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The effects of antitumor-active [8-1,3-glucan (grifolan)] and inactive [8-1,6(islandican), a-1,4-
(starch)]glucans in mice were compared. f-1,6-Glucan enhanced the antitumor activity of grifolan,
whereas a-1,4-glucan showed a suppressive effect on the antitumor activity of grifolan. When these
glucans were injected i.p. into normal mice, the glucans disappeared gradually. The rate of
disappearance was in the order a-1,4> §-1,6 > 8-1,3. Grifolan induced peritoneal exudate cells, but
B-1,6 and «-1,4-glucans did not. Only a-1,4-glucan was degradated by the lysate of the peritoneal
exudate cells. These results indicate that the antitumor activity of f-1,3-glucan can be positively or
negatively modulated by other glucans, and that glucans showing different antitumor effects have a
variety of actions and fates in mice.
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Introduction

Recently, Mizuno et al. classified the immunomodulators into subgroups in relation to
the appearance of a serum protein or polymorphonuclear leukocyte (PMN) response.
Combinations of drugs in different group might be useful for cancer therapy. Traditional
herbal medicine in China and Japan is based on such a combinational approach. Interestingly,
extracts of mushrooms have been used for cancer therapy in Sino-Japanese herbal medicine.?

We have studied the structure and antitumor activity. of glucans of Grifola frondosa.>
Based on characterizations of the hot water, cold alkali and hot alkali extracts of G. frondosa,
this fungus contains both neutral (z-1,4, -1,3) and acidic (a-1,3, §-1,6) glucans.> The activity
of the neutral fraction was owing to the g-1,3-glucan, called “grifolan.”3% In earlier work,
crude extract of G. frondosa (GFE) was found to show antitumor effects via p.o. and i.p.
administrations.>® Further, we have studied the antitumor effect of the polysaccharide
fraction GF-1,") which is a crude polysaccharide fraction composed mainly of a-1,4, f-1,6
and f-1,3 linkages. GF-1 showed antitumor effect via i.p., i.v., or i.t. administrations. It also
induced resistance against Sarcoma 180 in ICR mice which had completely cured of the tumor
by GF-1 treatment. The administration of GF-1 to mice increased the weight or cell number
of the spleen and peritoneal cavity, and enhanced the antigen-specific antibody response and
carbon clearance activity. However, GF-1 showed no antitumor activity via p.o. adminis-
tration, and some of these effects were different from those of purified glucans reported
elsewhere.

Based on these findings, we have suggested that the mode of antitumor activity and the
effects on the immune system of the antitumor glucan may be modulated by several other
materials. Antitumor activity via p.o. administration or the different mode of action from
other glucans might well be consistent with involvement of several materials. We wished to
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know what kind of effects were shown by the antitumor inactive polysaccharides and by
combinations of antitumor active and inactive polysaccharides. This paper is concerned with
the effects of antitumor active (grifolan) and inactive (a-1,4, and $-1,6) glucans in mice.

Materials and Methods

Determination of Number of Peritoneal Exudate Cells, and Contents of Hydrolytic Enzymes and Remaining
Polysaccharides——At .an appropriate time after treatment, mice were sacrificed by exposure to ether. Peritoneal
exudate cells (PEC) were recovered from each mouse with 10 ml of saline. The number of PEC was determined by the
trypan blue dye exclusion test. After centrifugation, each supernatant was used for measuring remaining
polysaccharides and the packed PEC were lysed by adding 0.19 Triton X-100 solution. Enzyme activity was
measured by using the Triton lysates. The remaining polysaccharide was estimated from the carbohydrate content
measured by the phenol-sulfuric acid method.

Determination of Molecular Weight under Physiological Conditions——Each glucan was dissolved in saline and
the molecular weight M, was determined by using a column of Toyopearl HW-65S. The elutlon profiles were
monitored with a refractive index detector.

