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Antitumor Components of Korean Basidiomycetes
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Abstract—To find antitumor components in the shake-cultured mycelia of Volvariella

bombycina, the mycelia were extracted with hot water. After the extract was dialyzed

and freeze-dried, a protein-polysaccharide fraction was obtained and examined for antitu-
mor activity against the solid form of sarcoma 180 in ICR mice. It showed 60.3% inhi-
bition ratio at a dose of 20 mg/kg/day for 10 days. It was found to consist of a polysa-

ccharide moiety and a protein moiety. After gel filtration on Sepharose 4B, Fraction

B was obtained and showed the highest inhibition ratio of 71.1%. When the antitumor

component was examined for immunopotentiating activity, it was found to increase the

macrophage accumulation in the peritoneal cavity as well as the antibody production of

the spleen cells of the mice.

Keywords—Basidiomycetes + Volvariella bombycina - antitumor activity « immune res-

ponses » hemolytic plague-forming cells - macrophage accumulation test

The antitumor activities of polysaccharide pre-
parations from various natural sources, such as
higher' plants!~®, fungit~®, lichens®, and bac-
teria, have been reported in addition to the well-
kndwn yeast cell wall polysaccharide, zymosan.”

The antitumor activity of Basidiomycetes was
first demonstrated by Greogory and his collabo-
rators, who employed extracts of fruiting bodies
edulis (Bull.) Fr.®

Various kinds of Basidiomycete preparations

of the mushroom Boletus

which include: lentinan®, a high molecular we-
ight 8-1,3 glucan obtained from Lentinus edodes
fruit bodies; schizophyllan®, a high molecular
weight 8-1,3: 1,6 glucan prepared from Schizo-
phyllum commune culture filtrates; and PSK1V, a
peptide containing g-1,4: 1,3 or -1,4: 1,6
glucan extracted from Coriolus versicolor culture
mycelia, were shown to exhibit antitumor acti-
vity. These compounds are considered to exert
antitumor activity through potentiation of the
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host animal’s defense mechanism rather than

direct inhibition of the tumor growth.!?

In recent years, studies on the antitumor acti-
vities of several protein-polysaccharides from the
carpophores and cultured mycelia of Korean
basidiomycetes have been already carried out in
our laboratory.!3~15
the hot water

extract obtained from the cultured mycelia of

In the present experiments,

Volvariella bombycina showed potent antitumor
activity against sarcoma 180 in ICR mice. It was
further purified by Sepharose 4B column chro-
matography based on the antitumor activity.

In addition, to study the mode of the action,
its effects on immune responses were examined.
In the course of these studies, it was noted that
the protein-polysaccharide fraction affected the
reactivity of peritoneal exudate cells (PEC) and
antibody production.
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Materials and Methods

Materials

The strain of Volvariella bombycina(the family
Volvariaceae) used in this work was provided by
Agricultural Science Institute at Suweon, Gyeo-
ng-Gi Province.

Medium Composition

(1) PDA Slant: Bacto potato dextrose agar
(Difco Lab., U.S.A.) (39g/l) was used.

(2) Culture Medium: Glucose 50 g, peptone 10
g, yeast ext. 10 g, KH,PO, 0. 87 g, MgS0,-7H.0
0.5 g, CaCl; 0.3 g, FeSO,+-7H;0 10 mg, MnCl,.
4H,0 7 mg, ZnSO,-7H,0 4 mg, CuSO,-5H,0
1 mg per liter. It was adjusted to pH 5.5 and
autoclaved at 121°C and 2 atm for 15 min.

Culture Methods

(1) First Culture: The mycelia of V. bomby-
cina were aseptically transferred into a fresh
PDA slant and was cultured for seven days at
27--1°C. The grown mycelia were separated
aseptically and homogenized with a small volume
of the culture medium for 10 seconds in a mi-
croblender.

It was inoculated into 100 ml of the culture
medium in a 500-ml flask and incubated for 10
days in an orbital shaking incubator at 27-+-1°C
and 180 rpm.

(2) Second Culture: The obtained culture
pellets were aseptically homogenized for 10 se-
conds and inoculated into a 500-ml flask contai-
ning 100 ml of the culture medium.

Incubation was carried out under the same
condition of the first culture for 10 days.

