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Abst r act . St udi es on human ost eocl ast f or mat i on have

been hamper ed by l ack of a def i ned i sol at ed pr ogeni t or

cel l popul at i on . We descr i be her e t he est abl i shment

of a human l eukemi c cel l l i ne ( desi gnat ed FLG 29 . 1)

f r om bone mar r ow of a pat i ent wi t h acut e monobl ast i c

l eukemi a . The cul t ur ed cel l s ar e pr edomi nant l y undi f -

f er ent i at ed l eukemi c bl ast s, but addi t i on of 12- o- t et r a-

decanoyl phor bol 13- acet at e ( TPA; 0. 1 p, M) i nduces i r -

r ever si bl e di f f er ent i at i on i nt o adher ent , non- di vi di ng,

mul t i nucl eat ed cel l s . TPA- t r eat ed cel l s bear sur f ace an-

t i gens t ypi cal of f et al ost eocl ast s, degr ade 45 Ca- l abel ed

T
HERE i s an ampl e evi dence t hat t he ost eocl ast , t he

cel l t hat r esor bs bone, i s der i ved f r omsome pr ecur sor

cel l car r i ed wi t h t he bl ood vascul ar syst em( 45) . How-

ever , t he pr eci se nat ur e of t he i mmedi at e ost eocl ast pr ecur sor

i s st i l l unknown . I ni t i al l y i t was bel i eved t hat ci r cul at i ng

monocyt es wer e ost eocl ast pr ecur sor s f or t hei r abi l i t y of f us-

i ng i n mul t i nucl eat ed cel l s ( 65) . I t was l at er est abl i shed t hat

t i ssue macr ophages and monocyt es i sol at ed f r omt he ci r cul a-

t i on si gni f i cant l y di f f er f r omost eocl ast s i n mor phol ogy, ant i -

geni c pr oper t i es, and bone r esor bi ng act i vi t y ( 17, 29, 30, 63) .

I t was t hen pr oposed t hat t he ost eocl ast or i gi nat es f r oman

ear l y pr ecur sor common t o t he monocyt i c and gr anul ocyt i c

l i neages ( 12) .

Recover y of a def i ni t i ve homogeneous ost eocl ast popul a-

t i on f r om bone t i ssue has not yet been achi eved. St udi es i n

t hi s ar ea gener al l y have used pr eexi st i ng cel l s st r i pped f r om

gr owi ng bones ( 27, 50) . Such model s, however , do not per -

mi t anal ysi s of t he sequent i al st eps i n di f f er ent i at i on f r omt he

pr ecur sor t o t he mat ur e cel l . Mor eover , cel l vi abi l i t y i s of t en

poor . I n cont r ast , pur i f i cat i on of pr ecur sor subpopul at i ons

has al l owed st udi es on ost eocl ast mat ur at i on i n vi t r o ( 12,

32) . These pr ogeni t or cel l s f use spont aneousl y as wel l as i n

r esponse t o a var i et y of agent s, i ncl udi ng ost eot r opi c hor -

mones ( 43) , t r ansf or mi ng gr owt h f act or s ( 51, 66) , and bone
mat r i x const i t uent s ( 36, 44, 56) . These pr ecur sor s, however ,

ar e not r eadi l y i dent i f i abl e and t hei r f eat ur es may var y f r om

pr epar at i on t o pr epar at i on . Anot her appr oach has used hu-

man l eukemi c cel l l i nes, such as HL60 and U937 cel l s, i n-

duced by TPA and 1, 25 di hydr oxyvi t ami n D3 ( 1, 25( OH) 2 D3 )
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devi t al i zed bone par t i cl es, di spl ay t ar t r at e- r esi st ant

aci d phosphat ase i n bot h mononucl ear and mul t i nucl ear

cel l s and r ecept or s f or cal ci t oni n . Cal ci t oni n i ncr eases

i nt r acel l ul ar cAMP accumul at i on i n TPAt r eat ed cel l s .

TPA- t r eat ed cel l s show some ul t r ast r uct ur al f eat ur es

of ost eocl ast s as evi denced by t r ansmi ssi on EM. These

r esul t s i ndi cat e t hat FLG 29 . 1 cel l s may r epr esent an

ost eocl ast commi t t ed cel l popul at i on, whi ch upon i n-

duct i on wi t h TPA acqui r e some mor phol ogi cal , pheno-

t ypi cal , and f unct i onal f eat ur es of di f f er ent i at ed ost eo-

cl ast s .

t o di f f er ent i at e t owar d monocyt e macr ophages and whi ch

mi ght show some r esor bi ng act i vi t y i n vi t r o ( 7, 28, 59) .
These i n vi t r o- der i ved macr ophage- l i ke cel l s consi der abl y

di f f er , however , f r omost eocl ast s bot h f unct i onal l y and phe-

not ypi cal l y . The devel opment of a cl onal popul at i on of os-

t eocl ast pr ecur sor s woul d of f er a uni que t ool f or st udyi ng
mechani sms t hat r egul at e r epl i cat i on and di f f er ent i at i on of

ost eocl ast s . The use of pur e popul at i ons of pr ogeni t or s and

t er mi nal l y di f f er ent i at ed ost eocl ast s woul d f ur t her al l ow t he

anal ysi s of i nt er act i ons bet ween homogeneous, but di st i nct

cl asses of bone cel l s.

We r epor t her e t he devel opment of a human l eukemi c cel l
l i ne, desi gnat ed FLG29 . 1, t hat can be i nduced t o di f f er ent i -

at e i n vi t r o t owar ds t he ost eocl ast i c phenot ype .

Mat er i al s and Met hods

Cul t ur e Condi t i ons, Cyt ochemi cal , Bi ochemi cal , and

Ul t r ast r uct ur al St udi es

FLG 29. 1 cel l l i ne was est abl i shed at t he U. O. Hemat ol ogy of Fl or ence

( USL 10/ D) f r om a 38- yr - ol d f emal e suf f er i ng f r om acut e monobl ast i c

l eukemi a, M5a t ype accor di ng t o t he FAB cl assi f i cat i on ( 9) . The cl i ni cal

cour se of t hi s pat i ent was char act er i zed, af t er a 15 mo compl et e r emi ssi on,

by a f at al pancyt openi c epi sode associ at ed wi t h a per i pher al neur opat hi c

syndr ome and gener al i zed i ncr ease i n bone densi t y . Bone mar r ow

mononucl ear cel l s wer e i sol at ed on Fi col l - Hypaque gr adi ent ( Phar maci a,

Uppsal a, Sweden) and r esuspended i n RPMI 4640 cul t ur e medi um( Fl ow
l abor at or i es I nc. , I r vi ne, UK) suppl ement ed wi t h 10% heat h i nact i vat ed

FCS. Cel l s ( 105 cel l s/ ml ) wer e gr own i n Fal con pol yst yr ene t i ssue cul t ur e

f l asks at 37° C i n at mospher e of 5% C02/ 95% ai r . An adher ent cel l
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monol ayer devel oped af t er 20 d of cul t ur e and on t op of t he adher ent cel l s

a homogeneous popul at i on of f l oat i ng cel l s pr ol i f er at ed . Thi s l at t er cel l

popul at i on was col l ect ed, pr opagat ed i n suspensi on cul t ur e and cl oned by

l i mi t i ng di l ut i on. The cel l l i ne was det er mi ned t o be f r ee of mycopl asma

cont ami nat i on and has been mai nt ai ned i n cont i nuous suspensi on cul t ur e

f or al most 4 yr . HL60 and U937 human l eukemi c cel l l i nes wer e obt ai ned

by ATCCand gr own i n RPMI - 1640 medi umsuppl ement ed wi t h 10%heat -

i nact i vat ed FCS. TPA ( Si gma Chemi cal Co. , St . Loui s, MO) was sol ubi -

l i zed i n acet one at 0. 16 mM. Cel l di f f er ent i at i on was obt ai ned by addi ng

TPA t o t he cel l suspensi on at a f i nal concent r at i on of 0. 1 uMf or 72 h of

cul t ur e . Cont r ol cul t ur es cont ai ned equal amount s of acet one. 1, 25 Di -

hydr oxyvi t ami n D3 ( Hof f man- La Roche) was di ssol ved i n absol ut e et hanol

at 1 mMand di l ut ed i nt o cul t ur e medi umat a f i nal concent r at i on of 10 nM

f or i nduct i on exper i ment s ( 72 h i n t he dar k) . For cooper at i on exper i ment s

1, 25( OH) 2D3 was added t o FLG 29. 1 cel l cul t ur es af t er 12- h pr ei ncubat i on

wi t h 0. 1 AMTPA and t hen t he i ncubat i on pr oceeded f or t he r emai ni ng 60 h

i n t he dar k . Cont r ol cul t ur es cont ai ned equal amount s of acet one and

et hanol .

