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In vivo Tumor Growth Enhancement by Granulocyte Colony-stimulating Factor
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The intraperitoneal administration of human recombinant granulocyte colony-stimulating factor
{(G-CSF) enhanced the growth of intradermally inoculated tumor in mice; in a Meth A fibrosarcoma
model, G-CSF administration significantly shortened the latency before tumor appearance, ac-
celerated the increase of tumor size, shortened the survival time of tumor-bearing mice and increased
the incidence of lethal tumor growth. A similar growth-enhancing effect of G-CSF was observed in
models employing Meth 1 fibrosarcoma, colon carcinoma 26, and L1210 leukemia, although not all the
effects were statistically significant. In vitro study showed that G-CSF did not enhance Meth A growth
in suspension culture or in soft agar. These data suggest that G-CSF enhances the Meth A growth not
directly but through the mediation of host factors, The accumulation of neutrophils was histologically
observed in the tumor nodule, the blood, and the spleen in mice given G-CSF repeatedly. The spleen
cells and the peripheral blood leukocytes of G-CSF-injected mice enhanced Meth A growth in vitro as
compared with those of mice injected with physiological saline. These results suggest the possibility
that the in vivo growth of tumor cells was enhanced by G-CSF-induced overproduction of cells

including neutrophils.
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Colony-stimulating factors are a class of glycoproteins
characterized by their capacity to support the survival,
proliferation, and differentiation of hematopoietic pro-
genitor cells in vitro,"® Recently recombinant human
colony-stimulating factors have been produced and have
been used as anti-leukopenia agents.

Recombinant human granulocyte colony-stimulating
factor (G-CSF) has been produced in E. colf™ and has
been expected to be a useful agent for protection against
myelosuppression during chemotherapy®™® and radio-
therapy.'” Although the effects of G-CSF on the growth
of hematopoietic cells and nonhematopoietic cells have
been investigated in vitro,''""* the in vivo effects of G-CSF
on the tumor growth have not yet been evaluated ex-
tensively,

Our previous work demonstrated that G-CSF adminis-
tration partially nullified the eradication of Meth A
fibrosarcoma by interferon @ A/D (IFN) therapy and
inhibited the antiproliferative activity of monocytes in-
duced by IFN administration."” In this study, we showed
that under the present experimental conditions G-CSF
enhanced the in vivo growth of several murine tumor cell
lines; Meth A fibrosarcoma, Meth 1 fibrosarcoma, colon
carcinoma 26, and L1210 leukemia.

* To whom requests for reprints and all correspondence should
be addressed.
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MATERIALS AND METHODS

Mice and tumors Female BALB/c mice and male
BALB/cXDBA/2 Cr (CD2F,) mice were obtained
from Japan Charles River Co.,, Ltd. (Atsugi,
Kanagawa). Meth A fibrosarcoma was supplied by Dr.
Y. Hashimoto. Meth 1 fibrosarcoma was furnished in
ascitic form by Dr. M. Morimoto. L1210 leukemia was
from National Cancer Institute (Bethesda, MD). Colon
carcinoma 26 (C20) was from Simonsen Laboratories,
Inc. (Gilroy, CA) and was passed in vitro in RPMI
medium supplemented with 10% fetal bovine serum
(EFBS).

G-CSF  Recombinant human granulocyte colony-
stimulating factor (G-CSF) (KRN8601, Kirin Amgen)
purified from E, coli’ was kindly provided by Kirin
Brewery Co., Ltd. (Tokyo). It had a specific activity of
10° units/mg when assayed in a granulocyte/macrophage
colony-forming unit assay.”

Tumor inoculation Tumor cells as indicated were in-
oculated intradermally (i.d.) in the flank of BALB/c
mice (Meth A, Meth 1 and C26) or CD2F, mice (L1210)
(Day 0). The mice were given 300 ng of G-CSF/kg per
day or physiological saline (PS) intraperitoneally (i.p.)
at indicated intervals. Tumor sizes were measured at the
longest (a) and shortest () arms and expressed as vab
(mm). Lethal tumor growth was judged on Day 60 or
more after tumor inoculation.



