; e3ec™"_<aFac6HcTcbnB A METHOD OF | SOLATI NG STEM CELLS *I Gd 66* TECHNI CAL
FIELD,5 The present invention relates, in general, to stefke UNs)zua@d in
particular, to a method of isolatin Q@@&ells and to reagents sultable
for use i nwuoi34587 et hod. The i \%& t her rel ates tpceuUsIe®Ebl

popul ations isol atable in accor 1h the present method. BACKGROUND 10
15 20 25 The nost primtive he topoﬁﬁwlc stemcells {HSC} w ||
reconstitute all of the henatopoietic |lineages for an entire |ifespan.
These pl uripotent hematopoietic stemcells (PHSC} are the transpl antabl e
cells that are ultimtely the targets for gene delivery in stemcell based
gene t herapi es. OngI defi ni ng ghar acteristic for PHEC IS Lhat %m M\“mm\\\
survi ve nost cytoabl ati conditiopi i rens.._The nmechani “WM ]
resi stance to these téxﬁg“% ,nb% g%@g&{&g&{%ﬂ iqﬁm'gtrat egi es by ,yhissh
these cells can be selected in vitro. One nmechani smfor drug resistance
lies in the ability to efflux toxic substances out of the cell via the

mul tiple drug resistance ( VODRITEUHNICAE| BGEEPcent substrates for the MDR
punp have permitted the isolation of PHSC based on their high capacity for
dye efflux in apNarpRlyed ASRk iHSLTEBLRN Ugnl §8hSEANCES, NBYeAl SO be
conferred by nore specific nechanisns. For - 1 ~ WO 00/ 34507 ~ 5 J UN
2003 PCTNSY9L28763n@ xR tEF W AosHA @ HedBhddef dbagtr byt e ALDH)

medi at eg regh3kangss to fysdophosphaide EERAhseainalkyhaling agent used in
cytoreductive reginens in preparation for bone marrow transplant. Thus, 5
expr essi on"8tRAEPH Tad beverH o diethers &leddtgpl Bonaif®rcebr true PHSC.

populations isolatable in accordance with the present
method.

BACKGROUND

10 The most primitive hematopoietic stem cells (HSC)
will reconstitute all of the hematopoietic lineages for
an entire lifespan. These pluripotent hematopoietic
stem cells (PHSC) are the transplantable cells that are
ultimately the targets for gene delivery in stem cell-

15 based gene therapies. One defining characteristic for
PHSC is that they will survive most cytoablative
conditioning regimens. The mechanisms for their
resistance to these toxic agents suggest potential
strategies by which these cells can be selected in

20 vitro. One mechanism for drug resistance lies in the
ability to efflux toxic substances out of the cell via
the multiple drug resistance (MDR) pump. Fluorescent
substrates for the MDR pump have permitted the
isolation of PHSC based on their high capacity for dye

25 efflux in a variety of assay systems. Drug resistances

may also be conferred by more specific mechanisms. For



The therapeutic effectiveness of CPA has been attributed |largely to the
ability of PHSC and intestinal crypt cells to survive the ql?u waen. 10
Human hemat opoi eti ¢ progenitors express a cytosolic ALDH a gu rve
human HSC &0 003487f r om nobi | i zed peri pheral bl ood stem celrtsussnesizg

sel ected when placed in culture with cycl ophospham de for 7 days. Jones et
al have denonstrated that long-termreconstituting 15 mari ne PHSC can be

i sol ated by providing a nmenbraneperneabl e fluorescent substrate for ALDH
and by then selecting cells with the highest |levels of ALDH activity
(Jones, Bl ood 85:2742 (1995); Jones et al, Blood 88:487 (1995)). In these
studi es, dansyl 20 am noacet al dyde (DAAA) was used to stain marine bone

mar row cel | x4msaRar ed ch¥osBUNEEATHERPAé @tnidildrRize RagbEYi nary studies
usi ng DAAAqlu%rgil cate that this reagent is unusable on preparations of human

hemat opoi etTIIEH9Ss TFEL5G8BLhEC SFYRLPPROIRNAN AR JCPPe 88 reagent is too
high to resglme aHiser agentelkefophl aft onsdit foWepiemBt iyi. The present
i nvention provides .a fluorescent ALDH substrate thagwi s free of the

|

probl ens asEHAFAG R £RT SalAT T AUt SR M sed TSrhe purification of
primtive hexgaredrdn eforebDHCc3A Bel tonsidered & feldkddal12003 E WO

00l 34507 SZJ RY HE |§§E§T|CN PCT/ US991 28769 The present invention
rel ates to Whbvel*Fedd&ft “met hod for isolating stemcells) including
human st em cel | SThelhvherepgantci effettilvepssendit Hrsthaat dekeqar 5 ALDH. The

met hod conprise talnin cell population t jhcludes primtive stem
cells with ?%%r%}%ﬁadr gtaé:%fagyt ﬁg Bgssghﬁ%ltb\f %‘lr:aéﬂﬁ#ﬁnt r of NB7R activity.
ALDH pr esenintestimlcedyptcorlést sot hersitst tlad ety agyriodnct that is
trappe it | s.. Qi.nc FLm.Live stemcells _have higher |evels
Dﬁ,dgct%r;hf%n%%og%le§lg §F%gegl£g}% exX resa las C tOSO?L.‘L%.

of AL n other ce ypes, T heé ce tarn brighter than
ot her cell Aypsandipyipriédenecbupant HECNARrivexdl bitaw moddude®d he ef f | ux of

e oubst Sberl SO .SLATKGE Se13 SO obLe oM Ak apLA0GS g N presen

i nvention e clear fromt Iption I"ows.
DESCRI PTI ONLIOFCUHELRBRAMKGE YRiILgphesphami@e B8MAN staisi ngondeneitfies cells

L1210'| Sukely cauf |aftietacileet! bat 2630:E0 Spdoftidlosl 18 05 11
represebt LmerinedfHIS qeinudeDEABlated hinpeoDENBg regpadansi-y, Figs. 1C
i qur es. 2 BEERN 10 SPReCey ByBEtRER o A e e S 1o,
parti cul ar | §epe¢ring \celdm i thethe, highest dbercels WL tAHOH f f er ence bet ween
the CD34+ sctivity (Jones, Blood 85:2742 (1995); Jones et al,
Blood 88:487 (1996)). In these studies, dansyl
20 aminoacetaldyde (DAAA) was used to stain murine bone
marrow cells prepared by countercurrent elutriation.
Preliminary studies using DAAA indicate that this
reagent is unusable on preparations of human
hematopoietic cells because the signal intensity of the
25 reagent is too high to resolve discrete cell
populations by flow cytometry. The present invention
provides a fluorescent ALDH substrate that is free of
the problems associated with DAAA and that can be used
in the purification of primitive human hematopoietic
30 cells.



(Fig. 2B) in the presence and absence of the MDR inhibit

(Figs. 2A and 2H are at t=0, minus and plus verapanil, reSpectively; Figs.
2C and 2D woeooasor=30' , mi nus and plus verapam |, 5 respeBCT/U849287%69Fi gur es
3A-3D. ALDHbr cells (i.e., cells wth |ow SSC properties that stain
brightly with BAAA in the presence of an NnMR inhibitor) are enriched for
cells with the primtive CD34+CD381~- i mmunophenotype 10 traditionally
associated with primtive stemcells. Figures 4A and 4B. The staining
intensity with BAAA correlates inversely with CD38 (Fig. 4A) and CD71 (Fig.
4B) expression in CD34+ cells. Figures 5A-5C. ALDHbr cells are enriched for
15 early progenitors equiy kvt Or CH34 + ﬁ d are nore enriched for
very primtive progenitor - . BA = progenitors (HPCA),
Fig. 5B = earlymgrogenitors.(S week LTC) and Fig. 5C = primtive
progenitors (8 RREkPITTNt T itHate welapesphprati Bavet FEIPentUsi ng an anber
vial, a solauld aReRbdaFdAoseet A dePdelicehngl, 2581881489 Qdfadamol , Al drich
Chemi cal Co.) in dry tetrahydrofuran (THF, 0.5 nLé was added dropwi se to a
sol uti on ofStBEDFPYLEL, Hre (TRINIR 2 NBHeEaEarnDssSWPobEaYe i $P%ry THE (0.5

m). Upgn o@mpl. et haddbthed cdiisrider MRS nGapPgdcand pbsuiLecdd on mxture
was stirred_ for 30 m.n. The THF was evapqrated and the residue was

di ssol ved itk APFARARBIRRIRHE e Eeddd wigh the subshrae®s wo 001 34507

PCT/ US99/ 28 #6¥nkhp e §65 08B P Hra PR iR o Ioifcapgehcaisirﬂgy et hylpracetate -
hexane (1:1) as eluent. The product, BOD| PYam noacet al dehyde di et hyl acet al

(BA ~A) waFTeEEHTerBdERR Gukht i TORVSAESite1sd SHREtFAERL FPiRd by proton NMVR
product that is trapped within the cells. Since

- 3 0 5 JUN 2003 WO 001 34507 PCT/ US99/ 28769 cel s tham grmﬁﬁg Ybri ghc
’ . |

10 primitive stem cells have higher levels of ALDH
activity than other cell types, these cells stain
brighter than other cell types. The presence of the
MDR inhibitor reduces the efflux of the substrate from
the stem cells.

15 Objects and advantages of the present invention

will be clear from the description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1D. BAAA staining identifies cells
with high levels of ALDH activity. L1210/cpa is a
20 derivative of the L1210 leukemic cell line that
overexpresses ALDH. (Figs. 1A and 1B represent L1210
cells, plus DEAB and minus DEAB, respectively; Figs. 1C
and 1D represent L1210/cpa cells, plus and minus DEAB,

respectively).

