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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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model i ng of phg}m\é-&e\ﬁgcefliiﬁtéﬂéﬁ. @Llfklé%iwo%rganisms, 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 simultaneously achieving sufficiently low shear stress, sufficient
3-dimensional spatial freedom, and sufficiently long periods for critical cell interactions

35  (with each other or substrates) to allow excellent modeling of in vivo tissue structure.
There is a need, therefore, for in vitro methods 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
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t he 25  breast, e.g., mammary gland; skin; urinary tract organs, e.g., bladder and kidney; cornea;
and blood-associated organs such as bone marrow. The isolated population of cells of
the micro-organ culture can, in certain embodiments, be encapsulated within polymeric
devices, e.g., for delivery of the cells or cell products, e.g., gene products, to a subject.
The present invention also pertains to conditioned medium isolated from the

30  micro-organ cultures of the present invention.

In one embodiment of the present invention, the micro-organ culture includes a
population of cells which is a section of an organ. Preferably, the micro-organ explant
includes epithelial and connective tissue cells. In one embodiment of the invention, the
organ explant is obtained from a pancreas, e.g., the microarchitecture of the population

35  of cells is substantially the same 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.
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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 resulting 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
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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
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aspect of the present inventiaon nmet
P geneP ally provtldes r1]s artlmg, n a cu ture an explant of a poptﬂatlon 0% fls rom 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
30 surface area to volume index (aleph) of at least about 1.55 mm’, and (ii1) 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
35  sub-populations of the explant can be identified by virtue of their proliferative response.
In other embodiments, the progenitor/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,
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Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.
30 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
35  culture as determined by BrdU labeling after incubation for different time periods.
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.



Har bor Laboratory); Methods in Enzynol ogy, Vols. 154 and 155 (Wi et al.
eds.), Immunochem cal Methods In Cell And Mol ecul ar Biol ogy (Mayer and

Val ker, ew9.03/0285Academ ¢ Press, London, 1987); and Handb®cl/mné1/00976
Experinmental | nmmnol ogy, Volumes 1-1V (DM Wir and C C. Blackwell, eds.,
1986). Qther features and advantages of the invention will be apparent from
the follow ng detailed description, and fromthe clains. 30 Brief
Description of the Drawings Figure 1 iss a diagranmatic representation of a
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days. WO°03/ 035858wBETY TPH1MO0G VeSS Escense T ANmD spiderppl MUEPABHE showi ng
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50x) (Fi gur g, (4 ¢rigid D@ calird (mag. 75x)  (Figure 4B) human foreskin
(mag. 50x) (Figure 4C) ‘and human foreskin éj% 75x), (Figure 4D). 5
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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-f 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 tissue 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 1s 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.
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For example, and not by way of limitation, specific embodiments of the
invention include (i) micro-organ bone marrow culture implants used to replace bone

25 marrow destroyed during chemotherapeutic treatment; (i) 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.

30 In yet other illustrative non-limiting embodiments, the subject micro-organ
cultures may be used in vitro to screen a wide variety of compounds, such as cytotoxic
compounds, growth/regulatory factors, pharmaceutical agents, etc. To this end, the
micro-organ cultures are maintained in vitro and exposed to the compound 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
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ef fect of regu tars ma SSess yzing the
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vari ous drug@eodtdwmmahrece\lelcsdbubt ured in the three-dimensi onal syst em may
be assessed. FOVTW@%PI&plaq{”u&%rswabolle@ﬁcsre&&@ug ﬁ&nlahtwg&ncakén i MRt i on can

5 be tested, o e bone marro mcro or. at af f ect
choI est erol bo‘gbi"g'b%flowgrﬁ‘ ag aguic %Feﬁﬁ%r\?ﬁﬁ t‘%’(r)rln%egsE0 %%?@0 uét i O coul d be

tested on t hevihg bath stromelr andopegheiisl Cqml@n@ﬁ%rt@aﬁﬂmﬂetmﬂlb’sfe&ffs H’bﬁ@iaﬁﬁl tissue

can al lsof be\x}tﬁmwceaét@i@l,boﬁl%ﬂp&%nis%a&leé biglat foslibidyreaf. hyperproliferative or
neoproliferative_disorders., tance 0 or gans

i nvaded by t unor 1 R%EFI™ gPSHt Hetﬁgy}o grodlgeoa’laélgr Ofcsané 1arfygs§9maq‘)%?(i &%SV g?{hest for
exanpl e, theowﬂlﬁnmf@ynoﬂfﬁmﬂpm%llﬁlmhoﬁgents For conveni ence, certain t er ms

enpl oyed in the $Bkel@inf1'(€r§4d’ QéTers W%mrﬂﬁ)re afdentappsnd aissue) wicBlagdreofcol | ect ed
e S e SERLA ol REGTSH (. SRhP ShA AR nfEldidy 1t AR O 020

takenfr28m rownlna ar rring to
expl ant s fr oncagrchyregaire. Irlgleﬁaﬁeﬁgmwlﬁn s"t“ﬁ@n‘ﬁganaﬁﬂ‘“%l"fqlieePiea‘fre%(grﬁﬁ‘onent s,
t he term genRgihabilgins' & E6rSextampRX Rlafiiasian WkihChag@ntial padoeid) lbenpdadents in a

si ngl e expl ant fromt at 0 N roup or
| ayer of si % ?%PP escF))pe él sy félg(gcp f, corF{? ébr&)ﬁt@t%tobr?esr”ﬁrov& %%% artxcPSp?eelg
e 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
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or nore adjacent |ayers of tissue, which layers of 20 tissue maintain sone
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wi th which they @ﬁ@tehﬁ‘"&RM%P%feé@@(h%u@nﬁdéﬂﬁ{tﬁ@tﬂék Hﬁ’im\z%“gtmﬂ fayéﬂ; yo and
forma cell culture of at |east_ about, one, eral%%(leasaﬁleast about

five, and %t e drghityreaderived,be epgeps ?’}éinepl’ ?lélsfﬂes sy aply,
the cells dhirtané gempgd anhthendimittize neradus|sgaigh, omand)isehsegirgab aad tmuebtsy of t he

organ orgti mrgnggmhemugﬁnw@g are isolated. The term "isol ated" as used
herein refers to

an exsﬂla 1 be,en g E@ 10 fro |ts natural
envi ronment in a;q Ky e“?’hi’léd teB‘f WA IR qﬁ HYETIET MEBRar at i on
fromits natand aktelenlqudmrméms (caatagequs,r mnaywa bnd sepens), hecleiorpothe ghindaisl e . g., a
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I sol ate ant

cultured as eB‘él?eﬁlalo‘F I%rﬁﬁgé}ﬁ?%{ﬂglaryﬁplﬂ?eilal tfslsléeﬁé’\ﬁl)v?uéiﬁt %lta CfoRy ‘fm‘éaf“&} rrV1Vh6?h an
expl ant . 25\When thesreehdogratiépe epithgliem piomgl the olfertasy regedn of the masal cavity, and

containing the receptors for the sense of smell; glandular epithelium, which refers to

epithelium composed of secreting cells; squamous epithelium, which refers to

epithelium composed of flattened plate-like cells. The term epithelium can also refer to

transitional epithelium, which is that characteristically 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

"cutaneous" may be used, and should be understood to refer generally to attributes of the

skin, as appropriate to the context in which they are used.
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aneo e us n houl d be
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On the Surt aces 't ward, five
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Short PrACesaRTnRlous RIS AN AL ARVSh (ROBIRSSHrRL fhaligngd granul ar
cells; clear gvera ers o ear transparent cells
in which th@cqﬁmewm %\%‘s PWdil%rtiWr@tOV@rm%e the bodnenriaes AYd pratpate ceelmgosed of
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t may al SO e se

or tissue rese to re er to any
t uror occurrafeﬁtjaﬁfo‘éf’dﬁb?l@&‘?alﬁg‘al}?aél and formed by inclusion of
epi der neds el enenTle 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



The "coriunmt or "derm s" refers to the |ayer of the skin beneath deep to
the epiderms, consisting of a dense bed of vascul ar connective tissue,
and cont awoims@3isie nerves and term nal organs of sensati ®oT/ILo0DZ r
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"al opeci a" ra I’ to bal dness, a senc alr from 35
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usual Iy r ev?e"sﬁdn@és%f th@slérh%ﬁ@ by eﬂﬁés‘sfaﬁ%f r@LRR%y m%aﬁéé Yich @y%}ﬂhaanéshe_ bear d
or scal p; al‘}(?fgl a ned |a ameng)ésa refers to hlcéill’ due tec()1 g]?gestlon of
I

a drug; and? PIHAYY nfagPSp EEPRRLic otk YR Otl%ﬁ“i"i‘ ba‘f‘ﬁﬁ‘é@‘éz éfs to WO
03/ 035851 P®©Frensc0 1th@OGF6of epBlefmoa sceldd, thickdnpd kepidernge méboroal k«yratdézaﬁomi ned and

andr ogeny demaﬁhﬁﬁioq g@mqﬁﬁlkrbﬁés &'tlﬂtndléi‘ﬂls metr Bnd @@ﬂh}%}phaﬁ%%ﬁ leﬁl?oc?@h .-
progreSS| ng metr.i C \' eril era rrm
Pt i e THinTHEER ehB e Cafm S B ooy s iRoeateo PR st el S

di sorder" r Afidignally, fansfkerstow @@@@@k@rﬁ@m erdls axgfprasré. ski n mar ked by unwant ed

or aberrant prolAf @5t hédéin OfproliftANROUshd TprFittionT NERE £ QA hideDind! €
typically chatr acterl zed by epidermal cell proliferation or inconplete cell

differentiation, and i nclude, for exanple, X-linked ichthyosis, psoriasis,
atopi c d&érmatit i Bhe tegm g @eelt%Gﬁlﬂ ferﬁ@rwdltffe@m@m @élr\wﬂnﬂytswepable of

hyper ker at opdo$ifedtidn 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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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 human intervention, 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 precursor of the cell, by way of deliberate
genetic manipulation, such as by micro injection or by infection with a recombinant
virus. The term genetic manipulation does not include classical cross-breeding, 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
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m ni ature 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
gastric (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.
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25 normal occurrence in vivo (see Examples [V, V and VI). Because these cultures can be
maintained in controlled and uniform conditions and yet closely resemble tissue ir vivo,
they provide a unique opportunity to observe, 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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PCT/ 1L01/ 009G@ssibility 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 smallest 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 I, 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



17 vitro, in a system conparable to physiologic conditions. Inportantly,
the cells which replicate in this system segregate properly to form

nor phol ogwoaBlogssand hi st ol ogi cally normal epidermal and @emrmadér/@orsponent s.
In addition to isolating an explant which retains the cell-cell,
cell-matrix and 5 cell-stroma architecture of the originating tissue, the
di nensi ons of the explant are inportant to the viability of the cells
therein, e.g., where the micro-organ &ulture is intended to be sustained
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when determning Al eph, a and x Shoul d be defined as the two sthal | est

di mensions &0 the ti&8d% slicel-lExanpl es0- ¥ Al eph &¥% provi dedB in Table |
wherein, fop exanple, 13 tissue having a ¢.$3 ckness (x9 of 0.1 yymand a
width (a) of 1 nmwould have an Al eph index of 11. In 35 Exanple I, the

ti ssue had x=0.3 mm and a=4 mm such that Aleph = 3.48. In Exanple Ill, x is
varied dfd a is 4gsmahvishing4o bemboyl by anysrartisnlag thepryrp gumbereof fagteysi f er at i ve
activity provided by the three-dimensional culture system may contribute to its success:

(a) The appropriate choice of the explant size, e.g., by use of the above
Aleph calculations, three-dimensional matrix provides appropriate surface area to
volume ratio for adequate diffusion of nutrients to all cells of the explant, and adequate

15 diffusion of cellular waste away from all cells in the explant.

(b) Because of the three-dimensionality of the matrix, various cells continue
to actively grow, in contrast to cells in monolayer cultures, which grow to confluence,
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.



is substantially reduced as the thickness of the explant increases.
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respiratory tract, cervix and cornea); pancreas; liver; gallbladder; bile duct; lung;
prostate; uterus; mammary gland; bladder tissue; and blood-associated organs such as
thymus, spleen and bone marrow. Accordingly, in vitro culture equivalents of such
organs can be generated. The tissue forming the explants can be diseased or normal
20 (e.g., healthy tissue). For example, the organs from which the micro-organ explants of
the invention are isolated can be affected by hyperproliferative disorders, e.g., psoriasis
or keratosis; proliferation of virally-infected cells, e.g., hepatitis infected or
papillomavirus 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  or a pancreas undergoing pancreatitis.
Examples of animals from which the cells of the invention can be isolated
include humans and other primates, swine, such as wholly or partially inbred swine

(e.g., miniature swine and transgenic swine), rodents, etc.
30 III. The growth media

There are a large number of tissue culture media that exist for culturing cells
from animals. Some of these are complex and some are simple. While it is expected that
micro-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 media 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
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i nvention cmlm e @h af& dominBreiatif @vAiBR SR TIbQ) BRE, PaiHeRb&s, MW K€, such
as whol Ib/ arti almﬁgbred swne (e.g., mni ature sw ne and transgenic
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M ni mal Ess@gigmithaand activity of cells in culture can be affected by a varlety of growth factors such
25  as insulin, growth hormone, somatomedins, colony stimulating factors, erythropoietin,
epidermal 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 - family.

