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Reconstruction of the central city area of a local city
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An interventional study of the relationship between green tea
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Phase-Separated Structure of Block Copolymer Thin Films on Silicon
Substrates Modified by Polymer Adsorption
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Fig. 1 Specular X-ray reflectivity profile for a
PS physically-adsorbed Si substrate after each
ultrasonication in toluene. The profiles are

sequentially arranged from top to bottom.
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Fig. 2 Comparison between specular X-ray

reflectivity profiles for PS physically-adsorbed

and PS-CO,H chemically-adsorbed  Si

substrates after removal of non-adsorbed

polymers by ultrasonication along with the one

for a bare Si wafer.
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Fig. 3 Two-dimensional GISAXS patterns at =0.1° for PS-PB block copolymer thin films prepared on (a)
PS physically-, (b) PS-CO,H chemically-adsorbed, and (c) bare Si substrates.
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Antitumor Effect of ATOP prepared from Agaricus blazei Murrill
“Himematsutake” on Mouse Pulmonary Tumor with Special Reference to

Activation of Macrophage and Kupffer Cell

G VY, Mida Y, THEEY, EaxRKEs Y, FigEy Y
Hiroko Itoh" ¥, Makoto Kakinuma', Nakada Fukuyoshi %,
Hiroyuki Sasaki ¥, Hitoshi Ito

Key words: Agaricus blazei Murrill, Antitumor effect, Kupffer cell

Summary

The effects of ATOP prepared from Agaricus blazei Murrill cell wall crushing on immune
response were investigated in pulmonary tumor 7423 (P-7423)-bearing mice. The p.o.
administration of ATOP strongly inhibited the growth of P-7423. The number of peritoneal
macrophages were increased in the mice treated with ATOP. We evaluated the phagocytic
function of Kupffer cells by histopathogical studies using CD68 antibody. In the group
receiving ATOP, the number of macrophage cells of the spleen and Kupffer cells of the liver
were significantly increased as compared with the saline-treated control group. Our findings
are the first evidence that ATOP accelerates the activity of in vivo Kupffer cell phagocytosis in
mice. These results suggest that the macrophage and Kupffer cell activation are necessary for
the induction of an antitumor effect of ATOP.

Introduction

We have reported that some poly-
saccharides, such as coriolan,” ATSO,?
GU-1,> hetero-glycan,” glucogalactan®
and the xyloglucan-protein complex® from

basidiomycetes, strongly inhibit the growth
of Sarcoma-180 implanted subcutaneously
in mice and stimulated the defense
mechanisms of the host.

Agaricus blazei Murrill “Himematsu-

1) ZERPAEWEREA A58 = Laboratory of Marine Biochemistry, Faculty of
Bioresources, Mie University, Tsu, Mie, 514-8507, Japan

2) T 7 NARFER SRS AE Powerful Healthy Food Corporation, Nakagosyo, Nagano, 380-09352, Japan

3) B4V > 7 2 Rinks Corporation, Toshimaku, Tokyo, 171-0022, Japan

4) HEFAIEFLFICAT  Research Institute of Mycology and Pharmacology, Tsu, Mie, 514-0033, Japan
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take”, an edible mushroom belonging to
the Agaricus family, is native to southern
This initially
supplied by Dr. Inosuke Iwade from Brazil
in 1965, and an artificial cultivation
process has been established with some
difficulties at Iwade Research Institute of
Mycology in Mie Prefecture in 1978.

In our previous papers,”® remarkable
antitumor activity was found in a glyco-
protein, FIII-2-b, isolated from the fruiting
bodies of Agaricus blazei Murrill. A (1—
6)-p-D-glucan-protein complex designated
FIII-2-b was the first case of an antitumor
compound found in edible mushrooms.
Moreover, antitumor-active polysaccharide
from mycelium of liquid-cultured Agaricus
blazei Murrill was preliminarily gluco-
mannan with a main chain of f-1,2-linked
D-mannopyranosyl residues and p-D-
glucopyranosyl-3-0-f-D-glucopyranosyl
residues as a side chain.”

This mushroom has recently been
attracting attention as a health-oriented
food and as a material for an ajuvant of
anticancer drug in countries such as Brazil,
China and Japan.'®!!

