SUBPOPULATI ONS OF SPORE- LI KE CELLS AND USES THERECF FI ELD OF THE | NVENTI ON
The invention relates to the identification, isolation and uses of
5subpopulwizonigeof3sspore-| i ke cells. BACKGROUND OF THE IPRIVEINT010M56340 The
use of pluripotent cells has gained interest in nedical research,
particularly in the area of providing reagents for treating tissue damage
ei ther as a resul t(SUBPOPIMATICNS OX SPORE-LAKESCERDG/ ONDAISERSE processes.
| deal ly, cells 10that are capable of differentiating into the affected cell
types could be transplanted into a JHEREOF, 1 need thereof, where t hey
woul d interact with the organ m croenvironnment and supply the necessary
cell types to repair the inj gy DRI YERINVEECTIONES) cells are pluripotent
cells derived from bl astocysts that can be propagated indefinitely

undi fferenti at ed i Aheimvestion wlatesioithe wentifi¢ative, iselatiéd angalsks 6f neages in
vivo, and gan ﬁ&inpgced 0 dif.ferﬁntiate into nost cell types in vitro
(Martin, PFocSTRROPURHGRS & sporgldefellss g 7634, 7638 (1981)). Al t hough ES
cells have been isol at ed BAORGROUNSD OINTHE BSYENTIONSear ch as wel | as
therapeutics i s encunbered by ethical considerations (Frankel, Science.
287: 1397 (2000) 20Themuee pEplaripelent dele hasasined inerest ngnedical sesearc, st em cel | s

1ot ere ke e S LGRS S EPH, ,,
Pot t en, Phi | oas Zresnit dRgGeticldeftdtsBinRirtds, Helor B&dscSatbdeddsdd. (2998 kellepi der mal ,

(watt, Philos Trans R Soc Lond B Bio| Sci., 353:831-837 (1998), and
mesenchymal stiahasesaepbls of tigfingsintptieafiectey celbtypsscaddPe Anot her

popul ati on of ' :ent I It , has al so
Been pur i 11 ed Frouienistd s BT A therbbio RRBlayREy SELISTHENADRRA: 052
(2001); Reyes tige Mged miidrbérejiroAneniNdAopply Sud nece a6 @BiyARF0 (3AGthe . These

' i i i t 00 | ati on
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blastocysts that can be propagated indefinitely undifferentiated in vitro, can

15 differentiate to all cell lineages in vivo, and can be induced to differentiate
into most cell types in vitro (Martin, Proc Natl Acad Sci US A., 78:7634-
7638 (1981)). Although ES cells have been isolated from humans, their use in
research as well as therapeutics is encumbered by ethical considerations
(Frankel, Science. 287:1397 (2000)

20 There have been increasing efforts to isolate stem cells from non-
embryonic tissues, including hematopoietic (U.S. Patent No. 5,750,397),
neural, Gage, Science, 287:1433-1438 (2000), gastrointestinal, Potten, Philos
Trans R Soc Lond B Biol Sci. 353:821-830 (1998), epidermal, (Watt, Philos
Trans R Soc Lond B Biol Sci., 353:831-837 (1998), and mesenchymal stem

25 cells (MSCs) (U.S. Patent No. 5,736,396). Another population of cells,
multipotent adult progenitor cells (MAPCs), has also been purified from
bone marrow (Reyes et al., Blood, 98(9):2615-2625 (2001); Reyes &
Vetfaillie, Ann NY Acad Sci., 938:231-235 (2001)). These cells are capable
of expansion in vitro for more than 100 population doublings without

30  telomere shortening or the development of karyotypic abnormalities. MAPCs
have also been shown to be able to differentiate under defined culture
conditions into various mesenchymal cell types (e.g., osteoblasts,

chondroblasts, adipocytes, and skeletal myoblasts), endothelium,
1



30 tel omere shortening or the devel opnment of karyotypic abnornalities.
MAPCs have al so been shown to be able to differentiate under defined

cul ture cwodntivwnssi nto vari ous nesenchymal cell types @eTgiS2oi0ss@ebl ast s,
chondr obl asts, adi pocytes, and skel etal myobl asts), endothelium
neuroectodermcells, and nore recently, into hepatocytes (Schwartz et al.,
din Invest, »08bd28derth3Qhs,(aA0B¢ rechnit)dhtb dBpodiRed (Sehwsez @fal. ES cel l's or

ot her pluripotent cells f regenerative therapy in a subject is to control
the growth an ’Gilf“l’eéf’éaipilg§l'é§@%&50®e cells into the particular cell type
required for treat geg, i } 8515?1% Lner et al.,
Proc Natl Acad Sci USAPa{Qg%:qci130?-@%%%2&1(@%%%&1, non%&%r?%t efagi ght growth
factors used régengutivaihenpy éua ditfjéw istotdoatroldhe gxoithsnd differ¢miatiore cel |t ype.
popui ati ons oft HiAHGpIh IR BREIAE PPl SRRa-H Gh AHoree SEaPBeSuE abl e for a
variety of apgisclaéd Rschuldier wEAlNPrbé Kok 14084 K& usy, oandhor-193 gease of
various organs_and/or tissues. Furthernore, sources of the nultipotent or
pl uri pot ent c&009).zo8e pf thiet eight giowhefactorseused tescindectixdifferantistiend from
20041 0033508 By VAL AR P AT AT PR obB it o5 ey RacBel 1 s whi ch
have an excepti pﬂ@éﬁeyt&%@i@rdt@b@fMMS bofrapl@ebidanhi vad pRpotthese cells,
call ed "sgor e-11ke" cells, have been denonstrated to tolerate essentially

conpl et e &%ygé&ilsraiable don ayariety ofapplieaiions. dnclding sreping injiryenrdlori abl e

despi te oxygen: ri ] i f ore-like cells
have a great erial‘sggsgeég;('?ﬁyb@gor%%l I P@?gg%egh%uﬁtﬂ%ﬁ%g’r&%ﬂ%g% Pt;/tﬁ ifferentiated
cel | s i sol at edndfltipoterstpe phalporaded isssaaited®nohit the adlisveust dphaivested S an
inportant attr,i buf,e, because tissue engineering, cell therapies, and

gene- based t h&WaplEREHE®EHf t en hanpered by physicians' inability to obtain
suffi cient number s (08, sililfied Qg Rbenobods BAbiRRb00d bod ok gr ef ore an
object of the present i nvlenti 0 tolpr ov?&e 255ubpoquat?ons o?glggor e-like
cel | s expiéssiVagantpet alf,idischsk kmall pfiand@veorellgeviéch have an exceptionally

high tolerance for oxygen deprivation. These cells, called “spore-like” cells,

have been demonstrated to tolerate essentially complete oxygen deprivation
for at least 24 hours (cells were viable despite oxygen deprivation for either
four or 24 hours). Spore-like cells have a greater capacity to proliferate than

20 terminally differentiated cells isolated from specialized tissues. Proliferative
capacity is an important attribute because tissue engineering, cell therapies,
and gene-based therapies are often hampered by physicians' inability to
obtain sufficient numbers of cells to administer to a patient.

It is therefore an object of the present invention to provide

25 su’bpopulations of spore-like cells expressing specific cell surface or gene
expression markers.

It is also an object of this invention to provide a subpopulation of
pluripotent spore-like cells, and a method for isolating a subpopulation of
pluripotent spore-like cells.

30 SUMMARY OF THE INVENTION

Sub-populations of spore-like cells expressing specific cell surface

receptors and/or gene expression markers have been identified. In one

embodiment, the cells express at least one cell surface/gene expression
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expressi on markers. It is also an object of this invention to provide
a subpopul ati on of pluripotent spore-like cells, and a nmethod for isolating
a subpopuwvetznormeof3spl uri potent spore-like cells. 30SUMVIRRY/USE0T0MESSHINVENTI ON
Sub- popul ati ons of spore-like cells expressing specific cell surface
receptors and/or gene expression markers have been identified. In one
enbodi ment, t hearkelshish @xPeigssanal, 2Hass, i, CRIEY, 1801 frRwel, gREE %Py €ssi on

mar ker such a?’g&tdﬁ .hanog Zf5296 cri[%%o Gdf 3, UtFl, Ecatl, Esgl, Sox2,
Pax6, nestin, eStingegh-1ER49, (@Pph CIM0. Bldatgerin, ckikiSP-CSCH). cC 10, SF
| DAXI,and SPELBAXINaAPSEG PRI BBolitfnfithe SaRRARSS, @ COMDI nation of
mar kers. Al so provided are subpopul ations 01!‘1 spore-li1ke cells 5 which can
be i nduced t o cdinbinatiembf mbekersn Adsoqeblidedbreanbimgelatiohs ofspendikaadilsor

ect odermal _ori gi.n. These,subpopul ati.ons of ore-like cells, regardless of
their tisste dﬁgﬂa}% ,m‘é‘é?ﬁgg‘ég‘#?&ﬂm?@‘ @r?@ﬁgf’ém@@fi?@agrm%??ﬁ% g fromall
three germ | aygesoddVialO8snS Phest 488ob MBS APorRhNRI i Qpgpul ation of
spore-1like 10cell g are dg%_gri beesd. hie) melt hodsg(i)ncl%dcgnggf:%ﬂéigng i sol at ed
spore-|ike celtheir fisspe af griginounde usédte ssuéhfecieln briginatinpdporesdlitboreeof cel |

surface and/ or &gzeeexpressi on markers, and identifying the cell surface
and/ or gene e%ﬁ &%Farkers. Methods for purifying a subpopul ati on of

spore-like cells ofMéhbdyfesideadyiand dbenihahisahpoplilaBbBR bespdrkaikee! | s are
al so described. In some_enbodi nents, the nethods includes (a) Erow ding a

popul ati oR0of cebhore desogibed eilegnetheds inejude eylipring iselatedbsnopedibe tdls of t he

spore-like cel t e . mar-kers such as Oct4, nanog,
7f p296, cri pt 5%"3‘&%}3’,‘1 ‘%i{%e ﬁ%%%%‘f‘,fgé%’éﬁ%,s%gg% 5:8[3%( aad pr #°sca-1, CDR9,
CD34, CD90, BExprebsigi inarkees<hnd id2ftifShpeGhe CENl rfadt dnd/B¥dne eap@bpr SCGLO; and

(c) purifying thﬁ sub- popul ati on. In sone enbodi nents, the cells are
i sol at ed usi ng®&AtPbodi es specific for the cell surface markers. Patients

who have a di sor denefibfdFoRfudtytt! 4 \5subb SRR of3pbid e ce S ofinterest

15  from a population of spore-like cells are also described. In some
embodiments, the methods includes (a) providing a population of spore-like
cells; (b) identifying a subpopulation of the spore-like cells that express one
or more markers such as Oct4, nanog, Zfp296, cripto, Gdf3, UtF1, Ecatl,
Eégl, Sox2, Pax6, nestin, SCA-1, CD29, CD34, CD90, B1 integrin, cKit,

20 SP-C, CC10, SF1, DAX]1, and/or SCG10; and (c¢) purifying the sub-
population. In some embodiments, the cells are isolated using antibodies
specific for the cell surface markers.

Patients who have a disorder, such as a skin disorder, a tumor, or a
disease, such as diabetes, can be treated for example, by administering a

25 subpopulation of spore-like cells to the damaged region (e.g., the damaged
region of the patient's skin, the area from which the tumor was ablated, or the
pancreas). Systemic administration is also possible. The methods can be used
to treat a patient who has a deficiency or disorder of functional cells in any of
a wide variety of tissues, such as the retina, intestine, bladder, kidney, liver,

30 lung, nervous system including spinal cord or brain, or endocrine system.

BRIEF DESCRIPTION OF THE DRAWING
FIGURE 1 shows spore-like cell isolated from an insulinoma (tumor

from pancreas).



di sease, such as diabetes, can be treated for exanple, by adm nistering a
25 subpopul ati on of spore-like cells to the danaged region (e.g., the
damaged rwgi2on/wbisshe patient's skin, the area from whi eQTiuseowosano was
abl ated, or the pancreas). System c admnistration is also possible. The
met hods can be used to treat a patient who has a deficiency or disorder of

functional cells in DPHTAILBDBESCRIPTEON OF THENVENEON as the retina,
i ntestine, bl adder Ki dney, liver, 30 lung, nervous system i ncluding spinal
cord or braink or Detinitionse system BRI EF DESCRI PTI ON OF THE DRAW NG

FIGURElshows spoy, i N t r from
pancroas) ORI AR IR B R R IR AT 1l PO A
pl uri potent spes thelability tedive riastotwﬂsioﬂig'neﬁng from all theepernh lakerscel | t hat

has the abjlit ive rlset ells originating fromall three germ
| ayers: #res&g"é (fﬁ"%e?fﬁlﬁ’gﬁ%an et gﬁ‘i‘rbderm The term "isol ated", as

used in the cont extrh@fers "SR ame&%{hecbﬂ@kpﬁta%@okbﬁe deie cell exists
apart fromits native envi ronnent. An isolated cell can be ¢onpletely

i sol at ed fromlmﬁlmﬁs thasithe eglipeadsts &varb@orpmsem(e ¢nvimnmenc Aedsaetedrount in a
popul ati on. ed her.ei r spare-like cell population is a
popul ati on of ﬁ?%%%on&}ﬂetﬁ&\}gﬁﬁtggﬁo ‘ﬁ ceegq?’l?eén‘i’r CHEPSS a%l that exist in
their native emrédsedamptnt s pbpdhtishie proportion of that cell in a mxture

of cells is greater than would be found in its native environment or
i medi at el§ fol | owiigsedharein; ahenriched spese-dikp eslbpapulationdes pepulttian | abel

Al L e e A MR
Popul ati ons S@HVIﬁﬁSnemft, sBphdtehd privportieh los that cell in a mixture of cells is greater
than would be found in its native environment or immediately following
isolation.
15 As used herein, a "detectable label" refers to any moiety that can be
~ added to a binding partner of interest, which allows for the detection of the
binding partner.
II.  Spore like Cell Populations
Seurces of Spore-like cells
20 Spore-like cells can be obtained from an animal donor such as an
avian reptilian, amphibian, or mammalian animal. For example, mammalian
spore-like cells can be isolated from a rodent, a rabbit, a cow, a pig, a horse,
a goat, a sheep, a dog, a cat, a non-human primate, or a human. Spore-like
cells can be obtained from a mature animal. Because spore-like cells tolerate
25  oxygen deprivation better than differentiated cells, viable spore-like cells can
also be isolated from deceased animals, including animals that have been
deceased for 24 hours or more. Spore-like cells were isolated from chicken
livers {avian class) purchased at a grocery store. At initial isolation a trypan
blue dye exclusion test that showed very small viable (dye excluded) spore
30  like cells. Three days following isolation large floating clusters of spore-like
cells too numerous to count, could be seen (data not shown).
Within a given donor, spore-like cells can be obtained from a variety

of sources. For example, spore-like cells can be obtained from bodily fluids
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20Spore-like cells can be obtained froman ani mal donor such as an avi an
reptilian, anphibian, or manmalian animal. For exanple, mamralian
spore-|i kwocelllwsosan be isolated froma rodent, a rabbi PCcTAISC@w/O5@4Pi g, a
horse, a goat, a sheep, a dog, a cat, a non-human prinmate, or a hunman.
Spore-like cells can be obtained froma mature ani mal. Because spore-|ike

cell's tol erat ¢.25bkygenlidspr urat), and et Fhot AlbFusbtbhalrepddsat ed cel | s,
vi abl e spore-like cells can al so be isol ated from deceased_ani mal s,

i ncl udi ng ani AEITEOYRaIPOTRaNkS (s8ls fanye ebfaiagd frem tha paldsnt &vherwilldee. Spore-1i ke
cells were is LG J | t a
arocery st or o ApEeetly M B A iEoce AL SR b Ao RSBl B L T ¢
showed very swihUdiffdretsispedicly Aumiciondedpogaporand 36hogdeacicalibmpulbivae days

follow ng |sol ation | e floati.ng clusters of spore-like cells too
numer ous t céﬂ?ff”',? § 591‘336‘&’3 o a“sﬁ‘gfomﬂﬁ‘?ntsortOngf‘Fﬁuﬁs-a gi ven

donor, spor e-1ike &ghlcSlilcAR1PeaPRLGhORMIlIGTOA dieided ks fopour ces. For
exanpl e, spore-like cells can be obtained frombodily fluids (e.g., blood,

sal iva, or urienanpleagaticerons tissé (igared))| Spofailike cadlsabusdsglated hatba eover ,

spore-like cells.can be obtained f.romthe patjent,.who wll be subsequently
treated with ﬂggggcagteziegg}erqu&ﬂogeﬁm%}de @FE‘@&# WAYMSm an ani nal of a

different species. KohaabR@PBHoredikegeMN C, and xenogenei e subpopul ati ons
5spore-like cells can be obtained and used to treat patients or to grow

tissues. 10 SpoMethededorisplating snoredike cells arsdiselosad indb Riterdased ti ssue,
for exanpl e, ?@d@?f,f)@é’ﬁﬂ’i '78537‘5%2(1'?1%19"?%%05)7? teasﬁgéeafﬁtﬂf 'ﬁ&ﬁ. %Sllﬁ 3. dfus. 1 sol ated

have a significant’ régererative poténtia eri cORdITi ons.

| sol ati on of SpbdloddlsakpleGebbiaintd Mdhhadsmimal. Onself #id sagiesipampldsitke cells are
disclosed in U, S, Patent Nos. 7, 260, 492, 7,575,921 and 7,560,275 to
Vacanti, et alobtagisgrsappleokyihale blogd. Hraseaf euinareskill iptheartatl f r om an

ST Coe SRR AP SR A e SRl Rl oo
met hod may5varof tissuegised 3s e partitigngaterialt Fer dxppele] b e evém sheesanpdedisas t he
starting mat erai b%éd slza(r)rll’plee,)ita crgglb%’pieixcgd Erp % tu \é%gglta%nt;r?g a?naarh%l— eoaigsllant.