Preparation of peripheral blood leukocytes At the in-
dicated intervals, mice were anesthetized with chloro-
form, then killed and bled by heart puncture. Whole
peripheral blood leukocytes including polymorphonu-
clear leukocytes (PBL)} were purified from heparinized
blood by using dextran as described below. Blood was
diluted with an equal volume of Dulbecco’s phosphate-
buffered saline (Nissui Pharmaceutical Co. Ltd., Tokyo),
pH 7.2 (PBS) and a half volume of 6% dextran (M,
200,000-300,000; Wako Pure Chemical Industries, Ltd.,
Tokyo) dissolved in PBS. After a 45-min incubation at

room temperature, the leukocytes recovered in the upper -

layer were used.

Culture medium and other reagents RPMI-1640 medium
containing 100 pg kanamycin/ml (Banyu Pharmaceu-
tical Co., Ltd., Tokyo) and either the indicated concen-
tration of normal mouse serum prepared from female
BALB/c mouse (NMS) or 10% FBS (GIBCO) was
used.

In vitro effect of spleen cells of G-CSF-injected mice
Spleen cells or PBL were prepared from the Meth A-
bearing mice injected i.p. with 500 ug of G-CSF/kg per
day or PS for the indicated intervals. Meth A cells (5%
10 cells/0.1 ml/well) and spleen cells or PBL (5 10*-
1X10° cells/0.1 ml/well) were cocultured in RPMI
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medium supplemented with 0.5-4.09% NMS. After three
days, the growing Meth A cells were measured by
regrowth assay; an aliquot of the incubation mixture was
transferred into 1 ml of RPMI medium supplemented
with 10% FBS and the incubation was continued for
another two days. The cell concentrations were deter-
mined by using a Model Zb Coulter Counter (Coulter
Electronics Inc., Hialeah, FL). Under these experimental
conditions, cell growth in the culture of the highest cell
concentration was in the logarithmic phase. The cell
counts of the tumor cell-free incubation groups was
negligible in this regrowth assay.

Tissue staining The tissue sections were fixed with 3.7%
formaldehyde and were stained with hematoxylin and
eosin.

Statistics The results on in vive incidence of palpable
tumor growth and incidence of lethal tumor growth were
analyzed by the use of Fisher’s exact test. The data on in
vivo and in vitro growth of different tumors, organ weight
and the cell numbers of PBL and spleen cells were
analyzed by using Student’s ? test. Differences in the
latency time between tumor inoculation and palpable
tumor appearance and in the survival time of tumor-
bearing mice were analyzed by using the Mann-Whitney
U-test.

Table I. Effect of i.p. Administration of G-CSF on the Growth of i.d.-Inoculated Tumors®
Days of tumor . Lethal

Tumor No.“of Schedule  Drug appearance, P9 Su;lvwalrdayi, PP growthy P?