The present studies were undertaken to
examine the antitumor effects in syngeneic
tumor, P-7423-bearing mice. In addition,
the activation of Kupffer cells and
macrophages in mice was discussed.

Brazil. mushroom was

Materials and Methods

1) Animals

Five-week-old female A/J Jms Slc mice
(SPF), weighing 15 to 20 g, were obtained
from Japan SLC, Inc., Hamamatsu. They
were maintained on a CE-7 pellet diet
(Clea Japan, Inc., Japan) and water ad
libitum. Animal experiments were carried
out according to the guidelines of the

Institute of Laboratory Animals, Mie
University School of Medicine (Japan).

2) Tumor cells

Pulmonary tumor 7423 (P-7423) cells
were kindly provided by Dr. I. Kimura,
M.D.'? Laboratory of Viral Oncology,
Research Institute, Aichi Cancer Center
(Japan). The cloned cell lines were
routinely cultured in Dulbecco's modified
Eagle's medium (Gibco New York, NY)
containing 10% (v/v) fetal-bovine serum
(Gibco), penicillin (100 units/ml) and
streptomycin (100 pg/ml), at 37°C in a
humidified atmosphere of 5% CO2 in air.
Cultured cells were detached from dishes
by treatment with 2 mM-EDTA in Ca®" and
Mg?**-free phosphate-buffered saline (0.137
M-NaCl/2.7 mM-KCI1/8.1 mM -

NaxHPO,/1.5 mM-KH2PO4, pH 7.4) for
10 min, and subcultured twice a week. The
viability of the tumor cells was confirmed
by the trypan blue dye exclusion method. A
suspension of 1x10° viable cells in 0.2 ml
of physiological saline was implanted s.c.
into the right groin of each mouse.

3) Drugs

The test material (ATOP) comprised the
extract of fruiting bodies and mycelium of
liquid-cultured Agaricus blazei Murrill. By
enzymatic analysis, ATOP was shown to
include 18.7% of antitumor-active p-
D-glucan as an indicator of mushroom
constituents.

Zymosan  (Immunological  reagent:
Sigma Chemical Co., St. Louis, Mo.,
U.S.A.) and Dextran (M.W. 200,000-
300,000; Wako Pure Chemical Co., Osaka,
Japan). All of these drugs were dissolved
in isotonic physiological saline and used as
the reference drug in some of the
experiments.



4) Assay of antitumor activity

A/J Jms Slc female mice were implanted
s.c. with 2x10° P-7423 cells on day 0.
ATOP was given p.o. twice a day at a dose
of 500 mg/kg (optimal dose) on days 1
through 21. The control mice were given
only 0.2 ml of physiological saline. The
size of the tumor was measured on every
7th day with a Digimatic caliper (Mitutoyo
Mfg. Co., Ltd. Tokyo). It is expressed as
4/3 7t a*b/2, where a is the shortest and b is
the longest diameter (mm). The antitumor
activity expressed in terms of the ratio of
the mean tumor size; (1 —T/C x100 (%))
where T is the value for treated animals
and C for control animals. The experiments
were terminated on the 42th day after
tumor implantation.

5) Assay of macrophages

Five-week-old female mice were given
p.o. with Dextran, Zymosan and ATOP.
Peritoneal macrophages were obtained
from the mice after the 3rd, 7th, 10th and
14th day by washing the peritoneal cavity
with 2 ml of Eagle’s MEM. Control
macrophages were obtained from mice that
only received Dextran.'?)

6) Immunohistochemical assay for liver

and spleen

Five-week-old female mice treated with
ATOP were deeply anesthetized with an
1.p. injection of sodium pentobarbital and
were perfused transcardially with a fixative
that contained 4% paraformaldehyde in
0.01 M phosphate buffer, pH 7.4 (PBS).
After the perfusion, liver and spleen were
dissected out and allowed to stand in the
fixative for 4 hr. Then they were rinsed
several times with 50 mM Tris-HC1 buffer,
pH 7.6, dehydrated with a graded alcohol

series and acetone. Finally, they were
embedded in paraffin. Five-um thick
sections were mounted on albumin-coated
slides. The sections were routinely stained
with hematoxylin—eosin (HE) for histo-
pathological examination, or used for
immunohistochemical analyses.

