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Simultaneous Production of G- and M-CSF 
by an Oral Cancer Cell Line and the 

Synergistic Effects on Associated 
Leucocytosis 

E. Hayashi, K. Rikimaru and M. Nagayama 

We established a novel cell line, TSU, from an oral cancer patient with marked leucocytosis. The 
culture supernatant of TSU cells promoted granulocytic colony formation by mouse bone marrow 
cells, indicating that TSU produced granulocyte-colony stimulating factor (G-CSF). The concentra- 
tion of G-CSF was 2.45 gg/mg protein, measured by enzyme-linked immunosorbent assay (ELISA). 
The maximum number of colonies induced by TSU culture supernatant was more than that achieved 
with recombinant human G-CSF (rhG-CSF) and the size of the colonies induced by TSU supernatant 
was obviously larger than those achieved with rhG-CSF. The activity of TSU supernatant was 
completely inhibited by antihuman G-CSF and macrophage-colony stimulating factor (M-CSF) 
antibodies, but was only partially inhibited by antihuman G- or M-CSF antibody alone. These results 
indicate that not only G-CSF but also M-CSF, both of which could be produced by TSU cells, are 
involved in causing leucocytosis; the results suggest that the synergistic production of G- and M-CSF 
could play an important role in the leucocytosis associated with oral cancer. 
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INTRODUCTION 
VARIOUS KINDS of complications often arise in patients with 

malignant diseases. Leucocytosis, one such complication, 

occasionally develops in a wide variety of malignancies, 

including oral cancer [l-4]. Cancer-derived factors are consid- 

ered to he the main cause of leucocytosis, and the mechanism 

underlying lcucocytosis has been, in part, elucidated by Asano 

er ul. [5], who demonstrated that a tumour secreted colony 

stimulating factor (CSF) that was effective in inducing the 

hone marrow cell colonies of both humans and mice. Although 

several CSF-producing cell lines have since been reported 

[+l I] and soluble factors, such as granulocyte-colony stimu- 

lating factor (G-CSF), have been proposed as a cause of the 
leucocytosis associated with cancer [lo], the mechanism 

responsible for leucocytosis associated with oral cancer 

remains to he clarified. To address this question, we estah- 

lished a cancer cell line, TSU, from an oral cancer patient who 

had developed marked leucocytosis; we then investigated the 

CSF activity in the culture supernatant of these cells, using 
mouse bone marrow cells as a target. 
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MATERIALS AND METHODS 
Materials 

Dulhecco’s modified Eagle’s medium (DMEM) and 

McCoy’s 5A medium were purchased from Sigma (St. L.ouis, 

Missouri, U.S.A.) and Gihco (Grand Island, New York, 

U.S.A.), respectiveiy, and fetal bovine strum (FBS) and 

horse serum were obtained from Boehringer Mannheim 

(Mannheim, West Germany) and Whittaker Bioproducts 

(Walkersville, Massachusetts, U.S.A.), respectively. PF86-1 

protein-free medium (PF86-1) was prepared in our laboratory 
[ 121. Naphthol-AS-D-chloroacetate and alpha-naphthyl 

butyrate were obtained from Sigma. Pokcweed mitogen 

(PWM) was purchased from Wako (Osaka, Japan). Kecombin- 

ant human granulocyte-colony stimulating factor ( rhG-CSF) 
was provided by Chugai Pharmaceutical Co. (Tokyo, Japan) 

and recombinant human macrophage-colony stimulating fac- 

tor (rhM-CSF) was purchased from Genzyme (Boston, 

Massachusetts, U.S.A.). Polyclonal rabbit antihuman G and 

M-CSF antibody were purchased from Genzvme. 

Cell culture 

The TSU cell line was established from a patient with 

gingival squamous cell carcinoma (SCC) who had developed 
marked leucocytosis, the white blood cell count being more 

than 80 OOO:ul at the terminal stage. The cell line was usually 
maintained with DMEM containing lo”,, FBS at 37 C in a 
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humidified atmosphere of 5”,, CO, in air. The TSU cells were 
spindle-shaped and had loose intercellular connections. 

Preparation of culture supernatant 

The TSU culture supernatant was prepared as follows: 
when TSU cells were semiconfluent, the culture medium was 
replaced with the protein-free medium, PF86-1. The medium 
was renewed 24 h later and the culture was continued and 
replaced with fresh PF86-1 medium every 3 days. Although 
PF86-1 did not support the growth of cells, they remained in 
good condition for a long period in this medium, no 
remarkable change being observed in their morphology or cell 
density. Culture media were collected every 3 days and 
clarified by centrifugation at 9000 rpm for 30 min at 4’C, then 
filtered through a Millipore filter. The medium was concen- 
trated about 200-fold with the Minitan (Millipore, Bedford, 
Massachusetts, U.S.A.) and CENTRIPREP 10 (Amicon, 
Beverly, Massachusetts, U.S.A.) ultrafiltration systems. It 
was then sterilised by filtration and stored at - 80°C until used 
as the culture supernatant for the study. The protein content 
was measured by the Bradford method [ 131. 

