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1 | INTRODUCTION

| Meysam Moghbeli

Abstract

Background: Bladder cancer (BC) is the sixth common cancer among Iranians.
Various risk factors such as smoking, body mass index, chronic infection, age, and
genetic factors are associated with BC progression.

Methods: It has been shown that a significant ratio of patients have tumors with
muscle bladder layer invasion and poor prognosis at the time of diagnosis. Therefore,
the early detection of tumors is required to reduce the mortality rate of BC cases.
Since there is a wide geographical incidence variation in BC in Iran, it seems that the
ethnic and genetic factors can be the main risk factors among Iranian BC patients.
Results: For the first time, in present review we have summarized all of the reported
genes among Iranian BC patients until now which were significantly associated with
tumorigenesis. Moreover, we categorized all of the reported genes based on their cell
and molecular functions to clarify the genetic and molecular biology of BC among
Iranian population.

Conclusion: This review paves the way of determination of a population-based ge-

netic panel markers for the early detection of BC in this population.
KEYWORDS

bladder cancer, genetic, Iran, panel marker, risk factor

cell carcinoma (TCC), squamous cell carcinoma (SCC), and
adenocarcinoma. Although TCC is the most common type

Cancer is the third cause of deaths among Iranian popula-
tion (Saadat et al., 2015). Almost 90,000 new cancer cases
are diagnosed per year which is estimated to be doubled by
the 2020 in this population. There is also different incidence
of cancer in males and females in which more than 55% of
patients were observed among Iranian males (Rafiemanesh
et al., 2015). Bladder cancer (BC) is the 14th common cause
of cancer-related deaths globally (Ferlay et al., 2015) and is
the 6th most common malignancy among Iranians (Jafari-
Koshki, Arsang-Jang, & Mahaki, 2017). BC is histologi-
cally categorized in three subtypes including transitional

of bladder cancer (90%) in developed countries, SCC is the
most frequent type (75%) in developing countries (Pakzad
et al.,, 2015). In Iran, bladder and papillary TCC include
43.89% and 49.86% of cases, respectively (Rafiemanesh,
Lotfi, Bakhtazad, Ghoncheh, & Salehiniya, 2018). There is
clear correlations between BC and several risk factors such
as smoking, body mass index, chronic infections, and genetic
factors (Afshari, Janbabaei, Bahrami, & Moosazadeh, 2017,
Freedman, Silverman, Hollenbeck, Schatzkin, & Abnet, 2011;
Jemal et al., 2011). Smoking, age, analgesic use, and hair dye
were also the risk factors among Iranian cases (Ramezani,
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Naderi, Almasi, & Sadeghi, 2016; Shakhssalim et al., 2010).
The highest BC incidences are observed in developed and
some African countries, whereas the Middle East and North
Africa have the highest mortality rates (Chavan, Bray, Lortet-
Tieulent, Goodman, & Jemal, 2014). BC is more common
(about 4 times) among men compared with women that can
be associated with higher smoking behaviors among men
(Murta-Nascimento et al., 2007). The mortality rate of BC
is also higher among men compared with women (Ahmadi
et al., 2012). Recent reports have shown that there is a rising
trend of BC incidence among Iranian population in which
the total ASIR increased from 10.47 to 18.2 per 100,000 in
both genders (Rafiemanesh et al., 2018). The standardized
incidence rate is reported between 26.9 and 5.3 per 100,000
among European males and females, respectively (Ferlay
et al., 2013). Whereas the rates are 14.42 and 3.78 among
Iranian men and women, respectively, which are lower than
European countries (Rafiemanesh et al., 2018). There is also
a geographical variation in BC incidence in Iran in which the
Yazd, Kurdistan, Gilan, and Fars provinces have the highest,
whereas the Hormozgan, Hamedan, and Sistan-Baluchestan
provinces had the lowest rates (Esmaeimzadeh, Salahi-
Moghaddam, & Khoshdel, 2015). About 20% of primary BC
tumors have muscle bladder layer invasion and poor progno-
sis at the time of diagnosis. And there is a high ratio of tumor
relapse after tumor resection (Goodison, Rosser, & Urquidi,
2013). Cystoscopy and urine cytology are the common di-
agnostic methods of BC (Goodison et al., 2013; Griffiths &
Action on Bladder Cancer, 2013). However, small papillary
tumors could be missed by standard white-light cystoscopy
(WLC) which needs fluorescence and narrow-band imaging
(NBI]) cystoscopy (Cheung, Sahai, Billia, Dasgupta, & Khan,
2013). Therefore, regarding the different incidence ratios be-
tween different countries and areas, it is required to introduce
population-based novel diagnostic and screening methods for
the early detection of BC and high-risk cases. In present re-
view we have summarized all of the reported genes among
Iranian BC patients until now which were significantly asso-
ciated with tumorigenesis (Table. 1). Moreover, for the first
time we categorized all of the reported genes based on their
cell and molecular functions (Figure 1) to clarify the genetic
and molecular biology of BC among Iranian population.

2 | APOPTOSIS AND CELL
PROLIFERATION

Apoptosis is a programmed cell death involved in regula-
tion of cell proliferation following DNA damage. Therefore,
apoptosis aberration can be associated with tumor progres-
sion. Apoptosis is regulated by two protein families includ-
ing BCL-2 and IAP. Survivin (BIRC5) (OMIM: 603352)
belonged to the inhibitors of apoptosis (IAPs) family and

is involved in regulation of apoptosis and cell proliferation
(Ambrosini, Adida, & Altieri, 1997). Survivin is mainly
expressed in tumor cells, with a rare expression in normal
differentiated cells. It has been shown that the full-length
survivin and survivin-2B isoforms were the highest and low-
est expressed isoforms in bladder tissues. Moreover, the nor-
mal tissues had low levels of survivin and survivin-DEx3
expressions. There was a significant association between the
levels of survivin/survivin-DEx3 expressions and tumor ag-
gressiveness among a sample of Iranian BC patients (Atlasi,
Mowla, & Ziaee, 2009). Another study has been reported
that the recurrent bladder tumors had higher survivin and/
or survivin-AEx3 expression compared with primarily tu-
mors among a subpopulation of Iranian patients (Mowla,
Emadi Bayegi, Ziaee, & Nikpoor, 2005). The survivin and
survivin-AEx3 overexpressions resulted in declined 5 years
survival rate among a sample of Iranian subjects. Moreover,
the overexpression of survivin and survivin-AEx3 was more
frequent among high-grade and stage tumors. They also ob-
served that the survivin-2B overexpression was correlated
with decreased risk of mortality. Therefore, they introduced
the survivin and survivin-AEx3 isoforms as markers of ag-
gressive and recurrence BC, whereas the surviving-2B iso-
form was protective (Nouraee et al., 2009). P53 is a tumor
suppressor involving in cell-cycle regulation and apoptosis
(Esrig et al., 1994; Lane, 1992). It has been shown that there
was significant difference in P53 (OMIM: 191170) expres-
sion between papillary urothelial neoplasm of low malig-
nant potential (PUNLMP) and papillary low-grade TCC in
which the P53 overexpression was more frequent among
papillary low-grade TCC tumors (Kalantari & Ahmadnia,
2007). A mutational analysis of TP53 was performed among
a group of Iranian BC patients which showed that a notice-
able numbers of patients were carriers of deletion/duplica-
tion mutations. Majority of duplication and deletion changes
were observed in exons 6 and 1 (Bazrafshani et al., 2016).
Apoptosis is a critical cellular response toward genotoxic
stress which sensitizes the tumors cells to chemotherapeu-
tic drugs (Debatin, 2004). The BCL2 (OMIM: 151430) and
BAX (OMIM: 600040) are anti- and proapoptotic regula-
tors, respectively. It has been observed that the patients
with shorter relapse-free time had high BCL2/BAX ratio
expression in a sample of Iranian BC cases which intro-
duced BCL2/BAX expression ratio as a significant prognos-
tic marker of low-grade BC (Golestani Eimani et al., 2014).
Cyclooxygenases (COXs) are a family of myeloperoxidases
catalyzing the prostaglandin synthesis from arachidonic
acid (Chandrasekharan & Simmons, 2004). COX-2 (OMIM:
600262) is a critical factor during prostaglandins production
and is involved in tumorigenesis through apoptosis inhibi-
tion, angiogenesis, and metastasis induction (Meric et al.,
2006; Pruthi, Derksen, Gaston, & Wallen, 2004). COX-2
downregulates proapoptotic NO in tumor cells following the
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TABLE 1

study (et al)

Atlasi

Mowla
Nouraee

Kalantari

Bazrafshani
Golestani Eimani
Tabriz
Shakhssalim

Jamshidian

Safarinejad

Shafiei
Shafaroudi

Amini

Atlasi

Hatefi
Keymoosi

Nekoohesh

Khoshnevisan

Mahdavinezhad

Ghorbanmehr

Mahdavinezhad

Ganji
Monfared

Ousati Ashtiani

Yazarlou

Bizhani

Ousati Ashtiani
Jalali Nadoushan
Seyedabadi
Ousati Ashtiani

Hashemi

Year

2009

2005
2009
2007

2016
2014
2013
2013

2008

2011

2019
2008

2014
2007

2012
2014
2018

2015
2015

2019

2015

2017
2013

2017
2018

2018

2018
2007
2018
2017
2018

Gene

BIRCS

BIRCS
BIRCS
P53

P53

BCL2, BAX
COX2
mtDNA

NMP22

MTHEFR

DCLK1
BMI1

BMI, NANOG
OCT4

OCT4
ALDHIAL, CD44

miR-10b, miR-34b, miR-
103, miR-141

miR-886-5p

miR-200c, miR-30b,
miR-141

miR-21-5p, miR-141-3p,
miR-205-5p

miR-30b, miR-141,
miR-200c

miR-99a, miR-205
TGF-B, miR-21

LINCO00152, LINC01082

MALATI, LINCO00355,
UCA1-203

PIK3CA, AKT1, mTOR

PIK3CA

HER-2/neu

CEP55, FOXM1, PLK1
FGFR1, FGFR3
SGSM3

Sample

30 Tumors
28 Controls
17 Patients
30 Patients

50 Patients
10 Controls

60 Patients
40 Patients
92 Patients

26 N/T*
504 Controls

76 Patients
75 Controls

158 Patients
316 Controls

472 Patients

40 Patients
8 Controls

10 Patients

32 Tumors
22 Normal

30 Patients
159 Patients

66 Patients
53 Controls

70 Patients
35 N/T

45 Patients
22 Controls

35N/T

36 N/T
30N/T

50 N/T

59 Patients
24 Controls

235 Patients
254 Controls

50 N/T
75 Patients
36 Patients
50 N/T

143 Patients
144 Controls
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All of the involved genes in bladder cancer susceptibility among Iranian patients

Results

Overexpression

Overexpression
Overexpression

Overexpression in papillary low-grade TCC

Mutation
BCL2/BAX expression ratio as prognostic marker
Correlation with age, grade, and lymph node

Polymorphism was correlated with BC risk

Higher urine levels

Polymorphism was correlated with BC risk

Overexpression

Overexpression

Overexpression

Overexpression

Correlation with grade and stage
ALDHI1AT1 was correlated with grade, stage, and age

miR-10b, miR-34b, and miR-103 overexpressions
miR-141 underexpression

miR-886-5p overexpression in high-grade

Overexpression

miR-21-5p, miR-141-3p, and miR-205-5p urinary
overexpressions

Muscle-invasive BC had lower levels of expression

miR-99a and miR-205 underexpressions

TGF-p underexpression mainly in low-grade BC
miR-21 overexpression in high-grade BC

LINCO00152 and LINCO01082 underexpressions

MALATI, LINC00355, and UCA1-203 overexpressions in
urinary exosomes

Polymorphisms were correlated with BC risk

Mutation

Overexpression in higher grade of TCC
CEP55, FOXM1, and PLK1 overexpressions
FGFR1 and FGFR3 overexpressions

Polymorphisms were correlated with BC risk

(Continues)
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study (et al) Year Gene Sample
Palangi 2019 S1PR1, SIPR2, SIPR3 41 Patients
26 Controls
Khorramdelazad 2015 S100A12, RAGE 17 Patients
Safarinejad 2011 IGFBP-3 162 Patients
324 Controls
Mashhadi 2014 AR 120 Patients
132 Controls
Safarinejad 2013 GSTM1, GSTT1, GSTP1 166 Patients
332 Controls
Yazarlou 2018 MAGE-B4 59 Patients
24 Controls
Khorrami 2012 CDH1 180 Patients
Mahdavinezhad 2017 ZEB1 35 Patients
Ebadi 2014 IL-12, IL-6 261 Patients
251 Controls
Doroudchi 2013 IL-17A 201 Patients
59 Controls
Baharlou 2014 IL-17, TGF-p 40 Patients
38 Controls
Baharlou 2015 IL-17, TGF-B 37 Patients

Results

Overexpressions

Overexpressions

Polymorphisms were correlated with BC risk

Correlation with grade and stage

Polymorphisms were correlated with BC risk

Overexpression

Was correlated with recurrent BC
Overexpression

Polymorphisms were correlated with BC risk

Overexpression

Decreased serum levels

IL-17 decreased TGF-f expressions in early stages

“Tumor tissues and normal margins.

prostaglandin production (Cao & Prescott, 2002). It activates
the PPAR through prostaglandin 12 (Breyer, Bagdassarian,
Myers, & Breyer, 2001). The COX-2 inhibition results in im-
paired PPARS activation which activates BAD proapoptotic
factor (Liou, Ghelani, Yeh, & Wu, 2007). It has been shown
that there were correlations among COX-2 expression, age,
grade, and lymph node involvement among a subpopulation
of Iranian BC patients. The high-grade tumors had higher
levels of COX-2 expression compared with other grades
(Tabriz, Olfati, Ahmadi, & Yusefnia, 2013). Mitochondria
have a critical role in apoptosis regulation through modula-
tion of Ca®* signaling in which the mitochondrial Ca®* accu-
mulation leads to apoptosis. Mitochondrial DNA (mtDNA)
contains several genes such as electron transport chain sub-
units, tRNAs, rRNAs, and a noncoding sequence (D-loop)
(Suzuki et al., 2003). The D-loop regulates replication and
transcription of mtDNA (Yu et al., 2007). Mitochondrial
dysfunction is associated with various degenerative and
metabolic disorders and cancer. The germ line and somatic
mtDNA mutations are linked with mitochondrial disorders
and cancer, respectively. Regarding the lack of protective
histones and DNA repair processes, mtDNA is more prone
for the mutation accumulation compared with nuclear DNA.
Mutational analysis of D-Loop sequences was performed
among a subpopulation of Iranian BC patients compared
with their corresponding normal margins. It has been shown
that there was a significant correlation between D-loop
C16069T polymorphism and BC (Shakhssalim et al., 2013).

