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Long noncoding RNA CRNDE promotes proliferation, migration and invasion 
in prostate cancer through miR-101/Rap1A 
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Prostate cancer (Pca) is the second frequent malignancy in men. Long noncoding RNAs (lncRNAs) have been reported 
to play essential roles in the progression of cancers, including Pca. LncRNA colorectal neoplasia differentially expressed 
(CRNDE) has been found to affect tumorigenesis in many cancers. However, the exact role and mechanism of CRNDE in 
Pca remain poorly understood. 64 Pca patients were recruited in this study. PC3 and 22RV1 cells were used in vitro experi-
ments. The expressions of CRNDE, microRNA-101 (miR-101), and Ras-related protein 1A (Rap1A) were detected in vivo 
and in vitro by quantitative real-time polymerase chain reaction and western blot, respectively. Cell proliferation, apoptosis, 
migration, and invasion were investigated through cell counting kit-8, flow cytometry, and Transwell assays, respectively. 
The interaction between miR-101 and CRNDE or Rap1A was explored by bioinformatics analysis and luciferase reporter 
assay. High expression of CRNDE was shown in Pca tissues and cells and predicted poor outcomes of patients. Overex-
pression of CRNDE promoted cell proliferation, migration, and invasion but decreased apoptosis in Pca cells, while its 
knockdown showed an opposite effect. CRNDE was a decoy of miR-101 and its effect on Pca progression was reversed by 
miR-101. Rap1A was identified as a target of miR-101 and it attenuated the effect of miR-101 on Pca development. Moreover, 
the Rap1A protein level was positively regulated by CRNDE, which was weakened by miR-101. CRNDE contributed to 
cell proliferation, migration, and invasion by regulating the miR-101/Rap1A axis in Pca, providing a novel strategy for Pca 
treatment.
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Prostate cancer (Pca) is one of the most common malig-
nancies with a major cause of cancer deaths in men world-
wide [1]. Surgery is the main curative treatment with an 
adverse effect on life quality, such as urinary symptoms and 
sexual dysfunction. In recent years, much advance has been 
made in the diagnosis and treatment of Pca, but the effective 
strategies remain limited [2]. Hence, it is urgent to explore 
new avenues for therapeutics for patients with Pca.

Noncoding RNAs (ncRNAs), including long noncoding 
RNAs (lncRNAs) and microRNAs (miRNAs), play impor-
tant roles in pathogenesis, progression, diagnosis, and treat-
ment of endocrine-related cancers [3]. There is a competitive 
regulatory interaction in ncRNAs, thus lncRNA could act as a 
competing endogenous RNA (ceRNA) for miRNA to regulate 
gene expression [4]. LncRNAs longer than 200 nucleotides 
without the capacity of coding proteins are implicated in 
cancer progression and metastasis [5]. Moreover, lncRNAs 
are reported as vital targets for the diagnosis and treatment of 
Pca [6]. LncRNA colorectal neoplasia differentially expressed 

(CRNDE) has been demonstrated as an important oncogene 
to promote the progression of cancers, such as oral squamous 
cell carcinoma, non-small cell lung cancer, and hepatocel-
lular carcinoma [7–9]. However, little is known about the 
biological role of CRNDE in Pca.

miRNAs targeting mRNAs to reduce their expression 
participate in cancer progression and play essential roles 
in diagnosis, prognosis, and management of Pca [10]. The 
previous study revealed that miR-101 could serve in cancer 
therapy as a tumor suppressor by regulating cell processes, 
such as proliferation, apoptosis, metastasis, and drug resis-
tance [11]. More importantly, it was reported that miR-101 is 
lowly expressed in Pca [12]. Furthermore, increasing works 
suggested the potential therapeutic effect of miR-101 in Pca 
[13, 14]. Ras-related protein 1A (Rap1A) is an oncogene, 
which plays an essential role in the progression of cancers, 
such as cervical cancer, breast cancer, and ovarian cancer 
[15–17]. In addition, a former effort reported Rap1A as a 
target of miR-203 to regulate cell proliferation, adhesion, and 
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invasion in Pca [18]. Based on the binding sites of miR-101 
and CRNDE or Rap1A predicted by bioinformatics analysis, 
we hypothesized that miR-101 and Rap1A might be associ-
ated with CRNDE-mediated Pca progression. In this study, 
we found that CRNDE expression was enhanced in Pca. 
Moreover, using PC3 and 22RV1 cells, we investigated 
the effect of CRNDE on Pca proliferation, migration, and 
invasion in vitro. Besides, we explored the ceRNA regulatory 
network of CRNDE/miR-101/Rap1A.

