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Abstract: Small, non-coding strands of RNA have been identified as a significant player in the pathology of cancer. 
One of the first miRNAs to be shown as having aberrant expression in cancer was miR-10b. Since the inaugural 
study on miR-10b, its role as a metastasis promoting factor has been extensively validated. To date, more than 100 
studies have been completed on miR-10b and metastasis across 18 cancer types. This immense set of information 
holds possibilities for novel methods to improve the lives of many. This review outlines what is currently understood 
of miR-10b’s clinical significance, its molecular regulation, and the possible diagnostic and therapeutic methods 
leveraging miR-10b as a fundamental target in metastatic cancer. Such methods would move us closer to develop-
ing a truly individualized therapeutic strategy against cancer and will likely provide unique information about cancer 
staging, disease outcome, metastatic potential, and ultimately survival.
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Introduction

Cancer is a complex disease that is the second-
leading cause of death in the United States. 
Understanding of cancer as a genetic disease 
has greatly progressed over the past decade. 
Small, non-coding strands of RNA have been 
identified as a significant player in the patholo-
gy of cancer. These microRNAs (miRNAs) have 
been shown to be differentially expressed 
across different cancers and tissues.

MiRNAs exert their effect by working with the 
RNA-induced Silencing Complex (RISC) to pair 
with target messenger RNA (mRNA) sequences 
and post-transcriptionally regulate gene expres-
sion. It is this effect that allows miRNAs to 
either promote or suppress the formation and 
progression of cancerous tumors. The study of 
miRNA has blossomed in recent years allowing 
for many new candidates to be identified for 
further research in hopes of elucidating new 
methods for diagnosis or therapy.

One of the first miRNAs to be shown as having 
aberrant expression in cancer was miR-10b in 
the 2007 study by Ma L, et al. [1]. Since the in- 

augural study of miR-10b, its role as a metasta-
sis promoting factor has been uncovered. To 
date, more than 100 studies have been com-
pleted on miR-10b and metastasis across 18 
cancer types. This immense set of information 
holds possibilities for novel methods to improve 
the lives of many. The following review will out-
line the current stance of the literature on the 
clinical significance of miR-10b in each type of 
metastatic cancer, the pathway in which miR-
10b exerts its effects, and the possible diag-
nostic and therapeutic applications.

Pre-clinical and clinical evidence of miR-10b’s 
role in cancer

MiR-10b is correlated with disease progression 
in most of the 18 types of cancer studied [1-28]. 
One of these cancers, glioblastoma, is well 
investigated but is not highlighted in this review, 
because it is rarely metastatic.

MiR-10b has been studied to the greatest 
degree in breast cancer relative to other types 
of cancer. The increased expression of miR-10b 
has been associated with multiple outcomes, 
including increased metastasis [1, 6-14], in- 
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creased invasive potential in vitro [6, 29] and in 
vivo [1, 12, 30], increased migration [29, 30], 
increased epithelial-mesenchymal transition 
[31], angiogenesis [1, 32, 33], and increased 
proliferation [8, 30]. These changes result in 
worse clinical outcomes, including increased 
tumor size [8, 11, 29, 34], advanced clinical 
stage [1, 8], and short, relapse-free survival 
[13, 35, 36]. 

MiR-10b is also associated with the expression 
of already known biomarkers for breast cancer. 
Regardless of metastatic status, miR-10b ex- 
pression is positively correlated with HER2 pos-
itivity [8, 37] and negatively correlated with 
estrogen and progesterone receptor positivity 
[8, 11]. This association further supports the 
link between miR-10b and breast cancer meta-
static potential, given that HER2 positivity and 
hormone receptor negativity are known predic-
tors of tumor aggressiveness.

Additional evidence of the pleiotropic effects of 
miR-10b as a driver of breast cancer invasive-
ness and metastasis is provided by the proven 
positive correlation between miR-10b expres-
sion and stemness or self-renewal in breast 
cancer stem cells [31]. Specifically, the authors 
found that stable overexpression of miR-10b in 
MCF-7 cells resulted in higher self-renewal and 
expression of genes that promote stemness, 
and epithelial-mesenchymal transition. Use of 
synthetic antagomirs against miR-10b resulted 
in decreased stem cell self-renewal [31]. 

miR-10b is also a well-studied biomarker in 
colorectal cancer. In the predominant number 
of investigations, miR-10b expression has been 
correlated to multiple outcomes that reflect its 
role as an oncogene. It has been repeatedly 
shown that miR-10b expression is associated 
with increased invasion [2, 4, 5, 38] and 
increased metastasis [2-5, 39]. Beyond its role 
in the spread of tumors, miR-10b has been 
associated with increased tumor size [2] and 
non-differentiated tumors [2, 4], which sug-
gests a role in proliferation as shown for oth- 
er cancers. These characteristics influenced  
by miR-10b expression have resulted in asso- 
ciated clinical effects. Increased miR-10b 
expression is correlated with advanced stage  
[4, 5] and poorer survival [4, 38] in colorectal 
cancer. 

