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Abstract: MicroRNAs “miRNAs” are small non-coding RNAs that regulate translation of mRNA and protein mainly on 

post-transcriptional level. And as global expression profiling of miRNAs has demonstrated a wide spectrum of aberration 

that are correlated with several diseases, miRNA-10a/b were of the first miRNAs to be examined to be involved in 

abnormal activities upon dysregulation, including many types of cancers and progressive diseases. It is expected for the 

same miRNAs to behave in an inconsistent fashion within different types of cancers, or even in the same type upon 

different contexts or phases. This review is an attempt to provide a set of information about our updated understanding of 

miRNA-10a/b and their clinical significance, molecular targets, current research gaps and possibly future applications of 

such potent regulators, and help to uncover the logic behind such behavior and possible approaches to exploit such unique 

entities. 

INTRODUCTION 

MiRNAs constitute a class of short non-coding single stranded RNA molecules, evolutionary conserved, ranging from 18 to 
24 nucleotides, these short RNAs regulate gene expression at transcriptional or post-transcriptional level through imperfect base 
paring with specific sequences, located mostly in the 3′ UTRs “yielding silencing of the target” and, in some cases, in the 5′ 
UTRs or the coding regions “yielding activation of the target” [1, 2]. Depending on the level of complementarity between the 
miRNA and its target, the yield of such an interaction can be permanent or temporary [3].  

Many studies have shown that miRNAs play a crucial role in driving organ and tissue differentiation during embryogenesis 
and in the fine-tuning of fundamental biological processes, such as proliferation and apoptosis [4]. Growing evidence indicates 
that their deregulation plays an important role in cancer onset and progression as well, where they act as oncomiRs or tumor 
suppressing miRNAs [5].  

To maintain an effect, a miRNA usually interact with an imperfect complementarity sequence of a 7- nucleotide of the 
target and usually such a sequence is named “seed sequence”, while 7-nucleotide sites that match the seed region of the 
miRNA is important for target recognition, these seed matches are not always sufficient for an activity induction, indicating that 
other characteristics might be involved [6]. 
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Due to low number of those seed area and the imperfect matching, and the ongoing research of discovering factors that 
govern the interaction between miRNAs and their targets, predictions of possible targets are usually extremely numerous and 
mostly false positives and as conventional gene finding methods cannot be used, as non-coding genes in general and miRNAs 
in particular, do not exhibit the statistical properties exploited by these tools [7], and because miRNAs generally exert their 
effects through relatively subtle modulation of numerous targets rather than through dramatic change for a single target, 
miRNAs are usually considered as fine-tuners not regulators of genes. 

IMPORTANT CHARACTERISTICS OF MIRNA-10A/B 

MiRNA-10a/b are highly evolutionary conserved and are located on different chromosomes within the Homeobox (HOX) 
clusters [8]. Those HOX genes are a group of evolutionarily conserved genes themselves that play a crucial role in oncogenesis 
as well as encoding a class of important transcription factors that regulate early developmental morphogenetic processes and 
continue to be expressed into adulthood [9]. MiRNA-10a is located between HOX4D and HOX5B on 17q21 and miRNA-10b 
is located between HOXD4 and HOXD8 on 2q31.1, such proximity might provide a reason for the correlation and common 
interaction between the two sets of genes. Both miRNAs share identical seed sequences and vary by only a single nucleotide in 
the mature sequence and therefore are predicted to share common targets. Yet, miRNA-10a is largely functionally redundant 
with minimal application interest and the its relative efficacy of targeting remains to be evaluated [10]. 

MiRNA-10a/b have evolved to alter target specificities via several mechanisms including seed shifts, insertions and 
nucleotide editing of mature transcripts. Another evolved mechanism to target a diverse set of transcripts is arm-switching. As 
the sequence of mature miRNA from 5’ and 3’ arms are different and upon switching they might regulate the expression of 
distinct sets of mRNAs or the same sets via different interaction sites. MiRNA arm switching is probably frequent, while most 
mature forms of miRNA-10a/b originate from 5’ arm of the hairpin precursor, a minimal number of cases of arm-switching 
were noticed favoring expressing from the 3’ arm [11]. Also, miRNA-10a was found to provide an example of interacting with 
the 5’UTR of the mRNAs encoding ribosomal proteins to enhance their translation, implies that these important regulators in 
general and miRNA-10a specifically have more functions than hitherto expected. MiRNA-10a is capable of post-transcriptional 
repression via interaction with binding sites in the 3’UTR and post-transcriptional enhancement via binding to the 5’UTR of 
different targets of mRNAs. The same miRNA may therefore exert different functions dependent on the site of interaction [2]. 

ROLE OF MIRNA-10A/B IN CANCER 

Cancer is a major cause of death due to tumor cell proliferation and metastasis, with many inconsistencies regarding 
miRNA-10a/b expression (summarized in table: 1) and role in various types of cancers, it could possibly be “partly at least” a 
situational case of context dependency. It is of importance to review the possible roles, associations and contradictions between 
the miRNAs of concern and those different types/subtypes of cancer.  

Breast Cancer 

MiRNA-10b seems to contribute an important role in risk factors as a potentially functional SNP (rs4078756) in the 
promoter region of miRNA-10b was associated with a significantly increased risk of breast cancer among Han Chinese women 
[12]. Also, miRNA-10b dysregulation may be a mediator between obesity and cancer in post-menopausal women [13]. 

Oncologists encounter exceptionally challenging obstacles when it comes to taking clinical decisions on breast cancer 
treatment, circulating/plasma miRNAs are capable to provide a noninvasive prognostic tool, miRNA-10b succeeded with 
higher accuracy when combined with other miRNAs. High expression of miRNA-10b was demonstrated in tissues of bilateral 
breast carcinomas patients comparing to unilateral patients [14]. Moreover, higher circulating levels of miRNA-10b in patients 
with ER negative disease were noticed, providing a significant association between miRNA-10b and the hormonal status of 
breast cancers [15].  

Regarding Chemotherapy, retinoids (ATRA) “chemopreventive and anticancer agents because of their ability to regulate 
cell differentiation, growth and proliferation and apoptosis” were found to affect miRNA-10a significantly, unlike L-
Thyroxine (L4), but by co-exposure of several cell lines to both ATRA and L4, a more synergistic effect took place yielding 
more than 3 fold change in miRNA-10a expression [16]. Tamoxifen-resistant cells “derived from ER-positive MCF-7 cells” 
seem to exhibit an increased expression of miRNA-10b. A role of miRNA-10b in drug resistance of breast cancer cells might 
need further elucidation [17]. 

MiRNA-10a/b seem to play a role in recurrence, as the high levels of miRNA-10b were associated with a higher risk of 
breast cancer recurrence, and in another work higher expression of RUNX2 and miRNA-10a/b “either individually or jointly” 
tend to suffer a greater risk of recurrence or death [18]. On the other hand, high miRNA-10a expression was found to predict 
prolonged relapse-free time in postmenopausal ER-positive early stage breast cancer that was treated with adjuvant Tamoxifen 
[19]. 

Regarding metastasis, circulating miRNA-10b could be a promising biomarker in detecting lymph node status of breast 
cancer as well as for the identification of bone metastatic breast cancer [19, 20]. MiRNA-10b was highly expressed specifically 
in metastatic breast cancer cell lines compared to non-metastatic breast cancer cell lines, and positively regulated cell migration 
 



Table 1. A summary of miRNA-10a/b deregulations in different types of cancer. 