30 The micro-organ cultures may be maintained in any suitable culture vessel such

as 24 or 96 well microplates and may be maintained at 37OC in 5% CO,. The cultures

may be shaken for improved aeration, the speed of shaking being for example 12 rpm.
With respect to the culture vessel in/on which (optionally) the subject
micro-organ cultures are provided, it is noted that in the preferred embodiment such
35  vessel may generally be of any material and/or shape. A number of different materials
may be used to form the vessel, including but not limited to: nylon (polyamides), dacron

(polyesters), polystyrene, polypropylene, polyacrylates, polyvinyl compounds (e.g.,
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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 micro-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

medium. The term "conditioned media" refers to the supernatant, e.g. free of the
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Eng. 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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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;
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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.
Alternatively, epidermal cells lining an invagination may secrete fluids (sweat gland) or
sebum (sebaceous gland). The regulation of formation and proliferation of these
structures is unknown. The constant renewal of healthy skin is accomplished by a
balanced process in which new cells are being produced and aged cells die. There 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.
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changes in the environnment including changes in nutrients and the presence
of potentially toxic agents; (c) understanding the pathway of changes in
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treatment of burﬂn%] gf‘ ﬂ‘?s Ecg\}i;lcp thﬁt r%cen gté(%esq?dg W%bcta}ég%ﬁat ?he sikhSSLzllg 1nteqr§se are.

(1) the stroma or |"ast’s are osely
di sper s€d -wikhiqive ekfmgm Qféh%lmrpur@oﬂymgéﬁom et al., 48k ke mechapaduljess, bl ood
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As the cells of young e'l°s remain
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agents. 5N @H‘Hﬁ@t@ tis&e %fsltém%}g\wth'd? tﬁe@gcéﬂ‘??ﬂhe lCQlYlSé fotr%%%eﬁggs%tf ti%qe 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 culture 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-organ
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
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i mpor t ariée mrraWIhaabm@tl\s:r%fy affieetel/by the Prdriongentd fepters (ergmrdiateopt loxingi t y, and
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generally preferable, it is noted that such explants can be allogenic, e.g., from another

member of the same species, or xenogenic, €.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
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used for tr ?nq(t:rio-r(])%ans 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, €.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 recipient 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
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severity of the wound (Pinkus H.(1951) J. Invest. Dermatol. 16:383-386).

As demonstrated in Example II, skin micro-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  bumn patients. The need for a skin replacement for burn patients is evident. Several
centers in the United States and Europe have utilized cultured human keratinocyte
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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can be a more efficient way of accomplishing 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 molecules. Generally, the gene product
encoded by the nucleic acid molecule is the desired gene product to be supplied to a
subject. 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



15 I n one enbodi nent, the mcro-organ cultures of the present invention can
be enployed for wound healing. Repair of skin lesions is known to be a

hi ghl y cowpls3sspr ocess that includes prinmary epithelial eelriLoi/@oati on as
well as replication of epidermal cells in response to nol ecul ar signals
fromunderlying connective tissue. Skin mcro-organ cultures are described
herein as a nodel for wound healing. Under 20 controlled culture
conditions, factors controlling healifYy can be carefully nonitored.
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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). J Biol Chem). Regulatory elements specific for other cell types are known in the art
(e.g., the albumin enhancer for liver-specific expression; insulin 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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m cr o- or g&WO 030B388r e whi ch expresses the active gene prodect/cauiod7ebe
inplanted into an individual who is deficient 15 for that product. The use
of the subject mcro-organ culture in gene therapy has a nunber of
advantages. Firstly, since the culture conprises eukaryotic cells, the gene
product will be properly expressed and processed in culture to form an

active prod eslhe, chnl ues renuse uV 4 ly. i f the
nunber of t? ngglgﬁgm %}Q%{Rnd {)g (%)%B}{ut Vgt a Ee?sa(fnl tAAancEd atre&b(}g of
clini cal valdﬁ@re“F %qlle\;mesucfaw Yjtd regpkptont ﬂ@n%bia@é? u%,edl Examples ofMirdw f or

expansi on opronfoeerskomiinl Pised (edist gatespresidnindigd tBo¥p dirdve domGdiyoa a
further embodire A(Hen?&mtshze da%n Bl AR nHesMaﬁPg%E‘% %f aro‘%'{rgnaﬂTgé” tures

nmay be used to’ e trans by way of
i mitatién, ARCMATEhe2 Heyrioncelron which pisvides nguable @%@fﬂp%aﬁ% gopg fipked
expressi on veet®rcanby ukee. Thedsd of &b iriduabis fregulithre dleeanid.mamt inducitls | nt o

cells br oug {orx{olfktrpal?&)@t ?tmélc\fufaho& Qﬁt}féuﬁrgcﬂfcﬁon Bt %IC %egy prddlqal @ @‘tckl?n

t hereby si ati ng viral, transm ssion i1n Vivo. IS system

can be a noFEaBRlfy of Ratantigyyuseul mduablpreeslsiony sysise o uRdy G@@W@HC tHisn are
current t edafehidgbesndneregNedtetcarats €ty aoe MAGE0S.cind GV hite, 1. He(l@%)ll%af t he

;ﬂxg ro-or gag NeH! Mde%aofusy% %@%@@e' swtﬁatc' Rfind: @@gula?egeé?gnmdcé%ac 8200 s

to protei ns%p‘ﬁ‘ég‘tl ehﬁﬁ%ﬁﬁéﬂe ézF%lQ}é m4g@ﬂ$é%“‘Z‘g%ﬁ%’|‘aé‘PP\§°gu{aFFé gene
product eneleoents ryg. 1 seeManahegiYe Eadi d99%) 1Baetéresins32: HB0T486 I3eDatge Reetpr oduct

Ito ?O?gl igppl larschéqz Q’rocSqWﬂe%fg?céF%g”g%g@ 18fi4 wgh g&mlmpqgﬁé %*@gb&dggd by an
organ of thé"P %&ﬂt teRy wh ﬁbl”%)‘?%ﬁf)‘Fg’ %é ‘H%‘B Y5 u‘bf‘@OWﬁ’i“'@h may be
suppl i ed5by“wayheoﬁvegleme repI acenent to defective organs in the pancreas
include insulin, rmyh I%SEmuBB&tﬁaécﬁmxdub@ﬁl%n Enr Mesamﬁgtmmoqlbmg@eﬁams' nogen,

carboxypeptldase,.rlbon ease,, de |bon eas riac cerol lipase,
phosphol i padBicps’ inkg éscte hat oan e ?ﬁf{% ap?egdﬁ‘f:{@ ‘H%ﬁnﬂ&%’ ¥ Weoduced by
the |iver WOnbali0g836He nﬁ’dﬂ‘ﬁ latidyig PODT 60rm3Ef 4 mrkedidecldit eod nwllestlei gthisact or s

ts uch ?S bl Ogﬁuaﬁbﬁ)tﬂ{e‘ d?ﬁleﬁ%@fﬂ%oléébiehntﬁﬂdceﬁ@ﬁb Q'&eli e Hgalﬁeg lcBE SN of
ransrt erase

hi.ne transcarbano $€, ochrone p450 enzynes, and
henosi 1 adis R Sif GpbdoRE B Bt Bledi oo JBF &ﬁﬁyeaﬁs/n%wﬁ*@%oflewﬁlas
endocyt osi s Adternaigngly, dbd sirdlgic |acidogreeding ﬂ@ geye rwodneo dududing thed vesestatyy t he
thymus i ncl wgglaeey témn{ehwmg: c5m£1a&t Qithint byms%lmwmaal E)fa%ﬁ)le@r@f blayp@poi etin,

o Toet b SiSgl AL SPRIOIIEh, R BOm ol Rl 1 o

Al t er nat i velkaufmpe eéﬁc@&é@ @‘éﬁ@ Jpb:68f1£35)-i I3 anether\aibedimientd he @scleigecid

expressinn afoldctie t6lBSintr8ghcae® Pécfdsiedntdbed Wittt ital (€otd. In thiB Sitdaiibi,0duced

genetic mat @ n%clelc 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 containing the nucleic acid and calcium phosphate. For example, a

35  HEPES-buffered saline solution can be mixed with a solution containing calcium
chloride 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. CaPQO,-mediated transfection can be used to
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provides I n@ygkil BoGads fSPbRAIS BiBIoSS KushteNFRY. et al. (eds.) Greene Publishing
Associates, (1989), Section 9.3 and in Molecular Cloning: A Laboratory Manual, 2nd
Edition, Sambrook et al. Cold Spring Harbor Laboratory Press, (1989), Sections
16.54-16.55 or other standard laboratory manuals.

30 Another method by which naked nucleic acid can be introduced into cells
includes liposome-mediated transfection (lipofection). The nucleic acid is mixed with a
liposome suspension containing cationic lipids. The DNA/liposome complex is then
incubated with cells. Liposome mediated transfection can be used to stably (or
transiently) transfect cells in culture in vitro. Protocols can be found in Current

35 Protocols in Molecular Biology, Ausubel F.M. et al. (eds.) Greene Publishing
Associates, (1989), Section 9.4 and other standard laboratory manuals. Additionally,
gene delivery in vivo has been accomplished using liposomes. See for example Nicolau
et al. (1987) Merh. Enz. 149:157-176; Wang and Huang (1987) Proc. Natl. Acad. Sci.
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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 in the cell episomally). Thus, in order to identify cells which have taken up
exogenous DNA, it is advantageous to transfect nucleic acid encoding a selectable
35 marker into the cell along with the nucleic acid(s) of interest. Preferred selectable
markers include those which confer resistance to drugs such as G418, hygromycin and
methotrexate. Selectable markers may be introduced on the same plasmid as the gene(s)

of interest or may be introduced on a separate plasmid.
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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 89:10892-10895; 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

Application 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
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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
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an nucleic aci homologous 'to an engogenous 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
ac'id, 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
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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 organ 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.
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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 epidermis. Cell
proliferative agents and inhibitors of cell proliferation provide means for altering the
30  dynamics of the hair growth cycle to, for example, induce quiescence of proliferation 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 hair, e.g., hypertrichosis. In an illustrative

embodiment, such inhibitors can be used to manage hirsutism, a disorder marked by
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type- speci f itéio&ﬁilc Ihhlilr Hicle 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 anagenic 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 supply 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 thymidine



25 antigens. The effect of various drugs on normal cells cultured in the
present systemmay be assessed. For exanple, drugs that decrease
proliferawoamg/osfsspsoriatic tissue can be identified. |n &cTAakemPbary
enbodi ment of this nethod, derived for detecting agents which stinulate
proliferation of a cell in the explant, the nmethod includes isolating a
tissue 30 explant froma subject, wherein the population of cells of the
explant retains a microarchitecture of40the organ or tissue fromwhich the
expl ant was.i sol at.ed r of at

| east about 1T01590ra ion can begus’edtt?%gas%xep%@?eaafisvt% l%%% (ﬁcslie]?rF cé}ﬁgctlgxﬁm 1§t e ability
to prolifer amant Thdhebsengst ori Brecnte of B tafh Forpandc ST i the Geure AWt dat e
conpound.  ThrdasddgkolFérat@l ihdipdtiot bf £katap@nhiving Hatr gosverh pREEotAf atthvity candi dat e
35 compound 1s haRe {g%é}gygsgag,émgenq.ﬁ &gmx@@ntsm?e bS¥Rka Rleufifielc

proliferation in't sals%lcally
si gni fi cdnt Sishcasebg activated |5enqap ¢a! a“ésfdesﬁf@F’ “bF}BIqPP“é‘}da‘ﬂ F¥PRIGS: PheoPtesence of
t he candi datfet® ctimolded ex;sanm(élgqmwsanmfatea) debtlagerps which athitit prehfa:gecnt WO

