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cell proliferation and invasion through induction  
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Abstract: Objective: Long non-coding RNA (lncRNA) PANDAR has been identified as an oncogenic gene in multiple 
human malignancies, and dysregulation of PANDAR was tightly linked to carcinogenesis and cancer progression. 
Herein, we aimed at elucidating the expression profile and biological function of PANDAR in osteosarcoma (OS). 
Methods: PANDAR expression in OS tissues and cell lines was investigated using qRT-PCR, and the association 
between PANDAR expression and clinicopathological factors of OS patients was also analyzed. Cell proliferation 
and transwell assays were conducted by using MG63 and U2OS cells transfected with si-PANDAR. Expression of 
EMT markers (E-cadherin, N-cadherin and vimentin) was validated using western blot assay. OS xenograft tumor 
model was set up to investigate the biological functions of PANDAR in vivo. Results: Our findings demonstrated that 
PANDAR levels were evidently increased in OS tissues and cell lines. Higher expression of PANDAR was associated 
with aggressive phenotypes of OS, and led to a more unfavorable five-year survival of OS patients. Knock-down of 
PANDAR impaired the proliferation, migration and invasion of MG63 and U2OS cells in vitro, suppressed in vivo OS 
xenograft tumor growth, and led to elevated E-cadherin protein expression and reduced N-cadherin and vimentin 
protein expression. Conclusions: Collectively, the present study provided evidence that overexpression of PANDAR 
promoted proliferation and EMT-mediated OS migration and invasion. PANDAR may serve as a potential diagnostic 
indicator and therapeutic target for OS patients.
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Introduction

Worldwide, osteosarcoma (OS) is one of the 
most common malignant bone cancers in chil-
dren, adolescents and young adults, with a 
peak incidence at the age of 15-19 years [1, 2]. 
Malignant OS cells produce osteoid matrix and 
fibrillary stroma [3]. Pain and swelling in the 
affected bone are the most common symptom 
of OS. OS has a high metastatic rate of about 
20%. The lung and other bones are the most 
common targets [4]. Although the standard 
treatment, including adjuvant chemotherapy 
and tumor resection, has evidently improved 
the five-year survival rate of OS patients to 
nearly 70% [5], there has been no remarkable 
progress in improving the prognosis of those 
with lung or bone metastases [6, 7]. Unfor- 
tunately, most of the current strategies have 
limited efficacy in the treatment of metastatic 

OS, which remains a major challenge in bone 
cancer fields. Thus, it is highly desired to devel-
op novel sensitive markers of diagnostic and 
therapeutic targets for OS. Meanwhile, the 
underlying mechanism of OS progression re- 
mains largely dismal, which needs to be further 
elucidated.

The long non-coding RNAs (lncRNAs), defined 
as a subgroup of non-protein-coding RNA mol-
ecules that are longer than 200 nucleotides in 
length, serve pivotal roles in various biological 
processes through functionally regulating epi-
genetic, transcriptional and post-transcriptional 
gene expression [8, 9]. They are often tran-
scribed by RNA polymerase II but have no open 
reading frame, and thus cannot be translated 
into proteins. Recent studies have verified that 
nearly 80% of mammalian genomic transcripts 
are lncRNAs [10]. Overwhelming studies have 
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clarified that lncRNAs may function as onco-
genes or tumor suppressors in various types of 
cancers [11, 12]. 

The gene lncRNA PANDAR (promoter of CDKN1A 
antisense DNA damage-activated RNA), which 
is located at chromosome 6p21.2, has been 
documented to be involved in tumor progres-
sion in several human cancers. Such as, in- 
creased PANDAR expression was strongly as- 
sociated with progression and unfavorable 
prognosis of patients with hepatocellular carci-
noma [13]. Ma et al. reported that the up-regu-
lation of PANDAR could serve as an indepen-
dent prognostic role in gastric cancer [14]. 
Another literature showed that PANDAR plays 
oncogenic role in breast cancer through regu-
lating the G1/S transition [15]. However, to the 
best of our knowledge, the role of PANDAR in 
OS and the underlying mechanisms of its 
effects remain elusive.