Assay of colony stimulating factor 

CSF activity in the culture supernatants was assessed by the 
method originally described by Bradley and Metcalf [ 141, with 
some modifications. Briefly, bone marrow cells were isolated 
from the femurs of 8-week-old C57BL/6N mice. The cells 
(1 x lOi) were cultured in 35 mm Petri dishes, at 37,‘C in a 
humidified atmosphere of 5”,, CO, in air, with 1 ml of 
modified McCoy’s 5A medium containing 40”,, horse serum, 
0.3”,, agar, and the culture supernatants. PF86-1 medium and 
the culture supernatant of murine spleen cells stimulated with 
a lectin of pokeweed mitogen, PWM, were used as negative 
and positive controls, respectively. Furthermore, culture 
supernatants of four other SCC cell lines, Ca9-22PF, ZAPF, 
HOC519PF and HOC1 19PF, which were from patients who 
had not developed leucocytosis, were also tested for the ability 
to promote colony formation [12, 151. 

All samples were diluted with l”,, human serum albumin 

and O.Ol”,, Tween 20 in McCoy’s 5A medium. After 6 days, 
colonies consisting ofmore than 50 cells were counted. Using a 
phase contrast microscope, we divided each colony into three 
groups morphologically: compact, dispersed, and mixed type, 
respectively. The colonies were, moreover, characterised 
histochemically by double-esterase staining for naphthol-AS- 
D-chloroacetate and alpha-naphthyl butyrate [ 161. 

Quantification of G-CSF in TSU culture supernatant 

The amount of G-CSF in the TSU culture supernatant was 
measured with an ELISA kit purchased from R&D (Minnea- 
polis, Minnesota, U.S.A.). 

Neutralisation of CSF activity with anti G- and/or M-CSF 

antibodies 

To eliminate the activity of G- and M-CSF, the samples 
were pretreated with 10 pg/ml of antihuman G-CSF and/or 
5 ug/ml of M-CSF antibody at 37 C for 2 h before they were 
added to the culture for CSF assay. 

Statistical analysis 

The statistical significance of the values was analysed by 
Student’s t-test. P values of P<O.O5 were considered signifi- 
cant. 

RESULTS 
CSF activity in TSU culture supernatant 

To ascertain the possibility that the TSU tumour produced 
might be related to leucocytosis in the patient, we investigated 
whether the TSU culture supernatant induced haematopoietic 
cell growth in soft agar medium, using murine bone marrow 
cells as the target. 

The TSU culture supernatant was found to possess an 
activity capable of promoting colony formation as well as the 
culture supernatant of murine spleen cells stimulated with 
PWM [ 171. On the other hand, culture supernatants of Ca9- 
22PF, ZAPF, HOC519PF and HOC119PF exerted no 
obvious effect on colony formation (Table 1). 

As shown in Table 2, the TSU culture supernatant induced 

Table 1. CSF activities in the culture supernatunt of various cell lwres 

Cell 

No. of colonies 

TSU 

52.Ok7.6 

Ca9-22PF 

1.6k2.5 

ZAPF 

2.453.4 

HOC519PF 

3.2* 1.1 

HOC1 19PF 

1.822.4 

PWM-SC 

34.2i11.2 

PF86-1 
medium 

2.8k1.9 

Culture supernatanr of PWM-stimulated spleen cells (PWM-SC) and PF86-1 medium were used as positive and negative controls, respectively. 
Values represent the mean and S.D. colony number per lo5 cells for five dishes. 

Table 2. CSF activities in TSU culture supernatant 

Types of colony 

Compact Mixed Dispersed Total 

TSU 18.3f6.2 15.5f4.2 11.5f3.1 453111.4 
PWM-SC 8.25 k2.9 5.0&1.8 22.8k4.0 36.OF3.9 

Formed colonies were divided into three groups morphologically. The culture 
supernatant of PWM-stimulated spleen cells (PWM-SC) served as a CSF source. 
Values represent the mean and S.D. colony number per lo5 cells for four dishes. 
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mainly compact and mixed type colonies, while the culture 
supernatant of PWM-stimulated murine splenocytes predom- 
inantly induced colonies of the dispersed type. Further 
histochemical characterisation of the colonies by double- 
esterase staining revealed that most colonies formed by the 
TSU culture supernatant were naphthol-AS-D-chloroacetate 
esterase-positive (Fig. l), but alpha-naphthyl butyrate ester- 
ase-negative (data not shown). These results suggest that the 
TSU products expanded the granulocyte lineage. 

