reinpfanted into it PGYELYL/HRI6
position in the nouse stitched and allowed to heal. The inplant 22 May 2006
WD 03/035851 PCT/1L01/00976 49 renmi ned viable, becane incorporated into
the animal tissue and new hair shafts grew fromthe inplant after one to
two weeks in culture. (See Figure 14)33 Exanple XIl 5 Human Psoriatic Skin

Mcro-o 9anc@J_Lttyﬁéﬁn&?-'cbﬁsratnh'grﬁismg?& pRS&UsioRl it6 15 kA8, A&tRRiondr Bidgenear ol d
patl ent was OE)'[ al ned after aut ops us| t hen

[ i ng a r mat one. The skin. wa
sectioned i fAliles, whethas indyeed bynelul prmoyal ?A%F%‘"‘gﬁ%%°ft‘fe§ﬁ%‘i?ér‘§%| W@%ﬁsoned
usi ng a ti ssyehecpropfeertionrof dbliele ser tcalds. Figure tli7nidjugietdscibe 1a8tivativn G0 } . un

sections. TRESE;OLGiM 9k BabushstihARdindeicrpBtaaefd. in: microplates in
serumfree D@Mlunﬁfer ‘5% CO2 at 3)%]: 1ll}ndecrrpconstant shaki ng for periods. of

one to fourteen days. In sone instances, growth factors were added to the
culture nedium The :nmedium was ch&wegepled¥¥ry two days. The hunman psoriatic

skin proliferated extemejglion ofFantPesi ORIV ToslsplnationS Exanple X 1|
Liver Mcro-Organ Cultures Infected with Hepatitis Virus Human, rat, nouse,

and guinea pig Iiver was sectioned and cultured as 20 nicro-organ cul tures
as described in $exembreshniues hawe ibeen gevsloped tatprepprei iglet lgelbse fromi varoupr gan
~cul tur espoWasaRelafst fArdds iif Brdd fhbhdtRE GhROMEL ddARitutd S pdemasliydesspligittd n. - The
e measur edbeyelbgas, WU e el aHER, i © Pl dofCheio b ang "
al buni n pr otlacttieemerffdBunt@ad so &t Brhagprovemdifficult tgptain i repnodugible, repableunan
liver nicrowgy Bfgtesding BEE SelRl SRBAE ThedRMVIRy OB fHRsd defls! Beth 84l vinkotaid $evivo f rom
Phe. mod um e ariearin precerERRLARR Tl rop b IF vrobbhinnd®, 0751 S
cal f serlam @rRES) momikelntiduide suppest from ks stragng that prededigh theridetsinyihe Aermak
exchanged Wphdtrdat eslenipRdirebuedst thdifainfi@hdhdréH0io @cgan® ek Live hoetsodst. tead Vi r al
particles u%insrlllgce?‘s%li. 'ﬂf%%iget e Ei\g@icrllxﬁsrettg&nwloéﬁlde&;i%aeLé}ein, success has been =
achieved for establishing micro-organ cultures of mouse, rat, guinea pig and pig
pancreas in vitro in defined culture medium '
20 Pancreas micro-organ cultures have now been grown in vitro for periods of up to
one month. Within the cultures, explants maintain their tissue microarchitecture and
certain cell subpopulations proliferate actively as determined by BrdU incorporation and
s labeling. Furthermore the islet cells secrete insulin into the medium even after one
month of in vitro 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 Micro-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 300pm thick sections. These micro-organ explants
were cultured in DMEM (no serum) in microplates at 37°C and 5% CO, for periods of 1

to 14 days. Inspection of the micro-organ explants at various time points indicated that

the cells of the explant had remained viable, and proliferation was occurring.



30 HBs. A significant increase in nunber of viral particles cted
after 4 days in .those mcro-organ culture that were cuItLﬁiﬁy%V%%bge
presence of FCS. Exanple XV Thynmus and Spleen Mcro-Organ Cultures 35
Mouse and rat mcro-organ cultures fromthynus and spl een_we red
essentieﬂ“ﬂﬂ§%¥§ﬁ’n t he previous exanples for . skin. CXgansP§E&§aQ%§§€ed and
cut with scissors to an approximate width of.2mm and | ength of 3mm These
sanpl es were then spliced into 22 May 2006 - WO 03/035851 PCT/I1LO /00976 50
expl ants of approxi mately 300NIthick,§§ing an appropriate tissue chopper in
such a way as to preserve the essential mcroarchitecture of the organ.
The mi cro- or gansilwef the abbnerciied cefbmnherd ahdpultlica@onsbare herely) irgaspsrated yer um f r ee
medi um Actipparoliferation in these mcro-organ culturés was detected
usi ng BrdU incorporation as described herein. 5 Exanple XV Bone marrow

M cro-Organ Cultures Mcro-organ cultures frombone marrow-were prepared by
carefully renoving 10 the bone naEqeivalentsact from fenurs of rats and m ce.
Since theg dianmeter of the marrow in such explants is only about 1-2 nm
the marrow was djrectly sliced into m.cro-or expl.ant.s usin 00pm t hi ck
using a tissue ghBﬁﬁ%P%d?hwgaﬁﬁ?ﬂ8ﬁ°@ﬁ§h?@ﬁz@%&°aﬁ?8?85?ﬁ%P?5@gﬂgﬂ’of t he
mar r ow was ipnigseexpedmaitatien, atuntekmas spivalentsetor e aspa¢ifig agsaysandf segdmisol ume

i ndex anenafk&ivk® HeRiN- §iRh MR duttaleHisCare TARsIAET @ BF OSn WaE @cdpacybaied 15 for

