
United States Patent 1191 1111 Patent Number: 4,714,680 
Cltin s Date o f  Patent: Dee. 22, 1987 

1211 Appl. Na: 

(221 Filed: 

~ s l l  1st. na ......-..........., CUN wok GOIN 3 v m  
[ J Z ~  us. n ....-...-.........-....--....... us/no.u; 435n 
[58] Fltld of Starch .......... -, ......... 43V240, 241. 7 

154 Rctercnca Cttcd 
FUBLlCATlONS 

Stnun et &I.. 'MY-10. A Human ffcrnatoyoietic Pro- 
genitor Cell Surface Anttgen Iden~tficd by a Mono- 
clonal Anitbody': Expenmmral l f e m o r o i ~  ( h w -  
rcnce). I1 (Suppl. I 4 t  1983, p. 205. 
Bodgcr ct d.: 'Surface Ancigmtc Detenntnrnu on 
Human Pluripownt and Unipocenc l lern~topict ic Pro- 
genitor CdL': B l d .  vol. 61. No. 5; May. 1983, pp. 
low-1010. 
Bodger el al., 'A Monoclonrl Anubody Specific for 
Immature Human Hcmatopocecic Ccllr and T Lineage 
Ccllr': I.  Immmolqy,  vol. 127. No. 6. Dee. 1981; pp. 
2269-2274, 
avin. Slrauss et 11, B l d  60(5):9Sr (Abstract) (1982). 
Chin. Vaughan ct al., "Cell Su~face Antigem of 
Human Myeloid Cells." (1982) Etp. Hemot01 10:129 
(Ahtract). 

Civin. Brovall et al.. Ilyhridoma I:12Sa. (1963). p;m. 
cntcd Fch. 11. 1Q111. ahwracc. rvmlrhle Feb. 6. 1983. 
Iltornll. Sl~qrc.  Civiw et nl.. Exp. I l m t d .  It 
(Supp.):l9o f 1or.v. plcrcntcd Jul. 14. 1983, abstract 
avrilahle Jol. 10. IW?. 
Civin. Vwphan ct al.. Exp. Ilematol. I1 (Supp.):ll. 
(1983). praenled Jul. 12. 1983. abstract available Jul. 10. 
1963. 
Strauss k Civin. Eap. ftematol. fI:20S (1983), p e n r e d  
JuL 14. 1983. abstracts avmilable Jul. 10. 198). 
Stmuss & bRusa and Civin. I.S.E.H. Abs~rrct (19841. 
Ley. Ogawa. Civin er rl.. f.S.&H. Abstract (1984). 
Chin ct d.. I. Immunolngy. (1984). vol. 13. 157-16). 

Mmory Examrnrr-Thomu G. Wiseman 
A-nr Lamtntr-Elizabeth C. Weimu 
Alromw. Agmi. or Firm-Banner, Birch. McKie & 
Beckett 

Monoclonal ambodies chat recognize r sc~ge-lpec~fic 
ratigen on immature human marrow cc l t  u c  provided. 
These mtlbodin are useful in  methods of isoluiag cell 
suspensions from human blood and mamw thu  an be 
employcd in bone marrow trmsplanution. CcO ,aspen- 
rions containing human pluripotent lympho-hrmuopot- 
etic stem cells are also provided. u well u thcnpu~lc 
methods employing the cell suspensions. 



- 
A further object nf the ptmcnt invention is to provide 

HUhUN =EN CELLS a method lor prepanns a cell population useful for stem 
cell tr~nsplantation that IS cctr~ctted in tmmature mar. 

The invention dacnbed hcrein w u  ma& wcth Gov. row cells and substantidl!, Crce of malure myeloid and 
emmcnt support under a grant of award from the De. S lymphoid cells. 
prnment of l h l t h  and lluman Services. Tlce Govern- Yet mother ohjcct of the prc~cnt  invention is to pro- 
nwnc h u  ceruin righa m t l h  invcntcon. vtde a method of coilcct~rtq don~t ionr  useful for stem 

cell tmuplanut~on that avoids the disadvantages of 
TECHNICAL RELD convmtrond m u r o w  h r r v n t t n ~  techniques. 

The  plaen; invention dilecled to cell p p u ~ r l i ~ ~  10 S~ill  mother object of llle present invention ir t o  
U K ~ U ~  in bone murow trmqplmut1on. r, well u im. provide 8 therapcuttc method of trmsplant~ns stem 
m o d  c e b  producing monoclond mtibodie, 10 hum- cells that can extend the Ute of slcm cell ttmrplantalion 
stem c& of thc treatment of non- tad  discus. 

These md other objects of the present invention are 
BACKGROUND OF THE INVENTION 19 achieved by one o r  more of the  tollowing embodiments. 
be rmrrow tmplurul,on is ur c~CCtive therapy In one cmbodimeni. the present lnventlon provides r 

tor u r  i n n w i n g  number of d iseua G d [  Vcnw Host monoclonal M ~ ~ M Y  that rccognim u! ~ W r n  on  
(GVHDL however, limiu bone trms- buman pluripotenc lyrnpl~ohernatopoieric stem c e l b  but 

plmution to rccipienu with H L A . ~ ~ ~ ~ ~ ~  do. d o e  not r m g n u e  an antiLen on no-1. human muure 

H O ~ .  Even then. approximately hdf  of the dlogenic :O lymphoid *yeloid cellt. 
bne muraw lruuplanlation rKipienu develop The praent invention also provides a monoclonal 

GVHD. c~~~~~ lhcrapr for GVHD impcrlet and antibody to normal. immature human marrow cells that. 
(he dkfigurine md,or leth,,. ,,,- risk is sage-specific and not lineage dependent. said mci- 

G ~ D  {he we or bone trsn,planm. body (8) r m g n i f i n s  antifen on n0nn.l. 
ti08 to patimu with o t h a w i v  faul db%. such as :s blood or bone marrow (i) colony-ronntng celb tot  
m.ligo.ncirr aplutic rnrmir cmgentld granuloc)m/monocyca (CFC-GM). (ii) colony4onn- 

ing cells for er ylhrocyter (DFU.E). (iii) colony-fonninu 
immun*eficiew ''0° bone cellr for minophils (CFC-Eo). (iv) multipoten~ colony- -plmutionr p a y u r  ue pedomed in lhe forming cclk (CFC-GEhfM), and (v) immature lym- 
united S b t a  Many other patienu have d i w u a  that ,,, phoid prccunor (b, rccogniting midrt be mated by m u m w  cell truuplmtation (such muimuc,, of about Js nonnll, hunun c.lb 
M sLUe u l l  anemia) if G V H D  were not such a serious md l muimum about human p e r i p h d  
tbk. blood cell% and (c) not recognizing an antigen on nor- 

potrntiJ benefiu use of hone & matule humm myeloid md lymphoid cell& 
m u r o w  tramplaatation have rttmulrtcd mearch on the ,, praent invention pro* m o n o c ~ o ~  

prevention OiGVHD. f t h u ~ s h O w n t h m t   tib body that r-gnira the antigen recognized by the 
donor T l y m p h o c r a  cauw GVHD in mimnls. Re-  tib body p r d u c d  by the hybridom dcpostted under 
movd of T lymphocyra from donor marrow inocula *TCC A - , ~  N ~ .  HB44a3. . 
C g d ~ " )  prevented the s u h u e n t  development of n e  pr-nt invention hr ther  provlda immorul cell 
OVHD in d= d o p  and monkcys. Similar trials in y) tina ghat tile above rntibodia. 
h u m w  with monoclonal anttbodia rgumt human T 111 still another embodiment, the present invention 
I Y ~ P ~ O W ~  now i progrcr* Preliminary r au lu .  provide a method of producin~ 8 population of human 
boweva- su85ac onfy attmumion of GVHD. not a cclls containing pluripotent Lyrnpho-hernatopo~etic stem 
c o r e  Siu r a d u  have been achieved with E-rosette cells comprising: (a) providing a cell s r u ~ s i o n  from 

mykm k t i n  depletion of f lymphocyt~.  An- rs human tisue. uid tissue selected from the group coa- 
other approach under invmiption is the use of anti-T sbting of marrow mnd blood: (b) contacting slid cell 
l p p h o c y r e  monoclonal antibodies conjugated to tox- sapcnslon with a monoclonal aocibody to immiture 
inr such u r ick h u m  murow cd l s  that is  stage-apecilic and not tin- 