After collection, tissue samples, whether they are samples of bodily

fluids or cell suspensions obtained from solid organs, are centrifuged for a

time and at a speed sufficient to pellet the cells within the sample at the
20 bottom of the centrifuge tube. The resulting pellet is re-suspended in a

suitable medium such as DMEM/F-12 medium supplemented with glucose,

transferrin, insulin, putricine, selenium, progesterone, epidermal growth

factor (EGF) and basic fibroblast growth factor (bFGF).

The suspended cells are then transferred to a tissue culture vessel and

25  incubated at or near 37° C. Initially, when the sample is a blood sample, the

culture flasks contain primarily hematopoietic cells. However, after several

days in culture, the red blood cells lyse so that the culture contains primarily,

if not exclusively, spore-like cells. This is because the red blood cells have

no nucleus; however, the spore-like cells stay alive under these conditions.
30  When spore-like cells are isolated from solid tissues, the differentiated cells

can be lysed by triturating the sample with a series of pipettes, each having a

smaller bore diameter than the one before. For example, the last pipette used

can have a bore diameter of approximately 15u. After several additional days

5



a bl ood sanple, it can be placed in a tube containing an anti-coagul ant.
After collection, tissue sanples, whether they are sanples of bodily fluids
or cell swepengicorss obtai ned from solid organs, are centcirfusgad/ofanoa time
and at a speed sufficient to pellet the cells within the sanple at the 20
bottom of the centrifuge tube. The resulting pellet is re-suspended in a
sui tabl e nedi yauued) tRsspolMitdelld ri@EplY Ahs vapteieed Rdowh thusghdicose,
transfenin, insulin, putricine, selenium_ progesterone, epidermal growth
factor (EGF) Emhemsaafcells. (veptime; uyplyon theprdenof epmeximateld dayspended cel | s
are then tran at or near
37 C Initial eﬁrr{ 6}8 ntd E%uée&g W%%a%)g%zcgg tlfbﬂ%@%ﬁgft@ﬁ?d?ﬁ%agrgf | asks
contain pri malviab;e d&edsrdingrioﬂéypaa bded éﬁlushkm@mhes, whdrt ieslated we dederilad/s i n
culture, the red blood cells lyse so that the culture contains primarily,
i f not exc? usf¥y, spore-like cells. This is because the red bl ood cells
have no nucl eus; NONGKUr ordifiy SRANifiThd KEwaPHdBamkethaPlrdnigrisfder t hese
conditions. 30 Wen spore-liké cells are isol % d fromsolid tissues, the
di ff erenti at ethroegh Ednmdﬁoeepmsm ibyotithe only awdyrig isofmte spampllike odlish a series

f pipettes, h.h d ter than th bef F
exanpl o, the TG laptbabeepSee edls FhSaRoBor sTehtiet it RRASRTSK o ol v
15p.. After seye Eéils e ifréeRdlte NS cah Be patkédHhoughlerilep %ﬁﬁnF pkgescel |'s

rrultl ply and can coal esce to formclusters (spheres) of cells. Over tine,
usual | y oh0t hef apawiculat sg@&mﬁimf&wporewybn thehblter (andvisemilaslynthencr ease

T yoan b o cerisd s ChRRlR ek S b Fhfa I BRaBEEROY ™0 °°

Those of ordi @ﬁfrlgemlﬁxﬂeImsifestﬂliheisalaﬁompﬂobedw@m Cenéhhy, the sthaltedttheon t hr ough

reduced bore pipettes is not the on way to isolate spore-ljike cells from
| arger, diffeperesivathiythed]ifes, Ofﬂéﬁ'sné%l egliargetey efjanipstte B%AHE ni ng
spore-1like cel f a filter
havi ng pores {%@f@%@h@‘%ﬁ@% hlg[?lgée} o??Lﬁ&erﬁPa&deeilQﬂr&?%g% gs wthin the

filter (and, sédﬁtimﬁrycedww%mmlmdsd&r ibdleting s;mtd—hkm&éksl ifor trituration)
can be varied,, de ing on,how stringent one w shes the isolation
procedure to figez gﬁ”ﬁwmﬁﬁé‘c@'ﬁ’ﬁpi er the pores within the filter, or the

smal | er the di amet gy s@he Eﬁﬁocﬁhﬁﬁfsta%nétﬁ@fd‘r%olétﬁigt P&%tlil&rbellé fienf ever the
nunber of differentiated cells that will survive the 15isolation procedure.

Ot her net hods bﬂmnd/bcsnlmqvgwhﬂgc@unngexae&wmf gpéy dezBi/sthaiely and si ze

excl usi on. include: freezing anticoagulated whole blood down to -20 to -80°C without

20 adding any cyroprotectant agents, then thawing the frozen sample. The
intracellular ice crystals formed during freezing will kill all other cells. The
cells are them triturated in culture media and then cultured. The remaining
cells that grow ate spore-like cells. Other techniques to isolate spore-like
cells from blood include oxygen deprivation for 24 hours. Blood or bone

25  marrow samples are lyses with hypertonic solution to burst cells/stem cells.
Not using serum nor feeder cells in your cultures selects for spore-like cells.
These methods work well for blood as with other tissues.

Enrichment of Spore-like cell subpopulations
A method for enriching and characterizing, identifying or analyzing

30  the enriched subpopulation of spore-like cells is disclosed. The enriched
subpopulations are identified using cell surface of gene expression markers
expressed by the cells. The cells are cultured for a time period sufficient for

specific marker expression, as demonstrated in the examples, and marker

6



In sonme enbodi ments a nethod for isolating spore-like cells from bl ood/ bone
marrow whi |l e ensuring exclusion of types of cells/stemcells include:

freezi ng wotzotomgussat ed whol e bl ood down to -20 to - 80Cpeirtuseun/0234@ddi ng
any cyroprotectant agents, then thawi ng the frozen sanple. The
intracellular ice crystals fornmed during freezing wll kill all other

cell's. The cebxgeton dohdimtd iding Rtiedgha’ kaulvhus endretidrdinandskiihentheul t ur ed.
The remaining cells that grow are spore-like gells. Qther techni,ques to

i sol ate spor edlti Earighad sporerlake asil pepulations e pesiirler aep ey ake rcifier 24

hours. Bl ood f VS €, ] tenic sol ution
to burst cell g?@gﬂq&é?\ﬁgs@t ‘usl %%ﬁéﬁn&%@’ ?ggdwggzﬁtg’lﬁ#%’/our

cul tures sel eSv=2,fRaxb spstie-SGA4, CBRP SCDIhddetydt hotkgrimonidt, ®8-C, f or bl ood as
with other_ti S | ghment Spore-l.i.ke cel |l . subpopul.ations A nmethod
For "ent 1 ot ngChd: SR LrPaiSedi G AR e PO G e ZORAT BRe. enr | ched
subpopul ati onpe{is@PBIEwlHokiRteebh 8f the ntrR&t 8fRtbrest 1B 881 a®d Subpopul ations
are identified using cell” surface of gene expression markers expressed by
the cells. Theultwkd glrdmetmcounag@adcbmoml differenpigtiomdr shefdellsi ent for specific
mar ker expression, .as,denonstrat.ed.in t.he e | es, and .marker expression
Conf 11 e s, REPTESEHEG PUOE s B g e PP BB st ™ 1L heart
Enriched spor gathjopglageh] popul ations are positive for one or nmore specific
cell markers, such_as Cct4, nanog, Zfp296, cripto, CGdf3, U Fl, Ecatl, Esgl,
Sox2, Pax®0 nesti nMetmalsfor isglating elsaxpessing a potgin o€ gierast fendugthersp-c, 5 CC
10, SF1, DAX1 enr.i N e at lypn can be
used foll ow nBK’g’g gg&%@%&’?ﬁe&{ﬁé’?%‘ﬂ%%f% {(ﬁl;ll%l etﬁe:%rf i?(%rhegig@lg'el’ éélg"an be

cul tured furt kepretsinenmatieaginagelt cirobaisoBitddfBigriohmhdroially availabe cel | s
expressing the_markers can be further isolated fromthe enriched

subpopul at i onClasiet Hbgestem (Geaigy M djscesed & BxpPetst Vg 3 %in of
interest for : b Y uRL t i ill in the
art. For exanp é%m%gﬁkﬁrswg%g?%gﬁbng asﬁgrg er S%Fafﬁgt@%eg%&%gﬁsea{ésol at ed
usi ng comir citladnl used vaddtedd brd MeptiyHivordskingycstommes( Gelig with tHdldesidédscl osed i n

U S. Patent . 0,147, ich hy. i i th f. I'ls.
et el 8085 il s Bl RO BB P BB
fluorescing caomiR autolddtibity Wilebiel (P8R VAR MEMBYs, 21, Jovgpecence (for

exanpl e, the highest producers of a target protein) are thén automaticlly
col | ect ed ( Martwccasieipessape phephistical clustefDafiligse ceburesdts ine pegsage of

spherical clusters,.of these cells results in a rer popul ation of immature
and more pri mPPPURLSH BLNERRE anf ¥ REMIAY dBsENaRCE cel | surface or
gene expreesi @mbraikaits call eurbRedr Eéhel kpladtion ek DR Red Rtibns tiaf

spore-like cells of interest. |In our enbodi nent for cell surface markers,

the method i néHeRpRylatigns ot erediikrycells gbpuierasti rpnsembpdiment faggelkel | s i sol at ed
as descri bed X Clh| 1 i: =l ] lls for a
poriod of t1 ntidkmpbrertte b A0t NGRAP IO Rt RRREbSEIRE, 0 00
popul ati on of cels iselawidids dasdvibad sunga;pdy tuitringhia pipsilsipaof tpaedike a marker,
and

cells for a period of time sufficient to express the markers; (¢) contacting the
25  population of cells with a binding partner that is specific for a marker, and
under conditions sufficient to allow binding of the binding partner to its
target, if present, on each cell of the population of spore-like cell; and (d)
isolating the marker-positive subpopulation.
In some embodiments, in step (¢) discussed aboved, the cells are
30  contacted with a first binding partner that is specific for a first marker, and a
second binding partner that is specific for a second marker which is different
from the first marker, under conditions sufficient to allow binding of each

binding partner to its target, if present, on each cell of the population of
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under conditions sufficient to allow binding of the binding partner to its
target, if present, on each cell of the popul ation of spore-like cell; and
(d) i sol avongittdselssar ker - posi tive subpopul ati on. | n sompCErdseaionessus, in
step (c) discussed aboved, the cells are 30 contacted with a first binding
partner that is specific for a first marker, and a second binding partner

that is specifpediRe céllss hRBRCHRN K Bfst yttbp@Fuiaﬁmdo*fs‘pafeeme dellothdi e first
mar ker, under conditions sufficient to allow binding of each binding

partner to it BosaYger the marbﬁrés@h90n%m§é%mﬁtsémbp@9ulﬁﬁ@l ‘bﬁfﬁ@?ea]tlk‘“on of

spore-1like ce [ ?ﬂﬁ? ke cells
that are posi H\F/sewélg%’nes(ﬁ]e mar glrugnéuﬁé %g acting %:ggp?: !f)li)pul ation
of spore- I|kenméhckﬁﬂmﬂahcejhmfabenml&raﬁcﬂercmnhﬂlorblsnﬂiw@tpaaltmrs that are
specific f gne or re ; gdltlonal cell surface markers g r. conditions
SUTT1 i ent> t o PHRIRGPISAF bR I@g@ﬁﬂ%%réﬂ 115 (8¢ intj PHEPRIne? °3G q@ﬂg get, if
present, 0” egsﬂtsm&fdd of%ilf r%B%h@tffo?d‘ﬁﬁfﬁr&eshb r%)u(a{tl)onro? ¥d figsef Fom the

first subpopulation of ce those cells that bi to at |east one of the
ant i bodi es of celisepat(té)q toeat deagiyneadithenttibndiea ot gemtw); wlxitigbgﬁ]eaﬁmgm of cells

wher eby a subpopul.ati on pof. spere-like.cells is.isolated. .ln sone

erbodi nent s. SO SHeeRy apaR P it Py bfed sPire TR ne cel
surface mar keﬁsolaT&ﬁ TnS6h8 eh®ddRientd) ehebindih Rt cd YORPRIHLBEY GRSifkan be
perfornmed using any net hodol ogy that can separate cells based on expression

or | ack ol0experabereddhsusface merkse or nore speC|f|c mar kers i ncl udi ng, but

not limted to flugyescence ti LN ( FA mar kers are
selected fromthe eisrogaulﬁné)gﬁlslas/ ctlosed S&p(%)flﬁl{mrﬁsa%gg, p%%%% U pto, Gdf 3,

W Fl, Ecatl, Bighetiodsbgy Baxoan fb@&iatdheil&ﬁéseﬂ on%ﬁasm&DBﬁlachBBO Bl
I ntegrin, CKI t, SP-C, CCl10, SF1, DAX1, SCGlO, SCA-1, CD34, CD90, CKIT, Bl
integrin. ThecsRssasion pighe oneey mans specifie rrskereipcluding, Butdwhiigdteddtiner as a

50 R SRR Ol XESe  PESERER Spplzence of
at each stgp lggsgaobonmsm’@mﬂm&tﬂmog,rﬂifpa%j eaptoy@iike UtFE HantlsEsgl, Thereafter,
e subpopul 2 on o1 615l SRS, ABLEGLSH MYl dpvbded based or
CC10, SF1, DAX1, SCG10, SCA-1, CD34, CD90, CKIT, BI integrin.
The separation step can be performed in a stepwise manner as a series
of steps or concurrently. For example, the presence or absence of each
20  marker can be assessed individually, producing two subpopulations at each
step based on whether the individual marker is present. Thereafter, the
subpopulation of interest can be selected and further divided based on the
presence or absence of the next marker.
Alternatively, the subpopulation can be generated by separating out
25  only those cells that have a particular marker profile, wherein the phrase
"marker profile" refers to a summary of the presence or absence of two or
more markers. Each of these individual combinations of markers represents a
different marker profile. As additional markers are added, the profiles
become more complex and correspond to a smaller and smaller percentage of
30  the original mixed population of cells. In some embodiments, antibodies
specific for markers are employed for isolation and/or purification of
subpopulations of spore-like cells that have marker profiles of interest, and it

is understood that based on the marker profile of interest, the antibodies can
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Al ternatively, the subpopul ati on can be generated by separating out 25 only
those cells that have a particular nmarker profile, wherein the phrase

