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Abstract
Objective: Transforming growth factor beta/single mothers against decapentaplegic (TGFB/SMAD) signaling pathway
plays important roles in various biological processes. It acts as a tumor suppressor during the early stages of cancer
progression. Discovering the regulators of this pathway provides important options for therapeutic strategies. Here,
we searched for candidate microRNAs (miRNAs) that potentially target the critical components of the TGFf3 signaling
pathway.

Materials and Methods: In the current experimental study, we first predicted miRNAs that target TGF3 components
using a bioinformatics software. After that, quantitative real-time polymerase chain reaction (RT-gPCR) was used to
detect the expression of miR-587, TGFBR2, SMAD4, p21, CCND1 and c-MYC genes in transfected HEK293T and
HCT116 cells. Dual Luciferase assay was performed to analyze the interactions between miRNAs and the target genes.
Propidium iodide flow cytometry was used to determine cell cycle progression in HEK293T and HCT116 cells under
hsa-miR-587 (miR-587) overexpression circumstances.

Results: Multiple miRNA responsive elements (MREs) were predicted for miR-587 within the 3’'UTRs of the TGFBR2
and SMAD4 genes. Overexpression of miR-587 in HEK293T and HCT116 cells resulted in downregulation of
TGFBR2 and SMAD4 genes. In addition, a downstream target gene of TGFB/SMAD signaling, P21, was significantly
downregulated in the HCT116 cells overexpressing miR-587. Dual luciferase assay analysis provided evidence that
there is a direct interaction between miR-587 and the 3'UTR sequences of TGFBR2 and SMAD4 genes. Moreover,
miR-587 overexpression in HEK293T and HCT116 cells resulted in reducing the SubG1 cell populations in both cell
lines, as detected by flow cytometry.

Conclusion: Altogether, our data revealed an important role for miR-587 in regulating TGFR/SMAD signaling and promoting
cell cycle progression. These characteristics suggest that miR-587 is an important candidate for cancer therapy research.
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Introduction

Transforming growth factor beta/single mothers against
decapentaplegic (TGFB/SMAD) signaling plays crucial
roles in various cellular processes, cell development, and
carcinogenesis (1). TGFp is a member of the superfamily
of multifunctional cytokines that binds to the TGFBR1
and TGFBR2 receptor serine/threonine kinases. Binding
of TGFB to TGFBRI and TGFBR2 leads to direct
phosphorylation and activation of receptor-regulated
SMAD (R-SMAD) proteins, SMAD2 and SMAD3.
Activated R-SMADs form a heteromeric complex with
the Co-SMAD protein, SMAD4. Once fully formed, the
SMAD complex is translocated into the nucleus, where it
associates with other transcriptional regulators to activate
or suppress the transcription of specific target genes (2, 3).
Although TGF signaling is known to induce apoptosis and
cell cycle arrest during the early stages of carcinogenesis,
it has been also shown to promote cancer progression and
metastasis in the advanced stages of cancer (4, 5).
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MicroRNAs (miRNAs) are small (18-24 nucleotides)
non-coding RNAs that control gene expression post-
transcriptionally (6). They are involved in the regulation
of several biological processes. miRNAs generally bind to
the 3 untranslated region (3"UTR) of their target mRNAs
leading to their degradation or translational repression (7).
Dysregulation of miRNA expression has been observed
in various human tumors (8, 9). Interestingly, miRNAs
are implicated in the process of carcinogenesis by acting
as either tumor suppressors or oncogenes (10, 11). In
addition, miRNAs play important roles in modulating
signaling pathways by regulating the expression of their
components. Various miRNAs have been reported to
control core components of the TGFB/SMAD signaling
pathways (12-16).

Here, we demonstrated thatmiR-587 likely has anegative
effect on the expression of TGFB/SMAD signaling
components. Bioinformatics analysis showed that miR-



587 has multiple recognition sites within the 3’UTRs
of two essential components of the TGFf pathway, the
TGFBR2 and SMAD4 genes. Overexpressing miR-587 in
HEK293T and HCT116 cells (TGFp pathway-active cells)
resulted in the downregulation of TGFBR2 and SMAD4
expression. Furthermore, dual luciferase assay results
suggested a direct interaction between miR-587 and the
two target genes. Moreover, overexpression of miR-587
resulted in reducing the SubG1-phase cellular population
of HEK293T and HCT116 cells. The results of the current
study suggest miR-587 as an important regulator of TGFf
signaling pathway.

