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Introduction: Cytochrome C1 (CYC1) is an important subunit of mitochondrial complex III and plays a vital role in oxidative
phosphorylation (OXPHOS) and reactive oxygen species generation. Overexpression of the CYC1 gene has been implicated in cancer
development and its prognosis previously, but unexplored in head-and-neck squamous cell carcinomas (HNSCC), especially oral squamous
cell carcinoma (OSCC). Materials and Methods: CYC1 m-RNA expression and gene alterations were assessed using the Cancer Genome
Atlas dataset in HNSCC and validated in OSCC tissues using real-time polymerase chain reaction (RT-PCR). The protein—protein interaction (PPI)
network and functional enrichment pathways were also analysed. Results: A thorough analysis of the TCGA (The Cancer Genome Atlas)
database revealed that CYC1 was overexpressed in the HNSCC cases and the increased expression correlated with several parameters which
involve the prediction of advanced diseases such as histopathological grade, tumour-node-metastasis staging, and nodal metastases (P <0.05).
The expression of CYC1 was validated using RT-PCR showing significant upregulation (P < 0.05) in OSCC tissue samples compared to the
normal tissue counterparts. PPI network and functional analysis show the prominent role of CYC1 in OXPHOS, especially in electron transport
chain III complex regulation. Discussion: The study revealed that CYC1 is highly expressed in HNSCC, and is validated in the OSCC patient
tissue samples compared to the normal counterparts and associated with advanced disease stages and grade of the tumour. CYC1 could be a
novel promising therapeutic and prognostic marker in HNSCC, especially in OSCC.
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INTRODUCTION implicated in the cellular and mitochondrial energy metabolism
also plays a significant role in tumour progression and the overall
survival of the malignant cells.>” Consecutively, targeting
metabolic or mitochondrial proteins has emerged as a novel
technique for treating cancer, particularly metastatic cancers.®

Head-and-neck squamous cell carcinomas (HNSCC) are the
18™ most common type of cancer worldwide.!! Oral squamous
cell carcinoma (OSCC) is the most prevalent type of HNSCC

which arises in the oral cavity and accounts for 90% of the

HNSCC.2' OSCC is the most prevalent cancer in Southeast In our study, we explored the recent literature and the Cancer

Asian countries such as India and other developing countries Genome Atlas (TCGA) database which is a conglomeration

like Srilanka.l®! The survival rate of cancers is variable based
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novel biomarkers and therapeutic targets. Numerous genes
that are implicated in cell cycle progression, apoptosis, tumour ~ Received: 01-02-2022 Last Revised: 07-07-2022
suppression, and angiogenesis have been studied extensively to ~ Accepted: 12-07-2022 Published: 24-08-2022
identify a potential theranostic target to overcome the difficulties
in the treatment of cancer. Apart from these, alteration in genes
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of data of m-RNA expression of various genes from patient
samples across various cancers including HNSCC. Numerous
families of mitochondria-related genes that have been linked
to cancer development™!” were considered and we identified
one novel gene, Cytochrome C1 (CYC1) which has been
implicated sparingly in various malignancies.!'"'? CYCI
also known as Ubiquinol-Cytochrome-C Reductase Complex
CYC1 Subunit (UQCR4) was first isolated in bovine and
yeast cells and assigned to human chromosome 8.1'* The most
important function of CYC1 is its integral role in the electron
transport chain (ETC) and regulation of the mitochondrial CIIT
complex." Furthermore, CIII is a dimeric complex which along
with CI-CIV forms supramolecular structures, referred to as
supercomplexes or “respirasomes”.['>!°! [t has been suggested
that the formation of supercomplexes reduces the amounts of
undesired reactive oxygen species (ROS) overproduction.!'”
Mutations in CYC1 have been implicated in mitochondrial
complex III deficiency, leading to reduced supercomplex
formation,"® causing accumulation of ROS and decreased
apoptosis, which are pivotal in cancer development.['>1!

Although the role of CYCI has been investigated in various
malignancies including breast and osteosarcoma and has also been
associated with poor prognosis and resistance to therapy in these
tumours,!'*?” the expression of CYC1 and its association with
OSCC susceptibility and progression is still debatable. Hence, the
study of the expression of such novel biomarkers in early diagnosis
and prediction of prognosis is necessary to fill this lacuna.

