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1. Abstract

Introduction: Cancer is the leading cause of death
globally according to WHO in 2020. It is initiated by ge-
netic mutations that occur due to numerous factors. The
aim of the review: This review provides a clear view of
the potential use of chromosome 6 open reading frame 106
(C6orf106) as a biomarker, based on previous studies. Re-
sults: Recent studies have investigated the association of
C60orf106 with breast cancer and non-small cell lung cancer
and showed that silencing C6orf106 leads to inhibition of
malignancy in both diseases, as well as showing a positive
correlation between C6orf106 expression and malignancy.
Other studies demonstrated the interaction of C6orf106
with other malignancy factors that play a role in many can-
cer types, such as cyclin A2, cyclin B1, N-cadherin, E-
cadherin, c-MYC, p120ctn, and vimentin. These factors
play a significant role in cellular adhesion and the regu-
lation of the cell cycle. C6orf106 is a potential target for
numerous cancers, not only non-small cell lung cancer and
breast cancer. In conclusion: understanding the connec-

. Chromosome 6 open reading frame 106 (C6orf106) structure

tion of C6orf106 with crucial malignancy factors makes it
clear that C6orf106 is a potential therapeutic target and di-
agnostic biomarker for many disease cancer.

2. Introduction

Cancer is a disease that occurs as a result of uncon-
trolled proliferation and invasion of cells in various sites
of the body. The leading cause of cancer is mutations in
genes responsible for apoptosis, cell growth, and division,
and DNA repair [1]. Genetic changes that contribute to car-
cinogenesis can be inherited or acquired in genes that play a
role in cell-cell adhesion and cell cycle regulation [2]. Ac-
cording to the Global Cancer Observatory, the estimated
mortality of cancer in 2018 was 9.5 million, with approxi-
mately 25% of deaths caused by breast and lung cancer [3].
There are several reasons for this high lethality of cancer,
including malnutrition as the tumor progresses and inhibi-
tion of organ function [4]. Inhibition of organ function oc-
curs after the invasion of cancers cell in the stable tissues of
the organ and as angiogenesis occurs with cancer cells con-
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suming more nutrients from the body to survive [4]. One of
the main dangers of cancer is its metastatic potential, and it
can spread fast making it much harder to be therapeutically
controlled and targeted [4].

Current solutions to cure cancer vary based on the
type of cancer and its speed (rate to invasion). Generally,
patients are administered to a combination of therapy and
surgery, chemotherapy, and radiotherapy. Some cancers,
such as breast cancer, specifically Human epidermal growth
factor receptor 2 (HER2) positive breast cancer can be tar-
geted and treated based on the expression of specific genes
or pathways in the cancer cell which decreases the side ef-
fects of chemotherapy [5]. The danger of chemotherapy re-
mains a challenge since the drug will be affecting all types
of cells including the healthy ones, but in cancers with spe-
cific receptors, the target can be narrowed reducing the side
effects [6]. Another type of breast cancer is triple-negative
breast cancer, which lacks expression of any known cellular
markers that can be targeted therapeutically, this makes it
much harder to be treated without harming healthy tissues
[7]. Another challenge of cancer is an early diagnosis of the
malignant tissue, which allows the tumor to be removed as
early as possible before metastasis occurs [8].

A rising technique for detecting cancer cells in the
body is the screening of cancer biomarkers. A biomarker
is a traceable biological indicator such as molecules in the
body obtained from blood or tissue fluids, genes, and patho-
logical particles that are indicators of exposure, effect, sus-
ceptibility, or clinical disease. Cancer biomarkers can be
used at different stages of treatment, including screening,
diagnosis, pharmacodynamics, and prediction of recurrence
[9]. One example of a famous biomarker is BRCA1 (breast
cancer gene), a genetic test of BRCAT can estimate the risk
of developing breast and ovarian cancers in women [10].
The p53 tumor suppressor is another biomarker that is im-
portant in tumor suppression. As a transcription factor, p53
primarily suppresses tumors by regulating the transcription
of many target genes [11]. Another well-known biomarker
is the ERB2 gene in breast cancer, which determines the
response to trastuzumab [9]. Another known biomarker
which has been reported recently is Kirsten rat sarcoma vi-
ral oncogene homolog (KRAS), an oncogene and member of
the RAS family is an example of a highly mutated gene in
non-small cell lung cancer (NSCLC) patients [12]. A study
has shown how KRAS mutation may be a prognostic factor
of colorectal cancer patients who undergo lung mastectomy
[13].

