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Abstract

AIM: Although polysaccharides from Phellinus mushrooms
are a well-known material with anti-tumor properties, there
is no information about the effect of polysaccharides from
Phellinus gilvus (PG) on tumor. The modulating effect of
polysaccharides isolated from PG on the benzo(a)pyrene
(BaP)-induced forestomach carcinogenesis in ICR female
mice was investigated in this study.

METHODS: A forestomach carcinogenesis model was
established in 40 ICR female mice receiving oral
administration of BaP for 4 wk. The mice were randomly
assigned to 4 groups (10 each). The mice in each group
were treated with sterile water or PG for 4 and 8 wk (SW4,
PGW4, SW8, and PGW8 groups). Eight or 12 wk after
the first dose of BaP, forestomachs were removed for
histopathological and RT-PCR analysis.

RESULTS: In histopathological changes and RT-PCR
analysis, sterile water-treated mice showed significant
hyperplasia of the gastric mucosa with a significantly
increased expression of mutant p53 mRNA compared to
mice treated with PG for 8 wk.

CONCLUSION: Polysaccharides isolated from PG may
inhibit BaP-induced forestomach carcinogenesis in mice
bydown-regulating mutant p53 expression.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric tumor is the most frequent malignancy of the

gastrointestinal tract in East Asian populations and the second
most common cause of cancer-related death in the world. Its
mortality associated with gastric tumor has remained relatively
stable over the past 20 years, suggesting that new therapies to
combat this problem are urgently needed!"l.

The use of medicinal plants in modern medicine for the
prevention or treatment of the tumor is an important aspect. In
a recent study, several natural products have been investigated
on inhibitory effect of gastric tumor using animal models®?!.
Among these products, polysaccharides isolated from Phellinus
mushrooms have received special attention due to their anti-
tumor** and immunostimulating effects”*!.

We have previously demonstrated that a kind of Phellinus
mushrooms, PG, has various biological activities related to
inflammation, including inhibition of pulmonary inflammation®,
prevention of intraperitoneal adhesion under infectious
circumstances!?’, and promotion of dermal wound healing
(unpublished data). PG also has advantages over the other
Phellinus mushrooms in that it has a very short growth period
(3 mo) making it cheaper to produce. Thus, we predict that
medical application of PG has advantages in medical cost-
cutting, and will benefit to health in future. However, the role of
polysaccharides isolated from PG in inhibiting tumors has not
been demonstrated in vivo.

In this work, we investigated whether polysaccharides
isolated from PG could protect mouse forestomach against the
neoplastic effects of BaP using histopathological and RT-PCR
analysis.

MATERIALS AND METHODS

Polysaccharides isolated from PG

The fruiting body of PG was kindly provided by Gyeongbuk
Agricultural Technology Administration (Daegu, Korea). A seed
culture was grown in a 250 mL flask containing 50 mL of PMP
medium (2.4% potato/dextrose broth plus 1% malt extract, 0.1%
peptone) at 28 ‘C on a rotary incubator at 150 r/min for 4 d. To
obtain fruiting bodies of PG, a culture was grown in an oak
sawdust block for 90 d. The yield of fruiting bodies was 97 g
dried weight per block. It was extracted by optimal conditions
of water extraction for maximal anti-tumor activity, distilled water
(1:25) at 100 °C for 10 h (unpublished data). The recovery
procedure of polysaccharides from water extract of PG followed
a previously established method!®!'"!. The material was stored
at 4 °C until used.

Study design

Fifty female ICR mice, 6- to 8-wk old, were purchased from Charles
River Laboratory (Bio Genomics, Korea) and acclimatized under
the controlled condition for 1 wk. All animals were maintained
with commercial rat diet (Orient Inc., Korea) and water ad libitum.
BaP-induced forestomach tumorigenesis in mice was induced
according to the procedure described by Wattenberg!'?. The
animals were administered with 100 pL corn oil (CO group) or
1 mg of BaP in 100 pL corn oil by gavage twice a week for 4 wk.
After the last dose of BaP, the mice were randomly assigned to
4 groups (10 each). The mice in each group were treated with
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Figure 1 Histopathologic changes of forestomachs according to each treatment in BaP-induced forestomach carcinogenesis
(n =5/each group). Note the significantly reduced hyperplasia of the gastric mucosa in PGW8 group, compared with SW groups.
A: CO group (normal mucosa of forestomach); B: SW4 group; C: SW8 group; D: PGW4 group; E: PGWS8 group (x200).

sterile water or PG for 4 and 8 wk, respectively (SW4, PGW4,
SW8, and PGWS groups). The animals of PG treated groups
received 1 mg/mL of polysaccharides isolated from PG as a sole
source of drinking water for 4 or 8 wk.

Histopathological evaluation

Eight or 12 wk after the first dose of BaP, half the animals in
each group received a lethal injection of 2.5% avertin and were
immediately perfused with ice-cold phosphate buffer (PB)
followed by 4% paraformaldehyde in PB. The forestomachs
were then removed carefully and fixed in 10% buffered formalin.
After routine tissue processing, serial sections (5 pm) were
stained with hematoxylin and eosin. The dynamic processes of
carcinogenesis in each period were assessed by light microscopy.

