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ABSTRACT
: N
We have investigated in this study the growth
patterné‘of.a pénel of cell line§ towards a battery of‘
- factors. The observations were focused on HL-GO} a
promyelocytic leukemia cell line, Whileﬂother cell
) iines were used for cbmparative purposes.

A model-system was developed in which the effect

of factors on proliferation by leukemic and nbrmal
“ceils could be assgssed. This system used Hﬁman Bone
Marrow Layers as a supportive ﬁatrix;

In addition, we were able to induce‘ekpression of
class II and monocytic mafkers by gamma Iﬁterferon and
various'conditioned med{a respecﬁively. Howeve;, gaﬁma
Interferon always suppressed differentiation as
assessed by célony férmation. /- -

Using an arsenal of factors in order to reverse
the su?pressive effect of this agent, we discovered
that Interleukin 2 acted in an antagonistic manner to
gamma Interferon.

We wege also able to detect, for the first time,
an ihcrease~of the c-myc's (ajpellular oncegene) mRNA

during long term treatment with gamma Interferon.
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CHAPTER I _ “ t

INTRODUCTION

The purpose of the present work is to seek
information"on the reciprocal processes of cell
proliferation and cell differentiation‘in the context
of human'hemopoiesis. _ "

The field'of hematology has been studied since the
nineteenth century but- many questlons still remain /).
unanswered A complete 1nvest1gatlon would be very
extensive due to the multlpllc1ty of the factors
involved. gor example, the bone marrow, unlque source
of blood cells, can . be examlned from several dlfferent
viewpoints. ThlS hemopoletlc tlssue is not only a
reservoir of stem cells but is. also actlvely 1nvolved
in the control of cellmprollferatlon and cell
differentiation leadlng'tobthe"formation of’all types
of hemopoietic cells.

In thlS study, I have developegﬁsome in vitro
models of hemopoiesis by using, on the one hand, a
panel of leukemic cell llnes representing dlfferent
‘stages of hemopoxetlc dlfferentlatlon and, on the other

L4

hand, Human Lonrg Term Bone Marrow Cultures (HLTBMC) .

N



A) HEMOPOIESIS SEEN AS A CELL PROLIFERATION-
DIFFERENTIATION PROCESS

l)-THE MARROW AS ‘A HEMOPOIETIC TISSUE.

The marrow is one of the largest organs in théll
body. In normal adults, the net daily prodﬁctionjig
about 2.5>billion erythrocyte;,v2.5 biilion platelets
and 0.1 billion granﬁlocytes per kilogrém of body
weight (132). It is also the main prbducer of monOCyfgs
‘and lymphocytes.' | |

Actually, the productive capacity of the marrow is
depen&eht on tﬁe organism'svneeds and requireﬁents.>The
different cell tyﬁes.appeaf to be mixed in a random way
and to have no architectural positioning with regard to.

Q . ' Ce
one another. In fact, there are speculations
suggesting that thefé may be a degree of direct cell
to cell inductive regulatory process(es) as déscribed
for other hemqpoietic orgaﬂé in mice (85).

The bone marrow has been best_described by Metcalf
and Moore (85). They suggest that its hemopoietié
function depends, to a certain‘exgent, bn the 0.
micfoanatomy 6f the'vasculaf network, and‘tﬂét the
arteriﬁl sﬁpply to the marrOW-ih Connéction tb venous

throttllng arrangements between terminal sinuses in the

marrow and perlosteal veins indicate the existence of
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Lo
blood flow-controlling mechanism(s) which may regulate
hemopoietic activity and cell release. The'latter, in
. .\\ .
turn suggests a degree of cell maturation-achieved

Within the’organ.

2) THE CONCEPT OF STEM CELL(S).

The stem cells consist of a pool of cells s1m11ar
in morphology but dissimilar in function. Stem cells
are capable of dlfferentlatlon and self-renewal. The
first observations relevant to determlnlng the
characterlstlcs of stem cells, came in 1961 when Till
and McCulloch studied the formatlon of colonies in the
vspleen of bone marrow—reconstlthted 1rrad1ated mice
(121). These 1nvest1gatorsfshowedwthat~axs1ngle

'*\

progenltor cell is capable of g1v1ng rise to a. colony
\
of cells,.all of the same llneage ThlS study conflrmed

Maximow's theory (77), who in 1924 proposed the \\k\\\
ex1stence of one_cell able to give rlse to all blood

cells, and that this cell could give rise to stem cells
with separate pluripotentiality for the iymphoid and
myeloid systems. He further envisaged that these oells

could in turn produce stem cells of more restricted

potentiality.y



]
3) THE MARROW AS A RESERVOIR OF CELLS .. N’”""

The earliest marrow stem cell is a‘
pluripotential/totipotential cell capable 6£ eﬁten51ve/
possibly lifelong, self-renewal and differentiation
to ﬁemopoietic,and lyhbhocytic progenitor cells. The
next cells_in.the hierarchy areAthe‘multipotential stem
“cells (hemopoietic®or lymphopoietic cells capable of
self-renewal and dlfferentiation to unipotential\
hemqpoietic or lymphopoietic QrOgenitor cells).

These progenitorsvsuppoft and provide cellular backup
for stem cell pools committed to erythroid, |
me%akaryocytic or cranulocytic lineages. (An outlihe of
the marrow cell compartments is given in Flg. 1).
Between the plurlpotentlal and the precursor cells more
than one class of cells may be found. Accordlng to
.Boggs (7), in the neutrophil-monocyte pathway three

such classes exist: the cell growing in diffusion

chambers (CFU-D), the cell forming colonies in

semisolid media (CFU-NM) and the.cell'fofhing clusters}r“: 

in the same semisolid media. In the erythroid line
progenitor cells form large colonies or bursts (CFU-
E/BFU-E), or form clusters.

It is not surprising that the frequency of stem
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ﬂ
and progenitor cells is relatively low, i.e. between

one in a thousand and one in ten thousand cells. This
frequency can be influenced %y}the local
microenvironment’or.fegulatory factorshfhat drive ﬁhe.
stem cells to develop into a more differentiated state
(83) . ﬁ

4) THE CONCEPT OF COMPETENCE

Self-renewal 'and commitment have been extensively
studied by means of biological, biochemical and even
mathematical approaches. Some inQestigators (122,53)
proposed a stochastic model, whicﬁ states that the 
decision by a stem cell to renew itself or to generaﬁe
committed progenitors is governed by a distributional
parameter o) whlch represents the probablllty of self—_
renewal of stem cells, and that many factors may have en
influence on this parameter. An extension of this
concept suggests that stem cell commitment is under the
qprogressive and stochastic'festriction of the
differentiation potential'of thefﬁemopoiefic stem
cells. Other models,{ealled deterministic, have been
deveioped‘and are based upon the presence of regulatery

mechanism(s) that could drive stem cells into a

restricted pathway, i.e. either to self-renewal or to



differentiation. One important factor is the so called

N

hematopoietic inductive microenvironment (HIM) which
exercise§ its influence on the multipotential stem
cells (123). Other : suggestions lay_stress on the

importance of growth factors and other agents.

5) THE CONCEPT OF HEMOPOIESIS.

The pattern of normal hemopoiesis as illustraﬁéd
in Fig.l involves an equilibrium between cell
proiiferatioﬁ and cell differentiation necessary to
maintain the balance between the different hemopoietic
cell COmpartments. The relationship between the two
processes can be viewed by using the concept of
Pascal's trianglesg (Flg 2). Cla551cally,
dlfferentlatlon has been seen as a cascade of events
occuring through a succe551on of cell divisions (Flg
1l). However, it is known that the process of cell
differentiation induces a negative feedback on ‘
proliferatioﬁ (122).

All the above events are subject to dinstict and
specific regulatory processes. These driving forces

are not yet fully understood but their existence

is demonstrated by in vitro and in vivo experimentation



-

|
Fig. 2 , ‘
Relationship between proliferation and differentiation.

Pascal's triangles illustrate the intrarelationship
between cell differentiatiogand cell proliferation.

!
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in mice, identification of specific factors (CSFs,
hemopoietins) as well as by the study of hematological
diseases such as aplasia or myelo-proliferative disorders.
Observations on these diseases'héve led
investigators to different conclusions; all supporting
. the‘concepts of pluripotential stem cells, lineage
differentiation and existence of clonal mechanisms. For
example, Chronic Myeloid Leukemia (CML) is clearly |
‘ldentified as a proliferative disorder Qccﬁring at the .
stem cell level but still permitting an almost complete
differentiation to occur. CML is a clonal hemopathy
occuring at a multipotential stem cell level as
demonstrated by two genetic'markers: the oécurence of
the Philadelphia chromosome iq different lineages and
the glucose-6-phosphate dehydrogenase (G6PD) allotYpe
(80). For the former, ﬁhe chromosome 22 known as the
Philadelphia chromosome is characterized by a loss of
its long arm, which in most CML patients is
translocated to chromosome 9'(133). For the latter, in
G6PD heterozygotes; the neoplastic clone is detepted tg
be either type A or‘type B and only residual ndrmalﬁ‘
cell populations will have both enzyme types.
Therefore, it is poésiblé, using the G6PD system, to

analyze not only the clonality of the neoplasm, but

~
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.
also to determipe stem cell lineage relationships. For
example, in a GéPD heterozygote with CML, when
circulating blood cells are tested, the red cells,
platelets, eosindphils, monocytes and granulocytes all
have a single enzyme type; whereas skin manifests both 
A and B types (36).

After blast transformation some cells show
characteristics of granulocytic differentiation and in
some instances exhibit erythroid, monocytic or
mggakaryocytic charaq@ers (42) . Whehwblast
transformation occurs at another stage (if is difficult
to assess if it is earlier or later) and ihvoives‘*
uncommitted cells, CML resembles acute lymphocytic
leukemia (ALLS. Patients frequently exhibit elevadted
levels of terminal deoxynucleotidfl transferase (IdT),
cytoplasmic‘immqnoglobuiin and the common acute c
lymphocytic leukemia antigen (CALLA) (133). |

Acute Myeloid Leukemia (AML), which also occurs at
a stem cell level, does not éllow the.progeny t@A i
differentiate until the late stages. Still a mature |
cell can be the malignant stem cell for the hemopathy.

. These are the éd“called "frozen st;ges" of
differentiation. AML thus appears as a very active

proliferative disorder in which proliferation seems to
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overcome any bossibility of differentiation. HoweQer,

it is difficult to establish a border between the two
types of leukemia, since AML cells could express or be W\
induced to same differentiatioa‘stages, and the

obligatory outcome of CML is the transformation into an

acute leukemic-like disease (blast crisis) (5).

6)TTHE STUDY OF HEMOPOIESIS . \

Much of what is known about blood and blood
formatlon is the result of elaborate studies on blood
cell morphology. The present day notlon that the cells
which are found in the perlphe;al blood are the end
products of a differentiation process which initiate;
in the bone marrow is derived from microscopical
studies{performed by pathologists at the turn of the
century. But microscopy was not enough for-the study of
earlier stages of biood cells. Thus, during the last
three decades, several techniques for the experimental
'maniﬁhlation of hemopoietic cells in vivo and in vitro
have been deyeloped. However, many quest;ons re%ain
unanswered aﬁd need further research. l

In this studyt simple assays were used for

determining proliferation, differentiation, surface

marker and cellular oncogene expression of leukemic
‘ !



cells;

Proliferation refers to cell division but
sometimes 1mplles cell division plus dlfferentlatlon
and maturatlon. Except the microscopic assessement of
proliferation, the most common way is by 3y thymidin?‘

(3H TdR) incorporation into actively dividing cells

'(9/10)..Another way for assessing proliferation is in

vivo repopulation which involves colony formatioﬁ'in
the spleen (121). ‘

Differentiation is the process whereby a dividing
cell gives rise to progeny that differ from it
qualltatlvely in terms of morph9logy, aquisition of
specific functions (T cell populations) and elaboration
of specific products (Immunoglobulins, hemoglobin,
enzymes, e.t.cﬁ); Differentiation can Sé thus detected
by étaining techniques, functional assays or bioassays.

In this work we used mainly colony assays‘on‘
semisolid media in order to identify the progeny and to
assess the efficienc§ of progenitor cells to form
éolonies. Hemopoietic cells are capable of givi;g
colon{es in vitro when stimulated by specific factors.
Their formation is dependent on the~addition of

exogenous stimulators. The factors which are an essential

requirement for in vitro colony formation have been
. I "
et >

¥
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‘designat@a‘ﬁs quony.stimu;ating.Féctorsn(CSF)
(8&h97,98)j Thei; activity is found in homogenates of
"moét'tiséues'and they‘pfobably ac£ in éohig@tion'with a
‘prgper g:thh énvironment p&bvided by an agar df';
methyléeiluidse matrix;
| "Jdur studies were méinly fogused oh the
promyelocytic cell line ﬁi—so wﬁile other myeléid and
erythroid éelI lines were used as controls. HL-60 has -
been mésfly’studied_in terms of proliferation and
differentiation by using bafteries éf chémical: : n,
}Eqmpounds. We decided'to begin 6ur.investigation wiE£
" biological éubstances liké lYmphokines and growth
 factors. We éxpandedvthe,research already’déne with
5gamma'interferoh’®§ammg IFN) and added alpha and‘beta~
'iFés plus intgfleukian‘(ILAZ)L.oﬁ the other hand,
several CSFs.were used whose effect was not thordughly
inyestf%ated by other teams. The growth factors we used “\bw‘
are given in détailrih the Methods chapter.?

Surface marker expression Was‘z;éesséd Ey indirect
immuﬁofluoresce%t tésting and cellular oncogene
expressioﬁ wasvappranhed>by’biochemical techniques.

“All fourxdiffefent but intrarelated functioné
studied gave us ins;ght of leukemic cell responsiveness
during activation which may have some therapeutic valﬁe.

o

insthe future.’

¥t



'B) LEUKEMIC CELL LINES

Cell lines derived from patients'“péripheral
bloo%ﬂybone marrow or éther tissues can be used to
stdd&ipérﬁinent aépects.of‘cell'proliferatibn and
‘differentiation..Theée.¢e11 lines can respond.ip\jzme
differgnﬁiatibﬁ?ﬁgctors like TPA, IFNs, CSFs, Reti oic
~ Aciq e,t.c.lThe linés can be maintained in culture for
prolonged périods of time. They can be’easily frozen
~and stored at -196°c. and used at any time afterwards.
 Thus, the cells " are feadily available in huge numbers
and represent a quite homogeneous population. The
énalysis of events related“tolhemopoiesis gt the
 géneticAahd biochemioal levels is thus feasible, since
in vitro survival can be sgstained. The cell lines can ,
be classified ?ccor%ing to their morphology, their
.capability to synthesize specific profeins'qr enzymes
and their terminal differentiatjon along.the )
nyeloid pathway.(KGfl, ML1, ML2, ML3, EM1, EM2, HI-60),
erythroid>péthway (HEL), monocytic (U-937), of d
tolsome ﬁndifférentiated state (K 562). The.
relationship between fhe,ceil lines énd their main
chafaéteristics»are given in Fig.3 and Table 1

reSpecﬁively.
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1. THE HL-60 CELL LINE
- The HL-60 cell line was established in 1977 by
Colline from the .oeriphe;ai o}ood of a Woman.with
acute promyelooytic/leukemia. \ i
éonstitutibe HL-60 cells are positive to naphthol

AS-D chloroacetate esterase, myeloperoxidase and Sudan

Black B, stains being specifio for gfanulocytic cells
. : : ) - s
(17). | i S

¢

Phenotypically, moet of fhe HL-60 cells appear to
be aérested at the'brohyelocyte stage of
differentiation (18,75). The process of &ifferentiaéioo“
and development of the HL-GO cells are influenced by a
number of féctors. This permits one to foliow the
changesirelated to proliferation, differentiatidn and
cellular oehevior (93) . Different compounds can induce’
some differentiatioﬁ. The most commonly used suostances
are DMSO, reﬁihoiolac%d, TPA, interferons and many:
conditioned media. :

A 1.3% solution of the polar solvent
dimethylsulphoxide (DMSO)_induces some p%gmyelocytes to
become bands and polymorphonuclear leukocytes (PMN), a

passage which is accompanied by functional changes

(95), ability to

such as increased production of 02-



ingest, #degranulate and kill mlcroorganisms. However,,

it has been shown that these eells lack or bear.

defective secondary granules and that immature cells

from the same cell line do not exhibit the above’

functions. Actually, the site and mechanism of.
action of DMSO and other'compounds.is unknown. DMSO is
known to have several biologic activitiest including
the ability to solubiliée membranes. It is possible

that DMSO induces dlfferentlatlon by altering. cellular

- or subcellular ionic fluxes. Amiloride, a dluretlc and

/:

pa551ve inhibitor of Na+ flux across the'membrane,
potentlates DMSO~ 1nduced dlfferentlatlon of HL-60 |
cells (14). Amiloride may modulate eatlon fluxes of HL-
60 that are lmportaﬁt‘in the line's differentiation.
However definitive evidence On the mechanlsm of
actlon of these agents is unavallable. DMSO and 1,25~
dlhydroxyv1tam1n D3
e;press mye101d spec1f1c nuclear~ant1gens (92) . The

induce cells to dlfferentlate and

appearence of these antigens suggests cell maturation.

