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Abstract: LncRNAs play significant roles in various cell biological processes. In the present study, we demonstrated
that PICART1 expression was down-regulated in non-small cell lung cancer (NSCLC) tissues. Lower expression level
of PICART1 was associated with advanced stage. In addition, PICART1 expression was down-regulated in NSCLC cell
lines. Overexpression of PICART1 inhibited NSCLC cell growth and induced cell cycle arrest at G2/M phase. Elevated
expression of PICART1 suppressed NSCLC cell colony formation and cell invasion. Ectopic expression of PICART1
promoted the expression of epithelial marker E-cadherin while suppressed the mesenchymal marker expression
such as N-cadherin and Snail and Vimentin. Furthermore, PICART1 overexpression suppressed AKT phosphoryla-
tion and c-Myc expression while inhibited the p21 expression in NSCLC cell. AKT phosphorylation was involved in
PICART1 mediated suppression of cell growth and invasion. These results suggested that overexpression of PICART1

suppressed cell growth and invasion partly through regulating AKT signaling pathway in NSCLC.
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Introduction

Lung cancer ranks the leading cause of tumor-
related death worldwide [1-5]. This tumor con-
sists of two groups: non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC) [6-8].
NSCLC is further divided into subtypes of large
cell carcinoma, adenocarcinoma and squa-
mous cell carcinoma [6, 9-11]. The predomi-
nant subtype of lung cancer is adenocarcinoma
[12-14]. The causes of NSCLC are attributed to
the combination of genetic factors, air pollu-
tion, radon gas, tobacco smoke and other fac-
tors [15-17]. It is challenging to diagnose lung
cancer at early stage and most cases are diag-
nosed at advanced stage [7, 18, 19]. Therefore,
it is important to study the mechanisms under-
lying NSCLC metastasis and invasion and find
novel therapeutic strategies for NSCLC.

Long non-coding RNAs (IncRNAs) are longer
than 200 nucleotides in length with no or limit-
ed protein-coding capacity [20-23]. Accumu-

lating studies proved that IncRNAs were in-
volved in various biological processes including
cell growth, development, differentiation, inva-
sion and fate decision [24-27]. Moreover,
IncRNAs were deregulated in many tumors su-
ch as osteosarcoma, hepatocellular carcinoma,
gastric cancer, colorectal cancer, gallbladder
cancer and bladder cancer [28-33]. Recently, a
new INncRNA p53-inducible cancer-associated
RNA transcript 1 (PICART1) was identified by
using transcriptome sequencing analysis [34].
Previous evidences showed that PICART1 ex-
pression was down-regulated in colorectal and
breast cancer. However, the expression and
role of PICART1 are still unknown in NSCLC.

The present study tried to determine the expr-
ession and role of PICART1 in NSCLC. We dem-
onstrated that PICART1 expression level was
down-regulated in NSCLC tissues compared to
the paired adjacent non-cancerous tissues.
Moreover, overexpression of PICART1 inhibited
NSCLC cell proliferation and induced cell cycle
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Table 1. Primer sequence

RNA were extracted. Our study

was approved by the ethics

Name Sequence (5’-3’) i i »
Real-time PCR primer sequence committee of The First Affilia-
U6 snRNA CTCGCTTCGGCAGCACATATACT }:Z(Ij UHn?VS:r';i'y °JVr'i't'?E::'20r'\]/'s‘Z‘:]'£
) ACGCTTCACGAATTTGCGTGTC from each patient was obtain-
Cyclin D1 AACTACCTGGACCGCTTCCT ed. Human lung adenocarci-
CCACTTGAGCTTGTTCACCA noma cell lines (A549, H23,
GAPDH AATGGGCAGCCGTTAGGAAA H1299 and SPC-A1) and one
TGAAGGGGTCATTGATGGCA bronchial epithelial cell line
Vimentin GAAGAGGTTAGTGGAGTGA (16HBE) were purchased from
TGCTGTTCCTGAATCTGA Cell Biology of Shanghai Ins-
titute (Shanghai, China) and
were kelpt in the RPMI-1640
A2 (Hyclone, USA) and Dulbecco’s
. Modified Eagle Medium (DM-
g':-? EM) supplemented with penici-
55 ° llin-streptomycin (Sigma, USA)
éff___1 and 10% FBS (Invitrogen-
3% GIBCO). pcDNA-PICART1 vec-
e tor and the control vector were
i obtained from the GenePhar-
| ma company (Shanghai, Chi-
B ] 040,081 c , ,&| na). Cell tranfection was car-
- s WA ried 0L_Jt by using thg Lipo-
5% A A g R fectamine 2000 (Invitrogen,
§24 Asaiast, JTve, %E 3 “ . USA) following to the manufac-
g% ] A::A: itr_ é§ N Ayan v turer’s information.
sa e TR 32 aa v
& ? W '@;W Quantitative real-time poly-
¢ No-tumor tissues  Tumor tissues 0 |+'|| III*I-IV merase chain reaction (qQRT-
PCR)