RT-PCR analysis

The remaining animals in each group were sacrificed with
carbon dioxide asphyxiation 8 or 12 wk after the first dose of
BaP. Removed forestomachs were stored at -80 “C until further
processing. Total cellular RN A was extracted from forestomachs
using a monophasic solution of phenol and isothiocyanate
(TRIzol Reagent, Gibco). A 1 ug total RNA was subjected to the
first-strand cDNA synthesis in a TOUCHgene DNA thermal
cycler (Techne (Cambridge) Limited, UK) at 42 “C for 60 min
followed by enzyme denaturation at 94 °C for 2 min. All reagents
were obtained from Promega (Madison, WI, USA). The
expression of p53 was semiquantitatively detected and B-actin
was used as an internal standard. Sequences of primers used
for amplification were as follows: p53: sense, 5’-GGAGGTTGT
GAGGCGCTGC-3’, antisense, 5’-CACGCACCTCAAAGC
TGTTC-3’; B-actin:sense, 5’ -~ AGCGGGAAATCGTGCGTGAC-
3, antisense, 5’-ACTCCTGCTTGCTGATCCACATC-3’. PCR
was conducted in a TOUCHgene DNA thermal cycler. PCR
products were separated by electrophoresis using 2% agarose
gels stained with ethidium bromide to visualize cDNA products.

RESULTS

Histopathological changes in mice treated with sterile water for
4 and 8 wk after the last administration of BaP manifested as
significant hyperplasia of the gastric mucosa, referred to as
“precancerous lesions” with a few papillomas. The thickness
of epidermis was not uniform. There was no significant
difference between SW4 and SW8 groups.

Conversely, mice treated with PG for 4 wk showed only
marginal hyperplasia with no papillomas. Mice treated with PG
for 8 wk after the last administration of BaP had the same
histopathological appearance as control mice treated with corn
oil (Figure 1). This evidence supported the hypothesis that
polysaccharides isolated from PG could inhibit BaP-induced
forestomach carcinogenesis in mice. The dynamic processes
of carcinogenesis in each period are shown in Table 1.

RT-PCR was carried out to demonstrate the effect of PG on
the release of p53. In the SW groups treated with only BaP, p53
mRNA was highly expressed compared with that in the PGWS
and CO groups. B-actin transcript levels among all groups were
the same (Figure 2).

Table 1 Histopathologic alterations according to the treat-
ment at different periods of the experiment (n =5/each group)

4 wk 8 wk
Treatments
H (%) P (%) H (%) P (%)
SW 81.5 3.7 97.1 5.8
PG 37.3 0 12.8 0

H: Hyperplasia, P: Papillomas.

A B C D E
———— R

<471 bp

p53

B-actin

Figure 2 p53 mRNA expression in BaP-induced forestomach
carcinogenesis by RT-PCR analysis (n = 5/each group). The
p53 gene expression was greatly down-regulated in PGW8
group, compared to the SW groups. The b-actin transcript
levels among all groups were the same. A: CO group, B: SW4
group, C: SW8 group, D: PGW4 group, E: PGW8 group.

DISCUSSION

The major aim of this study was to investigate whether
polysaccharides isolated from PG could inhibit BaP-induced
forestomach carcinogenesis in mice in order to assess the
potential plants such as PG for future therapies.

There are approximately 220 known species of Phellinus
mushrooms in the world, and they were found mainly in tropical
areas of America and Africal'*. Many kinds of Phellinus (e.g.,
P. linteus, P. baumii, P. igniarius, and P. pini, ets.) are known to
have different medicinal effects!'*?%. Among them, P, linteus is
well known as one of the most popular medicinal mushrooms
due to its high anti-tumor™ and immunostimulating”*! activities.
It has been utilized medicinally in Korea and Japan. Here we
showed that polysaccharides isolated from a kind of Phellinus,
PG, suppressed forestomach carcinogenesis in mice. This
suggests a potential therapeutic role of PG as an adjuvant for
the treatment of tumors.

In modern medicine, natural products like PG for the
prevention or treatment of tumors are attractive chemopreventive
agents because of their very low clinical toxicity compared with
chemical anti-tumor drugs™2?. Recently, the safety of a single
orally-administered dose of PG was demonstrated in our previous
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work®, In this study, we also observed no body weight change
during PG treatment (data not shown). These results indicated
that PG was a chemopreventive agent with a very low clinical toxicity.

Many oncogene and tumor suppressor gene products can
regulate and execute apoptosis. Among them, the p53 tumor
suppressor gene plays an important role in both apoptosis and
DNA repair pathways. In various tumors, p53 is an essential
gene for inducing apoptosis and the level is increased in anti-
tumor therapy. However, when p53 also mutated in response
to intracellular and extracellular stress signals, e.g., chemically
induced DNA damage, the level was increased. Many studies
have demonstrated that treatment with BaP seemed to increase
P53 mRNA by inducing p53 mutation in some models™#. In
the present study, mice treated with sterile water after
administration of BaP had higher levels of p53 mRNA expression
compared with CO and PGW8 groups, suggesting that p53
mutated by BaP could decrease cancer cell apoptosis and provide
selective growth superiority to cancer cells. Especially, in the
PGWS8 group, the expression of p53 mRNA was significantly
lower than that in SW4 and SW8 groups. Thus, we can conclude
that polysaccharides isolated from PG may induce cancer cell
apoptosis by down-regulating mutant p53 mRNA expression.

Many investigators have been demonstrated that the
mechanism of Phellinus mushroom anti-tumor action involves
multiple processes!!*#%?7, In our models, we observed the
expression of mutant p53 mRNA of PG. We are actively exploring
the mechanism of angiogenesis or apoptosis in tumor due to
PG-likeinhibition.

In conclusion, polysaccharides isolated from PG may protect
mouse forestomach against the neoplastic effects of BaP by
rapid down-regulating of mutant p53 mRNA expression. PG is
a pharmacologic agent that rapidly enhances host resistance
to tumors. Further studies regarding its mechanism are needed
to promote the clinical applications of PG in cancer therapy.
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