
ONCOLOGY LETTERS  17:  2257-2265,  2019

Abstract. Prostate cancer (PCa) is one of the most common 
malignancies worldwide, and with a limited number of 
treatments for this type of cancer, its incidence is rapidly 
increasing. Patients presenting with PCa are likely to expe-
rience disease recurrence, which represents a considerable 
clinical challenge. MicroRNAs (miRNAs) have been widely 
characterized as a critical regulator in a number of types 
of cancer, including PCa. miRNA-744 (miR-744) has been 
reported to be involved in cancer regulation; however, its role 
in PCa remained poorly understood. In a recent study, it was 
demonstrated that miR-744 was overexpressed in prostate 
tissue from PCa patients when compared with the surrounding 
tissues, and knockdown of miR-744 resulted in reduced cell 
growth. In addition, an increased population of apoptotic 
cells was detected upon miR-744 knockdown, together with 
a decrease in cell proliferation. Cell cycle analysis demon-
strated a higher number of cells in the G1 phase and lower 
numbers in the S phase following miR-744 silencing. The 
levels of key proteins involved in cell cycle progression (cyclin 
D1, cyclin-dependent kinase 4, and proliferating cell nuclear 
antigen) were increased, whereas those proteins responsible 
for cell cycle inhibition (cyclin-dependent kinase inhibitor p21) 
were decreased. The tumor suppressor liver kinase B1 (LKB1) 
was revealed to be a potential target of miR-744, suggesting 
its potential mechanism of action. LKB1 levels were nega-
tively correlated with miR-744, and LKB1 was indicated to 
be a direct target of miR-744. Furthermore, it was revealed 
that by targeting LKB1, miR-744 may regulate adenosine 
monophosphate-activated protein kinase (AMPK); the AMPK 
signaling pathway was activated by miR-744 knockdown, with 
subsequent inhibition of the mammalian target of rapamycin 

(mTOR) signaling pathway. Taken together, these results 
demonstrated that miR-744 promoted cell growth through the 
AMPK signaling pathway, by targeting LKB1. The present 
study revealed a novel insight into the biological function of 
miR-744 in PCa, and that miR-744 may be a potential thera-
peutic target.

Introduction

Prostate cancer (PCa) is one of the most common, 
life-threatening malignancies among men worldwide (1). The 
incidence of PCa continues to rise, particularly in developing 
countries (2,3). Although a number of therapeutic strategies have 
been developed to treat PCa (including surgery), there remains 
a high incidence of relapse following primary therapy (4). 
The involvement of numerous genes in the regulation of PCa 
is increasingly apparent (5-7). However, the pathogenesis and 
progression of this malignancy remains to be fully elucidated, 
and new therapeutic targets require investigation.

MicroRNAs (miRNAs) are a class of 20-25 nt non-coding 
RNA transcripts that negatively regulate gene expression by 
directly binding to the 3'-untranslated region (UTR) of target 
mRNAs (8). The altered expression of miRNAs, and their 
contribution to the carcinogenesis and progression of various 
human cancer types, including PCa, is well characterized (9-11). 
miR-128 directly targets stem cell regulatory factors, including 
polycomb complex protein BMI-1 (BMI-1), homeobox protein 
NANOG, and TGF-β receptor type-1 to suppress PCa (12). 
Downregulation of miR-221, miR-30d and miR-15a contributes 
to the pathogenesis of PCa by targeting BMI-1 (13). Serum anal-
ysis demonstrated that miR-103, miR-125b and miR-222 may 
serve as biomarkers to monitor therapeutic efficacy in PCa (14).

In the present study, miR-744, which has been implicated 
in various human cancer types (15-18), was investigated; 
miR-744 increases the tumorigenicity of pancreatic cancer 
by activating the Wnt/β-catenin pathway, and elevated serum 
miR-744 predicts poor prognosis in patients with nasopharyn-
geal carcinoma. miR-744 functions as a proto-oncogene in 
nasopharyngeal carcinoma through transcriptional regulation 
of Rho GTPase-activating protein 5 (ARHGAP5). However, 
little is known of the biological function of miR-744 in PCa.

