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INTRODUCTION

Mitochondria are major cellular sources of reactive oxygen species (ROS) generation
which can induce mitochondrial DNA damage and lead to carcinogenesis. The mitochondrial
10398A>G alteration in NADH-dehydrogenase subunit 3 (ND3) can severely impair complex |, a key
component of ROS production in the mitochondrial electron transport chain. Alteration in ND3
10398A>G has been reported to be linked with diverse neurodegenerative disorders and cancers. The
aim of this study was to find out the association of mitochondrial ND3 10398A>G alteration in brain tu-
mor of Malaysian patients.

Brain tumor tissues and corresponding blood specimens were obtained from 45 pa-
tients. The ND3 10398A>G alteration at target codon 114 was detected using the PCR-RFLP analysis
and later was confirmed by DNA sequencing.

IS Twenty-six (57.8%) patients showed ND3 10398A>G mutation in their tumor speci-
mens, in which 26.9% of these mutations were heterozygous mutations. ND3 10398A>G mutation
was not significantly correlated with age, gender, and histological tumor grade, however was found
more frequently in intra-axial than in extra-axial tumors (62.5% vs. 46.2%, p<0.01).

For the first time, we have been able to describe the occurrence of ND3 10398A>G
mutations in a Malaysian brain tumor population. It can be concluded that mitochondrial ND3
10398A>G alteration is frequently present in brain tumors among Malaysian population and it shows
an impact on the intra-axial tumors.
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the overall incidence rate of all brain tumors to be 10.82 (95%
CI: 8.63-13.56) per 100,000 person-years. The National Brain

Brain tumor is a leading cause of solid tumor cancer death
worldwide among children and adolescents (aged birth to 19
years), approximately accounting 4,630 new cases each year.
The worldwide review report of brain tumor by de Robles and
colleagues [1] using a random-effects model determined that
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Tumor Society in United State estimated that 78,980 individu-
als (55,150 benign and 23,830 malignant) would be diagnosed
with primary brain tumors in 2018 and that 16,616 of those
individuals would die due to this tumor [2]. In Malaysia, ac-
cording to the regional cancer registers, it was estimated that
the age-standardised incidence rate of brain and central ner-
vous system (CNS) tumors in 2012 to be 2.8 per 100,000 pop-
ulation/year with cumulative rate 0.3%. This rate was increas-
ing faster until it became the third commonest pediatric cancer
in Malaysia after leukemia and lymphoma [3,4].
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Mitochondria appear to play a number of important func-
tions within the cell as they generate most of the adenosine tri-
phosphate (ATP) via the oxidative phosphorylation system
(OXPHOS), produce free radicals through dysfunction of the
electron transport chain, and regulate cell death [5,6]. Imper-
fections of mitochondrial function have long been recognized
to have an impact on the development and progression of can-
cer [7]. Cancer cells exhibit genetic instability, with alterations
such as mutation, deletions, insertions and microsatellite in-
stability in both nuclear and mitochondrial genome. So far,
mitochondrial DNA (mtDNA) researches in development of
cancer have intensively been focused due to its 10 times more
sensitive to mutations in comparison to nuclear DNA, ineffi-
cient repair mechanisms and close proximity to the reactive ox-
ygen species (ROS)-damaging electron transport system [8-11].

The human mtDNA encodes for 13 polypeptides that are
part of four of the five respiratory chain (RC) complexes in the
OXPHOS system: ND1-6, ND4L (complex I), Cyt b (complex
I11), CO1-3 (complex IV), ATP6 and 8 (complex V) and also
22 tRNAs and 2 rRNAs which are specific for mitochondrial
translation. Mutations in the RC complexes genes have impact
on the function of the OXPHOS complexes, and may cause
OXPHOS system deficiencies [12] and these mitochondrial
RC defects have been reported in human solid tumors [13].
Up to now;, various type of cancer have been reported to be as-
sociated with mtDNA mutations in all of the 13 protein cod-
ing genes, in both the 12S and 16S rRNA genes, in each of the
22 tRNA genes, and in the non-coding displacement-loop (D-
loop) [8,14-20].

