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An approximately threefold increase in glycogenolytic activity of the neutral
a-1,4-glucosidase and a twofold increase in the same activity of the acid isoform have
been found in extracts of anaplastic astrocytoma and glioblastoma multiforme tumors
of brain tissue. “Maltase activity” of the respective enzymes increased by 60-80% in
both kinds of tumor extracts. However a significant decrease in z-amylase and almost
complete disappearance of phosphorylase activities have also been found in both

kinds of tumors.

Glial tumors (or “astrocytoma”) are classi-
fied into four types according to the degree of
malignancy, type I being the slowest-growing
one. This communication presents some as-
pects of glycogen metabolism studied in the
type III anaplastic astrocytoma and in the high-
est malignancy glioblastoma multiforme (type
V).

It has been generally recognized that normal
astrocytes help in the development and nour-

ishing of neurons. There are also data show-
ing participation of those cells in the process
of neurotransmission [1]. Astrocytes are able
to build up the glycogen store, which is sup-
posed to be the energy reserve for the central
nervous system [2, 3]. Glycogen particles have
also been found in glioma tumor cells [4], thus
glycogen bound glucose molecules, as well as
blood glucose, should serve as a substrate for
glycolysis in both, normal astrocytes and tu-
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mor cells. Metabolic flux through the lactate
pool in rat C6 glioma tissue has been found to
be 10-fold higher than through the glutamate
pool [5]. This may suggest that nonoxidative
glycolysis is used in brain tumors as a major
source of ATP, and the Crabtree effect takes
place there like in other tumor cells [6].

Glycogen phosphorylase, being the main en-
zyme responsible for glycogen breakdown, ful-
fills the same function in normal astrocytes as
in other glycogen storing cells, but in glial tu-
mor cells the phosphorolytic activity disap-
pears almost completely [7]. Is it thus possible
that blood glucose in those cells is the only
substrate for glycolysis? Existence of glyco-
gen particles in tumor cells seems incompati-
ble with such a possibility and from this data
arises the question on the likelihood of en-
gagement, or the degree of potential engage-
ment, of glycogen hydrolysing enzymes. Such
enzymes, together with hexokinase, could re-
place the activity of phosphorylase in the
transformation of glycogen into hexose phos-
phate esters.

In animal tissues the hydrolytic breakdown
of glycogen is catalyzed mostly by the en-
zymes of the a-glucosidase group [8] and in
some tissues by a-amylase [9]. The a-glu-
cosidase (EC 3.2.1.20) is responsible for the
hydrolysis of a-1,4-bonds from nonreducing
ends of glycogen molecules, resulting in a rise
of the free glucose concentration. Hers’ [8] ex-
planation of the mechanism of Pompe’s dis-
ease (type II glycogenosis) has provided clear
evidence for the necessity of participation of
an acidic a-glucosidase in the glycogen break-
down. But the role of the neutral enzyme is
still unclear despite the fact that it can be
found in various tissues and body fluids of sev-
eral animal species [10].

Alpha-amylase (EC 3.2.1.1), with its ability
to hydrolyze the inner bonds of highly poly-
merised a-1,4-glucans, is a widespread en-
zyme, and in the glycogen storing tissues this
enzyme may be engaged in its breakdown [9]
by providing a kind of supportive reaction for

the mainstream phosphorolytic glycogeno-
lysis.

The relationship between phosphorolytic
and hydrolytic pathways of glycogenolysis de-
pends on the cells’ state of differentiation.
Higher activity of hydrolytic enzymes has
been observed in fast dividing cells during
early stages of ontogenesis [11]. This fact may
suggest that also tumor tissue can use the
hydrolytic pathway of glycogen breakdown to
produce an additional pool of free glucose, the
substrate for hexokinase — an enzyme known
to be highly expressed in rapidly growing tu-
mor cells [12]. This additional pool of free glu-
cose may also assist in the Crabtree effect,
which is a metabolic feature of tumors in sev-
eral tissues [6].

In this paper the levels of the mentioned
glycogenolytic activities in tissue extracts
from brain tumors have been compared, and
the problem of glycogenolysis in astrocytoma
tumors has been shortly discussed.

MATERIALS AND METHODS

Ten extracts of human brain tumor cells
were used for experiments; 5 were from
anaplastic astrocytoma cells and 5 from
glioblastoma multiforme. Control extracts
were prepared from carefully dissected, mor-
phologically unchanged surrounding tissue,
routinely excised with every tumor. A histo-
chemical analysis of the tissue was the basis
for classification of particular tumors. Sam-
ples of tumor tissue were taken intra
operationem at the Department of Neurosur-
gery, Wroctaw Medical Academy. Each group
of samples was obtained from 2 male and 3 fe-
male patients. Two of the anaplastic astro-
cytoma tumors were localized in a frontal
lobe of cerebral cortex and 3 in a temporal
lobe; glioblastoma multiforme tumors were all
in the temporal lobe. Samples were obtained
with agreement, and in accordance with the
rules of the ethics committee.
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Tumor tissue was frozen at -18°C within 15
min after surgery; and enzyme activities were
assayed within 48 h. Frozen tissue was disin-
tegrated mechanically in 5 volumes of NaCl/
P; buffer in a small Potter homogenizer; then
insoluble parts were separated by centri-
fugation at 5000 X g.

