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MicroRNA-122 downregulates Rho-associated
protein kinase 2 expression and inhibits the
proliferation of prostate carcinoma cells
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Abstract. MicroRNA-122 (miR-122) has been reported to be
involved in the pathogenesis of several types of malignancies;
however, its role in prostate carcinoma remains unknown.
Thus, the current study aimed to investigate the functionality of
miR-122 in prostate carcinoma. Clinical data of 54 patients with
prostate carcinoma who were diagnosed and treated in Union
Hospital (Wuhan, China) between January 2011 and January
2013 were retrospectively analyzed. The expression levels of
miR-122 and Rho-associated protein kinase 2 (ROCK?2) in
prostate tumor and adjacent healthy tissues of patients, as well
as in the serum of prostate carcinoma patients and healthy
controls, were detected by reverse transcription-quantitative
polymerase chain reaction. Receiver operating characteristic
curve and survival curve analyses were used to examine the
diagnostic and prognostic values of serum miR-122 for prostate
carcinoma. In addition, miR-122 mimic was transfected into
prostate carcinoma cells, and the effects on cell proliferation
and ROCK?2 expression were explored by Cell Counting Kit-8
and western blot assays, respectively. It was observed that
miR-122 was downregulated and ROCK2 was upregulated in
tumor tissues as compared with their levels in adjacent healthy
tissues. miR-122 level in the serum was also markedly lower in
prostate carcinoma patients in comparison with that in healthy
controls. Furthermore, a low serum level of miR-122 was found
to effectively distinguish the prostate carcinoma patients from
healthy controls and to be an indicator of poor survival. In
prostate carcinoma cells, miR-122 overexpression inhibited the
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proliferation and the expression of ROCK?2. Taken together,
miR-122 may inhibit the proliferation of prostate carcinoma
cells possibly by downregulating ROCK?2 expression.

Introduction

Prostate carcinoma is a type of malignancy that develops from
the prostate and one of the most common types of cancer in
males (1). Prostate tumors usually grow slowly, without evident
clinical symptoms at the early stages. Therefore, treatment of
prostate carcinoma without distant metastasis usually yields
satisfactory outcomes (2,3). However, once metastasis affects
other parts of the body, such as the lymph nodes, soft tissues,
bone tissues or even the brain, mortality is comparable to that
of other types of aggressive malignancies (4,5). Mortality of
metastatic prostate cancer ranks in the top among all malignan-
cies in Europe (6). In developing countries, such as China, the
incidence of prostate carcinoma exhibits an increasing trend,
possibly due to lifestyle changes (7). Therefore, increasing
the early diagnostic rate and improving treatment outcomes
remains a major task for clinical personnel.

In spite of the lack of evident clinical symptoms during
the early stages of the disease, the development of prostate
carcinoma affects the expression of a large set of microRNAs
(miRNAs or miRs) (8), indicating their involvement in the
pathogenesis of this disease. miR-122 has been reported to
serve a role as a tumor suppressor, inhibiting the progres-
sion of different types of cancer, including hepatocellular
carcinoma (9) and oropharyngeal cancer (10). However,
the involvement of miR-122 in prostate carcinoma remains
unknown. Rho-associated protein kinase 2 (ROCK?2) signaling
serves pivotal roles in the development of various types of
malignancies, including prostate carcinoma, and inhibition of
ROCK?2 inhibits the development of prostate carcinoma (11).

Our preliminary microarray data revealed the inverse
correlation between expression levels of ROCK?2 and miR-122
in prostate carcinoma tissues (data not shown). Thus, in the
present study, the aim was to examine the roles of miR-122
and ROCK?2 in this tumor. It was observed that miR-122 was
downregulated in prostate carcinoma tissues, while miR-122
overexpression in prostate carcinoma cells led to inhibited
proliferation and downregulated ROCK?2 expression.
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Materials and methods

Specimens. Clinical data of 54 patients with prostate carci-
noma who were diagnosed and treated at the Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology (Wuhan, China) between January 2011 and
January 2013 were retrospectively analyzed. Cancer tissues,
adjacent healthy tissues and serum samples of these patients
were obtained. All tissues were stored in liquid nitrogen prior
to use. The age range of these patients was between 27 and
71 years, with a mean age of 50.2+6.2 years. Subjects were
selected according to the following inclusion criteria: i) Patients
with prostate carcinoma diagnosed through pathological
examination; ii) patients with complete clinical and follow-up
data; and iii) patients diagnosed and treated for the first time.
The exclusion criteria were as follows: i) Patients who suffered
from other malignancies at the time of the study or previ-
ously; ii) patients with other prostate diseases; iii) patients
who had received treatment prior to admission; and iv) cases
of mortality caused by other reasons. Furthermore, serum
samples were also collected from 49 healthy volunteers who
received routine physiological examinations in Union Hospital
during the same time period to serve as the control group. The
age of these heathy subjects ranged between 30 and 68 years,
with a mean age of 49.2+6.3 years. The age distribution of
patients and healthy controls was similar. All participants
and/or their families provided written informed consent
prior to participation. The current study was approved by the
Ethics Committee of Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology.

