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ABSTRACT

Glucans from Grifora umbellata and their enzyme-treated fractions have been
tested for antitumour activity against subcutaneously implanted Sarcoma 180 (solid
type). The results indicate that the basic common unit of the glucans is of primary
importance for the antitumour activity, which is also influenced by the type of sugar
linkage, length of branch, branching frequency, molecular size, and molecular
conformation.

INTRODUCTION

In a previous paper!, we reported that ihe water-soluble glucan of Grifora
umbellata markedly inhibits the growth of subcutaneously implanted Sarcoma 180 in
mice. The glucan was further separated into three fractions (GU-2,3,4) by borate—
Cetavion fractionation and gel filtration, as shown in Scheme 1, and the chemical
structures of these fractions have been investigated in detail®>. We now report on the
relationship between their structures and antitumour activities.

MATERIALS AND METHODS

Test samples. — Test samples summarized in Scheme 1 were prepared as
previously reported?.

Animals. — Female ICR-JCL mice weighing ~25 g (5 weeks) were obtained
from Clea Japan, Tokyo Co. Ltd.

Assay of antitumour activity. — Sarcoma 180 (solid type) was subcutaneously
implanted with ~30 mg of tumour tissues. Each test sample of an appropriate
concentration in saline was injected at a dose of 1 mg/kg/day or 5 mg/kg/day intra-
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Scheme 1. Purification of glucans and preparation of enzyme-treated sample.

peritoneally once daily for 10 days, starting 24 h after the implantation of Sarcoma
180. Assay of antitumour activity of the test sample was carried out as previously
described®.

RESULTS AND DISCUSSION

The results of the antitumour assays are shown in Table I. Of the materials
tested, GU-3 and (1-—6)-f-p-glucanase-treated GU-2 (abbreviated as 1,6E-GU-2)
were the most effective, and complete regression was observed in 9 out of 10 mice
at the end of 42 days after the tumour implantation. For GU-2, the antitumour
activity (complete regression ratio) was increased on treatment with (1—6)-8-D-
glucanase and decreased on treatment with alpha-amylase. (1—6)-f-D-Glucanase-
treated GU-3 (1,6E-GU-3) was separated into four fractions (F-1-A, F-1-B, F-1-C,
and F-2) by chromatography on a column of Sepharose 6B. Methylaticn analysis
of these fractions by the procedure described in our previous paper? gave the following
molar ratios of 2,3,4,6-tetra-, 2,4,6-tri-, 2,3,4- + 2,3,6-tri-, and 2,4-di-O-methyl-
glucitol acetates: 1.0:0.7:1.9:1.0for F-1-A,1.0:1.0:2.1:1.0for F-1-B, 1.0:1.3:2.5:1.0
for F-1-C, and 1.0:1.7:3.0:1.0 for F-2, respectively. These results indicated that
the branching ratio decreased with decreasing molecular size, while a significant
change was not observed in the ratio of (1—3) and (1--4) + (1—6) linkages of these
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fractions. The highest antitumour activity was observed in GU-3 (complete regression
ratio, 9/10) followed by F-1-A (8/10), F-2 (6/10), F-1-C (5/10), and F-1-B which
showed the lowest activity (3/10) (Table I). In GU-4, a complete regression ratio
(6/10) was observed with a dose of 5 mg/kg/day.

An Increase in the antitumour activity of 1,6E-GU-2 was associated with a
decrease in (1-6)-f-linkage content and a corresponding increase in content of
—+6)-3~D-Glcp -

1

'
6
—3)-f3-D~Glcp-(1—+3)-F7-D-Glcp~(1—
1

—~4)--D-Glep-(1—=4) -A-D-Glcp—(1—6) -F-D-Glcp
1

5
—+3)}-f-D-Gicp-(1—+3)~3-D~-Glcp-(1—~
2
i
S
—+3) -3-D-Glcp~{1-+3)-F-D-Glcp-(1—

3

(1-4)-« and (1—3)-p linkages. The decrease in content of (1—4)-a linkages and
the resulting increase of (1 —-6)-f and (1—3)-8 linkages by amylase treatment caused
a decrease in the antitumour activity. In view of these results, long or dense (1—-6)-§-
linked branches in GU-2 make little contribution to the antitumour activity, but the
presence of (1—-4)-o-linked branches seems to play a role in the antitumour activity
to some extent. Polysaccharide A; from Pleurotus ostreatus® is similar to a part of
structure in 1,6 E-GU-2.

