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Long noncoding RNA LINC-PINT promotes

proliferation through EZH2 and predicts poor

prognosis in clear cell renal cell carcinoma
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Background: Renal cell carcinoma (RCC) is one of the most common types of urological

malignant tumors. Despite recent advances in diagnosis and management of RCC, its

prognosis remains poor. Emerging evidence has shown that long noncoding RNAs

(lncRNAs) play crucial regulatory roles in cancer biology.

Materials and methods: The most abundant transcript of long intergenic non-protein

coding RNA p53 induced transcript (LINC-PINT) in clear cell RCC (ccRCC) was determined

by RT-PCR. Quantitative real-time PCR was performed to examine LINC-PINT expression in

paired ccRCC samples and cell lines. The relationship of LINC-PINT expression with

clinicopathologic characteristics and clinical outcome was analyzed. The biological function

of LINC-PINT was studied by MTS and colony formation. The flow cytometry was used to

analyze cell cycle distribution and apoptosis. The subcelluar fractionation and RIP assay was

performed to explore the molecular mechanism of LINC-PINT. Western blotting and immu-

nofluorescence was carried out to examine EZH2 and p53.

Results: We found that the LINC-PINT was frequently upregulated in ccRCC samples.

Furthermore, we observed that the level of LINC-PINT depended on gender as well as on pT

and TNM stage of patients with ccRCC. Moreover, patients with high LINC-PINT expression

had poor disease-free survival and overall survival. Functionally, overexpression of LINC-

PINT promoted ccRCC cell proliferation, induced cell cycle progression, and inhibited

apoptosis. LINC-PINT was primarily located in cell nuclei and interacted with EZH2.

When EZH2 was knocked down in 769P and OS-RC-2 cells overexpressing LINC-PINT,

the effect of LINC-PINT on cell proliferation, cell cycle, and apoptosis was partially

reversed. Additionally, inducing p53 by doxorubicin (Dox) promoted LINC-PINT expression.

Conclusion: Collectively, our results provide novel insights into the important role of

LINC-PINT in ccRCC development and indicate that LINC-PINT may serve as a valuable

prognostic biomarker for ccRCC.

Keywords: long noncoding RNA, LINC-PINT, clear cell renal cell carcinoma, prognosis,

cell proliferation, EZH2

Introduction
Renal cell carcinoma (RCC) arising from the renal tubule epithelium is one of the 10

most common cancers worldwide. Every year, 295,000 new cases are diagnosed, and

134,000 deaths occur globally. Clear cell renal cell carcinoma (ccRCC) represents 75%

of these cases.1 Over the last several decades, mortality rate due to ccRCC has been

decreasing, but the incidence rate is consistently increasing.2 On diagnosis, 25% of the

patients present with advanced and metastatic disease.3 For patients with surgically
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resectable RCC, either partial or radical nephrectomy is per-

formed with curative intent. In contrast, those without

a surgical option can only undergo therapy with targeted

agents and/or immune checkpoint inhibitors. These treatments

have low response rates and only prolong patient survival by

1–2 years.1 Despite intensive research, early markers of diag-

nosis, prognosis, or responsiveness to therapy in RCC remain

controversial, and few markers have been identified and vali-

dated in routine clinical practice.4

Long noncoding RNAs (lncRNAs) are a subclass of

transcripts longer than 200 bp without identifiable open

reading frames or protein-coding capacity that are derived

from intergenic regions (the antisense strand of a given

gene), introns of protein-coding genes, or due to alterna-

tive splicing.5 LncRNAs, which are aberrantly expressed

in a broad spectrum of cancers, promote and maintain

tumor development and progression, as well as provide

prognostic value and therapeutic options for patients with

cancer. For example, high expression of metastasis-

associated lung adenocarcinoma transcript 1 (MALAT1)

promotes migration by actively regulating the expression

of a set of metastasis-associated genes and is highly pre-

dictive of poor outcome of early stage non-small cell lung

cancer.6,7 Increased expression of HOX transcript anti-

sense RNA (HOTAIR) has been revealed in different pri-

mary and metastatic tumors, including breast cancer,

hepatocellular carcinoma, and gastrointestinal tract

tumors, and elevated levels of HOTAIR can be used to

predict poor prognosis. Loss of HOTAIR in epithelial can-

cer cells inhibits invasiveness in a polycomb repressive

complex 2 (PRC2)-dependent manner.8–10 Several

lncRNAs have been reported to be involved in RCC.