Materials and Methods
Bioinformatics tools

Prediction of miRNAs that target components of the
TGFp pathway was performed using the Targetscan (17),
DIANA MicroT-CDS (18, 19) and miRmap (20) web
servers. TargetScan predicts miRNA targets by searching
for the presence of sites that match the seed region of each
miRNA (17). DIANA MicroT-CDS has the potential to
predict miRNA responsive elements (MREs) located in
both the 3’-UTRs and coding sequence (CDS) regions
(18, 19). miRmap uses thermodynamic, evolutionary,
probabilistic, or sequence-based features in its prediction
process (20). The phylogenetic conservation of the
predicted MREs of miR-587 within the 3"UTRs of its
target genes was evaluated using the UCSC genome
browser (21).

Plasmid construction

The miR-587 precursor was polymerase chain
reaction (PCR)-amplified using a pair of specific
primers (Table 1), and the PCR product was cloned
into the multiple cloning site of the pmR-mCherry
expression vector (Clontech, USA). The resulting
construct was transformed and amplified into the
DHS5-Alpha E.coli bacterial strain and later extracted
by mini-prep kit (Qiagen, Germany) and sequenced to
verify the absence of any mutations.

Cell culture

HEK293TandHCT116 cells were cultured in Dulbecco’s
Modified Eagle Medium:Nutrient Mixture F-12 (DMEM/
F12) or RPMI media, respectively (Invitrogen, USA),
supplemented with 100 U/ml penicillin, 100 pg/ml
streptomycin (Sigma, USA), and 10% fetal bovine serum
(Invitrogen, USA), and incubated at 37°C with 5% CO,.
HEK293T and HCT116 cells were obtained from Pasteur
Institute (Tehran, Iran).

Transfection

HEK293T or HCT116 cells were seeded in 12-well
plates (12x10* cells per well). Transfection was performed
using Lipofectamine 2000 reagent according to the
manufacturer’s instructions (Invitrogen, USA).
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Table 1: Primers used in the study

Primer Primer sequence (5°-3")
Anchored Oligo dT GCGTCGACTAGTACAACTCAAG
GTTCTTCCAGTCACGACGT N
U48 TGACCCCAGGTAACTCTGAGTGTGT
miR-587 GGCGCTTTCCATAGGTGATGAGT
Anchored reverse GCGTCGACTAGTACAACTCAAG
Pre-miR-587 F: TCAGCTCAGACCACATTTCATCA
R: ATGAGGACAGCCATGAGACAGAT
GAPDH F: GCCACATCGCTCAGACAC
R: GGCAACAATATCCACTTTACCAG
CCNDI F: CAGAGTGATCAAGTGTGACCC
R: CGTCGGTGGGTGTGCAAGC
c-MYC F: CTCCTACGTTGCGGTCACAC
R: CGGGTCGCAGATGAAACTCT
SMAD4-3'UTR F: AAGTAATGGCTCTGGGTTGGG

R: TCAAACAGCAGAACAAAGATAAGGAA

TGFBR2-3’'UTR F: TTTGGATGGTGGAAGGTCTC

R: GCAACAGCTATTGGGATGGT

K-RAS-3'UTR F: GTGAGGGAGATCCGACAATACAGA

R: GCCGCGCTGCTGCTACCTTTGGGC

RNA extraction, cDNA synthesis and quantitative
real-time polymerase chain reaction

Total RNA was extracted using Trizol reagent according
to the manufacturer’s instructions (Invitrogen, USA).
Genomic DNA was removed by DNasel treatment as the
following: DNase I treatment (Takara, Japan) at 37°C for
30 minutes, followed by heat and EDTA inactivation of
the enzyme for 10 minutes. cDNA was synthesized using
Prime Script II reverse transcriptase (Takara, Japan)
according to the manufacturer’s instructions. For miRNA
detection, polyA tailing was performed before cDNA
synthesis using the E. coli Poly (A) Polymerase kit (NEB,
England). Real-time PCR was performed according
to standard protocols by StepOne™ system (Applied
Biosystems, USA). GAPDH and U48 expression levels
were used to normalize the real-time PCR results.