03/ 035851 Pt il B0RE R enp Efhee PRIASE 1o &@% deansgéﬂgég(yagts Quid gandi dat e

agent'.' as used herein refers an fﬁ]@ or to be tested
for prolifercarsidsed fuher fosne alsft%l??éf’ic\?%ems tB?tfPfeé/F‘é ir gty
anti-differenti aln stg} odkr ambodiments)| mhlbttcbrmdfycellSp:ohfeagemtl@ndﬁm be thef or

exanpl e,,osrr%m&ge&agaﬂ&a&l H&h@%k@&mn}%@ B%}f:@dneemgs&@%tﬁ pe gu Qfag@ 4 nant

products or oSIti rafion are

surin
wel | known |t'1‘1“?rl‘f@”%f’rt'ton &H@ grRydh- A @(ﬁ%ﬁfﬁﬂl?{gﬁ’ CBH%fgﬁ‘ét“é‘fe é‘&/nt hesi s
char act er i stinlibitdn cfedgitheliap hinga tforomtionl el growtr Eorrmdmlwsiesmnph@rdsf skm t he art

for measuri %9 cielie) Whm%ona@ye anlt\é@'ﬁer{emtepteA Bﬁ@a@o@%‘éﬂ'mﬂ]b%xo the

i nvention. g ? ntﬁff? { Eg Jrnven{()l on, DNX nthesis 1o has been
det erm ned L9§ 3Ayl8: gﬁ‘?ff“i‘r\’fe 1 138 Fy3Hoa; ?{5’5’5 T 3 APV Ul eot i de
anal ogues ( Bitetafjonf am tfde:bemhocﬁmelbyrohfrmmumfahdjdnsegcremcme livetactame tbteeen

enbodi ment REQViH§feifs B hiRths R rdsdR M 1nwsad?lganannét£smsﬁgl A‘B‘Eeaﬁéovﬁﬁlnlthe
prollferatloH Tq@s met hod |nclud§ F‘E]O h ati sye .ex Ian bove,
contacting tHA{ONsHR BElREn WErEFe 1p el yng ey B‘gﬁ(?ﬂh‘if anye Wé"a he | evel
of cell pr olfidhethatéibeycientue hediffsreptragse poell dfath frad tadistudanas bvhpofmtmll A

statistical oncal mlférﬁﬁﬂtIn%aa%@uasnh&&%sthﬁml mA&htaine& bl eﬁsruﬂh ftl%fﬁJ' on in
t he presenc i bit of

t t f
cell prot’ fgf’g’[ FEN. quﬁqﬁ’h‘g?ﬂ%&gg? tmg D L&F%%f Ir\e/rg?fg?'u I%OP M fY s and
i nhi bi tors obmpaiment,pwhilei the ragiter ds céramgisd refaepatiewhyt of didfewntiatign (Caims,

anti-prolifer é@tjmsmt@gqss 89970@0) lme lé&ﬂfbl of @éll maQIpﬁmaﬁlvﬁumratheqhe hai r
growt h depen ker qtl n fibers

such as molCO%Sﬁ%JCH(éﬁ (F S'gélgla ggecﬁa%ﬁl?sed)ﬁoceﬁgs %hgse 51gnar1]s may Be either posi

negative, and the acquisition of tumorigencity results from genetic changes that affect

1V€ Oor

25  these control points.

As described in Example 1X 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- 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-B 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
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invention. As above, the particular micro-organ culture is provided, and contacted
(optionally) 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 infectivity of the virus in the presence of the candidate compound measured.
The measured level of viral infectivity in the presence of the candidate compound is
then compared to the level of viral infectivity in the absence of the candidate compound.
A statistically significant decrease in the level of infectivity of the virus in the presence
of the candidate compound is indicative of an inhibitor of viral infectivity.

35 Methods of measuring viral infectivity 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



20 |l ayer and stromal conponents (the dermal papilla) of the hair follicle,
e.g., one or nore of the stemcells, outer root sheath cells, matrix
cel |l s, amaoif8sssr oot sheath cells. As denonstrated in tReTappiendsd
exanpl es, hair growh can be observed in these mcro-organ cultures even
in the absence of serum e.g., in a mniml nmedia. Inportantly, the
present invention also provides a hair follicle culture which provide the
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epi theli al t umor 1 orma escrlplo of skin
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result in i R OHIB AU wel e?é‘fl'%%’ieé O’ROBIF%éQQ&WIF%S 647 and immunoreactive

proteins analyzed on SDS/polyacrylamide gels. To measure infectivity of herpes virus,

e.g., epstein/barr virus (EBV), in the micro-organ cultures of the present invention, EBV

30  DNA and EBV -induced nuclear antigen production can be analyzed using the methods
described herein.

The micro-organ cultures of the present invention can also be used to

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

method for promoting wound healing in a recipient subject. This method includes

35  isolating, from a donor subject, a population of cells having a surface area to volume

index is at least approximately 1.5 mm 1 Typically, the population 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



rel ati onshi p between increase in cell nunmber resulting fromcell division
and withdrawal fromthe cell cycle due to differentiation or cell death

| ead to owetoambmsces in the control of cell proliferati oRCTIIDo®eTHRAI

ti ssues, honeostasis is maintained by ensuring that as 20 each stem cell
divides only one of the two daughters renmains in the stemcell

conpartnent, while the other is comm tged to a pathway of differentiation
(Cairns, J.(1975)Nature 255: 197- 200) The control of cell multiplication
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a subj ect WhfuStky) shdhea Q)ra&,ﬂeame%t ﬁ1fet wﬁl@bb&wh@%ﬁr@g)@hm @@rm r@ehure of an
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cells are tféﬁmocnhla@te@km MiGslotgd Qu]ft@é’s aaé dérﬁ@@hccoﬂmgub tﬁé/\ﬁest,eﬁr mo&HtioRour s and
contact ed \MTthe %t re(pex (ij Ese rcormac'tjeia w1t ?est evel sucL as ac gl | f frer eglt jation in
t he presence of "The” &dndi dat &° Beh neasuré)(sfn P8P ﬁ%ar ed with
the | evel ofan¢dhq cell vabilighis éﬁsﬁw Ptnsomfetl@}bs@@ﬁtéheoﬁxppﬁée chandingeferecd

conpoundao A efibadiinsht, SaMTY a&ka@r(befsé&&ﬂihe irEURERRASH al tBtrdzBiurh @yeehy ®bctehll

differenti at e he candi date conpound is indicative of
a cell di ffe¢1%2¥dn9{1£) 1§use9|Eo stscgllgqﬁ%lV]‘mfblltq)’ent| ation, as used herein, refers to

celI's which have hftmﬁr? é@awﬂwﬁé|06@eégesawcmlﬁcaﬂwwmqdéwgnainbpew%to from
and/ or i n addbntifycfictb® invobDee it ﬂitﬁﬁlaltﬂ’bﬁleﬁﬂisiﬁof(ﬂsu@s ol dells, BOAS @RSt cho

Typi cal |y, t
yprcally, t e,??mg‘)}(o%%&%' oeﬁ aﬁq’%ﬁ% gﬁgﬁgger dn aern%?& en?&* t%e %I:l% mature

cells. The rentiation of g@g presen
i nventi off carflusiinenginges i Juipignts g 96 MIGeENcH rob datehtiadhy ta’ﬁéllaé*?ﬂt%é%‘ﬁiét‘fleon of
speci al i zed pathivhy pff dhanpet 8. thd tisssdsiahd &dlls thasit aipgereth et the BaMmingiaRd envirgon al so

pertains to thhHEetn&‘?sdorftB[lmL;qg&tiN r&aﬂgnechanisms that reverse the adverse effects in an
altered environment associated with pathogenesis or trauma; study developmental
regulation of cells that differentiate during the normal homeostasis of the tissue and
30  developmental regulation of specialized structures (e.g., hair follicles) within the tissue;
and for organ supplementation where pieces of an individual's organ remain but are
insufficient for replacing or regenerating damaged tissue such as occurs in patients
which chronic skin ulcers, which have healing deficiencies caused by inappropriate
blood supply, or where the local skin is unable to heal such as in the conditions known
35  astypelor type Il diabetes.



an inhibitor of cell differentiation. Follow ng the sane protocol as above,
the level of 15 cell differentiation in the presence of the candi date
conpound we oawassar ed and conpared with the | evel of cell acirfieoiewpicati on in
t he absence of the candidate conmpound. A statistically significant
decrease in the level of cell differentiation in the presence of the

candi date conpound is indicative of an inhibitor of cell differentiation.

In yet anot her enbodi nent, the subj ectcul tures pernmt the generation of in
vitro 20 nodels for vi raI i nf Ecdniplificatioar exanpl e, epi dermal or squanous

ti ssue can be isolated, and infected wth such viruses as herpes viruses,
e.g., herpes sinplex virus 1, herp simpl ex virus 2; varicella-zoster
virus; or human YanGRRNM ?"?J%%%ene’é‘”bdesc%w iotvilh hevaare readyly [updssgioad r uses
1-58, e.g., birRdenar toHRY-fBllovBhgriekamples, whielpate tchmdete hretyaforygirpgsesonti ded f or
hepatitisg i niu@&édo%f Eridln ,as&as%ﬁpleﬁesdlhgﬁtgg%% westeﬁx ﬂ@&%hté A hses,

e.g., 25 hepati A virus, hepatit VI rus, epatit VI rus. The
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infectivity . in res nce ({9 #)?r]e candi date conpound is then conpared to

the level o "\}tﬁa ?ﬁ“@ PTiPAY Yhe absence of the candidate conpound. A
statistically si@nidkscobert indthe rappended pxantpées] enad-oghn icaftges weiet preifedt he vi r us

in tlhe p][ es$@9ﬁsk19fana %ocﬁ&ﬁl&'é&@ iR n8minAGinC BhrcMes, AfveRNkid3] bi tor of
viral infectjv

viral intecti nown in

et " e AR SRS i san RS bl el Fos o

met hod whi chnageamslibe corsesd kidoeyrbeeasi tiesue ad virgope lguioderived tigsué¢snih edditien toy i s by
nmeasuri ng tmésashagus@ﬁcmfsmé&hémcb@nm9 alsafbegltegéie&@shﬁg&h@ﬁlethb&eofmecr0 or gan
culture or in the rpw%(g?rgan cu uremet t@) e pro ;S LFGCIfIC
03/ 035851 PEIFHIE1/ 86676 22" P8k hteh SRR P IO G %‘@Fnad‘ tBEPRR  For
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culture nedium can be I ncu al ns
prot ei n and usdde & HrepRIYA OHEHE toxplantyr émggerana#uvlzred Py gsspar nast faviig net hods

known i n t hepiéelial/sGo@al, aréHkectROSupto hy @ethi| [anbided QLS .gElthyphus dn@kpiessanpl e, to
measur e progqul on of hepatitis B surface antigen, mcro-organ culture
medi um from th oFo- organs previously incubated wth hepatitis B virus can
be sanpl?d at daily intervals and assayed for the surface antigen by an
ELI SA (Abbott) nethod as descri bed BkaimprR manufacturer. This nmethod 10 can

be nodified for quanti tﬁ&ﬁa?ﬂwﬂsoy%crﬁ%rgﬁl kxmgje“},t qdesr%’asndard surface

antigen

Fresh skin was obtained after surgery, cleaned from underlying fat tissue and cut

30 into 0.4 x 5 cm flaps, which are then transversely sectioned, using a tissue chopper or
other suitable cutting means into 300pm 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 1). These micrograns were placed in a 24-well microplate in 400pul 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.



(Cal Biochem). A statistically significant decrease in the accunul ati on of
hepatitis B surface antigen in the culture nmediumindicates that the

candi dat ewoaspsissd tested is an inhibitor of hepatitis viPcagLomioemt i vity.
In addition to neasuring levels of HBsSAg in the micro-organ culture nedi um
15 newly synthesized hepatitis B virus DNA fromcell extracts fromthe

m cro-organ culture can be detected and quantitated by PCR anplification
of the DNA, followed by Southern bI ot45ana| ysis using |abeled prinmer pairs
in the HBV pre-S (HBsAg encodi ng) DAs pr obes (see e.g., Sanbrook, J.
Et al. (1989) Ml ecular Coning - A a orat ory Manual, Cold Spring Har bor
Laboratory, 2Measetemeny@f T"Qproﬂg?m’i@ of moygy, ﬁy)neaﬁeg aitd HempoEgidermal t at i on can
be achi eved by densitonetry and mer-Orgmddwyirsci ntillation counting of
correspondi ng bands. Reduction in levels of newy synthesized viral DNA
indicate that the candi date conpound tested is_an inhibitor of he atltls
virus infectivi t Ylicrpreraan svitees wsiapispacd pardipgdo Epynple hard rrpliferstion
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mm - |. Typicall pul ati ure for at

| east about “’L‘%?\‘%{‘fﬂ PoffFé)deoff?@ °Tﬁ@?’ﬁézﬂl?f’a?‘]doﬁ'f%fenlf%tﬂn S%éﬁatt En'BY appl i ed
to a wound afchitémure s peemedsbibyreciA-SCh one enbodi nent, the wound or

