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¥ davalop a puyrificetion strategy for ixolating tha moat
prEmithva  hesnatopoietic 9tem cefis present in normst
hanan frarrow wE have combined ceff separation teche
nppnas with an asaay for ceds that initista sustaived
HamAtopgiogis in vitro in the gresanes of eradiared yman
ianrraw adherant celta. Thesa “foaders’™” wore astabliched
by subouluring 2- ta G-wosk-old primary long-tesm mer-
riw witiea adherent Feybrs at s density of 3 0w B
irradiated cells par saguere contitmater, Test long-tarm:
cultsire B Clinitating cells™ woare plated on top of the
toaders and the cocaltures than meintRinnd 3o atsrderd
fongererse riarrow cultures with ho¥f-madia changes and
roraval of it of the ronsdhorent omds fach weak, Tho
total frnbher of myedtdd, erythrar!, and multdreaagd Cclorss.
gars pregesttars prasent aftor 5 owasks was uyed o
provigde a quantitztive aasessmant of tha nuraber of LTH-
atipting cails ariginally addad, Using this asaay, the danai-
ty, light scatter, and two call saface antigen proparties of
L TE-initsating oofls howve baen gefined and compared with
cotfs gapabie of divectly forieing colonies i methyioetin-
lersn, While tha taajerity of the clongganic celis weea feanc
i the high forward Bght scattar (FES} “hiast’” window.
LT inisiating calis had significantly fower FLS properties
Ak i this respect werd more similar 1o ymphocytes.

CRIFICATHIN of the mosi peimiive coils i hamae
marrow cupable of sustaiaed repopelation of hemalo-
peietic tisswed f vivo as besn hampersd by the inabikity 1o
assay these ceils divectly, This, strotegies for homan hema-
raponebas stenn cell punboation have had 1o rely on avablabic
im viirg agsays, whose vabedity bas been based on CTORS-
compsrseng with similar sssays for mering bematepoietic
celts, In cortrast plunpotential sepopulaling cells in mueriae
mafEew can be reasured divectly in geaniibative ransglan
bl bon assays and provedures Lhat vield merine marrow ool
suspenstons thal are highly eaviched iz their conteml of
repepitlating cefls have been desceitsed by severst gronps ™
Analysis of the in siree clonogenie poteniial of these Righly
pugified pomilations has suggested thsd most velbs capable of
borg-beven repopilation o oviso may d be detected as
cloneperic coils ik standard semisolid culture systoms'
Mevertheless, most efforis to date to obiaim ensiched popala-
tores of primitive human hemsiopowstic progenitors have
Focesed an the wse of in vitro clonogenic assays ¢ define
sedection oritetia for repopaiatiog colls of the assurnnlion
that they are cither ientical or wousld be copuribed®™ aad
popebalions of ceils have now been molaled froer sormal
Burnes mirTaw that shew o cloning efiviescy in wiiee of up
W AT
Becemdly, sesdies of marrow cells exposed 3 vitro o
d-hydroperoxyeycionhoiphamide {3 HOY have provided avi.
denee Lhas i Bumans as walh as in rodents. mose (O not ali
clmogemic oolls differ from celis capable of repeseraling
homatopaotests :r viva by the mack lower sensitisity of the
balber bype of cells 1o this drag™" Human marrow ceils
apable of iritiating projoeged hemaiopoiesis ig Lhe long.
Loy Wrarraw ClEllure system bave alio been Toppd to have a
sirpifar meensiteity ta SHCY {For simplicity, we owill
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L¥C imptiating cefls alsy expresssd fass HLA-DR entigen
than ocloregenie calls, The madority of LTO-initiating celis
watrh fowed in tha top 29 of tha SH34 IMy 19} Saoresconsoy
profile, whirass clonoginic cafiz were found throughout
ths top 5% of the U834 Auerszcence profile. By combining
low FLE, low orthogonat Hohy scattar (OLSE low HLA-DR
axprossion. aad high O34 sxprossion, & gomdstion ooaid
be ohtained thar was snriched for 17 Ceinitiating cells
- BOG-fatd over urrapareted mprrow, This population cooe
raig onkty LAY of the merrow cells and 2% of the ot
clonogihic calls, but retaing 50% o 80% of the LTS
imiviaTing alls presast in the original rarrow. Yha abiity 1o
furtfy thess two popedetions ilapordontty shows that the
LTC and clonogoenic assays dewtify distinet, although not
necReEarily ponbvariapping ool types i Burbsn marTowe.
Bivce clonogenic calls are derived from EFC-fnitinting caits,
the LTS assey clasrly detsdis a more primetiva popuiation.
FThe avadshiity of a wimple approssh that allows the
purdication of such cels by thres srders of megnituds in
high yiekf should be wsedyl for thoe evestigation of oty
eveaptts i hematogniesie as wall as for the definitive
isotation of hyman hematopaiatic stem cally with lang-term
iy vivo repopulating potential,