Cell culture and transfection. Human prostate carcinoma
cell lines 22Rvl (ATCC® CRL-2505™) and DU145 (ATCC®
HTB-81™), and a human normal prostate epithelial cell
line HPrEC (ATCC® PCS-440-010™) were purchased from
ATCC (Manassas, VA, USA). Cells were cultured with
Eagle's minimum essential medium (ATCC) containing 10%
fetal bovine serum (ATCC) in an incubator at 37°C with 5%
CO,. A total of 5x10° cells in each well of a 6-well plate were
transfected with 10 nM miR-122 mimics (HMI0068-5SNMOL;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) or nega-
tive control mimics (HMCO0002; Sigma-Aldrich; Merck KGaA)
using Lipofectamine® 2000 reagent (cat. no. 11668-019;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Overexpression of miR-122 in the transfected cells was
confirmed by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR), and an overexpression rate between
190 and 250% was achieved prior to use in subsequent experi-
ments. In case of ROCK?2 treatment, cells were treated with
ROCK2 (5-554; cat. no. R1156; Sigma-Aldrich; Merck KGaA)
at a dose of 10 ng/ml for 24 h after the transfection of miR-122
mimic.

Cell Counting Kit-8 (CCK-8) assay. The control and two
tumor cell lines were collected during the logarithmic phase,
and single cell suspensions with a cell density of 4x10* cells
per ml were constructed. Next, 100 ul of the cell suspension
(4x10° cells) was added into each well of a 96-well plate. Cells
were then cultured at 37°C with 5% CO,, and 10 ul CCK-8
solution (Sigma-Aldrich; Merck KGaA) was added and mixed
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with cell suspension after 24, 48, 72 and 96 h of incuba-
tion. Cell culture was performed for a further 4 h, following
which a Fisherbrand™ accuSkan™ GO UV/Vis microplate
spectrophotometer (Thermo Fisher Scientific, Inc.) was used
to measure the optical density values at 450 nm in order to
determine the cell proliferation.

RT-qPCR. Total RNA was extracted from cancer tissues,
adjacent healthy tissues and serum samples in addition to
in vitro cultivated cells using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), and miRNAs were isolated
using mirVana miRNA Isolation kit (Thermo Fisher Scientific,
Inc.). RNA concentrations were measured using NanoDrop™
2000c Spectrophotometers (Thermo Fisher Scientific, Inc.).
All procedures were performed in strict accordance with
the manufacturer's protocol. Total RNA and miRNAs were
then reverse transcribed into cDNA using SuperScript II1
Reverse Transcriptase (Thermo Fisher Scientific, Inc.) and
TagMan MicroRNA Reverse Transcription kit (Thermo Fisher
Scientific, Inc.), respectively. Subsequently, qPCR analysis
was conducted with Applied Biosystems™ PowerUp™
SYBR™ Green Master Mix (Thermo Fisher Scientific, Inc.)
or MystiCq® microRNA® SYBR® Green qPCR ReadyMix™
(Sigma-Aldrich; Merck KGaA). For the detection of miR-122
expression, the primers used for miR-122 were obtained
from Applied Biological Materials, Inc. (cat. no. MPH01045;
Richmond, BC, Canada), while the primers of the U6 RNA
endogenous control were as follows: 5'-CTCGCTTCGGCA
GCACA-3' (forward) and 5-AACGCTTCACGAATTTGC
GT-3' (reverse). For the detection of ROCK2 mRNA expres-
sion, the ROCK?2 primers were obtained from Sino Biological,
Inc. (cat. no. HP104705; Wayne, PA, USA). Sequences of
GAPDH endogenous control were: 5'-CTGACTTCAACA
GCGACACC-3' (reverse) and 5'-TAGCCAAATTCGTTG
TCATACC-3' (reverse). PCR reactions were performed under
following conditions: 50 sec at 95°C, followed by 40 cycles
of 15 sec at 95°C and 35 sec at 60°C. miR-122 and ROCK?2
expression levels were normalized to the U6 and GAPDH
endogenous control, respectively, using the 2224 method (12).

