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USI NG CELLULAR ASI ALODETERM NANTS 10 AND GLYCOCONJUGATES FOR TARGETI NG
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Provi sional Patent. Application No. 60/364,498, filed March 15, 2002, the
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FI ELD OF THE | NVENTI ON The present invention is in the field of clinical
medi ci nvoapsdodsbeer apy. The invention relates to net h@§3/Uamd®78¥nposi ti ons
for targeting cells to an organ of interest, using sialo- or 20

asi al odeterm nants, particularly neoasial odeterm nants, on cell surfaces
and/ or on free glycoconjugates. BACKGROUND OF THE | NVENTI ON 25 Morel | et

al. determ ned that when a sialyl group of ceruloplasnmn is renoved by
neur am ni dase, this plasnma protein rapidly disappears fromserum They

di scl osed that this phenonenon is due to the uptake by the

asi al pgl ycoprotein (ASGP) receptor present in liver cells J. Biol. Chem,
243: 155 (1968)). Thereafter, it was reported that the ASGP receptor is

pr esentTITLE QF THEIINVENTEON| s (Adv. Enzynol ., 41:99, (1974)). Such specific
upt ake by liver cells has been 30 identified fromthe fact that when

asi al ocerul opl asm n or asi al oorosonmucoid, which is experinentally |abeled
with tritium is injected into the living body, the isotope is selectively
det ect edNmmHm)snANU@W@SIEOM&NG@I@,@AMSL@OBETEmé renoval of
Ci I Cyl AANIHGPY COTIONIUGATESEOR TARGETING CEIdS$ TOABEHKAND ORGANS D seases,
pp. 279-28.5, New York, Stratton Conpany, (1979). In addition, it was al so

di sclosed that this receptor specifically r i . absorbs WO
03/ 105008 Pk crsbaigyeia 81%}’8‘6%‘?‘655}&& o %?5‘?1%%%{%%’?{5%’%5% or

N- acet . g0/ 4o Q8 Mrkdhe 5 3901, lie: chdktyofiahicisis grorperrivdipy fehrmee heRinv/for & ochem
51: 531, (1982)). The cell nenbrane of liver cells conprises a cel

st ruct &% ch conbi nes with asial oglycoprotein termnated with

gal agtose. This cell stricture was first named |iepato-binding 5 protein
(HBP) but is presently called aabgb&ghéﬁﬁggﬁgein (ASGP) receptor. Further,
it has been observed that éﬁ%ﬂ% | yl ated gl ycoproteins, the
desi al yl ated al pha(1)-acid glycoprotein, asialoorosonmucoid, nost rapidly
di sappears fromthe serumafter injectjon,. . .

PP The present invention is in the field o cl?ncical medicine and therapy. The invention

relates to methods and compositions for targeting cells to an organ of interest, using sialo- or
20 asialodeterminants, particularly neoasialodeterminants, on cell surfaces and/or on free

glycoconjugates.

BACKGROUND OF THE INVENTION

25 Morell et al. determined that when a sialyl group of ceruloplasmin is removed by
neuraminidase, this plasma protein rapidly disappears from serum. They disclosed that this
phenomenon is due to the uptake by the asialoglycoprotein (ASGP) receptor present in liver cells
(J. Biol. Chem., 243:155 (1968)). Thereafter, it was reported that the ASGP receptor is present
only in liver cells (ddv. Enzymol., 41:99, (1974)). Such specific uptake by liver cells has been

30 identified from the fact that when asialoceruloplasmin or asialoorosomucoid, which is
experimentally labeled with tritium, is injected into the living body, the isotope is selectively
detected only in liver cells. Scheinberg, I H., et al., Hepatic removal of circulating proteins, in
Davidson C. S., ed. Problems in Liver Diseases, pp. 279-285, New Yok, Stratton Company,
(1979). In addition, it was also disclosed that this receptor specifically recognizes and absorbs



Therefore, it has been determ ned that asial o-al pha(l)-acid glycoprotein is
both specifically and well taken up by liver cells (J. Biol. dienrz.,
245: 4397 (1970)). The ASGP receptor is 10 constituted with a single

pol ypepti de having a nol ecul ar wei ght of about 40,000 and can recognize a
gl ycoprotein having a gal actose residue at the nonreductive term nal
position of the saccharide chain (i.e., asialoglycoprotein). Wile the
physi ol ogpesesdownct i ons of an ASGP receptor are stil|PCHEWBOEBN, it isS
believed that an ASGP receptor participates in the nmetabolism of

gl ycopr glyajpfb%inslh&viﬁgmlgaladt&se‘oﬂ Wacetdctofamir as the tavhivelgugaegiem @ian ASGP i s
observed in case_of hﬁg@&j c diseases such as chronic hepatitis, |iver

Ci rrhosﬂ@’-ﬁﬁd’%ﬁ’éﬁlc( cer. Further, the decrease of the quantity of an
ASGP r ecept Ofpe bQll mEHHRk $ERvet GllAneXRS & ictibsitiatire whith comlfindseptht i ¢ di sor der

i nduced by administration of chemcals. hi view af gpo@aena, it may
be poss kdAlesticepretendgrauiateh B ealactos: g@%ﬁs"glég{"ﬁ el%aﬁ%sglé%%g g?%ﬁ&%giﬁt he

quant ist | RalRD&RIS, $t6ih (S reveptad Foghet, fitdastzen of an ASGP-
2 ¥??e§pq@¥%dﬁ%r&&t@ T DL oL oynd. In fact,

20 |i Ke“substance, i.e., an ASGP receptor-d] r.ﬁl%t%gglg}?gﬁﬁac

asi al ogblsevebhitupanearinusdesitdart SEoRPEme e JeFAYE SYREr agents as a
means of i ' SRS RSiiBe seelimigfRy infetibnbi ol ogi cal
agents ggéﬁg%o%iaggf&?%%%’g{gen up btlhpfeﬁe liver for ttgg‘%%ﬁgaﬁl%i c, and

di agnos Thaeferiphes deen(dstemined gt asialomplpig{ldagid Klyeoproipingis o #¥ 323, and
5, 089, 6041?1 W@%Pﬁédﬁ‘é%&%‘dﬁ ke CLORUIYSLBST @PY0)). ThIRBEP acepiici i@ t I eat ment  t hat
gi‘c

enpl oyswﬁ reagents to effect an | mune-nedjated response.

Cur r eft kynstited tvithd sipgle pelyrieptiv hoinearagicalar weight obghoWi A)MREEYHE ¢ her api es
(1T.T) directed to treal HENLSH5.: MidhR iRHoh@Rciiv iGiinal SBRIBLofaR: | S whi ch
have beé"ﬁo%’r‘zt%@g’g@’am?%gaev?r%%eg?h%{?\%g%ce the | mune cel |l nediated response or
t 0 r ecogailmeide dpRdi.d iasialaglydogetem).or f orei gn substances in the body,

i ncluding capcer cell.s. .The tr CQMMhieetiad: B ¥elefdOVi Ng t he
patient's | %ﬁ%%ﬁﬁjé@glgﬂﬁﬁgﬁ?ﬁ%@?{’%ﬁgﬁggz&gﬁﬁ in vitro t_lo 30 bi ol ogi cs and
drugs t Gnasi ASGH Redphepdrticipatn in themettliobsm of glychproising.| I fachfiedncraats Aut ol ogous

cells are _activated ese ex.vivo activale o hElafiidfRd into the
pat i ekt thedloof fexpi ot aq ‘ﬁ%éfﬁﬁﬁﬁffge%cﬁ%ﬁf%@b%%ﬁﬁ%ﬁﬁgg%/cg%g%fﬂgyst emto treat
vari ous ofbdPard el cRte. Fuithes the detscashi of émsjemfityad poARGRIreeeplfir feases or i mmune
defici ency di seases., Adopti 0l 14 NSt ance,

S ve i mmunpt her api ML
nat ur al oR§ervedin 4nqrpeyineRiplimode] of *‘?Pﬁ?ce or ﬁnﬁuc?@t)ygar% %’eﬂﬁga{ﬁé&g% =2y,
| ynphoki ne- agtievwadt@msd<dhbioniend, ALY besdshiBle andldgnosethepwbe dissades throughi ng 5
| ynphocytes (TILs) and/or_ cytotoxig hocyt es. . -apy
i nvol vedssesraentef (he avagtity gad@plify obR ‘%ﬁdﬁ{fg%’%%{‘i e&“ﬁ‘%%bﬁ% ur %’ﬁ%‘ %ﬁ% ogous
peri phenal o BLARd, il ukasy RSeptor dhicghy corpbamn i @ttj mbglytoctigzateTheLAX cel | s

are then reinfused into the cancer patij en a'tLﬁatHz?oQ& that may al so
IRIENoL her apy usi ng

t. |
i nvol vedednrrovelendli ligied tq atler agepis aHasagS OldPedine Qh‘*md’i&
drugs) and biological agents (antibodies) to be taken up by the liver for therapeutic and

diagnostic purposes (see, e.g., US Patent Nos. 5,346,696, 5,679,323, and 5,089,604).

Adoptive cellular immunotherapy in general is a treatment that employs biological
25 rteagents to effect an immune-mediated response. Currently, most adoptive immunotherapies are
autolymphocyte therapies (ALT) directed to treatments using the patient’s own immune cells
which have been processed to either enhance the immune cell mediated response or to recognize
specific antigens or foreign substances in the body, including cancer cells. The treatments are
accomplished by removing the patient's lymphocytes and exposing these cells in vitro to
30 biologics and drugs to activate the immune function of the cells. Once the autologous cells are

activated, these ex vivo activated cells are reinfused into the patient to enhance the immune



interleukin-2 and interleukin-2 activated | ynphocytes,” Annual Revie v

| mmunol ogy 4: 681-709 10 (1986). TIL therapy invol zes t he generation of EfAK
cell's from mononucl ear cells originally derived fromthe inflammatory
infiltrating cells present in and around solid tunors, obtained from
surgical resection speci mens. Rosenberg, et al., "A new approach to the
adoptive immunotherapy of cancer with tumor-infiltrating |ynphocytes,”

Sci ence ®edzAidd@- 1321 (1986). Many further variati onscoissdopti ve ’

i mmunot her apy have been devel oped in recent years. See, 15 e.g., U S

Pat ent  NoyeGo $0R vARTs folrist Bfcel Ubctibls disadds, atioimibod disass of weiimg and cl ai m ng
a conposition and method of cancer antigen inmmunotherapy, and nmethods in
_refmﬂejre{lﬁeimeuf)shﬂe@ﬁﬁ%d and cited therein. In addition to cancer

i not her a : ont | i FREPRIRE i i i i Ci

ot unet Onp%@ﬁ?ve?%%dﬂsgggie 1128 FastafessnaapilkilkaiNKralsfactivatedef i ci ency or

; S . ociated with several dis _ P
O a7 (22

V2V hepatit i ) . . A
P TR thisrapy @R 1lveSihgin, I, R
J., %ﬁ "Sm@?‘? e?r\ékétyﬁaﬁﬂ%ogﬁ %d);%%vi ew' Eggrri n_(:fs igl:wn&p::glgggy 14: 1
\(M_ 1?ﬁ7) ngedeﬁgbﬁcﬁameﬂebmtemalaﬂabws perivherel blood lepknsites BhieBat i ent s i nf ect ed
: I ) BfciDpafidrnia ! and
Al DS-Asg%flﬁ‘iaE‘ais °#\H‘%ﬁgg§3@pe¥sﬁtﬁ%ﬁq§gf&%ﬂ&%r%gches Fig gg{lh(r:ler Tr eat nent :
53;3 (irrggz Iﬂﬁtl igﬁgy?}ﬂsomvowei fnfueioh of [R5, Eakctbors, ctib.CEamenimumotheipy usithapt er 9, pages
- 204, ) . A stern.cell. is.a ial ki nel of, . ni
capaci t ygriguiag and ?‘teggﬁqnczaa}‘f vaf%l |@§%&rs i é’é}b{ag spegfg’%’%uggﬁg%éﬁglqa? 3p22 I e
/C%IO tmf;l Oﬁl fmd gzt@)s tTIIQﬁléﬂaﬁj{[ iafolich the hasitionisi AXscehiefont moeinhdeap ecllg Riigivallg| | s, are
itted to conduct a specific function. a [ : '
remai ns detiied SRmeRIpTHRHYY mﬁn‘?@ccgll?s\})éesseﬂgmsaingaﬁg I{Htsgﬁ%*él\gllg ’o%%‘%{r%?g] ;t ed and
speci al igpgtnofbl resebtibn k53 Bens RBdrbak,| esalf, f‘@mv@@pemﬂtytltmdmﬁv@nbr yos were

first isolated and grown_in culfure. 1t is gni
cel | s armmupqiigepyof f@ﬁfﬁé‘fﬁlﬂbt"wfﬂﬁé-éf&‘?ﬁg&}jnpﬁ%g&? ggzg,ifye é%%ﬁg'%széte(% | itegmcel l's

SLO\t/\Ee . Oli&’a%gvﬁu&e %}hv'éﬁe %po?% cF]ftaEim}Bﬁal {‘re'Sjt imnfih6tiers S hhe bpemiedltped im ra@ul yems.afeso have been
0_dgen me
ar T ayl k.2t Us S RaismeNe] 60PgaRsissued e £ 3o RS 156 S0 anfiSlalnfnd £7 apg;gfgas

“and the per Lelor Th i i bl
F S %\-ﬁiycﬁ of JAALES anifoBi SnnEinBB&a®f andehetioddin mefererstsatiscedd hol ds t he
prom se g‘? %\%d% /105908 PCT/ USO3/ 07934 being able to repair or replace

cel | s onnd ¢ied hewint hat are danmaged or destroyed by many devastating

di seases and.di it i i . .
targeting sthe’%h‘?gﬂ%C‘Itldgﬁ%ﬁlglrnﬁoiﬂigﬁafm’gmvmmth&@ﬁw gplicasorstiort her api es by

‘ _ I'ar organs of the body. In the prior art,
| ymphoc yiefserayor d‘y_sfm_mhele?ﬂ'fsceg%”ﬁ@c&teﬂV“thWé‘a%@?ﬁeb@g%‘?%@ﬁs’t‘#“?ﬁ%pdesi red 5
Or gans, SLANET kbR S bubiUsGelpBinks (RBYEV Y, AMV), Ripdsiis®iugaad L he | ocal

ci rcufation.” -However; ocal 1 zation of normal bone marrow stemcells and

| ynphoc \tapiflorhayirhd Sek, iege Spikgeh Rip&&[The alpha interferons: Clinical overview”, .S%mmars n

Oncology 14:1 (1987). ALT is also being evaluated in the treatment of patients infected with

HIV. O. Martinez-Maza, "HIV-Induced Immune Dysfunction and AJDS-Associated
Neoplasms," in Biological Approaches to Cancer Treatment: Biomodulation, M. Mitchell,
25 Editor, McGraw-Hill, Inc., Chapter 9, pages 181-204 (1993).

A stem cell is a special kind of cell that has a unique capacity to renew itself and to give
rise to specialized cell types. Although most cells of the body such as heart cells or skin cells,
are committed to conduct a specific function, a stem cell is uncommitted and remains
uncommitted until it receives a signal to develop into a specialized cell. In 1998, stem cells from

30 early human embryos were first isolated and grown in culture. It is recognized that these stem
oells are, indeed, capable of becoming almost all of the speciatized cells of the body. Inrecent
years, stem cells present in adults also have been shown to have the potential to generate
replacement cells for a broad array of tissues and organs, such as the heart, the liver, the

pancreas, and the nervous systen. Thus, this class of aduli human stem cell holds the promise of



denonstrated upon injection of such cells into mce. Sam owski et al.,

| mmunol . 88:309-322 (1984); Sam owski et al., Proc. Natl. Acad. Sci.

82: 2508-2512 (1985). It is also known that a |arge proportion of cells

i nfused into manunal s adhere to the lung 10 endothelium independent of
cell type or physiol ogical honing properties. It has been observed that
stein cells accunulate in the lungs when they are adm nistered. Morrison et
al ., Natwoesnid¥e@i ci ne 2:1281-1282 (1996); Martino et aCT/US@WrI34J. | nmunol
23:1023-1028 (1993); Pereira et al., Proc. Natl. Acad. Sci. USA

92: 4857 1,436 18 Fephir oﬁgﬂac@@éﬂsﬁf tisShes fhatGat danagédss desﬁo;@i gmsny dev6@iNY - 20

(2001). 15 Orosonucoi d, asial oiﬂq{los %tql?and g‘gfa act Q. %sck - orosomucoi d

have bediscastsandisabilitionHt is pughlya S‘Fﬂ%g‘%-l LRI Fh 2 EE U Fer oxi de ani on -

gener at h%waqg%asgy@gﬁlbg activati on. Cost eI lo et at, din Eap | nmmunol

55: 465- ; and stel e} et al gre 281: 677 q%ﬁ‘ 197 These
ec

proteins al sTuThemdut?e’tllthS'ﬁe Wﬁﬁl}?&g%%]?’ §‘§|b8‘?1lpé‘?‘?8meéi %Sugl agal nst TNF

Chall lihe: Matibn inaRAocaBeiculatiépA HoWe@1,09- 6113 (1980)
and Libafemss ﬁﬁmﬁ‘ae“ﬂ‘%‘ﬁgme"&%@l o 71 teTe (1 Or 0soMucoi d

denonst rlahladt:@mf@orinabbdm: mdllfwgst@%cﬁryﬁ PRATIEPRPCETAR R E ‘if @e‘é“el | s, which
ap pear e Q%hd @gg f},?%g@ﬂ% ﬂ% TQ_EEIQ@B%Q [ QoW KEQAN Hdnhbl. B8: mes3225chni t zer, et

al ., 5 (1992). Mbr eover, orosonucoid was shown
to bi nd(19r84)st§amlowsl@eﬂdlaﬂ’ryc Ntk ek eSci. 88 2&@#3552(1%5& dose dependent nanner,

ther eby Al % &1 B A0 orE3RbLA Ye QB HRARI b bk 168 14 86 e

i nf | ammat or eakage 1n control animals. Michitsch, et
at, 25 Anrdotelifth, ﬁﬂmﬁmnoﬁgen typ8 dx 1Bydolagicel iongamiyropessier It basibgen PRFFded

orosonuc0|d bo d to ca |I S electivit
of gl oL HigR ofle F‘f"PQP{ﬁ o h‘ Lrgﬁd kg %‘Qﬁg&%?pfgg‘p{gg (1999) . Y

Ent r apmapsak gngw.mnl(rwsbamﬁiﬂoeaﬁleﬂur{ .ymphmr)]ttZéé023r110t2$169?3)k\/%r°ﬂale*so has been
reported i ncl udin S i by syngeneic
neur ani d’d@%f\@fie@f’ cfasg'gf %gééﬁg@% %n%n%%ggﬁﬁlh ?lé\;éﬁ{)eﬂgl lMlsnj ected with
Iyrrphoc;gkﬁz,g@gb@lt ned from spleen or thymus. Kol b-Bachofen, V., et al.

| mmunol . 123: 2830- 2834 (1979) ie n.interacti

neur nihi daseOrosemicald: 3sigfo- QIQFH‘BH@E{&“gﬁgagaﬁg’/ apiplgeeposed %mﬁﬁ&géﬁghmh

denonst ralG AR LAPaie, QpédaaSRn EEHEmH&QBﬁrQﬂﬁaét sibiweCosgld s due to
ster eo-specificinter actions betwee ma]n? ?@ Ig?\ﬁig.}s ‘f nﬁr@ene | ectin
(i.e., tﬂm%@ﬂ#’@b@p‘%ﬁyzém@)gﬁlﬁ&efﬂg’ﬂ e (8L A exposed on the
! ynphocé)rrcﬁ%?(ssaﬁgofn%@edaﬁ;ﬂﬁﬂ fnﬁﬁﬂ?Mﬁl r@d‘smﬁla@d préted@ againise TNH UMengKOI b, Hb et

al ., . above,

h
need emmﬁmabe‘?ret? optl. H@ﬂ‘ﬁ@ﬁs%&ﬁ (&8?"6%/]&]@93 “ﬁ?ffpﬁﬁog glshogr{‘g aest em cel I s
thr 0“9@ 1508571 1555113540 BrdsBmRRIGehabstrE Db fic Sk topilonsy sudvtheliapr ovi de a

cells, which appeared to be independent of carbohydrate recognition sites. Schnitzer, et al., Am.

J. Physiol 263:H48-H55 (1992). Moreovet, orosomucoid was shown to bind to skin capillaty
endothelial cells in a dose dependent manner, thereby maintaining normal capillary permeability
in the face of inflammatory agonists that caused leakage in control animals. Muchitsch, et al,,
25 Arch Int Pharmacodyn 331:313-321 (1996). Similarly, infused orosomucoid bound to kidney
capillaries and restored the permselectivity of glomerular filtration, Muchitsch, et al., Nepliron
81:194-199 (1999).
Entrapment of neuraminidase-treated lymphocytes in the liver also has been .reported,
including autoimmune reactions against liver cells by syngeneic neuraminidase-treated
30 lymphocytes, in mice intravenously injected with lymphocytes isolated from spleen or thymus.
Kolb-Bachofen, V., et al., Immunol. 123:2830-2834 (1979). Studies on interactions between

neuraminidase-treated tat lymphocytes and liver cells in culture have demonstrated adhesion



target non-invasively solid organs such as the liver, heart, |ungs and

ki dneys. In addition, very diffuse tissues, such as the |lung, which are
not anmenabl e to dosage by injection could be targeted. Such nethods woul d
be useful in adoptive i mrunotherapies and regenerative stemcell therapies
10 invol ving such organs as the liver, heart, lungs and kidneys. The
present invention addresses these and ot her needs. BRI EF SUMWARY OF THE

| NVENTI &b dH103d08 present invention features a net hod PewUeNI9Eri ng a cell
to a target tissue in a mammual conprising the steps of adm nistering a

car bohyglialeg otk @il s&ﬂaoféFécﬁﬁuﬁt&a(tﬁn@etweanagthd@D hfRIgEMENdE 3 manmal and
t hen admnlsterln the ce nur i,a he term
"adni ni leetar(-nghe 4 Pe’ie%epﬁ"@ a&%%"‘?ﬂﬁ%’ﬁﬁﬁnﬁﬁs vfhh(k] 4Cihgy o‘é%ﬁ&l %@?ﬁg&cﬁé

concenty; ?f%ée%erqgmwaﬁ)f@ﬁil& acldredidies. GLoT; B, @t dl.osdvoExpt Wed. Béainid¥:21978t her by

i nfusion Troman 20 extraneous source or by nobilizing the cell into the
circul aflP®H. from a depot within the mammal, such as the marrow. Means for

mobi \'Ngz' ng %%&8@&%&0@ %eda@%@{b%vel@%hmmw mﬁmﬁlﬂyﬁﬁﬁﬁ% ahér exanpl e,
are known 1 n the art g Si mmons Ilzatlon of

primitistem céileﬂmthélemcuitﬁﬁ@g@rﬁpftclﬁcé’fﬂam <§“?hrfﬁeﬂﬁ’élF ?”B‘ﬁgpré’i‘”-l‘i%? %18%15 St em Cel | s,
12 SUpDl 1 18T 200 90 e NG oTEL 108 B RALSDEichs! hdiaseny | nvent | on
ca

are esp app to steer 5 such as thﬁi'sbe deri,ved from
the bo nﬁfﬂmrtrs@ws, sqabas féiang whish escot amenabls te desagediy amertion Fif befRtertsd, hymal stem
cells ex | LS icWiddiidind-iRe SERREL lrafitte | nventi on
i ncl ude® d;b ‘% ?‘%é@@mta?ﬁg i ntggna desired target tissue.

Such 1ge1nb&whgﬁicud@ansphmeixm,tlsm,hslgeam&@mys enbryonic stern cells,
mul ti potent adult ste gepnidgr or precursor cells. 30 The
met hods acc&?‘ﬁ?ﬁ&nilﬁve[ﬁh@%?gisgsatpgfa%dgnt [ %n al so are especially applicable
to imune systemcells, such as natural killer (-NK) cells activated with
interleukin-2 (I1L-2), | hoki ne- i (LAK) cells and/or
activated | ynphocytes ﬂ%’ﬁ %pﬁéﬁBWﬂ tumor- infiltrating
| ynphocytes WO 03/ 105908 PCT/ US03/ 07934 The met hods of the present
invention allow cells such as normal stemor inmmune cells . to be targeted
to sush targﬂtptesmmuasfeﬂhmsh@@th@dfoﬂ?é"q“f’%%?eut? A Egel 82 and the [ ungs,
anong ot hers g@m ‘ﬁ’@@:ﬁ Brate BRséhfhd mbisculeat.gei ed to the
Pﬁlélmﬁ{aﬁof?gﬂsmgf t%)r epa m ﬁ{y ol d

heart, nis erl an qrosonucoid (0) or

adni ni Sk@édcﬁﬂu@&)wmmmml@w@ celldp the 383l st ering the cell to 5
the mamml. |n e ey by LA ORhas, bndiged UngS, the
net hods f eat?f'E® Eﬁ‘ﬁ %?ré]r%{gr}l%&?éﬁe g;cgﬁ??rgﬁ “he manmmal ?gn a saline or a

serum ab&idéﬂtﬂﬁu@ﬂdfmeellsmlthﬁmmﬂatmn oftak mammal, Whﬁﬂ@f heigfusionfrem st
prot ej)!()n/ A Purcs o beynn?%dhzmthe ceWﬂl% £k BrchBforHR a deﬁottvﬁfhgﬁh@ﬂarhﬁalt he liver,

extraneous source or
such as the marrow. Means for mobilizing stern cells, for nstance, using GM-CSF and GCSF,

for example, are well known in the art. See, e.g., Simmons et al., The mobilization of primitive
hemopoietic progenitors into the peripheral blood. Stem Cells, 12 Suppl 1:187-201 (1994).
The methods according to the present invention are especially applicable to stem cells,

25 such as those derived from the bone marrow, peripheral blood, umbsilical cord or from
mesenchymal stem cells expanded in culture. The stem cells within the scope of the invention
include any cell capable of differentiating into a desired target tissue. Such cells include
pluripotent stem cells, embryonic stem cells, multipotent adult stem cells, and progenitor or
precursor cells.

