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ABSTRACT 

Background: Long noncoding RNA (lncRNA) PEBP1P2 has been shown to 

suppress the proliferation of vascular smooth muscle cells, but its role and 

underlying mechanisms in the development of clear cell renal cell carcinoma 

(ccRCC) remain largely unclear. 

Methods: Gene expression profiling interactive analysis (GEPIA) database 

was used to analyze the aberrant expression of lncRNAs in ccRCC tissues. 

Expression of RNAs and proteins was detected using quantitative reverse 

transcription polymerase chain reaction (qRT-PCR) and western blotting, 

respectively. Ectopic expression of PEBP1P2 and miR-27a-3p was performed 

by pcDNA3.1 vector and miR-27a-3p mimics, respectively. Knockdown of 

PEBP1 mRNA was conducted by PEBP1 siRNA. Cell proliferation, migration, 

and invasion were analyzed using a CCK8 reagent and a trans-well assay, 

respectively. The sponge of PEBP1P2 to miR-27a-3p was investigated using 

Luciferase report system and RNA pull-down assays. 



Results: PEBP1P2 expression was decreased in ccRCC tissues compared 

with that in normal tissues and correlated with the size, TNM stage, and lymph 

node metastasis of the tumors, as well as the poor survival rates of ccRCC 

patients. Functionally, the enforced expression of PEBP1P2 inhibited the ability 

of ccRCC cells to proliferate, migrate, and invade in vitro. Mechanistically, 

PEBP1P2 suppressed the biological functions of ccRCC cells via increasing the 

mRNA and protein expression of PEBP1 and their expression had a positive 

correlation in ccRCC tissues. Furthermore, PEBP1P2 upregulated PEBP1 

expression through acting as a competing endogenous RNA (ceRNA) to 

sponge miR-27a-3p, which directly target PEBP1 mRNA 3’UTR. Moreover, 

miR-27a-3p mimics rescued the decrease in the ability of ccRCC cells to 

proliferate, migrate, and invade mediated by PEBP1P2. 

Conclusion: Our findings indicated that PEBP1P2 suppressed ccRCC cell 

proliferation via regulating the miR-27a-3p/PEBP1 signal, suggesting that the 

PEBP1P2-miR-27a-3p/PEBP1 axis may be a potential therapeutic target for 

ccRCC. 

INTRODUCTION 

Kidney cancer is one of the 10th common malignancies worldwide[1]. Renal cell 

carcinoma (RCC) is the most common cancer type and accounts for 90% of all 

kidney cancers[2]. RCC is classified into three histological subtypes, including 

clear cell (75%), papillary (15-20%), and chromophobe (5%)[3]. Patients with 

clear cell RCC (ccRCC) present the worst survival, because they are usually at 

advanced stage when diagnosed[4]. For patients with advanced-stage ccRCC, 

more effective biomarkers and therapeutic targets need to be explored to 

provide new therapeutic strategy[2]. 

  Long noncoding RNAs (lncRNAs) are a class of single-stranded RNAs 

without the ability to encode proteins, and their length is more than 200 



nucleotides (nt)[3]. In recent years, increasing experimental evidence indicated 

that lncRNAs play important roles in the progression of ccRCC[4]. For example, 

lncRNA SNHG17 promoted the progression of ccRCC via sponging miR-328-

3p[5]; LncRNA DGCR5 isoform-1 enhanced the progression of ccRCC through 

the miR-211-5p/snail signal axis[6]. Gene expression profiling interactive 

analysis (GEPIA) is a highly cited resource which focuses on the analysis of 

gene expression in human tumor and normal tissues from the TCGA and GTEx 

databases. Analysis by GEPIA revealed an lncRNA, PEBP1P2, whose 

downregulation was the most significantly associated with the poor survival 

rates of ccRCC patients. The full name of PEBP1P2 is 

phosphatidylethanolamine binding protein 1 (PEBP1) pseudogene 2. A 

previous study has confirmed that PEBP1P2 is an lncRNA and showed that it 

could inhibit the proliferation of vascular smooth muscle cells (VSMCs)[7]. 

However, the roles and underlying mechanisms of PEBP1P2 in the 

development of ccRCC are unknown. 

