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Abstract. – OBJECTIVE: Extra-cellular sig-
nal-regulated kinase/mitogen-activated protein 
kinase (ERK/MAPK) signaling pathway partici-
pates in cell proliferation, cycle and apoptosis. 
MAPK kinase 1 (MAP2K1) activates the ERK/
MAPK pathway. The down-regulation of miR-
195 is correlated with the onset and drug resis-
tance of prostate cancer. Bioinformatics analy-
sis identified complementary binding sites be-
tween miR-195 and MAP2K1. This study aimed 
to investigate the effect of miR-195 on the prolif-
eration, apoptosis and adriamycin (ADM) resis-
tance of prostate cancer cells. 

MATERIALS AND METHODS: Dual-Lucifer-
ase reporter gene assay confirmed targeted 
regulation between miR-195 and MAP2K1. ADM 
resistant cell line DU145/ADM and PC-3/ADM 
were generated for comparing the miR-195 and 
MAP2K1 expression. Apoptosis was measured 
by flow cytometry and caspase-3 activity was 
quantified. Cultured cells were treated with miR-
195 mimic, followed by quantitative real-time 
PCR (qRT-PCR) was used for MAP2K1 expres-
sion. Western blot measured MAP2K1, ERK1/2 
and phosphorylated ERK1/2 (p-ERK1/2) expres-
sion, and flow cytometry quantified cell apop-
tosis, followed by EdU staining for cell prolifer-
ation. 

RESULTS: Targeted regulation existed be-
tween miR-195 and MAP2K1 mRNA. Drug-resis-
tant cells had lower miR-195 than parental cells, 
whilst MAP2K1 expression was higher. Under 
ADM treatment with IC50 concentration, drug re-
sistant cells showed lower apoptosis. The trans-
fection of miR-195 decreased MAP2K1 expres-
sion and p-ERK1/2, elevated cell apoptosis and 
suppressed EdU positive rate or cell prolifera-
tion. 

CONCLUSIONS: The down-regulation of miR-
195 is correlated with ADM resistance of pros-
tate cancer cells. The over-expression of miR-
195 weakens cancer cell proliferation, facilitates 
cell apoptosis and decreases ADM resistance 
via targeted inhibition on MAP2K1 expression 
and ERK/MAPK signal pathway.
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Introduction

Prostate carcinoma is a common malignant 
tumor in the male urinal-reproductive system. 
Due to its relatively high incidence, it is the sixth 
most popular malignant tumor in males and has 
the third higher frequency in male urinal repro-
ductive tumors1,2. Prostate cancer has relative-
ly higher difficulty for treatment, unfavorable 
prognosis and higher mortality. Chemotherapy 
has become a critical treatment measure for 
prostate cancer, whilst the drug resistance is one 
major factor limiting clinical treatment efficien-
cy3,4. Mitogen-activated protein kinase kinase 
1 (MAP2K1) is the upstream protein kinase 
of extra-cellular signal-regulated kinase (ERK) 
and can activate extra-cellular signal regulated 
kinase/mitogen activated protein kinase (ERK/
MAPK) signal pathway. Abnormally elevated 
expression and function of MAP2K1 are cor-
related with onset, progression, metastasis and 
drug resistance of various tumors5-7. Previous 
studies showed the involvement of enhanced 
MAP2K1 expression or functional activity in 
malignant features including drug resistance 
and invasion of prostate cancer8,9. MicroRNA 
(miR) is an endogenous non-coding small RNA 
molecule in eukaryotes and can regulate target 
gene expression by degrading mRNA or in-
hibiting mRNA translation by complementary 
binding with 3’-untranslated region (3’-UTR) 
of target gene mRNA, thus participating in the 
regulation of biological processes including cell 
survival, proliferation, apoptosis and migration. 
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Abnormal expression or function of microRNA 
has attracted increasing interests in tumor drug 
resistance10,11. Previous studies12-14 showed the 
correlation between miR-195 down-regulation 
and the onset, progression, prognosis and drug 
resistance of prostate cancer. Bioinformatics 
analysis showed the existence of complementa-
ry binding sites between miR-195 and 3’-UTR of 
MAP2K1 mRNA, indicating possibly targeted 
regulatory roles. This work thus investigated the 
role of miR-195 in mediating MAP2K1 expres-
sion and affecting proliferation, apoptosis and 
ADM resistance of prostate cancer cells.