Patients and methods

Patients and tissues. A total of 64 patients with Pca were 
recruited from the Chongqing General Hospital and they 
have provided the informed consent. The cancer specimens 
and adjacent para-tumor tissues were harvested from the 
same participant and stored at –80 °C for RNA extraction. 
The procedures in this research were approved by the ethics 
committee of the Chongqing General Hospital. The overall 
survival of patients was analyzed by follow-up on a monthly 
basis. The clinicopathological characteristics of the patients 
were summarized in Table 1.

Cell culture and transfection. The normal prostate stromal 
cell (WPMY-1) and human Pca cell lines (PC-3, DU-145, 
LnCap, and 22RV1) were purchased from the Shanghai Insti-
tute of Cell Bank (Shanghai, China). RPMI-1640 medium 
with 10% fetal bovine serum was used for cell culture at 
37 °C under 5% CO2. Small interfering RNA (siRNA) against 
CRNDE (si-CRNDE#1, #2, #3), siRNA against Rap1A 
(si-Rap1A), siRNA negative control (si-NC), pcDNA3.1-
based CRNDE overexpression vector (pcDNA3.1-CRNDE), 
pcDNA3.1-based Rap1A overexpression vector (pcDNA3.1-
Rap1A), pcDNA3.1 empty vector (pcDNA3.1-NC), miR-101 
mimics, miRNA negative control (miR-NC mimics), miR-101 
inhibitor and inhibitor negative control (miR-NC inhibitor) 
were obtained from Genepharma (Shanghai, China) and 
transfected into Pca cells using LipoFiter™ Liposomal Trans-
fection Reagent (Hanbio, Shanghai, China) following the 
manufactures’ instructions. After 24 h, transfected cells were 
harvested for further analyses.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). RNA was isolated using Trizol (Thermo Fisher, 
Waltham, MA, USA) following the manufacturer’s protocols 
and analyzed with a NanoDrop ND-2000 spectrophotom-
eter (Thermo Fisher). The samples with optical density (OD) 
260/280 between 1.8–2.0 were selected for reverse transcrip-
tion using a first strand cDNA kit (Sigma, St. Louis, MO, USA). 
The qRT-PCR was performed using SYBR Green (TaKaRA, 
Dalian, China) and a sample of each group was prepared in 
duplicate. The primers used in this study were listed as follows: 
CRNDE (Forward, 5’-CGCGCCCGCGCGGCGGAGGA-3’; 
Reverse, 5’-TATGAATTGCAGACTTTGCAGA-3’); Rap1A 
(Forward, 5’-CGTGAGTACAAGCTAGTGGTCC-3’; 
Reverse,  5’-CCAGGATTTCGAGCATACACTG-3’); 
GAPDH (Forward, 5’-GTCAACGGATTTGGTCTG-

TATT-3’; Reverse, 5’-AGTCTTCTGGGTGGCAGTGAT-3’); 
miR-101 (Forward, 5’-CGGCGGTACAGTACTGTGATAA-3’; 
Reverse, 5’-CTGGTGTCGTGGAGTCGGCAATTC-3’);  U6 
(Forward, 5’-CTTCGGCAGCACATATAC-3’; Reverse, 
5’-TTCACGAATTTGCGTGTCAT-3’).

The relative expression levels of CRNDE, miR-101, 
and Rap1A were normalized to its control and calculated 
according to the 2–ΔΔCt method [19].

Cell proliferation assay. Cell proliferation was examined 
by using cell counting kit-8 (CCK-8) (Beyotime, Shanghai, 
China). Transfected PC3 and 22RV1 cells were seeded into 
96-well plates at a density of 3×103 cells/well in triplicate. At 
1, 2, 3 and 4 day, cells were incubated with CCK-8 reagent 
for 2 h. Subsequently, the OD of each well at 450 nm was 
determined using a microplate reader (Bio-Rad, Hercules, 
CA, USA).