eels median (range) median (range) total®
Meth A 5x10° d —2-10 G-CSF 7 (7-10) < 0.01 46 (37-58) >0.1 10/10 0.043
Meth A 5x10° d —2-10 PS 18 (720, >90) 33 (39-56, >90) 6/10
Meth A 1x10* d —2-10 G-CSF 7 (7-56, >90) <0.05 42 (35-89, >90) <0.02 9/10 0.010
Meth A 1X10° d —2-10 PS >90 (7-23, >90) >90 (3748, >90) 3/10
Meth 1 1x10* d —3-10 G-CSF 6 (6-8, >90) >0.1 64 (59-66, >90) >0.1 7/10 0.156
Meth 1 1x10* d —3-10 PS >90 (6-11, >90) >90 (59-80, >90) 4/10
c26"  1x10° d —1-10 G-CSF 10 (10) <0.01 64 (46-107) >0.1 10/10 0.043
C26 1x10° d —1-10 PS >120 (13-47, >120) 82 (42-82, >120) 6/10
C26 1x1¢® d —1-13 G-CSF >88 (13-55, >120) >0.1 >105 (80-89, >120) >0.1 5/10 0.32
C26 1x10° d —1-13 PS >120 (31-33, >120) >120 (101-116, >120) 3/10
L1210 1x10* d —1-8 G-CSF 8 (8-9) >0.05 14 (14-15) <0.02 5/5 1.0
L1210. 1x10* d —1-8 PS 9 (39) 16 (15-16) 5/5
L1210 1x10' d —1-8 G-CSF >60 (9, >60) >0.1 >60 (18, >60) >0.1 /5 0.53
L1210 1x10" d—1-8 PS >60 (9, >60) >60 (18, >60) 2/6

a) The mice were inoculated i.d. with the indicated tumors on Day 0 and were given G-CSTF (500 gg/kg per day) on the
indicated days starting 1-3 days before tumor inoculation.

b) No. of mice with lethal tumor growth/total no. of mice.
¢), d), e) Statistical analysis of G-CSF group vs, PS group by using the Mann-Whitney U-test® ? and Fisher’s exact test.”
Significant differences are indicated by underlining.
f) Colon carcinoma 26.
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RESULTS

Tumor growth enhancement by G-CSF in vive The
incidence of lethal growth of i.d.-inoculated Meth A
fibrosarcoma was 60% in mice inoculated with a small
number (5% 10%) of tumor cells (Table I and Fig. 1D).
The i.p. administration of G-CSF significantly shortened
the latency time between tumor inoculation and tumeor
appearance and increased the incidence of palpable
tumors from Day 7 after tumor inoculation and final
lethal tumor growth (Fig. 1D, Table I). Fig. 1A showed
that the increase of tumor size was accelerated by G-CSF
administration. In the case of 1X10° Meth A cells,
G-CSF administration significantly enhanced all the indi-
cators examined for tumor growth, including shortening
of median survival time (Table I}. Table I and Fig. |
showed that the i.p. administration of G-CSF signifi-
cantly enhanced the growth of the i.d.-inoculated (13X
10° cells) C26 as judged from all the indicators except
median survival time. In the case of Meth 1 fibrosarcoma

and 1.1210 leukemia, G-CSF administration significantly
enhanced tumor growth in terms of one indicator for
cach tumor; increase of tumor size (Meth 1, Fig. 1C) or
shortening of the median survival time of tumor-bearing
mice (L1210, TFable I). Other indicators consistently
showed the tendency of tumor growth enhancement by
G-CSF although the changes were statistically not sig-
nificant.

In the dose-response study, 32 xg/kg or a higher dose
of G-CSF administration significantly enhanced id.-
inoculated (5X10° cells) Meth A fibrosarcoma, but 13

" 1g/kg of G-CSF slightly enhanced tumor growth (Fig.

2). In a comparison between the “all G-CSF group
except 13 pg/kg group” and the “PS group,” each indica-
tor was significantly different: mean tumor size on Days
14-28; median survival time, Day 46 vs. >Day 120 ( P=
0.03); incidence of lethal tumor growth, 30/39 (73%) vs.
3710 (30%) (P=0.008).

