()*+ - €3eODDEHI 4ANO6OTQ01 AUG 2011Z WO 99/ 16864 PCT/ US98/ 20343 -1
STI MULATI ON OF HEMATOPO ETI C CELLS I N VI TRO Rel ated Appl i cati 311s @?I 5002
appl ication clains priority under Title 35, United States Codé 9(e), of
Uni ted St at esoBpvmssssi onal Application No. 60/ 060, 306, filed Septrasbhezo320,
1997, and entitled STI MJLATI ON OF HEMATOPO ETI C CELLS IN VITRO, the entire
contents of which are incorporated herein by reference. Field of the
I nvention This invention relates to the use of agents which bind to
di pepti dyl pepti dagg - S
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Bone mar rr%"}'n&fr?&sa&ﬁa}@}e?]ﬁ \b/gﬂ:f%r@{&l ves the infusion of early bone marrow

progenltor ce e ablllty to reestablish the patients’

hemat opoi eti ¢ system i ncl udi ng FieRl ofithe hevétishem Transpl antati on
decreases the tinme normal ly required for the restoration of the imune
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| ynphoi d, nyel oid and erythr 0'Bick$mag%$the5hﬁl§hﬁ@t“5 have the ability to
renew thensel ves as well as to differentiate into progenitor cells of all
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red bl ood cells, |s and B cells). Stemcells and progenitor cells
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Accordingly, several nethods have, been devel oped.ta expan in vitro, bone
Tmr row cal 15 ST MHEEN Se0s COUTHOURSIN S (eSO AniE Meaabrgiett iy

unbi I'i calys g@itled¥e®Bfliuding the lymphoid, myeloid and erythroid lineages. Stem cells have the

ability to renew themselves as well as to differentiate into progenitor cells of all
hematopoietic lineages. Progenitor cells retain the ability to proliferate and give rise to
differentiated cells of all lineages. Differentiated cells lose the ability to proliferate and
exhibit morphological characteristics specific for their lineages (such as macrophages,
granulocytes, platelets, red blood cells, T cells and B cells). Stem cells and progenitor cells
express CD34 on their surface while differentiated cells do not. Bone marrow includes stem
cells as well as progenitor cells of the lymphoid (T and B cells), myeloid (granulocytes,
macrophages) and erythroid (red blood cells) lincages.

For use in bone marrow transplants, hematopoietic precursor cells can be derived
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The ability to expand these cells has hel ped advance bone marrow transpl ant
t echnol ogy as’ a vi'abl e adjunct therapy for cancer treatnents tFStA' \ﬁ ve
hi gh doses of chenotherapy and/or irradiation. However, the exrst "?{8

met hods for Reged/nRey etic cell expansion require the additi onpgfusesrosss
appropriate cytokines to permt the in vitro expansion of henatopoietic
stemcells. The high cost of such growth,factors has adversely affected the
ability of those skilled in the art to e’%’pand henmat opoi etic cells in vitro
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met hod for stinulating hematopoietic cells to grow and differentiate in
vitro i s prédiffesntiatiorohkempepqisticiella i vire. Zdyanegeersinghe methodraf isoi eti ¢
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the presence of the DPIV inhibitor. In general, increasing the nunber of
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appr oxi %elﬁﬁ/ %\'—gI'Ol drelative ﬁo. t he nu%gr of hemat opoi etic cel I? that are
present WREAT CPREIRIS| ASCHrHFRquERyX nnapients, AP RETRURHIESSF KPhepPle: psa _
general , %Bﬁsga%ﬁ%%f%en‘?&héx%ﬁ Bﬁ%’oﬁ&&aﬁ&?;ﬂ‘ﬁgﬁwf& @n&gntrol culture that is

not contacte I tor but 1s o se 1dentically treated is

wth the 1nhib
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to contact with the inhibitor. Preferably, the nunber of henmatopoietic
cells are increased at | east approximately 4-fold, 10-fold, 20-fold or,

nost preferably, at least 100-fold relative to the nunber of henatopoietic
cells that are present when the hematopoietic cells initially are contacted
with the inhibitor. As used herein, hematopoietic cells includes

hemat opoi etic stemcells, prinordial stemcells, early progenitor cells,
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to a nol ecul e which inhibits the functional activity of the DPIV.
(Accordingly, the inhibitors of the invention include inhibi tors| ﬁDGt@ﬁZ
enzymatic activity of the dipeptidyl peptidase type IV. Pr efernab ) e
inhibitors o@otgPEGchmzyrrati c activity of DPIV associate wth tleq aGshisgs Site
of DPIV by covalently bonding thereto or by formng an ionic interaction
therewith. Such inhibitors include conpetitive inhibitors of DPIV, such as
transition state anal ogs of DPIV, and non-conpetitive inhibitors of DPIV,

such as fl uoroal kyl ket ones. hihitars of | V al so. i ncl ude non-conpetitive
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Conpoundsofgedw Eliddifferankinlegn Reacisprovidedn dhblashollavslods: (1)fcehtactintaner i ption

of dimers and other conjugates of DPIV inhibitors.) The imobilized DPIV
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of the inhibitor. In general, the determ nation of an increase in the
nunmber ofculiering thedieatatapoistic Icgllnindhopresanet pr ahsence ofstrethaliagtamnd &) cutturing
assessed usin nvent i onal h known to those .of ordinpar kill in the
e ARG SR MRk She PETY SRR o bR GRS BB ¢ ur e
hemat opoi RiafogoRiticeARRIGS t&ﬁ@x%@ﬂn% theHubdRF SMtelif b afIRaH: Approfiet8as 8-fb
nunber in the absence of exogenously added cytokines. By providing a nethod
for sti nuehtivaty the mambpoifdicimatapeletis celts thhtearapesent svhel thexst) e imatisdlyyaradded

cytoki nes, the inventiqn proyides substantial. cost savings to the culturing
of ' stch ciopiage Bt Vo e PPE I GF g S PIeRGI o e

cont am nahjip: Mht i$ U6 conBlcledGhit HE EshibYorSht FoRRIWRE idMiatalRRtaa0t s have

di scovered is no longer an essential agent for stinulating hematopoietic
cel | s i n apptaximetelyAbe samié agthe aninalontreber af pelistin die dulters pricemd canact svith the

apparatus, |s.pravided. fo racticing the nethods of the ipvention, The
appar at us‘“-!"i?EP’iJ ggéaq’ébﬁéeaﬁ?‘ﬁ’g?eré’ﬁhe‘gﬁoP‘i’l‘ﬁﬁ%‘i’eﬁlﬁta_redflcrﬁﬁeg’a_& ﬁitépﬂ@afr?aﬁ Pein
or attac“&gslg,hﬂf%ﬁ@-zo%ﬁfcﬁ[ BPthprefE&%BEQHE?étﬁ‘ -f813 réatiVeqb théh gk ner which
is selected fromany of the foregoing’cell culture containers known to
those of lethtayisticdells that dretphssestrwhenthehemdopmiétay cetlf idbifdlly ars cotadted with i n

the container in soluble or inmobilized formor directly attached to the
i nternal ®@ERIOrof the container. For exanple, the inhibitor of DPIV can

i ncl ude nagnet | (A L : [ nt

i bi torsof SPFR AerdRrhlstE bell oAk M e BUE MHbbRT L
DPI V i nhi fiérh@Ells, bhdy patmtoneelln OD3drak]ly, ehelitkhgs celidofake moseckymaalf h nmedi a
conponents for cell culture. Such conponents are known to those of ordinary

skill in the art. According to yet another aspect of the invention, a kit
for stimulating hematopoietic cells in culture is provided. The kit
contai ns the apparatus descri bed above and instructions for using the
apparatus to stinulate hematopoietic cells in vitro. According to still
anot her aspect of the invention, a nethod for stinulating hematopoietic



The first enbqdi nent of the method for obtaining antigen-specific T cells
.Jdnvolves stinulating bone marrow cells in culture. The bone npyrapg 20821s in
culture may | a mxture of cells; however, preferably,

mar r ow cel | S\Véi;g;/}égﬁ ure are isolated CD34+ cells or isolat edpé?@%pég{e})?fss.
According to this enbodinent, the nmethod involves: ( 1 ) culturing the bone
marrow cel ls in the presence of a suffi#ient anobunt of a DPIV inhibitor
(e.g., a DPI'V nononer and/or honoconjugate) to expand the nunber of early T
| i neage owlelaid; lmphoidand eryaliraid Imeagesi baneimaraw eelisablogd Tells, nmbtisakeards wit h
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pat hogenyafigahfskil iamd 4gn) to expand the number of antigen-specific T cells
in the culturé. Step (2) can be perforned in the presence or absence of
speci fi ¢ anti gemsedhepin, n ibhibitondf digsptislyhpéptidpserty pr e d DRINC ugererallyyrefers

conpar ed @ sl Eh duititEe Bitctia et oh P T B heioreibely tussukiies
descri bedri igb&mon (relldeasibitens ofkHebnkftBatfX B0y 8fthk faﬁ;eptibﬁ ;ﬁgﬁaﬁrse ltyp%gl ture

is not contacted wth the heteroconjugate. At each step, the cells ar

cul t ur edIVn Préferaplye thenulsibisérs ofi theDRENmativvchvitp of DPIVhetsecioteorithuthataeti Veogitea
time suffici to increase.the nunmber of early T Jineage cells apd.to
expand « REORMIORHIESH SqineBesiorsroy-fomaing an s et oo b adide o

t he nunb : e ; POt ol ﬁ%}f e
second e ob ?Jr%%téﬁ{agggfﬂlp g%%%h{ngﬁgrtswrﬁul ati Sndéﬁl?%rlg??l ca srt%(%ra %‘E#%@?@gl sin
cul t ur e. addhhsn-eafapetitiverihhibitars lof BPIV (suth hs fludrbalkylkegtohte InhibitbisadDRIVralsobl ood
cells in_the presence of a sufficient amount of a DPlIV inhibitor g{ye. g., a
DPI V nondididedingr omstive bhjiigs o) PRIY whish sdestivelyhing oy DBFY ovplgntly o5 neage
cells in |t ur.e. : L r i 1

het er ocony L isaitdRerfihst &l SIE Stk Bh1Y BoiER dites g AERIRCREL WL EME | an
ant i geni ¢nlieiptiettazymatie actiqity ofihe-DRIV. [Sach agenempeitivieiichibitérs geninetoategayand
t he nunber, of antigen-specjfic T that are present_.in the culture.

el l -
Step (2) OE ke PeERgrsaich selerityels wiad indaPb snbiee dee rlivrie supLlET i o
anti gen. . : jally.
' gener AFnERRgielt ettt dbiitey STy Wech O o BREMAIES Mot MlechEAV A D 1Y)
cul ture & DPIiahd aave the abilibl watinnddtt Rerhdiapoittic delle ichslieamonbemal Ardodias,st eps
(1) and (Zzylc\Mth the exception that the control culture is not. contacted
wi t h t he PRbyckonakantibadigs and fageragihof the foregaingvbish aragapate e déhbinding to
PCT/ US98}/, . £ ot c 2 \Y
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of ear |y DPIVi theageueébllis tiendnteat efthaprtsém énvertibiemapbe minogdized peinsdluble T
cells, respectively, relative to_the nupbers of such cells that are present
in the cdemtoln gearielsthe forspoinginhibitarsisar beratepoyalenti hixalertgor muktivalent d8e6g
peri pheral, Bl St | Thi RRA; i (1)
cul turi ng'gt”ﬁég)ggrr@pﬁdgi gf/kléﬁg%%a@{’dei%%’%é Olséglhﬁlet8 he pf#\é@%ggwﬁ l“}é&zfd’lf ficient
amount ofCrasskikig iRebéfrots@hd (BegThereoDRIrd desdiiptioh ofdihas adobeoqyniigateg bf t 0
expand the nunber of T cells in culture, and (2) culturing the T cells with
a suf fi cil8V iahbiless.)of haintekilisrddAPDGiahibilepmagibaimgohiized ke dvaisty of a DPIV
i nhi bitor_at iﬂchﬁd tto n antf'u enic% er{tltiae ﬁg. Yessels tum)g-.or timed
pat hogen-l%lé) PO 53 G 81>E'paﬁde 198l CHHE VeE¥ e(ﬁigi’é Hgﬁe%qsh’énfecel S
in the cuydrddiegotorS! @Plift 2dacts) shspeRsioh BsIMREctbi, EdNEadBbPEER ERcks afdsence of the
specific antigen. Steps (. 1) and (2) can be perfornmed concurrently or
sequent i &hirgpmery repstass, petri digleespumtiewelbplateat migemtigpplatesi testubas) ¢uture
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contr ol GfetabR dré fd¥Rfed 60 Hat{a@dn¥iuding t f@?emlﬂ%%?%w%t ﬁolyﬁl‘opr?ﬁﬁ@, step,

the cells are Cultured in the presencé of the Vi'nhi bitor o
het er oconidpte polyorersa nylomeclethf hitrocedhdose cagarnse cxeplarodesand seoforthof T cel |'s and

to expand the punber of  antigen-specific T cells, respectively, relative to
e nunber s ofASGEE® tE meifld o BE fhiutan, thenrioRoE CEIS K ur e

Al ter nat i &l obil AREA MG tRRor ST AlerfdtROLell éulm%e%‘aeE?xleiﬂh{r% sbifpfd bervit is
possi bl e to expand the nunber of antigenspecific T cells 1”7 culture w thout
the stinmulation step ( 1), i.e., the method for expanding the nunber of
antigen-specific T cells involves culturing the peripheral blood cells with
a sufficient anount of a heteroconjugate containing an inhibitor of a DPIV
i nhibitor attached to an antigenic peptide (e.g., a tunor- or

pat hogen-specific antigen) to expand the nunber of antigen-specific T cells
in the culture. This step can be perforned in the presence or absence of
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Fi eure 2 Unbi lical cord blood cells were incubated under essentially the
sanme conditions as’ described in the legend to figure 1, exceph tﬁg@ 02
“Val -boroPro was used as stinmulant at the indicated concentrati ans. Azfuter 4

day incubatign..A.Bul k Unbilical Cord Bl ood; Total Cell Cou [.ol
0. Yspiast B TsPRiig) |

cul ture: cells; Gowmh factors 5 x 106 cells; Val-boroPro
(10'6M; 3x106 (10'$M; 4x106 {10''M. B: CD34+ isolated cells: CD34+ cells
were isolated using CD34mAb coupl ed beads for positive selection. Cell
preparation contained 98% CD34+ cells. After 4 days of incubation the

cul t ure oohibiprarggomtacted with awufficient eppentodan irihilkitbr 8f BR1V &0 trstdass theonpar ed

e T it L
Cul tures jroglRALER e E)x*ésé(féle oP e ORHiBitrO T g&&%l, e hvReRnddbrAdthnlindefk ;CD34+

cells after 4 day culture. Cultures incubated with Gowh Factors had only
4% of CD3Henembérofhemaioppietic ¢ bsraatl/ob}heirEtdts of differcatiatibntib assedsatl ubiogoPr o has

a growh stinu)atory effect on CD34+ cells in.additiaon to an effect on the
di £ 1 o entGORVIRSIBMEshadeknoym 8 tiase of rdinartsiillin R ara ARjrBeEeRadvaTagatls | <

support eolhggregaﬁ RRAGEY BlthAhd aﬁﬁue‘aLHeHéfdlﬂaﬂztiE RESEHBR44ukethd Eief%e&)nggg n

presence of " Val -tl)oroPro and growt h factors does not change t

cel I s i n andérdndrease & dunolrar inthe pbsenend oo germmnl yvadtidd dfadkibes: AR proaidorpes

al t hough th tal. nunber of cell in this conbined culture had increased to
55 x 106 re@ﬁpi?oaghwﬁb‘as@am?fap@%c %cq]fe’?s“}féﬁ%F"é’cFﬁ??’f?ée‘?%[}t?éﬂegﬁy%‘wﬁ’

Val - bor oRy,0; : ; I b i i = r
(homconthgE%Wréﬁg? i@%z@%t&nt{fd&%ﬁ{éggggbﬁﬁgﬁ é%‘ﬁﬁ%ﬁg? f%%hlot%é ﬁ%ggé&% ﬁaargr ow cel |
gr owt h whelvamtagroaslgdedusinghbe Bkdlihood of cankemimmitonatsuch Eedirdultafes byl ibinaigo.
Cultures were set up as described in the legend to Figure 1 except that
Lys- bor oPVeat aapliqapts havsdisenyeirdas Bo lpeeer anssssentialpeentionBipeatinghematepgjetic
~ AUG 200 ngg{uk%M 9 Fi ure 4 PCT/ US98/ 20343 Bone marrow cells were

i ncubat ed as described in Figure 1 except that Val -boroPro and the

honmobconj ugat e Aefoaditis eanothefaspectadf thalinVertidn, A apfatatd3as pidviled@viepractiing | ar
expansi on_of bone pmarrow cells as the growh factor mx (GF), while the

di mer nortBe metheds efibhe daventen. o hernparatys 1p¢ludesia eontaines gndareiphtignof BRIV s (98%
purity) i t it - o] j ' s p
NN R S R
factors aeRctedifadm amy efxhé farbgaing ¢ellr bture ldoatdierdkwnug di@eiof efdiaa e ekiliow h

activity by 125 fold at a _concentration of 10°6Mand 96 fold at 10'6 M
the art. The inhibitor of DPIV is contained in the container in soluble or immobilized form or
directly attached to the internal surface of the container. For example, the inhibitor of DPIV
can include magnetic particles to which are attached one or more different inhibitors of DPIV.
In addition to containing the immobilized or soluble DPIV inhibitor, the container optionally
includes one or more growth media components for cell culture. Such components are
known to those of ordinary skill in the art.

According to yet another aspect of the invention, a kit for stimulating hematopoietic
cells in culture is provided. The kit contains the apparatus described above and instructions
for using the apparatus to stimulate hematopoietic cells in vitro.

