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Gallbladder cancer (GBC) is among the utmost pervasive form of biliary tract
cancers and remains relatively under-researched. Its prognosis is generally poor,
with survival rates varying based on diagnostic stage, from 20% to 65%. The
hallmarks of cancer, such as proliferation of cells, migration of cells, invasion,
process of programmed cell death, radio/chemosensitivity, and cancer stem cell
phenotype, are all influenced by miRNAs, which have been found to be essential

Keywords: actuators in the process of gene expression. This review is an attempt to reveal the
Gallbladder cancer molecular pathways influenced by miRNAs that could be targeted for therapeutic
MicroRNAs purposes in gallbladder cancer (GBC) and also emphasizes the need for precision
Molecular Pathways

medicine to target potent pathways, utilizing not only inhibiting receptor or

Target therapy . . . . .
antibody but also investigating miRNAs as a potential treatment strategy.

Promising biomarker
1. A Pancreatic Overview of Gallbladder cancer (GBC) but increases with increase in age, and reaches its
maximum at 65 years of age. In Delhi, GBC is the leading
cancer with 17.1/100000 in females and 8.8/100000 in
males (National Cancer Registry Programme 2012- 2014)

Gallbladder cancer (GBC) is an infrequent class of
malignant neoplasm of the gastrointestinal tract
worldwide. Stoll and his colleagues first described it in

1771, occurring most commonly in older females with pre- [2]. Very few literatures are available regarding early
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existing cholelithiasis and cholecystitis. According to the
American Cancer Society, GBC is reported with high
incidence in Chile, Poland, Korea, Japan, Israel, and
Northern India, whereas its incidence is uncommon in the
west part of the globe. Northern India has a ten-fold greater
incidence of GBC per 100,000 people, according to the
Indian Council of Medical Research (ICMR, 1990-1996),
especially Gangetic Besin, when compared with south [1].
The occurrence of GBC in the younger age group is rare,

detection and prognosis of GBC. Risk factors responsible
for the development of GBC includes cholelithiasis
(gallstones), chronic inflammation, gallbladder polyps,
Pancreaticobiliary maljunction anomalies, chemical
exposures, infections,  obesity, female  gender,
environmental and genetic factors [3]. Gallbladder stones
are considered as most important, with 8.3 times higher
risk factor for GBC, because its presence increases local
epithelial irritation, which could result in dysplasia by
causing persistent inflammation. The exact mechanism for
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this activity is still unknown. Chronic inflammation results
in DNA damage, tissue proliferation, cytokines, other
chemicals release, and has been found to be e linked with
occurrence of GBC. [4]. The outcome of GBC is poor,
which is mainly due to the late diagnosis of disease; because
of late presentation only 15-47% cases are suitable for
resection [5]. The entire surgical excision of gallbladder is
the only curable treatment for this malignancy but with
high recurrence rate. For advanced cases, the total 5-year
survival rate is less than 5%. When detected in its initial
stages, the probability of survival rises to 75% [6 7]. Despite
decades of progress in cancer treatment, diagnostic and
prognostic markers for this malignancy have not been
extensively studied [8]. Additionally, by comprehending
the histological transitions from normal epithelium to
metaplasia, dysplasia, and carcinoma, provide an
opportunity for identification of novel biomarkers to
prevent advanced GBC.

2. MicroRNAs (miRs)

Tumour suppressor gene inactivation and oncogene
activation are two basic steps in the multistage process of
carcinogenesis. In this context, MicroRNAs (miRs) appears
to be an excellent tool for monitoring the process of
carcinogenesis, and also function as key regulators involved
in various types of cancers. miRs are small non-protein-
coding Ribonucleic acids (RNAs) that modulate their
expression by binding with the complimentary sequence
on target mRNA transcript. Accumulating literature
suggests that miRs were considered as effective diagnostic
and prognostic biomarkers in various types of metabolic
diseases (diabetes) and cancer [9, 10]. Furthermore miRs
has been demonstrated to control the expression of genes
and proteins and be involved in GBC progression and
metastasis [11]. MiR-335, which is expressed on
chromosome 7q32.2, has been shown to be a significant
tumour suppressor or oncogenic miR in a variety of cancer
types [12]. Its expression was found upregulated in
meningiomas, gliomas, and myeloma, whereas shown as
down regulated in breast cancer, hepatocellular cancer and
pancreatic adenomas [13, 14, 15]. In relation to this, its
low expression was reported as significantly associated with
clinical parameters like metastasis in lymph node and liver,
high pT stage, poor pN stage, invasion of lymphatic vessel
and its high expression was reported to be correlated with
recurrence and poor survival in gastric cancer [16].

Intensive medical researches with advanced technologies
help in identification of molecular biomarkers for the
characterization of cancer. MiRs play an important role in
cancer detection, prognostic prediction and potential
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therapeutic targets. They are a family of endogenous 20-25
nucleotide non-coding RNA molecules that help in
regulating gene expression [17]. In 1993, the Ambros and
Ruvkun team found the first miR lin-4 in Caenorhabditis
elegans. The discovery of miRs has become as a revolution
in the field of molecular biology. Research studies
suggested that miRs were found in sub cellular
components including the nucleus, nucleolus, and
mitochondria which participate in controlling the rate of
transcription, translation and DNA repair. Previous
studies have also reported that miRs possess a significant
role in progression of cancers by regulating gene regulation,
and as a result, affecting varied aspects of cellular
homeostasis, including  proliferation  of  cells,
differentiation of cells, migration, cell apoptosis,
metabolism, and stress response. It has been found that
more than 50% of miR gene was located in the associated
genome region, which provides support in cancer
development [18].

3. Biogenesis of miRs

The majority of miRs are derived from introns., described
as intragenic and the remaining miRs are intergenic, which
are regulated by their own promoters and transcribed
independently. (miRs) are highly conserved non coding
RNA molecules serve as lead molecules in the process of
RNA silencing [19]. These are small sized RNAs,
approximately of 22 nucleotides in length,with 5’-
phosphate and 3’-hydroxyl ends,which when assembled
into RISC, suppress the expression of particular genes.
However, there is several evidences which state that miR
dysregulation is associated with disease, particularly cancer.
MiRs biogenesis is regulated at each level, including its
transcription;  processing, RNA  degradation, and
modification by Drosha and Dicer in the cytoplasm and
nucleus. Introns are the primary source of "half of all
currently identified miRs, which are intragenic," according
to a study by O'Brien. The biogenesis involves two major
pathways one canonical and other non-canonical, primary
being the dominant [20]. At first, the miR gene is
transcribed to produce a primary microRNA (pri-miR)
precursor molecule, which is then subjected to nuclear
cleavage by the microprocessor complex, which is made up
of the ribonuclease III enzyme Drosh and the RNA binding
protein DiGeorge Syndrome Critical Region 8. An
exportin 5 (XPO5)/RanGTP complex exports the pre-miRs
that Drosha's duplex cleavage produced to the cytoplasm,
where they are subsequently processed by the RNase III
endonuclease Dicer. In non-canonical pathways, thrAGO2
is necessary for these preemiRNAs to complete maturation
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in the cytoplasm [21]. In various studies, it has been
detected that transcription factors, such as p53, MYC,
ZEB1 regulate miR expression, the RNA-induced silencing
complex (RISC) is integrated into the effector complex. It
is seen in most of the cases, that translational inhibition is
caused by miRISC binding to target mRNAs [22]. In an
experimental study, AGO2 has been shown to be localised
in the nucleus of senesced fibroblasts and to impede the
transcription of genes that promote proliferation and are
controlled by Rb/E2F by interfering with miRISC and
retinoblastoma [22]. It has also been proposed that those
miR biogenesis factors are also entangled in other RNA
pathways as Drosha cleaves and destabilizes several mRNAs
and retrotransposon transcripts [23]. Deregulated miR
processing in tumor cells has been found and could be a
reason for divergent expression patterns frequently
observed in cancer patients along with a remarkable
downregulation of mature miRs. Therefore, resolving the
mechanisms underlying miR regulation is a main challenge
to achieving advancement in RNAibased drug
developments in the coming years [24] (Figure 1)

Pri -miR Transcription in Cancer: The transcription of pri-
miR is a step that initiates the process of miR biogenesis,
deregulation in this step results in the development of
cancer. Genomic areas contain human miR genes and
these genes are found edited, amplified or translocated in
cancer. Pri-miR transcription and miR expression are
altered due to deletion, amplification and translocation of
genes, which causes the development and spread of cancer.
For example, the expression of mature miR-128 reduce,
which leads to glucocorticoid resistance in blood cancer.
This is caused by a point mutation in the miR-128b gene,
which prevents pri-miR 128b from being processed [25].
Furthermore, the alteration in the tumor suppressor or
oncogenic factors, give rise to dysregulation of miR
expression. These tumor suppressor or Oncogenic factors
regulate pri-miR transcription by acting as either repressors
or activators. For instance, miR-34 family expression
represses growth promoting genes by coordinating with
tumor suppressive network of other members of p53 gene,
which promotes apoptosis by inhibiting uncontrolled cell
proliferation. The transcriptional dysregulation, either
through deletion, amplification or translocation of genes
or aberrant cancer associated transcriptional factor activity;
both are important mechanisms responsible for altered
miR expression in cancer.

4. The involvement of miR in cancers

According to the latest miRBase database, there is a total
of 2578 miR sequences identified in humans [26]. A miR

that is upregulted in various cancers and targets a tumor
suppressor might normally function as an oncogenemiR
that has been downregulated and targets an oncogene may
function as a tumour suppressor. Cancer associated
genomic regions contain almost half of the total numbers
of miR genes (Figure 2).

The first study which shows the relationship between miR
and cancer, was reported by Calin and his co-workers [27].
These researchers observed a frequent deletion of
chromosome 13q14 in blood cancer. They also
investigated that miR-15 and miR-16 are found within the
deleted region of chromosome [27]. A few years later, a
potential oncogene cluster of miR-17-92 was identified that
controls the function of c-Myc in a B-cell ymphoma mouse
model [28]. Furthermore, a cluster of miR-17-92 was found
located in chromosome 13g31.3 demonstrate its
overexpression in various cancers [29]. These research
studies provide evidence that because of their unstable
locations, miR genes are typically amplified or deleted in

cancer.