In contrast to the above, a study found a de- 
creased level of expression of miR-10b in the 
paired liver metastasis in comparison to the pri-
mary colorectal cancer tumors [40]. In a similar 
study of primary tumors with paired liver metas-
tases, miR-10b expression was unchanged 
between controls, disease free, and metastatic 
tissues [41]. However, both of these studies 
were based on very small patient cohorts (20 or 
less) and likely did not have sufficient power to 
detect any effects. 

A deep sequencing study on colorectal cancer 
tumors and their associated metastases yield-
ed no significant clinicopathological outcomes 
that were associated with miR-10b except 
increased expression in tumors of the right 
colon compared to those of the left colon or 
rectum [42]. Still, this finding is significant 
because it is known that patients with a prima-
ry tumor on the right side of the colon (cecum, 
ascending colon, hepatic flexure, and trans-
verse colon), have shorter overall survival (OS) 
compared with patients whose primary tumors 
are found on the left side of the colon (sple- 
nic flexure, descending colon, sigmoid, and 
rectum).

Other gastrointestinal malignancies that are 
linked to miRNA-10b include gastric, hepatocel-
lular, and pancreatic cancer. With respect to 
these cancers, there is overall consensus in the 
literature regarding the role of miRNA-10b as 
an oncogene and driver of metastasis. In gas-
tric cancer, miR-10b was found to be over 
expressed in metastasis-positive vs. metasta-
sis-negative tumors [25, 43]. The greater meta-
static ability appears to be through enhanced 
invasion [25, 43, 44]. MiR-10b overexpression 
is also correlated with increased proliferation, 
migration, size of tumor, and metastasis [43, 
44]. In terms of clinical outcomes, the expres-
sion of miR-10b was correlated with prognosis 
and advanced clinical stage [43, 44]. 

In hepatocellular carcinoma (HCC), miR-10b 
was shown to be upregulated in metastatic tis-
sue [20, 45]. Increased levels of miR-10b were 
associated with poorer overall survival and 
served as an independent prognostic factor 
[20]. Inhibition of miR-10b resulted in decreas- 
ed migration and invasion [20], whereas the  
overexpression of miR-10b induced increased 
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migration [20, 45], invasion [20, 45], and prolif-
eration [45].

The role of miR-10b in pancreatic cancer is 
especially pronounced. MiR-10b expression 
has been shown to be elevated in pancreatic 
ductal adenocarcinoma (PDAC) in comparison 
to normal tissue [46, 47]. While miR-10b 
expression levels do not differentiate between 
stages of PDAC [46], miR-10b is associated 
with EMT, proliferation, invasion, migration, and 
tumor growth [47], indicating a pleiotropic 
effect on disease aggressiveness.

Because of this strong biological association, 
miR-10b has been established as a significant 
prognostic biomarker. In EUS-FNA samples, 
miR-10b expression has been found to be high-
er in cancerous tissues compared to CK-19 
positive benign tissues [18]. As a prognostic 
factor, higher miR-10b levels at EUS-FNA biopsy 
predicted shorter metastasis-free survival. 
Higher miR-10b levels at stages I and II of dis-
ease had a three-fold increase in risk of devel-
oping metastasis [46]. In a less invasive meth-
od than EUS-FNA biopsy, miR-10b plasma 
levels were increased in PDAC patients in com-
parison to healthy controls, suggesting that it 
could be used instead as the diagnostic mea-
sure [47, 48].

In agreement with the above studies, it was 
also found that increased miR-10b expression 
in a common hepatic artery lymph node of 
patients being resected was correlated with 
increased disease recurrence and shorter 
relapse-free survival [49]. The increase of miR-
10b expression was found in 14 of 30 studied 
periampullary carcinomas [49]. Further evi-
dence derives from studies, which found that 
decreased miR-10b expression is associated 
with improved response to neoadjuvant thera-
py [18, 46], increased survival [18], delayed 
time to metastasis [18], and improved likeli-
hood of surgical resection [18, 46]. Combined, 
these studies provide incontrovertible evidence 
that miR-10b could serve not only as a useful 
predictive biomarker but also as a potent thera-
peutic target in malignancies of gastrointesti-
nal origin. The impact of such interventions 
would be especially high in pancreatic cancer, 
which is the only cancer with a survival rate of 
less than 10%. Exocrine pancreatic adenocarci-
noma, in particular, is a devastating diagnosis 
defined by a mere 1% 5-year survival when 

diagnosed at an advanced inoperable stage, 
which defines 80% of the cases. Despite over-
all progress in research, the prognosis for peo-
ple with this malignancy has not improved in 
over 40 years. There are currently no treat-
ments found to be effective in the long term for 
patients with advanced disease who are ineli-
gible for surgery, a prognosis representing the 
majority of pancreatic cancer diagnoses.