In the current research, the correlation between 
the expression profile of PANDAR and clinical 
characteristics and prognosis of OS patients 
was analyzing through detecting the expression 
profile of PANDAR in OS tissues. SiRNA technol-
ogy was used for the silence of PANDAR expres-
sion in OS cells in vitro, so as to determine the 
influence of decreased PANDAR expression on 
the proliferation, migration and invasion capac-
ities of OS cells. The present study would pro-
vide certain clinical and experimental data to 
evaluate whether PANDAR could be considered 
as a prognostic indicator and a therapeutic tar-
get for OS patients.

Materials and methods

Patients and clinical specimens

Matched fresh OS specimens and correspond-
ing non-tumorous (NT) tissues were acquired 
from 96 patients at Laiyang Central Hospital of 
Shandong, China. All tissue samples were eval-
uated by two professional pathologists. None 
of the patients recruited to this study had 
undergone chemotherapy or radiotherapy prior 
to surgery. All specimens were frozen in liquid 
nitrogen immediately after collection and sto- 
red at -80°C until further use. The clinical and 
pathological characteristics of the patients 
were recorded in Table 1. The follow-up data 
were available and complete for each patient. 
Overall survival was calculated from the day of 
primary surgery to death or last follow-up. The 
study methodology complied with the De- 

claration of Helsinki and was approved by the 
Clinical Research Ethics Committee of Laiyang 
Central Hospital. All patients provided written 
informed consent.

Cell culture

The normal osteoblast cell line (hFOB) and five 
human OS cell lines (HOS, G293, SAOS2, MG- 
63, U2OS) were purchased from the Institute  
of Cell Research, Chinese Academy of Scien- 
ces (Shanghai, China). Cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum (FBS; HyClone, 
Invitrogen, Camarillo, CA, USA), penicillin (100 
U/ml), and streptomycin (100 μg/ml) in a hum- 
idified incubator at 37°C in 5% CO2.

RNA interference

Knockdown of PANDAR was achieved by RNA 
interference. siRNA specifically targeting PAN- 
DAR and a scrambled negative control (si-NC) 
were synthesized byGenepharma, Shanghai, 
China. The siRNA sequence for PANDAR was si-
PANDAR, 5’-GCAAUCUACAACCUGUCUU-3’. Tra- 
nsfection was conducted using the Lipofec- 
tamine 2000 kit (Invitrogen) according to the 
manufacturer’s protocols. Specificity and effi-
cacy of the si-PANDAR were validated by qRT-
PCR after transfection.

RNA extraction and qRT-PCR

Total RNA was isolated from tissues and cells 
using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA). The concentration and purity of the total 
RNA were determined spectrophotometrically. 
The first-strand cDNA was synthesized from 1 
μg of total RNA using the Reverse Transcription 
System Kit (Takara, Dalian, China). The qRT-
PCR was carried out using SYBR Premix Ex Taq 
kit (Takara, Dalian, China) on an ABI 7500 
Fluorescent Quantitative PCR system (Applied 
Biosystems, Bedford, MA, USA). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was 
used as the endogenous control gene. The 
sequences of the primers were as follows: 
PANDAR, 5’-TGCACACATTTAACCCGAAG-3’ (for-
ward) and 5’-CCCCAAAGCTACATCTATGACA-3’ 
(reverse); GAPDH, 5’-GTCAACGGATTTGGTCTG- 
TATT-3’ (forward) and 5’-AGTCTTCTGGGTGGC- 
AGTGAT-3’ (reverse). Relative expression fold 
change of mRNAs was calculated by the 2-ΔΔCt 
method [16]. Each experiment was performed 
three times independently.
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Cell proliferation assay

The cells were seeded in 96-well plates at the 
density of 5 × 103 cells per well after transfec-
tion. At the indicated time (24 h, 48 h and 72 h), 
cell proliferation was investigated using Cell 
Counting Kit-8 (CCK-8; Beyotime, China) acc- 
ording to the manufacturer’s protocols. The 
absorbance of each well at 450 nm was mea-
sured using a microplate reader (ELx800NB; 
BioTek Instruments, Inc., Winooski, VT, USA). All 
of the experiments were performed in trip- 
licate.