The present study focussed on assessing the CYC1 gene expression
in HNSCC cases using the TCGA dataset and to validate its
expression in OSCC tissues and additionally, determine the
genetic alterations, the protein—protein interaction (PPI) pathway
along with its functional enrichment analysis.

MareriaLs AND METHODS

Patient samples

Atotal of 28 OSCC patients undergoing surgery were selected at the
Department of Oral and Maxillofacial Surgery, Velappanchavadi,
Chennai, India, from June 2021 to December 2021 according
to the inclusion and exclusion criteria including age, presence
or absence of habits, and other systemic diseases. This study
was conducted according to the standards obtainable in the
1964 Declaration of Helsinki, as revised in 2013. All the patients
were histologically diagnosed cases of OSCC in the department
of oral pathology. The study was approved by the Institutional
Ethical Committee (IEC), and written informed consent was
obtained from all participants (IHEC No. 006/08/2021/IEC/
SMCH). Confidentiality was maintained at all times.

Gene expression analysis of Cytochrome C1 in
head-and-neck squamous cell carcinomas using TCGA
dataset

The present study initially analysed the CYC1 expression in
HNSCC (n =520) and normal tissues (n =44) using patient data
from the TCGA dataset (https://portal.gdc.cancer.gov/). Gene

expression data along with corresponding clinical data of HNSCC
samples were downloaded from the TCGA data portal. University
of ALabama at Birmingham CANcer (UALCAN) data analysis
Portal (http://ualcan.path.uab.edu/)?! is a bio-informatics tool
which exports results of gene expression and survival analysis
from the TCGA database. This was used to analyse the CYCI
expression in primary HNSCC and normal tissues.

Correlation of clinicopathological parameters of
head-and-neck squamous cell carcinomas progression
with Cytochrome C1 expression

In addition, the association of clinicopathological parameters
with the gene was assessed using the UALCAN analysis
tool.?!! Important indicators of disease progression including
age and gender, tumour grade, stage, and nodal metastases
of the patient were correlated with the gene expression data
obtained.™

Validation of Cytochrome C1 expression in oral squamous
cell carcinoma patients

The expression of CYC1 was validated in 28 OSCC and 12
adjacent normal tissues using qRT-PCR. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as a reference
gene and the primers for CYCI and GAPDH were procured.
HYPERLINK “https://paperpile.com/c/hY Q96e/FKSHN"I'*]
Sequences of primers used for qRT-PCR are CYCl1
(Forward 5° -AGCTATCCGTGGTCTCACC-3’, Reverse 5’
-CCGCATGAACATCTCCCCATC-3’) and GAPDH (Forward
5’-GTC GTATTG GGC GCC TGG TCA CC-3’, Reverse 5°-
CAC ACC CAT GAC GAA CAT GGG GGC-3’).

RNA isolation, c-DNA conversion, and quantitative
real-time polymerase chain reaction

The level of m-RNA expression of CYC1 was determined
using qRT-PCR. Total RNA was extracted from the patient
tissues using TRIzol Reagent (Invitrogen), and cDNA
synthesis kit was used to perform ¢cDNA synthesis according
to the instructions of the manufacturer. Then, the purity and
concentration of the extracted total RNA were tested using
Nanodrop™ (Thermo Scientific™ One Microvolume UV-Vis
Spectrophotometer) and the total RNA was subjected to
cDNA synthesis. Finally, 1000 ng total RNA was reverse
transcribed into cDNA with Oligo (dT) primers in a final
volume of 20 uL. The qRT-PCR was performed using
the CFX96 Real-Time PCR detection system (Bio-Rad
Laboratories Inc., Hercules, CA, USA). Results were
expressed at a relative mRNA level and analysed using the
comparative threshold cycle (2*ACT) method with GAPDH
as the reference gene. Statistical analysis was performed using
GraphPad Prism 7.0. Student’s #-test and ANOVA were used
to assess the P value (P < 0.05 was considered statistically
significant).

