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Introduction

The miRNA are small molecules of double stranded non-
coding RNA of about 23 nucleotides and are present in 
animals, plants and viruses (1). Its main function is to 

regulate the gene expression of cellular receptors by the 

degradation of mRNA target molecules or by preventing 

their translation due to binding in the untranslated region 

(UTR) sequence (2). Encoded by genomic DNA, the 
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miRNAs have their genes generally transcribed by RNA 
polymerase II in the cell nucleus (3).

Those molecules can be found intracellular or 
extracellular, including in various biological fluids such as 
blood, tears, urine, saliva, peritoneal fluid, cerebrospinal 
fluid or amniotic fluid and their expression is related to 
specific compartments (4-6). Specific miRNAs are released 
by their respective cells under certain stress conditions, 
either by active secretion or by cellular apoptosis (7). 

The miRNAs are biomarkers of high specificity, selectivity 
and stability, and can be used in several areas, including clinical 
diagnostic analysis or forensic medicine (8). Extracellular 
miRNAs can also be found in exosomes, microvesicles 
and high-density lipoproteins, in which they have greater 
stability due to their formation of complexes with proteins 
that protect them from denaturation (9). Therefore, 
miRNAs play important regulatory roles in different 
imbalances and physiological processes (10). 

Different miRNAs are expressed by cells of the immune 
system, possessing the ability to regulate innate and adaptive 
immune responses (3). In this context, miRNAs have 
become important biomarkers of signaling mechanisms 
that assist in the diagnosis and clinical management of some 
pathologies such as cardiovascular, metabolic, neurological 
diseases, neurological, infections, sepsis and different types 
of cancer (5,11,12).

Although miRNAs possess various known functions, 
data that prove their efficacy as biomarkers or therapeutic 
mechanisms are still conflicting since these molecules 
have a great variety in different populations studied (13). 
Therefore, we summarize the current findings of some 
miRNAs, such as miR-199b-5p, miR-193a-5p, miR-125b-5p, 
miR-125b-5p, miR-30a-5p, miR-27b-3p, which are involved 
in the regulation of proliferative and cell cycle pathways, 
as well as can used as biomarkers and cancer-anti therapy. 
Furthermore, we discuss the potential of these miRNAs in 
relation as proliferative and cell cycle regulators. 

Cell cycle

Cell proliferation is a natural process that occurs in cells 
where a parent cell divides into two daughter cells (14). In 
eukaryotic cells, there are two distinct types of cell division: 
(I) meiosis, phase in which the parent cell divides producing 
two daughter cells with half of the genetic code of the 
mother cell, originating the gametes; and (II) in mitosis, the 
mother cells divide to give rise to two identical daughter 

cells (14). Whereas, the cell division cycle is divided into 
three phases: interphase, mitotic phase and cytokinesis 
(14,15). The interphase is the longest phase of the cell cycle, 
on average the cell spends about 90% of the time at this 
stage, obtaining nutrients, growing and doubling its DNA 
molecules, and thus preparing itself for the cellular division 
(14,15). The mitotic phase (M phase) is the nuclear division 
of the cells. At this stage, it begins with the condensation of 
the chromosomes, followed by their replication and division 
(14,15). In the last phase, cytokinesis, there is a rupture of 
the plasma membrane and completing the division process, 
giving rise to two daughter cells (14,15).

In addition, the interphase is divided into three sub-
phases: G1, S and G2. In G1 phase, the cell has a high 
metabolic rate, producing a greater number of RNA and 
proteins, characterized by cellular growth (14,15). In S 
phase, the cell begins the process of multiplication of the 
genetic code resulting in the duplication of the chromatids. 
The G2 phase occurs after chromosome replication, with 
the polarization of the centrioles and the beginning of the 
mitotic spindle formation (14,15).

Upon completion of the G2 phase, begins the first phase 
of mitosis, prophase, in which the chromosomes begin 
to condense and initiates the synthesis of microtubules. 
(14,16). Then, prometaphase is initiated, where the nuclear 
membrane is degraded, and the microtubules reach the 
condensed chromosomes (14,16). In the metaphase, the 
chromosomes are aligned in the center of the cell, giving 
rise to the mitotic plate (14,16). The next phase, anaphase, 
the chromosome centromeres duplicate giving rise to two 
independent chromosomes that will migrate to opposite 
poles of the cell (14,16). In the last phase of mitosis, the 
telophase, the chromosomes are decondensed and a new 
nuclear membrane begins to be formed, and cell division is 
completed with the onset of cytokinesis and consequently 
formation of the daughter cells (14,16).

That process requires regulatory mechanisms, known as 
checkpoints that are related to its effectiveness. The division 
process is important for the normal physiology of tissues, 
since it can recover tissues and cells that have suffered 
damage or loss of function. Failures in these mechanisms 
are related to a series of pathological processes, such as 
cancer (17,18). To ensure the correct cellular replication, 
cell cycle have three major check points the G1 checkpoint, 
responsible for identifying DNA and cellular integrity; the 
G2/M checkpoint, identify DNA errors after replication; and 
the metaphase checkpoint, responsible to identify correct 
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alignment of the chromosomes with the mitotic plate. 

Cyclins and cyclin-dependent kinases (CDKs)

Cyclins (cyc) are proteins that control the progression of 
the cell cycle, their action is conditioned to the formation 
of a complex with CDKs (19,20). Cyclins can be divided 
into four classes, G1 cyclins, G1/S cyclins, S cyclins, and M 
cyclins. Each class of cyclin has the function of regulating 
different phases of the cell cycle, which gives rise to their 
names (19,20).

The major regulators of G1 phase are the CDK4/cycD 
and CDK2/cycE complexes that regulate DNA synthesis 
and G1 phase progression (21). These complexes can 
phosphorylate ribosomes by activating the expression of 
E2-factor (E2F) responsive genes, which encode proteins 
required for the G1/S phase transition, such as cycE, 
cycA, CDK, thymidine kinase (TK) and origin recognition 
complex subunit 1 (Orc1) (19). During G2 phase, the 
CDK2/cycA and CDK1/cycB complexes can phosphorylate 
the FoxM1 transcription factor, activating the necessary 
gene transcription to progress mitosis (19,22).