25 Figures 2A-2D. BAAA is effluxed by an MDR pump
from hematopoietic cells, particularly primitive CD34+

cells, as evidenced by the difference between the CD34+



5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention relates to a
met hod of isolating stemcells and to a reagent suitable(frJUN@0iF such a
met hod. The nethod conprises contacting a popul ation of cells conprising
stem cel | swoiot/baser 10 det ect abl e substrate for al dehyde dafywsygesrese
(ALDH), which substrate is converted to a detectable product by ALDH, that
product being retained in the cells. In a preferred enbodi nent, the
substrate i s BODI Pyam noacet al dehyde (BAAA) and efflux of BAAA fromthe 15
cells, particularly the stemcells present in the population, is inhibited
by the concurrent use of a I~R-inhibitor. Sources of cell popul ations that
are suitable for use in the present invention include unbilical cord 20

bl ood, bonge1Bs rit Red Hopr@dlvyPHPBodragd Pef aln!linerprivhceelahdpopul ation
that includes stemcells can be used regardl ess of_tissue origin (e. g.,
gut, skin ADSERRE Gferie MBR: ipbigitox . ; Kerprastht (Fdthodc &2%he expected to
be applicabpbeat® & w0, etirRfs Red BUNBNVEBapRATR) | PdssRidiveanyl ations, it
is particularly useful in isolating human stem cal#s from soyr.ces including
those ref eFbAECP Qe 20 aFe At d0! 3450598 SRS IR SHVEIICRAREG90) 28269
Subst r ag esrgppéabiwelor) use in the present invention include substrates for
ALDH, particularly specific substrates for ALDH, that are detectable or

bear a det ect abhgplahelsang t hafimpe conertied, byeihg Bigstiqp of ALDH to
products that are detectable or bear the detectable |abel which products

are retai n88Ci preprRreids Shafaratadm drightiewitanBRh | §he a preferred

enbodi ment prbhenséhst ra ams IHilbi¥ReICcart eHPSERE4 erdhadetnas a discrete
fluorescence enission profile 10 identjcal to FITC. An exanple of such a

substrate Mithaphe FREVdHYMAR3ABRAR 0f HWREOPREBOLEPBe added to the cel

popul aj p on t&ani beoA LB | 3 - idaieRy Rined R m@BevEKELéRdMd he art (see
Exanple). In the case of BAAA 15 concentrations can vary, for exanple,

concentrations Qgg\ggggé%%\ﬂcﬁ O pUM8AN stE%'H§88- i@‘t&?@ﬂ?}gtvg 1ed sol ution of

t he substrate can _ rec'tlyt.o medi untconpri sin e cells to be
st ai ned or BAdAvesrrelakss sinverirly wsidn§0d8i nFag2048uband AR cont ai ni ng

medi um I n @cder .50 é’gﬂl’]}@éé%‘%f”?ﬁ]ﬁ‘ft hegisybstrate of the invention from

the cells, cofcurrent 'use of an inhibitor of MDR is preferred. Any of a
variety of MR LofibLLofs £an bg iiedse] ¢! Udl N9 NeHARAFLL- The
15 early progenitors equivalent to CD34% cells and are
more enriched for very primitive progenitors than CD34°
cells. (Fig. 5A = progenitors (HPCA), Fig. 5B = early
progenitors (5 week LTC) and Fig. 5C = primitive
progenitors (8 week LTC)).

20 Figure 6. Preparation of BAAA. Using an amber
vial, a solution of aminoacetaldehyde diethyl acetal
(0.019 mmol, Aldrich Chemical Co.) in dry
tetrahydrofuran (THF, 0.5 mL) was added dropwise to a
solution of BODIPY FL, SE (0.013 mmol, Molecular

25 Probes) in dry THF (0.5 mL). Upon complete addition,
the vial was capped and the reaction mixture was
stirred for 30 min. The THF was evaporated and the

residue was dissolved in minimal methylene chloride and



25 inhibitor can be added to the cells sinmultaneously with the substrate or
prior to the addition of the substrate. The optinun1annunq)?f Qﬁﬁmm?hibitor
to be used can be readily determned (e. g., by nonitoring o

st ai ni ng) . wioroo34s87 case of verapam |, - 6 WO 00/ 34507 . BrBUSHRB76%1U~

PCT/ US99/ 28769 concentrations can vary, for exanple, a concentration of
about 50uM can be used. After exposure of the cell population to the
substrate (and the MDR inhibitor) (e. g., about 5 30 mnutes after), those
cells that contain higher concentrations of |abeled product can be
separated fromthose that contain | ower concentrations. In the case of the
use of a fluorescent |abel) fluorescence activated cell sorting techniques
can be used. Stegllo cells ca besg%?ified fron1othe% fells of the starting
popul at i on B¥Sef BHm?Bﬂ?B??%%SdﬁhlH'ﬁﬂﬁsﬁﬁaPﬁéPPnﬁt ¥ a2FPHR Tyt onet er
(identifies Sywbhecelts) &skelhargphocnHeep)rodndtor BODLPt ness of
fluorescence., As sho i n.the, Exanpl e that faqllows, sortin he 15

bri ght est :ﬁF%SPaEEPF£Q§$%?8e§P%?5&3%%%Fﬁgoiﬁ%% )eWFFcﬁﬁﬁﬂYe?%$ @&l 1s that
initiate | angartdtactuet yiesd dbe DiddtifFie@hbat pepsohhEMRWer e recovered up
to 65~ CD34+ cells, nost of which were CD38' ~di m CD71-dim The invention
includes within its scope cell preparations 20 that are greater than 50~

CD34+ cel|'s, preferabixrgrpapesch v oib orCHer:+ ragkhgIoNore preferably,
greater than 90~ CD34+ cells.” The stemcells 1Solated 1n accordance with

t he present inveption have application.n a variet f .25_therapies and
di agnostic regi s:.pr?ﬁa}ga lgg%%ﬁ%fbllée]f‘%reso%‘tohat F“éﬁgﬁfiaﬂfati on and gene
t her apy puripsslesingostexaaples asdltad ionradgesttermudebbief Eom beme nmarrow or

peri pheral Rl ood.of patients w.th cancer can.provide for.the_separation of
stemcells #ﬁ<ﬁ%9?aﬁcgfkég Fs.¥%% %%8%% ien §1ﬁﬁﬁefﬁgfﬁ Eéﬁ?o?ogous
t ranspl ant apdmrlatsochof Zells YGOOOLBUKD Btdh Sellld Ni2BO8 PCTNS99/ 287b9

10 detectable substrate for aldehyde dehydrogenase (ALDH),

which substrate is converted to a detectable product by
ALDH, that product being retained in the cells. In a
preferred embodiment, the substrate is BODIPY-
aminoacetaldehyde (BAAA) and efflux of BAAA from the

15 cells, particularly the stem cells present in the
population, is inhibited by the concurrent use of a
MDR-inhibitor.

Sources of cell populations that are suitable for

use in the present invention include umbilical cord

20 blood, bone marrow, peripheral blood and fetal liver.
Any cell population that includes stem cells can be
used regardless of tissue origin (e.g., gut, skin
muscle, nerve, etc.). While the present method can be
expected to be applicable to a variety of non-human

25 mammalian cell populations, it is particularly useful
in isolating human stem cells from socurces including

those referenced above.



separation can be used to reduce the chance that cancer cells are returned
to the patient. Purified autol ogous stemcells can be ex \éo\so ﬁﬁ?@t@gd to
hasten neutrophil, erythroid and platelet engraftnment aft 5J ous

t ranspl ant a0 @r3450FEx vi vo expansi on can be effected by grorChusmw2dedi ned
cyt oki nes, on stromal |ayers and/or in bioreactors (Emerson et al, Bl ood
87:3082 (1996)). In addition, the incidence of graft failure can be
reduced. This is beneficial for cancer 10 patients undergoi ng autol ogous
transpl antation, for patients suffering from auto-i mune disorders, and for
pati ents undergoi ng gene therapy. Gene therapy approaches involving the
present cells i nvoI ve, in one enbodi rrent isol ation of 15 autol ogous stem
cells, exposure %e i sol ated.cel Irﬁs ? del i ver%/ vector and
re-infusion of t $T2 LR %6 f“ﬁ@ Et BRt PSRTT hh, Hemat ot her .
1: 155 (1992)L)wefﬁhi6nanp¢hamdn szﬁ:rsumt@svéoexAEDHo paﬂ:tiu:@lﬂl‘lyt he use of
vectors capable f tr nsferrln non-dj vi di cells, thereby
renderi ng exXPVF 37 tEuPY 7teri|'fﬁse WG&%‘@H ﬁgﬁa‘aﬁl:%%%akgge ful in
treating, fbeaexanﬂéeeccmgeniamél dirgkadwt, axecbonsestek) ebetle anem a, in
whi ch caeth nmut ant obln replacd | e nted W th
either the W I'Q'(J:IOE A gﬁlg%%l%r gene orﬁ1 ani |(a F F%ﬁgg oD gene In the
t r eat ment oftheadeeeg:taﬂnllg lTadse s tvdnicen gmme?&cd:anabe retamlerterhltﬁte) t he stem
e Senoe bl <! CBLaLEOCE LR, VAN QI diatas. ThLSaCBPoteflice (he