The 10398 nucleotide position in the human mtDNA
NADH dehydrogenase subunit 3 (ND3) of complex I of the
electron transport chain is highly polymorphic. This polymor-
phism (A to G transition) turns the amino acid substitution
from threonine into alanine. It has been suggested that altered
10398 A>G may lead to a decreased efficiency of the complex I
function and subsequently enhanced cellular ROS production
[21-24]. This condition may result in increased oxidative stress
which will further accumulate more damage to mtDNA that
can initiate and promote the tumorigenesis process. There have
been reports on the presence of 10398 A>G polymorphism in
neurodegenerative disorders such as Alzheimer’s [25,26] and
Parkinson's disease [26-28]. The involvement of 10398A>G
mutation as a risk factor in breast cancer has also been previ-
ously studied but the findings have been controversial [21,22,
29-31].

DNA alterations in mitochondria are believed to become
fast hotspots of cancer research. In our previous studies, we
discovered that brain tumor tissues had a high frequency (51%
were identified in 49 patients) of somatic mutations in the non-
coding D-loop region of mtDNA [32]. Novel mutations that
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have not been reported previously at D-loop region such as
176 A-deletion, 476C>A, 566C>A, and 16405 A-deletion were
also identified in our patients. These findings lead us to further
the study to seek if the mutation occurs in the other regions of
mtDNA. In the present study, we tried to focus on the mtDNA
coding region specifically ND3 10398A>G mutation in brain
tumor, since there are no published data available on that tu-
mor at this moment. Therefore, the aim of the present study
was to examine the ND3 10398A>G alteration status in brain
tumor of Malaysian patients and determine its association
with clinicopathological features.

MATERIALS AND METHODS

Tumor samples

The present study was approved by Research Ethics Com-
mittees of Neuroscience Department, Universiti Sains Malay-
sia (FWA Reg. No: 00007718; IRB Reg. No: 00004494). A to-
tal of 45 Malay brain tumor patients who had undergone
neurosurgical procedures were enrolled into this study. Pa-
tients who had received previous radiotherapy to the brain or
chemotherapy for any reason were excluded. The histopatho-
logical diagnosis of brain tumors was confirmed by a con-
sultant neuropathologist and examined according to World
Health Organization (WHO) criteria [33]. All fresh tumor
tissues and their corresponding blood specimens (peripheral
blood from the same patients as the control) were obtained
with the informed consent of the patients and they were
stored frozen at -80°C until analysis. For comparative purposes,
20 archival paraffin-embedded tissues that confirmed normal
human brain tissues obtained from autopsies of accident vic-
tims were used in this study. Besides that, blood samples from
40 unrelated healthy controls free of brain tumors or other ma-
jor of CNS tumors were also collected, as control.

DNA extraction

All total DNA extraction was carried out using the QIAamp
DNA mini kit (Qiagen, Hilden, Germany) by following the
manufacturer’s recommended protocol. The concentration and
quality of extracted DNA was measured using the NanoDrop
ND1000 spectrophotometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) and 1% agarose gel electrophoresis (Ther-
mo Scientific Inc., San Jose, CA, USA).

PCR amplification of mitochondrial ND3

A region of mtDNA spanning 10147-10569 encoding for
ND3, was PCR-amplified using the specific primer pair: for-
ward, 5-ACATAGAAAAATCCACCCCT-3’ and reverse,
5-CTAGGCATAGTAGGGAGGAT-3’ The expected amplicon
length is 423 bp. The reaction mixture (50 uL) in the PCR con-



tained: 100 ng DNA template, 200 pM of each dN'TP, 20 pmol
of each primer, 10 pL of 5 X Phusion HF buffer (Thermo Sci-
entific, Inc.) and 2 U Phusion high-fidelity DNA polymerase
(Thermo Scientific, Inc.). The PCR cycling conditions were:
98°C for 30s, 50°C for 30s, and 72°C for 40s, for 35 cycles in a
SureCycler 8800 Thermal Cycler (Agilent Technologies, Santa
Clara, CA, USA). There was a 3 min pre-incubation at 98°C
before starting the cycles, and 5 min at 72°C after the comple-
tion of the cycles.