Dai l y cel l count s wer e per f or med wi t h a Coul t er Count er t o assess

gr owt h ki net i cs . Vi abi l i t y was eval uat ed by t r ypan bl ue excl usi on . Upon

t r eat ment wi t h 0 . 1 uMTPA f or 72 h cel l adhesi on was cal cul at ed on t he

t ot al number of vi abl e cel l s . The abi l i t y of FLG29. 1 cel l s t o f or mcol oni es
i n sof t agar was assessed by pl at i ng t hemi n 35- mm Pet r i di shes i n 1 ml of
RPMI - 1640 medi um cont ai ni ng 20% FCS and 0. 3% agar ( Bact oagar ;

Di f co, Det r oi t , MI ) . De novo synt hesi s of DNA was assessed by a st andar d
[ 3 H] t hymi di ne i ncor por at i on mi cr oassay ( 60) . Cel l s wer e assessed mor -

phol ogi cal l y on cyt ospi n sl i de pr epar at i ons st ai ned wi t h May- Gr unwal d-
Gi emsa, Sudan Bl ack, PAS, aci d phosphat ase and t ar t r at e- r esi st ant aci d

phosphat ase ( TRAPase) , napht ol ASD chl or oacet at e est er ase, and sodi um
f l uor i de i nhi bi t abl e a- napht hyl acet at e est er ase ( 19) . TRAPase act i vi t y i n
t he whol e cel l popul at i on was measur ed usi ng p- ni t r ophenyl phosphat e as
subst r at e as pr evi ousl y descr i bed and expr essed as MI U/ 106 cel l s ( 41) . I n-

t r acel l ul ar and ext r acel l ul ar t i ssue pl asmi nogen act i vat or ant i gen ( t PA) was

measur ed by usi ng a hi ghl y speci f i c t wo- si t e i mmunoassay ( Bi opool AB,

Umea, Sweden) ( 55) . For t he eval uat i on of t he cel l ul ar cont ent of TRAPase
and t PA t he cel l s wer e ext r act ed f or 10 mi n wi t h HBSS buf f er cont ai ni ng

1% Noni det . Phagocyt i c act i vi t y was measur ed wi t h a f l ow cyt omet r y t ech-
ni que t hat di scr i mi nat es bet ween i nt er nal i zed and membr ane- bound

f l uor escei n- conj ugat ed heat - ki l l ed Candi da al bi cans ( 24) . Gener at i on of su-

per oxi de was measur ed i n FLG29. 1 cel l s by t he abi l i t y t o r educe ni t r obl ue

t et r azol i um ( NBT) i n i nt r acel l ul ar bl ue- bl ack f or mazan deposi t s ( 34) . FLG

29. 1 cel l s wer e anal yzed by t r ansmi ssi on EMaf t er 72 h of cul t ur e wi t h or

wi t hout 0. 1 uMTPA. I n separ at e exper i ment s TPA- t r eat ed FLG29. 1 cel l s

wer e al so co- cul t ur ed wi t h dent i ne sl i ces . Bot h suspended and adher ent

cel l s wer e cent r i f uged at 800 g and t he pel l et obt ai ned was f i xed i n 4%col d

gl ut ar al dehyde i n 0. 1 Mcacodyl at e buf f er at pH 7. 4, at r oomt emper at ur e

f or 1 h and post f i xed i n 1%OsO4 i n 0. 1 Mphosphat e buf f er , pH 7. 4, at 4° C

f or 1 h. The pel l et s wer e t hen dehydr at ed and embedded i n Epon 812 . Semi -

t hi n sect i ons wer e used f or l i ght mi cr oscopy obser vat i on . Fr om t he same

speci mens ul t r at hi n sect i ons wer e al so obt ai ned and st ai ned wi t h ur anyl

acet at e and al kal i ne bi smut h subni t r at e f or EM.

Kar yot ype Anal ysi s

Cel l s af t er t he 20t h and 150t h passage wer e t r eat ed wi t h Col cemi d f or 30

mi n and t hen wi t h 0. 075 MKCl f or 20 mi n . The pr epar at i ons wer e t hen har -

vest ed and f i xed i n met hanol / acet i c aci d ( 3 : 1, vol / vol ) . Met aphases wer e

st ai ned t o obt ai n GTG and RHA bandi ng ( 21, 62) .

Mol ecul ar Rear r angement s and Epst ei n- Bar e

Vi r us Det ect i on

I mmunogl obul i n genes and T cel l r ecept or st at us i n genomi c DNA ex-

t r act ed f r om FLG29. 1 cel l s wer e anal yzed by pr obi ng Sout her n bl ot s wi t h

mul t i pr i me- l abel ed DNA f r agment s speci f i c f or i t nmunogl obul i n- JH and

- C- , u and T cel l r ecept or - 0 and - r const ant r egi ons as descr i bed ( 14) . Cel l s
wer e al so t est ed f or Epst ei n- Bar e vi r us DNA ( 53) .

1 . Abbr evi at i ons used i n t hi s paper : APAAP, al kal i ne phosphat ase ant i - al ka-

l i ne phosphat ase; H- CAM, homi ng- associ at ed cel l adhesi on mol ecul e ;

I - CAM, i nt er cel l ul ar adhesi on mol ecul e ; MHC, maj or hi st ocompat i bi l i t y

compl ex ; NBT, ni t r obl ue t et r azol i um; TRAPase, t ar t r at e- r esi st ant aci d

phosphat ase ; TPA, 12- o- t et r adecanoyl phor bol 13- acet at e ; t PA, t i ssue pl as-

mi nogen act i vat or .
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I mmunol ogi cal Char act er i zat i on

The cel l sur f ace ant i geni c pat t er n was anal yzed wi t h a st andar d i m-

munof l uor escence met hod usi ng a FACSt ar cyt of l uor ogr aph ( Bect on Di ck-

i nson and Co. , I t nmunocyt omet r y Syst ems, Mount ai n Vi ew, CA) as pr evi -

ousl y descr i bed ( 52) . Cyt opl asmi c ant i gens wer e det ect ed wi t h a st andar d

al kal i ne phosphat ase ant i - al kal i ne phosphat ase ( APAAP) i mmunoen-

zymat i c pr ocedur e ( 14) . Most mAbs used der i ved f r om t he panel s of t he

I I I r d and I Vt h edi t i ons of t he I nt er nat i onal Conf er ence and Wor kshop on

Leukocyt e Ant i gens ( 39, 40) . Ot her mAbs wer e pur chased f r om Or t ho

( Rar i t an, NJ) , Coul t er ( Coul t er I mmunol ogy, Hi el eah, FL) , Bect on Di cki n-

son ( Sunnyval e, CA) , and Dako ( Dakopat t z, Gl ast r up, Denmar k) .

West er n Bl ot t i ng

The cr ude membr ane f r act i on of unt r eat ed and TPA- t r eat ed ( 0. 1 14M f or

72 h) wer e sol ubi l i zed i n SDS sampl e buf f er ( 0. 125 MTr i s- HCl , pH 6. 8,

2 %SDS, and 10%gl ycer ol ) over ni ght at r oomt emper at ur e ( 38) . The sol u-

bi l i zed membr ane f r act i on was subj ect ed t o SDS- gel el ect r ophor esi s on

10%pol yacr yl ami de gel s and t hen t r ansf er r ed el ect r oni cal l y t o ni t r ocel l u-

l ose wi t h t r ansf er buf f er ( 20 mMTr i s base, 150 mMgl yci ne, and 20%met h-

anol ) over ni ght at 4° C ( 13) . The pr ot ei n bands wer e bl ocked wi t h HBSS

buf f er cont ai ni ng 3 %BSA and 0. 1 %Tween- 20 over ni ght at 37° C. The t r ans-

f er r ed pr ot ei ns wer e t hen r eact ed wi t h mAb Kn22 ( 35) i n t he pr esence of

1 %hor se ser umand 0. 01% Tween- 20 30 mi n at r oomt emper at ur e . The pr o-

t ei n bands wer e det ect ed by Vect ast ai n ABC- AP ki t s .