Protein—protein interaction and functional enrichment
analysis

The functional protein association network of CYC1 and their
targets was analysed using the STRING (https://string-db.
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org/) database.l?” Metascape (http://metascape.org), a
web-based portal, was used for a comprehensive functional
analysis of CYCI. Further, kyoto-encyclopedia of genes and
genomes (KEGG) pathway and process enrichment analysis
were performed.

Genetic alterations of CYC1 assessed using TCGA
Database

Assessment of genetic alterations in CYCI1, such as
amplification, mutations, gain and deep deletions were
obtained from TCGA dataset using the cBio Portal tool
(cbioportal.org) which is an analysis tool for visualising and
exploring large-scale cancer genomic data sets.*

ResuLts

Cytochrome C1 m-RNA expression is increased in
head-and-neck squamous cell carcinomas dataset and
oral squamous cell carcinoma patients

Pan-cancer analysis of TCGA data is shown in Figure la,
which shows the increase in CYC1 expression in numerous
cancers, including HNSCC. CYC1 expression in HNSCC
was significantly increased compared to the normal
tissues (P < 0.05) [Figure 1b]. This was validated in our study
by comparing the mRNA expression level of CYCI1 in OSCC
tissues with the adjacent noncancerous tissues [P < 0.05,
Figure 1c] obtained from patients.

Cytochrome C1 m-RNA expression is upregulated with
advancing grade, stage, and nodal metastases

CYCI expression correlated with age and gender showing
increased mRNA levels in males in the age group of
40-60 years. The expression was correlated with grades
based on histopathology and stage of tumour progression
based on tumour-node-metastasis (TNM) staging. The nodal
metastasis was also associated with the expression levels.
CYCI1 expression was directly proportional to the increasing
grades with the highest expression in poorly differentiated
cases (P < 0.05) [Figure 2a]. The pathological stage was
compared and there was a significant increase in expression
between Stage 1 and Stage 4 (P < 0.05) [Figure 2b]. Similarly,
nodal metastasis of level 3 (N3) showed the maximum
expression of CYCI (P < 0.05) [Figure 2c]. The protein
expression of CYC1 was visualised in OSCC and normal tissues
by immunohistochemistry images [Figure 2d] obtained from the
Human Protein Atlas database (https://www.proteinatlas.org).

Predominant genetic alteration in CYC1 is amplification
The genetic alterations in CYC1 using Oncoprint are depicted
in Figure 3a which predominantly showed amplification
and minimal association with missense mutation. The copy
number status, predominantly amplification and copy gain
of CYCI1 gene also positively correlated with its mRNA
expression in HNSCC patients [Figure 3b]. Copy gain (gain and
amplification) of CYC1 was associated with notably increased
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Figure 1: mRNA expression and protein expression of CYC1 in HNSCC and normal tissues in TCGA database. Validation of m RNA expression of CYC1
using OSCC tissue samples by RT-PCR. (a) Expression of CYC1 gene across pan-cancer samples in TCGA database compared to normal tissues. (b)
Increased CYC1 Expression Pattern in HNSCC compared to normal tissues in TCGA dataset. (c) Highly significant increased expression of CYC1 in
0SCC tissue samples compared to normal tissues using RT-PCR (P = 0.0079). CYC1 = Cytochrome C1, HNSCC = Head-and-neck squamous cell
carcinomas, 0SCC = Oral squamous cell carcinoma. RT-PCR = Real-time polymerase chain reaction
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Table 1: Description on the genes, protein encoded, genetic alterations, loci, frequency of variant allele in tumour
sample in Cytochrome C1 gene

Gene Protein Alteration Copy number Percentage of Loci Variant allele frequency  gnomAD
variation alteration in tumour sample frequency data
CYClI Cytochrome Gene amplification 22
Cl HI34N Diploid 8 0.25 Novel
P238L Gain 8 0.08 15968965290
M2951 Diploid 8 0.35 Novel