Cell apoptosis assay. Cell apoptosis was detected with 
an Annexin V-FITC/PI apoptosis detection kit (Yeasen, 
Shanghai, China) through flow cytometry. Transfected PC3 
and 22RV1 cells (5×104) were seeded into 6-well plates and 
cultured for 4 days. After digested and washed, cells were 
collected and incubated with 5 μl Annexin V-FITC and PI in 
the dark for 5 min. The determination of the apoptotic rate 
was performed using a flow cytometer (Becton Dickinson, 
San Jose, CA, USA).

Transwell assay. Transwell assay was used for the analysis 
of cell migration and invasion using 24-well transwell 
chambers (Corning, Corning, NY, USA). The chamber was 
pre-coated with Matrigel (Becton Dickinson) with respect to 
the invasion assay. Briefly, PC3 and 22RV1 cells (1×104 cells 
in serum-free medium) were seeded into upper chambers 

Table 1. The clinicopathological characteristics of prostate patients.

Parameters Total
CRNDE expression

p-valueHigh 
(n=36)

Low 
(n=28)

Age
<65 18 8 10 0.430
≥65 46 28 18

Tumor diameter
<2.0 25 9 16 0.008*
≥2.0 39 27 12

Gleason score
<7 30 22 18 0.247
≥7 34 14 20

Tumor stage
T2 28 10 18 0.023*
T3–T4 36 26 10

Lymph node metastasis
No 38 16 22 0.004*
Yes 26 20 6

Distant metastasis
No 30 13 17 0.011*
Yes 34 23 11
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and the lower chamber was filled with 500 μl medium with 
10% fetal bovine serum. After culturing for 24 h at 37 °C, cells 
penetrating the membrane were stained with 0.1% crystal 
violet (Sigma) for 3 min. The stained cells were observed 
under an inverted microscope (×200 magnification, 
Olympus, Tokyo, Japan) with three randomly selected fields.

Bioinformatics analysis and luciferase reporter assay. 
Bioinformatics analysis using Microcode and TargetScan 
provided the predicted binding sites of miR-101 and CRNDE 
or Rap1A. Luciferase assay was performed in PC3 cells. Wild 
type (WT) sequences of CRNDE containing the predicted 
binding sites of miR-101 (UACUGUA) were amplified and 
cloned into firefly luciferase-expressing pmirGLO vectors 
(Promega, Madison, WI, USA) to generate CRNDE-WT. Its 
mutant (MUT) was generated by changing the seed sites to 
AGUCUCC, named as CRNDE-MUT. The WT or MUT 3’ 
UTR sequences of Rap1A mutating miR-101 binding sites 
(UACUGUA) to CGAAUCC were also used for the establish-
ment of luciferase reporter vectors, named as Rap1A-WT or 
Rap1A-MUT, respectively. The cells were co-transfected with 
WT or MUT luciferase reporter constructs and miR-101 
mimics or miR-NC mimics, along with renilla vector at the 
same time using LipoFiter™ Liposomal Transfection Reagent. 
Cells were harvested after 48 h and luciferase activity was 
analyzed using a luciferase reporter assay kit (Promega).

Western blot. After the transfection, PC3 and 22RV1 
cells were collected and lysed in RIPA buffer with 1% PMSF 
(Yeasen), followed by the high-speed centrifugation (12 000×g, 
10 min). The protein in the supernatant was quantified using 
Enhanced BCA Protein Assay Kit (Beyotime) and denatured 
in Sample Loading Buffer (Beyotime) at 98 °C for 10 min. 
Samples were prepared three times. Proteins were loaded 
onto the SDS-PAGE gel and the nitrocellulose membranes 
(Millipore, Billerica, MA, USA) were used to transfer the 
proteins with western transfer buffer (Beyotime), and the 
nonspecific binding sites of membranes were blocked using 
QuickBlock™ Blocking Buffer (Beyotime). The anti-Rap1A 
(ab96223) and anti-GAPDH (ab181602) primary antibodies 
and corresponding secondary antibody (ab6721) used in this 
study were purchased from Abcam (Cambridge, MA, USA). 

The BeyoECL Plus (Beyotime) was used for visualization of 
protein signals. The expression level of Rap1A was expressed 
as Rap1A/GAPDH ratio according to the densitometry 
analysis using Image Lab software (Bio-Rad).