& of ye% howwct. GVHD h u  not been prevented mge dependent, uid antibody recognizn an antigen on 
Or cured in bane mrrmw recipients. A continuing nccd 50 human pluripotcnt lyrnphehematopoietic stem cdr. 
e l b ~  tbercfom. for new methods of combatting Graft but d- not recognize an anligen on mature. h u m  
Vmtn H a  D h  myeloid m d  lymphoid c e l k  and (c) sepurting and 

bonon of bone murow u e  sho faced with undnir-  recovering from uid cell sutpenrion the celb bound by 
able p d u r a  ud risks. The cunent procedura for Yid mtibody. 
h a t i n g  b o w  m w  u e  expensive m d  painful. 2) In r further embodiment. the present invention pro- 
Funhennore. the current donation procedure n accorn. v i d e  a method of providing a populuion of human celh 
pmied by the risks 8socirted with metheri8. a n a l p i r .  containing pluriptent lymphn-hemutopietic stem cells 
blood tranrlmwn m d  infection. It would he comp+trg: ( 8 )  providing a cell suspension from human 
ddrrble.  therefore, to improve the c m t  method of t h e ,  wid tissue sclecrcd from the group consisting of 
h a t i n g  OYI~OW from donon. 60 marrow and bid: (b) conucting uid cell suspension 

SUMMARY OF THE INVENTION with a solid-phase linked monoclonal antibody to imma- 
ture human marrow cells that is stage.specific and not 

It b m object of the p r a m t  invention to reduce o r  l inage dependent. said antibody recognizes m antigen 
eliminate GVHD u z a i r t e d  with bone manow trans- on humm pluripotent lympho-hematopoietic stem cells, 
phnu l ioa  63 but doer not recognize an antigen on mature humul 

Another ob j r a  of the praent invention ig to provide rnyeloid and lymphoid cells: m d  ( c ) ~ p r r a t i n g  unbound 
monoelonsl anttbodies that sclcctrvcly bind Immature cclb from solid-phue linked monoclonal antibody after 
bone marrow c e l h  said contacting: and ( d )  recovering bound cells from 



uid solid-phue linked mo&lond mttbody alter %pa- rapidly u blut  cells dilliremate into mature myeloid 
raung sud unbound cells. and lymphotd cells. 
Yd another embodiment of the p t a m t  inventton The u r d u ~ t  immune rdherance ("panning") tech. 

provida a suspension of humm cells compnting p l u n p  nique u an appropriare u u y  to Kpuatc  the r u e  My.lO. 
otent lymph~hematopotetic atem celh subruntidly J porttive normd human bone manow celb from the 
free of mature lymphoid and mycloid cells. u well u prdomurant hfy-l@negattve marrow cells. Over 50% 
therapeutic methods employ in^ such a cell swperuton. of Lhe My-l@po~ltive murow cells found by thi, I&I- 

DETALLED DESCRIPTION OF THE 
nique arc b l u t  cells of heterogentoru morpholoBy. 

INVE,NTION 
Only ruely  u e  progrmdocfla.  promonocyca m d  

10 more mature grmulocytic or monocytic celh found in 
The Drexnt invention o-a s imdwt advance the MY-IO-pO~itive cell fraclton. Confuminc r d u  " - - - -  

in the kt of bone nnrro; tnnsplant;tton. An antigen with e i m  higher purity of isolated My-10-positive cells 
h, been d k v e r e d  f b t  b e x p r u d  a immatare, uc achieved with immune rosetttng znd fluoraccncc. 
wnnrl human marrrrw cells. includln~ plunptent lym- activated cell mning (FACS). 
ph+hematopoiettc stem cells (stein cells). Stem cells I5 The M p l O  rnllgen expressed on colony-forming 
brve the ability to ratore. w h m  trmsplrnted. the pro- cdlr dd marrow or  blood cells lincrger tested u, date. 
duction of hemrtopoietic and lymphoid cells to a pa- For example. over 9040 of the colony-forming cells- 
tieat who h a  lost such production due to. for example. gnaulocyWmonocyte (CFC-GM) are tzolrted in the 
ndutioo therapy. Unlike other anttgens to which My.l@poslcive fraction obtained by panning m s ~ ~ o w  
monoclonJ anttbodies have been developed, the anti- 20 c d l r  Like <SFC-GM. the colony-forrntng cells for pure 
g m  disclosed heretn is not caprased by mature myeloid colonia of aminophils (CFC-Eo) are My-lapontivr. 
or lymphoid cells. yet appears on d l  colony-forming Large crythoid  colony-formtng prcgcnitor celh 
myeloid progmrtors truytd to date. The newly dircov- (BW-E) u e  ah0 dmmt uniformly My-10-positive. 
e d  antigen u a supspec l f i c  rnttgcn that a p p a n  on M i d  multipotent colony-forming celb (CFC- 
bone mvmw cells desirable lor rue In a bone m m o w  23 GEMM) d m  express the cell surface antigen, My-10. 
transplmt, yet is not exprencd on the more mature Only a t a t  half of the presumably more ditrertnciated 
lymphoid cells which bave been implicated u the uw progenitors of smaller erphroid colonia ( W - E -  
of GrrR Venus Host DiKUL Puthermore. it has ken like") w m  in the My-10-poritivc population obuined 
found that the newly discovered antigen is not ex- by panning. Erythroid celb more mature than a'yrhrmd 
p d  on the peripheral blood cells that would k 30 b l u u  arc uniformly hiy.10-negative. These rcmltsindi. 
umcamy o r  unwanled for stem ccll transplurtrtion. ute that the ccll surface My-I0 exprcuion d a r u s a  
(hm permitting the isolation of  stem cells from huaun shuply between the large. immature BFU-E s r q c  and 
blood. The present invention alto provide monoclonal the b t t a  s t s e a  of rtythroid maturation. 
latibodia which faciliute the wlatton of the desired My-10 antugen is also found on immature lymphoid 
edlr and nuke  poulble improved thmptutic tcch- JS precursor cells. T h a c  immature lymphoid celb can k 
niqua that significantly contribute to the u n d m m d i n ~  idattilied. for example. by detecting the prcrcaa  of 
md prevention of Graft Venus Host -Disease. The n d c u  terminal deoxynucleotidyl trsnsfenx (TdT) u 
Iated stem cells un dw, be employed to produce panels d a x i b c d  by Bollum. (1979) B h d  54: 1203. Approxi- 
o l  monoclonal antibodies to stem cells. ntately 5 4 0 %  of My-IOpositive m u r o w  cclh have 

The newly dixovered antigen h u  bcm dcrignrted U )  been found to be TdT-porttivc in r v c d  expa imrnu  
My.10. Thu mtclen w u  identified by 8 monoclonal Lar than 1% of the My-IGnegattve marrow c& were 
antibody nird against the KG-la human leukemic cell TdT.pontive. 
line. The KG1A cell line arrne u a spntaacour tiuue Thus. My-I0 is a stage-speeific rntilen that b de~eer- 
culture variant from the KG-l myeloblr~tic leukmrlc able on normal. human manow or blocd colony-fonn- 
cell line derived from a patient with non-lymphocyttc 4s ing cellr and immature lymphoid precutor c c l k  but nol 
Itohemir Sce Kocmer et .L. (1978) Scirncr 200: l l J 9  on sod mature human lymphoid and myeloid cells. 
Kodllu ct al, (1960) Blood 561 265. Both t lu  KG-la The anttgcn is not lineage dependent. but a p p a n  on a 
and KG.1 leukemic cell lia arc available from Dr. spectrum of lympho-hematopoietic progenitor celh 
David W d c  a the University of California. Lor An- Anti-My-I0 rntibodia arc extremely useful in bema- 
8 h  topoieuc r m c h  b m u v  ma-My-I0 antibodia lakl 
Tbe My-I0 antieen u expreued u a cell-surface anti- the lympho-hematopoetic progenitor cell subsea mote 

