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Abstract MicroRNAs (miRNAs) are a class of 18–27-

nucleotides single-stranded RNA molecules that regulate

gene expression at the post-transcriptional level. It has been

demonstrated that miRNAs regulate a variety of physiolog-

ical functions, including development, cell differentiation,

proliferation, and apoptosis. There are growing evidence

showed that miRNAs can affect the genesis and development

of tumor and play a kind of tumor suppressor or oncogenic

function by regulating its targetted gene-related signal

pathway. miRNA-21 is one of the early discovered miRNAs

in human cells, and the expression of miRNA-21 is signifi-

cantly upregulated in different kinds of solid tumors. Its

abnormal expression levels are closely associated with

pathogenesis of cancers. This review summarizes the recent

study on the field of miRNA-21 and its association with

cancer.
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Introduction

Cancer is a very complex genetic disease characterized by

alterations in genes encoding oncogenic and tumor sup-

pressor proteins [1]. MicroRNAs (miRNAs) are a class of

non-coding small RNAs of 18–27 nts, which are found in the

cells of both unicellular and multicellular eukaryotes [2, 3].

When human miRNAs which located at fragile sites in the

genome or regions were discovered, their expression has

been found to be deregulated in a wide range of various

human cancers [4–7]. The results suggest that miRNA genes

could function as potential oncogenes and tumor repressors

genes in the human body (Fig. 1). miRNAs could be used as

molecular biomarkers for diagnosis of cancer and prediction

of prognosis [8–10]. miRNA-21 is recognized as the main

driving force of miRNA’s transcription, which has a high

expression in many solid tumors and take part in cell pro-

liferation, differentiation and apoptosis, and so that it is

closely related to tumors growth, invasion, and metastasis

[11–14]. The other researchers also reported the clinical

significance of miRNA-21expression in human cancers [15].

Yan et al. [16] reported that miRNA-21 over-expression was

correlated with specific breast cancer clinicopathological

features, advanced tumor stage, lymph node metastasis, and

poor survival of the patients. Other reports showed that

miRNA-21 expression in lung cancer was significantly cor-

related with advanced TNM stage, presence of lymph node

metastasis, and overall survival [17–19]. In this review, we

will summarize the current knowledge concerning role of

miRNA-21 in cancers.

Biogenesis and functions of miRNAs

miRNAs play crucial roles in many biological processes

spanning from embryo development, differentiation,

immunity modulation, disease cause (including activation of

oncogenes and inactivation of tumor suppressor genes), and

cell cycle regulation to senescence and metabolism by means

of transcriptional or post-transcriptional regulation [20–24].

The biogenesis of miRNAs is a complex multistep process

that starts in the nucleus and ends in the cytoplasm of cells

(Fig. 2) [25, 26]. Most miRNAs are transcribed as long

monocistronic or polycistronic primary transcription units
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(primary miRNA) by RNA polymerase II [27]. Primary

miRNA is then spliced and capped with a 50 7-methylgu-

anosine cap (m7G) and polyadenylated at the 30 end. This is

a process similar to protein-coding messenger RNA process

[28, 29]. The primary microRNAs form specific hairpin-

shaped stem loop secondary structures prior to be processed

by a microprocessor complex (500–650 kDa) consisting of

several proteins including the RNase III enzyme Drosha and

its co-factor DGCR8 producing the shorter, *65–70-

nucleotide long hairpin pre-miRNA [30, 31]. Following

completion of this nuclear processing step, Exportin 5, a

member of the Ran transport receptor family, transports the

pre-microRNA to the cytoplasm. Here, the pre-miRNA is

cleaved by another RNAse III enzyme called Dicer. Dicer

usually operates with the help of a different dsRBD protein,

the trans-activator RNA (tar)-binding protein (TRBP), and

then cleaves *22 nt from the pre-existing end of the pre-

miRNA, producing *22 nt double-stranded called miRNA

duplex [32–34]. Mature miRNA is, selected upon thermo-

dynamic properties, loaded on an Argonaute (Ago) protein,

the main constituent of the RNA-Induced Silencing Com-

plex (RISC). The other strand (passenger strand) is degraded

[35].

