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Abstract. MicroRNAs (miRNAs) regulate several biological 
processes, including tumorigenesis. In order to comprehend the 
roles of miRNAs in cancer, various screens were performed to 
investigate the changes in the expression levels of miRNAs 
that occur in different types of cancer. The present review 
focuses on the results of five recent screens, whereby a number 
of overlapping miRNAs were identified to be downregulated 
or differentially regulated, whereas no miRNAs were observed 
to be frequently upregulated. Furthermore, the majority of the 
miRNAs that were common to >1 screen were involved in 
signaling networks, including wingless‑related integration site, 
receptor tyrosine kinase and transforming growth factor‑β, 
or in cell cycle checkpoint control. The present review will 
discuss the aforementioned miRNAs implicated in cell cycle 
checkpoint control and signaling networks.
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1. Introduction

MicroRNAs (miRNAs) are small non‑coding RNAs of 
21‑25 nucleotides in length that control gene expression via 
post‑transcriptional regulation  (1). Contrasting with the 
maturation process of normal coding RNAs, the miRNA 
genes are initially transcribed by RNA polymerase II into a 
primary transcript in the nucleus, where the hairpin structure 
is processed into precursor miRNA by a microprocessing 
complex that includes Drosha and DiGeorge syndrome chro-
mosomal (or critical) region 8 (DGCR8) (1). Subsequently, the 
~70 nucleotide‑long precursor miRNA is exported into the 
cytoplasm, where it undergoes secondary processing by Dicer, 
and one strand of the hairpin is then incorporated into a ribo-
nucleoprotein complex known as miRNA‑induced silencing 
complex  (1). Once matured, a single miRNA may target 
miscellaneous messenger RNAs (mRNAs), and an individual 
mRNA may be regulated by various miRNAs (1).

miRNAs have significant roles during stem cell mainte-
nance and differentiation (2). In addition, they have frequently 
been used as markers for certain types of cancer cells, by 
comparing the measured levels of known miRNAs with those 
present in their wild‑type counterparts (2,3). Screens inves-
tigating differential expression of miRNAs in various cancer 
cell populations have been previously performed. The present 
review will focus on the results of five screens conducted in 
the past recent years, which investigated prostate cancer (3), 
neuroblastoma  (4), pancreatic cancer  (5), chronic myeloid 
leukemia (CML) (6) and osteosarcoma cells (7). Specifically, 
Liu et al (3) used three prostate cancer metastatic cell lines, 
namely LAPC9, LAPC4 and Du145 [bone cluster of differenti-
ation (CD)44+/CD44‑ subpopulation sorting based on LAPC9, 
LAPC4 and Du145 cell lines; side population (SP)/non‑SP 
sorting based on LAPC9 cell line; and CD133+/CD133‑ subpop-
ulation sorting based on LAPC4 cell line], and compared the 
expression levels of miscellaneous miRNAs (with vs. without 
markers) in these cells. Following testing for 324 DGCR8 
miRNAs by reverse transcription‑quantitative polymerase 
chain reaction, 137 miRNAs were identified to be expressed in 
the three cell types, of which, 4 were downregulated, confirming 
that miRNAs may be differentially expressed in various 
cancer cell populations (3). Samaraweera et al (4) compared 
the miRNA expression levels of two types of tumorigenic 
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neuroblastic cells, namely stem cells (I‑cells) and neuronal 
cells (N‑cells), with those of non‑tumorigenic non‑neuronal 
cells (S‑cells) by microarray analysis. A total of 313 distinct 
miRNAs were assayed, among which, 17 displayed reduced 
expression levels and 3 displayed increased expression levels 
in neuronal cells, compared with non‑neuronal cells. A total 
of 11 miRNAs were observed to be downregulated in I‑cells, 
compared with N‑cells  (4). Consistently, the differential 
expression profile of miRNAs in distinct cell compartments 
applies also to pancreatic cancer, CML and osteosarcoma, as 
demonstrated by the following studies: Bao et al (5) isolated 
triple positive CD44+/CD133+/epithelial cell adhesion 
molecule+ cells from two pancreatic cancer cell lines termed 
MiaPaCa‑2 and L3.6pl, and identified >400 miRNAs that 
were differentially expressed in these cancer stem cell‑like 
populations by microarray analysis. Using this type of anal-
ysis, Zhu et al (6) studied the differences in expression levels 
of 275 known human miRNAs in bone marrow stromal cells 
derived from patients with CML and normal human subjects, 
and identified 19 downregulated and 6 upregulated miRNAs. 
Furthermore, Feng et al (7) compared the gene expression 
profile of the osteosarcoma stem cell line 3AB‑OS with that 
of its parental cell line MG63 by microarray analysis, and 
identified 189 differentially expressed miRNAs in addition 
to chromosome copy number variations and dysregulated 
genes.

