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Abstract

Background: Accumulating evidence indicates that miR-5195-3p exerts tumor-
suppressive roles in several tumors. However, the clinical significance and biological
function of miR-5195-3p in prostate cancer (PCa) have not been reported yet.

Methods: The expression levels of miR-5195-3p and Cyclin L1 (CCNLT) were determined
using quantitative real-time PCR in clinical specimens and cell lines. The clinical signifi-
cance of miR-5195-3p in patients with PCa was evaluated using Kaplan—Meier survival
analysis and Cox regression models. Cell proliferation and cell cycle distribution were
measured by CCK-8 assay and flow cytometry, respectively. The association between
miR-5195-3p and CCNLT was analyzed by luciferase reporter assay.

Results: MiR-5195-3p expression levels were significantly downregulated in 69 paired
PCa tissues compared with matched adjacent normal tissues. The decreased miR-
5795-3p expression was associated with Gleason score and TNM stage, as well as worse
survival prognosis. The in vitro experiments showed that miR-5195-3p overexpression
suppressed the proliferation and cell cycle G1/S transition in PC-3 and DU145 cells.
Elevated miR-5195-3p abundance obviously impaired tumor formation in vivo using
PC-3 xenografts. Mechanistically, CCNLT was a direct target of miR-5195-3p in PCa cells,
which was inversely correlated with miR-5195-3p in PCa tissues. Importantly, CCNLT
knockdown imitated, while overexpression reversed, the effects of miR-5195-3p overex-
pression on PCa cell proliferation and cell cycle G1/S transition.

Conclusions: Our data suggest that miR-5795-3p functions as a tumor suppressor by
targeting CCNLT in PCa.

Keywords: Prostate cancer, miR-5195-3p, CCNLT, Proliferation

Background

Prostate cancer (PCa), as the most frequently diagnosed male malignancy, has been the
leading cause of tumor-related deaths worldwide, with its pathological and clinical het-
erogeneity [1, 2]. It is estimated that there are more than 220,000 new cases of PCa and
over 30,000 death per year in the USA [3]. Despite great improvement in the outcomes of
PCa at early stage by early prostate-specific antigen (PSA) testing, surgical resection, and
androgen deprivation therapy [4, 5], the prognosis is still poor for patients at advanced
stage, especially for those with emergence of castration-resistant PCa [6]. Therefore,
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elucidation of the molecular mechanisms underlying the initiation and progression of
PCa is urgently needed to establish new therapeutic targets for PCa treatment.

MicroRNAs (miRNAs/miRs) are a group of small, noncoding, and single-stranded
RNAs approximately 18—22 nucleotides in length, which can regulate multiple physi-
ological processes by selectively inhibiting the downstream target mRNAs via binding
to their 3/-untranslated region (3’-UTR) [7, 8]. In recent years, growing evidence has
suggested that certain aberrantly expressed miRNAs can act as either oncogenes or
tumor suppressors, thereby affecting the pathogenesis of PCa. For example, overexpres-
sion of miR-139 inhibited the cell growth and migration in PCa cells [9]. Overexpression
of miR-589-5p inhibited cell viability, migration, and invasion in PCa cells [10]. On the
contrary, some oncogenic factors, including miR-410-3p [11], miR-153 [12], and miR-
191 [13], have been identified as carcinogenic factors that predict poor prognosis and
promote the proliferation of PCa cells. Notably, miR-5195-3p, a relatively poorly studied
miRNA, has been shown to participate in cell biological processes that regulate the pro-
gression of tumors, including non-small cell lung cancer [14], glioma [15], osteosarcoma
[16], and bladder cancer [17]. However, there are limited studies on the clinical signifi-
cance and biological function of miR-5195-3p in PCa.

Cyclin L1 (CCNL1 also termed Ania-6a), localized in the chromosomal 3q25 region,
codes for a putative key regulator of pre-mRNA processing and is involved in G1/S tran-
sition during the cell cycle [18]. Interestingly, CCNLI has been illustrated as a poten-
tial target of therapeutic interventions implicated in carcinogenesis [19]. As reported
by Redon et al. [20] and Sticht et al. [21], CCNL1I was overexpressed and amplified in
human head and neck squamous cell carcinoma. Moreover, CCNLI has been demon-
strated to be a direct target gene of miR-199b-5p and be involved in miR-199b-5p sup-
pressing cell proliferation and inducing cell cycle arrest and cell apoptosis in Ewing’s
sarcoma [22]. According to the online software program TargetScan 7.1 prediction that
CCNLI was a potential target of miR-5195-3p, we speculated that miR-5195-3p might
play an important role in PCa tumorigenesis by targeting CCNL1 via affecting cell cycle
progression.

