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Statement of Government Rights -
This work was funded by Unites States Grant No. RO1 DK58295. The

government may have certain rights to this invention.

25 Field of the Invention

This invention relates to the field of non-embryonic stem cells,
specifically to the use of multipotent adult stem cells (MAPCs) to provide

lymphohematopoiesis and create functional immunity.

30 Background of the Invention

Hematopoiesis
During gastrulation, mesoderm is induced by the prospective endoderm

and is patterned along the dorsal-ventral (dv) axis. Bone morphogenic proteins

(BMPs) are important for specifying cells towards 2 ventral mesoderm fate
1



M 1997). Primtive hematopoiesis is transient, consisting primarily
of erythroid 5 cells that express enbryonic henoglobin. Definitive
hemat opoi esi s takes pl ace in the aorto-gonad-nmesonephros (AGVY
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prinordial germcells ffom a post-inplantation enbryo (enbryonic germ
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post-natal animals, ES and EG ce enerate teratomas. ES (and
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differentiate.
mouse, and, more recently, from non-human primates and humans. When

introduced into blastocysts, ES cells can contribute to all tissues. A drawback to
ES cell therapy is that, when transplanted in post-natal animals, ES and EG cells
25 generate teratomas.

ES (and EG) cells can be identified by positive staining with antibodies
to SSEA 1 (mouse) and SSEA 4 (human). At the molecular level, ES and EG
cells express a number of transcription factors specific for these undifferentiated
cells. These include Oct-4 and rex-1. Rex expression depends on Oct-4. Also

30 found are the LIF-R (in mouse) and the transcription factors sox-2 and rox-1.
Rox-1 and sox-2 are also expressed in non-ES cells. Another hallmark of ES
cells is the presence of telomerase, which provides these cells with an unlimited

self-renewal potential in vitro.



5 Cct-4 plays an inportant role in determning early steps in
enbryogenesis and differentiation. Oct-4, in conbination with Rox-1,
causes transcriptional activation of the Zn-finger protein Rex-1,
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hemat opoi eti ¢ di sorders (Thomas ED 1999 Al t hough aut ol ogous, hone

marrow (BM or peri p il sten) ¢sblg havegheen idsptifiedn ot tissss. Fisamtopeietie eat
some mal i gnanci %ﬁén gefll?raférﬂa&%érﬂgd EndiEivk e ﬂu%*ﬁe&ﬂ?geﬁ' P%I‘Fsmﬁic& 0

rel apse. And whi ogenelc grafts can treat ‘'severa
di sorders, n2thyngokers ext Snétankl charagtepstimsr The hCmﬂté‘pqmtccstMCdb solated

t her eby excl udi em from hi.s t Y, rafts are often
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Hematopoietic stem cells can repopulate the erythroid, neutrophil-macrophage,

—

—

megakaryocyte and lymphoid hematopoietic cell pool.

25 Jiang et al. (2002) disclose that when murine LacZ" MAPCs are
transplanted into sublethally irradiated NOD-SCID mice, they contribute to the
hematopoietic system; however, with low hematopoietic engraftment levels,
including no T-lymphoid cells. Additionally, Jiang et al. disclose that human
MAPCs were not able to undergo hematopoietic differentiation in vitro.

30 Hematopoietic Cell Transplantation

Hematopoietic cell transplantation has been utilized for over 30 years to
treat malignant and non-malignant hematopoietic disorders (Thomas ED 1999).
Although autologous bone marrow (BM) or peripheral blood (PB) grafts have

been used to treat some malignancies, contaminating tumor cells often contribute



5 Stepanick T. 1999). Hence, the need persists to eval uate potenti al
novel sources of cells for providing | ynphohematopoiesis in a
subject. Summary of the Invention 10 A popul ati on of non-enbryonic
stemcells, specgifi,call Lti pot ent I | . 4 PCs)
can effectiveIy%%P%@FGeXP9g%ggﬁgﬁgﬁgﬁgﬁggfé?n&%&gggh%%%g%ﬁ%gégéggvely
differenti ate i matiypativkielaek bt apyproprintd HLAO-mityirgdiohetierbgictliding them

cells and progenitor, cells that can ture, into nore, tur.e

| ynphohenat opoi eﬁqua;tlg%t}hpr.apy.p 0, ?liiqg@l}géfq Qfﬁpﬁsoaﬁaﬁflé\fl@%aﬁ%“& ogeny
of 15 MAPCs, forddRdifks bitiPerafaRrsiehdss BRedsO(GVAD: HBwe CWS and Radde-

| ynphohemat opoi esis. They %ran be adm nistered to a subject where

t hey can furt h®erStefiahickTen®?Bte, if desired; or

termnally-differentiated cell d from MARCs ex. ViV

adr i atered  vapc i S 45 ase el B R R T b outita gE it 36
cell" (non-ES, ;&@viamFiﬁ@hdhemaﬁpéieaisqubj&as the capacity to
differentiate into cell types of nore than one enbryonic |ineage. It
can formcell types of all three primtive germ |ayers (ectodermal,
endoder mal and nesodermal ). Genes S‘ngbpthgﬁwggﬁdns are also found
in MAPCs (e.g., telonerase, Oct 3/4, rex-I, Tox-1I, sox-2). Telonerase
or Qct 3/4 cahObe redopenulativnas ngepmbryohigtstear eellpsperafiallyr muliipetent agplt
25 the undifferentiated L6 | r f
Fencval wi t hout PesBlpEeel PURPCERRERANY o BRE AL N bni R
met hod to provi ddAPZsphopregrispdy diffeeentiatelid ®vé where theyae fatn t he

| ynphohemat opoi eti ¢ system conpri si r]g adm ni steri ng\at 0 a subject in
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provi de | ynphoh L eSS W=Tol i : ' : ' a
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broduced by d 1 1P bR EERGER RS ulest ¥ARD SR SRL AP rereRfiee. 3 gegireg

vivo, 4 wherein drh@minaiigtuifereninabdiets, fornted ftosn MARGSUS vivo, can be

| ynphohemat opoi esis to the subject. In one enbodi nent, an effective

amount of an ageldmipiftsedaffects Natural Killer cells is al so

adm ni stered. In one ' o} [ »

| ynphohemat opoi eti c sl\?lgt?gcr# %?gﬂrgn m ?ﬁrs{nglr@gﬁgﬁ %ﬁ\lg%@ﬁﬁ?ﬁhcgﬁ r%lésEsér
20 non-EG, non-germ) that has the capacity to differentiate into cell types of more

than one embryonic lineage. It can form cell types of all three primitive germ
layers (ectodermal, endodermal and mesodermal). Genes found in ES cells are
also found in MAPCs (e.g., telomerase, Oct 3/4, rex-1, rox-1, sox-2).
Telomerase or Oct 3/4 can be recognized as genes that are primary products for
25 the undifferentiated state. Telomerase is necessary for self renewal without
replicative senescence.
One embodiment provides a method to provide lymphohematopoietic
cells in a tissue of the lymphohematopoietic system comprising administering to
a subject in need thereof an effective amount of MAPCs, wherein the MAPCs
30 provide lymphohematopoiesis in the subject.
One embodiment provides a method to provide lymphohematopoietic
cells in a tissue of the lymphohematopoietic system comprising administering to
a subject in need thereof an effective amount of lymphohematopoietic cells

produced by differentiating MAPCs into lymphohematopoietic cells ex vivo,



differentiated progeny; such factors include, but are not limted to,
bi ol ogi cals, such as erythropoietin (EPO, or small nolecules. In
one enbodi nent, the subj ect has been exposed to radiation,

ey e ey SR heb e ol BB  s
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cellular genome with a preselected isolated DNA, or (c) deletion of or
inactivation of at least a portion of the cellular genome.
In one embodiment, the segment of the cellular genome codes for a non-
25 functional Fanconi anemia gene (e.g., a gene/gene product that does not perform
the regular function of the gene/gene product, or performs the function of the
gene/gene product to a lesser degree, thereby causing a disease, disorder or a
symptom of a disease or disorder), the preselected isolated DNA codes for a
functional Fanconi anemia gene (e.g., a gene/gene product which performs the
30 function of the gene/gene product in such a manner so as to not cause a disease,
disorder or a symptom of a disease or disorder), and the segment of the cellular
genome is substituted with the preselected isolated DNA by homologous

recombination. In one embodiment, the Fanconi anemia gene is FA-C.



spl een, bl ood, bone marrow or |ynph nodes. One enbodi ment provides
for the use of MAPCs or |ynphohematopoietic cells differentiated
fromthe MAPCs to prepare a 10 nedi canent to treat a
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such as hematopoietic stemcells, or other nore differentiated
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were captured with leagln software). (B) Depicts ﬁemato oietic
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Thyl), Methocul :éter%lcjzleltlsl,J E)F other more differentiated cells. Alternatively, or in addition,

MAPCs or progeny may secrete factors that act on endogenous stem or

progenitor cells causing them to differentiate, thereby enhancing function.

Further, MAPCs or progeny may secrete factors that act on stem, progenitor, or
25 differentiated cells, causing them to divide. Further, MAPCs or progeny may

provide for angiogenesis or reduce or prevent apoptosis.

Brief Description of the Drawings
Figure 1 depicts hematopoietic stem cells and the structure of the

30 hematopoietic compartment.
Figure 2 depicts lymphohematopoietic engrafiment of MAPCs (A). 10°
GFP* MAPC were transplanted in a NOD-SCID mouse (#6) treated with
275¢Gy and anti-NK antibody (anti-asialo-GM1). After 13 weeks, the animal

was sacrificed and secondary lymphoid organs (spleen, mesenteric lymph node,



of BM denonstrated GFP+CFU-E and CFU-M x. (C) Depicts FACS anal ysi s
of thymus, spleen and peripheral blood (PB). Cells fromthynus, PB
and spleen 10 were eval uated by FACS; except for the upper panel for
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| evel of MAPCSehemreahamen(BMp)werenysbatsd s FiiSy dleta fop cKitgliryd sand Regl in

depi ct FACS ana is of the |ley f L d D:

spl een. Figure é@éﬁirgs[eg{ @i&%%ggialﬁpgdsof%%g& l?%fyﬁe@gﬁg{g# ‘i?A&lb@%%ﬁ“ that
englr af t rren]E [ R hdlsmatsipoiét?f progenitats apd m_elratdai(gﬂit,écil,d&]ggbt Metha€Bt culture
anal ysis of the | evel of eng in ar .
recipi ents (fouPf M@%‘F?@?J &Eé@igﬁgﬁf‘f&g’%é Qﬁ?@@%ﬂ%ﬁ‘s of
reci pients wer gy A hdriphetal b1BODPBYR UeR¥rbBMiyreie) PBedd kpledh a
nouse previousl glyhfyﬁf%}:et%ggmv&ﬁﬁhewi&P%s . @E]);e}?aiel ed Des}ggligpti on 0115 t he
| nventi on 30 I0AREraeyakiated &y ZWiCS; eycepbior dgamperarael 401 thyypnsithe daa ger m

| ayers (endoder al d mal) in vitro and in vivo.
In this context réf’?ﬁgryr%@gg g%g?gé’?géiﬁyee%glggﬁ%?yoni c stemcells, and

di stinct from nesenchigord3 depictsinoedd Bematbpoidsisairom aMAPCs o M ABCfwepen
bone marrow. The bi ol qqi, 0 cy, of, I S, been proven
in various ani nﬁ?cuhtﬂﬁgg@ﬁlaé[r&r{ﬁ?ﬁ%h%@ff[ﬁ?’f:ﬁhrﬁ‘#s&?e?%é@ﬁg c
engraftnent of BiEBduehilEH MEthbsuli MediddSvity SCION. 5T Oamd Bfo. (Aeds 34, 29M
and C.M Verfaillie 2001, Jiang, Y. et at. 2002). Cl onal potency of

this cell pdfured QAT-RER wasarerformoedhior Bimajeroigicdats safishgwibanded” MAPC
onbr yos. devel op e s TRLREES T o e HrREE BRIt e AR
anal ysi s in chi mrdlwn.ani mal s showed reconstitution of all tissues
That “gene. far ked st SHIEEPHA-BORF A S@ABise! U5 16V bF MEHIC BRFELTEhge
of apparently fyngtd siRlm&Rwdi onyocytes in these aninals.
20 Figures 5A-B depict FACS analysis of the level of MAPC engraftment in
mouse spleen.
Figure 6 depicts FACS analysis of the level of MAPC engrafiment in
mouse peripheral blood.
Figure 7 depicts FACS analysis of the level of engraftment in secondary
25 mouse recipients (four weeks after the secondary transplant; secondary recipients
were injected with full bone marrow (BM) derived from a mouse previously
injected with MAPCs).

Detailed Description of the Invention

30 MAPC have the ability to regenerate all primitive germ layers _
(endodermal, mesodermal and ectodermal) in vitro and in vivo. In this context
they are equivalent to embryonic stem cells, and distinct from mesenchymal
stem cells, which are also isolated from bone marrow. The biological potency of

these cells has been proven in various animal models, including mouse, rat, and



These animals did not show any heart abnormalities or irregularities
in either 10 enbryol ogical or adult state. No abnormalities or organ
dysfunction were observed in any of these aninmals. Definitions As
used herein, th }N@W/Wl
VPG 5 an aoreh g Bt BB S (HERR SmoHc Fars 1 NOI/SOTYRR (Réyes,
refers 15 to a MrmdrﬁJWMerfaﬂhmmmghang, YseteahZOéB) Glonzad pgfancsgmf\lbls Wlbe

to cell types of nore n|cI| I n form
| i neages of al| PORMA orb]@ts {i’é Pi/ eeneliqy %fel?ﬁd h&r‘é‘@@%??&“é%
ect oderm upon Cthttafn%u%@t;taabtﬁ& btlastls@ys@mwﬁ@acand%h@mo@«ahte%peh%@ﬁn
MAPCs express tel onerase, Oct 4 (i 3A), rex-1, nx- nd

sox-2 (Jiang, .(Cietg, . et A0200P). thtabmtyelem ghimenihanimals Sh‘im@e rat
or 20 other ma e t

somatic cell (Fggé.o?ls’t%ﬁ@%r?‘éfeaﬁl%sglgqsIaEgErn%c v'\%"{lg{dggheve{]gﬁ%gg{raies

tel onerase even experiraérts mﬁgaed:&iat gcne-anﬂleedts@nocﬂhseSntabetemMa

sequentially reduced in |len n VAP ar.e kar i cal.l
normal . MAPC rrafl@kg’ra%%&e ‘@S- Q?P&Iqqg}sﬁgﬁlwﬁf(lic myoe)g o5 e%iufrﬁl
respect to MAPC T‘tx%s%nﬁl@%ldﬂc%hd&@ J}ﬁea&%ﬁlﬁfrﬁlahﬁ’es%r n%guwfﬂemrauﬁer 25
somatic cell. Because MAPCs injected into a manmal can mgrate to and

assinilate wi€ m‘mbrmlogquloeadjﬂ@éﬁg Npphgsmalities oe prgan dydunotign sieen
cells. As such, I t he repopul ati on of organs,
either in a sel fotbP%ﬁ%dvﬁg%gﬁsrﬁlteéeé or ng a differentiated state

conpati bl e vmth]]:éfmug)_ngan of interest. They have the capacity 30 to
repl ace cell types that ve been da ed, d r ,otherw se have an
abnor mal function beds ?reﬂeﬁ&tefn&lngglo @%é%ﬂd&%ﬁowﬁ meangs:
di scussed bel ow, the‘m 18 QR afroRyth Fort PudtigRSék YAlt (20gepiton el t Ryrefers
cells or production of new cells in a tissue. 8 "Multipotent," with
respect to NAHT, 0 papeembEyenichaonygerm, sigmecsll hay ean giearisedo celbiypes gfaere of
nore than one e | |1
Three prim tive Dy S rkdifRftast kbt LT GRS oo RO ESROverf)
upon dif f er enti(hé.| @dodém, Ete@@d&ﬁh@ﬂ('i edtedeBipupon ditﬁaemtaupﬁgathe@mbajomc

cells without differentjatiaqn. Progenltor cells! e cells praqduced
during differentse® F%Qi fyyman MAR(S c¥press telamprape, Pt %%2&36 cﬁ?}t“ts)o‘iexeh Jox-
of the charactery a?x{d'sﬁﬁ-zc(haﬁé]@ﬂ et 51%01?25‘%14)?0 Abfiv AR hathsd anuQ&?zmbr

Defined progenitor cells, such "hehat opoi etic agro genitor cells
are conm tt ed2@ wther mm@eapmatwrb@tthet@lhn@p@b inpn-malignang sainati¢ ¢all (i.c.,

non-germ cell) known to date to express telomerase even in late passage cells.

The telomeres are not sequentially reduced in length in MAPCs. MAPCs are

karyotypically normal. MAPC may express SSEA-4 and nanog. The term

“adult,” with respect to MAPC is non-restrictive. It refers to a non-embryonic
25 somatic cell.

Because MAPCs injected into a mammal can migrate to and assimilate
within multiple organs, MAPCs are self-renewing stem cells. As such, they
have utility in the repopulation of organs, either in a self-renewing state or in a
differentiated state compatible with the organ of interest. They have the capacity

30 to replace cell types that have been damaged, died, or otherwise have an
abnormal function because of genetic or acquired disease. Or, as discussed
below, they may contribute to preservation of healthy cells or production of new

cells in a tissue.



10 differentiated cell type. The term"progenitor” as used in the
acronym "MAPC' does not |imt these cells to a particular |ineage.
"Self-renewal " refers to the abi Iity to produce replicate daughter
stem cells having dj nt |,,at e

t hose from whi ch t he lﬁp‘ﬁgrét res ef:ttf’wgﬁrﬁg%t oltt?le br(i]llﬁg% gl%{mg tol S
"proliferation.c nlﬁaeslamgfoaéﬂlan otie erﬁiﬁ'gdirﬁé lineapé." MAPCecan forn tidineagsef s
of cellular cont act and __incorporatjon into an exijsti ng ti ssue of
interest. In orell trasgaimityr sermumeess Gp.» ensloderan yregedaryand eetadesn) waRn
engraft into thgely %Q) et opoi etic system greater than about 10%
greater than about greater than about 20% greater than about
25% greater §han abitixparBisy’ rquswmeptdmgathm@lfbel&%ﬁhogt differentiativan
about 20 40% greater, tha uI 459 at th abqut. 509 re er
Chan about 5506 or cEresspEHRIS ot po b Shcipr LR Sr RN igr o b eAl
greater than abtﬁhtthaw%mgrbaﬁﬁcﬂrau s chaketetistia ¥f tHeire@tifiallyhan about
80% greater than about 85% greater than about 900/%h greater, than

about 95% or abdifferentigied progeny JAekinedprogeniios cells, sush aghiematgpoistic ce| | s
to resist rejeg ekgé?m%f‘&‘?qf yearsttegisoé%aﬁ@?ﬁtﬂd?t@%éﬁ%@fﬁc%‘?ermﬁd all§-

(e.g., days, N VIVOo I ng, ~the
MAPC or pr ogéﬁydlffanen@mpdjteittgpd: HEhet terss {rpegenitor’fag usddymivciormyms POARET ¢

system and recopstit ficie sue. "I munol ogi c tol erance”
refers to the s{]ﬂﬁ\s/f“\)/t;i '(tﬂ}‘r’g%?@ﬁﬁ?a ‘Hﬁ?‘%?r 8?%th of time) of foreign
(e.g., allogeneic or “S’d&ﬂfb@é\@ﬂf’eéfeﬁs k@ﬁlﬂ@'ﬁlllt}%@&ﬂﬁlc@fepﬁ@ité aughteB§lem

reci pi ent subjects. This surviyval ten a result of the jnhibition

of a graft recieHs éﬁ\tm&d%ranletg,orltmt%alﬁbatawdpmh@ thess Sorswhich they
woul d ot herwi Sea:ﬁ&C‘;b[sﬂﬂ“lar{eﬁﬁ%g’é&%ﬁt}hé’c&d?&tis fpf&ﬂéﬁﬁdrpn of foreign

cells. I'mune tolerance can enconpass durable | nmunosuppression of
days, weeks, 1fiont hs ‘Gingradidios “erigmﬁnnmhécrefers t‘ohhae prdexfss of ¢ellolar cdntact and

i mmunol ogi ¢ tol.erance.is. NK nme c tol nce

term i sol at ed"mF‘gP%rraEO‘E e g i Sl G e S, MABC S
with one or &@'deﬁv&f th@:reﬁoﬁlrengﬁﬁem@@lhd Mn@ho&ﬁimmﬂk Systdh@ breate
associ ated wt h t cell or cells in vivo. enri ched popul ati on

means a rel ati vtéafi ?’hﬂ“éh%é gfﬁatﬁ‘i}hﬁé?@“bﬁoffw%tﬂ@@ébaﬂﬁ AP&o, zeeaten thagy
mor e non- MAPC Cﬁ) 55%) ?edﬁ%} tﬂzinvé?)o 30"’/n gpé'a'te?ﬁ{ aﬁbﬂt%}‘i (o, eategﬁtaﬂ Eﬁcﬂf?sn
e an

refer to cellular hat 1 nduce ce celldFar novenent,
such as hom ¢ 40%,\dé¢abs than abohiets % tgeenter danaboyirsole prehter tlmalabcmtdﬁ%,

differentiated cells nma | so stimul ate such cel]s t

vt dec B T et e door abbopramd Bariabopt s T eftafes i b 7076, Bater

preferably growhhh about 75%, greater than about 80%, greater than about 85%, greater than
about 90%, greater than about 95% or about 100%.

Persistence refers to the ability of cells to resist rejection and remain or
25 increase in number over time (e.g., days, weeks, months, years) in vivo. Thus,
by persisting, the MAPC or progeny can populate the tissues of the
lymphohematopoietic system and reconstitute any deficient tissue.
“Immunologic tolerance™ refers to the survival (in amount and/or length
of time) of foreign (e.g., allogeneic or xenogeneic) tissues, organs or cells in
30 recipient subjects. This survival is often a result of the inhibition of a graft
recipient’s ability to mount an immune response that would otherwise occur in
response to the introduction of foreign cells. Immune tolerance can encompass
durable immunosuppression of days, weeks, months or years. Included in the

definition of immunologic tolerance is NK mediated immunologic tolerance.



10 factors or angiogenic factors, that induce |ineage commtnent. A
"subject” is a vertebrate, preferably a mammal, nore preferably a
human. Manmal s i nclude, but are not |limted to, humans, farm ani mal s,

sport animals and PgkSerm\GsdiRed® BRESL A cell bf &M whichlab&Rdtialdcia®tl with
"treatnment” includes treating, 15 preventing, aneliorating, or

i nhi biting an iamewr your cells seonseormedracelthlar somipericots that ate assaeigiedowitibthean
injury or disease rel f’it.ed. condition. An "effective anmount" generally
means an anmountWiF EHSH ¥¥Pdes the desired | ocal or systemc effect,
such as enhanced perfmFeiHbleR! poptlatiGafiging a rédative éidr&st invmuntiescoIMARG
amount sufficient to effect a beneficial or desired clinical 20
result. The ddJelaiviiopnper mar MnsMAFE&relliyRss & dro oRdR eTIEIR FHIBIG at i ons
and can include any £ alRR : i

determ nati on of V\hat@{o\%oﬁ%% dfe egq%ony dtgarcggés %ﬁi léé?cg-c???r\]/lgd&g%{:segﬁ%y be
based on f act ormoventht; suhihads homingeafNIABGb peather stencéelld; progeniteecellage,
injury or diseasg being treated and amount.of  ti ipce the injury
occurred or th 1%?@%%@%1 %@E}a{‘;y)‘o@?@s @Rﬁ‘ﬁ%ﬁf@ﬂmﬁ ﬁ‘écq%ﬁﬁ§ poz‘gwde'
particularly a physigiféentisieh tadasts allee td @IIARE REMES) preffdigblpgrdan of
cells that would constitute an effective dose. "Co-adm nister" can

i ncl ude si null® dAdeE$r angieganichaciomnthptinducs digeage sommiinsat.of two or nore
agents. Adm nistere » j j on of
30 | ynphohemat opoi e?f J(\:Q%tB s%ggagéﬂﬁ%gﬁﬁ?ﬁggﬁwﬂ%&& r?%%ggédel S
in vivo. These huoehl Mamyalpinshiddcbut yrepgiodhmited opbimaissfarm ayinels, sport
repopul ate, popul ate o reconstitute the various | ynphohenat opoietic
ti ssues. Al ternaélflf"ﬂ’}%w{,p% in addition, adm nistered cells may
contribute to gener &{y:@8d Béreiny redagheteating toretrefiments sntdudey ne@iget i ng
cellular factors that aid_ in homng and 10 recryitnment of endogenous
MAPCs or ot hét HeeHiies |a¢n§!10r@1emgn0ﬁ§31 bitdhgan gury erdeeseaeletedcendigon or a
Al ternatively, i jtion may secrete factors
that act on encﬁg‘gk%gpésﬂtle u%(’)?r pr (ma%rﬁggeg%rog(gﬁ% causing themto
differentiate. Furt Her‘effebifCanmung’gegemlly mesnsseamennt wiich progidehthe act

on stem 5 progenitar or differentiated cells, causing themto

aivi der Thue, - epeesTosaTop stz Sy Tt b R ITAR o dgh ST
influences. ExaifRbt@e dse is'aRbiount suffidiett BEEFect 16dneflial dtlesiddeliniRbl
limted to, inprovi Bg‘ﬂcel | survival and hom ng of <cells to desired

sites. Ther ap@uesudt. Jdisdpse comid bepdminipiersd drjonsor anere adninigtiabensend cithe

above pat hways "include any preselected amount of cells. The precise determination of what

would be considered an effective dose may be based on factors individual to
each subject, including size, age, injury or disease being treated and amount of
time since the injury occurred or the disease began. One skilled in the art,
25 particularly a physician, would be able to determine the number of cells that
would constitute an effective dose.
“Co-administer” can include simultaneous and/or sequential
administration of two or more agents.
Administered MAPCs or progeny may contribute to generation of
30 lymphohematopoietic tissue by differentiating into various cells in vivo. These
cells may provide lymphohematopoiesis, engraft, repopulate, populate or
reconstitute the various lymphohematopoietic tissues. Alternatively, or in
addition, administered cells may contribute to generation of

lymphohematopoietic tissue by secreting cellular factors that aid in homing and

10



10 "Lynphohemat opoi esis" refers to providing cells of blood, bone
marrow, spleen, |ynph nodes and thynus. These cells include those
shown in Figure 1. It can involve proliferation of cells. It can

al so invol ve diffenmgh (ﬁf‘e.hgdkgrelﬂssl\qiﬁgb§or dtherSih SI8 SorloMER bee |

recrui tnment of pre-existin . popul ate one or nore tissues of
t he | ynphohenatdiffeientidted eajist Atternhtivetyaor ail asiditioncMAPE soetrogemgmay t he

| yrhonennt opoi EFioE ByaRdi attmsotintRogh el FhSaip? $1F Rafipgifén o
henat opoi eti ¢ sdiffBlefigdth.SF@ftiér, \EAPEs b 53dnlyend yheeirbRi fiktdrs AL oneal, oi d

| i neage, erythroid |lineage, such as B cells, T cells, cells of the

monocyt e nacr dpegaRitor pirdiFerentiatedrells. sausingthem to dividge Thus MAREHOLL her
| 1's which ' bati t . f
ol o B gur Paga R 0L beiRae b SEHOBR0U Aok, BB of P | o1

several routes iafleerpesmtlode but ara notlemitsdtodimpesmting\dRGuodval bied homing of
adm ni stered and, al |l owed, t.o provide.. hohepat opoi esi s i n. vivo.
This can occur ,els ldesied siey {qg‘?r@?eﬂt,lc E%}‘%BHWE' E’?@‘ﬁ’%" ‘?ﬁ%ﬁcﬁrf"bllnﬁtéoq\/%PCs
thensel ves or hyeabdiRpati®alps, such as by 25 recruitment of endogenous

cells. Alternatively, nore mature cells can be adm nistered, these
cel I's havi ngl®een di fearrhohrmetepoiesis Epe tp pervidimgesils ofibleod.dene s

i ncl ude progenyat,al syeléé,él?ﬁg? Rbdediahd &gﬁﬁl&.i ?ﬁ%sg&gs:iﬂ%&é%% shown in

hemat opoi etic stem’ can give rise e mature

hemat opoi et i ¢ clighretly Jesan invanive prokfirapion géexlls.oft cerblss invhive ddfanendiatiéror m
every one of thgse types, .and further, 30 differentigted t s, which
can Tnclade. ful T oH P! 1 BHONE RERUPRER  phe BapfiE cely fpoplfiione o
"conprises", " capRtishicd 81 thedifipidhEmbtoisleticddysteay gt daQIsoBRdtdedictig bed
to themin U .S. Patent Law and can nean "includes", "including" and

the |ike. Aslystheraieprgumber phanogietiagellsgp ong pranergdissuespfthpe | i ke neans
including, wt |7 s : descri bed
in U S Patent 1&%3??‘%%@%‘%3?¥S§%&-m%@55’%&f@§‘§?5}§weﬁé’%§80/ 21387
(publ i shed as \iBnixtdpbidit Hem e ardéolls FroftRe IynRESIAIGRAELH 465D lineage,
(published as WD 02/.064748)),. t ntent s ich are 5

heor por at ed herrPig jigraine paf T fals olsof egromarits mapiphase
MAPCs have beehehsts Rdd B1bGHCdIIS, 4 Wefilas SRMBhe? celldiihiReariBiSvod o the
exanmpl e, are also _described in PCI/US00/ 21387 %Bubl I shed as WD

01/11011) andl leamtapsirzicGteebeell(prsbfor sxrsepleJignte 02/ 064748) . Rat MAPCs
are also described Tonprmdg Mp%%ﬁégatopoiesis in a subject, several routes are possible.

In one embodiment MAPC can be administered and allowed to provide
lymphohematopoiesis in vivo. This can occur, as described herein, by
differentiation of the MAPCs themselves or by other means, such as by

25 recruitment of endogenous cells. Alternatively, more mature cells can be
administered, these cells having been differentiated ex vivo from MAPC. Such
cells include progeny at all stages of differentiation, including hematopoietic
stem cells that can give rise to all the mature hematopoietic cell types,
committed progenitor cells that cannot form every one of those types, and further

30 differentiated types, which can include fully mature lymphohematopoietic cells.

The terms “comprises”, “comprising”, and the like can have the meaning

ascribed to them in U.S. Patent Law and can mean “includes”, “including” and
the like. As used herein, “including” or “includes” or the like means including,

without limitation.