Western blot

Total cellular proteins were extracted from RiboX-
precipitated cell extracts according to a recently reported
protocol (22). The extracted protein concentrations were
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determined using Bradford assay (23). 40 ug of each
protein sample were separated by polyacrylamide gel
electrophoresis and transferred to a polyvinylidene
difluoride (PVDF) membrane. Primary antibodies
against cyclin D1 protein (Santa Cruz, USA), B-actin
(Santa Cruz, USA) and goat anti-mouse secondary
antibody (BIORAD, USA) were diluted according to
the manufacturers’ instructions. The expression levels
of CCND1 protein was normalized against B-actin
protein expression.

Luciferase assay

The desired fragments of the 3'UTRs of TGFBR2 and
SMAD4 genes in addition to a similar-sized fragment of
the K-RAS 3"UTR (off target) were cloned downstream
of the Renilla luciferase gene of the PSI-CHECK2
plasmid. The resulting constructs were co-transfected
with the pmR-mCherry/pre-miRNA or pmR-mCherry
vectors in HEK293T cells. 48 hours after transfection,
dual luciferase assay was performed using Dual-Glo
luciferase assay kit (Promega, USA).

Cell cycle analysis

HEK293T or HCTI116 cells transfected with miR-
587 or mock were collected 36 hours after transfection,
centrifuged at 1200 rpm for 5 minutes and washed twice
with phosphate buffered saline (PBS). Subsequently,
cells were fixed in 1 ml of 70% ethanol for at least 30
minutes. For each sample, 500 ul propidium iodide
staining solution was added to each sample and incubated
for 30 minutes at room temperature. Cell cycle analysis
was performed by the FACSCalibur flow cytometer (BD
Biosciences, USA).

Statistical analysis

The relative expression of the desired genes was
calculated according to the 2724 method. Real-time
PCR results were normalized against the endogenous
expression of the U48 or GAPDH genes. GraphPad
Prism 7 (GraphPad software, USA) was used to perform
statistical tests (t test) and graph construction. Results
with P<0.05 were considered statistically significant. All
experiments were performed in triplicates.

Results

Bioinformatics analysis suggests miR-587 as an
inhibitor of TGFp signaling

A set of miRNAs was predicted by the utilized
software to target important genes implicated in the
TGFp signaling pathway. For instance, hsa-let-7f-5p
and hsa-miR-4458 were predicted to target TGFBRI1,
hsa-miR-302a-3p, hsa-miR-302d-3p and hsa-miR-587
were predicted to target TGFPR2 and hsa-miR-548g-
5p, hsa-miR-4288 and hsa-miR-587 were predicted to
target the SMAD4 gene. To select one of the candidate
miRNAs for experimental validation, we focused
on the miRNAs that can target more than one gene

Cell J, Vol 22, No 2, July-September (Summer) 2020

of the TGFp signaling components at the same time.
In addition, the scores obtained by the software used
were taken into consideration and led to the final
selection of miR-587 as a potential candidate. In
terms of its possible role, miR-587 was predicted to
potentially target two important genes related to the
TGFp signaling pathway, the TGFBR2 and SMAD4
genes (Fig.1A). Our bioinformatics predictions
showed that each of the 3'UTRs of the TGFBR2
and SMAD4 genes contains more than one MRE for
miR-587. Additionally, the seed sequence of miR-587
showed high-scored base pairing with the targets’
MREs (Fig.1B).

0bp 1kbp 2kbp 3kbp 4kbp 5 kbp 6kbp
L R . L A L N
TGFBR2 1 1 1 1
2232 2759 4101 4485
SMAD4 VY
3122 3166
TGFBR2 SMAD4
5’0 U 3/ 5’0 GUG GAAUA 3
AUU UUUAUGGAA 3’UTR ACU CA AUGGAAA 3’UTR
1.1 e aynnn) || 11 LI
UGAG GGAUACCUU miRNA UGA GU UACCUUU miRNA
3'c UAGU 5’ 3'c GUA GGA 5

Fig.1: Predicted miRNA responsive elements (MREs) of miR-587 within the
3’UTRs of TFFBR2 and SMAD4 genes. A. The positions of miR-587 binding
sites within the 3’"UTRs of TGFBR2 and SMAD4 transcripts. The numbers
indicate the position of the first nucleotide of each MRE with respect to
the transcription initiation site and B. Schematic representation of the
base-pairing status between the miR-587 seed sequence and the MREs of
the target genes. One MRE is presented for each target gene.

