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Long non-coding RNA PICART1 suppresses proliferation and promotes
apoptosis in lung cancer cells by inhibiting JAK2/STAT3 signaling
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Lung cancer remains the most common cause of tumor-related death worldwide. Recent studies have revealed that
long non-coding RNAs (lncRNAs) are involved in the development of various cancers, including lung cancer. This study
investigates the molecular basis and effect of lncRNA PICART1 on lung cancer. We first assessed the PICART1 expression
in lung cancer in vitro and in vivo by qRT-PCR. Then the expression of PICART1 in SPC-A-1 and NCI-H1975 cell lines
was inhibited and over-expressed by transient transfections. Thereafter, cell viability, cell cycle, migration and apoptosis
were measured by MTT, Transwell and flow cytometry assay. qRT-PCR and western blot analysis were then performed to
assess the expression levels of apoptosis- and migration-related proteins and the JAK2/STAT3 pathway proteins. Tumor
formation was measured by xenograft tumor model assay in vivo. PICART1 expression was down-regulated in human lung
cancer tissues and cell lines. While PICART1 knockdown increased cell viability of lung cancer cell lines, its over-expression
inhibited cell cycle progression and promoted apoptosis in SPC-A-1 and NCI-H1975 cell lines. PICART1 over-expression
also inhibited migration in up-regulation of E-cadherin, and down-regulation of Twist1, MMP2 and MMP9. We also found
that PICART1 inhibition can regulate cell apoptosis and migration by activating the JAK2/STAT3 pathway, and in vivo
experiments revealed that PICART1 knockdown significantly promoted tumor formation. This study demonstrates that
PICART1 over-expression has an anti-growth and anti-metastasis role in lung cancer cells and its tumor suppression may
be via regulation of the JAK2/STAT3 pathway.
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Lung cancer is the most common malignant neoplasms
worldwide and is associated with highest incidence, morbidity
and mortality [1]. More than 80% of all lung cancers consist
of non-small cell lung cancer (NSCLC) [2]. While surgery,
radiation therapy and chemotherapy are established lung
cancer treatment [3], the long-term survival rate is still very
low because of tumor metastasis [4]. It is therefore essential
to obtain a better understanding of molecular biology to
develop more effective and novel therapies.
Current research has revealed that epigenetic abnormalities have crucial roles in human cancer development
and progression [5]. Genetic continuity involves epigenetic
regulation, such as histone deacetylation, DNA methylation and the regulation of non-coding RNA (ncRNA) [6, 7].
Long non-coding RNAs (lncRNAs) are a class of newfound
non-coding RNAs greater than 200 nucleotides in length
with crucial functional importance in governing funda-

