ORIGINAL REPORT

Mutation Screening in the Mitochondrial D-Loop Region of

Tumoral and Non-tumoral Breast Cancer in lranian Patients

Babak Rahmani®', Cyrus Azimi?', Ramesh Omranipour?®, Reza Raoofian?,

Kazem Zendehdel*, Samira Saee-Rad!, and Mansour Heidari'®

! Department of Medical Genetics, Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran
2 Genetics Group, Cancer Research Center, Cancer Institute, Tehran University of Medical Sciences, Tehran, Iran
% Surgical Oncology Group, Cancer Research Center, Cancer Institute, Tehran University of Medical Sciences, Tehran, Iran
4 Cancer Research Center, Cancer Institute, Tehran University of Medical Sciences, Tehran, Iran

®Stem Cells Preparation Unit, Eye Research Center, Farabi Eye Hospital, Tehran University of Medical Sciences, Tehran, Iran

Received: 15 Jan. 2012; Received in revised form: 20 Mar. 2012; Accepted: 23 May 2012

Abstract- The mitochondrial DNA (mtDNA) mutations in mitochondrial coding and non coding regions

seem to be important in carcinogenesis. The aim of this investigation was to evaluate coding region (mt-

tRNA™™ and tRNAP™) and non-coding sequence, mitochondrial displacement loop (mtDNA D-loop), in the

cancerous and non-cancerous lesions of Iranian patients with breast cancer (BC). Genomic DNA was

extracted from 50 breast tumors and surrounding normal tissue pairs as well as from 50 unrelated normal

breast tissues from Iranian Kurdish population. Subsequently, PCR amplification was performed using

specific primers, and then PCR products were subjected to direct sequencing. 41 genetic variants were
identified in mtDNA D-loop among tumoral and non-tumoral tissues but not in tRNA™ and tRNAP®
sequences. Our findings indicated that C182T, 194insT, 285insA and 16342delT were just found in BC
tumors whereas 302insC, C309T and C16069T found in both tumors and surrounding normal tissues.

Although our findings showed that the observed genetic variations were not restricted to breast cancer tissues,

some genetic changes were found only in BC tumors. Our results, in agreement with the evidence from earlier

studies, confirm that the mtDNA genetic alterations might be implicated in tumor initiation, progression and

development.
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Introduction

Breast cancer (BC) is the second most common
diagnosed cause of cancer death in the developed
countries and accounts for 23% of the total cancers.
Different studies reported that BC accounts for 14% of
all cancer deaths in females (1,2). It is estimated that, in
the developed countries, BC occurs in one out of eight
women during her lifetime (2,3). It is well documented
that the different factors such as genetics and
environment factors are involved in tumorigenesis.
Therefore, various risk factors including endogenous or
exogenous estrogen exposure, age of menarche, genetic
backgrounds, family history, race and ethnicity are

thought to be implicated in the development of BC (2,4).
The risk is considerably higher for females with a family
history of BC or a known mutation in the BC
predisposition genes such as BRCA1 and BRCA2 genes
(5). The mutated BRCA1 and BRCA2 genes can act
alone and the families that carry either of these
mutations might have as many as half of their women
members with breast cancer. The initial mutation can be
inherited from one's parents (familial breast cancer)
whereas a significant proportion of BC is due to
mutation after conception (sporadic breast cancer). In
the western countries approximately 10% of breast
cancers are associated with genetic factors, and BRCA 1
or BRCA 2-related cancers constitutes for 2/3 to 3/4 of
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these cases. The lifetime cumulative risk of invasive BC
for individuals with BRCAlor BRCA2 mutations ranges
from 50% to 87% (2,3).