miRNA-21 and cancer

miRNA-21 and gastrointestinal, colorectal cancer

Gastric cancer (GC) is an important malignant disease

around the world and the second leading cause of death due

Fig. 1 MicroRNAs can function as tumour suppressors and onco-

genes. a In normal tissues, proper miRNA transcription, processing,

and binding to complementary sequences on the target mRNA results

in the repression of target-gene expression through a block in protein

translation or altered mRNA stability. The overall result is normal

rates of cellular growth, proliferation, differentiation, and cell death.

b The reduction or deletion of a miRNA that functions as a tumour

suppressor leads to tumour formation. A reduction in or elimination of

mature miRNA levels can occur because of defects at any stage of

miRNA biogenesis (indicated by question marks) and ultimately leads

to the inappropriate expression of the miRNA-target oncoprotein

(purple squares). The overall outcome might involve increased

proliferation, invasiveness or angiogenesis, decreased levels of

apoptosis, or undifferentiated or de-differentiated tissue, ultimately

leading to tumour formation. c The amplification or overexpression of

a miRNA that has an oncogenic role would also result in tumour

formation. In this situation, increased amounts of a miRNA, which

might be produced at inappropriate times or in the wrong tissues,

would eliminate the expression of a miRNA-target tumour suppressor

gene (pink) and lead to cancer progression. Increased levels of mature

miRNA might occur because of amplification of the miRNA gene, a

constitutively active promoter, increased efficiency in miRNA

processing or increased stability of the miRNA (indicated by question
marks). ORF Open reading frame
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to cancer worldwide. Abnormalities of miRNAs have been

implicated in carcinogenesis of GC. miRNA-21 is usually

upregulated in various cancers [36]. PTEN (phosphatase and

tensin homolog) is a tumor suppressor gene frequently

mutated in cancer, which regulates cellular proliferation,

growth, and apoptosis as a tumor suppressor gene [37].

miRNA-21 was demonstrated to regulate radiosensitivity in

gastric carcinoma cells, possibly by direct modulation of

PTEN expression [38]. Similarity result also indicated that

miRNA-21 exhibited higher expression in gastric cancer

tissues compared to the adjacent non-tumor tissues [39].

miRNA-21 expression was significantly associated with the

degree of differentiation of the tumor tissues (P = 0.004).

The reduction in miRNA-21 expression demonstrated a

remarkable effect on the biological behavior of gastric

cancer cells (P \ 0.05); PTEN expression was remarkably

increased after miRNA-21 inhibition (P \ 0.05) implying

miRNA-21 inhibition may upregulate the PTEN expression

level [39]. Present study indicated that there are close asso-

ciation between the elevated miRNA-21and lymph node

metastasis [40]. Tested by real-time RT-PCR, expression

level of miRNA-21 was significantly correlated with histo-

logic type, T stage, lymph node metastasis, and pTNM stage.

The overall survival rates in GC patients with low upregu-

lated miRNA-21 expression were significantly higher than

those with high upregulated miRNA-21 [40].

In colon cancer, a famous research contains two cohorts

[41]. In Maryland cohort, for those who received chemo-

therapy, high miRNA-21 expression in tumors predicted

worse overall survival giving preliminary support that high

miRNA-21 is associated with a poor therapeutic outcome. In

Hong Kong cohort, high miRNA-21 expression in tumors was

associated with a poor response to therapy [41, 42]. Schetter

et al. showed that over-expression of miRNA-21 is associated

with worse prognosis and poorer response to chemothera-

peutics in colorectal cancer [41, 43]. Yu et al. reported that

miRNA-21 plays an important role in regulating stemness by

modulating growth factor beta receptor 2 (TGFbR2) signaling

in colon cancer cells. Downregulation of miRNA-21 enhances

luciferase-TGFbR2-30 UTR activity [44].

Colorectal cancer (CRC) is the third most popular cancer

in developed countries, while stomach and esophagus can-

cers are separately the third and the sixth common cancers in

the developing countries, because of the different diet and

economic conditions [45–47]. Valeri et al. reported that

miRNA-21 directly targets the 30untranslated region (UTR)