3 days in serumfree nmediu ctiyve proliferation of marrow cells in these
nicro-organmﬁﬂWPﬁ?ﬁg“ﬁ&§ng#§@F@bmﬂ?F%éaﬁpdU i ncorporation as descri bed

herein. Exanple XVI' Delivery -of Gene Products to Skin Mcro-Or; an

Cul tures 20.The high surface area to volume inherent- to. the m cro-organ
cultures of the. present invention allows easy access to tissues for a

vari ety of gene transfer techniques. |In this exanple, mcro-organ cultures
are transfected with foreign genes using electroporation and |ipofection.
The m cro-organ cultures can be transplanted intoe 25 ani.mals and- survive
for at |east about thirty days in vivo and becone vascul arized. This

- denonstrates the feasibility 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 - . o : C



defined position in the body, to.that if necessary it coul readily
renmoved in the future. This contrasts with cell suspensi o??f&ﬁﬁ?@ﬁgnt ation

into the body in which the 30 cells can mgrate or becone "lost" in nornmal
ti ssue. Quinea pig skin was dissected and sliced into sections with a width
of 2 mmand a thickness of 300m TheSskin was cultured as a mcro-organ in
serumfree Dul becco's mninmmessential nedia with penicillin and

strept onywwHATAS ChAIMEWP L rati ons recomended by the manufacturer. After
one day in culture at 37C and 5% C02, the 35 skin mcro-organ cultures were
rinsed with DVEM wi t hout antibiotics and added 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 cont ai M ngnételllynthoddied dmi@Pordaar egstngs exphedsihgasd édsiasns hown
(each plasm d had a cytomegal ovirus pronpter driving the 22 May 2006 WO
03/ ossss&eep@wwtn%@mctaghe BIGHPOEENFIPEA erppaTinga papulgtiguaelidsis.dhge
(control ).: QF. j e Ler ug+ 1 0 one was
pRC- CW Ilﬁéi({rg%igg : urgg li')Elﬁllrillrn raa%g&\%mfcﬁntgﬁglef ?fr telfelr sfg% Pﬂl}(rzl remrvglscgaigégr:e. The
sanpl es denededrdcitrtbpcame eétnahadl® dvemsnehst detectalpsac ag neldow alififetgorasf shown

in 5 Fi re 15 (H =900QF, nedi upr500F, .| ow=250F) .. NI cel l re
Heaten Mitatas guindn i gosf o il 31 1BE FHEBHTRRT G AR BT QU REITEE wer o
then furihee bic @b%@dmicrm&ga@réﬁyaﬁp nbak§i 139 nkRHiRO VdeN8la6 aokicher Ui

u

penicillin, streptonycin, and glutamc acid for 2 days in a 24" well
cul ture poneomitaihgeatle due tovassui! enitrition andh@ceunyhen wethe wasisperibied in

b 7001i 1 of cel | LysSi P . The tij .pi
tere 10 MirgshianCEplart 2 I ponte o5 e “RAE OF O PERYn of B 3R VS B say
reagent 6(f¥a0RREaN exppdIsing diMcAs 966 A&ombasand 8éGirdudth triplicate with the

Packard TopCount. As a positive control, NIH3T3 cells froma 75cmculture
flask were trypsinized, and treated identically to the m cro-organ

cultures. As Ll |l ust I i . i 0 d.J. ow.
(2508 capaci fance. it Eenstifali) Aifieh dnichd-probleBEAL B atnt el s
det ect edat Faast omdrpedonshdmant Sgefe | modwnns ndeleefedNirbihT the gronpt ednsistihg wied cel | s

were electroporated with the sape asm ds_at, 250F. I n another experinent,
t he tran%ﬁf"@ﬁ"gi"&ﬁt HPteﬂ‘h%“drﬁfﬁCBmgP’éaﬁ%“@ﬁ%‘P%i@W?e & onpl i shed by

| i pof ecti on, which was observed to be nore efficient than el ectroporation.
In particular, mcro-organ cultures from guinea pig skin, newoborn 20 nouse
skin, and rat 3. | ungThe geneticalhsmedified mictdrorzapleaplantot daina2nivhegrem $aidi f er ase

t . Briefl he .m - | t 1.at .37C i .5.5% CO2
| PDVEN Tty Bkets i pororl SRfaich b oreh Grofh Stk STegrorER "y
before t egglafiesdémRd.

4. The genetically modified micro-organ explant of claim 2, wherein said
R 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, phosp-holipase_' A), elastase, amylase, a



The explants were plated on 24. well plates with 20. expl anfs. Q&g§400|

.of nmedia per well:. For transfection, the m cro-organ cul
rinsed twice with Optinem and 25 10l of Lipofectin (G bco BRL) +2g of DNA
+ Optimem was added to each well .with the final volume being 500 |. The

Opt i mem Li pof ectin/ DNA sol uti on was m&de according to the Lipofectin
manuf acturer's directions. The cultures were then. incubated for 5-6 hours
at 37C i blobd 50t0@DR. fadter, UDPreghidurgrofl e chnsférBiél nmiﬂlmevvasmsdaebmnayé@sleaced

ith 400 | qf DMVEN.w th 1fV | 1,i n/ st in, 1%L It d 30
Toog Fea cviadtioRt oA Fies: EGbaRs AeBuRi Bt Bt ot ROt ho
fol I ow nﬂmtotimmhﬂtqménme tl(ij’}rﬁBﬁno&ﬂaQ Sl B SmYE, €a rs%mv&gedlwaﬁ h&fodyM ce

with I X PB.S, and’ ground in a hand-operated gl ass tissue grinder i'n 750 pl

of X cektimaluhﬁgJfaetolr,yesyﬁudyobie‘tmr epidertidl @FoR@B factbi bkpicasgthaspolatictycthf om t he
transgene was detected usi ng Lumferase Assa % System (Pronega), with the

resul ts fEpeiPPYIginp apiiyRircsll 1growd factonimp ity ukmoaomaagseﬂoqucmoy 00976
52 Ex { d
Phymia F FEroBlesd gidSich YEAd, Fan ERRRLIAOYE, fclod JHHEL BLRIR bl YeBRghi 0 2"

