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Abstract

Marrow and peripheral blood cells from nine children with
juvenile chronic granulocytic leukemia (JCGL) demonstrated
intense (94±16% maximum) spontaneous granulocyte/macro-
phage colony growth but cells from five children with the adult
variety of CGLdid not. This unusual pattern of colony growth
depended upon a stimulatory protein(s) produced by mononu-
clear phagocytes. No GM-CSAactivity was found in any
chromatofocused fraction of JCGL monocyte-conditioned
media but an activity that induced GM-CSAin umbilical vein
endothelial cells was detected at pI 6.9-7.2. Moreover, the
CSA-inducing monokine was neutralized by an anti-IL-i anti-
body in vitro and, in the one case so tested, the same antibody
also inhibited "spontaneous" colony growth. Therefore granu-
locyte/macrophage colony growth in JCGL is characteristi-
cally abnormal and distinguishes JCGL from the adult form of
the disease. This abnormality depends upon the production, by
mononuclear phagocytes, of IL-1 which, in turn, stimulates the
release of high levels of colony stimulating activity by other
cells. The high proliferative activity of CFU-GMwe found in
JCGLpatients, and the high levels of GM-CSAfound in their
serum are compatible with the view that the in vitro abnormal-
ity reflects a similar abnormality in vivo.

Introduction

Chronic granulocytic leukemia in children consists of hetero-
geneous clinical subsets. In one variety, paradoxically called
the "adult" type, children exhibit leukocytosis, largely neutro-
philic, hepatosplenomegaly, and generally exhibit the Philadel-
phia (Ph') chromosomal translocation (1, 2). In a second type,
"juvenile" chronic granulocytic leukemia (JCGL),' children
have variable degrees of organomegaly, often exhibit monocy-
tosis and fetal characteristics of erythrocytes, and do not have
cells with the classic Ph' chromosome (1-4). Wehave, over the
past 10 years, carried out a series of in vitro studies using bone
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marrow and blood cells from nine children with JCGL, five
children with adult CGL, and more than 100 normal volun-
teers. Weconsistently found, in studies described here, that
intense, usually maximal, granulocyte/macrophage colony
growth occurred in cells from JCGL patients, cultured in
assays to which no exogenous source of CSAhad been added.
This pattern was not seen in cultures of normal marrow cells,
children with adult CGLor adults with chronic myelomono-
cytic leukemia. Wesubsequently carried out studies designed
to determine whether the intense spontaneous colony growth
seen in these children derived from autonomous clonal prolif-
eration of the CFU-granulocyte/macrophage (GM) or whether
it derived from the provision of growth factors by auxiliary
cells that were not themselves capable of forming granulocyte/
macrophage colonies. Because monocytosis is a characteristic
clinical feature in these children (3) and in view of the evidence
supporting the regulatory role of such cells in hematopoiesis
(5-23), we focused our studies on potential abnormalities of
monocyte/macrophage function in hematopoiesis.

Methods

Peripheral blood and bone marrow was obtained from paid, informed,
and consenting normal adult volunteers. Bone marrow and blood sam-
ples from children were obtained initially as part of the diagnostic
evaluation and subsequently to monitor the clinical course. The pa-
tients were classified as having the juvenile or adult forms of CGL
based on clinical parameters previously published (1, 2).

CFU-GMassay. CFU-GMcolony growth of low density (Ficoll-
Hypaque, Pharmacia Fine Chemicals, Piscataway, NJ) bone marrow
cells and fractions thereof were cultured in the presence and absence of
colony-stimulating activity. Sources of CSA consisted of peripheral
blood mononuclear leukocyte conditioned medium (5, 6) before 1979
and after 1979 of human placental conditioned medium (24, 25). 101
cells were cultured in l-ml vol of 0.9% methylcellulose in alpha me-
dium supplemented with 15% heat inactivated FCS. The methylcellu-
lose was layered on an agar gel (0.5% wt/vol in McCoy's 5A medium)
to which had been added 10% vol/vol of the undiluted human placen-
tal conditioned medium (HPCM) (8-10). Colonies (aggregates of more
than 39 cells) were counted on days 7-9 of culture. Representative
colonies were stained with Wright's/Giemsa and alpha-naphthyl buty-
rate esterase (Sigma Chemical Co., St. Louis, MO) for morphological
analysis.