  In the present study, we demonstrated that PEBP1P2 was downregulated in 

ccRCC tissues compared with that in normal tissues, and PEBP1P2 expression 

was correlated with the size, TNM stage, and lymph node metastasis of ccRCC, 

as well as the poor survival rates of patients with ccRCC. We demonstrated that 

the forced expression of PEBP1P2 significantly repressed the ability of ccRCC 

cells to proliferate, migrate, and invade in vitro. Furthermore, we found that 

PEBP1P2 elevated the expression of PEBP1 mRNA and protein via serving as 

ceRNA to sponge miR-27a-3p, and a positive correlation was observed 

between the expression of PEBP1P2 and PEBP1 mRNA. Moreover, the 

PEBP1P2/miR-27a-3p/PEBP1 axis regulates the proliferation, migration, and 

invasion of ccRCC cells. Our findings suggest that the PEBP1P2/miR-27a-

3p/PEBP1 axis may be a novel therapeutic strategy for ccRCC. 

METHEDS AND MATERIALS 



Patients and clinical samples 

A total of 40 ccRCC patients were enrolled in this study, abided by the Ethics 

Committee approved by University-Town Hospital of Chongqing Medical 

University, and written informed consents were obtained before the 

investigation. The clinical samples were collected in University-Town Hospital 

from July 10, 2015, to November 12, 2020 and stored in liquid nitrogen. ccRCC 

was identified by two pathologists in University-Town Hospital. Tissues away 

from the tumor edge at 3 cm were considered normal. The detailed information 

of the patients was shown in Table 1. 

Cell culture 

Two ccRCC cell lines, 786-O and Caki-1, were purchased from National 

Collection of Authenticated Cell Cultures (Shanghai, China) and cultured in 

DMEM culture medium (Invitrogen, USA) supplemented with 10% FBS (Gibco, 

USA) in 5% CO2 at 37℃. 

Total RNA extraction and qRT-PCR 

Total RNAs in the clinical samples and ccRCC cells were extracted using a 

Waals™ RNA Extraction Kit (Waals, Chongqing, China) according to the 

manufacturer’s protocol, and their concentration and quality were analyzed 

using an equipment, NanoDrop 1000 (Thermo, USA). Total RNAs were used to 

synthesize cDNAs using a PrimeScript RT Reagent Kit (Takara, Dalian, China) 

according to the manufacturer’s instructions. QPCR experiments were 

conducted using TB Green Premix Ex Taq (Takara) according to the 

manufacturers’ protocol. The primer sequences of PEBP1P2, PEBP1, U6, and 

GAPDH were shown in Table 2. Bulge-Loop™ miRNA qRT-PCR Primer Set for 

hsa-miR-27a-3p was purchased from RiboBio Company. The 2-ΔΔCT method 

was used to calculate gene expression and ACTB mRNA served as the internal 

reference.  



Western blotting 

Proteins were extracted from ccRCC cells using a RIPA reagent (Waals) and 

underwent electrophoresis in 10% SDS-PAGE gels. Then proteins in the gels 

were transferred onto PVDF membranes (Millipore, Germany), which were 

followed by incubated in a blocking buffer with 3% BSA (Beyotime, China) for 1 

hour at room temperature. Anti-PEBP1 antibody (3E12D7, Thermo) was used 

to incubate the membranes overnight at 4℃. Next day, after washing with TBST, 

the membranes were incubated with a goat-anti-mouse secondary antibody 

(Thermo) for 1 hour at room temperature, and after washing, the membranes 

were exposed to an ECL reagent (Solarbio, China). 

Cell proliferation assay 

786-O and Caki-1 cells were seeded into 96-well plates and cultured with 

DMEM culture medium supplemented with 10% FBS, respectively, for different 

times including 1, 2, 3, and 4 days. A CCK8 reagent (MCE, China) was used to 

evaluate the proliferation of the cells according to the manufacturer’s protocol. 

Migration and invasion 

786-O and Caki-1 cells were harvested and added 40,000 cells, which were 

resuspended in 200μL DMEM culture medium with 10% FBS, into transwell 

chambers, which were placed in a 24-well plate. 600μL DMEM culture medium 

without FBS was added into the 24-well plate. 24 hours after culture, the cells 

on the membranes of transwell chambers were fixed using 4% 

paraformaldehyde for 10 minutes and then stained with crystal violet for 10 

minutes. After washing, the cells in the inside of transwell chamber were 

removed and the cells on the outside of transwell chamber were eluted using 

10% acetic acid for 10 minutes. Then, the absorbance of the eluant was 

detected using a spectrophotometer at 580nm. For cell migration, trans-well 

chambers without Matrigel were used and for cell invasion, trans-well chambers 



with Matrigel were applied. 

