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Summar y

The expr essi on and f unct i on of a r ecept or t yr osi ne ki nase, c- ki t , i n t he adul t bone mar r ow of
t he mouse wer e i nvest i gat ed by usi ng monocl onal ant i bodi es ( mAbs) agai nst t he ext r acel l ul ar

domai n of mur i ne c- ki t . I n adul t C57BL/ 6 mouse, 7 . 8% of t ot al bone mar r ow cel l s expr ess
c- ki t on t hei r sur f ace. Hal f of t he c- ki t + cel l s do not expr ess l i neage mar ker s i ncl udi ng Mac- 1,

Gr - 1, TER- 119, and B220, whi l e t he r emai nder coexpr ess myel oi d l i neage mar ker s such as Mac- 1
and Gr - 1 . Af t er c- ki t + cel l s wer e r emoved f r om t he bone mar r ow cel l pr epar at i on, hemopoi et i c

pr ogeni t or cel l s r eact i ve t o I L3, GM- CSF, or M- CSF and al so t hose whi ch gi ve r i se t o spl een
col oni es i n i r r adi at ed r eci pi ent s di sappear ed al most compl et el y . Thus, most hemopoi et i c pr ogeni t or s

i n t he adul t bone mar r ow expr ess c- ki t . To i nvest i gat e whet her or not c- ki t has any r ol e i n t he
hemopoi esi s of adul t bone mar r ow, we t ook t he advant age of one of t he ant i - c- ki t mAbs t hat

can ant agoni ze t he f unct i on of c- ki t . As ear l y as t wo days af t er t he i nj ect i on of 1 mi l l i gr am
of an ant agoni st i c ant i body, ACK2, al most al l hemopoi et i c pr ogeni t or cel l s di sappear ed f r om

t he bone mar r ow, whi ch event ual l y r esul t ed i n t he absence of mat ur e myel oi d and er yt hr oi d
cel l s i n t he bone mar r ow. These r esul t s pr ovi de di r ect evi dence t hat c- ki t i s an essent i al mol ecul e

f or const i t ut i ve i nt r amar r owhemopoi esi s, especi al l y f or t he sel f - r enewal of hemopoi et i c pr ogeni t or
cel l s at var i ous st ages of di f f er ent i at i on .

The pr ot ooncogene c- ki t encodes a r ecept or t yr osi ne ki -

nase bel ongi ng t o t he pl at el et der i ved gr owt h f act or

( PDGF) t / CSF- 1 r ecept or subf ami l y ( 1) . Recent st udi es have

shown t hat c- ki t i s al l el i c wi t h t he domi nant spot t i ng l ocus

( W) of mi ce ( 2, 3) . Si nce mi ce homozygous wi t h t he Wal -

l el e whi ch encodes a nonf unct i onal c- ki t gene pr oduct di e

per i nat al l y of sever e anemi a ( 4) , i t i s cl ear t hat c- ki t and i t s

l i gand pl ay an essent i al r ol e i n i nt r amar r ow hemopoi esi s i n

t he adul t mouse . Mor e r ecent l y, a gene encodi ng t he l i gand

f or c- ki t was cl oned by sever al gr oups ( 5- 9) . Thi s l i gand was

demonst r at ed t o have col ony st i mul at i ng act i vi t y of mul t i po-

t ent pr ogeni t or s ( 9- 11) . Thus f ar , t hi s newest hemopoi et i c

gr owt h f act or and CSF- 1 ar e t he onl y t wo f act or s whose ac-

t ual r ol es i n vi vo ar e wel l under st ood, owi ng t o t he avai l -
abi l i t y of t he mi ce whi ch ar e def ect i ve i n t hese genes ( 12- 14) .

' Abbr evi at i ons used i n t hi s paper . APC, al l ophycocyani n ; CFC, col ony-

f or mi ng cel l ; GM- CSF, gr anul ocyt e macr ophage col ony- st i mul at i ng f act or ;

PDGF, pl at el et - der i ved gr owt h f act or .
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Despi t e t he consi der abl e under st andi ng of t he essent i al r ol e

of c- ki t and i t s l i gand on t he r egul at i on of const i t ut i ve
hemopoi esi s i n adul t bone mar r ow ( 15, 16) , sever al quest i ons

r emai n t o be r esol ved . Fi r st , i t i s not cl ear whi ch t ypes of
i nt r amar r ow hemopoi et i c cel l s expr ess c- ki t , al t hough expr es-
si on of c- ki t on t he sur f ace of mast cel l s has been cl ear l y shown
( 17) . To cl osel y exami ne t he expr essi on of c- ki t i n bone mar r ow

cel l s, i t i s necessar y t o pr oduce mAbs agai nst t he ext r acel -

l ul ar domai n of c- ki t . Secondl y, r ecent st udi es have suggest ed

t hat mul t i pot ent st em cel l s, er yt hr oi d pr ogeni t or s and some
B l i neage pr ogeni t or s can be st i mul at ed t o f or mcol oni es i n

vi t r o by t he r ecombi nant c- ki t l i gand ( 5, 9- 11) . However ,

t hi s does not necessar i l y mean t hat t he mai nt enance of t hese

pr ogeni t or cel l s i n t he bone mar r ow i s act ual l y dependent
on c- ki t . I f a mAb whi ch can ant agoni ze t he f unct i on of c- ki t
i s obt ai ned, an i n vi vo bl ocki ng exper i ment may r esol ve t hi s
quest i on . Thi s ki nd of exper i ment i s i mpor t ant f or such a
mol ecul e as c- ki t whose expr essi on does not necessar i l y i ndi -

cat e t hat i t i s f unct i oni ng . For exampl e, al t hough c- ki t has
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been shown t o be expr essed i n t he br ai n ( 3, 18) , devel op-

ment of t he cent r al ner vous syst em appear s t o be nor mal even

i n t he W/ Wmouse, whi ch does not expr ess f unct i onal c- ki t

at al l .