4.1. Role of miRs in cell cycle regulation

MiRs target the cell cycle to both directly and indirectly
through regulatory genes and signaling pathways. The
family members of INK4 are pl6(INK4a), p15(INK4b),
p18(INK4c), and p19(INK4d), impede the advancement of
the cell cycle by attaching to Cdk4 or Cdk6 and preventing
the activity of cyclin D. Conversely, The E2F transcription
factor is activated and Rb protein is inactivated by cyclins
(cyclin A, B, D, and E) and cyclin dependent kinases (CDK
2, 4, 6), which facilitate the advancement of the cell cycle.
Cell cycle arrest at the G1 phase may be caused by the mir-
15a-16-1 cluster, which targets important cell cycle
regulators such CDK1, CDK2, and CDK®6, as well as
cyclins (D1, D3, and E1) [30]. Research found that
members of the let-7, miR-449, miR-195 (an additional
member of the miR-15 family), miR-24, miR-34a, miR-124,
miR-125b, miR-129, and miR-137 families target CDK4 or
CDK6 mRNA [31, 32].

miRs function as tumor suppressors and inhibit the cell
cycle by repressing a variety of positive regulators [33].
MiRs that cause a G1 arrest are discovered to downregulate
D-type cyclins. (miR-15a, miR-16-1; CCND1 and CDK6 by
miR-34a; Cyclin D1, CDK6, and E2F3 by miR-195; cyclins
D2 and E2 by miR miR-26a). miR-29a is silenced by
hypermethylation in cervical cancer cells leading to
p16(INK4a) overexpression [34]. In gastric cancer, high
expression of miR30a-3p alters the cell cycles of AGS and
BGC-823 during the GO/G1 phase and prevents their
proliferation. [35].
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Furthermore, GBC tissues were found to have active
pathways related to cell cycle, primarily M phases, cell cycle
checkpoints. In GBC tumorigenesis, alteration in
MADZ2L1 expression, hsa-miR-192-5p regulates the course
of the cell cycle. [36]. MiR-29¢ restricts the G1/8S cell-cycle
transition by preventing the expression of cyclin D, which
blocks the restriction point and causes a severe G1-phase

arrest in GBC cells. [37].

4.2. Dysregulation of tumor suppressor miRs in cancer

miRs expression targets mRNA coding oncoproteins, thus

exhibit the properties of onco-suppression. The expression

of onco-suppressor miRs has been found downregulated in
various cancers.

(@) Let-7 family: In humans, the let-7 family is made up of
10 members: let-7a, let-7b, let-7c, let-7d, let-7e, let-7f, let-
7g, and let-7i. Lin28 act as a post-transcriptional
repressor through which it regulates the biogenesis of
let-7. The primary roles of the let-7 family in normal
function are in the regulation of gene expression,
muscle development, and cell adhesion [38].

(b) miR-200 family: The five members of the miR-200 family
are miR-141, miR-429, miR-200a, miR-200b, and miR-
200c. in addition EMT transition and the E-cadherin
transcriptional receptors ZEB1 and ZEB2 control miR-
200 biogenesis [39]. Furthermore, EMT transition is an
essential process in embryonic development as well as
tumor progression [39]. miR-200 expression is found
down-regulated in bladder cancer, lung cancer,
colorectal can, hepatocellular carcinoma, gastric cancer,
pancreatic cancer, oral cancer, and prostate cancer [40-
43].

(c) miR-145: The significance of miR-145 in the
development and spread of tumors in different types
of cancers is crucial. Inhibiting the expression of P21
activated kinase 4 and the sex-determining region Y-box
9, miR-145 expression lowers the characteristics of cell
migration and invasion in colorectal cancer [44, 45].
miR 145 expression related to invasion and migration
via targeting ADP-ribosylation factor 6 and octamer-
binding transcription factor 4 in breast cancer [46];
found its tumor suppressive role by target genes
involved are A disintegrin and metalloproteinase 17
and EGFR in glioma cells. Furthermore, the miR 145
expression was found downregulated in number of
cancers [47-49].

5. Role of miRs in GBC

Several profiling studies performed on GBC have
demonstrated frequent deregulated miRs that participate
significantly in gallbladder carcinogenesis. These miRs
perform vital role in cancer development, including
proliferation, metastasis and apoptosis. Some of the recent
profiled deregulated miRs in GBC are summarized below
in Table 1 [50-85].

The critical hallmarks of cancer are regulated by miRs, and
these miRs play a role in modulating the mechanisms that
cause GBC to arise and progress. MiRs, which are referred
to as "metastamir” because of their collective term, regulate
the expression of various genes associated in distinct stages
of metastasis, including invasion, migration, EMT, and
cancer cell proliferation [Figure 3]. Cells are programmed
to die when they become damaged or are no longer
needed.This process helps maintain the balance of cells in
the body. Proapoptotic proteins, cytochrome c (cyt C)
release, and caspase activation are all linked to apoptotic
cell death [86, 87]. It was discovered that the aberrant
expression of circRNA circFOXP1 induced the Warburg
effect in GBC cells and comparable action was exhibited
by sponging miR 370 in GBC. In vivo model, the
upregulation of MAP2K4 and the increased expression of
miR-136 caused apoptosis in GBC [88]. Additionally, the
circRNA circHIPK3 was elevated in GBC and that it
functioned by sponging the miR-124 that reduced its
expression [89]. MiR-363-3p's target MCL-1 reduction
increased apoptosis and significantly decreased NOZ cell
proliferation. [90]. Moreover, an additional investigation
assessing the tumorsuppressive function of miR-138
revealed that it specifically targeted and suppressed the
3UTR of the antiapoptotic protein Bagl. Overexpression
of miR-138 controlled the expression Bcl-2 and Bax
(apoptosis-associated proteins) and resulted in miR-138-
mediated Bagl inhibition [91]. In GBC patients, serum
EVs miR-451a were markedly downregulated and targeted
MIF, PSMBS8, and CDKN2D to cause apoptosis [92]. MiR-
1 and miR-145 were shown to have a substantial role as
tumour suppressors in gallbladder cancer after functional
characterization. They were also shown with viable cell
reduction and trigger the process of apoptosis in NOZ cells
of cultured GBC [93]. By targeting DFF45, miRNA-145
causes a gallbladder cancer cell line to undergo apoptosis
[51].

It has been documented that circHIPK3 imparts its action
by sponging the tumour suppressor miR-124;
consequently, cirHIPK3 knockdown increased the
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Table 1. Overview of up-regulated (‘oncogenic’) and down-regulated (‘suppressive) miRs in gallbladder cancer patient

specimens compared to healthy tissue/ cell lines and the associated clinical effects.
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miRs Sample type Target gene Expression/role  Function Ref
miR-145-5p Tissue and cell lines Signal transducer and activator Down/ Colony formation; migration; [50]
of transcription 1 (STAT1) Tumor suppressor  proliferation; poor prognosis
DNA fragmentation factor Down/ Invasion; migration apoptosis [51]
45(DFF45) tumor suppressor
miR-143-5p/3p Tissue and cell lines Hypoxia-inducible factor-1a Down/ Proliferation; migration; invasion; [52]
subunit (HIF-1a) tumor suppressor apoptosis
Tissue and blood . Down/tumor Lymph node metastasis; pTNM stage [53]
suppressor
Tissue and blood Integrina6 ITGA6 Down/tumor Lymph node metastasis; pTNM stage [54]
suppressor
miR-34a Tissue and cell Phosphatase nuclear targeting Down/tumor Proliferation; [55]
subunit suppressor Colony formation; prognosis
miR-130a Tissue and cell HOX transcript antisense RNA Down/tumor Proliferation; invasion [56]
suppressor
miR-146b Tissue and cell Epidermal growth factor Down/tumor Tumor size; proliferation; [57]
receptor suppressor apoptosis
miR-1 Tissue and cell Neurogenic locus notch Down/ Colony formation; invasion; (58]
homolog protein 2 tumor suppressor migration; proliferation
miR-141 Tissue and blood - Down/tumor Lymph node metastasis; pTNM stage [59]
suppressor
miR-575 Tissue and cell p27 Kipl Down/tumor Colony formation; Proliferation ; [60]
suppressor apoptosis
miR-125b Tissue and cell - Down/tumor pTMN stage, migration, proliferation  [61]
suppressor
miR-136 Tissue and cell Mitogen-activated protein kinase =~ Down/tumor Proliferation; apoptosis [62]
kinase 4 suppressor
miR-324 Tissue and cell Transforming growth factor beta ~ Down/tumor pTNM; invasion; migration; [63]
2 suppressor apoptosis
miR-214 Tissue and cell E2F transcription factor 3 Down/tumor Migration; invasion; proliferation [64]
suppressor
miR-3120 Tissue and cell E2F transcription factor 3 Down/tumor Migration; invasion; proliferation
suppressor
miR-335 Tissue - Down/tumor Invasion, pTNM, prognosis [65]
suppressor
miR-335 Tissue - Down/tumor Histological grade; lymph node [66]
suppressor metastasis, poor prognosis
miR-552-3p Tissue and cell line Repulsive guidance molecule BMP Down/tumor Self-renewal, malignant proliferation, [67]
coreceptor a (RGMA) suppressor tumorigenicity and metastasis
miR-30d-5p Tissue and cell line Plasmacytoma variant Down/tumor Cell proliferation and invasion [68]
translocation 1 (PVT1) suppressor
Tissue and cell line plasmacytoma variant Down/tumor Cell proliferation and metastasis by [69]
miR-143 translocation 1 (PVT1) SuUppressor regulating aerobic glucose
metabolism
miR 34a-5p Tissue Kras, Trp53 Down/tumor Cell proliferation and invasion [70]
suppressor
miR-1, miR130, serum and fresh - Up/ down [71]
miR-146, miR- frozen tissue Invasion, pTNM, prognosis
182, and miR-21
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Tissue, mice and cell ~ Toll-like receptor 4 (TLR4) Upregulted proliferation, migration, invasion, [72]
miR-146b-5p line (NOZ and GBC- and apoptosis
SD)
Tissue and cell line epidermal growth factor receptor proliferation, migration, invasion, [73]
(SGC-996) (EGFR and apoptosis
miR-30b and cell line ecto-5"nucleotidase (NT5E) Down/tumor Cell proliferation, invasion and [74]
miR-340 suppressor migration
Tissue and cell Wnt2b and Smad2 Down/tumor Proliferation, migration, invasion, [75]
miR-188-5p line(SGC-996, NOZ, suppressor tumorigenesis and apoptosis
GBC-SD)
Tissue and cell line Reversion-inducing-cysteine-rich ~ upregulated Migration and invasion [76]
miR-182 (GBCSD, EHGBI, protein with kazal motifs
NOZ) (RECK)
Tissue, and cell line Forkhead box N3 (FOXN3) upregulated Cell proliferation, invasion and [77]
(GBC-SD and migration
SGC-996)
Tissue and cell line cell adhesion moleculel upregulated Cell migration invasion and [78]
(CADM1) metastasis
MiR-4733-5p Tissue, mice and cell ~ kruppel-like factor 7 (KLF7) upregulated Cell Proliferation, colony formation, [79]
line (NOZ and GBC- migration and invasion
SD)
RAB22A Down/tumor Proliferation, migration and invasion [80]
MiR-520b Tissue and cell line suppressor
(NOZ2)
mice and cell line p27 Kipl Down/tumor Tumor growth proliferation and [81]
miR- 502-3p ((GBC-SD and suppressor invasion
G415)
Human intrahepatic Foslike antigen-1 FOSL1 Down/tumor [82]
MiR-195-5p biliary epithelial cells suppressor Proliferation, migration, and invasion
(HIBEpiCs) and the
GBC cell lines GBC-
SD and NOZ
MiR-3619-5p Tissue, and cell line DiGeorge syndrome critical Down/tumor [83]
(NOZ, SGC-996, region gene (DGCRS5) suppressor Cell proliferation,
GBC-SD, OCUG) migration,invasion, and induced
apoptosis and cell cycle arrest
Blood - Down/tumor [84]
miR-187 and Cell line suppressor TNM stage, differentiation lymphatic
miR-143 metastasis, Proliferation and
migration
miR-499 Tissue - Down/ tumor [85]