"mar ker pwofaligsorsefers to a summary of the presence or pabaseeie/nsd34¢ wo or
nore markers. Each of these individual conbinations of nmarkers represents a
different marker profile. As additional markers are added, the profiles

become nore cospbakoositioely oe apailitelyseRcshBdiogs ophsoidrIonewhiRaigent age of
30 the original m xed population of cells. In sonme enbodi nents, antibodies

specific for AePREMSodimentsise Biya furthsr fagentadon and/ or purification of
subpoput ations of $Reffe LinfGuifihts b Dt ANE RS CpRER Witnes Of | nterest,
t onh t he naf e of in

and it is understood tha ase er pro erest, the
anti bodi es caudeteetablsdabel. Miffbrint binding rariners gdtich/ighy tediffersnt fradetd ons of a

popul ation_, which jn sone_ephodi nents are then further fractionated. In
sone err‘nod?_rne\r‘f_f“%,{;e {aﬁﬁlegi“ﬁ@i ?rﬁﬁﬁﬁﬁ%?%\ clp ShEATSIRPY HeaBist ect abl e | abel .
Di fferent bi ndpfeaBRIARE"S v Bf@ét@&aﬁlelﬁ'ell‘sfa%wrdﬁ@%anéd can be | abel ed

with different detectable |abels or can enploy nme detectable |abel. A
vari ety of dewrditsanbisard mbidbds fir eokingatmetthe detectaile labeld tabtonsderuleas ar e

met hods for canj,ugati.ng,.t he tectabl e, ]l abels.to .bio ecul es .such as

ant1 bodi es. anduiH AR LLTY) Grerer g SEE S LG ARG EaRESE | ve

det ect abl e nidetet@Bleinidibtikdancliad, bat fe Mot limitdd foSbovanilguadiRat | y attached 10
chronmophores, fluorescent noieties, enzymes, antigens, groups with specific

reactivity0 clebramaphprisasiiuosescansineeipties, enzythes) antigense mronpe withypetdfiect abl e

noi eties, etc. L i . the bindi artmers. a bi oti nyl at ed.
In somne enbodir?réé:ﬂ}t@}?’rzﬁﬁlgﬂgﬁgo e?%%f %Plee egiaﬁ F%é;&%%hr%fnﬁ%qﬁ]lg d(%feﬁ%%}q rst binding
partner) whi chndietind, éto. InBoKe embodinidhes, @rl Yinditg paarradre bRt IWSi ng a 15
second bi nding partner, conprising an avidin or streptavidin group that is

conj ugat ed t o Sa¢ EEbPdEcats thedutinylated biadmg papners e firsthindiee t 0, oy3, ©y5,
and 7. Ins j , i.ngl i P13 lLy | abeled with
a fl %r escent i: aB%F%%‘gh%g&sﬁ)&%%&&%@%@lﬁaw%sf%%gglei#g%giarrent s, the

bi ndi ng pdft neecdnd bihdirrpdrinet adrepesingid bvidinfdr soegsdémtgrbabitht and cel | s t hat
bind 20 to the antib re separated by fluorescence-agt]vated cell
sorting. Addi tCPwﬁﬁ?te@g%/%g’t“i’rf%??egﬁ@g@é@‘fhéén%rbé“R hited oy ﬁ@g’s(%ish arti san.
1. Appli cati qig. Bf soRdRRRISIALMONEe BindPRYaRntd K Birb&ly 18beled with a

fluorescent label such as Cy3, Cy5, or Cy7. In some embodiments, the

binding partner is directly labeled with a fluorescent label and cells that bind
20 to the antibody are separated by fluorescence-activated cell sorting.
Additional detection strategies are known to the skilled artisan.
I11.  Applications of Subpopulations of Spore-like cells
Cell Culture and Genetic Manipulation
The cells disclosed herein can be administered directly to a patient,
25  induced to differentiate into cells of any of endodermal, ectodermal or
mesodermal origin prior to administration, or, they can be made to express
particular factors following genetic manipulation. For example, the
subpopulation of spore-like cells can be made to express hormones, such as
insulin, by transfecting them with gene constructs that include sequences that
30 encode these factors.
Differentiation of Subpopulations of Spore-like cells
The subpopulation of spore-like cells, regardless of their tissue of

origin, can be induced to different into cells from any of the three germ
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Cell Culture and Cenetic Mnipulation The cells disclosed herein can be
directly to a patient, 25 induced to differentiate into cells
of any ofwendodesorsal , ectodermal or nesodernal origi n pPCONUSR@0/056340

adm ni stered

adm nistratio
foll owi ng gen
spore-like ce
transfecting

n, or, they can be nmade to express particular factors

etic mani pul ati on. For exanple, the subpopul ati on of

HdySrsC AR eR@mprRJgkih Ond hbk @8i%k ih@iwm@%?ith@iaqzbem,s i nsulin,
C

themw th gene constructs that in

by

ude sequences that 30

encode these Kewgtibeaytespmelappesiies, adiporytess calidpopos kenemusele agdor e- 1 i ke cel | s

Th b | at.] = b , heyl '
or'i gi . " oan beagre SRR S S EriR YR RS PR B ATHE 0 erm
| ayers, for eyparptlemes kel aoll ahbBépategics.sehdl ekl indgnalictlhehi adletcel | s,

sl Sucnuseiy eyt eats ERonby oed buscellsbbuplinvs ?éféfLFO?Q?
D, e R mpP OV 8 oD 2°

ker ati nocytes
connective’ti
cells, parenc
and islet 5ce
cells), blood

| ynphocyt es),
perception, s

they establis
sufficiently

othet telsievagved Insahsecy paseptionyduch @s fHoss thanfemdpiragis

of

and

Ils,

.retinal cells.(an t her. cells iLnvolved.in sensqry

if e 87 58 bR P Fonehe) Revars MRS B P a e buds on
the tongue), ReK¥OUSIbRSYIR]. Ncl uding brain and nerves, and fibroblasts.
10The subpopul ations of spore-like cells can be induced to differentiate in
a varietyld8f ways. Thaswlnopplatipns efespersolikes-deflk earcled indueedrio diffdrentiatt i at e when

o BEREE b el kSR ThE B PR o

growt h

factors, enzyngs,es@blifiofdiie sjthlaedseaseihihaqmitMe Hods S ere sfidi@itignt i ati on of
s.influenced by virtue of signals the cell receives fromthe

the cells 15i
sur roundi ng

15

20

25

30

close to a tissue to be influenced by substances (e.g., growth factors,
enzymes, or hormones) released from the tissue. Differentiation of the cells
is influenced by virtue of signals the cell receives from the surrounding
tissue. Such signaling occurs, for example, when a receptor on the surface of
the cell is bound and transduces a signal from a molecule such as a growth
factor, enzyme, or hormone that is released by a tissue within the patient.
Alternatively, or in addition, cells disclosed herein can be induced to
differentiate by adding a substance (e.g., a growth factor, enzyme, hormone,
or other signaling molecule) to the cell's environment. For example, a
substance can be added to a culture dish containing a subpopulation of spore-
like cells, to a mesh or other substrate suitable for applying cells to a tissue,
or to a tissue within a patient's body. When a substance that induces cells to
differentiate is administered, either systemically or locally, it can be
administered according to pharmaceutically accepted methods. For example,
proteins, polypeptides, or oligonucleotides can be administered in a
physiologically compatible buffer, with or without a carrier or excipient,
Thus, the subpopulations of spore-like cells can differentiate either in culture
or in a patient's body, and may do so following contact with a solid support
or exposure to substances that are either naturally expressed, exogenously

administered, or expressed as a result of genetic manipulation.
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ti ssue. Such signaling occurs, for exanple, when a receptor on the surface
of the cell is bound and transduees a signal froma nolecule such as a
growt h f awoan11/eowBgne, or hornone that is rel eased by aPpCiramse@oxsdsne n t he
patient. Alternatively, or in addition, cells disclosed herein can be

i nduced to 20 differentiate by adding a substance (e.g., a growh factor,
enzyme, hornone, Oy dHelteibodiidal the SpdteliRe BéIepopfiBaiiodds GRlubedStoeNVi ronnent .
For exanple, a substance can be added to_a culture dish containing a
subpopul at i ondigferesgatedntoickls ekgctederme agigiebhexnosingrbe callsheanat e sui tabl e

for applying cell I »Qr fora ti 14 Nl ient' s body.
Wen a substan‘m’é}(kaodt‘seﬁné’f;a dl?frt{é Slitzag&geﬁ}eg}at %n %g?e?#%rb\é%ﬁ]%?g}%isggggc}%&ni st ered,

ei ther syst enggdRlpopulation Bdaddcyd td differmtibe indreld 6t weedeandt origdintg t o
pharmaceutically accepted nmethods. For exapple, proteins, polypeptides, or

ol i gonucl ebt i BEwswgthaeellsder mesodeme differentisipg iadiag; dn il araibsat i bl e
buffer, with A; [ 4l 3, D} : opul ati ons of
spore-1like ce%@%@%ﬁg?}}eﬁs g?%:llége:{elel%gptgﬁgélp%Sﬁﬂ%ﬁ:legﬂ# (Zlf% éﬁ??&?ﬁ@a patient's
body, and maycdiz of endmletroai orgic bnegesingithdicaisso‘¢rdioderpmbniedmi”. exposure to

substances that are either naturglly expressed,  exqgenously. adm ni stered,
or expressed gg’“@"?@éwt{l%ﬁ? é‘ﬁ‘é‘ti d%{‘ﬁ“ﬁﬁg aﬁ“}%pr‘??toa rmal” mefiadte enbodi nent,
the spore-1iKkegaigh fo ARRIFIRAY skl ih@{i’e%&@‘kﬂo@vrﬁéeﬁlfs%fﬁwmﬂ@rs!d%%ce| I's of

ectodermal origin by exposing the cells to an "ectodermal differentiating"
medi a. | niGnotsedrto eatilydhatshe celsarsindead diffkeentiatingsinpposlis af thedineage nduced to

differentiate jnto cells. .of sagdermal,. ori.gi n_by 5 exppsing.the cells to
“mesoder mal . dPF P PeNEPRRG cLaRiee Mgt e TR pAnRoBRAtIEh: , ¢ he
spore-1ike celjarleeptel Rhfifif differbmtiiicn df #R thieh Leme RivkRtage in8lRpesids of
endoder nmal OI’I?I n by exposing the cells to "endodermal nedia". Conponents

of "endoder mapt alph aeytaialfor endaderaal edllss laha smeethanusels skl to one of
ordinary skill i e 1 cel | S Oused to
verify that t ees‘l(;:lde smg#%etﬁmg%ulgﬁﬂ; g?%ﬁ%@%%ﬁ%%{hoargg S8 the | i neage
of the cot} espopdised veg|darlg i therdevelegthermof THse fimsies.conmonl y accept ed
markers to confirmdifferentiation of téﬂ% t hree g@rémépaye s, are the
expression of al ph&egalEss %frtb‘?é‘i“ﬁ‘ﬂﬁlélfor_ raBlidhen. BEISFPOPHIAERR %5 noot h nuscl e
actin for mesg E-'ﬁke%@l‘iis &t 1Bive W Ferli Qd',gr&gﬁrwﬁ?&&g)% 1c%hﬁy9;aiwm ch are
normal |y 15 expressed very early i1 n the devel opnent "of these tissues.
Regar dl ess of it the nstintendnes of mpattiof fievuedandeiadministeeddobpatiert §¢.gon of
spore-like cells that_have differentiated, or. that w | 0 so, sufficiently
To a1 d |t heahEPATBAEH BERSE OMp R B cet et i skidah DURE SR SOB od 1o o
patient (809. Jig@hedthf St maschl PR fuAENGing FIRHATRE a8 Gfbadl&sQy Skin, a
bone fracture, "a torn 20 i ganent, an atrophied miscle, a malfunctioning
gl and, or an affectedliy emsetogegehtrativeprobgssar pelgimaagerespertstve process or
aut oi nmune responsel). Tu§mr ?ﬂ(orce-i ike Cells (i) Vaccine Treatnent

umor Spore-like Cells

e

(i) Vaccine Treatment
Subpopulations of spore-like cells obtained may be very useful
25  research tools and have a potential for therapy, for example, spore-like cells
isolated from a tumor from pancreas may be used with dendritic antigen
presenting cells as a continuous cell mediated vaceine.
Current experimental dendritic vaccines work for a brief period but
eventually fail, most likely because they are derived from mature tumor cells.
30 If the tumor cells change genetically, then the vaccine may become useless,
similar to what occurs with viral influenza vaccines from year to year.
Having a powerful evolving tumor stem cell should make for a more

effective vaccine. Tumor-derived spore-like cell populations may be cultures
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Subpopul ations of spore-like cells obtained nmay be very useful 25research
tools and have a potential for therapy, for exanple, spore-like cells

i sol at ed woamiaeb1ssor from pancreas nay be used w th demrdriuse@oastsugen
presenting cells as a continuous cell nediated vacci ne. Current
experinmental dendritic vaccines work for a brief period but eventually
fail, most |iked Wscles stnelateRYs of Bic RRIuE dydiérR fo ARdckaad boeRiiaibel |s. 30 | f
the tunor cells change genetically, then the vaccine may becone usel ess,
simlar to whieatdemarsermalignynoies) ay demanstisigd facspmple ip Lo sfahrJ 106 year .
Havi ng a powe ViiRg. S I f nore effective
vacci ne. Tum)gvlj e ?gg@lslggr%ﬁmgg' %gﬁ’gg%b&ﬁg’??g%g%wggﬁ%% tures and
used to sti nukgdctal elelos bedin tuisori(mianearsylilioma) magbe ackted bl apbhknt i al | y
treat tunors or nalignancies, as denonst rlﬁt ed for exanple in Liau et al.,
J. of Neurd. Y0latisg thepg braiytumagggls and; stinulatingg speciphybo 9! WERWIfst r at ed t hat

a_spect al _tyPEPIhaPLa i dARY fibhY Stiefif @l h dhd IR Rfudifeat ed by

actually 5 isolatingt rain tunor cells and stinulating speci al type
of i mmune cel kthehhmbcessen thzeandigensyeddioed iy dhepmivios nellscakdlcodsequerelydri ti c cel |,
that actually then process the antigens, produced by the tunor cells and
consequent |y §?‘?‘H]5ff‘§tt _ref"rfgst %W%eﬁyg@q%&%ﬁgéqr@nﬂw&k the act ual
brain tumor resuldnngrd es%%ﬁro%%fshﬁéba%cgb_ﬁﬁ@@&ﬁé@”ﬁﬁs%ckﬁbe tunor. This
attack is 10 nedi ated through the production of cytokines produced by such
i mune cel{s awdpigl thioughdle meilnction o cptekings produersh hyruch igniige cel |'s. This
particul ar apprQac sho t her gpeutic benefit 4n.Qeth ani,yals and early
human trials ??}?Stqsrel[.i??ﬁ“é aﬁr\"éﬁl %%@Egd&@rﬁkﬂ%ge%iﬁl P?‘Fﬁ?‘gﬁ ons of this
technol ogy i s aphrabclothdskBogh thirepRifieBércfieiniRak hfighalodhdrariyadmangai nst a
particul ar type of 15 tunor cell, over tinme tunors nutate and consequently
new tunprs mayriald inseeating brajp fumaist Ope of e menia ligitations ofdhis fgebpelogyacci ne.
Thus the tumok, der iedeR ROLReddEGaGhld 't hadtiabbin®XRIERAA R 7 variety
of antigens and can contintously be kept 1n culture can be used in stead of
tunor cel i§. Asmbhedicosqoine: tinoes malatesandxpnesaemht negetumoanshapatiad e, updat ed
vacci nes can be 2Q._synthesi zed ang@us,e,d to _tre;ﬁe tunor re urrgnces in the
patient. We hala WAboEt0e 1wePqmsie dn e Taiflakyrsriae IRes Beymos ¢friyed peci al type
of tumor cal | edoRNiKeR3H HAOWRE exPRES G gréitdQafi6G S Anti@nS $REEHn t hat spore-1i ke
cells can not % i}sce)l at eérl1 ?ggrﬁxﬁﬁt nor typlgg. Cheé%lotent%nal advant age of
usi ng tunor depntmobusiydbedept ikeutbedelcan bousad imstead of aimaaccilndsitiesehe f act

that since spore-like 25cells ver rimtive ey have the full potenti al
Lo express. andPieriERlRares piteshnand Mstee Surfey vagiG “Hihor cel s and
express ngbti phRthadidddRdSsed 1 tRlahRimoMERSrentds iR (HOTBehUNAARRBh8ledt unDr cel |
is used to make a vaccine, then the variety of the inmune response to a

cel | that has the psgyer opsnoentikapellsdn garecialitffecrfdnwmor ¢abled anf t unor anti gens,
woul d have an.eng resu in [ 0] i nor mal
mut ati ons t hatlg%%(r:la’?’%i lrllﬁ?rﬁ rlrsoﬁ%%g‘xgldﬂ% tef{gér)\c\gﬂaff/g 05%'?%% F:&ESeC%ggf)F ge maybe

i sol ated fromigdigedroachll faaide tyfRs. One do@ntidl WvkmtadetdT uking t@apaci ty to
differentiate into all cell types of the i mune system i ncl udi ng nat ur al
killer cells, derixechspererlile ealiste stigplates wcckgds the diet Hhad sines spyre-like

