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- In 1977, Hagembeek et al reported the induction of

leukemia 1u  the Brown Norway <rat after injection of
9,10-d1a2tayl-1,2,- tenzanthracene. The cells of fromyelocytic
lorphoiogy Pxoduced ‘a syndrpme in the animal s;mildr to the
human disease with .dnvasion ot the liv;r, sﬁleen and marrow,
suppression of norsal Llood vlements and a4 csajulopathy.
However, attempts to westablish these cells ir long term
culture aave bEen  unsuccesstul reudiring in vivo paséage for

mainteniace. In the present study, a subpopulation of cells

capable oiL prolizeration in vitro was obtained from leukemic
——

rats ., Althoujh they appear to Qe less mature than thé

. ¢ .
pdrent, taey retain a partial capability for amaturation when

returnca to ian wvivo conditions, dglng these cells as

imaunogjens siX aurine monoclomnal antibodies were obtaimed that

appear to be myeloid related. These cell lines’ and antibady
. J .

markers provide ‘a unique wmodel for studying the control of

early ét;ges of geilular. reqgulation in ayeloid leukemia.
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RESUME . v
5

Bn 1977, Hagenbeek dé%eloppait une leucemie dans le rat

»*

"Brown Nochy" apres leur avoir injecte du
9,tO-dimaghyL°1,Z—benzauthracbne. Ces  cellules - de type

£ . ‘p s .
proayeiocytaire produiseut chez l1'animal wa synircese similaire
’ . ’ , -

a celui opserve caez l'hecmme c.a.d. 1nvasion du toi, de la
. < B 4
rite et de la moclle asseusc, suppression des element s norsaux

v . ' d Ld
s sany et une coagyuleopathie. Cependarnt, 1l nta pas ete

-
possible jus u'd jresent de malnteunir ces cellules en culture.

. . ~ » R »
continu2lla, ces Jernieres demandant a otre-in jectees dans le
» ’ N
rat pour survivre., Ddans . cette etude, use souspopulation de
) 4
cellules obtenue 2@ rats leucemiques »st capable 1e vivre en

L4 .
culture. Jes Cellule€es pien gque moins differenciees en vitio,

“~

peuvent évoiuer au stage ;rcnyélocytaire en etant reinjectéés
dans le rat. Enfin, le/ développement de¢  Six anticorps
sonocloniux Jo souris perset une plus asple caracté}ization de
ces celilares. Ces Iign£és de cellules ainsi que les anticorps

5 .
obtenus toracnt un mciel unique gui peraet l1'étude du coantrol

P . R - . N ’
necessalle &ux premiers stades Jde Jifferenciation dans la

. e
leaceaie ayeloile. .
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"Ep ue'rappelant que j'av;is fréauennent observe un état
analogyue dans le saby d'individus chez lesquels on ne
pouvxit pas Soupgouner la pregencéf du pus, je suis plus
portg a croire au;onrd'hdi Jue l'exces des globules blancs
ti%nt gLlutdt au défaut de transformation de ces g}obules
en jiobules rouges, 3 une sorte d'arrdt dans l'évolution
du sany, ,u'g 1a présence de globules d%'une nature
étrangére, copme celuX di pPUScecscvees D'aptés la théorie
que j'ai domnee de l'origine et du mode de formation des
globules sanyuins, la surabondance des jlotules blancs
n'aurait riea gue de paturel en pareille circonstance; ce
ne serait, encore un fois, que le résultat d'un arret dé
développement dans ces particules transitoires." Alfred
Donne ( 32 ) K , -

Since Donné's description of the aperrations of white
blood celis in 1844, thég cbservations made cn leukeaia have
progressed consideraktly. Cronkite (28), can now give a more
approgriate definition: "Leukemia is a disease of aberrant
vhite cell proliferation - characterized always by defective
cell mwaturation and‘ divergence from steady state céi%
proliferation which may, depending on the stage of the
disease, result 1in over or under production of leukéﬁic and
normal cells". An under standing of the etiology and

pathogeuesis oL lehkemia bas not yet been reached. The nature

{
9

«*,

K i ot A,

-,

-

i g gy




b
.
' N1

of the exact mechanisms underlying cell differentiation should
be studied in order to understand the block im cell maturation
that oc¢curs in leukesia., Valuabde informaticn on the various

stages of cell differentiation can be gathered wvith inﬂ vitro

models. This research tas been directed more gparticularly

tovards the study c¢f acute swsyeloblastic leukeaia ( AML ).

¢

First, an acute myeloblastic. cell line wvas derived from an

acute proayelocytic leukemia in the Brown Norway rat yrown .}_g_

vivo. The stage of differentiation of these cells and their
response to ®saturation inducinjy agents were then determined.
Finally, myeloid cell surface antigens Duere identif ied using
marine Qaonoclonal antibodies. These celg.s now ex“teond the
linited nuaber of nyeloidelinés available :and potentially are
a useful model in which to study the rcéntrcl“ling events in
early myeloblast qatucaticn. N
The first part ofathis thesis will outline theé process of
noflal Jranulopoiesis as well as discussv ;the two relevan’:
maturation blocks ocurring 'inu acute ayelotlastic and
promyelocytic leukesia. ’The few human ayeloid cell lines
availaple then will be described followed by a description of

the modeli studied in this thesis i.e. the Erown norvayhrat

proayeiocytic leukemia . The second part will describe the

developnent of tne in vitro cell line. Finally, the
N .

-properties and antigenic characterization of the cell line

Ue

will be discussed.

ot

10




[
- @

pmbaa e S o dns meAtie b s A Ak the e o b o e ca e mn w - G s e b 64 e e wm n g e o e ay = e e

9 Id

o -

‘1) Grapuloporegis. e . -

x

.
L

] The major orgams of th¢ haemopoietic system are the boné

~ marrov ,spleen and lymph podes. Mature blood cells are highly

di fferentiated but short lived. They all arise from i
multipotential hemopcietic stem cells .vhich nave high self-
reneval aad re;enerétire caracity . Such cells give rise to |
others,yrogralied to differentiate in a ceétain lineage. With
Blaturation, their capacity for growth and cha#ge is diminished
until, as mature feripheral blood cells, they completely
E lose tue ability ¢tc proliferate (98,28). The srleen colony
method, descrioced b} Till and McCulioch (120) is an assay for .
mouse pluripotent hemopojetic stem cells, CFU-S. \Uhder proper
coeditxons in tae sgleen, these CFU—SAcells can reproduce as

’ well as give rise to cells differentiating along the . .

erythrocyte, yranulocyte, maonocyte or megakaryocyte pathways .

0 The cosaitment of hemopcietic stea cells to certain limeages
may depend on a specific  hemopoietic inductive

aicroenvironaent in the bcne marrow and sSpleen, as well as on

specific rejulators (88,125), .. For instance, CFRU-5

abpar -

proliferates ia 'vitro with ptostaglaﬁdin E gproduced by

’ 11
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macrophajes (£3). Ope of the progeny of CFU-5, CFU-GK, gives
rise iu vitro to both granulocytes and mononhuclear phagocytes
in the presence of several factors (glycoproteins)
collectively cailed colony stimulating ractor (CSFE) (92) \ CSF
binds to marrow cells with sSubsegyuent anterpnalization and

degradation (102). As well, it may pe an important factor in

“vivo for proliteraticn and dicfrerentiation of CFU-GN. Hence,

under control of specitic regulators and in certain
hemoporetic nicaes, CFU-GP will give rise to myelcilasts, the

first cells entirely committed to become neutrophils .

|ut° .! PR !.l. E!

1) ‘;ne MY ELOBLASTS constitute between 1-5% of normal bone

marrov and are never present in circulatinj blood under mormal

. circumstances. These€ cells have a high nuclear to cytoplaseric

ratio andi 1-38 nuclecli, They do not contain gyranules and
they lack ayeloperoxidase .

2) Tne PEOMYELCCYTES have a round nucleus and wvisible
nucleoli. Primdry ©r azurofhil granules are now preseant (500
nm) ; the cells are highly peroxidase positive (Fig 11).

3) T'uc MYELOCYIES have a smaller nucleus with ainimally
discerniple nucleoli. 1The presence of peroxicase-negative
specific or secondary granules (200 nm) characterize this
stagye ( Fig 14).

4) The HMETAMYELCCYTES, BANDS, and mature NEUTROPHILS are
non dividiny cells and accumulate glycogen pérticles. The

pucleus becomes deeply indented. The specific granules are

h 12
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then twice as abundant as the azurophilic granules. The

neutropnil will acjuire sequentially its tuncticns i.e. a)
AW

phagocytosis,b) aicrcbial kiliing, ¢) random locoaotion, and

d) chemotaxis ({43), =50 as to becoae a major participant in the

body's istfense 4gyaingt invasion by sicroorjanisas. The above

description ot haemojoiesis and aore specifically.

granulopoiesis (8) 1s susmsarized in Fi3y 2 aad FPig 3.

o

Leukeala cah be gzouped by wmorphology, chromosoaal
aberrations ,surface glycofprotein patterns (5), glycolipids
profile(72) as well as by enzymatic activities (61)1 Froa the
various classes ot leukeaia, ounly acute myelcblastic leukesia
( FAB cClassiticaticon: X1 with no nmaturationm or M2 with some
mataration) aad acute fromyelocytic leukemia ( FAB

-

classification : ¥3) will ke considered.

11) _Acute Myeiobdastic Leukemia

In thnis leukemia, a block in cell maturaticn results in
accumulation of ayeloblasts containing very small asounts of
receptors tor Ig9G fragments or receptors for C1 amd C2
complement components (58) in the blood and bone marrow. This
accuunla£ion is acccepanied ty failure of normal haemaopoiesis.
Ihe’effect ot leukemic myeloblasts on normal nyelcid’colonies

is not clear, although sugpression of normal hemofpoiesis by

-

13 ’
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leukeaic cells has ﬁcen shown in SOmEe éases (11;).
Leukemojeuesis due tg activation of  oncogenes or to
spohtanedus or 1huuced maturation seems to occur at the level
of the pauripotent stes cell ( 22,81vl3,89). Studies u;th
Glucose-o-phospaate~-dehydrogenase het@%ozygoteﬁ implies that
acute ayealoblastic leukemia is 1+ clonal disease i.é.
leukenojenesis occure 1in a  single stem cell. This leuxenmic

cell 1s capable cf selt replicatios opat cannot mature

completely to tne functicnal neutrophil stage and appears to

be blocked petween the myeloplast and promyelocyte stages.

Tae clonai orirjan ¢t leukesia 1s also supported by specific
chrososo®al changes., A tianslocation (8;21) is often foumnd in
syeloblastic leilkemia with maturation ( 10,11).

Leuxemrc wolast cells can be divided: 1)a rapidly
proliferatinj pocl lccated in the hone marrow where they form
15-35% o wmarrow leukedic Fbtlasts and () a guiescent pool
coasisting ot cells that will die, cells that wmay partially
differentiate and ceils that will remain in a lcng G1 cell
cycle phase ( FiJ 1E). This last pool is the mcst diificult
to eradicate witn standazé therapy (69)'. Finally, acute
lyelobiastlc leukemic cells do not form in vitroc colonies in a
fashion siamilar to normal cells' (86a). Autclogous antibodies
directed against leuxemic .myeloblasts of fpatient's sera in
reMissidn aave peen reported (6b) .Some patients with AML have
circulatiny i1sauae coerplexes, an observation usually
associated with fewer and shorter remissions (19). Until now,
intensive chemotherapy ( Cytosine Arabinoside, Daunorubicin)
to produce bone marrcw ajlasia followed by maintepance therapy

is the usual treatsent for AML (105). Fifty to seventy

14
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percent or patients with ANL can achieve remission. Long term

3

»
H
*
§
i
H
H

1' disease tree survaval is attained in 15% of patients.

+

In tnis disease, maost or the leukesmic cells d¢ not mature

past tae jpromy2locyte stage. Hence, abnormal [Romyelocytes

accumyiate and counstitute 40-60% of <cells on the Yeripheral

TR i e R R Y AR WOV ot Mol R

blood Cila . APL , couyixsing 10-157 £ acute ‘
‘ﬁgﬁllyupuocytic ieukemaia, 1is associated with a bleeding |
. tendency { petechiae, .’ ecchyaoses, gingival bleeding,
intracranral and pulmonary hemorrhaqge). A prolongation of

prothromnin time is present in 70-90% of cases as well as

increased tibrinogen catabolién vith reduced platelet
survival (12;). Chnaracteristic fibrinolytic enzymes have not
yet been round 1n leukemic fromyelocytes (46). As in the cCase *
of acute myeloblastic leukemia, APL often 1s associated vith a
cytoged@txc abncrmality t(15;17) (g25 or26; g221 ) 1

(10,11,29,4U). Treatmegt is similar to that for AAL.

1Y) Pescription of the available human mveloid Aeukemic linegs

Pour @major human myelocid leukemic 1lines (mopoclonal ia !

origin) have peen derived (75) : HL60, KG-1,K5€2, and M4L-2.