Sections were deparaffinized in xylene
and boiled in 10 mM sodium citrate buffer
for 5 minutes in a microwave oven. The
sections were left in methanol containing
0.3% H202 for 5 min. Sections were
incubated in normal goat scrum that had
been diluted to 1:50 in PBS for 30 min at
room temperature (RT). Then the sections
were  incubated  sequentially  with
antibodies against specific CD68 (1:400,
Novus Biologicals Inc) for 16 hr and in
antibodies against mouse IgG that had been
raised in goat and conjugated with
horseradish ~ peroxidase (Medical &
Biological Laboratories; Nagoya, Japan).
The second antibody was diluted to 1:200
with PBS. Incubation with the second
antibody was allowed to proceed for 3 hr in
a moist chamber at RT. The sections that
had been treated with first and second
antibodies were incubated for 10 min at RT
with  3,3’-diaminobentidine tetrahydro-
chloride (Dojindo Chemical Institute;
Kumamoto, Japan) as chromogen. which
had been freshly prepared as a solution of
20 mg in 100 ml PBS containing 0.01%
H202. The sections were rinsed several
times between each step in PBS. To
identify the immunonegative structures of
liver and spleen, some neighboring
sections were stained with HE.'¥

7) Statistical analyses
All values are presented as the means +
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Table 1  Antitumor effect of ATOP on subcutaneously implanted pulmonary tumor 7423
Experimental ATOP Tumor Tumor-free
group Dose Day of oral inhibition ratio mice at
(mg/kgx2/day) administration at 28 days” 42 days
Control — 0 (5/10)° 0/10 (3/10)
ATOP 500x2 1-21 65.9% (9/10) 4/10 (8/10)

A/J Jms Slc female mice were implanted s.c. with 1x10° pulmonary tumor 7423 cells on day 0. ATOP was

given p.o. twice a day at a dose of 500 mg/kg on days 1 through 21.%: The tumor size by the saline-treated

control group was 16.5+2.7 cm® (mean + S.D.) at the end of 28 days after the tumor implantation. ® : No. of

28-day survivors / No. of mice used. ©: No. of 42- day survivors / No. of mice used. Significant difference,

*: p<<0.05, as compared with the saline-treated control group.

Fig. 1

S.D. The significance of difference was
determined by Student’s t-test.
Probabilities of less than 5% (P <<0.05)
were considered significant.

Results
1) Antitumor effect of ATOP on
pulmonary tumor 7423

The results of antitumor effect of ATOP
on P-7423 are shown in Table 1 and Fig. 1.
In the group receiving 1,000 mg/kg ATOP,
marked suppression of tumor growth was
seen during the whole period of the
Additionally, the

administration. per-

Tumor growth ratio at 42 days after implantation of pulmonary tumor 7423 (see Table 1 for details)

centage of the tumor inhibition ratio of the
ATOP treated group compared to the
saline-treated control group was 65.9% at
the end of the 4th week after the tumor
implantation. The antitumor activity of
ATOP varied according to dose. With a
dose of 500 mg/kg, the antitumor activity
decreased (data not shown). These results
indicate that the optimal dose for inhibiting
the growth of P-7423 was 1,000 mg/kg of
ATOP.

2) Effects of ATOP on macrophages
accumulation
The doses of ATOP used in this



Table 2 Macrophage accumulation in peritoneal cavity after treatment with Dextran, Zymosan and

ATOP
Number of peritoneal macrophages (x10°) per mouse
Treatment 3 days 7 days 10 days 14 days
Dextran 2.1+0.3 1.6+0.3 20+04 2.1£0.5
Zymosan 23+0.5 3.8+0.6*% 5.2+ 0.9* 49+0.7*
ATOP 2.5+£0.5 42+0.7* 5.0+£0.8% 42+0.7*

A/J Jms Slc female mice were implanted s.c. with 1x10° pulmonary tumor 7423 cells on day 0. ATOP,

Dextran or Zymosan was given p.o. twice a day at a dose of 500 mg/kg on days 1 through 14. The number

of peritoneal macrophages were measured at 3, 7, 10 and 14 days after p.o. treatment. Each value represents

the mean + S.D. of five mice. *: p<<0.05, significantly different from the Dextran-treated control group.

