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jBS'lRAS;. 

lu 1971, Hagcnbeek ct al reparted tbe iDduction of 

tue Brow n N orway rat aiter in ject ion of 

9, 10-dl..lltayl-l~,- l:enzant.hracene .. The cells of frolly("::l-ocytic 
, 

the ~niaal siailar t~ the 

bUIIc1n dl...ieJ..;iO wlth ,inva:Hon 01. thf' livN:, s~leeD and lIarrov, 

suppression ù1 n01:lal l:lood ~lellent.i atal d cda)ulopatby. 

Hov€ver, at~u.~t~ to ~stdLll.~b th~~e cells i~ lon~ tec. 

culture adV!.: D\Sen unsucc€sstul rC':j.uiriuy 1.n vi '10 "aSSiltJe for 

.aint~h~nce. In. the pres~fit stady, d sUbp~puldtion of cells 

ca~able vi. i;'roluoration in vitro vas obtal.Ded tro. leuke.ie 

l'lits Al t nou'lh they appeac to be less lIature tb.1D the 
• 

pdrent, tuey ratain . l . 9 a pa[tl.a eapabl.ll.ty for 
. 

lIaturation·vhen 

---returnt...l ta in yi vo conditions. u5in~ tbts€ eells as 

i •• uno~ena Sl.t lIurl.ne .onociouai antibodies vere ottained that 

appear tJ o~ .yeloid reldtEd. Tbese celi liD~S' and antibQdy 
1 

• 1 

.~rlers ~toyiie 'a unique .odel for st~dyin9 the control of 

early stJ.'.les of ctllltalar. Iegulation in .yeloid leuke.ia. -
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En 1977, fi i<j€nbeelt developpai t uno leuce.ie rlans le _ritt 

, .. ,. 
"Brown Nvrwày" apc~s It:!ur avoic inject~ du 

9, 10-dilia~hy 1-1, 2-boanzan t1Jracèfl'~. C~S cellules '1e type 

'. ,. a celul. .)O..i€CVcl ..;nez l'hcIIDlt-> c.a.1. ~1l'Ya!il.O{i du toi, :.le la 
. "., 

rite ~t J~ Id ~.)~ll& ~sseusc, ~u~~ceGsiQn des ~l~.cnts nor.aUI 

,. " ju san:] et Uh~ coa;jul0l-athiê. CcpHldiH.t, il n'd l'ilS ete 

.. 
possible jus j\1'1 1 rCEllnt dt. lidl.nt< hl.r ces .:el.l.ul&s en culture. 

-. "II'." continualla, ~c~ jernl.er~E deœanddnt ~ ~Lrû 'lfiJect~es Jans le 
,. 

Càt pour sarvivre. OaDs·cette ~tudc, uu~ 50us~opulation de 
, 

celluleu votdDue ~e rats Ipuceml.ques ~5t cdpdbl~ 1e vivre en 

cult ure. ":e.::i ':;c!lJ.~~ .0 i en gUll .oins diff(:['(' nci:~s 'en 'lot co, 
, -, , ~ ., 

peuycnt eVO~Qcr dU sta~e lrc_yelocyt4irp en etdnt rel.njectees 

dans le Enfin, le 
,. 

àeY~ 10 p pa aen t six dnticocps 
, 

.onocl~n~ux Je 3~uris per.ct une ~lus a.ple caracterization de 
, 

ces cellJ4eâ. Ce~ li~n~e~ de cel~ule5 diosi que les anticor~s 

" obt"nu:.i l.,)ril~ot un IIcJel uni'lue 
, 

qui pûraet l' etude .j U control 

nec~ssau:~ d\uX t're.lars stades 
41' 

Je Jifferenciation dans la 
, . 

leaceal.lI3 il1 el:oi le. 

1. , 
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Photag~d~~ 1: P 84 

Photagrût'llS aL stlE~n cElls of rats made lÉu}cfoliic' with the 

parent ~~ne ar~er tht€€ WEEks in culture. 

Photograp.l1 Il: p' 85 

~hotG.~cro9rd~hs of 'ïtOCEDttifug~ preparations of E5ftL c~lls. 
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,Figures pp·87-98 

Fig la · Enz j'me s iJJ:E.:ent in }lilllarJ and seccnàary granules · 
Fig lb · ,'Iut:! c(.11 cjclt · 
Fi9 1- i:'o.=Jtu la tE d lin€dges and I€laticnships of 

hemdtoko~~t~c trcjer.itcr Ctlls. 

1i .. 93 .: D.i.d)LdiJlIldtic rEILEsEntation ct neutlol-hils life-span 
1 

and st~}e~ ~t ~3turat~cn. 

F.Lg 4 [i,U"]..érs prEsent (Il K5t2, ULtO, :1L-2 and flG-l. 

F~y 5 : ~eLcuntd~es'ot hEBCloietic cells ~rEE€nt in rats bane 

.: Lnc~~cal ~tru(tur(s ct retinoic acid, d~metbyl 

s!llfoxl.ue, ...t'Hj· ." 12-c.l.l(E::th~1 benzanthracen,,: • 

fi -J 7 .: CytoCù€w~cél cbéractErization 0.1: the BN myelocytic 

leukelHd. 

Dos~-~ucvivdl (UlVE tor BNML cell.: taKer. from the 

Fig ':J .: l.H:<1sts, ~acrOttaçES and Fibroblastt in 14 daj's 

~ . 
·culturt::. 

l.l;l 10,>':. .s~ze~ - 0.1: fUDcticllal ccmlaItments at tte terminal 

stage ot th~ U~ML. 

Fig 11 : NùJloer aI alive ênd ê€ad cells as a function of ti.e. 

·Fig 12 : SUœllld.I:j of c~ract€ ristlcs of leuke.ic lin€-
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"En ae ~appelant 
, ,,,,,, 

gue j'avais freque •• ent ObSErye un etat 

anala~ue dans lE ,sall~ d'j.lldividus chez lef'quels on ne 
... 

pouv~it pas sou~ionnEr la presenc~ du pus, je suis plus 
.- , , 

potte d croire a uJOu rd' hui -1ue l'exces des globules blancs 

ti~n t. j,J.J. utôt dU défa ut de transforlla tion de ces globules 

en j~obules roug~s, 
, A 
a UDe sorte d' arret 

,. 
dans l'evolution 

du sany, " 
l'a ... 2U ci fresence de globules d'une nature 

étrangère, comlle ceux du pus......... 0 'aprÈs la théorie 

que j'di donnei de l'origine et du lIode de forllation des 

globules san~uins, la surabondance de-s -1lotules blancs 

D'aurdit rien ~ue de Daturel en pareille circonstance; ce 
, 
ne serait, encore un fois, que le résultat 

~ 

d'un arret di:! 

dével'>i>peaent dans CES particules trdnsitoires." Alfred 
, 

Donne ( 3.l ) 
. 

sinet.! 
, 

Donne's description of the dDerrations of white 

blood celis in 1844, -the~\ ()bservat~ons aade cn leukellia have 

progressei.! consideratly. cronltite' (28), can now give a lIore 

appropriate de~inition: "Leulteaia is a disease of aberrant 

white celi proliferation 'chdracterized aivays by defective 

cell maturat10n and divergence from steady. state cell 
'" 

prolifera t~on which lia Y , depending on the stage of the 
..,,' 

disease, resu.J.t in cver or underproduction of leuke~ic and 

normal ;;ells Il. An unde r standin~ of the etiology and 

• pathogenesis of leultemia bas not yet been reached. The nature 
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of the eidct" aecàanisas uDdex:lying eel],. d.iftExentiation should 

be studieJ in order to uader&;taod the, block iD cell aaturat.ioo 

that occurs in leukeaia. Yaluab'e inforaation on the ,arious 
o 

staq..e..g of cell differeJltiation can lie 9athered vith in vitro 

aodels. This research tas been directed aore particularly 

tovards thEt study cf acute ayeloblastic leokeaia (A"L ) • 

First, an .:tcute ayeloblastic. cell line vas derived fro. an 

Brown Norvay rat ~rovn ia ..--
vi,o. The stdije of o.lffereutidtion of these cells and their 

respon~e to ad tu ra t ion' indueiu,) a'lents vere then de terained. 

Finall1, 181elol.J ce 11' s udaee antigens vere identif ied I1si.o9 
o 

autin e ilol!oclonal. anti bodies., These cells nOIl el tend the 
~ 

liaited nUIlDer of IIJEloi.d '1ines 
o 

availab'le and pote~ti.ally are 

a
o 

usefl11 lio,je1 in vhieh ta stady the ,contrc.llill9 events in 

early .yelaD 1a:;t _,at uraticn. 

The fust part of this the~is vi11 out1iQE thé process of 
.. 

nonal ~ra.n ulopoiesis ~ 5 lie11 as disCllSS the two relevant 

.a turatioll h10Jclts ocur rin 9 in clcllte Iye 101: las tic and 

leultelia. The tew hu.an IlYEloid ce 11 lines • 
awailaola then vil.l ne dEscrlbed folloved by a dEscription of 

the .ode! stud.l€d in th is thesis i • .e. the Bravo Norvay rat 

proalelocytic laukeaia The second paJ:"t vill describe the 

developaent of the in vitro cell line. Fina 111, the 
~ 

"properties and ant:lgenic characterization of the cell li.ne 

wili be disCllssed • 

" 

10 
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The .aJor 0l:gan5 of tbÈ haeaopoietic 'sYste. are the bOlle 

aareov ,stl1een and Iy.ph nodes • fta,ture blood ce'lls are highlY 

differenti~ted but short liyed. They aIl arise troa 

.u1tipotent~dl neaopcietic ste. calls ,vhicli !laVE high self-

reneval .lad reJent!cati'fe caI-dcity Such c ells gi va rise to 

others, t'coyr<1 •• ed to dit f EI:e Ilt,ia te in a certa in lineage.. lUth 
() 

aaturation, their capacity for qrowth and change is diai.nished 

uDtil, as .dture feriphecal blood çells, . ~hey coapletely 

105e tlle ab~~i ty te Fee l,ifeute (98, 2~) • The s lleen cOlony 

aetho~, :iescri.c-ed by Till and flcCulloch (120) is ail assay for 
1 

.ouse tllul"itl0tent heaOpolEtic ste. celis, CFO-S. On der proper 

condit1.oQ::i .l.n tue 5 f1een, thesp- CFO-S cells can re Frod \tee as 

risE to cells diffeI:entiating along the 

erytbro=yte, \:irdnùlocyte, laonocyte or .egakaryocyte pathvays • 
o , , 

flle coaaitaent Jf heaopoi.E'tic ste. ceils to certain lineages 

aal depenà on a specitlc heaopoietic inductive 

aj.croenv icon.en t in the DClI.le larrov and spleen, as well as on 

specifie re~ulatoJ:.E (S8, 125->. " For instance, CFO-S 

prolifer~tes in vitro ~ith p'costag !.andin E FJ:odqced bJ 
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aacr:>phaJes (23). Olle ot tb~ progeDl of CFU-S. elU-Gft, giY&S 

rise in vitro ta bath ~rallulocytes and mononuclear pllagocytes 

in th~ pres.nc~ of several t~ct~rs (glycoproteinS) 

collectively called colony sti.uldt~ng tactar (CSi) (9~CSF 

biDds t-> \ldrrOV ::~lls ,,~th subse'1ll~nt l.nternalizatian and 

degr.l.ddt.l.Oll (102). A~ vell. it ildy oe dn illl-ortant tactor !,!1 
, , 

" Y1YO fOI: lJro1i:terdticn and ditierentiatior. oi CFU-G~. Hence r 

qader control. of specl.tic r€~ulators and in certain 

heaopol.etl.c nl.Cd€s. CFU-li! vill 9iv(': rise to My€lctlasts", the 

first Ctlls entirely cOluitted to becoae ntutrophils • 

. leutropail Ali,fferegtiatig, ~tages 

1) Ine lUELOBLASTS constitute betveen 1-5% of nor.al bone 

Mlarrov and are never present in ci·rculatin':J blood under nO[,lal 

ci rcu.st ~nces. Thes € cells have a hi;lh llucl.ear to c ytoplasaic 

ratio dnJ, 1-8 nuclecli. 'Ihey do not contain ~ranu.1.es and 

tbey lack ayeloperoxidas€ • 

2) :llle PiiOltYELCCYTES have a round nucleus dnd visible 

nucleoli.. pri.a.ry 0 J: az u rOF hU granules ar e nov Fresent (500 

na); tha cells are highly Feroxidase positive (Fig 11). 

J) fd() MYELOCIIIS have a smaller nucleus vith aiBi.ally 

discerniole nucleoli. 1be presence of peroxiëase-negative 

specifi:: or seconda,[y granules (200 na) cbaracterize this 

std.ge ( Fig lA). 

4) The META!YELCCYTES, BABOS, and lIature NEUTBOPHILS are 

Don diV' idin':l celis and accuaul.a te 91.1c0ge D particles. The 

nucleus beco.es deekly indented. 'l'he specifie granu1es are 

12 
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then tv ice dS ablludant .u: the azurophilic granules.. The 

neo.trop.nil will aC'luire ::equentially its t unctions i.e. al 

phagocit.J31.S,.b) lIicr CUla l k illing, c) randoll lOCOlloti'>D, and 

d) cbea.:>t<iUs ("3), so as to becoae d major pcu:'tici1Jant in the 

body's lefellse .:i':;J,linst .1nvasion by microorJallislIs. The aboye 

descrit-'t .1on ot and lIO Ct: s peei,:: iea 111' ' 

granu.11Jt>Jle.il.S (8) .l.S su •• arized in fi] 2 and Fi9 J. 

Lellkelll.a can èe 1;} 1: ou ped 
\ 

'. br .orphology. chro.osa.al 

aberrat.l..lDS • surfileE glYCOfIotein p:t tterns (5)" glyeol.ipids 

profile(72) d..i weIl as br enzylldt.1C aetivities (61)., Froll the 

Y3cious clahdes ot leukelia" unlr dcute Iyelcblastl.c leuke.ia 

(FAB cl",;s:;;i1.ic.:ltion: lI1 vith no IIIdturation or 62 with soae 

and acute fIo. yelocytic ( FlS 

classificdtion : ~J) will ~e consider~d. 

In tiUS leukeaia" a block in cell .aturation reso.l.ts in 

accoaul.a tion of 81eloblasts con taining Yery sIIal1 a.ou.nts of 

receptors tor IgG frag.ents aI reeeptors for C 1 aJld C2 

coaplemen t co.pollen tE (SB) 'i n tbe blood anri bone .acrov. This 

acculluld tion i5 accc IpaniEd t1 failure of nor.al bae.opoiesis. 
, 

the effect ot ~eut.e.ic ayE.l.oblasts on nor.al .yelcid col.onies 

is Dot clear" althoogh sUfFression of noe.al hE.ofoiesis by 

r 
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leuxeaic <,;.:115 shown in .. oae cases 

Leuke'0-Jeuesi .. due to actiy~tion of' oncogenes or to 

spontane'>Uti or uHtuced matutiltilln see.s to oceue at the ~eYel 

ot the ~~uri~0tent ~t~m cell ( 2 2, Il t\, 11, 8 9) • !:tudies vj.th 

Glucose- 0- i:'blltit>a~ te- de by li rog cnaf>€ het rlozy.; 0 tes illi;-lies that 

leuh:llia i~ elon,ll ùisease i.e. 

lellkello'jeneSl!.i occur.e in a single steli celle Tbi.:3 l~lu,eaic 

c~ll " 15 [~~licdtl.oG D~t cannot mature 

co.pletel y to tne t ur.tcticna l llt'U trofh.1.1 sta >jE: .lnd d pi-ears to 

be blvclted lJè'tween th~ llyelolJlast J.ud t;>rollyelocytc st4qes. 

Tlle ClvDiL orl.jl.n CL leukG~ià is al~o su~ported by specific 

ChI"Oa0301ldl .:=hân':les. A tI:an~ loca tl.vll (d; 21) is oftt:!n fou nd in 

lyelohldstl.C leJkellld "lU, aatur-ation ( 10,11). 

cells can be divided: 1) a rapidly 

prolifer.ltin] pool lccateà in the bone fIlarrow vhere they fora 

15-35" or larrew lE:ukpaic blilsts and .:!) a quiescent pool 

consist1.D-j ot cells that will die, celis tbat .ay partially 

diff eI"entiat., a ad CE..lIs tha t viII remain iD a 10n9 G 1 cell 

cIcle ph.1~e ( F.l.j lE). 'Ibis last pool is the acst diff.l.cult 

to eradl.Cdte vitn sta.ndard therapy (69). FinflllY, aeute 

ayeloblastl.c lellkesic cells do not fors in vi tro colonies in a 

tashion süular ta norsal celIs' (86a). Autclogous antibodies 

directed dgalDst leokesic .lIyeloblasts of fatieot's sera in 

reaissiJn "ave oeen tepor t€d (6b). Soae pa tien ts .. i th AllI. have 

l.s.une calf lcxE's, an observation usually 

associa ted wit b tl:'!vet: and shcrter I"esissions (19). Ontil nov, 

intensive chesotberaFY cytosine Arabinoside,' Daunoru'bicin) 

ta produc~ oone aarrcv dflasia fo~loved oy saintenance therapy 

is the usaal treataent for AftL (lOS). Fifty to seyenty 
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percent OL patients iith A!L can achieve re.issioD. Long tera 

disease tree sQrv~vdl is attained in 15' of patients. 

