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Summar y

We have r esol ved B220+I gM
-

B- l i neage cel l s i n mouse bone mar r ow i nt o f our f r act i ons based

on di f f er ent i al cel l sur f ace expr essi on of det er mi nant s r ecogni zed by S7 ( l eukosi al i n, CD43) , BP- 1,

and 30F1 ( heat st abl e ant i gen) . Funct i onal di f f er ences among t hese f r act i ons can be cor r el at ed

wi t h I g gene r ear r angement st at us . The l ar gest f r act i on, l acki ng S7, consi st s of pr e- B cel l s wher eas

t he ot her s, expr essi ng S7, i ncl ude B l i neage cel l s bef or e pr e- B. These S7+ f r act i ons, pr ovi si onal l y

t er med Fr . A, Fr . B, and Fr . C, can di f f er ent i at e i n a st r omal l ayer cul t ur e syst em. Phenot ypi c

al t er at i on dur i ng such cul t ur e suggest s an or der i ng of t hese st ages f r om Fr . A t o Fr . B t o Fr .

Cand t hence t o S7 - pr e- B cel l s. Usi ng pol ymer ase chai n r eact i on ampl i f i cat i on wi t h pai r s of

ol i gonucl eot i de pr i mer s f or r egi ons 5' of JH1, DFLl b . l , and Jk1, we f i nd t hat t he I g genes of

Fr . A ar e i n ger ml i ne conf i gur at i on, wher eas Fr . B and C ar e pr o- B cel l st ages wi t h i ncr easi ng

D- J r ear r angement , but no V- D- J . Fi nal l y, f unct i onal anal ysi s demonst r at es t hat t he pr ol i f er at i ve

r esponse t o I D7, an ear l y B l i neage gr owt h f act or , i s r est r i ct ed t o S7+ st ages and, f ur t her mor e,

t hat an addi t i onal , cel l cont act - medi at ed si gnal i s essent i al f or sur vi val of Fr . A .

The mol ecul ar event s of I g gene r ear r angement t hat occur

ear l y i n B l i neage di f f er ent i at i on have been ext ensi vel y

char act er i zed usi ng AMuW- t r ansf or med cel l l i nes ( 1) . These

st udi es pr ovi ded evi dence f or an or der ed r ear r angement of

t he t hr ee I g heavy chai n gene el ement s ( V, D, J) ( r evi ewed

i n r ef er ence 2) . Dat a f r omt hese l i nes al so pr ovi ded evi dence

f or t he sequent i al r ear r angement of l i ght chai n f ol l owi ng heavy

chai n ; r ear r angement of t wo addi t i onal gene segment s ( V

and J) at ei t her of t he t wo l i ght chai n l oci ( t c or X) conse-

quent l y yi el ds an i nt act I g het er odi mer ( H2L2) .

Whi l e t he or der of I g gene r ear r angement dur i ng B cel l

di f f er ent i at i on has been def i ned pr i mar i l y t hr ough t he use

of i n vi t r o t r ansf or med cel l l i nes, i t has never been cl ear l y

est abl i shed f or t he nor mal cel l s pr esent i n si t es of pr i mar y

B cel l di f f er ent i at i on, e. g . , t he bone mar r ow ( BM) t of adul t

mi ce. Accor di ng t o t he r esul t s wi t h Abel son cel l l i nes, one

of t he cl ear est changes expect ed t o t ake pl ace dur i ng ear l y

B cel l di f f er ent i at i on i nvol ves t he I g heavy chai n l ocus : DJ

j oi ni ng shoul d pr ecede compl et e VDJ r ear r angement ( 1) .

However , whet her t hi s can be obser ved i n r esol vabl e set s of

' Abbr evi at i ons used i n t hi s paper. APC, al l ophycocyani n ; APN, ami no-

pept i dase; Bl , bi ot i n ; BM, bone mar r ow; FL, f l uor escei n; HSA, heat st abl e

ant i gen; TR, Texas Red.

cel l s i n BMi s not cl ear . An equal l y l i kel y al t er nat i ve i s t hat

Abel son vi r us t r ansf or mat i on si mpl y f r eezes as i mmor t al cel l

l i nes i n r api d t r ansi t i on. Fur t her mor e, anal ysi s of I g r ear r ange-

ment s i n such l i nes i s compl i cat ed by pot ent i al oncogene r ear -

r angement s whi ch woul d obscur e t he nor mal pr ocess .

These i ssues coul d be cl ar i f i ed i f t he ear l y st ages of B- l i neage

di f f er ent i at i on wer e def i ned mor e pr eci sel y t hr ough det ai l ed

i nvest i gat i on of t he expr essi on of cel l sur f ace mol ecul es i n

nor mal BMcel l popul at i ons coupl ed wi t h det er mi nat i on of

t he st at us of I g gene r ear r angement . Recent l y devel oped cul -

t ur e t echni ques f aci l i t at e t he gr owt h and l i mi t ed di f f er ent i a-

t i on of B l i neage cel l s usi ng cl oned st r omal l i nes ( 3, 4) . Ther e-

f or e, anal ysi s of changes i n expr essi on of sur f ace mol ecul es

dur i ng shor t t er mcul t ur e of i sol at ed BMpopul at i ons shoul d

per mi t a pr ovi si onal or der i ng of t he di f f er ent i at i on st ages .

Thi s or der i ng coul d t hen be conf i r med by compar i son wi t h

I g gene r ear r angement dat a . The def i ni t i on of r esol vabl e i n-

t er medi at es i n nor mal popul at i ons woul d cont r i but e gr eat l y

i n def i ni ng t he gr owt h pr oper t i es and r equi r ement s of cel l s

at cr i t i cal st ages i n t he gener at i on of f unct i onal B cel l s, wor k

cl ear l y not possi bl e wi t h t r ansf or med l i nes. Fur t her , t hi s de-

t er mi nat i on shoul d f aci l i t at e t he st udy of gene r egul at i on ear l y

i n t he B cel l l i neage.

At pr esent , no si ngl e sur f ace mar ker has been f ound t hat
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di st i ngui shes t he ear l i est B- commi t t ed cel l s bef or e t he pr e- B

st age f r om l at t er popul at i ons . We have appr oached t hi s
pr obl emby usi ng mul t i col or f l ow cyt omet r y whi ch enabl es

us t o det er mi ne t he expr essi on of sever al cel l sur f ace mol e-
cul es si mul t aneousl y . We r easoned t hat t he ear l i est B- com-

mi t t ed cel l s coul d be f ound by i nvest i gat i ng t he cor r el at ed

expr essi on of det er mi nant s consi st ent l y pr esent on B- l i neage

cel l s ( such as B220 ; r ef er ence 5) t oget her wi t h t hose not f ound

on sur f ace I gM+ B cel l s, but possi bl y expr essed on B pr o-

geni t or st ages . Si mul t aneousl y, we have det er mi ned l evel s of

sever al ot her cel l sur f ace mol ecul es whose expr essi on i s known

t o change dur i ng di f f er ent i at i on and whi ch mi ght f aci l i t at e

r esol ut i on of het er ogenei t y wi t hi n t he B l i neage cel l s i n BM.

We have f ound t hat t he ear l i est st ages of B l i neage di f f er en-

t i at i on can be r esol ved by det er mi ni ng t he l evel of expr essi on

of l eukosi al i n ( CD43) i n t he B220+ BMf r act i on. The r at

mAb S7 r ecogni zes a det er mi nant ( whi ch we t er m S7) pr esent

on a si ngl e chai n pol ypept i de of Mr 85- 95 kD ( 6) whi ch

has r ecent l y been shown t o be t he mur i ne homol ogue of l eu-

kosi al i n ( 7, 8) , pr evi ousl y char act er i zed i n t he r at and human

( C. M. Baecher - Al l en, J . D. Kemp, and J . G. Fr el i nger , manu-

scr i pt submi t t ed f or publ i cat i on) . S7 i s expr essed on gr anu-

l ocyt es and al l T cel l s ( t hymocyt es and per i pher al T cel l s) ,

but i s not f ound on most per i pher al B ( except pl asma cel l s ;

r ef er ence 6) . However , t he r egul at i on of S7 expr essi on dur i ng

ear l y l ymphoi d cel l devel opment f r om hemat opoi et i c st em

cel l s was not known . As demonst r at ed i n t hi s paper , S7 i s

expr essed on ear l y pr ecur sor s f or B cel l s and i s r api dl y l ost

as t hese cel l s pr ogr ess t o pr e- B and B cel l st ages dur i ng i n

vi t r o shor t t er m cul t ur e. Fur t her mor e, mul t i col or i mmuno-

f l uor escence and sor t i ng st udi es r eveal t hat t hr ee subpopul a-

t i ons ar e cl ear l y di st i ngui shabl e wi t hi n t hi s ear l y B f r act i on

on t he basi s of di f f er ent i al expr essi on of BP- 1 and t he heat

st abl e ant i gen ( HSA; det ect ed by ant i body 30F1 ; r ef er ence

9) , sur f ace mol ecul es pr evi ousl y shown t o be f ound at di f f er ent

l evel s dur i ng l ymphoi d di f f er ent i at i on ( 10- 12) .