Recent l y, we devel oped mAbs agai nst t he ext r acel l ul ar do-

mai n of c- ki t , some of whi ch can bl ock t he f unct i on of c- ki t

bot h i n vi t r o and i n vi vo ( 46) . An ant agoni st i c ant i - c- ki t mAb

i nj ect ed i nt o pr egnant mi ce coul d be t r anspor t ed t o t he em-

br yo t hr ough t he pl acent a, and was abl e t o bl ock t he col oni -

zat i on of mel anocyt e pr ecur sor s i nt o t he epi der mal l ayer of

t he ski n, t her eby pr oduci ng unpi gment ed of f spr i ng f r om a

pi gment ed mouse. I n t he pr esent st udy, we used t hese ant i -

c- ki t mAbs and at t empt ed t o det er mi ne t he expr essi on and

f unct i on of c- ki t i n hemopoi et i c cel l pr ogeni t or s . Our r esul t s

demonst r at e t hat c- ki t i s expr essed on al most al l hemopoi et i c

cel l pr ogeni t or s cl onabl e i n vi t r o by var i ous sol ubl e hemo-

poi et i c gr owt h f act or s and on most spl een col ony- f or mi ng

cel l s ( CFCs) . We al so show t hat t hi s r ecept or mol ecul e act u-

al l y f unct i ons i n t hese cel l s i n vi vo.

Mat er i al s and Met hods

Mi ce.

	

C57BL/ 6 mi ce and WB- W/ + mi ce wer e pur chased f r om
Japan SLC I nc. ( Shi zuoka, Japan) . WB- WI Wand WB- +/ + mi ce
wer e obt ai ned by mat i ng of WB- W/ + par ent s .

Monocl onal Ant i bodi es and Cel l St ai ni ng.

	

Ant i - B220 ( RA3- 6B2)

( 19) , ant i - pb ( MB86) ( 20) , Mac- 1 ( M1/ 70) ( 21) , Gr - 1 ( gr anul ocyt e
l i neage mar ker , RB6- 8C5) ( 22) , ant i - CD4 ( GK1. 5) ( 23) , ant i - CD8

( 53- 6 . 72) ( 24) , and TER- 119 ( er yt hr oi d l i neage mar ker ) ( 25) wer e
used . The hybr r domms pr oduci ng ant i - c- ki t mAbs, ACK2 ( I gG2b)

and ACK4( I gG2a) , wer e est abl i shed f r om a r at i mmuni zed wi t h
I L3- dependent nor mal mast cel l s as f ol l ows . 11, 3- dependent mast

cel l s wer e est abl i shed f r om bone mar r ow cel l s of WB- +/ + and
WB- WI Wneonat es as descr i bed by Nakano et al . ( 26) except t hat
we used r ecombi nant I L3 i nst ead of PWM- st i mul at ed spl een cel l

condi t i oned medi um. Twent y mi l l i on cul t ur ed mast cel l s der i ved

f r om a nor mal l i t t er mat e wer e i nj ect ed i nt r avenousl y t wi ce i nt o
a Wi st ar r at and t hen spl een cel l s wer e pr epar ed f or t he f usi on wi t h

t he X63 . 653 . Ag8 ( 20) . Ant i body- pr oduci ng hybr i doma cl ones wer e
sel ect ed on t he basi s of bi ndi ng t o nor mal but not W/ Wmouse-

der i ved I 1, 3- dependent mast cel l s . Al t hough t hese t wo mAbs r ecog-

ni ze t he ext r acel l ul ar domai n of c- ki t , ACK2 but not ACK4 can
bl ock bl ood cel l f or mat i on i n l ong- t er mbone mar r ow cul t ur e. Al l

mAbs wer e used as t he hybr i doma super nat ant s or as t he pur i f i ed

ant i bodi es conj ugat ed wi t h FI TC or al l ophycocyani n ( APC) f or

cel l st ai ni ng. I n t he case of hybr i doma super nat ant , t he st ai ned cel l s
wer e devel oped wi t h t he FI TC- conj ugat ed ant i - r at k ( MAR18. 5)

( 27) as a second ant i body. Cel l s wer e anal yzed by Epi cs Pr of i l e
( Coul t er El ect r oni cs I nc . , Hi al eah, FL) or FACSt ar P' ° ' ® ( Bect on-

Di cki nson I mmunocyt omet r y Syst ems, San Jose, CA) as descr i bed
( 28, 29) .

Ant i body I nj ect i on.

	

B6 mal e mi ce wer e i nj ect ed wi t h 100 ug
or 1 mg pur i f i ed ant i bodi es i nt r avenousl y ever y ot her day. Mi ce

wer e t hen anest het i zed and sacr i f i ced by cer vi cal di sl ocat i on, and
bone mar r ow cel l s wer e anal yzed f or l i neage mar ker s and col ony
f or mi ng abi l i t y .

Cyt oki nes .

	

Mur i ne r ecombi nant 111, 3, GM- CSF, and I L7 wer e
pr epar ed and t i t r at ed as descr i bed pr evi ousl y ( 28, 30) . 20 U/ ml of

I L7, 200 U/ ml of I L3, 100 U/ ml of GM- CSF, or 10% of L cel l -

condi t i oned medi umas t he sour ce of M- CSF/ CSF- 1 ( 14) wer e used
f or t he col ony assay.
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Col ony Assay.

	

Met hyl cel l ul ose cul t ur e was per f or med as de-
scr i bed ( 30) . Br i ef l y, 2 x 10^ bone mar r ow cel l s wer e i ncubat ed
i n 1 ml of cul t ur e medi umcont ai ni ng t x- MEM( Gi bco Labor at o-
r i es, Gr and I sl and, NY) , 1 . 2% met hyl cel l ul ose ( Met hocel AAM;
Mur omachi Kagaku Kogyo, Tokyo, Japan) , 30%FCS ( HyCl one,
Lot No . 1115741; HyCl one Labor at or i es I nc. , Logan, UT) , 1%
dei oni zed BSA ( Si gma Chemi cal Co . , St . Loui s, MO) , 50 AM2- ME
and cyt oki nes . On t he sevent h day of cul t ur e, aggr egat es consi st i ng
of >40 cel l s wer e scor ed as a col ony.

Col onr f or mi ng Uni t - S ( CFU- S) Assay.

