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MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression post-transcriptionally re-
sponsible for regulating > 70% of human genes. MicroRNA-708 (miR-708) is encoded in the intron 1 of the Odd
Oz/ten-m homolog 4 (ODZ4) gene. Numerous researches have confirmed that the abnormal expressed miR-708
is involved in the regulation of multiple types of cancer. Notably, the expression level of miR-708 was higher in
lung cancer, bladder cancer (BC) and colorectal cancer (CRC) cell lines while lower in hepatocellular carcinoma

(HCCQ), prostate cancer (PC), gastric cancer (GC) and so on. This review provides a current view on the asso-
ciation between miR-708 and several cancers and focuses on the recent studies of miR-708 regulation, discussing
its potential as an epigenetic biomarker and therapeutic target for these cancers. In particular, the regulated
mechanisms and clinical application of miR-708 in these cancers are also discussed.

1. Introduction

In recent decades, cancer has been one of the most important con-
cerns of the human community, which has been considered a biological
heterogeneous disease with distinct genetic abnormalities [1-3]. The
GLOBOCAN 2018 estimates presented in this report indicate that there
will be 18.1 million new cases of cancer and 9.6 million deaths from
cancer in 2018 [4]. Furthermore, some clinical researches exhibited
that the crucial step in tumor progression and metastasis is the loss of
normal cell polarity and adhesion to achieve mobility and invasiveness
[5]. Therefore, cells originated from the tumor and spread far away,
which are still the greatest factor in the high mortality rate of cancer
patients. However, the lack of useful methods to detect cancer bio-
markers or potential targets for cancer treatment is the main reason for
the low cure rate of cancer. Thus, it's important for us to understand the
process of cancer metastasis and find the key functional domains to
treat cancers.

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene
expression post-transcriptionally responsible for regulating > 70% of
human genes. They have been increasingly identified as the novel
biomarkers or therapeutic targets [6,7]. In addition, miRNAs have been
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identified as oncogenes or tumor suppressor genes [7]. Among several
human microRNAs associated with cancers, miR-708 has been reported
to be principally upregulated [8]. Restoration expression of miR-708 in
various cancers is one of the leading forces during tumorigenesis by
influencing cell proliferation, migration and invasion, suppressing
epithelial-mesenchymal transition, enhancing the chemosensitivity and
so on [9,10]. For example, the expression level of miR-708 was de-
creased in hepatocellular carcinoma tissues comparing with the ad-
jacent non-cancerous tissues. Meanwhile, downregulation of miR-708
was associated with aggressive progression of HCC patients, while the
enforced expression of miR-708 could retard cell migration and in-
vasive capacity of both HepG2 and SMMC-7721 cells.

In this review, the related miR-708 functional was summarized for
the better understanding of the expression patterns and mechanisms of
action on cancer and the potential clinical application of miR-708 in
various types of cancers. As a result, it can be concluded that miR-708
has significant potential to be used as a diagnostic and prognostic
marker for cancers.
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Table 1

The oncogenic or tumor suppressive roles of microRNA-708 in cancers.

et al

Ref. (PMID)

Function in tumorigenesis

Expression change

Cancer cell lines

Cancer type

microRNA

22552290 27941876

Tumor suppressor/Diagnosis and Prognosis marker

Tumor suppressor

LNCaP, Dul45, PC3, VCaP, MDA-PCa-2b

HepG2, SMMC-7721, L02

Prostate carcinoma(PC)

microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708

26211597 28789462
24982912 29444743
26833707 29575368
21852381 27092874

25569036 28685895

Hepatocellular carcinoma (HCC)

Gastric cancer (GC)

Breast cancer

Tumor suppressor/Diagnosis and Prognosis marker

Tumor suppressor
Tumor suppressor

gastric tissue, BGC-823, SGC-7901, MGC-803, MKN-45

MDA-MB-231

HK2, A498, Caki2

Renal cell carcinoma (RCC)

Ovarian cancer (OC)

Melanoma

Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor

SKOV-3, TOV-112D, A2780

B16 , HEK293

29138985 29466930

25704289

HEK293T, Primary CLL

Chronic lymphocytic leukemia (CLL)

Ewing sarcoma (ES)

Osteosarcoma
Lung cancer

30470587 22723308

30783484

SK-ES-1, RD-ES, MRC-5, HEK293T/17, hMSC, EWS502, TC71

Sa0S-2

26678031 28972040

Oncogene/Prognosis marker

Oncogene

H520, H2170, H226, H1703, A549, H1299, WI-38

T24, 5637

23568547 22393979

25202407

Bladder cancer (BC)

Oncogene

SW480, SW620

Colorectal cancer (CRC)

“+7” indicates an increase in expression, “-” indicates no increase in expression.
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2. Overview of cancer

As a major public health problem worldwide, scientists pay atten-
tion to cancer research increasingly. Meanwhile, according to estimates
from the World Health Organization (WHO), cancer is the second
leading cause of death in the world, killing 8.8 million people in 2015.
On average, there is about 20% risk of getting a cancer before age 75,
and 10% of dying from it [11]. However, approximately 22% of global
new diagnosed cancer cases and close to 27% of global cancer deaths
occur in China [12,13]. Generally speaking, cancers of breast in female,
lung and bronchus, colon and rectum, thyroid, stomach, liver, prostate,
cervix, brain, central nervous system (CNS), and pancreas were the top
10 cancer types in urban areas, accounting for 72.81% of all new di-
agnosed cancers [12]. Simultaneously, tumors refer to a new organism
formed by the proliferation of local tissue cells under the action of
various tumorigenic factors such as physics, chemistry and viruses.
According to the cellular characteristics of the new organism and their
harmfulness to the body, tumors are divided into benign tumors and
malignant tumors (cancers). On the other hand, cancer cell growth is
driven by aberrant signaling and metabolic reprogramming. Cancer
cells reprogrammed their metabolism to ensure survival and prolifera-
tion in the often nutrient-scarce and stressful microenvironment [14].
Moreover, some oncogenes and tumor suppressor genes play a well-
defined role in the selectable agents of tumor proliferation, for example
the tumor suppressor gene TP53 [15] and the MET oncogene [16]. Over
the past decades, thanks to the advances in early detection, improved
treatment and supportive care, the cancer survival rates have increased
significantly. However, the means of cancer treatment are still deficient
[17]. Unluckily, some traditional therapies like radiotherapy and che-
motherapy frequently cause side effects [18,19]. Meanwhile, some
biological drugs such as Midostaurin [20], Avelumab [21] and Durva-
lumab [22] play significant role in some cancers while there are still
some unresolved problems. On the other hand, miRNAs have recently
emerged as key regulators of carcinogenesis, which can control complex
processes like cancer metastization [23]. Among them, the role of miR-
708 has been reported to be principally upregulated while further
studies are still necessary to be investigated [8].

