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Binding Properties and Proliferative Effects of Human Recombinant Granulocy te-
Macrophage Colony-stimulating Factor in Primary Leukemia and Lymphoma
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Binding of radiolabeled human granulocyte-macrophage colony-stimulating factor (GM-CSF) was
studied with blast cells from eight patients with acute myeloblastic lenkemia (AML), and neoplastic
Iymphoid cells from one patient with acute lymphoblastic lenkemia (ALL), two patients with chronic
lymphocytic leukemia (CLL) and one patient with undiagnosed B cell neoplasia, In all AML cases
studied, Scatchard graphs of the direct binding data were curvilinear, and were best fitted by curves
derived from a two-binding-site model; one site with high affinity (Kd,=12-71 pM; 174602 sites/cell)
and the other with low affinity (Kd,=0.5-2.7 nM; 1137-6020 sites/cell). A cross-linking study on
blast cells from one AML patient demonstrated specific bands which were similar to those reported for
peripheral blood neutrophils. Furthermore, blast colony assays for the same preparations showed
remarkable proliferative response to GM-CSF in the concentration range from 0.3 nM to 7.0 nM
(EDs, > 0.7 nM). This concentration range is approximately one order of magnitude higher than that
which is effective for colony formation from normal bone marrow progenitors (EDy*=0.1 nM). No
significant correlation could be observed between the responsiveness of blast progenitors to GM-CSF,
and the numbers or affinities of GM-CSF hinding sites demonstrated on blast cells. In stndies with
neoplastic lympheoid cells from four patients, "*I-GM-CSF also specifically bound in two cases, while
response to GM-CSF was not observed in these cases. These results indicate that the expression of
GM-CSF receptor is not restricted to the GM-CSF-responsive AML blast cells, but can be observed
in other AML blast cells and even in neoplastic lymphoid cells.
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Among a wide range of biological activities of human

granulocyte-macrophage colony-stimulating factor (GM-

CSF*)," proliferative effects on blast cells from patients
with acute myeloblastic leukemia (AML) have been re-
ported by several authors.>® Receptors for this factor
were also demonstrated on normal and leukemic hemato-
poietic cells using '*I-labeled recombinant GM-CSF.*"
Recent papers described a single class of high-affinity
binding site for peripheral blood neutrophils, various
human myeloid cell lines* > and blast cells from patients
with AML.? In contrast, we have obtained data suggest-
ing the existence of two classes of GM-CSF binding site
on two GM-CSF-responsive cell lines and peripheral
blood monocytes, and demonsirated three separate bands
labeled by **I-GM-CSF in a cross-linking study.” In the
present study, we examined the binding of bacterially

* To whom correspondence should be addressed.

* The abbreviations used in this paper are: GM-CSF, granulo-
cyte-macrophage colony-stimulating factor; BSA, bovine serum
albumin; DSS, disuccinimidyl suberate; FCS, fetal calf serum;
Hepes, 4-(2-hydroxyethyl)- I - piperazineethanesulfonic acid;
PBS, phosphate-buffered saline; rh, recombinant human; AML,
acute myeloblastic leukemia; ALL, acute lymphoblastic leuke-
mia; CLL, chronic lymphocytic leukemia.

synthesized '*I-labeled human GM-CSF to blast cells
from patients with AML, and the blast colony assay was
carried out using the same cell preparations. Next, we
studied '*I-GM-CSF binding and response to GM-CSF
for neoplastic cells from patients with lymphoid malig-
nancies, since recent reports have disclosed that a murine
T-cell line was stimulated by murine GM-CSF,%%
"*I-labeled murine GM-CSF specifically bound to some
T-cell lines'® and even human nonhematopoietic cells re-
sponded to human GM-CSF.'"'?

