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ARTICLE INFO ABSTRACT

Keywords: Esophageal squamous cell carcinoma (ESCC) is one of the major global health problems, especially in Asia. Long
Lnc RNA non-coding RNAs (IncRNAs) have been increasingly identified and characterized in almost every aspect of
PANDA ) biology, especially in cancer biology. This research desires to explore the regulatory mechanism of IncRNA
Esophageal squamous cell carcinoma PANDA (PANDA) on ESCC process. Quantitative real-time PCR (QRT-PCR) was carried out to detect the PANDA
Proliferation . . . . . .

Prognosis expression, which was up-regulated in matched cancerous tissues and adjacent noncancerous tissues from 134

patients and 9 ESCC cell lines. Higher expression of PANDA in ESCC tissues was associated with TNM stage,
advanced clinical stage, and shorter overall survival of ESCC patients by MTT, EDU, colony formation assay and
flow cytometry in KYSE180 and KYSE450 cells. Exogenous down-regulation of PANDA expression significantly
suppressed ESCC cells proliferation and colony formation by arresting G1-S checkpoint transition in vitro, and
retarded the development of tumors in vivo. Meanwhile, qRT-PCR and western blot assays showed that depletion
of PANDA reduced E2F1, cyclinD1, cyclinD2, cyclinEl and Bcl-2 expression. RIP showed the interaction between
PANDA and NF-YA or SAFA. Our findings suggested that, PANDA drifted away from NF-YA to promote the
expression of NF-YA-E2F1 co-regulated proliferation-promoting genes, and to limit the cell apoptosis. In addi-
tion, PANDA binds SAFA to switch on the tumor proliferation program through CyclinD1/2-Cyclin E1 and Bcl-2
pathways. PANDA could serve as a potential prognostic biomarker and therapeutic target for ESCC.

survival [4]. Therefore, it is urgent to understand the detailed inter-
actions and regulatory mechanisms of key pathways involved in the

1. Introduction

Esophageal cancer (EC) is the eighth most common malignant
tumor worldwide and the sixth most common cause of death from
cancer [1]. Esophageal cancer, derived from epithelia, consists of two
subtypes: esophageal squamous cell carcinoma (ESCC) and esophageal
adenocarcinoma, which have different etiologic and pathologic char-
acteristics [2]. In Asia, the predominant pathological type is ESCC,
which is often diagnosed at the advanced stage, and China is one of the
high-risk esophageal cancer areas [3]. To date, the prognosis for ESCC
patients is not well improved with a rate of less than 10% 5-year

tumor-genesis and progression of ESCC and find molecular markers for
early detection and diagnosis.

Recent studies have revealed that epigenetic regulation also parti-
cipates in cancer development and progression [5]. Long noncoding
RNAs (LncRNAs), which occupy the majority of human genome, have
been shown to play an important role in the regulation of gene tran-
scription, translation and widespread regulators involved in cell pro-
liferation, migration and apoptosis [6-10]. Mounting evidence indicate
that IncRNAs expression is misregulated and contributes to the
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development and progression of multiple cancers. Their dysregulation
has been found in various types of carcinomas, including breast cancer,
colon cancer, hepatocellular carcinoma and lung cancer. LncRNAs are
often up-regulated and down-regulated, and may serve as oncogenes or
tumor suppressors in cancers [11-13]. However, the roles of IncRNAs in
ESCC are still not well documented and needed to be further explored.

LncRNA PANDA (PANDA), a 5-capped and polyadenylated non-
spliced IncRNA, is transcripted from approximately 5kb upstream of
the CDKN1A transcriptional start site. PANDA expression could be in-
duced by DNA damage and limit expression of pro-apoptotic genes by
interacting with the transcription factor NF-YA in a p53-dependent
manner [14]. Moreover, PANDA deletion could increase human fibro-
blasts cells sensitivity to doxorubicin and induce cell apoptosis. How-
ever, its expression and biological function in ESCC remain poorly
understood. In this study, the expression pattern and biological func-
tions of PANDA in ESCC development were explored. The correlations
between PANDA and the clinical outcomes of ESCC patients were
evaluated, and the effects of PANDA on proliferation and apoptosis of
ESCC cells were also investigated both in vitro and in vivo. Moreover,
knockdown of PANDA could affect multiple gene expression involved in
regulating phase checkpoints of cell cycle, such as E2F1. This study
might provide a novel mechanism and potential therapeutic target for
ESCC.

2. Materials and methods
2.1. Tissue sample collection and patient data

All samples were collected from informed consent individuals ac-
cording to protocols approved by the ethics committee of Nanjing
Hospital affiliated with Nanjing Medical University. A total of 134
paired samples of ESCC (TNM Stage 0 to IV), including cancer tissues
and corresponding adjacent non-cancer tissues were obtained from
patients who underwent surgery in our hospital from 2005 to 2012.
Only 76 cases of 134 patients had follow-up materials of 5 yrs used for
survival analysis for 5 yrs. No patients received radiotherapy, che-
motherapy or targeted therapy prior to operation. Tissue samples were
immediately preserved in liquid nitrogen after removal from the in-
dividual and stored at —80 °C until RNA extraction. All species were
histopathologically confirmed as patients with ESCC.

2.2. Cell lines and cell culture procedures

The cell lines of human ESCC including KYSE30, KYSE70, KYSE140,
KYSE150, KYSE180, KYSE450, KYSE510 and 9706 were generous gifts
by Dr. Zhihua Liu at the State Key Laboratory of Molecular Oncology
[57,58], Cancer Institute, Chinese Academy of Medical Sciences
(Beijing, China). Ecal09 cell line of ESCC and Human Esophageal
Epithelial Cells HetlA were obtained from American Type Culture
Collection (Manassas, VA, USA). All cells were cultured in RPMI-1640
(GIBCO) medium with 10% fetal bovine serum (GIBCO, USA) supple-
mented with 100units/ml penicillin and 100 mg/ml streptomycin in a
humidified atmosphere containing 5% CO2 at 37 °C.

2.3. RNA extraction and qPCR analyses

Total RNA was extracted from tissue samples or cultured cells with
TRIzol reagent (Invitrogen). RNA was reversely transcribed into cDNAs
by using a Reverse Transcription Kit of the Prime-ScriptTM one step
(Takara, Dalian, China). Quantitative reverse transcriptase polymerase
chain reactions (QRT-PCR) were performed using the ABI7500 System
(Applied Biosystems, CA, USA) and the SYBR Green PCR Master Mix kit
(TaKaRa, Dalian, China) according to the supplied protocol of the
manufacturer’s instructions. Each experiment was repeated in triplicate
at least. The primer sequence was attached in supplement Table 1. Fi-
nally, KYSE180 and KYSE450 cells of the highest expression PANDA in
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Table 1
Correlation between PANDA expression and clinicopathological characteristics
of esophageal squamous cell carcinoma (ESCC).

Factors High expression Low expression p-value
group N (=Median group N ( <Median
1.80 N = 67) 1.80 N = 67)
Age group, N 0.119
<59 yrs 27 36
59 yrs 40 31
Gender, N 0.125
Male 44 52
Female 23 15
Smoking status, N 0.863
Ever and current 36 31
Never 35 32
Alcohol consumption, N 0.729
Ever and current 36 34
Never 31 33
Lymph node metastasis, 0.032%
N
Yes 32 19
No 35 48
TNM group stage, N 0.008*
0-II 44 58
III- IV 23 9

(Two side chi-square test), * p < 0.05.

9 ESCC cell lines (KYSE30, KYSE70, KYSE140, KYSE150, KYSE180,
KYSE450, KYSE510, 9706 and ECA109 cell lines) were selected for next
biology assays.