3. Overview of miR-708

MiR-708 is encoded in the intron 1 of the ODZ4 gene which is
regulated by CCAAT enhancer-binding homologous protein (CHOP) in
vertebrates [24]. In addition, miR-708 could be divided into two types:
miR-708-3p and miR-708-5p. Meanwhile, it could act as a gatekeeper of
quiescence by modulating muscle stem cell. In recent years, it was
demonstrated that miR-708 could regulate quiescence and self-renewal
by antagonizing cell migration through targeting the transcripts of the
focal-adhesion associated protein Tensin3 [25]. It is generally known
that immunoevasion is a hallmark of cancer progression. Immune
checkpoint blockade has emerged as a promising strategy for cancer
treatment [26,27]. Interestingly, it was confirmed that miR-708 directly
targeted CD47 (a transmembrane protein that inhibits phagocytosis in T
cell acute lymphoblastic leukemia) through binding to 3’-UTR and is
inversely correlated with CD47 expression. What's more, further re-
search confirmed that miR-708-5p could promote fibroblast-like syno-
viocytes' cell apoptosis and ameliorate rheumatoid arthritis by in-
hibiting Wnt3a/p-catenin signaling pathway [3,28]. On the other hand,
miR-708-3p was more significantly decreased in invasive breast cancer
cell lines. Simultaneously, miR-708-3p could inhibit breast cancer cell
epithelial-to-mesenchymal transition (EMT) by targeting EMT activa-
tors, including ZEB1, CDH2 and vimentin [10]. Of note, miR-708 has
been demonstrated to have profound roles in suppressing oncogenesis
in different types of tumors [28]. Functional studies showed that re-
storation of miR-708 expression in the T-ALL cell line was sufficient to
promote phagocytosis by macrophages in the absence or presence of the
anti-CD47 antibody to eradicate T-ALL cells, and inhibited tumor
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Table 2

The targets of microRNA-708 in cancers.
microRNA Cancer type Target Ref. (PMID)
microRNA-708 Prostate carcinoma(PC) Karyopherin a4 (KPNA4) 27941876
microRNA-708 Hepatocellular carcinoma (HCC) SMAD3 28789462
microRNA-708 Gastric cancer (GC) Notchl 24982912

microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708
microRNA-708

Breast cancer

Renal cell carcinoma (RCC)
Ovarian cancer (OC)
Melanoma

Lung cancer

Bladder cancer (BC)
Colorectal cancer (CRC)

Caspase-3

Caspase-2

Lysine-specific histone demethylase 1 (LSD1), ZEB1, CDH2 and vimentin
Cellular FLICE-like inhibitory protein (c-FLIP), ZEB2, BMI1

Lymphoid enhancer-binding factor-1 (LEF1)
DNA methyltransferase 3A (DNMT3A)

Cyclin-dependent kinase inhibitor 2B (CDKN2B)

26833707 29575368
21852381 27092874
28685895
28500952
28972040
23568547
25202407

engraftment in vivo [29]. Thus, miR-708 may become a favorable op-
tion for treating cancer by inhibiting cancer metastasis and overcoming
the chemoresistance.

4. The regulatory role of miR-708 in various types of cancer

Numerous studies have shown that miRNA play an important role in
the progression of cancer [30]. What's more, Wu et al. found that the
expression of miR-708-5p was substantially reduced in metastatic lung
cancer samples and cancer cell lines via regulating the PI3K/AKT sig-
naling pathway [7]. Simultaneously, miR-708 could also target Notchl
to inhibit cell proliferation and invasion in gastric cancer [9]. Recently,
it was proved that miR-708 has been reported to be aberrantly ex-
pressed in several types of cancer and contributes to carcinogenesis and
progression, with suppressing cancer cell invasion, metastasis and so on
[31]. In this review, we selected 12 types of cancer and summarized the
effects of miR-708 in different cancers, suggesting that miR-708 played
an important role in cancer progression (as shown in Tables 1, 2). In
addition, the clinical potential effect of miR-708 in cancer therapy and
prognosis was also summarized.

4.1. MiR-708 as a tumor suppressor

4.1.1. Prostate cancer

PC is the most common cancer in men and it's the second leading
cause of cancer-associated mortality in USA. In 2012, the incidence of
PC in Europe was estimated to be 417,000 and the mortality was
92,000 [32,33]. Currently, the treatment for PC includes surgery, an-
drogen deprivation therapy, chemotherapy, and radiation [34]. How-
ever, the related therapeutic methods usually lead to severe side effects
and drug resistance, even progress into castration resistant prostate
cancer (CRPC) in PC patients [35]. Therefore, new therapeutic agents
are urgently needed to be found. Of note, tumor recurrence in PC has
been attributed to the presence of CD44-expressing tumor-initiating
cells. Interestingly, the relevant investigation reported that miR-708 is a
key negative regulator of this CD44 " subpopulation of PC cells, with
significant implications for diagnosis and prognosis of this disease. In-
terestingly, reconstitution of miR-708 led to decrease tumorigenicity in
PC cell lines by regulating the expression of CD44 as well as serine/
threonine kinase AKT2 in vitro [36]. Furthermore, karyopherin a4
(KPNA4) mediates the cytoplasm-to-nucleus translocation of tran-
scription factors, including nuclear factor-kappa-B (NF-kB). It could
also alter tumor microenvironment in terms of macrophage polarization
and osteoclastogenesis by modulating tumor necrosis factor (TNF)-a
and -B. On the other hand, KPNA4 silencing could reduce cell migration
and inhibit the PC invasion and distant metastasis in mouse. Mean-
while, a dual-luciferase reporter confirmed that KPNA4 was a direct
target of miR-708 [37]. Therefore, miR-708 may become a beneficial
agent to induce PC cells apoptosis and miR-708-KPNA4-TNF axes might
play a significant role in PC metastasis.