mental biological processes and diseases [8]. Increasing
evidence indicates that lncRNAs have pivotal roles in cellular
development, differentiation, the immune response and
many other biological processes [9–11]. Moreover, lncRNA
deregulation has been implicated in various types of human
cancers including lung [12–14], gastric [11], colorectal
[15] and others [16]. p53-inducible cancer-associated RNA
transcript 1 (PICART1), a novel lncRNA transcript, 2.53 kb
in length, was first found decreased in breast and colorectal
cancer cells and in tissues where they inhibited cell proliferation and migration [17]. It may also function as a tumor
suppressor in the AKT GSK3β/β-catenin signalling cascade
in breast and colorectal cancer cells. However, its biological
role and regulatory mechanism in the development of lung
cancer remains unclear.
Herein, we investigated PICART1 function in the growth
and metastasis of lung cancer cells and its underlying mecha-
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nisms. We found that its expression decreased in lung cancer
tissues and cell lines compared with controls, and that
PICART1 knockdown increased cell viability and its overexpression reduced cell viability and migration, arrested
more cells in the G0/G1 phase and promoted cell apoptosis.
Furthermore, its underlying regulation mechanism is considered to involve inhibition of the JAK2/STAT3 pathway.
Finally, in vivo experiments further displayed that PICART1
knockdown promoted lung cancer tumor formation. This
provides new insight into the PICART1’s molecular function
and regulatory mechanisms in lung cancer pathogenesis.
Materials and methods
Cell culture and the collection of human lung cancer
tissues. Five human lung cancer cell lines, A549, SPC-A-1,
NCI-H358, NCI-H1975 and HCI-H292 cells and the normal
lung epithelial cells, BEAS-2B, were obtained from the
American Type Culture Collection (ATCC, Rockville, MD,
USA). All cells were cultured at Roswell Park Memorial
Institute (RMPI)-1640 (Hyclone, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS, Hyclone) and 1%
penicillin-streptomycin solution (Gibco, Life Technologies,
Grand Island, NY) at 37 C in 5% CO2.
Lung cancer tissues and corresponding adjacent lung
tissues were obtained from 30 pairs of patients (17 males
and 13 females, aged from 30–60 years) who underwent
surgery at the Affiliated Hospital of Qingdao University from February 2011 to May 2015. The study protocol
had informed patient consent, was approved by the ethics
committee of the Affiliated Hospital of Qingdao University
and all patients had no pre-operative neo-adjuvant treatment The specimens were preserved in liquid nitrogen
immediately for subsequent testing. The specimen collection procedure was performed with informed patient
consent and approval of the Medical Ethics Committee. All
research was carried out in accordance with the provisions
of the 1975 Helsinki Declaration.
Transfection and generation of stably transfected cell
lines. Full-length PICART1 sequences and short-hairpin
RNA directed against PICART1 were constructed in pEX-2
and U6/GFP/Neo plasmids (GenePharma, Shanghai, China),
respectively. These were referred as to pEX-PICART1 and
sh-PICART1. The plasmids carrying non-targeting sequences
were used as negative controls (NC) of pEX-PICART1 and
sh-PICART1 and are referred as to pEX and sh-NC. The
lipofectamine 3000 reagent (Life Technologies Corporation, Carlsbad, CA, USA) was used for the cells transfection
according to the manufacturer’s instructions.
MTT assay. Cell viability was evaluated by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
colorimetric assay (Sigma-Aldrich, St Louis, MO, USA)
according to the manufacturer’s instructions. Cells infected
with pEX-PICART1 and sh-PICART1 were collected and
seeded in 96-well plates at 5×103 cells/well. After days 1, 2,
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3 and 4, MTT (5 mg/ml) was added to the cells in the dark
and incubated for further 4 hours at 37 °C. Supernatant
was removed and 100 μl dimethylsulfoxide (DMSO, SigmaAldrich) was added to each well to dissolve the cells. The
optical density of each well was measured at 570nm on a
microplate reader (Bio-Rad Laboratories, Orlando, FL, USA).
Quantitative real time RT-PCR (qRT-PCR) analysis.
Total RNA was extracted by TRIzol reagent (Invitrogen,
CA, USA), and was reverse transcribed into complementary
DNA (cDNA) using a Reverse Transcription Kit (Takara,
Dalian, China) according to the manufacturer’s instructions.
PICART1 expression was determined by qRT-PCR using the
SYBR Green Master Mix (Takara). PICART1 primers are as
follows: forward 5’-AGG CAG CTA CTG TAA TAA T-3’ and
reverse 5’-GTA CCC TGG GCC TTT CTT AC-3’. GAPDH
level was used as internal control and relative expression
changes were calculated using the 2–ΔΔCt method.
Western blot. The protein used for Western blot was
extracted using radio-immuno-precipitation assay (RIPA)
lysis buffer (Beyotime Biotechnology, Shanghai, China)
supplemented with protease inhibitors (Roche, Basel,
Switzerland). The protein concentration was quantified using
the BCA Protein Assay Kit (Pierce, Rockford, IL, USA).
Western blot was established in the Bio-Rad Bis-Tris Gel
system and primary antibodies were: anti-Twist1 (#46702),
anti-MMP2 (#87809), anti-MMP9 (#13667), anti-E-cadherin
(#3195), anti-Bcl-2 (#4223), anti-Bax (#5023), anti-caspase-3
(#9662), anti-p-STAT3 (#9145), anti-STAT3 (#12640), antip-JAK2 (#4406), anti-JAK2 (#3230), anti-Cyclin D1 (#2978),
anti-P21 (#2947) and anti-GAPDH (#2118). These were all
purchased from Cell Signalling Technology (Beverly, MA,
USA) and prepared in 5% bovine serum albumin (BSA,
Sigma-Aldrich) at 1:1000 dilution. The blots were incubated
with primary antibodies overnight at 4 °C, followed by
washing and incubation with secondary antibody marked
by horseradish peroxidase for 1 hour at room temperature.
After rinsing, the blots were developed with ECL solution
(Pierce) and visualized by Image Lab™ Software (Bio-Rad
Laboratories).
Cell cycle distribution analysis. Cells infected with
pEX-PICART1 and sh-PICART1 were collected and washed
twice with cold phosphate buffered saline (PBS) and fixed in
70% ethanol. Fixed cells were washed in PBS and incubated
with 1mg/ml RNase A and then stained with 0.1mg/ml
propidium iodide (PI, Sigma-Aldrish) for 30 min at 37 °C.
Intensities of ﬂuorescence signals were measured by ﬂow
cytometer (Beckman Coulter, Fullerton, CA, USA). The
percentage of cells in the G0/G1, S and G2/M phases was
determined using FlowJo software (version 7.6.1, Tree Star,
Ashland, OR, USA).
Apoptosis assay. Apoptosis analysis identified and
quantified apoptotic cells by Annexin V-PE apoptosis detection kit (Beijing Biosea Biotechnology, Beijing, China). Cells
were harvested and rinsed twice with cold PBS and then
re-suspended in 500 μl/1 binding buffer and mixed with 5 μl
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Annexin V and 5 μl PE for 15 minutes at room temperature
in the dark. Treated cells were washed twice with cold PBS
and re-suspended in buffer. Flow cytometry analysis was via
FACS can (Beckman Coulter, Inc., Fullerton, CA, USA) and
data was analysed by FlowJo software (Tree Star Inc. Ashland,
OR, USA).
Migration assay. The Transwell (BD Biosciences, San
Jose, CA, USA) migration assay with 8μm pore inserts
analyzed SPC-A-1 and NCI-H1975 cell migration ability.
In brief, transfected SPC-A-1 and NCI-H1975 cells were
washed twice with PBS, suspended in 200 μl serum-free
culture medium and added to the upper chamber. The lower
chamber was then supplemented with 600 μl of complete
medium containing 10% FBS (Hyclone). After incubation
for 24 hours at 37 °C, the cells on the lower side were washed
with PBS and fixed with 4% methanol for 30 minutes (NIST,
USA) Non-migrated cells on the upper surface of the filter
were removed with a wet cotton swab, and migrated cells
were stained with 0.1% crystal violet for 20 minutes (Merck,
Darmstadt, Germany). Finally, the cells were counted under
a microscope (Leica Microsystems, Watzlar, Germany).
Wound healing scratch assay. SPC-A-1 and NCI-H1975
cells were grown in 6-well plate and incubated to confluence.
A 10μl pipette tip made scratches to mimic wounds. The
transfected cells were washed thrice with PBS and added to
serum-free medium. After incubation for 48 hours under the
conventional culture conditions, the area of migrated cells in
the scratch was measured.
Tumor formation assay in vivo. The nude mice (9–12
weeks old) were obtained from Shanghai experimental
animal center of the Chinese Academy of Sciences (Shanghai,
China), and the mice were housed in laminar airflow cabinets
under specific pathogen-free conditions. SPC-A-1 cells were
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harvested from culture flasks and transferred to serum-free
PBS (PAA Laboratories GmbH) and cell suspensions were
then injected subcutaneously into mice neck, and left and
right shoulders. Tumor size was obtained by standard caliper
measuring the tumor length and width in a blinded fashion,
and tumor volume was then calculated. The mice were sacrificed 30 days later by cervical dislocation in deep CO2 anaesthesia. The primary tumors were surgically removed and
tumor weight was determined.
Statistical analysis. All experiments were in triplicate and
results are presented as the mean ± standard deviation (SD).
Statistical analysis was by Graphpad 6.0 statistical software
(GraphPad Software, San Diego, CA, USA), and p-values
were calculated by one-way analysis of variance (ANOVA).
p-value <0.05 was statistically significant.
Results
PICART1 was down-regulated in human lung cancer
tissues and cell lines. qRT-PCR analysis showed that
PICART1 expression was markedly down-regulated in
human lung tumor tissue compared to adjacent lung tissue
(p<0.001) (Figure 1A). We also examined the expression
levels of PICART1 in five lung cancer cell lines and BEAS-2B
cells. Figure 1B highlights that PICART1 expression was
significantly reduced in five lung cancer cell lines compared
with BEAS-2B cells (p<0.05, p<0.01, or p<0.001), and the
lowest expression of PICART1 was detected in SPC-A-1 and
NCI-H1975 cell lines.
PICART1 knockdown promoted in vitro lung cancer
cell viability. We infected SPC-A-1 and NCI-H1975 cells with
PICART1 silencing vector (sh-PICART1) to knockdown the
PICART1 expression and characterize the functional impor-