The in vitro effect of G-CSF on tumor cell growth The
direct effect of G-CSF on the growth of Meth A cells as
a tumor growth factor was tested in the culture medium
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Fig. 1. Growth of Meth A fibrosarcoma (A, D), colon carcinoma 26 (C26) (B, E), and Meth 1 fibrosarcoma (C, F) in the
G~CSF-injected mice, Female BALB/c mice (10 mice per group) were i.d.-inoculated with 5% 10° cells/mouse of Meth A cells,
1 X 10° ceils/mouse of C26 cells and 1 X 10* cells/mouse of Meth 1 cells on Day 0 and were given 500 ug of G-CSF/kg per day ()
or PS (W) on Day —2 to Day 10 (Meth A}, Day —1 to Day 10 {C26), and Day —3 to Day 10 (Meth 1) after tumor inoculation.
Tumor growth is shown in terms of mean tumor size (A, B, C) and incidence of palpable tumeors (D, E, F). Statistically significant
differences were found at P<{0.05 for tumor size in the G-CSF group vs. PS group by Student’s ¢ test (for intervals of: A, Day 7
to Day 32; B, Day 10 to Day 40; C, Day 6 to Day 21) and for incidence of palpable tumors by Fisher’s exact test (for intervals of:

D, Day 7 to Ddy 18; E, Day 10 to Day 40; F, no significant).
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supplemented with various doses of NMS. In our prelim-
inary experiment, the maximum conceniration of G-CSF
in blood was supposed to be about 2 ¢g/ml as determined
by radioimmunoassay when 500 ug/kg G-CSF was in-
jected i.p. into mice, and it has been reported that G-CSF
stimulated G-CSF-responding tumor cell growth below
0.1 zg/ml."' Fig. 3 showed that the growth of Meth A
cells was unchanged in the presence of G-CSF of 10 pg/
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Fig. 2. Dose-dependence of the effect of G-CSF on the
growth of id.-inoculated Meth A fibrosarcoma. Female
BALB/c mice {10 or 9 mice per group) were i.d.-inoculated
with 35X 10* cells/mouse of Meth A cells on Day O and were
given various doses of G-CSF or PS on Day 2 to Day 10. Doses
of G-CSF were: O, 500 2g/kg; W, 200 zg/kg; O, 80 ug/kg; ®
32 pg/kg; & 13 ugsky; A, PS. % Statistically significant differ-
ence in tumor size at P<0.05 vs. the PS group (one-tailed
Student’s ¢ test): “300 pg/kg group,” Days 19-28; “200 ug/kg
group,” Days 14-21; “80 ug/kg group,” Days 10-28; “32 ug/kg
group,” Days 10-28. a. Number of mice with lethal tumor
growth/total no. of mice. # Statistically significant difference
at P<<0.05 vs. the PS group (Fisher’s exact test),
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ml and less in 4% NMS and Jower concentrations of
NMS (0.05-19%, data not shown). In soft agar, G-CSF
did not enhance the colony formation of Meth A cells
either (data not shown). These data indicate that G-CSF
did not directly enhance the growth of these tumors
under these conditions.

Effect of G-CSF administration on the weight and the
cell number of the organs We supposed that G-CSF does
not enhance the tumor growth directly but through the
mediation of host factors. We investigated the changes of
organ weight and cell number upon G-CSF administra-
tion. Multiple G-CSF adminisiration increased the
weight of liver and spleen, and the number of PBL and
spleen cells (Table II), but decreased bone marrow
cells.'”™ Table III shows that the percentage of mature
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Fig. 3. Effect of G-CSF on in vifro tumor growth, Tumor cells

were cultured in 49 BALB/c¢ normal mouse serum with or
without G-CSF. The growing cells were counted with a Coulter
counter. The results are presented as pf:rcenzl of control growth
of G-CSF-free culture.

Table II.  Effect of i.p.-Administered G-CSF on the Organs of Mice
Organ weight and cell no.
Treatment Experiment 1 (5-day treatment) Experiment 2 (29-day treatment)
Spleen Thymus Lymph node Bone marrow cells Total PBLY Spleen Liver Kidney
(mg) (mg) (mg) (X107 femur) (X 10"/ml) (mg) (mg) (mg)
G-CSF? 227+9°% 5010 12+2 1.1£0.1° 324062 7641417 1453%650 196+12
PS 105+ 4 50+2 12t0 2.1x0.2 0.6%0.1 11214 1260+ 64 178 +17

a)} G-CSF was injected i.p. at 500 ¢g/kg per day.

b) Peripheral blood leukocytes, The cell count in the hearts of mice was performed in Turk solution.
¢} Each value is the mean+ 8D of four mice (Experiment 1) or three mice (Experiment 2).
d) Statistically significant difference at P<0.05 vs. the PS group (Student’s ¢ test).
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Table ITI.  Effect of G-CSF Administration on the Cell Populations of Spleen and PBL

Spleen or Treatment Weight 9 Cell composition (%)?

