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Introduction

Recent studies have conÞ rmed that alterations in the 
isoenzyme of pyruvate kinase (PK) provide tumor cells 
with selective growth advantage.[1] There are at least 
three isozymes of mammalian PK and in primary human 
brain tumors a shift occurs in the synthesis of M-type 
toward K-type. Isoenzyme shift can be documented 
with alanine-inhibition test as proposed initially by Van 
Veelen.[2] Most of the previous studies were concerned 
regarding PK inhibition. In this paper not only did we 
study PK inhibition but we also established the mean 
PK activity in astrocytomas.

Materials and Methods

Subjects, tissue collection
The institutional ethics committee for human studies 
approved this study. A total number of 64 biopsy 
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samples were analyzed. PK inhibition was studied in 
the presence of amino acid alanine. The study material 
included 53 histologically proven astrocytomas and 11 
control samples. Control brain samples were obtained 
from temporal lobe specimens of patients who underwent 
temporal lobectomy and amygdalohippocampectomy for 
refractory epilepsy. Childhood tumors and other tumors 
were excluded from the study. The case material was 
initially selected on the basis of CT and MRI features. The 
tumor tissue was collected from the most representative 
part of the lesion during surgery. We tried to take ß eshy 
bits of tumors when samples were biopsied and necrotic 
material was avoided as much as possible. A part of it 
was sent for histology and the remaining bit was stored 
at �70°C. PK activity was estimated only in those samples 
that were histologically proven to be astrocytomas. 
Astrocytomas were graded according to St. Anne-Mayo 
grading system.[3] SPSS software version 7.5 was used 
for statistical analysis.
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Tissue homogenate
Tumor and control brain tissues (~0.5 g) were 
homogenized in 10 volumes of ice-cold 50 mM of Tris-
HCl buffer, pH 7.4. The homogenate was centrifuged at 
1000 g for 10 minutes at 4oC to remove cell debris. The 
supernatant was collected and used for enzyme assay. 
The protein content of the homogenate was determined 
by Lowry�s method[4] using bovine albumin as the 
standard.

Measurement of protein kinase activity
The PK (EC 2.7.1.40) activity was measured in the 
tumor homogenate by spectrophotometric rate 
determination.[5] The reagents for the assay, phosphoenol 
pyruvate (PEP), nicotinamide adenine dinucleotide, 
reduced form (NADH), adenosine diphospahte (ADP), 
lactic dehydrogenase (LDH), and PK were procured from 
Sigma-aldrich. When the enzyme solution is mixed with 
the reagent there is a decrease in absorbance at 340 nm 
(A340 nm). ΔA340 nm/minute is obtained using the maximal 
linear rate for both the test and the blank.

Full details of the enzyme essay can be found elsewhere 
which is beyond the scope of this paper.[5] Inhibition of 
the enzyme PK was studied in the presence of amino 
acid alanine.

Data and statistical analysis
Statistical analysis was performed using one-way 
ANOVA test to compare the differences between groups 
and within groups. Independent sample t test was used 
to compare the means between two groups. All values 
presented are mean and SD. Statistical differences were 
considered to be signiÞ cant at P < 0.05. SPSS software 
version 7.5 was used for statistical analysis.

Results

The mean PK level in astrocytomas was 3.5 ± 2.0 mmol/min/
mg protein, which was signiÞ cantly higher [24%; P < 0.001] 
when compared to 2.8 ± 0.3 mmol/min/mg protein in 
control brain [Table 1]. Highest PK activity was noted 
in grade 2 astrocytomas. In grade 3 tumors the mean PK 
activity was less than the control samples.

In high grade astrocytomas (grades 3 and 4) the mean 
PK activity was 3.07 ± 1.59 mmol/min/mg protein. The 
mean PK activity in high grade astrocytomas was lower 
than low grade astrocytomas, but it did not achieve 
statistical signiÞ cance (P = 0.08).

In controls there was no change in PK activity in the 
presence of alanine. In grade 2 astrocytomas there was 
7% decrease in mean PK activity in the presence of 
alanine, this difference in grade 3 astrocytomas was 33% 

and in grade 4 astrocytomas it was 61% [Table 2]. As the 
tumors were becoming malignant there was a graded 
increase in the levels of inhibition [Figure 1].

