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Upregulation of long‑noncoding RNA PTPRG‑AS1
can predict the poor prognosis and promote migration
and invasion in patients with osteosarcoma
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Abstract. The present study aimed to determine the expres‑
sion of the long non‑coding RNA PTPRG‑AS1 in patients
with osteosarcoma, and to explore its role on the prognosis
of patients and the process of osteosarcoma cell metastasis.
Reverse transcription quantitative‑PCR was performed to
detect PTPRG‑AS1 expression in osteosarcoma tumor tissues
and cells (U2OS, SJSA1 and Saos‑2), and normal tissues and
cells (hFOB1.19). In addition, qPCR and western blotting were
also used to detect mRNA and protein expression, respectively,
whereas fluorescence in situ hybridization was used to locate
the position of PTPRG‑AS1 in osteosarcoma cells. Transwell
assay was used to determine the migratory and invasive
abilities of osteosarcoma cells. The results demonstrated that
PTPRG‑AS1 was highly expressed in osteosarcoma cells
and tissues, which was compared with normal bone cells and
adjacent healthy tissues. Furthermore, PTPRG‑AS1 expression
level in patients with osteosarcoma and lymph node metas‑
tasis or distal metastasis was elevated compared with normal
tissues. In addition, the results from univariate and multivar‑
iate analyses demonstrated that PTPRG‑AS1 expression level
was significantly associated with Tumor‑Node‑Metastasis
stage (P=0.025), lymph node metastasis (P=0.035) and
distant metastasis (P=0.016) in patients with osteosarcoma.
PTPRG‑AS1 expression level (odd ratio, 3.012; 95% confi‑
dence interval, 1.564‑4.219) was also considered as an
independent risk factor affecting the 5‑year survival rate of
patients with osteosarcoma. Furthermore, the 5‑year overall
survival rate of patients with elevated PTPRG‑AS1 expression
level (56.36%) was significantly lower compared with patients
with low PTPRG‑AS1 expression level (78.43%). In addi‑
tion, PTPRG‑AS1 knockdown using small interfering RNA
significantly decreased the invasive and migratory abilities of

Correspondence

to: Professor Wen Bingtao, Department
of Orthopedics, Peking University International Hospital,
1 Shengmingyuan Road, Zhongguancun Life Science Park,
Beijing 102206, P.R. China
E‑mail: bengtaowen@126.com
Key words: osteosarcoma, PTPRG‑AS1, metastasis, prognosis