Another aggressive cancer, associated with low 
survival rates for which miR-10b could repre-
sent a useful diagnostic and therapeutic target, 
is lung cancer. Multiple studies have shown the 
relationship between increased miR-10b ex- 
pression and increased metastasis in nons-
mall-cell lung cancer (NSCLC) [21-24]. Upon 
investigation of peripheral blood mononuclear 
cells (PBMCs), miR-10b expression levels were 
significantly higher in NSCLC patients as com-
pared to healthy controls. Higher miR-10b 
expression in NSCLC was correlated with lymph 
node and distant metastasis [22-24, 50]. In 
terms of clinical outcomes, the higher miR-10b 
expression was correlated with a worsened 
5-year survival rate and poorer prognosis [23, 
24]. In studying the underlying biology of miR-
10b in NSCLC tumors, miR-10b overexpression 
was correlated to enhanced invasion and mi- 
gration, contributing to greater metastatic po- 
tential [21, 51]. Additionally, miR-10b expres-
sion was correlated with increased proliferation 
[51], linking miR-10b to not only metastatic 
potential but also tumor growth. In lung squa-
mous cell carcinoma, it was found that miR-10b 
expression correlates with the presence of 
metastasis but not cancer recurrence, indicat-
ing an effect on migration and invasion but a 
lack of effect on stemness [50].

There is also strong evidence of association 
between miR-10b expression and disease pro-
gression in melanoma. In vitro studies revealed 
that miR-10b is upregulated in melanoma cells; 
suggesting that in this cancer, miR-10b may be 
involved in cancerogenesis [52]. In animal mod-
els, miR-10b was identified and verified as a 
marker of metastasis, showing a 3.7-fold in- 
crease between non-metastatic and metastat-
ic primary tumors [17]. Clinical studies revealed 
that the levels of miR-10b in serum were higher 
and allowed discrimination between healthy 
volunteers and melanoma patients as well as 
between varying clinical stages of melanoma 
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patients [52]. miR-10b expression was positive-
ly correlated with increased lymph node metas-
tasis, advanced clinical stage, and shortened 
survival rate [52]. These results are important 
because they reveal a dual role of the miRNA in 
carcinogenesis and disease progression in 
some of the most common cancer types.

miR-10b has also been implicated in the pro-
gression of rare malignancies. An example is 
presented by nasopharyngeal carcinoma (NPC). 
NPC is commonly found in southeast Asia and 
Northern Africa and is closely linked to infec-
tion with Epstein-Barr virus (EBV) [53]. In one 
study, expression of miR-10b for EBV-positive 
NPC was not associated with metastases at 
the lymph nodes or at extra-nodal sites. How- 
ever, miR-10b was associated with advanced 
T3-T4 clinical stage which suggests miR-10b 
could enhance proliferation and not migration 
or invasion for NPC [54]. Conversely, in other 
studies, miR-10b enhanced metastasis of EBV-
positive NPC, but it did not initiate the process 
in non-metastatic cells [15]. Additionally, it was 
found that miR-10b does not promote growth of 
the tumor, but is associated with the mobility  
of cancer cells [55]. Further study confirmed 
miR-10b’s role in motility showing its effect in 
promoting epithelial-mesenchymal transition 
(EMT) [56].

Additional malignancies for which miR-10b 
appears to play a pro-tumorigenic, pro-meta-
static role include endometrial cancer [57], 
osteosarcoma [58], esophageal cancer [59], 
laryngeal cancer [60], retinoic acid induced 
neuroblastoma [26], and thyroid cancer [19, 
61]. In all of these cancers, preclinical studies 
have linked the function of miR-10b to distinct 
molecular phenotypes including decreased 
apoptosis and increased proliferation and 
migration in endometrial cancer [57], increased 
proliferation, migration, and invasion as well as 
decreased apoptosis in osteosarcoma [58], 
increased motility and invasion without an 
associated effect on metastasis in esophageal 
cancer [59], increased migration, invasion, and 
metastasis as well as poorer differentiation in 
neuroblastoma [26], and increased migration, 
invasion, and EMT without an effect on prolif-
eration in laryngeal carcinoma [60]. 

Thyroid cancer represents a distinct area of 
interest because in that malignancy, there is 
clear evidence that miR-10b acts as a driver of 

metastasis. Although minimally invasive follicu-
lar thyroid carcinoma (MI-FTC) is usually nonin-
vasive, miR-10b was one of three miRNAs to be 
upregulated in the cases that did become  
metastatic [19]. Widely invasive FTC (WI-FTC), 
which commonly spreads, showed increased 
expression of miR-10b as well [19]. 

Contrary to the cancers highlighted above, 
there are malignancies that are either not 
strongly associated with miR-10b or in which 
miR-10b plays a tumor-suppressive role. One 
example is bladder cancer. Pre-clinical studies 
in cell lines and animal models showed that 
miR-10b is overexpressed with metastasis and 
its expression is associated with increased 
migration, invasion, and metastasis [28]. Con- 
versely, in clinical studies, miR-10b was found 
to be downregulated in tumor tissue in compari-
son to adjacent normal tissue [62]. This study 
did not find miR-10b to correlate with any clini-
cal parameters, including prognosis and sur-
vival [62]. 

Another example is presented by cervical can-
cer. The single study examining miR-10b and 
cervical cancer metastasis included 44 pa- 
tients with small cell cervical cancer (SCCC) 
[63]. MiR-10b was found to be down-regulated 
in advanced-stage SCCC tissues in comparison 
to early-stage SCCC tissues [63]. However, miR-
10b was not associated with metastasis or sur-
vival [63].

