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miR-3188 Regulates Cell Proliferation, Apoptosis, and Migration in Breast 
Cancer by Targeting TUSC5 and Regulating the p38 MAPK Signaling Pathway
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This study intended to investigate the effects of miR-3188 on breast cancer and to reveal the possible molecular 
mechanisms. miR-3188 was upregulated and TUSC5 was downregulated in breast cancer tissues and MCF-7 
cells compared to normal tissue and MCF-10 cells. After MCF-7 cells were transfected with miR-3188 inhibi-
tor, cell proliferation and migration were inhibited, whereas apoptosis was promoted. Luciferase reporter assay 
suggested that TUSC5 was a target gene of miR-3188. In addition, miR-3188 overexpression increased the 
p-p38 expression, while miR-3188 suppression decreased the p-p38 expression significantly. miR-3188 regu-
lated breast cancer progression via the p38 MAPK signaling pathway. In conclusion, miR-3188 affects breast 
cancer cell proliferation, apoptosis, and migration by targeting TUSC5 and activating the p38 MAPK signaling 
pathway. miR-3188 may serve as a potential therapeutic agent for the treatment of breast cancer.
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INTRODUCTION

Breast cancer is a phenotypically and genetically 
complex disease1, which is the most commonly occur-
ring female cancer worldwide, accounting for 25% of 
all cases. According to the World Health Organization, 
it resulted in 1.68 million cases and 522,000 deaths in 
20122. Presently, it is an increasingly serious public health 
problem in developing countries3. Although extensive 
research on the molecular mechanisms involved in breast 
cancer has been done, challenges still prevail in the early 
diagnosis and treatment of this disease.

Studies have found that breast cancer results from 
abnormalities in certain gene products, including coding 
and noncoding genes4. MicroRNAs (miRNAs) are small 
(~21–23 nt in size) noncoding RNAs that are capable of 
modulating gene expression at the posttranscriptional 
level5. They play important roles in a broad range of cel-
lular physiological and pathological processes6. They are 
suggested to be involved in almost all aspects of cancer 
biology, including cell proliferation, apoptosis, invasion, 
and metastasis7. The miRNA deregulation in breast can-
cer was first reported in 20058; since then many studies 
have focused on the expression of various miRNAs and 

their roles in breast cancer. Numerous miRNAs have 
been reported to be associated with breast cancer, such as 
miR-206, miR-17-5p, miR-200c, etc.9–11. A recent study 
reported that miR-3188 was associated with nasopha-
ryngeal carcinoma12. Its biological role has not yet been 
reported in breast cancer.

In the present study, we detected the expression of 
miR-3188 on breast cancer tissues and cells and then 
investigated the effects of its expression on proliferation, 
apoptosis, and migration. Additionally, we investigated 
the signal pathway involved in the regulation of breast 
cancer. This study may provide an essential theoretical 
basis for the pathogenesis of breast cancer.

MATERIALS AND METHODS

Patients

From January 2013 to March 2016, 37 patients with 
breast cancer who received surgical excision of tumor tis-
sues were enrolled in this study. The diagnosis of breast 
cancer was pathologically defined according to a previ-
ous study13. Additionally, the adjacent normal tissues 
were excised as control. The tissues were stored at −80°C 
for further study. All patients provided their informed 
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consent before the study. All procedures in this study 
were approved by our hospital’s protection of human 
ethics committee.

Cell Culture and Transfection

Human breast cancer cells MCF-7 and normal breast 
epithelial cells MCF-10 (all purchased from the Ameri-
can Type Culture Collection, Manassas, VA, USA) were 
cultured in DMEM (Sigma-Aldrich, St. Louis, MO,  
USA) supplemented with 10% fetal bovine serum (FBS; 
Sigma-Aldrich) and incubated at 37°C in 5% CO2.

The vectors including miR-3188 inhibitor, miR-3188 
mimic, and miR-3188 scramble were purchased from 
Sangon Biotech (Shanghai, P.R. China). Cell transfec-
tions were conducted with Lipofectamine 2000 reagent 
based on the manufacturer’s protocol. Cells transfected 
with miR-3188 scramble and without vector transection 
were considered as controls.