4.1.2. Hepatocellular carcinoma

HCC is the one of most common cancers accounting for 90% of these
cases and is the third most common cause of cancer-related death [38].
Of note, HCC is considered one of the most lethal and prevalent neo-
plasias worldwide, with a poor prognosis and survival rate [39,40].
Unfortunately, there is a lack of ideal drugs for HCC treatment, due to
the multidrug resistance and hepatotoxicity of systemic chemotherapy
drugs [41]. However, Li et al. confirmed that miR-708 was significantly
downregulated about 88% in HCC tissues comparing with the adjacent
non-cancerous tissues. Furthermore, downregulation of miR-708 was
associated with aggressive progression of HCC patients, while the en-
forced expression of miR-708 could retard cell migration and invasive
capacity of both HepG2 and SMMC-7721 cells compared with miR-NC-
transfected control cells [24]. Moreover, Smad was an oncogene in
numerous types of cancer, directly. Meanwhile, Wu et al. exhibited that
HCC cell proliferation was related to the SMAD3 expression [42].
Amazingly, bioinformatic analysis was performed that miR-708 sig-
nificantly decreased luciferase activity in the wild-type Smad3 3’-UTR-
transfected HepG2 and SMMC-7721 cells comparing with the cells
transfected with the mutated Smad3 3’-UTR [43]. Further study per-
formed that the Smad3 protein was significantly down-regulated in the
HepG2 and SMMC-7721 cells. Meanwhile, the HCC cells proliferation,
migration and invasion were alleviated. Thus, miR-708 may be a novel
target for future HCC therapy via retarding cell migration and invasive
capacity.

4.1.3. Gastric cancer

GC or stomach cancer (SC), the fourth leading cancer worldwide, is
a biologically heterogeneous disease, leading to > 720,000 deaths an-
nually. It is the second major contributor to mortality caused by cancer
[44,45]. Furthermore, although progress has been made in elucidation
of pathogenesis and treatment strategies to improve the high morbidity
and mortality of GC patients, due to the lack of effective early detection
and primary, most patients once diagnosed have been at the late-stage
due to the lack of effective early detection [45]. Meanwhile, GC has
multifactorial etiology and molecular complexity, which challenges the
discovery of molecular markers [46]. What's more, it was confirmed
that miR-708 was down-regulated in GC cell lines (BGC-823, MKN-45,
SGC-7901, and MGC-803 cell lines). Meanwhile, downregulation of
miR-708 expression was closely related to lymphatic metastasis and
invasion depth. Additionally, bioinformatics analysis predicted that
Notchl might be as a candidate target of miR-708 and the results of
luciferase reporter assays confirmed that miR-708 directly targeted the
3’-UTR of Notchl. Notably, Notchl played a notable role in GC as an
oncogene, which participated in the onset and progression of GC by
regulating proliferation, apoptosis, colony formation, and metastasis,
which confirmed as an independent prognostic factor of patients with
GC. Interestingly, further study found that restored Notchl expression
rescued the inhibitory effects on GC cell proliferation and invasion in-
duced by miR-708 overexpression [9,44]. In summary, miR-708 may be
investigated as a novel target for GC treatment by regulating
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proliferation, apoptosis, invasion and metastasis.

4.1.4. Breast cancer

Breast cancer was the second-leading cause of mortality in female
and the most frequently diagnosed cancer in the USA. Meanwhile,
breast cancer was estimated 252,710 new cases and 40,610 expected
breast cancer deaths every year [47]. Up to now, the majority of breast
cancer morbidity and mortality is due to incurable metastatic disease
that is highly resistant to conventional therapies [48]. Thus, it is es-
sential to further elucidate the molecular mechanisms of breast cancer
metastasis, and develop novel therapeutic approaches to reduce breast
cancer mortality. Interestingly, Ma et al. identified that miR-708 had a
negative correlation with cell proliferation by using CCK8 assay.
Moreover, overexpression of miR-708 decreased MDA-MB-231 cells
invasion, whereas inhibition of miR-708 promoted MDA-MB-231 cells
invasion. On the other hand, Lysine-specific histone demethylase 1
(LSD1) is a kind of histone demethylase which specifically demethy-
lated mono- and dimethylated lysine 4 and lysine 9 of histone H3 [49].
which is highly expressed in various cancers, playing a pivotal role in
different cancer-related processes. Meanwhile, LSD1 plays pivotal role
in breast carcinoma and suggesting a possible molecular mechanism to
some extent [50,51]. At the same time, the related study confirmed that
miR-708 specifically regulated LSD1 to inhibit proliferation and inva-
sion in breast cancer [49]. Furthermore, miR-708-3p was more sig-
nificantly decreased in invasive breast cancer cell lines. Simultaneously,
overexpression of miR-708-3p dramatically could inhibit breast cancer
cells metastasis and enhance the sensitivity of breast cancer cells to
chemotherapy both in vitro and in vivo. Of note, EMT, a cellular pro-
gram that operates in the context of embryogenesis, plays an important
role in breast cancer cell metastasis [52]. Lee et al. found that miR-708-
3p could inhibit breast cancer cell EMT by directly targeting EMT ac-
tivators [10]. Hence, it suggested the potential application of miR-708/
LSD1 axis and restoration of miR-708-3p may be a novel strategy for
inhibiting breast cancer metastasis and overcoming the chemoresis-
tance of breast cancer cells.