Sustained proliferation is one of the hallmarks of cancer that
can be observed by deregulation of cell growth and DNA
replication. A normal DNA replication is required to main-
tain the genomic stability. Nuclear matrix proteins (NMPs)
are nucleus structural proteins involved in DNA replication
and gene expression (Pardoll, Vogelstein, & Coffey, 1980).
It has been observed that the BC patients had higher levels of
urine NMP22 compared with controls. Moreover, there were
significant correlations between the urine levels of NMP22
and stage and grade. Therefore, they introduced urine NM P22
as a noninvasive and sensitive diagnostic method for BC
among a subpopulation of Iranian cases (Jamshidian, Kor,
& Dijalali, 2008). Smoking is one of the main risk factors of
BC. Reactive free radicals are the most important smoking-
related carcinogens. Therefore, it is important for the smok-
ers to have high intakes of antioxidants such as folate and
B vitamins (B12, B6, and B2). MTHFR (OMIM: 607093)
is involved in folate and vitamin B12 metabolisms and me-
thionine production. Folate is a critical coenzyme during
DNA synthesis and repair. It has been observed that there
was an association between 1298 AC and 1298CC genotypes
of MTHFR and increased risk of BC among a subpopulation
of Iranian patients. The 1298AA genotype significantly re-
duced BC risk. Moreover, the 677CT and 677CC genotypes
were correlated with tumor aggressiveness. They observed
that the 677CT-1298AC and 677CC-1298CC carriers had
the highest BC susceptibility in this population (Safarinejad,
Shafiei, & Safarinejad, 2011a).
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Cell signaling and kinases

PIK3CA, AKT1, mTOR, HER2, CEP55, FOX-
M1, PLK1, FGFR1, FGFR3, SGSM3,

S1PR1,51PR2, S1PR3, S100A12, RAGE,
IGFBP3, IGF1, AR, GSTP1, GSTM1, GSTT1

Self-renewal

DCLK1, BMI1, NANOG,

0CT4, CD44, ALDH1

Cancer testis antigens
and EMT

MAGE-B4, CDH1, ZEB1,
TGF-B2

Bladder cancer
among Iranian

Apoptosis and
cell proliferation

BIRCS5, P53, BCL2, BAX,

COX2, mtDNA, NMP22,
MTHFR

patients

Immune response

IL-6, IL-12, IL-17

Non coding RNAs

miR-10b, miR-34b, miR-103, miR-141,
miR-886-5p, miR-200c, MALAT1,
LINC00355, UCA1, miR-21-5p, miR-141-

3p, miR-205-5p, miR-30b, miR-99a, miR-
205, miR-21, LINC00152, LINC01082

FIGURE 1

3 | SELF-RENEWAL
Cancer stem cells (CSCs) are a subpopulation of tumor
cells with self-renewal and drug resistance characteristics
which are associated with tumor progression and metasta-
sis (Moghbeli, Moghbeli, Forghanifard, & Abbaszadegan,
2014; Moghbeli et al., 2019). There are various cell surface
markers for detection and isolation of CSCs in BC (Amini,
Fathi, Mobalegi, Sofimajidpour, & Ghadimi, 2014; Sedaghat
et al., 2017). Doublecortin-like kinase 1 (DCLKI) (OMIM:
604742) as a serine/threonine protein kinase is a specific
CSC marker in solid tumors associated with apoptosis, cell
proliferation, and epithelial-mesenchymal transition (EMT)
(Bailey et al., 2014; Fan, Qian, & Dai, 2017; Ikezono et al.,
2017). It has been reported that there was increased DCLK1
expression among a sample of Iranian BC cases in compari-
son with normal margins. Moreover, the DCLK overexpres-
sion was correlated with higher stage, grade, poor prognosis,
low survival rate, and tumor aggressiveness (Shafiei et al.,
2019). BM11 (OMIM: 164831) is belonged to the polycomb
group (PcG) proteins which are transcriptional suppressors
(Orlando, 2003). Moreover, BMI1 is also critical for the self-
renewal of normal and cancer stem cells (Molofsky et al.,

Cell and molecular processes which are involved in bladder cancer progression among Iranian patients

2003) which can be associated with its inhibitory function on
INK4A/AREF locus. It has been reported that the BC tumor
tissues had higher levels of BMII expression compared with
normal margins. Moreover, there was a significant correla-
tion between BMII expression and stage in which stage Ta
tumors had significantly lower levels of BMII compared
with tumors with stages T1 and T2 among a subpopulation
of Iranian BC cases (Shafaroudi et al., 2008). Self-renewal
and pluripotency are the main features of normal and CSCs
during embryogenesis and tumorigenesis. OCT4 (OMIM:
164177), SOX2 (OMIM: 184429), and NANOG (OMIM:
607937) are important transcription factors during embryo-
genesis and differentiation (Chakravarthy et al., 2008; Lee,
Kim, Rho, Han, & Kim, 2006; Pan & Thomson, 2007). BMI
is also a transcriptional repressor associated with hematopoie-
sis and senescence (Leung et al., 2004). It has been observed
that the majority of BC cases had NANOG and BMI overex-
pressions among a subpopulation of Iranian patients (Amini
etal., 2014). OCT4 is an essential transcription factor for the
self-renewal maintenance in pluripotent cells, somatic, and
cancer stem cells. Therefore, OCT4 is acutely downregulated
after the differentiation of stem cells (Pardo et al., 2010; van
den Berg et al., 2010). It has been observed that there was
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OCT4 overexpression in a sample of Iranian BC subjects
(Atlasi, Mowla, Ziaee, & Bahrami, 2007). Another study has
also been reported that there was a significant association
among OCT4 expression, grade, and tumor stage among a
group of Iranian BC patients. There was also a correlation
between OCT4 expression and BC tumor aggressiveness
(Hatefi, Nouraee, Parvin, Ziaee, & Mowla, 2012). CD44
(OMIM: 107269) and aldehyde dehydrogenase 1 (ALDHI)
(OMIM: 100640) have been used to detect urothelial carci-
noma stem cells (Ho, Kurtova, & Chan, 2012; Immervoll,
Hoem, Steffensen, Miletic, & Molven, 2011). ALDHIAI be-
longed to the ALDH]I family and expressed in cancer stem
cells (Ginestier et al., 2007). CD44 is a hyaluronic acid re-
ceptor expressed in normal and cancer cells (Jaggupilli &
Elkord, 2012). It has been reported that there were significant
correlations between ALDHIAI overexpression, age, high-
grade and stage tumors, and tumor relapse among a sample of
Iranian BC patients. Therefore, they introduced ALDHIAI as
a high-grade urothelial tumor marker and can be used for the
targeted therapy against the CSCs. Moreover, more aggres-
sive treatment was required for the ALDH1+/CD44+ tumors
(Keymoosi, Gheytanchi, Asgari, Shariftabrizi, & Madjd,
2014).

4 | NONCODING RNAS

Both of epigenetic and genetic changes are involved in tumo-
rigenesis. In contrast to the genetic alterations, the epigenetic
changes are reversible and regulate gene expression without
DNA alterations. Epigenetic changes include DNA methyla-
tion, chromatin modifications, and noncoding RNA which
are widely associated with different cellular processes.
Therefore, aberrant epigenetic processes can result in neo-
plastic transformation. Micro-RNAs are noncoding RNAs
involving in posttranscriptional regulation through binding
with three untranslated regions (Soukup et al., 2017).
Regarding the high stability of miRNAs in biofluids they can
be considered as valuable noninvasive markers (Mall, Rocke,
Durbin-Johnson, & Weiss, 2013; Yun et al., 2012). The KLF4
(OMIM: 602253) and HOXD10 (OMIM: 142984) have been
reported as direct targets of miR-10b (OMIM: 611576) in BC
(Xiao et al., 2014). MiR-34b-3p (OMIM: 611374) can be as-
sociated with cell-cycle regulation through CCND2 (OMIM:
123833) (Tan, Zhang, Zhou, Liu, & Liang, 2019). The apop-
tosis and cell cycle can be regulated by miR-103/107 which
promotes PI3K/AKT signaling through PTEN targeting (Yu
et al., 2018). MiR-141 (OMIM: 612093) can be associated
with negative regulation of cell growth and migration and
apoptosis induction through targeting RUNXI (OMIM:
151385) (Xu, Ge, Zhang, & Zhou, 2018). It has been ob-
served that there were miR-10b (OMIM: 611576), miR-34b
(OMIM: 611374), and miR-103 (OMIM: 613187)

overexpressions and miR-141 (OMIM: 612093) underex-
pression in a subpopulation of Iranian BC cases in compari-
son with controls. Moreover, there was a correlation between
grade and levels of miR-10b expression. The miR-141 and
miR-34b expressions were also associated with addiction and
metastasis, respectively. The low-grade patients had signifi-
cant higher urine miR-10b in comparison with controls which
can be introduced as a noninvasive marker for the early de-
tection of BC (Nekoohesh et al., 2018). The miR-886-5p is
considered as an oncomir through downregulation of BAX
which results in apoptosis inhibition (Li et al., 2011). It has
been observed that there was a significant miR-886-5p over-
expression in high-grade in comparison with low-grade BC
samples among a subpopulation of Iranian subjects. They
also reported significant upregulation of miR-886-5p in inva-
sive in comparison with noninvasive tumors (Khoshnevisan
et al., 2015). Another study has reported that there were in-
creased expressions of miR200c (OMIM: 612092), miR-30b,
and miR-141 levels in a subpopulation of Iranian BC tissues
compared with normal margins. Moreover, miR-200c under-
expression was correlated with poor prognosis and tumor
progression to muscle (Mahdavinezhad, Mousavibahar,
et al., 2015). MiR-21-5p (OMIM: 611020) induces the cell
proliferation and migration through PTEN regulation (Folini
et al., 2010). It is also involved in EMT process through acti-
vation of TGFf and Hedgehog signaling pathways (Bonci
et al., 2016). Moreover, miR-21-5p is a negative regulator of
apoptosis by targeting FASL, BAX, and MARCKS (Li, Li,
Sha, Sun, & Huang, 2009; Papagiannakopoulos, Shapiro, &
Kosik, 2008). MiR-141-3p induces tumor cell proliferation
through KLF-9 (OMIM: 602902) suppression (Li et al.,
2017). Downregulation of miR-205-5p (OMIM: 613147) in-
duces apoptosis and suppress cell proliferation through ZEB2
(OMIM: 605802) increased expression and ERBB3 (OMIM:
190151) decreased expression (Jiang et al., 2017). It has been
shown that there were significant miR-21-5p, miR-141-3p,
and miR-205-5p urinary overexpressions in a sample of
Iranian BC cases, among them the miR-141-3p and miR-
205-5p had highest and lowest levels of expression, respec-
tively (Ghorbanmehr et al., 2019). Regarding metastasis to
the muscles, BC is categorized into nonmuscle-invasive BC
(NMIBC) and muscle-invasive BC (MIBC). MiR-200c in-
duces BC invasion by targeting RECK (Cheng et al., 2016).
The miR-141, miR-200c, and miR-30b overexpressions were
observed in majority of a sample of Iranian BC patients.
However, MIBC cases had lower levels of miR-30b, miR-
141, and miR-200c expressions compared with NMIBC
cases. There were a noticeable correlation between miR-141
underexpression and muscle invasion. Moreover, they
showed a significant converse association between miR-141
expression and grade. Expressions of MiR-30b and miR-
200-c were also correlated with tumor size in which the tu-
mors bigger than 10 cm had decreased expressions compared
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with tumors smaller than that (Mahdavinezhad, Mousavi-
Babhar, et al., 2015). MiR-205 is involved in EMT process
through regulation of various genes such as ZEBI, VEGF-A
(OMIM: 192240), and CDHI (OMIM: 192090) (Kenney
etal.,2011; Wiklund et al., 2011). MiR-99a (OMIM: 614509)
is mainly introduced as a tumor suppressor and targets sev-
eral important factors including m-TOR (OMIM: 601231),
FGFR3 (OMIM: 134934), and IGFI (OMIM: 147440)
(Fischbach et al., 2015; Wu, Zhou, Pan, Qu, & Zhou, 2015).
It has been reported that there were miR-99a and miR-205
underexpressions in BC tissues compared with normal mar-
gins among a subpopulation of Iranian subjects. High-grade
tumors with muscle invasion had higher levels of miR-99a
expression compared with low-grade tumors which suggest-
ing that as a marker of poor differentiated tumor cells (Ganji
et al., 2017). MiR-21 has oncogenic roles through inhibition
of several tumor suppressors including PTEN, TPM 1 (OMIM:
191010), and MASPIN (OMIM: 154790) (Asangani et al.,
2008; Zhu et al., 2008). The miR-21 can be upregulated by
BMP-4 (OMIM: 112262) and TGF-$ (OMIM: 190180) in
vascular smooth muscle cells (Davis, Hilyard, Lagna, &
Hata, 2008). TGF-§ is involved in various processes such as
cell growth, differentiation, and apoptosis (Keski-Oja, Koli,
& von Melchner, 2004). It has been observed that there was
significant TGF-f underexpression mainly in low-grade
bladder tumors among a sample of Iranian cases. Moreover,
the miR-21 expression was noticeably increased in high-
grade tumors. There was significant correlation between the
levels of miR21 and TGF-f expressions (Monfared et al.,
2013). LncRNAs are nuclear or cytoplasmic noncoding
RNAs involving in transcriptional or posttranscriptional gene
regulation during cell proliferation and apoptosis (Enokida,
Yoshino, Matsushita, & Nakagawa, 2016). Long intergenic
noncoding RNAs (LincRNAs) are transcribed from inter-
genic regions which are associated with transcription and
chromatin regulation (Vance & Ponting, 2014). LINC00152
as a lincRNA has important regulatory roles in various cel-
lular processes such as cell cycle, apoptosis, and cell migra-
tion (Lv et al., 2013; Szafranski et al., 2013). LINC01082
(OMIM: 614978) can be also a transcriptional regulator of
FOXF1 (OMIM: 601089). It has been reported that there
were decreased levels of LINC00152 and LINC01082 expres-
sions in majority of a sample of Iranian BC tissues compared
with their normal margins. The tumor type was significantly
correlated with decreased levels of LINCOI082 expression.
Moreover, they observed an association between age and
LINCO00152 underexpression (Ousati Ashtiani, Pourmand,
Salami, Ayati, & Tavakkoly-Bazzaz, 2017). Exosomes are
natural nanoparticles containing proteins and RNAs which
are involved in urothelial tumorigenesis through microenvi-
ronment modification (Beckham et al., 2014). Exosomes
exert their roles through LncRNAs transfer between cells
(Hewson & Morris, 2016). The MALATI (OMIM: 607924),
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LINC00958 (OMIM: 618335), LINC00355, and UCAI
(OMIM: 617500) are LncRNAs involving in regulation of
cell proliferation, apoptosis, and migration (Han, Liu, Nie,
Gui, & Cai, 2013; Seitz et al., 2017; Wang, Li, Xie, Zhao, &
Chen, 2008). It has been observed that there were MALATI,
LINC00355, and UCAI-203 overexpressions in urinary ex-
osomes of a sample of Iranian TCC cases compared with
controls (Yazarlou, Modarressi, et al., 2018).