PN

HL-GO;cells can also differeﬁtiate along the

granulocytic pathway under the influence of retinoic

- acid (12). .

In contrast, 12—d-tetradecancyl—phorbol—lB—acetate

(TPA) treatment'induces‘manCYtoid differentiatioh.

18
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Mofeover, TPA increases the activity of the fluoride
iséenzymes of non—specific.esteraSe that are contéined
.in the HL-60 cells (137). These isoenzymes are. |
detectable in acute myeloid'léukemias (CML) and have

not been found in lymphoid or stem cell leukemias. In —
addition, TPA induces the expfe%éion of myeldid— "=‘f\\\;‘
mondéyte antigens and increases cell adherence as well |
as the capacity fo be induced to become adherent.

Interferoﬂs (IFNs) are regarded as part of the ﬂ
ﬁdnspecific defence system aéainst viruses, some
microorganisms, tumor and other abnormal cells. Sihcé
it is now known that IFNs affect immune responses, they
can also be regarded as a -class of lymphokines‘
(interleukins). Alternatively; IFNs can be defined as
multifunctionalisubstances*whose“main roles are the
control of virus and cell multiplication (55,114,115).
Interferons are informational protein or glycoprqteiﬁ
ﬁoleculeé Which in nanomolér conéentratidns interact
with receptors on.the.outer Sugface of the plasma
membrane of cells and trigger a cellular response. Thus,
purified, recombinant DNA-derived gamma interferon is
able to induce tn’ the HL-60 cells'morphoiogic,

- ~,

histochemical and ung%ion%l changes, i.e. expression

. . yy
of antigens charactelfistic¢ of monocytes and



granulocytes, monocytoid differentiation, induction of
alpha-napthyl acetg§ewésterase, increase in cell size
and decrease in azufophilic granules (4). In thelmurine
system, it has been shown that gamma intetferon
suppressesPGE2 pﬁ%ouctiom but 02- release remains
normal and therefore the macrophage supp:essive
activity.is not affected (8). An analogous scheme may
be true for HL-60 cells.QThe_effect of gamma IFN on MHC
antigens is not well hnderstooﬁ. Constitutive HL-60 is
class I p051t1ve and class II negatlve. All attempts to
1nduce class IZI expre551on by gamma IFN are
questlonable (107)

Long term 1ncubation of alpha ard beta IFNs with
myeloid cells alters their behavior towards different
CSFs. This has been shown in mice (88) and' similar

‘phenomena have. been observed in this work using HL-60
cells ano recombinant gamma interfenon.

A number of conditioned media 2Cﬁ) have been used
to .induce differentiat}on.vThe effect of medium'from
phytohemagglutiﬁin (PHA)kstimulated lymphocytes (PHA-
LCM) have been most fully described (15,40). These
studies have’ 1nd1cated a decrease in RNA content and

the dlfferentlatlon to macrophage llke cells is

accompanled by increased phagocytic capacity and
. ' r,
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expression of alphanapthyl esterase. These macrophage-
like cells are true adherent cells not found in the
constitutive state. Similar events can be obtained by
phorbol myristate acetate (PMA). PHA-LCM usually
enhances hemopoiesis as is also the case for HL-60
differentiation. However, when PHA-LCM contains gamma
interferon reverse effects are obServed,'i.e. it
'"inhibits differentiation (139). PHA-LCM can élso induce
the expreésion of somé new anfigens and new surface
glycoproteins.

Prostaglandins (PGs), 'and mainly of the>E series,
have been widely used in studies of HL-60's
differentiation. PGs are a family of biologically
active compounds generated from unsaturated fatty
acids. They are produced locally in minute amounts and
are metabolized almost instantlyQ(38,99,l36,l40)«

Some tumor cells .can stimulate the prgduction of
large amounts of PGE by the monoéyte/macrophage and
since'?Gs also inhibit the-production of lymphokines,
which augment immﬁhe responsivenesé and cytolysis,
their production may be one mechanism reéponsible for
the eséapezof tumor_éells from immune surveillance
(65,100). Prostaglandin E, is able to induce the

proliferation-of hemopoietic stem cells in vitro (32),
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enhance erythropoiesis (27,34) and also drive HL-60's
differentiation to mature granulocytes (14). In
éontrast, PGE almost totally .inhibits colony formation
- for HL-60 in a mixed célony assay. This inhibition can
be shifted by the addition of appropriate amounts of

colony stimulating factor (65).
. .Q\T"

HL-60 expresses a number of oncogénes (cellular-
genes, often analogous to viral‘tfansforming genes,
that are directly responsigle for neoplastic ¥
transformation of the host cell) such as the c-fos, c-
myb and c-myc. The c-fos is detectable when HL-60 is
induced to differentiate into macrophages by using TPA .
(91). This late stage»gf-differentiation seéms
essenpial for the oncogene's expression (90). The view
that c-fos is induced only when HL—éO cells
differentiate to macrophageé;éhd not to granulocytes,
is supported by the fact tnai whén these cells are
induced withnDMSO no c-fos trénscripts ére observed
(87) . q

The c-myb oncogene has been found té be-exbressed
at the stage of precursor cells. Moreover, induction

with DMSO or retinoic acid leads to decreased

transcription of c-myb genes (128,129).
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In general, the'c§myc is an inducible gene,
regulated by specificléfbwth signals in a cell-cycle-
dependent manner (SQLfaLike the c-myb gene, c-myc is
expressed at very early‘stages of development.
Induction of differentiation by TPA kmonocytic pathway)
- Or DMSO (myeloid pathway) is accompanied by a decrease
in the rate of transcription of the c-myc gene (43).
Studies have Shown .that changes in c-myc expression in
HL-GQ cells subsequent to DMSO treatment can be
attributed »rimarily to the cell differentiation
pfoceSS And not to a cell-cycle phenomenon (33). Alpha
interferon has been found not to reduce the level of c-myc
mRNA in HL-60 (16,29), whereaé in the Daudi system
(Burkitt lymphoma) it produces a five-to sevenfold

re@u%;ion in c-myc.

2. THE KG-1 CéLL LINE
The KG-1 cell line was established in 1978 ffom a
59 year old man with erythroleukemia fhat developed
into acute myelogenous leukemia (64). The patient's bone
- marrow contained 30 percent myeloblésts ahd 10 percent
erythroblasts with marked megaloblastic énd dyspléstic
changes. This cell line retains some myeloid features

in vitro and forms myeloid colonies in soft gel culture



in response to colony stimulating factors (64).

During exponential growth the majority of cells
are arrested at the stage of myeloblasts and
promyeiocytes without clear terminal myeloid or
monocytoid function. Analysis reveals 85% of cells
‘positive for naphthol AS-D chloroacetate esterase, 98%
pbéitive for acid phosphatase, 52% positive for thé
Schiff reaction and 10% positive for peroxidase.

Retinoic acid and DMSO cannot induce the cell line
and consequently no morphological chanées can be
observed after appropriate treafﬁent. |

Cell surface glycoproteins are also expressed. KG-
i has a‘small quantity of unbranched lactosaminodglycan.
These amounts ihérease as cells mature from. | o
promyeloblééﬁs to granulocyteé (35). HLA cl§ss‘II
antigens are detected on.éo percent of cultured Eells
(63). The presence of nuclear antigens is quite
limited and observed only after induction with DMSO
(.92). |

TPA can induce KG-1 cells to mature into non-
dividing maérophage—like cells (61). Actually, ﬁow
concentrations of phorbol diesters can enhance éhe
growth stimulatdry activity.of CSF on these cellg.

Human CSFs increase RNA synthesis (3 hours) and

24

N



after a lag of about ten hours, stimulate DNA and
protein s?nthesis (70) . Mouse CSFs, hormones and other
factors do not trigger KG—l‘cells;

Finally, some subclones of KG-1 have been
reported. One of these, the KG-la, rétains the same
constitutive markers but does not respond to CSFs and
does not express the human Ia antigen (62). These
subclones are useful for investigating cellular

responses to CSFs.

| 3. THE K 562 CELL LINE

The erythroid cell line K 562 was originally
established in 1970 by Lozzio and Lozzio from a pleufal
effusion of a woman with CML in blast crisis (68). At
first it was believed to be a myeloid brecursor
arrested at an early'étagekof differentiation. This
theory was based on 1) the tissue of ofigin, 2) failﬁre
to find detectable lymphoid surface markefs, 3) the
presence of a group specific granulocyte antigen and 4)
" the pattern of reactivity of K 562 heteroantisera with
bone marrow and leukemic cells (60,69;25,131). ]

K 562 lacks‘ABH, Rhesus, Lewis, Duffy, P, ?l, and
Pk antigeﬁs. However, the "i" antigen is present, and ifs

total amdunt can be increased after‘treatment/induCtion



with hemin (47,50). , .

on the other hand, a series of glycolipids haviﬁg
X-hapten structure in\human erythrocytes are not
immunologically detectable at the cell surface, whereas
similar glycelipids hévinq X-hapten structure in K 562
cells are highly expressed (57;;

DMSO and sodium butyrate supress the expression of
two myeloid antigens while hemin does not (49).

Attempts to induce granulocytic differentiation by
DMSO (79) and retinoic_acidv(SO) have been unsuccesful.
In addition, no macrophage-type antigens have been
detected on these cellé.

In 1979, evidence was provided for the line's
erythroid differentfation and i%uwas demonstréted that
it expressed glycophorin and spectrin (1). The line is
‘able to synthesize globin chains when treated by hemin
(86) . The hemoglobin produced is of embryonic type,
;ith the presence of small amounts of fetal hemoglcbin.
K 562 does not synthesize adult hemoglobins whether
treated or untreated (44) .-

| The e{ythréid markers are increased upon‘treatment
oWith hemin or sodiun butyrate whereas TPA
significantly suppresses tBe expression of glycophorin

and Peducas hemoglobin synthesis (124).

26
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Constitutively, K 562 isbclass.l *nd,olass IImdb
negative, but gamma'interferqn‘and sodium butyrate are
able to induce expression of class I antlgens 0117).
Gammaflnterferon can also induce some hemoglobln
synthe51s whlle alpha .and beta 1nterferons can slightly
augment the mRNA codlng for beta-z—mlcroglobulln (106).

Recent studies indicate that K 562 oanpexpress'
megakaryocyte markers after treatment with PMA. |
Moreoter; the number oftcells ekhihiting'peroxidase
act1v1ty increases after sodium butyrate induotion

'(119) \ Coe 0

4. THE HEL CELL LINE

<, The human erythroleukemia’ cell line HEL was

L%
ke

established from the peripheral blood of a patient with
Hodgkins dlsease who later developed erythroleukemla
Cells are p051t1ve for perlodlc ac1d schlff (PASY, acid
phosphatase and butyrase, stains detectlng
erythroleukemla, and negatlve for granulocyte—specific

>

stains.
Recent-work has revealed that DMSO and TPA can
1nduce megakaryocytlc dlfferentlatlon This is

(/\\documented by the presence of 1) organelles

'morphologlcally resembling platelet alpha-granules, 2)
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peroXidass acﬁivity and 3) §15£e;etfmbmbr§ge proteins."
®» It has been found fhat TPA"giSO'fhdﬁbesﬁf | |

morpholégical, funct&onai and‘biqéhemicai‘bpanges in-
HEL cells that 'are qﬁaractsristic for'macrbphage-iike\
cells. These induced célls exhibitmenhancea.édherence
and phagocyticvactivity 1eading‘inves£igators,to
suggest an ﬁunmasking by TPA of an inherent mansyté—
like pheﬁptype in the HEL cslls" (162)"A

'This‘ cell line displays spoﬁtaned@ and induced
hemoglbbin.pnodﬁction, espesially when stimulated by
hemin. Prdduqtion of hemsglobin Barts (ﬁb gamma 4) is
obser&ed and trace amoﬁﬁts of other embryonic.
hemoglobins as*well (75) . |

The erythroid failure of the HEL cell line can be
seen from studies on the pattern of pyruvate‘kinase
(PK) isozymes. From the fogr forms (L,R,Ml,MZ),the R is
characteristic for red cells and is found only in minﬁte
amounts in HEL cells. (The same applies for the K 562
as'well) (76) . _ ’

- Other characteristics in common with the K 562
eryth: :ukemia are a) neosynthesis of gangiio—seriss
glycolipids, b) suppression of branching in the core

..carbohydrate chain of lactp4series and c) suppression

in synthesis'ofrglobo-series%glycolipids (57) .

[
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iThe majer drawback:in studying cell lines is

expressed by the lineage infidelity concept, i.e. the
expression of markers of different lineages on the same
cell (78,112). This observation leads investigators to
classify cell’linesito inappropriate categories'or not
to classify them at all. Lymphoid cell lines, on the
one hand, do not exhibitrinfidelity and theirvphenotypef“
show only minimal deviatiens or asynchrbnies (41). On
the other-hana, observations bn'myeloidiand erythroid
lines often support this concept either in the
constitutive state or after treatment With an inducer
of differentiation. The level at which these extra -
phenotypes occur is still controverSial, since the
'expected finding that comnitment to one lineage
excludes\the expression_ef markers of otherhlineages is
invalid. One of the few.aecepted generalizations is
that patients whose cells show infidelity are lessv

responSive to therapy
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C) ASSAYS
Cell prollferatlon, dlfferentlatlon and surface

marker expression were approached using the follow1ng

. assays:

1) Cell proliferation /,3H Thymidinevincorporation:
A convenient method forvquantitating cellular
proliferation.is~to assay DNA synthesis (72,51,9,10).
'Incorﬁoration of exogenous radiolabeled 3H‘\or 14C
thymidine (a precursor of DNA)‘into material
precipitable by trichloracetic acid over a specified
periocd of‘time is measured by scintillation counting.
HISTORY : Thehdistribution‘ofqthymidine to
chromatids of daughter..cells was orlglnally éescrlbed
in plant cells by Taylor et al (120) in 1957. In the
early 60's,lobseryat on cultured beripheral hlood

LN

cells“re$ealed similar evénts. The results indicated
that thYmié%ne whiCh’is‘incorborated to DNA of the'

" chromosome is part_of a physical entity that:remaine
intact during successive réplications and nuclear
divisions. The basic chromosome is made up of two
functlonally complementary DNA- contalnlng unlts whlch

undergo repllcatlon to ‘form four unlts The unlts

" segregate in such a way that each daughter cell

»



' receives an old and a new unit. )

According to the Howard and Pelc's model (51) the
cell cycle consists of ‘four phases designated: G1, s,
G2 and M. The synthesis of DNA occurs during thev
feétricted period of mid-interphase, the:S period. 34
TdR incorporated ihto DNA is distributed to,mitotic
- chromosomes of daughter cells in a\ﬂsémi—éonservative
segregation".

Althoﬁgh long labe;ing k18 to 24 Héurs) minimizes
_the\effects of asynchronous‘DNA synthesis, we used a
four hour labeling time which is also sufficient to

determine significant incorporation.

2) Surface marker expreééion / FACS analysis:
| Determination of sprfécé marker expression wés

~accomplished with the use of a Coulter EPICS V flow
cytometer uéing a 5 watt argon laser. |

PRINCIPLE: The FACS operating principles will best
- be understood by reference to Fig.4, a simplified
diagraonf the instrument components.

The FACS system rapidly analyses and separates
 cells on the basis of fluorescence and light-scattering
properties. This is_gébomplished by ihtroducing'cells

in suspension to the center of a liquid stream and

K4
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Fig. 4
The FACS operating principles.
CELL
SHEéH LIQuiD SUSPENSION
P |
- i
T -

VIBRATING FLOW

32

/

CHAMBER | Fs' FLUORESCENCE
oé’s. AND
y LIGHT
DETECTOR
A
LASER CSFL .
LENS
COMPUTER
CSSL
v
RESULTS
' Sgog
OQuvo
CENTER @
TUBE ——
| 4
FS ' FILTER SYSTEM -
DP DEFLECTION  PLATE |
CSFL . COLLECTING SYSTEM FOR FLUORESCENT LIGHT
LIGHT

- CSSL : COLLECTING SYSTEM FOR SCATTERED

\




33

causing them to pass, one at‘a time, through the
focused beam of a high-power laser. In passing through
the laser beam, a cell announces its presence by a

characteristic scatter signal (which occurs for all
cells) and by one or more fluorescence Signals (which
may also be generated).*Eachlcell is individually !
characterized by the intensity,~color, or polarization
of fluorescence emitted while it is in the laser beam.
These optical signals are converted'by suitable
photodetectors into electrical signals which‘are then
processed by the instrument f48).

