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Abstract. The present study aimed to investigate the influ-
ence of long non‑coding (lnc)RNA prostate cancer associated 
transcript (PCAT)19 on the progression of non‑small cell lung 
cancer (NSCLC). It was determined that PCAT19 expres-
sion was upregulated in NSCLC tissues and also predicted 
poor patient survival rate. Additionally, p53 expression was 
downregulated in NSCLC specimens, which was negatively 
correlated with PCAT19 expression. Moreover, in H1993 
NSCLC cells, silencing of the PCAT19 gene led to an increase 
in the expression of p53, whilst conversely, its overexpression 
led to p53 downregulation. PCAT19 silencing was associated 
with the decreased proliferation rate of NSCLC cells, while 
PCAT19 overexpression led to increased proliferation. In addi-
tion, p53 overexpression, achieved through the transfection 
of a p53 expression vector, attenuated the effects of PCAT19 
overexpression on cell proliferation. In conclusion, the present 
study demonstrated that PCAT19 negatively regulates the 
p53 tumor‑suppression pathway, promoting cancer cell 
proliferation in patients with NSCLC.

Introduction

Lung cancer is a highly prevalent malignancy and its incidence 
is increasing in numerous countries (1). In the United States, 
lung cancer was the second most prevalent cancer type in both 
men and women in 2018 (2). Moreover, lung cancer is respon-
sible for 26 and 25% of cancer‑related mortalities in men 
and women, respectively (2). Even following active treatment 
(such as surgical resection, chemo‑ and radiation therapy), 
<50% patients with lung cancer at Stage I (AJCC), and <5% 
of patients at Stage IV live longer than five years following 

initial diagnosis (3). In effect, the overall survival rates of lung 
cancer patients have not significantly improved during the past 
several decades, primarily due to the fact that early diagnosis 
is uncommon, and that the majority of patients with lung 
cancer are diagnosed at advanced disease stages (4,5).

The p53 pathway is a well‑characterized tumor‑suppres-
sive pathway implicated in a multitude of cancer types (6). 
It inhibits tumor progression via the regulation of various 
cancer cell properties, such as tumor cell proliferation, or 
the enhancement of tumor cell apoptosis (7). This pathway 
is frequently inactivated in cancer cells (8). The involvement 
of p53 in cancer development is known to be regulated by 
specific long non‑coding (lnc)RNAs (>200 nucleotides) (9). 
This family of RNAs is not protein coding, but participates 
in numerous cellular processes by regulating gene expres-
sion (10). Prostate cancer associated transcript 19 (PCAT19) is 
an oncogenic lncRNA involved in the progression of prostate 
cancer (11). Moreover, it has been discovered that PCAT19 can 
also promote the development of laryngeal carcinoma (12). The 
present study was performed to investigate the role of PCAT19 
in the progression of non‑small cell lung cancer (NSCLC), 
a major subtype of lung cancer, using both specimens from 
NSCLC patients and an NSCLC cell line.

Materials and methods

Patient selection and follow‑up. Jilin Province Tumor 
Hospital (Changchun, China) admitted a total of 155 patients 
with NSCLC between August 2011 and December 2013. For 
the present study, 66 cases (40 men and 26 women; mean 
age, 46‑ 68 years; age range, 57.7± 8.9 years) were selected 
according to the following inclusion criteria: i) The patients 
were newly diagnosed; and ii) agreed to a 5‑year follow‑up. 
The exclusion criteria were: i) Patients with recurrent NSCLC; 
ii) patients diagnosed with other diseases; and iii) patients that 
had received any other therapy <3 months before surgery. The 
66 patients comprised 12, 14, 16 and 24 cases of stages I‑IV 
cancer (AJCC), respectively. Follow‑up for the 66 patients 
occurred 5 years after the date of admission, and patient 
survival conditions were monitored and recorded. Follow‑up 
of patients that succumbed to unrelated diseases or accidents 
was excluded. All patients were informed of the experimental 
protocol and written informed consent was obtained from 
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every participant. The present study was approved by the 
Ethics Committee of Jilin Province Tumor Hospital.

Tissues and NSCLC cells. NSCLC and adjacent normal tissue 
samples (<3 cm from the tumor) were collected from each 
patient during diagnosis, via a histopathological biopsy. The 
tissue samples were independently confirmed by ≥3 patholo-
gists and the tissue weight ranged between 0.015 and 0.018 g. 
The H1993 human NSCLC cell line, obtained from the 
American Tissue Culture Collection, was used in the present 
study. Cells were cultured at 37˚C and 5% CO2, in RPMI‑1640 
medium (Sigma‑Aldrich; Merck KGaA) containing 10% fetal 
bovine serum (FBS; Sigma‑Aldrich; Merck KGaA).