suppressor

Tumor diferentiation, advanced

staging, liver metastasis

expression of miR-124. Additionally, the suppression
caused the expression of rho-associated protein kinase 1
(ROCK1) and miR-124 targeted cyclin dependent kinase 6
(CDK®6) to decrease [94, 89]. Research investigating the
function of miRs in controlling cell survival and
proliferation has revealed that the expression of the miR-
136 as downregulated in GBC, thus its increased
expression inhibits cell proliferation [62]. A different study
revealed that miR-335 was dramatically downregulated in
GBC cells. Furthermore, miR-335 mimics the expression
of proteins linked to the cell cycle, including cdc2 and
cdc25. Moreover, GBC cells experienced cell cycle

stoppage and cell viability suppression due to elevated miR-
335 expression. A different study revealed that miR-335
downregulated in GBC cells.
Furthermore, miR-335 mimics the expression of proteins
linked to the cell cycle, including CDC2 and CDC25.
Moreover, GBC cells experienced cell cycle stoppage and

was  dramatically

cell viability suppression due to elevated miR-335
expression [95]. Elevated miR-155 levels in gallbladder
cancer correlated significantly with lymph node metastasis
and an unfavorable prognosis. Experiments conducted in

vitro demonstrated that abnormal miR-155 expression

Iran ] Blood Cancer, 2024, Volume 16, Issue 4 | Page 7 of 17


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html

[ Downloaded from ijbc.ir on 2026-05-30 ]

[ DOI: 10.61186/ijbc.16.4.69 ]

Naseem Fatima et al.

HIF-1a/EMT Pathway
miR143-5P  —> HIF-1a
miR 33a > 16
miR 182 — FOXNE
miR 33B CROCC
miR 114/31203E2F4
miR 18b-5p — PVT1L

MAPK Pathway
miR 29¢-5p —— CPEB4
miR 101 —> ZFX
miR 135a ——= VLDLR

Hedgehog Pathway /

miR26-5p —> SNHG6

Proliferation
Differentiation

PI3K-AKT Pathway
miR 451A — CDK4, PTEN
miR 145-5P SMAD?7, EGFR, BCL2
miR 642a-3p VEGFA
miR 143-3p PLGF

Stemness

Metastasis

Chemotherapy
Radiotherapy
Resistance

Wnt Pathway
miR 20a —=> SMAD?7
miR 195-5p —> FOSL1
miR 342-3p —— FOXM1
miR182 > FOXN3

NOTCH Pathway
—> RECK

miR 182

miR194-5P — 2 SNHG1
miR208 — 2 SIXI
mMIR1-5P — NOTCH2

% JAK/STAT Pathway

miR 145-5p — IRF7

GBC
Progression/
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Figure 3. Overview of miRs regulating signalling which activate cancer stem cells in gallbladder cancer.

notably boosted the proliferation and invasion of
gallbladder cancer cells.

Transcriptionally  controlled  epithelial-mesenchymal
transition (EMT) process results in the decrease of
adhesion and polarization and the acquisition of invasion
and migratory capabilities. The Smad and MAPK/ERK
pathways being activated, and was greatly suppressed by the
overexpression of miR-101 in GBC cells. This, in turn,
prevented TGF-induced EMT [96]. According to one such
study, increased expression of miR-324 in GBC is essential
for EMT because it increases E-cadherin levels while
lowering vimentin and N-cadherin levels [63]. High
expression miR-30b and miR-30d was observed to have
symbiotic effects on progression of GBC cells,
simultaneously reduces GBC cells' ability to migrate,
invade in vitro, and diminish their propensity to develop
tumors in vivo by specifically inhibiting SEMA6B [97].
Study results indicate that increased levels of miR-33b
impede the progression of GBC by reducing the expression
of CROCC, which was accomplished by suppressing EMT
[98]. The mechanisms of invasion, migration and
metastasis are essential for a tumor's ability to spread to far-

off locations. It has been shown that Bmil expression
mediated by miRNA-218-5p was stimulated by high
expression of the IncRNA CCAT1 in GBC tissues, hence
promoting cell migration and proliferation [99].
Advancement in bioinformatics and experimental
validation revealved that miR-642a and miR-145 have been
recognized as miRNAs associated with invasion and
metastasis. The high and low regulation miR-642a and
miR-145 could potentially offer new treatment strategies
for GBC in the coming years [100]. Furthermore, research
examining the function of miRs in GBC revealed an
inverse relationship between size and lymphatic invasion of
tumor and reduced expression of miR-30a-5p, suggesting
that it may function as a tumour suppressor in GBC.
Additionally, it prevented metastasis in GBC via
suppressing E2F7 expression [101]. Moreover, Qiu and
colleagues discovered a significant upregulation of miR-
182 when compared to normal in GBC tissues. They also
observed a notable increase in miR-182 expression in early
stage tumors that later metastasized to higher stage, as
opposed to non-metastatic tumors [78].
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miRs are essential for controlling the expression of genes
linked to drug resistance.related biomolecules, ultimately
influencing the chemosensitivity or chemoresistance in
GBC cells. A research found that miR-125b enhanced the
ells sensitivity to cisplatin in GBC. Reduced expression of
miR-218-5p, served as a tumour suppressor in GBC, was
associated with a worse prognosis. It was also a major factor
in how sensitive GBC was to chemotherapy. Reduced
expression of miR-218 leads to resistance to gemcitabine,
while increased expression makes GBC cells more sensitive
to gemcitabine. Additionally, the chemosensitivity of miR-
218 is dependent on protein kinase C epsilon. miR-218
enhances sensitivity of gemcitabine in GBC by
counteracting protein kinase C epsilon-induced elevation
of multidrug resistance  1/permeability-glycoprotein
(MDR1/P-gp) levels [102]. According to a different study,
GBC cells' chemoresistance to cisplatin through MRP1-
mediated was increased by reduced expression of miR-145.
By contrast, GBC cells were made more sensitive to
cisplatin by a high expression of miR-145 [103]. miR-223
makes GBC cells more susceptible to the microtubule-
targeting chemotherapy drug docetaxel. According to
study, the elevation of STMNI1 expression in GBC cells
impairs miR-223-mediated chemosensitivity [104].

6. The therapeutic potential of miR in GBC

Metastatic and incurable GBC is treated with conventional
chemotherapy, which is still the gold standard method.
Numerous  cuttingedge  technologies, such  as
transcriptomics, proteomics, NGS, immunotherapy,
targeted therapy, miR-based tumour therapy, and delivery
systems based on nanoparticle, are revealing new
therapeutic strategies.

MiR-based tumour therapy: Despite the wide range of
cancer treatments available, none of them completely
eradicates the cancer cells from the patient. Furthermore,
dubious are the adverse effects of the present therapy
methods. Our ability to target the cells at the core of cancer
has been made possible by our growing understanding of
its molecular underpinnings. Large proteins, monoclonal
antibodies, and synthetic small molecules are the three
primary categories of therapeutic medicines. Therapeutic
targets may not be properly targeted by conventional drugs
due to the inaccessibility of active areas inside the three-
dimensional structure of the target. RNA-based treatments
may present a great opportunity to possibly hit any target
that is therapeutically important. Since miRs control a
large number of important actors in carcinogenesis, miR-
based tumour therapy is becoming more and more

popular. There are two primary streams of miR

therapeutics, which entail the creation of synthetic
molecules that affect protein expression, depending on the
expression pattern in diseased circumstances.

1. The suppression of cancer-promoting miRs, leading to
the reestablishment of the expression of the tumor-
suppressive genes that they target [105].

2. Regaining the expression of miRs that suppress
tumours, hence blocking the oncogenes they target
[106].

Tumour suppressors are the primary target genes of
oncogenic miRs, which are normally increased in tumours
and must be repressed to their normal level in order to
prevent carcinogenesis or progression. "Anti-miRs" are
synthetic miRs that are designed to bind to the endogenous
miRs. These miRs are typically single-stranded
oligonucleotides that complement the indigenous miR
sequence.