In the present study, the biological function and molecular 
mechanism of miR‑744 in PCa were investigated. It was identified 
that miR-744 was upregulated in PCa tissue when compared to 
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the adjacent tissues. Silencing of miR-744 resulted in the inhibi-
tion of cell growth, and an increased population of apoptotic cells 
was identified following miR‑744 knockdown. The knockdown 
of miR-744 activated the adenosine monophosphate-activated 
protein kinase (AMPK) signaling pathway, and to a lesser extent, 
mammalian target of rapamycin (mTOR) signaling. The study 
provides evidence of a critical role for miR-744 in PCa,and 
targeting miR-744 may represent a potential target for PCa.

Materials and methods

Clinical tissues. All PCa tissues and adjacent tissues were 
collected from surgical resections from patients with PCa 
at the China and Japan Union Hospital of Jilin University 
(Changchun. China). Informed consent was received from all 
patients, and the research methodology was approved by the 
Ethics Committee of Jilin University. All tissue samples were 
immediately frozen and preserved in liquid nitrogen until use.

Cell culture. The PCa cell lines PC3 (ATCC® CRL-7934), 
Du145 (ATCC® HTB-81), and PPC-1 (ATCC® HTB-190) 
were obtained from The American Type Culture Collection 
(Manassas, VA, USA). The non-tumorigenic human prostate 
epithelial cell line 9 (NHP9) was procured from Dr. Tang's 
lab. Cells were cultured in Dulbecco's modified Eagle's 
medium (HyClone; GE Healthcare Life Sciences, Logan, UT, 
USA) containing 10% (v) heat-inactivated fetal bovine serum 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) at 37˚C in a humidified incubator with 5% (v/v) CO2.

Cell transfection. The sequences of the miR-744 mimic, its 
inhibitor, and the corresponding negative control, were obtained 
from GenePharma Co., Ltd. (Shanghai, China). A total of 2x103 

PC3 cells were seeded into 35-mm plates and incubated for 
24 h, and Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to transfect miRNA‑744 the cells. 
miRNAs were used at a concentration of 50 nM. Following 
a 6 h incubation, cells were transferred to complete medium, 
and cell lysates were harvested 48 h post transfection. Their 
sequences were as follows: Mimics-NC, 5'-UUC UCC GAA 
CGU GUC ACG UTT-3' and 3'-ACG UGA CAC GUU CGG AGA 
ATT-5'; miR-744, 5'-UGC GGG GCU AGG GCU AAC AGC A-3' 
and 3'-CUG UUA GCC CUA GCC CCG CAUU-5'; inhibitor-NC, 
5'-CAG UAC UUU UGU GUA GUA CAA-3' and miR-744 
inhibitor, 5'-UGC UGU UAG CCC UAG CCC CGC A-3'.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
extracted from PCa tumor samples and their corresponding 
adjacent tissue samples or from PCa cell lines using TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.). All methods were 
performed according to the manufacturer's protocol. RNA 
was reverse transcribed into cDNA using Superscriptase II 
(Invitrogen; Thermo Fisher Scientific, Inc.). qPCR was 
performed using the Power SYBR Green PCR master mix 
(Life Technologies; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. The thermocycling conditions 
were as follows: 35 cycles of 95˚C for 30 sec, 60˚C for 30 sec, 
and 72˚C for 35 sec. The following primer sets were used to 
measure the expression of LKB1: LKB1 forward, 5'-TGT CGG 

TGG GTA TGG ACA C-3' and reverse, 5'-CCT TGC CGT AAG 
AGC CTT CC-3'; GAPDH-forward, 5'-AGC CTC CCG CTT 
CGC TCT CT-3' and reverse, 5'-GCG CCC AAT ACG ACC AAA 
TCC GT-3'. GAPDH was used for normalization.

To detect miR-744 expression by qPCR, a hairpin-it™ 
miRNA qPCR quantitation kit (GenePharma Co., Ltd, 
Shanghai, China) was used. In brief, total RNA was reverse 
transcribed using miR‑744 specific stem‑loop RT primers, and 
levels of miR‑744 measured. A miR‑744 specific molecular 
beacon probe was used to ensure the accuracy of the real-time 
PCR data. The 2-ΔΔCq method was used to calculate rela-
tive expression levels (9). The following primer sets were 
used to measure the expression of LKB1 miR-744 Forward 
primer, 5'-ACA CTC CAG CTG GGT GCG GGG CTA GGG CTA 
AC-3'; GAPDH-forward, 5'-AGC CTC CCG CTT CGC TCT 
CT-3' and reverse, 5'-GCG CCC AAT ACG ACC AAA TCC GT-3'.

