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ABSTRACT

We have previouslyshown that a transplantablemurinetumor(CE
mammarycarcinoma)causes markedneutrophiliaand excessive bone
rÃ©sorptionin vivo. In orderto understandthe humoralmechanismof
these tumor-inducedphenomena,we successfullyestablisheda cell line
(CE 816) and subsequentlycloned CE mammarycarcinomacells in
serum-freeculture conditions.CulturedCE tumorcells continuedto
induceneutrophiliaandhypercalcemiawhentheyweretransplantedback
intomice.Conditionedmedium(CM) preparedfromtheCE816 cell line
and control non-neutrophilia-inducingtumor cells were evaluatedfor
stimulationof neutrophiliccolonyformation,embryonicbonecell prolif
eration,andbonerÃ©sorptionin vitroassays.BoththeCE816 andcontrol
tumorCM demonstratedcolony-stimulatingactivity,buttheCE816 CM
stimulatedmore neutrophiliccolonies than the control tumor at all
experimentalconditionsexamined.TheCE816 CM demonstratedbone-
resorbingactivitybutnotcontroltumorCM. BothtypesofCMstimulated
proliferationof embryonicbone cells. Productionof colony-stimulating
andbone-mitogenicactivitieswasdirectlyrelatedto thetumorcellgrowth
in vitro. CM preparedfrom fourclonesof CE tumorcells demonstrated
bothcolony-stimulatingandbonecell-mitogenicactivities.These studies
providedevidencethat CE mammarycarcinomacells producefactors
affectinggranulopoiesisand bonecells in vitro,andthese activitiesare
clonalin origin.

INTRODUCTION

There is increasing experimental evidence suggesting direct
or indirect involvement of hemopoietic growth factors in bone-
resorbing processes in vitro (1). We previously have observed
that marked marrow granulocytic hyperplasia induced by a
transplantable CE mammary carcinoma was associated with
severe osteoclastic bone rÃ©sorptionand hypercalcemia in mice
(2). Since removal of the tumor promptly normalized both
neutrophilia and hypercalcemia, the possible involvement of
tumor-derived humoral factors was considered as a pathogen-
esis for the phenomena. The association of bone rÃ©sorption
with granulocytosis is not limited to the CE mammary carci
noma model, as we and others have observed a similar associ
ation in other tumors in humans and animals (3-5). These
observations prompted us to investigate the CE mammary
carcinoma model further as a model for studying humoral and
cellular regulatory mechanisms governing hemopoietic and
bone tissue.

In order to identify possible tumor-derived humoral agents
responsible for granulocytosis and bone rÃ©sorption,we evalu
ated the biological activities of CE mammary carcinoma cells
in vitro. By successful cultivation of these tumor cells in serum-
free culture conditions, followed by evaluation of the condi
tioned medium, we obtained evidence that CE mammary car-
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cinoma cells produce factors stimulating granulocytic cells and
bone cells in vitro. Moreover, these mitogenic activities are of
a single clonal tumor cell origin.

MATERIALS AND METHODS

Mice. BALB/c x CE F, (hereafter called CCEF,) mice were bred in
the vivarium at the University of Washington. Parental male CE and
female BALB/c mice, as well as other strains of mice (C57BL/6, C3H/
He, BALB/c), were obtained from the Jackson Laboratory (Bar Harbor,
ME). Breeding pairs of Swiss Webster mice were from Bantin and
Kingman, Inc. (Freemont, CA). Young adult mice of both sexes were
used in all experiments unless otherwise specified.

Tumor Tissue. The CE mammary carcinoma used in this study was
that originally described by Delmonte (6, 7). The tumor has been
maintained in our laboratory for the past 8 yr by transplantations s.c.
every other wk in CE or CCEFi host mice as described previously (8,
9). The biological effect of the tumor on host animals has been consist
ent in causing severe neutrophilia and hypercalcemia as described (2,
9). The tumor tissue used in this study had been carried in CCEFi hosts
for approximately 100 passages.