Assay of neutral and acid o-gluco-
sidases. Glucosidase activity was assayed by
the method of Dalquist [13], using liver glyco-
gen (Wytwoérnia Surowic i Szczepionek,
Krakow, Poland) and/or maltose (Merck) as
substrates. Incubation was performed in 100
mM veronal/acetate buffer of pH 6.6; and/or
in 100 mM acetate buffer of pH 4.5; which
were optimal for the respective hydrolytic ac-
tivities. Aliquots (50 ul) of tissue extracts
were diluted to the final volume of 250 ul. Pro-
tein concentration in such a mixture was close
to 2 mg/ml. Concentration of glycogen was
1.6% (w/w), while that of maltose was 0.5%
(w/w). Samples were incubated at 37°C with
glycogen or maltose for 60 min or 30 min, re-
spectively. Hydrolysis of glycogen was
stopped by addition of two volumes of frozen
ethanol then the samples were kept at -18°C
for 5 to 10 min. Temperature denaturation (2
min boiling) was used to stop the reaction of
maltose hydrolysis. Reference samples were
obtained by the same treatment, but at zero
time of incubation. After centrifugation (5000
X g) glucose was determined in supernatants
by an enzymatic procedure, using a glucose
oxidase/peroxidase mixture (“Analco”).
Nanomoles of hydrolysed a-1,4-linkages per
1 min of incubation (milliunits), per 1 g of a
tissue or/and per 1 mg of protein, were calcu-
lated.

Assay of a-amylase. Crystallised amylose,
which is the best natural substrate for a-amy-
lase, was used in the assay. A calibration
curve, representing the relationship of the
product’s reducing power versus the iodine
complex absorbance of the residual amylose,
was used for evaluation of the amount of hy-
drolyzed a-1,4-linkages.

Preparation of the calibration curve.
Crystalline human salivary a-amylase (appro-
ximate concentration 10 mU per ml) was incu-
bated with 0.35 % amylose in 100 mM
Tris-maleate buffer of pH 6.8 containing 150
mM NaCl. Progress of the reaction was moni-
tored by two independent procedures:
® Increase of the reducing power was deter-
mined by the method of Robyt et al. [14]
which is the only procedure giving results
not affected by the degree of polymerization
of a-1,4-glucans.

©® Decrease in the blue value of iodine-amylose
complex was determined according to
Krisman [15]. Monitoring was continued
until the absorbance of iodine complex
dropped to approximately 25% of its start-
ing value. The curve, representing the recip-
rocal relationship between the blue value
and the concentration of reducing groups
from the newly broken a-1,4-linkages was
drawn, and served for calculation of a-amy-
lase activity in experimental material. A
new calibration curve was prepared for each
set of solutions used for the assay.

Substrate solution. Thirty five mg aliquots
of Koch-Light's amylose, crystallized from
butanol and thoroughly dessicated, were dis-
solved overnight in 100 ul of MeySO in glass
tubes. Tubes were then placed in the boiling
water-bath and hot 100 mM Tris-maleate
buffer of pH 7.0 containing 150 mM NaCl,
was slowly added with mixing with a glass rod
until the very dense amylose-MeySO mixture
was completly dissolved. After slow cooling to
approximately 40°C the final volume was ad-
justed to 10 ml with the same buffer.

Assay samples. Tissue extract (50 ul) was
mixed with 450 ul of the substrate solution
and incubated for 40 min at 30°C. The reac-
tion was stopped by adding 4.5 ml of hot
buffer, followed by 2 min of boiling.

Reference samples. Tissue extract (50 ul)
was mixed into 4.5 ml of hot (boiling water
bath) buffer and, after 2 min of boiling, 450 ul
of substrate was added.
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Blank sample. Tissue extract (50 ul) was
mixed with 4.95 ml of buffer.

Aliquots of assay samples, reference sam-
ples and/or blank sample, 200 ul each, were
mixed with 1.8 ml of fresh iodine reagent [15]
(1.3 mg of iodine and 13 mg of potassium io-
dide in 130 ml of saturated calcium chloride).
Absorbance of reference and assay samples
was measured against the blank sample at
670 nm. The percentage of lost blue value was
calculated, and the equivalent of hydrolysed
a-1,4-linkages was finally evaluated from the
calibration curve.

Results are presented as nanomoles of the
reducing groups produced from amylose, per
gram of tissue and/or per 1 mg of protein.

Phosphorylase activity was assayed by the
synthesis test [16]; and protein concentration
was determined according to the Lowry proce-
dure [17]. Results were statistically verified
with Student’s t-test.