i nci dence ang seve osuUpporessi on. For rea
V[)OOI34507ewbsdlmEMKZOQBeF&ﬂb&ﬁi&#@smﬁg ﬁﬁm@cesoastdsubﬁﬁxﬁte|nclud|ng
HV, anti-vi e 19&;@% e so that they
are render eé%?lgsggtgaﬁtﬁfa%ct t:eé\r/%lfr us ria%ta%glh‘ggé% ﬁ}g%:{e%ds in Genetics
10: 139 18994 entgcpiotat FHAC of Ismma;mlles aofesyichs aj gubderate mMsati on of
T-cel |l s thatgagause GvHD. This elimnation can be expected to reduce the

i nci dence and severity of G/HD in recipients of allogeneic transplants.
Puri fi ed~al | ogenTaespphimen| aneurt bef uhatrgte texpanddded othathen

neut rophi |, @it BoBi.da800n PLak et E tﬂ@@et@&h hihed! boosRE! ©

transplantation. "I n addition) the i1 ncidéence of ure can be
reduced. Thiskijilded ka| ’}hﬁoabe peee | Bxannls) |r’rﬁ@rttb}ﬁt cage pECBMAnts of

umbi |'i cak CQ!dihcléhQQQtEEﬁQSEétﬁ“&éryw pheracaaiald, cehbefPsg8ibheds t he
success of transplantation. uccessful engr aftment with stemcells can al so

be expect ed aR9UtnduNe tPoPeMafaR bidsedoul d cl early enhance solid organ

transplantation. a2@ohtewtbhtbg sopiELdRtSH datsueeh-ataf chiepdr esent
i nvention can_ be used as sources, of new genes gg for _cytoki nes and

cytoki ne r etk irerkdvuliP nfegEHRsCOmRIOY ARt the GeéhEhtankS devel oprent .

I'n addition sr,&ltniéeu brapRkieat E@NcEDNL & r&at MN s @dpéndaqdi AgA0SI s strategi es,
t he ste?OceI of the invention can, be used in screening protocols to

i dent i f ke - CoRtAEntREdM e b ™M exanpl e, to pronote differentiation
or growth and/or engrakt-mest iahibevvépPpietd IR IssibskRaeBeosUEhe pr ot ocol

stemcells invention from the cells, concurrent use of an
inhibitor of MDR is preferred. Any of a variety of MDR
inhibitors can be used, including verapamil. The
25 inhibitor can be added to the cells simultaneously with
the substrate or prior to the addition of the
substrate. The optimum amount of MDR-inhibitor to be
used can be readily determined (e.g., by monitoring

loss of staining). In the case of verapamil,



30 are contacted with a test conmpound suspected of WO 001 34507 ~ 5
JUN 2003 PCT/ US99/ 28769 i nducing differentiation and the abi) i}i‘(g the

t est corrpound to effect differentiation determ ned (using)¥f rJ

m croscopi vauedd4s07ow cyt onetri c exami nation). | n another BCTASINBTE
protocol, stem5 cells axe contacted with a test conpound suspected of

i nducing proliferation and/or engraftnent and the ability of the test
conmpound to effect proliferation and/or engraftnent determ ned using in
vitro long term col ony assays or in vivo i munodeficient mce nodels 10 (eg
SCID NOD mce). (See Peault et al, Leukem a 7:s98101 (1993) ) . In addition
to the above, the substrate of the invention can be used to identify tunors

that may b&deehskabiohe ¢! PPRPSHEAMAanK1a,UR EBAELALERPI&F ALDH 15
activity. In accordance with thi's enbodi nent, cells of the tunor can be

contact ed Wt RPPHE aBrMcEabIkesttRdrate, e.g., BAAA and | ~R inhibitor

under conditionafsdehek @éuf@eoﬁttttﬁr@éﬁ ;ﬁtp%l%ttleﬁ ggl tgeand is converted
therein to the detectable product O that stain brightly (e. g.,

Wi th BAAA) SuBistgatexpertetie 0lR H&}'&:‘t pH&nSde BBSEStant. The invention
al so rekat &0 Ankicks abérFANtREsdIS@s 10 tHRP0AthAR Bekherof the
invention. The kits c¢an copprise reagents (e.g ALDH substrate) that can

25 be used IBEPLEREIPRY| OF | vRPBFEF HRFUshH é-'é‘FlI be FRParprefet F Y
enbodi nent ,tHdwe khkti B6htdes BAMY disastd-aMiloRisn argophai 8ggeneans. The
such a5 verShu S=e' 38 S ERE ropeen0 Aara ) NUSBOSCROTF LSO 26760
activated cell sorting techniques can be used. Stem
10 cells can be purified from other cells of the starting
population based on low orthogonal light scattering on
a flow cytometer (identifies small cells, like
lymphocytes) and/or brightness of fluorescence. As
shown in the Example that follows, sorting the
15 Dbrightest 1% of cells yielded a nearly 40-fold
enrichment for cells that initiate long term cultures.
The cell preparations that were recovered up to 65%
CD34" cells, most of which were CD38/4™ cp71~4™, rThe
invention includes within its scope cell preparations
20 that are greater than 50% CD34+ cells, preferably
greater than 75% CD34+ cells, more preferably, greater
than 90% CD34+ cells.
The stem cells isolated in accordance with the
present invention have application in a variety of
25 therapies and diagnostic regimens. They are suitable
for both transplantation and gene therapy purposes.
For example, isolation of stem cells from bone marrow
or peripheral blood of patients with cancer can provide
for the separation of stem cells from cancer cells. In

30 patients undergoing autologous transplantation, such



Certain aspects of the present invention are described in greater detail in

the non-limting Exanples that follow wIrror.t~ ~ 5 Eng% ?ﬂﬂa
Procedures Preparation of BODIPY am noacet al dehyde. The m

dehydr ogenWOD084f05t rate i s prepared as BODI PY an noacet al peardsdonsnehi | i zed
in 0.5 mcronole aliquots. These preparations are stable indefinitely 10
when stored at -20C. The acetal is then solubilized in DMSO to a final
concentration of 5 mM This solution has been found to be stable at 4C for
up to 1 week. To convert the acetal to an acetal dehyde, aliquots of this
solution are brought to a final 15 concentration of 1 N HClL. Under these
conditions the acetal has a half life of 15 mnutes. After 2 hours in 1 N
HCl, the vASPaFALdPPt §aBfPeHeSHOHRPYadHafsdet shangs ebaverareer o BODI PY

ani noacet aldahkigr6BAMm@nd:d Stk cidit! €0 £1,912083220c BMbb gy bul becco’ s
phosphate 20 buffered saline (PBS). This stock is added directly to cells

prepared i FHYeSc661s KBEI PR e Dvi Vo PandadditenheEMEV) Wi th 2~ FCS at

concent r at iR ropREi NJefEAYdid Oakd Mt 1tSRBgRLEEmERY. afre) - Anti body
reagents. 25 Directly-conj ugat ed fluorescent antibodi es directed against

CD2 (Lef5; 3MtPEPIoRe3trpRERlaMAR TN . COH (o9 eXPERSiOoD7CARER®; FI TC), CDI10

(CALLA, Fl EPreceddl By(beoweh DE)defiddd cyt®k@nl@l 36m04rlomad UN 2003
PCTI US99/ 28769 CDL4 (Leu M8, PE), CDIO (Leul 2. FITC), CDG3 (Leudd; PE),

CD34 ( HPCAZ-aYSrecanfdopein BiREea R soapst pLeuBYOCRE) and HLA- DR
o e D e e B e ohase
wer e used. nol - ; an anti - (0, Wer e purcnase
from Coul t Wﬁotcﬁ'éi Qﬁ fﬁa\?%‘ah, s ihhenesd ciednfer PRRCCInt | - CD16
(3G8; RB), pHtientlin@ddgdify HR}obsgied |t@msihanpaeked, anbi- CD34

ant i bodi es Endl O_ | 133, Imu-134; PE) from I munotegh, |nc.
(st br ook,é%‘?nté‘mslu-f%lf‘%- Bigm ﬁ%l%ﬂlel§l€|9§§e(® AB?SFF‘TE) from
Bi oSour ce Ipdteremtlsi andergCangr &he, tkédyapyant i - CDASRA (F8-11-13; PE) from

Sout hern Bi ot echpol o Associates, Inc., (Biornm ngham AL); and anti-CDwiO0
(5E10; PE) from PR %I)Aﬁﬁ&ﬁ}’ FRREOJETS BB .t?’GEPFe%Fﬁgs. 15 K562,
L1210 and Lde¥ dpwodetel, sihADRE) eMet@imentt digeddtidnsvgpensi on in RPM 1640

oy P SR WRefceTEh Y exBbdufE e Toctiled Eella® M
to a gene delivery vector and re-infusion of the
modified cells into the patient (Smith, J. Hematother.
1:155 (19%92)). This approach can involve ex vivo
culture or the use of vectors capable of transferring

20 genes into non-dividing cells, thereby rendering ex
vivo culture unnecessary. Gene therapy can be useful

in treating, for example, congenital diseases, such as
sickle cell anemia, in which case the mutant P-globin
gene is replaced or supplemented with either the wild
25 type globin gene or an anti-sickling globin gene. In
the treatment of cancer, drug resistance genes can be
introduced into the stem cells to confer resistance to
cytotoxic drugs. This can reduce the incidence and

severity of myelosupporession. For the treatment of



Preparation of Human Unbilical Cord Bl ood. Human unbilical cord bl ood
(UCB), intended for 20 disposal, was collected into sterlﬂ ggNt?m

cont ai ni ng anti coagul ant citrate buffer. The UCB used in thes ies were
processed WO00345024 hours of being harvested. Wite cel | sPeBUE9B8M6Y ched
through a prelimnary red cell agglutination where the UCB was diluted 1:2
wi th Dul becco's 25 phosphate buffered saline (PBS) at roomtenperature.
These cells were then brought to a final concentration of 1~ Hespan (DuPont
Pharma, WImngton, DE) and were left to stand undi sturbed for 1 hour.