Growth factors (GF) and other mechanism of 
regulation

GF are usually proteins or steroid hormones that act as 
signaling molecules. Different GF can act on different cell 
types, through specific receptors in these cells, the growth 

factor receptors, such as vascular endothelial growth factor 
receptor (VEGFR), fibroblast growth factor receptor 
(FGFR), which can be found in vascular endothelial cells 
and fibroblasts, respectively (23,24). Those molecules are 
essential stimuli for the beginning of the process of cell 
division and differentiation.

These signals can act in the initial phase of G1 (23). 
The activation of growth factor receptors can trigger the 
activation of Ras, a G protein responsible for activating 
intracellular signaling pathways, which activate the mitogen-
activated protein kinase (MAPK) signaling pathway (25). 
Another mechanism of signaling is through Wnt signaling 
pathway, which act through β-catenin promoting the 
activation of the myc transcription factor, responsible for 
increased transcription of cycD (26,27).

The tumor suppression factor, p53, is a transcription factor 
that activates the transcription of WAF1, an important G1/S 
phase-stop related protein, capable of forming complexes with 
CDK1, 2 and 4 inhibiting their activity (28). Other G1/S phase 
regulator is the retinoblastoma protein (pRb), this protein 
binds to the promoter domain of the E2F gene inhibiting the 
transcription of important proteins related to the progression 
of G1/S phase, such as cycA and cycE (29,30).

miRNAs in cellar proliferation 

Several studies demonstrated the role of miRNAs as 
regulators of proliferation and cell cycle (31-34). However, 
the role of miRNA in these processes still needs to be better 
elucidated, since it may have opposite effects depending on 
its location. Here, we show the key role of some miRNAs 
(miR-199b-5p, miR-193a-5p, miR-125b-5p, miR-125b-5p, 
miR-30a-5p, miR-27b-3p) affecting different stages of cell 
cycle progression (Figure 1).

MiR-199b-5p role on cellular proliferation

The miR-199b-5p belonging to the miR-199b family 
member is located on chromosome 9 and is encoded in 
the reverse strand of the 2.2 kb intronic region between 
exons 14 and 15 of the dynamin 1 (DNM1) gene (31,32). 
This miRNA can act on both cancerous tissues and healthy 
tissues. In this regard, the miR-199b-5p may interfere with 
proliferation by regulation of specific de genes, such as 
human epidermal growth factor receptor-2 (HER2), laminin 
subunit gamma 1 (LAMC1), mixed lineage kinase-3 (MLK3), 
which are involved in the regulation of signaling pathways. 
Several studies also show that miR-199b-5p expression may 

Figure 1 Cell cycle phases and location of miRNA in these phases 
of the cell cycle.
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be up or down regulated the proliferation process as shown 
below (35-37). The main mechanisms of miR-199b-5p on 
cellular cycle and proliferation are summarized on Figure 2.

Downregulated
Some studies reported that patients who have poor prognosis 
in breast cancer express low levels of miR-199b-5p. MiR-
199b-5p is responsible for inhibiting the expression of 
HER2, a transmembrane glycoprotein, which is associated 
with a phenotype more aggressive tumor (36,38). The 
receptor activation forms homodimers or heterodimers that 
autophosphorylate tyrosine residues followed by intracellular 
signaling pathways such as phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K), mitogen-activated MAPK and 
protein kinase C (PKC). Signaling such pathways results in 
the induction of proliferation, as well as cancer cell survival, 
motility and adhesion (39,40). 

The downregulation of miR-199b-5p was also observed 

in cell lines Ewing’s sarcoma (ES) when compared to 
human mesenchymal stem cells (MSCs). Additional 
experiments suggest that expression of this miRNA acts as 
a suppressor of proliferation and arrest in the G1 to S cell 
cycle in sarcoma lines by inhibition of expression of cyclin 
L1 gene (CCNL1) (41). CCNL1 is a gene induced by GF, 
such as epidermal growth factor, which regulates cell cycle 
progression. This gene is involved in the processing of pre-
mRNA for cell cycle transition G0 to G1 (42,43). 

Yoo et al. identified that during cellular senescence the 
miR-199b-5p was notably downregulated. Cell senescence 
is a natural process of loss of the proliferative capacity 
of the cells through an irreversible stop of the cell cycle 
that occurs in the G0 phase. The results obtained by Yoo 
et al. further reveal that miR-199b-5p can suppress the 
translation activity of LAMC1, one of the subunit of the 
extra cellular matrix glycoprotein that indirectly regulates 
cellular senescence (35). This glycoprotein plays a role in 

Figure 2 Regulation Mechanisms of cellular proliferation by miR-199b-5p. A, activation of HER2 signaling pathways is associated with 
the growth of breast cancer cells. MiR-199b-5p induces HER2 expression and contributes to tumor proliferation; B, the CCNL1 gene that 
can regulate G–G1 cell cycle progression. MiR-199b-5p induces its expression and promotes a proliferation in Ewing's sarcoma cell lines; 
C, miR-199b-5p reduces LAMC1 expression, thereby reducing laminin, an extracellular key of cell adhesion, migration, differentiation and 
proliferation in senescence cells; D, miR-199b-5p can suppress the expression HSF1, a protein associated with microvascular proliferation 
in myocardial microvascular endothelial cells by inducing VEGF and consequently activate via MAPK via PI3K and PKC; E, MLK3 
is a protein that induces apoptosis through interaction with Tribbles-3 is able to reduce cell survival in pancreatic cells. MiR-199b-5p 
can suppress MLK3 and inhibit apoptosis; F, HES1 is an important component of Notch signaling that plays an important role in cell 
proliferation. MiR-199b-5p mediates the Notch signaling function in osteosarcoma through the expression of HES1. This figure used 
elements from Servier Medical Art (www.servier.com). BC, breast cancer; ES, Ewing’s sarcoma; OS, osteogenic sarcoma. 
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the presentation of the basement membrane component by 
binding to the integrin that regulates signal transduction 
and acts to promote cell  adhesion, migration and 
proliferation (44,45).