(3) Main Culture: Again, the
mycelial pellets from the second culture were

obtained

aseptically homogenized for 10 seconds and trans-
ferred into 500 ml of the culture medium in a
two liter flask (inoculum size: 20% v/v) and
cultured for 10 days in the same condition as

previously described (Scheme I).
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Myecelia grown on PDA slant

Homogenization with medium

Incubation on Gallenkamp orbital incubator
| (26°C, 180 rpm, 10 days)

Mycelial pellets

Homogenization

Inoculation into 100 ml of medium
Incubation under the same condition
Seed culture

Homogenization

Inoculation into medium
(Inoculum size: 20% v/v)

Incubation under the same condition

Scheme 1. Culture method of Volvariella bombycina

Extraction and Separation

Mycelia obtained from 15  of the culture broth
were filtered and washed twice with distilled
water (=d.w.). The mycelia were homogenized
and extracted with d.w. in an autoclave(121°C,
2 atms) for 30 min. This process was repeated.
The combined extracts were precipitated by ad-
ding three vol. of ethanol and allowed to stand
at 4°C overnight. The precipitates were collected
by centrifugation and redissolved in d.w. and
dialyzed at 4°C for three days using visking
tube (36/32). The precipitates formed during
the dialysis were removed by filtration. The
filtrates were concentrated and lyophilized to
obtain a brownish powder with a yield of 2.7 g.
It was designated as Fraction A.

The filtrates obtained from the culture broth
were also treated as the above method except
two vol. of 95% ethanol. It was designated as
Fraction E (0.67 g/D).

Purification of Antitumor Components

Of Fraction A, 1.2 g was dissolved in 20
ml of 0.01 M sodium phosphate buffer (pH
7.3) and applied to a column (2%45 cm) of
Sepharose 4B (Sigma). The
eluted with 0.01 M sod. phosphate buffer conta-
ining 0.5 M NaCl at a flow rate of 5 ml per
30 min.8,17

Each effluent was analyzed for total sugar by

column was
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Culture broth

|

Mycelia
Washing with d.w.

Extraction with hot water in autoclave for

40 min (121°C, 2 times)
Filtration

l
Residue Filtrate

Concentration

Addition of 3 vol. EtOH
Standing overnight (4°C)

Filtration

Filtlate
Concentration
Addition of 2 vol. EtOH
Centrifugation
Dialysis (4°C, 3 days)

Centrifugation (10,000xg, 30 min)

l \

Supernatant Precipitate

Dissolving in d.w.
Dialysis (4°C, 3 days)
Freeze-drying

Gel filtration on Sepharose 4B

Elution with 0.0IM sod. phosphate buffer in 0.5M NaCl
Concentration

Dialysis (4°C, 7 days)

Freeze-drying

] 1?rf B | } I’r} c

|
o

Scheme 1I. Isolation and purification of the polysaccharide fraction from the metabolites of V. bombycina.

anthrone method at 625 nm. The aliquots of each

fraction were combined, dialyzed and lyophilized
(Scheme 1I).

Antitumor Test

(1) Animal: Male ICR mice(18~20g) were
supplied from the Experimental Animal Farm of
Seoul National University.

(2) Tumor: Sarcoma 180 was used for tes-
sing the antitumor activity of V. bombycina in
vivo. 1t was maintained continuously in our
laboratory.

(3) Transplantation of Tumor Cells: Tu-
mor cells (1X10°%) /mouse were inoculated sub-
cutaneously into the right-flank of mice. Each
fraction was administered intraperitoneally from
the fourth day after tumor inoculation and once
daily for 10 consecutive days(20 mg/kg) (Scheme
1ID).

(4) Evaluation of Inhibition Ratio: On the
26th day after tumor inoculation, the mice were

Sacrificing with CHCl; vapor

Collecting sarcoma 180 cells with ice cold
saline

Centrifugation (400X g, 5 min)
Cytocentrifugate

Washing with ice cold saline (Xx3)
Dilution to 1x107 cell/ml

Inoculation with 0.1 ml of sarcoma 180 cell
into right-flank (s.¢.)