Materials and Methods

Major Reagents and Materials
Normal prostate gland epithelial cell RWPE-1 

(CRL-11609), prostate cancer cell line DU145 
(HTB-81) and PC-3 (CRL-1435) were purchased 
from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). Dulbecco’s Mod-
ified Eagle Medium (DMEM), keratinocyte-se-
rum free medium (keratinocyte-SFM), option 
minimum essential media (Opti-MEM) and fe-
tal bovine serum (FBS) were purchased from 
Gibco (Grand Island, NY, USA). RNAiso Plus 
was purchased from TaKaRa (Otsu, Shiga, Ja-
pan). Fluorescent quantitative PCR kit TransS-
cript Green One-Step quantitative Real Time-
PCR (qRT-PCR) SuperMix was purchased from 
Transgen (Beijing, China). MiR-195 mimic and 
microRNA-normal control (miR-NC) were pur-
chased from Ribobio (Guangzhou, China). Lipo-
fectamine 2000 was purchased from Invitrogen 
(Carlsbad, CA, USA). Rabbit anti-human poly-
clonal antibody against MAP2K1, ERK1/2 and 
p-ERK1/2 were purchased from Abcam (Cam-
bridge, MA, USA). Rabbit anti-human β-actin 
polyclonal antibody was purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA). 
Horseradish peroxidase (HRP) conjugated sec-
ondary antibody was purchased from Sangon 
Biotech. Co. Ltd. (Shanghai, China). Annexin 
V/propidium iodide (PI) cell apoptosis test kit 
and BeyoECL Plus chemiluminescence were 
purchased from Beyotime (Shanghai, China). 
Adriamycin (ADM) and cell counting kit were 
purchased from MedchemExpress (Monmouth 
Junction, NJ, USA). EdU cell proliferation flow 
cytometry kit was purchased from Molecular 
Probes (Eugene, OR, USA). Luciferase activity 
assay kit Dual-Glo Luciferase Assay System, 

and Dual-Luciferase reporter plasmid pLUC Lu-
ciferase vector were purchased from Ambion 
Inc. (Austin, TX, USA).

Cell Culture
DU145 and PC-3 cells were incubated in 

DMEM medium containing 10% fetal bovine 
serum (FBS) and were kept in a 37° C in-
cubator with 5% CO2 (model HERAcell 240i, 
Thermo Fisher Scientific, Waltham, MA, USA). 
RWPE-1 cells were kept in Keratinocyte-SFM 
medium containing 5 ng/ml epithelial growth 
factor (EGF) and 0.0 mg/ml Bovine Pituitary 
Extract (BPE), in a 37° C incubator with 5% CO2. 
Cells were passed at 1:4 ratio, and the cells at log-
growth phase were used for experiments.

Generation of Adriamycin (ADM) 
Resistant Cell Model

To generate an ADM drug-resistant cell model, 
DU145 and PC-3 cells at log-growth phase were 
replenished with 1 μg/ml ADM into the culture 
medium. 24 h later, the fresh culture medium 
was switched. After 2 weeks of stable growth, the 
ADM concentration was gradually elevated to 2 
μg/ml, 4 μg/ml, 8 μg/ml and 16 μg/ml until sta-
ble growth for repeated passage within 16 μg/ml 
ADM. ADM resistant prostate cancer cell lines 
DU145/ADM and PC-3/ADM were then generat-
ed. DU145, PC-3, DU145/ADM and PC-3/ADM 
cells were seeded into 96-well plate at 10000 cells 
per well density. After 24 h attached growth, cells 
were treated with 0, 5, 10, 20, 40, 80, 160 and 
320 μg/ml ADM, with 6 parallel replicates for 
each concentration. After 48 h incubation, each 
well was added with 10 μl cell counting kit-8 
(CCK-8) solution, and absorbance (A) values at 
450 nm wavelength (A450) were measured after 
4 h reaction. Inhibition rate = (1-A450 of treat-
ment group)/A450 of treatment group×100%. Half 
maximal inhibitory concentration (IC50) for the 
concentration of inhibiting 50% cell growth was 
calculated by SPSS 18.0 software (SPSS, Inc., 
Chicago, IL, USA). Resistance index (RI) = IC50 
of drug-resistant cells/IC50 of parental cells.