According to still another aspect of the invention, a method for stimulating
hematopoietic cells and expanding antigen-specific T cells in vitro is provided. The
stimulating and expansion steps can be performed concurrently or sequentially. Three
embodiments of this method are described below to illustrate this method. In general, the

embodiments differ from one another in the selection of the hematopoietic cells that are

stimulated in vitro. In each embodiment, the culturing step(s) can be performed in the



(pénel b): Percent of CD34+ cells remaining in culture after a 4 day
i ncubati on per| od: "control 63% GF 5% Val-boroPro 43% honodi mer 10%
" DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention prQﬁ/l'W@szo%

i mproved net stinmul ati ng hemat opoietic cells in cul turg
particul ar, m[ﬁ%é for stimulating hematopoietic cells in VI ogqisﬁb:{}ﬁ
absence of exogenously added cytokines. Applicants' invention relates to
t he di scovery that the addition of cytokﬁ‘nes or cytokine-expressing cells
(stronmal cells) to hematop0| etic cells in culture is not an essenti al
el ement f presensaat ahsencerafadded exgokipgsmrstramebeedls. Skhieprdfenrédbheterheon)egabmithat

i nhibitor_is adde Ilcants di scover e

signi fi cafit ¢ ésj gg\‘/lIﬁgéﬁlg‘eg%%{aﬁgﬁrﬂop gifig apteen o rﬁ?"@{ho&@“'mlﬁ%’l wlgen o
cell cul téﬁrﬁﬁgat&ﬁo\éﬂbﬁ’l\aﬁhﬂﬁt‘é%fﬁgmﬁhh elimnating a potential source of
contam nation to such cells in culture. According to one aspect of the

i nvention, a nEhthbst embodimentioiahe mythedfor eyaniogiaotigaatdpscific Tviells mvioves

provi ded. met hod invol v cting the errat oietic cells with
a suffici %HP‘?’QH%‘?]‘E“%’P%%W f’ﬁ% gcylé%reoﬁﬂs %F?‘&;?‘Fl Sp‘BﬁP CROTNRMY Bg

("DPI V") pixeMiel JFRelld hb%{'&aﬁ%férzﬂﬂ DS xﬁirrdwearsq,pem%b Qreqahé n%eer the
differentiation of Such henatop 0|et|c cells relative to th er and

di f f er ent calsionisobitedhseratcolni z&tqocdmgtd thig duatiodementphe setitodi mvalves)ml) ol

culture that js . n contacted, with the inhibitor but is otherws subjected
Co ¢ he. satteinB iR BRI Y Gl T REEAEh G DBCRGET Smaunt & AP Rp RIS

cul tured (Jy tBPPY BRABREr Ald/SonkdiBhiakhEY ¢ |
henat opoi geeq%c cefvs In tfle presence jg'? Loeﬁﬁﬂqdﬁtﬁ%gﬁﬂgﬁ fie %Egﬁg eecr?%:l% of
exogenousinycudtdnbednd:@t)okitunmg thadanly T dmdagel celiswithd shfficiemt hmnmts:tﬁhfl cient to

i ncrease e nunber of hematopoj.etic c and/or their differentiation
rel ative %erpﬁ%mm%%qm%f"nﬁé%ﬁ%‘a@é?r&f aﬁﬁé}& ‘P-g%ltﬁra"tmﬁ}é?déoﬁf‘é%gﬁm‘i peptide

control b i pRERRY, td &pafd I8 mpm 1
AUG 2002 %l(,én\lsgunllZOB as us g hergt? n? e‘fgx rs tOnI n E\Q?f%% %ﬁ‘ﬁ%eln%t]eg%getl c
cell s to gprthevcands. OSteﬂl(I)f(mnél&tpeEfbﬂned'ﬁhuBe pxtekeacaextéfbedﬁ:eaalﬁdpanmsmugén ons and
devi ces of the |n¥(€nt| o) useful for increasing the cell nunber as well

as for cad¥Phi)and feran PQF’i Weéfcoé%%ﬂe@tﬁt%@eélﬁ?’?t Yc & gepergl3beranmberi aft i ¢
Cel | . | at ed
Co the prSUREMspRif; ToMERROABMICAY 8 BRIAIRUREL BE bR siftiond N iR Pt ™' ©

hemat opoi a4 descriiedrin siebs €1,) apd (2Jowith thk esteprion elat the ceﬂtltd])CUIltlmgeﬂ@tt&hta@fém S
CD34+ cells, early Ii nea(tzje cells of the mesenchymal, nyel oid, nigpm d and
eryt hr oi dWithsasdipadzocongigatern i swhcséqn, the gsllperg ceeprle@ in nhﬁ@rqspwof m B ood
cells, st I e

cel L St e e A RL D BRIRIRAOASE L ALEAVISACPS! Lt Ffhedl
convent i ocelis randtd expahd tidafumbetr bﬁmtxgénhpmﬁ@boelﬁ respetively, &mﬂva tethe

thynocytes. Thynpcytes fromthe thymys are not considered "hematopoietic

pr ogeni t oPumpess psush qells hatare peasent “&F}L@ ©ptral e rom t he thynus and are
al ready comi tffflecfip ehf}@d}ﬁénng\ﬂﬁeﬂbéﬁ)o%ﬂxﬁﬂng ifiEh bRl 884 (g, O L he
invention are use I A connection Wt ol e Ic cells, as
wi t h t hy nadyir€sThide@bodinteat dvoives:i($) dudtubiag trdekisitien dodddod &Hﬂs ﬁEBﬂqBOdS of
the invention can be practiced with hematopoietic cells alone, thynocytes
al one, orPIsEaPaE BpoPEfiFiEncEnount oha EFAYinkibitere g, @@lemﬁsmd@bne marr ow

of art 11 hdhoRlenFloteay R FGich ol ST bk bR bR BRAE ibingel® ' ©

St em cel | garlyap Einddge celly With % he@rdconiigate Refmdinges iabibiel of ASPIDintiifoer enti at e
into progenitor cells of all hematopoietic |ineages. Progenitor cells

retain thettaghed forap amggn@pmtéiea(@e an@rrgqrv@r naﬂ@sen-aaemffcfeetnem)ﬁepmdéhd s of

11 | Di.f { t th t | if t

i bt oot R pRERS & s el 108 e 1 e B e B BT BB e
nMacr ophagsthe Predéek OF HbRhice o tht s;b&rffo anl'ngeln béie w&hd @) cdn B@ﬂ;érﬁ)rﬁaeai B
cells). Bone marrow i ncludes stemcells as we as progenitor cells of the

| ynphoi d ¢oncarehty areskientially.dh generdlethy. qungzeaoﬁanmgyt gecifival cdishagasparedith
erythroid (red,blood mcells an enitor cells
expr ess ontes, culfre P%E'W:bfsllﬁ‘le Qﬂﬁ%&’gﬁd’Fﬁ? @Pb’ﬁﬁreatf%as g@ﬂ‘g BSWBF(I and (2)
Accor di ngiyh dhd&ceftidCthhthe 95nt@%&lt\ﬁ@ns§&c9§t§&ea QiR l'lé?&U&cﬁrh ate. Ateach
differentiated fromundifferentiated cells. For use 1n bone f%row
transpl ants, hematopoietic precursor cells can be derived either fromthe
cancer patient (autologous transplant) or froma histoconpatibl e donor

(al l ogenei c donor).' These cells can be isolated from bone marrow,
peripheral blood or from WD 99/16864 01 AUG 2002 PCT/ US98/ 20343



unbi lical cord blood. In general, the cells are harvested before

chenot herapy or radiation therapy. Bone marrow typically is aspirated from
“the iliac crest and is a |engthy and pai nful procedure. Bone fdr ABG P rich
in CD34+ cel{ygoshygscally 1 to 2% of marrow cells are precur s/ G®shews
Peripheral blood typically contains |less than 1% CD34+ cells. To enrich for
CD34+ cells, blood progenitor cell are n})bi lized frombone marrow into the
peri phery by pretreatnment with | ow dose™6f chenotherapy or with certain

cyt oki.nes such a? GCSﬁHor SCF. Umbilical _cord blood is very rich in early
pr ogeni t oiteR &g ells Are AiyiRd i thedressnespidhe RETY, inkibitas o1 beteraspijygate for a time
hemat Opo'dﬁxtf{i&eﬁ% linc?éa@?ﬁrgln%mb'e JP&rlgl’TnMa gf:elﬂraﬁ??@éi 3hd ﬁx%lllu%l}epgf can be
harvest ed” at one t1me Trom el ther SOurce Fs s anc?, I n many cases, is
not suf f i antigeh-spenificaT selbs; esspéatively relive anthe nBaibersaf statt dedld $hah aeer&R e in

devel oped to expand bone marrow cells or progenitor cells obtained from

bl ood aph®f eeEolghlteeom unbi | i cal cord blood in in vitro cultures. The
ability to ex : I e. raQw transpl,ant
Fechnol ogy as. ot EEBedflcet ikt (O S AANGG PR BRELBRA SO SEIRUTER v
hi gh doseTighenbbigfeapinvalves: ¢l) dultusidp el pafiphdral blbdd Qe XBIdiHi thdpREence of a
hemat opoi etic stemcells requires the addition of appropriate growh
factors a®ffigipnt ampuabeh DRIGidkier oo DPOW snanoser G@QOWMOOMQNQWOM r omal

Ils. S | | i.de .physi cal ) i et | i
ol 15 as, G L€ rbeROOY S IR RURUE o T PR ik e PR, £t BsBhCER Nl o
cel | nunbﬁrashetﬁeéﬁiﬁvﬁaimn%rﬁ@aﬂhﬂmﬁ{dr of & HPIV ehaBkdraiacheaqb b hntidea®

undi fferentiated cells can be achieved by a nunmber of different nethods.
The nost NAptEE (e-Biseduner- 1 paibpginyepetifiraniogeny icedpasdtheanimbar bfantigeon bi ndi ng

f th | ] at j,- CD34- ant i badi es i mpbi | lid t
ool | oy o, SRGIR 1 SIS} s it bR et o e i Recdef SLaeP el wner e
all cel | sspRgitic@KRESS SSté}lft_ (PPt @) €arl seedfoitle A¥EREULERIP drREqieRR4ity. il defierp@s ed

on their expression of lineage specific cell surface antigens.” In certain
enmbodi menthe nombehef antigemspeotfic hestistiopunmpr¢dtomedontrolaudtust afpetipheral blbedh t he

nononers in th bsence of adde t oki nes r o cells or, thynocytes. In
other - entim ey BAR Laaed poRrrbe e b Spa ThbeiT tos SSrestiof sk ARG « b

t he conpogiiise Bfnot Shrdctadenith 82 HeRr&loafuaiey  A€4eh Weh e FARGREEShurddintthe
absence or presence of added cytokines or stromal cells. Applicants have

used r eprrsssemceadf the DHIMankiborgrdhetenogoningatedond timh suffinicettoi inerease tst nummbeat e

i sol at ed 4+ cel,ls (e.q., stromal cells have _been renoved) in. the absence
of “naded Syt Ealaed Srtpel i RS obutieen SRGTHT L Ao apeg R B nLEr at o
that suchygebdrs of@Rh ce]Weh&Hrd BRECht in the 2oRrol e 2004 RGENSBELAA343 be
stinulated to grow and differentiate in liquid culture. THus, one inportant
advant agepesiphtiabblope sdownrte eantainl pellst at paskiblerte ekpaid it swhivs ed aitégest N do

t i t | .cells for hematopaiet i LI. or. th te stipul ation.
Anot her | SREEREAnTs ¥ Shifuie M Bk PR sy anen Sep {10 iendbe PRECU Senfoamioefly
met hods  digb 9 dnt h?g?clziﬂé?déﬂ?fd'&blvfeQEulﬁiringlﬂﬁéiﬁér HeLHBH SLIRWNBLA | S

(CD34+). Such targe s are inportant targets for expansion because of
t hei r abi suffigiententhiuhf eff aixtératenjugatocontdining ag @iHibitoy pé s DiPRYtinknbiter dttaplesditant
t herapeutic applicatipns. The stinmul ation of stemcells in the absence of
added cyt %‘ﬁ%mﬁ rpegtfcfec@r&r’ A Bp- %’r@@?%ﬁ%‘ls?eclﬁéé"sarﬁ’éfm Hgéﬁpwﬁg‘? pugber of

Cul turi ngygiren LI #nG : - i j

carried outi}éi Irlls é%%ér}?gtl?%fhdl : e?'eﬁ%ﬁpgtgﬁltc%{r]%& eégsngggmgﬁgﬁjﬂ%%keéf%éﬁ?%g%gnt

cul tur e cafith¢ speeifi. ankigelgeneral , the sanme culturing conditions that are used

for culturing hematopoietic cells using the prior art nethods are used
herein, with tReeseapdpthehespedis et thednvsplien.iasmieHias ypaousadvaniasss in wiliesmill ¢ he

Cyt oki nesyd xﬂoPJ‘agnrpF{ehP\%itﬁ”iéfe&gée%édggﬁ %&ﬂ%g%gg @{z‘rﬁg‘?ﬁe&&%ﬁt%n%itﬁé in@{r&ioﬂf ot ocol

for culturing c S IS provi S protocol 1s

nodi fied for use in accBREEKDBESGRIPITONOFDHE DRAWKNGSvVenti on by
culturing_the cells in the presence of DPIV inhibitors and in the absence
of exogen@ﬂ&%’hadded cyt oki nes. Foll ow ng separation, precursor cells are

i ncubat edg| i VNS - VLVO 10,
pr ef er abl If/‘lev%‘ lg Eio%aﬁ%;ﬂ:%&h%@xﬁ g?‘r&n@%? E%B?a%t% An?gll%f(ﬁ)g et ﬁ?@% & Tg%v%ﬁgj?cdj §%¥8f n
growt h f ag4 prigrotieepldfes &k CellGEITRcH@NR N6difisd BRllREcos Mede /NI NN PInOWitR of O

50% G owth factors include any or all Interleukins (IL-1 to IL-16),
interferons (INF-al pha, beta and gamm), erythropoietin (EPO, stemcell
factor (SCF), insulin like growh factors, fibroblast growh factors,

pl atel et -derived growh factor, tunor growth factor beta, tunor necrosis
factor al pha, granul ocyte colony stimulating factor (G CSF),

gr anul ocyt emacr ophage col ony stinulating factor (GwW CSF), nmacrophage col ony

oy R » N o ~ —



nunber of cells by at |east approxinmately 2-fold relative to the number of
hemat opoi etic cells that are present in a parallel control cul hqr? (gf U&el | s
"that are subj ected to the same conditions as the DPIV inhibit&r- V azted
cul tures wi {p $dags@xception that such control cultures are /6§93 a4k ed
with the DPIV inhibitors. Preferably, the nunber of hemat opcr}l%etllﬁc ceﬁ S are
i ncreased at | east approximtely 4-fold, nore preferably, 10-fold and, nost
preferably, at |least 20-fold relative 8 the number of hemat opoietic cells
that are present in the parallel control_culture. The tinme period_in which
t he nunmb&ithgpt @%‘é@b%i’@ ‘F%e‘ic%qchnt‘éﬂ“@“? pichrrazhogePrp for 4dayse 4d the gpdpfthis o
functi on;afnbiis Selol, hyREIANEG e BurtiPurRtip el UFgle OB prbD
general , B Ps&ﬁ IS‘rre\e(?lop’eri og rangees r%ro‘#n agg{l?tdng{%wd}gygﬁf}éor g%]\g?l[i&ge}’rrh]
expansi obproPeo sentsined 1MBekeelfsat thelead okpdasi dheehiinnes tentainingdb-HofoPro hahg

term engraft ment. Rcd_lblti ne procedures known to those of ordinary skill in
the art cadoBekssud OTt, dEOR hrifat d HEMmad I 0B eelinariia ™My Ebs etlreesas

function j_k ' ' i [ e | &ur I ith t.he. DPIV
i bi ¢ o SO ERBUAP LR WRGRPedrkdiieda bl SRR gifons Sl gty
count i ng CHIZENEIGiamtCEET emdrycontidionekme@iug, (IGERSUr i ng i ncorporati on of a
specific _dye or determ ning the hematocrit, using a hematocytoneter or cell
count er . FIduie2 t he optimization of the particular growh conditions and
selectio . f i b bi re necessary to achieve
the. abov ot SR HbR S lnfubll kb Sahaf o G B AR T "o e
t han routn the lepepeto fipiedt exvept thatCVal HOLGPro Gvag Xip&Y ds Famuiint &thé Mdddawds, for
exanple, {i) varying the ampunt of the DPIV inhibitor at constant

i ncubat i 6Andenirations; iAftey 4day MgubMION; ncubation tine at constant anmounts of

DPI V i nhi bitory, o i i : i tim zation exper] s to
determ ne t heApaBS HT (L:%fbgl?&il:gﬁggﬁogﬁ’s’fﬁgelgcgfsg&f%oéo é'i??ec\‘}gurﬁ' g?é‘ fs(gﬁgli%’ed .
fol d i nckBasth fabtofses k 10UcENes VAIHorePrBY 3xﬁ¢|(?(¢¢h@}%|_3§ﬁd6|(l(§'%v\%§;4x¥0‘d(l()"“’K/l).Varyl ng
other factors including, for exanple, the identity, 99/ 16864 -14 p t
AU G 2002 PCTRs$B)Hd3adated celkse ((DB4+gells wem dspdatedesing CBB34mAdrooyipled beadse

state of .t he L'V .inhibitor (whether sol £ j ilized), to.optimze
The cult drdosBa r e G R R0 lohea st P PRk TE: A daei ongth” o
cel I cul §abuBatidHcHbatling® cPRAinAE NEPNIO5R]BOFHPIS BEHIsiBe %) 5% 118 cHiRg to@patd @esi red
expansi on. For nost applications, this Berl od ranges fromabout 4 to 14

days. | nOgABteglls inthssanirelmnd ¥x]°¢ellsincthe ingnleationgvithgrpwi fagtoryy t he i ncrease

in total nunber of cel om.the start .of  i,ncubati and/ or de i ni ng
the. o Ded+ car PeR P SuRb PAEy Ut eiben PR et R BB
total cebbfPre&taitiived bwaer PMAdDI5% df CDBE-+ cOdfafRpS dRPtulRpENCERRtact ed with
the DPI'V inhibitor. CFU-GM nunber is eval uated when cells are inoculated in
| scove' s inpubhipd swith| Grovsle Facteris baq orly#/aphCRg4-hpgsopmpiaing (pruphbh Thist ors, in