Cancer biomarkers are showing continuous
growth of discovery to take an essential role both ther-
apeutically and diagnostically. The open reading frame
(ORF) is a stretch of DNA encoding an uncharacterized
protein shown to have potential. Due to the novelty of
OREFs, studies on their association with cancer are scarce
with the emerging potential of cancer biomarkers. A study
by Delgado et al. [14] was able to identify 62 oncogenic

ORFs, one of them is C190rf62, which was found to be a
new component of the BRCA1-A complex in breast cancer.
Another example is C11or f93, which was found also in the
OREF region, which was correlated with colorectal cancer.
ORFs show a wide field of novel genetic associations,
most importantly in cancer. One of the novel emerging
biomarkers is chromosome 6 open reading frame 106
(C6orf106) that recently showed positive signs to be a
therapeutic target.

3. Role of genes in cancer

Cancer is a genetic disease and there are 2 types
of existing cancer genes: the oncogenes, which function
as positive growth regulators which are responsible for cel-
lular growth and differentiation, and the tumor suppressor
genes, which function as negative growth regulators that are
responsible for the genetic integrity, and the mismatch re-
pair (MMR) system which is capable of editing errors in
the genetic material during DNA replication [15]. The hu-
man MMR system consists of a group of proteins that ini-
tiate mismatch repair which if mutated could be responsi-
ble for the arousal of cancer, including the core proteins
MLH1, MLH3, MSH2, MSH3, and other proteins involved
in the DNA MMR pathway such as DNA polymerase delta,
RPA, and PCNA [16, 17]. Thousands of mutations may oc-
cur when DNA repair genes are not expressed, which fre-
quently occurs in cancer [18].

4. Chromosome 6 open reading frame 106
(C60rf106) structure

C6orf106 arising as a novel marker as its associ-
ation was proven by its knockdown in several cancers, in-
cluding NSCLC and breast cancer [7, 19]. C6orf106 was
found to have an association with molecules responsible for
cell cycle regulators such as cyclins and cellular adhesion
molecules [19]. In this review, we summarize the recent in-
sights regarding C60rf106 and we share the current knowl-
edge about C60rf106 and its possible implications in can-
cer.

4.1 C6orf106 gene location

C60rf106 recently named ILRUN (Inflammation
And Lipid Regulator With UBA-Like And NBR1-Like Do-
mains) is found at chromosome 6 at the exact cytoband lo-
cation p21.31 (Fig. 1, Ref. [20]) [7]. Approximately 6% of
the human genome is found on chromosome 6 and the ter-
minal sequence includes 166,880,988 base pairs which is
the largest chromosome sequence [21]. The previous hgnc
symbol for the ILRUN gene was C6o0rf102. The protein
coding gene ILRUN functions as a negative regulator of in-
nate antiviral response. It acts as a suppressor of the innate
antiviral response. blocks IRF3 (Interferon Regulatory Fac-
tor 3) -dependent cytokine production such as IFN (Human
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Fig. 1. C60rf106 gene location in the human chromosome. The figure shows the human ILRUN locus is organized genomically. (A) Schematic of the

human ILRUN gene, which is localized to chromosome 6; the chromosome image is from the Genome Decoration Page (NCBI). The direction of gene

transcription is indicated by arrows. (B) The human ILRUN gene’s intron-exon organization. (C) The ILRUN gene produces three transcripts; ILRUNa

lacks exon 2 and exon 1 is 5 0 terminally truncated [20].

