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Abstract. – OBJECTIVE: MAPK kinase 1 (MEK1), 
also known as MAP2K1, plays a role in activating 
extra-cellular signal-regulated protein kinase/mi-
togen-activated protein kinase (ERK/MAPK) sig-
naling pathway to regulate cell proliferation and 
apoptosis. The abnormal expression of MAP2K1 is 
associated with leukemia. Bioinformatics analysis 
showed the targeted relationship between microR-
NA-181a (miR-181a) and the 3’-UTR of MAP2K1. This 
study aimed to investigate the role of miR-181a in 
regulating MAP2K1 expression, the effects on leu-
kemic cell proliferation, apoptosis, and adriamycin 
(ADM) resistance.

MATERIALS AND METHODS: Dual lucifer-
ase reporter gene assay was applied to confirm 
the targeted relationship between miR-181a and 
MAP2K1. ADM resistant cell line HL-60/ADM was 
established. MiR-181a and MAP2K1 expressions 
were detected. HL-60/ADM cells were cultured 
in vitro and divided into two groups, including 
microRNA-Normal control (miR-NC) group and 
miR-181a mimic group. MAP2K1, phosphorylated 
MAP2K1 (p-MAP2K1), and phosphorylated ERK 
(p-ERK) protein expressions were tested. Cell 
apoptosis was assessed with flow cytometry. Cell 
proliferation was determined using EdU staining.

RESULTS: There is a targeted regulatory re-
lationship between miR-181a and MAP2K1 mR-
NA. miR-181a expression was significantly 
lower, while MAP2K1 mRNA and protein expres-
sions were markedly higher in HL-60/ADM cells 
than HL-60 cells (p<0.05). Transfection of miR-
181a mimic markedly reduced expressions of 
MAP2K1, p-MAP2K1, and p-ERK in HL-60/ADM 
cells, enhanced cell apoptosis, and weakened 
cell proliferation compared to miR-NC (p<0.05).

CONCLUSIONS: MiR-181a reduction and 
MAP2K1 elevation were related to ADM resis-
tance in leukemia cells. Up-regulation of miR-
181a expression inhibited leukemia cell prolif-
eration, induced apoptosis, and reduced ADM 
resistance via targeting MAP2K1 expression and 
ERK/MAPK signaling pathway.
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Introduction

Leukemia is a group of heterogeneous he-
matopoietic stem cell malignant clonal diseases 
caused by differentiation block, apoptosis arrest, 
and malignant proliferation at different stages of 
hematopoietic stem/progenitor cells. Chemothe-
rapy is an important method for treating leuke-
mia. However, the emergence of drug resistance 
is one of the key factors that limit the efficacy of 
chemotherapy and affect the survival and progno-
sis of patients1,2. MAPK kinase 1 (MEK1), also 
known as MAP2K1, phosphorylates and activates 
extracellular signal regulated kinases (ERK) pro-
tein, thereby activating ERK/mitogen activated 
protein kinase (MAPK) signaling pathway. It was 
showed that the expression and functional activity 
of MAP2K1 are associated with the development, 
progression, and drug resistance of leukemia3-5. 
MicroRNAs are a type of endogenous small 
non-coding single-stranded RNA. They participa-
te in the biological process, such as cell survival, 
proliferation, apoptosis, and migration, by compli-
mentary binding with the 3’-UTR of target gene to 
promote target gene mRNA degradation or inhibit 
mRNA translation. The abnormal expression and 
function of miRNA in chemotherapy resistance 
have attracted more and more attention6,7. MiR-
181a is a highly studied miRNA that is related to 
the occurrence, progression, and drug resistance 
of various tumors, such as lung cancer8, thyroid 
cancer9, cervical cancer10, and prostate cancer11. 
It was found12-15 that miR-181a is involved in the 
regulation of biological processes, such as proli-
feration, apoptosis, cycle and drug resistance of 
leukemia cells. Bioinformatics analysis showed 
the targeted relationship between miR-181a and 3’-
UTR of MAP2K1. This study investigated the role 
of miR-181a in regulating MAP2K1 expression, 
affecting leukemic cell proliferation, apoptosis, 
and adriamycin (ADM) resistance.
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Materials and methods