pr Ocessedlol&:yﬁt@kmﬁﬂ GOMaE@HN, stbbthhde Magndstraesdptidieficion. Exanpl e XV. The
m cro-organ cultures were placed in culture wells and transfected with
cationic |ipid/luciferase encoding plasmd DNA conplexes for five to six

hours while i ﬁCUbaﬁﬂh@ge@é’th% &HO-EH%" ﬁﬁdr@% ngng/O?%gazﬁu%%lﬁcg Lé({) ion was

aspirated, and the cultures en 1 nc serum
for two tbaymblmntbrotwmsasmamdfmr | uci ferase reporter gene 10 expression
,(expressed inarbitrary light units). The results of this experinent are

i ustrated in Fi gure 16. As denonstrated in Figure 16, the |ung,.but not

the thynus egpressgs géﬁk@nc&lﬂﬁﬂ%ﬁfédeﬂlér&%kéaﬁr&%%ng SRRIHAIE WARER Said

conditions. As expected, the negative con 3-gal act osi dase transfected
| ung mi cregombipant prafeinissoma®siativati onic |ipid concentrate) was near

machi ne background for |ight production (23 light units). 15 Exanple XVII|
Hair Shaft Gowh in vitro New bom nouse skin was obtai ned after surgery,

cl eaned of under | yThE gbdticalBP niddSfddemadtlotshin dxplat Of ¢la¥mD2, GhhdréiaRgid Whi ch
were then transversely sectioned, using a tissue chopper or other suitable

cutting EF@QE“?@aP‘rRTStCHD’GGrﬁ@@lblﬁfit(gf%wth'lfﬁ%tom cro-organs were placed in
m croplates in DMEMin the absence of serumunder 5% CO2 at 37C

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.



under - constant shaking for periods of 1 to 14 days. Certai r}&f tQ&&
m cro-organ explants were contacted with a growmh factor, %f“}f , wWhi ch
was added to the culture nedia. 25 The nmedi um was changed every 2 days.
Newborn "hairl ess” skin can be induced to-produce hair shafts when grown in
MC cul tures. M crographs of skin frosvr30 hr-old nouse, grown in m cro-organ
cultures for 3 days in the presence of 1 ng/m EGF indicated the

devel oprment ofi5hai The ahdtRally mddifeedempdrairgan ewplat ofctannd wlesreinrsaid pr esent
at the beginning of the culture period. 30 In another set of experinents,
act i vat i HiyoBPIRag! pgksn fstﬂqql%‘}yesémsvﬁ%““@bf?‘étf’(/ed. The Sencar nouse provides a
useful nodel to study hair, follicle activation because the follicles are
wel I synchroni zed and the cycle stages have been wel| characterjzed., Sencar
m ce provide a6. i nThe\genetivele mddificchmagrerorgan expdant ©f clapme2.rehesoial sayd t he
club froma .telogen.follicl an induce new hair formation, the first

si gns of r‘?mp‘@ﬁ}anggré’t%}sla@gwﬁhg‘?%of’&i zed. Skin fromadult Sencar nice was
obtai ned after surgery, cleaned from underlying fat tissue and cut into
0.4 x 5 cmflaps, which were then_ transversely secticiqged u ingﬁ%@issue
chopper or ot ng s Uhe snetically mashifierb i ere-qrsaroextent (¥h E‘t?’o‘ﬁgﬁ’rem

m cr o- or r i 1.croplates in DMEMin the absence of serum 5%
22 May 28%2%%?8‘3’}%@@325‘%%%0/00976 53 C2.at 37C under constant
shaking for periods of | to 14 days. Activation of telogenic follicles,
whet her induced by _club renpval rowth factor, tr ment , s. mani f est ed
by the proliféfatid ecaen?t&ﬂgﬁa/éwﬁé?fgmlef@rqrgén F’Hﬂ?ﬂtéﬁi M #’u‘ﬁ%ﬁ‘t“e?l he
activati : i I detected by thym di ne i ncorporation.
5 Exanpl g&lo%?n%lrnéégrtéggggnﬁgﬁ&glgﬁ{(i:}{rgefgtai%g I sl ets For Transpl antation Several

t echni ques have been devel oped to prepare islet cells fromvarious 1Io

i ' , An | ey [ th t.itut 2ptioall
{ranapl ant abl 49 beriesFORUSARGITH GFErO e et Sorap rshagefl s, =

di abet es o bwbifdi Prodéia\Pasksm. have been encountered so far. It has proven
difficult to obtain a reproducible reliable way of preparing beta cells.
Second, the viability of these cells both in vitro and in vivo is largely

vari abl e ar tdue t %ﬁP%SHﬁ% ﬁ?rcﬁatiﬁuf’ &H%ifeﬂeséci&mt t hat

. In the fi
the 15 f 3-cel I2 -m)EI}C %‘ﬂ?gf%}@rr@agl{ﬁr%g ‘éﬁ‘%‘%g e stronm that underlies

the i sl etrscontbihdi® pRREIAT heppadefy@@spoiddic Bigprs of course at mai nt ai ni ng
pancreatic organs ex vivo have so_far been unSUfces§f ul . . Usi gg .tqﬁ MC
cul ture techndlogy dbseengicalinaaditicd wirrewsganplagt ghclaiy f; Bpupaipge

establ i shj agiTk 65,9 MadebottWdifRRuPhofBUse, rat, guinea pig and pig

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

R 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 claim 1, comprising
epithelial 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 medium 20 Pancreas m cizol%lor %@ﬁ
cul tures have now been grown in vitro for periods of up to ~0 &Y ?h.
Wthin the cultures, explants naintain their tissue mcroarchitecture and
certain cell subpopulations proliferate actively as determ ned by BrdU
incorporation and |abeling. Furthermdre the islet cells secrete insulin
into the nediumeven after one nonth of in vitro culture. 25