Antibodies and western blotting. PC3 cells were lysed in 
ice-cold radioimmunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology, Haimen, China) containing 
a protease inhibitor cocktail (Roche Diagnostics, Basel, 
Switzerland). The protein concentration of the lysates was 
measured using a bicinchoninic acid assay kit (Pierce; Thermo 
Fisher Scientific, Inc.). Equal amounts of each protein (40 µg) 
were separated by 12% SDS-PAGE and transferred to a nitro-
cellulose membrane (Pall Life Sciences, Port Washington, 
NY, USA). The membranes were blocked with 5% nonfat 
milk for 2 h at room temperature, and incubated with primary 
antibodies against β-actin (1:2,000; cat. no. 3700), cyclin D1 
(1:1,000; cat. no. 2922), cyclin-dependent kinase 4 (CDK4) 
(1:500; cat. no. 12790), proliferating cell nuclear antigen 
(PCNA) (1:1,000; cat. no. 2586), AMPKα (1:500; cat. no. 5831), 
AMPKβ1 (1:1,000; cat. no. 12063), phospho-AMPKα (Thr172) 
(1:200; cat. no. 2535), phospho-AMPKβ1 (Ser182) (1:250; cat. 
no. 4186) TSC2 (1:500; cat. no. 3990), phospho-TSC2 (Ser1387) 
(1:250; cat. no. 23402), mTOR (1:1,000; cat. no. 2983), 
phospho-mTOR (Ser2448) (1:250 dilution; cat. no. 2971) 
acquired from Cell Signaling Technology, Inc., (Danvers, MA, 
USA), and p21Cip1/Waf1 (1:500; cat. no. 610233; BD Pharmingen; 
Becton, Dickinson and Company, Franklin Lakes, NJ, USA) 
at 4˚C, over night. After washing and incubating with rabbit 
(cat. no. 926-32201) or mouse (cat. no. 926-32211) secondary 
antibodies (1:10,000) dilution (LI-COR Biosciences, Lincoln, 
NE, USA) for 1 h at room temperature, the blots were imaged 
using the LI-COR imaging system, and band density was quan-
tified using Odyssey 3.0 software (both LI‑COR Biosciences, 
Lincoln, NE, USA) for each group, and normalized to β-actin.

Cell Counting kit‑8 (CCK‑8) cell viability assay. PC3 cells 
were transfected with an miR-744 inhibitor or negative control 
sequences respectively (outlined above). A total of 24 h 
post-transfection, cells were transferred into 96-well plates at a 
density of 2x103 cells/well for a further 48 h. Cell viability was 
assessed using the CCK-8 assay per the manufacturer's protocol 
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan).

Acridine orange/ethidium bromide (AO/EB) fluorescence 
staining. PC3 cells (2x103) in the exponential growth phase 
were cultured on sterile coverslips for 24 h, followed by trans-
fection with miR-744 inhibitor or negative control sequences, 
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and were incubated with AO/EB mix solution for 5 min per 
the manufacturer's protocol (Beijing Solarbio Science & 
Technology Co., Ltd, Beijing, China). Cell morphology was 
examined using a fluorescence microscope at magnifica-
tion x200, and the percentage of apoptotic cells was calculated 
using the following formula: Apoptotic rate (%)=(number of 
apoptotic cells/number of total cells) x100.

Immunofluorescence assay. PC3 cells (8x102) were seeded 
onto cover slips and transfected with miR-744 inhibitor or 
negative control sequences. After 48 h, cells were fixed and 
incubated with Ki-67 antibody (cat. no. 11882, 1:200, Cell 
Signaling Technology, Inc.) for 1 h and subsequently incubated 
with Alexa‑488‑Fluor (Thermo Fisher Scientific, Inc.) at room 
temperature for 20 min in the dark. Cells were then counter-
stained with DAPI (1:1,000) for 5 min to stain the cell nucleus. 
All coverslips were mounted using Prolong® diamond anti-
fade mounting reagent (Applied Biosystems; Thermo Fisher 
Scientific, Inc.).