Statistical analysis. Statistical analysis and results display 
were conducted by GraphPad Prism 7 software (GraphPad 
Inc., La Jolla, CA, USA). The experiments were repeated 
three times and data of each group was expressed as mean ± 
standard deviation (S.D.). The overall survival curve of Pca 
patients was generated by the Kaplan-Meier method and 
analyzed by the Log-rank test. The linear correlations among 
CRNDE, miR-101 and Rap1A expression level in Pca tissues 
were investigated by Spearman’s correlation analysis. The 
difference between groups was analyzed by Student’s t-test or 
ANOVA and it was significant when p<0.05.

Results

CRNDE expression is enhanced in Pca. To explore 
the role of CRNDE in Pca, its expression was measured in 
Pca. Compared with that in adjacent samples, the expres-
sion of CRNDE was aberrantly enhanced in Pca tissues 
(n=64, Figure  1A). Moreover, the level of CRNDE was 
significantly elevated in Pca cells (PC3, DU145, LnCap, and 
22RV1) compared with that in WPMY-1 cells (Figure 1B). 
In addition, by dividing the patients as high (n=36) or low 
CRNDE (n=28) expression group according to its mean 
value, the high CRNDE expression was associated with 
poor overall survival, tumor diameter, tumor stage, lymph 
node metastasis, and distant metastasis (p<0.05) (Figure 1C, 
Table 1). These findings suggested that the high expression 
of CRNDE predicted poor outcomes of patients. Meanwhile, 
according to the CRNDE level in the four Pca cell lines, PC3 
cells with a relative higher CRNDE level and 22RV1 cells 
with a relative lower level were selected for further in vitro 
experiments.

CRNDE promotes cell proliferation, migration, and 
invasion in Pca cells. To investigate the effect of CRNDE 
on Pca progression, PC3 cells were transfected with si-NC 
or three si-CRNDE and 22RV1 cells were transfected with 

Figure 1. The expression of CRNDE is enhanced in Pca. A) The expression of CRNDE was measured in Pca tissues and adjacent samples by qRT-PCR, 
n=64. B) The level of CRNDE was detected in Pca cells and normal prostate stromal cells (WPMY-1) by qRT-PCR. C) The overall survival of patients 
was analyzed according to the mean value of the CRND1 level in Pca tissues, **p<0.01.
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Figure 2. CRND1 regulates Pca progression in vitro. PC3 cells were transfected with si-NC or 3 si-CRNDE and 22RV1 cells were transfected with 
pcDNA3.1-NC or pcDNA3.1-CRNDE. The expression of CRNDE (A, B), cell proliferation (C, D), apoptosis (E, F), migration and invasion (G, H) were 
measured in the two transfected cell lines by qRT-PCR, CCK-8, flow cytometry, and transwell assays, respectively, **p<0.01, #p<0.05, ##p<0.01.
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pcDNA3.1-NC or pcDNA3.1-CRNDE. The transfection 
efficacy was validated by qRT-PCR with the results of reduced 
CRNDE level in PC3 and increased expression in 22RV1 cells 
in comparison to their corresponding controls (Figures 2A, 
2B). Subsequently, the cell progression was investigated. As 
shown in Figures 2C and 2D, CCK-8 assay revealed that 
knockdown of CRNDE significantly decreased cell prolif-
eration in PC3 after a culture of 4 days, while its overexpres-
sion promoted 22RV1 cell proliferation. Moreover, analysis 
of flow cytometry demonstrated that the apoptotic rate was 
notably increased in PC3 cells by silencing CRNDE but 
inhibited by its overexpression in 22RV1 cells (Figures 2E, 
2F). In addition, cell migration and invasion were analyzed 
by the transwell assay after 24 h when the cell proliferation 
was not significantly affected in each group. As described 
in Figures  2G and 2H, results showed that interference of 
CRNDE evidently suppressed the abilities of migration and 

invasion, but its overexpression played an opposite effect. 
These results showed that CRNDE promoted Pca progression.