30 The methods according to the present invention also are especially applicable to immune
system cells, such as natural killer (NK) cells activated with interleukin-2 (IL-2), lymphokine-
activated killer (LAK) cells and/or activated lymphocytes including but not limited to tumor-

infiltrating lymphocytes (TILs).



t he nethods feature adm nistering an orosonucoid or an asial oorosonucoid
and adm nistering the cell to the manmal. Tin sone enbodi nents, the
orosonucoid is adm ni stered concurrently or 10 prior to adm nistering the
cell to the manmal . The nethods according to the present invention are

al so useful for either inhibiting or enhancing sequestration of a stem cell
or immune cell in the liver of a mammal even in the absence of targeting
t he cel | wbaszasb®r get organ. The gl ycoconj ugates of theCpuss®ms4i nventi on
may be generally represented by the general formula P-(S)x-Gl wherein P
is a pepti deykgsinduseraf prsditiedtselemcelisycdis otroiatstamnet i8mie egllsits sugar

resi due of a human serum gl ycopr ot ei p; i.S,an integer o 100 and
Gal is Uetmetediveuchiagstdsmues W%%%@Blgﬁﬁﬁﬁd‘é%%s "H@@‘Bgmﬁ%ﬁ‘%ﬁ%‘fﬁor
conpl et g] ¥ asialohdtShercESRESH & thiyetd s e hearg thy erthody fugat iiisteingde f et ui ns,

asi al of eturns, orosonucoi ds_and asi al oor osor nucoi ds. .The. gl.ycaconj ugat es
may be adorbsoinsecdd €} or aiminiseing R aTaloosgRyeol (ﬁgg?’ P%\‘ﬂaél“ilr&&%ﬁﬂg\tﬁeé °@g8

admi ni Sh]%'ﬁ{ na.ihe Fxﬁﬁc%dfi]néen%%%rewq Bf iaslEii0i 16 bR heds, Rfeneds Bitirer  or

si mul Palsste VAR 0 admnistration of the cell .In a ypi cal

embodi mediinistete the selldebninaeuelds 2 slise e @srmefbammPsalie sgitionerogthe ol | . The

gl ycoconjugat es and the. i Bt RdSh @6 cofl igtadd Blthd lplet,e route. In
preferré‘hm%r%% |v¥rlg1ﬁ tsp?‘ﬁ?l eb&%]gg%a mm_ir?]?ster_ed pargnt,era ly, .and nore

pr ef er akHeynethiot fture admisistpritgrn otdsemyegidivnin asiplperonERyseid endy g to the
present i nvention ar | so_ usef X Q6L adnidBRRd fncurdntly &t erest to a
tissue ﬁﬁc%fmm% N ?%@%fiwgen%q%ee(frﬁgonat ura!aly1 cont ai ni ng, or .a cell

t r ansfigo ?ﬂ&@o adbiifikteririghife @R nethamhanmal e Teesmethads pdserding fmthe PresSEdpyeR¥hods ar e

useful for treating a disease har a ' for flBRE Yellid @ gene
pr oduct a’ieﬁls%luﬁg‘ﬁwﬂ’ég‘%mg%ﬁ?‘ﬁPrsﬁﬁp?lﬁﬁgeggéé{éﬁ%g8@%%% %;ﬁr% a  functional gene
encodi Ngnetih§ oBLHEmREDSHCH tienbendetvé tangtingthe atldo @drgivigaer i ng a

gl ycoconjugate to the mapurial. .Accordin |
cont ai ni ng aﬂleglya@c@waa%espﬁﬁﬁme%?ﬁa VeI % © %%e%aﬂféﬁgg%{eﬁggﬁgéﬁggfﬁ ni stered
and | oC@ldngR S (SR-Gdl whakhiPGed goptidirgsidue bfa liven body gywpraein anddama f unction  to

produce a deficient gene product.. WO 03/105909 P so, the
met holfs segetrevidienda hgnansepebeeaiete & At PR APE 1{}%%;}%‘&%@2?{1%5# ng a

di sease GhArAEbRtlRHgdRY nla 5SpHetidaoR@apletlyasinghtval Eipgeidymsefilst ering a cel |
and adm nistering a g (_:oco_nlu ate to the, m ll' Be&"i‘c“?d? stemcel |l s have
t he pot @hrdcaniugatss inshde Bfunsy 4813 Ogr%%‘i‘?e?ﬂ’s”mé‘&?l‘isém PR BP8ad Grray of tissues
and organs, ﬂégﬁ}c%nﬁlgﬁeshﬁﬁﬁé adntifiSerP@ RGO RGumA RChny lime fremy elagivéiosyst em st em
cells may be targeted to particu] ar or%ans in the bodﬁ t o ri%pair or replace

cel |'s omdministssugtbe edlaiThey BaydsAEBECE PeHES: 3, WAEAIRREY TR t at i ng
di s e%e%dﬁﬂgtﬂloﬁ gP{hL Ldil. 8% tyti_@al SRFEm&R RdIyrBRhRgatdshes dinttwsel priaybe a heart

di sease, a l'ung di sease, a |d2§1y di sease or a liver . di sea%e, for exanpl e,
myocar dittad cell.nFlereiscoamningaenshd e pril may\pe pdrainistersfl giaawy sl QP KN nuri a,

preferred embodiments, they are administered parenterally, and more preferably, intravenously to

the mammal,
The methods according to the present invention are also useful for targeting a gene of

25 interest o a tissue in a mammal by introducing a cell naturally containing, or a cell transformed
with, the gene of interest to the mammal. Such methods are useful for treating a disease
characterized by a deficiency in 2 gene product in a mammal by administering a cell comprising a
functional gene encoding the gene product into the mammal and administering a glycoconjugate
to the mammal. According to these methods, a cell containing an exogenous functional gene of

30 interest may be administered and localized to a particular organ in the body where it can function

to produce a deficient gene product.



nephritis, stroke or hepatitis. 10 The methods according to the present
invention are also useful for treating a disease characterized by tissue
damage in a manmal by admi nistering a glycoconjugate to the mammal and
adm ni stering chem cal s or biopharnaceuticals that nobilize stemcells into
the circulation. The concentration of circulating nobilized stern cells
may be limted because certain organs may sequester stemcells, thereby

i mtingwdebiossogy of an effective dose to the danagedprorigansin’By 15

i nhibiting sequestration, the glycoconjugates of the invention increase the
cell dose aty1f,hge Béﬁéd%,accokd'@rt@wptemrﬁmw¢ wefupfot eatingd diseasegener at e

repl acement cell's. The nethods i I ent s 1R e stemcells
al so camanetem‘éhfﬁsé‘lw@mb%ed&ﬂmé‘imrn [nl%?gg% %é)%rga%éﬁﬂgéuch as the

heart, L0  iRBREHARSmaRd, @Q&ué&@femuﬁs ]ﬁyesﬁlejiﬁtcnlh'ﬁihﬂ genmtd rq:iaeﬂmbl | s may be
t ar get e%}‘"t “ﬁ’%

rticular organs in the‘gd%/?ﬁ alr tgﬂ%ce cells or
ti ssueScdlk]ﬁ)tabnoedm@@éw@mddé&ﬁﬂ%é‘%as b rfg 85& | K320 di seases and
di sabi_l it es, éﬂaNe E&llﬂ%bwﬁt@ﬁbilﬁorafpﬂhcmﬂis bii zed t he
syt I BT RRE) DR aas

di seage® di sease, kl dp ‘%é ﬁlasease
neur ol oggs@aalthaﬂhrs eamged destioyeddy H@n&@&@@“&‘h@ﬁ“&? disghilitics., I sPe myocar di al

I nfarction, 1%? @sea e m%/%h'aﬁeat‘t ﬁi@%ﬁé 'aslungrms&fs@ alupy dltbﬁde@r ativephritis,

st roke ?Hlb i’‘ments, the present | nvention provides
phar nBC@lHetakeQﬁi‘ e;faﬁimpmydcmdmkmﬁﬁmm ﬁpplllysmﬁgc)fémb@r?maw&m& grfedtonj ugate, e.
g, glycopr ot;e a C%Er oteins useful in the present invention include,
for exaﬁ‘ﬁi’P’é 5, ?tré?{(ﬁ?r 8¢ osonmucoi ds (0) and asi al oorosonucqids (ASO. In
ot herjpas pectyhe mcHedsHkeedinyg toiv\pentnt mmertiensra plesusafyl & teaging2 H¥ea%anuf act ur e,

conpri si ng packagi.n material and a .oh GRfial ned within
t he pac Rlagqc%gzeﬁ-gy E?Sgﬁﬁiamaﬁ%‘@raé"faﬁm}aﬂbey ohasrt%gggw{%gﬁm%%gﬂ%heco ri ses a

gl ycocogjdigateding tittidaR e bibptamachitals dattivbiliapsen p@amtg/th@mcele e 30 for
targeting a cell to,a desired.organ accor ig¥ention, and
wher ei n Therenceptation gf Ty ARSI %Hize‘gg‘f%?e %Ieng%q?mt?albwa%egﬁﬁﬁl% “Cat ?se that the
phar rracgééusfeggterﬁgg@tm&aﬂ lagtingSiekberyf ibn tffcietdosego thedehdged orzan. d¥si red organ

n

accor di to the present invention SO s b ticle of
mnuf@ct@r@@ﬁ?@?ﬁéﬁu@oﬁﬁﬁlﬁ’%@%ﬁf ?t]% e oenalﬁcern%j{hggél}c seég{hsgﬁgﬁrgl ons for

maki ng geld. inSHUAREMR RRAtH & ééﬁerﬁéifﬂalﬁteﬁieﬁlroeldh 'Ihﬂdrbﬂmdspmqlltdmedgqnﬁé@ ructions,

for use I n ¥ar geting cells accordin 5908 04934 the
i nvent i @rrmbﬂl&ﬁtﬁm ealls pleg @ag bp H%?ﬁfﬂﬂébroﬁ‘g‘i‘myﬁgmé ¢ & (ﬁgatns s @?g%%ti %‘g tissue

damage Ognclegr% aflEhl }{e%owﬂ;steﬁ Mbﬁﬂ?i&éd(%[bﬁi ceﬂﬁﬂ@mﬁarmmopmauthucngmsm a tissue in
e

rrsing a ce coprote r ot eful in the
art| cl eshedrbdmtamﬁmetwl@eéﬁllstohﬁsqufia??KFP Gﬂnﬁgﬁjcfrfﬁa%ﬂ’?' Mﬁ’ﬁ-&y‘? Sl gﬂH %f et ui ns,
or OSO#EJ %Oga(gess anc? FisA0liBl. %g&ﬁ@éﬁ%&hﬁﬁs whertifl st ic¢lls a&tﬂ‘flﬁaihzedlﬂﬁdlsmmt s, the

prese "Avent 1on provi des mnet hods for derlv éta%’i" %el n cell or
| ynphoi ghag®é b heactdiskast,iadung diseasgyarkidngst discass: %@P@ ??Fﬂ‘éi}r"% H¥ng cel |

prepar ats{]c?] as, for example, myocardial infarction, emphysema, cystic fibrosis, microalbuminuria,

nephritis, stroke or hepatitis.
In other embodiments, the present invention provides pharmaceutical compositions
25 comprising a cell and a glycoconjugate, e.g., glycoprotein. Glycoproteins useful in the present
invention include, for example, fetuins, orosomucoids (O) and asialoorosomucoids (ASO). In
other aspects, the present invention features an article of manufacture, comprising packaging
material and a pharmaceutical agent contained within the packaging material, wherein the
pharmaceutical agent comprises a glycoconjugate of the invention that is therapeutically effective
30 for targeting a cell to a desired organ according to the present invention, and wherein the
packaging material comprises a label which indicates that the pharmaceutical agent can be used
for targeting a cell to a desired organ according to the present invention. In some embodiments,
the article of manufacture further comprises additional reagents, such as solutions for making cell

suspensions to be administered, and/or printed instructions, for use in targeting cells according to



to facilitate hepatic entrapnent. hi particular, the invention provides,
derivatized, activated stem cells or |ynphocytes that have

asi al adeterm nants on their Surface -that have been generated by enzymatic
or chem cal neans so that these cells, when adm nistered parenterally,
circulate, are 10 bound, and sequestered or entrapped by the liver via the
ASGP receptor. Methods for treating whole viable cells with a sialidase,
such as weusassigni dase, are known in the art. See, e.gCcr/usdsewmsauer, R H.

et , ldentification of normal and transformed | ynphocyte subsets of

honhu i @g%ﬂ&{ &85 ki dles IR, o istanad kits ot cetingttissue dareage byfpdebvsrings . J.

- | mmuno : 1323 1329 (1983);. Kol b-Bachofen,. V.. e?]:[angll 1 c(%l%?e%l supra; and
Kol b, Jafumﬁomllg@ﬂ@%‘?ﬂﬁ@lﬁﬂ&?“?@‘%‘ﬂn@ﬁ%ﬂﬁ aqreEsing &2V BRY BN provi des a
processof dek ' L 0810 of SlaRlEbnEEf B ihengeriadal detuing edadifethiaglouni nant s
on the (glﬁcfo g’geéds\ggéfgﬁkggfl s{_), for the purpose of directing these tells to
the | iaewmhoidsephasialoorosereugeifer ate |iver functions and structures, or for
delivery of .n | £ tnv@ltoY pRRHaisemioasifoe edrivatizhtion of he pur pose
of cu?ri ng &ﬁ&%{%@é@ﬁ%&%ﬂ%ﬁ%se st at Qg. Qper at i ve, eeﬁ}errenté of this
aspect dm édler lymphoid cairpopwaionyte eeusiateiapysiglpdelppiaeit-beawae FOPLPPSY on of the
transfused. 20 stem cells b | bfvb o blo¥ides derivatized, activated stem

creat edtg%éfﬁ%f’é?@ Ie%%’alg t'e%ﬁé%ﬁl{l@h&%% gt?i I |eSt ; to create m cro-

chi mer ageff ortiiephioeds Hiactuive asairdeteiminane oh dheir §¥raps/ wrbegt et ¥odet enmi nant s
arc specificall sequest ered. b [ inisteiet PareSBlyNtilcalaicOfte Of t hese
neoasi a?%?%}‘&%é?’@}c&gﬂe&ﬂsts%}ggtﬁs\éhaé%b 46551\4&5\03%% ?ggul t y:nr: m crochi ntism (a
M Xt Yp Cpcthd, GRT dolidbe@ o dhtreppedinl thedivarda tha 6SGP ragenient Medhotls PEFRUNs t hat were

genetical Ly abnormal . The nodified stei.n c Meuhd. expE ess at | east the
i ni muniee W%ﬁe}l%ﬂlﬂéﬁﬂgﬁ?seﬁcﬁﬁ@euégﬁ%rd?rs% a%c}%“%m Ssi %%r?ps?ot %isn or regulatory

funct i o LRRE RS, LA, THeNiEk fion Of nofthal ankinsfomted iignphbrytedhitselage phenot ype. The
steln ce

nodi fie s.coul d be derived.from patient' . ne marrow or
ot her s@@hﬂ@@l%ﬁé&%ﬂﬁ@@?ééﬁﬁg &40 humar § u%soéﬁ '?si g‘i‘ﬁdﬁ’e@hég?@%%be deri ved

from anp%g?fggg)nﬁmigmﬁ,lfenov_ & aB11670, G:k; ahd Kelb, Hohe al..A9ER&pon al so provi des
met hods for n®ht pul at | on of in.vivo cell, traff '-Ckif}gmpc% sttgﬁé}l%rate?’o of
) elis ! )

| ynpHéi d cytFet iyiwe,é@m@n@&?%@ﬁﬂrﬁ%?ﬁvdfrgé Tfalhf’ré?l ng epatic

sequest ﬁe%ﬁiacfﬁo%;nil&ﬁ{s SRR sikakd/of sAAFhIn] fok e pakpeve bf disbiau thegaphde fiees by

deri vi _t|_2| ng the cell surface with enzynes hﬁ% %?n roatat?l enes oF

"neoasi hiveothatmirer reavnetste iverfinctiongapg W‘é’&’*l"i}#{) VY Sopurations have cel |
surface, sl ﬁ}&%ﬁ%&é&@eﬂ%{ e fRRADbEie RiaRBlididing GistabestABCPperatept or , and
this bi %??lcnca ca e further "~ enhanced gb nz ti .re nt at generate
new cel blemmgs‘qidés mpiohdidbrdnventianyseatheabil 0012‘)8%%%3%&!5@ %gﬁn%aﬁg%% Thgse

met h %gts P{E‘?ﬁ%@ %F%glg %ﬁfiﬁi?ﬁy Al A0ESaloglR oldiRmBMALs, ke 2Bilityi 16 trestey mifo-adopt | ve

i mmu ver ‘netastasis or prinmary liver tum)rs?.)%)é/il facilitating
hepat i C ciintm aptiverttipicqt, 8w thereccianEm bydigos iy nepdoHRems AP PT 4Y i ni st er ed

cells that ?ﬁ?“'\r@’ﬁ E}gﬁ@ d %&s@%ﬂnﬁ%ﬁ%@&%&a@iﬁ glyso@étbrmSnahf atng cells

asi al od&t18 "Retastasis of various cancers to the lLiver are
di ffi cukbultl eesqmaticrochimerism (a mixture of derivatized stem cells and the original host cells

that were genetically abnormal. The modified stem cells would express at least the minimum

D=1}

25 required amount of the abnormal or missing protein or regulatory function needed for reversing

or ameliorating the disease phenotype. The modified stem cells could be derived from patient’s
blood, bone marrow or other stem cell-producing organ such as adipose tissue, or may be derived

from another individual or a stem cell line.

The invention also provides methods for manipulation of i vivo cell trafficking patterns
30 of lymphoid cytolytic cells by specifically facilitating the hepatic sequestration of parenterally
administered activated lymphocytes by derivitizing the cell surface with enzymes that generate
“neoasialodeterminants™. Thus, activated lymphoid populations have cell surface
asialodeterminants capable of binding to the ASGP teceptor, and this binding can be further

enhanced by enzymatic treatments that generate new cell surface asialodsterminants.



5 For exanple, elimnation of breast cancer netastases to |iver nust be
achieved prior to harvesting of bone marrow or autol ogous stem cel
products for transplantation. Chenotherapy alone call take nonths to
achieve a conplete response. It often |lead-, to bone marrow suppression
maki ng the harvesting of stemcells fromindividuals extrenely difficult.
in cases Wwhere the tunor is chenotherapy resistant, very few therapeutic
options wewmicsesAdopti ve 10 i mmunot herapi es do exi st PCTrUsWiomh4 t he patients
ovvn cells call be "educated" in culture to recognize the tunor and then

these cel | STﬁJs@mEﬂl@dasﬁ ?Bé YERR LY 1ﬁsﬁﬁcepﬂtuk1ﬁﬂ‘tre thmfﬁacmﬂ@iﬁdbghv@o f| nd and
destroy the tunor.

ile tumor {ft'aign Qe&tﬂ dver, it my
be useflmm@hmélfé@me&qmﬁﬁl@lpé?a‘é’ Ive’ft YPPEE S S pec nfll cally toward
the el 'ql 'ﬁ? QﬁrQJe?tB}sjrSP arénEeQéﬁyhéiﬁnistbx\é@wlsmat Imvebaan beivitedoeemplis shed
g pre

accordi I nvention, by treati .t he t | ynphoi d
popul atdet mefad dsiatodétervanabis e Meigrtesifdl &Sqm“‘“eﬁﬁ‘i?&tt‘ég]g Lyt a‘i‘?glfg{if?:ﬁ E%tt h enzymes or

other tyeat ne f:}ﬁe%ak{ Hoiilstadths & 1eE hdtmicﬁﬁvetd@n&italldases such as
neur ami gﬁ ainutht%nb ¢ cg cel Ia surfacne1 S‘Y“a?%‘ SI tes to expose

asi al oderesthi nﬂBmSmaﬁheomwbeﬁuS@mwéB@d‘&@t %frt’f‘?’P%’

dramat i aII i.ncre n A8 kagab bsn bﬁaﬁdwto hepatlc A SGP
recept et’%"é@] %0 acﬁl cfmé&@gtgté% mﬁpqte‘gse fr?equentel %ﬁt han cells bearing

the " noiupﬁlassxoﬁlmahﬁg the‘harefsmfgl ob stert eells fiomardi g duahasiromalsi cases
neoasi al o codet er rm| - beai.in aht By
]H:-ger%es?fpoalg chpme {aB)é esistant 1S le)efén?@gliaﬁuﬁ@&ﬂh%nsr 1Efidth.t Sdoplive

m cr ochy s above, a m xture of infused

| yﬁph@cﬁ&{rﬁﬁoﬁléiqﬁesma‘éﬁst mwlubmhepamms ovaeesiis crabe fedseptady nedite®er ed with t he
origi nal host mphoi d ¢ hat fefrendusty tolfR ahdf used

I ynph0|’€§°ct8§’iz‘?§‘e¥d€l?}'€f‘dé}ﬁf'ﬁ‘ f cch?ar%ﬁ%a%ﬁ%%d ?trt\hgtp?%}ﬁﬁr}e response by dividing and
25 ent efdiing thd¥dméd. rcul ation and recruiti ng ot her cell populations to
participate. in the |lo (égég\bg-ronnent i's

i deal |y sui ﬂfé&ﬁ%?rh%n&m%ﬁbth?h‘@f 1 %%gse&dégoqgﬂ‘g%g&ﬁ lie to the presence
of cel | §eRfy difdGed @Q@ﬁ@nyfowmmehmsummnmfmnheawpﬂbrse@&eo lal antigen

presenti ng ceI |'s In_the sinuso]ds. .an t he portal
syst df amplﬁb@éﬁﬁl"élmgsté@é prepenbiny iR, g%ﬁ?? "B Sk Wf%?"ld 1?‘%? dgd*hlgéﬂso}ﬁ% 0

net asta é@dﬁﬁmn@@ﬁxmé)mmbmam@themmts #ehindwded asi ng
regi ona n| stratl on to the liver of a |va$§gjg/ 1i:ﬁ}g%ocyt es. See, e.g.,
Kei | hoi ﬂ)utiﬁﬂﬂéh@}ﬂedtolﬂi’é@a@ﬂﬁaﬁmhaﬁ%ﬁ{fw&l mite FRAIAS nterl euldn-2 "and

| ynphokélgcog,ﬁ PSR 3@;90& ik Qlotolrhiiels, Ok himbepot thdsy étermitaisaragEsby Eut - . J.

Ca 1994) ~ Th t d
| yﬂﬁﬁécmmmcm@nd herenhhpanfricit o bormera paoR R el | 1o To e

asi a dete thah Eieetigls Imeewnﬁf'naﬁbmaasad)dktwmyt es WO
03/1 %ﬁ%@%?f@%ﬁ@ to thg I|ver regi onglly, the hepatic artery

or por t al véispimilatiqpext nwh@alwlycg@peﬁrmnmt e Lpphoid sells quu ts in

microchimerism, as described for stem cells above, a mixture of infused lymphocytes that have
or have not been genetically engineered with the original host lymphoid cells that exist at the site.
The infused lymphoid cells would augment or enhance the immune response by dividing and

25 entering the circulation and recruiting other cell populations to participate in the local immune
response. The hepatic environment is ideally suited for the development of immune responses
due to the presence of cells of the innate immune system as well as professional antigen
presenting cells in the sinusoids and vasculature, particularly the portal system.

For example, several studies have shown that responses to metastatic cutaneous

30 melanoma, for instance, can be achieved using regional administration to the liver of activated
lymphocytes. See, e.g., Keilhoiz, U. et al., Regional adoptive imunotherapy with interleukin-2
and lymphokine-activated killex (LAK) cells for liver metastasis, Eur. J. Cancer 304:103-105
(1994). The invention methods of using activated lymphocytes that have been modified to

generate additional cell surface asialodeterminants permits the delivery of activated lymphocytes



i nvasi ve procedures |lu deliver these cells to a primary hepatic or

non- hepatic tunor, or to netastatic lesions distant froma prinmary hepatic
or non-hepatic cancer. BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1 provi des
a schematic of liver entrapnent of bone marrow stemcells and |ynphocytes
in the liver. Asialoglycodetenninants on the surface of cells react with
ASGP receptors on the surface of hepatocytes resulting in the localization
of the bgpesm@sogow stern cells 10 and the | ynphocyt espcvusdsmrdsisver .

G ycoconj ugat es i ncl udi ng asi al ogl ycoconj ugates bl ock such interactions

bet ween, %'I@LIQ%I%QW ol Gl TehaRe R ey @Poitdl Qeifs Uafﬁeﬁp‘l&rad)f*em elithent thie ke GASGP
receptors ont surface of hepat ocytes. 2 shows the carbohydrate

st ruct umsmpmwduremﬁplhartyesgpﬁ;l MWW@F of ?ﬂ? PG ARTSh 15 FI GURE 3
shows th i dol PEER D phdrl, Rdphiicest ne-hephitd @ficent Carbohydrat es for the
ASGP %asiat%c?ebb € uum Rows the relative binding affinities of different
car bohydrat es for the ASGP receptor. FIGJURE 5 shows a schematic of an
experinental system f ReTRSNEF eREOI{wSs NK/ LAK cel |s to nmonol ayer
cul tu#es of (1) a hu Oémﬁfé%g?%na cell line (1P2G, an asialoglyprotein
repetor positive (ASGPR+) cell line that exhibits mniml deviation from
cells inh ver. 1 J.s Qﬁ%@b’b ESRAb stexhlceleaﬁ@l nona cel |
line (C - AN#@?R%LPI/B&‘%I&SG opic agfﬂ?’éﬁ?‘“ 5 Shows a plot of results of
testi nmyﬂFﬁcﬁﬁtaﬁn fHe linai AkialbglyesiicterABT omﬂld Sﬁr@w@fﬁd(sli?act MPBdher ence of
NK/ LAK ce as represent ed b iR vhcERaGwiRalayers at 4
C. LAK Iﬁﬁeﬁ%“iw}'e(sﬁ OFhFRAPALSS GSW 15'%1%%}0?]]?2%%?90 deviation hepat oma, | TFPG2,
at 4,46, add'ﬁletl ho@&@&@meﬁve@fGthBommgateﬂ mlcluﬂmg hojelaglyadophingade blolotehn, fetuin, F

( LAK- NAT) activity does not RG& g LAYEhmel N the

pr esenc@te@F“‘H'épﬁWﬁﬁnéflﬁlPﬁng\WTﬁko %%fe OfOQEIﬁtEA IS{were ncubat ed in
the pregengsral tﬁ@l%sal one, i.e.,no adherence to nonol ayer not performed 30
(LAK) ASEH o Hepatooute

cell s di ot tar **This is
repr esent at |FWR%?SHOWP§}§°E¢%@P@W“8’5‘?1%‘} oe )}c(aéﬁ results of
testing;d e{ gets of asialofetuin (ASF) and fetuin (F) on adherence of
NK/ LAK cell's 't o HEP2G and CAK] - | s at h I
popullat i ons FIGERE3 Sl&’r‘f’sﬁhﬁ"tf‘i"@é’?é’ad@g gy ‘ffd%%?kfcar}eﬁéifaé S?%&ll%(ﬁl\_ "K) and the
sane po%gép%trl on treated with 10 WD 03/ 105908 PCT/ US03107934

FIGURE 4 shows the relative binding affinities of different carbohydrates for the ASGP

—

Teceptor.
FIGURE 5 shows a schematic of an experimental system for studying adherence of

20 NK/LAK cells to monolayer cultures of (1) a human hepatoma cell line (HEP2G), an
asialoglyprotein repetor positive (ASGPR) cell line that exhibits minimal deviation from cells
in human liver tissue, and (2) a human renal cell carcinoma cell line (CAKI-2), an ASGPR— cell
line.

FIGURE 6 shows a plot of results of testing effects of asialofetuin (ASF) and fetuin (F)

75 on adherence of NK/LAK cells (as represented by NK/LAK activity) to HEP2G monolayers at 4°
C. LAK activity (50%) adheres to human minimal deviation hepatoma, HEPG2, at 4° C, in the
presence of the control fully sialylated protein, fetuin, F (LAK-NA/F). LAK activity does not
adhere to the HEPG2 monolayer in the presence of asialofetuin, ASF (LAK-NA/ASF). LAK
cells were incubated in the presence of ASF alone, i.e.,no adherence to monolayer not performed

30 (LAK/ASF). CONTROL cells did not kill RAJI targets (CONTROL). ** This is representative
of three different donors.

FIGURE 7 shows results of festing effects of asialofetuin (ASF) and fetuin (F) on
adherence of NE/LAK cells to HEP2G and CAKI-2 cells at 23° C. The effector cell populations
were: an untreated 3-day old LAK preparation (LAK) and the same population treated with

10



Vi brio chol era neuram ni dase (LAKINS). LAK adherence to HEP&Q (ASGPR+) and
CAKI -2 (ASGPR-) in the presence of either ASF or F assayed on K562. (LAK=3
day LAK; KS K562 targets; FET = fetuin; ASF asial ofetujn; LAKI CAKUASF/ K5 =
LAK, adherence on CAKI pretreated with ASF, assayed on K 562). 5 FIGURE 8
shows additional results of testing effects of asialofetuin (A SF) and
fetuin (F) on adherence of NK/LAK cells to HEP2G and CAKE-2 cells at 23 C,
as i n FiweheiodeosAdherence of neuram ni dase-treated LAErUsusiofEBE2 ( ASGPRt)
and CAKI -2 (ASGPR-) in the presence of ASF or F. (LAK/NS =

neur ar n.ni. dase: £ r eat ech LA KIROVPAE adlefiitGHIERSS AEIIFRS) and CAKI-2

neur ar nilzlﬁ?i‘z%%ggffﬁcea.e a%, adher ence on_CAKI Stt&:;}e éﬁi '_.3? f\SF, assayed
on K. 56RQ8GPRY iFthGpREne: oibﬁmA%‘la@riFtwrPﬂOﬂulgé%uﬂ&ﬂ a@’g %én“ Pacts of

asi al of et ui . (ASE) . apg, f et 4i RKFA fadiichésAK (@lll s t o HEP2G
and CAI%FI-g%s’@L&&éggaéltn"g%: C?égéﬂrj%ﬁ%:%gre Y.BFAII_%K adherence to HEP& ( ASGPR+)
and C_Affetteaidd ¢ADEBR-aysayad oh K&6Dr esence of either ASF or F assayed on RAJI.