6.1. miR inhibitors

The development of small compounds that can either
inhibit miRNA synthesis or inhibit miRNA-target
interactions is a result of the urgent need to provide
miRNA-based inhibitory therapies. Gumireddy et al.
discovered azobenzene, a small chemical inhibitor, through
cellular screening that affects the target miRNA's synthesis
rather than directly [107]. Another study by Watashi et al.
found that trypaflavine (TPF) and polylysine (PLL) are two
substances that alter the miRNA pathway. These two
substances have distinct modes of action. TPF prevents
short RNA loading into an Argonaute 2(Ago2) complex,
while PLL modifies miRNA activity via reducing Dicer
activity [108]. Hei et al. recently reported synthesising
fluoroquinolone compounds that function as miR-21
inhibitors [109]. Enoxacin, a novel antibacterial drug
recently developed by Melo et al., binds to the miRNA
biosynthesis protein TAR RNA-binding protein 2 (TRBP)
to cause the creation of tumor-suppressing miRNAs [110].
miR-34a-5p: A tumour suppressor that downregulates
cyclin D1 and CDK®, stops cell division, and causes cell-
cycle arrest [70]. A tumour suppressor called miR-136
regulates cellular functions like apoptosis, proliferation,
and angiogenesis [62]. miR-195-5pact as amiR inhibitor by
controls the growth and spread of tumour in GBC [82].

6.2. miR Sponges

Typically, MiR sponges are copies of plasmids that encode
miRs and have binding sites complementary to the seed
area of the target miR [111]. The sponge binding sites work
on the miR seeding region. MiR inhibition effectiveness
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depends on precisely balancing the concentration of miR
sponge in relation to the concentration of miR target, they
thereby block a whole family of related miRs. High avidity
and affinity of binding sites combined with a strong
promoter—a CMV promoter—in the target cell model yield
the maximum expression of miR sponge. MiR sponges play
a essential role in cancer therapy by imitating the
dysregulated expression of particular miRs. miR sponges to
suppress the expression of miR-9 in breast cancer cells,
which successfully suppressed the production of metastases
by upregulating CDH1 [112]. A long noncoding RNA
(IncRNA) called DGCRS5 promotes GBC by sponging up
miR-3619-5p [83]. MiR-4733-5p stimulates the growth of
GBC cells. According to a study, using an inhibitor sponge
to knockdown miR-4733-5p decreased the size and weight
of tumours in naked mice [79]. Through the TGF-B/Smad
and EGFR pathways, circMTO1 enhances the
advancement of gallbladder cancer by sponging
microRNA-219a-5p [113].

6.3. Anti-miR oligonucleotides

The synthesis of antisense oligonucleotides that match
endogenous miRs in sequence is the most widely used
method of inhibiting miR function. The endogenous miR
that the RISC complex is unable to process further or that
is undergoing degradation can be captured by means of
their chemical structure. In this procedure, the target
endogenous miR functions as a biomarker to enhance the
antagonist's pharmacokinetic and pharmacodynamic
characteristics [114]. Antisense phosphorothiolated
oligodeoxynucleotides were first-generation pre-clinical
drugs that had short halflives because of rapid renal
clearance and limited affinities with their intended target.
Additionally, they also possessed anti-immunostimulatory
effects [115]. Anti-miRNA oligonucleotides (AMOs) miR-
21, miR-16, and miR-181 were shown to halt cell
development by causing apoptosis and suppressing the S-
phase, indicating that these miRs might make good targets
for cancer therapies and that AMOs may be a useful
method for inhibiting miRNAs [116]. Applications for
miR-21 and miR-221 have been experimentally illustrate to
raise PTEN, RECK, and CDKN1B expression levels while
simultaneously decreasing pancreatic tumour cell growth
and increasing apoptosis [117].

The primary molecular drivers of GBC are still unknown,
in reference with latest findings, it has been found that
1072 biological processes are regulated by downregulated
miRs and 696 biological processes are regulated by
upregulated miRs. The largest fold enrichment with
immune cell apoptosis, such as that of B cells, lymphocytes,
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and leukocytes, was seen in the gene ontology findings of
elevated miRs, suggesting a role for cellular immunity in
GBC. In contrast, the results of the Gene Ontology
analysis for downregulated miRs showed that the
regulation of lens fibre cell differentiation was increased by
over 4.9 times. Additionally, there was a notable
enrichment in the negatively regulating androgen receptor
signaling pathway and controlling the response of
overloaded endoplasmic reticulum [118]. A recent
genomic profile research of GBC revealed that the main
regulators of cancer progression in GBC are the MAPK
pathways, TGF-, and Wnt/B-catenin signaling [119].
MiRs operate in conjunction with this transcription factor
both upstream and downstream, making them essential
elements of the p53 signaling cascade. Studies corroborate
that p53 might act as a substitute biomarker for gallbladder
malignancy [120, 121].

The only possibly curative course of treatment for patients
with GBC is complete surgical excision. However, due to
the high recurrence incidence and the strong propensity of
GBC for liver invasion and metastasis, many of these
patients did not have favourable outcomes. In order to
overcome the limitations of surgical procedures, it became
imperative to improve therapeutic techniques for GBC
cure. MiR-based anti-cancer medicines have recently
attracted attention, either practice alone or in combination
with further cancer therapies. When it comes to treating
advanced disease, miRs serve as innovative therapeutic
targets by mediating the proliferation, invasion, and
resistance to chemotherapy of GBC. Tumor-suppressor
gene expression is stimulated by targeting oncomiRs, which
results to increased tumor cell destruction and promoting
tumor regression [122]. Mouse model generated with the
combination of cisplatin and up-regulation of miR-125b-
5p dramatically reduced tumour growth. [123]. miR-122
functions as a possible therapeutic agent in GBC by
interfering with PKM2, which plays a significant role in the
carcinogenesis of GBC [124]. Studies on miR-223, miR-31,
and miR30a-5p corroborate with similar results [104, 125,
101]. The broad application of NGS technology has greatly
advanced our knowledge of the relationship between
molecular processes and GBC histomorphology. Research
aimed to incorporate miR based techniques using platform
of NGS to develop a more effective and focused approach
to treating GBC and concluded that interventions based
on miR may improve treatment results of GBC. In
addition, panther pathways analysis discovered that genes
with elevated miRs were highly enriched in the Insulin-Like
Growth Factor (IGF) route, mitogen activated protein kinases
(MAPK) cascade, p53 pathway, and IGF pathway protein
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kinase B signaling cascade. Conversely, genes of down
regulated miRs were strongly abundant in the p38 MAPK
pathway, FAS (subgroup of the tumour necrosis factor
receptor) signaling network, and interferon gamma
signaling route. Moreover, molecular function analysis
shows upregulated miRs to influence 74 molecular
processes, with notable enrichments in transcription
cofactor binding, SMAD binding, and DNA binding
specific to core promoter sequences. Conversely, out of
103 molecular activities controlled by downregulated
miRs, transcription cofactor binding, SMAD binding,
histone deacetylase binding, and core promoter sequence-
specific DNA binding were shown to be substantially
enriched. By using bioinformatics and experimental
validation, miR-642a-3p and miR-145-5p were found to be
invasion-metastasis  linked miRNAs.  Up-regulating
expression of miR-642a-3p and down-regulating expression
of miR-145-5p could potentially be used as innovative
treatments for GBC in upcoming years [100]. Currently,
KRAS has been recognize as a viable therapeutic target in
a number of tumours and miRs are being studied for a
possible regulatory role in this pathway [126]. By
obstructing the signaling pathways (Ras/Raf/MEK/ERK)
in hepatocellular carcinoma, miR-30a may function as a
tumour suppressor. This demonstrates the possible
function of miRs as important KRAS pathway regulators,
which not only encourages the advancement of cancer but
also confers resistance to other therapeutic approaches. It
has been studied that when mouse model treated with
Anti-EGFR-CIL-miR-135a, the GBC tumour development
rate was decreased by 60%. Thus, concluded that it
enhances apoptosis in gallbladder cancer invasion and
metastasis [127].

MiR-451a was known to be a viable therapeutic target for
GBC using patient serum EV analysis [92]. Another study
was performed by using 2D and 3D systems of cell culture,
to evaluate the efficacy of miR-451a replacement therapy
against gemcitabineresistant GBC. The study discovered
that in both GBC and GR-GBC, miR-451a dramatically
suppressed proliferation of cells, that led to apoptosis, and
decreased chemoresistant phenotypes [128]. MRX34
known as liposomal miR-34a mimic, was created with an
eye towards the practical application of miR-34a-5p
supplementation. The outcomes of Phase I research that
involved the intravenous administration of MRX34 to
patients with advanced solid tumours were published in
2020 [129]. A number of target mRNAs encoding proteins
linked to cell-cycle progression, apoptosis migration and
invasion (Progression: CCND1, CDK6, Notchl, and
Notch2; apoptosis: Bcl-2 and BIRC5; migration and

invasion: Snail and Notchl), are directly modulated by
miR-34a-5p. Ultimately leading to the suppression of
tumor progression. Research showed that higher
expression of miR-34a-5p could be used as a treatment to
activate cell-cycle regulators while decreasing the expression
of genes linked to cell proliferation, the epithelial-
mesenchymal transition, and survival in GBC cells and
mouse models. This suggests that using miR-34a-5p to
inhibit GBC cell growth could help in developing effective
treatment strategies for aggressive GBC [70]. miR-141
influences both cellular motility and tumorigenicity, and
reveals a specific function of tumour stem cells. This clearly
indicates that miR-141 is a significant gene with potential
as a prognostic, therapeutic, and diagnostic target in
cancer. [59]. MIF, PSMB8, and CDKN2D were the targets
of the higher expression of miR-451a, which reduced cell
growth and caused apoptosis, indicating that In GBC, miR-
451a might be a novel therapeutic target.. Additionally, it
is also demonstrated as a potential replacement therapy for

GBC [92].