	

Femal e B6 mi ce wer e
X- i r r adi at ed ( 9 Gy) . Af t er 24 h, t he mi ce wer e i nj ect ed i nt r ave-
nousl y wi t h 5 x 10^ or 2 . 5 x 105 cel l s suspended i n Eagl e' s
MEM. Mi ce wer e anest het i zed and sacr i f i ced by cer vi cal di sl oca-
t i on at 8 or 13 d af t er i nj ect i on ( 31, 32) . The spl eens wer e r emoved
and f i xed i n f or mal i n/ acet i c aci d/ al cohol and col oni es wer e count ed .
Cont r ol s i nj ect ed wi t h cel l - f r ee suspendi ng medi um had 2 col o-
ni es per 13 spl eens .

Depl et i on of c- ki t * Cel l s f r omBone Mar r owPr epar at i on .

	

Ten mi l -

l i on bone mar r ow cel l s har vest ed f r om nor mal B6 mi ce wer e i n-
cubat ed wi t h ACK4 or RA3- 6B2, and r esuspended i n 1 ml of Eagl e' s
MEMsuppl ement ed wi t h 5%FCS. The par amagnet i c mi cr ospher es
coat ed wi t h sheep ant i - r at I gG ( Dynabeads M- 450; Dynal , Osl o,
Nor way) ( 33) wer e washed and suspended wi t h same medi umat
t he concent r at i on of 4 x 108 beads/ ml . One ml of t he beads sus-

pensi on was mi xed wi t h t he cel l suspensi on pr epar ed above and
i ncubat ed on i ce f or 30 mi n wi t h gent l e shaki ng . The mi xt ur e was

t hen di l ut ed 1 : 5 by addi ng medi um. The beads wer e r emoved t wi ce
by a magnet i c concent r at or ( MPC1 ; Dynal ) t oget her wi t h t he cel l s
bound t o t he beads . The cel l r ecover i es wer e al ways ar ound 30%.
An al i quot of t he r emai ni ng negat i ve cel l s was st ai ned agai n wi t h
t he cor r espondi ng ant i body and checked by f l ow cyt omet r y . The
r emai nder was t est ed i n t he col ony assay descr i bed above.

Resul t s

Est abl i shment of Ant i - c- ki t Monocl onal Ant i body.

	

I L- 3- de-

pendent mast cel l s der i ved f r omnor mal mouse bone mar r ow

hi ghl y expr ess t he c- ki t gene and ar e abl e t o pr ol i f er at e i n

t he pr esence of t he l i gand of c- ki t wi t hout t he addi t i on of

I L3 ( 5, 6, 10, 16) . On t he ot her hand, mast cel l s der i ved

f r om W/ Wmi ce pr oduce a c- ki t mol ecul e f r omwhi ch t he

t r ansmembr ane domai n i s del et ed ( 4, 34) . Consequent l y, t he

cel l s ar e expect ed t o f ai l t o expr ess c- ki t on t he cel l sur f aces .

Thi s f act pr ompt ed us t o make ant i - c- ki t mAbs by i mmuni zi ng

a r at wi t h 11, 3- dependent nor mal mast cel l s f ol l owed by se-

l ect i on on t he basi s of t he abi l i t y t o bi nd wi t h t he mast cel l s

der i ved f r oma nor mal l i t t er mat e mouse but not f r om a WI W

mouse . By t hese cr i t er i a we obt ai ned f our i ndependent mAbs

agai nst c- ki t . Fi g . 1 shows t he sur f ace st ai ni ng of mast cel l s

f r om bot h a nor mal and W/ Wmouse by t wo of t he ob-

t ai ned mAbs, desi gnat ed ACK2 and ACK4 . These t wo mAbs

r ecogni zed nor mal mast cel l s whi l e t hey coul d not bi nd t o

mast cel l s der i ved f r omt he W/ Wmouse . ACK2 r ecogni zed

sur f ace mol ecul es whose mol wt wer e 120 and 160 kD as

det er mi ned by West er n bl ot t i ng anal ysi s of nor mal mast cel l s

( dat a not shown) . These si zes ar e i n good accor dance wi t h

t hose of c- ki t ( 18) . Fur t her mor e, ACK2 bound t o t he COS7

cel l s t r ansf ect ed wi t h t he c- ki t cDNA whi ch was cl oned i nt o

an expr essi on vect or whi l e t he par ent cel l s wer e ACK2 -

( dat a not shown) . These dat a i ndi cat e t hat t he ACK mAbs

speci f i cal l y bi nd t o t he ext r acel l ul ar domai n of c- ki t .



ACK 2

	

ACK 4

l og f l uor escence i nt ensi t y

wr w

Fi gur e 1 .

	

Sur f ace st ai ni ng of 11, 3- dependent mast cel l s wi t h ant i - c- ki t

mAbs anal yzed by f l owcyt omet r y. Mast cel l s wer e est abl i shed f r om W/ W

and +/ + l i t t er mat es . Hi st ogr ams of t he cel l s st ai ned by ACK2 and ACK4

ar e shown by t he t hi ck l i nes. The t hi n l i nes i ndi cat e t he cont r ol st ai ni ng

by ant i - CD4 mAb.

Expr essi on of c- ki t i n Bone Mar r ow.

	

By usi ng t he ant i - c- ki t

mAb, ACK2, t he expr essi on of c- ki t and ot her l i neage mar ker s

i n f r esh bone mar r owcel l s f r om adul t C57BL/ 6 mouse was

det er mi ned . As shown i n Fi g. 2, c- ki t br i ght and dul l popu-

l at i ons coexi st i n bone mar r ow. The c- ki t br i ght popul at i on

Fi gur e 2 .