15
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-

HLo0 cells were derived from peripheral blccd leukocytes
from an  adult female with ~APL (24) . The cells are
promyelocytes and contaiun largye azurophilic granules; they do
not express ILa antigen on their surface sirnce ;rqmyelbcytes
seem to lose this structure ( 74). Sranulocyte maturatiom of
the HLoO cells can be induced by agents such as dimetnyl
sulfoxide, retinoic acid, butyric acild and triethylene glycol.
HL6U cells elaborate several factors:

a) a factor of apparent mrolecular weight 13,000 seemns to
stimulate their ovwn Qroﬁth s hence explaining the dJptimal
growth rates obtained at tigh cell density é17).

b) a factor of apparent molecular weight 500,000 called
leukemia associated inhibitcr could be involved in iphibition
of normal granulopciesis (Y9). Finally, HL60 cells as well as
K562 cells | descrited telow) seem to have bigher specific
activities o1 cytoscl cAMi~independant_casein kinase and lower
activation py cAMP of their cytosol histone kinase ccmpared to

the normai myelcid cells studied { 36 ).

16
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4) _KG-1
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1

s ' R \\___ "
The KG-1 line was derived from the bone-aarctcw of a man

with erythroleukemia. Kocst of these cells are " at the

myeloblast and early promyelocyte stages; the majcrity express

the Ia d4atigen (74). A variant subline KG-1a has been

described by Koeffler et al (73b) which consists mostly of

blast cells which dc not express the Ia antiger and do not

respond to CSF (unlike the parent cell line).

/

K562 was derived from the pleural fluid of a patient with

chronic myeloid leukemia in blast crisis. They are blast

cells ( peroxidase negative) with no Ta antigen on their cell

surface and nave been =suggested by some to be early

pronormoplastse.

48)_Bl=¢

8L-¢ is an acute prosyelocytic cell line derived by

ﬂino;;&t/ét al (93).

The cell surface markers of these 4 different cell lines

can be seen in Pig 4. 1lhese parkers also can be found on

normal asemojoretic cells at various stages of the yranulocyte

lineage; no leukemia specific antijen bhas been fcund on the

cell surface of the availah;e cell lines, so’ far. This

17

e

s

iyl % il

e F

M kel i,

[t

.
g T i (AN

——



- T v TR .

antigen, it it e¢xists, may be jpresent in very small juantities
and theée;ore nard to detect witn antiserum. The use of the
hy bridoma teconijue which permits the derivation cf antibodies
specific ayainst only a tew asino acils should lead to further
characterization of the leuvkemic cells as well as to the

possible identirfication ct a leukemia specific” cr associated

antigen. "

These 4 in vitrc models are usetul to stud} the cytology

of myeloid leuxemic cells Lut pecause of their human origin,

extrapolation of 1n vitrc tindings to the counjitions in\she

’ [

vhole animal usually is not possible .

on tae otber hapi ,ir vivo and in vitrc anisal podels of

the same disease can le derived. These permit direct

coaparisous between the in vivo and in vitrc systeas as well

as characterization of each systea. Such wmodels can be

derived in tne rat. )

Yi_Rat Hodels

. .
1) Haemoporesis ip _the pat
‘ -
7

Haemopoiesis in rats closely 'corresponds to the

description gjivean abcve for the human. Spleen, 1lymph nodes,

and bone aarrow hnistclogy is also similar except for the more

limited regenerative capacity of the bone amarrcw in rats

{116). Tae lorgnblogy of rat granulocytes is similar to husan

18 -
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except that scae mature fcrms of granulocyte contain a ring
shaped aucleus' and 1less visiible granules in their cytoplasa
{(116). Percentages of cells found in the bone marrow - and
peripheral Llood are yiven as references ( Fig5). The normal
peripheral white blood <cell count is atout 10,000/mm3.
Haemopoietic activity is found 1n the spleen of ycung rats and
usually declines wita age as it becomes preponderant in the
bone marrow., It may reapjpear with infections\or vith myeloid
leukemia. 1o the later case, the pone marrow will rapidly
attain its a@aximum cell ( tlast ) capacity resulting in the
inligratlog of mormal hemcpoietic stem cells a% well as other
blasts to tae Spleen ( wbich can attain 10 txués its normal

»

size ) and other organs such as the liver and\ lysgh nodes.
Hence, ig‘ tne spleen, ayeloid cells can be see¥ at various
stages in taeir developmert. The peripﬁeral wvhite blood cell
count in”ayeioid leukemia usually will ‘ve frecsm 50,000 to
260,00u/ma3. Tne graonulccytic or ayeloid leukemic cells
usually have couglenént recegptors on their surface but none of

the otner markers used Lty Moriuchi et al (34) to classify

various other rat leukemias.

al_Developaent 9L B3t Nodels

Rat avdels :ror gyranulocytic or myeloid leukemia have been
derived either <frca spobtaneous growth or by induction. It
may occur spontaneously with age im various strains of rat
{independently of se€x). For exasple, 3% of Cstcrne HMendel

rats, 144 of Wi rats will develop jranulocytic leukemia as

10
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they age (1lo). However, most of the existing rat models have
been artxfic%ally incuced.

Irradiation and viruses «cause the formaticn of a few
granulocytic leukemias with very low incidend; . The major

producers of rat ygranulocytic leukemia are chemical

carcinogens « 3uch as N-2-rfluorenylacetaaide,
N-nitrosouutylurea, ) fluorenylaamine, henzyyfene,
methylchosanthrene, 2-acetylaminophenanthrene and

7,12-d1uetn11(a)antnracéhe {116) , (Fig 6). These agents may
act indirectly or directly to transiorm the genetic material
of Soae nesopoletic precursor therepy causiang granulocyt;c
leukemi1a (111). Hdost of these agents must undergo reduction,
bydrolysis, or oxidation tc be active. For examjple, oxaidation
can occur dJduriny K tne  prostaglandin synthesis when free
radicals acte produced ( lipoxyjenase may 'also play a role )
{(4) or by tae cytockrcae PU5Q monooxygjenase systeas.
Benz (a) anthracenes and in particular
7,Iz—ﬁimethyloenz(a)anthrgcéne (7,12~DHBA), are scme of the
BROre cCcoamon.iy used carcinogemnic inducers. Rewman (937)
proposed that benz (d)anthbracenes (e.y. 7,12-LHBA) can either
. be setaboiized at pceitiorn 7 or at position 5. The less rapid
in ction at jasition 5lseens to cause cancer. Hence, an
ag::j&\:Lth the 7 positicn unavailable and the position 5
available wiil te <carcisogenic. This 1s indeed the case,
simce 7-metaylbenz({a)anthracene is carcinogenic  while
S5-fluoro~T7-metuylbenz(a)anthracene is not. TLe strougly
carcinogenic effect of 7,12-DMBA is caused by the crowding
effect of tae 2 netbyl groups; the molecule 1is thereny under

strain and will be ¢éven mcre reactive to external activating
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. agents. 7,1<¥DMBA wili camaje celis synthésizingy DNA .

Hugyins et a4 (64), tound that 3-4 pulse doses of 7,12-&&%3

)

iuvjected i.v. 1in Lony Evans rats led to the develcpment of

leukemia (ditfuse hepatic, mygisggnous, lyaphcblastic and

o

thymic leuxemia) Lo a high percentage of rats. Cn the other

hand, a single lose cr 7, 12-DHMBA totallihg the same amount as
the several pulse coses, led mostly to the develoiment ' of

Raamary caoncer.

3) Attempts To Derive¢ An Jn ¥ivo Model For In_ACI Rats
‘a
In tne present study, eleven ACI rats ( 160 gas each) |
were injected three tiames :itb 2mgy 7,12-DMBA (Sigma) %nto ;
0.2als Pristane 1.v. three to four days aﬁart.u Cevelopment,

@

of a Jramuliocytic leakemia in this particﬁlar strain uoﬁld
“have been  useful sirce a largye panel of histoccmpatibility
reagents are availatbtle for further cbéracterization of the
leukemia. Four 2aonths atter initial injectiﬁn, and over a
period of eight nonths,lsix of the ACI rats developed solid
leg tumors and one rat developed ascites. Reinjection 5f part
of the ascites was unsuccessful. In none of the animals were
any peripberal blocd atngrialities or liver and spleen
enlargmsent noted . Hence, fulse déées of 7,12-THEA do nbt

cause development of leukemia im the ACI rats with a high

frequency. [Ibhis may be strain-related.
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4) A Nodel For Acute Ppomyelocytic Leukemia In The Brown Nopw-—

3y _Rat

~—

GQ&%}&LQ_G_E_S cipticn

In 1977, Hégenbeek et al (48,123), reported the inductioﬁ
of a promyelocytic leukemia in the Brown Norway rat ( BNML ),
after p thre: 1njcctions of Z mq of
9,10-dimetnyl-1,2-venzanthbracere Spontaneous occurrence of
. myelpid lcukeuwiy 1n ayed Lrown Yorway rats (Ed) 1s very rare.
The comaOnest tiaor in agjed gN rats is pituitary adenoma (37).

Hence chemicil iniuction is necessary to cstablish a model for
' )

°

AML or 1ts saptype AEL in the LN rat.

Tne leukemnic cells «¢r this transgplantacle in vivo aodel

are prouwyelocytes 11-16 un 1n Jdiameter. The nucleus is large
rvith rather loose chrcmating large priamary Jranules {
peroxidase positive) are precent in the cytoplasx. Enzymatic
characteristics of these cells are given 1n Fiy 7. The cell
lcycle values for bNML derivecd by Hagenbeex (51) in the spleen
are ¢ Tc=14h, T61=0.8h, 1TS=10h and\ TG62 + 1/28=3.2h. The;e
BNML celis contain dcuble stranded RNA (as tcound 1n human AdL)
as well 45 2.3n DNA. Asscciation petween chrcemcscmes 2 and 7
and sometiwmes petween chrcmoscmes 1 and 11 ¢or 1 and 12 seen to
characterize thesé cells. No viral rparticles yet have been
found .
Siailar éo human AML, the BNML cells do not form in vitro
colonies usiny agar. or a tetal fibroblast layer (122); these

BNML celis wust be “transplanted in vivo to survive and

replicate. Cellular transfer of 10 cells and 10/ cells i.v. in
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BN rats led to leukesmic death .in 44 and 24 days respectivély.
kua). In the presert study, EN rats diedﬂ;;\fr 27 days with
1O7BNuL cells.i.p., 29 days with 161 BNML cells i.p, and 24
days with 1088881 cells ief.. The dosg¢ survival curve ( Fig
8) , determined ky Hacembeek shows that a saxisus tumci load of
ﬂ;%cel;s 1s thecretifdlly Ecssible ;even though 1g£%a1cells is
the usual tusor loac ét Cceath. The nusber cf cells reguired

N

to produce aiscase in 5C) of animals was okszerved to be 25.

‘Peripherdl blood sEears were made and spleens were palpated

every week ta characterize tle evcluticn of BNML.

¥

b) Kipetics
Y .
W v ’ o }

[

‘once injected irtc tke EN rat, the promyelccytes migrate
o

W

predominantly to the bonqkpatxo;, spleen and liver. Cellular

locomotion 1s one of tite factors enabling dissesipation “of.

leukeaic cells (103). Hovever, BEMl cells are ncon-lqgcomative
A

vith on spot -obifity 7). Cclchiciné“’caus%s "loss of
sicrotubules and a change ip ENML locomotion thefeby showing
the importaunce cf micrctubules in BML locomotion (47). Since
cellular locomotion odce; net seen to te invclved in
«dissemination, it has been hy;otﬁesized that a lytic actiomn of
acid pnospnatase present in ENAL cells on varictg tissues is

involved in BNEL crgan infiltration (103).

As 1n human AMI, 2 jpccls of leukemic «cells have been
distingulggga: a 1rafpidly €xchangeable pool of <¢ells (blood)
/

and a slowly exchangeable tissue pool. The "latter increases
in size as the leukemiz fprcgresses and tte exchanges of

leukenic ceils petween orgatbs and blood decreases (£2).

As aewtioned above, the target crgans for BNAL
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predominantiy are thke lcne ‘°mariow, spleer and liver.