g a ~  on the KO-la m d  K G 1  cell ha. The mugen b spccifidy that m y  previously described mabody. An 
immunoprecipiuted from extracu of thee  cell l ina u imi-My-I0 antibody recognizes an antigen on thesmall- 
protein of approximately I IS tD (kiloddron) apparent en percentage of more mature murow celh reponed 
molecalu weight. The My-I0 antigen ia also caprased 5 1  and allows the isolationof relatively pure poph t iom of 
on a oumber of frmh acute leukemia (both lymphoid immature lympho-hemtopoietic cells in a single ncp. 
rad non-lymphoid) blrut cell specimens. My-IGporitive mamow cells recovered with anti-My- 
My40 h expreued on vcty few n o d  human pc- 10 antibody can be m appropriate c o n w l  n o d  cell 

riphcrrl blood ce lb  or m m  cellr &say, detect population to compare with leukemic blut celh rad t o  
My-I0 antigen o n  a maximum of about 5% of the nor. 60 use in s tud ia  on the mccbnisnu of action of al& 
d h u m  mamow ceih and a maximum of a b u t  1% facton and genes which regulate hernatopoietic cell 
of nonnd human peripheral blood cells. Variaru u u y  profifention and diIferentiatioa The near 1 M  recov- 
techniqua have been employed to test for the presence e q  of molt in vitro colony-forming cells in the My-10- 
of the My-10 antigen and those tcchniqun have not @dve marrow ccll subpopulation indicates that My- 
detected m y  apprmabk  number (i.e.. not t i ~ i c a n t l y  65 IOnegat~ve accessory cells are not necevuy for the 
above background) of normal. mature human myeloid growth and differenttation of these progenitor cells 
.nd lymphoid cells in My-lGposicive populations. In- Anti-MplO antibodies also have imponrnt thmpcutic 
deed. the ability to detect My- 10 antigen diminhha appiiution because th y allow the recovery of bemato- 



poietic stem eell-cnriehed. mature lymphoc)-redepleted 
cell populrl~om lor utc in human stem ccll trurspirnu. 
tion. 

And-My-IOmubody u unique ur that it recognizes m 
antigen on the progemtor cells CFC-GM. BN-E 
CFC-Eo. md OFC-GEMM. but d o e  not recogfuze an 
antigen on mature. human mveloid or lymphotd cells. 
Anti-My-lomabody dso  p r r c ~ p ~ t a t a  a protein fonn an 
u t r m  of many humln leukcmtc cells (e.g.. KG-1 or  
KG-1. alb). and is gencr~lly found ta ~clecavely bind 
a amurnurn d a b o u t  5% normal. human mnrrow cells 
ud a murmum of about 1% n o d  la- penphtrd  
blood cclk 

Monoclonal MU-rtem c d l  urh'bodja u n  k pret 
drcnd r d i l y  by one ricilled in the n n  I h e  general 
methodology for amking monoclond antibodies by 
hybridornu u now well known to the an. See. e.g.. hf. 
Schreier et rL, Hybridorno Techniques (Cold Spring 
%rbr faboratory 1980): Hammerling er d.. Mono- 
cbnol Anribodiu and T-CdI Hybndomas (Elscv~er Bio- 
m c d i d  Pren 1981); Kennett et al.,MonarionaI Anftbcd. 
ia Plenum P r a  1980). Immortal. m t ~ b o d y - s r e t ~ n g  
cell ha an dso be produced by techniques other than 
fusion. such u direct trmsTormai~on of B. lvmphoc~m 
with o n c o p i c  DNA or EBV. Several mtipell sottrca 
a n  k tued. ifdaired. to challenge the norm*l B-lym- 
phocytc populalioa rbu u later convened to an immor- 
W cell lic 

For urmple. the KG-lr or KG-1 ceU l inn (prefera- 
bly (he KG-laccll h e )  c.m be used u m immut~ogcn to 
challenge the mammal (e.8.. m o w .  rat. hamster. etc.1 
used as a source for normal B-lymphocytes. l h e  antt- 
gcn-stimulated Bfymphocylm u e  then harveted and 
fused to ra immorul cell line or t rwformrd into an 
immortal dl h e  by m y  appropriate technique A 
prefmed hybridom producing a monoclonal anti-My- 
10 mtibody b produced by chdlcnging 8 m o w  with 
the KG-la cell b e  m d  fusing the r m v e r c d  8-lym- 
phocyra  with m imnrorul m o w  plumrcytomr cell. 
Antibody-producing immorul cells ucr k screened for 
mti-slem cell rntlbody product~on by selmting cloner 
Uut u e  strongly t a c t w e  wtth the KG.la or KG-1 
c e l h  but nor rucdve wtth granulocyte from a panel of 
hmm donors. Antibodies produced by c lonn  which 
show those propertia can then be screened for the 
additionrl propenia of anti-rrem ccll antibodies. 

A mouse hybridoma producing monoclonal anti-My- 
10 antibody w u  d e p i t c d  with the American Type 
Culture Colkction (ATCC). 12301 PuWawn Drive. 
Rockvillc Md. 20852. on Jan. 23. 1984. m d  migned 
ATCC Acceuion No. HE-8483. 73e  p r e m t  invenmn 
enamp-  in a pmfencd cmbodimcnt m y  mono- 
clonal ratibbdy that rccogniza the My-I0 ant~gen, i.e.. 
the antigen recognized by antibody from the hyhridoma 
ATCC HB-8483. In mother prcfened embodiment. the 
present invcntioa contcmplata monoclonal antihodim 
that conapond to the monoclonal antibody produced 
by ATCC HB-MU3 and in a panicululy prcfened 
embod'~mt. the ATCC HB-0483 antibody One anti- 
body conaponda to another antibody if h c v  tn th  rcc- 
ognirc the same or overlapping rntigea biding rites u 
demonstrated by, for example. a binding inhibition m- 
U Y .  

A n  dtcrrrrtin to the above method of producing 
monociorul mti-rrcm cell antlbodia employs the 
My-lo antigen directly u an Irnmuno~cn. The mono. 
clonal antibody produced by hybridomr ATCC HB- 
8485 can k rudily employed to prropiute the My-I0 

mt~gen.  For example. hf)1.10 Mttgen c m  be immune 
prectpltatcd from cell extracis of the KG-la or K G 1  
cell l i n a  or stnce hfy-10 is expressed by many other 
acute Ieukemtc cells. the antigen can k obutned from 

5 cell extracu from these Jourcn 8s well. The prmpt. 
w e d  mttgen can be used u m immunogcn in place of 
the KG.11 or KG.1 cell line in the above method. 8y  
appliutioo of my of the above methods. one skilled in 
the an c~ readily produce a panel of monoclonal mti. 

10 stem ccll and mci-hty- 10 mctboditr. 
Another rlternrtwc is to use an mi-My-10 mtibody 

in (he producuon of monoclonal antibodies that recog. 
r h e  diflerent antigens on  s1em cells and the immature 
marrow cells. The cclls isolated from blood and mrt. 

IS row with mti-My-I0 anttbody can be used u an lmmu. 
nogen, u described above. to produce a panel of mono. 
clonal mttbodiu against stem cells and immature mu- 
row cclb. The production of such mtl-stem cell m& 
bodia  is greatly facilitated by the use of substantially 

10 pure populations of lympho-hematopoietic p r m w  
cells provtdcd by the mtt-hfy.10 urtlbody u an immu- 
nogen. The specificities of such an t~bod ia  can be deter- 
mined readily through routine screentng by one skilled 
in the in. lhtu additional suge.spccific. lineage in&. 

15 pendent rn t~gem (and rntlhculia to t h e e  mtigem) w 
be identified by those of skill in the m. 