Cancer Type MiRNA Up/Down-regulated Reference 

Breast Cancer 

MiRNA-10a 
Up-regulated [16, 18, 19] 

Down-regulated - 

MiRNA-10b 

Up-regulated [12, 14, 15, 17, 18, 20, 21, 23, 24, 25, 26, 27, 29, 30, 31, 32] 

Down-regulated [13] 

No correlation [22] 

Brain Cancer 

MiRNA-10a 
Up-regulated [36, 44, 45, 48] 

Down-regulated [40] 

MiRNA-10b 
Up-regulated [33, 34, 35, 37, 38, 39, 41, 42, 43, 47, 49] 

Down-regulated [40] 

Liver Cancer 

MiRNA-10a 
Up-regulated [50, 53, 54, 59, 61, 62] 

Down-regulated [59] 

MiRNA-10b 
Up-regulated [51, 52, 55, 56, 57, 58, 60] 

Down-regulated - 

Gastric Cancer 

MiRNA-10a 
Up-regulated [67, 71] 

Down-regulated [73] 

MiRNA-10b 
Up-regulated [63, 64, 65, 66, 68, 69, 70] 

Down-regulated [72] 

Leukemia 

MiRNA-10a 

Up-regulated [77, 83] 

Down-regulated [78, 79] 

Unchanged [81] 

MiRNA-10b 
Up-regulated [76] 

Down-regulated - 

Colorectal Cancer 

MiRNA-10a 
Up-regulated [87, 88, 89, 90] 

Down-regulated [86, 90] 

MiRNA-10b 
Up-regulated [91, 92, 93, 94] 

Down-regulated - 

Renal Cell 

Carcinoma 

MiRNA-10a 
Up-regulated - 

Down-regulated [98] 

MiRNA-10b 

Up-regulated - 

Down-regulated [95, 96, 101, 102, 103] 

No correlation [97, 100] 

Lung Cancer 

MiRNA-10a 
Up-regulated [45, 110, 113] 

Down-regulated - 

MiRNA-10b 
Up-regulated [106, 107, 108, 109, 111, 112] 

Down-regulated - 

Cervical Cancer MiRNA-10a Up-regulated [116, 117, 118] 



Down-regulated [121] 

MiRNA-10b 
Up-regulated [119] 

Down-regulated [115, 120, 122] 

Melanoma 

MiRNA-10a 
Up-regulated [126, 127] 

Down-regulated - 

MiRNA-10b 
Up-regulated [123, 124, 125, 128, 129, 130] 

Down-regulated - 

Pancreatic Cancer 

MiRNA-10a 
Up-regulated [139, 141] 

Down-regulated - 

MiRNA-10b 
Up-regulated [131, 132, 133, 135, 136, 137, 138, 140, 142] 

Down-regulated - 

Nasopharyngeal 

Carcinoma 

MiRNA-10a 
Up-regulated - 

Down-regulated - 

MiRNA-10b 
Up-regulated [143, 144, 145, 147] 

Down-regulated - 

Bone Cancer 

MiRNA-10a 
Up-regulated [150] 

Down-regulated - 

MiRNA-10b 
Up-regulated [151] 

Down-regulated [152] 

Bladder Cancer 

MiRNA-10a 
Up-regulated [156, 157] 

Down-regulated - 

MiRNA-10b 
Up-regulated [153, 155] 

Down-regulated [154] 

Ovarian 

Carcinoma 

MiRNA-10a 
Up-regulated [160] 

Down-regulated [161] 

MiRNA-10b 
Up-regulated [158] 

Down-regulated [159] 

Esophageal 

Cancer 

MiRNA-10a 
Up-regulated [163] 

Down-regulated [168] 

MiRNA-10b 
Up-regulated [164, 165, 166, 167] 

Down-regulated - 

 

and invasion, while such a mechanism was not yet fully elucidated; Overexpression of miRNA-10b in otherwise non-metastatic 
breast tumors was associated with robust invasion and metastasis initiation. Expression of miRNA-10b could be in part induced 
by the transcription factor TWIST, which bound directly to the putative promoter of mirna-10b gene. MiRNA-10b in turn 
proceeded to inhibit translation of the mRNA encoding homeobox D10 (HOXD1), resulting in increased expression of a well-
characterized pro-metastatic gene Ras Homolog Family Member C (RhoC), and leading to initiation of tumor cell invasion and 
metastasis, promoting the usage of miRNA-10b as a marker to predict metastasis and angiogenesis in several breast cancer 
subtypes [21]. Yet, it was contested that miRNA-10b overexpression did not correlate with distant metastases or poor prognosis 
and was not a prognostic marker for metastasis risk in breast cancer, and studies using many more patients with full 
clinicopathological information are needed before making such conclusions [22].  

Also, in breast cancer cell line miRNA-10b was found to target mRNA of E-cadherin “maintaining cell polarity and 
epithelial integrity”, and a significant up-regulation of E-cadherin accompanied miRNA-10b down-regulation, and ectopic 



expressing of miRNA-10b produced dramatic reductions in E-cadherin mRNA [23]. In a work combining both E-cadherin and 
RhoC, loss of E-cadherin activated the miRNA-10b, which in turn bound to mRNA of neurofibromin 1 (NF1) and HOXD10 
and repressed their expression. The decrease in HOXD10 caused an increase in the expression of RhoC, which activated Rho-
associated coiled-coil forming kinase (ROCK), while the decrease in NF1 expression mitigated the inhibition of ROCK 
pathway. ROCK activation led to changes in cytoskeleton organization which activated the translation of c-Jun “a proto-
oncogene that promoted the metastatic behavior of cancer cells” and thereby promoted tumor cell invasion and metastasis [24]. 

Also, miRNA-10b overexpression induced post-transcriptional down-regulation of syndecan-1 “a member of syndecan 
proteoglycan family that mediates cell binding, cell signaling and cytoskeletal organization” resulting in increased cancer cell 
migration and invasiveness [25].  

Another proposed pathway including familiar components and yielding similar activity was involving Hyaluronan (HA) “a 
major component in the extracellular matrix of most mammalian tissues” interacted with CD44 “a primary HA receptor” 
promotes c-Src phosphorylation, which in turn, caused phosphorylation of TWIST. Activated TWIST was translocated from the 
cytosol to the nucleus and bound to the E-box-containing promoter of miRNA-10b and transcriptionally activated miRNA-10b 
expression. The up-regulated miRNA-10b then targeted and suppressed HOXD10 and promoted tumor cell invasion activities 
including: RhoA/RhoC up-regulation, ROK activation, and cytoskeleton reorganization [26].  

