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Background: Glioma, a neoplasm of neuroglial cells, is the most common type of brain tumor, constituting more
than 50% of all brain tumors. Purpose: This report summarizes the current knowledge regarding the clinical
utility of biochemical enzyme markers for both diagnostic and therapeutic purposes in different grades of
glioma. Methods: Sixty patients with different grades of glioma include glioblastoma multiforme (n=20),
Anaplastic astrocytoma (n=10), Oligodendroglioma (n=10), Ependymoma (n=10), Pilocytic astrocytoma
(n=10) and patients with benign lesions (n=5) served as controls. Activity of antioxidants and marker enzymes
were assayed in all grades followed by karyotyping. Results: Activities of antioxidant enzymes reduced
significantly (p<0.05) compared to controls except CAT, GST that showed marked increase (p<0.05) in
accordance with malignancy. CK, Na-K*ATPases, 5'-Nucleotidases showed marked increase in grade IV. Similarly,
Mg2-ATPase, Ca2+ATPases showed significant increase in grade Ill. Conclusion: The clinical importance for
classification and treatment of glioma is governed by biochemical enzyme markers. The study of enzymes
supported by related chromosomal changes is anticipated to provide better appreciation of biological properties
in different grades of glioma.
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Introduction

Glioma, a neoplasm of neuroglial cells, is the most common type
of brain tumor, constituting more than 50% of all brain tumors.
It accounts for about 2% of the malignant tumorsin adults and is
a leading cause of central nervous system (CNS) tumor related
death.' The most common forms of primary brain tumors are the
gliomas, including the highly malignant glioblastoma
multiforme which have a high rate of re-incidence after surgical
resection.” There prevalence is 23% among all brain tumors in
Chennai.

Conventionally, brain tumors are diagnosed by imaging. In some
cases, the information obtained from imaging may be
inadequate to determine the type and/ or grade of brain tumors
a patient has. To further characterize brain tumors, the tumor
may be biopsied to determine the type and grade of the tumor
which includes histopathological examination however it
involves a certain degree of subjectivity. Unfortunately,
conventional histopathology techniques often do not provide
definitive guidance whether low grade tumors will progress to
high grade’ In addition to diagnostic procedures, the
assessment of biochemical enzymes becomes essential that are
subject to regulation by various signalling pathways which are
prominent in particular grade of glioma determining their
biological behaviour and resistance pattern.

Numerous studies revealed that the most common somatic
chromosomal changes in malignant gliomas are complete or
partial loss of chromosome.” Such loss or deletion represents not
only the tumor suppressor gene but also marker enzymes
involved in various signaling mechanism including cell cycle
control. Thus, it would be a valuable study to assess the

prognosis of such abnormalities of brain tumor for determining
the most appropriate course of treatment for a glioma patient.

Based on the above concept, the enzymatic profile including the
antioxidant status was determined in brain tumor patients
which plays an important role in biochemical metabolism and
also in signaling network in different grades of glioma. The
metabolic data was correlated with cytogenetic data giving the
relative numbers of chromosomes or chromosomal segments
carrying the gene encoding for each enzyme.

Methods
Subjects

After the informed consent of all patients and approval of the
ethical committee, the tumor samples were collected from
different grades of glioma patients (n=60) and patients with
benign lesions (n=5) during surgery at the Institute of
Neurology and Neurosurgery, MMC, Chennai. Fresh tissue
sections of (n=20) Glioblastoma Multiforme (GBMs), (n=10)
low grade glioma, (n=10) ependymoma (ED), (n=10) anaplastic
astrocytomas (AA), (n=10) oligodendrogliomas (OA) samples
were obtained. The pathological classification of tumor tissues
was carried out and the stage of each glioma patients was
determined according to the WHO classification.” GBM patients
were 25 -72 years old (mean = 53 years, n = 20), OA patients
were 20-68 years old (mean =45 years, n = 10), AAwere 21-60
years old (mean = 34 years, n = 10), grade Il ED patients were
23-62 years old (mean = 50 years, n = 10), grade | pilocytic
astrocytoma patients were 18-52 years old (mean = 34 years, n
=10) and BL(mean =22, n=5).