Tumor Cell Culture. For the primary culture of tumor cells, tumor
tissue was aseptically removed and finely minced with scissors in cold
Medium 199 (M. A. Bioproducts, Walkersville, MD) supplemented
with 100 units/ml penicillin and 100 Mg/ml streptomycin. Tumor pieces
were enzymatically digested with freshly prepared 0.025% trypsin-
0.18% versene solution in a trypsinizing flask and then rinsed 3 times
with Medium 199 containing 2% PCS3 (Sterile Systems, Logan, UT).

After obtaining viable cell counts, tumor cells were resuspended in
serum-free, protein-defined III l medium (Ventrex Laboratory, Inc.,
Portland, ME) supplemented with antibiotic-antimycotic mixture
(Gibco, Life Technology, Inc., Chagrin Falls, OH) 2 ml/500 ml of
medium. Tumor cells were inoculated at a concentration of 5 x 10:
cells/ml in a 75-cm2 culture flask and were incubated in a humidified
incubator at 37'C with 5% COj/95% air.

When the tumor cells became confluent, the maintenance of an
established cell line was achieved by transferring the appropriate num
ber of cells into flasks containing fresh HI 1 medium every 7 to 8 days.
Cells were easily removed from culture flasks by gentle agitation and
scraping with a rubber policeman. The CE mammary carcinoma cell
line thus established in culture was designated as line CE 816.

The growth rate of CE 816 mammary tumor cells in culture was
determined at 4 different occasions after the tumor cells were well
established in this culture condition. Tumor cells (5 x I(l"| were
inoculated into 50 ml of HI.-1 medium in each of eight 75-cm2 flasks.

Thereafter, the cells and medium in a flask were harvested daily for 8
days, and the cell number per flask was determined using Turks solution
and a hemocytometer.

Tumor Cell Cloning. CE mammary carcinoma cell clones were iso
lated from the 73rd passage of the CE 816 cell line in culture. A single
cell suspension of tumor cells was obtained from a 7-day culture of CE
816 cells, and approximately 3 x IO4 cells were plated in 100- x 20-

mm polystyrene tissue culture plates (Corning Glass Works, Corning,
NY) in 10 ml medium (55% HI I medium, 40% CE tumor-conditioned
medium as described below, and 5% heat-inactivated FCS). Plates were

' The abbreviations used are: FCS, fetal calf serum; CM, conditioned medium;
CSA, colony-stimulating activity; N-colony, neutrophil colony; NM-colony, neu-
trophil-macrophage colony; M-colony, macrophage colony; dThd, thymidine;
GM-CSF, granulocyte-macrophage colony-stimulating factor, G-CSF, granulo-
cyte colony-stimulating factor; CFU, colony-forming unit.
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evaluated on the next day, and adherent single cells were circled with a
cell finder (CMS, Houston, TX) under a Leitz inverted microscope
with phase objectives. The marked cells were observed for several days
and harvested when they had formed a colony of 16 to 32 cells. Sterile
plastic and porcelain cloning rings (BÃ©licoGlass, Inc., Vineland, NJ)
sealed with sterile silicon stopcock grease (Dow Corning, Midland, MI)
were used to isolate the colony. The colony was removed from the
cloning ring using a 0.125% trypsin/versene solution (pH 7.2 to 7.4)
and transferred to a single well of a 24-well plate (Costar Mark II) with
the same medium as mentioned above. Cloned cells were expanded and
gradually weaned to serum-free III I medium.

Control Tumor Cells. A subpopulation of a murine mammary carci
noma of BALB/c mouse origin (BALB/c 66 tumor cell line) was kindly
provided by Dr. G. Heppner (Michigan Cancer Foundation, Detroit,
MI). This tumor does not cause neutrophilia nor hypercalcemia in
CCEFi mice as described previously (3). Control tumor cells were
cultured in serum-free III I medium, and a cell line was established in
a similar manner as CE 816 tumor cells.