In tn,l.!:i JiSCdS€, lIost OI: the leukellic cel s do not lIature 

aCCU.Uiate dnd CJDstitut€ 40-bO~ of celis on ~eripberal 

blood tl.Iil 
.. -,P 

APL , CO.lir ~siny acute 

non-,ly lIpUJcy tic ieukelli a, is af;socia tcd "ith ..l bleedin<} 

tendency ( petechiae, " ecchymoses, gin~i val bleeding, 

intracraULal ùnd pUIlIOOdIY b~.orrhaqe). 1 prolongation of 

~rotbroaOln ti.~ is ~resent ~n 70-90~ ot cases as vell as . 
increaseJ tJ.briuogen cdtabolisa witb [EducEJ plateJ.et 

survival (121). Cbductelistic fibr inolytic enz ylles. have not 
<,.' 

fet bE~n t~~nd J.D leukeaic froayelocytes (4b). As in the ~ase 

of acute II/eIobla~tic leute.ia, APL often ~s associated vith a 

'-il cytogenetJ.c t(15:17) (q25 or26: q227 ) 

(10,1',29,4\J). Treatlleut is si.iIal' to that tor JilL. 

( 
Pour IIdjor hUlian ayeloid leukeaic liDes (aoQoclonal lA 

ori9io) have Deen derived (75) : HL60, KG-l, KSE:2, and 1lt..-2. 
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HLbO cells ware ,1er i vcd froll I;leripheral blccd leukocytes 

adult felale with The cell.s are 

proayelocytes and contain larqe azurophilic granules; they do 

not expce~s Id antigen ~n thcie surface since Ir?myelocytes 

seelD to Iose this structure (74). 3canulocyte maturation. of 

the HLb Ù ce Us can be ind uced by agents sueh as dimetllyl 

sulfoxide, retinoic dC id, bu tyric BeLl. dnd trietbylene glycol. 

HL60 cells,eldborate severai factors! 

a) a factor of ap};,*cent l10lecular lleight 13,000 s€elDS ta 

sti.ulatc their ov n 9 co'v tb , hence explaining the optillal 

growth rates obta~n€à at t.igh cell density (17). 

,b) à ir.lctor of apfarent lIolccular lIeight 500,000 called 

leukellia associat~d inhibitct could be inyolved in inhibition 

of Docaal' ~rallulofoiEsis 199). Fioally, HLoO celis as weIl as 

.. 5&2 celis deserited telov) see. to have higber specifie 

activit~es 01 cytoscl eAMf-indepenJant_cdsein kinase dnd lover 

activation oy cA~P of their cytosol histone kinaSE coapared to 

the noraai ayelcid CElis studied ( 36 ). 

16 
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~-was dErived froa the bone-iartcw of a mau 

vith erythroleukeœia. ~os t of ,these cells dre' at the 

ayeloblast and earl y promyeloeyte stages; th e ma je ri ty express 

the 1.1 dn ti'.1en (74). A variant s ubline KG- 1 a has beau 

described by KlJeftler et al (13b) whieh cOIlsiste laostly of 

blast celis whieh de not Express the la antigeL and do not 

respond ta CSl" (unlike thE:' parent cclI line). 

K5&2 VdS ùerived froa the pleural fluid of a patient Jlith 

cnronle _yeloid Ieuke.ia in blast erisis. They are blast 

ce~ls ( perùxidase DEgdtiv~) vith no Id antigen on thair cell 

surface dud Dave been SU9'1ested by so.e ta be earlJ 

pronoraooJ..asts ;. 

t!L-~ is 

llino~~- al 

au acute promfelocytic 

(93) • 

eàll liGe deriYad by 

The celi ~arfacE marlers of thase 4 d~ffe[ent cell lines 

Cau be seau in Fig ij. these aarkers alsa ean be found ou 

nor.al ae.o~o~etic cells at various stages of the granulocyte , 

lineage; no leule.ia spEcifie antiJ€D has bEeD fcund on the 

ce~l surfàce of thE available cell lioes, so' far. This 

11 
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antigen,il: it ~.xists, may be l-resent in Yecy saal1 ,~uantities 
\ 

and therel:oce Dard to detec-t lu.tn antiserua. The use of t~e 

hybridoaQ tecnD1~ue .hich f€Ia1ts the derivdtion cf antibodies 

specifie aya1nst ooly a t€~ aa1DO acils should lead ta further 

characteC1ZdtLon of the leukemlc cells dS vell dS to the 

possible iJeütiiication ct a leukpmia specific Q cr assoc1ated 

antigen. 

These ~ in vitre mode~s are usetul to study the cytology 

of .yeioi~ l~u~e.ic cells lut Decause of their huma~ ori9io, 

extrapolol ti.on ot 1n y il l C t indin':is t 0 the cordi tions i~thé 

vhole anLllal usuall) is Dot possibl€ • 

On tn~ other han! ,iL vivo and in v1trc dni_al aodels of 

the Sdae Jlse<!SE can te deri yed. Thf2sE:: peI:.it, direct 

coaparisons bet'ween the in vivo and in vitre systeas as vell 

as chdracter1zdtion of eacb systf.:'a. Such aodels can he 

deri ved in tue rat. 

, 
l 

1 , 
J 

i 
t 
i, 
1 

! 
1 
f 

Il 1lA\ A~ 1 

j 
! 

in rats closely corresFonds to the 

description ~Lven 4ueve tor the hu.an. SpIe~n. lyaph nodes, 

and bone marrow,histclogy i5 also si.iIar except tor the aore 
~ 

liaited re~en~ratiYe cdpacity of the bone .arxov in rats 

(116). Toc .or~oolo9Y of rat gcaBulocytes i5 si.ilae to huaaD 

18 
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except tnat so~e mature feras of gLanulocyt~ contain a ring 

shaped nucleu~ dnd l~ss visi~le grdnules in their cytoplasa 

(116) • Percentd~es ot cells found in the bone marrov ' and 

peripberal ~lood are yiven as refer~nces ( Fig5). The nor.al 

peripheràl wh~te blood cell couot i5 atout 10,000/ •• 3. 

Haeœopoietic ~ctivity is found ~n the spleén of young ~ats and 

usually J~clin~s vita agE as it o~comes prefondErant in the 

bone .arrov. It may r€a~~Ear vith infections or w~th œyeloid 

leukeilid. ln the later case, the nonc ildrlOW will ra~idly 

attain its lIIdxiilUm ce Il C tlast capacity Icsulting in the 

blasts ta tue splten (which can attain 10 t~me~ its nor.al 

size ) ;;lnd otf1~r :> r Cjdns sncb dS the livpr and \ lYllfh nodes. 
1 

Henee, i~ tne spleen, myeloid cells can be \ at various seer. 

stages in tue~r develop.ect. The periph'era l vhite blood cell 

count in il y oa.i: 0 id lEuke. ia usually will De irem 50,000 to 

2uO,OOv/II;aJ. Tne sranulocytic ~r myeloid leukeaic eells 

usuallj Q4Ve co_;lemEnt r~ceftors on their surfacE but none of 

the otDer adrxets ufed ty ~oriachi et al (9 .. ) to classify 

v4rious other r~t leuke.ia~. 

Rat al.lcieJ.s l:O.c granulocytic or _yeloid leute.ia' ba.~ been 

derived eithec fro. SfoDtaneous grovth or bJ induction. It 

_a, 07cur spofitaneously vith age in Yarioo~ stIaius of rat 

(independently of SEX). for ea:a_ille, J, ot cstcrne "eudel 

rats, 14i of.~ rats will deyelop ~ranulocJtic leakeaia as 
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they age (llb). How€v~r, .ost of the elistiD9 rat'.odels have 

been art~ficially inéuced. 
r 

Irrad~ation dnà viruses cause the foraati,n of a fev 
,à 

granulo=ytic leukemids vith very low inci~ence • the lia jor 

pr od I1cer oS of rat ':1ranulocytic leukemia aIe che IIi cal 

carcino-Jens such as N-2-iluor~Dylacetaœide, 

N-nitroso~utylure~, fluorenylamine, tenzpyrene, 

2-acetylawinophenanthrED€ and 

1, 12-d~/letnil (a) antnraceoe (116), (fig 6). IhesE agents aay 

act inJirectlj .lr dircctlj' to transi::>rm the I}€:netic IIdÙ:rial 

of so~e Ae~o~o~etic frecursor thereny caus~ng ~ranulocytic 

leukell&l..l (111). It.:lst of thf.se ag~nts aust undt:rgo reduction, 

bydrolys1.3, JI ox~dation te be active. for exaa~lE, oXl.dation 

can oceur jurin~, tne prostd~landin syntbesis when iree 

ràdica13 ~ce vrQduced ( lipo%ygends~ aay also play a role) 

(4) or by toe cytocl:.rca~ P450 

and in particular 

7, 12-i1iillathy loellz (a) aLthr,ace ne (7, 12-D~BA). are sc.e of the 

• ore coa.olLl.y used cdlcinogeDic inducers • Mewaan (97) 

~~o~oseJ th4t benz(~dLthraceDes (e.~. 7,12-t"BA) can aither 

be .etabollz~d dt pcsitioL 1 or at ~o5itiou 5. The less rapid 

in~l.vu oit 

agent .\th th,=:: 

{vsition ~,seeas to cause cancer. Renee, an 

7 fositicn undvailable dnd tbE position 5 

ayailable vill te carciDogEnic. This 15 lndEEd t~e case, 

since 1-aetüylbenz(a)anthLdc€ne "is carcino'lEnic vhile 

5-fluoro-1-aetul1neaz(a)anthracene is not. 'l'te stroDglJ 

carcinogenlc çffect of 7.12~D"Bl is caused by the crowding 

effect of t~e 2 aethyl 'lIoups; the .olecule 1s there~y onder 

strain dnd vLll be Eyen acre reactiye to e~ternal actiyatiAg 
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vil i èa.a:i e CElls synthesizin~ DNA • 

Huggins et d~ (6~), tound th3t 3-~ pulse doses of 7,12-QMBA 

i~jected i.v. ~n LOD~ E~ans rats l~d ta the develcpmont ,of 

leuke.id (d.&.tfuse hepatie, œye~nous, lymfbcblastic and 

thymie l~ùJC€IHd.) 1.0 <.l high percentdge of rats. Cn the other 

hao~. a sLn~l~ 105e ~t 1, 12-DMBA totallinJ the sa.e amount as 

the several pulse èoses, led aostly to th€ de,€loIme~t of 

In toe ~reseut stud}, eleven ACI rats (160 gas eaeh) 

vere iUJ€eted tbree ti.es vith 2.y 1,12-DMBI (S~g~a) iuto 

0.2als l?rl.st~ne ~.v. threü to four days. apart. cevelopIIent" 

of a ~rdnulocyt~e leukelia in this particuldr strain would 

haVe beeu useful siDee a lar~e panel of bistoccmfdtibility 
1 

reageots dCI::J ci vailat"le tor' further character izati en of the 

leukeœia. Fou~ ~ooths aiter initial injection, anJ over a 

period of ei~ht months, six of the ACI rats de,eloped solid 

le~ tU.ors and one rat de,eloped ascites. Beinjection of part 

o~ the a~~~teti was unsoccEssful. In none of the aniJalswere 
J 

any peci~berdl nlecd atnçr.alities or l~vei and spleen 
• 

enlarqraeot notej HencE, Fulse doses of 1,12-t~EA do not 
" 

cause de~el.oplleut of leuie.ia in the ACl ,rats tiith a high 

frequency. lhi 5 .ay be straiD-re~a ted. 
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Gen~l QesçciEiliJ!. 

In 1977, Ha'j(;obEe.k et al (48,123), reported the induction 

of a promy~l~cytic leukeW1a in tLe Brown Norway r~t DIH1L ), 

t 111: e ~ l.njections of of 

occurrt;Llce of 

lIIyelpid 1.:: uk e~ i.l 1.D' a'::l {:;d [ro w n :'I orWil y ra t.s CD ~n is ver y L'a re. 

The cora,uou\::.....;t 'tJ:n0r in ù'JEÙ ,t<N rats i5 IJl.tuitury dJEDoma (37). 

Hence CIlc:Ul1.Cll .Ln:luctioll is necessary to c:.:;tatlish d mod~l' for 

Al'1L or l.ts sùlJtyJ.-E.: JifL in th, LN rat. 

To~ leuk~ffiic cell~ C~ thl3 trans~ldntdc10 ln vivo &odel 

are prowjulocytes 11-16 U~ 1n Jid~eter. The nucl~us is large 

loo.se cbrcffiatin; large pr1.;nary :lrdliulcs ( 

peroxiJd.3e 1:,ositiv~) <lH. fre~ent in tl:c cytopldslt. Enzymatic 

cbaractcrl.st1.cs ~f these cells are given Ln Fiy 7. The cell 

cycle vd.lue.:; ior bNML derivcd by I1a9(?IJbf~e~ (51) in the silleen 

\ 
are: Tc=1LIh, TG1=O.8h" lS=10h and TG2 +1;2M=3.2h. 'fIlase 

BNML cells conta~n dcubl€; stranùed IlNA. (as tcund Hl Duman Ai'lL) 

as well ~s 2.30 DNA. Asscciat1.0D L€tveen chrcrncEcmes 2 dnd 7 

and sometiQej nEtwC€n chrcrrascmes 1 and 11 ~~ 1 and 12 seem to 

chardcte~~ze th€3e cells. No viral particles yEt have been 

found • 

S~mildr to huma~ AM~, the BNML cells do not farm in vitro 

colonies US~lly dgar, or a total tibrobldst layEr (122); these 

BNftL c~113 must bE {3transflanted in vivo ta survive and 

replicate. Cellular t ransf€ r of 10' cells an d 107 cells i. v. in 
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BY rats ~ed to J.euxe.ic dea th il1 q4 an,d 24 days respEctiye1}'. 

EN rat~ died '~I 
6 

vith 10~ BNML cells 

27 days vith 

i.p, and 2" 

(48). ln tne presEI:t stllel', 

10
7

BlfU" cells i.f., ~9 ëa)E 

days with loBBliiU cells i.E •• 'Ihe dos~ sU1ivi~al curve (Fig 

8), detecmined 1::1 EaçEBt.E,Ek 'shows Hat a .axil'ui tu.ci load of 
12 10 11 

10 cells 1.5 thecreticallj Ecssible 'eyen 
, ~ ~ 

though le-l0 cells i5 

the usua1 tUllor laa ë ~t ~ea th. 'Ine number, cf cElls required 

to Eroduce \l1.SeaSE in S(a of ~DillaJs was otseIlE d to be 25. 

Ptriph€rd~ blood SEEdrs ~ere aade and spleens ~€rE ~dlpated 

evec, week ta cbaracterizE' t'lE evcluticl1 of JHiflL. 

o ) " 

once in Je cted i.ct c tl:e EN rat, tbe pt'O~lelcc"l tes lIig·rà te 
w ~ 

predollindntlj to the bon~allow, spleen and livEr. Cellular 
r$ 

locomot1.on 1.5 one
D 

0 t th factors E:nabling disEe aination' of_. 

Ieukemic cells (103). HOlE16r, Bfi~l cells ale nen-laco.otive 
~ '" IIi th on st/ot mobi1it1 Cclchiciné 'b caUSEE 10ss of 

.icrotubu.les an d a changE i Il 'BH ilL locoaotion thEr et y show ing 

t,he illtlortance ct .icrctul;ules in BHL locollotion (q1). Since 

cellular locomotion dOES Dot seell to te invclved 

,di.ssellüldtioll, it ha~ beED hnothesi:zed that a lytic action of 

acid pàospDatase i't'E'SEnt in ENlU cells 
(\ 

on vaIict~ tissues i5 

involved ~n B.tH!.L crgan infiltration (103). 

As ~n human leI, 2 icc1s of leukelic cell~ have been 
'. 

dist:iD9U~~è'd: a tllEidl} exc'hàngeaLle pool of c~lls (blood) 
p 1 

and a slo111y exchQnçeaJJl€ tis~u€ pool. The latter increases 

in fi:ize as the leuke'mié pcgL€SSeS and U:e Exchan':)es of 

leultellic ce.Lü • .oEtliEEn OJ:gaLe dnd blood dect'eases (!: 2) • 

aboVE, thE tat'get CI':}aDf for BUL 

.. 
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. , , .; 



'" ... - .... IJJIIJ!IIlI •• ", .... 'l!!IIkillflllllll!ll!1I111!tllM ... iI'!J$IIII!I!.:.s:"'"IO!!J • ..., ............. _ ...... • ... , .... k_.,.,. • ..-_ ...... , ..... _ ... _ .. _, ___ • __ ... _._~_ ..... _ .. _._ ...... , _, __________ .... ___ . __ ._~. 