(LAK = 3 da - R= Star X T = N Shadeaf jn;

LAK/ CAKI /Aséicgﬁ& iﬂi’%}”%ﬁ%‘%‘%egélagﬁg@x‘ﬁleﬂ%ﬁ‘#?gﬁ?ﬁﬁﬁts RS ]gggayed on
RAJI) . dSahdréaeRbr NIOT & @ taHiP2G adalAKISsellt & 237C, neintfigyts Te FI8EERee of

asi al ofetujn (ASF) and fetuj ( adher en \ to HEP2G
and_ CAaLsplgakdgsreansl el b By e EARRE A Qe bt ot

neur am ﬂ's}da%egms eGebrintdascHIERGPL ARIOPRMYLE I AKIPRKNS(ASEGERE) in t he

presence of ASF or F.(LAK/NS = n m ni dase: treat ' MPL. E-
LAKI CAI@%N@&%F?-F@#?@%?@PW‘&%MWW%@W %haesrgag%d(@'%jg CAKI pretreated

W thGSF, %ﬂ;{?ﬁé@%@s QtitRAd st BRIl clidetsdtasislofmii(ASE) af fatwis ) ng ef f ect s
of cell surface nodifications on adherence of l.s,.t 0 HEP2G cel |

KI LAK ¢
monol ayersiher@yt of MKALAK el to BIEP2G andLAfek2 qelizat Zﬁe(ll;\rlraé}ﬁ%l(ﬁ%’??e-l“ Teated LAK, and

Gontrol fno Ll B R0 (ABGERRE hepehawsr addi Asfoaal resul ts of
testi ng® ecglffosﬁ%}%eféggggﬁr@ace m)d(’l fications on @adh rence of NK/LAK

cel | s t msdyEPRRAB (LAKDTiolan].aKs R=BaTlitereey: GHT & fain 434 1S J%ctivity of 5-
day LA ramn Ses T | dd-od ssayed on RAN
/)5 BRSO Ak A W R o ey

cells. results of testing effects of cell
surfase nodiFiGURE i stewomiditas emeitiob teging Rt 28de R (ASHEpo R |

nmonol ayers, as in Fjgure 11. 3 Bkl Mid Hiel:@7.] | EPG2 (. ASGPR¥)
after C@Pn@?%gfhgm%eﬁﬂomét%ﬁ&gﬁ %%ndﬁﬁf‘tdase’, F3E0r 2.6 30

si al yl t paRsdnes FneGamiciaXeMehtE] LA EEIGNASEPRS) and RAEE2HiSHPBadethet r eat ed LAK
adhered to HEP&X as on K562).. FI : }ém_additi onal results of
testi ngplﬁerl@(ﬂfé\sgf’r%@%@ﬁfﬁﬁ%@nﬂ@ﬁeﬁeégi| on’gE on adherence of NK/LAK cells
to | JEPRExANISAYASF/R el rbuinihayeasd LAK, ddherfricgon @AKpretratheydh A8F.11

20 assayed on RAJD).
FIGURE 11 shows results of testing effects of cell surface modifications on adhersnce of

NEK/LAK cells to EEP2G cell monolayers. Cytotoxic activity of 5-day LAK, Neuramindase-

treated LAK, and Conirol {no IL-2), assaycd on K562.
FIGURE 12 shows additional results of testing effects of cell surface maodifications on

25 adherence of NK/LAK cells to HEP2G cell monolayers, as in Figure 11. Cytotoxic activity of 3-
day LAK, Neuramindase-treated LAK, and Control (no IL-2), assayed on RAJI cells.

FIGURE 13 shows additional results of testing effects of cell surface modifications on
adherence of NK/LAK cells to HEP2G cell monolayers, as in Figure 11. Adherence of LAK
activity to HEPG2 (ASGPRH) after cell surface modification with neuraminidase, 2,3- or 2,6-

30 sialyltransferases. (EXAMPLE: LAK/HEP/NASE/KS5 = neuraminidase- treated LAK adhered to
HEPG?2 assayed on K562).

FIGURE 14 shows additional results of testing effects of cell surface modifications on

éldherence of NK/LAK cells to HEP2G and CAKI-2 cell monolayers, as in Figure 11. Adherence

11



WD 03/ 105908 PCT/tJS03/ 07934 of LkK acti vi -
surface nodification with neuram ni dasel, V|2t g_tngAE GZSl(le)c/;rFr Zit ?fs; gagglsl
(Dotted lines in both Figures 13 and 14 are the saine controls.) FIGURE 15
shows additional results of testing effects of cell surt'ace nodifications
on adherence of MILAK cells to cell HEP2G and CAYJ-2 inonol ayers, as in
Figure 1. 1 - Adherence 5 of LAK activity to HEJP& (ASGPRY) aftér cel |l
surf ace wgeifogssgt i on Wi t h nour am ni dase, 2,3- or 2, 6rei/adogbtosanst er ases
afsfsayed on RAJI cells. FIGURE .16 shows additional results of testinc, ’
aEPE(C:;t Z nw%k wqyﬁ%%g? Mﬁ]mueﬂ@%fa@mmochﬁmhmnﬁmewmmat%wc@l ls to cell
ayers, as in Fi of LAK act

t o CAKI2,@sitiNe@rReasesaflote linss i bethHigyess lgﬁlfvﬁelf‘la?ﬂe%ﬁe %Bﬁﬁ}leuram ni S;sle\“ i[2y3-
%f: Tﬁg 2, 6- i@@ﬁ g\fﬂeéé LHASES resAG SPMQRg OfecBAd tellGeifics moDEFAYISED DESCRI PTI ON

11~ I ntroduction 15 The &r esent, nve?{l}%1 S directed to
(r:rg'hg(r)dza&?:modefl\imﬁﬁqﬁ@stQCdbﬂszﬁﬁnéW'zé‘%‘m i‘%u@“ﬁ‘iﬁ‘ ATal. The met hods

2

¢ S 2 c{iJRi?)ﬁEe&E@l nick Bl ﬁ@duewimmemﬁa a
sequeht‘?a{'l ac ggg%%lg‘gﬁygﬂgga & bresent ng ol ecul e (e.qg., gla;ZOJ(?o(r)lj ugat e) and
Sl ;gLLO%stabmanmmadsayedbMeelhet hods of the present invention,

j ug eci
rotei ne suatoaee SRR Bribad edlsqe HERERRIIBRn s “3%?5“*’?‘3?25' otein) 20
g:‘) et Pogt.&a%?de Qf NKARK @hd toyel bLHRAREG dnd %@étﬂ@olwsrl’éé@bfﬁé %er eby

e
g T g i A s o

t hese r b t heor hyposi al

desi qhy4 %ﬁﬂlﬂﬁéﬁr&bﬂsds@baﬁﬂkﬂmcd@at es (al so cal ?/ed as%/él oéloycoco%j! 35:?e2;]d
and cell's which bear sirnilar determ nants are bound or"happed” in the
liver as a consequence of binding to the hepatic, A SGP receptors (see,
Figure 1). Gccupati Q@MDH&WW@N@FT@WH@N&I ogl ycoco ' ugatt
inhibits sequestiation of the cells bearing simlar determ nants of
interest in the liver, In addition, the present disclosure shows that

gl yoocon;j ugﬁ S5 uBhudigs 1 nvention prevent i nf used ceI | s fromconcentrating

in the al veolar vascul ature. This f d| n est i
h 1 t tluggﬂg Sequestration
of tHS cel | SThamupsaptinyeafion i dirgety é‘k‘ﬁ?th © o %ry feceptors on

endot hel |
Ki | gore S@Jm gﬁﬁh%gllf %]?dosxfgigg&?ggg&ggaaﬂ]hﬂmfeﬁmem%“mimmwwm (see, e.g.,

| i nnawo bquﬁmzllyﬁ5ca@boh§gir§tgglg@)mngm1qlgcu]ege %@58?0{‘@'53% ch} aécb%qu ’nfal. (21., Oin
Or 0SOr NUCOL fleensde Qfﬁggre@gﬁh@eﬁ&% @l?&o’é&r@uééfa@%@B&ia]l}ﬂsmldglydmhcmhngbtes;eut ropl ffl

activation super oxi d anl on enerati on,
not ed ahmwinding dfalo plasma proteins suchgas asmloorosomucmdS (asv%ﬁo alpﬁa—(l)oaclc} gelycopro%m ivation as

20 are thought to transiently bind the hepatic ASGP receptor and thereby competitively inhibit
attachment of cells bearing asialodeterminants from these receptors. Without wishing to be
bound by theory, hyposialylated and desialylated proteins/glycoconjugates (also called
asialoglycoconjugates) and cells which bear similar determinants are bound or “trapped” in the
liver as a consequence of binding to the hepatic ASGP receptors (see, Figure 1). Occupation of

25 the receptor by the asialoglycoconjugate inhibits sequestration of the cells bearing similar
determinants of interest in the liver.

In addition, the present disclosure shows that glycoconjugates of the invention prevent
infused cells from concentrating in the alveolar vasculature. This finding suggests that lung
sequestration of the cells may be related to expression of inflammatory receptors on endothelial

30 cells, analogous to the reperfusion syndrome (see, e.g., Kilgore et al. Cardiovasc Res 28:437-444
(1994) and Eror et al., Clin Immunol 90.2 66-275 (1999). This is supported by reports that
orosorucoid, ASO and agalacto/asialo-orosomucoid inhibit neutrophil activation superoxide

anion generation, as well as platelet activation as noted above.
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WO 03/105908 PCTI US03107934 The present invention further denonstrates that

the gl ycoproteins may be used to traffic or target cells to particular

organs of the body by altering the particular glycoconjugate adm nistered.

The present nmethods are useful to inprove the efficacy of bone nmarrow and

stein cell transplants, tissue repair, gene therapy or adoptive

i munot | i arapies. 5 In enbodi nents wherein the cell is targeted to the

lungs, thegosmkewds feature adnministering the cell toptireswamsal in a

saline or serum al bum n-saline solution. In sone enbodi mrents wherein the

hemat opoi et g, SERM ifkhtion fBridePdRhRLcE maﬁﬂmlj'wmtems whebersedio daffi eat ur e

adm ni stering an asi al oor osomnmucoi d zﬁ er| n'g0 i]{gﬁecel | to the

Rl . oritargad télle fo patienlsrraanm Pithepody By ite gﬁ ern cell is

target egdmgs Lbe 'fgq%g Fosent JoBtBoddBicROES 1 Bipfdve Ge l-ﬂicaghiﬁf ins erow gndestem

or osoni uco J dm nisteri ng the cell to the mammal. I n enbodi nents

wher ei nceﬁllmandplams,ttmmlr@mr,(gemtbﬁmm’@4d°P1§’et“81i“@5¥11$ﬂ‘p’F% the liver, the nethods

futur adm i st.er I e Gl ﬂlbﬁiembqﬁsrfgatﬁrhe cell to the
E‘Eﬁ%boan%tsgﬂﬁrgﬁtﬂ%%\j\%rq%%%dﬁﬂg nggsench ma} mcell is targeted

to the hdnﬂﬂﬁtanﬂglﬂﬁa oo td fhetwarfupal tus wliechy e albpmingalig so a%qnaﬁb%P’Ssormcou d and

admi ni st ering hafBe fehadifsarnd s, the 15

or osonmu&B°g Ptsg’z'F (#(’)erhgggtﬂﬂoqet}cgwﬁlt}aé m A sttoedrhgd |ﬁ’n at | east two infusions

prior tﬂhnﬁﬁt@ﬂdglaﬁhﬁﬂbcﬁgsomh&nd:elid administening Fbﬁﬁﬂ’a‘fp thepEmipbt IRGWET according to

the present invention are als JHH R iROmSRAY Rsfufeat | on of a
cel |neIf“P?§mF@P§§é‘E’°r8?ﬂ5 aé\sltﬁg%ﬂr%t sence&’of targeting the cell to

a t angehdnahigidihg 2A%tebmgbMcad adhingetesthe ¢65rt0 fé@(alﬁlpm@ Inyentei§eBE ui n and ot her

asi alo pl as roteins, are L &hchyma and
Kupf f er WBgtif ﬂﬁlﬁg@j"ﬂ"é@@&f}f”?}%‘l 18 %f%peﬁ?o thé ‘%%g% rﬁe?’é’%%%%t%‘rggﬁ?lr otr%ﬁﬁ%r ndi ng and

t rappi NgroGfhesid Mdhmgstamgaieeaemreﬂmmtlsoﬂusmtboézmem@wberﬁaﬂ%w cel I's,
facilitates and increases tnﬂt E r% tgods ?Xrﬁt gnCirculation. In
the casw@espchygplstoregel & preds ﬂ?f“iv?r *PRe™adm nistratiofi of these compounds
prevent g hlRoshidcvidnd it t thed]l 6 thbors mamnadoln ssmeml@éimegtsdh@ i ncreases

the efficiency of engraftnment. Bone ] | 25 surface
asi al l5d erosaraicpid AF a5ialoRiPARIRYeOd s aélf‘%?t‘?ﬁgda ﬁfﬁﬁﬁwﬂgégm%gﬁe‘%? (%)r and this

bi ndi ng &ﬁ‘iﬂm@ Eeltﬂé'léehlt& &6 mavmbh ghépphbdi atdotiingad thdBEhst demBorparre@lwt i nvention
t akes a vanta he observati on .t hat en h '

henat opme@tllfqurél!tetmg SG‘@EB"&“‘)“%(%FTUS‘“&QIWSC’ AEATHE ev%’ig ﬁge%are i nfused

into th Hg‘yh f orednmmunodefi ci ent m ce t hey | ocal i ze predom nantly
in the ?u% eu\{ghﬁééacoer Is are pr eceded hy 3 i nf usi

f
asi al oor oso%&m@ugl&cfmhﬂlgﬁ@r feaeepelecsizlofeliingmg ofhgy ?S‘:i‘pdil"éﬁ%m‘)%gﬁ’%fe | ocalize in
t he ;ﬂ) 361F b\{\%hmq(g ﬁf%%ﬁ;ﬁa'ﬂé’ RRAGINIRbpRE BINMIORH hapofC Bldokiag thaset he | i ver .
af'é

Al ter s are preceded by an infusion of orosonucoid
(0), theecb;&mfroxpdnnéhig@ndsfw@nﬂila@qnﬁ bAoA A 8 gpae roarrow el

facilitates and increases the interval of their systemic circulation. In the case of bone matrow

stem cells, the administration of these compounds prevents the loss and destruction of bone
marrow stem cells and increases the efficiency of engraftment. Bone marrow cells have cell

25 surface asialodeterminants capable of binding to the ASGP receptor, and this binding can be
inhibited by the application of ASGPs.

The present invention takes advantage of the observation that when human peripheral
hematopoietic stem (CD34+) cells or mesenchymal stem cells are infused into the jugular vein of
immunodeficient mice, they localize predominantly in the lungs. When the cells are preceded by

30 an infusion of asialoorosomucoid, the hematopoietic stem cells predominantly localize in the
beart, whereas the mesenchymal stem cells localize in the liver. Altemately, when the cells are
preceded by an infusion of orosomucoid (O), the hematopoietic stem cells localize in the liver,

whereas the mesenchymal stem cells predominantly localize in the heart.
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whereas the nmesench}anal stemcells predomnantly |ocalize in the heart. 13
WO 03/105908 PCT/ USC3107934 These protein infusions cause a nore
guantitative localization into the specific organs than occurs w thout
them Furthernore, |enmatopoietic stemcells that |ocalize in the heart due
to the influence of asial oorosonucoid | eave the vascul ar space and are
observed anong the cardiac nuscle cells by one hour after infusion.

Mor eover woBRhesedsn the tissue, these cells |lose their @E34sh@ssi gen,
indicating that they are in the process of differentiating into

car di onyocytfaseQkotdlf filsions QURAIRAE Guaktatiye Jocklizatn mteﬁfee]_besi)ﬁﬁ oigeuti ti onal |y, at
one hour CD34+ cells have been denonstr.ated ﬂ%%&n})vag ?% tahr? va scul ature
i nto | utthgn pioyssyathoyt thepn Fartheamorpdgreionoieta sigm © ocalipg e heartquedy oy Tl ['s

are 1 ound leldBrddakBloAARIEYR: MachidkcokaartomRa uhalgt duiikose (hei r
CD34 antigen, agaln suggesting differ ent| ation into %@ g{;}g% hepatic or

liver pamecm:dwllsﬁaf ong four hfer frfasienm MarepyE nAoeo 1 RedEBRsFsg F ty to
di rect, hi N t . ikl f@rgmm n an
atr aur‘?atail w%%{k eyl Q0 ﬁcég&%&ﬂdeﬁmm %ﬁltosda%‘d Yoyt

ahner . |s en robab and the rate at _which
stem celcbxﬁpcmm(a.geblood vzesalsb aﬂt@@t@nﬂh@aﬁ gee @ﬂbcja?%fcélﬂséﬁﬁb&% denepgiratele desired

cel | type T AL EN l DYSRL] Rl o ARSmIchR RSP YL Rk RRerel T ver y of

or osomu e ves pr oxi nal heart causes transfused
st em celoblB ateGo@a G lvilied parbrehyriveant e@also demmﬁt@tpﬂ tw\xoseﬁhwgc@% aégeBound 15 by

t heory, the effect be ¢ ed b 21 nfusion sensitizing
t he endég%ﬁugﬁﬁ‘?ngcﬂ‘f?a%‘f’?vnd@@ﬁ?fmc p?‘%%)r%i he |%¥‘u i'on site, which causes
t he eqngdot hel TrRlpresglk inverition bdrﬂftﬁlst&'te@the@bllﬂy&o d@@l@tﬂom@wmfﬁmmc@]ﬁat i on

across the endotheliuminto.the ti h

gl ycocor AFEHESOTERAD ELHRUPH MR ﬁé Ceseth&rg@ag?@ ﬁg}rﬂgat%rvagﬁ%f usi on can

be C(ZJBC%?%JC@]%S%gﬂaﬁ 1ﬁtb@ta&g%f%ﬁe a{ﬂ:igﬁﬁnenﬁalt‘aegll_ﬁlﬂ;c dpmmﬂtm]itmg: ﬂhﬁeprrmutnst t ot del i ver

an effective reginen of ce 0S i S, 0 y to

non- i nv&@PV@P}‘“‘E@?E‘éP@HF‘?‘@W@%W@ﬁWF OLCoyG0F %s%gothae@te sr(%&g’%f%ﬂg%mpetl ng

Wi th i NaSieMEcatict 85lsfubddl sR&d deDéio abambiaR S teharti Mpthoitarihing to bedloymwloconj ugat es

provi de the neans to target Veréﬁ/et diffuse.ti ssuesglaxlgg% aqs t e liver and the
t

ki dnels bympwﬁhwf@ctmﬁybaﬁ%ﬁ%{‘dw gy oRyieg dnfiion; sgis 'S"r ecogni zed

t hat her&ﬁ% gﬁb&k&&;ﬁm%ﬂs‘m@m HBich bAEaRIAdotdiaitelidte bimdsemglls 25
peri phera | ood or unbilical cord bl ood %nd nesenchymal stemcells

(1 NASC: )amiml;meﬂmgmngganonﬁgp?sdweﬁlqﬂeﬁﬁw THRPESSUt ropml cel I's from

li posuction Ivf i@ R SdniiRR R cBle HRDME Whaptify@FBbtem paliogeni t or cel | s
in cord bl oo@%’ms ete Réesxpeﬁwéd %Iéacent as_ app (?1%%/1510 be a

|
i nt er chamnydsivnean bﬁ condgairateddn the igehorpams theigbye © RS E?CC{ETP% %hul ti pot ent
stem g lelitgchlw,sl%gtpwﬁ g#eﬁ d@éy eTRERRsSH @ﬂ%rﬂnﬁty(ié AdnSihRstcblR tagpet BlidoratRC | onal

cel | s“when I ze 0 specific organs and tissues: hepatocytes and
chol angisadyes g heart, theweby qoa@ﬁhngc?ﬂﬂld!iwa%" gtiigecgian. | Rerhgpgmore importantly,

glycoconjugates provide the means to target very diffuse tissues, such as the liver and the kidney,

which are not amenable to dosage by injection.
Tt is recognized that hematopoietic stem cells (HISC) recovered from the marrow,

25 peripheral blood or umbilical cord blood and mesenchymal stem cells (MSC) recovered as
“narrow stromal cells, stromal cells from liposuction fat, or proliferated from stationiary stromal
progenitor cells in cord blood-depleted expelled placentas appear to be almost interchangeable in
their differentiation ability, and act as multipotent stem cells.

Such cells have been shown to differentiate into functional cells when localized in

30 specific organs and tissues: hepatocytes and cholangiocytes in the liver, cardiac muscle cells and
arterial smooth muscle cells and endothelial cells in the heart, pneumocytes I & Il in alveoli and
bronchial epithelium in the lungs, chondrocytes for cartilage restoration, and intestinal mucosal

cells, small, medium and large blood vessels in the heart, etc.
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arterial smooth nmuscle cells and enclotb.elial cells in the heart,
pneurnocy tes | & Il in alveoli and bronchial epitheliumin the |ungs,
chondrocytes for cartilage restoration, and intestinal mucosal cells,

smal |, medium and | arge bl ood vessels in the heart, etc. 14 WO 03/ 105908
PCTf US03/ 07934 B. Stem Cells Stemcells may hold the key to replacing cells
| ost in many dcvastafing di seases such as Parkinson's disease, diabetes,
acut e angogBheesc heaTt di sease, end-stage kidney di seggmisedidryr failure,
and cancer. For many di seases, there are no effective. treatnments but the
goal is to f]%r\sq]ﬁéﬁuyvay to repI ace what natural processes have taken away.
To date, pub i"sh scientific papers indicate that aerésEg stem cel |l s ba-ve
been i denti fSt@nicﬂllnmabhdtilihﬁkGYB@We‘meBWOStMi‘DﬁﬁéY%‘PmEﬂ ¥ PPHBd vessel s,
skel eta scl i f d %}é&{g@l}ﬂ;@rcm nca,

dent al t Eésogf Sﬁa‘e‘gg’t(ﬁoalc?))?tﬁ4 %rufeétaflélgﬁoﬁ%grrt aig%sne o %%%%leiggey nius, adult stem
cells hwﬂeremenank:eruﬁdrmamyms&sasethere frano @@O@Weﬁﬁaﬁnﬁﬁﬁbﬁ@e getlisda fieddr yoni ¢ germ
| ayers. |n|t| lonring terns are understood in the
art: Wé’f@ﬁ%’&%?%'hgngm? %rgﬁefse#)ﬂve{a%l% g’erbr o, fetus, or adult that has,
under c ef t ai'fb daepniishedRientifid fageradoitiate wattadultséqm exllsbave beegddentificdin | ong
periods or, in the cas L SLEm.G ife of die
or gani s H2in pong egoR A e(?i:bl?cf @0? 0 esésﬁléczs‘ ?%.+I lzmeéaé %H %ﬁ%ﬁtﬁ&%#aaﬁde up the

t 'bS r‘ ues jpBvosBN Scor@h, deiel philp @Y the bt Aretin) liver, pod mereast Emscadhlt stehas t he
ability to give rise tq at d the three germ

| ayers (’fﬁlé%‘H@P‘fﬁfo‘é}ﬁ‘d’bﬁ%ﬁ%\thah‘%ad%%‘%%lﬁ%GBP’POW g (rzlﬁllagl?rF] the cells of the
body jpari se BT%&Béﬂmdsﬁmomgeﬁnsafedﬂmmdm theippot ent stein cells are
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becomes ﬂﬁ'ge a&r&%&ne&&e %Jl:%d&}nl arfe ctgdeﬁnﬁémﬁ?ﬁﬁli Al the edls 6Bhd bolly pes of the
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20 which is part of the early (4- to 5-day) embryo called the blastocyst. Once removed from the

blastocyst the cells of the inner cell mass can be cultured into embryonic stem cells. These

embryonic stem cells are not themselves embryos.
An “adult stem cell” is an undifferentiated (unspecialized) cell that occurs in a
differentiated (specialized) tissue, renews itself, and becomes specialized to yield all of the
25 specialized cell types of the tissue in which it is placed when transferred to the appropriate tissue.
Adult stem cells are capable of making identical copies of themselves for the lifetime of the
organism. This property is referred to as “self-renewal.” Adult stem cells usually divide to
generate progenitor or precursor cells, which then differentiate or develop into “mature” cell
types that have characteristic shapes and specialized functions, e.g., muscle cell contraction or
30 nerve cell signaling. Sources of adult stem cells include bone marrow, blood, the cornea and the
retina of the eye, brain, skeletal muscle, dental pulp, liver, skin, the lining of the gastrointestinal

tract and pancreas.
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types that have cliaraoteristic shapes and specialized functions, e.g.,
muscle cell Contraction or 30 nerve cell signaling. Sources of adult stem
cells include bone manow, blood, the conta and the refina of the eve,
brain, skeletal Miscle, dental pulp, liver, skin, the lining of the
gastrointestinal tract and pancreas. 15 WO 03/105908 PCT/US03107934 Stem
cells fromthe bone marrow are the nost-studied type of adult stein cells.
Currentlywoo3hdisag are used clinically to restore vari opgripk@@desand i nmune
conponents to the bone marrow via transplantation. There are currently
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enBt 0D gti;€ Bhlsd Qo 1er B ML, spsnlepingipetiiing b ap ot Fguch. as with
henol ytic anem a. henmat ogm eshf] an %9 F wgded ‘%ﬁ ncreasing t he

vol ume Wllsr@hlcmnﬂmplaweﬂ%&i&@ gneR, gt thehandy 'éeég AT YR & ?fl me from
Progeni gl kg, tH‘BécHISﬁabS@Jﬂﬁy &bkl ¥8hd Bpsice @Fed tiafEMin theaxmiait sﬁmmer fatry paI ly of a
net wor k” of si nuses t hat originate at theq,@gndo teu f.romc

capi | 15amieamorphebis confirvasialy Wit aginge & Yeﬁ@f’l FEFORS s syst enic
venous l, ERS nlal b AIGWARE med sywdv&marsov«:@ﬁ&@aeﬁ of endot hel i al
cells; gir‘lfaftld %h%@g\?g o eo?sl thin barsnendgﬁt menbr ane, g%(ﬂventl t.ial
reticul aematqjoiegcaﬂhamvan@mﬁw B prolymeggk dgmand:if prpogt SB?h‘isl’”éth FCAEEIRAt o
adi pocy GuckBlih St MRS &l MdrRwSAd i&assia] the5
hemat opg%‘éstl}eg‘acgcg&%%%g? éxﬁg'ﬁedq:gpocl eS|gth aklés plrace in the intcrsirrus
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endosteum from cortical capillaries and terminate in collectmg vessels that enter the systemic

o3,

venous cirenlation. The trilaminar sinus wall is composed of endothelial cells; an
underdeveloped, thin basement membrane, and adventitial reticular cells that are fibroblasts
capable of transforming int(; adipocytes. The endothelium and reticular cells are sources of

25 hematopoietic cytokines. Hematopoiesis takes place in the intersinus spaces and is controlled by
a complex array of stimulatory and inhibitory cytokines, cell-to-cell contacts and the effects of
extracellular matrix components on proximate cells. In this unique environment,
lymphohematopoietic stem cells differentiate into all of the blood cell types. Mature cells are
produced and released to maintain steady state blood cell levels. The system may meet increased

30 demands for additional cells as a result of blood loss, bemolysis, inflammation, immune
cytopenias, and other causes. The engraftment efficiency of bone marrow stem cells could be

improved by preventing entrapment by the liver via the hepatic ASGP receptor.