35 mm petrj. di shes,, f.or 0 14 d . _The typical rting.density i s 1000
el 19/ gt E RV HaroindRe Abubat im bl oS R lePr e I8 G
cont ai ni Rfesnthé BifRrPiai S bSCOB4-YRIsQhid nea%lekp@@he% bEsodtden! i REUE)
origin is scored using an inverted m croscope. After expansion, the cells

are har vesppdted by thagtisedyatipn thaf ewdining theseCO3fe dellainblef presencab{i¥aleporoBrot he
patient. ntactii.ng the He opoi.etic s, with the DRIV | nhibitors: As
Coed” her &M S0k (aRcer Haest'r?éc f*&p“'éice‘f?e% QP P thGCH e OB YEICRRIEES t or
means i nkEQdyih N1-bASPINAINN, RithQigh WiStotd? nhiBerCdlcbiy iPthid ddnfbifEiifhre il h
permts the DPIV inhibitors'to be in direct physical contact wth the

cel I s. | mnageased &l 35 x hef etk abtanpRidoi Sk BT eils irathe irmmbatioot with Wiat-boroRep cel | s
in culture in the same manner in which sol uble cytokines or other soluble
growt h fé‘Eot"GREa“& ®-introduced into cell cultures, with the exception that
the sol ulphg, DRIV inhibitors are substituted for the nore conventional
cytokine Tactors of the prior art. Thus, for exanple, the soluble DPIV

i nhi bi t oDimesirativd ofdyedoasPrathampoenjugats dilramaticallydndrémecthle lstimulation of bond n
powder (e.g., I){ophi lized) formto reééﬂt in an aqueous solution in the
cel | cul fRaowesll grewthnwhen eampased toghe eliert pEthe srongmsrig farmhef Lsykarelro.
represen i i,.ahi hi i j dn.t ] |, the
| neol ubl S itk ig B deichbad IR bl Vet AIRL S ol OIS,
manner whgldcb§ughit€ veteasbelyandigcubhiyd iferad ddyer m of the insol ubl e DPIV
inhibitors. An insoluble DPIV inhibitor refers to a DPIV inhibitor that is
not and cannot be placed in solution. Accordingly, insoluble DPIV
inhibitors refer to DPIV inhibitors that are attached to an insoluble
support. The insol uble support can be a cell culture vessel, in which
instance the inhibitors are attached to the culture-contacting surface of
the culture vessel or, alternatively, WD 99/13G864 -1 S p ~ AUG 2002
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W W Bachovchjn, Biochenistry 32, 8723-8731 (1993); Qutheil, WG, and W,
B.W Kinlsq, Analytical Biochem stry 223, 13-20 ( | 994): and Gut heil
"WG, et al., Proc. Natl. Acad. Sci. U SA. 91, 6594-6598 (19991))AUGTI%®§e

nmet hods use mat ogeni ¢ substrate Al a-Pro-p WO 991 16 : ~ AUG
200z PCT/ Usg‘gj%ggg}épni troanilide (AppNA) and fl uorescent sub?tfé?g{sééwg“
Al a- Pro-7-am no-4-trifluoronethyl coumarjn (AP-AFC). AppNA and AP-AFC are
comercially available (e.g., Enzyne Sy3Tens Products, Dublin, CA). Such
met hods can be used as screening assays to determ ne whether a DPIV

i nhi bi t orEigwei4its the enzymatic function of DPIV in vitro. DPIV Inhibitors
that bin fves Si o \ 4. e seri
pr ot eas ed‘?%n(r%"ﬁ 'f’%/}??/vi‘é:&%lks ‘girgi"%c?ltb glfeggg{i)ésétc %&3 lglﬁlgwrgé\gg%%?g’(? F i{/\?f'%lcg?ﬁf&ca@g?m ngly,

t he nat urimasedhiipatatveeretisedith ¥ 4i dy@ul@p! | de whi ch contains, at its amno
term nus, the dipeptide Xaa-Pro, where Xaa represents any am no acid and
Pro represent sApY dtbaieProrgaye a sineilan 6¥pansion of bartranrow selismsdhe grontinfaator at ur e.
The activersi Lol Rt i i i hhibit the binding and/or

cl eavage rrgga@ﬁb‘”n“@%ﬁfﬂ?@aoﬁgrlebgﬁn%{’]’é[reegﬁhés?tg}lgésct?'r ate. Mononeric active-site
bi ndi ng i nhi biB%pﬁn&ﬁa):ﬂktﬂatkdlwm#%ll@(%%ﬁﬂ[t?ﬁiﬁ&ﬁtﬁ%dbyx_tﬁ Vel-ba6Plgavd up (1)
Surface-(L)g-P'R wherein P represents a first targeting noiety,

pr ef er ablty 28 fplddnérdase in pamulatipn eScellnter grdysthicamparod talamip &ild mchsdDPit; R
represents a,reactive group that reacts.,with a functional group in the
eact | ve SEATERCGH §8r that [T oonPLRliFS: Thedsmosrniverl BreatsdEoy RSkt ecul e
(i) havi ngsaool 8eeh&ntraBbOot 1 pMahd9s f@m rzqut 100 daltons to about 2000
daltons, (ii) having a | ength rangi n? from about 20A to about 300 A, (iii)
cont ai ni ng a chépanebh): Rewsant of {TLxxdreas!ls resmaining imewnpe aften sidsdayrigeubhitia® O, N,
S, and phosphoru T gnnect.ed dnl;le,. douple or triple bonds; and,
(iv) if d%eflgah@&%?gg%}p;ﬁﬂg &’er\? ﬁﬁg{ﬁp%‘tzﬁshp?’%@eaiﬁé’ity rangi ng from about
20A to about 300 A i IFETAINMEDDESCRIETIGNWE THINENCEXGION attachnment of
the linker nolecule to the surface and the next covalent aitachnent of the
| i nker nol ecul Bhetpresehtinyentiomquoviderangnipso@danetliqd for stimulatiephematofhietiche

| i nker is absent and the npngneric .active:-site binding.inhipbitor is not

at t ached TR ALY fe b PEDGTEGF Mg el gimulp e aaisedeloesur if ace
or rragn_etabge&_@ro?bfd%%ho@mﬂad&ae@y&meb., AbPcahnisn kfEntich xeraf'eéff@themow}g hat
nononeric active-site inhibitor is attached via the Iinker to a sufface. In
such enbati¢ additien of cyitekinesfarcytodtinteeexpeessing celld (stnemalicekLto bernatopaietid cedlelives

t I ly . | e a sipgle binding noi.et 0 a.surface. Such, bival ent
| nker s SIS AR Terse el domegh al FEyORUF I colln TRiEcTaREe i BiodalEp Phed
in nore dsp@} inhloPYY addePt A&t diRglyt BRblidHntd QistR SRSt iRt Rnbi AR g site of

DPIV i nclude conpetitive
savings by eliminating the need to provide cytokines to cell cultures, as well as

advantageously eliminating a potential source of contamination to such cells in culture.

According to one aspect of the invention, a method for stimulating hematopoietic cells
in vitro is provided. The method involves (1) contacting the hematopoietic cells with a
sufficient amount of an inhibitor of a dipeptidyl peptidase type 1V (“DPIV™) in vitro to
increase the number of hematopoietic cells and/or the differentiation of such hematopoietic
cells relative to the number and differentiation of hematopoietic cells that are present in a
control culture that is not contacted with the inhibitor but is otherwise subjected to the same
culture conditions as the hematopoietic cells which are cultured in the presence of the
inhibitor; and (2) culturing the hematopoietic cells in the presence of the inhibitor and in the
absence of exogenously added cytokines under conditions and for a time sufficient to increase
the number of hematopoietic cells and/or their differentiation relative to the number of

hematopoietic cells that were present in the control culture. Stimulating hematopoietic cells,



WO 991 16864 -17 Q ~ p~~ 2002 PCT/ US98/ 20343 inhibitors of DPIV, such as
transition state anal ogs of DPIV and non-conpetitive inhibitors of DPIV,

" such as fluoroal kyl ketones. Each of these types of inhibitorg4i AU Wussed
below. In ng)g;gsf enbodi ments of the invention, P is a pepé/fisysPosd
peptidom netic. Multival ent active-site inhi bltors of the invention are
represented by the formula I'l: (I1) IPZSEZ)m~ (1)g PR) (A, Surface
where PP, R, L are defined above and ( 1, P - represents a second

targetlng noiety,, preferaply a B‘e%el de, that may be the sanme or different
from t he aiused hergingeafern ip ndncipg thefkematappickie pells tagweewﬁorr@ﬁéltew@eg?fb% t hat

may be thg, ¢ ftfiiodd oy &’{:%&%;?‘tfbﬁrls‘éﬁgﬂ%\{l&g;ofngez;Ban%ﬁraé fsefll ?C#R{l(ﬁ'gg:sr%éntbe s @

whol e nu an arm o er whi ch

can be cauphted at el as forfcacsng differentisktayoflearty Erog’élﬁiﬁ)ﬂcblﬁd(er L, is not
coupled to a surface and when r = 1, the lin is coupled to a surface. In

certai n ddtmatepsigtic Gellst he | nvention, if Pz=P', then R can be absent, the

same, or diff €AS gedfhrepq% %emaic%og?p@é]ﬁl refe { éo ce&ls w%?c% a&%?e&;ﬁ?%%g grsodgcfztlc;[nhe

i nvention are referre onoconj uga

het er oconjfigedecells! Ecemp%#l?eﬂ]atobdlet@@édll@luﬁbhﬁiébﬁﬂiatﬁpﬂieﬁc sterd &llk Wrirh@dial
attached via a surface (e.g., a tissue culture vessel or magnetic

parti cl e)stern gelds, efr l)em@emlwé aelts, CD3f% celds, erhelineage enllsf thel mesgashemall i nker

Do L A5 BB LR SR Sy BBl TR PRGBS B G0 O

those of Ks6l ealsystedmdl kelis)atd&thér hematopoietic precursor cells that are known to those of
ordinary skill in the art.

In accordance with the convention in art, the definition of hematopoietic cells
excludes thymocytes. Thymocytes from the thymus are not considered “hematopoietic
progenitor” cells since such cells are obtained from the thymus and are already committed.
Applicants have discovered that certain methods of the invention are useful in connection
with hematopoietic cells, as well as with thymocytes. Accordingly, it is to be understood that
the methods of the invention can be practiced with hematopoietic cells alone, thymocytes
alone, or hematopoietic cells in combination with thymocytes.

Bone marrow cells contain totipotent stem cells which give rise to hematopoietic cells
of all lineages including the lymphoid, myeloid and erythroid lineages. Stem cells have the
ability to renew themselves as well as to differentiate into progenitor cells of all
hematopoietic lineages. Progenitor cells retain the ability to proliferate and give rise to
differentiated cells of all lineages. Differentiated cells lose the ability to proliferate and
exhibit morphological characteristics specific for their lineages (such as macrophages,
granulocytes, platelets, red blood cells, T cells and B cells). Bone marrow includes stem cells
as well as progenitor cells of the lymphoid (T and B cells), myeloid (e.g., granulocytes,
macrophages) and erythroid (red blood cells) lineages. Stem cells and progenitor cells
express CD34 on their surface while differentiated cells do not. Accordingly, the detection of
CD34 can be used to distinguish differentiated from undifferentiated cells.

For use in bone marrow transplants, hematopoietic precursor cells can be derived
either from the cancer patient (autologous transplant) or from a histocompatible donor -

(allogeneic donor).” These cells can be isolated from bone marrow, peripheral blood or from



Exenpl ary binding noieties R that are peptides and that reportedly have
utility for inhibiting post-prolyl cleaving enzynmes and which, if coupled
"to a reactive group, forma coval ent conplex with a function8l1 4V6udf0Z n t he
reacti ve si o ahess4post -prolyl cleaving enzynme are descri bedeanuddsBeszspat ent
No. 4,935,493, "Protease Inhibitors", issued to Bachovchin et al.
("Bachovchin ~493"); U S. 5,462,928, "Iphibitors of

Di pepti dyl - am nopepti dase Type IV', issued to Bachovchin et al.

Yo 961 5 bgighicd EBicptioqd dy Bpdi ks e AERE BIGRRAEABRrspy or radiion, 2002
(" Power s th&8y.) Bond harrdw 2fical94s asphaet fiagh tReiliacatdsy & i8AdedRRPasd faieap f or

Their Use as Inhibitors of HV Protease", issued to Hanko et al., ("Hanl:o
604") ;  Rowadyso Bang gasrow wichée CO3A+ Kelks; Bpicallpd db Riedionamew eellsarer ", and

its U.S. priority.appl. Wely) 71796, 148 a 36..198) , i_cant
Boehr i ngéj?eﬁuﬁsgoélcﬁlésl' %ﬁﬁgg%ﬁgiq tlg'ggf?ls}ly chrﬁ%?s} sséﬁ@h??"n@éé% ?élénﬁ% et tor
PCT/ GB94/13%d5¢ellsPhbd HiRkEdifr REIDhR SRR M Bére marfeiPirts il peFighéry by V. V.
("Ferring"). Representative exanples of the foregoing inhibitors aré

descri bedrétegapmertvdth lawt dage of ¢hemothenapytor avithserttio catrdkinsg sheksasd3iG8Fidyi t or s

Xaa- bor oPr.g, j.nclude Lys: Bqr.oPro,. Pro- Pro. and, Al a; Pro_in which
bor opr oS Glisr URBING oqrd BlagdiSyeroFich i W o ds ik SO FHbS AR P GO
(COON) i sohiRRloReEI 10F hdinBoRRERIE!] b B(OH) 2] . Alternative active-site

i nhibitors of the invention have an anal ogous structure in which the
boronyl group The mepienctprobsnitr pisshitcmabehavestedidt voe bedekiydnk eitiomeource is

d i bed bel qw) . Th Killed.in t t Wil ize that, th
o her ! soematiars i @ fess Siron S tabiin’ (s Bisbes bt prane el P R o
bi ndi ng apd aevaRY tb SXpEnd BoRORRAEW REISr rhRBACRANMPBHRAMAR fioAgbReY el opnent

of phage display libraries and chem cal conbinatorial libraries from which
synt het i apbeepsindoncembilicalserdilved invhivety ailtures. (The abililys torextpendihash aeijs si t e

of DPIV permis.the identification of further P targefing noietjes to

ohi ch an e Bplsad pdNGac Sl arEil bEeBuLeEolEY 6 AR b YRR BT PR

noi ety I G S; [RigYal } : e i ch
forns avwgge%phrge%mvﬁgfw&gﬁf E%?ﬁogﬂgfmgirt%% 9i na{oh?ﬁag%ogasllg&?;eﬁc ?I\]/ﬂ&g?ﬁtl\g Such
| i brari eseomtopvéctccteaeoald requites rtadfiifionofiappoprizad grpwole factars agwepllbsdertam

targeting noieties, by assayin rotease ¢l eavage activity . in the presence
a_ndgabsegrﬁfgwﬂ'f CYREIf P%Vf@élba_%agé?edﬁ Sérﬁfnaﬁcq?lébggpv%ﬂéetﬂyvédepwhywﬁl&%a%ri al
library nphegidldpoRd prgkaitdrcRilNg WWEihRHaih omlfgﬁb’#s?e%ﬂﬁh%étge ?rlc?é\éé‘gie by

the protease of "its natural substrate or of a substrate ana e.g., a
chr onophotdne celibehbat.e anal og which is easily detectable in a
spectrophotonefri c .ass ., Those age, li brary andl conbi patorial library
nol ecul es whi c#FpéS?HP’bP?¥bﬁﬁf BF‘?’W @ﬁp%?nt?ﬁg cﬁl?%tf@é‘s%“q?ﬁ%rﬁ“‘é%{\ifpb@s%‘@/ fently
coupled t i | 8C i i tested to
determ neag\}}\i?gfg%éfgtﬁ h@é%%@%ﬁ%ﬁ’%@%@égﬂ §gﬁg§§{d§%s@@gkn totﬂ{ehe pr ot ease
(e.g., byinmapedddical sélaionlbasee-ondiinding of thesel cells asamyCD34-antibodsesmanner, a

si npl e, high-through-put screening assay _is provided for identifyin

non- nat urBIMePilized anyg sodidsupRst (Gl Pive BattPRs Oger selectionyasthpdsrinclpge @c@agvem ,
the firsthi.pdi el | ' : ' ' tl ed
via e peRe it BRI SR Rmrssrith GORE NI B e R SR I CRMRR L |
car boxy! drethair eRpressiomef laebgk dpecific telt sirfaceastigews group, R . As used herein,
R refers to a reactive g,roup that. is capable of reacting with a functional

group in a red@ErRincaodimets iheinvetionebamaterpiccraslinaiestislated withihe  of
this tar %Bnc%&% R abdchcd 8%:{@2@{::{}%@?1%36&2&5 cefl%@‘ﬁ&%ocﬁgé{?llﬁ%hepond or a

strong ionic Iateractron w nal "grou ocated in the
active sidngbodimeritsafhiawpoiitio @pids driBymadyeesQidstRmasiedlifhithe EdiBpdundebE fhen
include the reactive qroups referred to as group "T" in US 4, 93S, 493,

" Pr ot eas dnvemiopi(prsfesably, exsludingiraorRarsnd e Hierabsaace af presines ef adde gitokings ehat e
groups, phosphanat e, gr.aups, . .and fl uoroal kyl ket one gr pups. enpl ar .