A

Hagenbeex deterained “the sizes of these two focls descritbed
@ . Yy u
-above in the spleen, liver, boné marrcw and lumgs ( Fig 10).
5 .
. : . A 7 .
Six days after injecticn cf, 10 cells i.v., PFartens (86)

reported a broadeninc cf the G1°peak ( DNA content measured by
v [

pulse cytophotcmetry ) co:xes;onding“tc the ajpjpeardnce of BENAL
A .

cells in the Lcne BALLIOW. 1her% is progressively a decrease

[ @ 0 ]

in the cellularaity "in the Lcne marxcy %fenur) vhile tae dead
o
cell percentage increases frcmyl? to 40% (86k). After day 18,

*the bohe marrow is keavily infiltrated with leukemic cells as
i§ the liver, iymph nodes, lungs, kidneys and spleen. In the
N 6 7 ¢
present study, after in9jecticn of 10-10 cells ip, the spleen
¢

g
attained v.9% of . the total %ody weight in tegxminal: stages of
A ]

the disease.¢ The red and White ph}p were completely
W Y
infiltrated by BMML cells &t this staye. Fically, the thymus’
b .
has been ooserved tc atiophy during the progression of the

leukélia waile the CMS a;;eagéd usaffected (50). ;
] 3’0 s
€) Haemopoiesis, v _— '
) @ ‘ ‘ o
o -

As 1n human A¥I, ncimal hemopoiesis is declcased in the
v
BNML model. " Hayebkeek, Partens et al. (5¢,53), separated

normal hemopo;etié)stEI cells frcam g%ﬂL stem cells by velocity
sedinengation apd depsity ¢radients. This methcé Feraitted a
hetier abalysis ct tte kinetics of Loth grougs of cells. The
decrease in normal hemopcietic activity could te explained by
several factors.

. Normal nemopoietic stem cedls a;é redistritcted from the

bone ®marrow tc tte sjleen and liver as tte leukemia
v 43

progresses. These stew cells represent «crly 45X of the

]
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original population amd cycle 1ess'effectiveiy than in the

bone marrow: (54). ln,inhibitory factor could te reieased by
BN ML cells ;o inhibit froliferation of norsal stea cells (
similar to HLoO <cells); bowever such a factcr uhas never been
found. Neither has direct‘ inhibit@on of stewm cells been

démonstrate d.’ ‘The iajor variable present 'in this leukemia

' seems to be the nev envircoment to which the hemcpoietic stea

cells are "displaced by the BENML cells. The BHNAL célls when
injected, ainfiltrate thke FEone marrov esgpecially in the
subendosteal region { '1ou,124,u9),“ where the necessary
henoéoietic microepvironment for norsal ster'cells scems to be
located. Thé stem cells, being displaced:fzbi this favorable

g

environmeut, do naot replicate as well and usuvally are out of

®

cycle. -Hemce, redistribution .of norsal precursors froa their
natural niches seess- tc¢ Le a major cause 'cf decreased
hemopoiesis 1n this model.

d) Coagulopatay

4

[

In ayreesent with studies wmade on human AEL, the BMNAML
model posesses blccd coagulation abnormalities.
Thrombocytopenia and hyfpocoagqgulability are present as are
increased levels of fibrin degradation products . A pattern
similar to disseminated intravascular coagulaticm bas been
found. However, * the BNNI promyelocytes posess procoagulant
activity but do not activate fibrinolysis (60,119,95).
¢ Antigepic Characteristics e

, ‘ 3?3‘ o
Williams et al ' (126) showed that some F1 bybrids of BN

and other strains survive longer after injection of BNAL

o 25
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callé taan do the hcmmyccus animals. Furthemocre, these same
F1 bybrids are smcre resistant to BS bone marrow grafts. {
Usually, F1 aylrids accept grafts frcm either tteir parent.)
Fanaly, ,retreatment of E1 hybrids with sN bcne marrow (59)
proloaged eveu turther tte life of hybrids injected with BNML
cells. Hence EMML cells ceeB to express certa&n artigens also

present 0D LOu« BRALICY Ccells.

£) SChemotperapy

Siuce tne ENBL wmodel is very sismilar ic buman acute
lgeloi{b leuxkemia, many researchers have concentrated their
efforts to rind a successful chemctherajeutic reyimen .
Lféhinosxde—c;tcsine { 4A1a-C ) fcollowed by 2Adriamycin caused
remission 1u most rats injected with 107ce115 i.v. The
resulting wuoue Eacrce ajlasia was reversed ty isogeneic boane
BALLOW traunsplantation (26,27). The efficacy of high dose
cyclopnosyphaside itcllowed Ly total body irradiaticm is very
high in tone early stages ¢f the disease curing 9C-100% of all
animals ( 57,956,112 ). Ara-C¢ and iethotrexate'hate been used
separatiﬁ;;n the chesotberapy ct BNBEL (1,2,3). 1Tte alkylating

agent awmaloy 4W-~Hydiopercxycyclophosphaaide can destroy the

BMML celis without seepingly destroying the ncrmal hesopoietic

stem cells (113}. All cf these studies showed that the drug

effect depended on tle cell kinetics.

26
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CHARTEE II
SDERIVATICN OF AN IN VITEY CELL LINE IN THE EN BAT

Note: tais paper is published (44)

1) _Abstract '

T Cells trom the spleens cf Browu Norway rats sade leukeumic
with the 1n vivo-passaged promyelocytic. ling BNEL have been
adapted to in vwvitro culture in RPHi»!&uO aediur supplemented
vith 4» rat serus and 6% ftetal bovine serum. The presence of
rat seram , which also was associated with suppression of
fibroblasts, appeared to ke required for initial growth. 1In
contrast to the parent, this new cell line ( ENai-RS) ¥as
predoainantiy ayelcltlastic under standard ccnditions of
culture with only 4-10% of cells showiny granules cr stainable
peroxidase, However, when fassaged 'through an arimal, 60;705
contained ooth granules and peroxidase. Neither parent nor
established line evclved to the rolyaorph stage when assessed
for terarnal maturation after exposure tc diamethyl sulfoxide
or retinoic acid. These cells now extend the lisited number
of myeioid lines available and fpotentially are a useful model
in which to study tte controlling eveats in early myeloblast
mataration.

/
27

sk

T e e ©




A e G s s ” e
+ T B ELE LB A N g AU, S s STl Afe v yur e cm v A B A e s ke e S S oyt s e Jo—— B s IR Tt
.

\ 4d) _Iptrogduction ”©

0y

The above ( Clapter 1) description of tbe ENBL pmodel
points ocut tae numerous similarities to human AKEF and, more
specifically, to i1ts suktype human APL., However, that asodel
has been linited by its dependence upor in vivo passage in the
Brown \JMorway rat fcr jpropagation. Bekérted bhere, is the
€stablishseut 1atc lcng term culture of sublines of these BNML
cells. Now, complementary studies cf the physiclcgic control
¢f these lcukemic ceils may be performed both in - vivo and in

sy

vitro, kurtnemore, these derived lines c¢f ayeloblastic

morpholoyy snow majcl differences from the parent in the level

or maturatiou expressed ip culture,

f

i3l _Datecaals a0d Bsthods , 1 i

Ab 1initial cample <¢f BNAML cells (48), originally
developed at the Bzdioticlogical Institute, Fijswijk, The
Betherlands,vas obteineé tirouyb Dx. K. Michael Williams (
Capcer Centre,Morthsesterct Griversity, Chicago, USA ) and vas

maintained oy in vivc passage in Brcwn Norway rats ( obtained

from Microbiclogyical Asscciates or bred from this'stock in the
BcGill aniamal tracility). )
Female Bs rats sere -injected intraperitoneally with 2x1(f5

BMML cells. When tllastemia and jalpable:rspleccmegaly bad

28
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developed, usually dcrring the fifth week, the enlarced spleens
were reaoved, B8incec anc éently jressed thrcugh a stainless
steel aesu upder sterile conditioans. The resulting cell
suspensioh, typically ccrtaining over 30X leukesic and less
than 104 lyaphciu cells, was distributed into 4% well flat
bottom plates ( Coster No.3524, Casbridge, Macss.,USA.) at 5:105
cells/wels 2u BFEHMI-T040 zedium supplemented witt either 10%
tetal call seLus (FPCS) or with 4% rat serum (FS)/€% fetal calt
Serum. AiLl trans retincic acid (Sigysa) war then added to
these soluticns to cttain ccrcentrations of C,1,2,5 and 10 j 1
« Pive vrepasircate wells tcr e€ach ccncentraticn , coantaining
either UAk3/0ak(S or 10XFCS were plated ( =€e tte appendix).
Tae Frat SefUuE was cbtaiped locally Ly cardiac puncture of
lagyer (<45v yms) arimals cr bty salvage or Ltlccd frcem norsal
animals sacriiiced fcr cther reasons ond tiltered Lefore use
througyu 4 J.22 MuB Lilter (rillex-GS, HMillifore Corp.).
Initially, the cells were ted at cne and twc weeks and thea
twice weexly with tle starting wsedium. The contents of wells
which sahowed regliacating cells were exparded 1mtc larger
cultures; one ct which called ENNL-ES was selecte¢ for further
study. Tuese ¢staklished susiensicn cultures regqrired passage
thrice weekiy.

For purposes «¢f aralysis or derivaticn ¢f =sublines,
aliguots ii1ca these larger cultures were suspended in 0.25%
agar coantaininy €AFCSy 4%FS ipn  FEMI 1640. When tle resulting
clones became wmacrcsccpically visitle, they were c¢numerated,
picked, piaced in 96 well jlates and again expanded.

Standard metnods were used for May-Grumvalc-Giemsa and

peroxidase staigs (1:7). UOtless otherwise noted cultures vere

-
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saspled for analysis in early log phase of growth. '~ The
nitroblue tatrazolium test was performed by thke ametaod of

Koeffler et al (73a).  Ixmunofluorescence with the monoclonal

antibodies Wi/13 (I subset and yranulocytes), W3/25 (helper T
cells), O0Ox8 (sUypfpressot T cells) , 0x7 (Thyt1.1), oOx1
{leukocytes ) , and uxé ( I.a) vwas peﬁformed acccerding to the

sethod described in the ajpendix .

1) Beaavaour of €arly guliures

Duriny the first week of culture, nost cf the cells that
were plated 1nitially Lad degeperated but in scme wells
unattached cround celli cf a diameter similar to BNML were
noted to e grbwiug in thc periphery of cultures containing
4%XRS/ LRFC3 but pot in those with 10%FCS alone. Mlso observed
in the wells that contained tbe ﬁS/FCS ;ixturé, were  a
decreased numver ot ribrctlastoid cells. A decrease 1in the
number of tivrorlasts with increasing concentration of
retinoic acid was alsc ncted. This pattern of jrcliferation
of adherent cells occurred also in control cultures of normal
spleen cellg 1r which . the wunattached roumni leukesic cells did
not appear as‘uell ag in spleen cell cultures frcs over eight
BEAL-injected rats of which three yielded long ters yrowths.
By the fourth week, there was a heavy growth cf BiEML-like

cells in the KS-ccntairing wells but only adberent and

*
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macrophage like cells in the others ( Photograpk 1). There
vas no corcelation letween thle pumber ot macicpbages and the
concentraticn c¢f retincic acid; however, the rumter of
lacroﬁha;es preseut in the vwells correlated with tite pumber of
blasts { Fir4y Y). The capacity of rat serum to support further
growth once egtatlished ajreared nct tc be =strain dependent
since there uak nc difference in growth rate Letween that
obtained asiny ‘EK cr Lewis varieties. Wnep active cultures
were placed iu 108 CS alcre, the viability decreased over the
next Lew Jgdssages aunc eventually they died. However,

progressively decreasing the rat serum content over the period

0ot a montn euabled adaptaticnon tc growth in 10XECS alone.

v

o

4l _bendVioul of fexlicating cells

Cells 1trcs the sore rapidly replicating cultures were
expanded ror fturtker anélyeis. Established lines [flated at
2—31155c9115151 t1cacked a jplateau after three days at l—l.2x10€3
ceils/mL agver which v;atxlity decreased urless subcultured.
They have beeu malntained ip continuocus cuiture for over two
Ye€ars and nave tbe capacity to regrow in vitro after recovery
from the 1rozen stdte in ligquid npitrogen. Intravenous
injection ox ld7cultured cells imnto BN rats resulted in
leukemic caanges in blcod,liver and spleen, with death of S50%
at day < ( bd=14); similarly, 50% of animals injected with
parentai ceiis ;ad cied Lty cay 20 ( H=1b6). Cells obtained

from tae enlarjed spieens ¢f these animals grew immediately

waen returued to culturze without the delayed period noted with
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the orijinal explant, Tte nusber of alive and dead cells in

culture over a period of five days without feedinc¢ is recorded //f

in Fig 11.

dL Celdular Cnactacterizaticeu

Saoown iu Paotograph < are spleen cells frcm arimals made
leukeaic by 1mjecticr of farental BNBL cells ccapared to those
adapted to long terms culture ( BN¥L-RS). The parental spleep
cells showed prominest azurojhilic granules throughout the
cytoplasa or wnicn cver 75% stained intensely fcr peroxidase
activity. In contrast, cf the cells in chlture { BNML-&5)
only 4-10% bore stainable granules or peroxidase. However
when they were Lnjééked into animals and leukemia had evolved,
both granules ang peroxidase appeared in the centrisomal area
in 60-70% or the spleen cells examined; only occasional cells
showed these orgahelles dispersed throughout the cytoplass.
Similar analysis of a subclone ( BNML-KS/0) ¢t tnis line
revealed that it ajpeared to be even less ditferentiated with
less thnan 24 of cells g§ov1ng detectitle granules or
peroxidase ander light sicroscoje. It uas teen noted on
occasion with some focls of BN rat serum that bcth of these
lines aay snow up tc fifty percent with peroxidase-stainang
granules. Iasmuncflucrescence studies demoustrated the absence
of T or B cell-related antigens assessed Ly wsonoclonal
antibodies (Wi4/13, Cx38, ®3/25, 0x7, Ox6, and Cx1); no surface
Ig or intracytorlassic Ig were present on the cells (Fig 12).