16



| ynphoher nat opoietic stemcells differentiate into all of the blood cell
types. Mature cells are produced and released to naintain steady state
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cells as a result of blood | oss, henolysis, inflammtion, immune

cytopeni as, and other causes. The engraftnent efficiency of bone marrow
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stem Ce'f+ﬁné§a{ahﬁ?a1 66k cMB A Motebfer initiséncikmatistérf exdllehove bednsbwvagnbe he cel | s may be
rel atively superficial and balanced by the. si En | ar. [ ange of Rphasticity they
exhi bi t defsbleifpmadipes tissug am hongparvriomal gt and sReaileted fSPEPTFE AR

r nesenc%@ﬁssuéin%ﬂe B8 aRRPAARE paligtiwend it cdifferents dotheorgas di ac nuscl e
cells. I neation of full range_of pot ec{]f{fi al for adtHI Eeuss;tnerr% cells has just
begunl5 ZouSyiieh adelt stem gells canbeidsryeds thginiighdifferenges hep e

and “%erentiation

using k &%mﬁoﬂ £oLABPILE simiil iy ri¥lg6 6f plRQHE theyTekldvit. dfet instaee | sol at ed
by sacrir}g%’ieﬁghé% e musgaandgigut?i ng the leg bones with..a pair of
’&\ngc

sci ssor sidulSttenvale both hereajopsietivangarepcashyanal ynder B RpLFLa B s by

panni ng \the b diSeattbd & f@NhhRQEp Rt ThCIauIbIaE calsharfised cel | s,
such as bf‘ﬁflf cangcp%ﬁ%%g?ﬁ%celﬁﬁas) , CD45+éé( pj?anB cells), GR1 (granul ocytes),
and | ad teginf f erenti ated antigen 25 presenting cells). For an exanple of

this pyotocok, SGens 11'18!%@ Aofiled My ransailctior 2R diffREtiatiby Gsiddbi8h3wn héBeds1992) .

For example, in mice, bone marrow cells are isolated by sacrificing the mouse and cutting the leg

bones with a pair of scissors. Stem cells may also be isolated from bone marrow cells by
panning the bone marrow cells with antibodies which bind unwanted cells, such as CD4+ and
CDS8+ (T cells), CD45+ (panB cells), GR-1 (granulocytes), and lad (differentiated antigen

25 presenting cells). For an example of this protocol see, Inaba et al., I Exp. Med. 176-1693
1702(1992).

Tn humans, CD34+ hematopoietic stem cells can be obtained from a variety of sources
including cord blood, bone marrow, and mobilized peripheral blood. Purification of CD34+ cells
can be accomplished by antibody affinity procedures. An affinity column isolation procedure for

30 isolating CD34+ cells is described by Ho et al,, Stem Cells 13 (suppl. 31:100-105(1995). See
also, Brenner, Jowrnal of Hematotherapy 2: 7-17 (1993). Methods for isolating, puritying and
culturally expanding mesenchymal stem cells aze known. Specific antigens for MSC are also
known (see, US Patent Nos. 5,486,359 and 5,837,539).
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I n humans, CD34+ henatopoietic stemcells can be obtained froma variety of
sources including cord blood, bone marrow, and nobilized peripheral blood.
Purification of CD34+ cells can be acconplished by antibody affinity
procedures. An affinity colum isolation procedure for 30 isolating CD34+
cells is described by Ho et al., StemCells 13 (suppl. 3.1:.100-105(1995).
See also, Brenner, Journal of Hematotherapy 2: 7-17 (1993). Methods for

i sol ati ngso @Hdebeyi N and cul tural 'y expandi ng mesenchpirisosiden cel | s are
known. Specific antigens for MSC are also known (see, US Patent Nos.

5,486, 359 ang éa.%hﬂké@%)esenlﬁgMe%&105908 PCT/tJS03/ 07934 C . Carbohydrate
presenting Ri ol ecul'e The catbohydrate pr ent i n nmol ecul.es useful in the

present i nveReicethohydiate pseniipe mefgulss gschil IpepypsEnt ’b‘?ntf?f“égr}el?’?taf%g t he
appr opr Im%ﬁe%ulg aggﬁyﬁ@;ggmpgal% WipkdpkiSte bAtBdRyHiBd kel kb MARNG | bmgn@rrg ori nhi bi ting

the targe interest to a target tissue. targeting
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o Voot 1 BRSSP0t 1 o
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appr opr i(a§ eAICRRPGER pglgj?e@l& S&“élence)n gﬁ'@g ﬁﬁéec%%gcf%&gh pids. and the |ike.
Pr epajatchom @arto Psentrhe ip@f@ﬂitédmﬁhfﬁp (E‘mmtﬂeswﬁ appeppriats taties mokea¥lpfo hydr at e

noi eti es |s descrlbed in

US P , 679, 322
5, 089, 6@urlnds pefwEPiEies lpidy 33‘5] ‘g%ﬁk‘-‘si’g“}’m@{‘é‘“ pee °Ftéfgr“‘t°9&i?‘ﬁ’t°‘r“gggsg“ ze that guch
CONPOUNGSa16 3fthdtydate nldRtitiSEaes@be Ativoitybieat £ S BsmtiNosnf6 28 cul es useful in

the present invention. 15 In c

ol ycopr GREDAVE 6077880 SBeRe) (e peibtlrar ek SRR Ph LT T
P-(S) x- @@hse%@éa?doﬂy«faté cRntiR Rioldd@led @smﬁﬂﬁle@fes@tﬁuman serum gl ycopr ot ei n
and S is a sugar residue of- a human scrum%bé ggot e|gl X 1s an integer

from15to 10 cagesincgichitke ghycoqoningatesy BHEQPH]® 9 SRRPANE BN RY and
asi al of %ﬁea%ﬂe?al(f Gta Pl Qﬁ(t@a?%hér@iﬁmyﬁpepﬁ&ﬂeﬁduabf Yhuee batbm glhcdpiagei e 2) |

orosonucolds and asi al oor osonmucoi ds and, gal
gal act osed S &G sbgmceerduemﬂa;agmw&@lmﬁlweprmaw tS%gEq?qséeeé) “*?ffg??PgaPﬂ?a‘g‘sﬁf t he
present t%afsaé/tgééﬁés%ﬂe %&#gg Glok? glaé&bn i@ted lnBhude @Ik &d@ab&uﬁ@r(ge,t ed to such

t ar get sues as | "ver, the Kkidneys | ungs, anon
ot hers, Ffmreem @osamuceaunnwsyiopﬁ)ﬁq'r@wméf ang V%@B’Fﬁ%@%@éﬁm t"éesg ’

asi al JordstelYel %iuc%wx{ﬁ?é/mﬁ%héiﬁc@d to bl ock the hepatic

The methods of the present invention allow cells such as stem cells to be targeted to such

target tissues as the heart, the liver, the kidneys and the lungs, among others. Parenteral
administration of a glycoconjugate, such as asialoorosomucoid, may be used to block the hepatic
ASGP receptor and allow the cells bearing surface asialodeterminants (for example, peanut
25 agglutinin (PNAM cells) to continue to circulate and migrate to the mamow space.
Asialoorosomucoid is one of the glycoproteins which has been shown to bind to the hepatic
ASGP receptor and has been extensively used to characterize this receptor.
Different compounds have different binding affinities for the ASGP receptor, depending
upon the carbohydrate presented (see, Figures 3 and 4). Thus, one of skill can modulate cell
30 targeting by using compounds that present different carbohydrate structures.
Intravenous administration of a glycoconjugate, especially an ASGP such as
asialoorosomucoid, may be used to block the hepatic ASGP receptor and allow the cells bearing
surface asialodeterminants to continue to circulate and migrate to the marrow space or to the

organ of interest. The glycoconjugates may be administered to the mammal in any time frame
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ASGP receptor and allow the cells bearing surface asial odeterni mants (for
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Orosomucoid consists of a single polypeptide chain, has a molecular weight of 44,100, and
contains approximately 45% carbohydrate including 12% sialic acid. Itis the most negatively
charged of the plasma proteins. Certain of the biological properties of orosomucoid are related to
its sialic acid content. Thus, clearance and immunogenicity of orosomucoid are markedly

25 increased on desialylation. The biological functions of orosomucoid are largely unknown.
Orosomucoid has the ability to inhibit certain lymphocyte reactivities including blastogenesis in
response to concanavalin A, phytohaemagglutinin and allo geneic cells, and these inhibitory
effects are enhanced in association with desialylation. It has been reported that unphysiologically
large (5-15 mg/m1l) amounts of orosomucoid inhibit the platelet aggregation induced by ADP and

30 adrenaline, and there is evidence that a sialic acid-deficient species of orosomucoid appears

elevated in several chromc disease states.
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20 association wth acute inflammation and cancer, and thus is recogni zed
as an acute phase protein. O osonucoid consists of a single polypeptide
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themvia vehicles well known ta thos Ki.l | ed | uch as those
used in Qﬁﬁ?@&i’ln@é’ﬁ‘é@‘fl?r&?fﬁﬁfté‘?s“?rgqsﬁ(?g?ﬁs%ﬂ' e%g rﬁq?stglaﬁs ta{]ntgn?azborat ory, the
gelnetil %hdéandﬂ?&infzdiilﬁﬂfeﬁﬁﬁ{o&eﬁ]i:rﬁs'gﬁﬁﬂedﬁﬁnd thenhal | owed to grow and

mul tiply and, finally, are jnfuse a i nt o the. patj ernatively,
al | ogenei c c@FﬂeéhﬁF%’&Ps“ﬂfe@Petﬁﬂ}yﬁ%d%eg ﬁ%%&g?{%ifger 1euﬁlé"§e %dé’%&& gsi/dg}lre 1tse a

def i Ci eNgMctiobheRai@d trits thl 85dy! &I8&e aldiSmle the Usapaitic aedshae raby deligerei t her
t ransgenes gr (0]

normal, 10 endogenous genes .i.s referred t i.n,as gene
t her apy . celitaless plasroaisie theipafipnty Mhick fIlogF f °ﬁ’68f“1‘ a}néﬁp%réaflfjlgeaﬁr chgﬁ@év eral
uni que %@X@Egtﬁ%@&h&}é@{ and Yofihly vABARsS Sl HEDothi cbiitein tearatugehp and~i r st t he
addition of t therapeutic transgene to the delivery cells takes place
out si dg prévecerht thempentidgieatin WAL HIY-c| i ni ci an an i nportant neasure of
control beC@k‘&@m&H%—ﬁa@%a | G hpyaRils MRk ctRd ¥ theiapdatic fak eppe@dmhaely hat bot h
contain the transgene an 5 produce the therapeutic. agent in sufficient
quant i t yone@firdthires fsttuefnl\0@@?110615MVWH@I%‘%@F%%VY?IPW%:II?I‘? adave had a
therapeutl Cha ofh e-tﬁﬁc?{;x%ﬁﬂyﬂﬁﬁh&noﬁ%ﬁﬁéyﬁﬁrﬁ@di&aéé%f\n@y&ﬂ%n@thirﬂ afigers (e.g.,
ovarian, “BP A h, “br eas myel oma, |eukem a, and_  |ynphoma), . one-third on
human i nealisioitgfelgehedimysey fergu Sanihedslissase HPXpIeIoPmbRAHIERES f#ficie®Yon so cal | ed

si ngl 3(-) Q&Eﬁ)),dli*'a%goams a%%mia, Fabry disease, and leukocyte adherence deficiency).

In view of the foregoing, the methods according to the present invention are useful for

targeting a gene of interest (either a transgene or an endogenous gene) {0 a tissue in a mammal by
introducing a cell comprising the gene of interest and administering a glycoconjugate to the
mammal. Such methods are useful for treating a disease characterized by a deficiency in a gene
25 product in a mammal by administering a cell comprising a functional gene encoding the gene
product into the mammal and administering a glycoconjugate to the mammal. Stem cells may be
vsed as a vehicle for delivering genes to specific tissues in the body. Stem cell-based therapies
are a major area of investigation in cancer research.
The cusrent invention provides localizing of transfused cells such as stem cells to provide
30 a functional pene to a patient suffering from a disease caused by a lack of that gene. In many
instances of genetically based diseases, a low level production of that gene product will
 effectively ameliorate or cure the disease. By providing the gene that is deficient through
transfusion of stem cells from a normal donor into the patient, the stem cells may be directed to

localize in an organ or tissue of choice, causing a microchimerization of that patient in that organ
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Gaucher's di sease, severe conbined i mune deficiency 20 (SC1D), Fanconi
anem a, Fabry di sease, and | eukocyte adherence deficiency). In view of the
foregoi ng, the nethods according to the present invention are useful for
targeting a gene of interest (either a transgene or an endogenous gene) to
a tissue in a manmal by introducing a cell conprising the gene of interest
and adm ni stering a glycoconjugate to the mnmamual. Such nethods are useful
for tregydphodesli Sease characterized by a deficiency pev/esogenss 25 product
in a manmal by administering a cell conprising a functional gene encoding
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f unct i onaitrogimeratad the resiiénént suffering from a di sease caused by a | ack of

that gene. I?h g%s%/skiﬂiiﬂﬁﬁ%% Swib of8EhiEAHdenbBS@salli SoTa SR Ge aray bW | evel
That g I

production o ene product w effectively anelior

; . da{:ﬁ;}gr cure the
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t he' alpg | b HdivhQun Ghitict Grnial Rach OVl gemea tAlomatdfelyt trasormed s¢llssanroswrised such as

al | ogeneic stemcells t have .a st abl.e p,ansf used
cel|'s tﬁé‘ﬁn"éf“élilft&’egagt?’é{gﬁegenerﬁ Botieelly bt @1? EL[SE% F?%%%qlg%bna% Those of

ski Il i ngtebigd Bldcaldedn BBV, pifferitiicbygrnaniomidte hsidoeeromaeitrefysen rFer of a | ar ge
array of genetically based diseases. Ex | ar i s that can
be t r eatteéheiinfesionns tEFER "dgsr c")[g%i’%s ﬁ?f‘s@ﬁ}g ﬂ%(;ﬁ)ef’%g‘iyygg%@e%ﬁ% Q%?%b%ﬁgfassoci at ed
W th coagyl;apaloin the liver. For exanple, treatnment of Henophilia A can
be acconplished using gene therapy. in such enbodi ment fusion of
such &8l s a®thgnephodizugnts obgege g‘f’"@%"??é‘ﬁ}rﬁg t8§8’|pé S?ngmg%%ro %ingfglii? %Ja be

adm ni st a0 Pkl Hﬁcieﬁd‘}?,iaﬁﬁﬁlﬁﬁmdﬁfbﬁmm PibRiICE EndBrbtein GateBciencies.

Alternatively, transformed cells can conprise a .normal,. wild-type Factor
VI geneWhisbtse diseases all applyp g bleod ¢aagigtioR Stera 8Ee eGP PR T ™ e

di rect edgfg.} ‘aEsﬁéch, ZEh bdbsBRarldbat@phy, BEES frralyl sadime lue.osonucoi d or
asi al oorosonmucoi d perfusion prior to the infusion of the stemcells. The

cells transforminto hepatocytes and begin secreting Factor VIII into the

bl ood, .15 O I Dt sSerfef IRES@mIdHAE apy according to the present
i nventz?on i n?ﬁ%&@&gﬁ%ﬁ?ﬂgﬁe Henophi IImi a B (Factor IX _def}citgnd%)fgr, and

ant i t hr onbi n Meks, foFinandaiing Cusgenes e erlls pig Woll Jayre iAeypEpig o1 metho

delivering and expressing a nucleic acid within a mammalian cell are known to those of ordinary
okill in the art. Such methods include, for example viral vectors, liposome-based genc delivery
(WO 93/24640; Mannino Gould-Fogerite, BioT echniques 6(7):682-691 (1988); U.S. Pat No.

25 5,279.833; WO 91/06309; Felgner et al., Proc. Natl. Acad. Sci. USA 84:7413-7414 (1987),
and Budker ef al,, Nature Biotechnology, 14(6):760-764 (1996)). Other methods known to the
skilled artisan include electroporation (U.S. Pat. Nos. 5,545,130, 4,970,154, 5,098,843, and
5,128,257), direct gene transfer, cell fusion, precipitation methods, particle bombardment, and
receptor-mediated uptake (U.S. Pat. Nos. 5,547,932, 5,525,503, 5,547,932, and 5,460,831).

30 See also, U.S. Pat. No. 5,399,346.

Widely used retroviral vectors include those based upon murine leukemia virus (MuLV),
gibbon ape leukemia virus (GaL.V), Simian Immuno deficiency virus (Sly), human
immunodeficiency virus (HIV), and combinations thereof. See, e.g., Buchscher et al., J. Virol.

66(5):2731-2739 (1992); Johann et al., J. Virol. 66(5):1635-1640 (1992); Sommerfelt et al.,
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Whi | e these diseases all involve the bl ood coagul ation

may include treating different tissues, such gs nusculzysgsglrggﬂg t2$;?PZ
fibrosis, and the like. 20 E Introducing Transgenes Into Stem Cel I s Means
for introducing transgenes into cells are well known. A variety of nethods
for delivering and expressing a nucleic acid within a manmalian cell are
known to those of ordinary skill in the art. Such nethods include, for
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(1994); ZyC g packdgeBamarsily
an overvkg Tmé%ﬁﬂxﬂﬁgé?%ggIL%%ﬁgg?%%?%%ﬁﬁg?@%ggﬁﬁ%. gﬁ Eé@% cgcgzrngZefor
descni bgatidley typicalipnisimg a packagintg el rs: 58 transhuatipnysgigrs) é%ek°°“1‘f< U S. Pat. No.

-}-? at5 S é E?om%ie?%?l uE%? ﬂn@ﬁt of %lroducM%l geneSRitd targBlicOlls, If gattjeuled Eﬁl’b-ﬂ@%@ (1985) ;

4:2072-
&1Yfuz Vﬁrb&dﬁms, B which thiaed!l tram@mjlon g@pﬁors ik 13%212)%1@ ! 9997% ’trartng g:)tge?an d sarul ski
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20 infectious diseases such as HIV, as well as non-infectious diseases such as cancer.

Stem cells such as CD34+ stem cells may be used in ex vivo procedures for cell
transduction and gene therapy. The present invention utilizes the feature that stem cells
differentiate into other cell types in vitro, or can be introduced into a mammal (such as the donor
of the celis) where they will engraft in the bone marrow urless targeted to another organ for

25 differentiation. Hence, the present invention extends to directing stem cells to particular organs
to regenerate tissue such as to the heart to regenerate cardiac muscle cells, to the lung to
tegenerate atveol, and to the kidneys to re generate tissue and to directing cells such as CD34+
stem cells to an organ to ameliorate a genetic abnormality by providing efficacious amounts of a
deficient gene product. Methods for differentiating CD34+ cells in vitro into clinically important

30 immune cell types using cytokines such a GM-CSF, IFN-y and TNF-q are known (See, Inaba et
al., J. Exp. Med. 176, 1693-1702(1992), and Szaboles et al,, 154:5851-5861(1995)). Yuetal,
PNAS 92; 699-703(1995) describe a method of transducing CD34+ cells from human fetal cord

blood using retroviral vectors.
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introducing a cell or molecule into ultimate contact with blood or tissue cells. The transduced

administered in any suitable manner, preferably with pharmaceutically acceptable

) —

cells may be
carriers. Suitable methods of administering such cells in the context of the present invention fo a

patient are available, and, although more than one route can be used to administer a particular

25 composition, a particular route can often provide a more immediate and more effective reaction

than another route.

Pharmaceutically acceptable carriers are determined in part by the particular composition
being administered, as well as by the particular method used to administer the composition.
Accordingly, there is a wide variety of suitable formulations of pharmaceutical compositions of

30 the present invention. '

Formulations suitable for parenteral administration, such as, for example, by infraarticular
(in the join'fs), infravenous, intramuscular, intradermal, intraperitoneal, and subcutaneous routes,

include aqueous and non-agueous, isotonic sterile injection solutions, which can contain

antioxidants, buffers, bacteriostats, and solutes that render the formulation isotonic with the
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i ncluding, but not restricted to, RPM 1640 or ATM YV, In such enbodi nents,
the gl ycoconjugate nay be mxed with the cells in the sane bag or in a
"pi ggyback”. The gl ycoconjugate may al so 15 be continued after

adm nistration of the cells to permit |onger systemc circulation tinmes or
i ncreased specific organ accunul ation. This procedure may be repeated as
often as needed for delivering a therapeutic dose of the cells to the

target ow@ARnesHAE preparation nmay be used with [|ittl @cegarearmssf or toxicity
gi ven data from ani nal studies denonstrating no side effects at doses of

3-7 g %foo@!)%ﬁﬁﬁﬁﬂdeﬁ%ip?enpﬁfd agheoﬁsf anB h@Puvdak btﬂiﬂe émphnbmnsmm@/ mouse). 20
Adm ni stration of cells trans

uced er vivo c "Bﬁ %hof the routes
nor mal | ynclideshspending pasnts.colubilizees Bickarne aé?ntsr’rﬁf‘ Tsea i mat e cont act
wi th bl ?grg?t%l i fRdEdEL #ﬁuseﬁh%eﬁ%@ﬂﬁﬂﬂﬁﬁﬁraﬁ&ﬁ"ﬂh§fomamﬁs adie ni stered in
any sui e manner, preferably wi th pharmaceuti cal I y ﬁc@g% able carriers.
Sui t abl @ren@tddmdlsnteiosmjmuiﬂ dsescaladcontaingrscpl a8 appuleyaod ¥Rl Bt he present
i nventJ on, t hil na#nmﬁ @h ¢ fmnioane route
can b g%fuP da%bh?@{edﬁ{?ffegyartl @ d% [ co osFIt i I(l)érlmjﬂ}aﬁalmpart| cular route
can oft eﬂthastewle H@:ﬁcm,éon emm;dt, a@@n@!mmm@: Jéﬁeé’ételyﬁ@"?*é&%et i18%5¢ t han
anot her rou geut i3 Sla@loBadiftbemmbRed in part
by the 6%fP‘PfaE‘tﬂ58’raY§%a‘ 503 t%re ﬂy%@?%g‘%@%ﬂ%e?%gr d, “as wel | - as by the
par t i culis theekdabtionised t o admi ni ster the conposi tion. Accor dingly, there
is awde variety of suitable form R L conpositions
of 30 the pf¥ anF?WE’hetcﬁl OIUE%lrsﬁnﬁ S%%HegsﬁsSg%llbtggge?wﬁ%gg@ent eral
adm njes thbaddr) Qmmﬂésg:&hdaaﬂaletsfo@theckiﬁamivleuslgbgesmbe& dzells frmaduged by(theveethe | oi nt s)

i nt ravenous, _I ntramuscul ar, nt r ader nal ape subcut aneous
rout es, as fisseribggdiaboxeidhA FENEH g ‘ﬁ‘d’ﬁ"’%ﬁ?@%ﬁ@aﬁso oton 'thrgz?gaq'&]imﬁggj ection

sol uti Oraésanalas&etaeep@mtwpmhmﬁbm Rxbihamaly amsﬁmressmcbadtsere'd@wms and
solutes that render the fornulation isotonic with the 23 WO 03/105908
PCT/ USO 3y treotlizaliothod of the intended recipient, and aqueous and non-aqueous

sterile sus p%%mmhﬁ‘s?&cdqaﬁlpaﬂeﬁtﬁhlﬂ@%oﬂbb&bﬁlﬂdpxﬂ@nﬂg@ﬂﬁm Sh@ﬂdlbf.bl lizers,
thi ckening agents, stabilizers, and preservatives, %ﬁl‘ﬂ’ or
& or mul ati ons
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anpul es and vha in sone enbodi mrent s
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prior use. ese formulations may be admi ni stered ﬁnthfactors t hat
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ster

circulating plasma levels, and, in the case of replacement therapy, the production of the gene
product of interest.

Transduced cells are prepared for reinfusion according to established methods. See,
Abrahamsen et al., J. Clin. Apheresis 6-48-53(1991; Carter et al., J. Clin. Apheresis 4:113-

25 117(1988); debersold et al., J. Immunol. Methods 112:1-7(1988); Muul et al., J. Immunol.
Methods 101:171-1 81(1987) and Carter et al., Transfusion 27:362-365(1987). After a period of
about 2-4 weeks in culture, the cells may number between 1 x 108 and 1 x 10", In this regard,
the growth characteristics of cells vary from patient to patient and from cell type to cell type.
About 72 hours prior to reinfusion of the transduced cells, an aliquot is taken for analysis of

30 phenotype, and percentage of cells expressing the therapeutic agent.

For administration, cells of the present invention can be administered at a rate determined
by the LD-50 of the cell type, and the side effects of the cell type at various concentrations, as )
applied to the mass and overalt health of the patient. Administration can be accomplished via

single or divided doses. Adult stem cells may also be mobilized using exogenously administered
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10 powders, granules, and tablets of the kind previously described. Cells

t ransducedbyt he vector as described above in the context of ex vivo

t herapy can al so be adm nistered parenterally as described above., except
that lyopbilization is not generally appropriate, since cells are destroyed
by |yophilization. The dose admi nistered to a patient, in the context of
the present invention should be 15 sufficient to effect a benefici al
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type in a.particular patij.e ] bt 8hh Qf bilatnearhent of cells
to be Zﬁ%ﬂgﬁpﬁ%gnggﬁa*HHTE%MP#gggﬁiﬁgH%?%a?g%hyLAKis of, di seases, the
physi ci 88 asb@ibittesia fepbriphersl dircultion isptipshlforthe desirditerapgiig Sn9PAt-he ease of
repl acenent therapy, the production of the gene product of interest.
Transduced cells are prepared for reinfusion according to established

met hods. Seqs, AdvptisdBaE@vtRiapy ., J. Cin. Apheresis 6-48-53(1991; Carter

et al., J. din. eresis 4:113- 25 .117(.1 : 8 ., J,

| mmunol . I\/EtIHE?éléh"’?‘%g’.eig %("f@ﬁ‘é%fmal‘\flﬁjas% dné%gtgr%% .L‘A#i%ﬁﬁl%}e&eﬁ%gfhod~

st SR s s ot e e S, 1
t he ceIW§dﬁﬁvsHﬁﬁﬁ@%ﬂ%@@ﬁ%ﬂﬂg@mfgﬁﬁmvﬂgnSg%&?ﬂw%ﬁa?gt¥er??@@c%mEQ cells
vary {for auRal RN infinbBrh S ek, J. Tamuoe 125: 1457l 405 (1080) (posyigp due idbout 72
hours prior to reinfusion of the tréﬁicwced 9@%#%@;%ngﬂhgﬁﬂha%%ftake” for
anal ysi itasictionef agpledesTpants opfhe LAK celitprs Vot I"ERXpressing the the

t her apeytd : R EAAI SR feOKolbet hll, 3979t suphe Kpibéinehotfeni gtabnt i on can
be adni%#%ﬁg&ggﬁgfggﬁ%éte_dete%;nrﬁed by th L}kS of t? fﬁkl type, and
t he si dao8sf fupos) andghat pistastatia tpmery fdhess O%me,af%ﬂ%a hEeduE %ﬁs, as applied
to the r | dshBniediet @it bordairow s¢llsat i on can be
acconpl?%%ﬁ%agggﬁﬁgﬁgg*ggﬁé gﬁeﬁﬁgéﬁggges, Adul? %@%gggéils may al so be

mobi | 15z eehransinidgpe-ragmophopyesapntirg kilepMk, 2vd L 6%y SS9/ U S03/ 07934
factors_ that. sti.nul i j. ki e 885, sipmldisadls or spaces,
ARk e (bl P4 0 ROO i, SAmRAG BOLESTS, vt Rl

t hat na? stricte one marrow or. .adi pose

ti;suesJ9ﬂhemexEgmﬁﬂﬂuﬁ@Lﬁmbd@ﬁﬁm@%%é@ﬂﬂﬂﬂiﬁbﬂ»Eﬂ%@%@@?éﬁ@ﬁﬁggﬂ%urrentIy,
prior a0 e, LR Mk GFVSRL bSBRRA LSRN oRT 108k panie vhen e

anount s'in peripheral circulation is optinmal for the desired

t her ape lyniphogfd AddInf J. Ik dP6:i26e0-2888(h98nBesaphers, 19 7, supra). Moreover, all

20 these cells have asialodeterminants on their surface, Kradin, R. L., et al., Tumor-derived

interleukin-2- dependent lymphocytes in adoptive immunotherapy of lung cancer. Cancer
Immunol. Inmmunother 24: 76-85.(1987), have gamma-camera imaged patients that have received
1115 abeled tumor-derived interleukin-2-dependent lymphocytes (derived from metastatic
adenocarcinoma of the lung). These T “killer” cells derived from human fumors also migrate to

25 the liver and lungs. Based on this preferential localization in the liver of buman LAK cells and
their ability to kill hepatocellular carcinoma, Hsieh et al., Lysis of primary hepatic tumors by
lymphokine activated killer cells. Gut 28:1 17-124 (1987), have conducted Phase I trials for the
treatment of this tumor: It has also been suggested that for treatment of liver tumors that
selective administration of LAK cells with IL-2 via a catheter inserted into the hepatic artery