2.4. Screening siRNA for IncRNA PANDA

Three pairs of small interference RNAs (siRNA) that targeted
PANDA (stealth_75 with the sequence 5-CAGCUGGCAAUCUACAACC
UGUCUU-3’, 5-AAGACAGGUUGUAGAUUGCCAGCUG-3’, stealth_164
with the sequence 5-GCUUGUUCCAGAGCCAGGAUGAAUU-3’,
5’-AAUUCAUCCUGGCUCUGGAACAAGC-3’, and stealth_250 with the
sequence 5-GCAUUGAGGAUGACCUUCGGGUUAA-3’, 5-UUAACCCGA
AGGUCAUCCUCAAUGC-3") were designed and purchased from Life
Technologies (Carlsbad, California, USA). Simultaneously, synthetic
sequence-scrambled siRNA and 1 X PBS (phosphate buffered solution)
were used as negative control (si-NC) and mock transfection, respec-
tively. Human ESCC cells were plated in 6-well plates (4 x 105 cells/
well) with antibiotic-free medium till cell density reached 50-60% and
then were transiently transfected with either 50 nmol/l siRNAs or si-
NC/mock using LipofectamineTM 2000 reagent (Invitrogen, Carlsbad,
CA) according to the manufacturer’s protocols. After 48 h, the Mock
group received no intervention, the control groups were transfected
with siRNA-NC, and three experimental groups were transfected with
three pairs of designed siRNA-1 (stealth_75), siRNA-2 (stealth_164), and
siRNA-3 (stealth_250) respectively. RNA was extracted from KYSE180
and KYSE450 cells transfected. Real-time PCR was used to detect the
IncRNA PANDA gene levels, thereby to screen the effective siRNA
(siRNA-2 and siRNA-3).

2.5. MTT and EDU assay

KYSE180 and KYSE450 cells that had been transfected with siRNAs
(siRNA-2 and siRNA-3) for 48 h were seeded into 96-well plates. Cell
density was adjusted to 5 X 103 cells/well for six replicate wells and
the final volume was 150 ul/well. MTT (3- (4, 5-Dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide) solution (20 pL) was added to the
plates 6, 24, 48, 72 and 96 h later. The cells were cultured for 4h at
37 °C. Then the medium was discarded and 150 uL. DMSO was added
and oscillated for 15 min. Optical density (OD) was detected at a wa-
velength of 490 nm using an enzyme-labeled analyzer. Experiments
were performed in triplicate.
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KYSE180 and KYSE450 cells that had been transfected with siRNA-3
against PANDA for 48 h were seeded into 24-well plates with cover slips
in bottom. After 12 h of culture, EAU immunofluorescence staining was
performed with an EdU kit (RIBOBIO C10310-3), and cells were grown
on cover slips until they reached approximately 50% confluency. Cell
proliferation was assessed using EAU immunofluorescence according to
the manufacturer’s protocols.

2.6. Cell apoptosis analysis and cell cycle analysis

KYSE180 and KYSE450 cells were plated in 6-well plates (4 x 105
cells/well) in antibiotic-free medium and transfected with 50 nmol/1
siRNAs (siRNA-2 and siRNA-3) targeting PANDA or a scrambled nega-
tive control (si-NC) using Lipofectamine 2000. After 24 h, KYSE180 and
KYSE450 cells were collected and washed twice and stained with
fluorescein isothio-cyanate (FITC)-Annexin V and propidium iodide (PI,
BD Bioscience), using the FITC Annexin V Apoptosis Detection Kit (BD
Biosciences) according to the manufacturer’s manual. Apoptotic cells
were analyzed by flow cytometry (CYTOMICS FC 500, Beckman
Coulter, Miami, FL).

KYSE180 and KYSE450 cells were plated in 6-well plates (4 x 105
cells/well) in antibiotic free medium and transfected with 50 nmol/1
siRNA (siRNA-2 or siRNA-3) targeting PANDA or si-NC with
Lipofectamine 2000 (Invitrogen). After 48 h, cells were harvested and
washed three times with ice-cold PBS and fixed with ice—cold 75%
ethanol overnight. Then, cell cycle distribution was quantified by flow
cytometry (CYTOMICS FC 500, Beckman Coulter, Miami, FL). The
percentage of the cells in GO-G1, S, and G2-M phases were counted and
compared. All experiments were conducted in triplicate.

2.7. Scratch wound assay

KYSE180 and KYSE450 cells were transfected with either 50 nmol/1
siRNA targeting PANDA or si-NC. Wounds were created in adherent
cells using a 10 pl pipette tip after transfected 24 h. The cells were then
washed three times with PBS to remove floating cells and debris.
Culture medium without serum was added, and the cells were in-
cubated under normal conditions. Wound healing was observed after
24 h under light microscopy. Representative scrape lines were photo-
graphed using digital microscopy after culture medium was removed.
Each experiment was repeated in triplicate.

2.8. Construction of vector and shRNA-PANDA

SiRNA were chemically synthesized (Invitrogen). Synthesized DNA
nucleotide fragment encoding short hairpin RNA (shRNA) for knock-
down of endogenous PANDA was inserted into pENTRTM/U6
(PENTRTM/U6-shRNA) (Invitrogen, Carlsbad, CA, USA). The KYSE180
and KYSE450 cells were transfected with plasmid pENTRTM/U6
(vector) and pENTRTM/U6-shRNA (shRNA) selected with neomycin
(1000 pg/ml) for two weeks using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instructions.

2.9. Plate colony formation assay

KYSE180 and KYSE450 cells were transfected with vector and
shRNA for 24 h. Cells were harvested and seeded in 6-well plates (800
cells/well, 3 wells/group). After incubation with 5% CO2 at 37 °C for
14 days, the cells were washed twice with PBS, fixed with methanol and
stained with crystal violet. Cells colonies were counted under a mi-
croscope and photographed. Plate colony formation efficiency =
(number of colonies/ number of cells inoculated) X 100%.

2.10. Xenografts in nude mouse

Ten, four-week-old, male BALB/c nude mice weighing between 18
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and 21 g were maintained in SPF animal breeding room of Nanjing
Hospital affiliated to Nanjing Medical University. KYSE450 cells were
optimized for vivo assays according to the results of colony formation
assay and KYSE450 cells transfected with vector or sh-PANDA (shRNA)
for 48h were collected. Each mouse was subcutaneously inoculated
with 200 pl of cell suspension containing 4 X 106 cells/ml. Ten mice
were divided into two groups and injected respectively with KYSE450
cells transfected with vector or shRNA. The volumes of tumor were
examined once a week. Four weeks after injection, mice were sacrificed
and examined the growth of subcutaneous tumors.

Tumor volume was determined by the formula: volume =
length x width2 x 0.5. Tumor tissues were cut into small pieces about
0.1 x 0.1 cm, then were fixed in 10% buffered formalin and processed
for Ki67 protein expression by immunohistochemistry next.
Hematoxylin and eosin (H&E) staining was performed.

All of the mouse experimental procedures were performed in ac-
cordance with the guidelines of the Institutional Animal Care and Use
Committee. The protocol was approved by the Committee on the Ethics
of Animal Experiments of Nanjing Hospital affiliated to Nanjing
Medical University. All surgery was performed under anaesthesia, and
all efforts were made to minimize suffering.

2.11. Immunohistochemistry

Totally 22 of 134 pairs of ESCC tissues and their matched normal
tissues were immunostained for E2F1 and SAFA. Ki67 was also im-
munostained in subcutaneous tumor tissues of nude mice transplant.
The signal was amplified and visualized with 3,3’-diaminobenzidine
chromogen, followed by counterstaining with hematoxylin. Expression
was considered to be positive with more than 50% cancer cells stained.
The concentration of anti-E2F1, anti-SAFA, and anti-Ki67 diluted was
1:50 for the assays.