, 

(. 

, ., 
c 

\ltç, 

'. 

predo.~nantl.i are and liver. 

Hagenbeel (h!tt:t.ïned fith-e ~i zes of these tvo Focls descriLEd 
'b • 

"abO'ye in the spleen, liYu, bonÈ .auew and lUDl9~ (Fig 10). 
~ . 

Six daj's dLter illjEcticll ef~ 10
7 

eells i.Y., lartens (86) 

reporuted il brocàdeuinç cf the Gl vfeak ( DNA content .Easured bl 
1) 0 • 

pulse cytophotc.etrI) couesFonding<:J te the alfealéince of BNftl 

cells ln tb~ ~cne lattov. 1here is progressively a decrease 
(il' 

li 
0 0 

in the celluldLlty 
u 0 

jn tbE tene lar.tcw (fe.Ut) 1tJJile the dead 

cell percentdge incHases fICIl~11 to 40' (86!). Aiter day 18, 

'the booe œ&rrow is ttav~ly jntiltrated vith leukEaic cells as 

i&s q~.e ll.,ver, Il'lIb Dodes, lUDgs, 
,; 

kidneys and sflEen. In the 

present study, aiter 
6 7 Q 

in]EcticJl of 10-10 cells ip, t he s~lEen 
o 

attained o. 'jl of. tbE 
li 

total .t:ody ,weight in 
\! li 

the dise<1s~. ~ U~E red 
\il 

(ells 
li 

and ~hite pulp 
~ 

at thls stage. 

tE,1:linal, stages of 
~ 

verE co.pletEly 

has been oi)seIlIEd t ( a ttcf h y d uri Dg , the, progrEssion of the 
u ~ 

leukeaia wll..i..l.e the (.s affEa!Ed unaifected (50). 

As l.n au.an AlI, nCI.al heloFoiesis is 
" 

dEcltased in the 
. 0 

BIUIL lIodel. "Hd~EIl1E:ek. ~arteDs et al <t (5~, 53), s~parated 
J 

Dor~al AeaOpo4etic ste. cElls frcm b~Ml ste. ,cel1~ bï velocity 
o 

~ , 
sedi.entation and deosit} srad~eDts. This .etheê ferœitted a 

& 

better aÜàlJsis CL tte kinEtics of Loth groufs of cells. The 

decrease in norllal hUOFCiE'tic acti vit Y coulà te e~~lained by 

several factors. 

Normal neaopoietic stE. ceàls are redi~tritttEd fro. the , 

bone II<iLIOW te Ue slleEn and liyer as the lenke.ia 

progresses. TheSE ste. cells IebIesent eIly q5l of the 

, . 
1 

j 
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ori9'!'nal paJ:lllla tion aD~ cycle Iess 'effecti Y~ly tbaÎl in the 

bone aarrov' (5'-) • In,inbibitory factor could be relea~ed bl 

BIKL cells to inhibit floliferation of nora.l stEa cells ( 

!:ii.iIar to aLbO cells); lloveYer" such a facteI: has Deyer been 

fOl1ud. Wei. tller has àirect inhibition of stea cells been 

dêaoDstrateJ.' ''Ihe lajor variable fresent in tbis leukeaia 

seeas to ~e the Dev envircnaent ta which the heaofoietic ste. , 

cells are displaced by tbe EN"L cells~ The B5"1 c~lls vhen 
o 

injected, 1nfiltratE thE tone .~rrov es~ecially in the _ .. 

subendosteal region t Ile necessary 

heaapoietic .icroenvironDEDt for noraal stea'cells sceas to be 
, J 

loca ted. The s tell cEl.ts, b"einq disFlaced, i ['Cil tbis favorable 
~ 

enviroDaen t, ùo nQt r€fl ica te as weIl and usu~llJ a re out of 

cycle. -nence, red~str ibu tion' .of DOI:.al precurs:oI:s fro. their 

natura1 niches S€f:as c te te a major cause 'of decrease4 

heao~oiesis ~n this aodel. 

, 
ln ~~reeaent vith studies aade on hu.an IlL, the B.!L 

.odel l'0sess<3S blccd coagulation ahnoraalities. 

Throabocytopenid dnd hYfocoagulability dre present as are 

increased ~evels of fibrin degradation products • A pattern 

siailar to disseaillated in travascular coagulaticll ,has been 

found. • Howeva:r, the BIHH p~o.Jelocytes posess procoagulant 

activitj Dut do not acti vate fibrinolysis (60, J 19,95) • 
o 

~ ADti9~Qi.c Ç;ha~aSi&iri§li5i~ ..... 
. - " 

Williaas et al "(126) sholIIed that soaa 11 hybrids of S. 

and othèr strains sl1ryjye longer after injection" of BllU. 
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cells ta,a. n Jo the hc::aœy~c::u~ aDiaals. Furthe.ou!. tbese sa.e 

El hybriàs dre Icre Ie~istaDt to BI bone .arro~ gratts. ( 

OsuaIly, 1"1 nytrïJs accEJ:t srafts fICI eithEI tteir yarent.) 

rJ..oaly, J:'Ietct.ahent of El hybrids with dN beDe .aIrow (59) 

pro~ong~â ~YtÜ turthEc tl~ life of hybrlds injectEd vith BNaL 

celis. HenCE i:ll!L cElls ~u. to EXpe~s certa,in alti9Ens also 

prEsEnt \ln lJou.ç IdIXCW CE 115. 

V 'helo tMer at;' :i 

Sace tue EI!l .od~l i5 very silila1: te hUlan acute 

IJeloi~ l~u~eaia, lany IeEEarchers have concentratEd their 

efforts to I~nd a SUCCEsstul che.ctberalEutic IE~i.en . 
~raiJinos.l..J~-ci tcsine , 11a-() folloved by Idria'j'cin causEd 

'ceaisS.lon J.ti ao.;t tats injEcted IlÎth 107 cellE i.9. 1he 

the eff.l..cacy of high dose 

cyc19~~os~na'.ldE Lelloved ly total body irtadiaticD is very 

high in t~e ~drli stages cf the disease CuriDg 9C-l00~ of aIl 

uilal's ( ~1,:;'6,11;':). 1ta-( and !etbotreIate'bau beeD used 

separatel,l.11 tbe Ch_E.otbE.X_~IJ ct BNIU (1,2,3). fiE alkJlating 

age~t tUlclluj 4f-lijd lOf4t[ C2 lC JC 10 i'hosi'h a.ide caD destroJ the 

a_aL celLs witbout sEelin~ly dEstxoyiny the ncr.al helopoietic 

stea ce.l.ls (113). III of these studies ShOVEd t hat the drug 

effect dej;)ended Oll tle cEll liJletics. 

26 

f 



( 

\ 

- --

S;llJ~tr;i Il 

.~aBIIAIlçN.Of JI-11-llItiU CE~~ LI!g-IN lHE &' B6. 

Cel13 tro. the spl~Ens cf Brown Horvay rats lade leuÀelic 

vith the Ln vivo-~assdg~d proayelqcytic. lin~ BN~L haye been 

adapted to la vitro culture in RP1H-l&fJO aedina 5upple.ented 

vith ij~ rat s~ru. and 6\ fetal boviLe serua. Th~ ~resence of 

rdt serJ_, which aiso was associat€d vith sUFfression af 

fibrobla~ts, a~pearEQ to te required for initial growth. 10 

contrast to tha !-arEnt, this new cell line (HUlL-fiS) vas 

predoaiaantiy ~yelctlastic under standard cc odi tions of 

culture wLth ooly 4-10~ of cells shov1ny granuIe~ cr staiDable 

peroxidas~. However, vhen Fassdged through an ali_al, 60-70~ 

cantained outb graD~les aod peroxidase. Neither parent nor 

establish~J li ne evclved ta the folyaorph stagE _h€n assesSed 

for ter.Lüal maturation after ezposure ta diaetbyl sulfozide 

or retLDoic dciJ. 'Ihese celis nov eltend t.he liaited nuaber 

of afeloid l~lles dyailablE and fotentially axe a asetu~ .odel 

iD which to stud! tte controllin9 eyents in Earl, ayeloblast 

lattlration. 

1 
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claptEI 1) descJ:iption of thE fUlL .odel 

poiots out tûe nuaElOUS si.ilaritie~ to huaan leI and, aore 

s~ecif~cdlly, to ~ts suttlf{ bu.an .APL. HO~EVEI, tbat model 

bas been l~.itEd b} its d~fendeuce ulo~ ~n vivo passage in the 

Bron Morvay Eat ter !-.IOfa'jation. Be~ortEd hElE, 1s the 

Establisbleut ~ntc lcng tELl culture of sublines of tbese BNftL 

celis. Nov, COII~lC2&Entat:y stuàiES cf Ue ph}siclcgic control 

of tbese l~dlE.ic CE~ls laj be ferfot:.ed bath in· vivo and in 

Yi teo. liDe,t; cf Iyeloblastic 

aor~holo~i ~nùw Idjcl differences froa the ~aIEnt in the leYel 

ot .aturdt~oü Ex~[es~ed io cultUIE. 

ln l.nitia 1 saaIle cf BIBL ceLls (~a), original11 

developed at the a'diotiological InstitutE, liijf,ij.k, The 

Ietherlan,,~,lIas oèt.inEë tttOUIj!J DI. R. lIichaell11il.1iaas ( 

CcUlcer C ell.trto, )loLth .... stti l' (iDi werai t1, chicago, USl) and vas 

aaintained Dy in vivc F&SsagE in Bccvn Narval ~ats (obtained 

fro. !iccobiclo~icai lsscciates or bred fro. this'stock in the 

ftcGill anJ.aal tac.11ity). 

lti.al~ a. rats .ere -iajected intcaperitoneally vith 2x1~ 

SBlIL cel.ls. WhED tlast,aia and lalF4blel~flE&CIEgall had 
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develol!ed, usually du::ing the fitth week, the enlal'çE d s,lIleEns 

vere removed, lincEc anê ~E1:t.iy p;esf€d thICUgb a stainless 

steel aesû und~r ~tel'ile conditions. The re~ultin9 cell 

sUSfenS40ll, tY,lIicallj ccttaining ovel' 90i leuke.ïc and less 

• thdn 10.' lyafhclu c(lls, lias distributed illto ~4 vell fIat 
5 

botto. pldte~ 1 Costal' No.3524, Cd.b~idge, MaEs.,[SA.) at 5z10 

cells/w~l~ ~D ~EHl-1b40 .Ediu. sUltleaented vitt either 10~ 

fatal cali S~LU. tPC~) or with 4' rat serua (~S)/(' fetal calt 

serua. A~~ tIans retincic acid (Si';;)u) vaE tben added to 

these solut~cù~'to cttain cctcentrations vf C,1,~,5 and 10 p" 

• €dch ccncentraticn cODta~nin9 

eitller 4Iii.5/oltHS or 10:UC~ VHE platf:d ( EEe U:€ afiJendix). 

Toe Cdt st:!.cu. litas cb taill~d locall] t..y caràidc punctuee of 

laryec (~~U ~m~) atiaals CI t1 salvdgE ot tlccd frc. noraal 

ani.al~ SàcL~liCEd ter ether .l'casons dnd rilt~rEd tEfore Use 

throu<)u ..1 J • .22.)l1 filteI (l!ill€x-GS, I!illifore Corp.). 

Init~allJ, the cells verE tEO at clle and t~c 'EEkE and then 

twice v~e~ly lItitb tif EtartiDg .edia.. The contEnts of wells 

VÀich snowed rE~l~(atinç cells vere exvatded ~nto larger 

cult~res. ObE ct wbich called ElftL-6S vas selEcteë tor further 

stady. Tbcse €3tatlisDeQ susfEnsicD caltureE regtited passa~e 

thrice .,,,,eiU.j. 

l'or pUCi'OSES cf atalysis or derivdticn cf sublines, 

dli~uo~s LLca thesE largEI cultures ~ere suspended in 0.251 

dgar coüt-l~DJ.ll'J tlFc'!1 4UiS in .[.HU 1640. Illien tte cesulting 

clODes beCèllIl€ aacrcsccfically visitle, they VErE EDuaerated, 

pickt::d, k-~c:lC';d in ~ô vell l-latt:s and dgain elfandEd. 

S tclo. dard .etÀod~ VELE USEd fOL lIay-Grullvalè-Gieasa and 

perozidast:l staiqs ,'';7). DDless othervise notEo cultures vere 
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sa.pled f~r analysi$ in E~rly log phase of gIowth. ' The 

nitroblue tetrazoli UII ,test vas lJerfora~tl hy tte metaod of 

I.munofluoresc~nce ~ith the aonoclonal 

antibodies 113/13 (I Eubs~t and yranulocytts), 113;25 (heltJer T 

cells), Oxd (su~~r€SSOL T cells) , Ox1 ('1hy 1.1) , Oxl 

(leukoçyte~ ) , ~nd UX~ r.) VdS ~trform~d dcccrding to the 

aethod dcscribed in the'dlfEcdix • 

Durin~ thf; first week of culture, Gost ~f thE cells tbat 

vere ~lattd ~nitially lad deyenerated but in scae vells 

unattacb~d round cells cf a diameter si.ilar ta BNML vere 

noted to LIe '11:0Iliu9 ~n the F€rit-hery of cul'tutES cpntaininy 

4SRS/ b%FC3 but Dot in thOSE vith 10!FCS diane. jl~o observed 
, 

in the velis that containEd tbe RS/FC3 aixtuIè, Vére a 

decreased Duauer ot ribrctlastoid cElls. A declfase in tbe 

nu.her of riurotlasts ~ith incrEasin~ concEntrdtion of 

retinoic ac~d WdS aIse ncted. This pattern of l-tclifera.tion 

of adherent celis occurred also in control cultut€s of nor.al 

spleen celis in vhich·the unattached couna Ieukeaic ca1ls did 

Dot appe~r d~ vell as in sfleen cel1 cultures tICS over eight 

BI!L-inJ~cted rats of vhicb three yielded long tEt8 grovths. 

81 the fourth week. thete vas a hEavy g~ollth cf BIML-like 

caiis in the &s-ccntairing wells but only adherent and 
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IWcrolJha'1e ~ii;E: ceils in the ot.h~rs (Photograpb 1). There 

vas no CQ.n:el.atl.on lEtv€En th: llu.bEr ct: laclclhgEs and t.he 

cOnC€ptJ:4 tien ct t€tinc je acid; hovever, tbE cumter of 
1 

.acrOlJhd;jeS ,tJresEut in thE wElls earIElatad 1dth th DUllbe-r of 

blasts ( f1.~ ~). 'lhE C<.tfdcity of rat seru. ta sUHort further 
\ 

Ijrovt.h once e~tatlisbEd aH EaIE:d net te De st Iain de-fendent 

sinee thert: 
\ 

VdS nc diftEtEDCt in gIovth ratE tEtwEen that 

obtained ~a~n~ EN cr Levis Yarieties. WneD activE cultures 

lifeJ:e pldced 1.11 10'UC! dlcte, the viability dEcrEasEd oyer the 

oext It:lII ~dSSdyES ant Ev€ntually they diEè. Uovever, 

j;iIogressl.velj deCI.:Eiuing thE rat St!IUII content OVE[ the lJeriod 

ot ci Jaolltn éHlaoled adaptaticD te gx:ollth in lOlleS alone. 

Cell.:;; t.tel tbE laIE [cà.(::id1y ret-1icating cultuIes IIEre 

eXilanded t.or LurttEI àoaly:;is. Establisj)ed lioEf Flated at 

2-3x105 cell:.>/al Ieaeted d i1ateau after thrtE days at 1-1.l.r:l0
6 

caU s/al. ,ut. et" v b~cb via t 11 i ty dE:C[ EasE:d Ut less Eutcul tuced. 

They haYe b~eu la~DtalnEè in comtinuous culture for o'er two 

yEars <lad L14Y~ tht: cal;lacitJ to reyrov in vitro altH reCOYEry 

fro. the' l.rozen stdte i n liqu~d Di trogE D.. In tra '600QS 

inject.iÙl1 aL lù
1 

ctltured cells ioto aH J:ats resulted iD 

leuteal.c CA<4n~t=;s in tlood,Hyer dod sl-lee.n, Ititb dEath of 501 

at day .:!ù ( .=114); si.llaII}', 501 of ani.aIs injt:ct:ed vith 
\ 

pareotd.l ceJ.J.$ bad èiEd ty èay 20 (H=lb). Cells obtaioed 

fro. tAe eoJ.dIjEd ! Il.EenE cf these aniaa.ls grev i •• ediate.ly 

tlllen r~tucue Ll to cul tu J:e lIithout the delayed pee iod noted Il ith 
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the orl~LDd~ exp~ant. 'I ke D\1.ber of ali ve and èEa t} cells in 

( culture ovel: d l-erioô of !ive ùaJs vithout fEEdins 1s recorded J 

/ 
in Fig 11. 