osteosarcoma cells in vitro. In summary, PTPRG‑AS1 high
expression in patients with osteosarcoma may predict the poor
prognosis of patients, as PTPRG‑AS may have a promoting
effect on osteosarcoma cell metastasis.
Introduction
Osteosarcoma is the most common malignant bone tumor
occuring in adolescents or children under the age of
20 years, accounting for ~5% of the total number of pediatric
tumors (1,2). Osteosarcoma can occur in all parts of the
bone tissue, although it is more common in the distal femur,
proximal tibia and proximal humerus and metaphysis (2). At
present, the cause and underlying mechanism of osteosarcoma
remain unclear. Neoadjuvant chemotherapy, surgery and
radiation therapy are common treatments for patients with
osteosarcoma, which allow patients to reach a 5‑year overall
survival rate of 65‑70% (3,4). However, 25‑30% of patients
with osteosarcoma present with metastases, including lung
and bone metastases, which significantly decrease their 5‑year
survival rate (4). Studying the pathogenesis of osteosarcoma
would therefore help the development of potential novel targets
and new treatment strategies.
Long non‑coding RNA (lncRNAs) are defined as tran‑
scripts of >200 nucleotides in length that are not translated into
proteins because they do not have a development reading frame.
The Human Genome Project considers lncRNAs as ‘garbage
sequences’ that have accumulated during human evolution.
However, during recent years, increasing evidence has demon‑
strated that lncRNAs are dysregulated in numerous diseases,
especially in cancers, and that they serve crucial role in the
regulation of various pathophysiological processes, including
cell proliferation, apoptosis, necrosis, and autophagy (5‑7).
The lncRNA PTPRG‑AS1 has not only been found to be
overexpressed in tumor tissues, including breast cancer (8) and
ovarian epithelial cancer (9), but has also been demonstrated to
be involved in the regulation of radiosensitivity, metastasis and
proliferation of tumor cells (10,11). However, the expression of
PTPRG‑AS1 and its role in osteosarcoma remain unclear. The
present study aimed to determine PTPRG‑AS1 expression in
patients with osteosarcoma, and to investigate the association
between PTPRG‑AS1 expression and the prognosis of patients
with osteosarcoma. In addition, the function of PTPRG‑AS1
on the metastasis of osteosarcoma cells was also assessed.
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Materials and methods
Patients and tissues. Between January 2014 and January 2019,
106 pairs of osteosarcoma tumor tissue and adjacent healthy
tissue were collected from patients at the Peking University
International Hospital. The clinicopathological characteristics,
including sex, age, anatomical site, histological grade, histo‑
logic subtype and clinical stage were collected for each patient
with osteosarcoma. The histological subtype and clinical stage
of patients with osteosarcoma were divided as before (12,13).
The age of the 106 patients ranged from 5 to 32 years (mean
age, 11 years). All other clinicopathological characteristics
are presented in Table I. All tissues were collected before
chemotherapy, radiation or other treatment procedures were
conducted, and we followed‑up on each patient for up to 5 years
after tissue collection. All patients or their guardians provided
written informed consent, and the study protocol was approved
by the Peking University International Hospital Ethics
Committee (Beijing, China; approval no. 2018‑042 (BMR).
Fresh tissues were stored in liquid nitrogen until subsequent
use to detect PTPRG‑AS1 expression.
Reverse transcription quantitative (RT‑q)PCR. A Cell/tissue
Total RNA Isolation kit (cat. no. RC101‑01; Vazyme Biotech
Co., Ltd.) was used to extract total RNA from tissues and cells.
A 20 µl of RT‑qPCR system was prepared as described in the
qPCR master mix kit instructions (cat. no. A6001; Promega
Corporation). The following thermocycling conditions were
used for qPCR: 95˚C for 2 min, followed by 40 cycles of 95˚C
for 5 sec and 60˚C for 30 sec, and a final extension at 72˚C for
5 min. The relative expression of the gene was calculated using
the 2‑ΔΔCq method (14), and β‑actin was used as a loading control.
The sequences of the primers were as follows: PTPRG‑AS1‑2,
forward, 5'‑CCCTTGAGTGGTCCTCTG TTC‑3' and reverse,
5'‑GAGCCGGATTTGTCCCAACT‑3'; and β‑actin, forward,
5'‑AGCCCATCCTTCGAGTACAAA‑3' and reverse, 5'‑TCT
TGGTGCGATAACTGGTGG‑3'.
Cell culture and transfection. hFOB1.19, U2OS, SJSA1 and
Saos‑2 cell lines were purchased from the American Type
Culture Collection, cultured in DMEM medium (cat.
no. 11965092; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (cat. no. 16140071; Thermo Fisher Scientific, Inc.), and
placed at 37˚C in a humidified incubator containing 5% CO2.
Cells (2.5x106) were transfected with 50 nmol/l small interfering
(si)RNA using Lipofectamine 2000 reagent (cat. no. 11668019;
Thermo Fisher Scientific, Inc.) at 37˚C for 6 h, according to the
manufacturer's instructions. The sequences of the siRNAs used
were as follows: si‑negative control (NC), forward, 5'‑AGGUAG
GCCCCUAUCAGCCGGC‑3' and reverse, 5'‑AUGUGUCGAA
UUCGCGUACG‑3'; si‑PTPRG‑AS1‑1, forward, 5'‑UUCAAA
UAUAUUUACUGAGCA‑3' and reverse, 5'‑CUCAGUAAAU
AUAUUUGAAUG‑3'; and si‑PTPRG‑AS1‑2, forward,
5'‑AUUAUGAUGAAUGUUAACGGG‑3' and reverse, 5‑CGU
UAACAUUCAUCAUAAUUU‑3'. After 72 h of transfections,
cells were collected for subsequent experiments.
Transwell assay. Transwell chambers (cat. no. 140629; Thermo
Fisher Scientific, Inc.) were used to evaluate the migratory and
invasive abilities of cancer cells following to the manufacturer's