Cell migration and invasion assays

Cell migration and invasion were investigated 
using non-Matrigel-coated or Matrigel-coated 
transwell cell culture chambers (BD Matrigel 
Invasion Chamber; BD Biosciences, San Jose, 
CA, USA) of 8 μm pore size. 1 × 105 cells were 
seeded in the upper chamber of these tran-
swell inserts supplemented with 100 μL serum-
free medium, and 600 μL of medium contain-
ing 20% FBS, a chemoattractant, was added to 
the lower chamber. After incubation for 24 
hours, cellson the surface of the upper cham-
ber were gently removed, and migrated or 
invaded cells were fixed in ethanol and stained 
with 2% crystal violet. The number of migrated 
or invaded cells was calculated and photo-
graphed under a microscope in five random 
fields and presented as the average per field.

Western blot analysis

Total proteins were extracted using sodium 
dodecyl sulfate lysis buffer (Beyotime, Jiang- 

additional incubation with a 1:1000 dilution  
of anti-immunoglobin horseradish peroxidase-
linked secondary antibiotics for 1 h, protein 
bands were developed using the enhanced 
chemiluminescence (Cell Signaling Technology), 
and the band intensity was quantified using 
Image J software (National Institutes of Health, 
Bethesda, MD, USA). Protein levels of GAPDH 
were used as loading controls.

Tumor growth assay in vivo

A total of 10 female BALB/c nude mice (4-6 
weeks old) were brought from Shanghai Labo- 
ratory Animals Center (Shanghai, China), and 
maintained under specific pathogen-free (SPF) 
conditions. Animal studies were performed 
according to Institutional Animal Care and Use 
Committee guidelines of Laiyang Central Hos- 
pital. MG63 cells (2 × 106) transfected with si-
PANDAR or si-NC were resuspended in 150 μl 
of medium, and were injected into the flanks of 
nude mice. To maintain the knockdown effica-
cy, the siRNAs in PBS were injected to the xeno-
grafts every three days throughout the study. 
Tumor volume was measured every five days, 
and was calculated using the following formula: 
Volume (mm3) = length × width2 × 0.5. 30 days 
after inoculation, the mice were sacrificed, and 
tumors were dissected and weighted.

Statistical analysis

All statistical analyses were performed using 
the SPSS 17.0 software package (SPSS, Chi- 
cago, IL, USA). All data on continuous variables 
were expressed as mean ± standard deviation 

Figure 1. PANDAR expression was increased in OS tissues and cell lines. 
A. PANDAR expression was significantly increased in the OS tissues com-
pared with the corresponding NT tissues (P<0.001). B. PANDAR expression 
was significantly increased in five human OS cell lines (HOS, G293, SAOS2, 
MG63, U2OS) compared with the normal osteoblast cell line (hFOB) (all 
P<0.001). GAPDH was used as an internal loading control to normalize the 
results. Data are the mean ± SD from at least three independent experi-
ments. ***P<0.001 compared with control.