Dose-response curve 

The CSF activity of the TSU supernatant was compared 
with that of rhG-CSF. As shown in Fig. 2, although both 
factors stimulated colony formation in a dose-dependent 
manner, the activity of rhG-CSF plateaued at concentrations 
greater than 1 ng/ml. However, the TSU culture supernatant 
induced an approximately 2-fold increase in the maximal 
number of colonies induced by rhG-CSF. Moreover, the 
colonies induced by the TSU supernatant were obviously 
larger than those induced by rhG-CSF (Fig. 3). Since the 
TSU supernatant induced granulocytic colonies, the amount 
of G-CSF in the supernatnat was measured. ELISA for 

Fig. 1. Double-esterase staining. The majority of colonies 
induced by TSU culture supernatant were esterase-positive 
for naphthol-AS-D-chloroacetate. Cells were stained in blue; 

magnification x 200. 
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Fig. 2. Dose-response curve of TSU culture supernatant ((2) 
and rhG-CSF (0). Values represent the mean and S.D. for 

four dishes. *P<O.O5, **P<O.Ol. 

Fig. 3. Phase-contrast micrograph of the colonies induced by 
TSU supernatant (A) and those induced by rhG-CSF (B). 
Photographs were taken on day 6 after colony assay in 35 mm 

Petri dishes; magnification x 40. 
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Fig. 4. Neutralisation of CSF activities with an anti hG-CSF 
antibody. Various doses of the TSU culture supernatant (- ) 
and rhG-CSF (---) were pretreated with (closed symbols) or 
without (open symbols) 10 pg/ml of anti hG-CSF antibody at 
37°C for 2 h before the CSF assay was carried out. The 
concentrations were exhibited as the final dose in the culture. 
Values represent the mean and S.D. for two dishes. *PC 0.05, 

**p<o.o1. 

human G-CSF revealed that approximately 2QO-fold concen- 
trated supernatant contained 2.45 pg G-CSF per milligram of 
protein. 

Neutralisation of anti G- and/or M-CSF antibodies 

To determine whether not only G-CSF but also other CSF 
were implicated in the CSF activity of the TSU culture 
supernatant, we carried out a neutralising study, using specific 
antisera against human G- and M-CSF. Ten micrograms per 
millilitre of antihuman G-CSF antibody completely inhibited 
the activity of rhG-CSF, at least up to 250 ng/ml which was 
finally diluted to one-tenth in culture, but only partially 
reduced the activity of the TSU culture supernatant by about 
40”,, (Fig. 4). We then examined the participation of M-CSF 
in the activity of the TSU supernatant. Figure 5 shows that 
although neither antibody alone complerely suppressed the 
activity of TSU, the activity was abolished by both antibodies 
acting together. 
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Tsu; + + + + 

Anti hM-CSF; - + + 

Anti hG-CSF; _ + + 

Fig. 5. Effects of anti G- and M-CSF antibodies on the activity 
of TSU culture supernatant. TSU culture supematant 
(lOOgg/ml) was pretreated with lOpg/ml of anti hG-CSF 
and/or 5 pg/ml of anti hM-CSF antibody at 37°C for 2 h, then 
added to the culture for the assay. (+), treated with antibody. 
( - ), not treated. Values represent the mean and S.D. for two 

dishes. **P<O.Ol. 

units/ml 

Fig. 6. Effects of various doses of M-CSF on colony formation 
in the absence (0) or presence (0) of 100 ng/ml of rhG-CSF. 
Values represent the mean and S.D. for two dishes. *P< 0.05, 

**P<o.ol. 

Synergism of G- and M-CSF 
The possible synergistic effect of G- and M-CSF on colony 

formation was also investigated. Figure 6 shows the effects of 
various doses of human M-CSF on colony formation with or 
without 100 ng/ml rhG-CSF, where the number of colonies 
induced by rhG-CSF alone reached a maximum. Human 
M-CSF stimulated further colony formation in a dose- 
dependent manner; only 0.08 units/ml of human M-CSF 
enhanced the activity of rhG-CSF, at which concentration 
human M-CSF alone had no detectable effect. 