instructions. Briefly, 0.5x106 cells/ml in DMEM medium were
added into the upper chamber of a 24‑well Transwell chamber.
The upper chamber was pre‑coated with Extra Matrigel (cat.
no. BD354248; Becton‑Dickinson and Company) to evaluate
the invasive ability of cancer cells. Culture medium containing
20% FBS was added into the lower Transwell chamber. Cells
were placed at 37˚C in a humidified incubator containing
5% CO2 for 24 h. Subsequently, medium was removed from
lower chamber, cells were washed twice with PBS and
membrane was fixed with methanol for 5 min at room tempera‑
ture and allowed to dry for 30 min. Once membrane was dried,
it was stained with crystal violet for 20 min at room tempera‑
ture and cells were imaged using a light microscope (x200).
ImageJ software [v1.8.0; National Institutes of Health (NIH)]
was used to quantify the gray value of spots.
Fluorescence in situ hybridization (FISH). FISH was performed
as previously described (15). Briefly, after cells (50,000 cells in
200 µl DMEM medium added 10% FBS) or tissues were fixed
with 4% paraformaldehyde (cat. no. LGLS0005; Loogene) for
10 min at room temperature, they were incubated with a fluores‑
cent probe (Genomeditech Co., Ltd.) that can bind to the human
version of the PTPRG‑AS1 gene at 37˚C for 16 h. For cells,
the nuclei were counterstained with 5 µg/ml DAPI for 5 min at
room temperature. All samples were visualized using confocal
microscopy (LAS AF Lite 4.0, Leica; magnification, x800).
Western blotting. A Whole Cell Extraction Kit (cat.
no. OP‑0003; Epigentek Group, Inc.) was used to extract
total protein from the osteosarcoma cells. Protein concentra‑
tion was determined using a BCA Protein Quantification Kit
(cat. no. E112‑01; Vazyme Biotech Co., Ltd.). Subsequently,
45 µg proteins were separated by 10% SDS‑PAGE and were
transferred onto PVDF membranes. Membranes were blocked
using 5% skimmed milk at room temperature for 1 h and incu‑
bated with the primary antibodies (diluted with 5% skimmed
milk) against E‑cadherin (cat. no. ab15148; 1:1,000; Abcam),
N‑cadherin (cat. no. ab18203; 1:1,000; Abcam), and matrix
metalloproteinase‑9 (MMP‑9) antibody (cat. no. ab38898;
1:2,000; Abcam) and β ‑actin (cat. no. sc‑69879; 1:3,000;
Santacruze) overnight at 4˚C Membranes were then incubated
with goat anti‑mouse IgG H&L (HRP) (cat. no. ab6789;
1:2,000; Abcam) or goat anti‑rabbit IgG H&L (HRP) (cat.
no. ab6721; 1:2,000; Abcam) at room temperature for 2 h.
Enhanced chemiluminescence reagent (cat. no. WBKLS0100;
Beijing Xinjingke Biotechnologies Co., Ltd.) was used to
detect the signal on the membrane. ImageJ software (v1.8.0;
NIH) was used to quantify the gray value of protein bands.
Statistical analysis. SPSS 20.0 software (IBM Corp.) was
used to analyze the data. Student t‑test and χ2 test were used
to compare differences between two groups, and one‑way
ANOVA followed by Tukey's post hoc test was used to compare
differences between multiple groups. The multivariate analysis
model was used to analyze the association between marker
expression levels and clinicopathological characteristics of
patients. Log‑rank (Mantel‑Cox) test was used to compare the
survival of patients with high and low levels of PTPRG‑AS1
expression. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. PTPRG‑AS1 expression in osteosarcoma cells and tissues. (A) RT‑qPCR analysis of PTPRG‑AS1 expression in normal human osteoblast (hFOB1.19)
and human osteosarcoma cells (U2OS, SJSA1 and Saos2). (B) PTPRG‑AS1 expression in human osteosarcoma tissues and paired normal adjacent tissues
determined by RT‑qPCR. (C and D) Comparison of PTPRG‑AS1 expression in osteosarcoma tissues in the absence or presence of (C) lymph node metastasis
or (D) distant metastasis. ***P<0.001 vs. hFOB1.19 group. RT‑qPCR, reverse transcription quantitative PCR.