Othér Methods——Islandican was prepared from the culture filtrate of Penicillium islandicum.* Other materials
were from commercial sources. Mice were purchased from the Shizuoka Agricultural Cooperative Association for
Laboratory Animals, Hamamatsu. All mice used in experiments were 2 to 3 months old, male ICR strain. Other
methods were as described previously.®

Results

Effects of Glucans on the Antitumor Activity of Grifolan

Recently, we showed that the mode of antitumor activity of the polysaccharide fraction,
GF-1, was different from those of other antitumor substances.”’ It was considered that §-
1,3-glucan and other substances (f-1,6 and «-1,4-glucans) might all be important for the
antitumor activity of GF-1. Thus, we examined the effects of -1,6 and a-1,4-glucans on the
mode of action of antitumor activity of grifolan. As the glucan sources, islandican (8-1,6-
glucan obtained from Penicillium islandicum) and starch (a-1,4-glucan) were used. Table I
showed the antitumor effects of these glucans on Sarcoma 180 in mice. Only f-1,3-gldcan
showed antitumor activity. As the next step, combinations of grifolan and islandican or starch
were examined. The doses of these glucans were as follows: grifolan, 4, 7.5, 20 ug/mouse; other
glucans, 2000 ug. This is similar to the ratio in GF-1. As shown in Table II and Fig. 1,
cooperativity was detected at the doses of 4 and 7.5 ug/mouse/d. Isolandican augmented the
activity of grifolan and starch suppressed it (4 ug, p<0.01; 7.5 ug, p <0.05). These results
suggest that the antitumor activity of f-1,3-glucan is modulated by other glucans.

Effect of Glucans on the Number of Cells in the Peritoneal Cavity
For clarifying the effects of glucans on the peritoneal cavity, the cell number on day 1 or
4 after treatment with glucans was examined (Table III). In the cases of the antitumor-active

TaBLE 1. Effects of Glucans” on the Growth of Sarcoma 180 in ICR Mice

Glucan ‘ Dose Tumor weight® Inhibition” Complete
(ug/mouse x 5) (g, mean+8.D.) (%) regression®
Grifolan 100 <0.19 >99 3/9
Islandican 4000 11.9+7.3 0 0/6
Starch 4000 10.6+5.2 12 0/6
Nil 12.0+4.3 J— 0/16

a) Sarcoma 180 tumor cells (5 x 10°) were inoculated subcutaneously. Each sample was administered 5
times on day 1, 3, 5, 7and 9 as a saline solution by intraperitoneal injection. 5) “Inhibition” and “complete
regression” were determined at day 35 after the tumor inoculation. ¢) The significance was evaluated by
means of Student’s t-test. d) p<0.001.
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Tasce II. Modulation of Antitumor Effect of Grifolan by Glucans®

Glucan Dose - Tumor weight? Inhibition” Complete
(ug/mouse x 10) (g, mean+S.D.) %) regression”

Grifolan 4 1.8+1.59 74 1/9
1.5 0.5+0.8° 93 3/9

20 0.4+0.6° 93 1/10

Grifolan 4 (2000) 2.8+1.840 58 1/10

(Starch) 7.5 (2000) 1.0+1.0=9 85 0/10

20 (2000) 0.6+1.0° - 91 2/10

Grifolan 4 (2000) 0.9+0.9¢) 86 3/10

(Islandican) 7.5 (2000) 0.1+0.2¢9 98 3/10
20 (2000) 0.4+0.8° 95 2/9

Nil 6.6+3.7 0 0/19

a) Sarcoma 180 tumor cells (5x 10°) were inoculated subcutaneously (day 0). Each sample was
administered for 10 consecutive days as a saline solution by intraperitoneal injection. b) “Inhibition” and
“complete regression” were determined at day 35 after tumor inoculation. ¢) The significance was evaluated
by means of Student’s ¢-test against glucan-untreated groups (d) p<0.01; ¢) p<0.001). The differences
between both groups were statistically significant. (f) p<0.01; g) p<0.05).

T

mnvl2 (X1072)

Fig. 1. Kinetics of Sarcoma 180 Growth in
ICR Mice Treated with Grifolan Together with
Glucans

Experimental details were the same as given in
Table II. Tumor size is shown as mm’. —@—,
control; —O—, grifolan (4pg); ---@--, grifolan
(4 ug) +starch; —@©—, grifolan (4 pug)+islandican;
—[J—, grifolan (7.5 ug); ---O---, grifolan (7.5 ug)+
° starch; ---[J---, grifolan (7.5 ug) + islandican; ---l---,
1 9 3 4 5 grifolan (20 ug); ---©--, grifolan (20 pug)+starch;
——, grifolan (20 ug)+ islandican.

glucans (GF-1 and grifolan), the number of PEC was increased. On the other hand, the other
glucans showed little or no activity for increasing PEC. The optimum doses for antitumor
activity of GF-1 and grifolan have been found to be 2000 x 10 and 20 x 10, respectively. The
increment of PEC at day 4 is probably related to the antitumor activity of these
polysaccharides.