Figure 1. PICART1 expression was decreased in the NSCLC samples. A. The

expression of PICART1 in NSCLC tissues and paired adjacent non-cancer-
ous tissues was detected by gRT-PCR. B. The expression level of PICART1
was lower in the NSCLC tissues compared to paired adjacent non-cancer-
ous tissues. C. The PICART1 expression level in the late-stage (I11+1V) NSCLC
patients was lower than in the early-stage (I+11) NSCLC patients. Statistically

significant difference was determined using Student’s t test.

arrest at G2/M phase. Elevated expression of
PICART1 suppressed NSCLC cell colony forma-
tion and cell invasion.

Materials and methods

Patient samples and cell cultured and trans-
fected

A total of 40 NSCLC samples and paired adja-
cent non-cancerous tissues were gathered
from The First Affiliated Hospital of Harbin
Medical University. None of these cases under-
went radiotherapy or chemotherapy before sur-
gery. All samples were collected and immedi-
ately stored at the -80°C until the protein and

4194

Total RNAs from samples or tis-
sues were extracted by using
TRizol reagent (Invitrogen, USA)
and cDNA was synthesized fol-
lowing to the manufacturer’s
protocol. Quantitative real-time
PCR (gRT-PCR) was carried out to determine
the expression of PICART1 and cyclin D1,
E-cadherin, N-cadherin, Snail and Vimentin by
using SYBR Green gPCR Mixes (Invitrogen, CA)
following to the manufacturer’s information.
gRT-PCR was conducted on the 1Q5 real-time
PCR System machine. The primers were shown
in the Table 1.

Western blot analysis

Total protein lysates were extracted from cells
or tissues. Equal amounts of protein were sepa-
rated by using 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene difluoride
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Figure 2. Overexpression of PICART1 suppressed NSCLC cell proliferation
and cell cylce. A. The expression level of PICART1 in the lung adenocarcino-
ma cell lines (A549, H23, H1299 and SPC-A1) and one bronchial epithelial

N with 75% cold ethanol over-
f night. Then, the cell was centri-
fuged and resuspended in PBS
and treated with propidium
iodide (PI) and ribonuclease A.
The data were analyzed by flow
cytometric analysis on the flow
cytometer (FACSort, San Jose,
CA, USA). For cell colony forma-
tion, cells were cultured in the
six-well and continued to cul-
ture for 2 weeks. The colonies
were treated with 10% formal-
dehyde and stained with 1%
crystal violet. Cell invasion was
measured by using matrigel
coated transwell chambers
(Millipore, MA, USA). Cells were
cultured on the upper chamber
with no serum. The medium
with 10% FBS was added in
the bottom well as the che-
moattractant. The invasive ce-
lls were fixed with 1% crystal
violet and counted.

cell line (16HBE) was measured by qRT-PCR. B. The PICART1 expression

was measured in the A549 cell after treated with pcDNA-PICART1 using
gRT-PCR. C. CCK-8 assay was performed to detect the A549 cell prolifera-

Statistical analysis

tion. Ectopic expression of PICART1 decreased the A549 cell proliferation.

D. Overexpression of PICART1 suppressed the expression of cyclin D1 in
the A549 cell. E. Elevated expression of PICART1 suppressed the A549 cell
cycle. *P<0.05, **P<0.01 and ***P<0.001. Statistically significant differ-

ence was determined using Student’s t test.

membranes (PVDF, Bio-Rad, Hercules, CA).
After blocking with non-fat milk, the membrane
was incubated with GAPDH and p-AKT antibod-
ies (Bioworld Biotechnology) at 1:3000 dilu-
tions at 4°C overnight. After being washed in
TBST, he membrane was incubated was incu-
bated with secondary antibody (Pierce, IL, USA).
The protein band was detected by using ECL
reagents (Pierce, IL, USA).

Cell growth, cell cycle and colony formation
and invasion

For cell growth assay, cells were incubated in
the 96-well plate and stained with sterile MTT
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All results were shown as mean
+ standard deviation (SD). All
these experiments were per-
formed in triplicate. Statistical
analysis was carried out by
using SPSS statistical (SPSS, Chicago, USA).
The statistical difference was measured by
Student’s test or one-way analysis of variance.
P<0.05 was considered statistically signifi-
cant.