su, China) with protease inhib-
itor cocktail (Merk, Germany), 
and BCA assay was applied to 
determine the total protein 
concentration of the cell lys- 
ates. Total proteins (20 μg) 
were separated by 8% SDS-
PAGE, and then transferred  
to PVDF membranes (Milli- 
pore, Billerica, MA, USA). After 
blockade at room tempera-
ture with 5% skim milk for 2 h, 
membranes were incubated 
overnight at 4°C with a 1:1000 
dilution of anti-GAPDH (Sig- 
ma), E-cadherin, vimentin, or 
N-cadherin (Cell Signaling Te- 
chnology, Beverly, MA). After 
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(SD) from at least three independent experi-
ments. The significance of differences between 
groups was estimated by Student’s t-test or 
Chi-square test. Survival curves were con-
structed with the Kaplan-Meier method and 
compared by log-rank test. Overall survival was 
defined as the interval between the dates of 
surgery and death. A value of P<0.05 was con-

gh PANDAR expression group (n=43) and low 
PANDAR expression group (n=53) according to 
the median PANDAR expression level of all 
samples. As recorded in Table 1, high expres-
sion of PANDAR was closely correlated with 
advanced Enneking stage (P=0.010) and posi-
tive distant metastasis (P=0.014).

Using the Kaplan-Meier method and log-rank 
test, we found that OS patients with lower 
PANDAR expression had better 5-year overall 
survival than those with higher PANDAR expres-
sion (P<0.001, Figure 2). In other words, BANCR 
expression was noticeably associated with OS 
patients’ prognosis.

PANDAR promotes OS cell proliferation, migra-
tion and invasion in vitro

To investigate the biological effect of PANDAR 
on OS cells, MG63 and U2OS cells were trans-
fected with si-PANDAR or si-NC. Transfection 

Table 1. Correlation between PANDAR expression and clinico-
pathological features in OS patients

Characteristics Total number
PANDAR expression

P value
Low (n=53) High (n=43)

Age (years) >0.05
    <18 59 31 28
    ≥18 37 22 15
Gender >0.05
    Male 55 21 24
    Female 41 22 19
Tumor size (cm) >0.05
    <8 46 29 17
    ≥8 50 24 26
Tumor site >0.05
    Femur 44 25 19
    Tibia 27 16 11
    Humerus 14 7 7
    Other 11 5 6
Histologic type >0.05
    Osteoblastic 45 23 22
    Chondroblastic 18 11 7
    Fibroblastic 21 12 9
    Telangiectatic 12 7 5
Enneking stage 0.010
    II-A 54 36 18
    II-B/III 42 17 25
Distant metastasis 0.014
    Absent 66 42 24
    Present 30 11 19

sidered to be statistically signifi- 
cant.

Results

PANDAR expression was increased 
in OS tissues and cell lines

PANDAR expression in OS tissues 
and cell lines was detected by qRT-
PCR. The results showed that PA- 
NDAR expression in OS samples 
was evidently higher than in ad- 
jacent NT tissues (Figure 1A, P< 
0.001). In addition, PANDAR ex- 
pression was markedly elevated in 
five OS cell lines compared to hFOB 
cells, which is a normal osteoblast 
cell line (Figure 1B, all P<0.001). 
Since MG63 and U2OS cells exhib-
ited the relatively highest PANDAR 
expression among the five OS cell 
lines, these two cell lines were cho-
sen for the transfection of si-PAN-
DAR in further validations.

PANDAR expression correlates 
with clinicopathologic features 
and prognosis of OS patients

To assess the correlation of PA- 
NDAR expression with clinicopath-
ologic features of OS patients, the 
OS samples were stratified into hi- 

Figure 2. Kaplan-Meier survival curves of OS patients 
based on PANDAR expression level. High PANDAR ex-
pression level was closely associated with unfavor-
able prognosis (P<0.001, log-rank test).
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efficiency was verified by qRT-PCR analysis. As 
demonstrated in Figure 3A, compared to NC, 
PANDAR was strongly reduced in MG63 and 
U2OS cells after transfection with si-PANDAR 
(all P<0.001).