11



10 Biologically and antigenically distinct from MSC, MAPC represents
a nore primtive progenitor cell population than M5C and
denonstrates differentiation capability enconpassing the epithelial,
endot hel i al , neyppls nyogeni ¢, hemat opoi etic, osteogenic,

hepat ogeni ¢, chondrogeni c and ad| ogenic lineages (Verfaillie, CM
2002; Jahagirdar, B. cribgircy.Sa Patent Rpglﬁatmnéeeﬁ

extensive cult t how
efficient, | onglro?oe r#egﬁg?mzﬁ 8 @B‘B@{h?@%%mﬁg 1|C6(;1r1155a %28/4%9638
devel opnment al | (PEATSER/(4%5DGEAbEEHED ag i@ 02864 148)) the ¢onteris of which areat orra
formati on (Reyes

bone tissue em@mreﬁagmiew t%rg erégngé | C{Ié]gf'érrz egé%?th GPW{%&\#% ?\?ﬁhg éﬁ

to high popul atheeRidiald A%eher AlanfRild, MG MAS R AoPEdantPH, Gre also
heterogeneity is detected in the popul ati on. Then, many adherent

stromal cells desctibedin P@']BMSQ@(ZN& @h@e@mﬂ&@lﬁhmlhmd doubl ing 30
and a nore ho t d and
mai ntain Tong tarherR 0o R bl RR S WE R Ao, s R GY

ijsol at ibog for %g%tﬂ@gmm??e EI];;crl b\e/\do IOE/%/E:C%L art. Thfey are
escribed in P 'S S 8 or rat
in PCT/ US02/ 64652 (Rl %Oﬁﬁ%ﬂgfggaw b6 isting)from, ﬁéﬁ RFsERs 2
along with the gH2nAGfG aaga@ter &din oma@madtdeﬁfoﬁg&htesar e
incorporated herein by reféerence. '3 were initial y |solated

from bone mar r olifferoutiatine cepabiliy enpmmsylg tb@@mlbleha:lmdo'ﬂnpbah

| udi
asues, il g e M Bl W, Bl P Bl
pl acenta, unbi Ilir@agesWéldaleedCMrZDODj Tabagirdat) BN &t abread ), MAR@srarespl nal

cord, blood or ski or exa MAPCs c derived frpo
marrow 12 asiﬁ roapale ofgtensive g lt‘HSWd’BP‘éFﬂ?%c??B&%@&ﬁ%‘rRP ?Pé‘éﬂ] d'show

avai l abl e to t hgggef 10RS drin, br%raﬁxﬁé’nt and dlﬁ‘él%ﬁtlatfoﬁrakﬁé%'ﬁml Muschl er,
GF., et al., 1997; Batfnic, 90) . ist erefore now

possi bl e for ondevelbpmkntal lieages e NED- SCB) mmeawﬂhdzufmmdmerocﬁwatoma

aspirates, brain _or.|liver rgans, and isolate the
cells using 5 85‘??10\%& esblglsgtfdl éi’lseﬁrr@@{l? Z@Olﬁ)echm gues available to
those of skill in th@d}ﬁfehtcelrseiomlstmeuﬂ@ma&er@r@aémanﬁe&aadasafemm@r essed
(or not expressed) in these cells (e.g. by functional or

mor phol ogi caP0 desagend grrw taénghmelaa% doubdings. .Af e@ﬂﬁ cylffse points more

ref erenced apply cf e n Yeell

reference). g‘% urr{e?n %@ﬁ% E/gﬁﬁob?/lnagﬁ scr g‘d&&{tgtﬁ&gg eetis

10/ 048, 757 undergo rephcatlve senescence around cell doubling 30 and a more homogenous
population of cells continues to expand and maintain long telomeres.

Isolation and Growth

25 Methods of MAPC isolation for humans and mouse are described in the
art. They are described in PCT/US00/21387 (published as WO 01/11011) and
for rat in PCT/US02/04652 (published as WO 02/064748), and these methods,
along with the characterization of MAPCs disclosed therein, are incorporated
herein by reference.

30 MAPCs were initially isolated from bone marrow, but were subsequently
established from other tissues, including brain and muscle (Jiang, Y., et al.,
2002). Thus, MAPCs can be isolated from multiple sources, including bone
marrow, placenta, umbilical cord and cord blood, muscle, brain, liver, spinal

cord, blood or skin. For example, MAPCs can be derived from bone marrow

12



10 Bone marrow nononucl ear cells were derived from bone marrow

aspirates, which were obtained by standard neans avail able to those
of skill in the art (see, for exanple, Miuschler, GF. et al. 1997,
Batinic, D. et @piratedHhich caMblebbﬁﬁie&fby sRaddrd nﬁh@ﬁvﬁﬂﬁﬂléto&h@el@f sldi id

within the bone marrow (or ot her or%g such as Ilver r 0&) but
do not express ®Wgartd K exasle; Mysshilsh (G- Fedt abp97 ’gatéﬂﬂc yfftﬁ o) ¢

specific glyco ?Jt'h %paq @QsmlJfb‘?oﬁwﬁ%l DR C?rf o%té?ﬁb&%'&zﬁrovwas

subjected to a ico be separ ati on. s wer e then
subj ect ed to nmp&aueswraebeh‘tarbmpslssmgimhnriorgammdusdlamﬂw ec&‘ls;psmg

ti bodi | et | at f A d
The. romni i ng’ AP raryR SRk iRl ASmabisR ot BE AL B he By o
then recover ed. refighd SpdnQHe gerdl SRt 41€ eﬂir@ésé‘dj%dr ﬂot2&pfds§wpmqnéger¢em@tged

well's and cultured as descri bed bel ow for weeks to deplete the
cel | popul at i onbyfungiierskermomhylogical@ssays sugh asdhosgdisglossd infamsaborere

sel ection. can beiand uIARLA S sthRiRop SN BcBbrence).

cell -specific narkers nega Ive se
techni ques are MAdiOsaﬂ:deathemtrowkaleesmbeﬂthﬂ 10/048d5huer ous

nonocl onal a p;}%rllonal anti bodi es lsw ta I.eJ r g)egati ve

sel ection pu BOSGS eJPAEOW RORPUGISAECE]IR WeprdeLive %%13 o1¢ BABY anpl e,
Leukocyte Typi ng Mateéseiﬂlaﬁﬁ&%btaﬁfed@ stand 4l near(sTaVBidab 16 tREd of skill § in
University Press) and are commercially available froma_  nunber of

sources. Techni B8 (sesy forgramenle.duschiel, G shrlal 90 Betigm I stk 4970 of
cel | 30 popul at M?lﬂg) %g@d}gé PaRr et Ritn e %Qé%ﬂs-%ﬁw (8{3&%?1] or§a§i§g

U S. Patent No magnetic separation
(i mrunoaf f i ni t ysucblas meograaphly.)t do antlexpyess theicomnuin Fakocyt® Z@Bigen CD45
(fluorescenc

cell's were pﬁgﬁ‘grtoér?\gtﬁ{ E’?a(‘?ﬁ?pfﬂﬁﬁsg'ctl ngl%c%glé(ﬁam ered 5#%@??&%

(about 7-10 ng/ whs &dfeckd to!8 Bibbll $BpHGRel sepr/AC tTThB célls \@érbtﬂen subjected to
appropriate matrix coating. Cells were naintained in Dul becco's

M ni mal  Essent Regatixpsrlaghey pmvntice DY pd andilyod antihodies. cdepleting ther e
medi um 5 suppl a,

used) pl atel glto Sﬁ%ﬁt{ég \ng%'\?vt %%f%lgt or&ﬂﬂ%gﬁﬁf@@@&ggﬂﬁ‘ B%%k Oq@nrﬁb
(about 5-15 ng/ nfarewmonbaudiee dllseyxirel tetredcogeredut @elts&onldrals(oEGIalatechhout
1-50 ng/m oyt 5- can, b ed in-1ik rowt h factor
(1GF), gor aﬁ)gat f ‘gr@geci" g@?ﬁel ?WTE )éisﬁﬂﬁﬁﬁegﬁ" f%?a‘?WEffkﬁ 0 with
about 10-10 to @éﬁﬁéﬂé@eﬁp%tﬂﬁf&ﬁ%ﬁﬁﬂ%bﬂﬁi@l&&ﬂeﬁ& her appropr| ate
steroid, about 10 Rgemanl i nol eic acid, and about 0.05-0.

vely, positive selection can be used to isolate cells v1a a

combination of cell-specific markers. Both positive and negative selection
techniques are available to those of sk:ill in the art, and numerous monoclonal
25 and polyclonal antibodies suitable for negative selection purposes are also
available in the art (see, for example, Leukocyte Typing V, Schlossman, et al.,
Eds. (1995) Oxford University Press) and are commercially available from a
number of sources.
Techniques for mammalian cell separation from a mixture of cell
30 populations have also been described by Schwartz, et al., in U. S. Patent No.
5,759,793 (magnetic separation), Basch et al. 1983 (immunoaffinity
chromatography), and Wysocki and Sato 1978 (fluorescence-activated cell
sorting).

13



M ascorbic acid. O her appropriate nedia include, for exanple, MCDB,
MEM |1VIDM and RPM. Cells can either be naintained wthout serum

in the presence of about 1-2%fetal calf serum or, for exanple, in
about 1-2% human ARes®fetsth CD4%/@ A egliawers platet ontbculNuendistes seatelbwitint

out i nely obt aehEH. S RHRBBHEHPE A Lrd B cin e Homum hopesn o ol ©
doublings. Cel |apﬁ%\?‘1?ité Bfatrhd é@tiﬂ?%ﬁf@%&e PemfEed i Dulte€cd’ iMinifal 20- 30

cell doublings. terwards cell-doubling tinme was extended to as
nuch as 60- 72h Essestiadediumd BMEM) pr otlge@ppropiate selbionwramediv®, about 2

years to about 55, 20 vear tdr | I L _
about 2x 103%5?‘@?&%‘*‘?‘8’[’& é%oglgil '5§§§’glg%bcoeﬁﬁ§§g}6@ ?:nggg\?v%e@ ﬁ%tte\%f(taen
about 11-13 KBderlVddsgrowth fa&otBBIPDGKEBB) aigek 1-50m@snit(eboun 16 nganiglah  of
bl ood | ynphocytes obtained fromthe sane donors. Tel omere | ength of

cells from 2 dbaysesd) emideunal grpvah fastor SEfak) about Li3( ngfp (aboys 5-15 gygfml
doubl i ngs, resreg&sé g&h{msﬁ{}fim@@b‘wﬂﬁg&sﬁa@ Bt ab¥at S®)-160 ab&HS
ed. The P

was 25 unchang aryotype of these MAPCS was normal. Phenotype
of Human MAPCs 110684V canielusadp hEF, Dathabbusd@ | to abog, 10fdV daganregsone or

| mmunophenot ypi ¢ _anal ysi i taj fk €

about 22-25 ¥°Z|°ﬁ‘ea%®5¥§%a3%3§fﬁ§‘§§°@%mﬁ@ﬂé@ﬁ s“g‘g aﬁ%%ﬂ‘i%ﬁ%é“’?@m,
CD34, CD36, Ch38ascoibaci€DEherGpprdpristeithedi® indhide; iRexdvysie, SVICBBRO- 1,
cl{it, 30 TielTek; X I | evel s of CD44, HLA-class 1. and
$2-ni crogl obul | Mﬁﬁﬂ@%&ﬁé@c@i ,Cm@f%w?%?mﬁgwg\é‘?mmotn ki
(N>10) . Once cCeldssndanapyi 1295 AlaldarBérluidsr, fo? efathp1b!i8 Sbéi 1396 Hadaat
about 2x103/cnR2, the phenotype becane nore honmobgenous and no cell

expressed HLA A} sgremior gutolopaus serisB) . \When cel |'s were grown at hi gher

conf | uence, ey 14 S | , ss |
and 02-m cr og%qobul i n%grli/\%'%ﬁ&fdrs]a t gllponl‘llIt ?’gﬁ)b ? %&{%g%‘éé’gr%%pﬁedadg???%led
for MSC (N=8) (dbublirgsgere roh@R3y obthifed) andi@hosipanitisis yhdshaves70 dulit
human MAPCs grown at about 2x 103/ cn? seeding density.express EG-R
TGF-RL and -2, dsuhinﬁi-AEelﬂaéﬂ#ﬂms tege s Bkt 36480 for wetlaizﬁ-éﬁmﬂ _
subpopul ati on (BEEEEN ARRRrdslceA UMM B39 ex¥ndedBsImRhAL B0,
anti - SSEA4 anti bodi €s (Kannagi, R 1983). Using C ontech eDNA arrays
the expressed gene JebmdrelepgthlofivBAPCNIRCTS dondrs (agedbeitt 2sanditgpout 55

Gon o3 olam otk QS SEldhe IRyl ot 08 e hofisER
CD62E, CD62P, GEMdouBling&ivhs between about 11-13 KB. This was about 3-5 KB longer
than telomere length of blood lymphocytes obtained from the same donors.
Telomere length of cells from 2 donors evaluated after about 23 and about 25
cell doublings, respectively, and again after about 35 cells doublings, was
25 unchanged. The karyotype of these MAPCS was normal.
Phenotype of Human MAPCs Under Conditions Described in U.S. 10/048,757
Immunophenotypic analysis by FACS of human MAPCs obtained after
about 22-25 cell doublings showed that the cells do not express CD31, CD34,
CD36, CD38, CD45, CD50, CD62E and -P, HLA-DR, Mucl18, STRO-1, cKit,
30 Tie/Tek; and express low levels of CD44, HL A-class I and 32-microglobulin,
and express CD10, CD13, CD49b, CD49¢e, CDW90, Flk1 (N>10).

Once cells underwent >40 doublings in cultures re-seeded at about

2x10%/cm?, the phenotype became more homogenous and no cell expressed HLA

class-I or CD44 (n=6). When cells were grown at higher confluence, they
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Tie, receptors for ILI, IL3,1L6, I1L11, G CSF, GWCSF, Epo, FIt3-L, or
CNTF, and low levels of HLA-class-1, CD44-E and Muc- 18 nRNA. B.
MAPCs expressed nRNA for the cytokines BWP 1, BWMP5, VEG-, HGF, KGF,

MCPI; the cyt Oké’%gesgmﬁ% R¥&ls Eﬂlmwldf@‘f)ﬁ; HER%‘E{sBi gnd @PhiRoglbtinR, 15

activin-R and A: adhesi on receptors CD49c,

CD49d, CDP9: anwhichigsimiar twﬂw@c&wm@r@bedwssmﬁﬁ@ﬂmwﬁ% t he
POU d t t 4t
e e cr PR kg SR Wi SRS bl o

(neural devel oppert/rm? sexding dBﬁ?sﬂ@@lﬂpﬂ&ﬁHE@ER@TG?}R(h&if-&bBNE’-MAM
honmeodeomai n transcription factors: Hoxad4 and -a5 (cervic

t hor aci ¢ skel étgha%‘tﬁle' » pRc-that Walbﬁuamw&@ﬁ@@egwwa ?‘gslpﬂnfléf’l%taot/?)agt)
(Packer, A.I. Gs s't'%ﬂ(a i a SER@ ﬁ‘édd?e%s khLEERCEg3)E  1997), Dix4
i

(specification o fore peri phe trucfures of head)
( Aki menko, M A 19941)I$mg/810hte(chnBWomays ﬂmnesseﬂ gamprbﬁh@éihumamd

(pancrbas) (of 1 Vs Pl S RNE Sbsbloss SEGBLAP {eprc” oy 000 22

hTRT nRNA was cghvut 266l dzmbﬁﬁ'gsmagdeteﬁmnbm addi tion, RT-PCR shovved

h d 0
Rox- 1 and Rod01Anor MAESS AL SFRRIEO GED RO TR i 4l

murine marrow ang lfee&%ﬂg%ﬂm@ mvm m@ @@SF“GW@@?”EM@%-L%PCWGO'
LI F-R and stai ned positive Wt . Finally, F'R, Rex:1

and Rox- 1 nRNAanddowllsvelmfé{EIb@hdS-I,&lD%eE élalsMuHSMM NAPCs cul tured

beyond 30 celldou i ch It

honogenous cel IE bMiﬁ:Q%’oeﬁPrre% H’%&r %t r%eé at ﬁl%ﬁib m%ﬁdst
ex]E)r essi gn of tK&TleMtﬁTl ; lkg{e&ytoﬂneSecelyis IHE?@%ER?HD@FIMO&@%ER% I
bef ore about 40 ce oublin Q 0 ifferentiati to cells
other than cHéndftiyB-Réead Fé’st@@%‘i ﬁ@iﬂ ; aﬁ‘é‘?,s}‘tne@cept% P$ng
MAPCs as Descri ppdod trrs5and €098, 757 5 MAPCs isol ated as descri bed

herein can be cultured uding nmethods disclosed herein and in U.S.
10/ 048, 757, whi €h |sMAR£‘5reppnesaeéde\}Alf@ﬂﬁ‘Mr@d TR3T1; thed & domeinods.

Briefly, for th cultur | tur ser.u serumfree
medi um was pr ef PEEIPYY Ff%?Wc "l“hso?‘l’é&%a@l‘rf‘gwﬂtﬁ OP%&OJHQP{% et aIdd
state. Serum 1gatelo€BS/BT]UWandsiRaD! D96) lsbt/T E(nkth@l dvelopmerts, sdecr i bed

herei n, was suppl enent ed as
20 (chondrogenesis) (Lefebvre V. 1998); homeodeomain transcription factors:

Hoxa4 and -a5 (cervical and thoracic skeleton specification; organogenesis of
respiratory tract) (Packer, A.I. 2000), Hox-a9 (myelopoiesis) (Lawrence, H.
1997), DIx4 (specification of forebrain and peripheral structures of head)
(Akimenko, M.A. 1994), MSX1 (embryonic mesoderm, adult heart and muscle,

25 chondro- and osteogenesis) (Foerst-Potts, L. 1997), PDX1 (pancreas) (Offield,
M.F. 1996).

D. Presence of Oct-4, LIF-R, and hTRT mRNA was confirmed by RT-PCR.
E. In addition, RT-PCR showed that Rex-1 mRNA and Rox-1 mRNA were
expressed in MAPCs.

30 Oct-4, Rex-1 and Rox-1 were expressed in MAPCs derived from human
and murine marrow and from murine liver and brain. Human MAPCs expressed
LIF-R and stained positive with SSEA-4. Finally, Oct-4, LIF-R, Rex-1 and Rox-
1 mRNA levels were found to increase in human MAPCs cultured beyond 30

cell doublings, which resulted in phenotypically more homogenous cells. In
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described in Table 1. Human MAPCs do not require LIF. Table 1 Insulin
about 10 - 50 m (about 10 g/m)* Transferrin about 0 - 10 gg/ral
(about 5.5 jig/m) Seleniumabout 2 - 10 ng/m (about 5 n mM Bovine
serum al bumi n (&%&LstaMCsQ:uﬂmredEtmghée’i;bwtos@exéreégbxﬂbﬂthedelmk@s cTisi d
about 2 - 10 49/ m (about 4, Dexanet hasone about, 0. 005 - 0 15

ji M (about 0.01way assmmetgcbwrtb S@e&@n@ teiorp é‘%ﬂﬂﬁ 49 eelbgnilings andjegs of

40" %600 ( abour S 350g ticn e A iher o coBOH RRE oot arfebiogiles 201t
growt h about 5 ¢ ul@ggg\ﬂ@gggabbaicnhaimgg8130/048;25 er mal gr ovvth factor
2000 5 15 BT e oS A g
10-10, 0001 U (abgiydoskd AQfiRd in U, frlefoaewgﬂ maperﬁwo aémng cfer&ite et i N
g?; gg{ hgﬁgft -Aggleéeleg:ﬂigbl ?bglrjz)wtlg ?garrnle cel | tgoggrﬁzg tinme t: Idl n(2)1:5
cel | doublings, . | ev ncﬁry gzrqw cult\c%oecc;fl\i%ﬁ&s %ﬁﬂﬂrg?rﬂo%ngerm{'l%r ge%rﬁae%t to

what was seen with h Sh™nurine nmarrow nononucl ear
cells, deplet edeMudﬁyasQ)réJfErrﬁ%ﬁﬁalﬁtahﬂthe calie irethe nhaﬂéd:ntlaited/ﬁa@ Serum-
culture, no gr s seen, Wen rine marr, w magnonucl ear cells
were pl ated, QiQn CGF 1Hmét§e@gqugtur4ﬂ%rae§,l » 35 4SS ?fe}b?r%‘fle‘ﬁ"‘scﬁ“p a8
cell's, cells waéacﬁﬁbglﬁ%m@ql qghﬁ@ﬂ@b@&&ﬁm@?ﬁﬂemrhar to that of
human MAPCs appeare Thi's suggested that factors secreted by

hemat opoi etic cells ver e needed to supff@blell nitial growh of nurine

S ow (6 dny o R e o ot e b EOBE TS pe () L=
10 cel | doubl i hG=0SEeHM t i on of ahour 10 ﬁbmw 10|ug/ml|(abnu¢§o5;wa/ml)
enhanced cel | pPdetitm Once establ i shed i AbwitiRtJP ag/midrbont § ag/miy
frozen and st of Baviassdrumathumis (BEAE, usi agpuDVEM Swigd/Anl ebowt0. 3 A8AFCS
and about 10% %Qelgcmar 5 methods Tor | RE&RRarilfgejhqE6sht 3i7qG4a1T or
Thus. VPGS colp BBy oL T o e eepoanrut D005 < 0its i el Gl o,
-ascorbic aci 2-phosp ate about 0.1 mM

Low-glucose DMEM (DMEM-LG) | about 40 - 60% (about 60%)

MCDB-201 about 40 - 60% (about 40%)

Fetal calf serum about 0-2%

Platelet-derived growth about 5 - 15 ng/ml (about 10 ng/ml)

Epidermal growth factor about 5 - 15 ng/ml (about 10 ng/ml)

Insulin like growth factor about 5 - 15 ng/ml (about 10 ng/ml)

Leukemia inhibitory factor about 10-10,000IU (about 1,000 IU)

* Preferred concentrations are shown in parentheses.
Addition of about 10 ng/mL LIF to human MAPCs did not affect short-
15 term cell growth (same cell doubling time till 25 cell doublings, level of Oct 4
(Oct 3/4) expression). In contrast to what was seen with human cells, when
fresh murine marrow mononuclear cells, depleted on day 0 of CD45" cells, were
plated in MAPC culture, no growth was seen. When murine marrow
mononuclear cells were plated, and cultured cells 14 days later depleted of
20 CDA45" cells, cells with the morphology and phenotype similar to that of human
MAPCs appeared. This suggested that factors secreted by hematopoietic cells
were needed to support initial growth of murine MAPCs. When cultured with
PDGF-BB and EFG alone, cell doubling was slow (>6 days) and cultures could
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is available to the art. Such nedia include, but are not limted to
Dul becco's Modified Eagle's Mediun(r) (DMVEM, DMEM F12 nediun(r),
Eagle's 10 M ni num Essential Medium(r), F-12K nmediun(r), |scove's

Modi fi ed Dul becgpi,g aM%zghéHﬁJ bnd M Id-&‘ﬁ(}iomgd”(f\dhttlo%mfbdﬁ?@@ﬁg/

al so avail abl e as an} gose formulation, wth or without sodium
pyruvate. Al so I@Ersngnfmaatl}édnhascglq&kllgewht ation of cell culture nmedium
W th mammal | an ser Sertg%lésilgi}rg/c teaé:e g%%}#%é enf &gtgfe% ag%zen

conponents t hat are expansi on.

Exanpl es of Sersaodksc\isu@q)mwwhwm%%&r@m(dawt,10%)1»Mﬁ) sethem ( BS),
calf serum (CS), fetal calf serum (FCS) newhorn cal f serum %\I%
goat serum ( GB)methedsstor pisparing frazen Stﬁ@?f’e@ adipreghcelleate alse Availaplglp those
por ci ne serum ?ﬁﬂn?ﬁ%#{n rabbit serum serumreplacenents, and
bovi ne enbryonic i s understood that sera can be

heat -i nacti vat ed at THusAMARCs'sbuld B€maintalpahand erpanded ar gulture metharh ithalit e

o0 be used add AMHAREOLFTE SUEh By el b TRy FEBp g
el enents for opifofed Bhg¥lsMaditm@DANEMY DMENCII2 HbRRn®TBagIs’si ncl ude

insulin, transferrin, sodium sel enium and conbi nati ons 25 t hereof .
These conpon éﬁtMlmmluniﬁscmlal Metduini®, Fal2ainedisni® Iscome’s Wﬂlﬁ@i Dlldb@cca’@t

et o e e

phosphat e buf f eg16¢bsé #rimifitioh,RBH or WBERE Ridturnpirtlvasd ascor bi ¢
aci d- 2- phosphate, as well as additional am no acids. Many cell

cul ture nedi a al r eadidse eentemplaigdiineipplemgatationoefeeld pulsermednt wiflyi r e
suppl ement ati on, pr n?lfla& s%EzF U%ewﬁft&gcoﬁ i @dluﬁyﬁa@to%@%oﬁ@bg&té ﬂ%l dde.,

but are not limte anl ne
L- aspar agi ne,15 Lnecegssﬁyd'bmablht-ycay‘lﬂtekp’ﬁhsmh BGkarypsles afsanauﬁblude@tautxmimme

L-gl L- hi sti di | |
et i omi ne. | LSCBHTR RS BRiRRSer G5Ok batksori (0S)sfeia R SEVTHFSShi ne,
L-tryptophan, LnéWoﬂ?éanPseﬁﬂlg(NCSﬁkbﬂ%‘emfnt(Gﬁ HORk lsertr (F1S), Huifan setld, |

of one in the art to determ ne thé proper concentrations of these
suppl enent s. Amhlctiqemsemm poreing [serum, shsep sarinm, nablaﬂsmnnmmm vaplacements, o

Ty ca by ane: ke BNEGRCRI R 008 LA

of peni cilli nbsiboaPsNEIC ifl dediitld rﬁ@éﬁsﬁ&&ﬂnkﬁﬁhﬂé@@mpoﬂlﬂs o1tRe dUdplement
limted to anphotericin (Fungizone(b), anpicillin, gentamcin,

bl eomyci n, hygreasseden, kananycin, mtonycin, rrycophenol ic aci d
nal i di xi ¢

Additional supplements can also be used advantageously to supply the
cells with the trace elements for optimal growth and expansion. Such
supplements include insulin, transferrin, sodium selenium and combinations

25 thereof. These components can be included in a salt solution such as, but not
limited to Hanks’ Balanced Salt Solution® (HBSS), Earle’s Salt Solution®,
antioxidant supplements, MCDB-201® supplements, phosphate buffered saline
(PBS), ascorbic acid and ascorbic acid-2-phosphate, as well as additional amino
acids. Many cell culture media already contain amino acids, however some

30 require supplementation prior to culturing cells. Such amino acids include, but
are not limited to L-alanine, L-arginine, L-aspartic acid, L-asparagine, L-
cysteine, L-cystine, L-glutamic acid, L-glutamine, L-glycine, L-histidine, L-

isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, L-proline, L-
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acid, neonycin, nystatin, parononycin, polynyxin, puromycin,
rifampicin, 10 spectinonycin, tetracycline, tylosin and zeocin.
Antibiotic and antimycotic additives can be of sone concern,
dependi ng on t hg:fnype igbotdtd, i-tBRitdihan, IEfE AR L FHnBOR % Welewithin the
situation that can arise is an antibiotic-containing nedia wherein
bacteria are st kil opprssiarthe arhtodeterminethn mopes genaenations pHHERr t he
anti biotic perfaor aHFact eriostatic rather than bacteriocidal
mechani sm Al so?upﬁen?f Sbiotics can interfere with the metabolism of
some cel | types. Hor patisisticsaie slkstyplellyubed i aienitsieyto uttights bacteeial,

culture and include, but are not |limted o, D-al dosterone, . ]
di et hyl sti | best PPORIsEBY @%@%&Mﬁé@%@?ﬂ-é@@ﬁ%ﬁ&n@ or anti-mycotic

hydrocorti sone, ¢ ' A Afdd RO/ 0 BB Q8 Rb ifdHeman
growt h hor none %dl—w%nhélﬂsﬂ/erggﬁ og({tdr{,sb %%r oxli ngﬁggﬁnylf- f hyroni ne. 20
Li pids and |i pi blutase notdinsiteddo amphoerivin (Foagizore®)upppicitien geahicingul t ur e

dia, dependi the t f cell and.the fat the .. ...
G 1 o7 ont 1t ed. HEPRYSIBIeteHarRyeah JEmsL AFioROPE. BRrORRRA s BUCPLF o

not limted to gl HRemytinl fystafin, Shroidmycis polyasix, plonlychOtiintpids, d
conjugated to al bumn, "linoleic acid and oleic acid  conjugated to

al buni n, uncdfj spgatiramydin détescreling; Wlosiniapd pedcL Amibiatigrand anigByLotic 25
aci d conjugat ed . 1 i i ] jygated to
al bum n, armngao %gérs? g%&%%n%%g%’gfg%ﬁﬁg oé{%géﬁgeegg‘gm%g%i&gr cel |

| ayers. Feeder pafdrmedr Oneapestibl¢ situstigpthattcah hesegs emartibodtick@staimngus
cultured cells, including, stemcells. Feed el | e nor cells
Chat “have. been MBI ELSUGAAE s Sareset Bine suliSien PpihEactBRat s

feeder |ayer semmiSotaSpedfolasa@badtéioetatié AikheptHAB bagtridcidabicifmia. | AlSo,
cellular factors wthout further growh gr division of their own
(Lim J.W aréd s@amtrc,scmentemw)thaamﬁown@fsmﬁf@meayer cells are

typi cally human di pl @i i j

S 5o mouse enbryont Sor il Ee R e g RUER.ETRIAIL AL kORI AGe,
that is capabl ebetffarstgiflinyiteddo Dedlliostcdones divthyhdibesrod (OES p dexatrsetiibSortel Bt
of* Stem cel s, cuTadian Ry SERoRsons il SEAINI R ERETORe SORBOHUEBSTERy
of stemcells. § , 1 y
to keep the ES I i i . i Lve state, as
| eukeni a i nhi bi ?‘g’%i‘? %ﬁbé‘?m??‘?ﬁ?ﬁﬁggﬂé’ﬁ? fi8ime BAOLIth Ehfhe.v
properties. ®er ef or Bipidsiang llipivkoatrizrs em algotble us¢dro Suppderhent bell cdtuk t o

D PG | PO y : ' e e
ol Ture can. ve. Mt SrPRBaSE R b LAk BF B¢ 4PhEeBllben o Sn' "
solid support, gpiahafBcaibrs 3aLintbi& buBé hoNinkiRARe BeédexaRdaspNphet i c

or biopolyners. Stemcells often require additional factors that
encour age t hei r cholesterol, linoleic acid conjugated to albumin, linoleic acid and oleic acid

conjugated to albumin, unconjugated linoleic acid, linoleic-oleic-arachidonic
25 acid conjugated to albumin, oleic acid unconjugated and conjugated to albumin,
among others.

