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present in the host which recognize donor alloantigens or xenoantigens.
Immunologic tolerance is an actively induced unresponsiveness to a
30  specific antigen as the result of antigen-induced functional inactivation or death of
lymphocytes that are specific for that antigen. Antigens that induce such tolerance
are termed “tolerogens,” so as to be distinguished from immunogens which are

antigens that generate immune responses. One mechanism of B cell tolerance and
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failure to produce antibodies involves the interaction
of antigens with specific B cells (the first step in
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IFN-y, are primarily involved in allograft rejection (Mossmann et al., 1989 Annu.
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2 Rev. Imunol. 7:145). Th2 cells, which produce IL-4
and I L-10, can down- regulate Thl responses through
IL-10 (Fiorentino et al. 1989 J. Exp. Med. 170:2081).
I ndeed, much effort has been expended to divert--
undesirable Thl responses toward the Th2 pat hway.
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individuals. The present invention meets this need.
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i ndi vidual s. The present invention neets this need. 3
BRI EF SUMVARY OF THE | NVENTI ON The i nvention incl udes
a met hod of reducing an inmune response to a
transplant in a recipient by treating the recipient
with an amount of liver stromal 5 cells (LSCs)
effective to reduce or inhibit host rejection of the
transpl ant, The invention also includes a nethod of
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25  administering to a transplant recipient.

In another embodiment, the effector cells are T cells from a donor
previously activated by contacting the T cells with a cell or a tissue from the
recipient prior to transplantation in order to activate the T cells, and further wherein
the immune response is the reactivation of the T cells.

30 In another embodiment, the LSCs are administered to the transplant
recipient to treat rejection of the fransplant by the recipient.

In yet another embodiment, the LSCs are human LSCs.



4 I n one enbodi nent, the nethod further conprises
admnistering to the recipient an i munosuppressive
agent. In one enbodi nent, the transplant is a solid
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fibroblast and stromal cells derived from various
sour ces. BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when read in conjunction
25  with the appended drawings. For the purpose of illustrating the invention, there are
shown in the drawings embodiment(s) which are presently preferred. It should be
understood, however, that the invention is not limited to the precise arrangements
and instrumentalities shown.
Figure 1 is a graph depicting the immunogenicity of liver stromal
30 cells (LSCs).
Figure 2 is a graph depicting suppression of the (mixed lymphocyte
reaction (MLR) response by fibroblast and stromal celis derived from various

S0Urces.



5 Figure 3 is a graph denonstrating that neural stein
cells (NSCs) stinulate proliferation of allogeneic T
cells. DETAI LED DESCRI PTION 5 The present invention
relates to the discovery that stromal cells from
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As used herein, the term "autol ogous"” is neant to
559 f e[seﬁtnﬂio%g] y
As used herein, each of the following terms has the meaning
associated with it in this section.
The atticles "a" and "an" are used herein to refer to one or to more
than one (i.e. to at least one) of the grammatical object of the article, By way of
30  example, "an element" means one element or more than one element.
The term “about” will be understood by persons of ordinary skill in

the art and will vary to some extent on the context in which it is used.



material derived fromthe sanme individual to which it
is later to be re-introduced into the individual. As
used herein, the term"bioconpatible lattice," is
nmeant to refer to 5 a substrate that can facilitate
formation into three-di nensi onal structures conducive
for tissue devel opnment. Thus, for exanple, cells can
be cul tured o¥s @@gmﬂnsdhﬁtﬁm “suisloganshissresniarate teany

| at tn'1a‘fe¢ral &H%H 1?0%1 %%aﬂ&@ﬁﬁwidﬂﬁ |t619h31§h RIL15RCHB ok W-Rfroduced
mat rix teria hetic pol ynmers, cytokines,
grommhﬂﬁamﬁﬁﬁgl etc The lattice can be nolded into

desi red Shap% \fs&d théﬁ"tﬂlé th@df SoBoth HRIbRAMBEO DI RRANt f refer to
tlssue type A'so, at |east at an_ 10 early stage

Gur 1SSt st pAcCHale Ramadan 510 thygredleRs i) sibeimigh conducive

subshrale dlev?elcﬁid{éﬁi e trdxhiid) cbIRCROBScfiBred or se&[e@%t'a
factors, cytokines, extracel lular_matrix _mater

et ¢ sychiatigcompelinly lnitee svobas aua/bat dsHdrt sxrocipiay iaﬁrlr alta@“al

Li S%yﬁhét% @sr?m%ﬁdcytoﬁrfey d%t@ fictofSPettl SEE 1RBEaf be bRled Rl
boné marrow stromal "wstromal 15 cells,

" meglesiter yiaies for féﬁ*ﬂ@@l‘g @“’* d?i’le]OP'mf“Sé\‘eetyEFée @150, at least at an
(ﬁt %@ﬁ{%%ﬁﬁﬁé’cﬁﬁﬂngr SR cellQthe hd@iumRblor fubaedid 8N Of

n bone marrow whi ch can serve as stemcell-1like

pr e@um@me@teﬁov ihdecire (et oth BREroBRNES, SBRfS YRl ng

adi RREH L Sic.) BRNBCITRY B¥evElopReRRbf £pBlobath B¥Ee HBEINd
st udi ed extenS|ver (Castro- Mal aspina et al., 1980,

Bl ogHuctyes- 289- 30125; Piersma et al., 1985, Exp.

Hemat 0| 1 3. 2345 wABhersth TADBS Son@harrow §rohfaBdells, B a@ehal
78: 55- Beresf ord

1502: ogusl” ‘énaggmc yna sem caltls”gt{r"‘gqsgl?ﬁa%@gééi il%%l%'ag&%glly and refer to
73: %O naliFRGtionldreskah BorRtmarbow whickRan ddeveads em kOL-Gke 70
Bennett et al., 1991, J.

mar rRSGEUSPIS dheNeosdPs ShopdrcE: ‘H%'}Oc’gﬁsd anﬁgardb‘%?f’ﬁ?ﬁ/ %9;9%1? WaFon
I N sQeRaeBIOlEBRh Swudisl B0smivelp el dsto-dMataspias enabdl 980,@hod’

prlnates ferably h S. .25 L rein

P VR TiSep Epar e ot OB e a3 504 Sl oo,

f¢ actobosledd AissraabBasdfiont ¢ yipeguel.ICelidRi 10284 -3 6MLiesveld
liver. nLA ted th T 0 n
oSS, Bl 7o RS A b ot el (oPEH Y Renoge
the d: &9 QQ\EU eCellofdi Aiored,1 32)o Bamt matdvcittomal cEllgmby be derived
response. Cs.are a eSS

LT p i fspin® BppdrayEtfopPichs bR BB R hrimetes,
r espaem@bly hamaexanpl e, LSCs 30 can suppress a n1xed

Lyrphocyte r eact LR thL R RELMASDA) | QosaBlgo Tl | o

d perlpher mononuct ear ce
" Ne Ufrsttiosdidtrabidstic-type celblEived fom sivet. hEEswhen contagfed ithd'

T

cel
obtained, do not elicit a T cell response. In addition, L.SCs are able to suppress

alloreactive T cell proliferation during an immune response. For example, LSCs
30  can suppréss a mixed lymphocyte reaction (MLR) between allogeneic T cells and

peripheral blood menonuclear cells (PBMCs).
“Neural stem cell” or “NSC” is used herein to refer to

undifferentiated, multipotent, self-renewing neural cell. A neural stem cell is a

7



cl onogenic nultipotent stemcell which is able to
di vi de and, under appropriate conditions, has

sel f-renewal capability and can termnally
differentiate into neurons, astrocytes, and

ol i godendrocytes. Hence, the neural stemcell is
"mul ti potent” because stemcell progeny have nultiple
di f fcéomegenicatylénetenhiiiasisvhich i able Hﬂdﬂg?geewf'amé@'l appiopriate

capaBh ik, maeiel-1oRival RPAIRS and®RA RirfiBall @iferdhtiaf 8@ @Burons,
cell division, one daughter cell will also b?