@ .5 Cell no. .
PBL of mice’ (mg) Neutrophils Lymphocytes Others

Experiment 1 (/mouse}

Spleen G-CST 212:430%7 4.7x10° 30=30 5767 1430

Spleen PS 114 %1 2.4 108 2+1 92+3 613
Experiment 2

Spleen G-CSF 208+ 6" 4.0x10° 3744 53+350 9+1

Spleen PS 1271 1.8x10° 141 93£5 5+4
Experiment 3 (/mm*)

PBLY G-CSF - 22000 £ 39007 5490 40+9) 6+1

PBL Ps — 6200£520 17X6 777 6t

@) Peripheral blood leukocytes.

b) Mice were injected i.p. with 500 g of G-CSF/kg per day or PS for four days (Experiments 2 and 3) and five days
{Experiment 1). The numbers of mice were two (Experiments 1 and 2) and four {(Experiment 3).

¢) The spleens and the heart blood of the mice were collected on the day after the last injection. The total spleen cell
counts and total PBL counts were made using Turk solution. The cell counting was done with pooled spleen cells and with

PBL of individual mice.

d) Stamp samples of the spleen and blood smears on slide glass were prepared and stained with Wright's-Giemsa stain.
The differential counts of spleen cells and PBL were done with the stained samples of individual mice.

e) Mean*SD.

) Statistically significant difference at P<{0.05 vs. the PS group (Student’s ¢ test).

neutrophils increased but that of lymphocytes was
decreased by G-CSF administration for four or five days.
Effect of the spleen cells and PBL of G-CSF-injected
mice on in vitro tumor growth We investigated the effect
of spleen cells and PBL of G-CSF-injected mice on Meth
A growth, because neutrophil accumulation was ob-
served in spleen and PBL of the G-CSF-injected mice.
The growth rate of Meth A cells co-cultured with the
spleen cells or PBLs of G-CSF-injected mice was higher
than that in the case of PS-injected mice (Tables IV and
V). These results suggested that the cells induced by
G-C8F, including neutrophils, enhanced the in vivo
growth of Meth A cells.

Pathological study of G-CSF-injected mice The tumor
was not palpable at Day 7 after inoculation of 5X10°
Meth A cells, but the repeated injection of G-CSF after
such inoculation resulted in tumor nodule formation
during the same period of time. At this time, many
neutrophils had infiltrated into the tumor nodules of
G-CSF-injected mice (Fig. 4). At a later period, neu-
trophils infiltrated into the tumor nodules of PS-injected
mice (data not shown). These data indicated that the
administration of G-CSF accelerated the accumulation
of neutrophils into tumor nodules. These results, together
with in vitro Meth A growth enhancement in the presence
of neutrophil-enriched cell mixtures (Tables IV and V),
suggested that the cells that accumulated in tumor tissue,
neutrophils in particular, enhanced the tumor growth.
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DISCUSSION