Main Reagents and Materials
Human normal peripheral blood mononucle-

ar cell (PBMC) and promyelocytic leukemia cell 
HL-60 were purchased from Beijing Beina Bio-
technology Co., Ltd. (Beijing, China). HEK293T 
cells were purchased from the Shanghai Cell 
Bank of the Chinese Academy of Sciences (Shan-
ghai, China). Roswell Park Memorial Institu-
te-1640 (RPMI-1640), optional essential medium 
(Opti-MEM) and fetal bovine serum (FBS) were 
purchased from Gibco BRL. Co. Ltd. (Grand 
Island, NY, USA). TRIzol and Lipofectamine 
2000 were purchased from Invitrogen/Life Tech-
nologies (Carlsbad, CA, USA). QuantiTect SYBR 
Green RT-PCR Kit was purchased from Qiagen 
(Hilden, Germany). MiR-181a mimic, miR-181a 
inhibitor, and miR-NC were purchased from Ri-
boBio (Guangzhou, China). Rabbit anti-human 
MAP2K1 and p- MAP2K1 polyclonal antibodies 
were purchased from Abcam Biotech. (Cambrid-
ge, MA, USA). Rabbit anti-human β-actin antibo-
dy was purchased from Santa Cruz Biotech. (San-
ta Cruz, CA, USA). Goat anti-Rabbit IgG (H+L) 
secondary antibody was purchased from Sangon 
Biotech. Co. Ltd. (Shanghai, China). Cell Coun-
ting Kit-8 (CCK-8), Annexin V/ propidium iodide 
(PI) cell apoptosis detection kit, and bincincho-
nic acid (BCA) quantification kit were purcha-
sed from Beyotime Biotech. (Shanghai, China). 
EdU Flow Cytometry Kit was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Dual-Glo 
Luciferase Assay System and pGL3 plasmid were 
purchased from Promega (Madison, WI, USA). 
Forma 3131 cell incubator was purchased from 
Thermo Electron Corp. (Waltham, MA, USA).

Cell Culture
PBMC and HL-60 cells were maintained in 

RPMI-1640 (Roswell Park Memorial Institute 
1640) medium containing 10% fetal bovine serum 
(FBS) and cultured in 37°C and 5% CO2. The cells 
in logarithmic phase were used for experiments. 
This study was approved by the Ethics Commit-
tee of Nuclear industry 215 Hospital of Shaanxi 
Province (Xianyang, Shaanxi, China).

ADM Drug Resistant Cell Line 
Establishment

HL-60 cells in logarithmic phase were trea-
ted by ADM from 0.1 μg/ml for 2 weeks. Then, 
cells kept growing and were treated by increased 
concentration of ADM up to 1.6 μg/ml when the 

cells can stably grow in ADM. At last, the cells 
can be stable passaged in ADM to obtain ADM 
resistant leukemia cell line HL-60/ADM. HL-60 
and HL-60/ADM cells were treated by different 
concentrations (0, 0.1, 1, 10, 100, and 1000 μg/ml) 
of ADM for 48 h. Next, the cells were added with 
CCK-8 to measure the absorbance value (A450). 
Inhibition rate = (1-A450 in drug group)/A450 in 
control × 100%. IC50 was calculated using SPSS 
software. Resistance index (RI) = IC50 of drug 
resistant cell/IC50 of parent cell.