Flow Cytometry for Cell Proliferation
Cells were re-suspended in DMEM medium 

containing 10% FBS. EdU Alexa Fluor 488 Flow 
Cytometry Assay Kit (Cat. No. 35002, Invitro-
gen, Carlsbad, CA, USA) was used to measure 
proliferation potency of cells. In brief, cells were 
incubated using 10 μM EdU for 2 h and were con-
tinuously incubated for 48 h. Cells were digested RE
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by trypsin and collected. After centrifugation, 
washing, fixation and permeabilization, cells 
were incubated in assay buffer containing Alex 
Fluor 488 labels for 30 min room temperature 
incubation. After washing and centrifugation, 
FC500 MCL flow cytometry (Beckman Coulter 
Inc., Brea, CA, USA) was used to measure cell 
proliferation.

Dual Luciferase Activity Assay
PCR products for full-length fragment or mu-

tant form of MAP2K1 gene 3’-UTR were digest-
ed by dual restriction enzymes and were ligated 
to pLUC plasmid. After transforming competent 
bacteria, the cells with correct sequences were 
selected and named as pLUC-MAP2K1-WT or 
pLUC-MAP2K1-MUT. Lipofectamine 2000 
was used to co-transfect pLUC-MAP2K1-WT 
(or pLUC-MAP2K1-MUT) and miR-195 mimic 
(or miR-NC) into HEK293T cells for 48h con-
tinuous incubation. Dual-Glo Luciferase Assay 
System kit was used for measuring Dual-Lucif-
erase activity.

Cell Transfection and Grouping
Cultured DU145/ADM and PC-3/ADM cells 

were divided into two groups: miR-NC trans-
fection group, and miR-195 mimic transfection 
group. In brief, 100 μl serum-free medium was 
used to dilute 10 μl Lipofectamine 2000, 30 
nmol miR-NC, 30 nmol miR-203 mimic. After 5 
min room temperature incubation, Lipofectamine 
2000 was gently mixed with miR-NC and miR-
203 mimic for 20 min room temperature incuba-
tion. The transfection mixture was slowly added 
into the culture medium for gentle mixture and 
82 h of continuous incubation for collecting cells. 
Cells from all groups were seeded into a 6-well 
plate, and 50 ng/ml ADM was added when reach-
ing 50% confluence. After 48 h of continuous 
incubation, cell apoptosis was measured by flow 
cytometry. Trypsin (Beyotime, Shanghai, China) 
was used to collect treated cells from all groups. 
After 10 μM EdU incubation for 2 h, cells were 

continuously incubated for 48 h as described in 
previous sections. Cell proliferation potency was 
measured by test kit.

QRT-PCR for Measuring Gene Expression
RNAiso Plus was used to extract cellular 

RNA. The relative expression of target gene 
was measured by qRT-PCR using TransScript 
Green One-Step qRT-PCR SuperMix. In a 20 μl 
reaction system, one added 1 μg Template RNA, 
0.3 μM forward primer, 0.3 μM reverse primer, 
10 μl 2× TransStart Tip Green qPCR SuperMix, 
0.4 μl One-Step RT Enzyme Mix, 0.4 μl Passive 
Reference Dye II, and RNase-free water up to 20 
μl. The qRT-PCR reaction conditions were: 45° C 
5 min and 94° C 30 s, followed by 40 cycles each 
consisting of 95° C 5 s and 60° C 30 s. The gene 
expression was measured on Bio-Rad CFX96 
Real-Time fluorescent quantitative PCR cycler 
(Bio-Rad, Hercules, CA, USA). The primers for 
the PCR were listed in Table I.

Western Blot
Proteins were extracted by radioimmunopre-

cipitation assay (RIPA) lysis buffer (Tiangen 
Biotech Co. Ltd., Beijing, China), followed by 
quantification and quality control. Total of 40 μg 
samples were separated in sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) (10% separating gel, 4% condensing gel, 
45 V, 150 min) and were transferred to polyvi-
nylidene difluoride (PVDF, Amersham Biosci-
ences, Little Chalfont, Buckinghamshire, UK) 
membrane (300 mA, 100 min). The membrane 
was blocked in 5% defatted milk powder at room 
temperature and was incubated in primary an-
tibody (MAP2K1 at 1:2000, ERK1/2 at 1:2000, 
p-ERK1/2 at 1:1000, and β-actin at 1:10000) for
4°C overnight incubation. On the next day, the
membrane was washed in Phosphate-Buffered
Saline and Tween-20 (PBST) three times, and
horseradish peroxidase (HRP) conjugated sec-
ondary antibody (1:15000 dilution) was added for
60 min room temperature incubation, followed

Table I. Primers for the PCR assay.