RNA pull-down assay 

The full-length sequences of PEBP1P2, PEBP1P2 with a mutant of miR-27a 

binding site, PEBP1 3’UTR, and PEBP1 3’UTR with a mutant of miR-27a 

binding site, flanking with T7 promoter sequence were synthesized by Sangon 

company. The synthesized sequences were used to generate the 

corresponding RNAs in vitro by using a MAXIscript™ T7 kit (#AM1314, 

Invitrogen, USA) according to the manufacturer’s instructions. RNA pull-down 

assays were performed using a Waals™ RNA Ligation Kit (Waals, Chongqing, 

China) and a Waals™ RNA Pull Down Kit (Waals) according to the 

manufacturer’s protocols, respectively. 

Vector construction 

DNA sequence of PEBP1P2 with restriction enzyme cutting sites of BamHI and 

NheI was synthesized by Sangon company (Shanghai, China) and inserted into 

a pcDNA3.1 (+) vector provided by Sangon company. 

Transfection assay 

Vectors and siRNAs were transfected into 786-O and Caki-1 cells using a 

lipofectamine 3000 reagent (Invitrogen) according to the manufacturers’ 

protocols, respectively. Briefly, cells were seeded into 6-well plates and grew at 

approximately 65% confluence. PEBP1-overexpressing vectors of 1μg, PEBP1 

siRNA (AM16707, Thermo) of 50nM, siRNA NC of 50nM, miR-27a-3p mimics 

of 50nM, and mimics NC of 50nM (Table 2) were transfected into cells and 24 

hours after transfection the cell culture medium was replaced with fresh medium. 

Then cells were cultured for 24 hours and harvested to perform further 

experiments. 

Statistical analysis 



All data were presented as mean ± standard deviation (SD). Student t test, 

Wilcoxon, and ANOVA followed by Turkey HSD test were used to analyze the 

difference. Graphs were generated by GraphPad Prism 8 and data were 

analyzed using SPSS 19. 

RESULTS 

PEBP1P2 expression is decreased in ccRCC tissues and associated with 

poor patient survival 

To search potential lncRNAs associated with ccRCC patients’ survival, we used 

the GEPIA resource to analyze the most associated lncRNA. In cohort 1, we 

found that PEBP1P2 expression was the most significantly associated with the 

overall survival rates of 505 patients with ccRCC (P = 1.85e-14), and ccRCC 

patients with low PEBP1P2 TPM had significantly poorer survival rates than 

those with high PEBP1P2 TPM (Figure 1A). Analysis of the GEPIA resource 

revealed that PEBP1P2 expression was significantly decreased in ccRCC 

tissues than that in normal tissues (Figure 1B). To further confirm PEBP1P2 

expression, we enrolled 40 patients with ccRCC in cohort 2 and collected fresh 

tumor and matched normal tissues. QRT-PCR showed that PEBP1P2 

expression significantly decreased in ccRCC tissues compared with that in 

matched normal tissues (Figure 1C). Moreover, Overall survival rate analysis 

showed that ccRCC patients with low PEBP1P2 expression had poorer survival 

rates than those with high PEBP1P2 expression (Figure 1D). Furthermore, we 

found that PEBP1P2 expression was lower in ccRCC tissues with TNM stage 

III or IV compared to those with TNM stage I or II (Figure 1E), and ccRCC 

tissues with lymph node metastases also had lower expression of PEBP1P2 

than those without lymph node metastases (Figure 1F). Together, these results 

suggest that PEBP1P2 is downregulated in ccRCC tissues, and associated with 

tumor metastasis and the overall survival of ccRCC patients. 