We have det er mi ned t he devel opment al r el at i onshi ps of cel l s

i n t hese t hr ee S7+ subpopul at i ons t oget her wi t h t hei r r ear -

r angement st at us, r esol vi ng cel l f r act i ons whi ch show D- J

r ear r angement al one. Dat a t o suppor t t he or der ed di f f er ent i -

at i on pat hway whi ch we pr opose i s obt ai ned by cul t ur i ng

f r act i onat ed cel l s on a pr eest abl i shed st r omal l i ne ( FLST2;

r ef er ence 13) wher e we obser ve pr ogr essi on of cel l sur f ace

phenot ype. The st at us of t he I g gene l oci i n t hese nor mal

subpopul at i ons, obt ai ned by use of pol ymer ase chai n r eac-

t i on ( PCR) ( 14) , r eveal s t he exi st ence of pr evi ousl y unr esol ved

i nt er medi at es . Si nce t he r ear r angement of each I g heavy chai n

gene el ement r esul t s i n t he del et i on of known i nt er veni ng

DNA sequences, we used PCRt o ampl i f y f r agment s of t hese

sequences al ong wi t h a sequence t hat r emai ns unchanged ( f r om

t he act i n gene) . Usi ng t hi s appr oach we det ect r educt i on i n

t he f r agment bet ween Dand J bef or e any decr ease i n t he f r ag-

ment bet ween V and D. Consequent l y, t hese dat a al l ow us

t o demonst r at e phenot ypi c and physi ol ogi cal al t er at i ons i n

ear l y B l i neage cel l s accor di ng t o t hei r di f f er ent i at i on st age

( pr e- pr o- B, ear l y pr o- B, l at e pr o- B) , pr ogr essi ng f r omabso-

l ut e dependence on cel l cont act medi at ed si gnal s t o depen-
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dence onl y on a f act or pr esent i n t he st r omal super nat ant ,

i dent i f i abl e as I L 7 .

Mat er i al s and Met hods

Ani mal s and Cel l Pr epar at i on .

	

2- 4- mo- ol d f emal e BALB/ cAnN
mi ce br ed i n t he I nst i t ut e f or Cancer Resear ch ( I CR) ani mal f a-
ci l i t y wer e used i n al l exper i ment s . A si ngl e cel l suspensi on of BM
( f emur and t i bi a) was pr epar ed by i nj ect i ng medi um ( st ai ni ng

medi um; def i ci ent RPMI [ I r vi ne Sci ent i f i c, Sant a Ana, CA] , con-
t ai ni ng 10 mMHEPES, 3%FCS and 0 . 1% NaN3 ) i nt o t he bone
t o f l ush out cel l s, f ol l owed by gent l e mi xi ng wi t h a 1 ml syr i nge.
Cel l s wer e t r eat ed wi t h 0 . 165 MNH, CI t o el i mi nat e er yt hr ocyt es .
Cel l s wer e r ecover ed f r om cul t ur es by gent l e pi pet t i ng and t hen
washi ng once wi t h st ai ni ng medi um.

I mmunof l uor escence St ai ni ng, Anal ysi s and Cel l Sor t i ng.

	

Fr act i ons

A- C wer e pr epar ed by i ncubat i ng BMcel l s wi t h a combi nat i on
of f l uor escei n( FL) - S7, phycoer yt hr i n ( PE) BP- 1, bi ot i n( BI ) - 30F1 and

al l ophycocyani n( APC) - 6B2 i n st ai ni ng medi um on i ce f or 15 mi n,
washed t hr ee t i mes wi t h st ai ni ng medi um, t hen i ncubat i ng a f ur -

t her 15 mi n wi t h Texas Red( TR) - avi di n t o r eveal t he bi ot i n r e-
agent and f i nal l y washi ng t wi ce wi t h st ai ni ng medi um. Fr act i ons

D- F wer e pr epar ed by st ai ni ng wi t h f l uor escei n ( FL) - S7, PE- ant i -
I gM and APC- 6B2. St ai ned cel l s ( 2- 6 x 107) wer e t hen appl i ed

t o a dual l aser / dye l aser f l ow cyt omet er ( FACSt ar PLUS®, Bect on
Di cki nson I mmunocyt omet r y Syst ems, San Jose, CA) equi pped wi t h

appr opr i at e f i l t er s f or f our col or i mmunof l uor escence. Sampl es wer e

hel d on i ce dur i ng sor t i ng . Reanal ysi s of sor t ed f r act i ons consi s-

t ent l y showed pur i t i es i n excess of 95%. Sel ect ed popul at i ons wer e
sor t ed di r ect l y i nt o 24- or 96- wel l pl at es ( f or f unct i onal anal ysi s)

or i nt o mi cr ocent r i f uge t ubes ( f or DNA pr epar at i on) . Anal ysi s of

cul t ur ed cel l sampl es al ways i ncl uded pr opi di um i odi de ( 1 pg/ ml )

f or dead cel l excl usi on . Pr epar at i on of l abel ed r eagent s has been
descr i bed pr evi ousl y ( 15) .

Cel l Cycl e Anal ysi s .

	

Sor t ed cel l s ( 1- 2 x 105) wer e washed once

i n i ce col d Tr i s- Sal i ne ( 10 mMTr i s, pH 7 . 0, 150 mMNaCl ) , t hen
r esuspended i n 100- Ft l of t hi s buf f er t o whi ch was added 900 Al
of et hanol chi l l ed t o - 20° C. Cel l s wer e hel d f or 10- 20 mi n at

20° C, pel l et ed and t hen r esuspended i n 300 g, l st ai ni ng sol ut i on

( 1 mg/ ml RNAase A, 20 gg/ ml pr opi di um i odi de i n PBS con-
t ai ni ng 0 . 01%NP40) and i ncubat ed f or 10 mi n at 37 ° C. Cel l s wer e

t hen anal yzed by f l ow cyt omet r y wi t h pul se pr ocessi ng used t o

di scr i mi nat e doubl et s .

Cul t ur e Condi t i ons .

	

The FLST2 st omal l i ne ( pr evi ousl y r ef er r ed
t o si mpl y as ST2) was est abl i shed f r omC3H day 16 f et al l i ver and

shown pr evi ousl y t o suppor t B l i neage di f f er ent i at i on ( 13) . The

l i ne was mai nt ai ned i n st andar d medi um( RPMI - 1640 suppl ement ed

wi t h 5 x 10 - 5 M2- ME, 5%FCS) i n a ` humi di f i ed 5%COZ i n-

cubat or chamber at 37° C and passaged weekl y by t r eat ment wi t h

t r ypsi n- EDTA. Exper i ment al cul t ur es on FLST2 wer e car r i ed out

i n 24- wel l pl at es ( Nunc, Roski l de, Denmar k) usi ng 1 ml st andar d

medi um. Cul t ur es wer e al so per f or med by i nser t i ng di f f usi on

chamber s ( Mi l l i cel l ; Mi l l i por e Cor p. , Bedf or d, MA) i nt o wel l s con-
t ai ni ng pr eest abl i shed FLST2 l ayer s . Typi cal l y 1- 5 x 10' cel l s wer e

sor t ed per wel l . Cul t ur es wi t h r l L7 ( gener ousl y pr ovi ded by Dr .

S. Gi l l i s ; I mmunex Cor p. , Seat t l e, WA) wer e done usi ng 200 ul

medi um i n 96- wel l pl at es wi t h 0. 5- 2 x 10' cel l s per wel l . I n some

exper i ment s, r abbi t ant i body t o 11, 7 ( f r omDr . S . Gi l l i s ; I mmunex

Cor p. ) or cont r ol r abbi t ser umwas added i mmedi at el y bef or e sor t i ng

cel l s ont o t he l ayer .

DNA Pr epar at i on, PCR, and Dat a Anal ysi s .

	

Quant i t at i ve t hr ee

pai r PCRusi ng sor t ed sampl es has been descr i bed pr evi ousl y f or



t wo pai r PCR( 16) . Br i ef l y, 1- 2 x 101 l ymphocyt es ar e sor t ed vi a

f l ow cyt omet r y accor di ng t o phenot ype di r ect l y i nt o a mi cr ocen-

t r i f uge t ube . Cel l s ar e washed i n Tr i s- buf f er ed sal i ne ( 50 mMTr i s,

150 mMNaCl , pH8. 0) at 4° C and t hen di gest ed wi t h 0. 5 mg/ ml

pr ot ei nase K f or 2 h at 50° C i n buf f er A ( 0 . 5% sodi um l aur oyl

sar kosi nat e, 10 mMEDTA, 50 mMt r i s, pH 8 . 0) cont ai ni ng 1%

l ow gel l i ng t emper at ur e agar ose . Af t er di gest i on sampl es ar e al -

l owed t o gel on i ce f or 5 mi n, di al yzed agai nst TE ( t hr ee changes

i n 36 h) , and t hen st or ed at 4°C. Bef or e use, DNA sampl es ar e

mel t ed at 65° C, t r eat ed wi t h RNAase ( 10 ng) and 10 UEcoRI

r est r i ct i on enzyme ( 37° Cf or 4- 16 h) , t hen gel l ed on i ce and r edi a-

l yzed t hr ee t i mes agai nst ddH20. Agar ose cont ai ni ng t he di gest ed

DNA i s mel t ed at 65 ° C, di l ut ed 1 : 5 wi t h 65 ° C ddH20 ( f i nal

vol ume 150 pl ) and st or ed at 4° C. One f i f t h of t he sampl e i s ana-

l yzed by PCRusi ng t hr ee set s of ol i gos ( Tabl e 1) . These t hr ee set s

ar e desi gnat ed 5' DFL16. 1, act i n, and 5' JHl ; ampl i f i ed r egi ons

shown i n Fi g. 6 . For l i ght chai n ( K) r ear r angement , a r egi on 5'

Of Jt l was ampl i f i ed ( see Tabl e 2) t oget her wi t h t he act i n

f r agment .

Condi t i ons f or PCRwer e: denat ur at i on at 95 ° Cf or 1 mi n, an-

neal i ng at 63 ° Cf or 30 s, and pol ymer i zat i on at 72 ° Cf or 1 . 5 mi n.

