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Reactive Oxygen Species Modulator 1 (ROMO1), a New Potential
Target for Cancer Diagnosis and Treatment

Mohammad Amin Amini', Seyed Saman Talebi’, and Jamshid Karimi'"™*

Departments of Clinical Biochemistry and *Internal Medicine, School of Medicine, Hamadan University of Medical Sciences, Hamadan,
Iran

Article History:
Received May 24, 2019
Revised June 14, 2019
Accepted June 19, 2019

Today, the incidence of cancer in the world is rising, and it is expected that in the next
several decades, the number of people suffering from cancer or (the cancer rate) will
double. Cancer is defined as the excessive and uncontrolled growth of cells; of course
(in simple terms), cancer is considered to be a set of other diseases that ultimately causes
normal cells to be transformed into neoplastic cells. One of the most important causes
of the onset and exacerbation of cancer is excessive oxidative stress. One of the most
important proteins in the inner membrane of mitochondria is Reactive Oxygen Species
(ROS) Modulator 1 (ROMO1) that interferes with the production of ROS, and with in-
creasing the rate of this protein, oxidative stress will increase, which ultimately leads
to some diseases, especially cancer. In this overview, we use some global databases to
provide information about ROMOL1 cellular signaling pathways, their related proteins
and molecules, and some of the diseases associated with the mitochondrial protein, es-
pecially cancer.
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portant factor that researchers consider as an important

INTRODUCTION

Cancer consists of a series of diseases of which the main
feature is the unregulated cell growth, invasion, and dif-
fusion of cells from their original location and places to the
rest of the body. A malignant tumor is composed of cells that
are significantly different from normal cells, morphologi-
cally, and physiologically.' Neoplasm is the leading cause
of death in industrialized countries and is the second lead-
ing cause of mortality in developing countries.” The main
reason for an increase in cancer in developed countries is
the aging of demographic tissue, the spread of dangerous
behaviors such as smoking, lack of exercise, and western
food habits.? In 2008, there were about 13 million cases of
cancer and about 8 million deaths worldwide.? Key genes
that fail in cancer are divided into five groups: 1) Proto-car-
cinogens (proto-oncogenes) 2) DNA repairing genes 3)
Tumor suppressor genes 4) Genes involved in apoptosis
and 5) Genes involved in telomere homeostasis.*® Any dis-
ruption in the function of any of these genes can lead to
cancer.*® In addition to these cases, currently, another im-
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part of starting and exacerbating cancer is increasing oxi-
dative stress and many studies have been carried out on
this around the world. Researchers have used many mark-
ers for diagnostic, therapeutic, and prognostic evaluation
of cancers,”® however, because of diversity in the molecular
mechanisms, new markers are always needed.

MATERIALS AND METHODS

In this overview, we use international databases such as
Pubmed, Google scholar, Scopus and Web of sciences. By
using keywords ROMOL1, oxidative stress, ROS, cancer,
and diseases, we could find information about the ROMO1
protein, its associated signaling pathways, and the dis-
eases in which this protein might interfere with them, espe-
cially cancer.

OXIDATIVE STRESS AND ITS EFFECTS

Reactive Oxygen species (ROS) are endogenously gen-
erated by the electron transfer route in the mitochondria,
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as well as in other metabolic directions.”'® External and en-
vironmental factors are also involved in the development
of ROS, such as chemicals and types of radiation.""® ROS
plays different key roles in the normal cell process, so a par-
ticular amount of ROS is required for normal cell operation
(function)."”” The accumulation and change in the level of
these molecules can have a key role in the cellular activity,
which is related to the concentration of ROS in the cell. ROS
in the cell can cause excessive activation of some signaling
pathways, where they convert normal cells into cancer
cells.””ROS in cancer cells can cause tumor growth, cellular
invasion, metastasis, and angiogenesis and eventually
leads to neoplasm or other diseases.""® Generally, altered
levels of ROS can cause cell damage, inflammation, and
mutation to DNA, all of which mau ultimately end up with
cancer."” These molecules are responsible for more than
95% of the tissue damages at the molecular level, which can
lead to cancer.™