Downregulation of TGFBR2 and SMAD4 following
the overexpression of miR-587

In order to validate the prediction results, miR-
587 was overexpressed in HEK293T and HCTI116
cells. Overexpression of miR-587 was performed by
transfecting the cells with the pmCherry/pre-miR-587
construct or empty pmCherry as a control. Significant
overexpression of miR-587 was detected in both cell
lines transfected by pre-miR-587 in comparison to the
controls (Fig.2A, B). As a result, RT-qPCR analysis
indicated that TGFBR2 and SMAD4 expression levels
decreased significantly in both cell lines (HEK293T
and HCTI116) overexpressing miR-587 compared
to the controls (Fig.2C, D). Moreover, the P21 gene
showed a significant downregulation in the HCT116
cells overexpressing miR-587 compared to the
controls, while CCNDI and c¢-MYC genes showed a
significant upregulation in the same samples (Fig.2E).
In addition, western blot analysis confirmed these
results and showed a significant upregulation of the
CCNDI1 protein level in comparison to the control
samples (Fig.2F).



Expression of miR-587 (fold change)

© o o = =
> o @ o

o©
chut

Gene expression (fold change)

o
o

HEK293T cells

*kk

Mock miR-587

HEK293T cells
T

H

1T

*%

*kk

2.0;
1.8
1.6
1.41
1.2
1.0
0.8
0.61
0.4-
0.2

Gene expression (fold change)

0.0

TGFBR2 SMAD4

HCT116 cells

dedkedk

%%

%%

P21 CCND1 C-myc

Expression of miR-587 (fold change)

Gene expression (fold change)

10

Jahangirimoez et al.

HCT116 cells

*%

Mock iR-587
ockmi [ Mock
E miR-587
1.2, HCT116 cells
1.0
0.8
0.6 wx *
0.4
0.2
0.0
TGFBR2 SMAD4
Mock miR-587
CCND1
B-actin h#
— 1.4
()
o
& 1.2 *n
<
[3]
T 1.0]
S
_g 0.8
[7]
8 061
o
X
o 0.4
[a]
5 0.2
(8}
0.0 T

Mock miR-587

Fig.2: Effect of miR-587 overexpression on the expression of its predicted target genes. A, B. HEK293T and HCT116 cells transfected with the pmCherry/
pre-miR-587 construct or empty pmCherry control. Reverse transcription quantitative polymerase chain reaction (RT-qPCR) analysis indicated more than
25-fold overexpression of miR-587 in HEK293T cells and ~7-fold in HCT116 cells following the transfection of the pmCherry/pre-miR-587 construct in
comparison to controls (P=0.0002 and 0.0064, respectively), C, D. Following the overexpression of miR-587, the expression levels of TGFBR2 and SMAD4
reduced significantly in both HEK293T and HCT116 cell lines, E. Overexpressing of miR-587 in HCT116 cells resulted in the downregulation of p21 gene
expression, and upregulation of CCND1 and c-MYC genes, and F. Western blot analysis showed a significant upregulation in the CCND1 protein level in the
HCT116 cells overexpressing miR-587 compared to control. RT-qPCR results were normalized according to the endogenous expression of U48 and GAPDH
genes. Western blot results were normalized according to the endogenous expression of B-actin protein. *; 0.01<P<0.1, **; P<0.01 and ***; P<0.001.
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Interaction between miR-587 and the 3'UTRs of the
TGFBR2 and SMAD4 genes

In order to examine a direct interaction between miR-
587andthe3 " UTRsof TGFBR2and SMAD4 genes,adual
luciferase assay was performed. HEK293T cells were
co-transfected with PSI-CHECK2/TGFBR2 3"UTR,
PSI-CHECK2/SMAD4 3'UTR or PSI-CHECK2/K-
RAS 3'UTR constructs and pmCherry/pre-miR-587
or mock. PSI-CHECK2/K-RAS 3"UTR was used
as an off-target. Dual luciferase analysis indicated a
significant reduction in the luciferase activity of the
cells co-transfected with miR-587 and its target genes
3"UTRs in comparison to the controls (Fig.3). These
results suggest a direct interaction between miR-587
and the 3"UTRs of TGFBR2 and SMAD4 genes.
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The effects of miR-587 overexpression on cell cycle
progression

