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DYSFUNCTI ON CROSS REFERENCES TO RELATED PATENT
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BACKGROUND OF THE INVENTION

[0003] The efficacy of whole and partial liver transplants is substantially dependent on the
host’s immune response (e.8., Graft versus Host Disease (“GVHD”)). Indeed, among
genetically non-identical patients, the host’s body may reject donor tissue in a matter of
hours. To account for this potential, substantial time and effort is exhausted to genetically
“match” donors with possible hosts.

[0004] In the absence of genetically identical twins, however, the immune system of even the
best “matched” recipient will nonetheless mount a response to reject the donor tissue. Thus,
nearly all organ transplants are followed by substantial use of immunosuppressants in the
short term, if not for the duration of the transplant. With respect to liver transplants, for
example, the calcineurin inhibitors, tacrolimus and cyclosporine, are widely used to prevent
allograft rejection.

[0005] Unfortunately, immunosuppressants are not a panacea. First, immunosuppressants are

not always affective and must be taken on a regular schedule. Second, chronic use of these



[ 0005] Unfortunately, immunosuppressants are not a

panacea. First, immunosuppressants are not al ways
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Second, chronic use of thesedrugs |eaves a patient

vul nerable to bacterial and viral infections that can

further aggravate their condition. |Indeed, calcineurin
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failure after
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i nvention, a nmethod of repopulating the |iver
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level of immunosuppressant ranges between about 0 mg to about 5 mg.
[0008] As such, those skilled in the art will appreciate that the conception upon which this
disclosure is based may readily be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes of the present invention. It is
important, therefore, that the claims be regarded as including such equivalent 'constructions

insofar as they do not depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 shows the response of unfractionated PBMCs to identified liver cell

populations.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] Figure 1
shows the response of unfractionated PBMCs to
wo ad@nprfized |iver cell popul ations.[0010] Fi guP€r/BS2006/048650
shows the response of purified T cells to identified
l'iver cell populations. 10011] Figure 3 shows the
results fromm xed | ynphocyte reacti on assays
performed on the identified cell populations. 3A: PBMC
response. 3B: Purified T-cell response Q012] Figu
[0010)] Figustdwhowhthegasnomse gf purited TﬁéHb%@é“‘ﬂ%eqL‘b& eb‘d’?%f‘[a@ ns.
l'iver cells. [0013] Figure 5 shows another purified E
[0011] Fegiré 3sbepws ﬁsﬁereﬁldtSEf];@@Mlmé lymphoqyfs eacticr} §ssayy pRyfoyed on the
Figure 6 shows yet another purified T cell response to
identifieEp@hpbmostiarisveAt PBMC eespoase. [ Brrifiedgireel] 76spABsHKs
further yet another purified T cell response to EpCAM
[0012] Fixst istiews itheepurifidd F cell @Gp6hseroFipGAN pasitie lives cells.
suppression of a m xed | ynphocyte reaction by EpCAM
[0013] FR@sE 5ishows @ahbther ﬁlﬁ]’ﬂéCL'Ee[DmRW@P@MFHEmXMEV\ﬂm@{p.
{0017] The instant invention provides for nethods of

[0014] Figa8SRhankiyegakighatpweifipdopedi] tesporseltd EpCatM positivelliver cells.
w t hout the need of currently standard doses of

[0015] FigeOhURRIfeEBe et andthetptifidd BLll rebpaiseits EpGAM positive liver
preferred enbodi nent of the invention, hepatic

cells. Progenitors may be introduced into an allogenic host
with little to no concomtant adm nistration of an

0016] HiZTRAROSIORRIES SiiprSssich SY £MBH 11Bhé8te edacitn bREPBAM positive
[ ! fg%%S] Currently, nost, if not a?l, partial or whole
cells. |iver transplants into an allogeneic recipient

" requires the use of an i nmunosuppressant in order to
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all. That is, in a preferred embodiment of the invention, hepatic progenitors may be
introduced into an allogenic host with little to no concomitant administration of an
immunosuppressants to prevent the rejection thereof.
[0018] Currently, most, if not all, partial or whole liver transplants into an allogeneic
recipient requires the use of an immunosuppressant in order to prevent immune rejection (i.e.,
GVHD) of the transplanted tissue. While the dose and duration of immunosuppresant use
varies greatly among transplants according to factors, such as tissue to, relative genetic
“match”, the instant discovery and invention provides a significant reduction in the overall
usage of the drugs. Common immunosuppressants include, but are not limited to consisting
of prednisone ( e.g., ORASONE®), azathioprine (e.g., IMURAN®), cyclosporine (e.g.,

SANDIMMUNE®, NEORAL®), and mycophenolate (e.g., CELLCEPT®).