The most convincing evidence of a tumor-sup-
pressive role of miR-10b is with relevance to 
clear cell renal cell carcinoma (ccRCC). In 
ccRCC, miR-10b alone was found to not be 
associated with any clinical parameters. How- 
ever, the miR(21/10b) ratio was associated 
with disease severity and survival [64]. An 
increased value for the ratio, meaning de- 
creased expression of miR-10b, was correlated 
with poor prognosis and was an independent 
prognostic factor for metastasis-free survival 
[64]. In further study, miR-10b expression was 
found to decrease in a step-wise fashion from 
healthy kidney tissue to primary ccRCC tissue 
to metastatic ccRCC tissue [65-69]. Increased 
miR-10b expression was also correlated with 
longer disease-free survival [65, 67, 68] and, in 
tumor sizes greater than 4 cm, overall survival 
[65].
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Table 1. miR-10b influences multiple clinical and molecular parameters across cancer types

MiR-10b Tumor 
size Metastasis Advanced 

stage
Overall 
survival EMT Invasion Migration Proliferation Apoptosis

Colorectal cancer ↑ ↑ ↑ ↑

Breast cancer ↑ ↑ ↑ ↑ ↑ ↑ ↑

Nasopharyngeal carcinoma ↑ ↑ ↓ ↑ ↑ ↑

Melanoma ↑ ↑ ↓

Endometrial cancer  ↑ ↑ ↑ ↓

Pancreatic cancer ↑ ↓ ↑ ↑ ↑

Renal cell cancer ↑ ↑

Thyroid cancer ↑

Hepatic cancer ↑ ↓ ↑ ↑

Lung cancer ↑ ↓ ↑ ↑ ↑

Gastric cancer ↑ ↑ ↑ ↓ ↑

Retinoic acid-induced neuroblastoma ↑ ↑ ↑

Esophageal cancer ↑

Osteosarcoma ↑ ↑ ↑ ↓

Bladder cancer ↑ ↑ ↑

Laryngeal cancer ↑ ↑ ↑

These associations between miR-10b expres-
sion and clinical parameters as well as molecu-
lar phenotype are summarized in Table 1. They 
provide a clear record of the global and funda-
mental role played by miR-10b in human can-
cer. To a varying degree, depending on cancer 
type and methodological nuance, miR-10b has 
been implicated as a driver of tumor cell migra-
tion, invasion, differentiation, proliferation and 
apoptosis. In patients, these effects have 
translated into increased incidence of metasta-
sis, greater disease aggressiveness, and short-

er survival rates. However, while mostly onco-
genic, miR-10b could also be associated with 
tumor-suppressive properties, particularly in 
renal carcinoma, calling for care in designing 
therapeutic interventions targeted at this 
miRNA.

The miR-10b pathway 

The molecular pathways in which miR-10b is 
known to participate are summarized in Figure 
1. Overall, there is limited knowledge about 

Figure 1. Molecular pathways of miR-10b regulation.
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upstream effectors of miR-10b expression or 
function. Here we would like to focus on a well-
established upstream regulator of miR-10b 
that provides a direct link between miR-10b 
expression and the biological effects that it 
exerts on cancer progression and metastasis, 
such as EMT and tumor cell invasion. Namely, 
we would like to focus on the TWIST-1 member 
of the TWIST family of transcriptional factors.

It has been shown across multiple studies that 
upregulation of TWIST-1 results in an increased 
expression of miR-10b [1, 2, 15, 54, 70, 71]. 
One of the pathways by which TWIST-1 pro-
motes miR-10b expression involves matrix hyal-
uronan (HA), an extracellular matrix component 
that serves as the ligand for CD44 [72]. CD44 
is a protein implicated in cell-cell interactions, 
namely cell adhesion and migration. The HA- 
CD44 complex activates c-SRC which then 
phosphorylates TWIST-1. When TWIST-1 is pho- 
sphorylated, it is in the activated form allowing 
for promotion of miR-10b expression [72]. With 
this, tumor cell migration could be promoted.

A second upstream regulator of miR-10b ex- 
pression is Epstein-Barr virus latent membrane 
protein 1 (LMP1). In addition to inducing in- 
creased expression of TWIST-1 [15, 54], LMP1 
is linked to mechanisms involving NF-kB [73], a 
demonstrated promoter of miR-10b, which is 
critical for EMT [74]. Additionally, LMP1 is linked 
to inducing EGFR expression, increasing acti- 
vation of the P13K/Akt pathway resulting in  
prevention of apoptosis, downregulation of 
E-Cadherin, increased expression of the MMP 
family, and the transition from E- to N-Cadherin 
expression [73]. These processes provide an 
indirect connection between miR-10b and its 
role in cell death and migration/invasion. 

A less well-known regulator of miR-10b expres-
sion is breast cancer metastasis suppressor 1 
(BRMS1), a transcription factor that has long 
been associated with decreased metastasis 
and improved clinical outcomes [75]. However, 
the BRMS1 mechanism of action is still not fully 
understood with a variety of targets but no in- 
dication of direct or indirect control [76]. 
Additionally, the identified targets do not suf-
fice for the complete anti-metastatic effects of 
BRMS1 [76]. BRMS1 has an inhibitory effect on 
miR-10b expression, a finding that helps to 
more completely explain its phenotypic effects 
[77, 78]. 