SllOlin J.U Pnotog la ph :2 a re spleen cel~s tcc. al i .als .ade 

leukeaic by l.n]~cticL of IdtEDtal B8~L cel~s ~c.~aIEJ to those 

adapted ta l..>ny t~tl cu~ t ure 

c(!~ls Sh..,VE;ü pt"oainent a2:UIOihilic 'Jtan1.11ES t,hroughout the 

cytoplasœ OL ~nicn cver 15' stainE:d intQnsely fct Feroxidase 

activit}'. In ..:ontrilst, cf the cell;:; in culturE (BN[IIL-hS) 

oaly 4-10~ bore staLnable scanules or peroxidase. However 

when thay v~r(! Ln]ect~d iEto anilals and lel.1k~.ia bad e,olved, 

both 9 rJ.nul~s àn...t pe Ioxid aSE afpeared iL. the c~n t tisollal drea 

in bO-70~ or tbe s~lEeo cells examined; only occasional calls 

sàowed these or~dn€lles dispersed throughout thE cytoplasa. 

Si.ilar iUldlysL":; of cl subclone ( BNKL-RS/C) ct tois line 

rfli!Yealed that it alfeared to be even less ditferEntiated vith 

less tnan 2. ai cells SbOVLDy jetcctible 
• 

granules or 

peroxid<ise lluder lic;ht aicxoscole. 1t Aas t€ED noted on 

occasion vith so.~ (Qols of BN rat sera. tbat bctb of these 

lines .dy su~v u~ te fifty percent vith pexoxièaSE-stai01ng 

granules. I •• unot~ucrEscEnce studies de.onstrated the absence 

of T .>r B ccll- raId te d anti9~ns assessed LJ .onoclonal 

an tibodies (lUI 13, C18, il 3125, 017, Ox6, an d Cx 1,; no surface 

Igor intcdcytQf1,sslic l 9 vere ~resent on th€ cells (Fig 12). 

Tnese st~dies cle~rlJ shcv that the cells found in culture are 
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not acti'at.d l oc ~ cells. 

ltteapts to induce either the parent or B5ML-RS to 

farther l~tar4tion ~~re uDsucc~ssful. Neither liDes œatared 

to neutro~hiLs whan ~ncutat€d with 1.251 dimethyl sulfoxide 

or 1, 2,:> and 10 pl1 retinoic acid (15,25). Likewise, 

exa.indtion ot unstiaulated cultured BNftL c~lls shoved only 

b1asts and a telll fI cayelccy tes vith no spontanecus evolution 

to mor~ matdre for.~. As vel.l, the NBT test initially Illas 

sliqhtly ~ositive (c.ql) and increased only ta 3-6~ after 5 

days inCuLldtl.vn w.Lth 1 dnè 5)111 lüüinoic acid a~d r"mained zero 

vith diaetAyl s~lfoxide. 

yl pisçus~ 

These stadias deaonstrate that establishEd cell lines can 

be adapted teo. the in Yi '0 fassaged BR prolaYElocytic leuke.ia 

if they .trc cultured in a suitèible enTirOI18ent. Becently, 

l.acaze et ... 1 (19) succeedEd iD deriYing a 10119 tex. culture of 

B.!L cells uSing the 10ne .arro. liq~d culture sJst •• 
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described by Dexter (30). with this systea, Dexter vas able 

to aaintal.n haellof-oiEtic Ete. cells and their deri wati ves in 

cul t ure. Th is depended or; the establishllen t of a bene .arrov 

derived fted~r layet cODsisting ot Endothelial ce Ils, fat 
/.,.---'1. 

cells ~nd œdC~pb~geE. 1bese three c~ll types interact vith 

ec}ch otner to forll1 a aicroenvironment necessary for the 

survivdl of €drly c€~ls. By plating oone marrov from leukellic 

BN rats in ~4 hùrs'e serum 5X tctal calt seru., Laca:ze observeâ 

prolifE:rat:Lon of ulHH ·cells,. No attellpt VdS maùE: ta clone or 

free:ze 

Transpldn ta tion 

cells cr to ada I-t thE:m ta 

inte SN rats WdS successful tut 
Jv 

1 0 ~fCS. 

the bone 

marrON celis of the transIlanted rats did not gro~ ~ore €d5i1y 

vhen rEturned ta culture than did the }-arEl1tal cells. 

Finally, tnese ce Ils fIIere proll'yE:locytes vit t. 

.orpholo~icdl and cytochellcal features as the far~ntal line. 

-----Bence, the in vitro medel derl.ved Dr Lacaz€'s 9cou~ LS 

entirely Jillerent fl011 tic lIodel deriv€d in this study. The 

differeDce!::i between thes€ t "0 lIodels could bE. dUE in {-art to 

the dittereut oriyinal miclehcaOloietic enviren.euts used i.e. 

spleen or bone marro". 

In this st~uy, although toe S19nificance of .any of the 

critical Y.UidLIEs tbat cCLtriLute to in vitra 9Iovth rellains 

undeterained, the pJ:eseneE of a cOIllt'0nent of rat Eero. apl-ears 

to be essentl.al in the edrly stages~ It is uncelt4in vhether 

its action 18 direct or .erliated tnrougu sEccD~ary effects 

such as cl soluble sti.alator 'hi: grovth, SUlfort of .ln 

accessory cell or sUlpresEioD ot inhibitory aEcha~isas. 

llthougn it ady te aD epiphenoaenon, the obSErvation that 

there vere s~1nificaDtly fever fibroblastoid cElls in the 
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cultuces conta~nïog rat serum 

possibility .i~ht haVE cccurcEd. 

• 

S\l~gestG tha t, the lat ter 

Since thiE Effict of rat 

serull lias noted als C 1.0 S If€€ n cf.ll cul ture s f LC IL. DOLmal La ts 

it vas uot JUS to th€ leukealC stdt~s dlone. A sElection of a 

stable cellular subfofuJaticn atd not lli2rEly ~ rever~ible 

aJ.aptclt.ioll t.:> culture i5 indic<.1ttl li tLc tact that .hon the 

BNML-RS were rccovor€d frcm ~Flecns of rats made lcukewl.c witn 

the., they r~~re~ imlediatly without the ldg ,~ELicJ. The role 

ot diffetant hltch€E of EN rat sera in stlIaulating partial 

lIaturat1.":>u ta proUl}€locyte , i5 uncl€ar. This val.lablc also 

affects the 'lrowth tate and ,yiability oi the cultuLe which 

then ml.~ut intlJenc€ th€ cells ca~atility ta io~n ~eroxidase 
..... ~ 

contdiniuy grünules. 
-

Seruœ is knolln ta ccntain grauulocyte-macLc~hage colony 

stimuldtLng ~dctor i.~. Gl-CSF or ~GI (mclcro~ha9E-grdnulocyte 

inducet") • MGI Cdn be rrcduced Ly myelùid, erytbroLd and~ 

lyaphoid leukeœic ctlls ( 1 0 1) Metcdlf's work vith CSF 

(18,91) has clarifi€d the Iole of these fdctürs in vltro. 

G!-CSf actb dl.reçtly on ç[anulocyt~-macru~naye cells to cause 

their proll.feration dnd èifferentidtion. otber factors such 

dS serUiI, prostaglandin E, enciotoxins, lywi-hcid cells dS weIl 

as .any other undeteuined factor!:> Ciln mojity thE response of 

Gft cells ta Gd-CSF. In tb€ mouse,d 23,000 laIton glycoprotein 

corres~onds to the G!-CSf activity d€scrib~d abov€ and ~r~sent 

in serUli. A 23,000 to ~4,OOO dalton gllcoP~otEiL also has 

beeu found iu the .ouse corrcsfonding to a maclophaje Only 

sti.uldt~ng fdctor. <11so that a granulocyte 

only stimula tin.j tactQr exists. 

aany Bx~er~meDts haVE shown that ac~te and chrooic 
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myeloid leUj(èmic ce Ils èepend 01, stimulaticn ty GM-CSF to 

proliferate in vitro (92). SOIDe leukenüc celi Hnes do 

respond ta GM-CSt similarly to mormal cc Ils ~hil€ others 

respond vn~y ~artially. 

Hence, workiny wi,th inbred mice, Sachs (1C9,110) found 

three d~t1el~nt tXfes ot ~Jeloid leukemic cleues. The fir:st 

type cdlled MGI+/Q+ can differentiate norma1lï ta mature 

granulocyteS' or macrophages in thf.' presenCE of MGI (CS!"). 

t;" During t11e ditferentiaticn l'eriod (6 days), an idéntical 

/ 

number of cbaniüs in thE rate of synthesis of ~17 specific 

proteins occurred iL MGI+)D+ and normal Iyelotlasts (83) • 

,Hovever, contrary to norDal myeloblasts, thl:se clcues do not ." 

.require MGI to replicate. In fact, tv~ different MGr proteius 

are in vol ved. 1 Normal myelotlast~ grew alld SEcretE MGI-2 under 

the influence or .'1GI-1. ~Gl-2 in turn, irlduces rIiaturation of 

the myelobiasts. Once dift~lentidted, th~ çElls ~~~d ~GI-l to 

be viable. ùcnee MGI+/D+ LEslonds Ilormdlly ta MGI-2 but fiat 

to MGI-l i:. e. the cElls èc Dot nL€Ù MGI-1 te rq~licate or to 

be v-iaole; neitn~r do tLey é€Ccete MGI-2 unJcr the influence 

of MGI -1. l/.)wEver, Olice tLcy !laVe diftcrcntiated Viel r<IGI-2, 

they neeJ t1GI-l ta LE vial.ll ïH culturt:- ( 85 ). 

Ttle s(.cùId type callEù tlGl+D- can CIll y pd.rtially 

di ft e rell t id tE, w ith l'GI-2 wh ile the last tYfe MG I-D- cannat 
\. 

differeHt~dte at all witn MGI-2. A srualler Il u mb Er ot changes 

in the rate UL synthesis,of proteins occurred in ~GI+O- than 

in MGI+il+ <11l<i an evelJ smaller numl.Jer in MGI-D- (8~. changing 

the 'serum type or removing ~t, seems to modulat€ ~ response 

oi MGI-D- ta hGI-2 i.e. pELmissive factors ~n semE sera permit 

different.l.dtion of l'GI-r:- Ioiith MGI-2 (117). Ne ne of these 
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leukellic clonés require €XogeDeous !tGI-l to repli'cate and '~us 

have lost the normal control ovec their I;"eflication. Sachs 

has proposed that this tlU~COU~liDg of contraIs fer grovth ....... 

di fferel) tia tion fi in AfH i 5 at the origin of, the léukeaia. 
" 

Since lIIany prote1.D cnang€s occ'Ur, many ye.Des ale express~d 

siaultdueously under the influence ot l!GI. Progressive 

eytogenet1.C chanJ8s du~ te . lass or translocation of murine 

chrOllosOiies 2 anj 12 (7) .liay permit a continuous biocheaical 

stat e- which, in Dor œa l cell S, occurs under Dor.al conditions 

only vheu IIlùI:e cells are nce ded b y the' haellto f cietie 5 ystea. 

In this stud}', the lEukemic stem cells cculd le partially 

',',. sen~itive ta MGI factors prt:!sent in ~he serum. 1he presence 

'\~~n l'IGI-2 lixe factor could permit diff;rentiaticD to the 

ayeloblast stage whels the cell no lcnger would resfond to the 

inducers ~f ditferentiaticn • • An ftGI-l like tac tor in the 

serull could lead ta sury iva l of tbese cells in cul tuNe The 

presence OL HGl factors could also explain the correlàtian 

observed ~n priaar] cultUI~S betveen the nUII.èer of lIIacropha';les 

and blasts. Onder the int luence of fiG l, spleen cells in 

culture ( 1>ossl.bly C fU-GlI) could differentiate te aacrophages 

and blasts ( bloeked in tbeir differentiation to neutrophil). 

!tacropha iJes Ln tut n, cari fJ::oduee'; \,.,~~I, tbereby regulating 
'" 11< ' ~ 

~. ~~i, ;~1! 
interactions in • culture. \~~a.cJ::ophages also 

;.I~ J ..... -further ce~lular 

could interdct directl} w ith leukeaic cells to enhance 

proliferatl.on (68). Sucb an interaction' did not seea 

essen ticil to B IillL- cell 9J::o vth sinee they Euryi nd in vitro 

vi thout tlle presence of thE se acCeSEOr! cells. Finally. the 

leukellic cells are very sEecific in their inte~action vith rat 

ftGI since tetal calf tlGI present in FCS does no t lead to 
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,. initial ljrowth .. It aIse is possible 'that ,FCS contains an 

inhibi tory ftictor te rat t1ast grovth. As'vell, rat seru. 

could aiso contain factors suppressing possiblE iohibitory 

.echanis.s in vitro. 

ln sevel"dl systells a "ccle has been sUJ9E.stcd for the 

.. 
organ strollid in the contIel of parenchyaal cell gtowth. It 

has b€En re!J0l"ted Hat ir irradiated rats recOIl::ti t uted vith 
• 

nor.al bone lIarro., the ,.sllEE:n is lIarkedly l~ss feraissive to 

ayeloid titan to' erythroi cl celony torlliation (lOb) ,. lh us, it is 

conceivaJll~ in tbe ~reseDt observations that a cOllfonent of 

rat seruIII mi'1!lt havE; sul- pr€ssed an inhibitory stIesal ele.eot 

(f ibro.olasts) dnd allovEd sutticl.ent BNML celis te sUl"yiYe 

froll vhich thos(:! cafatle of growth in cul tUl"€ eltpanded. A 

sillilar ohservatJ.o,n bas been lIIade in othe! sJsteas where 
Q 

fibroblasts vere shown to inhiLlit the grovth of bU,_aD colonie 

Epithelial cells (ijl). Al:: 0,- Kaye ~ have suggested that 

the pericrYtltcll fiolcblast sheath .ay control thE growth and 

differentiat.l.on of Ue overl ying tissue (67). 

The role of I€tinoic acid when present is not cleax. 

Lacroix et al (80) obsen€d a decrEase in thE exponen!ial 

grollth rate of buaat fi1:1011a'sts in culture thrEE days' atter 
1:l 'i 
~ addition of 10-11 'retinoic acid. A progressivE dectEase in the 

, Duaber 01 i ibrob~ast.s Id t h incrEasing concentra tions of 

retinoic acid lias aIse Dcted in this studJ_ Sncb a decrease 

did lead to él sligbt incrEasE Ilin blastic growth (lU versus 3+) 

t)~~'CS. T'bis latter observation EUHocts the 

possibility thdt f:iL~oblasts are inhlbitory strolal e1eaents. 
[ 

As a second obseryation, IlO correlation vas DotEd - betveea 

retinoic acid and the Iluaber of aacrophages, e.eD tboQgh 

38 
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retinoic acid is knctln te regulate the functicn of lacrophages 

(107) • Denee macxcphagE fe receptor-meJiated binding and 

phagocytosis are intibited by retinoic acid whi1e ar~inase 

production ( a .acroFhage tu.or~cida1 enzyae ) is incredsed by 

17etinoic acid (107). Sueh a regulation , it it exists, .,as 

not observed in BUSL-liS 1-ri.ary cultures. 

F ina11y, DOllE r et al (33) observed a Il incxease in the 

nu.ber oi colonies ef norlal, hu.an ayeloid progenitor celis 

.hen cu1turej vith 3xl0 ~ retinoic acid. 'Ilese aothors 

sU9gest tnat retineic acid enbances the respollsivene5s of 

G~-CPU tO the actien cf ~Gr fresent in the IEdina since 

retillol.c .lcid does net deti vely caUSE the producticn of "Gl br 

cult~reJ cell~. ietinoic '~cid does not have anJ "Gr dctivity 

JI itself. Heuce , lof this bYfothesis i5 COXIEct, the 51i94t 

increase in tbe nuaber of t1ast5 obseryed cculd be due to a 

higher responsivenes ~ of tbe bla5ts tO' ra t serua "G'I. 

In 311".117y, factors Euch as SGI present in tte rat oieru. 

aar be n*::eut!.J. to sUpfort the gro.,t;. of the lEuxe.ic ct:J.Is. 

The reaovdl oi: an inlû:itcr:y stro.al e1eaent, tbe fibroblast, 

also seeas to bdYe El1 r!,crted the grovth in Friaary cultures. 

DDdefined cellular interactions between the strc.al eleaents 

'aost1f aacropbil-Je and fitlobldSt) the.selves, and betveeD 

tÀese l~tter and thE leukeaic cells, afpear to be involved • 

.further stud}' viII DE tecessa.ry to better understaad the 
1) 

vari011S 1:.tctors and in teractioDs present in such a culture. 