A8 indicated above, one applrcation for monoclonrl 
mtibodia t a  ruge-specific. lineage independent mtb 
gem on stem cells is the isolation of a highly enriched 

U) source of stem cells for human bone manow transplan- 
Won .  Such source  o r  stem cells can prevent or attenu- 
ate Graft Venus Host Disease. Anti-stem cell mono- 
clonal rntibodia (e.g.. anti-My-I0 antibody) can also be 
uscd to isolate stem cells b r  autologoru reinfusion tor 

3s exnmpk, in the treatment orantigen-negative (eg., My- 
Ihegr t ive )  Ieukemi.sc or  o t h a  malignancia 

7be present invention contemplala m y  mahod em- 
ploying monoclonal antrbodia to separate stem c J L  
from mature lymphocytes In the m m o w  or blood. 

a Generally, r ccll suspension prepared from human US= 

sue containing cells (i.e.. m u r o w  or  blood cells) u 
brought into conucx with monocJon.1 antibody (e-g., 
MU-My-I0 antibody) (i) to immature marrow celb lhrt 
b stage-spec if^ m d  not linaqedependcnc: (ii) lhrt 

45 recognira m mdpen or normal, human stem cells; ~d 
(ir7) that d o e  not recognize an antigen on nonnrl. nu- 
w e  humrn rnyeloid m d  lymphoid cells. CJb whkh 
have been bound by the monmlonrl antibody arc rhm 
vparated from unbound cclls by m y  meuu h o r n  
!hose skilled in the art. 

Vuiou methods of separating mtibody-bound cctb 
from unbound celh are known. For example, the m d  
body bound to the ccll (or m anti-isotype antibody) w 
be labeled md then the cells sepuated by a m c c h d  

55 cell son- that detccu the presence of the labd. 
Ruorexencr-activated cell ronen u e  well known in 
the u In one preferred cmhadiment. the mti-stem crll 
antibody is attached to D solid support. V u i o u  solid 
supporn u e  known to those orskill in the 81% including, 

60 but no1 limited t o  agarme bcldr polystyrene berdr 
hollow fiber membranes m d  plastic petri d i s h n  Cclb 
that u e  bound by the antibody can be removed from 
the cell suspension by srmply phyricdly sepmting B e  
solid suppon from the cell suspension. Preferred proto- 

65 cols. however. will be dncnbed. 
Sefmive cytaphercsn can be u d  to produce a c d  

suspension from human bone marrow or  blood contain- 
ing pluripotent lymphohematopoc~tic stem cells. For 



bound ccils a n  be eluted from 8 phitic petri dish by EXAMPLE I 
v i g ~ f ' ~ ~  rgiution. Altunat~vcly. bound cells c m  k DEVELOPhlENT OF A N  ANTI-MY-10 
elored by enrymrtically "nicking" or digating r en- MONOCLONAL ANTIBODY 
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scnbcd. Civin .nd Banqucngo. (1981) /. Immunol. I l t e  cclls beneath the ~ntcrfrcc of the d n t  gradient were 
Mtthods 6 1 :I. washed once. and pr~nulocytcc were then separated 

By t w o  wccks, macroscopic colonia were observed from red cclls by dexlran tcdimenratron. Small numben 
in d l  48 cultures: the culture supernatn were tmtcd m of resrdual red cells did not mterfare w ~ t h  later uulytis 
indirect immunofluoresccncc w a y s  on KG-la cell5. u 5 of rntlbody bindins to Icukocyres: if large n u m k n  
well as on  g rxnu lay ta  from w e d  normd donors. (greater t h m  255%) of red cells were present. they w m  
Four of lheo vr i td  culture supernata were stronely lyKd ormorrcdly. Crowley et d.. (1980) X t w  En& I. 
ractlve (at 1-1 five t lma background) wllh KG-la  302: 1163. 
alk but did not read with granulocyta from any M m o w  w u  aspirated rrom p t e r i o r  iliac c r n u  into 
donor tmted- The h~bridoma culture produein3 the lo dpha medium (h1.A. B ioproduc~  Wdkenv~l le .  Md.) 
ma-My-10 monoclond r n t t w ~  cloned in soft cenuining praervrtrve-free heparin (100 unrts/mf Pm. 
Uu- Ba*uuigQ (198f) xmmund b e p r i n a  Abbott. Chicago. 11.). ficctr cells obtained 
Med* 61:1- b c i - M ~ - l 0  bc IgG I r- donor murow harvested for allogeneic rn-w 
( W p r )  mtibody* by enzymc.linked imrnunmrbent -pIratatron. or  marrow ccils from normal volun. 
W Y .  Ci* m d  Bmgengo. (1983) J. ImmunoL MelhodJ I 5  t- utlliced. D i lu fd  n u n o w  umples  w e e  
6L:ll ung k t ~ ~ l ~ e c l f i c  anubdia (zvrncd Lbora- ,"fugcd over Histopaquc.lOn@ The tnterhcc ,p& 

Burlingme. Calif.). The t f i cedoned  hy- wuhed, suspmded in mrnplete growth 
bridorna producing monoclond anti-My-10 antibody is incubated (3,. =.. J4.0 C02, in petri for at a ~ a b l c  from tbe Amencan Type Culture Collecc~on 
under ATCC Accession No. HB-8483. lau 90 mur. to remove plastic-adherent cells. The low 

density, pluttc nonadhcrenf n u n o w  cells wcre wuhed  
EXAMPLE IS at l cv t  once agarn poor to use Leukcmic blur cells 

EXPRESSION OF MY-10 ANTIGEN O N  were o b u ~ n e d  from patient dirgnost~c marrow u r n p i a  

MYELOlD CELL LINES AND NORh1 At- u previously dacnhcd. Civin et 11, (19111 Blood 57: 
141. 

HVM*NBLmDANDMAIIROWCELLS '' T h e m t i b o d i s I I l N ~ d l e r e t . L ( I 9 ~ l ) P ~ H ~ m ~ .  
liner were obtained and cultured a prcvioUly  lo^ XII: 187-225. an(l.HLJ\-DR), (Ria J, 

d e w -  S~~ et 8 l . a  (1983) Blood 61:1222. f n  addi- (19g0)N,,,um 283: 581, mliamrnon jymphoblm 
lioa Ihe rmn*y d ~ r i b e d  eqthroleuke* ti= leukemia mtigml, hlo2 C o d d  e t  rl, (191l) J, 
OhuU r i  (Mlrtin Pa~m~uulO~oulOu .  (lgn2) Jmmun& 126: 1435, monocye.$pecific), T I 1  (- - lU3) wu generouly providd by Dr. '. 30 elr1..(191!)1. &p. h f d  IJ3:207; Howard et d..(1981) 
P ~ ~ ~ ~ M o ~ o U ~ O U  (Seattle. Wuh.). and w u  cultivated 
similar1 y. J. Immunol 126: 2111. mn-sheep red blood cell r e a p  

Hcginired periphd wu ob- tor of T 4 l s ) .  and 61 (Nadler et al, (1911) P a .  Hema- 
roL XII; 182-225, rntt-pm Bccll) were generously pto- rained from aormd laboratory volunteers. and cell 
vided by Dr. Nadln (Sidacy Fmber OncnCcntcr, t y p a  were x p m t e d  by r c v e d  tcchniqua. Plateleu. 3s 

r d  blood cells m d  pcnpherd blood m o n o n u c l a  Batoh md K. Konwti~hi (Coulla 
( P B M ~  scptnted dacribed ptcviously (Civin nosti- Hid& R r l  'Ihe mtilen-l m o n o c l o d  mti- 

A (1981) ~ l d  57: 142; ~ t r a u u  el d, (1983) MY ( E n ~ l c m m  et at.* ( 1 9 8 1 ) k  Ac'd Jd 