Therefore, we first investigated the expression pattern and clinical significance of miR-
5195-3p in PCa tissues. Next, we conducted a series of in vitro and in vivo functional
experiments to observe the regulatory roles of miR-5195-3p in cell proliferation and
tumor growth. Furthermore, we validated the association between miR-5195-3p and
CCNL1 in PCa. This research will enhance our understanding of PCa biology and pro-
vide new insights into molecular therapy for PCa treatment.

Materials and methods

Patients and tissue samples

In total, 69 pairs of tumor tissues and matched adjacent normal tissues were obtained
from patients with PCa who underwent radical prostatectomy at Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology (Hubei, China)
between March 2016 and September 2018. Prior to radical prostatectomy, all patients
were confirmed not to receive chemotherapy, radiotherapy, or androgen deprivation
therapies. All tissue specimens were immediately stored at—80 °C until further use.
The basic clinicopathological characteristics of all patients with PCa, including age,
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Gleason score, and TNM stage, are summarized in Table 1. All enrolled patients under-
went 5-year follow-up through telephone. Written informed consent was signed by all
patients, and the present study was approved by the ethics committee of Tongji Hospi-
tal, Tongji Medical College, Huazhong University of Science and Technology (approval
number TMCU-87DG; 2016.3.12; Hubei, China).

Cell culture

Human PCa cell lines (PC-3, 22RV1, DU145, and LNCaP) and a nontransformed but
immortalized prostate cell line RWPE-1 were purchased from the American Type Cul-
ture Collection (Manassas, VA, USA). All cell lines were cultured in RPMI-1640 (Gibco;
Thermo Fisher Scientific) supplemented with 10% fetal bovine serum (Gibco) in a
humidified incubator containing 5% CO, at 37 °C.

Cell transfection

MiR-5195-3p mimics, scrambled miRNA (miR-NC), smaller interfering RNA against
CCNLI (si-CCNL1), negative control (si-NC), the overexpression plasmid of pcDNA3.1-
CCNL1, and empty vector pcDNA3.1 were synthesized from Shanghai GenePharma.
For cell transfection, PC-3 and DU145 cells were seeded into six-well plates and trans-
fected with the above oligonucleotides using Lipofectamine 2000 (Thermo Fisher Scien-
tific) according to the manufacturer’s instructions.

Quantitative real-time PCR

Total RNA was extracted using mirVana miRNA isolation kit (Life Technologies;
Thermo Fisher Scientific) for miRNA and RNeasy mini kit (Qiagen, Valencia, CA, USA)
for mRNA. The synthesis of complementary DNA was performed using miScript II RT
kit (Applied Biosystems, CA) for miRNA and superscript VILO cDNA kit (Thermo

Table 1 Relationship between miR-5195-3p expression and clinicopathological characteristics of
patients with prostate cancer

Characteristic Case miR-5195-3p expression p-Value
(n=69) Low (n=35) High (n=34) (chi-squared test)

Age (year) 0.733
<65 21 10 1
>065 48 25 23

Preoperative PSA (ng/ml) 0.368
<10 43 20 23
>10 26 15 1

Gleason score 0.001*
<7 51 20 31
>7 18 15 3

TNM stage 0.006*
1711 46 18 28
/v 23 17 6

Metastasis 0.118
No 39 23 16
Yes 30 12 18

*p<0.05
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Fisher Scientific) for mRNA according to the manufacturer’s instructions. Quantitative
real-time PCR was performed using miScript SYBR Green PCR kit (Qiagen) for miR-
5195-3p or SYBR Green PCR kit (Applied Biosystems, CA) for CCNLI mRNA levels
with the specific primer sequences synthesized by Sangon Biotech (Shanghai). Each
experiment was performed in triplicate, and relative abundance was normalized to U6
for miR-5195-3p or GADPH for CCNLI mRNA by the 2724¢T method. The primer
sequences used were as follows: CCNLI, forward 5-GGAAAAAGGACTCCAAGC
CC-3' and reverse 5-GCTGCAAGGTAGATGCAAGC-3’; GAPDH, forward 5-GGT
GAAGGTCGGAGTCAACG-3' and reverse 5'-GCATCGCCCCACTTGATTTT-3'.