25  cells very primitive they have the full potential to express and differentiate

into multiple varieties of tumor cells and express multiple antigens. In other
words, if a more fundamental tumor cell is used to make a vaccine, then the
variety of the immune response to a cell that has a larger potential to make
different types of tumor antigens, would have an end result in a more

30  powerful vaccine due to normal mutations that occur in tumors. Additionally
spore-like cells maybe isolated from the blood, bone marrow and thymus
with the capacity to differentiate into all cell types of the immune system

including natural killer cells, T-4 and T-8 cells, and B or antibody producing
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cells. Furthernore, dendrocytes (antigen presenting cells) may evolve from
spore-like cells. This would allow the possible in vitro stinulation of the
i mmune sywoemebidsnly by various types of tunor cells, PomusSadi®m®sd3yo m cr o
organi snms such as viruses, HV, and bacteria such as anthrax. This may 5
provi de a nmechanismto create new vaccines to tunors, and infectious

di seases such célss. Huthamsbradendsyted\itizt0pRbdiying RellY nhdyk&obel ftgn der i ved
froma tunor by a_biopsy maybe cultured in_vitrq and different therapeutic
agents can be SPRIedike 6eiseckhis wauldradlaw; the pogside invitrp siigulstipR ghtist spore- 1 i ke
cells thus predi I i : st I .
chenot her apeu?ﬁig%g%gﬁ??ﬁ Q‘g[ dgg%%fgél%ﬁ%}%?gtl on.éag%jg%ﬁ ?1|Q§g?8ié%rtoeri a are

i sol at ed fr omosganlsnpatclent wrused, BV hadibataindusle asartthrak t T8 mione t o choose

effective agntibiotic treatnment, so to will the isolation of tunor spore
li ke cell sgf r QFﬁvééeo"’f BEAANSIHe ctealaReY VarRIes & e a&hé"‘fgﬁ%t her apy

sensitivity taabhlddsRASS HiVendAfirkt QURlitiohally BRdre $RELEIY a&ﬁe&?ﬂoﬁ | sol ated
froma patient will be suited for use in the evolving 15field of nolecular
di agnost i cs anpdupetieohopscmaybeocubuoddi ih arittdhandodifferent therapetiorageots needed

di agnosi s and therapeutic interventjon. .(ii) DNA Repai.r in.Tumr Cells

DNA i n |ivi ngc%?eﬁff gééﬁlséo teght@[e gﬁ%‘ftfneth%& Otr%)ahﬁﬁ?fﬁﬁp%&lﬁ(&é’ﬁp§%¥ﬁch as

radi ation, capeddiEasthedntdesttbdRdhboRhethér iNBSa BRSLTKAGWMILE Rgéntdanaged DNA 20
is associated with malignant transformation of cells. Consequently cells

are prot edPed vaecnn waadintion Jnslikg hasteringredsndatpd Bomrrick ptiemmavithepai r genes.
For instance, .|, 3908008 At o%ﬂ%ﬂo@ e%f?e%ki&@%?dl}iét?c%éa &Pt cul ar type
of cancer, in SOms cases a defect 1h this Fepait System can be

denonstr at ed. willeheisalapdreof tamiohepdre fikeltélBriyonn abigpe) yaosle makel@iocancer 25

syndronme. This consists of a defecf, in DNA repair that is expressed as
fanmilial canc&Pitge andehempptherapnseasivay iestiag pessiple. Addatenallgumer i n cancer.
Nor mal DNA r epaj : i i tegh, ntly tunor
formation is § e%tlggea%e%@ﬁﬂteggﬁg&még%tfei& ?ngle)g}rngf?ahas Sgﬁlg\s\ln%oérﬂ‘:%ur l(r)bﬁal stem
cells to pbssdell ¢freoleapallibgriogtiasfanti pirdteovomgjcy nalptofibcthe pgtichoisn a 30

mgrating gliqma speci.al type of brain. tunor) .cells. Because of this
tunor tracki ngmBPFéﬁBH‘ge%ﬁflanﬁg%mE{@FﬁaB@m%nﬁw U4 genes inserted into
them for chen cal s suchgspNAl RESAF RITERBFTeNkUMOr necrosis factor and
interleukin 12. Upon inplantation these unique stemcells were able to

track down the bradMAtinhengsells is candandbrexgesadiie dabggisg egants sughtahe

anti-tunor chem.cal. . itionally.recent.liferature deno. at ed t hat
adult stem Ceﬁ%gﬁo&gé?ﬁgé%gﬁggI{)%g;{aﬁgnf{gl Séﬁefl milifa aﬁé@ﬁﬁ%ﬁﬁ& pl aced in
the body. 2Di sai gsudigted @liMadlignk tENAohRREMT ofdkllfl CoregashtideMeagan be found

for exanple in 5Qurednik, et al., Nature Biotechnol., 20 (11): 1103-1110
(2002); St ewarproteggd from becoming malignant by the presence of DNA repair genes.

For instance, if someone has a genetic predisposition to a particular type of
cancer, in some cases a defect in this DNA repair system can be
demonstrated. One example is the hereditary non-polyposis colon cancer

25  syndrome. This consists of a defect in DNA repair that is expressed as
familial cancer of the colon. A nucleotide mismatch can result in cancer.
Normal DNA repair genes would correct this mismatch and consequently
tumor formation is averted. Recent stem cell research has shown neuronal
stem cells to possess the capability of following and tracking down a

30  migrating glioma (a special type of brain tumor) cells. Because of this tumor
tracking phenomena, neural stem cells have had genes inserted into them for
chemicals such as interferon-gamma, tumor necrosis factor and interleukin

12. Upon implantation these unique stem cells were able to track down the
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al ., Bioessays, 24 (8): 708-13 (2002); Ehtesham et al., Cancer Therapy, 9
(11): 925-934 (2002); Ehtesham et al., Cancer Reserves, 62 (20): 5657-63
(2002); PEogueawp13set al., Oncogene 20(40): 5572-9 (2001pCT/ise019/066380 | | ke
cells popul ations di scl osed herein can therefore be 10 used to treat tunors
usi ng the uni que properties of seeking out malignant cells by tracking,

fusion, and Dbéii eiadricelld ahdvdaia@e e By bdckRingahd sthaivtorkéenicahserved to
cluster and fuse with normal cells that are?(?rown in culture with the

spore-|i ke cefidditigpailrecentditeraturehasaemonstratod that 3 stame gelishas Hisn- pr epar ed
ant i coagul at eg?ﬁarcﬁfﬁf'fugé ?ﬁﬂnﬂﬁﬂaﬁ{éﬁé‘@vﬂ&ggh@efi&'t &h& é??sc?&ﬁfés ed to neural

15stem cel | s these spore-li1 ke cells are easi eri especially fromthe
bl ood and r aprdéwant pddHAsepainasdinhsssi abbencamisubandtor chatdpleiional | y, t hey

el 15 becatioo CEY slgr e didianeos. oAt b 41 06! RGeS SEi € St ucture

Previ ous_deschi ptiooisys DA RIe9001S (2l02y. BB, S| Lapldmherghbroict ure or 20

packets of nenbrane bound s have natural DNA repair systens.
An exanpl e wo(lld: BS-HIEA0L); Ehteskany teatl. cGmcenReseues d 62rédBus56deddect i ve DNA

and then repl hese da d.DNA se t ' mal DNA usi ng DNA

pol yner ases. %@@ﬁeﬁé@é&%@gﬁe@?%ﬁw %%@h 35%%%@3% ail wth consequent
mal i gnant transfor matspdte- 1o SIS PepudRRUs RcloRdalekdih 85n fhefefdre beancer focus
on surgical renoval of the tunor and the use of tunor cell killing

mechani smi0su@hedts tehivmnonersipg the ugiguaprensrties of pepkingos aradigyant These
approaches ar g gsg Ot%&%n%gfa"éﬁénh dﬁﬁ%‘z{ R f;{%kﬁ'sga}eylﬂé”c‘%n?haeve%%% al vays
p es sing ep

effective. There are no proac o} arr 1o COnvert a tunor

cell into a nebsmledtdlclusteduad fisheilgindrinabe:lls @paiare Sy&h emsulaie wkthown to 30
exist, and their faiJure_ is invglved in the causing of cancer. The infusion
of billions ofthasreraliks edl. cworsslikressly san easiinbe peolated framnog-eRarest ood, with

fresh DNA repai.f -a,{,l,ﬂ"} cells would
have t he Cam%ﬁxg{o%é%ﬁaﬁﬁ?g&z%ﬁ‘%ﬁ%tﬁ %gégﬁ%rg%lenl S a%?%oo@%%t{og{eé?{alm repair
syst ens t d5t heteteédistthase sparpidike celld mre eddilyydenmsd, absoiallydram therbdgai r ef f ect
on the tunor cells.hy.secretin ents with trophi.c effects. These

apor e-1 i ke celid ity daEsa i BERRYS MiFRAHDH . cAEHEoRIN YAy von by 1V or
| P routes. SingaitcBh&quailyhal oMM & Poalhi@®Ntot s @ith bathorl s r epai r

systens known 5 to exist, side ef fect s woul d 'be m ni mal conpared to nore
traditional cdetausepCibdisigrenpprmbetcimallste and vehesimphestensiure.Essential |y an

unlimted nu r .of ore-like cells.could be nerated fromthe patient's
o bl ood ¢ o dea SRS Forl BseRiifA SR G SethRBt on 1 bohnol ogy
can be used t @atitestméHbiagt BOINIIDNIEC AlERAS Bavd HiaQurSPONA fepiie cel | s that

express anti-tunor substances, such as interferon ganma and tunor necrosis

factor. Once ishitteedin expazde gonktbecadpyuckgesibalican cybBr dampged, cel | s woul d
track down anc!ie%e‘dﬁ@e WA add en replace these damaged DNA segments with normal

DNA using DNA polymerases. As cells age, their DNA repair systems fail
with consequent malignant transformation. Most therapeutic modalities for
25 cancer focus on surgical removal of the tumor and the use of tumor cell
killing mechanisms such as chemotherapy, radiation, or immunotherapy.
These approaches are associated with significant morbidity and are not
always effective. There are no approaches of using DNA repair to convert a
tumor cell into a normal cell, even though these repair systems are known to
30 exist, and their failure is involved in the causing of cancer. The infusion of
billions of spore like cells derived from the patient’s own blood, with fresh
DNA repair systems that can seek out and track down tumor cells would
have the capacity to fuse with the tumor cells and donate their DNA repair
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tunor cells delivering the interferon, or TNF directly to the tunor with
therapeutic effect. This represents an inprovenent in prior art, because
15spor e- IWkeonigeb13gopul ati ons can be expanded in vitro POTASPEYSEA0

i nexhausti bl e amount of sinple cell structures that can track down, fuse
and consequently repair the damaged DNA found in tunmor cells. Prior art has

denonstrat ed tddmyeuhddielsBtGabt CllB OB SBay 4165 Exddl DROAI bffsst oput
harvesting neural stein cells froma patient maybe associated with many

risks. This 2Bettregr sblsbyapprdpgecntrvifarerhic elicqty Thesmuerslist the breast,
| ung, brain, géli% &ﬁ%écﬁ}e‘éﬂ?&ﬂ@d'in@%&é’%r &’gﬂ%ﬂ%g o RaMgy sal of

Degenerative seases ne base rap&uti cs or gene iTnsertion
t echnol ogy i nfnice dss ebhikicic anemudalentadoy obhiaterpEDINIA epainclahs deoveequences or
genes wi |

| _result in,a 25 clinical .inprovenent because of the production of
a needed pt ot @ Fifr %@m%@%?twm@ﬂéegﬁ&@%i rcemgérﬁé fo meeﬁﬁ%qlwmigé&_ i ncl ude
treatnment md@ﬁibiﬁhﬁﬁ)p@&'&:hé‘@é&@@ég chepthrapy. %&Bﬁ&lﬂfar@&&ﬂhﬁl ﬁé&ﬁﬁﬁar | Hee di sorders,

and other areas inclading viral 1nfections, cardi‘ovascu sease and
ot her organ dpfspmselikt atissouldte gehetated froap the gatinnif sewwhlpodfo gene based
t her apeutics has b?.eﬁ f.i%ﬁdf(ng an adequate 30 and effective delivery system
Mich work has B8P H&S Tegards to gene insertion and adenoviral vectors

with the ConSeqU?“%dHﬁfcﬁﬁﬂ},%@n@fnsé&i@n%hhﬁﬂ%%éﬁﬁwﬁs‘feﬂ@oin@eﬂhe expressi on of
t he needed protein because of insertion of e needed therapeutic gene.