Non- aggl uti nated white bl ood - 12 WO 001 34507 0 5 J U N 2003

PCTNS99/ 2$769 cells were harvested and residual red cells were hernol ysed
at 370C i n PriecMow i sesresi ningleding HFV s -aute -vimat. geBRg 200 v EDTA.

The recovergsh g liqraRteceashadol Ehé'\/@/éxﬁoéléﬂsﬂ'éw t%at':@ﬁe ngrgononucl ear
cells are then_purified 5 using Ficoll-Hypaque (1.077 g/ . When held

over ni ght, ¥®rEexaq FepdEEaREptookhecElrys a(%@qaeﬁﬁdg§m&f3€d roomin | NDM

W th 20~ FGhreled lirsicRinkitigsand . fkyoressence-activated cell sorting.
Mononucl ear UCB cells were resuspended at 106 cells/m _10.in | NDM

contai nithg 2$ FCSWAFIRr F| bEMeAeht Ehrasullf BANA N2 138 RAR1O%en used,

verapam | wgs tiediudedhat Ezau@M GAﬁber Phas NeTignirddte #elcks were washed with
ice cold staining pedia and na 8§on ice until thelr anaIyS|s and

sorting. ThE*ReFTRI & &R It §U§E€F1 e neRd Avetd e @faCr8Pwi th 10 ng/ n
7- ami noact i mny@&lrpllér(tw) a(lVeyeaulb ar tPagbssantdigene, OR). For anti body
staining to permt C{ ranmet er anal ysef t he gbl | s were resuspended in
stai ning media ( W OFRF60aFEY RGBT LS o HiFLIER? to the cell
suspenswnSexﬂﬂ;ad@celdqs HéRjten ﬁn@ul&atT:ﬁdlmnl Fﬁﬁtlﬁﬂhcﬂ%ﬁﬁ @;1a2@1agd t hen wazhed
again in ice_cold staini medi,a e cells re then an zed or sorted on
agFACSt ar PFB%r%g"r’?e%toratfgt% §g|1§99886|°pbéan§ﬁ’ %o%hgpgnt 1-90 | asers +
aam argogdyegﬂﬁ'e:ton TfteadBAMl\mC@(oEt gdaft #88lune ateth &@ SSi ons were

etected usin

excl uded on ?ﬁ‘é P 'SIDE B fltli’?teﬁ'lkﬁqg’ %énpggggﬁ‘??%uf#eh?é%Splpgga\ﬂ;v\gle;ﬁgth due
to their uptfakeracﬁlﬂ:é&k&s fecr unibdlliead ebrdeblosdirfmaespdrintgens on cell s
previouply SpLled Raped an YRS I3T"Ihe! D8 S8LL Soere - 13
transplantation.
Successful engraftment with stem cells can also be
expected to induce tolerance. Such would clearly
enhance solid corgan transplantation.

20 It will be appreciated that cells of the present
invention can be used as sources of new genes (eg for
cytokines and cytokine receptors), including genes
important in growth and development.

In addition to their application in treatment and

25 diagnosis strategies, the stem cells of the invention
can be used in screening protocols to identify agents
that can be used, for example, to promote
differentiation or growth and/or engraftment of
hematopoietic cells. 1In one such protocol, stem cells

30 are contacted with a test compound suspected of



WO 001 34507 _~ 5 ~! ~I N 2003 PCTNS99I 28769 pel |l eted and resuspended in
IMDM with 2~ FCS. The cells were then held at 37C far @Mto ermt
efflux. The cells were then pelleted and fl uorescence- conj |bodies
wer e addedWw@ o8¢0y to the cells. Follow ng 5 i ncubati onsp€TUSR28TP NUt €5,
the cells were washed with PBS/ 2~ FCS and were fixed in 1~ fornmal dehyde in
PBS/ 2~ FCS. In all surface marker anal yses, no differences were noted

bet ween anal yses with cells stained sinultaneously with BAAA and with

anti bodi es and those anal yses perforned on FACS 10 sorted cells that were
subsequently stained with anti bodi es. Henat opoi eti c progenitor col ony
assays and long term.." ~ +",..e~ ALDHbr cells were isolated directly
fron1nDnonutmégﬂingjghﬁﬁeE§HWﬁachOhadnﬁeehes&bﬁlﬁﬂy\dﬁIthBAARstFor t hese 15
assays, the fine BY U%)J]Q% f the UCB.
Hemat opoi et(I:C rogenl tc?(rﬁcelgreo%?gg%g?giag?gn er orrre 3%%;13 i'ng 100- 200
cells in Meﬁcppo@vtmeMmsmmmsszpmngaagaflwmm@:md| tioned nedi a and

r econmbi nant Jg&y[rar{hgl(grgryt %og%%bg gggg%%ﬁl,é 190if%m I NC.). , The
cells were |ncubate i'n a humdified chanber  at 370C with 5~ C02.

Henat opdi et FelED| a7 SPNLRLGEIWIER) anbpatt pempeust ansiected §£18 days after
initiating m&u@mh%lﬂmlfle%&lbsr Hhﬁb‘hicuéﬁéré(‘@{rﬁ'er{@'dﬂcﬁ'ﬂ?éd on stronal

| ayers of murine | s (provided . Tadashi Sudo of the Kirin
Phar maceut | @i 1 Hes el @%W&Fémyou@nﬁﬁ eﬁﬁ%ﬁ)m(q]s]sfmtl%od 81: 2916
(1993)). Nsaéd%f racﬁn{e%t"‘%'é%e%ﬁﬁﬂéﬁ hEiH% 245 Wl Pl 1R0rRE t(a@ﬁlr ni ng Cost ar

Corp., Canbridge, S07 0 5 ,1UN 20
pCT/Usgglzgqg@ony assays or 1n VlVO 1mmunodef1c1ent mice models

10 {({eg SCID NOD mice). (See Peault et al, Leukemia 7:s98-
101 (1993)).
In addition to the above, the substrate of the

invention can be used to identify tumors that may be
resistant to cyclophosphamide via up regulation of ALDH

15 activity. In accordance with this embodiment, cells of
the tumor can be contacted with the detectable
substrate, e.g., BAAA, and MDR inhibitor under
conditions such that the substrate enters the cells and
is converted therein to the detectable product. Cells

20 that stain brightly (e.g., with BAAA) can be expected
to be cyclophosphamide resistant.

The invention also relates to kits that can be
used to prepare the cells of the invention. The kits
can comprise reagents (e.g., ALDH substrate) that can

25 be used to effect isolation of the stem cells. In a
preferred embodiment, the kit includes BAAA disposed
within a container means. The kit can also include,
disposed within a container means, an MDR inhibitor,

such as verapamil.

- 10 -



104 cells/well in DVEM suppl emented with 10~ FCS and cul tured at 370C.
f n~hen the nonol ayers approached 80~ confluence they were g-i qﬂ' ted
froma cesiumsource (40 Gy). After irradiation, fresh nedia vi ded
to the 5 cWawrd®? For the M5-5 cells, the culture nedi a rapus®EBTaed
entirely with MEMa suppl enented with 10~ FCS, 10~ equi ne serum
~i - mer capt oet hanol , pyruvate. Long termcultures were initiated with
400- 2000 hemat opoi etic progenitor cells/well and were naintai ned at 33C
with 5~ 10 C02. At weekly intervals half the nedia fromeach well was
removed so that the nedia could be repl enished. Adherent and non-adherent
cells were harvested after 5 or 8 weeks and plated into HPC assays as
descri bed aboveCeasashoampeats hef BExdzedresdndt ifwkehowsn soeting the
right est | Medlri68d Splo-dbebfiSage deardy i bl d.gncLehgent for colls that
initiate Iong f'erm cul't Or e ow can hi gher Ieve i chment be
achi eved orExgmplescéhhtcEohlag- be used at this point??). The cell
preparations that were recovered were up to 65~ CD34+ cells, nost of which
were CD34+ cells, nost of which 20 were CD3 8-~di~' CD71-~'" ) Results
Synt hesi s of BODI PY acetal. Due tEXaMeLE rherent instability of al dehydes in
aqueous solution, the reagent is prepared and stored as 25 an acetal.
Innedla el acetal is converted to an aldehyde in 1 N
thg af%#élﬁigl S rggpgsgg%gﬁle in PBS and can be added directly to
ceIIs pr epak%st QD2 @l efalgmnyigeat 106 - 15 WO o0or ~aso7
0 5 JUN 2du3 PCWQ%%%’e@B@%@ﬁk&:?o&@ﬂaé@ sx&%%t@%@oﬁ‘i’%%ﬂkgéhyde the
reagent i s nenbrane perneab owever, In th resence of the al dehyde
dehydr ogenad® RORTHY) am@ﬁéaéﬁééﬁyﬂédn%Y%E@ﬂl%ﬁﬁﬁaﬁ@eptédmﬂérameb?boxyl|c acid
that is retgi nachid) t AeaeCBrbpalatiscs! A alefd1d0neBeenaeceayp be used to

sel ect cells.
10 when stored at -20°C. The acetal is then solubilized

in DMSO to a final concentration of 5 mM. This
solution has been found to be stable at 4°C for up to 1
week. To convert the acetal to an acetaldehyde,
aliquots of this solution are brought to a final

15 concentration of 1 N HCl. Under these conditions the
acetal has a half life of 15 minutes. After 2 hours
in 1 N HCl, the vast majority of the BODIPY aminoacetal
has converted to BODIPY aminoacetaldehyde (BAAA), and
is then diluted to 200-250 mM in Dulbecco's phosphate

20 buffered saline (PBS). This stock is added directly to
cells prepared in Iscove's Modified Dulbecco's Medium
(IMDM) with 2% FCS at concentrations ranging from 1 to
5 uM.) (See also Fig. 6.).