STRUCTURE OF ROMO1

Reactive Oxygen Species Modulator 1 (ROMO1) is one
of the proteins involved in the production of ROS by com-
plex IIT of the mitochondrial electron transport chain.
Other names for this protein are hGlyrichin, Epididymis
tissue protein Li 175 and Mitochondrial targeting GxxxG
motif protein (MTGM2), and the mitochondrial protein are
made up of 79 amino acids and its chromosomal location
is 20q11.22. In 2018, Lee et al.' proposed different roles
for this protein. They determined that Homo sapiens
Romol has two transmembrane domains (TMDs), each of
which consists of an o helix and are joined by a basic loop.
They stated that TMD1 has a hydrophobic o helix, but
TMD2 consists of polar amino acids (K58, T59, Q62, S63,
T66, and T69). These amino acids are individually sepa-
rated by other amino acids, and there are 3.6 amino acids
in a-helical turn. It was suggested that the amino acid se-
quences of ROMOL1 in 82 of 247 animal species were almost
identical with that of H. Sapiens Romol, which indicates
that the sequence is protected among them. Due to the
small size and the hydrophobic nature of ROMO1, they
were not able to identify the structure of this important mi-
tochondrial protein by using x-ray crystallography or nu-
clear magnetic resonance (NMR) imaging methods, but by
using structural bioinformatics, they proposed ROMO1
structure, as a hexameric model."

ROMO1 AND CELL BIOLOGY

Lee et al."”” showed that Romo1 could be formed in the
membranes of homo-oligomers in the inner membrane of
mitochondria. They are considered a family of virus-en-
coded non-selective ion channels, class II viroporin, that in-
cludes small a-helical transmembrane proteins with one
amphipathic helical TMD in order to determine the role of
biophysical ROMO1 in the mitochondrial membrane. In
these types of channels, there are two TMDs, one amphi-
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pathic helical TMD, which is required for these channels
to build homo-oligomeric non-selective ion channels. Due
to this similarity in the structure of ROMO1 and class II
viroporin, they suggested that ROMO1 could be a viropor-
in-like eukaryotic ion channel. Since it has been shown that
ROMOL1 can be as a viroporin-like eukaryotic ion channel,
therefore, the homo-oligomeric form of ROMO1 can cause
permeability in mitochondria membranes, like viroporins.
In the structure of ROMO1, mentioned above, which con-
sists TMDs, C-terminal amphipathic helix TMD2 in this
structure is required for the pore-forming activity. As men-
tioned, ROMO1 could have the same role like viroporins,
and the viroporin-like eukaryotic ion channel; therefore,
ROMO1 can be inhibited by viroporin inhibitors, such as
hexamethyleneamiloride (HMA) but not by amantadine,
rimantadine, or N-nonyldeoxynojirimycin. On the other
hand, by using viroporin inhibitors, HMA, the membrane
potential (AWm) increases by the inhibition of ROMO1.
However, it has been shown that this mitochondrial pro-
tein can act as a non-selective cation channel like class II
viroporins. We know that some transition metal ions (Cu®,
Zn**, and Fe*) are very important in mitochondrial physio-
logical activity, such as controlling the production of ROS.
Lee et al.”” found that in the mitochondria membrane, Fe**
can be used to control and reduce the activity of ROMO1.
Generally, they concluded that ROMO1 could act as a hex-
americ, non-selective cation channel in a manner analo-
gous to viroporins. Na et al.’® used the Romo1l siRNA, in-
hibit extracellular signal-regulated kinases (ERK) path-
way that plays a role in cell proliferation, which was acti-
vated by Romol-induced ROS. The role of this important
mitochondrial protein in this study reconfirmed.'* ROMO1
can stimulate cellular proliferation by producing ROS and
activating some of the various signaling mediators, such
as ERK,'® TGF-p route, and their factors, which consist of
Smad2/3, extracellular matrix (ECM) proteins, and
Epithelial mesenchymal transition (EMT) factors;'” there-
fore, ROMO1 can affect these signaling pathways.
Dickkopfl (DKK1) is an important protein that can inhibit
and interact with signaling pathways such as Wnt/B-cat-
enin, as well as DKK1 affects ROMO1 gene expression and
inhibits its gene.'® Spermine is one of the most important
polyamines that is involved in cellular protection and the
protection of membrane function and structure. ROMO1
can also be associated with spermine because during the
research on the antioxidant effect of spermine. They found
that spermine can not only have anti-apoptotic effects but
it could also lead to fewer numbers of ROS by reducing the
expression of ROMO1 gene; therefore, this research shows
that ROMOL1 can associate with polyamins such as sper-
mine and affect fertility." Matrix metalloproteinases
(MMPs) acts in an especially key role in the regeneration
and improvement of an organ in living organisms.* It has
been determined that MMPs activity can be set to ROS,
which itself increases through some pathways and factors
such as growth factors, cytokines, tumor promoters and
ROMOL1, so ROMOL1 can effect MMP and activate these en-