. T i » on tH
averPERsyea ard igpgsamirocytesatinee: the gealstepmypel] i@y tipotent
ti S HUGsOfBPER 1 PFogh IR WInS Rip RIAdXnBhtQEI paflvaysc QDRaEH bk
| attice for transplantation. Agl %%lgnel c" refers to a
gr arcell Hepnable@t selighaintenings BeRiRS that Wi cacheel] divisiopoongane

SPeGhfhter celBMAAREBL,Gn alb @R Sstéedl. graft derived from
an animal of a different fp_eci es. "Transplant” refers
to a bi oconpat?'BitercfestiPicell fsue OfRsASF othiraisg any Digipgls

?r %Sllnr)atib%eQatb&, fbnaelmslgaraagtota.d; An Sxamgl Ie of aOI ek
ranspl ant may include but is not 5 linte 0 ,
bone narrow, AHASSK] fff%%f@aﬁgaf%%ewdgr‘@'rhae%eff%iemﬁawa? ghite

Wi dngie sgettd and liver. As defined herein, an

“all ogeneic |jver stromal cell (LSC)' is obtaine
from a arT1 er SKRCBR VPHGAT S P £ AA0 %8 ABRP LY ST
recispécnt . "Donor antigen" refers to an antigen
expressed by jhe donor tissue to .20 be transpl anted
Tro the. r ool BTROIE ki A Blogiuiparil ek R B ARG

di f foﬁg‘ag ofr']die(ﬂmloébﬁ tlaaliﬁplag?lfi ax B\(aﬁﬁmlml‘f ah’ﬁns%)lahtﬁna}e'nd;lmdemlult is not

Se ereip, an "e ctor cell" refers to a

(i i S o Frarofi e e et AP e eyl
I n taheligdrt uati on where a transplant is 25 introduced
into a recipign the effegtor cel.ls can b -

reci pient's dgﬁ#egg?%r%% r?tllo'céﬁnf’lg 1iyg S%?}m?lr%%bﬁ‘g%) s

r espohrsrd dgaianiiteran irdividugeoT thersemespeciesastifeaecpingr
transplant. I, anot.her, situation h f.f 0

can be part oﬁjof‘?feantlgegn§eg?r%ﬁtaf1 RIS Eé}gnges?elg]lelg%e Honiilshue t

int riedundplantad ofto thheecipieanspl ant i nto a reci pi ent

results in th ffector cel. fe e
transpl ant el ?gﬁ?r}tﬁén a'%al} aﬁl%%etﬁgrtgg%%nfgogp %?ggglnf’%ntexwﬁse%d oy
recithd eetipietf the transplant. 30 By the term"treating

a transplant [EeLPhEOD, shoed @Y rdbeis A dbel Shidhslates 3

I mmune response of efrector cells agal nst an .

al | dantungesponse aghiestah hmigeorIndhes sitwation where pfrensplantise i s

255 S Dl 8l hoto b Recl AR v LRRLGARNGn bO G FRARGPOBHS cdifIWARS

esﬂgnse adal ns e alloantigen In .a recipi ent Yy

any aﬁeitdmdlnnﬁlmremoasqygg'nﬁgmnﬁggt wesenign the donor transplant. In
another situation, the effector cell can be part of the transplant, whereby the
introduction of the transplant into a recipient results in the effector cells present in
the transplant eliciting an immune response against the recipient of the transplant.

30 By the term “ireating a transplant recipient to reduce in said recipient
an immune response of effector cells against an alloantigen to the effector cells,” as
the phrase is used herein, is meant decreasing the endogenous immune response

against the alloantigen in a recipient by any method, for example administering

8



8 LSCs to a recipient, conpared with the endogenous

i Mmune response in an otherw se identical aninmal

whi ch was not treated with LSCs. The decrease in
endogenous i mmune response can be assessed using the
met hods di scl osed herein or any other nethod for
assessi ng endogenous inmune response in an animal. 5
As Us¥GeH therasinient, epmparet witl he eidpgenmsdinumne fespoRgsdnen t o
ref e&thér@f:sgldeﬁﬁHaI i Wk WAL hétaeacBd QIIPEESs. qrhe\eweaeé in
cel A gr medi um may contain animal serum but

t hi semdggqn@ws @mnawswnseéa@g% BEESEeE B ba methads digelosederein

gr OVrhny BEEH ik JiaYr ﬁ&@@n%d%@ﬁéﬂ?uﬁh@ﬁe refpondd $85h AGRAI N,
t he tern1 "growm h factor refers to a protein,

1D peptide, nitByd here'érth%ieﬁ'érgr?fﬁ‘lhé‘teg}“@‘”ﬁhw% ogefer to a

gr oWy tureRhd@buinf @hESkdnYRes gidvith 8Ff @NS.1 RloWeh medim tad B&litSin
effect on a cell. For exanple, growth factor products

us ef animal gerumebut this depokalieysFreeied srarRanens insthtika giorth put

ar e Aediuth Wy bREbd Rrun@éeve growth factor  (NGF),
br ai n-deri ved neurotrophl c factor (BDNF), the

neur ot r ophi nsAg Ked Bereiyrthe teamierayyth fagtqr |Phqd§)°tn Bl dordpeie
fgct ﬁkﬁatnﬂmgﬁen, @"'H@H%l meeslé ﬁbvm%@éroluth Bﬁfrf&am%qrtffelllﬂlatwe
TGFu, TGEps | GFs, the interleukins;

| L- 197 trophic fféfect ong ?ﬁlﬂu ﬁ@'beﬁ‘éﬁB]FﬁS%‘“ &etos prodygts ysefiy, ‘s‘}é'éF

her ejrdathdit bEE1RY dib@ddriiBclud) BitataHeelRfieddo,GRIVe gtoivth BEBE
of the surface protei npﬁﬁoflle of i sol a ed

R AR NN RN ST e

ot he&m@@mﬂwﬁeﬁm@agﬁﬁ@facfée1dwrmh@216@ahm IIFGFL Y FGF-2, EGF
tlssue or mamma

accongE&}y t he isol at ed a

HSHESS P DG £k sedth theipigtieuking rZs irba Me-180 ref er
to any change«xninmnb;uﬁhaﬂjeeafa@eua;@edher@n tdr@ﬁf@&ﬁd ng,
decrea3| ng, and the Ii As used. herein e term

"no nPIWH‘?Fﬁl?Fdﬁé elEin tgras ﬁ’étgﬁ furipge Rreteiprefge ?fﬁée di scovery
that LSCs do RA@tishineye ptah tofsseRthRh hed bedn &gérhféd fiBman
ML.R However, 25 the germ non- i mmunogeni oul d . not

be | thTeRarsnE RS8R AR MUY P HolsE i &
o Ol fids@d @trha@iindln an MR, but rat her shoul d aI so be

construed to apply.to t
proliferation ?ﬁseé,hq;amf f eBU\n ‘H ”iaé‘?’ﬁ'ﬁ'i“g"’tnf QtrFfB’htO&Fy fhapge

t 0 am biAsHidiRbtate, | B iBdredsBiE Adeti@ating] snduiseelikeher ei n to refer
to the reprod ctl nortﬁ nul.tiplication,of ce ,
That s, pr ol A BIAPFER BREH R SR RO B P Tl o the
gr eadi€doverp ElfﬁbESCﬁfo noeihtise pﬂaﬂid:lzﬁlaﬁ] oDE colR arsatr MURprwever
apong ot her things

LR A R R S T

t he esllproliferiiibntilien MLR, but rather should also be construed to apply to the
absence of T cell proliferation in vivo following administration of LSCs to an
animal,

“Proliferation” is used herein to refer fo the reproduction ot

30 multiplication of cells. That is, proliferation encompasses production of a greater
number of cells, and can be measured by, among other things, simply counting the
numbers of cells, measuring incorporation of 3H-thymidine into the cell, and the

like.