ICR mice implanted with sarcoma 130 cells

After four days, sample injection (20 mg/kg,
i.p., once daily for 10 consecutive days)

Sacrificing on 26th days after the tumor
implantation

Excising the tumors

Solid tumors

Scheme III. Antitumor test procedure in vivo.
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sacrificed and the solid tumors were dissected and
weighed. The inhibition ratio was calculated as

follows:

Tumor inhibition ratio(%)= —C—‘%;TW X 100

—Cw: Average tumor weight of control group
‘—Tw: Average tumor weight of treated group

Effects of Fr. A on Immune Respo-
nses

(1) Effects on Peritoneal Cell Population:

@ Animal: Male ICR mice (18~20 g) were
provided by the Experimental Animal Farm of
Seoul National University.

(@ Reagents:

(a) PBS(0.01 M Phosphate buffer saline) pH
7.2~7. 4.

(b) BSS(Balanced salt solution)
dextrose 10 g, KH,PO, 0.6 ¢
Na,HPO,-7H,0 3.58 g

0.5% phenol red solution
20 ml/l

CaCl; anhyd. 1.86 g, KCl 4.0 g

Stock sol’'n [ (NaCl 80 g, MgClZ-anhyd.
2.0 g/l

stock sol'n I 100 mi
BSS’ Wbrking stock sol'n II 100 ml
“sol’n demineralized water 800 ml

mixed sol’n was adjusted to
pH 7.3

Stock sol'n ]

ICR . mice

Kor. J. Pharmacogn.

(¢) NSE staining solution (Non-specific este-
rase)
a-naphthyl acetate 1 g
Stock sol’'n | acetone 50 ml
distilled water 50 ml
. stock sol’'n 2 ml
fast red TR salt 20 mg

Working sol'n 0. 1M p}losphate buffer (pH 7. 3)
15 m )

distilled water 15 ml
Before use, the mixtures were filtered and used

immediately.

(d) Giemsa staining solution

® Methods:

(a) ‘Sample administration

Fraction A was diluted in PBS and was in-
jected intraperitoneally at a dose of 1 mg/ml
(50 mg/kg).

(b) Preparation of peritoneal exudate cells.

After one day, two days, three days and five
days of sample administration, peritoneal exudate
cells were obtained by washing the peritoneal
cavity  with BSS (100 ml/total volume). The
numbers of PEC were counted directly by a

. hemacytometer. .

(¢) Lymphocyte and PMN count
After PEC count, the peritoneal fluid was
centrifugated at 4°C, 400X g for 10 min and the

Sample injection (50 mg/kg, i.p.)
Sacrificing with CHCl; vapor

Collecting PECs with ice cold BSS
PECs(10 ml) :
Cell counting with hemacytometer
Centrifugation (4°C, 400xg, 10 min)
Cytocentrifugate ’

{ Smearing & drying

! Fixation with cold acetone

Incubation with NSE stain working sol'n (30 min)
Back washing

Counter staining with 1% malachite green

Back washing

Fixation with MeOH

Staining with Giemsa stain (30 min)

Decolorization with EtOH
Lymphocytes & PMN

NSE positive macrophages

Scheme. IV, Procedure for macrophage accumulation test.
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cytocentrifugates were suspended into (.2 ml of
ice-cold BSS. The PEC suspension was smeared
on the slide glass, air-dried, fixed in MeOH for
5 min and stained with Giemsa sol’'n for 30 min.
The slides, to remove the dye, were rinsed in
absolute ethanol and examined using Cedar oil
as a mounting sol’n. The cells which showed
blue color and round shape were counted as
lymphocytes and the cells which contained &
multi-lobbed and/or doughnut-type nucleus were
counted as PMNs (polymorphonuclear leuko-
cytes), 18

(d) Macrophage count

The specimen on the glass slides were air-dried,
fixed in cold acetone for five min and incubated
with NSE working sol’'n at 37°C for 30 min.
The slides were back-washed with tap water and
counter-stained with 194 malachite green staining
sol’n for 15 seconds and back-washed with tap
water again.

The slides were examined using glycerol jelly
as a mounting solution. The cells which con-
tained reddish granules were identified as non-
specific esterase positive macrophage (Scheme IV).

(2) Effects on Hemolytic Plaque-Forming
Cells:

(D Animal: Male ICR mice (18~20g) were
supplied from the Experimental Animal Farm
of Seoul National University.

(2 Materials:

(a) BSS

(b) 0.83% NH,CI solution

(¢) Microchamber

After cleaning glass slides with 95% ethanol,
two strips of double sided scotch tape were placed
across both ends of the slides.