Dual luciferase reporter assay. Wild-type (WT) LKB1 
(LKB1-WT) and mutant LKB1 (LKB1-Mut) 3'-UTR were 
cloned into separate pMIR-REPORT Luciferase vectors 
(Ambion; Thermo Fisher Scientific, Inc.). PC3 cells (2x103) 
were harvested from six-well plates and treated with the 
specific vectors and Lipofectamine 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 48 h. Luciferase activity was 

assessed by the Dual Luciferase-reporter 1000 assay system 
(Promega Corporation, Madison, WI, USA). Renilla activity 
was used for normalization.

Kaplan‑Meier method. All clinical data and the Tier 3 
RNASeqV2 mRNA expression data were downloaded from 
https://cancergenome.nih.gov. Samples for patients with a 
follow up time or time to mortality >0 days were kept for 
analysis. For each gene, all samples were divided into two 
groups (low and high expressing groups) based on median 
expression values. Kaplan-Meier analysis was performed to 
test the significance between the two groups.

Cox proportional hazards regression was also performed 
with the coxph function from the R survival library 
(https://cran.r-project.org/web/packages/survival/index.html). 
Hazard ratios with 95% confidence intervals were obtained.

Statistical analysis. Data are presented as the mean ± standard 
error of the mean from three independent experiments. 
Statistical analysis was conducted using SPSS 19.0 soft-
ware (IBM Corp., Armonk, NY, USA) and illustrated using 
GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA, USA). 
Statistical significance was determined using the Student's 
t-test to compare two groups or analysis of variance with 
Tukey's post-hoc test to compare multiple groups. Paired 
Student's t-test was used to analyze the results. Pearson's corre-
lation was used to assess the correlation between miR-744 and 

Figure 1. miR-744 is upregulated in PCa, and promotes PCa cell growth. (A) miR-744 is overexpressed in PCa tissues and cell lines. Reverse transcrip-
tion-quantitative polymerase chain reaction was performed to measure the expression level of miR-744. (B) miR-744 inhibitor successfully reduced miR-744 
levels in PC3 cells. (C) PC3 cells transfected with miR-744 inhibitor or NC sequence were cultured for 48 h, and cell viability was 1analyzed using the CCK-8 
assay. (D) miR‑744 knockdown decreased PC3 colony formation capability to (E) a statistically significant degree. (F) miR‑744 knockdown increased the 
apoptotic cell population in PC3 cells (x200 magnification) to (G) a statistically significant degree. *P≤0.05 vs. respective NC (n=3). Prostate cancer, PCa; miR, 
microRNA; NC, negative control; PCa, prostate cancer.



ZHANG et al:  miR-744 PROMOTES PROSTATE CANCER GROWTH THROUGH DIRECT TARGETING OF LKB12260

LKB1 expression. P≤0.05 was considered to indicate a statisti-
cally significant difference.

Results

miR‑744 is upregulated in PCa and promotes PCa cell growth. 
To verify the expression of miR-744 in PCa, tumor tissue 
samples and their corresponding adjacent tissue samples were 
isolated from 60 individual PCa patients, and levels of miR-744 
were quantified by qPCR. As presented in Fig. 1A, cancer 
tissues demonstrated a significantly higher level of miR‑744 
expression when compared with adjacent tissues, suggesting a 
potential role for miR-744 in PCa. In agreement with this was 
the finding that following quantification of miR‑744 levels 
in three PCa cell lines (PC3, Du145 and PPC-1), miR-744 
levels were higher in PCa cells when compared with the 
non-tumorigenic prostate epithelial cell line NHP9 (Fig. 1A). 
However, PC3 cells expressed the highest level of miR-744, 
when compared with the other PCa cell lines. For this reason, 
PC3 cells were used for the remainder of the in vitro study. 
To elucidate the biological function of miR-744 in PCa, PC3 
cells were transfected with miR-744 inhibitor or its negative 
control sequence (NC) respectively. Using qPCR, it was 
confirmed that the miR‑744 inhibitor successfully reduced 
the level of miR-744 in PC3 cells (Fig. 1B). Furthermore, the 
capacity for cell growth was assessed with the CCK-8 and 
colony formation assay. The results demonstrated that cell 
viability was significantly reduced by miR‑744 knockdown 
(Fig. 1C). miR-744 inhibitor transfection also resulted in a 
lower number of colonies (Fig. 1D and E). Unexpectedly, it 
was observed that silencing of miR-744 led to an increased 
population of apoptotic cells as measured by AO/EB staining 
(Fig. 1F and G). These data demonstrated that miR-744 was 
overexpressed in PCa cells and promoted PCa cell growth.