MATERIALS AND METHODS

Cell preparation Heparinized peripheral blood was col-
lected from eight patients with AML at diagnosis or
relapse, and from patients with acute lymphoblastic leu-
kemtia (ALL) and chronic lymphocytic leukemia (CLL),
after obtaining informed consent. Heparinized pleural
fluid was collected from one patient with undiagnosed B
cell neoplasia, again after obtaining informed consent.
Hematological data of these patients are shown in
Table I. Diagnosis was made according to the French-
American-British (FAB) classification' for acute leuke-
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mia. CLL was diagnosed on the basis of morphology and
surface marker analysis. A patient presented as case 12 in
Table I was disclosed to have a significant amount of
pleural fluid containing numerous monotonous, large,
round cells. The results of surface marker and Southern
blot analyses of these cells revealed monoclonal prolif-
eration of B cells. Neither lymph-node enlargement nor
abnormal mass was detected in spite of extensive exami-
nation. Mononuclear cells were separated from periph-
eral blood or pleural fluid of these patients by centrifuga-
tion through a Ficoll-Hypaque density gradient (1.077
g/ml). Depletion of T lymphocytes by rosette formation
with sheep erythrocytes was performed for AML cases,
and depletion of adherent cells with a macrophage-
separating plate (MSP; Jimro, Japan)'* was performed
for cases with lymphoid malignancies. Wright-Giemsa
staining disclosed that each of these preparations con-
tained more than 95% morphologically homogeneous
cells. These cells were used immediately for both binding
and colony assay, or stored in liquid nitrogen in a-
minimal essential medium (¢-MEM, GIBCO, Grand
Island, NY) with 50% fetal calf serum (FCS, GIBCO)
and 109% dimethylsulfoxide until use.

Heparinized peripheral bloed was obtained from
normal volunteers. Adherent cells and phagocytic cells
were sequentially removed as described previously.™ '
Further depletion of T lymphocytes was performed by
rosette formation with sheep erythrocytes. T lymphe-
cytes were obtained as the nonadherent population after
passage of mononuclear cells through a nylon-wool
column (Fenwal Laboratories, CA) as described pre-
viously.'?

Recombinant human GM-CSF (thGM-CSF) Bacterially
synthesized human GM-CSF” (10° U/mg protein by
bone marrow colony assay, purity >99%) was kindly
provided by Sumitomo Pharmaceutical Co., Ltd., Osaka.
Todination of thGM-CSF Radiolabeling by the method
of Bolton and Hunter'® with minor modification was
performed as described elsewhere.” Briefly, 1 mCi of
Bolton-Hunter reagent was evaporated with a gentle
stream of N, and incubated with 5 g of GM-CSF in 10
«1 of phosphate buffer (pH 8.0) for 12-16 h at 4°C. The
reaction mixture was applied to a Sephadex G-253 column
(Pharmacia, Uppsala, Sweden) equilibrated with phos-
phate-buffered saline without magnesium and calcium
(PBS(—), Flow Laboratories) containing 0.1% gelatine
and 0.02% sodium azide, cluted with the same buffer and
stored in the presence of 0.19% bovine serum albumin
(BSA, Sigma Chemical Co., St. Louis, MO) at 4°C, This
preparation showed specific radioactivity of 4-6x10°
cpm/ng, and its binding capacity was stable for at least 6
weeks. The specific radioactivities were determined by
self-displacement analysis, corrected for maximal bind-
ing capacity.”'® Biological activities were fully retained
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in the growth stimulation assay of GM-CSF-dependent
human cell line TF-1."%”

Binding of "“I-GM-CSF to leukemic cells T lymphocyte-
depleted myeloid leukemic cells, adherent cell-depleted
neoplastic lymphoid cells and normal peripheral blood
lymphocytes were washed twice with binding buffer
(RPMI 1640 medium (GIBCO) supplemented with
0.19% BSA, 25 mM 4-(2-hydroxyethyl)-1-piperazine-
ethanesulfonic acid (Hepes, Sigma; pH 7.4), 0.01%
bacitracin {Wako Pure Chemicals, Osaka), and 0.02%
NaN; at 4°C. Cells (2.5 10° in 200 1 of binding buffer)
containing various concentrations of '*I-GM-CSF with
or without a 50-fold excess of unlabeled GM-CSF were
incubated for 90 min at 15°C with frequent gentle agita-
tion. The separation of bound from free radioactivities
was performed by centrifugation on a phthalate oil.”
Specific binding was defined as the difference between the
amount of radioactivity bound in the absence and pres-
ence of unlabeled GM-CSF. For Scatchard analysis,*”
the parameters were calculated by computer using the
least-squares fitting program, “SALS.”*