PEBP1P2 suppresses proliferation, migration, and invasion of ccRCC 

cells in vitro 

To understand the role of PEBP1P2 in ccRCC, we constructed a vector which 

enforcedly expresses PEBP1P2 in ccRCC cells (Figures 2A and 2D). Because 

a previous study has shown that PEBP1P2 can influence the proliferation of 

vascular smooth muscle cells[7], we investigated the effect of PEBP1P2 on the 

ability of ccRCC cells to proliferate. We found that the forced expression of 

PEBP1P2 significantly inhibited ccRCC cell proliferation in vitro (Figures 2B and 

2E). Furthermore, because PEBP1P2 expression was associated with lymph 

node metastasis of ccRCC, we also detected the effect of PEBP1P2 on the 

ability of ccRCC cells to migrate and invade. The results revealed that the 

ectopic expression of PEBP1P2 significantly inhibited the migration and 

invasion of ccRCC cells in vitro (Figures 2C and 2F). Together, these results 

suggest that PEBP1P2 serves as a tumor suppressor that inhibits the 

proliferation, migration, and invasion of ccRCC cells. 

PEBP1P2 elevates PEBP1 expression in ccRCC cells and their expression 

is positively correlated in ccRCC tissues 

Next, we sought to investigate the underlying mechanism by which PEBP1P2 

inhibits the proliferation, migration, and invasion of ccRCC cells. In cohort 1, we 

found that PEBP1, a coding gene, whose expression was the most positively 

correlated with PEBP1P2 expression (R = 0.65) (Figure 3A). Moreover, PEBP1 

expression was decreased in ccRCC tissues compared with that in normal 

tissues (Figure 3B). Furthermore, ccRCC patients with low PEBP1 TPM also 

had poorer survival rates than those with high PEBP1 TPM (Figure 3C). To 

further confirm the correlation, we also analyzed PEBP1 expression in fresh 

ccRCC and matched normal tissues in cohort 2, and found that PEBP1 mRNA 

expression was significantly decreased in ccRCC tissues compared with that in 

matched normal tissues (Figure 3D). PEBP1 expression was also positively 



correlated with PEBP1P2 expression in 40 ccRCC tissues (Figure 3E). Next, 

we found that the ectopic expression of PEBP1P2 increased the mRNA and 

protein expression of PEBP1 in 786-O and Caki-1 cells (Figures 3F and 3G), 

but PEBP1 knockdown did not influence the expression of PEBP1P2 (Figures 

3H and 3I). Together, these results suggest that PEBP1P2 is an upstream 

regulatory factor of PEBP1 and their expression has a positive correlation in 

ccRCC cells. 

PEBP1P2 represses the proliferation, migration, and invasion of ccRCC 

cells via upregulating PEBP1 

To understand whether PEBP1P2 inhibited the proliferation, migration, and 

invasion of ccRCC cells by increasing PEBP1 expression, we performed rescue 

assays in which the expression of PEBP1 mRNA and protein increased by 

PEBP1P2 was reduced by using PEBP1 siRNAs (Figures 4A-4D). We further 

found that PEBP1 siRNAs significantly rescued the reduce in the proliferation 

of ccRCC cells mediated by PEBP1P2 upregulation (Figures 4E and 4F). 

Moreover, PEBP1 siRNAs also significantly rescued the decrease in PEBP1P2-

induced ability of ccRCC cells to migrate and invade, respectively (Figures 4G 

and 4H). Together, these results suggest that PEBP1 suppresses the 

proliferation, migration, and invasion of ccRCC cells by elevating PEBP1 

expression. 

PEBP1P2 serves as a sponge of miR-27a-3p to emancipate PEBP1 

Next, we sought to understand the regulatory mechanisms by which PEBP1P2 

elevates PEBP1 expression in ccRCC cells. Given that PEBP1P2 increased 

PEBP1 mRNA expression in ccRCC cells, we initially considered whether 

PEBP1P2 acts as a ceRNA to absorb miRNAs that directly target PEBP1 

mRNA, because this regulatory mechanism has been widely reported[8]. We 

analyzed the candidate miRNAs which may target both PEBP1P2 and PEBP1 



mRNA using miRDB and TargetScanHuman 7.1 and found that miR-27a-3p 

should be a potential candidate, because miR-27a-3p can bind to the 986 to 

992 nucleotides (nt) of PEBP1P2 and the 181 to 188 nt of PEBP1 mRNA, 

respectively. We constructed luciferase report vectors inserting the binding sites 

of miR-27a-3p, as well as the mutant binding sites (Figure 5A). We found that 

miR-27a-3p mimics significantly decreased the luciferase activity mediated by 

the luciferase reported vectors inserting wild-type binding sites but not those 

inserting the mutant binding sites (Figure 5B). 