Figure 1. PICART1 down-regulated in human lung cancer tissues and cell lines. A) PICART1 mRNA level was significantly lower in human lung cancer
tissues than in adjacent-normal lung tissues (n=30). B) PICART1 mRNA levels in five human cancer cell lines and BEAS-2B cells were significantly
lower in lung cancer cell lines compared with BEAS-2B cells, and the lowest expression of PICART1 was detected in SPC-A-1 and NCI-H1975 cell lines.
*p<0.05, **p<0.01, ***p<0.001.
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tance of PICART1 in lung tumorigenesis. qRT-PCR assay
examined the efficacy of transfection. As expected, PICART1
expression was significantly reduced by PICART1 silencing
in SPC-A-1 and NCI-H1975 cells (p<0.001) (Figures 2A and
2B). Next, we detected the role of PICART1 in lung cancer
cell viability, and MTT assay analysis showed that PICART1
knockdown remarkably increased SPC-A-1 and NCI-H1975
cell viability after the 3rd and 4th days (p<0.05, or p<0.01)
(Figures 2C and 2D).
Over-expression of PICART1 induced cell cycle arrest
in G0/G1 phase and apoptosis in lung cancer cells. We
then further over-expressed the PICART1 level in SPC-A-1
and NCI-H1975 cells through transfection with PICART1
expressing-vector to further investigate the role of PICART1
in the lung cancer cell cycle and apoptosis. Figures 3A and
B show that the expression of PICART1 was markedly
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up-regulated in the two lung cancer cell lines after transfection with pEX-PICART1 (p<0.001). FACScan analysis
showed that over-expression of PICART1 reduced the rate of
G2-M and S phase cells and increased the rate of G0-G1 phase
cells in both cell lines (Figures 3C and D). Figures 3E and 3F
then show that Annexin V-PE staining assay indicated that
PICART1 over-expression in SPC-A-1 and NCI-H1975 cells
significantly elevated cell apoptotic rates compared to pEX
(p<0.01). This indicates that over-expression of PICART1
arrests SPC-A-1 and NCI-H1975 cells in the G0/G1 phase
and induces apoptosis.
Knockdown of PICART1 promoted cell migration of
lung cancer cells in vitro. The PICART1 over-expressing
and silencing vectors were transfected into SPC-A-1 and
NCI-H1975 cells to determine the PICART1 influence on cell
migration. Tranwell migration assay then analyzed SPC-A-1