a 188% by Grane & Seraiton, joc,

refar 1 Uhis populstion of hematopoigtic celis ag "long-Lerm
sultvre [ETCbtiating oolis ™} Experiments with mause
mubrow huve shown that both LTC.wmitiating celis and oo
vive repaptlating colis aee rhodimine. 123 dull, wheesus 8
day & colony-forming anits & the spleen {CFU-5) und the
rrapority of day 13 CFLAS gare rhodumine Bright.” s Bunan
rurrow clepegenic oells and VO inivating colis have pogn
fgund Lo ditfer ip their expression of CAT (ML Booem
gt froam our jaboratory suggest thal some homas marrow
vl derived froma ten-day-ofd 1708 are capabie = 7o
angrafirent upon avloiopous trassphardation ™ Tnitinee o
sustained homesopoissis @othe LT Burasn smarrow oo
waild 2ppesr 1o offer 2 procedure Tor detecting el thag o
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riga tonogente progenitor colls . which may. them.
seives, be distinct from most clonogenic cells st thercfors
deveiopmeniaiy toee closely pelated 16 repogeiasing ceHs.
Fhe present stady s part of 3 larger efforn we have begun
im this conger w0 develop procetires Tor obdaining hamoge.
peous popelations of hamaa cefls oapable of lopg-ter
repomudation in transpiant recipients. En this reporr we
describe the rasults of experiments in which fouy festurss of
EVC initiating cetls were characterized and used 25 9 basis
for eheir enrichement. To govelop o quaniizative measure of
the namber of ETC-initiating colbs in a given celi suspensioa,
we assessed the total {aonadberent plus adherents raunber af
chatmgendc calls presant i LFC "assays™ 3 weeks slier their
iivarion. The selection of this lime men was bystd o
prevines stikchies with buman marrow indicazing that masl of
L lonogerl G colls present initlaliy wowid have dissppeared
ibw diffarentiation sndjor geathd within ¥ weeks ™ and
“bat @ period of this durstios might be necessary 10 detect
sipatficant nambers of newly produced clonseenic cells ™’ To
“elimirabs offocis due fo variable deprees of puricates of
suppartive celin, all (708 wers indsated By plating the test
vedls on presestabished, irvpdiated normal merrow sdierent
layers.

MATERIALS AND MTTHORS

Cedfs, Fuman marrow w3s ebiinsd from o indsrmed and con-
semting indivabieis donadisg marraw (or sumiogoss or afogenssc
musreew trasspianss aned was oolfected i TOI9Y winh 60 Lifmb of
preseoviiave e heparin Afthough maercee swes nosmal ineoxlb
patients by FACE anadvsis, prodociion of chonegesic oetls in BT by
somee diTeloBosy marcekw karvecs was 1o iow 20 aiow mesniagfol
anaivsiy of the dar and these caperivan s were shes doon rded, Bagh
cirnagmas prageisor conmenl and EECGaiaing ool comtent were
jowegr it INE MErrow fYOIn aLIGCEOUS dOnOrs as compared with
anrmad afegenois gonors; howaver, the diflerence in e LT
miliatsng codi cantens in oo susodopnss and alioge peis Foreoliad colla
wus the osfy ore o reach sigaihicance | Tabie £

fewglin reparation, THsconsingeus Percoll devsoy gradice cen-
Uifugstios was perfoemed whing o sodifoazzen of the methods of
Friciiofen™ asd Roos asd de Boer™ An Bosnstic Perooll siock
s was prepared by oyiwimg Peroodl iPhasmansis Fime Oheem
cals, Uppsiela. Swedent with o [0x sernognorsced shosshsen dglered
seline wooodzain & Poroodl stock sofition wilh o messered semoizlee
v 200 x5 omoss and aopH oef T

Marrow cels eeore washed twica in fscove's meedem with 27 felal
wilf perem 4 FOSY, suspended in fsoowe™s 3% FOS 20 00 weiissmb, o
recrrraaiocsin determined and ihe veils then meved wighoam
ampsoerizts volume of Peoosd wsospemd Lhe coils wno selugen with a
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densicy | 066 g/ml. or 1003 g imi., as fobiws:

Yoleme of

Paycal Eresssity Dresired _ Daepsity af

Stedk 1103060 er $ 008 g/mb ) Iseove's 2% FOS

S tion " Beasily of Percodi . .