Hirata et al reported that MALAT1 expression is higher in

RCC tissues, where it negatively correlates with patient

survival, and when MALAT1 is silenced, RCC cell prolif-

eration and invasion rates decrease but the rate of apopto-

sis increases. MALAT1 can be transcriptionally activated

by c-Fos and can interact with enhancer of zeste homolog

2 (EZH2) and miR-205.11 lncRNA-suppressing androgen

receptor in renal cell carcinoma (SARCC) could function

as a key modulator of hypoxia signaling, connecting

lncRNA-SARCC with the androgen receptor (AR)/

hypoxia inducible factor-2α (HIF-2α)/C-MYC axis for

regulating RCC cell proliferation in response to

hypoxia.12 Another study has revealed that the level of

lncRNA activated in RCC with sunitinib resistance

(lncARSR) is associated with poor response to sunitinib;

in vitro and in vivo experiments have demonstrated that

lncARSR promotes sunitinib resistance through competi-

tively binding miR-34/miR-449 to upregulate AXL and

c-MET expression in RCC cells. Furthermore, lncARSR

can be transmitted to sensitive cells through exosomes.13

However, the role and mechanism of long intergenic non-

protein coding RNA, p53 induced transcript (LINC-PINT)

in ccRCC are still not understood. In this study, we deter-

mined the expression level of LINC-PINT in ccRCC tis-

sues and examined whether LINC-PINT level was

associated with disease-free survival (DFS) and overall

survival (OS) of ccRCC. We explored the effects of LINC-

PINT on ccRCC cells and identified downstream and

upstream mechanisms of ccRCC regulation by LINC-

PINT.

Materials and methods
Tissue samples
Ninety-eight ccRCC samples and 16 paired adjacent nor-

mal tissue samples were acquired from patients who

underwent resection surgery from January 2010 to

December 2010 at the Urology Department of the

Chinese People’s Liberation Army (PLA) General

Hospital (Beijing, China). All samples were preserved

at −80°C until RNA extraction. Two senior pathologists

confirmed ccRCC pathology in these tissue samples.

Based on the 8th edition of the AJCC Cancer Staging

Manual and Fuhrman nuclear grading system, TNM

stages and nuclear grades of ccRCC samples were deter-

mined. The study was approved by the Ethics Committee

of the Chinese PLA General Hospital. Written informed

consent was obtained from all patients, and the study was

in compliance with the Declaration of Helsinki and

International Conference on Harmonization-Good

Clinical Practice guidelines.

Cell lines and culture
The human renal proximal tubule epithelial cell line HKC

and human ccRCC cell lines, viz., 786-O, A498, 769P,

Caki-2, Caki-1, ACHN, OS-RC-2, and SN12-PM6, were

obtained from the National Platform of Experimental Cell

Resources for Sci-Tech (Beijing, China), cultured in RPMI

1640, McCoy’s 5A, or high-glucose DMEM (Hyclone,

USA) media with 10% fetal bovine serum (TransGen

Biotech, Beijing, China), 100 U/mL penicillin, and 100

μg/mL streptomycin (Solarbio, Beijing, China). All cells

were maintained at 37°C in the atmosphere of 95% air and

5% CO2.
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RT-PCR
Total RNA was isolated with TRIzol reagent (ComWin

Biotech, Beijing, China), and RT-PCR was performed using

a RT-PCR system (TIANGEN BIOTECH, Beijing, China)

according to the manufacturers’ instructions. Amplified

cDNAwere then subjected to PCR with the following specific

primers: P18, forward 5′-CGTGCGCATCATTTTCACCT-3′

and reverse 5′-TGGTTCCAGTCCCTCTTCCT-3′; P1, for-

ward 5′-CGTGCGCATCATTTTCACCT-3′ and reverse 5′-

TAACTCACAGGCCCACTGAC-3′; P2, forward 5′-CAGC

AACTCCCTGGAACTCG-3′ and reverse 5′-CGTTAACA

CCGAGGGAGGAC-3′; P6, forward 5′-AAAGCATTAGG

GGAGCCCAC-3′ and reverse 5′-CGCCAGTGACAGGAA

TCAGT-3′.