In an attempt to apply magnetic nanoparticles-anti-miRNA-10b in animal model in several stages of progressed cancer, the 
inhibition of miRNA-10b mediated not only the prevention of metastatic spread from the primary tumor to lymph nodes, but 
also caused the arrest of metastatic growth in the already formed lymph node metastases and inhibited their tumor proliferation, 
which was unexpected as miRNA-10b was supposed to control metastasis not cancer growth [27]. While further research is 
recommended, one possible explanation could be explained by context dependency of miRNA functioning, where the same 
miRNA can behave differently in different contexts yielding different outcomes [28]. And in a model of Stage IV metastatic 
breast cancer, a weekly treatment protocol of magnetic nanoparticles-anti-miRNA-10b “along with low-dose doxorubicin” was 
intravenously injected, and these nanoparticles were found to be selectively accumulated in distant metastases from breast 
cancer, demonstrating complete regression of pre-existing lung metastases in 65% of the animals and inhibition of multiple 
organ metastases in 94% of the animals, yielding a significant reduction in cancer mortality in animals treated relative to 
control groups [29]. A different approach was attempted using miRNA-10b sponge, causing 62% reduction in miRNA-10b 
levels which could represent either miRNA degradation or competitive detection by the sponge “or a combination of both”, 
and as the sponge continued to be present, miRNA-10b was absorbed, thereby interfering with binding of miRNA-10b to its 
natural target mRNAs, and while such an approach did not affect the size of the primary mammary tumor, it dramatically 
reduced the number of lung metastases, providing a proof-of-principle that antagomirs can be efficiently delivered to rapidly 
growing tumor cells in-vivo and can prevent metastasis formation [30]. Also, multi-tyrosine kinase inhibitor linifanib could 
significantly inhibit miRNA-10b and reverse its oncogenic function in breast cancer both in-vitro and in-vivo. Furthermore, 
efficacy of linifanib to inhibit tyrosine kinases was reduced by high miRNA-10b levels, as miRNA-10b can hijack the linifanib 
and mitigate its anti-tumor efficacy, inhibit its pharmacologic purpose of targeting and decreasing vascular endothelial growth 
factor receptor (VEGFR) and platelet-derived growth factor receptor (PDGFR) [31]. It would be worth mentioning the 
exosomes transferring miRNAs among different cell lines through direct uptake, especially that the level of exosomal miRNA-
10b was found to be much higher in metastatic breast cancer MDA-MB-231 cells than non-metastatic MCF-7 cells, nSMase2 
or ceramide promoting the exosome-mediated miRNA-10b secretion whereas ceramide inhibitor suppresses this secretion, 
treatment with exosomes derived from MDA-MB-231 cells could induce invasion in non-malignant HMLE cells [32]. 

Brain Cancer 

MiRNA-10b was of the most over-regulated miRNAs in glioblastoma (GBM) compared to no expression in normal brain 
tissue [33]. Furthermore, miRNA-10b was found to be significantly increased in the cerebrospinal fluid of patients with 
glioblastoma and brain metastasis of breast and lung cancer, compared to tumors in remission and a variety of non-neoplastic 
conditions. Yet, the absence of miRNA-10b in the cerebrospinal fluid of controls could be due to its inability to pass the blood-
brain barrier under non-neoplastic conditions, and remarkably, characteristic tumor miRNA-10b was not detected in the 
cerebrospinal fluid of cancer remission cases, strongly suggesting that miRNA-10b may also reflect disease status/activity [34]. 
Additionally, glioma patients with a high miRNA-10b expression level had distinctly worse overall survival (OS) and 
progression-free survival (PFS) than those with low miRNA-10b expression [35].  

MiRNA-10a promoted glioma cell proliferation in-vitro and in-vivo, such activities could be promoted by directly targeting 
myotubularin-related protein 3 (MTMR3), which affected tumorigenesis and the development of glioma via regulating the 
Wnt/β-catenin signaling pathway yielding downstream proteins such as Bcl-2, c-Myc, p-c-Jun and cleaved caspase-3 [36]. In 
glioblastoma, glioma amplified sequence 41 (GAS41) “a potent transcription factor that play a crucial role in cell 
proliferation and survival via repressing p53” transcriptional and post transcriptional level needed to be tightly maintained in 
response to cellular signals, miRNA-203 was found to down-regulate miRNA-10b expression and restrain its action by 
repressing GAS41 in gliomas “which positively retain miRNA-10b expression” producing a proficient induction of apoptosis 
and preventing migration [37]. Also, miRNA-10b was found to regulate E2F1-mediated transcription in GBM -in a p21-
dependent fashion- attenuating FBXW7 and SMAD3, hence driving cell cycle progression through the S-phase and promoting 
proliferation [38]. Additionally, expression of miRNA-10b-5p was found to be reduced by voltage-gated potassium channel 
blocker 4-aminopyridine (4-AP) “which inhibits cell proliferation and induce apoptosis in glioma”, then 4-AP up-regulated 



Apaf-1 expression in part and its downstream apoptosis-related [39]. Also, miRNA-10a/b directly targeted nuclear receptor 
corepressor 2 (NCoR2), which in turn indirectly suppressed transcriptional factor MYCN “a potent oncoprotein in 
neuroblastoma” [40], permitting an inconsistent yield with other mentioned work, permitting major roles in the process of 
neural cell differentiation. 

In medulloblastoma, high levels of miRNA-10b were found to correlate with multiple tumor recurrences and low survival in 
patient samples and seemed to regulate the proliferation and survival of medulloblastoma cells by targeting BCL2. And in-
vitro, overexpression of miRNA-10b induced cellular proliferation and protects against apoptosis, and upon its inhibition, 
apoptosis was significantly induced [41]. 

Regarding to invasion and metastasis: miRNA-10b expression in high-grade glioma with multifocal lesions was 
significantly higher than that with a single lesion, which would advocate for some role in the invasion and migration of glioma 
cells. In addition to that, mRNA expression levels of RhoC and uPAR “contributes to glioma invasion and migration” were 
correlated with miRNA-10b expression in gliomas [33]. Moreover, miRNA-10b directly targeted HOXD1, granting modulation 
of tumor invasion factors matrix metalloproteinase-14 (MMP-14) and uPAR which would promote for more glioma cell 
invasion [42]. And in glioblastoma, TGF-β1 was found to regulate miRNA-10b, which in turn would provide its infamous 
activities in EMT and metastasis [43]. Furthermore, miRNA-10a was found to negatively regulate the expression of Eph 
tyrosine kinase receptor A8 (EphA8), which by ectopic expression, EphA8 would counteract the promotion of migration and 
invasion caused by miRNA-10a [44]. 

In chemoresistance: based on the idea that tumor suppressor candidate 7 (TUSC7) was found to directly target and silence 
expression of mirna-10a gene, and silencing miRNA-10a could suppress the expression of multidrug resistance protein 1 
(MDR1) and improve cisplatin (DDP) sensitivity in lung cancer [45]. As overexpression of TUSC7 significantly silenced 
miRNA-10a expression in U87TR cells, it was hypothesized that TUSC7 inhibited MDR1 expression by silencing miRNA-10a 
and that such a mechanism was involved in the chemoresistance of human glioblastoma multiforme to Temozolomide [46]. 
Also, Neferine stimulated U251 cells caused miRNA-10b expression to be down-regulated. Expectedly, overexpression of 
miRNA-10b reversed the regulatory effects of Neferine on U251 cells proliferation, migration, invasion and apoptosis. 
MiRNA-10b was directly targeting and knocking down PTEN in U251 cells, affecting the whole PTEN/PI3K/AKT signal 
pathways. By application of Neferine, miRNA-10b was down-regulated and PTEN protein levels increased, phosphorylation of 
PI3K and AKT protein levels were decreased, promoting for a possible chemoresistance role played by miRNA-10b regarding 
Neferine in glioma [47]. In low grade glioma, up-regulated miRNA-10a was found to be associated with radiosensitivity, and 
such an effect would happen by miRNA-10a targeting heat shock protein 90 alpha family class A member 1 (HSP90AA1) 
“critical for maintaining the stability of cancer-related proteins” and cAMP responsive element binding protein 5 (CREB5) 
“transcription factor of Bcl-2” [48]. 