Cells that have been tagged by means of suitable
fluorescent probes, or that eXhibit native fluorescence
can be detected by means of their emission when excited
by the laser. When typical biological fluorochromes are
used, excitation by ‘the laser occurs at a selected
wavelength, and fluorescence occurs at higher spectral
wavelengths. This shift allows the use. of selective /ﬁ
optical filters to eliminate unwanted Signals, and
permits a cell to be identified solely on the basis of
its affinity for the fluorescent material used.
Excitation waveléngths range from 351 nanometers
(ultraviolet) to 568 nanometers (yellow), enabling

‘operation with a wide variety of fluorochromes.

o



3) Differentiation / Colony férmation:

The colony assay, one of the major techgiqués used
in this study, is very useful in defining groups of
progenitor cells that behave d&fferently in‘tgrms of
- self-renewal capacity, differéﬁtiation, proliferation
and response to é number of factors. The depiction of
hemopoiesis in thefform of lineage diagfams, as
described by McCulloch k78), is also based on these
‘assays.

In this work; colony assays have been used fpr
assessing differentiation only. |

, The first approach was de§eloped by Till and Mc
Culloch in 1961. They showed the existence of the
pluripotent stem cell in the mouse system. This was
also a confirmation of Pappenheim's theory established
és,early as 1900.

With time, a number of cell cuitufe methods was
déscribed that permitted the growth of coionies in
several media like in plasma clot, agar or
methylcellulose. The viscous nature of the above -
systems was designed in ofder to prevent cell
dispersion and allow the diffusion of beneficial or
inhibitory substances.

Techniques four asséx}ﬁg committed.progenitbrs and

¥,
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~'pluripoten£ stem cells were then described. A system.
for generating granulocyte-macrophage colonies (CFU—GM}
was described in 1965 (11,104). Six years later the
erythroid colony forming units (CFU-E) system was
developed (113). The erythroid burst forﬁing units
(BFU~E) that preceed CFU-E were described later by
Axelrad et al. (2), and the method for CFU-MK

(megakaryoeytes) followed (84).

35

Colony assays for multipotential progenitors, CFU-.

GEMM, which give rise to cells in the granulecyte,

erythrocyte, macfophage and megakaryocytlc llneages
were developed by Fauser and Messner in 1978 %30 31)
Recent observatlons suggest that CFU-GEMM represeht

relatively mature pluripotent progenitors (101).



CHAPTER II

MATERIALS AND METHODS

A. CELL LINES

1. CELLS: All the cell lines were purchaééd‘from
the American Type Culture Collectioﬁ (ATCC, Rockville,
MD) .

- Confirmation of the exact identity of the cell
lines was obtained by indirect'immunofluoresceht tests
Using appropriate panels of line§ge;specific monoclonal
antibodies. When in doubt,'cytocﬂemical assays wére
‘performed. | ! |

2. CULTURE CONDITIONS: All cell lines were grown
ih suspension culture in Roéwell Park Memorial
Institute 1640 medium (RPMI 1640, Gibco Laboratories)
containing different percéntages'of FCS - depending on
ﬁpe cell line - and supplehented with 0.05 mg/ml of
géntamicin (Réussel Canada ‘Inc.;, Montreal, Quebec). The
celis were maintained at 37°C, in a humidified
atmo#phere, containing 5% C02. The cultures were
diluted to low density (0.10 to1o.15 million cells/ml)
three times/yéekly. Every four to six weeks, and
depending on the cell growth, aliquots of the cells

were frozen in liquid nitrogen for retrospective

36
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a;;lysis at a later time. Cell numbers and cell volume
diétributions were determined using an automatic cell
counter, equipped with a channelyzer (Coulter Counter,
model ZBI, Coulter Electronics' Inc., Hialeah, Florida).
Cell viabilities were assessed by trypaﬁ blue
exclusion. |

3. CLONING PROCEDURE: In an attempt to produce a
gamma interferon resistant clone, the HL-60 dailo
culture was treated with 100 U/ml of recombinant gamma
interferon. A few days later the culture was diluted
to a concentration of ten cells per ml by serial
dilutions. Aliquots (0.1 ml). of this suspension were
distributed in individual micfowells. Cells that |
proliferated and gave rise to cellular colonies after 8
to 14 days were picked and subsequently grown in large
amounts of media. The sensitivity of the new sub-line
to gamma interferon was tested by a colony assay as
described elsewhere.
| 4. FREEZE-THAW PROCEDURE: Exponentially growin
cells were concentrated by centrifugation to a ?En&l
volume of 0.5 mls in RPMI 1640’con£aining 20% FCS. An
eéqual volume of 20% dimethylsulphoxide (DMSO) in‘?#ﬁ%"'
1640 was added dropwise. The cells were cooled té'f?gbc

at approxinately 1°¢ per ﬁinute, and then stored in
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liquid nitrogen.

The frozen vials were thawed raoioiy by immersion
and gentle agitation in a 379 C‘waterbath. The contents
of the vials were transferred to a 12-ml conical
centrifuge tube and diluted dropwise with 10 or 20%
fetal calf serum in RPMI. The cells were centrifuged
and then resuspended in 5 to 10 mls of RPMI 1640
supplemented with the appropriate percentage of FCS.

5. MYCOPLASMA TESTING: All.the cell lines were
regularly teeted for mycoplasma contamination. The
preéence of mycoplasma was detected by two different
techniques as described elsewhere (58,81). This work
was done by Dr Chen, Dpt. of Medical Microbiology, U of
A and Dr Koch, W.W. Cross .Cancer Institute, Edmonton.
All the experiments were performed with mycoplasma-free

cell lines.
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B. LONG TERM BONE MARROW CULTURES \

» 1. BONE MARROW: The bone marrow (prévided by the
Dpt. of Sufgery, U of A Hospitals, Edmontén, Alberta)
was aspirated in preservative-free heparin from the
iliac‘crest of healthy volun£eers or the sternum of
patients undergoing cardiac surgery. In both cases the
marrow speciments were considered as normal ones.

2. INITIATION OF CULTURES: Long term cultures were
of two types: a)Type 1 cultures were inoculated with
cells from the unprgcesséd bone marrow aspirate (19;20)
and incubated from the beginning at 33% in a
atmosphere of 5% CO2 in air. After an initial ‘three day
period, all non-adherent cells were removed and layered
over 1.077 g/cu cm Ficoll-Hypaque (LSM, Litton
Bionetics, Kensington, Md.). Red cells and mature
dranulocytes were discarded and light density cells
washed and returned to theif‘original dishes (Costar-6
well dishes, Johns Scientific, Ont.) in fresh @edium.
b)In type 2 cultures, marrow cells were diluted 1 : 2
in growth medium and separated on 'a Ficoll-Hypaque
density gradient. ﬁight density cells were washed two
to three times and cultured at a final concentration of
2.5 million cells/ml. Both types of culture yielded

]

£,
identical results. 5

t



3. CULTURE CONDITIONS: The growth medium (19,20)°
consisted of alpha-Minimum Essential Medium (alpha=-MEM,
Gibco Laboratbries, Grand Iéland Biological Company,
Grand Island, N.Y.) supplemeﬁted with extra L-glutamine
(400 mg/1), inositol (40 mg/l), folic acid (10 ng/1y,
horse serum éié.s%, Gibco), fetai‘calf serum (FCS,
12.5%, Flow Laboratories, Mississauga, Ontario),
hydrocor£isone sodium succinate (10’6M) and gentamicin
(50 mg/l, Roussel Canada Inc., Montrel, Quebec). Both
sera used were Heat-inactivated at 56OC for 1 hour,

filtered, éliquoted and stored frozen prior to use

I N

v

not. to encourage high fibrqblast formation, in an ‘ Q
atmosphere of 5% CO2 in air (23). Half of the medium
was removed once a week or when judged by eye to 5%4
necessary and ffesh medium was added. Viability.tests
i were‘performgd usiﬁg the Trypan Blue“method)at regular
time intervals.

4. FEEDER LAYER: Long term marrow cultures consist
of two cellular compartments. The adherent cell .
population initially consists predominately of round

cells, 'which dufing the third and fourth week develop
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into enlarged cells with a fibroblast-like appearance
and into cells with a lobulated surface (lipid

hcontaining cells). The non- adherent cells prollferate

in close . prox1m1ty@to the adherent 1ayer (46), and 4

their relationship remains obscure (21).
5.’SﬁEDING.OFfTHE FEEDER: Three‘to six weeks after
the initiation of theTQUlture, the growth medium, thch
vconteined ‘the non-adherent fraction, was totally
reﬁOVed'and HL-60 or‘KG;lafcells were sceded at a.
‘jcoﬁéentration of 20Q and 10C thousand cells/ml
respectively. The new cﬁiﬁures contained 5% of FCS. The
incﬁbetioﬁ was carried‘oat at 27°c in an atrosphere of
5>?s o, in all.r
-/ 6. IRRADIATION OF THE FEEDER: We irf‘adiated t.hev
‘feeder 1ayer with 3,000 rads (36.2 minutes) 'in a
Gammacell 40 1rrad1atlon dev1ce (Atomic energy of
Canada, Lfgd). ' | ’
‘ 7;\yOUSE»FEEDERS: For. comparative purpesee somé&,
mouse feeder layers, provided by Dr M. Longenecké%,‘y
' Dpt. of Immunology, Uhiversity ef Alberta, were useghin
excactly the‘samekmanner as the human ones. They were

derlved from the D 10 and D 14 ce%} llnes having a

hepatlc tumor orlgln (110,111). In addition mouse bone

: mafrow from C3H mice was also.used like its humen
W

.41
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counterpart. , , o

8. MONOCLONAL ANTIBODIES: We attemted to obtain a

more profound understaﬁding of the adherent layer's

involvement by u51ng a panel of monoclonal antlbodles
\(Table II). Briefly, the antlbodles were diluted in
alpha-MEM) 5% FCS (1 : 50)“and used in excess in'erder
to bind all concerned eites on the cell surface of
irradiated end non irradiated feeders. A first
incdbaﬁion was earried‘out at 3706, 5% CO2 for one hour
and‘then the cells from the cell line were added at
the concentration descfibeé‘abdve. After various times
of incubation ﬁhe proliferation was'assayed by 3y
thymidine uptake. = . |

9. COLONY STIMULATING ACTIVITY IN BONE MARROW

SUPERNATANTS: The bone marrow supernatants were test@&

for coiony stlmulatlng activity u51ng the methodlof

Mosmann (89), modified by Dr L. Guilbert, Dpt of -
.Immunology, U. of A. In this very sen51tlve aseay,
reduction of the tetrazdiium dye MTT reflects cellular
metapolic acfivity. |

\ Briefly, the macrophage MMS=47 cell line,

- developed by Dr L. Guilbert, was gfown for two days at

a concentration of 1,000 cells/microwell and tested-for



Table II:

J}l

"Monoclonal antibodies agéinst the bone
marrow feeder layer.

T8

-4

MoAb Specificity Origin
83H1 Class I P. Mannoni
CLL11.i2 Class II M. Fellous
Maja 7 Class II M. Fellous
81H5 En?othelium P, Mannoni
82H1 Non-X P. Mannoni
- 86H1 Stem cell P. Manﬁoni
T4 Tycell . ATCC B
T cell ATCC

s
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)

ability to reduce the tetrazolium salt MTT [(3-(4,5~-
dimethylthiazol-z—yl)—2,5—diphenyl tetrazolium
bromide), Sigma chemicals, St. Louis, Mo.] to“a‘

formozan product.

For this, the MMS-47 cells were harvested in cold

'PBS, washed twice and then resuspended in Iscove's

modified Dulbecco's medium (IMDM, Gibco, laboratories):

¥,

o X
(final.concentration 40 ul/well). 1,000 cells in 100 ul

' R S

were added to each well (96 flat bottom well dish,

. medium - in this case 5637 CM. The dishes were

Nunclon, Delta by Nunc, Denmark) and incubated for 48
hours at 37°C in 5% CO,. By the end of the incubation

2
period, the dishes were spun and the medium (IMDM-15%

FCS) was removed. The célls were resusb; sed ih 100 ul
of MTT developmeﬁt medium containing one mllof MTT in
water (Smg/ml) aﬁd ten mls‘of é solution composed by 5%
FCS in IMDM supplemgntedkby four mls of a conditioned
: . -

incubated for 4 to 6 hours at 37°C. Then 100 ul of acid
isopropanol (0.b4 N HC1l in isopfopanol) were added,
mixed well withvthe\use of an. Eppendorf pipet and read
in an Elisa plétereader (Titerek Multiskan; Flow lab.)

using 570 and 630 nanometers as test and referegc§

wavelengths respectively.



c. ’I‘HYMI.DL'IN&EI; UPTAKE

ASSESSMENT: Cell cultures were cnrried nut a) in.
triplicate wells of V botton microculture nlaﬁes
(Linbro, Flow Laboratories, Hamdén, Connecticut).
Tnenty thonsand cells in the presence of different
CSFs/supernatants/interferon at a final volume of 200 h
ul were incubated at 37°C in 5% Co, in air for 48 to 96
hours, b)‘difectly on the bone marrow féeder layer
using the oriéinal'dish in which~the bone marrow
culture was initiated. 100 and 200,06% cells for KG-ia
and HL-60 Gnilo respectivély.were seggfd a$'described'
pfeviously. 48 to ég hours after incugation,'zoo ul. of
eaéh ﬁéll~were transfered to a microwell, and pulsed‘
wﬁthuthymidine (New England Nuclear, Ontario, Canada,
sp;n. acti&ity 20 Ci/mmol; 1 uCi/well). Four hours
lé%er, cultures were harvested onto glaés fiber filters
vusing a SKATRON (ffow) automatic ngﬂl harvester. The
dried filters were added to scintillation vials
containing 2-3 ml of Toluene with 1.38 g of Omnifluor/1
and coﬁnted in a RackBeta 1218 kLKB, Wallac, Finland)
counter.

Thymidine uptake is expressed as mean counts per minute

(cpm) +/- standard error (SE) from triplicate wells.



Care was taken to avoid bacterial contamination since
it can distort the results by causing excess label to

be incorporated into the bacterial DNA,

46



47

D. INDUCTION OF CELL LINES |

1. GAMMA INTERFERON: The use and activities of the
main inducer}.gémma IFN, have been well described in
the liﬁe;ature. In preliminary experiments the optimal
»conéentration that stimulated proliferation but did not
interfere with cell viability as measured by trypan
dye exclusion, was detefmined. Recombinant gamma IFN
was used at concentrations ranging from 100 U/ml to
i,OOO U/ml,-depending on the cell line and/or test
performed. . ME/

2. OTHER INDUCERS: The ability of geverai_other
agents to induce (mainly) class II exp@%ssion onAthe
cell surface was Qetermined. They were: '
~a) Alpha and,ﬁeta interferons.

b) Fs, CSF,.IL-3( elaborated from the Phorbol Myristate
Acetate treated EL-4 mouse cell line (6,103), provided by
Dr C. Bleackley, Dpt. of Biochemistry, University of
Alberta. |

Cc) Bane marrow supernatants,‘that were collected at
differentitime intervals (fyom three weeks to five
months) . | |

d) Supernaggnts elaborated from the contact bef&een the
bone marrcw feeder layer and the HL-60 Gallé as well as

KG-la cell " ines. These supernatants were also tested
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for colony.stimuiating activity as it has been
described previously. |
e) The conditioned media PHA-LCM, HPCM, MoT, Mia PacCa
‘and 5637, the preparation of which is described in the
next section.

Determination of induction was assayed by FACS e

analysis (see below).
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E. MEMBRANE EXPRESSION v

FLOW CYTOMETRY ANALYSIS: The seeded and/or induced
cellé, after a certain period of incubation (2 to 5
days)‘were collected and examined for surface antigen
expression by Flow Cytometry anaiysis using an EPICS 'V
cell sorter (Coulter Electronics, Hialeah, Florida).
The cells were Washéd twice with pﬁosphate buffered.
saline (PBS) with 0.2% bovine serum albumin (Pentex
Bovine Albumin 30% solution, Miles Scientific,
Napefville, I1.) and were then resuspended in PBS, 2%
FCS, 10% AB serum, 0.02% sodium azide solution. Fifty
ul aliquots containing one million cells were mixed
with 50 ul'of diluted monoglonal antibody (MoAb) (Table
III). After one hour at 4O’C, the cells were washed
three times with PBS, 0.2% BSA and then 100 ul of a
1/50 dilution of fluorescein conjugated F(AB') 2 Lﬁ
fragment rabbit anti-mouse Ig G was added (Cappel
laboratories, Cochranville, PA). The cells were
incubated in the dark at 4°c for one hour, washed as
‘described previously and then resuspended in 0.5 mls of
a.l% w/w formaldehyde solution (Formaldehyde solution,
37% w/w, Fisher Scientific Co.)"«in PBS. The samples

were analysed by a Coulter EPICS V flow cytometer using



Table III.