Preparation of Tumor Cell CM. Culture medium in which CE mam
mary tumor cells, control tumor cells, or cloned CE tumor cells were
cultured for 7 to 8 days, or culture medium in which tumor cell growth
rates were determined, was centrifuged at 200 x g for 10 min at 4'C in

SO-ml centrifuge tubes. Supernatant was filtered through Nalge filter
membranes (0.45 urn; Nalgene Co., Division of Sybron Corp., Roch
ester, NY) and stored at 4'C. Conditioned media were tested for

biological activities either as collected or after concentration using PM
10 or PM 30 membranes in Amicon stirred ultrafiltration cells (Amicon
Corp., Danvers, MA) and filtration through Millipore membranes (0.45
pin; Millex-HA; Millipore Corp., Bedford, MA). Protein concentration
of CM was determined by Bio-Rad protein assay kit (Bio-Rad Lab.,

Richmond, CA) using bovine serum albumin as a standard. CM of CE
816 line is designated as CE 816 CM and that of control tumor as
control CM hereafter.

Assays for Neutrophilic Granulocyte Colony-stimulating Activity. The
ability of tumor cell CM to stimulate clonal growth of granulocyte
progenitors was determined by a modification of the method for stan
dard CPU assays (10) using normal ('( Tl , mouse bone marrow cells.

Colonies developed after 7 days of incubation were stained to demon
strate the naphthol AS-D chloroacetate esterase of neutrophilic gran-
uloctyes (9). Each colony was classified as an N-colony, M-colony, or
NM-colony and scored by counting all colonies in an agar plate as
described in detail previously (9). The ability of the tumor CM to
stimulate neutrophilic progenitors was assessed by the number of N-
colonies developed from IO5normal mouse marrow cells.

Calvarial Culture. The method was modified from Reynolds and
Dingle (II). CalvarÃa(frontal and parietal bones) were dissected asep-
tically from 6-day-old Swiss Webster mice, halved along the medium
suture line, trimmed to essentially identical size and shape, and kept in
ice-cold Hanks' balanced salt solution (Gibco) using Falcon 24 well

tissue culture plates until all bones were dissected. The paired bones
were divided into two groups (control and treated) with each containing
one-half from each bone pair. The bones were cultured individually in
Medium 199 (Earle's unmodified) 2 ml/dish, supplemented with 10%

heat-inactivated horse serum (both from Gibco) and ascorbic acid, 80
Mg/ml (pH 7.2), in 35-mm plastic dishes at 37Â°Cwith 5% CO2/95% air

in a humidified incubator. Each cultured bone was supported by a free-
floating lens paper raft 2 x 2 cm (Dow Corning Corp.), which had been
extracted with diethyl ether and absolute alcohol (2 to 3 h each), then
washed with distilled water overnight, and autoclaved. Under these
culture conditions, the normal morphology of bone cells was well
maintained.

Bone Resorption Assay. To determine bone rÃ©sorption,45Ca (New
England Nuclear; 24.2 mCi/mg CaCl2) was injected into 3-day-old
neonatal mice (5 ^Ci/mouse, i.p.). After 3 days the mice were sacrificed,
and the calvarÃawere removed. Each calvarÃawas divided as described
above and incubated for 1 day to remove exchangeable 45Ca before

treatment of the bone. Tumor cell CM and control HL-1 medium were
added at various concentrations to treated and control groups of calvarÃa
cultures, respectively. The release of 45Ca from bones into the culture
medium during the subsequent 3-day culture period was used as an

index of bone rÃ©sorptionwhich was expressed as follows

Bone rÃ©sorption=
M + B

x 700

where M was the amount of 45Ca in the medium during 3 days of
culture, and B was the amount of 45Ca remaining in the bones at the
end of the culture period. 4SCa radioactivity in the medium was mea

sured by counting 0.1 ml of medium in 3 ml of Ecolite scintillation
fluid (WestChem, San Diego, CA) with a liquid scintillation spectrom
eter (Packard Tri-Carb). Bones were digested in 0.5 ml of 6 N HCI at
80Â°Cfor 6 to 8 h, and after the addition of 0.5 ml of distilled water,
4!Ca activity of 0.1-ml aliquots was determined as above. At the start

of the experiment, some bones were also devitalized by freezing in
liquid nitrogen and subsequent thawing (3 times) to determine the non-
cell-mediated release of 4!Ca. The percentage of such release during

culture was subtracted from the percentage bone of rÃ©sorptiondeter
mined above.