RNA extraction and quantitative real-time

PCR
Total RNAwas extracted from tissue specimens or cultured

cells using TRIzol reagent (ComWin Biotech, Beijing,

China) according to the manufacturer’s instructions.

cDNA was generated by reverse transcription of 1 μg of

total RNA using TransScript First-Strand cDNA Synthesis

SuperMix (TransGen Biotech, Beijing, China). qRT-PCR

was performed using TransStart Green qPCR SuperMix

(TransGen Biotech) on an Applied Biosystems 7500

Detection System (Applied Biosystems, Foster City, CA,

USA) to detect the expression of LINC-PINT, HOTAIR,

MALAT1, U6, and GAPDH, with peptidylprolyl isomerase

A (PPIA) transcript as reference. The primers for LINC-

PINTwere 5′-GAACGAGGCAAGGAGCTAAA-3′ and 5′-

AGCAAGGCAGAGAAACTCCA-3′, primers forHOTAIR

were 5′-GGTAGAAAAAGCAACCACGAAGC-3′ and 5′-

ACATAAACCTCTGTCTGTGAGTGCC-3′, primers for

MALAT1 were 5′-AAAGCAAGGTCTCCCCACAAG-3′

and 5′-GGTCTGTGCTAGATCAAAAGGCA-3′, primers

for U6 were 5′-CTCGCTTCGGCAGCACA-3′ and 5′-

AACGCTTCACGAATTTGCGT-3′, primers for GAPDH

were 5′-ACCATCTTCCAGGAGCGAGA-3′ and 5′-

GACTCCACGACGTACTCAGC-3′, and primers for

PPIAwere 5′-TCATCTGCACTGCCAAGACTG-3′ and 5′-

CATGCCTTCTTTCACTTTGCC-3′.

Construction of vectors and stable cell lines
Full-length complementary DNA of LINC-PINTwas synthe-

sized by Tolo Biotech (Shanghai, China) and cloned into the

lentiviral expression vector pLV-EGFP-(2A) Puro (Inovogen

Tech. Co). The resulting construct was checked by sequencing.

Viral particles were packaged by the 3-plasmid transient

cotransfection method (Inovogen Tech. Co) following the

manufacturer’s protocol. 769P and OS-RC-2 cells were

infected with control lentivirus and LINC-PINT lentivirus

and were stably selected with puromycin after 72 hrs of

transduction.

Cell proliferation assay
A CellTiter 96® AQueous One Solution Cell Proliferation

Assay Kit (Promega, USA) was used to perform the assay.

Cells (2×103) were seeded in 96-well plates and cultured

for 24, 48, 72, and 96 hrs. Twenty microliters of the

reagent was added into each well and incubated at 37°C

for another 2 hrs. Absorbance at 490 nm was detected

using a microplate reader (BioTek Instruments, USA).

Colony formation assay
The assay was performed as previously described.22 769P

and OS-RC-2 cells overexpressing LINC-PINT and nega-

tive control cells were seeded into 6-well plates at

a density of 1,000 cells per well. After culturing for

another 2 weeks, the cells were fixed and stained for 30

mins in 35% methanol and 1% crystal violet solution. The

area percentage of colonies was analyzed by the ImageJ

software with ColonyArea plugin.

Flow cytometry analysis of cell cycle and

apoptosis
Cell cycle analysis was performed using a DNA Content

Quantitation Assay Kit (Solarbio, Beijing, China). The

cells were fixed with ice-cold 70% ethanol at −4°C over-

night and washed with ice-cold phosphate-buffered saline

(PBS). Then, the cells were incubated at 37°C for 30

mins with 100 μL of RNase and stained with 400 μL of

propidium iodide (PI) for 30 mins in the dark. Cells were

counted using a BD FACSCalibur flow cytometer (Becton

Dickinson, Franklin Lakes, NJ).

Apoptosis rates were estimated using an Annexin

V-APC/7-AAD Kit (KeyGene BioTECH, Suzhou, China)

according to the manufacturer’s recommendations.

Subcellular fractionation
To determine cellular localization of LINC-PINT, cytosolic

and nuclear fractions were collected using a Nuclear/

Cytoplasmic Isolation Kit (Biovision, USA). Briefly, the

cells were lysed and centrifuged at 1,000 rpm for 10

mins at 4°C, and the supernatant was used as the cytosolic
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fraction. Then, the pellets were washed and incubated with

RIPA buffer at 4°C for 10 mins and used as the nuclear

fraction.