Comparison of the Disappearance Rate of Glucans from the Peritoneal Cavity

To clarify the fate of glucans in the peritoneal cavity, clearance time of glucans from the
peritoneal cavity were compared. For determining the remaining glucan content, at an
appropriate time, the peritoneal cavity was washed with saline and the peritoneal exudate cells
were removed by centrifugation. The glucan content in the supernatant was estimated by the
phenol-sulfuric acid method. In the non-treated group, phenol-H,SO,-positive materials
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TABLE III. Total Numbers of Peritoneal Exudate Cells after Treatment
with Various Glucans®

Glucan Dose Day 1 Day 4

(ug) (x107%/mouse) (x 1075/mouse)

GF-1 80 6.0+1.6 5.6+2.2

400 6.4+2.0 7.6+2.2

2000 15.8+2.8 13.6+3.6

Starch 80 6.0+1.0 7.0+1.8

400 5.0+0.8 6.0+1.8

2000 24+1.0 7.6+3.6

Dextran 80 32+14 5.6+2.4

400 9.2+3.6 6.0+1.2

2000 6.6+44 50122

Grifolan 80 52428 18.84+9.4

400 12.8+0.4 12.6+3.4

2000 31.84+5.0 16.2+6.4

Islandican 80 6.2+20 70+14

400 36+1.4 8.2+22

2000 52+1.4 54+28

Nil 6.0+14 58+1.6

a) In each group, 3 mice were used, and PEC was determined by the trypan blue dye exclusion test.
Glucan (80, 400, or 2000 ug/0.2 ml saline) was injected i.p. at day 0. After 1 (day 1) or 4 (day 4)d, mice were
killed by exposure to ether. Peritoneal exudate cells were recovered by washing the peritoneal cavity with

saline.
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Fig. 3. Elution Profiles of Various Glucans
from a Column of Toyopearl HW-65S

Fig. 2. Comparison of the Disappearance
Rates of Glucans from the Peritoneal Cavity

Glucan remaining in the peritoneal cavity was
determined by measurement of total carbohydrate.
—@—, grifolan; —O—, islandican; —[J—, dextran;
—@—, GF-1; — A—, starch.

Each glucan dissolved in saline was applied to a
column of Toyopear]l HW-65S (1.6 x 45cm) equili-
brated with saline. The flow rate was 0.5 ml/min and
the elution profiles were monitored with a refractive
index detector. A, starch; B, grifolan; C, islandican;
D, GF-1; E, dextran T-2000, a, Vo; b, dextran T-2000;
¢, T-250; d, T-100; e, T-70; f, T-40; g, T-10; h, Vt. The
peak at Vt is due to the presence of salt.
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Fig. 4. Hydrolytic Enzyme Activity of Perito- Fig. 5. Hydrolytic Enzyme Activity of Perito-
neal Exudate Cells Obtained at Day 1 after neal Exudate Cells Obtained at Day 4 after
Thioglycolate Broth Treatment Thioglycolate Broth Treatment
Hydrolytic enzyme activity of the Triton lysates Experimental conditions and symbols were the
was measured at 37°C at various pH values. Sub- same as in Fig. 4.
strates were --—[ll--, p-nitrophenyl-a-glucoside;

—[1—, p-nitrophenyl-g-glucoside; —@—, starch;
—-O-—-, GF-1; —l—, dextran T-110; —O—, is-
landican; ---@---, grifolan. Hydrolytic enzyme activ-
ities toward polysaccharides were assessed by reduc-
ing power measurement.

were contained in the peritoneal cavity at a level of about 500 ug/mouse. The remaining
glucan contents were estimated by subtraction. The remaining percentage of each glucan is
shown in Fig. 2. The loss of a-1,4-glucan was the fastest, while the loss of -1,3-glucan was the
slowest (ca. 50%, day 1). All glucans except for-grifolan had disappeared within 1d after the
injection. GF-1 contained a small amount of a f-1,3-glucan, which also disappeared within
1d. It is assumed that the remaining percentage is lower than the limit of the quantitative
analysis, because the -1,3-glucan content in GF-1 is quite low.