(d) SRBC (=sheep red blood cells)

SRBC was kindly supplied from Korea National
Institute of Health.

(e) Complement

Guinea pig serum as a source of complement
was also provided by Korea National Institute of
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Health.

@ Methods:

(a) Sample administration and immunization

Ten mice were divided into two groups. For
a treated group, 50 mg of Fration A was dissol-
ved in five ml of saline and 0.1 ml of this solu-
tion was injected intraperitoneally once a day
for five consecutive days.

On the seventh day after the last sample adm-
inistration, the mice were immunized by intrap-
eritoneal injection of 1x 107 of SRBC.

(b) Preparation of spleen cell suspension

Five days later, the mice were sacrificed, and
the spleens were dissected. The spleens were
homogenized with ice-cold BSS and centrifugated
at 400x g for five min. Cytocentrifugates were
collected and hemolyzed with 0. 83% NH,CI sol-
ution at 37°C for five min. After hemolysis, the
suspension was centrifugated under the same
condition and the cytocentrifugates were resus-
pended in cold BSS. The spleen cells were counted
directly by hemacytometer.

(c) Preparation of complement-SREC

SRBC was centrifugated and resuspended in
saline to adjust the concentration into 20%v/v.
And then, 500 mcl of 20%v/v SRBC were mixed
with 1,000 mcl of guinea pig serum in the mi-
cro well and the fixation was carried out on the
ice bath.

(d) Preparation of incubation mixture

Incubation mixture consisted of 150 mecl of com-
plement-SRBC solution and 640 mel of spleen cell
suspension and 100 mel of this mixture were
placed into the microchamber (Scheme V)72V,

(e) Incubation and reading of results

After sealing the microchamber with vaselin
and wax (1:1), incubation was carried out at
37°C for an hour and the numbers of hemolytic

plaques were counted.

X 108

_ N
PFC/10° spleen cells__—cfvm. -

PFC/total spleen cells
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ICR mice
Sample injection (50 mg/kg, 5 days, i.p.)

After 7 days, immunization by injecting 1x 107
SRBC

After 5 days, excising of spleen
Spleen
Homogenization with ice cold BSS
Centrifugation (400%X9 g, 5 min)
Spleen cell

Hemolysis with 0.83% NH,CI sol'n
Centrifugation (400xg, 5 min)
Spleen cell without erythrocytes

Washing with BSS (x4)

Dilution with BSS

Spleen cell suspension

Addition of 150 mcl of prepared suspension
SRBC (100 mcl) +complement from
guinea pig serum (50 mcl)

Mixing
Filling the microchamber
Sealing
Incubation at 37°C for one hour
Hemolytic plaque forming cells
Scheme V. Procedure of hemolytic plaque assay

=PFC/10° spleen cellsxCx Vs

__ 600(volume of spleen cell suspension)
7800 (volume of incubation mixture)

N : number of plaques observed in one micro-
chamber

C : count of spleen cells in 1 ml of spleen cell
suspension

Vm : volume of incubation mixture filled into
one microchamber (ml)

Vs : total volume of spleen cell suspension
(mD)

Chemical Analysis

(1) Total Polysaccharide Content: Total
polysaccharide contents were quantitatively deter-
mined by anthrone test using bp-glucose as a
standard. After anthrone test, the polysaccharide
content was calculated from absorbance at 625
nm, 2

(2) Total Protein Content: Total protein
contents were determined as bovine serum albu-
min (=BSA, Sigma, U.S.A.) as a standard-
protein by Lowry-Folin method with absorbance

at 540 nm, >
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(3) Monosaccharide Analysis: Each fraction
(20 mg) and each standard monosaccharide (10
mg) were dissolved in 3% HCl-methanol (2 ml)
and methanolyzed at 80--5°C for 20 hours in a
cap tube filled with nitrogen gas. The methano-
lysate was filtered, evaporated and dissolved in
pyridine (1 ml). Trimethylsilylation was carried
out with 0. 2 ml of hexamethyldisilazane and 0. 1
mi of trimethylchlorosilane. Under the conditions
in Table I, gas chromatography was performed.
Several monosaccharides of the fractions were
identified by comparison with retention times of
standard monosaccharides. The content of each
monosaccharide from the chromatograms by me-
asuring the peak area (Scheme VI).