RIP assay
The RIP assay was performed using a Magna RIP™ RNA-

Binding Protein Immunoprecipitation Kit (Millipore,

USA). Briefly, cells were cross-linked with 1% formalde-

hyde, incubated overnight with antibodies, including rabbit

polyclonal IgG (Millipore, PP64) as negative control and

anti-EZH2 (Abcam, Cambridge, MA, USA), and recov-

ered with protein G Dynabeads. RNA obtained after strin-

gent washing and extraction with TRIzol was analyzed by

qRT-PCR.

siRNA synthesis and transfection
Two EZH2-specific siRNAs were designed and synthe-

sized by GenePharma (Shanghai, China). Transfection

was performed with Lipofectamine 2000 (Invitrogen)

according to the manufacturer’s protocols.

Western blotting
Total cellular protein was extracted from indicated

ccRCC cells using RIPA buffer with protease inhibitors

(Solarbio, Beijing, China). Equal amounts of proteins

were separated by sodium dodecyl sulfate-

polyacrylamide gel (5–10%) electrophoresis and trans-

ferred to polyvinylidene difluoride membranes

(Millipore, Billerica, MA). After blocking with Tris-

buffered saline-Tween with 5% skim milk (BD

Bioscience, USA), the membrane was incubated with

primary antibodies against EZH2 (1:1,000; Abcam,

Cambridge, MA, USA), p53 (1:1,000; Abcam,

Cambridge, MA, USA), or β-actin (1:3,000; ZSGB-

BIO, Beijing, China), followed by the incubation with

anti-rabbit or anti-mouse horseradish peroxidase-

conjugated secondary antibodies (1:5,000; ZSGB-BIO,

Beijing, China), and detected using an enhanced chemi-

luminescence detection system (Thermo Fisher

Scientific, USA).

Immunofluorescence
Cells were fixed in 4% paraformaldehyde for 15 mins,

permeabilized with 0.5% Triton X-100 for 10 mins, blocked

in PBS with 3% bovine serum albumin, and incubated

overnight at 4°C with primary antibodies against EZH2

(Abcam, Cambridge, MA, USA) and p53 (Abcam,

Cambridge, MA, USA). Secondary antibodies conjugated

with tetramethylrhodamine (TRITC; ZSGB-BIO, Beijing,

China) were incubated at 37°C for 1 hr. DAPI (4′,6-diami-

dino-2-phenylindole) was used to visualize cell nuclei.

Digital images were captured on an Olympus confocal

microscope.

Statistical analysis
Prism 6.0 software (GraphPad, Inc., La Jolla, CA) was

used for statistical analysis. The Student’s t-test was used

to determine the significance of the difference of means

between two groups. The chi-squared test was applied to

analyze the association of LINC-PINT level with clinico-

pathological characteristics. The Kaplan–Meier analysis

was used to calculate DFS and OS, and the log-rank test

was used to assess the difference in DFS and OS between

groups with high and low LINC-PINT expression. All

values were presented as the mean ± standard deviation

(S.D.). All statistical analyses were conducted with

a significance level of α=0.05 (P<0.05).

Results
LINC-PINT transcript variant 1 is the

main transcript in ccRCC
An NCBI search revealed that LINC-PINT has 11 transcript

variants. However, considering the results of previous stu-

dies, we assumed that LINC-PINT transcript variants 1–8

may be critical in ccRCC.14 Next, to identify the LINC-

PINT transcript variant most potently upregulated in

ccRCC, we performed reverse transcription (RT)-PCR

using different primer pairs (Table 1; Figure 1A). RT-PCR

revealed that transcript variant 1 was the most abundant

transcript variant in ccRCC (Figure 1B).

Table 1 Products length of primers for LINC-PINT variants

Primers T1 (bp) T2 (bp) T3 (bp) T4 (bp) T5 (bp) T6 (bp) T7 (bp) T8 (bp)

P18 333 - 457 462 435 333 289 202

P1 457 - - - - - - -

P2 - 325 - - - - - -

P6 - - - - - 762 - -
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Upregulation of LINC-PINT level in

ccRCC and its association with

clinicopathological characteristics and

survival of ccRCC cells
LINC-PINT expression level was determined in tumor and

paired normal tissue specimens from 16 patients with

ccRCC. We found that LINC-PINT was upregulated in

ccRCC specimens compared to its level in paired normal

tissues (Figure 2A). Furthermore, the level of LINC-PINT

was significantly higher in ccRCC cell lines (786-O, A498,

769P, Caki-2, Caki-1, ACHN, OS-RC-2, and SN12-PM6)

than in human HKC renal proximal tubule epithelial cell line

(Figure 2B). Although there were no significant correlations

between LINC-PINT expression level and age, body mass

index, tumor size, or Fuhrman stage, aberrant expression

level of LINC-PINT was more frequently observed in

ccRCC patients with pT3 and pT4 or TNM-III and -IV

stage tumors than in those with pT1 and pT2 or TNM-I and -

II stage tumors and in males than in females (Table 2).