Cell Viability Assay

Cell viability was assessed based on the MTT [3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide] 
assay as previously described14. After 48 h of transfec-
tion, cells were adjusted to 5 ́  103 cells/ml and injected 
into 96-well plates. Cells were centrifuged at 12,000 rpm, 
and supernatant was removed. Then 20 µl of MTT was 
added into each well and cultured for 4 h. Finally, 150 µl 
of dimethyl sulfoxide (DMSO) was added and reacted 
for 10 min. The absorbance of cells in each well was 
observed at 570 nm under an absorption spectrophotom-
eter (Olympus, Tokyo, Japan). All experiments were con-
ducted three times independently.

Colony Assay

After transfection, cells were plated into 60-mm tissue 
culture dishes in triplicate at a cell density of 100 cells/
dish. After growing in RPMI-1640 medium containing 
10% FBS for 14 days, cells were fixed and stained with 
Diff-Quik and then dried. The colonies were counted 
under a microscope (IX83; Olympus). The cell number in 
each colony was at least 30 cells.

Cell Apoptosis Assay

Cell apoptosis was quantified using flow cytometry 
with Annexin-V-FITC Cell Apoptosis Kit (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s pro-
tocol. After 48 h of transfection, cells were harvested and 
washed with PBS buffer (pH 7.4) three times and then 
resuspended in the staining buffer. Then 5 µl of annexin 
V-FITC and 5 µl of propidium iodide (PI) were mixed 
with the cells and incubated at room temperature for 
10 min. The mixtures were analyzed using FACScan flow 
cytometry. Annexin V+ and PI− cells were considered to 
be apoptotic cells.

Cell Migration Assay

Cell migration was evaluated using Transwell migra-
tion chambers (8-µm pore size; Millipore, Billerica, MA, 
USA). The membranes for the assay were coated with 
a diluted extracellular matrix (ECM) solution (Sigma-
Aldrich, Shanghai, P.R. China). Cells (5 ́  104) were seeded 
into the upper portion of a chamber with serum-free 
medium after transfection. The medium contained 10% 
FBS and served as a chemoattractant in the lower chamber. 
After 24 or 48 h of incubation at 37°C, noninvaded cells on 
the upper membrane were removed by cotton swabs, and 
the invaded cells were fixed and stained with Diff-Quik 
staining and then counted under light microscopy.

Luciferase Reporter Assay

Dual-luciferase activity assay was performed accord-
ing to a previous study15. The full-length 3¢-UTR segments 
of tumor suppressor candidate 5 (TUSC5) mRNA that 
contained the miR-3188 binding site were amplified and 
inserted into the Xba1 site of a pGL3 vector (Promega, 
Madison, WI, USA), which was named pGL3-TUSC5. 
The pGL3-TUSC5-mut reporter was synthesized using a 
site-directed mutagenesis kit (Stratagene, La Jolla, CA,  
USA). Cells (1 ́  106) were then cotransfected with 1 µg of  
pGL3-TUSC5 (or pGL3-TUSC5-mut) plasmid, 50 pmol  
of miR-3188 inhibitor (or control miRNA), and 1 µg of a  
Renilla luciferase expression constructed pRL-TK (Pro-
mega) using Lipofectamine 2000. After 36 h, luciferase  
activity was measured using the dual-luciferase assay sys-
tem (Promega) and normalized to Renilla luciferase activity.

qRT-PCR Analysis

Total RNA was extracted from the tissues or cells  
with TRIzol reagent (Takara, Dalian, P.R. China). The con-
centration and purity of the isolated RNA were detected 
using SMA 400 UV–VIS (Merinton, Shanghai, P.R. 
China). Then 0.5 µg/µl of purified RNA mixed with 
nuclease-free water was used to synthesize cDNA with  
the PrimeScript 1st Strand cDNA Synthesis Kit (Invi-
trogen). Expressions for targets in tissues or cells were 
measured in an Eppendorf Mastercycler (Brinkman Instru-
ments, Westbury, NY, USA) using the SYBR ExScript 
qRT-PCR Kit (Takara). The 2−DD method was used to 
determine the relative gene expression levels. Melting 
curve analysis of amplification products was performed 
at the end of each PCR analysis to confirm that only 
one product was amplified and detected. GAPDH and 
U6 were chosen as the internal controls for mRNA and 
miRNA, respectively. Primers used for target amplifica-
tion are shown in Table 1.