CRNDE regulates Pca progression by sponging 
miR-101. miRNAs are the key biomarkers involved in the 
functional lncRNAs. To explore the underlying mechanism 
by which CRNDE regulated Pca progression, bioinformatics 
analysis was performed using Microcode and provided the 
binding sites of CRNDE and miR-101 (Figure 3A), suggesting 
the potential interaction between them. To identify this 
prediction, luciferase reporter assay using CRNDE-WT and 
CRNDE-MUT was performed in PC3 cells. As displayed in 
Figure 3B, the overexpression of miR-101 markedly reduced 
the luciferase activity in the CRNDE group, whereas its 
efficacy was lost in the CRNDE-MUT group. Moreover, 
the expression of miR-101 was measured in Pca tissues and 
results showed that the miR-101 expression was significantly 
decreased in Pca tissues compared with that in adjacent 

Figure 3. CRNDE is a sponge of miR-101. A) The binding sites of CRNDE and miR-101 were predicted by Microcode. B) Luciferase activity was mea-
sured in PC3 cells co-transfected with miR-101 mimics or miR-NC mimics and CRNDE-WT or CRNDE-MUT. C) The expression of miR-101 was mea-
sured in Pca tissues by qRT-PCR, n=64. D) The relationship between CRNDE and miR-101 level in Pca tissues was analyzed. E) The level of miR-101 
was detected in Pca cells by qRT-PCR. F, G) The expression of miR-101 was measured in PC3 cells transfected with si-NC or si-CRNDE and 22RV1 cells 
transfected with cDNA3.1-NC or pcDNA3.1-CRNDE, **p<0.01.
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Figure 4. miR-101 reverses the effect of CRNDE on Pca progression. PC3 cells were transfected with si-NC, si-CRNDE, si-CRNDE, and miR-NC 
inhibitor or miR-101 inhibitor. The expression of miR-101 (A), cell proliferation (B), apoptosis (C), migration, and invasion (D, E) were measured 
in transfected PC3 cells by qRT-PCR, CCK-8, flow cytometry, and transwell assays, respectively. 22RV1 cells were transfected with pcDNA3.1-NC, 
pcDNA3.1-CRNDE, pcDNA3.1-CRNDE, and miR-101 mimics or miR-NC mimics. The expression of miR-101 (F), cell proliferation (G), apoptosis (H), 
migration, and invasion (I, J) were detected in transfected 22RV1 cells, **p<0.01, #p<0.05, ##p<0.01.
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groups (Figure 3C). Meanwhile, its expression was negatively 
associated with CRNDE level in patients’ tissues (R2=0.620, 
p<0.000, Figure 3D). Similarly, comparing with WPMY-1 
cells, PC3 and 22RV1 cells exhibited lower expression of 
miR-101 (Figure 3E). In addition, according to the data of 
qRT-PCR, the expression of miR-101 was greatly enhanced 
by the CRNDE silence but decreased by the CRNDE overex-
pression (Figures 3F, 3G). These findings indicated CRNDE 
as a decoy of miR-101.

To explore whether the effect of CRNDE on Pca progres-
sion was modulated by miR-101, the rescue experiments were 
conducted in the two cell lines. In PC3 cells by transfection 
of si-NC, si-CRNDE, si-CRNDE and miR-NC inhibitor or 

miR-101 inhibitor, the expression of miR-101 elevated by the 
CRNDE knockdown was significantly downregulated via the 
transfection of the miR-101 inhibitor (Figure 4A). Moreover, 
the cell progression assay showed that deficiency of miR-101 
attenuated the knockdown of CRNDE-mediated inhibi-
tion of proliferation, migration and invasion, and promo-
tion of apoptosis in PC3 cells (Figures 4B–E). Furthermore, 
rescue experiments were performed in 22RV1 cells and the 
miR-101 level was restored by the introduction of miR-101 
mimics (Figure 4F). Besides, the upregulation of miR-101 
weakened the promoting role of CRNDE in Pca progression 
(Figures 4G–J). These data uncovered that CRNDE inhibited 
miR-101 to promote Pca development.