Flow Cytometry Detection 
of Cell Proliferation

The cells were added with EdU solution at 10 
μM in logarithmic phase. After incubated for 2 
h, the cells were seeded for 48 h and digested by 
trypsin. After fixed in paraformaldehyde (Sig-
ma-Aldrich, St. Louis, MO, USA), the cells were 
incubated in 100 μl Triton X-100 (Beyotime Bio-
tech. Shanghai, China) at room temperature and 
in 500 μl reaction fluid at room temperature avoid 
of light for 30 min. At last, the cell was tested 
on FC500 MCL flow cytometry (BD Biosciences, 
San Jose, CA, USA).

Dual Luciferase Reporter Gene Assay
The PCR product of the MAP2K1 3’-UTR 

full-length fragment or mutant fragment was dou-
ble-digested and then ligated into the pGL3 vec-
tor. After sequencing, the plasmid was designated 
as pGL3-MAP2K1-WT and pGL3-MAP2K1-
MUT. The HEK293T cells were transfected with 
pGL3-MAP2K1-WT (or pGL3-MAP2K1-MUT) 
together with miR-181a mimic (or miR-181a inhi-
bitor, miR-NC) by Lipofectamine 2000. After in-
cubated for 48 h, luciferase activity was detected 
by Dual-Glo Luciferase Assay System kit accor-
ding to the manual. 

Cell Transfection and Grouping
HL-60/ADM cells were divided into miR-NC 

group and miR-181a mimic group. A total of 10 μl 
of Lip2000, 50 nmol miR-NC, and 50 nmol miR-
181a mimic were diluted with 100 μl serum-free 
Opti-MEM medium, and incubated for 5 min 
at room temperature, respectively. The mixture 
was added to the cell culture medium for 72 h. 
At last, the cells were collected for detection. The 
cells were seeded in 6-well plate and treated by 
1.6 μg/ml ADM for 48 h. The cells were added 
with EdU solution at 10 μM in logarithmic phase. 
After incubated for 2 h, the cells were seeded for 
48 h and digested by trypsin. After fixed in para-
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formaldehyde, the cells were incubated in 100 μl 
Triton X-100 at room temperature and in 500 μl 
reaction fluid at room temperature avoid of light 
for 30 min. At last, the cell was tested on FC500 
MCL flow cytometry (BD Biosciences, San Jose, 
CA, USA).

Quantitative Real-Time PCR (qRT-PCR)
The total RNAs from the cells were extracted 

by using the TRIzol regents, which purchased 
from Beyotime Biotech. (Shanghai, China). Next, 
the complementary DNA (cDNA) was synthesized 
by using the SuperScript III first-strand synthesis 
system (Cat. No. 18080051, Invitrogen/Life Tech-
nologies, Carlsbad, CA, USA). QuantiTect SYBR 
Green RT-PCR Kit (Cat. No. 204243, Qiagen, 
Hilden, Germany) was used to amplify the targe-
ting genes based on the synthesized cDNAs. The 
PCR reaction system was composed of 2×Quan-
tiTect SYBR Green RT-PCR Master Mix 10.0 µl, 
forward primer (0.5 μM) 1.0 µl, reverse primer 
(0.5 μM) 1.0 µl, Template RNA 2.0 µg, Quanti-
Tect RT Mix 0.5 μl, and ddH2O. The reaction was 
performed on Bio-Rad (Mode: CFX96, Bio-Rad 
Laboratories, Hercules, CA, USA) at 45°C for 5 
min and 94°C for 30 s, followed by 40 cycles of 
95°C for 5 s and 60°C for 30 s. The primers for the 
RT-PCR assay were listed in Table I.

 
Western Blot

Total protein was extracted from the cells by 
radioimmunoprecipitation assay (RIPA). After 
quantified by BCA method, a total of 40 μg pro-
tein was separated by sodium dodecyl sulpha-
te-polyAcrylamide gel electrophoresis (SDS-PA-
GE) and transferred to polyvinylidene difluoride 
(PVDF) membrane at 250 mA for 100 min. After 
blocked by 5% skim milk at room temperature, 
the membrane was incubated in primary antibody 
at 4°C overnight (MAP2K1 1: 2000, p-MAP2K1 
1:1000, and β-actin 1: 10000). After washed by 
phosphorylate-buffered saline Tween-20 (PBST, 
Beyotime Biotech. Shanghai, China), the mem-
brane was further incubated in horseradish pe-

roxidase (HRP) conjugated secondary antibody at 
room temperature for 60 min (1: 15000). At last, 
the membrane was treated by enhanced chemilu-
minescence (ECL) Amersham Biosciences (Pi-
scataway, NJ, USA) reagent and developed.