like. 9 The term"stromal cell mediunt as used herein,
refers to a nmedium wuseful for culturing LSCs. A
non-limting exanple of a stromal cell nmediumis a
medi um conprising DMEM F 12 Ham's, 10% fetal bovine
serum 100 U penicillin/100.sg streptomycin/0.25 p.g
Fungi zone. Typically, the stromal cell 5 medium i
conprises a b erpe girQipl cellepeiin ag ugg§ herein, refers to a medium
ant i Qlgof f*oxcéuﬂﬂltlﬁ%'@’ﬁ%t IAChon MAMEERKamplb SKSstiofal R nfedlubnis £d

in a stronal medi um wi t hout an

ant iniddn eqmpsising PAGINE 123’ s fesdaYBeisaiint.HORY | east
AP e sRepor LI gEolRe TSpERE) Uk ydmal ol
Ser umd(\ABSMbigEs adebranediaT, aerumyd yeangjRigtic/antityaeficn glowever,
hor Or SR RAHD &Jmlaﬁ rBRENEMN o Blifheriapd i q&lﬂlaméﬂf’{ﬂu{c%?%

ove I’TE la I n or suppor
g r ownth st@ﬂ:!ementedmnth etéf:astsone BESWE agtor. The deeferred dasepidivm is

can ﬂ@@ é) tﬂﬁ pREGRESANN lﬁe{ayﬂok}mte @&w(ﬁnsy bu other sera
cyt oki nes, nones i n FBS for stronal

gr ovdy besed lm@wﬁtm‘la‘hoeﬁ SerHE op hAncerya tPreferably pe FOa?cOe’o FBS is
fen %‘aﬁlédrtgg‘legﬁo;ve' n'ibd‘ahfr‘ oﬂEﬁ%prQf? fHe WFBwih bf étt%mtclw&l@ qf'fowever

recogni ze t1onal onponents may be added to’

t he acdefinagrreeditsm pamrhe U&ddﬂh%@ﬂ%ﬁﬁéﬁé aroavth faetorsoeytakines, an@ 15
not thﬁé&% PES BPdoRiaPdell GRowipdtt idEMth%'aﬁe? ro@ihmgbropuate

gr owt actors, am no acids, and er conponen
Knoveangentratives irthe growthmiediugy It ig F%Th@’fre@énllz%d ﬂl%ﬁf*ﬁ“ﬁ%l ics
whi %mﬁ@r{bng%ay%g defld kdh@cliR mERint! MBukR 6drifdRentDiblud 1t are

not Irm enicillin and streptonycin.  The
Bondehlinggd te ﬁntdmotwé ANERYCPSigs, qlwlmﬁesrce\'}h @%Wés ABP Bﬂ% and

abouie} Oorh RondROkowAGPthe Bit E5? theREFurl bf oelld N@ntibiotics which can be
concentration of streptomycin jn the culture nediumis

abowddergntogherpedite EPF'“Q@@“@X ot 1'%%9&9’6‘?5““‘{ lﬁ‘ba“idﬁ(}%ﬂﬁ‘i“l’yﬁﬁl

shoufid chibeRPa0RYE REICARNE ifclaRurk elim i$ Avtui Bdo bLUBTYO units
one medium for culturing stromal cells. ther?quggﬁ%

medi Rgr BhpHIsIcancegyation ﬁ%‘FE"P%‘“’ét‘lﬁB‘?ﬂ“u‘i‘?é‘Pq um iga

Wl L& 208 ). HERE er, AR mb%ﬁt%nrb%lﬁ‘dﬁ\noafvaﬁ be construed to be
‘'t herapeut | caIIy effective anount" is_the anmount of

L SClimpifid dmanyons iresing e fultyring sirgyod) dellsa R p3cpedia capable
ef f e&'tsuﬂp@ﬂﬁlg Qtr&Hcktin ﬁs@ué’\ﬁltﬁ? mah@e dRdLSCs are

admini stered. As used herein nous" refer
any material $F 6% Bieingy 6‘&@@6‘5“’&&5&%&“"3&“’8}1‘5aﬁlt'éerﬁm"““t of

cel |1 gufs vasH i fficiERt ROREGS behdticR SffdcOtoanysubeites waikh the
i ntroduced from or pr oduced out si de an organi sm

2| | LSCsaraadatigiperedo " Encodi ng” refers to the inherent
property of Sﬂﬁﬁdeﬂh&eﬁe&ﬂ%&‘a&&” edfers UGl ARterideton & a

pol ynucl eoti de, such ene, a eDNA, or an nRNA, to
ser visodpged inside an organism, celI or Systen.
“Exogenous” refers to any material introduced from or produced
outside an organism, cell, or system, _
30 “Encoding” refers to the inherent property of specific sequences of
nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, 10 serve as
templates for synthesis of other polymers and macromolecules in biological

processes having either a defined sequence of nucleotides (i.e., fRNA, tRNA and

10



tenpl ates for synthesis of other polynmers and
macr onol ecul es in biological processes having either
a defined sequence of nucleotides (i.e., rRNA, tRNA
and 10 nRNA) or a defined sequence of am no acids and
the bi ol ogi cal properties resulting t herefrom Thus,

ta . 'gﬁgﬁ\ggno%g ffsneﬁﬁ%'&%cg oparnél SlO %crl]ugqsg {h{a %goltlc%gctaﬁpgrg%egies resulting
pr ocheedionmt Rhugp agee ancadas faprotsinl if Imnsqniphen angi t@hdgios af mRNA

336/3 E%%é%on%%tgc\%hgﬁgeﬁg% @Jﬁg n Jx F Eelpcﬁgﬂee& @ogglcal Systen stem.
an d Bioth thlscwdidg)strmdothﬂ deqibotm\e setq:u@mf@lﬂlqhsst ldagsal taﬁod nﬂ%hk

Eggﬁéqg‘?f:"’g% is u%{ﬂﬂ%proyﬁgﬁn @éqg%&gllgtﬁgp ﬁ& fiie g?l{é cr;ordé rand
e nc mhidrag this hamplate foe mmsomptmn hEx gepe oA, @hn bduafengdmas 0 r
% omg‘t?h 3&9 &t é%e? %ro%R&%k {hbteggne & cDNACl eoti de
sequ neeeend sequence” includes
all nucl eot i dhlseephern'@espebiﬁa@, aé‘ne:lmg@wqu@beemechw awNs
2 1 Ahir 36 ShSe oL b R0 & b A MG R ke hons
de sequences en rotei
land ORMAh mdayl and thatiehsoderthe ame amg abld sesjuancedNneledtidp ecquences
aci ment or fragnment
q%ﬁ% g%9§%32§§%e3§ ?@%?ggggences whi ch ?Iank it
| n a nat ur al 1An “isptacadmuplpig agid Jreters te a gucleigadbhmgherigrrent
mhl re
or PR AR R Rad PRSIl ROk e RO Bl n b
ad j ammngtstm h&., 2 Wgﬁwnﬁwhl@ @@b@ﬁﬁemwedvﬁpm hej spquences
1331 Wit abe RGfkT xjalli1cl A FgHeROe. gpmk \&fherkols MHELRIdthe
ave peen substantia urified from
ot h énagmmmmﬂ@@e nvideh it satirelivagopuys. aﬁ@éﬁﬂw appligs to nucleic
nuc laﬁﬁﬁvﬁ% fhve @c«ﬁ subsﬁ%l@rpu% fﬂ'ﬁn &E&%@h?&wnt‘ﬁ@hﬁh

nat ur y acconp he cel mtherefore

i ncneitaly acfcgmpwélaﬁﬂue!ewaw@ &é@%ﬁi IRRAr PIISIRANTVRIFR | S

' nC%Et@ﬁ[]?E&gm A%t Iﬁtﬁé%ﬁﬂ OFhe tdriltReréiBretIRIRE RRWSANDle, a
rellcatln ﬁ{asm or virus, or into the genom C

29f aecsmbva Apwhieh i incaprpisted into g veafgyj iale aé)@}‘@f@“oé@ya

sep "i‘épﬁEﬁmg‘Bia?frﬁfdlo? Vi('l% & mto Ak &%BNWof A ptfkBRbleGr Qlkaryote,
CDNA' fragment produced by PCR or restriction en

di g@swh@hywtﬁmﬁa@ﬁmo@f e s @ @h&é@omﬁoraPﬁé
I nC'ngfgént Bro A wh PORE reaﬁ\iesmwn@ma dgelRdnb uﬁépeademyarmr

gene encodi ng addition tide se enc
t he Seaymrcas 1t o nnﬁ'edﬁa P EaH m?fﬁ&ﬁ% W@ﬁh IS PAEO
f%bb@@&ﬂg&h@mﬁmmfQﬂwkﬁﬁh@&ﬁﬁﬁe|y occurring nuclelc aC|d
bases are used gt%rs t o adenos

Lo Oyt osi ne. n the CPBPHOE D BetibMASTTG (e Clonyid v Riions
t hy %ﬂhé@mnﬂﬁ@r ockhrring ﬂfc&[csacfd(baséﬁ mdiusd, "ROrefers 16@ddnositie,

03|t|on tter S sol,ated
“C“ re rs to cytosine, QE" Ha?ers 0 guanosme "’P rTEzrs to &ym&}c{] ine, and ,%L

refers to uridine.