30 should be an effective means of administration which may decrease the magnitude and scope of
side effects (Fagan, E. A.. et al., Immunotherapy for Cancer: the use of lymphokine-activated
killer (LAK) cells. Guz 28:113-116 (987))..
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It has already been shown that intravenously adm nistered LAK cells are
sequestered predomnantly in the lungs and the liver Lotze. M T. et al.,
The in. vivo distribution of autol ogous hunman and marine |ynphoid cells
groomin T cell growth factor (TCGF) -Inplication 10 for the adoptive

| mmunot herapy of tunors. J. Innnunol..125: 1487-1493 (1980) (possibly due
to interaction of asialodeterrninants on the LAK cell surface with ASGP

recept orwo@indshg surfaces of endothelial cells, Kupfberusahbss and
hepat ocytes (Kol b et al., 1979; supra; Kol b-Bachofen et al., 1984, supra)

and t hat - mefaslat) ¢.J HORE fud: vt BEA SnAdaARciniely bedteanap ocalday’ T educed by
LAK bone marrow célls, t

erapy (Rosenberg, 1987, gaiﬂa% ..l ntravenously
i nj ect edsimisikhenbbelyeproteis (igd atidotapgara Py FSPAFRBEPE BECOSGRIMS kil ler (NK),
and LAK cells, all .share thi. %@ﬁﬁ : L&lbisigs) Rt doed esialPRreiowski et al .,
1984, w&&@%@ﬁfﬁ%‘ﬁ?"ﬂeﬁ%‘%., lgeétsa,glag%yg‘?ﬂg Ksc))lb étedals., %97?, supr a;
Kol b- Bagjisb&tes via high affinitl Bepdic ssinloglacopresinsreesgiorsAsteell @ The fglg Afeell i1 Ter cel |
activity in e, rat. Y. .The ci | atq safkstvasye |ocalization of
por | pheveies sy g bngPARtTapa, AR R Co e BaRs VAT | O 28
2800- 2@.&eﬁrib&ﬁ,ﬁbhddﬁp©xmmmmgll@mlal),Cal%h)é!ﬂﬁa‘ﬁ",wﬁﬂ receptyrsohf€e cel | s have
asi al odet enni nants on thejr r.Lac | . k., Tunor-derived
interl éURi-ﬁH’QRe‘ﬁgﬁ’é’l‘Fﬂb{ﬁ glysr?%m%@tg%&%o%&a &ygﬁﬁﬁsg{r%?hera_py of |ung
cancer , ,CRBL & rotdiks MR ycobdnfigitan Vhke4; P24 B (76 M8 3. Hot®Bz) Acaerplé ganma- caner a

| maged patiénts that have received n- | I B loyied

i nt er | dtrrisiNex Yebéifde n?helhm%?@&bbﬂ[é‘g#k\%gﬁ I‘?gﬁﬁ%\%{gﬁ%ﬁﬂcm

adenqg al Gl A RcOfpeliiGity) 406 requiie@ents, FH ofstirhiing m¥fingig shtginid eird, eeld f r om hunan
tunors also mgrate to 25 the |iver and (Qm a..Baﬁgdasg)a%ﬁg lagpRief erenti al

| ocal i ziempesature depenrsny intpmplizafonypf g HFCPRAR 2R ‘ﬂg% 10RO ThES .ﬁ.—w to kill
hepat ocgl{ yl ar | (vit i@ s AlsioR betweenlpit®byRotfvegidlésmad Jysdsemest i ¢ t unors by
| yr npho%ijﬁeliogvé%@%%%ﬂ%?@cel ls. @ut 2?1: 1%;91%4 1(219%@5 71?_15%\@ conduct ed
Phase | diring bétgorhagy df [ial-esielofeimiastibe Rrfusef 8 iy ind P70l ol 37 5 heen suggest ed

that fofedf tor AT Chir¥ekizIRBF e ADGE recdph GC4 dovenuasiepitaalieibon of LAK
cells V\{]g%&),@%&%ﬁ.&d&gt het er ins%rted into_th erhe ag{sgeggrtery 30 shoul d

bean 16f biek Chane2 3568883881 (1880 Ashwelt efal-JASAniPER *Fhe nagnitude and

scope of ..side.ef b s red itlvemalpyceptor Cancer: the
use of Wﬂ%ﬁ‘gﬁ?ﬁ°ﬁ5{°§‘§{’fﬁgtﬁg‘g&’gﬁﬁsﬁ T B @Jct:eglj PO 28 113, 116.(987)).. 25
WO 03/ 105868 cRcTodeS0BCeY $1. 402027 (1986). AL fratrdigand HepReyR Bden shown to

specifically seqguester., .4foaP:mnied GRlinterndlRed Ml Mbaddedaielie Baeptb cOpr ot ei ns
(eg., a%‘?téqt%ﬁ% s?ve?r?ﬁshafg'{)%lesg%%i ton of gal act ose resi ﬁlues. .made

t er m nafecjledtdibe cetinofak unhmgied Muclla et al, (386.supreh SHVFGFASST BTHHY  and aged
?:i Ie%bgl?%t"ﬁgéﬁr‘i%é%% ?a%%%&%.%iza %}lpl gﬂ%a?éﬁé Sg)Fdlcob Békdle ﬁ@ﬂ@hbﬁc@i& ipad cagparcopr or ei n
minute; each functional receptor can bind and internalize one ligand every 8 minutes (Schwartz
et al., 1982, supra). Hepatocytes share asialo- or GalNAc/Gal-specific receptors with Kupffer
cells, and Liver endothelial cells (Kolb-Bachhofen et al., 1984, supra) and the hepatoma line,
HEPG2 has been well characterized with respect to this receptor (Schwartz et al., 1981, supra).
25 There are 150,000 high affinity sites per HEPG2 cell and 500,000 per normal hepatocytes; the Kq
of about 7 x 10° M is the same for both. Thus, using adherence to cell line such as HEPG2 with a
well-characterized asiaioglycoprotein receptor, as an in vitro correlate of in vivo adherence (as ig
the EXAMPLES, below) is a cost effective and simple system in which to determine parameters
and possible problems that will be encountered in the in vivo trafficking studies.
30 Parenteral administration of asialoglycoconjugates (e,2., asialofetuin) to block
asialogycoprotein receptors has been shown to increase the efficiency of bone marrow
engraftment 5- to 10-fold by blocking hepatic sequestration of these cells by blocking hepatic
ASGP receptors (Samlowski et al., 1984, supra). Given that T.AK cells have asialodeterminants

on their surfaces, as shown by the in vitro studies herein (see Examples 5-16), then they also

1
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5 surface carbohydrates in binding phenonena. In: MI'"anrnalian Cell
Menbranes, Vol. 4, Butterworth, London, OX (1977); Asbwell G et at,

Car bohydr at e-specific receptors of the Iliver. rlrnr. Rev. R ochem 51:
531-554 (1982); Hanford et al., The hepatic receptor for

asi al ogl ycoproteins. In: The G ycoconjugates; Vol. 4; Part B (ed. M 1I.
Horowi t z) Academi c Press, New York, 1982). The human, rat and rabbit ASGP
recept or godizaeb@y Vvirtually identical 10 characteri stipgsruseuesificity,
cation requirenents, pll optimum affinity, subunit size, and tenperature

depende ?&ogti r%%%l? B{‘%#ﬁ,‘%@{ Jrgﬁu&ieiédhﬁme Q62 Pla Be TP re@poad This 00uld fesilhia

asialolig , Low tenperature selectivity ipitibits fusion
bet ween apetrios yf wiiletingesinbdreef Lavosfegrersslytaat world bp agishit % P Hﬁﬂ%"g}“of

125l - asi_al of et ui n, by t.h ' 1ot d (N:STe- iRl tumden 8880 5971-5978
(1980); ﬂ§c§ﬁ‘fk’/§t?°tnz° * lé/fly(éftltgﬁ%ﬁ'gérefg{é{s%%?%%fﬁi CSII# ﬂé)l ttnﬁg[e%gg nrmécept o?dzi%&rsl a

cont i NUQsise pregatioveatidn, byehlocking thk SeBioASCRITCIAISEPEE sEIaBaionCId) :  Ashwel |

et al., 1982, upra; Mgl | er VB PiigihaBRpdReadc0si s of

asi al ogglpﬁﬁﬁ?dopit?rﬁ"ée?%ywre caﬂé’g%%{a&wggéelp%r‘- o)ieitlt_i ve and recept or
negat i VeeqBasoE thesebells®e ifle. intRiverlous a8MFiso8Hong 7sigi ggonjuggtesvT BDC t he | i gand
receptor conplex_is ot_internalized: iSvduldizBowONPl eX was

i nt eni al‘lﬁozléﬁa@ﬁﬂf@%b‘ﬁg(?@hs“ A “flﬁélaﬁcgaéeé’ﬁ o?li}lﬁ%%{:e?g‘%ség&tlsg/ the cel | surface
undanagegydViaklcels @ tewadt cyclesl¥BBX thetgiyay eveiesall.drtabeused dwink the dhstagyoni ng 20
225,000 receptors can internalize r.oxi mately 30, 000 sol uble Iigand

nol ecul ékefqbéfedﬁ‘é‘!ﬂth"p*@%‘l“‘tyrﬁssr?&‘f‘fé‘,lwglég‘ﬁﬁ H€Yi onal receptor can bind and

interpali ze pRRok AR heRYLabUIB bEbRIE B sifieshael dazt tetic thbrapies®B2, supr a) .

Hepat ocyt es sharé asi al o- .or Gal NAc/ Gal.- speci f.i ¢ ept or .t h Kupffer
cel I s, dﬁ@hrlﬂilt@é?anéﬁfﬁd’@fvﬁ‘@ﬁi@las%W@X%PBQW%%#%G ’ Sg‘? i ’,ﬁuf 4, supra) and

t he hep%%%ﬁ&@?ofc&hdeﬁﬁ@eﬂﬂ@tb@ﬁ%ﬂ@?N. EhaUaMeE 8] 2959-94) (188 Despect to this
r C N\Wa

recepto rtz. et al., 1981, supra). 25 There.are 1 000 high affinity
sites pdak-eicaveald b%@O%@,%WW@%f{e&u‘BW ce%eﬁﬁﬁg%%?%?%quﬁgmﬁ%s’ of about 7
>|f| Eé%g vl\ae%’%’ﬂgeﬂa \Xglf!;”&dfl]@i{at Ly shi Savestigdtors, vacHoes esilees. The weakdt | i ne such as

f-characterized asial ogl ycoprotejn receptor,,. an in
vi t r o1& Gnveeticatimprovesite efficgey o BAK terrpE bY BEeisHIE ﬂ%ﬁ%ﬂ%{&ﬁ/ﬁtﬂé@?ﬂ%&“‘%@) is a cost
eff oot I vy ARG uSle APk Brod UEDrdulbi uflnbsd oSIRLAL fcOer RioasEk Reod iand possi bl e
Hat W e efc h

probl ens ountered in the in vivo trafficking studies. 30
Par ent erthd pesiphwiyn insteadat beimg pyfmasilyi sequogirsdia Ssriverg Spgafng 1patc 55 al of et uin) to
bl ock asi al.ogyc R i S rRE 6N S MRpT Rr bl eRsRd fahe

ef fici erf&‘yw%‘?"‘g nosﬁég‘ﬁ%?"?fé#ﬁéﬁ“g%g‘??ﬁ%@ﬁt 520 1o-f18’f drb){ bl ocki ng hepatic
sequest raganoothethah ies ePewinting Yspatigiseptsireiipnios bAK cells sty H0deEeass 02 ( sal nl owski

Chei r 26 PFER EN3aE bk i e A AT B o BB Ll 65
5-16), tibdRe thbpassialligo! AEmHEnOBAIGEe0ed RChaTfuydpsurrAsgnciyat theilike] y are taken
up or Sep %ﬁ%ﬁ% gyd tr;pgedt lgr?lp]loic}yteesr( &be%a&ﬂ%?en%tsﬁ? 1978CHPOARMersbiét a1 woul d resul t in
| Toxicity of human recombinant interleukin-2 in the mouse is mediated by interlenkin-activated
tymphocytes. Lab. Tnvestigation 59:598-612 (1988).

25
EXAMPLES

Procedures
Intravenous cannulas were placed into the external jugular vein of NOD-SCID mice
under anesthesia (Institutional Animal Care and Use Committee protocol #AM87046-07) to
30 enable the efficient delivery of '!! In-labeled stem cells i.v. Tylenol elixir was administered by
mouth after recovery from anesthesia. Briefly radiolabeled CD34+ cells were taken up in 100-
250ul of 5 % human plasma albumin in saline and injected into the cannula and then flushed with

50ul of the albumin-saline. The mice were imaged by nuclear medicine.

27



a net loss of circulating nunbers of LAK effector cells that woul d be
available to participate in the reduction or lysis of tunors. Sequestered
LAK cells m ght not reach the tunor. According to the present invention,
by bl ocking the hepatic A SGP receptors hepatic sequestration can be 5
prevented. Utimately, the efficacy of LAK therapy woul d be inproved by
elimnating hepatic sequestration of these cells by the intravenous

adm ni styatozaxeef asi ai ogl ycoconj ugates or by nodifi eatiuesnedsst he LAK cel
surface with sialidases or sialyltransferases. This would allow fewer LAK

celI's or fewst,.cEhSTTB feddlmicd BlGHRYesOdialRueiSk-esdscid) wRretobtained fiered duri ng

the therapy, thereby reducing the toxicit sociated wth t herapy. 10
I n t heothy Jacksak LelreaterpyBas HerborgMB@t LA @opips ?fﬁé& @F%é’fmﬁﬁd" FodEe - oXi C

t herapi es in. Ot RIVEE Mhe BOWRMETPA filterddpad etanimals expect at i ons
Rosenbelmﬁllc@gglgt?r%ag%ﬁg?E%E}%lalt%tai _Irmur_lg)t herapy .of cancer: The end of the
begi nni wef chéngdarighk Jamjnar ﬂ@ﬂhoogwh@wf%m-(&%ﬁ’?¥=)ded1{gAﬂ?d Y &5 have al so been
shown to kil Rt g W i By kBRI thoyTpRRCY t es,

endot ﬁeFtFlgZe%mgg%é?ﬁ%g%%t%%%%g%di%ﬁggﬁg | nvesa{hi@ﬂgljat ors, buf not by

ot her s. hdhoppletis edls anfGymphveyts bemnse obiheiyimsmmpiacostpeicecs difludie BRK: her apy by

i ncreasi n er, of circulati " Ki o Honseidftakdacsr gy | nproving
the pr ob‘gg‘ieh&?{yacﬁﬂ t Sfeh%%g&o %’thai"vé} %Fg,}édg%;gﬂ%ﬁgarﬁn&ns%ﬁgl I's Tocated in the
per i phenys (10975 NeRe, bl BekdVdurpov Transplayptatieciicorrdd S§8EAMONB: | i ver. Elini nating

hepatic sequestratiqn should thﬁsr\ggrgéog?iﬁi%;&ygri_tphe response rate of LAK

therapy for AHAfEHUSTPRROELETR T Grgans ot Rer than Tiver. Preventing hepatic
sequegt r at | QfeEells AKDTR! stefn @OMrelisalbisdiraie ephemsiesterh eellzollestorareductsxi ci ty and

the liver damage associated with this ther ; Ikl Aokl s Wil al so
reduce ttrivehfem dprepsed AnesF p‘ﬁ@}‘tﬁaﬂ@ﬁ PR RHEGS ?&g%su%%ﬁp@%sh% g‘gﬂ’f’ O)Ih nune
destruc tcg,rg%@& 1ol d1834] coj@gated RS SIMERYbERIS YIACE agramtion opinpinsidyittenyi Koteh- Bacbof en
et al., , supra; Anderson et al., Toxicity of human reconbi nant

i nt er | edibym.CA #dcHEPKBTSE i s nedi ated by interl eukin-activated
| ymphocyt es. mhah mesdi¥isial Géh bedo (DESCROBE-9502) ¢bl:AR8 fhrow2h 2 EXANRINESed Pr ocedur es

I ntravenous cannul as were placed intg_the ext al. j.ugyl vyein of NOD- SCI D

m ce lnged bensesarew slopT IO ‘Yeﬁ%?“&l?éﬁegﬁﬂﬁnﬁﬁ?h&%nglﬂéc Ieoa%(l)t\tr/fag#rt tee protocol

#AMB 7 %@m%’:@ 1e,tMP§%EBé}E%ﬁretﬂ%e@£Jcb@ing i mal@iabiver secoimehddiohs- | abel ed stem
V. €no

cells i. y elrxir was adm nistered b ut r recovery from
anest hesésaﬁpelﬂetﬂ,@fld?diphbﬁlﬂlaﬁ@ﬁeéﬂlqumgéw%%%%gm{@kﬁ#@p in 100- 250ul of
5 % human pl lofbdl DrActhidoR (Apsh-1 d%id%ﬁc&dotbilﬁ) fdbifocewmutal and t hen
flushed wt hg%%g’tﬁ?b'glymteﬁg' g)lrburri n-s(aPiiQne, _The m ce re f nalgle[qugy nucl ear
medi ci n¢ASQAvE@/EniEAiaredaais: following buffer containing 0.16 mM Caprylate. 10 m ,

20 150 mM NaCl, pH 7.0.

Anesthesia & analgesia! A rodent anesthesia cocktail of 0.04 ml per 20-30g mouse i.p.
(Rodent Cocktail recipe: 1.5 ml of 50 mg/ml ketamine, plus 1.5 m] of 20 mg/ml xylazine, plus
0.5 ml of 50 mg/ml acepromazine) was used. The anesthetic agent, Rodent anesthesia cocktail,
was administered i.p. as follows:

25 1)) for surgery- 0.04 ml per 20-30g mouse, and
2) for imaging- 0.02 mi per 20-30g mouse.

Post-surgical Analgesia: Tylenol 60 ul/20g mouse (6.10 mg) was administered by mout_h
afier anesthesia had partially worn off. The analgesic agent was Tylenol by mouth at 60 ul
(6.10mg) per 20g mouse immediately after surgery or at the first signs of distress. Xylazine

30 contained in an anesthetic formulation may also act as an analgesic.

Surgical procedure (Standard cannula placement): After anesthetizing the animals as
previously described, the threads for suturing a cannula filled with citrate saline were soaked in
70% ethanol. The anesthetized animals wers secured with paper tape on the operating platform

ventral side up. The arca from just below the clavicle to the ear was shaved. The shaven area
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PCTI US03/ 07934 M ce: NOD- SCTD, fenale m ce (Nonobese

di abctic, rLtSz-scid/scid) were obtained from the Jackson Laboratory, Bar
Har bor, ME at 1-2 nonths of age. These aninmals were nmaintained in

m croi sol ator cages in a special isolator room The air was HEPA filtered,
and the animals were changed in a lamnar flow hood within the facility.
Al'l food, bedding, and water was 5 sterilized. NOD-SCID mce were ideally

sui ted f@lpdihgost udy of xenotransplanted tunors and betimkeagésatic cells
and | ynphocytes because of their inmunoi nconpetence including greatly

reduced NK agt j.vi : inSedWvith 0@ 2 hand®! A @brtical Boisbon gys wdde B bod eC. Marr ow
Tr anspl%ﬁce??eghh%!ﬁfég@‘?‘%?gn( 1967) - Noort, et al., Bope Marrow
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st em celpkSidan WEGain Wi-cRiaRd pf obiying fetcind fasda nsig 1 APRORIHRICHY d8° 15 pai d bone

mar r ow donor. program.were purchased. fr i £f. 0G0 s,
Bi 0' "' heifoplafieyin theganeRey Xprd ‘}%éa, Wﬁlﬁ)ﬂ.(’gﬂﬁﬁggg&e’fﬁ ?Asﬁ{v(\);e‘(r}% (?-ﬁg(\}}\g% “accor di ng to
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Stem Cel | Basal Medi um (] VMSCBM .. Pr. I NS, 1 R St ; coid
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) £ Qi | QRO DOLE Ak o0 Rl Bkmigsdted fitorti\dx@ant jppearacin] Ghemifares, 20 150
, P

in tI]
mM Na TT 7.0. Anesthesia & an esi a: A rodent i cktail of
0. 04 ni the yein waonicksg wWith theanigroggissors: %8&4%%&%%??@%@@3’2@ ﬁ‘%’@‘ﬁ%’q of 50

g/ M keh Al AR chiS whs BidRbwddiaRAs B hoanbiaz vaefusipivillsthe @aBofthe of 50 rng/

acep. ronazi'ne) was used. The anesthetic agﬁnt Rodent., anest hgsi a cocktail,
was admiveit sidghedawir kpot tighteped| [Tagennuizsvas fesed py Risigasalice OpE k56 20 30¢

nmoue., and . NG 202 1d3kacB A fidDkndfgastpdigeundPestamslanging al

Anal ges?})&erkfé?gn(ﬁm%% u|. Zoggjﬂr!r;nuse T 6..10 n&%ﬁ Wa‘ilf a(gn‘i ni s tgre&lnc@/ nmout h
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mout h at 60 al 1 GRDHERMS Ala banBeiiahie rcadf Al lmotgery or at the

first sica ng%ﬁ“ﬁ%’??%essﬁ%ﬁ%azi ne 30 cgnt ained in an anest hg%&c.for mul at i on
a

may al seadisingsn emi afritel topetbiead angthe gpiten thesad CHHEL R PESHRFRP Y

pl acenrerrt): ter es W4 Il BBib&ocent. Phedshlislag descri bed, the
t hr eads%ﬁf’flg’%‘ﬁ{ ?ﬁ%bg‘%ghecctg%ﬁﬁalt@l?%ﬁ%gd%@h _c_?gter ate saline We{tﬁ soaked in
70% et hapaped oFhad ragtiipe tinowell. Ahe paamsa wes Rosienct pekragpth e g4BeY s ape on the

Oper a%()i r1]1 ckea.ln E}Ite%’orrpzed just below the occiput at the nape of the neck while rotating the animal
(dorsal side up). An autoclip was used to staple the heat shrink part of the cannula in place near
the exit. The cannula was cut to a reasonable length (1.5-2.0 inches), and a wire plug was placed
into it. The animal was turned over to its original position and the neck closed with autoclip
being careful not to puncture the cannula.

25 Surgical procedure (Da Vinci Microport Vascular System cannula placement): The Da
Vinci Microport Vascular System (Da Vinei Biomedical, South Lancaster, MA) is a closed
injection route permitting its implantation up to 2 weeks prior to trafficking experiments without
loss of patency. The essential difference is that the port is not externalized as before. This
oliminates additional risk for contamination and damage to the cannula caused by chewing and

30 scratching.

The incision area was cleaned with Betadine prior fo initial cuts. The mouse was then
taped (back side up) to the surgery board. An incision 3-4 mm was made. Next, the incision was
made on the chest 4-5 mm. A tunnel was made from the back incision to the front ncision in

order to feed the canmula through the back to the chest. Heparin was pushed through the cannula.
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ventral side up. The area fromjust below the clavicle to the ear was
shaved. The shaven area 28 WD 03/ 105908 PCT/I 1S03/07934 was cl eaned with
Bet adi ne and rinsed with 70% et hanol. A vertical incision was nmade in the
skin of the right neck fromthe lop of the rib cage to the jaw bone to
expose the stenocleidomastoid nmuscle with the external jugular vein just
beneath. To clearly expose the operating field, the skin was retracted

W th w rngoli9akss(secured to small weights). Retracti opchusiewsd not distort
the underlying tissue but should stabilize the area for visualization and
cannul ameic&lﬁlﬁfawa%enﬂ{ﬂﬁd M h YR 6 HoMbsRels. Ofhe ehtewbstiufie et framdbef asci a usi ng
m croscopi c forceps. The <circulation. in the gq}ﬁfri Q.. veng, cava was cut
of f usitisepean timlibhckefogiesement ohopash (The RYT WAsSHPA AP B LC BSERE T de of the

t hr ead V\gglﬁ ﬁﬁp%%‘%%ﬂ %\lgé_ thwa sﬁﬂuféﬁﬁﬁ% bRERSLiAd a trifle kBRGB.INpit@Eanake t hr ead was

| ooped & tomor the vein to make a hal f kg}glt V\4]t hgf;t pulling it
tight. Witenddonis ek Wil itsshest up o Thecraumuds Was ghep S ALARZPGRIET £ REH' been
inserted intq the extern ' A Ble Bronlhf WS Uhé atOfein WiaB &oMed N Was

ni cke W‘Fﬂ&‘%ﬁg’s 6’5%%“@2%#%.q Iﬁedﬂc{giﬁnghuglua was in%c_eé;ﬂt ed inég the vein with
bevel edn tificEet afler sohfedateadtimmieavasgelled pwvey. ddoprmd chgemire WFrelesd fOYE anchor was

flush with the wall of th e] ggﬁ @Em%% JiOfupdldr98ih e0R@ theThe cannul a
was tes‘!’@%ﬁl‘iﬁg‘i‘?ﬁ?ﬁi bpuglf‘;\erglﬁlr?é:ﬁetswraoug |Bt. hgﬁsf OV\BI‘gL%(IjOt was fieni shed after
ver i f yi jiguifQeth SakReleted, Avd sihireskireatplavedsartind . dhwiomef thvesirewasied off usi ng 15 the

top thread. Saline flowin the cannul i read was
usgd t cengeehyipgley the f@&'t"%,hﬂo?fbhfti gtﬁg%l?pleger%ﬁlagp gﬁgé&\?\g@ q??%gég%ﬂ?e E(hhe cannul a

agai oV b fdil Se tp! a5t wabndttibhtetettOThedager tinranseslatanto anlddeganplaihe t op

thread and the bottomthread._ This.secures e j ipnf eri or

t hr eadsPIWéFd@ﬁ@Pﬁ%SSBPb}eﬁg“g:f&?% ?&‘gﬁﬁwﬁwé\lﬂtgﬁqta%%@?g{evg{sg?ﬁ%fls odgement. The
cannul Ay 15 vein badRgAno 186 b thivahesitfiriuagenld dafed édk thien.clnentiea was

positi onéd underneath the skin of the. 20 neck anngiﬁh%t{ﬁgme%ﬁq j ust bel ow

the occéapuia was plased maiseomhelower i s YahiePe FRPLLF S AL BRTa "(dorsal side
up) . AHNQ&HQGCJha{,IRué’@a% HEBG hQedkt BPhgnikdiRphdakrosdhrherdanuén tAfief vetifyingcannul a i n
place near’ the exit. The camula was cut to a reasonable length (1.5-2.0

i nchd§) no leaks, tathingigons wet 8% pl aced into it. The animal was turned over to
its origi nalmﬁ,gg,;,,téx% 1805k PR chRK 1Elnased 1abbling ofstntiunm Clhiitng car ef ul not

to puncture the cannula. 25 Surgical_ procedure (Da,.Vinci .Mcroport Vascul ar

re
Syst em mesendymaljsteaxesHeMSCs)Fros Pesormsd ying  oaiigish of R REF SR syst em (Da
Vi nci Bionedi CaSioBsus 1uNdciks.i s a closed injection route
perrritt#{ﬁagﬁf éﬁ%ﬁg\ﬁg%&@gjﬁ up ?5182 vve‘ygtﬁss prior to .traffjcking experinents
Wit hout | oswreftingdbraivews fol eopaskolagy: dissess Prehamesidadeon i ¥ihe port is not
ext erpalized as befor 115 werl i VsRA b ShaBitiliok 420 Rad fiked $iK10BDRenaNt ami nat i on
and &Qnﬁ&ge‘geoﬁﬁ%éu%aéﬁ’nuﬁgg%gﬁseh b; chew n an% 30 s_[%r at chi ng.

buffered formalin and the other half was frozen in OTC for irozen sections. The mmages

. presented herein are from fixed tissues.