| esion, is WO 03/035851 PCT/1L01/00976 43 slow healing or chronic, e.g., a
wound associated with diabetes , e. g a}ﬁ?]z e.g., an ulcer. As
denonstr&ted in Exanpl es X and Xl , 12‘?'11? ro-organ cultures of the present
i nvention can be usléfdllfasltlnn@fﬁeléxplﬂén@soi‘g@ﬂ baltengpbfi Weaione Seesr oni ¢ wounds
(Exampl e X) and can for m a vi abI e [ rrpl ant capabl e of growi ng hair (Exanple
Xl). 51n still another lient,  th aredas %Ixam lcro raap. eSS§nts are
provi ded in an g’S?/pEg s?g?é %/Ifo?om Ci'ty*orPF or MiPYi S5 0 an
exenpl ary ersbdidrmemtin widie werghieetioned mi ¢trplnisrod virgieg ﬂackﬂéﬁﬁhml@fh% $1t§f35 invitro
testing af gWoar450G00.e70mRI900,r 120D 28 SO0RKE 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 100uM. 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



process, nuch |ike above, involves the topical application of liquid, solid
granular or gel-like materials (e.g., cosnetics) to the mcro-organ

cul t ur es wD oBloasspr esent i nvention, 10 foll owed by det ect ipca/iné1/dob®s ef f ect s
produced in the culture. Currently, potential eye and skin irritation of
many chem cal s, household cleaning products, cosnetics, paints and ot her
materials are evaluated through direct application to animls or human
subj ects. However, as is appreciated B nost in the industry, such
approaches are not met with over whelpg),pg. publ i ¢ support. The present 15
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devel oprmental regylation of cells that differentiate during the normal
honeost asi s 0f . the frssue and 30 devel opnental regulation of specialized
structur®&s (e.g., hair follicles) within the tissue; and for organ
suppl ement ati on where pieces of an imdjnpjectual ‘s organ remain but are

insufficient for repla Rener at j o ?ma tiSs such as occurs in
patients which chrom%reg%lagon fﬁerngrea Mn"ﬁo ‘% resan%gefl ci enci es caused

by i nappropri ate bI%ﬁi‘"gﬂﬁﬂ‘ﬂ]”é‘l‘”’vﬁ’é’feéo’!Hé"f"é(?dﬁ”usﬂxMﬁd'Wy unabl e to heal
such as in the conditions knovvn 35 as type | or type Il di abetes. WO

general |y descri y un rence to
the foll ow rﬁfjaféR’ “vﬁﬁ‘P@F’PS%‘sr‘éerF FF(E’MY Gmn‘@F ffcgﬁsqréfo %Lﬂpﬁ%é%at% epth
illustrati OI’befmtﬁﬁhdl glicad aspectichs 300l netiizk dhvingh s/idh of AempTESAltto-orpMeNnt | oN,

d f
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nouse, gul nea I'n have
been i sol at e"ﬁPSéﬁBovﬁij Suhireshrmegpm pldod, Cd’é[%edi ‘Hedéfhwstﬂséayeq-ﬁ\f\/é\?élfn coptent g

25  using standard radioimmunoassay methods.

Example VI

Transplantation of Pig Pancreatic Micro-Organs into a Xebogeneic Subject

30 Adult pig pancreas micro-organ cultures were prepared as in the previous
examples for skin. Pancreases were removed, cut with scissors to an approximate depth
of 2 mm and sliced into sections 300um 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-organs
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.



within the scope of the invention to maintain cultures periods of tine
beyond 21 days. 10 Furthernore, it is within the scope of the invention to
form m crwoosmadsscul tures froma w de range of ani mals. Poa/ILamye760f
animals is nerely exenplified but is not Ilimted to the sanples provided
bel ow. As described in the appended exanples, mcro-organ cultures were
prepared fromskin and also from organs including the mammal i an pancr eas,
liver, kidney, 15 duodenum esophagus’and bl adder. Similarly, mcro-organ
cul tures of l\@&bév'@xe,g)bﬁgiw RIUTBSARE WAs ©9%eRRA.in K NEYr fAF 88%dn, haSBuE and
various gut deriv tIlS (lsles in addition to the esophagus such as ’intestine
and col on n‘é\?yszﬂogtgmﬂ? abafa 'B4red using the nethods of the invention. |ndeed,
it is wthin the scope of the invention to isolate and naintain
mcro-organ cultures fromany site mhgi g@ntains an epithelial/stronal

architecture 0O wihin the dy., The above notw thst anding, {he subject
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| ong-t er m cul t Grksures ed Measyreamentef Gedh\Aroliferadipn ik Merros@neamblultanes hi t ect ur e,
such as certain lynphoid tissue, e.g., thymus and spleen explants. 25

Exanpl e | Preparation of .M cro- n |t ur of Epiderm s .Fresh skin was
obt ai ned after sﬁ%‘é’%@%%Mgéﬁ%&%’%ﬁ%%naéelﬁlfélﬁ?%thflé%% S.“Sé%‘ga“_é‘ﬂ ?%rt’s 30 into
0.4 x 5 cm fMeEpyepayddias i RIPWoysEpmplpsiRs kit Segaps wererepened and withecigomsi ssue

chogper or  vakdheait t&bﬂhh@bc]lc;ﬁiatéltﬁ'iﬁihﬂg 2MBaBndthbp3 &Qﬁ,hﬁiﬂ%ﬁ@ddiiﬁtﬂssedi?dﬁbf sterile
condi ti ons - N I SS S: S i FENSI ONS 4. mMmin

wi dth and O.S"gogﬁr’?nat}“ﬁkt ﬁP% @118125?1%%%(&8& lggjrg_gtgﬂ)fépﬁ%ge%% éro eragig}isv‘vg’r e placed
in a 24-wel |Serﬁ1ncfre@pneaiﬂlén-iW@A‘@o}rouﬁrbem%rmlﬁanqnmf thhepsieenf Tsdwmidinmder 5%
CO2 at 37C, vuRdddedcngi anitushakicnantd Ak2emfination) the dxspevad Gigedfringge t o

ei ght days. voom S l. . r I : 1
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Gui nea Pi5g ahstrpiedin!igpede rehowmickiguedgalh tissyes eihiited agfvernsel §pgan cul t ur es
wer e prepar echichwontimic ¢priia dexeasberntingity uptabé of e-thymidineof the cells was
measured by anal yzing the anmpbunt of DNA synthesis as follows. Muse skin
and guinea pig skin were grown for two days and human skin grown for four
days after which BrdU was added td?xf“ﬁ’él"r{%éﬁ um at a final concentration of
100NM for three houPsgliferatibowidaibyolliciksini MieraOrdgadnaCdmardss i n 4%

formal dejpyde. After fixation, the cultures 10 were stained wth goat

anti - BrduU ar&(l bodi es foll owed by anti - oac}h; FI CT | apel ed

1n micro-organ cultures were prepared according to Example I and ir!c%giated for two
days. BrdU was added three hours before termination of incubation. Cells were fixed in
4% formaldehyde and stained with goat anti-BrdU antibodies followed by
anti-goat-FITC labeled IgG. Intact hair follicles that were present i 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 Figure 11. The
medium was exchanged 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.



Hi st ol ogi cal preparations were enbedded in following fixation in 4%

formal dehyde and cut into 3 pmslices and stained with nethylene blue. It
was founawDhaw3iske fraction of cells synthesizing DNA i n PCTrbowfops two to
four days in culture increased up to 10 fold conpared with the val ues
observed in vivo, after 15 which the rate of DNA synthesis gradually
decreased but renmained high for up to 10 days in culture(see Figures 2, 3
and 4A-4D). Even at six days in cultukge, the cells nmaintained a steady
state of proliferation and differeg-gjag;ie so that the tissue architecture
was preserved (Figures 5A-50). 20 amg{e Il Proliferation of Cells in

M cro- Or gan dXifpaities obfssoufar dieasigiingrle Elfesi@ha Srgdifete Corwrysh@n ¢ e prepar ed
as in Exanple |I. Wol e thickness slfrdliferation ps 4 mmin wi dth were sectioned
into explants of varying thickness including slices 25 of 300, 450, 600,
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anti body pr BBHFAITPONS SHRE (R FBRe "€ 30 experiment are illustrated in

Figure 6. The ampunt of BrdU incorporation as a function of the nunber of

cel I s/unpt DhsigdRdistmlbdBt i ANrd YulhBAUCEE r@ged BanITHIC[NGSSs Qb/nliN& expl ant s

increases. 35 WD.03/035851. PCT/ 1L.01/ Q097 4 | e, 1V. Preparation of
Pancreatic WRHEHNYS gRHYSEUPT H1FeBumbey %egréig’r @r‘fglﬁ&g]ﬂnyeé@}af‘t “@F&eﬁs‘é‘?e&ti on 5
Qui nea- pi g pancingds Evasple Brioreatdr thard®@h shibgion of PN\ syedicsiones dfser8G0im i n

thi ckness, fhepaside ¥ G patshpdWifR cHRRINFiRED)an appropriate tissue
chopper and in such a way that the pancreas m croarchitecture was

mai nt ai ned. The m cro-explants were grown in culture for several tine
periodsfromtwo to ei ghteen days. EZempla X ni cr o- organs were placed in each

of 96 wells of a phalgd/br ﬁ.@moﬁﬁgyﬁﬁgwﬁmﬁwm@%:% Sl elcen” CO2 at 37C
under constant shaking at 12 rpm BrdU was added three hours before

termnation at a final concentration of 100M and the explants were then
fixed in 49dosdingfutisaethadcr spal-siedolvarmaymainvelred Bodigedt soeBedd f ol | owed

by anti - goafromltlGpatieadmt @al thgieneskingéb @8pldfs ¢B4 hinl Skidat sdtdaint@ldks in the
pancreasg dezririe\}/)%%arga { QeRGEANR Ex%ﬁlgl.aﬁte ip}/e%ldx%ti(pr{ }Qc)l\aife]:/eerr(ﬁlltfei:rg grbm]El?(ample
I in that the sectioning into 0.3 mm slices is deliberately incomplete so that a series of
sections are held together as indicated in Figure 13, the upper epidermal layers including
the stratum corneum. 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
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 suitable

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 corneum 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



Exanpl e V Preparation of Pancreatic Mcro-Organ Cultures and Measurenent
of Insulin Secretion into the Culture Medium 20 Adult pig pancreas

m cr o- or g&WO 030B8388r es were prepared as in the previous exaeplies/dor6 ski n.
Pancreases were renoved, cut with scissors to an approxi mate depth of 2 mm
and sliced into sections 300mthick having a width of 4nm The m cro-organ
cultures were grown for 14 days in serumfree nedium Every two days, the
medi um was renoved and fresh medi um ddded. Collected nedia was assayed for
i nsul i N cont@ndined2Bakls ibagangt iacudgdraled e Gk A dsaayndRdévih bals shafx arepl e VI
Transpl ant Aot nOle Tl FARGE AN Grelsih CurldO0 F'i%ﬁ-eolétg. Xebogenei ¢ Subj ect 30
Adult pig pancreas mcro-organ cultures were prepared as in the previous
exanpl es for skin. Pancreases were renoved, cut with scissors to an

approxi mate depth of 2 mm and sl i cBemph XIIsecti ons 300m t hi ck having a

wi dth of ;4 nm The m cr oy a8 skl $KiP NG ok €GO for different time
periods of O to 5 days in serumfree nedium “and after culturing, the
pancreatic m cro-organs were renoved fromthe culture and 35 transpl anted
into both the vi Splerthickresdppanticeskat fivesad8? ryeofold ghtidno Stas .obikhved nifter 0- or gans

survived fory@hsy Gfigta @RaBRB! Thel Rinvh¥OnmaNcheaRo W8 k s\@sfifsariiged. After
three, five, séven and fourt.eeg da%(s iln vjvo, extenswgk?cel 1 raoliferation
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Esophagus and Bl adder. M cro- Organ .t ures an asur ement of [
Pr oloi fgr at i gﬁuqeﬁn He IRAS?:IP‘?)‘-W@%FI gﬁﬂtoﬁf?rcg’és W?"‘flia%@g??)ﬁ]@ CHiEE H‘-e%}‘@‘a %ul tures

f rom sever almedpint Wed ¢hahgetl vy evads. dihnhngeropsgaas skermpolfespdertdnsaely n

previ ous exapli®sofdh csikid). O gans were renmoved and with scissors, 10 were
cut to an appropriate wwdth of 2 mm length of 3 Mm and sliced into
sectionsof 300mthick. The mcrocultures were incubated for three, four
and six days in serumfree nedi umExgmeledIhours before termination of the

experinment, 3H-thym diine Miwesoes edithies Iiecikibitingsanfd vexp! ants. At
termnation, the tissue was fixed, rinsed several tinmes and counted in a

scintillation counter. The results of this experinent are 15 illustrated in
Figure 9. As sholimam Ritgooweseg and| guinep spg déver s biecieahed candveulpred| a5 er at i on
whi ch comnt i mied-dr@h silkiredays dasrislat Br Ekassle byILuptake pflifeddtoh hwmidiane.
Exanpl e VI Imicpr%p()lréafnecruﬂarieg) Wad ]Zietle_&ei:dr uslxzn%l Igridﬁll i%gor}i)or}atg\(/}ncarsOd-esoc‘ri%tz:a‘clq heg'lelln.t PSS
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.
25 Human liver micro-organ cultures prepared above were incubated with sera from
patients positive for hepatitis B and hepatitis C virus. After 24 hours, the medium was
removed and fresh DMEM with and without 10% normal fetal calf serum (FCS) was
added. Every two days, the culture medium was exchanged with fresh medium and the
conditioned 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 XIV
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