Cell proliferation assay

Transfected PCa cells at a density of 3 x 10* cells per well in technical triplicates were
seeded in six-well plates and cultured for 24, 48, and 72 h, respectively. At each time-
point, cells in each well were incubated with 10 pl of CCK-8 solution (Sigma-Aldrich) for
2 h. Afterwards, the absorbance at a wavelength of 450 nm was measured in each well
using a microplate reader.

Cell cycle analysis

Transfected PCa cells at a density 4 x 10° cells per well were seeded in six-well plates and
incubated for 48 h. Subsequently, cells were washed with PBS and fixed with cold 70%
ethanol overnight, followed by incubation with 0.1 mg/ml propidium iodide (Sigma-
Aldrich) for 30 min in the dark. Next, the cells were analyzed by flow cytometry (BD
Biosciences, Franklin Lakes, NJ, USA) with FlowJo software (Version 10.0.4; Flow]Jo
LLC).

Luciferase reporter assay

According to the putative binding sites predicted for miR-5195-3p with the 3’-UTR of
CCNL1 by the online software program TargetScan 7.1 (http://www.targetscan.org), we
performed luciferase reporter assay to validate the above prediction. In brief, the frag-
ments of CCNLI 3’-UTR containing either putative miR-5195-3p seed sequence or
corresponding mutant (MUT) sites using QuickChange Site-Direct Mutagenesis Kit
(Stratagene) were subcloned into psiCHECK-2 vector (Promega, USA) to obtain the
reporter plasmids of CCNLI-wild type (WT) and CCNLI-MUT, respectively. Then,
PC-3 or DU145 cells were plated in 24-well plates and co-transfected with 1 ug reporter
plasmid CCNLI-WT or CCNLI-MUT together with 30 nM miR-5195-3p mimics or
miR-NC for 48 h. Relative luciferase activity was determined using a Dual-Luciferase
Reporter Assay System (Promega).

Tumor xenograft formation

For the tumorigenicity assay, miR-NC or miR-5195-3p mimics stably transfected over-
expression 1.8 x 10° PC-3 cell suspension was injected subcutaneously into the right
flank of 4-5-week-old BALB/c nude mice (Shanghai Laboratory Animal Research
Center, Shanghai, China) with five mice in each group. Mice were monitored every
5 days, and the tumor length/width was measured using calipers. Tumor volume was
calculated using the modified ellipsoid formula: volume=1/2 (length x width?). At the
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end of 30 days, all the mice were killed by cervical dislocation. Then, the tumor weight
was measured and tumor tissues were harvested for analyzing the expression levels of
miR-5195-3p, as well as protein levels of Cyclin L1, CDK4, and Cyclin D1. All animal
experiments were performed in accordance with the Huazhong University of Science
and Technology Research Institute Animal Care Committee guidelines (approval num-
ber HUST-58A; 2017.6.23; Hubei, China).

Western blot analysis

Total protein samples were extracted from cell lines or tumor tissues with RIPA lysis
buffer (Thermo Fisher Scientific), and protein concentration was analyzed using a BCA
Protein Assay Kit (Pierce, Rockford, IL, USA) according to the manufacturer’s instruc-
tions. Then, equal amount of protein sample (30 pg) was subjected to electrophoresis
using sodium dodecyl sulfate polyacrylamide gels (SDS-PAGE), which was subsequently
transferred onto PVDF membranes. Next, the membranes were blocked with 5% nonfat
dried milk in TBST for 2 h and incubated with primary antibodies against Cyclin L1
(1:1000, no. PA5-36070, Thermo Fisher Scientific), CDK4 (1:1000, ab226474, Abcam),
Cyclin D1 (1:5000, ab226977, Abcam), and GAPDH (1:1,000; ab37168, Abcam) over-
night at 4 °C. Subsequently, the membranes were incubated with horseradish-peroxi-
dase-linked secondary antibodies (1:5000; cat. no. SC-2054; Santa Cruz Biotechnology)
for 2 h at room temperature. Finally, the protein bands were visualized by a chemilumi-
nescence detection kit (ECL, Millipore, USA).