Upregulated
After the lipofection to up de miR-199b-5p, Du et al.  
observed that in mouse myocardial microvascular 
endothelial cells (MMVECs), there was a reduction 
in the expression of Heat shock transcription factor 1 
(HSF1)/vascular endothelial growth factor (VEGF) 
blocking microvascular  prol i ferat ion (46) .  HSF1 
acts in the prevention of apoptosis and promotion of 
cardiac angiogenesis thus played a cardioprotective 
role. This protein can inhibit p53, cell cycle blocking 
protein, and increase hypoxia-inducing transcription 
factor-1 (HIF-1), thus promoting VEGF expression. 
VEGF acts on endothelial cells after dimerization and 
autophosphorylation, activating pathways such as PK C and 
PK D, PI3K and MAPK (47).

Sato-Kunisada et al. demonstrated that the up-regulation 
of miR-199b-5p in 60% partial pancreatectomy tissue was 
able to increase the proliferation of pancreatic β-Cells by 
upregulation of mixed lineage kinase-3 (MLK3) (37). This 
serine/threonine protein kinase acts as MAP3K to regulate 
K-RAS effector pathways by activating c-Jun amino-
terminal kinase (JNK), extracellular signal regulated kinase 
(ERK) and p38 pathways. Studies performed on cancer cell 
lines demonstrate that MLK3 promotes cell proliferation 
(48,49). However, such a protein also implies cytokine 
signaling as well as cell death. In a study carried out by 
Pan et al. report that MLK3-JNK3 signaling is involved in 
neuronal apoptosis after ischemia/reperfusion injury (50).  
In addition, MLK3 has been reported to interact with 
Tribbles-3, a mammalian homolog of Drosophila Tribbles, 
whose function is to inhibit AKT activity by interacting 
with Akt pseudo-kinase inhibitor thereby suppressing cell 
survival in pancreatic cells (51).

Increased expression of miR-199b-5p was observed in 
osteosarcoma tissues of patients with poor prognosis (52). 
Won et al. also showed that this miRNA might influence 
the Notch signaling pathway on osteosarcoma cells, which 
performs cellular functions such as differentiation, survival 
and proliferation. Inhibition of this miRNA increased the 
expression of HES1, which is a transcription factor of the 
notch pathway, promoting a metastatic phenotype and 
promote cell growth (53,54)

MiR-193a-5p in cell proliferation

The miR-193a-5p belong to the miR-193a family and is 
located on human chromosome 17q11.2 (chr17:31,558,803-
31,560,358). The miR-193a gene is transcribed into a 
precursor (pre-miR-193a) with 88 nucleotides, this pre-
miR generates two mature miRNAs, miR-193a-3p and 
miR-193a-5p, depending on the arm that is processed 
during miRNA biogenesis (55). The miR-193a-5p is highly 
conserved across several species, such as homo sapiens, pan 
troglodytes, pongo pygmaeus and macaca mulatta besides canis 
familiaris and equus caballus, as indicated in the microRNA 
viewer database (56).

The effect of miR-193a-5p is still not well defined; 
according to literature, it has a dual effect depending on the 
regulation; and which gene is targeting. Fisher et al. reported 
that the miR-193a-5p act regulating genes of apoptosis, 
cell adhesion, regulation of epithelial-mesenchymal 
transition (EMT), blood vessel morphogenesis, cell cycle 
and of cytoskeleton rearrangement (57). In addition, others 
studies showed that this miR is downregulated suppressed 
proliferation and promoted apoptosis several tumors 
(57,58). However, Yang et al. demonstrated that mir-193a-
5p is upregulated and promotes proliferation and tumor 
progression (59). The main mechanisms of miR-193b-5p on 
cellular cycle and proliferation are summarized on Figure 3.

Downregulated
D’Argenio et al. investigated the functional consequences of 
miR-193a-5p downregulation in samples of blood of child 
with cow’s milk allergy and they identified that two genes 
were upregulated and are involved with proliferation (60). 
The first is 60S ribosomal protein L35a (RPL35A) gene, 
which encoding a protein called RPL35A, a 110-amino-
acid ribosomal protein, is one structural component of 
the 60S ribosomal subunit and can be found in cytosol 
or extracellular region. This protein is required for the 
proliferation and viability of hematopoietic cells (61,62). 
Another gene involved is tumor protein p73 (TP73) 
gene that encodes p73. This protein along with p53 and 
p63, constitutes the p53 family, and play key roles in 
development, tumorigenesis and the response to DNA 
damage (63,64).

Previously, Ory and Ellisen proposed a miR-mediated 
negative feed-forward loop maintains p63/p73 homeostasis in 
the epithelium. In this study, these authors related in human 
that squamous cell carcinoma (SCC) p63 is a transcriptional 
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repressor of miR-193a-5p and was activated by p73, besides 
TAp73 would be involved in negative feedback regulation 
of miR-193a and p63 inhibits p73 function. They confirm 
this theory with direct regulation of the p73 3'untranslated 
(3'UTR) by a transfected miR-193a mimic (65).

The p73 expression also is modulated by transcription 
E2F, the main target of pRb, plays essential roles in cell 
proliferation in the G1/S cell cycle checkpoint (66). Yin 
Yang 1 (YY1) induces transcriptional activity of p73 in 
synergism with E2F1 (67). Human YY1, consists of 414 
amino acids, is a highly conserved transcription factor 
across species and ubiquitously expressed in human tissues 
(68,69). The YY1 is involved in cell cycle control and 
oncogenesis trough interaction with cycD, p53, c-Myc 
and pRb (67,70). According to Yang et al. in some cancer, 
for example endometrioid endometrial carcinoma (EEC) 

cells, YY1 protein is upregulated through downregulated 
miR-193a-5p expression and subsequently APC-1A gene 
is silenced through recruitment of EZH2 resulting in 
inactivation of APC, β-catenin activation and nuclear 
translocation to induce the expression of downstream target 
genes. The expression of these genes leads to increased cell 
proliferation and migration (67).