Our understanding of the pathway miR-10b 
uses to exert its effects is constantly evolving. 
However, the currently known downstream 
effects of miR-10b can be divided into six path-
ways: promotion of migration and invasion, pro-
motion of EMT, inhibition of apoptosis, promo-
tion of proliferation, induction of angiogenesis, 
and disabling of immune checkpoints. 

Migration and invasion are the hallmark of met-
astatic potential. As shown in Table 1 miR-10b 
is associated with migration and invasion for 
many of the researched metastatic cancers. 
Homeobox D10 (HOXD10), a transcription fac-
tor, has been shown to be a target of miR-10b, 
resulting in decreased HOXD10 expression in 
the presence of increased miR-10b expression 
[1, 5, 12, 25, 28, 29, 43, 45]. The reduced 
HOXD10 expression was correlated with upreg-
ulation of RhoC [1, 5, 12, 25, 29, 43, 45], a Rho 
GTPase with an essential role in migration and 
invasion [79]; uPAR [45], a proteinase receptor 
with a role in migration [80]; MMP-2 [45], a 
metalloproteinase implicated in migration and 
invasion [81]; and MMP-9 [45], a metallopro-
teinase with wide-ranging effects, including 
being required for invasion by docking to CD44, 
promoting angiogenesis, and decreasing apop-
tosis [81]. Reduced HOXD10 expression is also 
associated with inhibition of E-Cadherin [28], 
an essential protein for cell adhesion and is 
correlated with the transition from a benign 
state to an invasive/metastatic state [82]. 
Thus, HOXD10 appears to be an essential part 
of miR-10b promoting invasion and migration. 

A recent publication also identified the proto-
oncogene c-Jun as a key target at the receiving 
end of the miR-10b pathway. c-Jun is a tran-
scription factor that plays a critical role in stim-
ulation of cell proliferation and tumor progres-
sion. Interestingly, c-Jun is translationally ac- 
tivated by loss of cell contacts or restructuring 
of the cytoskeleton-a process specific to the 
metastatic tumor cell and characterized by loss 
of E-cadherin expression [83]. This accumula-
tion of c-Jun protein is not associated with an 
increase of c-Jun mRNA or increased MAPK 
activity [83]. Instead, the effect is mediated by 
RhoC and NF1, two downstream targets of miR-
10b [83]. This is another essential part of the 
metastasis-promoting effects of miR-10b.

Some studies have identified downstream 
effects without including the complete pathway 
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elucidation. Increased miR-10b expression re- 
sults in decreased E-Cadherin expression [2, 8, 
24, 55, 56, 60, 71, 84], an effect related to 
reduced HOXD10 expression. E-Cadherin was 
found to concurrently decrease while N-Cad- 
herin expression increases [60]. N-Cadherin is 
a protein that promotes migration and invasion 
[85]. This results in the acquisition of mesen-
chymal spindle-like morphology.

Increased miR-10b expression is also correlat-
ed with decreased Homeobox 3 (HOXB3) ex- 
pression [57]. HOXB3 is a transcription factor 
that has been implicated in colorectal, pros-
tate, and lung cancers with possible effects on 
migration [86]. The overexpression of miR-10b 
also results in decreased expression of vimen-
tin [56], an intermediate filament protein asso-
ciated with organizing critical proteins for 
attachment, migration, and cell signaling [87]. 
Additionally, miR-10b binds to the 3’-UTR of 
CDM1 mRNA to repress translation [20]. This 
relationship was further confirmed by CADM1 
being inhibited by miR-10b overexpression  
[20]. Silencing of CADM1 resulted in a similar 
increase of migration and invasion to the over-
expression of miR-10b [20].

KLF4 is another transcription factor that has 
been shown to be a target of miR-10b [28, 51, 
56, 58, 59]. The decreased expression of  
KLF4 induced by miR-10b has been correlat- 
ed with inhibition of MMP14 [28], a metallo- 
proteinase implicated in migration and inva- 
sion [81]. Finally, MiR-10b targets T Lymphoma 
invasion and metastasis-inducing protein 1 
(Tiam1), which is a mediator of migration, inva-
sion, and Rac activation, with unclear effects 
[88, 89]. 

Epithelial-to-mesenchymal transition is an es- 
sential part of the metastatic phenotype. As 
shown in Table I, about a quarter of examined 
metastatic cancers show a relationship be- 
tween miR-10b and EMT. As mentioned above, 
KLF4 is a target of miR-10b [28, 51, 56, 58, 
59]. The associated inhibition of MMP14 [28] is 
not only implicated with migration and invasion 
but EMT as well [81]. In addition, the modula-
tion of KLF4 expression by miR-10b overexpres-
sion is also correlated with an increased 
expression of Notch1, which was found to be a 
factor in the activation or deactivation of the 
EMT program [56]. HOXD10 also has a role in 
EMT through its alteration of RhoC expression. 

