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 Background: Lung cancer is among the most common causes of cancer-related deaths worldwide, but its tumorigenic mech-
anisms are largely unknown. Long non-coding RNAs (LncRNAs) have been shown to have significant roles in 
multiple cancers. Herein, we aimed to elucidate the detailed effects of a newly-discovered LncRNA, termed 
PRAL, on cell proliferation in lung cancer.

 Material/Methods: A total of 100 lung cancer patients were subjected to RT-PCR analysis to detect the expressions of PRAL. Western 
blot analysis was performed to examine P53 protein levels. PRAL plasmid and specific siRNA against P53 was 
transfected into lung cancer cell lines NCI-H929 and A549. Cell viability assay was conducted in the presence 
or absence of siP53.

 Results: The transcript level of PRAL in human lung cancer was remarkably decreased in vivo compared with their ad-
jacent non-cancerous counterparts, and the protein levels of P53 were accordingly suppressed. Moreover, the 
expression of PRAL was also decreased in all of the 5 lung cancer cell lines. Transfection of PRAL plasmid in-
hibited cell proliferation in NCI-H929 and A549 cells and promoted the transcription of P53; however, knock-
down of P53 caused no notable effects on PRAL transcription, but it retarded the inhibitory effects mediated 
by PRAL.

 Conclusions: The transcript level of PRAL was decreased in lung cancer in vivo and in vitro. Overexpression of PRAL inhibited 
cell proliferation by upregulating the expression of P53. Our results indicate that PRAL might be a tumor sup-
pressor in lung cancer and thus provides novel clues for the diagnosis and treatment for lung cancer in clini-
cal practice.
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Background

Lung cancer is among the most common causes of cancer-re-
lated deaths worldwide, accounting for 25%, exceeding deaths 
from breast cancer, prostate cancer, and colon cancer com-
bined [1]. Although great efforts have been made to improve 
the diagnosis and treatment of lung cancer patients, more 
than 80% of cases with lung cancer are diagnosed with local-
ly advanced or metastatic disease [2]. Thus, it is a high priority 
to find novel clues to diagnose lung cancer in an early stage.

Long non-coding RNAs (LncRNAs) are a class of RNAs with a 
length of more than 200 nucleotides and without the abili-
ty to encode proteins due to the lack of open reading frame 
(ORF) [3,4]. Accumulating evidence have been shown that 
LncRNAs play significant roles in tumorigenesis of lung can-
cer. For example, Liu et al. found LncRNA MALAT1 promoted 
cancer progression and inhibited cell apoptosis in human lung 
cancer cells [5]. Overexpression of LncRNA AGAP2-AS1 inter-
acted with EZH2 and LSD1 and inhibited LATS2 and KLF2 ex-
pression in human non-small-cell lung cancer cell [6], indicat-
ing the pro-oncogenic potential of this new-discovered LncRNA.

P53 protein, which is a well-known tumor suppressor, plays 
essential roles in the process of tumorigenesis through multi-
ple mechanisms, such as DNA damage repair, cell cycle regu-
lation, and cell death control [7,8]. The pivotal effects of P53 
have been further underscored by the high frequency of its 
somatic mutations in cancer patients, as high as 36.1% [9]. 
P53 regulation-association LncRNA (LncRNA PRAL) showed its 
essential role in human hepatocellular carcinoma (HCC) [10]. 
PRAL genomic alterations were related with poor prognosis of 
HCC patients and involved in P53-mediated HCC growth and 
apoptosis. However, the detailed mechanisms underlying the 
regulatory role of PRAL remain largely unknown.

In this study, we aimed to explore the role of PRAL in human 
lung cancer. To this end, we examined the expression of PRAL 
in vivo and in vitro by RT-PCR analysis. Cell viability assay 
was performed in lung cancer cell lines NCI-H929 and A549. 
Overexpression of PRAL inhibited cell proliferation in both cell 
lines. The relative expression of P53 was also detected with RT-
PCR and Western blot analysis. Our data indicated that PRAL 
functioned as a tumor suppressor by interaction with P53 in 
human lung cancer, which might provide novel clues for the 
diagnosis and treatment of lung cancer in clinical practice.

