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Mitochondrial AT Pase 6,8 Associated with Brain Tumours in Patients
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Abstract | Background: Brain cancer is considered one of the most prevalent types of cancer in the world. Primary
brain tumours consist of two types. Studies provide some deficiencies in mitochondrial functions that could cause
different genetic. Objective: This study aimed to determine the association of ATPase 6,8 alterations of brain tumour
cells in comparison with the adjacent healthy tissue cells. Methods: A group of patients was examined, and their dis-
ease was identified during precise examinations. These persons were sampled for their affected brain tissues, and these
were compared with their adjacent healthy cells. Besides, the populations of 300 healthy controls were selected as the
control. The DNA of the brain tumour cells was extracted and analysed using sequencing methods. Result: After the
sequence analysis, T8473C, G8584A, A8701G, A8730G and A8860G variants were found—all of them had been
reported in other diseases. Also, they were observed in patients with brain tumours, as compared with the adjacent
normal tissues. Discussion: The A8860G variant was one of the most prevalent polymorphisms between all these
alterations in brain cancer. It seems that the ATPase 6 subunit is more prone to brain cancer. The analysis shows that
amongst all the five variants determined in this research, the T8473C, G8584A and A8730G variants—with the p

value<0.05—were considered to affect brain tumours.
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INTRODUCTION

ccording to WHO, a primary brain tumour includes

160 types. The most common of these categories are
gliomas and medulloblastoma. Gliomas are known by his-
tological standards as consisting of the presence of mitoses,
cytoplasmic morphology or devious nuclear, glomeruloid
angiogenesis and necrosis. Based on the WHO classifi-
cation system, gliomas can be categorized into four dif-
ferent grades with increasing malignancy apportion (Rich
and Eyler, 2008). Grade 4 (malignant glioblastoma mul-
tiform—GBM) is considered to have the highest inva-
siveness amongst all the grades. GBM can cause different
symptoms—for instance, necrosis, excessive vascular pro-
liferation, and rising expression angiogenic factors (Brat et
al., 2015, Friedman et al., 2009). The annual prevalence of

malignant glioblastoma is about 5 cases per 100,000 people
in the world. Also, more than 18,000 new cases are known
in the United States each year (Liu et al., 2010, Wen and
Kesari, 2008). Treatments of malignant glioblastoma in-
clude surgical resection and radiation therapy, with some
new studies in chemotherapy drugs, such as Temozolo-
mide, Bevacizumab, Irinotecan, etc. Based on recent stud-
ies, simultaneous use of these drugs with other treatments
is more effective when compared with radiation therapy
alone (Stupp et al., 2005, Vredenburgh et al., 2007). There
are many studies about the relevance of the connection be-
tween mtDNA and well-known diseases like cancers and
diabetes. So, mitochondrial genes could participate in can-
cers—for example, breast, colon and kidney cancers (Raule
et al., 2007).

December 2018 | Volume 6 | Issue 2 | Page 45

=SS


http://dx.doi.org/10.17582/journal.jimb/2018/6.2.45.50
crossmark.crossref.org/dialog/?doi=10.17582/journal.jimb/2018/6.2.45.50&domain=pdfdate_stamp=2008-08-14

Journal of Infection and Molecular Biology

The human mitochondrion is defined by circular dou-
ble-strand DNA and double-membrane with independent
genome, transcription and translation machinery. Some
genes are encoded by mitochondrial DNA, such as 13
genes of oxidative phosphorylation subunits, 22tRNA and
2rRNA genes, and all the mitochondrial assembly factors
encoded by nuclear DNA. The mitochondria play an indis-
pensable role in cells, including control of apoptosis, auto-
phagy, reactive oxygen species (ROS), heat production, etc.
'The most well-known role of the mitochondrion is to sup-
ply ATP (adenosine triphosphate) during oxidative phos-
phorylation system. It demonstrates that mitochondrial
DNA mutations could relate to many neurodegenerative
diseases and cancers. Primary studies by Otto Warburg
suggested the mutation in mitochondrial DNA could af-
fect carcinogenesis processing and tumours. He explained
different mechanisms for taking glucose to produce ATP
between healthy and cancer cells. The oxidative phospho-
rylation system (OXPHOS) is essential to some organs—
for example, the heart, muscles, and brain—which require
high energy. Therefore, it is not surprising that any fail-
ure in mitochondrial OXPHOS would cause pathogenic
disorders in these organs (Raule et al., 2007, Carew and
Huang, 2002, Hejzlarova et al., 2014, Jonckheere et al.,
2012, Wong, 2013, Kroemer, 2006, Greaves et al., 2009).
Complex V or ATP synthase is assigned to make adeno-
sine triphosphate (ATP). The variants of ATPase subunit
6 and subunit 8 genes have demonstrated in many cancers
that the two of these genes pertain to Complex V (Ghaf-
farpour et al., 2014, Parrella et al., 2001, Chatterjee et al.,
2006, Cuezva et al., 2002). According to previous studies,
there has been no experience of mitochondrial ATPase 6
and 8 subunits and their correspondence to brain cancers
up to now. Thus, these studies are required to investigate
the correlation of mitochondrial genes alterations in brain
tumours, which improve our understanding of advances in
brain cancers. Like the previous studies, we also intend to
investigate AT Pase subunit 6 and subunit 8 genes to detect
their association with brain tumours in comparison with
the normal adjacent tissues. In this study, we suggested
some ATPase 6,8 alterations that could be associated with
brain tumours.