137



ROMOT1 and Cancer

zymes through the production of ROS.*» ROMO1 affects nu-
clear factor kappa-light-chain-enhancer of activated B
cells (NF-kB) route, the mitochondrial protein that can in-
crease ROS and this increase of ROMO1-induced ROS can
be achieved by controlling and decreasing the inhibition of
kB kinase (IKK); therefore, the NF-xB pathway can be acti-
vated, which will cause invasion and proliferation in cancer
cells (Fig. 1).* Moreover, in 2015, Shyamsunder et al.,”” con-
ducted research and proved that ROMO1, in addition to the
direct impact on the NF-«B pathway by ROMO1-induced
ROS, could result in the production of epithelial to mesen-
chymal transition (EMT) factors from the NF-«B pathway
and in this study EMT factors such as SNAIL1, 2 and
MMP2 were increased as well. As we know, the EMT proc-
ess can cause invasion and metastasis through damaging
the cell-to-cell connections and losing the cell adhesion,
therefore, ROMOL1 can result in an invasion and meta-
stasis by inducing NF-kB-driven EMT factors (Fig. 1).*
One of the (most) important regulatory genes and proto-
oncogenes in cell cycle activity and mitosis is the Myc
family. The Myc family includes three associated human
genes:, l-myc, n-myc and c-myc. This protein is increased
in response to cell division and mitosis, and its expression
level is strongly controlled by transcriptional, transla-
tional and post-translational mechanisms. The main mech-
anism for the loss of this protein is ubiquitin-mediated
proteolysis. Myc is poly ubiquitylated via E3 ubiquitin li-
gases that consists of Skp2, the F-box proteins and Fbw?7.
It is known that Skp2 can restrain some Cdk inhibitors and
tumor suppressor proteins such as p27Kipl, p57Kip2,
p130 and Tobl. In addition, previous studies shown that
Skp2 is overexpressed in cancer cells. As the role of the two
proteins (Skp2 and Myc) mentioned, Lee et al.”® showed a
link between ROMO1, Skp2 and Myc. They introduced a
new pathway as a negative feedback during G1 phase for
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FIG. 1. This figure shows two important pathways that ROMO1
can play in the onset and progression of cancer. As we can see, it
is possible to control this important protein using a Modulator,
drug or everything and ultimately, with the signaling pathways,
we can counteract with onset and progression of neoplasm.
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Myec. They showed that if a cell is stimulated for mitosis,
the level of Myc protein will increase for cell division. With
increasing (the amount of) Myc, the expression of ROMO1can
be enhance, as we know; an increase of ROMO1 can result
in excessive release of ROS. ROMO1-induced ROS, even-
tually it can cause the cytoplasmic translocation of Skp2
for the degradation of Myc by ubiquitylation. For this rea-
son, ROMOL1 is introduced as a negative feedback regulator
for Myc ubiquitylation.”® As mentioned, this mitochondrial
protein presents in the mitochondrial inner membrane
that can affect dynamic and mitochondrial shapes. The
overlapping with The M-AAA Protease 1 Homolog (OMA1)
gene encodes a zinc-dependent metalloendopeptidase, which
is an enzyme that is dependent on the mitochondrial inner
membrane and contains 524 amino acids.**** The mito-
chondrial inner membrane has two proteases called
m-AAA (AFG3L2) and i-AAA (YMELL), the type m-AAA is
located in the inner membrane of the mitochondria and
type i-AAA is in the inter membrane space.”** m-AAA pro-
tease 1, in function, overlaps with enzyme OMA1.>**® On
the other hand, there are some GTPases in the mitochon-
drial membrane, such as mitofusins and Optic Atrophy
Protein 1 (OPA1), which are involved in regulating and dy-
namically balancing mitochondrial membranes.”** OPA1
protein has different isoforms that are generated by two
proteins, OMA1 and YME1L,*? and are located in the mi-
tochondrial membrane, which contains various isoforms
that cause the dynamic regulation of mitochondria.*** To
be more precise, m-AAA makes pre-pro-OMA1 to the pro -
OMAL, and pro-OMA1 along with YME1L affect different
locations of OPA1 and create OPA1 isoforms.**** Recently,
in one study on cell culture, researchers defined the role of
ROMOL1 as a protein that has translocase properties and
with losing the activity of ROMO1, the processing of OPA1
and mitochondrial dynamics are affected.?