In some experiments, certain auxiliary cells were removed from the
plated cell suspensions. T lymphocytes were removed as previously
described (7, 10) by exposing low density bone marrow cells to sheep
erythrocytes followed by density centrifugation to remove the rosette-
positive cells. Phagocytic cells were depleted from the low density bone
marrow cell population and peripheral blood mononuclear leukocyte
populations by an iron/magnet technique as previously described (7, 8,
12). Adherent cells were depleted by passing mononuclear leukocytes
and low density bone marrow cells over preincubated nylon fiber col-
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umns (Fenwal, Inc., Ashland, MA). T cell depleted, phagocyte-de-
pleted, and adherent cell-depleted populations were resuspended in the
original predepletion volume to avoid progenitor enrichment (26, 27).
These depleted cell populations were then plated in CFU-GMassays as
above.

CFU-GMsuicide. Low density bone marrow cells from two chil-
dren with JCGL and from two normal volunteers were, in an experi-
ment based on a modification of the technique originally described by
Millard and Okell (28), exposed to 50 ,g/ml cytosine arabinoside (Up-
john Co., Kalamazoo, MI) in complete medium for 15, 30, 45, and 60
min. The cells were washed in medium thrice at 4VC then plated in
CFU-GMassays with 20% leukocyte-conditioned medium in the agar
underlayer.

Endothelial cell cultures. Confluent endothelial cell cultures in
8th-lOth passage were prepared from human umbilical vein endothe-
lial cells as previously described (10, 12, 29). The cells exhibited the
characteristic cobblestone appearance of endothelial cells and 98% of
these cells contained Factor VIII-related antigen as determined by
indirect immunofluorescence. Cell density ranged from 1 to 5 X 101
cells/cm2.

Conditioned media. Monocyte-conditioned medium was prepared
according to methods previously described (8, 10). Peripheral blood
mononuclear phagocytes were prepared from heparinized peripheral
blood on Ficoll-Hypaque. The low density cells were washed in RPMI
1640 twice and were adjusted to a concentration of 5 X 105/ml. One ml
of suspension was pipetted onto FCS-coated dishes (8, 10, 12) and were
incubated at 370C for 1 h. Nonadherent cells were removed and the
adherent cells were cultured for a period of 3 d in RPMI 1640 with 5%
lactoferrin-depleted FCS. The adherent cells were 92±7% mononu-
clear phagocytes by nonspecific esterase staining. Human placental
conditioned medium was prepared as described (24, 25).

T lymphocyte conditioned medium was prepared from 2-d cultures
of T-cells isolated by lysis of the sheep erythrocytes in the rosette
positive fraction (26, 27). T cells were cultured for 48 h in RPMI 1640
with 10% FCS.

MRAand CSAassays. In the past we have defined monokines that
induce CSAproduction by endothelial cells as monocyte-derived re-
cruiting activity (MRA). MRAassays were carried out in three steps
(10, 12); (a) peripheral blood mononuclear phagocytes were cultured
to obtain monocyte-conditioned media (MCM) as above; (b) MCM
was diluted serially and incubated for 3 d with endothelial cells in vitro;
(c) colony-stimulating activity (CSA) titers were measured in the endo-
thelial cell conditioned medium. All MCMsamples were also assayed
for CSAcontent.

CSA assays were carried out as described previously (8, 10, 12).
Low density bone marrow cells from normal volunteers were depleted
of macrophages and T lymphocytes as above. 105 cells were cultured in
I ml/vol of 0.9% methylcellulose and alpha-medium supplemented
with 15% heat-inactivated FCS. The methylcellulose was layered on
agar gel (0.5% wt/vol in McCoy's 5A medium) to which had been
added 10% vol/vol of the samples to be assayed. Each experiment
included a positive CSAcontrol of 10% human placental conditioned
medium or peripheral blood leukocyte conditioned medium prepared
as described above. Colonies were counted as above and representative
colonies were plucked for morphological analysis. The CSA assays
were performed using several dilutions of the endothelial cell condi-
tioned medium. The CSAcontent of the sample was calculated from
the linear portion of the dilution curve and one unit of CSA was
defined as that amount resulting in the formation of one granulocyte
macrophage colony (12, 16). Similarly, MRAcontent was calculated
from the linear portion of the MRAdilution curve. Wehave defined
one unit of MRAas that amount stimulating the formation of one unit
of CSA(12).

