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MicroRNA-143 acts as a tumor suppressor by targeting
hexokinase 2 in human prostate cancer
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Abstract: MicroRNAs (miRNAs) are small non-coding RNAs that play important roles in cancer progression through
regulating gene expression. Down-regulation of miR-143 has been reported in a number of cancers. However, the
biological functions of miR-143 in prostate cancer remain largely unexplored. In this study, we showed that miR-
143 expression was reduced in approximately 62.5% of the specimens examined. By loss-of-function and gain-of-
function studies in human prostate cancer PC-3 cells, we demonstrated that miR-143 has an inhibitory effect on
cell proliferation as evidenced by decreased cell viability, increased cell apoptosis and cell cycle arrest at the G1/S
transition. Furthermore, we identified hexokinase 2 (HK2), a metabolic enzyme that executes the first step of aero-
bic glycolysis, as a target of miR-143 in prostate cancer. Knockdown of HK2 recapitulated the effects of miR-143
and accompanied with decreased glucose metabolism. Taken together, these data indicate that miR-143/HK2 axis
plays an important role in the development of prostate cancer and represents a potential therapeutic target for
prostate cancer.

Keywords: miR-143, prostate cancer, growth, hexokinase 2

Introduction

Although significant advances have recently
been made in the medical management and
screening, prostate cancer remain one of the
most common malignancies in men worldwide
[1, 2]. Prostate cancer arises mainly from pros-
tatic intraepithelial neoplasia, a precursor
lesion that ultimately progresses to adenocar-
cinoma and hormone-dependent or hormone-
independent metastatic diseases [3]. Multiple
alterations in tumor microenvironment are
involved in the initiation and development of
prostate cancer. Therefore, identifying key sig-
naling events emanating from the microenvi-
ronment may contribute to novel therapeutic
targets for prostate cancer.

MicroRNAs (miRNAs) are endogenously non-
coding RNA molecules of 19 to 25 nucleotides
that posttranscriptionally modulate target
MRNAs through pairing to complementary
sequences [4]. Accumulating evidences sug-
gest that aberrant expression of miRNAs is
closely associated with cancer cell prolifera-
tion, differentiation, apoptosis and metastasis
[5, 6]. Down-regulation of miRNAs in tumor tis-

sues can lead to aberrant expression of their
targeted genes, which often involved in tumor
initiation, development and progression. There-
fore, reintroduction of specific miRNA in tumors
with lower expression could be considered as a
therapeutic strategy.

Recent studies have shown that profiles of
miRNA expression differ between normal and
tumor tissues [7, 8]. Among them, miRNA-143
expression has been found during differentia-
tion of smooth muscle cells and adipocytes in
normal circumstances [9]. However, dysregu-
lated expression of miRNA-143 is more com-
monly observed in cancers, including cervical
cancer, colorectal cancer, liposarcoma and B
cell malignancies [10-14]. In colorectal cancer,
miRNA-143 has been demonstrated that exhib-
its a growth inhibitory effect by targeting KRAS
and DNA methyltransferases 3A (DNMT3A) [11,
15]. While in dedifferentiated liposarcoma
cells, this effect is associated with decreased
expression of BCL2, topoisomerase 2A, protein
regulator of cytokinesis 1 and polo-like kinase 1
[13]. However, little is known about the expres-
sion pattern and underlying functions of miRNA-
143 in prostate cancer.
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In this study, we firstly observed that miR-143
was down-regulated in approximately 62.5%
prostate cancer tissues examined. Subsequent
experiments of cellular functions demonstrat-
ed that miR-143 acts as a tumor suppressor by
affecting the cell viability, cell apoptosis and
cell cycle of prostate cancer. Furthermore, the
glycolytic enzyme, hexokinase 2 (HK2), was
identified as a direct functional target of miR-
143 in prostate cancer.

Materials and methods
Cell culture

Human prostate cancer cell line PC-3 was pur-
chased from Cell Bank of the Chinese Academy
of Sciences. Cells were cultured in DMEM spe-
cific medium supplemented with 10% (v/v) fetal
calf serum at 37°C in a humidified incubator
under 5% CO,, condition.