Enzyme-linked immunosorbent assay (ELISA). The serum
levels of ROCK2 were measured using a human ROCK2
ELISA kit (LS-F22011; LifeSpan BioSciences, Inc., Seattle,
WA, USA). All procedures were performed in strict accor-
dance with the manufacturer's protocol.

Western blot analysis. Following total protein extraction from
in vitro cultivated cells using radioimmunoprecipitation assay
solution (Thermo Fisher Scientific, Inc.), protein concentration
was measured by the bicinchoninic acid method, and 20 ug
protein was then subjected to 10% SDS-PAGE to separate
proteins with different molecular weights. Next, gel transfer
was performed, and 5% skimmed milk was used to block the
polyvinylidene difluoride membranes for 1 h at room tempera-
ture. Membranes were then incubated with primary antibodies,
including rabbit anti-ROCK?2 antibody (1:1,200; ab71598;
Abcam, Cambridge, MA, USA) and anti-GAPDH antibody
(1:1,400; ab9485; Abcam) at 4°C overnight. The following day,
membranes were further incubated with anti-rabbit IlgG-HRP
secondary antibody (1:1,000; MBS435036; MyBioSource, Inc.,
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Figure 1. Relative expression levels of (A) miR-122 and (B) ROCK2 mRNA in tumor tissues and adjacent healthy tissues of 54 patients with prostate carcinoma
are displayed. "P<0.05 vs. adjacent tissues. miR, microRNA; ROCK?2, Rho-associated protein kinase 2.

San Diego, CA, USA) for 2.5 h at room temperature. Signal
development was performed using enhanced chemilumines-
cence (Sigma-Aldrich; Merck KGaA), and membranes were
scanned using MYECL™ Imager (Thermo Fisher Scientific,
Inc.). The expression of ROCK?2 was normalized to that of the
GAPDH endogenous control using ImageJ software (version
1.6; National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. All statistical analyses were performed
using SPSS software (version 19.0; IBM Corp., Armonk, NY,
USA). Protein and mRNA expression levels were expressed
as the mean + standard deviation. Comparisons between two
groups were performed using unpaired t-test, while comparisons
among multiple groups were examined by one-way analysis of
variance followed by the least significant difference test. Patients
were considered to be in the drinking group if they consumed
alcohol twice or times more than twice per week, and patients in
the smoking group were those who smoked more than 10 ciga-
rettes per day. Correlations between the serum miR-122 level
and clinicopathological data of patients were analyzed by y” test.
Diagnostic value of serum miR-122 in prostate carcinoma was
analyzed using receiver operating characteristic (ROC) curve
analysis. According to the median serum level of miR-122, the
54 patients with prostate carcinoma were divided into the high
(n=27) and low (n=27) expression groups. Survival curves were
plotted using the Kaplan-Meier method and compared using
the log rank t-test. Differences with P<0.05 were considered as
statistically significant.

Results

Expression levels of miR-122 and ROCK2 mRNA in tumor
tissues and adjacent healthy tissues. The expression levels of

miR-122 and ROCK?2 mRNA in tumor and adjacent healthy
tissues of 54 prostate carcinoma patients were detected by
RT-qPCR. As shown in Fig. 1A, a significantly lower expres-
sion level of miR-122 in tumor tissues in comparison with
that in adjacent tissues was detected in 49 out of 54 patients
(P<0.05), accounting for 90.7% of cases. By contrast, a signifi-
cantly higher expression level of ROCK2 mRNA in tumor
tissues as compared with that in adjacent tissues was observed
in 46 out of 54 patients (P<0.05), accounting for 85.2% of
cases. These data suggest that downregulation of miR-122
and upregulation of ROCK2 are likely to be involved in the
pathogenesis of prostate carcinoma.

Comparison of serum miR-122 and ROCK?2 levels between
patients and controls. The serum levels of miR-122 and
ROCK2 in prostate carcinoma patients and healthy controls
were measured by RT-qPCR and ELISA, respectively. As
shown in Fig. 2, the serum levels of miR-122 were significantly
lower (Fig. 2A) and those of ROCK?2 were significantly higher
(Fig. 2B) in prostate carcinoma patients as compared with
those in healthy controls (P<0.05).