Western Blotting

Cells were lapped with RIPA assay and extraction buf-
fer (Sangon Biotech) and were centrifuged at 12,000 rpm 
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for 10 min at 4°C. Supernatant was collected for the mea-
surement of protein concentration using the BCA Protein 
Assay Kit (Pierce, Appleton, WI, USA). Then 25 µg of 
protein per cell lysate was subjected to a 12% sodium 
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then transferred onto a polyvinylidene difluo-
ride (PVDF) membrane (Millipore). The PVDF membrane 
was blocked in Tris-buffered saline Tween (TBST) contain-
ing 5% nonfat milk for 1 h at room temperature. The mem-
brane was incubated with rabbit anti-human anti bodies 
(TUSC5, p27, p21, Bax, Bcl-2, caspase 3, E-cadherin, 
N-cadherin, Snail, vimentin, p38, and JAK2; 1:1,000; 
Invitrogen) overnight at 4°C. Subsequently, the membrane 
was incubated with horseradish peroxidase-labeled goat 
anti-rat secondary antibody (1:1,000) at room tempera-
ture for 1 h. After washing, the signals were detected using  
the enhanced chemiluminescence (ECL) method. GAPDH 
served as the internal control.

Statistical Analysis

All data were expressed as mean ± standard error of  
the mean (SEM). Independent sample t-test was used 
to calculate the difference between two groups using 
GraphPad Prism 5.0 software (GraphPad Prism, San 
Diego, CA, USA). Post hoc Tukey test was used to  
calculate the difference among groups. A value of p <  
0.05 was considered to be statistically significant.

RESULTS

Expressions of miR-3188 and TUSC5 in Breast Cancer 
Patients and Cells

The results of qRT-PCR detection showed that, com-
pared with adjacent normal tissues and normal breast epi-
thelial cells MCF-10, the expression levels of miR-3188 

were significantly higher in breast cancer tissues and cells 
(MCF-7) (Fig. 1A and B). Additionally, we examined the 
expression levels of TUSC5 mRNA and protein in breast 
cancer tissues and normal tissues. The results showed that 
decreased expression of TUSC5 mRNA and protein was 
found in breast cancer tissues (Fig. 1C and D). In addition, 
TUSC5 mRNA and protein were also downregulated in 
MCF-7 cells compared to MCF-10 cells (Fig. 1E and F).

miR-3188 Suppression Inhibited Breast Cancer 
Cell Proliferation

After successful cell transfection (Fig. 2A), we inves-
tigated the effect of miR-3188 on the proliferation of 
MCF-7 breast cancer cells using MTT assay. As shown 
in Figure 2B, the viability of cells transfected with miR-
3188 inhibitor was significantly lower compared with  
that of cells transfected with miR-3188 scramble or mimic. 
In addition, cells transfected with miR-3188 inhibitor had  
a significantly longer colony-forming efficiency than cells 
transfected with miR-3188 scramble (Fig. 2C and D). 
Moreover, miR-3188 suppression significantly increased 
the expression of p27 (Fig. 2E and F).

miR-3188 Suppression Induced Cell Apoptosis 
and Inhibited Cell Migration

We then investigated the effects of miR-3188 on the 
apoptosis and migration of MCF-7 cells. It showed that 
the percentage of apoptotic cells increased significantly 
when cells were transfected with miR-3188 inhibitor 
(Fig. 3A and B). Through detecting the expressions of 
apoptosis-associated proteins, we found that miR-3188 
suppression induced apoptosis by regulating the expres-
sions of Bax/Bcl-2 and caspase 3 (Fig. 3C and D).