Result

PICART1 expression was decreased in NSCLC
samples

We firstly determined PICART1 expression in
NSCLC samples and the paired adjacent non-
cancerous tissues. PICART1 expression was
down-regulated in NSCLC tissues (28/40, 70%)

Am J Transl Res 2018;10(12):4193-4201
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Figure 3. Ectopic expression of PICART1 inhibited NSCLC cell colony formation and invasion. A. Overexpression of
PICART1 suppressed the A549 cell colony formation. The relative colony numbers were shown. B. Restored expres-
sion of PICART1 decreased the A549 cell invasion. ***P<0.001. Statistically significant difference was determined

using Student’s t test.

compared to the paired adjacent non-cancer-
ous tissues (Figure 1A). Moreover, PICART1
expression level was lower in NSCLC sample
than in the adjacent non-cancerous tissues
(Figure 1B). Moreover, lower expression levels
of PICART1 were associated with advanced
stage in NSCLC patients (Figure 1C).

Overexpression of PICART1 suppressed NSCLC
cell proliferation and cell cylce

We furtherly determined PICART1 expression in
NSCLC cell lines. We demonstrated that the
expression level of PICART1 was lower in lung
adenocarcinoma cell lines (A549, H23, H1299
and SPC-A1) than in one bronchial epithelial
cell line (16HBE) (Figure 2A). To determine the
functional effect of PICART1 on NSCLC cell,
PICART1 overexpression models were estab-
lished by transfecting with pcDNA-PICART1 in
NSCLC cell lines A549 (Figure 2B). Overex-
pression of PICART1 suppressed A549 cell
proliferation (Figure 2C). In addition, ectopic
expression of PICART1 inhibited cyclin D1 ex-
pression in A549 cell (Figure 2D). Moreover,
elevated expression of PICART1 decreased
A549 cell cycle (Figure 2E).
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Overexpression of PICART1 suppressed NSCLC
cell colony formation and invasion

Furthermore, overexpression of PICART1 dec-
reased A549 cell colony formation (Figure 3A).
In addition, we performed the transwell assays
with Matrigel to determine cell invasion. We
showed that restored expression of PICART1
suppressed A549 cell invasion (Figure 3B).

PICART1 inhibited epithelial-mesenchymal
transition (EMT) progression

Overexpression of PICART1 promoted the ex-
pression of epithelial marker E-cadherin in
A549 cell (Figure 4A). Ovexpression of PIC-
ART1 inhibited the expression of mesenchymal
marker N-cadherin (Figure 4B). Furthermore,
increased expression of PICART1 decreased
the expression of Snail (Figure 4C) and Vimentin
(Figure 4D).

PICART1 decreased AKT phosphorylation and
c-Myc expression

We further studied the underlying mechanism
through which PICART1 functions in NSCLC.
Overexpression of PICART1 decreased p-AKT
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Figure 4. Overexpression of PICART1 suppressed epithelial-mesenchymal
transition (EMT) progression. A. The expression of E-cadherin was mea-
sured by qRT-PCR. Ectopic expression of PICART1 enhanced the E-cadherin
expression in the A549 cell. B. Ovexpression of PICART1 decreased the N-
cadherin expression in the A549 cell. C. Elevated expression of PICART1
suppressed the Snail expression in the A549 cell. D. The expression of Vi-

mentin was determined by qRT-PCR.

expression but not t-AKT expression in A549
cell (Figure 5A). In line with previous data,
PICART1 overexpression suppressed c-Myc
expression in A549 cell (Figure 5B). PICART1
overexpression promoted p21 expression in
A549 cell (Figure 5C).

AKT was involved in PICART1 mediated sup-
pression of cell growth and invasion

To determine the role of AKT in PICART1 medi-
ated cell growth and invasion suppression in
NSCLC cell, we used AKT inhibitor MK-2206
(Selleck, Houston, TX) to determine the func-
tional relevance of PICART1/AKT interation in
A549 cell. We showed that the expression of
p-AKT was down-regulated in A549 cell after
treated with AKT inhibitor MK-2206 (Figure
6A). Our data suggested that exposure to the
MK-2206 abolished the stimulation of PICART1
silencing on cell growth in A549 cell (Figure
6B). The expression of cyclin D1 was decrea-
sed in the si-PICART1-overexpressing A549
cell after treated with MK-2206 (Figure 6C).
Furthermore, we showed that exposure to the
MK-2206 decreased the stimulation of PICAR-
T1 silencing on colony formation (Figure 6D)
and cell invasion (Figure 6E) in A549 cell.
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Discussion