Results
PTPRG‑AS1 is highly expressed in osteosarcoma cells and
tissues. As presented in Fig. 1A, the expression of PTPRG‑AS1
was detected in normal human osteoblast (hFOB1.19) and
human osteosarcoma cells (U2OS, SJSA1 and Saos2). The
results demonstrated that PTPRG‑AS1 expression level in
human osteosarcoma cells was significantly higher compared
with normal human osteoblasts. Furthermore, 106 pairs
of human osteosarcoma and normal adjacent tissues were
collected and used to detect PTPRG‑AS1 expression levels
using RT‑qPCR. The results demonstrated that PTPRG‑AS1
expression level in osteosarcoma tissues was significantly
higher compared with normal adjacent tissues (Fig. 1B). In
addition, according to the presence of lymph node metastasis
or distant metastasis, the 106 patients with osteosarcoma were
divided into two groups (presence or absence). The results
demonstrated that PTPRG‑AS1 expression in patients with
lymph node metastasis (n=24) was significantly higher than
in patients without lymph node metastasis (n=82; Fig. 1C). In

addition, compared with patients without distant metastasis
(n=77), PTPRG‑AS1 expression in patients with distant metas‑
tasis (n=29) was significantly higher (Fig. 1D).
Association between PTPRG‑AS1 expression and the clinico‑
pathological characteristics of patients with osteosarcoma.
According to the expression of PTPRG‑AS1 in osteosarcoma
tissues, the 106 patients were divided into two groups, the
low PTPRG‑AS1 expression group (n=51; PTPRG‑AS1
expression < mean of PTPRG‑AS1 expression in the 106
patients) and the high PTPRG‑AS1 expression group (n=55;
PTPRG‑AS1 expression ≥ mean of PTPRG‑AS1 expression
in the 106 patients). The association between PTPRG‑AS1
expression and the clinicopathological characteristics of
patients, including sex, age, anatomical site and histological
grade, was subsequently evaluated. As presented in Table I,
the expression of PTPRG‑AS1 was significantly associated
with Tumor‑Node‑Metastasis (TNM) stage (P=0.025), lymph
node metastasis (P=0.035) and distant metastasis (P=0.016)
in patients with osteosarcoma, but was not significantly
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Table I. PTPRG-AS1 expression and clinicopathological char‑
acteristics of patients with osteosarcoma.
PTPRG expression
	-----------------------------Variable
Case
Low
High
number (n=51) (n=55) χ2
Sex
Female
Male
Age, years
<14
≥14
Anatomical site
Femur
Tibia
Humerus
Pelvis
Other
Histological grade
G1
G2
G3
Histologic subtype
Osteoblastic
Chondroblastic
Fibroblastic
Telangiectatic
Other
TNM stage
I
II
III
IV
Lymph node
metastasis
Yes
No
Distant metastasis
Yes
No

P-value

50
56

26
25

24
31

0.573 0.449

45
61

23
28

22
33

0.044 0.834

50
21
15
12
8

20
13
7
6
5

30
8
8
6
3

3.611 0.461

23
38
45

11
15
25

12
13
20

0.368 0.832

54
15
13
13
11

20
10
9
6
6

25
5
4
7
5

4.066 0.397

23
20
34
29

7
7
17
20

16
13
17
9

9.357 0.025

24
82

7
44

17
38

4.461 0.035

29
77

10
41

19
26

5.799 0.016

TNM, Tumor-Node-Metastasis.