61: 1212) over Hbtopaquc.l077@ (Sigma S' Lou& Ig9l) war gcnerody pmvided 
Ma). Sine Todd et d, (1911) 1. lmmund 126; 1435. (O (Swotdo Calxk The MOPC 21 
b d  pdnted out that rnonocpn m y  adsorb p l a tda  (KaP~r3  protcih produced by 
f r a m m u  during c0nventlon.l PBMC prcparatlon u P3X63AGg cell line ( A m c d  Type T'bue Colkc. 
above. defib&.ted (rr&ct tbla hepurnizd) blood lion. Rockville. hfd.) and brving a o  known specifidty, 
-pla were & w h m  m o n o e r n  were to be evdu. W U  utilized u a nqrtrve control nntibody (culturn 
ated. L y m p h a y i a  or m o n a y r a  in r mixed population 4s ruFm"e). The W41A moaoclOnd mtrbody* 
of PBMC could k separately m d y r t d  for flouraccnce b i d  lyrnphoWn from * *mn Iatcd (Stram 
by fun w1-g 8 "lymphocyle region" or "monocyte & (1981) Blood 61: 1222A w= wcd u a poritive con- 
region." on  the b u d  of forward and right angle light trol. 
s a n e r  (Hoffman and Hsnwn. (1 98 I) Inr I. Immune. Indirnt i m m ~ n o f l u o r ~ c n a  mfl t o  m m u r e  bind- 
phomnc 3: 249) ruin8 flow cytometry (Specuurn 111 )O b 6  of m ~ n o ~ l o n d  antibodia 10 were perfonnd u 
cyiof luoropph;  Ortha Diagnatics. Ruitm. NJ.). In previously described. Civin et 11.. (1981) Blood 51: Ma 
o r h a  s t u d i a  the monocytei/mcropb.g~ in PBMC Stnw et 11.. (1983) Blood 61: 1221 Binding w u  ~m- 

prrprratioru (1 million ceIIs/ml complete growth me. I Y ~  either by sundard phsx and f luorwcnce micnn- 
d i m )  were hkl led by incubation ( 3 7  C, 5% C O Z  45 coPY and/or by flow miaf luoromaW. 
I&) ~ t h  100 million/ml Iatrx micrmpherm (Dew 59 h g c  quantities of cell surface My-10 rntigen (in& 
Diu~nmt ia .  lnd'iuupolh Id.). Aner washing. ph~go. rcct irnmunofluorcurence u r ty )  were detected by flow 
cytic mononucfcucells were identified microscopicdly microfluorometry and o tha  methods on  KG-I. & 
(at ktSI 3 krdr/ceil). Tbe mti.My-10-labclled KG-la cell population w u  

To obtain cnrichcd T. md B.lyrnphorryte ppula-  even (slightly) more inwindy f luo rami t  than t h e m -  
tiom, PBMC (5 million/rnl complete growth medium) d~ itive control) 28/43/61akllcd sample m b l e  1). In 
were fint depleted of monocytn m d  macropluga by contrast. when the 0th- c d l  l i n a  were lahelled with 
incubation (3T  C, JI COL 90 min) in plutic v t r i  and-My-10. neither the fluorescence h i s t o g n m  nor the 
d b b a  (Falcon. Oxnard. Calif.). The nonadherent derived v d u a  wcre greatly diKcrtnt from the negative 
PBMC were then wuhed m d  fractioned using shtep control (MOPC 21) profile (Daudi and K-562 ce fh  
erythrocyte (E).rmette format~on. londat ct at, (1972) 65 were not detectably lahclled with the positive control 
I. Exp M d  136: 201. T o  isolate peripheral blood 21/43/6 anttbody. This is consistent with the t h a u  that 
granulocyta mononuclear cells were first removed by this mubody detects a framework cpitope of the H U -  
Hiutopaquc4077@ demity gradient ccntrifugat~on A.B molecule. since HU-A.0 is not exprmed on 
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Daudl or KO562 cells. Strauu el rl.. 11913) Blwd 61: MOPC 21 and 15.6 with 21/43/6.2.I% of anti-My-10- 
1212). In t h ~ s  experiment. Daud~  cells appeared sliehtly treated marrow cells were more fluorscat thrn the 99.9 
positive for MY. 10. However. rn olhcr expenmenu. all percende cell lrcatcd with MOPC 21. FACS I1 osc~llo- 
o f l e  cell l i ne  tercept KO-la1 were clcrrly negative =ope fluorctcence a. light #alter "doc plou" of these 
for mu.My-IGbLnding. The sune concluions were 5 m u m w  celh a t  two  FACS 11 lucr  vo l tqe  s e m n p  
rmchrd when whole vtrble cells were ra ted  by en- were made. 

TAbLE l 
MI-10 ~ncvprn fiwnwn an Hvrnrn kuhenuc Cell I s e m  

Dm- P W I ~  nuoracenee* 

MOrC 11 1WCM 
Wrnuvr Controll WMy.10 l?mit~u Concrdt 
Mai. rarrm ME r- Ua rmtm 

FIw- Brim n- Brit)# Fl- 6n(N 
trr-v*. Who** I n u l a r r  CcIh I- Celh 

TABLE 2 

zymc-linked immunousrys (EIA). and when purified 
mti-My-I0 w u  used rather than uuuc culture super- U )  
lute. 

Table 2 shorn FACS fluorcvcnce data of isolated 
pcriphcnl b l d  g ~ u l o c y t r r  plutic-adherent mono- 
c y t a  (16% monocyta by Wright-Gicmsa suin). and 
nonadharnt 'Yyrnphocyra" (66% lymphocyra by 49 
Wright-Giemsa suia) d l e r  reaction with mu-My-10. 
No specific fluorc.utnce w u  delected. In several addi- 
tiond immunofluoracence and EIA iujys .  anti-My-10 
did am l a w  peripheral blood granulocyw. 
mononuclear celh (including E-rosette-piuve and S 
E-routre-negative c e l b  md latex bead-lahelled p h a g e  
cytic cell* a d w e d  individurlly). red cellr. or  platelets 
from m y  of 9 nonnrl hum- blood donon. 

bwdenai ty .  plutic-nonrdhacnt. m m o w  cells from 
normal human d o n m  were analytcd for cell surface 33 
exprcuion of My-I0 rntigen by indirect immunofluora- 
ence us in^ visurl m i m o p i c  detection. A small. but 
ddmite (1.3% mean) subpopulation of marrow cell w u  
fluorcxcnt o v a  MOPC 21 background in eight experi- 
mmu. A amaU subpopulation of My-10-positive mu- 60 
row leakocym w u  dso identified by flow cyometry. 
KO-la dlr tested in the same experiment. are shown 
tor cornpaison. In both the KG-la cells and the My-10- 
w i t k c  marrow cells, t h m  a cellular heterogeneity 
witb h e r d  to M y l o  lnugcn cell surface density, from 63 
n a r  background to off-rule at  these i n s l ~ m e n t  ret- 
tins% Mtu,  fluorrscrncc in~rnrrty of the mu-My-10- 
treated marrow cells w u  1.L compared to 0.1 with 

EXAMPLE 111 

MORPHOLOGlC AND CYTOCHEMICAL 
PHENOTYPE OF MY-10-PANNED MARROW 

CELLS 
The technique of Englemln et d, Pme Nod Aced 

Sci USA 78: 1911. w u  utilized u prrviody dacribtd 
Stnuu et al.. (1913) Blood 61: 122L Blicfly, to non-I& 
rue culture-treated plrstic petri disha (LbTck. Napcr- 
ville. 11; 60 mm) w u  added S ml of rtaile Trh buflcr 
(0.IM. pH 9.2) containing 20 ug/ml rIIinity-purfied 
gwt mti-mome IgO mribody (Kirk@ & Perry). 
ARer 45 minota (11' C), the d t h a  were rimed t h r n  
rima with HmYs  b a h d  salt solulioa (HBSS). then 
once with HBSS contuning 0.2% Bovbrc sum albu- 
min (BSA). and stored (4' C) in the huf medium 
Immediately prior t o  wc d t h e  w m  msbed with 
HBSS containing 0.2% BSA. 

Plastic-nonadhcmt. low density mrrrow k o l o c y t a  
were rdjusted to S millmn/ml in HBSS conmininu 0.29.  
BSA and incubated (30 m k  22' C) with m r q d  
volume of spent hybridoma supenrau (conditions of 
antibody cxccn. u determined in p r d b i n u y  expcri- 
menu). Cells were then wuhcd twice in cold HBSS 
contain in^ 0.2% BSA. Ten million celb in 1 ad of  the 
same cold d i u m  were placed in r goat-and-mouse 
lpcoated petri dish a t  4' C. The dish w u  rocked gently 
after one hour. a d  after two houn  tbe unbound celb 
were harvested 4)' rockin8 and &en& pipniag with 



l h t ~  2 ml vo lumn The bound cells wcre releued by 3 TABLE Cconturucd 
ricua w h  vigorour pcpettlng. 