Now, if event mutations in the genes of these proteins are
involved in the development of OMA1, conditions of oxida-
tive stress will be provided, which eventually results in the
increased activity of the enzyme OMA1 and excessive pro-
duction of one of the isoforms of OPA1, especially short-iso-
forms, and will lead to mitochondrial degradation.”** There
are several essential proteins in mitochondrial membranes.
The important proteins in the internal membrane are
known as the Tim17 family of proteins that include Tim17,
Tim22, and Tim23 and in the outer membrane are known
as TOM22, TOM20 and TOM40. These mitochondrial pro-
teins play a key role in the translocation of materials from
the width of mitochondrial membranes. In 2016, it was
proved by Zarsky and Dolezal”’ that the human ortholog
ROMO1 has special homology with Tim17 family, so
ROMOL1 has some Tim17-like functions in the inner mem-
brane of mitochondria. One of the most important mole-
cules and mediators in inflammation is Tumor necrosis fac-
tor-a (TNF-a). On TNF-a signaling route, there are two
main pathways. One of these pathways ends with inflam-
mation and survival, which in this route, complex 1 can
launch mitogen-activated protein kinase (MAPK) and



NF-xB. Another way that ends in apoptosis is through the
activation of complex II where in ROS, a caspase cascade
and the mitochondria operation are called downstream
molecules. It has been shown in the research that ROMO1
can be a molecular mediator between TNF-o, and activation
of the pathway of apoptosis through an effect on TNF-a sig-
naling pathway. Components of complex II, which include
Fas-associated death domain protein (FADD), TNF re-
ceptor-associated protein with death domain (TRADD),
pro-caspase-8, TNF receptor-associated factor 2 (TRAF2),
receptor interacting protein 1 (RIP1), and TNF receptor-
associated protein with death domain (TRADD), can bind
to C-terminal of ROMO1 molecule. In the next section,
ROMOL1 by using B-cell lymphoma-extra large (Bcl-XL),
can decrease the mitochondrial membrane potential, which
produces ROS, and ROMO1-induced ROS can increase the
activation of c-Jun N-terminal kinase (JNK) and even-
tually inducing apoptotic cell death. Therefore, ROMOL1 is
involved in other important molecular signaling (apoptosis)
and in association with TNF-a, RIP1, TRADD, TRAF2,
FADD, pro-caspase-8, Bcl-XL, ROS, JNK molecules (Fig. 1).%