In the present review, those miRNAs that were identified 
to be differentially expressed in ≥2 of the aforementioned 
screens are discussed, and their interaction with signaling 
networks is emphasized. A notable point is that, although 
certain miRNAs were observed to be commonly down-
regulated or differentially regulated in the above screens, no 
miRNA was identified to be commonly upregulated in those 
studies (Table I).

2. Commonly downregulated microRNAs

Let‑7. The let‑7 family of miRNAs was initially identified 
in Caenorhabditis  elegans, where it participates in the 
transition of later larval to adult stage (8). The let‑7 family 
has 13 members in humans, namely let‑7a‑1, a‑2, a‑3, 7b, 7c, 
7d, 7e, 7f‑1, 7f‑2, 7g, 7i, miR‑98 and miR‑202 (9,10). In the 
aforementioned screens, the let‑7 family members involved 
were all identified to be downregulated. Thus, in prostate 
cancer and osteosarcoma, 4 members of the let‑7 family were 
downregulated (let‑7a, b, e  and  f), whereas in pancreatic 
cancer and CML let‑7a and let‑7f were observed to be down-
regulated (3,5‑7). Let‑7 is highly conserved across bilaterians, 
and is involved in developmental switches in C.  elegans 
and mammals (11). It has been reported that let‑7 may be 
involved in neural cell proliferation and differentiation in 
C. elegans, Drosophila and mammals (12‑14). In addition to 
its developmental roles, let‑7 has also been identified to be 
involved in neuronal cell aging by suppressing the expression 
of abnormal cell lineage protein 41 (LIN‑41). In old neurons, 
let‑7 binds to the 3' untranslated region of the LIN‑41 gene 
and inhibits its expression, which results in the downregula-
tion of the axonal regeneration abilities of the aged anterior 
ventral microtubule axon in C. elegans (15). In cancer cells, 
the majority of the let‑7 family members were observed to 

be downregulated (16). It has been reported that let‑7 mani-
fests tumor suppressive effects in prostate cancer cells (17). 
Furthermore, differential mechanisms between let‑7 and 
miR‑34a on the regulation of the cell cycle in prostate cancer 
cells have been previously reported. Thus, miR‑34a primarily 
induced G1 phase cell cycle arrest followed by cell senes-
cence, while let‑7 mainly induced G2/M arrest (17).

miR‑34a and miR‑183. miR‑34a and miR‑183 were identi-
fied to be downregulated in CD44+ prostate cancer and 
osteosarcoma cells (3,7). Enforced expression of miR‑34a 
in bulk or purified CD44+ prostate cancer cells was demon-
strated to inhibit clonogenic expansion, tumor regeneration 
and metastasis  (3). In addition, CD44 has been identified 
as a direct and functional target of miR‑34a, which may 
induce G1 phase cell cycle arrest (17). The miR‑34 family 
members may be induced by tumor protein p53, and may be 
able to directly suppress epithelial‑mesenchymal transition 
(EMT) by inhibiting the expression of Snail, a transcrip-
tion factor required for EMT  (18). In addition, miR‑34 
has been observed to associate the tumor suppressor p53 
to the wingless‑related integration site (Wnt) signaling 
pathway by directly binding to the 3' untranslated region of 
wingless‑type mouse mammary tumor virus integration site 
family, member 1 (WNT1), WNT3, low density lipoprotein 
receptor‑related protein 6 (LRP6), axis inhibition protein 2 
(AXIN2), β‑catenin and lymphoid enhancer‑binding factor 1 
(LEF1)  (19). Therefore, the expression of miR‑34 may be 
capable of inhibiting metastasis (20). The miR‑183 family 
of genes, including miR‑96, ‑182 and ‑183, are expressed 
coordinately in the sensory cells of zebrafish, chicken and 
mouse  (21‑26), where they are required for sensory cell 
differentiation and functioning. Ueno et al  (27) observed 
that miR‑183 was able to suppress the expression of Dick-
kopf‑related protein 3 and mothers against decapentaplegic 
homolog 4 (Smad4) in prostate cancer, resulting in tumor 
growth inhibition. Additionally, it has been demonstrated that 
miR‑183 is able to suppress the metastasis of osteosarcoma 
cells via downregulation of the expression of Ezrin (28).