gnomAD: The Genome Aggregation Database

Expression of CYC1 in HNSCC based on tumour grade Expression of CYC1 in HNSCC based on nodal metastasis status Expression of CYC1 in HNSCC based on individual cancer stages
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Figure 2: Correlation of mRNA expression levels based on histological grading, TNM staging, nodal metastasis along with protein expression data
using immunohistochemical images. (a) Association of expression of CYC1 and histological grade in HNSCC tissues and normal tissues with Grade
3 (Poorly differentiated SCC) showing higher expression frequency (P<0.05). (b) Association of expression of CYC1 and nodal metastasis status
in HNSCC tissues and normal tissues with N 3 (Multiple nodes more than 5 cm) showing higher expression frequency (P<0.05). (c) Association of
expression of CYC1 and histological grade in HNSCC tissues and normal tissues with Stage 4 (T4b, N1-3, M1) showing higher expression frequency
compared to stage 1 (P<0.05). (d) Immunohistochemical analysis of CYC1 in normal mucosa (left) and tumour tissue samples (right) with medium
positivity in normal and stronger staining intensity in tumour tissue samples (The Human Protein atlas- data).

mRNA levels compared with the copy-neutral (diploid) and  strongly with Cytochrome-C gene (CYCS) and the mitochondrial

copy-loss (shallow deletion) cases. The specific mutations
in HNSCC, which are associated with poor prognosis in
patients (Stage IIl and IV disease) are tabulated in Table 1. The
schematic representation of the mutations is shown in Figure 3C
which shows no novel mutations are associated with CYCI.

Cytochrome C1 interacts with mitochondrial proteins and
modulates mitochondrial electron transport chain and
respiratory complex pathways

The PPI network revealed a correlation among various

mitochondrial proteins and CYC1 which were identified using
the STRING database [Figure 4a]. CYC1 was shown to interact

Cytochrome B gene (MT-CYB) which encodes Cytochrome-C
and Cytochrome-B proteins, respectively, as assessed by gene
co-expression, text-mining, and protein homology data. The
top eight clusters with their representative enriched terms
showed that this gene was identified for pathways involved
in mitochondrial respiratory chain complex III, mitochondrial
electron transport-ubiquinol to Cytochrome C, electron
transfer and form an integral part of the membrane, involved
in respirasome formation and haeme binding [Figure 4b]. As
demonstrated in the KEGG pathway, mitochondrial respiratory
chain complex III and mitochondrial electron transport were
more enriched, suggesting that these pathways may be closely

.Annals of Maxillofacial Surgery | Volume 12 | Issue 2 | July-December 2022




Ramasubramanian, et al.: Identification of novel cytochrome C1 gene expression in OSCC

cver e MM,

E ¥ Missense Mutation (unknown significance) I Amplification mRNAHigh No alterations

CYC1 mRNA expression correlation with DNA copy number

CYC1: mRNA expression (RNA Seq V2 RSEM)

<,
%, 9, Q
’/% /.o,%' % 4’% I,
| “ "
%
CYC1: Putative copy-number alterations from GISTIC

o 9
<
S
£
=
5 P238L
> " . '
o

0

0 10 €0 Wa

Figure 3: Genetic alterations of CYG1 gene with Oncoprint data, copy
number variations and mutation associated with the mRNA expression
of CYC1 in HNSCC patients. (a) Oncoprint data in cBioPortal database
exhibited the proportion and distribution of genetic alterations in CYC1
gene. (b) Copy gain (gain and amplification) of CYC1 was associated with
notably increased mRNA levels compared with the copy-neutral (diploid)
and copy-loss (shallow deletion) cases. (c) Schematic diagram of CYC1
protein and the positions of mutations.

related to HNSCC development by enhancing ROS formation
and oxidative phosphorylation deregulation.

Discussion

Targeting the mitochondrial proteins appears to be the
most recent development in the treatment of cancers. The
mitochondrion is a controller of the most important events
required for cell survival including a wide variety of pathways
for respiration through ETC, cell growth, and apoptosis.!'* It is
controlled by a myriad of genes both from within and nucleus.
Manipulating these target genes may prove to be crucial in
eliminating or limiting the progression of the disease.!'? It is
well known that the mechanisms controlling the ETC might be
deregulated in cancers depending on the level of dysfunction
which can be important therapeutic targets.?* CYCI is one
such mitochondrial protein which is implicated in controlling
mitochondrial metabolism and energy regulation which has
been implicated in the progression and metastasis of other
malignancies!”!*?" There is a dearth of information regarding
data pertaining to CYC1 expression in HNSCC and OSCC;
hence, the present study was designed to assess the expression
of CYC1 in OSCC tissues.