.[-;:Ié::;e,d (ot Lok gﬂiutim’t — Eyesived Density
Voluame _

o ofCells Hematperit

% Wash < | - i
£l

The suspension was ovevlayered witk 5 ml of lsopve’s 2% FOCR
ind contrifuged # S0 g for 15 ridnutes, The cebls fasting on op
ol the Percoll soistion wese removed and wished twice in 7% FUS.
Percolied oolly were stored 2 &0 avernipht i breove’s 10T FOE
befnre staining and sorting. Most crperiayests were perford with
celi owith o demwisy -« L0466 p/mi. However S the Tast five
sreerimenty with douhie-stained ceils, iow demsity cells with
demsity <068 gfml were ssed. Nuclested ceil county wees
e [rmned on a Cowlier Cowder Moded 23 {(Coulier Flectroncs
Limited. Luton. England,

Sraiming omd How crtomsiry. Low density coils were washes
Lwice in EBRavk’s buffered safine with 2% FOS and 9.1 % sodivm aride
THEN) and suspemded i HEW as & o« 18 colls/ml, with 3 gp/ml
propidiun indide (P snd 108 agSmE BWase {4 Twpe 15 Sigm
Chemdoal Con St {ouesh wned sorted i $he bess of dheir B0 scazrar
propersics. For isbebimg with {Suoreseentt sntilwsdies low donsay
2#iis were washad azmd sipended in BFN 0 2w WP vellsfmb, ol
slainad with apd-OD3 {HPCACE, Beoton Drickinson, Sunnvesie,
A were incubeled with 2 sz of antibody/ 07 colls for 30 minuzes
cn e, wathed with HEN, and ten stained weth fuetsieein isorhie-
cvsapre [FITOboonkmgaed Féabl, fragmesis of sheep ami-maisme
Sy EFAMGEITO Capped] | T383344 Chrganan Teksda Corgp
Wesl Chester, #8101 7 ug of awtibody 50 onlls Far 30 wineles on
e, Lelis wern them washed again and sesponded i HFN aab #3
und TN gse 1. €7 8lls stained with amb-HE AR conjsgand duent
Wy phveaervihriz (P2 {ant—HEA-DR-FE. Beotor P¥okiniann| e
inwumaled with | pp asssbedy /107 cells for 30 minuses en oo, thes
wasied and suzpraded in FEFN with PNase | Boable-siziaed o
were Brst slained with ant-CD0 and 3AM-FITO as above. e
wasbod, sncubi il with anl-HLA-BR-PE lor A0 manuio o < 0
iv washed a2l suapended in HEN with Bhage 1

Ceiln wzre anslvied snd soried oo Beesos Dickinses § % = 5.
using o oaingle ateon faser ai 488 mm FITO Heoresocn:
roaaated eing 2 520738 kand pass Sler. PE uotescrace o oo
430 doag pmss #ller, aad PE Buorescmon saing o 37506 basd
giler The FACT wis oplibegzed belfosne cach res wsing
daorescanl mierspheres Eouies Corp, Flafoah, FLY Compe
Tt i gosthie-ttaaned specimicas wis sl up in bk FIT
Swoercieence with sngie-slaned sampies s5iag Sidzlond o
vors {8hmlord Laivarsily, Pasadena, £04 ], Calis wire sorzd

E

Tadda F. Froguency of Clonoganic Tells sivd LTC-Initigting Cails i Heraar Marrow Baforg and Afver Dansity Sentrifugation
o AR te 1 8 g/ mL Percodl

FEattaw Moo il
Bubhy Sukt =t OAE o L0EE 5iml,

5 T bembanng LIC-lmtiauryg
et enogarne Calls Lalls Clnrogpreas Sads el
Alageneic Uf o 14135 2o kil Bdit - HY 311 T2 3di

Asstoloncus Ed - 230 §oxotigl ald e 5™ 200 B

Al gl Shown fe the aee © SEAL Insmiber of dspennentsd par mtiai 187 nocledted celdls plated in mathyicollwicse an day & folonogenc «eis
LTE, s which case e sSroens coif Sontent was measerad 5 weaek s [atar i TEambatng celis), ifferamons Detween alogenss ard mplogous e~
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PURFICATION OF HUMAN LTL-INTIATNG CELLS

Tl drig eevednpe mode a2 2. B0 o 3 066) cetis poy seconnd. Thata was
coflected bn |ist mode, FHO00 oebls per sampic, o o WANX T
ompeter, Contear plds and hissograms were generpled wiing
FERESK softwars {Stanford Lindvarsite), Ceils were maininincd gt
52 hefore. dueing, and aiter the sert and oollosed o icove’s S5%
FCS mediues.