Additionally, as shown in Figure 3E and F, the number 
of cells migrating across the membrane of cells transfected 

Table 1. The Primers Used in This Study

Name Forward Primer (5¢–3¢) Reverse Primer (5¢–3¢)

GAPDH AACGTGTCAGTOGTGGACCTG AGT GGGTGTCGCTGTFGAAGT
TUSC5 ATTAGTAAAGTTGTTT CAAAAAACTCTAAAAAAA
p27 ATGTCAAACGTGCGAGTGTCTAA TTACGTTTGACGTCTTCTGAGG
p21 TGTCCGTCAGAACCCATG TGGGAAGGTAGAGCTTGG
Bcl-2 GACAGAAGATCATGCCGTCC GGTACCAATGGCACTTCAAG
Bax CTGAGCTGACCTTGGAGC GACTCCAGCCACAAAGATG
Cleaved caspase 3 TGGAGGCTGACTTCCTGTATGCTT ACGGGATCTGTTTCTTTGCGTGG
Procaspase 3 TACTGTTTAAAAGGGCTCGTTAAGCGG TTAGTGGTGGTGGTGGTGGTGAGGAGTGAAGTACAT 

CTCTTTGGT
E-cadherin AACGCATTGCCACATACAC AACGCATTGCCACATACAC
N-cadherin AACGCATTGCCACATACAC AACGCATTGCCACATACAC
Snail TTCAACTGCAAATACTGCAACAAG CGTGTGGCTTCGGATGTG
Vimentin TCCAAGTTGCTGACCTCTC TCAACGGCAAAGTTCTCTTC
U6 TATGGAACGCTTCAC
miR-3188 AGAGGCTTTGTGCGGATACGGG



366 CHEN AND CHEN

with miR-3188 inhibitor was significantly less than that 
of cells transfected with scramble. Furthermore, we inves-
tigated the expressions of epithelial–mesenchymal transi-
tion (EMT) proteins, E-cadherin, N-cadherin, vimentin, 
and Snail, and found that miR-3188 suppression promoted 
E-cadherin expression and inhibited N-cadherin, Snail, 
and vimentin expressions (Fig. 3G and H).

miR-3188 Regulated Cell Apoptosis and Migration 
by Directly Targeting TUSC5

We predicted that TUSC5 was a target gene of miR-
3188 based on the TargetScan database (http://www.tar 
getscan.org/) (Fig. 4A). To verify that TUSC5 was really a 
direct target of miR-3188, we employed a dual-luciferase 
reporter system. As shown in Figure 4B, miR-3188 inhib-
itor significantly downregulated the luciferase activity of 
the reporter. However, the luciferase expression of mutant 
TUSC5-3¢-UTR was no longer regulated by miR-3188, 
which suggested that this site in the TUSC5-3-¢UTR was 
the exact regulation site of miR-3188.

Subsequently, we detected the expression of TUSC5 
in transfected cells. As shown in Figure 4C, there was 
a negative correlation between TUSC5 and miR-211-5p 
expressions. We then transfected si-TUSC5 into MCF-7 
cells (Fig. 4D) and further investigated the effects of 
miR-3188 on cell apoptosis and migration. The results 
showed that, after TUSC5 suppression, the apoptosis-
inducing effects of miR-3188 inhibitor disappeared 
(Fig. 4E and F). The inhibitory effects of miR-3188 
inhib itor on cell migration were also significantly attenu-
ated by the presence of siRNA to TUSC5 in breast cancer 
cell lines (Fig. 4G and H).

miR-3188 Regulated Breast Cancer Progression 
by Involving the p38 MAPK Signaling Pathway

We then investigated the role of miR-3188 in the 
carcinogenesis of breast cancer at the pathway level. The 
expression of p38 MAPK in transfected cells was deter-
mined by Western blot. As shown in Figure 5A, when 
miR-3188 was overexpressed, the expression of p-p38 