Al i quot s ar e wi t hdr awn at 18, 20, and 22 cycl es f or separ at e anal -

ysi s t o ensur e t hat ampl i f i cat i on i s wi t hi n t he l i near r ange and car e

i s t aken t o use r el at i vel y compar abl e l evel s ( wi t hi n a t hr ee- f ol d r ange)

of DNA. 10 Al of t he PCRsampl es ar e t hen separ at ed over ni ght

by 1 . 5%agar ose gel el ect r ophor esi s, st ai ned wi t h et hi di um br o-

mi de, phot ogr aphed, and bl ot t ed ont o Hybond N membr ane

( Amer shamCor p. , Ar l i ngt on Hei ght s, I L) . Fi l t er s ar e UVcr ossed-

l i nked, pr e- hybr i di zed f or 1- 3 h and t hen hybr i di zed over ni ght ( at

42° C) wi t h r i bopr obes pr epar ed f r om t he PCRpr oduct s ( see bel ow) .

Membr anes ar e washed ( t wi ce f or 30 mi n i n 2x SSC and t wi ce

i n 0. 2x SSC at 65° C) and i maged on x- r ay f i l m ( 1- 4 h exposur e)

and quant i t at ed usi ng a t wo di mensi onal pr opor t i onal sci nt i l l at i on

det ect or ( Ambi s Radi oanal yt i c I magi ng Syst ems, San Di ego, CA) .

Radi oact i vi t y i n i ndi vi dual bands r epr esent i ng each PCRpr oduct

i s measur ed andcal cul at ed as a per cent age of ger ml i ne ( unr ear r anged)

DNA. Each sampl e was separ at el y ampl i f i ed t wo t o f our t i mes and

sever al i ndependent l y sor t ed sampl es of each cel l phenot ype wer e

anal yzed.

Gener at i on of Pr obes f r om PCR Pr oduct s.

	

PCR pr oduct s wer e

cl oned and r i bopr obes made as t hi s gave a ver y hi gh si gnal wi t h

l ow backgr ound when hybr i di zed . Cl ones wer e made i n t he f ol -

l owi ng manner . I ndi vi dual PCR pr oduct s wer e ampl i f i ed usi ng

BALB/ c l i ver DNA f or 30 cycl es and t he appr opr i at e si ze et hi di um

br omi de st ai ned band i dent i f i ed on a 1. 5%agar ose gel . The agar ose

cont ai ni ng t he band was exci sed, t he DNAel ut ed, pur i f i ed, and

bl unt - end cl oned i nt o t he SmaI si t e of pBSM13 - ( St r at agene, San

Di ego, CA) . Or i ent at i ons of t he cl oned f r agment s wer e not det er -

mi ned . RNAt r anscr i pt s of EcoRI r est r i ct ed pr obes wer e made ac-

1215

	

Har dy et al .

cor di ng t o t he manuf act ur er s' pr ocedur e usi ng T3 pol ymer ase ( 17) .

Appr oxi mat el y 1/ 6 of a l abel i ng was used per bl ot .

Resul t s

B220+S7+ Cel l s i n Bone Mar r ow Ar e Lar ge i n Si ze and

Resol ved i nt o Thr ee Subpopul at i ons by Cor r el at ed BR1 and 30F1

( HSA) Expr essi on. As Fi g . 1 shows, f l uor escence act i vat ed

cel l sor t er ( FACS®) anal ysi s demonst r at es t hat a smal l f r ac-

t i on ( 3- 4%) of cel l s i n BMexpr ess l ow l evel s of bot h 13220

( det ect ed by RA3- 6B2) and S7 . These cel l s ar e l ar ger i n si ze

compar ed wi t h 13220+S7 - cel l s ( as shown by measur ement

of f or war d l i ght scat t er ) and do not expr ess cel l sur f ace I gM.

The pr esence of B- l i neage cel l s i n t hi s 13220+S7+ cel l f r ac-

t i on was suggest ed by f ur t her anal ysi s, i ncl udi ng det er mi na-

t i on of BP- 1 expr essi on ( Fi g. 2) , a mol ecul e pr edomi nant l y

f ound on ear l y B l i neage cel l s ( 10) ( and some st r omal l i nes,

r ef er ence 18) . BP- 1 i s pr obabl y t he best exampl e of a mol e-

cul e whose expr essi on i s r est r i ct ed t o ear l y B- l i neage cel l s

and i ni t i al l y was consi der ed t o be an A- MuLV cel l l i ne speci f i c

mar ker ( 18, 19, 20) . Al t hough mor e t han 90%of t he BP- 1 +

cel l s i n BMhave been r epor t ed t o be cyt opl asmi c i c+ pr e- B

Fi gur e 2 .

	

13220+S7+ cel l s can be r esol ved i nt o t hr ee subset s ( Fr . A- C)

on t he basi s of BP- 1 and 30F1 ( ant i - HSA) expr essi on and 13220+S7 - cel l s

ar e r esol ved i nt o t hr ee f r act i ons ( Fr . D- E) by di f f er ent i al expr essi on of 13220

and sur f ace I gM. Cel l s wer e st ai ned si mul t aneousl y ei t her wi t h FL* S7,

PE- ant i - BP- 1, APC- ant i - B220( 6B2) and BI - 30F1 ( r eveal ed by TRAvi di n)

f or t he l ef t panel or wi t h FI A7, AK- ant i - 13220( 02) and PE- ant i - I gM,

and t hen anal yzed as i n Fi g . 1 . Fr . A, B, C r epr esent 30%, 40%, and

30% of 13220+S7+ cel l s ; Fr . D, E, F r epr esent 50%, 30%, and 20% of

13220+S7 - cel l s ( cor r espondi ng t o 0. 9%, 1 . 2%, 0 . 9%, 10%, 6%, and 4%

of t ot al BM, r espect i vel y) . Dat a shown ar e r epr esent at i ve of numer ous

anal yses ( >10) .

Fi gur e 1 .

	

S7 - ver sus S7+ 13220+ B- l i n-

eage cel l s i n t he bone mar r ow ( BM) . BM

cel l s wer e st ai ned si mul t aneousl y wi t h FLr

S7, APC- ant i - 13220 and PE- ant i - I gM, and

t hen anal yzed on a dual - l aser mul t i par a-

met er f l ow cyt omet er . I n t he l ef t panel ,

13220+S7 - and 13220+S7+ popul at i ons ar e

boxed whi ch cor r espond t o 20%and 3%

of t ot al BMr espect i vel y . 13220+S7+ cel l s

have t he l owest l evel s of 13220 ( l ef t pane! ) ,

ar e l ar ger i n si ze as measur ed by f or war d

l i ght scat t er ( mi ddl e panel ) , and do not bear

sur f ace I gM ( r i ght panel ) , i n cont r ast wi t h

S7 - ( 13220+) cel l s .



cel l s ( 10) , t he ext ent of BP- 1 expr essi on at t he ear l i est st ages

of B cel l devel opment ( pr o- B) has not been det er mi ned ; st udi es

wi t h Abel son cel l l i nes suggest ed t hat BP- 1 expr essi on does

not appear t o def i ne one t ype of I g gene st at us, i n t hat bot h

VD- J and D- j r ear r anged cel l s coul d expr ess BP- 1 ( 21) . We

f ound t hat al t hough most BP- 1+ cel l s ar e S7 - B220+I gM'

( dat a not shown) , a pr opor t i on of S7+B220+ cel l s al so ex-

pr ess BP- 1 ( Fi g . 2) .

Fur t her mor e, f our - col or FACS anal ysi s of t he cor r el at ed

expr essi on of 30171 ( r ecogni zi ng t he HSA) and BP- 1 r eveal ed

t he pr esence of t hr ee r esol vabl e subpopul at i ons i n t hi s

B220+S7+ cel l f r act i on ( Fi g . 2, l ef t ) . HSA i s so t er med be-

cause of i t s char act er i st i c r esi st ance t o heat denat ur at i on af t er

f i xat i on and i s wi del y di st r i but ed on many cel l t ypes wi t h

st r uct ur al l y het er ogeneous f or ms of 30- 60 kDdependi ng on

cel l t ype ( 22) . The t hr ee di st i nct phenot ypes of cel l s i n t hi s

B220+S7+ cel l popul at i on, 30171 - BP- 1' , 30171+BP- 1 - ,

30171+BP- 1+ ar e t er med Fr . A, B, and C ( Fi g. 2, l ef t ) . I n

addi t i on, we del i neat e t hr ee S7 - B l i neage cel l f r act i ons :

B220+( dul l ) S7 - I gM- ( Fr . D) , B220+( dul l ) S7 - I gM+ ( Fr . E)

and B220++( br i ght ) S7 - I gM+ ( Fr . F) ( Fi g. 2, r i ght ) , pr ovi -

si onal l y def i ned as pr e- B, newl y gener at ed B and mat ur e B

cel l s, r espect i vel y and conf i r med by I g- gene r ear r angement

st at us, as shown bel ow. Whi l e we use 30171 t o i dent i f y HSA,

we obt ai n si mi l ar st ai ni ng by usi ng ot her ant i - HSA ant i bodi es,

J11d, and M1/ 69 ( dat a not shown) .

Pr ogr essi on of Cel l Sur f ace Phenot ype Dur i ng Cul t ur e Pr edi ct s

a Cel l Di f f er ent i at i on Or der of Fr . A, Fr . $ t hen Fr . C. The

pr esence of B l i neage cel l s i n t he B220+S7+ cel l f r act i ons

was est abl i shed by t hei r abi l i t y t o gener at e B cel l s and/ or

pr ol i f er at e on a pr eest abl i shed f et al l i ver der i ved st r omal l i ne

( FLST2) capabl e of suppor t i ng l i mi t ed B l ymphopoi esi s ( 13) .

Gr aded doses of cel l s ( 1- 5 x 104) i n each f r act i on wer e de-

posi t ed by FACS® ( Bect on Di cki nson and Co. ) di r ect l y ont o

FLST2 and 4 d l at er B l i neage cel l pr ol i f er at i on and sur f ace

Tabl e 1 .

	

Phenot ypi c Change, I ncl udi ng Gener at i on of Sur f ace

I gM' Cel l s af t er 4- D FLST2 Cul t ur e

1- 5 x 104 cel l s wer e f r act i onat ed and cul t ur ed as descr i bed i n Fi g . 3 .