usage of the drugs. Conmon i mmunosuppressants i ncl ude,
but are not limted to consisting of prednisone (
We2@7/07BRASONE(r) ), azathioprine (e.g., | MJRANCCT/US2006/048650
cycl osporine (e.g., SAND MMUNE(r), NEORAL(r)), and
nmycophenol ate (e.g., CELLCEPT(r)).[0019] Currently,
comon | mmunosuppressant doses range from about 5 ngy
to about 20 ng. See Table 1, below. The instant
i nvention provides for allogeneic transplantation of
[0019] Chireatly ceinimomimsubosupprseans dopesasngh oamahant 3 mpg to about 20 mg.
i mmunosuppressant doses, and preferably no . .
See Table Mbelosu Tesiasmbisingentin provides faralogeraie trapgtanipijon of liver
i ndi vi dual recipient, a sub-inmune suppressing anmount
cells at s@h-iRMUNEEUPHSSINE Bmeants of moembsigyressantrloses and prafergbly no
than that which would give rise to a suppression of
immunodupRésshitd avAIUR other wordsefor aap dmiieidudisealpends asub-immune
avai | abl e and known to those of ordinary skill in the
suppressflg arhQuitRASH iR rfuOs@iprés¥Rht idldsfinaf astan amount less than that which
I mmunosuppr essant to achi eve i mmunosuppressi on. These
would givE$ise tb BGLpstessidPEF @y piMRlEdudy dRbiundréspensa dA ssags et amilable
assays, scintillation proximty assays, MIT assays and
and knm%g AORIdsE Bk %}’diﬁ’é{'?'si(ﬁpiln%g hitb etlaske e Sptinalnddsy o€ s
e.g., IM(r) Sirolinmus assay using Mcroparticle

immmo%ﬁ%&%ﬁﬁ%%? NG PprdsSoRN MR ey tekis 1IN bt extaabsle,

rom Roché Di agnostics. As well, in

quantita%\ir/e:) {/a%a%%?e?{ér as ?c?ntﬁlt%ﬁﬁ)% f6RAibPRdaRe MIT asidyabed

asonabll @ correl ations to effective dose
clunves iYLy | L3 (£.RE TS 8RbliARR akgfts
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e present
i nvention preferably r from about. 0. .
also propmi’e rﬁeﬁoga?,lie SPHE P?‘é’/ 19 %ﬁq%glbfs lslpsebc%gi v o'u'%‘g g@ﬁngég %ﬂtge
nost preferably from about O to.abouyt 3 . .
present appliatiendd depgitgRnonsRes! Iesy &lﬁaﬁ Syt Bf thereisd d§g€%§8‘me 'S

and reginmens for tapering recipients off. prednisone.
conside(eg@elb-ignmune, preferablypa dosegresponsg ote gss than abgut 6(:8%, and thore

http://ned.stanford.edu/shs/txp/lqu{txgéout atient.
preferabiaggtmgwsngmg@fmtthm RS _95)%. Typically, stib-immiune suppressing doses

of the present invention preferably range from about 0 mg to about 10 mg, more preferably
from about 0 mg to about 5 mg, and most preferably from about 0 mg to about 3 mg.
Table 1. General guidelines for long-term prednisone dosage and regimens for tapering

recipients off prednisone. _
(See http://med.stanford.edu/shs/txp/livertxp/outpatlent.management/management.html#t3.)

Time post-transplant Dosage (mg)
Tacrolimus-based immunosuppression

0-2 weeks 20

2-8 weeks 15

8-16 weeks 10

4-6 months 7.5

6-9 months 5

>9 months Taper and discontinue

Tacrolimus in patients with chronic hepatitis B or C

4



Time post-transpl ant Dosage (ng) Tacrolinus-based
i mmunosuppressi on 0-2 weeks 20 2-8 weeks 15 8-16 weeks
waotnessmont hs 7.5 6-9 nonths 5 >9 nont hs TapePCHI82006/048650
di scontinue Tacrolinmus in patients with chronic
hepatitis B or CO-2 weeks 20 2-4 weeks 15 4-8 weeks 10
2-3 months 7.5 3-6 nonths 5 >6 nonths Taper and
di sconti nue Cycl ospori ne-based i mmunosuppressi on 0-2
weeks 20 2-26 weeks 15 6-9 nonths 10 9-12 nonths 7.5
0-2 weekd2- 18 nmonths 5.0 [0020] Thé&0%i nvention has utility in
2-4 weeksepopul ati ng di seased or dy&functional |iver tissue
4-8 weeksi t h ot herwi se heal thy dondP tissue cells.
2-3 montRepopul ati on of a diseased7dr dysfunction liver with
3-6 monthsncti onal liver tissue caf replace, in at |east sone
>6mont@rt, the activity |ost fr@ape¢tand discontinue
Cyclosporine-based immunosuppression

0-2 weeks 20
2-26 weeks 15
6-9 months 10
9-12 months 7.5
12-18 months 5.0

[0020] The invention has utility in repopulating diseased or dysfunctional liver tissue with
otherwise healthy donor tissue cells. Repopulation of a diseased or dysfunction liver with
functional liver tissue can replace, in at least some part, the activity lost from the
mélfunctioning tissue. In this way, diseases of the liver may be treated.

[0021] The invention will now be described in non-limiting examples.

Isolation of Human Cells

[0022] It is noted that hepatic progenitors suitable for in vitro propagation in accordance with
the instant invention are not limited to those isolated or identified by any particular method.
By way of example, methods for the isolation and identification of the hepatic progenitors
have been described in, for example, USP No. 6,069,005 and USP Application Nos.
09/487,318; 10/135,700; and 10/387,547, the disclosures of which are incorporated herein in
their entirety by reference.

[0023] Hepatic stem cells and hepatoblasts have characteristic antigenic profiles and can be
isolated by protocols described previously. For example, hepatic stem cells and hepatoblasts
share numerous antigens (e.g., cytokeratins 8, 18, and 19, albumin, CD133/1, and epithelial
cell adhesion molecule (“EpCAM”) and are negative for hemopoietic markers (e.g.,
glycophorin A, CD34, CD38, CD45) and mesenchymal cell markers (e.g., CD146).