RhoC plays an essential role in metastasis 
through promotion of EMT in addition to migra-
tion and invasion [79].

Although miR-10b does not have a widespread 
role in apoptosis for metastatic cancers, as 
shown in Table I, there are aspects of the path-
way that have elucidated how this effect is 
exerted. The overexpression of miR-10b results 
in decreased expression of Apaf-1 [84], a cen-
tral scaffold protein of the apoptosome which 
is an essential part of the apoptosis-induction 
pathway [90], In addition, MMP-9, a target of 
HOXD10, has a demonstrated inhibitory role for 
apoptosis [81]. This link to apoptosis, as well as 
the association with proliferation, could explain 
the role of miR-10b in secondary tumor growth, 
as shown for some cancers. Proliferation is an 
important part of new colonization by metasta-
sizing tumor cells. As seen in Table I, increased 
proliferation has been observed as an effect of 
increased miR-10b expression in metastatic 
cancers. MiR-10b is shown to inhibit phospha-
tase and tensin homolog (PTEN), which results 
in maintained AKT activation [31, 84], a Ser/
Thr kinase associated with proliferation, apop-
tosis, and growth [91]. This effect on the PI3K/
AKT pathway allows for the improved self-
renewal found in cancer stem cells highly 
expressing miR-10b. 

Another study found that miR-10b inhibits 
TBX5, which, in turn, inhibits PTEN and DYRK1A, 
proposing that the inhibition of PTEN occurs 
through TBX5 [30]. This effect of AKT phos-
phorylation is one that was found to also be 
correlated with HOXD10 expression suggesting 
a possible overlap in the proposed pathways 
[25, 43]. Thus, a pathway could include HOXD10 
modulating TBX5 which then alters PTEN and 
subsequently AKT activation. 

An additional pathway of increased prolifera-
tion through HOXD10 is through uPAR. uPAR 
has been demonstrated to promote prolifera-
tion in addition to its role in migration [80]. 
Finally, HOXB3 has been implicated with 
increased proliferation as well as its role in 
migration as described before [86].

miR-10b’s role in angiogenesis has only been 
examined in breast cancer. However, there 
have been several implicated pathways. He- 
parin has a demonstrated ability to inhibit 
tumor-associated angiogenesis, and thrombin 
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has been shown to promote angiogenesis [33]. 
These effects were discovered to be exerted 
through modulation of miR-10b expression 
[33]. Thrombin upregulates miR-10b and up- 
stream transcription factor TWIST-1 to result in 
inhibited HOXD10 expression [33]. Increased 
HOXD10 expression was shown to arrest angio-
genesis [33]. Heparin binds to thrombin to 
inhibit the observed pro-angiogenic effects 
from thrombin [33]. Heparin is not able to inhib-
it miR-10b if thrombin is silenced by its siRNA 
[33]. 

A second target of miR-10b to promote angio-
genesis is syndecan-1 [32]. Syndecan-1 expres-
sion was inversely correlated with miR-10b 
expression and found to be a predicted target 
of miR-10b [32]. Syndecan-1 has been demon-
strated to modulate tumor angiogenesis [92]. 

Interestingly, miR-10b was shown to have a role 
in immune-checkpoint regulation by targeting 
MICB, a ligand of NKG2D, resulting in worsened 
elimination of tumor cells by NK cells [93]. 
Introduction of antistamiR-10b showed greater 
NKG2D-mediated killing of tumor cells in vitro 
and greater clearance of tumor in vivo [93]. This 
is a somewhat novel and unexpected effect of 
miR-10b that warrants further investigation in 
the context of immunotherapy. 

Possible targets have been identified in other 
studies as suggestions for future research. A 
study using a Bayesian Network statistical 
model along with multibody simulation to iden-
tify miRNA-mRNA interactions with clinical fea-
tures found an interaction model between miR-
10b and the genes FOXO1, SATB1, SERPINB5, 
and STARD10 [94]. SATB1 is a promoter of EMT 
in breast cancer [95]. FOXO1, SERPINB5, and 
STARD10 are tumor suppressors for breast 
cancer [96-98]. 

With particular relevance to the role of miR-10b 
in ccRCC, miR-10b can take on a tumor sup-
pressive role. This effect has not been as exten-
sively studied, but the additional potential tar-
gets of miR-10b, as a tumor suppressor, are 
PDGFB [65], ETS1 [65], GRB2 [65], PIK3CA [65, 
66], PIK3R3 [65], CRK [65, 66], BCL2 [65], 
MDM2 [65], and PAK7 [66]. 

This evidence provides a glimpse into the com-
plex signaling networks that involve miR-10b as 
a key player in cancer progression and metas-

tasis. However, complete pathway elucidation 
is far from completed. Nevertheless, if miR-10b 
is to be explored as a diagnostic and therapeu-
tic target in cancer, a more complete picture of 
the molecular function of miR-10b within the 
tumor cell context is necessary, in order to not 
only design more efficient interventions but 
also to be able to predict any off-target effects 
resulting from these interventions.