To further determine the interaction of PEBP1P2 with miR-27a-3p, RNA pull-

down assays were performed. We found that miR-27a-3p was significantly 

enriched in the complex pulled down by PEBP1P2 and PEBP1 3’UTR in ccRCC 

cells, respectively (Figures 5C-5F). Furthermore, we observed that miR-27a-3p 

mimics significantly decreased the expression of PEBP1P2 and PEBP1 mRNA, 

(Figures 5G and 5H) and attenuated PEBP1 protein expression in ccRCC cells 

(Figure 5I). Together, these results suggest that PEBP1P2 serves as a sponge 

to absorb miR-27a-3p, which directly targets PEBP1 3’UTR in ccRCC cells. 

PEBP1P2 suppresses the proliferation, migration, and invasion of ccRCC 

cells via regulating the miR-27a-3p/PEBP1 signal 

To further understand whether PEBP1P2 exerts its biological functions via 

regulating the miR-27a-3p/PEBP1 signal, we initially analyzed the effects of 

miR-27a-3p on the ability of ccRCC cells to proliferate, migrate, and invade. 

The results revealed that miR-27a-3p mimics significantly increased the 

proliferation, migration, and invasion of ccRCC cells (Figure 6A-6D). Next, we 

conducted a rescue assay in which PEBP1P2-induced increase in the  

expression of PEBP1 mRNA and protein was reduced by miR-27a-3p mimics 

(Figure 6E-6G). Furthermore, miR-27a-3p mimics significantly rescued 

PEBP1P2-induced decrease in the ability of ccRCC cells to migrate, invade, 

and proliferate (Figures 6H-6K). Together, these results suggest that PEBP1P2 



suppresses the proliferation, migration, and invasion of ccRCC cells through 

regulating the miR-27a-3p/PEBP1 signal. 

DISCUSSION 

In the present study, we used the GEPIA resource to focus on an lncRNA, 

PEBP1P2, whose expression was decreased in ccRCC tissues compared with 

that in normal tissues, and associated with the poor survival rates of patients 

with ccRCC. We also used 40 pairs of fresh ccRCC and matched normal tissues 

to confirm the expression of PEBP1P2, and also analyzed the correlation of 

PEBP1P2 with the overall survival rates of ccRCC patients. Functionally, we 

found that PEBP1P2 repressed the proliferation, migration, and invasion of 

ccRCC cells in vitro. Mechanistically, we demonstrated that PEBP1P2 inhibited 

the biological behaviors of ccRCC cells via regulating the miR-27a-3p/PEBP1 

signal. 

  GEPIA resource assembles TCGA and GTEx databases to focus on the 

expression of human genes and the correlation of the gene expression in 

multiple types of cancer; provides developmental information for evaluating the 

genes with aberrant expression in cancer. The GEPIA resource was highly cited 

in the previous studies[9–11], including ccRCC[12,13]. In the present study, we 

used the GEPIA resource to analyze the lncRNA that was most associated with 

the survival rates of patients with ccRCC and found PEBP1P2, whose 

expression was decreased in ccRCC and associated with the poor survival 

rates of ccRCC patients. We also enrolled 40 patients and collected 40 pairs of 

ccRCC and matched normal tissues to confirm the results in the GEPIA 

database. The results revealed that our data were consistent with those in the 

GEPIA database. A previous study has shown that PEBP1P2 is an lncRNA and 

suppresses the proliferation of VSMCs in atherosclerosis[7], suggesting that 

PEBP1P2 acts as an lncRNA which plays important roles in human cells.  



  We are the first to observe that PEBP1P2 served as a tumor suppressor in 

ccRCC, because its forced expression significantly suppressed the ability of 

ccRCC cells to proliferate, migrate, and invade. Additionally, the biological 

functions of PEBP1P2 were reported in the previous study[7]. We conducted 

the forced expression of PEBP1P2 but not its knockdown in ccRCC cells 

usingpcDNA3.1-PEBP1P2 vectors, because its expression was lower in 

ccRCC tissues compared with that in normal tissues. The further investigation 

focused on the roles of PEBP1P2 in the proliferation, migration, and invasion 

of ccRCC cells, because its expression was associated with the size, TNM 

stage, and lymph node metastasis of ccRCC. 