2.12. Western-blot assay

The cell proteins were extracted after KYSE180 and KYSE450 cells
were transfected with siRNA-3 targeting PANDA or si-NC for 48 h.
KYSE180 and KYSE450 cells were washed with 1 x PBS and lysed for
protein extraction by reagent RIPA (Beyotime) supplemented with a
protease inhibitor cocktail (Roche, Basel, Switzerland) and PMSF
(Roche). The concentration of total protein was quantitated by BCA
Protein Assay Kit (Beyotime). Then protein was electrophoresed by
4-12% SDS-PAGE, transferred onto nitrocellulose membranes (Sigma),
and incubated with 5% defatted milk including specific primary anti-
body. Autoradiograms were quantified by densitometry (Quantity One
software; Bio-Rad, Hercules, California).

B-actin antibody was used as control. In addition, rabbit anti-Bcl2
(1:1,000) was purchased from Abcam; rabbit anti-caspase9, rabbit anti-
caspase3, anti-E2F1 (1:1,000) were from Sigma; rabbit anti-cyclinD1,
rabbit anti-cyclinD2, rabbit anti-cyclinE1l, and rabbit anti-P53 (1:400)
were from Santa Cruz, CA.

2.13. RNA-binding protein immunoprecipitation (RIP) assay

RNA immunoprecipitation was performed using an EZMagna RIP kit
(Millipore, Billerica, MA, USA) following the manufacturer’s protocol.
Briefly, KYSE450 cells at 80-90% confluency were scraped off of the
plates and then lysed in complete RIP lysis buffer, after which 100 pl of
whole cell extract was incubated with RIP buffer containing magnetic
beads conjugated with human anti-SnRNP70, anti-NFYA, anti-EZH2,
anti-SUZ12, and anti-SAFA antibody, the negative control was normal
rabbit IgG (Millipore). Samples were incubated with Proteinase K with
shaking to digest the protein, and then immunoprecipitated RNA was
isolated. The RNA concentration was measured using a NanoDrop
spectrophotometer (Thermo Scientific), and the RNA quality was as-
sessed using a bioanalyser (Agilent, Santa Clara, CA, USA).
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Fig. 1. PANDA expression and its clinical significance in tissues and cell lines of ESCC (A) PANDA expression in matched cancerous tissues and adjacent non-
cancerous tissues from 134 ESCC patients were measured by qRT-PCR. Data are presented as fold change in tumor tissues relative to adjacent noncancerous tissues.
(B) qRT-PCR was performed to detect PANDA expression in 134 pair of ESCC tissues and adjacent tissues. (C) Kaplane-Meier curves indicate 76 of 134 patients with
high levels of PANDA expression (N = 41, = Median 1.80) showed reduced survival times compared with patient with low levels of PANDA expression (N = 35, <
Median 1.80) (p = 0.002, log-rank test). (D) The relative expression levels of PANDA were confirmed via qRT-PCR in 9 ESCC cell lines compared to non-tumorigenic

esophageal epithelial cell line Het-1A in human. Results are expressed as mean
U test. *p < 0.05, **p < 0.01.

Table 2
Multivariate Analysis for Overall Survival in clinicopathological factors of
ESCC.

Factors OR (95%CI) p-value

PANDA expression 0.457 (0.230-0.909) 0.026%
(low/high)

Lymph node metastasis 0.259 (0.127-0.530) 0.000?
(yes/no)

Cox proportional hazards regression, * p < 0.05.
OR, risk ratio; 95%CI, 95% confidence interval.

Furthermore, purified RNA was subjected to qRT-PCR analysis using the
respective primers to demonstrate the presence of the binding targets.

2.14. Statistical analysis

All statistical analyses were performed using SPSS version 17.0
software. Data were analyzed using independent two-tailed t-tests in
vitro and in vivo. Categorical data were analyzed using the chi-square
test and Kruskal-Wallis. P-values less than 0.05 were considered sign-
ificant.

3. Results
3.1. LncRNA PANDA is up-regulated in of ESCC tissues

To validate levels of PANDA expression, we conducted qRT-PCR
analysis to measure the PANDA expression in 134 paired cancerous and
adjacent noncancerous tissues of ESCC. PANDA expression was up-
regulated in 67.5% ESCC sample (91 of 134 cases, p < 0.05) 91 can-
cerous tissues and down-regulated in 43 cancerous tissues compared
with their paired adjacent noncancerous tissues (Fig. 1A and 1B). All

+

SD for three replicate determinations. All data were analyzed using Mann-Whitney

ESCC sample were classified into two groups based on the median value
of relative PANDA expression. The high expression group had PANDA
expression level = median value (n = 67) and the low expression group
had a PANDA expression level < median value (n = 67). Next, we
analyzed the relationship between PANDA expression level and clinical
pathological information in ESCC patients, and found that up-regulated
PANDA expression was closely related to the depth of tumor invasion
(p = 0.003), lymph nodes metastasis (p = 0.019) and TNM staging
(p = 0.007). However, PANDA expression was not correlated with
distant metastasis, tumor cell differentiation and other clinical char-
acteristics, including age, gender, smoking status, and alcohol con-
sumption, etc.

Additionally, we collected information of five years survival from
76 of 134 patients. Kaplan-Meier’s survival analysis and log-rank test
were conducted to evaluate the association of PANDA expression with
prognosis of patients (Table 2). The patients with higher levels of
PANDA (n = 41) had poorer survival time than those with lower levels
of PANDA (n = 35, p = 0.002, log-rank test, Fig. 1C). By Multivariate
cox analysis, PANDA expression and lymph node metastasis were im-
portant prognostic factors (p = 0.026, OR 0.457, 95% CI 0.230 to 0.909
and p < 0.01, OR 0.259, 95% CI 0.127-0.530). Taken together, these
data suggested that over-expression of PANDA might have important
roles in ESCC development and progression.

3.2. PANDA expressed in ESCC cell lines

To investigate the roles of PANDA in ESCC, we performed qRT-PCR
to evaluate the level of PANDA in nine ESCC cell lines and one non-
malignant esophageal epithelial cell line (Het1A cells). The expression
of PANDA in five ESCC cell lines was significantly higher than the levels
observed in HetlA cells. The expression of PANDA in KYSE180 and
KYSE450 cell lines was found to be the highest and selected for further
PANDA cell biological assays (Fig. 1D).
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Fig. 2. Knockdown efficiency of PANDA-specific siRNAs in ESCC cell lines and proliferation viability were measured in vitro.

(A) Depletion of PANDA siRNA in KYSE180 and KYSE450 cell lines (**p < 0.01). (B) KYSE180 and KYSE450 cells proliferation were detected by MTT assay with
siRNA-2 and siRNA-3 of PANDA. (C) KYSE180 and KYSE450 cells proliferation was assessed using EdU immunofluorescence staining with siRNA-3 or si-NC
transfection. The graphs on the right show the percentage of EdU-positive nuclei. The data are the mean of EdU-positive nucleus number in three independent
experiments. (D) Clone formation assays of KYSE180 and KYSE450 cells after transient transfection with PANDA siRNA-3 or NC siRNA (left panels) and the histogram
of the clone formation in each group (right panels). *p < 0.05; **p < 0.01. (E) Scratch wound assay of KYSE450 cells with PANDA siRNA-3.

3.3. Silence of PANDA promoted cell apoptosis and inhibited cell
proliferation in vitro

Malignant proliferation is a well-known and critical cellular event of
cancer cells. To investigate the potential function of PANDA in ESCC
cells, RNA interference (RNAi) was employed to knockdown en-
dogenous PANDA in KYSE180 and KYSE450 cells. Three different
siRNAs were transfected into KYSE180 and KYSE450 cells. The relative
expression level of PANDA was measured by qRT-PCR analysis after
24 h. As compared with siRNA-NC, PANDA expression was effectively
down-knocked about 60.1% and 69.8% in KYSE180 cells, and about
68.7% and 72.5% in KYSE450 cells transfected with siRNA-2 and
siRNA-3 (p < 0.05 and p < 0.01, Fig. 2A). Thus, siRNA-2 and siRNA-
3 were chosen for further cell biological assays.