type I interferons)-c«, IFN-/3 and TNF (Tumor necrosis fac-
tor). Interacts with IRF3 and prevents it from recruiting
to type I IFN promoter sequences, as well as lowering nu-
clear levels of the coactivators EP300 (p300) and CREBBP.
The protein details for the ILRUN gene are unknown, how-
ever a suggested name is protein ILRUN, with the accession
number Q9H6K1 [22]. Additional previous studies have
shown that genes in chromosome 6 directly relate to can-
cer, schizophrenia, autoimmunity, and many other diseases
[21]. A strong correlation was reported between 6p21.31
position and chronic lymphocytic leukemia, this observa-
tion strongly supports the association of C6orf106 and can-
cer [23]. In a study conducted to compare the molecular
features of basal-like tumors with the BRCA1 gene mutated
with basal-like tumors wild type, 6p21.31 was found ampli-
fied in basal-like BRCA1-mutated tumors [24]. Amplifica-
tion of the gene can ultimately lead to overexpression of the
protein it encodes. So, if the protein encoded by the ampli-
fied gene is a growth factor receptor that activates the cell
cycle for replication, this will ultimately lead to increased
proliferation of the cells. Basal-like breast cancer, a subtype
that also lacks (PR (Progesterone hormone receptor), ER
(estrogen hormone receptor), and HER2 (human epidermal
growth factor receptor 2) overexpression is characterized by
the overexpression of basal markers such as cytokeratins 5,
6, and 17 [25]. This indication can be used to be able to de-
termine novel biomarkers of basal-like breast cancer since
it lacks the well-known breast cancer biomarkers.

4.2 C60rf106 expression

The expression of C60rf106 mRNA and protein
in various cell lines, tissues, and pathological samples have
been assessed by the elevated level of expression in certain
types of tissues may indicate the importance of C60rf106 as
a therapeutic target.

At the cellular level C6orf106 was detected in nu-
clear speckles of the cell and there are five cell lines found
to have the highest expression of C6orf106 mRNA. These
cell lines are HDLM-2 (Hodgkin lymphoma cells originat-
ing from pleural effusion), HAP1 (myeloid leukemia cells),
U-266/84 (lymphoid cancer cells originating from the pe-
ripheral blood), SiHa (female reproductive system cancer
cells arising from the cervix), and K-562 (myeloid cancer
cells originating from the peripheral blood) [26]. The ele-
vated level of expression of C6orf106 mRNA indicates how
C60rf106 can be used as a therapeutic target.

C6orf106 was also found to be expressed at the tis-
sue level in different organs from different systems. First,
several tissue types have shown some level of expression
of C6orf16 mRNA, but it was highest in the skeletal mus-
cle[27,28]. On the other hand, Protein expression is high in
the cerebral cortex, adrenal gland, nasopharynx, bronchus,
gallbladder, salivary gland, small intestine, colon, urinary
bladder, seminal vesicle, and breast [28]. One experimental
study performed a knockdown of CG5445 (the Drosophila
ortholog of C60rf106) and showed accumulation of ubiqui-
tinated proteins, which, in humans, leads to a neurodegen-
erative disease called amyotrophic lateral sclerosis (ALS)
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[28, 29]. Further experimental studies can be conducted in
vivo to help to determine the lethality of C6orf106 knock-
down. This will provide a better understanding of both the
benefit of targeting C60rf106 therapeutically and the func-
tion of the protein encoded by C6orf106.