Cross-linking study Affinity labeling of the GM-CSF
receptor was performed using a homobifunctionat chem-
ical cross-linking reagent, disuccinimidyl suberate (DSS,
Pierce Chemical Co., Rockford, IL), as previously
described.” Briefly, 5 10° cells were incubated with '*I-
GM-CSF (5 nM) in the presence or absence of 100-fold
excess of unlabeled GM-CSF. The washed cell pellets
were resuspended in ice-cold 500 ul of PBS(—) followed
by addition of DSS at a final concentration of 0.2 mM
and incubation on ice for 15 min. The cell extract was
analyzed by SDS-PAGE according to Laemmli.””

Blast colony assay The effects of thGM-CSF on blast
colony formation were tested as described by Hoang
et al.? with minor modifications. Briefly, cells were in-
cubated in 24 multi-well dishes (Falcon, NJ) in 0.5 ml of
a-MEM supplemented with 0.8% methylcellulose (Dow
Chemicals, Midland, MI) and 20% FCS, with various
concentrations of GM-CSF. After 7 days’ incubation at
37°C in a humidified atmosphere of 5% CO; in air,
colonies of more than 20 cells were scored under an
inverted microscope. Four wells were used for each
assay, and the mean*+SD was determined.

RESULTS

Scatchard analysis of ™I-GM-CSF binding to AML
blast cells As shown in Table I, '“I-GM-CSF specifically
bound to blast cells in all AML cases studied. Figure 1
shows saturation binding studies followed by Scatchard
analysis for blast cells of four representative AML pa-
tients out of eight, in which the concentrations of in-
cubated ‘*’I-GM-CSF were varied from 15 pM to 5 nM.
Scatchard graphs were curvilinear, and were best fitted



by curves derived from a two-binding-site model. Bind-
ing parameters of the hypothetical two sites on the AML
blast cells’ surfaces were Kd,=12-71 pM, 174602 sites/
cell and Kd,=0.5-2.7 nM, 1137-6020 sites/cell. Essen-
tially the same results were obtained in the remaining
four AML cases.

Cross-linking study for AML blast cells We performed
a cross-linking study for blast cells from an AML patient
(M4) (not included in Table I) to estimate the molecular
masses of the GM-CSF receptors. The percentage of
blast cells was greater than 95% based on wright-Giemsa
staining and surface marker analysis, and the blast
colony assay with these cells demonstrated weak stimula-
tion by GM-CSF. As shown in Fig. 2, specific bands were
detected under reducing conditions, and disappeared on
incubation with a 100-fold excess of unlabeled GM-CSF.
Although each band was poorly separated from the
others, the molecular masses of these bands were similar
to those detected for myeloid leukemic cell lines and
peripheral blood neutrophils (150, 115 and 95 kDa) as
described elsewhere.”

Blast colony assay for AML blast cells Figure 3 shows
the effects of rhGM-CSF on blast colony formation
assayed in methylcellulose culture. In AML, blast col-
onies were formed in the cases of patients 1, 2, 4 and 5 in
the absence of GM-CSF. GM-CSF stimulated the growth
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of blast progenitors from all but two patients in a dose-
dependent fashion. The response to GM-CSF was heter-
ogeneous among the patients. In patients 1, 3 and 6,
GM-CSF stimulated the blast colony formation from
zero or a very small number of colonies to 300-500
colonies at maximum. In patients 4 and 5, the number of
colonies/10° cells was increased from 500 to 800. A weak
stimulatory effect of GM-CSF was observed in patient 7,
and no stimulatory effect was detected in patients 2 and
8. In all GM-CSF-responsive cases, the number of col-
onies increased dose-dependently over 0.7 nM GM-CSF,
up to 7 nM. Morphology of the colony-forming cells
evaluated by Wright-Gimmsa staining was the same as
that of primary blast cells. These results are summarized
in Table I. No correlation was apparent between the
numbers of GM-CSF binding sites and the response to
GM-CSF of blast progenitors.