Transpl antati on experinments have been performed in which pig m cro-organ
pancreas cultykzes h I j 0t t i La i etal
mesoder m of lrég’t hog'%ﬂggQ@%ﬁ%ﬂﬁgﬁ[ﬁ;@&nk&ﬁré%gp%}p#agfo%&elrﬁﬁéélv\l}grr%g} %g&f rom a
f ew days ouygantioa pacreasnird saidpopulation bifieclsiptladésislesadmanperhbnsvascul ari zed
and incorporate into the tissue host. 30 Exanple XX Preparation of Hunman
Psoriatic Skin Mcro-organ Cultures Split-thickness psoriatic skin froma
patient was obgal ”eQLhé‘ngx%ticﬁ‘lW %ﬁﬁiedl&ﬁicﬁgoﬁ’ganck%fﬁﬁﬁ 8 Baind Mewikicth YRS cut
into 0.4 X5 cmflaps, which were then transversely 35 sectioned with a

ti ssue clougspas skintand36@Explant inkludecatileass oneThas follndle pmd glagdn expl ants  were
cultured in DVEM (no serun) in mcroplates at 37C and 5% CO2 for periods of
| to 14 days. Inspection of the m cro=organ explants at various tine

poi nts indi cabgd thahe gbhicEi®y hﬁ)dﬂ’fedtrh&r@-&%ﬂrﬁx hatdof elam Nedh¥ieabsfd and
proliferation was occurring. 22 May 2006 03/p0.35851 PCT/1L01/ 00976 54
Al of tkesaabeviscasedeliin, ane saidcaplash inobidss iackapulation odwperprdifyrative 6f por at ed
by ref er%}%ghfeﬁqwé\égillseﬂgﬁ di&a;rera%ﬁﬁ} skilled in the art wll recognize, or
be able {6 Ascartan using no nore than routine experinmentation, nunmerous
equi valents to the specific -assay and reagents described herein. Such
equi val ents are congjdered to be within the scope of this_ inventiogn and
are covered bydthe fBfBeWtsalemediticd merqggansaplantsf lpjar 1y whetewy seb 1S 1.
A genet i eaiby SRALGLGEIBHES fifhARMmcAxRl ant expressing at least one
reconbi nant gene product, the mcro-organ explant conprising a popul ation
of cells, the mcro-organ explant maintaining a mcroarchitecture of the
REARMARAITAE EPE LR R RIS R

retained microarchitecture of said 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.

30. The genetically 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-



adequate nutrients and gases to cells in the m cro-organ exﬂ mgzgpgl
diffusion of cellular waste out of the m cro-organ explant™so as {0
mnimze cellular toxicity and concomtant death due to insufficient
nutrition and accunul ation of the waste in the micro-organ explant, at
| east some of the cells of said populsdtion of cells of the nmicro- organ
expl ant expressing at |east one_reconbi nant (gene product. 2. The |,
genet i cabhgsphalgimediztedrirendeciiogaREdfyfeyitangpediated fransteciioay epraperafiongt | east
one recomhj _ge PUECPR-YCIE QR lesting of a
Fecorbi nuRr R rESARARE ol BBl RELAR, e e S e
genetically nodified mcro-organ explant of claim?2, wherein said
reconbi nant protein is nornmally produced by the organ from which.said
mcro-organ éxpl ant* ?@%&f&nﬂé%‘?d“%‘.‘ c‘i’ﬂ‘gtl@%‘%ietﬁ g’&l geg‘eﬁlﬁ?ﬁiiyfrp‘é%\ﬁﬁ‘fmlff%r gan
expl ant | 2bhPof MG hil Stltlninp SGRATRERMNhar g@EEpAGL&. NOr Ml |y not
produced%%/aﬁteﬁg or%an ﬁom wni chmélgi d mcro- E(l)rgggn %xpl ant is derived. 5.
The genetically nodified mcro-organ explant of claim2, wherein said
reconmbi nant protein.,is.a marker. . protein. 6. The gepetically,mdif.ie
ni cr o- or gan e>%§1 ant “pPhafgcgyitcal v@{gpaé?thonsaff’ﬁlpnls@go | ﬁ%rhett’%l%t ?Jﬁhf(g
sel ect ed pfic@BrbhecPIMPreRBAIISt i ng of insulin, anylase, a protease, a
| i pase, trypsinogen, chynotrypsi nogen, a carboxypeptidase, a ribonucl ease,
a deoxyribonucl ease, a triacylglycerol |ipase, phospholipase A2, el astase,
anyl ase, a 22 y 2Q0 | otti ) Q
t ransf erase, 3?& t h?‘ngleEhggntgtgggg%g Iaaljg%,go E%&o{:xﬁlrag%x%h§g}%ﬁ%ﬁg ,ne
adenosi necdadindhdgene pRAun theymetod acmprising lryndtivaliy mydiflyingf @déast some
t hynopoi etin, thynosin ocl, a growth hornone, a sonatonedin, ﬁ col ony
sti mul at Phdhe elst a BYGFRIrEAoP I Willha desomiingY B3Rk 19 SER16YS atHEAONE
eryt hropol g P 1idbsorGar] EXREACrhprid feRsit Of anan
interl eu%e‘é{iﬂb&né@?gﬁ% &é@?gﬁhﬁ%@g‘g%@’ Or??r{)lreopg?%st gI? ovﬁ% ;bgct or, an
t ransf or wrgan gnobwding faqtopulatbn t bie cBlS, athiel portipasofithe ergen emainfaining a
chol ecyst oki ni n, sorraté)%t atin, subsha ce.P:and a tra%cri tion factor. 7.
The genef‘?lﬁré’PTcyltﬁﬁH'ief? erﬁr%?‘b-frBF‘g%( 1c8,ib i Aer s ‘_?ﬂda?t 55a .éfrné‘? 298k d
recombi ngiheRiisQkRcled s8ATRS ANBH diffusion N 8dBRARHueRdrtY artDghiskd Rcels G 0- OF gan
explant of claim?2, wherein said reconbinant protein is somatostatin. 9.
The genethemiidrg-ongati ¢xpéant and diffusiagael eskiplaatastsf out|odjthe micraresgas ¢xpdait d
reconbi nant. _prot.ein is fibrobl ast, arowt h_f rq. 10, . I Iy
o 11 e Shiestb PPl Safnan BEr AR A0l MR qug'f indlHRCRRNRi:ESh