miR‑744 downregulation inhibits cell proliferation. To confirm 
the role of miR-744 in the regulation of cell proliferation, 
PC3 cells were transfected with an miR-744 inhibitor and 
its NC respectively, and the cells assessed using Ki-67 
immunofluorescence. A lower Ki‑67 immunofluorescence was 
demonstrated in PC3 cells following miR-744 knockdown, 
indicating a lower proliferative capacity (Fig. 2A). Cell cycle 
analysis using flow cytometry revealed that silencing of miR‑744 
resulted in a larger population of cells in the G1 phase of the 
cell cycle and a smaller population in the S phase (Fig. 2B). 
Cell cycle associated proteins, cyclin D1, CDK4, PCNA, and 
cyclin-dependent kinase inhibitor p21 (p21) were measured by 
western blotting, and the results demonstrated that levels of 
cyclin D1, CDK4, and PCNA were all reduced, whereas the 
cell cycle inhibitor p21 was increased (Fig. 2C and D). These 
data indicated that miR-744 knockdown inhibits PC3 cell 
proliferation.

miR‑744 directly targets LKB1. To determine the association 
between miR-744 and LKB1, the expression of LKB1 in PCa 
tissue samples and their corresponding adjacent samples, and 
in PCa cell lines was confirmed (Table I). Using qPCR, it 
was revealed that the expression of LKB1 was lower in PCa 
tissues than in the adjacent tissues (Fig. 3A). Additionally, 
lower expression of LKB1 in PCa cell lines PC3, Du145 and 

PPC-1 was observed when compared with non-tumorigenic 
prostate epithelial (NHP9) cells (Fig. 3B). The expression of 
miR-744 was also assessed following transfection with an 
miR-744 mimic. The expression of miR-744 was found to be 
upregulated in the miR-744 mimic group compared with the 
NC group (Fig. 3C). It is known that miRNA regulates gene 
expression by targeting the 3'-UTR of target mRNA, leading 
to its degradation or translational inhibition. By consulting 
bioinformatics databases (www.targetScan.org), LKB1 was 
revealed to be a potential target of miR-744 (Fig. 3D). The 
qPCR results demonstrated that LKB1 mRNA expression 
level was negatively associated with the level of miR-744 
(Fig. 3E and F). Additionally, the protein levels of LKB1 
showed a similar negative association pattern with miR-744 
to that of the mRNA expression levels (Fig. 3G and H). To 
address whether LKB1 was a direct target of miR-744, a dual 
luciferase assay was performed. Co-transfection with miR-744 
mimics/LKB1-WT resulted in a reduction in luciferase activity, 
whereas miR-744 mimics did not alter the luciferase activity 
in the LKB1 mutant group (Fig. 3I). All results indicated that 
LKB1 is a direct target of miR-744.

miR‑744 downregulation interferes with AMPK signaling and 
inhibits cell growth. LKB1 is well established as a potent tumor 
suppressor involved in the activation of the AMPK signaling 
pathway. Following evidence that LKB1 is a direct target of 
miR-744, it was hypothesized that miR-744 may regulate 
AMPK signaling. Western blot analysis demonstrated that the 
phosphorylation of T172 on AMPKα and S182 on AMPKβ 
was higher following miR-744 knockdown, suggesting that 
the AMPK signaling pathway was activated (Fig. 4A and B). 
The tumor suppressor Tuberin (TSC2) is a downstream target 
of AMPK signaling, and the activation of AMPK signaling 
by miR-744 knockdown resulted in TSC2 and S1387 phos-
phorylation (Fig. 4C). The mTOR signaling pathway may 
be negatively regulated by AMPK signaling. Therefore, 
mTOR signaling activity was determined following miR-744 
knockdown. Notably, knockdown reduced mTOR signaling 
in PC3 cells, as determined by its phosphorylation of S2448 
(Fig. 4D). To strengthen the data, PC3 cells were transfected 
with miR-744 mimics and the activation of AMPK and mTOR 
signaling pathways determined; miR-744 mimics successfully 
blocked the AMPK signaling pathway, and activated mTOR 
signaling (Fig. 4E-H).