5 | CELL SIGNALING AND
KINASES

The PI3K/AKT/mTOR signaling is associated with cell
growth, cell migration, and angiogenesis (McCubrey
et al., 2012). Phosphatidylinositol 3-kinases (PI3Ks) (OMIM:
601232) are lipid kinases producing PIP3 second messenger
which induces cell growth and survival through AKT serine/
threonine kinase (Cantley, 2002). The mTOR is also a serine/
threonine kinase that is downstream mediator of PI3K/AKT
pathway. It has been shown that the PIK3CA rs6443624 C>A
and AKT] rs2498801 A>G were protective variants of BC.
They observed that the rs1130233 G>A and rs2295080 G>T
variants of AKT1 (OMIM: 164730) and mTOR, respectively,
increased the BC susceptibility among a subpopulation of
Iranian patients (Bizhani et al., 2018). PI3K signaling path-
way can be triggered by tyrosine kinase receptors (Knowles,
Platt, Ross, & Hurst, 2009; Platt et al., 2009). PIK3CA muta-
tional analysis was performed among a sample of Iranian BC
patients which showed lower frequency of mutation in high-
grade and advanced stage tumors (Ousati Ashtiani, Mehrsai,
Pourmand, & Pourmand, 2018). HER-2/neu (OMIM:
164870) is a tyrosine kinase growth factor receptor. It has
been observed that there was a correlation between higher
grade of the TCC and HER-2/neu overexpression is a sample
of Iranian patients (Jalali Nadoushan, Taheri, Jouian, & Zaeri,
2007). Centrosomal protein 55 (CEP55) (OMIM: 610000) is
an oncogene involving in cytokinesis and regulation of PI3K/
AKT signaling pathway (Jeffery, Sinha, Srihari, Kalimutho, &
Khanna, 2016). Forkhead box protein M1 (FOXM 1) (OMIM:
602341) regulates expression of various genes such as
CDC25B (OMIM: 116949), CCNB (OMIM: 123836), polo-
like kinase 1 (PLK1) (OMIM: 602098), and CENP (Laoukili,
Stahl, & Medema, 2007). PLK]I is also a serine/threonine
kinase that induces cell proliferation through the cell-cycle
checkpoint skipping leading to genetic instability (He et al.,
2011; Park, Sohn, Park, Chung, & Kim, 2011). It has been
shown that there were upregulations of CEP55, FOXM1, and
PLK]I among a sample of Iranian BC tissues compared with
their corresponding normal tissues (Seyedabadi et al., 2018).
The fibroblast growth factor receptor (FGFR) as a tyrosine
kinase receptor is one of the main regulators of cell-cycle pro-
gression, angiogenesis, and embryonic development. It has
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been reported that there were FGFRI (OMIM: 136350) and
FGFR3 (OMIM: 134934) overexpressions in low-grade and
all tumors, respectively, among a subpopulation of Iranian BC
subjects (Ousati Ashtiani, Tavakkoly-Bazzaz, et al., 2017).
The small G-protein signaling modulator 3 (SGSM3) (OMIM:
610440) is a GTPase involving in regulation of G-protein and
Ras signaling (Yang, Sasaki, Minoshima, & Shimizu, 2007).
It has been shown that the 4-bp ins/del genotype and ins al-
lele of SGSM3 significantly increased the BC susceptibility
among a subpopulation of Iranian patients (Hashemi et al.,
2018). Sphingosine 1-phosphate (S/P) (OMIM: 601965) is
a bioactive lysosphingolipid mediator that binds to S/PRn
(a G-protein—coupled receptor) to regulate MAPKs. S1PR3
is involved in tumor cell migration and self-renewal. It has
been reported that there were upregulation of S/PR1, S1PR2,
and S/PR3 expressions in tumor tissues compared with
normal margins in a subpopulation of Iranian BC patients.
There were also correlations among S/PRI overexpression,
higher grades, and advanced stages (Palangi, Shakhssalim,
Parvin, Bayat, & Allameh, 2019). S100 (OMIM: 617427)
are calcium-binding proteins involving in cell proliferation,
apoptosis, and inflammation. They are also the ligands for
RAGE and Toll-like receptors which activates the MAPK,
PI3K-AKT, and NF-kB signaling pathways. RAGE (OMIM:
605762) as a receptor is associated with tumor progression
and diabetes (Sessa et al., 2014; Xie, Mendez, Mendez-
Valenzuela, & Aguilar-Hernandez, 2013). It has been re-
ported that there were increased expressions of S/00A12 and
RAGE in tumors in comparison with normal margins among
a group of Iranian BC patients (Khorramdelazad et al., 2015).
IGFBP-3 (OMIM: 146732) is the main carrier of IGF in
blood stream. Moreover, IGFBP-3 affects cell signaling path-
ways and also binds with nuclear hormone receptors. It can
be an oncogene or tumor suppressor based on tumor types.
It has been observed that there were significant correlations
between the A-202C (rs2854744) polymorphism of /GFBP-3
and BC susceptibility in a sample of Iranian patients. The CC
genotype carriers had more aggressive bladder tumors and the
C allele was correlated with higher BC risk compared with
202-A allele. Moreover, it was shown that the patient had sig-
nificantly lower serum levels of IGF-1 (OMIM: 147440) and
IGFBP-3 compared with controls (Safarinejad, Shafiei, &
Safarinejad, 2011b). Tumor behavior and incidence rate can
be associated with gender in which it has been observed that
the aggressive tumors with poor prognosis are more frequent
among females (Jemal, Siegel, Xu, & Ward, 2010; Miyamoto
et al., 2012). This can be related to various factors such as
different exposure to industrial chemicals, smoking, and hor-
monal differences (Bolenz, Lotan, Ashfaq, & Shariat, 2009;
Mir et al., 2011). Sex steroid hormones function through their
receptors in target cells (Miyamoto et al., 2012). It has been
reported that there was a significant association between the
AR expression and high-grade and stage tumors in a sample

of Iranian BC cases. AR-positive cases had also significant
higher rate of metastasis in comparison with AR-negative
cases. Therefore, they introduced AR as a prognostic marker
among Iranian UBC (Mashhadi et al., 2014). Smoking and
exposure to aromatic amines and polycyclic hydrocarbons
are considered as the main environmental risk factors of
BC (Cohen, Shirai, & Steineck, 2000). Jun-terminal kinases
(JNKSs) are stress kinases activated following the ROS/RNS,
heat, or osmotic shock which regulate cell cycle, DNA repair,
and apoptosis through activation of several transcription fac-
tors such as c-JUN, ATF2 (OMIM: 123811), P53, and ELK-1
(OMIM: 311040) (Davis, 2000). Glutathione-S-transferases
(GSTs) are involved in detoxification of xenobiotics, reactive
oxygen species, and carcinogenic compounds (Schnakenberg,
Breuer, Werdin, Dreikorn, & Schloot, 2000). Glutathione-
S-transferase (GST) is a negative regulator switch for JNK.
Low JNK activity is preserved through a GSTP1-JNK com-
plex in nonstressed cells. ROS or drugs dissociate the GSTP1
(OMIM: 134660) from GSTP1-JNK complex which activates
the JNK and its subsequent downstream events (Yin, Ivanov,
Habelhah, Tew, & Ronai, 2000). It has been reported that
there were significant correlations between GSTPI Ile/Val
or Val/Val genotypes and risk of BC in a group of Iranian
patients. The GSTPI Val/Val genotype was significantly cor-
related with grade and stage of tumor. Due to a synergistic re-
lationship among GSTM1 (OMIM: 138350), GSTTI (OMIM:
600436), and GSTP1, the presence of GSTM1 or GSTTI nulls
with GSTPI Ile/Val or Val/Val genotypes significantly in-
creased the BC susceptibility in this population. Moreover,
the GSTPI Tle/Val genotype was protective against high-
grade and stage tumors (Safarinejad, Safarinejad, Shafiei, &
Safarinejad, 2013).

6 | CANCER TESTIS ANTIGENS
AND EMT

Cancer testis antigens (CTAs) are a group of proteins
mainly expressed in normal testis and tumor tissues which
are associated with cell proliferation and epithelial-mesen-
chymal transition (EMT) (Forghanifard et al., 2011; Yang,
Huo, Liao, & Zhou, 2015). Exosomes are extracellular na-
noparticles normally can be detected in biofluids. Exosome
contents can be assessed to identify the pathophysiology
of related tissues. Such contents may involve in pathogen-
esis of various disorders via modification of intercellular
communication and microenvironment (Sun, Luo, Jiang, &
Duan, 2018; Valadi et al., 2007). A group have been as-
sessed the expression of CTAs in urinary exosomes of a
subpopulation of Iranian BC cases compared with controls.
It has been observed that there was MAGE-B4 (OMIM:
300152) overexpression in TCC patients in comparison with
controls. Moreover, the TCC cases had also higher levels
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of exosomal NMP22 expression compared with BPH cases
(Yazarlou, Mowla, et al., 2018). EMT is a critical process
during the tumor progression and metastasis. E-Cadherin
as a cell adhesion protein is required for the normal integ-
rity of epithelial cells and EMT process. Therefore, loss of
CDH] expression results in increased cell migration and
invasiveness in solid tumors. It has been reported that there
was a correlation between CDHI expression and recurrent
BC in a sample of Iranian patients (Khorrami et al., 2012).
EMT is associated with various transcriptional repressors
such ZEBI and Snail. TGF-f§ upregulates the ZEBI ex-
pression via inhibition of miR-141, miR-200a, miR-200b,
and miR-200c. It has been reported that the BC tissues had
increased levels ZEBI mRNA expression compared with
control tissues among a sample of Iranian cases. Moreover,
there was a correlation between TGF-f2 overexpression
and muscle invasion (Mahdavinezhad et al., 2017).