Figure 2. Knockdown of PICART1 promoted cell viability of lung cancer cells in vitro. Knockdown of PICART1 by shRNA transfection showed notably
expression inhibited in mRNA levels in A) SPC-A-1 and B) NCI-H1975 cells. Cell viability was measured by MTT assay in SPC-A-1 (C) and NCI-H1975
(D) cells transfected sh-NC or sh-PICART1. PICART1 knockdown significantly increased cell viability in both cell lines after 3 and 4 day. *p<0.05,
**p<0.01, ***p<0.001.
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Figure 3. Overexpression of PICART1 induced cell cycle arrest in G0/G1 phase and apoptosis in lung cancer cells. Overexpression of PICART1 by
transfection with PICART1 overexpressing vector showed notably expression promoted in mRNA levels in SPC-A-1 (A) and NCI-H1975 (B) cells. Cell
cycle arrest was analyzed using ﬂow cytometry in SPC-A-1 (C)and NCI-H1975 (D) cells, and PICART1 overexpression reduced the rate of G2/M and
S phase cells and increased the rate of G0/G1 phase cells in both cell lines. Cell apoptosis was analyzed by Annexin V/PE staining in SPC-A-1 (E) and
NCI-H1975 (F) cells, and PICART1 overexpression significantly elevated cell apoptotic rates in comparison with pEX. **p<0.01, ***p<0.001.