5. Correlation between cancer and C6orf106

The main function of C6orfl06 in cancer, and
other diseases has not been well understood yet, however,
recent studies emphasized that there is a definite relation be-
tween the expression level of C6orf106 and triple-negative
breast cancer [7] and pancreatic cancer [30]. A recent
study also indicated that C6orf106 is an inhibitor of the an-
tiviral response by regulating interferon regulator factor 3-
dependent cytokine synthesis [31]. In the below two para-
graphs we summarize the recent knowledge about C6orf106
breast cancer and pancreatic cancer.

5.1 C60rf106 and breast cancer

Previous experimental studies have been con-
ducted to discover the relationship between C6orf106 ex-
pression and cancer progression. One study showed that
C6orf106 promotes the malignant progression of breast
cancer, specifically triple-negative breast cancer. The
methodology was based on patient cells, 78 samples of
healthy breast tissue, 59 samples of breast ductal carcinoma
in situ, 97 samples of triple-negative breast cancer (TNBC)
(a type of breast cancer cells that lack PR, ER, and HER2
expression, and 89 samples of triple-positive breast cancer
cells. The C6orf106 expression was examined in the re-
ported cells and they found C60rf106 is expressed in 97%
of breast ductal carcinoma in situ samples, 79.57% of inva-
sive breast cancer samples, and 3.85% of normal breast duct
glandular epithelial samples. Moreover, there was a posi-
tive correlation between the level of expression of C60rf106
and TNM stage (TNM staging well-known classification
system with T standing for tumor size, N for nearby lymph
node metastasis, and M for distant metastasis) (p = 0.001)
and lymph node metastasis (p = 0.018); however, there was
no correlation with age or expression of ER, PR, or HER2.
Studies have also examined the role of C6orf106 in MCF-
10A (normal human mammary cell line), MCF-7 (breast
cancer cell line), MDA-MB-231 (breast cancer cell line),
and BT-549 (breast cancer cell line) cells. Knockdown of
C6orf16 in MDA-MB-231 and BT-549 decreased the can-
cer cell’s ability to invade. Moreover, these cells also had
reduced levels of cyclin A2, cyclin B1, c-MYC, and N-
cadherin, whereas an elevated level of E-cadherin was ob-
served [7].

Another experimental study on NSCLC has
proven that C6orf106 enhances the invasion of NSCLC
cells by upregulating vimentin (A type 3 intermediate fil-
ament) and downregulating E-cadherin (A tumor suppres-
sor gene with cell to cell adhesion function) and p120ctn

(cell to cell adhesion molecule with signal transduction
role). In this study, tumor biopsies were obtained from
124 patients, 67 with adenocarcinoma, and 57 with lung
squamous cell carcinoma. After evaluation of lymph node
metastasis staging and level of differentiation, western blot-
ting was performed on 16 biopsies, of which 13 had in-
creased C6o0rf106 expression levels, compared to adjacent
non-cancerous tissues. Immunohistochemistry was also
performed on NSCLC tissues from patients and compared
with normal non-cancerous tissues from the same patient
and C6orf106 expression was either negative or weak in
normal bronchial epithelial and highly expressed in lung
cancer tissues. The study also performed gene silencing of
C60rf106 in HBE (Bronchial epithelial with cystic fibrosis),
A549 (adenocarcinomic human alveolar basal epithelial),
H460, H292 (mucoepidermoid pulmonary carcinoma), and
LK2 (squamous cell carcinoma) cell lines. Data of this
study also showed increased levels of C60rf106 mRNA in
all cell lines except HBE. Matrigel invasion assays were
also performed, showing a significant increase in cell inva-
sion of overexpressed C60rf106 cells, and a decrease in the
invasion when C60rf106 is silenced. Clinical studies have
found a correlation between C60rf106 overexpression and
clinicopathological features in NSCLC. A positive correla-
tion was found with TNM stage differentiation (and lymph
node metastasis C6orf106 overexpression also enhanced in-
vasion and knockdown decreased invasion also C60rf106
overexpression showed an upregulation of vimentin and
downregulation of E-cadherin and p120ctn [7].

