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Abstract. – OBJECTIVE: Glioma is the most
lethal form of cancer that originates mostly
from the brain and less frequently from the
spine. Glioma is characterized by abnormal reg-
ulation of glial cell differentiation. The severity
of the glioma was found to be relaxed in isoci-
trate dehydrogenase 1 (IDH1) mutant. The pre-
sent study focused on histological discrimina-
tion and regulation of cancer stem cell between
IDH1 mutant and in non-IDH1 mutant glioma tis-
sue.

PATIENTS AND METHODS: Histology, im-
munohistochemistry and Western blotting tech-
niques are used to analyze the glioma nature
and variation in glioma stem cells that differ be-
tween IDH1 mutant and in non-IDH1 mutant
glioma tissue.

RESULTS: The aggressive form of non-IDH1
mutant glioma shows abnormal cellular histo-
logical variation with prominent larger nucleus
along with abnormal clustering of cells. The
longer survival form of IDH1 mutant glioma has
a control over glioma stem cell proliferation.
Immunohistochemistry with stem cell markers,
CD133 and EGFRvIII are used to demonstrate
that the IDH1 mutant glioma shows limited de-
pendence on cancer stem cells and it shows
marked apoptotic signals in TUNEL assay to
regulate abnormal cells. The non-IDH1 mutant
glioma failed to regulate misbehaving cells and
it promotes cancer stem cell proliferation.

CONCLUSIONS: Our finding supports that
the IDH1 mutant glioma has a regulatory role in
glioma stem cells and their survival.
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Introduction

Glioma a primary form of tumor that occurs in
the glial cells of the brain. The glial cells are
non-neuronal tissues that provide physical sup-
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port and supplies nutrient to the neuronal cells.
Since the neuronal cells are unable to follow mi-
tosis after certain limits, most of the brain tumor
(80%) are associated with dividing glial cells1.
The mean survival time of a patient with glioma
are only minimum and death occurs within 15
months2. Most of the brain tumor research are fo-
cusing on the comparative analysis of normal and
tumor tissue and so the knowledge about the can-
cer stem cell are limited. Cancer stem cells are
the root that helps to understand the cellular reg-
ulation of their proliferation and growth. Recent
studies show a significant identification of regu-
latory proteins such as HIF2a3, L1CAM4 and
Bmi-15 that are linked to glioma stem cell. The
proteins with similar basis are helped to know
their correlation that it has with survival, self-re-
newal and growth of glioma stem cell. Other than
this there are several molecular mechanisms,
governing glioma stem cells is to be revealed by
the evidence.
Mutational forms of isocitrate dehydrogenase

1 and 2 (IDH1 and IDH2) enzymes are identi-
fied that increase the survival of glioma patient6.
The most common mutation occurs in IDH1 are
at codon R132 (IDH1R132MUT) which are located
at the active site of the enzyme7. Subsequently,
less common IDH2 mutation occurs at the site
of R1728. The IDH1 mutation is found mostly
in lower-grade and anaplastic diffuse gliomas8,9.
The patient with IDH1 mutant shows higher
longevity than patient with non-IDH1 mu-
tant10,11. It was previously hypothesized that the
mutation in IDH1 results into loss of function
of the enzyme that promotes tumorigenesis11.
However, further studies confirm the IDH1 mu-
tation function as a novel gain of function12,13.
Several investigations revealed the functional
role, which the mutated IDH1 produce on-
cometabolite named 2-Hydroxyglutarate14. The
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Western Blot Analysis
The protein samples were prepared from nor-

mal brain, IDH1 mutant and non-IDH1 mutant
tissues, and they were resolved in 12% sodium
dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel. The Western blot-
ting of samples was carried out as already de-
scribed by Qi et al16. After transferring the gel to
a polyvinyl membrane, the membrane are incu-
bated with either anti-EGFRvIII antibody (Bior-
byt, orb47907, labscoop co., Little Rock, AR,
USA) or anti-CD133 antibody (Biorbyt,
orb18124, labscoop co., Little Rock, AR, USA)
and steps are followed according to the manufac-
turer’s instructions. After washing the primary
antibody, the membrane is incubated with sec-
ondary antibody and developed later.