7 | IMMUNE RESPONSE

Immune system is an important defense mechanism against
the tumor cells (Smyth, Dunn, & Schreiber, 2006), however,
the inflammation can be also an oncogenic mechanism through
DNA damage and angiogenesis (Rakoff-Nahoum, 2006). IL-
6 (OMIM: 147620) is an inflammatory cytokine which is in-
volved in immune response, cell proliferation, and apoptosis
(Kishimoto, 2005). It has a key role in neoplastic transfor-
mation through STAT3 (OMIM: 102582) (Iliopoulos, Jaeger,
Hirsch, Bulyk, & Struhl, 2010). IL-12 (OMIM: 161,560) is
another cytokine secreted by activated macrophages and den-
dritic cells (Colombo & Trinchieri, 2002) which inhibits tumo-
rigenesis and angiogenesis (Sangro, Melero, Qian, & Prieto,
2005). It has been observed that there were significant correla-
tions between IL-12 (3'UTR A>C) and IL-6 (-174 C>G) gen-
otypes and increased BC susceptibility among a subpopulation
of Iranian cases. The GC and GC+CC genotypes carriers at
C-174G had higher risk of BC compared with GG genotype.
In the case of IL-12, there was a significant correlation be-
tween BC risk and AC genotype of /L-12B (Ebadi et al., 2014).
Chronic inflammation is one of the most important physiologi-
cal processes involving in tumorigenesis. CD4+ T cells are
categorized into T-helper 1 (Th1) and Th2 (Murphy & Reiner,
2002) that are involved in cell-mediated and humoral immune
responses, respectively. Th17 cells are a class of CD4+ T cells
producing /L-17A (OMIM: 603149) inflammatory cytokine
which regulates the physiological state of various immune
and nonimmune cells. IL-17 induces the inflammation through
proinflammatory cytokines and metalloproteinases. It has been
reported that there was increased /L-17A levels among a sam-
ple of Iranian BC cases compared with controls. Moreover, the
advanced stage tumors had lower levels of /L-17A compared
with early stages tumors (Doroudchi et al., 2013). The Th17
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cell differentiation is regulated by various factors such as IL-
21, TGF-f, and TNF-a (Nam et al., 2008; Shime et al., 2008).
Th17 cells are associated with tumor regression through /L-17,
VEGF, and TGF-f (Honorati, Neri, Cattini, & Facchini, 2006;
Jeon et al., 2007). It has been shown that there were decreased
serum levels of IL-17 and TGF-f in a subpopulation of Iranian
BC cases compared with controls. Decreased serum levels of
IL-17 and TGF-f were mainly in the early tumor stages which
can be related to the inhibitory role of chemoradiotherapy on
Th17 cells and TGF-B-producing tumor cells. They introduced
IL-17 and TGF-f as targets for the immunotherapy of ad-
vanced stage BC (Baharlou, Ahmadi Vasmehjani, Dehghani,
Ghobadifar, & Khoubyari, 2014). Another study has been
observed that there were increased and decreased levels of
IL-17 and TGF-p, respectively, in a sample of Iranian BC
subjects. The IL-17 upregulation was observed in BC with
early stage tumors. They concluded that the IL-17 probably
decreased TGF-f expressions in early stage of tumor progres-
sion (Baharlou et al., 2015).

8 | CONCLUSIONS

In present review we summarized all of the reported genes
until now among Iranian BC patients. To clarify the ge-
netic and molecular biology of BC for the first time among
Iranians, we categorized all of the significant reported genes
based on their cell and molecular functions. Interestingly, we
observed that the noncoding RNAs and epigenome are the
main molecular processes associated with BC progression
among Iranians. This review paves the way for determination
of a population-based panel of genetic markers for the early
detection of BC among Iranians.

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Majid Mojarrad was involved in search strategy and draft-
ing. Meysam Moghbeli designed the project and also was in-
volved in edition and drafting. All authors read and approved
the final manuscript.

ORCID
Meysam Moghbeli "= https://orcid.
org/0000-0001-9680-0309

REFERENCES

Afshari, M., Janbabaei, G., Bahrami, M. A., & Moosazadeh, M.
(2017). Opium and bladder cancer: A systematic review and


https://orcid.org/0000-0001-9680-0309
https://orcid.org/0000-0001-9680-0309
https://orcid.org/0000-0001-9680-0309

10 of 15 WI LEy_Molecular Genetics & Genomic Medicine

MOJARRAD anxo MOGHBELI

Open Access,

meta-analysis of the odds ratios for opium use and the risk of blad-
der cancer. PLoS ONE, 12(6), e0178527. https://doi.org/10.1371/
journal.pone.0178527

Ahmadi, M., Ranjbaran, H., Amiri, M. M., Nozari, J., Mirzajani, M. R.,
Azadbakht, M., & Hosseinimehr, S. J. (2012). Epidemiologic and
socioeconomic status of bladder cancer in Mazandaran Province,
northern Iran. Asian Pacific Journal of Cancer Prevention, 13(10),
5053-5056. https://doi.org/10.7314/APICP.2012.13.10.5053

Ambrosini, G., Adida, C., & Altieri, D. C. (1997). A novel anti-apop-
tosis gene, survivin, expressed in cancer and lymphoma. Nature
Medicine, 3(8), 917-921. https://doi.org/10.1038/nm0897-917

Amini, S., Fathi, F., Mobalegi, J., Sofimajidpour, H., & Ghadimi,
T. (2014). The expressions of stem cell markers: Oct4, Nanog,
Sox2, nucleostemin, Bmi, Zfx, Tcll, Tbx3, Dppa4, and Esrrb in
bladder, colon, and prostate cancer, and certain cancer cell lines.
Anatomy and Cell Biology, 47(1), 1-11. https://doi.org/10.5115/
acb.2014.47.1.1

Asangani, I. A., Rasheed, S. A., Nikolova, D. A., Leupold, J. H.,
Colburn, N. H., Post, S., & Allgayer, H. (2008). MicroRNA-21
(miR-21) post-transcriptionally downregulates tumor suppres-
sor Pdcd4 and stimulates invasion, intravasation and metastasis
in colorectal cancer. Oncogene, 27(15), 2128-2136. https://doi.
org/10.1038/sj.0onc.1210856

Atlasi, Y., Mowla, S. J., & Ziaee, S. A. (2009). Differential expression of
survivin and its splice variants, survivin-DeltaEx3 and survivin-2B,
in bladder cancer. Cancer Detection and Prevention, 32(4), 308—
313. https://doi.org/10.1016/j.cdp.2008.12.001

Atlasi, Y., Mowla, S. J., Ziaee, S. A., & Bahrami, A. R. (2007). OCT-
4, an embryonic stem cell marker, is highly expressed in bladder
cancer. International Journal of Cancer, 120(7), 1598-1602. https://
doi.org/10.1002/ijc.22508

Baharlou, R., Ahmadi Vasmehjani, A., Dehghani, A., Ghobadifar, M.
A., & Khoubyari, M. (2014). Reduced interleukin-17 and transform-
ing growth factor Beta levels in peripheral blood as indicators for
following the course of bladder cancer. Immune Network, 14(3),
156-163. https://doi.org/10.4110/in.2014.14.3.156

Baharlou, R., Khezri, A., Razmkhah, M., Habibagahi, M., Hosseini,
A., Ghaderi, A., & Jaberipour, M. (2015). Increased interleukin-17
transcripts in peripheral blood mononuclear cells, a link between
T-helper 17 and proinflammatory responses in bladder cancer.
Iranian Red Crescent Medical Journal, 17(2), €9244. https://doi.
org/10.5812/ircmj.9244

Bailey, J. M., Alsina, J., Rasheed, Z. A., McAllister, F. M., Fu, Y. Y.,
Plentz, R., ... Leach, S. D. (2014). DCLK1 marks a morphologically
distinct subpopulation of cells with stem cell properties in preinva-
sive pancreatic cancer. Gastroenterology, 146(1), 245-256. https://
doi.org/10.1053/j.gastro.2013.09.050

Bazrafshani, M. R., Nowshadi, P. A., Shirian, S., Daneshbod, Y.,
Nabipour, F., Mokhtari, M., ... Mosayebi, Z. (2016). Deletion/dupli-
cation mutation screening of TP53 gene in patients with transitional
cell carcinoma of urinary bladder using multiplex ligation-depen-
dent probe amplification. Cancer Medicine, 5(2), 145-152. https://
doi.org/10.1002/cam4.561

Beckham, C. J., Olsen, J., Yin, P.-N., Wu, C.-H., Ting, H.-J., Hagen, F.
K., ... Lee, Y.-F. (2014). Bladder cancer exosomes contain EDIL-3/
Dell and facilitate cancer progression. Journal of Urology, 192(2),
583-592. https://doi.org/10.1016/j.juro.2014.02.035

Bizhani, F., Hashemi, M., Danesh, H., Nouralizadeh, A., Narouie,
B., Bahari, G., & Ghavami, S. (2018). Association between sin-
gle nucleotide polymorphisms in the PI3K/AKT/mTOR pathway

and bladder cancer risk in a sample of Iranian population. EXCLI
Journal, 17, 3—13. https://doi.org/10.17179/excli2017-329

Bolenz, C., Lotan, Y., Ashfaq, R., & Shariat, S. F. (2009). Estrogen and
progesterone hormonal receptor expression in urothelial carcinoma
of the bladder. European Urology, 56(6), 1093—1095. https://doi.
org/10.1016/j.eururo.2009.06.032

Bonci, D., Coppola, V., Patrizii, M., Addario, A., Cannistraci, A.,
Francescangeli, F., ... De Maria, R. (2016). A microRNA code for
prostate cancer metastasis. Oncogene, 35(9), 1180-1192. https://
doi.org/10.1038/0nc.2015.176

Breyer, R. M., Bagdassarian, C. K., Myers, S. A., & Breyer, M. D.
(2001). Prostanoid receptors: Subtypes and signaling. Annual
Review of Pharmacology and Toxicology, 41, 661-690. https://doi.
org/10.1146/annurev.pharmtox.41.1.661

Cantley, L. C. (2002). The phosphoinositide 3-kinase pathway.
Science, 296(5573), 1655-1657. https://doi.org/10.1126/scien
ce.296.5573.1655

Cao, Y., & Prescott, S. M. (2002). Many actions of cyclooxygenase-2
in cellular dynamics and in cancer. Journal of Cellular Physiology,
190(3), 279-286. https://doi.org/10.1002/jcp.10068

Chakravarthy, H., Boer, B., Desler, M., Mallanna, S. K., McKeithan, T.
W., & Rizzino, A. (2008). Identification of DPPA4 and other genes
as putative Sox2:0ct-3/4 target genes using a combination of in
silico analysis and transcription-based assays. Journal of Cellular
Physiology, 216(3), 651-662. https://doi.org/10.1002/jcp.21440

Chandrasekharan, N. V., & Simmons, D. L. (2004). The cycloox-
ygenases. Genome Biology, 5(9), 241. https://doi.org/10.1186/
gb-2004-5-9-241

Chavan, S., Bray, F., Lortet-Tieulent, J., Goodman, M., & Jemal, A.
(2014). International variations in bladder cancer incidence and mor-
tality. European Urology, 66(1), 59-73. https://doi.org/10.1016/].
eururo.2013.10.001

Cheng, Y., Zhang, X., Li, P., Yang, C., Tang, J., Deng, X., ... Li, P.
(2016). MiR-200c promotes bladder cancer cell migration and in-
vasion by directly targeting RECK. Onco Targets and Therapy, 9,
5091-5099. https://doi.org/10.2147/0TT.S101067

Cheung, G., Sahai, A., Billia, M., Dasgupta, P., & Khan, M. S. (2013).
Recent advances in the diagnosis and treatment of bladder cancer.
BMC Medicine, 11, 13. https://doi.org/10.1186/1741-7015-11-13

Cohen, S. M., Shirai, T., & Steineck, G. (2000). Epidemiology and etiol-
ogy of premalignant and malignant urothelial changes. Scandinavian
Journal of Urology and Nephrology, 34(203), 105-115. https://doi.
org/10.1080/00365590050509869

Colombo, M. P., & Trinchieri, G. (2002). Interleukin-12 in anti-tumor
immunity and immunotherapy. Cytokine and Growth Factor Reviews,
13(2), 155-168. https://doi.org/10.1016/S1359-6101(01)00032-6

Davis, B. N., Hilyard, A. C., Lagna, G., & Hata, A. (2008). SMAD pro-
teins control DROSHA-mediated microRNA maturation. Nature,
454(7200), 56-61. https://doi.org/10.1038/nature07086

Davis, R. J. (2000). Signal transduction by the JNK group of MAP kinases.
Cell, 103(2), 239-252. https://doi.org/10.1016/s0092-8674(00)00116-1.

Debatin, K. M. (2004). Apoptosis pathways in cancer and cancer ther-
apy. Cancer Immunology, Immunotherapy, 53(3), 153—-159. https://
doi.org/10.1007/s00262-003-0474-8

Doroudchi, M., Saidi, M., Malekzadeh, M., Golmoghaddam, H., Khezri,
A., & Ghaderi, A. (2013). Elevated IL-17A levels in early stages of
bladder cancer regardless of smoking status. Future Oncology, 9(2),
295-304. https://doi.org/10.2217/fon.12.180

Ebadi, N., Jahed, M., Mivehchi, M., Majidizadeh, T., Asgary, M., &
Hosseini, S. A. (2014). Interleukin-12 and interleukin-6 gene


https://doi.org/10.1371/journal.pone.0178527
https://doi.org/10.1371/journal.pone.0178527
https://doi.org/10.7314/APJCP.2012.13.10.5053
https://doi.org/10.1038/nm0897-917
https://doi.org/10.5115/acb.2014.47.1.1
https://doi.org/10.5115/acb.2014.47.1.1
https://doi.org/10.1038/sj.onc.1210856
https://doi.org/10.1038/sj.onc.1210856
https://doi.org/10.1016/j.cdp.2008.12.001
https://doi.org/10.1002/ijc.22508
https://doi.org/10.1002/ijc.22508
https://doi.org/10.4110/in.2014.14.3.156
https://doi.org/10.5812/ircmj.9244
https://doi.org/10.5812/ircmj.9244
https://doi.org/10.1053/j.gastro.2013.09.050
https://doi.org/10.1053/j.gastro.2013.09.050
https://doi.org/10.1002/cam4.561
https://doi.org/10.1002/cam4.561
https://doi.org/10.1016/j.juro.2014.02.035
https://doi.org/10.17179/excli2017-329
https://doi.org/10.1016/j.eururo.2009.06.032
https://doi.org/10.1016/j.eururo.2009.06.032
https://doi.org/10.1038/onc.2015.176
https://doi.org/10.1038/onc.2015.176
https://doi.org/10.1146/annurev.pharmtox.41.1.661
https://doi.org/10.1146/annurev.pharmtox.41.1.661
https://doi.org/10.1126/science.296.5573.1655
https://doi.org/10.1126/science.296.5573.1655
https://doi.org/10.1002/jcp.10068
https://doi.org/10.1002/jcp.21440
https://doi.org/10.1186/gb-2004-5-9-241
https://doi.org/10.1186/gb-2004-5-9-241
https://doi.org/10.1016/j.eururo.2013.10.001
https://doi.org/10.1016/j.eururo.2013.10.001
https://doi.org/10.2147/OTT.S101067
https://doi.org/10.1186/1741-7015-11-13
https://doi.org/10.1080/00365590050509869
https://doi.org/10.1080/00365590050509869
https://doi.org/10.1016/S1359-6101(01)00032-6
https://doi.org/10.1038/nature07086
https://doi.org/10.1016/s0092-8674(00)00116-1
https://doi.org/10.1007/s00262-003-0474-8
https://doi.org/10.1007/s00262-003-0474-8
https://doi.org/10.2217/fon.12.180

MOJARRAD ano MOGHBELI

Molecular Genetics & Genomic Medicine_wl LEY 11of15

polymorphisms and risk of bladder cancer in the Iranian population.
Asian Pacific Journal of Cancer Prevention, 15(18), 7869-7873.
https://doi.org/10.7314/APJCP.2014.15.18.7869

Enokida, H., Yoshino, H., Matsushita, R., & Nakagawa, M. (2016).
The role of microRNAs in bladder cancer. Investigative and
Clinical Urology, 57(Suppl 1), S60-S76. https://doi.org/10.4111/
icu.2016.57.S1.560

Esmaeimzadeh, N., Salahi-Moghaddam, A., & Khoshdel, A. (2015).
Geographic distribution of important cancers in Iran. Hormozgan
Medical Journal, 19(2), 66-76.