A Liver (kupffer’s cell)
20
18 16.6=2.46*
16
14
12
10

44+1.35

=

Number of CD68-positive cell

S N~ O

Control ATOP

B Spleen (Macrophages)

250
212.4%18.15*

200

150

100

50 36.5+2.99

ATOP

Control

Fig2 Effects of CD68-positive cell on the liver and spleen.
Panel A shows number of CD68-positive cell (kupffer’s cell) in ATOP (500 mg/kg x2/day) treated

liver at 10 days and saline-treated control group. Panel B shows number of CD68-positive cell

(macrophages) in ATOP (500 mg/kg x2/day) treated spleen at 10 days and saline-treated control

group. Each value represents the mean*=S.D. of five mice. Significant difference, *: p<<0.05, as

compared with saline-treated control group.

experiment were based on the antitumor
effects observed in vivo. The maximum
effect p.o.
administration of 1,000 mg/kg/day to P-

antitumor occurred after
7423-bearing mice. As shown in Table 2, a
marked accumulation of macrophages in

the peritoneal cavity was observed 7 to 14

days after p.o. administration of ATOP, or

Zymosan. In contrast, the number of
peritoneal macrophages observed in the
mice who received Dextran (control) did
not show a visible increase over a 14-day

period.
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Control

CD68

Fig. 3 Localization of CD68 in the ATOP-treated liver at 10 days and control mice. Paraffin liver sections
are immunostained with polyclonal anti-CD68 antibody using HRP method. Sections were viewed
with an Olympus Microscope (BX5, Olympus, Tokyo, Japan). Immunoreactivity is evident in the
Kupffer cells. Intense CD68 immunoreactivity was observed more in the ATOP-treatment mice than
control mice, and the inset shows enlarged Kupffer cells (arrows). CD68 immunoreactivity was
weak in the liver of control mice. In HE staining sections, Kupffer cells are also markedly observed

in the ATOP-treatment mice, and the inset shows enlarged Kupffer cells (arrows). For photos of HE

staining and immunoreactivity of CD68, bar: 50 pm.

Control ATOP

Fig. 4 Localization of CD68 in the ATOP-treated spleen at 10 days and control mice. Intense CD68
immunoreactivity is observed on splenic marginal zone macrophages. The increasing number and
intensity of CD68 immunoreactivities are observed in the ATOP- treatment mice compared with the
control mice. In HE staining section, a markedly enlarged marginal zone and periarterial lymphatic
sheath are observed in the ATOP-treatment group compared with the control group mice. For photos

of HE staining, bar: 100 pm; and photos of immunoreactivity of CD68, bar: 50 pim.



3) Histopathological observation

We evaluated the phagocytic function of
Kupffer cells based on the data from
histopathological studies using CD68. The
number of CD68-positive cells (Kupffer
cells) treated with 500 mg/kg X 2/day
ATOP (16.6 = 2.46) was significantly
increased by 3.77 times compared to the
control group (4.4 = 1.35). Thus, oral
administration of ATOP had an activating
effect on the Kupffer cells (Fig. 2A).

Fig. 3 shows the histopathological
findings in the liver of ATOP-treated mice.
No pathological changes were observed in
the hepatic parenchymal cell area, hepatic
cell cord and Glisson’s sheath in both the
ATOP-treatment group and control group.
In the ATOP-treatment group, pre-
dominated Kupffer cells were markedly
observed in the HE and CD68 staining. In
contrast, Kupffer cells were scarcely found
in the mice without ATOP- treatment.