Clomopenis assavs.  Frimitive ervlheapaielic (BFL- B gransdio-
nodgtic (CFELGMY, and multiBreagy {CFU-GEMMY progemitors
were atayed it meihylesliniose cuiases contining 3 L mi Ruman
udingey erythropoietin {000 £ fman ang 309% apsr-soimulzied
Terman leukocyes condisioned media as deserfhed.” Progenitor sum-
hets wers dapived [ovn colony orends aftor dpesbation o Lhe cuiture
for T8 2] duys a8 1700 Marrow by cogt ol were pliled g ) ox
W esis Sml. Marmew cells rocavered alter Pereell density sonosfa-
gaiion were plated ot 5« B celia/ mil. Sorled fractisns were ated
il lowes ceff concs nizaticns depeiding on the esrichamen of progen:-
tory antieipsted From profiminary capenimends. Al assieys were sat
o Sepdicaie of uadrapticaie ml voiumes, Progenitor essici
ment relagive 4o the wnsarted Tow Jenwty cells was eafcolsied by
dividing e progenivr Freqseney/ 30° ceils a 1be sumed Fracion by
Lhe progesior freguency f ¥ cells in che yzseried, Pesad sipu sk,
sunpensii. Progeniler recovery iooa given serisd Traction wes
cafimiazed by muitipivisg the cxdeulated easichaer e the porcent-
ape of co¥s in ke fraction soreed. in sl eaperimsess wherse oodls
wers sl gvcordimyg fothide BEhd sealie profeelies oF sXprasio
af FELA-DR, the sam of the individual progenim: yecpueries for gl
Fetions wis, b average, L1E o M¥R g 13 o 2%, respectivedw.
Acvardingiv. ie these experssments she rocovery i individaad §rse-
finns way nosnaiized s shat the wem of o3 {ractions in an indivigusl
ExPECimE L wis FINF

Fompedarss marrawe cwdtures, Fhese woare esiablishes avd misis-
pipl B opemerad acectiieg o procedures previousty described. ™
Briafy, celly wers sospeaded in 35 i of LTO medin (adpka
iU supplemesiod with &3 me/E inasivod 0 g sl folic acid.
00 med T wluzsine, 5% horse sersm, §2.5% FCS. and (0%
mi b Bvdrcortisone sodiem seccingie), wheeR was iher piaced =
1i-mm Coraing s coltore disies e Corning Llidsweris, Dirniag,
MY oem pro-slanleshed. irsutiated, noymal mierrew fredecs. Fo
peopare foeders, affogensis marroe o owicd 10 imEdE pEimary
ETW i tlbsmrn tissue cublufe diskes oo & oweeks Belore Lhe
EEEENTEL amd Lhese wore then resimained 55 Moy fegsdar LTCs
R i seven davs before selizmg wp coceluires, nossdberenn ceils
wits tethoved and 1he adkeranl ol iovpumeed Y irradinted with 13
Ay ol 253 KVa doravs, and piaded in 15 ma €ormog tistay csilere
diakhes at 1w 3700 cells per dish e, 1w 390" v fom )

Linpracessed maeraw of marmow by eoas cells weee pleled at
% 3 oulisg BEC, Poveoll separated cells gl (P cedls/LTC. wnd
warlel frnetions st proportionztely iwer co|| concertrations depand-
ing <t the degree of eurichmwnl gnicipeied frome prefanmisery
sepetimeats, Colteres wers incubaied for the Arst shree o fous daws
w1 3T ungd theresfer gt 3350 i 39 OO A woektdy intamvais, half
af 1he renacdierenl oolis were sooved amd ot due samd inse EH I
ihe medinm was repiaced. After 3 weeks a3 nomadherens czlls were
removeed and the cells in the sdherens laver seapentded by orvpsingeg-
iy Moenadhsrent asd adhorent ceily ware then wassied ond alnyes
wasinved for closoagesic cofis. The Wetad numbey ol progenilors poggen:
imhe S-wepniooll BT was valvninted, and envichonenl 1d recov-
ery walugs determsned as for clonogene ooiis, osieg the number of
cheno@enic ceiis at 5 weeks Uy provide an owBrer mmsure of the
mupnder of LT intkating cells pragony i doy & In gxperaments
weirtrg cef|s were sariod aocording W Uedr B soaisey properies or
crpression of #ELA-DR the som of the recoversizs from ail fracuons
wan 68« 0% and 12R « 22T respectivedy. While these recoveries
arg siightiy grender than H00%., shis sepreseass the range of evror
mierenl in these megsagemenss, Ag for the clooogestic ol Lhe
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ETC initimting cell recovery (@ an mdividual fractach was thes
noginalized so thit she suee of sl fracizons i sach experiment was
L% Lo aBlow more actEtale Somparisens Bejwesn fraciions. Difler-
nees Betwesn the mean szovery of LTCdnidating czlls in a given
Fraction and Lhe mesin recovery of iopdgesic cobs in that (ricten
were compsred by a tao-tadied Stwdent’s 1 test,