Monoclonal antibodies used for membrane
expression.

MoAb Specificity Origin

PBS Neg. control . -
81H2 Class I P. Mannoni
83H1 Class I P. Mannoni
M1s Class I M. Fellous
Lll.12 Class II M. Fellous
Maja 7 Class II M. Fellous
7H3 Class II M. Longenecker
Genox . Class II ATCC
H81.98.7 Class II M. Pieres
40.164.3 Class II M. Pieres
72.202.2 Class II M. Pieres
82.246.10 Class. II M. Pieres
40.315.7 Class II M. Pieres ’
86H1 Stem cell P. Mannoni
41Hleé B cell M. Longenecker
LFA-1 Surf. glycopr. C. Mawas
82H5 Myelocytes P. Mannoni
82H3 Monocytes . P. Mannoni
80H3 Mature myelocytes P. Mannoni
39C15 IL-2 receptor C. Mawas
39C65 IL-2 receptor C. Mawas
33B31 IL-2 receptor C. Mawas
33B73 IL-2 receptor C. Mawas

TS T cell ATCC

T8 T cell ATCC

T4 T cell . ATCC ’
BL4 T P. Brochier

cell

50
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a 5 watt argon laser.

In these experiments, ten thousand cells of each
sample were analysed for green fluorescence using the
multiple data aquisition display system (MDADS). The
gates were éet, based on forward angle light scétter, to ,/
include both control and test samples, which may have
changed in voiume, and to exclude debris and
agglutinated cells. Each test sample with its matched
control was run consecutively to reduce error due to
drift. Histograms showing the number of stainéa cells,
as a function of the log fluorescence inggpsity were
recordéd. Controls were also prepared in parallel, i.e.
non-stained cell suspensions for assessing the degree

of background fluorescence.
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F. COLONY FORMATION ASSAY

The ability of cells to form colonies in tissue
culture is assayed in a single layer systen, a?apted
from the soft agar~feeder layer technique (15!104).Thié
method utilizes a solution of methylcellulose (54)
instead of agar as the supéorting m&ﬁium. Moreover, the
feeder layer is replaéed by different conditioned media
. (see below). Two days before plating, thé cell
concentration in culture(s) was dropped to 500,000 -
cells/ml!(lOQ). The platedbcells were thus at %he
begining of their éXpongntiaI growth and therefore

their ability to proliferate was increased.

The culture dishes _¢-+tained the following

ingredients: the cells ..der test immobili ed in

4 3
BT
*

culture medium (alpha-MEM) with 0.8%, w/*;
‘methylcellulose (Flow Methocel powder, visé. £,000
cps), 5%, v/v, FCS, 10%, v/v, conditioned media and in
some dishes gamma interferon (100 or more units per
ml), IL-2 (100 U/ml), PGE2 (10~ ’M) and
hydrocortisone(lO—GM). (The number of the cells
employed depends upon the cell line's‘ability to grow
in liquid culture). o

. Usually, all the components were added to a Falcon

bplééﬁic test tube in a total volume of three mls. This
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was mixed well by vortexing and the suspension
obtained was dispensed in one ml aliquots into Falcon

plastic petri dishes usinggm syringe with a ls G

‘
2
in air and the colonies (more than fifty cells) were .

needle. The cultures were incubated at 37°C in 5% CO

scored on day 6 (K562, HEL), 10 to 12 (HL-60 Gallo) and
14 (KG-la), using an olympus inverted microscope.

.l; METHYLCELLULOSE: The methylcellulose was
prepared (135) by dispersing 5.2 g of Methooel powder

in 100 ml of hot (90°-100°

C) autoclaved glass-
distilled Qater. This resulted in a considerable volume
increase. The'sospension was alloﬁedvto cool, and 100
ml of cold double strendth alpha-MEM was added. The .

resultlng 2.5%, w/w solutlon was allowed to hydrate for

48 hours at 4°c. This stock solutlon was stored at 4 C

. v“. ~ :;*1 ’
for various periods of tlme up t ne»month, ago wgs wm}

\

‘w ' et ‘1'. V_i

used in the cultures at a flnaL methyrceliul?s% CRL
concentration of 0. 8s, w/w. &y

2.

w?f”' " : e

:gﬁ 5o
that the factors serve a?phgsaologlc role 1n the

4

£ N
Het é.
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a variety of tissues, but cells of the monocytic-
macrdpﬂ%ge lineage and activated T lymphocytes are
prominent human cellulaf sources (71). Rhysically, the
CSFs are quite heterogeneous, although much of the
~heterogeneity could be the .result ;f aggregation'or.
covalent modification of a common polypeptide chain.
2.a. HUMAN PLACENTAL CONDITIONED MEDIUM (HPCM) :
Human placentas are storéd at 4°C and used within
twelve hours of deliveryQ The oufer membranes are
removed and the placental tissues cut in Stmm3 pieces.
(82157). After being rincedithree times in Eisen's
Balanced Salt Sqlution, six pieces are placed in each

flat-sided tissue culture bottle containing 20 ml of

RPMI 1640, with 5% FCS. The bottles are incubatgg, for

of
;o% ?92§}n‘§ir' The conditioned medium-is harvested and
then centrf%uged at 10,060 g fo; 20 minutes to remove
debris and stored at -20°c. According to the
literature, crude placental conditioned medium often
contains inhibitory materials. In our experiments we
did ‘use crude HPCM at a final concentration of 10%
without having any inhibitory effect.

2.b. PHYTOHEMAGGLUTININ-LEUCOCYTE CONDITIONED

MEDIUM (PHA-LCM): Conditioned medium from peripheral

s
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leucocytes exposed to 16 PHA was prepared accordlng to
the method of Aye (3,37). Briefly, 200 ml of'perlpheral
bgood.(Canadian Red Cross, BTS, Edmonton) was allowed
‘o sedlment at unlt grav1ty ina 2 : 1 mixture of
dextran 60 (Abbot Laboratorles Chicagot Il ) for 90
mlnutes. The cells 1§ the supernatant were removed and
washed tw1ce by centrlfugatlon at 500 g for ten
“minutes. gThey were resuspended at one mllllon per ml in
RPMI 1640 medlum, supplemented with 20 mM L-glutamlne,
1/ V1tam1ns, 16 pen1c1llln/streptomyc1n (10 000 U/ml),
156 FCS and 1% PHA (Slgma, St. Luls, Mo.), andxcultured
;n 56 CO2 at 37°c for seven days. The supernatantlwas

collected following centrifugation and the corfditioned

: mediumvwas filtered'through a 0}45 um‘membrane

(Nalgene,. Rochester N.Y.) and stored at -70 °c until Y

use. A 10% flnal concentratlon was used for the'd

platlngs

-,

~

-

2.c. Mo T: This conditioned medlum comes from the

supernatant of the Mo.T cell llne whlch was’ establlshed

in l978 W1th spleenmcelIS'from a patlent with a T cell

varlant of hairy=~cell leukemla (39 71) . The cell line
grows-&n alpha medium w1th 206 FCS and lo M alpha—
thioglycerol and it continuously releases a potent CSF

into the supernatant, which is finally spun, filtered



and stored at -20°C. The preparation used for the -

experiments was unpurified and the optimal

‘concentratio;  ffound to be 10%.

3.4. MI&?:”f '; MIA Paca-2 is a human pancreatic
carcihoma cell line (138)‘whlch.when in culture
elaborates the 'relgvant conditioned medium which is
used at a final concentration of 10%. The initial MIA
PaCa -2 culture was establlshed in 197s. Brlefly, a
piece of tumor of about 2 cm in dlameter was d1v1ded
into two ~segments, each of which was placed in a 100 mm
Falcon tissue culture petri dlsh and mlnced with a pair
of sharp scissors into 1 to %Amm.piecies.=The tissue
fragments in each dish were %ispersed in 5 ml of
Dulbecco's modified Eagleis/hedium"containing 10% FCs
and 2.5% horse serum (DME:HéfCS)éxand incubation was
carried out at»37°c in 5% Cb in air. serial transfers
of primary and establlshed lcultures was carrled out by
trypsinization u51ng 0.1% tryps1n in PBS. The MIA PacCa
conditioned medlum is obtalned by centrifugation and
flltratlon of the supernatant ‘The crude .preparation we
used was. stored at -20°c.

- 2.e. 5637: The bladder carcinoma cell lihe, 5637,
produces»CSF(sY'for myeloid colony growth from both
normal and malignant (CML) bone marrow (94) . The 5637

po ¥
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‘but it is active between 5 and 10%.

conditioned: mpdlum has also been found to be actlve in
stinulating the growth of mixed granuloerythrop01et1c
colonies from mur&ne bone marrow. In some instances it
is quite potent so that it can replace PHA-LCM. Its
productﬁon requires incubation of 5637 cells

(500,000/75 cn? flask) with 15 mls of alpha-MEM

supplemented with 10% FCS. After 8 to 15 days of

.culture the supernatant medium, containing some free-

floating non-adherent cells, is removed, centrifuged to

A}

. . . . \\\ . s 't . C . .
Millipore filter. xhis conditloned medium retains 1ts
potency for a number of weeks when stored at 4°c. For

1onger storage, at —20 C the conditioned medium” has to

be concentrated. The final concentration used.was 10%

o~

3. PROSTAGLANDIN E 2 (PGE,): PGE, was purchased

from 81gma Chemicals, St Louis Mo. and used at a'lo_

B
P

M concentration A ' o ' R |

-2 (IL 2) : Human, recombinant IL-2

(6) was prov1ded by Chiron Corporation Emmersv1lle, "CA.

5%

0

: ‘ :
remove cells and debris and filtered through a 0.2 um -

and used at a final concen}ration of'loo, 500 and 1,000

U/ml. As control, purified JURKAT supernatants
containing the IL-2 fraction were also used at the same

concentration. This was a gift from Dr C. Bleackley,
’ |
[
|



Dpt.-of biochemistry, University‘of'Alberta(

5. INTERFERONS: ﬁuman, recombinant‘alpha, beta end
gamma interferons were obtained from Dr E. Falcoff and
J. Wiezerbin (Institute Piere et Marie Curie, Paris,
~France). One hundred to one thousand hnits per ml were
used for’differeht experiments.

6. ’I;IONOC.LONAL ANTIBODIES (MoAb) : The T4 and T8
MoAbs were tested .on the colony forming capahility of
the HL-60 cell line, at a final concentration of,lg;d
and 1:25. )

'7. RECLONING: Since gamma IFN greatly inhibits
colony formetion, we éttempted.to'obtain a sub- olone
of the HL-60 Gallo line re51stant to gamma IFN. For
thlS, cells were treated with gamma IFN before
reclonlng and 1nd1v1dual colonies werel'picked and \
placed in mlcrowells w1th 100 ul of growth medlum The
colonles that gave rise to a con51derable cell
populatlon were tranfered tO‘fleskslind_lnCPhated'
'accofding to standard_culturing'prooeourem‘These cells

were teeted”again in a1CFU-assay{ hy adding gamma

58
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interferon, tofdetermine'whethe%,their colony formation °

Y2
was resistant-to the effécts of this agent. The same

cells Wege)also tested for surface marker expression.
. R TP I R . ,

e TR
?ifﬁ&.",v
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+&. THE C-MYC ONCOGENE.

Many tumor 'viruses carry one or more genetic loci-
that are directly responsible for neoplastic

transformation of the host cell. These viral oncogenes

Jprobably do not change the genetic material of the host

Cell. ' . ! o |

It has been reported that the c-myc is an

inducible gene regulated directly by growth signals

which promote proliferation and expression in d cell-
cycle dependeht manner (59).

lWe decided to trea£ the HL-60 Gallo.cell line with
100 U/ml'of gamma interfefon, which was added on days
0,.3, 5, aﬁd 7, for two cycles and then at a dose of
200 U/ml for another two cyéle period. Experimental and
untreated cells were taken out on each of these days

for a CFU-C assay and thymidine incorporation.

Moreover, 3 million cells were used each time for

%
extraction of mRNA and subsequent dotulng in order to

'determlne the expression/presence of the c-myc oncegene

Qn these cells (see below). The probe for the c-myc was

" a gift from Dr Daniel Birnbaum (CSH Lab. Dr Wigler).

1. CELL LYSATES: The cells were pelleted by

*centrifugation (600 xg, 5 min.), resuspended in one ml

of PBS and repelleted by centrifugation in a 1.5 ml
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tube (15,000 xg, 15 sec. in an Eppendorf eentrifuge).
The supernatant was removed by suction and the pellet
resuspended by vortexing (130). 45 u& of 1ce-cold 10 mM.
, e 0

Tris (pH 8.0), 1 mM EDTA were added to resuspend the "¢ *

<y

[

cells, which were subsequently lysed by addition of t#g'f’
5 ui aliquots of 5% Nonidet P-40 (Shell chemicals) wiée) (
5 minutes of mixing eﬁ ice in between. FoiloWing“
pelleting of nuclei (15,000 xg, 2.5 min), 50 ul of the‘

supernatant were transfered to a 1.5 ml tube containing

30 ul. of 20 X NaCl/Cit [0.15 M NaCl/0.015 M trisodium

’
2

citrate (SSC : Standegd“Saline Citrate)] plus 20 ul of'
37%, w/w formaldehyde (for denaturatioﬁ of the
'samples). The tubes were incubated at 60°C for 15ﬂ'
minutes and stored at -70°c. |

2. DOTTING: Dotting (125) single sheet of
niﬁrocellulose,"hybridization with a cDNA probe
ucorresponding to c-yc, autSfadiogrq?hy and scanning
(130,125) were performed by}Dr C. Bleackley, Dpt. of
Biochemistry, University of Alberta. Briefly,
Schleicher and Schuell minifold filters ( S & S, BA 85)
were soaked in water for 5 minutes and then in 15 X
SSC for more than one hour.

5 to 20 ul of each sample were‘eerially diiuted

with 15 X SSC in a 96-well microtiter platet to yield a
N q_ﬁ:% .

Hhel
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final volume of about 150 ul which were applied withl
vSuction (3 minutes for 150 ul) to a 4-mm diameter spot
on the nitrocellulose sheet (precut 4" x,5"'3/4)}
supported by a wet with lé'X SSC backing sheet (S&S #
470). The nitrocellulosé Was'then baked (BOOC, 90 min.)

in a vacuum oven to fix cytoplasmic macromolecules.
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CHAPW III
‘ RESULTS

The prﬁliferation, differentiation and surface
antigen expression of HL-60, a promyelocytic leﬁkemia
cell line, has been stﬁdied. The majority of the cells
of this line are promyelocytes but they can be iﬁduced
-éiéng the myeloid pathway with DMSO or the monocytic
pathway with TPA. Other (chemical and/or biological)
compounds ha&e.been reéorted that can drive the line along

. the same pattern.

'A. PROLIFERATION \
HL-60 Gallo cells were growh in RPMI 1640 medium
supplemented with 20% FCS and 0.05 mg/ml of gentamicin.
Their dbubling time was approximately 36 hours, as can
be seen from Fig. 5. Attempts to‘increase the
proliferative cépability of the line with the use of a
number of growth factors and/or biological compounds
were unsuccessful. The human growth faétors' used were
the Human Placental Conditioned Medium (HPCM) , Mo~T,
PHA-LCM, 5637 and Mia PaCa. In a timing test only HPCM

stimulatéd division producing a two-fold increase in

proliferation after four days in culture as assessed by

62
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Fig.5
Proliferation pattern of the HL-60 cell line.
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3H Thymidine incorporation. A summary of these eventé
is given in Fig. 6. Gamma interferon, 1IL-2 and some
_mouse derived lymphokines from the PMA activated EL-4
cell line did not cause significant stimulation. In
paraliél experiments, the ability of various Moabs
namely 81H2 (class I), 83H1 (class I), Lll1.12 (class
II),‘ﬁls’(beta-z-microglobulin), T4 and T8 to cause
proliferation in a five days test was assessed. None of
the above antibodies was able to increase , )
proliferation. On the contfary, observations show that
a cell to cell interaction can very significantly
stimulate_pfgliferation. In fact, when HL-60 cells were
added on the top .0f a human bone marrow feeder layer
(hbmfl) ahd\incubated for 48, 60 and 80 hours, their
growth increased. Fig. 7 demonstrates these events. The
effect of gamma interferon on the same system was
negligible. To test tﬁe proliferating population, we
irradigtéd-the féeder with}3,000 réds for about 35
minutes. The results indicated that bnly the seeded
cells were growing over the bmfl. KG-la cells were
similarly stimulated to proliferaée when seeded on the
same system.