4.1.5. Renal cell carcinoma

Renal cell carcinoma (RCC) is a malignant tumor of the urinary
system, which originates from renal tubular epithelial cells [53]. There
is a continued increase in the incidence of kidney cancer with ap-
proximately 65,340 new cases in the USA and 14,970 deaths each year.
Meanwhile, RCC is the second leading urogenital malignancy in China,
accounting for 2%-3% of all adult cancers [54]. In the early stage of
RCC, surgery is a good choice for the treatment of RCC. However, in the
late stage of RCC, metastasis, and drug resistance of RCC are the main
problems in RCC treatment [55]. At the same time, RCC is not sensitive
to radiotherapy, chemotherapy or immunotherapy, and their effects are
limited and poor [53]. This is the reason why researchers need to find
new molecular targets to develop specific agents for targeted therapy
with fewer adverse effects. Surprisingly, miR-708 re-expression led to
marked morphologic changes and suggested a profound increase in
apoptotic cells. Thus, the tumorigenicity of RCC was suppressed in vitro
[56,57]. Moreover, it was observed that miR-708 regulated tumor-
igenicity by leading to the induction of TNF-related apoptosis-inducing
ligand to induce apoptosis. Meanwhile, miR-708 overexpression de-
creased protein expression level of surviving (surviving was a small
inhibitor of apoptosis protein that is differentially expressed in cancer)
and played important roles in RCC progression and metastasis. It sug-
gested that the proapoptotic role of miR-708 may be mediated pri-
marily via regulating surviving expression [58]. What's more, miR-708
could target the E-cadherin regulator ZEB2 (a transcriptional repressor
that regulates the expression of E-cadherin and EMT) and the polycomb
repressor, BMI1. Thus, these data showed the antitumorigenic role of
miR-708 in RCC in vitro. Further study also estimated that in-
tratumorally delivery of miR-708 leads to regression of tumors in a RCC
xenograft model [58]. On the other hand, the dysregulation of the anti-

Cellular Signalling 63 (2019) 109390

apoptotic protein, cellular FLICE-like inhibitory protein (c-FLIP) has
been associated with tumorigenesis and chemoresistance in various
human cancers [59]. Interestingly, miR-708 expression was suppressed
whereas c-FLIP;, was upregulated in RCC. Luciferase reporter assays
demonstrated that miRNA-708 negatively regulated c-FLIP;, expression
by binding to the 3'UTR of c¢-FLIP;. Thus, the accumulation of sub-G1
populations, cleavage of procaspase-3 and PARP were increased and the
sensitivity of renal cancer cells to anti-cancer drugs was improved [60].
In conclusion, these data confirmed the main anti-cancer effect of miR-
708, which may provide an attractive new target for the prognosis and
therapeutic intervention of RCC.

4.1.6. Ovarian cancer

Ovarian cancer (OC), the second most common female reproductive
malignant tumor (240,000 new cases annually), is the leading cause of
death in gynecological malignancy (over 150,000 new deaths annually)
worldwide [61,62]. There are only a modest improvement in OC pa-
tient prognosis over the last several decades [63]. In 80% of patients
with advanced OC, the disease recurs despite optimal surgical cytor-
eduction and adjuvant systemic platinum-based chemotherapy [64].
Recent study estimated that miR-708 expression was downregulated in
cisplatin-resistant OC cells relative to the parental controls, suggesting
its potential implication in drug resistance [61,65]. Amusingly, over-
expression of miR-708 increased the sensitivity of cisplatin-resistant
SKOV3/DDP and A2780/DDP cells to cisplatin-induced toxicity, redu-
cing the 50% inhibitory concentration (IC50). In addition, it has been
documented that cisplatin causes Caspase-3-dependent apoptosis in OC
cells [65]. Interestingly, overexpression of miR-708 significantly fa-
cilitated the cleavage of Caspase-3 in parental and cisplatin-resistant OC
cells after cisplatin treatment [66]. Therefore, miR-708-mediated che-
mosensitization is likely associated with induction of Caspase-3-de-
pendent apoptotic cascade [65]. Thus, these results confirmed the
therapeutic potential of miR-708 in improving cisplatin toxicity against
OcC.

4.1.7. Melanoma

Melanoma is one of the most aggressive forms of skin cancers, which
is characterized by a marked metastatic potential that represents the
major cause of death in patients [67]. Accounting for about 5% of all
skin cancer cases, melanoma is the most dangerous form of skin ma-
lignancy and causes about 90% of skin cancer mortalities [68]. Up to
now, radiotherapy is the main treatment for melanoma. The successful
control of local lesions is as high as 80% [69]. Despite successful control
of localized disease, however, patients frequently develop metastases,
including in the brain, which result in overall treatment failure. Inter-
estingly, the related study showed that the expression of miR-708 was
decreased in melanoma cells (B16 and A375). In addition, lymphoid
enhancer-binding factor-1 (LEF1), as the one of 48-kD nuclear proteins,
is a very significant member of the Wnt/B-catenin in embryonic stem
cells and often are expressed in the T and pre-B cells [70]. Song et al.
found that miR-708 inhibited the proliferation, invasion, migration,
and EMT in B16 and A375 cells. EMT involved melanoma cells by
targeting LEF1 through the Wnt signaling pathway [71]. Simulta-
neously, the over-introduction of miR-708 had elevated expressions of
Bax, caspase3, and E-cadherin, while also enhanced B16 and A375 cells
apoptosis [72]. In conclusion, miR-708 has a potential therapeutic ef-
fect on melanoma via the suppression of Wnt/p-catenin signaling
pathway.

4.1.8. Chronic lymphoblastic leukemia

Chronic lymphocytic leukemia (CLL) is a clonal disorder of mature B
cells with stereotypic BCRs characterized by the expression of CD19,
CD23, and CD5. Of note, the 5-year survival rate for CLL patients is
79.2%, with about 4.5 cases per 100,000 individuals reported annually
[73]. Of note, the development of CLL is the consequence of malignant
cell transformation, microenvironment-induced proliferation, and
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evasion of immune surveillance [74]. Meanwhile, related study con-
firmed that the NF-xB signaling pathway is constitutively activated
while miR-708 expression is reduced in CLL patients [75,76]. Inter-
estingly, further study reported that miR-708 strongly repressed NF-xB
signaling pathway by targeting inhibitor of kappa light polypeptide
gene enhancer in B cells, kinase-3/IKBKB (IKKf). IKKf is a key kinase
facilitating NF-xB signaling [76]. However, the ultimate efficacy of CLL
remains undetected, more investigations are needed to be investigated
[77].

4.1.9. Ewing's sarcoma

Ewing sarcoma (ES), the second most common malignant bone
tumor in children, adolescents and young adults, which results from
pathognomonic balanced t(11;22)(q24;q12) chromosomal transloca-
tions between EWSR1 and one of several genes in the ETS family of
transcription factors [77-79]. Despite advances in its treatment over
the past few decades, the survival rate of its patients is unsatisfactory,
suggesting an urgent need for more effective treatment centered on the
molecular basis of ES [78]. ES was characterized by the presence of the
nonphysiologic fusion protein transcription factor, EWS/FLI1. EWS/
FLI1 was originated from a chromosomal translocation that brings to-
gether the EWS gene on chromosome 22, with the FLI1 gene on chro-
mosome 11 [80]. At the same time, EYA3 is highly expressed in ES
tumor samples and cell lines compared with mesenchymal stem cells,
the presumed cell-of-origin of ES. What's more, it is regulated by the
EWS/FLI1 fusion protein transcription factor. Interestingly, EWS/FLI1
regulates EYA3 in ES via modulation of miRNA-708, resulting in in-
creased cell survival and chemoresistance [81,82]. However, the ex-
pression level of miR-708 was down-regulated in EWS samples and
previously described as chemical sensitizers, this miRNA-708 does not
affect tumor growth but instead it strongly stimulates tumor invasion
which is not appropriate for future therapeutic intervention.