In an attempt to find a miRNA-10b based therapy: apparently GBM was found to be strictly “addicted” to miRNA-10b, 
knocking down miRNA-10b was found to be lethal for glioma cell cultures but no other cancer cell lines. Interestingly, no 
proliferative clones of GBM cells escaped such a procedure, and the sole loss-of-function mutations in miRNA-10b were 
sufficient to cause the lethality, validating a key role of miRNA-10b in sustaining growth and survival of glioma. 
Administration of synthetic miRNA-10b inhibitors, potent but transient effects were noticed on orthotopic GBM in the 
aggressive GSC-based models, such a transient effect could be due to both poor uptake/distribution of the antisense 
oligonucleotides in intracranial GBM and dilution of the drug in the actively growing tumor. Gene editing could provide a 
permanent miRNA-10b inactivation, as moderately efficient miRNA-10b gene editing of GBM8 glioma stem cells led to 
disaggregation and massive death of glioma spheres, meaning that a less than 100% efficient editing and miRNA-10b ablation 
were sufficient for potent inhibition of GBM growth. Yet a further work is needed regarding its specificity and safety of 
knocking down miRNA-10b on normal cells of the brain tumor microenvironment [49]. 

Liver Cancer 

With many risk factors that might participate in development of liver cancer, miRNA-10a/b seem to play important roles in 
many of those factors, and it is well investigated too. 

MiRNA-10a was overexpressed in primary liver nodules “arising in HCV infection” compared to normal liver although it 
was only moderate, and in HCC, it was up-regulated compared to normal liver, such an up-regulation might exert an oncogenic 
function by the subsequent down-regulation of one or more tumor suppressor genes [50]. In HBV-HCC cases, miRNA-10b 
expression had a positive correlation with the clinical stage, which further indicated to be associated with tumor progression 
and could predict survival in patients with HBV-HCC [51]. In chronic liver disease, miRNA-10b’s expression “combined with 
other miRNAs” was not significantly different from healthy individuals, but in HCC, miRNA-10b seems to provide a good 
diagnostic tool in differentiating HCC cases from healthy controls, and in combinations with other miRNAs seems to provide 
an even more accurate results, and even capable to provide a significant discrimination between patients with HCC from 
patients with chronic liver disease [52]. A combination of miRNA-10a and miRNA-125b may become a promising diagnostic 
marker of the disease “sensitivity 98.5%, specificity 98.5% and UC 99.2%” [53], such dysregulation in miRNA-10a in HCC 
from normal might be due to aberrant DNA methylation [54]. 

In early-stage hepatocellular carcinoma (E-HCC), acidic microenvironment “a hallmark of E-HCC” seemed to up-regulate 
exosomal miRNA-10b, which was found to steer the recipient cell towards a more aggressive pro-metastatic phenotype with 



poor prognosis [55]. And in an interesting work, miRNA-10b “separately or along with long noncoding RNA HOTAIR” were 
transducted into isolated liver normal stem cells, several cancer stem cell-like traits appeared in these stem cells such as in-vitro 
enhanced proliferative capacity, expression of infamous liver cancer stem cells markers and progressed obtainment of invasive 
ability. Furthermore, E-cadherin was found to be down-regulated upon induction of miRNA-10b into liver normal stem cells, 
which is a hallmark of EMT. Altogether might strengthen a hypothesis that postulate the increased miRNA-10b expression 
“along with HOTAIR” might have a role to play in liver normal stem cells reversed phenotype towards liver cancer stem cells, 
which might add a new evidence to the theory that liver cancer stem cells to be originated from liver normal stem cells with 
arrested differentiation [56]. 

Ectopic expression of miRNA-10b in liver cancer cell lines with weak migration and invasion potential exhibited higher 
invasiveness and migratory capabilities, and inhibition of miRNA-10b in the cell lines with high metastatic capability denied 
their metastatic potential. And expectedly HOX10 was a direct target of miRNA-10b in HCC, which in turn targets RhoC, 
uPAR, MMP-2 and MMP-9 [57]. Additionally, cell adhesion molecules 1&2 (CADM1&2) “which responsible of cell polarity 
maintenance, adhesion and tumor suppression” were found to be direct targets of miRNA-10b in HCC cells providing 
modulation of EMT process and migration ability via focal adhesion kinase (FAK)/AKT signaling pathway [58]. Once more, 
EphA4 seems to be directly targeted by miRNA-10a. Surprisingly, miRNA-10a was found to promote the migration and 
invasion in-vitro and interestingly promote a totally opposite role in-vivo and suppressing metastasis, such a contradiction 
might be reconciled by cell adhesion assays; miRNA-10a significantly suppressed the cell-matrix adhesion in-vitro. The very 
same activity that may diminish the migration and invasion of HCC cells from primary loci and may result in decreased 
metastatic colonization, therefore the metastasis of HCC was suppressed by miRNA-10a in-vivo but promoted in-vitro [59]. 
Moreover, miRNA-10b seemed to down-regulate Krüppel-like factor 4, an inhibitory transcriptional factor of Krüppel-like 
factor 11 which in turn induced SMADs signaling activity to promote HCC’s EMT [60]. Another long non-coding RNA was 
MIR22HG “which was deleted with high frequency in cancers and significantly decreased in the HCC tissues” acted as a 
molecular sponge “once more” directly binding to miRNA-10a-5p and inhibits its expression, liberating NCoR2 “a direct 
target of miRNA-10a-5p” promoting anti-metastatic properties which would be nullified upon overexpression of miRNA-10a-
5p [61]. In Cholangiocarcinoma (CCA), inhibition of miRNA-10a-5p can decrease CCA cells growth by down-regulation of 
Akt pathway, suggesting that miRNA-10a-5p might serve as a potential target for the treatment of CCA and help to develop 
effective therapeutic strategies [62]. 

Gastric Cancer 

MiRNA-10b was significantly higher in gastric cancer than non-tumor tissue, and its expression levels seem to be correlated 
with different prognostic features [63-65]. MiRNA-10b was among a group of miRNAs that provided a survival signature that 
can predict relapse-free and overall survival [66]. MiRNA-10a was up-regulated in lymph node metastatic sites as compared to 
the primary gastric cancer, which might happen due to its contribution to the process of gastric cancer lymph node metastasis 
and may serve as an indicator in lymph node metastasis detection [67]. Moreover, miRNA-10b was found to exhibit a 
significant up-regulation in gastric cancer stem‐like gastro‐spheres and despite the fact that their function in such a context 
remains to be further explored, it was speculated to have a key role to play in self‐renewal, proliferation potential, growing and 
chemoresistance [68]. Additionally, miRNA-10b was up-regulated in SGC-7901/5-Fu cell line compared to its parental cell 
line, providing a correlation with MDR in gastric cancer and may serve as biomolecular targets for MDR elimination as it may 
be useful for the future development of a chemosensitizing strategy through the manipulation of miRNA expression [69]. 