20 Skin mcro-organ cultures were prepared according to Exanple | and

i ncubated for two days. BrdU was added three hours before term nation of
i ncubat i owo 0G®B3iss1 were fixed in 4% formal dehyde and st ai med/mwi/d9goat
anti-BrdU anti bodies followed by anti-goat-FITC |abeled 1gG Intact hair
follicles that were present in vivo in their normal 25 surroundings could
be mai ntai ned under precisely controlled culture conditions, wthout the
need of addi ng serumor any other exogénous factor. Hair follicle cells in
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under the conditions r@r esent i ndi cat ed the | arge

nunber of h3 3§ H’IFSI?F"(-,‘?S‘ ‘E:%SIS‘T a]t’H‘éfoarcgE?fBﬁ)Bf t 8By "C‘?‘iog‘{ﬁg‘"‘é‘é YEFA- 100) .
The size di sheniihaubhied fafl, Babrand HAfdeys iatsemuimieezmpduB0Adtivegprotiferateroingan

guinea pi g Ghikd MicSo-8f3ah afifurs Wal@etve@KSink Bra N RO pbAti & BUe&ribdd he'm? medi um
was exchanged every two days. Hair shaft sizehas been arbitrarily

classified as small, nediumand |large. After nine days in culture, there
was a clear shift in size distribukyasples¥Vthat the percentage of snmall

hai rs decreased from 64%t033§é’@a%&bhﬁcrol&g&?cﬁbﬁus whi ch were not present
at the beginning of the culture represented 30% of 35 the shaft
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(Fi gure 12) midb-opearpieesivA dMettbdekidomrdURicorpatadtiog beddséritgd Gkreiani ¢

Non- Heal ing Skin Ucers According to this nethod, a small-area of normal,
uni nvol ved skin graft is renoved fromthe patient and full thickness mcro
explants of 4 nmin wdth and 0.3 dgAmpli 20 are prepared as described in
Exanpl e |. The prepardivan onGomnmbdites tb Skia MiceorObearlires! in that the
sectionijgg into 0.3 mMmmslices is deliberately inconplete so that a series
of sections are_held together as indicated in Figure 13, the upper

epi der mal | ayer s TRhBIghdPiere ardfetostolume hEreRtn@UthE MTFe-ofes yHuISY of Kies i npl ant
i s direct edptesenp@tvantidni alﬂgwt by ndsbdsite fisssed for a variety of gene transfer techniques.

In this example, micro-organ cultures are transfected with foreign genes using
electroporation and lipofection. The micro-organ cultures can be transplanted into
25 animals and survive for at least about thirty days in vivo and become vascularized. This
demonstrates 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
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.
Guinea pig skin was dissected and sliced into sections with a width of 2 mm and
a thickness of 300pum. The skin was cultured as a micro-organ in serum-free Dulbecco's
minimum essential media with penicillin and streptomycin at the concentrations
recommended by the manufacturer. 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



reach all the cells but maintaining the tissue slices in a manipul atabl e
format. The 25 patient's wound is cl eaned and surroundi ng skin edges are
renoved. Wbhe3msssal devoid of skin is then carefully cover @dThrotdeeré

m cro-expl ants, 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. Suffici ent m cro-explants are prepared to
substantially cover the wounded area. °The treated region is then covered
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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 10l of Lipofectin (Gibco BRL) +2pug of DNA + Optimem was added to each well with
the final volume being 500 ul. 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/Lipofectin/DNA media was then
replaced with 400 pl of DMEN with 1% penicillin/streptomycin, 1% L-glutamine and

30 10% FCS, and the cultures incubated overnight at 37°C in 5.5% CO,. The following
morning, the micro-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
(Promega). Luciferase activity from the transgene was detected using Luciferase Assay
System (Promega), with the results reported in Figure 18.

35



patients positive for hepatitis B and hepatitis C virus. After 24 hours,
the nediumwas renoved and fresh DVMEMwi th and wi thout 10% nornmal fetal
cal f seruwo(0B@®85was added. Every two days, the culture ®ediTLWONATS
exchanged with fresh mediumand the conditioned mediumtested for viral
particles using antibodi es against the viral protein 30 HBs. A significant
increase in nunber of viral particles was detected after 4 days in those
m cro-organ culture that were culturedin the presence of FCS. Exanple XIV
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di amé_t erip S}‘ eiﬂ?i&_siﬂﬁ(rj(éﬂﬁ\ét:ssédn_irﬁHfbhra%xﬂlhl&knﬁlﬁts%.s'l’mt keyulesb@mhéétezpeﬁ%ﬂeni B narrow
was direc slic Nt Q ro-organ .expl an Si [ using a
tissue chop}églrSt.r atelcﬁ}ns#lﬁ‘gte ﬁ?dgégjglﬁl?% atte?'uén E]r*ﬁu{:er 563?}(1: Flg %&ug?]g% %’ t %néusnar?ow
was preser vepregis| de grangfadeds dypeerasengene eyndpmihges gondgipns.ade/evpsicigde thendex
amenabl e t ontdatig: ttrdl LhlattbSdasd @nsféctddOuly Gads-ovdah &uitite Yb@iedatibhicl or 3

days in serum.fre ium  Act v r f arati f r ells in these
m cr o- or ganﬂglglc%cr%%tgg %ﬂ%s (I:]eeatrgnc?f%&f t%g? r%““arf%d‘%%E%‘g?‘%g?%@@{ﬁﬁ‘a“s“ Hescri bed
herein. 1SExanpl e XVI Delivery of Gene Products to Skin Mcro-Organ Cul tures

20 The high surface area to vol umeex«aper vzt o the mcro-organ cul tures of

the present invention allows %ﬁkh?ﬁ%gg@hthgv&,iossues for a variety of gene
transfer techniques. 1In this exanpl™e, mcro-organ cultures are transfected

with foreign genes using electroporation and |ipofection. The m cro-organ
cul tures can be Wewanspl abisedkinnvs diaissd ks swpdly, Sdidavied’ of hiaderlgihg If@ast about

thirty Ci@ystigsﬂe \éh&/ gutemtg d)@ & 3Ny \fﬁﬁs? R!Jh?crhi %&9 the-xl;maﬁsversely sectioned, using a
tissue chopper or other suitable cutting devise into 300um 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 days. Certain of the micro-organ explants
were contacted with a growth factor, e.g., FGF, which was added to the culture media.

25 The medium was changed every 2 days.

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%



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 trwpgploasssed to a defined position in the body, s®Crhee1/40b76
necessary it could be readily renoved in the future. This contrasts with
cell suspension transplantation into the body in which the 30 cells can
mgrate or becone "lost"” in normal tissue. Guinea pig skin was dissected
and sliced into sections with a wwdth3f 2 nmand a thickness of 300pm

The skin wagogyl $MEGHd8Sofkdh SHaRmB THRribd3 0F €114'M2 A4y8CA LHhRECH R1Spenid] NI MUM
essenti al mfe fa W Lh %GH%I(LLI q lg;md streptong in at the concentrations

r econmended VYl ¥hGRTURMCEL Pefed rtopl v Sfa‘i“ﬁ A h VaaMmagesiedng 50
Coe, the 35bgkhanpriiteraioorgfafollcie stem eslisdiigire il siddstwtes thOhEiMation kb at

anti bi oti csAndniaddfsht iR déectll 8y HyMRR iitbpPRE&P! € el ectroporation cuvette
wi th 500l of media on ice. Ten mcrograns of the plasm d DNA containing the

i ndi cat ed reporter genes were added as shown (each plasm d had a
cytonegal ovi rus pronoter driving t lizemle@¥X035851 PCT/ 1L01/ 00976 51

expression of either aplpq 9828 MnkAaREsks Pk TRIkpRhtalibhe! T erase reporter
gene. The luciferase pllasm d backbone was pRC—CI\K/ (I'nvitrogen) fused in

frame with the firefly luciferase gene. The sanples were el ectroporated at
220 nV and the clgeawl tahwaeuosdrve deas devisloped i preBarfiiglal eells SrqniHivadoBF,

rr:sdl ;J”F5@0Fmahﬂ¥é(ﬁ2r5%}oes,_|?jh H@g&uﬁfﬂti&siiﬂ\&rtﬁ'ﬁythcroﬁs'i#t\ﬂéita btentzﬁlg)la)gnéimaﬁlﬁb@_ tBlh OI-:)IRVES/I
el ectroporation device. e sanpl es were then further. i ncubated .w

cont ai ni ng Ef%cf)lgmaﬁsewggl“pucé’etﬂr}%at f)sé%ﬁ’ﬁg\efi R gltaﬁ%‘ﬁt 3Wc??ffladéaﬁ'g’aaisut anic
acid for. 2 Hayesbepmenrcopaergdisp farultthay prop¢radiéficuirie ohteni arepepsiueiblpuelable and t he
sanpl es Wer gay SEiSieiing Beth RelabOstond, MY vidhilitg 8f theseWWeldbth F9irs afdAGBB!
(Promega). Ihe.LhSAHSP! BEs MBI S dOshomRacnded 200, INER £0lae added to
100l of | uci'¥érfasde assay r%agent Fonmega) , aigP um nt_asce_n?:c “det ect ed
i n tripliscaBecelhi mpstlikey rgukas@rorbisan thetstroma that yndsilies the isletpintthegiormall H3T3
cell f, from @antR@sm mtekipur & chhrask Imalhlﬁtﬁnmgw&gdaﬁzefégnmmfgﬁa& Qdfa;]'b&ﬂn'([j ically
to the mcro-or cyltures. rated.in.Fi.gure 15 at medi um
(2008 ang (SRSl B2 nE ik ABhALEF aldlibladil o ' Recdl pAIBPELT
was 15 det éehievgd frpestatdishiag i nisie-orgqnnfuliares fpmaeseofatNRBMBR3 pigntrsk pigl

cul tured celphreseingied clefingaiiRiethediuinh t he same plasm ds at 250F. In

anot her experi nme -t ' f ] = Of: S
acconpl i2§hed by 11 Br(%%%g!tc?ocr)%@yvﬁ (%‘lﬁ?\g\a/af’g “8%23?“%%‘“’863{3%?%6%%5? P) f%t\éﬁt t han
el ect r opor aPPo Oty Witin the quitpres, ixplapts gpaiain ¢hgit tisses theresrlyisrteaandi g skin,
newborn 20 watsseced lsubpopalatbns atolilfaisigacivele ag dadisined be BrdW idtopoptiasandd

cont ai,ni ng %b%lﬂ@é%gﬁ%re{tﬁp %ﬁeﬂm @{che?glk%uli& ih“r‘o mefﬁl?dl%ge@@n %Hért eSS were

grown at 37 5Y peni Ci n/ streptonycin and 1%
L- gl ut am ne o8t BievigagulBEsore transfection.

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 300pum 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.



The explants were plated on 24 well plates with 20 expl ants and 400l of
media per well. For transfection, the mcro-organ cultures were rinsed
twi ce wi two@pwsssem and 25 |01 of Lipofectin (G bco BRL) #2g/mo1/dbs +

Opti mem was added to each well with the final volune being 500 |. The

Opt i mem Li pof ectin/ DNA sol uti on was made according to the Lipofectin
manuf acturer's directions. The cultures were then incubated for 5-6 hours
at 37Cin 5.5% CO2. The Optinmem Li pof e¢ti n/ DNA nedia was then replaced
with 400 | of i 9 i clel 1] r ept: orey i %.1 -~ gl ] and 30
109 FCS, and ¢ her but s 4 ¢ AR Elkecql Bl RRARUE o ubithy oo B S

foll owi ng r®ffi§M%g, the micro-organ cultures were renoved, washed twice
with I X PBS, and ground in a hand-operated glass tissue grinder in 750 pl
of 1X cell culture lysis buffer (ﬁ&gﬂ@g@}s Luci ferase activity fromthe
transgene was detected using Luciferase Assay System (Pronega), with the
results reported in Figure 18. 35 WD 03/ 035851 PCT/|LOL/ 00976 52 Exanpl e
XVI| Delivery of ThisaekiPedid uict st will rédoguive, Gr igraableGulatoarta@is ukinggo moct thdnynus from

m cr ooor gan ot 7P hinyl BRIl e B A B R T ur s
were pl e edestabed it Fguiyﬁwtst P t%/(\n'\é?hw’é%if‘i‘ isgope of this

| i pi d/ | uci f emas@onemd e cogergd igsthe thllo®NAckompl exes for five to six hours
whil e incubating at 37C. The cationic |ipid/plasm d DNA solution was
aspirated, and the cultures were then incubated in nediumplus 10% serum
for two days, and then assayed for |uciferase reporter gene 10 expression
(expressed in arbitrary light units). The results of this experinent are
illustrated in Figure 16. As denonstrated in Figure 16, the |lung, but not
the thynus expresses the transfected |uciferase gene under these
conditions. As expected, the negative control (3-gal actosidase transfected
|l ung mcro-organ culture (10 d cationic |lipid concentrate) was near
machi ne background for |ight production (23 light units). 15 Exanple XVII|I
Hair Shaft G owmh in vitro New born nouse skin was obtained after surgery,
cl eaned of underlying fat 20 tissue and cut into 0.4 x 5 cmflaps, which
were then transversely sectioned, using a tissue chopper or other suitable
cutting devise into 3001lm sections. The micro-organs were placed in

m croplates in DVMEMin the absence of serumunder 5% CO2 at 37C under
constant shaking for periods of | to 14 days. Certain of the m cro-organ
explants were contacted with a gromh factor, e.g., FG-, which was added
to the culture nedia.