AESELTE

Drensity separarion.  Roeovery of nuclested marrow cefls
~rAes pSmb and <D 00R g mL was 11 = 3% and 4« &R
respectively. Recovery of clonogeaic pragenilors was 13«
IY and 94 = IR, resgoctively. and sscovery of LTC
imitiatinge celis was % » 32% and 97 o 3%, Because of Lhe
higher recovery of LTC-inftiating celis using § 068 g/mb. 2
wovitch wis made o the gse of this deasity in loter eaperi-
ments The average envickment of clonogente cells was 6.5 &
Tang % oo 4 fokd, aed of LTC ndtating cells was 3 = §oand
o= 1 fold after density separstion ab LO66 and 1068
zirmk..

Lighe scatier properdes of dorogenic and LT -nisiatling
celfn, Low density maroow colls {rem Rve individuals {iwo
aflogenen: donors apd three subolognts donars) were sortad
into four fractions acoording to their forward lght scatler
(FLEY and orthoponel {907 Hght scater (OLS)} propersies
tFg 1A Marphologieally, frection | ocontaing primarity
smzl iymiphocyiles and some normweblasts, fesction {1 con.
g larper fymphosyies. fraction B conlains meeccoyies,
aats, ardl sorme promyelocyies and myvelocytes, and fraciios
IV o zomdzing primanly matarng gramdocyviic cetds, In cach
experiment aliquods of cetls feon the four sorted fraciions os
wetl os from the startiag low density c2lf suspenston wers
phated oshe clonogentc assay and were also vsed o inithane
LTz for determination of LTC-imisating ceif content The
propeaiter secovery in vach fraction was delermened @nd
then expressed as s perseniage of waal progenitor recovers
fur tha syperiment, Foe mean reeovery of clonogeniv veiis
for vach froction & compared with the corvesponding 830 -
wmvianng esil orecovery valzes g Fig Y8, By compesec
Vractiogs Fand FEE it an be seen shat LPC initiating vufls 2o
wgmifranty diferen from cloaogenis coils (F . D5 =
respocd e thelT Hight seatier charndierisios. Selection of ool
willh dew FLE (fracion i) selectvely epriched for | T
srigiating cofls. whersas sortisg in Lhe Blast window = 1inn
gion 114 seiectvely snviched for clonsgenic colis, This rowei
was nod ailersd wihen data from auilelogous o aivgenes
marrnw harvesss wers anaiveed sepmeaely.

MEA-OR cxpression an clomegemie gand LT oo
coff, Low dessizy marrew celis from sic individuais e -
aktodogols donoss and four silopeacic donaes) were ~hiin.
wilh ana-FEA-DR-PE snd soeted inde foar Dres
aveerding 1o their phvooeryibrie Buorescense imensly o}
Zay Pipht sdnlter gates were sob 10 include orly EXRE
irw 015 and FLS paees were lefl open i, toinoiude 2l oo
im Fracrioas 1o FE, and 13 0n Fag 1AL Fhe S50 a0 813
ErE-PE sor Fractions {8 and FEY averlzp with the uniaheiod
unsiained coniral and correspord 10 93% and 3% ol i
e consroi profile, respoctivedy. Fractions ITE aad i
HEA-TVE positive, Atmost g3 { - 9058 of the clopogens .«
were Found in the latter two mections. b comirast, aoes =
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Farwars Soahi! LTC tnitiating Cells Clonogenic Cefls
Flg 1. Light seetter peopedtion of dosogemie and LT O-intigtheg calle. (A Biveriate probebility contow bistogessr of ow dirpsaty