and NCI-H1975 cell migration ability. Figures 4A and B
show that PICART1 knockdown significantly enhanced cell
migration in both SPC-A-1 and NCI-H1975 cells (p<0.01)
and over-expression produced the opposite effect (p<0.05).
The wound-healing scratch assay results revealed that

PICART1 knockdown remarkably decreased the distance
after 12, 24 and 72 hours in both SPC-A-1 and NCI-H1975
cells (p<0.05) (Figures 4C and D). All these results suggest
PICART1 knockdown promotes cell migration in SPC-A-1
and NCI-H1975 cells.
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PICART1 over-expression effect on apoptosis and
migration-related protein expression. We further investigated the PICART1 over-expression effect on the expression of the Bcl2, Bax and Caspase3 core proteins involved
in apoptosis, and also the Twist1, MMP-2, MMP-9 and
E-cadherin core proteins involved in migration. Figure 5A
shows that PICART1 over-expression significantly reduced
Bcl2 mRNA level but increased Bax and Caspase 3 mRNA
levels in SPC-A-1 cells (p<0.05, or p<0.001). Moreover,
PICART1 over-expression markedly decreased Twist1,
MMP2 and MMP9 mRNA expression and elevated the
E-cadherin level (p<0.05, or p<0.01) (Figure 5B). Similar
results were found in the protein expression levels of these
core factors in SPC-A-1 (Figure 5C) and NCI-H1975 cells
(Figure 5D). These results indicate that PICART1 overexpression promotes cell apoptosis and inhibits migration by
regulating the core proteins in these two processes.
We also used TGF-β (10 ng/ml) to treat SPC-A-1 and
NCI-H1975 cells, and examined Twist1, MMP-2, MMP-9
and E-cadherin protein levels with Western blot. Results
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revealed that Twist1, MMP-2, and MMP-9 protein levels
were significantly increased and E-cadherin protein
decreased in TGF-β-treated SPC-A-1 and NCI-H1975 cells
However, PICART1 over-expression reversed these results
(Figures 5E and F), and this indicates PICART1 involvement
in regulating cell migration by mediating Twist1, MMP-2,
MMP-9 and E-cadherin expression in TGF-β-treated lung
cancer cells.
Mechanisms of PICART1 exert its functions in lung
cancer cell lines. To explore PICART1mechanisms in
tumorigenesis, we then investigated whether PICART1
regulated the JAK2/STAT3 signaling pathway. We found that
down-regulation of PICART1 promoted JAK2 and STAT3
phosphorylation in SPC-A-1 (Figure 6A) and NCI-H1975
cells (Figure 6B). In contrast, PICART1 over-expression
inhibited JAK2/STAT3 signaling pathway activation by
suppressing JAK2 and STAT3 phosphorylation in SPC-A-1
(Figure 6C) and NCI-H1975 cells (Figure 6D). Therefore,
we hypothesized that PICART1 knockdown reduced cancer
cell apoptosis and migration by activating the JAK2/STAT3

Figure 4. Effect of PICART1 on cell migration in vitro. Cell migration was measured by Transwell migration assay in SPC-A-1 (A) and NCI-H1975 (B)
cells transfected sh-NC, sh-PICART1, pEX or pEX-PICART1. PICART1 knockdown significantly increased cell migration in both cell lines. Migration distance was evaluated by scratch wound assay in SPC-A-1 (C) and NCI-H1975 (D) cells transfected sh-NC, sh-PICART1, pEX or pEX-PICART1.
PICART1 knockdown significantly decreased the migration distance in both cell lines. *p<0.05, **p<0.01.
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signaling pathway. Interesting, we found that the Stattic
inhibitor of the JAK2/STAT3 signaling pathway reversed
the PICART1 knockdown effect on protein expression
and this correlated with apoptosis and migration through
decreased Twist1, MMP2, Cyclin D1 and Bcl2 levels and
elevated expression of P21, Bax and Caspase3 in the SPC-A-1
(Figure 6E) and NCI-H1975 cells (Figure 6F) We further
investigated whether the PICART1 influence on cell cycle
arrest in the G0/G1 phase was also mediated by the JAK2/
STAT3 signaling pathway. The results in Figures 7A and B
show that PICART1 knockdown decreased the percentage of
SPC-A-1 and NCI-H1975 cells in the G0/G1 phase and this
was reversed by JAK2/STAT3 signaling pathway inhibition.
Effect of PICART1 knockdown on tumor formation in
vivo. Finally, we explored PICART1 knockdown effect on
tumor formation in vivo. Results confirmed that PICART1
knockdown significantly promoted tumor volume after