MATERIALS AND METHODS

SAMPLES

The number of patients with brain cancer was gathered
from Cancer Institute Center of Lorestan, Iran, and 300
peripheral blood samples from healthy individuals as
standard controls from Houshmand Genetic Laboratory
of Tehran, Iran. Information related to these patients is
given in the table below (Table 1), as can be seen, 92 per-
cent males and 8 percent females with 40% glioblastoma
multiform, 36% astrocytomas, 12% oligodendrogliomas,

8% ependymoma and 4% giant cell glioblastoma were in-
cluded. All tumour tissues were frozen in liquid nitrogen

immediately after removal and then stored at -800 degrees
C until DNA extraction.

Table 1: Information about the patients with brain cancer,
with details given in the table below

Characteristic Freq
Male 92%
female 8%

Age

< 40 years 72%

> 40 years 28%

Clinic data

Right fronto-temporal 12%

Left fronto-temporal 4%

Right temporal 24%

Left temporal 8%

Left frontal 12%

Right frontal 8%

Right parieto-occipital 8%

Right fronto-parietal 12%

Intraventicular 4%

Cerebral 8%

Diagnostic

Astrocytoma 36%

Giant Cell Glioblastoma 4%

Oligodendroglioma 12%

Ependymoma 8%

Glioblastoma multiform 40%

DNA EXTRACTION AND PRIMERS

Genomic DNA was extracted from tumour tissues with
the DNeasy 96 Blood & Tissue Kit (21586 and 21581
Nos. CatQiagen GmbH, Hilden, Germany). The forward
and reverse primers used in this research were following

the previous study (Ahari et al., 2008).

PorLymMERASE REACTION CHAIN (PCR)

A 1079 bp fragment was amplified for screening altera-
tions into mitochondrial ATPase 6,8 genes. In brief, PCR
was performed with 3 pL total DNA, 0.8uL of each prim-
er, 0.5 pL of dNTPs; 2.5 pL of the bufter; 0.8 pL. MgCl2;
and 0.3 unit Taq polymerase (GenFanavaran company,
Tehran, Iran) in the final volume of 25mL. After addition
of 10 pLL of mineral oil (Sigma) to PCR protocol: primary
denaturation, 5 min per-PCR incubation step at 94°C, 35
cycles of denaturation (94°C) for 50 s, annealing (55°C)
for 50 s, and extension (72°C) for 50 s and final extension
of 72°C for 10 min were carried out using an automated
DNA Thermal Cycler (Perkin-Elmer Cetus). The 1079bp
fragment was run on 1% agarose gel.

SEQUENCING ANALYSIS
'The PCR products were sequenced on Applied Biosystems
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Table 2: All the polymorphisms found in this study are shown in the table below, with all the information about them

Mutations P H, H, Reported  Unreported
8473 + + - + -
8584 + + - + -
8701 + + - + -
8730 + + - + -
8860 + + = + =

Locus Codon Nucleotide  Curated
numbers  changes references
MT-ATPS 36 T-C 16
MT-ATP6 20 G-A 34
MT-ATPé6 59 A-G 87
MT-ATPé6 68 A-G 5
MT-ATP6 112 A-G 118

Table 3: The table below shows all polymorphisms found in this study, based on the data briefly obtained of p-value,

chi-square test, and risk estimates.