MTT assay was performed to evaluate the impact of PANDA on cell
proliferation in ESCC. Knockdown of PANDA expression inhibited
KYSE180 and KYSE450 cell proliferation, and the inhibition rates were
33.25% and 42.38% in KYSE180, and 38.85% and 47.89% at 96 h in
KYSE450 transfected with siRNA-2 and siRNA-3 (Fig. 2B). Furthermore,
EdU assays were performed in KYSE180 and KYSE450 cells transfected
with siRNA-3 or si-NC. The results showed that the number of EDU-
positive nuclei was lower in PANDA down-regulated cells than control
cells (Fig. 2C).

We also performed colony formation assay, and found that KYSE180
and KYSE450 cells transfected with shRNA-PANDA resulted in de-
creased cell proliferation compared with cells treated with control.
After incubated for 14 days, the colony formation efficiency was
43.75% and 75% in KYSE180 and KYSE450 cells transfected with
empty vector, while 22.5% and 31.8% in KYSE180 and KYSE450 cells
transfected with shRNA-PANDA (p < 0.01, Fig. 2D).

Wound examinations showed that KYSE450 cells transfected with
siRNA-3 had not apparently changed scratch wound compared with
control cells (Fig. 2E). These findings demonstrated that PANDA might

have no effect on the migration of ESCC cell lines

We next evaluated whether PANDA could regulate cell-cycle pro-
gression. The results showed that cell population was increased in G1
phase, while reduced in S phase after knockdown of PANDA. The
fraction of cells in G1 phase increased from 36.66% to 43.96% and
40.83% to 49.53%, while the fraction of cells in S phase decreased from
40.58% to 33.42% and 40.09% to 32.18% compared with control cells
(Fig. 3A and 3B).

We subsequently characterized the role of PANDA in cell apoptosis
with flow cytometry assays. Rates of apoptosis in KYSE180 and
KYSE450 cells were increased by 6.53%, 8.76% and 7.39%, 8.26% after
effective knockdown of PANDA (p < 0.05. Fig. 3C and 3D). Thus,
PANDA could promote cell proliferation and inhibit cell apoptosis of
ESCC.

3.4. PANDA knockdown attenuated xenograft growth and inhibited cell
proliferation in vivo

We constructed KYSE450 cells with stable knockdown of PANDA to
investigate whether PANDA would affect cell proliferation in vivo ac-
cording to the results of plate colony formation assay. Xenograft mice
models were used to identify the oncogenic role of PANDA in vivo.
KYSE450 cells transfected sh-PANDA (shRNA) and vector (control)
were subcutaneously injected into Xenograft mice. 24 days after in-
jection, we found that tumor volumes and weights were significantly
less in sh-PANDA group than control group (0.052 = 0.011g and
0.174 = 0.045g, p < 0.01, Fig. 4A). As a nuclear antigen associated
with cell proliferation-specificity, the Ki-67 can be expressed in pro-
liferating cells in all phases during cell cycle except in phase GO [15].
Next, collected tumor tissues from sh-PANDA group and control group
were analyzed by testing Ki67 expression via immunochemistry
(Fig. 4B). The results showed that tissues from mice in sh-PANDA group
exhibited lower number of Ki67-positive nuclei compared to controls
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Fig. 3. Inhibition of PANDA promoted apoptosis in esophageal squamous cell carcinoma (ESCC) cells and resulted in cell cycle arrest in G1/S(A-B) KYSE180 (A) and
KYSE450 (B) cells transfected with siRNA-2 and siRNA-3 displayed effectively increased response to apoptosis compared with those infected with si-NC (6.53%,
9.26% and 7.39%, 8.26%). (C-D) Knockdown of PANDA resulted in cell cycle arrest in G1/S transition checkpoint. KYSE180 (C) and KYSE450 (D) cells transfected
with siRNA-2 and siRNA-3 or si-NC for 48 h. Cell-cycle distribution was measured by flow cytometry. The percentage of cells in G1, S or G2 phases transfected with si-
NC was defined as control. Data are represented as mean + SD from three independent experiments.

and reflected that cell proliferation viability in groups without PANDA
decreased [16]. These findings revealed that PANDA might be closely
associated with the growth of ESCC cell lines in vivo.

3.5. PANDA knockdown down-regulated cell cycle genes involved in G1-S
phase checkpoint

According to the above results, we further investigated whether
PANDA knockdown might have an effect on the expression of cell cycle
genes. Therefore, we analysis the expression levels of E2F1, cyclinD1,
cyclinD2, cyclinEl, IL-12A, PLKland the anti-apoptosis gene Bcl-2,
which involved in regulating G1-S phase checkpoint transition and cell
apoptosis in ESCC cells by qRT-PCR [17-19]. The results showed that
E2F1, cyclinD1, cyclinD2, cyclinEl and Bcl-2 expressions were down-
regulated significantly, whereas p53, IL-12A and PLK1 had no sig-
nificant changes in ESCC cells after PANDA knockdown (Fig. 5A).
Furthermore, the results of western blot indicated the same change of
protein levels that is consistent with change of mRNA expression
(Fig. 5B). We also investigated the caspase-9 and caspase-3 protein le-
vels, and the results showed that the expression of cleaved caspase-9

and the ratio of cleaved caspase-3 were increased after PANDA
knockdown (Fig. 5C). Altogether, these data suggested that PANDA
might promote cell proliferation and suppress cell apoptosis in ESCC by
regulating E2F1 and downstream target genes.

3.6. PANDA regulated E2F1 to depress apoptosis in ESCC through
dissociating from NF-YA

In order to reveal the clinical relevance of E2F1 in ESCC, we first
assessed the expression of E2F1 in ESCC specimens using
Immunohistochemistry assay. E2F1 showed higher expression in the
cancerous tissues compared with that of the adjacent normal tissues
(Fig. 6A). To investigate whether E2F1 expression was driven by
PANDA, we detected E2F1 expression in 22 paired primary cancerous
and adjacent noncancerous in which PANDA expression had been
measured. The results indicated that E2F1 expression was remarkably
up-regulated in ESCC tissues compared with adjacent noncancerous (17
of 22 cases, p < 0.01) (Fig. 6B). Further analysis revealed that PANDA
expression was positively correlated with E2F1 mRNA expression in
ESCC (p = 0.012, Fig. 6C).
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Fig. 4. The effect of PANDA on tumor growth in vivo. (A) shRNA-PANDA or shRNA-NC was transfected into KYSE450 cells, which were injected in the nude mice,
respectively. Tumor volumes were calculated after injection every 5 days. Tumor volumes were calculated once a week after injection. Points, mean (n = 5); bars
indicate SD. At 24 days, tumor weights of sacrificed nude mice are represented as means of tumor weights + SD. (B) KYSE450 cell proliferation was analyzed by
testing Ki67 expression in shRNA groups and control which coincided with the peak of DNA synthesis in vivo by immunochemistry. The nude mice with PANDA
deleted exhibited lower number of Ki67-positive nuclei compared to controls (** p < 0.01).

Next, we focused on how PANDA activate E2F1 and regulate
downstream genes to promote cell proliferation in ESCC. As we known,
DNA damage induced PANDA to interact with NF-YA to promote cell
survival by impeding the apoptotic gene expression program [20]. It
was interested that the expression of NF-YA had no significant in ESCC
(Fig. 6D) and no localization with PANDA by RIP (Fig. 6I). Finally,
given the missing of NF-YA in RIP with PANDA, our data point to a
potential involvement of PANDA regulating E2F1 by dissociating from
NF-YA.