We used propidium iodide flow cytometry analysis
to investigate the effects of miR-587 overexpression on
HEK?293T and HCT116 cell cycle progression. The obtained
results showed a significant reduction in the SubGl-
phase and G2-phase populations of the HEK293T cells
overexpressing miR-587 compared to the controls (Fig.4A).
In addition, a significant increase in the S-phase population
of the HEK293T cells compared to the controls was observed
(Fig.4). In HCT116 cells, on the other hand, overexpression
of miR-587 resulted in a significant reduction of the SubG1-
phase population of the cells, but no significant variations in
cells in other cell cycle phases were observed in comparison
to the controls (Fig.4B). These results suggest a role for miR-
587 in arresting the progression of the cell cycle.
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Fig.3: Direct interaction between miR-587 and the 3’UTRs of TGFBR2 and SMAD4. A significant luciferase activity reduction was
detected in the HEK293T cells co-transfected with PSICHECK-2/TGFBR2_3°UTR or PSICHECK-2/SMAD4_3°UTR (P=0.02 and 0.0007,
respectively), and pmCherry/pre-miR-587 construct, compared to mock or off-target (PSICHECK-2/K-RAS_3°UTR) controls. *; P<0.05

and ***; P<0.001.
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Fig.4: Hsa-miR-587 overexpression effect on cell cycle status. A. Flow cytometry analysis indicated that the overexpression of miR-587 in HEK293T
cells resulted in a significant increase of the S-phase cell population (~1.5-folds, P=0.019), and a significant decrease in the SubG1-phase and G2-phase
populations of cells (~1.5-folds, P=0.02 and 0.005, respectively) and B. Overexpression of miR-587 in HCT116 cells resulted in a significant increase of the
SubG1-phase cell population (~1.7-folds, P=0.01), but no significant variation was observed in the populations of the other cell cycle phases in comparison

to the control. *; P<0.05 and **; P<0.01.

Discussion

TGFB/SMAD signaling pathway represents a complex
network that effectively controls fundamental cellular
processes. The activation of this pathway causes an
arrest in the cell cycle of normal cells and early tumors.
Mutational inactivation or dysregulated expression of the
TGFB/SMAD signaling components has been observed in
human cancers (4, 24). TGFp signaling has been shown
to play a dual role in the course of cancer progression.
It exhibits a tumor suppressive role in the early stages
of the carcinogenesis process by inhibiting cell cycle
progression and promoting apoptosis (5, 25). However,
in the late stages, it exerts tumor-promoting effects by
increasing tumor invasiveness and metastasis (4, 5).

Previous studies described TGFB/SMAD signaling
as an important inhibitor of cellular proliferation (26).
TGFB/SMAD signaling downregulates the expression
of a set of genes resulting in the inhibition of cell cycle
transition from G1 to S phase (27, 28). In the current
study, in silico and experimental tools showed that miR-
587 targets important components of the TGFB/SMAD
signaling pathway. Moreover, overexpressing miR-587
in HEK293T cells resulted in increasing the S-phase cell
population, and reducing the SubGl-phase population.
While in HCT116 cells, overexpressing this miRNA
resulted in reducing the SubGl-phase only, without
exerting any effect on the other cell cycle phases. This
variation may be due to the differences between the
two cell line origins, identities and status. However, the
common effect exerted on the two cell lines at the SubG1-
phase, indicates that miR-587 plays a role in the arrest of
the cell cycle at this phase.

The dbDEMC 2.0 database that presents differentially
expressed miRNAs in human cancers, has provided

important evidence about the expression of miR-587
in a set of human cancer samples (29). The available
expression data showed that miR-587 expression is
upregulated in colon and breast tumors in comparison
to normal tissue, and downregulated in high-grade colon
tumors in comparison to low-grade tumors (5). These data
provide an evidence about the function of this miRNA and
its regulatory effects on the TGFp signaling pathway that
is downregulated in early tumor stages and upregulated
during the late stages (30).

Conclusion

In the current study, we demonstrated a regulatory role
for miR-587 against TGFB/SMAD signaling. In addition,
our results showed that miR-587 promotes cell cycle
progression.

Acknowledgements

This work was supported by Tarbiat Modares University,
and National Institute for Medical Research Development
financial aids. We thank all those who provided any type
of assistance in conducting this study. The authors declare
no conflict of interest.