These studies clearly shcw that the cells found in culture are

32
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not activated T or B cells.

4) _Respouse of UNAL cells tc inducers of matugatjco

Atteapts to induce either the parent or BNML-RS to
further aaturation sere unsuccessful, Neither lines matured
to pneutrophils when 1nculkated with 1.25% dimethbyl sulfoxide
or t, 2, > and 10 muM retinoic acid (15,25). Likewise,
examination of umstimulated éultured BNML cells showed only
blasts and a few prcmyelccytes with no spontanecus evolution
to more mature foras. As well, the NBT test initially was
slightly positive (C.4%) and increased only to 3-6% after 5
days incuvation with 1 ané 5uM Retinoic acid apd remained zero

with dimetayl sulfoxide.
b

¥Y) Discgussion
mn-wumww

These studies demonstrate that established cell lines can
be adapted trow the in vivc fassaged BN promyelocytic leukeamia
if they are cultured in a suitable eavironment, Recently,
Lacaze g&_gf {79) succeeded in deriving a long ters culture of

BNML cells using the Llone marrow 1liquid culture systes
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described by Dexter (30). With this syste-,‘ Dexter was able

. to maintain haemopoietic <ctew cells and their derivatives in

culture. This depended or the establishment of a bcne marrow
detived feedgg_;gye: cobsisting ot endothelial cells, fat
cells ind macrophages. These three cell types interact with
each otner to form a sicroenvironment necessary for the

survival of early cells. By plating bone marrow fron leukeaic

‘BN rats in 54 horse serum 5% tctal calt serum, Lacaze observed

proliferation «of phiMI ‘cells, No attempt was made to clone or
freeze these cells cr to adapt thenm to 10 AaFCS.
Transplantation intc BN rats was su;cessfu% tut the bone
marrow cells of the transjylanted rats did not grow more easily
when returned to culture thamn did the jarental cells.
Finally, taese cells were promyelocytes with the same
ﬁorphological and cytochemical features as the parental line.

¢ T
Hence, the in vitro wmcdel deraived oy Lacaze's group is

entirely diiferent firom tlie model derived in this study. The
differences between these two models could be due in part to
the difrereat oriyinal micrchesojoietic envircnments used i.e.
spleen or bone marros.

In this stuuy, although thne significance of wmany of the
critical variaries thkat ccrntritute to in vitro growth reasains
undeterained, the presence cf a coeponent of rat serum apjpears
to be essentlal in the early stages. It is uncertain whether
its action 1is direct or mediated tnrouga seccndary effects

‘ot growth, support of an

such as a soluble stimulator
accessory cell or suppression ot inhibitory mechatisas.
Althougn it may ke an epiphenomenon, the observation that

there vere significantly fewer fibroblastoid <c¢e€lls in the

4



cultures containing rat serum sugygests that the latter
possibility aight have cccurred. Since this eitéét of rat
serum was noted alsc 1n slgeen cell cultures frco normal rats
it vas wot aue to the leukenic status alone. A sclection of a
stable cellular subjopulaticn ard not morely a revers;hle
adaptation to culture. is indicatel by the fact that whon the

BNML-RS were reccovered frem splilecns of rats made lcukemic with

them, they regrev imsediatly without the lag pericd. The role

ot different bitches of EN rat sera in stimulating partial

maturation to promye€locyte . is unclear. This variable also

affects the yrowth rate and yiability of the culture which

then_miyut intlaence the cells capaltility to c[orr jeroxidase
~.

containing Jrunules.

Seruz is known to centain granulocyte-mpacrcphaye colony

stimulating rdactor i.e. GPF-CSF or MGI (macrophage-granulocyte

inducerj). MGI can be frcduced by myeloid, erythroid amnd™—

lyaphoid leukenic cells (101 . Metcalf's work with CSF

(18,91) has clarified the role of these factecrs in vitro.

@

GM-CSF acts directly on c¢ranulocyte—-macropnagye cells to cause
their p[OllefatiOﬂ/ and éifferentiation. Other factors such
as serua, prostaglandin E, endotoxins, lymphcid cells as well
as many other'undetexmined factors can mo.iitfy the response of
GM cells to Gda-CSF. In the mouse,a 23,000 Jalton jlycoprotein
corresjonds to the GE~-CSF activity described abaove and present
in sSerum. A é3,000 to 24,000 dalton glycojprotein also has
been found in the &=®souse corrcsponding to a macicphaje only
stimulating factor, It is possible also that a granulocyte
only stimulating factqr exists.

Many experiments have shown that acute apd chronic

N
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© myeloid leukemic cells <depend on stimulaticn Ly GM-CSF to
proliferate 1in vitro (S92). Some leukemic <cell lines do
respond to GM-USk similarly to mnmormal celis while others
respond on.y partially. -

Hence, working with inbred wmice, Sachs (1€5,110) found
three ditterent types of myeloid leukemic clcunes. The first
type called HGI+/D+ can differentiate normally tc mature
granulocyte® or macriophages in the presence of MGI ( CSF).

€ . puring tne ditferentiaticn period (6 days), an identical
nunber of changes in the rate of _synthesis of 217 specific

/ : proteins occurred ir MGI+/D+ and normal myelotldsts (83).
\Hoﬁeibr, contrary tc norsal myelobla;ts, ﬁhese clcnes ‘do not

' .require MGI to replicate. Iu fact, two different MGI proteins

t are involved. Normal myeloklasts grow aud secrete MGI-2 uhder

the influence of 16I-1. P¥G1-2 in turn, induces maturatioh of

' be viable. icnce MGI+/D+ Lesponds normally to MGI-2 but not
to MGI-1 i.e. the cells cc ﬂot nced NGI-1 tc replicate or to
be viable; necitner do they secrete HGI-2 under ﬁpe influence
of NGI-1. lowever, once they nave difrerentiated  via MGI-2,
they need dG6I-1 to Le vialle in culture ( 85 ).

The sccoud type called MG1+D~ can cnly vpartially
differentiate with EGI—g while the last type MGI-D- cannot
differentiate at all witA MGI-2. 2 smaller number ot changes
in the rate or synthesis ,of proteins occurred in MGI+D- than

~

in MGI+D+ and an even smaller number in MGI-D-—- (eag. Changing
the ‘serum type or removing 1t, seems to modulate respounse
of MGI-D- to huGI-2 i.c. permissive factors in some€ sera pernit

differentiation of FSI-L- with MGI-2 (117). Ncne of these

5

the myeloblasts. oOnce differentiated, the cells pced 4GI-1 to
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leukewmic clones require excgeneous MGI~-1 to reélicate and~§hus
have lost the normal control over their «rerlication. Sachs
has proposed fhat this "uncoupling of contréls fcr growth amds
differentiat;on " ir AHNI ig at the origin of, the leukemia.
Since many proteih changes occur, Bahy Jenes éte' exp;essgd
simultaneously under the iﬁfluence ot NGI. Progressive
cytogenetic changes dﬁg,tg- loss or translocaticn of murine
chromosomses £ and 12 ’(7) Eay perhit a countinuous biochenical\

state which, in normal cells, occurs under mnormal conditions

only when more cells are nceded by the haemofpcietic systen;

In this study, the leukemic stem cells cculd Le partially
sen§1t1ve to MGI factors present in the serum. The presche :
dégan MGI-2 like factor could pernmit dlfferentlatlcn to the
myeloblast stage where the cell no lcecnger would respond to the
inducers of ditfereatiaticn . . An MGI-1 like factor in the
serum could lead to survival of these cells in cultug@. The :
Apresence or MGI factors <could also explain the correlation . o
observed 1n primary cultures between the numker of macrophayges .
and blasts. Under the influence of MGI, spleen cells in
culture ( possibly CEFU-GN) could differentiate tc lacrophages'
and blasts ( blocked im their differentiation tc neutrophil).
Macrophagyes 1ih turn, can produdefmﬁcl,{ thereby regulating 1
further cellular interactions in 'culture.qanyxophages also

could iateract directly with leukemic cells to e¢nhance

proliferation (68). Such an interaction’ did @not secen

essential to BAML cell grcwth since they survived in vitro

vithout tae presenée of these accessory cells. Finally, the

leukenic cells are very sjecific in their integxaction with rat ))

MGl since tetal calf MGI pfesent in PFCS dces not lead to ] |
XV




-~ “ a
.
° »

o, o i et O e e e Wt £ vy e e wle Aol e i b I ‘gm-—n«‘. et ek ety Al Wt Pl e et o " PR——— B o
B

¥ - . " ¥

¢
o

0 E .

* initial yrowth. It alsc is possible “that _FCS contains an

( 3 iahibitory factor tc¢ rat Llast growth. As'well, rat serunm

could also contaim factors suppressing possible inhibitory

mechanisns in vitro. N

In several systems a‘'rcle has beem sujgested for the

¢

organ Stroma in the contrcl of parenchymal cell growth. It
has been reported that ir irradiated rats reconstituted with
normal boae marrow the sjleen is markedly less permissive to
myeloid than to erythroid cclony formation (1€6). Thus, it is
conceivable in the [resent observations that a component of
rat serum migynt have sup pressed an inhibjitory sticsal eleaent

{(fibroplasts) and allewed sufricient BNML cells to survive

from which those capaktle of growth in culture expanded. A

R

similar observatiob has been made 1in other systems vwhere
fibroblasts were shown to inhioit the growth of ﬂupan colonic
epithelial cells (41). Also, Kaye et al have suggested that

the pericryptal fiprcblast sheath may control the growth amd

9

differentiation of tlke overlying tissue (67).

4 t a The role of retincic acid when present is not. clear.'
Lacroix et al (80) observed a decrease in the exponential
growth rate of humat filkrotlasts in culture three¢ days after

® ¥

® . addition of ldéhrretinoic acid. A progressive decrease in the

il

\ . ‘pumber ot ;iproblasts with increasing concentrations of
Oretino%c dcis vas also pbcted in this study. Such a decrease
did lead to a slight increase 'in blastic groufh {4+ versus 3+)
% in 4%BS/ ©6AxFCS. - This 1latter observation supports the

possibility that ?it:oblasts are iphibitory stromal elements.

Y
As a second observation, no correlation was noted- between

retinoic a4cid and the rumber of macrophages, even though
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retinoic acid is kncun tc requlate the functi;n of macraphages
{(107). Heuce macrcphage Fc receptor-mediated binding and
phagocytosis ;re intibited by retinoic acid while grginase
production ( a macrophage tumoricidal enzyme ) is increased by
retinoic acid (107) . Such a regulatiocn , it it exists, was
not observed in BNML-ES ;xilarf cultures.

Finally , Douer et al (33) observed an increase in the
number or colonies cf normal human myeloid progenitor cells
when cultured with 3x10 M retinoic acid. Ttese authors
suggest tnat retimcic acid enhances " the responsiveness of
GM~CPU0 to the acticn cf BEGI [present 1in the medium since
tetiqpxc acid does nct actively cause the prcoducticn of MGI by

P
cultired cells. ketinoic “acid does not have any MGI activity
itself. Heace , 3f this hy;oihesis is correct, the slight
increase in the number of plasts observed cculd be due to a

higher respoasiveness of the blasts to rat serua MGI.

In summary, factors such as HGI present in tke rat serum

may be neeuea to support the growth of the leukemic cells.
The removal ot an inkititcry stromal e€lement, tke fibroblast,
also seemas to have =up.crted the growth in fprimary cultures.
Undefined cellular interactions between the strcmal eleaments
(mostly aacrophagje and filroblast) thesselves, and between
these latter and the leukemic <cells, appear to be involved.
Further study will bpe pecessary to better understand the

B

various tactors and interactioms present in such a culture.

4L _Primary Characterizatics of the cultured cells

T ~ .
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The process of generation of enzyae-containing granules
is finely regyulated and its sorpholcgic aapifestations have
formed a basis for crgamizing concepts of myeloid maturation
8). Tuese rat «cells with the peroxidase staining in the
centrisoaal yositiﬁr aprear to be early [romyelocytes as
describel by baintca (8). #With the light sicrcscope used in
this study, 1t is not jossitle to state whether this activity
is of tue type that is yet diftuse in the Golgi cisternae,
linited to small vesicles or enclosed in fully Jdeveloped
prisary jraaules that bhave nct yet migrated to the peripheral
cytoplasa, Uitrastructural studies are in [frogress to assess

these possibilities. |
3 Ind . 1 1

The clear sejuernce of changes that occur as gqramalocytes
mature provides a weapms o: ccugarison c¢f events among
different studies. The bhuman promyelocytic line HL6O is able
to sature to zuactioghing gzanulacytes after stisulation by a
variety of syntaetic agents, Undexr similar ccnditioas, the
B¥AL liaes 1o oot shcw this phencaenon. Befcre discussing in
more detail tne resgonse cf BNAL cells to these ageats, a

description of some of these inducers and their effects will

be given.