Af t er cul t ur e, r ecover ed cel l s ( 104- 3 x 105 ) wer e st ai ned wi t h FL- S7,

APC- ant i - B220, BI - 30171 ( r eveal ed by TR- Avi di n i n a second st ep) and

ei t her PE- ant i - BP- 1 or PE- ant i - I gM. Per cent age of posi t i ve cel l s bef or e

( d 0) and af t er ( d 4) cul t ur e i s pr esent ed. I ncr easi ng per cent ages of sur -

f ace I gM+ cel l s wer e seen i n or der f r om Fr . A t o Fr . C. Repr esent at i ve

dat a i s shown f r om a t ot al of t hr ee t o si x i ndependent anal yses, al ways

at day 4; i ndi vi dual var i at i on was 5% or l ess .
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phenot ype wer e det er mi ned by FACS®. Thi s anal ysi s r eveal ed

t hat t he 30171+ cel l f r act i ons, Fr . B and C, ar e t he most

r esponsi ve dur i ng st r omal cul t ur e, pr ol i f er at i ng ( descr i bed i n

t he next sect i on) and gener at i ng sur f ace I gM+ cel l s. Mor e

I gM+ cel l s wer e f ound i n cul t ur es of Fr . C ( 48%) t han Fr .

B ( 20%) ( Tabl e 1) , suggest i ng t hat Fr . C i ncl udes mor e

di f f er ent i at ed B l i neage cel l s . As mi ght be expect ed, >90%

of B220+( dul l ) S7 - pr e- B cel l s ( Fi g. 2 Fr . D) became cel l sur -

f ace I gM+ af t er over ni ght cul t ur e on FLST2 wi t hout si g-

ni f i cant cel l pr ol i f er at i on, i ndi cat i ng t hat t hey ar e t he i m-

medi at e pr ecur sor s f or newl y gener at ed B cel l s ( dat a not

shown) . The gener at i on of I gM+ cel l s f r om Fr . A was

negl i gi bl e ( Tabl e 1) and cul t ur es i ni t i at ed wi t h B220 - BM

cel l s di d not yi el d B l i neage cel l s dur i ng shor t t er m cul t ur e.

Al t er at i on of t he S7, 30171, BP- 1, and I gMl evel s f ol l owi ng

shor t t er m cul t ur e pr ovi de a basi s f or def i ni ng r el at i onshi ps

among t he t hr ee S7+ subpopul at i ons . FACS® anal ysi s sum-

mar i zed i n Tabl e 1 r eveal ed t hat , al t hough Fr . A di d not ex-

hi bi t ext ensi ve pr ol i f er at i on or gener at i on of I gM+ cel l s

dur i ng 4- d cul t ur e, t hese cel l s di d begi n t o expr ess 30171 and

hal f became BP- 1+ ( Fr . B and Cphenot ypes) . I n cont r ast

wi t h Fr . A cul t ur e, wher e cel l s r et ai ned S7 expr essi on, a l ar ge

pr opor t i on of Fr . B cel l s and essent i al l y al l of Fr . Ccel l s ceased

S7 expr essi on and pr ogr essed t o a pr e- B cel l phenot ype. I n

summar y, consi der i ng t hese phenot ypi c changes and t he f r ac-

t i ons' di f f er ent i al abi l i t y t o gener at e I gM+ B cel l s ( Tabl e 1) ,

we post ul at e t hr ee ear l y B cel l di f f er ent i at i on st ages i n or der

f r omFr . A t o Fr . B t o Fr . C, and t hence t o B220+S7 - I gM'

pr e- B cel l s ( Fr . D) ; t hat i s, pr ogr essi ve acqui si t i on f i r st of 30171

expr essi on, t hen BP- 1 expr essi on and f i nal l y l oss of S7 ex-

pr essi on .

Funct i onal Char act er i zat i on of Ear l y B Li neage Fr act i ons :

Ear l y Dependence on a Cont act Medi at ed Si gnal and Rest r i ct i on

of 11, 7 Act i vi t y t o S7+ B Li neage Cel l s . We f ound t hat t he

B220+S7+ cel l f r act i ons i n BMar e t he onl y B- l i neage popu-

l at i ons capabl e of pr ol i f er at i on ( and di f f er ent i at i on) on t he

st r omal cel l l ayer i n shor t t er m ( 4- d) cul t ur e. As shown i n

Fi g. 3 a, t he 30171 + f r act i ons ( Fr . B, C) exhi bi t ed ver y

si gni f i cant pr ol i f er at i on dur i ng 4- d st r omal cul t ur e compar ed

wi t h t he 30171 - f r act i on ( Fr . A) . Fur t her mor e, ot her BM

cel l f r act i ons ( B220 - non- B cel l s, B220 + S7 - pr e- B and B

cel l s) showed ver y poor cel l r ecover i es ( Fi g. 3 a) . Al l t hr ee

B220+S7+ f r act i on cul t ur es ( i ncl udi ng Fr . A) wer e depen-

dent on t he pr esence of st r omal cel l s, as ver y f ew vi abl e cel l s

( <1%) wer e r ecover ed af t er cul t ur e i n medi um al one ( not

shown) .

Fur t her mor e, we f ound t hat t he condi t i ons r equi r ed f or

pr ol i f er at i on and di f f er ent i at i on of S7+ cel l s di f f er ed among

t he t hr ee f r act i ons . We compar ed t he r el at i ve cont act depen-

dence of t he t hr ee B220+S7+ f r act i ons by cul t ur i ng t hem

ei t her di r ect l y on a st r omal l ayer or i nst ead i n a di f f usi on

chamber wher e t he cel l s ar e pr event ed f r omcomi ng i n con-

t act wi t h t he st r omal l i ne. Cel l r ecover y wi t h t hese di f f er ent

cul t ur e condi t i ons was measur ed af t er 4 d and t he r esul t s

demonst r at ed a var i at i on f r om cont act dependence t o con-

t act i ndependence. As Fi g. 3 b shows, Fr . A was absol ut el y

dependent on cont act wi t h t he st r omal l ayer f or sur vi val ( ex-

hi bi t i ng mi ni mal pr ol i f er at i on) si nce wi t hout t he st r omal l ayer ,

Sur f ace

Expr essi on

Fr .

d 0

A

d 4

Fr .

d 0

B

d 4

Fr .

d 0

C

d 4

S7 100 100 100 40 100 7

30171 0 100 100 100 100 100

BP- 1 0 50 0 90 100 100

I gM 0 3 0 20 0 48



Fi gur e 3 .

	

( a) B- l i neage cel l pr ol i f er at i on i n shor t - t er m st r omal l ayer cul t ur e

of BMi s due t o B220+S7+ cel l s, l ar gel y Fr . B and Fr . C. BALB/ c BM

cel l s wer e st ai ned as descr i bed i n Fi g. 2 and t hen sel ect ed popul at i ons ( 1- 5

x 104 cel l s/ wel l ) wer e sor t ed di r ect l y ont o pr eest abl i shed st r omal l ayer s

( FLST2) i n 1 ml mul dwel l pl at es . 4 d l at er , cel l s wer e di ssoci at ed f r om

t he l ayer by pi pet t i ng, t hen r est ai ned wi t h FI , S7, APC- ant i - B220 and ei -

t her PE- ant i - BP- 1 or PE- ant i - I gM; pr opi di um i odi de was used t o el i mi -

nat e dead cel l s . B- l i neage cel l r ecover y was quant i t at ed as B220+ whi ch

si mul t aneousl y al l owed t he el i mi nat i on of any st r omal cont ami nant . Non- B

ar e B220 - BM cel l s ( whi ch f ai l ed t o gener at e B220+ cel l s) . Rel at i ve

r ecover y : 1 = t he number of i nput cel l s bef or e cul t ur e. Dat a i s based on

t hr ee i ndependent exper i ment s wi t h sever al wel l s ( 2- 3) of each phenot ype

per exper i ment . ( b) Fr . Ci s l east dependent on cel l cont act f or pr ol i f er a-

t i on i n st r omal cul t ur e. Cel l s wer e f r act i onat ed as descr i bed i n Fi g. 2, t hen

sor t ed ei t her di r ect l y ont o a pr eest abl i shed FLST2 l ayer or el se ont o a mem-

br ane ( Mi l l i cel l ) suspended over t he l ayer . 4 d l at er , cel l s wer e har vest ed

and t r eat ed as f or Fi g. 5 . Repr esent at i ve dat a f r om t hr ee exper i ment s i s

shown . No l i ve cel l s wer e r ecover ed f r omFr . A cel l cul t ur e i n t he di f f usi on

chamber . ( c) 11, 7 i nduced cel l pr ol i f er at i on i s sol el y r est r i ct ed t o B220+S7+

Fr . B and Fr . Ci n t he BM. Cel l s wer e f r act i onat ed as i n Fi g. 2, t hen sor t ed
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no l i ve cel l s wer e r ecover ed . On t he ot her hand, Fr . B showed

onl y modest dependence ( a t wo- t o t hr ee- f ol d di f f er ence) and

Fr . Cshowed t he l east di f f er ence bet ween cont act and super -

nat ant suppor t ed gr owt h .

We next at t empt ed t o det er mi ne t he nat ur e of t he f act or

i n t he super nat ant pr ovi di ng a gr owt h st i mul us t o t he l at t er

t wo f r act i ons ( Fr . Band C) . One obvi ous candi dat e f or t hi s

f act or i s I L7 whi ch was cl oned on t he basi s of i t s abi l i t y t o

suppor t t he gr owt h of a st r omal - dependent B cel l l i ne ( 23) .