"I-GM-CSF binding to Iymphoid cells Binding of
"I-GM-CSF was also studied for neoplastic cells from
patients with lymphoid malignancies. Interestingly, cells
from two out of four patients showed specific binding to
'®I-GM-CSF. Scatchard curves for these cells were also
biphasically curvilinear (Fig. 4), and were best fitted by
curves derived from a two-site model, suggesting that
two classes of GM-CSF binding site could be expressed
on certain neoplastic cells of lymphoid lineage. To study

Table I. Patients’ Characteristics and Binding Parameters of '*I-GM-CSF to Blast Cells and Neoplastic

Lymphoid Cells from These Patients

WBC Blasts High affinity Low affinity Resnonse in
Patient ~ Diagnosis  (x10~ in WBC  Kd Receptor Kd Receptor | oiy aosay
/mm*) (%) (oM number (nM) number
1 M1 16.5 %0 51 250 0.7 1137 ++
2 M1 1.2 95 43 180 0.9 1565 -
3 M1 40.0 90 17 240 2.7 3973 ++
4 M2 80.0 78 71 602 1.5 3621 ++
5 M3 94.0 95 14 190 2.2 3901 ++
6 M4 33.6 90 13 174 0.5 1324 ++
7 MS5b 52.3 62 50 602 1.1 6020 +
8 RAEB-T 13.3 94 12 277 0.6 3010 -
4
AML
9 ALL? 238.0 95 11 40 1.7 722 -
10 CLL? 69.7 939 29 60 1.6 482 -
11 CLL? 23.0 909 o
d _
12 BT 10,07 999 } No specific binding

a) Surface markers observed were as follows; patient 9, HLA-DR 90%, CALLA 86%; patient 10, B,
949, IgD 77%; patient 11, B4 829, B1 949, [gM 85%; patient 12, B4 98%, IgM 93%. Patient 12 had
an undiagnosed B cell-origin tumor. See “Materials and Methods” for details.

b} Cells harvested from pleural fluid.
¢} Lymphoid cells instead of blasts.
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whether normal lymphocytes have receptors for GM-
CSF, we also tested '*’I-GM-CSF binding to various frac-
tions from peripheral blood mononuclear cells in normal
subjects (Fig. 5). The specific binding of '“I-GM-CSF
was decreased in proportion to the degree of monocyte
deprivation from peripheral blood mononuclear cells.
The fraction No. 4 in Fig. 5 was expected to contain
mainly B lymphocytes, and the amount of specific
binding to this fraction could be due to contaminating
monocytes. We further examined GM-CSF binding to T
lymphocytes fractionated on a nylon-wool column. This
fraction, which contained few contaminating monocytes,
showed no specific binding (data not shown). These
experiments suggested that normal B or T lymphocytes
have very few or no receptors for GM-CSF.

Blast colony assays for neoplastic lymphoid cells The
effects of GM-CSF on blast colony formation were tested
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for the neoplastic cells from lymphoid malignancies. The
results, as summarized in Table I, were rather different
from those in AML cases; quite a large number of
colonies was observed in one case (case 12) without
addition of GM-CSF, but GM-CSF did not affect the
colony formation in this case. In the other three cases,
no colonies were formed in the presence or absence of
GM-CSF. Again, it was found that the cells with GM-
CSF-binding sites did not respond to GM- CSF stimula-
tion under the conditions we used.