\Boid

Pat solable vitamin A is extremely iaportant in growth, .
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ditferentiation of epithelial tissues, visual functiomn and
reproduction. Three important vitamin A compcunds exist:
retinol, retinal and retinoic¢ acid (Fig 5). Betincic acid can
promote normal ygrowth but, urlike retinol it does not have any
effect on vision or 1reproduction . retincic acid is
transported 1n plasma as its carboxylate anicn bcund to serum
albumin., It then Linds with a 100% efficiency tc a celiular
bipdingy protein, and 1n tkis fcre could mediate its Liological
fuaction (100). &ketinoic acid is formed fros the cxidation of
retinal in tne intestinal wall from B carotene and retinol ,

. . . . Yo .
or is a aetibolite ot varicus exogeneous vitawmin A analoyues.

Retinoic acid then undergoes various reacticns such as

. isomerization trom all traus to 13-cis-retinoic acid,

esteritication, wetaboliss cf the side chains, decarboxylation
and conjugation with glucuronic acid (100). BRetinoic acid
usually is preseut in very samall amounts in the"tody and does
not seem to ve stored. It and its analogues (etretinate or
BO10-9359) uave therapeutic etfects 1in dermatolcgy and also
seem to nave various effects on cellular differentiatioa and
carcinogenesis., They bave therapeutic effects c¢b chemically
induced Dbenijn and mali¢nant epithelial tuamors (87). They
inhibit skin papillosa formation and the tumcr promoting
phorbol diesters inductica of ornithine decarboxylase

activity. detincids alsc, like phorbol diester, stimulate

‘deacylation ot cellular lipids and prostaglandin jroductioa in

MDCK cells {82). Retinocic acid also induces terminal

differentiation of various leukemic cells.
The site of action of retinoids could be not only at the

membrane level but also at the level of the nucleus of the

: 41 \
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target celi 4nd could resemble the steroid hormon¢é mechanisas.

A}

ketinoic acid enters the cytcplasm and forss a ccaplex with

the cytoscl binding jroteirs (9). This complex could then act

on the nucleus.
{a mouse

Betinoic dacid induces lysozyme activity io M1

myeloid leukemic cell lire) but aphibits induction of

Fhagocytic and pigrating activities and morphological chanyes.

It induces tourmation of ap inhibitory factcr ty M1 cells (118)

as well as stisulates prcétction of prostaglacdins E¢4 or D2

(vhich 1n tuzn stimulate lyscsyme activity).

HLbJ aiso cam L€ 1ncuced tc mature intc necticphils in a

dose€ uepenaent Eance€r with all trams retimoic acid {(62) .

Phayocytosis, RoLghaclogy ené NET reduction are used tc measure

d\ -
maturativn. Maxisal respcrse cccurs at 1 pn retinoic acid

(15 aud continucus expcsure to retinoic acid is needed for
optimai etrect. all trars-retinoic acid and 13-cis-retinoic

acid are ejually e€ffective although retinol, retinal aand

retinyi acetate were 16{5ess potent., Further studies showed
taat retianoic acid itduces maturaticm cf unestatlished primary

leukemic cells at the prcamyelecytic stage but not before this

stage, since ayeloklasts did not mature with retincic acid

(16)
D Piactayl Suligsids

Dimethyl Sulficxide (LPSC) has anti-inflaamatory activity

and has eitects on analgesia, nerve blockade, Lacteriostasis,

diuresis ,uabalgesia, vascdilation, rheumatoid arthritis and

muscle relaxatico. L8NSO 1.3% applied over nine <dcays induced

HLb0 wmaturation (S9¢). Tte rate <cf 02 grcducticn was
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ivcreased, the hexcse scnoghosphate shunt activity rised.
Finally, ingestion ¢f fparaffin oil éroplets opscnized with
complement or IJ increased , and degranulaticn ( telease of
lysozyme, ;eroxidase and E glucuronidase ) reached a maximunm
after s1x ways 1n DNMSGC and then lecreased. Furthersore,
Bonser et al (14) shcwed that DMSO could induce groduction of
a phospnolipase and ot cyclooxygenase. Indcsethacin, a
cyclooxygjenase inhititor did not block DMSC-induced increase
in hexosemxonojpnosphate shunt activity bpnor the increase in
chemotactic peptile receptor binding. Bonser t a4l also
suggest a3 link Lbetween plcsjgholipase absence ( ke release of
arachidonic acii) dhd\th& alsence of functiobs cbaracteristiac
or. matur:> jianulocytes. Finally, HL60 wmemtrare fluidity

decreases witn progressive DASO induced differentiation, the

ratio of ae¢mordane chkolestercl to phesjholdipid ircreasing 37%

on day five ot induction (€5). -7

In tae same way, TPA Could induce KG-1, 6GC . and NL-3 to

terminally difterentia¥e to cells with scme features of
macrophajes. HovweveI,/ TPA like retinoic acid could not induce
Ke~-la and £%62 to ditferentiate (7Te) . This suggests that the
abilitpgor aa inducer to fprovoke differentiaticr wmay depend
upon the staye of myeloid ccrmitment of the cells.
) Alkvl Lysophosphclipids |
4

M1 (mouse) and HL60 (bhuman) were induced to differentiate

into mature granunlocytes and macrogbages by

o-alkyl-lysophospholipids (€3).
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In the saae vway, 2-mercaptoethanol wvas used to induce
klast cells of am acute myeloid leukemia [patient into

¢

neutropaiis (70).

Hence, many agents can induce maturaticn of myeloid cell
lines at a4 <certain stage of <developaent. Fcr exaaple,.
retinoic acid can induce terainal differentiatiom cf leukemic
proayelocytes into neutrofhils as neasureé Ly increased
adherence,iucreased phagccytosis, NBT reducticn . These
agents could 1interact with the membrane (decreased fluidity,
arachidonic acid metaboclism) or act directly at the level of

the nucleus.

Iu this study, incubation with 1.25% DASC or 1,2,5 and 10
ol retinoic acid did not cause maturation of c¢ither the parent
or BNML-&3 cells. Taus, the parent in vivc-passaged BRML is
more ampalogyous to tte hugan ML-2 line (78) which clearly is
promyelocytic out appears to be blocked at that stage and
incapable of furtter =maturation. Interredirate to the
promyeiocyte and the "undifterentiated" state appears to be
the late passage fors of the KG-1 (108) human ayeloblast which
contains few yranules, lacks the Ia-like antigen and is unauvle
to form granulocytes im stspension culture. The ENML-RS line
in wvitro appeared similar to KG-1 showing c¢nly ainimal

features of m@maturation but in vivo was able tc fprogress to

Arv—————
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early proayelocyte . The centrolling stiauli fcr saturation
from blast to early promyelocyte appear to have Lkeen lacking
under tane usual cornditicns of culture but partially vere
reconstituted ia the natural host, Thus, ccrpariscn of these
rat cells witu other human leukesic cell 1lines suggests that
there may exist recurring fpatterns of phenotyfpic expression
that refiect " juantum-like” levels of regulaticn at the blast

and prosyelocyte stages.

Y1) Conclusion

In susmary, these BNML lines, which appear tc be arrested
at the myeloblast or early fromyelocyte level of maturation,
exteud tne range of animal models available for study of how
leukemic cells interact with host regqgulatory nephapisns. This

is so especially at the early stayes before the jpromyelocyte

vhen the leukemogenic factors may be active, However,

alterations ia g4ross morphology and peroxidase in thenselve;
are not sufticient procf cf differentiation status. They must
be confirmed by markers capable of finer discrisination (i.e.
hybridoma reagents ) that also have the potential to denate

tne normal eyuivalent in the non-diseased tiscue.
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ANIIGEBRIC CHARMCIEMIZATICN OF RBNML CELLS

Structures present cn the cell aemkrane can be
identified and purified usiny ant;bodieé directed agaipgst
thea. Such antiyens jctentially could <characterize the
differentiation stage of the various BNML cell lines and then
could be used as wmarkers for each stage. Apntikcdies also
could ve obtained against a tumor specific or tuscr associated
antigen present on EKML cells, if suéh an antigen exists.

Three dpproaches were used to try to develop such
antibodies: .

1) Syajeneic imsudizaticp c¢f BN xats with BNEL cells to
deternine possikble serolcgic reactivity.

2) Xenogeneic iununiza&icn cf rabbits with FEBL cells to
obtain a hetero—antiserums.

3) l a) fenogeneic issurization of sice %c generate
hetero—nonoclo;al antibodies by the hybridoma tecltnigque.

b) Syngeneic iamutization of BN rats to ckLtain autologous

monoclonal antibodies by the bybridoma technigue.
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1) _Determingticn of the drtibody Activity of Sera fros Pl _Hags

Serdl froa 24 EN rats injected once either with 10-10
irradiateu (o6UU rads) parental BNML cells i.p. (N=10), or with ‘ i
10§107 parental BMEI cells i.j. { M=14) were c¢cllected and
decomplemeutea at 5t deyree centigrades fcr 3C mirutes. These
sera weIe then analysed by immunofluorescence (see the
appendix) 1Jainst pérental BNAL cells usiny a sixture of
fluorescein conjuyated gcat amti~rat IgG and goat anti-mouse
Ig8 whicu cross reacts with rat IgN. Controls used were

normal BN serd.

In nune of the s€ra was thkere measuratle antibody

activity ayainst jarental BMEL cells compared to controls.

/

AL _RiScussi08

Hence, 1z a sicanificant husoral iamune respoase is not {

elicited oy BiML cells injected imto El rats, it is not clear
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if any tumor-specific antigen is present on EMML cells.
However, such an antigen may nct be [fresent im large
quantities or may nct be constituted of molecules eliciting a
hiyh imaune response, Firally, the technique esplcyed may not
be specific e€ncugk to smeasure ap antibody of very 1low

concentration or aifinity.

111_12n14sa§42.inxnﬂi&a&isn.si_xﬂhkixﬁ.zi&h_ﬁAgl.ssilﬁ.in_gxg-

g to obtain a netercantiserus

1 _gaterigles apd Hetlods

‘Two rabbits }Bc Gill arimal facility) vere irjected twice
subcutaneously with 107 EMEL spleen cells containing 10%
residual lympaoird cells in conplete Freunds adjuvant. Sera
vere obtained (ear fpubpcture) 2-5 weeks aftexr the last
injectioa. 10 remcve cowanted specificities, they were
adsorbed twice wita rorsal EN spleen cells.,

Innunotlnc;escenee studies vith fluorescein conjugated
- goat anti-rapbit Ig¢ ( Fak')2 were fperforsed tc determine
specific reactivity with [farental ENML cells. BEKablit sera
" reacted with:

- A leukemic spleen susrpensicn vhere parental BENL cells
constituted 90% of the susfpemsion and lympbocytes 10%. BRed

blood cells were lysed uging 0.2% ccld NaCl fcllcwed by 1.6%
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cold NaCl.

~A suspensiocn contairing 90% BNML cells and 10% T cells.
Nylon wool columns were tced to remove macrophbages and B cells
from the origjinal sjileen cell suspension (see tle appendix).
.Bed blood cells were lysed as descrited above.
- A normal BN spleen suspeusicn as contrcl, Red blood

»

cells were lysed,

i

N . o

The resulting sera reacted ui;L both BNML and noramal
spleen cells. However, after absofption with norsal BN spleen
cells 1t did not react against BN rat normal spleen cells, as
expected,nor did it shcw any reactivity above Lackground

against parental BNAI cells.

Heteroantisera of rabbits injected with parental BAEML
cells did not react siénificantly against these cells as
deterained oy immuroflucrescence. Most of the antibodies
present reacted against wocrmal asntigenic constituents of
spleen cells; these antigens must cause @& higﬁer immune
response than amny abtigen specific to BNEEL cells. This

phenomenon clearly irdicated that monoclonal antilodies should
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be derived to obtaimr any degree of reactivity against BNML

cell antigens. _~ -

2 _The Hypridomg Tecknigue

Conventional antisera are a heterogemeous asixture of
various <lasses of inmuncglobuliﬁs reacting against different
antigenic determinants at difterent concentraticns. Hence,
the advent of a4 new techrigue leading to the jprcduction of a
monospeciiic¢ antibody ayainst a specific detersinant of an
5ntigen overcomes mcst ¢t these problems. This techniyue
developed vy Kohler and Milstein (77) was Lased on Buranet's
clonal selectioa theory s«hich predicts that one flasma cell
prodqpes only one antitody.