4.1.10. Osteosarcoma

Osteosarcoma is the most frequent primary solid malignancy of
bone in the young adolescent [83]. Following the implementation of
chemotherapy in the 1970s, the 5-year overall survival rate of osteo-
sarcoma increased dramatically to 60%-70%. Since then, however, no
further significant improvements in the survival rate have been
achieved, mainly because of chemoresistance [84]. In spite of existing
achievements in treatment approaches, overall survival among patients
with OS remains unsatisfactory. Hence, better illustration on the mo-
lecular mechanism behind osteosarcoma is of necessity [85]. Interest-
ingly, Sui et al. confirmed that the expression level of miR-708-5p was
significantly downregulated in osteosarcoma tissues and SaOS-2 cells.
The results indicated that miR-708-5p was significantly downregulated
in osteosarcoma tissues and cells. Meanwhile, the overexpression of
miR-708-5p significantly inhibited cell viability, invasion and migra-
tion and induced apoptosis of Sa0S-2 cells [86]. Moreover, the related
results indicated that miR-708-5p directly targeted the 3’-untranslated
region of up-regulator of cell proliferation (URGCP) and negatively
regulated its expression in Sa0S-2 cell [86] Taken together, the current
study suggested that miR-708-5p may inhibit the growth and invasion
of osteosarcoma cells via regulating the URGCP/NF- kB signaling
pathway. Further research on these molecules in osteosarcoma may
provide novel insights into the target therapy for this disease.

4.2. MiR-708-5p as an oncogenic miRNA

4.2.1. Lung cancer

Lung cancer is the leading cause of cancer death worldwide and
80% patients have non-small cell lung cancer (NSCLC) including lung
adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), lung
large-cell carcinoma, and lung adenosquamous carcinoma.
Simultaneously, NSCLC is often diagnosed at later stages with around
15% of 5-year survival rates [87-89]. Therefore, the NSCLC has become
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one of the most devastating diseases to human beings due to its high
morbidity, high mortality and low diagnostic rate, so effective early
diagnosis of NSCLC is an urgent matter [90]. However, the traditional
therapy is mainly consisted of chemotherapy, radiotherapy, surgical
resection and best supportive care. In recent years, the therapeutic
strategies for NSCLC have been enriched with small molecular targeted
therapy and immunotherapy [91]. Among them, miR-708-5p stood out
as a highly expressed miRNA in non-metastatic lung cancer cell lines
when compared with highly metastatic cells. The result of qRT-PCR
analysis showed that expression of miR-708-5p was markedly reduced
in the high metastatic group when compared to the low metastatic
group [7]. Furthermore, miR-708-5p, as an anti-metastatic miRNA and
a direct negative regulator, exhibited the effects on suppressing not
only total p21, but also the cytoplasmic localization of p21, which in
turn elevated apoptosis and weaken actin rearrangement, leading to
decrease cell motility [6,7]. Importantly, in the era of targeted therapy,
it was concluded that p21 was indeed a direct functional mediator of
miR-708-5p. Simultaneously, miR-708-5p impaired lung cancer cell
migration and promoted cancer cell apoptosis by inhibiting the cyto-
plasmic localization of p21 [7]. On the other hand, DNA methyl-
transferase 3A (DNMT3A) showed the vital activity in cancers by in-
hibiting cancer cell proliferation [92] or being a prognostic agent [93].
Furthermore, DNMT3A as a direct target of miR-708-5p, had been
identified to carry out de novo methylation during the processes of
development, stem cell regulation and progression of several diseases in
mammals. However, miR-708-5p directly suppressed the translation of
DNMT3A, which resulted in a substantial reduction of global DNA
methylation and the up-regulated expression of tumor suppressor
CDH1. The up-regulation of CDH1 decreased the activity of Wnt/[3-
catenin signaling and then impaired the stemness charactertics of
NSCLC cells [94]. Thus, if chemotherapeutic treatment of cancer cells
could be integrated with the use of a miR-708-5p mimic, the tumors
may then become more susceptible to the drug targeting and apoptosis,
improving the efficiency of chemotherapy.

4.2.2. Bladder carcinoma

Bladder carcinoma is one of the most lethal malignancies world-
wide. In 2012 alone, an estimated 430,000 new cases and 165,000
deaths occurred worldwide, with 75% of the burden in men [95]. Ac-
cording to the epidemiological studies, a range of genetic, anatomical,
hormonal, social, and environmental factors could help trigger the
disease [96,97]. A better understanding of the relevant factors of dis-
ease incidence will provide insights into the formulation of more ef-
fective treatment strategies. Recently, differential miRNA expression
profiles in bladder carcinoma identified miR-708 up-regulation among
the most common alterations [97]. What's more, Song et al. reported
that miR-708 silencing could promote the T24 and 5637 cells to
apoptosis and inhibit the bladder tumor growth in vivo. Meanwhile,
Caspase-2 was an enzyme that played a central role in the execution-
phase of cell apoptosis. Interestingly, the expression level of miR-708 is
observed to be negatively associated with the mRNA level of Caspase-2
in bladder carcinoma tissue. Meanwhile, Caspase-2 was proved to be
one of direct targets of miR-708 by using the Targetscan bioinformatics
tool [98]. Thus, it's showed that Caspase-2 was involved in the miR-708
regulated cell apoptosis. In conclusion, miR-708 expression profile
might be used as diagnostic biomarker of bladder carcinoma.