The bone marrow feeder layer is composed of

endothelial—like_cells and of fatty cells. The first
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Effect of HBMFL on leukemic cell (HL-60) growth.
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adherent cells appear after three weeksvoﬁﬂcu ture and

by the fifth week confluence is. achleved Beﬁg&d,thls
point the layer becomes thlcker and the fat@ﬁ cells

n

predominate. These three dlnStht phases of the bmfl
growth is shown in Plates 1 to 3. '

We were able to mainnain the life of the bmfis up
to six montha.'Functional tests showed that after four
months in culture they were not able to subport the
same, or a similar, proliferative response. Wheh the
direct céli to cellbcontact was interrupted by
inserting a thin layer of methy}celiulose between the
proliferating cells and ﬁhe feeder layer a considgrabie
decrease af the thymidine uptake pattern was observed,
showing a direct cell interaction between the two |
populationé; In support to this view, supernatants of
different human bone marrow cultures were unable to
augment counts over background. This coincides with the
flndlng'that those supernatants showed only trace
amounts of CSF-GM-as assessed by the MTT reduction
experiment. | |

We employed a panel of MoAbs (Table II)

‘againét the bmfl in an attempt to define the!cellular
structures involved in this interaction. Inhibition

above 45% was obtained with the 81HS (endothelial),
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83H1 cles I), L11.12 (class II) and 82Hl (Non-X)
MoAbs (Tible 1v) . E - o
Bmfl similarly supported the growth APML (acute
' pro—myelocytlc leukemla) cells ‘These cells resemble
HL-60 cells in many aSpects. This feeder layer sys%em
also suppcrts the growth of normal;bone marrowvcells
(light density cells depleted cf»monocyfes) in‘a
similar mannet. | - , S
In another series of»experimenﬁs, HL-60, cells were
placed on the top of a mouse ‘bone marrow feeder laz:r
(mbmfl) Thlsvlayer dld“not support growth, nor did
the mouse endothelial cell 1lines D 10 and D 14. These
observatioﬁ%'Suggest tha£ a species—specific '
1nteractlon is probably requlred to obtaln

. @) - Qx-
proliferation. :



i1

Table IV. - : . .
"Effect of MoAbs @n°‘bmfl related to HL-60's

proliferation.
"3H"ﬁﬂ2up&ke (cpm) *
K .
MoRb 0 Rads |TNH.| 3,000 Rads |INH. .
‘Neg. control | 16,482+2,026] — [13,750+353 |-
. eus 10,168+856 | 30 | 7,2004798 |47
© s | 11,0174168 |24 | 7,068493  |as
Maja 7. 10,428+224 | 28 12,613+i,399 |17
‘L1112 ° 14,026+663 | 3 | 7,200+1,001 |47
82H1 5,0644260 | 65 | 7,458+502 |46
.8 5,907+109 | 60 |11,822+274 |23
T4 9,840+4487 | 32 | 9,982+645 |27
‘8ol © 8,2304169 | 43 | 7,948+492 |42
N

* :After'&uee<ins“ofcplmxé;

)
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'B. SURFACE MARKERS
Constitutive HL-60 is negat&ve for
histocompatibility antigens of class II but strongly

positive for class. 'I. It is also positive for myeloid
e
markers while it is negative for markers for

» promonocytes and mature monocytes..TheVT4 antigen is
-expressed on these cells whereas other T cell markers
are not expressed.’ These antigenic- character&stlcs
change wh@ the cell line is induced by gamma

1nterferon, For class I antlgens the-observed lncreased

L

percentage of p051t1ve cells is quite peculiar. The

o

gt >observatlons recorded 1n Fi show that untreated HL-
y 9

% 60 cells, but tagged with a clé%s I MoAb. (83Hl) give
,"x

a s1ngle cd?Ve representlng an almost totally pos1t1ve

©

cell poﬁulatlon Howgwer when these same celis are

. treated with gamma IFN;and fgbeled w1thw¢he sa&e MoAb

two peaks are observed on day flve, suggestlng an’

&
increase of the fluorescent 1ntensmty oﬁ some cells

FEa

desplte the fact that the absolute numerlc ¥l -values are

—sghout the same (94 and 92£)

7

ApplY1ng the"formula of Weeks (126), . ‘:l | WUi

I.M.F - Not I.M.F

" 25.6
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’Fig 8
~.Class I indgction after a five day treatment w1th gamma IFN

‘. -

xA: Untreated HL-GO cells stalneéﬁwith the class I Mq}b 83H1.

B: The same cell population after gamma IFN treatment and
‘ labeled as above
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where RFI is the relative‘fluorescence index, I. M,F Jisoe

1nduced mean-: fluorescence and 25.6 a measure of the,;

-

resolutlon of the machlne, we can see that the rlght
peak, compared to the leﬁt‘one, shows a population '

[

almost three tlmes more pos1t1ve for class I. Attempts

Ito plate the two sorted populatisns of HL 60/gamma v
interferon treated cells revealed that(thegfopulatlonﬁr
Q%ress1ng less class T antlgen (peak Iy* glves moq?&*”pr

colonles than: the more p051t1ve one, the ratlo belng lO

to 1. An explanatlon for "this is- dlfflcult as the mod‘!%i %’u;:’

s

of actlonWqugamma IFN is still unknown. On the other
hand, gamma, IFN can induce class II expression as -
detected w1th @he Lll.12 and Maja 7 MoAbs. This

expré€ssion is questlonable since @ battery of other
~ . . i -

-3,

class II monoclonals ,Ws an expression ranging from
10 to 84% (106). ‘
Inoubatlon of HL-60 cells w1th alpha and beta

interferons has little if any effect Table v

summarizes the constltutg* and 1nduced*‘e\xpresmn* m

antlgens on HL-60, 1nclud1ng surface markers of other
pell %;nes for comparlson The condltloned medla used

‘throughout thls work dld not induce class II expré&S1on

but enhanced the blndlng of the 82H3 MoAb speclfiiﬁkor

o

' promonocytes and monocytes (Table VE)- Slnce'5637,”HPCM

G Ser
e /
N .

R



Table V.

76

Surface mérker express#bn after treatment with gamma IFN.

In fact, tﬁégactuAi % values for the MoAbs (c
the arrow area were ranging from 10 to 84 %.
the higher percentages are reported.

)

HI~60 Gallo | KG-la HEL

lass II) within
In this table,

-

K 562

Moab . Control |XIFN | P IFN |X IFN Cont. Gont. Cont.*
Neg. control | 2 7 4 4 4 6 5.

. B1H2 oA 97 98 98 46 84 | 247

©.,83H1 = w94 .1 92 |v. 98 | 98 | 3%, Sl s76 PR T
COMI8 e | 93 [®gg | vay 91 3¢ I a1 7
L11.12 3 86 28 7 54 7 4
. 7H3 @2 51 | 4 5 77 6 5
¢ Genox 1 110 2 2 7 4 5
"7 HB1.98.7 2 84 5 3 68 5 4
40.164.3 2 73 5 4 39 .5 3
72.202.2 1- 60 3 3 69 | 5- 3
82.246.10 1 27 4 4 51 6 4
40.315.7 2 78.- 4 3 4 13 3
Maja 7 2 63 4 3 23 5 ND
86H1 1 83 46 78 65 55 43 66
41H16( 3 74 5 4 49 13 - 64
LER-1 26 48 40 . 18 94 6 ND
BIHY 95 98 98 99 55 ND ND
82H% 8 50 40 33| " 26 37 66
8O3 2 26 3 2 6 ND ND

139C15 2 3. 21 Y 2 3 4 2
39C65 .2 - 68 6 2. 14 5 o2
33B31 2 3 3.3 18 4 3
33B73 1 3 2 2 15 4- (2
- 79 2 5 2 3 48 4 18
T8 5 5 'ND ND ND ND ND
T4 72 88 |+~ ND ND ND ND ND
BL4 70 81 ND ND ND ND ND

ND :ANot Done

* 1 Percentage of positive

4

cells after a four day induction.‘



and Mia PaCa conditioned mecia are IFN free (Dr
Wiezerbin, work in progress) , theré'must.be other
regulaﬁory molecules present in these media that can
cause an increase in expression of the antigen
recognized byA82H3. : ??3 1
'In:addition, the 5637 CM and the HpeM gave an
increased class I expreSSion resembliné to theﬁone
_obtalned by gamma'lFN Actually, ‘these media 1nduced
» expression of HILA class I antg%ens as observed by 2
‘rlght shift of the second peak. However, this Lgbrease
is less strong than the one obtalned by gamma IFN
t" Gamma IFN was also able to induce expre531on of
the 41H16 marker, a B cell marker, on HL—GO.,!his MoAb‘
‘was developed against hairy cell leukemia and
recognlzes a 19,000 MW protein molecule on actlvated B
cells and B cell mallgnanc1es
The expre551on of the T4 antlgen was not
enhanced by gamma IFN or CM as seen by the formula of
Weeks. | |

.ﬁupernatants of various sources as well as mouse

factors could not,induce any further eXpression.

Iy



Table VI.

78

Surface marker expression after induction with various
conditioned media,

47

sl ' .
Percentage of HIL~60 Gallo positive cells *

a

MoAb Control HPCM PHA-ICM Mo T Mia PaCa 5637
Neg. control 3 B! | -8 6
83H1 92 99 99 99 98 99
‘mi8 % 98 99 99 95 o
111.12 3 5 3 3 .3 4
7H3 1 2 4 ©o3 4
82H3 8 80 84 79, 54 76
39C15 2 6 4 s 8 4
39065 3 2 2 Y 1
33831 32 2 2 5. 3
BLA 72°% 63 65 65 68 70

* . Tests performed after a four day induction.
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C. DIFFERENTIATION

The ditferentiationgpattern of the HL-60 and other
cell lines was studied by means of colony assays.

Despite the fact that three kinds of colonies have
been reported in the llterature, we only scored the
compact ones and excluded those hav1ng a tight center with
loosely defined outer boundaries and the loosely
dispersed type. The exclusion ofsfhe above types of

colonies does not‘actually affect the results, since

-~

they represent a 4% of the control and a 6% of the
stimulated .colonies. It is\also Qortﬁ noted that after

gamma IFN treatment, only compact-type coldnies are

formed. v ) F:
Ll%ates -'4_t'qstrate some dlfferent types of

.
colonies obtained after treatment w1th gammq\IFN and

s s \', x
- HPCM. It can be clearly seen that thelr morphology

[

changes according to the type of factqr,added.
Gamma‘interferon'had a suppressive.effect on the
colony formation of HL-60 cells (Plates 4, 5), whlch is

dose dependent The most effectlve concentratlon was
o, DGU\U/ml since it caused 90% 1nh1b1tron& Gamma 133
L F

acted 51mllarly on the colonlés formed by N§Nlagwh1ch

is another myeloid llne having. a lower plating ¥

efficiency (Plates 6, 7 and F;g. 9). Thls factor was

L
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' 'HL-60 colonies after gamma IFN treatment (x10). ~
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PLATE 6
KG-la control colonies (x10). .

v

PLATE 7. :
KG-la colonies after treatqent with gamma IFN (x10) .
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‘ N « ’ ,"’
also able to suppress colony formation by the myeloid- !

cell line ML3 but not ML1 prov1ded by Dr Mannonl (U
of A) .and Dr- Mlnowada (RPMI Buffalo,~NY) respectively.

Recomo&nant alpha and beta interferons did not
caose'the same effecﬁ>oﬁ HL-60 cells. lOO U/ml of
7alpha IFN dld not inhibit colony formatlon whlle 500
U/ml had a 51gn1f1cant suppress1ve effect. On the
other hand, both 100 and 500 U/ml of beta IFN 1ncreased;
colohy foxmation by .two and threefold respectively.
(Fig. 10). | |

Perforﬁing the same experiments with the MLl and -
ML3 cell lines we obtained no effect with alpha IFN
anduincrease with beta. '

Gamma IFN was unable to suppress colony formation
by the two erythr01d llnes, HEL and X 562 (Flg 9).
Dose response experlments on K 562 showed that the
colony formatlon"increaseslproportionally_to the oosenof
gamma IFN‘(Fig.'ll). Nosoch\an effect‘was\observed
with alpha and beta IFNs since 100, 500 and 1,000
U/ml of those agents did not.significantly affect-
colony formation. The HEL line has a\dlfferent behavior
compared to K 562 since 500 U/ml of alllIFNs gave a
slgnificant increase of CFUs (Fig“'lé). It is clear

that ‘those chemlcally Close molecules follow dlfferent
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Effect of IFNs on HL-60.
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Fig.12

on HEL.
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.

regulatory mechanisms according to the type of cells

v
N

they aré acting on, ‘ |
&We then studied the effect,of‘IL—z on the
differentiation process (Fig. 13). Since HL- 60 whlch
is the main oell line under 1nvest1gatlon, expresses,
(

‘the T4 antlgen we thought that this interleukin could

Ui
have an important role on the differentiation of the

LK

line We*fCund that the number of colonles formed by
ell line was not affected significantly by

the HL-60

IL-2, while coIony formation by the MLl and ML3 lines

was s1gn1f1cantly syppressed at doses above 500 U/ml
The two erythr01d cell lines were not affected by

different doses of IL-2, and only 1,000 U/ml decreased °

Significantly the colony number of the HEL.

It has been shown that IL-2 stimulates: the

production of gamma IFN in nqrmal peripheral blood

' mohonuclear cells This observatlon could be relevant

<

k)

to the suppre551on obtalned by MLl and ML3 lines, but
it_does not seem to be the case for HL-60.

One of the factors that regdlate IL-2 and IFN -

production is PGE,. This agent inhibited‘cqlohy

formation of the HL—GO{line when used at a

concentration 'of 10~/ M. The same agent inhibited the

colony growth of the HEL line while it had no effect on °

4
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%

i
K.562 (Fig. 14). These obéervaﬁions confirm PGEz's
regulatory effect on erythropoiesis and support the
theory that HEL has an inherent monocyte—like‘character
(102) .
r .Another finding was the action of hydrocortisone
(lQ_6M). It is known that this agent promZtes
hemopoiesis. However, in ﬁhése éxperimenfs, we observed
a high&zuiggpressive effect which cannét be explainéd. :

The effect of a number of conditionédjmedia‘waé
also tegted. Oonly the PHA-LCM medium decreased colony
formation by HL-60, and this is probably due to fhe
high amounts of gamma IFN it cbnfained. This
pOSsiﬁility is supported gy the faét that PHA alone
(0.5%) p:oduced a two-fold stimulation. The Mo T
supernatant had no effect while HPCM (Plates 8, 9), Mia
PaCaland 5637 increased the number of colonies with
the greatest effect being seen with 561; (Fig. 15).

~ The effect of various Supernéténts (from bone
marrow-Dexter pre, and others.elaborated from the
.contact between bone marrow and HL-60 or KG-la) on CFUs
was negative.

AAs it has been mentioned4already{ HL-60 expresses

the T4 but not the T8 anti§en which indicates the

lineage. infidelity concept (26,41,112) exhibited by
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Fig.14 :
Effect of PGE2 on cell lines.
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PLATE 8
HL-60 colonies after treatment with HPCM (x10).

PLATE 9 _ ’ :
KG-la colonies after treatment with HPCM (x10).

91
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this cell line. We thought that the presence of the
expressed antigen could have an imporfant'role on o
differentiation. We thefefore plated fhe line with the
T4 or T8 MoAbsoand colony formatioﬁ was assessed on day
12 of culture.

The T4 gave a threefold increasé of colonies while
the MoAb for the non-expressed T8 antigen had no
effecﬁ (Fig. 16).

. So far the results have shown that gamma IFN‘might
be actively involved in differentiation. This view is
also supported by observations made after long term
incubation of HL-60 cells with gamma IFN.

As it has been repdrted for the mouse system (88),
-alpha and beta IFNs can modulate the behavior qj\éells
towards different CSFs. A similar effect was obtained
in our system by the addition of gamma IFN. In that
series of experiments, we have been following the
effect of gamma IFN forlthe period of four weeks. Every
two to thfee days, cells were plated on'methylcellulose
and tested for their ability to form coionies.