6.4. miR-Nanoparticles (NPs) based therapies

Despite the current advancements in the identification and
management of cancer, the worldwide impact of cancer
remains substantial and is expected to rise in the upcoming
years [130]. Moreover, in 2070, it is estimated that there
will be a global diagnosis of approximately 34 million new
cancer cases [131]. Nanomedicine has made significant
advancements in using the physicochemical characteristics
of drug delivery systems based on nanocarriers for cancer
therapy. These advancements offer promising options for
improving the potency of cancer chemotherapy while
minimizing unwanted outcome. Additionally, it is heed to
note that in addition to nanomedical devices, miRs have
surfaced as promising therapeutic tools in the fight against
cancer [132]. Nanoparticles (NPs) have been employed in
several investigations to efficiently transport miR-focused
medications into simulated organisms or cells of diverse
cancer types either on their own or alongside
chemotherapeutic medications to attain a synergistic
impact that improves cancer care outcomes [133].
Numerous tumour suppressor miRs, such as let-7a/b, miR-
29b, miR-34a, miR-100, miR-122, miR-133b, miR-204-5p,
and miR-634, have been used in NP-based therapeutics
[134]. Several positive results have been achieved through
experimental non-coding RNAs (ncRNA) delivered by NP-
mediated means, such as miRs and siRNAs, into cancer
stem cells and advanced cancers . This has resulted in
improved and effective treatment possibilities for cancer.
Nanocarriers include mesoporous silica NPs, dendrimers,
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liposomes, exosomes, quantums, gold NPs, iron oxide NPs,
and coreshell nanomaterials are among the primary
nanocarriers (NCs) utilized in miR-based cancer
therapeutics. The internalization of the NCs by cells can
enhanced by applying tumor-specific targeting ligands to its
surface. This approach can effectively minimize the
unintended impact of miR antagomirs or mimics on viable
cells [135]. One additional benefit of cancer nanomedicine
is the ability to release drugs in a regulated manner based
on specific stimuli. These stimuli include pH,
electromagnetism, magnetic and electrical fields,
temperature, redox potential, and reactive oxygen species,
different wavelengths of light or the availability of
particular enzymes. NCs additionally safeguard synthetic
miRs against degradation caused by nucleases and enhance
their stability. This enables the delivery of precise
quantities of these molecules to attain the intended clinical
impact in cancer cells. Both in vivo and in vitro tests
verified the efficaciousness of binding of nanoparticles to
tumor cells, uptake by cells, retention of PTX inside cells,
and triggering of significant cytotoxicity; indicating the
promising combined impact of miR-122 and PTX in the
treatment of hepatocellular cancer.

Additionally, the miR-122 target gene levels, reductions
were observed in oncogenic disintegrin, metalloproteinase
domain-containing protein, and multi-drug resistance
thereby inhibiting tumor formation and preventing the
efflux of drugs [136]. Effective drug retention, specific
targeting of NP tumors, proper distribution throughout
the body, minimal toxicity, and inhibition of tumorigenic
proteins all played a role in reducing the growth of liver
tumors. In the realm of miR-based treatment, Anti-EGFR-
CIL-miR-135a, or Anti-EGFR antibody-coated cationic
immunoliposomes containing miR-135a have been
demonstrated to suppress GBC invasion and metastasis
while accelerating apoptosis in the context of miR-based
therapy. Compared to controls, When Anti-EGFR-CIL-
miR-135a was administered to xenograft-bearing mice, the
pace of GBC tumour was observed with 60% of reduced
growth. Furthermore, molecular biologists have dedicated
their efforts to tirelessly explore the potential applications
of nanotechnology-based delivery systems for miR drugs in
gallbladder cancer treatment.

7. Future perspectives

This review is an attempt to explain the overarching
features of miR sequencing to unveil the signaling
pathways modulated by miRs, which are used as a targeted
therapy in GBC. According to preclinical research, a viable

strategy for treating GBC would involve combining regular
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chemotherapy with sense and anti-sense miR treatments.
The safety and efficacy of this tactic in clinical trials,
however, require more investigation. Combining miR-
based therapies through combinatorial methods might
provide a different approach to improve treatment results.
This study emphasizes the need for precision medicine that
targets potential pathways not just with receptor inhibitors
or antibodies, but also by exploring miRs as a promising
therapeutic mode for treatment. miRs function in
manifold ways, and numerous investigations have been
conducted related to ‘up and down’ miR expression in
GBC. According to the available literature more and more
miRs and their biological roles are being discovered using
high-throughput technologies. This review adds another
layer of intricacy to our understanding of the growth and
development of GBC, but it also necessitates further
research into miRs as possible targets for treatment and/or
markers for diagnosis.

8. Conclusion

This review summarizes, miRs are unusually expressed in
GBC patient samples and participate in a range of cancer-
causing activities. Therefore, elaborated investigations are
required which might enhance our comprehensive
knowledge about molecular and functional roles that
facilitate the development of novel treatment approaches
as well as their application as tumour indicators.

Acknowledgement

None.

Conflicts of interest

The authors report there are no competing interests to
declare

References

1. Nandakumar A, Gupta PC, Gangadharan P, Visweswara RN, Parkin
DM. Geographic pathology revisited: Development of an atlas of cancer
in India. International Journal of Cancer 2005:116:740-754.

2. Sachidananda S, Krishnan A, Janani K, Alexander PC, Velayutham
V, Rajagopal S, Venkataraman ]. Characteristics of gallbladder cancer in
South India. Indian J Surg Oncol. 2012:3:228-30.

3. Rani K, Senger JL , Ahmed S, Kanthan SC. Gallbladder Cancer in
the 21st Century. Journal of Oncology 2015:2:1-26.

4. Hundal R, Shaffer EA. Gallbladder cancer: epidemiology and
outcome. Clin Epidemiol. 2014:7:6:99-109.

5. Fatima N, Srivastava AN, Nigam ], Tandon N, Ahmad R, Kumar V.
Clinicopathological correlation of cancer stem cell markers Oct-4 and
CD133 expression as prognostic factor in malignant lesions of

Page 12 of 17 | Iran ] Blood Cancer, 2024, Volume 16, Issue 4


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html

[ Downloaded from ijbc.ir on 2026-05-30 ]

[ DOI: 10.61186/ijbc.16.4.69 ]

Iran ] Blood Cancer

gallbladder: An immunohistochemical study. Indian ] Pathol Microbiol.
2019 JulSep;62(3):384-390.

6. Verslype C, Prenen H, Van Cutsem E. The role of chemotherapy in
biliary tract carcinoma. International Hepato-Pancreato-Biliary

Association 2008:10:164-167.

7. WuX, Li B, Zheng C, Liu W, Hong T, He X. Incidental gallbladder
cancer after laparoscopic cholecystectomy: incidence, management, and
prognosis. Asia Pac ] Clin Oncol. 2020:16:158-164.

8. Raza ST, Rizvi S, Afreen S, Srivastava S, Siddiqui Z, Fatima N et al.
Association of the circulating micro-RNAs with susceptible and newly
diagnosed type 2 diabetes mellitus cases. Advances in Biomarker Sciences
and Technology, 2023; 5:57-67.

9. Goetze TO. Gallbladder carcinoma: Prognostic factors and
therapeutic options. World ] Gastroenterol. 2015:21:12211-7.

10. Macha MA, Seshacharyulu P, Krishn SR, Pai P, Rachagani S, Jain M,
Batra SK. MicroRNAs (miRNAs) as biomarker(s) for prognosis and
diagnosis of gastrointestinal (GI) cancers. Curr Pharm Des. 2014:20:5287-
97.

11. Davis-Dusenbery BN, Hata A. MicroRNA in Cancer: The
Involvement of Aberrant MicroRNA Biogenesis Regulatory Pathways.
Genes Cancer. 2010:1:1100-14.

12. ZuY, Ban ], Xia Z, Wang ], Cai Y, Ping W, Sun W. Genetic variation
in a miR-335 binding site in BIRC5 alters susceptibility to lung cancer in
Chinese Han populations. Biochemistry Biophysics Research
Communication 2013:430:529-534.

13. Ronchetti D, Lionetti M, Mosca L, Agnelli L, Andronache A, Fabris
S, Deliliers GL, Neri A. An integrative genomic approach reveals
coordinated expression of intronic miR-335, miR-342, and miR-561 with
deregulated host genes in multiple myeloma. BMC Med Genomics.
2008:13:1:37.

14. Stanczyk ], Pedrioli DM, Brentano F, Sanchez-Pernaute O, Kolling C,
Gay RE, Detmar M, Gay S, Kyburz D. Altered expression of MicroRNA
in synovial fibroblasts and synovial tissue in rheumatoid arthritis.

Arthritis Rheum. 2008:58:1001-9.

15. Khan MA, Zubair H, Srivastava SK, Singh S, Singh AP. Insights into
the Role of microRNAs in Pancreatic Cancer Pathogenesis: Potential for
Diagnosis, Prognosis, and Therapy. Adv Exp Med Biol. 2015:889:71-87.

16. Xu Y, Zhao F, Wang Z, Song S, Luo Y, Zhang X, et al. MicroRNA-
335 acts as a metastasis suppressor in gastric cancer by targeting Bcl-w and

specificity protein 1. Oncogene. 2012:31:1398-407.

17. Flynt AS, Lai EC. Biological principles of microRNA-mediated
regulation: shared themes amid diversity. Nat Rev Genet. 2008:9:831-42.

18. Di Leva G, Garofalo M, Croce CM. MicroRNAs in cancer. Annu Rev
Pathol. 2014:9:287-314.

19. Treiber T, Treiber N, Meister G. Regulation of microRNA biogenesis
and its crosstalk with other cellular pathways. Nature Reviews Molecular

Cell Biology 2019:20:5-20.

20. O'Brien ], Hayder H, Zayed Y, Peng C. Overview of MicroRNA
Biogenesis, Mechanisms of Actions, and Circulation. Front Endocrinol

(Lausanne). 2018:9:402.

21. Kim VN, Han ], Siomi MC. Biogenesis of small RNAs in animals.
Nat Rev Mol Cell Biol. 2009:10:126-39.

22. Benhamed M, Herbig U, Ye T, Dejean A, Bischof O. Senescence is
an endogenous trigger for microRNA-directed transcriptional gene

silencing in human cells. Nat Cell Biol. 2012:14:266-75.

23. Gurtner A, Falcone E, Garibaldi F, Piaggio G. Dysregulation of
microRNA biogenesis in cancer: the impact of mutant p53 on Drosha
complex activity. Journal of Experimental Clinical Cancer Research

2016:35:19.