Figure 5. Rap1A is a target of miR-101. A) The binding sites of miR-101 and Rap1A were provided by TargetScan. B) Luciferase activity was measured 
in PC3 cells co-transfected with miR-101 mimics or miR-NC mimics and Rap1A-WT or Rap1A-MUT. C) The expression of Rap1A mRNA was mea-
sured in Pca tissues by qRT-PCR, n=64. D) The association between Rap1A and miR-101 level in Pca tissues was analyzed. E) The mRNA level of Rap1A 
was detected in Pca cells by qRT-PCR. F, G) The expression of Rap1A protein was measured in PC3 cells transfected with miR-101 mimics or miR-NC 
mimics and 22RV1 cells transfected with miR-101 inhibitor or miR-NC inhibitor by western blot, **p<0.01.
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miR-101 inhibits Pca progression by targeting Rap1A. 
Targeted genes are required for the functional miRNAs. As 
shown in Figure 5A, bioinformatics analysis using TargetScan 
predicted the binding sites of miR-101 and Rap1A. This 
association was proved by the luciferase reporter assay with 
the results that the overexpression of miR-101 reduced the 
luciferase activity in PC3 cells transfected with Rap1A-WT but 
not in Rap1A-MUT-transfected cells (Figure 5B), suggesting 
that Rap1A could be a target of miR-101. Subsequently, the 
expression of Rap1A was measured in Pca tissues and cells. 
The expression of Rap1A mRNA was significantly upregulated 
in Pca tissues (n=64) and cells, and negatively correlated with 
miR-101 level (R2=0.419, p<0.0001, Figures 5C–E). Moreover, 
the Rap1A protein level was decreased by the miR-101 overex-
pression and increased by the miR-101 inhibition in Pca cells 
(Figures 5F, 5G). These results displayed that miR-101 could 
target and decrease the Rap1A expression.

To explore whether Rap1A was involved in the miR-101-
mediated Pca progression, PC3 cells were transfected with 
miR-NC mimics, miR-101 mimics, miR-101 mimics, and 
pcDNA3.1-NC or pcDNA3.1-Rap1A and 22RV1 cells were 
transfected with miR-NC inhibitor, miR-101 inhibitor, 
miR-101 inhibitor, and si-NC or si-Rap1A. After the trans-
fection, the expression levels of Rap1A mRNA and protein 
were obviously inhibited in PC3 cells by overexpression of 
miR-101, while it was reversed by the introduction of the 
Rap1A overexpression vector (Figures 6A, 6B). The further 
functional analyses revealed that the miR-101 overexpres-
sion inhibited cell proliferation, migration, and invasion but 
promoted apoptosis in PC3 cells, which were counteracted 
by the restoration of Rap1A (Figures 6C–F). However, in 
22RV1 cells, the Rap1A expression at mRNA and protein 
levels was increased by the miR-101 knockdown, which was 
weakened by silencing Rap1A (Figures 6G, 6H). Meanwhile, 
the miR-101 exhaustion significantly promoted Pca progres-
sion, which was alleviated by silencing Rap1A in 22RV1 cells 
(Figures 6I–L). These results demonstrated that miR-101 
targeting Rap1A repressed Pca progression.

CRNDE acts as a ceRNA for miR-101 to regulate 
Rap1A. The ceRNA regulatory network is one main mecha-
nism addressed by lncRNA. To explore whether CRNDE 
could act as a ceRNA for miR-101, PC3 cells were transfected 
with si-NC, si-CRNDE, si-CRNDE, and miR-NC inhibitor 
or miR-101 inhibitor and 22RV1 cells were transfected with 
pcDNA3.1-NC, pcDNA3.1-CRNDE, pcDNA3.1-CRNDE, 
and miR-NC mimics or miR-101 mimics. As shown in 
Figure 7A, the expression of Rap1A protein was significantly 
decreased by the CRNDE silence, which was attenuated by 
the miR-101 deficiency in PC3 cells. The data of western blot 
also revealed that the Rap1A protein level was conspicu-
ously increased by the CRNDE overexpression in 22RV1 
cells, while this effect was weakened by the miR-101 addition 
(Figure 7B). Moreover, as described in Figure 7C, a positive 
correlation of CRNDE and Rap1A level was displayed in Pca 
tissues (R2=0.401, p<0.0001).

Discussion

LncRNAs play a pivotal role in various cellular processes, 
including proliferation, apoptosis, and metastasis in Pca and 
are regarded as important targets for diagnosis and treatment 
of patients [20]. The database of Oncomine suggests a high 
expression of CRNDE in Pca tissues. Similarly, we also found 
that the CRNDE expression was elevated in Pca tissues and 
cells, suggesting that CRNDE might be an oncogenic lncRNA 
in Pca development. In the present study, we first investi-
gated the cancer-promoting role of CRNDE in Pca cells and 
showed that it was mediated by miR-101 and Rap1A.