In addition to the nuclear genome, eukaryotic cells
have cytoplasmic genomes compartmentalized in the
mitochondria (6). Mitochondria are multifunctional
organelles that regulate metabolism, cellular energy
production, programmed cell death (apoptosis),
unprogrammed cell death (necrosis) and detoxification.
Human mitochondrion contains circular DNA (mtDNA)
that consists of 16,569 bp and encodes 13 oxidative
phosphorylation (OXPHOS) subunits, 22 transfer RNAs
(tRNAs), 2 ribosomal RNAs (rRNAs) and the
displacement loop (D-Loop) (7). Mitochondria consist
of multiple copies of mtDNA genome per
mitochondrion (2-10 copies) and are not protected by
histones. The mtDNA is directly exposed to the
damaging effects of reactive oxygen species (ROS).
Studies determined that due to insufficient DNA repair
system in this organelle, the mutation rate in mtDNA is
higher than nuclear DNA (7-11).

The effect of mtDNA on tumorigenesis or
progression to malignant transformation might be
achieved via a number of changes in mtDNA such as
reducing the mtDNA content (12). In fact, tumor-
specific changes in the mtDNA copy numbers have been
reported in human cancers. Reduced mtDNA content
has been reported in breast (7,13-17), prostate (7,18),
ovarian (7,17), renal (7,19) and hepatocellular (7,15,20),
head and neck (21), thyroid (22) and gastric (7,23)
cancers. The second type of influence of genetic changes
in mitochondrial DNA on tumorigenesis can be achieved
through a decrease in mitochondrial gene expression
(7,24), or alteration in mitochondrial enzymatic activity
(25-27).The third type of change in mtDNA is somatic
or germ line mtDNA mutations. Mutations in mtDNA
have been frequently reported in variety of tumors
(7,28,29). It has also been suggested that polymorphisms
in a mitochondrial gene encoding for a complex I
subunit (ND3) provide an increased risk of invasive
breast cancer (7,30).

The displacemental loop (D-loop) is the major
control site for mtDNA replication and transcription
(31). Genetic variability in the D-loop region has been
suggested to affect the function of the respiration chain
that is responsible for high ROS levels and could
contribute to cancer initiation (32).

In the present study, we performed the mitochondrial
mutation screening for somatic mutation in paired
cancerous and non-cancerous tissues from 50 patients
with breast cancer.
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Materials and Methods

Surgical biopsies that included tissue samples from
breast cancer tumors and non-tumoral tissues were
collected from 50 patients from Kurdish origin referred
to Cancer Institute, Tehran University of Medical
Sciences (TUMS). Also, 50 normal breast tissues were
obtained from unrelated individuals who had
reconstruction mammoplasty surgery. To better
evaluation of the possible influence of mtDNA genetic
changes on BC, all the patients were studied with the
same pathological grade (grade II) and specific ethnic
group, Iranian Kurdish population. All participants gave
their written informed consent, and the study was
approved by the TUMS ethics review board as part of
the reviewing process of TUMS research projects. A
portion of each biopsy was sent for histopathological
examination, whereas another portion was immediately
snap-frozen in liquid nitrogen and kept at -80°C for
DNA extraction.

DNA isolation

Total DNA was isolated using Qiamp®DNA Mini
kit according to manufacturer's instructions (Qiagen,
Hilden, Germany). In order to amplify the mtDNA D-
loop, specific oligonucleotide primers were designed
based on Genbank database (NC_012920.1), HV1F 5'-
CCAGTCTTGTAAACCGGAGATG-3' and HV2R 5’-
CGTGGTGATTTAGAGGGTGAAC-3’. The PCR was
performed based on the following conditions: initial
denaturation at 94°C for 5 min; followed by 35 cycles
including denaturation at 94°C for 35 s, annealing at
58°C for 35 s, and extension at 72°C for 1.30 min; and a
final extension at 72°C for 5 min. At the end, 5 pl of the
reaction mix was analyzed by 1.8% agarose gel
electrophoresis. Then, PCR products were purified using
QIAquick PCR Purification Kit according to handbook
instruction (Qiagen, Hilden, Germany). The purified
PCR products were subjected to direct sequencing.
Sequence data searches were conducted in non-
redundant nucleic and protein databases using BLAST
(http://www.ncbi.nlm.nih.gov/BLAST).