Responsi veness t o r I L7 was f i r st t est ed by sor t i ng t he var -

i ous f r act i ons f r omBMi nt o medi umsuppl ement ed wi t h t hi s

l ymphoki ne ( Fi g. 3 c) . The r esul t s show t hat gr owt h i n r e-

sponse t o r I L7 i s r emar kabl y r est r i ct ed t o t he B220+$7+ cel l

f r act i on i n BM. Fur t her mor e, as expect ed, wi t hi n t hi s S7+

cel l f r act i on, gr owt h i n r I L7 al one was obser ved wi t h Fr .

Cand Fr . B, but not Fr . A cul t ur es, si mi l ar t o r esul t s wi t h

di f f usi on chamber s .

Whi l e r I L7 shows a si gni f i cant pr ol i f er at i ve ef f ect wi t h

Fr . Band Ccel l s, a quest i on r emai ns whet her 11r 7 i s i ndeed

t he maj or gr owt h f act or i n st r omal cel l cul t ur e. Fur t her mor e,

t he absence of gr owt h of Fr . A does not excl ude a r ol e f or

I 1r 7 at t hi s st age. Pr evi ous wor k has suggest ed t hat I L7 mi ght

be i mpor t ant at a cont act dependent st age, si nce an I 1r 7 nega-

t i ve var i ant of a " suppor t " st r omal l ayer f ai l ed t o suppor t even

an ear l i er ( cont act dependent ) st age of B l i neage di f f er ent i a-

t i on ( 24) . We t est ed t hi s di r ect l y by addi ng neut r al i zi ng an-

t i ser um speci f i c f or I L7 t o our st r omal cul t ur es ( Fi g . 4) . Af t er

4- d cul t ur e, cel l r ecover i es i n t he pr esence of t he ant i - I L7

ant i ser um wer e decr eased ar ound 10- f ol d compar ed t o con-

t r ol cul t ur es wi t h or wi t hout pr ei mmune ser umi n Fr . B+C

cul t ur es ( and al so cul t ur es of Fr . Bor Fr . C, dat a not shown) .

Thi s was al so t he case wi t h t he ear l i est f r act i on ( Fr . A) t hat

i s absol ut el y cont act dependent . Thus, we woul d suggest t hat ,

ear l y i n t he B l i neage di f f er ent i at i on pat hway, cel l s pr ogr ess

f r om a r equi r ement f or bot h a cont act dependent si gnal t o-

get her wi t h I L7 t o a r equi r ement f or I L- 7 al one.

Fr . CI ncl udes Cel l s i n Cycl e Whi ch Show t he Hi ghest Level

of 30F1 Among B Li neage Cel l s ( Fr. C) . As shown above,

we det ect consi der abl e cel l pr ol i f er at i on by 11, 7 wi t h t he l at t er

t wo S7+B220+ f r act i on cul t ur es ( Fr . B and C) . However ,

si nce t he i nt er medi at e f r act i on ( Fr . B) can " pr ogr ess" t o a

phenot ype si mi l ar t o t hat of t he most mat ur e f r act i on ( Fr .

C) i n t hi s i n vi t r o syst em, we coul d not deci de whet her t he

pr ol i f er at i on seen by day 4 of Fr . B cul t ur e was due t o an

i ni t i al abi l i t y t o pr ol i f er at e or i nst ead t o pr ogr ess t o Fr . C

f ol l owed by pr ol i f er at i on . We have at t empt ed t o answer t hi s

quest i on di r ect l y i n si t u by det er mi ni ng t he degr ee of pr ol i f er -

at i ng cel l s wi t hi n each of t he t hr ee phenot ypes f ound i n BM.

Sor t ed cel l s of each phenot ype f r om BMwer e anal yzed by

FACS® f or DNA cont ent by pr opi di um i odi de st ai ni ng.

Thi s anal ysi s r eveal ed t hat t he most mat ur e S7+B220+

f r act i on ( Fr . C) cont ai ns si gni f i cant number s ( >30%) of cel l s

i n cycl e i n adul t BM( Fi g. 5, l ef t ) and t hat such cycl i ng cel l s

di r ect l y i nt o wel l s cont ai ni ng medi um suppl ement ed wi t h 100 U/ ml of

r I L7 . 4 d l at er cel l s wer e har vest ed and t r eat ed as f or Fi g. 5 . Resul t s wi t h

10 U/ ml r I L7 yi el ded compar abl e r esul t s ( dat a not shown) .



compr i se an i ncr easi ng per cent age i n Fr . Cf r omyounger mi ce

( dat a not shown) . We coul d al so pr edi ct t hi s by anal ysi s of

cel l s si ze as est i mat ed by f or war d l i ght scat t er on t he FRCS®.

Al t hough al l cel l s i n t he B220+S7+ cel l f r act i ons ar e l ar ge

when compar ed wi t h t hose i n t he B220+S7 - f r act i on ( Fi g .

1) , onl y Fr . Ci ncl udes t he l ar gest cel l s ( dat a not shown) whi ch

ar e al so di scr i mi nat ed as cel l s wi t h a di st i nct i vel y hi gher l evel

of 30F1 ( Fi g. 5, Fr . C, r i ght ) and t he l owest expr essi on of

S7 ( dat a not shown) . That Fr . C' r epr esent s cycl i ng cel l s wi t hi n

Fr . Ci s st r ongl y suppor t ed by dat a showi ng t hat el i mi nat i on

of 30F1' ' cel l s f r om Fr . C decr eases t he f r equency of cel l s

wi t h hi gher DNAcont ent ( Fi g. 5) . The f r equency of Fr . C'

cel l s i n adul t ( 2- 4 mo) BALB/ c BMi s 0 . 1- 0 . 2% of nu-

cl eat ed cel l s.

Thus, t he pr ol i f er at i on f ound wi t h Fr . B cul t ur e as descr i bed

above i s l i kel y t o be t he r esul t of di f f er ent i at i on f r omFr . B

t o Fr . C ( and C) st age, pr omot ed by st r omal cont act and

I I r 7 . Ther ef or e, i n vi vo, onl y cel l s i n t he most mat ur e

B220+S7+ f r act i on ar e r api dl y pr ol i f er at i ng, cel l s i mmedi -

at el y bef or e ( and dur i ng) t he l oss of S7 . Then S7 - B220+

cel l s i n BM( pr e- B cel l s) l ose t he abi l i t y t o pr ol i f er at e i n t he

bone mar r owenvi r onment as shown i n vi t r o by usi ng ei t her

st r omal l ayer or r I 1r 7 cul t ur e .

I g Rear r angement s i n B Li neage Cel l Fr act i ons : Fr . B and C

Ar e D- J Rear r anged Pr o- B Cel l s . Anal ysi s of I g gene r ear -

r angement at bot h t he heavy chai n and at t he K l i ght chai n

l oci i n sor t ed popul at i ons was per f or med vi a t he PCR ( cy-
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I nhi bi t i on of B- l i neage cel l
gr owt h by ant i - I 1, 7. Cel l s wer e st ai ned as

i n Fi g. 2, t hen B220+S7' cel l s wer e sepa-

r at ed i nt o 30F1 - ( Fr . A) and 30F1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" f r ac-

t i ons ( Fr . B and C) and sor t ed ont o FLST2

ei t her wi t h no addi t i ve, wi t h noni mmune

r abbi t ser um added ( nr s) or wi t h r abbi t

ant i - 11, 7 ant i ser um added . 4 d l at er , cel l s

wer e har vest ed and t r eat ed as i n Fi g. 3 . Dat a

f r om t hr ee exper i ment s .

cl i ng Fr . C cel l s wer e excl uded f r om Fr . C f or t hi s exper i -

ment ) . Our appr oach has been t o ampl i f y DNAcor r espondi ng

t o sequences t hat ar e l ost upon r ear r angement at each l ocus.

Ther ef or e, we have synt hesi zed a pai r of ol i gonucl eot i de

pr i mer s ( Tabl e 2 and Fi g. 6) t hat ampl i f y a r egi on j ust 5' of

JH1 ( 25) l ost upon D- J r ear r angement , a pai r of pr i mer s f or

a r egi on 5' of t he most upst r eamDel ement , DFL16 . 1 ( 26) ,

l ost upon V t o DJ r ear r angement and a pai r of pr i mer s f or

t he r egi on 5' of Jk1 l ost upon del et i onal V- J r ear r angement

at t he K l ocus. We have al so gener at ed a pai r of pr i mer s t hat

ampl i f y an ca- act i n i nt r on sequence t o ser ve as a nor mal i zi ng

si gnal si nce i t i s not l ost upon any of t hese r ear r angement s

and t hus al l ows us t o cor r ect f or var i at i on i n i nput DNA.

Af t er ampl i f yi ng each of t hese f r agment s f r omBALB/ c l i ver

DNA, we have cl oned t hem i nt o pBSM13 - i n or der t o

per mi t gener at i on of r i bopr obes whi ch can t hen be used t o

quant i t at e t he r el at i ve i nt ensi t y of each ampl i f i ed band . For

heavy chai n r ear r angement we can coampl i f y t he VD, DJ

and act i n f r agment s si nce t hey gener at e r esol vabl e bands on

a 1 . 5%agar ose gel . The speci f i ci t y and r esol ut i on of t hi s PCR

assay was conf i r med by usi ng B l i neage cel l l i nes i n whi ch

I g gene st at us had al r eady been det er mi ned . As Fi g. 6 demon-

st r at es, wher eas al l t hr ee cel l l i nes show compl et e l oss of t he

5' JH1 i nt r on f r agment ( pr esent i n DNA f r om l i ver ) , t wo

st i l l r et ai n a f r act i on ( 50%) of t he 5' DFL16- 1 f r agment ( V

DJ/ D- J) whi l e t he ot her shows compl et e l oss ( V- DJ/ V-

DJ) i n agr eement wi t h pr evi ous char act er i zat i on ( 1, 27, 28) .

Fi gur e 5 .