Authors’ Contributions

M.J., A.M.; Performed the experiments and analyzed
the results. M.J., A.M., B.M.S.; Wrote the manuscript.
B.M.S., M.T.; Designed the experiments. All authors have
read and approved the final draft of the manuscript.

References

1. Derynck R, Zhang YE. Smad-dependent and Smad-independent
pathways in TGF-beta family signalling. Nature. 2003; 425(6958):
577-584.

2. Hinck AP. Structural studies of the TGF-Bs and their receptors -

Cell J, Vol 22, No 2, July-September (Summer) 2020



miR-587 Regulates TGFB/SMAD Signaling and Cell Cycle

10.

1.

12.

13.

14,

15.

16.

insights into evolution of the TGF-B superfamily. FEBS Lett. 2012;
586(14): 1860-1870.

Zi Z, Chapnick DA, Liu X. Dynamics of TGF-B/Smad signaling.
FEBS Lett. 2012; 586(14): 1921-1928.

Neuzillet C, Tijeras-Raballand A, Cohen R, Cros J, Faivre S, Ray-
mond E, et al. Targeting the TGFB pathway for cancer therapy.
Pharmacol Ther. 2015; 147: 22-31.

Neel JC, Humbert L, Lebrun JJ. The dual role of TGFB in human
cancer: from tumor suppression to cancer metastasis. ISRN Mo-
lecular Biology. 2012; 2012: 1-28.

Macfarlane LA, Murphy PR. MicroRNA: biogenesis, function and
role in cancer. Curr Genomics. 2010; 11(7): 537-561.

Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and
function. Cell. 2004; 116(2): 281-297.

Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et
al. MicroRNA expression profiles classify human cancers. Nature.
2005; 435(7043): 834-838.

Adams BD, Kasinski AL, Slack FJ. Aberrant regulation and function
of MicroRNAs in cancer. Curr Biol. 2014; 24(16): R762-R776.
Peng Y, Croce CM. The role of MicroRNAs in human cancer. Signal
Transduct Target Ther. 2016; 1: 15004.

Palmero El, de Campos SG, Campos M, de Souza NC, Guerreiro
ID, Carvalho AL, et al. Mechanisms and role of microRNA de-
regulation in cancer onset and progression. Genet Mol Biol. 2011;
34(3): 363-370.

Li J, Liang H, Bai M, Ning T, Wang C, Fan Q, et al. miR-135b pro-
motes cancer progression by targeting transforming growth factor
beta receptor Il (TGFBR2) in colorectal cancer. PLoS One. 2015;
10(6): e0130194.

Zhang X, Chang A, Li Y, Gao Y, Wang H, Ma Z, et al. miR-140-5p
regulates adipocyte differentiation by targeting transforming growth
factor-B signaling. Sci Rep. 2015; 5: 18118.

Jafarzadeh M, Mohammad Soltani B, Ekhteraei Tousi S, Be-
hmanesh M. Hsa-miR-497 as a new regulator in TGFf signaling
pathway and cardiac differentiation process. Gene. 2018; 675:
150-156.

Ekhteraei-Tousi S, Mohammad-Soltani B, Sadeghizadeh M, Mowla
SJ, Parsi S, Soleimani M. Inhibitory effect of hsa-miR-590-5p on
cardiosphere-derived stem cells differentiation through downregu-
lation of TGFB signaling. J Cell Biochem. 2015; 116(1): 179-191.
Abedini Bakhshmand E, Mohammad Soltani B, Fasihi A, Mowla
SJ. Hsa-miR-5582-3P regulatory effect on TGFf signaling through
targeting of TGFB-R1, TGFB-R2, SMAD3, and SMADA4 transcripts.
J Cell Biochem. 2018; 119(12): 9921-9930.

Cell J, Vol 22, No 2, July-September (Summer) 2020

164

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting effective mi-
croRNA target sites in mammalian mRNAs. Elife. 2015; 4.
Paraskevopoulou MD, Georgakilas G, Kostoulas N, Vlachos IS,
Vergoulis T, Reczko M, et al. DIANA-microT web server v5.0: ser-
vice integration into miRNA functional analysis workflows. Nucleic
Acids Res. 2013; 41(Web Server issue): W169-W173.

Reczko M, Maragkakis M, Alexiou P, Grosse |, Hatzigeorgiou AG.
Functional microRNA targets in protein coding sequences. Bioin-
formatics. 2012; 28(6): 771-776.