Bone Resor pt i on

Resor pt i on of devi t al i zed bone by FLG29. 1 and HL60 cel l s was quant i f i ed

usi ng par t i cl es of e5Ca- l abel ed bone as descr i bed by Tei t el baum et al . ( 69) .

Devi t al i zed r at bone par t i cl es ( ' Ca l abel ed, 45- 50- uMdi am) wer e added
t o t he FLG 29. 1 and HL60 cel l s cul t ur ed i n 16- mm wel l s ( 106 cel l s/ wel l )

i n RPMI - 1640 medi umcont ai ni ng 10%FCS i n t he pr esence or i n t he ab-
sence of 0. 1 uM TPA. Af t er 72 h i ncubat i on t he upper one- hal f of t he

medi um was aspi r at ed, cent r i f uged at 15, 000 g, and assayed f or r adi ocal -

ci um. The pel l et and r emai ni ng hal f of t he i ncubat i on medi umwer e sol ubi -

l i zed i n 10%TCA f or 24 h and assayed . Net 45 Ca r el ease was cal cul at ed

f r omt he i sot ope r el eased i nt o t he medi um expr essed as per cent of t ot al ,

af t er cor r ect i on f or t he l oss of i sot ope f r omt he par t i cl es because of si mpl e
physi cochemi cal exchange wi t h 45Ca . To assess whet her any r esor pt i on

mi ght be pot ent i al l y due t o r el ease of l yt i c enzymes f r omcel l s, si mi l ar ex-

per i ment s wer e car r i ed out wi t h condi t i oned medi a obt ai ned f r om3- d- ol d

cul t ur es .

For mat i on of r esor pt i on l acunae on dent i ne sl i ces was eval uat ed usi ng

sper m whal e dent i ne sl i ces ki ndl y suppl i ed by Dr . A. Boyde ( Uni ver si t y

Col l ege, London, UK) . FLG29. 1 cel l s wer e co- cul t ur ed wi t h t he dent i ne

sl i ces pl at ed i n 16- mm wel l s ( 106 cel l s/ wel l ) i n 10% FCS RPMI - 1640

medi umt o whi ch 0. 1 uMTPA had been pr evi ousl y added . 72- h l at er t he

cel l s wer e washed t wi ce wi t h RPMI - 1640 medi umsuppl ement ed wi t h 10%

FCS and co- cul t ur es wer e i ncubat ed f or up t o 20 d i n gr owt h medi um. Den-

t i ne sl i ces wer e pr ocessed as pr evi ousl y descr i bed ( 10, 33) f or scanni ng EM.

cAMPAccumul at i on

I nt r acel l ul ar CAMP cont ent i n FLG29. 1, HL60 and U937 cel l s was mea-

sur ed by r adi oi mmunoassay . Unt r eat ed cel l s wer e washed wi t h col d HBSS,

suspended i n assay buf f er ( TRI S acet at e 0. 025 Mbuf f er , pH7. 4, cont ai ni ng

0. 25 Msucr ose, 0. 5% BSA, and 3- i sobut yl - l - met hyl xant hi ne) and t r ans-
f er r ed t o t est t ubes ( 10 5 cel l s/ t ube) . Di f f er ent i at ed cel l s wer e pl at ed i n 16-

mmwel l s at a concent r at i on of 105 cel l s per wel l and cul t ur ed f or 72 h i n

gr owt h medi umcont ai ni ng 0. 1 AM TPA. Then t he medi um was car ef ul l y

aspi r at ed, adher ent cel l s gent l y washed wi t h col d HBSS, and assay buf f er

added. Quadr upl i cat e sampl es of unt r eat ed or TPAt r eat ed FLG 29. 1 cel l s

wer e i ncubat ed wi t h 1 pMt o 0. 1 uMsal mon CT ( Sandoz Phar ma, Basel ,
Swi t zer l and) f or 30 mi n, whi l e TPA- i nduced HL60 and U937 cel l s wer e ex-

posed t o 1 nMdose of sal mon CT f or 30 mi n . Cel l s wer e t hen washed wi t h

col d HBSS, and cover ed wi t h absol ut e et hanol over ni ght at - 20° C. The et h-

anol was r emoved under vacuumand sampl es r econst i t ut ed wi t h 0. 05 Mso-
di umacet at e buf f er , pH 6. 2 . CAMP was det er mi ned by r adi oi nununoassay
as pr evi ousl y descr i bed ( 11) .

I mmunocyt ochemi cal eval uat i on of cycl i c AMPwas car r i ed out as pr evi -
ousl y descr i bed ( 8) . Bot h unt r eat ed and TPAt r eat ed ( 0. 1 uMf or 72 h) FLG

29. 1 cel l s wer e i ncubat ed f or 30 mi n at 37° C wi t h or wi t hout 1 nMsal mon

CT i n CAMP assay buf f er and cyt ospi n sl i de pr epar at i ons wer e t hen ob-
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t ai ned . I mmunost ai ni ng was per f or med wi t h t he APAAP met hod as de-

scr i bed ( 8) .

Cal ci t oni n Bi ndi ng St udi es

FLG 29. 1 cel l s di f f er ent i at ed wi t h 0. 1 AMTPA f or 72 h wer e t r ansf er r ed

t o t est t ubes ( 106 cel l s/ t ube) and i ncubat ed f or 120 mi n wi t h i ncr easi ng
concent r at i ons ( 0. 1- 1. 0 nM) of 125 1- l abel ed sal mon CT ( sp act . 2, 200
Ci / mmol , Anawa Labor at or i en AG, Wangen, Swi t zer l and) wi t h or wi t hout
unl abel ed sal mon CT ( 0. 1 mM) at 22° C i n bi ndi ng buf f er cont ai ni ng 100

mMHepes, 1 mMEDTA, 10 mMgl ucose, 15 mMsodi umacet at e, 1 . 3 mM

MgSO4, 5 mMKCI , 120 mMNaCl , and 1%BSA, pH 7 . 6 . Af t er i ncuba-

t i on sampl es wer e washed wi t h HBSS cont ai ni ng 1%BSA and cent r i f uged.
Cel l pel l et s wer e t hen count ed i n a gamma count er at 70%ef f i ci ency. Al l

exper i ment s wer e car r i ed out i n t r i pl i cat e. Scat char d anal ysi s of bi ndi ng

dat a f r om t hr ee exper i ment s was per f or med usi ng t he comput er pr ogr am

LI GAND ( 47) .

Quant i t at i ve Hi st omor phomet r y

FLG 29. 1 cel l s wer e cul t ur ed wi t h 0. 1 AMTPA f or 72 h . Cel l s wer e t hen
washed wi t h RPMI - 1640 medi umand t r eat ed wi t h 1 nMsal mon CT f or 3 h

at 37° C. Phase cont r ast mi cr ogr aphs wer e t aken bef or e and af t er t he addi -
t i on of sal mon CT. Pl an ar eas of 100- 150 FLG 29 . 1 cel l s wer e measur ed

on t he enl ar ged mi cr ogr aphs usi ng a comput er pr ogr am equi pped wi t h a
NI KON Cosmozone .

St at i st i cal Anal ysi s

Resul t s wer e eval uat ed st at i st i cal l y by t t est .

Resul t s

Gr owt h Char act er i st i cs

Unt r eat ed FLG29. 1 cel l s gr ew as smal l f l oat i ng cl umps wi t h

a doubl i ng t i me i n t he l ogar i t hmi c phase of t i 22 h . The cel l s

pr oduced a popul at i on of col oni es i n semi sol i d agar di r ect l y

r el at ed t o t he number of cel l s pl at ed, wi t h a pl at i ng ef f i ci ency

of - 40%. TPA ( 0. 1 / AM) caused an i r r ever si bl e decr ease i n

[ 3 H] t hymi di ne i ncor por at i on wi t h gr owt h ar r est i n l i qui d or

semi sol i d medi um( dat a not shown) . Tr ypan bl ue excl usi on,

i ndi cat ed <5% posi t i ve cel l s af t er TPA t r eat ment .