The sensitivity of colony forming units was assessed by culturing
T-depleted nonadherent low density marrow cells from five normal
volunteers and seven JCGLpatients in CFU-GMassays with leukocyte
conditioned medium.

CSAwas measured in serum from three patients with drug-induced
agranulocytosis (two procainamide, one diphenylhydantoin, two pa-
tients with JCGL, (the same two whose CFU-GMwere challenged with
cytosine arabinoside), five umbilical cord blood samples and five nor-
mal adults by adding three separate dilutions of sera to agar under-
layers, then overlaying them with nonadherent low density marrow
cells in 0.8% agar for 7 d. Sera were stored at -20'C before bioassay.
CSAis expressed as units per milliliter as described above.

Chromatofocusing. 100 ml of fresh MCMwas concentrated to 8 ml
by dialysis at room temperature in spectrapor 3 dialysis tubing (3,500
D cut-off) against 25% wt/vol polyethylene glycol MW,8000 (Fisher
Scientific, Santa Clara, CA). The concentrated sample was then further
dialyzed for 24 h against 0.025 imidazole buffer (pH 7.4 at 40C). The
concentrated dialyzed sample of MCMwas applied to a poly buffer
exchanger column (Pharmacia Fine Chemicals) and eluted with poly
buffer 74, diluted 1:8 with water and adjusted to pH 4.0. Fractions of 3
ml were collected at 0.5 ml/min for 2-3 h. The pH of each fraction was
measured and the fractions filtered through 0.22 ttm low binding filters
(Millipore Corp., Bedford, MA). The eluted fractions were tested in
MRAassays in CSAassays. The pattern of elution of monocyte-con-
ditioned media were compared to the patterns of elution of MRAand
CSAfrom human placental conditioned medium which contains both
CSAand MRA(25).

IL-I assays. IL-I assays were performed using a cell line (LBRM-
33-1A5) that produces IL-2 in response to IL-l and phytohemaggluti-
nin-M (PHA-M), according to techniques previously described (29).
Briefly, 5 X l0s cells/ml were cultured in medium with or without
PHA(0.1%), or with control samples with and without PHA. Super-
natants from these first cultures were transferred to duplicate micro-
titer plates to which 4 X 104/ml CTLL-2 cells were added. CTLL cells
in microculture wells were incubated for an additional 20 h followed
by a 4-h pulse with 0.5 mCi of [3H]thymidine (sp act 6.7 Ci/mmol;
New England Nuclear, Boston, MA). Lymphocyte activation factor
(LAF) activity was expressed as cpm incorporated into the harvested
cells.

Purified anti-IL-I rabbit immunoglobulin. The anti-IL-l immuno-
globulin used in these studies was prepared from rabbits immunized
with human native IL- l as previously described (13, 30). Because the
0.5% final concentration of the antibody is optimally inhibitory in the
IL-1 assay (13), all subsequent antibody neutralization studies were
performed using this dilution. Samples of MCMfrom three children
with JCGLwere treated with the antibody as above and then utilized in
MRAand CSA assays. Two dilutions of antibody-treated MCM(1:1,
1:9) were analyzed in MRAassays as described above. Control studies
indicated that the antibody alone had no effect on endothelial cell
viability, on CSA released by endothelial cells, or on colony growth
(13, 16).