DISCUSSION

We have recently obtained data suggesting the exist-
ence of two classes of binding site for GM-CSF in
monocytes and GM-CSF-responsive cell lines, and we
proposed the multi-chain model for human GM-CSF
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Scatchard analysis of '*I-GM-CSF binding to AML blasts. Cells (1< 10%/200 ¢! binding buffer) were incubated with

various concentrations of '"I.GM-CSF in the presence or absence of an excess of unlabeled GM-CSF. The figure shows
representative Scatchard plots of binding data for four out of eight patients; Case 1 (A), Case 5 (B), Case 6 (C) and Case

& (D). Binding parameters are summarized in Table L.
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receptor.”” However, it seems reasonable that the recep-
tors with lower affinity (dissociation constant of approx-
imately 1-2 nM) do not mediate any functions, since all
the biological actions exerted through GM-CSF receptor
were produced at concentrations in the range of 1-100
pM in the previous reports.” Recently, some investiga-
tors showed that recombinant GM-CSF was an active
growth factor for primary AML blast cells.*® They
reported, in addition, that the growth response of AML
blasts to GM-CSF was quite heterogeneous among the
patients, We have observed that recombinant GM-CSF
stimulated the colony formation by AML blasts at much
higher concentrations in some patients than those
required for maximal colony formation from normal
progenitor cells (unpublished data). Kelleher et al also
obtained an exponential curve of colony-formation by
AML blasts at one order of magnitude higher concentra-

Fig. 2.  Cross-linking of "“I-GM-CSF to AML blasts. Cells
(5% 10%/500 1 binding buffer) were incubated with '*I-GM-
CSF (approximately 3 nM) in the presence (b) or the absence
(a) of a 100-fold excess of unlabeled GM-CSF, Specific bands,
which disappeared on incubation with an excess of unlabeled
GM-CSF, were detected.

GM-CSF Receptor on AML Blasts

tions than those for normal bone marrow mononuclear
cells.?

These resuits prompted us to study the GM-CSF re-
ceptor on AMI. blasts in order to determine whether the
receptors expressed on primary AML blasts are identical
to those on normal cells, and whether correlations are
apparent between the response of AML blasts to GM-
CSF and the number and affinity of receptors for GM-
CSF. Kelleher et al.” reported a single class of GM-CSF
binding sites for AML blast cells, but they did not refer
to the correlation between the response, and affinities or
numbers of GM-CSF receptors.

Scatchard plots of 'I-GM-CSF binding to all the
AML blast cells were curvilinear, indicating that the
binding interactions were complex. Interactions between
identical binding sites (insulin receptor)® or different
binding affinities with different subunits of the receptor
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Fig. 3. Clonal profiferation of blast cells. Colony formation
from 1> 10° leukemic blast cells in the presence of various
concentrations of GM-CSF is shown. 8ix out of -eight AML
patients responded to GM-CSF. In all GM-CSF-responsive
cases, the number of colonies increased dependently on
GM-CSF dose up to 7 nM. Neoplastic cells from patients with
lymphoid malignancies did not respond to GM-CSF. Patient
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(interleukin 2 receptor)’ resulted in curvilinear Scat-
chard plots. With the GM-CSF receptor system, we have
suggested the involvement of two different molecules
with different binding affinities on the basis of a cross-
linking experiment using U-937 cells.” Therefore, a two-
binding-site model seems to be realistic in the GM-CSF
receptor system, and it is possible that a low-affinity
binding site exists as well as a high-affinity one for all the
AML blast cells tested in the present study.

We looked for a correlation between the dissociation
constants or numbers of both the high- and low-affinity
binding sites, and the response of AML blasts. However,
no correlation was observed between these parameters.
Binding properties of the GM-CSF binding sites did not
correlate with the FAB classification either, although we
tested only 8 AML cases in total. Begley et al. studied the
binding of recombinant murine granulocyte colony-
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Fig. 4. Scatchard analysis of I-GM-CSF-binding to neo-
plastic lymphoid cells. Cells (23X 10%/200 gl binding buffer)
were incubated with various concentrations of '*I-GM-CSF in
the presence or absence of an excess of unlabeled GM-CSF.
Biphasic Scatchard curves were demonstrated in two cases.
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stimulating factor to AML blast cells and the effect of
this factor on clonogenic proliferation®; there was no
apparent correlation. However, these results should be
carefully interpreted, because we observed only the
leukemic progenitors in the blast colony assay, and the
calculated numbers of the binding sites are the average of
the numbers of the whole blast cells, which are appar-
ently heterogeneous, at least in respect to the clonoge-
nicity. If we could study the receptor in homogeneous
leukemic progenitors, this matter could be discussed in
more detail.