25 The nmedi um was changed every 2 days. New born "hairless" skin can be

i nduced to produce hair shafts when grown in MC cultures. M crographs of
skin fronwB®34085861 d nouse, grown in nmicro-organ cultures PCOMLB/@AYs in the
presence of 1 ng/m EGF indicated the devel opnment of hair shafts in the
expl ants, which growths were not present at the beginning of the culture
period. 30 In another set of experinents, activation of telogen follicles
was observed. The Sencar nouse provi 8es a useful nodel to study hair
follicle aciyyyatriigerhasauses.the follicles are well synchronized and the
cycl e stages have been well characterized. Sencar mce provide an in vivo
nodel for anagen activation. The renoval of the club froma telogen
follicle can induce new hair formation, the first signs of which, are well
35 characterizedl. Ski A gemetinallg whddifsdnmaro-ongare evydant odxpessiier] aafch@romsur gery,
cl eaned from u&derl¥in9({at}}issue and qut into.0.4 x P.cnuil$£§¢ whi ch
vere then t FFANBYUEIY 8F1F PrciEt (N5 REYO-CReD P 4 £ R EARSBR AT OTHY <6 sui tabl e
cutting devii®o-bithe e3plantl MRinGRdig ®MSicroartiechiteC bO a0 ray@NSuvarwhig acrd i n

m croplates  in Min the abSﬁgce of serun1?@6vv)03/03§851_ CT/ 1L01/ 00976
53 CO2 at 39E'GhARY AcORSEARHMEHAKNA G REFOPRITGHS 6fas fo Aoy 4lifdiipg of
Activation @deqhfé REBOHtLandlg@lek kddeBSin tMBIREbrghElpe@bladaydi Fhsithh Jr@pMyal or
growth factor treatnment, was manifested by the proliferation of follicle
stem cel | s. Vestgotef thy nigrp(psgap gxrlant shgs ta ripipdaeicelilgftogcity aad sgeamitartx p| ant |
as det ect edabuh b lhfpfeibi GRIRBH 3hd ABburRIREABPAR bl B P HidbloAnC"
Pancreatic Islets For Transplantation Several techniques have been

devel oped t explmbpateestisghedf hekdlls of saxhpepatdtionst celld ohtmmuioangag sypleds, in

| arge quanti}ies. Si i tut otentially transplantable beta
cell mass mf%ﬁgﬁﬂg8ﬂ&$8&?§é§§82§§%%%ﬂgﬁgﬁptype | diabetes. Two main
drawbacks have been encountered so far. It has proven difficult to obtain

a reproduci ble reliabl way of pr ri.ng beta cells. Second, the viability
of these cells Bgth iH%%ﬁ?Fé“@ﬁ&ﬁpﬁﬁ8F98g*¥§mfﬁ?@@ﬂ?CV%PﬁaBﬁgm?SWH part due
to the firsht [@aSH8 BathbitinP@kde phd@uct Qs sdlectddagbmt Matgréle cdbislidy 6£kl s nDst
likely require support fromthe stroma that underlies the islets in the
normal  pan&caakinaiprosimingd ayecomhieatiuagtiondiRAamaleadepancr eati ¢ or gans ex
vivo have so far been wunsuccessful. Using the MC culture technol ogy
descri bed herein, success has been achieved for establishing mcro-organ
cultures of mousk, ratlhe gencheadly piagified dnipropreap #nelaete claym @ whereinsaidef i ned
cul ture nedi : : ] - 3 in
Vitro for poridau AR ERAS Lo R G D R SR E ST
mai nt ai n t hexplant isslseedmi cr oarchitecture and certain cell subpopul ations
proliferate actively as determ ned by BrdU i ncorporation and

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

recombinant protein is normally not produced by the organ from which the micro-organ

explant is derived.

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

recombinant protein is a marker protein.

6. The genetically modified micro-organ explant of claim 2, wherein said
recombinant protein is selected from the group consisting of insulin, amylase, a
protease, a lipase, trypsinogen, chymotrypsinogen, a carboxypeptidase, a ribonuclease, a
deoxyribonuclease, a triacylglycerol lipase, phospholipase A2, elastase, amylase, a

blood clotting factor, UDP glucuronyl transferase, ornithine transcarbamoylase,



| abeling. Furthernore the islet cells secrete insulin into the nedi um even
after one nonth of in vitro culture. 25 Transpl antation experinents have
been per fwomam3isal whi ch pi g micro-organ pancreas culture®Crave/(vemn
inplanted into both the visceral and parietal nesodermof rat hosts.

Expl ants have been kept for periods varying froma few days up to one nonth
in vivo. The explants becone well vascul arized and incorporate into the

ti ssue host. 30 Exanple XX Preparatiorf6of Hurman Psoriatic Skin M cro-organ
Cul tures Spliothrohé pAkItes3ypaspideadsing dekinadel emm tpatic etor WRgmioblabmed af ter

aut opsy, using a derrr,at,orr@ The skin was cut into 0.4 X 5 cmflaps, which
vere then t ey dp@opgient; bumpsin fHq dptopth OmGe Acsopredin @ cdo®m t hi ck

sections. TRESGlaGALHOOR BRI Rrm¥IRkSviR Wckdd! RGat derRYENEMOR&Er UM i N
m cropl ates at 37C and 5% Cg@o?é%errr{lﬁs of | tlgegm days.%ll ﬁsSecti on of

t he m cr o- orlbRRAtoRspimnt divatcallagrpuibs fagtopranpigierle ekin. ndlinegatisel erdvak fadidre cel | s

of the expl i [ I td . ccurri.ng. WO
03/ 035851 P 5°ffﬂ%€%%§8%%§ﬁk??*]“§?g ?’rr‘}g"}g%g{?}eg’gE}‘t%edd?ar%l’e‘%?%sﬁ’c“ég&’éeﬁ‘ ’

publ i cat i onshae@sthkinmbsomangsaripqrselisedcdly andraafaps@ipten fabgui val ents 5 Those
skilled in the art will recognize, or be able to ascertain using no nore
than routine experinentation, nunmerous equivalents to the specific assay

and reagents degcri beThehenichlly Hodifed@iitroadg@néplaat 6f 8RS1, dentsnitR be
wi thin the scqgegﬁgj t%% inventi%1 ﬁmd are covered by the follow ng
clai ms. WO OBFOYES8AaReT PP 1oy hess. \WAT IS CLAIMED IS: 1. A
genetically nodified m cro-organ expl ant expressing at |east one

reconbi nant gene product, the micro-organ explant conprising a popul ation
of cells, the nPcro-ofbaserstptlianmodiagdmigrerpiggn xphtr Satlam fekavinger of an

organ from wieeh Jdy ﬁosvollg'ﬁ‘% iRl ARekidHzed *Bg H& T nfula B A NI dl‘?'f& i) ons

sel ected so as to allow di fusmn of adeQuate nutrients and gases’to cells
in the m crovheregen iexpssanthicinegts and '§' issd widthoff swd tiksuk ar millvastes. out of t he

m cro-organ explant so as to mnimze cellular toxicity and concom tant
death due to insufficient nutrition and accunul ati on of the waste in the

m cro-organ expbant, Hie deeawtllysmodfiaf micheorgel &xplanf oSehich pofhdtedt dah of

|l f the m - | ant .eSS]| t | t mbi t
product . 2. OB SHSLERNT RS BaHP FRUSHTE Pb? dribh owRhl RIS & e,

wher ei n sai @allbladder, 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.

10. 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.

11. The genetically modified micro-organ explant of claim 1, wherein the

organ is a pancreas, and the population of cells includes islets of Langerhans.

12. The genetically modified micro-organ explant of claim 1, wherein the

organ is skin, and the explant includes at least one hair follicle and gland.

13. The genetically modified micro-organ explant of claim 1, wherein the
organ is diseased skin, and the explant includes a population of hyperproliferative or

neoproliferative cells from the diseased skin.



at | east one reconbi nant gene product is selected fromthe group consisting
of a reconbinant protein and a reconbi nant functional RNA nolecule. 3. The
genet i calwg ogwosiisfi ed m cro- organ explant of claim 2, wher @Ca/1s@i/@976
reconbi nant protein is normally produced by the organ from which the
m cro-organ explant is derived. 4. The genetically nodified m cro-organ
explant of claim2, wherein said rec%?bi nant prot einis normally not

c

produced by the organ from which the ro-org ant is derived. 5.
The genetical |y Hodifidg gﬁ?‘iﬁ‘Fﬂ—"o‘P@ddﬂede‘?HFOa?fﬁa’bTxP néPﬁ?l?m Whhegsimthea d
recombi nant o1k & dhih@inflERIKShinkd He@um. 6. The genetically nodified

m cro-organ explant of claim2, wherein said reconbinant protein is
selected fromthe group consisting of i nsul in, anylase, a protease,

| i pase, trypsinogen, ¢ e uclease
a deoxyri bonucl gjzse @@%@ggpg'ﬁgcgg{ao é%p‘ﬁlgg{)ﬂglﬁl %)a‘ghéewlfg%el ast ase,
anyl ase, remlmddmcllomctumqgqu‘ @fclnmplamm@mghm@n@wyhorb p@lhsa‘ilanasél -mattigi t hi ne
transcar ba /110 9 hr o 450 enzynmes,
adenosi ne g}e}é&rﬁ?ﬁgg%\é@gg%é?n %?jmorc;[lss%es ]O%Q}f Zr%an ot urmr aCI% trh ?t s

t hynopoi et i isplatetdynosin al, a growth hornone, a somat onedi n, a coI ony
stinmulating factor, erythropoietin, epidermal growth factor, hepatic
erythropoietic factor (hepatopoietin), a liver-cell growth factor, an

interleukin, a nggati VEieQeaschllyf ﬁh@&lﬂéd midrb-BfgaRlersiint i If, 3GERIM at
transform n?eﬁ?gtrowth factor of the R fam]ly, gastrin, secretin,

chol ecyst ok AR, PORRE dstpepplation ofcella é[ﬁ%‘féedp‘“ﬁhﬁreﬁm’f‘?la% ¥ wquarrqgwg factor. 7.

The geneti calchMbiBfiofreQcdlirty RdQE@aMBindMRe AN ro@fct. €l @i m 1, naintainable in
culture for at |east about twenty-four hours. 8. The genetically nodified

m cro-organ explant of claim1l, having a surface area to vol une index

char act e zed by, £ he fiog Ml el Mibalichfhicio-bgn BRidh of WA B, Qg g @ Ui ssue

thickness and 'a' is a sald tissu I meters
geneti cal | yrqmdbihiiredirmi s s@eomﬁdg”ann émgtoaptonsfstmg efiaredombivieet lgipatitsadidds, organ i s

sel ected fromth con5|st|n of. a ancr ea aliver, a
gal | bl adder ¥ a Aorgesth {/e phiga %‘%‘%“@ﬁ ¥Bilﬁ?a% (5?°§}m§'r"§r3t or gan,
a reproduct 'pamllonw giam aséﬁomblnanthel’p’&aMtui aaetonthigdnlenvifls 09 decambiagitat ed

organ, a th nus,, | een. 10. Th enetically nodified m cro-organ expl ant
of claimi, (':‘8?‘:’}5‘?% %’ieg b‘%ﬁtfﬂ%‘fl‘?g&ﬁ’v nd 8 feraEpingR SipiaR i@ scel |'s, arranged in
am croarchl tecture simlar to the mcroarchitecture of the organ from
which the explant was obtained. 11. The genetically nodified nicro-organ

expl ant of clai M8, wheicegeneticplly madifethmicto-gream sxplelof clifd I RCSBIA at i on of
cell's incluggs d Edrf%nsoiotfhe lp@ﬂgﬁrohad?%ells are transformed with a foreign nucleic acid

sequence via a transformation method selected from the group consisting of
calcium-phosphate mediated transfection, DEAE-dextran mediated transfection,
electroporation, liposome-mediated transfection, direct injection, and receptor-mediated

uptake.

19. A conditioned medium conditioned by the genetically modified

micro-organ explant of claim 1 and containing said recombinant gene product.