Table I. Running conditions of G.L.C.

3% OV-1 (80~100 mesh shimalite)

Column
Boronsilicate glass column
(2 mm¢x1.0 m)
Temperature Column (isothermal) 160°C
Injector 290°C
Flow rate N, : 50 ml/min
H,: 0.5 kg/cm?
Air : 0.6 kg/cm?
Range 102
Attenuate 22
Model Shimadzu G.C. RIA

Assay material (20 mg)

Mixing with 2ml of 3% HCl-MeOH
Methanolysis at 80+5°C for 20 hrs.
Evaporation iz vacuo

Addition of MeOH

Evaporation

Dried methanolysate

Dissolving in 1 ml of pyridine
Trimethylsilylation with

0.1 ml of TMCS and

0.2 ml HMDS

TMS-monosaccharide

G.L.C. analysis

Chromatogram
Scheme VI. Procedure of monosaccharide analysis
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(4) Infrared Spectra: Each fraction (1 mg)
was analyzed by KBr disc method.

Results

Yield of the Cultured Mycelia

The mycelia obtained from 15 I of cultureb

broth of V. bombycina were subjected to hot
water extraction and subsequenty ethanol pre-
cipitation. A brownish powder (2.7 g) designated
as Fraction (==Fr.) A was obtained.
Purification
Fr. A (1.2 g) was fractionated into three major
peaks by gel filtration on Sepharose 4B (Fig. 1).

(260nm)
10 '[25
e 625nm
8 o—o 260nm 120
&% 540nm
g ) {
g 06 15
g
\\g
4] 0‘4} 10
2
3
2
02 J 05
0 S

00 125 00 as
{Eltion vol. mi)

Fig. 1. Separation of Fr. A on Sepharose 4B.

Table II. Antitumor effects of the protein-hound
polysaccharide fractions of Volvariella bo-

mbycina
(ngo/sl?g/ Aiziiﬁfe IItli}(l:I'kl)l Complete

Group ('1ay wt. () ratio  regression
e Ep) T Ge)

Control  Saline 3.500.73 — —
Fr. A 20 1. 3940, 33%#% 60. 3 1/9
Control Saline 5.6740. 20* — —
Fr. B 20 1.6420. 38 7.1 0/8**
Fr. C 20 2.60=0.40 54.1 0/8
Fr. D 20 4.061+0.29 28.4 0/7
Fr. E 20 5,230 44%F¥F 7.8 0.8

*Mean+standard error, *kp 0. 001
**Numbers of mice used, ****N.S,
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The yields for Fr. B, C and D were 100, 160
and 80 mg respectively.
Antitumor Activity

The antitumor effect of each fraction was
assayed by comparing the growth of sarcoma 180
tumor in mice. Each fraction was administered
at a dose of 20 mg/kg/day. The results were
shown in Table II. Of the five fractions tested,
Fr. B showed the highest inhibition ratio of
71.1%.

Chemical Analysis

The contents of the total polysaccharide and
total protein of the fractions were shown in
Table III,

As shown in Table IV and Fig. 2, the major
monosaccharide subunits of the three fractions
were glucose, mannose and galactose.

Table III. Polysaccharide and protein contents of
the antitumor components

Fr.B  Fr. C

Fr. A
Polysaccharide(%) 39 58 47
Protein (%) 45 19 28

A

fr.C

N

10 min.

Fig. 2. G.L.C. patterns of the three fractions of the
antitumor components of V. bombycina



46

Table IV. Monosaccharide contents of the polysa-
ccharide fractions

Fr. A Fr. B Fr. C

‘Glucose 51(%) 34 45
Fucose 2 17 0.4
Xylose 0.3 19.5 +
Mannose 43 } 26 38
Galactose + + 8

WAVELENGTH 1IN MICRONS
23 3 3B & s s S5 6 65 7 158 9 10 W K

400 3060 2000 800 1600 400 R00 W00 80 &0
WAVENIMBER (M .

Fig. 3. IR spectra of the antitumor components of
Volvariella bombycina.