For GU-3, which is a glucan consisting mainly of (I1-6)-f and (1-3)-8
linkages, a high activity (complete regression ratio, 9/10) was observed. The structure
of 1,6E-GU-3, which is devoid of (1 6)-B-linked branches after the enzyme treatment,
resembles that of coriolan®, which is the extracellular glucan from Coriolus versicolor.
Coriolan is (1-—3)-B-linked and branched at position 6, and shows high activity
(25/29) against Sarcoma 180 at a dose of 5 mg/kg/day. The activity, however, was
low® when the dose was 1 mg/kg/day or 10 mg/kg/day.

GU-4 is a glucan consisting mainly of (1—3)-f-D linkages with branches at
position 6. Thus, GU-4 is similar to coriolan, but contains a small proportion of
(1—6)-B linkages. The antitumour activity of GU-4 (6/10) at a dose of 5 mg/kg/day
was weaker than that of coriolan.

During column chromatography on Sepharose 2B, 1,6E-GU-2 was eluted near
the void volume, indicating that removal of (1—6)-8-D-linked branches caused some
conformational change or molecular association. It is possible that these molecular
changes contribute to an increase in the antitumour activity. On the other hand,
alpha-amylase-treated GU-2 (abbreviated as 1,4E-GU-2) was similar to GU-2 in
the elution pattern, but its activity decreased.
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In the column chromatography of 1,6E-GU-3 on Sepharose 6B, F-1-A was
obtained in the void volume. F-1-B and F-1-C were similar to GU-3 in the elution
volume, and F-2 was eluted in the maximum elution volume. For these four fractions,
the highest activity was observed with F-1-A,

GU-4 was viscid, and was eiuted in the void volume during column chromatog-
raphy on Sepharose 2B.

Concerning the relationship between polysaccharide structure and antitumour
activity, Chihara et al.®'7 noted that lentinan, an antitumour glucan, is a (1—3)-8-D-
glucan branched at position 6, but that pachyman and laminaran which have linkages
similar to those of lentinan, were not active®. Their findings showed that for glucans
having mainly (1 3)-f linkages some, but not others, show activity. The (1—6)-§-D-
glucans (GE-3) from Gyrophora esculanta showed the activity®, but lutean from
Penicillium [uteun was inactive. Moreover, pachymaran and CM-pachymaran,
derived from pachyman by removing small proportions of (1-6)-f linkages, showed
high antitumour activity’®-!!. Furthermore, U-pachyman, obtained by treating
pachyman with 8m urea at 70° for 4 h, possesses a high antitumour activity compar-
able to that of lentinan'?. Hence, steric factors, rather than the primary structures
of the polysaccharides, seem to play a major role in the antitumour activity. In
addition, there exists an optimal dosage for the antitumour polysaccharide to show the
highest activity!?. The «-helix structure of bovine serum albumin may be changed!® by
these polysaccharides, and some components of serum protein may increase specifi-
cally and temporarily.

The above discussion clearly suggests that the relationship between the structure
and antitumour activity of glucans is a complicated matter. From our experimental
results, it became obvious that antitumour glucans from G. umbellata have a basic
common-unit 1.

" As described above, antitumour activity was increased in [,6E-GU-2 and
decreased in 1,6 E-GU-3, except for fraction F-1-A. Thus, the same enzymic treatment
resulted in an increase in the activity for GU-2, but a decrease in theactivity for GU-3.
From these results, it is concluded that the presence of a trisaccharide unit (1)
containing a (1-3)-8 linkage with a branch at position 6 is of primary importance
for the antitumour activity of the glucans from G. umbellata. Furthermore, the
degree of antitumour activity is influenced by a number of factors such as the type
of sugar linkage, length of branch, branching frequency, molecular size, and molecular
conformation. For example, molecular units 2 and 3 are also considered to be associ-
ated with antitumour activity. Moreover, species of animals, dosage, and route of
administration seem to affect greatly the appearance of the activity’. Further correla-
tion of structure and activity will require a more detailed study of the physicochemical
properties of antitumour polysaccharides.
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