Cpoptumlc Garu b n c t m  a( O ~ Y  1.7-2.29. of the n o m d  humm low dcnrity. My.lOAn~~~rn.Pa~~cvr r, Nerat~vr hlmow Ccth* 
plastic aonrdbermk bone murow cells bound to the M m o w  Crlh 
MY-lo panning pla ta  in ~ h a c  Tom expenmenu G U  5 Ummuacrd Mv-IONtr Wv-Ispa .  
fraction, were Urm cyloantr i fugd lea w e d  for 
morphology (Table 3). The ma l l  M y - l @ ~ t n e  mat- EJV ESP LP Ear k. b 

1 4  1 4  r 
row cell fraction coaurned many undifferenuated blad 

-1. cell1 c a b l e  3). Small numbers ofprogrmulccvta  more C I I C I I Y . v * . .  
6 4 1  a 1 6  I4 2 

mature grlnulocylic cells. m d  lymphoid cells were also 10 ~)ph, m p h ~ r (  

observed in this cell Iraclion. Tbbc r a t l l u  were con. unn. 
(hued by mdph o r  double a t e r u e  cymchemical C W T - - ~ ~ * *  
SU ofthe cell fractions CTable 4) which supgatcd the Diflmwlr s w  I 6  1 0  1 0  
p r e ~ n e e  of both monobluo (nonspecific esterue-posi- fdy SUhd 0 0  I t  o 
live) ud myrlobluu (NASD chloroaccute a t e r a s e  Is urn- 11 61 !2 11 31 (( 

pir ive) .  ' p - d m c . l h c o . r d t - l . D o u ( a t s r r n n * r o I ~ r m f r a r ~ .  
e ~ - k - b ~ ~ k W I r r * m r  

Smeared or  cyKocentrifuged preparations of whole o r  --w&= -- 
lepurtcd m m w  cells or colonic~ were stuncd either 
with Wright-Giemw suin. o t  with r doubleuterose 
(alph.-naphthyl) rceute and naphthol AS-D chloroace- 10 EXAMPLE IV 

Ute a t e r a )  c p x h e m c r l  suin m d  Mayer s Hema- ANTI-MY-IGIMMUNE ROSETnNG HUMAN 
loxylin countenuin for difrcrentul countmg. o r  with MARROW CELLS 
Other crochcmrcd luicu Clm "* (I9") Am '' Previowly d-"bed procedure (Goding. (1976) 1. CIin Pork 55: 213). u fmmunoL Mehods 10: 61: PNich and McKcme. (1978) 

TABLE 3 /. JmmunoL Methods 20: 173) were modified u de- 
DiBnmruI BW ~ouau* st Kiibed below. Human 0-negaiivd red cells were puri. 

M~- ISAan~Pcdwc  rr. Nctauve M v m w  Glh fied from heprrinized f r a h  whole blood by ccntduga- 
M- cdb tion (300 x g 30 min.. 22' C) over Mono-Poly-Raolv- 

u-atcd M V - I Q N ~ C  LIV-IOPOS j~ ing Medium ( R o w  Laboratories. McLera Va.). The 
IEap EX, Esp L p  G p  Elp leukocfle-free, eythroid  cell pellet was w u h d  five 
PW 1 1 1  t ima  in sterile 0.9% NKI (4' C.. JUl X g. 10 min.) ud 

8 l a  a(* 1  1 1  b 74 62 stored 16 h o u n  as 8 10% suspension in isotonic ufiaa 
r-tr(oc*ra 4 
VwNeuue**  ' ' (4. C). Amity-puril ied post mti-mouse IgG (Kirkeg- $8 s4 40 44 6 I 
I=+- I , I 15 ~ r d  and Perry). and prutcin A-xphuosc column 
M a n y  9 4 I r o (Pbnnrcir Pisuuway.  N.J.) -purified (Ey et .I, ~~ lJ 17 r ,  1 16 (1978) Immunochem IS: 429) monoclonal mubody (an= 
-a I 
~mhro~uo , I! I ti-My-10. MOPC 21. or  ZI/43/6) in isotonic d i n e  w m  

centrifuged ( t  5.dOO x g. 30 min.. 4' C) to remove mrc- 
M- Gllr 

, U-tcd Mv.IONcq Wr-IOPa  
rv-aggregate immedirrcly prior to use. Immune red 
cells were prepared by the dropwise additioa of 0.5 d 

t. ) E.r 4 1  &' t: 0.01% chromic chloride to a (4' C.) suspension contain- 

B h  srlb 18 10 1 7 L1 bJ ing 350 ul isotonic saline, 50 ul frahly wubed packed 
6 24 10 19 16 14 red cells. and 50 ul antihody (I m&lmlb A f m  five min. 

M-0 4 17 11 o (22' C.), an e q d  volume of phosphate-bufkrtd d i n e  
M ~ T t k c V 0  
B u d  km 

1  I1 (PBS) containing 0.1 % sodium azide w u  added to stop 
wed I: I: the reaction. The immune red cells were w u h d  by 
R-hib o 1 I o a o centrifugalion. transferred to r f rah  t a t  tub .  then - 0  0  0  1  0  wuhcd  again m d  rampended to r 10% suspension in 
M o m n o  
LInpbosr- . : , H1 PBS containing 0.1% sodinm u ide  m d  10% reul b 
PIaPwrra 0  I 0  I 0  I vine ~ m m  (FBS). All manipulrtions were under ueptic 
~ m h ~ b o :  conditions. The immune red cclk were k e p  at 4' C 
(;kthoc- 7 a 26 20 o o uatil w Iatw c!mc day. 
B m p h i l i i  
PdlthmnucovhJiC 

O In the direct immune resetting proccdurr one dfimn 
l O O I 0  

P ~ r ~  0  I 0 A low density. pl utic-norudhetenc marrow crlh in 100 ol 
'~~~~ IIIXQWn~~rvumumh-1-8 PBS conrunin€. 0.1% sodium uidc and 10% FBS w m  
. 1 4 n h m 4 - w ~ ~ * r r ~ m . m t -  mired with 50 u1 immune red ceU supemion. A k  
"-w-- ecntle cntri tugrtion (200 k g, 5 rnin.. 4' C), ccllr were 

m mixed mently, then keot at  4' C. for one hour. Next 3 ml - 
TABLE 4 of HBSS conuining 0.2% bovine xrum dbumin w u  

Cnao~nmrc ~ m t u  cantem a( added. Aliquou were cytocentrifuged and slained for 
~ ~ - l ~ ~ m l i m ~ ~ r n m w  vg Ncrrnw M m r .  C A P  morphologid  uulyrb. To the residual vohmc. One 

M- C ~ L  drop of I% gentian violet was added. and wet mounu 
U-1- H v - I S N e  \l*-I@P- 65 were prepued and counted. 

t r  Ear Ear b o  LIP E v  For the indirect immune tosetting praedure. celh 
4 I 4  ' wcre fint  incubated with ccntnfu((d McAb(64J mi& 4' 

NaphtW AS-o C.). wuhed  twice. char rosetted with gat-anti-moue 
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ItGsoatcd red cells u ul the procedure for d i r a  TO- were lndyzed for confvmrt~on of cell lypc(1) within 
wtta. the colonra 

1.34% of nucleated murow cells were hfy.10-posi- L a  than 10% of the CFC-OM were d*ccted ia the 
tive by thex ruryr, hforphologic andysis of  cyroccn- My-l(lneg8tivc cell fraction. and the My-lO-poritive 
lrifuged rosctted prcpvitioru indicated that few muure 5 a l l  frrcuon w u  scved-fold enriched for CFC-OM. 
mllr formed rosetra and lhal the prcdomlnant My-10- c ~ n p u d  10 unfrxt~onaled manow or  imnol  IgGl 
positive ctjb were blrst cells nab le  5). a l tbou~h not d l  (MOPC 2l)-bound mamow cells v a b l e  6). Hotvcver. 
blut c e ~ b  were ~y.10-pos1rive (by either panning or only approximrtely 40% 01 the CFC-GM of initmi 
immune rowtin3. w o w  umpk were recovered in the My-lO.ptive 

TABLE S 
lo cell populrtion. This mrght be explained by rnechmkrl 

in- to the My-l0-@tive cells or by panilion of m 
~ n b ~ p . 1 0  t m m w  ~owctm(-uumu * t a r o r  ~ c k  m x s s o q  cell type Shxkis et .I.. (1981) In Gasbwin 

Dinrtnal p l u c l a t d  Cell Ceunu* ud hferdunt (&). Immvnoiogic D e f w  in Labaroror?, 
A m M ? . l O l l ~ l : n S  
M- tcllr'. 