Antibody reagents.

25 Directly-conjugated fluorescent antibodies directed
against CD2 (Leu5; FITC), CD3 (Leu4; PerCP), CD5 (Leul; PE),
CD7 (Leu9; FITC), CD1l0 (CALLA; FITC), CDllb (LeulS5; PE),

- 11 -



BAAA is a Specific Substrate for ALDH. To assay whet her BAAA woul d permt
the specific selection of ALDH+ cells, studies initially dﬁrﬁern‘gn@b 10 an
opti mal response dose for the BAAA reagent in a nurine cel IPJ avi ously
sel ect ed f O WAHWIhoshani de-resi stance, L1210/ cpa, that i BCREEW?8168 be
ALDH+ (Fig. 1). The parental cell line) L1210 (Figs. 1A and 1B) is

cyl ophospham de-sensitive and 15 ALDH. This cell |ine exhibited
essentially no response to HAAA. I n addition, a potent inhibitor of ALDH)
di et hyl benzal dehyde (DEAB), was used to denonstrate the specificity of the
BAAA signal. A 10fold nol ar excess of DEAB totally bl ocked the 20
fluorescent response (Fig. 1C). Therefore, BAAA was able to detect ALDH+
cells. In these alewdivgs, pehe BAPS ¢l berﬁgd p3a fireamocopgentration as

| ow as 5~M This nol ar concentration is 10-f | ower than that used with

the dansyl st r @5Gder . FIECVARE; BEe. dFP3@r QFEUWLDIJ?E)so@st%éé'eE P&t and

these may dpsplaa dirfa-erentrab | EEbﬁSBé@t&Qﬁyﬁﬁlr@&MInﬁnhnﬂé?tbﬁéﬂr
suggested t hat resi stance to cycl ophospham de is pri ma“c,q% é3R‘I ate
n

specific ALDYPTSUenAE REBHIOSThetR! oVeye & $fftran AOSIL- hOWRE io

express 5 lénd anMd-QD43458¢s560 §EJUNe£@b§uP§Ta{A&991r%%17@%u&lt@hﬂ K562, was
assayed with this novel é{ieigeglt. K‘5562 cell s converted BAAA a
HELE 1588,y EL

positive forCRYRHHPRY ThBLH eSonEREs &5t ré‘F’;’?ll ﬁﬂlg‘gl ted by
DEARb Thusd(BﬁeﬁA REN ?ezrt\iecaaga(spemnBLCf?pbeé fv&&l?. fay thehwaenedlLDHL and
can be used_tp, i ti riary ells t enmonstr si.stance to
cycl ophosph3Ar e aﬁé’r’\?’ Céagg‘ageﬁarm% Qt'orﬁ“g}unléa é’gﬁ"g %FOT\LDHbr
cel | s. Havi ngnaeswedt,r aned t(vesebkeeki vnEBSSazotfl-tdnzs (mmaageutvco)nand
contin S i : s_assayed on prinar IIs nbi | i cal
Cord B (i) WA rdalh HRBn BLOkR e PR a4 8 o
t ranspl ant abhk; hemeit-GPdi5RA F8t-am-¢a8l; | BE) Forom rms:m:udlmtetcheowﬁﬁywas
unfractiona f I hawi,n 15 been epar d far n S
{iggogfactee%rhﬁ, 28300 42nBRONAP] CPALL G IO PRANGLER! BE

over Ficol | Hypague (S separa ALy ft g ALDH+
cell types, fealytmm;ummndmmgasanymyges care renoved. The BAAA was
tested on UCB cells prepared in IMDMw th 2~ FCS at 106 cells/m 20 (Fig.
2). The UCBCEﬂ'f:.rY@sfe very responsive to the BODI PY reagent, and appeared
to be nuch more=—sensttive than the continuous cell lines had been. The BAAA
was thekefore tik?&dedi2dtamndplil@dl/concenttat (AR WeEavimalmteinad t he
best concentga r g el r se was
inhibited i Erllﬁt %lle%ﬁe%eor{gg%;ﬁ exce"sglsd'lagékg% ngﬁ%gf)&%ere §'fiethsg§§| ?EEQ

ALDH. Thi s GalfirSexutefROSt iamd i5s xS@0F8| o pemercdgwsettamoiancent rati on of
dansyl am noacet al dehyde that had - 17

Preparation of Human Umbilical Cord Blood.

Human umbilical cord blood (UCB), intended for

20 disposal, was collected into sterile bottles containing
anticoagulant citrate buffer. The UCB used in these studies
were processed within 24 hours of being harvested. White
cells were enriched through a preliminary red cell
agglutination where the UCB was diluted 1:2 with Dulbecco’s

25 phosphate buffered saline (PBS) at room temperature. These
cells were then brought to a final concentration of 1%
Hespan (DuPont Pharma, Wilmington, DE) and were left to

stand undisturbed for 1 hour. Non-agglutinated white blood

- 12 -



W O 001 34507 0 5 JUN 2003 PCT/ US99/ 28769 previously been used to detect
murine pluripotent hematopoietic stemcells. The quorescqyseﬂggi gon from
BAAA- st ai ned UCB cell s exhibited a binodal response. The brig rZ@ ak 5 of
fl uor escendO 80i348%i on was attri buted to mature nonocytes, PEXGiFoH28769g
nmonocytes express a uniformlevel of ALDH Hematopoietic stemcells are
smal |, nonconplex cells. Indeed) nurine ALDH' PHSC were first enriched
usi ng countercurrent elutriation. Therefore, 10 the BODI PY signal was

exam ned only in non-conplex cells that exhibited | ow i nherent orthogonal

i ght scattering (SSCl) (Fig. 3A). The majority of the SSC1 UCB cells were
ALDHneg|a|n1(F|g 1B) . This was not unexpected since the SSCl cells are
predom nant$ ﬁ‘*{%r@pll?éé}’?éiéedaﬂﬁdn’é%%lcﬂ%ﬂp tassl 1go wese é%fﬂpék’é‘;eﬁLDH

However , cl e subpopul at i cells was
ALDHbr ( Fi géé*g%oc Py g‘m&hﬁggef%? Arg ﬁgéﬂ é[{ré'sf'gﬁ t h& IZFgeffI ux
IF’urmI : 2? |a‘ri]hdi(|;lﬂld i Eb@fxeXpmﬁesi:elg?%llElr& d&ﬁ% mtét dzaehe(e N%zépmfsgl hi gh
evel s of the P- rotein or, multiple drug resistance e ux punp.
Since this ‘F%‘étgael?ﬁ%?a r aﬁgeﬂmﬁ?‘e‘ﬁjo?%lf %eﬁﬁ%r"?‘f@dp“‘f‘)ﬁgl

suscept isi Imem@fFﬁMA—HQpHaBeef(le 0X7 V@ smBSSayethn 214 hewghgBODI Bie

am noacet al deh de passes through the cell menbrane w thout active

transport, presusc et PRe LAEDH coNdE srefr iBoRIted avcrodsei¥PY) ni ght

wel | be a s‘;,lp@wzedqeﬁccgr_ the I ~R punp. To investigate this possibility, UCB
cells were stained with BAAAin the - 18 WO 00/ 34507 0 5 J U N 2003
PCTNS99/ 28769 presence of 50~,~M verapaml a col et| t| ve i nhi b| tor of the
MDR ef f 1 ux ‘pehb.StRiding: 254 iELug =,

consi stent | y-hi gher rMcLi%raQS%@C@ewgnwgi)gpﬁéﬁgs&ygr{ci%cﬁééﬁl%%a'cgﬁis?ﬁil s that
had not been 5 sinultaneously treated wth ver

subst arkQ al ipoPi4atgantadningDR3i FLEeand were Jeﬁb@cﬂ@dﬂtb}l ttheM BRApan |

treatment. bosisq mRGL! Ahlen e PEEEEBLATE 0l LIS sonpgreased by

1.8 fold in the presence vera I'n verapam treated ce t he
After stalnlng, the cells were washed with ice cold staining

media and maintained on ice until their analysis and
sorting. The cells were then resuspended in staining media

15 with 10 mg/ml 7-aminocactinomycin D (7AAD) (Molecular Probes;
Eugene, OR). For antibody staining to permit multiparameter
analyses, the cells were resuspended in staining media (100
pl) and antibodies were added directly to the cell
suspensions. The cells were incubated on ice for 20 min.

20 and then washed again in ice cold staining media. The cells
were then analyzed or sorted on a FACStar Plus cell sorter
(BDIS) equipped with dual Coherent I-90 lasers + an argon-
dye laser. The BAAA was excited at 488 nm and emissions
were detected using 515 DF20 filter in FL1. Dead and dying

25 cells were excluded on the basis of their high emission in
the far red wavelength due to their uptake of 7AAD.