Alternatively, hepatic stem cells and hepatoblasts can be distinguished from each other by



mal functioning tissue. In this way, diseases of the
liver may be treated. [0021] The invention will now be
waleacniisezrl in non-limting exanpl es. |sol ati onPOf/UBRMEM8650
Cells [0022] It is noted that hepatic progenitors
suitable for in vitro propagation in accordance with
the instant invention are not limted to those
i soI ated or identified by any particular nmethod. By
of exa met hods for the isolation and
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CAM ismygﬂehtht%g@epm st@@/(‘#ﬂ?,,vﬁmeaswp%&,tﬁﬂﬁteim(wFP) and ICAM1 are
10/ 387,547, the disclosures of which are incorporated
expressdtelnyethe hiepatobésts )entirety by reference. [0023] Hepatic
stem cel |l s and hepat obl asts have characteristic
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descri bed previously. For exanple hepatic stem cel
were obaiwkdepatfoléraly desibadted OtpaR HestireRbhtdRBeNiE&idhs, Informed consent
cytokeratins 8, 18, and 19, al bum n, 133/1, and
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cells. A monoclonal antibody to the antigen of interest can be coupled to super paramagnetic
microbeads, composed of iron oxide and a polysaccharide coat. The microbeads are
approximately 50 nanometers in diameter and have a volume about one-millionth that of a
typical mammalian cell. They are small enough to remain in colloidal suspension, which can
permit fapid, efficient antibody-mediated binding to cell surface molecules. The
manufacturers have provided evidence that the microbeads do not interfere with flow
cytometry, that they are biodegradable, and that they have negligible effects on cellular
functions.

[0026] The antibody used for selection can be used in a direct method, as described above, or

an indirect one in which the beads are covalently bound to a monoclonal antibody against a



m crons, and centrifuged in density gradients at 500 x
g. Magnetic Cell Selection [0025J Magnetic cell
wa@elgorisen can of fer a conveni ent way to i sol aP€T/t81006048650
expressing a specific surface antigen froma
het er ogeneous cell population. In one enbodi nent, a
comercially avail able system ("MACS" M croBeads,
MIltenyi Biotec) was used to performthe task of
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i and a pol ysacchari de coat. The rnicrobeads are
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vol ume about one-mllionth that of a typical manmalian
throughe@eidlumirfire thezpresenne bf a etrougymagneticefield so ithataatipen-gasitive cells are
suspensi on, which can permt rapid, efficient
retainedawkiloegative delds @rd virished tigotgh. cAfibr itrdvat f e Ingaiets field, the
The manufacturers have provi ded evidence that the
positively abeled &elds ate cotitctedt erfere with fl ow cytonetry, that
t hey are bi odegradabl e, and that they have negligible
FACs Ashfyaed for @dmtigehicMarketainct i ons. [ 0026] The anti body
used for selection can be used in a direct nmethod, as
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[0028] A mixed Y\)I?m}sho%yte reactgon {ME&) assa)g was used to assess relative

immunogenicity in vitro. This assay measures the proliferation of responder T cells to an
allogeneic stimulator population. Briefly, human peripheral blood mononuclear cells
(PBMC:s) were purified from whole blood by centrifugation over ficoll/hypaque. These cells,
as well as T cells isolated from the PBMC population, were used as responder cells in the
MLR. T cells were enriched by negative selection techniques by tagging B cells and
monocytes with antibody-coated magnetic beads and removing them with a magnet.
Stimulator cells were freshly isolated liver cells and isolated hepatic progenitor cells.

(0029] Each stimulator cell population was treated with mitomycin C (10 pg/ml mitomycin C
for 3 hr.) or irradiated to prevent stimulator cells from proliferating in the assay. Responder

T cells from an individual other than the donor (leukopacks were purchased from Poietics,



m n. and resuspended in 100 nL PBS contai ning 2% FBS
and 0.01% NaN3. 1 ng of the antibody of interest was
wo b@n/ozssded and i ncubated for 30 min. on ice iPCT/H82006/048650
dark. Cells were then washed 2 tinmes with PBS and the
final cell pellet resuspended in 0.5 m of 1%
par af or mal dehyde | ng nouse Ig@ FITC and nouse |gd
PE wer e added to appropriate control cells. M xed
nphocyte reaction for inmmunogenicity [0028] A m xed
Inc.) Wew ﬁ‘p‘ﬁﬁé {%x dBaealisorelDuith varyéng nymbers of gactostimeletos population
relative imunogenicity in vitro. This assay measures
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al | ogenei c stinulator population. Briefly, hunman
serum ifp@é wshidiatiboktbmed platess ndvdditianalominire] ¢RBVEs)onsistesl of responder or
purified fromwhol e blood by centrifugation over ,
stimulatbi calsl dultypeiclene. TResbupkddis culagesvette @8 up foedakh treatment.
i solated fromthe PBMC popul ati on, were used as
Cultures wsfedncighateatl39°C in & hamiliRedT5%a0 O coh@ig bthipRerdYor 6 days.
negative sel ection techniques by tagging B cells and

The cultiBe300te @Benihiilfedanith DRaYARISIEGhyRRING fof 1@@@0' faRRbted onto glass
renoving themw th a magnet. Stinulator cells were

fiber filitFsLaRY YolrRéd ﬁ)te?&ul)ﬁlYanon%luhﬁﬁand i sol ated hepatic

progenitor cells. |0029] Each stinulator cell
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ch stinmulator popul ation (range 0. 2 2.0 x
populau%gp Lﬁfg;log? in tissue cul ture nmedi um suppl enent ed

B serumln 96 well fl at-bottoned
. QSURRIESSION | o5 consi sted of

0031 or stl I at qr éyl s, cul tured al one.
(0031] ﬁf Fisehresaiplas despetbed dheve e alsomsetorined s ibe