4.2.3. Colorectal cancer

Colorectal cancer (CRC) is the third leading cause of cancer-related
death worldwide, affecting approximately 112,000 new patients every
year [99,100]. Despite improvements in surgical and adjuvant che-
motherapy treatment, 5-years survival rates from CRC still remain un-
satisfactory [100]. This is the reason why we need to find a more ef-
fective treatment for cancer. Coincidently, miR-708 was found to be
highly expressed in five CRC tissue samples. Simultaneously, the in-
hibition of miR-708 inhibited CRC cells proliferation and invasion,
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however, promoted cells apoptosis in vitro [101]. Moreover, cyclin-
dependent kinase inhibitor 2B (CDKN2B) is associated with various
cancers [102]. Subsequently, Lei et al. confirmed that miR-708 directly
targeted CDKN2B by binding to the 3’'UTR of CDKN2B that inhibited the
expression level of CDKN2B. In addition, the CDKN2B protein expres-
sion level was significantly reduced when high miR-708 expression was
detected in the CRC tissue samples [101]. Thus, miR-708 plays the
carcinogenic role in the development of CRC, and inhibition of miR-708
can be used as a therapeutic strategy for patients with CRC.

5. The potential clinical application of miR-708 in various types of
cancers

Cancer is hard to be detected in early stages, thus, it's easy to lose
the best chance for curative surgery and result in the poor survival
rates. Obvious cancer biomarkers to monitor molecular differences in
cancers for the earliest diagnosis is indispensable, which may be helpful
in the selection of the best possible treatment. On the other hand, the
current research has deeply explored the viability of using miRNA ex-
pression profiles for predicting cancer or discriminating between cancer
subtypes. However, owing to the uncertain molecular biological func-
tions, miRNA biomarkers cannot accurately predict cancer progression.
miR-708 may be critical players and regulators in carcinogenesis and
progression, and serve as potential biomarkers for various cancers [33].
The ideal and convenient biomarkers should possess several typical and
important characteristics. For example, it should be detected easily in
body fluids such as blood, urine and semen, as well as its expression was
significantly different between cancer and normal tissues. More im-
portantly, its abnormal expression was significantly associated with
patients' clinical features such as prostate-specific antigen (PSA),
Gleason score and TNM status. Furthermore, the related research re-
ported that down-regulated miR-708 expression was significantly as-
sociated with lymphatic metastasis, invasive depth and TNM stage [9].
Therefore, this section was to sum up most of reported miR-708 which
could be used as diagnostic and prognostic biomarkers for various
cancers.

Leidinger et al. have reported that the expression of miR-708 in
human PC tissues was closely associated with high PSA levels, Gleason
scores, and tumor volume. Simultaneously, it was identified that miR-
708 were significantly deregulated in the comparison of PC versus be-
nign prostatic hyperplasia (BPH) patients [33]. The decreased miR-708
expression was observed in 63% of cases of low Gleason score,74% of
cases of Gleason score, and 90% of cases of higher Gleason score. Im-
portantly, miR-708 was specifically attenuated in 18 of 22 cases (82%)
of PSA failure within this cohort of samples, which suggested that
downregulation of miR-708 was associated with biochemical recur-
rence [33,103]. Moreover, receiver operating characteristic (ROC)
analyses showed that miR-708 expression can be a single significant
parameter to discriminate between normal and tumor tissues with an
area under the ROC curve (AUC) of 0.937 (95% confidence interval
(CD, 0.901-0.963; P < .0001). Similarly, according to the survival
analysis of PC patients stratified by miR-708 level, the survival rate of
patients with low expression of miR-708 was significantly reduced. The
HR between the cases with low or high miR-708 expression was 6 with
a 95% CI from 2.2 to 16.4 and with an associated P value of 0.0223
[36]. It suggested that miR-708 had significant potential to be used as a
diagnostic and prognostic marker for PC.
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Squamous cell carcinoma (SCC) is a common form of lung cancer.
Xing et al. identified that miR-708 was upregulated in lung squamous
cell carcinoma (LSCC) sample comparing with normal sample [104].
Meanwhile, ROC analyses were confirmed that the AUC value was
0.756. When the cutoff value = 4.48, the diagnostic sensitivity (65%)
and specificity (75%) reached their peak values (P < .001). However,
miR-205 and miR-210 also played an important role in LSCC, the
combination of the three miRNAs produced 0.866 AUC, being con-
siderably higher than 0.623-0.789 AUC values of each individual gene
in distinguishing cancer patients from normal subjects (all P < .05)
[105,106]. Thus, these results suggested that the expression of these
three miRNAs were complementary to play a crucial role in LSCC and
served as a new potential biomarker for clinical prognosis evaluation.

Importantly, researchers got GC specific miRNA-mRNA subnetwork
and 17 candidate GC miRNAs for biomarkers with regulatory roles by
using POMA. The study confirmed that the indispensable role of miR-
708 in GC. Another study also reported that miR-708 expression was
down-regulated in GC tissue and cell lines and the down-regulated miR-
708 expression was significantly associated with lymphatic metastasis
(P = .040), invasive depth (P =.019) and TNM stage (P = .038)
[9,44]. What's more, the ROC curve was constructed for differentiating
GC patients from controls. Compared to matched adjacent nontumorous
tissues, the AUC was up to 0.835, the accuracy was 0.700 and the
sensitivity and specificity were 0.888 and 0.378. At the same time, the
miR-211 and let-7b also expressed the potential candidate biomarkers
for human GC and the values of AUC, sensitivity and specificity showed
the high levels [44]. Therefore, the three miRNAs could be potential
novel biomarkers for GC diagnosis and treatment while the candidates
predicted herein need further wet-lab validation.

Delayed diagnosis, recurrence, and metastasis are the biggest ob-
stacles to the treatment of cancers. Therefore, searching for the ideal
biomarkers of cancers is essential for improving the early diagnostic
rate. The above findings indicated that miR-708 might be used as a
potential marker for the PC, LSCC and GC diagnosis. The related data
are shown in Table 3. However, the precise molecular mechanisms by
which miR-708 functions in various cancers remain obscure. Further
exploratory and validation research is needed to elucidate the func-
tional role of miR-708 in cancers, especially in clinical applications.

6. The regulatory mechanism of miR-708 in various types of
cancer

It is well known that the reasons why cancers are hard to cure due to
their complex tumorigenesis and metastasis. Gradually, it was found
that miR-708 might effective biomarkers for determining cancers oc-
currence and metastasis through direct or indirect regulation. Here, we
summary the related regulatory mechanisms involved in the occurrence
and development of cancers.