Results

Because of the variability from lot to lot of the conditioned
media used as sources of CSA in our GMcolony growth
assays, granulocyte colony growth is expressed as the percent-
age of maximum growth. 13 separate lots of conditioned
media were utilized for studies in 14 children. We obtained
two representative normal clonogenic assay results from all
but one of these conditioned media. Thus, the 25 normal vol-
unteers included in Fig. 1 were individuals studied with 13
separate samples of stimulatory conditioned media. Nonspe-
cific esterase positive (monocyte/macrophage) cells consti-
tuted 26-48% of low density bone marrow cells in JCGL pa-
tients, 15-26% in normal volunteers, and 12-32% in CGL
patients. As shown in Fig. 1, "spontaneous" colony growth
(i.e., that which occurred in the absence of exogenous granu-
lopoietic factors) by bone marrow cells of the JCGL group was
substantially higher than spontaneous colony growth in the
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E Figure 1. Spontaneous colony growth
E 100 in chronic granulocytic leukemia of

childhood. Colony growth that oc-
curred in the absence of exogenous
CSAis expressed on the y axis as per-
cent maximum where 100% repre-

o 50 _ sented the maximal colony growth in-
duced by exogenous CSFin each
case. Bars and vertical lines represent
means and standard deviations of the

a o I groups indicated. N, normal volun-
N CGL JCGL teers; CGL, chronic granulocytic leu-

(n=25) n=5) (n =9) kemia of the adult type, JCGL, CGL

of the juvenile type. Maximum number of colonies (mean/105±SD,
range) in each group were: N= 136±73, range 50-315; CGL,
360±164, range 84-560; JCGL, 253±128, range 120-520.

adult CGLand normal volunteer groups (P < 0.001). Addi-
tional clonogenic assays were performed using fractionated
bone marrow cells in seven children with JCGL to determine
whether the spontaneous growth pattern was reflective of an
activity of auxiliary cells or of an intrinsic clonogenic capacity
of the colony-forming cells in these children. In two cases only
adherent cells were depleted, a manuever that reduced sponta-
neous colony growth by 85 and 97%, respectively (not shown).
In one case only T lymphocytes were removed and spontane-
ous colony growth declined by only 8%(not shown). In four of
these seven, both T lymphocytes and adherent or phagocytic
cells were depleted. In two of these four patients (Fig. 2 A) only
the removal of adherent cells was associated with a substantial
reduction in spontaneous colony growth. No significant re-
duction in the total number of CFU-GMoccurred as a result
of any depletion step. In two patients the removal of T lym-
phocytes, adherent cells, and phagocytes or combinations of
those reduced spontaneous colony growth substantially (Fig. 2
B). The differences between these two groups of two patients
cannot be explained at this time but may reflect variations in
the degree of T cell depletion. In our hands, E rosette-depleted

[ No HPCM

ID TD AdD AdDTD ID TD AdD PD TDPD

Figure 2. CFU-GMcolony growth of fractionated bone marrow cells
from four patients with JCGL. Bars and vertical lines represents
means-SD. Low density cells were plated at 2 X 105/ml. (A) Colony
growth using bone marrow target cells from two patients with JCGL
and one single source of GSA(human placental conditioned me-
dium). Low density bone marrow cells (LD) (2 X 105/plate) and low
density cells from which T lymphocytes had been depleted (TD)
both had high levels of spontaneous colony growth. The removal of
adherent cells (AdD) or adherent cells and T cells (AdDTD) abro-
gated substantially spontaneous colony growth in these two patients.
(B) As shown above, low density cells cultured in the absence of GSA
(open bars) had substantial spontaneous colony growth but in these
two patients removal of T lymphocytes, adherent cells, phagocytes
(PD) and both T lymphocytes and phagocytes (TD-PD) all substan-
tially abrogated spontaneous colony growth.

cells contain from 1-1I1% T lymphocytes. Wedid not, how-
ever, measure residual T cell content in these four patients. In
the remaining three patients only adherent (two cases) or
phagocytic cells (one case) were depleted and in each case
spontaneous colony growth declined by more than 70%.

To determine whether the observed abnormality of sponta-
neous colony growth reflected hypersensitivity of CFU-GMto
growth factors produced by auxiliary cells we compared, in
seven patients and five normal volunteers, dose (CSA) re-
sponse (colony growth) curves. As shown in Fig. 3, no differ-
ences were found when normal and leukemic CFU-GMwere
stimulated by mononuclear leukocyte conditioned medium.