Subsequently we evaluated the role of PANDAR 
in cell proliferation, migration and invasion in 
OS. CCK-8 assay revealed that inhibition of 
PANDAR noticeably suppressed the prolifera-
tion of MG63 and U2OS cells compared to NC 

Figure 3. PANDAR promotes OS cell proliferation, migration and invasion. A. PANDAR expression was noticeably 
repressed following transfection with si-PANDAR in MG63 and U2OS cells. GAPDH was used as an internal load-
ing control to normalize the results. B. CCK-8 assay results showed that cell proliferation was repressed following 
transfection with si-PANDAR in MG63 and U2OS cells. C. Transwell assay results showed that cell migration and 
invasion were inhibited following transfection with si-PANDAR in MG63 and U2OS cells. Representative images 
were presented. Data are the mean ± SD from at least three independent experiments, ***P<0.001, **P<0.01 
compared with control. 
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(Figure 3B). Then, migration and invasion as- 
says were conducted to analyze the effects of 
PANDAR on migration and invasion abilities of 
OS cells. We observed that down-regulating of 
PANDAR expression induced a significant de- 
crease in migration and invasion abilities of 
MG63 and U2OS cells (Figure 3C, all P<0.001). 
All these data demonstrated the tumor-promot-
ing roles of PANDAR in OS.

PANDAR induces epithelial-to-mesenchymal 
transition (EMT) in OS cells

Epithelial-to-mesenchymal transition (EMT) 
process is modulated by developmental tran-

scriptional factors, which repress epithelial 
marker expression, but induce the expression 
of mesenchymal markers. To explore whether 
aberrant PANDAR expression might be involved 
in the EMT process, the epithelial marker 
E-cadherin, and the mesenchymal markers 
N-cadherin and vimentin were investigated by 
western blotting. As shown in Figure 4, down-
regulation of PANDAR in MG63 and U2OS cells 
resulted in increased E-cadherin protein ex- 
pression and decreased N-cadherin and vimen-
tin protein expression, which indicates that 
PANDAR contributes to the regulation of EMT 
marker expression in OS cell lines.

Figure 4. PANDAR induces epithelial-to-mesenchymal transition (EMT) in OS cells. Western blot analysis showed 
that inhibition of PANDAR can induce E-cadherin expression and repress the expression of N-cadherin, Vimentin in 
MG63 and U2OS cells. GAPDH was used as an internal loading control to normalize the results. Data are the mean 
± SD from at least three independent experiments, ***P<0.001 compared with control. 

Figure 5. PANDAR promotes OS growth in vivo. A. OS xenograft tumor model was set up in nude mice by MG63 cells 
transfected with si-PANDAR or si-NC. Tumor volume was calculated every five days. B. The representative pictures of 
tumors and average tumor weight of respective groups of nude mice were shown. Data are the mean ± SD from at 
least three independent experiments, ***P<0.001, *P<0.05 compared with control.
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PANDAR promotes OS growth in vivo

To investigate the effects of PANDAR on OS 
growth in vivo, MG63 cells transfected with si-
PANDAR or si-NC were injected into the flanks 
of nude mice, tumor volume was measured 
every five days until 30 days. We observed that 
tumor growth was obviously slower in MG63/
si-PANDAR group than that of MG63/si-NC 
group (Figure 5A). 30 days after inoculation, 
the mice were killed, and tumors were dissect-
ed and weighted, and observed that average 
tumor weight was also remarkably decreased 
in MG63/si-PANDAR group compared with that 
of MG63/si-NC group (Figure 5B, P<0.001). 
These data indicated that PANDAR promotes 
OS growth in vivo.

Discussion

During the post-genome period, lncRNAhas at- 
tracted increasing attention. As a kind of non-
coding RNAs, lncRNAs are mRNA-like transcr- 
ipts ranging in length from 200 nt to ~100 kb 
that lack coding protein function [17]. More and 
more data have exhibited the important func-
tion of lncRNAs in a variety of human cancers, 
which might be helpful for improving the diag-
nosis, prevention, and treatment of these mal- 
ignancies [18]. Up to date, abnormal expres-
sion of multiple lncRNAs has been found to be 
correlated with OS progression [19]. For exam-
ple, studies from Wang et al. have revealed that 
LINC00161 sensitizes OS cells to cisplatin-
induced apoptosis through modulating the 
miR-645-IFIT2 signaling axis [20]. Many res- 
earchers reported that PANDAR acted as a 
robust oncogene and is often overexpressed 
during tumorigenesis. However, little is under-
stood about the function of PANDAR in OS 
patients.