p value.
Chi- Square Tests
Risk Estimate

Table 4: Information on normal population in this study

Variations  p value Ho He Re- Unre-
ported ported

AB460G 316 + _ + _
C8461T 316 + _ + _
T8462C  .316 + _ + _
T8503C  .316 + _ + _
A8527G 316 + _ + _
CB8562T 316 + _ + _
T8594C 316 + _ + -
T814C  .316 + _ + _
AB667G 316 + _ + _
C8676 T  .316 + _ + _
A8679G 316 + _ + _
T8763C 316 + _ + _
A8812G 316 + _ + _
A8828G 316 + _ + _
G 8865 A 316 + _ + _
T8867C  .316 + _ + _
G9053 A 316 + _ + _
A8653G, .155 + _ + _
T8937C  .155 + _ + _
G8994 A 155 + _ + _
G9055A 155 + _ + _
CB8684T  .024 + _ + _
G8697A  .043 + _ + _
A 8701 G* .469 _ + + _
A8836G .081 + _ + _
A 8860 G* + +

ABI 3100 sequencing machine (Thermo Fisher Scientific,
Waltham, MA, USA). All the amplicons were sequenced

T8473C A8584G A8701G A8730G A 8860G

004. 004. 469. 004. =
8.333% 8.333% 5232 8.333% =
920. 920. 704. 920. =

in both directions for the alterations of any mitochondrial
ATPase 6,3 variations. It was used of FinchTV software
to analyse the variants (PerkinElmer Inc., Waltham, MA,
USA).

STATISTICAL ANALYSIS

The statistical analysis was performed by SPSS 21.0 (for
Windows) to attain the chi-square and the odds ratio for
finding an association between ATPase 6,8 of the brain tu-

mours and the DNAs of blood cells as a control. A P-value
of <0.01 was considered statistically significant.

RESULTS

In this study, the complete sequences of ATPase 6 and 8
genes of tumour tissues were analysed, and their associa-
tion between mitochondrial ATPase 6 and 8 genes and the
brain tumours was investigated. The 1079 band lane was
observed on agarose gel after analysing the PCR products.
'The results indicated variations between tumour tissue and

normal population in three variants in MT-ATP6 and
MT-ATPS (Figure 1).

Five polymorphisms related to patients with brain tu-
mours were found. These polymorphisms were A8701G,

G8584A,T8473C, A8730G, and A8860G. The alterations
of these polymorphisms were shown briefly in Table 2.

An analysis of the results showed considerable association
with the brain pathogenesis for the variations 8730, 8584
and 8473 (chi-square = 8.333, odds ratio = 0.920, P-val-
ue<0.05) (Table 3). These polymorphisms—found in two
out of 25 patients—were seen in 8% of the patients. Also,
they did not find one in the normal sample. The variation
8701 (chi-square=0.523, odds ratio 0.704, p-value>0.05)
did not show a significant association with brain tumour
pathogenesis. The variation 8860 was found in 100% of
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patients and most of the normal population (Figure 2).

The results of the normal population in this research are
demonstrated in Table 4. All variations in the normal pop-
ulation were homoplasmy except the A8701G variant.

-1079 bp band lane

1 -1000 leader
-500 leader

Figure 1: Gel electrophoresis analysis of the mitochondrial
ATPase 6 and 8 genes using 1% agarose gel. Notes: lane
1079 indicated the PCR product.

T FinchTV - 856 1

| Ae Edt Yiew Fich Helo
@O0 wd BaEa d Geospita [eoe

Got Bass Ha

Fire Soquerce |
| Vestes FOTIT
I-“xw!"'|]l|" ;HI

L ==;:‘.:.:='; 'g=|.s|.|

M ', f' I |. hr"\u l'h |"”L=

j20
1 Lpas
LFHRSTTPTTOQL S XN L ANLATTP

[}
]

L \I~||‘1
u\‘ﬂ\|J!| \'|' |L|1J1

TDAIATE synthase 1O 08

-l 1 f".ITATi F rr .l Tf‘hT" "'.i -*.’T""“ F-(TF‘TAA"FTMAAAT-(‘ r"grr .l 450
[ B

'5'0
566

Figure 2: Page of the Finch TV software that demonstrate
the A8860G variant, which is marked by red.