1 ures me{e i ncybated at 370C in a hum dified, 5%
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swere then pul se i nCi/well 3Hthymdine for 16
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ina scintjillation counter. 3

isolated progenitor cells were titrated in “experimentals”. H-thymidine incorporation into T
cells was then measured. Experimental levels of *H-thymidine incorporation equal to or
greater than those of the controls were interpreted to mean that the hepatic progenitor cells
are not capable of suppressing an immune response.
Results
[0032] An unfractionated mixture of liver cells (“Umix”) and an adherent population derived
from a 3-day culture of Umix cells (Expanded Hepatocytes™) were studied.. As shown in
Figure 1, unfractionated PBMCs responded significantly (P<0.05) above autologous

background responses to irradiated Umix and Expanded Heptocytes at does levels of

6,000/well, 30,000/well, and 150,000/well (Expanded Hepatocytes only). Moreover, the



[0030] The anmopunt of incorporated radioactivity (cpm
was presented a proportional to T cell proliferation.
woeiwazsps were cal cul at ed based on the T cel PCT/US2006/048650
response to a stimulator popul ation, subtracting the
appropriate background of the responder and stinul ator
popul ations cultured al one. M xed | ynphocyte reaction
for i mmunosuppression [0031] The MR assay,
essentially as descri bed above, was al so perforned
responsg gy Bgpanded élepé»'géﬁéi; wag significently highier fropldasts than thoresponse to
t hese reactions, non-suppressive splenic fibroblasts
Umix cells (r<@.03). RI@@pQ(nsmat the higlRSxdas©®£d 60J06Y liver ecllsiwelhtvert low, most
as controls. Parallel reactions with freshly isolated
likely dysrtogeoiviing Emhikselle amd Ekparaled Heépatdegrepeard hiegd ¢l that completely
3H-thym di ne incorporation into T cells was then
cover themadlarod dhe X 0@0 cetanvell dbey.elThe ddwthkdbhyoff Winf@atory cells, both
i ncorporation equal to or greater than those of the
populationof Ve cells evereinerdstish eldicr tH&@[llo%Bﬁéw PBaIOEPAL hipher doses,
progenitor cells are not capable of suppressing an
PBMC's il frbré esmaisey. Resul ts [0032] An unfracti onat ed
m xture of liver cells ("Um x") and an adherent

[0033) AROgHdvat irplﬂiﬁeﬁf 2,yRefibd aeells Fuday sﬁHilﬁrLHaﬁeﬁf f*m n‘%@sj {0Umix and

( Expanded pat ocytes") were studied

Expanddd HepRodytes! ExaatePRBbREc nffﬁ:% gt%ﬁuf%'t&l”i‘ Eél@@{ﬂdvlé

(P<0.05) above autol ogous bac grou responses t

b round t
N e L

higher tHdaRAE PEPbAS BMhix cdMRr %Yl?irefi -E@fse(ﬁgﬁggr?t 1%%%§€Eg§&ting cells

Hepat ocytes was significant I gher

T e
kel EXx
functxonﬁgg\EPdééc ? géll%;?x%dfn@edcge l%%\%hggr Urp?sxpo%?&) etpg ?8"’6‘&8%?’92{%198 than
30. 000 / | Th d
PBMC r@@on?exoéﬁl Rg? ya%ne Aﬁ8§osﬁ$§§%&% egcog?nqq%ﬂce@%@Cs was
nor e stl nmul atory than all ogenel c PBMCs. At higher
IBQUHEdgg g’ “were nore stimulatory.

[0034] Similar experiments were first performed on adult hepatic stem/progenitor cells
immunoselected with antibody to EpCAM and isolated by magnetic activated cell sorting.
FACs analysis of the isolated cell population revealed a purity of about 82%. The results of
the MLR experiment on these cells are shown in Figure 3. Responder cells consisting of
peripheral blood mononuclear cells (PMBCs, panel A; 3 x 10° cells) and purified T cells
(panel B; 2 x 10° cells) were mixed with stimulator cells comprised of autologous PMBCs
(xAuto), allogeneic PMBCs (xAllo), or adult hepatic progenitor cells (xHep). Different
amounts of these stimulator cells were tested (blue bar = 12.5 x 10° cells; purple bar =25 x
10° cells ; yellow bar = 50 x 10° cells).

[0035] The allogeneic PMBCs elicited an immune response, as detected by increased *H-

thymidine uptake of the proliferative T cell population. In contrast, the magnitude of T cell



[0033] As shown in Figure 2, purified T cells gave a
simlar pattern of responses to Um x and Expanded
whleanossyt es. Expanded Hepat ocytes signifi cant PET/US2006/048650

stinmulated T cells above background | evels at al
doses and the response to the expanded popul ati on was
significantly higher than the response to Um x cells.
Purified T-cells (deficient in antigen presenting
cells (APCs)) responded vigorously to

proliferatideptattbe ydws hepajigasogangtor h%l?s VR %@111'1%”8&9‘%‘3?3&?1 E‘PF‘o‘ﬂ?e
as APCs. T cells produced a | ess vigorous response t

response tdautbhigoup oputraltAVICs h IhesBiat pernsstibe copapsign that the adult
(contai ni ng APCs) suggesting that an exogenous sour ce

hepatic sefn/pfdgsnitersceile e nadminmumoghmis. r esponse. [0034] Similar
experinments were first perfornmed on adult hepatic