	

Expr essi on of c- ki t and l i neage mar ker s on B6 bone mar r ow cel l s. Cel l s wer e i ncubat ed wi t h nor mal r at ser um, t hen APC- conj ugat ed
ant i - c- ki t ( ACK2) and FI TC- conj ugat ed ant i - 13220, Gr - 1, Mac- 1, or TER- 119 ant i body wer e added . A mi xt ur e of FI TC- conj ugat ed ant i - 13220, Gr - 1,

Mac- 1, ant i - CD4, and ant i - CD8 ant i bodi es wer e used t o st ai n l i neage mar ker s ( Li n . ) posi t i ve cel l s . As a cont r ol , APC- conj ugat ed mAbs agai nst i r r el evant

ant i gens wer e used. Cel l s wer e washed, st ai ned wi t h pr opi di umi odi de ( PI ) , and anal yzed by f l owcyt omet r y. The dead cel l s st ai ned wi t h PI wer e gat ed out .
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does not coexpr ess ot her l i neage mar ker s i ncl udi ng 13220,

CD4, CD8, TER- 119, Gr =1, nor Mac- 1 . Thi s popul at i on ac-

count s f or about 3 . 3 ± 0 . 3%( mean ± SD) of t he t ot al bone

mar r ow cel l s . Most of t he c- ki t dul l popul at i on coexpr esses

some of t hese l i neages mar ker s, al t hough t hose whi ch coex-

pr ess 13220 or TER119 ar e ext r emel y l ow i n number . The

dul l c- ki t st ai ni ng of Gr - 1 and Mac- 1 posi t i ve cel l s seems t o

be speci f i c, si nce t he addi t i on of i sot ype mat ched unr el at ed

mAb or nor mal r at ser umdoes not af f ect t hi s st ai ni ng ( dat a

not shown) . Thus, t ot al c- ki t posi t i ve cel l s account f or 7 . 8%

± 0 . 6% of t ot al bone mar r ow cel l s i f t he c- ki t dul l posi t i ve

cel l s ar e i ncl uded .

Expr essi on of c- ki t on t he Sur f ace of Hemopoi et i c Pr ogeni t or

Cel l s. Next we i nvest i gat ed whet her c- ki t i s expr essed on

t he sur f ace of hemopoi et i c pr ogeni t or cel l s i ncl udi ng CFU- S.

Nor mal bone mar r ow cel l s wer e i ncubat ed ei t her wi t h ant i -

c- ki t mAb ACK4 or ant i - 13220 mAb 6B2, and ant i body- bound

cel l s wer e depl et ed by usi ng ant i - r at I g ant i body- coat ed mag-

net i c beads . Mor e t han 90%of t he posi t i ve cel l s wer e depl et ed

by t hi s t r eat ment ( dat a not shown) . The number of CFC

r eact i ve t o 110, GM- CSF, M- CSF, or l I r 7 and spl een CFUs

was measur ed ( Tabl e 1) . When c- ki t + cel l s wer e r emoved

f r ombone mar r owcel l s, CFU- I I r 3, CFU- GM, CFU- M, and

CFU- S wer e depl et ed al most compl et el y, whi l e CFU- 11, 7

r emai ned . Consi st ent wi t h pr evi ous r epor t s ( 30, 35) , depl e-



' The c- ki t * or B220+ cel l s wer e depl et ed f r om t he bone mar r ow of B6 mouse by usi ng ant i body coat ed magnet i c beads . For i n vi t r o CFC assay,
2 x 104 cel l s wer e i ncubat ed i n 1 ml of semi sol i d medi um cont ai ni ng var i ous cyt oki nes f or 7 d and aggr egat es consi st i ng of 40 or mor e cel l s wer e
scor ed as a col ony . For t he CFU- S assay, 5 x 10 4 cel l s f r om cont r ol or B220+- depl et ed sampl e, or 2 . 5 x 10 5 cel l s f r om ACK4* - depl et ed sampl e
wer e i nj ect ed i nt o an i r r adi at ed mouse . The spl een was r emoved and f i xed 8 d af t er i nj ect i on and number of col oni es was count ed.
t Mean ± SD f or t r i pl i cat es .

t i on of B220+ cel l s r emoved CFU- I L 7 compl et el y, whi l e

ot her CFCs and CFU- Sr emai ned i nt act . Thi s r esul t cl ear l y

i ndi cat es t hat c- ki t i s expr essed on t he sur f ace of al l hemopoi et i c

pr ogeni t or s, i ncl udi ng CFU- 1173, CFU- GM, CFU- M, and

CFU- S, except CFU- 11177 of t he B cel l l i neage .

I nduct i on of Anemi a by ACK2 I nj ect i on.

	

The r esul t s de-

scr i bed i n t he pr ecedi ng sect i ons demonst r at ed t he expr es-

si on of c- ki t on t he sur f ace of hemopoi et i c pr ogeni t or cel l s .

However , i t r emai ned t o be el uci dat ed whet her c- ki t i s f unc-

t i onal l y r equi r ed f or t hese pr ogeni t or cel l s i n vi vo . To ad-

dr ess t hi s quest i on, we t ook advant age of an ant agoni st i c

ant i - c- ki t mAb, ACK2, whi ch was shown t o bl ock t he f unc-

t i on of c- ki t but not t o be cyt ot oxi c t o c- ki t ' cel l s ( 46) . I f

c- ki t on t he sur f ace of hemopoi et i c pr ogeni t or cel l s i s f unc-

t i oni ng i n vi vo, admi ni st r at i on of ACK2 woul d i nduce se-

ver e anemi a . I n f act , ACK2 i nhi bi t ed myel opoi esi s i n a l ong-

t er m bone mar r ow cul t ur e wi t h a st r omal cel l cl one ( our

unpubl i shed obser vat i on) .

One mi l l i gr am of pur i f i ed ACK2 was i nj ect ed i nt o B6 mi ce

i nt r avenousl y ever y second day and t he number of B220+,

TER- 119+, or Mac- 1+ cel l s i n bone mar r ow was measur ed

on var i ous days af t er t he i ni t i at i on of ACK2 i nj ect i on . Pur i f i ed

Mac- 1 ant i body was i nj ect ed as a cl ass mat ched cont r ol . Fi g .

3 shows t he mor phol ogy of t he bone mar r ow cel l s f r om

nor mal , Mac- l - i nj ect ed, or ACK2- i nj ect ed mi ce 12 d af t er

t he i ni t i al i nj ect i on . No si gni f i cant di f f er ence was obser ved

bet ween t he bone mar r owcel l s f r omnor mal and Mac- 1 t r eat ed

mi ce . I n cont r ast , no pol ymor phonucl ear cel l s or er yt hr o-

bl ast s wer e pr esent i n t he bone mar r ow of an ACK2 i nj ect ed

mouse, and most of t he cel l s r emai ni ng i n t hi s bone mar r ow

showed l ymphoi d mor phol ogy . Thi s obser vat i on was con-

f i r med by f l ow cyt omet r y anal ysi s ( Fi g. 4) , whi ch demon-

st r at ed t hat no Mac- 1 + cel l s nor TER119 * cel l s wer e pr esent

i n t he bone mar r ow of ACK2- i nj ect ed mouse and t hat 90%

of t he t ot al cel l s wer e B220+ B l i neage cel l s i ncl udi ng 16%

of sur f ace I gM+ cel l s . I t i s i mpor t ant t o not e t hat even af t er

such a compl et e depl et i on of myel oi d and er yt hr oi d cel l l i neages

f r ombone mar r ow, t he number of bone mar r ow cel l s r ecov-

er ed f r omACK2- i nj ect ed mi ce was near l y nor mal . Thi s sug-

gest s t hat B l i neage cel l s cont i nued t o gr ow i n t he ACK2-
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t r eat ed mouse t o f i l l t he space f r om whi ch myel oi d and

er yt hr oi d pr ogeni t or cel l s wer e pur ged.