Material and Methods

Human samples

This study was approved by the Ethics Committee of Xi’an Red 
Cross Hospital. A total of 100 patients diagnosed with lung can-
cer were admitted to this study and all patients showed their 
full intentions to participate in our study. Prior to the surgery, 
no chemotherapy or radiotherapy was received by any patient. 
The tumor tissues and their adjacent non-cancerous counter-
parts were frozen in liquid nitrogen once dissected from pa-
tients and subjected to subsequent analysis.

Cell culture and transfection

Normal lung epithelial cell MRC-5 and 5 lung cancer cell lines (H-
125, A549, 95D, NCI-H929, and H1975) were all purchased from 
the American Type Culture Collection (ATCC, Massachusetts, 
USA). Cells were cultured with recommended media supplied 
with 10% fetal bovine serum (FBS, Gibco, NY, USA) at 37°C 
in a humidified 5% CO2 incubator. Cell transfection was per-
formed with lipofectamine 2000 (Invitrogen, NY, USA) accord-
ing to the manufactures’ instructions.

Plasmids and siRNAs

PRAL-expressing plasmid was treated with pcDNA3.0 vector 
obtained from GenePharma Co. (Shanghai, China). Specific 
siRNA against P53 (5’-CUACUUCCUGAAAACAACGdTdT-3’) and 
control siRNA ((5’-UUCUCCGAACGUGUCACGUTT-3’) were syn-
thesized by Shengong (Shanghai, China). Both plasmid and siR-
NAs were dissolved into distilled water at a concentration of 
20 μM as a stocking solution.

RNA isolation and real-time polymerase chain reaction

Total RNAs from clinical samples and cultured cells were extract-
ed by TRIzol reagent (TaKaRa, Dalian, China) with a dose of 1 
ml/well for 6-well plates and quantified by Nanodrop 2000 by 
measuring the absorbance of 260 nm and 280 nm. cDNAs were 
reversely transcribed by use of a synthesis kit (TaKaRa). RT-PCR 
was performed with the SYBR Premiers Ex Taq Kit (TaKaRa) in 
an ABI PRISM 7900 real-time system (ABI Co., NY, USA). The 
procedure is briefly described below: denaturation (95°C for 
2 min), annealing (40 repetition of 95°C for 30 s and 60°C for 
60 s) and extension (72°C for 10 min). The primers used were 
synthesized by Shengong Co. (Shanghai, China). PRAL: for-
ward: 5’-GGCAGAGTCTCGCTTGGT-3 and reverse: 5’-GAAACTCC 
GTCTCCGCTAA-3’. P53: forward: 5’-TTGAGGTGCGTGTTTGTG-3’ 
and reverse: 5’-CTGGGCATCCTTGAGTTC-3’. GAPDH: forward: 
5’-CGGATTTGGTCGTATTGGG-3’ and reverse: 5’-CTGGAAGATGG 
TGATGGGATT-3’. GAPDH was included as an internal control.
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Western blot analysis

Western blotting analysis was performed as per the manufac-
turer’s protocols. Total proteins from human samples were ex-
tracted by lysis buffer (Beyotime, Nanjing, China). Protein quality 
and quantity were determined with the Bradford dye-binding 
protein kit (Bio-Rad Laboratories, CA, USA). Afterward, a total 
of 40 μg protein was loaded onto a 10% SDS polyacrylamide 
gel and transferred to a PVDF membrane. The primary antibod-
ies against P53 were purchased from Cell Signal Technology 
(Danvers, MA, USA). Primary antibody against GAPDH and 
secondary antibodies were obtained from Santa Cruz Biotech 
(Santa Cruz, CA, USA). Immunoreactivity of proteins of each 
sample was determined by enhanced chemoluminescent au-
toradiography (Thermo Scientific) using a FluorChem Q system 
(Proteinsimple, Santa Clara, CA, USA). Blots were quantified 
using Quantity One (Bio-Rad Laboratories, CA, USA).

Cell viability assays

Cell viability was assessed by cell counts and Bromo-
deoxyuridine (BrdU) incorporation (Millipore, USA). Briefly, 
NCI-H929 and A549 cells were transfected with PRAL-
expressing plasmid with or without siP53 and allowed to 
grow for 48 h. Then, cells were replaced with serum-free me-
dia for 24 h, trypsinized and collected by low-speed centrifu-
gation (1000 rpm). Equal numbers (5000 cells) of NCI-H929 or 
A549 cells from each group were seeded into 96-well plates 
and incubated in culture medium (10% FBS) supplemented 
with 10 μM BrdU. BrdU incorporation was detected with ad-
ditional peroxidase substrates. Spectrophotometric detection 
was performed at the wave length of 450 nm with a micro-
plate reader (TECAN, NY, USA).