Also contemplated is the use of feeder cell layers. Feeder cells are used
to support the growth of fastidious cultured cells, including stem cells. Feeder
cells are normal cells that have been inactivated by y-irradiation. In culture, the

30 feeder layer serves as a basal layer for other cells and supplies cellular factors
without further growth or division of their own (Lim, J.W. and Bodnar, A.,
2002). Examples of feeder layer cells are typically human diploid lung cells,
mouse embryonic fibroblasts, Swiss mouse embryonic fibroblasts, but can be

any post-mitotic cell that is capable of supplying cellular components and factors
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attachnent to a solid support, such as type I, type Il and type IV

coI | agen, 10 concanaval in A, chondroitin sulfate, fibronectin,
“superfibronectin” and fibronectin-like polynmers, gelatin, |amnin,

pol y-D and pol yhat ateydivaageothinaiibwaigaptinal g:nwrtlwmbxmemdl axparsian of

mai nt enance COI’ldItl?lnS of stemcells C@ al so co nt ai n Ctﬁl «EP%%ES

factors that AICFbLSt B fases: &gde o5l laysee 1iof ¢ O°FERR

undi f f erent i at edid i@raflundifferchtiated, pr6lviaitipORRESs wwlefmaqmdit@nycmﬁowmﬂ e
the cell nmust remain in an undifferentiated state of self-renevval f or

the medium to ¢bHDhpsansipdifferentistiongirenrtiess dbergforg, sunpjementation vath LIF
derived grow r ke i n

sel ect edgspecﬁl‘lqelzs)?lﬁtb8 ﬁ%l ngj[nl onsa;]t1 %drrg% &1{39&?&3 uglg%%?%lﬁ%&{igmtet hose
skilled in the art eHs 1rsamﬂtpfeajmmbmaidna§nedealtlhenvm1sh@ew¢ﬂ ort attagleeldfte B enew

but not 20 differentiate shoul d emoved fromthe e madl um
o ot o i 11 orsalid Pipppiysuch o ertagalar FAlBecomtRRRERt g SYaiteke e

benefit from C(?ﬁdi)élWré NSte defls G rBAlire aa@ikibndl Yateors @ld%hc@&'agé'{h%ﬁ“ ng
nmet hods arise from'the observation that certain cells can supply

yet - uni dent i f i atfachatentiogrsolidsupnost, sushs tipk SuypeHbard @pe Eécollagen,
differentiat '%é%ﬂgva%H Clchbfirbitil §7@%e, Ho o%%t{ t‘éﬁg%fbif&h%étﬁl Galy! ul ar
factors can dce expression of ace receptors,
some of whi ch dborieetin- hhﬂpdlymensd@ﬁtmt lasdnihypolyePant pobt L-dysinebodi es.
General ly, cel lﬁr @gr co-.cul url are selected based on the type of
|i neage one skitMeBgospendinand MtQReeas + o i nduce, and it is within
the capabilities of ThBenagtédaneslcontitionasr stéin 6@lsRed alkd CorddA CORILArdFhdors
cells for co-culture. MAPCs and | hohenat gpoi etic cells

di fferenti at ed that @H@%@&ce&séucm%%ﬁcasw senasdiy e wydiffeaentiated dprm. It

anddi fferont 4t FamapyEhtder RFRARSpelclfe ERMTERAR B 0 O Whpcs

wi t h appropri atvadiffzedntinted statz! afdellﬁgenewmt fontht meidivin ted:ohtam epidermal

o M 10" Csp. | Saw e B B o] oy hglor (St vgiv oy
-8, -13 etc., Quctd(LiF; i85dI8AE sﬂé@ileé)saxﬁrcoﬁlbﬁﬁﬁoxﬁ%ér&ﬂ\@ﬂ i§ Bppseldit & ©

factors respon5| bl e for stem cel regeneration, commtnent and
di f ferenti at i orthoseskilp@inthe e thaémpplqnmrﬁhaénlﬂomwll knsetisrenet bufanot

differentiatggd 4 QnUaPeeéﬂ% %%'r?xhb& gS 8 i QP Bif] n?iat? oM
escr ow i1 n arrp e

or progenitor ce I’O as erelrn

2. Methods for in VIStdhOcélElﬂlEB‘s@ﬂd)bfhbﬂ @lls chnflfeﬁéiﬁrﬁdmbo-emimﬁlgl\ﬁm%other
i ncl udi ng human, are Iso descrl bed in U/, S.. 5 10/048, 757
( PCT/ US00/ 21386°ll fypecgu 26619;]5 aring figmsthe phygerypfion gt certain cells

can supply yet-umdentlﬁed cellular factors that allow the stem cell to

differentiate into a specific lineage or cell type. These cellular factors can also

25 induce expression of cell-surface receptors, some of which can be readily
identified by monoclonal antibodies. Generally, cells for co-culturing are
selected based on the type of lineage one skilled in the art wishes to induce, and
it is within the capabilities of the skilled artisan to select the appropriate cells for
co-culture.

MAPC:s and lymphohematopoietic cells differentiated from MAPCs are
useful as a source of cells for specific lymphohematopoietic lineages. The
maturation, proliferation and differentiation of MAPCs may be effected through
culturing MAPCs with appropriate factors including, but not limited to
erythropoietin (EPO), colony stimulating factors, e.g., GM-CSF, G-CSF or M-
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(PCT/ US02/ 04652, filed February 14, 2002), which are incorporated
herein by reference for those nethods. Methods of identifying and
subsequently separating differentiated cells fromtheir

undi f ferent i at edsp @Y, §Hrbrdukins GaF, 121,CA7-8] 805014 -HY8, TES &odsr wizh |
known in the art. Cell's that have been induced to differentiate can
be identified stspmabralstoretieycallgmhighiseeretedidters rypensitdofasiemaell

whereby differentiated cells. i fferentiated cells.
Simlarly, diffréﬁ%nn;“}%&%le‘i?“{c@“P%Htcagﬁ%fﬁng%“rfied by nor phol ogi cal

changes and char act emiogit ebodihirht, Ateamnaid mewss ¥MAPCscahbeidifferentiated into
undi fferentiated counterparts, such as cell size, the nunper of

cel | ul ar pr oceshesaatonoietis celly syl as SEMAPPRIeHHITR EPIIRCIBPL AT Red)V irady
the conpl exity @Jscﬁ&hﬁ%&% #éhl,)\fé‘rinE 408! Metfbias by liPbirb @Bma F&‘éﬁc
contenpl ated are nethods of 1dentifying differentiated cells by

t hei r expr essi odiffefenggioni ffIMARES, inctuditglomnanpark else dssgtihedsim U.Sel | ul ar

hese cei | - ourt LOGRTEAIIREGURROR IR A Bie AT on Bid RS BRsP3pL5°"
cells. Detecti oCToiISOIes652¢klel Felrasryhe, 200D), ewbtcth drdrinoorybratddirteisbence

activated cell saorti n% BEACS) and enzyne-|inked i mmunosorbent assay
(ELI SA). From tisEreics forgBessmeshodss r anscri pti onal upregul ati on of

speci fic genes, di fflg@ﬁ@&é Migchi®Rhg %ﬁub?égu&ﬁ Rglt?a)é%ﬁdggi?ﬁl%rént&fted%ﬁé?

expression that are different fromundifferenti S. Reverse-

transcription pbomiksinuslifftrentiatadeguntemarty Gn-beCRyied ant byl mwetheds welbd t o
noni tor changes i n .gene [ Lon i.n_response . fp differentiation.
' addi tion, whgiut BEE Golfith Rave peh faiced o ifersplipte ca B ol
3ef ]lcjsed to i dgnlb)i fell/ectidéliffzﬁlluﬁﬂigiof&llﬁﬁhd@ﬁdadnﬂitioﬁ@@ﬁéréfby’l@ffjh;enﬁditg@?ells
ifferentiated cells are identifie ey can_be  separate rom,
their undi ff er ePHIPERRA vRdidistceipad 9‘“31:3- %?rr_n)r(?ébfe@éfgw@atqfﬁ%elhéﬁmBﬁgle@ﬁﬁedlo
i dentification ﬁﬁ@gx;agef&gﬁc@p&ﬁn sSRd BRIk R IRhAAASH R bre3 &R 3L AdiON,

such as FACS, pre ntical celT culture nethods, ELISA, magnetic
beads, and conbindifférontiatedrOuntarpadssuchiassel fige, theinuemtizo df erblutar pfocedses

i i i Sj. . FA i dent,i f d. |
based o cel | - Supr ReBATonal Jefirsist PeioBher) SR8 e cbmRER LS BBTES hocs
I n additional expaidlleRistSoutionNAkoRefembRtEdGrd Mathodd T idkdeisHAy at which

5 MAPCs are cultured can vary from abqut 100 cells/cn¥ or about 150
cells/cn? to afiéfgrentigedomdlsby|thaiy exppessiphef Ppesifig cldbeutacomarkers sugh agyz

to about 1500 c ho Sl C i
vary between spoik EBpLA sl Waldmatithe e e Mnecl 051 RIBY oGl
dependi ng on cuthtsercellsorfaictmakers antbessed wedeftify diffesentibted cells. Detection

of these cells can be achieved through fluorescence activated cell sorting (FACS)

D

/]

and enzyme-linked immunosorbent assay (ELISA). From the standpoint of
transcriptional upregulation of specific genes, differentiated cells often display
levels of gene expression that are different from undifferentiated cells. Reverse-
transcription polymerase chain reaction (RT-PCR) can also be used to monitor
changes in gene expression in response to differentiation. In addition, whole
genome analysis using microarray technology can be used to identify
differentiated cells.
Accordingly, once differentiated cells are identified, they can be
separated from their undifferentiated counterparts, if necessary. The methods of
10 identification detailed above also provide methods of separation, such as FACS,

preferential cell culture methods, ELISA, magnetic beads, and combinations

20



is within the skill of the ordinary artisan to determ ne the opti nmal
density for a 10 given set of culture conditions and cells. Al so,
ef fective atnospheric oxygen concentrations of |ess than about 10%
i ncl uding abouty,desr R be ROMvELER efliisioRgine iSe SN @ toN.
growt h and di fftlel?grg%fi' ?sé%’rlegﬁﬁg%%&%%gm?n cu?ﬁtvur e. Uses of MAPCs and
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di sorders anenable to MAPC-derived ther agl es. MAPCs have capacity

for | ynphohendt MASCserecudiuradsan wany fiombepogbi (9 qus/s‘fm\%r abut 139 cpllg/smg toag
di scussed 20 bgl ' a B i P 2
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t he presence ofaboyt2000rels/émT. Hizalehsi® canvesiy detwicoh bppaied. Additiohdllyr e i n
a colony-formng cell (CFC) ass rythraid butst-formn ni

(BRUL B and. m AT AP £ VR QAP PEPgr sopditins b ouhaf gels. 1
detected. \Wen iWﬁlﬂﬁth@Eﬁlltdfﬁb&ﬁ@iﬂh‘? ARG deBrRirertR\Sitnad kit F6r% 25
NOD-SCID mce irradiated at about 275cGy and treated with an anti-NK

ant i body, up 10 cgistroigt obmdpuggondiiensiandeells were detected in bone
marrow (BM at abou %@&;}% it 0 di i af i i B-
and T-1ynphoid cel I‘l%sl.S g’%f ew ?g?m\ﬁﬁg%%{%%@h\%iﬁ%ﬁﬁ%gﬁt ed
i nt o NOD- SCl D ni(®&,incliding hlodué fa & oarctd used atgmy timesturingéts isdgion, Thus,
HSCs can be generated .from 30 .nurji wel.| as human MAPCs, in vivo
and in vitro. ﬂng&W&@@?@Eﬂ°ﬁ§EWW&‘H{‘%rot ect as well as
provi de | ong teU%BPDH&KEd:ﬁidH&g&b%kﬁﬂi&h%ﬂﬁlﬂﬁ%bﬁéxﬁ&oy&&ﬁt%m
Hence, MAPCs are an attractive source of stemcells to treat
| ynphohemat opdi et i c MADEs maydeian alterantivg, sowae odECs forfreabepngenital or
congenital and : i j - i . .
ac%ﬂnr@cﬁl%@@%@ﬂo%@ QAsoRfI, 590 eﬁ%hlﬁg{&ﬂ@&cfnsmqu% to

| ynphohemat opoi et'i ¢ npositions a SO
i nvention are disirgcheshnecellker differamtiatediprapehytbeefrah tividBAEdisarddrspr ogeny

t hereof to provide topai.etic cel to the various

| ynphohemat opoi@%ﬁ%%g@&?%%gﬁge%omgi If{)avl?/l&irﬂl",@lt?Sf"r_progeny 5
therefromare w;mghmmawp@_iaﬁwﬁtdmnﬁﬁ&f bdtly PR EIEE 9RA). €Ad Escussed

di sorders. "Lynphoematopoietic disorders” refers to any di sease or

di sorder of 2febelawinthe Heamploporhenmuring MARks Were soaredwitngl litles
spl een, thynus i\gnllmc li{;é}q?edep l:e(fl?,dE]g(%- ﬁ)Z, iPfhE 'ppégg{c@ Iof E’J/tf?ﬁges tlgp zbo%p f]

bone marrow (B
weeks, followed by culture in a colony-forming cell (CFC) assay, erythroid

burst-forming unit (BFU-E) and mixed colony forming unit (CFU-Mix) colonies
were detected. When murine GFP transgenic MAPCs were transplanted into
25 NOD-SCID mice irradiated at about 275¢Gy and treated with an anti-NK
antibody, up to about 90% GFP'CD45" cells were detected in bone marrow
(BM) at about 20 weeks, with differentiation to myeloid, B- and T-lymphoid
cells. Likewise, when human MAPCs were transplanted into NOD-SCID mice,
lymphohematopoietic engraftment was seen. Thus, HSCs can be generated from
30 murine as well as human MAPCs, in vivo and in vitro. This process can used to
radioprotect as well as provide long term population of the lymphohematopoietic
system.
Hence, MAPCs are an attractive source of stem cells to treat

lymphohematopoietic disorders including, but not limited to, congenital and
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I n one enbodi nent, |ynphohemat opoi etic disorders include, but are not
10 limted to: - leukemas (leukem a is a cancer of the inmune
system whose cells are <called | eukocytes or white cells) including

but not |im t edadqRirdEmbBgtattdRAfoa-malidait eyhpHoBbatbpsitticdisedan a
(ALL), Acute Myelogenous Leukemi a (AM.),  Acute Bi phenotypic,
Leukeni a, Acut eComapsifiensand metheds pithik irvPrtionars drcted 19 thedBimpation and use

Chronic el oge ] ey Lt ]
(AL suvent P HABES diE BloBed ibebor (7 AACH b RRRRGIL etic LIS He
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el odyspl asi,a i s .sonetines. cal l e re-..| eukem i.n¢cl udi but not
I(lr% tedytg ReI rg‘é’fe&"? %ﬁia‘gﬁ%af‘”( fr,egtﬁgf“i'%fém ?‘e’?%)oﬁﬂgtﬁﬁ a:{s%ﬁ%ﬁ' Ri nged
Si derobl asts ( RARRphoBREIBETAE HisdHaaR? Aefits 1o an HiRaR oBURS ST 6Bﬁ£§r%) :

Refractory Anem a with Excess Blasts in TranSformation (RAEB-T),

Chroni ¢ Myel onohophehematensietiei ssisteranViis; systerm jnabiigarepieqn) Shmérlﬁmp% a

vessel sy i netudfos BithE et WkipfkatBoal Boh Bud dohE e RAERAR! 13PN
Non- Hodgki n' s Ly nphobeone Bbkiintens lymyphphemeatppoietioiigrddrethciude, tmehre not

(Erythrocyte) Oagnoré’r}al_i ties (red cells contain henoglobin and carry
oxygen to t hdY% ¥4 1%cl uding but not limited to Beta Thal assenia

Maj or (al so known as. a@b@ias flefitailh &) calter 6k ihe imfuAdBREm, AHOFE élls Rer e
Red Cell Aplasia, Sickle Cell Disease; 30 - other disorders of bl ood

cel | proliferat Faledlewkpexdesny vhite cpldy) includingdt nef limitrd tp Asutedsukeia, ar e
defi ci enci es or 1100 ' ' t

i ted Lo sever SRRTVADRONANE (Rl (REL), Noul My HENB et AT
Anem a, and FaAcwnBiplreaotypic licekaniey Acite Undiffirentiated helkemdh, K¥ronic

acci dental radiation. osu r induced b | ation or .
chenot her apeas i @e%WmW%@F@SGWBﬁEeﬁﬁI%MNﬁ?%% pRocylic an
oncol ogy setti NPeuk@anP¢OII B uvBIaLt CHrbBit Mydesgeadus Rietkkntia (XA, Juvenile

i nherited pl atel et abnormal i ties (platelets are snall Dblood cells

needed for cl oMyelogionpeidticlaikgmis slimted to
Aegalaryooxt 01 o) CoNgSRL b cBERAS USRI s e
Agnogeni ¢ Myel oletikédvkiapipkmding byt linfited toREfctory Rnkmia(RAO R efradery,
Bl e e B e HAnoh bt SR AT S S e QA5 es
Blasts (RAEB), Refractory Anemia with Excess Blasts in Transformation
(RAEB-T), Chronic Myelomonocytic Leukemia (CMML);
- lymphomas (lymphoma is a cancer of the leukocytes that circulate in
the blood and lymph vessels) including but not limited to Hodgkin's Lymphoma,

25 Non-Hodgkin's Lymphoma, Burkitt's Lymphoma;

- inherited red cell (Erythrocyte) abnormalities (red cells contain
hemoglobin and carry oxygen to the body) including but not limited to Beta
Thalassemia Major (also known as Cooley's Anemia), Blackfan-Diamond
Anemia, Pure Red Cell Aplasia, Sickle Cell Disease;

30 - other disorders of blood cell proliferation including but not limited to
anemias (anemias are deficiencies or malformations of red cells) including but
not limited to severe Aplastic Anemia, Congenital Dyserythropoietic Anemia,
and Fanconi Anemia, recovery from anemia induced by accidental radiation

exposure or induced by radiation or chemotherapeutic conditioning for bone
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Combi ned | mrunodeficiency (SCID) including but not limted to SCI D
wi th 10 Adenosi ne Deam nase Deficiency (ADA-SCI D), SCI D which is
X-linked, SCID wth absence of T & B Cells, SCID with absence of T
Cell's, Normal BpCeld $ran Mﬂ%gg&tﬁ Phrb @G Moctuftfal udi ng but
not limted toBlRost rrannSpandr one, el odlf\%t hexl s;

At axi a- Tel angi ed¢mmsglabin®aa @NH)phocyt e Syndronme, Common Vari abl e

| mmunodefi ci ency, D Geprge n ne f j
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Actin Defi ci encRolycyfedmie Meea, EEyentialrhsorghocgihdmia; cancers i n the bone

marrow (plasma cell disorders) includin ut. not. im . tdpl

Myel oma, Plasma Cel |~ lﬂﬁwgﬁnﬁuﬂwggﬁsdfsg{)%%m‘%&l%%Ptolboltt g%‘ﬁ% koe%&gr.%
Q her exanpl es gbmbive® Remensdedibieato@CIN) incladiag buiot linted thSCID with ed
usi ng MAPCs or progeny derived therefrom.i néllauﬁe

bui;' re.not i
to, graft vdPsGdenesise DepminpseDeisienoy (ARArIiR %@%Y" ’égéseg',l ed, SC
coagul ation i 5ph d6YRLEAAEM! IRCEA) SCRS Wbt HRKEELENELRS oIS eélls,

henmophi |'i a, assem a, roni'c granul onatous di sease an
| ysosomal st or aQmenn Spakent.dieunopenigsdidledingbytast limitedtodSos@ayher

di sease. MAPCs al sq,.be .used.in.th roduct ion of chi ngri,.c
i mmune system a%lﬂ%%ﬂ%eg?ka eZflesp 5%@?%%%?8%8@ ’ 1928? ggrr?%g?cytkqn@sn&reome’
graft (tol er ancepmniov£ibleinthunbddfieienty, DIGEIrgeByndreae, tLetkodytedney

transpl ant. MAPCs al sQ_have use in the production of donor or
chimeric 23 ilAmOARESIOPRLIRIACY:0ni ng for repair of inherited genetic

deficiencies, such as n@h@é&bﬂﬁ%% dﬁ&%@@'s%r,pﬁ%ungﬁlg%ﬁnotW@w?y be

used for the replace ost immune systemfor treatnent o
aut oi mune di sebgephopualiferativé Disosier, Xrimied fasn nogmeasiBpsteimiBart Flirgs

scl erosi s, rheugatoid.ar 11 . di,abetes. 5 For exanple, wth the
use of MAPC theg‘gsﬁfﬁtﬂ)blﬁﬁ)t’@gﬁﬁ?tgé‘?(%ﬂpg,by’b‘gwlﬁal ly or conpletely,

| ynphohenat opoi esi s fgragboyed disdraérd (shap i@l ifiin@ing systéil Sellsuhat cal
MAPCs may praovide better treatnent outcones than CD34+ transplants,

currently in20sengubiand bl QIRign orgagiams)incideg but aphlimited e Ghedial-Higashi

educated T cell Syndrome, Chronic Granulomatous Disease, Neutrophil Actin Deficiency,

ed

Reticular Dysgenesis; and

- cancers in the bone marrow (plasma cell disorders) including but not
limited Multiple Myeloma, Plasma Cell Leukemia, Waldenstrom's

25 Macroglobulinemia.

Other examples of lymphohematological diseases which can be treated
using MAPCs or progeny derived therefrom include, but are not limited to, graft
versus host disease (GVHD), autoimmune diseases, coagulation
disorders/coagulation factor deficiencies, such as hemophilia, thalasseria,

30 chronic granulomatous disease and lysosomal storage diseases/enzyme
deficiencies, such as Gaucher disease. MAPCs may also be used in the
production of a chimeric immune system allowing host acceptance of donor
organ or tissue graft (tolerance), for example, islet transplant, heart or kidney

transplant. MAPC:s also have use in the production of donor or chimeric
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woul d not be autoi mmune. Therefore, one could use MAPCs prior to the
10 formation of the CD34+ cell state, and thus, produce newy forned
T cells. MAPCs, or their differentiated progeny, have use in gene

therapy. Expr éssionsystsot dlowingfor epairiof H@G@‘@g genetie éefém@lc@}épﬁ“é% ded in

aut ol ogous, al] nei E“M@ESC"E r ted
progeny, or thrf\cg%‘rsrcofr?re"“%’c‘)';‘)[‘21 E &ﬁ%ps may be %@%‘fr th@;‘géfa@{oég%hg or
non- honol ogous hbﬂdmﬁﬁha@istmformamhmmtokmmm dmeasmuraras lupus, t hi s
way, one may correct genetic S inh.an di ua r exanpl e,
di seases i ncl udbg! eTg, Eraise mpif e[S§ QS r}ﬁu‘Pﬁta{Baaé'\s(’é‘ﬁ? g dlal%q Bkl e cell
anem a, adenagsi ne d@amx@jﬁfe %hltﬁée%yme%%dﬁe% f8fot < bty ormay

be corrected. Additionally, one may express in . or their
differentiated compb@éﬁyymlalohcmMpmls &mr@r’w@rmftﬁc giater dhws, ves of
inhibit the ex i on_or vrt artl ul uct.
Drug resi st anc%ﬁ%@a}'mﬂv Bertf) ?m?%tﬁ%’ %de[[aﬁr%‘ﬁ&ﬁ?tr pl e
drug resi stant cluvidy mamwrﬁay aaﬂosﬁm{m dlsﬁrd@dsiﬁ&dhe névely eliiGAESL,T crils
their dlfferentla ed ?) eny, nahl e t hem i ve drug, t herapy.
For Iyrrphoherrat"%?tu %8%@‘&151%‘ Fy QD€ cpift “Ber C\?-pPoér?g;h?—lTLV-l l,

the MAPGCs, @ fih@kibn Gftfhfa et cat ﬁ%\&ﬁﬁ%ﬁ)’pro@@@ nBRLIBARE T 8dilsy
nodi fied to produce an antisense bozyme or protein which

woul d prevent prol i MARES, onthsir daffergmawdq’menyshwwm genetthearppy.
differentiat edgﬁB ﬁnﬁ'v c%r]gggﬁiéeﬁm%ﬁu&ﬁﬁglaﬁ pres gﬁﬂg a{gf‘oc%&ﬂ,nl}?l 0 the

expressi on of etic sequence
art, including allbgﬁnelmt xéﬂdghﬁ@dMA@Csdmrthaf ijfeﬁantistbd pmgeﬂ}g or iite Igeﬁdnrmg
or addlng DNA i nation

indirectly, O?élﬁtcp %ﬁg}é l Ogglg'lﬁegg homp lgo ?9%21012- pmelogous recomblnatlon
differentiat ed DR RRRIRY kn@@ﬁ{nﬂﬁe e HOMBRAY RS ot By &neaogen@tmfée@gmw

transpl antationto treat nmlignanci es, bone marrow failure states
and congenital lmrbvldmil For ex drsgagbmdndlng,rbplhrmémtedltegﬁ -thalgbssomiader s.

24 For exanple,. WS tai-ned fraom t nd
MAPCs i sol at e&lc ﬁ ?5%@ ﬁos? Qﬁg%g%(%ggggc TR %ﬁ%asgﬁg?géenrc e as
a graft for auﬁaylmgﬁuscwmrrow transpl ant ati on. AI ter natively, the

MAPCs can be differentiated to |ymhohenatopoietic cells ex vivo
prior to transplant ana%enewe@re%rans eﬁ fieAidisrentinted

progeny, can alsg &Fﬁ§ a&%%%S%lyenE@ﬁN '"Urﬁlhﬁ 'ittﬁ@e ressmnor

transpl antati o e cells are genera y use a ter he subj ect
has received (autn\atymfepnatteniaxgm;modmt dpyg résistane penes e lwliig, butamh

al'so be utiliz ?icriniIea to, tlr{'e mu 1pPe &rﬁg"" pe%@!agp (&V%f.{)ogencei,unrlgyngso be introduced into
MAPCs, or their differentiated progeny, to enable them to survive drug therapy.
For lymphohematotrophic pathogens, such as HIV or HTLV-I and HTLV-II, the
MAPC:s, or their differentiated progeny, can be genetically modified to produce
an antisense RNA, ribozyme or protein which would prevent proliferation of a
pathogen in MAPCs, or their differentiated progeny. One may also disable or
modulate the expression of a particular genetic sequence by methods known in
the art, including, but not limited to, directly substituting, deleting or adding
DNA by non-homologous or homologous recombination or, indirectly, by
antisense sequences.