 Gene Sequences

miR-195 Forwards 5’-GAATCCGCCTCAAGAGAACAAGGTGGAG-3’
Reverse 5’-AGATCTCCCATGGGGGCTCAGCCCCT-3’

MAP2K1 Forwards 5’-ATCTTCGGGAGAAGCACAAG-3’
Reverse 5’-CGAAGGAGTTGGCCATAGAG-3’

β-actin Forwards 5’-TACCACATCCAAGAAGGCAG-3’
Reverse 5’-TGCCCTCCAATGGATCCTC-3’RE
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by washing in PBST three times. BeyoECL Plus 
working solution (prepared from an equal vol-
ume of solution A and B) was added onto the 
membrane. After 2-3 min of dark incubation, 
the membrane was exposed, and images were 
scanned for data processing.

Cell Apoptosis Assay
Cells were digested by Trypsin and collected for 

Phosphate-Buffered Saline (PBS, Tiangen Biotech 
Co. Ltd., Beijing, China) washing by centrifuga-
tion. Cells were resuspended in 100 μl Annexin V 
Binding Buffer, and 5 μl Annexin V-FITC and 5 
μl PI were sequentially added for staining. After 
15 min of room temperature incubation, 400 μl 
Annexin V Binding Buffer was added for measur-
ing cell apoptosis on FC500 MCL flow cytometry 
(Beckman Coulter, Brea, CA, USA).

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

USA) was used for data processing. Measure-
ment data were presented as mean ± standard 
deviation (SD). The Student’s t-test was used to 
compare the differences between the two groups. 
The differences among groups were analyzed by 
using Tukey’s post-hoc test to validate the one-
way analysis of variance (ANOVA). A statistical 
significance was defined when p < 0.05.

Results

Targeted Regulation Between MiR-195 
and MAP2K1 MRNA

Bioinformatics analysis showed the existence 
of complementary binding sites between miR-195 
and 3’-UTR of MAP2K1 mRNA (Figure 1A). 
Dual-Luciferase gene reporter assay showed that 
the transfection of miR-124 mimic remarkably de-
creased relative Luciferase activity in HEK293T 
cells transfected with pLUC-MAP2K1-WT plas-
mid, whilst had no significant effect on the rela-
tive Luciferase activity of HEK293T cells trans-
fected with a pLUC-MAP2K1-MUT plasmid 
(Figure 1B). These results suggest that miR-195 
can target 3’-UTR of MAP2K1 mRNA to inhibit 
its expression.

Downregulation of MiR-195 and 
Upregulation of MAP2K1 in Drug 
Resistant Prostate Cancer Cell Lines

In parental DU145 cells, IC50 reached 7.44±0.82 
μg/ml, whilst drug-resistant DU145/ADM cells 

had IC50 values at 86.37±7.11 μg/ml. The relative 
drug-resistant index of DU145/ADM cells against 
DU145 cells was 11.61 (Table II). Parental PC-3 
cells had IC50 values at 5.29 ± 0.47 μg/ml, and 
drug-resistant cell line PC3/ADM had IC50 values 
at 57.71±5.35 μg/ml, with relative drug-resistant 
index at 10.91 against parental cells (Table I). The 
qRT-PCR results showed that, compared to nor-
mal prostate epithelial cell line RWPE-1, DU145 
cells showed significantly decreased miR-195 ex-
pression, and even lower miR-195 expression 
occurred in drug-resistant cell line DU145/ADM 
cells. PC-3 cells had remarkably lower miR-
195 expression compared to RWPE-1 cells, and 
drug-resistant cell PC-3/ADM had an even low-
er miR-195 expression (Figure 2A). Compared 
to RWPE-1 cells, DU145 cells had significantly 
higher MAP2K1 mRNA expression, which was 
further elevated in drug-resistant DU145/ADM 
cells. PC-3 cells also showed higher MAP2K1 
mRNA expression compared to RWPE-1 cells, 
and MAP2K1 mRNA level was even higher 
in drug-resistant PC-3/ADM cells (Figure 2B). 
Western blot results showed that, compared to 
RWPE-1 cells, DU145 cells had remarkably high-
er MAP2K1 proteins, which was further elevated 
in drug-resistant DU145/ADM cells. Moreover, 
compared to RWPE-1 cells, PC-3 cells showed 
remarkably elevated MAP2K1 protein expres-