Statistical analysis

The GraphPad Prism 6.0 software (National Institutes of Health, Bethesda, MD, USA)
was used to perform all statistical analysis. The association between miR-5195-3p
expression and PCa clinicopathologic characteristics was assessed by chi-squared test.
The Kaplan—Meier method was used to generate survival curves. Univariate and multi-
variate Cox regression models were constructed to estimate the hazard ratios (HRs) of
independent factors affecting the overall survival in patients with PCa. The Spearman’s
correlation coefficient was used to analyze the association between miR-5195-3p expres-
sion and CCNLI expression in PCa tissues. All the quantitative data were expressed as
mean =+ standard deviation (SD) of at least three experimental replicates. The differences
among groups were analyzed using either the one-way ANOVA or the Student’s ¢-test.
Statistical significance was defined as p-value less than 0.05.

Results

MiR-5195-3p was downregulated in PCa tissues, which was correlated with cancer
progression

We first performed quantitative real-time PCR analysis to determine the expression level
of miR-5195-3p in 69 pairs of human PCa and adjacent tissues. As shown in Fig. 1A,
miR-5195-3p expression was significantly lower in PCa tissues than in adjacent normal
tissues. We then sought to explore the association between miR-5195-3p expression
and clinical characteristics. According to the median value of miR-5195-3p expression,
69 patients were classified into low miR-5195-3p expression group (n=35) and high
miR-5195-3p expression group (n=34). As listed in Table 1, miR-5195-3p expression
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Fig. 1 MiR-5195-3p was downregulated in PCa tissues and correlated with overall survival. A MiR-5195-3p
expression in 69 paired HCC and the matched adjacent normal tissue samples was measured by quantitative
real-time PCR. B The correlation between miR-5195-3p expression and overall survival was analyzed with the
Kaplan-Meier method. The p-value was obtained using the log-rank test

Table 2 Univariate and multivariate analysis for overall survival in patients with prostate cancer

Characteristic

Univariate analysis

Multivariate analysis

HR (95% Cl) p value HR (95% Cl) p value
Age 0.895 (0.563-1.498) 0.754 - -
Preoperative PSA (ng/ml) 2.145(1.284-3.315) 0415 - -
Gleason score 1432 (0.895-2.546) 0.023* 1.365 (0.968-2.584) 0.056
TNM stage 2.312(1.204-2.978) 0.005* 2.542 (1.432-3.142) 0.024*
Metastasis 3.142 (2.142-4.321) 0.064 - -
MiR-5195-3p expression 1.759 (1.006-2.153) 0.014% 2.132 (1.354-2.856) 0.007*

*p<0.05

was significantly associated with Gleason score and TNM stage. We further explored
whether miR-5195-3p expression was associated with the prognosis of patients with
PCa. Kaplan—Meier survival analysis revealed that patients with PCa with high miR-
5195-3p expression had longer overall survival than those with low miR-5195-3p expres-
sion (Fig. 1B). We also performed univariate and multivariate Cox regression analyses
of prognostic indicators using collected clinical specimens (Table 2). Univariate analysis
indicated that low miR-5195-3p expression (HR 1.759, p=0.014), Gleason score>7 (HR
1432, p=0.023), and TNM stage (HR 2.312, p=0.005) were independent risk factors
for prognosis of patients with PCa. Multivariate analysis suggested that TNM stage (HR
2.542, p =0.024) and low miR-5195-3p expression (HR 2.132, p=0.007) were the hazard
factors predicting overall survival in patients with PCa.