Transient transfection. pcDNA3 vectors expresssing PCAT19 
and p53, and empty pcDNA3 vectors were purchased from 
Sangon Biotech Co., Ltd. PCAT19 small interfering (si)RNA 
(5'‑GAU​CCU​UAG​GUU​CUC​AGA​AAC‑3') and negative 
control (NC) siRNA (5'‑CGC​UUA​CCC​AAA​UGC​AUU​
GGC‑3') were purchased from Shanghai GenePharma Co., 
Ltd. H1993 cells were harvested at a confluence of 70‑80%, 
and 1x105 cells were transfected with 10 nM PCAT19‑ and 
p53‑expressing pcDNA3 vectors, (10  nM empty pcDNA3 
vector was used as the NC) 40 nM PCAT19 siRNA and 40 nM 
NC siRNA, using Lipofectamine 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Untransfected cells were used 
as the control (C). Subsequent experiments were performed 
using cells collected at 24 h post‑transfection.

Reverse transcription‑quantitative (RT‑q)PCR. TRIzol® 
reagent (Thermo Fisher Scientific, Inc.) was used to extract the 
total RNA from patient tissue samples (1 ml TRIzol®/0.015 g 
tissue) and H1993 cells (1 ml TRIzol®/1x105 cells). All RNA 
samples were quantified and DNase I digestion was performed 
(1 h at 37˚C). The SensiFAST™ cDNA Synthesis Kit (Bioline, 
Meridian Bioscience Inc.) was used to reverse‑transcribe RNA 
into cDNA according to the manufacturer's instructions, and 
the SYBR® Green Master Mix (Bio‑Rad Laboratories, Inc.) 
was used to prepare the PCR reaction mixtures according to 
the manufacturer's instructions. 18S rRNA was selected as the 
endogenous control and the expression of PCAT19 and p53 
mRNA were detected. The primer sequences were as follows: 
PCAT19 forward, 5'‑TCA​GAA​CAG​GGA​ACC​ATT​GG‑3' and 
reverse, 5'‑CAA​GAA​GAT​TCT​TAT​CAG​CT‑3'; p53 forward, 
5'‑GCC​CAA​CAA​CAC​CAG​CTC​CT‑3' and reverse, 5'‑CCT​
GGG​CAT​CCT​TGA​GTT​CCT‑3'; and human 18S rRNA 
forward, 5'‑CTA​CCA​CAT​CCA​AGG​AAG​CA‑3' and reverse, 
5'‑TTT​TTC​GTC​ACT​ACC​TCC​CCG‑3'. The thermocycling 
conditions were: 95˚C for 30 sec, 40 cycles of 95˚C for 10 sec 
followed by 55˚C for 40 sec. The mRNA levels were quanti-
fied using the 2‑ΔΔCq method and normalized to the internal 
reference gene (13).

Cell proliferation assay. H1993 cells were harvested at 24 h 
post‑transfection, and 3x104 cells were resuspended in 1 ml 
Eagle's Minimum Essential Medium (Sigma‑Aldrich; Merck 
KGaA) containing 10% FBS (Sigma‑Aldrich; Merck KGaA)) 
to produce a single‑cell suspension. Cell suspensions were 
added into a 96‑well cell culture plate at 0.1 ml per well. 
Triplicate wells were set for each cell transfection group, and 

the cells were incubated at 37˚C and 5% CO2 for 24, 48, 72 
or 96 h. Cell Counting Kit‑8 solution (10 µl; Sigma‑Aldrich; 
Merck KGaA) was added into the wells 4 h before the end of 
each time point according to the manufacturer's instructions. 
Following the addition of 10 µl DMSO, the optical density 
values were measured at 450 nm using a microplate reader.