Bor onat o G100 Son e TS el e PR ot A B Ruelel ST s Ihveaviae o
and fl uoratikiideisenedaTDIPS s €e. 8 Stedrhd1 el IRlve Weerl 1Rn@9B@) iftlthe dUsericd of
preferred that the |inkage between the carboxyl term nus of the targeting
noi ety arrildedeytokimes andéorgatromal pdlsi v palicantscalsef haye dampnsiratdd thad suoh pells can
preferred that the reactive group fornms a covalent bond with a functional
group in the active site; however, there is no requirenent for coval ent
bond formation in order to forma conpl ex between the binding noiety and
the active site. Throughout this application, conventional termnology is
used to designate the isoners as described below and in appropriate text
books known to those of ordinary skill in the art. (See, e.g., Principles

P T - o o NN A NN



sol ution of one stereo isoner of a given anino acid will rotate plane

pol arized light to the |left WO 99/16864 -20 p ~ AUG 20d2 PCT/ US98/ 20343
“and is called the levorotatory isoner [designated (-)]; the @t4hauGsied eo

i soner for tvbggﬂ{ggpp acid will rotate plane polarized |ight fg'rﬁﬁ?s/z%gﬁe
extent but to the right and is called dextrorotatory isoner esi gnat ed
(+)]. A nore systematic nethod for cIasgifyi ng and nam ng stereo isoners is
t he absol ute configuration of the four dPfferent substituents in the

tetrahedryin around the asymmetric carbgn atom &g.g., the a carbon aton).
4, Qg

To est abl Pasfimplated &g groypanddittereatiate meliQudpetiie: i@enos@nt advantage of
(glyceral > Lch-i I . n.as thig_carbon
tom by AosiaetsinhAiEh i el g ntfidk BRkIo3HOReho s8Rt BRAIEHL frrve
are desi ghah&opdietinetliRr tHisddytedtianllation. mm@ﬁmféﬂmm adViRe e e ifvdndibh isshed
by x-ray analysis. The designations, L and D, also have been assigned to

t he ami nothatihgsompoynds apd prethods displesedisseinaee wssif forutimuilasingdman stem cells

gl yceral d . t i i u -havi. a

Qont 1 gar af e Ut B b0 Bl Hor Ol by SAORBHEIEANIBAET e
st ereo i s@ifirehtia@\htBgnaAweesl itk eHat haverialpaitatt thaageudt ypslicalisighyige are
designated D, regardless of the direction in which they rotate the

pl ane- pol &imyladorn ofgkam cqllsis the shsencgpbadded qytokings pr srandreetlvpreniousy bas nate
confi guragée nreéa)lf etdhe four substituents around the chiral carbon. In
general , natur i1 y' occurring conmpounds which contain a chiral center are
only in ogeltatmeehe HefifispdieticoCs; €i ther D or L. The naturally occurring
amno acids are the L stereo isoners; however, the invention enbraces an no
aci ds whi ch cahxpaasion of peogenitarseldshcandsrparriedot inivarietoef different aiure aci ds
that are ' ED . [ sl ne 1.hg the.D L stem
tovever . CORTsaGuRGR A CBP oA, B BMRY, ME TR MOy o

possi bl e siceredior seiRngdRAat@peletit icollSusingHBE Bribr arfmieth d§ bidhieed BreiaNvitRkhe
centers. These stereo isoners sonetines are designated using the RS system

to nore ckxgplign Wptethe PPTY hehibisers prpuiubstiteled fatthaeyipkinescindke privatartcoytitiee n t wo
or nore chirfal, centers., For.ex |.e 0 unds ch_as. t hreoni ne isol euci ne
contain t%{h§g§/n§‘gf’ﬁr€plé%p&9 agt %COAE%"?’%EP%%% ’ﬁgvé(_“#gw%gvrereo i soner
confi gur ahkeginglihehid SOMRbSIs PhodeiRH DEkSinRddraishck Withahé hthoBEHEBES are
known as di astereoners. A conplete discussion of the RS system of

desi gnat i myentpin byadultugogthesellpin therpresereeiofi DPLY iphibitarsend inth®absanéeifes i n

Bi ochem stry, edjitor, A L. Lehninger, page 99-100, supra. A brief summary of
this syst%’fﬂygf’mqs_l?'\/\%dqeé?ﬁéoﬁngs'syst emwas invented to avoid anbiguities when
a conpound confF&idiing ¥epabitioADEBcERircalls &8 M@bsted Mo IRREMBium! S3eh SYRPEM | S
designed to rank the four different substituent p 1 Auc 2002 WO 99/ 16864
- 21 PCT/ US98yexIMENM e Aoyl Oal0, assfemblyrwith additbrofdworanion fesaldel sefum

i oat B4 Bl & BB sy SORE! o or CE o Caay h B IR ey

The di ffes@nt drawit ASSrsAh8udChly dPVIRtekIBukiBE(IBI It todNh 63 iBtefBRMS (IRAUaIBRa, PATE
99 of Lehninger. If the decreasing rank order is seen'to be cl ock-w se, the

conf i gur abétaandgauma), thyghropdietan (EROY etemi cell fadten (SEX) tinswdis 1iRe gréwthifactors,
decreasing,r pk order_is copnféer-c.l ockwi se,. the confi ug&:ti on is referred
Lo as S EHORECHEPEM CaRre Pl Qetisut Bioxgh BeiRi (o8 BgViE felordyiay Bimor
Appl yi ng Eéyrés@ﬁé%?mpﬁf,_%rmm%lo@%nﬁhéﬂrxlgei?cztgﬂ(%g)@sf?}@rarmé%-det erm ne

that the designation, hreoni ne, refers to hreonine in the RS
system Thecrophagetcokoaty tstimmating éantqr(&iM-&1) ahadrephape colbny kfiroylatmgifattonMe,

by t hose. BECiEPRY ke RroRRe Capee s DBwEVER: e et sfCr BRmdERLLMReY 91 S Uocd
ggedgﬁ: ggﬁ{egee%l{ag,}@fgwps A€ cORmeR@hlty SHNRBILY MdIPSSEnBIG s &PRBRIE oFBfdtvth han
factors includes G-CSF, GM-CSF, SCF, IL-1, IL-3 and IL-6. Most of the growth factors
used are produced by recombinant DNA techniques are purified to various degrees. Some
growth factors are purified from culture media of tumor cell lines by standard biochemical

techniques. A widely used growth factor is PIXY 321 which is produced by recombinant



In a particularly preferred enbodi nent of the invention, the boroProline
. compound is a Val -boroProline compound. A "Val -boroProline conpound" refers
to a conmpound in which the carboxy term nal boroProline is cgyahght22

coupl ed Vi a2 RBfkdgsde |1 nkage in accordance with standard P%/lﬁﬁs%ﬁw stry
to a valine amno acid residue. The valine amno acid, optionally, IS

further coupled via a peptide |linkage tg additional am no acid residues,
provi ded that the additional am no aci #¥esi dues do not inhibit the abili ty
of the Val boroProline conmpound to bind to CD26 n a nost_ preferred

b ]
enbodi medtchnelegy apd@ebits Roth, (hd-GCSR ak io3 astiyitya The gmeppiof(gspwth fagtprsiused t o

"PT-100%).. j: - t.he ..am id
osi dues ik culGER U8R oh IS EINERr GERARR R AITOREAT SR e XOilBBR L o5 o1

in mul ti pr@vthSadsrisiuged, OTypicalll 2donkentaatioss ﬁﬁﬁ/@gﬁ’bﬁO.i@Sd&ﬁ@ﬂni.Rﬂk@éﬂBﬁ&n (c)
D-Val - S-boroPro, and (d) D-Val -R-boroPro. re preferably, the conpound is

L- Val - Shepesentiatign of egeh gmwih fasiar das torbeglstamineddovindividiaé eulturé eonditinns
bor oProl i ne conpo 0 i nventi en can .exi st i.n.nultiple.i ner i
oo helhEs SATR BHMR efttort RS sk ANELND, AN R Shul e, L SoudPRIRE e

cent er hagetiadiis off the i6@dHtiod ekehdoekogatbuklyaadaed ebidnésSarididstead Rtidike BPIV
configuration are the preferred forms of the conpounds. The first targeting
noi et i es inliibitora tqf stimylate dhachgmpasonpigiigiselts i cudipre: he i nvention that are

bor oprol i ne tide n considered.a avi n he.structure: . 1 AUG
2002pv\o I99/ 182@“4!3‘135% ‘%“@%ﬁrﬁqf—g"ﬂﬁt?}i\%‘-c}i&?%gv‘% ‘Egdr}‘ﬂéﬁgf"f%%s4‘§°’(€33m%wﬁ‘§r ein B
i s bor onpufrblr YMRIIS b aCldsdd agroNimatddyl 2¥31di 18lati 6l RRBO deRbeNofIeinatpeRtit cam t he

group consisting of a hydroxyl noiety and a reactive noiety that converts
to a hydthstyate prosest ip aprgalle! pontel onloye of exdlsdhatiarersuibjects totherseing conditides has

the struct N, - CHHZ \ / d) wherein DI-Al - - i i
het o hay i eDER fbiEibE retE evluesr i felrstorign g ap s fuisiare M. ok
C R and Qohikte@hith@hRDPIE i iiBitdRs. I Befe@iy ithe hllBb& 0¥ BemhRbBicRl cdifd@ran no

acid. These boroproline peptides are |inked via ani no peptide |inkages
and/ or cheareasad atdeass sprokimate ] nddolidsmore prafsrabiy d Adoldeangemostgrefeiablyy at Pz, vi a

e oS b e b el eb D A Sl L

Exenpl ar yopeftdufigs. i Ncl ude an aut oi mmune di sease antigenic peptide, an

i nfectious di sease antigenic peptide and an allergic disease antigenic

peptide. The pieftisre mediodn vhihithe mapbdrdd bematoppietit callssire inateasridnis] at teast T

((::EL! ?ZBrBTi’? %&e ehl Ofof(gggﬂ%}l%éﬁ%%d %‘3&%3‘5% ;oiccu?tg;['eo\ge’sse? hgéd’. I;lr%g/lec{:g??fhisqpnzlé
period ranges from about 2-3 days (for short term expansion) to several weeks for the
expansion of cells suitable for long term engraftment. Routine procedures known to those of
ordinary skill in the art can be used to determine the number of cells in culture as a function
of increasing incubation time of the cultured cells with the DPIV inhibitor. Typically,
expansion (increase in cell number) is measured by counting the cell numbers by, for
example, measuring incorporation of a specific dye or determining the hematocrit, using a
hematocytometer or cell counter. Thus, the optimization of the particular growth conditions
and selection of the amounts of DPIV inhibitors that are necessary to achieve the above-noted
fold increases in cell numbers are determined using no more than routine experimentation.
Such routine experimentation involves, for example, (i) varying the amount of the DPIV
inhibitor at constant incubation time; (ii) varying the incubation time at constant amounts of
DPIV inhibitor; (iii) applying the foregoing optimization experiments to determine the
particular conditions necessary to achieve a pre-selected fold increase in cell number for a

pre-selected cell type; and (iv) varying other factors including, for example, the identity,



and B7.2. Alternatively, the reactive noiety can be a Fl uoroal kyl ket one or
a phosphonat e group. 01 AUG 2002 WD 99/16864 -23 PCT/ US98/ 20343 The

" reactive groups of the invention that are fluoroal kyl ket one me‘a(AUleﬂ 2groups

have the f Il -C-CFZ-G where Gis either H F or ag up

containingq& tl)ﬁl‘S %Lt 20 carbon atons and opti onal heteroatoﬁ@ﬂ§%b2 4%an be

N, S, or O As used herein, the reactive groups of the invention that are

phosphonat e groups have the formula: O 14 -P-J J-0 where each 3,

i ndependently, is Oalk N-al kyl, or alkyl (each containing about 1-20
carbon atvalessy Gri, MY aprl vvalﬁ@e,@r&aﬁ%ﬁsOWhed?PIa/anhlbéorr(ﬂmet r sgipbleyor

Addi On%rﬁéﬁ%h)a'[&’op‘lfn?'z%&% ci%‘ilﬂﬁep&%‘x‘?i‘bﬁs oy fchie 1695 th\éed%gm ‘éi?mgo%@é the?

per fl uoroa rou group and

whi ch canbntgeh bliS@di dunuﬁdﬁarodam pemdxlmrﬁeh@nm&tphmxﬂhe ti&geed SfcRBirédN are those
described in U S. 5,543,396 (Powers "396). O her ketoam des, ketoacids and
ket oest ep&pamsw froénmfemhcart@aé{thxs@egpé)m@ges emabait ¢ m;lwzxyn Imgeneedct i ve

center t CY te e re
Goscri bog PRisR iR oGy Futien (o AR EARE. oL SRhe bR Eci R iy St
Ket oest eb$incubiini d/k by Ge@hgirangmem Besearcslhs R0h@eulfurhdiR Oy detedRint i
claims priority to U S. 635,287, filed Dec. 28, 1990. In certain

embodi nethesincrehse ipdetal qolle rqj@tb\(mg aarpetr@eiuémteéhatfha@mttmen gqmmd Wity ﬂnrg t he
o an ai B gy Cop i it R AR R Bt - eCain BepTa, "o -
al phaket %e@l&}l@éﬁul@s@%e@i&n;co@mmﬂ‘g apﬁibna’i@gx@b@ﬂﬁéﬁi@ iRg$ ghm petri dishes for 10
to 14 days. The typical starting density is 1000 cells/ml. At the end of the incubation period,
number of colonies containing more than 50 cells of myeloid (CFU-GM) or erythroid (BFU-
E) origin is scored using an inverted microscope.
After expansion, the cells are harvested and washed with fresh culture medium before

infusion to the patient.

Contacting the Hematopoietic Cells with the DPIV Inhibitors:

As used herein, contacting the hematopoietic cells with the DPIV inhibitor means
introducing the DPIV inhibitors to the cultures in a manner which permits the DPIV
inhibitors to be in direct physical contact with the cells. In general, the soluble DPIV
inhibitors are contacted with the cells in culture in the same manner in which soluble
cytokines or other soluble growth factors are introduced into cell cultures, with the exception
that the soluble DPIV inhibitors are substituted for the more conventional cytokine factors of
the prior art. Thus, for example, the soluble DPIV inhibitors can be added as an aqueous
solution to the cell culture or in powder (e.g., lyophilized) form to result in an aqueous
solution in the cell culture matrix. An exemplary procedure for contacting several
representative DPIV inhibitors is provided in the Examples.

In general, the insoluble DPIV inhibitors are contacted with the cells in culture ina
manner which is dictated by the physical form of the insoluble DPIV inhibitors. An
insoluble DPIV inhibitor refers to a DPIV inhibitor that is not and cannot be placed in
solution. Accordingly, insoluble DPIV inhibitors refer to DPIV inhibitors that are attached to
an insoluble support. The insoluble support can be a cell culture vessel, in which instance the

inhibitors are attached to the culture-contacting surface of the culture vessel or, alternatively,



p ~ au~ ~2 WO 99/16864 PCT/ US98/ 20343 -24 The reactive groups of the
_invention also include the reactive groups described in PCT/ G394/ 0%&5,
"DPI V- Serine Protease |Inhibitors" (Ferring). These include tit Ao ot ed
boronyl gronosyhdsesH) zJ, as well as pyrrolidides and the fobktowspgrozgactive
groups, any of which may be substituted or unsubstituted provided that the
substitution does not adversely affect_jkhe functional activity of the
reactive group or the binding nmoiety to which it is attached: CN, G --C

1 st r afteaRoobi ARGt S LB b PRI E AR mabp o REUORE sERp Rl i wbish s on
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Bachovchin, et .al ., J. Biol em .265: 3738-3743 (]990). ee | so, the
above-r ef%"séﬂ (E}beac uggfzehvoe&%e%’ ﬁogl%ﬁ\ef 8’&% gfea%p@ §°pﬁ'§{eel}wriqn?s @%tearé EE%% §lclIar geting
noi ety, RematBpsidisc &l oWl Big kaudifabxdgendispsided eftokites. SObAiaGRigQhsdlie SaNe
or different cell to which the first targeting noiety binds. Preferably,

t he secoP®1Y arhyeiters thahprieattochsidfeipartipleginyplve intredyaingthe partickesdgtyorr, a nmj or

hi st oconpat i bj I.] C | ex (MHC). mol.ecul e). which .S esent ,on, the surface
of " T curpedieab Pl fETR Vst bpinTRRE R oGS, BIERER R - The
second 't ﬁérﬁ@b{maimu@un BaadRd$d h UETEE QedtblivelchThIFEag$ cohiBing HRSohM ol Ndi Ng
site of a protease that is present on a cell that is involved in i mune

syst em niygalubte IRRLV inhibdtors: Regewsitass df tha pheti¢ah gtarenif ¢heyDREY) irthébitone(sshubie ars t he

first targefi noj ety, .,and the co ndsg of .the invention are useful for
G os 1 pRERC GRSt 1F Bempfere RET BN B Srocns Petpreadhe Reen o

the conpgpadseusiyRdbM¥ABkine) can be used to crosslink a first protease
{e.qg., a post-prolyl cleaving enzyne) on a first cell and a different

pr ot easeliftzoduction to BIHY Inhibikensvt r ypsi n, el astase or other serine protease
or cysteine prpt ) that is . expressed on.the suyrface,of ane or on a
Gl 1§ orent "secoMuDEeY tniipfors oF (i HY<BRET e PR M S HaInd © PRAV1 I Enetihe
second t glegelk Ao EREEI 8D BPEYV 'iﬂﬁmde&%'l) z(d(t)iv@ sitehilﬁ?rfBRb?s a%H‘é%)lt 1¥R-REGO8TE

reactive group RZ may be absent (i. m=0), the same or fferent fromthe
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P dP d identical R Rz .ar f d to a
" honpcon UREEDR) B ety BEear e A6 1 ant-dher W I e SR SBIERH kPt | ng
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"het er oconj ugat es n yet other e I ment’s, econd targeting noiety
i s an ansudhes tiahgitios shecnhloes yf the natsral DPAV sibiGates (desaiitzddrldaw)e Nurdctive  of
an antigen presentin ell. Such, epbodi ments 01 AUG 2002 WD 99/ 16864 - 25
T Usos PSR G AL HEraT e AEsTn W ER DUSaP (o PSSt 18R BIgACtopayoRie on

- speci fi gheDE/! brofiPaMES @n thEHve ARGANHHN Hae theldBlIR) BsthiiRaEt Of the

i nvention, the ‘above-described DPI'V inhibitors which include a second

t ar get i ngemmtopoiytic &4ls or llatmacytea nnderthagemd{teng d¢scabddbmnein s Badlifig of @nkingen)
can be used to generally stinu hemat opoi etj c progenitor cells (vja the
first taPRRBFHgG %ﬁgﬁy}g geePIs P b%h@ (&8e a?rr-cq’rm%a&ye?ﬁ ¥ Tbitorskatiegatively
specific Jol-Tele : 55% f £ cells
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usef ul f dte rexpmtidé si¢e ndihg apdit e Egerplatyniacded siteipdihgbhgeants includari ch f or
the antigen specific T cells hus, the invention provi cIies an i nproved

lls. Thus, ] )
met hod wAPEIdS iR PHIY and draeyperts Msrral eviidnastesiunle pind te SIRLV dp A manges BAt wi t h
anti gen- sRaed fil fe Ibi?igj of 1fiX Qﬁlﬁﬁfg%gelﬁ)io Wirﬁ{?la}emh%to‘rﬁmélti? D H&?Jr‘%w&d est OF
eliciting I Mmune responses againsSt residual tunor cells, netastatic cells,
or to enkden eultiied amthisuteadls uhderahd caditions tyscribedhdréigenei ¢ transpl ants. It
can al so be used for ex vivo expansion of peripheral nmenmory T cells

specific for Aspys tamepgenBbPIspnmeptis aahvinghays basicleserhed (Fh: Gathsil and
oo coe AR AR R B TR 2 RS RO O R ace

be used i'n’acco : ude anti’gens
char act elinghtiealBioShHQGEIS, 840 ¢RYARMand TutlgsIN V.G Reall, Proe VAD 4084 fFeds and.
conpositions also are useful for ex vivo expansion of stemcells after

t r ansf ectU.8d. M.t6394-6698(1994)). dhesstrnethodseuse thesrhewmategeniaspbatrste™da-Bropgous
nucleic acid (e.g., an antisense oligonucleotide, a nucleic acid encoding a
t herapeutic protein or peptide) for gene therapy applications. Stemcells
into which a heterol ogous nucleic acid has been introduced ex vivo can be

i ntroduced into the subject using the known nethods for inplanting
transfected cells into a human for gene therapy. See, e.g., U S Patent No.
5,399, 346 ("Gene Therapy") issued to Anderson et al.; PCT International
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PCT/ US98/ 20343 i nclude, but are not limted to, those fromthe foll ow ng
.Sites of cancer and types of cancer: |ip, nasopharynx, pharynx and oral
cavity, esophagus, stomach, colon, rectum liver, gall bladdegy AUG 2®Ry
tree, pancrp§gole8ésy/Nx, 1ung and bronchus, nelanoma of skin, pBfeasd20343
cervix, uteri, uterus, ovary, bladder, kidney, brain and other parts of the
nervous system thyroi d, prostate, test 88 Hodgki n' s di sease, non-Hodgkin's
| ynphoma, nultiple nmyel oma and | eukenmia. “Viral proteins associated with