Figure 1. (A, B) The relative expression levels of miR-3188 in breast cancer tissues and cells detected by RT-PCR). (C–F) The relative 
expression levels of tumor suppressor candidate 5 (TUSC5) in breast cancer tissues and cells detected by RT-PCR and Western blot. 
*p < 0.05, **p < 0.01 compared with control.
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increased significantly. On the contrary, the expression of 
p-p38 significantly decreased when miR-3188 was sup-
pressed. However, JAK2 expression was not affected by 
miR-3188. Afterward, we used SB203580, the inhibitor 
of p38 MAPK, to verify the results, and the p-p38 pro-
tein level in the miR-3188 mimic group decreased sig-
nificantly after MCF-7 cells were treated with SB203580 
(Fig. 5B). Further study found that the effects of miR-
3188 mimic on apoptosis and migration were signifi-
cantly reversed by SB203580 (Fig. 5C and D).

DISCUSSION

Recent studies have found that dysregulation of 
miRNAs is linked with various types of human cancers 
by regulating multiple types of target gene expression16,17. 
In this study, we found that miR-3188 was overexpressed 
in breast cancer tissues and cells by targeting TUSC5. 
miR-3188 suppression could inhibit proliferation of can-
cer cells by promoting the expression of p27 and could 

induce apoptosis by regulating the expressions of Bax/
Bcl-2 and caspase 3. Additionally, miR-3188 suppression 
was found to inhibit cell migration by regulating EMT 
proteins. Further study found that miR-3188 regulated 
breast cancer progression through the p38 MAPK signal-
ing pathway.

miR-3188 is a newly identified miRNA, which has 
been suggested to regulate nasopharyngeal carcinoma 
proliferation and chemosensitivity12. To the best of our 
knowledge, this is the first time it is suggested to be 
upregulated in breast cancer. We first investigated the 
effect of miR-3188 on the proliferation of breast can-
cer cells by transfecting MCF-7 cells with miR-3188 
mimic or inhibitor. The results showed that miR-3188 
suppression could inhibit proliferation of MCF-7 cells. 
It has been established that cell cycle progression is a 
predominant factor promoting tumor cell proliferation18. 
p27 belongs to the Cip/Kip family of cyclin-dependent 
kinase (CDK) inhibitor proteins, which binds to cyclin D 

Figure 2. (A) The relative expression level of miR-3188 after cell transfection. (B) Cell viability assay after 24 to 96 h of cell trans-
fection. (C, D) Clonogenic assay after cell transfection. (E, F) The relative expression level of p27 and p21 after cell transfection. 
*p < 0.05, **p < 0.01 compared with control.
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alone or to its catalytic subunit CDK4 to control the cell 
cycle progression at the G1 stage19. Additionally, it is also 
reported to regulate cell proliferation, motility, and apo-
ptosis20. Low expression of p27 has been identified to be 
a predictor of poor prognosis in various human cancers21. 
The present result showed that miR-3188 mimic signifi-
cantly decreased the expression of p27, suggesting that 
miR-3188 may promote breast cancer cell proliferation 
by inhibiting p27.

Apoptosis is an important biological process for the 
normal development and homeostasis of organisms22,23. 
Apoptosis failure is a crucial step in the initiation and 

progression of cancer24. The present study found that  
miR-3188 overexpression could inhibit apoptosis of 
MCF-7 cells, and miR-3188 suppression could induce 
apoptosis, suggesting the carcinogenicity of this miRNA 
in breast cancer. Bcl-2 and Bax are members of the 
Bcl-2 protein family. Bcl-2 inhibits apoptosis, and Bax 
accelerates apoptosis25. Caspase 3 is a member of the 
caspase family, serving as an executer of programmed 
cell death26–28. Caspase 3 exists in cells as a low-activity 
zymogen, named procaspase 3, which can be activated  
by proteolysis into active caspase 3. The active caspase 3 
is necessary for the initiation of apoptosis24,29. In this  

Figure 3. (A, B) Apoptosis assay after cell transfection. (C, D) The relative expression levels of apoptosis-related proteins (Bcl-2, 
Bax, and caspase 3) after cell transfection detected by qRT-PCR and Western blot. (E, F) Cell migration assay after cell transfection. 
(G, H) The relative expression levels of N-cadherin, E-cadherin, vimentin, and Snail after cell transfection detected by qRT-PCR and 
Western blot. *p < 0.05, **p < 0.01 compared with control.
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study, miR-3188 overexpression could regulate the 
expressions of Bax, Bcl-2, and caspase 3, further indict-
ing its role in inhibiting breast cancer cell apoptosis.