Conditioned media from cultures of either T lymphocytes
or mononuclear phagocytes were obtained from the two pa-
tients represented in Fig. 2 B to determine which of the cell
populations produced hematopoietic growth factors. So that
we could distinguish between the production of direct acting
growth factors (CSA) and factors produced by these cells that
augmented the production of CSAby other cells (MRA), we
added these conditioned media not only to low density bone
marrow cells but to low density bone marrow cells that had
been depleted of T lymphocytes, phagocytes, and adherent
cells. As shown in Fig. 4, three day cultures of T lymphocytes
failed to produce any colony stimulating activity, whereas cul-
tures of mononuclear phagocytes induced colony growth but
more substantially when added to low density bone marrow
cells than with assayed against auxiliary depleted bone marrow
cells. These observations were compatible with the point of
view that even in the cultures of the two children in whomT
lymphocyte depletion suppressed colony growth, the mononu-
clear phagocytes were the auxiliary cells of primary impor-
tance. Because the soluble activity in monocyte-conditioned
medium was trypsin sensitive (data not shown) we carried out
studies designed to biophysically characterize the factor in
monocyte conditioned medium which resulted in an enhance-
ment of colony growth in vitro.

Complex media containing both MRA(IL-1) and CSA
pose problems for interpretation of bioassays. These activities
can be separated biophysically in certain conditioned media by
using chromatofocusing (13, 25). Accordingly, we chose to
analyze monocyte-conditioned medium using chromatofo-
cusing techniques. As shown in Fig. 5 A, concentrated condi-
tioned media from cultures of monocytes derived from a child
with JCGLcontained MRA,which eluted at a pH of 6.4 to 7.0,
but contained no colony stimulating activity. Humanplacen-
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Figure 3. CSAresponsiveness in nonad-
herent marrow cells from seven patients
with JCGLand in five normal volun-
teers. Because of variable plating efficien-
cies, colony growth is expressed as %
maximum. Bars and vertical lines repre-
sent mean values±SD. Curve B repre-
sents the results of cultures of normal
cells (n = 5), curve A of JCGL cells (n
= 7). In each experiment, 1-2 X 101 cells
were cultured in semisolid agar or meth-
ylcellulose layered upon an agar under-
layer containing various concentrations
of leukocyte conditioned medium. The
shaded area represents the range of nor-
mal values.
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Figure 4. The granulopoietic activity of leukocyte conditioned me-
dium from children with JCGL is a non-CSA monokine. Bars and
vertical lines represent means±SD of granulocyte colonies induced
by culturing normal bone marrow cells with 10% conditioned me-
dium in double layer agar cultures. The cellular source of the condi-
tioned medium is designated by both low density bone marrow cells
and low density bone marrow cells from which T lymphocytes,
phagocytes, and adherent cells had been depleted (AuxDM) were uti-
lized. Supernatant media were derived from cultures of peripheral
blood cells from two patients with juvenile chronic granulocytic leu-
kemia (J) and five normal volunteers (N). T lymphocyte conditioned
media (JT and NT) tailed to induce colony formation (the T lym-
phocytes were not stimulated by mitogens or growth factors). Super-
natants of monocyte cultures (JM and NM) induced substantial col-
ony formation but only in cultures of LDBCM, not in auxiliary cell
depleted marrow. Humanplacental conditioned medium (HP) in-
duced colony growth with both types of bone marrow cells. Controls
labeled "sham" represented 3-d cultures of medium alone that were
then added to bone marrow cells as above.

tal-conditioned medium (HPCM) chromatofocused as a posi-
tive control (25), gave not only pI 7 MRAfractions but pl 5
MRAand a CSApeak at pI 5 (Fig. 5 B).

Recently we have shown that the MRAat pI 7.0 is IL-l
beta (13). Accordingly, we prepared monocyte-conditioned
media from three children with JCGLand treated these media
in neutralization experiments with the IL-l antibody (13).
Again none of these three samples of MCMcontained GM-
CSA. However, each contained an activity which stimulated
the release, by endothelial cells of CSA. As shown in Fig. 6,
treatment of two dilutions of these monocyte conditioned
media with the neutralizing antibody completely abrogated
the activity of these samples. Antibody added to HPCMtested
against auxiliary depleted cells did not substantially reduce the
CSAactivity of HPCM(not shown). Accordingly, as we have
described in the past (13), the inhibitory effect of the antibody
was specifically on the monocyte-derived CSA-recruiting ac-
tivity. In one case the anti-IL- 1 immunoglobulin was added to
CFU-GMassays of JCGL marrow. The immunoglobulin
markedly inhibited spontaneous colony growth (Table I), but
failed to inhibit HPCM-induced colony growth.