Fi g. 5 shows t he t i me cour se of t he changes i n t he cont ent

of each t ype of l i neage mar ker posi t i ve cel l s af t er t he i ni t i a-

t i on of ACK2 i nj ect i on . The pr opor t i ons of Mac- 1+ my-

el oi d cel l s and B220+ B l ymphocyt es di d not change si g-

ni f i cant l y by 4 d af t er t he i ni t i at i on of ACK2 i nj ect i on .

Mac- 1 + cel l s t hen decr eased abr upt l y dur i ng t he next 4 d .

B220+ cel l s i ncr eased i n par al l el wi t h t he decr ease i n Mac- 1+

cel l s. Al t hough t he number of t ot al nucl eat ed cel l s decr eased

t o hal f t he nor mal l evel dur i ng t he i ni t i al 8 d al ong wi t h

t he decr ease i n Mac- 1+ cel l s, i t t hen r et ur ned t o t he cont r ol

l evel by t he over gr owt h of B220+ cel l s ( dat a not shown) .

The number of TER- 119+ er yt hr oi d l i neage cel l s decr eased

mor e r api dl y t han Mac- l ' cel l s .

Rapi d El i mi nat i on of Hemopoi et i c Pr ogeni t or Cel l s by ACK2

I nj ect i on . The r esul t s i n t he pr ecedi ng sect i on demonst r at ed

t hat ACK2 i nj ect ed i nt o adul t mouse coul d el i mi nat e l i neage

mar ker posi t i ve mat ur e myel oi d and er yt hr oi d cel l s, whi l e

l eavi ng t he B l i neage cel l compar t ment i nt act . Next , we i n-

vest i gat ed t he ef f ect of ACK2 on t he pr ogeni t or cel l s of my-

el oi d and B cel l l i neages whi ch can gener at e i n vi t r o col oni es

i n r esponse t o var i ous hemopoi et i c gr owt h f act or s . The same

bone mar r ow cel l s f r om ACK2- t r eat ed mi ce used i n t he ex-

per i ment s i n t he pr evi ous sect i on wer e anal yzed f or t he pr es-

ence of CFCs r eact i ve t o I L- 3, GM- CSF, M- CSF, and I L- 7 .

As shown i n Fi g . 6, CFU- I L3, CFU- GM, and CFU- Mdi s-

appear ed f r om t he bone mar r ow much ear l i er t han mat ur e

myel oi d cel l s di d, and a si ngl e ACK2 i nj ect i on el i mi nat ed

t hese CFCs al most compl et el y. On t he ot her hand, t he number

of CFU- I L7 i ncr eased f i ve- t o si x- f ol d, suggest i ng t hat ac-

t i ve pr ol i f er at i on of B cel l pr ecur sor s was act ual l y i nduced

i n ACK2- t r eat ed bone mar r ow. Because t he addi t i on of ACK2

di d not af f ect t he f or mat i on of col oni es f r om nor mal bone

mar r ow cel l s i n semi sol i d medi umcont ai ni ng var i ous cyt o-

ki nes, t he di sappear ance of CFC was not due t o a cyt ost at i c

ef f ect of ACK2 dur i ng t he cul t ur e assay per i od ( dat a not

shown) .

Fur t her mor e, i t i s i mpor t ant t o not e t hat CFU- I L3, CFU-

GM, and CFU- Mdecr eased si mul t aneousl y r at her t han i n

Tabl e 1 . Depl et i on of c- ki t ` Cel l s El i mi nat es Hemopoi et i c Pr ogeni t or s f r om Bone Mar r ow of B6 Mi ce

Bone mar r ow
No . of CFU/ 10 5 cel l st

cel l s" CFU- S CFU- I L- 3 CFU- GM CFU- M CFU- I L- 7

Cont r ol 18 . 0 ± 6 . 0 616 . 7 ± 44 . 3 403 . 4 ± 31 . 0 326 . 7 ± 15 . 2 93 . 3 ± 2 . 9

c- ki t ' - depl et ed 0 . 2 ± 0 . 2 15 . 0 ± 10 . 0 20 . 0 ± 8 . 7 3 . 3 ± 5 . 8 78 . 3 ± 11 . 5

B220+- depl et ed 20 . 0 ± 5 . 5 818 . 4 ± 59 . 1 548 . 4 ± 34 . 5 476 . 7 ± 49 . 3 5 . 0 ± 5 . 0
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Mor phol ogy of t he cel l s i n t he bone mar r ow of t he mi ce ad-

mi ni st r at ed wi t h ant i bodi es. Cyt ospot s wer e pr epar ed f r om t he bone mar r ow

cel l s of a nor mal B6 mouse ( A) , a mouse gi ven 6 shot s of 1 mg ACK2

( B) or Mac- 1 ( C) on al t er nat e days, and st ai ned wi t h May- Gr uenwal d-

Gi emsa sol ut i on . Scal e bar s i ndi cat e 20 gm.

or der of t he pr oposed di f f er ent i at i on hi er ar chy of t hese pr o-

geni t or cel l s ( 36, 37) . Thi s suggest s t hat c- ki t i s f unct i onal l y

r equi r ed f or t he mai nt enance of al l of t hese CFCs i n vi vo.

To f ur t her i nvest i gat e whet her or not each CFC has a di f f er ent

sensi t i vi t y t o ACK2 t r eat ment , t he dose of ACK2 was de-

cr eased t o 100 Ag and t he number s of CFCs wer e measur ed .