The MAPCs, or their differentiated progeny, may be employed as grafis

for bone marrow transplantation to treat malignancies, bone marrow failure

states and congenital metabolic, immunologic or lymphohematologic disorders.
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the first trimester of pregnancy. Fetuses with nmetabolic or

| ynphohemat ol ogi ¢ di sorders can be di agnosed prenatal ly. Marrow may
be obtained fromnormal individuals and MAPCs can be obtai ned and
expanded in vi Fooexafipde, MARCY saples carhegotitaineddinomn ithet subjset and MARCS et us

by in utero inje xa a I n be
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nmeans avail abl e to e are'many tests
available to orpaom‘o tsﬂns;blhntatmnt Heheaells arogendely imfused/ aftes the sy ent has

function. For exaqp g QT glphﬁte Bl ood Count) is a conmon
bl ood test thafe5PHEdcHaavHeemorRdoMi@EY mat i on about three types of
cells in blood: re¢hbbf§5wldé‘@édu§ canléd 1 Bilieedlfoe f drsroarmislhdhtiinaiusing
Addi tionally, one_may. fluorescence activated cell_ sorting

(FACS). FACS anha St Eimestsr ppreganeio isbties ‘ﬁltla@p@@mawyrﬁame@ﬁ%%f
hemat opoi eti ¢ geblfrd &nbe 1d1a§n§ a‘%i bhRonatB|L EMaftow n%ﬁéwb%ﬂéd%m normal

macr ophages, an 1 nmmature ifon of” T or red bl ood
cells). A CFU $ndividuals aml/MAPEs chebaishdainedomnd emaa}ndad UovaaEherﬁPé‘dcan

bl ood cells r, a.paraneter .th Suc S npasure
henogl obi n cosoélé‘?i‘tt{éaatdf%’ﬁﬂe géog’@?q}’s%ydmé‘e‘frﬁ%g g Ore %I ood cel |
hal f-1ife. Lym{ieheswétlopae:8SABCS @naeﬁtf&@érﬁﬂtedsm@mmbh@@dnoﬂwemamr ed
with a control value of |ynphohemat opgiesis, |n one _enbodi nent }ahe

control - val ue iPEobio: teAnsRIantatQHy, THhe $, % thsir differentiatediregeny.fap alsp
need of t reat g {{Iétrcallll%J eC?ﬁleéﬁ 8‘?1 Intation® TﬁQ@tarcﬁime‘f@{vHPbé f%rde

obt ai ned from prior to atnment, or ‘at tine interv
after treat rrentwhlcﬂﬁwi!/lﬂlé‘@btoaﬂll%orpamd aHS\eatlom of e digpicabdbngtmmadity. of a

human i mrune, syste nmunaodef i ci

Then hae e ner S kaobiesis oR B deied SYR0 Sicing fafble BTOREGE . o
(e.g., biologi grillSn®e ﬁfrairhergaieeﬁmyaés)s Mailadle tolne o Sl ad mefattrtr@n
Iynphoherrat opoi esis; 2) screening to test potenl al antigens

human vacci ne eisanEefteshblogy figictiens dor sxamerle.frRG (Gerplssdilead @Wt) is
antigeni c chal %ngr?onqjloc%% % Bfo%depﬁ i indofHAHYr %o@thﬁeé%&%l@f

i nfectious di séase: ction antlgen specific
wi t h cytotoxic,n bbbd)eled blood e@jlsL white lylo&d (ullojand platedets. Adbitioriallyroak ineyy of

3 subj ect by dsqRererepmesach Bt b SRR AL U (EKCHBAS SRRl udi ng
but not i m tedelBrmhAG8ldb@8%ny population of hematopoietic cells (e.g., T cells, B cells,
granulocytes, macrophages, an immature population of T or B cells, red blood
cells). A CFU-S assay may also be used. One may also measure red blood cells
or a parameter thereof, such as a test to measure hemoglobin concentration, red
20 blood cell count or red blood cell half-life. Lymphohematopoiesis in a treated
subject can be compared with a control value of lymphohematopoiesis. In one
embodiment, the control value is obtained from a normal subject (a subject not
in need of treatment). In another embodiment, the control value is obtained from
the subject prior to treatment, or at time intervals after treatment.
25 MAPC:s also find use in the establishment of a human immune system in
an animal (e.g., an immunodeficient mouse) which has uses including but not

limited to: 1) screening for agents (e.g., biologicals or small molecules) which
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i njection, catheter adm nistration, system c injection,
intraperitoneal injection, 10 parenteral adm nistration, oral

adm ni stration, intracrani al |nject|on intra-arterial g In
%(lgllgf%ﬁ or

i ntravenous i nF%@thMMUWQPG}e&F’% SFIGSIBHT S PPIgPIR
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injection, surgical, injection into 15 ihperest

direct appli cagb BWd’t“HldPi géﬁtégegﬁp?cé%c cflgs "8% yg‘i]?’fl?fd’espﬁf:g Ty %tP ¥yon a
wound) . MAPCs gadpeRRs.admi ni stered either peripherally or locally
through the <circulatory system "Hom ng" of stemcells would
concentrate thé@@lﬁﬁﬁ@cﬂﬁ\wﬂ% in an environnent favorable to their
growth and functiony,Bs q?f@é & kinGes)
to pronote homng is ang tﬁ%ﬁl%gl %ﬂg{a}e\ég é}oﬂf‘tcbﬁ’P tnﬂlt né/(%ﬁ Sr’r@ hods
of the present bynwarittyofimeGexs availablg tothe laﬂsmcgledlgg bub@lt linlitad td lacilized

t hat i nduce or .enhance | 1 yl ar. suc om. n PCs or
other stem ceInFJEQ ﬁq y?“mése%fnlgn’cf‘yg?fplﬂug%}?ﬁ é‘Fr (gqefjs]ﬂegé??

enhance the 1y 9&@31!6?&1‘ a&ﬁlmdbﬂ%l?&& ordDuthalnistiaton, Mtade@ial hijdctian Sntiparterial
limted to, stromal cell derlved fagtor-1 25 (SDF-1), stemcell

factor (SCF), amigstiopoinEayenoys injetiors mt%@ya@?%dn@ﬁlswﬂmpéww (Pl GF)
and granul ocyt I fdial fd@ishhes al so

i ncl ude any M%S&%?%?ﬁébﬁ%éﬁ}g&g%eg%%% 131%&%}?\530t hae%fal adhesi on

mol ecul es,  sudtnsenddo@Alial injediis transvasoslpreinisction; indtacéranary iinje¢tiont he
hom ng process. Different.iation of Cs.t ohen

characteri stic 8P gscd'%g P Egon trfuflg%mgr %%83% 5 ﬁ@iegﬁo inyto a tissue of

di fferenti atiphintbRsior via @fett HpRLAAL tlﬁugsurfaf:@sfi(btgr Qurifig QFBéry Bfon a
| ynphohemat opoi etic cell formation. Viability of newly form ng

ti ssues can be vh8hced by angi ogenesis. Factors pronoting

angi otengi n- 1 and - -2hcy el gl Bk Bnkfiany B Ky ARGERIGET ™

EG-, PDGF, angicﬂmdalnfy systemng‘i[—bmm’i df,steart@illspmekilcnnchntrmemm iapllantedi n El

and E2, steroi hepar.i n, gluteéﬁlyl -g}l{g}/cer nj. cot ni.c am de
Factors that d&ENHSR CRYIMsLE c T tlcP‘br et ohew
tissue, suchmg ﬂaﬁéﬁmﬁﬂh ?x%rﬂoteslﬁiﬂﬁﬁg 1s|iﬁ6thél’f aitefafile %%nﬁﬁét@d
apopt05|s 5 incl ude but are not imted to a-bl ockers,

angi ot ensi n- cony dwetmerulg)dé of thewresattiinyentier, Cax@in ¢yiokindsioes pellulacfactons F,
o bitors, canrpurbge el e ESRRRE n D B MARCE B e,
factors which ptea@lle, progenitor cells or differentiated cells) can enhance the migration of
MAPCs. Cytokines include, but are not limited to, stromal cell derived factor-1
25 (SDF-1), stem cell factor (SCF), angiopoietin-1, placenta-derived growth factor
(PIGF) and granulocyte-colony stimulating factor (G-CSF). Cytokines also
include any which promote the expression of endothelial adhesion molecules,
such as ICAMs, VCAM:s and others, which facilitate the homing process.
Differentiation of MAPCs to a phenotype characteristic of a desired
30 tissue can be enhanced when differentiation factors are employed, e.g., factors
promoting lymphohematopoietic cell formation,
Viability of newly forming tissues can be enhanced by angiogenesis.
Factors promoting angiogenesis include but are not limited to VEGF, aFGF,
angiogenin, angiotensin-1 and -2, betacellulin, bFGF, Factor X and Xa, HB-
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| ynphohemat opoi eti s, such as a biological, including EPO or a small
nmol ecule, 10 is adm nistered prior to, after or concomtantly with
MAPCs or their differentiated progeny. Exogenous factors (e.g.,

cyt okines, di T fRERBHAE] Akidufehfth, SnkiBubpin, RlobIUA1, phokkdghindin B aS
growt h factors or angiogenic factors that Induce |ineage
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subsequent adm njst.rati - to patentially. regs | |
survival s to PhESPRorSEeRRed. e A e AR e
synt heti ¢ pol ynatagonpe bakpig isthibitdis; cpdgdrideandenipariddi ti on, the site of
i njection mght prove inhospitable for cell seeggg% and growth
because of scarring Bron§EARPdimeRk aRGRTRYe faefors SHE opol yner

i nclude, but argnAbhdrhdibgdlist Suchhab BRIl Inclidif FPO, drialinaNGasBoule,
thronbin, collagen 25 and profeoglycans.” This could be constructed

with or withdQtisiadministergd prigt lokafiee ot camcormisgnslytwith MawCs 9¢ thsirs

angi ogenesi s f ag: . L-apoptosis factors. Additionally, these
could be in sus%lgﬁgﬁig%d%gkwgr alternative is a three- dinensional
gel with cells entr appsgnodstfintors (g, ¢yndlines} differentidtionfactare(d.g., cellular

bi opol yner adnjxture.  Again t oki nes, .differentjatiqgn factors,

angi ogenesi s f atfBfs sughg Wgﬁmﬁgﬁ@gfoﬁ?Bﬁ@?%F thé% 151 LFs#8%on
thereof coul d bgorhMfmeA§nplobicsis Heordfld antiJdpestBsis Giétdds)kan gepl oyed by
injection via various routes described herein. In current human

studi es of adfotdygsisteredonpron iwlaéerorisoreontigntlywith MABCs ortheir differentigfed es
rangi ng from ab t 7 . . .

di fferent scena&%dgesdyr'raﬁ&r ré’é%ntﬁjl ?’ea o‘%%l %’fr;ﬁol% gqﬁ%%?g&nﬁ%q%?@&%@&g’mgﬁel S
admi ni stered. &ombihinga fadier afutedesttiy thefM ARClsaspensitremadinipribstioer ed wi | |
vary for the subject being, ,treated. In a preferred enbodi nent,

bet ween about 1¥APIITaEEL ASREISERUANS AEARaDlS By Y S8 a8 PP g st
preferably, abo&&miﬁisi&atl&?foﬁ&@%ﬁ}eidb%ﬁ&ga@ﬂ&rlié?ﬂﬁbﬁé.” about 50 to 500
g/ kg per day of a cytokine can be adnministered to a human 5 subject.
However, the2freci seAdesteadiiopateniailydficreasacelhwuvicallie tocineapeteteddABRs

effecti ve dose may be based.on,factors.individual ~to each patient,,
e o me ¢ por TPy RS biGRLARE LP B SR DhotnGRE SRRk iRl
anount of tine &inditidn the silesbigRctigCRight pdvaintlodpitable fer BB sexdinptaad W th

the node of delivery (direct injection - )
growth because of scarring or other impediments. Examples of biopolymer

include, but are not limited to, fibronectin, fibrin, fibrinogen, thrombin, collagen
25 and proteoglycans. This could be constructed with or without included
cytokines, differentiation factors, angiogenesis factors or anti-apoptosis factors.
Additionally, these could be in suspension. Another alternative is a three-
dimensional gel with cells entrapped within the interstices of the cell biopolymer
admixture. Again cytokines, differentiation factors, angiogenesis factors anti-
30 apoptosis factors or a combination thereof could be included within the gel.
These could be deployed by injection via various routes described herein.
In current human studies of autologous mononuclear bone marrow cells,
empirical doses ranging from about 1 to 4 x 107 cells have been used. However,

different scenarios may require optimization of the amount of cells administered.

27



| ower doses, intravenous - higher doses). Dosages can be readily
ascertained by 10 those skilled in the art fromthis disclosure and
the know edge in the art. An issue regarding the use of stemcells is
the purity of ths,itBOh@dn€e; SteelR totRlaimpagett@wilbvary Bamke subjscoweinel | s,
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carrier in conpositions to be adm nistered in nethods qof the

i nvention. TypiCHPPRulatiendiBang asarowcetsdpn sxampleocarpaisg Mixedpoppisipns of
cell(s) or Cytc@ﬁ%@ﬁ’ﬁ&) an B ?uﬂﬁ@é@)’yde e ¥ elgﬁﬁiggrﬁucgag%e&gfféq w %
ufl“s re and1 t he I

sol ution in phosphate sal I ng, ctive ingredient is
present in the Thoseskilddd initls agcaanrsadily dSiermmne thepemrstagsof MAREs about

0.0001 t bout 5 w. % . f bl bout 0.0001,t bout 1 wt 9%
nost pr e19 e?agg WOBB%?H %S.”&!)Yelaf‘%glgwﬁﬁﬁﬁ?‘%g% 0 ’s%hoar% ﬂé%f?g?enﬁ‘? WatF%)
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preferably about 0.05 to about % O course, for ané
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particul ar net . 1 {4 ' Lt oIS, BLJ, € Jgto2r m ne
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25 The skilled artisan can readily determine the amount of cells and optional
additives, vehicles, or carrier in compositions to be administered in methods of
the invention. Typically, additives (in addition to the active stem cell(s) or
cytokine(s)) are present in an amount of 0.001 to 50 wt % solution in phosphate
buffered saline, and the active ingredient is present in the order of micrograms to

30 milligrams, such as about 0.0001 to about 5 wt %, preferably about 0.0001 to
about 1 wt %, most preferably about 0.0001 to about 0.05 wt % or about 0.001 to
about 20 wt %, preferably about 0.01 to about 10 wt %, and most preferably
about 0.05 to about 5 wt %. Of course, for any composition to be administered

to an animal or human, and for any particular method of administration, it is
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will generally be formulated in a unit dosage injectable form
(solution, 10 suspension, enulsion). The pharmaceutical formulations
suitable for injection include sterile aqueous sol utions and
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absorption, for example, aluminum monostearate and gelatin. According to the

cD

present invention, however, any vehicle, diluent, or additive used would have to
25 be compatible with the cells.

Sterile injectable solutions can be prepared by incorporating the cells
utilized in practicing the present invention in the required amount of the
appropriate solvent with various amounts of the other ingredients, as desired.

In one embodiment, MAPCs, or differentiated progeny thereof, can be

30 administered initially, and thereafter maintained by further administration of
MAPC:s or differentiated progeny thereof. For instance, MAPCs can be
administered by one method of injection, and thereafter further administered by
a different or the same type of method.
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10 Exanpl es of conpositions conprising MAPCs, or differentiated
progeny thereof, include liquid preparations for adm nistration,

i ncluding suspensions, and, preparations for direct or intravenous
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choi ce of suitaph@bé sl ddndkGrawah @ kliRbleddftiet, At \drlkcigRAEARN adstédle
exact route of admnistration and the nature of the particul ar dosage
form e.g., 1Pivyaied phryelgsicaleaking glugose, deprossepr the ke ohisrompogionssag o

be formul ated i . tf : L Q0. e Fenddd QUI d
form such as aits o2yRgrERd M RorBoshEREARLAin BEYIRY sARBh R e &7
suspensi ons andwgtihg onemulsifing agentsapH baffenngageatnpgeilingal visoadityr
(preferably purified, sterilized water) in addition to t ells.

M nor 5 amount sCBREGEs R SaEHRLSs deiorad sin oplas: ardhe 6% *
base such as Nagdibnding @pStht kS o ClniSPRLR LRSI PEPhmtioR HESRE] NY
agents, preservatives, wetting agents and E6| i n Eagents (e.g

met hyl cel | ul @8e$tandrag textss snchas SREMENGTONIEP UTHAL SSAENEE,”
isotonic, i.e., s v.e _t he i C_pressure ood and
lacrimal fluid 151‘8%éf‘ﬁéagle&’g?v‘g%"rp%%‘t%gﬁ%&g‘ts"%%’;“e{‘ﬁ%%%:ai’iﬁé’gﬁﬁﬁl%% of

this invention pmparbeuitable preparations, without undue experimentation.

Compositions of the invention are conveniently provided as liquid
preparations, e.g., isotonic aqueous solutions, suspensions, emulsions or viscous
25 compositions, which may be buffered to a selected pH. Liquid preparations are
normally easier to prepare than gels, other viscous compositions and solid
compositions. Additionally, liquid compositions are somewhat more convenient
to administer, especially by injection. Viscous compositions, on the other hand,
can be formulated within the appropriate viscosity range to provide longer
30 contact periods with specific tissues.
The choice of suitable carriers and other additives will depend on the
exact route of administration and the nature of the particular dosage form, e.g.,

liquid dosage form (e.g., whether the composition is to be formulated into a
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acconpl i shed using sodi um chl oride, or other pharmaceutically
acceptabl e agents such as dextrose, boric acid, sodiumtartrate,
propyl ene glycol or other inorganic or organic solutes. Sodium
chloride is prefgiiada Bﬁg@ rsfomt! 841 loY ardoMer 11l NS stitsalthdBleaqdoHTor
ions. 15 Viscosity of th onpositions, if desired, can be maintai ned
at the sel ect eliquiédiBed fosinhg a phar maceutical |y acceptabl e thickening

agent. Methyl cel |l ul eferred 't 1.S:.read

econom cal ly avail ab§ 3‘%5’:?& %en%lggilmtd(?eﬁ%gg yt%’ht%ﬂ %rgfogﬁrln IOf
thi ckeni ng agenjsgtet @eéfetdely pufifiedscerilize waterd it dddiiog uortheaallh OMjrvet hy|
cel l ul ose, hydroxypropyl cellu),ose, car bo\r;ﬁ and 20 the |i kg\I
preferred conéednounts ofipthsr meredienty sack aepH JP?teréé‘i)&n%I S SHC 35 aé%}gn

sel ected and thg, |1y
prepared from so ‘ﬁﬁ?ﬁﬁﬁ’gdﬁb%ﬁg g%rctisl }{Pfg %f ggrggﬁ)?e%% nl‘?l’égtﬁg%%]éﬁ% A
phar maceuti cal Igndaeldmgagdmtse(eg,mhyl@ﬂluloee)omaycelm bsplasnnt i By can be
enpl oyed to increase. the |i gh nNpos ns. Pref eﬁabl %{
preservatives SEIgsitio ﬂ%??élg’fd?‘ﬁom?tlei’ W&t %e | AT RSS i By 45 t he
skill ed arti sanplbed afd Ies&imslamppsi tions that will not affect the
viability or efflcac of the MAPCs or_  progeny as tgescrlbed in the
present invedfion. siggd lﬁwteecsmoﬁthecw&osmom of thisdpyrnfien maypbet he
conmponent s of t oNBurd fiakf ally
inert. This wl gfs?gei%fgﬁbr‘llgg% prggwejgne ?gmtﬁﬁ[lose s%eﬁt@ceag?laﬁ&?%‘e%h cal
and phar maceut i mhtSpu¢lm§|49k@ese bﬂncmcmlbscelﬂmn tagtzaie, peopyésadiglypobaraitered by
reference to standard texts. aor rd ts ng
undue experi nen]tngﬁamﬁ)or olfgramms?lﬁ%s )()%@f&’%]ge gﬂ) ef? %&P}(B]méﬁdrir%r tf\s&m ted
herein. 31 Corrplﬁlﬁfdrgmmﬁglsdlmrﬁ@bﬂsm ster ed in dosages and by

t echni ques avallable to thgse skilled in . the nedical B and veterlnary
arts taking i 13t 0 cohiseostty 8? fhssompesitionscif desiredycan he majKainedat the,ej ght

and condition ofidha 1B/ aglﬁglé ﬁﬁarﬂl%&éuﬁ@zﬁly a@E%tz{bﬁechféﬁéﬁ?%ééeth form
used for admnistration (e.q., I sages for
humans or ot her M&ﬂlylmlleloma ptﬁé’ercww@cmsele& mgadilycmt! ecomdoacally available and

experimentation. b the arti omthis disc u the
docunent s ci tedseﬁS rt8|W th ?)ﬁ efﬁwﬁf&re%% Wﬁgﬁlétsérfci ‘fesﬁff”é%‘i‘é
regines for ini iemmmagdm PArbéxyaietion canﬁbsémmm@p@pﬂaeu@lbsé Q@firbomer, and

sequential adm nistrations also are variable, i ncl ude an initial

admi ni strati 89 E(b‘ ¢.ol hontetersg c%’i?ﬁ%‘é%ﬁ’@éﬁf ﬂ‘ﬁéh%?@%%‘f”é]tqeﬁmd upefthe agent
nonet hel ess, 1RFd3RG ﬁ{é&gl?&fiwﬁxmgh &V 3ius béifipQitons @ ok frbbeted

di scl osure, the ocunents cited
from solutions by the addition of such thlckening agents.

A pharmaceutically acceptable preservative or cell stabilizer can be
employed to increase the life of the compositions. Preferably, if preservatives
25 are necessary, it is well within the purview of the skilled artisan to select
‘compositions that will not affect the viability or efficacy of the MAPCs or
progeny as described in the present invention.
Those skilled in the art will recognize that the components of the
compositions should be selected to be chemically inert. This will present no
30 problem to those skilled in chemical and pharmaceutical principles, or problems
can be readily avoided by reference to standard texts or simple experiments (not
involving undue experimentation), from this disclosure and the documents cited

herein.
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know edge in the art. Approaches for Transplantation to Prevent

| mmune Rej ection In sonme enbodi nents, it may be desired that the
MAPCs (or 15 differentiated progeny) be treated or otherw se altered
prior to transpl antGomnpesitiganean bsiademiviered in doseges andby wghiguiehe ri sk
of stinulating_ ' | : | - trapspl ant ed
cells. Any net ﬁggl%%%eo{ﬁnmggk@ggﬁgtb? ﬁjt%%g@g%g(‘:’egﬁa{ﬁraﬁtgs{éﬁgg n??i mul at i ng
host i mmunol ogicoasid¢raiigosuske favtoys ixcthe agepbexywelightTind chnditiombfthe prrtivilate s

a few such exampl.es. 20 1. Uniyersal donar cells: MAPCs c be. .

mani pul at od o PR cARdhe TRRSH O TOTEAGH N5 & PUSUAFR (o o4 V8- Tiguid)
undi f ferenti a§ qshyARESr Knd¥Rlor 6B MSHalMEdare deRimidell wahbiRAEs SONE
differenti ated progeny nmay express one or both of these antigens.

MAPCs can be neapénmentationdurtheskiled ariisany fremh thivdissloses, ithe dpguments cited

el imnating VMHC-I .or C-.l | tigens, and potentially introducing the
MHC 25 anti gen %%W%WWE%&E&@%WW pient so that the cells do
not becone easy targy@hble kepimbforiatial bdbinkstraliondhd fofthdreseg®r for
susceptible to unlimted viral replication or naljgngnt, . .

t ransf or mat i on.Se@eniplpdmigisraiionspleo Ry mayinglyde andpigalndminisigption

honol ogous 1 ¢§ GB1bWEL bPibSqubit AiRidiRFAHERS,; Bt RhetROILAL canBétadldraied b
the promoter region or by introduction of a point nutation in the 30

initial exon ofthe skélledartispanfrom thiadiselasise the dacaments dided hezgintandhen t h
chi mer opl ast s. f .the host MHC-antigen(s) can be achieved
by retroviral, @I&g@%%ﬁhgmadeno associated virus or other viral
transducti on orApprodchenfol Fednisisiantationtth Prdvaiitdeimune ®lefestion t h t he

MHC- antigen cDNAs. 32 2. Intrauteri,ne transplant to_cjirgument inmrune
recognition: MAPCs c&f°ompems epis, IEW?YE? ?ieéﬁf:‘gﬂlﬁht_&‘em(gﬁa{g\é’nt ation
setting to CosreglreMRET hrogdRNBE fBd dr@pherwiRE alt@ed Pidrasluce cells that
wll be tolerated by the host prior to i mune system devel opnent.

This can be a Veapsplentatidudadminigiation)in erdevito|reduge theuiskof stiraulating st

animals or it cqul . rect tic
defects by t réﬁ%‘b"?“gno%cﬁgl%g%q%?es%aﬁ%{m%grﬁésﬂ %ﬁg Sfrfgrilerméx@ ‘g‘%{’%?‘h&%fﬁ
enzynme. 3. | MiheaRecegidelthoriskastitibnlagin@hest immanolbgival iespbieseagiyitiei on

| mmune responses are controL)I ed by nol ecul ar reco?nition events 10
bet ween recept GE¥PleedT Thg following prgyides afenugh €Xagplefcr) and somati ¢

tissues (clagg | ang yhiddia dodd@ell-HINDE b 6 A&tipARed A &rve§

antigen specific component of the | mrune response, enabling
recogni ti on betunersab dbrfor aelts. fAItheghuraifféreiated MAPCs do not express MHC-I

or -II antigens, some differentiated progeny may express one or both of these

antigens. MAPCs can be modified to serve as universal donor cells by
eliminating MHC-I or MHC-II antigens, and potentially introducing the MHC-
25 antigens from the prospective recipient so that the cells do not become easy
targets for NK-mediated killing, or become susceptible to unlimited viral
replication or malignant transformation. Elimination of MHC-antigens can be
accomplished by homologous recombination or by introduction of point-
mutations in the promoter region or by introduction of a point mutation in the
30 initial exon of the antigen to introduce a stop-codon, such as with chimeroplasts.
Transfer of the host MHC-antigen(s) can be achieved by retroviral, lentiviral,
adeno associated virus or other viral transduction or by transfection of the target

cells with the MHC-antigen cDNAs.
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Whil e an i mmune reaction will only proceed following T cell
recognition of a foreign or non-self antigen, additional signaling
events are required and function 15 to prevent accidental or

aut oi mrune responses) GRHeKIHY (rarht to diftiM0E [1BFAE b b G MARCs can
divided into two phases, sensitization and secondary Tesponses.
Sensi tization e wed orayl insigeringtraasplaiation sefting tcesiest geneticoahmermalisies,s |

interacting with .a. cialized I of 1.1 I, |
dendritic cell s t?"ﬁi@(ﬁB%erceh%&af &ﬁfe)%éotg)%elr%hob ﬂ&%%? ﬁ%rgtﬁ nlf)]?neu% g%ﬁsge by
class |1 MHC codavtlpmentOThiswasdedevuyitd riake Rimaetls in lg@pquatiienin ng
cells (APC), is critical for initiati ng% both anti body or c ,tolﬁétic T
cel | responsésanimpls gr i cpyldibe 8seda3siyeay th porpest humansmirye genetic defests yc

receptors, and inolWefif n90&he ARGt . g}acrngfr},g_rized by not
only sensiti zi n%gﬁﬁﬁrétfnége cgﬁss W tﬁcnon-ﬁrgeﬂlf antigen, but also by
expressi ng cytoki ne X &smadeBetdpaitioneagd Talermnespl i fication of T cells
and control hunoral versys cytaqlytic.inmune responses. B cells,

macr ophages, 25 Langheéhe €L Y8 other dendritic cell classes

make up the APC co rtment. Therefor nly specialized cell types
can si gnal i mmune. r ASPRETBRRES Ao GqBNolad by molelzg st R TPR EYERIS i 1y

The two cl asg@spepheditibocdpRizeit Picslls @ RHSedep@fithr TCR)RAY Sorfikticlifsbis #lass

notifs that cause intracellular association with short peptide

segnents deri vekPnddbMER) The JER/MIIC mtgsactioneare the aatigen gpecifip cempenept ex

of peptide boun : el\(léggj ncp;eH, | :
nol ecul ar corrpl%ﬁér)lgﬁ:rgg}]i z 85%{7@%13&@ ge'%o '.}ﬁ%re o?ezll%lgg{}/(?fégg% E@gen.
speci ficity forWale agemnone @acimpniwillenlyiprocked &lllowir{gdh e¢lbgpoognitian of a

| ock- and- key chani sn . ce the j.omune system has been sensiti.zed
and L1 gger od, R T8 apsrm ST BpALGE RIS HATE P apin
el i m nated, apdpotph@Rnt RKeideMal dt adtdififmuhdssnsesBIEKYy, 3b@d)e to respond
if the antigen is re-encountered. Control of imune reactivity is

acconpl i shed in cascgaffifme rbddoRfiidh chiPbe dididbdfito Vo pHaES, deRGALHoh 2R sRbndary
non-sel f peptides between T hel per cells and APC,” a second 5 stage is
the required stiespeonsgsi oyensitizatfe ihgccpmphishge hy asehset oftTeerllst T helpér cells, or ‘
exanpl e, bacter] cel J. L] . gnenpt.s_such as i.ral .partijcles
Chat " or oss- 11 maneptop g et AR BRRBA Bl iR el llpe e S 1 per
associ at ed W t heellirecgnitioh @€ tuitthien pesserted byveTiss TOVYICCiongHéxes Bn thes©dendsitic or
by physi cal woundi ng and damage to _vascul ature - all of these provide
non- ant i gen 28 pERieeT-preseiting caks (ASIC)+ 16 sHticeh for ftigtme bethstibedy ar cytolytic T cell
warrant ed. The 1 -I{lﬁg?@ﬁﬁm& I b4 I | I

APC to regul at eﬁﬁéjdrtr%?sépﬁ\yia Olcl:e u arﬂ% gg%@%?ég&g;eﬁs‘?g?@{u é%ﬁgﬁg’%? abdtfiese

di fferent cyt ok‘fpnefessia:sraﬁ’d‘éléc _aE.cthabteﬁmdch nat ey senditizingcRloedpdrieelis with non-
regulates the i SOt arrllggesr%,/ %Eltearfgcf bsy etxrf)le"‘essriggs E}gtblgl}lela c(:)ars]ca(()i];s &Qteregulate amplification of T

cells and control humoral versus cytolytic immune responses. B cells, macrophages,

25 Langherhans cells, and other dendritic cell classes make up the APC compartment.
Therefore, only specialized cell types can signal immune responsiveness, including
allogeneic reactivity.

The two classes of MHC receptors, class I and II, have structural motifs that
cause intracellular association with short peptide segments derived from all genes

30 expressed in a cell. This complex of peptide bound to the MHC receptor on the cell
surface is the molecular complex recognized by TCR, and therefore provides the
specificity for antigenic recognition by T cells (analogous to a lock-and-key

mechanism). Once the immune system has been sensitized and triggered, immune
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response to self-antigens by elimnating self-reactive T cells. For
both B and T cell 15 inmmunity, this is acconplished by regul ating
the repertoire of the T hel per cell population, as this popul ation

det er m nes reackinntoéni Amfii§nal thé zRtideRTs iRAARMEDAnd thefi Bsld® in 2F&i
produced in th%&%gﬁﬁ%ﬁ%‘%ﬁ%@%&ﬂ&ﬁg& ate o the thymus for oo

"educat i on" to methenyistagriiogespond ifdlesantiger isgergnaeuntersd! f antigens. T
cells which can recqgniz elf ti I epl.et {.N07.0

in the thynus, to eﬂ.&ﬂtrg??ﬁénﬁmur{lg r‘%%{élglmfga‘\?ﬁ” "”‘?heggﬂqFg%derg'e%:ne%?ggﬁwthe
conpl exes ( TCR)prne@§ tdcsgnition SEhd-RIftpegities Pewaes T helperciells whdA PO setbrids
is termed central tolerance, and when broken, results in autoi mune

di sease. A setotageis/ihe resuired ptimulation ofaH by pabiess assogiaihstizaull — for example,
peri pheral tol =% ' ' i I3 I
passed through q{aﬁféﬁ?h?mﬁecﬁ c Sﬁbﬁﬁfﬁﬁ% ?,SSQ%? fmgﬂr:"{%é%ﬁ%l&%ﬁsg gglk E‘gftﬂ%e gon
recei ve secondds yelts; daublsstianmdedRNAyassrictel witlf vimhinfg@onheartinGanem@ry cytokines

required to tri r eilther.hel per.or cytolytic function i S mght
occur when an Ifg uchiby Bﬁ’bsr‘cégggﬁldéﬁ"ﬁ arnaélﬁn'\ggeafog an erF“ME@‘CF%Bfé?g’[%S pon-
but not recei vegtigaCHEfic Cosfi@afbs thatan @R IEHUERCwararitéd. Clteinaturesf
pat hogen threat, and hence the APC does not express the Cﬁ,EOKi ne

cascade requil? dhesednitipksignglealso triggest the ARy toregulaje hymoral vsicsHulasresnonges by
fashion are repdeig Lol GvRkindRAREQI €. This results in depletion
of the T hel peﬁgﬁpopuiiligiﬁlﬁgrllr 30yfr3equi re%&%or hunoral or cytolytic
responsi veness. A second form of peripheral tolerance is generated
when cytolytic T cel | 8. Telerasigeit er cel | s expressing non-sel f antigen

in class I MHC conpl exesggn the majorit of somatic cells.