Bone Cell Proliferation Assay. The mitogenic activity of tumor cell
CM on embryonic bone cells was determined by the incorporation of
[3H]dThd into DNA of embryonic chick calvarÃa!cells in culture (12,

13). Briefly, chick calvarÃa!cells were isolated by a technique adapted
from the method described for fetal rat calvarÃa!cells (14). CalvarÃa,
which included frontal and parietal bones, were dissected from 17-day
embryonic chicks and incubated for 20 min at 37*C with shaking in

Minimum Essential Medium containing collagenase (Worthington type
II, 2 mg/ml). The cells released during this incubation period were
discarded, and the incubation continued for another 100 min. The cells
released during the second incubation period were collected by centrif-
ugation, washed, suspended in serum-free BG.li, medium (Gibco), and
plated into muh iwell (16-mm diameter) culture plates (Falcon) at a
concentration of 100,000/well/ml medium. The plates were incubated
for 1 day at 37'C in 5% CO2/95% air to allow the cells to attach before

adding test conditioned medium.
The incorporation of [3H]dThd into trichloroacetic acid-precipitable

material was used as an index of the rate of cell proliferation (13, 14).
Briefly, conditioned medium or HL-1 medium was added to the cells
for 18 h, and then l'HJdTIui (New England Nuclear; 40 Ci/m mol) was

added at a final concentration of 2 pCi/ml. After 2 h of further
incubation, the medium was removed, and the cell monolayer was
washed with phosphate-buffered saline. The cells were removed by
swabbing with a cotton-tipped applicator stick premoistened in 12.5%
trichloroacetic acid, which was subsequently processed to quantify the
absorbed [3H]dThd by scintillation spectrometry as previously described
(13, 14). [3H]dThd per well of test samples was expressed as the

percentage of increase above controls.
Inoculation of Cultured Tumor Cells into Mice. Cultured tumor cells

were collected and resuspended in HL-1 medium, and approximately
400,000 viable tumor cells/mouse were inoculated s.c. into 6 to 8
CCEFi mice. Tumor size and WBC counts were determined weekly.
Two or 3 wk after inoculation, the mice were sacrificed, and blood was
collected for determination of serum calcium. The tumor tissue was
treated with trypsin to obtain a single cell suspension, and 400,000
cells/animal were again transplanted into 6 to 8 mice. The biological
effects of the cultured tumor cells were observed for up to 4 in vivo
passages.

Blood Cell Counts. Blood leukocyte counts and differential counts
were determined from the first drop of blood obtained from the lateral
orbital sinuses. The concentration of leukocytes was determined with a
Coulter Counter. Differential counts of 200 cells were done on VVright-
Giemsa-stained smears.

Serum Calcium Determinations. Blood was obtained from each mouse
by a cardiac puncture. Serum was separated by centrifugation at 700 x
g and stored at â€”20Â°Cuntil use. Calcium and phosphorus levels of each

sample were determined by a standard autoanalyzer technique.

RESULTS

Tumor Cell Culture. CE mammary carcinoma cells grew
lightly attached to culture flasks or in suspensions in our culture
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Fig. 1. Growth curveds of CE 816 cells and control tumor cells grown in
serum-free HL-1 medium. â€¢,CE 816 tumor; O, control tumor.

conditions, and in most instances they formed clusters of var
ious sizes ranging from barely visible to approximately 1 to 2
mm in diameter. They demonstrated ultrastructural character
istics of epithelial cells and features consistent with mammary
adenocarcinoma cells as described elsewhere in detail.4 The

control tumor cell line was established in the same culture
conditions as the CE mammary carcinoma. Control tumor cells
were more fusiform in appearance than CE tumor cells under
the phase-contrast microscope. Since some morphological fea
tures of the control tumor have been described by others (15),
we did not study that aspect of the control tumor in detail.

Tumor cell growth curves were obtained at in vitro passages
6, 8, 63, and 76 for the CE 816 line and at passages 16 and 19
for the control tumor cells. Typical growth curves of both cell
lines, started by inoculating 5 x IO6cells/50 ml of medium in
75-cm2 flasks, are portrayed in Fig. 1. Both the CE 816 cells

and the control tumor cells had a doubling time of about 20 h
during the exponential growth phase and reached the plateau
phase on Day 4 or 5 with an approximate cell density of 6 x
105/ml.