The sensi t i vi t y of each CFC t o ACK2 as est i mat ed f r omTabl e

2 seemed not t o di f f er si gni f i cant l y . Al t hough onl y i ncom-

pl et e r educt i on of each CFC was i nduced by 10014g ACK2

i n t he bone mar r ow, t he magni t ude of r educt i on di d not di f f er
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Fl ow cyt omet r i c anal ysi s of t he bone mar r ow cel l s of an ant i -

c- ki t ant i body- t r eat ed mouse. Bone mar r ow cel l s har vest ed f r om a cont r ol

mouse ( A) or a mouse gi ven 6 shot s of 1 mg ACK2 ( B) wer e st ai ned wi t h

ant i - B220, Mac- 1, or TER- 119. %posi t i ve cel l s est i mat ed f r omt he pr of i l es

ar e shown i n Fi g. 5 ( Day 12) .

si gni f i cant l y . We have al so pr evi ousl y obser ved t hat 100 Ag
i s t he dose at whi ch adul t sper mat ogenesi s i s compl et el y

bl ocked i n vi vo ( Yoshi naga, K. , S. Ni shi kawa, M. Ogawa,

S. I . Hayashi , T. Kuni sada, T. Fuj i mot o, and S. I . Ni shi kawa,

manuscr i pt submi t t ed f or publ i cat i on) . Thus, t he sensi t i vi -

t i es t o ACK2 seem t o var y among c- ki t - dependent t i ssues .

El i mi nat i on of Col onyf or mi ng Uni t s- S ( CFU- S) by ACK27n-

j ect i on . Fi nal l y, we i nvest i gat ed whet her t he ear l i est hemo-

poi et i c pr ogeni t or cel l s whi ch can gi ve r i se t o spl een col oni es

upon t r ansf er i nt o l et hal l y i r r adi at ed r eci pi ent s ar e dependent

on c- ki t i n vi vo ( 38) . Bone mar r owcel l s wer e har vest ed f r om

mi ce whi ch had been gi ven 6 i . v . shot s of 1 mg mAb, and

t he number of CFU- S was det er mi ned ( Tabl e 3) . Agai n, most

of CFU- S wer e depl et ed f r om t he bone mar r ow of ACK2-

i nj ect ed mouse i r r espect i ve of t he day of t he assay f or spl een

col ony ( 31, 32) . I nt er est i ngl y, smal l but a si gni f i cant number

of day 13 CFU- S ( appr oxi mat el y 10%of cont r ol ) al ways r e-
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Ef f ect s of ant i - c- ki t ant i body i nj ect i on on t he cont ent of bone

mar r ow cel l s . B6 mi ce wer e i nj ect ed 1 mg ACK2 ever y ot her day and

t he cont ent of each l i neage mar ker * cel l s i n bone mar r ow was anal yzed

as shown i n Fi g. 4 .



mai ned i n t he bone mar r ow, and t hese col oni es wer e l ar ge

mi xed t ype col oni es ( Fi g. 7) . Ther ef or e, a smal l f r act i on of

day 13 CFU- S i s r esi st ant t o t he ant agoni st i c act i vi t y of t he

ant i - c- ki t ant i body .

Di scussi on

The maj or ai m of t he pr esent st udy was t o char act er i ze

t he c- ki t + cel l s i n adul t mouse bone mar r ow and al so t o el u-

ci dat e t he f unct i onal r ol e of t hi s r ecept or t yr osi ne ki nase mol -

ecul e i n t hi s cel l popul at i on . For t hi s pur pose, we used t wo

mAbs agai nst t he ext r acel l ul ar domai n of c- ki t , ACK2 and

ACK4 . These t wo mAbs r ecogni ze di f f er ent epi t opes on t he

c- ki t mol ecul e, because bi ndi ng of one ant i body was not

bl ocked by t he ot her . Mor eover , i n vi t r o hemopoi esi s on PA6

st r omal cel l cl one ( 39, 40) or i n Dext er ' s cul t ur e ( 41) was

bl ocked compl et el y by ACK2 but not by ACK4, suggest i ng

t hat t he f or mer i s ant agoni st i c t o c- ki t f unct i on ( our unpub-

l i shed obser vat i on) .

By usi ng t hese mAbs, we demonst r at ed t he pr esence of

c- ki t + cel l s i n adul t bone mar r ow. I nt er est i ngl y, c- ki t + cel l s

wer e f ur t her subdi vi ded i nt o c- ki t bdghl and c- ki t d° i l popul a-

t i ons, and c- ki t br i ght cel l s di d not coexpr ess ot her l i neage

Tabl e 3 .

	

Ef f ect s of Ant i body Admi ni st r at i on on Col onyf or mi ng

Uni t - S ( CFU- S) i n t he Bone Mar r ow of B6 Mi ce

B6 mi ce wer e gi ven 6 shot s of 1 mg ant i bodi es on ever y ot her day .
50, 000 bone mar r ow cel l s f r om t he cont r ol mouse or Mac- 1 t r eat ed mouse,
or 2 . 5 x 105 bone mar r ow cel l s of ACK2 t r eat ed mouse wer e i nj ect ed
i nt o i r r adi at ed r eci pi ent s . The spl eens wer e r emoved and f i xed 8 or 13 d
af t er t he i nj ect i on and t he number of col oni es was count ed .

t Mean ± SD f or quadr upl i cat es .
S Not done.
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' B6 mi ce wer e gi ven 2 shot s of 0 . 1 or 1 mg ACK2 on al t er nat e days . The number of CFCs i n bone mar r ow was det er mi ned as descr i bed i n t he
l egend f or Tabl e 1 .
t Mean ± SD f or t r i pl i cat es .

Days

- - ^0 - I L- 7

- 0- - I L- 3

- f - - - GM- CSF

- o- - M- CSF
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Ef f ect s of ant i - c- ki t ant i body i nj ect i on on t he number of CFCs
r espondi ng t o var i ous cyt oki nes i n bone mar r ow. The same cel l s shown
i n Fi g. 5 wer e anal yzed f or t he number of CFU- I L 7, CFU- I L 3, CFU-
GM, and CFU- M. The number of CFU- 11, 7 at day 8 and day 12 ( %
cont r ol ) ar e shown i n par ent heses si nce t he val ues ar e out of scal e .