To determine the prognostic value of LINC-PINT in

ccRCC, we analyzed the association of LINC-PINT level

with DFS and OS by the Kaplan–Meier survival analysis

and log-rank test using 82 ccRCC patient samples. We found

that ccRCC patients with high LINC-PINT expression level

had shorter DFS and OS compared with those with low

LINC-PINTexpression level (Figure 2C–E). Thus, we specu-

lated that LINC-PINT may act as an oncogene in ccRCC.

Overexpression of LINC-PINT promotes

ccRCC cell proliferation
To explore biological consequences of LINC-PINT upregula-

tion in ccRCC, we performed loss-of-function studies by using

RNA interference, short hairpin RNAs, or anti-sense oligonu-

cleotides designed by us. However, we were not able to lower

the levels of LINC-PINT by these approaches (data not

shown). Therefore, we constructed 769P and OS-RC-2 cell

lines with LINC-PINT stable overexpression using lenti-

viruses. LINC-PINT overexpression plasmids significantly

increased LINC-PINT levels in 769P and OS-RC-2 cells

(Figure 3A). Functionally, overexpression of LINC-PINT sig-

nificantly increased proliferation of 769P and OS-RC-2 cells

compared with proliferation of control cells as shown by the

MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe-

nyl)-2-(4-sulfophenyl)-2H-tetrazolium) assay (Figure 3B).

50KbScale
Chr7:

P18
P1

P6
P2

|
hg38

131,100,000|131,050,000|
Gencone v24 comprehensive transcript set (only basic displayed by default)

LINC-PINT
UCSC annotations of refseq RNAs (NM_*and NR_*)

T1
T2
T3
T4
T5
T6
T7
T8

131,000,000|

A

B

Figure 1 Identification of LINC-PINT transcript variant 1 as the main LINC-PINT transcript. (A) Schematic diagram of LINC-PINT variants and primers for them. T1–T8:

variant names; P1, P2, P6, and P18: primer names. (B) RT-PCR products from cDNAs generated using primers for LINC-PINT variants. L, ladder; I, P18; ii, P1; iii, P2; iv, P6.
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Additionally, the colony formation assay also showed that the

number of 769P and OS-RC-2 cell colonies increased signifi-

cantly after LINC-PINToverexpression compared to the num-

ber of control cell colonies (Figure 3C). These results

suggested that upregulated LINC-PINT expression promoted

ccRCC cell proliferation.

Overexpression of LINC-PINT promotes

cell cycle and inhibits cell apoptosis
To address the mechanisms by which LINC-PINT enhanced

ccRCC cell proliferation, we examined its effect on cell

cycle and apoptosis of 769P and OS-RC-2 cells by fluores-

cence-activated cell sorting (FACS) analysis. LINC-PINT

overexpression led to a dramatic decrease in the percentage

of G1 phase cells and a concomitant increase in the

percentage of S phase cells (Figure 4A). Furthermore, the

number of annexin V-positive cells was significantly

reduced (Figure 4B). Collectively, these findings indicated

that LINC-PINT promoted cell proliferation by inducing

cell cycle progression and inhibiting apoptosis.