RNA isolation and quantitative real-time PCR

Twenty-four fresh-frozen clinical tissue speci-
mens were recruited with informed consent
from Chengdu Military General Hospital, China
and this study is approved by the ethics com-
mittee of Chengdu Municipality. For detection
of miR-143 expression, total RNA extraction
was performed using miRNA Extraction Kit
(Takara, Japan); reverse transcription of RNA
and the detection of mature miR-143 were per-
formed using an All-in-One miRNA quantitative
real-time PCR detection kit (GeneCopoeia,
China). For detection of HK2 expression, total
RNA extracted using Trizol reagent (Takara,
Japan), and reversely transcribed through
PrimeScript RT-PCR kit (Takara, Japan) accord-
ing to the protocol. Real-time PCR analyses
were performed with SYBR Premix Ex Taq
(Takara) on ABI 7300 detection system. Primer
sequences used are as follows: HK2: forward:
5-CTTCTTCACGGAGCTCAACC-3’; reverse: 5'-AA-
GCCCTTTCTCCATCTCCT-3’; B-actin: forward: 5'-
CATGTACGTTGCTATCCAGGC-3’; reverse: 5-CT-
CCTTAATGTCACGCACGAT-3'. The relative mRNA
expression of HK2 was normalized to B-actin.

Plasmid constructs and luciferase reporter as-
say

Lentivirus vector expressing antagomir of miR-

143 was cloned into the pGreenPuro vector
(System Biosciences, Mountain View, CA, USA)
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and the empty vector was used as control [16].
Virus titers were determined and PC-3 cells
were infected with 1 x 10° recombinant lentivi-
rus-transducing units. To construct the HK2
expression plasmids, the full-length construct
with wild-type 3’UTR or mutant 3'UTR of HK2
gene was cloned into the PEZ-Lv105 lentivirus
vector (GeneCopoeia). For luciferase assays,
the full-length wild-type UTR of HK2 was ampli-
fied by PCR and cloned into the pMIR-REPORT
luciferase reporter vector (Invitrogen, Carlsbad,
CA, USA). The mutant of the HK2-3'UTR was
constructed by replacing miR-143 binding site
with their complimentary sequence. The anti-
sense and sense oligonucleotide sequences
are described by Gregersen et al [17]. All con-
structs were verified by sequencing. Then PC-3
cells were co-transfected with indicated firefly
and a Renilla normalization control using
X-tremeGENE 9 according to the manufactur-
er’s protocol (Promega, Madison, WI, USA). The
firefly luminescence was measured and nor-
malized to the Renilla luciferase activity. The
experiment was performed at least in tripli-
cate.

Transfection

All of the siRNAs and miRNA mimics used in
current study were synthesized by GenePharma
(Shanghai, China). For transfection, PC-3 cells
were transfected with 30 uM siRNA or 20 nM
miRNA mimic using siRNA mate according to
the manufacturer’s instructions. The HK2 inter-
ference efficiency was measured by western
blotting.

Cell viability, cell cycle and apoptosis assay

For cell viability assay, 4000 cells per well were
seeded into a 96-well plate and cultured over-
night. Cell proliferation was evaluated by Cell
Counting Kit-8 (CCK-8, Dojindo, Japan) follow-
ing the manufacturer’s protocol. At 24, 48, 72,
96 and 120 hr, the OD450 absorbance was
measured by a Multifunctional Microplate
Reader (Tecan). For cell apoptosis assay, cells
were stained with propidium iodide (Pl) and
Annexin  V-fluorescein isothiocyanate (BD
Bioscience, USA) according the manufacturer’s
protocol. The apoptotic cells were measured by
flow cytometry and the apoptotic ratio was cal-
culated according to the percentage of early
apoptotic cells. For cell cycle analysis, trans-
fected cells were cultured for 24 hr and then
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Figure 1. miR-143 expression is down-regulated in human prostate cancer. A. Expression of mature miR-143 in 24
matched pairs of prostate cancer and non-tumor tissues was detected by quantitative real-time PCR and normalized
by an endogenous control, U6 RNA. (***P < 0.001). B. Expression of mature miR-143 was distributed by the value
of log2 (prostate cancer tissues/non-tumor tissues).
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Figure 2. miR-143 exhibits an inhibitory effect on tumor growth in prostate cancer. A. Cell viability detected by CCK8
in PC-3 cells stably transfected with sh-miR-143 or empty vector (vector versus sh-miR-143; *P < 0.05; **P < 0.01).
B. Cell apoptosis measured by Annexin V/PI staining in PC-3 cells stably transfected with sh-miR-143 or empty vec-
tor (vector versus sh-miR-143; **P < 0.01). C. Cell cycle distribution analyzed by flow cytometry in PC-3 cells stably
transfected with sh-miR-143 or empty vector (vector versus sh-miR-143; **P < 0.01). D. Cell viability detected by
CCK8 in PC-3 cells treated with miR-143 mimics (control versus miR-143 mimics; *P < 0.05; **P < 0.01). E. Cell
apoptosis measured by Annexin V/PI staining in PC-3 cells treated with miR-143 mimics (control versus miR-143
mimics; **P < 0.01). F. Cell cycle distribution analyzed by flow cytometry in PC-3 cells treated with miR-143 mimics
(control versus miR-143 mimics; **P < 0.01).