If high activity IL- 1-dependent CSA production seen in
vitro reflects an in vivo abnormality, one would expect to find
high levels of CSAeither in serum or bone marrow samples,
and to also observe that freshly obtained CFU-GMfrom JCGL
patients, having been chronically exposed to such high levels
of CSA, might be more actively proliferative than normal
CFU-GM. Results from serum CSAbioassays (Table II) and
CFU-GMsuicide studies (Fig. 7) on samples from two patients
with JCGL and two normal volunteers that did, indeed, show
high serum CSAand high level CFU-GMproliferative activity
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Figure 5. Chromatofocusing of conditioned medium. (A) 12-fold
concentrated MCMfrom one patient with JCGLwas dialyzed
against 0.025 imidazole buffer (pH 7.4, 4°G) and was applied to a
poly-buffer exchanger column. Fractions of 3 ml each were collected
and analyzed for both MRA(triangles) and CSA(circles) content. In
this representative experiment the upper curve marks the pH of the
eluted fraction. Minimal CSAwas detected between 7.5 and 5.0.
IL- I beta eluted in the major peak around pH 7.0. (B) The chroma-
tofocusing profile of human placental conditioned medium; both
MRAand CSAwere present. The MRAeluting at pI 7 is IL- I beta,
the pI 5 material is IL-l alpha (13, 38).

A B Figure 6. Neutralization400 _ l 2000 _ l of MRAwith anti-IL- I

antibody. Using the op-
E 300 1500 timal dose (0.5% dilu-

tion) of antibody, we

200 1000 _ exposed monocyte-con-
(I) g ditioned medium from

100 _ |500 _ | three patients with
JCGL leukemia to the

00_. o IL-1 antibody for 18 h
MCM MCM MCM MCM at 40C. The treated

+ + monocyte conditionedAb Ab
media was then assayed

for MRAand CSAcontent (U/ml) in a 2% (A) and 10% (B) final di-
lution of MCM.The MRAcontent of MCMfrom these patients de-
clined markedly after treatment with the IL- I antibody. In control
studies the antibody did not inhibit colony growth of normal bone
marrow cells stimulated with HPCM. Treatment of endothelial cells
with the antibody neither enhanced CSAproduction nor decreased
endothelial cell viability in 34 cultures.
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Table I. Juvenile Chronic Granulocytic Leukemia: The Effect
of Anti-IL-I Immunoglobulin on Spontaneous and Induced
CFU-GMGrowth

Anti-IL-1 Colonies/ IO0 low density
HPCM immunoglobulin marrow cells (±SD)

0 0 154±8
0 + 64±14

10% 0 18416
10% + 192±14

1/200 dilution of rabbit anti-IL- I immunoglobulin added to marrow
cells in methylcellulose.

(relative not only to our controls, but to the control studies of
others who have utilized cytosine arabinoside in this way [28,
31]) support this view.

Discussion

When normal unfractionated low density bone marrow cells
are used in colony growth assays, spontaneous granulocyte/
macrophage colony growth is commodly observed because
low levels of GM-CSAare produced by normal auxiliary mar-
row cells (7). The intensity of colony growth (Fig. 1) seen in
cultured marrow cells from children with JCGL is unique and,
in our series, serves to distinguish it from the patterns of GM-
colony growth not only of normal marrow, but of marrow cells
from children with adult-type (Philadelphia chromosome pos-
itive) CGLas well. This pattern of growth could, theoretically
arise as a consequence of an intrinsic proliferative autonomy
of the progenitors themselves, in which no growth factors
would be required at all, or might result from the release of
growth factors by auxiliary cells. Because spontaneous colony
growth decreased almost completely after depletion df auxil-
iary cell populations in all of the seven children so tested (Fig.
2) the release of CSAby auxiliary cells obviously accounted for
the phenomenon.