30 A "vector" is a composition of matter which comprises an isolated
nucleic acid and which can be used to deliver the isolated nucleic acid to the
interior of a cell. Numerous vectors are known in the art including, but not limited

to, linear polynucleotides, polynucleotides associated with {onic or amphiphilic

11



nucl ei c acid and which can be used to deliver the

isolated nucleic acid to the interior of a cell

Nuner ous vectors are known in the art including, but

not limted to, linear polynucleotides,

pol ynucl eoti des associated with ionic or anphiphilic

I1 conpounds sm viruses, Thg the term

" vectoppeund ﬁa‘ﬂa@&@ ﬁ‘”“ésﬁf gﬂﬁﬁﬂ}tfstf’r?‘ VEHPY YR asmi d

or fautdﬂnbruﬁuslyTl’étﬁlchﬁfgmlﬁbﬁkLkbd rd vabs orhlaeermnaﬂdé sledibd Bnstrued to

i ncl ude, non a and non-vir unds )

£ nci P R PRGN PO oUW Zarie o wiei

as, Jcmnnt@kélmpiueh asp tﬂrytmﬂm @olszl@mn@aunds | lF)@ﬁﬂ{EEEand ead
cl ude ut are

:‘£t e Rt VBRI SRR ol aptas ot iR Agaisel e Bt

Vi I Ulleveiboelased virgs mwrsx &Jtromac veptoss, aigingle itk | i ke.
"Expression vector" refer 0 a vector copprising a
oot nant  ESpSHied BB GBSO R aLEPBR
contgoBinudedide aaasispex@tdsion b<yntﬂo| s&hnedcds@paamr&twlneat toge
sequenceg{o be ex essed AH pressi on vecto -
conpPFE e§Eﬁ“F‘i‘°& E't KPS %E’tpl" er?ﬂ‘“éYeét?é ﬁ?“&p“’fsﬁsrs“ fcient
BX presgtiagnslefénieior @dpﬁ:ﬁﬁdiﬁ mht:catenemrfa&stplegsmaan besupplied by
Su
expr bt Gt o5 i i VR SPEtSio el EaPieAteEs fafyde o
t h OStRosk REow in hetaesuah bs cosmmlbl, phsmizie $g. takedXr 26iThidal in

or (0] ruses
{haiePFRGE 07 St R PRGGH BaEoROrYRACY BOEPE. Tho
term "genet i CTieneh igemtic ondifieaionsadishittieedimrefeed @i stable or

e stabl e, or ran n type
g] *Ff‘“i%t&aﬁi?att"ﬁt"gh‘F EO: g?ilpg Sttt éf" ?11"98‘%%8 ‘““‘@g““enogs
DNA. e*(EPgeaf)lBr[Hﬁm yPlefel'abl)eﬂmgmmnmls DNA is 8n &plaied ohcaetleabnd The
nucl hetl at ur al |
der i JSILUS mag\rl])a syn?tcﬁc 01 Paturnﬁy def wccf,S Xndt coﬁt‘am (ﬁcncr;gportions o
ot hegenessafathier ﬁmihl @éhftmqmeas Tlmeteme‘rgene'tgelmdiﬁcatnon” as uscd
nodificati e
nat uhrcr (ﬁ} is ngt meaﬁtsto ﬁné:ﬁlg %t‘?ré %ﬁtgﬁg%ﬁﬁeraq%ﬁ% %il li st\hfﬂ %Jhtc 0
Uk c urcsurt thmug@ hatmat wrabdctivity, aatulabgenc,twtrgcombatamra pr tgetil@t ic
reconmbi nation, or the |ike. Description The present
invention relates to the discovery that when |iver
stromal cel | Resgili®i@n) are contacted with T cells

obt ai ned fr or‘?‘lﬁ qésgnft%{v@ on I %lasvtg %Qﬂlscgél}(tﬁgtlvﬂ@ﬁ RGdr Stedmal

cells), the a ene C 0 not Iferate
Pri mella&ltscmwntastewégtfeelqubatned\ﬁema iffes¢rit gldamce'alm xed

t h(aﬁt%gne% 'F ggllsf ﬁ e al(og-gnéi@ ll"lcclErdg lnb éﬁé]ﬁitjat@ n Pﬁ&scﬁjt%gma

enonenun 1| s nown as I%
r eacsnlggmts et Wyen Troedls @tamuxedmr@@nb@tb@t chlbrleged P&étﬂ@ﬁ@n easues.

thatpyf ﬁ%ﬁ&n?enﬁit?fs'kﬁ&gn gs a9 Fl'nﬁﬁgcytb %A@tllonatﬁfﬁ,l?ﬂ Ofhe data

r esponS| ve to t al ned roma f erent
i ndi discépsed helmh@qn@miraée thay dscells depived ft%alsmdmdy@ﬂamt e

her %gméré%? L?@@otft‘ﬁﬁed' O DOEERAGndiRdal) ETHe ORI Hastd Sh&iTthe
espec 0]
30 dlsclosure herein, LSCs are not immunogenic to the immune system with respect to

manifesting a T cell response.
In addition to the non-immunogenic phenotype of LSCs with respect

to T lymphocytes in a different individual, the present invention also relates to the
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mani festing a T cell response. In addition to the
non-i mmunogeni ¢ phenotype of LSCs with respect to T

| ynphocytes in a different individual, the present
invention also relates to the 12 novel discovery that
LSCs can suppress an MR between all ogenei c cells, for
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Based upon the disclosure provided herein, LSCs can be obtained
from any source, for example, from the tissue donor, the transplant recipient or an
30  otherwise unrelated source (a different individual or species altogether). The LSCs
may be autologous with respect to the T cells (obtained from the same host) or
allogeneic with to the T cells. In the case where the LSCs are allogeneic, the LSCs

may be autologous with respect to the transplant to which the T cells are responding
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may be autol ogous with respect to the T cells
(obtained fromthe sane host) or allogeneic with to
the T cells. In the case where the LSCs are

al | ogeneic, the LSCs nmmy be autol ogous with respect
to the transplant to which the T cells are responding
13 to, or the LSCS may be obtaiped froman individua
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nunber s of ceP?S§d PRt arﬁéesﬁ'étéhsf’ll‘fsur? ﬂgcﬁﬁf{%d@ a(S“é@Eil i bed
her edxpande®in o‘a}taﬁpleem vItB0® obath dufficicaDhatiesd offE@mﬁﬂ thuRamn

live
ol v BeBefRAAbRE I Sy LG ARG Pb B8, @ men
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di Rbu g MRt
£ PR R G G Dt W Rch
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base), Mlmmum Essential Medlum Eagle (MEM-E-with Earle s salt base),
Minimum Essential Medium Eagle (MEM-H-with Hank's salt base) and Minimum
30  Essential Medium Eagle (MEM-NAA with non-essential amino acids), and the like,
A preferred medium for culturing LSCs is DMEM. |

Any medium capable of supporting LSCs in vitro may be used to

_.

culture the LSCs, Media formulations that can support the growth of LSCs include,
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30 Essential Medium Eagle (MEM NAA with non-essenti al
amno acids), and the like. A preferred nediumfor
culturing LSCs is DVMEM Any medi um capabl e of
supporting LSCs in vitro may be used to culture the
LSCs. Media formul ations that can support the growth
of LSCs include, 14 but are not limted to,
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pre in and streptomycin. The concentration of
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abo U1t :?eg Qo %Qﬂl&ﬁm{aﬁﬁ st%*omyg H eTﬁe&!&ﬁ@eﬂMt%'o@ Ben%llm in the

str ep“{l omyc lum1s abo
2 o utult@@ Grediumi is aboEb 1 4 towbavg2§0gwitsipdr onh, Thegwgeegtration of

| NCUBBLER e it HRAHTRS: B 6 b5 qhggr atus for

a peri e ce I's reac confluency,
bef ore Followmg lsolatlon, LSCs are incubated in culture medium in a

culture apparatus for a peried of time, or until the cells reach confluency, before
passing the cells to another culture apparatus, Following the initial plating, the cells
30  can be maintained in culture for a period of about 6 days to yield the Passage 0 (P0)
population. The cells can be passaged for an indefinite number of times, each
passage comprising culturing the cells for about 6-7 days, during which the cell

doubling times can range between 3-5 days. The culturing apparatus can be of any
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passing the cells to another culture apparatus.
Following the initial plating, the cells 30 can be
mai ntained in culture for a period of about 6 days to
yield the Passage 0 (PO) population. The cells can be
passaged for an indefinite nunber of tinmes, each
passage conprising culturing the cells for about 6-7
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cul ture flask,scarsh & diMied B s8baaIrcel medilih Y6: RARRSRInkSor
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cryogpreserved in str [, cell dj.u ont ai ni 109
VBGOSR G4 BET RIS 81 Clbe et pRacin s sh erih ey mnd,
t havwgglvdas ugu.r 1 ing in a 37C bath, resuspended in fresh
growt h nmedium and grown as usual. 20 Il. Therapy As

enconpassed in the present invention, LSCs are
iypilcaieyapi sol ated froma human. If the cell of the

present 1nvention is tq.be transpl apnted_jinto a.hum
Db ect, 1t 1S parp@pied e Hn, Ris AP LG 8 Pl L eotted
f r omrdnh@hunsea TS thez]l@f the E:s@S inventiop fsay beheankglintahinto a human
aut ol ogous. transpl ant. v.en | ogenei ¢ _transpl ants
o e RS s bieBDs Bt et B s R
Thusproviide fanmtab@fogaspaeiploat. Hévevemsibgttiernransphmts are also

m ni stere al l ogeneic with respect to

LSCs may. Dbe.
e ‘-‘P@E'inﬁ%msﬁ{))f t%ﬁﬁleéer’\){w%'ﬁlgp'c LSC cel | can be isol at ed
from a donor Thuatin msotter ahipédt ef therinventidin,vhechdainigiéred h&Cs may