In the present study, we showed that G-CSF adminis-
tration enhanced the growth of the i.d.-inoculated tumor
cell lines without tumor selectivity (Meth A fibro-
sarcoma, Meth 1 fibrosarcoma, colon carcinoma 26 and
L1210 leukemia were used). It was reported that the
growth of several tumor cell lines was directly enhanced
by G-CSF; these were leukemic cell lines and small tung
cancer cell lines,!'™ In this study, however, Meth A
fibrosarcoma did not respond to G-CSF supplemented in
culture medium. These data indicated the possible medi-
ation of host factors in the fn vivo growth enhancement of
tumors by G-CSF. There are two possible mechanisms
for the enhancement of in vivo tumor growth by G-CSF
administration, other than direct growth acceleration of
tumor cells by G-CSF: 1) neutrophils induced by G-CSF
or G-CSF itself might suppress the host antitumor immu-
nity; 2) neutrophils induced by G-CSF might stimulate
the tumor growth. Regarding the former possibility, we
have reported that G-CSF administration partially
nullified the eradication of Meth A fibrosarcoma by
interferon @ A/D (IFN) therapy and inhibited the anti-
proliferative activity of monocytes of peripheral blood
induced by IFN."™ It was also reported that neutrophils
inhibited natural killer- and lymphokine-activated killer-
mediated cytotoxicity.’s'®



Table IV. Effect of the Spleen Cells of G-CSF-administered
Mice on Meth A Growth in vitro

Meth A growth in the

NMS% s(pl:?r(l)ﬁjilllls;) T;t;a;]rri:;nt presence of splee:l cells
Cell counts™
Experiment 1
4.0 1.0 G-CSF 1623+271¢
Ps 70140
4.0 0.5 G-CSF 121711409
PS 205+49
4.0 None 1040113
0.25 1.0 G-CSF 2967+ 568
PS 3093+ 36
0.25 0.5 G-CSF 31471248
Ps 2902+ 187
0.25 None 17521227
Experiment 2
4.0 1.0 G-CSF 2686+ 5659
PS 70140
4.0 0.5 G-CSF 1217+ 1407
PS 205149
4.0 None 2681 645

@) Spleen cells of mice that had been injected i.p. with G-CSF
(500 pg/kg per day) or PS for five days.

b) Meth A cells were co-cultured with the spleen cells or
cultured alone in the NMS. The growing Meth A cells were
measured by means of regrowth assay. The results are pre-
sented as the final counts with the Coulter counter. Each value
is the mean = SD of more than quadruplicate determinations.
¢) Statistically significant difference at P<0.05 vs. the PS
group (Student’s ¢ test).
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Table V. Effect of the Peripheral Blood Leukocytes of G-
CSF-administered Mice on Meth A Growth in vitro

Meth A growth in the

q)
NMS% (Xplﬁg}ml) T;;a;lr;e:t presence of PBL
Cell counts?
Experiment 1
4.0 1.0 G-CSF 1608 +213%
Ps 1163+192
4.0 0.5 G-CSF 11261919
PsS 249+73
4.0 None 70+30
0.5 1.0 G-CSF 250776
Ps 25531283
0.5 0.5 G-CSF 17691333
PS 1824+ 167
0.5 None 1117193
Experiment 2
4.0 1.0 G-CSF . 3624 7999
PS 14631428
4.0 0.5 G-CSF 16313119
Ps 605+219
4.0 None 1521+272

a) Peripheral blood leukocytes containing polymorphonuclear
leukocytes were prepared by the use of dextran from hepari-
nized blood of mice that had been injected i.p. with G-CSF
(500 ug/kg per day) or PS for four days.

b) Meth A cells were co-cultured with the spleen cells or
cultured alone in the NMS. The growing Meth A cells were
measured by means of regrowth assay. The results are pre-
sented as the final counts with the Coulter counter. Each value
is the mean +SD of more than quadruplicate determinations.
¢) Statistically significant difference at P<{0.05 vs. the P8
group (Student’s ¢ test).