Waen the
TCR of these T cel | $* &gageaseadedat regyiatesithe impaingsueiFm ds Fresgl?tIOHO%the

co-stinul atory LgRan BlcRRIAgRTB)ElihMiatng selflBRABR 1N IRy 36t DRld T L4E
T cells are rendered anergic or apoptotic. There is a panel of

secondary col$timmungyothis is acrempished bpiregulating thegepraioirs hihy Tohedper aglhbl e
of providing this condar.y. signal .. and therefore t S f .
phehot ype of a RoBPRARRS B pyhe@inbs ABNEY B4 Miripith FgPoon. Tosts
anergy. 5 Many drélp®duced ih sheltavie nanowyad @stlarao frithywaysof felitation” to
cytolytic recognition by down-regulating. class | MHC expression, .
thus beconi ng iHgtinguish betwsen prdf and nepiself anfigsns. Trqells Which Gan sgegnita selfiisspe
viruses have ey, [REFH | ShtdRANEN H@:mtc;f Mo ERNuR! theid 118056, £ &dif
surface express#%)ﬁ&g?té CIIrée(gle g}quP% r g’roto escgtggnl?%@né P
responses. 2 rachpicricomplexes (FGH) redave torselfrentigentpersishascirulation dhisds termed
clear tunor cells r virall 0in ected1 cells.with t.his property of
Feduced NHC ox el sadyich POREDH SRR e Btphb AR ol ki 1] or
or NK cells are capabk&ofid typyoPlo¥drirte 3gt be/intlycedddoWatas perdstieral tdWténce. This
negative cells. This activity is negatively regulated. NK cells bind
target cells tHp aergmplishadeyheatT eoHs tiat havie patspd tirenghahg thymus encepnter non-self
I nhi bitory Recep: : WM | Lesy :
interaction wi f}ﬁl 1%%1%3&@%3&@1%‘5&0n&r& Ior &PL ato%é]ﬁfg f?cfnfl A?’t that are

25 required to trigger either helper or cytolytic function. This might occur when an APC

=

has expressed antigen via a class II MHC receptor, but not received accessory signals as
a consequence of infection or pathogen threat, and hence the APC does not express the
cytokine cascade required for response. T cells partially stimulated in this fashion are
rendered anergic or apoptotic. This results in depletion of the T helper population
30 required for humoral or cytolytic responsiveness.
A second form of peripheral tolerance is generated when cytolytic T cells
encounter cells expressing non-self antigen in class I MHC complexes on the majority

of somatic cells. When the TCR of'these T cells engage class I MHC in the absence of
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15 C. Hemat opoi etic Chinerismand Tol erance | nduction Bone nmarrow
transplant is necessitated in cancer therapy where chenotherapeutic
agents and/or radiation therapy results in nyel oabl ation of the host

i mune system chh@mpakdrgméce Fﬂbﬁ&ngagﬁﬁﬂﬁ (6.£.1CP3R/CIDBEG mlﬁelfabllrmi),ltmefceldee
the hematopoietic stem cel

resent in the b ow
therefore has Jderflsredegersis ‘FH'EOE,‘@T“F uThgre ig adpange gqué@r% g ‘gﬁtf’g' rS'Feptor
the imune systpmabEHRsh) E%EEIQM%yOﬂaﬁ{g tmle&ohwefghmt atid tﬁ&eﬁfe the

the donor i mune systemis atconpani ed recapi tulation of the sel
vs. non-sel f amnuifgrerphenadypeoetta coh cslestmngl’ymﬁdl@gmnwnemwemn Qrmieltwnor

I mune syste s n Ier | zed. 1o host .tissue econ

of donor i e sysﬁ%ﬁﬂy PREL T Pﬂﬁelvf}f‘{cﬁl SSCPRERY ﬁ{%aé’ S %8& CYQQY‘%W%"D%“& on by
capabl e of ac c eRiWnaegRftiny a8 I MHC egsroRion| b bdcoming idbisibleto @id Ttdlbdrm of
donor wi thout rejection. Wen | ess severe nyel oabl ative conditioning

i s used for borfes WmmynnsystemaNgpy aixeses haves oplyed snepifia ancshaniuns ienipterring
be conpl etely qﬁﬁl ceetllesqrfa&r&ﬁi@sélpn oﬂﬁﬁ@@&égﬂﬁ? JFH&Q&%&Q?J ‘é% ponses.
managenent , chimeric 1T muhe system nay reconstitu conp

of both donor ahdadditiinal aamuefehemithane systermn hasewditetl it gleart thmohesdls, qrsuraldy

tolerized to,the.ce d nmol ecul.ar, ¢ 'mPnts of bpth dpnor an
host | and ool dtreld ealls Mnt s e o R L bR S  ReopRESh oAl
donor wi t hout  riginR@tu@al ki or NKi dells ake cHFDROTERIIytR factvist agaisiaddsh DMHC
of donor bone marrow, and graft-versus-host _respaonse_ from donor

bo

marrow i s the Kigatvs csils c“é‘g%aqﬁr’flttfPﬁ%eg%tWé}yafﬁ@H%tF‘é %I{Spﬁeaatewd targef gells through
clinical risk qhwefrald witf et oﬂ%LedKﬁl@P 1tb1§' ReceptBft! (KIR g \ﬁﬂ%l@&lless
yet inconpletely 35 reso ved risk 1 n stan i zing this approach f
transplantat|onunw&eﬁbyGMan@@1W¢hob@ddﬂHC have received S|gn|f|cant
attention regﬁntly (W BN, 2004 68 _- efit would be

achi eved t hrough use &f—&—S gar v ituting the

i mmune system that Bbnd rrrmtowtaetn@ylaﬂiu1§kece§sxtge@frican@err$wa3aﬂmﬁeré esponse

S The graft-versus-host reaction is dye to contamnating

i nherent in t hehgpaderpsyispegrtsppd/orgpdipinndherppi repylisdn rraﬁloablatwn of the host
hemat opoi eti ¢ S&r@iﬂn %'étémf TRODRRACHERFEMWituses ifaBithé Afctib 8o the
successful engraftnment in t e patient requires acconpani nent by .
accessory T cdiehgtopdietis stem asils piesalt inthé bonsenartest a8, amlhh@em lzs aoupianad

t he benefi ci Iueo T . cells.and the de

o rect of - or 2 (50 EElE Bl lnptebet Sorthondyf S pbicEind M Eebkorh TRHof mempy

a stemcell popénat iTHe rédvnsituti@dlofiBe détlot Bhgikk sy¥teinf9 ldcofripaiiedby recapitulation
graft-versus-host reactivity, as they can be expanded free of

hemat opoi eti c c,Qé' ithe selfyssnanrielf st sppicredueation seeprn gnigeeny wereythegenor immune
clinical risk.

t he acute phase 0 ceﬁ(ﬁgdde%g?é/hﬁggsﬁe}gsge%QJC?%H&)?&%L“%?%%I?%D%& f3m
primtive stemreainktitetign &fthatihet hoahid nbve wepabjeaif atdeptingaroorghn oniisswngraf fram

25 the original donor without rejection.

When less severe myeloablative conditioning is used for bone marrow
transplant, the host immune system may not be completely depleted, and with
appropriate iImmunosuppressive management, a chimeric immune system may be
reconstituted comprised of both donor and host immune cells. In this setting, the host is

30 tolerized to the cellular and molecular components of both donor and host, and could
accept an organ or tissue graft from the bone marrow donor without rejection. The
clinical management of host rejection of donor bone marrow, and grafi-versus-host
response from donor bone marrow is the key to success in this therapeutic approach.

The clinical risk of graft-versus-host response is a significant and as yet incompletely
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15 clinically useful threshold without risk of long term
I mmunosuppr ession. As MAPC or ES engraft and contribute to
hemat opoi esis, the newy formed T cells undergo thym c and
peri pheral sel f re¥olvaHANKSR Etfan@cﬁl&ﬁﬁ% 'tlﬁ@aﬁiﬂ&%h%%sﬂ&ﬂt&oﬂo%es% cllﬁi%hi frotocols
as descri bed above. Co-exposure of newl'y created naYve T cel
donor and host ham:rg:pwedelgmﬁtcsntuaﬁerrt@@wmeo&ia(wddmm,%%)of reactlve
cells, hence tolerange .t.0 | n t
rg:gm EganEB?ﬁ)eﬁ %o&ﬂ b sk %ﬂ%ﬁ gklls%%? §fcﬁ1[é'3eﬂ é ?lﬂé of

deri ved froma MAPC Y P Can be “ac can

be rendered t ol @e@ntitutifg tHiematink systdm, aled dimioeew@ﬁsm@amwm-hmtst ﬁek;mnse.
MAPC or ES donor immune system and woul d accept, a_cell, tissue

organ graft Wi Fifsreft 'Wéﬁslé%h?séfff‘a"@n ifdpeiocnntamineiing Sicghls isherentyy

Thi s above mechani-sinspis. tﬂhﬁhg‘i‘g&ﬁdaﬂ&%f&%at@o ﬁ%ﬁa defls Roffiohe Eféﬁ@w is
capabl e of henmatopoietic rec trtution 0 mesenchymal stem
cells, al so derioutiuk, fhearsucdessfal emgraftment maheapavslhm\mqmmvawwmpnmgsmwetcyessory

and can persi st allo e tran lant. settin Ier L O

Gonor e oo bake B R bhient 5 Be AR bbtwarh s BRIt SndeRament
stemcel | has dmwatlr@duedn@mm&mwmn bﬁ'edtsﬁgﬁﬁivbfsui hewirgepérept i al . 30
This includes neuronal stemcells, fat-derived_stemcells, liver stem

cell's, etc. e abi |YiAFGsand B§gels repressnhastemcs! pomiaipnarhichyranrbe delivered
accept ance usi 02).
In this setti ng‘? tl’n‘l__ﬂ(?‘rtl 3‘%*’%’?@2’“@% (:;gtt?%m n %Iclg}gﬁ%gﬁl g@:ﬂ@b&g %fgisery
of a marine ES lxabdtonojgic celh@lpleehhclaldmgéﬂ eelis.0This gratly acdhwrchmcall rissgiThé t

fo ES 36 col | SRR VR e oL AR Be Rl B Y frases

can achi eve tr afas pleqidncy bPprinAiNe etemM@sH’@ﬁgl’éﬁméﬁiSaﬁ&helﬁﬁtopdlétﬁfﬂéadﬂstiﬁtlb@to a
clinical use of ES cells for tr& sﬁl ant éol erance. Thus, the

admi ni strati dn Gmigpipesepl theshaldwithentask pbloa rRIMERMPRRPESTOTnt 0 t he

5 various bl ood cell of ypat: 6Alk et kldAonRibufd 6 Bt RofbibRE HRIRRy fobted T
secondary organ or tissue transplant wth histoconpatibrlity

mat chi ng t o t hecdlbr@argo ﬁsnmeaﬂds)enﬁhnral sebfasrp¢m$elfécddcaibetcomswibmﬂithostT
may be treated vmtgwgel l. or .exa

| |
bank. Tol ari 7at PR SR A0 A TeTHRRHC Oh B LS AT RO PR 51T pdonor and hos

di abeti ¢ subj ecérigintdsalicingtdiprosd] kpletedn of rédatived mld RhcekBleranedtd T Qéllst he
sanme source as the stemcell, so that 10 the mature islets are no

rej ected by 2Recxperssipn aliegendinpatigspddariyed fiomeaMiAPAhrEs éanogeap be achioved. A
secondary trans i

oo bar BB ch v SRR YR AL o185 or
pancreas. 4. NaMAP oiES danor {ikineGybtemi-amiwould accéptya wﬂam;ue suarargrafin

agent, which i nhl Its .NK cell function, including
out rejection.

D. MAPC and Other Stem Cell Types

25 This above mechanism of tolerance induction is unique to a cell type capable of

hematopoietic reconstitution. Although mesenchymal stem cells, also derived from

bone marrow, have shown low immunogenicity and can persist in an allogeneic

transplant setting, tolerance to donor immune components is not achieved. No other

lineage committed stem cell has demonstrated hematopoietic reconstitution potential.
30 This includes neuronal stem cells, fat-derived stem cells, liver stem cells, etc.

The ability to induce tolerance to subsequent graft acceptance using ES cells has
been demonstrated by Fandrich (2002). In this setting, non-ablative conditioning
accompanied by delivery of a murine ES cell type enabled animals to accept a heart

allograft without rejection. Hence, the lineage regenerative properties common to ES
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15 depleting NK cells froma popul ation of cells, may al so be
adm nistered to prevent imrune rejection, increase engraftnment or
I ncrease i mune tol erance. Such an agent includes an anti-NK cell

anti body, irradiet m@wmc%wdeyﬁém&pmmlrs&nmmmtabmemr@@;hhm
function. NK function inhibition is further described in

Appl i cation No.toRenee)SYRRsrepypsrnt arf dlicatingip ohinicaloess of @ﬁ.cgl&ﬁ fzotramplant
application is %&?&r orated herein by reference for teaching nethods

of inhibiting s to aid in stemcell persistence in vivo.

Thus, there is al so Thueythe adhimnistiatiornoffARGr ES and tieatiffereitiavion teemif mto the

tol erance in a supj ect to l\/APCs co I,si ng adm ni sterlfg a popul ation
of the MAPCs? aY?ﬂlOH’h blapd gell YDES BRG ltl%lrorgﬁepa%ﬁwm?m OR AfBN¢aTY, grean or

Natural Killer §ghd trasHfE WithhisRcbhiFatdHiY falching 9o ﬁﬁ%ﬁr Q! 8. For

tolerance to the MAPCs" I ncreases conpared to WI t hout
adm ni strati on ofmpleaidisbetid subjegt meebr treated V@n@llihbhaamé frovpREsxaraple [festem

extracted and isol.ated-.f,rom.t he in culture.i t he. .

undi fferenti at e(f’?l T%lfn?%lgﬁgvé@?ﬁ%’wﬁfif er erlllﬁcalf oy lrﬁieé%{flf&}ag?masﬁajw

genetically 25imgtmicdleusdB@bauinedior @érived frofrethd Bintdiuirceas fette tetl so that

Hermonst r ab! & 10 TSiEEY (05 SR D01 SRBIPL by ieBRPicle  THSBOBES i AU or any
enonstra e, 04

devel opnent . R%E&i@afﬂ'rar@ﬂl@nﬂ% %e%r%éﬁcﬁs%eganm céll‘ﬁ&‘rfs%;laﬁ@ 1ncfhﬂfn?g gk lghmited

into stemcells are available to those of skil he art
(Mochi zuki, H. fetheart, lln@gang,myblsyﬁnd/onman@paaal 1997; Bierhui zen, M

et al. 1997; 37 DougL{ gﬁmglmﬁgr@g%)ée?%cﬁgang G et al. 1996). Once
transduced using a ced green fluorescent
protein (eG-P) expr emymaamesmhaimagent wdmlmablksw\m.icélﬂ @uretién, adohddling
muscl e cell's, _endothel jum c-Kit positive cells ived from

S0l ated MAPAS, JRlEiBEN gl laﬁfami ﬁa?m%ezlﬁpeigqllﬁﬁnaf alﬁ%‘?f‘r ipigiered 9 ect or s
i ntroduced int OprtiR CirRehsd &je%tl&h EM&Q@&H@M&%%&&%M&&W@%&M@'

differentiation was induced fromcultures initiated with about 10
eGFP' cells pr&mh@ustggmttm@u@aan@m-b@( qeltan@dlvady airradiatiomer anydtiss methwda

few weeks into ¢ |n|t cultur riod. Ltard f .
Subj ect After A\H r'a |on o 0 ﬁtgﬁﬁl%h@&?%ﬁs%ﬁ%ﬁta ﬁclng?ld
the growth or dlmfPf(BIrAplblioatwloNoOPCT/lmzowmthe,tfﬂécﬁnawls\Pm)spwmbhle
therapeutic effect of the MAPCs or progeny may b noni t or ed.

Fol | owi ng adrP nipplicaiionanincorparated ekt Bsg&'eée&?mﬁéfrré?a&h@s I’Eﬁthctdﬁ@fsubj ect
to the MAPCS OfRf@@am oBMtodfi haRhPEHIPkLOHS Bt Nods known 1

the art to
Thus, there is also provide herein a method to increase immunologic

tolerance in a subject to MAPCs comprising administering a population of the

MAPCs and an effective amount of an agent for inhibiting Natural Killer cell

function to the subject, so that immunologic tolerance to the MAPCs increases

compared to the method without administration of the inhibiting agent.
5._Gene Therapy:

MAPCs can be extracted and isolated from the body, grown in culture in
the undifferentiated state or induced to differentiate in culture, and genetically
25 altered using a variety of techniques, especially viral transduction. Uptake and
expression of genetic material is demonstrable, and expression of foreign DNA
is stable throughout development. Retroviral and other vectors for inserting
foreign DNA into stem cells are available to those of skill in the art.
(Mochizuki, H. et al. 1998; Robbins, P. et al. 1997; Bierhuizen, M. et al. 1997;
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15 assess the subject's immnol ogi cal tolerance to MAPCs. |In cases
where the subject's tolerance of MAPCs is suboptimal (e.g., the
subject's inmmune system is rejecting the exogenous MAPCs),
therapeutic adj ygcdlad FTEHRAOPIUIDYESH] Eiet ol 11996 mfceumds&duﬁl nRown i n
the art, of the m%jsect may bg pagrr%;’ or?red Cgenetl cal |\/derJ1gI ed MAPCs
20 MAPCs or di fietoerd waatede@aogedrg]e@éluoo@@m beote feéi'ﬁP g¥prpssion persists

genetically altered | j.m nat 0 f th n cant
barriers for gelﬁlz ﬁg' f [I“fg?edé&msﬁ%l ﬁggngglb ? gﬁ? Osr?reé‘%rdg IL
aspirate is obt@dmeai&oﬁﬂ@blétewmm aanorsthttng th%tl%@preesi@ ofsetr@iianl. The
MAPCs are then genetjcally altered to express one or  nore_desired

gene product $> VesPrvAafoduced inte W%Ee@éﬁsé‘gﬁ‘é@o& diffgrentiation. dgrmsinalyj v o
to identify t ho&i?f Glidton \(%Huce bay ﬁoﬁ%ﬁﬂur@ﬁ@fif‘a?eﬁfﬁm ot t@é@ﬁf cend

these cells can elntr |ntothes ect or can

di fferenti at ed pradously t:ramisdm@d biymetooviilabvectm bpdsairied @if¢w aeeksaotal thy inigral
system cal ly. wdﬁ]% MAPCs can be differentiated and then the
differentiated ggenetlcally altered prior to

admi ni stration. Mbmt@{ﬂMusgsmﬁérmﬁis&&l@wMM@

stably-transfected source of 30 cells that can express a desired gene

product. Espd@i al | y Eflleping trrasplantation, the gsth OEFlggefé‘tla%QIb?f thg pone
marrow, is the gpy ﬁ?eré?iflﬁm@? W@?her%ﬁ% hifc é@c?fﬂh?fx@yp(%eo? n¥ ma?'3

i mrunol ogi cal |y sa e met or producing ce or tran
Met hods for Genmobnitsed.y Altering MAPCs Cells isol ated by the met hods

descri bed herein, thel.r f.erentiated can

genetical Iy nodi fi eoFQAGwlu}ﬁa BHRiS g" u"'ugn\wgféﬂ?%e og‘ﬁilq SUbJSCttO
variety of met hihdMAPGS drapbgeny ayibesestedibyskiibis mahédmmaw’n in tTlheﬁeo

nmet hods are 5 _generall y grouped into four major categories: % vi ral

transfer, i néﬁu%fﬁ?ﬁ@tl}erﬁé NGetes Imgmunolg1cet tofarpncg 14 MIARGs - fppases ‘K}{!Fd'ﬁ s

retroviruses, Ki
et 05, AP RO MR B b g S8

Qunzburg, W H.,istgelingSus ¢xogsnols MARCs)J theraggedi® adjkiadt nmmuiros,uppnessasre ,

oS BT wlF S o S B lRR 2,

al ., 1992; Wl dGeﬂAhcauyﬂM@amedmpdwt hods and Protocols, Humana
Met hods in Mol ecul ar. Medicine (1998), Bl ackwell Science, Ltd.
Molin, M, ef0al., 148&Csppdifferentiatsd progenygderived thorp: owﬁﬁﬂﬁneheally et

A 009 Schvetd o e i ainfinedr e R hnirBhR bR Y MPscne gy

al ., 1989; 15 Efwdsaipleka subjedt’s bate Ia;hrrqw a.@ﬁ@;e ifotdined, ahd ﬁomtth@aispi,rate

égrg)ltsl) o Prg\r/ ip(raas Vw%é%ﬁ&@{e (3he SMQ%?S hﬂl gﬂ'g:g%%lly AR L) eXpress one or

more desired gene products. The MAPCs can then be screened or selected ex

—h

25 vivo to identify those cells which have been successfully altered, and these cells
can be introduced into the subject or can be differentiated and introduced into the
subject, either locally or systemically. Alternately, MAPCs can be differentiated
and then the differentiated cells can be genetically altered prior to
administration. In either case, the cells provide a stably-transfected source of

30 cells that can express a desired gene product. Especially where the patient’s own
tissue, such as bone marrow, is the source of the MAPC:s, this method provides

an immunologically safe method for producing cells for transplant.
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i ncl udi ng cal ci um phosphate transfecti on and DEAF dextran
transfection methods; (3) nmenbrane fusion transfer, using DNA-|oaded
menbr anous vesicles such as |iposones (Loeffler, J. and Behr, J.,

1993), red bl od)deth@islfog@aﬁatisalgm&taﬁlgm&gpl asts, for exanple; and (4)

P oproj it Te . GeT ot teheme s dadihea Bhef a0sir iffepntiaed ;o5
(see J. VoI ff ipho e@%ﬁngggéﬁﬂeﬁgrﬁ&lﬁé&%ﬁoﬁcl AT RN A g 1éhk @éll
S.A, et al. 59 [l rans , et al 1991; Yan N. S., et

al ., 1990), el dyerepeyafimsthods ﬁmllablsﬁte&lpmf sl imithecast Thesgmgthodangse
transfer. 25 Cel
ST 25 o AR by i DSREE B e e

cel lul ar genomwaﬂoopRNAS\efaewcmﬁs suctndsattealifbek, moludtm:g lelgiverigesn of or
i nactivation of_ at. |east rtion of he ce eno of the
cell. Deletion (M"c}i“ﬁ‘é}@tﬁvﬁfﬁ ﬁé N&F“* ast ala H:?ér ﬁPBmg%Ft he%el | ul ar

genone can be aGHdH| BSHRGEY. FVWHGE%BOSutFB?@RSet A1Nqbowl ikD G bt et AT
limted to 30 genetic recomnbi nation anti sense techndl ogy (Wwhi ch

can include t hd98&Dwt T. o6 pk,il388)nSistian @W&O@Vé@) Fmgylrusdseebior
ri bozyme tec%ﬁﬁéle HRid828R! &t a1, 1965 Vf/élggl1 é%:f A 1962.7Fb

pre-sel ected lencés tan ’be dccorp ’honol 0go
reconbi nati on drdehgymus Md¢thodstand Padtodols, Hotmend MetHodsm Me]ebulgEMedmne

Vet hode of non A5G0y ECabing! 400, 41 (Ao ol 5 TRl
6,524,824, 6, %&ﬂ@cﬁet‘&ﬂ%@@%ch@a&@ﬂbegge?Ptéigl CIHQU)?@Ipha‘)frué/ml ch

are specifically incorporated reference for their entire

di scl osure r el dtdling Sindbs HusEH. Frem! Neohbi BGouSIoncOrsl Hal PBh. 5
The desired peng RERURTES G0, 3990 RSy) ACAPOIRITdehal 6rl/ e
nto or

particularly™ S hucleus; "Usrng S|on ahd
a nuclear |ocat a]z,aQQ&)r‘arﬂe:qumnmpﬂl&zhwmslforfe&amplle;r(éﬁhmgml transfer

pol ynucl eoti des to..t he nucl have een d B&rp&_ﬁ d in th For
exanpl e, si gnalmé’é‘}ﬁ‘g gl °§¥gla§ttfa8 {ﬂ’nt‘aB8 on’

described by SeRemddée(3) ninbne fistéOPansfet leﬁlg WA-wéaed %bmoﬁmsmﬂe@

nucl eus for nore eff|C|ent expressi on. ?enetlc mat eri al can be

i ntroduced usi rsgclpanms‘ém@ (Lh@fﬂewﬂ andﬁehbw, 9, redhblogé pell glosisianér est

to be positi tal

chem cal s/ dr%(gé)¥ °t§ ,gla%?%fex‘é cfp @gﬁlglgvﬁmgfn%s %{eﬁiﬁtgauegtsluglrl]a%f a given
drug/ chemi cal , mbroﬁzi_i,éctim mag@ﬁsjeétne AWl in ﬁGHﬁ‘d Tieerapautiesh €189 phtpage

(1 ncl uding but 15 not anoxi fen responsi ve nut af ed

et
estrogen receptldp) (/7 SW fL éenegg qrapeyficsa (1 998 piPage |11§5} sSSP rFbt
limted to the ,£e{do3RARLARER S., et al., 1991; Yang, N.S., et al., 1990), electroporation,

nucleofection or direct “naked” DNA transfer.

25 Cells can be genetically altered by insertion of pre-selected isolated
DNA, by substitution of a segment of the cellular genome with pre-selected
isolated DNA, or by deletion of or inactivation of at least a portion of the cellular
genome of the cell. Deletion or inactivation of at least a portion of the cellular
genome can be accomplished by a variety of means, including but not limited to

30 genetic recombination, by antisense technology (which can include the use of
peptide nucleic acids or PNAs), or by ribozyme technology, for example.
Insertion of one or more pre-selected DNA sequences can be accomplished by
homologous recombination or by viral integration into the host cell genome.

Methods of non-homologous recombination are also known, for example, as
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Successful transfection or transduction of target cells can be
denonstrated using genetic markers, in a technique that is known to
those of skill in the art. The green fluorescent protein of Aequorea
victoria, for aeampédin U.S0Phan Noses)623,058n6,602,686, 45422 &t I2d4S24Rr ker
for identifying and tr [ netical ly nodifjed hemat. jetic
cell's (Per sons,%’5%2’,81é’t@glllb@%%igg@)’ghAﬁFé’Pﬁtﬁ’Etr" 9twblﬁgéﬁs£5?1§gﬁﬂ¥ar kers

i nclude the (34fRlpcdRALLy fefPerict YHGREIEEMIRERN QoG OM tinf 8 netho8LSRIBHOT
drug selectable nmarkers (including but not limted To NEQ, MIX,
hygromyci n). Ahypmefogpusmedneingtion. or transducti on techni que can al so
be applied t 25 i gtroduc transcriptional. r l.at o ence

i nto MAPCs 0?5 pr ogeﬁé}e ?%Slre(gé%fe\/sga%e% e%%sa:ls(rae% S og%t%?)l?éé/géﬁgl.’ Thi s
can be done by pagictlallgimb (9 mutdeustusing a plhdnfid ebpréebion6/606br arid a nuclear
non- honol ogous (e, g., U S. 6,602, 686) r.econbination. These patents

are i ncor por at deraliation Feuentse Mgghods arctirertngrolypycligddesde theaiglsbenous
gene activatl Oﬁav&%egﬁéﬁﬂk&ﬁm tﬂ_@ﬁt.{ﬁrleﬁe%ﬂg, ﬁgﬂﬁ[@gﬁae@d’aﬁ bRLANLESE | N

order to denonstrate an urther ustrate ce i'n enbodi nents and
aspects of t he pismebDNA, avdestiitad byrfigbestysnpestal. { P98k do divent thel2A4g the
limting the,scope thereof -4 .e 1 MAPCs G ve Rise to HSCs that
Reconsi ti tut]eOS%Pﬁguﬁ_@ﬁ%ﬁgeﬁfg%g?t(? lllggétl?nc System5 In 2002, it was

publ i shed that whenThe géntédc haeAPRndednittodutedansigl pasrhedrsi thatavill allow
subl ethally irradjated SCID mce, they contribute tq the |,

hemat opoi eti ¢ §?Fs‘k‘%_&?ne MV&?‘,""WP??“PV Heaseatyplitadyced e erteent
level s (2- 8% @u&hﬁ%g/dﬂ@g,s ok KRR BRIife adfinkrbisbiol dhée! | S)

(Jiang Y et al. 2002). emonstrated herein, MAPCs canh give rise
to up to 95% Gdrug/dhlemie], oe barsbeldggaddn aldavdingustivndydkerpishls{incluiag bat e

still preseni.in & LD mce. are |imnated.  Additi L1y, . MAPCs
sol at b and!% APt e o Php S p Dl oyt Ml irosel HdeR @ becit o
t hat have hi gheell cohfareiatsqireluling Bue el iniedd td ke cefESrehdbad@ey.r i pti on
factor, Cct 4, and greater differentiation, potential. Thus, the

engraf tment of |ow ECW@#GN@OS@PES%@@ of targgficssesniet h 275¢Gy
and 15 treated d\éﬂnbﬁbtﬁ%'u%ﬁ%!g@ﬁé?ic%k&ﬂgﬁ Q%Mnjﬁfék tﬁl/gtﬁsé ﬁf(]:oxh f%lriﬂos‘é%?’ to

decrease NK activity, was investigate Mur | e I nes were
est abl i shed fr ckilloGHR art: AhegreendluGks®h! protein of Adequorea victoria, for example,

20 has been shown to be an effective marker for identifying and tracking genetically

modified hematopoietic cells (Persons, D., et al., 1998). Alternative selectable
markers include the B-Gal gene, the truncated nerve growth factor receptor, drug
selectable markers (including but not limited to NEO, MTX, hygromycin).
Any of transfection or transduction technique can also be applied to
25 introduce a transcriptional regulatory sequence into MAPCs or progeny to
activate a desired endogenous gene. This can be done by both homologous (e.g.,
U.S. 5,641,670) or non-homologous (e.g., U.S. 6,602,686) recombination.
These patents are incorporated by reference for teaching of methods of
endogenous gene activation.
30
Examples
The following examples are provided in order to demonstrate and further
illustrate certain embodiments and aspects of the present invention and are not to

be construed as limiting the scope thereof.
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Thyl .1 mce bone marrow cells as described in Jiang, Y. et al. 2002.
MAPCs were cultured in 60% DVEM LG (G bco BRL), 40% MCDB-201 with |x
SITE, 20 0.2x LA-BSA, 0.2 g'1 BSA, 0.1 mM ascorbic acid 2-phosphate,
0.1 mM beta- nercaptoethanol (Sigma), 100 U penicillin, 1000 U
streptomycin (G bco), 1000 UmM LIF (Chem con) 10 ng/m nEGF
(Sigma), 10 ng/m hPDGF- BB (R&D systeE&)EP_Q/ fet al calf serum (FCS)
(Hycl one Laboratories) on a.hs . g

(Si gma) - coat ed di sh (Nunc) 7025 02.
Plating cell density was aboutthétn@mpl@d Hsmaﬁmﬁmaﬁkdswsednhs were split
every two days. About 3-1 x 6 5% 02 cultured eGP Ch7B1/ 6 MAPCs
were transpl anted v]inazaggﬂwﬁ%ﬁ’“%% tlwélﬁnpwngega% MABHH2ROD- SCl D
mce (n=11) fo{rér@gfaﬁad ifth @ﬂil&ﬁélgﬂnﬁ&atga RSPy scm&rﬁ@aoa{ lfyfceﬁtﬁahte to the

i njection of anti-asial o- GVL nti1 body (Wako) t he stock

sol ution di | ut elkmatoRBei sa$temB®Mc)vemmth lgvhanatoppldawengnaﬁmenﬂleaﬂd(2+20

Engraf tront 1 roeiged e BRxpiinedb S Spftol TR R R oS
i)nj gct edo( Wgeks)\s Hhﬁﬁxﬁﬂaﬁﬂ(heﬂme cait givede I2ugto®50 GEP*lMH:@d dels0 O
1x10 1

0 4 1x10 5 15 1 5.0.3x1 2.5 37.6 16
6 1x10 13 68 182“’@9!16“?10&99985%41( Gl tﬂaifrenstlﬁPfessnti&wl%gcﬁ)&fuceismn. d. 9
1x1 0 6* n.d. 18e1ﬁni9lated 1@d&1¥1$9a11%'01\@%53§ﬁat€@£}1d c%itmleﬁjaﬁd&@o\?@g (?938\/ >90

*Animal s still alive Cs transplanted in animals 1-

| evel s of Qct 4co(ndmon%r91ults HEMAPCs that bavedugher mRANAend Nnt@@sleh@l@wbh@ 4

MRNA | evel s >30 he i UI‘I%E S

assessed in per?pﬁ%ap{ﬁggﬁ%gagb}(’@)ma%n%%q%ﬁ drf aglgl\g;gﬁ?ts ar'ter e

t ranspl ant at i onerfgfafirenitveelos) O, MIAiP@liISN(DDiSd]]Bnnce irradiated with 275¢Gy and
15 treated with anti-asialo GM1 antibody on d1, d11 and d22, to decrease NK

activity, was investigated.