Statistically analysis

All data are presented as means ± standard derivation (SD) 
unless otherwise stated. The Student’s t-test was included 
between variables. All statistical analyses were assessed with 
SPSS PASW Statistics 18.0 software (Chicago, IL, USA) and 
values of p<0.05 were considered as statistically significant.

Results

The transcript level of PRAL was decreased in human lung 
cancer and associated with cancer progression

First, we examined the relative expressions of PRAL in clinical 
lung cancer patients. A total of 100 patients diagnosed with 
lung cancer were admitted into the study, and their tumor tis-
sues and adjacent non-cancerous tissues were subjected to 
RNA extraction and RT-PCR analysis. As shown in Figure 1A, the 
relative transcript level of PRAL was significantly decreased, 
of which 92% of lung cancer cases showed lower expressions 
compared with the average PRAL level in their adjacent non-
cancerous counterparts. Afterwards, the patients were clas-
sified into 2 groups after excluding 4 cases without essen-
tial information: early stage (n=41) and late stage (n=55), the 
latter of which are those patients diagnosed with metastatic 
tumors. RT-PCR analysis revealed that the relative transcript 
level of PRAL was further suppressed in the tissues from ad-
vanced lung cancer patients compared with those in early 
stage (Figure 1B).

Next, 4 cases from advanced lung cancer patients were ran-
domly selected and RT-PCR assays showed that the transcript 
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Figure 1.  The transcript level of PRAL was decreased in human lung cancer and was associated with cancer progression. (A) Tumor 
tissues and their adjacent non-cancerous tissues from 100 lung cancer patients were subjected to RT-PCR analysis to 
examine the transcript level of PRAL. (B) Ninety-six of the 100 cancer patients were classified into 2 groups: early stage 
(n=41, without tumor metastasis) and late stage (n=55, with tumor metastasis) and subjected to RT-PCR analysis. The other 
4 cases were excluded due to missing information.
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level of PRAL was lower in each case compared to their counter-
parts (Figure 2A). MRC-5 cells are derived from human healthy 
lung epithelial tissues and used here as a control. Figure 2B 
shows that all of the 5 lung cancer cell lines exhibited low-
er PRAL transcript levels compared with that in MRC-5 cells, 
of which the expression of PRAL in A549 and NCI-H929 cells 
was the lowest. Of note, these 2 cell lines originated from ad-
vanced lung cancer patients. Thus, A549 and NCI-H929 cells 
were selected for subsequent analysis for the detailed roles of 
PRAL in human lung cancer. These data suggest that the ex-
pression of PRAL is remarkably decreased in human lung can-
cer and is associated with cancer progression.

Overexpression of PRAL inhibited cell proliferation in lung 
cancer cell lines

We aimed to elucidate the role of PRAL in lung cancer; to this 
end, PRAL-expressing plasmid was constructed and transfect-
ed into A549 and NCI-H929 cells. The relative transcript level 
of PRAL was upregulated by 3.3-fold in NCI-H929 cells and by 
3-fold in A549 cells upon transfection of PRAL plasmid com-
pared to the control cells, indicating the high efficiency of 
the expressing plasmid and transfection process (Figure 3A). 
Afterwards, cell proliferation assay showed that in the previ-
ous 2 days, no notable difference was observed in the 3 experi-
mental groups. However, the cell proliferative rate was remark-
ably decreased by 17.3% on the third day, 18.3% on the fourth 
day, and 20% on the fifth day in NCI-H929 cells (Figure 3B). 
Likewise, cell proliferation of A549 cells was also retarded on 
the fourth and fifth day by approximately 15% upon overexpres-
sion of PRAL compared with the control A549 cells (Figure 3C). 

These results revealed that overexpression of PRAL inhibited 
cell proliferation in lung cancer cell lines NCI-H929 and A549.