Probl ens Havenpelestidesgauanses inta speee lgernslls theeexniress anfirfumor sibs@aedsy ed host
cells as well s.effect f i vectar.actually infecting
the host. As 8@%’0%3@%‘?@5 ‘%aﬁm{‘%%dzt}@%ﬁ%?os\é%%?@ 17Ke I%%JTS?&’ F}(’?B%I ations can
be easily i sobaicidally eipifdeecdapbieslilte defls Wadidgadhl dooeh axdFasdeih ihe vitro;, the
spore-like cells caﬂ he.safely returned to_the @}gti ent by various 5 routes
such as 1V, i HPgFets delieang dhe istepietana pe SNE direeldy todhe tindratith Genes encodi ng
proteins such r it e inserted in
an invitro eﬁ%ﬁﬁ%%&% frhﬂere %%g?sﬁqgﬁppévﬁg%gggﬂﬁeﬁr?ﬁé&%&% popul ati on
with the hew sparedikewvtil pogdatonardn pe exhaatediimi vigo teaipplyqares such as t hose

di scl osed in Vacanti, et al.,_ Trapsplantation Proceedi pgs, .33: 592- 10598
(2001 - Add « PO IecRmEt b SRl SHHAUSS bt ek GHEh S48t on of
Brdu, indicat ichke8GdniyGepiCineidemasdASNAVRLAER @mod BiIs. TRidbad nagy al so all ow
the actual in vitro production of needed therapeutic proteins such as

Factor 8 uti | idginaystrates thpioresrdl stem ellb possegutheseinoopertiess betdmtyesédmg t echni ques
WL e CONS COEieRR Sbllpeenfinkye AR By B 4R 1Y 2
20  treatment approach may have uses for cancers of the breast, lung, brain, and
prostrate as well as other organs.
(iii) Reversal of Degenerative Diseases
Gene based therapeutics or gene insertion technology involves
effective delivery of specific nucleotide sequences or genes will result in a
25  clinical improvement because of the production of a needed protein produced
by the specific gene. Potential uses include treatment modalities for cancer,
vaccines, genetic and metabolic disorders, and other areas including viral
infections, cardiovascular disease and other organ disease states. One of the
major limitations of gene based therapeutics has been finding an adequate
30 and effective delivery system. Much work has been done in regards to gene
insertion and adenoviral vectors with the consequent infection of the patient

resulting in the expression of the needed protein because of insertion of the

needed therapeutic gene. Problems have included ineffective gene insertion
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15effect may be possible. For exanples, blood spore like cell popul ations
can be isolated froma patient wwth henophilia or Tay Sach's di sease, a
gene i nsewbDeadi/mwonst ro, then the corrected cells coul d peTasb@byséapl ant ed
back into the patient with proliferating cells with the potential to
correct the enzyme deficiency and cure the disease. Any known gene enzyne

deficiency 20idiesid dekig hiddt Gelldias SRHas MayarGusATRORB I enel\Gral AGMENT USI NG
this approach. Potentially treatable genetic diseases include Huntington's
Di sease, nuscaftaplluipiaciisg g hosh s daponsypied imbieczempls) soralikeqalt i ¢

fibrosis, phe j el L S,t: Sk : ' and
[ brosts. Phghigianuc s, cAOCTRBIEPINAG, buid 6L boa Pl 210
genone, event gabilry; espotetkegeltetdnte? safely tratiiredso thegatientrty vanods sease wil |

be wor ked out opening up the opportunity for treatnment wth_appropriate
gene i nser?i o &R F‘%g‘{».mﬁ&ﬁsﬁ&??ﬁ@ﬂ sHRFYtansquely i Ramg fkg"%e@?neﬁopul ations

Ty provi de t bgoinadsticiRal & Phodet (NEk¥aien! dORROBAIRSELRS, genes. The

properties of their small size and exuberant ability'to divide and to all ow
t he inserti onimstricchmrange witrcemirohmient with cspadSior glithecspsreviikercelxpr essi on,

i ndi cates that tlgi S is.tﬁl reasorﬁabl e ap%l ica ioa. The ge e.insertion may
occur into t h@RHAIA With redish hPapeHIC 850G AR PTOGUSt Usieder BIgueS F whi ch

i ncl udes the peaRdesdBeBedSEVHBARE ot ANITSaNPUL RV o @ Mhgs 033:5®E potenti al
hazar ds i nvol vi n%zthe use of viral vectors such as the adenoviral

t echni quel0UsiSAY (AWily Addidiondl eyisiency of potantiahusedyclpdes vhalexpaesdioniofnal
nodal iti es of er. such..as_imsert.in ucl ei-G.. aci equences, _to make
t herapeutic a%%?’égéé%wéfgtlge %c?r%(r; acs’ﬁ?)%’rné%seg’lg"r Tgl}solpgt?lﬂ(?mgly a%ﬁ aglﬂarl ogenesi s

i nhi bitor to shkegtial iyigofpraiicd6 0o f@ded\thetdpeitigndeimiucihackathet $oe i nsert ed
into the spore-like cell pgpulations in¢ludes a vasoqactive %ene such as

VEGF to treat Wikizgngthespreabike enllpopylstion inresombppigeehnatusa adthbtbe  bypass

heart surgery. 3 j i }ﬂ&{g t.el .eat. cystic
fibrosis may ggﬂgeéé%érﬂe%??sbe(% Ey e"s\fgdot‘rﬁgr-a}g% tiec ce ﬁls'?cﬁ%g?’ aﬁ%é\i/l%l%{??r%é?g%% to the

| ung throufh teffectonachd piskible. Bor drawpldseblood spee likel célhpapuldient varg t hr ough
the 10 bronchi with nsequent engraft t, and. differentiation in the |ung
tissue with gé’ﬁé‘froi’it?‘ﬁ O‘G‘faq%a“ﬁ’éteﬂglg[‘%ﬁg&ﬁ? f@f Sal"b Srfg?eﬁsqﬂ REELC t he synpt ons
of cystic fibhashsd in vitre, thhd HRWokeREQEYUSLIoQIH Egsa%lﬁﬁﬁﬂ%e@[)%?& | s desired
the spore like cell could be iInplanted with bi odegradabl e scaffol ding

mat eri al , hydrihgedtient with arolBermangecdls withdbe potsdtialde coxec thetenagmee have

isolated fromfrozen bl.ood and. ot her, tissues such as heart, lung and CSF. A
br L or 11 m ¢ a1 R B iR PRt RV R SRR deBRie 1 e amount o

product d\ﬂbndh@ﬁll’tﬁfc%_(lii%biiséaﬁh#ﬁaﬁBeéihé:ﬁbnﬁtbitﬂﬁuﬂént‘ﬁghg@ﬁ_ﬁ gsbréginl s into the
body and eventual di sappearance. The production of a tissue construct using

the spor e- | i kotatinlly bpatpble genretigidissases inchuder ientingtonss Riseaseonpefadaron a
l”f‘?n.“{ g't o bl QS IARiBa S LA RLELD1MY! & sBE ifrolRY peRy RERLESLE thi s
hemachromatosis, sickle cell anemia, and glycogen storage disease to name a
few. With the mapping of the human genome, eventually most the genetic
25  mutations resulting in disease will be worked out opening up the opportunity
for treatment with appropriate gene insertion technology. Autologous derived
spore like cell populations may provide the needed vehicle of delivery of
these corrected genes. The properties of their small size and exuberant
ability to divide and to allow the insertion of therapeutic nucleic acids
30  sequences with expression, indicates that this is a reasonable application.
The gene insertion may occur into the spore-like cell in vitro with just naked
DNA alone which includes the needed gene sequence. This would avert any

sort of potential hazards involving the use of viral vectors such as the
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Structures and Fornul ations for Adm nistration of Cells The cel |l
popul ati ons can be adm nistered to a patient by way of a conposition that
i ncl udes woponuisatsson of spore-like cells alone or on OPCITIUS2018H6@H0 | er or
support structure. In many enbodi ments, no carrier will be required. The
spore-like cells will be adm nistered by injection onto or into the site

where the cel h@en@{ri@alrt&ﬁnﬂic{u@msihgltﬂié"ﬁz‘éﬁ@ 608&R indehnGBhy providel typically have
been washed to renove cell culture nmedia and will be suspended in a

physi ol ogi cal adslifignal modalitieseof Herapyrivel prinserting nideig apidssegnancesie provi ded

Wi th or incor i SRR - L. pport structures
may be rreshes&%&gpﬁ%pgﬁ%cg%#%gs%lﬁ%%%, po(rg{1 ﬁ%’%#ﬁ%t&ﬁﬁ’gg%and/or a hydrogel .
The support shiigicgenesis inlibitopeo sibp degsra @bl grooing) Amothicogagrwhiabl e, in whol e
ool Lot ac e PO PTL Ry e R e s b T
nmetal such’as ) . ura

pol yners i ncl QRinf Ws R i

gl ycosam nogl g%%n%eﬂ‘ és;gf% %gttpgé%g?ynergﬁ%{g?llﬁ%gé g%?%ﬁ@g{ﬂgggig?ﬁgg r'SUch as

pol yl acti ¢ acbgpasSheot ygtere.olliecCERT dencawhlich oph nyakre mprothiarte dieat

pol yhydr oxyal kanoat es .such, as pol dr ox tyrat ol yorthoesters,

Dol yanhydr | deSISgIgoN STAR Re SXPTREY PR rBRtAe Seisiit Hior JELHEr© ol 1 o
Supports  ThegisRR@ukh flc'dhehildfibn BRNavRDedn [HQM& MRV hefe thRRpMeeen mesh, 10
where the cells are seeded in and onto the nmesh. The structure may include
sol i d str i@t ubeinchiupith consequEntengrpipoent, arsldifferegtiatigndn theolungisswsl e, a neur al
tube for regrowth of Eeurgl aeéo‘?se eThedchPcpﬁ)rt By, éje at(s)te% or valve. The
support may b %eBFrﬁl mb? SPREET EEUERIHS "R ?%%%8 o’? ?ﬁl?)p Y °part thereof,
that has a pobﬂgﬁgﬁméﬁg,f ace allowing ingrowmh of cells and/or seedi ng of

cells into 15the porous structure. The support structure may be a
per neabl e st ruct ur &f kalkimedysgpa of # peeded wraduetis desiredithe spore Bke ¢dat ~ shape and

support the h l; - ]+ l:e . cture can
e a por ous. poroane inEEpled it b Boerh bl Bl e il BRARLSOE T T
struct ur e1f or meraly deeivad matrixasuch e wiedlaves isolatelsraif) fivagreblood hydlr oxyapati t e.
The porosity of the support strycture ul d.be such that nutrients can

di ffuse into CHETEFREERUFPES hﬁ%ﬁ%wf@féﬁﬁﬁ%wrp@m FPHBSTEPRs | nsi de,

and waste progiehsy RsHUUEET Bitnd HE amBlitorHAstt ddiafs BHbaBly dudGo St TUCt Ur e

dissipation of corrected cells into the body and eventual disappearance. The

production of a tissue construct using the spore-like cell population with

20  inserted gene nucleotides on a natural or bio-degradable scaffolding would

be a way to overcome this limitation.

Structures and Formulations for Administration of Cells

The cell populations can be administered to a patient by way ofa
composition that includes a population of spore-like cells alone oronorina

25  carrier or support structure. In many embodiments, no carrier will be
required. The spore-like cells will be administered by injection onto or into
the site where the cells are required. In these cases, the cells will typically
have been washed to remove cell culture media and will be suspended in a
physiological buffer.

30 In other embodiments, the cells will be provided with or incorporated
onto or info a support structure. Support structures may be meshes, solid
supports, tubes, porous structures, and/or a hydrogel. The support structures
may be biodegradable or non-biodegradable, in whole or in part. The
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The support structure can be shaped to conformto the space in which 25 new
tissue is desired. For exanple, the support structure can be shaped to

conf or m twotzhe/wshispe of an area of the skin that has beenThiseoieasanot he
portion of cartilage or bone that has been | ost. Depending on the materi al
fromwhich it is nade, the support structure can be shaped by cutting,

nol di ng, CaSthﬁgmﬁﬁm?&ﬂwbﬁhhﬁbfmﬁmﬁ@@oi@@ﬂmﬁ&@dyﬁﬁﬁﬁﬁddﬂﬁkheﬂ shape. The 30
support can be shaped either before or after the support structure is

seeded with c&fanimabong of hydrawyapptits. of aiFereige Nagipl poRymers ireludes descri bed
bel ow. é&?a}ggftl,ﬁgﬁiur&ﬁs E@pﬁoezfééeéhaﬁﬁeﬁ aﬂmfgﬂgcéﬁaﬁ@g%caag her factors that

I nduce differen or de entiation, cretio roduct s,

i munonodul at 8ysthetiapdlymenfihdndepaylydagentids suchgsesbilanticfaaed or s,
biologically aciive ¢co unds that pronote inpervation or enhance the

| ynphati c et W&!Yca%a%@gg,we K5 thriceh pOAY axsr%k’fa&O@fﬁ%S‘&3|ﬂ§ner support
structure. An 13teS POl SRhRsRE, OB anHyRHRE, Yolyafdhdhes, Wi ch is a

90: 10 5 copol ggn?grﬁ?@?%lﬁ{%ol fgéesyand ISactlﬁgig, gﬁg is¥mnuf acte%red as VI CRYLTM
br ai ded absor palycabendtes; end ftlfiesteysr Co., Sonerville, N. J.). Polyner fibers

(such as VI CRYLTmM), cangbﬁgt@_oven or conpressed into a felt-1ike polyner
sheet, which can then b&2 L any desired shape. Alternatively, the

pol yner fibers canig sespopi @%sReke mag et Bebosk WodeBt for-Ratert@slls theminto
the 10 shage desired for the support structure. In sone cases, additional

pol yner ca®h bevhgridthe cells arpeceded ymand dntgpdesnesh. The yiragterempydiaelude revi se or
impart additiQ Struct u 0 ' h 0 e | yl actic
acid solution Sglgéls%le&uargldsélég?%s‘ t’#}l{%ﬁsu&%@*g{nagﬁg 85‘[‘ "g’g Of?é | ef?BguerPnesh, and
t he conbi nat i eibecfanrdgeowinlod asirhbg@nhethd supbort May Hear it o8 ugper Thet ruct ure.
The pol yl actic 15acid binds the crossljinks of the poléglycolic acid fibers,
ther eby” coat i ABPROFEREY Praianiduathetos ek anmbngs oribigy or pert fiezgsd B the nol ded
fibers. The oyl AGihS:MGHeali3Ride ihbdvhilof &fts SRAGFRcBRE WS 1 bers.
Thus, porosity ca

15 the porous structure.

The support structure may be a permeable structure having pore-like
cavities or interstices that shape and support the hydrogel-cell mixture. For
example, the support structure can be a porous polymer mesh, a natural or
synthetic sponge, or a support structure formed of metal or a material such as

20  bone or hydroxyapatite. The porosity of the support structure should be such
that nutrients can diffuse into the structure, thereby effectively reaching the
cells inside, and waste products produced by the cells can diffuse out of the
structure

The support structure can be shaped to conform to the space in which

25  new tissue is desired. For example, the support structure can be shaped to
conform to the shape of an area of the skin that has been burned or the
portion of cartilage or bone that has been lost. Depending on the material
from which it is made, the support structure can be shaped by cutting,
molding, casting, or any other method that produces a desired shape. The

30 support can be shaped either before or after the support structure is seeded
with cells or is filled with a hydrogel-cell mixture, as described below.

Additional factors, such as growth factors, other factors that induce

differentiation or dedifferentiation, secretion products, immunomodulators,
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be varied according to the amount of polylactic acid introduced into the
support. The pressure required to nold the fiber nesh into a desirable
shape 20 wenohe@eousst e noderate. Al that is required ispchas2aiesdubers are
held in place | ong enough for the binding and coating action of polylactic
acid to take effect. Alternatively, or in addition, the support

structure canamnﬁiﬂaﬁﬁnazéxly%'geﬁ%mgregﬁerpﬁbwf@ bidlbdied s a@:ﬁv@@dﬂﬁﬁﬁ.ﬁﬂﬁt ructures
produced by techni ques known 25 1n the art. Faor exanple, thin polyner filns

can be obt ai nthgt BipmseiseeEEtionosEhersthe lymﬁha%aﬁw and I dHEsofn These fil ms
b t | ut ted
can be cas Bé&cg‘p%ﬁ%édr@??%?’ggq?émﬁﬁ&% r solution is evaporate

froma nold having-t € desired shape. Polyner gels
can al so be nDIdedﬁmwwmmgﬂadﬂaqmwﬁmengﬁwpmhxmnﬂmﬁﬂwumkhnes9030ng

conpr essi on nmol di n technl 30 n the art ot her types
of support” st FERAY ﬂg%‘s"f£13é90 Ct@%é\%e “é%?é}ﬁﬁql@swq%%{’/gupport structure
can be for Medyfd: RBRABAAE suﬂl&acmc&pcal om@villt, RCLJTP8 1y gibkR0r gani ¢

structures having internal pores, mesh sheets$ of” interwoven pol ymer
fibers. These(swlp p@VﬁCRYLtTf&)t, oareke wamerbtﬂ qonwsﬂjmusa fedt-leeopudymet hods.

