International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

Detection of Mitochondrial A12308G Mutation in
tRNALeu(CUN) Gene and it's Relation with Colorectal
Cancer Risk
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A mitochondria have important role in oxidative phosphorylation, each cell have many copies of mitochondria.
Mitochondrial DNA (mtDNA) in human is a 16. 569 kb circular double stranded molecule able for replication, transcription and
translation. MtDNA represent the unique genetic material outside the nucleus in eukaryotic cells. This study was conduct on 36 Iraqi
patients with colorectal disease to analyze the genetic mutation in A12308G of mtDNA tRNALeu(CUN) gene for its etiology role in
inflammation bowel and colorectal tumorgenesis using conventional polymerase chain reaction (PCR) and sequencing analysis. The
results referred to that total frequency of the A12308G transition was showed 6 variations out of 18 patients (33.3%) in colorectal
patients but these differences were not statistically significant, similar distribution for the frequency of the G12372A transition
mutations was found in combination with A12308G polymorphism patients .Total of 7 out 18 patients (38.8%) were presence as
insertion (ins) base between (12413-12414). Statistically significant results with high rate of deletion 11924A base was showed in 10 out
of 18 samples (55.5%), coexisted of A12308G with G12372A mutations in addition to that in combination of A12410 C with T12414A
may have synergistic effect in functions and associated with risk factor in colorectal cancer, finally large deletion site in (12380...12425)
and (12383...12425) positions were described only in two tumor patients may be effect the colorectal cancer progression. In conclusions:
The mtDNA A12308G tRNALeu(CUN) gene variant may be don’t have risk factor for malignant process of colorectal. Identify the
predictive role of the mt tRNALeu(CUN) gene variations may be use as genetic biomarker in colorectal cancer, high rate of novel
mutations that were found may serve as supporting factor in colorectal etiology and tumorgensis.
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role of this tRNA in
phosphorylation subunits (6).

1. Introduction
A mitochondrion is a small organelle surrounded by
enclosed intracellular membrane in eukaryotic cells, it acts
as a major energy source by supply adenosine triphosphate
(ATP) via oxidative phosphorylation pathway and main
source of free active oxygen species, responsible of
apoptosis (1). It has function in cellular differentiation, cell
signaling and control of the cell cycle in addition to cell
growth (2). Mitochondria are able for all activity like DNA
replication, RNA transcription, and translation using own
genetic systems. Thousands copies of mt tRNA are found
per cell, its number varies according to cell type. The
genomic map of mammalian mitochondrial DNA (mtDNA)
) is a 16.569-kb circular double stranded include two
regions, the non coding region which regulates
transcription and replication by containing the leadingstrand origin of DNA replication and the main promoters
for RNA transcription , the other coding region contains
DNA sequence used to make a (12S) and (16S) ribosomal
RNA genes and 13 protein coding genes (Cytb, ND1 to 8,
Cox1 to 3, ATP6 and 8 ) encode subunits of the respiratory
chain in addition to 22 transfer RNAs (tRNAs) are
necessary for protein translation of mitochondrial DNA
(3,4). Transfer RNA (tRNA) genes are important for the
synthesis of new proteins, mutations or polymorphisms in
tRNA genes have been considered a helpful biomarker for
different tumors (5). The tRNALeu (CUN) is the important
gene that was most studies target in mitochonderial DNA
variation, the 12308 site is situated in the tRNALeu (CUN)
gene which is encodes for the most represented amino acid
in the mitochondrial respiratory chain, suggesting a key

mtDNA-coded

oxidative

There are many distinct pathways of colorectal cancer (CRC)
etiology and development such as the chromosomal
instability pathway, it is associated with the activation of Kras mutations oncogenes and the inactivation p53 tumor
suppressor gene (7,8). It's established that microsatellite
instability genes pathway have a major role in dysfunction of
other genes (9\az, 10). DNA methylation in specific gene
promoters (such as MLH1 and O-6-methylguanine DNA
methyltransferase (MGMT) genes) is the recent well-studied
epigenetic pathway (11,12). Mitochondrial DNA was
observed to be extremely mutated in colorectal cancer cells
(13). Recent study highlighted on possible link between
mtDNA A12308G mutation of tRNALeu(CUN) and CRC
(14).The main objective of this article was to analyze the
genetic mutation in A12308G of mtDNA tRNALeu(CUN) gene
for its etiology role in inflammation bowel and colorectal
tumorgenesis .