Animab (Plenum MY.) 1: 79; Strruu a IL. (1983) 

I*m 15 B M  in (lr- 
~i tm AWV ~ t v v  "hok M n m w  Mvmr c& lrtactiotu obtained by MplOpumrng 

Ib* Glh (IS OS 1- 
w m  8Jso cultmrd in medium conuining melhykdlu. 

h ~ h a  11 I 10 lose. As in rgarcultura CFC-GM were limort m U y  
M r l o c r s  o o 11 depleted from tbc My-10-negative fract~on (Trbh 1.1). 
M ~ m l a ~ m a  o I 16 2° In the experirne shown in Table 7, the My-10-pontive 
0 4  rcrmr M UP I I  8 I #  fnction w u  rplnoximately 30-fold enriched in CFC- 
omled ncvMCrah 
Manana 0 0 U GM in thh 90% of the in~tial CFC-GM (PIC full m v -  
LwpMra I I v& cry of CFC-Ghf in this experiment cotlvutcd with 
~ n b a c h m a u y p h ~ i ~  I I 6 yields of CFC-GM in a ~ u  cul tura daa ikd  .bOve). 
wmltwma ZS CFC-OM colony rtlbtypes (grmulocyw. monoyrc n. 
M w b r c o p h d i i  0 0 1 
mmwbkm 

gnnulocytr/rnonocyta (data not showot. sad vs. 
ujdmu~ubw.* lo 11 o luge colonies) were found in similrr propodoar ia the .- - I m a c l , 4 . . H L  - --YLb .I 

My-10-@Live a d  control cell popuhliom. 
acll..r a wrn mur.* wud .-rn . rrr Plltt uylhroid colonia wctc enummttd r t  my I4 
~ m - ~ ~ k * - I . ) . ~ . l - a l * ~ ~ ~ r  * in the same panned marrow cell fractions (mahykel- 
t O r 0 r n r w J D C ~ - u o M 1 . 1 0 r o m n  C n n r r r n r r r n k w  
YOCC~I  -wmmrrn~  -t ..*I -, I ~ M -  ~uh10nUin in6  cul lure~ Table 7. 8). Pare M i d  
--U-A-L colonia were semrl4old enriched in t h  My-IOgori- 
. - * I Q . b d o n - w m m r ~ l r -  tire fraction. but some erythroid coloaia were a h  

p e n t  ia the My-IOnqrtive cell popuI8tiom It was 
E'UMPLE v " mxcd thu 111 of the luge  (more than 206 c e ~  . . cry- 

throid eolonia with the microscopic c of . 
EXPtlLfS'ON OF MY.10 BY BFU-E (multiple hcmoglobinizcd c l w t c ~ m -  

COLONY.FORMING CELLS FOR 
GRANULOCYES AND MONOCYII?S 

ing r htgc colony) were My-10-positive Thou@ rmtll 

(CFC-GM) 
()us lhls 20(1 cell) erythroid colonia ~murncrual on 
day 14, bm with the morphology of CN-E ~JI tht they 

Nonnd murow cell fraction, obuined u above w s e  were cornpoled of only a smgle cluster of hcmo@obi- 
w y e d  for CFCeGM in ~ n w o l i d  r g u  cultures. Pitcd cells) were enricbed in the M~-l(2.boond hetion. 

Day 11-14 CFCGht were u u y e d  in triplicate in nrbrtrntirl numbers of small erychroid colonies w m  
&-solid rgu  wilh 5% placenutonditioncd medium ,, My-lO-bund 
(Pifie md Robi- (1970) L Cell PhptioL 76: 77; Bur- S d l a  numbm of pure cosinophilic w l o n h  m e  
g a s  et rL. (1977') B l d  4 9  573) exactly u d m u i b d  *cd in t h e  rncthylccllulo~conuinin~ mvmw 
previously (Straw et 81.. (1913) Blood 61: 1222). Day I4 d t u r u  The pure eosinophilic colonia ( m - E o )  
mdtilimagc colonia (Fauser and Masner. (1979) Blood ucrr deplclcd in the My- I h e g a t i v e  f d 0 n  rrd en- 
53: IOU: Nltshru cc d, (1982) Brad 59: 857; 12covc, c( % riched in the My-l&poritive fraction p b k  7.8). Owr 
& (1974) /. CIQ P h p d  83: 309) were assayed in qua- = of CFC-Eo were My- 10-positive by thn mahodol- 
dmpliate in medium containing 0.96% mhylcelio- o n .  Even smaller numben of mixed h o p h i % +  
10% 5% plrcenu~onditloncd medium. and I u n i d  rhroid colonia (CFC-EEo) were obsefvd. dl in the 
crythropoimn (Connaught. Tomanto. O m .  Colvay My-10-positive cell population Cable  7.1). 
n u m k i  w u  r linear fuktion of total celh platrb 1t 5s TABLE 6 
h u l d  k noted that. in molt expenmenu celh mrr 
plated at w e d  diluliorn to obuin countable p h r a  CU.ClM (r(u c ~ a w d  a M~. lOPlaud  Naraul 

H- MI- ccm 
(20-200 colonia). Thin w u  pmicalarly imponant with MOPC 21 MT-10 
My-10-@Live cell fractions. which were enrich4 in U~RMI  ~ocad U n b a l  M 
colony-forming cclh In addition. mixed lineage c o b  60 A. Si(l mmc: nia wen not =red on plates with more than 100 Coul I,s IS na 1s wlonia  per phtc to avoid scoring suwrimposcd c o b  v - ~  cc&. 
nia u products ora single colony-fonning celL CFC-GM per 6W:5rb** NO* 2 ( + 0  IUrtW 

Colonia were counted in situ d u g  a dissecting mi- IdC&** 
Ia8wd ?am crorccpe (50-60 X) or inverted phuc  microsmpe 65 CrC.M... N O  192 2- 

(100x1 and lrm colony a d  cellular morphology wu . , , , ,  
recorded. Rrprexntatwe colonia were plucked using l I W + J ) ~ .  H ))A, I J [ = J ~ ~  W ~ J M  
PIIlcur pipette. Stained cytocenvifuge prrprruioo, V*CtB 



TABLE 7 My- 10-positive cebl. 
Cdona r M a h y c c n . f m e  Culturr A r m  P m n q  The My-10-positive hct i0n conuined asentidy dl 

cnglc etpmmmtt otthe colony-forming ccllr. and was more than 5O.fold 
MOW 11 MV-10 23 enriched lor thuc progenitor cell types (Table 10). 18% 

Uabowd ~oum u~bo~sa ~b.ol a t  the My-10-positive cells formed colonia detectable 
Il- MU IS n% 1% in this culture system Tblhae FACS raults are in ag- 
vkbk ~slb*: -t with the rrmfu uting the puuring methodology. 
hmr 1 CFCGM: except that FACf rpputntly yielded a popahlion of rcr Id -'' ma'' I(*' :Zc" 0, My- t&pontive c e h  thrt wm more enriched in primi- *carrlrH om NO n 
MI 1 CFCQM? tivc m d  elonogenic cells. 