Discussion

Metabolism of malignant cells is different from normal 
cells. Malignant cells have a greater tendency to employ 
aerobic glycolysis[6,7] and this will be an added advantage 
for them to survive. PK, the rate-limiting enzyme in 
glycolysis, has attracted much attention in oncology. 
Recent studies conÞ rm that the changes in isoenzyme 
offer a selective growth advantage for tumor cells
in vivo.[1] PK is a tetrameric enzyme consisting of four 
subunits.[8] There are at least three mammalian isozymes 
of PK. These are designated as the liver (L), muscle (M), 
and kidney (K) type. These isozymes not only differ 
in their kinetic and electrophoretic properties, but also 
in their sensitivity to alanine.[2] The K-type is strongly 
inhibited by alanine but not the M-type. In fetal brain 
of 12�16 weeks, M, K, and the three hybrids can be
detected.[9] The ratio of M4 and K4 in the newborn differs 
from the one found in adults. In the newborn K4 is 

Figure 1: Comparison of pyruvate kinase activity and residual activity 
in astrocytomas of various grades (The mean PK (value) activity is 

expressed on the Y-axis (activity expressed in mmoles/min/mg protein)

Table 1: Pyruvate kinase activity in astrocytomas

Grade n Mean activity SD

2 7 4.46 3.87
3 17 2.56 0.94
4 29 3.84 1.81
Control 11 2.8 0.3

Activity expressed in mmoles/min/mg protein

Table 2: Pyruvate kinase inhibition in astrocytomas

Grade n PK inhibition (%)

2 7 07
3 17 33
4 29 61
Control 11 0

PK inhibition expressed in percentage
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predominant as compared to the adults. It seems likely 
that during development of human brain the synthesis of 
K subunits is repressed, whereas the reverse is found for 
the M subunit.[10] Various other researchers also studied 
the isozymes of PK.[11,12] In this study the increased activity 
of PK in astrocytomas reß ects the increase in the activity 
of glycolysis. Highest PK activity was recorded in grade 2 
tumors followed by grade 4 tumors. Lowest activity of PK 
activity was noted in control samples. The dip in enzyme 
activity in grade 3 astrocytomas is difÞ cult to explain.

Eventhough there was a signiÞ cant increase in the activity 
of the enzyme in astrocytomas (24%; P < 0.001), we could 
not establish a linear relationship between mean PK 
activity and histological grading. Although the tumors 
were subdivided into high grade glioma (grades 3 and 4) 
and low grade glioma (grade 2), the mean activity of the 
PK enzyme was still high in low grade glioma and the 
difference did not achieve statistical signiÞ cance.

Studies by Van Veelen[13] had shown a strong correlation 
between both electrophoretic pattern and alanine 
inhibition with histological grading. In their study 
alanine-inhibition test had shown a linear correlation 
between the residual activity and histological grading. 
In the present study also a linear and positive correlation 
exists between the residual activity and the grades of 
astrocytomas. Studies by Mostert et al.,[14] had shown 
that in more malignant tumors like grade 4 astrocytomas 
the percentage of inhibition was higher, reaching
more than 75%. In the present study in grade 4 tumors 
the percentage of inhibition was 61% (mean value) and 
reaching as high as 90% in some samples. Mostert et al.,[14] 
had shown variable levels of inhibition in grades 2 and 
3 astrocytomas. Grade 2 astrocytomas showed low to 
moderate level and grade 3 showed moderate to high 
levels of inhibition. In the present study the mean 
percentage of inhibition in grade 2 tumors was 7%, 33% 
in grade 3, and 61% in grade 4 astrocytomas, showing a 
deÞ nite linear correlation between various grades and 
level of inhibition, which was not seen in the previous 
study. Our study was not without certain limitations. One 
of the drawbacks of the study was that we did not compare 
the results with electrophoretic pattern. In this study we 
focused on the mean activity of PK which was not studied 
earlier and to verify the reproducibility of the alanine-
inhibition test. The numbers of grade 2 tumors were 
proportionally less when compared to other grades. This 
is due to the fact that low grade gliomas are more common 
in children and we excluded them from the study. Even 
in adults the incidence of low grade astrocytomas is less 
when compared to other grades. Our samples reß ect 
the incidence of various grades of astrocytomas in 
population. Further studies are needed to conÞ rm its role 
in glycolysis and this enzyme could be a potential target 
for chemotherapy in future. In this paper we conÞ rm the 
reproducibility of alanine-inhibition test and this may be 

used as an adjunct in grading of astrocytomas. Larger 
studies and also studies in other malignancies are needed 
to reconÞ rm its role as an adjunctive in grading of tumors. 
From this study estimation of mean PK activity might help 
in distinguishing high grade from low grade astrocytomas 
but we could not establish linear relationship between 
individual grades (grades 2, 3, and 4).

Conclusion

Our study demonstrated an increase in the activity of 
glycolytic enzyme, PK, in the astrocytomas of adults. 
There was a linear relationship between PK inhibition 
and histological grading. PK inhibition by alanine 
could be used to differentiate between various grades 
of astrocytomas. PK enzyme could be a potential target 
for chemotherapy in future.
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