Restriction fragment length polymorphism assay
The 423bp products of ND3 obtained were digested with
FastDigest Ddel (HpyF3I) restriction endonuclease (Thermo
Scientific Inc.) according to manufacturer’s instructions. Di-
gestions were carried out in a total volume of 15 uL. The reac-
tion mixture consisted of 3 uL of PCR product, 1 pL of restric-
tion buffer (10X), 0.5 uL of restriction enzyme (10 U/uL) and
volume adjusted with sterile distilled water. Then the diges-
tion reaction was incubated for 20 min at 37°C. The restric-
tion fragments were analysed on 2% agarose gel, stained with
ethidium bromide and visualized under ultraviolet light.

Direct sequencing

Direct sequencing was used to validate the genotyping re-
sults of ND3 and PCR-restriction fragment length polymor-
phism (RFLP) assay. Purified PCR products were sequenced
using the same primers as that described in the PCR amplifi-
cation. Sequencing was performed using a Big Dye Termina-
tor cycle sequencing kit (Applied Biosystems Inc., Foster City,
CA, USA) on an ABI Prism 3700 DNA Analyser automated
sequencer (Applied Biosystems Inc.).

Statistical analysis

The statistical analysis was performed using GraphPad
Prism software version 7 (Graphpad Software, San Diego, CA,
USA). The Fisher’s exact test was used to calculate the signifi-
cance of relationship between ND3 10398 A>G mutation and
clinicopathological parameters of brain tumor. Differences
were considered statistically significant at a p value of <0.05.

RESULTS

Patient characteristics

Clinicopathologic features including the age, gender, and
histological tumor types are provided in Table 1. To find out
the association of mitochondrial 10398 A>G mutation in
ND3 in brain tumor, 45 specimens of brain tumors were col-
lected from Malaysian patients. The age of patients at the time
of diagnosis ranged from 3 to 68 years, with an average age of
41.9%18.3 years. There were 26 (57.8%) males and 19 (42.2%)
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Table 1. Clinicopathologic profiles of the brain tumor cases in the
study

Number Percentage

Parameter (n) (%)
Age (years)
<40 16 35.6
>40 29 64.4
Mean 41.9+18.3
Range 3-68
Gender
Male 26 57.8
Female 19 422
Histological tumor type (grade)
Intra-axial tumors
Pilocytic astrocytoma (I) 2 44
Astrocytoma (1) 2 44
Ependymoma (11) 2 44
Anaplastic ependymoma (I1I) 3 6.7
Anaplastic oligodendroglioma (111) 4 8.9
Glioblastoma multiforme (IV) 17 37.8
Medulloblastoma (IV) 2 44
Extra-axial tumors
Meningioma (I) 11 244
Schwannoma (1) 2 44

females. According to histopathologic type, greatest number of
cases was in glioblastoma multiforme (IV) (37.8%), followed
by meningioma (I) (24.4%), anaplastic oligodendroglioma
(I11) (8.9%), anaplastic ependymoma (III) (6.7%), pilocytic
astrocytoma (I) (4.4%), astrocytoma (II) (4.4%), ependymoma
(I1) (4.4%), schwannoma (I) (4.4%), and medulloblastoma (IV)
(4.4%). Furthermore, all these brain tumors were graded into
two categories, extra-axial (28.9%) and intra-axial (71.1%) tu-
mor groups, based on the WHO pathological findings.

Amplification of mitochondrial ND3 gene 10398A>G

A region of mtDNA encoding for ND3, spanning the
10398 A>G mutation hotspot of ND3, was successfully ampli-
fied by PCR using the specific primers. A single PCR ampli-
con, corresponding in size to the predicted 422-bp fragment
was observed (Fig. 1).

PCR-RFLP screening & sequencing for ND3
10398A>G

The experiment was designed to use the HpyF3I (Ddel) re-
striction enzyme, which digested the ND3 PCR amplicons
encompassing 10398 A>G in different fragments. The RFLP
profile obtained three fragments of 213-bp, 130-bp, and 80-bp
for the wild-type alleles. Digestion of an A10398G mutant sam-
ple results in four bands of 175-bp, 130-bp, 80-bp, and 38-bp.
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Besides that, digestion of a heterozygous sample results in five
bands: (three bands: a 213-bp band from the normal allele and
a band with the 175-bp and 38-bp fragments from the mutant;
two bands: 130-bp and 80-bp) (Fig. 2).