RESULTS

An increase in the a-glucosidase activity in
anaplastic astrocytoma extracts, assayed with

glycogen as a substrate at pH 6.6, was the
most clearly visible change caused by the stud-
ied a-glucan depolymerizing enzymes (Ta-
ble 1). An approximately threefold rise of this
activity has also been found in glioblastoma
multiforme extracts.

The change in a-glucosidase activity (pH
6.6), determined against maltose as a sub-
strate, was lower (Table 1) and statistically
significant for the glioblastoma on mU per 1
mg of protein basis. For anaplastic astro-
cytoma, the change was statistically signifi-
cant only for the results presented on mU per
1 g of a sample basis.

Activity of acid a-glucosidase (pH 4.6) has
also been found elevated in both kinds of tu-
mor extracts (Table 1); but again, only the gly-
cogen hydrolysis results were statistically
fully verifiable, while changes in maltose hy-
drolysis could sustain statistical verification
only when presented per mass of the sample
rather than per 1 mg of protein (Table 1).

The control extracts as well as those from tu-
mor tissue showed higher level of acid
glucosidase activity in comparison to the neu-
tral enzyme (Table 1).

Table 1. Activity of “exo” and “endo” a-1,4-glucanases and phosphorylase in extracts from brain

tumors

Kind of tissue

Kind of activity; pH; substrate Unchanged (control) Anaplastic Glioblastoma
g astrocytoma multiforme
a-1,4-Glucosidase; pH 6.6; glycogen (42‘3 ;—r :13‘1) (%?77 J—; 11%9*) (1%5.821:%.9*)
a-1,4-Glucosidase; pH 6.6; maltose (;%?97 J—; 315.’9) (%%:72143;) ( 4351;1 ;—r 240*)
. 75+ 8 154 + 31*
a-1,4-Glucosidase; pH 4.5; glycogen 183 + 29* *
(11.4 + 1.4) (18.0 + 3.4%) (19.2 + 3.4%)
a-1,4-Glucosidase; pH 4.5; maltose (?§%i2585) (%11?6195;) {()5?;; il(ioi)
. . 600 + 13 450 + 25 482 + 41*
a-Amylase; pH 7.0; amylose (90.5 + 3.5) (44.2 + 4.6%) (51.3 * 6.39
. 78 £+ 14
Phosphorylase without AMP; pH 7.0; Gle-1-P (11.8 + 2.1) traces traces
Phosphorylase with AMP; pH 7.0; Glc-1-P (21{;)52 J‘; 23%6) traces traces

The results of particular determinations are presented as milliunits per 1 g of tissue and (in parentheses) per 1 mg of pro-

tein. Values shown are mean + S.D.; n = 5 for each group. *P < 0.05 as compared with control.
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An opposite change has been found in the ac-
tivities of both phosphorylase and a-amylase.
Phosphorylase activity (assayed by the syn-
thesis test), disappeared almost completely

and -amylase activity dropped significantly,
in both kinds of tumor cells (Table 1).

DISCUSSION

Direction and intensity of changes in the ac-
tivity of both, neutral and acid a-glucosidase,
and in phosphorylase, support some early
findings on the phylogenetic and ontogenetic
relationship between the phosphorolytic and
hydrolytic pathways of glycogen depoly-
merization ([11] and references therein). Ac-
cording to this concept, the phosphorolytic
pathway of glycogen breakdown developed at
later stages of evolution and in more differen-
tiated cells, while the hydrolytic enzymes
were engaged in glycogen breakdown at ear-
lier steps of evolution, or in fast dividing cells
of earlier stages of differentiation. Such cells
are usually better equipped for anaerobic con-
ditions, which seems to be the case in brain tu-
mor tissue, where faster lactate turnover has
been found [5]. The threefold increase in the
activity of glucose-producing, glycogen-hydro-
lyzing enzymes in both kinds of the studied tu-
mor cells seems to be in a good agreement
with the upward regulation of hexokinase ex-
pression by the mutated p53, found in hepa-
toma and other fast dividing cells [12]. The
concerted increase of a-glucosidase and
hexokinase activities may have fully replaced
the activity of phosphorylase, which has al-
most completely disappeared from both ana-
plastic astrocytoma and glioblastoma multi-
forme tumor extracts.

Since a-amylase also belongs to the group of
a-1,4-glucan hydrolysing enzymes, the decline
of its activity in tumor cells does not fit very
well to the above mentioned view [11]. But the
parallel change in a-amylase and phospho-
rylase activities has already been noticed in
muscle tissue [18] and may suggest some co-

operation between the “exo” mechanism of
phosphorylase, depolymerizing outer
branches of glycogen, with the “endo” mecha-
nism of a-amylase action, degrading the
highly branched core of glycogen molecule.
This cooperation could be the factor underly-
ing parallel regulation of those otherwise dif-
ferent enzymes.
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