For analyses of cell surface antigens on cells

previously sorted based on BAAA staining, the cells were

- 13 -



10 ALDHbr subpopul ation was equivalent to 0.8t of the SSCL cells. In
contrast, in cell preparations that received no verapam I Dih&mﬁ?@

f I uor escence intensity represented only 0.46g of the SSC~ S

i ndi cat ed WPap/34562 ALDHbr SSC1 UCB cells retain the 15 coPVEU$BASBAAA nor e
effectively if the efflux activity of the MDR punp is inhibited. ALDHbr
SSC1 UCB cells are highly enriched for primtive CD34+ cells . Wth
verapam | treatnent, the ALDHor SSC1 UCB 20 cells contained al nost 90~
CD34+ cells, indicating that at |east sone hematopoietic progenitors are
present (Fig) 3D). However, CD34 is expressed by a broad range of

hemat opoi etic progenitors that includes Iineage conmtted cells, as well as

Pl Ur POLENt o B QOGN LIS » <28-EURREROLA. ki (EMPI AP 2! 1 ar ephhal of the

ALDHbr SSC1 I's was anal yze |mTuno enotype of these
cell's was meexe ddraaf Bidl@ a&f BréE. fflinelrﬁnhm@pfhérmtgqmnmmfdllum noThay be

concl usi ve; pri n | UN 2003 WO
001 34507 PCTT USH9 ZQ%E%I% Eo%&pal%:%ﬁ aag, gigé,{lgs %H%&%‘?%f‘éﬁdﬁ. ng 2

activati on apikediashaters adopdi daregtiysbei thedslilish t Meldiowiagenti ation
of primdivencabds: drfy HYL 2ol H&ﬁ%%@rm\:fxée@ef@%%'ﬁéh“e&%ﬂﬂtﬁ CD38 and

GD71. The nost 5 primtive subsets of 4+ cel ve little to no

expressi on BBS{3e EQR janst wex cadikgensnCchisformaiehyde, ipcBBEL2® FCS.
preparati ongnWiih BANMQNchatiddh aﬂhupgélsesnép&ffééfeﬁégs &34 apReeaD38) the

ALDHbr SSC1 UCH cel l's provided_a single-step_enrichnment for essentially 10

purified CdBﬂEWE@Dmlmstﬁﬁ I‘“@thFﬁ’retlllrér ﬁﬁﬁéne%@‘fmmiﬁ%@:}ycé‘lllt@ Repa

exanined in t r i B to the
xpr casi on SEBER AT oAt ErigSs ARTHEYE SRR R AR ' Sss
UCB cellG apprted taeXlenttdiat Mea‘eprsmhﬁlequencm%ta:metd; M:B:l'aﬁntaﬂdOda'QSby

I mmunophenotype. To assay the devel opmental potential of the ALDHbr SSCl

OB oLy & cBRaEogSl e antdan edoand Laceds 0 gl S erm and

| ong-term a = m assay used,
20 the henatbpbuees c progenitor col ony assay (HPCA) quanti fies lineage

commtted cells at_t ti of thel |soI Mor e tive
progeni tors wer eédp ﬁea“ses];;%d"eﬁ'f ﬁ&io %1 ﬂ@)r‘?ﬁ‘é r“ﬁé“{%afel s on
stroma for BCcBheelbs orhFchwaals uyamrsthanaartmtm B\MS tier HMese( Fig. 5).

Results: HPCA - ALDHbr SSC essentl ally equivalent to CD34+ cells. - 20
15 assays, the ALDHPY was defined as 1% of the lymphocyte gate

of the UCB.

Hematopoietic progenitor colony assays were performed
by plating 100-200 cells in MethoCult H4431 containing agar
leukocyte conditioned media and recombinant human

20 erythropoietin (StemCell Technologies, Inc.). . The cells
were incubated in a humidified chamber at 37°C with 5% CO3.
Hematopoietic colonies (>100 cells) were then scored at 14
to 18 days after initiating the cultures. Long term
cultures were maintained on stromal layers of murine MS-5

25 cells (provided by Dr. Tadashi Sudo of the Kirin
Pharmaceutical Research Laboratory, Gunma, Japan) (Issaad,
Blood 81:2916 (1993)). MS-5 stromal cells were seeded into
24-well plates (Corning Costar Corp., Cambridge, MA) at 5 X

- 14 -



WO DO/ 34507 0 5 JUN 20a PCT/US99/ 28769 LTC - 5 wk - ALDHbr SSC essentially
equi valent to CD34+ cells . LTC = 8 wk - ALDHor SSC1 out perforns CD34+
cells. EXAVMPLE 2 5 ALDHbr UCB cells have been shown to bﬁfﬁréﬂNdﬂmately
CD34+CD38- wbD taf3¢50hi ghl y enriched for early nyel oi d progenPCDU829/28168 current
study was undertaken to determ ne whether the ALDHor CD34+ UCB cells were
enriched for |ynphoid progenitors as well. 10 In 3 experinents, cultures of
ALDHb= CD34+ UCB cells were established on AFT024 stromal cells in the
presence on Kit ligand, FIt3 ligand, IL-3 (1st day only), IL-2 and IL-7 at
various dilutions. After 7-8 weeks, the cultures were anal yzed for

| ynphocyte growth 15 as determ ned by expression of CD56, CD10, CD19 or
CD20. Tabl e LDHr. cel |.s/ wel |t ot al me%ls initiatedwel ls with _viable

cel I sl ynphot¥t E808/We1606858U5Y 1 84BR Sepomrl idds 3434 ¥65 289017 The AFT024

cultures prismiiias bavaned t nanghouhh 0, of UREoLenlE B! S, so to
nor e effect%ve y tegt whet her ALDHE% + Tﬁ%gie sc%ontaine B- | ynphoi d
pr ogeni t or sgonfiezenuer ¢heyl weredyeoirtaéidPdd sframe ceslium slrce (40
Gy). After irradiation, fresh media was provided to the
5 cultures. For the MS-5 cells, the culture media was

replaced entirely with MEMa supplemented with 10% FCS,10%

equine serum, P-mercaptoethanol, pyruvate. Long term
cultures were initiated with 400-2000 hematopoietic
progenitor cells/well and were maintained at 33°C with 5%

10 CO2. At weekly intervals half the media from each well was

removed so that the media could be replenished. Adherent
and non-adherent cells were harvested after 5 or 8 weeks and
plated into HPC assays as described above. As shown in the
Example that follows, sorting the brightest 1% of cells

15 yields a nearly 40-fold enrichment for cells that initiate
long term cultures (how can higher levels of enrichment be
achieved or would cell cloning be used at this point??).
The cell preparations that were recovered were up to 65%

CD34" cells, most of which were CD34+ cells, most of which
20 were CD387/dm gp71-dim,

Results

Synthesis of BODIPY acetal.

Due to the inherent instability of aldehydes in
aqueous solution, the reagent is prepared and stored as
25 an acetal. Immediately prior to its use, the acetal is
converted to an aldehyde in 1 N HCL. the aldehyde is
freely soluble in PBS and can be added directly to
cells prepared in IMDM with 2% fetal calf serum at 10°

- 15 -



WO 00l 34507 D5 ,~~:~. 2003 PCT/ US99/ 28769 |ine supplenented with the sane
cytoki ne conbination. Of 12 cultures established with 100a¢§D‘Im @4'
cells, all produced CD56+ and CD10+ cells at nearly equiv n gr rtions.
2 of the l3odds07al so contai ned CD19+ 5 cells. | n sunmmar ycTiuses/28tdHor
CD34+ UCB popul ati on appears to be highly enriched for both nyeloid and

| ynphoi d hemat opoi eti ¢ progenitors. 10 All docunents cited above are hereby
incorporated in their entirety by reference. One skilled in the art wl|
appreciate froma reading of this disclosure that various changes in form
and detail can be made without departing fromthe true 15 scope of the

i nvention. - 22 5 June 2003 WHAT IS CLAIMED IS: 1. A nethod for
detecting the1 1y 58NeR .OhsShaNufmehbackald atden Qb gedl! §sconpri sing
contacting said popul ation_of cells with a detectable substrate for

al dehyde deRRGHEhRSETCAPHEY BRAUBVSEonth t i Prasemaen&f ABBH present in

cell's of saithy HrYdregBneEks (AAbH) s Ubed ralRHylea rddleeGt 3kl e product
that is retained by said cell resent I n said popul ation, wherein said

S _Pre . . .
stem cel | s FRAEPTHSH JReP CORPONHYILAFI BALDT tR3 d etesedasde 1pr 586ct than
non- st ery cetéBl Pr esiHaden 19ake BORBkakESRce Aih WerRidh s dehepul ation of
cells is derived from peripheral blood or fetal liver. 2. A nethod for
detecting t‘l’l%l]p?esence of stemcells in a population of cells conprising
contacting said population of cells with a detectable substrate for
al dehyde debaakx apermaSpecAlfid) Subderacenfot i B such that ALDH present in
cells of said papulation convert id substrate tq a detect.abl e product
that is retai negp%yasssaaiyd wgle t}L‘serprgéé‘gn o}lggs%?]a“%optu ST Witer ei n sai d
stem cel | s saVectidn gife Al iceallat | orudifesdind tdeflégt dbkerpinddct t han
non- st cells nt.. i ai_d ul-at.i g, wher el fflux of said
subst rgltrae f%%n’?%%ﬁag é?és%gidfepg%%%aklg%ngﬁg i nAi \t,)]\éln?a rbq-'ye"'é‘lxﬁosi ng said
popul ati on mirie¢|eello ldnaipreplieouddygsebscsednie (MDR) i nhibitor. 3. The
met hod accogdi al m rein sai i nhisbitar, i rapaml. 4. The
met hod acco%g%%hé%%%em%sﬁgragc%'sgﬁgl%%’n%}fﬁ% or ikéw\g%dg to cells of
sai d popul abeoALBEmiFtignedlis| yThet bavental oreltlo ldadi,t LAR1Of said substrate.