MiR-5195-3p overexpression suppressed PCa cell proliferation and cell cycle G1/S
transition in vitro

Subsequently, the expression level of miR-5195-3p was assessed in several PCa cell lines.
Consistently, miR-5195-3p expression levels were found to be significantly decreased
in PCa cell lines (PC-3, 22RV1, DU145, and LNCaP) compared with a nontransformed
but immortalized prostate cell line RWPE-1 (Fig. 2A). To test the biological function
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Fig. 2 Effects of miR-5195-3p overexpression on PCa cell proliferation and cell cycle progression. A
MiR-5195-3p expression in PCa cell lines (PC-3, 22RV1, DU145, and LNCaP) and a nontransformed but
immortalized prostate cell line RWPE-1 was measured by quantitative real-time PCR. B PC-3 and DU 145
cells were transfected with the miR-5795-3p mimics or miR-NC. MiR-5195-3p expression in PC-3 and DU145
cells was detected by quantitative real-time PCR. C-D Cell proliferation was tested with CCK-8. MiR-5195-3p
overexpression significantly inhibited the proliferation of PC-3 and DU145 cells. E-F Cell cycle distribution
was determined by Pl staining and flow cytometry analysis in PC-3 and DU145 cells. Data are presented as
mean = standard deviation. *p <0.05, **p <0.01, ***p <0.001 compared with miR-NC group. P/ propidium
iodide; NC negative control

of miR-5195-3p in PCa in vitro, PC-3 and DU145 cells were transfected with miR-
5195-3p mimics or miR-NC. As shown in Fig. 2B, miR-5195-3p expression was signifi-
cantly elevated in both PC-3 and DU145 cells after miR-5195-3p mimics transfection
compared with miR-NC transfection. Next, we performed gain-of-function assays in

Page 7 of 14



Zeng et al. Cellular & Molecular Biology Letters (2022) 27:25 Page 8 of 14

the above constructed miR-5195-3p overexpression cell lines. The results from CCK-8
assay showed that the cell growth curves were remarkably suppressed in PC-3 (Fig. 2C)
and DU145 (Fig. 2D) cells after miR-5195-3p overexpression, especially at 48 and 72 h,
respectively. Considering uncontrolled cell proliferation was correlated with cell cycle
progression, we further analyzed the effects of miR-5195-3p overexpression on cell cycle
distribution. The results from flow cytometry analysis illustrated that the percentage
of cells at GO/G1 phase (64.71% 41.04% versus 52.27% =+ 0.83%, p<0.001) was signifi-
cantly increased, while cells at S phase (27.68% % 1.32% versus 39.09% +1.17%, p <0.001)
and G2/M phase (7.61% =+ 0.28% versus 8.64% +0.34%, p <0.05) were decreased in miR-
5195-3p mimics group compared with miR-NC group in PC-3 cells (Fig. 2E). Similarly,
we observed that miR-5195-3p overexpression caused a significant increase in the pro-
portion of cells at GO/G1 phase and decrease in cells at S phase in DU145 cells (Fig. 2F).
These findings indicated that miR-5195-3p overexpression inhibited the proliferation
and induced GO/G1 arrest in PCa cells.

CCNL1 is a direct target of miR-5195-3p in PCa

To identify the potential effectors of miR-5195-3p in PCa progression, the target genes
of miR-5195-3p were searched by performing bioinformatics analysis. We found that
CCNL1 3'-UTR contains one miR-5195-3p-binding site and then constructed vec-
tors containing the WT or MUT 3’-UTR of human CCNLI fused downstream of the
firefly luciferase gene (Fig. 3A). The results from luciferase reporter assay showed that
the luciferase activity was significantly decreased in both PC-3 (Fig. 3B) and DU145
(Fig. 3C) cells after co-transfection of miR-5195-3p mimics with CCNLI-W'T reporters,
which was abolished by the mutations in the putative miR-5195-3p binding site. Quan-
titative real-time PCR (Fig. 3D) and western blot analysis (Fig. 3E) further demonstrated
that CCNL mRNA and protein expression levels were both significantly suppressed after
miR-5195-3p overexpression in PC-3 and DU145 cells. In addition, the quantitative real-
time PCR results showed that CCNLI mRNA expression was remarkably upregulated
in PCa tissues compared with that in matched adjacent normal tissues (Fig. 3F), which
was inversely correlated with miR-5195-3p expression (Fig. 3G, r=—0.2387, p =0.0483).
Collectively, these results suggest that miR-5195-3p directly targeted CCNLI in PCa
cells to downregulate CCNL1 expression.