Comparison of the Molecular Weights of Glucans

To clarify why the disappearance rates of glucans were different, the molecular weights of
these glucans under physiological conditions were compared. Figure 3 showed the elution
profiles of several glucans from Toyopearl HW-65S buffered in saline. Arrows indicated the
elution volumes of standard dextrans. The average molecular weight was the highest for
grifolan and the others showed similar molecular weight distributions. Grifolan was mostly
eluted near the void volume of this column. This suggests that the average molecular weight of
grifolan is >2 x 10%. On the other hand, in the case of 8 M urea/0.2N NaOH as the solvent,
grifolan was eluted at the average M, of 7.5 x 10°.>4) It appears that grifolan forms aggregates
by inter-chain interactions under physiological conditions.

Effect of Hydrolytic Enzymes on the Disappearance of Glucans from the Peritoneal Cavity

To elucidate the fate of glucans in the peritoneal cavity more precisely, the glucan-
hydrolytic capacity of peritoneal cells was examined (Figs. 4 and 5). Triton lysate of
thioglycolate medium-induced peritoneal cells (day 1 and day 4) was used as the enzyme
source. p-Nitrophenyl derivatives were hydrolyzed easily. However, in the case of glucans,
only starch could be hydrolyzed by the Triton. lysate. Digestion of the polymer into small
molecules would accerelate the disappearance rate.
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Discussion

The present results indicate that glucans may enhance (8-1,6) or decrease (a-1,4) the
antitumor activity of grifolan. So, far, the most important problem in the development of
antitumor glucans has been to obtain highly purified (homogeneous) materials. However, the
data described in this paper raise the possibility of combination therapy. Many fungal extracts
are used in Sino-Japanese herbal medicine for cancer therapy, and this presumably
corresponds to combination therapy with unknown naturally occurring substances. Chemical
characterization of some of these medicines has been started in recent years.

In a previous paper, we have shown that the mode of antitumor activity and the effects on
the immune system of GF-1, which is a crude polysaccharide fraction composed of a-1,4, §-
1,6, and B-1,3 linkages, are different from those of the purified glucans.®? The data presented
in this paper suggest that the cooperation of the three kinds of glucans is one of the reasons
for the differences. Cooperativity of immunomodulators in cancer therapy has also been
reported.”” However, it is necessary to investigate many polysaccharides to generalize the
above observations. »

We also found that antitumor-active and other glucans have different behavior and fates
in the peritoneal cavity (Table III, Figs. 2, 4 and 5). Only the antitumor-active glucan induced
PEC and remained for a long time in the peritoneal cavity. It is possible that the antitumor g-
1,3-glucan forms a gel (triple helix). As shown in Fig. 3, grifolan showed the highest molecular
weight among the glucans tested. The fact that the elution volume of grifolan is smaller than
that of dextran T-2000 indicates that the molecular weight of grifolan in the physiological
state is more than 2 x 10°. However, the molecular weight under denaturing conditions (8 M
urea/0.2N NaOH) was 7.5 x 10°. These results suggest that interchain bonding occurs under
physiological conditions. On the other hand, other glucans showed smaller molecular weights.
The velocity of disappearance from the peritoneal cavity might be closely related to molecular
weight under physiological conditions. Hydrolysis of starch by the lysate of peritoneal cells
also supports the above assumption (Figs. 4 and 5).

Seljelid et al. reported that the chemical cross-linking of laminarin induced the
appearance of C3b binding capacity.” Further, cross-linked dextran (Sephadex) stimulated
the effector cells to in vitro cytocidal activity against tumors.®’ These findings and the data
presented in this paper suggest that the molecular weight of the glucan under physiological
conditions is one of the most important factors for antitumor activity. It will be necessary to
compare many glucans to confirm this hypothesis.
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