To investigate the effect of CRNDE in Pca progression, 
the loss- and gain-of-function experiments were performed. 
In this study, we found that CRNDE promoted cell prolif-
eration by decreasing apoptosis and increasing cell migra-
tion and invasion in vitro. The previous study demonstrated 
that CRNDE could promote tongue squamous cell carci-
noma cell growth by regulating the cell cycle process [21]. 
Whether CRNDE could regulate the cell cycle in Pca cells 
should be further studied. Moreover, epithelial to mesen-
chymal transition (EMT) is a key process associated with 
metastasis and CRNDE could increase cell migration and 
invasion by inducing EMT [9, 22]. Hence, we assumed 
CRNDE regulated the Pca cell migration and invasion by 
EMT, which should be further validated in the future. The 
results of this study indicated that CRNDE functioned as an 
oncogene in Pca.

The lncRNA-mediated ceRNA networks play important 
roles in Pca progression [23]. To investigate the CRNDE-
mediated ceRNA network, its target miRNA was explored in 
Pca cells. The previous studies have indicated miR-217 and 
miR-384 as important targets of CRNDE in cancer progres-
sion [21, 24]. In the current work, we first confirmed CRNDE 
as a sponge of miR-101 in Pca by bioinformatics analysis and 
luciferase reporter assay, suggesting that miR-101 might be 
required for the CRNDE-mediated progression. Huang et al. 
reported miR-101 as a tumor suppressor by inhibiting cell 
viability and inducing apoptosis in Pca cells [25]. Further-
more, Hao et al. suggested that miR-101 repressed Pca cell 
growth by regulating cyclooxygenase-2 (COX-2) in vitro 
[26]. Here we also found that miR-101 inhibited cell prolif-
eration, migration, and invasion in Pca. Moreover, the intro-
duction of miR-101 reversed the promoting role of CRNDE 
in Pca progression, indicating that CRNDE promoted Pca 
malignancy by sponging miR-101.

To further elucidate the ceRNA network in this research, 
the target of miR-101 was explored. Multiple mRNAs, such 
as COX-2, enhancer of zeste homolog 2 (EZH2) and frizzled 
class receptor 4 (FZD4), have been reported as functional 
targets of miR-101 [26–28]. This study showed that Rap1A 
was a key target of miR-101 in Pca. Additionally, the rescue 
experiments revealed that the therapeutic effect of miR-101 
was weakened by the restoration of Rap1A, indicating that 
miR-101 influenced Pca progression by targeting Rap1A. 
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Figure 6. Rap1A reverses the effect of miR-101 on Pca progression. PC3 cells were transfected with miR-NC mimics, miR-101 mimics, miR-101 mim-
ics, and pcDNA3.1-NC or pcDNA3.1-Rap1A. The expression of Rap1A mRNA and protein (A, B), cell proliferation (C), apoptosis (D), migration, and 
invasion (E, F) were measured in transfected PC3 cells by qRT-PCR, CCK-8, flow cytometry, and transwell assays, respectively. 22RV1 cells were trans-
fected with miR-NC inhibitor, miR-101 inhibitor, miR-101 inhibitor, and si-NC or si-Rap1A. The mRNA and protein expression of miR-101 (G, H), cell 
proliferation (I), apoptosis (J), migration and invasion (K, L) were detected in transfected 22RV1 cells, **p<0.01, #p<0.05, ##p<0.01.
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These data also reflected the carcinogenic role of Rap1A, 
which is also in agreement with the previous study [18]. 
Besides, by detecting the Rap1A protein level using western 
blot, miR-101 reduced the expression of Rap1A induced by 
CRNDE, suggesting that CRNDE might act as a ceRNA for 
miR-101 to derepress Rap1A expression in Pca cells. However, 
the in vivo data were absent in the present work. Due to the 
complex microenvironment in vivo, to better understanding 
the role of CRNDE in Pca progression, the animal model is 
expected to be established in a future study.

In conclusion, our data described CRNDE as an oncogenic 
lncRNA to promote Pca cell proliferation, migration, and 
invasion, possibly by downregulating miR-101 and upregu-
lating Rap1A (Figure 8). This study indicates that CRNDE 
could act as a promising target for Pca therapy.
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