We found that the dissociation constant of the high-
affinity binding site was 12-71 pM, and that of the
low-affinity binding site was 0.5-2.7 nM in AML blasts.
These results were in good agreement with those ob-
tained from normal monocytes, GM-CSF-responsive
leukemic cell lines,” and bone marrow mononuclear cells
{unpublished data). The reason for the rightward shift of
the dose-response curves of blast colony formation was
not elucidated in the present study. Several possibilities
can be considered to explain the response of AML blasts
to higher concentrations of GM-CSF; some cells in the
blood from leukemic patients may excrete some sub-
stance(s) that lowers the receptor-ligand binding; un-
coupling of the receptor-effector system may happen®” *;
or the low-affinity receptors may be functional in the
AML blasts, at least in the leukemic progenitors. Struc-
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Fig. 5. Binding of ""I.GM-CSF to normal lymphocytes, Cells

(2% 10°/200 #l binding buffer) were incubated with *I-GM-
CSF (approximately 3 nM) in the presence or absence of an
excess of unlabeled GM-CSF. Fraction No. 1, mononuclear; 2,
non-adherent; 3, non-adherent and non-phagocytic; and 4, non-
adherent, non-phagocytic and non-T cells. Hatched columns
represent contaminating monocytes (% of total cells used for
binding) and closed circles represent amounts of specific bind-
ing.



tural abnormalities in the GM-CSF receptor molecules
are also possible. In a cross-linking study on AML blast
cells, the observed bands were very similar in size to
those demonstrated for peripheral blood neutrophils.”
However, minor changes in the receptor molecules,
which could not be detected by cross-linking experi-
ments, might have occurred.

We confirmed that normal peripheral blood lympho-
cytes had very little or no specific receptor for GM-CSF.
However, two classes of binding site were demonstrated
for certain neoplastic lymphoid cells, and the dissociation
constants of the binding sites on these cells were very
similar to those of the sites on AML blasts. Since mono-
cytes have a significant number of GM-CSF binding
sites,” we can not neglect the possibility that contamina-
tion by a small number of monocytes was responsible for
these results. However, in the cases in which '"1-GM-
CSF specifically bound to the cells, white blood cell
counts were 2X 107/l and 7 10*u], and more than
95% of these cells were morphologically homogeneous
leukemic cells in each case. Therefore, the possibility
discussed above seems unlikely. It has been reported that
the action of GM-CSF is limited to cells of myeloid and
macrophage lineages, and there is no previous report
which directly demonstrated that cells of lymphoid line-
age respond to GM-CSF in the human system. In the
murine system, however, some authors have reported
that the proliferation of T cell line HT2 was augmented
by murine GM-CSF,*® and Park et al. have reported

REFERENCES

1) Metcalf, D. The molecular biology and functions of the
granulocyte-macrophage colony-stimulating factor. Blood,
67, 237-316 (1986).

2) Hoang, T., Nara, N., Wong, G. G., Clark, S. C., Minden,
M. D. and McCulloch, E. A. The effects of recombinant
GM-CSF on the blast cells of acute myeloblastic leukemia.
Blood, 68, 313-316 ((1986).

3} Griffin, J. D., Young, D., Herrrmann, F., Wiper, D,
Wagner, K. and Sabbath, K. D. Effects of recombinant
GM-CSF on the proliferation of clonogenic cells in acute
myeloblastic leukemia. Blood, 67, 1448-1453 (1986).