The miR-193a-5p can also directly regulated receptors 
such as ErbB2/HER2 by interacting with 3'UTR (71). The 
ErbB2 gene encodes a transmembrane glycoprotein and have 
an important role in cell growth, survival, and differentiation 
in normal cells (72). Patients with cancer that exhibit 
overexpression of ErbB2 is correlated with a poor clinical 
prognosis (33,73). According to Lin et al., the miR-193a-5p 
expression level was downregulated in samples of patients with 
esophageal squamous cell carcinoma (ESCC) while ERBB2/

Figure 3 Regulation mechanisms of cellular proliferation by miR-193a-5p. A, downregulation of miR-193a-5p upregulates RPL35A, 
protein is required for the proliferation; B, the p63 is a transcriptional repressor of miR-193a-5p and is activated by p73, which results 
in apoptosis; C, the YY1 protein is upregulated through downregulated miR-193a-5p expression, after APC-1A gene is silenced through 
recruitment of EZH2 resulting in inactivation of APC, reduction of β-catenin activation leading increase cell proliferation and migration; D, 
the miR-193a-5p can also directly regulated ERBB2/HEU2 promoting increase cell proliferation; E, miR-193a-5p upregulated in prostate 
cancer cells decrease Bach2 expression phosphorylated via PI3K/S6K pathway and retained in the cytoplasm resulting in increase of HO-1 as 
consequence promotes cell proliferation; F, the miR-193a-5p upregulated reduced the expression of WT1 inhibiting migration and invasion 
of tumor cells; G, the miR-193a an also act as a tumor suppressor by inhibited invasion by negatively regulating ERBB4/PIK3R3/mTOR/
S6K2 inhibiting proliferation and invasion and accelerating the apoptosis; H, upregulation of miR-193a-5p can also inhibits SMARCB1/
INI1 resulting in cell cycle progression. This figure used elements from Servier Medical Art (www.servier.com). CMA, cow’s milk allergy; 
SCC, squamous cell carcinoma; EEC, endometrioid endometrial carcinoma; PC, prostate cancer; NSCLC, non-small cell lung cancer;  
CC, childhood chordomas.
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HEU2 was elevated promoting increase cell proliferation (33).
 

Upregulated
In several studies, miR-193a-5p was downregulated in 
many tumors, suggesting that it may be an important 
tumor inhibitor. On the other hand, in some type of 
cancer it is upregulated. Yang et al. showed that miR-193a-
5p was upregulated in prostate cancer (PC) tissues and 
PC3 cell lines and promotes heme oxygenase-1 (HO-1)  
expression (59). HO-1 is a microsomal enzyme, 32 kDa 
protein that is constitutively expressed in the inner 
medullary zone of the kidneys, Kupffer cells, Purkinje cells 
in cerebellum and CD4+/CD25+ regulatory T lymphocytes. 
In addition, HO-1 is associated with response against 
oxidative stress and maintain cellular homeostasis (74).

According to Yang et al., demonstrated in vitro model, 
which after transfection of miR-193a-5p mimic into PC3 
cells Bach2 expression was decreased (59). Under normal 
conditions, Bach2, a transcriptional repressor of the bZip 
TF family, is phosphorylated via PI3K/S6K and retained 
in the cytoplasm leading to repair and survival of the cell. 
However, under oxidative stress, Bach2 is dephosphorylated 
and translocated to the nucleus by disruption of nuclear-
dependent Crm-1 resulting in apoptosis (75,76).

On the other hand, in breast cancer cells, the miR-
193a overexpression inhibits the migration and invasion  
these cells by modulating Wilms’ tumor gene (WT1) 
expression (75). WT1 is a complex gene with 10 exons, 
located at chromosome 11p13, encodes a protein consisting 
of four zinc finger domains and can enhanced proliferation 
through upregulation of cycD1 and pRb (58,77). 

Chen et al. also reported overexpression of miR-193a 
partially reversed tumor growth factor β1 (TGF-β1)- induced 
EMT in non-small cell lung cancers (NSCLC) cells (78). In 
this study, the miR reduced the also expression of WT1 that 
is negatively regulated the E-cadherin. Moreover, the miR-
193a also act as a tumor suppressor by inhibited invasion 
by negatively regulating ERBB4/PIK3R3/mTOR/S6K2 
and play a role in inhibiting proliferation and invasion and 
accelerating the apoptosis of lung cancer cells (79).

Upregulation of miR-193a-5p in childhood chordomas 
(CCs) is involved of TGF-β pathway and downregulation 
of SWI/SNF-related matrix-associated actin-dependent 
regulator of chromatin subfamily B member 1 (SMARCB1/
INI1). SMARCB1 is one of the core subunit proteins in 
the SWItch/Sucrose Non-Fermentable (SWI/SNF) ATP-
dependent chromatin remodeling complex encoded at 
chromosomal position 22q11.2 (80,81). Several studies 

have suggested that SMARCB1/INI1 suppresses tumor 
progression by signaling through the p16INK4a and pRb tumor 
suppressors to negatively to regulate cell cycle progression 
from G0/G1 to the S-phase. In cases of decreased of 
SMARCB1/INI1 leads to increased cycD1 which propagates 
the cell through the G1–S checkpoint (80).

MiR-125b-5p role on cellular proliferation 

The miR-125 family is a human homologue of the first 
discovered microRNA, miR-lin-4, its members are involved 
in several cellular processes, such as cell differentiation, 
apoptosis, cell migration, immune response, pain signaling 
and cellular metabolism (82). Its expression can occur at 
the level of chromosome, gene or transcriptional unit (83). 
This family may act as tumor suppressor by inactivating 
a tumor suppressor gene or a gene related to a protein, 
which functions as a regular function of cell proliferation in 
different organs (84). 