Recently, several pieces of evi-
dences demonstrated that a
lot of IncRNAs were deregulat-
ed and acted crucial roles in
tumor development and patho-
genesis, suggesting that these
INcRNAs might provide novel
insights into the treatment of
these diseases [35-39]. Our
research showed that PICART1
expression was down-regulat-
ed in NSCLC tissues compared
to paired adjacent non-cancer-
ous tissues. Moreover, lower
expression levels of PICART1
were associated with advanc-
& ed stage. In addition, PICART1
expression was reduced in NS-
CLC cell lines. Overexpression
of PICART1 inhibited NSCLC
cell growth and induced cell
cycle arrest at G2/M phase.
Elevated expression of PICA-
RT1 decreased NSCLC cell col-
ony formation and cell inva-
sion. Overexpression of PICA-
RT1 promoted the expression of epithelial mar-
ker E-cadherin and suppressed the expression
of mesenchymal marker. Furthermore, PICART1
overexpression suppressed AKT phosphoryla-
tion and c-Myc expression while inhibited p21
expression in NSCLC. AKT phosphorylation was
involved in PICART1 mediated suppression of
cell growth and invasion. These results sug-
gested that overexpression of PICART1 inhibit-
ed growth and invasion by regulating AKT sig-
naling pathway in NSCLC.

PICART1 was located at 17921.33 and con-
sists of 3 exons and 2533 bp in length [34].
Previous study proved that PICART1 was down-
regulated in colon and breast cancer tissues
and cell lines. In addition, p53 increased the
expression of PICART1. Overexpression of PI-
CART1 decreased cell invasion, migration and
proliferation through regulation of AKT/GSK3B/
B-catenin pathway [34]. However, the role of
PICART1 is still unknown in NSCLC. Firstly, we
explored PICART1 expression in NSCLC tissues
and cell lines. PICART1 expression was down-
regulated in NSCLC tissues and cell lines. Lo-
wer expression level of PICART1 was associat-
ed with advanced tumor stage. Moreover, ecto-

Am J Transl Res 2018;10(12):4193-4201
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Figure 5. PICART1 decreased AKT phosphorylation and c-Myc expression. A. The protein expression of p-AKT, AKT
and GAPDH was determined by western blot. GAPDH was used as the internal control. B. Elevated expression of
PICART1 suppressed the c-Myc expression in the A549 cell. C. Overexpression of PICART1 enhanced the p21 ex-
pression in the A549 cell.
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Figure 6. AKT was involved in PICART1 mediated suppression of cell proliferation and invasion. A. The protein ex-
pression of p-AKT, AKT and GAPDH was determined by western blot. GAPDH was used as the internal control. B.
The AKT inhibitor MK-2206 abolished the stimulation of PICART1 silencing on cell growth in the A549 cell. C. The
expression of cyclin D1 was decreased in the si-PICART1-overexpressing A549 cell after treated with MK-2206. D.
Exposure to the MK-2206 decreased the stimulation of PICART1 silencing on colony formation. The relative colony
numbers were shown. E. Exposure to the MK-2206 decreased the stimulation of PICART1 silencing on colony inva-
sion. The relative invasive numbers were shown. *P<0.05, **P<0.01 and ***P<0.001. Statistically significant
difference was determined using Student’s t test.
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pic expression of PICART1 decreased NSCLC
cell growth, cell cycle, colony formation and
invasion. In conclusion, our data suggested
that PICART1 might act as a tumor suppressor
gene in NSCLC.

To explore the molecular mechanisms of
PICART1-regulated tumor suppression in NS-
CLC cell, our study further researched the
underlying cellular signaling pathway. In line
with previous results, we showed that overex-
pression of PICART1 inhibited AKT phosphory-
lation and c-Myc expression while inhibited the
p21 expression in NSCLC. AKT is one central
component regulating signals from phosphati-
dylinositol 3-kinase (PI3K) and receptor tyro-
sine kinases [40-42]. As one crucial compo-
nent of this pathway, AKT medicate signaling
of several biological and pathophysiological
processes such as development, angiogenes-
is, cell proliferation, apoptosis, migration, sur-
vival and invasion [43-46]. AKT pathway was
proved to play important roles in tumor devel-
opment [47, 48]. In this study, we demonstrat-
ed that overexpression of PICART1 decreased
p-AKT expression but not t-AKT expression in
NSCLC cell. In line with previous research, we
showed that elevated expression of PICART1
suppressed c-Myc expression in NSCLC cell.
PICART1 overexpression promoted p21 expres-
sion in NSCLC cell. MK-2206 was a selective
AKT inhibitor and our results suggested that
exposure to the MK-2206 decreased the stimu-
lation of PICART1 silencing on colony formation
and cell invasion in A549 cell. These results
suggested that AKT was involved in PICART1
mediated suppression of cell growth and in-
vasion.

In conclusion, PICART1 expression were down-
regulated in NSCLC cell lines and tissues and
PICART1 overexpression suppressed cell gr-
owth, cell colony formation and cell invasion
partly though modulating the AKT signaling
pathway in NSCLC. Our results suggested that
PICART1 might act as a tumor suppressor gene
in NSCLC.
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