[0036] Usir@ @ifResi ipkearatidin of adnivbapatel sehguiogdritor aells, Bogypergment to
EpCAM and i sol ated by magnetic activated cell sorting.

evaluate FRGE MR éaicitydf thdse ceRolvat perfomidd. pagditiendl erperments ¢l
a purity of about 82% The results of the MR

evaluate ﬁi&ﬂﬁfrhﬁ%hpﬁfésinbﬁ%&h@ﬁbf thesd eelshoum also darmgd ent3 Figures 4-7
Responder cells consisting of peripheral bl ood

reveal thifAHe @kﬁ@iﬁﬁﬁ@ &8k ldsd AGNBERulatp aretel Pprofiferati®brespoiiss Jfrcamdither one
purified T cells (panel B; 2 x 105 cells) were m xed

@égﬁdqedehlsdoq@fg)rl sed of autol ogous PMBCs
of the twpﬂﬁﬁe’%g‘w}ﬁi 'l ogeneic PMBCs (xAllo), or adult hepatic

fRfis AEBREWS irOFighftes €The dat
10037] REQRERbhe A3 hobdlibion? é{'j’f”(%m 06 bar = 12.5°x 103

reveal th%ﬁili;nle H? %)EBAtFCO% %?.fpr%%él ﬂ:%gse%g!rig§ su Né*@flg'tﬁm réspofseX The

elicited an
y £ 8 0 ulg%wﬁgve%ﬂrhumsd ssive
conclusipa tro thl éﬁ%ﬁ&em gf%ltg i & Y cel | popul ati on. ppR
bltcontrast t he rragnltude of T ceI | proliferation to t he
capabiitdul t hepatic progenitor cells was not significantly

[0038] %é:gorge?-&ﬁaésé g‘&ﬁrgle)% g )?R%S &ﬁe ? g? gxhési Jg%heic as they
simulat B OAL P US| PRI éf%éﬁt?q%'erbgﬁg*ﬁr%p%ﬁf%““d fegpnse to

I on

IS AR P IR G -

erformed. Additional eri
than UmF;x cells and they directly stlmulate% purgﬁ'eg

’lscelPs suggesting that these cells (or a
subpopulation of these cells) can function as antigen presenting cells. In contrast, Umix cells
stimulated purified T cells poorly relative to responder PMBCs, suggesting that Umix cells
cannot function as APCs and require APC help from the PBMC population to stimulate a
‘response.

[0039] These data suggest that both cell populations (Umix and Expanded Hepatocytes) are
likely to induce a T cell response when transplanted to an allogeneic recipient with an intact
immune system. The Expanded Hepatocyte population would be expected to elicit a more

robust immune response than Umix cell in vivo.
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eval uate the i nmunosuppression ability of these cells
were also carried out. Figures 4-7 reveal that the
WEp@ANESSeEl | s did not stinmulate a T cell proliPET/EB2006048650
response fromeither one of the two different PMBC and
T cell donors. [0037] Results fromthe
I Mrunosuppressi on experinents are shown in Figure 8.
The data reveal that the adult hepatic steniprogenitor
| s did not suppress the MR response. The
10040 1&6\4& hepatis stem/prageniter esdjsela nasappsas to haimphmoEgrdams evidenced
cells do not have i nmunosuppressive capability. [0038]
by their feikun tq stijerlate significantamount ol TRePa pudiferatipaboyd the background
i mmunogenei ¢ as they stinulated a significant anount
responsgfo autelokous PVMAGH. eh aniet nactbiohepatib stebdplogenitorcetls apans e
t o aut ol ogous PMBCs. However, Expanded Hepatocytes are
immunacsippredsivcans byidemced bHyminairagpbikiiydo shppresddignifiehhtansouthts of T cells
they directly stinulated purified T cells suggesting
proliferativatabbhe e ek pouhdresponsdhpamublagtarPMBOsh&igalbeg iespesults
can function as antigen presenting cells. In contrast,
suggest tiut Adulehdmtiststemiipad gshitpricdLfsi (BECAM @lokigive @eNd)exbedsahb Y& low
to responder PMBCs, suggesting that Um x cells cannot
levels of MHICT erﬂecﬂfBeﬂBf@aa@[bdné eRse NMPaPGed %i'emeEtClme‘l Befi&3bt in
popul ation to stinulate a response. [0039] ese data

expressidH @86 btiflaait Bleglel (OORY! @DRENSTHUhduIR
’ Fbpatoc;tes)ogfg Flkg|§ to |ndu§£ a T cell ﬁ%ggggﬁggﬁﬁgmnux

cells (EpORN poHPEARY ByIR Afddalah@AeRS! 'f&r eflf‘o%bn‘i’élg @Ell Wahdhi&Ration.

i ntact i mmune system The Expanded Hepat ocyte

[0041] TRQB4Y, 3khiPBe Ol BhiREn ﬁ ;Feq?/?)fbg%hit&' éel?bﬁ%e? I{Xg %&tsetxpression

i nrune r esponse than VI VO

of EpCAWIPAld, Gind (B8 $1HAGE N i 1|m°mﬁ:? -ﬁg%xl%%nge{ £ Hl%rapy product.