t 1 d h h ted above  Ant
char act er Hserids (R LA A0f ST SRERAE At 2 Can Py ErpPeebin o T,
br ecur Sor (ORIFC)OPBRA BRI AP DITE! £ Botthleraily S AARIBIL Y, EXBRASSARkY @ UMDt

precursor ce but "having a nutation chardcteristic of a turor. An antigen
char act er Peiducts,dpulding Ge)r Snetymbibods cmutbarnnsed/wscwenmgfasstayetqﬂntmquawb«tthcm

havi ng an al tered act.iv. or subcel | ul ar i.,bution. Mutations of genes
gi vi ng r i  DPLY iphipiter lﬁli*}hté@ﬁ§“zy@f‘“&(fk‘ﬁctnlﬂ8ﬁ bz)&{’%gerospem fied above, may be

i n the cofpig AP amie nfld & HPARAOCISAE of PProS, o Introns of a gene and
may be ol polnt mutatrons, franeshiits, deletions, additions,
dupli catl ons, DBRIVixsmenberdahe mgepmn&ase &mallyt Which iekkeibitOn gowprotyl dlenaape
skill inthe art is famljar with the variety of.  alterations tq

nor mal geffaiviyr @Gfﬁfﬂé‘g%dhee@?ﬁfrélssgpﬁf?tw’#ﬁﬁl gis\f’ééePPg"s%{L’t"g COUABYS> U AT .
Specific hetﬁe Bipe ngt antaaal%' R8e Xaled %%ﬁﬁx{bsac?&mﬁ%r eée‘Pl'csOtype

of B ceII cycl i n-depen ent |nase 4 of nel ano Prrel -
(gpl00) ofaroﬂmb armandm}t}isté.rmkchmﬂ)) aofd moedeanianee. Pisaghivetsite mhdfltomebﬁanona

tyrosi nase qf nel anqnma 3 of nel ano yroi d duI | ary
smal | celt ellwff@tleaﬁé’ébﬁ th@&%ﬂ‘%ﬁ%’é—/ fjesv%a@dﬁﬂ%}m%@r’r&é} s @pjur H‘a%riate BAGE

el anoma. . onco SEaT et Gan s PR EIHIDNE R hy Gch ol g @ dbtbe e 4

muci n of hreakl: pancreas and oypri an Safeeql),BVR' and GD2 gangl i osi des of
mel anoma; oncogenes such as nutant p53 of carC|nona mut ant ras, of col on
cancer and HERWREISELP JERREstcioigkiateeting Broisiw tprefarablyiopaptidsithaymigresiet s
such as h i proteins of squanous cell cancers of cervix
and esophggggagﬁﬁk#gggﬁéﬁ[%gﬁfenplated t hat protei naceous tunor antigens
may be present Rirdpyeskhtdai@iceedigrotp gt kpes iwfitht: Regidndbgrode in e geacti et dnte
whol e protein. Metabolic processing of proteins to yield antigenic peptides
i's mell kpOARIY:n the art; for exanple see U. S. patent 5,342,774 (Boon et

al.). Preferre t t unor
ani 1 gens (o g FF e ecﬁ&él%"%“ﬂ%%&&%d‘%

(peptide rahgip)fronaBB@N00QAonsNd abdilﬁ 2000 Gﬁlltdh@]’ Gi) heving adngdensging f@m

pepti des of the,nutated APC gene pr.oduct) WO 99/16864 -27 01 AUG 2002
PCT/ US98/ 2ai 30h40 ebcwﬁa@ F\y(lb} MEnigg 2 KBYARE ﬁf@ntslfﬁeﬁteéﬁrtong@ﬁ gS‘éh?uences are

t hose rep I r i 40
(1994): Gg(:;,]nes sgxpg%été |§h %ndgnthg?ﬂhloBJs a?on%’ c5nneg?:d@>y sin@lé WQ ot tr1§>le7 §c?hdz

NO. MAGE- WMMMQQ&M¥GERW 3AlskY BRI {YST vbasi20Ax8 ABdMLAVLYC
LAYMNGTVBQVSA24- - - - - - - gpl00/ pMel - 17A2YLEPGPVTAGLLDGTATLRL7MART- 1/ Mel an- AA2A
AG G LTV8 »?&M@Qhr-ﬂletmﬁ@bwm precroaplant agarimentiof herlinksr maleryle oy thersueface
associ at Ed t r}leﬁo%%altegﬁaqtta entlxpﬁxccfmkgra gfeﬁ}ﬁ@ téul\m%?c]e &Mal anoma, thyroid

medul | ary ng carci noma ahoma, small-cell
l'ung, col on bE]Q:ﬂ@bf ali.es GuRAYUS0,aRd llnkeamiausmraeudxermdanharcmcﬁ%-gﬂtmﬂamg and
MAGE- 3 (Mel anonm, small-cel | | ung, colon, bronchial squanous cell, and
thyroi d misdibitosisnatattashed vigthe Kaler te glerfacwm Bokissue sultyre vesselﬁﬂd@@egre ptide

(4 n-Asp-LeuThr - Met Recognl zed

by CTL i A ‘&éyaingﬁ%rfan]l %H?J??g%‘s pr_eL axggtgﬁm(on%xgﬁs aCt*vgr %ddi ti onal
tumor ant i}eMeor (LatthchedVid tH liflkendarduifad! , InMHedbodnelis . is'Ve¥dhed 4d'as a 9P100,

Tyrosi nase) and/or information relating to the tissue di stribution of

sel ected bmabmt bmkter hecruse PamremIcavalwb'r@meheraemhgluhmdmgnmlgterte atshdacear e

peptides g nut.ated AP odu re t e re orted Townsend et
o Va9t [GHksTsarg § ity SR AT arEse S PH RoPgs62bp

del SSST/ L@;r %%—6@’ SSGNQGGNGVF WNAW(S 95401 by del SEDL/ TAGYCKCFEEFVLASRCK .

1010684bp dt G KVQLI LFI LRALM NTSSSNHI L

11 DSRNVFL HT GHGEPpiideK®f thdi/ini iviglthddvbStia 8 bindite) sHiKAYDPRS bh GudgOMEHORQKST

1213981 bp del DSFE/ SVRLPAPFRVNHAVEW 131420l bp

del 1 1 SP/ VI FQ ALDKPCHQAEVKHL HHLLKQLKPSEKYLKI KHLLLKRERVDLSKLQ 14 ot Auc

Zoo2 WD 991 16864 PCT/ US98/ 20343 -28 1439l bp

del RSKT/ LHHLLKQLKPSEKYLKI KHLL15LKRERVDLSKLQL446] Cop

del PPQT/ GEKYLKI KHLLLKRERVDLSKLQ161488] bp del DADT/ YYI LPRKVLQVDFLVHPA1?14901
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a ents Non-active site DPIV binding agents are agents that: (i) selectively
.bind to DPIV at a |l ocation other than the active site and (ii) are pabl e
of stimulating hematopoietic cells and/or thynocytes under tQ4 B%c}@i ons
descri bed hwosionesé@ert ai n non-active site DPIV bindi ng agentrCTesg/29343
non-conpetitive DPIV inhibitors) also inhibit the enzymatic activity of the
DPIV. Inhibition of the enzymatic acti v_'?f;,y of DPIV can be assessed, for
exanpl e, by neasuring the proteolytic cleavage enzymatic activity of DPIV
in the pr.es: b : ' r 21 TR T - ole i ni ng
whet her t' elgpgﬁiogﬁ%cl)?’ ?\%ﬁfﬁ%}@ém%@ﬁﬁ%@%@@g@yﬂ%{v@ d?@?%#gﬂ“ﬂ%é’ﬁ%ﬁ?gﬁ Y,
such bi ndifpPI&g suwchsasdlverdatiolilatteds p Ehgipafithésd egpeshof tihitsetsie diseedsyd belod. tThe
DPIV. |sol ated bi ndi ng pol gepti des include antibodies and fragnents of

ant i bodi éBpeEay enthogimentspfthe invgntiony Paiwta Brptige praRpPEAPBINEtiCch | ncl ude a

CDR3 region i«ch: hi sel ' ' )

bi ndi ng pol y\pl)ﬂ\gﬁ ?ggfsegg%éﬁ? ﬁggyh!lﬁg%s 688%“%6@?%\%?%%@% %Egglf%)@lgglnd to
an epitope that is at qil)near[Pt({Re),LaLyPR'L site of the DPIV.

PCT/ US98/ 20343 The invention, therefdre, involves the use of antibodies or
fragments of antibodi es which have t ability to selectively bind to DPIV
and stinul ate hematopoietic cells and/6r thynocytes under the conditions

di scl osed herein. Antibodies incl u%ol ycl onal and nonocl onal anti bodi es,
prepared according to conventional fodol ogy. Significantly, as is

wel | -known in {Qge arR! palddefingdBbdveRagi-on of an antibody nol ecule, the
paratope, is involved In the binding of the antibody to its epitope (see,
in general, CRinkpredshR a {et@8biargEting Bopay, prefatably Fueptida thas msaydfeNbel samme or

| munol ogy, Wlﬁe/ & hSo%? Inc., New York; Roitt, I. (1991) Essenti al

| nrunol og%f,‘ferﬂ‘ reig the Bysh 1kgRUPE MUEt¥nt i fic Publications, Oxford). The pFc’
and Fc regi onsp: rfeﬁfesé?%éiesrpécﬁnd i ér@% fhraﬁmﬁ%bé (1R s&REBt GRMnt FBRCHRE EirdUt
are not involved 1 n antigen binding. An antibody fromwhich the pFc' region
has been remtivewtoupal |y cl eaved, or which has been produced wi t hout the pFc'
regi on, desi gnat_eqd aﬂ F(ab')Z fragnent, retains both of the antigen binding
sites of an inMact®anti body. Sinilarly, an antibody from which the Fc

regi on has begn.enzydBhi B&Jﬁ‘oxﬁbqg‘{@d’ or which has been produced wi t hout
the Fc region, éesignate an Fab fragnment, retains one of the antigen

bi ndi ng sites wof0anljatdact anti body nol ecul e. Fab fragnents consist of a

coval ently bound anti bo Jdght chain and ortiop of the antibaody. heavy
chai n denot ed 4 2orH@* ‘P‘g‘%? Lﬂlgeﬁé’m‘g‘ %ﬁ“é’et"r‘?égﬁ‘gf% S%E’F%fﬁi’r’f‘ﬁﬁf‘ r 510, &t sy
speci fi Ciff ¥ Qﬁttc%'uﬁgh‘%o Eguljf%c@gaﬂ‘&'@}hem)é 1*?%@1%&8%38 ed“otatktﬁ‘ﬁc%.o ten

different 1ig chains wthout altering anti pecificity) and Fd
fragnent s r et dinrvesginteapedmends ofthabivention, ifP’BpetiR3can W tsent, tHeesame, or

ti - bi.ndi £ f i b , [ |-k int t, th
e onpl URERDERPE dcnelehF A ig ) G5 OTCTBORESS Of i EHTCPaB PR RRBCt
Wi th the epidanRatks HE 1A0P) G Rl ARG LEATRYEY i dpegi ons (FRS), whi ch

mai ntain the tertiary structure e parat dpe (see, in general, d ark,
1986; Roitt, 19%ertdin entbodihdntd,heis fieehey attdohied viac sirfagnent, aaizsdud didtukd gdstel
chain of 1gG inmunoglobulins, there are four framework regions (FRL through
FR4) s epaqravwe%w%e@vm speh gmppdigentso s eigsTrdae Y ?maBtV@?eﬁi Hnkeg beeagsoiis

(CDR1 thr CRR3 T él}plg% i i e ! ,, and nore
parti cul aér%}*%gtt%e h}eeelil\t/1 Qg I'n %@gréaﬁgﬁﬁg%og#&gﬁ%é%oaﬁm § ae&r\?gllrl g%%t% body
speci fi ciduyfacd.t Such meiviviteht linkefsaipt kadvarito thodehudf ofdifary blditl ih ke aron- CDR r egi ons

of a manmmal i an_anti body may be re Ilaced with simlar regions of conspecific
or het er ospeci Frenplamitieding moygiies & that arermeptdasad that teagg‘adlgb@& yilgy £ of

the origi %@i&g%g-g%iylﬁgagidgsen%& SHORLY, if colfled 36 4 888 ve shollp,RormaY C

2002 PCT/
covalent complex with a functional group in the reactive site of a post-prolyl cleaving enzyme

are described in U.S. Patent No. 4,935,493, “Protease Inhibitors”, issued to Bachovchin et al.
(“Bachovchin ‘493"); U.S. 5,462,928, “Inhibitors of Dipeptidyl-aminopeptidase Type IV”,
issued to Bachovchin et al. (“Bachovchin ‘928"); U.S. 5,543,396, “Proline Phosphonate



mani f ested in the devel opnent and use of "humani zed" anti bodies in which
_hon-human CDRs are covalently joined to human FR and/or Fc/pFc' regiﬁ&s to
produce a functional antibody. Thus, for exanple, PCT | nt er naditoAY

Publ i cati on \WyBheeseO 92/ 04381 teaches the production and usecgiydsp@m zed
murine RSV antibodies in which at |east a portion of the nurine FR regions
have been replaced by FR regi ons of hu origin. Such antibodies,

i ncluding fragnents of intact antibodiesS i th antigen-binding ability, are

ften ref d.to,as "chiperic" antjbodies,.. i|1_be. t ot
AR LRI T T A e
F(ab')2, Gab g/ogm:j)oé’iﬂgnf for Th&d @E‘Bﬂnhﬁ%t:o(i;@r%f‘l}ﬁ\ﬁﬂo'téﬁﬁ’éi*, RSuddtoWMinkh ef f1€ FC

and/ or FR an CDRI and/or CDR2 an I ght chain CDR3 regi ons have been
repl aced §yHadwo b4 RCTUIRAD/ 0684 5) CNcthodefor Mekingradrslineblororate Bstér” adnd)i

f ragnment i bodjes in whic e / or nd/ or . and/or |ight
chain CDR%%E%‘FQSH% appliFati éﬁsﬁgbqgéé:{]m&%dgéé APRRERPt SHochBRES R unan
sequences; i Aerp . “ is hes, i 1 k ] CDR1
R G S s b AT

honol ogouPritaaerinibitors-Apphiamt Feqing'C.85 (“Fenthghi Repreentative esgnples of the

anti bodies in which the FR and/ CDR1 and/ or CDR2 .regi ons have been

repl aced BYreRORBIBYHIRS WG%WT&SEQHW&%W‘S@JE?@@%&!“ Hatsrapalegtbassdyent i on
al so incl : | F i iphOdi ) i i.0n

i nvol ves g%ﬁ%%gt)fa g(ygﬁg)fr é’r:ﬂ(?rlgeo%%a%&fgmérl\)g& tg "y’g’?? %lg(?g!:n %gl%gk)@é}eﬁ"ggl ly to
DPI'V and i“bbioPrd” refess fouhe natoppdf prelire\in twhichlihe sabpoyiytp gpduipd €O OHYisheplaedi ved
al so fromsaources other than antibody technol o For exanpl e, such

pol ypept i dtho? beiPRY SR Okl Bdtepiabye aiyetsite %@*@'m af e prysntiomhavednar i es

i spl ay | ERgRF R RARARAE BRI e IR MRl B 475 P9
pepti des chitaillgilicgorendeRribedbeow)i Thosakilkd it tHeraar wiglsret sfnifahatBére bR

synt hesi zed of peptides and non-peptide synthetic noieties. Phage display
can be parothe sherghangssivdreh ¢aa bermadgerithouy sigejiisanilyi affpcpes thedinding ad, |

accordi ng 1 J i efl prepares a phage library (using
e.g. m3, C%)gl,pi%ﬁfo#rgl\réggg&gﬂgge)d,)gsgicéIBP%}l?dﬁg inserts from4 to about 80 am no
aci d residues USierigvelopmeniof phade divphgaibiigs.and @Rerhidsledonsbifmyridl idEL e filonR
conpl etely degenerate or biased array. One then can sel ect phage-bearing

i nserts whrhieh pinthetic gompeurgsicgn berﬁﬁlgctqﬁr‘dbléh§nmth5éul?5ér|@t@ah1@fgng BiteRighPIV
several cygl f.reselecti hage .t hat .hind teo.the [ V.. Repeat
ounde é%j%s %ﬁ#é%’ﬁ%ﬁi&&?ﬁf}ﬂgﬁ %&g@gﬁ&%@ jccu éﬁﬁie st BREREH be
sequence zgaalyslybattadRed 604 H moi sthelsubstr d&i0gte of the

PCT/ US98/ 20343 t}g identify the sequences of the expressed pol ypeptides. The
m ni mal | ipsetaRsesad Whiph forms neomplguande fupgionpl graup tothpprojeasareagiive site.
e e PGP PR SR ALHAR A BB PTB Bi OB
nore addi tHyGisdyihesgenasedl vagSictvRS inibs R aite@hd dpwnsd 6Laphfagiephage Thus,
DPIV, an extracellular domain thereof, or the |ike, can be used to screen
pepti de | idbspdayt ldyaryimeleenle prequrinpional dibraty molesuia dndgletarminisgwhethgr thad
el A R e et
abi | i t%’hOf(eﬁgh%ch{dh@d%ﬁgriéi?@d%irﬁtlctaﬁal?g Wh{iﬂﬂis%&ﬂ Td\é)fb@{ab{éﬂﬁ|ats§66ti|fo‘;5?6ﬁ6nﬁfrid3pl v,
e.g., e enzymatic functional actrvi o] or to stimulate

hga?ra_t opoi e!sslay))/-cﬁhqsegnhm Ibramycindfor d@mbi@)ﬁ(@nial ldragrmolehideawbiek edeibis inthbition
oo P e e R B et s BB P e
sane typespfh e MoGRlermGROIADINS RS AbId bIRNRY ek ftiveRHiaE td B2 phbtbikel( 88,
attachnment of the DPIV active site inhibitors to such 'surfaces. Linkers and
At t achnentbyatpdatiag Teerabeve-noted sueeatipg aay). Anlthislsanners a sowglk dngh-througippwid t o

the first and (optionall caond targetin ieties, P and (optio | y)
P2, in a PEIFRBINSERAY 1%18«9@%@ o JeAENE yowgt@& lyrqceurzing I“Fgﬁf"@rfg?ﬁﬁgse°%{’e

noi eti es qgvg#ﬁg_to their respective targeted binding partners. Preferably,
such linkers tfurther include a functional group for attaching the targeting
moi eti es to a dulgenereal, sl bindihf aroicies fRIG of thamwVeatiomadicovalastly ¢capidtviang
noi eties. The preferred linker, L, has a length such that when it is
posi ti oned between one binding noiety and a second bi nding noiety or
surface results in a mninmmlength of about 20 angstrons between the

noi eties or between the noiety and the surface. Preferably, this distance
is from20 to 60 angstrons, nore preferably from30 to 50 angstrons.