MiR-125b-5p, a member of this family, it has been 
reported as an important marker in the diagnosis of several 
diseases, such as acute myocardial infarction (AMI) (85), 
breast cancer (86), hepatocellular carcinoma (CHC) related 
to hepatitis B virus (HBV) (87), obstructive renal injury (88). 
In addition, it acts as a tumor suppressor in the proliferation 
of cancer cells under different transcription factors and is 
downregulated in tumor tissues (89). The main mechanisms 
of miR-125b-5p on cellular cycle and proliferation are 
summarized on Figure 4.

Downregulated
In vitro and in vivo studies showed that the down-regulation 
of miR-125b-5p in CHC leads to up-regulation of CDK16. 
Moreover, it plays an important role in tumor progression 
by increasing proliferation, facilitating cell cycle progression 
and inhibiting apoptosis via E2F1 (34). CDK16 regulates 
the cell cycle in cancer cells by interacting with p27KIP1 
and catalyzing phosphorylation of the pRb, releasing E2F1, 
responsible for activating genes that participate in DNA 
synthesis (90). Expression of E2F1 transcription factor 
facilitates the up-regulation of cyclins in the cell cycle by 
binding DNA to specific proteins and this complex controls 
cell cycle progression at the G1/S phase transition (90,91). 
Some in vitro studies have shown that inhibition of CDK16 
may be associated with various cancers (92). 

Upregulated
On the other hand, up-regulation of miR-125b-5p inhibited 
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the proliferation of multiple myeloma (MM) cells, according 
to in vivo and in vitro study, by acting as a negative regulator 
of interferon regulatory factor 4 (IRF4) (93). IRF4 is a 
specific factor of lymphocytes and when downregulated, 
it activates the casp-10/cFlip heterodimer leading to cell 
cycle arrest in G1 and cell apoptosis (94,95). In response to 
T cell receptor stimulation, activation of signal transducer 
and activator of transcription 3 (STAT3), a transcription 
factor that induces the expression of IRF4 to promote the 
differentiation of these cells mediated by IL-21 (96,97).

Overexpression of miR-125b-5p is able to inhibit cell 
proliferation and increase senescence of tumor cells by 
reducing high mobility group AT-hook 2 (HMGA2), 
a highly expressed transcription regulatory protein in 
esophageal carcinomas. In addition, this mRNAs also 
decreased the expression of the cell cycle regulatory genes 
CCNA2, CCND1 and CCNE1, cyclin coders that activate 
CDK1 and CDK2 and control the G1/S and G2/M 

transition phases (98). 
In colon and rectum cancer cells, the overexpression of 

miR-125b-5p inhibited proliferation, leading to cell cycle 
blockade of the G2/M phase and inducing apoptosis via 
myeloid cell leukemia 1 (MCL1) and migration and invasion 
via granulocyte colony stimulating factor (G-CSF) (99).  
G-CSF is a hematopoietic glycoprotein that acts on 
G-CSF receptor (G-CSFR) to promote proliferation and 
differentiation of bone marrow cells and its migration to the 
blood through proteins such as JAK, STAT and Erk1 (100).  
This is glycoprotein induced this miRNA to suppress the 
proliferation of colon and rectum cancer cell lines, but 
promoted its migration and invasion, showing its metastatic 
effect in this pathology (99). 

In normal cell lines, the miR-125b-5p was also able to 
inhibit cell proliferation in rat preadipocytes by decreasing 
the expression of cycD2, D3 and CDK4 and lead to cell 
cycle arrest in the G1/S transition phase, functioning as 

Figure 4 Regulation mechanisms of cellular proliferation by miR-125b-5p. A, down-regulated mir-125b-5p stimulates CDK16, which will 
phosphorylate pRb, releasing E2F1, which inhibits p53 and stimulates proliferation; B, miR-125b-5p upregulated inhibits IRF4, which when 
reduced activates the heterodimer casp10/cFlip, leading to cell cycle arrest in G1 and induction of apoptosis; C, miR-125b-5p upregulated 
inhibits HMGA2, there being no stimulation of CCNA2, CCND1, CCNE1, CDK1 and CDK2, leading to cell cycle arrest in G1/S; D, 
miR-125b-5p up-regulated inhibits MCL1, which will not inhibit the production of cytochrome c by mitochondria and the production of 
casp3, inducing cellular apoptosis and inhibiting cell proliferation; E, miR-125b-5p up regulated inhibits G-CSF, which does not activate 
JAK, ERK1 and STAT to stimulate cell proliferation; F, miR-125b-5p up regulated inhibits cyclin D2, D3 and CDK16, inhibiting cell 
proliferation. MiR-125b-5p up regulated inhibits SYVN1, which does not activate E1 and E2 and P53 remains activated, stimulating cellular 
apoptosis. This figure used elements from Servier Medical Art (www.servier.com). CHC, hepatocellular carcinoma; pRb, retinoblastoma 
protein; E2F, E2-factor; MM, multiple myeloma; CCE, esophageal carcinoma cells.
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Figure 5 Regulation mechanisms of cellular proliferation by miR-30a-5p. A, downregulation of miR-30a-5p was able to inhibit the 
proliferation through the downregulation of GRP78 expression, which in association with P58IPK induces signaling PERK and IRE1; B, 
downregulation of miR-30a-5p induces the high expression of IGF-1R that activates intracellular pathways phosphatidylinositol 3 kinase 
(PI3K)/Akt and Ras/MAPK; C, downregulation of miR-30a-5p was related with B3 integrin overexpression that activate a FAK/PI3K/AKT 
signaling cascade; D, upregulation of miR-30a-5p was related to overexpression of SRSF7 that regulates OPN that interacts CD44 receptor, 
and their following the pathway PI3K/AKT/MAPK, inducing NF-κB. This figure used elements from Servier Medical Art (www.servier.
com). RCC, renal cell carcinoma; GC, gastric carcinoma.

a potential therapeutic target in metabolic diseases and 
obesity (101). CycD2, D3, CDK4, among others play 
important roles in the progression of the cell cycle in G1 
phase, as for example the activation of CDKs (102).