Cell Apoptosis Detection
The cells were digested by enzyme and col-

lected. After resuspended in 100 μl binding buf-
fer, the cells were added with 5 μl Annexin V-FI-
TC and 5 μl PI at room temperature avoid of light 
for 15 min. Next, the cells were tested on flow 
cytometry.

Statistical Analysis
SPSS 18.0 software (SPSS Inc., Chicago, IL, 

USA) was applied for data analysis. Measurement 
data were presented as mean ± standard deviation 
(SD). The Student’s t-test was used to compa-
re the differences between two groups. Tukey’s 
post-hoc test was used to validate the ANOVA 
for comparing measurement data among groups. 
p<0.05 represents a significant difference.

Results

The Targeted Regulatory Relationship 
between miR-181a and MAP2K1

Bioinformatics analysis showed the comple-
mentary binding site between miR-181a and the 
3’-UTR of MAP2K1 mRNA (Figure 1A). Dual 
luciferase reporter gene assay exhibited that miR-
181a mimic transfection significantly reduced the 
relative luciferase activity in HEK293T cells tran-
sfected by pGL3-MAP2K1-WT but not by pGL3-
MAP2K1-MUT, confirming that MAP2K1 was 
the target gene of miR-181a (Figure 1B, p<0.05).

Drug Resistant Leukemia Cells Exhibited 
Strong ADM Resistance

CCK-8 assay showed that the proliferative acti-
vities of parental HL-60 cells were significantly 
lower than those of HL-60/ADM cells under the 

Table I. Primers for the RT-PCR assay.

Genes  Sequences

miR-181a Forwards 5’-TGCGCAACATTCAACGCTGTCG-3’
 Reverse 5’-CTCAAGTGTCGTGGAGTCGGCAA-3’
MAP2K1 Forwards 5’-ATCTTCGGGAGAAGCACAAG-3’
 Reverse 5’-CGAAGGAGTTGGCCATAGAG-3’
b-actin Forwards 5’-TACCACATCCAAGAAGGCAG-3’
 Reverse 5’-TGCCCTCCAATGGATCCTC-3’
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same dose treatment of ADM. The IC50 of HL-60 
cells was 1.36±0.11 μg/ml, while it was 18.79±1.26 
μg/ml in the drug-resistant HL-60/ADM cells, le-
ading the RI of HL-60/ADM cells at 13.82 (Fi-
gure 2A). Under the ADM treatment at 1.36 μg/
ml, the apoptotic rate of HL-60 cells reached 
25.17%±3.75%, while it was only 2.58%±0.39% 
in HL-60/ADM cells (Figure 2B). 

MiR-181a Reduced, while MAP2K1 
Up-Regulated in Drug Resistant Cells

qRT-PCR demonstrated that compared with 
human normal PBMC cells, miR-181a expression 
was significantly decreased in HL-60 cells, and 
its level was obviously lower in drug-resistant 
HL-60/ADM cells than that of parental HL-60 
cells (Figure 3A, p<0.05). qRT-PCR revealed that 
the MAP2K1 mRNA expression in HL-60 cel-
ls was markedly higher than that of PBMC cells 
(p<0.05), and it was apparently higher in leuke-
mia resistant HL-60/ADM cells compared with 
the parental HL-60 cells (Figure 3A). Western 
blot exhibited that compared with PBMC cells, 
MAP2K1 protein expression in HL-60 cells was 
significantly up-regulated (p<0.05), and its level 
in leukemia drug-resistant HL-60/ADM cells ob-
viously enhanced (Figure 3B).