Exenpl ary linkers, including a description of |inker conposition, size, and

Y o, e



(heteromul tivalent). Typically, the linkers of the invention covalently

_couple the targeting noiety, P, via an amno or sulfhydryl agﬁ GtQthe
second targeting noiety or surface because such functional g 3@ are

comonl y f owdoriesepr ot ei ns and pol yners that are used to forRGBUSIPROII3

materials for inmmobilizing proteins. Am ne-reactive Goups include imdo

esters and N hydraxysucci nimdyl (NHS) _enters. Sul fhydryl-reactive G oups

i ncl ude mal ei m des, al kyl and aryl halides, a-hal oacetyls and pyridyl

di sul {1 dearhol)FerdB Af théi¥ cboRARMRA o RYEId ARHsCreBQNRBLY R SR used

cross-linkers”contain an am ne-reactive functional group. oss-llniers

t hat ar e lmndimeR'rrefect to\agreative geoupniht anchpsbik ol yeicyng wihetfunaioasl griwp intdher end

are quite comon. O d inkers. are conmerciall E ai | abl e whi ch covalently
o Cach t RERTAF GRS AIVet ) RoCi R Rt eRgel RS Brest prolsiss f s gheasy

addi tion t efd { i I Qr : i :
Ul f hydr 1oL Aot aTBLALY Hehdof #AReEn TN ARSI IAS o FARBORE Bt i
car bohy drlatatedyinahgactiveaitoRl feattilegralps thatare dmbraceddvition deipbentioaiddudd s t o

primary am nes or hydra |d§s, resulting in formation of am de or hydrazone
bonds. Attbaeqaﬁ%vﬁgrevaaffgé e sBrRt |, NS 4935490 ratpase UakiBiders o issiedhior

Surface: BIRbOUS et ACAHUPRCRAE LALARE ofRIE HbERoHAR Rl IHA! L1 2ed on

sol i d- phase nmatri’ces for use I'n accordan s of the

i nvent i orfluckbetkythétonc@oupm Exeaphaaboaate Reage drexdeisyribed belqwohubinyhiene pl at es
or balls, porqus glass or glass _slides, and nitrocellu] ose or other

menbr ane Fess The péewgwgﬂsaw? flyorpalkylkgtone grayns ag dessribad below- clugsmery to a
| i gand. I : i i g i

ar oups. ¢ Hap: PrefRHBEfpt e RedBRRuhich DUELSPRAES oBhedbigElind MORH Bhe o\ o
| mobi | | z@4dtien gaduptedn BRL\Confifuraiiémr & addo it beeférradahiti thdirdattiveodrbah fouppart s
can be acconplished using routine coupling chemstries. In general, the
conpoundscogplentiond witng fupatienabgionpimbiheiagave $ig; howgvigaithrye isna 1auicesmgnd derds an

. conpoumieh ot ISEl RN o6 ol a BumfR SR s RGP0 8" ™

functi onalctigs it (€. 9., carboxyl groups) under conditions and for a period
of time sufficient to permt the first and the second functional groups to
react with onelzaegheat thisappleation, capyentianel lsanigology ds used 49 designgtedhe By

"accessible' in.rnefere . f i [ S t _t-hat t.he
unct; onarones s tELAbEN Sk ndid bR AN HoBlBradiin LoInfEA ordipl shiln
precl udecht @M SRAEE, Bﬁnw'ﬁlteb it BRchéhisgly, SARPOAIL. LAhhiagdiBite 90arD0bW odihr ect or
indirect (i.e., via a linker, L). The functionalgaroups for imobilizing

t he conpokhilishess, Inth&1982) dewi Berks N Ya Osgani¢iChengiradYlesBen andBopd, 3xUBA2ivo2
PCT1US98/ 2034 OrinC bnt.r LRt e t j de bi ndi ieties
or the 1B "ol Pr BB ERR, HE DGR MATI TSl Al RERM! Gt del Py

i ncl ude faungihaanphligition BODIY10 1E., bpSlicdBot A IPTST/(89/098483par t at e, gl ut amat e,
cysteine residues) can be incorporated into the peptide binding noiety

duri ng synt hesfB aminp gsédsi with tlesexgeptionafigiycines aentein op gpameirismar chical caghoni ve
group whi clgl binds.to thee tar eeghi{)aﬁoglgi n to %iad Jnwant ed gt ezrlti C I}it drance
by the sofiodLEREHY Mope thAR oPe hital S0 iRl nT oY RmTh R SRR tOPON RS et
protein. Mihgnbidlit ¥irved thasa eRitA RemesSardl cahdeciriy 60 HigRr&@ sohfric forafi | | zed
via a functional group in the |inker nolecule to a solid-support. Thus, for
exanpl e, These farmsaresidemticehinallechgméat! and pisicabgrppertieowith hae expepiian, the can

i ncl ude, . dditip the first th Jink ti . f
L. AR 8 e AP BEESN A FRRSLER, 00 1
funct | onalefdeadh of BindéciticRly Adivehe.cohd shiBbRBRAL ban A ARTRRL IS | val ent

(trivalent) linker of this type is illustrated bel ow. Such multival ent

| i nker s dight coomedicictbn yr theatHeabl e and can be synt hesi zed by one of
ordinary skill_in the_art using no nore than rqutine experinentation:

'O C - (CHz) ~ - Tgfour ‘fﬁ%"ﬁuﬁ’ﬁ gt grqups qﬁ@%ﬂm PR BOTHTANRSHYPYs M
react i onsy;eifon t j ' r; f ed
For coupl & etepl e e TS el b S okl

di f f er ent offeachrothenarid ao¢ adferggdatops optial isamers) sechtibmersc oupérea dsotrtees. |A nker to
the solid-support. Such functional grqups .can _be introduced ipnto the Iknker
mol ecul esSCRLORRS onp FEredUsImY R siyenamipg acid yill sate playe pofsized ghtde thedst
Thus, in general, the sanme types of functional groups,

protection/ deprotection reactions and reagents, and reaction conditions
that are established in the art for using |linker nolecules to couple, e.g.,
proteins or peptides to one another or to solid supports can be used for

i rmobi |'i zing the conmpounds of the invention to a solid support. Included at
the end of the detailed description are tables showing a representative
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Q1 AUG 2002 PCT/ US98/ 20343 reactors, petri dishes, nultiwell plates,

fl asks, bags and holl ow f ber devices, cell foam (Cytomatrix), maxisqrb
“plates (NLIJNC), and cell culture systens (e.g., Aastrom Cell ot oWecil6n
System seewal®068d4S. patent no. 5,635,386, entitled "Mt hodscTingsys/20343

regul ating the specific |lineages of cells produced in a human henmat opoi etic
cell culture”, issued to Palsson et al.jgand U S. patent no. 5, b46, 043,
entitled "Methods for the ex vivo replication of human stemcells and/or
expansi on__of. It or leS: ;] t al ... Th

oot om ctitit e ARd P SR s i e R AR oD e o e G st e
cel I s ex atiywilufitate pians peklikédligh el tharseme basaeht W thekighsasltiealleihe devi ce
reportedly is usequ for expanding all types of hematopoietic cells
including%*@?&ﬁ@ogn@%m@%kﬁ%gﬂ%Wij sitor cells, stromal cells, but excluding

vesvars are e RERERRlemefin & cesflibt bEPrEhE Sel DR BaBE MM g ©

stirring, co@ﬁigﬁﬁtib@ of fHe fouSHFBRhbRuERARIhOfetdRalFin aldundeRECAFHmaEHE h
vessels are forned of one or nore of the follow ng conponents: polystyrene,

pol ypr opydashan aterar(§.2i, the mgarben atamg dp gsteblishdhistsyverns, awbuenorsamponnd whs ch

the fi t t] { P. i {t t | f ti |
rmobi | © 2355 e BEAA bk aphich it SBATEDsuafs QAT AL RiTRs e BaroBREEY £ ace.
ei ther’ dB{/ 86RVetioH invthd att] thK 8o stereo [Endr SO IYRI-AdEMUE heSRsighfb€d ARy e do

not thensel ves possess functional groups for the attachment of conpounds of
t he i nvenThanabsakte ¢nndigurationsliaye de¢reestabdishaddiyl xrraysaalysied Thadgrigmtisss, known

ti ti . F | e, t b ti d I thyl ati
of the R iedayE Bee rispBEl e g ac hydl Rekt e Sl es amogon | O
Conbi nat og gaycePawéﬂg@ls. ®hiO tHeeRir IR oMb RI AChRA -cofpbRhacing ¥ebn Mgl e m Ed.

G untha Jung - 1996 Chapter 16 & 17) to yield chloromethyl polystyrene.
Advant ageretated torikat o &.-glatezaidelfyde e desigoed L candghe steieo isomens havéng ainct i onal

group to introduce carbhoxyl ate, i no, hydr ox mal ef m d ul f hydryl,
R succt ni SRR anseiER g Bretisera SrRoEe are e gRUtD: PRSI O FRaaLER N 1] he
functi onabhg, Told eBﬁ?EﬂgBFari‘é&Pﬁklﬁ.t THES tHePsyRfof2 'h8 D, Quter HIhE AbBfftdN t
t he coval ent attachnent "o onpounds of the invention either directly or
t hr ough acdnifigketios ptherfounsubstitiidénts driomkd thg chieglchibons requi re conpati bl e

functional groups on the trix and the |jgand or spacerlinker group which
is or will be &eaerﬁbala&uaaq@rfw%ws&amowdsgﬁﬁ] GRPHR P Gl EERCRR ﬁﬁf’ygp

| nt roduct dpigto BofRHEIH, Biferds BB, The hAIGralTB bELibriRERRId- %ok YR BPL £4UP! | N
to free amno groups. A polystyrene derivatized to carry carboxyl ate groups
can be comsaterst hypwavdrathhdadvediiomembracesoantiyis atids oRich cainboingthe Oostgreo mgnteo t he
free a amn grqug of the Lys side chain, or WO 99/16864 -35 01 AUG 2002
PCTNS981 2348 1¥{iPbugh a spacer |inker which has a free amino group.
Alternatively. \RsPahifs byie it SRR inRilehd c6PEd tnafibi ALY ndkRY BsifEMAIS
attached to, for exanple, Lys-boroPro through coupling via a space I nker
cont ai ni ng systemc &olbexe, adrepgmds phjchdree two compteschirel deheramayrbaim 2frposgiblef
Lys-boroPro, the other to,the am no rouglﬁof;%{?ge am no- d&réi vati zed

pol yst yr eH&re0 1BICE RN B3P NSSHRATRY 1§ Be aHmier rekfgnigrse 1sp SIRISBIMPMERY

descri bed.q i j l : i h as
i or ce. ot TRk SAUEERAMGRE(R! 1Y sdleh Wb A.RGHEEAY HE QR ARSP] |
and | i nkeamispacils tha kcetainaso obiitee clitgdptitas. Focdxadpld, oombowar suddosabi ochem

anong ot hers. Methods for attaching |igands as descri bed above for

pO: ystyr eECOBIRE isglenging contain SYRESYBRENC fabpn slemspapd gger—'farscme Eﬂsg SIgReR :j abl e,
we no i .

b 11 2t rEEERRE T ARt O SordihihaP Ralibe 8% STRPELRES R LEnAY

af finity diastedesmprsepacahpler dischsidt of thy RO syistept of desigamjnpositicalnis@nets for
Crass-linking, by Shan S. along. The matrices are avail able in several

forms i ncdmiorigidads prexidsd imRangiplghi Biochreaistsy \eeiterA pr bohniagargrage §Bd&0al | y
easy renoyal_of .t.he nmatri x-.at. e {gand. Avidin-Biotin chem stry

provi des Se‘a"r%%‘herbr\?\%/u%?’a‘a’c%?}g%?igg?er?ﬁ&eﬁ@%ﬁe end result, the attachnment of
the conpounds vfe RIsyisiyieRhi BReited 0 BRIdRhighles WigSa cBhpdund coadimasbloy be.
attached to the E am'no group of Lys-boroPro for exanple and the resulting
conj ugat emaid ¢hirabitemters.win genhradihasystam isydesignedtodink the fawr differentdbstitwenhi de
assortnment of insolubilized derivatives of avidin and strepavidin are

avai l abl e commercially (Avidin-Biotin Chem stry: A Handbook - Devel oped by
Pi erce Techni cal Assistance experts). Alternatively, the targeting noiety,
P', can be attached to a particulate form(e.g., a particle or a nmenbrane)
that has a surface to which the targeting noiety can be directly or
indirectly attached. Exenplary materials that can be used to form such

o, o o o o o o . o Y



differentiation of hematopoietic cells in vitro is provided. The kit
.includes the above- descri bed apparatus, together with instructions for

usi ng the apparatus to stinulate the grovvth and/ or differentiftiAle 3302
henmat opoi et | invitro. Optionally, the kit further c

appropriate a§3 (’?i onal growth nutrients for culturing theoﬁr?ﬁbgf}oﬁéjlqgtl C
cells. Such nutrients can be provided in liquid or dry state in the

cont ai ner of the apparatus or in a sepa?b‘te cont ai ner, the contents of

whi ch .can be added to the apparatus container at the t| me of culturing the
cells. Ac@iomauaﬁgmﬂ@nwmmetalﬁ@mb@ﬁ a@@pmrd@foftdn@reamﬁ@mmur@emt moud¢rend
stirrulaU%hemato 0|e|cnce:h %I’Imd e>§§ d'nﬁﬂf en- s i fic gcellsm
Vitro is SPEUTHBYASHEITEIY HSE R gTaNEt 8% Sies Rk srfiplt BRRII ey B8AY or o
concur r enfrbh thé vieR@H €T diffefelit rafkih£eare FRAdinGRALS tHefart dHdSardBIsBEbkdBtage
described belowto illustrate this nethod. In general, the enbodi rrents

di ffer fr¥hollhemingst.héithg decrdasing ednkardasns ssfen thbe ﬁedamoihetcpnﬁmmtm t hat

are stimula the culturing s

per o medPTPI 1HE SpiRRAERCE P EREA iAol BRATSErSye SRtaALergy @ﬁ%ﬁﬁq&wq .
The pr ef ejh @enfiairRi QL0 A9 RasiNHacRER A28l 1§ nBRACH 2 QBRAANI YRS @At ai NS a
tunor-specific 15 antigen or a pathogen-specific antigen. e f| rst

ermbodi mentystein.t Applyeghibid sysem ddthaganinegoznskilipelin shreart Would Hewahing thatvind ves
stinmulati bone rrow.cells in_culture. e ho marrow.cells in.culture
my | ol SRR L e BATE 10 (Smab O B RS e SOREoRR TP | <
I N cul tur gesfln@ribdfal-e., et aﬁ@bLaﬂlo ff thrbbhife RARDbeerdin’ co?x'imbr?ﬁ’ie%fegyn% em
cells. According to this enbddi nent, the method involves: (1) culturing the
bone mar rime eed kentimue tdbe medwnlmeof sldll s fhis art.eHowavepthe RS systedbPl V
inhibitor, (e.qg., DPI.'V nononer and/or honocqnj ugat e) xpand t he nunber
of early mgwe?%a@gés Bxsrite dpmenal PaARinos s iy, Oﬁ@W{C’)WE E%}Pwnqreﬁweage
cells wth, Lgéq i.ent anmount of a heteroconjugate containing a DPIV

i nhi bi tor attac oII]to an antigenic peptide (e.g., a tunor- or

pat hogen- speci In a:pa—md:ulg@nprefemredxpﬂmdlmdneofmhahwenmcﬁn 3t bogeProEpecdinipound icel | s
in the culture. can, be §aelrformed in the presence or absence of the

speci fic aNel b%rﬁPr@tné ﬁemeoand) A nYal-boroRging,eompRGUNGr FREEFS EOh EUPPRRENY or
sequenti r i S
conpar edanv}cl)%g ﬂi’:é;%a??&ﬁ tg’l”?‘%‘ %J]pg) rcél#%ﬁ%x?e"12‘Q%@é}%l%%?&yl@@@%ﬁa%e%lnge glr%le t§ é%l as
descr i bedadcordahapwith sthnc)ardpebt(c@)chwntstryt@evhlﬂleeexmepacld mesichet Thhealierdmiob

culture is.not contacted with the, heter.Qcgnj ugate ach ste the cells
are cul t U@ qpﬂo‘f‘ﬂh’ ‘§B‘1"fé‘€“81f3 i WF‘& P&Jfﬁ glt? 64‘1”6911 apEogesHEsigaSe for a

time 5“”%&&1’3 thafd t e”a%ﬁ%%?l Mﬂo% dd%E d??\&i ¥inibid th@?&ﬂ@d‘f"ﬂk $a2nd to
expand th er of antigen-speci T ce respectivély, re ative to
t he nunbebaoBfoline cbmpedrdstoibirat toaIIE_qorIaamMsst preférfed enthodiment b tempoundf The

second enbodinent is directed to stinulatin _ﬂ_llurr,pi lical cord blood cells in
cul ture. TRiIRVESHBB Y@ rhorohio drivereterreito ag | R Inl PAg- Brseausssf he chiralcarbanpl ood

cells in EtB&sgnEé(t})ﬁ,or ethQEmﬂuosa%H}e&)dG%Etanﬁ%RLEHé cdtborfa n}(x)\é t'o’h?s! pdr&‘?ﬁtogne Ve @

DPi V nononer onobconj ugate expand the nu ear l'i neage
cell's in borbPtor@un exivdin(@pltipld isermeritgfothe: (epLHYalIS- bom@ageb)deMavabdrdera ©)

het er oconj ugat e cont ai ni 2‘% DPIV inhibitor attached to an 20 antlgenl c
peptide ( ga- S-Roxofrband &) Dr¥iarBglaiokige dMete prefpiablye by compakpbind-YaeSnunber
of ant ! 0CardPR AT Gal ROBLFrol 1y B S 8RBRhc theloifer BlobHY e BhiBBudorcan,
e perforrre eSence or a peci |c an