Microsoft Excel spreadsheet and the Statistical
Package for Social Sciences (SPSS) version 11.2 were
employed for data entry and analysis.

Results

The principal characteristics of samples are indicated in
Table 1.



Table 1. Principle characteristics of the breast cancer

samples.
Characteristics Cancer patients
Age (years) Mean (95% CI) 41.4 (33.6-50)
Minimum 36
Maximum 60
Tumor size Mean (95% CI) 3.8 (2.6-6)
(cm®) Minimum 3.5
Maximum 9
Grade 11
C.1L: Confidence interval
70 - 65
60 4
50 4
40 35
30 4
20 A
10 4
0 T 1
HV2 HV1

Figure 2. Pie Chart showing the genetic alterations in
mitochondrial HV1 and HV2 in the tuomoral and non-tumoral
tissues of BC patients.
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Two mitochondrial coding regions including tRNAs
(tRNAP™ and tRNAP®) and mitochondrial displacement
loop (mtDNA D-loop) were amplified using PCR
amplification (Figure 1). All samples had the same
tumor stage (grade II) in similar ethnicity (Iranian
Kurdish population). The direct PCR sequencing was
conducted as described in the Materials and Methods.
The sequencing findings were compared with NCBI
database (NC_012920.1).

The direct PCR sequencing revealed 41 genetic
alterations were detected in breast cancer samples.
Different somatic variants including base substitution,
deletion and insertion in tumoral (T) and non-tumoral
(NT) were identified. Interestingly, some of the
identified somatic mutations were found in both
cancerous and non-cancerous tissues (Table 2). About
35% of genetic alterations were located in HV3 whereas
65% located in HV 1. The distribution frequency of these
findings is shown in Figure 2. A73G, T16519C, A263G,
C16067T, 303insC, C310T and T311C somatic
mutations were detected in at least 50% of non-tumoral
tissues. We identified seven genetic changes including
C182T, 194insT, 285insA, 302insC, C309T, C16069T
and 16342delT in tumoral and normal adjacent tissues
which have not been previously reported.

Table 2 presents as summery of and their location in
mitochondrial DNA. Regardless of tumoral and normal
classification we found at least one genetic variation
among the samples (82%).

N
T - -

<€ 2000bp
<€— 1000hp

Figure 1. PCR amplification of flanking region of mt D-Loop. Ethiduim bromide stained agarose gel (1.2%) showing amplification
(1402 bp) of tumoral (1 and 2) and normal tissues (3, 4 and 5), coding (tRNAPhe and tRNAPro) and non-coding (D-Loop)
sequences. M, Molecular weight marker (100bp); NC, negative control (H,O).
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Table 2. A summary of mitochondrial DNA mutations in this study.

i . Tumoral Non-tumoral  Tumoral tissue Non-tumoral .

Mutation type and position . Region
samples samples (%) tissue (%)

A7T3G 16 16 32 32 HV2
T146C 4 4 8 8 HV2
C150T 4 4 8 8 HV2
C152T 5 5 10 10 HV2
C182T 2 2 6.6 6.6 HV2
G185A 4 4 8 8 HV2
194insT 1 0 33 0 HV2
T195C 4 4 8 HV2
T204C 2 2 4 HV2
A257G 2 2 4 HV2
A263G 33 33 66 66 HV2
285insA 1 0 33 0 HV2
302insC 9 0 333 0 HV2
C309T 10 10 36.7 36.7 HV2
310insT 2 2 4 HV2
514-523 ins CA 5 5 10 10 HV3
C16069T 2 2 6.6 6.6 HV1
T16172C 12 12 24 24 TAS
A16182C 4 4 8 8 HV1
A16183C 6 6 12 12 HV1
T16189C 4 4 HVI
T16207C 4 4 8 8 HV1
T16209C 4 4 8 8 HV1
C16223T 8 8 16 16 HVI
T16224C 6 6 12 12 HV1
C16234T 10 10 20 20 HV1
C16278T 4 4 HVI
C16287T 2 2 4 4 HV1
A16293G 2 2 4 4 HV1
T16298C 2 2 4 4 HV1
T16304C 6 6 12 12 HV1
A16309G 6 6 12 12 HV1
T16311C 10 10 20 20 HVI
G16319A 2 2 4 4 HV1
16342delT 1 0 3.3 0 HV1
A16343G 6 6 12 12 HVI
T16356C 8 8 16 16 HVI
T16362C 12 12 24 24 HV1
T16368C 2 2 4 4 HVI
G16390A 2 2 4 4 *
T16519C 20 20 40 40 *