marrow oalls, plotting FLS fohamnal aamboer; ¢ 0.5 {channsi namiber ) iz prosenoed it g reprosantative axpgarimant, Ten percent of calls dxil
bt tha spenes hoteaere aach sthacant pait of cantowr lHeos, S8 Fhe degor progernitor pecovacy © SEN 8 axprasaod sx o paroest of tha sodanl
racoynry it sach of five sxparineents. The certont of L 1Odnitinting colts nad directly clroghai: cflls wat compared fo sach of tho faor
fractrone sorted s outlieed i A, Differances betwesn the recoverias of clorocemis Bred LTCdwdtistivg ooife dn fractions | ared 11t gry
significant {F = OEL

msieiy Rail {355 of the LTC dnitkzling colis were Foand in
lrastions 1 and 1, and these ceils wene vricsily absent From
fraction BV (Fig 2B) The differences belwsen clanegenic
eglt recovery and LTC-inniating celf recovery ars significant
pd the £ 08 faved in fractioes 1 amd by
Progenizor enrichament Ay sorne tor kivh CO3 expeess
siom Low dfeasity marmow colls - e abo santed for kigh
R exprossion alter staining e . anl-C03 0 and SAM.
CFETL, buoa Gral secses of sxpesiments. the ceily wers concom.
iantiy soried with oper FES zates gad low QRS guies
ifzacsioms B, BEoand 1T in Fig 145 and the op 5% of viable
(P nepative) FETO Buorescend coeily colieied. Tahie 2 chows
the reselis obeained for clonogesic cefl and LT inilirng
cofl nzmbers per HE ool assaved, angd the corrssponding

earichment oktained by cornparivan to unserted, low dersity
cells. bn oexpessments 3 oand 5.0 it owas possible fo compare
intarrily the top 3% of CD34d-posisive colls with rhe rop 29
of CIr34-positive cells, The frequency of clonogendic cefls and
their earichiend was sl differznt dn the Lwe D34 gemitjv
froction howover, thefr recovery decramsed approtimaiciv
wwodnid when onby the top 2% of CD34.pasitive colis were
socred, Bnocopteast, LPCWeitiating cels doubled ia bok
freaeency arsd snvichment when the log 2% way tompares!
with Lhe g 3% of UH3d-posteive colls and the same hisk
recovery was obtained i both fractions.

Lising Poreoil density sepzeation she overad] avesspe
eazicheerl of Clonogeni cedls was § o 3iodd amd of | TO
imbliating cells was 4.8 o 2dold over asigina] marrow Bl
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Fig 2. Exprassion of HLA-DR on clonoganic aed & FE-fritiating calia. (A The Huorascencs profibe (kg scalal of low Eaesity, bbxisoazod

macroww okl (dottad Bt is somparad wei che same oM suapensions aftac faboiing wittt apth-HiL, A-DR torjugatad bo PE Leodit dnal o
ragrasantativa axparimant. Roigtive nember of ceils i3 presantead v tha phycaarythrin Auoraecence haptnel number, The funraaaae:.
intangity ramgmned elafively conatint betwasn axpetiments ard the gating of fractiors 1 to BV wat maintainsd contdtand ac tha
Buygrescencs channnks atowte. (B Med: progenitor zecovery - SEM b o0 aaknd a3 peroant of the tofnd frurekes roctnd@ead 41 a8 af v
axprarinants. Tha ctatunt of LT ndtinting cefte ard regiiy cromogdois cedtn wes comparad for sach of the four fractives suroad o«
adtdienget im A CHifargnces hetwaen the racoverins of LTS indtirting osliz and clonogenic selys i fractiona o ad 1Y are sgedice
& a8,
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Fabix 2. Cagras of Errichmant of Clonegenic and LTC-Inidating Salla After Sorting of Low Density Human Marrow
tor High My 19 ExprasHon

CIopegeny Cels LTC-Initlitang Cat
Top M. Sar Enrichman Ao, Par Erpuctumant

Exprayrimemt % e v Pttty 1c* v Famsnonty
Ma Sourerd Calbs Pl 1%} Telle P 1%
1 3 11,0660 28X Ad LB HEX, 83
2 1 1d, S50 HEx +F Liie! GEX 2571
3 & 1, HAG SO o7 506 ¥ #7
4 E 15 T8 KR4 Ei 1,800 TR [ h
L3 a (5L Zdx 18 2146 33 26
lvsRey Rt 1= a7 3 4D LYy 8 8
3 b4 T EES 28 1,358 ElE Rt
il 1 13800 Tk 21 EX E1X B
Meaan 1% BRD ik 30k R SBX 33

My aies refar 10 e nember of Aonogenc cells ML TC at & weeaks per 107 Auchzted nells imigpalky olatad in LTE,

coad oeils. Mehtiplyiag these nomdbers by the average enrich-
ment obtaineed for clocegeric and LTC-nitaling cells after
sorsing for O34 {lop 3% gives an enrchanens of 260 = |20
Fbed For boik closogenic sad ETO-misating onfls &5 com-
pared with the original mareow belly cont sespensions.