Also, miRNA-10b can stimulate the up-regulation of RhoC and AKT phosphorylation through targeting HOXD10, 
promoting cell invasion in gastric tumors [70]. Furthermore, miRNA‑10a‑5p was found to directly target MAPK8IP1, which 
was suppressing mitogen‑activated protein kinase (MAPK) activity, providing what could be a major mechanism for gastric 
cancer metastasis [71]. 

In contradiction, miRNA-10b was partially silenced by DNA hypermethylation in gastric cancer, functioning as a novel 
tumor suppressor in MGC-803 and HGC-27 cell lines and by overexpression of miRNA-10b, T-cell lymphoma invasion and 
metastasis 1 (Tiam1) protein level was decreased in both gastric cancer cell lines, suggesting a possibility of Tiam1 to be a 
target of miRNA-10b [72]. Interestingly, miRNA-10a shared the same inclination in gastric cancer as it was partially silenced 
by DNA hypermethylation, and after its re-introduction into gastric cancer cells, cell proliferation, migration and invasion were 
inhibited, possibly via miRNA-10a targeting and suppressing HOXA1 [73]. 

Leukemia 

Levels of miRNA-10a/b were found to be associated with TWIST-1 levels in CD34+ myelodysplastic marrow cells. 
Myelodysplastic syndromes (MDS) are characterized by abnormal maturation and differentiation of hematopoietic cells, and 
are a high risk to develop leukemia. By inhibition of miRNA-10a/b levels in clonal cells, decreased proliferation and 
enhancement of sensitivity to TNFα–induced apoptosis occurred via NF-kB-dependent p53 activation [74]. It was hypothesized 
that the abnormal up-regulation of miRNA-10a/b in blood progenitor cells would result in the over-production and 
accumulation of immature white blood cells, as well as the inhibition of granulocyte and monocyte maturation, which would 
influence several cellular diseases including cancer [75]. 

High expression levels of miRNA-10a/b were detected in the serum of acute myeloid leukemia (AML) patients [76, 77]. 
MiRNA-10a was found to be down-regulated in chronic myeloid leukemia (CML) resulting from an increasing of the upstream 



stimulatory factor 2 transcription factor (USF2), which contributed in cell growth of CML [78]. Furthermore, miRNA-10a was 
found to be down-regulated in all the leukemias carrying the major translocation events “which are associated with a more 
favorable prognosis” [79]. 

In pediatric acute myeloid leukemia, miRNA-10b could regulate the proliferation, colony formation, cell cycle and 
apoptosis through targeting HOXD10 -once more-, as its overexpression decreased the percentage of AML cells in the G0/G1 
phase when compared to S phase and suppressed the apoptosis of AML cells. Expectedly, an opposite effect was found after 
HOXD10 induction, denying miRNA-10b doing [76]. 

Late stage of normal megakaryopoiesis seemed to depend on a significant reduction of the miRNA-10a/b expression after 
higher expression in hematopoietic stem cells, human platelet glycoprotein Ibα mRNA was elevated at the same time. Without 
an identified direct relation between the two core components, it might be an indirect relation between the inversely associated 
entities [80]. Surprisingly in Philadelphia chromosome-negative myeloproliferative neoplasm, megakaryocytic expression of 
miRNA-10a was no different from normal status, although it was expected to be up-regulated to provide similar signature in 
hematopoietic stem cells prior differentiation along with stemness phenotype acquiring, such an event did not happen [81]. In 
atypical myeloproliferative neoplasms (aMPN), miRNA-10a was identified as the most significantly up-regulated miRNA, and 
it was correlated with HOXB4 “involved in stem cell expansion”, such an extreme over-expression could be a result of 
abnormalities in epigenetic regulation mechanisms [82]. 

Colorectal Cancer 

MiRNA-10/b were found to be associated or/and play some roles in several risk factors of colorectal cancer; In 
inflammatory bowel disease (IBD), miRNA-10a “which was markedly decreased” was partly targeting the IL-12/IL-23p40, 
NOD2 and NF-κB pathways, inhibiting the Th1/Th17 cell immune response, regulatin84g the pathogenesis of IBD, providing 
another level of regulation of the inflamed intestine [83]. Another risk factor of colorectal cancer is Ulcerative Colitis (UC), 
miRNA-10b-5p was found to be among a group of miRNAs that were down-regulated with no established role yet [84].  

Additionally, after exposing CaCO2 cells to Selenium deficient medium, miRNA-10b was among a group of up-regulated 
miRNAs. Since Selenium regulated Glutathione Peroxidase mRNA levels and GPx activity, and decreased GPx activity was 
associated with biochemical and functional consequences as it was found to protect the cell from oxidative damage, as well as 
the association between low selenium levels and colorectal cancer risk. Altogether inferring an indirect role for miRNA-10b in 
denying protection against oxidative damage and colorectal cancer risk [85].  

Discrepancy regarding association between miRNA-10a and colorectal cancer has been noticed as miRNA-10a was found 
to be significantly down-regulated in colorectal cancer [86], and conversely among a group of the most highly expressed 
miRNAs in the same disease [87-89]. Such an inconsistency might be explained by a hypothesis that postulate that miRNA-10a 
was a consequence rather than a cause of oncogenic transformation showing low expression of miRNA-10a in early cases and 
higher expression later on [90]. 

 Elevated expression levels of miRNA-10b were associated with enhanced tumor staging, higher risk of lymph node 
metastasis and venous infiltration, poorer differentiation, poor prognosis of colorectal cancer as well as chemoresistance to 5-
Fluorouracil [91, 92], as well as with its expression in high‑grade colorectal cancer with multifocal lesions was significantly 
higher than that in cancer with single lesions [93]. 

It has been shown that colorectal cancer cells released miRNA-10b-containing exosomes, which were taken up by 
fibroblasts, increasing transforming growth Factor-β (TGF-β) and SM α-actin levels by targeting PI3K/Akt/mTOR pathway, 
promoting tumor growth by inducing fibroblast-to-myofibroblast trans-differentiation activating fibroblast cells to become 
cancer-associated fibroblasts (CAFs) [94].  

Renal Cell Carcinoma 

MiRNA-10b was found to be significantly down-regulated in RCC tissues and metastatic RCC tissues compared to normal 
kidney tissues [95]. As well as it was down-regulated in primary tumors developing relapse, but its expression levels were 
further decreased in primary metastatic RCC tumors, confirming how low miRNA-10b was associated poor prognosis [96]. 
Additionally, miRNA-21/10b ratio as an independent prognostic factor could identify high-risk M0 patients who could benefit 
from increased surveillance [97]. MiRNAs expression patterns that included miRNA-10a/b can provide a signature for each 
subtype and even provide the basis of a specific targeted therapy for each particular subtype based on their unique set of 
miRNAs [98, 99]. On the other hand, in a recent study, no evident association between miRNA-10b expression and clinical 
outcome was observed [100], such an inconsistency might be due to number of factors, including differences in patient 
populations, timing and method of tissue sampling, and the use of fresh, frozen or FFPE tissue. 

MiRNA-10b-5p was found to suppress oncogenic cAMP responsive element binding protein 1 (CREB1), up-regulation of 
miRNA-10b-5p mediated down-regulation of CREB1 which inhibited RCC tumorigenicity [101]. Also, miRNA-10b 
maintained its tumor suppressive attitude via activating c-Jun N-terminal kinase (JNK) pathway [102]. Furthermore, miRNA-
10b directly targeted HOXA3 suppressing cell invasion and metastasis, and such an effect partially passed through the focal 
adhesion kinase/Yes-associated protein (FAK/YAP) signaling pathway [103]. 