Esrig, D., Elmajian, D., Groshen, S., Freeman, J. A., Stein, J. P., Chen,
S.-C., ... Cote, R.J. (1994). Accumulation of nuclear p53 and tumor
progression in bladder cancer. New England Journal of Medicine,
331(19), 1259-1264. https://doi.org/10.1056/NEJM 19941110331
1903

Fan, M., Qian, N., & Dai, G. (2017). Expression and prognostic sig-
nificance of doublecortin-like kinase 1 in patients with hepatocel-
lular carcinoma. Oncology Letters, 14(6), 7529-7537. https://doi.
org/10.3892/01.2017.7082

Ferlay, J., Soerjomataram, 1., Dikshit, R., Eser, S., Mathers, C., Rebelo,
M., ... Bray, F. (2015). Cancer incidence and mortality world-
wide: Sources, methods and major patterns in GLOBOCAN 2012.
International Journal of Cancer, 136(5), E359-E386. https://doi.
org/10.1002/ijc.29210

Ferlay, J., Steliarova-Foucher, E., Lortet-Tieulent, J., Rosso, S.,
Coebergh, J., Comber, H., ... Bray, F. (2013). Cancer incidence
and mortality patterns in Europe: Estimates for 40 countries in
2012. European Journal of Cancer, 49(6), 1374—1403. https://doi.
org/10.1016/j.ejca.2012.12.027

Fischbach, A., Rogler, A., Erber, R., Stoehr, R., Poulsom, R.,
Heidenreich, A., ... Gaisa, N. T. (2015). Fibroblast growth factor
receptor (FGFR) gene amplifications are rare events in bladder
cancer. Histopathology, 66(5), 639-649. https://doi.org/10.1111/
his.12473

Folini, M., Gandellini, P., Longoni, N., Profumo, V., Callari, M.,
Pennati, M., ... Zaffaroni, N. (2010). miR-21: An oncomir on
strike in prostate cancer. Molecular Cancer, 9, 12. https://doi.
org/10.1186/1476-4598-9-12

Forghanifard, M. M., Gholamin, M., Farshchian, M., Moaven, O.,
Memar, B., Forghani, M. N., ... Abbaszadegan, M. R. (2011).
Cancer-testis gene expression profiling in esophageal squamous
cell carcinoma: Identification of specific tumor marker and poten-
tial targets for immunotherapy. Cancer Biology and Therapy, 12(3),
191-197. https://doi.org/10.4161/cbt.12.3.15949

Freedman, N. D., Silverman, D. T., Hollenbeck, A. R., Schatzkin, A.,
& Abnet, C. C. (2011). Association between smoking and risk of
bladder cancer among men and women. JAMA, 306(7), 737-745.
https://doi.org/10.1001/jama.2011.1142

Ganji, S. M., Saidijam, M., Amini, R., Mousavi-Bahar, S. H., Shabab,
N., Seyedabadi, S., & Mahdavinezhad, A. (2017). Evaluation of
microRNA-99a and microRNA-205 expression levels in bladder
cancer. International Journal of Molecular and Cellular Medicine,
6(2), 87-95. https://doi.org/10.22088/acadpub.BUMS.6.2.3

Ghorbanmehr, N., Gharbi, S., Korsching, E., Tavallaei, M., Einollahi,
B., & Mowla, S. J. (2019). miR-21-5p, miR-141-3p, and miR-
205-5p levels in urine-promising biomarkers for the identification
of prostate and bladder cancer. Prostate, 79(1), 88-95. https://doi.
org/10.1002/pros.23714

Ginestier, C., Hur, M. H., Charafe-Jauffret, E., Monville, F., Dutcher,
J., Brown, M., ... Dontu, G. (2007). ALDHI is a marker of normal

Open Access,

and malignant human mammary stem cells and a predictor of
poor clinical outcome. Cell Stem Cell, 1(5), 555-567. https://doi.
org/10.1016/.stem.2007.08.014

Golestani Eimani, B., Sanati, M. H., Houshmand, M., Ataei, M.,
Akbarian, F., & Shakhssalim, N. (2014). Expression and prognostic
significance of Bcl-2 and Bax in the progression and clinical out-
come of transitional bladder cell carcinoma. Cell Journal, 15(4),
356-363.

Goodison, S., Rosser, C. J., & Urquidi, V. (2013). Bladder cancer detec-
tion and monitoring: Assessment of urine- and blood-based marker
tests. Molecular Diagnosis and Therapy, 17(2), 71-84. https://doi.
org/10.1007/s40291-013-0023-x

Griffiths, T. R., & Action on Bladder Cancer. (2013). Current per-
spectives in bladder cancer management. International Journal
of Clinical Practice, 67(5), 435-448. https://doi.org/10.1111/
ijep.12075

Han, Y., Liu, Y., Nie, L., Gui, Y., & Cai, Z. (2013). Inducing cell pro-
liferation inhibition, apoptosis, and motility reduction by silencing
long noncoding ribonucleic acid metastasis-associated lung ad-
enocarcinoma transcript 1 in urothelial carcinoma of the bladder.
Urology, 81(1), 209.e1-209.e7. https://doi.org/10.1016/j.urolo
2y.2012.08.044

Hashemi, M., Bahari, G., Bizhani, F., Danesh, H., Sarhadi, S., Ziaee, S.
A. M., ... Ghavami, S. (2018). Evaluation of 4-bp insertion/deletion
polymorphism within the 3'UTR of SGSM3 in bladder cancer using
mismatch PCR-RFLP method: A preliminary report. Journal of
Cellular Biochemistry, 119(8), 6566—6574. https://doi.org/10.1002/
jcb.26764

Hatefi, N., Nouraee, N., Parvin, M., Ziaee, S. A., & Mowla, S.J. (2012).
Evaluating the expression of oct4 as a prognostic tumor marker in
bladder cancer. Iranian Journal of Basic Medical Sciences, 15(6),
1154-1161.

He, Z., Wu, J., Dang, H., Lin, H., Zheng, H., & Zhong, D. (2011). Polo-
like kinase 1 contributes to the tumorigenicity of BEL-7402 hep-
atoma cells via regulation of Survivin expression. Cancer Letters,
303(2), 92-98. https://doi.org/10.1016/j.canlet.2011.01.007

Hewson, C., & Morris, K. V. (2016). Form and function of exo-
some-associated long non-coding RNAs in cancer. Current
Topics in Microbiology and Immunology, 394, 41-56. https://doi.
org/10.1007/82_2015_486

Ho, P. L., Kurtova, A., & Chan, K. S. (2012). Normal and neo-
plastic urothelial stem cells: Getting to the root of the problem.
Nature Reviews Urology, 9(10), 583-594. https://doi.org/10.1038/
nrurol.2012.142

Honorati, M. C., Neri, S., Cattini, L., & Facchini, A. (2006).
Interleukin-17, a regulator of angiogenic factor release by synovial
fibroblasts. Osteoarthritis and Cartilage, 14(4), 345-352. https://
doi.org/10.1016/j.joca.2005.10.004

Ikezono, Y. U., Koga, H., Akiba, J., Abe, M., Yoshida, T., Wada, F,, ...
Torimura, T. (2017). Pancreatic neuroendocrine tumors and EMT
behavior are driven by the CSC marker DCLK1. Molecular Cancer
Research, 15(6), 744-752. https://doi.org/10.1158/1541-7786.
MCR-16-0285

Iliopoulos, D., Jaeger, S. A., Hirsch, H. A., Bulyk, M. L., & Struhl,
K. (2010). STAT3 activation of miR-21 and miR-181b-1 via PTEN
and CYLD are part of the epigenetic switch linking inflammation
to cancer. Molecular Cell, 39(4), 493-506. https://doi.org/10.1016/].
molcel.2010.07.023

Immervoll, H., Hoem, D., Steffensen, O. J., Miletic, H., & Molven, A.
(2011). Visualization of CD44 and CD133 in normal pancreas and


https://doi.org/10.7314/APJCP.2014.15.18.7869
https://doi.org/10.4111/icu.2016.57.S1.S60
https://doi.org/10.4111/icu.2016.57.S1.S60
https://doi.org/10.1056/NEJM199411103311903
https://doi.org/10.1056/NEJM199411103311903
https://doi.org/10.3892/ol.2017.7082
https://doi.org/10.3892/ol.2017.7082
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1016/j.ejca.2012.12.027
https://doi.org/10.1111/his.12473
https://doi.org/10.1111/his.12473
https://doi.org/10.1186/1476-4598-9-12
https://doi.org/10.1186/1476-4598-9-12
https://doi.org/10.4161/cbt.12.3.15949
https://doi.org/10.1001/jama.2011.1142
https://doi.org/10.22088/acadpub.BUMS.6.2.3
https://doi.org/10.1002/pros.23714
https://doi.org/10.1002/pros.23714
https://doi.org/10.1016/j.stem.2007.08.014
https://doi.org/10.1016/j.stem.2007.08.014
https://doi.org/10.1007/s40291-013-0023-x
https://doi.org/10.1007/s40291-013-0023-x
https://doi.org/10.1111/ijcp.12075
https://doi.org/10.1111/ijcp.12075
https://doi.org/10.1016/j.urology.2012.08.044
https://doi.org/10.1016/j.urology.2012.08.044
https://doi.org/10.1002/jcb.26764
https://doi.org/10.1002/jcb.26764
https://doi.org/10.1016/j.canlet.2011.01.007
https://doi.org/10.1007/82_2015_486
https://doi.org/10.1007/82_2015_486
https://doi.org/10.1038/nrurol.2012.142
https://doi.org/10.1038/nrurol.2012.142
https://doi.org/10.1016/j.joca.2005.10.004
https://doi.org/10.1016/j.joca.2005.10.004
https://doi.org/10.1158/1541-7786.MCR-16-0285
https://doi.org/10.1158/1541-7786.MCR-16-0285
https://doi.org/10.1016/j.molcel.2010.07.023
https://doi.org/10.1016/j.molcel.2010.07.023

12 of 15 WI LEy_Molecular Genetics & Genomic Medicine

MOJARRAD anxo MOGHBELI

Open Access,

pancreatic ductal adenocarcinomas: Non-overlapping membrane
expression in cell populations positive for both markers. Journal
of Histochemistry and Cytochemistry, 59(4), 441-455. https://doi.
org/10.1369/0022155411398275

Jafari-Koshki, T., Arsang-Jang, S., & Mahaki, B. (2017). Bladder
cancer in Iran: Geographical distribution and risk factors.
Iranian Journal of Cancer Prevention, 10(2), e5610. https://doi.
org/10.5812/ijcp.5610

Jaggupilli, A., & Elkord, E. (2012). Significance of CD44 and CD24
as cancer stem cell markers: An enduring ambiguity. Clinical
and Developmental Immunology, 2012, 708036. https://doi.
org/10.1155/2012/708036

Jalali Nadoushan, M. R., Taheri, T., Jouian, N., & Zaeri, F. (2007).
Overexpression of HER-2/neu oncogene and transitional cell car-
cinoma of bladder. Urology Journal, 4(3), 151-154. https://doi.
org/10.22037/uj.v4i3.119

Jamshidian, H., Kor, K., & Djalali, M. (2008). Urine concentration
of nuclear matrix protein 22 for diagnosis of transitional cell car-
cinoma of bladder. Urology Journal, 5(4), 243-247. https://doi.
org/10.22037/uj.v5i4.32

Jeffery, J., Sinha, D., Srihari, S., Kalimutho, M., & Khanna, K. K.
(2016). Beyond cytokinesis: The emerging roles of CEP55 in tu-
morigenesis. Oncogene, 35(6), 683—690. https://doi.org/10.1038/
onc.2015.128

Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E., & Forman,
D. (2011). Global cancer statistics. CA: A Cancer Journal for
Clinicians, 61(2), 69-90. https://doi.org/10.3322/caac.20107

Jemal, A., Siegel, R., Xu, J., & Ward, E. (2010). Cancer statistics, 2010.
CA: A Cancer Journal for Clinicians, 60(5), 277-300. https://doi.
org/10.3322/caac.20073