miR‑15. miR‑15 was identified to be downregulated in 
screens of CD133+ subpopulation and SP of prostate cancer 
and osteosarcoma cells (3,7). The miR‑15 gene is located on 
the chromosome 13q14, and was previously identified to be 
downregulated in chronic lymphocytic leukemia and pitu-
itary adenomas (29,30). miR‑15 downregulates oncogenes, 
including B‑cell lymphoma  2, myeloid cell leukemia  1, 
cyclin D1 and WNT3A (31). The repression of miR‑15 and 
miR‑16 in hypoxia was identified to be caused by hypoxia 
inducible factor‑2α via c‑myc signaling (32).

miR‑130a. miR‑130a was observed to be downregu-
lated in pancreatic cancer and CML (5,6). miR‑130a is a 
c‑myc‑responsive gene, which has been identified to regu-
late CCAAT/enhancer‑binding protein  β, homeobox  A5, 
runt‑related transcription factor 3 and Wnt signaling (33‑35). 
Previous studies have demonstrated that the expression of 
miR‑130a is increased in non‑small cell lung cancer (36), 
whereas in glioblastoma patients, increased levels of 
miR‑130a are associated with long‑term survival (37).
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3. Differentially regulated microRNAs in various types 
of cancer

miR‑21. In CD133+ prostate cancer cells, miR‑21 was 
identified to be upregulated, whereas in neuroblastoma 
it was observed to be downregulated  (3,4). In pancreatic 
cancer, miR‑21‑3p was observed to be upregulated, whereas 
miR‑21‑5p was observed to be downregulated  (5). The 
miR‑21 gene is located on the chromosome 17q23.2, and its 
potential targets include phosphatase and tensin homolog 
(PTEN) and sprouty homolog 1 (SPRY1) (38). The expression 
levels of miR‑21 have been revealed to correlate with cell 
proliferation in hepatocellular cancer (39). It has addition-
ally been reported that miR‑21 is able to downregulate the 
tumor suppressor programmed cell death 4, and therefore 
promote the metastatic activities of colorectal and gastric 
cancer (40,41).

miR‑335. miR‑335 is upregulated in pancreatic cancer, but 
downregulated in tumorigenic neuroblastoma cells  (5,7). 
Lynch et al (42) reported that miR‑335 was able to suppress 
metastasis of neuroblastoma cells by directly repressing the 
downstream effector proteins of the transforming growth 
factor (TGF)‑β pathway, namely Rho‑associated, coiled‑coil 
containing protein kinase 1 (ROCK1) and mitogen‑activated 
protein kinase 1 (MAPK1), which consequently reduced the 
phosphorylation levels of myosin light chain and inhibited 
the invasiveness of neuroblastoma cells. In addition to its 
regulatory function in signaling pathways, miR‑335 has 
roles in at least two pathways involved in cell cycle control, 
namely ataxia telangiectasia mutated (ATM)‑dependent 
DNA damage control (43) and octamer‑binding transcription 
factor 4‑retinoblastoma protein (Oct4‑pRB)‑dependent stem 
cell renewal/cell cycle control  (44). In the ATM pathway, 
irradiation‑activated ATM downregulates miR‑335 via cyclic 
adenosine monophosphate response element binding protein, 
which subsequently activates C  terminal binding protein 
interaction protein, which in turn recruits breast cancer 1, 

early onset to double strand breaks (43). During stem cell 
renewal, miR‑335 is able to regulate the cell cycle by control-
ling the activities of the Oct4‑pRb signaling pathway. When 
differentiation begins, miR‑335 is upregulated, and thus 
downregulates the expression of Oct4, which impairs the 
rapid division cycle of stem cell renewal (44). Previous studies 
have demonstrated that the expression levels of miR‑335 are 
cancer type‑specific. Thus, downregulation of miR‑335 is 
observed in certain types of metastatic breast cancer (45), 
whereas upregulation is observed in the breast cancer cell 
line MCF7 (43). Regarding its role in ATM‑dependent DNA 
damage control, Martin et al (43) suggested that differential 
expression levels of miR‑335 may explain the variations in 
terms of resistance to chemotherapy or radiotherapy observed 
among different patients.