TUNEL Assay
Terminal deoxynucleotidyl transferase dUTP

nick end labeling (TUNEL) assay aids, to identi-
fy cells that are in the last phase of apoptosis
with characteristic DNA fragments18. Apoptotic
cells with DNA fragments are end labelled by in-
corporating Brdu (bromodeoxyuridine) a thymi-
dine analogue to the 3′ ends of DNA strands. The
incorporated Brdu are then detected in the apop-
totic cell using anti-Brdu antibody (EMD Milli-
pore, 05-633; Millipore, Billerica, MA, USA).
The staining was performed using Diaminobenzi-
dine (DAB Kit, Abcam, Cambridge, UK) and the
protocol was followed according to the manufac-
turer’s instructions.

Results

Histological Observation of Normal
Brain, IDH1 Mutant and Non-IDH1
Mutant Brain Tissue
Histology was performed to find out the

arrangement and appearance of cellular and tissue
pattern of the normal brain, IDH1 mutant and non-
IDH1 mutant brain tissue. We observed certain
morphological criteria that help to differentiate
IDH1 mutant and non-IDH1 mutant brain tissue.
The normal brain tissue has a uniform arrange-
ment of cells that well adher to the supporting tis-
sues as shown in the Figure 1A. The histology of
IDH1 mutant and non-IDH1 mutant brain tissue
was viewed with caution and we observed that the
IDH1 mutant (Figure 1B) and non-IDH1 mutant
(Figure 1C) brain tissue have the infinite replica-
tion capability. We also observed that non-IDH1

2-hydroxyglutarate inhibit many cellular
processes13,15 that disturb cellular differentia-
tion16 and enhance the transformation of human
normal astrocytes17. The phenomena in which
isocitrate dehydrogenase mutant protein, dri-
ving the glioma stem cells are not well known.
Additional researches are needed to demon-
strate the role of IDH1 mutant in regulating the
glioma stem cells.

Patients and Methods

Sample Collection
Paraffin-embedded and fresh tissue samples

of normal brain, IDH1 mutant glioma and non-
IDH1 mutant glioma with earlier stage were ob-
tained from Jingling Hospital, China. Initial-
ly, the patients are subjected to pathological as
well as molecular diagnosis and get approval
from patients and Ethics committees of the hos-
pital for use of their samples for research pur-
poses. The age group of the patient ranges from
16 to 54 years, and samples were collected from
the confirmed cases, diagnosed as per the crite-
ria followed by the World Health Organization
(WHO).

Immunohistochemistry
For performing Immunohistochemistry, the

paraffin embedded tissues are subjected to micro-
tome sectioning of size 7 µm. The consecutive
sections on clean glass slides are then de-paraf-
finized and immersing in freshly prepared 10%
H2O2 and 10% Methanol in 1X Phosphate
Buffered Saline (PBS) for 20 min to block the
endogenous peroxidase activity. Trypsin treat-
ment (0.1% Trypsin in 0.1% CaCl2) for 10 min
was followed to assess the target protein in the
sections. Nonspecific antigens were blocked us-
ing serum followed by incubating with either an-
ti-CD133 antibody (Biorbyt, orb18124, labscoop
co., Little Rock, AR, USA) or anti-EGFRvIII an-
tibody (Biorbyt, orb47907, labscoop co., Little
Rock, AR, USA) for overnight at 4oC. After
washing the sections thoroughly with 1X PBS,
they are incubated with suitable secondary anti-
body for 1 hour at room temperature. The sec-
tions are then washed to remove the non-specific
binding of secondary antibody and stained with
DAB (Diaminobenzidine) Kit. Secondary stain-
ing was carried out using Ehrlich hematoxylin
that facilitates to visualize the individual cells in
the section.
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observed increased expression of CD133 in
IDH1 mutant brain tissue (Figure 2B) and also in
non-IDH1 mutant brain tissue (Figure 2C).