S anebe%ﬁgg%kfﬁg Wit retspe%t & %1%' I'Q(iJiSIQI}t.' An allogeneic LSC cell can be isolated
from a donor that is a different individual of the same species as the recipient.
Following isolation, the cell is cultured using the methods disclosed herein to

30  produce an allogeneic product. The invention also encompasses an LSC that is
xenogeneic with respect to the recipient,

Another embodiment of present invention encompasses the route of

administering LSCs to the recipient of the transplant. L8Cs can be administered by
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Fol l owi ng isolation, the cell is cultured using the

nmet hods di scl osed herein to 30 produce an al |l ogeneic

- product. The invention al so enconpasses an LSC that is
xenogeneic With respect to the recipient. Another

enbodi ment of present invention enconpasses the route
of ient af t
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dos é'&é‘s‘@ tqthﬁelﬂ@l@@salv%ﬁuir@mr\m it doh peiticdarl casei frsl;e ambenag/ceus

be R dptRdof Qe W@%hf &d 'cUdcﬁ’tibﬂlof fh@ 9&# SJ &F@‘[&trﬁlmlg B &as0

particul ar case. The nunber of use e ends
on tifFausney sfrdmimsrationscandiothsr WlalrlPﬁémpﬁc itqdhemtofslnlhel the art.
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vari abl es known to those of e art. T
abobe 2dmigisigred to B dndivigel Insase detSk@tWGybml 10
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abo
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weight. 25 I11. Host rejection In another enbodi nent
of tIHe gresent i nvention, LSCs are
._Host rejection

In another embodiment of the present invention, LSCs are
administered to the recipient prior to, or contemporaneously with a transplant to
reduce and/or eliminate host rejection of the transplant. While not wishing to be

30  bound to any particular theory, LSCs can be used to condition a recipient's immune
system to the transplant by administering LSCs to the recipient, prior to, or at the
same time as transplantation of the transplant, in an amount effective to reduce,

inhibit or eliminate an immune response against the transplant by the recipient's T
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adm nistered to the recipient prior to, or
contenporaneously with a transplant to reduce and/ or
elimnate host rejection of the transplant. Wile not
wi shing to be 30 bound to any particul ar theory, LSCs
can be used to condition a recipient's imune system
to the transplant by admnistering LSCs to the
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30 The transplant includes a biocompatible lattice or a donor tissue,
organ or cell, to be transplanted. An example of a transplant may include, but is not

limited to stem cells, skin cells or tissue, bone marrow, neural stem cells, and solid

organs such as heart, pancreas, kidney, lung and liver,
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rejection of the transplant. Wthout wi shing to be
bound to any particular theory, the LSCs that are
adm nistered to the recipient of the transpl ant
inhibit the activation and proliferation of the
recipient's T cells. 30 The transplant includes a

bi oconpatible lattice or a donor tissue, organ or
cell, to be transplanted. An exanple of a transplant
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_can be used to suppress an immune response in a human, However, it is preferable

to use human LSCs in the present invention,
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embodiment, the donor marrow is first exposed to recipient tissue or cells and then

treated with LSCs. Although not wishing to be bound to any particular theory, it is

20



reduced, inhibited or elimnated by preconditioning
the donor marrow by using the pretreatnent nethods

di scl osed herein in order to reduce the imunogenicity
of the graft against the recipient. As described

el sewhere herein, a donor marrow can be 30 pretreated
Wi t m any sourc referabl wi th recipi ent
LSCs ek ﬁcat'iﬂF@ WE%FW%O *‘FFe PR far@weﬁﬂtd\ssw&cells
donofundiih feustivand the Thellsrie tedbson inarrb®. TreRtrRhedigtionor

enmbodi nent rro s first exposed to .
© oo B i e S CD PRl b e iraets of posirBremimtioeT
Al t helgi sﬁmbqu‘ﬁht&hngbglctsﬁmbﬁtl@pthﬂﬁbjﬁ RdIME, Rdbitnglel ar

eor it he initial confact of
41 ﬁw&} %WZ eﬁt ‘Pi‘EFCL?Ya‘h? 5%05@%0%?" thg raepient.
function to datah \emb@jlmhﬁ offthe prlebeat 1InVent|E1€, a(ﬂ@ﬁﬁp[anﬂigélbﬁw
Tr eat marro e LLSCs in S
o B 0 AT L Ross aBesh 8y P bietY adimig et rSCs to
cel Itbe iccipisntas ﬁddw@nmhibhtor gmﬁme Bt beveilitR tie@ddf fibMekeaddft versus

dyci hi bi t t d
0t dert Bty s S Bap Bohet ?céi?% iiresiyee or
1N atiméreqgi fmeindus bést tisaaspr esent i nventi on,

transpl ant recipient su f f.rom t versus h

di sease nay E[B tlﬁ? nlaoganegyoti@ewﬁqng?lé Pfeﬁeéaq_ e r?%p’e'ltﬁggés

r ecimdydrtobtained fohacle, redipibit piibr to fheedahsﬁlaﬁﬁtl@h dnldenay &V etoietly

there from t_versus e. wher e

L soungr ol RepBEle i Trectis Lobt BeRmoE S butite

or tiBtine anwhgrangegraft edréus et saastxdno%bwelww,aamcusieﬂ elsbivitere
rrb [ f.er abl

B oSt E e aa Sork e Bk soiCE 5reR e e s Fptppor

pri che tramsjilimg rﬁcrpmnscp'laamlmmmnaaﬂmbdrmyrcéa@ diffepene chdividudl cor

expg ture to provide a reserve of LSCs in

suf f ch%gnl&a&%nt s for treating an ongoing graft

versus host reaction. However, as discussed el sewhere

15 Rer ghRnaleSSPus¥L g Obtained fromany source, for
exanpl—e—gr%nrﬁre%—ﬁ' ) ue donor, the transpl ant
A0eci pi ent or Basedotplor theidiselosime kedrein, étds eovisianed that the LSCs of
diff I .
Adv éﬁetr lggsrent 1ﬁélgh%%n?c%ﬁ‘l)i%&g mscgﬁ‘éh&éa @)lt];x gl%?e%EI%B%ﬁs 1‘ example
her éhenuse pfi Inlnslnempls$smq dobstthrsapyt ﬂqethﬁ scagmerft of hdserejseigmdnt
' nv ‘?Elstd ?5‘1‘ 8l OEE 2S84 HYsGihd g”% 'a&’sﬂnéé%et qu%é £.88¢

or exanple the Use of imuno ressive drug
t hercayyynctlfa@mth h@nwnoe@uarﬁeme dypgs hrotsanspl@}t@@m ipHhat by usmgéhe
go n %etﬂo‘d? §H§ ]9 Eseflf lﬁve'htlé/rﬁﬁ %Hﬁl 1&8@ fhe %v%ﬁﬁf%? the%mune response
advant age of 'usl ng conj unctio
i mmmQ‘@qéplﬁ@mlwmdhvg@umrpfﬂmmwyryﬁmrﬁsaw dmg ihsrapsh@ﬁpd by
usi RQ4/bNGe BubRl R AGniRkudlE oﬂ%ﬁﬁ%upbr@ééﬁr@%%%&&by can be

anellorate the Severity of the immune res

t r anedyredatA hesefitef éthwma theusieh WUI'@fuPPWd%lEEdeé@le the
dr ugtRefoABY &8 mmune suppression and unwanted side effects associated

30  with immunosuppressive drug therapy.