Infrared spectra of the fractions were depicted

in Fig. 3.
Effects on Immune Responses

(1) Effects of PEC Population: The counts
of PECs and NSE-positive macrophages showed
the maximum on 24th hour after sample
administration and decreased slowly. PMNs also
showed the highest count after 24 hours of
sample injection. The results of accumulation of
immunocompetent cells in the peritoneum were
depicted in Fig. 4.
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A o—o PEC
(x10) é—e NSE positive
(macrophage)
10 778 Lymphocyte

=  PWMN

zZ

(=]

Q 8

%

@

1

5 (day)

Fig. 4. Effects of Fr. A on the peritoneal cell pop-
ulation of ICR mice

Table V. Effects of the antitumor component on
hemolytic plaque-forming cells in the spleen
of ICR mice immunized with SRBC (1x

107).
Control Treated
Body weight (g) 33.3x1.6 34.6+3.5
Spleen weight (mg) 166.7+£2.9 227.5%3.5
Spleen cell count(x107) 7.5£0.6  12.9%+0.3
PFC/10° spleen cells 4.71+0.6 82.3%2.2
PFC/spleen (X 10?) 3.54+0.5 106.2+2.8

* Mean ~+ standard deviation

(2) Effects on Plaque-Forming Cells: Non-
treated control mice produced only a few PFC
in their spleens. The mean number of PFC per
106 spleen cells was only 4. 7. The treated mice,
however, showed about seventeen times higher
than counts of the control. The result was summ-
arized in Table V,

Discussion

As described in the results, the protein-polysa-
ccharide obtained from the cultured ‘mycelia of
Volvariella bombycina showed an antitumor act-
ivity against solid sarcoma 180. But the culture
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filtrate was ineffective. Especially, Fraction B
obtained after the purification showed the highest
activity (71.19).

This fraction contained 58% polysaccharide
and 199% protein. The heteroglycan was composed
of glucose, fucose and xylose. In the IR spectra
of Fractions A, B and C, O-H stretching frequ-
ency at 3300~3400 cm™ and C-H stretching
frequency at 2900 ecm™! and C-H, C-O bending
frequency in 1000~1100 cm™! and C-O stret-
ching frequency at 1630 cm™ were observed
and these characteristics were common to all
the polysaccharides.

Although the structural features of the extra-
cted compounds were not elucidated, the charact-
eristics were deduced from methylation, enzymic
degradation'® and C-nulear magnetic resonance
(NMR) spectroscopy.®'® It was reported, how-
ever, that lentinan was mainly composed of g-
1,3 glucan and that its molecular weight was
about 500,000 but that it lacked peptide. PSK
was reported to mainly consist of B-1,4:1,3 or
B-1,4:1,6 glucans and 10~15% peptide with a
total estimated molecular weight of vrnore than
94, 000.

In order to elucidate mechanism of the antit-
umor activity, effects on immune responses were
examined. Peritoneal exudate cells and NSE-
positive macrophages reached the maximum on
the 24th hour after the administration of the
antitumor protein-polysaccharide. Also polymorp
honuclear lymphocytes showed their highest
counts on the 24th hour. Although the mechan-
ism of its action was not fully wunderstood, it
was considered that the effect was through cell-
mediated immunity. For more detailed studies
on the process of cell-mediated immunity, delayed
type hypersensitivity (DTH) reaction will be
required.

In addition, the effect of this protein-polysac-

charide on the immune response of mice immu-
nized with SRBC was studied.
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The protein-polysaccharide was found to pote-
ntiate the production of hemolytic plaque-forming
cells of spleen. Therefore its antitumor effect was
exerted through host-mediated immune mechan-
ism.

The present fesults indicate that the antitumor
action of this fraction can be regarded as an
immuno-accelerating activity, but not as a direct

cytotoxic activity against sarcoma 180.
Conclusion

The protein-polysaccharide extracted from the
cultured mycelia of Volvariella bombycina showed
an antitumor activity against sarcoma 180 in
ICR mice.

The antitumor components were purified on
Sepharose 4B and separated into three fractions.
Of these, Fraction B showed the highest inhibi-
tion ratio of 71.1% at a dose of 20 mg/kg/day.

Fraction B contained 58% polysaccharide and
199 protein. The polysaccharide moitey of Fra-
ction B consisted of glucose, mannose and gala-
ctose.

Fraction B increased peritoneal exudate cells
and the accumulation of NSE-positive macroph-
ages. In addition, it also increased plagque-forming
cells.
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