To verify the RFLP results, PCR products were sequenced.
DNA sequencing was consistent with the pattern obtained by
RFLP assay in all cases (Fig. 3). This ND3 mutation A to G
transition at nucleotide position 10398, converts the amino
acid change from threonine codon (ACC) into an alanine co-
don (GCC) at amino acid position 114 (T114A).

ND3 10398A>G alteration and clinicopathological
parameters

This study revealed that 57.8% (26 out of 45) of the patients
carried ND3 mutation at 10398A>G (Fig. 4A). Moreover,
26.9% (n=7/26) of these mutations were heterozygous muta-
tions (Fig. 4B). None of the patient-matched blood samples
and all control groups (including 20 autopsy brain samples of
healthy subjects dead by accidents) showed ND3 10398A>G
mutation.

1,000 bp

500 bp

400 bp 422bp

300 bp

200 bp

100 bp

Fig. 1. Agarose gel electrophoresis of mitochondrial ND3 PCR
products. Amplification products of the expected size of 422-bp
was detected in 2% agarose gels. Lane M, 100 bp DNA marker;
Lane 1, negative control; Lane 2—7, tumor samples.
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Fig. 2. PCR-RFLP analysis of ND3 (A10398G) mutations in brain
tumor patients. Fragment of ND3 gene digested with Ddel (Hpy-
F3l) enzyme. Lane M, 100 bp DNA marker; Lane 1, undigest
product (422-bp); Lane 2, normal sample; Lane 3—7, tumor sam-
ples. Three bands at 213-bp, 130-bp & 80-bp indicate a wild type.
Four bands at 175-bp, 130-bp, 80-bp & 38-bp indicate a homozy-
gous mutation. Five bands at 213-bp, 175-bp, 130-bp, 80-bp & 38-
bp indicate a heterozygous mutation.
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The correlation between ND3 10398A>G mutation status
with gender, age, and histological tumor types/clinical grade
of the patient was described in Table 2. Regarding the tumor
grading, brain tumors were divide into two classifications, ex-
tra-axial and intra-axial tumors groups, by their location. No
statistically significant correlation was found between both
tumors groups and ND3 10398A>G in this study. ND3
10398A>G mutation was detected significantly more fre-
quently (p<0.01) in intra-axial (n=20/32, 62.5%) than extra-
axial tumors (n=6/13, 46.2%).

In both groups <40 and >40 years, the correlation was de-
termined to be non-significant (p=0.212) although ND3
10398A>G mutations were found to be more evident in the
age group >40 years (n=19/29, 65.5%) than the age group <40
(n=7/16,43.8%).

There was no significant association between the ND3
10398A>G mutation status and the gender (p=0.360). In this
study, male patients (n=17/26, 65.4%) exhibited a high rate
of ND3 10398A>G mutation than female patients (n=9/19,
47.4%).

Moreover, we also analysed the correlation between the ND3
10398A>G status and mtDNA IDH1 ¢.395G>A (R132H)
mutation (data was taken from our previous report) [34], and
we found no association between ND3 mutation rates and
rates of IDH1 mutation in the 40 patients screened for both
(Table 3).

10398A>G

Mutant

Fig. 3. Representative sequencing results showing example of
mitochondrial ND3 mutations in brain tumor tissue sample. Chro-
matograms show a mutation of A to G transition at nucleotide po-
sition 10398.
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DISCUSSION destabilization seem to be particularly crucial because 13 pro-
teins encoded by mtDNA are essential for complex I, and III-
Alterations in mtDNA which may lead to OXPHOS system V RC assembly and these enzymatic complexes defects have

ND3 10398A>G
heterozygous
mutation
26.9%

ND3 10398A>G
wild type

ND3 10398A>G
mutation
57.8%

42.2% ND3 10398A>G

homozygous
mutation
73.1%

A B

Fig. 4. The pie charts depict the percentages of ND3 10398A>G mutations in brain tumor patients. A: Mutation vs. wild type. B: Heterozy-
gous mutations vs. homozygous mutations.