oo0 'Figure 7. Survival of
\\ CFU-GMafter expo-

d \ hi- A sure to 50 Ag/ml cyto-
sine arabinoside for
from 15 to60 min. Low

o50 \ -'- - _ density bone marrow
cells from two patients
with JCGL (B) and two
normal volunteers were

at -i exposed to cytosine ara-

binoside, were washedO15 30 45 W after various timed du-
MINUTES EXPOSUIRETOARA-C rations of exposure and

were plated in CFU-GMassays over underlayers containing 10% pe-
ripheral blood leukocyte conditioned medium. Bar and vertical lines
represent mean percent survival±SD where at each time point, 100%
represents granulocyte macrophage colony growth of cells cultured
for the same periods of time in the absence of cytosine arabinoside.
The survival of JCGL progenitors after cytosine arabinoside was sig-
nificantly less than survival of normal CFU-GM(P < 0.005, analysis
of variance).

Table H. [GM-CSA] (U/ml±SD) in Serum Samples

Source n [GM-CSA]

Neutropenia 3 2,260±420
Umbilical cord 5 400±160
JCGL 2 920±400
Normal adult 5

12±0
P<0.05*

* Analysis of variance.

The observed spontaneous colony growth might derive
from; (a) the production of abnormal amounts of CSA by
auxiliary cells, (b) the production of mutant or unusual CSA
molecules with high specific activity, (c) the absence in the
cultures (and perhaps in the patients of a feedback mechanism
regulating CSAproduction or (d) an increase in the sensitivity
of CFU-GMto otherwise normal CSA. CSA dose-response
curves were defined using cells from seven children (Fig. 3)
using serial dilutions of leukocyte conditioned medium, and
although the results must be repeated using recombinant
growth factors, we found no evidence for an increase in pro-
genitor sensitivity.

We sought next to quantitate CSA produced by mono-
cyte/macrophages and were frustrated by our inability to de-
tect much CSAat all in the monocyte supernatants from either
normal donors or children with JCGL when the assays were
performed, as CSA assays must be, using auxiliary cell-de-
pleted marrow. At this time, based on related studies in our
laboratory, we had begun to revise our notion of the mecha-
nism by which monocytes and macrophages stimulate colony
growth in vitro (7, 8, 10, 1 1).

The role of mononuclear phagocytes as regulators or he-
matopoiesis has long been recognized. Initially, unstimulated
monocytes themselves were thought to provide a factor CSA,
which stimulated the clonal proliferation of granulocyte mac-
rophage colony-forming units, CFU-GMs(5, 6). While mono-
cytes themselves can be induced to release CSA(22, 23), recent
studies from a number of laboratories, including our own,
have demonstrated that monocytes also provoke accessory
cells to release hematopoietic growth factors, including granu-
locyte colony stimulating factor (G-CSF) and granulocyte
macrophage colony stimulating factor (GM-CSF), by releasing
IL-l and tumor necrosis factor alpha (12-14, 17, 18, 20, 21).
Therefore, while the pattern of spontaneous colony growth, by
definition, depended upon the production of CSAby auxiliary
cells in the JCGL bone marrow samples, we did not know
whether the production of CSA was autonomous or was in-
duced by a monokine. Therefore, we tested the hypothesis that
the role of monocytes in the aberrant pattern of spontaneous
colony growth depended on their release of IL- 1 that induced
CSFgene expression by other hematopoietic cells.

That supernatants of monocytes very actively stimulated
colony growth only when auxiliary cells were present in the
cultured target bone marrow, was compatible with this hy-
pothesis. While all seven patients tested exhibited adherent
cell-dependent and T lymphocyte-dependent spontaneous col-
ony growth, cells from two of the patients exhibited both ad-
herent cell dependent and T lymphocyte dependent spontane-
ous colony growth (Fig. 2 B) compatible with the view that
monocytes and T cells interacted to produce large amounts of
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colony stimulating activity (7). This idea was also supported by
chromatofocusing studies (Fig. 5) which indicated that the
monocyte conditioned media from JCGL patients did not
contain CSAbut did contain IL- I activity. Antibody neutral-
ization studies demonstrated the presence of IL- I beta (Fig. 6).
In one case, the inhibitory effect of the anti-IL-l antibody on
spontaneous colony growth (Table I) was most compatible
with the view that CSA production by unfractionated bone
marrow cells was "driven" by native IL- 1 beta.