Biochemical Analysis

Excised fresh brain tumor tissues were taken and used for
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enzyme analysis described below. Total protein was estimated by
the method of Lowry et al. Superoxide dismutase was assayed by
the method of Marklund et al’and was expressed as U/min/mg
protein. The method of Beer and Sizer® was adopted for the assay
of catalase (CAT). The activity was expressed as H,O,
decomposed/ min/mg protein. The method of Rotruck et al was
adopted for the assay of glutathione peroxidase (GPx) and
enzyme activity was expressed in nmoles of GSH
oxidised/min/mg protein. Activities of glutathione-s-transferase
(GST) was assayed by the method Habig et al® and expressed in
nmoles of CDNB conjugated/min/mg protein. Glutathione
reductase, (GR) was assayed by the method Stall GE et a/l"' and
activity expressed as u/mg protein. 5'-nucleotidase (5'- ND), was
estimated by the method Sandra et al”” and activity expressed as
Mmoles/min/mg protein. The methods of Horrocks” was
adopted for the assay Lactate dehydrogenise (LDH) and activity
expressed as umoles of pyruvate liberated/min/mg protein. The
activity of Aspartate Transaminase in tissue sample was assayed
by the method of King et al'* and enzyme activity was expressed
in umoles of pyruvate liberated/min/mg protein. The Alkaline
phosphatases (ALP) activity was assayed by the method of Green
etal” and activity was expressed in micromoles of p-nitrophenol
liberated/min/mg protein. The activity of creatine kinase was
assayed by the method Norman Hall et al'® and enzyme activity
was expressed in [lU /mg protein. Isolation of plasma membrane
was done by the method Aileen et al.”” Activity of mg2+ATPases
was assayed by the method Aileen et al and units expressed as
umoles of phosphorous liberated/mg protein/min. Na+,
K+ ATPase activity were assayed according to Tsakiris et al'®and
units were expressed as umoles of phosphorous liberated/mg
protein/min. Activity of Ca-ATPases assayed by the method
Junkosato et aland units were expressed as Ca’* ATPases in
umoles of phosphorous liberated/min/mg protein.

Karyotypic analysis

The tissue specimens were collected and transported in 10ml
0.5% sodium citrate + 0.5 ug colcemid/ml (total time in solution:
1hr). They were disaggregated by scraping and cutting in a
petridish and filtered through a 100u nylon filter. After

incubation in Hank's Balanced salt solution, Colcemid was added
(2ug /ml Hank's BSS) for 30min. Hypotonic treatment was done
with a mixture of 6ml fetal calf serum and 24ml 0.052 M KCI.
Fixation was performed with acetic acid: methanol 3:7. The
G-band pattern was carried out using three-week-old slides
treated with 0.01% trypsin in phosphate buffer (pH 7.2 ) for 5
min, rinsed in the same buffer, added with 0.1% D-glucose, and
stained with 5% Giemsa in pH 6.8 phosphate buffer for 30s.

Statistical analysis

Data was analyzed using SPSS for Windows V.10. One way
analysis of variance (ANOVA) was performed to find out the
significance of variations between three groups followed by
Student's t-test and Spearman's correlation test was conducted
for correlation analyses.

Results

Activities of biochemical enzymes among different grades of
glioma varied with the most significant difference existing
between the grades. Comparisons of the antioxidants marker
enzymes activity of the various histological subtypes are shown
in Table 1and 2. Significant increased level of total protein were
observed in glioma samples compared to control and it was
progressively increased with a higher grade of malignancy
(Table 2). The activities of transaminase (AST) and phosphatase
(ALP) were increased compared to control, the increased activity
AST, ALP were significant in grade IV (p<0.001) and grade llI
(p<0.05) when compared to control.

Tumor tissues showed a reduction in activities of SOD, GPX, and
GR in comparison to benign tissue. The increased activities of
enzyme CAT and GST showed significant changes in high grades
compared to other grades and benign lesions. There was also a
significant difference between the low grade and high grade
tumor tissue (Table 1).

A statically, significant (p<0.05) increase of LDH, CK, and
ATPases were found in all grades compared to benign. The
activity was (4-8 fold) higher in the tumors than in the control
group (Table 2).