- 23 S J?P?ggpQ§A and 1B) is cylophosphamide~sensitive and
15 ALDH . This cell line exhibited essentially no
response to BAAA. In addition, a potent inhibitor of
ALDH, diethylbenzaldehyde (DEAB), was used to

demonstrate the specificity of the BAAA signal. A 10-
fold molar excess of DEAB totally blocked the

20 fluorescent response (Fig. 1C). Therefore, BAAA was
able to detect ALDH' cells. 1In these studies, the BAAA

could be used at a final concentration as low as 5uM.
This molar concentration is 10-fold lower than that
used with the dansylated reagent.

25 Multiple different ALDH isoenzymes exist and these
may display different abilities to convert BAAA. It
has been suggested that resistance to cyclophosphamide
is primarily mediated by a specific ALDH isoenzyme,

ALDH1. Therefore, a human cell line known to express
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5. A kit conprising BODI PY am noacet al dehyde and a rrul tiple drug resistance
(MDR) i nhi bitor disposed within a container neans. ol ating
stemcells present in a population of cells conpri SI ng cgﬁticﬂ-’m@@

popul at i orwofoe/s4sb1 s with a detectable substrate for al dehgcikussensrds ogenase
(ALDH) under conditions such that ALDH present in cells of said population
converts said substrate to a detectable product that is retained by said
cells present in said population, wherein said stemcells have a higher
concentration of said detectable product than non-stemcells present in

sai d popul ation, and separating said stemcells fromsaid non-stemcells of
sai d popul ation on the basis of said higher concentration of detectable
product, er efflux of s substrate fromsaid ste ls is

i nhi bit ed gﬂ g@po@#% % apsospamea‘i W&??L"llofst 481 Feved EERFRY pl ?iﬁx

resi st ancec(eﬂ/ﬂ)ﬁz) comhebi¢drBAAA ake wm*tehcp@s&td:oedfng ATDK| 1 m 6 V\/ner ein said
VDR i nhi bi LaL Esaggg am,}.h 78 g%lnse W@S idehl)ﬁgl t|:ee<§ tyl acetal . 9.
A kit for iSO atlng emceJ[ r|5|ngaprecu sor an Y

am noacet aPgaRy deTRals e hEaksh d@wyotre:gmasaea(ApBH}fsubsubatJeamnﬁnﬁ sing a

fl uoresgen e r e r nce (MDR)
punp i nﬁl b?’l%llgrggd%'ré'ﬁgg ?géés/rg%;% g{sgéd;ot%t é‘:alr%é?'g@b Bgi#%rey Eifﬁéargcordl ng to
claim9 wheediln saau d¢mmm$£xﬁﬁﬁ Yesheitansea tbl gprésphospBADIdRY. -24 S
June 2003 11. The kit according to claim9 wherein said MDR inhibitor is
verapam | . pl2maFheykitcact of i 410 SHAidnd atheLEbBe 841 Jr PLGSRHESOr IS an
am noacet a m 9 wherein
sai d ALDH €88dErate is nenbrane perneable 14. The kit according to claim?9
wherein ALDH copygthg é@ﬁoﬁﬁf’&@é&té{&%t&‘}eﬁeggt getell e product which
in the presence of an MDR inhibitor is trapped within the cells. 15. The
kit acéBrdivfGIeBtcPRI APRBINRRY R $e5hid st e I@aﬁréﬁﬁ%Ye¢sd%.carboxylate

ion. 16. Agditae9NRinehn8eBY P neacetahdehydeadigthyl waset al and a MR
i nhi bitor disposed in _a single container) 17. The kit according to claim 16

wher ei n saiSONBR £RRKi bF B o RFEeas FHPiqisee 3Snki GPEEFS 18Y The kit

accordi ng tura@lspiehi{blbehehar 556 TeMRR dduid Richiak . ISFMQFQHé@M 19. The kit
according to cl.aim 116_31 further conprising diethyl benzal de DEAB)
di sposed eitWEtern EREePaRavas comt LR Tleromitadh S¥cephgFer ¢ ‘t”aﬁ1 er. - 25

15 been prepared for mononuclear cells over Ficoll-

Hypague. This separation is significant in that two
mature ALDH' cell types, erythrocytes and
megakaryocytes, are removed. The BAAA was tested on
UCB cells prepared in IMDM with 2% FCS at 10° cells/ml

20 (Fig. 2). The UCB cells were very responsive to the
BODIPY reagent, and appeared to be much more sensitive
than the continuous cell lines had been. The BAAA was
therefore titrated to an optimal concentration of 1uM.
This was the best concentration for resolving ALDH™

25 subpopulations. The response was inhibited in the
presence of excess DEAB and was therefore specific for
ALDH. This molar concentration is 50-fold lower than

the concentration of dansyl aminoacetaldehyde that had

- 17 -



5 June 2003 20. A kit for isolating stemcells conprising: (i) a precursor
of an. al dehyde dehydrogenase (ALDH) substrate conpri si ngn fl &ohﬁﬁcent
| abel ; and (ii) an inhibitor of efflux of the conversion § Jy bt ai ned
by convert M@p0S4508 ALDH substrate by ALDH, wherein said pPEDUSNAETIEP s

di sposed in a separate container fromsaid inhibitor of efflux. 21. The kit

according to claim20 wherein said fluorescent |abel is a fluorescent

BODI PY. 22. A kit conprising BOD PY am noacet al dehyde di et hyl acetal and an

i nhi bitor of efflux of BODI PY am noacetate. -26

. A. AyNSe. A, . A@]e Ay. ANy. AyNyR. Ay5 A Af A Af ?. A@ AS?. A ASR. ASf. Aff% A Ay@ A
, €. AS. As% ? A}f fa\ V\%c%h cra](ca] ca] ca]ca]ca]ca

] cal ca] ca] ¥ ]?cas]'ca] ca] ca ca] ca fcaf c™a] cal] ca] cRa] cal k

r"JL#$) * <= |I;eﬂ$[twqbgb]:i<]:] ﬁ*ae]zmar]ehl]xa] ca] ca] ca] ca] ca] ca] ca] caJcalcalcalcalc"a

|
}J]O]:?]zfgj] ga][ S/]alzg]%%’g?%gﬁl’g igﬁcg?]&a %sg %a\ﬁr%%l %%asgfca‘]aca[]lc a] ca] ca] ca] ca]
ca] ca] ca] cec]eda-]sc&]ct;a]:ca]a@ail chinedah | vegmweishd #%he: bE9gBegrnmbeddj e [ V] ] ca] ca

}g;ﬂ:g%g?é‘gﬁﬁ‘@g}g ?’}:’ %ﬁ?]@%;aﬁi@% ?:)%H] §8l fiapldg" al c"allc"al cajca

+--00) 070mexemb$mg$n@g ["rlecesn|ealdless] @ atfi Eafmalew’d ca] caV]calc

! 3556
sca e el al el sl o] o ol

complex cells. Indeed, murine ALDH" PHSC were first

enriched using countercurrent elutriation. Therefore,

10 the BODIPY signal was examined only in non-complex
cells that exhibited low inherent orthogonal light
scattering (SSC'®) (Fig. 3A). The majority of the SSC'
UCB cells were ALDH™9/4™ (pig. 1B). This was not
unexpected since the SSC!° cells are predominantly

15 1lymphocytes, and most lymphocytes do not express ALDH.
However, a small, clearly-defined subpopulation of the
ssc!® UCB cells was ALDHP® (Fig. 3A).

BODIPY aminoacetate is a substrate for the MDR efflux

Pump .
20 In addition to expressing ALDH, PHSC should also

express high levels of the P-glycoprotein or multiple
drug resistance (MDR) efflux pump. Since this reagent
had never been previously characterized, the
susceptibility of BAAA to MDR efflux was assayed.

25 Although BODIPY aminocacetaldehyde passes through the
cell membrane without active transport, the product of
the ALDH conversion (BODIPY aminoacetate) might well be
a substrate for the MDR pump. To investigate this
possibility, UCB cells were stained with BAAA in the

- 18 -
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SITmMITUUUYX- XI XYYYYYZZZX b _n_qg_| __ " aac+e5eBeCe”e{vgl ga\Vje [V] U ca] c"al ca]

ca] ca] ca] ca] c*a] cal] ca] csal] c$al] ca] ca] ca] cha] ca] caU] ca] c"a] ca] ca] ca] c*a] ca
] ca] ca] ca] ca] ca] ca] ca

~ehhhkkkkk' kSkmrmnppgqqv$vXv_vi vuvwvvvvwwl_yyzupkf "[Vje [V]]ca] ca] c™a] ca] ca]

ca]ca]c" aU]c"aU]ca]ca]ca]ca]ca]caLﬂcaLﬂca]c aJ ca] ca] c” Lca]ca]c aU] ca] ca] c”
a] ca] ca] c FREeHXE 50MM verapamil, a competitive inhibitor of

yyyyyzzzzzighd hipg} lrisa M sampY Al BRd X &rdpdd i calealedl ealegl cal ca] cal ca] calc

a] ca] ca] ca] call ca U] c”a] ca] ca] ca ca}llca] caul cal c"al] ca] ca] ca] ca] c*a] ca] cna
W@ exh

—

ibited a con51stent igher fluorescence when

bMAe5a” { val @hdpdred Wikhcahaal sakcatgatcal £ alieal ¢akcabeabeahca] cal call ca
U] cMa] ca] ca] ca].ca] ca] ca] ca] cakca] ca%ca] cal ca] ca] ca] ca#<>KdBI S10% h
h& () - @L0%HRYDAneor§IE: FFeatsd, ¥l th -eramahg ((Figrod) - A

h& () - ‘WY\sMﬁL%% bob&léhMﬁé@%ﬂ&{d(”) - Yo THQVbyfrde( )efff%%’@hﬁy() SS10%
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10,10 10,1038 ()- 1% AW O3 2 1008 (L3 S A AN, 7Y
418 ()RR
10 ALDH™ subpopulation was equivalent to 0.8:% of the
SSc!® cells. In contrast, in cell preparations that
received no verapamil, the same fluorescence intensity
represented only 0.46:% of the SSC° cells. This
indicated that the ALDH®™ 8SC!° UCB cells retain the
15 converted BAAA more effectively if the efflux activity

of the MDR pump is inhibited.