Figure 1. Targeted regulation between miR-195 and 
MAP2K1 mRNA. A, Functional site between miR-195 and 
3’-UTR MAP2K1 mRNA. B, Dual-Luciferase gene reporter 
assay. *p < 0.05 compared to the miR-NC group.
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sion, and drug-resistant cell PC-3/ADM had much 
higher MAP2K1 protein levels (Figure 2C).

Drug Resistant Cells Presented 
Resistance Against ADM Induced 
Cell Apoptosis

Under the treatment of ADM with concentra-
tions equivalent to IC50 values of DU145 cells 
(7.51 μg/ml), DU145 cells presented prominent 
cell apoptosis, whilst DU145/ADM cells had 
relatively lower apoptosis (Figure 3A) plus sig-
nificantly depressed caspase-3 activity (Figure 
3B). Using 5.29 μg/ml ADM equivalent to IC50, 
PC-3 cell presented prominent cell apoptosis, 
whilst PC-3/ADM cell had relatively fewer apop-
tosis (Figure 3C) plus lower caspase-3 activity 
(Figure 3D).

Overexpression of MiR-195 can Suppress 
Drug Resistance of Prostate Cancer Cells 
by Downregulating MAP2K1

Under treatment of 16 μg/ml ADM, both 
DU145/ADM and PC-3/ADM cells presented 
extremely lower apoptotic rates (Figure 4B) 

whilst proliferation potency was fruitful (Figure 
4C). The qRT-PCR results showed that the trans-
fection of miR-195 mimic into DU145/ADM 
and PC-3/ADM cells remarkably decreased the 
MAP2K1 protein expression compared to miR-
NC group, and p-ERK1/2 protein expression 
was remarkably suppressed (Figure 4B). Flow 
cytometry results showed that the transfection 
of miR-195 mimic remarkably elevated apopto-
sis of DU145/ADM and PC-3/ADM cells under 
16 μg/ml Adm treatment (Figure 4D), whilst 
cell proliferation potency was significantly de-
pressed (Figure 4E, F). 

Discussion

Prostate cancer is the malignant tumor origi-
nated from prostate gland epithelium. Having 
relatively higher malignancy and mortality rate, 
prostate cancer is the second popular cancer in 
males, only lower than the most deadly pulmo-
nary carcinoma15,16. Although China has a rela-
tively lower incidence of prostate cancer than 

Figure 2. Down-regulation of miR-195 and up-regulation of MAP2K1 in drug-resistant prostate cancer cell line. A, qRT-PCR 
for miR-195 expression. B, qRT-PCR measuring MAP2K1 mRNA expression. C, Western blot for protein expression. *p < 0.05 
compared to RWPE-1 cells, #p < 0.05 compared to DU145 cells; &p < 0.05 compared to PC-3 cells.
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Western countries, its incidence is progressively 
increasing due to population aging and lifestyle 
transition17,18. Chemotherapy is the major strategy 
for treating prostate carcinoma, but drug resis-
tance has become the major factor affecting treat-
ment efficiency, leading to chemotherapy failure 
and unfavorable prognosis. Therefore, the investi-
gation for molecular candidates with abnormal 
change during chemotherapy resistance is of crit-
ical importance for revealing the mechanism for 
drug resistance, suppressing drug resistance, im-
proving treatment efficiency, guiding individual-
ized treatment and improving survival and prog-
nosis. ERK, c-Jun N-terminal kinase (JNK) and 
p38 and ERK5/big MAP kinase 1 (BMK1) are 
four major transduction pathways for MAPK sig-
nal pathway. Among those, ERK-induced MAPK 
signal transduction pathway is the classical 
MAPK signal transduction pathway, and is the 
major transduction pathway through which 
MAPK signal pathway exerts its roles19-21. The 
ERK/MAPK signal transduction pathway is 
widely expressed in various tissues and cells and 