The expression of P53 was accordingly decreased by PRAL 
overexpression in lung cancer patients

The potential association between PRAL and P53 has been 
previously shown in human hepatocellular carcinoma [10], so 
we next explored the detailed mechanism of PRAL concern-
ing the inhibitory effects on lung cancer cell proliferation. First, 
we examined the relative expressions of P53 in 100 lung can-
cer patients. As shown in Figure 4A, the P53 expression was 
significantly decreased in tumor tissues compared with their 
non-cancerous counterparts, and it was positively related with 
that of PRAL in these lung cancer patients (r2=070, P<0.0001, 
Figure 4B). The 4 cases mentioned above (Figure 2A) were also 
used to explore the expression of P53. Figure 4C shows that 
the relative mRNA levels of P53 in tumor tissues were signifi-
cantly lower compared with their adjacent non-cancerous coun-
terparts, the tendency of which was consistent with those of 
PRAL transcript levels. Afterwards, Western blot analysis showed 
that the protein levels of P53 in the 4 advanced lung cancer 
patients were also suppressed, consistent with transcriptional 
levels (Figure 4D). We also examined the expression of P53 in 
NCI-H929 and A549 cells, but no detectable P53 protein was 
observed with Western blot assays (data not shown). These 
results suggested that the expression of P53 was associated 
with that of PRAL in lung cancer cells.
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Figure 2.  The transcript level of PRAL was suppressed in vivo and in vitro. (A) Four cases from late-stage patients were randomly 
selected and subjected to RT-PCR analysis. In each patient, the relative transcript level of PRAL in tumor tissues was 
significantly lower than in their adjacent non-tumor counterparts. * P<0.05, as indicated. (B) Normal lung epithelial cell line 
MRC-5 and 5 lung cancer cell lines (H-125, A549, 95D, NCI-H929, and H1975) were included to assess the expression of PRAL. 
* P<0.05, vs. MRC-5.
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Knockdown of P53 in NCI-H929 and A549 cells relieved 
the inhibitory effects of PRAL on cell proliferation

We examined the detailed role of P53 in the inhibitory effects 
of PRAL on cell proliferation with specific siRNA against P53. 
Transfection of PRAL-expressing plasmid upregulated the tran-
script level of PRAL in both cell lines, and transfection of siP53 
caused no notable changes in PRAL transcript levels (Figure 5A). 
However, P53 mRNA levels were significantly increased upon 
overexpression of PRAL in NCI-H929 and A549 cells, indicat-
ing that LncRNA PRAL promoted the expression of P53 in lung 
cancer (Figure 5B). Moreover, transfection of siP53 significant-
ly blunted the upregulation of P53 by PRAL overexpression, 
while control siRNA caused no changes in P53 transcription 
in either cell line (Figure 5B).

Subsequently, cell proliferation assay revealed that transfec-
tion of PRAL-expressing plasmid suppressed cell proliferative 
rate, which was remarkably blunted by knockdown of P53 in 
NCI-H929 cells (Figure 5C). Similarly, in A549 cells, the pro-
liferative rate was slightly and insignificantly lower in the 
PRAL+siP53 group than that in the control group, and that in the 
PRAL plasmid group was almost the same as in the PRAL+siNC 
group. However, the proliferative rate was significantly inhibit-
ed after knockdown of P53 in PRAL-overexpressed A549 cells 
(Figure 5D). All of these data suggest that PRAL promotes the 
expression of P53 in lung cancer cells. Knockdown of P53 re-
lieves the inhibitory effects of PRAL on cell proliferation, which 
means that P53 is essential in this process.
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Figure 3.  Overexpression of PRAL inhibited cell proliferation in lung cancer cell lines. (A) PRAL-expressing plasmid cloned into 
pcDNA3.0 backbone vector was transfected into NCI-H929 and A549 cells and cell lysate was used for RT-PCR analysis. 
* P<0.05, vs. Control in NCI-H929 cells. # P<0.05, vs. Control in A549 cells. (B) Cell proliferative rate was explored upon 
overexpression of PRAL in NCI-H929 cells during 5 consecutive days. The cell proliferative rate in the control group on the 
first day was set as 1. * P<0.05, vs. Control in NCI-H929 cells. (C) Cell proliferative rate was explored upon overexpression of 
PRAL in A549 cells during 5 consecutive days. The cell proliferative rate in the control group on the first day was set as 1. 
# P<0.05, vs. Control in A549 cells.
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Discussion

Lung cancer is characterized by uncontrolled cell growth in 
the tissues of the lungs [11,12], the most common symptoms 
of which are coughing, weight loss, shortness of breath, and 
chest pains [13,14]. Researchers have focused on finding nov-
el molecular biomarkers for the early diagnosis of lung can-
cer in the past decades; however, until now, no reliable thera-
peutic targets are clinically used. Therefore, this area requires 
additional research.