Kar yot ype and Mol ecul ar Anal ysi s

The FLG 29 . 1 cel l kar yot ype showed number s of chr omo-

somes r angi ng f r om45 t o 69 wi t h const ant expr essi on of t he

3p+ mar ker . Sout her n bl ot anal ysi s showed no det ect abl e

Epst ei n- Bar r vi r us i n DNA f r om FLG29. 1 cel l s and mai n-

t enance of a ger ml i ne conf i gur at i on of JHand C- 1, i mmuno-

gl obul i n r egi ons and of T cel l r ecept or - ß and - r genes .

Gat t ei et al . Ost eocl ast Phenot ype of a Novel Leukemi c Cel l Li ne

Mor phol ogy, Cyt ochemi st r y and Ul t r ast r uct ur e

FLG 29 . 1 cel l s st ai ned wi t h May- Gr unwal d- Gi emsa ap-
pear ed l i ke undi f f er ent i at ed l eukemi c bl ast s, wi t h l ar ge
r ound nucl ei , pr omi nent nucl eol i , di sper sed nucl ear chr o-
mat i n and basophi l i c cyt opl asm. The di amet er of t he cel l s

r anged f r om 15 t o 20 p, m ( Fi g. 1 a) . Less t han 3 %of t he cel l s
wer e mul t i nucl eat ed, and commensur at el y l ar ger i n di men-
si ons . Onl y a mi nor i t y of t he unt r eat ed cel l s adher ed t o t he
pl ast i c sur f ace . Af t er 72 h of t r eat ment wi t h 0. 1 p, MTPA,
36%of t he cel l s wer e at t ached t o t he subst r at e and >45

mul t i nucl eat ed ( 3 t o 12 nucl ei ) wi t h si ze r angi ng f r om50 t o

100 j m ( Fi g . 1, b and c) . Mul t i nucl eat ed cel l s wer e f ound

at t ached or i n suspensi on and l acked char act er i st i c per i ph-

er al r uf f l i ng. Fl uor ochr ome- conj ugat ed Candi da par t i cl es

wer e not i nt er nal i zed by bot h unt r eat ed and TPAi nduced
FLG 29. 1 cel l s . No det ect abl e t PA was f ound i n ei t her t he

condi t i oned medi umor t he cyt osol of unt r eat ed FLG 29 . 1

cel l s . Af t er t r eat ment of FLG29. 1 cel l s wi t h 0. 1 uMTPA f or

72 h t he l evel s of t PA i n t he condi t i oned medi umand i nsi de

t he cel l s wer e r espect i vel y 0. 57 f 0 . 08 ng/ 10 6 cel l s and

1 . 29 t 0. 33/ 10 6 cel l s . Unt r eat ed FLG 29. 1 cel l s di d not

st ai n wi t h Sudan Bl ack, napht ol ASD- chl or oacet at e est er ase

and PAS r eact i on, whi l e aci d phosphat ase and sodi um f l uo-

r i de i nhi bi t abl e a- napht hyl acet at e est er ase wer e pr esent i n

100%of t he cel l s wi t h 10 t 2%of TRAPase- posi t i ve cel l s .

TPA ( 0. 1 I AM f or 72 h) t r eat ment i ncr eased by 48 f 6 %t he

number of cel l s posi t i ve f or TRAPase, t he TRAPase cont ent

of t he t ot al popul at i on of cel l s ( 4 . 2 t 0. 6 MI U/ 106 cel l s vs

1 . 4 t 0. 4 mI U/ 106 cel l s) , t he pr oduct i on of aci d phospha-

t ase, and sodi um f l uor i de i nhi bi t abl e a- napht hyl acet at e es-

t er ase . NBT was r educed by cel l ul ar oxi dant s t o f or mazan i n

21 f 5 %of unt r eat ed FLG29. 1 cel l s . The number of cel l s

abl e t o accumul at e f or mazan i ncr eased t o 85 f 8 %i n TPA-

i nduced FLG29 . 1 cel l s . Expr essi on of TRAPase and ot her

enzymes di d not cor r el at e wi t h adher ence or mul t i nucl e-

at i on .

Tr ansmi ssi on EMshowed t hat most of t he unt r eat ed cel l s

had cyt opl asmi c f eat ur es of undi f f er ent i at ed bl ast s, namel y

abundant f r ee r i bosomes, scar ce or ganel l es, l ar ge and i r -

r egul ar l y shaped nucl eus wi t h di sper sed chr omat i n and l ar ge

nucl eol i ( Fi g . 2 a) . Rar e cel l s wi t h mul t i pl e nucl ei wer e ob-

ser ved . Af t er t r eat ment wi t h 0 . 1 p, M TPA f or 72 h FLG29. 1

cel l s appear ed t o be i n a mor e advanced st age of di f f er ent i a-

t i on, cont ai ni ng r at her numer ous r od- shaped mi t ochondr i a

and a wel l devel oped RER ( Fi g. 2 b) , l ar ge Gol gi ar eas

Fi gur e 1. Li ght mi cr oscopy of FLG29. 1 cel l s . ( a) Unt r eat ed cel l s ; ( band c) cel l s t r eat ed wi t h 0. 1 AMTPA f or 72 h ( May- Gr unwal d- Gi emsa) .

Bar , 20 Am.
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Fi gur e 2 . ( a) Unt r eat ed FLG29. 1 cel l s . The cyt opl asmshows scar ce or ganel l es apar t numer ous f r ee r i bosomes ; t he nucl eus i s l ar ge and
i r r egul ar l y- shaped wi t h di sper sed chr omat i n . ( b) TPA- t r eat ed FLG29 . 1 cel l s . The cyt opl asmr eveal s abundant RERand sever al r od- shaped
mi t ochondr i a . Bar , 2 um.
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Fi gur e 3. TPA- t r eat ed FLG29. 1 cel l s . ( a) Mul t i pl e Gol gi ar eas and ( b) sever al l ysosomes can be seen . Bar s : 1 1m.

( Fi g . 3 a) , and sever al dense bodi es r esembl i ng l ysosomes

( Fi g . 3 b) .

I mmunophenot ypi cal Anal ysi s

Tabl e I summar i zes t he i mmunophenot ypi cal char act er i za-

t i on of unt r eat ed and TPA- t r eat ed FLG29 . 1 cel l s . Cel l s wer e
negat i ve f or mat ur e and i mmat ur e T cel l ( CDl a, CD2, CD3,
CD5, CD7, CD8) and B cel l ( CD19, CD20, CD21, CD22,
CD23, CD24) r est r i ct ed mar ker s and f or ant i - CD25 mAb

r ecogni zi ng I L2 membr ane r ecept or , a mol ecul e expr essed
by act i vat ed macr ophages, B and T cel l s. I n addi t i on, ot her
mAbs r ecogni zi ng mul t i l i neage hemopoi et i c pr ecur sor s ( ant i -
CD33, CD34) , myel o- monocyt i c ant i gens ( CD11a, c, CD14,
CD16, CD18, CD35, CD36) , cer t ai n pl at el et - associ at ed ant i -

gens ( CD41, Fact or VI I I - Rel at ed Ant i gen, PLTI ) , and cl ass
I I ant i gens of t he maj or hi st ocompat i bi l i t y compl ex ( MHC)

( HLA- DR, - DP, and - DQ) showed l i t t l e ( <20% posi t i ve
cel l s) or no r eact i vi t y wi t h ei t her uni nduced or TPA- t r eat ed
cel l s . TPA- unt r eat ed cel l s showed a l ow r eact i vi t y f or MHC
cl ass I det er mi nant s ( expr essed onl y af t er TPA i nduct i on) ,
di spl ayed CD71/ t r ansf er r en r ecept or s ( down r egul at ed by