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

36. The method of claim 35, wherein said at least one recombinant gene
e 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.



reconmbi nant protein is a negative gromh factor. 11. The geneti call
modi fi ed micro-organ explant of claim2, wherein said recor@Mﬁhtzoéﬁ otein
is an interleukin. 12. The genetically nodified mcro-organ expl ant of
claim2, wherein said reconbinant protein is a liver- cell growth factor.
13. The genetically nodified mcro-organ explant of claim?2, wherein said
reconbi nant protein is an epidermal growh factor. 14. The genetically
nodi fied m cro-organ explant of claim2, wherein said reconbinant protein

i s erythropoiefjn. May . 2006 . 57 _15. The gepetical ly nodified m cro-organ
expl ant of cl a‘H‘n 2, zﬁl}?éflélhﬂ 8 Flﬂlmﬁécgh‘ffieﬁ’a%f‘{]‘?}f:%‘f‘&nﬁxﬁ RIOIFIR | foifiected

stimul ati fgmf aet Leonsikifg 9N aisuBA! hnyRel b1 Setdabs " 9-19a88 Nirfpsil ek, of
claim 2, wherei ngioglpd anIeco%bi nant pr ot gi nis IZjlrggrowt h ﬁ%r none. 1@.@ The

genet i cal ¢hymabdapsinegengi ar eatbexpmepesgsears mfonurlgase 22 deexyeibanecig¢ade, a

i nan e bl  Th Ll difi
m or o- or e DR Sl e MEPRRSlo g B ibank G ARRE MR clo TBE b
bl ood cl Oélh£LHGn}tlaQFaﬁ§afera}¢,9,- omﬁlil%eq?iﬂseﬁtérﬁoﬂ%gf&ﬁ?cmﬁggpg%ﬁg&zgﬁﬁg,am of

claim2, Wwherein said reconbinant proteinis insulin. génetically
nmodi fi ed adepeonerdgaminaze| sememofhyniiai fac®@r, Wyeriei umserall factes othigimoaoietipr ot ei n

is hepatig¢ erythropoietic,.factor. 21. The genetical|y nodifjed m.cro-organ -
expl ant o&‘y@f’g‘i“mai: e A g‘&ﬁfl‘éne’i f W”{t‘&‘%ﬁ Pord é‘f’lqn@aétt‘m‘e\ 5o ft y- f our
hours. 22 et.l. hfd ] - 2xpl an | im:1, having
S ac RO BB PR Rt Rl SLARL TR APl Ul Bp i 2
1.5 mm 1 livdneekigrowil ficsorg ahi insedleukin] eknegtvangowt' factora fibtabldst Ghrowe d
ti-ssue in mllimeters. 23. The genetically nodified mcro-organ explant of

clai m 1, fReereransioaming graydh frefos ef e Bfamilyneesidn.giestaine shalpetsiokining  a
l'ynph or gé%%at@stﬁﬁngﬁb%%?t:e?a{ﬂixgansc?i ti_gglfz;c%radder’ a ki dney, a di g_estl ve
tract organ, a respiratory tract or(ffan, a reproductive organ, skin, a
urinary tract organ, a bl ood-associated organ, a thynus, a spleen. 24. The
genetically nodified m cro-organ explant of claim1, conprising _epithelial
and connecti vetki sstie caethed af reaged36.n whersin saidl c Fecoabinang RO als to t he
m croar chieedHEEnOf the organ fromwhich the explant was obtained. 22 My
2006

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. -



58 25. The genetically nodified mcro-organ explant of cIa|E1a§4 m?ereln
said organ is a pancreas, and said population of cells inc & 1%t s of
" 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 geneticalély nodified m cro-organ expl ant of
claim1, wherein said organ is diseased skin, and said explant includes a
popul ati on of %perﬁmkﬂeﬂ@thwifv@aim 36newhereini fadatecembinehl prétemmidiageased
ski n. J‘ genet i nodi fied m cro-organ explant of claim1, wherein
sai d exﬁ?éqpnl§§ﬂg ﬁ (%able ina mniml nmedium 29. The genetically

nodi fied m cro-organ explant of claim1l1, wherein the retained mcro.
architecture of said explant conprises one or nore cell-cell and cell-
matrix orient &8 onsThseteibed t oo Gimote whsmiessaid tasembingah Protsin wisi ch

sai d EXph%ﬂhﬁﬁ% j,sol ated. 30. The genetically nodified mcro-organ expl ant
of claim erein at least a portion of said population of cells is
infected with a reconbi nant vi rus carrying a reconbinant gene encodi ng
said reconbi napt g 31. The genetjcally nodified mcro-organ
expl ant of clal’m 3%%\%&&83 flain q‘é@ﬁ*ﬁflrﬁaﬂreﬁ?mh@amsp@éql’éé% agolan¥m t he
group conginfidtig @@ reconbi nant hepatitis virus, a recombinant adeno
virus, a reconbinant adeno-associated virus, a reconbinant papillona
virus, a reconbinant herpes virus, a reconbinant lentivirus, a reconbinant

retrovirus, eco n o] VII’US an a reconbi napt sim an |rus.
Sirouis, 2 gecontinanh XraIEg OuiYs, A0l &t scontinant, Sl el
| east a pmmbadl of the population of cells are transformed with a forel gn

nucl eic acid sequence via a transformati on method selected fromthe group
consi sting of calcium22 May 2006 59 phosphat e nedi ated transfection,