miR‑133a. miR‑133a was identified to be downregulated in 
CD133+ prostate cancer cells but upregulated in osteosar-
coma cells (3,7). The location and expression of miR‑133a, 
as well as its target genes, have been previously reviewed 
elsewhere (46), and therefore will not be discussed in the 
present review. A notable point is that in the majority of the 
cancer stem cells listed in the present review, miR‑133a was 
observed to be downregulated (46). Numerous overexpression 
studies have previously demonstrated that miR‑133a is able 
to effectively suppress tumor growth (17,46). Accordingly, 
the observation that miR‑133a was upregulated in osteosar-
coma was unexpected (7). miR‑133a was also observed to 
be expressed in cultured embryonic rat cardiomyocytes (7). 
Furthermore, a recent study demonstrated that miR‑133a was 
able to promote cardiac reprogramming via suppression of 
the Snail1 gene (47). Based on the differences between osteo-
sarcoma and prostate or other types of cancer such as lung 
cancer, it is possible to conclude that, since osteosarcoma 
is a mesodermal tissue‑derived tumor, this may explain the 
upregulation of miR‑133a observed in 3AB‑OS osteosarcoma 
cells (7,17). Nevertheless, additional studies are required to 
validate this hypothesis.

Table I. Summary of miRs reviewed in the present study.

miR	 Cancer screen where miR was identified	 Signaling pathway involved	 Expression levels
 
let‑7	 Prostate cancer/osteosarcoma	 Development and LIN‑41	 Downregulated
miR‑34a	 Prostate cancer/osteosarcoma	 Snail, p53 and Wnt	 Downregulated
miR‑183	 Prostate cancer/osteosarcoma	 DKK3 and Smad4	 Downregulated
miR‑15	 Prostate cancer/osteosarcoma	 BCL2, MCL1, CCND1 and WNT3A	 Downregulated
miR‑130a	 Pancreatic cancer/chronic myeloid leukemia	 C/EBP, HOXA5, RUNX3 and Wnt	 Downregulated
miR‑21	 Pancreatic cancer cells/neuroblastoma	 PTEN and SPRY1	 Differentially regulated
miR‑335	 Pancreatic cancer cells/neuroblastoma	 TGF, RTK, ATM and Oct4‑pRB	 Differentially regulated
miR‑133a	 Prostate cancer/osteosarcoma	 Snail and others	 Differentially regulated

miR, microRNA; LIN‑41, abnormal cell lineage protein  41; p53, tumor protein P53; Wnt, wingless‑related integration site; DKK3, 
Dickkopf‑related protein 3; Smad4, mothers against decapentaplegic homolog 4; BCL2, B‑cell lymphoma 2; MCL1, myeloid cell leukemia 1; 
CCND1, cyclin D1; WNT3A, wingless‑type mouse mammary tumor virus integration site family, member 3A; C/EBP, CCAAT/enhancer‑binding 
protein β; HOXA5, homeobox A5; RUNX3, runt‑related transcription factor 3; PTEN, phosphatase and tensin homolog; SPRY1, sprouty homolog 1; 
TGF, transforming growth factor; RTK, receptor tyrosine kinase; ATM, ataxia telangiectasia mutated; Oct4, octamer‑binding transcription factor 4; 
pRB, retinoblastoma protein.
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4. Signalling cascades with microRNA interaction

Prior to miRNAs becoming a relevant topic in cancer 
research, signaling networks were considered the key 
regulators of tumor development, and this vision currently 
remains (1). The miRNAs listed in the preceding sections of 
the present review have been previously associated with Wnt, 
receptor tyrosine kinase (RTK) and TGF‑β/bone morphoge-
netic protein (BMP) signaling pathways, which involve genes 
encoding cell cycle checkpoint proteins and transcriptional 
regulatory proteins (1,20,48).