- -7 

*711~acl,-̂ r;.morncu~c..,.olr... m-m- 
TABLE I c k m r r r * r h r m . a a # h r m m r * l c  

* * Y . k r r m - . n h N a F  d & + ( N . F - L h l r C d r . r m r o l -  

PmumdbkmurnMplOboedMvmrCcll rnr 
hramr ttmmmu* 

hrcaa Rcco*nrd m MI-I0 h m d  Fncmcl TABLE 10 
v u k  Crm '(*I)% 
Luv CFCGM W*a 59 6ba4 r McchyMlakr  Coltwe 
SmmM CFCGM W t l )  ~ n a  FACS EI- 
m m M  W * l W  My46 My46 
S a d  CFCCM U ( t l 4 )  U ~ u a m d *  D d  B N h  
b C . E E o  w* n 
m.EO IY'LI Rccormd V i i G l h :  I l m 1  97% I* 

Cobma a td Celh0*: 
* ~ ~ t . a r W +  l S t U I r a . r p r m o * I r ) m ~ ~  60 
- m d * m m e . r r T Y 1  tup CFC-GM WX=ZI) aM) 4lXXI.6KII 

fall CFCCM 141(241) 4- ~ m t 1 9 1 0 1  
w mhw %+I)  qtO) IIQXfbsO) 

EXAMPLE Vl s d  trthmd 94=8 qht) lr00(=910) 
~ a i e o p h ~ e o m u n m q  t ~ l i t )  a m  IsrJla, 

FACS 11 SORTING OF MY.I(I.TRMTED 6, *~rh - ra~pl~l -  ud - alrasr  FA^ (.H. - .a prr.. 
MARROW CELLS - ~ ~ n n ~ m ~ c ~ c ~ u ~ - - m d m .  

+ m m w l n r m a ,  rabla t a q c r o r r r l r o r a - C F C - &  
Under ueptic conditions. nonnal low dennty. nocub- M f fc -wb b m- nb.r (mnb - - r ~.r m p n r r r  

herent mumw eelk w m  incubated with centnh8ed 



EXAMPLE VII 

lMMUNOPRECtPrTAT ION OF A 
RADIOLABELLED KG-IA ANTIGEN BY 

ANTbMY-I0 
Vectorid labelling of the plasma membrane of inuct 

c e h  with 125 I-iodide. followcd by immunoprmpiu- 
rim with SA-brmnd monodoad mrrbody. SDS-PAGE 
mdysu  rad visurliLIlion of antigen by r u t a r d i o p  
phy, w u  utilized to  identify the KO-la membrane pro- 
tein deteaed by -ti-My-IOD. Undn rtducmg u well 
u non-reducing conditions, My-IOantqen had m Mr of 
approximately I IS kD. indicating the abxncc of dhul- 
Me-linked o l i g o m m  

KO-lacells w e  rrdiolrk~lcd v a t m d l y  within 125 
1-iodide using the method of Hubbud and Cohn (( 1971) 
X Gll BioL 55: 390). Brielly, 20 million cells in exponen- 
li.l growth were wuhed four tima m 10 mM Hepe- 
s 4 . I S M  NaCl bufler, pH 7.4 (Burner A). The cell 
pcllet w u  rawpended in one ml oCBulTer A conraining 
O.OJM glucose. 40 PI of (100 IU/mll lactopemudue 
(Cllbiochcm-Behring. Sm Dicgo. Calif.). md 2.5 ul of 
frahly prepucd ( I  mghnl) glucose oridase (hlillipore 
Corp., Freebold. NJ.). 0.5-1 mC-1 of 125 1-iodide 
(New Engtaad Nudar. &ton Mm.) w u  added. and 
tbc cell supemion w u  incubated at 12' C. for 20 min. 
uta  with gentle agitation. Tbcn 10 ml of BulTer A con- 
taining 4 m M  KI and 0.19. gluocw w u  added to stop 
tbe taction. After four w u b a  with Bufkr A. the cell 
pellet w u  raurpcnded in SW ul ofdbrupt~on buffer (I0 
mM EDTA. md SO u g h 1  Leupeprin [Sigma)) for 20 

. minuta on ice with penodic vanexirig. The cell extract 
urn Lhcn ccnuifuged (10 miantq 15.600 Xg. 4' C), 
ud the supernate wed for immunoprccipiution. 

~mmunopmipiution w u  paformed eumtirlly u 
dacrikd by LMpson, in Monoclonal Anribodirs 
39s-391 (Keanett. et aL 1960). For each monoclonal 
antibody to be tested 3O[) ul of 10% fixed. whole. pro- 
~ein A - k u i n g  Cow- strain Shphylococd (SA; Cllbi- 
ahern-Behring) was wubed three tima by centrifugr- 
tion (I 5,600 x g. 5 mi& 4' C) in hpson. wuh bumr 
WB)  (0. IM phosphate.bulCa doc pH 8.6. conuinins 
0.1% BSA. 0.02% NaN3.0.5Z NPIO. 0.1% SDS). t h e  
SA p e k t  w u  then rc~urpmdcd to che initid volume 
with goat anti-mouse IgG mnm (Kierkegmrd and 
P e y ,  Gutbmbur& Md.) and incubated 12-18 hn. at 
4' C The SA-IgO complex w u  weshed seven tima in 
WB and stupended with moaoclod antibody (hy- 
bridoma culture supernate) to lo% (v/v). Afur 40 min- 
uta incubation (22- C.), the SA-IgG-monalond anti- 
body complex w u  wuhed Wee tima in WB and mur- 
pcadcd to the initial volume in W8. To &is compler 
MT120 d of cell uvra w u  added. followed by incuba- 
tion at 4' C tor 12-18 h m  The SA-lgG-monoclond 
m t i t d y  complex w u  then wuhed three tima in WB 
ud raurpended in SO ul of WB plu  25 ul of bcmmli 
(1970) Norum 227: 680) vmple boiler (0.062SM Trir 
H a  pH 48, cnnuinins 12.3% slycmrl. 1.25% 2-ma. 
aptotthurol 5% SDS a d  ImM EDTA). boiled for 
two minutn cemrifugtd (IS. 6M) X& 5 min.). and the 
supemate hrrvatcd for d y s b  by SDS-polyaylr- 
mide gel clccvophorair 

The rrmpla were analyzed on 10% SDS-polyacryla. 
midr geis under reducing condidom accordint to the 
mahod of k e m m l i  (1970) Naturr lZ7: 680). After elec- 
rrophoresk the gel w u  rumed with Coomuie brilliant 

LU 
bluc drruined. dried onto fdtrr paper and ex@ lo 
X-ray AR Nm (Kodak. Rochater, N.Y.) u -7V C. 

EXAMPLE VIlI 
S REACIIVITY OF AMI.MY.10 WITH 

DUGNOSTIC SPECIMENS FROhI PATIENTS 
WITH ACUTE LEUKEMU 

Iaitid diagnostic marrow specimens from Johm Hop- 
kim Oncology Center paticnu found to have Ieukma. 
with at 1-1 80% manow b l ~ t  cclk werc luted with 
these antibodies by indium immunofluorneco~~ Spec- 
'hens whieb contained at last 20% f l u o m a t  cells 
( o v a  background) werc counted u "positive" for 1h.t ,, antigen (S t raw ct .I., (1903) Nook in prrrrl The 
My-I0 rntigm was cxprcsud on b l ~  celh from rp 
proximr~ely 30% of the acute Ieukcmu rpcdmear both 
lymphocyric and nonlymphocytc, but on none d the 
few chronic leukemia specimens tu~ed .  including two 
specimens of chronic myelogenou leukcmu (CML) in 
"myeloid" blast crisis or other specimens t a d  (Table 
11). 

TABLE I I 
R s c u r ~ c r  d h~icno' Murow* kuk- 

I5 BinI Cells With Ann.Mv.lO 

S m e  vuirtions wiil be appuent to those s&ed in 
tb ut. it b intended that this invention be limited only 
by tbe scope of the appmded claim. 

9s I&m: 
1. A suspension of human cells compridng plwipo- 

tent lympho-hematopoictic stem cells subiu~tirlly free 
of mature lymphoid and myeloid celt* 
2. The  cell suspension of claim 1 further campriting 

60 colony-fonnio~( cells Tor grmulocyta/monocyta (CC. 
GM. colony-forming cells for cryhrocyla ( B N - E ) .  
colony-forming cellr for colinophilr (CFC-Eo), mul- 
tipotent colony-forming cells (CFC-GEMMX ud h- 
mature lymphoid preennor celb. 

6s 3. The cell suspcndon of claim I subunrdfy free of 
cclb without r cell-surface antigen recognized by the 
monoclod rntibody produced by the hybridonu de- 
w e d  u n d a  ATCC Accerdorr No. HB-6403. 