PEAE:doxtran vt UL S!S 'y SLECLBSRY SE no bpRSRE Bl

condi ti ortﬁyknapdemﬂn condi ti oned by the genetically nodified mcro- or gan
explant of claim11 and containing said reconbi nant gene product. 34. A

phar maceuti cal pr epar ation conprising the genetically nodified mcro-organ
explant of cl & 1 TiPmefodRfinf 96, RHAHCLAE Soiefif AR P bRk
expressi ng at Ieast one reconbi nant’ gene product d conprising
genet i caldlgttinpdictori ng at | east sonme of the cells of a mcro-organ expl ant
with a reconbi nant gene to express at |east one

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 . . . ; . . 4 .- . crpe
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



reconbi nant gene product, and said mcro-organ expl ant corrp#i' %892066p0rti on
of an organ including a population of cells, the portion o organ
maintaining a mcroarchitecture of the organ fromwhich it is derived and
at the same tine having dinensions selected so as to allow diffusion of
adequate nutrients and gases to cell $2in the micro-organ explant and

di ffusion of cellular waste out of the mcro-organ explant so as to

i ni mi ze OEEAD} @ PPN CFAS) CAgRE. GOTFREIAUEHYR OFRsat Bkigua uranh Fast pigeeng

nutritio r o i t ste in the portion of the organ. 36.
The neth%&“gpgﬁﬁgﬁﬁfgggﬁﬁﬂQYQ@%a&?#%@at | east one reconbi nant gene product
is selected fromthe group consisting of a reconbinant protein and a
reconbi nant fuygctiopal R cule. 37. The nmet hod, of ¢l aim36, wherein
sai d reconbin§2t pr3%8Fﬁuﬁ§qﬁ%ﬁWEﬁﬁ§“iﬁFHHﬁ%%aaﬁycqhémﬁﬁﬁﬁﬁ“FFBh?%%Pd

M Cr 0- OF GRRI/X PLARPridide depitedidl dRd  EBAndtRLE0Gis@le CbaisM 3Randdaer il NasSal d
reconbi nant protein is normally not produced by the organ tfom whi ch said
m cr o- or griAroesabitegterei ssmien fovtbel mig@architectmst dfatie ofganl fadrmv88¢h thivesxplamt sai d
reconbinga% g&gk inis a marker protein. 22 May 2006 60 40. The net hod of
cl ai m 36," WO&PEIN sai d reconbi nant protein is a selected fromthe group
consisting of insulin, anylase, a protease, a |lipase, trypsinogen,

chynot rypsi nogen, a_carboxypeptidase, a ribonucl ease, a deoxyribonucl ease,
a triacylgl yg8r ol ﬂhﬁa%@h0<gﬁg§bﬁﬁl3l5pd§@r¢\2,saéi axpRge 2 pamgreaseandasad ood

clotti ngﬁé&ﬁ%@ of R ls iU ?&ygftgn%gﬁfagg.ase, orni t hi ne transcar banoyl ase,
p

- cytochro enzynes, adenosi ne“deam nase, serumthymc factor, thymc
huporal factor, thynopoietin, thynosin al, a growh hornone, a -

somat onedi n, colony stinu)aging factor, . erythropoietin, epiderml growh
factor, hepat %9' eryt ?é‘b‘?ﬂ]il%{ Pé"l@%@ér wheesyasda et i) skiy and; s migor gr owt h

factor, @pankehahEikivles & 108081 d NG r, fibroblast growth

factor, tfggns%(grmﬁng ugfsovw%%?act oar %P%QDJFQ?%% ly, gastrin, secretin,

chol ecystoki nin, somatostatin, substance P and a transcription factor.

.41. The neth of ai m 36, erejn said reconbi nant, protejn is, .

sorat omedi n. %g Thﬁ‘ﬁﬂeﬂwg O(ffvg?adﬁn SmW%Sfel%\FPé QF"i?ns}%lfdlsF%SGéﬁ%‘inné‘Fﬂ ?%ﬁl otein
i's sonmahfsioadrizin e;é’p'fant'l—xﬁ'&ud&faﬁﬁgulﬁfio&bﬁhﬁ)e’%&oli%ﬁf\féldﬂ neGpralifePfRengant
protein is a frbroblast growh factor. 44. The nmethod of claim 36, wherein

sai d recdiopl diseasedildbein is a negative

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



grom h factor. 45. The nmethod of claim 36, wherein said re ' protein
is an interleukin. 46. The nmethod of claim 36, wherein saiczgrmégg%? nant
protein is aliver-.cell growh factor. 22 May 2006 61 47. The nethod of
claim 36, wherein said reconbinant protein is an epidermal growth factor.
48. The method of claim 36, wherein 8&id reconbinant protein is
erythropoietin. 49. The nethod of claim 36, wherein said reconbjnant
protein FesombEnb genosassegintsd i igss actegembingnt prpillosde HHESoR EacamRINga!
wherein igd.r i leftivisusd O eMnhbi r ol d of
claim 36?%%%r\gﬁﬁﬁga?§&?n% ttielr?{é‘ttrllet’lFuﬁ? oggé{?n I s}nQ{t%h{/@rr%ggiugt Fnyagggﬁ%ﬁg met hod
of cl ai ncp6meghiovieisandai rdcanelgioadsismamat vpootein is a blood clotting factor.
53. The nethod of claim 36, wherein said reconbinant protein "is insulin.
54. The nethod of claim 36, wherein said reconbinant protein is hepatic
erythropoi eti gsf act phe nthod U4 150 Whefeif htlet 3portibieb £ihe populdtigeset i cal |y
modi fied mcro-organ explant is maintainable in culture for at |east about
t went y- f oells drotnagsfosed Wik arfereigrinusieie reid re@Bncodviar @ ranséermptign meathed| | y

nodi fied mcrozorgan explant .has.a,surface .area 10, wQql - nd

char act eﬁépﬁ‘gﬁggﬁmtg[ﬁg PP IPsSYn8 oL cajgiumsp ?@aten%l}eigte\ﬁlﬁre#’g}% ﬁel&n ﬁng;AsEé tissue
t hi cknesgeafh madiated t2andfedtibn, 0fle@@ipbratibs Slifosotherinbdinted tteinstecthon, diteet met hod
of claim35, wherein said grgan is selected fromthe group consisting of a
| ynph or gaection, gdvesepier-medipted aptake gal | 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 blood-associated organ, a thynus, a
spl een. 58. Tie. metlisdofohe phammcaitcalpeapetatios aif dlay@ndt fordhé ynanofictured
m-‘cro-organ explant cqonprising epithelial and connective tissue cells,
arrangedofﬁ“&dlq‘ﬁn@%fﬁféﬂi‘teé‘é‘gﬁrgén‘gp Petrto @dCEMEN i cr oar chitecture of the
organ from which the expl ant '