785

14–30 day injections compared to controls (p<0.05, p<0.01
or p<0.001) (Figure 8A). We also determined that the tumor
weight was markedly enhanced by PICART1 knockdown
compared to the control group (p<0.01) (Figure 8B). These
results highlight PICART1 knockdown can promote tumor
formation in vivo.
Discussion
LncRNAs are known to be involved in multiple key
cellular processes; including genomic imprinting, RNA
processing, chromatin modification and the modulation of
apoptosis and invasion [18–21]. Emerging evidence shows
that lncRNAs are essential for the development of malignant lung tumor carcinogenesis, and these have emerged as
biomarkers for tumor prediction and diagnosis [7, 22, 23]. For
example: (1) lncRNA AGAP2-AS1 can promote the NSCLC

Figure 5. Effect of PICART1 overexpression on apoptosis-related and migration-related protein expressions. SPC-A-1 and NCI-H1975 cells were transfected with pEX or pEX-PICART1. A) RT-PCR analysis identified that PICATR1 overexpression remarkably inhibited Bcl2 expression and induced
the expression of Bax and caspase3 in SPC-A-1 cells. B) RT-PCR analysis identified that overexpression of PICATR1 markedly promoted E-cadherin
expression and repressed the expression of Twist1, MMP-2 and MMP-9. Western blot analysis showed that up-regulation of PICART1 reduced the
BCL2, Twist1, MMP-2 and MMP-9 levels, while increased the expression of Bax, Caspase3 and E-cadherin in SPC-A-1 (C) and NCI-H1975 (D) cells.
The transfected SPC-A-1 and NCI-H1975 cells were stimulated with TGF-u (10 ng/ml) for 12 h. Western blot analysis showed that the regulation effect
of PICART1 overexpression on Twist1, MMP-2, MMP-9 and E-cadherin levels were obviously reversed after adding TGF-β in both SPC-A-1 (E) and
NCI-H1975 (F) cells. *p<0.05, **p<0.01, ***p<0.001.
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Figure 6. Mechanisms of PICART1 exert its functions in lung cancer cell lines. SPC-A-1 and NCI-H1975 cells were transfected with sh-PICART1, pEXPICART or their corresponding controls, sh-NC and pEX. Western blot analysis showed that PICART1 knockdown induced activation of STAT3/JAK2
pathway effectors in SPC-A-1 (A) and NCI-H1975 (B) cells. PICART1 overexpression suppressed the activation of p-STAT3/JAK2 pathway effectors in
SPC-A-1 (C) and NCI-H1975 (D) cells. The inhibitor of p-STAT3/JAK2 pathway, Stattic, blocked the regulation of PICART knockdown on migration
and apoptosis correlated factors expression in SPC-A-1 (E) and NCI-H1975 (F) cells.
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Figure 7. Effect of PICART1 on cell cycle arrest in G0/G1 phase was mediated by JAK2/STAT3 signaling pathway. SPC-A-1 cells were transfected with
sh-PICART1 or sh-NC. Cell cycle arrest was analyzed using ﬂow cytometry in SPC-A-1 (A) and NCI-H1975 (B) cells, and PICART1 knockdown reduced the rate of G0/G1 phase cells in both cell lines, but the inhibitory effect was reversed by the inhibitor of JAK2/STAT3 signaling pathway.