Firstly, miR-708 directly affects the progression of various cancers
through some signaling pathways (as shown in Fig. 1). Of note, Wnt/f3-
catenin signaling pathway, which is the key regulator for the progres-
sion of HCC, plays a critical role in the development and stemness of
cancer cells [107]. In addition, lymphoid enhancer-binding factor-1
(LEF1) is one nuclear protein that is often expressed in the T and pre-B
cells and is also a very significant member of the Wnt/(-catenin sig-
naling pathway in embryonic stem cells [70]. Song et al. found that
miR-708 played a role in the proliferation, invasion, migration and EMT

Table 3

Potential clinical application of microRNA-708 as diagnostic marker in cancers.
microRNA Cancer type Cutoff value AUC Sensitivity Specificity Ref. (PMID)
microRNA-708 Prostate carcinoma(PC) 0.937 22,552,290
microRNA-708 Lung cancer 4.48 0.756 0.65 0.75 20526284
microRNA-708 Gastric cancer (GC) 0.835 0.888 0.378 24982912
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Fig. 1. Regulatory function of miR-708 in various cancers directly. Firstly, miR-708 played a role in the proliferation, invasion, migration and EMT of melanoma cells
by targeting LEF1 through the Wnt/p-catenin signaling pathway. Secondly, miR-708-5p inhibited the PI3K/AKT signaling pathway and stem cell-like characteristics
of lung cancer cells through down-regulating multiple receptor tyrosine kinases, such as the EGF receptor family genes and insulin receptor family genes.
Simultaneously, miR-708 downregulated the expression of insulin like growth factor 2 mRNA binding protein 1 (IGF2BP1) and suppressed AKT phosphorylation. In
addition, miR-708 strongly repressed NF-kB signaling pathway by targeting inhibitor of kappa light polypeptide gene enhancer (kinase-B/IKBKB (IKKf)) in B cells,

which is a key kinase facilitating NF-kB signaling, and contributes to inhibit CLL.

of melanoma cells by targeting LEF1 through the Wnt/B-catenin sig-
naling pathway [71,72]. Meanwhile, miR-708-5p inhibited the CSC
characteristics of NSCLC cells in vitro. The upregulation of CDH1 de-
creased the activity of Wnt/p-catenin signaling pathway and then im-
paired the stemness characteristics of NSCLC cells [94]. Furthermore,
AKT, the key transcriptional factors in Wnt/p-catenin signaling
pathway, is involved in progression and development with tumor.
PI3K/AKT is essential in regulating cell growth, motility, apoptosis and
metastasis in cancer process [108]. Importantly, in the era of targeted
therapy, a prominent and well-defined role of the PI3K/AKT signaling
pathway in modulating cancer cell growth and survival has motivated
development of PI3K/AKT signaling pathway inhibitors as a promising
and effective therapy for malignant solid cancers. The RNA-seq data
showed that miR-708-5p inhibited the PI3K/AKT signaling pathway
and stem cell-like characteristics of lung cancer cells through down-
regulating multiple receptor tyrosine kinases, such as the EGF receptor
family genes and insulin receptor family genes [7]. Similarly, miR-708
downregulated the expression of insulin like growth factor 2 mRNA
binding protein 1 (IGF2BP1) and suppressed AKT phosphorylation.
Furthermore, IGF2BP1 silencing markedly blocked the phosphorylation
of AKT. Overexpression of IGF2BP1 restored cisplatin resistance and
AKT phosphorylation in miR-708-overexpressing OC cells. Thus, miR-
708 could increase the susceptibility of OC cells to cisplatin by targeting
IGF2BP1 and inhibiting AKT signaling pathway [65]. At the same time,
NF-kB, a major inducer of stress-response genes, is a ubiquitous tran-
scription factor, and the dysfunction of NF-kB is closely related to dif-
ferent types of cancers. Meanwhile, the increased activation of NF-kB is
a predictor of poor disease progression and confers resistance to cell
apoptosis [109]. Interestingly, further study reported that miR-708
strongly repressed NF-xB signaling pathway by targeting inhibitor of

kappa light polypeptide gene enhancer (kinase-B/IKBKB (IKKf)) in B
cells, which is a key kinase facilitating NF-kB signaling, and contributes
to inhibit CLL [76].

Secondly, miRNAs are stronger than single miRNA used alone
usually. It was also investigated that CD44 and miR-221 are upregu-
lated in HepG2 and SMMC-7721 cells. The inhibition of miR-221 could
indirectly increase the expression of miR-708, finally suppressing the
level of CD44 in HCC, then playing a certain anti-cancer role [110].
Chemical drugs have been shown the ability to treat various cancers by
regulating the expression of miR-708. For example, Metformin has been
used as a first-line antidiabetes drug for decades. Furthermore, Yang
et al. identified that metformin promotes increased expression of miR-
708-5p, leading to the suppression of endoplasmic reticulum (ER)
membrane protein neuronatin (NNAT) expression and subsequently
induces apoptosis of PC cells through the ER signaling pathway [111].
Of note, glucocorticoids were displayed a novel activity in the inhibi-
tion of OC metastasis. Meanwhile, glucocorticoid treatments induced
the expression of miR-708, leading to the suppression of Rap1B, which
resulted in the reduction of integrin-mediated focal adhesion formation,
inhibition of OC cell migration/invasion and impaired abdominal me-
tastasis in an orthotopic xenograft mouse model [31]. Thus, there are
some opportunities for glucocorticoids and their downstream media-
tors, miR-708 or RaplB, as therapeutic modalities against metastatic
ovarian epithelial cancer. Restoring RaplB expression reverts gluco-
corticoid-miR-708 cascade-mediated suppression of OC cell invasion
and metastasis [31]. Overall, these findings reveal an opportunity for
glucocorticoids and their downstream mediators, miR-708 or Rap1B, as
therapeutic modalities against metastatic ovarian epithelial cancer
(Fig. 2). Interestingly, in breast cancer, glucocorticoid receptor (GR)
agonist activates miR-708 in breast cancerous cells (BCCs) via GRa



S.-n. Sun, et al.