Partigi puriffcation of closogenic and [PC-initlabgng
cells.  Using the FLS, OLS HEA-DE, and O34 resaits
abtained above, approprinle geees were ben chosen for use in
Four parameter soris to selectively isobale either clonugieic or
LT mitatiag cedls, Ta envich for clonogenie celis, oolls
wers sorted far high HEA-DE expression. with of withow
the sddinen of high FLS (Take 1} A mazimum sorickment
of e fobd gwer the Poropiled cells was abtaiged, or - 606 foid

empichment over tbe concentration of dlonagenic cells in the
original marrow By conl. Such sespeasions had an average
cloning efficiency of 3F = 2% snd were relazively doploted of
LT dnitiating colls,

Taubde 4 shows the resuily obsained using gales W enrich
sedmetively for LT Cdmpauer cetls, In this case ¢efls were
sorted for fw HEA-DE cxprossion sad kigh C34 oxprose
sign Elop 2% with fow or very low FLS. The coucentration of
LTC-ratisting cefs was erriched {70 10 90-Foid over thas
measkred 1o Pereodied coHs, and —800-0ld over marrow
buffy coat, These {ractions weore found 0 coatain enly G.4%
1 AT of the bow densily oeclegted colis ang onky 2% of che
dloncperic cels. Hecovery af LTC-ipitating celis was 307% w0

3L One hanedesd of these Mghiy purified cells produced, oa

Fable 3, Setactive Encichereter of Ohtrogaeds DToly i Bovenl Hurse Marrow by Mubi-2 nater Socting

avernpe, siehe clonogenic propenitors w Sewesk-oll LEC,
even theugh only Sour of she dpitisl |00 cells wees indsintly
capable of coleay formatian m methybeabubose, As shown in
Tauble 5 ihe relative proporiions of different types of clonor
genic ceils detected either inialiy o sfter 3 waeks in LTC
was Tod sighifieantly different betwesn unsories low dersity
cefls and the fractions most esriched for priemiive oolis
second and shird rows, Table 43,

DRECUES0N

Fa this roport we have desoribed 2 purifieation proceduse
[ the cells in buman marrow thal ase capable of initiaiing
long-term pemalopoiesis i vHro. These coils goald be
eagiched ~B00-foid by o combination of densHy coninfugs.
Lior: 306 & singie slep 4 proameter FACK sort, Toquanitaic
LTE-inninting cells. we measured the total number [sdher
ene st nogsdhersat) of clopogesaic progenilars presen: o
2 sulzure period of 5 weaks, The validity of this approoal -~
bazed in pef op the assempiios lBat there s o biecas
relationship between the nsmber of clonegeonic progenitor.
present after 3 weeks apd the aumber of celis in the anee
suspension witod that are capable of generating clonoges .
peogeny. Daiperimental dawn valmlating this stsumpinen oo
been chlsined ™ and will be prosented in detad cisewnsre |
serngliziny we have referped w0 e number of o
progenzions present i Seweek-oB]l LTC amays 28 lee 0 3
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table 4. Sebectiva Brrichment of LTS Infiating Cally i Mool Human Marrow by SufthPerometer Soring

Ferm
Plursr Tt L?C-IIII!IHHHE
e Cinergani: (il . Tavn®
- o ar
Call Ry w¥ RArcawary 10 Hairamey
Firgbint 1% et Ennrhuman 3 ode Eivhchiant ]
Py 268 5 v Jbowy B
LA DR fow ifractiow
s L BT 11,0800 = 30 29 - 3 17 ¢+ & 5200 = 1. B0D 110 = 30 s AG
My 162 -5 it e 2063
W A-DR fow (fraciian
] #LSdow Hyaatipn §
B 43 8.4 5 (L3 a4 Lk » 1 30 3 AT ForO0 + 2.0HED 190 = BO Y% - 20
Koy s 0 & v dton 2903
HLA-UR lenee Sracisie
131 i Swery levey |Broe-
thort 3 [ B TR T R0 =« % 200 Tox2 2z 1 B.OD0 2 308 LI ] SE o« A3

Vabues Shaven see thi eeoan = SEM 5 sover SFirsT sind, S {50eiirct riaw], dand donr fiherd oad eiginareens g by mompacisod with owe dengrry Percoiliea

opils.