I mrunogeni c, as evi ure
o LR SUORLSH %ng%%;fgf%{d S S db o
be gt %2%%‘%?8855"3%‘3 1Sh IR s R Rimple peaspn e
ey QUL SR SR T PR S S B
derived, mzﬂure ﬁepa%o%?rters?nay lt)e implanted in control animals.
[0042] A skin incision may be made into the flank of recipient mice, the muscle wall incised,
and the kidney exteriorized. A subcapsular pocket may be created between the kidney and
the kidney cortex, and the cells used for the graft placed into the pocket. The kidney can be
replaced into the abdominal cavity and the skin closed with clips. 7 vivo evaluation of graft
survival may be assessed by visual inspection using an operating microscope at selected
times post implantation. An evaluation of graft appearance (e.g., necrosis) and vascular in-
growth can be made over a time course (e.g., 1 hr, 1 day, 7, 14, 21, 28 days).
{0043] In addition, histochemical studies for CD45 over a similar time course of frozen

sections of grafts placed under the kidney capsule may be additionally performed. The CD45

antigen is a tyrosine phosphatase, also known as the leukocyte common antigen (LCA).
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suggest that adult hepatic steniprogenitor cells
(EpCAM positive cells) express no to low |l evels of MHC
wodgoses (probably no class I1) and they ar eP@DEB2006/048650
likely deficient in expression of co stinulatory
nol ecul es (CD80, CD86). Thus, adult hepatic
stem progenitor cells (EpCAM positive cells) may be
good candi dates for allogeneic cell transplantation.
[0041] Indeed, adult derived human hepatic
CD45 I%Pl@rﬁqé B gérhumsn qedls |o§ hemstapeiatisentigity cargntssghomid sélls, platelets
EpCAM Al b, and CK19, have utility as an
and their pragyEsop eells. | EgedDrtp veqleowde is reheirechior 3 esdiuantd, B leall aktieation and
xenograft survival assays using adult derived human
is exprepyeddn |at:legsteint»‘pfomgendqp@ndmgldxsthaycﬂuatzgnafatmbﬁ theoeld. A lack of
conventional (i.e., non-inmmune-privileged) site, for
accumnubtianpif € D4fenexdls lat tHeegrifidite genaplyiglicmdsnolaelk babh inheee
techni ques. Were desirable, an identical nunber of
responsetiylthe lotest,isupportingtthe Aotiepiiaothetigesftetboclibard HGH-afifn@dgétic. This
control animls. [0042] A skin incision nmay be nmade
finding hralydetdrpedtedifdinpihertedkplagfatioNiof 8dult heéma! ﬁ@ﬁé@lcVé@érh/progemtor
i ncised, and the kidney exteriorized. A subcapsul ar

cells. Qbﬁfz&eélymhy cbetrélr g e thtd dN@LMNNR ke d &?a\tux%nfép%%ytes are grafted,
ki dney cortex, and the cells used for the graft place

are to havit 1ﬁdkh@or&Qﬂ1ﬁe¢1gor-5ﬁl§ it be Yo gRAsD 8 [t h&d Btk E?aﬁed cells,

abdom nal cavity and the skln closed with clips.

a lack oFVas@uRly &l-prvitANarRf aclliAfullatRI OF (VB4 5-TBY1sPe assessed by
vi sual |nSpeCt|On usi ng an Operatlng n]CfOSCOpe at

[0044) ﬁﬁhﬁ%e?}d tie ﬁ@%%f@ﬁﬁ&aﬁtﬁmiyaﬁgnaﬁﬁrﬂﬂ (j;elYng'aH@ {eﬂpceﬁ s to treat liver

graft appearance {e.qg., necr05|s

d}’sfuncﬁf)ﬁ’\% ? a@l?gla&giil Xﬁ rgﬂn?%%gf&# rtﬁg a%:%t fr ’co&m!pc;ﬂ 1

1mmunc{:§g)§§r9§ajﬁ?§“ I?@ﬂatl%tsk’é#ﬁ ‘3 sf 2 y% e}qf log?ds{o I l %%%?Eﬁgsed and/or

urse of rozen sec ons ace

dysﬁnchb@?%e&qgm mARYn Egne thglF i;g% ?rrgg%g%qp%g tp%t liver

gen’is a yr03|
eukocyte comon anti gen (LCA).CD45 is present on all
uman cells of hematopoietic origin, except erythroid

| at e ets a their ecursor cells. The
100451 S BB S hES BBl o AR WG B stses gl Bl
e s LT o] S g, g,
nmu) ati on %; C45+ cells at the graft. S|te
such as BRI R Pa s CREST o E b oo Bhiniet. Blood chemisey of

alanine transaminase may be conducted on the mice at the conclusion of the treatment period

ﬁmctlonh

to document liver injury. Elevation of enzyme levels relative to untreated control mice
should be assessed before inclusion of the animals in the study. Transplantation of adult
human hepatic stem cells into the recipient mice may be performed via intraspleﬁic injection.
[0046) Varying doses of cells may be transplanted with a preferable maximum dose of 10°
cells/mouse into cohorts of 10 animals under each condition. Animals can be monitored over
a time course for evidence of improved liver function by the following criteria: alanine

transaminase, albumin, total protein, cholesterol, and triglycerides. Any animals showing
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response by the host, supporting the notion that the
grafted cells are non-imungenic. This finding may be
wezpeorsd2 f orm t he transpl antati on of adult huPErUS2006/048650
hepati c steni progenitor cells. Conversely, the contro
mce, into which adult derived mature hepatocytes are
grafted, are to have indications of a vigorous inmmune
response, as indicated by necrotic grafted cells, a
) | ack of vascular in-growth, and accunul ati on of CD45+
signs of disfress dyriathp sjudyshpualdhgyeuthanszads as ghdies Beadnpabé gonducted
) non-i mmunogeni ¢ hepatic stemcells to treat |iver
with deagfyas amendpointray al leviate in larger part, or inits
entirety, the need for conmon i Mmunosuppresants.
[0047] Thawsagioups vEfive atilmslsmnyder kash thanspignt ogretitioomag hepukizingzed 4 and
di seased and/or dysfunctional livers in mamali an
16 weekp avstaranspantitivhe Tbb yoli@singreegarismapbehgaeited tiher, iaétey, brain,
liver function. [0045] In the | aboratory, this
heart, luoggy aplebn.t emmy spreimaisanay H180 by Dbtiined fOF raxiIYI60d chemistry and
femal e Balb/c mce (8 to 12 weeks of age) and