TPAt r eat ment ) , and r eact ed st r ongl y wi t h t he panl eukocyt e

mAbs ant i - CD45, ant i - CD44 ( homi ng- associ at ed cel l adhe-
si on mol ecul e, H- CAM) , al ong wi t h ot her mAbs speci f i cal l y
di r ect ed agai nst det er mi nant s shar ed by act i vat ed macr o-

phages and ost eocl ast s . Thi s l at t er gr oup i ncl udes ant i - CD1l b,
ant i - CD13, ant i - CD15, ant i - CD32, and ant i - CD54 ( i nt er cel -
l ul ar adhesi on mol ecul e/ I CAM- 1) mAbs . The ant i - CD68

Ki M6 mAb showed a cyt opl asmi c posi t i vi t y r eveal ed vi a t he

Gat t ei et al . Ost eocl ast Phenot ype of a Novel Leukemi c Cel l Li ne

APAAP met hod, whi ch was i ncr eased af t er TPA exposur e
( dat a not shown) . TPA- t r eat ed FLG29. 1 cel l s al so expr essed
CD9 ( common t o ost eocl ast s and pl at el et s) and CD42 ( com-
mon t o ost eocl ast s, macr ophages, and pl at el et s) ant i gens . Fi -
nal l y, ant i gens r ecogni zed by t he t wo mAbs 13C2 and 23C6,
put at i vel y speci f i c f or human ost eocl ast s ( 30) , wer e si gni f i -
cant l y i nduced by TPA t r eat ment ( Fi g . 4) . Fl uor escence hi s-
t ogr ams f or ost eocl ast - r el at ed ant i gens bef or e and af t er TPA
t r eat ment wer e expr essed as si ngl e peaks, t hus excl udi ng t he
exi st ence of het er ogeneous cel l subpopul at i ons wi t hi n t he
cl onal FLG29 . 1 cel l l i ne . The ost eocl ast - associ at ed ant i gens
r ecogni zed by t he 13C2 and 23C6 mAbs wer e al so det ect ed
by APAAPst ai ni ng of TPA- i nduced FLG29. 1 cel l s ( dat a not
shown) . I t i s of i nt er est t o poi nt out t hat no si gni f i cant di f f er -
ences i n APAAP st ai ni ng wi t h 13C2 and 23C6 mAbs wer e
not ed bet ween mononucl ear and mul t i nucl eat ed cel l s. Con-
ver sel y, nei t her ant i gen was i nduced by TPA i n t he ot her l eu-
kemi c cel l l i nes HL60 and U937 ( Fi g . 4) .

A cr ude membr ane pr epar at i on of bot h unt r eat ed and
TPAt r eat ed FLG29. 1 cel l s was pr epar ed and subj ect ed t o
SDS- pol yacr yl ami de gel el ect r ophor esi s and t r ansf er r ed t o
ni t r ocel l ul ose, and t he pr ot ei n band r eact i ve wi t h t he mAb
Kn22 was i dent i f i ed . As shown i n Fi g . 5, a si ngl e band of
- 50 kD was det ect ed wi t h mAb Kn22 onl y i n TPA- t r eat ed
cel l s, whi l e no bands wer e det ect ed i n unt r eat ed FLG 29. 1
cel l s .

Bone Resor pt i on

Unt r eat ed FLG 29. 1 cel l s wer e i nact i ve wi t h 4- ' Ca- l abel ed
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Tabl e L Phenot ypi c Pr of i l e of FLG29. 1 Cel l s bef or e and af t er TPA Exposur e and I t s Rel at i onshi p wi t h Nor mal
Fet al Bone Ost eocl ast s

Abbr evi at i ons used : Macr ophage pol ykar i a, Macr opol y ; T hel per l ymphocyt es, Th ; Macr ophages, Macr o ; Myel oi d cel l s, My ; Monocyt es, M; pl at el et s, pi t ; dendr i t -
i c r et i cul um cel l s, DRC; r ed bl ood cel l s, RBC; neut r ophi l s, PMN; act i vat ed cel l s, Act ; B l ymphocyt es, B; not t est ed, NT.
* Accor di ng t o t he " I Vt h I nt er nat i onal Wor kshop and Conf er ence on Human Leucocyt e Di f f er ent i at i on Ant i gens" ( al i en, 1989) ( 28) .
$ Dat a obt ai ned f r om r ef er ences 1- 4, 22, 23, 32 .
mAbs addi t i onal l y t est ed and r esul t i ng negat i ve, i ndi cat ed as CDzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� i ncl ude: CDl a, 2, 3, 5, 7, 8, 10, 16, 19, 20, 21, 22, 23, 24, 25, 30, 38, 56, 57, and Fact or
VI I I - r el at ed ant i gen .
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Fi gur e 4. React i vi t y of FLG29. 1 ( 0) , HL60 ( 1) , and U937 ( N)

cel l s t o 13C2 and 23C6 mAbs. Anal yses wer e car r i ed out i n un-

t r eat ed cel l s and af t er t r eat ment wi t h 0 . 1 pMTPA f or 72 h. Resul t s
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devi t al i zed bone par t i cl es ; TPA- t r eat ed cel l s r esor bed t hese

bone par t i cl es ef f ect i vel y ( p < 0. 005 ; Fi g . 6) . Nei t her uni n-

duced nor TPA- i nduced HL60 cel l s wer e act i ve i n t hi s assay

( Fi g. 6) . 60%of t he ef f ect exer t ed by TPA- t r eat ed FLG29 . 1

cel l s on 45Ca mobi l i zat i on was due t o f act or ( s) r el eased i nt o

t he medi um ( Fi g . 6) . Under si mi l ar exper i ment al condi -

t i ons, no ef f ect was f ound wi t h condi t i oned medi a f r omuni n-

duced cel l s nor f r om unt r eat ed or TPA- t r eat ed HL60 cel l s

( Fi g. 6) . Cor r ect i ng medi a pH t o 7. 4 dai l y wi t h Hepes or i n-

cr easi ng t he C02 i n t he ai r up t o 10%di d not i nf l uence t hi s

r esul t ( dat a not shown) .

Nei t her unt r eat ed nor TPA- t r eat ed FLG29. 1 cel l s caused

r esor pt i on of sper m whal e dent i ne sl i ces ( dat a not shown) .

ar e expr essed as per cent of st ai ned cel l s eval uat ed by quant i t at i ve

f l uor escence anal ysi s i n f l ow cyt omet r y. For det ai l s, see Mat er i al s
and Met hods.

CD
Recogni zed mol ecul e

Ant i body cel l di st r i but i on*

FLG

Per cent st ai ned
cel l s

29 . 1

Mean
f l uor escence

FLG29 . 1

Per cent st ai ned
cel l s

+ TPA

Mean
f l uor escence Ost eocl ast st

Macr o
pol y$

I nduced
FLG 29 . 1

4 OKT4 Th, Macr o 5 64 12 85 -
13 MY7 My, M, Macr o 15 91 45 111 +

13 SJl D1 My, M, Macr o 7 84 23 101 +

14 MY4 M, Macr o 4 62 10 83 -

14 M02 M, Macr o 16 72 15 91 -

15 OKM15 X- hapt en, M, Macr o 10 70 27 105 f t t
31 I ON31 GpHa, My, M, pl t 5 87 73 127
32 2E1 FcRI I , My, M, pl t 92 139 99 146
33 MY9 My, M, Macr o 25 77 21 99 + t
34 MY10 Pr ecur sor cel l s 36 102 20 87 NT NT -
35 El l CRI , PMN, M, DRC, pl t , RBC 15 79 20 89
36 OKM5 M, Macr o, RBC 7 64 12 85

68 Ki M6 Macr o 8 89 25 102 + + +
68 Ki M7 Macr o 24 101 66 119 + + +

4l a J15 GpI l bI I I a, pl t 3 79 18 87 - - -
42b AN15 GpI b, pl t 10 70 30 91 + - +

44 F- 10- 44- 2 H- CAM 28 103 99 222 + + +

45 Hl el T200, LCA 31 76 67 121 + + +

1 l a MHM24 LFA- l a 3 80 20 87 - + -
l l b moi Macl a 3 79 36 92 t + +

18 MHM23 LFA- 10 5 84 59 118 NT + +

54 84H10 I CAM- 1 99 145 99 162 + + +

51 I OP51 VNR- a 25 102 89 135 + + +
61 I OP61 Gpl Ha, VNR- 0 53 112 75 127 + + +
51 23C6 VNR- a 12 93 91 139 + + +
- 13C2 - 14 96 80 128 + - +
71 OHT9 Tr f - R 99 163 65 119 - + +