Herein, we observed a high PANDAR expression 
in OS specimens and cell lines, providing the 
first evidence that OS overexpression was str- 
ongly associated with OS carcinogenesis. Then, 
we found that elevated PANDAR expression 
was correlated with aggressive clinicopatho-
logical characteristics of OS patients. These 
findings revealed that PANDAR might be in- 
volved in OS progression. In addition, our re- 
search showed that OS patients with high 
PANDAR levels tended to have shorter overall 
survival than patients with lower levels. PANDAR 
overexpression was also associated with unfa-

vorable prognosis in patients with other cancer 
types, such as bladder cancer [21] and colorec-
tal cancer [22]. To our knowledge, this might be 
the first study to evaluate the expression profile 
and clinical significance of PANDAR in OS.

Intriguingly, PANDAR expression varies from 
one cancer to another and therefore its role is 
diverse in different malignancies. The function-
al role of PANDAR is extremely complicated and 
PANDAR can hold not only oncogenic, but also 
tumor suppressive roles in different tumor 
types. Han et al. reported that PANDAR was  
significantly decreased in NSCLC, and PANDAR 
overexpression evidently repressed NSCLC cell 
proliferation in vitro and in vivo [23]. Herein, to 
determine the functional role of PANDAR in OS, 
loss-of-function experiment was performed to 
investigate the effect of PANDAR on OS cell 
lines. We observed that PANDAR silencing in OS 
cells would reduce cell proliferation, impair cell 
invasion and migration capacities, and inhibit 
in vivo OS tumor growth. To further explore the 
molecular mechanism responsible of PANDAR, 
we examined protein levels of EMT-associated 
markers in OS cells with knockdown of PANDAR 
expression.

Featured by a loss of cell polarity and intra- 
cellular junctions and acquirement of me- 
senchymal characteristics, EMT is one of the 
key processes for primary tumor cells to ob- 
tain migratory and invasive capacities [24]. 
Loss of E-cadherin expression, and increased 
N-cadherin and vimentin expression are hall-
marks of EMT [25, 26]. Growing evidence dem-
onstrates that lncRNAs, including PANDAR, 
may regulate EMT processes in various human 
carcinomas [22, 27-29]. In the present study, 
inhibition of PANDAR resulted in upregulated 
E-cadherin and downregulated N-cadherin pro-
tein levels. These results suggested that 
PANDAR might be involved in the regulation of 
EMT in OS, providing a possible explanation  
for PANDAR-associated high cell migration and 
invasion.

The data of our study are compelling; however, 
because we obtained clinical data from Chinese 
patients only, PANDAR expression levels as a 
diagnostic and prognostic indicator should be 
verified in different ethnic populations before 
clinical application. Accordingly, a multicenter 
trial that include a larger cohort of patients col-
lected from several hospitals and diverse eth-
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nic populations are required to confirm whether 
PANDAR can be incorporated into routine clini-
cal practice in the future.

Collectively, PANDAR expression was up-regu-
lated in OS tissues and cell lines. Our data 
revealed that PANDAR may affect the OS cell 
proliferation, migration and invasion, thereby 
affecting OS occurrence and progression. Alt- 
hough the precise function of PANDAR in OS 
development remains largely elusive, the res- 
ults from our study strongly support that PA- 
NDAR might function as an oncogene in OS, 
and PANDAR could be considered as a poten-
tial prognostic marker and therapeutic target 
for OS in the near future.
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