LINC-PINT promotes cell proliferation

by interacting with EZH2
To further investigate the molecular mechanism by which

LINC-PINT affected ccRCC cell proliferation, we first

examined its subcellular localization. By using cytoplas-

mic and nuclear RNA isolation and qRT-PCR, we found

that at least 90% of LINC-PINT is located in the nucleus

(Figure 5A). Therefore, we tested whether LINC-PINT

interacts with polycomb repressive complex 2 (PRC2). In
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Figure 2 Upregulation of LINC-PINT in ccRCC patients and correlation of LINC-PINT level with the severity of ccRCC outcome. (A) qRT-PCR analysis of LINC-PINT
expression level in 16 sets of paired samples of ccRCC and non-tumor tissues. (B) qRT-PCR analysis of LINC-PINT expression level in the human renal proximal tubule

epithelial cell line HKC and in ccRCC cell lines (786-O, A498, 769P, Caki-2, Caki-1, ACHN, OS-RC-2, and SN12-PM6). (C) qRT-PCR analysis of LINC-PINTexpression level in

82 samples of ccRCC tissues. (D and E) Kaplan–Meier analysis of disease-free survival (DFS) and overall survival (OS) based on LINC-PINTexpression level in 82 patients with
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independent experiments and are presented as the mean ± SD. Statistical significance of differences is indicated as follows: *P<0.05, **P<0.01.
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the RNA binding protein immunoprecipitation (RIP)

assay, an antibody against EZH2, which is an essential

subunit that facilitates PRC2 binding to lncRNAs, was

incubated with total RNA from 769P and OS-RC-2 cells.

qRT-PCR showed a significant increase in LINC-PINT

expression after incubation with an anti-EZH2 antibody

compared to the level observed after the treatment with

a nonspecific IgG control antibody (Figure 5B). Next, we

designed two EZH2-specific siRNAs to knockdown EZH2

in 769P and OS-RC-2 cells. Western blotting analysis

showed that EZH2 expression was strongly reduced in

these cells after treatment with these two siRNAs com-

pared with EZH2 level in negative control cells. The most

effective siRNA that decreased EZH2 expression was used

in the remaining experiments (Figure 5C). A similar result

was also achieved by the analysis of EZH2 expression

using immunofluorescence staining in 769P and OS-RC

-2 cells (Figure 5D). Then, we transfected 769P and OS-

RC-2 cells overexpressing LINC-PINT with EZH2 siRNA.

EZH2 silencing partially reversed changes in cell prolif-

eration, cell cycle, and apoptosis induced by LINC-PINT

overexpression (Figure 5E–G). Together, these results

demonstrated that LINC-PINT exerted its function, at

least in part, via interacting with PRC2.

LINC-PINT is regulated by p53
To examine whether p53 regulates LINC-PINT expression

level, we first treated 769P and OS-RC-2 cells with doxor-

ubicin (Dox) at different concentrations. Cells were exposed

to Dox, a known DNA-damaging agent, for 24 hrs, and dose-

dependent p53 induction was detected by Western blotting

analysis (Figure 6A). Immunofluorescence staining also

showed that p53 expression increased in 769P and OS-RC

-2 cells exposed to 0.2 μMDox for 24 hrs compared with that

in the blank control (Figure 6B). Therefore, we then selected

0.2 μM Dox for 24 hrs for sub-sequential experiments and

confirmed that Dox induced LINC-PINT expression in 769P

and OS-RC-2 cells by qRT-PCR (Figure 6C). This suggested

that LINC-PINTwas induced by p53.

Discussion
To reveal the mechanism underlying the development of

ccRCC, an increasing number of basic studies have

focused on genetic and epigenetic lesions. Genetically,

ccRCC has been characterized with a very high fre-

quency of biallelic VHL inactivation occurring through

allelic deletion or loss of heterozygosity on 3p.15

Hypermethylation of enhancer and promoter CpGs of

the genes encoding wingless/integrated (Wnt) antagonists

in ccRCC, such as secreted frizzled related protein 1

(SFRP1), SFRP2, SFRP5, and WNT inhibitory factor 1

(WIF-1), decreases their expression and inhibits ccRCC

cell proliferation.16 However, over the last decades, many

studies have reported that lncRNAs have comprehensive

functions in cancer biological processes through diverse

mechanisms.

In this study, we revealed that LINC-PINT transcript

variant 1 was the predominant LINC-PINT transcript var-

iant in ccRCC. Furthermore, we found that LINC-PINT

was frequently upregulated in ccRCC samples with its

expression level depending on gender as well as pT and

TNM stage of patients with ccRCC. Moreover, we also

showed that patients with high LINC-PINT expression had

poor DFS and OS. In functional experiments in vitro, we

observed that overexpression of LINC-PINT promoted

Table 2 Relationship between LINC-PINT expression and clinico-

pathological features in patients with ccRCC

Characteristics n LINC-PINT expression P-value

Low High

Total cases 82 41 41

Gender

Male 59 23 (39.0%) 36 (61.0%) 0.0027

Female 23 18 (78.3%) 5 (21.7%)