2. Materials and Methods
2.1 Tissue Samples
Thirty six patients with colorectal disease were enrolled in
this study at the Endoscopy Department of Gastrointestinal
Tract Hospital in Baghdad city between October 2014 and
May 2015.The patients clinicopathologic data were obtained
from the archive of hospital. This study was approved by the
ethical committees of Baghdad University. Written informed
approval for the publication of this report was obtained from
all patients.
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Analysis of the mtDNA A12308G alteration in
tRNALeu(CUN)
Extraction of DNA from tissues was done using QIAamp
DNA kit (QIAGENE) according to manufacturers.
Convention polymerase chain reaction (PCR) was
performed to amplified 521bp fragment to screen the
A12308G mutation in mtDNA tRNALeu(CUN) . Sequences of
primers set in the coding region, the first name ONP71 with
sequence 5’TGCTAGTAACCACGTTCTCC-3’ position
L.F 11901-11920 5 ’and the second name ONP46 with
sequence 5’ TTTGTTAGGGTTAACGAGGG-3’ position
H.R 12420-12401, according to Mohammed1 et al. report
(14).
Each 25μl reaction mixture for mtDNA amplification
include 12.5 μl of master mix and 1.5 μl of each primer and
9.5 μl of genomic DNA PCR amplifications were achieved
in a Applied Biosystem 96 thermocycle. Thermocycling
condition were 94°C for 5 min followed by 32 cycles of
94°C for 1 min, annealing temperature 50°C for 1min and
72°C for 45 s min and final extension 72°C for 10 min for
32 cycles. The PCR products were examined for specificity
using 1.5 % agarose gel electrophoresis. All DNA
templates were processed for direct sequencing of single
strand PCR reaction by Big Dye Terminator (55.5%). Each
sample was amplified in a new 25 μl PCR reaction and
sequenced using the same forward primers by Microgene
(Korea).
The Statistical Analysis System- SAS (2012) (15) program
was used to study the relation between the presence of
variations in inflammation bowel and colorectal tumor
tissues using Chi-square test. All P-values < 0.01 were
suppose statistically significant.

3. Results
3.1 Patients and disease
Thirty six colorectal diseased patients were investigated,
including 18 samples with CRC and 18 samples with bowel
inflammation. Table 1 showed the clinical character of
patients, the mean age of the colorectal cancer patients was

57 years the average age were (46-68) years, 55.5% (10
cases) were females and 44.4% (8 cases) represented males.
The severity of the tumor was shown to be moderately
differentiated adenocarcinoma 55.5 %( 10 cases), well
differentiated adenocarcinoma well 33.3% (6 cases) and
11.1% (2 case) represented the poor differentiated
adenocarcinoma. The mean age of the inflammation bowel
patients was 57 years the average age were (44-65) years,
55.5% (10 cases) were male and 44.4% (8 cases) represented
females.
Table 1: Clinical character of patients with colorectal disease
Characterization of tumor patients
All patients
Mean age
50<
50>

Total no. (%)
18 (100)
57 years
8 (44.4)
10 (55.6)
Gender
Male
8 (44.4)
Female
10 (55.6)
Site of tumor
Colon
8 (44.4)
Rectum
6 (33.3)
Rectosigmoidal
4 (22.2)
Differentiation
Moderately
10 (55.5)
Well
6 (33.3)
Poorly
2 (11.1)
Characterization of inflammation patients Total no. (%)
All patients
18 (100)
Mean age
57 years
50<
7 (38.9)
50>
11(61.1)
Gender
Male
10 (55.6)
Female
8 (44.4)

Detection of mt tRNA variations
Amplified mt tRNALeu(CUN) gene region using PCR technique
and screened for the presence of mutations in 36 colorectal
disease patients, the results showed that the product size
were about 521 bp Figure (1).