of MSH2 and MSH6 mRNA, resulting in downregulation

of protein expression. The inverse correlation between

miRNA-21 over-expression and MSH2 expression was

shown in CRC tissues [48]. Cells that over-express miRNA-

21 showed significantly reduced 5-fluorouracil (5-FU)-

induced G2/M damage arrest and apoptosis that is charac-

teristic of defective MMR. Because miRNA-21 expression

could increase in cell lines continuously exposed to 5-FU [31],

cancer cells may develop a secondary resistance to 5-FU

through miR-21 over-expression. Thus, miR-21-dependent

downregulation of MSH2-MSH6 may be responsible for both

primary and secondary resistance to 5-FU [49, 50]. The

analysis of normal and tumor tissues from 22 colorectal

cancer patients demonstrated an inverse correlation between

miRNA-21 and Pdcd4-protein, a tumor suppressor. Pro-

grammed cell death 4 (Pdcd4) was also shown to be nega-

tively regulated by miRNA-21, which induces invasion,

intravasation, or metastasis in Colo206f-cells [51, 52]. In

addition, Asangani et al. [52] studied the inhibition of Pdcd4

by miRNA-21 and found that over-expression of miRNA-21

causes tumor cells to invade, intravasate, and metastasize

more aggressively when implanted into mouse models.

Fig. 2 The biogenesis of

microRNA
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miRNA and breast cancer

Breast cancer is the most common malignancy with the

highest incidence among women in the world. A high level

of miRNA-21 expression in breast cancer represents a

feature signifying aggressive disease related to high tumor

grade and negative hormone receptor status [53, 54]. Over-

expression of the miRNA-21 is associated with Breast

cancers. Elevated levels of Jagged-1 (JAG1), a predicted

miR-21 target, are implicated in estrogen receptor–nega-

tive (ER-) breast cancer [55]. Selcuklu et al. [55] dem-

onstrate that miRNA-21 directly targets and represses

JAG1 levels in MCF-7 (ER? breast cancer cells.

For example, the over-expression of Her2, a receptor

tyrosine kinase, enhances breast tumor metastasis by

inducing miR-21 expression via the activation of MAPK

pathway, whereas the expression of PDCD4 was suppressed

by miRNA-21, especially in breast cancer cells over-

expressing Her2, a receptor tyrosine kinase [56]. Study

demonstrated that miRNA-21 also actively affected tumor

invasion and metastasis by targeting tumor suppressor genes

tropomyosin 1 (TPM1), which carry a putative miRNA-21

binding site in their 30UTRs [56]. Another suggested role for

miRNA-21-mediated breast cancer invasion is in modulat-

ing the tissue inhibitor of the metalloproteinase-3 gene,

whose encoding product is a peptidase involved in ECM

degradation [57]. Clinical data from the investigation of 113

breast cancer cases demonstrated that a high level of miRNA-21

expression significantly correlated with lymph node meta-

stasis, advanced clinical stage, and shortened survival of the

patients [58]. A close association of miRNA-21 level with

the incidence of lymph node metastasis was also suggested

by other studies [59]. Plasma miRNA-21, miRNA-106a,

and miRNA-155 are significantly over-expressed in breast

cancer and are closely associated with the clinicopathologic

features of breast cancer. More recently, another group

confirmed high expression levels of serum miRNA-21 and

miRNA-29a in breast cancer patients using SOLiD sequenc-

ing-based miRNA profiling [60].

miRNA-21 and lung cancer

Lung cancer remains the major cause of cancer mortality in

the world leading cause of cancer mortality for men and

women [61]. There are two major types of lung cancer small

cell lung cancer (SCLC) and non-small cell lung cancer

(NSCLC) [62, 63]. Not surprisingly, over-expression of

miRNA-21 in primary breast cancer samples is associated

with advance clinical [64]. Studies revealed that the tumor

suppressor protein programmed cell death 4 (PDCD4) is a

functionally important target for miRNA-21 in breast cancer

cells [65]. Based on these targeting mechanisms, miRNA-21

is expected to affect tumorigenesis. Inhibition of miRNA-21

in MDA-MB-231 cells was found to decrease invasion

in vitro and decrease lung metastasis of cells injected into the

tail vein of mice [66]. Inhibition of miRNA-21 also

decreased intravasation across the chorioallantoic mem-

brane and reduced lung metastases in chicken embryos [52].

Similarly, in MCF-7 human breast cancer cells, miRNA-21

also elicits antiapoptotic effects [67]. In HeLa cells, how-

ever, miRNA-21 does the opposite; the inhibition of

miRNA-21 increased the number of surviving cells [68].