Fi gur e 7 .

	

El i mi nat i on of CFU- S f r om t he bone mar r ow of an ant i -
c- ki t ant i body- i nj ect ed mouse. The bone mar r ow cel l s of t he B6 mouse
gi ven 6 shot s of 1 mg ACK2 on al t er nat e days wer e anal yzed f or t he number
of CFU- S as descr i bed i n t he l egend f or Tabl e 3 . Not e t hat f i ve- f ol d l ar ger
number of cel l s was i nj ect ed i nt o t he r eci pi ent s i n t he case of t he ACK2-
t r eat ed mouse .

Tabl e 2. Ef f ect s

Tr eat ment "

of ACK2 Admi ni st r at i on on

CFU- I L- 7

Col ony For mi ng Cel l s ( CFCs) i n t he Bone

No . of CFC/ 105

CFU- I L- 3

Mar r ow of B6 Mi ce

cel l s$

CFU- GM CFU- M

Cont r ol 188 . 3 ± 20 . 2 485. 0 ± 34 . 6 358 . 3 ± 41 . 3 268. 3 ± 29 . 3

ACK2 ( 0 . 1 mg) 335 . 0 ± 43 . 3 100. 0 ± 25 . 9 125 . 0±11. 9 66 . 6±8 . 1

ACK2 ( 1 mg) 228. 3 ± 10 . 4 6. 7 ± 2 . 9 16 . 7 ± 7. 6 3 . 3 ± 5. 8

Ant i body"

No . of CFU- S/ 10 5

Day 8

cel l s$

Day 13

Cont r ol 19 . 3 ± 3. 1 11 . 7 ± 2 . 3

ACK2 0 . 4 ± 0. 4 1 . 5 ± 0. 4

Mac- 1 20 . 0 ± 6. 0 NDS



mar ker s whi l e most of t he c- ki t s° u popul at i on expr essed my-

el oi d mar ker s such as Gr - 1 and Mac- 1 . Pr obabl y, a smal l f r ac-

t i on of c- ki t d° 11 cel l s coexpr essed B220, but no TER- 119+

cel l s wer e i ncl uded i n t hi s popul at i on . Thi s st ai ni ng pat t er n

i ndi cat es t hat c- ki t i s hi ghl y expr essed i n t he l i neage mar ker

negat i ve ( l i n - ) i mmat ur e cel l popul at i on and t hat c- ki t ex-

pr essi on decr eases upon mat ur at i on i nt o l i n+ cel l s, al t hough

l ow l evel expr essi on cont i nues f or some t i me. Si nce Wi l l er -

Si ebur g et al . have shown t hat al l CFCs wer e pr esent i n t he

l i n - popul at i on ( 42) , c- ki t d" 11, l i n+ popul at i on mi ght have

l ost t he pr ogeni t or act i vi t y . To conf i r m t hi s, we ar e cur r ent l y

t r yi ng t o sor t each popul at i on t o est i mat e t he st em cel l ac-

t i vi t y . I n f act , a r ecent pr el i mi nar y r esul t suggest s t hat CFU- S

was hi ghl y enr i ched i n a c- ki t b6 ght , Thy- 1duu, l i n - popul a-

t i on ( Okada, S. , H. Nakauchi , K. Nagayoshi , S. Ni shi kawa,

S. I . Ni shi kawa, Y Mi ur a, and T. Suda, manuscr i pt submi t t ed

f or publ i cat i on) . Our pr esent r esul t cl ear l y i ndi cat ed t hat al -

most al l hemopoi et i c pr ogeni t or cel l s i ncl udi ng CFCs r eac-

t i ve t o I L 3, GM- CSF, or M- CSF and al so CFU- S expr essed

c- ki t on t he cel l sur f ace, but B l i neage pr ogeni t or s whi ch f or m

col oni es i n r esponse t o I L- 7 wer e c- ki t - . Thus, we expect

t hat c- ki t expr essi on woul d be addi t i onal and power f ul mar ker s

i n or der t o pur i f y hemopoi et i c st em cel l s i n var i ous di f f er en-

t i at i on st ages .

Si nce most of hemopoi et i c pr ogeni t or s expr essed c- ki t , t he

next i ssue t o be r esol ved was whet her or not c- ki t on t he

sur f ace of t hese hemopoi et i c pr ogeni t or s i s f unct i oni ng i n

vi vo . The f act t hat t he W1Whomozygous mouse has no con-

st i t ut i ve hemopoi esi s i n post nat al l i f e i ndi cat es t hat c- ki t i s

f unct i oni ng at l east i n some pr ogeni t or cel l s ( 15) . Pr evi ousl y,

i t was r epor t ed t hat CFCs do exi st i n t he W1 W° mouse

whi l e CFU- S i s absent ( 43) . Thi s may wel l suggest t hat c- ki t

i s f unct i onal l y r equi r ed onl y f or t he most i mmat ur e pr ogen-

i t or s, al t hough i t i s expr essed i n bot h CFC and CFU- S. To

addr ess t hi s quest i on, we t ook advant age of a mAb capabl e

of ant agoni st i cal l y bl ocki ng t he f unct i on of c- ki t . I nj ect i on

of t hi s ant i body r esul t ed i n a compl et e and si mul t aneous el i mi -

nat i on of al l hemopoi et i c pr ogeni t or cel l s i ncl udi ng CFU- S

and CFCs r eact i ve t o I L3, GM- CSF or even M- CSF whi ch

has been consi der ed t o be a gr owt h f act or f or t he pr ecur sor

r est r i ct ed t o t he macr ophage l i neage. I t coul d be t hat ACK2

i s cyt ot oxi c ant i body el i mi nat i ng al l c- ki t + cel l s, t her eby

depl et i ng al l t ypes of hemopoi et i c pr ogeni t or s t hat expr ess

c- ki t . We t hi nk, however , t hat t hi s possi bi l i t y i s unl i kel y f or