9 FMC8 Act , PMN, B, M, Macr o, pl t 27 98 99 179 + + +

- W6132 HLA- Cl ass I 2 79 48 112 NT NT +
- HLA- DR HLA- Cl ass I I 4 80 10 86 NT + -



Cal ci t oni n and I nt r acel l ul ar CAMP

w

w
Jw

a
U
Lna

W
Z

Fi gur e S. I dent i f i cat i on of Kn22
ant i gen by West er n bl ot . The
SDS- pol yacr yl ami de gel of
t he membr ane f r act i on of un-
t r eat ed and TPA- t r eat ed FLG
29. 1 cel l s, t he pr ot ei n t r ansf er ,
and t he West er n bl ot t i ng wi t h
t he mAb Kn22 wer e car r i ed out
as descr i bed i n Mat er i al s and
Met hods . The ar r owhead i ndi -
cat es a si ngl e band of - 50 kD
det ect ed wi t h Kn22 i n TPA
t r eat ed FLG29. 1 cel l s . No r e-
act i vi t y was seen wi t h undi f -
f er ent i at ed FLG 29 . 1 cel l s.

Af t er 30- mi n i ncubat i on sal mon CT f r oma concent r at i on of

1 pMand 0. 1 AMcaused a sl i ght , but no si gni f i cant i ncr ease
i n CAMP cont ent of unt r eat ed FLG 29. 1 cel l s ( Fi g . 7) . I n

TPA- i nduced cel l s we f ound a dose- dependent i ncr ease i n
CAMP r esponse t o sCT, wi t h a maxi mal st i mul at or y ef f ect
at 1 nM( p < 0. 001) and a l ower r esponse at hi gher concent r a-

t i ons ( Fi g. 7) . Conver sel y, TPA- i nduced HL60 and U937

cel l s di d not r espond t o 1 nMsal mon CT af t er 30- mi n i ncu-

bat i on ( Fi g . 8) .

I mmunost ai ni ng of bot h di f f er ent i at ed and undi f f er ent i at ed

FLG 29. 1 cel l s i ncubat ed i n assay buf f er wi t hout sal mon

CT showed ver y l i t t l e CAMP si gnal near t he pl asma mem-

br ane and al so ver y l i t t l e di f f usel y i n t he cyt opl asm ( dat a not

shown) . At 1- nMconcent r at i on f or 30 mi n sal mon CT caused

CAMP accumul at i on onl y i n TPA- t r eat ed FLG 29. 1 cel l s as

wel l i n t he cyt opl asmand al ong t he pl asma membr ane, wi t h

no di f f er ences bet ween mononucl ear and mul t i nucl eat ed

cel l s ( dat a not shown) .

CONTROL FLG 29 . 1

	

HL60

	

FLG 29. 1

	

HL60

SUPERNATANT ,

TPA - + - + - + - + - +

Fi gur e 6. Rol e of cel l - bone cont act i n FLG 29 . 1- i nduced bone r e-
sor pt i on . Cont r ol ( 0) r ef er s t o cul t ur es whi ch cont ai ned l abel ed
bone al one. FLG 29. 1 cel l s ( 0) and HL60 cel l s ( / ) wer e cul -
t ur ed f or 72 h wi t h pr el abel ed bone wi t h and wi t hout 0. 1 AMTPA.
Gr oups of bone par t i cl es wer e i ncubat ed i n cel l - f r ee wel l s cont ai n-
i ng condi t i oned medi a r ecover ed f r om 3- d- ol d cul t ur es . Si x r epl i -
cat e cul t ur es wer e assessed f or each var i abl e, as descr i bed i n Mat er i al s
and Met hods .
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Fi gur e 7. Cycl i c AMPpr oduct i on by FLG 29. 1 cel l s i n r esponse t o
sal mon CT. Quadr upl i cat e unt r eat ed ( o) and TPA- t r eat ed ( e) FLG
29. 1 cel l s wer e exposed t o 0 . 5 mM3- i sobut yl - l - met hyl xant hi ne and
i ncr easi ng concent r at i ons of sal mon CT f or 30 mi n . Cycl i c AMP
was assayed as descr i bed i n Mat er i al s and Met hods .

Cal ci t oni n- bi ndi ng St udi es

Scat char d anal ysi s of t hr ee bi ndi ng exper i ment s r eveal ed t he
pr esence of t wo cl asses of bi ndi ng si t es f or CT, one wi t h hi gh
af f i ni t y ( kD 1 . 1 nM) and l ow capaci t y ( 1 . 5 x 103 si t es/ cel l )
and one wi t h l ower af f i ni t y ( kD 6. 6 AM) and hi gher capaci t y
( 5. 6 x 106 si t es/ cel l ) ( Fi g . 9) .

Ef f ect s of Sal mon CT on FLG291 Cel l Di f f er ent i at i on
I nduced by TPA

72- h i ncubat i on wi t h 0. 1 AMTPA i n t he pr esence of 1 nM
sal mon CT si gni f i cant l y al t er ed cel l adhesi on ( 54 f 8%,
p < 0. 02) and mul t i nucl ear i t y ( 59 ± 10%, p < 0. 02) of
FLG29. 1 cel l s as compar ed t o cont r ol cel l s exposed t o TPA
al one ( Tabl e I I ) . I n si mi l ar exper i ment al condi t i ons al so t he
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Fi gur e 8. Cycl i c AMP r esponses of TPA- t r eat ed FLG29. 1 ( 0) ,
HL60 ( 1) , and U937 ( 1) cel l s t o 1 nMsal mon CT. Cycl i c AMP
was assayed i n quadr upl i cat e exper i ment al poi nt s as descr i bed i n
Mat er i al s and Met hods .
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Fi gur e 9 Equi l i br i umof [ 125 1] sal mon CT bi ndi ng t o di f f er ent i at ed
FLG29 . 1 cel l s . Fi t t ed cur ve on Scat char d pl ot was der i ved f r om
pr edi ct ed r el at i onshi p f or t wo- si t e model f or [ 125 1] sal mon CT, as de-
t er mi ned by LI GAND pr ogr am ( 47) .

TRAPase act i vi t y ( 61 f 3 %of cont r ol , p < 0. 01) , t he gener a-

t i on of oxygen- der i ved f r ee r adi cal s ( 42 f 5 % of cont r ol ,

p < 0. 001) , and t he t PA cel l cont ent ( 75 f 3 % of cont r ol ,

p < 0. 01) of di f f er ent i at ed FLG29. 1 cel l s wer e si gni f i cant l y

i nhi bi t ed by 1 nMsal mon CT ( Tabl e I I ) . Tr eat ment of TPA-

i nduced FLG 29 . 1 cel l s wi t h 1 nM sal mon CT f or 3 h

r esul t ed i n a mar ked cel l ul ar cont r act i on measur ed as t he

change i n FLG29. 1 pl an ar ea by hi st omor phomet r y ( 65 f

8 %of cont r ol ; Tabl e I I ) . Si mi l ar cel l ul ar cont r act i on was ob-

ser ved f or mononucl ear - and mul t i nucl eat ed- di f f er ent i at ed

FLG 29 . 1 cel l s .

Ef f ect s of 1, 25( OH) I D3 on FLG29. 1 Cel l Di f f er ent i at i on

Tr eat ment of FLG 29. 1 cel l s wi t h 10 nM 1, 25( OH) 2D3 f or

72 h i ncr eased up t o 15 t 2%t he number of adher ent cel l s .

Over 20 t 4%wer e mul t i nucl eat ed and 15 f 2%became

TRAPase posi t i ve . No cor r el at i on exi st ed among adher ence,

mul t i nucl eat i on, and expr essi on of TRAPase . I n si mi l ar ex-

per i ment al condi t i ons, 1 nM sal mon CT si gni f i cant l y i n-

cr eased cAMP accumul at i on i n 1, 25( OH) 2 D3- i nduced FLG

29. 1 cel l s ( 181 f 25% of cont r ol , p < 0 . 02) . Conver sel y,

FACS and APAAP anal yses di d not evi dence i nduct i on of t he
t wo ant i gens r ecogni zed by t he mAbs 13C2 and 23C6 i n

1, 25( OH) 2D3- i nduced FLG 29. 1 cel l s . Mor eover no di f f er -

Tabl e I I . Ef f ect s of 1 nMSal mon CT on
FLG29. 1 Cel l Di f f er ent i at i on I nduced by

T2- hour Tr eat ment wi t h 0. 1 AMTPA

* Sal mon CT ( 1 nM) was i ncubat ed wi t h t he cel l s dur i ng t he ent i r e 72- h TPA

t r eat ment .