Hybridomsas <can produce up to 100 aug antitodies/ml in

culture and up to 10 mg artibodies/ml in =erus or ascites
fluid of tumor bearing sice (31). Chromogenic assayg ‘néw
exist {35) which e€enable the detection of solutilized cell

surface antigens which react with monoclonal ‘antibodies and

facilitates their purification.

The use of moncclonal antibodies is ncw widespread in }

many areas ot Biolcgy 3 probes against proteins, hormones,
\ —

drugs, tumor associated antigens,etc... Hence monoclonal
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antibodies ' have terded  tc¢ . reglace conventionnal antisera

-

because or their yreeter specificity.

7 Ia tais gfesent stucy, the bybridcma technicue was used

to derive monoclcpal antikodies against BNML cell antigens.

3

-

- Lnﬁuuimiilsxm )
* = gee p 82a, 82b .
for abbreviations

1) Balvsc sice Mc '6ill acimal facility) MELE injeétea )
' . twice i.v. witan 157EHHL’££ cells. 'Inrbe é?;s fcllcwing last
injection, tue spleens were te.oved;’ sicced- and pressed
r ghrougg a stdalpless steel mesh upder skterile copditions. The
spleen q.;;s were tused withqlcufe k] ayelosa cells at a 1:10 .
myeloma: splees ratic vy the sethod descriped in tie appendix.
_L , The resulting suspepsious of hykridoma and parental cells
were piated in Sb well flat tottcs flates ( Flcu) at 2x1$
ayelcoma celissnl in BENI-1€4C mediua ( Elo}) containing 15%
'FCS.. EPMI-1640 sedium sujplemsented wath ut: { Elow) and 15%
f FCS vas added the pext day tc the plates. Ihe;hjt;idc-as were
then fed.three nore times ﬁitb 15% EC5 HAT neéiuy at 2-3 days
( - interval. Attervaris, tke cells were fed with ni?ﬂ:-tﬁﬂq
supplemented with qngflci) and ]SI'EE§ vhea -reeded,.

Sup&xnatants’clv vells with clonal expamsion were tested
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by enzyme linked iasuncscrbent assays ( ELISA method

described 1in the aprendix) ' against BNEL-ES cells. The

\\resnltin; positive sufernatants vere then checked by

fluorescence (methcd described in the agppendix) against
BNAL-RS and npr-gi spleen cells using £fluorescein conjugated
goat anti mouse IyG, heavy and light chains, selected for low
cross reactivity ¥ith rat Ig ( Cappel). Pcsitive hybridomas
vere seiecteli, clored anc¢ reclcmed in 0.25% agar ( see the
appendix) containing 10% ¥CS 1in RENI-T64C. Fach clonal
supernatant W¥as retested Lty ELISA against BREL-ES cells.
Asci tes were then‘i;duced in Balb/c aice fcr e€ach positive

cloned hypbprid by injectirg 10 bhybrid cells i.p. sSeven days

after a prior Pristane injection. The ascites were drained

7-28 days arterwards; the resulting ascitic fluids wvere tested
by fluorescence against BHNML-ES cells, ENML-EkS/D cells,
BNAL-RS/FC35 adapted cells , parental BiNl cells, normal

-

spleen ceils and ncrsal bkcne marrow cells.

2) 10 BN rats vere iuZected 3-% %{les witk a leukenmic
spleen cell suspensior ccptaining 10-10 dead paremtal BNAL
cells; cells were killed ‘ty irradiation (600 rads) or by being
frozen thawea twice. The pareatal BNML cells constituted 90%
of the spleen cell =uspension vhile tbhe B1yaphocytes
constituted 10% orf the suspension. The last ipjection was
i.v. Three days after the last iniection. spleen cell
suspensions were obtained as for the aice. Six fusions/iith

*

souse 23 ayeloma cells, three fusions with souse ES1 ayeloma
’ #*

cells and one fusicr witk mouse SP2 syeloma cells at a 1:10
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myeloma to

—

sﬁleen cells ratio vere perforsed bty the method :

described ia the appendix. The same steps as for tbe mouse x

v

mouse fusions descrited akove were then followed. ‘
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1) six ‘'Balb/c spleenxE3' hybrids vere oltained, cloned
and recloned and d;sjgnated BN3,BH6,3N18,BN27,8BK3% and BN129.
Each ot tnese aybrids prcduced a aonoclomnal antikcdy reactiny
against BNML-BS cells e&s demcnstrated by ELISA and by
fluoresceuce, Furthermore, all hybrids except for BNb6
produced antibodies tindirg to culture adapted lines (BNML-RS,
BEML-BS/D and BMAL-FCS ) and tne parental in vivo ENML cells
in a siailar rashicn. Ecvever, in €ach <c¢e€ll line culture
tested, tnere\ids some hete:ogeneit; in tte jroportion of
antibody bound to BERL cells except for 553 and BRb. Indeed,
B¥3 antibody wound similarly to all cells of a given cell
line culture 4SS assessed Ly visual fluorescence microscopy.
Finally,noune o these antibodies except for EN6 reacted
against noruwal Sgleer cellsﬂ This antibody appeared .to react
against macrdphages Fresent in normal spleen cells. On the
other hand, the BN6 antitody-Lound less to parectal in vivo

BNML cells than to any of the cultured BNAL cells. There was

no heterogjeneity inm the j(rcportion of HN® bcund tc each cell

liné. Finally, thes¢ sixy antibodies all reacted with a high

percenta je of uormal bone marrow cells, the identity of waich
remains to oe¢e determinec and with less than €% of norsal

spleen cells.

2) The 'B¥ sgpleen x scuse mayelosa ' fusicas all failed to

produce hyorids reactive »ith BNHL cells
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- 20L_Discussion

1) six ayorids producing antikodies against BNML cells

vwere isoiated.

a) Anticodies BN18,ENZ7,BN35 and BN12S all reacted

similarly against all cultured cell lines and farental BNML
- cells. These antitcdies sust have reacted against moclectles
present also on ncrsal ccunterparts since they tcund to bone
marrow cells of nca-leukesic rats. For imnstance, such
)
antigens could ke present on normal syelctlasts and
promyelocytes as weli as c¢n  BNML cells. These antigeas,
however, were pot found on wmost B ar T lymsphocytes,
fibroblasts, wmacroftages cr red blcod cells which are all
constituents of ncrsal =spleen against which there was no
significant gteactivity. Since there was hetercgeneity in
®
bindingy amounyst cells ¢t the same cultured line, these
antigens may be €xpressed cpoly at scme stages in their cell

/;;cle. It 15 not clear if these antibodies all react against
the sase antigen or if they react against several antigens.
Isolation and <chemical claracterization ot them will aasver
this gJuestioa.

b) Antipody Eﬁj_bon:d tc a structure tcund net only on
rat leuxeaic ayeloblasts and prosyelocytes .tut alsc on some
norsal bDone marrov ccountergarts, Thefe ¥as ,icuever, less
heteroyeneity of reactivity againét the cultured cells. Hedce
this antibody Jgﬁea:s tc react against ;n antigen expressed
independently or the cell cycle.

C) antibody BNE reacted agaiast an antigen wktich seeas to

\
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e eXPréssed mostly 4t the myeloblast stage ot leuxesic cells,
Althouyu present alsc 4t the prcmyelocyte stage it is either

less expressed or less available on tne cell surface to

antiboldy piudinj. Additicn cf termpinal oligosaccnarides, for

v

instance , «could ccrceal tte anmtigenic binding site, This

antigen 15 alsc present con <acrly normsal bcne wmarrow cells,

.possibly myeloblasts. Bl alsc slightly reacted agjainst a

v

subpopulatiun ot s;leen macrophage like cells. This binding
could be Jlue on one hand tc cross reactivity with scme siamilar
determindats or a Eolecule present on @macroplages; on the
otner sand, macropnages cculd express on taneir cell surface an
antijen similar or aralogeous to the ¢ohe presept c¢r myeloblasts
bat in su;ll quantities i.e. an antigen ccsEcn  to both
myeloblasts anl macrog bayes, The possibility that the
reactive lymphoid =subpojulation are natural killer cells
should be explored.

Eelevant discussior and ccmgparison of humsan ayeloid
antigeuns to tae BNML antigens would be premature at this time
and will rejuire a xore ccrflete biccﬁelical characterization

of the antigens found in this present vork.

&l _conclysien

!

Six stabple mouse to scose monoclonal antipodies have been.

developed ajainst at least ‘three different antigeanic
structures present cn acrsal and leunkeaic rat ayeloblasts

and/or proamyelocytes .. Futhermore , one ot these antibodies
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(BN6) , reacts amore specifically agains£ ayeloblasts, These
antibodies aight pe used as markers of certain cell stages in
the rat wayeloid lineage., Chemical characterizaticn of these
antigens is now jossible. It may pDe found that analogous

antigenic structures are jresent on husan eyelctlasts and/or

proayelocytes., Hence, these markers 1lead tc a better
understandin g of the normsal and leukeaic

myeloblast-promyelocyte maturation. -

As stated above, the "EN spleen to mouse ayelcma?! fusions
were unsuccessful. 1he development cf a hybtid'attihody froa
these fusious, reacting agAinst BNHML cells would have
indicateu the possille jresence of a leukemia-specific or
associated antijen ¢p the ccll surtace of BWNAL cells. Indeed,

the BN rats did bpot react against structures e.g.

.histocompativility artigens, present on normal myelcblasts and

promyelocytes.
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CONCLUSION

The preexisting mcdel for acute promyelocytic leukemia in
the Brown Norway rat was limited in its applicaticns . Indeed,
the ceils could proliferate cnly in vivo. Cell lines derived

r

from this 1n vivo mcdel ncw have heen maintaibped in culture

for over two years. These lines consist of ayelcblasts and
early groayelocytes instead ot the [prcmyelocytes fcund in the

in vivo aodel. This spparent block in maturaticn is reamoved

partially wnen the it vitic cells are yrown in the animal.
The study ot these ncw lipes leads tg a better
understanding of the varicus factors and cellular interactions

controllingy gjranulojoiesis. For exaaple, the role of

EY

macrophagje~jranulocyte inducers as well as cf possible
fibroblast-blast cr macrcphage~blast could tLe studied.
Lacaze's SNML cell lipe could ke ccmpared to tte cell line
derived in tue gresemt study, thus revealing the differences
between tvo sicrohemcpoietic environments; the bope marrow and
the spleen., Tinls model alsc permits physiological ccasparisons

between in vivge and in ' vitro conditions. Furthersore,

antigenic cnaracterizaticn of leukeaic cells at the
ayeloblast-promyelocyte stayes 1is possible. In this study,
six monoclonal antibodies have been derived agaimst at least

three antigyeaic strectures present on these leukesic cells.
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Further chemical chatacterization of these antigers now can be

- performed. Tais' acdel will jermit an investigation of the

cell maturation blcck occurring in acute mayeloid leukenmia.
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ABBREVIATIONS

AML : Acute myeloblastic leukemia

APL : Acute promyelocytic 1eu;emia

Ara~C : inogide~=-cytosine

BR : Brgfia:orway

BNML : Brown Norway myeloid leukemia

CSF : Colony stimulating factor . o o
7,12-ﬁMBA : 7,12-dimethylbenz(a)anthracene o
DMSO : Dimethyl sulfoxide "

ELISA : Znzyme linked immunosorbent assay .

FCS ¢ FetaJT calf serum

GM : Granulocyte-macrophage

"HAT .: Hypoxanthine (680 -Omg/l), aminopterin (8.81mg/1)

and thymidine (193.80mg/l) for 50 x HAT (Flow).
Add 10 mls 50 x HAT to 500 mls of RPHMI 1640 (FLow).
HPRT Hypox;nthing'guanine phosphoribosyl transferase
HT : Hypoxanthine (680.60mg/1) and thymidine (19%.80mg/1)
tor 50 x HE (Flow). Add 10 mls 50 x H? to 500 mls
of RPM1 1640 (Flow).
Ig : Immunoglorulin
MGI : Macrop..ge-granulocyte inducer ’
NBT : Nitroblue tetrazolium’test &

NS1 :‘PB/NSI/1—Ag4-1 (129)
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P3 : P3/X63-Ag8 (T7) S
8 RA : Retinoio acid : -
RS : Rat serum -

SP2 : SP2/0~-agi4 (130)
TK : Thymidine kinase
TPA : 12-0-tetradecanoylphqrbol-13-acetate

( co ] 82b

[

—]




R e - - ek e - - - - - ER—— r..h*i.:tx!i - n{

- - L 4

r
4
W !
/
EHCICGRARHS
/
/
’ »
83"

: ’
b
.
:
. S,
'Y ) R
4 '
i —
.
. .
) .
@ ) )
3 ) ‘

. » M ’ ¢

. . ) .

] -

t > i

; .

N n M - *
. . .
: - F
H ! )
H . .
; . . - N . ' *

' - IS - :
5 . - ’
- ._ . S
N . '
)
. .
;-3

PR TN A AR A p ook e
[
.