It is also contemplated that the cells of the present invention may be
administered into a recipient as a “one-time” therapy for the treatment of host

rejection of donor tissue or graft versus host disease. A one-time administration of
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and/or the frequency of admnistration of
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used as a gene therapy vehicle for the expression of an exogenous gene ina

mammal. The benefit of using LSCs as a vehicle for gene therapy over the
30  presently used cells is based on the novel discovery that LSCs can survive for
longer periods of time when compared with cells presently used in the art for gene

therapy applications.
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other tag proteins (e.g., LacZ, FLAG-tag, Myc, Hiss, and the like).

Tracking the migration and assimilation of an LSC of the present

30  invention is not limited to the use of a detectable molecule expressed by a vector or

virus. The migration and assimilation of a cell can also be assessed using a series

of probes that facilitate localization of transplanted LSCs within a mammal.
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gl ut @?&gﬁ% n(ce-’P ng}fr)ﬁeﬁﬂ% 3‘? Qﬁkephzh% valsjgp%s#m VIPTg\ucagon

neur
do pabminiman,trdm};b)amkm(ﬂm}g sDBHpst@NW}m@ﬁD,ge@s'elated peptide,
trypt dqpe rl(ehydr oxyl ase, ChAT, and histidine

deca?"boxy ase. CGenes that encode
The cells of the present invention can also be modified to express a

cytokine. The cytokine is preferably, but not exclusively selected from the group
consisting of IL-12, TNFo, IFNe, IFN, IFNy, IL-7, IL-2, IL-6, IL-15, IL-21, and
11L-23.
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various neuropeptides which may prove useful in the
treatment of CNS disorders, include substance-P,

neur opepti de-Y, enkephalin, vasopressin, VIP,

gl ucagon, bonbesin, chol ecystokinin (CCK),
somatostatin, calcitonin gene-related peptide, and
the like. 30 The cells of the present invention can

al so be nodi fAceerding 1ethp presest venlion, grerenstrpple whizh sxmpise
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ef f ead/on tp intieduce A@RRE PSP exXPIRSHYY i H@lapeltlgéﬁ?ect élb‘b%@f‘%"d&i?'
5 tm@m%ﬂyﬁaﬁlon LSCs fromthe individual to be

treated or from another individual, ,or from

non- human anilfail caspidy) Whish 3 @At oRsguptyis fé‘?“ts@i‘té%l '“Ecba cell, the

ToePleeRIckosteleRE L 'oEé?‘a%Qf?Hﬁced md%mo@ SequBticeORuEiRdT0 ABREe
whose exp reSS|on as therapeutic effect in th
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gengsmaatahdis bolyRledianakigedled into a cell the 10
heterologousdﬂgne i's op erablé nked re ul at or
rabb
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I N tAL it Rbés theddaing @&&sﬁoatf&rameemgemﬁ@semmpmmy ln){ked to

i nclude ,a pronoter an | atjon al
lgsenésemfeﬂwém Seaysess évcgtslil 9" isdrangiecisdipeg Sg?. ol
\é ec ttHHciodinh 8dquéiee Wd%exbﬁ@seg lBjdthle @elB Gﬂiﬂd edStﬁﬁg Jequienee is ope1 ably
et er ol ogous p ei n opera i nked ess
r egdirkedgp Wgﬁ%{?&i‘i}é glem %'Pf’c?sﬁ %ﬁ‘é‘ﬁesf‘ﬂ'é 065%%58?“"?% inthe
tbr ansfiigathe dudldbhﬂ)e def@encethht, en;ddbﬁhgpdiahgn@éﬂmﬁme gaiolnlic
e e ress The co equence.i s
oper fym iB&@d”Pﬁéawkaﬂ?%PbﬁyggﬁgﬁﬂﬁP@SW@@E&@%V&
foor expressi o;hecgénetdaastrustemmmme mbldiohee seqadnbsencdding the
nucl eot uenc code tel,n _may be
DA RERP e iAoty LR E e SRR Y el Fina
t he rp@@;éntﬁlf thaElTlHNA fmﬁaﬁnﬁ c@d@laexhlcamlwmm ﬁlﬁﬂloﬂﬂng egiemel
constr.uc cl udes the. n
© he matulsr oy et Rl B P Rish (e FRALERGS ATEAAL el
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Fonchs Bt atf Berugnafinfith S RuRg T PRofE fiple g e
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erira
sequences which are useful to promote integration may also be included in the

DNA molecule. Alternatively, RNA may be introduced into the cell.

30 The regulatory elements for gene expression include: a promoter, an
initiation codon, a stop codon, and a polyadenylation signal. It is preferred that
these elements be operable in the cells of the present invention. Moreover, it is

preferred that these elements be operably linked to the nucleotide sequence that

25



25 the formof a plasmd. Alternatively, |linear DNA
which can integrate into the chronosone nay be
introduced into the cell. Wen introducing DNA into
the cell, reagents which pronote DNA integration into
chronosones may be added. DNA sequences which are
useful to pronote integration nmay also be included in
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Pi ef Bh#iRdo 1i588-sgeBi8S BrofloRBE 4. prodfoterd HRGhrcAARIN sbile tidfiBes but
cells. Simlarly, 5 pronoters and pol yadenyl ati on
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suchseq@hcdsh enmﬁ&@ BRE&IcOVArs toviBsiBldlembSHABHPHAED er s
and retraoviral noters. Ot her exanples of pronoters

b%efﬂW“PBNBP%$?W@ ‘the present invention include but
are not 10 | i mhd@Ms $f0hd fréssmten @il chh Be noREtRIising velle.

pronpters that functi one tjssues b

b1 heRennychnates Dt vpdacito Bnavig it ik A g
the gahtesniididuchy ma}Wetilli’thdhceﬁ nes thfe Icﬂ]s(nsmg smetaal methods where
enhancer se%uen n so

nts ronot ers
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gl | SandfebiBd bycawlmmpmtsplmrpmq;aauonsaqsfmomsmm&eamer
Sequencﬁs areg c:Lc)rr Sort to ni r01 glo Z S m cp dg’hlse %emlcai-
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t r aniifeadividing geliad Stawcthidedngibliotic msisthree saectipeischmijunsean be used

vir a{%I e% tang aeé&?ts iSfeuted E‘ell?gr K tl%pprﬂlgddfmdﬁﬁsZDNA is introduced

reco novirus vec are us .
30 directly into cells by microinjection. Similarly, well-known electroporation or

particle bombardment techniques can be used to introduce foreign DNA into the
cells. A second gene is usually co-transfected or linked to the therapeutic gene.

The second gene is frequently a selectable antibiotic-resistance gene. Transfected
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i ntroduce DNA with desired sequences into the cell. In
sone enbodi nents, 25 reconbi nant retrovirus vectors
are used to introduce DNA with desired sequences into
the cells. In sonme enbodi nents, standard CaPO4, DEAF
dextran or lipid carrier nediated transfection
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oxpr oss. bot h P PIRRIiHE BeTPCCHENT dNSE s Ra L s ProcFidy

t he inehiigd Sodere tidyact ihas eaya limitatioa of thateatititks otidisdlasu of
nunber of wa i var i ous nodifications and

.and t
per ﬁﬁetﬁ?slefﬁﬂg%%?ﬁ&sé%}ﬂo %t"%re well known in the art.

It may al so be appreciated that any theories set
orth as to nodes of acti o iJat eracti ons between
{,5ell types shoul d not be EXAMPLES ' as liniting this
invention in any manner, but are presented such that
the _ 10 nethpods of. .hefiane tion~can be nore fully
unde# e e A &S Turther illustrate

asp&’(rdicmcﬁxﬁn'd:fﬂigc_@r esent invention. However, they are
'nho vay a 'A@lttc%éa{v‘é’lﬁ‘c Rnah ek ﬁa}%glrf@ge%hé’&m%'d%%@&ﬁr €

of the present invention as se erein. _
EXANRIOESandBhe2p nerelusedCiThe fedr evab pafusohvioporial veir angthepstiol

Cells, Pr. | . . j L ¥elS
Fr o ePrPa A Shint B 81 biRRSRNES A6, DHBR e 4
wer eCheaixd| Cdriymnl,i St.drouisgdOp for B sibuites iab345Gr The cellewvere thed
hepatic, arter LIh, EGTA-cont ai.ni ng. buffer fo
i e el 1SS 007 P SEn FePdoP e v hactrated
Conmmaa, 508k g widUIGBE d)prdcedsorIGanbiolBEE Laitewddd; COsing 2-
cells were n sed. thro 0, d 150
£ 1 isond e and ¢ oLt SRl R < uPn0
g Wi drilia6RBxehiclPPAIrLS SBto, NGaval). dCeBCWere fmkevio otkliuGO)
us! nc%nt%ining 80% Hypothermosol (Bio Life Solutions Inc, Binghamton, NY), 10%
human AB serum and 10% dimethylsulfoxide (Sigma) for storage in liquid
nitrogen.
30 For culturing, the cyropreserved liver stromal cells were thawed and
counted. The cultures were seeded at about 1,62 X 10° cells/cm? in complete
medium (DMEM low glucose containing 4 mM L-glutamine, 10% FBS, and 1%