Wnt. Wnt signaling is dysregulated in various types of cancer, 
as discussed elsewhere (48). The crosstalk between miR‑30 
family members and the canonical Wnt signaling pathway 
has been discussed in detail previously (49). Previous studies 
have implicated miR‑34a, miR‑15 and miR‑130 in the regu-
lation of Wnt signaling, and these miRNAs, in addition to 
miR‑183, were observed to be downregulated in prostate 
cancer and osteosarcoma cells  (3,5,7). Wnt signaling is 
relevant in terms of one of its key downstream components, 
namely β‑catenin. This protein is a signaling molecule and a 
component of focal adhesions, which forms a complex with 
E‑cadherin and α‑catenin (50). Therefore, miR‑183 may be 
involved in the regulatory network of intercellular junctions 
(Fig. 1), since miR‑183 downregulates the expression of Ezrin 
(a key component of the gap junction of adjacent epithelial 
cells), thus potentially inhibiting the invasion and metastasis 
of osteosarcoma cells (28).

TGF‑β/BMP. BMP signaling is a type of TGF‑β signaling that 
is considered to be the 'master regulator' of EMT and cancer 
metastasis (51). Accordingly, it is not surprising that miRNA‑335, 
which functions to repress ROCK1 (the downstream target 
of TGF‑β), is downregulated in tumorigenic neuroblastoma 
cells (42). In addition, miR‑335 represses MAPK1, which is a 
common downstream factor in RTK signaling, while miR‑183 
represses the expression of Smad4, thus inhibiting BMP 
signaling (52). Therefore, miRNAs appear to directly regulate 
the expression of key signaling molecules and provide an addi-
tional regulatory layer for the signaling network.

RTK. SPRY1 and PTEN (targeted by miR‑21), as well as 
MAPK1 (targeted by miR‑335), are downstream factors of 
RTK signaling, which includes signal transduction induced by 
epidermal growth factor, fibroblast growth factor, vascular endo-
thelial growth factor and insulin‑like growth factor signals (53). 
All these signaling pathways have been implicated in cancer 
initiation and development (53,54). miR‑21 regulates RAS1, a 
key signaling molecule that is a common downstream target 
of RTK signals, which is located downstream of SPRY1 and 
PTEN and upstream of MAPK1, and participates in the growth 
of diverse types of cancer (39-41).

Cell cycle checkpoints. It has been previously reported that 
miR‑34 may be induced by p53 and subsequently cause G1 
phase cell cycle arrest (3,17), while miR‑335 may be down-
regulated by activated ATM (43). Therefore, it appears that the 
genes involved in cell cycle checkpoint control are primarily 

Figure 1. Wnt signaling interacts with intercellular junction components. β‑catenin is involved in Wnt signaling and focal adhesions. β‑catenin is a key down-
stream target of the Wnt signaling pathway and is also an important part of intercellular junctions. The loss of cell‑cell contact in the epithelium leads to the 
formation of cancer cells, which is the initial stage of the metastatic process. Miscellaneous miRs from previous screens discussed in the present review were 
identified to be involved in this complicated network. Wnt, wingless‑related integration site; miR, microRNA; β‑cat, β‑catenin; α‑cat, α‑catenin; Frz, frizzy.
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upstream of miRNA expression. The loss of checkpoint control 
is required for cancer initiation and development (43,44). Thus, 
there is a clear direct connection between miRNAs and cancer 
formation, which will not be discussed further in the present 
review. As previously indicated, miR‑34 may be capable of 
binding to the 3' untranslated region of WNT1, WNT3, LRP6, 
AXIN2, β‑catenin and LEF1, thus suppressing the Wnt signaling 
pathway (19). These scenarios suggest that miRNAs possess a 
bridging role, connecting Wnt signaling with cell cycle control. 
Future studies may confirm additional miRNAs to act by 
bridging the gap between signal transduction processes and cell 
cycle control.

5. Conclusion

The majority of miRNAs observed to be downregulated during 
tumor progression are considered to be tumor suppressive, 
and may be under the control of tumor suppressors such as 
p53. miRNAs regulate signal transduction by modulating the 
expression levels of key regulatory proteins, which may be 
involved in identical or differing signaling pathways to those 
of their corresponding miRNA. In addition, miRNAs may be 
modulated by cell cycle checkpoint proteins, thus connecting 
signaling networks with cell cycle control. Compared with 
previous studies on protein‑encoding genes, the current research 
on miRNAs is at its initial stages, and it is predicted that the 
functions exhibited by different miRNAs may be as complex 
as those displayed by protein‑encoding genes. In conclusion, 
the functional regulatory mechanisms of a biological entity 
are composed of protein‑encoding and non‑encoding genes, 
including miRNAs, which together fine‑tune the processes that 
form a living organism.
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