fixed into 70% ethanol at -20°C for 24 h. The cytometric analysis of the DNA content of cell
distribution of cell cycle was monitored by flow populations stained with propidium iodide. The
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percentage of cells within G1/S and G2, and M
phases was determined by using CELLQUEST
software (Becton Dickinson).

Western blotting

Total cell lysates were prepared using RIPA buf-
fer containing protease inhibitor (Beyotime,
China). Proteins were separated on a 10% SDS
gel and transferred to polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA). The membranes were then consecutively
incubated with specific primary antibodies
(HK2 and B-actin, Proteintech) and species-
specific secondary antibodies after blocked
with 5% (v/v) bovine serum albumin. The immu-
noreactive proteins were visualized by Odyssey
imaging system (LI-COR Biosciences, Lincoln,
NE).

Detection of glucose and lactate levels

A Glucose Colorimetric Assay Kit (BioVision)
and Lactate Assay Kit (Sigma-Aldrich) were
used to detect the intracellular glucose con-
sumption and lactate production in PC-3 cells.
The glucose uptake was measure using a stan-
dard glucose calibration curve performed
under the same condition. The lactate level
was detected using a standard lactate calibra-
tion curve performed under the same condi-
tion. All experiments were repeated at least
three times.

Statistical analysis

Data were presented as the means + SD of
three independent experiments. The SPSS
software program (version 17.0; IBM Corpo-
ration) was used for statistical analysis.
Graphical representations were performed with
GraphPad Prism 5 (San Diego, CA) software.
The significance of the data in this study was
determined using the Student t test (2-tailed).
P values less than 0.05 were considered
statistically significant.

Results

miR-143 expression is down-regulated in hu-
man prostate cancer

To determine the expression pattern of miR-
143 in prostate cancer, we evaluated miR-143
expression in 24 matched pairs of prostate
cancer and non-tumor tissues using quantita-
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tive real-time PCR. miR-143 expression was
normalized to an endogenous control (U6 RNA).
As shown in Figure 1A, miR-143 expression
was significantly down-regulated in prostate
cancer tissues in relative to corresponding non-
tumor tissues (p < 0.001). Besides, down-regu-
lation of miR-143 was observed in 62.5% speci-
mens examined (Figure 1B). However, whether
this type of dysregulation has an implication on
cellular functions in prostate cancer remains
unclear.

miR-143 exhibits a inhibitory effect on tumor
growth in vitro

To investigate the cellular functions of miR-143
in prostate cancer, we performed knockdown
and overexpression experiments in PC-3 cells.
In PC-3 cells stably transfected with sh-
miR-143, increased cell viability and decreased
apoptosis ratio were found compared with neg-
ative vector cells (Figure 2A, 2B). Meanwhile,
miR-143 knockdown also resulted in a mark-
edly decrease in the percentage of cell popula-
tion in GO/G1 phase and a sharp increase in S
phase (Figure 2C), indicating that miR-143
induces cell cycle arrest of PC-3 cells at the
G1/S transition. In contrast, when PC-3 cells
were transiently transfected with miR-143 mim-
ics, reduced cell viability (Figure 2D) and
increased apoptosis ratio (Figure 2E) were
observed compared with negative control cells.
And expectedly, the G1/S transition was pro-
nounced inhibited after treatment with miR-
143 mimics in PC-3 cells (Figure 2F). Coll-
ectively, these data above strongly suggest that
miR-143 exhibits a growth inhibitory effect in
prostate cancer.