3.7. PANDA interacted with SAFA to promote ESCC cell proliferation

SAFA is a very abundant multimodular nuclear protein that is able
to bind DNA and RNA including several classes of noncoding RNA
[21-23]. Recently, SAFA was shown to negative regulate PANDA in
RAS and RS cells [24]. In ESCC, the expression of SAFA was significant
higher in tumor than it in normal tissues (Fig. 6E and F). Same as E2F1,
the expression of SAFA was up-regulated in 24 paired primary can-
cerous and adjacent noncancerous in which PANDA expression had
been measured (Fig. 6G and 6 H). RIP was conducted to explore the
interaction between PANDA and proteins. PANDA was preferentially
enriched in SAFA relative to control immunoglobulin G (IgG) im-
munoprecipitates (Fig. 6I). This finding suggested that PANDA can
SAFA and regulate their expression in ESCC.

To summarize, a PANDA shift model was proposed to describe the
PANDA-SAFA-tumor proliferation pathway (Fig. 7). In ESCC cells,
PANDA drifted away from NF-YA to promote the expression of NF-YA-
E2F1 coregulated proliferation-promoting genes, and limits the cell
apoptosis. In addition, PANDA binding SAFA to switch on the tumor
proliferation programme though CyclinD1/2-Cyclin E1 and Bcl-2
pathways.

4. Discussion

The human genome contains a large number of IncRNAs that are
dynamically expressed in a tissue-, differentiation-, cell type- or de-
velopmental stage-specific manner, indicating specific functions of
IncRNAs in the development of diseases [25-27]. The cellular functions
of most recently discovered IncRNAs then needed to be elucidated. For
each individual molecule, it needs to be established whether it executes
important functions or just represents “transcriptional noise” or back-
ground transcription. In fact, some IncRNAs show clear evolutionary
conservation or strict regulation function, implying that they are of
functional importance [28-31]. The aberrant expression of IncRNA has
been found in a wide variety of tumors [32-36]. Nevertheless, our
knowledge of the roles of IncRNAs might play in cancer is still very
limited.

A recent study identified 216 putative IncRNAs derived from
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Fig. 5. The effect of PANDA on proliferation and apoptosis related genes(A)The fold changes in mRNA expression levels of P53, E2F1, cyclinD1, cyclinEl,clinD2, Bcl-
2, PLK1 in KYSE180 and KYSE450 cell lines after PANDA knockdown by qRT-PCR. B-actin was used as the internal control. * p < 0.05. (B-C) The expression levels
of cyclinD1, cyclinEl, cyclinD2, E2F1 (B) and BCL2, cleaved-caspase9, pro-caspase3 and cleaved-caspase3 proteins (C) were analyzed by western-blot analysis and [3-
actin was used as control. The imagery gray values indicated the protein levels (right panels).

promoter regions of cell cycle genes [14]. Many of these transcripts
showed periodic expression during the cell cycle and altered expression
in human cancers, and their expressions could be regulated by specific
oncogenic stimuli or DNA damage. PANDA is one of the IncRNAs that
transcript from promoter regions of cell cycle genes, which might be
regulated by p53 [37]. However, previous studies have revealed that
p53 mutation is the most common genetic alteration in ESCC and p53
function is typically lost early in esophageal squamous cell carcino-
genesis [38-40]. P53 mutation accelerated the cell cycle and decreased
the expression of p21Wafl/Cipl [41,42], supporting that PANDA might
be divorced from p53-dependent manner regulation in ESCC. There-
fore, we speculated that PANDA may be independent of p53 in the

regulation of downstream genes to promote cell growth and suppress
apoptosis in ESCC progression. In this study, we found that PANDA was
up-regulated in ESCC cancerous tissues when compared with corre-
sponding noncancerous tissues. Furthermore, we also showed that the
increased expression level of PANDA was correlated with lymph node
metastasis and advanced pathologic stage of ESCC patients. In addition,
higher PANDA expression was correlated with lower overall survival
rates and could be an independent prognostic factor in patients with
ESCC. These findings indicated that PANDA might play an important
role in the development and progression of ESCC and it could be used to
develop as a candidate prognostic biomarker for ESCC.

The balance between cell proliferation and apoptosis plays an
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Fig. 6. PANDA regulated E2F1 to depress apoptosis in ESCC through dissociating from NF-YA while interacted with SAFA to promote ESCC cell proliferation (A)
Immunohistochemistry assay showed that E2F1 elevated in cancerous esophageal tissues. Representative IHC image is shown. (B) Relative mRNA levels of E2F1 and
PANDA in cancerous tissues of ESCC were analyzed by qPCR and normalized to (-actin. (C) The positive correlation between E2F1 and PANDA was examined in 22
cases of ESCC tissue samples (p = 0.012). *p < 0.05. (D) RT-qPCR was also performed to analyze the expression of NF-YA in 22 matched cancerous tissues and
adjacent noncancerous tissues of ESCC and normalized to GAPDH. (E) Immunohistochemistry assay showed that SAFA elevated in cancerous esophageal tissues.
Representative IHC image is shown. (F) RT-qPCR was performed to analyze the expression of SAFA in 22 matched cancerous tissues and adjacent noncancerous
tissues of ESCC and normalized to GAPDH. *p < 0.05. (G) Relative mRNA levels of SAFA and PANDA in cancerous tissues of ESCC were analyzed by qPCR and
normalized to B-actin. (H) The positive correlation between SAFA and PANDA was analyzed in 24 cases of ESCC tissue samples. (p = 0.044). *p < 0.05. (I) The
relative RNA level was detected in the substrate of a RIP assay by qRT-PCR. Triplicate experiments were analyzed, and the mean * SD is shown. P and r values were

calculated using Spearman's correlation test.

important role in the control of tissue homeostasis. Increasing evidence
had shown that both increased proliferation and decreased apoptosis
were pivotal in the formation and progression of cancer [43]. Tumor
cells proliferation promotes malignant phenotype and speeds up the
tumor invasion and migration in a way. In this study, knockdown of
PANDA expression significantly decreased proliferation and promoted
apoptosis of ESCC cells by arresting G1-S checkpoint transition. More-
over, knockdown of PANDA could also inhibit tumor growth in vivo. To
further assess the potential mechanism involved in PANDA mediated
biological function in ESCC cells, we detected genes that contribute to
G1-S checkpoint transition and cell apoptosis. Our study showed that
knockdown of PANDA reduced E2F1 and Bcl-2 expressions, while in-
creased cleaved Caspase3 and Caspase9 expressions in ESCC cells. We
also found that changes of E2F1 downstream genes cyclinE1l, cyclinD1
and cyclinD2 were consistent with E2F1. Moreover, a positive corre-
lation between PANDA and E2F1 expression was noted in cancer tissues
of ESCC.

E2F factors are potent regulators of cell-cycle checkpoints in

mammalian cells, and ectopic expression of individual E2F family
member is sufficient to modulate cell proliferation and apoptosis [44].
The transcription factor E2F-1 plays an important role in regulating cell
proliferation, and its activity is tightly regulated in a cell-cycle-depen-
dent manner to enable programs of gene expression. This period in the
cell cycle, from late G1 to early S phase, defines a window of time
during which E2F-1 can activate S-phase genes [45]. Recent studies
have shown that E2F-1 expression increases at the transcriptional level
in multiple cancers without localized gene amplification. Generally,
E2F-1 is accumulated in the late G1 phase of the cell cycle, and rapidly
degraded in S/G2 phase. Its expression is closely associated with tumor
cell proliferation and might influence clinical outcome mainly via
regulating cell cycle progression [46].