-
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ThE t>Iocass of gEneratioll of' enzyae-contailling gralJ.ules 

1.s finely relj ulatE: d and its aorFhologic anife Etations ha ye 

foraed cl 1dsis for cI9alli2in~ concepts of ayeloid aaturatioD 

(8) • Tties~ 1: cl t CE US If i th the pE roxidase sta iniD g in the 

centrisollcil po.ütior di-t-Ear to be early fcoayelocytes as 

desccibei by baintcn (8). liith the lilJht licrc~cofe used in 

t.his studj, lot is not tos::itle to stdte vhetbec tbis dctivity 

is of toe tYI!€ that i5 yEt dl.ftuse in the Go19~ cisternae,. 

liai ted to SII<111 vEsic lES or enclosE..d in full y devcloped 

pri.ary jrc1U ules t h3 t h~" E. not yt-t aiyrc1 tE.. 1 to t Ile FEr iphecal 

CytopldSIl. U l t ras t I: uc tu L al st udies are in fcoijrEss to assess 

these ~OSsiDilities. 

The c1;J<1c se-;iuellCe of chanqes that occu[ as 9caDulocItes 

Nture provides a aeaus oi ccafarison cf Events a.ouq 

differeat stu~ies. 

to aatuIe to ~uQctionhing granulocytes aftet stiau1atiOD by a 

yariety of .:ifntaetic d';lEnts. Under siailaI ccnditi'oas, the 

8~!L liù~s io Dot sbcw tbis FhencaeDon. Be~crE discassin9 iD 

aore detail tne re~lonse cf BlftL cells ta tbese ageDts, a 

descri~tLon ~f soae of tbEse iaducers and their eftects vi11 

be giyea. 

A' ietj.aqi4i 

Fat ,soJ.l1ble Yit.aiJl 1 ia eztreaely iapo'rtaa"t ia gro.ta, , 
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ditferentiation of EpithElial tissues, visual function and 

re produc'ti.:>n. ThreE i.loItant vita.in A comfcunds exist: 

retinol, c~t.lnai and retinoic acid (Fi'1 5). Betinoic acid can 

pro.ote nor.àl yIowth but, urli~~ retinol it does not h~Ye any 

effect on V~S.lon or lE production aetinoic dcid is 

traD SpOL tell 1.1l f 1,1S. a as i t f car bOlylate ani en he und to serll. 

albu.in. It tben binds ',dth <1 100~ efficiency te a cellular 

bindin~ ~rotcLn, and 1.n ttis fera could mcdiate its tiologicai 

function (100). itetinoic acià i5' fOL!lIed froc the exidation of 

retinal in tM: intestinal .. all froli B carotE:ne and rE:tinol, 

or is d iAct.ioolite Ol: " valicus exogeneous vitallin A analoljues. 

Betino.lc dC.l.J then undErgoes various ceacticns such as 

iso.erl~~tion trom all traIJs to 13-cis-retinoic dcid, 

esterit.lC<1tl.Oll, aetaoolis. cf the side chains, decaLboxy1ation 

and conjug<1tl.on with glucu10nic acid (100). lietinoic acid 

usually is present im Tery saall, a.aunts in the tcdy and does 

not seca tû ~t stoIEd. lt dnd its analoguEs (Etretinate or 

B010-9j~~) "cive tnera~eut~c eltects in deraatoIc9Y and aiso 

see. to aa'~ Y~riou~ Eft(cts on cellular differEDtiatioa and 

carcinoganes.ls. Tbey halE therapeutie effects CD cheaieall, 

induced benijn and aalisnant et: ithelial tU.OIS, (81). They 

inhibit 3&in pdi;-illoaa f01llation and the t08er Froaoting 

phorbol di~ste&:s induct ien of ornithine "Ecar!1oxylase 

acti vi ty. ù~t.l :laids aIse, like phorboi diester, stiaulate 

'deacy lcltioIi ot cellular li pids and prostaglcl ndin (-Iod uctiOD in 

IIDCl( cells (82) • Retinoie acid a1so indUCES terainal 

different~ation ot '.riauf leu~eaie cells. 

The sLte of action of ret4Doids could ce Dot only at the 

ae.brane ~evel but a~so at the leTel of thE nucleus of the 
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target ce.ü. <ind coulà resEIILle the steIoid hOIlionE IEchanisas • 

.ietino.1.c acid enters thE cytc!laslII and torl!; a cC.flex with 

tàe c1t0301 D~Dding lrotei~s (9). This coaplEx could tben act 

on the nucleus. 

Ret.1.no.1.C dcid jnducEs l)sozyae dctivity iD ~1 (a lIouse 

_yeloi d ltHlk€lIic cell Ji te) bu t .1.nhibi t~ illàuction of 

fhagocytic dnd œigIating dctivities and llorpnological cban~es. 

It induces ~ùI".at.1.0D ot av inhibitory facter ty "1 cells (118) 

as wel~ ~s stilulatEs p~,6tctioD ot frostaglatdiDf R~ or D2 

(vbich .Ln tUID st.LlIul<itE:: lyEcsylle acti'ity). 

H.LbJ aLSO caD tE IDGUeEd to .atuu: inte Dettlq:bils in a 

dose lle r euCl\';llt I..lDI:EI ,ith aIl t1.dnS retinoic dcid (62) • 

PJ1ayocyt.:>S.l..;i, lI1,)r~"clogy ltë NE'! reduction dIE USEd te aeasure 

aa tura t.1.0D. 

., 
.ceEl-Clse ceCULS at l)lft tetino.1.c aèid 

,,5) aüa. l,;ontinuollS elpculle to retinoic dcid is nEeded tOI' 

opti.a.1. alr~ct. Âll tratf-retinoic aeid amè 13-cif-retinoic 

acid dLt! e~uallJ Effectin althouqh retinol, I:etiocü and 

retioyl dcetcate Mere 10-3.Ie!s 1:-0tent. Further studiES shoved 

tJ:aat ret.LUO.LC aCIQ itdacEE laturatica cf unestatlifbed Fxi.ary 

leukeal.c cells dt ttE ftcIJelcc)'tic stage but not bEfore thi.s 

staye, sinee .yelo t lasts did Ilot.a tare vi th LE tiDcie aeid 

(16) .. 

à) Ri.etAI' ~i".ISlJijj 

Diattthtl sultcxide (tl$C) has aDti-iotla.aatory acti'fity 

and has tl1Ieets on ana190(.fja, Oer'fE tlockadE, tactEliostasis, 

diuresJ.s , ..lJl419~sicl, ta scdi lation, rheuaatoid artbr it is and 

_oacie reldIat1cD. tftSO 1.31 applied o'er aine taJs induced 

IU.bÙ aaturat.1.0D C9 tf., 'IlE ratE ct 02 frcd Ile tioa vas 1 

1 
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increased. the hexcse Icno fhosi-ha te shun tact i vi t Y rised. 

Finally. ~llyestion cf faraffin oil droplets o~fcnized vith 

coapleaent or IJ increas~d, and degranulation release of 

l.ysozyae, t':~roxiJds~ clfl.Ù E glueuronidase) r€ach~d cl aaxi.ua 

after 3~X UdjS LU ~~SG dod thLD leerCdSEd. Furtherlliore, 

Sonser et dl (14) shcw€:tl that Dl!SO could induce fIOduction of 

a phos~nolL~dse dnd ot cyclooxYgenase. Iodcaetbacin, il 

cyclooxy~~nd~e inhititoc did Dot Llock D~so-induc{d incr~ase 

in bexos~~ono~nosphat€ shunt dctiv~ty Dar the increase in 

cheaotdctic ~eptllE rEc~Fto[ bindiug_ donser ~t dl aiso 

suggest a lLn~ vetv€€n ~lcs~holi~as€ absence ( Le release of 

drdchiJoni~ deil) düd thç dLStnCt of functions cbaracterist~c 
~ 

or .clturl j~duulocytcs. Finally, BLbO IEltrar:E flu~dity 

decreas~~ wLtn ~rog[es3i~e D~SO induced Jifferentiation, the 

rAtio of .~œvr4De cholest€rcl te phcSlholi~id itcreasing 371 

on day tLYe ot Lnduction 

In tue Sdae vay, TPA could induce KG-l, .6.o..-.a n d aL - 3 to 

terainally te c~lls vith sc.e f.eatllres of 

lik~ retinoic acid could Dot induce 

lb-la and Â~b2 te dit! rentiat~ (16). This SUggEsts tha t the 

abilit~t dU indUCEr to ErOyok€ differentidticE aay depend 

upon tbe ~ta~~ of .yeloid cc.aitaent of the cElls. 

dl Alty1 ~Y~QKh~§Ràclipid§ 

Pll (.ouse) and HL60 C.buaan) v.erE indllced ta differenti,ate 

ia to aclture granulocytes and aacroFhages by 

o-alkyl-ly sopbosphol ipids C6 3). 

4l 



In the sa.e vay, 2-.ercaptoethanol vas ~sEd to induce 

blast calis ot dD aeute ayeloid leukeaia fatient into 

neutro!-,hils (10). 

Ue~e. œanj agents cao induce aaturaticn of .yeloid celi 

lines at d certain stage of developaent. Fcr €xa.~le,. 

retin01C dC1d can induce terlinal differentiation ç( leukEaic 

pro.yelocit~s into Il€uttorhiis 

phagccytosis, 

d " ... incredsed 

NB'! reducticll These 

agents coulù 1nteract vith th~ .~.trdne (deCr€aSEÛ fluidity, 

aracnidoU1C <.lC1J metabolif:lI) or clct directly at the level of 

the nucleus. 

In this study, incutation vith 1.2S~ D~SC OI 1,2,5 and 10 

~" retinoic acid did not cause maturation oi EithEr the parent 

or BN8L-~S colls. 1üus, the parent in vivc-fdssaged BNaL is 

aore an.11o'1ol1s to tl:e hu.an ML-2 line (76) lIhicb claarly 15 

proayelocytic out dfpears to be hlocked at that sta'1S and 

incapaLle ot furtler aaturatlon. Interleàlate to the 

prollyelocyte dnd the "undltterentiated" state affears to be 

the late ?a~sdge for. of thE: KG-1 (108)' hu.an .yeloblast vhich 

contains few ~ranules, lacks the la-lite dntigen and 15 una~le 

to fora granulocytes in s~Sf€nsion culture. The EN~L-BS line 

in v.itro ~l"Pt:ared si.ilac to KG-l shovlng cnly aini.al 

feat~res ~t maturation but in vivo vas able te fcoyrsss to 
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Th~ cCDtrolliD~ stiauli tCI .ataration 

fco. blast to €acly iJ10.1'€locyte affedr to baVE te€D .lacJting 

ander tae usual cOlldïticIlS cf culture but partially vere 

reconstitutt:(J il1 the naturdl bcs~ .. Thus, ccapariscD of these 

rat cella witu other hu.an l€uke~ic cell lines Euggests that 

there a ... y exi.::;t recucring {-atteIns of phenotypic €xpres.ôion 

that retlect fi juantu'm-like" leyels of regulatioD at the blast 

and ~rOflyeloclte stages .. 

In sua.ary, these BM!L lines, vhich appear te be arrested 

at the ayelohlast OI: early fIo.yelocyte level of .aturation, 

extend t~e ran~e ot animal 80dels dyailable tor study of hov 

leukeaic cel1s lAteract vith host reguldtory aechapisas. This 

i5 50 eopecially at tbe early stages beiore the 1Io.yelocyte 

when the leuke.ogEDic factors .ay be actiVE. Hovev€r, 

alterations ia grosE motlhology and peroxidase in theaselves 

are not suft~cient f100f ct difterentiation statUE. They .Qst 

be conficaed ny adrkErs capa~le of tiner ~iscri.iDation (i.e. 

hy bridoaa rt!ilgents ) tha t a 1so have the pottn tia l to df:note 

tee nor.al e~uiYalent in tbE non-diseased tissue. 
• J 
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Str~ctur~s present cn the celJ. cao be 

identified and pUIified usin~ antibodies 

the •• Such antiyens ictentially could charactEIize the 

different1dtion stage of thE various BNML cell lines and tben 

could be useJ as larker~ tor each stage. ADtihodies also 

could De obtdined dgainst a tUlor stecific or tUlor associated 

antigen ~resent on tl~L cElls, if such an antigED e.ists. 

ThIee dp~roacbEs IIEIE used ta trf to deyelop such 

antibodie;3! 

1) Syü:lenel.c illllllDizaticll cf SN 1ats with Bill eells ta 

deter_ine possiLle serologie reactiYity. 

2) Iena~eneic i •• unlzaticn ot rabbits vith EISL cells to 

obtain a het~ro-antiserui. 
.( 

3) a) Ienogeneic ia.ullization of aicE: te generate 

hetero-aonocLonal antibodiES hy the bybridola tectDiqoe. 

b, Syngenel.c i.lutizatioo of BI rats to cbtain autol09~US 

aonoelonal antl.bodies by t~e hlbrid~aa technique. 

1 
1 

\ 
1 

1 
j , 

1 



-~- -----

Sercl troll 2~ U rats iajEetEd once EithEl lIIith 10Z10 

ir ra diat4i:11 (bÙÙ 1d.ds) fa rUltal BtHJ!. cells i.p. (Ii= la) , or "i th 
6 7 

1ù-10 tldren t,do ba!I cells i - t-- ft= 14} WEl:4i: cc llEctEd and 

deco.~le.eut€a at St dEy1EE c€ntigrades fer 3e air.ute~. These 

sera wel:e then dDal}s~d b li i •• unofluoreseeDcE (see the 

append~x) ~~Q~nst téCEntal BRaL cells usity a liature of 

tluoresce~n con~u~atEd gCdt dnti-rat IgG and goat anti-aoQse 

~9a vh~cù cross rEacts lIIith rat 19ft. 

nor.al BN sercl. 

controis used vere 

J' 1 

ln nUDe ot tie •• 11 vas tlere aealuratlE antibody 

ac::tiYity d\j<Ullst t-axEnu l Bl!l c::ells co.pared to controls.' 

HQACe, 1~ a ais.ilie.at .aeorAl i •• GA. rE.ponsE is Aot 

eliclt8d Dl B.a~ cells injecte4 tato el rata, it ia Aot clear 
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if any tuaor-SFEcific anti9€n is present on fiel cells. 

~OMe.er, such an antiSEn _al oct be p:e EE Il t in la rge 

quantities 01 _gY ~ct be cODstituted of aolEcules eliciting a 

À~yb ia.une res~onse. FilaIly, the technique e1llc]Ed .al not 

be specif~c Eoougb to leasure aD antibody 01 verl low 

concen ua t~vn or a.dio it1. 

" to oDtain d betercaotiserua 

'Two rabbits (ISe Gill ali.al tacility) "eIe irjected tvice 

subcot4neouslï ~itb 107 El!l spleen cells cODtaining 10~ 

residual 11a~ao~d ((Ils iD cOI~lete Freunds adjo,ant. Sera 

Mere obtaJ.ned Cec1I fUllctuxe) 2-5 weets attEI the 1ast 

inject~on. la IEleve tllvaoted specitJ.cities, they vere 

adsorbed twice vit~ Dor.al eB spleen cel1s. 

ra.uuot lucrescEl:ce stadies vi th f1uoresceio con,jugated 

. goat ant~-rc1.Dtit l~' (fat')2 verE feriolled te deter.ioe 

speciLic rEc1ctivit} vith farental EI!l ce11s. &abkit sera 

, reacted Ml. th: 

- ! leu~ea~c sF1eeo sUElensioo Mhere palEotal BlftL ceIIs 

coostituted jOI of tile 11ls,fension and lyapàocJtes 101. Bed 

blood cella vere 11&ed GEing 0.21 ccl~ laCI· fcllcVEd bJ 1.61 
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.cold NaCl. 

-A suspension contair.ing 90J BNML cells and 10~ T cells. 

Nylon vaal colu.ns were c~ed to remove macro~hages and B cells 

froa the ori~~ndl slleeri ce II suspension (se€ tie a~pendix) • 

• Bed blood c~lls were lyseà as dascrited a~ove. 

- A nocmal BN ev!een suspensicn as control. Red blood 

cells w~re lysed. 

'---

The resulting sera reacted V~h both f" r 

spleen celis. Rovever, after dbsorption vith 

aNft! and nor.al 

norlal BN spleen 

cells ~t did not react against SN rat normal sFleEn cells, às 

expected,nor did it shcw any reactivity above lackground 

against parental BN!1 cells. 

Heteroantisera ot rabbits injected vi~h FareDtal BiftL 

cells did not raact significantly against these cells as 

deter.ioed uy i.autofluCIasc~nce. ~ost of thE antibodies 

present redcted agaiDst Dor.al aD~igenie constituents of 

spleen cells; these antigans aust cause ~ higber i.aune 

response than aDY aDtigen specifie to B.8L oells. This 

phanoaenon clearly itdicatEd that aonoclonal antikodies should 

1 
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he derived to obtain a~l degree of reactivity against BNML 

cel.l antigens. 