miR-143 modulates prostate cancer cells
through targeting HK2

Previous studies have demonstrated several
targets of miR-143 in colorectal cancer, such
as KRAS, DNA methyltransferases 3A and HK2
[11, 15, 17]. In current study, by searching the
TargetScan (http://www.Targetscan.org/), Pic-
tar (http://pictar.mdcberlin.de/) and miRanda
(http://www.microrna.org/) databases, we veri-
fied that HK2 is a potential target of miR-143.
To confirm this hypothesis in prostate cancer, a
luciferase reporter system was constructed. As
shown in Figure 3A, the luciferase activity of
the wild-type but not the mutant HK2 reporter
was significantly reduced by miR-143, indicat-
ing that miR-143 can bind directly to the 3'UTR
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Figure 3. miR-143 modulates prostate cancer cells through targeting HK2. (A) PC-3 cells were transfected with the
pGL3-HK2 3’'UTR-wild or pGL3-HK2 3’UTR-mutant vector along with miR-143 mimics. The firefly luciferase reporter
along with a Renilla luciferase was co-transfected by X-tremeGENE 9. The signals were normalized to Renilla activ-
ity. The protein level of HK2 was detected after miR-143 knockdown (B) and miR-143 mimics treatment (C). (D)
Spearman correlation analysis of the expression of miR-143 and HK2 in 24 prostate cancer tissues (r = -0.613, p
= 0.001). (E) The protein level of HK2 was detected by western blotting after treatment with siRNAs target HK2. (F)
Cell viability detected by CCK8 in PC-3 cells treated with HK2 siRNAs (control versus siRNAs; *P < 0.05; **P < 0.01).
(G) Cell apoptosis measured by Annexin V/PI staining in PC-3 cells treated with HK2 siRNAs (control versus siRNAs;
**P < 0.01). (H) Cell cycle distribution analyzed by flow cytometry in PC-3 cells treated with HK2 siRNAs (control

versus siRNAs; *P < 0.05).

of HK2. Consistent with this, knockdown of
miR-143 led to elevated HK2 protein level
(Figure 3B), while treatment with miR-143 mim-
ics resulted in decreased HK2 protein level
(Figure 3C). Furthermore, mRNA expression
level of HK2 evaluated by quantitative real-time
PCR was negatively correlated with miR-143
expression (Figure 3D, r = -0.613, p = 0.001).
Taken together, above results indicate that
HK2 is the downstream target of miR-143 in
prostate cancer.

Knockdown of HK2 recapitulates the inhibitory
effects of miR-143

HK2 catalyzes the first step of anaerobic gly-
colysis and is highly expressed in many cancer
cells but only in a limited number of normal
adult tissues [18]. In lung cancer cells, HK2
deletion suppressed glucose-derived ribonu-
cleotides and impaired glutamine-derived car-
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bon utilization in anaplerosis [19]. To determine
the role of HK2, a pool of three different sSiRNAs
against HK2 were designed and synthesized.
The protein level of HK2 was markedly
decreased after targeted siRNAs treatment as
demonstrated by western blotting (Figure 3E).
Then cellular functions of HK2 in PC-3 cells
were evaluated. Consistent with previous
reports, suppression of HK2 resulted in growth
arrest as evidenced by reduced cell viability
(Figure 3F), increased cell apoptosis (Figure
3G) and decelerated G1/S transition (Figure
3H). Taken together, these results suggest that
miR-143 down-regulates HK2 to suppress
tumor growth in prostate cancer.

Decreased glucose metabolism induced by
miR-143/HK2 axis

Given HK2 acts as a key metabolic enzyme in
glucose utilization and its crucial roles in tumor

Am J Cancer Res 2015;5(6):2056-2063
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Figure 4. Decreased glucose metabolism induced by miR-143/HK2 axis. Alter-
nations of glucose uptake (A) and lactate production (B) were measured in PC-3
cells after treatment with HK2 siRNAs (control versus siRNAs; **P < 0.01). Glu-
cose consumption (C) and lactate production were measured (D) in PC-3 cells
stably transfected with sh-miR-143 or empty vector (vector versus sh-miR-143;
**P < 0.01). Glucose consumption (E) and lactate production were measured
(F) in PC-3 cells treated with miR-143 mimics (control versus miR-143 mimics;
**P < 0.01).

initiation and maintenance,
we determined whether
miR-143-mediated down-
regulation of HK2 affects
glycolysis in PC-3 cells.
Indeed, glucose consump-
tion (Figure 4A) and lactate
secretion (Figure 4B) at 24
hr was remarkably reduced
in siRNAs-mediated HK2
knockdown cells compared
with the negative control
cells. When miR-143 expre-
ssion was suppressed, gly-
colysis was significantly
promoted. In contrast, gly-
colysis was inhibited by
miR-143 mimics treatment
(Figure 4C-F). The inhibi-
tion observed in glycolysis
induced by HK2 siRNAs is
comparable to miR-143
mimics treatment, suggest-
ing that decreased glycoly-
sis may contribute to miR-
143-mediated effects on
tumor growth.