Diagnostic and prognostic value of serum miR-122 level in
prostate carcinoma. Data in Fig. 2 indicated that miR-122 was
differentially expressed in the serum of prostate carcinoma
patients and healthy controls. Therefore, the current study
further evaluated the diagnostic value of serum miR-122 in
prostate carcinoma using ROC curve analysis. As shown
in Fig. 3A, the area under the curve was 0.8954 with a
standard error of 0.03186 and a 95% confidence interval
of 0.8330-0.9579. According to the median serum level
of miR-122, the 54 patients with prostate carcinoma were
divided into the high (n=27) and low (n=27) expression groups.
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Figure 2. Comparison of serum levels of (A) miR-122 and (B) ROCK2 between prostate carcinoma patients and healthy controls. "P<0.05. miR, microRNA;

ROCK2, Rho-associated protein kinase 2.
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Figure 3. Diagnostic and prognostic value of serum miR-122 level in prostate carcinoma. (A) Receiver operating characteristic curve analysis for the use of
serum miR-122 in the diagnosis of prostate carcinoma. (B) Comparison of survival curves of patients in the high and low miR-122 expression groups. miR,

microRNA.

Survival curves were plotted using the Kaplan-Meier method
and compared using the log rank t-test. As shown in Fig. 3B,
the survival time of patient with low serum level of miR-122
was significantly shorter in comparison with that of patients
with high serum level of miR-122.

Correlation analysis of serum levels of miR-122 with the
clinicopathological data of patients. Correlations between
the serum levels of miR-122 and the clinicopathological data
of prostate carcinoma patients were analyzed by ¥* test. The
results demonstrated that the serum levels of miR-122 were not
closely correlated with the patient age, drinking and smoking
habits, or distant tumor metastasis. However, the serum levels
of miR-122 were significantly correlated with the tumor size.

Effects of miR-122 overexpression on ROCK2 expression.
Based on data shown in Table I, it is concluded that miR-122
may be involved in the growth of prostate carcinoma. ROCK2
has been reported to serve a pivotal role in regulating pros-
tate tumor growth (13). Therefore, the effects of miR-122
overexpression on ROCK?2 expression were then explored. As
compared with the human normal prostate epithelial cell line

HPrEC, the expression levels of miR-122 were significantly
lower, and those of ROCK?2 protein were significantly higher
in the human prostate carcinoma cell lines 22Rv1l and DU145
(data not shown). As shown in Fig. 4, miR-122 overexpression
in 22Rvl and DUI145 prostate carcinoma cells significantly
inhibited the expression of ROCK?2 protein, but had no marked
effect in normal prostate cells HPrEC.

Effects of miR-122 overexpression and ROCK?2 treatment on
cell proliferation. As shown in Fig. 5, miR-122 overexpression
significantly inhibited the proliferation of human prostate
carcinoma 22Rvl and DU145 cells, whereas it had no marked
effect on the normal prostate epithelial cell line HPrEC. In addi-
tion, treatment with ROCK?2 at a dose of 10 ng/ml significantly
reduced the inhibitory effects of miR-122 overexpression on
cell proliferation.

Discussion
The role of miR-122 has been reported in several malignancies,

including hepatocellular carcinoma (9) and oropharyngeal
cancer (10); however, its effect in prostate carcinoma remains
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Table 1. % analysis of the correlation between the serum levels of miR-122 and the clinicopathological data of patients.

miR-122
expression
Parameter Group No. of cases High Low y2-value P-value
Age, years >50 25 11 14 0.67 041
<50 29 16 13
Drinking Yes 40 18 22 1.54 0.21
No 14 9 5
Smoking Yes 38 17 21 0.32 0.57
No 16 10 6
Primary tumor diameter, cm >5 22 7 15 491 0.03
<5 32 20 12
Tumor distant metastasis Yes 21 9 12 0.70 0.40
No 33 18 15
miR-122, microRNA-122.
22Rv1 DU145 HPrgc
Cc NC miR-122 Cc NC  miR-122 c NC miR-122
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Figure 4. Effects of miR-122 overexpression on ROCK2 protein expression in the prostate carcinoma cell lines 22Rv1 and DU145, and in the human normal
prostate epithelial cell line HPrEC. "P<0.05. miR, microRNA; ROCK?2, Rho-associated protein kinase 2; C, control; NC, negative control.

unclear. The key finding of the present study was that miR-122
also serves a role as a tumor suppressor gene in prostate
carcinoma, and the functionality of miR-122 in this disease
may be achieved by inhibiting cell proliferation through the
downregulation of ROCK?2 expression.