20. A pharmaceutical preparation comprising the genetically modified

micro-organ explant of claim 1.



12. The genetically nodified mcro-organ explant of claim1l, wherein the
organ is skin, and the explant includes at |east one hair follicle and

gl and. 13woTPh@3zgéneti cally nodi fied m cro-organ expl ant ofPCalirdmmod7e wher ei n
the organ is diseased skin, and the explant includes a popul ation of
hyperproliferative or neoproliferative cells fromthe diseased skin. WO
03/ 035851 PCT/1L01/00976 57 14. The genetically nodified m cro-organ
explant of claim1, wherein the explaht is nmaintainable in a m ninal

medi um 15. The Yenet iAakethyd fwdirddueidg ringero-oogag npletpixaressimgf at ddasti ave 1,

wherein the al ned m cyoarchi ture.of 1th xpl ant conprises one or
nore cell -céeicf)mgﬂ%fltggfelpr rlhfme%hroﬁenlfl%fsmﬁtﬁe%ef’t vvgen two or nore tissues of
t he organ from whj ch idohs€ing fpmaintaningl aips@ibabean orkén infheingarp@pulewdnl of nodi fi ed
m cro-organ explant of claim.1l %erel n at .least. Oef)grtlon f t he

popul ation of cells i/l e BRHEHOLNE Fred MRS RO TS PERN O

reconbi nant gene enc@@highisiit ¢ deficQIddl RAME sGRNENPRRHIHimenkibns gél]'&ted
genetically nodified mcro- organ explant of claim 16, wherein said

reconbi nant virus isseés Ecekal diflynrt RbadAGIH EBrY and myeoro &l dEBrbi nant

hepatitis virus, a rnggrgrgp%aga@; plaflenR Viflddn Bf r&AQFPI RRR Adefogssoci at ed
virus, a reconblnant papiTloma virus, a reconbi nant herpes virus, a

reconbi nant | entivi rmcroargae@@ﬁbliltﬁa_ﬁﬁ _t0 mEimige cellwdar texi¢itycrodispreamitant
cytomegal ovirus and g Leqonb) 19?]?§Ti§rllt %h@iﬁo%ﬁ&@ccu&&an I—[‘@f @e0aLd (fr?lhey

nodi fi ed m cro-organ expl ant erel eas a portiron of the
popul ation of cells aogiohphthsbgameddwi th a foreign nucleic acid sequence

Cal ot um phosphat & modt RS0 PEHEF oL s o SEAR RN TLaA PR aead Sl

transfection, el ect pPgermitiicne the PO Mith ABeicaitdtnt fnB3b egirbsony leditr ect

i njection, and recept or - nedj at ed upt ake. 19. A conditioned nedium

condi t i oned by the g OReter¥aPIRnt BFEPFI%E i cro- organ expl ant of claim| and
cont ai ni ng said reconbi nant gene product. 20. A pharmaceutical preparation
conprising the genetically nodified mcro-organ explant of claim1. WO

03/ 035851 PCT/ 1.8/ 009%e mghobaf clampgl, haremosaidytdense Pirgregorplivanh e gan

expl ant expraggiing @éleclte%a%monr% ol URGARE 09N R RO LprottiC afi L0

conpri si ng e steps of Isolating froman animal a portion of an organ
i ncl udi ng armpbﬂnalttlfmtlmfal RNéslﬂl@eCUddwe portion of the organ nmintaining a
m croarchi tecture of an organ

23. The method of claim 22, wherein said recombinant protein is normally

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

24. The method of claim 22, wherein said recombinant protein is normally

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

25. The method of claim 22, wherein said recombinant protein is a marker

protein.

26. The method of claim 22, wherein said recombinant protein is a selected
from the group consisting of insulin, amylase, a protease, a lipase, trypsinogen,
chymotrypsinogen, a carboxypeptidase, a ribonuclease, a deoxyribonuclease, a
triacylglycerol lipase, phospholipase A2, elastase, amylase, a blood clotting factor, UDP

glucuronyl transferase, ornithine transcarbamoylase, cytochrome p450 enzymes,



fromwhich it is derived and at the same tine having di nensions sel ected

so as to allow diffusion of adequate nutrients and gases to cells in the

m cr o- or g 8¥pdsant and di ffusion of cellular waste out ofeCtneo1/0DT 0- or gan
explant so as to mnimze cellular toxicity and concomtant death due to
insufficient nutrition and accunul ation of the waste in the portion of the
organ; and (b) genetically nodifying at | east sone of the cells of said
popul ation of cells of the portion of9the organ with a reconbi nant gene to
express at laémsiine @aemingeorsdrumathymge fetopr tgtndd huiddral Thormehyaghoiefin,cl ai m 21,
wherein said at | east one reconbi nant gene product is selected fromthe
group consi dPRENof a2y FCUHLIMAERANEp Ao FARAOAH: a2 “t"i‘i%nﬁl%ﬁtngf %ﬁ@f’i onal RNA
nol ecul e.  23rinthRidiR! GnRll Ldvith MR, he%ﬁﬁ:r&ytﬂroﬁéikﬂ: 8P HRpAGMetiRY At €i n i's
normal Iy produced by the organ fromthe mcro-organ explant is derived.

24. The net hyer-6H Lputhnfagor, aphBleEpYkin £ eepidcooVHa fMCtosr gbreblﬁstigow&br mal |y
not produce i her Q=009 p I s:derived.

25. The ot fiserop tE AR AT Gl B R R v Bl e
protei n. 26sonidtestatinf jroblstoice €lasd mir@Rcripikefagion sai d reconbi nant protein is a
selected fromthe group consisting of insulin, anylase, a protease, a

| i pase, trypsinogen, chynotrypsinogen, a carboxypeptidase, a ribonucl ease,
a deoxyri bonucl ease, dhe trfe%lﬂd}éf@hiyﬁﬂt OlherllsihBﬁﬁ@ene?b@@&kﬁﬂ}iﬁeﬂ&ﬁi@roﬂganm ﬁSt ase,
anyl ase, a blood clotting factaor, UDP curonyl transferase, ornithine
transcar banﬁ??sﬁgét, 'WW“E?&‘F?PI?H%“HW%MVM?”\?WW%‘B @8% PCT/ 1L01/ 00976 59
adenosi ne deam nase, serumthymc factor, thym c hunoral factor,

t hynopoi etin, thynosin al, a growth hornone, a somatonedin, a col ony
stimul ating fact?¥, éfﬁlyﬂm*@ée? deimZ 1, wherele said izengHeakly ingdifead anicrotnagrat i ¢

eryt hr opoal ettl'aﬁspfaﬂpﬂe@ra sulsRakanRe 'v@ltuh*n@)indei‘_chz!réc\{é?fzé(p G}lf theSH QY 1/§(a+cf/9 £, an
interleukin, a negative growmh factor, fibroblast growth actor,

t r ansf or m nd-gnowt Whérgiot O s agfssueribiciRetscanil [ayis agadth of said @seey ipmiiHimeters.

chol ecystoki nin, somatostatin, , substance P and a transcription factor.
27. The nmethod of claim 21, wherein said genetically nodified m cro-organ
transpl ant i s nmaknt ai Mabethod of vlainu? B Whereinadaid @gsitis adlaitdd frome te\erdupur hour s.
28. The net hod. of Erlral' thl wherein said ﬁen tlidrcqal I %.dm)di fied. m cro-organ
transpl ant K3%ISHN& T3 YREN Qreal aPaNE ity el A g1 2KEy A5198¢Y, 28BS RY f or nul a
1/ x + 1/ a >orghnSa WpikitordNRIcEbiRan, Xa repfodactive $8¢48, Elih,CK0AGHy &A€t organ, S @ Wi dth
of said tissue . in mllineters. 29. The nethod of claim 21, wherein said
organ is selP@OH@HOFiREhPIERR aghaY 2 spleen.

30. The method of claim 21, wherein said genetically modified micro-organ
transplant comprising epithelial and connective tissue cells, arranged in a
microarchitecture similar to the microarchitecture of the organ from which the explant

was obtained.

31. The method of claim 21, wherein the organ is a pancreas, and the

population of cells includes islets of Langerhans.

32. The method of claim 21, wherein the organ is skin, and the explant

includes at least one hair follicle and gland.



consisting of a lynph organ, a pancreas, a liver, a gallbladder, a kidney,
a digestive tract organ, a respiratory tract organ, a reproductive organ,
skin, a uwDranysssr act organ, a bl ood-associ ated organ, aPCajnug09s spl een.
30. The nethod of claim 21, wherein said genetically nodified m cro-organ
transpl ant conprising epithelial and connective tissue cells, arranged in a
m croarchitecture simlar to the mcroarchitecture of the organ from which
the explant was obtained. 31. The nmethod of claim 21, wherein the organ is
a pancreas, and ihe pdpmetoded clhim @l wherdimthie pagas is 8 diseasedskinangdichans. 32.

The net hod i in i i .

e aenCS; nt Ml ARG ?i‘?‘@e‘%’g‘?ﬁ?fgﬁf o e E IR Yoo 1/ 00076
60 33. The dBtdebskof claim 21, wherein the organ is a di seased skin, and
the explant includes a popul ation of hyperproliferative or
neoproliferative cells fromthe diseased skin. 34. The nethod of claim 21
wherein said gen®ti callhy metdd bf @ainmd1¢ whereihgait genetiediyph@tified icisedrgdnai nabl e
ina mniml nmedium 35. { e nethod of claim?21l, wherein the retained

ni croar chi t SATHPB! 1§ frapyena Géﬂé??%ﬁ?ﬁ?mﬂﬂﬂified ni cro-organ transpl ant
conprises one or nore cell-cell and cell-matrix orientations between two
or nore tissues of the organ fromwhich the explant is isolated. 36. The

nmet hod of claim¥®t, whideangthogioficlays ] avissiin thictained pecrpmeitedtiedhthsf  cel | s

is infected Weibh@ HEGARPInRRLorYdn! H%sﬁl@ﬁtr Yoises oRE YFPhBRNEe18&eafaNCcOdi Ng
sai d reconglnant_gene product. 37. The nmethod of claim 36, wherein said

r ecombi nant céll-maisix eriegtatienst eaiwednr Bie ethmorgr Gpesceinde strgangiromh whigle tenbi nant
hepatitis v%%%%ﬁkgslﬁggnbinant adeno virus, a reconbinant adeno-associ ated
virus, a rec I'nant papilloma virus, a reconbinant herpes virus, a
reconmbi nant lentivirus, a reconbinant retrovirus, a reconbi nant

cyt onegal ovi r us d a.reconbinant. siman virus. 38. .Th t hod .of claim 21,
wher ei n at Ieastﬁg poﬂﬁF8ﬁH§P($E%mb%ghﬁﬁFFﬁﬁ%8Fa %ﬁﬁ%ﬁiﬁ%@%?@ﬂ@} rmmed with
a foreign nuélssk nfatidwie quenadinahtvitustdaayisg arrs@hibdanngdnbedcodsl kit ed from
the group consi sting of cal ci um phosphate nedi ated transfection,
DEAE-dextraﬁxﬁggmﬁﬁéﬂ“ﬂF%ﬁ§Fection, el ectroporation, |iposone-nediated

transfection, direct injection, and receptor-nedi ated uptake. 39. A nethod

of delivering a gene product to a recipient, the nethod conprising the
steps of: 7. The method of claim 36, 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.

38. The method of claim 21, 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-phosphate mediated transfection,
DEAE-dextran mediated transfection, electroporation, liposome-mediated transfection,

direct injection, and receptor-mediated uptake.