In our study, the mRNA expression of CYC1 was preliminarily
predicted using the TCGA dataset which consisted of 520
HNSCC cases and 44 normal controls. The expression of CYC1

R-HSA-611105: Respiratory electron transport
GO:0019646: aerobic electron transport chain
WP4921: Mitochondrial complex Il assembly
o 5 10 15 20 25
m -log10(P)

Figure 4: Protein-protein interaction network using STRING database and
functional enrichment analysis. (a) Protein—protein interaction network
between CYC1 and its targets in the STRING dataset. (b) Top 3 functional
enrichment pathway analysis heatmap. CYG1 = Cytochrome C1

was found to be significantly increased in HNSCC and also
associated with advanced stage, grade, and nodal metastases.
Higher grade and stage are prognostic indicators of disease
progression. Increased CYC1 expression was associated
with poorly differentiated carcinoma compared to well and
moderately differentiated carcinomas which show that CYCl1
may influence the biological behavior of the tumour, although,
grading as a lone parameter is of low prognostic value.?>!
Higher expression of CYC1 was also noted in Stages 3 and 4
which are often associated with poor prognosis and decreased
survival rate of the patient. According to Almangush et al.,
staging and grading form the cornerstone of cancer therapy.*”
Another important criterion which signifies the aggressive
and invading nature of the tumour is nodal metastasis.
A significant relation has been established between the grade
of histological diagnosis and metastasis in the cervical lymph
nodes suggesting that an advanced tumour (Grade 3 or 4) has
more propensity to metastasise.?®! The CYC1 expression was
significantly higher in N3 (which may involve the contralateral
nodes) which requires an aggressive treatment protocol to
prevent the spread of the tumour.*!

This concomitant increase in the gene expression with these
parameters shows that CYC1 could be related to the progression
of the tumour. Similar results with high expression of CYCI
were obtained in a previous study in breast cancer tissues,
especially in those which involved lymph node metastasis and
was implicated in poor prognosis.["”) Furthermore, in this study,
a significant upregulation of mRNA expression in the OSCC
tissue samples using RT-PCR, compared to normal tissues,
highlighted the possible role of CYC1 in OSCC similar to
previous studies.® Given the fact that CYCI1 overexpression
is implicated in tumour progression in previous studies with
similar findings, CYC1 may represent a novel target for cancer
treatment and prevention.B”

Furthermore, the genetic alterations assessed using the TCGA
database showed association with missense mutations but none
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of them was novel according to our results. Missense mutations
of CYCI have been reported earlier in hyperglycaemia and
ketoacidosis, apart from cancer.’"! In our study, since the
mutations were not novel, it could be considered for any
further analysis.

Furthermore, PPI and its functional enrichment analysis
showed the crucial role of CYC1 in various mitochondrial
functions. Numerous studies have demonstrated that the
mechanisms controlling the ETC might be deregulated in
cancers depending on the level of dysfunction which can be
pertinent therapeutic targets.”*! Our study also reiterates that
CYCI1 could be an important protein target in OSCC owing to
its regulatory role in mitochondrial metabolism.[?!

According to the literature and our observation, although it is
clear that CYC1 is required for the adequate functioning of
mitochondrial complex III, inhibiting CYC1 completely may
also prove to be harmful to normal cells, making it a debatable
molecule for therapeutic use.?*! But as a cancer therapy target,
based on previous findings, CYC1 knockdown has been shown
to efficiently block metastasis in cancer cells.””) More studies on
CYC1 gene expression with a higher sample size and functional
analysis of the correlation with tumour susceptibility progression
in cell lines or animal models are warranted which is a limitation of
our study, especially to analyse its relevance as a therapeutic target.

CoNcLusION

The CYC1 upregulation of mRNA expression in the HNSCC
cases from TCGA dataset and OSCC patient tissues and the
former’s association with advancing disease markers such
as grade, stage, and metastasis has spotlighted the use of
CYCI1 as a potential biomarker to indicate the progression
of OSCC, especially in metastasis. Despite the enormous
research, the prediction of prognosis and progression of cancer
is still elusive. Hence, there is an urgent need to unearth such
novel prognostic parameters that are sufficiently specific
and sensitive to optimise therapy and prognosis with patient
stratification in the current scenario.
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