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Abstract
Oncogenesis is an area which continuously elicits research interest. There are innumerable
factors which contribute to oncogenesis of which mitochondrial DNA (mtDNA) mutations play a
major role. Though extensive studies have been conducted relating mtDNA mutations to human
cancers, there is sparse information available on canine neoplasia. Cytochrome oxidase1 (COX1)
is an important component of electron transport chain of mitochondria and any alteration in it would
result in altered energy production which is very essential for proliferating neoplastic cells. Two
samples of canine mammary carcinomas (CMT) were subjected to partial genome sequencing
of COX1 subunit -I. There was no change in the gene sequence of COX1. Further studies in this
aspect would pave the way for investigations on the role of mtDNA mutation in oncogenesis and
could provide insights into how canines can serve as models for human cancers.

The quest to unravel the secret of neoplastic transformation has not left any stone unturned.
More than eighty years ago, Otto Warburg, in 1956, described the accelerated aerobic glycolysis
in neoplastic cells despite the presence of oxygen (Warburg effect). This process helps neoplastic
cells to maintain their vitality, ability to proliferate, invade and evade apoptosis. (GrzybowskaSzatkowska and Slaska, 2012). Cytochrome c oxidase (COX) is one of the five-member protein
complex involved in oxidative phosphorylation resulting in energy production and forms an integral
part of mtDNA. COX1 upregulation has been reported in breast cancers when compared to normal
tissues (Haakensen et al., 2011). The mtDNA are said to be more prone to mutations due to their lack
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Fig.1. Histopathological observations of the two samples of CMT

Histopathology- CMT- Presence of neoplastic cells with anisocytosis,
anisokaryosis and prominent nucleolus. H&E 50µm
Fig.2. NCBI BLASTn analysis showing 100% identity between COX1 sequence from CMT case
1 and the reference sequence MN542345.1 from Canis lupus familiaris isolate 38 cytochrome c
oxidase subunit 1 (COI) gene, partial cds.
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of protective histones, compromised DNA repair
mechanism and exposure to free radical injury
during oxidative phosphorylation (Miyazono et
al., 2002). Though somatic mtDNA mutations
have been reported in canine neoplastic
transformations (Slaska et al., 2015), very few
studies have focussed on the role of COX1 in
canine mammary tumours (CMT). Hence this
study was done as a preliminary one employing
two cases of CMT to gain insights into the role
of COX1 subunit-I sequence variations in CMT,
using next generation sequencing.
The samples included in the study
were two CMT resected masses which
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were collected with the owner’s consent.
Tissue samples were collected in 10 per
cent Neutral Buffered Formalin (NBF) for

histopathological analysis (Bancroft and
Gamble, 2008). Samples were also preserved
in ethanol for sequencing studies. Genomic
DNA was isolated from the tissues using
NucleoSpin® Tissue Kit (Macherey-Nagel)
following the manufacturer’s instructions.
The PCR amplification for COX1 (Folmer et
al., 1994) was performed using PCR thermal
cycler (GeneAmp PCR System 9700, Applied
Biosystems) using the forward primer JGLCO
F (5’–TITCIACIAAYCAYAARGAYATTGG-3’)
and reverse primer JGLCO R (5’-
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The
tumours
were
subjected
to histopathology and were found to be
carcinomas as depicted in Fig.1. In this study,
two canine cancer tissues were analysed to
study whether mtDNA mutations in CMTs had
any significant role to play in tumorigenesis.
The sequences obtained from both the cases of
CMT blasted using NCBI BLASTn revealed 100
per cent identity with the prevailing GenBank
submissions of partial mitochondrial genomes
of Canis lupus familiaris. The BLAST result in
both samples did not show any variation in the
COX1 subunit I as represented in Fig.2.
There have been reports on COX1
mutation in many human cancers including
prostate cancers and breast cancers (Petros
et al., 2005 and Omasanggar et al., 2020).
However, the partial genome analysis of COX1
subunit I in the two samples did not show
any variation. Further studies involving the
whole genome of mtDNA and corresponding
normal tissues in CMT patients may shed
more light on the role of mtDNA mutations in
carcinogenesis. As only two samples were
analysed, a detailed analysis with more number
of samples with complete mtDNA analysis
will provide more authentic data to confirm its
statistical significance. This study also sheds
light on the possibility of analysing CMTs as a
model to study mtDNA biology in human breast
cancers.
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TAIACYTCIGGRTGICCRAARAAYCA -3’).
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ExoSAP-IT (GE Healthcare). After the clean-up,
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cycler (GeneAmp PCR System 9700, Applied
Biosystems) using the BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems,
USA) following the manufacturer’s protocol.
Mitochondrial genome sequence of 466nt from
one sample and 463 nt in the other sample were
analysed against standard sequences available
in the NCBI database using the BLAST tool.
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