Figure 8. Effect of PICART1 knockdown on tumor formation in vivo. SPC-A-1 and NCI-H1975 cells were transfected with sh-PICART1 or sh-NC. A)
After injection, tumor length and width was measured by a standard caliper, and the tumor volume was calculated by the formula: length × width2 ×
0.52. (B) After 30 days, the mice were killed by cervical dislocation, and the tumor weight was assessed.

growth by interacting with EZH2 and LSD1 and repressing
LATS2 and KLF2 expression [24]; (2) LncRNA TATDN1
promotes NSCLC growth and metastasis by suppressing
E-cadherin and Ezrin [25]; (3) lncRNA HIT functions as a
pro-metastatic oncogene by directly associating with ZEB1
to regulate NSCLC migration, invasion and metastasis [23]
and (4) ANRIL [7], PVT1 [22] and SNHG7 [26], PCAT1 [27]
act as oncogenes in lung cancer progression.
In contrast, some lncRNAs act as tumor suppressors in
lung cancer; (1) PANDAR, a direct transcriptional target of
p53 in NSCLC cells, represses cell proliferation in vitro and in
vivo by modulating Bcl2 expression [28]: (2) MEG3 expression is regulated by the retinoblastoma protein (Rb) pathway.
It is a lung cancer tumor suppressor through inhibition of
cell proliferation and induction of apoptosis in A549 and
SK-MES-1 cells [29] and (3) lncRNA PICART1 is reported
to inhibit cell growth, proliferation, migration and invasion
by regulating the AKT/GSK3β/β-catenin signalling pathway
in breast and colorectal cancer cells [17].
Despite this current research, PICART1’s effect on lung
cancer was not investigated before we established that it is

down-regulated in lung tumor tissues and cell lines, and its
over-expression reduces cell viability and induces cell cycle
arrest in the G0/G1 phase and apoptosis. As seen in previous
reports of PICART1’s influence in breast and colorectal
cancer cells, PICART1 reduces migration in SPC-A-1
and NCI-H1975 cells. This combined data indicates that
PICART1 is a likely a tumor suppressor in lung cancer cells.
Many signaling pathways have important roles in lung
cancer. These include the JAK2/STAT3 signaling pathway
which is in various signaling cascades; including signaling
tyrosine kinases and G-protein-coupled receptors [30].
Activation of the JAK/STAT signaling pathway is closely
associated with cell proliferation and apoptosis, and the
constitutive activation of both JAK2 and STAT3 is identified
as crucial in the development of malignant transformation
and tumorigenesis [31]. High expression levels of molecules
involved in the JAK2/STAT3 signaling pathway are also
associated with decreased lung cancer cell survival rate.
STAT3 is also a pivotal molecular target because of its
powerful intervention in NSCLC anti-angiogenesis therapy
[32]. Therefore, we explored if PICART1 regulates the JAK2/

788

J. M. ZHAO, W. CHENG, X. G. HE, Y. L. LIU, F. F. WANG, Y. F. GAO

STAT3 signaling pathway in the SPC-A-1 and NCI-H1975
cell lines. Our data confirms that PICART1 down-regulation
promotes JAK2/STAT3 signaling pathway activation and its
over-expression provokes the opposite effect.
We also determined that the Stattic blocked PICART1
knockdown effect on protein expression correlated with
apoptosis and migration. This suggests PICART1 affects cell
apoptosis and migration through regulation of the JAK2/
STAT3 pathway. Results of the in vivo tumor formation
examined by xenograft tumor model assay revealed that
PICART1 knockdown promotes tumor volume and weight.
This further indicates PICART1’s tumor suppressor role in
lung cancer cells.
In conclusion, our study confirmed that PICART1
expression was remarkably down-regulated in lung cancer
tissues; but its over-expression repressed cell proliferation
and migration and induced cell apoptosis. Interestingly, the
mechanism of PICART1 effect on cell growth is most likely
by regulation of theJAK2/STAT3 signaling pathway. To the
best of our knowledge, this is the first study demonstrating
that PICART1 can be regarded as a tumor suppressor in lung
cancer. This provides the new insight that PICART1 acts as
a favourable progression indicator, and further clarification
should confirm that it can be successfully used as a therapeutic target in future lung cancer patients.
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