Fig. 4. Histology of a tumor nodule of a G-CSF-injected mouse. Mice were inoculated i.d. with 5 10° Meth A cells on
Day 0 and were repeatedly injected i.p. with 500 yg G-CSF/kg per day or PS starting from Day —2. Tumor nodules
appeared only in G-CSF-injected mice on Day 7. The sections of tumor nodule were stained with hematoxylin and eosin.
B (X1000}) is an enlarged view of the indicated area in A (A, X100). Several neutrophils have infiltrated among the

tumor cells (arrows).
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In this paper we focussed our attention on the latter
possibility. We found that the spleen cells and peripheral
blood leukocytes of G-CSF-injected mice enhanced
tumor growth in vitro. As regards nonimmunological
effects of netrophils, several reports have shown that
neutrophils enhance tumor malignancy; they include ma-
lignant transformation' and stimulation of tumor inva-
sion and metastasis.”®*” In accordance with this, the
pathological study showed the infiltration of neutrophils
into the tumor tissue, suggesting that the neutrophils
associated with tumor nodules enhanced tumor growth.,
The mechanism of tumor growth acceleration by neu-
trophiis at the molecular level remains uncertain. It is
possible that inflammation-related factors produced by
neutrophils,”’ such as proteinase or prostaglandins,
mediate the tumor growth acceleration, because it has
been suggested that these factors could stimulate cell
growth.**?® Furthermore, the previous study””’ showed
infiltration of neutrophils in the liver of G-CSF-injected
mice. These observations favor the possibility that by
supplying neutrophils G-CSF enhances the growth of
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tumors of a small size, either latent tumors or tumors at
an early stage after metastatic colonization, which other-
wise may be eradicated through the host immunological
and non-immunological surveillance systems.

In conclusion it is possible that the overproduced
neutrophils enhance tumor growth and, under some cir-
cumstances, the reduction of neutrophils may contribute
to tumor regression during the course of cancer therapy.
The results of the present study warrant further investi-
gation aimed at identifying the cell population responsi-
ble for enhancement of tumor growth and analyzing the
mechanism of the tumor growth enhancement by those
cells.

ACKNOWLEDGMENTS

This work was partially supported by a Grant-in-Aid from
the Ministry of Health and Welfare of Japan. We thank Fujiko
Oh-hashi and Kaoru Honjo for experimental assistance and
Naomi Aihara for secretarial work in preparing the manuscript.

{Received September 19, 1990/ Accepted January 19, 1991)

T. C., Chazin, V. R., Tsai, L., Ritch, T, and Souza, L. M.
In vivo stimulation of granulopoiesis by recombinant
human granulocyte colony-stimulating factor. Proc. Natl,
Acad. Sci US4, 84, 2484-2488 (1987).

8) Morstyn, G., Campbell, L., Souza, L. M., Alton, N. K.,
Keech, I., Green, M., Sheridan, W., Metcalf, D). and Fox,
R. Effect of granulocyte colony-stimulating factor on
neutropenia induced by cytotoxic chemotherapy. Lancet,
ii, 667-671 (1988).

9) Eguchi, K., Sasaki, S., Tamura, T., Sasaki, Y., Shinkai, T.,
Yamada, K., Soejima, Y., Fukuda, M., Fujihara, Y.,
Kunitou, H., Tobinai, K., Ohtsu, T., Suemasu, K.,
Takaku, F. and Saijo, N. Dose escalation study of
recombinant human granulocyte-colony-stimulating factor
(KRNB601) in patients with advanced malignancy.
Cancer Res., 49, 5221-5224 (1989).

10) Kobayashi, Y., Okabe, T., Urabe, A., Suzuki, N. and
Takaku, F. Human granulocyte colony-stimulating factor
produced by Escherichia coli shortens the period of
granulocytopenia induced by irradiation in mice. Jpn. J
Cancer Res., 78, 763-766 (1987).

11} Kitano, K., Suda, T., Sato, Y. and Miura, Y. Proliferative
effect of human granulocyte colony-stimulating factor on
blast cells of acute promyelocytis leukemia. Jpn. J. Cancer
Res., 79, 843-849 (1988).