	

Fr . C i ncl udes t he most cel l s

i n cycl e whi ch ar e enr i ched i n a por t i on ex-

pr essi ng hi gher l evel s of 30F1 ( Fr. C' ) . Cel l s

wer e st ai ned as i n Fi g. 2, t hen 105 cel l s of

i ndi cat ed f r act i ons wer e sor t ed, f i xed,

st ai ned wi t h pr opi di umi odi de and anal yzed

f or DNA cont ent by f l ow cyt omet r y . Fr .

C' compr i ses 20%of Fr . C( r i ght ) . Repr e-

sent at i ve dat a f r om a t ot al of t hr ee separ at e

anal yses i s shown; i ndi vi dual var i at i on was

<5% f or ani mal s of t he same age.



Ol i gos ar e l i st ed 5' t o 3' . Si ze i s i n nucl eot i des .

Our r esul t s wi t h nor mal cel l s ( Tabl e 3 and Fi g . 7) r eveal

t hat I g genes f r om Fr . A ar e ger ml i ne f or al l l oci . Anal ysi s

of 30F1+B220+S7+ f r act i ons ( whet her BP- 1 - or BP- 1+ ; Fr .

B or Fr . C) show mor e t han 50%of I gH l oci ( 80% i n Fr .

C) have l ost t he f r agment 5' of JH1 whi l e compl et el y r e-

t ai ni ng t he sequence 5' of DFL16 . 1. Thi s cl ear l y demonst r at es

t he exi st ence i n BMof a si gni f i cant popul at i on of B l i neage

cel l s possessi ng D- J, but not VDJ, r ear r angement . I n con-

t r ast t o S7+ cel l s, B220+S7 - I gM- cel l s ( pr e- B) show, i n

t ur n, si gni f i cant ( 50%) VDJ r ear r angement . Cur i ousl y, t he

degr ee of V t o DJ r ear r angement of t he heavy chai n r emai ns

at 50% of al l el es ( det er mi ned wi t hi n t he l i near PCR

ampl i f i cat i on r ange) even i n sur f ace I gM+ cel l s, a val ue con-

si st ent l y f ound i n al l B cel l popul at i ons exami ned ( i ncl udi ng
I gM+I gD+ B cel l s i n spl een, not shown) . Si nce al l I gM+

cel l s must bear a pr oduct i ve VDJ r ear r angement at one al -

l el e, t hi s r esul t suggest s t hat t he unexpr essed I g heavy gene

al l el e usual l y has an i ncompl et e I g gene r ear r angement ( DJ)

r at her t han a nonf unct i onal VDJ r ear r angement .

Fi gur e 6.

	

( a) Di agr amof DNA l oci empl oyed i n PCR ampl i f i cat i on st udi es measur i ng VDJ heavy chai n and V- j l i ght chai n r ear r angement . 5'
and 3' ol i gonucl eot i des used f or pr i mer s ar e shown i n Tabl e 2 . ( b) Di scr i mi nat i on of I g heavy chai n gene r ear r angement . D- J/ VDJ ver sus VD- J/ VDJ
i n B l i neage cel l l i nes by PCRanal ysi s . Af t er ampl i f i cat i on of DNA f r om cel l l i ne or l i ver ( 2 x 104 cel l s) wi t h pr i mer set s 1, 2, and 4 ( Tabl e 2) ,
1/ 10 of t he r eact i on was si ze- f r act i onat ed by agar ose el ect r ophor esi s and bl ot t ed. Af t er i ncubat i on wi t h pr obes made f r omt he t hr ee ampl i f i ed f r agment s,
t he f i l t er was washed and aut or adi ogr aphed f or 2 h at - 70° C. Sampl es wer e : l i ver ( HO/ H° , l anes 1 and 2) , 1- 8 ( V- DJ - / DJ, l ane 3) , 38C- 13 ( V-
D- J+/ DJ, l ane 4) and 3- 1 ( V- DJ+/ VD/ V- D1 - , l anes 5 and 6) . Li ver and 3- 1 DNA wer e pr ocessed i n dupl i cat e . Bot h 1- 8 and 3SC- 13 DNA shows 50%
r et ent i on of ger m l i ne 50171, 16. 1 wher eas t her e i s no r et ent i on i n 3- 1 DNA ( <0. 05% as det er mi ned by sci nt i l l at i on count i ng) . Al l cel l l i nes l ack
t he 5' JH1 ger ml i ne f r agment ( <0 . 05%) .
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As Tabl e 4 shows, l i ght chai n gene r ear r angement ( VJ)

i s not seen i n any S7+ cel l f r act i on ( Fr . A- C) . Rear r ange-

ment s at t he K l ocus can occur by ei t her an i nver si onal or

del et i onal mechani sm ( 29) . I nver si onal r ear r angement t o Jk l

woul d el i mi nat e t he 5' of Jkl PCR f r agment , but such r ear -

r angement t o t he ot her Jk segment s woul d pr eser ve t hi s

f r agment l eadi ng t o an under est i mat e of t ot al K gene r ear -

r angement . Thus our dat a gi ves a mi ni mum l evel of l i ght

chai n r ear r angement si nce i t mi sses i nver si onal r ear r angement

t o J k2- 5 . Bear i ng i n mi nd t hi s caveat , r ear r angement i s f i r st

det ect ed i n t he pr e- B popul at i on ( 30%of al l el es) and by t he

I gM+ st age at l east 60% of al l el es ar e r ear r anged ( consi s-

t ent wi t h ear l i er st udi es ; r ef er ence 30) . I n addi t i on, our l i ght

chai n dat a show t hat t her e ar e B l i neage cel l s wi t h V- j r ear -

r angement bef or e cel l sur f ace I g expr essi on si nce our pr e- B

cel l s wer e sor t ed as sur f ace I gM- cel l s . Thi s may suggest a

l ag i n sur f ace expr essi on af t er r ear r angement or , al t er nat i vel y,

t hat t hese ar e nonf unct i onal .

Tabl e

Set

2 . Set s of

Fr agment

Ol i gonucl eot i de Pai r s Empl oyed i n Det er mi nat i on of I g

5' ol i go

Gene Rear r angement

3' ol i go Si ze

1 5' DFL16. 1 GCC TGGGGA GTC ACT CAGCAGC GTGTGGAAA GCT GTGTAT CCC C 1, 227

2 510 CCC GGA CAGAGC AGGCAGGTGG GGT CCC TGC GCC CCA GAC A 472

3 5' JK1 ATGTAC TTGTGGATGCAGAGGCTG CCT CCA CCGAAC GTC CAC CAC 435

4 Act i n GGT GTC ATGGTA GGT ATGGGT CGC ACA ATC TCA CGT TCA G 737



Tabl e 3.

	

Lack of Decr ease of S' DFL16. 1 or SJH1 Fr agment s ( Ret ent i on of Ger ml i ne) Demonst r at es t hat Cel l s i n Fr . A Ar e

Unr ear r anged at t he Heavy Chai n Locus wher eas Fr . B and Fr . C Show D- J, but Not V- DJ Rear r angement

Di scussi on

The devel opment of B l i neage l ymphocyt es f r omt hei r he-

mat opoi et i c pr ogeni t or s pr oceeds t hr ough a ser i es of mi cr oen-

vi r onment al l y r egul at ed di f f er ent i at i on event s . At l east some

of t hi s compl ex gene r egul at i on has been r eveal ed by al t er a-

t i on of cel l sur f ace component s on hemat opoi et i c cel l s, not abl y

t hat seen wi t h car bohydr at e st r uct ur es on gl ycopr ot ei ns or

gl ycol i pi ds ( 31- 34) . Al t hough t he bi ol ogi cal si gni f i cance of

1220 Mur i ne Bone Mar r ow Pr o- B Cel l s

PCR dat a f r om mul t i pl e det er mi nat i ons of sever al sor t ed sampl es of set s of each phenot ype ( f r om di f f er ent mi ce) ar e shown . DNA was ampl i f i ed
by PCRusi ng pr i mer set s 1, 2, and 4 ( Tabl e 2) . SE i s st andar d er r or .

most of t hi s di f f er ent i al expr essi on on t he cel l sur f ace i s not

under st ood at pr esent , t hese det er mi nant s may be i mpor t ant

i n cel l - cel l i nt er act i ons ( 4) or may f unct i on as r ecept or s f or

mi cr oenvi r onment al si gnal s l eadi ng t o t he act i vat i on or i n-

act i vat i on of r egul at or y genes i nvol ved i n cel l di f f er ent i at i on .

Thus, i f ear l y B l i neage di f f er ent i at i on i nvol ves cr i t i cal st ep-

wi se event s, we expect t he popul at i ons of ear l y B l i neage cel l s

Fi gur e 7 .

	

PCRanal ysi s of r ear r angement at t he I g

heavy chai n l ocus r eveal s t he pr esence of cel l popul a-
t i ons wi t h si gni f i cant D- j r ear r angement , but wi t hout

V- D- J . DNAi sol at ed f r om f r act i ons sor t ed as i n Fi g .

3 was ampl i f i ed, bl ot t ed, and pr obed as descr i bed i n

Fi g. 6 . Af t er washi ng, t he f i l t er was quant i t at ed on
a t wo- di mensi onal sci nt i l l at i on count er ( see Tabl e 3)

and aut or adi ogr aphed . The f i gur e pr esent ed i s f r om

a 2- h exposur e. The S7+B220+ f r act i ons ( Fr . A- C)
wer e def i ned as i n Fi g. 2, l ef t panel . Pr e- B and Bcel l s

wer e def i ned as i n Fi g. 2, r i ght panel ; t hat i s, pr e- B

ar e S7 - B220+I gM- ( Fr . Di n t he f i gur e) and Bcel l s
ar e S7 - B220+I gM* ( Fr . E i n t he f i gur e) .