Conventional anti~Era are a heterogeDeou~ aiJture of 

various cl.dsses of iamuncglobulins reacting against different 

antigenic determ~nants at ditterent concentLaticns. Henee, 

the advent of ci new teeDnigue leag+.~g to thE l"rcduetion ,of a 

.0nospec~L~C dntibody a~di~st a spEcifie deteLuinant of an 

intigoD ovoccomes mcst ct thcse ~roblems. This techni~ue 

dèvelopeJ. ùy Kohler tlnd Milstein (77) WdS l:ased on Burnet's 
, 

clonaI selectloa theory ~hich pred1ets that one flasma cell 

produces unly oüe dntil:od). 

Hybridoillds can produc€ up to 100 py antitodies/ml in 

culture cinJ u~ to 10 mg drtiboùies/ml in ~erUŒ or ascites 

fluid of tumor ,bearing nice (31). Chromage nie assaff now 

exist {J5) which enable the detection of solutili2ed ce Il 

surface dntigens which IEact with monoclonal ~Dtibodies and 

facilitates thelr ~ulification. 

The use of moncclonal antibodies is ncw vtdespread in 

-
.any areas ot Biolc9Y : probes against vroteins, hormones, 

\..... 

drugs, tu.or associated antigens,etc ••• HenCE monoclonal 
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antiilodies' hd.vE tElded' t'.. reflact:. cOllventionDal antisera " 

beca use o.t tlle'~.r; ~rE éte,r ~f E "j tic,itj. 

.. 
III tAis t'resent stoë}, tile bytiI:idcu tE~bllisue vas used 

to derl.V'e IODoclcllal c1Dtit.odies Clga.}.JlSt BIUU .. cell cantigens. 

Jl ait~'ill~i iu.~_.bl~ 
~ 

i! =0 see p 82a, 82b , 
for abbreviations 

1) üd.l»/c &iCé (l'IC "Gill ép:iaal facili ty) "Ere iajficted 
7 ',-

tvice i.v. Il.L1:l1 10 Ull1.-b~ èells. 7nr'ee cla}s fcIlcliD9 last . ' 

iDjectio~. ~e s~lEEns ~EI:E r~.oYed, aimced. and pressed 

through a stciiD !ESS ~tEel &e sb uder sterile cOlld it ions. the 

sfI.leen ~ 6S VEre tUEed vith.cuse p'f ayelota CElls at a' 1: 10 

Ifelalct: Sflü'Ul 1:4 tic JI} t'be 'teth od descriDed in, t tE appendiz. 

ThE; r~sllltin9 susl-eD~ialls of hytrido.4 &ud pareotal ce,llé 
:5 

vere pl.cited .Lü Sb vE.l.I t~àt tottel llates ( i leM' at 2xl0 

'lCS., IiF1U- U .. "O' 16d1u. 

( EloII) 

• SUi:Eluented tut.h HAt « 

. 
contaiaug 15' 

110 •• .md fSI 

fCS vas cldJeci thE DE.ct (JaJ te the Flat.t:s. T"E.'ll)l~idcaas lIere 

t.heo ft:d thtt..e •• ne ti.es tii tb 151 leS HU .Ediu. at 2-3 dafs 

in terYc11. llterva.r ts, tlE cel.l.s - vere fed.i th i211I-1616O 

4" 
sUPfle"ellte~ "lU 1% (Ile.) ud _151 fCS v_ea ,,~·EEdEd .. 

_r--... 
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1 
by en1yae l~nked i~.uncscrbent ass~Js ELISA : aethod 

descriiJed iu the a.Frendix) , ag.lÏnst Ï3NaL-BS cells. The 

'-----resultin,J pos~tiYe sUfElnatants vere tÀleD ch€clted br 

flll'orescence (aEthod desc I: ibed iD the afl'Endix) against 

'" BISL-BS and n~r.al. spleE<Il ceUs usin<j fluorescein cOl4)ugated 

goat. anti .ouse IgG, hedY} and 1ight chains, sel~ctEd for lov 

cross ['eact~ yi ty Il ith rat Ig ( Capl'el). ,,' 
Po si ti lE h ybridosas 

vere seie~t~j, cloL~d doè recloned in O.2S~ agaI see the 

appendu) Each el.onal 

supernatëlDt vas retested ty ELISA "a(Jainst. BIBL-liS cells. 

Asei tes veLe then' iI.dueed iD Ball/e .iet:: fer Each posj.t.ive 
7 

cloned hyor~d by injectinf:j 10 hybrid celis i.1-. seten days 

after d pr~o.[ Prist.n~ i~jEction. The clscites VEre drained . 
7-28 dd)'S .:liter .. ~rüs; the u:sulting aseitic tluids VEre tested 

bJ fluorescence a9ainst BlftL-BS cells, EJIIL-iS/D cells, 

BI~L-a~/fCS dda~ted c~lls , parental BiBL cells, 

spleen ::eJ..Is and nCI Id l tene .arrov calls. 

2) 10 Hl rats verE iJ1jectec:l J-4 t.i.es vith a leukeaie 
7 8 

spleen ~ell suspensioD cCDt.aining 10-10 dead ~arEGtàl BISL 

cells; cel.ls were killed 'ty irradiation (600 ~ads) or br beiag 

frozen ttulifea twice. 7be farental BRltL cells cODstiluted 901 

of t.he ,sf-leeD e~l ~uspension while the 

constituted 101 oi the Eusfensioll. The last injection vas 
, 

i.Y. Tbr~e days after the last. injection, sf~een cell 

-
suspensions vere ontained as for tJie .iee. Six fusions _ith 

,4 

.ouse ~3 .yelo.~ cell.s# ~~ree fusions vit.h .OUSE aS1 .,e10aa 

• 
cells and one fGsio~ vitI: .ouse SP2 .rel.o.a cells at: al: 10 
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aJeloaa to 
1 

spleen cElls xatio vere perforatd bJ tàe aetàod 

described iD the affEndi.. the saae steps as for tbe .o~ & 

aouse, fusioDS descrited akoye vere tJJen fo~loled. 

\ 
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t) Six 'Balb/c splEEn.f3' bybrids vere ottainEd, claned , ' 

lAd recloned and designatEd BJi3,lHib,381H,131i27,SI35 and B1129. 

Each aL tAsse nybride FrCÔUCEd a 1I0lioclondl. antitcdy reactinli 

against B»~L-aS cells as de.oostrdted b) ELISA dod bJ 

fluorescenCt!. 1" urt ber.ou:, aIl hybrids EZC€~t for BJf6 

~rodQc€d ~ntibodies tindit9 to culture adapteà liDEs (SJ"L-RS, 

BJML-B~/D and B~~l-FCS ) dnd tue pdrental in ,ilo ElftL c~lls 

ia a s~~~la.t tasàicn. Ecvever, in each celi line culture 
\ 

tested, tQ~re WdS ~o.e hetEtogeDp.ity in tte tIoportion of 

antibody nouaJ ta fUlL cells Except for Bln and S1I6. Indeed, 

BI3 antiDody ,",ound si IIi laI: 1 y to all cells of a given cel~ 

Une culture dS dssessed t J visual fluorescencE .icroscoPl. 

linal1y,000e of tOEse aotibodies ezce~t tOI EI6 reacted 

against oorllal sfleet cells. This antibody dppear~d\to react 

a~aiDst lI~cropha~es fres~nt in nor.al spleEn cells. On the 

other b~nd, the B~6 aotitQd~-t6~nd less ta ~arELtal iu .i.o 

BlftL cells th.tll ta any of tbe cultured BlilU. cell!. 'Ihere vas 

no àeterQ~eneLty ~D the 11clartion of ~Jb bcund to each cell 

liué. Finally, tnes~ sil antibodies all r~a~tEd vith a bigb 

perceuta~e oÎ nor.al boue .arrov cells, tne identity of vaicb 

reaains to U~ detEr.iuEê and vith less than ~I of nor.al 

spleeu cel.ls. 

2) tAa • BI sl"leEll • louse .,elG.a • fasiclls al~ faile4 to 

produce hlDrlas rEactiye ,itb elaL CElis 

, 
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1) si, ~yDrids ~rodueing antilodies a~dinst EI~L cells 

vere iSOl.,lt<3Ù. 

B"12~ aIl reacted 
. 

siai1arly d~~inst aIl cultured cell lines dnd IdrEntal H~aL 

ceIIs. rhese ant~tcd1es .ust have reacted against aolecules 

present ~lso on noraal ccunterparts since they tcuod to bone 

_arrov cells of nco-leukelic rats. for instance, such 

antiqens could LE: prEsellt on nora41 ayelctlasts and 

proafelocyt~~ dS wel~ as cn BN~L celis. These aDti~ens, 

foand on lost B 

fibrobldsts, .dC[0~tages e~ red blcod calls whieh dre aIl 

constitudnts of ncrlal Epleen arJainst whien thÉIe Illas no 

significdnt r~dctivity. since there vas bet~Ic~~neity in 

bind~n~ d.OU~st cells ct the sa.e cultuIed Jine, these 

/'"" 

cycle. It 1~ Dot clEac if tbese dntibod~es aIl react against 

the saaÇ dnt~~en or if they redct agd10st se,eral antigens. 

Isolat~on aDd cheaical claractarization ot the. viII ansver 

this question. , 

b) ADtLDùdy 813 t~uLd to a structure lcand not only on 

rat lQu~e.1c ayeloblasts and ~rQ.yelocytes ,tut aIse on soae 

" Dor.al bon~ adrrov coanterFarts. Tbere vas ,bCWEyer, less 

betero~ene~tt of reactiY1ty a~ainst tbe cultared cclls. Rence 

( 
tbis aDtibody ~~~ears te r€4ct o4gdinst an antigEn Expressed 

iDdepenJently or tAE cell crele. 

cJ ânt1body 816 reacted against an 4ntigED vtich s~eas to 

5S 
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De ~xp~essed &ostly dt tbE .yeloclast sta~~ ot lEu.saie cella. 

llthouyu ~re~ùnt al~c àt thE ~rcmy€locy~e stage it is eitber 

less e~~rdssed or less a9ailabl~ on the çell surface to 

antiboJy o~udinj. AdJiticn cf terminal ol~90saccnarides, for 

instançe , ~~uId cctc€~l tle dntigenic binding site. This 

antigen i5 dIse i·refent en '1arly nor.al ocne .arrov cells, 

,p05sibly .1eloblast~. Bht dIse 51iyhtly r{act~d a~ainst a 

subpopuldt1un ot s~leeL IdcIophage Iik€ cells. This nindinq 

could b~ Jue ~n one ban~ te cross reactivity with Ec.e si.ilar 

determ1nduts Ot d lol~cul~ present on œdccoptages; on the ~ 

otner !l.dnd, lIdCtOpüages ccu11 ~xfress on tJlei l cell su'rface an 

antilen s1m11~r or aralo9cus to the ont pr~sEDt cr. .yeloblasts 

bat in saail ~udnt~ti€1 i.e. an anti~en cCI.cn ta bath 

• cie ra l' bd') es. The possibilitJ that the 

reactiic ly.~ho~d eubl;OIul ahan are natural killer cells 

should De e~pIared. 

BeleYant discussio[ and ccafarison of h~.an 8yeloid 

antigens to tne Slftt antigEns vould be premature at this ti.e 

and will re~uire a lore cClflete bicche.ical chalacterlzation 

of the antl.iens found in thiE present vork. 

Six st4~le .ouse to .case aonoclQnal anti~odies haYe bean, 

dey,üoped least 'tbI:ee diifereot 

structures present cn nctaal and lenke.ie rat .y"eloblasts 

and/or yr~.yelocytes •. futheraore , one ot the5E aDtlbodies 
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(5"6). redcts .OLe specilically against ayeloblasts. These 

( antibodies .l~bt oe osed a~ _arkers of certain cEll stages in 

the rat .yeloid lineage. Cheaical characterizaticn of tLese 

antigens i5 now !OEsibIE. 1t _dJ o~ f~unô that analoqous 

antigenlc structures are fresent on hu.an .yelotlasts and/or 

ci b~tter 

understanJin~ of the not_al dnd leuke.ie 
! 

_yeloblast-pr~_yelocJte .atutation. 
1 

1 
As stdted abOYE, the 'EW spleen ta _ouse aYEle_a' fusions ! 

ver~ unsuccesstal. 1he develof_ent cf a hybtid attitojy fro_ 1 

thèse fUSlons, reactins against BNftL celis would haW'E 

indicat~û tue ~ossitl€ tresence of d Ieuke_ia-Epecific or 

associateJ antiJen cm tbe cclI surtace of Bi!L cElls. lndeed, 

the al rats did not react aqainst structurES e·9· 

_hlstocoapatl~11ity âttigEns, present on nor_al _YEloblasts and 

proayelocytes. 

. , 

( 
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Tbe p~eexistiD9 aodel fo~ aeute froayelocytic leukeaia iD 

the ~rovn Norwdy rat vas liaitcd in its applicaticps • Indeed, 

the ce!ls could proliferate cnly in vivo. Cell lines derivcd 

froa thi~ ~a V1.90 IIcdel nOIl have bEen .a~JltainEd in culture 

tor ower twu y~dr$. !heE€ l~nes cousist of lIyelcb!asts and 

edrly l,rollyelocytes instEatl ot the I,[Cayelocytes fcund in the 

in vivo lIod~l. This "rdIent block in aatuI4ticn ls relloved 

partially voen tae il vitro eells ar€ ~rovn in thE dniaal. 

The stud}' ot Hase ncv lilles leads to a better 

underst~nJl.U~ of the varicus factors dnd cellu14~ interactions 

eontrolll.fil j~dnulololesis. For exalll'le, the role of 

aac~ophd~~;r~nulocyte indueers as vell dS cf possible 

fi. broblds t- blas t cr aacrcfbage-~last could te studied. 

1 

derived in tue ~resent study. thus revealing thE differences 

betvecn two aicroheacpoietic environaents: the bone aarcov and 

the spleen. TÙl.S model aIse peraits physiological ccaparl.sons 

betweeu in v~vo and in . vitro conditions. furtheraore, 

antigenl.c cbaractErl.Zaticn of leukeaic cells at the 

ayeloblast-~roayeloc}te sta~es i5 po~sible. In this study, 

six aonocloDàl antibodies have been deriv~d aqdinst at least 

th ree auti'jenl.c strGCturÈs Fresent on tbese leu,keaic colIs. 

5B 
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Further cbe.ica! chatactEIization of these antig~[s DOW cao be 

( ,perfor.ed. TAis' .cdel vill ~er.it an invEEtigatioD of the 

cell .aturation blcck occUlIiDg in acute ayeloid leukeaia. 
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spleen of l.ccddiated .iCE., Leuk. Bes., 4, No 5, 1980, pp 
'. 

393-)91. 
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E<es., It, ~o 1., 19cHJ" PI' 2t 1-2(:4. 

127. Wi~ll.aœs W.J., In Hematclogy, Williams ~.J., ~eatlec E., 

Erslev A., dDd 8undles B.W., Eds.~ftc Graw-Hill (cek Co., Nev 

y 0 r k, N Y ., 1 97 7, P 1 587. 
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129. K'O-hler G., Howe :; •. ::: .. and iUlstein C., Fusion between" 

im~unoglobulin-secreting and noneecreting myeloma ·eell linee, 

EUr. J. Immu~ology, 6 , 1976, pp 292-295. 

130 ~ Shulman .. 
j'I. , Nilde .~ .b. and K1>hler G., A better cell 

line for making hybridomas secreting specifie antlbodies, 
l 

Na.ture .. 27(5 , 1978 , P 269. 
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APL 

.yBREVIAWIOllS 

: Acute myeloblastic leuk~mia 
.-

: Acute'promyelocytic leukemia 

Ara-C :~inOBide-CYtoBine 

.EN : Brown Norway 

BNML : ~rown Norway myeloid leukemia 

CSY : Colony stimulating factor 

7,12-DMBA : 7,12-dimethylbenz(aranthracene , 

DMSO : Dimethyl sulfoxide 

ELISA : Enzyme linked immunosorben t aSsay >. 

Fes :' Fetal calf serum , 

GM : Granulocyte-mac,rophage 

'HAT .: Hypoxanthine (6ab~Omg/l). aminopterin (8.81mg/l) 

and thymidine (193~Omg/l) for 50 x HAT (Flow). 

, , 

Add 10 mIs 50 x HAT to 560 mIs of RH11 1640 (F~ow). 

l'f 

HPRT : Hypoxanthine guanine phosphoribosyl transferase 

HT Hypoxanthine (680.6Omg/l) and thymidi~e (193.80mg/l) , 
for 50 x H~.(Flow). Add 10 mIs 50 x HT to 50U mIs 

of RPr';l 1640 (Flow). 