Hydr ogel s 1 n anot her. the ¢ a Wt hydr ogel to
foul). a 5 ceaIF LQ’@P tﬁ?&?ﬁ?‘ﬁ’mﬂ?‘f’%ﬁ%ﬁefi ﬁ dg arﬁvf{}m&@ can be applied
directly to a Bly?&&e'ﬁbéﬂa%hn B@éoxﬁﬁa%@seq@@%@m Eﬁfox@ﬁ@ﬁms@,th&ﬁ ites i bed in
U S. Patent No 5,944, 7 hydrogel -cell m xture can sinply be brushed,

dri pped, &9 sph@?é‘@sm‘ﬂtf@f ﬁled@gpqrémnm daeowe cpastiradditionalopdleneli se made to

fill a desired ¢ dev he hydrogel vides a t.hin.matrix or
scaffold withidr fbaéf\% tbtefP né‘fr -'E;ers ){H%(%ngmqreglv%or lseesoe“ﬁ%’?ﬁods of

admi ni strati oaddifiyndlstresneab aid ﬁbemidsh saurtesainplhgempélmcﬁd; scdeolatisoci at ed
with a patient's disorder has an_irregul ar._shape or_ when the cells are
applied at a @rsbapddedite thiy ghegt of pheghycolic fiber mesh, and the combination

can be molded together to form a porous support structure. The polylactic
15  acid binds the crosslinks of the polyglycolic acid fibers, thereby coating
these individual fibers and fixing the shape of the molded fibers. The
polylactic acid also fills in the spaces between the fibers. Thus, porosity can
be varied according to the amount of polylactic acid introduced into the
support. The pressure required to mold the fiber mesh into a desirable shape
20 can be quite moderate. All that is required is that the fibers are held in place
long enough for the binding and coating action of polylactic acid to take
effect.
Alternatively, or in addition, the support structure can include other
types of polymer fibers or polymer structures produced by techniques known
25  inthe art. For example, thin polymer films can be obtained by evaporating
solvent from a polymer solution. These films can be cast into a desired
shaped if the polymer solution is evaporated from a mold having the relief
pattern of the desired shape. Polymer gels can also be molded into thin,
permeable polymer structures using compression molding techniques known
30 inthe art.
Many other types of support structures are also possible. For
example, the support structure can be formed from sponges, foams, corals, or

biocompatible inorganic structures having internal pores, or mesh sheets of
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spore-like cells are placed beneath the renal capsule to treat diabetes).
Alternatively, the hydrogel-cell m xture can be introduced into a 15

per neabl eyvokpoowmsat i bl e support structure so that the mrCItuse@omssenti al |y
fills the support structure and, as it solidifies, assunes the support
structure's shape. Thus, the support structure can guide the devel opnent

and shape of idiervidves PelyhiatibemB! THess sippord st ettes|chi Be pRiph&d ulingt hei r
progeny, that are placed within it. As described further bel ow, the support

structure cankpewpmsthadéd 20to a patient either before or after being

filled wth the hydr ogeH gggégelsm' xture. For exanple, the support structure
can be placed within a e.g., a damaged area of the skin, the |iver,

or the skel etal sy emjtharthiwdhsenubatdlls dré tnfixad with b hydregéitdfaged - cel |
conposition usin syringe, theter, or ofher sujtable device. Wen
desirabl e, >t hée%‘%éi%@g%lfm’t"%ge's%E’ﬁ&?ﬁ“%é’fhioﬁ‘éltrﬂ‘rxém%ﬁn RapRlichgifEc oo onf or m t o
the shape of thgs QbEéxféiﬁ?age&ngﬁQﬁa&xglE! ameﬁaib%ahﬁeps.'ﬁm N table

s, and del ed.

support structures, hydroge Ivery nethods are descri
The hydrogel s 5sHdin5d abhydingek cethmizitireean bimpde he huahtd drippghbt e of sust ai ni ng

living cells, and r.ef er abl apable of solidifying rapidly.in vivo
3006 5. . i’ asored S eRLraRt o peier e e et Wit or
structure). Lagp@e HUERRESTR hfdRbdet phATRQ thinThatHR Uk ShfRYER HinW thin a
hydrogel . A hydrogel can normally support approximtely 5 x106 cells/nl.

Hydr ogel s 10al ydientbcellsidheresindrprews. theae methods ehadministietion maybel | s and

wast e products_can.be rried.a A variety.of.diff.erent hydrogels can be
led: These i wereatly Sl SBEme G HmAns B G a8 ens

hydrogel s t hatanS@égillarf hayy orselienahe belRegy apptienar tlistat it @.g., WHeRONI CSTm ) ;
(2) hydrogels cross-|inked by ions (he. g., sodium al gi nate); (3) hydrogels
set by exposursiorediksicelieprewlaged bancgth the renal papsule tp frggfrdiabetesy.  ~ pol yet hyl ene
gl ycol polylactic i R ..and (4)
hydrogel s that ar qul'ge?n%&%géi [ 3|y?f0g§f %6%%%@%2%8@%%@%@09?

TETRONI CSTbVi )periveibleg diochbmpatiliie ssppottsratisirado thhtethe hivetureldsqialiyrer s

descri bed aboy e known to those of ordinary skill in the art. See, for
exanpl o Conci SBISEHESPEPGHRS BBt heiddis onuman e SHRROLERIMES 3. |

Kroschwi tz, EQhape) GRS, Yid &%pa drR3ie caheild¥ tiddevilopmentl R Ghaposty

the tissue that matures from spore-like cells, or their progeny, that are placed
within it. As described further below, the support structure can be provided

20  to apatient either before or after being filled with the hydrogel-cell mixture.
For example, the support structure can be placed within a tissue (e.g., a
damaged area of the skin, the liver, or the skeletal system) and subsequently
filled with the hydrogel-cell composition using a syringe, catheter, or other
suitable device. When desirable, the shape of the support structure can be

25  made to conform to the shape of the damaged tissue. In the following
subsections, suitable support structures, hydrogels, and delivery methods are
described.

The hydrogels should be biocompatible, biodegradable, capable of

sustaining living cells, and, preferably, capable of solidifying rapidly in vive

30  (e.g., in about five minutes after being delivered to the support structure).
Large numbers of cells can be distributed evenly within a hydrogel. A
hydrogel can normally support approximately 5 x10° celis/ml. Hydrogels

20



pol ymers, such as poly(acrylic acid), alginates, and PLURONI CSTM are
commercially avail abl e. 15l oni ¢ pol ysaccharides, such as al gi nates or

chi t osan,woaniibeowssed to suspend living cells, includi ngcspseeolosdser cel | s
and their progeny. These hydrogel s can be produced by cross-|inking the
anionic salt of alginic acid, a carbohydrate polynmer isolated from seaweed,

with ions, sugRoafafetiEhildivnGaih®AsirichRGesdhBOBIIR Bl W plvdicRagh i ncreases
wi th either increasing 20concentrations of calciumions or alginate. U S

Patent No. 4, Bspargigdawakcri bes the ionic cross-linking of alginate with

dival ent cations, LNl ELsqiftich PRI EPELANLES s BERUE pYdI0ge! matrix.

The subpopul ati ons ore- are mxed w an algirnate sol ution.

The sol ution nst lieiteder €0 térapantusd depandent hypdragdle thas sodiddfytor sétrauct ur e,
25whi ch thgn %olidifies in a sh tine due to the presence, of
al

rt ) .
physi ol ogi SN CEIEFANIE 6518- BL%%I‘&EQW%@ hydrogels srospdipkedfatiovel v, the
solution is deljv : . L OL: i tation and
solidified i n%%ei%" %(@g?tﬁ%lﬁ%% gﬁ?@%@%ﬁ%ﬁ% n %?:IEF l(t:(%)%%{e?giﬁgmé n general,

t hese pol yner slteaveoleatlighgds ., palytihaleny ghoblflgactiv adliempodydds sdthut i ons
e.g., water, a ous, al cohol s tjon hat have cfk d side groups or
gmngval ent i oﬁF‘gﬂ’S%l%’i‘dsgrP é%‘fd)(.% %ﬁ%?%&%l. t?Fﬁﬁ?‘E)?ﬁﬂ%ﬁ%&“B‘fn bol 3merg Wi th

acidic side gLRMRS ik Bﬁf(e%%"[‘%@ﬁﬁ%’fﬁﬁl MbthBd LRt HRNSnh8sif of the other

pol y(phosphazenes), poly(acrylic acids), and poly(fethacrylic acids)).
Exanpl e s10f @elyeess desotibesl dhowe adnonmbbo thase of exdimry skoll s thesutl Bemi ¢ aci d

, d hal , bl y..fl i nat ed)_ al | .. Exanpl

O mars wivr Bl Cat R Tk Anda ot PULRE Sala? RO MAEILARPT 1 BXaTP €8

pol y(vi nyl aniKieschwiROEy.( YdhayWilpy sndi$ds) Neﬁ%rﬁmy&(.,\/im%(l\/lgﬂ‘%dazm e). Swater
ed .

sol ubl e polynmers wth charged side groups are cross-1lin y reacting the
pol yner with ®alyaissush agioly(pepliearighi sngird PLEROMICSGhateof t he

opposi te charge. ﬁ%. . 4l.fd.val ent cations if the polyner has acidic side
groups, or ITU|%'[8I va %%ly%&r%%{%%' if the polynmer has basic side groups. Cations

for crossdbi nki ng tlneic polyyavehsridestduchas slighats de cltdpnah be isgdwa hydr ogel
10 include dival ent and trivalent catiqops such as copper, _cal cium
al uni num nagﬁégaeaﬁ#wawe 3 AR OB PORE IS el SeBr GRS EROe. TheSesal t s of t hese

cations are aggafebR chitBe BRIERISY &8ss RSBt bniohiloor SRt 60y dr ogel s.
carbohydrate polymer isolated from seaweed, with ions, such as calcium
cations. The strength of the hydrogel increases with either increasing

20 concentrations of calcium ions or alginate. U.S. Patent No. 4,352,883
describes the ionic cross-linking of alginate with divalent cations, in water, at
room temperature, to form a hydrogel matrix.

The subpopulations of spore-like cells are mixed with an alginate
solution. The solution is delivered to an already implanted support structure,

25  which then solidifies in a short time due to the presence of physiological
concentrations of calcium ions in vivo. Alternatively, the solution is
delivered to the support structure prior to implantation and solidified in an
external solution containing calcium ions.

In general, these polymers are at least partially soluble in aqueous

30 solutions (e.g., water, aqueous alcohol solutions that have charged side
groups or monovalent ionic salts thereof). There are many examples of
polymers with acidic side groups that can be reacted with cations (e.g.,

poly(phosphazenes), poly(acrylic acids), and poly(methacrylic acids)).
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Ani ons for cross-linking the polyners to forma hydrogel include dival ent
and trival ent anions such as | ow nol ecul ar wei ght di carboxyl ate 15i ons,

t er ept halwbeoilowsi3ssul fate i ons, and carbonate ions. Aqerevas2solosdsisons of
the salts of these anions are added to the polyners to formsoft, highly
swol | en hydrogels, as described with respect to cations. For purposes
of preventi ngExh@pRasgagdiogroa inbladé eabbatiie delieprbish 0gfnic &id al | owi ng t he
entry of nutrients, usef ul (£0I ynmer. size, in the 20 hydrogel is in the

range of bet weENPLng Agloganated gscterahly flugringtsrd) algokol geipp+Examplest s of hi gher
density with SRQi‘iI‘F fo ol %Eﬁﬁ :
t her m)gensi ti \?gﬁlk%}' oge Easécasﬁd%%rgoﬁ%@%%%ﬁgﬁ}ﬂg@e yg%{)eggg{%(vhng\se so-cal |l ed

"rever se gel atinies), pohyfenyli mesidine),end pohdyingl imitlamild)ds at or bel ow room
tenperaturg, and g whe rmed to higher 25 tenperatures (e.g., body
t enper at urg) . Thus%ﬁtwglﬁmqg@ﬁfssw&&%% grg‘?%w? F@éﬁ'gfgkeéirgbybel ow room
tenperature asemtihg afelfgbaﬁ@ VAt fﬂa{uﬁ&% éomtfoﬁrcﬁhéhﬁl%nﬁﬁi:alleﬁt b of‘\fen war med

to body tenperature. a resul . hese gels are especially useful when the
support st r ucthsrapposite ¢harge, eithsr amdiéchlémcaticns pithe potymeahas adidin sidel | ed with

i bael oor o S BrGRRLE A RS TR G B Py il BSH L openon
ydrogel s are -Wa ) ’
pol yoxyet hyl efig-Redsymkiny B ypbEAtrwikR 8cidlc-db gransh t51drdy a hp@byel

(Ni sopr opgl acryl am de), and N-isopropylaeryl am de copol yners. These
copol ymer $0 cadidhederdivalent|agd &dvalgnt satiand sueh asconpirgerdeumpalamingn, t heir

physi cal pr oPSLLhESuAUE BopAOhoRlldus (ARl ordROLALA IR, chtifnS! 1 On

t enper at ur e, gree of r or éxanp I'on” of | ow

mol ecul ar wei ght adslad edthe ipdBsndratol foan pofdegide savllepbakogds.of salts affects 5
the lower critical sqlutjon tepperature (LCST) of typical.thernosensitive
pol ymers. In addi t ifgfon %?Foﬁsﬁggl%n%g?espoé)ﬁ%e%%ﬁ%m@&lyéfog?b%%ﬁ?r ations

rangi ng bet veeh e il &R %tehliiotsuth %?%erv\if:[ng%c@%ﬁélel 161} {lig%rp&)ﬁ&gg ty and the

gel- sol transition tenperature are a transition
t enper at ulé bedmnsgterepiimise onsy silfateddng, end bebowte ons.rAjuicons solitese ofiel s have

O on 10t Ao koL S s oRebl 2ol D SR Kl o and, (el
usi ng PLURONI GhM1B@hydbgeld, Bs described with respect to cations.

For purposes of preventing the passage of antibodies into the
hydrogel, but allowing the entry of nutrients, a useful polymer size in the

20 hydrogel is in the range of between 10 and 18.5 kDa. Smaller polymers result
in gels of higher density with smaller pores.

Temperature-dependent, or thermosensitive, hydrogels can also be
used. These hydrogels have so-called "reverse gelation" properties, i.e., they
are liquids at or below room temperature, and gel when warmed to higher

25  temperatures (e.g., body temperature). Thus, these hydrogels can be easily
applied at or below room temperature as a liquid and automatically form a
semi-solid gel when warmed to body temperature. As a result, these gels are
especially useful when the support structure is first implanted into a patient,
and then filled with the hydrogel-cell composition. Examples of such

30 temperature~-dependent hydrogels are PLURONICS™ (BASF-Wyandotte),
such as polyoxyethylene-polyoxypropylene F-108, F-68, and F-127, poly (N-
isopropylacrylamide), and N-isopropylacrylamide copolymers.

22



aqueous conpositions to provide thermal gelling aqueous systens. U S
Patent Nos. 4,474,751, 4,474,752, 4,474,753, and 4,478,822 describe drug 15
delivery wo2vamsotsiat utilize thernosetting pol yoxyal kylpemasgelmss63w¥ t h

t hese systens, both the gel transition tenperature and/or the rigidity of
the gel can be nodified by adjustnment of the pH and/or the ionic strength,

as wel | as by the Che@enpolgiicRualbelomiokyasy safdetechiighabbe hydr ogel s
are pH dependent. These hydrogels are 20 liquids at, below or above
speci fic pH valterdheipphysigal Prapaticesysh g gorosity saigiof degrpdations or exanpl e, 7. 35
to 7.45, the f ag flul .t R human body.
Thus, these hg r@?%mgg’g‘agg’ aggéﬁ?‘%ggﬁg&%& élgortegﬂfgﬂﬁer %Iagﬁﬁlgh%gupport
structure as bW mplicdlaandight taaohiridealin the pegsance andrbsensobf shltgalffemthen exposed

to body p anpl es of such, pH dependent 2 dr.ogel s are TETRONI CSTm

( BASF- Wan otEﬁ‘é?)qu'Sli %W&@W%@BBEWB&?&@I ﬁ@‘ffgltW§enéﬁ‘V§t hyl ene

di am ne, poly % ARy }; - t . 3 and

pol y(2- hydr ox%)mat hﬁh?regéﬂﬁg@?wiaé%g)qgé ?ﬂgér%e' %%%ﬁ%ec%&%%ﬁn%gyﬁng Il)l ul ated by
st andar d t echhétoyges Staod 26Fe 3/ M)Hoai dispetsyei atdl (p thepdsdosies and3h@gher hydr ogel s

t hat can be us‘glclfto. .adrtn' ni ster sgo&e-%ﬁ[&e C(i}|| or.IhSi r ‘%ro eny are

sol i dified by %@ﬂtlo{}ieﬁ%ﬁr@m’&f’rm PREPCRA: HEPP .S’_t*?H SJBP @tb‘?eogel s are made
of macroners beiakikicR@PrelidElo tROLMRER R 'pﬁbse%eﬂ@ aelegiradeh! e regi on, and
at | east two polynerizable regions (see, e.g., U S Patent No. 5,410,016).