These cultured cells were capable of inducing the same bio
logical effects as the original mammary carcinoma cells in
CCEFi mice (Fig. 2). CE 816 cells induced neutrophilia and
hypercalcemia (21.6 Â±3.07 mg/100 ml) comparable to that of
the native CE mammary carcinoma, while cultured control
tumor cells failed to demonstrate neutrophilia or hypercalcemia
(8.74 Â±0.38 mg/100 ml) in mice.

Granulopoieric Activity. Colony-stimulating activities of sev
eral batches of CE 816 CM and control CM are summarized
in Table 1. While both cultured CE CM and control tumor cell
CM were capable of stimulating colonies in a dose-responsive
manner, the CE 816 CM stimulated significantly more N-type
colonies than the control. These colony-stimulating activities
were exclusively found in the fraction concentrated over PM
30 Amicon membranes. The fraction below this molecular size
appeared inhibitory for the overall colony growth.

This difference in the predominant type of progenitors stim-

50

40

Â°30

o.
g

20

CE Tumor

Control Tumor

4 C. V. Riddle, M. Y. Lee, and M. J. Lee. Morphological characterization of
a granulocytosis-hypercalcemia-inducing murine mammary carcinoma cell line,
submitted for publication.

0.5 1.0 1.5 2.0 2.5
TUMOR DIAMETER (CM)

Fig. 2. Effects of cultured tumor cells in vivo. Cultured CE 816 tumor and
control tumor cells were inoculated s.c. into CCEF, mice. Tumor size, neutrophil
counts, and plasma calcium levels were determined up to 4 passages in vivo. Each
dot represents the value from one mouse. Tumor diameter is the average of two
dimensions of the tumor measured by calipers. Plasma calcium levels of mice
bearing cultured tumor cells for 2 wk were 21.6 Â±3.07 mg/100 ml for CE tumor
cells and 8.74 Â±0.38 mg/100 ml for control tumor cells (normal control, 9.07 Â±
0.02 mg/100 ml). The original CE tumor cells which were kept and carried in
mice during the same experimental period caused the elevation of neutrophils to
37,083 Â±7,681/iil and plasma calcium to 19.8 Â±2.1 mg/100 ml (mean Â±SD).

ulated by CE 816 CM and control CM was also obvious in the
cell dose-response experiment. A linear cell density response of
N-colony stimulation by CE 816 CM was observed (Fig. 3).
Furthermore, when we examined colonies and clusters on 4, 7,
and 10 days of culture in CPU assays, CE tumor CM stimulated
about twice as many neutrophilic cluster formations by Day 4
as control tumor CM. On Day 7, the formation of N-colonies
by CE tumor CM appeared optimal (Table 2). Morphologically,
N-colonies stimulated by the CE 816 CM were usually small
and composed of mature granulocytes. These observations sug
gested that the CE tumor-derived granulopoietic factor affects
mature progenitors in the neutrophilic granulocyte lineage.
Colony-stimulating activity demonstrated from the CE 816 CM
was not strain specific as bone marrow cells of C57BL/6, C3H/
He, and BALB/c strains responded to the CM and formed
similar numbers and types of colonies as bone marrow cells of
CCEFi mice (data not shown).

Bone-resorbing Activity. Unconcentrated and concentrated
CE 816 CM and control CM were tested for bone-resorbing
activity in parallel with CSA. The CE 816 CM stimulated the
release of 45Ca from prelabeled newborn mouse calvarÃa(Fig.
4a). This bone-resorbing activity was clearly demonstrated in
the fraction retained over PM 30 membranes. In contrast,
control tumor CM similarly prepared and tested for bone
rÃ©sorptiondid not show any bone-resorbing activity (Fig. 4b).

Bone Cell Mitogenic Activity. As shown in Table 3, CE 816
CM stimulated incorporation of [3H]dThd into embryonic bone
cells in a dose-responsive manner. Although 17-day-old embry
onic chick calvarÃa!cells were routinely used in this assay,
calvarÃa!cells obtained from 6-day-old Swiss Webster mice gave
comparable results. The activity was also found to be in the
fraction of CE 816 CM retained over PM 30 membranes. In
contrast with the behavior of control CM in bone-resorbing
activity, control CM similarly prepared as CE 816 CM dem
onstrated significant bone cell mitogenic activity which was also
retained over the PM 30 membranes (Table 3).