Although recent studies have supported the notion that
certain neoplastic cells produce and respond to their own
growth factors (32), in vitro evidence for such an "autocrine"
mechanism in the myeloid leukemias has been lacking. It is
generally acknowledged that leukemic cells from patients with
either acute or chronic myeloid leukemias, with few excep-
tions (33), do not generally exhibit clonal growth in the ab-
sence of exogenous CSA (34, 35). In contrast, spontaneous
granulocyte/macrophage colony growth in juvenile chronic
granulocytic leukemia seems to be the rule (36). Wehave
learned that this pattern of colony growth is explained neither
by progenitor autonomy nor autonomous CSA production.
The mononuclear phagocyte, through its release of IL- 1, indi-
rectly induces granulocyte/macrophage colony growth by a
paracrine mechanism effecting the release of CSA from by-
stander auxiliary cells. Because this same intercellular network
phenomenon, or something closely resembling it, occurs, al-
beit with less intensity, in normal marrow cell cultures (7, 8,
13) (Fig. 4), we do not yet know the exact mechanism by which
progenitor growth occurs in marrow cells from these children.

Clearly, prominent monocytosis is a characteristic of
JCGL (3). In fact, the minimal increase in the mean fraction of
monocytes plated in the JCGLgroup may have contributed to
the abnormality. In view of recent reports that monocytes
themselves are capable of releasing GM-CSAin response to
IL- 1 (23), theoretically, the abnormality so characteristic of in
vitro clonal growth of granulocyte progenitors from patients
with JCGL might be explained in a number of ways. Inappro-
priate production of high levels of IL- 1, the high-level sensitiv-
ity to IL- 1 of CSA producing cells, absence of factors that
repress IL- 1 gene expression, or qualitative abnormalities of
the IL- 1 molecule leading to high specific activity, each might
serve to explain our observations. Nor can we yet rule out the
possibility that CSFs with uniquely high specific activity are
induced by IL- 1 in this disease. While we and others have
ascertained that IL- I induces expression of G- and GM-CSFin
normal stromal cells (14, 20), the nature of CSA induced in
JCGL patients is unknown. The distribution of monocyte
(25-40%) and neutrophil colonies (60-75%) in each patients is
compatible with the notion that the JCGL monocytes stimu-
lated the release of GM-CSF(36, 37). Nevertheless we cannot
rule out the possibilities that both G-CSF and M-CSFare pro-
duced or that multiple CSFs are released (16, 17, 35, 38-40).

Our studies to date have been strictly in vitro observations
but two observations on freshly obtained marrow and serum
suggest that the production of high levels of growth factors
existed in vivo. First, as shown in Fig. 7, the proliferative activ-
ity of CFU-GMfrom JCGL patients was abnormally high.
This implies that the CFU-GMeither proliferate autono-
mously (incompatible with colony growth results in Fig. 2) or
are 'driven" (in vivo) to proliferate by CSFs. Compatible with
the latter view are observations on serum CSA levels that were
abnormally high in JCGL patients (Table II). Until reliable

assays are developed for the detection of IL- 1 in human body
fluids and serum samples from such patients, studies which
must necessarily take into account technical difficulties im-
posed by the presence of inhibitors of IL- 1 (41), the relevance
of even these observations to the pathophysiology of this dis-
ease will be uncertain. Nonetheless, that intense spontaneous
colony growth was found to be universal in the children with
juvenile chronic granulocytic leukemia, that it derived from
the production of IL-1 by mononuclear phagocytes, that no
marrow cell, including monocytes, independently produced
detectable CSA, that the CFU-GMin these patients do not
form colonies autonomously but are highly proliferative when
freshly obtained, and that serum CSA titers are abnormally
high, at least using bioassays, suggest that such studies are
warranted. Wepropose that IL-1 dependent production of
high activity or uniquely synergistic granulopoietic colony
stimulating factors may represent an important mechanism by
which granulopoietic hyperplasia develops in children with
juvenile chronic granulocytic leukemia.
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