Knockdown of LKB1p reverses the effect of miR‑744 silencing 
in PC3 cells. To examine the association between miR-744 

Table I. Patient clinical information.

Variable  No. patients (n=60)

Age, years [median (range)] 45.3 (30-85)
Sex, female 30 (50%)
Tumor size, ≤5 cm 40 (66.7%)
Tumor size, >5 cm 20 (33.3%)
Lymph node involvement 15 (25%)
Metastasis 55 (negative)/5 (positive)
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Figure 2. miR‑744 downregulation inhibits cell proliferation. (A) miR‑744 knockdown significantly decreased PC3 cell proliferation as determined by the 
Ki‑67 immunofluorescence assay (magnification x200). (B) Cell cycle profiles analyzed by flow cytometry. (C) Alterations in cyclin‑dependent kinase 4, 
cyclin D1, and proliferating cell nuclear antigen protein levels detected by western blotting. (D) The protein level of p21 was increased upon miR-744 knock-
down. *P≤0.05 vs. respective NC (n=3 independent experiments for each condition). miR, microRNA; CDK4, cyclin‑dependent kinase 4; PCNA, proliferating 
cell nuclear antigen; p21, cyclin-dependent kinase inhibitor p21; NC, negative control.

Figure 3. miR-744 directly targets LKB1. (A) LKB1 was downregulated in PCa tissues and (B) cell lines. (C) The expression of miR-744 following transfection 
with miR-744 mimic. (D) Schematic diagram of the miR-744 binding site on LKB1. LKB1 mRNA levels were negatively associated with miR-744 levels, as 
measured by RT-qPCR; observed at low (E) and high (F) LKB1 mRNA levels. LKB1 protein levels were negatively correlated to miR-744 levels, as detected by 
western blotting; observed at low (G) and high (H) LKB1 protein levels. (I) Luciferase reporter assay. PC3 cells were co-transfected with a luciferase construct 
fused to the LKB1-WT or LKB1-MUT 3'-UTR and miR-744 mimic or mimics NC. The relative luciferase activity was detected. *P≤0.05 vs. respective NC 
(n=3). LKB1, liver kinase B1; miR, microRNA; NC, negative control; LKB1-WT, liver kinase B1- wild type; LKB1-MUT, liver kinase B1-mutant.
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Figure 4. miR-744 interferes with AMPK signaling to inhibit cell growth. miR-744 knockdown activated the AMPK signaling pathway as determined by 
(A) AMPKα, and (B) AMPKβ1 phosphorylation. (C) miR-744 knockdown regulated TSC2 activity by phosphorylation at S1387. (D) miR-744 knockdown 
inhibited mTOR activation. Overexpression of miR-744 inhibited the AMPK signaling pathway as determined by (E) AMPK and (F) AMPKβ1 phosphoryla-
tion. (G) Upregulation of miR-744 regulated TSC2 inhibition by phosphorylation at S1387. (H) Overexpression of miR-744 caused mTOR activation. AMPK, 
adenosine monophosphate-activated protein kinase; miR, microRNA; TSC2, tuberin; mTOR, mammalian target of rapamycin; NC, negative control.

Figure 5. Knockdown of LKB1 reverses the effects of miR-744 silencing in PC3 cells. Co-transfection of LKB1-siRNA successfully restored LKB1 expression 
in PC3 cells and downregulated miR-744 at the (A) miR and (B) protein level. (C) LKB1-siRNA reversed PC3 cell viability inhibition produced by miR-744 
silencing. (D) LKB1-siRNA reversed the reduction in colony formation capability induced by miR-744 downregulation. *P≤0.05 vs. respective NC (n=3). 
LKB1, liver kinase B1; miR, microRNA; siRNA, small interfering RNA; NC, negative control.