To further understand this system, we related the appearance
of colony-stimulating and bone cell-mitogenic activities with
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Table 1 Colony numbers and types stimulated by CE SI 6 CM and control CM
Data were derived from 3 different batches of each CM. Each batch of CM was tested unconcentrated and concentrated as indicated below and assayed in triplicate.

No. of colonies/105 bone marrow cells

%ofCM N" NM M Total
CE 816CMUnconcentratedCone.

30*Cone.

!</Control

CMUnconcentratedCone.

VfCone.

\tf5101551015510155101551015510151.0

Â±0.9*4.3
Â±0.65.2
Â±1.99.8
Â±0.3C19.6

Â±8.1'23.5
Â±9.9e0000000.5

Â±0.701.5

Â±0.70001.8

Â±1.77.0
Â±3.610.7
Â±4.511.

5Â±4.5*18.6
Â±3.0*25.5
Â±3.9^0001.5

Â±0.73.5
Â±0.74.0
Â±1.45.0
Â±1.46.0
Â±0.710.5
Â±2.10000.8

Â±1.0e6.0
Â±0.8'8.6
Â±2.2"19.2
Â±5.5*26.0
Â±7.421.8
+4.300015.5

Â±0.724.0
Â±4.224.5
Â±3.536.5
Â±0.735.0
Â±4.239.5
Â±4.90003.6

Â±3.T117.2
Â±3.724.5

Â±8.241.0
Â±8.764.3

Â±18.471.0
Â±15.100017.0

Â±027.5
Â±4.928.5

Â±2.142.0
Â±1.441.0

Â±5.651.5
Â±6.3000

*N, NM, and M are colony types.
* Mean Â±SD.
f P < 0.001 when compared with corresponding control CM values by t test.
'' /' â€¢0.005 when compared with corresponding control CM values by r test.
' CM was concentrated 10-fold over Amicon PM 30 membrane.
'Filtrate of PM 30 membrane was concentrated 10-fold over PM 10 membrane. HI. 1 medium alone, concentrated and tested similarly as tumor CM, did not

stimulate any colony formation.

1.0 2.0 0.5 1.0
NUMBER of 8M CELLS/PLATE Â«105

2.0

Fig. 3. Cell density-dependent colony stimulation by CE 816 CM and control
CM. Concentrated (IOx over PM 30 membranes) CE 816 CM (a) and control
CM (*) were tested at 5% in CFU assays containing various numbers of marrow
cells. â€¢,total colony numbers; O, N-colony numbers. Bars, SD. BM, bone marrow.

the tumor cell growth. Both CE 816 and control tumor cells
actively produced CSA and bone cell mitogenic activities during
their exponential growth phase (Fig. 5). From the onset of the
CE tumor cell growth, activities stimulating N-, NM-, and M-
type colonies appeared, and these activities remained in the
culture medium during the plateau phase. In contrast, activities
stimulating predominantly M-type colonies appeared during
the exponential growth phase of the control tumor, but at the
plateau phase, a neutrophil CSA also appeared. Bone ccll-
mitogenic activities reached their maximum level on Day 4 of
culture for both tumor cell lines, a time which was the transition
period between the exponential growth and the plateau phases.

In order to further clarify the origin of these multiple biolog
ical activities, we isolated four clones of CE tumor cells. We
tested invidiaul conditioned medium collected from each clone
for colony-stimulating and bone-mitogenic activities. As shown
in Table 4, all clones demonstrated potent CSA as well as bone
cell-mitogenic activity. The CM of clone 3 which exhibited the
most potent CSA and bone-mitogenic activity was also tested
for bone-resorbing activity. The clone 3 CM demonstrated

significant bone-resorbing activity (39% increase over the con
trol).

DISCUSSION

Our studies on bone changes associated with granulocytosis
in CE tumor-bearing animals were initiated because of our
observation of numerous osteoclasts that appeared in the end-
osi euni of CE tumor-bearing mice, both in hyperplastic femoral
marrow as well as in the expanding marrow of the peripheral
skeleton (16). This association of granulocytic hyperplasia and
osteoclast activation in the CE mammary tumor mouse model
provided us a unique opportunity to investigate various aspects
of the regulation of granulopoiesis, by both humoral and local
environmental factors. In this paper, we primarily investigated
possible tumor-derived humoral mediators which stimulate pro
liferation of granulocytes and embryonic bone cells in vitro.