associated with sex (P=0.449), age (P=0.834), anatomical
site (P=0.461), histological grade (P=0.832) and histological
subtype (P=0.397).
PTPRG‑AS1 can predict the poor prognosis of patient with
osteosarcoma. The 106 patients were followed up at least once
every four months or when the patients came to the hospital for
review five years after surgery. The 5‑year overall survival of
patients was recorded, and the factors influencing the survival
of the patients were analyzed using univariate and multivariate

Figure 2. Comparison of the 5‑year survival of patients with osteosarcoma
according to PTPRG‑AS1 expression (high or low).

analyses. As presented in Table II, histological grade [odd
ratio (OR)=1.659; 95% confidence interval (CI, 1.844‑2.064],
TNM stage (OR=1.353; 95% CI, 1.232‑2.564), lymph node
metastasis (OR=0.985; 95% CI, 0.421‑1.654), distant metas‑
tasis (OR=3.127; 95% CI, 1.846‑4.325) and PTPRG‑AS1
expression level (OR=3.012; 95% CI, 1.564‑4.219) were identi‑
fied as independent risk factors that could affect the 5‑year
survival of patients with osteosarcoma. Further analysis
of the effect of PTPRG‑AS1 expression level on the 5‑year
overall survival rate of patients with osteosarcoma demon‑
strated that 78.43% (40/51) of patients with low PTPRG‑AS1
expression were still alive 5 years after surgery, whereas only
56.36% (31/55) of patients with high PTPRG‑AS1 expres‑
sion were still alive 5 years after surgery. The difference
between the 5‑year survival of patients with osteosarcoma
and the difference in PTPRG‑AS1 expression was significant
(P=0.0211; Fig. 2).
PTPRG‑AS1 promotes the migratory and invasive abilities of
osteosarcoma cells. The metastasis of cancer cells includes
migration and invasion (16), and we used different Transwell
chamber to assess invasion and migration in osteosarcoma
cells. PPRRG‑AS1 expression was knocked down in osteo‑
sarcoma cells (Saos‑2 and SJSA1) using si‑PPRRG‑AS1‑1
and ‑2 and the efficiency of the transfection was verified by
RT‑qPCR and FISH staining. As presented in Fig. 3A, the
results from RT‑qPCR demonstrated that si‑PPRRG‑AS1‑1
and si‑PPRRG‑AS1‑2 significantly decreased PPRRG‑AS1
expression up to 60 and 52%, respectively, in osteosarcoma
cells. Therefore, si‑PPRRG‑AS1‑1 and si‑PPRRG‑AS1‑2 were
used to knockdown PPRRG‑AS1 expression in subsequent
experiments. To investigate whether PTPRG‑AS1 could regu‑
late the migratory and invasive abilities of osteosarcoma cells,
Transwell assays were performed using Saos‑2 cells trans‑
fected or not with si‑PPRRG‑AS1‑1 and si‑PPRRG‑AS1‑2.
The results demonstrated that PTPRG‑AS knockdown could
significantly decrease the migratory and invasive abilities
of osteosarcoma cells (Fig. 3B). Furthermore, PTPRG‑AS
knockdown could significantly increase the expression of
E‑cadherin and decrease the expressions of N‑cadherin and
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Table II. Analysis of the influencing factors on the survival of patients with osteosarcoma.
Univariate analysis
Multivariate analysis
	---------------------------------------------------------------------------------	----------------------------------------------------------------------------------95% CI
OR
P-value
95% CI
OR
P-value
Sex
Age
Anatomical site
Histological grade
Histological subtype
TNM stage
Lymph node metastasis
Distant metastasis
PTPRG-AS1 levels

1.567-4.215
0.567-3.342
3.129-4.031
0.876-2.324
1.524-3.659
0.912-3.021
1.324-2.845
1.652-5.126
1.226-5.324

2.423
0.984
3.672
1.561
2.227
1.025
1.622
3.241
2.984

0.382	-	-	0.412	-	-	0.058	-	-	0.042
1.844-2.064
1.659
<0.001
0.067	-	-	0.042
1.232-2.564
1.353
0.049
0.024
0.421-1.654
0.985
0.019
<0.001
1.846-4.325
3.127
<0.001
0.016
1.564-4.219
3.012
0.011

OR, odd ratio; CI, confidence interval.