ONCOLOGY LETTERS  17:  2257-2265,  2019 2263

and LKB1 in PCa cells, the LKB1 expression vector was 
co‑transfected with miR‑744. It was verified that LKB1 expres-
sion was restored by co-transfection of the LKB1 expression 
vector (Fig. 5A and B), and it was revealed that the viability of 
PC3 cells was preserved when analyzed with the CCK-8 and 
clonogenic assays (Fig. 5C and D).

miR‑744 and LKB1 are involved in the survival of PCa 
patients. To investigate the potential role of miR-744 and LKB1 
in PCa survival, the Kaplan-Meier test was used to determine 
the correlation between overall survival times in patients with 
miR-744, and LKB1 expression in PCa patients, using data 
from the TCGA database. Patient survival was lower with 
increased miR-744 expression, whereas survival was increased 
in those patients exhibiting negative or low- miR-744 expres-
sion (Fig. 6A). However, with lower LKB1 expression, patient 
survival was significantly longer compared with patients with 
higher LKB1 expression (Fig. 6B). A similar negative correla-
tion was observed between LKB1 and miR-744 in the TCGA 
PCa patient database (Fig. 6C).

Discussion

PCa is clinically challenging to treat. Therefore, understanding 
the molecular mechanisms of PCa carcinogenesis and 
progression has become crucial for the development of 
effective new therapies. Non-coding RNAs, particularly 
miRNAs, have opened up novel research avenues for 
PCa (19,20). It has been reported that expression levels of 
numerous miRNAs are altered in PCa (21). This alteration 
indicates a potential role for miRNAs in PCa progression. 
Researchers have determined that miRNAs are involved in 
all processes associated with cancer, including oncogenesis, 
migration, invasion and angiogenesis (22-24). The present 
study focused on miR-744 and investigated its biological 
function and mechanism of action in PCa. It was identified 
that the expression of miR-744 was upregulated in PCa 
tissues. Knockdown of miR-744 produced PC3 cell growth 
inhibition, and increased apoptosis. Furthermore, knockdown 
of miR-744 reduced the capability of PC3 cells to proliferate. 
The involvement of miR-744 and LKB1 in PCa patient 
survival was also demonstrated. It has been reported that 
miR-744 promotes PCa progression through activation of 
Wnt/β-catenin signaling (25). The findings from the present 
study are consistent with those of the previous studies, and 
have revealed a potential mechanism of miR-744 in PCa 
progression, involving the suppression of LKB1.

To date, miRNAs have been known to suppress target 
gene expression by binding to the 3'-UTR of target mRNAs 
and initiating the degradation of target sequences or inhibiting 
translation (26). Multiple genes, such as tyrosine-protein 
phosphatase non-receptor type 1, ARHGAP5, programmed 
cell death protein 4 and elongation factor 1-alpha 2 have been 
identified and validated as targets for miR-744 (17,27-29). 
The present study demonstrates that the tumor suppressor 
LKB1 is a potential target of miR-744. RT-qPCR and western 
blot analysis confirmed that LKB1 expression negatively 
correlates with miR-744 levels. This expression pattern was 
consistent with the classical miRNA regulation model. The 
dual luciferase assay further confirmed that LKB1 is directly 
targeted by miR-744.

LKB1 is a well-established tumor suppressor that 
activates the AMPK signaling pathway (30,31) by directly 
phosphorylating T172 on AMPK, a requirement for its 
activation (32). As LKB1 was identified as a direct target 
of miR-744, activation of AMPK signaling was further 
investigated following miR-744 knockdown. Elevated phos-
phorylation of AMPK was observed, suggesting activation of 
the AMPK signaling pathway. Crosstalk between the mTOR 
and the AMPK signaling pathways is widely accepted (33). 
The AMPK signaling pathway may inhibit mTOR signaling 
through TSC2, and thereby promote the arrest of cancer 
cell proliferation (34,35). Higher TSC2 phosphorylation and 
lower mTOR phosphorylation were consistently detected in 
miR-744 silenced PC3 cells. These results indicate that the 
mTOR signaling pathway is inhibited by miR-744 knock-
down. Therefore, it was concluded that miR-744 may regulate 
PCa cancer cell growth, at least through the AMPK signaling 
and mTOR signaling pathways.

Taken together, these findings demonstrate a novel 
insight into the biological function of miR-744 in PCa, and 

Figure 6. miR-744 and LKB1 are involved in PCa patient survival. The 
Kaplan-Meire survival analysis of (A) miR-744 and (B) LKB1. (C) Expression 
correlation between LKB1 and miR-744 in the TCGA PCa dataset. LKB1, 
liver kinase B1; miR, microRNA; N, normal samples; T, PCa samples.
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its molecular mechanism of action. Our findings suggest that 
miR-744 may serve an oncogenic role in PCa, and that it may 
be a potential therapeutic target for PCa treatment.
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