Necropsy Procedure For Collection of Mouse Tissues: An initial midline skin incision

from the anterior cervical region to the brim of the pubis was made followed by an abdominal

25 incision following linea alba from the sternum to the pubis with a lateral refiection of the
abdominal wall by incision following the caudal ribs. The steroum was reflected anteriorly by
cutting the ribs at approximately the level of the costochrondral junction, incising the diaphragm
and pericardium as needed. Anteriorly, reflection of sternum was extended to include the ventral
cervical muscles to expose the trachea. The trachea and esophagus were incised at the mid

30 cervical area and reflected caudally, cutting attachments as necessary to remove the thoracic
viscera in toto. Following removal of the thoracic viscera, the entire heart was dissected free and
immersed in 10% neutral buffered formalin. After immersion, the he"art was massaged lightly
with serrated tissue forceps to force fixative into the cardiac chambers. The trachea with

attached lung was then immersed in fixative without further dissection. The spleen was
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The incision area was cleaned with Betadine prior to initial. cuts. The
nouse was then taped (back side up) to the surgery board. An incision 3-4
mm was nade. Next, the incision was made on the chest 4-5 nun. A tunnel
was nmade fromthe back incision to the front incisionin order to feed the
cannul a through the back to the chest. Il eparin was pushed through the
cannul a. 29 WO 03/105908 PCTf1JS03/ 07934 The cannul a was then pulled

t hr ough wig hasdope henostats. The skin 'VAS pul | ed | oopex/fsoant9she tissue on
t he back for placenent of the port, The poT.t was sutured down to the
tissue Ln tzQ(f_om il e ARS8 K mEVe8 Bad intncweBwisld it fetalimfixtie. fhaces using a
trlplevllf"ﬁg{ i'e. Xl'ext, the nouse was turned on its back with its chest
up. Thetonath andantestiog] trs rers aemayed byrincisieg the rmFﬁ}gﬁecp%gat@etWSferg mn and at

raost 2 nmm of caw).ul a ' i i WadteRbved @i to aldenmieigd]l ar vei n was
i sol at @greneTy Vg o egsatﬂa%iéfcgtﬁsg%tr"fcg%a%g . " . The anns
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excessi ygebheast © e eRntnh eufig UA snglegiper to ket incigons s made trovgh &€ ade i n t he
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the veinight GaEisleppdates AR Arept \’ﬁé%eﬁﬁf t&%ﬁﬁe ?ﬁﬁetli?gs? vern t tgmlﬁ%lqui(ﬁj tie was
tighye gg\grv@ﬁqquﬁqi sdpfin SRMUbBCcavdidclthamtfefsite acievatwo aplasetimately equeblrpfiigh-a. was
checked tor |eaks by nraiing Li g%ri n thr ou h tﬂ%ﬁv‘é‘%ﬂﬁ&%ffe fpg&r verifying
15 no |Jzakbalf westrkrcedigiosrnamis sbrme cHseEs Com BT i Ok ne Label'i ng Procedur e:
"' 1 n-ox] H?abhg?%lemgagé“h@ﬁﬂ*’lml&mlﬂaaéﬁgmtungsrmesapmmhﬁomn@%@el |'s (hNMBCs)

was per"’fnome using a nodification of the Al

| 0= 1.S n care

Pr oc edutissueh and fleebdflit oy feaiverrasgeeisions pids & isg ﬂ@ﬁ@@%ﬁ?ﬁﬂ@@l}‘ﬁ% ssues for
hi st opa) Nol 0% vﬂ&éﬁ%ﬁsﬁm}i\ﬁﬁﬁiéﬂ@faﬁéﬁ§hﬁdﬂeﬂfaﬂw 1ebis AadEsedinta2@ After the |
-hour - i /Y age, the organs were -harvested and half .thg qh 9. Nas fixed in
10% né uippsipriatbly fabeeoasseie: e lef laterel apdmedal ibps WP FocURRe” #¥ 826 'h" orC f or
frozen sections, FO.; B Sk 8H kel et dlenbending xassktib asb ues
Necr ops$™ 6%%“&%-@ 8?%?%3&9 g%aéf Nbgg‘gﬁﬂdg’sues: Art initiial m dl i ne skin
i NCi Si Ofienfet! oirh bixelosmnbagin dowrs taking edianiagegtt 815 Uy R & BEPASE Bi*%t he pubis was
made fol |l owed by._an a i LiNedinh s thieh lhow thomidpdigatmkeba fromthe
st er nunf Y eapgﬁliosn\elglra?&hﬁgﬁql%%g}ngl{k iefi- ection of tiﬁel aadorri nal wall by
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by cutt.i t he rj,bs at roxi SV@hur@da thhepaa@sdochr ondr al
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appropriately labeled cassefte.

Imaging procedures: Nuclear Medicine. NOD-SCID mice were anesthetized using

—

rodent anesthesia cocktail, Once anesthetized, the mice were placed on 2 foam hemi-cylindrical
monse positioning device (MPD) and covered with 2 tube sock. The MPD allows better visual
25 separation of the Jungs and liver as compared to placing the mouse on a flat surface. The foam
on which the mouse was placed, and the tube sock covering maintained a comfortable
temperature permitting longer imaging without additional anesthesia. The MPD was placed on a
narrow table between the dual heads of a Siemens E.Cam Gamma Camera and imaged statically
or dynamically in 2-D or SPECT. 7Co-Spot Masker is used to mark anatomic positions (nose,
30 tail, cannula, etc.). The data was analyzed using a Siemens ICON system for regions of interest

or percent of injected dose (e.g. liver, spleen, heart).
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and pericardiurn as needed. Anteriorly, reflection of sternuni was extended
to include the ventral cervical nuscles to expose the trachea. The trachea
a-nd esophagus were incised at the md 30 corvical area md refl ected
caudal ly, cutting attachnents as necessary to renove the thoracic viscera
in toto. FolloNvina renoval of the thoracic viscera. the entire heart was
di ssecte(l free and imersed in 10% neutral buffered for.malin. After

i mrer si Qlg odifdsofpeart was massaged lightly wth serraeemusms®se forceps to
force fixative into the- cardiac chanbers. Tlie, trachea with attached

l'ung was thgg' Q{Jgglgi %{é‘?gcah%%ﬁ%inﬁe(@ﬂ MudicalfSysterh Bighdiperd Seitdlon. . The spl em
was 31) WO 750808 BC 1/ 1 JS03/ 07934 \ﬁ.slga[l i zelﬁb ﬁgﬂ{%ﬁ%e&%&achni ents

i nci seduntedrfontedorassgssmantiend ©&aEBY BEFRUPYH IR FISAEVe e st omach and
intesti.nal trac ey e dicRinihd¥ibSdeNeatidaef injeeted tadiolthded ¢k ect i ng t he

vi scer émagﬁd‘fl@%‘%?%é%ﬁdg&\lcuteti ngalgtt achnﬁgw _as”neczﬂgs.abr%ho The liver was
r emov e ellgusing the neettod desitred byldraiiol @iricd! Frss edipql pqeg RERRNE % he ki dneys
were removed and. | mers. | Srirlo P of EHCHEY el Sl bbb SHEHonbIT Havpaiic T eas Wais
i nci s%@’??’lfﬁ??ﬁ%&ﬁ%ﬁ%gﬁd\gg&g%bdﬁp%d i m*rereseﬁd’lpi&n formal mfixativc%

T74i 7i Tgolgide mpof, ToESinll elbdr) et Bleckbinedica 6342008) v, L7 €F 0t oi i zy: The.
heart was placed oil . C the tri.nm DR theWhinRsfWetd unbidr@hdsthe@nt ri cl e on

t he upri@}’fgli‘fﬂ@d‘&ﬁéa‘t“?’iﬂeafrg’fg{hm\}eelrrﬂabgg%:e?%o on tejhee u_ndser_si de next to the
trirnm QgshszbPmanalfwt iglspried AL, either jugpepr acimsediatchialerntitie  hr ough t he
b gh right ventricle and atri um.and _ar ebp wad ustdie pRes@y of the heart
cont i nufualgaraseisine 638 ﬁs"GHY ?Pﬁye?ne\?grﬁarslg‘%nﬁeﬁ%rr%gg%t%m anlztls the | eﬁ cardi ac
charmhgriSe i BCHiBME1dMBteHaR kRatshiindly siyyfusiauiad Chimlegewith thitof ReREIT was pl aced
into separate enbeddi ng cassettes containing fixative saturated foam pads
and | abetdiane KB 10ages-gnd" heart ?2". The entire left and right |lungs. were
separated f QMuicsthdriMraghnk Ssntessianss BlCanetiaifibait gawma binest POBLEiRer at ed foam

pads in cassettes labeled |left and Light.lun ' xafgtd. Qffise Wer e _taken
from tinenp tgffickingnageras ofaH dumasien cehf‘ geé?nbf%%lgl%e fgf}]dﬁ lg!'giraac ed Tnto an 15

appr ppr‘iw%ggllay dloﬁlgg,foggg@@iggﬁﬁgt@w_ic{mm)j &l plabaitbetvabn thadeteviodi althg obes were _
sectione Ad handled in a simlar manner. The entire spl een was placed in
anapfs ojmagiag shiformabel ed enbeddi ng cassette and oriented with one |ong
mar gi n do-vvn, taking advantage of the curvature to increase initial
sectional area. For one kidney, a whole coronal section was taken fromthe
m dpoi nt of the kidney, The reWBE i chiey was sectioned

| ongi t udi nal |, » Bot b, S864i SRS RfnRID3Eeto T ReaRO singl e cassette, The
col | ected paiicreas was pl aced on fornalin-sat

rate .0 an
appr opr i at el Asicloahebedodd48@High Dese H3Gi TP aee PB&PS-f\?OJa@Sg%‘gi ci ne.

N 2%C|pr%)ccg|;3 ey 3‘.’?1515 A§8?ﬁ¢*ﬂ%tok the ¢hrtkSd ks were found in the heart immediately after

infusion, 75£5% remained in the heart region at 1.5hr, decreasing to 52+1% at 24 hr,
575 x 10° "' In-labeled human CD34+ (hCD34+) peripheral blood stem cells were

administered intravenously (i.v.) via an external jugular vein cannula to 2 month old, NOD-
SCID, female mice (Non-obese diabetic/LtSz-scid/scid) gobtained from the Jackson Laboratory,
25 Bar Harbor, ME. The radiolabeled CD34+ stem cells were administered after pretreatment of the
| mouse with 3.3 mg of asialoorosomucoid (ASO) iv. The in vivo trafficking patterns were
followed by gamma camera imaging using a Siemens E.Cam dual head gamma camera from
jmmediately after injection up to 36 hr postinfusion. Human CD34+ were isolated from
apheresis stem cell collection products derived from deceased cancer patients. They were
30 purified to 95-99% purity using antibody conjugated to CD34 conjugated to magnetics beads
(MACS) separation columns; Miltenyi Biotec, Auburn, CA and cryopreserved.
Radiolabeled CD34+ stem cells administered after ASO migrated immediately to the
heart. Anatomic localization was facilitated by the use ofa ¥TCo -point source positioned at the

level of the cannula. Up to 79.2% of the injected dose was located in the heart at 1 .5 hours.
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rodent anesthesia cool-tall. Once anesthetized, the mce were placed on a
foam hem -cylindrical Inouse positioning, device (MPD) and covered with a
tube sock. The WD al |l ows better -visual 25 separation of the |ungs and

| iver as conpared to placing the nouse, on a flat surface. The foam on
whicli the nouse was placed, and the tube, sock covering maintained a
con-ifortable tenperature permtting |lo-n-er inmaging wthout additional
anest hesj,@os;b86s TVI PD was placed on a 0 narrow tabl erdreusssernss he dual
heads of a S| enmens E. Cam Gamma Canera and imaged statically or dynamcally

in 2-D i( Jsot n%g ﬁ,qﬂéhv%dhh eén%aﬂ&&ﬂﬂxebﬁmnﬂmknﬂﬂiaﬁmp magesubi t i ons
(nose, ql P et c, he dat a_was p % zed .usiti o Si enens

| CON sy@hﬂmeffdmd meh ‘liveriter T 24rh0ET|Se§?WB"8ﬁs Slp%ﬁ:%ﬁl" origia @Efﬂ & %ose (e, g.
liver, spleen, a{le?;rﬁﬂ&&&)@ﬁlim Ghnilaiagi ng. A CT
scan M@Q%@WFIB?% E‘ﬁ‘:"’tzﬁ%&w 1ﬁT%Systemgaﬁ)gc;rs 1 o)

i gh_Speed S&jﬁé Tunnel ) for
t unor aﬁﬁﬁ@&mmheamﬁulh@enmm@ptab@n@é@ e Faaltlﬁ“@ﬁ%!n?lg AEAEES PR nucl ear

medi ci ne gligd KEhdie preci se |l ocation
of |nFe@Ffé‘éF1P3§ﬁ?dngsoVéffr%°t§?pé’ﬁﬁs ﬂ?%%g%du%sh%‘g&%%%ﬂggt hod described by Arata T
., Oinical Uses for Medical |Inmage Regl stration: 5 Experiences at Three
Hospital s. Proceedi ngs of P. A gposi um i n Honol ul u, Hawai i, August
17-21, 1998 and Nel son, et al. ec?romadl ca 68 (2000) 45-48. CT scan

were perforned é%dlﬁlﬁlst@re@WJ]ﬁﬁblesfﬂﬁdﬁanlil Gelis TodMigratesoghhie hiyen 4nd; h o anl mal s
wer e under anesthesia. Anest hetgﬁ %agtoﬁc’@e\’ﬁéﬁ transported to CT, either
just prior to or immediately aft nmedi ci ne scan. Usually
only gne CT ngWH,%ﬁq)omsmlWhﬁﬁnﬂﬁ&l@&éd?ﬁﬂomﬁbwwwﬂ@dﬁéw dealize the
radi ol abel ed material s anat om cal | f.usin DRy h that of

t he nuchngarosomdidd“ﬁé“OSﬁE@Feq gfo@‘%ﬂ'&’i ?%%Pa&?"ﬁ% llﬁg u5|ar$l51:a Si emens

E. Cam dn&umo?eﬁ@mﬁ%Fﬁi@c&l@%{a&emfihél%ﬁdgmm1Slhln duéreasing tePi1 % ki 24dpat t er ns  of
all human 'stem cel described in the follornag a%ég)l es. Mce were placed
on a Mbuse PBsptepwrtiongndrsosedaes sisph BEFPRI LRFCERFEen t he detectors on the
15 imagi ng plAtfQsmy, %ﬁhﬁl b4} AdBA %Elﬁiheldlﬁloddsteaueﬁm'@e Human CD34+ To
The Heart Asral oorosormc0| ASO/Hl gh Dose HSCi (’\rlég ?nld I\EBJHS' on of 5.75 X
106 HSCaéhﬂ:&xste&@ inrenebi Y)}/‘ﬂ@m@xﬁm’a}ﬁl% lar 7518 GATGRI8 {4 PHP et Cel |'s were
found Igphﬁ'? eanrnléc gés@hﬁﬁéﬁc&f&‘z%&d]sélﬁhfdﬂﬁin@mfrorK §ikYadkenmdiabredoyn t he heart

regi on reasing to 52+1%at 24 hr, .5.75.x 1%6 t%ll 0ptheabel ed
human CBBﬂiar‘(;diGﬂB4The)ra¢Jdﬂbebﬁé3m9+ e dlls st aAministered affermetreatnen

mouse with 5.5 mg of orosomucoid (O) i.v.
Mice were imaged and the biodistribution of the radiolabeled hCD34+ cells monitored as

90 described in Example I. Radiolabeled hCD34+ administered after O migrated immediately to the
liver/spleen area and remained there until 36 hours. Anatomic localization was facilitated by the

use of a *’Co-point source positioned at the level of the cannula. The localization to the

111
liver/spleen region ranged from 76.3% 1mmechately postinfusion to 63.6% at 24 hours. No -

labeled celis were found in the region of the heart.

25 At 36 hours imaging was conducted with the cannula in vivo and with the cannula
removed and placed next to the sacrificed animal. These images show that the injected cells

were not trapped in the cannula. Radioactivity was found at or below the cannula placement, i.e.,

in the region of the liver/spleen.
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adm nistered intravenously (i.v.) via an external jugular vein cannula to 2
nonth old, NNOD- SCID, female m ce (Non-obese diabetic/LtSz-scid/scid)

obtai ned fromthe Jackson Laboratory, 25 Bar Harbor, M The radi ol abel ed
CD34+ stemcells were admnistered after pretreatnent of the nobuse with
3.3 ng of asial oorosonucoid (ASO) i.v. The in vivo trafficking patterns
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gama cagBhddstggm | nmmediately after injection up to Bér/isosposti nfusion.
Human CD34+ were isolated from apheresis stemcell collection products
derived from deceased cancer anEMMPLE’Bley were 30 purified to 95- 99%
purity using antlbod ; 4 u e beads
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t r apped earnup were actually in the heart.
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perlpheral bl ood st cells were n nt r.av, nously (i.v.) via
an extler W&k Mgssriean bgf?fﬂf?é’rrg?ﬂl‘”és @’8’ @%‘"ﬁ{@fbaﬁ a@;?.?l “'Fermal e nice
sar Far bor T The g OraUEl o8 Co01 Stan. e e wege adpleterod af &

ar rbor : e r.adj ol abe S s were adm.nistered after
pretreat adriv siprhybridizatiofor e sy Za@“‘S" ﬁ’t}mﬁﬁ Sﬁéo?&iﬂfﬁé&eﬁm@ﬁ?"?l Vng%f ce were
i maged apd giden Rl §ﬁd i Mﬁd@ﬁhf@ﬁontsﬂ@ﬁeﬂmt Bk alaRl6eed HUDB4+ caRI | S noni tored

as 20 described in nple |. R adiol abel ed hCD34+ adm ni stered after 0O
mi gr at edlocabedtip ﬁleé%}/"“t%ﬂ’leﬁ‘t?e”/slﬂeen
20 Microscopic examination of the heart after immunohistologic staining for CD34

demonstrated hCD34+ cells in the endocardial blood vessel. A few hCD34+ cells could be seen
in the lung in the alveolar septum. Clusters of cells with stem cell morphology could be seen
the hepatic sinusoid. 7n situ hybridization for human DNA. clearly showed that hCD34+ cells
were not found in the heart muscle or interventricular septum but were present in the lung,
25
EXAMPLE 4
ASQ Followed By O Directs hCD34+ Cells To The Heart And Lung
| But Not The Region Of The Liver/Spleen
Asialcorosornucoid (ASO) + Orosomucoid/Low Dose HSC: When infused ASO caused

30 HSC to localize in the heart, the protocol was changed to have the ASO bolus chased with a
bolus of orosomucoid, to test whether the accumulation in the heart would be maintained. HSC
were again concentrated in the heart when an infusion of 0.5x 10°HSC was preceded by 3.3 mg
ASO, then 5.5 mg orosomucoid. This caused 44+5% of the infused cells to accumulate in the
heart immediately after infusion. 37+3% of the infused cells remained in the heart region at 1 hr.

34



l'i ver/spl een area and remained there until 36 hours. Anatom c |ocalization
was facilitated by the use of a 57Co-point source positioned at the | evel
of the cammul a. The localization to the liver/spleen region ranged from

76. 3% i nmedi ately posturfusion to 63.6% at 24 hours. No 11rhr- | abel ed
cells were found in the region of the heart. 25 At 36 hours inmagi ng was
conducted with the cannula in vivo and with the cannula renoved and pl aced
next to Wheseesd ficed animal. These i mages show t hat pchaisbhixsent ed cell s
were not trapped in the cannula. Radioactivity was found at or bel ow the

cannul a phaGRARMon ik the heart Wabithb H@Jof@ﬂbdaﬂat@j sigrBfrdok O eSS PIRRAPR 130 33 WO
03/ 105908 PCTI US03/ 07934 EXAMPLE Enabhl es Hcd34+ Cells To Mgrate 'ib

The Li veé’eW‘S’éP@éﬂswaﬁﬁdlméff@"ﬂlﬂﬁcﬁrﬂﬁ% seqpiREXaMloh To The Heart

Orosonucoi d/ Loy %hdﬁ%p%%@ﬂe@é@tfoﬁﬁhﬁ%x%pl@iw@m@ﬁm 0US& 1091%&-tenth the
previous 5 cell dose) was preceded orosonucoi d, 43+2% of infused

cel | s wenrabelp@hmepniCGP3th @003 ¢ orperinhergl @?ﬂdé@m qeHeneetr adminigtorsd mEpvenewslysi on, and
40+3% of fﬂ%&ﬁlekt%mﬁﬁg%'lﬂ@ngn kapmh{'fa 2l hohf old, ?\ﬂjﬁ)@cﬁi férJAfe mJJtﬁoi%ﬁd%é“ ation and

procedures ‘set fo were repeate 106 r aln- | abel ed
human CD@mbet(cm%mefrhmé fromh ths| Terdrepnd aborstowy] Eas Ha,é’ple N@d rhbai st er ed

| ntraveng lleé EDYa st 164 %&nﬁﬁlg}gjed &ﬁ&gg{e Fﬁ&g&&&ﬂ%ﬁé%ﬁ? %g%?”t h old,

NCD- SLI D, e mce ese Z-Scl d/'scCl ai ned from
t he Jackssm 1lyafoﬂomddwﬁ51mlv-lar bor, ME. The radiol abel ed CD34+ stemcells
wer e adm ni st red af.ter of...t he 1

or osonucoi d (Ig ey edE"d’\%g/eerb(-l-f)adllSnn%la edmfthﬁr%% f"’g& %‘{rllcﬁ Stnll%nﬁwgrg?ast he

r adi ol H)bdbsead)ehmlﬂedl Mclmeﬂlomedommnnglﬁsme ifietn afirmee andAppr oxi mately 1

hour after f.usi.on ri d.the organs 15 were

har vest ed% 8‘°rhﬂ1°¥v‘édotﬁ’§%ﬁ§a‘ﬁ(ﬁﬂ’mﬁd 12?4% ]isalo‘faﬂ ?ﬁg}?ﬂeé’ﬁt ral buffered

for- malbi n. Ti A@muﬁmylmam?ﬁw&mm Rede Wa@ﬁ’a&ﬁfjb@cpaxﬁ_ i ayeloygaﬁa‘xgag g _ f

i mrunobi toc al. stainin [ n .n situ hybridization for
t he vi su E?ﬁf‘?ﬁfphr WWH%NR&WE%&W&%I@H@%M toring for the first
ten mnut es aVidrodcoPR kaniiftioh Hff thisHearDaffeh BiyR¢hohibBlogi BRinng dir @DRh edvedledh CD34~-

cells Iocallzed to the region of the liver/spleen. 20 M croscopic

“exani nat FTieTs e AGRE4H eells in tht inispventrienlan sepmms e it witkip QP%?.CHJ@EMMEM

denonstr ﬁioﬂﬂolbw Hnfied tb SelsRind@NENH @RewN &k 8D3PhRM oV ERISImagd réf¥ed CD34+
cells coal seen in the lung in the alveolar septum Custers of

cel | s wi s biodistibption depigipdhygmeleny medicingistpiess dbgprpssncerhBCpédselisdn ¥enusoi d. I n
situ hybpdadivadbiaRBichBy deHénRRe PN inShERLHNiz AR VB S ihiadnolisbddicqe! | s

staining for CD34 and in situ hybridization for human DNA demonstrated that the infused stem
20 cells localized to the lung and could be readily seen in the alveolar septa, blood vessels, and other
structures. Detection of human DNA revealed the presence of many more cells in the lung and
heart than would have been predicted by CD34 staining. No hCD34+ cells or cells
morphologically resembling hCD34+ cells were found in liver, spleen or kidney.

25 EXAMPLE 5
" HSC Administered In 5% Human Serum Albumin

(Without Qrosomucoid Or ASQO) Migrated Predominantly To The Lungs.
Plasma Albumin/High Dose HSC: When HSC were administered through the catheter

without prior protein infusion, 78+13% of infused cells were found in the lungs at 0 hr, 544:10%
30 atlhr, and 50213% at 12 hr. Histological examination of lungs of mice similarly treated,
demonstrated infused cells within the alveolar septa and the vasculature.
2.7x 10° 'in-labeled HSC were administered intravenously (i.v.) via a cannula

implanted in the external jugular vein of a two-month old, female NOD-SCID mouse in 0.1 ml
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were not found in the heart nuscle or interventricular septum but were
present in the lung. 25 EXAMPLE 4 ASO Fol lowed By O Directs hCD34+ Cells To
The Heart And Lung, But Not The Region O The Liver'/ Spleen

1l sial corosor-nucoid (ASO + Orosonzucoi d/ Low Dose HSC. When i nfused ASO
caused 30 1-1SCto localize in the heart, the protocol was changed to have
the ASO bol us chased with a bolus of orosonucoid, to test whether the
accunul afyigqRbest Ne heart woul d be maintained. HSC wege@@gaisssconcentrat ed
in the heart when an infusion of 0.5x 106 HSC was preceded by 3.3 ng ASQ,
then 5. o 0Bhnfid Lol seni aBusRUSEE weidindpedfand the biotiknibwidn ofthé s t 0

accunul a@fle In the eart 1 mrediately after .infusion. 37+3% of the infused
cel |'s r exdimiabeled iGDHhesllhmwanitoradagfleseribgd inExgprle 84 04/0 03/ 105908

P(: 77US0310 l?%dblamﬁf{g@q%ﬁ%&eq@ngaﬁnécﬁﬁaﬁﬁgs%mgdﬁﬁnw concent r at ed

signal fromthe ce ercent of infused g@? gguced from -
t he ca. nﬂ@%&mdlawlyﬁuﬂmmngs ]Allatmyl ieefithsriabeled cplleoPe BEIEECO%t forth in
Exanpl c fe st pea&r?OUICFBOS%O%&ed]BQ kvél%'fthl‘:@Qﬁhlg%lhmaom4@pﬂm4+)

peri pﬁerﬂﬁl SH 8o d P8 ere adm ni stered intravenously v.) via
an ext egabdosd. Mstkaver, theipositamuuitenat it canmilsrveah vesifigd tokept @Eﬁ‘@h@@%{l e m ce

(Non- obese etic/LtSz-scid/ sci t kabor at ory,
Bar Har bdrh “’F %’Scﬁ*ﬁe @%ﬁfsgfl%ofon%g%g%%+%gﬁﬂ1a{&?Fanﬁag?xéﬁggﬁlﬁﬁﬁstered after

pr et r ealMRahakf Thd1GngIPRReisuilizbd 12103 thgnosé mak@@nd abpve the pnpparaber 2545 g 0

.V_ Mce were._i and t he, bi r.i d l;2d hCD34+
ceI I's nﬁhﬁ’lhﬂ’ﬁra@@sﬂl@gggﬁwg@éﬁfﬁr}nlﬂﬁgﬁ e’fﬁ&xtoBy&ﬁ%ﬁmgh&écpggéég}eaﬂogﬁeﬁm)nl toring
for thefd 1.1%5 atlififal EEhz{gh&ng&?aba?d'lld Ih fbur nfi@esthé vltuﬂsfooﬂle Smesweuiet fram 52.he
radi ol abel e

hCD34+ cells |.oc 0 t.he.hear.t r hour
after |ﬁ§ﬁ§|q§wh01§h@ymgigfﬂﬂg&fa %'h q”f‘f‘ﬁ’é‘ﬁm%%w 5. ojrﬁrgig'hlg&v\g% ?¥1adr1vested and

hal f th ?Ieg&gﬁg}lﬂ?@nsmé hu @it borhO B6uiie Wisibil in the bload atl:urabmn”rﬂix pre.mavbeort s copi ¢
exani nati on

heart after irnnmun i,C CD34 reveal ed
15 cl ussenslopalizatiomyassephday thecampple g %r‘%‘@ﬁ‘t'f‘%’éﬁ?’es?ee%ep %‘r%s&gend cells
wi thin 4hose GleUstif! Sasiffdin¥¥e he12 Kok Rehag, fallayelsd cnmzﬁstemeltsherest ai ned
cells but that were CD34 negati ve. These i e{ég é;} g all
bi odi & rfeundix ‘rbmh‘(féﬁﬂ@tl eagiony Havevet more e 3477 pgg’&%‘h{ﬁ 598-5%0 “’B hee of
ECbDB4(-; qlﬁ% Ite% dl()& f'I ?r"lllﬁd%ﬁé Emﬁm‘oﬂéﬁﬂﬁﬁal&ﬁhéeﬁ &ﬂﬂﬂDnSt r at ed by insitu
ybridi z

1 on. N | mmunohi st ochem cal_~ stai ning.f C@gﬂgﬁ[andt n situ
hybri di zat i oWhﬂ@ﬂle Togatiaationrerthe bingsimmedivtely aﬁ?ﬁ&i“‘"’“f‘%@‘?ﬁlﬁ% p@’rﬁ 0 cells
| ocal i zed . td]%th& daﬁ'Ebg% | heQhdtcEhnt BBemE Sﬁ%&et %cﬁﬁ%n&d&h&ﬁﬂgs&kﬁﬁﬂh@ﬁ sept a,

bl ood ve&se structures ection of hu g Hr eveal ed the
pr esenCaulﬁéqmﬂrsganmammet:cmgtautnUsm@thp gqxgal ppges at Ih, 72.1 75 S/o of ¢ cells

20 initially localized in the lung were retained in the lung region. Using the dorsal images at 12h,

78%, 72.1% and 50.5% of the initial lung incorporation remained in the lungs of the three mice

imaged.