MiR-181a Over-Expression Promoted 
Leukemia Cell Apoptosis and Reduced 
ADM Resistance

qRT-PCR showed that miR-181a mimic tran-
sfection significantly up-regulated miR-181a 
expression and declined MAP2K1 mRNA level 
in HL-60/ADM cells compared with miR-NC 
group (Figure 4A, p<0.05). Western blot de-
monstrated that miR-181a mimic transfection si-
gnificantly reduced MAP2K1, p-MAP2K1, and 
p-ERK1 protein levels in HL-60/ADM cells (Fi-
gure 4B, p<0.05). Flow cytometry revealed that 
transfection of miR-181a mimic markedly enhan-
ced cell apoptosis, while inhibited cell prolifera-
tion in HL-60/ADM cells (Figure 4C, D, p<0.05).

Figure 1. The targeted regulatory relationship between 
miR-181a and MAP2K1 mRNA. (A) The complementary 
binding site between miR-181a and the 3’-UTR of MAP2K1 
mRNA. (B) Dual luciferase reporter assay. *p<0.05, compa-
red with miR-NC.

Figure 2. Drug resistant cells exhibited strong drug resistance. (A) CCK-8 detection of cell viability. (B) Flow cytometry 
detection of cell apoptosis. *p<0.05.
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Discussion

ERK/MAPK signaling pathway is widely 
expressed in various tissues and cells, and can 
regulate a variety of biological processes, such 
as cell proliferation, cycle, apoptosis, migration, 
and invasion16,17. Over-activation of ERK/MAPK 
signaling pathway is closely related to the oc-
currence, progression, and metastasis of various 
tumors, such as oral cancer, esophageal cancer, 
and lung cancer18-20. MAP2K1 is a tyrosine/thre-
onine (Tyr/Thr) dual-specific protein kinase that 
specifically phosphorylates ERK protein to acti-
vate ERK/MAPK signaling pathway21,22. It was 
showed that the expression and functional activity 
of MAP2K1 are associated with the development, 
progression, and drug resistance of leukemia3-5. It 
was found that miR-181a is involved in the regu-
lation of biological processes, such as prolifera-
tion, apoptosis, cycle and drug resistance of leu-
kemia cells12-15. Bioinformatics analysis showed 
the targeted relationship between miR-181a and 
the 3’-UTR of MAP2K1. This study investiga-
ted the role of miR-181a in regulating MAP2K1 
expression, affecting leukemic cell proliferation, 
apoptosis, and ADM resistance. In this study, 
dual luciferase reporter gene assay exhibited that 
miR-181a mimic transfection significantly redu-
ced the relative luciferase activity in HEK293T 
cells transfected by pGL3-MAP2K1-WT but 
not by pGL3-MAP2K1-MUT, confirming that 
MAP2K1 was the target gene of miR-181a. CCK-
8 assay showed that the proliferative activities 
of parental HL-60 cells were significantly lower 

than those of HL-60/ADM cells under the same 
dose treatment of ADM. Compared with hu-
man normal PBMC cells, miR-181a expression 
was significantly decreased, while MAP2K1 le-
vel was markedly enhanced in HL-60 cells, and 
their changes amplitude was significantly higher 
in drug-resistant HL-60/ADM cells than that of 
parental HL-60 cells, suggesting that miR-181a 
down-regulation was associated with MAP2K1 
over-expression and participated in the regulation 
of leukemia cell ADM resistance. Schwind et al23 
showed that the treatment response, overall survi-
val rate, and disease-free survival rate of patients 
with higher expression of miR-181a were signi-
ficantly better than those with lower expression 
of miR-181a. Zhu et al14 adopted gene expression 
profiling assay and found that the expression of 
miR-181a in peripheral blood of leukemia patients 
was abnormally decreased compared with healthy 
controls, which was related to poor survival and 
prognosis. Li et al15 revealed that the expression 
of miR-181a in drug-resistant leukemia cells was 
significantly lower than that of the parental leuke-
mia cells. All of the above studies indicated that 
miR-181a functions as a tumor suppressor gene in 
leukemia, which was similar to our results. 
This study further explored whether miR-181a 
is involved in the regulation of drug resistance 
in leukemia HL-60 cells. Transfection of miR-
181a mimic markedly reduced the expressions 
of MAP2K1, p-MAP2K1, and p-ERK in HL-60/
ADM cells, enhanced cell apoptosis, and wea-
kened cell proliferation. It was showed that the 
down-regulation of miR-181a was involved in 