Our study demonstrated that aberrant over-expression of PANDA in
ESCC tissues and consequent up-regulation of E2F1 could ‘drive’ tu-
morigenesis in progression of ESCC by promoting cell proliferation and
suppressing cell apoptosis. Thus, we concluded that over-expression of
PANDA might contribute to up-regulation of E2F1 which exerts its
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oncogene functions. Recent studies have clearly shown that a number of
IncRNAs contribute to gene regulation by various mechanisms [10]. (1)
IncRNAs ‘guide’ chromatin-modifying complexes to specific genomic
loci and activate and repress specific genes in cis and in trans [47-51].
(2) IncRNAs serve as structural links in ribonucleoprotein complexes
(RNPs), and disruption of such IncRNAs may lead to undesired biolo-
gical consequences [48,52]. (3) LncRNAs regulate distinct transcrip-
tional programs. The ability of an IncRNA to modulate the effects of a
transcription factor can lead, in some cases, to significant changes in
gene expression and subsequently profound effects on the cells ability
to respond to external stimuli [53]. (4) Regulation of microRNAs by
IncRNAs. Recently, evidence came to light suggesting that some
mammalian IncRNAs may also regulate gene expression post-tran-
scriptionally by binding to miRNAs, and consequently preventing spe-
cific miRNAs from binding to their target mRNAs [54].

Another major finding of our study is how PANDA regulates E2F1 in
ESCC. As we known, DNA damage triggers p53-dependent G1 arrest,
but not apoptosis in human fibroblasts [55,56]. PANDA inhibits the
expression of apoptotic genes by sequestering NF-YA from occupying
target gene promoters. Furthermore, PANDA promotes cell survival by
impeding the apoptotic gene expression program [20]. It was consistent
with our study that PANDA regulated E2F1 expression by competitive
combination with NF-YA in ESCC cells. Accumulation of DNA damage
could result in carcinogenesis. Here, we might assume that DNA da-
mage induced the expression of PANDA in ESCC cells, which leaded
cells to proliferation, but not apoptosis. Meanwhile, in proliferating
cells PANDA and SAFA interact and recruit PRC2 and BMI1-PRC1
complexes to generate repressive histone marks H3K27me3 and
H2AK119Ub1l and dampen transcription of prosenescence PRC target
genes [24]. In ESCC, PANDA was up-regulated and interacted with
SAFA to promote the tumor proliferation.

In summary, our study showed that PANDA was dramatically up-
regulated in ESCC tissues and cell lines. The high expression of PANDA
was significantly associated with poor pT stage, pN stage, and patients’
survival time. Moreover, down-regulation of PANDA had the effect of
suppressing ESCC cell proliferation both in vitro and in vivo. PANDA
drifted away from NF-YA to promote the expression of NF-YA-E2F1
coregulated proliferation-promoting genes, and limits the cell apoptosis
in ESCC. In addition, PANDA binding SAFA to switch on the tumor
proliferation programme though CyclinD1/2-Cyclin E1 and Bcl-2
pathways. Further insights into the functional and clinical implications
of PANDA and its target E2F1 might contribute to therapeutic targets
for ESCC and further develop as potential prognostic factors. We
speculated that PANDA signatures might provide a novel and promising
alternative therapeutic approach to future cancer treatment with down-
regulation of such oncogenic IncRNAs. Also, our findings indicated that
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PANDA possessed potential as a cancer biomarker.
5. Conclusions

In this study, we figured out the IncRNA PANDA who could promote
the ESCC progression in vitro and in vivo. We reported that PANDA
drifted away from NF-YA to promote the expression of NF-YA-E2F1
coregulated proliferation-promoting genes, and to limit the ESCC cell
apoptosis. In addition, PANDA binding SAFA to switch on the tumor
proliferation programme though CyclinD1/2-Cyclin E1 and Bcl-2
pathways in ESCC.

Availability of data and materials

All data generated or analyzed during this study are included in this
published article.

Funding

This work was supported by Suzhou Science and Technology
Development Project (SNG201607, SNG2017049), and 2018 Municipal
Industrial Development Guidance Fund (Technology Innovation Special
Project) (s201808).

Declaration of Competing Interest
The authors declare that they have no competing interests
Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.prp.2019.152604.

References

[1] A. Jemal, F. Bray, M.M. Center, J. Ferlay, E. Ward, D. Forman, Global Cancer sta-
tistics, CA Cancer J. Clin. 61 (2) (2011) 69-90.

K. Matsushima, H. Isomoto, N. Yamaguchi, N. Inoue, H. Machida, T. Nakayama,
T. Hayashi, M. Kunizaki, S. Hidaka, T. Nagayasu, M. Nakashima, K. Ujifuku,

N. Mitsutake, A. Ohtsuru, S. Yamashita, M. Korpal, Y. Kang, P.A. Gregory,

G.J. Goodall, S. Kohno, K. Nakao, Mirna-205 modulates cellular invasion and mi-
gration via regulating zinc finger E-Box binding homeobox 2 expression in eso-
phageal squamous cell carcinoma cells, J. Transl. Med. 9 (2011) 30.

M. Hongo, T. Shoji, Epidemiology of reflux disease and cle in East Asia, J.
Gastroenterol. 38 (Suppl 15) (2003) 25-30.

T. Kim, S.R. Grobmyer, R. Smith, K. Ben-David, D. Ang, S.B. Vogel, S.N. Hochwald,
Esophageal Cancer-the Five year survivors, J. Surg. Oncol. 103 (2) (2011) 179-183.
L.A. Torre, F. Bray, R.L. Siegel, J. Ferlay, J. Lortet-Tieulent, A. Jemal, Global Cancer
statistics, 2012, CA Cancer J. Clin. 65 (2) (2015) 87-108.

E.A. Dethoff, J. Chugh, A.M. Mustoe, H.M. Al-Hashimi, Functional complexity and
regulation through Rna dynamics, Nature 482 (7385) (2012) 322-330.

C.T. Ong, V.G. Corces, Enhancer function: new insights into the regulation of tissue-
specific gene expression, Nat. Rev. Genet. 12 (4) (2011) 283-293.

M.C. Tsai, O. Manor, Y. Wan, N. Mosammaparast, J.K. Wang, F. Lan, Y. Shi,

E. Segal, H.Y. Chang, Long noncoding Rna as modular scaffold of histone mod-
ification complexes, Science 329 (5992) (2010) 689-693.

M.C. Tsai, R.C. Spitale, H.Y. Chang, Long intergenic noncoding Rnas: new links in
cancer progression, Cancer Res. 71 (1) (2011) 3-7.

K.C. Wang, H.Y. Chang, Molecular mechanisms of long noncoding Rnas, Mol. Cell
43 (6) (2011) 904-914.

W.C. Liang, J.L. Ren, C.W. Wong, S.0. Chan, M.M. Waye, W.M. Fu, J.F. Zhang,
Lncrna-nef antagonized epithelial to mesenchymal transition and cancer metastasis
via cis-regulating Foxa2 and inactivating Wnt/Beta-Catenin signaling, Oncogene 37
(11) (2018) 1445-1456.

W. Su, S. Feng, X. Chen, X. Yang, R. Mao, C. Guo, Z. Wang, D.G. Thomas, J. Lin,
R.M. Reddy, M.B. Orringer, A.C. Chang, Z. Yang, D.G. Beer, G. Chen, Silencing of
long noncoding Rna Mir22hg triggers cell Survival/Death signaling via oncogenes
Ybx1, met, and P21 in lung cancer, Cancer Res. 78 (12) (2018) 3207-3219.

Z. Xing, Y. Zhang, K. Liang, L. Yan, Y. Xiang, C. Li, Q. Hu, F. Jin, V. Putluri,

N. Putluri, C. Coarfa, A. Sreekumar, P.K. Park, T.K. Nguyen, S. Wang, J. Zhou,

Y. Zhou, J.R. Marks, D.H. Hawke, M.C. Hung, L. Yang, L. Han, H. Ying, C. Lin,
Expression of long noncoding Rna Yiya promotes glycolysis in breast cancer, Cancer
Res. 78 (16) (2018) 4524-4532.