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.



was obtai ned. 59. The nethod of claim 35, wherein said org?a IS Qqﬁgncreas,
and said population of cells includes islets of Langerhans. %163.' e net hod
of claim 35, wherein said organ is skin, and said mcro- organ expl ant

i ncludes at |east one hair follicle and gland. 61. The nethod of claim 35,
wherein said organ is a diseased skif4 and said mcro-organ expl ant

i ncl udes a popul ati on of hyperproliferative or neoproliferative cells from
di seased skin. 62. The nethod of claim 35, wherein said genetically

nodi fied mcrozorg xpl ]S i i j 1.ni nal L 3. The
Tethod of "¢ afih 30, T areich Al 7t aRbRl 84 ekdhinfl R 15 Aot
genet i caplodueaidiyf the drgind¥om edig aticex@iantxpiany dsdsdone or nore cel | -cel |

and cell- matrix orientations between two or nore tissues of the organ from
which said explant is isolated. 64. The nmet hod of claim 35, wherein at

| east a portieg of "f’ﬁléngseo@ﬁ)aﬁiﬂ{ 18Ny RereinGRld RcbfbinBhigibReh W ddimally aepnbi nant
virus carrying a reconbl nhant gene encodi ng said reconbi nant gene product.
65. The peidocal W theloagam fEun whidr saidmsao-drgaacanlanhiserived-us i s sel ect ed
fromthe group consisting of a reconbi nant hepatitis virus, a reconbi nant
adeno virus, a 22 May 2006 63 reconbi nant adeno-associ ated virus, a
reconmbi nant papi | | 0fRe (k& WE, clant ¢40WRERANaid TER@SinMitr ptbteird id @cfikienant

| entivirus, a reconbinant retrovirus, a reconbinant cytonegal ovirus and a
reconbi narteisi mi an virus. 66. The nethod of claim 35, wherein at |east a
portion of the population of cells are transformed wth a foreign nucleic
aci d sequence via a transformation nethod selected fromthe group .

consi sting of 7gal ci THe phwshisine74Boictiadaidrracshisiainit poteHAkelected tfroan

nedi ated transfection, electroporation, |iposone-nediated transfection,
direct the eeumNconsising e 08 pinsElitye dMBA28E. bt BIREE2SS, §7 l1PERG  GPPIIARSEN,

phar maceyy | at i iim 34 f nuyf megi canent
For dol 1 ST A BERRL" s Seipopegiaie Ca AbahRReagBr S e B

wher ei n sixdcslgiyoeradipaga phesphbliise A9, dinstasce dmfytasena Hlbed clettingifector, (B The
use of claim67, wherein said mcro-organ explant is derived from a donor

subj ect . giguronk wansfesgsee| ainithde, tResashameyddss nHEPBUGPgant &k pEras: s

derived facrié)nrysine deaminase, serum thymic factor, thymic humoral factor, thymopoietin,

thymosin o], 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, trahsforming growth factor of the § 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 sqmatostatin.
81.  The use 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.



a human being. 71. The use of claim 67, wherein said nicro-g%gfn:ﬁ%@lant IS
derived from a non-human animal. 72. The use of claim 67, i he
recipient is a human being. 73. The use of claim 67, wherein the recipient
is a non-human animal. 74. The use of claim67, wherein said at | east one
reconbi nant gene product is selectedfromthe group consisting of a
reconbi nant protein and a_reconbi nant functional RNA nolecule, 22 May 2006
64 75. The us&3of dhgjuss glclaihé.evhereinisaldrecomitinand rrotpinds & interkeukior mal | y
produced by the organ from said mcro-organ explant is derived. 76. The use
of claim 74, wherein said reconbinant protein is normally not produced by
the organ fromgywhi dhessk dfroldmo7Qr Yhdre@XsHidfécontbith@t ipy@ein i€ 4 livdre celse of
claim 74, wherein said reconbinant protein is a marker protein. 78. The
use of c@&ﬁﬁ¢fﬁ?°%herein said reconmbi nant protein is selected from the
group consisting of insulin, anylase, a protease, a |lipase, trypsinogen,
chynot rypsi nogen, a carboxypepti dase, a ribonucl ease, a deoxyri bonucl ease,
a triacyl gl y&érol Thepaeef cpirnsihoiliepsis saill2recahbist@sapteams asepidantal ood
clotting fachgr, UDP gl ucuronyl transferase, ornithine transcarbanoyl ase,
cyt ochr oA @ zyne, adenosi ne deami nase, serumthynic factor, thymic
hunoral factor, thynopoietin, thynosin al, a growh hornone, a

somat omedin, a colony stimulating factor, erythropoietin, epidermal growh
factor, hepati®. er yihauepef daint74,axhesein Shidpetampunant proteinas enythrepoietén.| gr owt h
factor, an interleukin, a negative growh factor, fibroblast growh

factor, transformng growh factor of the [ famly, gastrin, secretin,

chol ecyst oki nign, SbeBieséAtiain B)behasize sfd aecbmbihimngotdiptis ancdlagyor. 79.
Theé use of claim74, wherein said reconbinant protein is somatonedin. 80.
The use &HMY|aENETIAOr. wherein sai d reconbinant 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 grRéwt h Thaciser of 2AinVER4, 200&ein6 5aid Fecohfiteinats eprofeirc lisiangrodth wher ei n
said rec%nbinant protein is an interleukin.