EXAMPLE 6
25 Orosomucoid Directs MSC To The Heart

Orosomucoid/Low Dose MSC: When a human mesenchymal stem cell infusion (0.56 x

0% cells) was preceded by 11 mg orosomucoid, 68£7% of infused cells were found in the hear_t at
0 hr, and 6123% at1 hr.
MSC were obtained from BioWhittaker, (Poietics Division, cryopreserved PT-2501
30 >750,000 cells per ampoule) and labeled with "y as in previous examples, except that the MSC
were labeled, washed, and injected in Basal Stem Cell Medium (Poietics) containing 5% human
serum albumin (HSA). 0.56 x 10% 1''Tn labeled, burnan mesenchymal stem celis (MSC) were
administered via an implanted Da Vinci Microport Vascular System cannula in the external

jugular vein of a two-month old, female NOD-SCID mouse in 0.21 ml of basal stem cell medium
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heart than woul d have been predicted by CD34 staining. No hCD34+ cells or
cells norphologically resenbling hCD34-1- cells were found in liver,

spl een or kidney. 25 EXAMPLE 5 HSC Admi nistered In 5% Hunman Serum Al bumi n
ff ithout Orosonucoid O ASO M grated Predom nantly To The! ungs.- Plasrna
Al bum n/ H gh Dose HSC. Wien HSC were adm ni stered through the catheter

w thout prior protein infusion, 7813% of infused cells were found in the

l ungs at w@ dsHesop#110% 30 at 1 hr, and 50-13% at | 2 hpcrhdsgdRdagi cal

exam nati on of I ungs of mce simlarly treated, denonstrated infused cells
Wi thin ”‘ anéé’rl%étbaﬂﬂ(ﬁ@&) \tﬁﬁeattawﬁmo ifisthti@ef MSTLLhO | abel ed HSC
wer e adffi™fi ere I ntravenously v.) via a cannula inplanted in the
externaingpﬂ@odomncm@wasadimn&temﬂe—'\frmﬁtzhlﬂol d, femal e NOD- SCID nouse in 0.1 ni
35 WO 03/105908 PCT/ J RbakdMB0s &Yk hetirdaer um al buni n.
Mce were i ﬁlﬁe‘ﬁ 3Wg?%an§§]%bg)lﬁi§§ﬁtﬂ? tolﬂg}ﬁmg% the radiol abel ec |iCD34} cells
moni tOf@édcrﬂﬁd ﬂ;ﬁemplbedGmmemwmr@nﬂﬂnIRamtlﬁlyé%bﬂ)@tﬁaHQEPG%H’rﬁstﬂnst ered in

sal i ne cont i %.h t Joreft el y to the

| ungs? ?—’(ﬁgf’ éﬁ]qg"é‘g‘ét%l?e on aﬁ%ﬁ%ﬁ?mﬁf]gaﬂ%gﬁ?sﬁ\%@ facilitated by 5 the
use of Q,,aﬁ,ziggftﬁ@inﬂges&auilaﬂhﬁe@rmmmdm615\? -78.5% of thg itjectsf radigectivihnul a exit site

bel ow t he scapul ae nos the canm | a
was ver Fﬂfﬂagﬂloﬁ%‘zﬁjemgteq‘f’ gttal’ﬁ a?pé 1at%§§§g§f’m#1%8 %ﬂ%ﬁrgﬁged n’?r ansver se
and cor Qlli!;%ﬁ:t%?%b Pokgiond &Iﬁhefdamalaamaﬁhh@ncm Ubrgs.end tives were verified BYiCRs  a

| andmar k e lungs were visualized below the.no bove the
cannul aSW(R‘eﬁnabﬁﬂﬁonﬁ)l‘té"ﬁ‘t“\}‘eti‘ %ﬁ B?‘%e& ot S P E@mg%% gg %%rrﬁer Up to
95. 4%bo§ ttngﬁthél flegCt ed dose was | ocated in 10 the lungs at initial inmaging
(Tabl e 3 I four mce the values for the lungs ranged from 52. 6- 95. 4% of
whol e body incorporation for the initial imging tinme points. At 1h, HSC
were | ocated predomnantly in theaM@NES vmth some counts visible in the
bl ood circulation. In one m)use at [ 1 l.ocal.i za |on was seen bel ow
the cannul a mar ké pEospaYceidXEest Gt ISBPREER:  however, the

outline was &? Q&ﬁw ﬁgmﬁ,%“hﬁﬁak& @&%ﬁcsmﬁﬂ§i@1 cllyqﬁeseﬂvadlaf Eiﬂ)lCD34+ stem
cells were 1 oun Int I|ver/sg een re 'Oni(ﬁn@%ﬁw than 34. 7%
(rangs 3450006 8:16%r apfpoulpandlebdied it yin. |Aﬁj“é e %A% t he | ungs
of ot her Gah 8BS % RG9S A kterh#hn I\Miuhﬁf’&@lﬁzsj REning 3% Hfhad @rdnhe | ungs

i mredi atgfy é‘?éetecl hjection (initial or Oh time points) varied from ani mal
to ani rraibumtnttﬂsa)arcent of the original localization to the |ungs remnaining
at subsequent .scans . g:ow]qs@ hem_d@{raﬁ La,wagmgggﬁedat | h,
72.1-75. 5% G?S“tt‘homsgmt“fms@g@)l nﬁlofa?%%fc [ocalized in the were retained in
t he | ungo dopghm@ithe tialﬁichgg'o’itMS@mthHBQ(Emg@b 4yt thelpw cell dose, so thEsequental

20 infusion of ASO and orosomucoid used in Example 4 was applied. A human mesenchymal stem

cell infusion (0.56x 106 cells) was preceded by 4.3 mg ASO followed by 5.5 mg orosomucoid.
6345% of ihe infused cells were found in the liver and spleen at Ohr, and 574+7% at lhr.
0.56x10° “In-labeled, MSC were administered i.v. in 0.21 m} of basal stem cell medium
containing 5% human sexrum albumin (HSA). Prior to administration of MSC, 0.1 ml containing
25 4.3mg of ASO, followed by 0.1 ml containing 5.5mg orosomucoid were administered i.v. The
ASO, orosomucoid and MSC were administered via an implanted Da Vinci Microport Vascular
system cannula in the external jugular vein of a two-month old, female NOD-SCID mouse.
Mice were imaged and the biodistribution of the radiolabeled MSC monitored as in
Example 1. Gamma camera monitoring initially and at 1h post-infusion showed that the
30 radiolabeled MSC localized to the region of the liver/spleen. Region of interest analysis of the
initial images revealed that approximately 59.2-66.7% of the injected radioactivity localized to
the liver/spleen and at 1h approximately 51.9-61.1% of the infused cells remained in this region.

37



78% 72.1 % and 50.5%of the initial lung incorporation remained in the

| ungs of the three mce imged. EXAMPLE 6 25 Orosonucoid Directs MSC To
The heart Orosonucoi d/ Low Dose MSC. Wien a hunman nmesenchyrnal stem cell

i nfusion (0.56 x 105 cells) was preceded by | 1 ng orosonucoid, 68*7% of
infused cells were found in the heart at O hr, and 61-13%at | hr. MSC

were obtained from Bi oNA hittaker, (Poietics Division, ciyopreserved

PT- 2501 %ngﬂé?[,sooo cells per arrpoul e) and | abel ed w ﬁ)hjﬂ.}%}(ﬁgﬁs in
previous exanpl e except that the MSC were |abel ed, washed, and injected

In Basal Stem g& Mo Rk ROdihtag i) he@ﬂﬁﬁ@h,mnmlj;veﬁﬁ/erhwmiad bs@F um al buni n
(HSA). 0.56 x 6111I n | abel ed, hunan mesg) %ga 31 rrbgﬁll Hﬁm C) were
admi ni sSwmse&lWéylaTdmah@CavﬁI@ﬂdﬂ)ﬁgWQa“ﬁa f"gﬁ poggaiay §§ cannul a
in the exter ViEhAiePh 1@ hwo- nont h ol d, fenmale NOD-SCIL) nouse in
0. 21 i TgpREATS et fEH g‘{aﬁ]ﬁ B 0 03/ 105908 PC F/ LI S03/ 07934

cont ai ni ng 5% human serum aI bum n (I1'SA). Imediately prior to

adm ni_stration of NMSC, ]%EAIQP gmtoid was adm nistered i.v. in 0.2
m. Mce were i mged and the bi o |str|but|on of the radl oI abel ed MSCs cells
noni t or efCasdmitiesed lheithet Sulifoulond. B GAenec B RE bR \ Htially (0
hr) and at 11w p [Wa) MSC | ocal i zed
to the regkPEte i R er es anal ysis of t e imges

reveal ed t h%s@ﬂ%@&hﬁﬁiﬁwyﬁw&wﬁ (B%:mis Ditision, eryepeaserded P 8hct i vity

tially localized t t o58- 64% of th
| nf us oaIPRC AR R G B ipn s PRtiE QU CTEBaRg B )

di aphipaghdhed, iRBinfected M@ﬂﬁlc alaﬁu;lRPM‘I/-eMOmﬂmm/(GmG@ BRLyra@ilslansleM¥bandc or onal
sections). I'n si tu h bri d| zat Rg@xéed human cells predom nantly in the
heart, salige eutaItiNg 5% FHENanSRp 7 ASO Fol | owed By Orosonucoid Directs
MBC To The Le %8s dis! _@quwﬁelmg@mw ﬂﬁda&mmstarsim/\m(tz(ml@éﬁalmﬁ Poi eti cs

Di vi si on, Cryo reserved PT-2501 >750, 00Q. ghd | abel ed
with ° ple ASSG worEdmigisieTe V‘a%@m%m?@% Ia%s%?larssgﬂ%? and Injected in
(Bagil) 53{5% keﬁ% ik ik 57 o RO InRhinG ) fARRINOIMOI Bestiuran serum al bumi n

was desi d!vI Yosonnuco % ( A§O o O e 1at 8%@3@@{3 ‘ifé ’V(?C Thi s exanpl e
gne IGGUGT@W‘EI@ tprcbiqdhsibupiong H{f HHSE anple 4) at the
low cel lExgﬁ);ﬁg 1. éﬁnﬁb&nﬁﬁ%ﬁ&d@ I11111:1a11y post-infusion showed that the radiolabeled MSC
localized to the region of the lungs. Region of interest analysis of the initial images revealed that
95% of the injected radioactivity localized to the lungs. At1hr, 87% and 4% localized to the
Tungs and kidneys respectively; at 24 hr, 61% and 13% localized to lungs and kidneys
20 tespectively; and at 48 hr, 59% and 14% localized to the Inngs and kidneys, respectively.
The positions of the cannula, diaphragm, heart, lungs, and liver were verified by CT scans
and a >"Co-Spot Marker is used to mark anatomic positions (nose, tail, cannula, etc.)
RPMI-1640 alone. 1.14 x10° "' In-labeled, MSC were administered i.v. in 0.20 ml of
.RPMI-1640 alone. -MSC were administered via an implanted DaVinci Microport Vascular
25 system cannula in the external jugular vein of a two-month old, female NOD-SCID mouse.
Mice were imaged and the biodistribution of the radiolabeled MSC monitored as in -
Example 1. Gamma camera monitoring initiaily post-infusion showed that the radiolabeled MSC
Jocalized to the region of the lungs. Region of interest analysis of the initial images revealed that
95 % of the injected radioactivity localized to the lungs. At 1hr,-74% and 7% localized to the
30 lungs and kidneys, respectively, and at 24 hr, 69% and 9% localized to lungs and kidaeys

respectively.
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20 infusion of ASO and orosomucoid used in Exanple 4 was applied. A human
mesenchymal stein cell infusion (0.56x 106 cells) was preceded by 4.3 ng
ASO fol l owed by 5.5 ng orosonucoid. 635% of the infused cells were found
inthe liver and spleen at Chr, and 577% at | hr. 0.56x106 "In-I|abel ed, MSC
were adm nistered i.v. in 0.21 nil of basal stemcell nedium containing 5%
human seni mal bumn (HSA). Prior to adm nistrati Ofsodpfesa 0. 1 i
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20 respectively; and at 48 hr, 59% and 14% | ocalized to the |ungs and

ki dneys, respectively. The positions of the cannula, diaphragm heart,

| ungs, and liver were verified by CT scans and a 57Co-Spot Marker is used
to mark anatom c positions (nose, tail, cannula, etc.) RPHf--7640 al one.
1.14 x10" "'In-labeled, MSC were admnistered i.v. in 0.20 mM of RPM-1640
al one. -MSC were admi nistered via an inplanted DaVinci M cloport Vascul ar
25 syste{pgidhedsa i n the external jugular vein of a twor/iRelorsal d, fenal e
NCD- SLI D nouse. M ce were imged and the biodistribution of the

radi ol abel ed MSC nonitored as in Exanple 1. Ganma canera nonitoring
initially post:-infusion showed that the radiol abeled MSC |ocalized to the
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at 24 hkell fpttatinsbiddspecifierlly mdubman hépaions c@hdralthed%ﬁé?;l’swcepé&@édf R, 38

PCTI US031.07934 . 03110590 n i rified by CT
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cannula in the external jugular vein of 5 inplanted DaVinci Mcroport -
jdnjini  nonth old, fenal eWA,MJce were i maged and the

bi odi stribution of the radi < eI foclr 1 vei 1vl.SC Exanple 1.
Gamrﬁmcanera noni tOfﬁjEﬂIuhﬁﬁ%rﬁinhl}DeﬁﬁﬁdanﬁﬁtﬂﬁhMﬁn@@ged that tile localized
to the region of the Tungs. Reqgion, of interes nal ysi.s of . the initial

i mges reveaq:@tﬁol%lif’t(mgngt‘ e &E&f‘ﬁfﬁ‘mﬁﬁiﬁ? ed%gn}a}g@}%}&fﬁglg det he inj ect ed
radi OaCHWhB%Smés QA% 60 1t-9/mlt 6 31duyTSere Ahetell to a ménonpe oRHEPEY scllsdtr 24 hr, 59%
and 11%1 ocal’i

zed to lung lungs and ki dne s_respe((;% vg ; rﬁs ectively; and
at 48 | @houS A EnThermonolaper aies prsteated cithee Withpsiplotelpia (AqFy mYBs | ectively.
P media or with fetuin (F, control, 200 pg/mi)) in media. After the Control or LAK cells had been

15 incubated on the monolayer, these cells were then decanted, washed, and tested for cytotoxic
capacity in a S1Cr-release assay against the NK-resistant target, Raji. The E:T ratios were 40:1,
20:1, 10:1, and 5:1; the standard error of the means is displayed; the E:T ratio is plotted as the
LOG E:T. The results are shown graphically in Figure 6.

CONCLUSION: LAK activity was reduced approximately 50% by incubating these cells

20 on HEPG2 monolayers that had been treated with the control (fully sialated) protein, fetuin
(which does not block the ASGP receptor). LAK activity was not removed by incubating these
cells on HEPG2 monolayer that had been preheated with asialofetuin (to block the ASGP
receptors). LAX or Control preparations that had been incubated with either fetuin or
asialofetuin (at 200 pg/mi) for 2h at 40C had identical activity to untreated LAK cell populations.

25 These data support the notion that LAK cells bind to the hepatic ASGP receptor and this binding
can be inhibited by blocking this receptor with asialofetuin. The éxtension of this finding is that
hepatic sequestration of LAK cells is at least in part due to the ASGP receptor and that the
administration of an asialoglycoconjugate, such as asialofetuin could prevent this entrapment and
alter LAX cell trafficking.
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RESULTS 15 The results of the experitnents described

in Table 1, below 95%at Ohr 8?% at 1 lit t 24 hr Gi&o;ea?rg ﬁtrmunarxzed
[considerable at 48 hr t 2 169:12-20 2001) .1(9:12-20 Tissues, 5 001)1 O
urns Tissues, Olgal v 1ma}on . Cao et at., Cells, et al., Cells, 39 WO
03/145908 PCTATS03107934 EXAMPLE 9 The broad objectives of the fol | owi ng
experiments was to determ ne whether human LAK cell popul ations bind

speci fi cgblo¥dsgpshunman hepatoma cel I's via the ASGP recepi@tosandy if so, how
S this cell recognition systemcould be nmanipul ated for |ynphocyte cell
targeting. The general expeiiirR\3GpRRRHAASRIHEEASEPRYIhaid

si al 0- asi al o-cont ai proteins in an In vitro system m m cking
contact with |iver celChAKIDésSGRRecAReNazativesASEER"SMIINCi n Figure 5

Adherence of NKILAK . Activity Q?,K,h t?icgqvagle at oma Monol a
s (IL-

Recs PR
0 To '
ers Control TCHISFRTITE e FATRE oﬁee’nef(ggg@ﬁL K ceg%k -treated human
2 g[llefggf,?gmgém@old éﬁmbﬂf nH%g 2 ﬁ%ﬁri lllTvThdndnﬁtheb:d_w@«t wiofl : HBRG23 anl&§@5Rmer e
~a nonol ayer o cells f hawy.
a6 pesTimeal GRKRS Mryet alepLBRENE it LA J0h iy Abp fE T G 0 W ¢
L:gg' ESg(IEp%aggdgftﬂa%m 200 wafeMin) Intrbdicd PRI ald TAKI epatatien (CAKD pwl thoweme AK cel | s had

D L e ool el Anetc,55b] Sy urles WOSaT. o pashed
NK-Tesi 18 r%%m%n?nﬁtﬂget-ﬁea@ﬁjpj)pﬂa-ﬁgﬁwgsﬂe dsRlobQfiveBnhdddieontrol. All cell
populations regardless of treatment were greater than 90% viable at the time of assay. Each type
10 of effector population was incubated with media alone, 200 pg/ml ASF or F, as controls. All
effectors were assayed on RAJI (LAK-sensitive target; NK-insensitive target) or K362
(NK/LAK-sensitive target); the E:T ratios and the graphic presentation are the same above. .
Results. The experiments above gave the following results (see Figures 6-8). For the
following discussion, activity on RAJI will be referred to “LAK” activity; activity on K562 will
15 be referred to as “IL-2 activated NK” activity. Some investigators support the idea that NK and
LAK recognize and kill targets (fresh and cuttured tumor cells) using the same target structures.
(1) Preincubation of effectors, either untreated (LAK) or freated (LAK/NS), with ASF or
F, does not affect the ability of the effectors to kill either RAJI or K562 cells.
(2) Neuramninidase treatment enhances LAK activity on RATL, but does not enhance IL.-2
20 activated NK on K562 (see also Figures 11 & 12)
(3) Adherence to HEPG2 of IL-2 activated NK, with or without neuramninidase
treatment, can be partially inhibited by ASF, butnot by F at 23° C. (Figures 7 & 8)
(4) Adherence to HEPG2 of LAK activity could not be inhibited with either ASF or F at
23° C. (Figures 9 & 10)
25 (5) Adherence of LAK activity of the neuraminidase-treated population to HEPG2 could
only marginally be inhibited by ASF and not F. (Figure 10)
(6) Adherence to CAKI-2 of [L-2 activated NK or LAK activity could not be inhibited by
either ASF or F at 23° C. (Figures 7-10)
CONCLUSIONS: LAK activity (as determined on RAJI targets) and -2 activated NK
30 activity (as determined on K562 targets) display different adherence characteristics to HEPG2, an
ASGPR+ cell line. At23° C using ASF, LAK activity adherence to HEPG2 cannot be inhibited;
whereas, IL-2 activated NK adherence can be partially inhibited. At4° C virtually all LAK
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20:1, 10:1, and 5:1; the standard error of the neans is displayed; the F© T
ratio is plotted as the LOG E: T. The results are shown graphically in
Figure 6. CONCLUSI ON: LAK activity was reduced approxi mately 50% by

i ncubating these cells on HEP& nonol ayers that had been treated with the
control (fully sialated) protein, fetuin (which does not block the ASGP
receptor). LAK activity was not renoved by incubating these cells on HEP&
nonol ayewotoBadsodsad been preheated with asial of etui n (porivkomkostshe ASGP
receptors). LAK or Control preparations that had been incubated with either
fetuin QhivinAsh 8¢ hisfddi fonl Aherd@@ 196 HEDGE wonoRber ay ABBCAHztnecde i cal activity
to untreated LAK cell popul ati ﬁns. 2@ Lgﬁsa?z%a%a support the notion that
LAK cel FAKBR ABGER-)} menohapaiapct R P ARtiot “4nd this binding can be

i nhi bi t ed byrbl @akiigest MhtSdkeRHENth @l HEPGD nivGsialenk éi patmediiied bptht ensi on of
this finding 1s that™ hepatic sequestration of. LAKtﬁ.eI |s is,at least in

part dudSEBrecéptor astadherense st thy CARLE wenolayeries ARG P TCH of an

asi al Qg ' I:a] 198 ob Ria aOWstwdh&émbk of i S ent rapnment
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except P e adnerence to nonol ayers wa formed at 23 C and not 4 C,
for 2 hbwinsibitablaty SHphaseerrs shetdmnot bre Binding]t -2 ASGRBcRad Botbe| | | jne, and
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popul at P@’We]\l/\%lfs”‘StFrPéFé{‘?Feaﬂdg%tf%a‘Fi@é’rﬁ}leﬁsﬁ%ﬁsg%?/ e cgﬁr’%'atc ?gg:agél%aﬁlgg:%fl?? popul ati ons
regar dl gas: QAKLY, e BMcolRhiteatigh 6fitBym!, WSR dlG®6 ivhibibthe a#lity pfleAK tore of assay.

Each ty&% 10 of effector popul ation was incubated with nmedia al one, 200
ELg/ m CASe-2rtarggls controls. Al effectors were assayed on RAJI

(LAK- sensi t i ;e3¢ @i lscriifedylISamS hitd° Cat doad g8 tagcontingkth Bhwafthid dLAK- sensi ti ve
target); the EET ratios and the gra hic}grese tat'gn @le 5}(’6@81? e above.
Resul t5s Charspterization of e APSY EGERIE IHmPaiHUREs Bqt?“&ﬂr/]él“ﬁg#‘ w0k (P8 2% 88 gur es
6-8). Folgghh oW fgi_HesRMaSd e, ASTPrbashtby biothefMAdlandi | | be referred to
" LAK" agltgu8 @i%orﬁ%@d e

i1l 15 b f t "l1L-2 tivated
K" act roimnpesisbRA e A e stipF ot P EREES (0 RStk [ ecopni ze
and Kille.f ﬂ’lrtg%ﬁi%&)riﬁﬁﬁt ﬂﬂ&g&@ﬁyﬁﬁ?lﬁiﬂéﬂ]{y tebthferatuts dpgndele of ane t ar get
res.

structu relncubation of effectors, either unérﬁaq;tgd (LAK) or
tr eat ed ASGRRIduB)ipg widiessitgyolghe LAK regrgpition gruceroadic g abT151) of the
eff ec}OO rliKEthgét 'ﬂinlding,' btoﬁlany ﬂwéGI’kr anlfPRZ r@c%éﬂiﬁm structure, may have the different

affinity for ligand than at 23° C, or possibly at the increased temperature other adhesion

molecules are capable of increasing the effector:target interaction. That is, at 4° C the only
receptor on HEPG2 that binds LAK with any appreciable affinity is the ASGPR, and this static
receptor at this temperature can easily be inhibited by its ligand, ASF. At 23° C more than the
25 ASGPR binds the LAK cell to the target; the ASGPR is recycling in the presence of the ligand,
ASF, leaving at least the LAK recognition structure for the target and possibly other secondary
adhesion molecules to “cement” the interaction.
These data also suggest that the LAK (as assayed on RAJT) and IL-2 induced NK. (as
assayed on K562) cells have different affinity receptors or different on/off rates for adherence to
30 HEPG2.
Neuraminidase treatment, in theory, should have increased binding of the LAK cells to
the HEPG2 monolayer due to the additional number of asialodeterminants generated by this
treatment, but did not. If the number of asialodeterminants was already sufficient to occupy the

maximum number of ASGPR on HEPG2, increasing the number of these determinants would not

42



(2) Neurammi ni dase treatnment enhances LAK activity on RAJI, but does not
enhance | L-2 20 activated NK on K 562 (see also Figures | | & 12) (3)
Adherence to HEP& of IL-2 activated NK, with or w thout neurammini dase
treatnment, can be partially inhibited by ASF, but not by F at 23 C
(Figures 7 & 8) (4) Adherence to HEP&Q of LAK activity could not be
inhibited with either ASF or F at 23 C. (Figures 9 & 10) 25 (5) Adherence
of LAK aglo o¢liéposof the neuram ni dase- treated popul ati eaTivseddERE2 coul d

only mar gi naIIy be inhibited by ASF and not F. (Figure 10) (6) Adherence to
CAKI - 2 a8 iﬁélahédodéwﬁhﬂaxﬂﬂiatxbﬁwolmdsﬂ ihiteed by

ei t her %&f—' %F&f“ef:ﬂ thg%%dyéﬂgﬁ%?g? :EL%) CONCLUSI ONS: actiyity (as

det erm hmding)mdlﬂlaﬁgdneltamgjeqrs)’Waﬁdeﬂaﬂtdzte%ﬂanaW’éld‘°Nn?{ease L ﬁ“ ty (as

det er m ned K562 tar ke SlheRE acdisedetheri stics to
HEPG2, &FE™s % Fresungp%%ﬁ‘#t% Bk%d%byé??\(gﬁAS LAK actfvi ty adherence to
i [ FPQ @gmfohat patitiphe hithieatherenohtr BERG2. | L- 2 act i vated NK adherence can be
partially inhibited. At 4 Cvirtually all LAK 41 WO 03/1.05908

PCT/ U203/ 07934 acti vi ty can be i nh| bi ted from adher| ng to the HEPG2

nonol ayer by A3R cAUR#ling o ked B o SRRSO,

bl ocked by ASF at 23 ) |
nonol ayer is in part e ASC [

CAKI - 2 nmonolmyske &i&ﬂﬁet&ﬁimahﬁ\ﬁﬁbpﬁyiiﬁlaﬂnbﬁhéﬁl‘iﬁiﬂrgetmt@am widdegp¥aypot hesi s i s
that LAKINK cells bind to HEP&Q v east g cogni tion
st r uct ufrefficking angd NEGTAWE%W‘E'HMBPE%&?“QI?% Whetﬁl et%gg%%%%%ly Ir?te!tirﬁe LAKI NK
popul @t Lk aNYivé ko sPrarkidity pfiershilss inhidragiiokic activittes, ustlering sfadr a t ar get
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Bi ndi ngmezipdagons souptamanetive. Fhsprencpbation,of Brpdt,; and Is due to a
LAK or N"fe{hﬁﬁi?ﬂfé'aésh?'a%z%b LA, &hﬂwtmgcmmﬁﬁmgafmemnﬁpmgetpémo This can

be furtRe supported derived from experl H‘@%Fé% glz beI ow) in which
250 g/ meu‘hempcsﬁa:@mnwamrt@d@réééay prepapahian; heyeven of LAK

effectorsa Eﬁkg:? i3 SER T ICAEEA SERME Bet@inied gocent rat i on of 1

nmg/ m A@Ec%%d‘q%gtépn I efp ﬁo g@l“t of LAKto Kkill CAKI-2 target. At 23
c thelSAﬁﬁERph@w}&lhe@ ramchuals per ninyte dlﬁ"@’e%b)ﬁé‘ts thag 4@ prrepnh replaEE i far t z, et al .,
15 Char act tion t.he ASGP receptor in a continuous hepatoma line. J.
Bi ol . Cﬁ@?ﬂe“%ﬁ “}%I’ )1981); Schwartz. A L., et al., Recycling of the
ASGP receptor: b| ochem cal and irrununocytochenni cal evidence. Phil.

Trans. R SOfable&?%QICh%c%%ﬁr%%%iegS%%o&% Ta:rgcl&e di fferences

AGENT ADDED TO ASSAY 40:1  20:1  10:1 5:1

20 Media - 48 49 23 14
¥ 58 42 27 16
ASF 52 41 24 13

Spontaneous release (media alone): 2183 cpm.
Spontaneous release (fetuin alone): 2267 cpm.