In regard to the granulopoietic activity, our study clearly
demonstrated that CE mammary carcinoma cells produced
CSA which stimulates clonal growth of neutrophil, macro
phage, and neutrophil-macrophage progenitors from normal
mouse bone marrow. This is contrary to the findings of other
investigators who worked with this tumor in the past but could
not demonstrate any CSA (17). This CE tumor-derived granu
lopoietic activity is apparently a macromolecule and is different
from what Delmonte et al. called many years ago ''granulocy
tosis promoting factor," which was considered to be a small

molecule (6, 18).
The in vitro function of CE tumor-derived granulopoietic

activity resembles that of GM-CSF of mouse lung conditioned
medium (19) or similar factors from many other sources and
tumors (20-23); however, the small colony size and the mature
nature of granulocytes comprising colonies also suggest G-CSF-
like activity (24, 25). This is in contrast to CSA of control
tumor CM which resembled the function of macrophage CSF
(26).

It is still controversial whether CSA demonstrated from
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Fig. 5. Appearance of colony-stimulating and bone cell-mitogenic activities
related to tumor growth in culture, a, CE 816; b, control tumor. Tumor cells (5
x IO6) were inoculated in 50 ml of HL-1 medium in each of eight flasks. Cells

and medium in a flask were harvested daily, and the cell number per flask was
determined. Culture medium was concentrated 10-fold over PM 30 membranes
and tested at 10% in both CFU and bone cell-mitogenic assays. As shown in Fig.
1, both tumor cell growth rates were almost identical, and protein concentrations
of each corresponding CM were comparable between the two types of tumors.
Columns, mean of colony growth assayed in triplicate; bars. SD. CJ.N-colony: D,
NM-colony; G, M-colony. â€¢,bone-mitogenic activity expressed as [3H]dThd
cpm/well.

Table 4 Biological activities of CE tumor cell clones
To test CSA, CM from each clone was concentrated 10-fold over PM 30

membranes and added at various concentrations. Values for colony growth with
5 and 10% added CM are shown. (No colony growth with ML-1 medium alone.)
Values are means of triplicate plates. To test bone cell mitogenic activity, CM
similarly concentrated as above was added at 10, 20, and 40% in bone cell
proliferation assays. The percentage of increase above respective controls is
shown.

No. of colonies stimulated/ 10* bone

marrowcells%

Clones ofCM1

5102

5
103

5104

5
10N"12.5

30.06.011.527.0

43.511.5

23.5NM37.0

49.511.525.535.5

41.522.0

41.0M31.0

35.543.0

50.039.5

29.540.5

26.5Total80.5

115.060.5

87.0102.0

114.574.0

91.0Bone

mitogenic activ
ity%

of CM10
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clone needs to be clarified. In a preliminary experiment, anti-
murine GM-CSF serum did not neutralize the bone-mitogenic
activity nor colony-stimulating activity of a CE tumor clone.
Further studies are needed to understand growth factor mole
cules of CE tumor cells.

How these granulopoietic and bone-modulating activities are
related or responsible for bone rÃ©sorptionin vivo has to be

investigated in the future. In this regard, tumor-derived growth
factors have been implicated to explain certain tumor-induced
hypercalcemia in recent years (32). In our study, control tumor
CM also stimulated bone cell proliferation, but it did not cause
bone rÃ©sorption.Obviously this point requires further expla
nation.

In conclusion, by successful cultivation and cloning of a
neutrophilia-hypercalcemia-inducing mammary carcinoma in
serum-free culture conditions, we obtained evidence that CE
mammary carcinoma cells are the source of granulopoietic and
bone cell-mitogenic activities in vitro. These activities could be
ascribed to macromolecules and were proven to be of single
clonal tumor origin. This mammary carcinoma system will be
a useful model for further studies of cellular and molecular
mechanisms controlling granulopoiesis and osteoclast forma
tion.
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