Identification of Glioma Stem cell Based
on EGFRvIII Marker
EGFRvIII was a newly identified glioma

stem cell marker based on cancer-specific ge-
netic alteration21. The new finding gives a
strong correlation to specify cancer stem cells
of glioma and it is an interesting aspect to eval-
uate their expression in IDH1 mutant and in
non-IDH1 mutant brain tissue. In the control
brain tissue, we observed negligible expression
of EGFRvIII protein as shown in the Figure 3A.
Interestingly, we examined different regulatory
effects of EGFRvIII expression in IDH1 mutant

mutant (Figure 1C) brain tissue has a prominent
large nucleus with nuclear to a cytoplasmic ratio
higher than that of IDH1 mutant brain tissue (Fig-
ure 1B). Other than this, the cells of non-IDH1
mutant brain tissue show abnormal aggregations
and clustering (Figure 1C).

Validation of CD133 as a Stem Cell Marker
CD133 was used as a neuronal stem cell mark-

er and it was first used to identify glioma stem
cell19. Recent studies show that there are glioma
stem cells without CD133 expression. Also, fur-
ther studies suggest, there are CD133 positive
cells in glioma, which cannot behave like cancer
stem cells20. Here, we elucidated the presence of
stem cells of the brain that are localized in isolat-
ed pockets of a normal brain (Figure 2A), but we

Figure 1. Histological variation between normal brain, IDH1 mutant and non-IDH1 mutant glioma tissue. A, Histology of
normal brain tissue with well organized cellular arrangement. B, Histology of IDH1 mutant glioma tissue with a proliferative
mass of cells. C, Non IDH1 mutant glioma tissue exhibit abnormal nucleus to cytoplasmic ratio along with cellular clustering.
Scale Bar: 100 µm size.

Figure 2. Identification of neuronal and glioma stem cells using CD133 marker. A, Normal brain tissue immunostain with
CD133 protein shows the isolated clustering of neuronal stem cell. B, IDH1 mutant glioma tissue with CD133 positive signals,
which represent the presence of neuronal stem cells as well as with glioma stem cells which are indistinguishable. C,Aggresive
grade, non IDH1 mutant glioma tissue shows positive cells for CD133 marker. Scale Bar: 100 µm size.
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Western Blotting Analysis to Validate
the Expression of CD133 and EGFRvIII
in Glioma Tissue
The protein samples were isolated from nor-

mal brain, IDH1 mutant and non-IDH1 mutant
glioma tissue are subjected to Western blot
analysis. The correlation between stem cell and
cancer stem cell of glioma are analyzed using
stem cell marker CD133 and EGFRvIII. The re-
sults demonstrate that the level of stem cell
marker, CD133 expression shows minimal ex-
pression in control tissue (Figure 5A, Lane 1),
but no significant variation were observed in the
samples of IDH1 mutant glioma tissue and non-
IDH1 mutant glioma tissue (Figure 5A, Lane 2
and 3). A similar expression of EGFRvIII was
studied to trace out the glioma based cancer stem
cell. From the Figure 5B it is evident that the

and non-IDH1 mutant brain tissue as visualized
in Figure 3B and C. The better survival form of
glioma, IDH1 mutant glioma tissue shows mini-
mal expression of EGFRvIII (Figure 3B) where
as a more aggressive form of non-IDH1 mutant
glioma has an elevated expression of EGFRvIII
expression (Figure 3C).

Elevated Level of Apoptosis Cells in IDH1
Mutant Glioma
Tunnel assay was performed to characterize

the suppression phenomena of abnormal cells
through apoptosis. Normal brain tissue shows no
signal for Tunnel staining (Figure 4A). But we
observed strong signal over IDH1 mutant glioma
tissue as shown in the Figure 4B. Perhaps, the
more aggressive non-IDH1 mutant glioma shows
only mild positive signals (Figure 4C).

Figure 3. Identification of glioma based stem cells, using exclusive cancer stem cell marker EGFRvIII. A, normal brain tissue
immunostain with EGFRvIII shows no signal. B, Section of IDH1 mutant glioma tissue with EGFRvIII protein expression. C,
non IDH1 mutant glioma tissue with elevated expression of EGFRvIII protein. Scale Bar: 100 µm size.

Figure 4. Depletion of apoptotic cells in non IDH1 mutant glioma tissue. A, Normal brain tissue with no specific apoptotic
signal. B, IDH1 mutant glioma tissue with an elevated apoptotic signal. C, Section of non IDH1 mutant glioma tissue with a
depleted apoptotic signal. Scale Bar: 100 µm size.