During the first three weeks 100 U of gamma IFN
per ml were added every two days to the cultures. This
treatment caused a significant suppression of colony

formation. In order to reverse the suppressive effect
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Fig.1l6 :
Effect of T4 and T8 MoAbs on HL-60.
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of this recombinant agent, we plated the same treated
cells with a number of factors. All condit honed media
tested (except PHA-LCM) were able to rescue the
inhibition obtained. As suppression by IFN became mor; ‘
profoupd,'5637 was better able to counteract the
suppressive effect, fOIIOng by an activity shared to a
lesser degree by HPCM and-Mo' T. The Mia Paca
conditioned medium gave a stable positive response
QUré?g the three weeks (Fig. 17). An extra addition of
gamma IFN as well as PHA-LCM which was known to contain
large amounts of IFN, caused a greater suppression. The
fact that every CM used contains a battery of other
‘components cannot give us any information about the
mode of action of IFN. Trying to localize this effect,
ILf2 was added to the treated cells. Alshough this
lymphokine had absolutely no effect on the colony
formation By untreated HL-60 cells, it cdﬁid rescue the

suppression signiﬂiéantly. However, the effect of IL-2

e

could be reversed when the gamﬁa IFN' treated cells were

co-incubated with a cocktail of anti-Tac (IL-2
ey
receptor) MoAb.

Some relative values -of the potentiality of the

CSFs during that period is given in Fig. 18 where the

index/6f colonies (number of colonies divided by

e
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treated control colonles) is pli’ted agalnst time.
These numbers are compared to the. gamma IFN treated
control and are not absolute. The diagram represents
the ability of these factors to rescue the cells fromd
the gamma IFN treatment. |

We have mentioned previously that gamma IFN

treatment of HL-60 cells induces the appearence of two

peaks corresponding to different class I populations.

‘ThlS observatlon made us think that th/s treatment

reveals the presence of two dlfferently dlfferentlatlng
populatlons Therefore a couple of subclones were;f
produced by plcklng colonies and putting them in
culture They were- named (Gallo IFN)l and (Gallo- IFN)2
The flrst one was derlved from HL-60 cells that were

treated w1th lOO unlts of gamma IFN only at the tlme of

platlng The second one was derived from a three week

long term treated cells, that were also plated with the

same amount of IFN. After puting those cells in
culture, we tested their ability to form colonies, and
the express1on of @grface markers was characterlzed

The (Gallo*IFN)l clone did not show resistance to

IFN while the effect of all factors tested was

comparable with .those obtained during the third week

“(Fig. 19). The second clone, (Gallo—IFN)Z, showed

[}

X
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2 ;
about 50% of resistance fo IFN which was added at the
time of piating. The best response was obtained from ;
the 5637 CM and Mia PacCa while HPCM, Mo T and IL-2 gave
similar responses, which were slightly hiéhervthan the’
treated‘control‘level (Fig. 20). Colony formation was
greatly suppressed with PHA-LCM in both cases.

" Both clones kept their original surface; marker .

f

expression for class I and-II antigens as well as for

.

myelomonocytic markers. The only difference was the -

disappearence of T4 and 86H1 markers.
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\

D. C-MYC EXPRESSION |

Untreated and treated HL-60 Gallg cells were lysed
and their cytoplasmic mRNA extracted ak@ hybridized
with a specific cDNA probe to assess c- myc expreSSLOn
It is known that HL-60 cells constltutlvely express
this cellular oncogene at very -early staqes of
dlfferentlatlon . Treatment of cells with alpha IFN does
not decrease the c- myc transcript (16 29). In our
system, treatment with gamma IFN resulted in an
1ncrease of c-myc expression that was espec1ally
evident after the second week and which was stable
thereafter.

During the treatﬁent, gamma IFN had always a

suppressive effect on proliferation as assessed by 3H

thymidine incorporation experiments.



CHAPTER IV

DISCUSSION

It is widely accepted that in normal tissues,
differentiation is inversely related to proliferation so
thét at a specific stage of maturation the cell loses
its agility to pfoliferate. In the disease state, the
cell maintains its ability tb proliferate even after
reaching a mature stage of differentiation. In fact,
differentiation is a complex, highly regulated process
based on selective activation énd répression of genetic
material. It appears to be a cytoplasmic event
with no permanent changes to the cells gegome (28). A
violation of thiS'cdncept is observed irl_k.t_;r@'«,,;i
différentidtion of B lymphocytes, where the gene;agﬁéhﬁ“
of diversity in immunoglobulin specifiéity invélvés

rearrangement of immunoglobulin gehe.segments (52).

——

Cell différentiation is generally regardeawgs
unidirectional and irreversible which ultimately leads
to cell death. |

In normal hemopoiesis the cells receive various
stimuli and'progress Ehrough stages according to the

needs of the organism. Those stimuli are mainly due to

103 .
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factors.

104

cell contact and to a great regulatory involvement of

;

The use of cell lines as a relétively homogeneous

- population of cells provides an analytical tool for

studying hemopoiesis and hemopoietic malignancies. They
provide model-systems for investigating vital processes

like cell differentiation and cell proliferééibh?qs
i

well as providing insights into the cellular événts

linked’to leukemia. By using Eell lines, these studies
can be performed under controlled experimental
conditions and they also minimize the demand(%or
"donor-type" cells.

In this work, we have studied the influence of
virious factors on proliferation, expression of surface
antigens, differentiation and cellular oncogené
expression of HL-60.while other myeloid and erythroid

cell lines were used for comparative perpuses. ‘

Gamma IFN has been studiéd for its inductive and
modulatory efficiency. This factor is the most studied
of the IFNs since its uses and potentialities have
been well described. Its major known effect is on the
expression of MHC antigens. In 1973, Lindahl et al.

reported enhancement of class I antigens on mouse L
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1216 cells after appropriate gamma IFN treatment (67) .
Since then, studies have shown that IFN's ability to
incfease'surface antigep expression 1s not restricted
to ' MHC ant# éns (107) . Gamma IFN appears to be both
modula@o;,é?le ?ogincrease the level of a MHC-gene
'product alfﬁady‘syhthesized and expressed (Fig.8), and

: ) 8051 , s .
inducer, a_% to induce the 'de novo" activation og\;h
41249 ]

least two q\ ses of MHC genes. Its mode of action

by G\ .
i:ﬁaﬁﬁ;ve. However,_many models have been
jﬁg%% based on its known ability to
stimulate theuﬁgénscription of the correspondihg.

MHC's mRNA. It has been found that the enhancement of a
cell surface antiéen by IFN is always lower than the
énhancement of the corresponding mRNA (108,45), but no
explanation for this observation has been given.

In this work we confirm the‘inducer Character of
gamma IFN. This agent induces the appearence of élass
IT antigens and increases the expression of class I. As
assessed by flow cytometry analysis, a second
population of cl?ss I positive cells appears after an
'appropriate gamma IFN treatment (Fig.8).:

IFNs have also been studied fot their modulator
effect on‘progenitor cells. Their effect depends on the

-3

origin of the progenitor as well as on their degree of
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maturation.

Alﬁha IFN at highv%wtes inhibits myeloid coloﬁy
formation whereas beta LIN is totally stimulatory. Both
factors have no effect on erythroid lines. -

It has been reported that these IFNs compete for
ﬁhe»same receptor on the cell surface (13). Yett no
conclusion can be drawn since those agents have been
. less extensively studied.

Gamma IFN is known to inhibit CFU-GM of normal
bone marrow. Initially it was believed that thié effect
was mediated through the T cells that were producing
inhibitory substances responsible for the down
regul;tion of colony formation (105): We have found in
our laboratory that T cell.depletéd bonevmarrow still
undergoes the same effect (P. Mannoni et al.,
manuscript in préparation). It is likely that gamma IFN
can modulate surface receptors or/and act on the gene
level so that other regulatory mechanisms involvedk
supress colony counts.AThe same seems to be true
for HL-60 which.is a T cell independent cell line and
exhibits the same suppressive pattern.

In order to modify the inhibitory effect of gamma

IFN on the HL-60 cell line, we co-cultured loné term
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gamma IFN treated cells with different conditioned
lmedia and IL-2. All tésted CSFs could reverse this
effect but no information on the mechanic action of
gamma IFN can be given since these results were not
confirmed with recombinant factors. In addition, IL-2,
a human regombinant lymphokine, could also reséde that
suppressive effect. It has recently been reported (Dr
F. Ruscetti, prersonal communication) that HL-60 bears
receptors for IL-2. Thus, we speculate a feedback
mechanism between these two agents regulating the
difféfentiatign-process.

Similar results were also obtained with the’MLB
cell line which may follow the same regulatory pathway.

Another important finding concerning gammavIFN is
that HL-60 treated cells show an increase of the c-myc
‘oncogene expression. That augmentation occurs at the
/gecond week ofAtreaﬁmentJand stays stable thereafter.
Again, the mode of action 6f’IFN seems to be similar as
above ¥§Ince oncogene expression-usually increases during
cell activation (16).

Although- this factor seems to have an important
gole in cellular differentiation it does not have any

effect on proliferation.

In summary, we see that gamma IFN acts in a

*n
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synergistic way induging the HL-60 cells to respond to

IL-2 and CSFs. It also increases the c-myc *

expression by acting probably on the gene level. Our
hypothesis .is tHat c-myc triggers in tur: other gene(s)
that regulate surface receptors making the .cells
responsive to various stimuli.

The fact that HL-60 expresses the T4 antigen,
associated with.helper,T cells, promtedkus to tes;
whether IL-2, a T cell activating faptof had an effect
on this cell line. Its effect on proliferation, as
assessed by 3H thymidine uﬁtake, is negative, and doses
up to 500 U/ml'do not affect colony formatioﬁ of both
HL-60 ahd erythroid cell lines. For other myeloid lines
(ML 1, ML 3) doses higher than 100 U/ml do suppress
colony formation. This difference befween HL-60 and ML
1/ML 3 can be attributed to the different nature of the
lines. The ML lines are derived from patiénts with

acute myeloblastic leukemia and, as depicted into

Fig.3, they are evolutionary, one step behﬁnd.the HL-60

- /

/

line.

ir

Colony-Stimulating Activity (CSA) is the term
given to a group of polypeptide molecules capable of
stimulating granulocyte and monocyte colpny formation

- !

]

e
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in semisolid culture (85). This growth—premoting
hormone is belleved to be a physiologic granu10901et1n
and has been 1solated from various murine and human
tissues (39). Most human sources of CSA consist of
growth medium cOnéitione yv ultured cells.
Significant amonnts oJ-~thos released from
placental cells, mdnocytes, T cells, endothelial celis
and cel%'lines of pancreatic and lung neoplasms. The
action of CSA appears to be specific. It has been
separated into a group of related glycoproteins called
ftolon§-stimulating Factors (CSF) and these factors
fully account for the ability of CSA to lnduce colony.
formation (37,56[. The release of CSA appears to be
controlled by humoral interactions between cells and by
cell to cell contact (37). i

Purified preparatiohs give the most potent results
but partially or non-purified factofs can have similar
effects. Purification can lead to the resolution of the
CSFs into further components For example, HPCM
"contalns" two Cg}s “that have been separated on the
basis, of differences in hydrophob1c1ty CSF~alpha and
CSF-beta, each fraction stimulating different cell-
’types (97,98). These,twe CSFs have been alse reported

in the 5637 cM (96).
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" In this study, their effect on proliferation was

negative With the ekceptioh of HPCM, which when

assessed on day four of culture stimu1ated the
‘proliferatioh. In contrast, 1nterest1ng observations
- were made on the express1on of surface markers where -

‘all of the CM used could induce the 82H3 monocytic‘

S

P
- In additibn, from all CM used, the 5637 and HPCM
could increase the expression of class I antigens the

way gamma IFN did. Desplte the fact that these media

are IFN free, two different peaks were obtalned

~denoting ‘two pOpulations having different responses to

ES

class I antigens. Comparing their effect with gamma IFN

we can suggest that the former mimics CSF actlon and

Q

%“ould be classified as a hemopoietin.
~The effect'of'CSFs on differehtiation as assessed
by colony assays,was stimulatory with the exception of
PHA LCM which contalnskgamma IFN. Mia PaCa and 5637
gave the best resultsah§ stlmulatlng colony formatlon

when the HL-60 cells were treated with gamma IFN for a

proibnged period-of time. Here again, gamma IFN seems

ko modify the responsiveness of the cells towards

different CSFs as is the case also with IL-2. This is

demonstrated in Fig. 21 where the index of colony



Fig. 21 o ‘ :
Demonstration of the regulatory effect of gamma IFN.
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Jformation isbplotted 5pr untreated and gamma IFN
treated cells. It can be said‘that gamma IFN'induces

the cells to respond to various factors.

It has been clearly shown so far that
proliferation and differentiation‘arebdifferent
processes,‘Treatments that promoted‘or_suppressed_
"differentiation were unable'to.modify cell division..In
an attempt~to.study proliferation weAused Human Bone
Marrow Feeder Layer (HBMFL) which, in this work,
provides a model- system for studying cell growth. The’
results indicate that a speCies SpelelC mechanism
redulates and/or supports a proliferative response
based probably on a cell to cell 1nteraction pattern
This inference is drawn from the observations that bone
‘marrow supernatants are ineffective on the one handg,
“and on the otner hand,,interruption of the two

. : k
populations by a thin layer of methylcellulose prevents
proliferation. The exact identity of the adherent = »
cell(s) that provide the stimulus is still unknown. It ]
is likely that a’certain type of-cell(s) at a certain
stage‘of maturation is responsible.for the resulting

increase in proliferation. This V1ew is supported by

the fact that the "age" of the feeder is important
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since a layer older than four'months cannét support
the growth of the seeded cells. This "failure"
coincides with the appearence of class II antigeA}c
determinants (data nét sﬁbwn).

This increased proliferation pattern can be also
attributed té the fact tha£ bone marrow or its"

hemop01et1c m1croenv1ronment can promote leukemla Since

mallgnanc1es start from the marrow level. Perhaps thlS

'is the in vitro'analogous systen, since cells escape

surveillance within the marrow environment.
In an attempt to identify the kind of interaction

and nature of the.cell(s) involvec in this system, we

treated the feeder layervwith a number of MoAbs.,

- ' .
Unfortunately, we cannot formulate any conclusions

because the percentage of suppressicn was only 46%
(mean value). Additionally, the use of MoAbs in the
present case is too vague.‘Wg should first try to

identify the type of éell(s)’that promote proliferation

-by producing feeders with different cell ‘lines that are

quite homogenéous in population and then try to examine

‘the kind of interaction involved using more spesific

antibodies.
The significance of the inability of mouse feeders

to support cell growth is still not clear. It could be
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the result of a species-specific interaction or it may
be due to a number of inhibitors that the mouse cells
may elaborate. These questions can be further analyzed

using different sources of cells for the layer .and the

ovérlayer, including combinétions of mouse andghuman,
cel%s. |

The human—huﬁan systém appears tovbe'a pbwerfﬁl
tool for monitoring normal and leukemic cell
proliferation. Bone marrow supérnaténts do not promote
- any further cell differentiation as-asééssed by?colony‘
assays or surfaée markef expression onﬂleukemic cells

as tested by indirect immunofluorescence.



115
\ :
SUMMARY ﬁkD CONCLUSIONS: In this work we have shown
the effect of gamma- IFN IL 2 and CSFs on myeloid cell
growth. Based on the effect of gamma- IFN on colony
formatlon‘and on its role on prollferation we can
hypothesize the-possibleorole of this;agenﬁ? Gamma-IFN
seems to favor differentiation since a progenitor Po
can mature to a progenitor Pl. At this point gamma—iFN -
inhibits proliferation and Pl is unable to give a | v
colony of Pl cells. This inhibitory action can be
remOved,by the addition of IL-2 and CSFs which, as we
have seen, can'"rescue" the response of gamma-IFN
treated cells by giving higher numbers of colonies. The
role of IFN as a dffferentiation agent can be further-
investigated by neans of molecular biolegy techniques
such as, isolstion of a specific chromosome (i.e. #6,
HLA) with an appropriate cDNA probe»and then by
studylng the lenght of treated and untreated fragments.
Another way 1is to use electron mlcroscopy, trying to
localize splicing(s) that will confirm the
differentiation process.
A battery of'factors, with the exception of HPCM,
was not able to induce proliferation on HL-60. This was
expected, since the cell line under study .could

proliferate by ifself in the growth medium without the



need of exogenous rectors. The'- fact that human bone
marrow feeder layers were able to increase the
proliferative response of HL-60, even at very low
concentrations of FCS, suggestsvthat the IEyer system
can act in synergy with cytoplasmic or nuclear factors
that induce the cells to respond in the absence of CSFs
or FCS. Therefore, the ‘HL-60 line can be viwed as a
model for studying proliferation. But to a certain
.extent, it can be also used as a modei for
differentiation using the colony.assay, sihoe: a) HL-60
responds to the same factors which induce’
differentiation ‘in the.normal bone marrow, b) it does
not respoﬁd to all CSFs in the same way (this has to be
confirmed by recombinant'factors) and c) its
responsivenees to factors can be modified by oamma IFN.
If'thisvcan be also confirmed in the bone marrow, then,
the simple‘model of HL-60 may indicate that hemopoiesis
can be seen as a cascade of different events involving
cell to cell interactions, presence of specific fectors
or/and specific receotors.bA second, more complex,
hypothesis oap be formulated involving an
intra;;lationship between oncogenes like c-myc, and
specific factors/receptors. In order to prove this, it
is necessary to use a wide selection of oDNA probes for

all oncogenes and work with recombinant CSFs.