Ig : Immunoglo }'ulin 

MGI : l'1acropdccge -granulocyte inducer 

NET: Nitroblue tetrazolium-test 

NS1 : P3/NSI/1-Ag4-1 (129) 
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'RA : Retinoio- acid 

RS : Rat serum 

SP2 : SP2/0-Ag14 (130) 

TI : Thymidine kinase 

\ 

TFA : 12-o-tetradecanoylpho,rbol-13-acetate 
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Pbotograpüs or sFleED cells of rats made Itukelic witn the 

parent lin~ after tbr€E
o 

~eeks in culture. A, fi: wells 

contained : c..:lls su~ ~end€ à in aediuli supplE:llen tf:od vi th 10~ 

fetal CdLt S~[UII; C,D: ccntained 4~ rat serum/6' fEtal calf 

serum. A,C: ~notogralhEd at 20x magnification; B,t: at 100 x. 
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. Legend te Photegrarh II 

'Photornicrographs of cytocentrifuge preparations of 

BNML cel18. At D : spleen cells of rats made leukemic 

with in vivo-derived parent line. BtE : RNMI-RS cells 

~stabllshed ln culture. C,~ : spleen cells of aniroals 

made leukerJlc wlth cultured ?~I; I-P.:3 cells. A,E,':: are 

staineâ. ':11 tr, ') ay-']r1!n·,.,rr:tld-'liep'sa ; J ,_-:" ,E' are stained 

for peroxldase acti -n tv and coun terstélined "fl th 

safranIn ~. Freparatlons ;hotograpn~d at 400x ma~nifi-

cat,ion • 
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Enzymes Primary granules 

Peroxidase + 

Acid hydrolase + 

Lysozyme + 

Collagenase 

Alkaline 
phosphatase 

Fig 1a Enzymes present in primary • . 
~ 

,., 
Se~ondary granules ~ 

-t 

+. 

+ 

+ 

and secondary granules. 

G1 
( 2n )~S( 2n ... 4n~ 

1 r J 
M ( 4n .. 2n ) G2 ( 4n ) .. ./ 

().. 

Fig 1b The cell cycle 
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, .. 
n' ,f)-_ .. Erythrocyte 

'/ " 

(i(-' ~ .Hegakaryooy~ fi 

V .-. (~1- - ,~ .(11 
eFU-S ~ .' • 

... " '" ~ Myeloblast...... . \ @. ~ Neutrophil 
\ ;t ~ . ?ror.:cnccTu:': 1 

, 9_ ~ Nonocyte .. ~, 
ur' 1 -.. • • 
r \ , ... CFU-G!1 '\ .. '. ,,~. 

\ 
\ " fil ~ --(+1- -, - -;laCr?Phage 

~ .. \~YelObla.t - fi' " '@ "'loeinophll 

@ ~ ;ocy_t_e --.... 

B Lymphocyte Plasma ce Il 

Postulated lineages and relationships of 
Hematopoietic progenitor cells. From Cline M.J., 
Golde D. W. (- 19.79 ), Ref 23 • 

( Stimulatory interactions are denoted by (+) 

and possible inhibitory interactions by (-).) 
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HARROW ( development, 14 days ) 

rlyeloblast Promyelocyte 

~ 
... 

:. '''4-- . . ....... -~ 
.. ' 

,~.. . , . . 

neut:t:0phil 

1 
Band o"ell 

(
_/ 

, , 

) 

BLOOD ( transit, T 1/2 6 hrs ) 
~ 

( • 

" , 

. 
r'1etamyelocyte. 

TISSUES 

-"\ . 
( funct,ioh~, 

1-2 days )" 

f 

• 
Fig' Diagrammatic re~resentati~n of neut~oph11 

life-span and stages ~f maturation. From .. 
Bainton D. F. ( 1976 ), Ref 8. 
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t-'larkers 
Icell Line 

E ?A EAC SmIg 'l'-Ag la c.A11 r':Ag-I 

1 
K-562 - + - - - - - -.... 

':-...I.l 60 - + + - - - - + 

r:!..- 2 - + - - - - - + 

l(:}- 1 - +/- - - - + - + 

note: AlI cell lines have for rnarker.::LC-S • 
J'" 

\ , \ 

':'éiT 3BV 

- -
- -
- -
- -

3'ig 4 i:arkers present on ::562, ~ 60, Ioi!L-2 9 and 

KG-1 • ?rom ::inowada J. ( 1982 ). Re! 93. 
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1 \. 
'" a) Bone marrow 

Haemocyto blasts 0.36~~ Pro-erythroblasts 1.27% 
Promyelocytes 2.58% Erythroblasts 37.95% 
l'iyelocytes 5.41% N ormo blasts 7. 75~ 
r'letamyelocytes 14.94~ Lymphocytes 1 .05.G~ 
Stab nuclear forms 25.67~~ ~·:onocytes 0.04°; 
Polynuclears: Reticul-..un cells O. 32:~ 

:. eutrophils O. 42~6 ~:egakaryocytes O. 08-~ 

::::::;osinophils 1.98'"l '" 

- 3asophils 0 0.57~ 

b) ::?eripheral blood 

;·:ale ?emale 
(~n (es) 

:Lyr:-:phocytes 48.16 54.30 
:~eutrophils 21.41 16.70 
:Large Lymphocytes 12.75 9.00 
':on~cytes 8.66 8.30 
30sinophils 4.75 4.12 
Immature cells 3.80 V 3.80 
3asophils 0.83 1 .30 

Pig5 : Percentages of hemopo.1etic cel.ls preaent in ra-:s 
bone marrow and normal. blood • From Swaen G.,J. V. and 
Van Heercle P. V. ( 1973), Ret' 11 6 • 
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R.::::TUTOIC ACID 

7 _ 1 2. DIT·::îTHYL . 
3Z!:-ZAl:!!lS .. 4.C Z~3 

.. 

Ch..,1cal IItrGcture. of Re1:iD01c Ac1d .. Dim."'hJ 
Sultoxide and 7,12 Dimethy'l Bensant~ë.ne. 

) 
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Reaction 

Peroxidase (Graham-Knoll) 

3sterases: 
- Naphthol-AS-D-chloroacetate 
- a-Naphthyl acetate 

Sudan Black 

Per10dic acid Schif! 

Phosphataees: 
- Acid 
- Alkaliné 

Response 
) 

++ 

+ 

+ 

+++ 

+ 

++ 

-

Fig 7 : Cytochellical Characterisation ot the BK 

M7elocytlc LeukaemJ.a. l'rom Hagenb •• k A. (1971". 
Ret 48. 
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'0 

• ., 48 
~ ..., 

.~ 1 = 
'2 

.... 16 

~ .. 
! 
1 

CIl 0 
1 

i • 1012 

1 hO 
4> 

Numb~r of BNML cells ( rroa the spleen) i.v. 

r 

/' 

Fig 8 :DoJle-survival curve for BMML ce1l8 taken t'rom the .pleen. l"roJI , 
Hàgenbeek A •. (1977), Ret 48. 
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~el18/ 10J' 10S 10'J'PCS 1<* :reS 1<* l'CS 10J'PCS 
Solution 1 uM RA 2 uM RA 5uMRA 10uMRA . 

Blaets . 
++1/2+ + ++ 0 0 

Karbitrary 
units) . . 

. 

Flacrophages 
(arôitrary 0 0 

+ + 0 

units) 

Fibroblasts 
(arbitrary +++ +++ +++ ++ ++ 

unite) 
, 

4% RS 4% RS 4~6 RS 4~ !lS ~,4S~ RS cella/ 6" res 6% FCS 6% Fes 6% res ~ FCS 
solution fÇ' ~ uH F_~ 12 m·i RA 5 uJt1 RA ~Oui~A 

Blasts 
' (arbi trary +++ ++++ +1/2+ • +++t ++++ . 

unità) 

Macrophage. . 

(arbitrary + ++++ ++ ++++ ++1/2 .. 

uni ts) . 
Fibroblast. 
(arbitrary 
1m1ta) ++ ++ ++ + + 

. Fig 9 : Bl.aats, Macrophages and Fi broblaata in 14 day. cul tare 
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~otal Tumor load: 4x101Ooe11s • .. 

R : 0.5x101Oce11e 

S l '.5.,01Oo811e 
:> 

SPLEEN 

R :~2.6x108ce11e 8 
R : 24.4x10 celll 

S : 36.1x1080e11s 

~ ~ 
S : 1.,.108C811. 

BLOOn 

MP : 2.9%1080e118 

CEP: 2.7x108C811s 

~ 
, 1 . 

~ t l 
BONE HARROW REST LUUGS 
• 

R : 14.5z108cella ft c 1.5x108celll R "'z 4.2x1 08cel~B 
s· : 54. 2x1 08cel18 S : 105.7x108ce11s S : 5.1x1080e118 

Fig10: Sises of functionnal compartments at the terminal stage o~ the BNML ( day 28 
alter 107 BKML celle 1.v.). R-rapidly exchangeable pool. S-a1ow1y exchangea-

.. ble tissue pool. ~rom Hagenbeek A. and Marten8 A. (1977), Ret 50 • 
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Promyelocytic 
morphology 

Peroxidsse 

Surfaçe Ant1gens 

, " 

Parent line 

+ 

75 + 

Cx-6 (anti T supre.Bor) -

Il.,/1., (&nti T cells 
and ant! granulocytes) - to 2+ 

'1I.,/25 (anti T helper cell.) 

Ox-6 (an .... la) -. . 
Ox-1 (anti-leukocytea) 100~ ... 

02-7 (tmti-Thy 1.1 ) -
Surface 19 -
Intracytoplum.ic Ig -
Fil 12 • sumaary ot oharact.rl.tle. o~ • 

• 

.98. 
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.. 

~,.-'--;. .r," .'" _. - '--'-'--- '-----'---" _. f 

Adapted line 

4-1 ara + 

- to 2+ 

-
• 1~ + 

J 
.-

-
-

~ 

l.wc.mle lin. 
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Note: uM • )lM 

) J.W doae-~ 

1) Prepcare 11 Agar (0..2 Sgas Agar (GiDCO) iu 25 alB , 

distilJ..ed H20 ) l 

2) Allt.oclëtye agE alld tben keef in 56 degI:Ee cEDtigrade 

bath. 
CI 

J) prepcare 2 x CODcEDtr ated lied in. : 

.. -1 p4ck.qe IPlll 1640 aediua ( flo.) tot: 1 li ter 

-500als dOlltle dist iYled R2C 

-Sa1s ~at. •• iAe 

-5 • .15 pe.iellli. itreftoa,cin 

-2g.s 8041 •• bicartonate 

-4J a18 Bel Cl.) 

4) lli.z .l5 als 4 ~ aEdiaa aGd .2S als 11 ag., to obta.in cl 

O. S, .gal: sollition. 
1 

St ldel. 1 S als iP!U 1tlfO aediua ( F 1.0.' cOlltàiDiag cel.~s 

to IS als of 0.51 Agar to g!we 30 als ot 0.251 agar, 

6) Ilate S a15/.,e11 iD a 6 al flat. bottel .. 11 p.lat.e 

(Cost.ar) • 

... 
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1) Take ce1..is,out of tlle -1e degtee eentig.rad~ fUEzêr or tro. 
t 

liql1id tllt.rogen, in dry ice. 

2) .l dd 1 aloS of PC S to 15 .1 s ster'f"le tubes. 

3) T ha Il .:,1acb v.i:-a 1. il a 31 degree centigrade ba tt, Dnt·il only 

a fev crystals re.Qin, and FGur into a FCS contailiing tube. ' 
<) 

Il} S,pin the tubes a t 1200 tir a for 5 ainu'tes. 

5) \Be_ove tJ:ae supecnatant and vash cel1..s tvice vith 52111-16"0 

l .edin_ F 1011 ). Conllt c.:l1s betote the last SpUD, alld 

reconstitute to thE èesire ycluae in RPIII:-16"C. 

,; 



1) Coat Dylldtech aicrotiter f~ates ,Fisher) witt polylysine 

'7 -
- add 100 ul ot d ~(u9 polylysine/al scluticD ta each 

vell. 

- let SU.lt at roca te_FErat\l're for- 60 ans .. 
/ 

2) Vash tWlce in PBS. 

3) ldd HP ce.U.s in 100 u1 EES ta each ·vell; cells should he ; 
tT 

previous.ly W'as~'Ed t.tu:ee tiaEs in PBS. 

4) Incubd te cl t _ ICOI telpe ra t ore for 60 ans. 

5) Gentii add 100 ul cf a 0.0501. glutaralpEI:Jde (Sigla) 

solution to each well. 

~ Let S1t 10 Ins. 

7) Il asile tAree t.l_es vith ffS 

8) ldd 200 U.L of a ~OO &9 gela tin (B.GU) /al solut ion to each 

, lJe~l. 

9) Let sit fOI: 60a.~. 1,be }lates -aI he stored in tllis fora 

at " degree centigra,ée. 

10) Vash the Flates tviCE liith PES bEfo,re USE. 

11) ldd hy~rl.(.lC~a: ~Gler'nataIits in " u~ or 100 ul dEpending ~n . ' . 
'. , " 

, 

the nU.ber ai lines ta tu: t and a vailabi'li ty. 

, , 12) Incubate a t roo. ttUfEora tuœ: for t-2 hours. 
\ "-

13) Shake out supèrllet.antE and add 200 ul of a 11 Boriae seru • 

. albulin (Si';lla), in lUS seInt i,n. 'i. . 
14) Prepare dietballolallllE J;lIffer: 

\ 



800 a1s dd A2e 

( 

- 0.2 glls llidNJ 

- 1ùù III'jS l'qel.i.{ H20 

- dJ.d Il 1'1 liel uDtil ffl=9.~. 

- IDdk.~ ut> to d tctal ,clullt: ot 1 liter vith dd 1l20. 

1") Wasn the /;-liites thH€ tiœes v~th ~6S. 

15) Add :lfrl.n~ti fJurifled 'Joat aut~-I:ouse dlkalln€ (.bosphdtase 

• at 1/1vOO-l/20JO dilutiCIl ln l' boviue S~LUI altullin in PBS. 

lb) InCuLate 1ù IlUiS 

1 7 ) li a sb w ~ t h LOO u 1 11 t C v ~ ne se ru. a l h u II~ ne. C 5 , 'I iii ee n 20 iD 

BPS. 

18) Wa'sn tilcee t~lIes v~tb O.C5% 'tveen 20 in BF5. 

19) A à d 1 0 Ù ul. 5 U t. st rat E ~-nitrophenyl-fhoSfbate-disodiu. 

(Sig.a)) made Ut> at 1119/_1 ~D rooa tellperature diethanolaaine 

buffer • 

20) Sit dt roo. teafEratule 1-5 hours to develop (clour. 

•• I~ otber experiaEnts, gcat anti-aouse IgG comjugated vith 

peroxidase (34) or alkaline phospha'tase conjugated protein A 

(115) baye been used. 

( 
i) Badioi •• uooassays 

.. 
10~ .' 1 ______ "-________ ... _____ ~ ___ ~ _____ L~ __ ._ ••• _. 
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~ds~r~ tn~ anti~~n en folyYinyl plates. Wash the plates 

and add hybrid sUfertataots. Wash tbe plates a secood ti.e and 

add rcldioClct1.Ve iodioe aftinity purified beteroloqoQs 

anti-l.llano~l\lt>ul1.o. Wast: the wells and couot each weIl 

individually 1.0 a f counter (qS). 

Uoi1.U'J raJio1..aunoassay techniques, Fisher et· al (38) 

showed d s1.lI~l€ Wdy to oetera1.ne whether certain aonoclOnal 

ant1.bouies ~~dct àgaiDst the sa.e or very close €Fitqpes or 

alJainst .Il.dely à1.tferEtt [E~ioDS cf the antigen. The 

eKperi.ent conslsts in cc.~arin9 the saturation tindiDg level 

tor eacü dnt~~ody vitÀ th€ saturcltion bindio9 level when both 

antibodies are added in U:e sa.e well. If ecaFEtitioo oceurs, 

the saturdt1.~O o1.ndirg lEyel viII 'bout e~~al tle indiYidual 

saturat1.\ln b1.ndin~ level Feeviog that both antitodies react 

against the s~ae or very close efitofe. 

ii) Cytotoxicity Assay 

Cytotox~e1.ty assays for eel~ .e.braoe aotigEns cao also 

be used: 

lncabate radl.oaetiYE Cr latel1ed cells having, antigens on 

thair .a.braDes vith sUFelnatant and co.Fle.ent. If the 

.onoelonal antl.body presEnt, caacts against tbe antigen, and 

if it loS a cO.fleaett bindiog antikody, then lysis of eells 

ocrncs. denca, .easure thE radioactive Cr releasEd 

C~OAe aDd recloue t.E Fositiye cell àJbrids iD soft aqar. 