Fig. 4 shows the histopathological
findings in the spleen of ATOP-treated
mice. In the HE staining section of the
mice spleen, a markedly enlarged marginal
zone and periarterial lymphatic sheath were
observed in the ATOP-treatment group
compared with the control group mice. In
the immunohistochemical stain of CD68,
the increases of intensity and the number of
CD68-immunoreactivity were also
observed on splenic macrophages in the
marginal zone area. In contrast, CD68-
immunoreactivity was weak in the mice
without ATOP treatment. The macro-
phages of the spleen were also measured.
In ATOP-treated mice and control mice, on
the 10th day, the number of macrophages
were 2124 = 18.15 and 36.5 = 2.99,

respectively (Fig. 2B).
Discussion

The antitumor mechanisms of poly-
saccharides such as coriolan,” ATSO,?
GU-P,Y PS-K,' and lentinan'® have
been attributed to potentiation of
host-defense through cellular immunity. To
examine whether ATOP has a direct
cytocidal effect on tumor cells, ascites
tumor cells of P + 7423, Sarcoma-180 and
Meth A were cultured in a medium
containing 1.0, 2.5 and 5.0 mg/5 ml of
ATOP, and the viability of the cells was
examined after 24 h. The viability of the
cells cultured in a medium containing any
concentration of ATOP was more than
92-95% and was not different from that of
the cells cultured without addition of
ATOP (data not shown). Thus, the
antitumor mechanism of the ATOP on P *
7423, Sarcoma-180 and Meth A cells
would be an indirect one.

The present study has demonstrated that
the p.o. administration of ATOP inhibits
the growth of P = 7423.

The efferent phase of antitumor immune
responses is mediated by various types of
effector cells including tumor-specific
cytotoxic T Ilymphocytes, as well as
non-specific tumoricidal effectors such as
macrophages and lymphokine-activated
killer cells.!”!® It has been shown that
these  tumor-attacking cells  require
lymphokines produced by other lymphoid
cells, i.e., helper T cells for their induction
and/or activation.!” There is still much
debate about  whether delayed type
hypersensitivity effector T cells?® or
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suppressor T cells?'?? or perhaps even
both of them, play a more important role in
host-defense mechanisms against tumors.

Since we observed that lymph nodes and
spleens of ATOP treated mice revealed
hyperplasia of lymphoid cells in T cell
distributed areas, namely paracortical areas
of lymph nodes and periarteriolar lymphoid
sheaths of the spleen, the stimulating effect
of ATOP might possibly be due to helper T
cell activation.

Kupffer cell resident hepatic macro-
phages, are the largest population of the
mononuclear phagocyte system in the body
and function as a scavenger of foreign or
unnecessary substances for the body such
as microorganisms, degenerated cells and
tumor cells. They exhibit cytotoxicity to
tumor cells by means of releasing
cytokines and arrest circulating tumor cells.
In the group receiving ATOP,
predominated Kupffer cells were markedly
observed in the HE and CD68-immuno-
histochemical staining.

ATOP markedly stimulated phagocytic
functions. The enhancement of phago-
cytosis is postulated as the result of a series
of metabolic and functional changes
leading to the activated state of the
macrophages in tumor-bearing mice. Thus,
the antitumor activity of ATOP seems to be
mediated partly by the activation of
macrophages.

As similar results were obtained by use
of ATOP, its antitumor activity is likely to
be due to the enhancement of host defense
functions.

We recently demonstrated that antitumor
polysaccharides isolated from the fruiting
body of Agaricus blazei increased

Thy1.2-positive cells as a marker of pan T
cells and L3T4-positive cells as a marker
of helper/inducer T cells.®**® From these
results, the mechanism of the antitumor
effects of ATOP seems to be mediated by
the activation of NK cells/activated
macrophages or helper/inducer T cells.

In the clinical studies of the effects of
Agaricus blazei Murrill on the 26 cancer
patients,”” the Karnofsky Performance
Scale (KPS) score, NK (natural killer) cell
ratio, and vascular endothelial growth
factor (VEGF) level were examined before
and after the ingestion. Results indicated a
tendency for KPS to increase in the
patients who took Agaricus blazei Murrill.
Furthermore, 58% of patients exhibited a
moderate or marked increase in NK cell
ratio. In addition, levels of VEGF, which
enhances metastasis and progression of
cancer, were significantly decreased.

In summary, it is possible to conclude
that inhibition of tumor growth by ATOP
may be due to activation of macrophages,
stimulation of phagocytosis and Kupffer
cell ~ function. According to our
experimental results, ATOP may be
clinically useful as an immune activator
to prevent tumor growth.
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