Table 1: Comparison of activity of antioxidant enzymes between the grades

Enzyme activity Grade1 Grade Il Grade Il Grade IV BL

SOD

units/min/mg protein 8.10+1.2@ 6.28+0.82* 5.43+0.36* 4.863+0.45%¢ 9.01+0.9
CAT

umoles H,0, consumed/ 3.0+x041@ 3.8+0.28@ 5.94+0.8*t1 6.12+0.72*t@ 3.36+0.28
min/mg protein

GST

Mmoles/min/mg of protein | 132+12* 1 38+22.2*@ 178+£22.1%*t 192+20%te 120.9+16
GR

u/mg protein 31.16x3.4@ 30+3.1 28+2.9 22.5+2.54*F 30.94+28.2
GPX

nmoles /min/mg protein 42.2+6.5@ 38.1+4.0* 32.08+4.3* 29.11£3.89*tt 44.32+5.2

*P<0.05 -compared to BL

* P<0.05 -compared between grade Ill & IV

11P<0.01, tP<0.05 - compared between low & high grades
@-not significant
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On comparisons between different grades of glioma CK,
Glu6PDH, 5-nucleotides, Na-k+ ATPases and GST showed
marked (P<0.05) difference in their activities in GBM when
compared to other grades. Similarly, Ca2+ATPases,
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long arm of chromosome 6 (6q,11p13, 14924.1, 11q13),
chromosome 10, while gains of chromosomes on 7,8q,

15,12,19, 20 and 21 were highly correlated with one another in
all grades. These loss and gain of this chromosomal region well

Table 2: Comparison of activity of marker enzymes in different grades of glioma

Enzyme activity Grade1 Grade Il Grade Il Grade IV BL

CK IU /mg protein 98.2+9.5% 110+ 10.2*t 126£12%*e 1 140+£12.9%* et 90.8 = 0.06
5-NUCLEOTIDASE 0.78+0.05@ 1.24+0.08** 2.89+0.02*t 3.92+0.54%t 0.69+0.051
mmoles/min/mg protein

AST umoles of pyruvate 8.72+0.8@ 8.95+1.0@ 9.01+0.99*@ 9.23+1.52*@ 8.4+0.72
liberated/min/mg protein

ALP micromoles of 4.12+0.24@ 4.95+0.82@ 4.9+0.9@ 5.02+0.35**@ 4.08+0.33
p-nitrophenol iberated/

min/mg protein

LDH umoles of pyruvate 20.45+3.14@ 28.5+2.2@ 34.12+4.011** 38+5.8**@t 19.24+2.2
liberated/min/mg protein

Na“/K" ATPases in umoles . 15+1.02 22.0+2.8*t 28.11+£4.2*t 35.6+2.24%t 13.29+1.4
of phosphorous liberated/

mg protein/min

Ca’* ATPases in umoles of 4.82+0.4@ 5.10+0.35*@ 6.8+0.5*@t 5.5+0.32*@ 3.7+0.32
phosphorous liberated/

mg protein/min.

Mg’ ATPases in umoles of | 0.12+ 0.01* 0.18x0.01*@ 0.34+0.02*tt 0.21+0.01*t@ 0.06+0.01
phosphorous liberated/

mg protein/min

**P<0.01,P<0.05- compared to BL
*P<0.05, 11P<0.01- compared between grade Il & IV
1tP<0.05 not significant - compared between low and high grades.

Mg2+ATPases (P<0.01) show increased activity in grade IlI
compared to other grades. The observed enzyme profile was
compared with chromosomal aberrations in benign and in
different grades of glioma.

Karyotypic analysis

Table 3, shows the loss and amplification of chromosomes
observed and the most common loss found to be located on the

correlated with the genes specific for antioxidant and marker
enzymes which is presented in graph | (a,b).
Discussion

In the clinical practice of oncology, understanding the prognosis
of a given tumor is of paramount importance to patients and

clinician alike. Analyzing the activity of marker and antioxidant
enzymes may provide vital link in diagnosing different grades of
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Graph: (a) Comparison between the loss of chromosomes and loss
of enzyme activity in different grades of glioma.