Murine MAPC cell lines were established from eGFP transgenic C57Bl/6
Thy1.1 mice bone marrow cells as described in Jiang, Y. et al. 2002. MAPCs
were cultured in 60% DMEM-LG (Gibco BRL), 40% MCDB-201 with 1x SITE,

20 0.2x LA-BSA, 0.2 g/l BSA, 0.1 mM ascorbic acid 2-phosphate, 0.1 mM beta-
mercaptoethanol (Sigma), 100 U penicillin, 1000 U streptomycin (Gibco), 1000
U/ml LIF (Chemicon), 10 ng/ml mEGF (Sigma), 10 ng/ml hPDGF-BB (R&D
systems), 2% fetal calf serum (FCS) (Hyclone Laboratories) on a human 10
ng/cm? fibronectin (Sigma)-coated dish (Nunc) at about 5% CO, and about 5%

25 O,. Plating cell density was about 100 cells/cm? and cells were split every two
days.

About 0.3-1 x 10° 5% O, cultured eGFP C57BY/6 MAPCs were
transplanted via tail vein injection in 6-8 week old NOD-SCID mice (n=11)
following irradiation at 275c¢Gy. Intraperitoneal injection of anti-asialo-GM1

30 antibody (Wako) (20pl of the stock solution diluted in 380p1 of PBS1x) was
given on day -1, +10 and +20 to decrease NK activity (Table 2).
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were sacrificed at 5 and 7 weeks follow ng grafting because they
appeared ill. 10 Animals 1-2, 6 and 10-11 were sacrificed between 12
and 20 weeks. Animals 7 9 are still alive and only PB has been

exam ned for GFP positabke2: 38 hshohleihatdpoietie WngPd feméntaromenMAPC

sacrificed, blood, BM and spleen were evaluate or the presence of
eGFP | ynphohenmat opoi eric cel TS T addi tipn, 11 $auaameal level (@) VEST €d
to determ ne clontrTbutTon #,n lléw'\ - u‘flrnll vedrcetts—tornom 15

| ynphohenat opaoji et,i [ cte,df‘s (,jfﬁeeig%) d,MnE‘v"‘ij e 2Blo§éll a%bfé?ﬁs

| & Anfingl

(ani mal s 1-3 O—11eve t—Hat-—ary€—St-ghsS
MAPC- deri ved | %@bﬁh&ﬁ&-@-ﬂ%—l@—i—n—%—h& anird) s—t h.er 8 was
evi dence of increading levl® of| oGFR posftiv8 | yim hoRennt nangQi S

(data not shown), Beachi ngx165% by wkek 2D. WRen 2D animal s| wer 8
eval uated before 18 weeks,1x¥18%el 5 of Sengrift A8t wer e n.dw, 56.1
suggesting that copvers] 00.3kt®m MAPCF to HSC2.4 whi th 8hén w |l i@ ve
rise to nore [matuge helmatgpoteti c cgd 1s)| mayee protrext ed corgaar ed
with grafting of  HSC [Congiigt enf Wigh Thi'S RapsSibjTTTy; 1S fhah 4 f
MAPCs are tl‘anbpl agred [ figeha |y erraa at idd(vuy) FONG O T G&y.

'_3

W t hout co-i njectt gn of L.u]x}ibum d—¢go BiTe Il:_(f BV TS bLt:lun(dEl Hg;
supports earl yheaftopotreti= gec vety—bt ng’ —42—-6n et
engraftnment), rm“i ent ﬂn] . -e—aplast+e 2 ter—14 ‘L"Lﬁ,'s 228

di scussed her el | ow) I[ﬁ\lﬂl“ wheh co ot sed RI\/I>‘9QAa. a) >90

adni ni st er ed, arﬁ\ﬂ#ﬁllab s§llalive, and eventual |y devel op GFP+
MAPC- deri ved | ynphohemat opoi esis. Based on these observations, this

dose of MAPCssmay 5 M&v Elﬁéf)ﬁa%tédgn%ﬁﬁm}éel ?ﬂédﬁ%luslexteﬁs{)&? (ﬁ%ﬁg{) 1% of,

|rrad|at|on|n an acu rve rise ‘ong-term
repopul ati ng) - HSESCS)Swhéreisle}dﬁ@MAﬂQs Badfr)&st&nRNKl lévamBO%af m8BfQs.may
give rise to functi onal I hohenat opoi esi,s in secondar i ents.
Addi tional |y, MAPC- deff RhoBeTREIGEO ity &@a HoaS a5t O B e pod
B-cells, which @y a%?%ﬁﬁtlﬁeﬁﬁﬁ%ﬂgﬁﬁ%sbmm @196k, Whitaslausi 59

thymus, spleen and I'yr nodes, and be capable of nounting an i mmne
response to Ke y\h@re gadri at ihmdtﬂcvenks folloming graﬁma byesiuse they appeared ill

| ynphohemat o S N ous d t n
ehoraftmont (B SHPRIS S R G R SRR PR B 20 ek, AniEReP
| ymph nodes wer®ases alive daRG! PBhsqddeamémhxﬁmoSGFmelﬁee cdlll In all
addition, 15 Fi gure 2 shows t t these organs are popul ated by eGP+

cel |'s. FACS anafWapls thah werssaerniisedshlogg BMony slernyesis praluatest foptiie v
spl een and thy, ﬁ&ncmﬁplyﬁ%ﬁolﬁm%oieﬂc ELIRU P adtitidn, liuedRLZE #6.

There are cl ear
harvested to determine contribution of MAPC-derived cells to non-

15 lymphohematopoietic lineages.
As described in Table 2, 3/11 animals (animals 1-3 with low levels of

Oct 4) did not have signs of MAPC-derived lymphohematopoiesis. In the other
8 animals, there was evidence of increasing levels of eGFP positive
lymphohematopoiesis (data not shown), reaching ~95% by week 20. When

20 animals were evaluated before 10 weeks, levels of engrafiment were low,
suggesting that conversion from MAPCs to HSCs (which then will give rise to
more mature hematopoietic cells) may be protracted compared with grafting of
HSC. Consistent with this possibility is that if MAPCs are transplanted in
lethally irradiated (9Gy) FANC-C mice without co-injection of compromised

25 BM cells (BM minus stem cells; supports early heamtopoietic recovery, but not
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di stingui shabl e eGFP+CD45. 2+ (BD Bi osci ences Pharm ngen) cells in the
BM PB, spleen and thynus (up to 70% GFP/ CD45. 2 cells were present
in PB, BM 20 and spleen at 13 weeks post-transfer). In the PB, eGP

(ED B ooct onced Sl erRABAY e Ags HREoindlE e YRR ol crp™

cell's, co-expr aelisusgd heminsetowle tidweped, eherccomprimissd BMvaislalsdi ng CD34PE,
CD45. 2APC, Thy 1.1 PE, Sca-1PE, c¢-Kit APC (BD Bi oscien .
Phar mi ngen) . THEMRgETrdnaymals syrvivg gnd e]vgn%g)q Wlog—?#? f’g&%flemed

unexpect ed becaysehsHimadledis e BRRATonInd3E BBHARRbNE tHid ¥ds6 BERARTS nlayce! |
production over“tine in view of the slow inmune reconstitution o

MAPCs i n rudi fremt be gbletnrsecuetayimeds ferd letha} irasliatioo dw e geugsestimgeleint mrayor
to peripheralizati.o foT.cells. In diti - 1% P I
o oo boney B R TR0t rebRp b s SHUPT TR My GBHS
fT_hi 3_ suggﬁst sG:&gG%Fﬁmu I\?Ial h@d\rélgff gié@ﬁsé tooihdvdRAL 1y plishicfiatopbiesik ith t he
I ndi ng t hat + X, an .

fsf gdmtwgﬁuqu-émeéﬁs%w 8eBFdent .

gr anul ocyt e- Mo r§ESRIBLYIE ISy .
FACS anal ysi s OfinGRInhBT- dnfB-Sdlhs SFRich By ?B%I?ﬁﬁég_@ﬂd%ﬁlyr@heﬁ%rgﬁﬁem ed

the presence of nultilineage engraftmnen ifferentiation to
myel oi d ( Mac10 4igcludigg tHymusBspieep20d toipd/noded) ande crpetdpaf mpgrtingraf 3)
| ynphoid cells.. FE I i I j gurg 20) ,

differentiati On1m[n§1nger %f’gﬁ%it&ﬁeﬁlétﬁﬁgﬁl&%%%@f}ﬁBZmAPq | gMAPC
(BD Bi osci ences PharAnahgsisgf lanphohemnytopdietictiss¢esShv AleTsestodeniofdtiifed BD

Bi osci ences Pharmi.ngen) cell, phenot . 5 detected. eGP sorte
splenic T cell Sm%rr‘glee%ep%aéhgqnt &é@%&?ﬁﬁl&h@g{%ﬂéﬂa@? SRIERD: ﬁIé’_BIuF §n‘?n
a mxed | yWPhOOD(/ﬁuﬁh hE@G W RO sdeH it MAPaRshshRNRE NOD-BUIO Miby BREALGES +
anti-CD28 mAbs {anti bodies provided by Dr. Carl June; Brice et al.
1998) .  eGFPI5 dépurs 2ishowhthat thyseiesgans ate noppleted by ¢GEP4cellsD8 and TCR3
(BD Bi osci ences Ph hogen). . e so_.d S ination of
the gut also identi faffﬁg&agl%@ﬁ% -Scdgﬁ% 31??11@%%%25%”“?0%&% e’zﬁmﬁgr?%l e 2
MAPCs can di f f emndnhyraise Resiiles driSSHoWmGn Fipuys 2B-C foHRioBdedi60 iTheteQure €lkdrhy

can be generated fro rine Cs,..using either_ 15 feeder .cells such
as OP935, or b iseg R e ER R If%btﬁow_ﬁﬁsé’mﬂ&e selias thegdy
(Choi K et al. p9Bleen FNLLLMGN(uPUYH IFALEI/EY45 LRI idte BREEH: APPB SNC

cell's using cytokines known to act at the nmesoder m hemangi obl ast
i nt er phase, ahdndsplssreatudnvels pest-tensden.i mghé\BBpa(fbicells e-axprestednes

(Faloon P et alp) 2089 5EB5tpa, CDS, NK1.1, Mact, and GR1 (BD Biosciences
Pharmingen). Analysis of the BM revealed 68% eGFP" cells, co-expressing
mature hematopoietic markers, including CD34PE, CD45.2APC, Thy 1.1PE,
Sca-1PE, c-Kit APC (BD Biosciences Pharmingen). The frequency of T cells is

25 low. This is not unexpected because one would expect a progressive increase in
T cell production over time in view of the slow immune reconstitution of
MAPCs in rudimentary mouse thymus and thymic recovery observed prior to
peripheralization of T cells. In addition ~1% of the GFP" cells co-expressed
Scal*/cKit or Thyl*/cKit (BD Biosciences Pharmingen). This suggests

30 generation of HSC from MAPC, consistent with the finding that GFP*"CFU-Mix,
BFU-E and granulocyte-monocyte-colony-forming units (CFU-GM) were
present.

FACS analysis of cells from spleen, BM and peripheral blood revealed

the presence of multilineage engraftment with differentiation to myeloid (Mac-
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AC et al.1999). ESCs sequentially express hemangi obl ast narkers,
including 20 Flkl, SCL, and LMX>2 and subsequently henat opoietic
mar kers. A sequential activation of primtive and then definitive
hemat opoi esi s iS5G eph- (HMHICIS9ARNShE RIEH4/CESTTRE) NApHSIERe. IFk Y
in the AGM regilzcn}Pg’r?e (CB%% {(ﬁglnc?%g%. 1 os(tllg_ve. g}l\é’g}e, it is
t hought that t hexapplehiarthe spleingFigurad()kdifferembudn to sellsawify Bdwuphoid

foll ow ng acqui sjt.i i el opme and t.hat 25 .
e>c<) pr gssi gn 019 @fbﬁ EUI?E%QM&P %ﬁﬁ%‘?%é&%s%d{ “lgrten)taBdgﬁlyT?%lgiSC
fate (M kkol a (d4aPBdnd COOSPC BBD BigdRének¥ PRirmihgeny 881bphen¥ypeiwere

hemat opoi etic cells generated in vitro fromnESCs are grafted in

post natal anf rdstestedn§GEP soued;splgnin hreslls avess eepebie af repetingda Balbrio deyéved k
A et al. 1997 - . Ly, di s q
Chat when Hoxpaols DAL Bhphde i iblud Ro (EEARONARCERTS

derived henat opmtieTD28 mAlbs ¢antibedigy mbridehtly Dn CarlMong; Brisestalbl ¥g).even

t hough | ynphoi d gonstitution i ot very t.. Sl ih.vitro
differentiati orFé or‘f?nﬁlsﬁ'géﬁe X@“ﬁ@’@ﬂexgﬁaﬁ?eg\%‘{’%Mﬂmpmﬁf@mw
2001; Tian X etprdming&f4veryaldy astbdtedViG0bs xbmindQO®of th8 26t i idedtified
2004; Cerdan C et_al. 2004). Several studies have suggested that hESC
derived 44 hédrea@Postaining Bpyes’sgatghbet in irradi ated | munodefi ci ent
animal s, even though Ilevels of engraftment are |low. To support the
steps that govern specification and conmtnment of cells to

hemangi obl asts and HSCs in vitro, a njxpmpled stronmal cell |ines have
been 5 created from hem)g ' nvi ronme udi. ng adult BM
fetal liver and AGM of WHEH SO 2 8 Bgeni tors.

Two of these cell |imgatopdidtREelldandRGerdatbs A6H ruMRESTIOIInd¥ithet al .
2002; Buckley S et al. 2004) support both human and nouse | .
hemat opoi et i &5 feesige pelissuci ey PRIIOpicky) allopyingdhe)ES celfstp fonnt gmlgroid bpdies
and both feeder i r i i

o 2002 Oost Cuhe LK oL {998) upRRHAAE I iucils YA, D
Qost endor p RA atsimgl cytaki@? knowm tb &$ atdksmesoderth-hanaigiobhest mberphabe and
ELO8-1D2 cell I|jne c specify MAPCs .in vitro tg.a

| ynphohemat opoi @?ﬂ&“?‘%&@i‘ﬁ“‘é%&@?@ﬂ?w% OIS rﬂg eonck £l 2009 Sehyh
factors have begq et 48090 IENtsBatenBilR dxBRBPRTIARAER bl mAREs, iBelhdivg
hemat opoi eti ¢ speci fication and comm'tnent. These include factors

that 15 act 3 Ilkb SHssadEMQ3md; sybseavsntly bematopriptic markerc tojeduentieh

Fam Iy ( Leung’ ASLYARR.of PGy E Gl i\ aiiye Rhlotofys o, REE'T
(Dyer MA et al .dez€Bfment\ViBnit{ve 8 Cearisihg aBihe NGMFr€iion a@lcalit afh] AR4El .
2000) as wel | apsosﬁi%g.l 6f gg'}ei irt] 9s tﬂgurTg%E t?lgtothg Igainﬁematopoietic marker, CD45, is
expressed following acquisition of CD41 during development, and that
25 expression of CD41, but not CD45, indicates commitment to an LTR-HSC fate
(Mikkola HK et al. 2003; Bertrand JY et al. 2005).

When hematopoietic cells generated in vitro from mESCs are grafted in

post natal animals, no or very minimal engrafiment is seen (Potocnik AJ et al.
1997). Kyba et al. (2002; 2003) have recently disclosed that when HoxB4 or

30 Stat5A is expressed short term within mESC derived hematopoietic cells,
engraftment irn vivo is possible, even though lymphoid reconstitution is not very
robust. Similar in vitro differentiation from hESCs has been achieved (Kaufman
DS et al. 2001; Tian X et al. 2004; Vodyanik MA et al. 2005; Wang L et al.
2004; Cerdan C et al. 2004). Several studies have suggested that hESC derived
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cytokines, including SCF, FIt3L and Tpo. 20 A. nVAPC Differentiate
I nto | ynphohenmat opoietic Cells Following Co- Culture with ELO8-1D2
cells. Murine MAPC cell lines were established from eGFP transgenic

m ce m ce bone | | 2)
at about 5% 02. i&’w Cerﬁ\w l\alg{rréé&%gq Hl]J uuné)%?gc rg/ jmgtal@leven tﬁ&%‘ﬂ
contact with thievdl ofledgrafmienneredsdor yoni c | i ver feeder (EFL) ELOS- 1D2

cells 25 (grown to confluence and irradiated _with 2500 c of Ce
obtained from Dr. E°#ppeitshigsterpiiaf g¥sahipeeifsitiondss popR %(en% °e§°0t60)

in 10% FCS cont gindinBohh 86 3h @SCW%:%%ﬁmﬁ@?st&oﬁa?%lﬁ%els have been
Technol ogies)) wth 20 ng/ (R"&D Systens), g&D mrpo (R&D

Systens), 10 ﬁwrmtemﬁmaﬁmbge@smcemylromoem@mmdmg a@ult f@ylsltvem)d

foll d by 14- CEC 30

(Mot hocal i meREE B Rerigh ot stgbert i e pr OBl i it St thdse FBF i
contai ning 20 ngLed-1DDeid U@&@lgﬁf(oeﬁéﬂdorﬂ-ﬁArbﬂélntOOmthlae)( R&0ul. 2004)
Systens), 10 ng/m m L6 (R&Dﬁﬁ%stem; and hEpqg, Cells were

cultured at 37CYPROR Reth mgpse n@met%etog@tlwaﬁt} Is (HECe:ig)longp t y
5% CO2. 45 Undi MARG, ﬂ;{gﬁ’ y
Q RT-PCR for hi%lrgtgglg%{;g%% endct)l?gt%ld%%?u d endgg?% i5@llaﬁil‘ri:éxatﬁE(e:rps;
d14-16 Met hodOI(cKuscctalsrtMreed R Oostendorp RAret plr 26 Harvey KGr@l. 200RT- PCR
anal ysis of ungdiff

SR crlorR R WA 208 gt %&?ﬁ}ydﬂ%ﬁ%el%wg@ a’rta?AgI\ls

denonstrat es t hie cad @ﬁécﬁﬁyMABCs &il&ﬂo \VAephelicenatdfioteflo $ate DI adSItheg,
CD34Neg, CD41Neg nti bodi es

nd Li n
pur chased from qu%Dg?WPlﬁﬁ"é f‘t_‘it‘?t% b@bﬁg’gffgeﬁé@ﬁ@%ﬁrﬁg’o@m for the
Mac- 1, Terr- 119 idma g,?@wu@astcuﬁa@&l ethu%fnﬂﬁt]%?drhe;@mauaewdrmﬁt fo;

hemat opoi etic transcription flactors (GA
were expresséfl oy aﬁhy H@&odeand{SGtmﬁmasfwll Mact@y “d'QISmeFilagui\rlty a’;ﬂ)e

However, marker re tu y
and Bb/ 3) wer e lﬁg@ evnP esrs%‘ %ﬁb ﬁ@hé@?\@) *ﬁL&&%&gﬂ eéal %Odj'?
d28. O note, thWna(rKéylrib‘. B)OBM@ml}dEmHi(Dy@MA&ngmm NEGE{CHviK ve
hemat opoi esis, 15 not enbryoni ¢ hemat opoi esis. Transcrjpts for

endot hel i al cel 198) o1 WHGF (izloop i 8l 2RO00) woepl g paslyzacine \‘%ﬁ‘ﬁﬂ’oﬂ‘?ﬁmbe

expressed signi {haand! Mcﬂ?&?%rCFbFltﬁ}éadTﬁbowever | evel s decreased by
d28, suggesting that fhe st stage of dlfferentlatlon may occur

vi a a henmangi2bbl ast infod A ptaciCells Following Co-
Culture with E1.08-1D2 cells. Murine MAPC cell lines were established from

=

eGFP transgenic mice mice bone marrow cells as described in Jiang, Y. et al.
(2002) at about 5% O,. 10° eGFP* mMAPCs were cultured for 14 days in
contact with the E11.5 murine embryonic liver feeder (EFL) EL08-1D2 cells

25 (grown to confluence and irradiated with 2500 cGy of Cesium; obtained from
Dr. E. Dzierzak, Rotterdam; Oostendorp RA et al. 2000) in 10% FCS containing
medium (Myelocult M5300 (Stem Cell Technologies)) with 20 ng/ml mSCF
(R&D Systems), 10 ng/ml mTpo (R&D Systems), 10 ng/ml mIL3(R&D
Systems), 10 ng/ml mIL6 (R&D Systems), followed by 14-16 days in CFC

30 cultures using Methocult medium (MethoCult™ methylcellulose-based medium
(Stem Cell Technologies)) containing 20 ng/ml mSCF (R&D Systems), 10 ng/ml
mIL-3 (R&D Systems), 10 ng/ml mIL6 (R&D Systems), and 3 U/m! hEpo.
Cells were cultured at 37°C in the presence of 1X S-mercaptoethanol (Gibco)
with 5% CO;,
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for mESCs (Choi K. 1998; Choi K et al. 1998). CFU-M x col onies were
al so 20 generated (Figure 3B). B. Human (h) MAPC also Differentiate
I nto Lymmhohemat opoietic Cells. Human MAPC cell |ines were

establ i shed and cul tyyfitteRstisEsMAREshd EVEAPE REFR alaRATYERE-DEECS,
that are A yA CD45 and CD34 negative n=20), were coculfured with

the nouse yol k Habematopeieticrgndatiedlial andreadodegng mapkergigll4dopdetbocylt cel |

aggregates for 6.,days in ser free meeé _Eigp_ ﬁlrﬁen . with 10
ng/ mL bFGF and wwﬁ? gcror%y a9r§§en8%? %tg:é cg san%lﬁlglép\,ﬂ MAPC
progeny) renai nggifientsEMa@Os idwad deteetd MOR BT IGHITA Ebt BUWARHRNA
transferred to nethylcel]ul ose cultures containing 10%fetal calf

serum (FCS) sdap@idaiepnloadleysls af GATAGMRNAHE ErSansdsis demongratesspati
BMP) 4, VEG-, ; q e
( BMP) %ﬁ%relgt%agéﬁ rﬁﬁiﬁhl)(fsaa% tﬁé%ﬁ)t S)ceﬁ?\ge%!-CDbm do4iN

t hr onbopoi etin erythropoi etin {EPQ 5 weekZ.  In tHese
cul tures, bot hChdfeg ThyEEPandclehNeg @niibsiiesiviere pwolrdedhomBiher ent

cells, which forned. ny. .col onj ttache th dh cehl.s
wer e det ect ed. W&H@?@ﬁ&’%{%ﬁl ccg'gﬂlésrgﬁi’q\d?cég’tﬂgﬁgfg\?\gﬁ)é" Ebs’ and
col | ected separB2® biotdated! t ured in 10% FCS 46 containing nmedi um

with 10 ng/nL VEGF and bFGF for 7 days. Adherent _cells stained
positive for WWF, foFResriphderhamatonptstis tapseHPLirelarsdS A8, il her e

abl e to uptake E‘Md%,—ﬁch[‘ﬂbﬁ%iewe%ﬁ“sééd @931@%%%@&@&&&3@%&5% g; .

the non- adherent cells stained positiveé for 'human specific
HLA-cl ass | by @Hipwe 3AyyHowevarymarkery ofmpremetutedematopoigti¢ FellsWebds,

sel ected by FA i - & ens e cell.s .exhibit
characteristi ccﬁgpﬁ{&\%ag ?goghwgﬁeéﬁoﬁ?)wé&%egiﬁnecﬁﬁ, t?ugfw )%%’r]lgﬁ%l 1?/ %éljggsed by
erythrobl asts. 4. Gf ¢, ditend Hb3vete dasti fled suggdding Byfinitive hema;opoiesis,
I mmunoper oxi dase. By RT-PCR these cells expressed huma ecific
Ho-e, but ndP RS-CHDIYRPIARRIIAIORAIASiE dernset h?‘?@gﬁha‘l @ﬂﬁlﬁ@séﬁﬁw th

20% FCS and EP I r ' ' : f ys,
2nd 100% 0f ¢ hecahe), yWWPaRs IBRIOR SpruRHSiSRING) hEhald AL o
and Ho. As sel ebowayer, déveldaleOsastd by dd8, soggestingthateht Htst stageodf CD45+ and
A yA+ cells from.BM ..and cul t ured PCs ar 5" .and .G.yA"' at al

i hes usi ng. bot HEERBEASHIMRGRRE P A peanaroases mrermed Bl simitkeys Bherfed
MAPCs wi t h hemafop pESEsi (Cheiek | H9BSCRAK dtiak @D98). CEY VIR ®lohid¥hide also

Contribution to Blood in FANCC-/- Mce: Cene Repair of FANCC-/-
MAPCs 20 generated (Figure 3B).

B. Human (WMAPC also Differentiate into L hohematopoietic Cells.

Human MAPC cell lines were established and cultured as described
herein. eGFP transduced MAPCs, that are GlyA , CD45 and CD34 negative
(n=20), were cocultured with the mouse yolk sac mesodermal cell line, YSMS5,

25 as suspension cell aggregates for 6 days in serum free medium supplemented
with 10 ng/mL bFGF and VEGF. After 6 days, only eGFP" cells (i.e., MAPC
progeny) remained and YSMS cells had died.

Remaining cells were transferred to methylcellulose cultures containing
10% fetal calf serum (FCS) supplemented with 10 ng/mL bone morphogenic

30 protein (BMP) 4, VEGF, bFGF, stem cell factor (SCF), FIt3L, hyper IL6,
thrombopoietin (TPO) and erythropoietin (EPO) for 2 weeks. In these cultures,
both adherent eGFP” cells and small, round non-adherent cells, which formed
many colonies attached to the adherent cells were detected. The non-adherent

and adherent fractions were collected separately and cultured in 10% FCS
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20 Fanconi anem a (FA) is a severe bone marrow (BM failure syndrone
transmtted through autosomal recessive inheritance. There are at

| east el even FA genes (A, B, C D (BRCA2), D2, E, F, G |, J and
L). These el eveny ?A%R%JEEdlufn%lt@i@Hﬁ'fnLa‘l'EGPBn&tﬁ £ 793298, Kansahells

anenmi a. Mutations In FA-C and FA-G are e nobst common and
account for appﬂtmevd}mséivy f@%fform@ m@snﬁmwém BlatedrolﬂdWMeaﬂdeDl ,

FA-D2, FA-E, FA-F and nt f F FA—

repr esent Iessat atﬁug f%‘ﬁ? elr é?th%lf %P%gr é grrll%frgﬁ a
genes have bee rh(mbl‘éﬂﬂfélls Etéme@ pwnsvmﬂmmam spEcifiBGBsA mrHLArmAsesby fowi s
found in all ethnic groups., The clipnical manjfestation of FA is

defined by a Provigmeas; dyws L flassw Gells weresclegiod b FACS- tOreWighbr i t y
f I

i (1 on, P ped e ARRERLElnc TRGRIRE Rl iay ipd Mol

nyel odyspl asi a, ofmavmhmmﬁdlemmmldmandMasdm dyt unor s

| Tkely 1o devel BHBRHONHAG: AOURT-PEik GG Elh SRl g ehes e

squanmous cel |l cgyigipapnmas. 47 The primary node of |ong-term curative
treatnment of the hematol ogical, manifestation of the disease is bone

marrow (BM &9 peri pWesrtreplsteddn methylgellose asgaymgth 2Q% EqSisnd FPS FIB?lu
using an al | oge, t&'&fl@ﬁlg @Séé%éipa{he?lo&%%?’andlﬁ@b% of tlﬁ%ég%loﬁ{les&

1994; @uardiol a However hese efforts only 5 ag ress
t he hemat ol ogi crdsitivefferdtusmaarspeanias Gimm&ﬂnmwhchgl e@dﬁﬁ’élmdapends on

donar el 15, 1 g Aepieton o A" 5RE LR RO A B KRBl MERRETHE 1 1

reci pi ent. Efforbsstadd GieA aubotings uﬁngmn FAmsrahevstl drfaytdnalysiave
under gone ex vivo gene, correction has remained | argely_ unsuccessful
due to variotd (niEBHion of YeAPGswith Bematepaistic cglnis 10t lkedY.er and t he
10 poor ability of bone nmarrow stemcells to be cultured in vitro.
Mul ti potent adult progenitor cells (MAPCs) are a popul ati on of stem
cells within the adult bone marrow thaEmpj_?onl y differentiate into
| ynphohemat opoi etic cells ) for exanpl e,

hepatic, gastrointestina 2 = f

Addi ti onal ly, MAPCs can be 15 @eﬁmgg/ogpm@oe,dmcﬁxt ended peri ods
of time without |oss of differentiation otential and they are
amendabl e t 028enet i Faneeri guemaini(B) 5@, sgvere bane maow (BNjfadureispiedramy) .
Thus, MAPCs ar %ﬁé HeR &

Met hods | sol at ?%%g%%%giﬁﬁoﬁglﬁ stom % rom &:bone} rfiarl? ?'!oléas"f‘?lg ven

FANCC+/ + FA genes (A, B, C,D1 (BRCA2),D2,E, F, G, I,J and L). These eleven account

for almost all of the cases of Fanconi anemia. Mutations in FA-A, FA-C and

FA-G are the most common and account for approximately 85% of the FA

25 patients worldwide. FA-D1, FA-D2, FA-E, FA-F and FA-L account for 10%.

| FA-B, FA-I and FA-J represent less than 5% of FA patients. Most of the
Fanconi anemia genes have been cloned.

FA occurs equally in males and females. It is found in all ethnic groups.