T. Hung, Y. Wang, M.F. Lin, A.K. Koegel, Y. Kotake, G.D. Grant, H.M. Horlings,
N. Shah, C. Umbricht, P. Wang, B. Kong, A. Langerod, A.L. Borresen-Dale, S.K. Kim,

[2]

[3]
[4]
[5]

[6

[7

[8]

[91

[10]

[11]

[12]

[13]

[14]


https://doi.org/10.1016/j.prp.2019.152604
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0005
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0010
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0015
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0015
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0020
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0020
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0025
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0025
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0030
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0030
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0035
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0035
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0040
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0040
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0040
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0045
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0045
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0050
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0050
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0055
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0060
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0065
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0070

W. Shi, et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

M. van de Vijver, S. Sukumar, M.L. Whitfield, M. Kellis, Y. Xiong, D.J. Wong,
H.Y. Chang, Extensive and coordinated transcription of noncoding rnas within cell-
cycle promoters, Nat. Genet. 43 (7) (2011) 621-629.

A.C. Tsamandas, D. Kardamakis, P. Tsiamalos, A. Liava, V. Tzelepi, V. Vassiliou,
T. Petsas, K. Vagenas, V. Zolota, C.D. Scopa, The potential role of Bcl-2 expression,
apoptosis and cell proliferation (Ki-67 expression) in cases of gastric carcinoma and
correlation with classic prognostic factors and patient outcome, Anticancer Res. 29
(2) (2009) 703-709.

Q. Ke, R.N. Yang, F. Ye, Y.J. Wang, Q. Wu, L. Li, H. Bu, Impairment of liver re-
generation by the histone deacetylase inhibitor valproic acid in mice, J. Zhejiang
Univ. Sci. B 13 (9) (2012) 695-706.

Y.P. Tao, W.L. Wang, S.Y. Li, J. Zhang, Q.Z. Shi, F. Zhao, B.S. Zhao, Associations
between polymorphisms in I1-12a, I1-12b, 11-12rbetal, 11-27 gene and serum levels of
11-12p40, 11-27p28 with esophageal cancer, J. Cancer Res. Clin. Oncol. 138 (11)
(2012) 1891-1900.

J.G. Wu, J.W. Yu, H.B. Wu, L.H. Zheng, X.C. Ni, X.Q. Li, G.Y. Du, B.J. Jiang,
Expressions and clinical significances of C-Met, P-Met and E2f-1 in human gastric
carcinoma, BMC Res. Notes 7 (2014) 6.

Y. Zhang, X.L. Du, C.J. Wang, D.C. Lin, X. Ruan, Y.B. Feng, Y.Q. Huo, H. Peng,
J.L. Cui, T.T. Zhang, Y.Q. Wang, H. Zhang, Q.M. Zhan, M.R. Wang, Reciprocal
activation between Plk1 and Stat3 contributes to survival and proliferation of
esophageal cancer cells, Gastroenterology 142 (3) (2012) 521-30 e3.

T. Hung, Y. Wang, M.F. Lin, A.K. Koegel, Y. Kotake, G.D. Grant, H.M. Horlings,
N. Shah, C. Umbricht, P. Wang, B. Kong, A. Langerod, A.L. Borresen-Dale, S.K. Kim,
M. van de Vijver, S. Sukumar, M.L. Whitfield, M. Kellis, Y. Xiong, D.J. Wong,
H.Y. Chang, Extensive and coordinated transcription of noncoding Rnas within cell-
cycle promoters, Nat. Genet. 43 (7) (2013) 621-629.

R. Helbig, F.O. Fackelmayer, Scaffold attachment factor a (Saf-a) is concentrated in
inactive X chromosome territories through its Rgg domain, Chromosoma 112 (4)
(2003) 173-182.

M. Kiledjian, G. Dreyfuss, Primary structure and binding activity of the Hnrnp U
protein: binding Rna through Rgg box, EMBO J. 11 (7) (1992) 2655-2664.

R. Xiao, P. Tang, B. Yang, J. Huang, Y. Zhou, C. Shao, H. Li, H. Sun, Y. Zhang,
X.D. Fu, Nuclear matrix factor hnrnp U/Saf-a exerts a global control of alternative
splicing by regulating U2 snrnp maturation, Mol. Cell 45 (5) (2012) 656-668.
P.K. Puvvula, R.D. Desetty, P. Pineau, A. Marchio, A. Moon, A. Dejean, O. Bischof,
Long noncoding Rna panda and scaffold-attachment-factor Safa control senescence
entry and exit, Nat. Commun. 5 (2014) 5323.

P.P. Amaral, C. Neyt, S.J. Wilkins, M.E. Askarian-Amiri, S.M. Sunkin, A.C. Perkins,
J.S. Mattick, Complex architecture and regulated expression of the Sox2ot locus
during vertebrate development, RNA 15 (11) (2009) 2013-2027.

X. Fu, L. Ravindranath, N. Tran, G. Petrovics, S. Srivastava, Regulation of apoptosis
by a prostate-specific and prostate cancer-associated noncoding gene, Pcgem1, DNA
Cell Biol. 25 (3) (2006) 135-141.

T. Ravasi, H. Suzuki, K.C. Pang, S. Katayama, M. Furuno, R. Okunishi, S. Fukuda,
K. Ru, M.C. Frith, M.M. Gongora, S.M. Grimmond, D.A. Hume, Y. Hayashizaki,
J.S. Mattick, Experimental validation of the regulated expression of large numbers
of non-coding Rnas from the mouse genome, Genome Res. 16 (1) (2006) 11-19.
R.A. Chodroff, L. Goodstadt, T.M. Sirey, P.L. Oliver, K.E. Davies, E.D. Green,

Z. Molnar, C.P. Ponting, Long noncoding Rna genes: conservation of sequence and
brain expression among diverse amniotes, Genome Biol. 11 (7) (2010) R72.

M. Guttman, I. Amit, M. Garber, C. French, M.F. Lin, D. Feldser, M. Huarte, O. Zuk,
B.W. Carey, J.P. Cassady, M.N. Cabili, R. Jaenisch, T.S. Mikkelsen, T. Jacks,

N. Hacohen, B.E. Bernstein, M. Kellis, A. Regev, J.L. Rinn, E.S. Lander, Chromatin
signature reveals over a thousand highly conserved large non-coding Rnas in
mammals, Nature 458 (7235) (2009) 223-227.

M. Huarte, M. Guttman, D. Feldser, M. Garber, M.J. Koziol, D. Kenzelmann-Broz,
AM. Khalil, O. Zuk, I. Amit, M. Rabani, L.D. Attardi, A. Regev, E.S. Lander, T. Jacks,
J.L. Rinn, A large intergenic noncoding Rna induced by P53 mediates global gene
repression in the P53 response, Cell 142 (3) (2010) 409-419.

J.N. Hutchinson, A.W. Ensminger, C.M. Clemson, C.R. Lynch, J.B. Lawrence,

A. Chess, A screen for nuclear transcripts identifies two linked noncoding Rnas
associated with Sc35 splicing domains, BMC Genomics 8 (2007) 39.

S.W. Cheetham, F. Gruhl, J.S. Mattick, M.E. Dinger, Long noncoding rnas and the
genetics of cancer, Br. J. Cancer 108 (12) (2013) 2419-2425.

T. Gutschner, S. Diederichs, The hallmarks of cancer: a long non-coding Rna point
of view, RNA Biol. 9 (6) (2012) 703-719.

11

[34]
[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

[45]

[46]

[47]
[48]
[49]
[50]
[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

Pathology - Research and Practice 215 (2019) 152604

C.H. Li, Y. Chen, Targeting long non-coding Rnas in cancers: progress and prospects,
Int. J. Biochem. Cell Biol. 45 (8) (2013) 1895-1910.

R. Maruyama, H. Suzuki, Long noncoding Rna involvement in cancer, BMB Rep. 45
(11) (2012) 604-611.

M.T. Qiu, J.W. Hu, R. Yin, L. Xu, Long noncoding Rna: an emerging paradigm of
cancer research, Tumour Biol. 34 (2) (2013) 613-620.

A.K. Hock, A.M. Vigneron, S. Carter, R.L. Ludwig, K.H. Vousden, Regulation of P53
stability and function by the deubiquitinating enzyme Usp42, EMBO J. 30 (24)
(2011) 4921-4930.