In synovial cells, up-regulation of miR-125b-5p favors 
the inhibition of cell proliferation and induction of 
apoptosis via downregulation of synoviolin 1 (SYVN1) 
and activation of p53, but an excess in this mechanism can 
lead to the development of osteoarthritis (103). In human 
synovial fluids, SYVN1 protects cells against stress, such 
as nitric oxide (NO) metabolites are capable of promoting 
apoptosis (103,104).

MiR-30a-5p role on cellular proliferation

The miR-30 family contain five members that are encoded 
by six human genes located on chromosomes 1, 6 and 8. 
Among them is miR-30a-5p, encoded by chromosome 
6, which may exhibit opposite behaviors as tumor 
suppressor or oncogenic, depending on its upregulation or 
downregulation. Thus, it can act as a biomarker for tumor 

growth and metastasis, and may interfere in a beneficial or 
malignant way in some processes of cell proliferation (105). 
The main mechanisms of miR-30a-5p on cellular cycle and 
proliferation are summarized on Figure 5.

Downregulated
Studies showed that the downregulation of miR-30a-5p was 
able to inhibit the growth of renal cell carcinoma (RCC) 
through the downregulation of GRP78 expression, playing 
a suppressive role of the disease (106). According to Zhu 
and Lee, levels of GRP78 are directly related to the rate 
of cell proliferation and GRP78, which is a chaperone 
regulating endoplasmic reticulum (ER) homeostasis. These 
components are important in synthesis of secretory proteins 
of membranes and lipids, avoiding the accumulation of 
unfolded proteins, if it is overexpressed contributes for 
stress promoting cell proliferation (106,107). Under stress 
conditions, ER induces transcription of GRP78, which 
enhances protein folding in association with P58IPK and 
induces unfolded protein response (UPR) signaling in 
association with PERK and IRE1, thus contributing to cell 
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survival and proliferation (106,108).
Downregulation of miR-30a-5p was also demonstrated 

in cases of gastric carcinoma (GC) related to the high 
expression of insulin-like growth factor receptor 1 (IGF-
1R) (109). IGF-1R belongs to a family of tyrosine kinase 
receptors and is a facilitator of mitogenic synthesis. In 
addition, it may lead to the recruitment of substrates 
necessary for the activation of some intracellular pathways 
that regulate cell growth, such as PI3K/Akt and Ras/
MAPK pathways mediated by FOXO and BAD, stimulating 
proliferation and inhibiting apoptosis (110,111).

By a downregulation of miR-30a-5p, the proliferation 
of malignant cells in mammary and rectal cervix tissue 
may be related to overexpression of lactate dehydrogenase 
(LDHA), ubiquitin protein ligase E3C (UBE3C) and β3 
integrin (ITGβ3) (112-115). During estrogen-dependent 
mitotic cell, UBE3C interacts with estrogen receptors, 
the higher the expression of this protein, the greater can 
lead the interaction, with increased mitosis the cell will 
proliferate more (116). LDHA is an enzyme that catalysis 
the interconversion of pyruvate and NADH to lactate 
and NAD+ and plays a key role in regulating glycolysis, 
its overexpression generates more energy to the cell, 
increasing the frequency of cell metabolism as well as 
proliferation (117). ITGβ3 are membrane receptors 
responsible for several activities such as adhesion, migration 
and proliferation, activating a FAK/PI3K/AKT signaling 
cascade, which once overexpressed their functions also be 
increased (118).

Belonging to the serine family, fibroblast activation 
protein (FAP) is overexpressed due to downregulation of 
miR-30a-5p (119,120). Its expression is elevated in tissues 
under stress, which is able to increase the proliferation of 
tumor cells by capturing substrates into the cell through its 
exopeptidase activity by hydrolyzing N-terminal peptide 
bonds and endopeptidase by capturing glycine (121). 
Proliferation of cancer cells at high expression of profilin 2 
(PFN-2) and beclin-1 are also related to (122). PFN-2 acts in 
the regulation of cellular iron, responsible for maintaining 
its homeostasis (118). In turn beclin-1 is related to the 
proliferation of drug-resistant cancer cells due to autophagy 
that this protein is able to trigger (122,123).

In another study, N-acetylgalactosaminyltransferase 
7 (GALNT7) was related to the downregulation of miR-
30a-5p, which proved to be a suppressor of RCC growth 
by modulating the expression of these genes. This fact 
suggests that negative regulation of this gene by miR-30a-
5p could abolish alterations in malignant behavior (124). 

GALNT7 encodes and metabolizes cell surface, serum and 
extracellular matrix O-glycosides and when unregulated it 
distributes to the Golgi complex, reaching the ER, leading 
to uncontrolled cell proliferation (115,124).

Upregulated
According to Boguslawska et al. upregulation of miR-30a-
5p was related to overexpression of SRSF7. The expression 
of this splicing factor regulates osteopontin (OPN), secreted 
in the extracellular matrix, being a positive indicator for 
some types of cancer, such as gastric, hepatic and renal, 
found in high plasma levels in these patients. In this regard, 
the suppression of SRSF7 is followed by a decrease in the 
proliferation of these cancer cells due to a change in OPN 
expression found in the extracellular matrix (125,126). 
OPN is a phosphorylated glycoprotein produced by 
different cell types, which interacts with the integrin CD44, 
and its variants and receptors, leading to the activation 
of cell survival pathways, angiogenesis, extracellular 
matrix degradation and also proliferation (126,127). In 
proliferation, when it binds to its receptors, OPN, follows 
the pathway PI3K/AKT/MAPK, inducing NF-κB that leads 
to cell proliferation (127).

MiR-27b-3p role on cellular proliferation

MiR-27b-3p is an intragenic miRNA located on chromosome 
9q22.1 in the C9orf3 gene belonging to the miR-27b family. 
The regulation of miR-27b can occur mainly by genomic 
loss, epigenetic changes, transcriptional regulation, multiple 
molecules and signaling pathways (128). 