Diagnostic applications of miR-10b

The staple of reducing mortality due to cancer 
has been early detection. One of the most 
promising features of miR-10b is the ability to 
use it as a predictive biomarker for cancer. First 
steps in this direction have already been ma- 
de. Cerebrospinal fluid (CSF) was studied in 
patients, and miR-10b was found to be upregu-
lated in the CSF of patients with glioblastoma 
or brain metastases from breast or lung cancer 
in comparison to the CSF of patients with 
tumors in remission or other non-neoplastic 
conditions [27]. Using miR-10b as part of a sev-
en-miRNA signature, the model differentially 
detected glioblastoma and metastatic brain 
cancers with accuracy between 91 and 99% 
[27]. 

miR-10b levels could also be measured in the 
blood plasma. In a study of 4T1 injected BALB/c 
mice, miR-10b expression reached its peak in 
week six, the final week [99]. Following surgery 
at week six, miR-10b levels greatly decreased 
in plasma suggesting that the tumor released 
miR-10b into the circulation [99]. 

MiR-10b plasma levels are also associated with 
PDAC [47, 48]. Patients with pancreatitis are at 
increased risk for PDAC, and the symptoms 
often overlap making a dignosis difficult. In the 
highlighted study, miR-10b plasma levels, mea-
sured retrospectively, could predict the pres-
ence of PDAC when 19-9 and carcinoembyonic 
antigen levels, two commonly used cancer bio-
markers, were normal [48]. In NSCLC, miR-10b 
expression in peripheral blood mononuclear 
cells (PBMCs) was able to differentiate between 
healthy controls and NSCLC patients with an 
86.5% sensitivity and a 76.9% specificity [23].

Using biopsies, miR-10b was used in a model to 
predict aggressiveness in ccRCCs which had a 
sensitivity of 93.8% and a specificity of 83.3% 
[67]. MiR-10b was also used to differentiate 
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between benign and ccRCC tissues with a sen-
sitivity of 86.7% and a specificity of 92.9% [67]. 
Further development of analysis models for 
biopsy samples will allow the identification of 
patients that are at increased risk of progres-
sion, an ability not currently available. 

A 4-miRNA signature in tumor tissue, that 
includes miR-10b, created a risk status that 
was associated with metastasis in clear cell 
renal carcinoma with an OR of 5.5 [CI: 1.23-
24.51, P<0.05] and survival with a relative risk 
of 12.68 [CI: 2.97-54.13, P<0.0001] for high 
risk versus low risk classifications by the signa-
ture [69]. The success of these models shows 
the possibilities of using miR-10b as a prognos-
tic factor in the analysis of the existing tumor. 
Being able to stratify tumors based on aggres-
siveness will naturally better inform the need 
for more aggressive treatment and/or the need 
for increased surveillance of the patient.

In addition to serving as a predictive biomarker 
for disease progression, miR-10b could also be 
useful as a diagnostic biomarker. The miR-
10a/10b ratio was predictive of the primary 
site of the tumor in head and neck and lung 
squamous cell carcinomas with a ROC of 0.922 
to 0.982 [100]. This allows for better discrimi-
nation between two cancers that arise in simi-
lar locations. 

The expression of miR-10b has also been cor-
related with a tumor’s sensitivity to treatments. 
Measuring the miR-10b levels of the tumor 
before beginning treatment could better inform 
therapeutic decisions. MiR-10b expression is 
negatively correlated to sensitivity to 5-fluoro-
uracil (5-FU)-based therapies [38]. The path-
way of effect was found to be miR-10b directly 
inhibiting pro-apoptotic BIM in vitro, which is a 
factor targeted by 5-FU and Cisplatin [101, 
102]. Resistance to tamoxifen, the most fre-
quently used drug for estrogen receptor-posi-
tive breast cancer, is also related to miR-10b. 
MiR-10b expression induced greater tamoxifen 
resistance. The mechanism was determined to 
be miR-10b inhibiting histone deacetylase 4 
(HDAC4) [103]. 

These examples illustrate the relevance of miR-
10b as a diagnostic biomarker in cancer. This is 
a highly clinically relevant application, given the 
lower threshold for FDA approval, as compared 
to therapeutic interventions. By far the most 

valuable advancement using these miR-10b 
targeted diagnostic methods would be the abil-
ity to discriminate between high-risk and low-
risk disease and the capacity to identify the 
presence of metastasis. Such knowledge would 
be instrumental in guiding treatment choice as 
part of a rational individualized therapeutic 
approach.

Therapeutic applications of miR-10b

Currently, there are a number of approaches 
that could be used to affect miRNA expression 
for therapy. Two general methods that are clini-
cally relevant involve the local or systemic 
administration of antagomirs/mimics or small 
molecule miRNA inhibitors. One of the most 
notable therapeutic studies on the use of miR-
10b antagomirs addressed metastatic breast 
cancer [10]. The results of this study showed a 
significant decrease in miR-10b expression and 
increased expression of HOXD10 [10]. Addi- 
tionally, the treatment did not have negative 
effects on healthy cells. The treatment was 
highly specific and did not alter expression of 
other miRNAs, including miR-10a which shares 
the same stem loop sequence [10].