For exanpl@, rhwagigristicsetpableroiisdgmingsipote-bkaetidend Biliregenydd ynet i zabl e

macr oner i ncl a%d%%%ﬁuriﬁl%demeng on on each end of the core, and an end
cap on each eXtension. € core is a hydrophilic polynmer, the extensions

are bi odegradabl e [po$ .yt Noand 88383 dedribecansy IBILER@NI@WFlSE'oEaﬂaN e of
cross-linking the macroners upon exposure to visible or ultraviolet light,

L3

for exanple, PBYRPURAVBPRIINS Y providy thergial pellipg aqueous systsasbl-®2s of such
1 ght S0l di TieadnlNEL 0081 s NELYAOS PO IAITY) Sley 214 69 ROl GaROI YIS,
yco Wi th acrylate e

pol yet hyl ene g pof yl'acti ¢ acid copol'yners d groups,
and 10K pdbyetbveaneysyinycibht wilize chérobesettimopolperyaliylaepeld With theseacr yl at e at

both ends. As wiith th LURONI CTM hydrogel s, the cqpqlyners conprising
these hydr ogeIS}§Stf:‘5?1tb8§‘ iF teg %913‘? m&%‘&%&a&&g&@&e_ i fy their
physi cal pr Op%hﬁcﬁﬁﬁmﬁﬁt&éﬁ&fg{l&% @E@Qﬁ@/@]@&x‘c@&ic Srdrfo®f GOGRA al's) 2}/

crystallinity, and degree of rigi Hydr ogel’s may
admi ni st ered Ithe ¢ancedtation obtheqmiymetrer, or at the 15 time of inplantation of

oL SHPROT L StV kDAL TR SEEA R Bl B L 1O, o Tt !
terms usedoheniguidshabelo)or 855 speaft PHSahfs GRTRMHedgRi&i @od by one of
skill in the art to which the disclosed invention belongs. Publications
cited herein specific pHs, for example, 7.35 to 7.45, the normal pH range of extracellular
fluids within the human body. Thus, these hydrogels can be easily delivered
to an implanted support structure as a liquid and automatically form a semi-
solid gel when exposed to body pH. Examples of such pH-dependent
25  hydrogels are TETRONICS™ (BASF-Wyandotte) polyoxyethylene-
polyoxypropylene polymers of ethylene diamine, poly(diethyl aminoethyl
methacrylate-g-ethylene glycol), and poly(2-hydroxymethyl methacrylate).
These copolymers can be manipulated by standard techniques to affect their
physic:—il properties.
30 Other hydrogels that can be used to administer spore-like cells or
their progeny are solidified by either visible or ultraviolet light. These

hydrogels are made of macromers including a water soluble region, a

biodegradable region, and at least two polymerizable regions (see, e.g., U.S.
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20 and the materials for which they are cited are specifically incorporated
by reference. Exanpl es Usi ng the net hods described in the patent

appl i cat iwo,20papoizat i ons of spore |ike cells were isol ared/fscaniobssae narr ow
as well as several tissues 25 representing endoderm nmesoderm and ectoderm
| medi ately after isolation, the cells were placed in a nedia referred to

as "basi c nmedpPaienCOsIRSENG ). RYENVAHIR, e hidaatl dhokgiasvilzd, FG- and EG-.
The cells were nmaintained in the basic nedia for several weeks during which
time sequenti Blodsgradatle pabmeerizable spaseamerdnelBding picpresan REEBSIFNOR essed by

these 30 cell s, ALt %%Ing%'%h@ I&i :cﬂal éb%hrégteg% | BRNGEXRr essi on anal ysi s

and i nmunohi st ochem stry ent’l on of protein expression.
Spor e-1 i ke cehydrophitjuippbtherythactiessoasre bjpdegedibdd polemefs, antihdendn nesoderm

and ectoderm were anal yzed for. expressi on of nmarkers associated wth
enbryoni ¢ 3t efTRSATS SlieqhhiTs s mBRisc et b ank g t{%a@v@mﬁﬂéﬁwn@xm% i ons  of
spore-1ike celisphoauaeiid g eR4Qa8pRBon !w%%!%n%tl;tgiﬁ%av?dl& dryer) .

mesodermal tissue (muscle) and ectodernal Tissue cord and adrenal
gl and), all expres$asdamplee of sunh lghheilidofieddgdesgets inclddppayethplenar kers as t he

5 bone marrow acquired spore-like cells,, as l.I as absence of the sane
e ks ae. DoSR R oRBS S e Elens AR a B S P hed T nChe
"basic nedi a" with acrylate@hd E.antiher Shet 1Rblibe
differentiati r‘:gt mod, a: Eng{)dc?gr’m di ffeﬁ%???i atglhr(l@n%e)g%al, Nﬁ?é%%?rm

di ff er ent &9 ackpngdiwdinacrydaid atopticendsd 8srvith the 8E JGtihygragelsi a.  The

conpost L1 on Ot 85 i BhLBivet oy CISRIRELER, (gt L2t o
transferrin, idhulques tohibdify thein hya&dl Propetties sddiPasfratealf degratistonger um
15Mesoder m di fdgf%érggctegtig g&;gﬂinge’d;n%:de%l\gf%yd%y?0% fetal bovine serum
Hydrogels may be administered by injection or catheter, or at the
15 time of implantation of other support structures. Crosslinking may occur
prior to, during, or after administration.
Unless defined otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood by one of skill in
the art to which the disclosed invention belongs, Publications cited herein
20 and the materials for which they are cited are specifically incorporated by
reference.
Examples
Using the methods described in the patent application, populations of
spore like cells were isolated from bone marrow as well as several tissues
25  representing endoderm, mesoderm and ectoderm. Immediately after
isolation, the cells were placed in a media referred to as “basic media”
composed of DMEM/F12 with antibiotics B27, FGF and EGF. The cells
were maintained in the basic media for several weeks during which time
sequential studies were performed to identify markers expressed by these
30  cells. Markers were identified using both gene expression analysis and
immunohistochemistry to identification of protein expression.
Spore-like cells acquired from tissues representative of endoderm,

mesoderm and ectoderm were analyzed for expression of markers associated
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Ectodermdifferentatiating nedia: 10%fetal bovine serum added to the basic
medi a conposed of DVEM F12 plus B27, BEDA FG-, EG-. \Wen the spore-like

cel | popuvetnornspissncl udi ng di saggregat ed 20 cl ust ers aequiuseaofdsaan bone
marrow and from each of the representative tissues, were exposed to each of
the "differentatiating nedi as" suppl enented as descri bed above, the cells

di fferenti at ecvithdngbro6nit Stefegle. SRl dpysedab el tasic nedueodRhlatigRs0der m or
ectoderm as a _function of the pedia used, as determ ned by the expression

of known pr ot &f sposeréike eellsnrecured framendpdesmal tssugdung and Eyfabder m

differentiati ] I ng protein
mar kers consi s gw*ﬁﬁgﬁt}g‘g%%)gﬁgfﬁgééﬁa%é&%i%% ?%af&?agﬁ% uln‘i n and

al pha fetal pgtind),nll ekhesgenbd sanagankiest, geGéiodhdyasteii mmkexrwelsﬁedh Wien a
Mesoderm differentiati ng nedj a used, the cells 30 _expressed the
fol | owi ng pr o8PhTREPRECGU %ci&ww@%&@smwff@a@@ Myosi n,
desmin, al pha pspRat %ﬁ%&%&r&ﬁﬁ%ed@?&r&ﬁ&%%ME e MERRRYT Y Was al so

expressed. _ en an Ectoderm differentatiating nmedi a was used, the
cel I s expressé&tasidhumedial’l owi ng protein markers consistent with Ectoder nal

tissue: Nestin, Map2.Beta-lLl11 tubulin (bath of.which.are narkers of
neurons), 04 (a na?%gﬁwcﬁ’fe ?5’85’@71‘%1*’00 tog_glf?e@ﬁl%% 13?%??&5‘%er of glial
cell's). Expressidoderaf diffeMaRdathaSmadia OMeSdetrh A TR¥nBRAR AL a4 ON anal ysi s.
As woul d be understood by one of ordinary skill in the art, 'the nost

commonl y a8 cepictadierra didarentatinting miadian Hhier dommenitioatof $he ro¢die st hr ee germ
| ayers are th%oﬁ(g(‘gsr_essi on of alpha fetal protein for endoderm al pha snooth
nmuscl e actin for nésoderm and Beta- 11l tubulin for ectoderm all of which

10 are normal |y exmndsdath deeenttibliye nbdibhHe QAR mefiiatab@skict | ssues.
In addition, the geneti c markers map2, burachyury and gatad4 are expressed
qui te early i #cidnBSPek M hypeecoriopattragpienin, inalin il cerpmyesin (i) Bone

Mar row Deri ved;Pios rdhiioviR!skdm.
15 Mesoderm differentatiating media: DMEM plus 20% fetal bovine
serum
Ectoderm differentatiating media: 10% fetal bovine serum added to
the basic media composed of DMEM/F12 plus B27, BEDA FGF, EGF.
When the spore-like cell populations, including disaggregated

20 clusters acquired from bone marrow and from each of the representative
tissues, were exposed to each of the “differentatiating medias™ supplemented
as described above, the cells differentiated into cells representative of either
endoderm, mesoderm or ectoderm, as a function of the media used, as
determined by the expression of known protein and genetic markers, i.e.,

25  when an Endoderm differentiating media was used, the cells expressed the
following protein markers consistent with endodermal tissue: cytokeratin 18,
albumin and alpha fetal protein. The genetic marker, GATA4 was also
expressed.

When a Mesoderm differentiating media was used, the cells

30  expressed the following protein markers consistent with Mesodermal tissue:

Myosin, desmin, alpha smooth muscle actin. The genetic marker burachyury

was also expressed.

25



15Spore-li ke cell populations isolated fromthe bone marrow generated nul ti
cellular clusters within several days. Individual cells, either contained

wi t hi n t wocbustcerss, or al one expressing the foll ow ng gematSeaonsd3ker s, al l
of whi ch have been associated with enbryonic stemcells: Cct4, Nanog, Daxl,

Fogf 4, Zfp296, Cripto, G&df3, Ufl, Cdx2, &ll , Esgl, Sox2 and Pax6, cMyc 20
(a proliferative gawign anAilhiSdertdif&eantaiidohedia wadlised, teeen@r ker nestin (a
mar ker general ly associated with neural stemcells)_was noted. Cct 4

is a POU tran§&pessed die foHeving paplgintapdgrsicongpfeniwish Eetgdermabhtsyex
transcription =1 G f i I i the

mai nt enagce oTI\f e?ﬁ%%&?ﬁ %tg_rlgn %ggo@% gﬁ‘ﬁ%’ﬁ#%@%ﬁ%@f%ﬁ%%&@éﬁmyom C
st em 25cel | s. n{dfesr of elig@adendroCetel), BFAP, s (h2n8Rdr d2%al MR ) Expbaiok,ofet al .,
Stem Cel | s

22, 169- ﬂ%%ﬁogﬁ Ni wa, Devel opnent, 134:635-646 (2007)).
CQtipto _(te?at CPAINEL FEF IV 88 EGRORIRCTREABRYES, a nmarker expressed early
in the inner cell mRSFould Be BndBidibdd BP6hd ONAHINGH! dkilP i tha ek, BERRE N Wi th

inmportant roles in vertebrate enbryogenesis (Strizzi, Oncogene,
24:5731- 5741 ¢20e®n)y a@ept@br@rkess tw ovpfihe diffdrentiatiom oF 113 thgeegerhani |y of

| i gands that is specifically express in.th | uri,potent state (Levine,
Devel oprent . 1876 s stes S PAIGRE ! aferki ik wlioufigh SR PP Ehsor | pt 1 on
factor (UtF1l) nwaslefacfis forlieablérid, a6d Bstad Il LuibdEs FbitctodBrk Caif G4ER t hat 1S
expressed in nouse enbryonic stemcells in a stemcell specific manner.

U fl is pd@susenormeleexpressep veryigedy dmnthe dexelapmetafthese tisfesir e and
Funct on. 20 3af- e edcRdRers IBLYRRAGBASGELY ESgRlalpd ranser!p

1 (Ecatl) is an'e i'c stem cel T *associ ns "gene. ryoni c stem
cel | -speci fi C qgieear(sEmghg g bherdoangim of tidemb@onai n cont ai ni ng protein,
is expressed in pluiipotent cells, including ES cells, enbryonic germ
cells, and nmul ti potp@ﬁ’tﬂtsger mline stemcells (KanatsuShi nohara, Cell,
1001-1012 (2004)). 01 N hegi.on.Y)-box 2, also known as Sox2
and Pax6 are mar ker(§%§gé¥%gﬁ§%%ﬂ%ﬂ$ o?%ﬁggagsél | s and neural stemcells.
Sox2 i s odé of the Speye-likeanediqropplations Kalatedfson tgione charmowlginadteded

| uripotent stem.cells (Zhao, .J. Cell, ,Biochem 105(4). 949-55 (2008)).
!Elesti ﬁ is a clné'g]g Céiul%‘%l‘éﬁtﬁé&lé‘l‘%sqvﬂ%m fr&f%@%}ﬁa&x?ﬁ?@%@aw&dom nantly
in stem cells Jiinpuengus@iidralond @kMRkSnSie f8IBvikE %&?efci‘c%ﬂf&ﬁers,%l & .. J

Neurosci., 8:1144-51(1988)). Thus, the spore-like cells obtdined fromthe
bone marrow exphidsbavedekeassotingil ovth anebrybniplsiem gdise fetd, NesFhdaxdl | s al so

expressed the I;g%,lﬂ%\iﬂg C{r){p%, ﬂdﬁ,rﬁ%%&z?ﬁga?ﬁilggﬁ%oﬂ and Pax6, cMyc
20 (aproliferative gene), Fgf5, Olig2 and Pdgfrl2. Also the marker nestin (a
marker generally associated with neural stem cells) was noted.