Moreover, the inhibition of miRNA-21 in A549 human lung

cancer cells fails to alter cell death or growth [68]. In K-ras-

dependent mouse lung cancers, an increase occurs in

miRNA-21 expression; miRNA-21 targets multiple negative

regulators of the Ras/methylethyl ketone/extracellular

receptor kinase pathway to promote proliferation by regu-

lating the expression of Spry1, Spry2, Btg2, and Pdcd4 [69,

70]. Wei et al. [18] also reported that plasma levels of miR-21

were significantly higher in NSCLC patients compared with

their age and sex matched controls.

miRNA-21 and glioblastoma

In the first study exploring expression levels of miRNAs in

glioblastomas, Chan et al. [71] identified miRNA-21

upregulation. The authors also demonstrated that knock-

down of miRNA-21 in cultured glioblastoma cell lines

triggered the caspase activation and associated apoptotic cell

death, suggesting an antiapoptotic function of miRNA-21

[71]. An independent study that used microarray analysis to

compare the expression of 245 miRNAs in glioblastoma

versus normal tissues also identified miRNA-21 levels as

being increased in glioblastoma tumors [72]. However, as

miRNA-21 is not a brain-specific gene and miRNA-21

expression is increased in human breast cancer samples [73,

74]. For example, knockdown of miRNA-21 in cultured

glioblastoma cells resulted in a significant drop in cell

number. This reduction was accompanied by increases in

caspase-3 and -7 enzymatic activities and TUNEL staining

[75]. miRNA-21 targets signaling pathways of p53, TGF-b

and mitochondrial apoptotic pathway [76] (Fig. 3). miRNA-

21 inhibits translation of molecules RECK, TGFBR, DAXX,

PDCD4, p63, JMY, TOPORS, HNRNPK, and TP53BP2.

This way, miRNA-21 regulates apoptosis, cell cycle and

translation in glioblastoma cells.

miRNA-21 and prostate cancer

Prostate cancer (PCa) is considered to be the most diag-

nosed cancer and the second leading cause of cancer death

in men older than 40 years of age [77, 78]. miRNA-21

upregulated in different solid tumors like prostate cancer

was shown to act as oncogene by targeting tumor sup-

pressors like PTEN and PDCD4. miRNA-21 activation
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might enhance general processes of tumor invasion and

metastasis by promoting extracellular remodeling in the

tumor environment [79, 80]. More recently, elevated serum

miRNA-21 has been detected in androgen-dependent

prostate cancer (ADPC) and hormonerefractory prostate

cancer (HRPC) patients, especially in those who are

resistant to docetaxel-based chemotherapy [81]. This

finding suggests that serum miRNA-21 might be a potential

predictor of the efficacy of docetaxel-based chemotherapy

of prostate cancer.

miRNA-21 and hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is a common cancer

worldwide, especially in Japan and other East Asian

countries, and the third most frequent cause of cancer-

related deaths in the world [82]. Some reports also iden-

tified a significant correlation between miRNA-21 levels in

plasma and tumor cells. Consistent with the above reports,

the present study demonstrated that plasma miRNA-21

levels correlated significantly with miRNA-21 expression

levels in tumoral tissues, though the correlation coefficient

was relatively low. At present, the high plasma miRNA

levels in cancer are considered to be due to excessive

secretion by primary cancer cells [83, 84]. In the present

study, the aforementioned modest correlation improved

when data from patients with solitary HCC without vas-

cular invasion were analyzed, which may support the

speculation. Another possible explanation may be the

aforementioned miRNA-21 expression in various normal

tissues. Future studies are needed to shed light on this

discrepancy [85]. HCC is a highly heterogeneous, aggres-

sive and carries a poor prognosis. Upregulation of miR-21

reduces cell death and promotes angiogenesis and invasion

of hepatocellular carcinoma [86, 87]. Further work has

demonstrated that serum miRNA-21 is higher in HCC and

in chronic hepatitis patients, although they are not specific

for HCC detection [88].

miRNA-21 and oral cancer

Oral squamous cell carcinoma (OSCC) is not one of the most

common cancers [89]. miRNA-21 and others seven miRNAs

that known to be involved in tumorigenesis were in the

unregulated group [90]. Laser dissected cells from four

tongue cancers and paired normal tissue were used to

examine expression levels of 156 human mature miRNAs

using qRT-PCR (Tan Man microRNA Assays; Human

Fig. 3 Signaling pathways that

are influenced by miRNA-21 in

glioblastoma cells
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Panel) [91, 92]. Twenty-four miRNAs (including miRNA-