Table 2. Correlation of ND3 10398A>G mutations status with clinicopathological parameters in brain tumor

Parameter ND3 10398A>G mutation ND3 10398A>G wild-type "
No. of patients (n=45) (n=26,57.8%) (n=19, 42.2%) p-value
Age (yr) 0.212
<40 7 (43.8) 9(56.2)
>40 19 (65.5) 10 (34.5)
Gender 0.360
Male 17 (65.4) 9(34.6)
Female 9 (47.4) 10 (52.6)
Histological tumor types (grade) 0.341
Intra-axial tumors 20 (62.5) 12 (37.5)
Pilocytic astrocytoma I 0(0.0) 2 (100)
Astrocytoma 11 0(0.0) 2 (100)
Ependymoma II 0(0.0) 2 (100)
Anaplastic ependymoma I1I 2(66.7) 1(33.3)
Anaplastic oligodendroglioma I1I 2(50.0) 2(50.0)
Glioblastoma multiforme IV 15(88.2) 2(11.8)
Medulloblastoma IV 1(50.0) 1(50.0)
Extra-axial tumors 6(46.2) 7(53.8)
Meningioma I 6(54.5) 5(45.5)
Schwannoma I 0(0.0) 2 (100)
Data are presented as number (%). *Fisher’s exact test was used
Table 3. IDH mutation association of ND3 10398A>G mutation status
Total (n=40) ND3 10398A>G mutation ‘ ol
ND3™ ND3vid
IDH1 ¢.395G>A (R132H) mutation’
IDH1™ 14 8 6 >0.999
IDH]1vH 26 14 12

*Fisher’s exact test was used, TData was taken from Mohamed Yusoff et al. Asian Pac ] Cancer Prev 2016;17:5195-201 [34].
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been reported in various human diseases [35]. Abnormalities
in mtDNA have proven to be associated with diabetes melli-
tus, Parkinson’s disease, Alzheimer’s disease, epilepsy, sensori-
neural deafness, and a variety of syndromes involving muscles
and the CNS [36,37]. Moreover, 25-80% of somatic mutations
in mtDNA are discovered in a variety of human cancers [38].

In the present study, mutational screening for mitochon-
drial 10398A>G alteration in ND3 was performed in the Ma-
laysian brain tumor patients, as far as we know, has not been
investigated. To the best of our knowledge, the initial finding
of 10398 A>G change was described as a missense mutation by
Kosel's group in Parkinsons disease [27]. Several studies de-
scribed the association of 10398A>G mutation with human
breast cancer risk but their outcomes were considered contro-
versial. For the past few years, scientists in breast cancer re-
search have paid intensively attention to the 10396A>G muta-
tion as a plausible candidate marker for increased breast cancer
susceptibility [21,29,39-42]. In a study that involved African-
American women, Canter et al. [21] found that 10398A>G
polymorphism in the complex I subunit influenced breast can-
cer susceptibility. In 2010, Czarnecka et al. [31] revealed 23%
of the breast cancer cases (10/44) in Polish patients were found
to have 10398A>G polymorphism. The authors suggested
that 10398 A>G polymorphism in the ND3 gene increases the
risk of developing breast cancer in patients.

In contrast, recent research revealed that there is no associ-
ation between the mtDNA 10398A>G and risk of breast can-
cer. Ismaeel et al. [43] showed that breast cancer risk in Iraqi
women had no significantly link with 10398 A>G mutation.
Their finding did not support the hypothesis that the 10398A>
G variant could be considered as a potential risk marker for
breast cancer susceptibility in Iraqi women. In more recent
case-control study, Jiang et al. [24] reported that the 10398A>G
polymorphism was not associated with the risk of breast can-
cer in Han Chinese women. They also found that there was
no correlation between the 10398A>G polymorphism and
mtDNA copy number in the cases.

Beside that the 10398A allele variant was also reported to
increase the incidence and severity of prostate cancer in Afri-
can-American men [39]. Moreover, in the cases of thyroid tu-
mors, Yeh et al. [44] analyzed the whole mitochondrial ge-
nome in 21 thyroid tumors and detected a somatic 10398A>G
mutation in a papillary thyroid carcinoma, a low-grade follic-
ular variant.