MiR-5195-3p suppressed cell proliferation and cell cycle G1/S transition by targeting CCNL1
To confirm whether CCNL1 was the important downstream mediator involved in miR-
5195-3p regulating PCa cell proliferation and cell cycle progression, we performed loss-
of-function assays by transfection with si-CCNLL1 or si-NC and rescue experiments by
co-transfection with miR-5195-3p mimics and pcDNA3.1-CCNL1 in PC-3 cells. As
shown in Fig. 4A, the protein expression of Cyclin L1 was obviously suppressed by si-
CCNL1 transfection, which was recovered by pcDNA3.1-CCNLI1 transfection in PC-3
cells. Subsequently, CCK-8 assay revealed that CCNLI knockdown suppressed, while
overexpression promoted, the PC-3 cell proliferation (Fig. 4B). Furthermore, we found
that CCNLI knockdown imitated (Fig. 4C), while overexpression (Fig. 4D) reversed,
the effects of miR-5195-3p overexpression on cell cycle G1/S transition. These results



Zeng et al. Cellular & Molecular Biology Letters

(2022) 27:25

miR-5195-3p 3’

A CCNL1-WT 5'...GUUUAUUGCUAUAAGAACUGGAG...3’

UCGGGGGAGUCUCUUGACCUA ¥

CCNL1-MUT 5’...GUUUAUUGCUAUAAGCCCUAACG...3’

B . "5 PC-3 C . "5 DU145
2 == miR-NC 2 = miR-NC
> >
8 =3 miR-5195-3p mimics B =3 miR-5195-3p mimics
© ©
@ 1.0 o 1.04
o o
L 2
g g "
< 0.5 o < 0.5
2 2
K| 8
[ [
(4 (4
0.0- T T 0.0- T T
CCNL1-WT CCNL1-MUT CCNL1-WT CCNL1-MUT
PC-3 DU145
D E miRNG MRS195:3p o miR-5195-3p
mimics mimics
[
o i |
2 1.5 . Cyclin L1 - ‘ ———
3 mm miR-NC
—
3 =3 miR-5195-3p mimics GAPDH
X P — —
<Zt 1.0 .
< 1.57
nE: g == miR-NC
- £ = miR-5195-3p mimics
Z 0.5 = £ 10
o sl g
© 5
'-g- § 0.5 o]
S 0.04 r - o o
>
[v4 PC-3 DU145 & Ii'
©
© 0.0- T T
PC-3 DU145
F G 5
5 9 54
‘5 57 p <0.001 2
8 s -
& e 4 . ‘Qo
44
: : N
s £ TSR,
J (4 L * <
g £ Cods 0o
5 2] e
O 24 | . .
z 3 t 23
8 E O 14 r=-0.2387
9 14 4 p =0.0483
2 2
E 0 % 0 T T 1
° T T
x Adjacent tissues Tumor tissues x 0 1 2 3

Relative miR-5195-3p expression

Fig.3 CCNLT was a direct target of miR-5195-3p in PCa. A The sequences of the putative miR-5195-3p
binding sites in the wild-type and mutant CCNLT 3’-UTR. B-C Luciferase reporter plasmids carrying the
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mRNA expression levels in 69 pairs of human PCa and matched adjacent normal tissues were measured

by quantitative real-time PCR. Data are presented as mean = standard deviation. **p <0.01, ***p <0.001
compared with miR-NC group. G MiR-5195-3p expression was inversely correlated with CCNLT miRNA
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Fig. 4 MiR-5195-3p suppressed cell proliferation and cell cycle G1/S transition through CCNLT mediation.
PC-3 cells were transfected with si-CCNL1 or si-NC, as well as co-transfection with miR-5195-3p mimics and
pcDNA3.1-CCNL1. A Western blot was used to determine the Cyclin L1 protein expression levels in the above
transfected PC-3 cells. B Cell proliferation was tested with CCK-8 assay in the above transfected PC-3 cells. C—
D Cell cycle distribution was determined by Pl staining and flow cytometry analysis in the above transfected
PC-3 cells. Data are presented as mean = standard deviation. *p < 0.05, **p <0.01, ***p <0.001 compared with
si-NC or miR-5195-3p mimics

suggest that miR-5195-3p markedly inhibited the proliferation and G1/S transition, at
least partially via targeting CCNL1 in PCa.