21) were upregulated. A threefold expression difference was

the cutoff level used [91, 92]. In addition to exploring

miRNA deregulation, some studies have attempted to dem-

onstrate an association between miRNA expression in head

and neck including oral cavity cancer and survival. Five

miRNA genes (mioRNA-21, miRNA-1, microRNA-133,

microRNA-205, and let-7d) were selected for quantification

based on existing evidence of their deregulation in head and

neckcancers from previous studies [93]. Findings were

consistent with previous studies: higher expression levels of

miRA-21 in tumors versus controls [93]. More recently

reported indicated that miRNA expression profiling pro-

vided more precise information when oral squamous cell

carcinomas (OSCCs) were subcategorized based on clini-

copathological parameters (tumor primary site, histologic

subtype, tumor stage, and HPV16 status) [94]. Keratinization

of tumors and the high expression of miRNA-21 were the

major factors related to the poor prognosis of patients.

Interestingly, a majority of the keratinized tumors expressed

high levels of miRNA-21[94].

miRNA-21 and ovarian cancer

Ovarian cancer is the second-most common cancer in

women and is the leading cause of death from gynecological

cancer. It is also the fifth leading cause of cancer-related

death in women, causing an estimated almost 5 % of all

deaths [89]. Taylor and Gercel-Taylor [95] detected the ex-

osomal miRNAs in blood which are released from ovarian

tumors. There were total eight miRNAs including miRNA-

21, miRNA-141, miRNA-200a, miRNA-200c, miRNA-

200b, miRNA-203, miRNA-205, and miRNA-214, which

were comparably expressed in ovarian cancer cells and

exosomes, whereas those from EpCAM-positive exosomes

of benign ovarian disease and ovarian cancer patients were

significantly different [96]. Moreover, in another cohort

study of 28 ovarian cancer patients, a significant alteration in

5 upregulated miRNAs (miRNA-21, 92, 93, 126 and 29a)

and 3 downregulated miRNAs (miRNA-155, 127 and 99b) in

serum were identified in the cancer group compared with the

control [97].

miRNA-21 and others cancer

Harris et al. first reported the tumor-associated serum

miRNAs in diffuse large Bcell lymphoma patients and

found that high levels of serum miRNA-21 expression

correlated with the improved relapse-free survival but not

overall survival [98, 99]. In addition, Wang et al. [100]

noticed that the combination of miRNA-21 in plasma could

distinguish pancreatic cancer patients from normal healthy

individuals. Wang et al. found that of 174 miRNAs

(including the miRNA-21) were most abundant in cervical

cancer or cervical intraepithelial neoplasia- derived cell

lines [101, 102]. A more recent study showed that miRNA-

21 is over-expressed in Laryngeal squamous cell carci-

noma (LSCC) and correlated with advanced stage [103].

Inhibition of miRNA-21 by antisense oligonucleotides

(ASO) led to decreased protein level of Ras and profound

suppression of cell proliferation and invasion [103].

Conclusions

Emerging evidence suggests that miRNA-21 exert their

effects at multiple steps in the metastatic cascade by

influencing cancer cell adherence, migration, invasion,

motility, and angiogenesis, which has become an oncomiR.

Inhibition of miRNA-21 by locked nucleic acid (LNA) or

20O-Me-miRNA-21 antagomirs in glioma cell lines led to

an increase in caspase-3 dependent apoptosis, suggesting

that miRNA-21 acts as an oncogene in glioblastoma by

suppressing apoptosis [104]. miRNA-21 can also serve as a

circulating tumor biomarker for the early diagnosis [18].

Chan et al. used quantitative PCR to examine the expres-

sion level of miRNA-21 in 37 patients with gastric cancer

and found miRNA-21 to be an efficient diagnostic marker

[105, 106]. There is no doubt that the abnormal expression

of miRNA-21 provides us a new insight into the molecular

mechanisms underlying tumorigenesis as well as the new

strategy for cancer diagnosis and treatment. Thus, the idea

that targeting of miRNA-21 should be considered as an

adjuvant therapy is getting considerable traction. Basic,

translational, and clinical research done in the next few

years will tell whether this promise is well founded.
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