Jeon, S. H., Chae, B. C., Kim, H. A., Seo, G. Y., Seo, D. W., Chun,
G. T, ... Kim, P. H. (2007). Mechanisms underlying TGF-betal-
induced expression of VEGF and Flk-1 in mouse macrophages and
their implications for angiogenesis. Journal of Leukocyte Biology,
81(2), 557-566. https://doi.org/10.1189/j1b.0806517

Jiang, M., Zhong, T., Zhang, W., Xiao, Z., Hu, G., Zhou, H., & Kuang,
H. (2017). Reduced expression of miR2055p promotes apoptosis
and inhibits proliferation and invasion in lung cancer A549 cells
by upregulation of ZEB2 and downregulation of erbB3. Molecular
Medicine Reports, 15(5), 3231-3238. https://doi.org/10.3892/
mmr.2017.6398

Kalantari, M. R., & Ahmadnia, H. (2007). P53 overexpression in blad-
der urothelial neoplasms: New aspect of World Health Organization/
International Society of Urological Pathology classification. Urology
Journal, 4(4), 230-233. https://doi.org/10.22037/uj.v4i4.103

Kenney, P. A., Wszolek, M. F., Rieger-Christ, K. M., Neto, B. S., Gould,
J. J., Harty, N. J., ... Summerhayes, 1. C. (2011). Novel ZEBI1 ex-
pression in bladder tumorigenesis. BJU International, 107(4), 656—
663. https://doi.org/10.1111/j.1464-410X.2010.09489.x

Keski-Oja, J., Koli, K., & von Melchner, H. (2004). TGF-beta activation
by traction? Trends in Cell Biology, 14(12), 657-659. https://doi.
org/10.1016/j.tcb.2004.10.003

Keymoosi, H., Gheytanchi, E., Asgari, M., Shariftabrizi, A., & Madjd,
Z. (2014). ALDHI in combination with CD44 as putative cancer
stem cell markers are correlated with poor prognosis in urothe-
lial carcinoma of the urinary bladder. Asian Pacific Journal of
Cancer Prevention, 15(5), 2013-2020. https://doi.org/10.7314/
APJCP.2014.15.5.2013

Khorramdelazad, H., Bagheri, V., Hassanshahi, G., Karami, H.,
Moogooei, M., Zeinali, M., & Abedinzadeh, M. (2015). S100A12

and RAGE expression in human bladder transitional cell carci-
noma: A role for the ligand/RAGE axis in tumor progression? Asian
Pacific Journal of Cancer Prevention, 16(7), 2725-2729. https://
doi.org/10.7314/apjcp.2015.16.7.2725

Khorrami, M. H., Hadi, M., Gharaati, M. R., Izadpanahi, M. H., Javid,
A., & Zargham, M. (2012). E-cadherin expression as a prognostic
factor in transitional cell carcinoma of the bladder after transurethral
resection. Urology Journal, 9(3), 581-585. https://doi.org/10.22037
/uj.v9i3.1596

Khoshnevisan, A., Parvin, M., Ghorbanmehr, N., Hatefi, N., Galehdari,
H., Ziaee, S. A., & Mowla, S. J. (2015). A significant upregula-
tion of miR-886-5p in high grade and invasive bladder tumors.
Urology Journal, 12(3), 2160-2164. https://doi.org/10.22037/
uj.v12i3.2222

Kishimoto, T. (2005). Interleukin-6: From basic science to medicine—40
years in immunology. Annual Review of Immunology, 23, 1-21.
https://doi.org/10.1146/annurev.immunol.23.021704.115806

Knowles, M. A., Platt, F. M., Ross, R. L., & Hurst, C. D. (2009).
Phosphatidylinositol 3-kinase (PI3K) pathway activation in bladder
cancer. Cancer and Metastasis Reviews, 28(3—4), 305-316. https://
doi.org/10.1007/s10555-009-9198-3

Lane, D. P. (1992). Cancer. p53, guardian of the genome. Nature,
358(6381), 15-16. https://doi.org/10.1038/358015a0

Laoukili, J., Stahl, M., & Medema, R. H. (2007). FoxM1: At the cross-
roads of ageing and cancer. Biochimica et Biophysica Acta, 1775(1),
92-102. https://doi.org/10.1016/j.bbcan.2006.08.006

Lee, J., Kim, H. K., Rho, J. Y., Han, Y. M., & Kim, J. (2006). The
human OCT-4 isoforms differ in their ability to confer self-renewal.
Journal of Biological Chemistry, 281(44), 33554-33565. https://
doi.org/10.1074/jbc.M603937200

Leung, C., Lingbeek, M., Shakhova, O., Liu, J., Tanger, E., Saremaslani,
P., ... Marino, S. (2004). Bmil is essential for cerebellar develop-
ment and is overexpressed in human medulloblastomas. Nature,
428(6980), 337-341. https://doi.org/10.1038/nature02385

Li, J. Z., Li, J., Wang, H. Q., Li, X., Wen, B., & Wang, Y. J. (2017).
MiR-141-3p promotes prostate cancer cell proliferation through
inhibiting kruppel-like factor-9 expression. Biochemical and
Biophysical Research Communications, 482(4), 1381-1386. https://
doi.org/10.1016/j.bbrc.2016.12.045

Li, J. H,, Xiao, X., Zhang, Y. N., Wang, Y. M., Feng, L. M., Wu, Y.
M., & Zhang, Y. X. (2011). MicroRNA miR-886-5p inhibits apop-
tosis by down-regulating Bax expression in human cervical carci-
noma cells. Gynecologic Oncology, 120(1), 145-151. https://doi.
org/10.1016/j.ygyno.2010.09.009

Li, T, Li, D., Sha, J., Sun, P., & Huang, Y. (2009). MicroRNA-21 di-
rectly targets MARCKS and promotes apoptosis resistance and inva-
sion in prostate cancer cells. Biochemical and Biophysical Research
Communications, 383(3), 280-285. https://doi.org/10.1016/j.
bbrc.2009.03.077

Liou, J. Y., Ghelani, D., Yeh, S., & Wu, K. K. (2007). Nonsteroidal
anti-inflammatory drugs induce colorectal cancer cell apoptosis by
suppressing 14-3-3epsilon. Cancer Research, 67(7), 3185-3191.
https://doi.org/10.1158/0008-5472.CAN-06-3431

Lv, X. B, Lian, G. Y., Wang, H. R., Song, E., Yao, H., & Wang, M. H.
(2013). Long noncoding RNA HOTAIR is a prognostic marker for
esophageal squamous cell carcinoma progression and survival. PLoS
ONE, 8(5), e63516. https://doi.org/10.1371/journal.pone.0063516

Mahdavinezhad, A., Mousavibahar, S. H., Poorolajal, J., Yadegarazari,
R., Jafari, M., Shabab, N., & Saidijam, M. (2015). Association be-
tween tissue miR-141, miR-200c and miR-30b and bladder cancer:


https://doi.org/10.1369/0022155411398275
https://doi.org/10.1369/0022155411398275
https://doi.org/10.5812/ijcp.5610
https://doi.org/10.5812/ijcp.5610
https://doi.org/10.1155/2012/708036
https://doi.org/10.1155/2012/708036
https://doi.org/10.22037/uj.v4i3.119
https://doi.org/10.22037/uj.v4i3.119
https://doi.org/10.22037/uj.v5i4.32
https://doi.org/10.22037/uj.v5i4.32
https://doi.org/10.1038/onc.2015.128
https://doi.org/10.1038/onc.2015.128
https://doi.org/10.3322/caac.20107
https://doi.org/10.3322/caac.20073
https://doi.org/10.3322/caac.20073
https://doi.org/10.1189/jlb.0806517
https://doi.org/10.3892/mmr.2017.6398
https://doi.org/10.3892/mmr.2017.6398
https://doi.org/10.22037/uj.v4i4.103
https://doi.org/10.1111/j.1464-410X.2010.09489.x
https://doi.org/10.1016/j.tcb.2004.10.003
https://doi.org/10.1016/j.tcb.2004.10.003
https://doi.org/10.7314/APJCP.2014.15.5.2013
https://doi.org/10.7314/APJCP.2014.15.5.2013
https://doi.org/10.7314/apjcp.2015.16.7.2725
https://doi.org/10.7314/apjcp.2015.16.7.2725
https://doi.org/10.22037/uj.v9i3.1596
https://doi.org/10.22037/uj.v9i3.1596
https://doi.org/10.22037/uj.v12i3.2222
https://doi.org/10.22037/uj.v12i3.2222
https://doi.org/10.1146/annurev.immunol.23.021704.115806
https://doi.org/10.1007/s10555-009-9198-3
https://doi.org/10.1007/s10555-009-9198-3
https://doi.org/10.1038/358015a0
https://doi.org/10.1016/j.bbcan.2006.08.006
https://doi.org/10.1074/jbc.M603937200
https://doi.org/10.1074/jbc.M603937200
https://doi.org/10.1038/nature02385
https://doi.org/10.1016/j.bbrc.2016.12.045
https://doi.org/10.1016/j.bbrc.2016.12.045
https://doi.org/10.1016/j.ygyno.2010.09.009
https://doi.org/10.1016/j.ygyno.2010.09.009
https://doi.org/10.1016/j.bbrc.2009.03.077
https://doi.org/10.1016/j.bbrc.2009.03.077
https://doi.org/10.1158/0008-5472.CAN-06-3431
https://doi.org/10.1371/journal.pone.0063516

MOJARRAD ano MOGHBELI

Molecular Genetics & Genomic Medicine_wl LEY 130f 15

A matched case-control study. Urology Journal, 12(1), 2010-2013.
https://doi.org/10.22037/uj.v12i1.2685

Mahdavinezhad, A., Mousavi-Bahar, S. H., Poorolajal, J., Yadegarazari,
R., Jafari, M., Shabab, N., & Saidijam, M. (2015). Evaluation of
miR-141, miR-200c, miR-30b expression and clinicopathological
features of bladder cancer. International Journal of Molecular and
Cellular Medicine, 4(1), 32-39.

Mahdavinezhad, A., Yadegarazari, R., Mousavi-Bahar, S. H., Poorolajal,
J., Jafari, M., Amirzargar, M. A., ... Saidijam, M. (2017). Evaluation
of zinc finger E-box binding homeobox 1 and transforming growth
factor-beta2 expression in bladder cancer tissue in comparison with
healthy adjacent tissue. Investigative and Clinical Urology, 58(2),
140-145. https://doi.org/10.4111/icu.2017.58.2.140

Mall, C., Rocke, D. M., Durbin-Johnson, B., & Weiss, R. H. (2013).
Stability of miRNA in human urine supports its biomarker potential.
Biomarkers in Medicine, 7(4), 623-631. https://doi.org/10.2217/
bmm.13.44

Mashhadi, R., Pourmand, G., Kosari, F., Mehrsai, A., Salem, S.,
Pourmand, M. R, ... Alizadeh, F. (2014). Role of steroid hormone
receptors in formation and progression of bladder carcinoma: A
case-control study. Urology Journal, 11(6), 1968—1973. https://doi.
org/10.22037/uj.v11i06.2617

McCubrey, J. A., Steelman, L. S., Chappell, W. H., Abrams, S. L.,
Franklin, R. A., Montalto, G., ... Martelli, A. M. (2012). Ras/Raf/
MEK/ERK and PI3K/PTEN/Akt/mTOR cascade inhibitors: How
mutations can result in therapy resistance and how to overcome re-
sistance. Oncotarget, 3(10), 1068—1111. https://doi.org/10.18632/
oncotarget.659

Meric, J. B., Rottey, S., Olaussen, K., Soria, J. C., Khayat, D., Rixe,
0., & Spano, J. P. (2006). Cyclooxygenase-2 as a target for antican-
cer drug development. Critical Reviews in Oncology/Hematology,
59(1), 51-64. https://doi.org/10.1016/j.critrevonc.2006.01.003

Mir, C., Shariat, S. F., van der Kwast, T. H., Ashfaq, R., Lotan, Y., Evans,
A., ... Zlotta, A. R. (2011). Loss of androgen receptor expression is
not associated with pathological stage, grade, gender or outcome in
bladder cancer: A large multi-institutional study. BJU International,
108(1), 24-30. https://doi.org/10.1111/].1464-410X.2010.09834.x

Miyamoto, H., Yao, J. L., Chaux, A., Zheng, Y., Hsu, I, Izumi, K., ...
Yeh, S. (2012). Expression of androgen and oestrogen receptors
and its prognostic significance in urothelial neoplasm of the uri-
nary bladder. BJU International, 109(11), 1716-1726. https://doi.
org/10.1111/§.1464-410X.2011.10706.x

Moghbeli, M., Moghbeli, F., Forghanifard, M. M., & Abbaszadegan,
M. R. (2014). Cancer stem cell detection and isolation. Medical
Oncology, 31(9), 69. https://doi.org/10.1007/s12032-014-0069-6

Moghbeli, M., Mosannen Mozaffari, H., Memar, B., Forghanifard, M.
M., Gholamin, M., & Abbaszadegan, M. R. (2019). Role of MAML1
in targeted therapy against the esophageal cancer stem cells. Journal
of Translational Medicine, 17(1), 126. https://doi.org/10.1186/
$12967-019-1876-5

Molofsky, A. V., Pardal, R., Iwashita, T., Park, I. K., Clarke, M. F., &
Morrison, S. J. (2003). Bmi-1 dependence distinguishes neural stem
cell self-renewal from progenitor proliferation. Nature, 425(6961),
962-967. https://doi.org/10.1038/nature02060