Figure 3. Role of PTPRG‑AS1 on the migratory and invasive abilities of Saos‑2 cells. (A) Reverse transcription quantitative PCR (left panel) and fluores‑
cence in situ hybridization staining (right panel) confirming PTPRG‑AS1 silencing using siRNAs. (B) Transwell assay was used to determine the migratory
and invasive abilities of osteosarcoma cells in vitro. (C) Expression of E‑cadherin, N‑cadherin and MMP‑9 in osteosarcoma cells using western blotting.
###
P<0.001 vs. si‑NC group. NC, negative control; si, small interfering; MMP‑9, matrix metalloproteinase‑9.
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Figure 4. Role of PTPRG‑AS1 on the migratory and invasive abilities of SJSA1 cells. (A) Reverse transcription quantitative PCR (left panel) and fluores‑
cence in situ hybridization staining (right panel) confirming PTPRG‑AS1 silencing using siRNAs. (B) Transwell assay was used to determine the migratory
and invasive abilities of osteosarcoma cells in vitro. (C) Expression of E‑cadherin, N‑cadherin and MMP‑9 in osteosarcoma cells using western blotting.
###
P<0.001 vs. si‑NC group. NC, negative control; si, small interfering; MMP‑9, matrix metalloproteinase‑9.

MMP‑9 in Saos‑2 cells (Fig. 3C). Similar results were obtained
following SJSA1 cell transfection with si‑PPRRG‑AS1‑1 and
si‑PPRRG‑AS1‑2 (Fig. 4).
Discussion
Metastasis is one of the main characteristics of cancer cells
and cancer‑associated mortality often results from metastases
rather than from primary tumor growth (17,18). Osteosarcoma,
the most common type of primary bone tumor in children,
is highly metastatic, and ~25‑30% of patients with osteosar‑
coma develop metastases (4). Understanding the underlying
mechanism of osteosarcoma metastasis to tissues and organs
is essential to identify novel therapeutic targets (19). An
increasing number of studies have reported that lncRNAs serve
crucial roles in the regulation of osteosarcoma cell metastasis.
For example, the lncRNA HULC is highly expressed in osteo‑
sarcoma cells and tissues and can promote cell metastasis in
osteosarcoma (20). Furthermore, Zhao et al (21) reported that
the lncRNA HNF1A‑AS1 could promote osteosarcoma cell
metastasis by activating the Wnt/β‑catenin signaling pathway.
Zhou et al (22) demonstrated that the lncRNA SNHG12
promotes the tumorigenesis and metastasis of osteosarcoma
through the upregulation of Notch2 by sponging miR‑195‑5p.
Similarly, GAS5 (23), ZFAS1 (24) and MALAT1 (25) have
also been demonstrated to be involved in the regulation of
osteosarcoma cell metastasis.
The present study demonstrated that PTPRG‑AS1 expres‑
sion was elevated in osteosarcoma cells and tissues, and
that PTPRG‑AS1 expression was higher in patients with