( 

104 
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) 

lreezing aedl.u.: 

- JO a,li- SE.(ua ftee EUII-1640 (flcv). 

- t gas oC. D Glucose , !liS 180. 2. 

- 20 alE di •• ttyl salto.ide. 

- 1.2 ala lCS ccrtai.aiag 1-2 z 107 cella \ 

Prepare 1:ree<lill:j a.dia. ,iacutetE at 37 -deg'.(Ee cEatigrade for' 

gl.ucos~ to ~u.~.cl.E, anè tl.ltec lot. làd O.q ala to each 

~dd 1.2 .~s ,CS coataiaiag tbe ce.1.1s to eac~ Yi.1, •• 4 pat ià 

ice foc .l~ aas. 

Put tbe Yi.1s 2 bO_ES at • aegree c •• tigra4 ... a t'ea at -70 

degree ceati~adE toc 2 tc.ra. 

Put Yials i • .J.igQid IlitrcgeJl. 

105 
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1) Put 50~ r~G lOvO tbDH) 10 a 31 degree centigraèE tath. 

2) 51'Ln lIyeloaa cElis. .asr the. tViCE vith iF!I-16110 (PlolI), 

for 5 .n~ dt lQOO t,l. 
3) K il1 ,Ul~II"Ü. I!'U sf lEen fieces through a sta in lESS st Eel 

aeSD under sterilE ccnditicES to get a celi saE~E,sico. 

Q) .. asn s~ letiJl cellE t 1iice vith ii1lI-161W, for 1 ans at 1500 

5) Count cells durins tbe last lIash and spin ttEa tegether at 

'. . a ratl.O of 3: 1 te le:l sIleell cells : aJeloa. cElls, for aans 

at 1800 r~a. 

6) 7ake/oLt su.eJ:llataDt .itb a pipet viUoat distarbiu\i the 

pellet. 

7) Use a ~on9 tip aterilE fasteul: pipet te get a fila of 

cells; do Dot CCa(lEtEl) loes~n th~ pellet. IDCliD~ tbe tube 

at an an~.le éUld adè: 

- 1 III ~CJ FiG leCC cyer 1 an 

- 2 a.ls 51,81-16"0 CY El: 1 an 

- .J als iUU-16"0 (aer ,30 sEcoads 

- 5 als i"I1-1640 cyeJ: 30 seconds 

8) fill op tge tube to 50 aIs .ith 8ill~-1640. 

9) Spin tOI:' 6 ails at 1200 E, •. 
, 5 

10) Add 15~ feS CE as iPBl-1640 te kaYe 2 a 10 a,.~o .. 

cella/al. 

11) Put 2 drops of thi.s .cl.tioa froa & 10 al. 
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( 

. 1 

vell of cl 9& f.lat botto. tlell p1ate ( Linbro-flov lab). , 
12) Idd 2 drops HIT 151 ICS or as in each vell, ae.t da,. -13) 2 and Q-5'daJs afte~ fEed again vith BAT 151 'CS or as 

aediu •• 

14' 10 d4'S after, ."d ut 151 ICS or RS .edia •• 

ls in any nev .Ethod, .any of the teconical lxcbleas aave 

Dot Jet betin SOlVEd. fusioD of cells depEads on .aDJ • paraaeters sl1cn as tbe a,eloa. cell lines available, tae 

selectioD aedia, and the ~tusageD" agent (Il). 

Osaa11y, an aniaal is i •• unized vith tbe alFropria~e 

aatigen c~ncentratiea ,bccstEd i.Y. one or acre ti.es atter a 

certain p'erioa and JlillEd tlaree ta four da,~ alter tbe l .. ~ 

boost. r~is seeas te eoscrE that: 

-Ule 1. •• I1Doloqical rEEpoDse 15 at il .axiaua 

-8 IJ.paocytes are in activatEd blast staqe,.. .tage 

.... 1.91' preterred for good fusion results (90). the sp.1 .... 

are thea aarYested , vaa~Ed; spleeD pleces are ,rocesaea &ad 

tae reSQ~tiAj spléen cells (red blood cells .ad lJapkocJt8a) 

solutioa ls ready te he fUSEd vith the .ppropriate •• aber of 

.,elo •• cella (1:~ te 1: JO IaUo) 

al l,e,oA, C&lÀ liaes A!liAttl, 

1'1'8.10.. cells are .aliq_.At 

1à .. noglooùia l'rot.iAs ill aa irre,üar ..... 1'. loa secret1ag 

variants caR be ollt.ai.ed ,IS1 d.ri.ed froa R3) .. d .... 41 ia 

baiona. IIJeloaa cella. 1:Eiag caDcer ce.lls, ca. te Frop&gate4 

ia4efiDi ~81r iD v1 ua ia an 
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.. aaer. Tke hrarid cell. re.ultlDg fro. fa_ion of a a,81o .. 

cell and of a 8 lyalbocyte conserve the .~li9Da.t pattera of 

growth of tD9 a,elc .. cEl! (12). 8,e10aa cells aast Ge in 

loqaritha4c .jrovth pbase ta te used in fasicn and are 

therefore Spl4t severai tiaes before fusion in thE appropriate 

.ediu.. :tost ayele.a cell lines havE! defecti 'e b ffoxanthine 

quanin~ pbos~horibosyl transferase (HPBT; see selection). 

They dre tilled in HlT 'Ediu., but cao be cO.fleaented by 

fusions witb HPHI+ cElls ( sIleen cells) (128). 

Early fusions used inactivated sendai virus as a fusion 
"-

'proaotee (71). ftany aore ae.brane active agents ~aving fusion 

capacit1es have been found, but tbe lost co •• cnl, used agent 
" 

is nov polyethylene glyccl 1000-1500 av, pH-7.SS (FEG). PBG 

vas aUCà .ore effectiYE than inactiyated Sendai virus to 

pro.ote ce~l .rbridizatiaD. Klebe and ftancuso (11) coapared 

Àrbridoyeas'to non hybridcgenic co •• ounds. coafa~ison of the 

structwre of seyeral hrbtidogens and nOD hybiidcgens shoved 

tàat: 

i, ODe of t~e two terai»al h,drozyls of PEG aay be blocke4 

without loss o~ hyhridogeaic actiYity. 

ii, 8ybridogeDic cOIpOU~dB do Dot need to he electrically 

••• ~ral nor do tae, ,.ed to te liaeat. 

111) Ro.eyer, if a aeth,l gloup (Poly proPJleaE glycol) is 

agbatituted for a hJdrogen iD PEG or if a aitrogen replace. 

tIle oZlgea ia PBG. Il)hridoCjeaic actiYit, la los't. 

~YJ 'erf ~gh o~ ver, 10 •• olecalar •• igâta P.G axe iaactL ••• 

&' ",,.Uoi 'Idi,. 

1G8 
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1 l , 1 : 

ID fuaioDs. it aast te easarea tàat aal, bJbcl~ will 

gEov i.e. tàa pareDt cella ahoQld Dot suyiy. iD tlt. _lec:tin 

Littlefield (8~) aevised a aethod to select for 

hybrids. In usual gIo"th aediua, cell liDes caD sJnthesize 4! 

DOYO the necessary farines. Hoveyer, if aaiDoptErin. a folic' 

acid analo'lue, is added te t be .edina, fol.ic acid re d octase is 

blocked. S iDee the de DCYO pa th lita J Deeds folie acid as a 

source ot hydro~en the puriDe and pyriaidine sfnthe~is by the 

de novo pathvJy is blockEd. A preforaed pariee source is tbeD 

needed far tae cells to synthesize nev 'DIA via the salvage 

patbvays. These ~atbway5 depend 00 thyaidine ~inase (TI) 

wbich can transfora th yaid ine ta its nucleotide , and oa 
/ 

hypoxanthine, guaninE FboSfhcribosyl transferase (BP8T) which 

can convert \ypoxaDthine te its nucleotide. TbE tvo enzJaes 

HPIT and XK .ust DE preSt;Dt for thE cell.s tc surYi ve in the 

presence of thyaidille,. bYl:oxanthine and aaiDo~terin ( SAT 

aediua) (45). BPB'! catalyzes the transfer of Ihosphoribose 

fro. 5 phosphoribosyl 1 fyropbospbate to hYfcxanthine or 

gQaaine bases to forl S·I!P or GSP and pyrophospbatE. RPIT is 

an eDzfae coaposed of idEDtical Eobonits (2~-26000 Ri in 

huaan: 27000 ftW in .OUSE) and aay exist under a tetraaeric 

fora. ~HPat aay cODtribate ta the tlov of hYfoxanthine into 

the cellll~ar n'Ilclectide Fcol an~9- is .ostly present in 

braia., ovarf., rad blcod cells and wbi te blocd cells. It i8 

coded by an ~ linkEë geDE Iesidinq on the long ara of the 1 

chroaosoae .netveea G ~aDds q22-qter. this eUJ.s i8 

daficient .in Lese" lyha8 &JDdroae" an l liDkEd recess.i .. 

cU.order (20). 

8utant ayelo •• cella 1.cki89 ri or aRI! ace pcodt1Ce4 )JJ 
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cftotosiC arDga u~iliai.1 t.ia ,.~.aJ ~oc !.tIEGalizatloa. 

stace, ta. tiRaT loc •• 18 CD t.. 1 cla,e.oaca., it i .... ier ta 

obta!a 4 deticie.t .at •• t than for 1'1. 'estatuee to ..a 
6-azaàJPos4utàiaE gitan ia acco.p •• ied QI BPI! detici.acr. 

Tàloguaaine can te inCOIloratEd latc DIA _i. 8flT aDa c .... 

cell deatà tÀU6 aelEctinç for HPiT-autants. If eue" an 8pat-

oc TK- .ut4.t 18 taled ,ith a spI ••• celi 8l1!,.1'I.), the 

oa1J suyi_LJl\i l'codu(t .lJ,c(uld bE a Itybrid IfJaich can use 8PIl'l' 

or Ta Leo. the IF1.E. FaEE_t (45). 

othec seJ.EctiYe .,clia. such as 

hJpozanta~ne-aa~no~ttrin-!-.et~Jla.o.JcJtidi •••• 4iaa bat t .. 

BAT aedia. La tJaE aClt .idèl) -..d. 

Once hJorids arc obtainld, clo.cd •• 4 r.cle •••• C"a, !! 

al (21) hels saolt_ tlat ae •• àJbrida .aJ be (a1tue' i_ aK1la 

fr .. '_ed~u. coD~.i.i.g i_auli. «5 ag/al) •• d tr ••• ferri_ ( 5 

ag/al) • AbseDc::e of ADJ of the.. t.o coa.ti ta •• ta leacla to 

AO" or d&Cr •• aE Fcclitecatica. ~. ab.eace of sera_ ca. k.~p 

parifr tà. aatiiod.i ••• 

At '485"4 Il.''' 'MV .. acia, 

l.t a aple.. coat.i.. leP iJ.~.OCJ~. ..ct at be.t: Olle 
4 

.r~ri4 foras f~t 2-~ Z 10 cells (SO). 300-500 àJbri~ tk •• 

coulcl &le ~eaeratEd Cl1). It iB ottea aec::es •• rJ to cio •• ud 

recloae tr8jGeut1l te fr~YEDt oYErgrclfth cf mOD ,Ioducers aad 

to •• iataiA thE ata~ilitJ • 

l'eeder J.aJus laJ .aÀaDcE the frega •• c! ald ù9rolftÀ of 

âJbrids. lst41di et al (6) fc.nô ~.t h ... a •• dothelial c.ll 
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9ra-th .ad pcoliferatioD cf 'rbrida. 'ox et al (39) describe4 , 
two ways to i.er .... the tr.,DèacJ of a.~1~ •• specifie .rDria. 

fcoa .08.. to aou.. fusio •• : 

iJapl •• n cells were cultured vith th •• nti,e. ia .itfo 

thr •• to four d4Js, 10110 •• d by fusioa. 

li) priae4 cells vere injected i ••• iato 

sublethally ~rradlat.d anil.la; aDi8.1a tben vere boo.tad vila 

t~e aAtigen i.p. GAd SlIeen cells fused three te ~ur daJ. 

later. 

These tvo aethods.iaçreasEd tbe treguency of antigel specifie 

.Jbrids froa 11 to 4(-581 .. a a., froYe yert us.ful to deri .. 

ao.oclonal autlbodi.8 against °Y.Cf ••• t a.tige.. « poor 

ia.aaogeAS). 

.. 
.. 

.. .. 

7 
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1) ID a O. S.la »0.1..1 ""ol' lCIlE lipendoEf tube., add 3 • 1; cella 

•• abed jz MitA ~as. 

2) Spin üJ as~irate do •• to pellet. 

II Add SO ~l ot pri~.r, •• tiseru •• 

• ) l.cao.te lo-tO ••• CD ice. 

S) 'aSA : 1 1 .ità ilS SI fiS 

.1 2 Mita iES alcl' 

6' bpirate to fell.t. 

7) idd 2~ ul cf cccjaga& ( gMt ut! 80 ••• lia ..... }.114 

llgàt càailla -·80 CJ:O.. ,.ac:UwitJ wiü ,at,' flaor_c.1a 

c:oajugated, cappel ....... 4 to~ 110 ••• to aoe •• " •• ic.a ). 

8) Illcab.te JO aDS cc ice. 

,. ' •• à as for: (5). 

10) hfir.te 'to pellet. 

11' Add 20 ul iBS. Sut 1~2 ca alide. 

12) Wei coYUslip •••. a •• i •••• 4u fluOJ:eI5Ç_.ce aicE08Cope • 

• 

. * 

, J 

« 

1ta 



( 

(, 

Prepare: 

1) 45 aIs lÙl fCS iE!I-lt'O ( Flow) 

2) 45 als.QI as/ 61 lCS &181-1640 
(; 

3) SolQtion A: 20 Ql All trans-retinoie aeid (Sigla, 10 aft in 
, 

2 als 101 leS BlftI-1E40 (1). 

4) Solution a: 20 ul all tIans-retiaoie acid 10 ae iD 2 als 4. 

as/ 61 les iP~I-1640 'fi). 

Add: 

- 1.5 als solution A to 13.5 a~s , to ottein il 10 .. 

retiDoic acid P lol.tioa. 

- 1.5 Ils solution E to 13.5 .ls,a to ottaiu il 10.a 

retinoic acid ,a aoIutioD. 

Add: 

1 6.5 als of the 10 al retinoic acid P solutien ta 6.5 als 

r to obtaia a 5 uft E.tincie .cid P solution. 

- 6.5 als of the 10 a. cetiaoie .cid PI aolutiou to 6.5 

als ra to obtain a 5. a. r.tiDalc ecid PI aolatioa 

- 4.8 als of the 5 al retiaoic acid r soJ.tic. ta 7.2 Ils 

,. to ahtatn a 2 ail rniàcic aci4 r SGlaUoa. 

- 4. a aIs of U ••. 5 .1 retiaoic: .cid ,. aolaticn to 7.l ala 

ra to Ql)taiD il 2 .a nU.cic acJ.4 PI .aol.at1oa. 

"44: 

" a1a of t •• 2 •• Eetiao1c ac14 P aol.a'tioa to , a1s ., to 
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obtain a 1 u! retiDcic acjd f soluticD. 

-, ,..l.s o.t tàe 2 aa rEtilloic acid 'Ii solution to" ais FB 

to obtéUD a 1 118 ret iDoie acid PB. solution. 

Prepare: 

- 8 .~s f tor a G a8 IEtinoic acid F soluticD 

- 8 IIls tii fOl: a 0 u! xetinoic acid FB solution 

j 

'dd 1.5 als of Each !oluticn te each vell of a ~~ 1ldt botto. 
, , 

vell plate (Costar 10 3~4". Ca.tridge, flass., tSl) to end u~ 

vith 5 re~licatEs ei each sclutioD containing Each 5 x 10 

caUs. 

f' 

, 

, ' 
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Froa Gredves!S. ané BJ:cvt G., J. cf I •• ur.olcSl,112, Nol, 

1974,p 4iV. 

(' 

1) Dry JOO .~s of ~afbEd ~jlcn fiLers. 

~ Pack L~bers in d 10 al sEringue uf ta the 4 aIs .ark. 

J) Rasa sever al tiaes vith vara BPftI-1640 (Flow) sc that .ost 
f 

aL the f~bers .dIE .ashed. Leave scae aediua in and incubate 

at 31 degree' centigrade tCI: 30 .I!S. , 

4) ldd 2 .15 10j feS BE!I-1640 aEdiaa vith 1CI S ~ le? cells aD 

top of the sjJ:inge. Incutate syringe upright at 31 de9~ee 

centigrade for 30 ails. 

5) Add 40-45 ais SE81-16-C .Ediaa on top and let drain tbrough 

a 25 G butterfly DEEdle the cells The aacroptagES ~d B 

cells will st~ck ta the ccluaD. The tibers shccld Ae.~r get 

dry'. 

, ' , 

... ' 

" 
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