Lung Cancer 



Cigarette smoking is considered one of the most dangerous risk factors to develop lung cancer as it causes various 
molecular and genetic changes in the respiratory tract [104]. Down-regulation of miRNA-10a was reported in human bronchial 
epithelial cells treated with benzo(a)pyrene‑trans‑7,8‑diol‑a‑9,10‑epoxide “an important mutagenic metabolite of 
benzo(a)pyrene” [105]. 

Clinically, elevated exosomal miRNA-10b-5p was found to be associated with poor overall survival [106], as well as it was 
considered to be a non-small cell lung cancer (NSCLC) tumor enhancer; A549 cell line transfected with the miRNA-10b 
exhibited significantly increased proliferation, migration, and invasion capacities compared to the control cells, and it can act an 
independent prognostic tool [107-109]. 

 Also, miRNA-10a-5p expression levels were increased significantly in NSCLC tissues compared to non-tumor adjacent 
normal tissues. High miRNA-10a-5p expression was positively correlated with advanced tumor stage and positive lymph node 
metastasis, referring to its potential role as a diagnostic as well as a prognostic biomarker for NSCLC [110]. 

 Furthermore, in radically resected NSCLC patients, the expression levels of miRNA-10b in patients with epidermal growth 
factor receptor (EGFR) mutation were much higher than those without mutation. Also, it was highly expressed in progressive 
disease compared to complete remission or stable cases [111]. Expectedly, peripheral blood mononuclear cells of NSCLC 
patients showed higher miRNA-10b expression than normal control subjects, and within the NSCLC patient group, higher 
miRNA-10b expression levels were tightly correlated with worse patient outcomes [112]. 

MiRNA-10b could potentially target and suppress E-cadherin, which is hallmark for EMT [110]. Interestingly, the pro-
metastatic Exoribonuclease 2 (XRN2) was uncovered to accelerate miRNA-10a maturation by binding to pre-miRNA-10a in a 
DICER-independent manner, driving early stage lung tumor cells to proceed with EMT and subsequent metastatic progression 
through regulation of the processing of pre-miRNA-10a to mature miRNA-10a, providing a novel miRNA regulatory 
mechanism [113]. 

Inhibition of miRNA‑10a was found to significantly reduce the expression of multi-drug resistance protein 1 (MDR1) and 
MDR-associated protein 1 (MRP1). Furthermore, miRNA-10a promoted the expression of TGF-β and regulated the activity of 
the infamous Smad2/STAT3/STAT5 pathway and its downstream transcriptional factors, which could be a potential 
mechanism of drug resistance in A549 cells. Altogether, miRNA-10a could be promoted to be a potential target for enhanced 
the effectiveness of lung cancer chemotherapy [45]. 

Cervical Cancer 

Human papilloma virus (HPV) is acknowledged to be the cause of the vast majority of cervical cancers, miRNA-10b was 
among HPV core up-regulated miRNAs [114]. And on a contradictory work, HPV may decrease miRNA-10b expression via 
transcription factor AP-2α influenced by methylation of site -797 in miRNA-10b promoter. MiRNA-10b which acted as a 
tumor suppressor in cervical cancer by suppressing oncogenic T-cell lymphoma invasion and metastasis 1 (Tiam1), could serve 
as a potential molecular biomarker for assessing cervical cancer risk. MiRNA-10b might be a therapeutic target for diagnosis 
and treatment [115]. MiRNA-10a was among a group of miRNAs that relatively increased in the transition from normal cervix 
to atypical dysplasia to cancer, and while overall miRNA expression profile could not clearly separate normal, pre-neoplastic 
and cancer tissues, probably due to the high variability among normal cervical samples. The presence of the HPV in normal 
samples could be a reason for such a phenomenon [116]. Additionally, miRNA-10a promoted colony formation activity, 
migration and invasion of cervical cancer in-vitro via direct targeting of Close Homolog of L1 (CHL1) as well as PTEN [117, 
118]. Also, in HeLa cells, miRNA-520d-5p mediated TWIST1 down-regulation resulted in a two-fold reduction in miRNA-10b 
expression, which in turn would restore E-cadherin expression, which resulted in reduced cellular motility and invasiveness 
[119]. On the contrary, miRNA-10b was found to be gradually down-regulated during cervical cancer progression, and it was 
found to target HOXA1, suppressing cervical cancer cell proliferation and invasion, such a gradual down-regulation of miRNA-
10b and subsequent up-regulation of HOXA1 seemed to have a critical role in cervical carcinogenesis [120]. Similarly, 
miRNA-10a/b suppressed cancer proliferation and division in human cervical cancer by targeting brain-derived neurotrophic 
factor (BDNF) as well as insulin-like growth factor-1 receptor (IGF-1R) receptively, and up-regulation of miRNA-10a/b 
expression decreased viability and inhibited cell cycle progression in cervical cancer cell lines, therefore both miRNAs may be 
key cervical cancer regulators [121, 122]. 

Melanoma 

MiRNA-10b expression showed a 3.7-fold increase in expression between melanoma cases and controls, and showed a 
trend of increasing expression between primary melanomas and their matched metastases [123]. Serum miRNA-10b provided 
similar influence and its overexpression was associated with poor prognosis [124]. Furthermore, miRNA-10b showed higher 
expression in greater than 60 years old patients’ primary melanoma, which was suspected to regulate activities related to 
invasion and metastasis. Consistently, the highest expression of miRNA-10b was observed in nodular melanoma, invasive 
melanomas and desmoplastic melanoma [125]. 

MiRNA-10a was found to be up-regulated in primary tumor cell lines compared to normal human epidermal melanocytes 
and thus it might be associated with early progression, and down-regulated in highly invasive cell line (Mel Im) cells. Patients 
with low levels of miRNA-10a-5p had significantly lower overall survival. And the more aggressive melanoma cell lines had 
higher levels of miRNA-10a-5p [126]. MiRNA-10b was up-regulated in MIA-deficient HMB2 cell line “which showed high 



similarities in gene expression to melanocytic cells” compared to cells of the parental HMB2 cell line “a human melanoma cell 
line derived from a lymph node metastasis”, HMB2/HMB2-MIA cell system is a powerful model for investigating molecular 
differences between melanocytes and early melanoma cells, although the MIA-deficient cell clones were closer to re-
differentiated melanoma cells still containing some tumorigenic characteristics [127].  

Knocking down miRNA-10b dramatically inhibited melanoma cell proliferation, migration and invasion in-vitro and 
suppressed tumor growth in-vivo, such an activity happened through regulating Wnt/β-catenin pathway via ITCH repression 
[128]. Furthermore, melanospheres were found to up-regulate miRNA-10b “along with other miRNAs”, so it might be wise to 
suggest that such miRNAs may promote metastasis, stemness phenotype as well as possible chemoresistance [129]. Also, 
miRNA-10b enhanced anchorage-independent growth of B-Raf wild-type melanoma cells, and miRNA-10b silencing 
decreased B-RafV600E cancer cell invasion in-vitro. MiRNA-10b expression correlated with the presence of the oncogenic B-Raf 
(B-RafV600E) mutation in melanoma cells. Expression of miRNA-10b was significantly up-regulated in cells ectopically 
expressing B-RafV600E compared to empty vector control. Interestingly, transient activation of B-RafV600E was better at 
activating miRNA-10b expression than sustained expression of the constitutively active kinase, altogether raising the possibility 
that targeting miRNA-10b and/or its effectors may represent a rational alternative treatment for relapsed patient with B-RafV600E 
melanoma [130]. 