The clinical manifestation of FA is defined by a progressive bone marrow failure

30 and in the majority of cases, a multitude of congenital malformations (Liu JM.
2000). In addition, FA patients are at an increased risk of developing
myelodysplasia, acute myelogenous leukemia (AML) and solid tumors later in
life (Alter BP. 1992). For example, FA patients are also likely to develop head

and neck, gynecological and gastrointestinal squamous cell carcinomas.
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20 nouse. FANCC -/- mce that carry a disrupted exon 9 of the FANCC
muri ne honol og gene and its syngeneic normal control FANCC+ + m ce
were provided by Dr Markus G onpe. Bone marrow was collected from
the femurs of the e inMNERINET Bng W Hufive GEAmEMNT tHethetaftekicd

al, (2002) with sli ght.%rmdl ficati oIrllgg Briefly, bone marrow

mononucl ear celhanifeetaombf the discasbjs hone mpEowi (B or Perirhse] lord sietp cell

gradi ent centri ion (Sigma Chem cal . | - e
nononucl ear ce|@§%@?%“%faéﬁsa§‘8n§ﬂag %%@ét% Iéegggosnloﬁ Gl%%%‘n%&@’i%&mbeads
(M1 tepﬂyi Bi ot eIQumMﬂM\a&lH?%;@x)aﬁdiElaM am@(ﬂ}).G]g:Mwecal ﬂh%seV%fosts phigt ed
in 1 MAPC expansi on nmedi um that consists of DVEM LG (58%

G bco-BRL, G aaddresshghgmaiqiogicaldetpetoend m&@%acgwwaasa&@fwf@&ﬂ%t
Louis, M), 2% : | ' ed
W th 1X Thsul 1 Gl AR R ok o S R e e
serum al bum n (dfAejBSn, of thDddoMalle ox thetrheipiontz Effodts 40 Meastrdogouebersi d
2- phosphate (AA), 100 Lci |l and 1. 000U strept cin.in.wells
of "0 er | pl ar'bameRartsEfteue dbseofP e BN PR B e Yy
Cul ture nmedi a WaSusddiBhice fd @Ai00k poblkths/@chrhs inCificibit gend trhOsfagindithe
PDG-- BB (R&D Systens, M nneapolis, MN) and 10 ng/ml  Leukem a

I nhi bitory fAStraor 2iliteoldons mrPw sish cells & besculiard uirgched wi t h

trypsi n/ EDTA (Si gna) : ) [ ' LHSFstEM! ture
vessels to keep CelMﬁ@%g%ﬁﬁ%d;%&ﬁbé%&ﬁc@g%l&i(%@% %b 1_1;?%133 Sctel | s/
cn2. The cel | s wills withinsthe BdwUbang meseroivrihatinet enly ddfecantiate intx

(3-mer capt oet hapnol , (.G beco) .and at. 5% 2. . Ana L s ~of  NA .

Nor phol oby - Esc AP PR RRiEEs Tiaatlo s as Ainlf 1 1§ sypble nepatic,

spi ndl e- shaped gsirbintestivail dahgeepithelien add dMabGelubh.aAdditibnally, M2JWRA)can bd he

h t f isol at | | yzed I ng, FA b .th
b 655 on oft> SRSV £ cxivaleyPeRprolaEs YiShout Fes oy GereBiston
stem cel | 10 magdt&fii1 liChe e GrbndhbRNE és&féﬂ@% ipufiien ?é% ,affog IL}%QQ $ne

Differentiation of MAPCs. I sol ated MAPCs were éval uate
mul tilineage pohemnpy)alThuy, MABCE arg anhdsal soattyelfort KA treatdieift er enti ate to

endot hel i um ur Q to&l |. and hepatocyte-like cells as previously
descri bed (Ji a[@ﬂ@@%@—%%. 15 Transpl antation of Normal _
Svngenei ¢ ( FANCCH/ +)IsdlifRSesand thfichnirANSIMAP 1O 6@ bohe fairiw o EANICH A Y

of FANCC+/ + MAPC. Prior to t_ransFI antation, MAPCs were transduced
with | enti-GEP mepsgelAaNCG+-dnise thef carryardisrypipdexandtofihe BANEC muwine Grp+

MAPCs were i nf 1 [ kel oot U | ' I :

according to J @E‘% g%/ g%q%ahggtg 5}5}1 ggﬁl eﬁ%@%@;@&%ﬁé@% fice %egsprowded
by Dr Markus Grompe. Bone marrow was collected from the femurs of the
mice. MAPCs were cultured according to Jiang et al. (2002) with slight

modification. Briefly, bone marrow mononuclear cells were obtained by the

25 Ficoll-Plaque density gradient centrifugation (Sigma Chemicals Co., St Louis,
MO). The mononuclear cells were plated and depleted using micromagnetic
beads (Miltenyi Biotec, Sunnyvale, CA). 5,000 CD45°GlyA" cells were plated in
1 ml MAPC expansion medium that consists of DMEM-LG (58%; Gibco-BRL,
Grand Island, NY), MCDB-201 (40%; Sigma Chemical Co, St Louis, MO), 2%

30 FCS (Hyclone Laboratories, Logan, UT) supplemented with 1X insulin-
transferrin-selenium (ITS), 1X linoleic acid-bovine serum albumin (LA-BSA),
10 M dexamethasone, 10* M ascorbic acid 2-phosphate (AA), 100U penicillin
and 1,000U streptomycin in wells of 96 well plates that were coated with 10
mg/ml fibronectin (FN). Culture media was supplemented with 10 ng/ml EGF
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20 undifferentiated MAPC, along with 200,000 conprom sed bone marrow
cells (Sca-1 depleted cells), were injected via tail vein into about
7.5 Gy to about 9.0 Gy irradiated 6-9 week old FANCC-/- m ce.

FANCC- /- mi ce térfi‘l“ﬁ)mlg?rﬂf WGWE@(R&B@E@H&ESM Bafis, WIKS & CPdgd/sy al one

served as contro anal ysi's of - peripheral blood was routinely
carried out foIL@ﬂocmgphh@thEih@tonfOlBE %Vmﬁumtcaﬂswnre@aghﬁdw@ten

f h
cont 11 but 1 on' of PRBEEL (Bl A5 Pl ef R ua SR hngef AR gl o

bl ood and bone kep celtconteiteatidnabstwesh My atdCS. 10Fedliseanhplte, ceiewerghizoal
bl ood and bone marrow of the transplanted mce was isolated at 8-10
weeks post t Pasiiyredin thensesenasf Qﬁ%ﬁ;@@@pﬂﬂ@h@%é@b@)@@d@ﬁﬁé& bl ood

cells and | abel ed wi %Péﬁ] ;elg“g, CsS.
Cells positive for é%‘%%ﬁé@gggre eéllé%[’ 504 cel@ég erive fdrgém

t he GFP+ MAPC. <hownras bmbil epindie-shipged chﬂkl%ﬁaﬂactensmdﬂwﬁphammal 20@Hue

was assessed Dby, i ohi st.ochem stry for and al ysi s
of the genonic éﬁ?&’rﬂm&p@ém @Fﬁégﬁ?gmﬁbﬁ?ﬁ?%w Réﬁ&%ﬁ%ﬂﬁﬁ? escent
protein (GFP) t&pnesids 0fsurfies Mtk ¥i@hy Q-RITERETe thrithy reserbd Sftsheh kel
I rradi at ed FANCC—/- m ce (a Fanconi anem aagrou C 'knockout nouse

nodel ) contri Bu‘tflé@e’tséu?hﬁf%ﬁtanﬁé‘ﬁ%& Sl em At 8-10 5 vveeks

after transplant at ' Olﬂrffe?entl;léﬁ&f of PAPEs. CFBfa%d'MAP@@W@&%@aIﬁ%?W
these nice were ositive cells were

al so detected imulqhacaggrpeteatlallﬁydmﬂmg FlE)r ahditywsl dlffersnt\wéet toctmdolhclgsmes
harvested fromthe t ‘#ﬁ uch as llvded {_Ilg’g gl
nmuscl e. As derm‘r\eélf?ﬁ cpaj %ge aﬁpbeljfw&]ty i &?ﬁ LEF2vaPC
into 10 NO}SCQ@zyn ce depl eted of their NK cells give rise to at

| east 80% henmat opoi etic repopul at [ on SI m I ar cond| ti ons were
carried out ilf the Fispsplantatios yBgenois (B4 ) '

engraf tment . TopAEdIercBel %ﬁﬁo{ﬁh ?ﬁa{aﬁ%‘?e tpg}g@cmmﬁgpﬁéﬁsd cell's

in the FANCC/ - ated wt
cycl ophospham d‘em(splynﬂabquhMAB@srwde transdunedawith beati-@HP. diavgsy ek onsgenis

al kylating 15 a okt sl or st th r owt.h. of cancer. cel

2t % dose t oni OB MARES sl hrcieed, RS MAPCENGH g 7 Al Voinifies o
but not to the neyMRNCHAPEicescHAth t@ﬁqﬁééﬂw'z@m .CBf&y, § X agfout 40

ng/ kg of body weight). Thus, host roma subject suffering from

FA can be i s@0aunsifferentiated MA@ Canlang wish 309,600 eampssmised boneonareayt #dls of
the genetic def &%5—1 d-g&%teﬁ%l 133, w&l injected via tail vein into about 7.5 Gy to about 9.0

Gy irradiated 6-9 week old FANCC-/- mice. FANCC-/- mice transplanted with

compromised bone marrow cells alone served as controls. FACS analysis of

peripheral blood was routinely carried out following 4-6 weeks of
25 transplantation. Eight to ten weeks after transplantation, the animals were
sacrificed and contribution of MAPC to hematopoietic organs, such as peripheral
blood and bone marrow, were analyzed by FACS. For example, peripheral
blood and bone marrow of the transplanted mice was isolated at 8-10 weeks post
transplantation. The samples were depleted of red blood cells and labeled with
30 the blood marker CD45 and analyzed by FACS. Cells positive for GFP and
CD4S5 represent blood cells derived from the GFP* MAPC.
Contribution of GFP* MAPC to non-hematopoietic tissue was assessed
by immunohistochemistry for GFP and by Q-PCR analysis of the genomic DNA
for GFP.
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20 then be used as an autol ogous source of cells for FA treatnent of
the subject (e.g., long termreconstitution of ex vivo gene corrected
FA MAPCs in FA subjects). Exanple 4 25 Use of Autol ogous MAPCs to
Treat Chronic Mﬁgenous Leukemia (CM) Chronic Myel ogenous

Leukemia (CM.) is aq(¢lona r C,
characterized by t hé‘ Bhe ggrmé?hﬁ(gre% emf %t?%m&ﬁ%t’b%%&ﬁc g %O%afé%})
fusion gene (Rankeyd ﬂltolaﬁtk)thallbiﬁié‘adlitwlBAN@m-/aMMa&nﬁboﬁi:&hemm pioep @py
have been the mainstay for therapy CML for the |ast 2 decades

More 30 recent IrockoHEmepeanaded CBQT@W%"BE heshempippeietis sysiem: At sl
(4 eevecTM i A ® i

NJ)), has becorree%jf’(% érfé&}r 'ﬁ?ﬁ{ﬁ %&%ngiz;?‘i{/ ff @mga% ?fesrﬁi)glew t I;naJi?lé‘!;‘}Q)\Igg{vt?/g?/er
a fraction of paite wmtesiohme@necﬁ GFPheells &iFP pioitiviocelle tvercdiscedetected in

cytogenetic rems ndt ere .i s evidence .that atients that
S eeeCs ol e slod PRf ol Fibd S TS s Romuershlafiet
2003; Ganbacortahmﬁagsgiﬁhlag\hv&auﬁ ard mugt®)3). For these patients, other

t her apeuti ¢ approaches need e evaluated, One possibility is to
use aut ol ogous HSCs A@&emegﬁt@épdém%éhwﬁ%@f Bigh Qe ¢ 8@@%%%&@@ on.
However, the ot N CR
follow ng | mfa(t?|I\¥1@B%;q1§§?%§g%maﬁ%@ﬁ%mwﬁgﬁggéﬁsﬁﬁ&%h@ﬁ a Ret al.
2003). It has (hematogeirtinspoptlaibnt Hanilancondjtionstvwere mr@hﬂ_oumyﬂmMGC1 n

Vortai 116 ¢ of Site 048R Py Pa¥ ol it 156 byt Blecfucy febipungs

transpl ants reshd éngrdftedicellEinsiie EANC@L/dbénegﬁ@fou} Q@highalsewére lheme@ #iithns
(Thomas E et al. 1986), these observations are 10 consi stent th

the fact that &a%lpplwﬁple%d@mlpe qsphamide jsdn p glass oflaggs kppwn as alkylating
cont am nat ed; yvigb by fra) élmstﬁfé il eSerb ol TR RicRE &lfﬁtpatdo?é tox&%g ﬁ%st bone »

However, MAPCs genérated fr he” BM of patients with CWM,
harbor the Ph mhﬂrmmsﬁtblﬂée@FFAN€CB€Rb1thugmﬁé0ﬁlemangéMAPCdeasednon-

hemat opoi etic cells in.BM.cuyl.tu tr cell ) frompatients with
CM. are 15 Ph ?‘@Wﬁfopgle%‘éﬁlﬁz?bouﬁg@@%ﬁ( ﬁﬁ%‘ﬁ%@t ‘herefore constitute
a popul ation of st qhug elbétsMAP@& freih dBjebssRetedit Roth TN @htbeRstldtant

with CML. Thus, hMAPCs in CM. patients rraybe Ph--BCR/ ABL' and may
give rise to sulinrgeandyuyiacted o ﬁvewa@mlmctlwgofzthergeneus@fe@na‘hmlbw

hemat opoi et £ dESH b fosdBlirkd oX0E OBt PANRGLOER A0SV

di agnosed patients patrents t ave no
exposed to cheraghbémgpsmoreconstimtdbmbdf @n)veegede corrected FA MAPCs in FA

subjects).

Example 4
25  Use of Autologous MAPCs to Treat Chronic Myelogenous Ieukemia (CML)

Chronic Myelogenous Leukemia (CML) is a clonal myeloproliferative
disorder of the HSC, characterized by the Philadelphia chromosome (Ph) and the
BCR/ABL fusion gene (Rowley J 1990). HSC transplantation and IFN-a
therapy have been the mainstay for therapy of CML for the last 2 decades. More

30 recently, the specific p210BCR/ABL TXK inhibitor, Imitinab (Gleevec™;

Novartis Pharmaceuticals Corporation (East Hanover, NI)), has become first line

therapy for patients with CML. However, a fraction of patients treated with
Imatinib do not achieve cytogenetic remission (CR), and there is evidence that

patients that achieve a molecular remission may relapse (Kantarjian HM et al.
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MAPCs wi Il be isolated. MAPC popul ations will be tested for the
presence of the Ph chronmosonme and BCR/ ABL gene using standard

nmet hods. Cytogenetic stability wll be followed over tine, as wll
t el omer ase act i2003;\Gamichcorti-Rassarimi CBeetglt 2G03).(Bdrl thesevphtienkse othest ed f or
their ability to differentiate iagoowrres%nc ymal 25 cell types,
endot hel i al cel1<EaPERERaRRIC]AIES neg P& oderm i ke cells, as has

been described (Reyemelos¥ibifily is #0R3 autSRBYAHSCSHaredstedat thd@iae; ofReyes
Met al. 2002). Once PC |lines have been established, their ability

to generate | yiioEenstinuemissiPRt Hewever, there is oyidepes that@vemhwhen RAtigts prepe

tested, as d I i f.0r - 1 I PCs.
30 As few asesigIE Fﬁf‘f?u@‘?@ I@gté Qtr(a %@5‘4’ ﬁnﬁﬁ%ﬁgg%éa@g@n&gﬁ%ﬁ%%@ to
robust henat 02003} ilchasbeén denadrisirated thyi akabrafty imPMondy ré3ultymBRgi d and
T-1ynphoid cells (Spangrude CGet al. 1988). en _h FLiri
Gt eel I's ar dovgar évoofi%mlw-m@e@%%nﬁﬁY%ﬁw@%% is
required to det)99¢; Caldfta AMMGRAL 169! %@%e%ﬁb&tﬁi%'tiaﬁspléd@ﬁe%% in91eb i3t

engraftnment across xenogeneic 51 barriers is nuch’l ess effective. In
addi ti on, hunarfolddighenlsogdenmsremissiqap Bionms Ergt ale 19863 these gbservations are

pr eponder anc -cel |. I al .
1007 Bhat 1 o heepfit BB faop AN G B el wellieRferd e T
CD34+ cel |l s arentgmafateddwvittnmBlidoagaetls WeisachtiNABteaal] 2094).998) ,

NOD- SLI D- 1 L23cR4 5 (Yahat a al . 2 r 2yc/.Rag2-.1- raggi ai
E et 8l 2008) mi celoges MARGs Saeradoi e PYFBEAGTE it G ey
generate a fungbi RaBér ths!PRBhroMdbuife 618BPBORAABL kbretirfaffenentDiboncel | s,
engraftment | evels of huMAPC are | ower than with mnmuMAPCs, thus the

cel | dose to béemeiwgoighe pellsan B eltuses (stepmal e¢llsy &ompstients pth CML are
I'1s/ , 14 i t I I [ f
Crradi ation th TS BuER: R & 4F 109\ AAEF LT A BRUALL K Boiaf
w || be transplsteni eddlsithet carbbéBusedwredutayratt j)a:ctiemdi“&me(d\/ILLZth/ Rag2"'"
ice. PBwIll be e a we 4-16 for i hunpn
Py(r:rghoherr\gt opoi et i \s{ hﬁ%%ﬁé&?&iﬂ%ﬂ%‘nw bg ﬁlb%r@g‘hlf ?‘E‘B?‘y BipR,
BM spl een, thyg seahd MARLrAGESHuRMAS %L%l@)%i(f%fanﬁ%ﬁ%@_ heﬁﬁthk/?}gg 15

FACS. As an additional marker to track the'cells in vivo, '
transduced wi tprogsny éQRPo.cBMt willtiernhtainedtfiom thewly diagnosgil IMIbpatientsd.

i on. ' ' d | ant s. Wi t.h
whot o bone i (Gt ARl iteYe Adl el peln RSO ImbBAEP SO Talinb e
with sel ected ARG will be 36lated. MAPO bofidativhopill B4 fested e thd presehéedt and

commtrment fromhMAPCs in 20 vitro will be carrjed out using nethods
to commit m v1ARCGD apmesrsaend AR/l gsne using standard methods. Cytogenetic

stability will be followed over time, as will telomerase activity and telomere

lengths. Cells will be tested for their ability to differentiate into mesenchymal

25 cell types, endothelial cells, hepatocyte- and neuroectoderm-like cells, as has
been described (Reyes M et al. 2001; Schwartz RE et al. 2002; Reyes M et al.
2002). Once MAPC lines have been established, their ability to generate
lymphohematopoietic cells in vitro and in vivo will be tested, as described herein
for non-leukemia (NL) BM derived MAPCs.

30 As few as 10 cKit'Lin'Scal* (KLS) murine cells can give rise to robust
hematopoiesis post-grafting, yielding myeloid, B-lymphoid and T-lymphoid
cells (Spangrude G et al. 1988). When huUCB CD34"Lin"CD38" cells are
grafied in NOD-SCID mice, a minimum of 500 cells is required to detect >1%

human hematopoietic cells, indicating that engrafiment across xenogeneic
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t he | ynphohemat opoi etic |ineage, as nethods to differentiate hESCs to
hemat opoi etic cells appear in general simlar to those used to commt
NESCs to henatopoietic cells (Nakano T et al.1994; Vodyani k MA et

al . 2005). As bdiriersiis amch hees efifsctiabolnendditibiRinmahetnetopaiasts it NADESCIDhe

I hohenmat opoi etic 25 |ineage b -cylture with 9 der lls in
t%gp presencelooiInl SBWRW‘%&#’@% gﬁt?eﬁ sgpsiTelol ‘é@ﬁsgﬁ%f‘% tf‘f\e
hMAPC- pr ogeny Qb9’ﬂ'B1ﬁf4a BPQVE 1958) biRGiOT-SIBP HAWERY, WhrChuiniahachhRe eells

I L2Ryc/ Rag2-1. mce, In initial studies, bulk-cul ture MAPC progeny
will be transpteem@%@i in[BNX fRassMdeandNaltadhAal 998). MR- SGID- Hﬁeﬁ’etype of

the engrafti e t ed on
t he expressi 2)9(2%3&% lﬁé)gﬁgﬂ% jggﬁglaﬁ'ﬁffﬁ %(&Q ec%ECD133
- first testingisblaeiett BBnhphoyytts) e peetitea ALisdl hdn@ernrmmgnﬁeédpmse
(CFGCs) in vitro and subsequent transplantation in vivo

denonstrate t hfkq f@hb“@@%cﬁ% spereimentdevels of SUiAEC e Hé’i‘eét"@é with
nunber of  seconfai¥c rr% HRRSRL A s He l% lQigds Qg{/%é){d%%d t? el Sbod 10

non-nal i gnant, non-enbryonic stem ce autografting
of hemat opoi et icell¥mbusgniarapineas thatiave diceiyedntar aldntdvepiwwmf imhdigtionot her

| ynphohemat Oﬁ)o fﬁd @ 51“ sorders, such as aplastic anema or inherited
genetic diso é Pt he | yrrphohemat opoi etic system 5 Bibliography
Abe, A, et al.; J. Hvinfa8MAROOGbLIR:10616%ccfd/a@mal)AKil e frissplditod. into 6- 8
JNeur osci 1994; 148‘:2i 175 86. Al ter BP, Cancer net t Qgenet .

19
58: 206- 8; di sc&ek gl iradjated T?Rqc(Ragd7 npes- A W be evplugled akyeeksd- 168D 3.

425:968-973. A pRgUf Rilnatd gﬁolfébat opbidSis aht €6 hz@éksaéﬂﬁnmmﬂ'%e %hﬁ@éd al
of human MAPC nd AC 1335]15l rived ndot helial cells is m)du at ed

by
activation of ®B BM,splgen, plawmrsemdllyrg]ahwes eeajuatedrfor ImORASS iceltaton st em
cells. 2005. k, et Prog t 096, .93:
Cous: 7ea0. HETAC ds fledd ditional tker th et P §étf i, @?el%}\’sgvp‘g%%%%‘.sg%gs;

3:526-532. BarkttrandGRP cotainindleativiral 2686t wlil e 185 TA 98:8ss dBaerktion ofN et

al ., Blood. 2004; ePub, Barnett M et al., Blood. 1994; 84:724-732.
Basch, et. al . HSFsipyarsrondgn trrogrlants with whgleone magowayillbe perfpymede

al ., Bone Marr 9&'1\6 B i Mhbsediettly it sefbOrdd AuCD34 Lin’ cells.
Lymphohematopoietic specification and commitment from hMAPCs in

20 vitro will be carried out using methods to commit mMAPCs (discussed above) to
the lymphohematopoietic lineage, as methods to differentiate hESCs to
hematopoietic cells appear in general similar to those used to commit mESCs to -
hematopoietic cells (Nakano T et al.1994; Vodyanik MA et al. 2005). As
discussed herein above, hMAPC can be committed to the lymphohematopoietic

25 lineage by co-culture with OP9 feeder cells in the presence of VEGF, BMP4,
bFGF and hematopoietic cytokines.

The hMAPC-progeny obtained above will be transplanted into irradiated
IL2Ryc/Rag2™ mice. In initial studies, bulk-culture MAPC-progeny will be
transplanted. If these cells engraft, then the phenotype of the engrafting cell will

30 be identified by selecting cells based on the expression of CD34, CD41a, CD43,
CD45, Thy1, cKit, and/or CD133 - first testing their ability to generate colony
forming cells (CFCs) in vitro and subsequent transplantation in vivo. To
demonstrate that long-term repopulating cells were generated, a number of

secondary transplants will be performed.

52



Ben- Shushan E et al., Ml Cell Biol. 1998; 18: 1866-1878. Bertrand JY
et al., Proc Natl Acad Sci USA. 2005; 102: 134-139. Bhardwa] GCet al.
Nat | mmunol . 2001; 2: 172-180. Bhatia Met al., Nat Md. 1998;
4:1038-1045. 25 Bh B E’mb e t%ﬁu?eﬁ%s widtle f Bhatia R
et al., J din | nveg%‘ lgl%éﬁ{gﬁh?gﬁ é l%ﬁat ;sa ? . eBlcg(.)d.

2003; 101:4701- ﬂ@aﬁxnspéhﬂnmmucmﬂgnmies, mEihdmg CMTQ,Qi?ld potent1a11y

90(9): 3304- 3315 ird 423-.426. tt| ra
et al. Eur 3calbe HPRbEne R 5t SO R 5 st SRRy inher e

Proc Natl Acad tlé%rdgﬁggﬂﬁgwﬁﬁﬁﬁeﬁ%ﬁoletlm&ﬁﬁl X, et al. Am

JPat hol . 200451 5:1767-1772. Bredenbeek, et al. J. Virol. 1993;
67:6439-6446.> 53 Brice, GT., et al., J. Acqwr | mmune Defic Syndr
Hum Retrovirol . B‘bﬁg% . 210- 220. Buckl ey Set al., StemCells. 2004.
Cai Z.H, et al Or gans 988 4dh )1 38 5 Camargo FD et
al., J din Invest ]B%fi%g?iég%O?g?%&;&?%? GSSSAM et al., Blood

Rev. 1997; 11: 154- 159Akmﬁﬁk6{MAC;ﬁNetﬁbsc1 1Bl40aeB472864; 103: 2504- 2512.

Chanbers | et al., . 2003 11 43- 655. et al Tr ends
in Biotech. 1999;17: ?Fr “ﬂ?@e”éfél -yiqgefeL. %%20@ ; iseussipy3H9. _
16(1): 71-4. 6001 K chaiepndfi@oee Solin %03412%%%879@3947 956.  Choi

K et al., Devel opment. 1998:;125: 725-732. { atkson et al. Nature.
1991; 352: 624- 628. Gérangureséﬁlentﬁé TWEB@M%B@EQOt@Bal@f@mbnMARC

al., Isolation %{Da] St (%git\lgé Er%d% eﬂgl c%fls fy%l\c}dhﬁ?edebﬁfac@\qﬂ{oh of E&t&?%ﬂi tor

Cells from Cyno on stem ce
2005. d ot hi a epatetled llgdndsl\ﬁkystoBleGj»mpa]siWBﬁi s”t&ﬁcﬁlﬁ;lzﬁﬁ, 1985. Col i gan,

oo e ProLanel s L InRla0ts (3990 A 108 SR M
Nature CGenetijss. 1998irRerdMPandAFagner JE. Nature Reviews Cancer. 2003;3:526-532.

Barker JN et al., Blood. 2003;102:1915-1919.
Barker JN et al., Blood. 2004;ePub.
Barnett MJ et al., Blood. 1994,84:724-732.
Basch, et. al., J. Immunol. Methods. 1983;56:269.

20 Batinic, D., et al., Bone Marrow Transplant. 1990;6(2):103-7.
Ben-Shushan E et al., Mol Cell Biol. 1998;18:1866-1878.
Bertrand JY et al., Proc Natl Acad Sci U S 4. 2005;102:134-139.
Bhardwaj G et al. Nat Immunol. 2001;2:172-180.
Bhatia M et al., Nat Med. 1998;4:1038-1045.

25 Bhatia R et al., Blood. 1995;85:3636-3645.
Bhatia R et al., J Clin Invest. 1994;94:384-391.
Bhatia R et la., Blood. 2003;101:4701-4707.
Bierhuizen, M. et al., Blood. 1997;90(9):3304-3315.
Bird, et al., Science. 1988;242:423-426.

30 Bittira B, et al. Eur J Cardiothorac Surg. 2003;24:393-398.
Bjorklund LMea. Proc Natl Acad Sci U S A. 2002;99:2344-2349.
Borue X, et al. Am J Pathol, 2004;165:1767-1772.
Bredenbeek, P.J., et al. J. Virol. 1993;67:6439-6446.

53



Dei sseroth AB et al., Blood. 1994; 83: 3068-3076. Douglas, J., et al.
Nat ure Bi otech. 1999;17:470-475. Douglas, J. et at, Hum GCene Ther.
1999 ; 10(6):935-945. 25 Drukker M et al. Proc Natl Acad Sci USA
2002; 99: 9864- 9869. Brick) G.TT,.et algt). déqujr [lnmdine Blefic 3P@B Him RABRIr8AT 1.

Dyer MA et al. t. 2001; 128:1717-1730. Eckfeldt CE et al.,
PLoS Bi ol ogy. 21@5&‘15};2{?22@ Pet al ., Devel opment. 2000:127:1931- 1941.

30 Ferrari, ScienceButRiS$S2far., Eszﬁnagzzs E(,mrst Potts, L. Dev Dyn 1997,
209: 70-84. Frolov, 1., et al. (Pro d Sci. USA. 1996;
93: 11371- 11377 Ga@@aééiwtﬁbaég%fr@rﬁﬂn@%&l?&ﬁ) 88tBncet Oncol . 2003:

4: 75-85. knman wé}@p@%ﬁg &Hg I 54 G ant MB
et al., Nat d. 20? 07- ,1% ﬂigﬁ ‘g}tl% a3§t28§ﬁ2% Bl ood. 2000;
95: 422-9. Cui nan E(C‘aaﬂlaaﬁtM et dIRRlvad Rev1 DT ;11244149- 50. Q@unsilius E
et al., Lancet. 200 al ., Blood. 1996;
87:3229. (@upta Pet dsané d’g‘ ﬁggégzogé,?dﬁﬁo%ﬁ @Qussoni, Nature.
1999; 401: 390- 4. Har (@%&mieis 13t al. C@ylemogtqllgg‘g, 2991, 19 304-312. Harris
RG et al., Science. 2004; 305: 90-9 10° Harvey K and Dzierzak E. Stem

Cel |'s. 2004; 22: 253- mng,meq&ak,trremewmtech 1998371§|8cﬁ3o . 2004; 2: e243.
Henmati - Bri vgnl ou A I 8- 89. Hofmann, C.,
et al. J. V?tgl égﬁn}@ %@é@@%ﬁms’ ?@H%Z , Blood. 1997;

90: 85-96. 15 Hol li ngkhm Ktet al., Bzod?aem(ﬁellh&bl. 199&;’136(:19486956 USA. 1993;
906444- 6448 (1993). Ho 97: 158: 2192- 2201.
Hol yoake TL et al ., klr;gﬁ]étlgqveﬁﬁ’g% @?@%Eilg Howe CWS,

Radde- St epani ck T. Idgmg@palaet),/@m@ehgglmgmmmgl stries. In: Thonas
ED, Blune, Karl G and Forman, han J., ed. Hematopoietic Cell 20

Transpl antati on. VolClarke, Wé@aﬂoo 38: m@c%/vel | Sci ences;
1999: 503- 5125 Hur | eyo R @let @1, Isoleztxoga!n@ ChiMERlizatidd %Nﬁﬁipﬁéﬁ Rt

Progenitor Cells from Cynomologus Monkey. Keystone Symposium on stem
cells. 2005.
Clothia et al., J. Mol. Biol. 11985;186:651-66, 1985.
Coligan, et al., Current Protocols in Immunology, (1991 and 1992).
20 Dao MA and Nolta JA. Int J Mol Med. 1998;1:257-264.
Davidson, B.L., et al., Nature Genetics. 1993;3:219-223.
Deisseroth AB et al., Blood. 1994;83:3068-3076.
Douglas, J., et al. Nature Biotech. 1999;17:470-475.
Douglas, J. et al., Hum. Gene Ther. 1999 ;10(6):935-945.
25 Drukker M, et al. Proc Natl Acad Sci U S A. 2002;99:9864-98609.
Dull, T., et al., J. Virol. 1998;72:8463-8471.
Dyer MA et al., Development. 2001;128:1717-1730.
Eckfeldt CE et al., PLoS Biology. 2004,
Faloon P et al., Development. 2000;127:1931-1941.
30 Ferrari, Science. 1998;279:528-30.
Foerst-Potts, L. Dev Dyn 1997;209:70-84.
Frolov, L, et al. (Proc. Natl. Acad. Sci. USA. 1996;93:11371-11377.
Gambacorti-Passerini CB et al., Lancet Oncol. 2003;4:75-85.
Gluckman E. Stem Cells 1993;11 Suppl 2:180-3.