DISCUSSION

'This study is the first report on the association between AT-
Pase 6,8 genes of mitochondria and the brain tumours. We
screened the mitochondrial ATPase 6,8 genes of patients
with brain cancer and their susceptibility to ATPase 6,8
alterations. According to Mitomap (http://www.mitom-
ap.org), there are more than 30 mutations and sequence
variations in mtDNA associated with brain tumours in
mitochondrial genome database that have been reported

until now (Yusoff, 2015). The cancer cells, when compared
with the healthy human cells, show avarice for glucose up-
take from lactate manufacture to supply ATP, which Otto
Warburg explained for the first time as maybe existing as
an impaired or suppressed function of respiratory enzymes
complexes (Lin et al., 2012). Thus, the mitochondria play
a significant role in the production of energy for cancer
cells in comparison with normal human cells. According
to Carew and Huang’s studies, defects in mitochondria
can affect many types of cancers and tumours (Carew and
Huang, 2002). Based on Shidara et al. and Kirches’s re-
searchers, ATPase 6 gene may increase the probability of
cancer progression by aversion cell death pathway (Kirch-

es, 2009, Lu et al., 2009).

ATPase 6,8 genes, the two genes of Complex V enzyme,
play an essential role in the respiratory chain of mitochon-
dria (Matsuyama et al., 1998), and have many other crucial
roles, in both the normal human cells and cancer cells, such
as colonic crypts cancer, breast cancer, thyroid tumour,
ovarian cancer, etc. Many studies have indicated the rela-
tivity of the mitochondrial ATPase 6,8 and cancers such as
ovarian, colon, and kidney and breast cancer (Ghaffarpour

etal., 2014).

The results indicated variations between tumour tissue and
healthy population in three variants in MT-ATP6 and
MT-ATP8 (Figure 1).

Based on the results, the odds ratios are less than 1 and
illustrated a low risk of the pathogenesis of these varia-
tions. Primary studies for the variations 8473, 8584 and
8730 are explained by Tanaka (1994), Obayashi (1992)
and Zhadanov, (2006) respectively. 8701 variant was first
reported by Jun et al. (1994), which is probably associat-
ed with some diseases like optic neuropathy and dysto-
nia (Jun et al.,, 1994), Fragmentation of Human Heart
Mitochondrial DNA Associated with Premature Ageing
(Katsumata et al., 1994), respiratory dysfunction (Lertrit
et al., 1994), hypertrophic cardiomyopathy (Obayashi et
al., 1992), encephalomyopathies and Parkinson’s (Ozawa
et al., 1991). The variant 8860 was observed in colorec-
tal cancer (Taylor et al., 2003, Aikhionbare et al., 2004),
ovarian cancer (Houshmand et al., 2011), breast cancer
(Matsuyama et al., 1998, Zhu et al., 2005, Sawabe et al.,
2011), human glioma cells (Kirches, 2009), osteosarcoma
(Aikhionbare et al., 2007), and Leber’s hereditary optic
neuropathy (DeHaan et al., 2004). With the P-value of
8860 variant was considered, it probably does not have any
significant effect on brain tumour risk. Wei-Feng Wang
first explained 8860 variant in 2013, which was also con-
sidered as being associated with irritable bowel syndrome

with diarrhea (Wang et al., 2013).

8730, 8584 and 8473 are found only inpatient samples, but
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the 8860 and 8701 variants are found in both patient and
healthy populations. The 8730, 8584 and 8473 are probably
associated with brain tumour pathogenesis and more sus-
ceptive in comparison with other variants that were present
only in tumour tissues. Thus, these are not somatic, and we
could not say they have significant effects on brain tumour
pathogenesis because this used blood for control instead
of regular or healthy brain tissue. The 8860 and 8701 var-
iations are not associated with brain tumour pathogenesis
when considered with the top data. Our studies suggest
that in patients with a brain tumour, ATPase 6 gene prob-
ably is more susceptive than ATPase 8 gene.

We require more investigations into other genes of mito-
chondria regions and also other polymorphisms that are
probably associated with brain tumour pathogenesis. The
polymorphisms are multiform of DNA sequences, and
there are many of them in eukaryotes genome. This multi-
form is approximately 10000 in number. There are several
types of this multiform, such as SNPs, RFLPs, mini-satel-
lite and micro-satellite sequences. Many functions of pol-
ymorphism were described, such as gene mapping, assay,
and analysis of correlations, fingerprint experiments, and
identifications. Thus, there are many reasons to work about
polymorphisms, and we hope to investigate and discover
many more pieces of astounding information on genes and
the world of genetics.
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