) and (2)ttﬁaﬂvéfaﬁoﬁeéﬁ @ﬁﬁfﬁﬂnﬁ@ﬂf;ﬂbﬂsbﬁi&hb%rﬁfs ﬁ&%ﬂhh gtreyal, tlth@ﬁﬂ&ﬁ aJh;cht he
nunber of antigen-specific T cells is conpared to a control culture of

unbi | i cal eashragnine aeid chisal|centenbas ansL't @mtﬁ@araagna@%me|b19&frmmtt@p%ocsl ) and
(2) W|tht 25 £xcep % %{i qg S{;';i')lntrol Iturels not contacted with
the het er% IEURiRPET tsferped forps 8%’@?’?‘%“ dre cultured in the presence
of the DPIV i mlrh@ﬁ}s@Ear@é’tm@@ﬁ&&@&%ﬂﬂﬂﬂis@refa@t'iveagrbh;i'f?‘15ld)ﬁheﬁh@d’ﬂﬁlon that are

boroproline peptides can be considered as having the structure:



to increase the nunber of early T lineage cells and to expand the nunber of
.antigen-specific T cells, respectively, relative to the numbers, of Uﬁ#mh
cells that are present in the control culture. The third entSobiAYEN 0T 5
directed t i ting peripheral blood stemcells in cult S
enbodi nment 0‘7?3%’ vlégz (1) culturing the peripheral bl ood ste?ﬁﬁ?glsgscsm?jr? t he
presence of a sufficient anmount of a DPlV inhibitor (e.g., a DPIV nononer
and/ or honoconjugate) to expand the nui€r of T cells in culture; and (2)
culturing the T cells with_a sufficient anount of a heteroconjugate
containing a DPIV inhibi torflattached to an anti genic peptide (e.g., p 1l
AUG 2002 -38 a tunor- or pathogen-specific antigen) to expand the number of
anti gen-specilili-A1-A2ABtA4-Bn the culture. Step (2) can be perforned in the
presence or absence of tha specific antigen. Steps ( 1 ) and (2) can be
performed concurrently or seguentially. In general, the nunber of antigen
speci fic oy cel\erdig BCRWBARMED t0 a control culture of peripheral blood stem
cells that"is treated as 5 described in steps ( 1) and (2) with the

except i orfb} hatwhenein eaahtof i 1 and Y2iisdndependently selected fdmvthe praupeonsisting of a

het er oconj ugate., At each step, the cells are cultured in the presence of
the DIV 1 nhi BIRBRYLRORE BMbisAs G et Spal onYes 't FYIrERY RO YHER case ¢ he
nunber of T CedthiOﬁ)?Qéogd%ﬁ@nd the nunber of antigen-specific T cells,
respectively, relative to thé nunbers of such cells that are present in the
control du) t urwherddht&B26t-ihaethg strbeto@use peri pheral blood is known to
contain T 10 cell s,Ni t%;)s possi bl e to expand the nunber of antigen-specific
T cells in culture W tjhout the stinmulation step (1), i.e., the nethod for
expandi ng the numje g.antigen-specific T cells involves culturing the
peripheral blood céllls ith a sufficient amount of a heteroconjugate
containing a DPI'V inkighi tor attached to an antigenic peptide (e.g., a
tunor- or pat hogenspecific antigen) to expand the nunber of
antigen-specific T cells in the culture. This step can !5 be perforned in
the presdfte orhestis EHcd loh2r Hengsaing asid baying gsHuctprrariocted figm Erzélmrawg/
procedure for c%ﬂ{]gtfncgyfng several representative DPIV inhibitors is provided
bel ow. Experinenta rotocol 20 1. Cbtain bone nmarrow or unbilical cord

bl ood in heparinized (green top) tube. Can be stored at roomtenperature

until use within 48 houls.
NH,-CH- C-

R
, and

@)

HN- CH- C-

\ |
R

wherein R represents the side chain of the amino acid.
These boroproline peptides are linked via amino peptide linkages and/or chemical
crosslinking agents to the second targeting moiety, P?, via the amino acid side chain R to,
e.g., the side chain of an antigenic peptide, to form the above-described compounds,
[PAR?),], - (L), - P'R']. Exemplary peptides include an autoimmune disease antigenic
peptide, an infectious disease antigenic peptide and an allergic disease antigenic peptide.
The preferred antigenic peptides are peptides that bind to a T cell surface receptor or a B cell
surface receptor, e.g., TCR/CD3, CD2, CD4, CD8§, CD10, CD26, CD28, CD40, CD45, B7.1
and B7.2.

Alternatively, the reactive moiety can be a Fluoroalkylketone or a phosphonate group.



2. Mx marrow blood 1:1 with phosphate-buffered saline, pH 7.4(PBS) that
_has been stored at 4C. 3. Carefully layer blood-PBS m xtuQe AUG &0@x vol une
guantity of Hi stopaque (Signa) 25 that has been stored at 4C. 4. Centrifuge
at 400g WO29/1686Mut es at 37C. 5. Carefully collect cells RCTYRREAte and
wash x2 in cold PBS. 6. Count viable cells using trypan blue. 7. Set up
cells as 1 m cultures in plastic cupture tubes (or 9G well or 24 well
mcrotiter 30 plates) at 104 cells/m in CellGo |Iscove' s Mdified
Dul beceie 2adtRAigiéips e diectifvdhtiof Bl aveTiudebakia Mestdrel réadtiS @hdtips ha@askr ed
concentration of Xaa-boroPro or other conmpound of the invention, and the
absencfronlapr esence of G ant Cell Tunor WD 99/16864 -3 9 01 AUG 2~2
PCT/ US98/ 20343 Condi ti oned Mediuym (GCT-CM Oigen) as source of growth
factors. Xaa-boroPro or other conpounds of the invention should be diluted
to medium and added to culture bnly after cells are in culture tube. 8.
Cells are cultured at 37Cin a'Q‘rtQ%rGair i ncubat or containing 5%C0z. 5 9.
At desired tinme, an aliquot of cells are renoved and counted. 10. Counti ng
can bewpariGisrsittientideor arhakyligroupsmopenifgli teationt 20 copomsiomy anth eplifinikl assay
(colorimetric ass T esults of experinments which eppl oyed . this
pr ot ockeTaptems it %a&tbéﬁkiisfa oF He 4546 Bereiz, {hcrRst VBRSPS O TRt SRbs cr | bed
in the i [+ DL, ings. Al patents, patent publications
and otﬁ%ghgggﬁﬁéﬁéﬁggﬁgpsg%gqgﬁmg??¥?ed in this application are
incorporated in their entirety %Qrein by reference. Those skilled in the
art will recognize, or be able t'o_ascertain using no nore than routine
experinmentation, many equival entstto the speci fic enbodi nents of the
i nvention described herein. SucH equi val ents are intended to be enconpassed

by the follow ng clains. 15 THeOTabl es are presented bel ow and are foll owed
by what is clainmed, the Sequence Listing, and the Abstract. 20 REACTI VI TY

OF CONvhreRedtAL indepdifichMBLEOCRGBIN Ll KEIRGlky! (each containing about 1-20 carbon
atoms) and, optionally, heteroatoms which can be n=N, S, or O. Additional exemplary
proline phosphonate derivatives which contain a perfluoroalkyl group, a phenyl group or a
substituted phenyl group and which can be used in accordance with the methods of the
invention are those described in U.S. 5,543,396 (Powers ‘396). Other ketoamides, ketoacids
and ketoesters that are useful reactive groups for reacting with the reactive center of a
protease (e.g., a serine protease or a cysteine protease) are described in PCT/US91/09801,
“Peptides, Ketoamides, Ketoacids, and Ketoesters”, Applicant: Georgia Tech Research Corp.
(“GA Tech”) which claims priority to U.S. 635,287, filed Dec. 28, 1990.

In certain embodiments, the reactive groups are selected from the groups having the

formulas,

0 O

| ]

- C - C - NH,, an alphaketo amide;
0 0

- C-C-OR, where R is an alkyl, or aryl group and may be
substituted or unsubstituted, an alphaketo ester; and

0 0

[ 1

- C - C - OH, an alphaketo acid.
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The reactive groups of the invention also include the reactive groups described in
PCT/GB94/02615, “DPIV-Serine Protease Inhibitors™ (Ferring). These include the above-
noted boronyl groups [B(OH),], as well as pyrrolidides and the following reactive groups, any
of which may be substituted or unsubstituted provided that the substitution does not adversely
affect the functional activity of the reactive group or the binding moiety to which it is
attached: CN, C=C, CHO and CH=NPh, wherein Ph refers to phenyl. These examples are
illustrative only and are not intended to limit the scope of the invention. As noted in Ferring,
compounds containing these representative reactive groups can be prepared by an adaptation
of the general route described by E. Schon et al., Biol, Chem. Hoppe-Seyler:372:305-311
(1991) and by W.W. Bachovchin et al., J. Biol. Chem. 265:3738-3743 (1990). (See, also, the
above-referenced Bachovchin United States patents.)

The second targeting moiety, P2, binds to 2 molecule that is present on the surface of
the same or different cell to which the first targeting moiety binds. Preferably, the second
targeting moiety binds to a molecule (e.g., a receptor, a major histocompatibility complex
(MHC) molecule) which is present on the surface of a T cell or on the surface of a B cell. In
certain embodiments, the second targeting moiety has a structure which mimics the substrate
binding site of a protease that is present on a cell that is involved in immune system
modulation. Thus, the second targeting moiety may be the same as the first targeting moiety,
and the compounds of the invention are useful for crosslinking DPIV molecules on the same
or different cells. For example, the compounds of the invention can be used to crosslink a
first protease (e.g., a post-prolyl cleaving enzyme) on a first cell and a different protease (e.g.,
a trypsin, chymotrypsin, elastase or other serine protease or cysteine protease) that is
expressed on the surface of the same or on a different second cell. In certain preferred
embodiments, the first and second targeting moieties are identical (i.e., P>=P') and the second
reactive group R? may be absent (i.e., m=0), the same or different from the first reactive
group R’ (i.e., R'#+ R?). Compounds which include identical P! and P? groups and identical
R' and R? groups are referred to as “homoconjugates”. In yet other embodiments, the first
and second targeting moieties are different and these compounds are referred to as
“heteroconjugates”.

In yet other embodiments, the second targeting moiety is an antigen that selectively

binds to an MHC molecule on the surface of an antigen presenting cell. Such embodiments
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include a second targeting moiety, P, that is an antigen (e.g., a tumor-specific antigen) can be
used to generally stimulate hematopoietic progenitor cells (via the first targeting moiety, P')
of the T cell lineage, as well as to specifically expand a subset of the population of peripheral
blood T cells to obtain antigen-specific T cells. In particular, such compounds are useful for
expanding such subsets of the T cell population to enrich for the antigen specific T cells.
Thus, the invention provides an improved method which synergistically combines
hematopoietic cell stimulation with antigen-specific T cell expansion ex vivo. This would be
therapeutic for eliciting immune responses against residual tumor cells, metastatic cells, or to
enhance the anti-tumor T cell activity in allogeneic transplants, It can also be used for ex
vivo expansion of peripheral memory T cells specific for tumor antigens, pathogen antigens
and other antigens associated with an adverse medical condition. Thus, the antigens that can
be used in accordance with the foregoing methods include antigens characteristic of
pathogens and cancer antigens.

The foregoing methods and compositions also are useful for ex vivo expansion of
stem cells after transfection with retroviral or other vectors containing a heterologous nucleic
acid (e.g., an antisense oligonucleotide, a nucleic acid encoding a therapeutic protein or
peptide) for gene therapy applications. Stem cells into which a heterologous nucleic acid has
been introduced ex vivo can be introduced into the subject using the known methods for
implanting transfected cells into a human for gene therapy. See, e.g., U.S. Patent No.
5,399,346 (“Gene Therapy”) issued to Anderson et al.; PCT International application no.
PCT/US92/01890 (Publication No. WO 92/15676, “Somatic Cell Gene Therapy”, claiming
priority to U.S. Serial No. 667,169, filed March 8, 1991, inventor I. M. Verma); PCT
International application no. PCT/US89/05575 (Publication No. WO 90/06997, “Genetically
Engineered Endothelial Cells and Use Thereof”, claiming priority to U.S. Serial No. 283,586,
filed December 8, 1989, inventors Anderson, W.F. et al.).

Antigens that are characteristic of tumor antigens typically will be derived from the
cell surface, cytoplasm, nucleus, organelies and the like of cells of tumor tissue. Examples
include antigens characteristic of tumor proteins, including proteins encoded by mutated

oncogenes; viral proteins associated with tumors; and tumor mucins and glycolipids. Tumors
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PCT/ US98/ 20343 1. A nethod for stinulating hematopoeitic cells in vitro

CONPri S{Rfde, but are not limited to, those from the following sites of cancer and types of cancer:
lip, nasopharynx, pharynx and oral cavity, esophagus, stomach, colon, rectum, liver, gall
bladder, biliary tree, pancreas, larynx, lung and bronchus, melanoma of skin, breast, cervix,
uteri, uterus, ovary, bladder, kidney, brain and other parts of the nervous system, thyroid,
prostate, testes, Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple myeloma and
leukemia. Viral proteins associated with tumors would be those from the classes of viruses
noted above. Antigens characteristic of tumors may be proteins not usually expressed by a
tumor precursor cell, or may be a protein which is normally expressed in a tumor precursor
cell, but having a mutation characteristic of a tumor. An antigen characteristic of a tumor
may be a mutant variant of the normal protein having an altered activity or subcellular
distribution. Mutations of genes giving rise to tumor antigens, in addition to those specified
above, may be in the coding region, 5' or 3' noncoding regions, or introns of a gene, and may
be the result of point mutations, frameshifts, deletions, additions, duplications, chromosomal
rearrangements and the like. One of ordinary skill in the art is familiar with the broad variety
of alterations to normal gene structure and expression which gives rise to tumor antigens.
Specific examples of tumor antigens include: proteins such as Ig-idiotype of B cell
lymphoma, mutant cyclin-dependent kinase 4 of melanoma, Pmel-17 (gp100) of melanoma,
MART-1 (Melan-A) of melanoma, p15 protein of melanoma, tyrosinase of melanoma,
MAGE 1, 2 and 3 of melanoma, thyroid medullary, small cell lung cancer, colon and/or
bronchial squamous cell cancer, BAGE of bladder, melanoma, breast, and squamous cell
carcinoma, gp75 of melanoma, oncofetal antigen of melanoma; carbohydrate/lipids such as
mucl mucin of breast, pancreas, and ovarian cancer, GM2 and GD2 gangliosides of
melanoma; oncogenes such as mutant p53 of carcinoma, mutant ras of colon cancer and
HER-2/neu proto-oncogene of breast carcinoma; viral products such as human papilloma
virus proteins of squamous cell cancers of cervix and esophagus. It is also contemplated that
proteinaceous tumor antigens may be presented by HLA molecules as specific peptides
derived from the whole protein. Metabolic processing of proteins to yield antigenic peptides
is well known in the art; for example see U.S. patent 5,342,774 (Boon et al.).

Preferred tumor antigens of the invention include the Melonoma tumor antigens (e.g.,
MAGE protein family (MAGE-1, MAGE-2, MAGE-3); MART-1 (peptide 27-35); and
gp100); and the Colon carcinoma antigens (e.g., peptides of the mutated APC gene product).
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MAGE-2 (Melanoma, small-cell lung, colon, bronchial squamous cell, and thyroid medullary

carcinoma), and MAGE-3 (Melanoma, small-cell lung, colon, bronchial squamous cell, and
thyroid medullary carcinoma). See, also, Morioka, et al., “A Decapeptide (Gln-Asp-Leu-
Thr-Met-Lys-Tyr-Gln-lle-Phe) from Human Melanoma Is Recognized by CTL in Melanoma
Patients”, J. Immunol. 153:5650 (1994), for additional tumor antigens (e.g., P1A, ConneXxin
37, MAGE-1, MAGE-3, MART 1/Aa, gp100, Tyrosinase) and/or information relating to the
tissue distribution of selected tumor antigens.

Particularly preferred tumor antigens that are peptides of the mutated APC gene

product are those reported by Townsend et al., in Nature 371:662 (1994)):

Codon Mutation New Sequence SEQ.ID No.
298  2bpdel SSST/LCTSKADKSSGNQGGNGVFIVVNAWYS 9
540  1bp del SEDL/TAGYCKCFEEFVLASRCK 10
1068 4bp del EQRQ/GIKVQLILFILRALMINTSSSNHIL 11
DSRNVFLHTGHGEPMVQKQIEWVLIMELIKM
1353 8bp del HKAV/FRSEISLQKWCSDTQKST 12
1398 1bp del DSFE/SVRLPAPFRVNHAVEW 13
1420 1bp del IISP/VIFQIALDKPCHQAEVKHLHHLLK

QLKPSEKYLKIKHLLLKRERVDLSKLQ 14
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Regardless of the nature of the second targeting moiety target (e.g., protease, receptor,

MHC complex, epitope), phage display and other types of combinatorial libraries can be

screened in a manner analogous to that described above to identify non-naturally occurring

targeting moieties that are useful in forming the compounds of the invention.

Non-active site DPIV binding agents are agents that; (i) selectively bind to DPIV at a
location other than the active site and (ii) are capable of stimulating hematopoietic cells
and/or thymocytes under the conditions described herein. Certain non-active site DPIV
binding agents (e.g., non-competitive DPIV inhibitors) also inhibit the enzymatic activity of
the DPIV. Inhibition of the enzymatic activity of DPIV can be assessed, for example, by
measuring the proteolytic cleavage enzymatic activity of DPIV in the presence and absence of
a putative DPIV inhibitor and determining whether the inhibitor inhibits such DPIV
enzymatic activity. Preferably, such binding agents are isolated polypeptides which
selectively bind the DPIV. Isolated binding polypeptides include antibodies and fragments
of antibodies (e.g. Fab, F(ab),, Fd and antibody fragments which include a CDR3 region
which binds selectively to the DPIV). Preferred isolated binding polypeptides are those that
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cascade but are not involved in antigen binding. An antibody from which the pFc¢' region has

been enzymatically cleaved, or which has been produced without the pFc' region, designated
an F(ab'), fragment, retains both of the antigen binding sites of an intact antibody. Similarly,
an antibody from which the Fc region has been enzymatically cleaved, or which has been
produced without the Fc region, designated an Fab fragment, retains one of the antigen
binding sites of an intact antibody molecule. Fab fragments consist of a covalently bound
antibody light chain and a portion of the antibody heavy chain denoted Fd. The Fd fragments
are the major determinant of antibody specificity (a single Fd fragment may be associated
with up to ten different light chains without altering antibody specificity) and Fd fragments
retain epitope-binding ability in isolation.

Within the antigen-binding portion of an antibody, as is well-known in the art, there
are complementarity determining regions (CDRs), which directly interact with the epitope of
the antigen, and framework regions (FRs), which maintain the tertiary structure of the
paratope (see, in general, Clark, 1986; Roitt, 1991). In both the heavy chain Fd fragment and
the light chain of IgG immunoglobulins, there are four framework regions (FR1 through FR4)
separated respectively by three complementarity determining regions (CDR1 through CDR3).
The CDRs, and in particular the CDR3 regions, and more particularly the heavy chain CDR3,
are largely responsible for antibody specificity.

It is now well-established in the art that the non-CDR regions of a mammalian
antibody may be replaced with similar regions of conspecific or heterospecific antibodies

while retaining the epitopic specificity of the original antibody. This is most clearly
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libraries, to identify and select peptide binding partners of the extracellular portion of DPIV.

Such selected molecules then can be tested in screening assays which measure the ability of

the binding agents to inhibit the functional activity of DPIV, e.g., the enzymatic functional

activity of DPIV or to stimulate hematopoietic cell growth and/or differentiation.