5.2 C60rf106 and pancreatic cancer

Similar results were also shown in an experimen-
tal study examining the expression of C6o0rf106 in pan-
creatic cancer. C6orf106 was overexpressed in 91 sam-
ples of pancreatic tumor tissue. There was also a clear
correlation between the advanced TNM stage and lymph
node metastasis. Moreover, proliferation and colony for-
mation were enhanced after C6orf106 overexpression. This
study also identified C60rf106 as an activator of ERK (The
extracellular-signal-regulated kinase)-P9ORSK signaling,
which conducts communications between the cellular mem-
brane and the nucleus to regulate transcription [32].

According to the Human Protein Atlas, pancreatic,
ovarian, and breast cancer patients showed the highest per-
centage of expression of C6orf106 protein [28]. All these
studies confirm the correlation of C6orf106 with breast can-
cer and pancreatic cancer, although they do not provide a
clear association with cancer and malignancy in general.

6. C60rf106 interactors

Cellular functions and structure remain stable as
long as the responsible proteins are stable, but once one
protein is abnormally functioning, it can lead to an unstable
environment of cells, which can ultimately lead to cancer.
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Previous studies have identified C60rf106 as an interactor
with several factors that were already recognized to affect
carcinogenesis. In this section, we classified C60rf106 in-
teractors as signaling pathway factors, cellular receptors,
and adhesion molecules. The purpose of this section is to
provide an overview of recently discovered interactors and
how each of these interactors is affecting carcinogenesis
and how C60rf106 is interacting with it.

6.1 APP (Amyloid-beta precursor protein)

APP (Amyloid-beta precursor protein) has been
found in a reconstituted complex with C6orf106 [33]. In-
creased APP expression has a significant correlation with
cancer cell proliferation in various types of cancer, such
as pancreatic, lung, colon, and breast [34—36]. More-
over, APP and APLP2 (an APP family member) are related
to increased tumor cell proliferation, migration, and inva-
sion. Also, APP family members have essential functions in
many cancers, such as cancers of the prostate, breast, colon,
thyroid, lung, nasopharynx, and gastrointestinal tract [37].

6.2 ELAVL1

ELAVL1 a member of the ELAVL family of RNA-
binding proteins (RBPs), has been shown to interact with
C60orf106 by affinity capture-RNA [38]. Previous studies
have focused on this protein due to its ability in regulating
mRNA stability [39]. Several studies demonstrated the role
of ELAVL1 in cancer progression and metastasis in several
types of cancer including colorectal, breast, and pancreatic
cancer [40]. Previous clinical data showed that overexpres-
sion of ELAVL 1 was remarkably related to clinicopatho-
logical features, advanced stage, positive lymph nodes, and
reduced survival in cancer patients [41]. A clear view of the
interaction of ELAVL1 and C60rf106 remains unknown.

6.3 FBXO025

Another interactor is FBX025, a member of the
F-box family of proteins that play a crucial role in tu-
morigenesis [42]. Even though FBXO25 is highly ex-
pressed in prostate cancer, a study clarified the importance
of FBXO25 in the proliferation, migration, and invasion
of NSCLC [28, 42]. Also, it has been indicated that re-
expression of FBX025 in FBXO25-knockout Mantle Cell
Lymphoma (MCL) cells enhances cell death, demonstrat-
ing its function as a tumor suppressor [43]. Moreover,
they found that the knockdown of FBXO25 significantly
increased lymphoma development, which overall broadens
the idea of using C60rf106 as a therapeutic target because
of its biochemical interaction with FBXO25 [43].