Figure 3. MiR-181a reduced, while MAP2K1 upregulated in drug resistant cells. (A) qRT-PCR detection of mRNA expres-
sion. (B) Western blot detection of MAP2K1 protein expression. *p<0.05, compared with PBMC, #p<0.05, compared with 
HL-60 cells. 
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the regulation of drug resistance in leukemia cel-
ls, while the increase of miR-181a inhibited the 
expression of MAP2K1, decreased the activity of 
ERK/MAPK pathway, restrained cell prolifera-
tion, promoted apoptosis, and reduced drug resi-
stance. Huang et al24 found that abnormal expres-
sion of miR-181a was associated with leukemia, 
and over-expression of miR-181a in leukemia cells 
significantly inhibited cell proliferation, attenua-
ted clonal formation ability, promoted apoptosis, 
alleviated tumorigenicity in animals, and reduced 
cell resistance mainly through targeted inhibition 
of KRAS, NRAS, and MAPK1 expressions. Zhu 
et al14 observed that increasing the expression of 
miR-181a obviously enhanced the sensitivity of 
leukemia cells to the anti-tumor drug fludarabine, 
resulting in a significant apoptosis enhancement 

through targeting BCL-2, MCL-1, and XIAP. Li 
et al15 demonstrated that transfection of miR-181a 
inhibitor in leukemia cells markedly promoted 
cell proliferation and survival, and reduced the 
sensitivity to the anti-tumor drug daunorubicin 
(DNR). Transfection of miR-181a mimic appa-
rently facilitated the apoptosis of drug-resistant 
leukemia cells, weakened cell proliferative ca-
pacity, and decreased DNR resistance by targe-
ting Bcl-2 gene expression. Fei et al25 revealed 
that miR-181a upregulation in leukemia cells can 
inhibited cell proliferation, arrested cell cycle in 
G2 phase, and promoted apoptosis by targeting 
Ras-related protein Ral-A (RalA). All of the above 
studies reported the role of miR-181a in the regula-
tion of drug sensitivity in leukemia cells. This work 
combined the targeting regulation between miR-181a 

Figure 4. MiR-181a over-expression promoted cell apoptosis and reduced ADM resistance. (A) qRT-PCR detection of mRNA 
expression. (B) Western blot detection of protein expression. (C) Flow cytometry detection of cell apoptosis. (D) Flow cyto-
metry detection of cell proliferation. *p<0.05.
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and MAP2K1, revealing that miR-181a targeted inhi-
bited MAP2K1 expression, decreased ERK/MAPK 
pathway activity, promoted leukemia cell apoptosis, 
and reduced ADM resistance. However, whether 
miR-181a regulating MAP2K1 is related to the drug 
resistance of leukemia patients is still unclear. 

Conclusions

We revealed that MiR-181a reduction and 
MAP2K1 elevation were related to ADM resistan-
ce in leukemia cells. Up-regulation of miR-181a 
expression inhibited leukemia cell proliferation, 
induced apoptosis, and reduced ADM resistan-
ce via targeting MAP2K1 expression and ERK/
MAPK signaling pathway.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

 1) Marin JJ, al-abdulla r, lozano E, briz o, buJanda 
l, banalEs JM, Macias ri. Mechanisms of resistan-
ce to chemotherapy in gastric cancer. Anticancer 
Agents Med Chem 2016; 16: 318-334.