Figure 1: PCR products for mt DNA samples of colorectal disease on 1.2 % agarose gel. Molecular markers, line (1) and
mtDNA patients samples, lines (1-18).
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To investigate the variation status of mtDNA A12308G
tRNALeu(CUN) gene in colorectal patients, direct sequencing
was performed after amplified mtDNA in tRNALeu(CUN)
region in all cases, the sequences analysis results was
analyzed by compared to the Human Mitochondrial
Reference Sequence NC_012920 published by the National
Center for Biotechnology Information (NCBI) data base.
The results showed mt tRNA variations in 18 colorectal
patients including 10 in CRC patients and 8 in
inflammation bowel patients. High rate of mt tRNALeu(CUN)
gene mutations with total of 50 nucleotide variations or
differences were presence in both inflammation bowel and
CRC.The total frequency of the A12308G transition were
found 6 variations out of 18 patients (33.3%), of the 6
nucleotide variations, 3 out of 8 (37.51%) were in
inflammation patients and 3 out of 10 (30%) in CRC but
these differences were not statistically significant (Table

2),the Figure 2 showed A12308G transition in mt
tRNALeu(CUN). In present results surprising similar distribution
for the frequency of the G12372A transition mutations were
found in combination with A12308G polymorphism patients.
The G12372A variation which was found in NADH
dehydrogenase (ND5 gene) site converts an G to A at
nucleotide position 12372, causing the substitution of amino
acid position 12 ,Tyr to Tyr which is synonymous change
resulted from code changing CTG>CTA (16). The results
also indicate to that the A12410C polymorphism was appear
in 7out of 18 patients (38.7%), it was presence in 4 out of 8
(50%) in bowel inflammation patients and it was appear in 3
out of 10 (30%) in CRC patients, this variation were
coexisted with 7/18(38.7%) frequency of T12414A in same
patients distributed as 50% in inflammation bowel patients
and 30% in CRC patients, this difference is statistically
significant P<0.01 (Tables 2,3).

Table 2: Percentage of mitochondrial (tRNALeu(CUN) ) DNA variations

Mutation

Position

C>A
C>N
Del A
C>T
C>T
A>G
G>A
A>G
Del fragment
Del fragment
A>C
C>T
T>A
Ins T
Ins C
Ins A
C>A

11920
11920
11924
12043
12242
12308
12372
12373
12380
12383
12410
12413
12414
12413-12414
12413-12414
12413-12414
12417

Total no. 18 and
Tumor no. Out of
%
10
and %
1
5.55%
1
10%
1
5.55%
10
55.5%
4
40%
1
5.55%
1
10%
1
5.55%
1
10%
6
33.3%
3
30%
6
33.3%
3
30%
1
5.55%
1
5.55%
1
10%
1
5.55%
1
10%
7
38.8%
3
30%
1
5.55%
1
10%
7
38.8%
3
30%
4
22.2%
2
20%
2
11.11%
1
10%
1
5.55%
1
10%
1
5.55%
1
10%
** (P<0.01), NS: Non-significant.

Infl. no. Out of 8
and
%
1
6

12.5%
75%

3
3
1

37.5%
37.5%
12.5%

4

50%

4
2
1

50%
25%
12.5%

Chisquare
2.047 NS
3.178 NS
7.449 **
2.047 NS
2.047 NS
2.612 NS
2.612 NS
3.178 NS
2.047 NS
2.047 NS
8.750 **
2.047 NS
8.750 **
1.048 NS
0.446 NS
2.047 NS
2.047 NS

*Infl. no. - inflammation bowel number , Del frag- deletion fragment
High frequency of deletion 11924A base were found in 10
out of 18 samples (55.5%) distributed as 6 out of 8
inflammation bowel patients and 4 out of 10 CRC patients
this mutations are statistically significant P<0.01. Total
insertions (ins) base in 7 out of 18 colorectal patients
(38.8%) between (12413-12414) positions in this work

including ins (T, C and A base) but these insertions were non
statistical significant (Table 2). Large DNA fragment deletion
at (12380...12425) and (12383...12425) positions were
presence only in 20% of tumor patients in this work (non
statistical significant).