6.4 Heat shock proteins HSPA

HSPA8 and HSPBP1, two genes encoding heat
shock proteins, have been shown to interact with vari-
ous proteins, including C60rf106 using mass spectrometric
methods [44]. HSPs are located both intracellularly and ex-
tracellularly, which allows them to protect the cell against

environmental stress and act as potent stimulators of the
immune response [45]. In a study conducted on endome-
trial carcinoma, siRNA knockdown of HSPAS8 reduced cell
proliferation, stimulated cell apoptosis, and suppressed cell
growth. HSPAS plays a significant role in endometrial car-
cinoma, and it has been used as a candidate biomarker in
the early diagnosis and therapy of Stage I endometrial car-
cinoma [46]. Another study on HSPBP1 showed that tumor
cells that have a high HSPBP1/HSP70 molar ratio are more
sensitive to anticancer drugs than those with a low rate [47].
According to Uhlen et al. [48], HSPAS8, and HSPBP1 are
overexpressed in colorectal, breast, prostate, and lung can-
cers. HSPBP1 has not been identified as a prognostic factor
in any human cancer; in contrast, HSPA8 is a prognostic
factor in colorectal, liver, and renal cancers. The signifi-
cance of the interaction with C6orf106 remains unknown.

6.5 MAP3K1

As mentioned earlier that a single molecule can
affect the entire signaling pathway of a cellular function.
The MAPK signaling pathway is activated by C6orf106 in
pancreatic cancer. This leads to the upregulation of sev-
eral factors that enhance tumor invasion [30]. MAP3K1
is a member of a signaling cascade pathway that regu-
lates the expression of cell cycle and differentiation pro-
teins and has been proven to have ubiquitination activity
with C6orf106, However the interaction is still not validated
yet [49, 50]. Several studies have shown that the expression
of the inactive form of MAP3K1 or mutating its cleavage
site will lead to the inhibition of MAP3K1-mediated apop-
tosis [51, 52]. MAP3K1 also plays a role in the migration
of cancer cells and silencing MAP3K1 results in decreasing
metastasis [53, 54].

6.6 SMURF1 (SMAD specific E3 ubiquitin-protein
ligase 1)

SMURF1 is another gene proven to interact with
C60rf106 for ubiquitination and found highly expressed in
pancreatic, colorectal, and breast cancer tissues [48, 55].
SMURF1 plays a role in protein ubiquitination, which can
regulate the cell cycle and tumor formation and progression.
SMUREF1 encodes an E3 ubiquitin ligase that promotes the
ubiquitination of targeted molecules [56]. This specificity
of the E3 ligase and the proven interaction of SMURF1
with C6orf106 suggests that SMURF1 is used to degrade
C60orf106 protein, which may cause inhibition of metasta-
sis, yet the nature of C6orf106 and SMURF1 remains un-
determined.

6.7 TRIM25 (tripartite motif containing 25)

TRIM?25 is a member of the tripartite motif fam-
ily, which are also E3 ubiquitin ligases [57, 58]. TRIM25
ubiquitinates bind to estrogen receptor alpha in the presence
of estrogen, and also ubiquitinates its coactivators, leading
to their degradation [57]. A previous study has also shown
a role for TRIM25 in lung cancer; siRNA knockdown of
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TRIM?25 caused inhibition of cancer cell migration and pro-
liferation [59]. Mutant P53, a well-known carcinogenesis
factor, was found inhibited by TRIM25 [60]. A study has
been done to determine the targets of TRIM25 using affinity
capture RNA process identified C6orf106 as one of the tar-
gets [61]. The significance in the therapeutic or diagnostic
scope remains unknown.

6.8 RPSA (ribosomal protein SA)

RPSA is a multifunctional protein that acts as a
cell surface receptor for laminin. There is a correlation be-
tween the expression of RPSA and metastasis in several
cancers, including prostate, lung, ovary, and breast can-
cers [62]. RPSA can activate the MAPK signaling cas-
cade, which enhances the invasion and progression of can-
cer [63]. A study was done to establish the human liver
protein interaction network, demonstrated a physical asso-
ciation between C60rf106 and RPSA using a two-hybrid
experiment [64]. Further studies should consider whether
the malignancy rate increases when C6o0rf106 expression
increases alongside RSPA. If metastasis was found to be
growing when C6o0rf106 binds to RSPA, then we should
consider targeting the binding site of RSPA, which will in-
hibit the binding of these two proteins, resulting in inhibi-
tion of metastasis.