T~ AVAMAMAV

NH H
Hac\N)J\N/U\NHZ
d, ¥

Metformin

Cellular Signalling 63 (2019) 109390

Cell
Apotosis

cell migration/
invasion

_——//

RaplB

Nucleus

Fig. 2. Other miRNAs and chemical drugs regulated tumorigenesis by mediating the miR-708. Firstly, the inhibition of miR-221 could indirectly increase the
expression of miR-708, finally suppressing the level of CD44 in HCC, then playing a certain anti-cancer role. What’s more, metformin promotes increased expression
of miR-708-5p, leading to the suppression of endoplasmic reticulum (ER) membrane protein neuronatin (NNAT) expression and subsequently induces apoptosis of PC
cells through the ER signaling pathway. Finally, glucocorticoids and their downstream mediators, miR-708 or Rap1B, as therapeutic modalities be against metastatic

ovarian epithelial cancer.

signaling. Furthermore, it was confirmed that NF-xB activating kinases
beta (IKKP) is a direct target of miR-708, which is activated by GR
agonists. GR agonist-mediated activation of miR-708 represses NF-kB
downstream target genes. Thus, the migratory and invasive potential of
BCCs were inhibited [112].

7. Future expectation

A growing understanding of miR-708 in various cancers open up the
possibility of many novel therapeutic strategies. Notably, the expression
level of miR-708 was higher in lung cancer, bladder cancer (BC) and
colorectal cancer (CRC) cell lines to promote proliferation and promote
migration of cancer cells. Additionally, it is well documented that miR-
708 could be a tumor suppressor in some cancers. Moreover, accumu-
lating evidence has demonstrated that miR-708 were dysregulated in
various cancers and closely related to tumorigenesis, metastasis, and
prognosis or diagnosis via some signaling pathway. Of note, it was
confirmed that miR-708 acted as a potential new target in cancer
treatment and a biomarker for cancer diagnosis. The biological in-
formation about miR-708 was far from enough and the therapeutic
effect was not very prominent. Thus, additional studies about miR-708
should be done for defining (Fig. 3).

Firstly, some data supported that the combined analyses of the
genes outperformed a single one used alone. MiR-708 could be com-
bined with non-coding RNAs (ncRNA) to regulate the progression of
various cancers, such as some long non-coding RNAs (IncRNAs) and
miRNAs. Of note, ROC analyses were performed that miR-205 and miR-
210 combined with miR-708 could provide high diagnostic efficiency
for relevant cancer [105]. Thus, other miRNAs also may be a potential
gene to treat cancers in combination with miR-708. What's more,
IncRNAs were RNA transcripts in eukaryotic cells with > 200

nucleotides in length and without protein-coding capacity. On the other
hand, IncRNAs showed the therapeutic effect of cancer by influencing
tumor cell proliferation, evading growth suppressors, enabling re-
plicative immortality, enabling replicative immortality, inducing an-
giogenesis and resisting cell death [113,114]. Luckily, Li et al. con-
firmed that Long intergenic non-protein-coding RNA 1567 (LINC01567)
acts as a “sponge” against microRNA-93 in regulating the proliferation
and tumorigenesis of human colon cancer stem cells [115]. Therefore, it
offered a possibility that IncRNAs might inhibit the expression of miR-
708 to fight the progression of cancers. Of course, it's quite possible that
IncRNAs could cooperate with miR-708 to therapy cancer.

Secondly, CRISPR/Cas9 are very robust and straightforward gene
editing tools, which has been successfully applied for disruption of
protein coding 24 sequences in a variety of organisms [116]. Mean-
while, CRISPR/Cas9 could cause insertion or deletion mutation of
target gene. In recent research, CRISPR/Cas9 could be successfully used
to target miRNAs and that this system is a valuable alternative to
sponge decoy overexpression, negating the requirement for introducing
transgenes [117]. What's more, in view of the specificity, efficiency,
simplicity and versatility, CRISPR/Cas9 has achieved many successes as
a powerful genome engineering tool for the treatment of many diseases
[118]. For example, miR-196a is able to restore the aggressive pheno-
type of annexin Al knock-out in pancreatic cancer cells by CRISPR/
Cas9 genome editing [119]. Therefore, there's a good chance that the
technology of CRISPR/Cas9 could be used to treat cancers by editing
the expression level of miR-708. Thus, CRISPR/Cas9 might be used to
treat cancers by regulating the expression of miR-708 via the relevant
molecular mechanism.

Finally, exosomes, a kind of endogenous extracellular vesicle
(40-100nm in diameter), are considered as a new generation of a
natural nanoscale delivery system. Exosomes secreted by different types
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Fig. 3. The future expectation of miR-708 in various cancers.

of cells carry different signaling molecules (such as RNA and protein),
so they have great potential for targeting drug delivery and treatment
[120,121]. At the same time, exosome-based therapies have emerged
over the past decade as an attractive strategy for tissue repair, immune
vaccine and against cancer [122]. Of note, exosomal miRNAs have been
demonstrated as promising and new biomarkers in cancer screening,
diagnosis and prognosis [123]. Furthermore, Zhai et al. developed a BC
diagnostic assay using the gold nanoflare probe to detect plasma exo-
somal miR-1246 level as a biomarker. At the same time, it was con-
firmed that plasma exosomal miR-1246 is indeed a robust biomarker to
differentiate BC patients from normal individuals [124]. Therefore, the
expression of miR-708 was increased through exosomal miR-708, thus,
which plays an important role in cancer prevention, diagnosis and
treatment.

8. Conclusion

Accumulating evidence has demonstrated that miR-708 plays a
regulatory role in a variety of cellular processes, physiological re-
sponses, and human diseases, particularly cancer [9,124]. Multiple
studies implicated important roles of the miR-708 in cancer, including
survival, proliferation, growth, migration, invasion, EMT, metastasis,
diagnosis and prognosis [10,36,44]. Moreover, miR-708 was involved
in the regulation of signaling pathways in cancer cells. In lung cancer,
miR-708 modulates cell proliferation by regulating Wnt/f-catenin sig-
naling pathway [94]. In CRC, lung cancer and BC, miR-708 is highly
expressed in primary tumors to promote the proliferation of cancer
cells, but in PC, HCC, GC and so on, the expression of miR-708 is re-
duced, which is beneficial to its migration and invasion [36,101].
Taken together, the above studies indicated that miR-708 exerts sig-
nificant regulatory functions in tumor development. Undoubtedly,
larger sample investigations and more precise mechanisms will be the
research trend and emphasis in the future. It is hopeful that miR-708
will ultimately achieve clinical application.
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