Table 3: Mitochondrial (tRNALeu(CUN) ) DNA variations position observed in colorectal disease patients
Tumor no.
1
2
3
4
5
6
7
8
9
10
Infl no.
1
2

C>A
11920

12417

C>T

A>G

G>A

12242

12308
12308

12372
12372

12043

12413

12308

12372

Mutations Position
Del _A
A>C
T>A
11924
12410 12414

11924
11924
11924

12373

12410
12410

12414
12414

12410

12414

Del*frag

12380-12383--

Ins
T/ 12413-12414
C/ 12413-12414

A/ 12413-12414

11924
11924
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3
4
5
6
7
8

12417

* Del frag- deletion fragment

12308
12308

12372
12372

12308

12372

11924
11924
11924
11924

12410
12410

12414
12414

C/ 12413-12414
T/ 12413-12414
T/ 12413-12414

12410

12414

T/ 12413-12414

Figure 2: Electropherograms obtained by direct sequencing of the tRNALeu(CUN) mitochondrial gene region, ( A) normal tissue
(B) tumor tissue with varient sequence

4. Discussion
Mitochonderial DNA alterations analysis has become a
beneficial tool to survey the molecular role of many disease
(17, 18).Several articles suggest that mtDNA mutations
may cause inherent risk factor for CRC and may serve as a
valuable biomarker for prediction of prognosis as well as
treatment response and were described to be important
markers for CRC outcome evaluation patients (19, 20, 21).
Inflammation associated colorectal carcinogenesis is
though results as a step-wise progression from inflamed
and hyperplastic, to flat dysplasia epithelia, leading to
adenocarcinoma (22). It was found that mitochondrial loss
precedes the development of dysplasia, and it could be used
to detect and potentially predict cancer, inflammatory
bowel disease showed dysplasia arises in precancerous
fields of normal tissue which harbors molecular variations
and then it progresses from low-grade dysplasia to highgrade dysplasia and cancer (23). This is represent an
excellent model to study mitochondrial dysfunction

resulted from reactive oxygen species are likely to cause
inflammation contribute to mitochondrial damage then cancer
progression, the mtDNA variations presence in inflammation
bowel patients may be use as genetic tools to detect early
tumorgenesis in those patients(24). To the best of our
information, this is the first article was conducted to explore
the etiology role of the mtDNA A12308G alteration in
tRNALeu(CUN) gene as mtDNA variations pathway
in
colorectal tumorgenesis on Iraqi patients suffered from bowel
inflammation (as known predisposes colorectal cancer) and
other group of patients have CRC.
The mtDNA A12308G tRNALeu(CUN) gene variant in present
study may be don’t have etiology role in malignant process
and these results consistent with other researcher whose
suggested that A12308G variant may be a common
polymorphism and may not have active functions in patients
with thyroid cancer(25, 26).The function of mtDNA
A12308G tRNA variations is still controversial, the A12308G
position was referred as a main factor that increase risk in
several cancers like prostate and kidney cancers (27) and oral

Volume 6 Issue 3, March 2017
www.ijsr.net

Licensed Under Creative Commons Attribution CC BY
Paper ID: ART20171292

DOI: 10.21275/ART20171292

322

International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391
cancer (28). Eslamizadeh et al., investigate total
mitochondrial tRNAs genes in thirty patients with breast
cancer , A12308G a polymorphic alteration was found in
23% breast tumor tissues and 3% in healthy blood controls,
they suggested that A12308G alterations may impact on the
mitochondrial tRNA structure causing high risk of breast
cancer (29). The A12308G variant in tRNA gene have been
reported as the most mutation to be associated with
mitochondrial diseases , it was reported in patients with
congenital cataract by Roshan and colleagues (30) .Others
indicate that A12308G polymorphism may have a harmful
effect on mtDNA in single mtDNA macrodeletion patients
(31). Deschauer et al. considered that this mutation may not
increase the risk of stroke in patients with the tRNALeu(UUR)
gene alterations (32).
Coincidence of A12308G with G12372A mutations in
addition to that in combination of A12410 C with T12414A
mutations that appear in this study, can explain by that
these two positions, (12308-12372) and (12410-12414)
may be having synergistic effect in mtDNA and associated
with risk factor in colorectal cancer.