ROS at low levels play a key role in the growth and pro-
liferation of normal cells; therefore, their essential role in
the cell cycle, from G1 to S, should not be overlooked. One
of the most important cyclin dependent kinase inhibitors
(CKIs) is p27KIP1.”° p27KIP1 is another tie molecule in an-
tioxidant-associated cell cycle stop. As stated above, ROMO1-
induced ROS can be essential for normal cell proliferation
from G1 to S in the cell cycle, but there is a regulator in the
transmission and completion of the cell cycle and this regu-
lator molecule is p27Kip1l. For this reason, it can be said
that not only does ROMO1 contribute to the production of
optimum levels of ROS in proliferation of normal cells, but
it also can associate with some regulatory molecules in the
pathway of a cell cycle like p27Kip1.?® As mentioned ear-
lier, ROMO1 can be associated with planned cell death char-
acterized by DNA chopping and apoptotic bodies (apoptotic
pathways). More precisely, in different cell lines, it has
been shown that increased expression of ROMO1 could en-
hance ROMO1-derived ROS. As a result, this led to an in-
crease in the releasing of cytochrome C of the mitochondria
and triggering the caspases which act a key function in
apoptosis through triggering kinases like c-Jun N-termi-
nal kinase (JNK), apoptosis regulating kinase 1 (ASK1)
and p38, which eventually ends in cellular apoptosis and
cell death.”® Another interfering mecxhanism of ROMO1
in cell cycle is the activation of G2/M and diminishing phos-
pho-cde2, that with its relationship between G2/M and
phospho-cde2 can promote proliferation in cancer cells.*
Intra cellular conditions, temperature, and pH can affect
the level of gene expression and ROMO1 protein, as it has
been observed that the level of Romol is enhanced in acidic
pHs.?® Since ROMO1 can make a balanced state of oxida-
tive stress, its absence, such as with its over expression, can
be a problem in the mitochondrial membrane. In the ab-
sence ROMO1, OPA1 can’t be well oligomerized, and this
will damage the mitochondrial membrane and eventually
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lead to the enhancement of oxidative stress.** A scavenger
receptor (SRA) is one of the important subunits of scav-
enger receptors, which increases inflammatory responses
and infections. It has been shown that by stimulating this
protein, the ERK pathway will be activated. SRA could in-
crease neutrophil extracellular traps (NETs). NETs are
factors and are released by neutrophils to fight infectious
agents; therefore, these agents have antimicrobial prop-
erties. SRA uses the ERK pathway to activate NADPH oxi-
dase 2 (NOX2) and ROMO1 and the activation of these two
proteins can increase ROS, which will eventually lead to
NETs formation (Fig. 2). So, one of the other ways in which
ROMOL1 is involved is the path of activation NETs gen-
eration.”

ROMO1 AND CANCER

ROMOL1 is a mitochondrial protein that was first re-
ported in cancer tissue in 2006, in which tissues, ROMO1
produced a type of drug resistance.*® ROMO1, as a ROS reg-
ulating protein, has been seen in various neoplasm cells,
as well as in the invasion and has also been involved in pro-
gression of cancer cells.*® Previous studies that focused on
the recurrence of some cancers after chemotherapy showed
by using PCR, a gene expression of the protein has been in-
creased in these cancerous tissues, which has been able to
break through balance and can cause cancer recurrence
and resistance to chemotherapy.®” In 2006, Chung et al.*’
investigated different cancer cell lines associated with this
protein, which increased the expression of the ROMO1
gene in these cell lines. Also, in the study, they found that
the mitochondrial protein increased ROS in cells. In 2007,
Hwang et al.?® researched a variety of cancer cell lines re-
lated to ROMO1, which in these cell lines that increased
ROMO1-induced ROS, led to a drug resistance against
5-FU. ROMOL1, in addition to other pathways, can affect
MMPs through ROMO1-induced ROS, and it is possible
that this important mitochondrial protein is involved in
metastasis and cellular invasion of other organs.”’ Chung
et al.”! investigated liver cancer tissue samples and also liv-
er cancer cell lines, which increased ROMO1 gene in can-
cerous tissues compared with healthy adjuvant tissues,
and in hepatocellular carcinoma cell lines compared with
normal cell lines there was found a similiar increase in gene