t he f ol l owi ng r easons . Fi r st , al t hough per i t oneal mast cel l s

hi ghl y expr ess c- ki t , i . p. i nj ect i on of ACK2 does not af f ect

t he number of mast cel l s i n t he per i t oneal cavi t y ( our unpub-

l i shed obser vat i on) . Second, al t hough al l mel anocyt es i n t he

adul t hai r f ol l i cl e expr ess c- ki t , onl y t hose i n t he act i vat ed

hai r f ol l i cl es ar e af f ect ed by ACK2 i nj ect i on, suggest i ng t hat

onl y c- ki t f unct i on i s bl ocked by t hi s t r eat ment ( 46) . Thi r d,

al t hough bot h sper mat ogoni a and oocyt es expr ess c- ki t , ACK2

i nj ect i on bl ocked onl y sper mat ogenesi s . Four t h, al t hough

Mac- 1 used as a cl ass mat ched cont r ol ant i body al so bi nds

t o myel oi d cel l s, hemopoi esi s i n Mac- l - t r eat ed mi ce was

nor mal . Last l y, r at mAbs of I gG2b cl ass agai nst var i ous cel l

sur f ace mol ecul es have been used as ant agoni st i c bl ocker s of

mol ecul ar i nt er act i on on t he cel l sur f ace, and al l pr evi ous r esul t s
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unequi vocal l y i ndi cat ed t hat r at - I gG2b mAb was cyt ost at i c

r at her t han cyt ot oxi c ( 44) .

I t coul d al so be t hat ACK2 enhances t he di f f er ent i at i on

of t he pr ogeni t or cel l s, t her eby r esul t i ng i n a depl et i on of

st em cel l s. We t hi nk t hi s possi bi l i t y i s al so unl i kel y, because

over gr owt h of l i neage mar ker bear i ng mat ur e cel l s was never

det ect ed at any poi nt af t er t he i nj ect i on of ACK2 . Fur t her -

mor e, despi t e ext ensi ve t r i al s, we f ai l ed t o det ect any l i gand

mi mi cki ng act i vi t y of ACK2 t o i nduce i n vi t r o di f f er ent i a-

t i on or pr ol i f er at i on of hemopoi et i c pr ogeni t or s . On t he ot her

hand, t he r ecombi nant l i gand f or c- ki t has r ecent l y been

r epor t ed t o have obvi ous i n vi t r o act i vi t y t o i nduce t he pr ol i f er -

at i on of var i ous hemopoi et i c pr ecur sor cel l s ( 5, 9- 11) .

Consequent l y, i t i s ver y l i kel y t hat ACK2 act s as an an-

t agoni st i c ant i body t o c- ki t f unct i on, al t hough i t r emai ns t o

be el uci dat ed whet her ACK2 di r ect l y pr event s t he bi ndi ng

of t he l i gand t o c- ki t . Gi ven t hat t hi s i s t he case, our r esul t

must be i nt er pr et ed as i ndi cat i ng t hat mai nt enance of

hemopoi et i c pr ogeni t or s i n adul t bone mar r owi s dependent

on c- ki t and i t s l i gand. Because r ecent st udi es demonst r at ed

t hat a r ecombi nant l i gand f or c- ki t i nduced col oni es consi st i ng

of mul t i pl e cel l l i neages ( 9- 11) , t he abol i t i on of al l CFCs f r om

ACK2- t r eat ed bone mar r ow may be due t o t he bl ockade of

r ecr ui t ment of l i neage r est r i ct ed pr ogeni t or s f r om mul t i po-

t ent st em cel l s. However , i t i s i mpor t ant t o not e t hat al l CFCs

f r omt hose r eact i ve t o mul t i - CSF t o even M- CSF di sappear ed

f r ombone mar r ow si mul t aneousl y . I f c- ki t i s f unct i onal l y r e-

qui r ed f or t he mai nt enance of mul t i pot ent hemopoi et i c pr o-

geni t or cel l s gi vi ng r i se t o l i neage r est r i ct ed pr ogeni t or cel l s

such as CFU- M, t her e must be a t i me l ag bet ween di sap-

pear ance of pr ogeni t or s r eact i ve t o mul t i - CSF and t o M- CSR

I n t hi s cont ext , i t i s i nt er est i ng t hat t he l i gand f or c- ki t i s

abl e t o cooper at e wi t h any of ot her hemopoi et i c gr owt h f act or s

and enhances t he number and si ze of col oni es i nduced i n bone

mar r owcel l s ( 10, 11) . These r esul t s i n conj unct i on wi t h our

pr esent r esul t i mpl y t hat t he mai nt enance of bot h mul t i po-

t ent and l i neage r est r i ct ed hemopoi et i c pr ogeni t or cel l s i s i n

f act dependent on c- ki t , al t hough some ot her f act or s may al so

be r equi r ed .

I n cont r ast t o t he c- ki t dependency of myel oi d and er yt hr oi d

pr ogeni t or s, B l ymphopoi esi s was not si gni f i cant l y af f ect ed

by ACK2 i nj ect i on. Mor e i nt er est i ngl y, a subset of B l i neage

cel l s di d over gr ow t o f i l l t he bone mar r ow space f r omwhi ch

ot her cel l l i neages wer e pur ged. On t he ot her hand, i t was

demonst r at ed t hat t he l i gand f or c- ki t al so r emar kabl y en-

hanced t he col ony f or mat i on of B cel l pr ecur sor s i n r esponse

t o I L7 ( 11) , suggest i ng t he r ol e of c- ki t i n i nt r amar r ow B

l ymphopoi esi s . Thi s r esul t , however , i s not i nconsi st ent wi t h

our pr esent r esul t , because t he pr evi ous st udi es cl ear l y demon-

st r at ed t hat t her e i s a subpopul at i on of B l i neage cel l s whi ch

pr ol i f er at es i n r esponse t o I L7 al one ( 28, 30, 35, 45) . Ther e-

f or e, t he popul at i on capabl e of pr ol i f er at i ng i n r esponse t o

I L- 7 al one coul d be t he subset t hat over pr ol i f er at ed i n t he

ACK2- t r eat ed mouse. Al t er nat i vel y, i t coul d be t hat t her e

i s anot her subset of B l i neage pr ecur sor s whi ch r equi r es yet

uni dent i f i ed si gnal s f or pr ol i f er at i on . Si nce t he l i gand f or c- ki t ,

and ACK2 whi ch speci f i cal l y i nhi bi t s t he c- ki t f unct i on ar e

now avai l abl e, t hi s i ssue wi l l be r esol ved soon .
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