LncRNAs have been shown to have regulatory roles in gene 
transcription, gene translation, posttranscriptional modifica-
tion, and tumorigenesis, working as either oncogenic gene 
or tumor suppressors in various cancers. Ma et al. showed 
LncRNA ATB promoted glioma malignancy by negatively reg-
ulating miR-200a, indicating the oncogenic potential of this 
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Figure 4.  The expression of P53 was accordingly decreased with PRAL in lung cancer patients. (A) The relative expression of P53 was 
examined in 100 clinical lung cancer patients by qRT-PCR. (B) The expression of P53 was positively correlated with that of 
PRAL in the 100 lung cancer patients. r2=070, P<0.0001. (C) RNAs from 4 randomly selected lung cancer patients in late stage 
were extracted and subjected to RT-PCR analysis to explore the expression of P53 in lung cancer. * P<0.05, as indicated. (D) 
Total proteins from the 4 lung cancer patients were extracted and subjected to Western blot analysis to assess the protein 
level of P53 in lung cancer patients. The numbers nearby the blots of P53 were quantified values for each lane, with the 
value in each non-tumor group set as 1.

LncRNA [15]. Zhu et al. demonstrated that LncRNA LOC572558 
inhibited cell proliferation and tumor growth in human blad-
der cancer through regulation of the AKT-MDM2-P53 signal-
ing axis [16]; thus, this LncRNA works as a tumor suppressor.

In our study, LncRNA PRAL also worked as a tumor suppressor 
in human lung cancer. PRAL locates on chromosome 17p13.1 
and is often deleted in HCC patients. Our results also showed 
that the transcript level of PRAL was decreased in lung cancer 
in vivo and in vitro. Overexpression of PRAL inhibited cell prolif-
eration in lung cancer cell lines NCI-H929 and A549 (Figure 3). 
However, these inhibitory effects of PRAL depended on the ex-
pression of P53. Overexpression of PRAL upregulated the mRNA 
level of P53 in NCI-H929 and A549 cells, whereas knockdown 
of P53 caused no effects on the transcript level of PRAL. Of 
note, depletion of P53 blunted PRAL-mediated inhibitory ef-
fects on cell proliferation (Figure 5).
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Figure 5.  Knockdown of P53 in NCI-H929 and A549 cells relieved the inhibitory effects of PRAL on cell proliferation. (A) Both NCI-H929 
and A549 cells were transfected with PRAL-expressing plasmid with or without siNC/siP53 and the relative transcript level 
of PRAL was explored in these experimental cells.* P<0.05, vs. Control in NCI-H929 cells. # P<0.05, vs. Control in A549 cells. 
(B) Both NCI-H929 and A549 cells were transfected with PRAL-expressing plasmid with or without siNC/siP53 and the mRNA 
levels of P53 were explored in these experimental cells. * P<0.05, vs. Control in NCI-H929 cells. # P<0.05, vs. Control in A549 
cells. (C) NCI-H929 cells were transfected with PRAL-expressing plasmid with or without siNC/siP53 and the proliferative rate 
was explored in these experimental cells. * P<0.05, vs. Control. (D) A549 cells were transfected with PRAL-expressing plasmid 
with or without siNC/siP53 and the proliferative rate was explored in these experimental cells. # P<0.05, vs. Control.

The tumor-suppressor protein P53 is a widely studied tran-
scription factor that induces cell growth arrest or apoptosis in 
response to multiple stress signals. Downregulation or inacti-
vation of P53 is the most common event observed in human 
cancers [17,18]. Our data also revealed that P53 was down-
regulated in human lung cancer and was associated with the 
PRAL-mediated inhibitory effects on cell proliferation. Other 
molecules might also be involved in the process, such as HSP90, 
and the potential interaction of HSP90 and P53 was explored 
previously [19]. P53 was demonstrated to utilize a HSP90-
denpendent movement system to translocate to the nucleus 
[20]. Thus, our next step is to identify the specific mechanism 
involved in PRAL, P53, and HSP90.

Conclusions

Our study showed that PRAL might work as a tumor suppressor 
in human lung cancer and provided novel clues for the diagno-
sis and treatment of lung cancer patients in clinical practice.
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