Matrix Hsp70
FIG. 2. Scheme of how to put ROMO1 protein in mitochondria and
its relationship with TIM21, complex V TIM23 complex (TIM23,
TIM17A/B, TIM21, TIM50, and ROMO1 as well as TIM44 and
HSP70) and MITRAC.
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expression. In 2014, Lee et al.,* conducted research on peo-
ple with lung cancer. They compared protein levels of
ROMOL1 in cancerous tissues with healthy individuals, and
found that ROMOL1 in cancer samples was significantly
increased. In addition, they measured the amount of mi-
tochondrial protein by using ELISA method in the serum
of non-small cell lung cancer (NSCLC) individuals and nor-
mal subjects, and since its serum level in patients showed
a significant increase compared with healthy subjects,
they introduced ROMO1 as a biomarker in diagnosis
NSCLC.* Due to these proteins, ROMO1, OMA1, OPA1,
m-AAA and i-AAA are involved in mitochondrial mem-
branes, all of which are responsible for organizing and sus-
taining mitochondria. ROMO1 affects OPA1 and in this
way affects the maintenance of the mitochondrial mem-
brane structure. In a study by Norton et al.,** they found
that the reduction or destruction of ROMO1 could disrupt
the oligomerization of OPA1, and regarding to role of OPA1
in maintaining and integrity of mitochondrial membranes,
the mitochondrial membrane would be damaged. On the
other hand, an increase of ROS in the cell, can activate the
pathway of apoptosis by releasing cytochrome C, which ul-
timately results in cell death, and the enhancement of
ROMO1-induced ROS trigger cancer eventually.**

We know that one of the important tumor markers used
today in diagnostic laboratories is carcinoembryonic anti-
gen (CEA). This tumor marker is significantly increased in
some cancers, which is why it is used to detect various can-
cers, but unfortunately, the enhancement of this marker
tumor cannot be attributed to just one type of cancer, so its
specification is not high. Generally, today, in the world,
CEA has been identified as one of the most important tumor
markers for the diagnosis of malignancies and even other
illnesses.*’ In 2017, Chen et al.,*® conducted research in or-
der to differentiate malignant from benign pleural effusion
and concluded that in patients with malignant pleural effu-
sion compared to benign pleural effusion, serum levels of
CEA and ROMO1 have increased significantly. For this
reason, they stated that this mitochondrial protein
(ROMO1) could be important in distinguishing between
malignant pleural effusion and benign pleural effusion as
much as CEA, and ROMO1 was introduced as one of the
most important proteins in the diagnosis of certain dis-
eases, particularly in malignancy.*’ As mentioned, the mi-
tochondrial protein can have anti-chemotherapy effects, as
this property was proven during a research conducted by
Lee et al.*! on people with Non-small Cell Lung Cancer.
They saw this anti-chemotherapeutic property because of
the high expressions ROMO1, as this enhancement of mi-
tochondrial protein led to an increase in the ROS pro-
duction and could counteract the antioxidant properties of
platinum.*!

It has been shown that genetic polymorphisms of ROMO1
gene and their estimated haplotypes can be associated with
an increased risk of gastric cancer (GC) and can make peo-
ple susceptible to this deadly cancer. Of course, along with
this factor for developing GC, a number of other factors,
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such as tobacco and alcohol consumption as well as H.
Pylori infections, are mentioned.*

One of the most important and deadly cancers associated
with the digestive system is colorectal cancer (CRC), which
is rising in the world. In the context of its early diagnosis
and good prognosis for this cancer, extensive research has
been done. One recent study of this lethal cancer was car-
ried out in 2017 by Kim et al.,*® and they showed that
ROMOL1 could lead to lymphatic incursion of primitive tu-
mors in CRC, that is an especially key cause of lymphatic
metastasis which suggests that increased expression and
ROMO1 protein have poor prognoses for CRC.

Human glioblastoma (GBM) is another important and
deadly tumor in humans, which is the most invasive and
current primitive brain neoplasm and can happen at any
stage of life. The average survival for GBM is about 1.2
years from diagnosis and a half-year for regression GBM
despite tumor removal surgery, radiotherapy, or chemo-
therapy. In a study conducted on people with this malig-
nancy, they discovered that ROMO1, by interfering in cell
cycle, stimulating G2/M and reducing phospho-cdc2, pro-
motes tumor growth and proliferation in the early stages
of cancer cells in the brain. Ultimately, they introduce this
protein as a new goal in treatment and detect this ma-
lignancy.” In 2013, Kim et al.,'® investigated two lung can-
cer cell lines and concluded that DKK1 could be associated
with ROMO1 and negatively regulated the expression of
its genes, which reduced the production of ROMO1-induced
ROS in cancer cell lines. Recently, researches have shown
that oxidative stress can contribute to the development and
pathogenesis of lung disease as well as chronic obstructive
pulmonary disease (COPD) and pulmonary fibrosis, which
can eventually become lung cancer. Shin et al.*’ performed
a study on lung tissues in individuals with idiopathic pul-
monary fibrosis (IPF) and they observed that ROMO1 in-
creased the expression of its genes and proteins in patients
with IPF, and proposed that ROMO1 could induce apopto-
sis by the enhancement of oxidative stress in lung epi-
thelial cells, leading to disease progression and possibly
lung cancer.