Cel l f r act i on

Fr agment 5'

I ndi vi dual sampl es

of D

Fr act i onal r et ent i on

Mean

( SE)

of ger ml i ne

Fr agment 5'

I ndi vi dual sampl es

of J

Mean

( SE)

Fr . A 1 . 00 0. 98 1. 16 1 . 05 0. 96 0. 84 0. 99 0. 95

0. 89 1 . 22 ( 0 . 06) 0. 91 1 . 03 ( 0 . 03)

Fr . B 0. 98 0. 98 1 . 07 0. 98 0. 39 0. 30 0. 41 0. 39

0. 97 0. 86 1 . 04 ( 0 . 03) 0. 43 0. 35 0. 45 ( 0 . 02)

Fr . C 1. 00 0. 97 1 . 08 1 . 00 0. 19 0. 12 0. 24 0. 17

0. 94 ( 0 . 04) 0. 14 ( 0 . 03)

Pr e- B 0. 50 0. 49 0. 50 0. 06 0. 05 0. 04 0. 05

( 0 . 01) ( 0 . 01)

B cel l 0. 50 0. 46 0. 44 0. 50 0. 09 0. 03 0. 06 0. 05

0. 60 ( 0 . 04) 0. 03 ( 0 . 01)



Tabl e 4.

	

PCR Anal ysi s of Rear r angement at t he K Li ght

Chai n Locus Demonst r at es Onset of Li ght Chai n Rear r angement

at t he pr e- B Cel l St age

Fr act i on of

DNA was ampl i f i ed by PCR usi ng pr i mer set s 3 and 4 ( Tabl e 2) . SE

i s st andar d er r or and n i s t he number of det er mi nat i ons .

t o show phenot ypi c di st i nct i ons . Fur t her mor e, such st udy

coul d pot ent i al l y al l ow char act er i zat i on of t he si gnal s or f act or s

necessar y f or nor mal cel l di f f er ent i at i on .

I n t hi s r epor t we del i neat e a B cel l di f f er ent i at i on st age

wi t h D- J r ear r angement ( pr o- B) i n BMand f ur t her mor e r e-

sol ve t hr ee pr evi ousl y unr ecogni zed ear l y B cel l devel opment

st ages showi ng phenot ypi c and f unct i onal di st i nct i ons as sum-

mar i zed i n Fi g. 8 . The use of t he r ecent l y descr i bed mAb

S7, t oget her wi t h 13220 ( RA3- 6132) and mul t i par amet er

FACS® anal ysi s cl ear l y def i nes a popul at i on ( 3- 4%) i n BM

hi ghl y enr i ched f or t he ear l i est B l i neage cel l s. Thus, our anal -

ysi s shows t hat B- l i neage cel l s expr ess S7 at a ver y ear l y

( pr e- pr o- B and pr o- B cel l ) st age, t hen downr egul at e i t upon

VDJ r ear r angement and t r ansi t i on t o t he pr e- B cel l st age.

Thi s t r ansi t i on i s i dent i f i ed by t he l owest expr essi on of S7

on l ar ge cycl i ng cel l s i n t he most mat ur e st age of t he

13220+S7+ f r act i on .

The mol ecul e r ecogni zed by S7 was r ecent l y demonst r at ed

t o be t he mur i ne homol og of human CD43, ( al so known

as l eukosi al i n or si al ophor i n ; r ef er ence 8) si nce i t i s expr essed

on a cel l l i ne t r ansf ect ed wi t h a cl oned mur i ne cDNA ho-

mol ogous wi t h t he human and r at l eukosi al i n gene ( C. M.

Baecher - Al l en, J . D. Kemp, and J . G. Fr el i nger , manuscr i pt

submi t t ed f or publ i cat i on) . Leukosi al i n has been r ecogni zed

as t he maj or si al ogl ycopr ot ei n on myel oi d and T l ympho-

cyt es ( 7, 35, 36) . I t i s heavi l y gl ycosyl at ed ( wi t h O- l i nked

ol i gosacchar i de st r uct ur es account i ng f or >50%of wei ght

of t hi s mol ecul e) , and di spl ays a Mr of 90- 150 kDdependi ng

on di f f er ent i at i on st age wi t hi n a cel l l i neage or on par t i cul ar

cel l l i neage . I nt er est i n i t s possi bl e bi ol ogi cal si gni f i cance i n

i mmune f unct i on has ar i sen f r omear l i er wor k . Pat i ent s wi t h

Wi skot t - Al dr i ch syndr ome, char act er i zed by pr of ound i m-

munodef i ci ency, eczema, and t hr ombocyt openi a, show st r uc-

t ur al l y aber r ant or r educed l evel s of l eukosi al i n ( 37) . Al t hough

i t i s not yet cl ear howl eukosi al i n expr essi on f unct i ons i n he-

mat opoi et i c devel opment , t her e i s specul at i on t hat t he car -

bohydr at e on l eukosi al i n i s i mpor t ant f or t he mai nt enance

of cel l mor phol ogy or adher ence ( 8) . Fur t her mor e, i t has been

r epor t ed t hat l eukosi al i n i s phosphor yl at ed upon cel l act i va-
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Fi gur e 8 .

	

Summar y of changes i n cel l sur f ace mol ecul e expr essi on dur i ng
ear l y B- l i neage cel l di f f er ent i at i on st ages cor r el at ed wi t h I g gene r ear r ange-
ment st at us and gr owt h dependence.

t i on ( 38) and t hat ant i - CD43 i nduces bot h aggr egat i on and
pr ol i f er at i on of T cel l s, suggest i ng t hat cel l sur f ace l eukosi al i n
i s i nvol ved i n an act i vat i on pat hway ( 39- 41) . I n t hi s cont ext ,
i t i s i nt r i gui ng t hat S7 expr essi on i s r est r i ct ed t o di st i nct B
cel l devel opment al st ages, ear l y ( and agai n at t he t er mi nal
st age) i n t he pat hway.

Our st udy al so demonst r at es t hat t hr ee di st i nct ear l y B

l i neage st ages wi t h S7 expr essi on can be r ecogni zed by t he
or der ed al t er at i on of cel l sur f ace BP- 1 and HSA ( 30M) ex-

pr essi on . Acqui si t i on of 30F1 expr essi on i s i ndi cat i ve of cel l s
at t he st age of DJ r ear r angement as di st i ngui shed f r om

30F1 - cel l s compl et el y l acki ng r ear r angement . Subse-
quent l y, such cel l s f ur t her di f f er ent i at e t o expr ess BMand

t hi s coi nci des wi t h al t er at i on of t he physi ol ogi cal char act er -
i st i cs of t he B- l i neage cel l s. Pr evi ous wor k wi t h st r omal cel l

cul t ur es l ed Dor shki nd t o suggest t hat t he ear l i est B l i neage
pr ogeni t or s ar e absol ut el y dependent on si gnal s medi at ed by
di r ect cont act wi t h t he l ayer whi l e l at t er st ages ar e r el at i vel y

cont act i ndependent ( 42) . Lee et al . ( 43) showed r ecent l y t hat
r I I r 7 al one l eads t o pr ol i f er at i on of l ar ge ear l y st age

13220+I gM- cel l s i n BM. We conf i r m and ext end t hese ob-
ser vat i ons by r esol vi ng a f r act i on of nor mal BMB l i neage

cel l s whi ch i s absol ut el y cel l cont act dependent and anot her
f r act i on whi ch i s compl et el y cont act i ndependent . Our dat a
cl ear l y show t hat 11, 7 oper at es at a r est r i ct ed st age bef or e

Cel l f r act i on ger ml i ne SE n

Fr . A 0. 96 0. 03 5

Fr . B 1. 02 0. 03 5

Fr . C 0. 94 0. 07 5

pr e- B 0. 71 0. 03 5

B cel l 0. 43 0. 05 5



t he ( l at e- ) pr e- B cel l and pl ays a maj or r ol e i n ear l y B cel l

di f f er ent i at i on pr omot ed by st r omal cel l s .

I nt er est i ngl y, whi l e t he cel l s pr ol i f er at i ng i n I L- 7 come f r om

f r act i ons i ni t i al l y bear i ng onl y i ncompl et e r ear r angement s,

t hey evi dent l y r api dl y r each t he VDJ st age si nce Lee et al .

( 43) pr evi ousl y r epor t ed t hat t he maj or i t y of cel l s r espondi ng

i n t hi s f ashi on expr ess cyt opl asmi c A. We pr esume t hat com-

pl et e VDJ r ear r angement can be f i r st det ect ed i n Fr . C, r api d

cycl i ng cel l s wi t h an i nt er medi at e phenot ype si mi l ar t o t hat

of Fr . C, but wi t h ext r emel y hi gh expr essi on of 30F1 and

decr eased l evel s of S7 . Thi s i n si t u pr ol i f er at i on i s l i kel y a

r esponse t o de novo I L7 as we f ound i n Fr . B and Fr . C cul -

t ur e . I n r esponse t o 11, 7, Fr . B cel l s pr ogr ess t o Fr . C ( and

C) st age ( whi ch occur s r api dl y dur i ng i n vi t r o shor t t er m

cul t ur e) , acqui r i ng t he abi l i t y t o pr ol i f er at e i n I L7 al one . We

post ul at e t hat t hi s st age ( l at e Fr . C) at whi ch ext ensi ve pr ol i f er -

at i on occur s i n r esponse t o I L- 7 must i mmedi at el y f ol l ow

VDJ r ear r angement ( ju' ) si nce t hi s woul d al l ow expansi on

of cl ones of B l i neage cel l s bef or e l i ght chai n r ear r angement ,

r esul t i ng i n gr eat er combi nat or i al di ver si t y ( sever al l i ght chai ns

wi t h t he same heavy chai n) . The pr ol i f er at i ve r esponse t o

I L- 7 i s compl et el y absent i n t he S7 - pr e- B cel l s, so t hat

cl ones of B cel l s wi t h i dent i cal ( Vi i / VL) combi ni ng si t es wi l l

not be expanded.