High rate of novel somatic mutations were explored in this
study, including a high frequency of deletion 11924A base
indicating that 11924-A base is important polymorphism in
colorectal disease and can be use as predictive marker that
increase risk associated with colorectal tumorgenesis . Figure
(3) showed the hot spots of tRNALeu(CUN) (12308-12425)
sequences region in mitochondrial DNA in this work. These
data consistent with previous article which indicate to that
mtDNA mutations have been reported as several hot spots in
tumor tissue but a most target was described in the noncoding D-loop at the D310 sequence (CnTC6) (33), which
contains essential transcription and replication elements (34).
The majority of mt DNA variations were nucleotide
substitutions or single base pair insertions in NADH
dehydrogenase subunits, rRNA cytochrome b, and
cytochrome oxidase subunits (35, 36), on the other hand more
than half of mitochondrial mutations have been located in mt
tRNA genes which are hot-spots for mitochondrial
pathogenesis, have impact on the secondary and tertiary
tRNA structure and may consequently cause transcriptional
and translational defects and mitochondrial respiratory chain
dysfunction (37).

Figure 3: Alignment of sequences for the hot spots region between (12308-12425) sequences in the mtDNA tRNALeu(CUN)
inluding (1) insertion mutations (2) fragment deletion and (3) single base mutations (G>A and A>G) (A>C)
It is well known that mtDNA is more susceptible to
alterations , it is error-prone than nuclear DNA because of
lacking the protective histones and chromatin structure as
well as paucity of intrones drive to inefficient mtDNA
repair system and is exposed to reactive oxygen species
(ROS) produced by oxidative phosphorylation (38, 39) .
The metabolic change from oxidative phosphorylation to
glycolysis pathway resulted from mtDNA genetic variation
like point mutations, deletions and insertions which may
result in a compensatory increase in mitochondrial
replication and gene expression supporting cancer
progression (40).These factors pull together the assemblage
of mutations in mtDNA at an about tenfold greatest rate
than in nuclear DNA in coding and non-coding regions of
mitochondria (41) which may encourage cancer
progression (42). Novel germline mitochonderial
alterations in the ATPase 8 gene G8573A were seen in
tubulovillous adenomas tissues, proposing that some

specific mtDNA variants may use as a potential genetic
marker for colorectal adenomatous polyps (43, 44). This
impact achieved by apoptosis prevention and encourage the
generation of cancer-concerning proteins (45).The findings of
many mutations in bowel inflammation in this study may
interpreted, by since the intestine harbors huge numbers of
enterobacteria that constantly induce leucocytes, the
constitutive occurrence of inflammation in colorectal mucosa
possibly cause the generation of free radicals, thereby
inducing the high level of mtDNA variation (46).
Large DNA fragment deletion at (12380...12425) and
(12383...12425) positions in 20% of tumor patients were
found , consistent with this notion, large deletions of
sequence have been found previously in mtDNA from
cirrhotic liver surrounding hepatic tumor (47) while
Nishikawa et al., attempts to find deletions in mtDNA but
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they could not detect such deletions in the colorectal
mucosa from patients with ulcerative colitis (48).
In conclusions: mtDNA A12308G tRNALeu(CUN) gene
variants have not impact role in malignant process of
colorectal. Coexistence of A12308G with G12372A
mutations and combination of A12410 C with T12414A
may have synergistic effect in mtDNA function and may
increase risk factor in colorectal cancer. These alterations
may serve as etiology and supporting factor in colorectal
tumorgensis. The most novel mutation were found in this
study is deletion 11924 A in mt tRNALeu(CUN) gene which
may be use as genetic biomarker in colorectal cancer. Data
from similar work target other mt tRNA genese in large
number of Iraqi patients are required to clarify the
mechanism of carcinogenosis as mt DNA variations
pathway.
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