ALDHP $sSC!® UCB cells are highly enriched for primitive
CD34" cells.
With verapamil treatment, the ALDH™ SSC!° UCB

20 cells contained almost 90% CD34" cells, indicating that
at least some hematopoietic progenitors are present
(Fig. 3D). However, CD34 is expressed by a broad range
of hematopoietic progenitors that includes lineage
committed cells, as well as pluripotent progenitors.

25 Therefore, the developmental potential of the ALDH™
Sscl® UCB cells was analyzed. Initially, the
immunophenotype of these cells was more carefully
defined. The immunophenotype would in no way be

conclusive; however, the primitiveness of the cell
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differentiation of primitive cells to more lineage-
committee hematopoietic cells, CD38 and CD71. The most

5 primitive subsets of CD34" cells have little to no
expression of the activation antigens CD38 or CD71. In
UCB cell preparations with BAAA and with antibodies
specific for CD34 and CD38, the ALDH™ SscC!® UCB cells
provided a single-step enrichment for essentially
10 purified CD34" CD38%™ cells. Furthermore, when CD34'
UCB cells were examined independently, ALDH expression
was inversely proportional to the expression of both
CD38 and CD71 (Fig. 4A and 4B). Thus, the ALDH™ ssc'®
UCB cells appear to contain the primitive CD34" cells
15 as defined by immunophenotype.
To assay the developmental potential of the ALDH™
SSC!® UCB cells, these cells were isolated and placed
into both short-term and long-term assays for
myeloerythroid progenitors. The short-term assay used,
20 the hematopoietic progenitor colony assay (HPCA),
quantifies lineage committed cells at the time of the
initial isolation. More primitive progenitors were
also assayed by maintaining the ALDHP SSC!® UCB cells

on stroma for either 5 or 8 weeks prior to performing
25 the HPCA (Fig. 5).

Results:

HPCA - ALDHP SSC!° essentially equivalent to CD34*
cells.
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LTC - 5 wk - ALDH™ 8SC!° essentially equivalent to

CD34* cells.

& ()-3+'t ySz

LTC = 8 wk - ALDH™ 8SC!° outperforms CD34* cells.
EXAMPLE 2
5 ALDH™ UCB cells have been shown to be

predominately CD34'CD387/!° and highly enriched for
early myeloid progenitors. The current study was
undertaken to determine whether the ALDHP CD34* UCB
cells were enriched for lymphoid progenitors as well.
cultures of ALDH™ CD34* UCB cells

were established on AFT024 stromal cells in the

10 In 3 experiments,

presence on Kit ligand, Flt3 ligand, IL-3 (1lst day
only), IL-2 and IL-7 at various dilutions. After 7-8
weeks, the cultures were analyzed for lymphocyte growth
15 as determined by expression of CD56, CD10, CD19 or
CD20.
Table 1
ALDH™™ total wells wells with lymphocyte”
cells/well initiated viable cells wells
1000 6 5 5
250 16 12 12
62 48 40 40
16 48 34 34
10 24 20 17

20 of presumptive NK cells,

The AFT024 cultures primarily favored the growth

so to more effectively test

whether ALDH™ CD34' UCB cells contained B-lymphoid

progenitors,

- 21 -
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&10%VE' () -WOOB4BOP&' () - ; a<nk<<MEM;}[ 9~ @ 10! ~la T 10%& ()PCTAUSP9/28769
10%m& ()-!'\T 10%WN&T()-F@ﬂO@&&f()-SlO@&&f()-
10%t & () - M] ?#@ @oaoadox YNC8 10! 10t 10t 10tS; &10% & ()-'y /" 109%&' () - -
fI"109%& ()--)!'T 10%& ()-!'y T 10%& () - @GaAAB#CD <NC8 10!
1MV S"109%& ()-s!'S.  S"109B8& ()-S! NS"10UKK& ()-s0!'f'"10% & ()-z!f'10% & ()-z
Y10% & ()-D DDDDE1F}[ 9NC8 10!
" S&" 109 ()-s! S& 10%t& ()-s!pS&" 10%&' ()-s#10% & ()- !'f
" 109%& () - Sfﬂﬂﬂfdﬂ rplellehtedGrvbtl el Samé@ dHokine combination.
i3 @iO@”é%(fz d?é% %été%?lsﬁéé)WIth 100 ALDH™ CD34* cells,

all produced CD56" and CD10" cells at nearly equivalent

proportions. 2 of the 12 wells also contained CD19*

5 cells.
In summary, the ALDHP® CD34* UCB population appears
to be highly enriched for both myeloid and lymphoid

hematopoietic progenitors.

* * *

10 All documents cited above are hereby incorporated
in their entirety by reference.
One skilled in the art will appreciate from a
reading of this disclosure that various changes in form
and detail can be made without departing from the true

15 scope of the invention.

- 22 -



10° 10" 10 ;:10% & ()-!~ S&' 10%&' () - sLGGGEHsHH) | a?~_ @ 10!

11 W#10%TaT& ()-L 10% & ()- "10% & ()-!"10%@ @& ()-s10% & () -

10% & () -) | LIpKLMgMKMyMWG+@ 10° @ 5 June 2003
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10" $"10% 3&'(5}S @S$"10%&( k9" 109 () -1X9" 100& () - Lml0% & ()-1f,"10%,
, & () - QRRSSSSSS} r g\ A0 Mes; of) -dgecypng jFhe pr bende s

810% & () abila. tA0%EpEbul ar s HhOMECEel ) s \ S
10% & () ORI ) 7Y 1%0% JOdecE s AR L SSRTTRIR

110% & ()p@p@%&i@) TRUUVESL D6 A 2 30" al@@i&@abla#lml&t(r)ate SRR’ () -
I X9"10% ° lOW“ 10% & ( )-- 3F10% &. (),-. 10" 10
10" ; &10% % % ydg_ ge%% g?nﬁﬁe &'L(r)1 L%“ébg/&ons Suln!Jenat
&'() YYYZE¥YZa? enXyY in cells of sald opulatlon converts said
10%1 & ()-& 10% & ()-S10% & ()-!S10%, &f() ""S10% & () - "SlOW‘&'() Z[\\T]NPX
* wUe+ubstrate to a detectable product that is retained
said cells present in said population, wherein said stem
cells have a higher concentration of said detectable
product than non-stem cells present in said population,

and wherein said population of cells 1is derived from

peripheral blood or fetal liver.

2. A method for detecting the presence of stem
cells in a population of cells comprising contacting said
population of cells with a detectable substrate for
aldehyde dehydrogenase (ALDH) under conditions such that
ALDH present in cells of said population converts said
substrate to a detectable product that is retained by
gsaid cells present in said population, wherein said stem
cells have a higher concentration of said detectable
product than non-stem cells present in said population,
and wherein efflux of said substrate from cells of said
population is inhibited by exposing said population of

cells to a multiple drug resistance (MDR) inhibitor.

3. The method according to c¢laim 2 wherein said

MDR inhibitor is verapamil.

4. The method according to claim 2 wherein said
MDR inhibitor is added to cells of said population
simultaneously with or prior to addition of said

substrate.
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6. A method of isolating stem cells present in a
population of cells comprising contacting said population
of c¢ells with a detectable sgsubstrate for aldehyde
dehydrogenase (ALDH) under conditions such that ALDH
present 1in cells of said population converts =said
substrate to a detectable product that is retained by
said cells present in said population, wherein said stem
cells have a higher concentration of said detectable
product than non-stem cells present in said population,
and separating said stem cells from said non-stem cells
of said population on the basis of said higher
concentration of detectable product, and wherein efflux
of said substrate from said stem cells is inhibited by
exposing said population of cells to a multiple drug

resistance (MDR) inhibitor.

7. The method according to claim 6 wherein said

MDR inhibitor is verapamil.
8. BODIPY aminoacetaldehyde diethyl acetal.

9. A kit for isolating stem cells comprising a
precursor of an aminoacetaldehyde aldehyde dehydrogenase
(ALDH) substrate comprising a fluorescent label and a P-
glycoprotein or multiple drug resistance (MDR) pump

inhibitor disposed in separate containers.

10. The kit according to claim 9 wherein said

fluorescent label is a fluorescent BODIPY.
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16 A kit comprising BODIPY aminoacetaldehyde
diethyl acetal and a MDR inhibitor disposed in a single

container.

17. The kit according to claim 16 wherein said MDR

inhibitor is a competitive inhibitor.

18. The kit according to claim 17 wherein said MDR

inhibitor is verapamil.
19. The kit according to <claim 16 further

comprising diethylbenzaldehyde (DEAB) disposed either in

a separate container or in a single container.
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(i) a precursor of an aldehyde dehydrogenase (ALDH)
substrate comprising a fluorescent label; and
(ii) an inhibitor of efflux of the conversion
product obtained by converting said ALDH substrate by
ALDH;
wherein said precursor 1is disposed in a separate

container from said inhibitor of efflux.

21. The kit according to c¢laim 20 wherein said

fluorescent label is a fluorescent BODIPY.

22, A kit comprising BODIPY aminoacetaldehyde
diethyl acetal and an inhibitor of efflux of BODIPY

aminocacetate.
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