Western blotting. PCAT19 cells were harvested at 24  h 
post‑transfection and 2x105  cells per sample were treated 
with 1 ml RIPA solution (Thermo Fisher Scientific, Inc.) to 
extract the total protein. The samples were quantified using 
a bicinchoninic acid assay. After denaturation, the protein 
samples were separated via SDS‑PAGE on a 10% gel and 
transferred onto PVDF membranes, which were subsequently 
blocked with 5% non‑fat milk for 20 min at room temperature. 
The membranes were then incubated with rabbit polyclonal 
primary antibodies against p53 (cat. no. ab131442; 1:800) and 
the endogenous control GAPDH (cat. no. ab9485; 1:800; both 
Abcam) overnight at 4˚C. Incubation with an IgG‑horse radish 
peroxidase secondary antibody (cat. no. MBS435036; 1:1,000; 
MyBioSource, Inc.) was used to further probe the membranes 
at 25˚C for 2 h. Bands were visualized using ECL reagents 
(Sigma‑Aldrich; Merck KGaA) and processed using ImageJ 
software (version 1.46; National Institutes of Health).

Statistical analysis. All experiments were performed in 
triplicate and mean values were calculated to perform data 
comparisons. Data were expressed as the means ± standard 
deviation. Differences in gene expression between normal 
and NSCLC tissues were analyzed using a paired Student's 
t‑test. Differences in cell proliferation or gene expression 
among different cell groups were analyzed using ANOVA 
(one‑way) followed by Tukey's post‑hoc test. Linear regression 
was used to conduct correlation analysis. Based on Youden's 
index, the 66 cases were grouped into low‑ and high‑PCAT19 
expression level groups, with 30 and 36 patients in each group, 
respectively. Kaplan‑Meier analysis and the log‑rank test were 
used to construct and compare survival curves. P<0.05 was 
considered to indicate a statistically significant difference.

Results

PCAT19 is upregulated in NSCLC tissues and correlates with 
poor survival time in patients with NSCLC. PCAT19 expres-
sion levels in NSCLC and paratumor tissues collected from 
patients with NSCLC (n=66) were determined using RT‑qPCR. 
Differences in expression levels between these two groups were 
compared using the paired Student's t‑test. The results indicated 
that the expression level of PCAT19 was significantly higher 
in 59/66 NSCLC tissues compared with the paratumor tissues 
(P<0.05; Fig. 1A). Survival curves were plotted for high‑ and 
low‑PCAT19 expression groups. It was found that the overall 
survival rate of the high‑expression level group was signifi-
cantly lower than that of the low‑expression level group (P<0.05; 
Fig. 1B). Expression levels of PCAT19 increased slightly in 
patients at more advanced clinical stages, but the changes were 
not statistically significant (data not shown).

p53 expression is negatively correlated with that of PCAT19. 
Expression levels of p53 in the paratumor and tumor tissues of 
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NSCLC patients (n=66) were also quantified using RT‑qPCR. 
The data between the two tissue types were compared using 
the paired Student's t‑test. Expression levels of p53 mRNA 
were significantly lower in NSCLC tissues compared with 
normal tissues (P<0.05; Fig. 2A). The correlation between 
p53 and PCAT19 expression levels was analyzed using linear 

regression. It was found that the expression levels of p53 and 
PCAT19 exhibited a significant negative correlation in normal 
(Fig. 2B) and NSCLC tissues (Fig. 2C).

PCAT19 negatively regulates p53 expression in H1993 cells. 
PCAT19 and p53 expression vectors, and PCAT19‑siRNA, 

Figure 1. PCAT19 is upregulated in NSCLC tissues, which correlates with poor overall survival time. (A) PCAT19 levels determined using reverse transcrip-
tion‑quantitative PCR and compared using the Paired Student's t‑test indicated that the expression levels of PCAT19 were significantly higher in NSCLC, 
compared with normal tissues. (B) Kaplan‑Meier survival curve analysis showed that the overall survival rate of the high‑PCAT19 group was significantly 
lower than that of low‑PCAT19 group. *P<0.05. PCAT19, prostate cancer associated transcript 19; NSCLC, non‑small cell lung cancer.