Aabuis Tofar to membed of chossgoeic calis o TC a0 5wk g per O paag lpptedt culs ieitialiy Diated i T

imiteabing ¢edi content”, revegniding that the actiad muimher
of progesitor cxlls detected wili likely be somewhar gregter
1kan the rumber of ockpireal LT intleting crlls as the latter
wouid ¢rch give Tise 1o more lhan one clonogeme cell
deterrable after § weeky in LT,

The separaie charmcterizatior of L TO-ipitaling cells 2pd
diractly clonogenic eefls with resfeet 20 0 rumber of phyiical
and angigenic propertics rovealed consistens differences 1hat
ool e enploded to allow their differeptial enrichmens,
Previous roparis have shown fhal \Be modal density of
sloangenic aroperiiors ooctrs between §.063 and 064 gf
mb. " Asvonfirmed Bore, essentinlby af such celis wers Found
L b ighter thap 1066 gimb. Eess 15 known abour the
density profile of LTC-mageiing celis, bay our eesuitsy indi
vate that sebstaetiz] numbers of these cells may be shighthy
more dense ihaer clonogenic progeniiors, With respect o
lighs soaiter propeeeies. previos stdies fave also shows 1hat
the majorizy of clorogenic progesitors eakibit o kigh L3
and 2 low t intermediate GLS™ and are thus conceniraied
inzr ares referred do as the biast window, ™ Agsin, our 421
confirm these fadings: however, we bive pow shown that
ETC indtiating cels have 2 sipnificantiy fower FLS than the
majority of clonpgenic cetls. and are therelors found ir the
fight scatker fractions thal contain sieil-toomedice Sized
byrmphocyies,

Expression of the HLADHE antigen of grimitive hemaio.
poselic Celis has been o podnt of somme coniroversy ia the

Tatda 5. Rakgtive Proportiors of Siferyrt Types of Chomogars
Caits Datected Hedore and Alter S Waeks in LTC | of Torel
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liseeaties, ™ Maost clonogenic ceils expross detectable fovei
of HLAWDR antipens, ®® although the “biast coloay-Farm
ing cedt" s been found o ek susfaoe HL AR antipans ™
LEC-inftiating celis have been seporred o both axpress™ and
k™ HEADR antigens, In the present experiments. e
HIA-RR Byorescence profite was subdvided mio four oo
tiget, the fivst fwo corresporelipg ta Ro O very low MEA-THR
antigen exprossion &nd the latier two to ipcreasingby highar
HLA-DR eypression. Separate analysis of sach of che
froctions coakimmed Lhat the magoriy of clorogensc ool
exnresy reedily detectable lovels of MEA-DR. ahoree.
approximately $0% of LTC initdating celis shewed soursue
bw HLA-DR esprossion.

Sorting of human maresw cofls with kgh CDIS anbo
wroression allowed beeh clonogemic and LT Onisntien o0
Lir he sigsifeandy enrichked in agreement wish poes
abservations by others ™Y Recent studies have ~uauoe
that celis respossibie for hemutepoiebis Teeonskitenen -
afler bevhal dprndission pre aiso relained in the TN e
Fraclinn althOugh guantilalive measlremens o
sarichmen caboulztions were aot perfarmed  Inghe - -
srudy. we wave ebtained svidence that LT 0nse
eupress higher levals of 34 than de the muse
slomgrenic celis. Fhiy s consistzar with the oo
reporied progressive deeline in T35 antigen exprenws
ipcressing hemalopoicss ool dilerentation ar b
af mvelomedisis

Proviouas attempts 1o obain eariched populatons -
vive miman bemaiopoielic celds nove foessed on 1 o
ol ceils capabie of direciy foomag cojonies of difere
mveinid and ervibieeid cefls in semdsolid modis oo
sfubie prowth factors. We have shown that the s
these ceils differ in their {ight scatler proporiies, om0
and HEA-DR expression fram ihe oells that give -
ciupogenic progeiiors in Lhe BT sviiem. Anaiogous -
with murine marrow woakl predict that is mEghs e e
1 feether separate Buman EVO-indisting oeils oo
restduad donogemic cefls’ Shoiariy o may be g
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*obtain suspensions that are move enviched in human clono-

peeie coils thas those described hese (307%, Table 3} which
sre completely devoid of L' TC-initiating calis, Comparntive
sledies of these populations shoubd be useful {or the idenlifie
cation of growth (actors that stimuiste the most priminve
hersatopaietic calls i aoemal buman marrow s o charmge-
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