 2) li Mz, cai dH, zHao Hb, cHEn z, Huang QX, situ 
J. SOCS3 overexpression enhances ADM resi-
stance in bladder cancer T24 cells. Eur Rev Med 
Pharmacol Sci 2017; 21: 3005-3011.

 3) crassini K, stEvEnson Ws, Mulligan sP, bEst og. The 
MEK1/2 inhibitor, MEKi-1, induces cell death in 
chronic lymphocytic leukemia cells under condi-
tions that mimic the tumor microenvironment and 
is synergistic with fludarabine. Leuk Lymphoma 
2015; 56: 3407-3417.

 4) noWacKa Jd, bauMgartnEr c, PElorosso c, rotH M, 
zubEr J, baccarini M. MEK1 is required for the de-
velopment of NRAS-driven leukemia. Oncotarget 
2016; 7: 80113-80130.

 5) Yu c, dasMaHaPatra g, dEnt P, grant s. Synergistic 
interactions between MEK1/2 and histone dea-
cetylase inhibitors in BCR/ABL+ human leukemia 
cells. Leukemia 2016; 30: 1452.

 6) arMstrong cM, liu c, lou W, loMbard aP, Evans cP, 
gao ac. MicroRNA-181a promotes docetaxel resi-
stance in prostate cancer cells. Prostate 2017; 77: 
1020-1028.

 7) li F, MaHato ri. MicroRNAs and drug resistance in 
prostate cancers. Mol Pharm 2014; 11: 2539-2552.

 8) Ping W, gao Y, Fan X, li W, dEng Y, Fu X. MiR-
181a contributes gefitinib resistance in non-small 
cell lung cancer cells by targeting GAS7. Biochem 
Biophys Res Commun 2018; 495: 2482-2489.

 9) lE F, luo P, Yang Qo, zHong XM. MiR-181a pro-
motes growth of thyroid cancer cells by targeting 
tumor suppressor RB1. Eur Rev Med Pharmacol 
Sci 2017; 21: 5638-5647.

10) luo c, Qiu J. miR-181a inhibits cervical cancer de-
velopment via downregulating GRP78. Oncol Res 
017; 25: 1341-1348.

11) zHiPing c, sHiJun t, linHui W, YaPEi W, lianXi Q, 
Qiang d. MiR-181a promotes epithelial to mesen-
chymal transition of prostate cancer cells by tar-
geting TGIF2. Eur Rev Med Pharmacol Sci 2017; 
21: 4835-4843.

12) lYu X, li J, Yun X, Huang r, dEng X, Wang Y, cHEn Y, 
Xiao g. miR-181a-5p, an inducer of Wnt-signaling, 
facilitates cell proliferation in acute lymphoblastic 
leukemia. Oncol Rep 2017; 37: 1469-1476.

13) liu X, liao W, PEng H, luo X, luo z, Jiang H, Xu 
l. miR-181a promotes G1/S transition and cell 
proliferation in pediatric acute myeloid leukemia 
by targeting ATM. J Cancer Res Clin Oncol 2016; 
142: 77-87.

14) zHu dX, zHu W, Fang c, Fan l, zou zJ, Wang YH, 
liu P, Hong M, Miao Kr, liu P, Xu W, li JY. miR-
181a/b significantly enhances drug sensitivity in 
chronic lymphocytic leukemia cells via targeting 
multiple anti-apoptosis genes. Carcinogenesis 
2012; 33: 1294-1301.

15) zHou J, liu X, Wang cH, Wang d, du JJ. Decreased 
expression of miR-1254 is associated with can-
cer aggressiveness and predicts poor outcome 
in cervical cancer. Eur Rev Med Pharmacol Sci 
2018; 22: 2997-3001.