  Our next analyses revealed that PEBP1P2 expression was strongly 

correlated with PEBP1 mRNA expression. PEBP1, a coding gene, was also 

identified to act as a tumor suppressor in cancer development[14,15]. PEBP1 

was reported to be downregulated in the urinary excretion of ccRCC patients 

and its low expression was considered a risk factor for ccRCC[16]. Additionally, 

the downregulation of PEBP1 was found in 80% of ccRCC tissues and also 

associated with the tumor suppressing activity[17]. In the present study, we also 

found that PEBP1 expression was decreased in ccRCC tissues compared to 

that in matched normal tissues, and a strong correlation of PEBP1 with 

PEBP1P2 was found in ccRCC tissues. We further found that PEBP1P2 could 

regulate the expression of PEBP1 mRNA and protein in ccRCC cells, but 

PEBP1 did not influence the PEBP1P2 expression, suggesting that PEBP1P2 

is an upstream gene that regulates PEBP1 expression. 

To understand the regulatory mechanisms by which PEBP1P2 regulates 

PEBP1 mRNA expression, we initially considered whether PEBP1P2 serves as 

a ceRNA, as previous descriptions[18–20]. We observed that miR-27a-3p might 

be a potential mediator between PEBP1P2 and PEBP1 via using miRDB and 

TargetScanHuman 7.1 databases, by which we found thatmiR-27a-3p can 

target both PEBP1P2 and PEBP1 mRNA. Furthermore,the overexpression of 



miR-27a-3p was observed in ccRCC tissues and associated with the oncogenic 

activity[21–23]. We further identified that miR-27a-3p directly targeted both 

PEBP1P2 and PEBP1 3’UTR using the luciferase report system and RNA-pull-

down assays and demonstrated that PEBP1P2 regulated PEBP1 expression 

by acting as a ceRNA to absorb miR-27a-3p in ccRCC cells. 

In conclusion, we demonstrated that PEBP1P2 acts as a ceRNA to absorb 

miR-27a-3p, which directly targets PEBP1 3’UTR to regulate ccRCC cell 

proliferation, migration, and invasion in vitro, and observed that ccRCC patients 

with low expression of PEBP1P2 or PEBP1 had poor overall survival rates. Our 

findings suggest that the PEBP1P2/miR-27a-3p/PEBP1 signal may be a 

potential therapeutic target for ccRCC. 
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Figure Legends 

 

Figure 1. PEBP1P2 expression is decreased in ccRCC tissues and 

associated with the poor survival rates of patients with ccRCC. (A) GE 

analysis reveals ccRCC patients with low PEBP1P2 TPM had the poorer 

survival rates than those with high PEBP1P2 TPM. (B) GE analysis shows that 

PEBP1P2 transcripts were reduced in 523 ccRCC tissues compared with that 

in 100 normal tissues. (C) Boxes show PEBP1P2 expression in 40 pairs of 

ccRCC and matched normal tissues, detected by qRT-PCR, and GAPDH 

served as the internal reference. (D) Overall survival analysis reveals ccRCC 

patients with low expression of PEBP1P2 had poorer survival rates than those 

with high expression of PEBP1P2, and the high or low expression of PEBP1P2 

was defined by the median of PEBP1P2 expression in 40 ccRCC samples. (E 

and F) Boxes show PEBP1P2 expression in 40 normal tissues, 17 ccRCC 

tissues with stage I or II, 23 ccRCC tissues with stage III or IV, 23 ccRCC tissues 

with lymph node metastasis, and 17 ccRCC tissues without lymph node 



metastasis. “**”, P < 0.01; “***”, P < 0.001; “****”, P < 0.0001. 

 

Figure 2. PEBP1P2 suppresses the proliferation, migration, and invasion 

of ccRCC cells in vitro. (A and D) PEBP1P2 was enforcedly expressed in 

786-O and Caki-1 cells using pcDNA3.1 vectors, and 24 hours after the 

transfection, PEBP1P2 expression was detected by qRT-PCR. GAPDH served 

as the internal reference. (B and E) The proliferation of 786-O and Caki-1 cells 

was analyzed using a CCK8 reagent after the cells were cultured for 12, 3, and 

4 days, respectively. (C and F) Bars show absorbance of crystal violet eluted 

from cells which migrated to the outside of trans-well chamber membranes. “*”, 

P < 0.05; “**”, P < 0.01; “***”, P < 0.001; “****”, P < 0.0001. 