Oct4 is a POU transcription factor and nanog is an NK-2 class
homebox transcription factor, both of which have been associated with the
maintenance of the undifferentiated state and pluripotency in embryonic stem

25 cells. (Pan, et al., Cell Res., 12:321-329 (2002); Clark, et al., Stem Cells, 22:
169-179 (2004); Niwa, Development, 134:635-646 (2007)). Cripto
(teratocarcinoma-derived growth factor 1), a marker expressed early in the
inner cell mass, is a multifunctional cell surface protein with important roles
in vertebrate embryogenesis (Strizzi, Oncogene, 24:5731-5741 (2005)),

30 GDF3 is a member of the TGF super family of ligands that is specifically
expressed in the pluripotent state (Levine, Development, 133:209-16 (2005)).
Undifferentiated embryonic transcription factor (UtF1) was first identified as

a transcription co-factor that is expressed in mouse embryonic stem cells in a
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with enbryonic stemcells: Ckit and Seal (surface markers) and E-cadherin
as denonstrated by i mmunohi stochem stry. O note is the fact that the
spor e- | i kwocelllwoizsol ated fromthe bone nmarrow stai ned megatseme/fenot he
foll owi ng enbryonic stemcell markers: 20 Daxl, fibroblast growh factor 4
(Fgf 4), caudal type honeobox transcription factor 2 (Cdx2), Neo and Eras (a

tunor formati @tengealespe&ﬂa@annaﬂwﬁm jiresu]?iw zﬁﬁkbisxoﬁbﬁlﬁpﬁieﬁt)nﬁdim&,egat ive for
P75 a neural crest stemcell nmar t hey express the protein

mar kers:  Cda5 (EHBTrustureqnd F (‘@Wﬂ’ﬂt%ﬂ QF/ b‘%WH@HM%@W@W@W@@ cel |
mar kers) . 25( 'a'sgoclgﬁ a?lscrz t 1 (Eg@@{/g hle (ﬁ'hé QFIF}QEﬂ'aE§g1aft&fb}t@rgusc' €

initially express onic s emce ers observed with the
spore-|like celgbne oll‘mhrynant stem)mtﬁ ls;mctﬁn‘@naﬁsgiv\mhmhempoddsa K:Idl I s expressed
Cct 4, Daxl 4, Zf 296, Cri gt Cdx2, Ecatl , Sox2 and
Pax6, cMyc’ %P “&’an@@fjﬁ Prlffxi’resse in PYEPRtTRIgE Sﬂd@?lpﬁ%‘& ore-like

cells, liket i gative for
Cel 1> by k° R SenmriTaie R o gl aneaL bm SIBREAGEDL Ve {

(neural crest Shinclera, CeidAl@Od)flOmﬁﬂ%éhﬂ%@exdbtemmﬂmm@@rmZt stem cel |

tor they foPiBd ROTEE Sost Pl Bpears otttk Nl ES Siemit)  SThe

spheres st art eguiaDsttMIddlIASoRBY e the kSWrARMSpticAUhct¥RrequiRl ihest ed for
markers for at |east 3 weeks after initial isolation. The spheres

ul ti mat el yOgr dogluced plusipstent stemcelly (Zéﬁosb@efﬁ Bioghesn. |1|956ﬁ)a9\4e9h§5 Spher es
formed from my §668§‘)eﬁ%9{1§1s| di%s Al l}énﬁécﬁ Ip}()té/l e;{orrestepe fol I ow ng

mar kers: ckit, SUPraE e mar ng as , hot

necessarily alprﬁlﬁn’(lymlyensteﬁmsm|ﬂoni&e(c53@lhen»6hﬁ§5&ter&5@%eﬁﬁnsk&ﬁ ecells in
the spheres were positive at 3 _we however ,.only 1-5% were

positive (thi £hihdYesesss: §: %ﬂ“‘?h@;}’gﬁbrEhﬁsogleﬁaoﬁeﬂé‘iercen%?@ﬁﬁnéélﬁloﬁbss as
they matured) .4e bone e“ Veﬁ*%ﬁﬁ%%‘kgf?#ﬁ%%g’%ﬁﬁl@ﬁﬁﬁc I so anal yzed. These

are cells that are romth eres as they grow and
mature. 135Anti bodiEe ks al$h exprmbdi therfollgemg prgtSaandrkers @B3dtiatedind CD45 wer e

all directly co tedt PE. . Ant s, for . CD29, 4, _and, CD90 were all
directly conj @ﬁ ‘iy8mﬁls'c1)€t‘31 06‘@@;& F?P%tsﬁél §§5’I‘]%F%§‘%C§%B@Eﬁaab%rm or the
fol | ow ng mar kglgemoSediteh b ndiiBdoheiRY. and 131 integrin, while they

wer e negative for CD31, 5, which are hémat opoi eti c and endothelial cell
Of note is the fact that the spore-like cells isolated from the bone

marrow stained negative for the following embryonic stem cell markers:
20 Daxl, fibroblast growth factor 4 (Fgf4), caudal type homeobox transcription
factor 2 (Cdx2), Neo and Eras (a tumor formation gene of ES), and Rex 1.
The cells also stained negative for P75 a neural crest stem cell marker. Nor
did they express the protein markers: Cd45 Cd31 or Cd34 (endothelial and
hematopoietic stem cell markers).
25 (it) Muscle ‘
Spore-like cells obtained from muscle initially expressed the same
embryonic stem cell markers observed with the spore-like cells obtained
from the bone marrow, i.e., the cells expressed Oct4, Dax1, Fgfd, Z{296,
Cripto Gdf3, Utfl, Cdx2, Ecatl, Esgl, Sox2 and Pax6, cMyc, Fgf5, Olig2,
30  Pdgfrl2.
The muscle-derived spdre-—like cells, like the bone-marrow derived

spore-like cells, stained negative for Dax1, Fgf4, Cdx2, Neo and Eras, Rex 1
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20 markers of nore mature cells. Marker expression changed with the passage
of tinme. As cells that were shed fromthe spheres attached, they |ost the
i mmat ur e warkewos@380 first, then started to | ose Sea- 1PCAUSe)100ye33Pher e
cells did not express the mature cell marker, MyoD and expressed very
little or no Pax7 and Myf5. 25However when these nyospheres were pl ated,

adherent cel | gemilBtiiedichDcadkipakssi P 7Bquctial\re@Dmasicd, CeEo:Cdyd after addi ng
in differentiation nmedia fused to formnultinucl eated nyot ubes. Myosphere

celI's plated {§ndgtheiplgadibemainpoistic sEgetrllonarkeish di ff erenti at ed into fat and
bone. Wen nyosphermegg(yrk\{&g cdﬂdgﬁ ?ggbe[nllggg&gqmm %tﬂ%gfgft )l}hen i njected

into 30 nuscle, they nerate nmuscl e ers s gener at ed
t hrough t he f dormetlinoetictlluwpodpitenrsém the formufisphatent stem cell s since they
do not yet _express o eni ¢ _nmarker,s such as yet they

7, f5, and oD,
express thése mark r‘?s‘r%%r‘teﬁié?tg?@“asa“r?ﬁiyﬁéf%‘%ﬁ@y%’\%u?ﬁ?rﬁ“ﬁﬁ%ﬁeynucl eat ed

nyottibes, adiffagaRbs fand 108t Q8K ftef §lilia isAMbnC TRe Eﬁﬂ?é’éeiﬂt%hﬁelynl ur ed
muscle in vivo. The staining for MoD (nuclear), Desmin (cytoplasmc) and

Sca | (surfac@yemassiadsm&mmtmalm@mmds 1an13nsttea|Srphmgs faameRdrom (nucl ear)

h i ) f re.conf th reverse scri pt ase
5B 1t hat TS sREPaueRtt Nl BT HeTa ool T et A pBES ha
MWf5, or woDsm\f&uelrﬁaxﬁal1h§1caﬂﬁegtaﬁ&menrm&&&sﬂp&p&%g@n&tmﬁb&ﬂ and t hen

mat ured to express Pax7 W MyoD. (iii) Lun A simlar

ti me- deper@entESKPr Almoss A0t ofivhe WSHMSSPW@%W@WG%WI% at dayseke- | i ke cells
| solated f roth %”&gﬁol\idgggro%ﬂ 1 8, Gl ﬁ%shz%gttﬂfsﬁgdlc %Qh%a?% n*'tk{%ge initially

express cKit, Then e’ spheres

expressed SP- (Ibsn@g thair Ksterf ceiinésyens eyapattled).i al cells in alveoli (gene
expressi on and protein anaI%ryS| s), and CCl0,for Clara cells (gene expression

and protein anal ysi(&}ls shas( W”WE‘F%?S‘@YSWOAH?]@M BTeé‘F]E‘eé‘,@ § ®dkes very
early stem cel chromaffin cells
and cell that akr%al v%ﬁ%%%ﬂﬁ%&%ﬁ??ﬁ%g@ﬁe@%ﬁtﬁgfgw Iﬁaede spore-1like

cell s obt dBned&ﬁuboche‘sﬁaShdneaﬁhn@mrio(ﬁch-ﬂ};éi[@ﬂeancéClD;iwamemﬂhe bone marr ow,
expressed Cct 4 2 o) Cdx2, .. Ecat |,

Esgl, Sox2 and! rﬁ‘é %coné dt??% “g'@}q g%s 0%&?91%334 and E‘IH?Q vidf allal

gl and- der i ved RO Peddj M@t&ﬁblmél Wel18 5 ﬁ&e%lgz?ér&e»dere%gahwﬁ)rftﬁg Daxl, Fgf 4,
Cdx2, Neo and Eras, Rex 1 (enbryonic stemcel ers P75 (neural crest

mar ker , , Cd45 dollawizg n@éh@@‘t heAr bIClaz (Rdatb)90iand iEd lgtegnn,c@mlehhay kers).
25In time the wer@ uégatxv for (E@gh%ﬁ%%hmheaég E&ﬁ&t%ﬁmets ic and endothehal cell

20 markers of more mature cells.Marker expression changed with the passage of
time. As cells that were shed from the spheres attached, they lost the
immature marker CD90 first, then started to lose Sca-1. Also, myosphere
cells did not express the mature cell marker, MyoD and expressed very little
or no Pax7 and Myf35.

25 However when these myospheres were plated, adherent cells matured
to expressed Pax7, MyoD, and Desmin and after adding in differentiation
media fused to form multinucleated myotubes. Myosphere cells plated in
adipogenic and osteogenic media differentiated into fat and bone. When
myosphere derived cells were labeled with GFP and then injected into

30  muscle, they generated GFP labeled muscle fibers. Cells generated through
the formation of myospheres are multipotent stem cells since they do not yet
express myogenic markers such as: Pax7, Myf5, and MyoD, yet they express

these markers as they mature, and are able to form multi-nucleated
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st eroi dogenetic marker of the adrenal cortex, DAX1l, SCGl10 progenitor,
cromaffm (v) Brain and Peripheral Nervous system Brain and
peri pher avonermesusssyst em i ncl ude: brain, spinal cord ardTAG2q@ensgher al
nerve. In these tissues we have identified enbryonic markers Sea- 1, and
Oct-4. They mature to show nestin, other neuro markers and a marker for

Schwann cel | s myatpes, qdheeekic aed vecogeWl @ligiand cad regneritsGhjatedd
sub- popul ati on of spore-ljike cells. 2. The sub-popul ati ?n of spore-like

cel I's of cl ai MusclgivivesTigstainmeder Myr waslka) Desein y&erasys aM¥e gr oup
consi sting of ' , - Wt |, Sox2,
Pax6.  nestin. S@ﬁ“@%@%‘ﬁ‘s %Qﬁ%&%{i T%E%?‘PH?&CP@XE %gﬁe Pcio, Sk
DAX1, and SCGi@s sh@vn ithgresudhp dindings were afmfisped edthirkersakdnsergftasel ai m 2,
wherein the c l(lé?f are isolated fromms(gst-.naﬁgl anj mal tiss:ﬁﬁel ected from
the group Soniclt iPeiaRy SERRER AN THEESHG AR AR e SUIBRI | ssue. 4.
The subpopul atersody ﬁp@b?%&%&ﬁkﬂé sidd Rl ke ﬁ¥o§¢h&%$a&ch@@mapst nat al

animal tissue is selected fromthe group consisting of mammal i an, avian,
reptilian and teamghatbiedrio ekpressd’ax Mt ahdpdpolht i on of spore-like cells of
claim4, wherein the.tissue is selected fromthe group consisting of heart,
I ntesti ne, bl adder, 1112' 3ﬂ%y, liver, lung, adrenal gland, skin, retina, and

pancreas. 6. A met hodsigfilat fiflealepiiileft SPRROBH lofhafiteroWvasPRepreliivkth cel |'s
conprising the steps of: . a) isolating spore-like cells froma
ti ssue 0  spore-like cells isolated from the lung. Spore-Iike cells isolated from the lung
initially express cKit, and then Nestin.
Later, cells shed from the spheres expressed SP-C, a marker for type
11 epithelial cells in alveoli (gene expression and protein analysis), and CC10
for Clara cells (gene expression and protein analysis).

15 (iv) Adrenal Gland

Adrenal gland expresses very early stem cell markers then matures to
express markers of chromaffin cells and cell that make catecholamines.
When initially isolated, spore-like cells obtained from the adrenal gland, like
the cells from the bone marrow, expressed Octd, Dax1, Fgf4, Zfp296, Cripto

20 Gdf3, Utfl, Cdx2, Ecatl, Esgl, Sox2 and Pax6, cMyc, Fgf5, Olig2, Pdgfri2.

The adrenal gland-derived spore-like cells similarly stained negative
for Dax1, Fgf4, Cdx2, Neo and Eras, Rex 1 (embryonic stem cell markers),
P75 {neural crest marker, Cd45 or Cd31 (endothelial and hematopoietic stem
cell markers).

25 In time the mature cell markers were expressed: SF1, a
steroidogenetic marker of the adrenal cortex, DAX1, SCG10 progenitor,
cromaffin.

(v) Brain and Peripheral Nervous system

Brain and peripheral nervous system include: brain, spinal cord and

30  peripheral nerve. In these tissues we have identified embryonic markers Sca-
1, and Oct-4. They mature to show nestin, other neuro markers and a marker

for Schwann cells in peripheral nerve.
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(b) culturing the cells in for a time sufficient for expression of one or
nore markers selected fromthe group oco, nanog, Zfp296, cripto, Cdf3,

Ut FI, BeaWb,20H3mgb135Sox2, Pax6, nestin, SCA-1, CD29, CD32CTQR2@0/08B40
integrin, cKit, SP-C, CCl0, SF!, DAX1, and SCGLO, and (c)

i dentifying and isolating cells expressing the one or nore markers. 7. The
nmet hod of clawﬁi@amﬁerein the cells are isolated using antibodies specific

for the nmarkej ]_Z{ﬁ ?a%ggﬁh”@élftﬁ%%ﬁf% &grm&ﬁ 109 the steps of: (a)

contacting the popu on 0O a binding partner that is specific
for a marker, 2and [Theeub-pondatidnarfspeeflikecicdnof ¢lainal kxpretzinglomeprof t he
bi ndi ng partner to |ts t

of spore-| i ke™Mosf matke e?et?? ed; f§‘3¥‘§fqur{§§?eg‘%lsffggﬁg o8 C%P?%%@?%BOB(JP;L ?E)In?n
1?| Igreeggteggg ] gxg;tnﬂgtu? %Jélgh %ggp%ﬂg seet | mxdr fshis, @@&ﬁdcmgngma;
CD90, B1 integrin, c¢Kit, SP-C, CC10, SF1, DAX1, and SCG10.
3. The sub-population of spore-like cells of claim 2, wherein the cells
are isolated from post-natal animal tissue selected from the group consisting
of ectodermal, mesodermal and endodermal tissue.
4. The subpopulaton of spore-like cells of claim 3, wherein the post-
natal animal tissue is selected from the group consisting of mammalian,
avian, reptilian and amphibian tissue.
5 The subpopulation of spore-like cells of claim 4, wherein the tissue
is selected from the group consisting of heart, intestine, bladder, kidney,
liver, lung, adrenal gland, skin, retina, and pancreas.
6. A method of isolating a subpopulation of spore-like cells comprising
the steps of:

(a) isolating spore-like cells from a tissue

(b) culturing the cells in for a time sufficient for expression of one or
more markers selected from the group Oct4, nanog, Z1p296, cripto, Gdf3,
UtF1, Ecatl, Esgl, Sox2, Pax6, nestin, SCA-1, CD29, CD34, CD90, B1
integrin, cKit, SP-C, CC10, SF1, DAX]1, and SCG10, and

(c) identifying and isolating cells expressing the one or more markers.
7. The method of claim 6 wherein the cells are isolated using antibodies
specific for the marker.
8. The method of claim 7 comprising the steps of: (a) contacting the
population of cells with a binding partner that is specific for a marker, and
under conditions sufficient to allow binding of the binding partner to its
target, if present, on each cell of the population of spore-like cell; and (b)
isolating the marker-positive subpopulation.
9. The method of claim 8 wherein the cells are isolated using

fluorescence-activated cell sorting.
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