We then investigated the role of miR-3188 in cell 
migration and found that miR-3188 overexpression pro-
moted the migration of breast cancer cells. Previous stud-
ies have reported that EMT plays a key role in the distant 
metastasis of tumors30–32. Yang et al. reported that cancer 
cells could reduce the expression of cellular adhesion pro-
tein E-cadherin and increase the expressions of mesenchy-
mal markers including N-cadherin, vimentin, and Snail 
during the process of EMT33. In accordance with the find-
ings above, we found that the E-cadherin expression sig-
nificantly decreased, and the expressions of N-cadherin, 
vimentin, and Snail increased significantly when miR-
3188 was overexpressed, which indicated the role of miR-
3188 in promoting cell migration in breast cancer.

TUSC5 was originally identified as a gene locus dis-
rupted in some lung cancers and was hypothesized to be 
involved in the attenuation of cancer cell proliferation34. 
A recent study reported that TUSC5 was downregulated 
in breast cancer35. Interestingly, our study found that 
TUSC5 was a target gene of miR-3188 and was also down-
regulated in breast cancer tissues and cells. Moreover, 

TUSC5 suppression could attenuate the effects of miR-
3188 inhibitor on cell apoptosis and migration. These 
findings suggested that miR-3188 is involved in the pro-
gression of breast cancer by targeting TUSC5.

Finally, we investigated the effect of miR-3188 on 
breast cancer at the pathway level. The p38 MAPK path-
way is implicated in the regulation of various cellular 
processes, including cell proliferation, differentiation, 
survival, and migration36,37, which can be activated by 
various proinflammatory and stressful stimuli38. This 
study revealed that miR-3188 could activate this path-
way. Specially, if we used the inhibitor of p38 MAPK 
(SB203580) to suppress this pathway, the effects of 
miR-3188 mimic on apoptosis and migration were sig-
nificantly reversed, suggesting that miR-3188 regulated 
breast cancer progression via the p38 MAPK signaling 
pathway. In conclusion, our study revealed that miR-
3188 was upregulated in breast cancer and had effects 
on cancer cell proliferation, apoptosis, and migration by 
targeting TUSC5 and activating the p38 MAPK signaling 
pathway. miR-3188 may serve as a potential therapeutic 
agent for the treatment of breast cancer.

ACKNOWLEDGMENT: The authors declare no conflicts of 
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Figure 5. (A) The relative expression levels of p38 and JAK2 after cell transfection detected by Western blot. (B) The relative expression 
level of p38 after cells were treated with SB203580. (C) Apoptosis assay after cells were treated with SB203580. (D) Cell migration assay 
after cells were treated with SB203580. **p < 0.01 compared with control; ##p < 0.01 compared with the miR-3188 mimic group.