Transcription factors and miRNA regulatory proteins 
play a critical role in the modulation of miR-27b-3p cell 
levels, both its downregulating and upregulating. These 
effects can lead the inhibition or activation of cellular 
functions, such as inhibition proliferation of tumor cells 
(e.g., breast cancer), and regulation of the cell cycle 
generally in the G1/G0 phase (129). The main mechanisms 
of miR-27b-3p on cellular cycle and proliferation are 
summarized on Figure 6.

Downregulated
It is proven that miR-27b-3p downregulation is associated 
with exogenous oncogenes, such as the E6 gene from 
human papillomavirus (HPV) infection (129). Honegger 
et al. reported negative regulation of miR-27b-3p related 
to the inhibition of the E6 oncogene through transfection 
methods with synthetic siRNAs and cell cycle analyzes by 
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assays with HPV18 positive tumor cells. This study defined 
the correlation of positive regulation of miR-27b-3p levels 
by p53, showing the ability of the protein encoded by the 
E6 gene to degrade the p53 cell cycle regulatory protein. 
The induction of degradation of p53 by the E6 oncoprotein 
results in a disturbed function of this important cell cycle 
protein after HPV infection (129,130).

The miR-27b-3p is well described as regulator in 
different types of cancer and in the case of gastric cancer. 
In this regard, Tao et al. found downregulation of this 
miR by overexpression in tumor cells of a transmembrane 
protein belonging to the receptor tyrosine kinase family, 
which is the orphan receptor 1 (ROR1) (131,132). In 
addition, the positive regulation of ROR1 is associated 
with phosphorylation and activation of c-Src (131). The 
ROR1-miR-27b-3p negative regulatory relationship 

promotes cancer progression, and the c-Src/STAT3 
signaling pathway is involved in the regulation of cell  
proliferation (131). This fact suggests that the miR-27b-
3p suppresses the proliferation, migration and invasion of 
gastric cancer cells and inhibits the growth and metastasis 
of gastric cancer (133).

Unlike a tumor context, miR-27b-3p is able to inhibit 
proliferation of non-tumor cells, for example in myoblasts. 
In addition, Li et al. showed that the retinoic acid (RA), 
required in organogenesis and myogeny, play a critical role 
in the regulation of miR-27b-3p (134). The alteration in 
the expression of RA-induced miR-27b-3p is involved with 
the regulation of α-dystrobrevin (DTNA). The DTNA is 
a cytoskeletal component that compose its structure and is 
important in signaling muscle cells, thereby participating in 
proliferation, gene regulation, and other processes, as well 

Figure 6 Regulation mechanisms of cellular proliferation by miR-27b-3p. A, retinoic acid downregulated mir-27b-3p inhibits DTNA, 
interfering in cell proliferation and differentiation; B, downregulated mir-27b-3p stimulates the ROR1 receptor, which activates c-Src, 
STAT3, C-Myc and cyclin D1 promoting cell cycle transition and cell proliferation; C, downregulated mir-27b-3p increases the levels of the 
E6 oncoprotein, which promotes the degradation of p53, leading to deregulation of cell proliferation control; D, upregulated miR-27b-3p 
inhibits GRB2, which does not bind to the EGF/EGFR complex and does not activate Ras, which in turn does not activate PI3K, Raf and 
Erk, interfering with cell proliferation; E, upregulated miR-27b-3p inhibits CBLB, which does not activate PI3K, inhibiting the conversion 
of PIP2 to PIP3 and the Akt signaling pathway, resulting in inhibition of cell proliferation; F, upregulated miR-27b-3p stimulates the PPAR 
transcription factor, which activates and forms a PPAR/RXR/coactivators complex, promoting cell growth; G, upregulated mir-27b-3p 
stimulates the PTEN protein, which inhibits the conversion of PIP2 into PIP3, and inhibits proliferation through the Akt signaling pathway. 
This figure used elements from Servier Medical Art (www.servier.com). CC, cervical cancer; GC, gastric carcinoma; TNBC, triple-negative 
breast cancer; BC, breast cancer.
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as DTNA 3'UTR is a direct target of miR-27b-3p (134).

Upregulated
Although not all regulatory mechanisms of miR-27b-3p are 
clearly elucidated to date, it is known that the upregulation 
of this microRNA is associated with an antiproliferative 
action (135). Liu et al. reported the ability of miR-27b-3p 
to reduce tumor growth in vitro, as well as the reduction 
of metastasis through its inhibition in triple-negative 
breast cancer (TNBC). This study also showed that 
miR-27b-3p is correlated with peroxisome proliferator-
activated receptor (PPAR) transcription factor, which after 
activation, undergoes heterodimerization with retinoid 
X receptor (RXR), and phosphatase and tensin homolog 
(PTEN) signaling. Then, these complex regulates PI3K 
signaling by dephosphorylation of 3,4,5-triphosphate 
(PIP3), the main activator of the Akt cell survival kinase, 
negatively affecting the AKT/PI3K pathway, one of the 
most important pathways for cell growth, proliferation and 
survival (136-139). 

The role of miR-27b-3p regulation in the synthesis of 
ovarian hormones, induction of granulosa cell proliferation 
and insulin resistance has also been defined through 
transcription factors not fully elucidated (140). Some studies 
have reported that miR-27b-3p may lead to activation of 
the PPAR pathway, such as Song et al. that showed that 
miR-27b might have PPARγ as the direct target, thereby 
having a vital role of this miR in porcine oocyte maturation 
and proliferation (141).

In addition, the functions of miR-27b can vary and 
even antagonistic, especially in proliferation, due this miR 

may have pro or anti-proliferative action, depending on 
the specific type of cancer. Chen et al. found that miR-
27b levels decreased in breast cancer tissues, and their 
upregulation significantly inhibited the cell proliferation 
and promoted apoptosis through the downregulation of 
their target genes, such as CBLB and GRB2, which inactive 
the MAPK/Erk and PI3K/Akt signaling pathways (142).