CBC. Simjlaty,iongarishiedy bé prdcdssell fsdnthuiidtodRingftty, H&E, and RNA
teratogen, such as CO 4, twice a week for a total of 8

analysis! Sp®&inieds hitthicOrdingl ktalikidUith afili Qe CcBIRtet aridrs of the
al ani ne transam nase may be conducted on the mce at

transplaittbe 610Gt Ve gdlhctbéiBade’2EbLEBRE). peri od to document
liver injury. Elevation of enzyne levels relative to

[0048) Adrh&d ¢ ISRt drfalystd of defPibitloP@icas §ﬁ%§ﬁﬂoﬁ%frﬁe§a}ﬁl€ea Performed to

i nclusion of the animals in the study. Transpl I on

identify 8fc ®isblant¥aRMN RERAL § Giad ts@éﬂ&'@lakeswe RitOreli26r 5)?&%%&&{]5f hepatic

m ce may be perfornmed via intrasplenic 1njecti

proteins g@%ﬁgllvrggg W ﬂ%ﬁﬁl (%’%in(i}? #csq_é&%%gg? rﬂse;l:?rgizi leoq’lrl%ﬁsg (twietvgluate

refe e maxi mum dose S/ .
e possBNSTS AR SlAFECSAED, SODPLARD, A, BB wou

socumeBIRES o B ARELUT R U8 gy 4, oo

00491 EQTFRAET Sl bt AbE e gLl B o ot
N Tl o T -
marked glglfqr,{lg% }Srktg)gaqZ)Eagﬁlafcc%oxersgegglplleee ts tl?a(t) r{:]ll('jei lgria(f)‘frf]:ctrer:?i%ybaege or sex. Fatty
streaks in the proximal aorta are found at 3 months of age. The lesions increase with age and
progress to lesions with less lipid but more elongated cells, typical of a more advanced stage
of pre-atherosclerotic lesion. Moderately increased triglyceride levels have been reported in
mice with this mutation on a mixed C57BL/6 x 129 genetic background. Aged APOE
deficient mice (> 17 months) have been shown to develop xanthomatous lesions in the brain
consisting mostly of crystalline cl;nolesterol clefts, lipid globules, and foam cells. Smaller
xanthomas were seen in the choroid plexus and ventral fornix. Recent studies indicate that

APOE deficient mice have altered responses to stress, impaired spatial learning and memory,

altered long term potentiation, and synaptic damage.
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16 weeks post transplantation. The foll owi ng organs
may be harvested: |iver, kidney, brain, heart, |ungs,
W@ plogems1Ser um speci nens may al so be obt ai ned POT/US2006/048650
routi ne blood chemstry and CBC. Simlarly, organs nay
be processed for immunohi stochem stry, H&E, and RNA
anal ysis. Specinens are accordingly stained with
anti bodies to detect markers of the transplanted cells
anti - pbeta gal act osi dase antibodiesz. [ 0048]
[0050] ‘Rpessrmise imay §e usedys hapialty srrsplant adult dwmapmepatic stem'cells via an
) chronosonme, may be performed to identify the
intrasplenig Hypetign e Al wedetlddongay zens Bed 2904\ parten Honé tndvee The
.. for expression of hepatic proteins (in the liver) as
recipienfgrqups snynprlusied ariimglstio ealdt grompnGrauypel ;mooirdly—edlinedhjestion; no
(to evaluate the possibility of cell fusion). Seria
cells; Gaapt 2-o1isk H9° lmphaestemideti siEe§roupr3ai-2 x 109 Nyymanesdeth célddjlGroup 4—5
s docunent evi dence of transplanted cells outside the
x 10” humarestem| @04 9Group SH-tler mfthmrﬁﬁmueahé'pamftésnwm&tality rate of
transpl anti ng adult human hepatic stemcells into ApoE
~15% mdefhecdpettedovisietraidiplaih Experihafs bay¥aondastsrit eontidle.
Apoet ml Unc nutation show a marked i ncrease in total
[0051] Bhdpoint ahalyeistperfotmteuedra tiiato@ke follvihg ¢lafshlEMaBGE may
or sex. Fatty streaks in the proxinmal aorta are found

include ApoE (anAlyhed bf thagerunT BE weSSHOBIST Ay 88 8€seNict BnRARHIASSF 2
progress to lesions with less |ipid but nore el ongated

weeks, 4 QlebRs, 8l wediGal 2 WeeRs) M dREb¢aE 88 ADLRAR tidse previoustly deficient
pre-atherosclerotic | esion. Mderately increéased

ice follsWHIpHERTbBRtIRRIFadIR L Qo ' i
i S B S O S )l

that thef2aelie LASH KT ARLbLS | : Lo
have glgde*nnpes%om to devgﬁ%p&i@%sﬁ?ﬁg@gﬁérﬁ%@%ﬁé '?c?%on%tgte liver
functiofPr @i N consi sting nostly of crystalline chol esterol

clefts, lipid globules, and foamcells. Smaller

0052 APRBERACHEE e eSO B SR A oo
G R R A —
mence B st B s R S B I b SRS R Sggner,
e ping TR TS B SPRL hSebASEt b et e
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth and as follows in the scope

of the appended claims.
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reci pient groups may include 5 animals in each group:
G oup 1: control-saline injection; no cells; Goup 2-1
wo2mol74suzran stemcells; Goup 3-2 x 106 hunmanPGI/8R2006/048650
cells; Goup A-5 x 105 human stemcells, Goup 5-1 x
106 human mature hepatocytes. A nortality rate of ~
15% may be expected with transplant experinents based
on historic controls. [0051] End-point analysis
performed over a tinme course follow ng transpl antation
We claiay i ncl ude ApoE (analyzed in the serum by western