Pancreatic Cancer 

Levels of miRNA10b to be elevated in pancreatic cancer cells compared to epithelial cells from benign lesions. MiRNA-
10b expression could potentially serve as a prognostic marker in PDAC. Patients with fairly low levels of miRNA10b had 
improved response to multimodality neoadjuvant therapy, delayed time to metastasis and increased survival [131, 132]. In 
formalin-fixed paraffin-embedded tissues, as well as serum/plasma samples, miRNA-10b seems provide similar outcomes by 
being constantly up-regulated in PDAC, and to be indicative of poor survival, response to treatment and/or metastatic disease 
[133]. Yet, it was contested that used protocols might not be ready for clinical practice, as well as such findings must be 
confirmed in a multi-institutional prospective clinical trial [134]. 

Compared expression of miRNA-10b “among other 95 miRNAs” in chronic pancreatitis tissues, several pancreatic cancer 
cell lines, surgical specimens of pancreatic cancer tissues and normal control subjects, showed consistent up-regulation of the 
miRNA among different groups. Yet, miRNA-10b was not among the top eight miRNAs to be over-expressed in the study 
[135]. MiRNA-10b was highly expressed in PDAC and pancreatic intraepithelial neoplasm (PanIN) II-III, which might imply a 
role played by miRNA-10b in tumorigenesis [136]. A meta-analysis “included twenty studies involving 1525 patients treated 
for PDAC” suggested that PDAC patients with elevated pre-operative miRNA-10b tissue levels had a poor prognosis [137]. 

 Additionally, increased miRNA-10b enhanced the stimulatory effects of epidermal growth factor (EGF) and transforming 
growth factor- β1 (TGF- β1) on the induction of EMT in PDAC cells via targeting and suppressing Tat-interacting protein 30 
(TIP30). MiRNA-10b-enhanced EGFR signaling facilitated EGF–TGF-β cross-talk, enhanced the expression of EMT-
promoting genes, reduced expression of E-cadherin and increased expression of N-cadherin, vimentin, Snail, and Zeb-1 in 
PDAC cells [138]. 

MiRNA-10a-5p was up-regulated in gemcitabine-resistant PDAC via directly targeting transcription factor activating 
protein 2 gamma (TFAP2C). Survival analysis demonstrated that high miRNA-10a-5p expression levels and low TFAP2C 
expression levels were both independent adverse prognostic factors in patients with PDAC [139]. Also, low miRNA-10b 
expression was found to be a marker that could guide neoadjuvant gemcitabine-based chemoradiotherapy, predict metastatic-
free survival, overall survival as well as suitability for surgery in PDAC patients [140]. Previous study indicated that activation 
of vitamin D receptor (VDR) signaling could suppress secretion of exosomal miRNA-10a-5p derived from cancer-associated 
fibroblasts (CAF) to diminish its pro-tumoral effects on pancreatic cancer cells; such a strategy could be of promise applying 
miRNA-10a-5p diminishment into applicable treatment [141]. Finally, the human serum associated-EPOPC:Chol/AMOs (+/-) 
(4/1) nanosystem has the ability to efficiently deliver antisense oligonucletides into PDAC cells, inducing an almost total 
inhibition to a group of miRNAs including miRNA-10b, synergistic antitumor effect in PDAC cells promoted by the 
combination of miRNA inhibition with low amounts of the chemotherapeutic drug sunitinib, such a synergy was much higher 
than that obtained with any of the two strategies used independently. And such a combined strategy could be of great promise 
due to the high therapeutic yield and the reduced side effects associated with the use of low chemotherapy concentrations [142]. 

Nasopharyngeal Carcinoma 

MiRNA-10b was found to be overexpressed in nasopharyngeal carcinoma (NPC) patients and was correlated with the 
advanced clinical stages. Elevated miRNA-10b levels were associated with the simultaneous expression of oncoprotein latent 
membrane protein 1 (LMP1) and transcription factor TWIST1 [143]. Furthermore, the Epstein-Barr virus (EBV) encoding 
LMP1 which in-turn up-regulated miRNA-10b, might provide a possible explanation for the strong association between EBV 
and strong tendency of metastasis [144]. Also, miRNA-10b was found to up-regulate the expression of MMP-9, and knocking 
down miRNA-10b significantly up-regulated of E-cadherin. Collectively, miRNA-10b played an important role in increasing 
mobility and invasion of NPC cells [145]. 

Since development of resistance to cisplatin in NPC cells was accompanied by inducible EMT-like changes and increased 
metastatic potential in-vitro [146]. And miRNA-10b was 25-fold up-regulated in cisplatin-resistance cell line compared to 



parental cell line. Also, miRNA-10b regulated EMT by modulating KLF4 and subsequent Notch1 expression, which ultimately 
affected the invasion and migration capabilities of NPC cells. Altogether might promote that miRNA-10b have an important 
role in chemoresistance of cisplatin partly via EMT regulation [147]. 

Bone Cancer 

Under normal circumstances, miRNA-10a/b had lower expression in murine pre-osteoblast cell line MC3T3-E1, and upon 
their overexpression, differentiation into osteoblasts was inhibited. MiRNA-10a played a suppressive role of osteoblast 
differentiation in-vitro decreasing cell proliferation, migration VEGF expression and VE-cadherin concentration by regulating 
β-catenin [148].  

MiRNA-10b overexpression increased expression of signal transducer and activator of transcription 1 (STAT1) and blocked 
Runt-related transcription factor 2 (Runx2) nuclear translocation. MiRNA-10b level was also correlated with BCL6 expression 
in osteoblast differentiation process. Altogether promoted that miRNA-10b might participate in osteoblast differentiation by 
targeting Bcl6 and STAT1/Runx2 signaling [149]. 

High miRNA-10a levels were correlated with aggressive progression and poor prognosis of osteosarcoma which might 
support clinical potentiality of miRNA-10a as non-invasive diagnostic biomarker for such type of cancer [150]. MiRNA-10b 
was highly expressed in osteosarcoma tissues and cells and was correlated with tumor recurrence time. Inhibition of miRNA-
10b in osteosarcoma cells depressed the cells proliferation, migration, invasion and promoted cell apoptosis through KLF4 “a 
direct target of miRNA-10b” [151].  

In contrast, previous study showed miRNA-10b* down-regulation in osteosarcoma, such a low expression was significantly 
correlated with Polo-like Kinase 1 & 4 (PLK1/4), Mitotic Checkpoint Serine/threonine Kinase 1 (BUB1) and BUBR1, and 
despite the lack of significant associations with clinical parameters, data placed miRNA-10b as a tumor suppressor that might 
contribute to guarantee genomic stability [152]. 