4) Park, L. S,, Friend, D., Gillis, S. and Urdal, D. Character-
ization of the cell surface receptor for human granulocyte-
macrophage colony-stimulating factor. J. Exp. Med., 164,
251-262 (1986).

5) DiPersio, J., Billing, P., Kaufman, S., Eghtesady, P.,
Williams, R. and Gasson, J. C. Characterization of the
human granulocyte-macrophage colony-stimulating factor
receptor. J. Biol Chem., 263, 1834-1841 (1988).

6) Kelleher, C. A., Wong, G. G, Clark, S. C., Schendel, P.
F., Minden, M. D. and McCulloch, E. A. Binding of
iodinated recombinant human GM-CSF to the blast cells

GM-CSF Receptor on AML Blasts

that '“I-labeled murine GM-CSF bound to some murine
T cell lines.'” Thus, similar phenomena could be possible
in the human system.

Among the two cases in which we demonstrated the
existence of GM-CSF receptor, one expressed immature
B-cell phenotype, and the other mature B-cell phenotype
(Table I). Normal peripheral lymphocytes did not seem
to have the receptor for GM-CSF, as described in the
present results. These results suggest that GM-CSF re-
ceptor may be expressed as a form of lineage infidelity in
some cases of lymphoid malignancies. Further studies will
be necessary to understand in more detail the cellular and
tissue distributions of GM-CSF receptor, its structure-
function correlation, and the physiological and patho-
gnomonic significance of expression of GM-CSF receptor
gene.

ACKNOWLEDGMENTS

We thank Dr. Toshio Kitamura for useful discussions,
Dr. Hircaki Honda for performing Southern blot analysis, and
Dr. Yoshitomo Mutc in Toranomon Hospital for providing
clinical materials. This work was supported in part by a Re-
search Grant for Intractable Diseases from the Ministry of
Health and Welfare of Japan, and by a Grant-in-Aid for
Scientific Research from the Ministry of Education, Science
and Culture of Japan.

{Received May 20, 1989/Accepted July 12, 1989)

of acute myeloblastic leukemia. Leukemia, 2, 211-215
(1988).

7} Chiba, 8., Tojo, A., Kitamura, T., Urabe, A., Miyazono,
K. and Takaku, F. Characterization and molecular fea-
tures of the receptor for human granulocyte-macrophage
colony-stimulating factor. Leukemia, in press.

8) Kupper, T., Flood, P., Cleman, D. and Horowitz, M.
Growth of an interfeukin 2/interleukin 4-dependent T cell
line induced by granulocyte-macrophage colony-stimula-
ting factor (GM-CSF). J. Immunol., 138, 4288-4292
(1987).

9} Woods, A., Jeffrey, W., Rasmussen, R. and Bottomly, K.
Granulocyte-macrophage colony stimulating factor pro-
duced by clonal L3T4a, class Il-restricted T cells induces
HT-2 cells to proliferate. J. Immunol, 138, 42934297
(1987).

10) Park, L. S., Friend, D., Gillis, 8. and Urdal, D. L. Char-
acterization of the cell surface receptor for granulocyte-
macrophage colony-stimulating factor. J. Biol. Chem., 261,
4177-4183 (1986).

11) Dedhar, S., Gaboury, L., Galloway, P. and Eaves, C,
Human granulocyte-macrophage colony-stimulating fac-

893



Jpn.

12)

13)

14)

15)

16)

7

18)

19)

20)

894

J. Cancer Res. 80, September 1989

tor is a growth factor active on a variety of cell types of
nonhemopoietic origin. Proc, Natl Acad. Sci. USA, 85,
9253-9257 (1988).

Bussolino, F., Wang, J., Defilippi, P., Turri, F., S8anavio,
F., Edgell, C-J. S., Aglietta, M., Arese, P. and Mantovani,
A. Granulocyte- and granulocyte-macrophage colony-
stimulating factors induce human endothelial cells to mi-
grate and proliferate. Nature, 337, 471473 (1989).
Bennett, J. M., Cayovsky, D., Daniel, M. T., Flandrin, G.,
Galton, D. A. G., Gralnick, H. R. and Sultan, C. Propos-
als for the classification of the acute leukemias. Br. J.
Haematol,, 33, 451-458 (1979).