Concluding remarks

Despite the growing interest in the study of miRNA, little 
is known about its involvement as regulator of physiological 
processes. The mentioned miRNAs appear to be involved in 
several processes of the cell cycle, as summarized in Table 1.  
Overall, these miRNAs can act on different proteins 
responsible for the regulation of cell cycle pathways, 
especially modulating the expression and activity of cyclins, 
CDKs, CKI and GF. Although its effects under regulatory 
proteins are well established, the same miRNA can regulate 
different proteins, showing a dual effect of induction or 
inhibition of cell proliferation or activating mechanisms 
of cell death, especially apoptosis. For example, the miR-
193a-5p, which is related to three mechanisms, altering the 
expression patterns in different cell type, similar to other 
miRNAs described. In addition, a single miRNA may have 
different targets, showing a low specificity of the molecule 
in gene regulation, as well as miRNA expression may be 
different among distinct cell populations (144,145). These 
differences can be associated with distinct response of the 
same miRNA in these populations or with compensatory 
mechanism to preserve the cell function. On the other hand, 

Table 1 MiRNAs effects on cell cycle and proliferation

miR Target genes miR expression Samples Effect(s) Ref.

miR-199a-5p HER2↑ Downregulated Breast cancer tissues Promotes cell proliferation 
and survival

(36,38)

CCNL1↑ Downregulated Cell lines Ewing’s sarcoma Promotes cell cycle (41-43)

LAMC1↓ Downregulated Mesenchymal stem cells Inhibit cell adhesion, 
proliferation, and migration

(35,143)

HSF1/VEGF↓ Upregulated Mouse myocardial microvascular 
endothelial cells

Inhibit cell proliferation and 
migration

(46)

MLK3↓ Upregulated Pancreas tissue post PPx Inhibit apoptosis (37,51)

Hes1↑ Upregulated Osteosarcoma tissues Differentiation, survival, and 
proliferation

(52)

Table 1 (continued)
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Table 1 (continued)

miR Target genes miR expression Samples Effect(s) Ref.

miR-193a-5p RPL35A↑ Downregulated Blood of child with cow’s milk allergy Promotes cell proliferation (60)

TAp73↑ Downregulated Blood of child with cow’s milk allergy Apoptosis (60,64)

YY1↑ Downregulated Endometrioid endometrial carcinoma 
cells

Promotes cell growth (67)

ERBB2/HEU2↑ Downregulated Esophageal squamous cell carcinoma Promotes cell proliferation (33)

HO-1↑ Bach2↓ Upregulated Prostate cancer cells tissues and cell 
lines

Promotes cell proliferation (59)

WT1↓ Upregulated Breast carcinoma tissues; non-small 
cell lung cancers (NSCLC)

Inhibit migration and invasion 
of cells

(58,75)

ERBB4/PIK3R3/
mTOR/S6K2↓

Upregulated Lung cancer cells Inhibits cell proliferation (79)

SMARCB1/INI1↓ Upregulated Childhood chordomas Cell cycle progression (81)

miR-125b-5p CDK16↑ via E2F1 Downregulated Hepatocellular carcinoma cells Increase cell proliferation and 
inhibits apoptosis

(34)

IRF4↓ Upregulated Multiple myeloma cells Inhibits cell proliferation (93)

HMGA2↓ Overexpression Esophageal carcinoma cells Increase cell proliferation and 
senescence of tumor cells

(98)

G-CSF↓ and  
MCL1↓

Overexpression Cancer cells of the colon and rectum Inhibits cell proliferation and 
induces apoptosis

(99)

cyclins D2, D3  
and CDK4↓

Upregulated Pre-adipocytes Inhibits cell proliferation (101)

SYVN1↓ Upregulated Synovial cells Inhibits cell proliferation and 
induces apoptosis

(103)

miR-30a-5p GRP78↓; 
GALNT-7↑;

Downregulated Human cancer renal tissue and cell 
line of mouse

Inhibit cell proliferation (106,107, 
113,125)

LDHA↑; UBE3C↑; 
Integrin β3↑

Downregulated Human mammary cancerous tissue Increase cell proliferation, 
migration and adhesion

(118,122, 
123,126)

IGF-1R↑ Downregulated Human gastric cancerous tissue Increase cell proliferation and 
inhibits apoptosis

(110,112, 
127)

FAP↑ Downregulated Human cancerous oral tissue Increase cell proliferation (109)

PFN-2↑;  
BECLIN-1↑

Downregulated Cells of the human pulmonary 
epithelium

Increase cell proliferation and 
autophagy

(108,111)

SRSF7↑ Upregulated Mice cell line Increase cell proliferation (120)

miR-27b-3p E6/E7↑ Downregulated HPV18 positive tumor cells Deregulation of cell 
proliferation control

(129)

ROR1↑ Downregulated Human gastric cancer cells Increase cell proliferation (131)

DTNA↑ Downregulated Myoblast Inhibits cell proliferation and 
differentiation

(134)

Steroidogenesis 
and folliculogenesis 
genes↓

Upregulated Granulosa cells Promotes cell growth (135)

PPAR/PTEN↓ Upregulated Triple-negative breast cancer cells Inhibits cell proliferation (136)

PPx, partial pancreatectomy.
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some miRs regulate the expression of molecular targets in 
combination as miR-199b-5p and miR-30a-5p, thereby 
contributing to increased cell proliferation, metastasis, and 
inhibition of apoptosis of tumor cells. Thus, these molecules 
can be used to identify possible targets of these processes, as 
a potential biomarker for diagnosis and prognosis of several 
cancers. However, further studies are needed to improve 
knowledge about the mechanisms and functions of miRNAs 
in cell cycle progression and proliferation. Whereas, 
abnormalities in miRNA expression may be potent cancer 
development indicators, as well as changes in miRs and 
their molecular targets can also be important therapeutic 
strategy for these diseases.
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