Pennicillin/Streptomycin). The LSCs were cultured and used in experiments
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25 step (9% and 17% Hu027 and Hu029 cells) or 12.5%
(HO107 cells) OptiPrep gradients (Axis-Shield PoC AS,
Gsl o, Norway). Cells were frozen in nedium containing
80% Hypot her nosol (Bio Life Solutions Inc, Binghanton,
NY), 10% human AB serum and 10% di net hyl sul f oxi de
(Sigma) for storage in liquid nitrogen. 30 For
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29 Differentiation assay for liver derived stromal
cells: Differentiation assays were perforned on human
BMSCs and human LSCs. The assays tested the
adi pogeni ¢ and/ or osteogenic differentiation potenti al
of the cells. 5 Adipogenic assays: Cells were plated
at 2 x 105 ceIIs/vveII in grovvth medi um At

iferpotigtion @ eg: dg sironted el on was per f or med
in thr ee c cl
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erentiation we
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erenti ati on assays are epl cted

Tabl dexametiBspnsndte-ghatrephpmrh o gl aseorimpanid- @'ﬁ’h‘ﬁpkat@h Ma‘:dla for
Res ul%ﬁlfco“ﬂal alﬁﬁ’ﬁﬁﬁreﬁ@aﬁéh balls RWYBURinget e@&‘?@f‘fﬁ:ia%) s fbr fh?ére weeks.

ormat 1 on tron&é‘% Positive trong%/ ositive
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E@S' éété’o%eﬁ'@ gﬁfcisﬂt@aﬂfﬂ@vﬂ?ﬁlbé@,ﬁ}ed byolssdidin Mﬁ@gﬁosé\mtase activity

dence of Lipid Vacuole Negative gative ormati on
25 | andwgige vpsessrdein oA MimskAbAePo8ifSt f er enti ated into fat
cel I's (adi pocyfe&esults sithe AEBRntRALOAS gﬁgre‘a@ﬂnbt&l in Table 2.
(osteobl asts) whereas LSCs did not fferentiate into
ei t hE#l9 ¥ neage.

Stromal Cells Adipogenic Results Alk Phos Results | Von Kossa Resulis
BMSCs (+ control) | * for lipid formation Strongly Positive Strongly Positive
LSC #1 (HV-027) No Evidence of Lipid Yacuole Weakly Positive Negative
formation
LSC #2 (HV-029) |No Evidence of Lipid Vacuole Negative Negative
formation
25 It was observed that BMSCs differentiated into fat cells (adipocytes)

and bone producing cells (osteoblasts) whereas LSCs did not differentiate into

gither lineage.
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30 Exanple 2: ImunogenicitY of Liver Stromal Cells
The experinments presented herein denonstrated that
LSCs expressed novel immunol ogical characteristics in
vitro. For exanple, LSCs were found to be
non-i nmunogeni ¢ when m xed wth allogeneic T cells, as
It was observed that 5 LSCs V\,hen cont acted wth
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ass Il, and NK cells (CD56) to | abel non-T cells for
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St i mdrasuspendesl ih sulivee medium: Iscove’s Modified Dulbecco’s Medium

(IMDM) supplemented with sodium pyruvate, non-essential amino acids, 2-
mercaptoethanol, antibiotic/antimycotic, and 5% human AB serum (all supplements
were obtained from Gibco, Carlsbad, CA except human AB serum which was

30 obtained from PelFreez, Brown Deer, WI). T cells were seeded into microfiter
wells (2 x 10°/well) in 96-well low evaporation flat-bottom plates (BD Falcon,
Franklin Lakes, NJ} with allogeneic stimulator cells. Stimulator cells were

irradiated with 5000 rads gamma irradiation using a cesium source (Isomedix
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irradiated with 5000 rads gamma irradiation using a
cesium source (Ilsonedi x 31 Gammator B, Parsippany, NY)
prior to being plated at the nunbers necessary for

. the experinment (usually titrated decrenentally froma
hi gh dose of 5 x 104 cells/well). Cultures were set
up in triplicate wells per treatnent. T cel
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di
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a t esith ﬁBtHymtcﬁneb(é pﬁaieaﬁ)don I6riumn aglaheé @Jls whiediervested on day 7
using an automated 96 well cell harvester. The incorporated radioactivity was
30  determined by scintillation counting and the results are reported as counts per
minute (cpm).
In order for a test cell to be deemed immunogenic, three

requirements must be met:

32



requi renents nust be net: 32 1) the test cell nust
induce a T cell proliferative response that is at

| east 750 cpm above the autol ogous response; 2) the
Stinmulation Index (T + test cell cpm/ T + autol ogous
cell cpm nust be greater than or equal to 3.0; and 5
3) there nust be a statistically, significant
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al so added t oLMRvarehddad esont-ovag MILEr assagetotdetrming ehethéniley

|S Iu ﬁgéo% :u]gprll?)sg P@(ﬁ' é\éee? ?eéIAI r@ﬁermp %]zlg r?p #b&?ﬁéﬂ%?& Bigperent

Col | &xmibis @027 (2Ad CID) weﬁl\ﬁ&hatv@(ﬁ@o%smdaddécttp otnehwa:f MLR cultures
%k/sgéo%‘%?'lé’\égﬁ‘% f%H %rceMs %P%LJ cbll#%rraélﬁtpa :ﬂp)lgaﬁﬁcsPBl@@éj
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(stimulator cells). Punﬁcatlon of T cells and culture conditions for the MLR are

described elsewhere herein. Fibroblasts derived from connective tissue, fetal tissue,
lung, skin and spleen, were also added to MLR cultures to determine their relative
suppression properties. All of these primary cell lines were purchased from

30  American Type Culture Collection (ATCC). BMSCs were tested for their
suppressive property as well. LSCs, fibroblasts, and BMSCs, respectively, were
added to MLR cultures between different combination of T cells and PBMCs at a

dose of 30,000 cells/well. Results are shown as percent suppression of the base
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added to MR cul tures between different conbination of
T cells and PBMCs at a dose of 30,000 cells/well.
Results are shown as percent suppression of the base
33 MR response to which no fibroblasts/stromal cells
wer e added. Each bar represents the nean suppressi on

of four different MLR cultures by each cell type
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in engrafiment of cells, tissues, or organs. Although immune tolerance may be
30  induced under these conditions, it is not required for the successful use of LSCs for
the reduction and/or elimination of an immune response of effector cells against an

alloantigen in a transplant recipient. It is preferred that there is a long-term
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alloantigen in a transplant recipient. It is preferred
that there is a long-term 34 engraftnent of a
sufficient nunber of LSCs at the desired site, wherein
the LSCs maintain their suppressive phenotype. The
materials and nethods used in the experinents
presented in this Exanple are now descri be
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alone. Cultures are fed every other day by replacing 50% of the medium with fresh
complete growth medium. Cells are passaged by trypsinization with 0.05%
Trypsin-EDTA in PBS for 2-3 minutes followed by addition of soybean trypsin

30  inhibitor to inactivate the trypsin, The cells are pelleted at 1200 rpm for 5 minutes
at room temperature, resuspended in growth medium, and plated at 1.0-1.25 x 10°
cells/ cm? on coated flasks. Cells are cryopreserved in 10% DMSO + 90%

complete growth medium.
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cells/ cn2 on coated flasks. Cells are cryopreserved
in 10% DMSO + 90% conplete growth nmedium 35 Hunman
MLR Assays: The immunogenicity of stemcells can be
eval uated by m xed [|ynphocyte reaction (MLR) using T
cells as responding cells and all ogeneic PBMCs, NSCs,
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to at least 10 pg (~1 cell equivalent) in 2 ng of mixed species sample DNA.
Genomic DNA is isolated from snap-frozen rat livers using the Puregene DNA

30  Isolation kit (Gentra Systems). Human DNA is quantitated by comparison with an
Alu-specific DNA standard curve generated from populations of rat cells spiked (in
10-fold increments) with known numbers of human cells.