Hosoi, T., Ozawa, K., Ohta, M., Okabe, T., Urabe, A. and
Takaku, F. Recombinant immune interferon inhibits
leukemic cell growth by a monocyte, macrophage-
mediated mechanism. Exp. Hematol,, 13, 597-602 (1985).
Fukamachi, H., Urabe, A, Saite, T. and Takaku, F.
Burst-promoting activity in anemia and polycythemia. fnt.
J. Cell. Cloning, 4, 74-81 (1986).

Julius, M. H., Simpson, E. and Herzenberg, L. A. A rapid
method for isolation of functional thymus-derived murine
lymphocytes. Eur. J. Immunol., 3, 645-649 (1973).
Burgess, A. W., Begley, C. G., Johnson, G. R., Lopez, A.
F., Williamson, D. J., Mermod, J. I, Simpson, R. I,
Schmitz, A. and DeLamarter, J. Purification and prop-
erties of bacterially synthesized human granulocyte-macro-
phage colony stimulating factor. Blood, 69, 43-51 (1987).
Bolton, A. E. and Hunter, W. M. The labeling of proteins
to high specific radioactivities by conjugating to a '*°I-
containing acylating agent: application to the radio-
immunoassay. Biochem. J., 133, 529539 (1973).

Calvo, J. C., Radicella, J. P. and Charreau, E. H. Mea-
surement of specific radioactivities in labeled hormones
by self-displacement analysis. Biochem. J., 212, 259-264
(1983).

Kitamura, T., Tange, T., Chiba, 8., Kuwaki, T., Mitani,

21)

22)

23)

24)

25)

26)

27y

28)

K., Piao, Y-F., Miyazono, K., Urabe, A. and Takaku, F.
Establishment and characterization of a unique human cell
line that proliferates dependently on GM-CSF, IL-3, or
erythropoietin. J. Cell. Physiol.,, 140, 323-334 (1989).
Scatchard, G. The attraction of proteins for small mole-
cules and ions. Ann. NY Acad. Sci. USA, 51, 660-672
(1949).

Nakagawa, T. and Oyanagi, Y. “Program System SALS
for Non-linear Least-square fitting in Experimental Sci-
ences. Recent Developments in Statistical Inference and
data Analysis,” pp. 221-225 (1980). North-Holland
Publishing Co., Amsterdam.

Laemmli, U. K. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature, 227,
680-685 (1970).

De Meyts, P., Roth, J., Neville, D, M,, Jr., Gavin, J. R.
and Lesniak, M. Insulin interactions with its receptors:
experimental evidence for negative cooperativity. Biochem.
Biophys. Res. Commun., 55, 154-161 (1973).

Robb, R. I., Greene, W. C. and Rusk, C. M. Low and
high affinity cellular receptors for interleukin 2. Implica-
tions for the level of tac antigen. J. Exp. Med., 160, 1126
1146 (1984).

Begley, C. G., Metcalf, D. and Nicola N. A. Primary
human leukemic cells: comparative responsiveness to pro-
liferative stimulation by GM-CSF or G-CSF and mem-
brane expression of CSF receptors. Leukemia, 1, 1-8
(1987).

Uchiyama, T., Hori, T., Tsudo, M., Wano, Y., Umadome,
H., Tamori, 8., Yodoi, Y., Maeda, M., Sawami, H. and
Uchino, H. Interfeukin-2 recepior (Tac antigen) ex-
pressed on adult T cell leukemia cells. J. Clin. Invest., 76,
446453 (1985).

Chen, P., Kwan, 8., Hwang, T., Chiang, B. N. and Chou,
C. Insulin receptors on leukemia and lymphoma cells.
Blood, 62, 251-255 (1983).