Age (years)

<60 47 27 (57.4%) 20 (42.6%) 0.18

≥60 35 14 (40.0%) 21 (60.0%)

BMI

<25 45 23 (51.1%) 22 (48.9%) 1

≥25 37 18 (48.6%) 19 (51.4%)

Tumor size (cm)

≤7 68 37 (54.4%) 31 (45.6%) 0.1405

>7 14 4 (28.6%) 10 (71.4%)

pT stage

pT1+pT2 71 39 (54.9%) 32 (45.1%) 0.048

pT3+pT4 1 2 (18.2%) 9 (81.8%)

TNM stage

I+II 69 39 (56.5%) 30 (43.5%) 0.0131

III+IV 13 2 (15.4%) 11 (84.6%)

Fuhrman

I+II 66 36 (54.5%) 30 (45.5%) 0.1623

III+IV 16 5 (31.3%) 11 (68.8%)

Abbreviations: BMI, body mass index; TNM stage, tumor, node and metastasis

stage.
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ccRCC cell proliferation, induced cell cycle progression,

and inhibited cell apoptosis. Moreover, we demonstrated

that LINC-PINT was primarily located in cell nuclei and

interacted with EZH2 in ccRCC cells. Additionally, Dox-

induced p53 expression promoted LINC-PINT expression

in ccRCC cells.

Marín-Béjar et al discovered that LINC-PINT expres-

sion is significantly downregulated in human colorectal

tumors compared with that in matched normal tissue

samples. Moreover, through analyzing RNA sequencing

data from The Cancer Genome Atlas, they found that

LINC-PINT expression is also significantly decreased in

other tumors, such as breast, uterine corpus endometrial,

and lung squamous cell cancers, and that the low expres-

sion level of LINC-PINT is associated with diminished

OS in patients with lung adenocarcinoma.14,17 Li et al

reported that plasma LINC-PINT levels were lower in

patients with pancreatic cancer than in healthy volunteers.

Furthermore, LINC-PINT levels correlated with tumor

recurrence and predicted pancreatic cancer more sensi-

tively than CA19-9 levels.18 In another study, Garitano-

Trojaola et al demonstrated that in acute lymphoblastic

leukemia cell lines, LINC-PINT expression level was

lower than in control cells. In contrast to previous stu-

dies, our results demonstrated that in ccRCC, LINC-PINT

expression level was up- rather than downregulated, so
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that samples with high LINC-PINT expression tended to

originate from ccRCC patients with poor outcome. This

may be due to the intrinsically complex and diverse

biological mechanisms of LINC-PINT effects in different

cancer types.

PRC2 is a lysine methyltransferase that trimethylates

histone H3 at lysine 27. This modification is associated

with epigenetic gene silencing. PRC2 has three core

subunits, viz., the catalytic subunit EZH 1 or 2 (EZH1/

EZH2), Suppressor of Zeste 12 (SUZ12), and
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Embryonic Ectoderm Development (EED).19,20 Rinn

et al demonstrated that HOTAIR physically interacts

with PRC2 directly or indirectly and that the loss of

this interaction may reduce the ability of PRC2 to

methylate histone tails and silence transcription at the

HOXD locus.21 LINC-PINT has been reported to regu-

late downstream effectors via binding to PRC2 and

recruiting it to the promoter regions of genes identified
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in enhancing mitogen-activated protein kinase signaling,

extracellular matrix receptor interaction, and transform-

ing growth factor-β signaling.14 In this study, by using

the RIP assay, we found that LINC-PINT directly binds

EZH2 in ccRCC cells. Further experiments revealed that

knockdown of EZH2 partially rescued the effects

induced by LINC-PINT overexpression. Future research

will be needed to establish whether there are other

mechanisms by which LINC-PINT affects ccRCC

development.

Conclusion
In conclusion, we are reporting for the first time that LINC-

PINT is upregulated in ccRCC and that its expression level

correlates with the severity of ccRCC patient outcome.

LINC-PINT influenced biological properties of ccRCC cells

via direct interactions with EZH2. Additionally, in ccRCC

cells, p53 stimulated LINC-PINT expression. The results of

the present study suggest that LINC-PINT may serve as

a promising prognostic biomarker for ccRCC as it plays

a pivotal role in ccRCC development.
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