Figure 2. p53 expression is negatively correlated with PCAT19 expression. (A) p53 expression levels determined using reverse transcription‑quantitative PCR 
and compared using the Paired Student's t‑test, indicated that expression levels of PCAT19 were significantly lower in NSCLC, compared with normal tissues. 
Linear regression revealed that p53 and PCAT19 were inversely and significantly correlated in (B) normal and (C) NSCLC tissues. *P<0.05. PCAT19, prostate 
cancer associated transcript 19; NSCLC, non‑small cell lung cancer.
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Figure 3. PCAT19 negatively regulates p53 expression in H1993 cells. (A) PCAT19 and p53 expression levels were significantly altered 24 h after the trans-
fection of PCAT19 and p53 expression vectors, and PCAT19 siRNA, compared with the control and negative control groups. (B) PCAT19 silencing led 
to upregulated, while PCAT19 overexpression led to downregulated p53 expression at both the mRNA and protein levels. (C) Expression of PCAT19 in 
H1993 cells was not significantly affected by transfection with the p53 expression vector. *P<0.05. PCAT19, prostate cancer associated transcript 19; NSCLC, 
non‑small cell lung cancer; siRNA, short interfering RNA.
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were used to transfect H1993 cells. PCAT19 and p53 expression 
levels were significantly altered at 24  h post‑transfection 
compared with the control (non‑transfected cells) and negative 
control groups (cells transfected with an empty vector or NC 
siRNA) (P<0.05; Fig. 3A). Moreover, in the two control groups, 
PCAT19‑silencing resulted in the upregulation, whilst PCAT19 
overexpression led to the downregulation of p53 at both the 
mRNA and protein levels (P<0.05; Fig. 3B). However, expres-
sion of PCAT19 in H1993 cells was not significantly affected 
by the transfection of the p53 expression vector (Fig. 3C).

PCAT19 regulates H1993 cell proliferation through p53. Cell 
proliferation data were compared among groups by performing 
one‑way ANOVA followed by Tukey's post‑hoc test. It was 
observed that compared to the two controls, PCAT19‑silencing 
led to a decrease, whilst PCAT19 overexpression led to an 
increase in the proliferation rate of NSCLC cells. Furthermore, 
p53 overexpression attenuated the effects of PCAT19 overex-
pression on cellular proliferation (P<0.05;Fig. 4).

Discussion

In the present study, the functionality and clinical value of 
PCAT19 for use in the treatment of NSCLC was evaluated. 
It was discovered that PCAT19 expression was upregulated in 
NSCLC tissues, and may promote cancer cell proliferation by 
negatively regulating the expression level of p53. In addition, 
high expression levels of PCAT19 predicted poorer overall 
survival times in NSCLC patients compared with patients with 
low expression levels.

The same lncRNAs are likely to play similar roles in different 
types of cancer. For example, HOX transcript antisense RNA 
(HOTAIR) is upregulated in most, if not all types of cancer, 
and the overexpression of HOTAIR promotes cancer cell inva-
sion and migration, and suppresses apoptosis (14). However, the 

pathogenesis of different types of cancer is different. Therefore, 
it is not reasonable to use the function of a specific lncRNA in 
one type of cancer to speculate or predict its role in another. 
For example, lncRNA taurine‑upregulated gene  1 (TUG1) 
is upregulated in a number of malignancies, and promotes 
these cancers in similar ways, such as initiating cell invasion 
and proliferation (15). However, in a recent study, Li et al (16) 
reported that TUG1 promoted cancer cell apoptosis in glioma, 
indicating its tumor‑suppressive function in this disease. The 
oncogenic role of PCAT19 has been published in prostate cancer 
and laryngeal carcinoma (11,12). To the best of our knowledge, 
the present study is the first to report the upregulated expression 
of PCAT19 in NSCLC. The positive regulation of cancer cell 
proliferation by PCAT19 was also revealed. Therefore, PCAT19 
is likely to be an oncogenic lncRNA in NSCLC.

Early diagnosis of NSCLC is uncommon and problematic, 
primarily because of non‑specific and late‑developing symp-
toms, but also due to a lack of reliable biomarkers (17). To improve 
survival rates in patients with NSCLC, it is critical to improve 
diagnosis, and more accurately understand disease progression 
and the risk of mortality. The present study indicates that patients 
with high expression levels of PCAT19 were significantly more 
likely to exhibit low survival rates. Therefore, measurement of 
pre‑treatment levels of PCAT19 may help to improve the prog-
nosis of patients with NSCLC.

p53 signaling in cancer biology can be regulated by certain 
specific lncRNAs (18). In the current study, it was determined 
that PCAT19 is a negative regulator of p53 and influences the 
proliferation of NSCLC cells. Moreover, PCAT19 has previ-
ously been found to regulate micro RNA (miR)‑182, which 
exhibits crosstalk with p53 (19). Therefore, miR‑182 may be a 
mediator of the interaction between PCAT19 and p53.

In conclusion, the present study demonstrates that PCAT19 
is upregulated in NSCLC tissues and may promote the 
proliferation of NSCLC cells via the downregulation of p53.
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