ROMO1 AND OTHER DISEASES

Oxidative stress, in addition to starting and exacerbat-
ing growth of cancer cells, can damage sperm maturation
and cause infertility. As we know the relationship between
ROMOL1, spermine and fertility, the management of ROMO1
can also be effective in treating some infertility problems."
Recently, in a study on the characteristics of dog sperm, it
has been shown that factors such Iodixanol supplementa-
tion can reduce the amount of ROMO1 gene expression,
which ultimately leads to the reduced amount of ROS in the
cell and will improve the characteristics of sperm.**

As proven in the previous studies, ROMO1 increases in
diabetic conditions and can lead to tissue damage such as
diabetic nephropathy (DN), which this condition can ulti-
mately cause kidney diseases such as, fluctuations in ap-



pearance and action of kidney, including nephrotic syn-
drome, glomerular hypertrophy, pressure increase, ex-
cretion of albumin from urine and renal fibrosis. It has been
observed that ROMOL1 increases in diabetic conditions and
this enhancement of the mitochondrial protein can in-
crease ROS. John et al.*’ conducted a study on diabetic
nephropathy in mice in 2017. They were able to reduce the
expression of genes and ROMO1 by using GYY4137 as an
H2S donor, which is why this molecule is known as a potent
anti-oxidant, anti-inflammatory and the protection of cell,
which reduced the symptoms of diabetic nephropathy in
mice; Therefore, this important membrane protein can also
be involved in diabetes and its related diseases.'®*
ROMO1 and ROMO1-derived ROS are two interdependent
components and together, interact with different signaling
pathways in various diseases.

One of the diseases in which ROMO1 and ROMO1-derived
ROS were investigated, is renal interstitial fibrosis (RIF),
the earlier pathological mechanism of a variety of renal dis-
eases and causes end stage renal diseases (ESRD). It has
been shown that ROMO1 can affect TGFf signaling path-
way and related factors, consisting of Smad2/3, extracel-
lular matrix (ECM) proteins and epithelial-mesenchymal
transition (EMT) factors that result in the deterioration of
RIF. Liu et al.,"” suggested that this important mitochon-
drial protein can function as a new marker for the diagnosis
and treatment for RIF.

As it has been said, cancer and type 2 diabetes mellitus
(T2DM) are two of the most concerning diseases in the
world, and their association with increased oxidative
stress has been identified, as well as the relationship be-
tween ROMO1 and oxidative stress. One of the most im-
portant and common disorders of T2DM is diabetic retinop-
athy (DR). The rs6060566 polymorphism of the ROMO1
gene has been studied, so it was found that the rs6060566
polymorphism of the ROMO1 gene could be a risk factor for
DR in T2DM patients.*® Nowadays, with the advent of bota-
nical science, plants are used to treat many different dis-
eases, and we know that important diseases are caused by
disrupting the antioxidant and oxidative systems. It has
been shown that oxidative stress can be reduced by using
botanical science with a specific plant called mulberry
leaves. Further investigations revealed that this plant re-
duces the amount of oxidative stress by decreasing the ex-
pression of ROMO1 gene and protein,*’ so with more re-
search, different plants that affect this mitochondrial pro-
tein which can reduce oxidative stress can be discovered
and even potentially play a role in the treatement of dis-
eases like cancer. Caveolae (“tiny caves”; accumulation of
caveola), that are a kind of lipid raft, are a tiny (500-1000
Angstrom) unsheathed the cell membrane in different cells
kinds, particularly embryonic cells, adipocytes, and endo-
thelial notochord cells. These flask-liked structures have
proteins, lipids such as sphingolipids, and cholesterol and
perform a role in signal transferring. Caveolae plays a key
role in mechano-protection, mechano-sensation, oncogen-
esis, and the entrance of microorganisms such as some bac-