24. Chong MM, Zhang G, Cheloufi S, Neubert TA, Hannon GJ, Littman
DR. Canonical and alternate functions of the microRNA biogenesis
machinery. Genes Dev. 2010:24:1951-60.

25. Kotani A, Ha D, Schotte D, den Boer ML, Armstrong SA, Lodish
HEF. A novel mutation in the miR-128b gene reduces miRNA processing
and leads to glucocorticoid resistance of MLL-AF4 acute lymphocytic
leukemia cells. Cell Cycle. 2010:9:1037-42.

26. MiRBase: the microRNA database, (2019); Release 22.1.
http://www.mirbase.org/

27. Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E, Yendamuri
S, Shimizu M, Rattan S, Bullrich F, Negrini M, Croce CM. Human
microRNA genes are frequently located at fragile sites and genomic
regions involved in cancers. Proc Natl Acad Sci U S A. 2004:101:2999-
3004.

28. Olive V, Li Q, He L. mir-17-92: a polycistronic oncomir with
pleiotropic functions. Immunol Rev. 2013:253:158-66.

29. Diosdado Calvo MB, van de Wiel MA, Terhaar Sive Droste ]S,
Mongera S, Postma C, Meijerink WJ, et al. MiR-17-92 cluster is associated
with 13q gain and cmyc expression during colorectal adenoma
toadenocarcinoma progression. British Journal of Cancer 2009:101:707-

714.

30. Calin GA, Cimmino A, Fabbri M, Ferracin M, Wojcik SE, Shimizu
M, Taccioli C, Zanesi N, Garzon R, Ageilan RI, Alder H, Volinia S,
Rassenti L, Liu X, Liu CG, Kipps TJ, Negrini M, Croce CM. MiR-15a and
miR-16-1 cluster functions in human leukemia. Proc Natl Acad Sci U S
A. 2008:105(13):5166-71.

31. Bueno MJ, Malumbres M. MicroRNAs and the cell cycle. Biochim
Biophys Acta. 2011:1812:592-601.

32. Andrikopoulou A, Shalit A, Zografos E, Koutsoukos K, Korakiti AM,
Liontos M, Dimopoulos MA, Zagouri F. MicroRNAs as Potential
Predictors of Response to CDK4/6 Inhibitor Treatment. Cancers (Basel).
2021:13(16):4114.

33. Otmani K, Lewalle P. Tumor Suppressor miRNA in Cancer Cells and
the Tumor Microenvironment: Mechanism of Deregulation and Clinical

Implications. Front Oncol. 2021:11:708765.

34. Wang A, Xu Q, Sha R, Bao T, Xi X, Guo G. MicroRNA-29a inhibits
cell proliferation and arrests cell cycle by modulating p16 methylation in

cervical cancer. Oncol Lett. 2021:21(4):272.

35. Wang Y, Wang F, He J, Du ], Zhang H, Shi H, Chen Y, Wei Y, Xue
W, Yan ], Feng Y, Gao Y, Li D, Han ], Zhang J. miR-30a-3p Targets
MAD?2LI1 and Regulates Proliferation of Gastric Cancer Cells. Onco
Targets Ther. 2019:12:11313-11324

Iran ] Blood Cancer, 2024, Volume 16, Issue 4 | Page 13 of 17


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html

[ Downloaded from ijbc.ir on 2026-05-30 ]

[ DOI: 10.61186/ijbc.16.4.69 ]

36. Su, L., Zhang, J., Zhang, X. et al. Identification of cell cycle as the
critical pathway modulated by exosome-derived microRNAs in
gallbladder carcinoma. Med Oncol 2021:38:141.

37. Shu Y], Bao RF, Jiang L, Wang Z, Wang XA, Zhang F, Liang HB, Li
HF, Ye YY, Xiang SS, Weng H, Wu XS, Li ML, Hu YP, Lu W, Zhang Y],
Zhu J, Dong P, Liu YB. MicroRNA-29¢-5p suppresses gallbladder
carcinoma progression by directly targeting CPEB4 and inhibiting the
MAPK pathway. Cell Death Differ. 2017:24(3):445-457.

38. Ma Y, Shen N, Wicha MS, Luo M. The Roles of the Let-7 Family of
MicroRNAs in the Regulation of Cancer Stemness. Cells. 2021:10:2415.

39. Park SM, Gaur AB, Lengyel E, Peter ME. The miR-200 family
determines the epithelial phenotype of cancer cells by targeting the E-
cadherin repressors ZEB1 and ZEB2. Genes Dev. 2008:22:894-907.

40. Wiklund ED, Bramsen ]B, Hulf T, Dyrskjet L, Ramanathan R,
Hansen TB, Villadsen SB, et al. Coordinated epigenetic repression of the
miR-200 family and miR-205 in invasive bladder cancer. Int J Cancer.

2011:128:1327-34.

41. Paterson EL, Kazenwadel ], Bert AG, Khew-Goodall Y, Ruszkiewicz
A, Goodall GJ. Down-regulation of the miRNA-200 family at the invasive
front of colorectal cancers with degraded basement membrane indicates
EMT is involved in cancer progression. Neoplasia. 2013:15:18091.

42. Ladeiro Y, Couchy G, Balabaud C, Bioulac-Sage P, Pelletier L,
Rebouissou S, Zucman-Rossi J. MicroRNA profiling in hepatocellular
tumors is associated with clinical features and oncogene/tumor
suppressor gene mutations. Hepatology. 2008:47:1955-63.

43. Diaz-Riascos Z, Ginesta MM, Fabregat ], Serrano T, Busquets ],
Buscail L, et al. Expression and Role of MicroRNAs from the miR-200

Family in the Tumor Formation and Metastatic Propensity of Pancreatic

Cancer. Molecular Therapy: Nucleic Acids 2019:17:491-503.

44. Nengquan S, Tan G, You W, Chen H, Gong J, Chen D, et al. MiR-
145 inhibits human colorectal cancer cell migration and invasion via

PAK4-dependent pathway. Cancer Medicine 2017:6:1331-1340.

45. Xu 'Y, Zhang X, Hu X, Zhou W, Zhang P, Zhang J, et al. The effects
of IncRNA MALATI1 on proliferation, invasion and migration in

colorectal cancer through regulating SOX9. Molecular Medicine
2018:2:52-60.

46. Kuang WB, -C Deng Q, Deng CT, Li WS, Zhang YG, Shu SW, Zhou
MR. MiRNA regulates OCT4 expression in breast cancer cells. Eur Rev
Med Pharmacol Sci. 2018:22:1351-1357.

47. Yang B, Huang ], Liu H, Guo W, Li G. miR-335 directly, while miR-
34a indirectly modulate survivin expression and regulate growth,
apoptosis, and invasion of gastric cancer cells. Tumour Biology

2016:37:1771-1779.

48. Xu W, Chang ], Du X, Hou J. Long non-coding RNA PCAT-1
contributes to tumorigenesis by regulating FSCN1 via miR-145-5p in
prostate cancer. Biomed Pharmacother. 2017:95:1112-1118.

49. Zhou X, Yue Y, Wang R, Gong B, Duan Z. MicroRNA-145 inhibits
tumorigenesis and invasion of cervical cancer stem cells. Int ] Oncol.

2017:50:853-862.

50. Goeppert B, Truckenmueller F, Ori A, Fritz V, Albrecht T, Fraas A,
et al. Profiling of gallbladder carcinoma reveals distinct miRNA profiles

Naseem Fatima et al.

and activation of STAT1 by the tumor suppressive miRNA-145-5p.
Scientific Report 2019:9:4796.

51. Yuan Y, Yang Z, Zou Q. MiRNA-145 induces apoptosis in a
gallbladder carcinoma cell line by targeting DFF45. Open Life Sciences
2018:13:227-235.

52. Min H, Zhan M, Chen W, Xu S, Long M, Shen H, et al. MiR-143-5p
Deficiency Triggers EMT and Metastasis by Targeting HIF-la in
Gallbladder Cancer. Cell Physiology and Biochemistry 2017:42:2078-
2092.

53. Li G, Pu Y. MicroRNA signatures in total peripheral blood of
gallbladder cancer patients. Tumour Biol. 2015:36:6985-90.

54. Jin YP, Hu YP, Wu XS, Wu YS, Ye YY, Li HF, et al. miR-143-3p
targeting of ITGA6 suppresses tumour growth and angiogenesis by
downregulating PLGF expression via the PI3K/AKT pathway in
gallbladder carcinomal. Cell Death and Disease 2018:182:1-15.

55. Jin K, Xiang Y, TangJ, Wu G, Li ], Xiao H, et al. miR-34 is associated
with poor prognosis of patients with gallbladder cancer through
regulating telomere length in tumor stem cells. Tumour Biology
2014:35:1503-10.

56. Ma N, Cheng H, Qin B, Zhong R, Wang B. Adjuvant therapy in the
treatment of gallbladder cancer: a meta-analysis. BMC Cancer 2015:
615:1-10.

57. Lv YP, Shi W, Liu HX, , Kong XJ, Dai DL. Identification of miR-
146b-5p in tissues as a novel biomarker for prognosis of gallbladder
carcinoma. European Review for Medical and Pharmacological Sciences.
2017:21:518-522

58. Hua CB, Song SB, Ma HL, Li XZ. MiR-1-5p is down-regulated in
gallbladder carcinoma and suppresses cell proliferation, migration and
invasion by targeting Notch2. Pathology - Research and Practice
2019:215:200-208.

59. Yang, G., Lu, Z., Meng, F. et al. Circulating miR-141 as a potential
biomarker for diagnosis, prognosis and therapeutic targets in gallbladder
cancer. Sci Rep 2022: 12: 10072.

60. QinY, Mi W, Huang C, Li ], Zhang Y, Fu Y. Downregulation of miR-
575 Inhibits the Tumorigenesis of Gallbladder Cancer via Targeting p27
Kip1. Onco Targets Ther. 2020:13:3667-3676.

61. Yang L, Huang S, Ma H, Wu X, Feng F. MicroRNA-125b predicts
clinical outcome and suppressed tumor proliferation and migration in

human gallbladder cancer.Tumor Biology 2017:39:1-7.

62. Niu J, Li Z, Li F. Overexpressed microRNA-136 works as a cancer
suppressor in gallbladder cancer through suppression of JNK signaling
pathway via inhibition of MAP2K4. Am ] Physiol Gastrointest Liver
Physiol. 2019:317:G670-G681.