can regulate various biological processes includ-
ing cell proliferation, apoptosis and invasion22-25. 
It is closely correlated with tumor pathogenesis, 
progression and drug resistance26-28. MAP2K1 is 
a dual-specific protein kinase that exerts func-
tions upstream of ERK protein and can phosphor-
ylate tyrosine/threonine residues of substrate 
ERK protein, thus activating the ERK/MAPK 
signal pathway29,30. Previous studies8,9 showed 
that enhanced expression or function of MAP2K1 
are correlated with malignant properties of pros-
tate cancer such as drug resistance and invasion. 
MiR-195 is a widely studied microRNA mole-
cule, and its abnormal expression plays roles in 
the onset and progression of multiple tumors in-
cluding lung cancer31, colorectal carcinoma32, and 
pancreatic cancer33. Previous studies12-14 demon-
strated the correlation between miR-195 
down-regulation and the onset, progression, 
prognosis and drug resistance of prostate cancer. 
Bioinformatics analysis showed the complemen-
tary binding sites between miR-195 and 3’-UTR 
of MAP2K1 mRNA, suggesting potentially tar-

Figure 3. Drug-resistant cells presented resistance against ADM induced cell apoptosis. A, Flow cytometry for DU145 and 
DU145/ADM cell apoptosis. B, Comparison of apoptosis rate between DU145 and DU145/ADM cells. C, Flow cytometry for 
apoptotic rate of PC-3 and PC-3/ADM cell. D, Statistical analysis for apoptotic rates between PC-3 and PC-3/ADM cells. *p < 
0.05 comparing the two groups.

RE
TR

A
CT

ED



8605

Figure 4. Over-expression of miR-195 decreased drug resistance of prostate cancer cell by down-regulating MAP2K1. A, qRT-PCR for measuring MAP2K1 mRNA expression. 
B, Western blot for protein expression. C, Flow cytometry for apoptosis of DU145/ADM cells. D, Flow cytometry for PC-3/ADM cell apoptosis. E, Flow cytometry for DU145/
ADM cell proliferation. F, Flow cytometry for PC-3/ADM cell proliferation. *p < 0.05 comparing the two groups.
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geted regulation between them. This work inves-
tigated whether miR-195 played a role in mediat-
ing MAP2K1 expression and affecting prolifera-
tion, apoptosis and ADM resistance of prostate 
cancer cells. Dual-Luciferase gene reporter 
assay showed that the transfection of miR-124 
mimic remarkably decreased relative Luciferase 
activity of HEK293T cells transfected with 
pLUC-MAP2K1-WT plasmid, suggesting the tar-
geted regulation between miR-195 and MAP2K1 
mRNA. CCK-8 assay established that drug-resis-
tant prostate cancer cell line DU145/ADM had 
remarkably higher IC50 values than DU145 cells. 
Similarly, PC-3/ADM cells also had remarkably 
higher IC50 values than parental PC-3 cells, sug-
gesting the acquisition of AMD resistance in 
DU145/ADM and PC-3/ADM cells. Flow cytome-
try for apoptosis also revealed remarkably lower 
sensitivity of ADM-induced cell apoptosis in 
DU145/ADM and PC-3/ADM cells, producing 
apoptotic resistance. Both proliferation and apop-
tosis assay showed the successful generation of 
prostate cancer cell lines with ADM drug resis-
tance that can satisfy the requirement of further 
experiments. Compared to normal prostate gland 
epithelial cell line RWPE-1, prostate cancer cell 
lines DU145 and PC-3 showed significantly de-
creased miR-195 expression, which was further 
down-regulated in drug-resistant cell lines 
DU145/ADM and PC-3/ADM. Prostate cancer 
cell line also showed significantly higher 
MAP2K1 mRNA and protein expression than 
normal prostate gland epithelial cells, and 
drug-resistant cells had even higher MAP2K1 
expression than parental non-resistant cell line. 
The results showed that the down-regulation of 
miR-195 played important roles in potentiating 
MAP2K1 expression, and its participation in the 
regulation of prostate cancer cell drug resistance 
in addition to prostate cancer. In a correlation 
study between miR-195 and prostate cancer, Guo 
et al34 found significantly decreased miR-195 ex-
pression in tumor tissues, and its potency as the 
predicting factor for patient survival and progno-
sis. Zhang et al13 showed that, compared to low-
grade prostate cancer tissues, high-grade cancer 
tissues presented miR-195 down-regulation, 
whose down-regulation is related to worse sur-
vival and prognosis. Cai et al14 demonstrated that, 
compared to normal prostate epithelial cell PrEC, 
prostate carcinoma cells PC-3, LNCaP and DU145 
all showed remarkably decreased miR-195 ex-
pression, plus miR-195 down-regulation in pros-
tate cancer patients and the correlation between 