6.9 Exportin 1(XPO1)

The nuclear transport protein that exports several
proteins from the nucleus to the cytoplasm [65]. The previ-
ous study proved the interaction of XPO1 and C60rf106 us-
ing mass spectrometric methods, However the interaction is
still not validated yet [66]. Further studies should demon-
strate if C6orf106 expression is positively correlated with
XPO1 and malignancy, and how targeting XPO1 as a ther-
apeutic target to inhibit the transport of C6orf106 will result
in inhibition of cancer malignancy.

6.10 Cyclins

6.10.1 Cyclin A2

Cyclin A2 is a cell cycle regulator that is in-
creased during the S phase of the cell cycle [67]. A pre-
vious study conducted a knockout experiment of CCNA2,
the gene encoding cyclin A2, in mice treated with 7,12-
dimethylbenz(a)anthracene. The results showed that mice
with knocked-out CCNAZ or Cyclin A2 showed an increase
in tumor incidence, proving that cyclin A2 insufficiency
enhances tumor progression [68]. Another study demon-
strated C60rf106 as a novel biomarker for breast cancer also
showed that silencing C60rf106 reduced the expression of
cyclin A2 (Table 1, Ref. [5, 12, 60]) [7]. This was the first
study to suggest that C6orf106 plays a role in tumor pro-
gression.

Table 1. Summary of the impact of overexpressing C6orf106
on different regulators based on previous experiments.

Protein Impact of C60rf106 overexpression  Cell lines  Reference
MDA-MB-231
Cyclin A2 Downregulated [5]
BT-549
) MDA-MB-231
Cyclin B1 Downregulated [5]
BT-549
MDA-MB-231
C-MYC Downregulated [5]
BT-549
o A549
Vimentin Upregulated [12]
SPC
) MDA-MB-231
N-cadherin Downregulated [5]
BT-549
MDA-MB-231 [5]
. BT-549 [12]
E-cadherin Upregulated
A549 [60]
SPC
A549
P120ctn Downregulated [12]
SPC

6.10.2 Cyclin B1

Cyclin B1, encoded by CCNBI, is responsible for
the transition from the G2 phase to the M phase [69, 70].
Overexpression of CCNBI1 has been found in cancer cells,
especially in the prostate [69, 71]. Silencing CCNBI in KB-
3-1 (endocervical adenocarcinoma), SK-N-MC (neuroep-
ithlioma), MCF7, and HL-60 (human leukemia cell lines)
cells caused a decrease in cell growth only in MCF?7 cells,
but not in any of the other lines [69]. In another study, the si-
lencing of C6orf106 caused downregulation of cyclin B1G
(Table 1, Ref. [5, 12, 60]) [7]. That C6orf106 affects multi-
ple growth factors underlines the need to carefully develop
anarrowly targeted gene silencing technique to inhibit other
factors that contribute to metastasis.

6.10.3 Cyclin D1 and cyclin E1

Cyclin D1 and E1 are also upregulated in pancre-
atic cancer tissue as a result of activation of the MAPK/ERK
signaling pathway. An experimental study showed this re-
lationship by silencing C60rf106 and comparing the expres-
sion of cyclin D1 and E1 in the Panc1 and Capan?2 cell lines
(pancreatic cancer cell lines). Results have shown Pancl,
and Capan? cells with overexpressed C60rf106 had upreg-
ulated ERK signaling pathway, which regulates Cyclin D1
and E1 [30].