A



REFERENCES

e 0

Aﬁdersson,L.C., Nilsson,K., Gahmberg,C.G.
K§62-A human erythroleukemia cell line.
Intl.J.Cancer,23:143-147,1979.

Axelrad,A.A., Mc Leod,D.L., Shreeve,M.M.,
Heath,D.S. Properties of cells that produce
erythrocytic colonies in vitro. In: Hemopoiesis in
Culture, 1975. Ed. by Robinson, W.A. Washington,
DC., U.S. Government Printing Office.

Aye,M.T. Erythroid colony formation in cultures of
human marrow : Effect! of leukocyte

conditioned medium. J.Cell.Physiol.,91:69-
78,1977. '

Ball,E.D., Guyre,P.M., Shen,L., Glynn,G.M.,
Maliszewski,C.R., Baker,P.E., Fanger,M.W. Gamma
interferon induces monocytoid differentiation in the
HL-60 cell line. J.Clin. Inv.,73:1072-1077,1984.

Beck,W.S. (ed.) In: Hematology, 3rd edition, 1982.
MIT Press. :

Bleackley,R.C., Barr,P.J., Havele,C., Hooton,J.,
Ng,J., Meier,M., Merryweather,J.P., Gibbs,C., »
Paetkau,V. Biologic activities of recombinant IL-2
on murine lymphocytes. Lymphokine Res., 4:117-
131,1985

Boggs,D.R. In: Contemporary Hematology/
Oncology,Vol.3,1984, Ed. by Gordon,A.S., Lo
Bue,J., and Silber, R. -

Boraschi,D., Censini,S., Tagliabue,A. Interferon
gamma reduces macrophage-suppressive activity by }
inhibiting PGE2 release and inducing IL production. J.
Immun.,133:764~768,1984. ' :

Bradley,L.M. CelllProliferation. In: Selected
Methods in Cellular Immunology, 1980, Ed. by
Mishell,B.B., and Shiigi,S.M./W.H. Freeman & Co, San
Francisco. ’



10.

11.

12.

13.

14.

1l6.

17.

18.

19.

118

Bradley,L.M. Functional Separation by Inactivation
of Proliferating Cells. In: Selected Methods in
Cellular Immunclogy, 1980, Ed. by Mishell,B.B., and
Shiigi,S.M./W,H. Freeman & Co, San Francisco.

Bradley,T.R., Metcalf,D. The growth of mouse bone
marrow cells in vitro. Aust. J. Exp. Biol. Med.
Sci.,44:287-300,1966., v

Breitman,T.R., Selonich,S.E., Collins,s.J.
Induction of differentiation of the human
promyelocytic cell line (HL-60) by retinoic acid.
Proc. Natl. Acad. Sci. U.S.A.,77:2936-2940, 1980.

Branca,A.A., Faltynek,C.R., D'Alessandro,S.B.,
Baglioni,C. Interaction of interferon with cellular
receptors. Internalization and degradation of cell-
bound interferon. J. Biol. Chem.,257:13291-13296,1982.

Carlson,J., Dorey,F., Cragoe,E., Koeffler,H.P.
Amiloride potentiation of differentiation of human

promyelocytic cell line HL-60. J.N.C.I.,72:13~17,1984.

Chiao,J.W., Freitag,W.F., Steinmetz,J.cC.,

Andreeff,M. Changes of cellular markers during
differentiation of HL-60 promyelocytes to macrophages
as induced by T lymphocyte conditioned medium. Leuk.
Res.,5:477-489.1981.

Clemens,M. Interferons and oncogenes.
Nature,313:531-532,1985.

Collins,S.J., Gallo,R.C., Gallagher,R.E.
Continuous growth and differentiation of human
myeloid leukemia cell in suspension culture.
Nature,270:347-349,1977.

Collins,S.J., Ruscetti,F.Ww., Gallagher,R.E.,
Gallo,R.C. Terminal differentiation of human
promyelocyté leukemia cells induced by dimethyl
sulphoxide and other polar compounds. Proc. Natl.
Acad. Sci. U.S5.A.;,75:2458~2462,1978.

Coulombel, L., Kalousek,D.K., Eaves,C.J.,
Gupta,C.M., Eaves,A.C. Long-term marrow cultures

‘reveals chromosomally normal hematopoietic progenitor

cells in patients with Philadelphia chromosome positive

w



20.

22.

23.

24.

25,

26.

27.

28.

119

CML. New Eng. J. Med.,308:1493-1498,1983.

Coulombel, L., Eaves,A.C., Eaves,C.J. Enzymatic
treatment of long-term human bone marrow cultures
reveals the preferential location of primitive

-hemopodietic progenitors in the adherent layer.

Blcod, 62:291-297,1983.
Dexter,T.M. Stromal cell associated hemopoiesis. J.
Cell. Physiol.,l(sup):87-97,1982.

Dexter,T.M., Testa,N.G. Differentiation and
proliferation of hemopoietic cells in culture. In:
Methods in Cell Biology, Vol:1l4, 1976, Academic Press,
N.Y.

Dexter,T.M., Testa,N.G. In vitro methods in
hematopoiesis and lymphopoiesis. J. Immun.
Methods,38:177-190,1980.

Dobner,P.R., Kawasaki,E.S., Yu,L.Y., Bancroft,F.cC.
Thyroid or glucocorticoid hormone induces pre-growth-
hormone mRNA and its probable nuclear precursor in rat-
pituitary cells. Proc. Natl. Acad. Sci. U.S.A.,78:2230-
2234,1981.

Drew,S.I., Terasaki,P.I., Billing,R.J.,
Bergh,0.J., Minowada,J., Klein,E. Group specific
human granulocyte antigens on a chronic i
myelogenous leukemia cell line with a Philadelphia
chromosome marker. Blood,49:715-718,1977.

Dubreuil,P., Mannoni,P., Olive,D., Winkler-

Lowen,B., Mawas,C. Expression of T cell related
antigens on cells from the myelo-monocytic lineage. 2nd
Intl. Workshop in Leukocyte Differentiation Antigens,
Boston, U.S.A., 1984.

Dukes,P.P., Shore,N.A., Hammond,D.J., Ortega,J.A.,
Datta,M.C. Enhancement of erythropoiesis. by
Prostaglandins. J. Lab. Clin. Med.,82:704-712,1973.

Dustin,P. Cell differentiation and éarciﬁogenesis:
A critical review. Cell Tissue Kinet.,5:519-
533,1972. '



29.

30.

31.

32.

33.

34,

36.

37.

38.

120

Einat,M., Resnitzky,D., Kimchi,A. Close link between
reduction of c-myc expression by interferon and G0/G1
arrest. Nature,314:597-600,1985,

\

Fauser,A.A., Messner,H.A. Granuloerythropoietic
colonies in human bone marrow, peripheral blood and
cord blood. Blood,52:1243-1248,1978.

Fauser,A.A., Messner,H.A. Identification of
megakaryocytes, macrophages and eosinophils in
colonies of human bone ‘marrow containing
neutrophilic granulocytes and erythroblasts.
Blood, 53:1023-1027,1979.

Feher,I., Gidali,J. Prostaglandin E2 as stimulus of
haemopoietic stem cell proliferation. Nature, 247:550-
551,1974. ‘

Filmus,J., Buick,R.N. Relationship of c-myc
expression to differentiation and proliferation of HL~-
60 cells. Cancer Res. ,45:822-825,1985.

Fisher;J.W., Gross,D.M. Effects of Prostaglandins on
erythropoiesis. In: Proc. of the Intl. Symp. on PGs
in Hematology, Philadelphia, U.S.A., 1976.

Fukuda,M., Koeffler,H.P., Minowada,J.  Membrane
differentiation in human myeloid cells: Expression
of unique profiles of cell surface glycoproteins in
myeloid leukemic cell linas blocked at different
stages of differentiation and maturation. Proc.
Natl. Acad. Sci. U.S.A.,78:6299-6303,1981,

Gartner,S., Kaplan,H.S. Long-term culture of human
bone marrow cells. Proc: Natl. Acad. Sci.
U.S.A.,77:4756-4759,1980. o

d

Gerson,S.L., Cooper,R.A. Release of granulocyte-
specific colony-stimulating activity by human bone
marrow exposed to phorbol esters. Blood,63:878-
885,1984..

Gimbrone,M.A.Jr, Alexander; R.W. Prostaglandin
production by endothelial and smooth muscle cells in
culture. In: Proc. of the Intl. Symp. on PGs in
Hematology, Philadelphia, U.S.A., 1976.




39.

40.

41,

42.

43.

44.

e
(&3]

46.

47.

48,

121

Golde,D.W., Quan,S$.G., Cline,M.J. Human T
lymphocyte cell line producing colony stimulating
activity. Blood,52:1068-1072,1978.
Graziano,R.F., Ball,E.D., Fanger,M.W. The
expression . and modulatlon of human myeloid-specific
antigens during differentiation of the HL-60 cell
line.Blood,61:1215-1221, 1983

'Greaves M.F. Target cells, cellular phenotypes and

lineage fldellty in human leukemia. J. Cell.
Physiol., 111(sup.1l):113-125,1982.

Griffin,J.D., Todd III,R.F., Ritz,J., Nadler,L.M.,
Canellos,G.P., Rosental,D., Gallivan,R.P.,
Weinstein,H., Karp,D., Schlossman,S.F.
leferentlatlon patterns in the blastlc phase of
chronic myeloid leukemia. Blood,61:85- 91,1983.

Grosso,L.E., Pitot,H.C. Transcriptional regulation
of c-myc durlng chemlcally induced differentiation of
HL-60 cultures. Cancer Res:,45:847-850,1985.

Guerrasio,A, Vainchenker,W., Breton-Gorius,J.,
Testa,U., Rosa,R., Thomopoulos,P.;. Titeux, M.,
Guichard,J., Beuzard,Y. Embryonic and fetal
hemoglobin production in K562 cell line. Blood
Cells,7:165-176,1981. '

Heron,I., Hokland,M., Berg,K. Enhanced expression
of beta 2 mlcroglobulln and HLA antigens on human
lymph01d cells by interferon. Proc. Natl. Acad. Sci.
U.5.A.,75:6215-6219,1978.

Hocking,W.G., Golde,D.W. Long term human bone marrow
cultures. Blood,56:118-124,1980. '

Hoffman,R., et al. Characterization of a human
leukemia cell line. In: Hemoglobin in development
and differentiation, 1981. Ed. by v
Stamatoyannopoulos G., Nienhuis A. N.Y,, Alan R.
Liss.

Horan.P.K., Wheeless,L. L'Jr Quantltatlve single cell
analysis and sorting. Science,198:149-157,1977.



49.

50.

52,

(81
(8]

(9]}
~l

122

Horton, M.A., Beverley,P.C.L. Studies of in vitro
differentiation of the human cell lines K562 and HL-60.
In: In vivo and in vitro erythropoiesis, 1980. Ed4d.

by Ross G., The Friend System, Amsterdam,
Elsevier/North. Holand.

Horton,M.A., Cedar,S., Edwards,P.A.W. Cell surface
changes during erythroid differentiation in the
K562 cell line. In: Hemoglobins in development and
differentiation, 1981. Ed. by Stamatoyannopoulos
G., Nienhuis A., N.Y., Alan R. Liss.

Howard,A., Pelc,S.R. Synthesis of deoxyribonucleic

acid in normal and in activated cells and its relation
to chromosome breakage. Heredity, 6(sup):153-160,1952. .
Hozumi,N., Tonegawa,S. Evidence for somatic
rearrangements of immunoglobulin genes coding for
variable and constant regions. Proc. Natl. Acad.

Sci. U.S.A.,73:3628-3632,1976. :

Humphries,R.K., Eaves,A.C., Eaves,C.J. Self-renewal

of hemopoietic stem cells during mixed colony formation
in vitro. Proc. Natl. Acad. Sci. U.S.A.,78:3629-
3633,1981.

Ichikawa,Y., Pluznik,D.H., Sachs,L. In vitro
control of the development of macrophage and
granulocyte colonies. Proc. Natl. Acad. Scd.
U.S.A.,56:488-492,19686.

Inglot,A.D. The hormonal concept of interferon. Arch.
Virol.,76:1-13,1983.

Iscove,N.N., Roitsch,C.A., Williams,N., Guilbert,f.J.
Molecules stimulating early red cell, granulocyte,
macrophage, and megakaryocyte precursors in culture:
Similarity in size, hydrophobic¢ity, and charge. J.Cell.
Physiol.,111(sup. 1):65-78,1982.

‘Kannagi,R., Papayannopoulecu,T., Nakamoto,B.,

Cochran,N., Yokochi,T., Stamatoyannopoulos,G., ,
Hakomori,S. Carbohydrate antigen profiles of human
erythroleukemia cell lines HEL and K562. Blood,62:1230-
1241,1983. .

>



58.

59.

60.

61.

62.

63.

64.

66.

67.

‘Kaplan,D.R., Henkel,T.J., Braciale,V.,

Braciale,T.J. Mycoplasma infection of cell L
cultures. Thymidine incorporation of culture
supernatants as a screening test. J. Immun.,
132:9-11,1984,

Kelly,X., Cochran,B.H., Stiles,C;D., Leder,P. Cell-
specific regulation of the c-myc gere by lymphocyte
mitogens and Platelet Derived Growth Factor.

.Cell,35:603+610,1983.

Klein,E., Ben-Bassat,H., Neumann,H., Ralph,P.,
Zeuthen,J., Polliack,A., Vanky,F. Properties of
the K562 cell line derived from a patient with

chronic myeloid leukemia. Intl.J.Cancer,18:421-

431,1976.

] ' .
Koeffler,H.P. Human myelogenous. leukemia: Enhanced
clonal proliferation in the presence of phorbol
diesters. Blood,57:256-260,1981. ‘

Koeffler,H.P., Billing,R., Lusis,A.J., SparﬁES,R.,

Golde,D.W. An undifferentiated variant derived from the

human acute myelogenous leukemia cell line (KG-1).
Blood, 56:265-273,1980. "

Koeffler,H.P., Billing,R., Sparkes,R.S., Golde,D.W.
Antigens present on human myeloid leukemia cell lines.
Leuk. Res.,4:69-77,1980.

- Koeffler,H.P., Golde,D.W. Acute myelogenous

leukemia: A human cell line responsive to colony
stimulating activity. Science,200:1153-1154,1978.

Kurland,J.I., Bockman,R. Prostaglandin E production
by human blood monocyteds and mouse peritoneal
macrophages. J. Exp. Med.,147:952-957,1978.

Kurland,J.I., Moore,M.A.S. Modulation of
hemopoiesis by prostaglandins. Exp. Hematology,5:357-
373,1977. :

Lindahl,P., "Leary,P., Gresser,I. Enhancement dy
IFN of the expression of surface antigens on
murine lgukemia L1210 cells. Proc. Natl. Acad.
sci. U.5.A.,70:2785-2788,1973. T e



68..
69 .
70,
71.

72,

~ 73
74 .

75.

76.

77.

Lozzio,C.B., Lozzio B,B. Human chronic myelogenous '
leukemia cell line w.th positive Philadelphia

cromosome. Blood,45:324-334,1975.

Lozzio,C.B.) ﬁozzio,B.B., Yang,W.K., Ichiki,A.T.
Bamberger,E.G. Absence of thymus de£1ved lymphocyte
markers in myelogenous leukemia (Rh') cell line
K562.‘Cancer‘Res.,36:4657-4662,1976.‘

Lusis,A.J., Koeffler,H.P. Action of granulocyte-

‘macrophage colony stimulating factor: Studies

using a human leukemia cell line. Proc. Natl.
Acad. Sci. U.S.A.,77:5346-5350,1980.

Lusis,A.J., Quon,D.H., Golde,D;W. Purification and
characterization of a human T-lymphocyte-derived
granulocyte-macrophage colony stimulating factor

~Blood,57: l3 21, 1981

Mac Donald cave Incorporation of tritium-labeled
thymidine and ly51ne into.°chromosomes of cultured human
leukocytes. J. cCell. BlOl 129:209-222,1966.

Mannoni,P., Janowska,A., Turner,A.R., McGann,L.E.
Turc, J. M Meonoclonal antlbodles agalnst human
granulocytes and myeleoid differentiation: antlgens
Human Immun ,5:309-323,1982.