Mohammad Amin Amini, et al

teria and viruses.**”’ Since oxidative stress can also lead
to cardiovascular disease and hypercholesterolaemia, it
has been shown that using Caveolin-1 can reduce the symp-
toms of hypercholesterolaemia and its effects, and this is
due to the significant reduction of ROMO1 and ROMO1-
derived ROS. Therefore, it can be concluded that ROMO1
can also be involved in the development of cardiovascular
disease and hypercholesterolaemia.”’ Obstructive Sleep
Apnea Syndrome (OSAS) introduces repetitive incidents
of temporary reduction and disrupts the oxygen supply,
which leads to apneas and hypopneas among sleeping.
When repetitive intermittent hypoxia and oxygen desatu-
ration occur during sleep, some metabolic changes are trig-
gered in the body, causing a loss of balance in the oxidant
and antioxidant system, which ultimately increases oxida-
tive stress and inflammation. Previous studies have shown
that OSAS can cause various disorders such as systemic ar-
terial hypertension, coronary artery disease, stroke and
diabetes. Studies have shown that the mitochondrial ROMO1
protein can be a potential contributor to the development
and progression of OSAS. Since it has been shown that
ROMO1 has increased dramatically in the serum level of
patients with OSAS, and introduced the protein as an im-
portant factor in the pathogenesis of disease, as well as of-
fered ROMO1 for screening this respiratory disease.’” As
stated, ROMOL1 can engage in various activities in cells,
and in relation to different signaling pathways, but an in-
teresting feature in relation to this mitochondrial protein
is its anti-bacterial property. Sha et al.,” showed that ROMO1
could kill Escherichia coli BL-21 by penetrating the bacte-
rial membrane. This anti-bacterial ROMO1 property is due
to a special part of its structure called pCM19 peptide, cor-
responding to amino acids 42 to 60. This region has given
antibacterial functionality to this protein.

By using a direct injection of pCM19 peptide into the body
of the mice, Sha et al.” found that the peptide could kill vari-
ous bacteria, especially multi drug resistant (MDR) bac-
teria, with an efficiency of 100%. The interesting thing
about this peptide was the lack of side impressions such as
hemolysis, inside and outside of the condition of physiology
of the body. So, it is hoped that ROMO1 can be used as an
alternative drug in place of some antibiotics, specially
MDR for killing bacteria, in the future.”® As has been men-
tioned earlier, ROMO1 can be involved in the production
of ROS and their transfer to cytosol, and ROMO1-derived
ROS is required for the growth of natural cells and also in
cancerous cells. As we know, if ROMO1-induced ROS is
produced too much and cannot be controlled, it can contrib-
ute to aging by damaging DNA. For this reason, in addition
to the various effects of ROMOL1 in the cell and on other mol-
ecules, the increase of ROMO1 expression can be related
to the aging process.™

CONCLUSION

As we know, cancer in the world is increasing, and the
most important causes are the increase of free radicals, but

141



ROMOT1 and Cancer

the causes of cancers are multi-factorial and also include
inheritance and genetic mutations, environmental factors
such as diet, stress, physical activity, lifestyle, exposure to
radiation, etc. However, when cancer occurs, it should be
identified at an early stage to lower costs and shorten recov-
ery time. For this reason, a number of tumor markers in
clinical laboratories are used to diagnose and identify a
neoplasm. However, according to the information men-
tioned above, this important mitochondrial protein (ROMO1)
can have features to be used in diagnostic laboratories, as
a tumor marker. Not only can this protein be used to diag-
nose some cancers, but it can also be used as a therapeutic
option. Since ROMO1 is associated with the level of oxida-
tive stress and the production of ROS in cancerous cells,
and by modulating its expression, it can reduce the symp-
toms of cancer and responds better to chemotherapy, be-
cause one of the most important causes for the incidence
of cancer is the increase of free radicals and ROS. In addi-
tion, as mentioned, ROMO1 can have antibiotic properties
and can be used in microbiology and infectious diseases in
future. However, for a molecule to be used as a marker or
drug, more detailed and wider research is needed, and more
research is needed for ROMO1.
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