Vejnar CE, Blum M, Zdobnov EM. miRmap web: comprehen-
sive microRNA target prediction online. Nucleic Acids Res. 2013;
41(Web Server issue): W165-W168.

Kent WJ, Sugnet CW, Furey TS, Roskin KM, Pringle TH, Zahler AM,
et al. The human genome browser at UCSC. Genome Res. 2002;
12(6): 996-1006.

Kopec AM, Rivera PD, Lacagnina MJ, Hanamsagar R, Bilbo SD.
Optimized solubilization of TRIzol-precipitated protein permits
Western blotting analysis to maximize data available from brain tis-
sue. J Neurosci Methods. 2017; 280: 64-76.

Bradford MM. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem. 1976; 72: 248-254.

Gordon KJ, Blobe GC. Role of transforming growth factor-beta su-
perfamily signaling pathways in human disease. Biochim Biophys
Acta. 2008; 1782(4): 197-228.

Lin RL, Zhao LJ. Mechanistic basis and clinical relevance of the role
of transforming growth factor-f in cancer. Cancer Biol Med. 2015;
12(4): 385-393.

lordanskaia T, Nawshad A. Mechanisms of transforming growth
factor B induced cell cycle arrest in palate development. J Cell
Physiol. 2011; 226(5): 1415-1424.

Chen CR, Kang Y, Siegel PM, Massagué J. E2F4/5 and p107 as
Smad cofactors linking the TGFbeta receptor to c-myc repression.
Cell. 2002; 110(1): 19-32.

Mukherjee P, Winter SL, Alexandrow MG. Cell Cycle arrest by
transforming growth factor 1 near G,/S Is mediated by acute ab-
rogation of prereplication complex activation involving an Rb-MCM
interaction. Mol Cell Biol. 2010; 30(3): 845-856.

Yang Z, Wu L, Wang A, Tang W, Zhao Y, Zhao H, et al. dbDEMC
2.0: updated database of differentially expressed miRNAs in hu-
man cancers. Nucleic Acids Res. 2017; 45(D1): D812-D818.