12} Avalos, B. R., Gassson, J, C., Hedvat, C., Quan, S. G.,
Baldwin, G. C., Weisbart, R. H., Williams, R. E., Golde,
D. W. and DiPersio, J. F. Human granulocyte colony-
stimulating factor: biologic activities and receptor charac-
terization on hematopoietic cells and small cell lung cancer



13)

14)

15)

16)

17)

18)

19)

20)

cell lines. Blocd, 75, 851-857 (1990).

Nara, N., Suzuki, T., Nagata, K., Tohda, S., Yamashita,
Y., Nakamura, Y., Imai, Y., Morio, T. and Minami-
hisamatsu, M. Granulocyte colony-stimulating factor-
dependent growth of an acute myeloblastic leukemia cell
line. Jpn. J. Cancer Res., 81, 625-631 (1990).

Segawa, K., Suhara, Y., Ueno, Y. and Kataoka, T. Effect
of co-administration of granulocyte colony-stimulating
factor on interferon therapy. Jpn. J. Cancer Res., 82, 346
350 (1991).

Molineux, G., Pojda, Z. and Dexter, T. M. A comparison

of hematopoiesis in normal and splenectomized mice

treated with granulocyte colony-stimulating factor. Blood,
75, 563-569 (1990).

El-hag, A. and Clark, R. A. Immunosuppression by
activated human neutrophils. Dependence on the myelo-
peroxidase system. J. Immunol., 139, 2406-2413 (1987).
Seaman, W. E., Gindhart, T. D., Blackman, M. A., Dalal,
B., Talal, N. and Werb, Z. Suppression of natural killing
in vitro by monocytes and polymorphonuclear leukocytes.
J. Clin. Invest., 69, 876-888 (1982).

Shau, H. and Golub, S. H. Inhibition of lymphokine-
activated killer- and natural killer-mediated cytotoxicities
by neutrophils, J. fmmunol., 143, 1066-1072 (1989).
Weitzman, S. A., Weitberg, A. B., Clark, E. P. and Stossel,
T. P. Phagocytes as carcinogens: malignant transforma-
tion produced by human neutrophils. Science, 227, 1231-
1233 (1985).

Aeed, P. A., Nakajima, M. and Welch, D. R. The role of

21)

22)

23)

24)

25)

26)

27)

Tumor Growth Enhancement by G-CSF

polymorphonuclear leukocytes (PMN) on the growth and
metastatic potential of 13762NF mammary adenccarci-
noma cells. Int, J. Cancer, 42, 748-759 (1988).

Orr, F. W. and Warner, D. J. A. Effects of neutrophil-
mediated pulmonary endothelial injury on the localization
and metastasis of circulating Walker carcinosarcoma cells.
Invasion Metastasis, 7, 183-196 (1987).

Starkey, J. R., Liggitt, H. D., Jones, W. and Hosick, H. L.
Influences of migratory blood cells on the attachment of
tumor cells to vascular endothelium. Int. J. Cancer, 34,
535-543 (1984).

Parker, C. W. Mediators: release and function. In “Fun-
damental Immunology,” ed. W. E. Paul, pp. 697-747
(1984). Raven Press, New York.

Yimenes de Asua, L., Otto, A. M., Lindgren, J. A. and
Hammarstrom, 8. The stimulation of the initiation of
DNA synthests and cell division in Swiss mouse 3T3 cells
by prostaglandin F2a requires specific functional groups in
the molecule. J. Biol. Chem., 258, 8774-8780 (1983).
Schnebli, H. P. and Burger, M. M. Selective inhibition of
growth of transformed cells by protease inhibitors. Proc.
Natl. Acad. Sei, USA, 69, 3825-3827 (1972).

Yamamoto, K., Omata, S., Ohnishi, T. and Terayama, H.
In vivo effects of proteases on cell surface architecture and
cell proliferation in the liver., Cancer Res., 33, 567-572
(1973).

Okabe, T. The disorder of hematopoietic system and the
CSF production. Oncologia, 23, 15-20 (1990) (in Japa-
nese}.

447