Bt 4 FE . .
. - -



i

kegend to Phatodraph I

ot

Photograpus ot spleen.ceiis of rats pade leukesic witn the
parent line after three weeks in culture. A, B: wells
contained ' ceils suspended 1in @medium supplemented with 10%
fetal cait serua; C,D: ccntained 4% rat serums/6% fetal calf

serua, A,C: pnotograthed et 20x magnification; B,L: at 160 x.
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"+ Legend to Photograph 1I

"Photomicrographs of cytocentrifuge preparations of

BNML cells. A, D : splgen cells of rats made leukemic
with in vivo-derived parent line, B,Z : BNKL-RS cells
established i1n culture. C,7 : spleen cells of animals
made leukeglc with cultured 2% L-RG cells. 4,2,7 are

stained with “ay=-irW¥nwald-;iersa; D,7,5 are stained

-« . .
for peroxidase =zctivity and counterstained with

safranin O. Freparations rhotograpned at 400x magnifi-

cation.
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E;zymes Primary granules Secondary granules :
» Peroxidase SR ‘ S
Acid hydrolase + . - .
Lysozyme v + o “ + |
Collagehase . - - L,
- Alkaline ‘ ,
Phosphatase - . .+

N Fig 1a : Fnzymes present in primary gnd secondary granules,

i

N

\ . G1(2n) T S (2n # 4n)
M(4n »2n ) éz ( 4n ) a
) -
' L

Fig 1b : The cell cycle
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__;Meoakaryocvte * -
v ’(‘ - - - ‘

Myeloblast —

3 / Neutrophll

cr‘y*ﬂ

() — ~ ‘Zacrophage

yeloblast «p

‘*Zosinophil |

S~ : //'T Lymphocyte
~® ~ @)

B Lymphocyte Plasma cell

'

o L4

e rr e s ———-a abrr——

Fig, : Postulated lineages and relationships of ' o
o Hematopoietic progenitor cells. From Cline M.d., \
Golde D. W. ( 1979 ), Ref 23 .

. ( stimulatory interactions are denoted by (+)

o . . .

! o : and possible inhibitory interactions by (-).)

£ o e ———
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Myeloblast Promyelocyte |

"
=

neﬁtpophil - Band cell " Fetamyelocyte

e
.

)

= Hyelocyte

.c/

sroop ( transit, T 1/2 6 hrs ) ;
. pa— —»  TISSUES ( functlon,
" ,i 1=2 days 2.
‘ | f
- ‘v “ ’ . s» .
° Pig 3 | : Diagrammatic representatiyn of neutrophil .
. life-span and stages of maturation. From ppe
Bainton D. F. ( 1976 ), Ref 8. '
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Markers ]
ell Line \

A EAC Smlg T—-Ag Ia cALL 1Ag-I TdT ZBV

w
——

note: Al1l ce}l lines have for marker;.’LC-S ,

Fig 4 : "arkers present on 7562, ¥1 60, ML-2 , and
KG=-1 , Prom !linowada J. ( 1982 ), Ref 93,
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£
a) Bone marrow

-—'q
Haemocytoblasts 0.36% Pro-erythroblasts 1,27%
Promyelocytes 2.58% Erythroblasts 37.95%
liyelocytes 5.41% Normoblasts 7.75%
Mletamyelocytes 14,94% Lymphocytes 1.,0%¢4
Stab nuclear forms 25.67% onocytes 0.04°;
Polynuclears: Reticulum cells 0.327%
- elitrophils 0.42% ‘egakaryocytes c.08’
_ Zosinophils 1.98% “
- 2asophils 0.57¢
L .
b) Feripheral blood -
“ale Female
(%) (=
Lymphocytes 48,1¢€ 54.30
eutrophils 21.41 15,70
Large Lymphocytes 12,75 2.00
“onocytes 8.66 8.30
Zosinophils 4,75 4,12
Inmature cells 3.80 M 3.80
3asophils 0.83 1.30
ool

Figs

091"

¢ Percentages of hemopoietic cells present in ra=s
bone marrow and normal blood . Prom Swaen G.J.V. and
Van Heerde P.V. ( 1973), Ref 116 ,
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.
BITZAITERACTTS

Chemical Structures of Retinmoic Acid, mmethy\‘i
Sulfoxide and 7,12 Dimethyl Benzanthracene.
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s Reaction

Peroxidase (Graham=-Knoll)

Zsterases:
« Naphthol=AS=D=chloroacetate
- a=Naphthyl acetate

Sudan Black
Periodic acid Schiff

Phosphatases:
- Acid
-~ Alkaline

4

Response
m

++

++

PFig7 : Cytochemical Characterisation of the BN
Myelocytic Leukaemia. Prom Hagenbeek A, (1977},

Ref 48.
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Survival time, days

Ly Teg VT g Vg
1 102 - 10* 10° 108 1010 1012
Number of BNML cells ( from the spleen) i.v,.

f

-~

Figsg :Do]:e-aurvival curve for BNML cells taken from the spleen. From
Hé.\genbeek A, (1977)’ Ref 48, .
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Blasts

Karbitrary
units) .

acrophages
(arbitrary
unita)

-+

W‘\ﬁ-—-

Pibroblasts
(arbitrary
units)

 — it

cells/
solution

Biasts
‘(arbitrary
units)

e F%RS

++4+

4_‘*_7

| —

Macrophages
(arbitrary
units)

Fibroblaats
(arbitrary
urri ts)

““*‘

++

+4

4% RS
6% FCS
10U RA

L WY

4% RS 4% 1S
6% FCS 6% FCS
Ul RA 5 uk RA
e +1/2+ +4+4+4
i
4t ++ et
++ ++ +

++1/2

Fig9 : Blasts, Macrophages and Pibroblasts in 14 days cul ture




%

Total Tumor load:
R 1 0,5x10'%cel1ls

: 3.5x10'Ocells

4x10'0ce11s

S PLEEN

R : 2.6x10%ce11e

S 36.11108cel18

BONE MARROW

A
]

BLOOD

MP : 2.9x108cel1s

CBP : 2.7x10%cells

P
N

R™3 4.2x1oace115

S : 54.2x108ce118

Fig 10 : Sizes of functionnal compartments at the terminal stage of the BNML ( day 28
after 107 BNML cells i.,v,). R=rapidly exchangeable pool, S=slowly exchangea~-

R : 1405110 cells

s : 105.7x108ce11s

8
R ¢ 24.4x10 cells
S : 143x108ce11s

LUNGS

R t 1.5x10%ce1ls

S : 5.1x108ce118

. ble tissue pool, From Hagenbeek A. and Martens A. (1977), Ref 50.
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‘ |
o 445 | “ ‘
cells 'x 10°/ml \ A Dead cells
‘h Y . Alive cells
12 w ) '
11 d
0 : ————

Pig 11 : Number of alive and desd cells as a funotion of
tm. »
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Parent line

Promyelocytic +
morphology
Peroxidase 75 +

Surface Antigens

¥

Cx-8 (anti T supressor) -

¥3/13 (anti T cells
and anti granulocytes) - to 2+

W3/25 (anti T helper cells) -

O:.t-si(mw.Ia) -
Cx=1 (anti-leukocytes) 100% +
0x~7 (anti~-Thy 1.1) -
Surface Ig -
Intracytoplasmic Ig -

Adapted line

4-100 +

- to 2+

'™

Fig 12 : Summary of characteristics of leukemic line
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Note: uM -)aM
{ -

- B " Adaz , ( I
1) Prepare 1% Agar (0.25gms Agar (Gibco) in 45 mls double
distilled H20 ) o, )
2) Autoclave agar and then keef in 56 degree centigrade

bath. =

3) Prepare 2 x concentrated medius :

« =1 package IPHMI 1640 medium ( Flow) for 1 liter

-500als doutle distiried A2C
-5mls jlutasine

-Sals pemicillia streptoamycin
-2gms sodius bicartcnate

-4 =mls HBCl ( IW)

4) 4ix 25 sls ¢ x medium and 25 als 1% agar to obtain a
0.5% agar solation. u
. 5) add 15 l’&ls EPBX 1t40 sedium ( Flov) contiimning cells
to 15 mls of 0.5% agar tc give 30 mls of 0.25% aga.r,

6) Plate 5 mlssyvell ip a 6 ml flat bottcs well plate

(Costar). N

PN
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1) Take celis out of tae -7C degree centigrade freezer or fio-
liquid nitrogen, in dry ice.

2) Add 7 mls of FCS to 15 mls sterfle tubes,

3) Thaw )aach vial ir a 37 deygree centigrade battk, until only
a few crystalsore-ain, and pcur into a FCS contaicing tube. E
4) Spin the tubes at 1200 ppa for 5 wminutes. )
S5) Remove the supernatant and wash cells gzvice with EPMI-1640
aediam (» Flow ). Court cells before the last sgun, and
reconstitute to the'éesire vclume in RPAI-164C.

j v
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Egzyme Linked Iasunosorbent Assay (FLISS)

-

1) Coat Dynatech wmicrotiter plates ( Fisher) with polylysine

(Sigma):

- add 100 ul of a SC ug polylysinesml scluticp to each

- .

vell. ,

- let sut at rocm temperatire for 60 mns.
7 . .
2) Wash twilce in PBS . -

3) Add 155 celis in 100 vl EBS to each well; cells should be -
previously washed three times in PBS.

4) Incubuate at.Icos temperature for 60 mns.

5) Gently add 100 ul cf a 0.050% glutaraldekyde (Sigma)
solution to each uelz. ‘
6) Let sit 1V ans. _ -
7) Wash taree times with EES

8) add 200 ui of a 200 «g gglatin (BEH)/nl solution to each
‘well, ‘

9) Let sit for 6€0mms. 1Thke flates may be stored im this form

at 4 degree centigrace.
i
10) Wash the plates twice with PES before use.

Q
¢

11) add h;;ELQCIQ‘Su;eIh§taﬁtS im Sé?n; or 100 ul depending oﬁ
the number bﬁ lines to test and availability. |

. 12) Incubate 3; réos teaperature for 1-2 hours.

13) shake out snperna;:;is and add 200 ul of a 1% Ecvine serum
. albumin (Sigma) in EES scluticn. “ﬁ ‘

14) Prepare diethanolamine tuffer: .



- 8U0 als dd H2C

- 97 mals diethanclasire

- 0.2 gus hald3

- W0 ays M3yCll.€ H2C

- add o M HCl upntil EE=G.8.

- make up to 4 tctal vclume of 1 liter with 4d H20.

- store at 4 degree centigrade 1n the dark.
14) Wasn the plates thrce tiges wath 2ES.
15) Add afrinity purified jyoat anti-souse alkaline phosphatase
* at 1/1000-1,2000 diluticn 1n 1% boviune serus altumin in PBS.
16) Inculbate 30 nus
17) ¥Wash with 200 ul 1% kcvine serums albumin C.C5% Tween 20 in
BPS.
18) Wash tanree times with C.C5% Tween 20 in BES.
19) add 100 al sukstrate ({ y—nitrophenyl-phosphate-disodiu!
(Sigma)) made up at 1mg/s]l 1b room temperature diethanolamine
buffer .

20) Sit at room teaperature 1-5 hours to develop cclour.

*, In other experisents, gcat anti-mouse 1gG cornjugated with

peroxidase (34) or alkaline phosphatase conjugated protein A

(115) have been used.

Q&hﬁi.ﬁi&ﬁﬁﬂi&ﬂ.ﬂ§§glﬁ

i) Radioimmunoassays
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Adsoro tne antigen «c¢n folyvinyl plates., Wash the plates
and add hybrid sugerratants, Wash the plates a seccnd time and g
add radioactive iodine affinity purified heterologous
anti-i1maunoyliobulin., #Wash the wells and count each well
individually 10 a y counter (45).

Usiugy radiolmsuncacssay technigques, Fisher et - al (38)
showed a4 simple way to det€rmine whether certain monoclonal

antibouies react against the same or very close epitgpes or

against dJaidely differect regions <cf the antigen. The
ry

experimaent consists in ccaparing the saturation Linding level
tor eaca dantloody wita the saturaticn binding level when both
antibodies are added in tie same well. If ccempetition occuars,
the saturatiou pindirg level vill dbout ejual tie individual
saturation bainding level fprcving that both antitcdies react
against the same or very clcse efpitofge. , ‘
1i) Cytotoxicity ;ssay
.

Cytotoxicity asstays for cell membrane antigens can also
be used:
Incubate radioactive Cr lakelled «cells having antigeas on
their meabranes with supernatant and coasplesment. If the
sonoclonali antibody present, reacts against the antigen, and
if it 1s a cosglemert binding antikody, then lysis‘ of cells
occurs. dence, measure the radicactive Cr released

Clone and reclone the positive cell hybrids in soft agare.

)
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Ereszing Cells

Freezing aedius:

For 50 als :

|

30 mle serus free FEMI-1640 (Flcw).

- € gasoXD Glucose , H8W=180.2.

per vial:

20 mls dimetiyl sulfoxide.

3

7

- 1.2 mls PCE ccrtaining 1-2 x 10 cells {

0.8 mls freezing mediua.