Our hypot hesi s may al so expl ai n why onl y Fr . Cpr ol i f er at es

ext ensi vel y i n t he pr esence of I L7 al one . I f our pr edi ct i on

i s i ndeed t he case, one candi dat e t o r egul at e 11, 7 i nduced

pr ol i f er at i on i s t he t i chai n pr oduced af t er pr oduct i ve r ear -

r angement . I f t he pr esence of 14 chai n bef or e compl et i ng wi t h

l i ght chai n l eads t o a pr ol i f er at i ve r esponse af t er occupancy

of t he I L7 r ecept or , t hen l ack of r esponse i n t he absence of

pr oduct i ve VDJ r ear r angement woul d pr ovi de a mechani sm

f or el i mi nat i ng ( or hol di ng) cel l s wi t h nonf unct i onal VDJ

r ear r angement s at t hi s ear l y st age . I ndeed we have r ecent l y

f ound t hat whi l e Fr . C cel l s f r omSCI D mi ce ( t hat l ack t he

abi l i t y t o compl et e f unct i onal I g r ear r angement ) f ai l t o

pr ol i f er at e i n 11, 7 al one, cel l s f r omsuch mi ce bear i ng a pr oduc-

t i vel y r ear r anged i mmunogl obul i n p, t r ansgene can r espond

( M. Rei chman- Fr i ed, M. Bosma, R. Har dy, manuscr i pt i n

pr epar at i on) . Thi s model woul d al so account f or cessat i on

of I L7 r esponsi veness f ol l owi ng pr oduct i on of l i ght chai n

( whi ch woul d compl ex t he A chai n) . Si nce our dat a r eveal

t hat Fr . Cdoes not show det ect abl e l evel s of VDJ r ear r ange-

ment , wher eas, i n cont r ast , S7 - pr e B cel l s do, i t wi l l be

of i nt er est t o i sol at e and det er mi ne t he I g gene st at us of cy-

cl i ng Fr . C' cel l s and, i n addi t i on, t o det er mi ne I L- 7 r ecept or

l evel s on t hese B l i neage cel l popul at i ons i n BM.

Al t hough r esol ut i on of t he S7+B220+ popul at i on i nt o

t hr ee f r act i ons based on expr essi on of t he HSA and BP- 1 has

demonst r at ed i mpor t ant f unct i onal di st i nct i ons, r ol es f or t he

det er mi nant s used t o separ at e t hese popul at i ons ar e yet t o

be def i ned . BP- 1 ( al so r ecogni zed by t he ant i body 6C3) i s

a 140 kDgl ycopr ot ei n homodi mer whose expr essi on has been

r epor t ed t o be r est r i ct ed t o ear l y B l i neage cel l s i n BM( 10,

18, 19) . Our f i ndi ng t hat i t i s f i r st expr essed on a t r ansi t i onal

st age of pr o- B cel l s demonst r at es i t s hi ghl y or der ed r egul a-

t i on dur i ng B cel l di f f er ent i at i on . Recent l y BP- 1 has been

cl oned and sequenced and shown t o be t he second member
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( al ong wi t h CALLA/ CD10/ neut r al endopept i dase) of t he

zi nc- dependent met al l opept i dase f ami l y expr essed on ear l y

B l i neage cel l s ( 20) . I t s sequence shows hi ghest homol ogy

wi t h ami nopept i dase N( APN) and i t s bi ochemi cal f unct i on

i s t hought t o be si mi l ar t o APN. Si nce APN pl ays an i mpor -

t ant r ol e i n t he degr adat i on of pept i des, such membr ane as-

soci at ed pept i dases may have an ef f ect on t he f act or s whi ch

r egul at e t he pr ogr essi on of cel l di f f er ent i at i on .

Ar ecent cDNA cl oni ng and sequenci ng st udy showed t hat

t he HSA ( r ecogni zed by 30F1) i s a phosphat i dyl i nosi t ol - l i nked

gl ycopr ot ei n consi st i ng of a ver y shor t pept i de wi t h ext en-

si ve N- and O- l i nked gl ycosyl at i on ( 44) . HSA i s f ound on

numer ous cel l t ypes, of t en at di f f er ent l evel s dependi ng on

di f f er ent i at i on st at e ( 22) . The var i ous mAbs t hat r eact wi t h

HSA 011d, M1/ 69, B2A2, 30F1) may r ecogni ze di f f er ent i al l y

gl ycosyl at ed f or ms, al t hough t hei r pot ent i al f i ne speci f i ci t i es

f or di st i nct HSA epi t opes have not been i nvest i gat ed . I n

gener al , t hese HSA epi t opes, whi l e absent f r om per i pher al

T cel l s, ar e expr essed on ear l y T l i neage cel l s i n t he

CD4 - CD8 - and CD4+CD8+ subset s of i mmat ur e t hymo-

cyt es ( 45, 46) . I n B cel l di f f er ent i at i on, as we showher e, HSA

expr essi on becomes det ect abl e at t he DJ r ear r anged st age,

t hen r eaches hi ghest l evel s at t he l ar ge cycl i ng st age bet ween

pr o- B t o l at e pr e- B st age. HSA expr essi on i s downr egul at ed

t her eaf t er and i s f ound at a l ower l evel on most per i pher al

B cel l s, but r api dl y i ncr eases upon B cel l act i vat i on ( as r epor t ed

pr evi ousl y; r ef er ence 12) .

Mol ecul ar anal ysi s by PCR of del et i on of DNA r esul t i ng

f r omr ear r angement s at t he heavy chai n ( DJ and VD- J) and

l i ght chai n ( VJ) l oci has per mi t t ed cor r el at i on of phenot ype

wi t h I g gene r ear r angement st at us . Thus we f i nd t hat t wo

r esol vabl e f r act i ons of ear l y B l i neage cel l s show i ncr easi ng

r ear r angement at t he DJ l ocus bef or e any V t o DJ act i vi t y .

These dat a demonst r at e cl ear l y t hat t he or der of r ecombi na-

t i on i s t i ght l y r egul at ed i n nor mal B l i neage cel l s . Si nce t he

ent i r e I g r egi on ( VD- J) i s t hought t o be r el at i vel y open f or

access t o t he r ecombi nase syst emat t hi s st age ( 47) , t her e must

be a f ur t her l evel of cont r ol t hat di st i ngui shes bet ween D

t o J and V t o DJ r ear r angement as has been not ed pr evi -

ousl y ( 48) . Thus, T cel l l i nes of t en have DJ ( but never VD-

J) r ear r angement ( 49) . St udi es of t he r ear r angement of t r ans-

geni c const r uct s have al so f ound t hat VD- J, but not D- J

r ear r angement i s l i neage speci f i c ( 50) . Based on our r esul t

t hat Fr . C i s t he st age i mmedi at el y bef or e VDJ r ear r ange-

ment , i t wi l l be i nf or mat i ve t o det er mi ne whet her ger ml i ne

V t r anscr i pt s ( t hought t o be hal l mar ks of i ni t i at i on of Vgene

r ear r angement ; r ef er ence 47) ar e r est r i ct ed t o t hi s popul at i on .

Fi g . 8 summar i zes our cor r el at i on of sur f ace phenot ype wi t h

change i n I g gene st at us and gr owt h r esponse.

A sur pr i si ng obser vat i on i n our st udy i s t hat compl et e heavy

chai n r ear r angement ( V t o DJ) appear s t o occur pr edomi -

nant l y onl y on one al l el e per cel l . That i s, I gM+ cel l s ( wher e

al l cel l s have a pr oduct i ve VDJ r ear r angement on at l east

one al l el e) st i l l show r et ent i on of 50%of t he ger ml i ne l evel

of t he 5DFL16 . 1 sequence. Much pr evi ous wor k on I gH gene

r ear r angement has empl oyed J pr obes t o det er mi ne I g gene

st at us so t hat t he ext ent of compl et e nonf unct i onal r ear r ange-

ment on t he nonexpr essed al l el e has not been t hor oughl y i n-



vest i gat ed. However car ef ul st udi es of Abel son t r ansf or med

l i nes have r eveal ed t hat si gni f i cant number s ar e VDJ+/ VDJ -

( 1) . Whet her t hi s degr ee of nonf unct i onal r ear r angement i s

a r esul t of t r ansf or mat i on r emai ns t o be det er mi ned . Ther e

i s al so pr i or evi dence i n t he l i t er at ur e of i ncompl et e r ear r ange-

ment at nonexpr essed al l el es i n nor mal B cel l s, but at

si gni f i cant l y l ower l evel s t han we f i nd her e ( 1) . Consi der i ng

t hat t he gener al l y accept ed model of I g r ear r angement as-

sumes si gni f i cant er r or i n t he j oi ni ng mechani sm ( gener at i ng

nonf unct i onal pr oduct s) , i t i s i mpor t ant t o i nvest i gat e f ur -

t her t he ext ent of VDJ - r ear r angement s i n nor mal popul a-

t i ons of B cel l s ( 51) .
Fi nal l y, a quest i on r emai ns as t o t he degr ee of het er oge-

nei t y of Fr . A and t he degr ee of " commi t ment " t o t he B

cel l l i neage . At l east some cel l s i n t hi s f r act i on, l acki ng de-

t ect abl e I g gene r ear r angement , show pr ogr essi on t o Fr . B

( and Fr . C) phenot ype dur i ng a l i mi t ed ( 4- d) cul t ur e per i od,

so t hi s popul at i on i s t he onl y candi dat e we f i nd f or a com-

mi t t ed ( but unr ear r anged) B cel l pr ogeni t or . I n f act , i n on-

goi ng st udi es we have f ound t hat Fr . A shows pr ogeni t or

act i vi t y, r econst i t ut i ng B cel l s i n i r r adi at ed SCI D r eci pi ent

mi ce usi ng a r el at i vel y hi gh dose of t r ansf er r ed cel l s ( 105

mouse) . Whi l e t hi s r equi r ement f or r econst i t ut i on i s l ar ge

compar ed wi t h si mi l ar wor k usi ng st em cel l enr i ched f r ac-
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