Co-transplantation of LSCs with NSCs:
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Al u-specific DNA standard curve generated from

popul ations of rat cells spiked (in 10-fold
increnents) with known nunbers of human cells.
Co-transplantation of LSCs with NSCs: 36 NSCs were
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stimulated a significant amount of T cell proliferation even at the highest cell dose
30  (P<0.05, Student’s t test). These results demonstrate that allogeneic NSCs are
recognized by T cells and induce a functional immune response.
The ability of LSCs to protect NSCs from rejection in vivo can be

examined using a xenogeneic mode! or an allogeneic model. Although the clinical
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30 (P<0.05, Student's t test). These results
denonstrate that all ogeneic NSCs are recognized by T
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are titrated into the MLRs at a high dose of 5 x 10* cells/well and 2-fold
decremental doses down to 3,125 cells/well. Culture conditions for the rat MLR are

30  asdescribed elsewhere herein. Suppression is determined by comparing the control
MLR {no LSCs) to MLRs containing fibroblasts or LSCs. Statistical evaluation are
performed using the Student’s t test.

Determine survival of transplanted NSCs
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30 Cervical and mesenteric lymph nodes (LNs) are removed from the
two groups of 5 rats each (human NSCs + rat fibroblasts vs human NSCs + rat
LSCs) which are sacrificed at the final time point, one month after injection. The

LNs from the rats are dissociated into a single-cell suspension and used as
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present invention w thout departing fromthe spirit or
scope of the invention. Thus, it is intended that the
present invention cover the nodifications and

variations of the present invention provided they

come within the scope of the appended clains and 30
their equivalents. 40 CLAIMS Wat is clained: 1. A

nmet hod of treating a transgiAamsreci pient to reduce in
sai d recipient an inmune response of effector cells
é&ﬁwﬁ§ﬁmﬁﬁxglloantigen to the effector cells, the

nmet hod conprising; admnistering to a transpl ant
recipient liver stromal cells in an anount effective
to reduce dnAimstherbofitesatioms bausplast feeipict togeducs imgpad regipient
an .al l oanti [fec I j
PR r B SRS oe ! MERE b Ry e B it ne
| BB coBmixipse agai nst the al |l oantigen. 2. The met hod
of claim1l, wherein said effector, cells are T Fells.

3. The net RIEVEEELP § tans .rwer&iﬁvar sroma| gells 1y gn amount
f &0 fe BQBQIce AR il redddne@bt dfteiar Eﬁls\fzﬁﬂﬁé’c%ﬁ laHoantigen to the
recipient. 4. The nethod of claim 2, erein said T

ceffactor gelds, berabys i the rarsplentiseipieahle efiecten ceBabave gapduced
f, o : of claim2, wherein said T
cléﬁpr%r%ggsg)%ggreeagglﬁ%t-gﬁﬁalgﬁhﬁg&ghspI ant. 6. The nethod of

claim1, wherein the transplant is bone marrow. 7. The

nmet hod of im1 rein.the t.ran t i

henat opoi et -@h%{“s}%‘ﬁ@gflﬂ? LgViera S?‘}é?ﬁ%’gmocfeﬁ%?rgir‘rn%ell,s'
wherein the transplant is neural stemcells. 41 9.
The net hod of  claim,1 riqr. to

wher ei n sai
R e o slohe oot F slAh Pakierbia s B TisalS i Sham & dongrand the

CAldasitioctidd Botis¥@regpit@ral cells have been expanded in
curtaurge. 10(.J Tshe r?re 1hod of claim1, wherein said

effector cells are T cells froma donor previously

acti vated by Tﬁg @Bl P Qlaﬁ?h,dwﬂérgiﬁ Iski§ TWefiDar Aol éaicpfeci%ient
thé reciprent p t n

tissue from [ rior to transplantation i
osirdiethe hldpaatgdniafremsadodoil cel |l s, and further wherein
said i mmune response is the reactivation of said T
cells.

5. The method of claim 2, wherein said T cells are present in a

transplant.
6. The method of claim 1, wherein the transplant is bone marrow.

7. The method of claim 1, wherein the transplant is hematopoietic stem

cells.

8. The method of claim 1, wherein the transplant is neural stem cells.
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11. The nmethod of claim1l, wherein the liver stronal
cells are admnistered to the transplant recipient to
treat rejection of the transplant by the recipient.
12. The nmethod of claim1l, wherein the liver stroma
cells are human liver stromal cells. 13. The net hod
of claim1, further conprising admnistering to the
reci pi ent anThdHeMHosYPEILRS $) lMi%:rélﬂ 8Abr to 4id adienisBidad a
of claim1, wherein the transplant is a solid or gan.
1ansiinet TReipigeidiveT steamal gellsqsaigh Eveé sompleciphavg bstrgawatldgfd in
sﬁhﬁgted fromthe group consisting of heart,

pancreéas, kidney, lung and liver. 16. The met hod of
claim1, wherein said liver stromal cells are

Cranep ant 0r e AEoh SEBTb B id SRk ey g gl roma

| dorRF pietioQsR hctﬁlafbmb@&bht&ctﬂfg&aldaﬂéﬂllﬁ gdher @il ok @ tisdie from the
reci pient concurrently wth said trans

nt
m@pmmt@tra@pmﬁlw in QAR ATHIvals sgid) QFZ]F ad ffmﬂr wherein
1% e%@ﬂger]k fle@tRAvARNRRLLId Tlcelifie transplant. 19.

e net f claim1l, wherein the Iiver stromal cells
are adntnlstered to the recipient subsequent to the
tr anspl ant altll '?He 1%&1155 Sf élQi%pﬁQJ{h%Fétin The%’gf:'s-[tl?]ﬁlafrgélﬂ%ge of

claim1, wher PVer stronal cells are
aslmlnis&t &lrte thel trmts}ﬂmmempthm td tredt hgjectioniof theritansyitdnt b¥ e
met hod of claim1l1l, wherein said effector cells are
CBFIPENHf a4  recipient of said donor transplant. 22
The nmethod of claiml, mherein said l'iver strowm
cells are %enetlcally nodi f 23. A netho?
treating a ! Ghesprtiad of daimpl é’t‘herﬁtl%thf*é‘d&’b"‘ém s%ttsaw human
r i mmune response of effector cells against
aﬁ&%I?ggnf?gen to the effector <cells, the nethod
conpri si ng: transplantlng to a transplant reci pient a
transpl ant re ver
amount ef f elét - ?tgocrlég%lgtén g_, r{uEtlle§E51ﬁmné%§dn 1§itste n@'tb the
efebiptdn®iin ﬁlﬁhﬁ:&)summmagﬁm al l oantigen to the ef fector
cell's, whereby in the transplant recipient the
effector cells have a reduced i mmune response agai nst

the al | oantjsgeRe méthod bh&laiet Wﬂﬁl@xﬁtlﬁ'tﬁh@ltﬁﬁ isvheitigioRean,
said effector cells are T cel

15. The method of claim 14 wherein the solid organ is selected from the

group consisting of heart, pancreas, kidney, lung and liver.

16. The method of claim 1, wherein said liver stromal cells are

administered to the recipient prior to said transplant.

17. The method of claim 1, wherein said liver stromal stem cells are

administered to the recipient concurrently with said transplant.
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25. A nethod of reducing an i mmune response of
effector cells against allogeneic cells, the nmethod
conprising treating the effector cells with Iiver
stromal cells. 26. The method of claim 25 wherein
said effector cells are T cells. 43

18. The method of claim 17, wherein said liver stromal cells are

administered as part of the transplant.

19. The method of claim 1, wherein the liver stromal cells are

administered to the recipient subsequent to the transplantation of the transplant.

20. The method of claim 1, wherein said liver stromal cells are

administered intravenously to the recipient.

21. The method of claim 1, wherein said effector cells are cells of a

recipient of said donor transplant.

22. The method of claim 1, wherein said liver stromal celis are

genetically modified.

23. A method for treating a transplant recipient to reduce in said
recipient an immune response of effector cells against an alloantigen to the effector
cells, the method comprising:

transplanting to a transplant recipient a transplant treated with liver.
stromal cells in an amount effective to reduce an immune response of effector cells
against an alloantigen to the effector cells, whereby in the transplant recipient the

effector cells have a reduced immune response against the alloantigen.

24. The method of claim 23 wherein said effector cells are T cells.

25. A method of reducing an immune response of effector cells against
allogeneic cells, the method comprising treating the effector cells with liver stromal

cells.

26. The method of claim 25 wherein said effector cells are T cells.
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