Martln p. Najfeld V., Hansen,J.A., Penfold,G. K
Jacobson R J., Flalkow P.J. Involvement of the B lymph01d

. system 1n chronlc myelogenous leukemia. Nature,287:49-

50,1980.

Martin,P., Papayannopoulou,T. HEL cells: A new human

erythroleukemla cell line with spontaneous and induced
globln expression. Sc1ence 216:1233-1235,1982.

Max-Audit,I., Testa,U., Kechemir,D., Titeux, M.
Vainchenker W. Rosa R. Pattern of pyruvate klnase -

isozymes in erythroleukemla cell lines and in )
‘normal human erythroblasts. Blood,64:930-936,1984.

" Maximow,A.A. Reléfion of blood cells to connective:

tissues and endothelium. Physiol. Rev., 4:533-
563,1924. i



- 78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

125

McCulloch,E.A. Stem cells in normal and: leukemlc
hemop01esls. Blood, 62:1-13, 1983.

) :
McCulloch,E. A., Smith,L.J., Minden,M.D. Normal
and mallgnant hemop01et1c clones in man. Cancer
‘Surv.,1:279-281,1982. :

McCulloch,E.A., Till,J.E. Stem cells in normal
early. haemopoiesis and certain clonal hemopothies.
In: Recent Advances in Haematology, Vol.2,1977.

Ed. by Hoffbrand, A.V. Brain, M.C. lesch J.
Edlmburgh Churchlll LlVlngstone :

McGarrity,G.J., Steiner,T., Gamon,L. Prevention,
detection and controg of mycoplasma ‘infection of
cell cultures. Edszglbey, Legator, Nichols &
Ramel; 2nd ed., ElsdMer Sc. Publishers, N.Y.,823-
839,1984. - . s

Metcalf,D. The clonal culture in vitro of human
leukemic cells. In: Methods in Hematology, Vol.3, 1981.
Ed. by D. Catovsky, Churchill LlVlngstone

Metcalf,D. In: Recent Results in Cancer Research.
Hemopoietic Colonies. In Vitro Cloning of Normal and
Leukemic Cells. Ed. by Springer- Verlag, Berlin
Heidelberg N.Y., 1977 _

Metcalf,D., Mc Donald,H.R., Odartchenko,M.
Sadat, B. Growth of the mouse megakaryocyte
.colonles in vitro. Proc. Natl. Acad. Sci.
U.S5.A.,72:1744-1748,1978.

Metcalf,D., Moore,M.A.S. Frontiers of Biology. B
Haemopoietic Cells. Ed. by North- Holland Publlshlng co.
Amsterdam-London, 1971.

Miller,C.W., Young,K., Dumenil,D., Alter,B.P.,
Schofield,J.M., Bank,A. Specific globin mRNAs in human
erythroleukemia (K562) cells. Blood,63:195-200,1984.

Mitchell,R.L., Zokas,L., Schreiber,R.D. Verma I.M.
Rapid 1nductlon of the expression of proto oncogene fos
during human monocytic dlfferentlatlon Cell, 40:209-
217, 1985. L

/5



88.

89.

90C..

91.

92.

93.
94.
95.

96.

126

Moore,R.N., Rouse,B.T. Enhanced responsiveness of
commlted macrophage precursors to macrophage type
colony-stimulating factor -(CSF-1) induced in vitro by
interferons alpha & beta. J. Immun.,131:2374-2378,1983,

*

Mosman,T. Rapid colorimetric assay for cellular
growth and survival: Application to proliferation
and cytotoxicity assays. J. Immun. Methods,65:55-
63,1983, , -

Muller,R., Curran,T., Muller,D., Guilbert,L.
Inductlon of c- fos durlng myelomonocytlc
differentiation and macrophage prolifération.
Nature,314:546-548,1985.

Muller, R., Muller,D. Gullbert L. Differential
expression of c- fos 1n hematop01et1c cells: Correlation
with differentiation of monomyelocytic cells in vitro.
E.M.B.0.,3:1887-1890,1984, '

Muraoc,S., Epstein,A.L., Clevenger,C.V., Huberman,E. ,
ExpreSSLOn of maturatlon specific nuclear antlgens in
dlfferentlatlng human myeloid leukemia cells. Cancer
Res.,45:791-795,1985.

Musson,R.A. Human monocyte
maturation/differentiation during in vitro culture.

- Surv. Immpn.-Res.,2:246—251,l983.

Myers,C.D., Katz,F.E., Joshi,G., Millar,J.L. A cell
line secretlng factors for CFU GEMM culture
Blood, 64:152-155,1984.

Newburger,P.E., Chovaniec,M.E. / Greenberger,J.S.
Cohen H.J. Functlonal changes in human leukemic cell
line HL-60: A model for myeloid differentiation. J.
Cell.'Biol.,82:315-322,l979.

Nicola,N.A., Begley,C.G., Metcalf,D.
Identification of the human analogue of a
regulator that induces differentiation in murine
leukaemic cells. Nature,314:625-628,1985.

€

-Nlcola N.A., Metcalf,D., Johnson,G.R., Burgess,A.W.

Preparatlon of colony stlmulatlon factors from human
placental conditioned medium. Leuk. Res.,2:313-320,1977.



98,

99.

100.

101.

102.

103.
104.

105.

- 1los6.

- 107.

108.

‘Paetkau,V., Riendeau,D., Bleackley,R.C. N

- T

S . | 127

Nicola,N., Metcalf,D., Johnson,G.R., Burgess,A.W.
Separation of functionally dinstict human
granulocyte-macrophage colony-stimulating factors.
Blood,544614—627,l979. E

Ninnemann,J.L. Prostagiandin structure and chemistry: .a
primer. Immun.Today,5:170-173,1984.

Ninnemann,J.L. Prostaglandins in inflammation and
disease. Immun. Today,5:173-175,1984.

Ogawa,M., Porter,P.N., Nakah&ta,T. Renewal and .g;
commitment to differentiation of hemopoietic stem ¥
cells. Blood,61:823-829,1983. '

Papayannopoulouy,T., Nakamoto,B., Yokochi,T.,
Chait,A., Kannagi,R. Human erythrioleukemia cell
line (HEL) undergoes a drastic macrophage-like
shift with TPA. Blood,62:832i845,1983.

R

Purification and properties of murine IL-2. In press,
in Methods in Enzymology. .

Pluznik,D.H., SaGHS,L. The cloning of normal

"mast" cells in tissue culture. J. Cell. Comp.
PhYSiOl.,66:319—325,1965. '
Rigby,W.F.C., Ball,E.D., Guyere,P.M., Fanger,M.W.
fects of recombinant-DNA-derived interferons

ozg growth of myeloid progenitor cells.
B1OW, 65:858-861,1985. » |

Rosa,F., Fellous,M. Effet de 1l'interferon sur des
lignées humaines n'exprimant pas les antigénes de
transplantation de class I: K562 et Daudi.

Présence d'un pseudo-ARNm de la beta-2- ,
microglobuline dans la lignée cellulaire Daudi. C.R.
Acad. Sci. Paris,295: Série III,359-364,1982.

Rosa,F., Fellous,M. The effect of gamma interferon on MHC
antigens. Immun. Today,5:261-262,1984.

:Rosé;F., Lebouteiller,P.P., Adadie;A., Hatat, D.,

Mishall,Z., Lemonnier,F.A., Bourrel,D., ]
Lamotte,M., Kalil,J., Jordan,B., Fellous,M. HIA
class I genes integrated into murine cells are

i
n



109.

110.

111.

112.

113.

114.
115.

116.

117.

inducible by IFN. Eur. J. Immunol.,13:495-499,1983.

Ruscetti,F.W., Collins,S.J., Woods,A.M.,

Gallo,R.C. Clonal analysis of the response of human
mye101d leukemic cell lines to colony-stimulating
act1v1ty Blood,58:285-292,1981.

Sato,N., Tory, K., Kimimaro,D., Kokichi,K. The
relatlonshlp of colonlq carclnogene51s and hepatic
vascular tumors induced by subcutaneously
injected-1,2~DMH in specific pathogen free mice.
Cancer Letters 24:213-220,1984. =

Sato,N., Kokichi,K. ;
Establishment of endothelial cell lines
developing angiosarcomas in vivo. Brief
demonstration of the animal tumor model for
Kaposi's sarcoma of human counterpart. (In press).

Smith,L.J., Curtis,J.E., Messner,H.A., Senn,J.S.
Furthmayr,H., Mc Culloch E.A. Llneage 1nf1de11ty in

',acute leukemia. Blood,61:1138-1145,1983,

Stephenson,J.R., Axelrad,A.A., Mc Leod,D.L.
Shreeve,M.M. Inductlon of colonies of hemoglobln
synthe5121ng cells by erythropoietin in vitro.
Proc. Natl. Acad. Sci. U.S.A.,68:1542-9546,1971.

Stewart II,W.E. In: Interferons and their action.
Ed. by CRC Press, 1977. :

Stewart II,W.E. In: The Interferon System. Ed. by

‘Springer- Verlag, Wien, N.Y., 1981.

Sugimoto,T., Tatsumi,E. Takeda K., Minato,K.
Sagawa, K. Mlnowada J Modulatlon of surface antlgens
induced by 12-0O-TPA in two myeloblastic cell lines, a

‘promyelocytic cell line; and a monoblastic cell llne

Detection with five monoclonal antibodies.
J.N.C.I.,72:923- -928,1984,

Sutherlénd.J., Mannoni,P., Rosa,F., Huyat,D.,

" Turner,A.R., Fellous,M. Induction of the expression of

HLA class I antigens on K562 by interferons and sodium
butyrate Human Immun.,12:65-73,1985.



118,

119.

120.

2121,

122.

123.

124.

125.

126.

129

. J

Svedersky,ﬁ.P., Nedwin,G.E., Goeddel,D.V.,
Palladino,M.A.Jr. Interferon-gamma enhances induction
of lymphotoxin in recombinant IL-2 stimulated
peripheral blood mononuclear cells. J. Immun.,134:1604~
1608,1985, '

Tabilio,A., Pelicci,P.G., Vinci,G., Mannoni,P.,
Civin,C.I., Vainchenker,W., Testa,U., Lipinski,M.,
Rochant,H., Breton-Gorius,J. Myeloid and megakaryocytic
properties of K562 cell lines. Cancer Res.,43:4569-
4574,1983. :

Taylor,J.H., Woods,P.H., Hughes,W.L. The

organization and duplication of chromosomes as revealed
by autoradiographic studies using tritium=-labeled ’
thymidine. Proc. Natl. Acad. Sci. U,S.A.,43:122-
128,1957. '

Till,J.E., McCullbch,E.A.:A direct measurement of
the radiation sensitivity of normal mouse bone
marrow cells. Radiation‘Res.,‘14:213-222,1961.

Till,J.E., McCulloch,E.A., Siminovitch,L. A
stochastic model of stem cell proliferation based
on the growth of CFU-S. Proc. Natl. Acad. Sci.
U.S5.A.,51:29-36,1964.

Trenton,J.J. Influence of hematopoietic organ ,
stroma on stem cell differentiation. In: - o
Regulatory Hematopoiesis, 1970. Ed. by Gordon, :
A.S. Appleton-Century-Crofts, N.Y.

_ 1 ,

Villeval,J.L., Pelicci,P.G., Tabilio,A., :
Titeux,M., Henri,A., Houesche,F., Thomopoulos,P.,
Vainchenker,W., Garbaz,M., Rochant,H., Breton-
Gorius,J., Edwards,P.A.W., Testa,U. Erythroid
properties of K562 cells. Effect of hemin, butyrate and
TPA induction. Exp. Cell. Res.,146:428-435,1983,

Wahl,G.M., Stern,M., Stark,G.R. Efficient transfer

of large DNA fragments from agarose gels to ,
diazobenzyloxymethyl-paper and rapid hybridization by
using dextran sulfate. Proc. Natl. Acad. Sci.
U.S5.A.,76:3683-3687,1979.

Weeks,R.S., Main,P.E., Sibley,C.H. Compapiéon of
membrane IgM expression in the murine B cell

1 4



127.

128.

129,

130.

131.

132.

133.

134.

130

lymphoma 70Z/3 treated with LPS or supernatant
containing T cell factors. J. Immunol.,133:351-
358,1984.

Weisbart,R.H Lusis,A.J., Chan,G., Billing,R.
Ashman,R.F. Golde D.W. Neutrophll migration 1nh1b1tlon
factor from T lymphocytes (NIF-T). Selective removal of
biologic activity by human peripheral blood
neutrophils, myelocytic leukemia cells, and :
dlfferentlated HL-60 cells. J. Immun.,128:457-462,1982.

Westln,E.H., Gallo,R.C.,.Arya S§.X., Eva,A., Souza,L.M.
Baluda,M.A., Aaronson,S.A., Wong-Staal, F leferentlal
expression .of the amv gene in human hematop01et1c cells.
Proc. Natl. Acad. Sci. U.S.A.,79:2194-2198 ,1§82.

Westin,E.H., Wong-Staal,F., Gelmann,E.P.

" Favera,R.D., Papas,T.S. Lautenberger J. A

Eva,A., ‘Reddy,E.P. Tronlc S.R., Aaronson, S A,
Gallo R C. Express1on of cellular homologues of
retrov1ra1 onc genes .in human hematopoietic cells.
Proc. Natl. Acad. Sci. U.S.A.,79:2490-~ 2494 , 1982,

White,B.A., Bancroft,F.C. Cytoplasmlc dot
hybrldlzatlon simple analysis of relative mRNA levels
in multiple small cell or. tlssue samples J. Biol.
Chem.,257 8569~ 8572 1982.

Whltson,M.E., Lozzio,C.B., Lozzio,B.B., Wust,C.J.,
Sonoda,T., Avery,B. Cytotoxicity of antisera to a
myelogenous leukemia cell line with the Philadelphia
chromosome. J.N.C.I.,56:903~ 907,1976. o

Williams,wW.J., Beutler,E., Erslev,A.J.
Lichtman,M.A. Eds., In: Hematology, 3rd edltlon
1983. Mc Graw-Hill. '

Wintrobe,M.M. ed., In: Clinical Hamatology, 1981.
Philadelphia, Lea & Febiger.

Wiskocil,R., Weiss,A. Imboden,J., Kamin- -Lewis,R.
Stobo,J. Actlvatlon of a human T cell line: A two-

'stlmulus requlrement in the pretranslatlonal events

involved in the coordinate expression of IL 2 and gamma
1nterferon genes., J. Immun.,134:1599-1603,1985.



135.

136.

137.

138.

139.

140.

131

Worton,R.G., Mc Culloch,E.A., Till,J.E. Physical
separation of hemopoietic stem cells from cells forming
colonies in culture. J. Cell. Physiol.,74:171-182,1969.

Youlten,L.J.F., Mc Call,E. Prostaglandﬁn :
production by leucocytes. In: Proc. of the Intl. Symp.
on PGs in Hematology. Philadelphia, U.S.A., 1976.

Yourno,J., Walsh,J., Kornatowski,G., O'Connor,D.,
Kumar,S.A. Nonspecific esterases of leukemia cell

‘lines: Eviderice for activation of myeloid-associated

zymogens in HL-60 by phorbol esters. Blood,63:238-
241,1984.

Yunis,A.A., Arimura,G.K., Russin,D.J. Human
pancreatic carcinoma (MIA Pa Ca- 2) in continuous
culkture: Sensitivity to asparaglnase Int. J.
Cancer,19:128-135,1977. -

Zoumbos,N.C., Djeu,J.¥Y., Young,N.S. Interferon is the
suppressor of hematopoiesis generated by stimulated
lymphocytes in vitro. J. Immun.,133:769-774,1984.

Zurier,R.B., Sayadoff,D.M. Release of

’prostaglandlns from human polymorphonuclear leucocytes

Inflamatlon 1:93- 101 1975.



VITA

NAME: Simeon VASSILIADIS

BIRTHDATE : 01~01-1958

BIRTHPLACE: Athens, G§eece
e

POST-SECONDARY EDUCATIbN:

* 1977-1979, Journalistic studies in the PETRAS Center
for Superior Journalistic Studies, Athens, Greece.
* 1979-1982, Undergraduate studies in Biology at
1) Nathaniel Hawthorne College, Antrim, N.H,,
U.S.A. (1979-1980). .
2) Universite Paris Val-de-Marne, Paris, France
(1980-1982) .

* 1983-1985, MSc in Experimental Pathology
(field of study: Hematology)
University of Alberta, Edmonton, Canada.

‘ ¢
HONORS AND AWARDS: 1979-1980, Scholarship from N.H.C,
U.s.A. _
1979-198,7 N.H.C, Dean's List.

RETATED WORK EXPERIENCE: At 1' hopital Broussais, Paris,
, France, Unite 28 de
1' INSERM, Paris, France with
Dr. N. Papanicolaou (1981~
1982). ‘