DISCUSSION 

To study the mechanisms underlying leucocytosis associ- 
ated with oral cancer, we established a novel cancer cell line, 
TSU, from a gingival carcinoma patient who had developed 
marked leucocytosis constituted by mature granulocytes. Few 
oral cancer cell lines have been established from patients with 
leucocytosis [4, 10, 111, and it seems that TSU cells will be 
useful for research on the mechanism responsible for leuco- 

cytosis associated with oral cancer. We confirmed that TSU 
produced factors capable of inducing haematopoietic cell 
colonies in vitro and we demonstrated that TSU products did 
indeed induce colonies, which were mainly compact and 
mixed types. To determine the cell type comprising the 
colonies, further characterisations were carried out histoche- 
mically and immunologically. Although the immunopheno- 
typing using antibodies specific for murine granulocytes and 
macrophages failed because of the interference by agar in 
culture, the histochemical study revealed that most colonies 
were naphthol-AS-D-chloroacetate esterase-positive but 
alpha-naphthyl butyrate esterase-negative, indicating that 
they were mainly granulocytic. Therefore, CSF produced by 
TSU was considered to be G-CSF, a potent growth factor 
specific for granulocytes. Indeed, the quantification by ELI SA 
revealed that TSU supernatant contained a rather high 
concentration of G-CSF (2.45 ug/mg protein). These results 
are consistent with previous reports that tumour cell-derived 
G-CSF leads to leucocytosis in patients with malignant 
diseases [4--l 11. 

It is of more interest to us, however, that the maximum 
number of colonies induced by the TSU culture supernatant 
was greater than that achieved with rhG-CSF and that the size 
of the colonies induced by TSU was obviously larger than 
those induced by rhG-CSF. Sato et al. [ 1 l] have reported that 
not only G-CSF but also IL-1 contributed to leucocytosis in 
oral cancer patients and in tumour-bearing mice. Other 
investigators have reported that tumour necrosis factor (TNF) 
stimulated the production of G-CSF, suggesting an indirect as 
well as a direct contributory role of TNF in leucocytosis [ 18, 
191. Adachi et al. [20] have reported that the constitutive 
production of multiple CSF synergistically increased the 
neutrophil count in patients with lung cancer. These findings 
led us to consider that other factors may have been linked to the 
cause of leucocytosis. 

M-CSF, which has been detected in a wide range of human 
and murine tissues, presenting as a glycosylated homodimer, 
stimulates macrophage colony formation in both humans and 
mice [21,22]. These reports have shown that M-CSF not only 
directly promotes the proliferation of human monocyte 
progenitor cells, but that it also enhances the proliferation of 
human granulocytes indirectly, via augmenting the produc- 
tion of G-CSF and granulocyte-macrophage-CSF by mono- 
cytes [23,24]. Clinical trials ofhuman M-CSF in patients after 
they had received anticancer chemotherapy resulted in earlier 
recovery from leucopenia and neutropenia than that seen in the 
control patients who did not receive human M-CSF infusions, 
as reported by Motoyoshi et al. [25]. Using neutralising anti- 
sera, we investigated whether M-CSF was implicated in the 
CSF activity of TSU. Although each antiserum against 
G-CSF or M-CSF diminished the activity of TSU, the 
activity was completely abolished only when both antibodies 
were added at the same time. These findings indicate that 
tumour-derived M-CSF, as well as G-CSF, could be a cause 
of the leucocytosis associated with oral cancer, although the 
content of M-CSF in TSU culture supernatant was not 
determined because the kit for measuring the quantity of 
M-CSF was unavailable. Moreover, our results indicate that 
G- and M-CSF had a synergistic effect in causing the 
leucocytosis, i.e. M-CSF enhanced the colony formation 
induced by rhG-CSF in a dose-dependent manner. These 
observations strongly suggest that: (1) at least in this patient, 
leucocytosis could be due to both G-CSF and M-CSF released 
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by the tumour; and (2) that M-CSF enhanced the action of 
G-CSF synergistically in virro; this phenomenon may also 
have occurred in viva in the patient. Similar results were 

reported by Lee er al. 1261, who showed that G-CSF and 
M-CSF were produced constitutively by murine mammary 
cancer and that these factors appeared to act synergistically in 
causing leucocytosis in tumour-bearing mice. 

Herein, we demonstrated that an oral cancer cell line 
established from a patient with marked granulocytic leuco- 
cytosis, produced not only G-CSF but also M-CSF, and that 
these factors could function synergistically as a cause of the 
leucocytosis. However, the biological significance of cancer- 
producing CSF has not been fully elucidated. Recent studies 
have demonstrated that neutrophils increased by cancer- 
producing CSF modulate the host immune system [27] and 
facilitate cancer metastasis [3, 281. Indeed, the patient from 
whom TSU was established had many metastatic lesions. 
Further investigations of the biological and clinical signifi- 
cance of tumour-derived factors acting as CSF are necessary. 
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