ormone.
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 micro-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

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



84. The use of claim74, wherein said reconbinant protein is, g ligg- cell
gromh factor. 85. The use of claim 74, wherein said reconbrnant protein is
an epidermal growth factor. 86. The use of claim 74, wherein said

reconbi nant protein is erythropoietin. 87. The use of claim 74, wherein
said reconbinant protein is a colony®%stinulating factor. 88. The use of
claim74, wherein said reconbinant protein is a gromh hornone. 89. The
use of claim 74, wherein said reconbinant protein is thynmopoietin. 90. The
use of claim %4, wh [ ig.re L dant [N I (No) % NN als
factor. } 91. 6?’he ugégo e??aclﬁjarh QP%%I%@I Sna?(g%l&%dnr gc%rlw‘%itér?aﬁtegp?lgt_rﬁhﬂi S

i nsul i n. cOkistihgefudgmpl ordaa) apatdreapteclieirya galbdaddec aribdmeant digesti e tmadt s
hepatic erythropaqietic factor. 93. The use of claim 67, wherein said

genet i calPF§Am3desRIERCTY 1E3Ch 0883 ar TERIQIMEYS PLBahe Sifaf HEBRE MRSt & for at
| east ab@u,dl et Hed Sighn NOMYSIus, Yhplebhe use of claim 67, wherein said

- genetically nodified cro-organ “explant has a surface area to vol une

i ndex characterized by the fornula 1/x + 1/a > 1.5 mm1; wherein 'x' is a
ti ssue thickness ang.'a' i W dth.of .sai.d tissue in nkllineters. 22 May
2006 66 95. $ﬁe usih?)fus%f’if:ﬁ'}%‘f? > Wherelt ﬁa‘ga%eﬂetbcuagé’lﬁ“‘i’dgh%‘ief“é‘é:r?é"ég?“r om t he
group cerplast | @@nmisin | ¥TiHeliAl g@id, @nRadtBleCasssu@ kelker arrangdl il adder, a
ki dney, a digestive tract organ, a respiratory tract organ, a reproductive
organ, skigroagchiteqturgrsymilarde theomipgparchitechire afithgosern fiem avivelyds exalaphynus, a
spl een. %Sa.s ngfn lse of claim67, wherein said genetically nodified

m cr o- or gan expel ant conprising epithelial and connective tissue cells,
‘artanged in a mcroarchitecture simlar to the mcroarchitecture of the
organ from which the expl an was_obt ai ned. 97. The use of claim67,
wherein said dfgan iT8elsgapic Fe4R 6hnwhersiny saidopigan  is oh PERCTER) | 44 fRifludes

islets ofpo ng&{ms i&%qelmetyﬁp%%{geﬁ{aﬂg.m 67, wherein said organ is skin,

and said ro-organ explant 1nc es at |least one hair follicle and
gland. 99. The use of claim 67, wherein said organ is a diseased skin, and

said mcro-organ | ant i.n |.ati on of rliferati r
neopr ol i ](c: e?a’? i9gg C; g%set: o% cl%&rg%%?w%ex%?rp galﬁltorgan 1Cs) sklhr%,/ RRa R&id r}ucreo-grtglax\{e °

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.



fromthe diseased skin. 100. . The use of claim 67, wherein fg}d
genetically nodified mcro-organ explant is maintainable i% @ﬁ%%oﬂal

medi um 101. The use of claim 67, wherein the retained mcroarchitecture of
said genetically nodified mcro-organ explant conprises one or nore
cell-cell and cell- matrix orientati &fs between two or nore tissues of the
organ fromwhich said explant is isolated. 102. The use of claim&67,
wherein at |east a portion of said population of <cells is infected with a
reconbi nant Vvi;r\ys cahryi i Lhg:..sai LEGGR, nant
gene product.193'Nhé%ﬁéﬁggfg@ﬁﬁ8ggp#ﬁ%gﬁggﬁggmgﬁgﬁﬁbq85§?§EEF§?§ said
reconbi nané grdupusonisiBtifglof et fdofmbinant hépatigs otrusCanst@hbingntofdeao nemerhi nant
hepatitis virus, a reconbinant adeno virus, a reconbi nant adenq-.associ at ed
virus, a rP%@h%%"ﬁaﬂﬁ*@“?r&fﬁoF’IaE?HaVW% L?s,recgﬂ%ét@aﬁmaa’ima NEFHed Toqompinang
recomnbi n%@b;ek 0irhe/ 1 § YSeorbin@HO MDA, & ClebObindfe rBurdBARMY Ba¥mbinant
cytonegal ovirus and a reconbi nant simian virus. 104. The use of claim67,
wher ei n atytdnegalovaupand a cacombinahesimogmutiaisi on of cells are transfornmed with
a foreign nucleic acid sequence via a transformati on nethod sel ected from
the group consisting of cal ci umphosphate nedi ated transfection,

DEAE- dextran nedi at gghetysaR$ichihi N wikt&E bf RAS AbbRida Jf tROPEPBatisEef at ed
transfection, direct injection, and receptor-nedi ated uptake. 105. The use
of cl ai moslts aphdrapsfarmed avitheaetoraian [npcleisd p¢idestaneracovigr garpnsognglion | s
encapsul at rior.t se. 106, The use of cl.ai i.n I

m cr o- or d%‘%g% p?ei?ﬁtedljs A8y it}\lleedgr PP mcgr%as(r%t%ggé)rﬁ § c%@?ﬁ%?é%ﬁi éﬁ egirlﬁq?fial

expr essi ngnsfttbi, € PEWE dextrary emediatedd ugdnsfetfion, Aldst@dpoakioneViigBomenpri si ng

a polyneric _device encapsul ating the genetically nodified mcro-organ
expl ant dnrediatad fransfection, direct injection, and réceptor-mediated uptake. '

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.