Bladder Cancer 

MiRNA-10b had higher expression in urinary sediment of malignant bladder cancer compared to control. And bilharzial 
malignant cases showed high miRNA-10b compared to low miRNA-10b levels in bilharzial benign cases. Yet, there was no 
significant difference between bilharzial and non-bilharzial cancer cases [153]. A contradictory study showed significant down-
regulation of miRNA-10b in bladder cancer tissues compared to adjacent normal urothelium tissues. It might worth mentioning 
that no metastatic tissue was included, which might provide a clarification for the inconsistency between different data [154]. 
Furthermore, miRNA-10b expression in primary bladder tumor tissue was lower than that in the metastatic tissues. Up-
regulated miRNA-10b expression might significantly promote bladder cancer cell migration and invasion in-vitro and in-vivo. 
Such an influence took place partly via miRNA-10b direct targeting of KLF4 and HOXD10. However, no obvious evidence 
supported miRNA-10b promoting bladder cancer cell proliferation or conferring resistance to the chemotherapeutic agent 5-
fluorouracil or cisplatin [155]. 

 High expression of miRNA-10a was reported in Ta compared to T1/2/3 tumors. Also, miRNA-10a was associated with 
FGFR3 mutations status, suggesting that miRNA-10a may be crucial for the establishment of Ta tumors and could have a role 
to play in distinguishing this subtype from T1 and T2/3 tumors as well as FGFR3mut from FGFR3wt cases [156]. Consistently, 
miRNA-10a-5p expressed higher levels in non-progressor Ta/T1 cases compared to muscle invasive tumors. Lower miRNA-
10a-5p expression in Ta tumors and Ta progressing tumors was linked to progression, indicating that such low miRNA-10a-5p 
levels could have a crucial role in the first event of invasive ability in non-muscle invasive bladder tumors and it could be 
important for later malignant potential among this such a type of disease, specially that higher miRNA-10a-5p expression was 
associated with better outcome [159]. 

Ovarian Carcinoma 

Due to unexplained reasons, inconsistent data for miRNA-10b level in ovarian carcinoma tissues were reported [158, 159].  

 In-vitro, forced expression of miRNA-10a significantly promoted cell proliferation, migration, invasion, ovarian hormone 
production and cisplatin chemoresistance. Such activities were maintained via synergistically regulating PTEN, Akt and Wnt 
pathways, suggesting a prognostic capability of miRNA-10a [160]. On the other hand, applying decitabine followed by 
carboplatin chemotherapy in ovarian cancer patients, miRNA-10a-5p was up-regulated in responsive patients, promoting its 
potential role in enhancing sensitivity towards the chemotherapy [161].  

Exosomal miRNA-10a inhibited apoptosis in damaged ovarian granulosa cells and prevented ovarian follicles from atresia 
in mice following chemotherapy, preventing irreversible premature ovarian failure, shedding a new light on the role of miRNA-
10a in the restorative process and demonstrating the promise of a cell-free therapeutic strategy for premature ovarian failure 
treatment [162]. 

Esophageal Cancer 

In Esophageal Squamous Cell Carcinoma (ESCC), miRNA-10a/b were significantly up-regulated in the sera and saliva of 
patients compared to control individuals, providing a great potential to be non-invasive screening tools for ESCC detection 



[163-165], which is consistent with miRNA-10b up-regulation in tissue of esophageal cancer tissue compared to normal tissue 
or matched adjacent benign esophageal tissues [166].  

Interestingly, cellular miRNA-10b expression level was correlated with the cell motility and aggressiveness in various 
human ESCC cell lines. Furthermore, tumor suppressor gene KLF that has been shown to suppress esophageal cancer cell 
migration and aggression via regulation of p21 and mediate the p53-dependent G1/S cell cycle arrest in response to DNA 
damage. KLF was found to be a direct target of miRNA-10b, denying previously mentioned activities and permitting pro-tumor 
identity to be established. Yet and unexpectedly, elevated expression of miRNA-10b in ESCC tissue specimens had no 
significant correlation with clinical metastasis status [167]. On the other hand, in-vitro miRNA-10a overexpression dramatically 
suppressed cell proliferation and enhanced cell apoptosis causing a G0/G1 peak accumulation, while its decrease permitted an 
opposite outcome, such an effect could be in part via miRNA-10a suppressing Tiam1, denying its influence to promote 
proliferation, invasion, and migration [168]. 

CONCLUSION: 

Cancer incidence has been growing in recent years and many patients are suffering advanced stages of the disease. The 
early detection of such a disease is a key to control the progression of the disease and to deliver a favorable outcome. As 
reviewed, a number of studies have demonstrated that miRNA-10a/b can be used as biomarkers for the diagnosis and prognosis 
of several types of cancers, providing information on tumor initiation, development, invasion, metastasis and response to 
chemotherapy. 

Branding miRNAs in general and miRNA-10a/b specifically as an oncomiR or tumor suppressor miRNA is usually 
inaccurate and practically unyielding. Several of the mechanisms by which specific miRNAs can simultaneously exert 
competing oncogenic and tumor-suppressive effects were reviewed [169]. A single miRNA can mediate up-regulation or/and 
down-regulation of oncogenic and tumor-suppressive pathways, depending on many factors such as cancer type, tissue location 
and many other factors. It will not be surprising for a single miRNA to produce a combination of oncogenic or tumor- 
suppressing activities within the same microenvironment. 

MiRNA’s fold change might not be the most practical way to describe its behavior, considering a time table measuring the 
change of a miRNA periodically over time regarding a certain event of interest, a time table with hours of interval, minutes or 
seconds, it might provide an answer for many questions such as: does a miRNA trigger an event or just a consequence? And 
how such a piece of information can be exploited? 

A full quantitative understanding of miRNAs and their targets could be a good start. How much of a certain miRNA would 
affect how much of the targets, yielding what effect. Defining the threshold point in such a molecular titration process with end 
points for several miRNAs and many mRNAs all at once will not be handy.  

MiRNA-10b was found to be heterogeneously expressed in several circulating tumor cells from breast, prostate and 
colorectal cancer patients [170]. And it would not be surprising to find that a miRNA dispersion over different mRNAs is 
different from one cell to another adjacent cell, as one of the core functions of miRNAs to mitigate fluctuations and buffer 
noise, a quantitative mentoring of such events would be crucial to fully comprehend the logic behind miRNAs functioning. 

Up or down-regulation of a miRNA in a certain microenvironment does not necessarily grantee a similar behavior in a 
different microenvironment, or for that matter in a similar microenvironment. Several inconsistencies have been noticed and 
reviewed in this paper focusing on such a matter. Without an explanation for the phenomena, a further investigation of the issue 
would be advised. A universal protocol to standardize conditions and methods quantifying miRNAs could be a start to 
minimize such inconsistencies and to avoid false conclusions.  

MiRNAs are not transcriptional factors, they are not regulating mRNAs but fine-tuning them up to 2-folds, which make 
them perfect candidates for cell state shift and/or maintain cell identity. For miRNAs to induce a dramatic influence over a 
target, it would usually require either high miRNA abundance and/or an accumulative action of several miRNAs which would 
provide a wider range of side targets.  

While miRNA-10a/b showed a great promise in possible miRNA-based therapeutic approaches in cholangiocarcinoma [62], 
cervical cancer [115], melanoma [132] and many others. Yet, focusing on a single miRNA molecule to carry such a substantial 
weight might represent a limited approach. Instead, using several miRNAs simultaneously could be a better option. 

During overviewing miRNA-10a/b, lack of data on the possible roles of such miRNAs under normal circumstances was 
noticed, beside literature about role of miRNA-10a/b in late stage of normal megakaryopoiesis [80] and osteoblast 
differentiation [148, 149], no other work addressing the subject was found. 
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