39. A method of delivering a gene product to a recipient, the method
comprising the steps of:
(a) providing a micro-organ explant expressing at least one recombinant

gene product, the micro-organ explant comprising a population of cells,



(a) providing a mcro-organ explant expressing at |east one reconbi nant
gene product, the mcro-organ explant conprising a population of cells, WO
03/ 035851wbB@3/034881./ 00976 61 the m cro-organ expl ant mnai ntPETALNIGAT6

m croarchitecture of an organ fromwhich it is derived and at the sane
time having dinmensions selected so as to allow diffusion of adequate
nutrients and gases to cells in the mcro-organ explant and diffusion of
cellular waste out of the mcro-orgafl! explant so as to mninize cellular
toxicity and conconi tlenmicreleqah egplentt roaintaminf a migntrehitetcturd oHan anghn
accunul ati on of the ste.i.n.the. mcro-organ explant, at |east sqme of the
cell's of said populaﬁ%@ﬁ%BQ’%5ﬁﬁ§v£%?d€h§e%W%?BgoWﬁHﬁcgﬂﬁpﬁﬁf“%%Eaessing at
| east one reconbi nanko gereallor didusibn ofRRkqld nitpltastd B@ed tvecells 64 @reOr gan
explant in the recipient. 40. The nethod _ of claim 39, wherein said

mi cro-organ expl ant FECTEEF§A) e B¥PIaNt o3Rd: HETUsOR; Bi eftlulay pYasten QUi hBE of claim
39, wherein said m Chficrlof@h 8Nt a0ths tSmBghizy 88lluld tRig HAQRefcomithitect . 42
The nmethod of claim 39, wherein said mcro-organ explant is derived froma
human bei ng. 43. The dpash HegitoopsuEfidenmnsigtionart eewmylaiion off e yage daeexpl ant
is derived froma ngns j ] ] erein
the recipient is a hﬁﬁgﬁ%ggﬁﬁgg&ﬁg#“%%§°wg?ﬁgﬁgﬁgqgf§9ﬁ?@%?ﬂ§ﬁﬁﬁﬁ$ﬂ t he
reci pient is a non-huofrthe awdroraigan ed@ant Taxprepsistehaidleast ank aeennBManivpeaeei n sai d
at | east one reconbinqﬁhage e product is selected fromthe group
consisting of a recoﬁﬁlnah?lprotein and a reconbi nant functional RNA

nol ecul e. WO 03/(0358%hpl B theQhic 0@ 6 explantdd the Hévgpieret hod of cl ai m 46,
wherein said reconbi nant protein is nornmally produced by the organ from
the m cro-organ explant is derived. 48. The nethod of claim46, wherein

sai d reconbi nant4r ot eihg rh&hdAI i )39, WidreipIs@id WGied-ddyant dxpladt g @ABridedom whi ch
the m cro-organ explant is derived. 49. The nethod of claim46, wherein
sai d reconbffRaibe i5FiBB n is a marker protein. 50. The nethod of claim 49,
wherein said reconbinant protein is a selected fromthe group consisting

of insulin, anylase, a protease, a |lipase, trypsinogen,
41. The method of claim 39, wherein said micro-organ explant is derived

from a donor subject.

42. The method of claim 39, wherein said micro-organ explant is derived

from a human being.

43. The method of claim 39, wherein said micro-organ explant is derived

from a non-human animal.

44. The method of claim 39, wherein the recipient is a human being.
45. The method of claim 39, wherein the recipient is a non-human animal.
46. The method of claim 39, wherein said at least one recombinant gene

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

recombinant functional RNA molecule.



chynot rypsi nogen, a carboxypepti dase, a ribonucl ease, a deoxyri bonucl ease,
a triacylglycerol |ipase, phospholipase A2, el astase, anylase, a blood
clotting WeaBmssssiUDP gl ucuronyl transferase, ornithine tramgreardaroyl ase,
cytochronme p450 enzyme, adenosine deani nase, serumthymc factor, thymc
hunoral factor, thynopoietin, thynosin al, a growh hornone, a

somat onedi n, a colony stinmulating factor, erythropoietin, epidermal growh
factor, hepatic erythropoietic factor® hepatopoietin), a liver-cell growth
factor, an interdZeuki he acthedaf blvm@mwinf%@trmomkﬁmabt piotearsis ngmoaliy h

factor, transformn r or. of the gastrin, secretin,

chol ecystokP duce gle% %\ﬁ\?m?”ﬁemfcro UBEt &) laﬁlﬁggﬁ a transcription factor.
51. The net hod of cI aim 39, wherein said genetl cally nodified mcro-organ
transpl ant is majntainable i |ture for.at.]|east .about twenty-four hours.
52. The method of cl ai %thoa/r?gglé’i“h%géﬁ’hﬂreﬁ‘e%gtre%"é’?ﬁ”gimﬁﬁrﬂfef‘} ‘éd“’%’i‘a&ly 0- organ
transpl ant haSraiusddl fyakeorgdrEorh Ghi¢R tHeMHcioREe eklaitacdevéged by the fornul a
IN+ 1/a > 1.5 mm1; wherein 'Xx' is a tissue thickness and 'a'" is a width
of said tissue in mllimeters. 53. The nethod of claim 39, wherein said
organ is selecteg frompt %ttﬁﬁ%@E’Iam?@@S«&h%ﬁehﬁ%d%ccﬁ«aﬂﬂdﬁpBro?é'irgﬁ'a,mﬁké?ancr eas,

a liver, a gallbladder, a kidney, digestive tract organ, a respiratory
tract organproaellr eproducti ve organ, Skl n, a urinary tract organ, a

bl ood- associ at ed organ, a thynus, a spleen. WD 03/035851 PCT/ 1L01/ 00976 63
54. The nethod of claim 39, wherein said genetically nodified m cro-organ
transpl ant conpriGsi ng Tepimethell bht¢laiardy, wbcrnie(saitlvg:ombmm@roieihlisa seqcrednged in a
mcroarch|t<f=.\ctu e si m'Iar.tt.o tl} mlcroathltect re of lthe (r? ?an from whi ch
the expl ant ToWadCoBPH F8FUEE I iR AREE B BIOKR 35 PRSP organ i s
a pancreas, cimsbtdyenogppul aﬁrbmqundﬁse ) | ribogiclides b st@igrihudlangeahans. 56.
The nmethod of claim an is k| n d the expl ant

th
i ncl udes at ragygle ‘i’\lg‘pﬁ%ﬁi’ “F& PPQ?F Zaﬂ 1a5¢- A2 Sqé"i‘mo?ﬁéloﬁé’tgﬁf‘f&orolfjl)gl ai m 39,

wherei n the RE@BRY1I Fadfhse e asfithisKitnscaddmbiige, e¥RIcRRdnel HEEY08Sye,
popul ati on of hyperproliferative or neoproliferative cells from t he

di seased skPdEnoB® dymeinigt FEEM oty RicafariosothyRife hamarak daciprg dhistopeistin.y
modi fied m ﬁ{yﬂl ghgai‘gst gﬁw'héﬂﬂonhsa”?dx&ftaﬁ apl ¢ dofbnghmnmlm% pRglum  59.

The method o aim wherein the retal ned iicroarchitectu 't he
geneti cal | 'y eryduoroiegid, epiideroal @rgeth facnca,rimpbta;rﬂrytbuomzintiics@stooﬁepaﬁocvpomm acel | -cel |

and ol |- MRLLI L SRt BLLONS BERARSD o ¥aRle JBLE: bR il 7 020 from

factor, transforming growth factor of the B family, gastrin, secretin, cholecystokinin,

somatostatin, , substance P and a transcription factor.

51. The method of claim 39, wherein said genetically modified micro-organ

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

52. The method of claim 39, wherein said genetically modified micro-organ
transplant has a surface area to volume index characterized by the formula 1/x + 1/a >

1.5 mm-l; wherein 'X' is a tissue thickness and 'a’ is a width of said tissue in millimeters.

53. The method of claim 39, 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.



60. The nethod of claim39, wherein at |east a portion of the popul ati on of
cells is infected wwth a reconbinant virus carrying a reconbi nant gene
encodi ng waiod/o3sseconbi nant gene product. 61. The net hod ofPCElTRI1M08T,
wherein said reconbinant virus is selected fromthe group consisting of a
reconbi nant hepatitis virus, a reconbi nant adeno virus, a reconbi nant
adeno- associ ated virus, a reconbinant papilloma virus, a reconbi nant

herpes virus, a reconbinant lentiviru®, a reconbinant retrovirus, a

reconbi nant cyt@negalimwethisl cfivthia 39.ederdn swdhgensticallamodified sicriyrgdB/ 035851

PCT/ 1L01/ 00976 , 64 62. .The nethod of, cl ai m.39, . .wherei.n at | east a_portion
of the populdrRigN SPOPELRY sepétl})glag r S SRS E S PR e:ljl?’eiagﬁn%zgcluéi% aci d

sequence Vi ficeoatdh2f@iroGimElar @ntheratitrodchisaheatf et drpanfréheviichotip egasi st i ng of
cal ci um phosphat e nedi ated transfecti on, DEAE-dextran nedi ated

transfecti oS adnedy oporation, |iposone-nediated transfection, direct

i njection, and receptor-nedi ated uptake. 63. The nethod of claim 39,

further conprising the step of encapsulating  said genetically nodified
micro-organ cul tX¥re pritsrmetbedsel glaigt a4 yheyein dhe orgpr I tPRRACasT and) e m 39,

wherei n st e]gbp(lg)io,ilgcgﬁ;,gg&@g s of llahodrs@k ati ng froman ani mal a portion of
an organ including the population o% cells, the portion of the organ

mai ntaining a mcroarchitecture of an organ fromwhich it is derived and

at the same timng havi grﬂét%%”ﬁic%ﬁl%?k«%}eﬁgthé%r it Qi én%"Yh?%%élHﬁggg of

adequate nutrients and gases to ce int m CT 0- or gan exp

di f f usi on oinclodédslatileast owalstirgfolbinle and glale ni cr o- or gan explant so as to
mnimze cellular toxicity and concom tant death due to insufficient
nutrition and accunul ation of the waste in the mcro-organ explant; and
(i1) genetical | ys7odi e R@thadl of dlaidt 3% evieretf the bgas 6d d Sis@fedssking appbihel at i on

of cells of the portion of the qrgan w.th a reconbinant gene to _express at
| east one rBPHRHINFHAES @@H%”l%‘roﬂdﬁc}]typer@\é\/{.‘%ﬂlaﬂée AEDFAREPLEFratye ety 9™ Qfier ei n

sai d step (@keaksi Rfnf ected by obtaining said mcro-organ explant from an
organ of a transgenic ani mal expressing said reconbinant gene product. 66.
A nmet hod for producing a mcro-organ explant expressing at |east one

recombi nant genesspr odggt mehHEoMERENAY, GRARE Lk Bhelillfly $1olRie@nilS Qkahi ng from

a transgenic aninmal a portion of an organ including a population of cells,
t he porti ontrafsplehtas merigtamablew amaiimalmeednni cr oarchi tecture of an organ from
which it is derived and at the sane

59. The method of claim 39, wherein the retained microarchitecture of the
genetically modified micro-organ transplant comprises one or more cell-cell and
cell-matrix orientations between two or more tissues of the organ from which the

explant is isolated.

60. The method of claim 39, wherein at least a portion of the population of
cells is infected with a recombinant virus carrying a recombinant gene encoding said

recombinant gene product.

61. The method of claim 60, 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 stmian virus.



time having dinensions selected so as to allow diffusion of adequate
nutrients and gases WO 03/ 035851 PCT/1L01/00976 65 to cells in the

m cr o- or gao oaxpisant and di ffusi on of cellular waste out offCrheowmiogréo- or gan
explant so as to minimze cellular toxicity and concom tant death due to
insuffitient nutrition and accunul ation of the waste in the portion of the
organ, at |east sone of the cells of said population of cells of the
portion of the organ expressing at | e&st one reconbinant gene product. 67.
A nmedi cal devi ce2conplhsmatodoPdddiyinsy wberdia\at ast@poejpawlf atei pogulationgdnet i cal |y

oroduct, { HERRErORIPERN GHLR BHCECOREN & Ho pOBOI T aR B eR aHed { ne

M cr o- or ganselee¥p! Ao ﬂ’ﬁl gltoap NéoRgstéhgTb £ rarivepicdphiaty enediatedn v@isgRfod,r om whi ch
it is derlveg and at th (g me _time having di nensions selected so as to
al | ow di f f uSF6k dG’f‘traé‘d’@thaat‘E trﬁf&fﬁﬁil@hf?ﬁ%frmraﬂa&s‘ww maflipied fransfggon,

M cr o- or gang;fxPinRBiora il échlonsicane@liptard | Ul ar waste out of the mcro-organ
explant so as to mnimze cellular tOXI city and conconitant death due to

insufficient nutrition and accunul ati on of the waste in the m cro-organ

eXpl ant, at | easl;, SORR. %Ietﬁoa%fgﬁllh §9offurt§<§'cgm 28 teis oqfen ggdﬁin f the

m cr o- or gan expl ant expressi ng at 'east one feconbi nant gene product.
said genetically modified micro-organ culture prior to said step (c).

64. The method of claim 39, wherein step (a) is effected by:

6) isolating from an animal a portion of an organ including the
population of cells, the portion of the organ maintaining a
microarchitecture of an 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
micro-organ explant; and

(i1) genetically modifying at least some of the cells of said population
of cells of the portion of the organ with a recombinant gene to

express at least one recombinant gene product.

65. The method of claim 39, wherein said step (a) is effected by obtaining
said micro-organ explant from an organ of a transgenic animal expressing said

recombinant gene product.

66. A method for producing a micro-organ explant expressing at least one
recombinant gene product, the method comprising the step of isolating from a transgenic
animal a portion of an organ including a population of cells, the portion of the organ
maintaining a microarchitecture of an organ from which it is derived and at the same

time having dimensions selected so as to allow diffusion of adequate nutrients and gases



WO 03/035851 PCT/IL01/00976

65
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, at least some of the
cells of said population of cells of the portion of the organ expressing at least one

recombinant gene product.

67. A medical device comprising a polymeric device encapsulating 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 an 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 micro-organ explant, at least
some of the cells of said population of cells of the micro-organ explant expressing at

least one recombinant gene product.