6.11 Myc

Myc is a family of proto-oncogenes activated in
more than half of human cancers [72]. Myc was found to
have a role in apoptosis signaling; however, this does not
apply in every case. Some cancers are reversed under the
suppression of Myc, meaning that Myc could be beneficial
in certain cancer situations and highly destructive in others
[72]. C-Myc is another gene that is downregulated by the
silencing of C60rf106 [7]. C-Myc is considered a master
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regulator that impacts both cellular metabolism and cellu-
lar growth [73]. This suggests we need further knowledge
about the effect of C60rf106 on Myc in different cancers.
Myc is a clear example that encourages researchers to in-
vestigate further- the impact of silencing C60rf106 in vari-
ous cancers, as not all cancers show the same effect.

6.12 Cadherin
6.12.1 CDH1

CDH1, also known as E-cadherin, is an adhesion
molecule in epithelial cells and also known to be a tumor
suppressor in carcinomas. It has been shown to have tumor-
promoting activity in inflammatory breast, ovarian, and
squamous cell carcinoma. E-cadherin was found upregu-
lated when C60rf106 was silenced in NSCLC [19]. This in-
dicates that C60rf106 increases the malignancy of NSCLC
by reducing the levels of E-cadherin, which has shown sim-
ilar results in breast cancer studies [7]. This shows the
effectiveness of targeting C6orf106 in carcinomas in gen-
eral. Snail, a protein that inhibits E-cadherin transcription
by binding to its promoter, is upregulated in pancreatic can-
cer tissue, which also enhances tumor invasion (Table 1,
Ref. [5, 12, 60]) [30].

6.12.2 CDH2

CDH2 is another member of the cadherin family
is also known as neuronal cadherin (N-cadherin) that is af-
fected by targeting C60rf106 [7, 19]. CDH2 has a dual role
in cancer progression, as it can act as a tumor suppressor
in neuroblastoma and as a tumor promoter in melanoma
and other carcinomas [74]. The impact of c6orf106 on
N-cadherin can be further studied to determine the role of
C60rf106 in cancer progression.

6.13 Vimentin

Vimentin is a type III intermediate filament that
has an expression correlation with several types of can-
cers, including prostate, gastric, breast, and NSCLC [75].
In cancer, it influences many steps of the epithelial-to-
mesenchymal transition (EMT) of tumor cells in both a di-
rect and an indirect way [76]. EMT is considered the first
step in the metastatic cascade, followed by penetration of
the basement membrane, separation from the original tu-
mor, invasion into different tissue, and formation of another
tumor at a different site [77]. Since Vimentin is found up-
regulated by c60rf106, we can further understand how si-
lencing c6orf106 will inhibit the rate of metastasis as Vi-
mentin impacts a key metastasis transition.

6.14 P120ctn

P120ctn plays a significant role in the stability of
cadherins, it binds to the cytoplasmic tail of cadherins and
regulates the stability of cadherin production on the cell sur-
face [78]. The role of p120ctn in cancer is major, and it af-
fects cadherins, MAPK signaling, and the Kaiso transcrip-
tion factor, among other factors [78]. P120ctn was found

downregulated after C6orf106 gene silencing in NSCLC
(Table 1, Ref. [5, 12, 60]) [18]. This can explain the
downregulation of E-cadherin and the crosstalk between
C60rf106 and the MAPK signaling pathway.

7. C60rf106 animal studies

The ILRUN knock-out mice had significantly
lower plasma cholesterol levels resulting from reduced liver
lipoprotein production. This result identified ILRUN as a
new lipid metabolism regulator that increases the synthe-
sis of hepatic lipoproteins. Also, the study findings further
show that ILRUN may be the incidental gene responsible
for the observed genetic correlations with plasma lipids at
6p21 in humans [79].

8. Summary and perspective

This review demonstrated the network of tu-
mor progression regulators that are affected by targeting
C6orf106. The literature review of several articles about
C60rf106 shows how targeting C6orf106 therapeutically
could have a significant impact on several cancers. This
review provides a clear direction for further studies on fac-
tors that will be affected when targeting C6orf106.
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