~ Sal mon CT ( 1 nM) was added f or 3 h at t he end of t he 72- h TPA t r eat ment .

§ Resul t s ar e expr essed as mean t SD.
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ences wer e obser ved i n t he expr essi on of t he above ant i gens
bet ween FLG 29. 1 cel l s t r eat ed wi t h 0 . 1 p, M TPA al one or
wi t h 0. 1 wMTPA and 10 nM 1, 25( OH) 2 D3 f or 72 h ( dat a
not shown) .

Di scussi on

Ext ensi ve cyt ol ogi cal descr i pt i ons of t he ost eocl ast exi st , but

t her e i s l i t t l e known about t he mechani sms and t he ki net i cs
of pr ogr essi on f r omi nact i ve or i mmat ur e pr ogeni t or cel l s t o
act i vel y r esor bi ng el ement s . I n f act , sui t abl e mar ker s f or
i dent i f yi ng ost eocl ast pr ogeni t or cel l s t o t er mi nal l y di f f er en-
t i at ed el ement s i s st i l l mi ssi ng . Hor mones, gr owt h f act or s,

i nt er act i ons wi t h bone cel l s of di f f er ent nat ur e, as wel l as

wi t h or gani c and i nor gani c subst r at a, seemt o i nf l uence t he

di f f er ent i at i on and act i vat i on pr ocesses .

Or i gi nal l y, mononucl ear phagocyt es wer e consi der ed t o
be ost eocl ast pr ecur sor s on t he basi s of t hei r mor phol ogi cal
and enzymat i c pr oper t i es as wel l as t hei r capaci t y t o f or m

mul t i nucl eat ed gi ant cel l s ( 65) , but i t was concl uded l at er

t hat macr ophages per se wer e not i dent i f i abl e as t he pr ecur -

sor cel l s of t er mi nal l y di f f er ent i at ed ost eocl ast s . I n f act , evi -

dence f r om t he f et al bone r udi ment co- cul t ur e and t he os-

t eopet r ot i c t r anspl ant model s demonst r at ed t hat ost eocl ast s

ar e not f or med by t he f usi on of mat ur e monocyt es and mac-

r ophages, i ndi cat i ng t hat t he ost eocl ast pr ogeni t or i s a

pl ur i pot ent hemopoi et i c st emcel l ( 12, 61) . Mor eover , mac-

r ophages ar e di st i nct i n phenot ype and i mmunot ype ( 29, 30)

and l ack cal ci t oni n r esponsi veness ( 15, 48) . On t he ot her

hand, Udagawa and co- wor ker s r epor t ed t hat ost eocl ast i c

cel l s may al so be der i ved f r ommat ur e monocyt es and mac-

r ophages i n cont act wi t h bone mar r ow- der i ved st r omal cel l s

( 71) . Thi s suggest ed t hat monocyt i c cel l s may al so gi ve r i se

t o ost eocl ast s under t he i nf l uence of l ocal bone f act or s pl us

syst emi c hor mones such as 1, 25( OH) 2D3 and dexamet ha-

sone ( 71) . Gi ven t hese conf l i ct i ng f i ndi ngs, t he avai l abi l i t y of

a cl onal cel l l i ne of pr ogeni t or cel l s abl e t o di f f er ent i at e

i nt o ost eocl ast - l i ke el ement s under appr opr i at e st i mul at i on,

mi ght be of gr eat advant age i n under st andi ng t he pat hophys-

i ol ogy of ost eocl ast s and t hei r r el at i onshi ps wi t h ot her bone-

der i ved cel l s . Her e we descr i be t he est abl i shment and char ac-

t er i zat i on of a cl oned l eukemi c cel l l i ne of put at i ve ost eocl ast

pr ogeni t or s . I nt er est i ngl y, t he pat i ent f r om whi ch pr i mar y

cul t ur es wer e obt ai ned, suf f er ed i n t he t er mi nal phase of her

i l l ness f r oman ost eopet r osi s- l i ke syndr ome . Thi s l at t er f i nd-

i ng coul d be t he r esul t of a def i ci ent pr oduct i on of mat ur e os-

t eocl ast s because of t he neopl ast i c t r ansf or mat i on of t hei r

pr ogeni t or s and l eadi ng t o an unbal anced bone f or mat i on by

ost eobl ast s . Thi s si t uat i on cl osel y r emi nds t he l ack of t he

mat ur e neut r ophi l whi ch accompani es t he neopl ast i c t r ans-

f or mat i on of myel opoi et i c pr ogeni t or s i n acut e myel oi d l eu-

kemi a . Our bi ol ogi cal char act er i zat i on of FLG 29. 1 over al l

i ndi cat es t hat t hese cel l s may act ual l y r epr esent ost eocl ast

pr ogeni t or s .
The composi t e pat t er n of membr ane ant i gen expr essi on of

di f f er ent i at ed FLG29. 1 cel l s i s ver y si mi l ar t o t he sur f ace
phenot ype of f et al bone ost eocl ast s : r eact i vi t y wi t h t he CD9,
CD13, CD32, and CD42b mAbs, st r ong r eact i vi t y wi t h t wo

mAbs 23C6 ( CD51/ VNR« chai n) , and 13C2 or i gi nal l y de-

scr i bed as ost eocl ast - speci f i c mar ker s ( 30) , al ong wi t h t he

pr esence of a r est r i ct ed number of cel l adhesi on mol ecul es

( I CAM- 1/ CD54, H- CAM/ CD44, and CD61/ gpHI a/ VNRß

chai n) and of t he l eukocyt e common ant i gen CD45 ( 3, 5, 6,

44

+ sal mon CT

( Per cent of cont r ol ) § p

Adhesi on 54 t 8* <0 . 02

Mul t i nucl ear i t y 59 t 10* <0 . 02

TRAPase act i vi t y 61 t 3* <0 . 01

NBT 42 t 5* <0 . 001

t PA 75 t 3* <0 . 01

Pl an ar ea 65 t 8$ <0 . 01



30, 31) . The CDl l b ( Mol ) det er mi nant , f ound on i mmat ur e
pr ecur sor s but not on mat ur e ost eocl ast s ( 46) , i s expr essed
i n TPAt r eat ed FLG29. 1 cel l s . The exi st ence of CD31 ( gp

Ha) i n FLG29. 1 cel l s i s t he onl y di scr epancy f ound bet ween

ost eocl ast i c and FLG 29. 1 cel l ant i gens . Mor eover , even

t hough t he f ew publ i shed st udi es f i nd no CD31 expr essi on

on mat ur e ost eocl ast ( 6, 31) , a syst emat i c sur vey of gpHa ex-

pr essi on i n i mmat ur e ost eocl ast s or ost eocl ast pr ecur sor s has

not been per f or med t o dat e. Ther ef or e, CD31 expr essi on at

speci f i c st ages of ost eocl ast i c di f f er ent i at i on cannot be ex-

cl uded . The l ack of det ect abl e CD14, CD33, CD4, CD35,

CD36, CDl l a ( LFA- 1) , CD25, and MHCcl ass I I ( HLA- DR)

mol ecul es char act er i zes FLG 29. 1 as di st i nct f r ommono-

cyt e- macr ophage cel l t ypes or macr ophage pol ykar i a ( 6) .