miR-195 low expression and unfavorable survival 
or prognosis of patients (p = 0.009). These studies 
indicated the participation of miR-195 down-reg-
ulation in the pathogenesis of prostate cancer, as 
our reuslts also showed. Currently, a few studies 
have been performed regarding the regulation of 
prostate cancer cell’s drug resistance by miR-195. 
Ma et al12 found that, compared to drug sensitive 
cell DU15, docetaxel (DOC) resistant cell DU145/
DOC had remarkably decreased miR-195 expres-
sion, indicating that miR-195 down-regulation 
was a regulatory factor for drug resistance of 
prostate cancer cells, further supporting our 
study. To further investigate whether miR-195 
played a role in mediating MAP2K1 expression 
and drug resistance of prostate cancer cells, this 
study over-expressed miR-195 in established 
prostate cancer cells with drug resistance to ob-
serve biological effects. The results showed that 
the transfection of miR-195 mimic remarkably 
decreased the expression of the MAP2K1 pro-
tein in DU145/ADM and PC-3/ADM cells, and 
suppressed ERK/AMPK pathway activity, lead-
ing to remarkably higher apoptosis of those 
drug-resistant cells that originally have stable 
growth in ADM-containing medium; in addition 
not suppressed cell proliferation and malignant 
biological properties. Cai et al14 showed that the 
up-regulation of miR-195 can suppress migra-
tion or invasion potency of prostate cancer cells 
LNCaP and DU145 via targeted inhibition 
RPS6KB1 expression to facilitate cell apoptosis, 
and can inhibit growth or tumorigenesis of tu-
mor cells in BALB/c nude mice to suppress cell 
invasion or infiltration. Guo et al34 found that the 
over-expression of miR-195 targets and inhibits 
BCOX1 gene expression, suppress proliferation, 
migration or invasion of in vitro cultured pros-
tate cancer cells PC-3 or LNCaP, thus weaken-
ing in vivo growth, tumorigenesis and distal 
metastasis potency of those cells. Wu et al35 
found that the over-expression of miR-195 could 
target and regulate Fra-1 to weaken migration or 
invasion potency of prostate cancer cells PC-3 
and DU145. It has been found that the over-ex-
pression of miR-195 could target FGF2 to sup-
press epithelial-mesenchymal transition (EMT) 
process of PC-3 or DU145 cells, thus weakening 
migration or invasion of cells. These studies all 
confirmed the role of miR-195 in weakening 
malignant biological properties of prostate can-
cer cells, supporting our results. In a study for 
the miR-195 regulation of prostate cancer cell’s 
drug resistance, Ma et al12 found that miR-195 RE
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played a role in targeted regulation of CLU, and 
over-expression of miR-195 can target and in-
hibit CLU expression to facilitate apoptosis of 
drug-resistant cells DU145/DOC and inhibit its 
clonal formation ability, thus suppressing DOC 
resistance of cells. In contrast to this study, we 
identified the role of miR-195 in targeted inhibi-
tion of the MAP2K1 expression, suppression of 
ERK/MAPK signal pathway transduction and 
weakening of prostate cancer cell’s drug resis-
tance, all of which have not been previously 
documented. However, this work has certain 
limitations as whether the regulation of MAP2K1 
expression by miR-195 is correlated with drug 
resistance of prostate cancer patients is still un-
clear, which requires further assays for describ-
ing differential expression of miR-195 and 
MAP2K1 in tumor tissues from chemothera-
py-sensitive and resistant patients. 

Conclusions

We showed that the down-regulation of miR-
195 was correlated with ADM resistance of pros-
tate cancer cells. The up-regulation of miR-195 
can weaken proliferation potency of drug re-
sistant prostate cancer cells via targeted inhibi-
tion on MAP2K1 expression and weakening of 
the ERK/AMPK signal pathway to facilitate cell 
apoptosis and suppress ADM resistance.
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