1. Alngdthédaf pb ulﬁhn% ﬁlve\glgiertcb@ﬁﬁﬁgm of é)lfna&n\(\%ecﬁ%l&x:n%inﬁ:

weeks, 8 wee etecti on

EescpmiRhg %%La"e‘?ﬁé‘éﬁ‘f‘%hu R hatie b s apr
ul dmﬁ%ﬁﬁ&ﬁ sﬁﬁ%&g{&%ﬁé’&f%@%&? tots m% aslfve{ mpa:Lflment ofa

t hout osuppreSS|o e reci
t. 0 \Wh .
mammal, (rijven %%{##1 egéd g’%‘rllg arr eh uEHLWS@k}fe&r‘fe\ﬂ?l"ﬂmune'sui’pressmg
odi nent s thereof it wll be understood
amoums‘ﬁfem mlll%osclzl Breﬁ aé'tt of further modifications and this

atiaqn,i.s inte d to r any variations, uses,
2 BRPpER R RS L PRt BT erdt stadsgtion prg inarured by
ol tth (gr.l.nCé Ies of the invention and including such
implantailol FAWFEROTr om t he present discl osure as come wit hin

own, or, Gusto ctice wwthin the art to which
3. THahweaete By which 2B imanungsspErespipRiAEo U OF
essentlal atures here|nbefore set forth and as
lmmuno]ewgrmnti if afelﬁ‘én@?? toghe py@mdpended cl ai ns. W cl ai m
1. met hod. of repopul at| the liver conmpartment of a
4. ﬂ’é’rﬁ‘lﬁ‘]hc’e ehplasihig Wﬁl&}l ﬂizﬁr Fiameng-sunaessing amount is less than
non-i mmunogeni ¢ hepatic progenitors; and (b)
about 10 g of @n dmmpneskepressehbpasdilarsm pﬁttpm@nmat ors into a
| iver conmpartnment of a manmmal, provided that such

5. Thetmetbod of olaims3 wawhich dheowwb- mrrmmkﬁesqtm@sug afiount is less than
i mrune- suppr essi ng anounts of an i Mmunosuppressant. 2.

about 5 migefap timoshirelsupprassant perrkilgranh of the mamhad.ed hepati c
progenitors are introduced by

6. The method of claim 3 in which the sub-immune-suppressing amount is less than

about 3 mg of an immunosuppressant per kilogram of the mammal.

7. The method of claim 3 in which the sub-immune-suppressing amount is less than

about 0.1 mg of an immunosuppressant per kilogram of the mammal

8. The method of claim 3 in which the immunosuppressant is selected from the group

consisting of prednisone, azathioprine, cyclosporine, and mycophenolate.

9. The method of claim 1 in which the mammal is a non-human.

10.  The method of claim 1 in which the mammal is a human.

11. The method of claim 10 in which the human is an allogenic recipient.

12, The method of claim 11 in which the allogenic recipient is neither immune-

compromised nor immune-privileged.
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i npl antation or injection. 3. The nethod of claim1 in
whi ch a sub-i mmune- suppressi ng anount of an
WO povanzssuppr essant i s administered to the mamedT/U82006/048650
The nmethod of claim3 in which the
sub-i mmune- suppressi ng amount is |ess than about 10 ny
of an i nmunosuppressant per kil ogram of the manmal. 5.
The nmethod of claim3 in which the
ub-i nmune- suppressing anount is | ess than about 5 ng
13. Isﬁe mathogAl ﬁ!?sraplpwe‘gglégtthmsplamd gy ipmuhogeméc hepatig|progenitors
The method of claim3 in which the
are furthey sbarapigrizedsasppmesRMBgOMPDIAsSiVES | ess than about 3 ng
of an i nmmunosuppressant per kil ogram of the mammal. 7.
4. Themgtoded claimcl i whighithe ishlatdd ndmeimmunogenic hepatic progenitors
sub- i nmune- suppressi ng anount is |less than about 0.1
are positige &fr EpCAMaxposssjopr essant per kil ogram of the mammal
8. The method of claim3 in which the
I mmunosuppressant is selected fromthe group
consi sting of prednisone, azathioprine, cyclosporine,
and mycophenol ate. 9. The method of claim 1l in which
the mammal is a non-human. 10. The nethod of claim1
in which the mammal is a human. 11. The net hod of
claim 10 in which the human is an all ogenic recipient.
12. The method of claim 11l in which the allogenic
reci pient is neither immuneconproni sed nor
i mmune-privil eged. 13. The nmethod of claim1 in which
the isol ated non-i nmunogeni ¢ hepatic progenitors are
further characterized as non-i nmunosuppressive. 14.
The nmethod of claim1 in which the isol ated
non- i mmunogeni ¢ hepatic progenitors are positive for
EpCAM expr essi on.
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