ROLE OF miR-3188 IN BREAST CANCER 371

REFERENCES

Riaz M, van Jaarsveld MT, Hollestelle A, Wj PDS, Heine  1. 
AA, Boersma AW, Liu J, Helmijr J, Ozturk B, Smid M. 
miRNA expression profiling of 51 human breast cancer cell 
lines reveals subtype and driver mutation-specific miRNAs. 
Breast Cancer Res. 2013;15(2):R33.
Youhua L. New insights into epithelial-mesenchymal tran- 2. 
sition in kidney fibrosis. J Am Soc Nephrol Jasn. 2009; 
21(2):212–22.
Kumar S, Keerthana R, Pazhanimuthu A, Perumal P.  3. 
Overexpression of circulating miRNA-21 and miRNA-146a 
in plasma samples of breast cancer patients. Indian J Bio-
chem Biophys. 2013;50(3):210–4.
Wee EJ, Peters K, Nair SS, Hulf T, Stein S, Wagner S,  4. 
Bailey P, Lee SY, Qu WJ, Brewster B. Mapping the regu-
latory sequences controlling 93 breast cancer-associated 
miRNA genes leads to the identification of two functional 
promoters of the Hsa-mir-200b cluster, methylation of 
which is associated with metastasis or hormone receptor 
status in advanced breast cancer. Oncogene 2012;31(38): 
4182–95.
Bartel DP. MicroRNAs: Target recognition and regulatory  5. 
functions. Cell 2009;136(2):215–33.
ML B-C, Dance M, Weber M, Cavaillé J. C19MC  6. 
microRNAs are processed from introns of large Pol-II, 
non-protein-coding transcripts. Nucl Acids Res. 2009; 
37(10):3464–73.
Xia M, Hu M. The role of microRNA in tumor invasion and  7. 
metastasis. J Cancer Mol. 2010;5(2):33–9.
Iorio MV, Ferracin M, Liu CG, Veronese A, Spizzo R,  8. 
Sabbioni S, Magri E, Pedriali M, Fabbri M, Campiglio M. 
MicroRNA gene expression deregulation in human breast 
cancer. Cancer Res. 2005;65(65):7065–70.
Adams BD, Furneaux H, White BA. The micro-ribonucleic  9. 
acid (miRNA) miR-206 targets the human estrogen receptor-
alpha (ERalpha) and represses ERalpha messenger RNA 
and protein expression in breast cancer cell lines. Mol 
Endocrinol. 2007;21(5):1132–47.
Dykxhoorn DM. miR-200 enhances mouse breast cancer 10. 
cell colonization to form distant metastases. PLoS One 
2009;4(9):e7181.
Hossain A, Kuo MT, Saunders GF. Mir-17-5p regulates 11. 
breast cancer cell proliferation by inhibiting translation of 
AIB1 mRNA. Mol Cell Biol. 2006;26(21):8191–201.
Zhao M, Luo R, Liu Y, Gao L, Fu Z, Fu Q, Luo X, Chen 12. 
Y, Deng X, Liang Z. miR-3188 regulates nasopharyngeal 
carcinoma proliferation and chemosensitivity through a 
FOXO1-modulated positive feedback loop with mTOR–p-
PI3K/AKT-c-JUN. Nat Commun. 2016;7:11309.
Mcdonald ES, Clark AS, Tchou J, Zhang P, Freedman GM. 13. 
Clinical diagnosis and management of breast cancer. J Nucl 
Med. 2016;57(Suppl 1):9S–16S.
Xiang RL, Mei M, Su YC, Li L, Wang JY, Wu LL. Visfatin 14. 
protects rat pancreatic b-cells against IFN-g-induced apo-
ptosis through AMPK and ERK1/2 signaling pathways. 
Biomed Environ Sci. 2015;28(3):169–77.
Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob ST, 15. 
Patel T. MicroRNA-21 regulates expression of the PTEN 
tumor suppressor gene in human hepatocellular cancer. 
Gastroenterology 2007;133(2):647–58.
Yang H, Kong W, He L, Zhao JJ, O’Donnell JD, Wang J, 16. 
Wenham RM, Coppola D, Kruk PA, Nicosia SV. MicroRNA 