 

Figure 3. PEBP1P2 expression positively correlates with PEBP1 

expression in ccRCC tissues. (A) GE analysis reveals that PEBP1P2 

expression correlates positively with PEBP1 mRNA expression in 523 ccRCC 

tissues. (B) GE analysis shows that PEBP1 mRNA expression is decreased in 

523 ccRCC tissues compared with that in 100 normal tissues. (C) GE analysis 

indicates that 258 ccRCC patients with low PEBP1 TPM have poorer survival 

rates than 258 those with high PEBP1 TPM. (D) QRT-PCR revealed that 

PEBP1 mRNA expression was decreased in 25 ccRCC tissues compared with 

25 matched normal tissues. GAPDH served as the internal reference. (E) 

PEBP1 mRNA expression correlated positively with PEBP1P2 expression in 25 

ccRCC tissues. (F and G) QRT-PCR and western blotting show the mRNA and 

protein expression of PEBP1 in 786-O and Caki-1 cells, which had been 



transfected with pcDNA3.1-PEBP1P2 vectors, respectively. GAPDH served as 

the internal reference. (H and I) Bars reveal the expression of PEBP1 and 

PEBP1P2 in 786-O and Caki-1 cells, respectively, which had been transfected 

with PEBP1 siRNAs, detected by qRT-PCR, and GAPDH served as the internal 

reference. “***”, P < 0.001; “****”, P < 0.0001. 

 

Figure 4. PEBP1P2 represses proliferative and the metastatic potentials 

of ccRCC cells by upregulating PEBP1. (A and C) PEBP1 mRNA expression 

in 786-O and Caki-1 cells which were transfected with pcDNA3.1-PEBP1P2 

vectors or cotransfected with the vectors and PEBP1 siRNAs, detected by qRT-

PCR. GAPHD served as the internal reference. (B and D) PEBP1 protein 

expression in 786-O and Caki-1 cells, which were transfected with pcDNA3.1-

PEBP1P2 vectors or cotransfected with the vectors and PEBP1 siRNAs, 

detected by Western blotting. GAPHD served as the internal reference. (E and 

F) The proliferation of 786-O and Caki-1 cells which were transfected with 



pcDNA3.1-PEBP1P2 vectors or cotransfected with the vectors and PEBP1 

siRNAs, detected by a CCK8 reagent. (G and H) Bars show the absorbance of 

crystal violet eluted from ccRCC cells which migrated to the outside of the trans-

well chamber. The ccRCC cells were transfected with pcDNA3.1-PEBP1P2 

vectors or cotransfected with the vectors and PEBP1 siRNAs. “*”, P < 0.05; “**”, 

P < 0.01; “***”, P < 0.001; “****”, P < 0.0001. 

 

Figure 5. PEBP1P2 serves as a sponge of miR-27a-3p to emancipate 

PEBP1. (A) The binding sites of miR-27a-3p to PEBP1P2 wild type and 

PEBP1P2 mutant, PEBP1 3’UTR wild type, and PEBP1 3’UTR mutant. (B) Bars 

show the luciferase activity in ccRCC cells, which were cotransfected with the 

luciferase report vectors and miR-27a-3p mimics, as well as the corresponding 

negative control (NC). (C and D) Bars reveal the levels of ACTB mRNA and 

miR-27-3p in the complex pulled down by the PEBP1P2 antisense (negative 

control, NC), PEBP1P2, or PEBP1P2 with the mutant binding site of miR-27a-

3p, detected by RNA pull-down followed by qRT-PCR assays. (E and F) Bars 

reveal the levels of ACTB mRNA and miR-27-3p in the complex pulled down by 

the PEBP1 3’UTR antisense (negative control, NC), PEBP1 3’UTR, or PEBP1 



3’UTR with the mutant binding site of miR-27a-3p, detected by RNA pull-down 

followed by qRT-PCR assays. (G and H) Bars show the expression of PEBP1 

mRNA and PEBP1P2 in 786-O and Caki-1 cells, which were transfected with 

miR-27a-3p mimics, detected by qRT-PCR, and GAPDH served as the internal 

reference. (I) Western blotting shows PEBP1 protein expression in 786-O and 

Caki-1 cells, which were transfected with miR-27a-3p mimics or NC, and 

GAPDH served as the internal reference. “*”, P < 0.05; “**”, P < 0.01; “***”, P < 

0.001; “****”, P < 0.0001. 