Inhibition of miR-10b using antisense technol-
ogy has shown promise in other preclinical 
models. Reduced tumor growth was observed 
following treatment with miR-10b-antisense oli-
gos in triple-negative breast cancer [104] and 
glioblastoma [84]. Additionally, introduction of 
miR-10b-antisense inhibitors to breast cancer 
stem cells resulted in a decrease in stem-cell 
self renewal [31]. With respect to its role in 
immune cell regulation, miR-10b inhibition 
showed greater NKG2D-mediated killing of 
tumor cells in vitro and greater clearance of 
tumor in vivo [93]. From these examples, it 
becomes clear that as a therapeutic target miR-
10b has a diverse set of possible effects which 
all lend to improved clinical outcomes. This is a 
promising route of treatment. However, it can-
not be indiscrimitely applied, as evidenced by 
the fact that miR-10b inhibition in LMP1-
positive NPC did not affect invasiveness and 
motility, despite the fact that LMP1 is associ-
ated with inducing TWIST-1 expression, a pro-
moter of miR-10b [15].

Taking advantage of the mechanism by which 
miR-10b exerts its promotion of tamoxifen-
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resistance, miR-10b inhibiting HDAC4, could 
allow for successful therapy [103]. This ap- 
proach warrants further investigation as an 
alternative to using the modification of the 
HDAC family as a part of solving drug-resistance 
in ER-positive breast cancer. MiR-10b was 
found to be one of two miRNAs to be differen-
tially expressed across each examined cisplat-
in-resistant germ cell tumor [105]. Therefore, 
further study is warranted for determining the 
association between miR-10b and the mecha-
nism of cisplatin-resistance in hopes of eluci-
dating a method to overcome the resistance. 

Our own work focused on miR-10b as a thera-
peutic target in breast cancer based on the 
finding that miRNA-10b acts as a master regu-
lator of the viability of metastatic tumor cells 
[106-108]. We developed a therapeutic strate-
gy based on miR-10b inhibition, which relied on 
LNA antagomirs delivered to metastatic cells  
by dextran-coated iron oxide nanoparticles 
(termed MN-anti-miR10b). We demonstrated 
that MN-anti-miR10b prevented the genesis of 
new metastases, following intravenous injec-
tion [106]. When combined with low-dose che-
motherapy, MN-anti-miR10b triggered durable 
regression of local lymph node metastases in a 
murine breast cancer model [107]. In a model 
of Stage IV metastatic breast cancer, we dem-
onstrated that combination therapy with 
MN-anti-miR10b and low-dose doxorubicin led 
to regression of pre-existing distant metasta-
ses in 65% of the animals and inhibition of the 
formation of multiple organ metastases in 94% 
of the animals [108]. 

Evidence in favor of the choice of miR-10b as a 
therapeutic target comes from a pivotal study, 
which explored the effects of complete knock-
out of miR-10b in murine models of breast can-
cer [30]. As it is essential to minimize off-target 
effects, miR-10b was shown to be dispensable 
for normal development but essential for 
tumorigenesis in miR-10b-deficient mice [30]. 
These mice showed delayed tumorigenesis and 
suppressed EMT, intravasation, and metasta-
sis [30]. This demonstrates the value of miR-
10b as a therapeutic target with potentially 
minimal off-target effects.

While not comprehensive, this list of studies 
illustrates first steps into the uncharted territo-
ry of miR-10b targeted cancer therapy. Given 

the lack of therapeutic approaches specifically 
directed towards unique properties of the  
metastatic tumor cell, such endeavors could 
yield significant and transformative outcomes 
against metastatic cancer, a distinct disease 
that has largely evaded attempts at curative 
therapeutic intervention.

Conclusion

As evidenced by this overview, the potential of 
miR-10b as a therapeutic and diagnostic target 
in cancer is highly significant. miR-10b has 
been linked to metastatic potential, disease 
progression, and outcome in multiple clinical 
studies spanning a wide range of cancers. This 
observation suggests that miR-10b plays a fun-
damental role in human malignancy and under-
scores the anticipated impact that could be 
made by therapeutic approaches centered 
around miR-10b. While still vague, the path-
ways by which miR-10b exerts its effects, espe-
cially with regard to metastasis, are beginning 
to emerge. As we gain a more thorough under-
standing of these networks, we would be able 
to more accurately predict the phenotypic 
effects exerted by miR-10b-centered interven-
tions with the goal of stratifying patients based 
on disease outlook, anticipated treatment out-
come, and off-target toxicity. Such an approach 
would move us closer to developing a truly indi-
vidualized therapeutic strategy against cancer, 
despite its focus on a broadly-based funda-
mental molecular regulator of metastasis, such 
as miR-10b. With regard to miR-10b’s value in 
clinical diagnostics, there is already ample evi-
dence, as detailed in this review, that it is fea-
sible to develop minimally invasive or noninva-
sive methods that are centered around miR-10b 
as a biomarker. More importantly, such meth-
ods will likely provide unique information about 
cancer staging, disease outcome, metastatic 
potential, and ultimately survival, and have an 
extraordinary impact as guides to therapy.
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