Prepare treezin; sedius ,ipculate at
} glucose to Jrssclve, anc filter 1t.

lapelied viais andé gut io ace.

Add 1.2 als FCS coataining thke cells

ice for 20 mns.

37

to

degree ceptigrade for °

add 0.4 wmls to each

each vial, and put in

Put the vials 2 bours at 4 degree centigrade aad then at -70'

degree centigyrade for 2 Leurs,

Put vials im liguid pitrcgen.

105 .
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1) Put 50s ¢ 10600 (BDH) 1o a 37 degree centigracde lLath.
2) Spin ayeloama cells. Bwasht thes twice with EBEENI-1640 (Flow),
for 5 ans at 1460 rpa.
3) Kill anlimai. Edssspleen pieces through a stainless steel
mesn under sterile ccnditicrs to get a cell snspetsicn.
4) wasn sgpleen cells twice with BPNI-1640, for 7 =mns at 1500
cpm.
5) Count cells during the last wash and spin thkem tcgether at
a ratio of 3f1 tc 16:1 spleer cells : myeloma cells, for Bams
at 1800 rpa. ) ~
6) Iake’rotx supernatant with a pipet without disturbiny the
pellet.
7) Use a long tip sterile [fasteur pipet tc get a fila of’
cells; do not ccepletely lcosen the pellet. Incline& the tube
at an angie and add:

- 1 ml EC% EEG 1CCC cver 1 =mn

- 2 mis BEBI-1640 cver 1 an
- 3 mls BENMI-1640 cver 30 seconds
- 5 als BEMI-1640 cver 30 seconds

8) Fill up tae tube to 50 sls with BPAI-1640.

9) Sgin tor 6 sms at 1200 rws.
AN

5 o
10) Add 154 FCS or HS EPHI-1640 to have 2 1z 10 ayelcama

cells/al.
11) Put 2 drops of this sclutios from a 10 al pipet is esach

VA
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vell of a 96 flat botton well plate ( Linbro-Flow Lab).
12) 4dd 2 drops HAT 15% FCS or HS in each well, mext daye.
-

13) 2 and 4~5 days after feed again with HAT 1S5% PCS or HS

sediua.

14) 10 days after, add HT 15% PCS or HS medius.

As in any new thhAG, many of the technical jpicbless have
not yet been solved. Fusion of cells depends on many
parameters sSuch as the Bsyeloma cell lines available, the
selection media, and the "tusagen”™ agent (12).

Osually, an animal is immunized wvith the ajffpropriate
antigen concentratico ,bccsted i.¥. cne or mcre times after a
certain perioa and killed three to four diyt after the last
boost. Tais seeas tc ensvre that:

-the i1maunological response is at a maxisuas

-B lymphocytes are in activated b{ast stage, a stage
seeningly preferred for good fusion results ($0). The splaah&
are then narvested , vashed; spleen pieces are processed aand
the resultini spleen cells (red blood cells ard lyaghocytas)
solution is ready tc be fused vith the appropriate ausber of

ayeloma cells (1:2 tc 1:10 ratio)

al _Nveloma Cold lines Available

Nyeloma cells are saligaant Flassa cells secretiag
imswnoglobulin proteins im ap irregular manner. BNom secreting
variants can be obtained (3S1 derived from P%) and used in
ftsions. iyeloaa cells, being cancer cells, cas le fpropagated

indefinitely im vitro im an anchoraqe—indggjpdant ‘growth

3
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mannper. The hybrid c;llz resulting from fusion of a ayelomsa
cell and of a B lysphocyte conserve the salignant pattern of
growth of the myelcsa ce€ll {12). HNyeloma cells must be in
logarithaic Jrowth phase to Le used imn fusicn and are
therefore split several times before fusion in the appropriate
medium. Most wmyelcma cell lines have defective hypoxanthine
guanine phosphoribosyl transferase (HPRT; see selectioa).
They are killed in HAT secdium, but'can be cosplemented by

fusions vith HPRI+ cells ( spleen cells) (128).
RL_The Fusagjen agept '

Early fusions used inactiva}ed Sendai virus as a fusion
‘promoter (77). Many more membrane active agents baving fusion
capacities have been found, but the most commcnly used agent
is now polyethylehe glyccl 1000-1500 nmw, pﬂs7.5§ (EEG). PEG
¥as nuch more effective than inactivated Sendai virus to
promote cell hybridization. Klebe and Nancuso (71) compared
hybridoyeas - to non hybridcgenic compounds. Comgarison of the
structure of several hybridogens ard non hybridcgens shoved
that:

i) One of the two tersinal hydroxyls of PEG may be blocked
without loss of hybridogeaic activity.

ii) Hybridogenic compouprds do not need to bé electrically
neutral nor do they teed to Lte linear.

iii) However, if a sethyl group ( Poly propyleme glycol) is
substituted for a hydrogen in PEG or if a @nitrogen replaces
the oxygen in PEG, hybridogenic activity is lost.

iv) Very high or very low molecular veights PEG are inactive.

sl_Sslsction Aedius
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In fusions, it must Le ensured that only bhybrids will
grov i.e, the parent cells should not survive in the selective
mRediaa, Littlefield (B4) devised a method to select for
hybrids. 1In usual growth sedius, cell limes can synthesize de
novo the necessary perines. However, if aminopterin, a folic
acid amalogyue, is added tc the medium, folic acid reductase is
blocked. Since the de ncvo pathway needs folic acid as a
source ot hydrogyen the purine and pyrimidine synthesis by the
de novo pathway is blocked. A preformed purire source is then
needed for the cells tc synthesize new 'DNA via the salvage
pathways. These pathways depend on thymidine kinase (TK)
which can transfors thyamidine to its nucleotide , and on

/

hypoxanthine guanine pbosﬁhcrihosyl transferase (HPRT) which

can convert %ypoxanthine tc its nucleotide. The two enzymes

HPRT and TK aust be present for the cells tc survive in the

presence of thymidine, bypoxanthine and asimofpterin ( HAT
medium) (45). HPRT catalyzes the transfer of jhosphoribose
from 5 phosphoribeosyl 1 pyrophosphate to hygcxanthine or
guanine bases tc form S5'IMPF or GMP and pyrophospbate. HPRT is
an enzyme composed of identical =subunits (24-26000 MW in
human; 27000 MW in nmouse¢) and may exist under a tetraseric
form. “HPRT nmay contribute to the flow of hypoxanthine ianto
the cellular puclectide fpcol and ' is amostly present in
braim,ovary, red blcod cells and white blocd cells. It is
coded by an 4 linkeé¢ gene residing on the long arm of the X
chromosome ,betveen G tLands g¢g22-qter. This enzyme is
deficieat in Lesch ¥yhan syndrose, an X 1linked recessive
disorder (20).

Butant ayelosma cells lacking TK or BPRY are¢ produced by

109
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cytotoxic drugs utiliziag this pathway for internalization.

Siace, the HPRYT locus is cp the I chicmoscae, it is easier to
obtain a aeficient sutant than f;r TK. lesistanca to
a—azaguaninc,6~th199uaninene-lercaptcpurine and
6~azahypoxanthine citen is accoapanied by BEPET deficiency.
Thioguanine can ke incorjorated intc DNA vie HEET and cause
cell death tnus selecting for HPRT-sutants. If such an HPRT~
or TK- autant 1s fuozed t#th 4 spleen cell | HEET+TK+), the
only surviviny product shduld be a kybrid which can use HPRT
or TK from the spleer parent (45).

Other selective sediun sxist§ such as t he
' hypoxantaine-asinopterin-S-petbyldeoxycytidine medium but the
HAT medium is the mcst widely used. ' '

Once hybrids are obtained, cloned and reclcaed, Chang et

L3

al (21) has shown tlat scse hybrids may be cultured ia serua
free aedius containing insulin (5 wg/sl) and tremsferrin ( S
ug/ml). Absence of any of these two coastitueats leads to
sone or decreaseé prcliferaticn. The absence of seruam can help

purify the amtitodies.

gl _Expected Hybiid Iisqusiciss

) If a spleen ccataiss 108i1l;hocyt;a and at best ome
hybrid foras er 2-% x 1é‘colls (50), 300-%G0 hybrids then
could be generaged €31) . It is often necessary to clone and
reclone trejuently tc prevent overgrcwth of pon producers aamd
to maintaia the stability .

Feeder layers say enbhance the frequency atxd grrowth of
bhybrids. Astaldi ﬁl_ii (6) fcund that huwman endothelial ceil

supernatant contaiRs a8 £cluble growth factcr.tkat proasotes
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qrouty and prolitt:atidp cf hybrids. Pox 22_23 (39) described
two vays to increase the frequeacy of antigyes specific aybrids
fros mouse to mouse fusioms: '
i)spleen cells vere cultured vith the antigen in vwitro
three to four days, followsed by fusion.
ii)prismed spleen cells vere injected i.v. iato
sublethally irradiated anisals; animals then were boosted with
the antigen i.p. and spleen cells fused three tc g%ﬂt days
later.
These tvo methods increased the frequency of antigen specific
hybrids from 7% to 4C-58% and may prove iery useful to derive
sonoclonal antibodies againat ‘very weak antigens ( poor

immunogens).
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1) In a 0.5ml8 polyjpropylene Eppendorf tube, add 3 x léscells
washed 3x with Eas.v
2) Spin and aspirate dowa to pellet.
3{ Add 50 ul ot prisary sptiserus.
4) Incupate 30-€0C muns cn ice.
5) 8ash : x 1 with EBS 5% &S
X 2 with FES alcke
6) Aspirate to pellst.
7) Add 25 ul cf cctjugate ( goat anti asocuse IgG bca;y and
light chains -ng <¢cross Irecactivity with rat,  fluorescein
conjugated, Cappel, vas uaecd £0or souse to moSse fsusicos ).
8) Incubate 30 sns ci ice.
% WNash as for (5).
10) Aspirate to pellet, ‘
11) Add 20 ul EBS. Fut 1,2 ¢» slide.

12) Add coverslip ané exasine¢ uader fluorescence sicroscope.

-
»
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Indueticn Solutiops

Prepare:
1) 45 mals 1UX ECS BEFRI-1€40 ( Flow)

2) 45 mals 4% BSy/ 6% FCS BENMI-1640
(.
3) Solution A: 20 ul all trans-retipnoic acid (Sigma) 10 a¥ in

2 mls 10% FCS EEMI-1€40 (F).
4) 501§t10n B: 20 ul all trans—-retinoic acid 10 B in 2 mls &%
RS/ 6% FCS RPAI-1640 (FR).
Add:

- 1.5 als solution A to 13.5 sls ¥ to okttain a 10 uM
retinoic acid F solution. ’

- 1.5 8ls sclution E to 13.5 mls FR to oktaina 10 uA
retinoic acid FR sélntion.
ada:

- 6.5 nls of the 10 uP retinoic acid F soluticn to 5{5 als
P to obtain a 5 uM retincic acid P sclution. |

- 6.5 nls of the 10 od retinoic acid PE sclution to 6.5
als PR to obtain a 5 ul retinoic acid FR solutics
Add:

- 8.8 8ls of the S ull retinoic acid P soluticn to 7.2 auls
P to obtain a2 uA retincic acid F sclution.

- %8 als of the. 5 ull retinoic acid i solaticn to 7.2 als
PR to obtain a 2 ul retimcic acid Pi sclutios.
aa:

- & als of the 2 wl retinoic acid 7 solmtion to § als F to

-
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obtain a 1 uMf retincic acid F soluticn. .
- 4mls of the 2 uM retivoic acid FB solution to 4 mls FR
to obtain a 1 uM retincic acid FR sclution.
Prepare: . /7

-~ 8 mis F for a C uM retincic acid F solutich

- 8 mis FE fcr a O ull retinoic acid PR soluticn

F)

Add 1.5 als of e€ach soluticn tc each wvell of a z4 flat bottos
vell plate (Costar 1o 3%f:4, Cambridge, Mass., CSA) to emnd ug
with 5 rejplicates ¢4 each sclution containing €each 5 x 10

cells.
3
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Bylcp Boecl colysn \

From Greaves M. an{( Brcwr G., J. cf Immurclcgy,112, Nol,

1974, 420. .

1) Dry 300 mgs of washed rylcn filbers.

2) Pack ribers in a 10 ]l seringue up to the 4 mls mark.

3) #Wash seve:a% times with varm EPMI-1640 (Flow) =c¢ that most
of the fibers . are washed. Leave scme medium in and incubate

at 37 degree’ centigrade fcr 30 mrs.

)

4) Add 2 als 10% FCS EFM1-1640 medium with ICZS x 1c7cells on

top of the sjyringe. Incukate syringe upright at 37 degree
centigrade for 30 maos.

5) Add 40-45 mls FEBI-164C medius on top and let drain thxaugh
a 25 G butterfly needle the cells . The macroptages apd B
cells will stick to the cclummn. The fibers shctld never get

dty'.



