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Antitumor effect induced by the expres-
sion of granulocyte macrophage-colony
stimulating factor gene I

by
Keisuke HORITSU

Introduction

This study “Quality of Life” was developed from
the study that the subject “Fundamental Study on
Successful Old Age in Human Society”! 1213 was
performed for three years.

A life has to being kept healthy on the peaceful
world as the fundamental concept. To each individ-
ual, this subject “Quality of Life” means various
consepts which are induced from both private (micro)
point and social (macro) point. Moreover, these con-
cepts must be put in the considerations which are
based on the phenomena related to mental (invisible)
viewpoint and physical (bodily, visible) viewpoint.

Next, nobody paid any attention to the following
points generally. Namely, it should be cautioned
that these concepts can not avoid the influence of the
progressive time factors partially (not basically) ;
present time, near future, distant future, the econom-
ical or commercial condition, the surrounding state,
and the standard of living, age, health, disease, and
academic career, and these others, as the practical
problems.

Then, according to the above-described considera-
tion process, psychology and biochemistry are here
applied to study on “Quality of Life” from both pri-
vate invisible (mental) point and private visible
(physical) point. This consideration is very effective.
Health is a base of everything, of course, it is a base
of life. But this base is destroyed with disease.
Above all, lie of cancer. So, the former requires the
questionnaires of many items (truth against false-
hood), the latter requires the molecular biochemical
oncogene experiment in the present case. Then, this
subject is classified to 2 parts. So, the author exam-
ined the point of tumor and antitumor as one partaker.

On the other hand, the analytical consideration and
process of the occurrence mechanism of phenome-
non in a living body were performed as follows.

One kind of phenomenon in a body is occurred
with some kinds of physical factors, for example,
strong light, strong sound, high temperature. And if
this phenomenon continues for one term, and if it
becomes to be constant and if it becomes a constant
change, its change becomes successively one kind of
syndrome. Such a stimulation factor is called an
activator.

This stimulation is not only biological stimulation
(visibly), but also social-psychological stimulation
(invisibly) and others. A psychological social stim-
ulation and a human psychological biological
program decide a psycholo-physiological mecha-
nism. These physiological-biochemical reaction
becomes a syndrome (symptom group) of disease
under one situation, successively it progresses to
disease itself.

The process of this happening (happenstance) is
accelated or repressed with some coming variable
elements or factors. Therefore, the process of
induced result is not working as one way, and it is
working as the controlling human technology sys-
tem accompanied by continuous feedback. If the
stimulation factor exists, and if the stimulation con-
dition is satisfied, the stimulation is working.
Namely, when the preliminary stimulation factor
and the stimulation factor exists, the stimulation fac-
tor takes the concerted action with the preliminary
stimulation factor.

Now, the psychological social stimulation is consid-
ered as the central object at first. And it is considered
that the biological stimulation is working like the psy-
chological social stimulation.

If the trouble in family, working place, or working
(bussiness or others), environment, and others
induces the stimulation factor, the psychological
physiological change or program happens. But this
change or program is depended upon the gene factor
or the variable factor related to the experience of
infant. Moreover, there is the case which is seized
with an illness.

So, this variable factor cannot be neglected. It is
thought that this consideration may contain the
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hypothetical part.

Thus, this variable factor changes the stimulation
induced in the constructed mechanism to the prelim-
inary condition of falling ill. So, this variable factor
becomes the important factor of deciding whether
inducer of illness or not.

About the limitation in this study, the psychologi-
cal problems were possible to be carried on directly
by the author. As the direct clinical analysis of the
phenomenon in human body could not be carried on,
the basic biochemical physiological analysis had to
be carried out in mouse or rat instead of human
body.

The author applied the process of this considered
mechanism to the present subject which was studied.

Again, this subject, Qualigy of Life, is analyzed
from invisible (psychological) and visible (biochem-
ical) points in relation to some specific factors as the
following description.

The possibility of cancer gene therapy has been
examined by various methods or procesis.!’ And the
enforcement of host immune surveillance has advan-
tages from total eradication of tumor cells and
inhibition of recurrence.

A number of cytokine gene(s) in tumor cells
enables the host animals to increase their immune
respones against tumor.

Now, the effect of these cytokine genes expressed
in colon tumor cells, and the reduced tumorigenicity
of granulocyte macrophage-colony stimulating fac-
tor (GM-CSF)3-4 producing tumor cells are
examined and published on this paper.

This paper shows one part of “Antitumor effect
induced by the expression of granulocyte
macrophage-colony stimulating factor gene in

murine colon carcinoma cells”!4).

Experimental and results

Cells and animals:

BALB/c mice (6- to 8-week old female) were pur-
chased from Shizuoka Laboratory Animal Center
(Japan).

Colon 26, a carcinogen>9 induced undifferentiated
adenocarcinoma cell line and the packaging cells
used for retrovirus vectors, ecotropic ¢2 and
amphotropic PA317 were supplied by Ajinomoto

Co. Ltd. (Japan) and American Tissue Culture
Collection (USA). And these cells were cultured in
Dulbecco’s modified Eagle medium which was sup-
plemented with 10% heat-inactivated fetal calf
serum.

As the following sections pointed out, the syngene-
ic BALB/c mice (5 mice per group) were used to the
examination of the subcutaneous injecting of
cytokine-producing colon 26 cells (1x10%) or wild-
type colon 26 cells (1x109).