* Not within HV1/HV2/HV3

* TAS: termination-associated sequence
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Table 3. Novel mutations and their frequencies in tumoral and their normal adjacent tissues.

Mutation type Normal tissue Tumoral tissue Normal tissue (%) Tumoral tissue (%)
C182T 2 2 6.6 6.6
194insT 0 1 0 33
285insA 0 1 0 33
302insC 0 9 0 333
C309T 10 10 36.7 36.7
C16069T 2 2 6.6 6.6
16342delT 0 1 0 33
Discussion number of mitochondrial diseases have recently been

The displacement loop (D-loop) is the major control site
for mtDNA replication and transcription (31,33). It is a
hotbed of mutation and contains two hypervariable
regions (31). It is well documented that mutations in D-
Loop region result in mitochondrial genome instability
and contribute to the process of carcinogenesis (34).
Genetic variability in the D-loop region has been
suggested to affect the function of the respiration chain
that is responsible for high ROS levels and could
contribute to cancer initiation (32,33).

We identified 41somatic mutations in mt D-Loop of
tumoral and adjacent normal tissues among 50 Iranian
patients with BC, but not in coding regions of
mitochondrial tRNA™ and tRNAP™ sequences. 194inT,
285insA and 16342delT variants were found in BC
tumors while 302insC, C309T and C16069T detected in
both tumors and surrounding normal tissues.

Our results are not the first report suggesting the
implication of mitochondrial genetic alterations in breast
cancer development. Two previous studies scanning the
entire mitochondrial genome in an American population
indicated that 14 out of 15 breast cancer samples (93%)
and 14 out of 19 samples (74%) displayed at least one
somatic mtDNA mutation (35). In the second study,
there were as high as 81% of the mutations in the D-loop
region (36). It was estimated that 10.8% of breast ductal
adenocarcinomas harboring somatic mutation (37).
More recent study of the D-loop region in 94 pairs of
breast normal and cancer tissues showed 40.42%
somatic mtDNA mutations (38). Our data showed
genetic mutations in 52% of BC samples. Consistent
with our results, it has been demonstrated that the D-
loop mutation frequencies to be varied widely, ranging
from 10.8% to 65 %.

So far, a variety of diseases including mitochondrial
myopathies, diabetes, encephalopathies, deafness and
malignancies have been demonstrated to be associated
with mitochondrial tRNA (mt-tRNA) mutations. A

ascribed to point mutations in mt-tRNA™ (39-45). A
study reported a pathogenic mutation in mt-tRNA™, in
which G36 is changed to A in a seven year-old girl with
a pure myopathy (46). However, a few studies described
the association of mt-tRNA mutations with human
cancers. Sanchez-Cespedes et al. identified an A-to-G
transition in position 10 448 (inside tRNA*®) in patient
with lung cancer (47). Our findings could not detect any
genetic variation in the coding sequences of mt-tRNA"™
and mt-tRNA"™,

In conclusion, mitochondrial DNA mutations have
been observed in various types of human malignancies.
Mitochondrial functional defects have also been
demonstrated due to aberrant expression of mtDNA
genes result in defective oxidative/phosphorylation
cycle. The clinical phenotypic of
mitochondrial genome polymorphism create technical
challenges for applying biological samples for early
detection of tumors. More investigations are required to
access the functional role of the different mitochondrial
mutations in tumor initiation and progression. Studies on
non-coding sequence of mtDNA would help in finding
biomarker and developing new therapeutic strategies in
cancer treatment.
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