expression profiling in human ovarian cancer: miR-214 
induces cell survival and cisplatin resistance by targeting 
PTEN. Cancer Res. 2008;68(2):425–33.
Parikh A, Lee C, Joseph P, Marchini S, Baccarini A, Kolev 17. 
V, Romualdi C, Fruscio R, Shah H, Feng W. microRNA-
181a has a critical role in ovarian cancer progression 
through the regulation of the epithelial–mesenchymal tran-
sition. Nat Commun. 2014;5(1):149–68.
Santi DV, Mchenry CS, Sommer H. Mechanism of interac-18. 
tion of thymidylate synthetase with 5-fluorodeoxyuridylate. 
Biochemistry 1974;13(3):471–81.
Chu I, Hengst L, Slingerland J. The Cdk inhibitor p27 in 19. 
human cancer: Prognostic potential and relevance to anti-
cancer therapy. Nat Rev Cancer 2008;8(4):253–67.
Chu IM, Hengst L, Slingerland JM. The Cdk inhibitor p27 20. 
in human cancer: Prognostic potential and relevance to 
anticancer therapy. Nat Rev Cancer 2008;8(4):253–67.
Møller MB. P27 in cell cycle control and cancer. Leuk 21. 
Lymphoma 2000;39(1–2):19–27.
Thompson CB. Apoptosis in the pathogenesis and treat-22. 
ment of disease. Science 1995;267(5203):1456–62.
Fuchs Y, Steller H. Programmed cell death in animal devel-23. 
opment and disease. Cell 2011;147(4):742–58.
Sanjeev Kumar M, Mallika T, Bechan S, Hari Shanker S. 24. 
Expression of procaspase 3 and activated caspase 3 and its 
relevance in hormone-responsive gallbladder carcinoma 
chemotherapy. Korean J Int Med. 2013;28(5):573–8.
Kroemer G. The proto-oncogene Bcl-2 and its role in reg-25. 
ulating apoptosis. Nature Med. 1997;3(6):614–20.
Weinmann P, Gaehtgens P, Walzog B. Bcl-Xl- and Bax-26. 
alpha-mediated regulation of apoptosis of human neutro-
phils via caspase-3. Blood 1999;93(9):3106–15.
Green DR. Apoptotic pathways: Paper wraps stone blunts 27. 
scissors. Cell 2000;102(1):1–4.
Brentnall M, Rodriguez-Menocal L, De Guevara RL, 28. 
Cepero E, Boise LH. Caspase-9, caspase-3 and caspase-7 
have distinct roles during intrinsic apoptosis. BMC Cell 
Biol. 2013;14(1):32–41.
Petersein C, Sack U, Mergl R, Schönherr J, Schmidt FM, 29. 
Lichtblau N, Kirkby KC, Bauer K, Himmerich H. Human 
caspases: Activation, specificity, and regulation. J Biol 
Chem. 2009;284(33):21777–81.
Kalluri R, Neilson EG. Epithelial-mesenchymal transition 30. 
and its implications for fibrosis. J Clin Invest. 2003;112 
(12):1776–84.
Thiery JP. Epithelial–mesenchymal transitions in develop-31. 
ment and pathologies. Curr Opin Cell Biol. 2003;15(6): 
740–6.
Spaderna S, Schmalhofer O, Hlubek F, Berx G, Eger A, 32. 
Merkel S, Jung A, Kirchner T, Brabletz T. A transient, EMT-
linked loss of basement membranes indicates metastasis 
and poor survival in colorectal cancer. Gastroenterology 
2006;131(3):830–40.
Yang W, Su Y, Hsu W, Wang C, Arbiser J, Yang M. 33. 
Imipramine blue halts head and neck cancer invasion 
through promoting F-box and leucine-rich repeat protein 
14-mediated Twist1 degradation. Oncogene 2015;291(35): 
2287–98.
Konishi H, Sugiyama M, Mizuno K, Saito H, Yatabe 34. 
Y, Takahashi T, Osada H. Detailed characterization of a 
homozygously deleted region corresponding to a candidate 
tumor suppressor locus at distal 17p13.3 in human lung 
cancer. Oncogene 2003;22(12):1892–905.



372 CHEN AND CHEN

Bubnov V, Moskalev E, Petrovskiy Y, Bauer A, Hoheisel 35. 
J, Zaporozhan V. Hypermethylation of TUSC5 genes in 
breast cancer tissue. Exp Oncol. 2012;34(4):370–2.
Schaeffer HJ, Weber MJ. Mitogen-activated protein kinases: 36. 
Specific messages from ubiquitous messengers. Mol Cell 
Biol. 1999;19(4):2435–44.

Wagner EF, Nebreda AR. Signal integration by JNK and 37. 
p38 MAPK pathways in cancer development. Nat Rev 
Cancer 2009;9(8):537–49.
Yong HY, Koh MS, Moon A. The p38 MAPK inhibitors for 38. 
the treatment of inflammatory diseases and cancer. Expert 
Opin Investig Drugs 2009;18(12):1893–905.