Monfared, H., Ziaee, S. A., Hashemitabar, M., Khayatzadeh, H.,
Kheyrollahi, V., Tavallaei, M., & Mowla, S. J. (2013). Co-regulated ex-
pression of TGF-beta variants and miR-21 in bladder cancer. Urology
Journal, 10(3), 981-987. https://doi.org/10.22037/uj.v10i3.1487

Mowla, S. J., Emadi Bayegi, M., Ziaee, S. A., & Nikpoor, P. (2005).
Evaluating expression and potential diagnostic and prognostic

Open Access,

values of survivin in bladder tumors: A preliminary report. Urology
Journal, 2(3), 141-147. https://doi.org/10.22037/uj.v2i3.237

Murphy, K. M., & Reiner, S. L. (2002). The lineage decisions of helper
T cells. Nature Reviews Immunology, 2(12), 933-944. https://doi.
org/10.1038/nri954

Murta-Nascimento, C., Schmitz-Drager, B. J., Zeegers, M. P., Steineck,
G., Kogevinas, M., Real, F. X., & Malats, N. (2007). Epidemiology
of urinary bladder cancer: From tumor development to patient's
death. World Journal of Urology, 25(3), 285-295. https://doi.
org/10.1007/s00345-007-0168-5

Nam, J. S., Terabe, M., Kang, M. J., Chae, H., Voong, N., Yang, Y.
A., ... Wakefield, L. M. (2008). Transforming growth factor beta
subverts the immune system into directly promoting tumor growth
through interleukin-17. Cancer Research, 68(10), 3915-3923.
https://doi.org/10.1158/0008-5472.CAN-08-0206

Nekoohesh, L., Modarressi, M. H., Mowla, S. J., Sadroddiny, E.,
Etemadian, M., Afsharpad, M., ... Ghafouri-Fard, S. (2018).
Expression profile of miRNAs in urine samples of bladder cancer
patients. Biomarkers in Medicine, 12(12), 1311-1321. https://doi.
org/10.2217/bmm-2018-0190

Nouraee, N., Mowla, S. J., Ozhand, A., Parvin, M., Ziaee, S. A., &
Hatefi, N. (2009). Expression of survivin and its spliced variants in
bladder tumors as a potential prognostic marker. Urology Journal,
6(2), 101-108. https://doi.org/10.22037/uj.v6i2.251

Orlando, V. (2003). Polycomb, epigenomes, and control of cell
identity. Cell, 112(5), 599-606. https://doi.org/10.1016/S0092
-8674(03)00157-0

Ousati Ashtiani, Z., Mehrsai, A. R., Pourmand, M. R., & Pourmand, G.
R. (2018). High resolution melting analysis for rapid detection of
PIK3CA gene mutations in bladder cancer: A mutated target for can-
cer therapy. Urology Journal, 15(1), 26-31. https://doi.org/10.22037
/uj.v0i0.3987

Ousati Ashtiani, Z., Pourmand, G., Salami, S. A., Ayati, M., &
Tavakkoly-Bazzaz, J. (2017). Dysregulated expression of long in-
tergenic non-coding RNAs (LincRNAs) in urothelial bladder carci-
noma. International Journal of Molecular and Cellular Medicine,
6(4), 212-221. https://doi.org/10.22088/BUMS.6.4.212

Ousati Ashtiani, Z., Tavakkoly-Bazzaz, J., Salami, S. A., Pourmand,
M. R., Mansouri, F., Mashahdi, R., & Pourmand, G. (2017).
Differential Expression of FGFRs signaling pathway components
in bladder cancer: A step toward personalized medicine. Balkan
Journal of Medical Genetics, 20(2), 75-82. https://doi.org/10.1515/
bjmg-2017-0026

Pakzad, R., Mohammadian-Hafshejani, A., Mohammadian, M., Pakzad,
L., Safiri, S., Khazaei, S., & Salehiniya, H. (2015). Incidence and
mortality of bladder cancer and their relationship with development
in Asia. Asian Pacific Journal of Cancer Prevention, 16(16), 7365—
7374. https://doi.org/10.7314/APJCP.2015.16.16.7365

Palangi, A., Shakhssalim, N., Parvin, M., Bayat, S., & Allameh, A.
(2019). Differential expression of S1P receptor subtypes in human
bladder transitional cell carcinoma. Clinical and Translational
Oncology, 21(9), 1240-1249. https://doi.org/10.1007/s12094-019-
02049-3

Pan, G., & Thomson, J. A. (2007). Nanog and transcriptional networks
in embryonic stem cell pluripotency. Cell Research, 17(1), 42—49.
https://doi.org/10.1038/sj.cr.7310125

Papagiannakopoulos, T., Shapiro, A., & Kosik, K. S. (2008).
MicroRNA-21 targets a network of key tumor-suppressive pathways
in glioblastoma cells. Cancer Research, 68(19), 8164-8172. https://
doi.org/10.1158/0008-5472.CAN-08-1305


https://doi.org/10.22037/uj.v12i1.2685
https://doi.org/10.4111/icu.2017.58.2.140
https://doi.org/10.2217/bmm.13.44
https://doi.org/10.2217/bmm.13.44
https://doi.org/10.22037/uj.v11i06.2617
https://doi.org/10.22037/uj.v11i06.2617
https://doi.org/10.18632/oncotarget.659
https://doi.org/10.18632/oncotarget.659
https://doi.org/10.1016/j.critrevonc.2006.01.003
https://doi.org/10.1111/j.1464-410X.2010.09834.x
https://doi.org/10.1111/j.1464-410X.2011.10706.x
https://doi.org/10.1111/j.1464-410X.2011.10706.x
https://doi.org/10.1007/s12032-014-0069-6
https://doi.org/10.1186/s12967-019-1876-5
https://doi.org/10.1186/s12967-019-1876-5
https://doi.org/10.1038/nature02060
https://doi.org/10.22037/uj.v10i3.1487
https://doi.org/10.22037/uj.v2i3.237
https://doi.org/10.1038/nri954
https://doi.org/10.1038/nri954
https://doi.org/10.1007/s00345-007-0168-5
https://doi.org/10.1007/s00345-007-0168-5
https://doi.org/10.1158/0008-5472.CAN-08-0206
https://doi.org/10.2217/bmm-2018-0190
https://doi.org/10.2217/bmm-2018-0190
https://doi.org/10.22037/uj.v6i2.251
https://doi.org/10.1016/S0092-8674(03)00157-0
https://doi.org/10.1016/S0092-8674(03)00157-0
https://doi.org/10.22037/uj.v0i0.3987
https://doi.org/10.22037/uj.v0i0.3987
https://doi.org/10.22088/BUMS.6.4.212
https://doi.org/10.1515/bjmg-2017-0026
https://doi.org/10.1515/bjmg-2017-0026
https://doi.org/10.7314/APJCP.2015.16.16.7365
https://doi.org/10.1007/s12094-019-02049-3
https://doi.org/10.1007/s12094-019-02049-3
https://doi.org/10.1038/sj.cr.7310125
https://doi.org/10.1158/0008-5472.CAN-08-1305
https://doi.org/10.1158/0008-5472.CAN-08-1305

14 of 15 WI LEy_Molecular Genetics & Genomic Medicine

MOJARRAD anxo MOGHBELI

Pardo, M., Lang, B., Yu, L., Prosser, H., Bradley, A., Babu, M. M.,
& Choudhary, J. (2010). An expanded Oct4 interaction net-
work: Implications for stem cell biology, development, and dis-
ease. Cell Stem Cell, 6(4), 382-395. https://doi.org/10.1016/j.
stem.2010.03.004

Pardoll, D. M., Vogelstein, B., & Coffey, D. S. (1980). A fixed site of
DNA replication in eucaryotic cells. Cell, 19(2), 527-536. https://
doi.org/10.1016/0092-8674(80)90527-9

Park, J. S., Sohn, H. J., Park, G. S., Chung, Y. J., & Kim, T. G.
(2011). Induction of antitumor immunity using dendritic cells
electroporated with Polo-like kinase 1 (Plkl) mRNA in murine
tumor models. Cancer Science, 102(8), 1448-1454. https://doi.
org/10.1111/.1349-7006.2011.01974.x

Platt, F. M., Hurst, C. D., Taylor, C. F., Gregory, W. M., Harnden, P.,
& Knowles, M. A. (2009). Spectrum of phosphatidylinositol 3-ki-
nase pathway gene alterations in bladder cancer. Clinical Cancer
Research, 15(19), 6008-6017. https://doi.org/10.1158/1078-0432.
CCR-09-0898

Pruthi, R. S., Derksen, E., Gaston, K., & Wallen, E. M. (2004).
Rationale for use of cyclooxygenase-2 inhibitors in prevention and
treatment of bladder cancer. Urology, 64(4), 637-642. https://doi.
org/10.1016/j.urology.2004.04.047

Rafiemanesh, H., Lotfi, Z., Bakhtazad, S., Ghoncheh, M., & Salehiniya,
H. (2018). The epidemiological and histological trend of bladder
cancer in Iran. Journal of Cancer Research and Therapeutics, 14(3),
532-536. https://doi.org/10.4103/0973-1482.172134

Rafiemanesh, H., Rajaei-Behbahani, N., Khani, Y., Hosseini, S.,
Pournamdar, Z., Mohammadian- Hafshejani, A., ... Salehiniya, H.

(2015). Incidence trend and epidemiology of common cancers in
the center of Iran. Global Journal of Health Science, 8(3), 146—155.
https://doi.org/10.5539/gjhs.v8n3p146

Rakoff-Nahoum, S. (2006). Why cancer and inflammation? The Yale
Journal of Biology and Medicine, 79(3—4), 123-130.

Ramezani, M., Naderi, N., Almasi, A., & Sadeghi, M. (2016).
Epidemiological and clinicopathological features of bladder cancer:
A report from Kermanshah Province, Iran. Iranian Journal of Blood
and Cancer, 8(2), 43-46.

Saadat, S., Yousefifard, M., Asady, H., Moghadas Jafari, A., Fayaz, M.,
& Hosseini, M. (2015). The most important causes of death in Iranian
population; a retrospective cohort study. Emergency (Tehran), 3(1),
16-21. https://doi.org/10.22037/emergency.v3il.7261

Safarinejad, M. R., Safarinejad, S., Shafiei, N., & Safarinejad, S.
(2013). Association of genetic polymorphism of glutathione
S-transferase (GSTM1, GSTTI1, GSTP1) with bladder can-
cer susceptibility. Urologic Oncology: Seminars and Original
Investigations, 31(7), 1193-1203. https://doi.org/10.1016/j.urolo
nc.2011.11.027

Safarinejad, M. R., Shafiei, N., & Safarinejad, S. (2011a). Genetic sus-
ceptibility of methylenetetrahydrofolate reductase (MTHFR) gene
C677T, A1298C, and G1793A polymorphisms with risk for bladder
transitional cell carcinoma in men. Medical Oncology, 28(Suppl 1),
S398-S412. https://doi.org/10.1007/s12032-010-9723-9

Safarinejad, M. R., Shafiei, N., & Safarinejad, S. H. (2011b). The as-
sociation between bladder cancer and a single nucleotide polymor-
phism (rs2854744) in the insulin-like growth factor (IGF)-binding
protein-3 (IGFBP-3) gene. Archives of Toxicology, 85(10), 1209—
1218. https://doi.org/10.1007/s00204-011-0671-8

Sangro, B., Melero, 1., Qian, C., & Prieto, J. (2005). Gene therapy of
cancer based on interleukin 12. Current Gene Therapy, 5(6), 573—
581. https://doi.org/10.2174/156652305774964712

Schnakenberg, E., Breuer, R., Werdin, R., Dreikorn, K., & Schloot, W.
(2000). Susceptibility genes: GSTM1 and GSTM3 as genetic risk
factors in bladder cancer. Cytogenetics and Cell Genetics, 91(1-4),
234-238. https://doi.org/10.1159/000056851

Sedaghat, S., Gheytanchi, E., Asgari, M., Roudi, R., Keymoosi,
H., & Madjd, Z. (2017). Expression of cancer stem cell mark-
ers OCT4 and CD133 in transitional cell carcinomas. Applied
Immunohistochemistry and Molecular Morphology, 25(3), 196—
202. https://doi.org/10.1097/PA1.0000000000000291

Seitz, A. K., Christensen, L. L., Christensen, E., Faarkrog, K., Ostenfeld,
M. S., Hedegaard, J., ... Dyrskjgt, L. (2017). Profiling of long
non-coding RNAs identifies LINC00958 and LINCO01296 as can-
didate oncogenes in bladder cancer. Scientific Reports, 7(1), 395.
https://doi.org/10.1038/541598-017-00327-0

Sessa, L., Gatti, E., Zeni, F., Antonelli, A., Catucci, A., Koch, M.,
... Bianchi, M. E. (2014). The receptor for advanced glycation
end-products (RAGE) is only present in mammals, and belongs
to a family of cell adhesion molecules (CAMs). PLoS ONE, 9(1),
€86903. https://doi.org/10.1371/journal.pone.0086903

Seyedabadi, S., Saidijam, M., Najafi, R., Mousavi-Bahar, S. H., Jafari,
M., MohammadGanji, S., & Mahdavinezhad, A. (2018). Assessment
of CEP55, PLK1 and FOXMI1 expression in patients with bladder
cancer in comparison with healthy individuals. Cancer Investigation,
36(8), 407-414. https://doi.org/10.1080/07357907.2018.1514504

Shafaroudi, A. M., Mowla, S. J., Ziaee, S. A., Bahrami, A. R., Atlasi, Y.,
& Malakootian, M. (2008). Overexpression of BMI1, a polycomb
group repressor protein, in bladder tumors: A preliminary report.
Urology Journal, 5(2), 99—-105. https://doi.org/10.22037/uj.v5i2.54

Shafiei, S., Kalantari, E., Saecednejad Zanjani, L., Abolhasani, M., Asadi
Lari, M. H., & Madjd, Z. (2019). Increased expression of DCLK1, a
novel putative CSC maker, is associated with tumor aggressiveness
and worse disease-specific survival in patients with bladder carcino-
mas. Experimental and Molecular Pathology, 108, 164—172. https://
doi.org/10.1016/j.yexmp.2019.04.015

Shakhssalim, N., Hosseini, S. Y., Basiri, A., Eshrati, B., Mazaheri,
M., & Soleimanirahbar, A. (2010). Prominent bladder cancer risk
factors in Iran. Asian Pacific Journal of Cancer Prevention, 11(3),
601-606.