MiR-5195-3p overexpression restricted tumor growth in vivo

The xenograft tumorigenicity test was performed to elucidate the in vivo suppressive
potential of miR-5195-3p. Initially, the overexpression of miR-5195-3p of miR-5195-3p
mimics in PC-3 cells was assessed and quantitative real-time PCR findings showed that
miR-5195-3p mimics had a high overexpression efficiency (Fig. 5A). Subsequently, stably
(miR-5195-3p mimics or miR-NC) transfected PC-3 cells were injected subcutaneously
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Fig. 5 MIiR-5195-3p induced the regression of prostate tumorigenesis in vivo. A MiR-5195-3p expression in
stable miR-5195-3p mimics or miR-NC overexpression PC-3 cells determined by quantitative real-time PCR.

B Image of tumor xenografts in nude mice injected subcutaneously with miR-5195-3p-overexpressing PC-3
cells. CTumor volume was measured every 5 days. D Changes in the tumor weight in mice after miR-5195-3p
overexpression. E MiR-5195-3p expression in tumor tissue isolated from miR-5195-3p mimics and miR-NC
groups of nude BALB/c mice. F Protein expression levels of Cyclin L1, CDK4, and Cyclin D1 expression

were determined by western blot analysis. Data are presented as mean =+ standard deviation. **p <0.01,
***p<0.001 compared with miR-NC

into the right flank of nude mice to produce a xenograft model of human PC-3 tumors.
As shown in Fig. 5B, the tumor size was obviously smaller in miR-5195-3p mimics group
compared with the miR-NC group in a time course of 30 days. Moreover, the time-
dependent analysis illustrated that the tumor volume was significantly suppressed in
mice inoculated with miR-5195-3p overexpressing PC-3 cells compared with the miR-
NC group (Fig. 5C). Meanwhile, the tumor weight was also remarkably decreased in
miR-5195-3p overexpressed mice (Fig. 5D). Next, we compared the relative expression
of miR-5195-3p and found a significant high expression of miR-5195-3p expression in
miR-5195-3p mimics mouse tumor tissue than in miR-NC group mouse tumor tissue
(Fig. 5E). We further analyzed the protein levels of Cyclin L1, CDK4, and Cyclin D1 in
tumor tissues derived from a subcutaneous xenograft murine model using western blot
analysis. As shown in Fig. 5E, the protein expression levels of Cyclin L1, CDK4, and Cyc-
lin D1 were all significantly suppressed in the miR-5195-3p mimics group tumor tissues
relative to the miR-NC group mouse tumor tissues, which further confirmed that the
upregulation of miR-5195-3p inhibited the growth of the prostate tumorigenesis by tar-
geting CCNLI.

Discussion

The present study revealed that miR-5195-3p was significantly downregulated in PCa
tissues compared with adjacent normal tissues. Lower abundance of miR-5195-3p was
associated with Gleason score, TNM stage, and worse prognosis in patients with PCa,
highlighting its potential role as a tumor suppressor miRNA. The in vitro experiments
demonstrated that miR-5195-3p overexpression reduced proliferation and induced GO/
G1 cell cycle arrest in PCa cells (PC-3 and DU145). Consistent with our in vitro data,
significant reduction in miR-5195-3p was observed in cancer samples, and the reduc-
tion was correlated with increased cell proliferation in ovarian cancer [23]. Jiang et al.
[17] showed that miR-5195-3p suppressed the proliferation and invasion of human
bladder cancer cells. Wang et al. [16] observed a decrease in miR-5195-3p expression
in osteosarcoma (OS) tissues and further manifested that miR-5195-3p overexpression
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attenuated OS cell proliferation and induced apoptosis. Additionally, miR-5195-3p has
been reported to play a suppressive role in cell growth and proliferation in glioma cells
[15] and human non-small cell lung cancer cells. In particular, PC-3 and DU145 are two
androgen receptor (AR)-negative PCa cell lines presenting relatively lower miR-5195-3p
expression in all PCa cell lines, which were thus selected for gain-of-function assays.
Based on the in vitro data, miR-5195-3p might play an important role in the develop-
ment of AR-negative prostate cancer.