Graph : (b) Comparison between the gain of chromosomes and
increased enzyme activity in different grades of glioma.
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Table 3: Karyotype analysis shows common aberrations in
different grades of giloma

GRADES KARYOTYPE
Low grade 46,XX,+7,-10%43,XX,-6,+7,-10,13,-16,del(18)*44,XY,-10,-1(p?),*47 XX, + 7 -
10,+2*44,XY,+7,-9,-10,-18,del(1)(q32943),t(6;16)*46.XX, +7,-10*
47,xx,+12,*45xy,-16,*45,xx,-22,%47 XX, +21,*45XX,-6(P?)
Anablastic 46,1(X;9)(q26-8;p12)Y;t(7;10)(q31;021),*45,XY,-9%48, XY, +Y,+7,+12,-14
astrocytoma *44,xX,+X,46,x%,-1(p),-22*47 xy, +21*44,xx,+ 19,*44,xx,-1(P),-22* 48 XY, +Y,+7,+

12,-14,del(15)(q12021),44,xx,-18,-22

Oligodendroglioma | 43,XY,+7,-10,-13,-19,-21,-(1)(p21-2),del(6)(q13-14), del(9)(p13), *47,xy, +19,45,xx-
p(p?(q?),*45,xx,-6(p?),%46,xx,del(11),q(21),*41,xx,del(1)(p?),-10,-14,-16,-18,-

22,%45 X,-X,47 xx,+7

Ependymoma 46,1(X;5)(q36-8;p10)Y*49,XX,+3,+7,4+9,+11*
49,XY,+7,+9(q),+20,*47 XX, +5,+6,*43,XY,-1,-2,-10,%45,XX,-1(p),-6(p),
*45,XY,-1(p),*44,XX, +2,-22,+9,%45 XX,-15(q), *43,XX,-1(p),-13(q)),-14(q) -
22(q),*46,XY,+3,-6

GBM 45,XX,del(1)(p?),-10,-14,-16,-18,-22%45,-x,-y*46,xxdel(11)(del22)*

45,xy(17)(q?),*47 xy,(+91)*46,xy,del(21)(q21), *45,xx, +x*46xx,del(1)(p?),41,5x,d
el,-19,22*47,xy,(1)(p?)*47,xy, +21*45,xy,-19,-22*46,xy,del(10)(p?)(q?),*
49,XY,+1,+7,+19,t(15;17)(q22;q25),*46,XX,+7,-10,50,XX, +1,+1,+

18,+18,0,der(7)t(7;?)(p22;?) +der(7)t(7;2)(p22;2)/26X,+1,+7,15,+18,-t-der(9)t(9;

15)(q 11,9 11),der(11)t(11;2)(q24;?),%45,XX,del(1p?)(6p?)

tumor. The molecular pathogenesis of glioma includes both loss
and gain of proteins responsible for cell proliferation and
multiplication.”®*' Protein levels of glioma patients were found to
be increased significantly when compared to normal as
confirmed by Rongcai Jiang et al> suggesting that the active
protein biosynthesis occurring in the tumor cells, facilitates the
tumor progression, such as degradation of the extra cellular
matrix to promote tumor invasion. A significantly increased level
of protein in GBM (p<0.05) compared to other grades suggest
that complex pattern of alterations likely to involve multiple
cellular pathways and molecular regulatory systems in the
aggressive tumor cells. Thus, a comprehensive survey of protein
expression and functionally important modification is
particularly useful in providing insight into the working of
altered pathways during disease progression, i.e from low to
high grade (GBM). Many studies illustrate the well known
observation that cell transformation alters cell responsiveness to
oxidative stress.”” In neoplastic transformation, antioxidant
enzyme activities have shown different patterns and they are
highly variable in tissues and blood of patients with different
types of cancer.” >

Our observation in tumor tissue showed a reduction in the
activities of antioxidant enzymes (SOD, GPX, GR) in ascending
order from low grade to high grade (Table 2) as supported by Pu
et al” and Rolando et al.”® Reduction in the activities of
antioxidant in these tumors suggests that the tumor cells are
able to survive and proliferate despite the higher than-average
level of reactive oxygen species they exhibit. This is generally
taken as a support to the role of ROS in cell proliferation. In
contrast with the other antioxidant enzymes CAT(P<0.01),

GST(P<0.05) were found to be distinctly increased in high grade
compared to benign type and within different grades of glioma
suggesting the high expression of GST in tumor cells and the
presence of this protein in tumor cell nuclei are associated with
clinically more aggressive gliomas. Further GST is associated with
failure of cancer chemotherapy and in poor prognosis.” Binding
of GST-Pi to JNK reduces the intrinsic activity of JNK and
decreases activation of JNK caused by cellular stresses and
decreased apoptosis. Elevated catalase activity in high grade was
reported by Pameeka® stating that primary antioxidant enzyme,
catalase, is elevated constitutively in gliomas compared to
normal astrocytes as also observed in the current study.
Increased activity of phosphatases is a constant feature in
neoplastic transformation® and accordingly, in the study, an
increase in the activities of transaminases (ALT) and
phosphatases (ALP) in different grades were found when
compared to control.