lymph node metastasis or distal metastasis. Importantly,
PTPRG‑AS1 expression level in osteosarcoma tissues was not
only significantly associated with lymph node metastasis or
distal metastasis, but was also significantly associated with the
5‑year survival of patients with osteosarcoma. These results
suggested that PTPRG‑AS1 may act as an oncogene in osteo‑
sarcoma and may therefore be associated with osteosarcoma
cell metastasis. PTPRG‑AS1 is located on human chromo‑
some 3p14.2 and has been found to play an important role in
the regulation of tumor cell behavior. Yi et al (11) reported that
PTPRG‑AS1 expression is significantly elevated in nasopha‑
ryngeal carcinoma tissues using gene sequencing technology,
and that PTPRG‑AS1 can promote the expression of protein
regulator of cytokinesis 1 (PRC1) by binding to miR‑194‑3p,
while PRC1 could enhance the resistance of nasopharyngeal
carcinoma cells to radiotherapy and promote the migration of
nasopharyngeal carcinoma cells. These results indicated that
PTPRG‑AS1 serves an indirect role as an oncogene through
PRC1. In addition, Xu et al (10) demonstrated that PTPRG‑AS1
can regulate the growth of glioma cells by sponging miR‑185‑5
in vitro.
To evaluate the effect of PTPRG‑AS1 on osteosarcoma
cell metastasis, the expression of PTPRG‑AS1 in osteo‑
sarcoma cells was knocked down in the present study, and
the changes in the migratory and invasive abilities of cells
were determined. The results demonstrated that PTPRG‑AS1
silencing could significantly decrease the invasive and migra‑
tory abilities of osteosarcoma cells in vitro. PTPRG‑AS1
knockdown also significantly increased the expression of
E‑cadherin and decreased the expression of N‑cadherin
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and MMP‑9 in osteosarcoma cells. Tumor metastasis is an
extremely complicated multi‑step process, which includes
tumor cell detachment from the primary focal site, invasion
of surrounding tissue, entry in the circulatory system, escape
from immune surveillance, attachment to distant luminal
beds, extravasation into target organ tissue and formation
of several secondary tumors (26,27). Cell adhesion plays
therefore a crucial role in the invasion and metastasis of
cancer cells. Firstly, the separation of cancer cells from the
primary cancer is associated with the reduction of homoge‑
neous adhesion of cancer cells, and changes in the adhesion
to the stroma is also an important factor that favors tumor
metastasis (26,27). Secondly, the formation of homogeneous
or heterogeneous tumor plugs in the lumen also results from
adhesion (26,27). In addition, during tumor cell migration out
of the lumen, adhesion to the lumen endothelium and under‑
lying basement membrane is also an important step during
the metastatic process (26,27).
E‑cadherin, N‑cadherin and MMP‑9 are important proteins
involved in epithelial‑mesenchymal transition (EMT), and
EMT is defined as the transformation of epithelial cells to
mesenchymal cells (28,29). EMT can alter cell adhesion and
enhance cell ability to metastasize and invade, by inducing
stem cell characteristics, decreasing apoptosis and aging,
and promoting immunosuppression, which not only play a
key role in the developmental process, but also participate in
tissue healing, organ fibrosis and cancer development (30‑32).
E‑cadherin and N‑cadherin are both subtypes of cadherin,
which is a calcium‑dependent transmembrane glycoprotein
that mainly mediates homogeneous adhesion between
cells (33,34). A hydrophobic gene in E‑cadherin is located
in the transmembrane region and an amino terminus is
located outside the cell membrane, while the hydroxyl end
is located in the cytoplasm and is connected to actin (33).
Overall, E‑cadherin plays an important role in maintaining
cell morphology and regulating cell adhesion (33). However,
N‑cadherin acts as a promoter to initiate tumor invasion in
most malignant tumors, because N‑cadherin can decrease
cell adhesion by changing cell morphology, and ultimately
promotes EMT (34,35). One of the hallmarks of EMT is the
loss of epithelial cell integrity, which is accompanied by a
decrease in adhesion connections between epithelial cells.
The proteolytic digestive function of MMPs is one of the
driving factors that cause a decrease in the adhesion connec‑
tions between epithelial cells (36,37).
In summary, the results from the present study demon‑
strated that PTPRG‑AS1 upregulation in osteosarcoma may
promote osteosarcoma cell metastasis, resulting ultimately in
the poor prognosis of patients with osteosarcoma. However,
the underlying mechanisms by which PTPRG‑AS1 may
promote osteosarcoma cell metastasis remain unclear and
require further investigation.
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