63. Zhang X, Zhang L, Chen M, Liu D. miR-324-5p inhibits gallbladder
carcinoma cell metastatic behaviours by downregulation of transforming
growth factor beta 2 expression. Artificial Cells, Nanomedicine, And

Biotechnology 2020:48:315-324.

64. Li W, Yan P, Meng X, Zhang J, Yang Y. The microRNA cluster miR-
214/miR-3120 prevents tumor cell switching from an epithelial to a
mesenchymal-like phenotype and inhibits autophagy in gallbladder
cancer. Cell Signal. 2021:80:109887.

Page 14 of 17 | Iran ] Blood Cancer, 2024, Volume 16, Issue 4


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html

[ Downloaded from ijbc.ir on 2026-05-30 ]

[ DOI: 10.61186/ijbc.16.4.69 ]

Iran ] Blood Cancer

65. Peng HH, Zhang YD, Gong LS, Liu WD, Zhang Y. Increased
expression of microRNA-335 predicts a favorable prognosis in primary

gallbladder carcinoma. Onco Targets Ther. 2013:6:1625-30.

66. Fatima N, Srivastava AN, Nigam ], Raza ST, Rizvi S, Siddiqui Z,
Kumar V. Low Expression of MicroRNA335-5p Is Associated with
Malignant Behavior of Gallbladder Cancer: A Clinicopathological Study.
Asian Pac ] Cancer Prev. 2019:20:1895-1900.

67. Song F, Yang Z, Li L, Wei Y, Tang X, Liu S, Yu M, Chen J, Wang S,
Fu ], Zhang K| Yang P, Yang X, Chen Z, Zhang B, Wang H. MiR-552-3p
promotes malignant progression of gallbladder carcinoma by reactivating
the Akt/B-catenin signaling pathway due to inhibition of the tumor
suppressor gene RGMA. Ann Transl Med. 2021:9(17):1374.

68. Liu K, Xu Q. LncRNA PVT1 regulates gallbladder cancer progression
through miR-30d-5p. J Biol Regul Homeost Agents. 2020:34:875-883.

69. Chen ], YuY, Li H, Hu Q, Chen X, He Y, Xue C, Ren F, Ren Z, Li
], Liu L, Duan Z, Cui G, Sun R. Long non-coding RNA PVT1 promotes
tumor progression by regulating the miR-143/HK2 axis in gallbladder
cancer. Mol Cancer. 2019:18:33.

70. Oda T, Tsutsumi K, Obata T, Ueta E, Kikuchi T, Ako S et al.
MicroRNA-34a-5p: A pivotal therapeutictarget in gallbladder cancer.
Molecular Therapy: Oncology 2024: 32:1-11.

71. Srivastava P, Mishra S, Agarwal A, Pandey A, Husain N, Circulating
microRNAs in gallbladder cancer: Is serum assay of diagnostic value?,

Pathology - Research and Practice 2023:242:154320

72. Ouyang B, Pan N, Zhang H, Xing C and Ji W: miR 146b 5p inhibits
tumorigenesis and metastasis of gallbladder cancer by targeting Toll like
receptor 4 via the nuclear factor kB pathway. Oncol Rep 2021:45:15.

73. Cai ], Xu L, Cai Z, Wang ], Zhou B, Hu H: MicroRNA-146b-5p
inhibits the growth of gallbladder carcinoma by targeting epidermal
growth factor receptor. Mol Med Rep 2015:12:1549-1555.

74. Wang N, Xiang X, Chen K, Liu P, Zhu A. Targeting of NT5E by miR-
30b and miR-340 attenuates proliferation, invasion and migration of

gallbladder carcinoma, Biochimie. 2018:146:56-67.

75. Li XU, Li XZ, Wu CX and Xing XH. miR-188-5p inhibits
proliferation, migration, and invasion in gallbladder carcinoma by

targeting Wnt2b and Smad2. Kaohsiung ] Med Sci. 2021;37:294-304

76. Zheng H, Wang ]JJ, Zhao LJ, Yang XR, Yu YL. Exosomal miR-182
regulates the effect of RECK on gallbladder cancer. World ] Gastroenterol
2020:26: 933-946.

77. Zhang J, Hu Z, Wen C, Liao Q, He B, Peng ], Tang X, Chen Z and
Xie Y: MicroRNA 182 promotes epithelial mesenchymal transition by
targeting FOXN?3 in gallbladder cancer. Oncol Lett 2021:21:200.

78. Qiu YH, Luo XJ, Kan T, et al. TGE-B upregulates miR-182 expression
to promote gallbladder cancer metastasis by targeting CADM1. Mol
Biosyst. 2014:10:679- 685.

79. Hu X, Zhang J, Bu J, Yang K, Xu S, Pan M, Xiang D, Chen W. MiR-
4733.5p promotes gallbladder carcinoma progression via directly targeting
kruppel like factor 7. Bioengineered. 2022:13(4):10691-10706.

80. Zhou J, Gao F, Zhang H, Xing M, Xu Z, Zhang R. MiR-520b inhibits
proliferation, migration and invasion in gallbladder carcinoma by

targeting RAB22A. Arch Med Sci. 2019:17(2):481-491.

81. Hu YP, Jin YP, Wu X., Yang Y, Li YS, Li HF, et al. LncRNA-HGBC
stabilized by HuR promotes gallbladder cancer progression by regulating
miR-502-3p/SET/AKT axis. Mol. Cancer. 2019:18:167.

82. Zhu H, Chen Z, Yu ], Wu ], Zhuo X. MiR-195-5p suppresses the
proliferation, migration, and invasion of gallbladder cancer cells by
targeting FOSL1 and regulating the Wnt/B-catenin pathway . Ann Transl
Med 2022:10:893.

83. Liu S, Chu B, Cai C, Wu X, Yao W, Wu Z, Yang Z, Li F, Liu Y, Dong
P, Gong W. DGCRS5 Promotes Gallbladder Cancer by Sponging MiR-
3619-5p via MEK/ERK1/2 and JNK/p38 MAPK Pathways. ] Cancer.
2020:11:5466-5471.

84. Chen Y, Wang Y, Zhao D, Kong D, Yong Wang. Clinical significance
of serum miR-187 and miR-143 in the diagnosis of gallbladder cancer.
Chinese Journal of Hepatobiliary Surgery 2020:12:128-133.

85. Fatima N, Raza ST, Singh M, Rizvi S,Siddiqui Z, Eba A et al.
Prognostic signifcance of miR 499 expression and Helicobacter pylori
infection in malignant lesions of gallbladder cancer: A clinicopathological
study. Egyptian Journal of Medical Human Genetic. 2024; 25:96

86. Ahmed SA, Parama D, Daimari E, Girisa S, Banik K, Harsha C, et al.
Rationalizing the therapeutic potential of apigenin against cancer. Life
Sci. 2021, 267, 118814.

87. Siveen KS, Nguyen AH, Lee JH, Li F, Singh SS, Kumar AP, et al.
Negative regulation of signal transducer and activator of transcription-3
signalling cascade by lupeol inhibits growth and induces apoptosis in
hepatocellular carcinoma cells. Br. J. Cancer 2014:111:1327-1337.

88. Wang S, Zhang Y, Cai Q, Ma M, Jin LY, Weng M, et al. Circular
RNA FOXP1 promotes tumor progression and Warburg effect in
gallbladder cancer by regulating PKLR expression. Mol. Cancer
2019:18:145.

89. Kai D, Yannian L, Yitian C, Dinghao G, Xin Z, Wu J. Circular RNA
HIPK3 promotes gallbladder cancer cell growth by sponging microRNA-
124. Biochem. Biophys. Res. Commun. 2018:503:863-869.

90. Wang S, Zhang W, Wu X, Weng M, Zhang M, Cai Q, et al. The Inc
RNA MALAT 1 functions as a competing endogenous RNA to regulate
MCL-1 expression by sponging miR-363-3p in gallbladder cancer. J. Cell.
Mol. Med. 2016:20:2299-2308.

91. Ma F, Zhang M, Gong W, Weng M, Quan Z. MiR-138 Suppresses
Cell Proliferation by Targeting Bag-1 in Gallbladder Carcinoma. PLoS
ONE 2015:10:¢0126499

92. Ueta E, Tsutsumi K, Kato H, et al. Extracellular vesicleshuttled
miRNAs as a diagnostic and prognostic biomarker and their potential
roles in gallbladder cancer patients. Sci Rep 2021:11:12298.

93. Li Z, Yu X, Shen ], Law PTY, Chan MTV, Wu WKK. MicroRNA
expression and its implications for diagnosis and therapy of gallbladder

cancer. Oncotarget. 2015:6: 13914-13921.

94. Puar YR, Shanmugam MK, Fan L, Arfuso F, Sethi G, Tergaonkar V.
Evidence for the Involvement of the Master Transcription Factor NF-
kappaB in Cancer Initiation and Progression. Biomedicines 2018:6:82.

95. Wang W, Chen LC, Qian JY, Zhang Q. MiR-335 promotes cell
proliferation by inhibiting MEF2D and sensitizes cells to 5-Fu treatment

Iran ] Blood Cancer, 2024, Volume 16, Issue 4 | Page 15 of 17


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html

[ Downloaded from ijbc.ir on 2026-05-30 ]

[ DOI: 10.61186/ijbc.16.4.69 ]

in gallbladder carcinoma. Eur. Rev. Med Pharmacol. Sci. 2019:23:9829-
9839.

96. Bao RF, Shu YJ, Hu YP, Wang XA, Zhang F, Liang HB, et al. miR-
101 targeting ZFX suppresses tumor proliferation and metastasis by
regulating the MAPK/Erk and Smad pathways in gallbladder carcinoma.
Oncotarget 2016:7:22339-22354.

97. Kang C, Xinyan B. The microRNA cluster miR-30b/-30d prevents
tumor cell switch from an epithelial to a mesenchymal-like phenotype in
GBC,Molecular Therapy - Methods & Clinical Development 2021:20:
716-725.

98. Xu G, Wei X, Tu Q, Zhou C. Up-regulated microRNA-33b inhibits
epithelial-mesenchymal transition in gallbladder cancer through down-

regulating CROCC. Biosci Rep 2020:40(1): BSR20190108.