Shakhssalim, N., Houshmand, M., Kamalidehghan, B., Faraji, A.,
Sarhangnejad, R., Dadgar, S., ... Sanati, M. (2013). The mi-
tochondrial C16069T polymorphism, not mitochondrial D310
(D-loop) mononucleotide sequence variations, is associated with
bladder cancer. Cancer Cell International, 13(1), 120. https://doi.
org/10.1186/1475-2867-13-120

Shime, H., Yabu, M., Akazawa, T., Kodama, K., Matsumoto, M., Seya,
T., & Inoue, N. (2008). Tumor-secreted lactic acid promotes 1L.-23/
IL-17 proinflammatory pathway. The Journal of Immunology,
180(11),7175-7183. https://doi.org/10.4049/jimmunol.180.11.7175

Smyth, M. J., Dunn, G. P., & Schreiber, R. D. (2006). Cancer immu-
nosurveillance and immunoediting: The roles of immunity in sup-
pressing tumor development and shaping tumor immunogenicity.
Advances in Immunology, 90, 1-50. https://doi.org/10.1016/S0065
-2776(06)90001-7

Soukup, V., éapoun, 0., Cohen, D., Hernandez, V., Babjuk, M., Burger,
M., ... Zigeuner, R. (2017). Prognostic performance and reproduc-
ibility of the 1973 and 2004/2016 World Health Organization grad-
ing classification systems in non-muscle-invasive bladder cancer: A
European Association of Urology non-muscle invasive bladder can-
cer guidelines panel systematic review. European Urology, 72(5),
801-813. https://doi.org/10.1016/j.eururo.2017.04.015


https://doi.org/10.1016/j.stem.2010.03.004
https://doi.org/10.1016/j.stem.2010.03.004
https://doi.org/10.1016/0092-8674(80)90527-9
https://doi.org/10.1016/0092-8674(80)90527-9
https://doi.org/10.1111/j.1349-7006.2011.01974.x
https://doi.org/10.1111/j.1349-7006.2011.01974.x
https://doi.org/10.1158/1078-0432.CCR-09-0898
https://doi.org/10.1158/1078-0432.CCR-09-0898
https://doi.org/10.1016/j.urology.2004.04.047
https://doi.org/10.1016/j.urology.2004.04.047
https://doi.org/10.4103/0973-1482.172134
https://doi.org/10.5539/gjhs.v8n3p146
https://doi.org/10.22037/emergency.v3i1.7261
https://doi.org/10.1016/j.urolonc.2011.11.027
https://doi.org/10.1016/j.urolonc.2011.11.027
https://doi.org/10.1007/s12032-010-9723-9
https://doi.org/10.1007/s00204-011-0671-8
https://doi.org/10.2174/156652305774964712
https://doi.org/10.1159/000056851
https://doi.org/10.1097/PAI.0000000000000291
https://doi.org/10.1038/s41598-017-00327-0
https://doi.org/10.1371/journal.pone.0086903
https://doi.org/10.1080/07357907.2018.1514504
https://doi.org/10.22037/uj.v5i2.54
https://doi.org/10.1016/j.yexmp.2019.04.015
https://doi.org/10.1016/j.yexmp.2019.04.015
https://doi.org/10.1186/1475-2867-13-120
https://doi.org/10.1186/1475-2867-13-120
https://doi.org/10.4049/jimmunol.180.11.7175
https://doi.org/10.1016/S0065-2776(06)90001-7
https://doi.org/10.1016/S0065-2776(06)90001-7
https://doi.org/10.1016/j.eururo.2017.04.015

MOJARRAD ano MOGHBELI

Molecular Genetics & Genomic Medicine_wl LEY 150f 15

Sun, W,, Luo, J. D., Jiang, H., & Duan, D. D. (2018). Tumor exosomes:
A double-edged sword in cancer therapy. Acta Pharmacologica
Sinica, 39(4), 534-541. https://doi.org/10.1038/aps.2018.17

Suzuki, M., Toyooka, S., Miyajima, K., lizasa, T., Fujisawa, T., Bekele,
N. B., & Gazdar, A. F. (2003). Alterations in the mitochondrial dis-
placement loop in lung cancers. Clinical Cancer Research, 9(15),
5636-5641.

Szafranski, P., Dharmadhikari, A. V., Brosens, E., Gurha, P,
Kolodziejska, K. E., Zhishuo, O., ... Stankiewicz, P. (2013).
Small noncoding differentially methylated copy-number variants,
including IncRNA genes, cause a lethal lung developmental dis-
order. Genome Research, 23(1), 23-33. https://doi.org/10.1101/
gr.141887.112

Tabriz, H. M., Olfati, G., Ahmadi, S. A., & Yusefnia, S. (2013).
Cyclooxygenase-2 expression in urinary bladder transitional cell
carcinoma and its association with clinicopathological characteris-
tics. Asian Pacific Journal of Cancer Prevention, 14(8), 4539-4543.
https://doi.org/10.7314/APJCP.2013.14.8.4539

Tan, Y., Zhang, T., Zhou, L., Liu, S., & Liang, C. (2019). MiR-34b-3p
represses the multidrug-chemoresistance of bladder cancer cells by
regulating the CCND2 and P2RY1 genes. Medical Science Monitor,
25, 1323-1335. https://doi.org/10.12659/MSM.913746

Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J. J., & Lotvall,
J. 0. (2007). Exosome-mediated transfer of mRNAs and microRNAs
is a novel mechanism of genetic exchange between cells. Nature Cell
Biology, 9(6), 654—659. https://doi.org/10.1038/ncb1596

van den Berg, D. L. C., Snoek, T., Mullin, N. P., Yates, A., Bezstarosti,
K., Demmers, J., ... Poot, R. A. (2010). An Oct4-centered protein
interaction network in embryonic stem cells. Cell Stem Cell, 6(4),
369-381. https://doi.org/10.1016/j.stem.2010.02.014

Vance, K. W., & Ponting, C. P. (2014). Transcriptional regulatory func-
tions of nuclear long noncoding RNAs. Trends in Genetics, 30(8),
348-355. https://doi.org/10.1016/j.tig.2014.06.001

Wang, F., Li, X., Xie, X., Zhao, L., & Chen, W. (2008). UCAI, a
non-protein-coding RNA up-regulated in bladder carcinoma and em-
bryo, influencing cell growth and promoting invasion. FEBS Letters,
582(13), 1919-1927. https://doi.org/10.1016/j.febslet.2008.05.012

Wiklund, E. D., Bramsen, J. B., Hulf, T., Dyrskjgt, L., Ramanathan,
R., Hansen, T. B., ... Clark, S. J. (2011). Coordinated epigenetic
repression of the miR-200 family and miR-205 in invasive bladder
cancer. International Journal of Cancer, 128(6), 1327-1334. https://
doi.org/10.1002/ijc.25461

Wu, D., Zhou, Y., Pan, H., Qu, P., & Zhou, J. (2015). microRNA99a
inhibits cell proliferation, colony formation ability, migration and
invasion by targeting fibroblast growth factor receptor 3 in prostate
cancer. Molecular Medicine Reports, 11(2), 1469—1475. https://doi.
org/10.3892/mmr.2014.2792

Xiao, H., Li, H., Yu, G., Xiao, W., Hu, J., Tang, K., ... Xu, H. (2014).
MicroRNA-10b promotes migration and invasion through KLF4
and HOXD10 in human bladder cancer. Oncology Reports, 31(4),
1832-1838. https://doi.org/10.3892/0r.2014.3048

Xie, J., Mendez, J. D., Mendez-Valenzuela, V., & Aguilar-Hernandez,
M. M. (2013). Cellular signalling of the receptor for advanced

glycation end products (RAGE). Cellular Signalling, 25(11), 2185—
2197. https://doi.org/10.1016/j.cellsig.2013.06.013

Xu, S., Ge, J., Zhang, Z., & Zhou, W. (2018). miR-141 inhibits prostatic
cancer cell proliferation and migration, and induces cell apoptosis
via targeting of RUNXI1. Oncology Reports, 39(3), 1454-1460.
https://doi.org/10.3892/0r.2018.6209

Yang, H., Sasaki, T., Minoshima, S., & Shimizu, N. (2007). Identification
of three novel proteins (SGSM1, 2, 3) which modulate small G pro-
tein (RAP and RAB)-mediated signaling pathway. Genomics, 90(2),
249-260. https://doi.org/10.1016/j.ygen0.2007.03.013

Yang, P., Huo, Z., Liao, H., & Zhou, Q. (2015). Cancer/testis antigens
trigger epithelial-mesenchymal transition and genesis of cancer
stem-like cells. Current Pharmaceutical Design, 21(10), 1292—
1300. https://doi.org/10.2174/1381612821666141211154707

Yazarlou, F., Modarressi, M. H., Mowla, S. J., Oskooei, V. K.,
Motevaseli, E., Tooli, L. F., ... Afsharpad, M. (2018). Urinary exo-
somal expression of long non-coding RNAs as diagnostic marker in
bladder cancer. Cancer Management and Research, 10, 6357-6365.
https://doi.org/10.2147/CMAR.S186108

Yazarlou, F., Mowla, S. J., Oskooei, V. K., Motevaseli, E., Tooli, L. F.,
Afsharpad, M., ... Modarressi, M. H. (2018). Urine exosome gene
expression of cancer-testis antigens for prediction of bladder carci-
noma. Cancer Management and Research, 10, 5373-5381. https://
doi.org/10.2147/CMAR.S180389

Yin, Z., Ivanov, V. N., Habelhah, H., Tew, K., & Ronai, Z. (2000).
Glutathione S-transferase p elicits protection against H202-induced

cell death via coordinated regulation of stress kinases. Cancer
Research, 60(15), 4053-4057. https://doi.org/10.7916/D8571B9J

Yu, M., Zhou, Y., Shi, Y., Ning, L., Yang, Y. I., Wei, X., ... Niu, R.
(2007). Reduced mitochondrial DNA copy number is correlated
with tumor progression and prognosis in Chinese breast cancer pa-
tients. [IUBMB Life, 59(7), 450-457. https://doi.org/10.1080/15216
540701509955

Yu, Q. F., Liu, P, Li, Z. Y., Zhang, C. F,, Chen, S. Q., Li, Z. H,, ...
Li, J. C. (2018). MiR-103/107 induces tumorigenicity in bladder
cancer cell by suppressing PTEN. European Review for Medical
and Pharmacological Sciences, 22(24), 8616-8623. https://doi.
org/10.26355/eurrev_201812_16625

Yun, S.J., Jeong, P., Kim, W.-T., Kim, T. H., Lee, Y.-S., Song, P. H,, ...
Kim, W.-J. (2012). Cell-free microRNAs in urine as diagnostic and
prognostic biomarkers of bladder cancer. International Journal of
Oncology, 41(5), 1871-1878. https://doi.org/10.3892/ij0.2012.1622

Zhu, S., Wu, H., Wu, E, Nie, D., Sheng, S., & Mo, Y. Y. (2008).
MicroRNA-21 targets tumor suppressor genes in invasion and metas-
tasis. Cell Research, 18(3), 350-359. https://doi.org/10.1038/cr.2008.24

How to cite this article: Mojarrad M, Moghbeli M.
Genetic and molecular biology of bladder cancer
among Iranian patients. Mol Genet Genomic Med.
2020;8:e1233. https://doi.org/10.1002/mgg3.1233



https://doi.org/10.1038/aps.2018.17
https://doi.org/10.1101/gr.141887.112
https://doi.org/10.1101/gr.141887.112
https://doi.org/10.7314/APJCP.2013.14.8.4539
https://doi.org/10.12659/MSM.913746
https://doi.org/10.1038/ncb1596
https://doi.org/10.1016/j.stem.2010.02.014
https://doi.org/10.1016/j.tig.2014.06.001
https://doi.org/10.1016/j.febslet.2008.05.012
https://doi.org/10.1002/ijc.25461
https://doi.org/10.1002/ijc.25461
https://doi.org/10.3892/mmr.2014.2792
https://doi.org/10.3892/mmr.2014.2792
https://doi.org/10.3892/or.2014.3048
https://doi.org/10.1016/j.cellsig.2013.06.013
https://doi.org/10.3892/or.2018.6209
https://doi.org/10.1016/j.ygeno.2007.03.013
https://doi.org/10.2174/1381612821666141211154707
https://doi.org/10.2147/CMAR.S186108
https://doi.org/10.2147/CMAR.S180389
https://doi.org/10.2147/CMAR.S180389
https://doi.org/10.7916/D8571B9J
https://doi.org/10.1080/15216540701509955
https://doi.org/10.1080/15216540701509955
https://doi.org/10.26355/eurrev_201812_16625
https://doi.org/10.26355/eurrev_201812_16625
https://doi.org/10.3892/ijo.2012.1622
https://doi.org/10.1038/cr.2008.24
https://doi.org/10.1002/mgg3.1233