54



Jackson, PNAS USA. 1999; 96: 14482-6. Jahagirdar, B.N., et al. Exp
Hemat ol . 2001; 29(5):543-56. Jiang Y et al., Blood. 2000; 95: 846- 854.
25 Jiang Y et al., Proc Natl Acad Sci USA. 2000; 97: 10538-10543. Ji ang

Y HD et al., Proc NatjanfWafetati Ndided. 2600038.40Q6¢ upp! 1: 11854- 11860.
Jiang Y, et al., Exp Hematol. 2002b; 30: 896-904. Jiang Y, et al.

Nat ure. 2002a; 418: 41GuadiolP, 3t alnglopd. 20085:422¢% oc NatIAcad Sci USA.

2003; 100 Suppl 1:11 ﬁlinar%éé%{)al Jﬁp%m&tpmgﬁﬁ 1448%)6 32, Genet. Eng.

(NY) 1993; 15: 225-23 1: 522-525.
Kafri, T., et al., JGuAdiliwlE et hDAunéd: 211(163584688-5691Kannag|, it EMBO J

1983; 2: 2355- 61 Kantarjian HV et d. 2003;101::97-100.

Kauf man DS et dal . F¢ h Rt . lopg. @36 QﬂL%%zom 98: 10716- 10721.
Kawada H, et al. Bl tam@gi nggodsmgags&m fsKemahli S et al., Br
JHaemat ol 1994, 87: 871- Kogler Get &L, JExp Med. 2004;200: 123- 135.

Kohler & MIstein, Navssomi, Na@rs198640R90-4.Kohl i - Kumar Met al ., Bl ood.
84:2050-4, 1994. Kr use S . 5:369-377. 10
Kusadasi Net at, Le ﬁ éﬁloftefﬁcilggg&-)oll’/é% ﬁ%ba Met at, Cell.
2002: 109: 29- 37. KybaHA&ER&}etaIFSMCAmDDAG&ﬁ%SQB USA. 2003; 100, Suppl
1:11904- 11910Q. Lagasse 000; 234. 15
Lanier LL. "NR Cell %X%E%aﬁlfia?mzag%éﬁ%e@” &2]225%(% Laquerre,

S., et al. J. Virol. nggg[g,ﬁé%apq&%@g,%7§§@romzcgg43et at, Methods: A
Conpani on to Methods in En }%rm’l Ogél }g Lawrence, H Blood 1997;
et

89:1922. 20 Lef ebvr eHemmptit IPevi@ersrd92p17: 7&13&-ng AYH et
al ., Dev Biol. 2004y enann ., etal. J. Virol. 1999:73:6930-6936.

Hogan CJ et al., Blood. 1997;90:85-96.
15 Hollinger et al., Proc. Natl. Acad Sci. USA. 1993;906444-6448 (1993).
Holmes, et al., J. Immunol. 1997;158:2192-2201.
Holyoake TL et al., Exp Hematol. 1999;27:1418-1427.
Howe CWS, Radde-Stepanick T. Hematopoietic Cell Donor Registries.
In: Thomas ED, Blume, Karl G. and Forman, Stephan J., ed. Hematopoietic Céll
20 Transplantation. Vol. 2. Malden, MA: Blackwell Sciences; 1999:503-512.
Hurley RW et al., J Clin Invest. 1995;96:511-521.
Jackson, PNAS USA. 1999;96:14482-6.
Jahagirdar, B.N., et al. Exp Hematol. 2001;29(5):543-56.
Jiang Y et al., Blood. 2000;95:846-854.
25 Jiang Y et al., Proc Natl Acad Sci U S A. 2000;97:10538-10543.
Jiang Y HD et al., Proc Natl Acad Sci U S A. 2003;100 Suppl 1:11854-
11860.
Jiang Y, et al., Exp Hematol. 2002b;30:896-904.
Jiang Y, et al., Nature. 2002a;418:41-49.
30 Jiang Y, et al., Proc Natl Acad Sci U § 4. 2003;100 Suppl 1:11854-
11860.
Johnston, S.A., et al., Genet. Eng. (NY) 1993;15: 225-236.
Jones et al., Nature. 1986;321:522-525.
Kafri, T., et al., J. Virol. 1999;73:576-584.

55



Lewis IDet al., Blood. 2001;97:3441-3449. Lim J.W and Bodnar, A.,
Proteom cs. 2002;2(9):1187-1203 (2002). Liu HJ, Lammng C, CM V.
Characterization of Human Bone Marrow 25 and Unbilical Cord Bl ood

Sel f - Renewi ng Mul ti K;jnﬂgggg mﬂaxpmgBQtj3gs.‘5Qem Cells. 2003. Liu JM
Fanconi's anem a, in Young NS one marrow failure syndr ones.

Phi | adel phia, W B, sé%ﬁwem%nﬁ%ﬁahﬁlozé@@()3 BOu:P7680. Loeffler, J. and
Behr, J., Methods i 3 s1@hal .

J. Ml Biol. 1991: 2234"%%@539 ﬁﬁaﬁé&f&?zﬁq@ 20098 @8 Fé %99
73: 6923- 6929. I\/Btthdﬂn,wdda\?l,,etaitBlabd 20061048 5R163587. 1991; 37(3) MB28- 30.
101 505 L16. et iy Repabi S gl BEn Apemaust DOF 878100 ™ o P O of
1986; 6: 2895- 2902. |\Q$’;Jﬁl@r2(5"5’dal HExp $led@004;200:1%3-198.. 1998;

72: 8873-8883. Mdlin , et al . Virol. 1998 72: 8358-8361. Mbrrison

et al. Proc. Natl. AeoidergMilstwgaNgure. bHSL5685. 5 I\/Ugur uma Yet al.
Exp Henmatol. 2003; 3 al. J. Bone Joi nt
Surg. Am 1997; 79( 1%%%5&‘;%8[ ot %Zﬁ%aeg é%td:%ﬁwg& ‘Sci ence 1994,

265:1098-1101. Ni chdauskdDdS &k al, Ceklt12001;10086R8%7/7379- 391. Novot ny and
Haber, Proc. 198 ; -4596, 10 Ofield,

M F., Devel op nt 13@‘63@2&]@391 3@”"%@?@%6&39@1&% al ., Blood. 2002
99:1183-1189. COost 'V eR4Y., Rlel12d002; 1898813, Sci . 2002; 115 2099 2108.
Pack, et al., Bio/Technol o? 1993; 11: 1271- 77. _ Packer v Dyn
2000, 17 69- 7. 15 Pakehod et B Prea Nea Acackdet 1005 4 PiuploiBio0d
4:1201- 1205. @bi()sen Sci ence. 1999; 284:1168-1170. Pittenger,

Sci ence 1999; 28 43-147. Potocnik AJ et al., Proc Natl Acad Sci USA.
1997; 94: 10295- 10300 Laghksse & at, al Qért MedCPO00SE: 122612380 ol . 1992; 2: 593- 596.

é? O(F)’g nz ?99 6: gé 1588 I%gag?eg LL:L 91%& (,ge?l lgez:ggmt%gnaﬁ nnuﬁ?evlﬁo mun\o/yq28(§4 al-

Laquerre, S., et al. J. Virol. 1998;72:9683-9697.
Larrick, et al., Methods: A Companion to Methods in Enzymology.

(1991). '
Lawrence, H. Blood 1997;89:1922.

20 Lefebvre V. Matrix Biol 1998;16:529-40.

Leung AYH et al.,, Dev Biol. 2004.
Lewis ID et al., Blood. 2001;97:3441-3449,
Lim, J.W. and Bodnar, A., Proteomics. 2002;2(9):1187-1203 (2002).
Liu HJ, Lamming C, CM. V. Characterization of Human Bone Marrow

25 and Umbilical Cord Blood Self-Renewing Multi-lineage Hematopoietic Stem
Cells. 2003.
Liu JM: Fanconi's anemia, in Young NS (ed): Bone marrow failure
syndromes. Philadelphia, W.B.Saunders company, 2000, p 47-68.
Loeffler, J. and Behr, J., Methods in Enzymology. 1993;217:599-618.
30 Marks et al., J. Mol Biol. 1991;222:581-597.
Martin, F., et al., J. Virol. 1999;73:6923-6929.
Matthew, H.W., et al., ASAIO Trans. 1991;37(3):M328-30.
Medvinsky A et al., Cell. 1996;86:897.
Mikkola HK et al., Blood. 2003;101:508-516.

56



Rebel VI et al., Blood. 1996;87:3500-3507. Reichmann et al., Nature.
1988; 332: 323-329. Reya T et al., Nature. 2003;423:409-414. 25 Reyes
Met al., Ann N YAcad Sci. 2001;938:231-233; discussion 233- 235.

Reyes Met al ., Bl 00%1%3,0&09%8@1%&@1?0% MBP)C%E BY6L 1986:6:2863-2902.
| nvest. 2002: 109: 337-34 Reyes and Verfaillie &M Ann N YAcad

Sci. 2001; 938: 231- zﬂgochla&l,cﬁ[s@@i;s-!c%rotaﬁ&%%ﬁe&% M et al., J

Cin Invest. 2002;1 3734 . d Y t . Cell. 2002;

109: 17-27.  Robbi ns%ﬁ? é‘(f etf‘l (ﬁ%’ﬁ%%%%{@t 9466- 9474. 57

Rosfjord E, Rizzino Morrﬁb@emm@i:dmwcae&z Q@Wm 68’59&3’85203: 1795-

802. Rowl ey J. Cancer. 1990, 65: a%178 2184. g nons, nd GQunzbur g,
|

WH., 1993:4: 129- 14 Mugwuma Yotial gxp Hematol 2 10138611éé 1988:

83:432-7. Schuh AG, ‘ i ,
o6, 2120. 2164 Semmariser G, ggall\‘l’aﬁd’ Ag&gtn%%tﬁgg %7911 :1699-709.

96: 1291-1302. SchwaNakaniE et el, Salence] P94265n109841102002; 109: 1291 1302.

Schwar zenber ger, P. 71: 8563-8571. 10
Sebestyen, et al. Nal?hﬁf‘%lsge%atle ﬁ)[]lggg’gs%ggég Shi nozaki et al.
Devel opnent . 2003 1mo%%ﬁaabe§wmmdeA@atS@l USA. 398 %,82;8592L9838%;
241: 58. Sutton R, et al rol . 1998:72:5781-5788. Takahashi ,

J din Invest® 2000 Q%IWMI? Df?l%mﬁé%%u 1988-%ed. 1999: 5: 434- 8.
Thei se, Hepat ol ogy. 4 T , | ogy. 2000b;
(ﬁ&%}% Eiﬂi{% %lood ftﬁiz%@ 118828
and Ver a|

32:11-6. Theuni ssen Hemat ol . 2004, Thomas E
et al., Ann Int I\/Ed OQ&D@ﬂomGRIA%&ﬂ@ﬂSZQZWQOHE&ZQQDZI%m n Hemat ol .

Tran X ot al.. Exp reRarene Sygahsggo a0 M AT
Packer, A.L, Dev Dyn 2000;17:62-74.
15 Persons, D., et al., Nature Medicine. 1998;4:1201-1205.
Petersen, Science. 1999;284:1168-1170.
Pittenger, Science 1999;284:143-147.
Potocnik AJ et al., Proc Natl Acad Sci U S A. 1997;94:10295-10300.
Presta, Curr. Op. Struct. Biol. 1992;2:593-596.
20 Punzel M et al., Blood. 1999;93:3750-3756.
Rackoff WR et al., Blood. 1996;88:1588-93,
Rebel VI et al., Blood. 1996;87:3500-3507.
Reichmann et al., Nature. 1988;332:323-329.
Reya T et al., Nature. 2003;423:409-414.
25 Reyes M et al., Ann N Y Acad Sci. 2001;938:231-233; discussion 233-
235.
Reyes M et al., Blood. 2001,98:2615-2625.
Reyes M et al., J Clin Invest. 2002;109:337-346.
Reyes M, and Verfaillie CM. Ann N Y Acad Sci. 2001;938:231-233;
30 discussion 233-235.
Reyes M, et al., J Clin Invest. 2002;109:337-346,
Rideout WMr et al. Cell. 2002;109:17-27.
Robbins, et al. J. Virol. 1997;71(12):9466-9474.

57



Tolar J et al., Blood. 2003; ASH Abstract. Tolar J et al., Bl ood.
2004; ASH Abstract. 25 Traggiai E et al., Science. 2004; 304: 104-107.
Unanogho D. et al., Mech Dev 1995; 49:23-36. Vaswani, et al., Annals

Allergy, Asthm & | troal i
Bl ood. 1992: 79: 1003%%8{(1 %iir%?ﬁnﬂk fhgéheérg-ﬁrgf)hﬂ%e%?g}ézlnh? {9omt208i1795

92: 1820- 1831 F2Verfaillie Cet al., JExp Med. 1991 174 693 703.
Verfaillie Bl ood., 1992:79: 282 aillie CMet al., Jdin
I nvest. 1992 90: 123FW gk%h@mcv. é9ﬁ§5621t78\éﬁ§£ Bl 0ood. 1996:

87: 4770- 4779, Ver f adlmbss, BCad GlizbRgsWae), I19B 4aI129 2002; 12(11) : 502- 8.

58 Vodyani k MA et al., Blood. 2005;105:617-6 Wagers AJ, et al.
Sci ence. 20025297: 2 558g0idbg alyfgareqrologica 1988; §$4 2roc. Natl. Acad.

S hang X e ot - Nt KaE et al) 80e MGl dRha scrlSR 100006 IOBIEE, S 40
é Corrpal\llg![ on tA 0 ;';’Et gcﬁbhwartz mze;;am.b@;n' Inpds@@dtion. WA24I6:129]1 - 1|ao§d et al.,

roc. . Acad. Sc enovi r us
Met hods and Pr ot ocol ¥8% ﬁﬁﬁgﬁ; tl\?irﬁ(taflf%gw‘?‘ft %@9%? w&dgro Medi ci ne

(1998), Bl ackwel | S(Bdh%&enlbérg’er Myet@J%roalwames@ ggvati on. 2003;
75: 679- 685. socki and Sato, Pro cad. Sci. (USA). 1978;
75: 2844. Xi dfg, C. ,Sebestygn, et M%W@@loti%éf’%@ §0r88- 1191. Yahata T et

al., Jl mmnol 2002; &9rmd gpa? Dévlél @%9200311302 b5-3¢L. . ASAI O Trans.
1989; 35(3) : 570-2. Yang 19\?4% o 0275y eci . usa

1990; 87: 9568- 9572. Spadglrudwﬁeat ala,l Sc;enéer é@S&MlI 58Acad Sci USA. 1997;
227(3) - 707- 711, zertPPneR 84 Tt do0B b 78 & sabet ract . 20 zhao
LR, et al. Exp Neur orakaggﬁz,/@ﬁ, Iles20000; W3am--R et al ., Blood. 1997,
90: 4687-4698. Zhao RCH et al Bl ood. 2001; 97: 2406- 2412,
15 Takahashi, Nat Med. 1999;5:434-8.
Theise, Hepatology. 2000a;31:235-40.
Theise, Hepatology. 2000b;32:11-6.
Theunissen K and Verfaillie CM. Exp Hematol. 2004.
Thomas E et al., Ann Int Med. 1986;104:155-163.
20 Thomas ED. Semin Hematol. 1999;36:95-103.
Thomson JA et al., Science. 1998;282:1145-1147.
Tian X et al., Exp Hematol. 2004;32:1000-1009.
Tolar J et al., Blood. 2003; ASH Abstract.
Tolar J et al., Blood. 2004;ASH Abstract.
25 Traggiai E et al., Science. 2004;304:104-107.
Uwanogho D. et al., Mech Dev 1995; 49:23-36.
Vaswani, et al., Annals Allergy, Asthma & Immunol. 1998;81:105-115.
Verfaillie C et al., Blood. 1992;79:1003-1010.
Verfaillie C et al., Blood. 1998;92:1820-1831.
30 Verfaillie C et al., J Exp Med. 1991;174:693-703.
Verfaillie C. Blood. 1992;79:2821-2826.
Verfaillie CM et al., J Clin Invest. 1992;90:1232.
Verfaillie CM, et al., Blood. 1996;87:4770-4779.
Verfaillie, C.M. Trends Cell Biol. 2002;12(11):502-8.

58



Al'l publications, patents and patent applications are incorporated
herein 25 by reference. While in the foregoing specification this
i nvention has been described in relation to certain preferred
enbodi nent s t her eof Vadydnmd@LaBlbéd Zb(aB{H)Slm%le’rﬁZﬁet forth for
purposes of illustration, it wl are %‘ﬁ Hmse skilled in
the art that the i anﬁg?réﬁJc%ta%u%@éiﬁ? 292%7@23 #1%-onal enbodi ment s
and that certain of t S S L
considerably wit hout“@g&ég%éﬁ%l ngp@rgéﬁl tbﬁgd Qgé?ﬁsﬂp?@&%%&? 6olfggt he
i nvention. 59 WHAT WangLAt NEDmh@niid. 2004;2b8bdsi ti on for providing

| ynphoi d, nyel_oi d, awieyth 0j,d ce Anh! ing T-lynphoid cells,
inatissue of the | ﬁﬂﬁé(p i[e ‘g"?fn%]éoér‘lzhggﬁg{égl)oi etic systemin a
subj ect conprising awhafdvwe&t 41V MaReH4NA Codfpafien tdTdethd8imdBHzNinoREd
non- enbryoni c germcells t hat express one or nore of telonerase,
oct-4, rex- 1, tI81N1, sox-2, or SSEA4, wherein the non-ES, non-germ
and non- embryoni ¢ gey#ee L1 5P 50l B0 WHTPAQRAICR 181, 3091,88:2726.2730,

hemat opoi esis in the su ect conposition a'm 1 wherein
t he non-ES, non-ger nWoM;WnAdemvmybhﬂwdgmdrﬁrobwls,I&lananadﬂéﬁieisemt| ate

into cell ty st ef.er ree, germlayers
(ect oder mal H’goﬁﬁ?ai?ﬁ#ﬁ% (\1\%838%13?%%)%&, ‘}ﬁ‘g conposi tion of
claiml or 2, sw t ablve GD, &l azdmsptaataabﬁdooms 629-68%j ect in
conjunction with an effective anount of an agent that inhibits

Natural Killer cell Wyseaki awl Sato,rac.dedpdeqd san(Lor) clodBife:284%4r 2,
wherein the non-ES, {ph: g@rg@alagge nrgggigay@pggclgqrm cells are

i sol at ed and/ or cultureé under”’ conditions whereln the oxygen
concentration is no ‘@alwa'élet alha(dmzw%l B)OZ'ﬁQe’lOédeﬁ05| tion of claimd4,

wherein the qgxygen c ncen at| % conposi tion of
any of clai mg)g ﬁé Hﬁ%ﬁgg‘ ig%&s@ Sgﬁgﬁnon enbryoni c
germ cells eXpress vaﬁgirstet aThpro@omwcw Q;Bz ofs4a0990687:956819382.1- 6,
wherein the tissue is

ood, bone marrow, Héﬁmjs’ Iyrggh nodes or
spl een. 8. A conposi YP%MS?alpIPGQAJM‘F%qu,yS% dPMa16d7%, and
erythroid cells, inc alY i | $69¢S) I
| ynphopoi etic and/ orkﬁﬂﬁhn?opm é@?ﬁééﬁg% SSReS d}} jz}gct cbnzgh)s’/pﬁglgn
ef fective anount onéqgrﬂphmbollﬁaacbzmdMHMatopm etic cells

produced by differengtj at E non- enbryonic germ
cel s that express o‘#@a oﬂ’lg%ﬁn]e%ﬁﬁ‘ﬁf’glogﬁg&aynuagf rex-1, rox-1,
sox-2, or SSEA4, i ntzhad K BPNOBRAL 19730d607-4b8 AL op0| etic cells ex

Vi vo, wherein the Iynph080|et|c and/ or henat opoi etic cells provi de

| ynphopoi esi s and/ orZ Bsbeledilend P0G 2406;2482.. 9. The conposition
of claim@8 wherein the non-ES, non-germ and non-enbryonic gerns
cells differentiate into cell types of at |east two, preferably
three, germlayers (Atitpobkvaniehs, patents et patdnt apphidations aedecorpdrated herein

25 by reference. While in the foregoing specification this invention has been

described in relation to certain preferred embodiments thereof, and many details
have been set forth for purposes of illustration, it will be apparent to those skilled
in the art that the invention is susceptible to additional embodiments and that
certain of the details described herein may be varied considerably without

30 departing from the basic principles of the invention.
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60 10. The conposition of claim9, wherein the non-ES, non-germ and
non-enbryonic germcells are isolated and/or cultured under conditions
wherein the oxygen concentration is no greater than 10%. 11. The
conposition of claim 10, wherein the oxygen concentration is from3-5% 12.
The conposition of clainms 10 or 11, wherein the non-ES, non-germ and
non-enbryoni c germ cells express oct-4 and/or telonerase. 13. The
conposition of any of clainms 1-12, wherein the subject has been exposed to
radi ati on, chenotherapy or has a genetic deficiency. 14. The conposition of
any of clalns 1-13, wherein the subject has a congenital |ynphopoietic
and/or\HHﬁﬁﬂﬁéﬂhﬁﬂﬂﬁDd$sorder or an acquired malignant or nonmal i gnant

| ynphopoi etic and/ or henat opoi etic disorder. 15. The conposition of claim
14, wherein the disorder conprises a Ieukenia a nyel odyspl asfic syndrone,

a Iynph ma, nher od cel | n,i nherited
pl at el e'(t? ab%o?"ﬁ% gfm h? mv’%ﬁgng'mghoad &\ 531%]d an ?iﬁFar?ﬁﬁ%sp'P Vd"fggf z[? ahoma }lsSor der, a
phagocy tirea wseef tlneiynmhomlewawg(svr etmiatopoietigisystsmde b subjest coﬂibmsmg@npfﬁ@tltel agwundf ¢l ai m
15, wher, ﬂno[ﬂ éShl?oncL'erﬁp %ﬂ?ﬂon-eﬁlblﬁ'aﬁp&nﬁ %ﬂa%@@&%ﬁe &r%@&q élo(n% oct-4, :l';( The
conp05|t|on of clfaim 1 el n isorder I's Fanconi's anem a. 18. The
conposi thi B¥- 10F°"c2} & BSEAY, Wihrerineihe nomESaprerseEn prd aqnceRbEoRie |Prmh pRblEPEVide 9. The

corrp05| qyn%o@fwgwonh&ﬁtopymlﬁthgs.n,jw i mune disorder is an inherited i mmune
deficiency. 20. The corrp05| tion of any one of clains 1- 19 where| n the
cells are autol

ES,
nhon- 2n0n rCr(T)prSQl n OP(r‘]%lInO %’C?e?l‘l %? ngl% non—qewoﬁ%nl-eér{ Onl }'ﬂ ceﬁs can

al | ogenéi c. oVl I°C a

henat opdifistentéatecinforvel} hypes ifiat kast by, e@ferablaolnw gsmrigemrectidérael endedeamadand  of

I yrrphopg{egjtdérgmland/ or hemat opoietic cells produced by differentiating

non- ES, non- germ and non- enbryonl C germs ceI S that express one or nor e of
t el onerase, Qqct- ‘\‘1ﬁ1 g ‘EA hgopoi.etic and/ or
hemat opdi et | Ehed’@'i"P"g‘“@W %,I °W1é’f"é lﬁt%bﬁédm‘P’ffﬁ’ﬁ B hsi sé‘?’?"é'"afﬁ'ﬁ SHOPRERAR opoi et i ¢
cel | s pefitticeanioyiphopgént thatGnlabid NatorahiGiitatcepfoncgibn ¢ chi meri smin the subject.
61 22. The conposition of claim21l wherein the non-ES, non-germ and

non- enbryoni T&%&E@%nﬁf?&cﬁamﬁ@rm Alhd ﬁﬁ@h@gérsﬁgange 3&1 d;lon%%P&ém@%gnﬂEeuL east

two, prefera germlayérs (ecto erna

mesoder #iglisplateg @‘d’°A°‘&@f?ﬂ gadet sopditians hispin the ertyey CPWB?IUF B4R §reatos fhan K.

hemat opoi etic chinmerismin a subject conprising an effective anmount of

non- ES, snon-gercampoaiﬁdnmmwmbmyﬁmiﬂeogfgémn&ﬁﬁdﬁsntslﬁam3em)ress one or nore of
tel onerase, oct-4, rex-1, rox-1, sox-2, or SSEA4, and provide |ynphoid,

nyel oidg d I bj ect,
The e R g a1 YT PR Shd iy D] o
Cells express oc

7. The composition of any of claims 1-6, wherein the tissue is blood, bone marrow, thymus, lymph

nodes or spleen.

8. A composition for providing lymphoid, myeloid, and erythroid cells, including T-lymphoid cells,
in a tissue of the lymphopoietic and/or hematopoistic system in a subject comprising an effective amount
of lymphopoietic and/or hematopoietic cells produced by differentiating non-ES, non-germ, and non-
embryonic germ cells that express one or more of telomerase, oct-4, rex-1, rox-1, sox-2, or SSEA4, into
lymphopoietic and/or hematopoietic cells ex vivo, wherein the lymphopoietic and/or hematopoietic cells

provide lymphopoiesis and/or hematopoiesis in the subject.

9. The composition of claim 8 wherein the non-ES, non-germ, and non-embryonic germs cells
differentiate into cell types of at least two, preferably three, germ layers (ectodermal, endodermal, and

mesodermal).
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I ncluding T-1ynphoid cells, provide |ynphopoietic and/or henat opoietic
chinmerismin the subject. 24. The conposition of claim23 wherein the

non- ES, non-germ and non-enbryonic gerns cells can differentiate into cel
types of at least two, preferably three, germlayers (ectodernal

endodermal, and nesodermal). 25. A nethod to screen for an agent that
regul at es | ynphopoi esi s and/ or henat opoi esis, said nethod conprising
contacting an agent with non-ES, non-germ and non-enbryonic germcells that
are positive for one or nore of telonerase, oct4, rex-1, rox-1, sox-2, or
SSEA4, exposing the cells to factors that pronote |ynphopoiesis and/or

hemat opoj eS| in the,pr n sen of the n and obserying the
ot act ol e S 4 5 G B o B ohen e T b gonie 75 £H ot hod of
claim ZasWaed/or culheednmder Eﬁmnmrwhg:emmheoaygdnmmmﬁbn jsangeatgraliamie¥®l | s can
differentiate into cell types of at |east two, preferably three, germlayers

(ect oderyyal , 1%9&%&8&&9%‘& cigfdo, Méﬂ%&%& conBeitration is from 3-5%.

12. The composition of claims 10 or 11, wherein the non-ES, non-germ, and non-embryonic germ

cells express oct-4 and/or telomerase.

13. The composition of any of claims 1-12, wherein the subject has been exposed to radiation,

chemotherapy or has a genetic deficiency.

14. The composition of any of claims 1-13, wherein the subject has a congenital lymphopoietic
and/or hematopoietic disorder or an acquired malignant or nonmalignant lymphopoietic and/or

hematopoietic disorder.

1. The composition of claim 14, wherein the disorder comprises a leukemia, a myelodysplastic
syndrome, a lymphoma, an inherited red blood cell abnormality, an anemia, an inherited platelet

abnormality, an immune disorder, a lymphoproliferative disorder, a phagocyte disorder or a coagulation

disorder.

16. The composition of claim 15, wherein the disorder is chronic myelogenous leukemia (CML).

17. The composition of claim 15, wherein the disorder is Fanconi's anemia.

18. The composition of claim 15, wherein the anemia is sickle-cell anemia,

19. The composition of claim 15, wherein the immune disorder is an inherited immune deficiency.
20, The composition of any one of claims 1-19, wherein the non-ES, non-germ, and non-embryonic

germ cells are autologous or allogeneic.

21. A composition for providing lymphopoietic and/or hematopoietic chimerism in a subject
comprising an effective amount of lymphopoietic and/or hematopoietic cells produced by differentiating
non-ES, non-germ, and non-embryonic germs cells that express one or more of telomerase, oct-4, rex-1,
rox-1, sox-2, or SSEA4, into lymphopoietic and/or hematopoietic cells ex vivo, wherein the
lymphopoietic and/or hematopoietic cells provide lymphopoietic and/or hematopoietic chimerism in the

subject.
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22 The composition of claim 21 wherein the non-ES, non-germ, and non-embryonic germs cells can
differentiate into cell types of at least two, preferably three, germ layers (ectodermal, endodermal, and

mesodermal).

23, A composition for providing lymphopoietic and/or hematopoietic chimerism in a subject
comprising an effective amount of non-ES, non-germ, and non-embryonic germs cells that express one or
more of telomerase, oct-4, rex-1, rox-1, sox-2, or SSEA4, and provide lymphoid, myeloid, and erythroid
cells, including T-lymphoid cells, in the subject, wherein the lymphoid, myeloid, and erythroid cells,
including T-lymphoid cells, provide lymphopoietic and/or hematopoietic chimerism in the subject.

24, The composition of claim 23 wherein the non-ES, non-germ, and non-embryonic germs cells can
differentiate into cell types of at least two, preferably three, germ layers (ectodermal, endodermal, and

mesodermal).

25. A method to screen for an agent that regulates lymphopoiesis and/or hematopoiesis, said method
comprising contacting an agent with non-ES, non-germ, and non-embryonic germ cells that are positive
for one or more of telomerase, oct4, rex-1, rox-1, sox-2, or SSEA4, exposing the cells to factors that
promote lymphopoiesis and/or hematopoiesis in the presence and absence of the agent, and observing the

effect of the agent on lymphopoiesis and/or hematopoiesis.

26. The method of claim 25 wherein the non-ES, non-germ, and non-embryonic germ cells can
differentiate into cell types of at least two, preferably three, germ layers (ectodermal, endodermal, and

mesodermal).
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