 

Figure 6. The PEBP1P2-miR-27a-3p/PEBP1 axis regulates the proliferative 

and metastatic potentials of ccRCC cells in vitro. (A and B) Lines show the 

proliferation of 786-O and Caki-1 cells, which were transfected with miR-27a-

3p mimics or NC, detected by a CCK8 reagent. (C and D) Bars show the 

absorbance of crystal violet eluted from 786-O and Caki-1 which migrated to 

the outside of the trans-well chamber membranes, respectively. The ccRCC 

cells were transfected with miR-27a-3p mimics or NC. (E and F) Bars show 

PEBP1 mRNA expression in 786-O and Caki-1 cells, which were transfected 

with NC, pcDNA3.1-PEBP1P2 vectors, or co-transfected with pcDNA3.1-

PEBP1P2 and miR-27a-3p mimics, detected by qRT-PCR, and GAPDH served 



as the internal reference. (G) Western blotting shows PEBP1 protein 

expression in 786-O and Caki-1 cells, which were transfected with NC, 

pcDNA3.1-PEBP1P2, or co-transfected with pcDNA3.1-PEBP1P2 and miR-

27a-3p. GAPDH served as the internal reference. (H and I) Bars show the 

absorbance of crystal violet eluted from 786-O and Caki-1, which migrated to 

the outside of the trans-well chamber membranes, respectively. The cells were 

transfected with NC, pcDNA3.1-PEBP1P2 vectors, or co-transfected with 

pcDNA3.1-PEBP1P2 vectors and miR-27a-3p mimics. (J and K) Lines reveal 

the proliferation of 786-O and Caki-1 cells, which were transfected with NC, 

pcDNA3.1-PEBP1P2 vectors, or co-transfected with pcDNA3.1-PEBP1P2 

vectors and miR-27a-3p mimics, respectively, detected by a CCK8 reagent. “*”, 

P < 0.05; “**”, P < 0.01; “***”, P < 0.001; “****”, P < 0.0001. 

  



Table 1. Clinical characteristics of 40 patients with ccRCC. 

Variables 
PEBP1P2 

P value 
Low expression High expression 

Gender   1.0000 

  Male 11 12  

  Female 9 8  

Age (median)   0.5224 

  ＞ 59 13 10  

  ≤ 59 7 10  

TNM stage   0.0014 

  I and II 3 14  

III and IV 17 6  

Lymph node metastasis   0.0001 

  Yes 18 5  

  No 2 15  

Tumor size (mm3)   0.0113 

  ≤ 140 5 14  

  ＞ 140 15 6  

  



Table 2. Sequences of primers and oligonucleotides. 

Name Sequences 

PEBP1P2 primer Forward: 5’- GGCAATGACATCAGCAGTGACA-3’ 

Reverse: 5’-TTACGGAAGGACACCACCTCAA-3’ 

PEBP1 primer Forward: 5’-TTGGTTGCCTCTGCCTTTGTG-3’ 

Reverse: 5’-TTAGCCTCAATGCCAGCCTCT-3’ 

U6 primer Forward: 5’-GCTTCGGCAGCACATATA-3’ 

Reverse: 5’-CGCTTCACGAATTTGCG-3’ 

GAPDH primer Forward: 5’-GTCTCCTCTGACTTCAACAGCG-3’ 

Reverse: 5’-ACCACCCTGTTGCTGTAGCCAA-3’ 

ACTB Forward: 5’- TGTCCACCTTCCAGCAGATGT-3’ 

Reverse: 5’- TGTCACCTTCACCGTTCCAGTT-3’ 

siRNA Control Sense: 5’-UUCUCCGAACGUGUCACGUTT-3’ 

Antisense: 5’-ACGUGACACGUUCGGAGAATT-3’ 

has-miR-27a-3p 

mimics 

5’-UUCACAGUGGCUAAGUUCCGC-3’ 

5’-GGAACUUAGCCACUGUGAAUU-3’ 

Mimic NC 5’-UUUGUACUACACAAAAGUACUG-3’ 

5’-CAGUACUUUUGUGUAGUACAAA-3’ 

 