16) bucHEggEr K, silva r, loPEz J, ili c, araYa Jc, lEal 
P, brEbi P, riQuElME i, roa Jc. The ERK/MAPK pa-
thway is overexpressed and activated in gallblad-
der cancer. Pathol Res Pract 2017; 213: 476-482.

17) liao t, WEn d, Ma b, Hu JQ, Qu n, sHi rl, liu l, 
guan Q, li ds, Ji QH. Yes-associated protein 1 
promotes papillary thyroid cancer cell prolifera-
tion by activating the ERK/MAPK signaling pa-
thway. Oncotarget 2016; 8: 11719-11728.

18) KoYaMa t, ogaWara K, KasaMatsu a, oKaMoto a, 
KasaMa H, MinaKaWa Y, sHiMada K, YoKoE H, sHiiba 
M, tanzaWa H, uzaWa K. ANGPTL3 is a novel bio-
marker as it activates ERK/MAPK pathway in oral 
cancer. Cancer Med 2015; 4: 759-769.

19) lu z, ding l, Hong H, Hoggard J, lu Q, cHEn YH. 
Claudin-7 inhibits human lung cancer cell migra-
tion and invasion through ERK/MAPK signaling 
pathway. Exp Cell Res 2011; 317: 1935-1946.

20) zHEng st, Huo Q, tuErXun a, Ma WJ, lv gd, Huang 
cg, liu Q, Wang X, lin rY, sHEYHidin i, lu XM. The 
expression and activation of ERK/MAPK pathway 
in human esophageal cancer cell line EC9706. 
Mol Biol Rep 2011; 38: 865-872.

21) gunaWardHana n, Jang s, cHoi YH, Hong Ya, JEon 
YE, KiM a, su H, KiM JH, Yoo YJ, MErrEll ds, KiM 
J, cHa JH. Helicobacter pylori-Induced HB-EGF 
upregulates gastrin expression via the EGF re-
ceptor, C-Raf, Mek1, and Erk2 in the MAPK pa-
thway. Front Cell Infect Microbiol 2017; 7: 541.

RE
TR

ACT
ED



J.-J. Wang, J.-P. Yu

2504

22) sHiMoni-sEbag a, lEbEntHal-loingEr i, zEndEr l, Kar-
ni r. RRM1 domain of the splicing oncoprotein 
SRSF1 is required for MEK1-MAPK-ERK activa-
tion and cellular transformation. Carcinogenesis 
2013; 34: 2498-2504.

23) scHWind s, MaHarrY K, radMacHEr Md, MrozEK K, 
Holland Kb, MargEson d, WHitMan sP, HicKEY c, 
bEcKEr H, MEtzElEr KH, PascHKa P, baldus cd, liu 
s, garzon r, PoWEll bl, Kolitz JE, carroll aJ, 
caligiuri Ma, larson ra, Marcucci g, blooMFiEld 
cd. Prognostic significance of expression of a 
single microRNA, miR-181a, in cytogenetically 
normal acute myeloid leukemia: a cancer and 

leukemia Group B study. J Clin Oncol 2010; 28: 
5257-5264.

24) Huang X, scHWind s, santHanaM r, EisFEld aK, cHiang 
cl, lanKEnau M, Yu b, HoEllErbauEr P, Jin Y, tarigHat 
ss, KHaliFE J, WalKEr a, PErrotti d, blooMFiEld cd, 
Wang H, lEE rJ, lEE lJ, Marcucci g. Targeting the 
RAS/MAPK pathway with miR-181a in acute mye-
loid leukemia. Oncotarget 2016; 7: 59273-59286.

25) FEi J, li Y, zHu X, luo X. miR-181a post-transcriptional-
ly downregulates oncogenic RalA and contributes to 
growth inhibition and apoptosis in chronic myeloge-
nous leukemia (CML). PLoS One 2012; 7: e32834.

RE
TR

ACT
ED