Furthermore, we analyzed the effects of miR-5195-3p overexpression on tumorigen-
esis and found that tumor formation in vivo was reduced with elevated miR-5195-3p
abundance, further confirming miR-5195-3p functions as a tumor-suppressive miRNA
in PCa. At the molecular level, we confirmed the role of miR-5195-3p in cell cycle G1/S
transition regulation, as reflected by decreased expression of CDK4/Cyclin D1 by miR-
5195-3p overexpression in tumor tissues. In fact, uncontrolled proliferation of tumor
cells is closely associated with a deregulation of the cell cycle progression directly driven
by a series of heterodimers formed by cyclins and cyclin-dependent kinases (CDKs)
[24, 25]. Several lines of evidence indicate that miR-5195-3p is an important cell cycle
regulator. For instance, miR-5195-3p overexpression significantly downregulated the
expression levels of c-MYC and cyclin D1 but upregulated p21 expression in HCT116
cells [26]. MiR-5195-3p sharply suppressed the expression of its downstream promoting
cell cycle regulator cyclin D1 in bladder cancer cells [17]. Thus, we speculated that miR-
5195-3p may exert its suppressive effects on PCa cell proliferation via inducing cell cycle
GO/G1 arrest through downregulating CDK4/Cyclin D1 expression.

To the best of our knowledge, several target genes of miR-5195-3p, including HOXB6
in hepatocellular carcinoma [27], MYO6 in lung cancer [14], BIRC2 in glioma [15],
EIF4A2 in breast cancer [28], NEDD9 in OS [16], and KLF5 in bladder cancer [17], have
been identified and confirmed, which were largely associated with aberrantly tumor cell
proliferation. Here, we selected CCNLI as the potential target gene of miR-5195-3p for
its role in G1/S transition [18] and carcinogenesis [19]. Furthermore, we demonstrated
that miR-5195-3p downregulated CCNLI via directly binding its 3’-UTRs. The expres-
sion of miR-5195-3p was inversely correlated with the CCNLI expression level in 69
paired PCa tissues. Similarly, CCNLI was reported to be a direct target gene of miR-
199b-5p and be involved in miR-199b-5p suppressing cell proliferation and arresting cell
cycle progression in Ewing’s sarcoma [22]. As expected, our data illustrated that CCNL1
knockdown imitated the effects of miR-5195-3p overexpression on PCa cell prolifera-
tion and cell cycle G1/S transition, while a converse effect was observed with CCNL1
overexpression. Notably, it is interesting that the use of siRNA-mediated depletion of
cyclinLl does not seem to show this increase in apoptotic cells (sub-G1), while miR-
5195-3p caused an increase in the proportion of cells at sub-G1 phase in PC-3 cells. In
fact, miR-5195-3p induces apoptosis by directly targeting NEDD9 in osteosarcoma [16]
and targeting EIF4A2 in breast cancer chemosensitivity [28]. These data suggest that
the miR-5195-3p has other targets that may be primarily responsible for the apopto-
sis observed in PCa, which we will investigate in our next work further elucidating the
molecular mechanisms underlying miR-5195-3p suppressing PCa cell proliferation. Our
work here indicates that CCNLI is another identified target of miR-5195-3p associated
with cell cycle GO/G1 phase arrest induced by miR-5195-3p overexpression in PCa cells.
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We thus speculated that miR-5195-3p induced cell cycle GO/G1 arrest by downregulat-
ing CDK4/Cyclin D1 via targeting CCNLI. In addition, our study had some limitations:
(1) more sample tissues should be collected for analyzing the clinical significance of
miR-5195-3p/CCNLI axis in PCa; (2) more PCa cell lines should be included in Figs. 4
and 5, considering the limited experimental conditions; (3) we did not investigate the
effect of miR-5195-3p on AR-positive cell lines; (4) more targets of miR-5195-3p should
be identified and validated; (5) other molecular mechanisms underlying the downstream
pathway of CCNLI still need to be further explored.

Conclusions

In summary, this study established the tumor-suppressive role of miR-5195-3p in PCa
in vitro and in vivo. Most importantly, CCNLI was demonstrated to be the functionally
regulated by miR-5195-3p, which was associated with cell cycle G1/S transition. There-
fore, miR-5195-3p could be a potential diagnostic biomarker and therapeutic target for
the treatment and early diagnosis of patients with PCa.
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