Development of prostate carcinoma is accompanied by
changes in the expression pattern of a large set of miRNAs (8),
and different miRNAs participate in different stages of pros-
tate carcinoma to promote or inhibit tumor progression (14).
It has been reported that miR-96 expression is significantly
upregulated in tumor tissues as compared with its expression
in adjacent healthy tissues in prostate carcinoma patients,
and upregulation of miR-96 is associated with the growth of
tumor (15). By contrast, miR-338-3p (16) and miR-195 (17)
were downregulated during the development of prostate

carcinoma, and overexpression of these two miRNAs exerted
tumor suppression effects. Furthermore, significantly down-
regulated expression of miR-122 in tumor tissues as compared
with that in adjacent healthy tissues was observed in patients
with hepatocellular carcinoma (9). In the present study, a lower
expression level of miR-122 was observed in tumor tissues in
comparison with that in paired adjacent tissues in the majority
of patients with prostate carcinoma. Therefore, miR-122 may
serve as a tumor suppressor miRNA in prostate carcinoma.
miR-122 has been detected in the blood, and circulating
miR-122 has been proven to be an effective diagnostic
biomarker for hepatocellular carcinoma (18). In the current
study, serum levels of miR-122 were also found to be signifi-
cantly lower in patients with prostate carcinoma as compared
with those in healthy controls. The diagnostic potential of this
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Figure 5. Effects of miR-122 overexpression and ROCK2 treatment the proliferation of prostate carcinoma 22Rvl and DUI145 cells, and normal prostate
epithelial HPrEC cells, as investigated by a Cell Counting Kit-8 assay. miR, microRNA; ROCK?2, Rho-associated protein kinase 2.

miRNA was evaluated by ROC curve analysis, which revealed
that serum miR-122 levels can be used to effectively distinguish
patients with prostate carcinoma from normal healthy controls.
In addition, low serum levels of miR-122 were proven to be
significantly correlated with shorter survival time. These data
suggest that serum miR-122 may serve as a potential diagnostic
and prognostic biomarker for prostate carcinoma. The current
study also demonstrated that the serum levels of miR-122 were
not affected by the patient age, or smoking and drinking habits,
indicating the high stability of serum miR-122 as a biomarker.

Serum levels of miR-122 were observed to be signifi-
cantly correlated with tumor size in the present study, but
not with distant tumor metastasis, indicating the involvement
of miR-122 in the regulation of tumor growth. Subsequent
in vitro cell proliferation assay indicated that miR-122 is an
inhibitor of prostate carcinoma cell proliferation. ROCK2
signaling has been reported to serve pivotal roles in the
tumor development, and upregulated ROCK?2 expression
was observed in the development of various malignancies,
including prostate carcinoma (11,19). The present study results
also demonstrated that ROCK?2 expression level was higher
in tumor tissues when compared with that in adjacent tissues
in the majority of patients with prostate carcinoma. The
expression of ROCK?2 is known to be regulated by several
miRNAs, such as miR-144 (20) and miR-135a (11). In the
present study, miR-122 overexpression significantly inhibited
the expression of ROCK2 in prostate carcinoma cells, while
ROCK?2 treatment significantly reduced the effects of miR-122
overexpression on cell proliferation. Therefore, miR-122 may
inhibit the growth of prostate carcinoma by inhibiting cancer
cell proliferation through the downregulation of ROCK2
expression. However, ROCK?2 may not be a direct target of
miR-122 due to the lack of targeting site on its gene sequence
(data not shown). Therefore, disease-associated mediators may
exist between ROCK2 and miR-122.

Finally, it is worth noting that miR-122 overexpression
only affected the human prostate carcinoma cell lines 22Rv1
and DU145, but had no marked effect on the human normal
prostate epithelial cell line HPrEC. Therefore, miR-122 may
serve as a potential therapeutic target for prostate carcinoma.

In conclusion, the current study reported that miR-122
expression was downregulated and ROCK?2 expression was

upregulated in prostate carcinoma. Thus, low serum level of
miR-122 may serve as a marker for prostate carcinoma and
an indicator of poor prognosis. Furthermore, miR-122 overex-
pression inhibited the proliferation of prostate carcinoma cells
and the expression of ROCK2, while treatment with ROCK2
attenuated this effect. Therefore, miR-122 may inhibit the
proliferation of prostate carcinoma cells possibly by down-
regulating ROCK?2 expression.
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