The mice were assessed for the survival.

Construction of retrovirus:

Retrovirus vector, LXSH? was supplied by Fred
Hutchinson Cancer Research Center (USA).

Mouse GM-CSF ¢cDNA® were supplied from
Tokyo University (Japan).

The subcloning of each cDNA into LXSH vector
were carried out, and the each plasmid DNA with a
cytokine ¢cDNA was transfected into PA317 cells
with lipofection reagent which was purchased from
Life Technologies Inc. (USA). And after the drug
selection was carried forward with G418 which was
purchased from Life Technologies In. (USA), the
cell-free culture supernatant of PA317 cells were
used for infecting ecotropic ¢ 2 cells in the presence
of 8. g/ml polybrene obtained from Aldrich Chemical
Co. Inc. (USA). After the infection, G418-resistant
¢ 2 cells were examined for corresponding cytokine
mRNA production.

Detection of cytokine-producing cells:

The infection produce that the colon 26 cells were
infected with each retrovirus was the same to the
above description. The G418-resistant cells which
produced each cytokine was obtained and was cul-
tured at 3X 105 cells per the dish (6 cm in diameter)
for 72 hr. And the amount of cytokines in culture
supernatant were determined with enzyme-linked
immunorbent assay kits which was purchased by
Endogen Inc. (USA).

Data treatments:

The survival analysis was performed with Kaplan-
Meier test. And the statistical analysis was carried
out with the generalized Wilcoxon test.

Morphological microscopic observation:

The tumor samples were fixed with 10% formalin
and embedded in paraffin. The 4~5xm thick sec-
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tions which were cut from the paraffin blocks were
stained with hematoxylin-eosin.

Detection of transduced cells:

The transduced colon 26 cells which produce each
cytokine were with obtained G418 drug selction.
And the GM-CSF was 1140 pg/ml per 1 X103
cells/72hr. On the other hand, there were no dis-
tinct morphological differences among the
transduced and the untransduced colon 26 cells.

Survivals of the mice inoculated with cytokine-pro-
ducing cells:

These transduced cells were subcutaneously inoculat-
ed into the BALB/c syngeneic mice to investigate the
effect of cytokines which were secreted from the cells.

In 80% of mice, the inoculated GM-CSF producer
cells formed once a small palpable tumors, but they
became to shrink and disappeared about on day 14.
Consequently, the mice inoculated with GM-CSF-
producing cells survived significantly longer than
the mice with unmodified cells (p = 0.007). It is
shown in Table 1.

Table 1
Antitumor effect by the expression of cytokine

genes in murine colon carcinoma cells

Cytokine gene Number
— 5
GM-CSF 5

Survival days Tumorigenity
29,38,41,55,55%# 100%
89,180>,180>,180>,180>* 20%

BALB/c mice (5 mice per a group) were subcuta-
neously inoculated with corresponding cytokine
producer cells.

*p<001, #p<0.05

Discussion

The antitumor responses which were induced by
the local production of cytokines from mouse colon
carcinoma cells were examined in the present exper-
iment. '

Among the cytokines tested, the integration of
GM-CSF gene into the tumor cells induced effec-

tively the antitumor effect in vivo. The effect was
shown by the prolongation of the survival of inocu-
lated animals and spontaneous regression of the
tumor masses. It is shown in Table 1.

Since it is considered that the GM-CSF is involved
in antigen presentation?), the local production of this
cytokine may enforce host immunity by providing
the immunogenic epitope to CD4*T cells, and con-
sequently supplying the signals for generating
cytotoxic T cells.?

Also, the GM-CSF stimulates the proliferation and
differentiation of antigen producing cells.?)

These several reports related to the antitumor effect
by the introducing GM-CSF gene into tumor cells.
These reports dealt with the several cell lines, but
most of them are melanomas or urogenital tumors.
So, the author used colon tumors which are more
common malignancy in human.

As the practical application is considered in clinical
field, it is impossible to select high producers of
cytokine, when the gene delivery is performed in
vivo. Even in the case of ex vivo gene transfer
which aims at the tumor vaccination with cytokine-
producing cells, the selection of clones of
cytokine-high producer is comparatively difficult, as
it requires much time and work.

Then, it is inducing that the usage of unselected
population has an advantage and increases the feasi-
bility of cancer gene therapy.

Also, the macrophages were observed in the GM-
CSF producers.

From the described process or the initial experi-
mental plan, it is thought that the experiment related
to interleukin-4 and interleukin-6 is necessary to
perform. Of course, these experiments were carried
out. So, the result which is more positive may be
published next chance soon.

Summary

The murine colon carcinoma cells which secrete
some cytokines after retrovial transduction of the
gene, were examined for their antitumor effects in
syngeneic mice.

The mice inoculated with granulocyte macrophage-
colony stimulating factor (GM-CSF) producer cells
showed not only prolonged survival but also
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decreased tumorigenicity.

The morphological examination of GM-CSF pro-
ducing tumor revealed predominant infiltration of
neutrophils and necrotic change of the tumor.

The study points the feasibility of cancer gene ther-
apy with the expression of GM-CSF gene in tumor

cells.
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Footnote: After soon this study started under the
experimental condition of three years term, but sud-
denly the experimental term was shortened to only
one year by my university office. So this unexpect-
ed decision took the author by very strong surprise
and required very hard work. This study was very
difficult under the above described condition,
although the author who have published the per-

formed experimental result on a paper per one year.