The present study showed that mitochondrial ND3 10398 A>
G mutation was found in 57.8% of brain tumor patients. This
is believed to be the first report of studying mitochondrial
complex I subunit 10398 A>G alteration involving brain tu-
mor of Malaysian patients except there was only one published
report on 10398A>G polymorphism in Malaysian population
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but in breast cancer [41]. Surprisingly, our study demonstrat-
ed a quite high 10398 A>G mutation rate compared with oth-
er previous studies of breast cancer. This high mutation rate
may result in accelerated mutation-accumulation due to the
presence of many mitochondria in the brain cells. Cells that re-
quire high energy demands, such as muscle, brain, CNS, heart,
and liver, have many mitochondria. mtDNA is known to be
more sensitive to oxidative stress induced damage. Mutations
in mtDNA are the source of mitochondrial disease that can
affect mostly areas of high energy demand, like the brain cells.

Although most ND3 10398 A>G variant has been described
in breast cancer patients, to date, it has not been described in
brain tumor patients. The exact role of ND3 10398A>G mu-
tation that could lead to brain tumor is unknown due to the
limitations of existing data. However, it has been hypothesized
that the defect in A10398G together with other genetic and
environmental factors, may lead to increased electron leakage
and enhanced oxidative stress. This situation may result in
generating more ROS which will further contribute to carci-
nogenesis [10].

By analyzing the correlation ND3 10398A>G mutation sta-
tus and clinicopathological characteristics, the present study
found no significant difference between the ND3 10398A>G
mutation group and non-mutation group in histological tu-
mor grade (p<0.05). ND3 10398 A>G mutation were detected
more frequently in intra-axial tumor compared to extra-axial
tumor (p<0.01). However, we did not find a significant rela-
tionship between ND3 10398A>G mutation and other clini-
copathologic characteristics such as age and gender.

Furthermore, it has been known that IDH mutations are
invaluable diagnostic marker/tool that can be used to assist
the differential diagnosis in glioma grading [45]. Given the fre-
quent occurrence of IDH1 mutations in gliomas [46], thus we
recently reported IDH1 ¢.395G>A (R132H) mutation (14/40,
35%) in brain tumors tissues, using the same patient cohort [34].
Therefore, in present study, we analysed the association between
the ND3 mutation status and IDHI1 mutation. We demon-
strate that there is no correlation between ND3 mutation and
IDH1 mutation.

Based on our results, we did not observe a significant asso-
ciation between ND3 10398 A>G mutation status and prognos-
tic factors. The lack of association between the ND3 10398A>
G mutation and prognostic factors might have derived from
the small number of samples and/or limited follow-up period
time, even though we identified a quite high mutational rate
of the ND3 10398A>G in brain tumors. Our data suggest that
further study with larger sample size (with the extended clinical
follow-up and survival rate data) is needed to clarify whether
ND3 10398A>G mutation status is correlated to clinical out-
come/prognosis in brain tumors. However, it is believed that



this ND3 10398A>G mutation could be associated with other
mutations and/or factors are capable in initiating and pro-
moting tumorigenesis of the brain.

In conclusion, the present study revealed that mtDNA al-
terations will enable to be a new biomarker and potential tar-
get for identifying individuals at high chance of developing
specific cancer types as well as for early screening and detec-
tion approach of cancer. We observed a much high frequency
of mitochondrial ND3 10398A>G mutation in brain tumors
with a significant impact on the high grade of brain tumors es-
pecially in intra-axial tumors. We believed that our results are
able to contribute as a new finding for the mitochondrial glob-
al database. Our data also may provide initial important inputs
to how this ND3 10398 A>G alteration can be considered to be
involved in high-grade or malignant brain tumor progression.
Alteration of ND3 10398A>G could be classified as pathogen-
ic mutation in connection with mutations in other mitochon-
drial or nuclear genes as well as environmental factors in the
development of various diseases and cancers. Further research
is essentially required to understand the effect and role of the
ND3 10398A>G mutation in the brain tumorigenesis. In ad-
dition, alteration in the complete of entire coding region of
mitochondrial genome in brain tumors in Malaysia patients
is also under study.
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