The CD133 is not the absolute cancer stem
cell marker; it was initially used to identify tu-
mor repopulation cells in leukemia25,26. Later it
was detected as a brain tumor stem cell marker in
many in vivo and in vitro studies19,27. Still, it can-
not able to play a significant role to identify can-
cer stem cells exclusively because there are many
tumor cells without the essential role of CD13320.
The immunohistochemistry performed using
CD133 marker elucidate that their expression is
almost equal in IDH1 mutant glioma (Figure 2B)
and non-IDH1 mutant glioma (Figure 2C) when
compared to the normal brain tissue (Figure 2A).
The data reveal that the aggressive form of non-
IDH1 mutant glioma has cancer-based stem cells
and shows no variation on CD133 expression.
The aggressive cancer stem cells are analyzed us-
ing EGFRvIII marker which can exclusively de-
tect glioma stem cell (Figure 3B, 3C). As we ex-
pected, the low survival as well as an aggressive
form of non-IDH1 mutant glioma tissue, overex-
press EGFRvIII than IDH1 mutant glioma tissue,
which implies the severity of the disease condi-
tion. The high survival IDH1 mutant having
glioma tissue shows an underdetermined expres-
sion of EGFRvIII which reveals that the prolifer-
ation of glioma stem cells is under controlled
conditions.
Stem cells of its own have the ability to pro-

found anti-tumor effect28. Cells with abnormal
behaviour should be recognized and subjected to
apoptosis, the failure or defect in the apoptosis
pathway pays the way for tumor initiation and
malignancy29. The collective data from Figure
4A-C helps to investigate that the high survival
of IDH1 mutant glioma patient is due to the
apoptotic regulation over the abnormal behaving
cells where it lacks in an aggressive form of non-
IDH1 mutant glioma tissue.

Conclusions

There is a significant variance in the histology
of IDH1 mutant and non-IDH1 mutant glioma
tissue that helps to understand the level of misbe-
having cells. Also, the aggressive form of non-
IDH1 mutant glioma shows increased expression
of the EGFRvIII protein with a poor apoptosis
signal. The high survival rate of IDH1 mutant
glioma is due to significant regulation of apopto-
sis over abnormal cells and keeps a limit over
glioma stem cells than that of non-IDH1 mutant
glioma.

3382

H.-C. Lu, J. Ma, Z. Zhuang, F. Qiu, H.-L. Cheng, J.-X. Shi

normal brain shows little or no expression of
EGFRvIII (Figure 5B, Lane 1). The result with
IDH1 mutant and from non-IDH1 mutant glioma
tissue shows the expression of EGFRvIII was
doubled in non-IDH1 mutant glioma when com-
paring with the IDH1 mutant glioma (Figure 5B,
Lane 2 and 3).

Discussion

The origin of glioma stem cell are still unre-
solved and it has two possibilities, whether it
emerges from the neuronal stem cell or it may
evolve from dedifferentiated cells which behave
similarly to stem cell22. Patient with an IDH1
mutant form of glioma has longer survival23,24.
Our data support these phenomena which are
confirmed through experimental basis. The com-
parative study of histology (Figure 1A-C) helps
to revive how cells are misbehaving in the IDH1
mutant glioma (Figure 1B) as well as in non-
IDH1 mutant glioma. The cell clustering and
higher nucleus to cytoplasmic ratio of non-IDH1
mutant glioma itself show the aggressive nature
of the glioma of non-IDH1 mutant patients. The
data of histological interpretation were further
supported by the experiments performed with
stem cell markers.

Figure 5. Validation of CD133 and EGFRvIII expression
by Western blotting. A, Cell Lysate of Normal brain, IDH1
mutant and non IDH1 mutant glioma tissue are subjected to
immunoblot with the anti-CD133 antibody. B, Western blot,
demonstrating the expression of EGFRvIII protein in the
normal brain, IDH1 mutant and non IDH1 mutant glioma
tissue. In Figure A and B, Lane 1, Lane 2, Lane 3 represent
protein samples from normal brain, IDH1 mutant glioma
and from non IDH1 mutant glioma tissue respectively. Actin
was used as a control.
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