Discussion

In this study, we demon-
strated that miR-143 was
frequently down-regulated
in prostate cancer tissues
compared with their corre-
sponding non-tumor tis-
sues. Subsequent loss-of-
function and gain-of-func-
tion studies showed miR-
143 suppressed cancer
cell growth. Notably, we
confirmed that miR-143
exerts its function in pros-
tate cancer by specifically
targeting HK2, a key
enzyme involved in glycoly-
sis. In addition, we found
that glucose utilization was
drastically affected by the
miR-143/HK2 axis in pros-
tate cancer.

Previous studies in colorec-
tal cancer have demon-
strated that miR-143 is per-
vasively down-regulated in
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different ethnic groups [15]. In prostate cancer,
down-regulation of several miRNAs, such as
mMiR-16, miR-143, miR-145 and miR-195 has
been observed [8, 20]. Consistent with previ-
ous reports, our data obtained from quantita-
tive real-time PCR validation showed that miR-
143 is down-regulated in approximately 62.5%
of the specimens examined. However, more
clinical specimens are needed to convince the
expression profile and possible clinical signifi-
cance of miR-143 in prostate cancer.

Consideration of the frequent down-regulation
of miR-143 in cancers, one may believe that
miR-143 may exhibit a tumor-suppressive role
in tumor development. Indeed, studies in
colorectal cancer, liposarcoma and ours have
confirmed the growth inhibitory effect of miR-
143. However, the mechanism involved in this
effect mediated by miR-143 was largely differ-
ent, which was mainly due to different targets
regulated by miR-143 in different tumors. In
colorectal cancer, miR-143 can suppress can-
cer cell growth through inhibition of KRAS
translation, regulating DNMT3A and targeting
HK2 [11, 15, 17]. In liposarcoma cells, BCL2,
topoisomerase 2A, protein regulator of cytoki-
nesis 1 and polo-like kinase 1 have been dem-
onstrated as direct targets of miR-143 [13].
Also in the present study, we demonstrated
that HK2 was the direct target of miR-143 in
prostate cancer as knockdown of HK2 recapit-
ulates the inhibitory effects of miR-143 on PC-3
cancer cell growth. Because many targets
except HK2of miR-143 in prostate cancer have
been predicted by bioinformatic methods, how-
ever, whether the tumor-suppressive effect of
miR-143 was mediated by HK2 requires a
series of screening processes. In spite of this
limitation, HK2 was still a promising target of
miR-143 in prostate cancer.

Given HK2 catalyzes the first committed step in
glucose metabolism, we hypothesized whether
the tumor-suppressive role of miR-143 was
mediated by altered glucose metabolism in
PC-3 cells. Indeed, cancer cells express high
level of HK2, and this distinguishes them from
the normal cells [21]. The binding of HK2 to the
mitochondrial membrane has been proved to
promote the Warburg effect, a phenomenon
characterized by accelerated glucose flux and
lactate production even in the presence of oxy-
gen [22, 23]. Because glycolysis in tumor cells
can provide a biosynthetic advantage for cell
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proliferation [24], it's reasonable to suggest
that miR-143 may regulate the Warburg effect
to affect tumor growth. Expectedly, glucose
consumption and lactate production was dras-
tically altered by the miR-143/HK2 axis. This
finding is consistent with a previous report in
colon cancer that decreased lactate secretion
was observed after re-introduction of miR-143
in the colon cancer cell line DLD-1 [17].

In conclusion, our study described here is
aimed at elucidating the expression pattern
and role of HK2 in prostate cancer. And we also
demonstrated that miR-143 mediated down-
regulation of HK2 accounts for decreased
Warburg effect, which ultimately suppresses
tumor growth. These data indicate that miR-
143/HK2 axis plays an important role in the
pathogenesis of prostate cancer and may be a
potential therapeutic target for prostate cancer
treatment.
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