25 Spontaneous release (asialofetuin alone): 2147 cpm
Total release: 30,600 cpm.

Adherence of NK/LAK Activity After Cell Surface Modification by Neuraminidase or
2.3- and 2.6-Siayltransferases

30 Five-day LAK preparations (20 U/ml; 1 Dupont unit = 44.5 BRMP units) grown in AIM-
V (Gibco) were treated (according to the protocols in B. 1.2.3 & 1.2.4) with 30mU Vibric
Cholera neuramindase, 0.48 mU 2,3 -or 10mu 2,6- silalyltransferase per 107 cells. Some of’the
effectors were incubated in media, 10% PBS in RPMY 1640 at 23°C for 2 hours. 2 x107 effectors
from the untreated LALK, neuramithdase-treated LAK, LAK treated with 2,3 or 2,6 were
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seen in the ability to inhibit adherence may be expl ai ned by the

t enper at ure dependence of ASGPR recycling and possibly of the LAK
recognition structure on the target. At 4 Cthe 20 LAK target binding, both
by the A SGPR and LAK recognition structure, may have the different
affinity for ligand than at 23 C, or possibly at the increased tenperature
ot her adhesion nolecules are capable of increasing the effector:target
interactivgsosomt iSs. at 4 Cthe only receptor on HEPGRuUsAbeski nds LAK
with any appreciable affinity is the ASGPR, and this static receptor at
this t elREhakA & GBReBRmb EMGEB%mio efficbiIERGY (ASAPRS) bri Qefled, (ABSERIAL 23  C nore
t han the ASGPR bi nds the LAK cell to.,the fsar‘(r:letté S.@Qe n,g\nSC‘?P?tJeﬁs recycling
in the powdaerset237C fand bpyry Ahelasksgegee ropked GYeRG AL s THE TAK Tecogni ti on
ft ructuge ih%ﬁe rﬁJ};S]a%&{ 9866 1aRHedRns skikyagatnars6s esirilaiy addadheshon ol ecul es

o "cenmBnt he Interaction. These data al sg ’E% sij tqg%% thﬁ) LAK (as
as s ay e dumheRATbitroksn TheTesuliparp pragetedinbieuregd 1-16 s %gﬁm fFREEYIC Cel I s have
differe% affir#”;(itly receptors or different on/off rates for adherence to 30
HePG2? Ml 8 Ridase treat ment, in theory, should have increased binding
of the LAK grebdis $aaTablhé,*E@@rm@@hﬂﬁ?@sﬁl’@t‘%%fﬂ%%WP KA nunber of
asi al odeterm nants generated by this treatnment, but did not. If the nunber
of asi apdbéterm' nants was al ready sufficient to occupy the naxi num nunber
of ASGPR on (HEPGRetivad NEAGilling Kk tarpetibiepoteffecidddy antrstl &ffPhant s woul d not 42
WO 03/ 105908 PCT/11 S0 9 | t n G adibity ®iNRe DO sible
there i Bogiiegyans (Figpres {’ g?ﬂég?’g?]}Aﬁéoﬁggﬁneghg?&%%’ v ol &gd@liuﬁlgt he binding and
t hat jgeneizataaely Enbahcel By ndatsiniridasetraimmnt (Figetee kil &nio) butaot Y 23-&t i ncr ease

adherence.” This su%%ests he iggaelr)esti ng possibility that LAK and the EL-2
acti vat &-sigbpundensicanes e d? %5t he | gands that participate in this

adher ence t QuHEREBifidaAln GLAK il knlrfateg alkrs Aherence e 4Bk asicgmpised 8] ocked By ASF
or Fin Pretreatnent of _ Targets._ ar Wen Added . o ase Assay_
Becaus euftsaigd MEK@F%%W@WB |1§)5-/ h’a“’f‘%?% n?lﬁar%l%{aﬁste @%ﬁé %ngﬁr g eﬁtg {ei? nt eracti on
and LAK gnoleh@ftd CRIkD S ANShclivaaNresbheityqRigare 14 bottem botiddime; assayetl on det er ni ne
whet her the use of asi al ogl ycoprotein. 134ag]§dgl§ %’abivgn.\e/dm\ﬁ%nidﬁg) al ter
traffliSCKﬁﬁ@af)‘e[ﬂi@rzrﬁsmﬁl’lg@lsfeﬁ?ﬁtﬁ?@ee&f?‘&“8 UL B P HRNGE i ng such

mani pul 3}, B0 GRWH-SEIPHREELL M6 no Jiet dthd ddberbimt IODAKIE2 ¢faitgeLaKwi th t he

addition of aslaldfetuin or fetuin to the assay, at 2501rg per well, does
not bl odlk2 keiated NKi ng of the tunor target, CAKI- 2. The LAK preparation was

a standard § ’ toF @5 el RAVRY Blhmat RS Rod Mdsadivames dEAR acthéyl | cat ed
with 3-day I(E ﬁ%r‘*@b’%‘?%’?‘on. cg% SPEC I%]inc RELEASE .was .det er marag%gggom 15
10

quadr upld BERPGS(Fighw<ls): haweven LA Elyjapsiss (readmpt Feuiegtypropaiey
perc eﬂ)t of ﬁ.@acﬁx?a%e%wﬁﬁgﬂe 13, bottom solid); and conversely, 2,3-sialyliransferase treatment
significantly prevents adherence of these cells to HEPG2 (Figure 13, top solid line).
CONCLUSIONS: 1L-2 activated NK killing and LAK are affected differently by

I
D

neuraminidase treatment.
[L-2 activated NK. adherence to both HEPG2 were aliered by cell surface modifications;

25 LAK adherence was not affected by these modifications. This may be due to the amount of sialic
acid that can be added to the LAK cell surface which could be determined by dose-response of
2,3- and 2,6-sialyltransferases.

Adherence of IL-2 activated NK to HEPG2 at 23° C could be partially inhibited by ASF
(previously reported) and by adding sialic acid with 2,3-sialyltransferase (while 2,6-

30 sialyltransferase treatment promoted adherence).

It is necessary to determine whether adding higher concenirations of ASF (or another
asialocompound, e.g., asialoGMI-sugar) as a means of compensating for ASGPR-recycling at 23°
C or even at 37° C can prevent adherence of IL-2 activated NX or LAK. Likewise, performing

dose-response experiments with 2,3~ and 2,6 sialyliransferase to achieve addition of the
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standard 4-hour incubation) Table 2. % 51Chrom um Rel ease from Caki -2
Targets AGENT ADDED TO ASSAY40: 120:110: 15:1 20Medi a48492314 F58422716
ASF52412413 Spont aneous rel ease (nmedia alone): 2183 cpm  Spont aneous

rel ease (fetuin alone): 2267 cprn. 25 Spontaneous rel ease (asialofetuin

al one): 2147 cpni Total release: 30,600 cpm Adherence of NKILA ( Activity
After Cell Surface Modification by Neuram nidase or 2.3- and 2

6- Si ayl pnabeiases 30 Five-day LAK preparations (20 POImSe3A79Bupont unit =
44.5 BRrMP units) grown in AIM V (G bco) were treate&p(acﬁgorg ng to the
protocals.in 31 Sl v AliowMHt RissE%o oFihb ndherend@msickanismbeE#E¥Ni ndase, 0. 48
nmJ 2,3@%‘%111%%0%%%-8&5 Icﬁln%lyt nui sf eras er ]]g)ngi eléi 6§&)5rg_ of the
effectma&mnwaﬂdﬁiudﬁﬁe@dsﬁwﬁﬁ%?éjm@g@& & Effh?“é?f at;aﬁSCfor 2 hours.
2 x107 effectors r t Bahed ThAL Kycopuindmsehdade cquabat ed LAK , LAK
treat edlﬂ@ei“f"t’f“%?sft%& 1%&%61 S&%ﬁ%ﬂﬁ‘% VO 03/ 10?’3 1!/ Es%i{?ﬁg%ﬁ spended in
15 M negbnsindispiminsig wwgﬁnéhetmnlklatﬂﬁj@%&%(g%ﬁz% v = %@Z‘PR-)

nonol ayers. at. .23C for A asks were rocked every 15 mnutes. The
nonad%e‘?ﬁlm@g?oﬁ%msw%bie{Bﬁg'égklr%%g}’%ers were decanted and assayed agai nst
1062 and ILAJ1, in addition to the wunadhered controls, The results are
presented in Figures 11-16. The E: T«¢ati os used were 40, 20,10, and 5 to

1. Results. ,See, .Tabl ftiomy) BEOthEr ddctagis wentired érthat i on of this
data in Fig ‘s’blic%‘i‘°f§)pf?’m?‘§?%’%f‘?%@§§tivat d - K cr‘g”-””%ﬁ“]?e% i%@rgets) i s
not af f @ediRdtidnaraingicait bf thelevehofdhospediedin ??‘B‘i‘?é”}é TR LIPS and 13, top
4 dotted |ines); ere hﬁiﬁ i Mk bthel(dobinhenR @refrefRAddojpotb@d berein

si gnitPi H‘W’ﬁ“%ﬂ%\éﬂ%{'&ds@eyf gdragﬁl&sh%ﬁgasg t r eat ngnt zerrlg.c res 12 et> & 16),
but  NOt y¥ferm@-i0their Aytietsioablypurpoassss e same okl ARE 18 “E‘ﬁ‘?lg’é‘ B 16) . (2)
No nodification of. LAK cell AR iddirated AIUEl - 2 as
conpar ew%patﬁﬁ??@ﬁ%é’ﬁ’oﬁg{ker(dgéé%ye Slr?]éc%%]?) Fi gu_?:fa[@(iS.).a C{Q ggnt rast,

neur am g Red NeRiih BErBferepretuitg @tirety-fotadpatpeses.t Ybsafpgspreipclped 50 a&i vat ed NK

activit (Ei gur e 1gff thebé)t tom sal.id | Rficd B4R2YBHa@h on the contents of the

or ease of review ocumen

15 document in any way.

Although the foregoing invention has been
clarity of understanding, it will be obvious that certain changes and

described in some detail by way of illustration

and example for purposes of
modifications may be practiced within the scope of the appended claims.
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15 K562) as well as 2,3-sialyltransferase treatnent (Figure 14, solid line
above neuram nidase). Treatnent with 2,6-sialyltransferase has no effect
on the adherence to CAKI-2 of either LAK or [IL-2 activated NK. (3) No
nodi fication of the cell surface dramatically nodifies adherence of LAK
activity to HEP& (Figure 15); however, 2,6-sialyltransferase treatnent
significantly pronotes adherence 20 of TL-2 activated NK (Figure 13,

bot t om seolg @hwseend conversely, 2, 3-sialyltransferase trcgatsnzoTps4 '
significantly prevents adherence of these cells to HEP&Q (Figure 13, top
solid line). CONCLUSIONS: IL-2 activated NK killing and LAK. are affected
differently b neur am ni dase treatnment. |L-2 activated NK adherence to
bot h HEPG2 W@%é35$péﬁ@@35 ‘cel | surface nodifications; 25 LAK adherence
was not affected by these nodifications. This nay be due to the amount of

sialic acid that can be added to the LAK cell . surface.whi.ch coul d be
det ermi ned by doééﬂqﬂé‘éé@ﬁélé’e%‘?gaS’EHBQGHQHHmQ}}‘B‘&%eiué‘P YiEFHE¥ & 4ses. Adherence

of L2 _act]i NKink Qesl6PG2 at 23 C could be partially inhibited by ASF
(pr eviSOt%my#%%@g%%&h a%ﬂgi' by adding sialic acid wth 2, 3-sialyltransferase
(while 2,6 30) si adninsteanesisdiceeopingatee®Mm™r onot ed adherence). It is

necessary to fet e RE Qg @ddiRgahi gher concentrations of ASF (or
anot her asi(g oconpound,” e.g., aslaloGVl-sugar) as a neans of conpensating

for ASGPR-recycling at 23 C or even at 37 C can prevent adherence of IL-2
activated N, or T emad Wi £ B R ol RY ne|RASKidESPRRIE Experinents with

2,3- and 2, 67 si al ranstéraseé to achieve addition of the 44 WD 03/ 105908
PCTI U803107934 maxi mum anount of sialic acid may allow the di ssection of

t he adher encikgrdsﬁ.g%gt%tﬁég ql%lx:%%é%%her%f?i% S?eﬁféégﬁgé’%%q‘%d 59m Hefby BdowsSt r uct ur es:

2,3- to O1i to scr/ stalyltransferase to
N- | i nkeglasengamascld, ikedn mbilisdicorThese gl ycosyl tranferases may be equal Iy
important in discrimnating between the popul ati ons responsible for IL-2
activated NK (killing of 5 K562) and those responsible for RAJI killing,
LAK. All publi catrhemsthoddtiint 5whdeih s tyngpbpitlicdbis badested framdherdver docunent s

mentioned in the specjfication are j.ndicatiwve of:I h%e of those

Ski| | g opnistinget zmptpLiligs 008 Py ?‘f‘%‘?{“‘%&e’kﬁ SIS %%ﬁ%‘“pum i cati ons,
pat ent s jnfIRAR lynPpREVyle CAL), @ BRotodd Bmphdvgte (TG ntishuas erbeT ei n i ncor por at ed
herein by reference in their entirety for all purposes to the sanme extent

as if each individual publication, patent, patent application, or other

docunment wass speqif ingifibd of cRIK1, iwheieki tBigycoyonjugste taspesertia by ehe gemeadr por at ed
herein by reference in its entirety for all purposes. Subheadi ngs are
i ncl udedorgwladt-p)x-Gal,

20 wherein P is a peptide residue of a human serum glycoprotein and S is a sugar residue of

a human sernm glycoprotein; x is an integer from 1 to 100 and Gal is galactose residue.

6. The method of claim 1, wherein the glycoconjugate is selected from the group
consisting of an orosomucoid and an asialoorosomucoid.

25
7. The method of claim 1, wherein the target tissue is a tissue of an organ selected

from the group consisting of the heart, the liver, the lungs, and the kidneys.
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for ease of review of the docunent and are not intended to be a limtation
on the contents of the 15 docunent in any way. Although the foregoing

i nvention has been described in some detail by way of illustration and
exanpl e for purposes of clarity of understanding, it will be obvious that
certain changes and nodifications may be practiced within the scope of the
appended cl ains. 45 WO 03/105)08 WHAT TS CLAIMED | S: PCTI US03/ 07934 1. A
met hod f ero @dabdewseri ng a stemcell or |ynphoid cell tommiigebssti ssue in a
5 mammal conprising the steps of: (a) adm nistering a glycoconjugate to a
manmal ;  (b) adm nistering the cell to the mammal. The nethod of claim1l,
wherein the cell is a hernatopoietic stemcell. 10 3. T(ge tﬁnat hod of claim
2. wherein te stiermatieidiof tleimohwhetpia themberronnE IS pREFFLR, M pl acent a,

nmuscl e, fat frﬂoratrdﬂyrmﬁl ical cord. 4. The nmethod of claim1l wherein the

| ynphoi BRI PS8 °6Ct ed from the group 15 consisting of a natural Kkiller
(N K) cell, a lynphol ine-activated killer (LAX) cell, a tunor-

infiltrating |ynphoc TEL), Vot Xl ocos Clindinistered m xt ur es

t heredf. 5. %Thenﬁéettﬁ%%o%(?% d%ﬁa%’@fg%\t}\lﬁg%?c%m'&l %@Qﬁ‘?%t@?ﬁﬁ ugate is

r epr esepigebnbilytibegamannl fornula P -(S)x-Gl, 20 wherein P is a peptide
resi due of a human scrum gl ycoprotcin and S is a sugar residue of a human
serum gl ycoprotein; x is an integer from1l to 100 and Gal is gal actose
residue. 6. jhhe AwhkdaRd f@fargdtiag smematopbieticstam ¢etido b esobrpergatle i s sel ected
fromthe group consisting of an orosonucoid and an asi al oorosonucoi d. 25
7. The rermsweEdestpsfm 1, wherein the target tissue is a tissue of an organ
sel eclt{)ed fr(g)mtktﬁnigig i &@ﬂﬁbafo:bﬁgxcoiﬂtdihembmaakandt he |liver, the !ungs, and
t he kidneys. 46 WD 03/ 105908 PCTiti S03107934 8. The nethod of claim1,
wher ei n t he &} ycabwpistadng the 5ol olemAPOt'ered to the manmmal prior to the
cell.

11.  The method of claim 10, wherein the cell is administered after the step of
administering the asialo-orosomucoid.

15
12.  The method of claim 10, wherein the asialo-orosomucoid is administered viaa

vessel proximal to the heart.

13.  The method of claim 12 wherein the asialo-orosomucoid 1s administered via a

20 jugular vein.

14.  The method of claim 10 wherein the heart of a mammal has suffered ischemic

injury prior to administering the asialo-orosomucoid.
25 15. A method for targeting a mesenchymal stem cell to the heart of a maminal
comprising the steps of:

(3)  administering an orosomucoid to the mammal; and

(b)  administering the cell to the mammal.

30
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9. The nethod of claim1l1, wherein the glycocoi zjugate and the cell are
adm ni stered intravenously to the mammal. 10, A nmethod for targeting a
henmat opoi etic stern cell to the heart of a marmal conprising the steps of:
10 (a) adm nistering an asial o-orosonucoid to the manurial; and (b)

adm nistering the cell to the mammal. it, The nethod of claim 10, wherein
the cell is admnistered after the step of admnistering the

asi al o- oepRAYeHM d. 15 12. The nmethod of clai m 10, whaigfkoddyes4

asi al o-orosonucoid is adm nistered via it vessel proxinmal to the heart.
13. The methgd ofp,claihll d21aMh 5, Snbein iR oAbk R1Iqs AmEHIkEed dla b Scseelimi ni st er ed
via a 20 jugular vern. 14. The nethod of claim 10 wherein the heart of a
manmal |pasxirsalid the kpdrti schemic injury prior to administering the

asi al o-orosonucoid. 25 15. A nethod for targeting a nmesenchymal stein cel
to the heart of a mammal conprising the steps of: (a) adm nistering an
orosonucoi d 1D t Mbe maiwbofclagmd6 whdmin e popinaceid ispgminterydatia a BgaThe nammal .
30 47ﬁ{[)03/105905 PCTI US03/0793: 1 16. The met hod of claim 15, wherein the
orosomuc8i™ is adninistered via a vessel proximal to the heart. 17. The
met hod of claim 16 wherein the orosonucoid is adm nistered via a jugular 5

vein. 18. The nethod of. cl ai 5. wherein_ the h t . has suffered
i schemic inftry B¢ P8 oqg%ﬁaﬂﬁiw@?%?ﬁ%éﬁ?ﬁ%ag%%@%ﬁﬁ%%ﬁ%?g%gg%%i The met hod

of cl ai MG privite b@hifiskg; thedrbsoiscaadini ni stered after the step of
adm ni stering the orosonucoid,. 20. A nethod for targeting a hematopoietic
stemcell to the liver of a mammal conprising the steps of: 15 (a)

adm nigt eri ngy an 9 RSMBUSRadn 1 5) whBeinAR8I s ad@intbtered after the step of

administering the orosomucoid..

20. A method for targeting a hematopoietic stem cell to the liver of 2 mammal

comprising the steps of:
15 (a)  administering an orosomucoid to the mammal; and

()  administering the celi to the mammal,

71.  The method of claim 20, wherein the cell is administered after the step of

administering the orosomucoid.

20
22. A method for targeting a mesenchymal stem cell to the liver of a mammal
comprising the steps of:
(2)  administering an asialoorosomucoid to the mammal; arid
()  administering the cell to the mammal.
25

23.  The method of claim 22, wherein the cell is administered after the step of

administering the orosomucoid.
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(b) admnistering the cell to the mammal. 21. The nethod of claim 20,
wherein the cell is admnistered after the step of admnistering the
orosonucoid. 20 22. A nmethod for targeting a nescnchymal stemcell to the
liver of a manmal conprising the steps of: (a) adm nistering an

asi al oorosomucoid to the manmmal ; and (b) administering the cell to the
manmal . 25 23. The nmethod of claim 22, wherein the cell is adm nistered

after theoukgessos® adm nistering the orosomucoid. 48 WOrR$8esR&08
PCT/ U803/ 07934 24. A nethod for targeting a gene of interest to a tissue in

a mammal, Wher e, sl ity Ponk O ifRRto LAIRI 8 fAmal wRndgatib, sai d
nmet hod conprising the step o%. (1) introducing a cell conprising the gone
of i nt eperiof hErdstromprsss r aisgenayseld methyd eomprisnathestsnsgta gl ycoconj ugate. 25.

The met hod of, cl aim 24 i N fihiSre@ tdBOREARSE Al ¢ stemcel | . 26.
The et hod cﬁ” o Bt a8 g{‘ﬁpﬂs‘%}g&%gﬂ’ 's a lynphoid cell. 10 27. The

met hod of cl@j m 26yinistesuesi glycbdvajugaiem cel | is obtai ned fromthe bone marrow,
peri pheral circulation or an unbilical cord. 28. The nethod of claim 24,
wher ei*n t he gl ycoconjugate is selected fromthe group consisting of an

or osonucoi d &nd IR asthal dohbsBwheen the cdbis 2 Bematoppistihdm ¢edr “treating a

di sease characterized by tissue danage in a manmal conprising the steps
of, (1) (2) 20 admnistering a stemcell to the manmal ; and adm nistering
a gl ycoconj ugat e Thémbihel sTalrfmt4, wBQein THeeelhiet hoghaf cdl ai m 29, wherein the
stemcell is obtained fromthe hone marrow,

10 27 The method of claim 26, wherein the stem cell is obtained from the bone marrow,

peripheral circulation or an umbilical cord.

78.  The method of claim 24, wherein the glycoconjugate is selected from the group
consisting of an orosomucoid and an asialoorosomucoid.

15
29. A method for treating a disease characterized by tissue damage ina mammal

comprising the steps of:
(1)  administering a stem cell to the mammal; and

()  administering a glycoconjugate to the mammal.

20
30.  The method of claim 29, wherein the stem cell is obtained from the hone marrow,

petipheral circulation or an umbilical cord.

31.  The method of claim 29, wherein the glycoconjugate is selected from the group

25 consisting of an orosomucoid and an asialoorosomucoid.

32, The method of claim 29, wherein the disease is selected from the group consisting

of a heart disease, a lung disease, a liver disease a neurological disease and a kidney disease.

30
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peripheral circulation or an unbilical cord. 31. The -nethod of claim 29,
wherein the glycoconjugate is selected fromthe group consisting of an
orosornucoi d and an asi al oorosonucoi d. 32. The net hod of claim 29, wherein
the disease is selected fromthe group consisting. of a heart disease, a

| ung di sease, a liver disease a neurol ogical disease and a ki dney di sease.
30 49 WO 03/105908 PC 1YCS03107934 33. The nethod of claim29, wherein the
di sease g 38400t ed from the group consisting of nyocacdivgésizssiarction,
enphysema, cystic fibrosis, hepatitis, stroke, nephritis and

ni cr oal buni nug i a.Th3fnethBd BIVHABS Sttkiemahe GNP dssclttahfrenthp giosp cusistingy nphoi d
cell or a stemcell and a_ ycoconjugate., 35. The phagrnmaceutical comnposition
of cl ai mf3wocaydid indarptionhEnREySFRA CHTHP ﬁg‘ﬁil% hepatitis, ﬂ‘%&tﬂg‘%mpf‘ t he group

consi sti.ng of. a8, osomucoi d and an asi al oorosonucoid. 10 36. The

phar maceut | cal conposition of claim34, wherein the cell is a stemcell.
37. The pharmaceutical conposition of claim 34, wherein the cell is a

| ynphoid cel , 15 bifihdRi - h keh 081 AAekagi ng

mat e_ri%l andg?;i p%&%&%&@%&kﬁﬁ%g%%@ﬁﬁﬁﬁgwﬁt&gﬁ%&mwthi n the packagi ng
mat er i al glycadvajugate t he pharmaceuti cal conposition conprises a glycoconjugate
that is therapeutically effective for targeting a cell to a desired organ,
and wherein the packaging material conprises a |abel which indicates that

t he phannacegs.ti Cile phfaoivplosmposiion obrlailns4 lwebin he shycocepiigaieds a cel | to a
desired orygap. 39. The article of manuf . ' 8, further

conpri si Sﬁb SHETE 6 FEP F%lﬁlétg’t%ogaﬁ %?Som'&%’kf%gg%e ﬁ%ogééé%!é%lsd?ons to be

adm nijgtered to a mammal and printed instructions, for use in targeting
cells. 25 40, The_ article of. manufacture of clai f. onprising a
quantity of 3$f-emhEPhameytialigmaoyHep otl%?‘lﬁlgttliVﬁlbereél?%gg%lﬁy%%%}ﬁéenicn a mamal .
WO 03/105908 PCT/ US03107934 41. The article of manufacture of claim 38,

wherein the gllyc O’lghgg uq?&eﬁﬁc‘a COISII%!)S%?OtIl%P claim 34, wherein the cell is a lymphoid cell,

15 38.  An article of manufacture, comprising packaging material and a pharmaceutical
composition contained within the packaging material, wherein
the pharmaceutical composition conprises a glycoconjugate that is therapeutically

effective for targeting a cell to 2 desired organ, and wherein

the packaging material comprises a label which indicates that the pharmaceutical

20 composition can be used for targeting a cell to a desired organ.

39.  The article of manufacture of claim 38, further comprising additional reagents for
making cell suspensions to be administered to 2 mammal and printed instructions, for use in
targeting cells.

25
40.  The article of manufacture of claim 39 further comprising a quantity of stem cells

suitable for targeting of such cells in a mammal.
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fromthe group consisting of an orosonucoid and az~ asi al oorosonucoi d. 42.

The article of manufacture of claim40, wherein the cell is a hematopoietic
stun 5 cell. 43. A nethod to inprove the efficiency of an adoplive

i mrunot herapy using a |ynphoid cell conprising nodification of

si al ogl ycoprotein determi nants on the |ynphoid cell surface. 10 44. The

nmet hod of claim43 wherein the nodification conprises renoval of sialic to

gener at aygamoaskal ogl ycoprotein determ ni nants. 45. Ther/osthmwds of cl ai m 44
wherein the nodification conprises renoval of sialic 15 acid by an enzyne.

46. The net hqd of, cl ai i A InfheCfcbenugmeReleds r enoval of
sialic acidﬁby é?%ﬁﬁﬁ%ﬁ%ﬁ%ilasegg%ﬁ%%b&fﬁggnefﬁ%% ofﬂ%Iain143 wherein the
nodi fi Cabindiv mappoisitsg efddpiosamcef and aajasigdoorgeiycaiy an enzyne. 48. The

met hod of claim 43 wherein the adoptive i munotherapy is for a liver
netastasis or a primary liver tunor. regional admnistration to the liver
of activat edi2| ynpioeydes matiadire W db@40.37he @80T pE ahewsprs 7§84 49. The
met hod of_ claim6 wherein the glycoconjugate is admnistered via a vessel
proxi maFelk o the organ wherein the target tissue is |ocated. 50. The nethod
of claim6 wherein the organ is the liver and the glycoconjugate is 5

adm ni st er ed43\.“ aXI n?etéor&%o itr]n% O%Ea lrh% e%’c}eggyyof A adel())tfv% %m&?olﬂ{%raw wditg'al P heral vein 52
lymphoid cell comprising modification of sialo glycoprotein determinants on the lymphoid cell

surface.

10
44.  The method of claim 43 wherein the modification comprises removal of sialic to

generate new asialoglycoprotein determininants.

45.  The method of claim 44 wherein the modification comprises removal of sialic

15 acid by an enzyme.

46.  The method of claim 45 wherein the modification comprises removal of sialic

acid by a neuraminidase.

20 47.  The method of claim 43 wherein the modification comprises addition of sialic

acid by an enzyme.

48.  The method of claim 43 wherein the adoptive immunotherapy is for a liver

metastasis or a primary liver tumor. regional administration to the liver of activated lymphocyies.

25
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49.  The method of claim 6 wherein the glycoconjugate is administered via a vessel

proximal to the organ wherein the target tissue is located.

50.  The method of claim 6 wherein the organ is the liver and the glycoconjugate is

5 admimistered viavia the hepatic artery or portal vein or peripheral vein
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