H. Gao, L.D. Wang, Q. Zhou, J.Y. Hong, T.Y. Huang, C.S. Yang, P53 tumor sup-
pressor gene mutation in early esophageal precancerous lesions and carcinoma
among high-risk populations in Henan, China, Cancer Res. 54 (16) (1994)
4342-4346.

S.T. Shi, G.Y. Yang, L.D. Wang, Z. Xue, B. Feng, W. Ding, E.P. Xing, C.S. Yang, Role
of P53 gene mutations in human esophageal carcinogenesis: results from
Immunohistochemical and mutation analyses of carcinomas and nearby non-can-
cerous lesions, Carcinogenesis 20 (4) (1999) 591-597.

M. Yasuda, H. Kuwano, M. Watanabe, Y. Toh, S. Ohno, K. Sugimachi, P53 ex-
pression in squamous dysplasia associated with carcinoma of the oesophagus: evi-
dence for field carcinogenesis, Br. J. Cancer 83 (8) (2000) 1033-1038.

M.C. Hollstein, R.A. Metcalf, J.A. Welsh, R. Montesano, C.C. Harris, Frequent mu-
tation of the P53 gene in human esophageal cancer, Proc. Natl. Acad. Sci. U. S. A. 87
(24) (1990) 9958-9961.

Y. Yang, R.S. Tarapore, M.H. Jarmel, M.P. Tetreault, J.P. Katz, P53 mutation alters
the effect of the esophageal tumor suppressor KIf5 on keratinocyte proliferation,
Cell Cycle 11 (21) (2012) 4033-4039.

K.A. Brant, G.D. Leikauf, Dysregulation of furin by prostaglandin-endoperoxide
synthase 2 in lung epithelial Nci-H292 cells, Mol. Carcinog. 53 (3) (2014) 192-200.
P. Lavia, P. Jansen-Durr, E2f target genes and cell-cycle checkpoint control,
Bioessays 21 (3) (1999) 221-230.

A. Marti, C. Wirbelauer, M. Scheffner, W. Krek, Interaction between ubiquitin-
protein ligase Scfskp2 and E2f-1 underlies the regulation of E2f-1 degradation, Nat.
Cell Biol. 1 (1) (1999) 14-19.

K. Yamazaki, M. Hasegawa, I. Ohoka, K. Hanami, A. Asoh, T. Nagao, I. Sugano,
Y. Ishida, Increased E2f-1 expression via tumour cell proliferation and decreased
apoptosis are correlated with adverse prognosis in patients with squamous cell
carcinoma of the oesophagus, J. Clin. Pathol. 58 (9) (2005) 904-910.

B.E. Bernstein, A. Meissner, E.S. Lander, The mammalian epigenome, Cell 128 (4)
(2007) 669-681.

A.M. Khalil, J.L. Rinn, Rna-protein interactions in human health and disease, Semin.
Cell Dev. Biol. 22 (4) (2011) 359-365.

T. Kouzarides, Chromatin modifications and their function, Cell 128 (4) (2007)
693-705.

M.J. Koziol, J.L. Rinn, Rna traffic control of chromatin complexes, Curr. Opin.
Genet. Dev. 20 (2) (2010) 142-148.

J.S. Mattick, P.P. Amaral, M.E. Dinger, T.R. Mercer, M.F. Mehler, Rna regulation of
epigenetic processes, Bioessays 31 (1) (2009) 51-59.

R.J. Taft, K.C. Pang, T.R. Mercer, M. Dinger, J.S. Mattick, Non-coding Rnas: reg-
ulators of disease, J. Pathol. 220 (2) (2010) 126-139.

T. Kino, D.E. Hurt, T. Ichijo, N. Nader, G.P. Chrousos, Noncoding Rna Gas5 is a
growth arrest- and starvation-associated repressor of the glucocorticoid receptor,
Sci. Signal. 3 (107) (2010) ra8.

M. Cesana, D. Cacchiarelli, I. Legnini, T. Santini, O. Sthandier, M. Chinappi,

A. Tramontano, I. Bozzoni, A long noncoding rna controls muscle differentiation by
functioning as a competing endogenous rna, Cell 147 (2) (2011) 358-369.

A. Di Leonardo, S.P. Linke, K. Clarkin, G.M. Wahl, DNA damage triggers a pro-
longed P53-Dependent G1 arrest and long-term induction of Cip1 in normal human
fibroblasts, Genes Dev. 8 (21) (1994) 2540-2551.

M.L. Agarwal, A. Agarwal, W.R. Taylor, G.R. Stark, P53 controls both the G2/M and
the G1 cell cycle checkpoints and mediates reversible growth arrest in human fi-
broblasts, Proc. Natl. Acad. Sci. U. S. A. 92 (18) (1995) 8493-8497.

Y. Shimada, M. Imamura, T. Wagata, N. Yamaguchi, T. Tobe, Characterization of 21
newly established esophageal cancer cell lines, Cancer 69 (2) (1992) 277-284.

Y. Kanda, Y. Nishiyama, Y. Shimada, M. Imamura, H. Nomura, H. Hiai,

M. Fukumoto, Analysis of gene amplification and overexpression in human eso-
phageal-carcinoma cell lines, Int. J. Cancer 58 (2) (1994) 291-297.


http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0070
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0075
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0080
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0080
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0080
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0085
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0085
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0085
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0085
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0090
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0095
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0100
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0105
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0105
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0105
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0110
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0110
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0115
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0115
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0115
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0120
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0120
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0120
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0125
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0125
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0125
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0130
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0130
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0130
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0135
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0135
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0135
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0135
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0140
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0140
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0140
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0145
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0145
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0145
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0145
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0145
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0150
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0150
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0150
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0150
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0155
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0155
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0155
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0160
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0160
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0165
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0165
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0170
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0170
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0175
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0175
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0180
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0180
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0185
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0185
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0185
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0190
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0190
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0190
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0190
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0195
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0195
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0195
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0195
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0200
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0200
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0200
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0205
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0205
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0205
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0210
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0210
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0210
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0215
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0215
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0220
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0220
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0225
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0225
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0225
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0230
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0230
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0230
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0230
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0235
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0235
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0240
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0240
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0245
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0245
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0250
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0250
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0255
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0255
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0260
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0260
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0265
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0265
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0265
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0270
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0270
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0270
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0275
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0275
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0275
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0280
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0280
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0280
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0285
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0285
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0290
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0290
http://refhub.elsevier.com/S0344-0338(19)30784-8/sbref0290

	Long noncoding RNA PANDA promotes esophageal squamous carcinoma cell progress by dissociating from NF-YA but interact with SAFA
	Introduction
	Materials and methods
	Tissue sample collection and patient data
	Cell lines and cell culture procedures
	RNA extraction and qPCR analyses
	Screening siRNA for lncRNA PANDA
	MTT and EDU assay
	Cell apoptosis analysis and cell cycle analysis
	Scratch wound assay
	Construction of vector and shRNA-PANDA
	Plate colony formation assay
	Xenografts in nude mouse
	Immunohistochemistry
	Western-blot assay
	RNA-binding protein immunoprecipitation (RIP) assay
	Statistical analysis

	Results
	LncRNA PANDA is up-regulated in of ESCC tissues
	PANDA expressed in ESCC cell lines
	Silence of PANDA promoted cell apoptosis and inhibited cell proliferation in vitro
	PANDA knockdown attenuated xenograft growth and inhibited cell proliferation in vivo
	PANDA knockdown down-regulated cell cycle genes involved in G1-S phase checkpoint
	PANDA regulated E2F1 to depress apoptosis in ESCC through dissociating from NF-YA
	PANDA interacted with SAFA to promote ESCC cell proliferation

	Discussion
	Conclusions
	Availability of data and materials
	Funding
	mk:H1_29
	Supplementary data
	References