Increased activities of enzymes (LDH, CK, 5-ND, ATPases in
different grades of glioma have been shownin Table I. Increased
LDH suggests enhanced LDH activities in brain tumor.
Catecholamine, through cAMP, have been shown to increase the
activity of LDH in glioma.” This elevation could damage the
tumor cells in the brain. We observed elevated activity of CK
which has central role in regeneration of ATP in the brain as
tumor cells require high energy for cell division and invasion.5'-N
which is an endonuclease, whose chief function is to degrade the
purine and pyrimidine nucleotides.” Here, elevated 5',N activity
with respect to higher grade of glial malignancy may be due to
its involvement in cell proliferation and progression. This process
appears to depend upon the production of adenosine, a
proliferative factor and removal of AMP, a toxic molecule for
tumor cells.

In the present study, there was a considerable increase in all the
membrane bound ATPases in the glioma tissues compared to
control. lon gradients are present across cell membranes and
produce voltage across membrane to drive proper signaling
functions across neuron. lon gradients also aid in ATP generation
and for uptake of neurotransmitters. It is identified that normally
glial cells have a higher K+ permeability than all the other
neurons and Na“ current is constantly elevated in malignant
Glioma but not in normal dividing cells.” In our report, when
compared between the grades of Na/K-ATPase activity it was
found to be highly elevated (p<0.05) in GBM than the other
grades. Thus lon pumps play pivotal role in cancer cell migration
in general and in glioblastomas (GBMs) in particular. However,
the specific role of Na/K-ATPase (the sodium pump), has
remained unexplored in GBM.* Similarly Mg2*-ATPases was
found to be marked increase (P<0.01) in grade Ill compared to
other grades. Na+-K+-ATPase was overwhelmed by Mg2+-
ATPase in the astrocytoma which was striking. Thus, the
excessive Mg2 +-ATPase activity of the astrocytoma might be of
significance in dedifferentiation or neoplastic transformation.
The possibility that the high ATPases activity in the plasma
membranes of the human tumors was also closely correlated
with tumorigenicity should be seriously considered.

Chromosomal aberrations

Various structural chromosomal aberrations were identified,
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among which aberrations involving chromosome 1,6,10,16,21
were frequently seen in different grades of glioma support with
report Maria et al.*®* Human malignant gliomas are frequently
associated with loss of gonosomes and chromosomes 13,17,
and 22. Their progression from anaplastic glioma to
glioblastoma is marked by additional loss of chromosome 10.
Further, structural and numerical aberrations of chromosome
7 were frequently found.” A significant association was
observed between status of antioxidant enzymes and
chromosomal deletions in different grades of glioma.
Interestingly, we found reduced activities of SOD, GR, GPX by
virtue of their significant deletions and loss of chromosome 6
that encodes these genes (6q,11p13,14924.1,11q13), while
gain in chromosome 11,12,15,21 that represent genes
corresponding to catalase, LDH, GST isoenzymes, CK which
shows increase in their activities in glioma tissue. The activity of
5'Nucleotidase, ATPases appeared to be unrelated to the relative
number of chromosomes 6,19,16, respectively, that carry their
encoding genes.

Certain genes have a consistently higher prevalence of allelic loss
than other genes, including 19p and 16q, but appreciable
changes were observed on many chromosomes in each case of
glioma. This diversity, heterogeneity, and variation in specificity
of genetic abnormalities suggest that there are multiple
pathways for development of varied grades of glioma, many of
which could hypothetically be triggered or influenced by
epigenetic events, including oxidative damage.

The observed activities of enzymes and related chromosomal
aberrations shows their involvement in metabolic energy and
signalling pathways that allowed a characterization of energy
demands of gliomas in different grades compared to control.
Though the interpretation of the observed data is difficult for
obtaining a vivid picture, the present study might stimulate
further investigations for a better management of glioma.
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