99. Ma MZ, Chu BF, Zhang Y, Weng MZ, Qin YY, Gong W, et al. Long
non-coding RNA CCAT1 promotes gallbladder cancer development via
negative modulation of miRNA-218-5p. Cell Death Dis. 2015:6:e1583.

100. Cao ], Shao H, Hu ], Jin R, Feng A, Zhang B, et al.
Identification of invasion-metastasis associated MiRNAs in gallbladder
cancer by bioinformatics and experimental validation. ] Transl Med.

2022:20(1):188.

101. Ye YY, Mei JW, Xiang SS, Li HF, Ma Q, Song XL et al.
MicroRNA-30a-5p inhibits gallbladder cancer cell proliferation,
migration and metastasis by targeting E2F7. Cell Death Dis. 2018:9:410.

102. Wang H, Zhan M, Xu S, Chen W, Long MM, Shi YH, et al.
miR-218-5p restores sensitivity to gemcitabine through PRKCE/MDR1
axis in gallbladder cancer. Cell Death Dis. 2017:8:¢2770.

103. Zhan M, Zhao X, Wang H, Chen W, Xu S, Wang W, et al.
miR-145 sensitizes gallbladder cancer to cisplatin by regulating multidrug
resistance associated protein 1. Tumor Biol. 2016:37:10553-10562.

104. Lu W, Hu Y, Ma Q, Zhou L, Jiang L, Li Z, et al. miR-223
increases gallbladder cancer cell sensitivity to docetaxel by downregulating

STMNI. Oncotarget 2016:7:62364-62376

105. Manikkath J, Jishnu PV, Wich PR, Manikkath A,
Radhakrishnan R. Nanoparticulate strategies for the delivery of miRNA
mimics and inhibitors in anticancer therapy and its potential utility in

oral submucous fibrosis. Nanomedicine 2022:17:181-195.

106. Reda El Sayed S, Cristante ], Guyon L, Denis ], Chabre O,
Cherradi N. MicroRNA Therapeutics in Cancer: Current Advances and
Challenges. Cancers 2021:13:2680.

107. Gumireddy K., Young D.D., Xiong X., Hogenesch J.B., Huang
Q., Deiters A. Small-molecule inhibitors of microrna miR-21 function.

Angew. Chem. 2008;120:7592-7594.

108. Watashi K., Yeung M.L., Starost M.F., Hosmane R.S., Jeang
K.-T. Identification of small molecules that suppress microRNA function

and reverse tumorigenesis. J. Biol. Chem. 2010;285:24707-24716.

109. Hei Y.-Y., Wang S., Xi X.-X., Wang H.-P., Guo Y., Xin M.,
Jiang C., Lu S., Zhang S.-Q. Design, synthesis, and evaluation of
fluoroquinolone derivatives as MicroRNA-21 small-molecule inhibitors.

J. Pharm. Anal. 2022;12:653-663.

110. Melo S., Villanueva A., Moutinho C., Davalos V., Spizzo R.,
Ivan C., Rossi S., Setien F., Casanovas O., Simo-Riudalbas L. Small

Naseem Fatima et al.

molecule enoxacin is a cancer-specific growth inhibitor that acts by
enhancing TAR RNA-binding protein 2-mediated microRNA processing.
Proc. Natl. Acad. Sci. USA. 2011;108:4394-4399.

111. Jie J, Liu D, Wang Y, Wu Q, Wu T, Fang R. Generation of
MiRNA sponge constructs targeting multiple MiRNAs. J. Clin. Lab. Anal.
2022:36:€24521.

112. Ma L, Young J, Prabhala H, Pan E, Mestdagh P, Muth D, et
al. miR-9, a MYC/MYCNe-activated microRNA, regulates E-cadherin and
cancer metastasis. Nat. Cell Biol. 2010:12:247-256.

113. Wang P, Zhou C, Li D, Zhang D, Wei L, Deng Y. circMTO1
sponges microRNA-219a-5p to enhance gallbladder cancer progression
via the TGFB/Smad and EGFR pathways. Oncol Lett. 2021
Jul;22(1):563.

114. Quemener AM, Bachelot L, Forestier A, Donnou-Fournet E,
Gilot D, Galibert MD. The powerful world of antisense oligonucleotides:
From bench to bedside. Wiley Interdiscip. Rev. RNA 2020:11:e1594.

115. Shadid M, Badawi M, Abulrob A. Antisense oligonucleotides:
Absorption, distribution, metabolism, and excretion. Expert. Opin. Drug
Metab. Toxicol. 2021:17:1281-1292.

116. Fei ], Lan F, Guo M, Li Y, Liu Y. Inhibitory effects of anti-
miRNA oligonucleotides (AMOs) on A549 cell growth. J. Drug Target.
2008:16:688-693.

117. Park JK, Lee EJ, Esau C, Schmittgen TD. Antisense inhibition
of microRNA-21 or -221 arrests cell cycle, induces apoptosis, and
sensitizes the effects of gemcitabine in pancreatic adenocarcinoma.
Pancreas 2009:38:¢190-¢199.

118. Saxena R, Chakrapani B, Sarath Krishnan MP, Gupta A,
Gupta S, Das ], Gupta SC, Mirza AA, Rao S, Goyal B. Next generation
sequencing uncovers multiple miRNAs associated molecular targets in

gallbladder cancer patients. Sci Rep. 2023:13:19101.

119. Zhang Y, Zuo C, Liu L, Hu Y, Yang B, Qiu S, et al. Single-cell
RNA-sequencing atlas reveals an MDK-dependent immunosuppressive
environment in ErbB pathway-mutated gallbladder cancer. J. Hepatol.
2021:75:1128-1141.

120. de Bitter TJ], de Reuver PR, de Savornin Lohman EAJ, Kroeze
LI, Vink-Borger ME, van Vliet S, et al. Comprehensive clinicopathological
and genomic profiling of gallbladder cancer reveals actionable targets in

half of patients. NPJ Precis. Oncol. 2022:6:83.

121. Ghosh M, Sakhuja P, Singh S, Agarwal AK. p53 and beta-
catenin expression in gallbladder tissues and correlation with tumor
progression in gallbladder cancer. Saudi ] Gastroenterol. 2013:19:34-9.

122. Costa PM, Pedroso de Lima MC. MicroRNAs as Molecular
Targets for Cancer Therapy: On the Modulation of MicroRNA
Expression. Pharmaceuticals. 2013:6:1195-1220.

123. Yang D, Zhan M, Chen T, Chen W, Zhang Y, Xu S, et al. miR-
125b-5p enhances chemotherapy sensitivity to cisplatin by down-
regulating Bel2 in gallbladder cancer. Sci Rep. 2017:7:43109.

124. Lu W, Zhang Y, Zhou L, Wang X, Mu J, Jiang L, et al. miR-
122 inhibits cancer cell malignancy by targeting PKM2 in gallbladder
carcinoma. Tumour Biol. 2015:37:15615-15625.

Page 16 of 17 | Iran ] Blood Cancer, 2024, Volume 16, Issue 4


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html

[ Downloaded from ijbc.ir on 2026-05-30 ]

[ DOI: 10.61186/ijbc.16.4.69 ]

Iran ] Blood Cancer

125. Ishigami K, Nosho K, Koide H, Kanno S, Mitsuhashi K,
Igarashi H, et al. MicroRNA-31 reflects IL-6 expression in cancer tissue
and is related with poor prognosis in bile duct cancer. Carcinogenesis.
2018:39:1127-1134.

126. Lundberg IV, Wikberg ML, Ljuslinder I, Li X, Myte R,
Zingmark C, et al. R. MicroRNA expression in KRAS-and BRAF-mutated
colorectal cancers. Anticancer Res. 2018:38:677-683.

127. Yang G, Yin B. Therapeutic effects of long-circulating miR-
135a-containing  cationic immunoliposomes against gallbladder

carcinoma. Sci. Rep. 2017:7:5982.

128. Obata T, Tsutsumi K, Ueta E, Oda T, Kikuchi T, Ako S et al.
MicroRNA-451a inhibits gemcitabine-refractory biliary tract cancer
progression by suppressing the MIF-mediated PI3K/AKT pathway.
Molecular Therapy: Nucleic Acids 2023:34:13.

129. Hong DS, Kang YK, Borad M, Sachdev ], Ejadi S, Lim HY, et
al. Phase 1 study of MRX34, a liposomal miR-34a mimic, in patients with
advanced solid tumours. Br. J. Cancer 2020:122:1630-1637.

130. De Silva F, Alcorn J. A tale of two cancers: A current concise
overview of breast and prostate cancer. Cancers 2022:14:2954.

131. Soerjomataram I, Bray F. Planning for tomorrow: Global
cancer incidence and the role of prevention 2020-2070. Nat. Rev. Clin.
Oncol. 2021:18:663-672.

132. Holjencin C, Jakymiw A. MicroRNAs and their big
therapeutic impacts: Delivery strategies for cancer intervention. Cells

2022:11:2332.

133. He W, Turkeshi A, Li X, Zhang H. Progress in systemic co-
delivery of microRNAs and chemotherapeutics for cancer treatment by

using lipid-based nanoparticles. Ther. Deliv. 2020:11:591-603.

134. O'Neill CP, Dwyer RM. Nanoparticle-Based Delivery of
Tumor Suppressor mictoRNA for Cancer Therapy. Cells. 2020:9(2):521.

135. Kara G, Calin GA, Ozpolat B. RNAi-based therapeutics and
tumor targeted delivery in cancer. Adv. Drug Deliv. Rev.
2022:182:114113.

136. Wang H, Ellipilli S, Lee W], Li X, Vieweger M, Ho YS, et al.
Multivalent rubber-like RNA nanoparticles for targeted co-delivery of
paclitaxel and MiRNA to silence the drug efflux transporter and liver
cancer drug resistance. ]. Control. Release :2021:330: 173-184.

Iran ] Blood Cancer, 2024, Volume 16, Issue 4 | Page 17 of 17


http://dx.doi.org/10.61186/ijbc.16.4.69
https://ijbc.ir/article-1-1626-en.html
http://www.tcpdf.org