Syed V. TGF-§ signaling in cancer. J Cell Biochem. 2016; 117(6):
1279-1287.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Hinck+AP.+Structural+studies+of+the+TGF-betas+and+their+receptors+-+insights+into+evolution+of+the+TGF-beta+superfamily.+FEBS+letters.+2012%3B586(14)%3A1860-70.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zi+Z%2C+Chapnick+DA%2C+Liu+X.+Dynamics+of+TGF-beta%2FSmad+signaling.+FEBS+letters.+2012%3B586(14)%3A1921-8.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neuzillet+C%2C+Tijeras-Raballand+A%2C+Cohen+R%2C+Cros+J%2C+Faivre+S%2C+Raymond+E%2C+et+al.+Targeting+the+TGFbeta+pathway+for+cancer+therapy.+Pharmacology+%26+therapeutics.+2015%3B147%3A22-31.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adams+BD%2C+Kasinski+AL%2C+Slack+FJ.+Aberrant+Regulation+and+Function+of+MicroRNAs+in+Cancer.+Current+biology+%3A+CB.+2014%3B24(16)%3AR762-R76.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng+Y%2C+Croce+CM.+The+role+of+MicroRNAs+in+human+cancer.+Signal+transduction+and+targeted+therapy.+2016%3B1%3A15004.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng+Y%2C+Croce+CM.+The+role+of+MicroRNAs+in+human+cancer.+Signal+transduction+and+targeted+therapy.+2016%3B1%3A15004.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmero%20EI%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Campos%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Souza%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guerreiro%20ID%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guerreiro%20ID%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carvalho%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=21931505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mechanisms+and+role+of+microRNA+deregulation+in+cancer+onset+and+progression.+Genetics+and+Molecular+Biology.+2011%3B34(3)%3A363-70.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-140-5p+regulates+adipocyte+differentiation+by+targeting+transforming+growth+factor-beta+signaling.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ekhteraei-Tousi+S%2C+Mohammad-Soltani+B%2C+Sadeghizadeh+M%2C+Mowla+SJ%2C+Parsi+S%2C+Soleimani+M.+Inhibitory+effect+of+hsa-miR-590-5p+on+cardiosphere-derived+stem+cells+differentiation+through+downregulation+of+TGFB+signaling.+Journal+of+cellular+biochemistry.+2015%3B116(1)%3A179-91.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abedini+Bakhshmand+E%2C+Mohammad+Soltani+B%2C+Fasihi+A%2C+Mowla+SJ.+Hsa-miR-5582-3P+regulatory+effect+on+TGFbeta+signaling+through+targeting+of+TGFbeta-R1%2C+TGFbeta-R2%2C+SMAD3%2C+and+SMAD4+transcripts.+Journal+of+cellular+biochemistry.+2018.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26267216
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=26267216
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nam%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=26267216
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartel%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=26267216
https://www.ncbi.nlm.nih.gov/pubmed/?term=Predicting+effective+microRNA+target+sites+in+mammalian+mRNAs.+eLife.+2015%3B4%3Ae05005.
https://www.ncbi.nlm.nih.gov/pubmed/?term=DIANA-microT+web+server+v5.0%3A+service+integration+into+miRNA+functional+analysis+workflows.
https://www.ncbi.nlm.nih.gov/pubmed/?term=DIANA-microT+web+server+v5.0%3A+service+integration+into+miRNA+functional+analysis+workflows.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miRmap+web%3A+comprehensive+microRNA+target+prediction+online.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kent+WJ%2C+Sugnet+CW%2C+Furey+TS%2C+Roskin+KM%2C+Pringle+TH%2C+Zahler+AM%2C+et+al.+The+human+genome+browser+at+UCSC.+Genome+research.+2002%3B12(6)%3A996-1006.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Optimized+solubilization+of+TRIzol-precipitated+protein+permits+Western+blotting+analysis+to+maximize+data+available+from+brain+tissue.+Journal+of+neuroscience+methods.+2017%3B280%3A64-76.
https://www.ncbi.nlm.nih.gov/pubmed/942051
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gordon+KJ%2C+Blobe+GC.+Role+of+transforming+growth+factor-beta+superfamily+signaling+pathways+in+human+disease.+Biochimica+et+biophysica+acta.+2008%3B1782(4)%3A197-228.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gordon+KJ%2C+Blobe+GC.+Role+of+transforming+growth+factor-beta+superfamily+signaling+pathways+in+human+disease.+Biochimica+et+biophysica+acta.+2008%3B1782(4)%3A197-228.
https://www.ncbi.nlm.nih.gov/pubmed/26779375
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iordanskaia+T%2C+Nawshad+A.+Mechanisms+of+Transforming+Growth+Factor+%CE%B2+Induced+Cell+Cycle+Arrest+in+Palate+Development.+Journal+of+cellular+physiology.+2011%3B226(5)%3A1415-24.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iordanskaia+T%2C+Nawshad+A.+Mechanisms+of+Transforming+Growth+Factor+%CE%B2+Induced+Cell+Cycle+Arrest+in+Palate+Development.+Journal+of+cellular+physiology.+2011%3B226(5)%3A1415-24.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=12150994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12150994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siegel%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=12150994
https://www.ncbi.nlm.nih.gov/pubmed/?term=Massagu%C3%A9%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12150994
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2812244/
https://www.ncbi.nlm.nih.gov/pubmed/?term=dbDEMC+2.0%3A+updated+database+of+differentially+expressed+miRNAs+in+human+cancers.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Syed+V.+TGF-beta+Signaling+in+Cancer.+Journal+of+cellular+biochemistry.+2016%3B117(6)%3A1279-87.

	_GoBack
	_ENREF_23
	_ENREF_30
	_ENREF_31
	_ENREF_33
	_ENREF_45
	_ENREF_55
	_ENREF_62
	_ENREF_63
	_ENREF_66
	OLE_LINK5
	OLE_LINK6
	_GoBack
	_GoBack
	_ENREF_12
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	OLE_LINK4
	_Hlk10390695
	_Hlk10924541
	_Hlk10924276
	sec011
	article1.body1.sec2.sec5.p2
	sec012
	_GoBack
	OLE_LINK4
	OLE_LINK7
	OLE_LINK10
	OLE_LINK11
	OLE_LINK9
	_ENREF_20
	_ENREF_26
	baep-author-id2
	baep-author-id3
	baep-author-id4
	baep-author-id5
	baep-author-id6
	_ENREF_38
	baep-author-id8
	baep-author-id9
	baep-author-id10
	_GoBack
	_ENREF_10
	_ENREF_12
	_ENREF_27
	_ENREF_43
	_GoBack