Si mi l ar l y, t he l ack of CD41 ( I I b- I I I a) and of f act or VI I I - r e-

l at ed ant i gen f ur t her di f f er ent i at es t he FLG 29 . 1 cel l f r om

megakar yocyt es . Not e t hat t he onl y macr ophage- speci f i c de-

t er mi nant CD68, i nt r acyt opl asmat i cal l y expr essed by FLG

29. 1 cel l s, al so has been f ound r ecent l y on bone ost eocl ast s

( 4, 6) . Fi nal l y, usi ng Kn22, a uni que n Ab t hat i dent i f i es an

ost eocl ast pr ecur sor , we wer e abl e t o det ect t he 50 kD ant i -

gen, a membr ane pr ot ei n pr esent on pr e- ost eocl ast s and ma-

t ur e ost eocl ast s ( 35) , i n TPA- t r eat ed FLG29. 1 cel l s, whi l e

undi f f er ent i at ed cel l s wer e negat i ve . Taken t oget her , t hese

dat a suggest t hat t he over al l i mmunophenot ype of TPAt r eat ed

FLG29. 1 cel l s i s f ul l y compat i bl e wi t h t hat of cel l s di f f er en-

t i at i ng al ong t he ost eocl ast - l i ke l i neage.

Fur t her evi dence of t he si mi l ar i t y bet ween di f f er ent i at ed

FLG 29 . 1 and ost eocl ast - l i ke cel l s i ncl ude mul t i nucl ear i t y,

TRAPase- posi t i vi t y, capaci t y f or r esor bi ng mi ner al f r om

bone f r agment s, and cal ci t oni n r esponsi veness . Onl y t he l at -
t er f eat ur e, however , i s consi der ed a r el i abl e and ear l y

mar ker f or ost eocl ast i c di f f er ent i at i on i n vi t r o, bei ng absent

i n cel l s of t he mononucl ear phagocyt e l i neage ( 25) ; t he ot her

f unct i ons ar e f ound i n macr ophages as wel l ( 23, 26) . I ndeed,

CT r ecept or s wer e shown t o i dent i f y mononucl ear cel l s

commi t t ed t o t he ost eocl ast l i neage and ar e expr essed bef or e
t he acqui si t i on of bone r esor pt i ve capaci t y by ost eocl ast s

( 25, 37) . Cal ci t oni n t r eat ment of di f f er ent i at ed FLG 29. 1

cel l s was al so associ at ed wi t h cel l ul ar cont r act i on, as pr evi -

ousl y shown i n mat ur e ost eocl ast s ( 49) . Accor di ngl y, i ncu-

bat i on wi t h CT dur i ng t he di f f er ent i at i ve per i od i nduced

r educt i on of cel l adher ence, of mul t i nucl ear i t y, and of ex-

pr essi on of sever al enzymat i c act i vi t i es. These f i ndi ngs t o-
get her wi t h t he demonst r at i on of speci f i c bi ndi ng si t es f or

CT i n di f f er ent i at ed FLG 29. 1 cel l s cl ear l y demonst r at e a

speci f i c bi ol ogi cal f unct i on of t he hor mone i n t hi s cel l l i ne .

Di f f er ent l y t han expr essi on of CT r ecept or s, TRAPase, and

mul t i nucl ear i t y ar e r el i abl e mar ker s f or ost eocl ast i c pheno-

t ype i n bone, but t hey ar e unr el i abl e mar ker s i n cul t ur e ( 26) .
And t hese concl usi ons ar e f ur t her suppor t ed by t he l ack of

cor r el at i on of sever al of t he ost eocl ast i c f eat ur es of di f f er en-

t i at ed FLG 29. 1 cel l s wi t h mul t i nucl ear i t y . Ul t r ast r uct ur al

st udi es al so r eveal ed di f f er ent i at i on of FLG 29. 1 cel l s t o-

war ds ost eocl ast - l i ke cel l s ( 22, 42) . The FLG29. 1 cel l s i n-

deed acqui r e i n cul t ur e some ul t r ast r uct ur al f eat ur es of

ost eocl ast - l i ke cel l s ( 22, 42) .

Under t he cul t ur e condi t i ons used i n t hese exper i ment s,
FLG29. 1 cel l s expr ess onl y some ost eocl ast i c f eat ur es . The

di f f er ent i at i ve agent used i n t hese st udi es, TPA, i s nonspeci f i c

and known t o pr i me ot her l eukemi c cel l l i nes t owar ds t he

macr ophagi c phenot ype ( 59) . I nt er est i ngl y, Su and co- wor k-

er s have r ecent l y shown t hat act i vat i on of pr ot ei n ki nase C

Gat t ei et al . Ost eocl ast Phenot ype of a Novel Leukemi c Cel l Li ne

i nhi bi t s bone r esor pt i on i n r at ost eocl ast s ( 64) . Ther ef or e, i t

i s possi bl e t hat under ot her cul t ur e condi t i ons, f ul l y devel -

oped ost eocl ast s may f or mf r omundi f f er ent i at ed FLG 29 . 1
cel l s . I n t hi s r egar d, Kuki t a and col l eagues ( 36) suggest t hat
i nt er act i on of ost eocl ast s wi t h bone mat r i x coul d i nf l uence

cel l di f f er ent i at i on . I t i s wel l known t hat ost eobl ast s ar e cr i t i -

cal f or hor monal l y cont r ol l ed ost eocl ast i c bone r esor pt i on

( 16, 44, 57) . Mor eover , mar r ow- der i ved st r omal cel l s can
suppor t ost eocl ast i c cel l di f f er ent i at i on i n co- cul t ur e wi t h

spl een cel l s ( 70) . Fi nal l y, one not es t hat exi st i ng i n vi t r o

model s of ost eocl ast i c r esor pt i on r epr esent mi xed cel l cul -

t ur es, t r ue ost eocl ast s account i ng f or onl y a f r act i on of t he

t ot al cel l popul at i on .

I t i s of i nt er est t o not e t hat t he st er oi d hor mone

1, 25( OH) 2 D3 , known t o cont r ol t he di f f er ent i at i on of myel o-

monocyt i c pr ecur sor s t owar d t he macr ophage and/ or ost eo-

cl ast l i neages ( 1, 2, 7, 27, 54, 58, 68) , act s as weak i nducer

on FLG 29. 1 cel l s . A number of l i nes of evi dence mi ght

j ust i f y t hi s l ack of hor monal r esponsi veness . Fi r st , i n t he

cur r ent l y accept ed ost eocl ast di f f er ent i at i on scheme sensi -

t i vi t y t o 1, 25( OH) 2D3 appear s at a l at e pr e- ost eocl ast st age

( 46, 67) . I t i s, t her ef or e, concei vabl e t hat undi f f er ent i at ed

FLG29 . 1 cel l s bei ng ar r est ed at an ear l i er mat ur at i on st ep

ar e not sensi t i ve t o t he act i on of 1, 25( OH) 2 D3 . Second,

1, 25( OH) 2 D3 i nduces an i ncr ease i n bone r esor pt i on i n vi vo

( 7) , i n or gan cul t ur e ( 27, 54) , and i n l ong- t er m bone mar r ow

cul t ur es ( 58, 68) , but has no ef f ect on t he r esor pt i ve act i vi t y

of i sol at ed ost eocl ast s ( 18, 20) . Thken t oget her , t hese r esul t s

suggest t hat a cl onal cel l popul at i on, l i ke FLG29. 1 i s, may

not be sui t abl e f or demonst r at i ng t he di f f er ent i at i ve act i on of

1, 25( OH) 2 D3 t owar d t he ost eocl ast l i neage, because of t he

absence of ot her cel l t ypes t hat may i nf l uence t he r esponse

t o t he hor mone ( i . e . , ost eobl ast s and/ or st r omal cel l s) .

We r epor t her e t he devel opment of a human l eukemi c cel l

l i ne t hat , upon t r eat ment wi t h TPA acqui r es some f unct i onal

and ant i geni c pr oper t i es of mat ur e ost eocl ast s, al bei t f ur t her

st i mul at i on mi ght be r equi r ed t o devel op t he whol e f unc-

t i onal r eper t oi r e of t er mi nal l y di f f er ent i at ed ost eocl ast s,

such as cavi t at i ng bone r esor pt i on . Thi s model shoul d yi el d

det ai l ed i dent i f i cat i on of many of t he st eps and mechani sms

cont r ol l i ng t hem, f or di f f er ent i at i ng t owar d ost eocl ast s .

Mor eover , f ur t her exper i ment s mani pul at i ng t he cel l envi -

r onment may l ead t o el uci dat i on of t he compl et e pat hway f or

ost eocl ast devel opment f r ompr ecur sor s .
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