The above-described binding agents which selectively bind DPIV are attached directly
or indirectly (via a linker) to a culture vessel or other surface using the same types of
chemical reactions described above in connection with the attachment of the DPIV active site
inhibitors to such surfaces.

Linkers and Attachment of the Targeting moiety, P':

A linker is covalently coupled to the first and (optionally) second targeting moieties,
P! and (optionally) P2, in a manner that does not adversely affect the ability of these moieties
to bind to their respective targeted binding partners. Preferably, such linkers further include a
functional group for attaching the targeting moieties to a culture vessel, other surface, and/or
additional targeting moieties. The preferred linker, L, has a length such that when it is
positioned between one binding moiety and a second binding moiety or surface results in a
minimum length of about 20 angstroms between the moieties or between the moiety and the
surface. Preferably, this distance is from 20 to 60 angstroms, more preferably from 30 to 50
angstroms, Exemplary linkers, including a description of linker composition, size, and
procedures for coupling the linker to the targeting moieties are provided below. In general,
such linkers are commercially available (see, e.g., Pierce Catalog and Handbook, Rockford,
I11.) and are coupled to the targeting moieties using conventional coupling procedures which
are well known to those of ordinary skill in the art.

In general, the linkers, L, contain at least two reactive groups. Homobivalent cross-
linkers can contain two identical reactive groups, and heterobivalent crosslinkers contain two
different reactive groups. Additional multivalent linkers are available which contain more

than two reactive groups which can be the same (homomultivalent) or different
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esters and N-hydroxysuccinimidyl (NHS) esters. Sulfhydryl-reactive Groups include
maleimides, alkyl and aryl halides, a-haloacetyls and pyridyl disulfides. The majority of
commercially available heterobivalent cross-linkers contain an amine-reactive functional
group. Cross-linkers that are amine-reactive at one end and sulfhydryl-reactive at the other
end are quite common. Other linkers are commercially available which covalently attach the
targeting moiety P! to another targeting moiety, surface, or additional targeting moiety via
reactive groups other than amino or sulfhydryl groups, for example, via hydroxyls, carboxyls,
phenols or carbohydrate groups. Carbodiimides also can be used to couple carboxyls to
primary amines or hydrazides, resulting in formation of amide or hydrazone bonds.
Attachment of Targeting Moiety, P!, to a Culture Vessel or other Surface:

Proteins, peptides and other molecules can be immobilized on solid-phase matrices for
use in accordance with the methods of the invention. The matrices may be agarose, beaded
polymers, polystyrene plates or balls, porous glass or glass slides, and nitrocellulose or other
membrane materials. Some supports can be activated for direct coupling to a ligand. Other
supports are made with nucleophiles or other functional groups that can be linked to proteins
or other ligands using cross-linkers.

Immobilization of the DPIV inhibitors of the invention to solid-supports can be
accomplished using routine coupling chemistries. In general, the compounds of the invention
are immobilized by including in the compounds an accessible first functional group (e.g., an
alcohol group) and contacting the compound with a solid-support containing a
complementary second functional group (e.g., carboxy! groups) under conditions and for a
period of time sufficient to permit the first and the second functional groups to react with one
another to form a covalent bond (e.g., ester bond). By “accessible” in reference to a
functional group, it is meant that the functional group is in a form which is reactive and is not
sterically precluded from reacting with the solid-support. Attachment can be direct or
indirect (i.e., via a linker, L).

The functional groups for immobilizing the compounds of the invention to a solid-
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moiety during synthesis and positioned at a sufficient distance from the reactive group which
binds to the target protein to avoid unwanted steric hindrance by the solid-support in the
reaction between the compound and its target protein. Alternatively, the compounds of the
invention can be immobilized via a functional group in the linker molecule to a solid-support.
Thus, for example, the linkers which are used in this aspect of the invention can include, in
addition to the first and the second linker reactive groups for binding to the first and the
second peptide binding moieties, a further functional group for binding to the solid support.
An exemplary multivalent (trivalent) linker of this type is illustrated below. Such multivalent
linkers are commercially available and can be synthesized by one of ordinary skill in the art
using no more than routine experimentation:

“0-C--(CH,),—CH---(CH,),--C-0"

0 *NH, O

To prevent side reactions, it is preferred that the linker reactive groups that are used
for coupling the linker molecule to the peptide binding moieties be different from functional
groups that are used for coupling the linker to the solid-support. Such functional groups can
be introduced into the linker molecules at any time during or after the synthesis of these
molecules. Thus, in general, the same types of functional groups, protection/deprotection
reactions and reagents, and reaction conditions that are established in the art for using linker
molecules to couple, e.g., proteins or peptides to one another or to solid supports can be used
for immobilizing the compounds of the invention to a solid support.

Included at the end of the detailed description are tables showing a representative
sampling of commercially available cross-linkers, e.g., from Pierce Catalog and Handbook,
Rockford, Ill. The table also identifies which group the linker is reactive towards, e.g.,
sulfhydryls, carboxyls.

Culture Vessels and Surfaces:

A variety of culture vessels can be used. Commercially available incubation vessels

include stirring flasks (Corning, Inc., Corning, NY), stirred tank reactors (Verax, Lebanon,

NH), airlift reactors, suspension cell reactors, cell adsorption reactors and cell entrapment
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specific lineages of cells produced in 2 human hematopoietic cell culture”, issued to Palsson
et al., and U.S. patent no. 5,646,043, entitled “Methods for the ex vivo replication of human
stem cells and/or expansion of human progenitor cells”, issued to Emerson, et al.). The
Aastrom culture devise is an incubation chamber for expansion of human stem cells ex vivo
using a specific medium exchange culture system. The device reportedly is useful for
expanding all ty;;es of hematopoietic cells including, e.g., stem cells, progenitor cells, stromal
cells, but excluding lymphoid cells. In general, the cell cultures using the above-noted
culture vessels are maintained in suspension by a variety of techniques including stirring,
agitation or suspension by means of beads. In general, such vessels are formed of one or more
of the following components: polystyrene, polypropylene, acrylic, nylon, and glass. For
those embodiments in which the first targeting moiety P' is attached to a vessel surface,
conventional immobilization techniques are utilized to attach the moiety to the surface, either
directly or via linker, L.

The insoluble matrices listed above do not themselves possess functional groups for
the attachment of compounds of the invention, and must therefore be chemically modified, a
process known as activation. For example, polystyrene can be activated chloromethylation of
the phenyl residues (Pierce Chemical Company Catalog and Handbook; Combinatorial
Peptide & Nonpeptide Libraries. A Handbook VCH Weinheim Ed. Giuntha Jung - 1996 -
Chapter 16 & 17) to yield chloromethyl polystyrene. Advantage can then be taken of the
reactive benzylic chloride functional group to introduce carboxylate, amino, hydroxyl,
maleimide, sulfhydryl, N-succinimidyl, and many other functional groups. The introduction
of the functional groups then permits chemistries to be carried out which permit the covalent
attachment of compounds of the invention either directly or through a linker spacer unit. The
linking reactions require compatible functional groups on the matrix and the ligand or spacer-
linker group which is or will be attached to the compound of the invention. For example,
introduction of a carboxylate group on the matrix permits covalent coupling to free amino
groups. A polystyrene derivatized to carry carboxylate groups can be covalently attached

directly to Lys-boroPro through coupling to the free € amino group of the Lys side chain, or
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Z10%ax éc)u_piigg/ (2} a(gp_ager linker containing two carboxylate groups, one to couple to the € amino
group of Lys-boroPro, the other to the amino group of the amino-derivatized polystyrene.

The chemistry leading to such coupling are well-known and described in many
sources including in the catalogues of companies such as Pierce Chemical which sells both
the matrices, activated and unactivated, and linker-spacer molecules. Other supplies include
for Sigma, Novabiochem, among others. Methods for attaching ligands as described above
for polystyrene but specific for the other matrices listed above are available, well known, and
described in sources such as those described above and Immobilized Affinity Ligand
Techniques. “All the 'recipes’ for successful affinity matrix preparation’; Chemistry of
Protein Conjugation and Cross-linking, by Shan S. Wong.

The matrices are available in several forms including as beads, and magnetic beads
which provide for especially easy removal of the matrix-attached ligand.

Avidin-Biotin chemistry provides another way of achieving the same end result, the
attachment of the compounds of the invention to insoluble matrices. Biotin can easily be
attached to the € amino group of Lys-boroPro for example and the resulting conjugate will
adhere with high affinity to avidin or strepavidin. A wide assortment of insolubilized
derivatives of avidin and strepavidin are available commercially (4vidin-Biotin Chemistry: A
Handbook - Developed by Pierce Technical Assistance experts).

Alternatively, the targeting moiety, P!, can be attached to a particulate form (e.g., a
particle or a membrane) that has a surface to which the targeting moiety can be directly or
indirectly attached. Exemplary materials that can be used to form such particulates include
nitrocellulose, agarose, sepharose, and other types of support materials to which ligands are
routinely attached to, e.g., form affinity chromatography materials. In the perferred
embodiments, the particulate is a magnetic particle such as described in U.S. patent nos.
4,554,088, issued to Whitehead et al., entitled “Magnetic particles for use in separations”;
5,382,468, issued to Chagnon et al., entitled “Biodegradable magnetic microclusters and
methods for making them”; 4,454,234, issued to Czerlinkski, entitled “Coated magnetizable
microparticles, reversible suspensions thereof, and processes related thereto”; 4,795,698,

issued to Owen et al, entitled “Magnetic-polymer particles”; and 4,582,622, issued to lkeda et
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9- 10% & (The DPIWOHBHRoL Janlb@rin pdlEble or insoluble form as described above. Thus, for

oo 3#1O%Gg)iax(n)pie,@zh%#f)lPolgﬁE}%}n(tgr-c% %i%?ezg&%; &)e-cgt';%’erl i?m(??i% gt)at-e (g.?z,./, lyophilized),
unbound or attached to the surface of the container, and sold to the end user in sterile form to
minimize the likelihood of contamination by the end user (e.g., when introducing the
inhibitor to the container) and to further minimize the likelihood of loss of activity of the
inhibitor (e.g., by providing the inhibitor in a dry state that is less likely to lose activity upon
storage). Alternatively, the DPIV inhibitor can be attached to a particle, such as a magnetic
particle, which particle then can be sold in a dry state in a separate vessel or provided in the
container for cell culture.

According to still another aspect of the invention, a kit for stimulating the growth and/or
differentiation of hematopoietic cells in vitro is provided. The kit includes the above-described
apparatus, together with instructions for using the apparatus to stimulate the growth and/or
differentiation of hematopoietic cells in vitro. Optionally, the kit further contains the appropriate

5 additional growth nutrients for culturing the hematopoietic cells. Such nutrients can be provided
in liquid or dry state in the container of the apparatus or in a separate container, the contents of
which can be added to the apparatus container at the time of culturing the cells.

According to still another aspect of the invention, a method for stimulating hematopoietic
cells and expanding antigen-specific T cells in vitro is provided. The stimulating and expansion

10  steps can be performed concurrently or sequentially. Three embodiments of this method are
described below to illustrate this method. In general, the embodiments differ from one another in
the selection of the hematopoietic cells that are stimulated in vitro. In each embodiment, the
culturing step(s) can be performed in the presence or absence of added cytokines or stromal cells.

The preferred heteroconjugates that are used in each embodiment contains a tumor-specific

15 antigen or a pathogen-specific antigen.

The first embodiment of the method for obtaining antigen-specific T cells involves
stimulating bone marrow cells in culture. The bone marrow cells in culture may include a

mixture of cells; however, preferably, the bone marrow cells in culture are isolated CD34+ éells
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concurrently or sequentially. In general, the number of antigen-specific T cells is compared to

a control culture of bone marrow cells that is treated as described in steps (1) and (2) with the

10  exception that the control culture is not contacted with the heteroconjugate. At each step, the
cells are cultured in the presence of the DPIV inhibitor or heteroconjugate for a time sufficient
to increase the number of early T lineage cells and to expand the number of antigen-specific
T cells, respectively, relative to the numbers of such cells that are present in the control
culture.

15 The second embodiment is directed to stimulating umbilical cord blood cells in
culture. This embodiment involves: (1) culturing the umbilical cord blood cells in the
presence of a sufficient amount of a DPIV inhibitor (e.g., a DPIV monomer and/or
homoconjugate) to expand the number of early T lineage cells in culture; and (2) culturing the
early T lineage cells with a heteroconjugate containing DPIV inhibitor attached to an

20  antigenic peptide (e.g., a tumor- or pathogen-specific antigen) to expand the number of
antigen-specific T cells that are present in the culture. Step (2) can be performed in the
presence or absence of the specific antigen. Steps (1) and (2) can be performed concurrently
or sequentially. In general, the number of antigen-specific T cells is compared to a control
culture of umbilical cord blood cells that is treated as described in steps (1) and (2) with the

25  exception that the control culture is not contacted with the heteroconjugate. At each step, the
cells are cultured in the presence of the DPIV inhibitor or heteroconjugate for a time sufficient
to increase the number of early T lineage cells and to expand the number of antigen-specific T
cells, respectively, relative to the numbers of such cells that are present in the control culture.

The third embodiment is directed to stimulating peripheral blood stem cells in culture.

30  This embodiment involves: (1) culturing the peripheral blood stem cells in the presence of a
sufficient amount of a DPIV inhibitor (e.g., a DPIV monomer and/or homoconjugate) to
expand the number of T cells in culture; and (2) culturing the T cells with a sufficient amount

of a heteroconjugate containing a DPIV inhibitor attached to an antigenic peptide (e.g.,
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or heteroconjugate for a time sufficient to increase the number of T cells and to expand the
number of antigen-specific T cells, respectively, relative to the numbers of such cells that are
present in the control culture. Alternatively, because peripheral blood is known to contain T
10 cells, it is possible to expand the number of antigen-specific T cells in culture without the
stimulation step (1), i.e., the method for expanding the number of antigen-specific T cells
involves culturing the peripheral blood cells with a sufficient amount of a heteroconjugate
containing a DPIV inhibitor attached to an antigenic peptide (e.g., a tumor- or pathogen-
specific antigen) to expand the number of antigen-specific T cells in the culture. This step can
15  be performed in the presence or absence of the specific antigen.
EXAMPLES
An exemplary procedure for contacting several representative DPIV inhibitors is
provided below.

Experimental Protocol

20 1. Obtain bone marrow or umbilical cord blood in heparinized (green top) tube. Can be
stored at room temperature until use within 48 hours.
2. Mix marrow/blood 1:1 with phosphate-buffered saline, pH 7.4(PBS) that has been
stored at 4°C.
3. Carefully layer blood-PBS mixture on a 2x volume quantity of Histopaque (Sigma)
25 that has been stored at 4°C.
4 Centrifuge at 400g x 20 minutes at 37°C.
5 Carefully collect cells at interface and wash x2 in cold PBS.
6. Count viable cells using trypan blue.
7 Set up cells as 1 ml cultures in plastic culture tubes (or 96 well or 24 well microtiter
30  plates) at 104 cells/ml in CellGro Iscove's Modified Dulbecco's medium (Meditech)
containing kanamycin (Sug/ml), desired concentration of Xaa-boroPro or other compound of

the invention, and the absence or presence of Giant Cell Tumor-
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3. The method of claim 1, wherein the hematopoietic cells are selected from the group
consisting of hematopoietic stem cells, primordial stem cells, early progenitor cells, CD34+ cells,
20 early lineage cells of the mesenchymal, myeloid, lymphoid and erythroid lineages, bone marrow

cells, blood cells, umbilical cord blood cells, stromal cells, and the hematopoietic precursor cells.

4. The method of claim 1, wherein the inhibitor of a dipeptidylpeptidase type IV (DPIV) is

selected from the group consisting of a soluble inhibitor of DPIV and an immobilized inhibitor
25 of DPIV.

5. The method of claim 1, wherein the inhibitor of DPIV is selected from the group
consisting of a Lys-boroPro monomer, a Pro-boroPro monomer, a Val-boroPro monomer and a
Lys-boroPro conjugate.

30

6. The method of claim 1, wherein the inhibitor is an immobilized inhibitor.
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11. Canceled.

12.  The apparatus of claim 10, wherein the container is a cell culture vessel and the

inhibitor of DPIV is attached to the surface of the cell culture vessel.

20
13.  The apparatus of claim 10, wherein the inhibitor of DPIV is attached to a particle that
is contained in the container.
14. A composition comprising:
25 (1)  amagnetic particle; and
(2) an inhibitor of DPIV attached thereto.
15.  The composition of claim 14, wherein the composition is sterile.
30 16. A kit for stimulating hematopoietic cells in vitro, comprising:

1) the apparatus of any of claims 10, 11, 12, and 13; and
2) instructions for using the apparatus to increase the number of hematopoietic

cells in vitro.
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15 DPIV inhibitor to expand the number of early T lineage cells in the culture; and
2) culturing the early T lineage cells in the presence of a sufficient amount of a
heteroconjugate containing a DPIV inhibitor attached to an antigenic peptide to expand the

number of antigen-specific T cells in the culture.

20 20. A method for expanding antigen-specific T cells in vitro, comprising:
(1)  culturing peripheral blood cells in the presence of a sufficient amount of a
DPIV inhibitor to expand the number of T cells in the culture; and
(2) culturing the T cells with a sufficient amount of a heteroconjugate containing a
DPIV inhibitor attached to an antigenic peptide to expand the number of antigen-specific T

25  cells in the culture.

21. A method for expanding antigen-specific T cells in vitro, comprising:
(1) culturing peripheral blood cells in the presence of a sufficient amount of a
heteroconjugate containing a DPIV inhibitor attached to an antigenic peptide to expand the

30  number of antigen-specific T cells in the culture.
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47-
22. The method of claims 18, 19, 20 or 21, wherein the DPIV inhibitor is selected from the
group consisting of a DPIV monomer, a DPIV homoconjugate, and a combination of the

foregoing.

5 23, The method of claims 18, 19, 20, or 21, wherein the heteroconjugate contains a tumor-

specific antigen.

24.  The method of claims 18, 19, 20, or 21, wherein the heteroconjugate contains a pathogen-
specific antigen.

10
25. The method of claims 18, 19, 20, or 21, wherein at least one culturing step is performed

in the presence of added cytokines or stromal cells.

26. The method of claims 18, 19, 20, or 21, wherein at least one culturing step is performed

15 inthe absence of added cytokines or stromal cells.

27.  The method of claim 18, 19, or 20, wherein step (2) is performed in the presence of the

antigenic peptide.

20 28.  The method of claim 21, wherein step (1) is performed in the presence of the antigenic

peptide.

29.  The method of claim 18, 19, or 20, wherein step (1) and step (2) are performed
sequentially.

25
30.  The method of claim 18, wherein the bone marrow cells are selected from the group

consisting of isolated CD34+ cells and isolated stem cells.



