www.aging-us.com

AGING 2021, Vol. 13, No. 1
Research Paper

LncRNA ROR1-AS1 accelerates osteosarcoma invasion and
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ABSTRACT
Long non-coding RNAs (LncRNAs) play vital roles in the progression and development of tumors. However,
the functional role of ROR1-AS1 in osteosarcoma has not been investigated. We found that ROR1-AS1 was
upregulated in osteosarcoma tissues compared to non-tumor samples. Elevated expression of ROR1-AS1
promoted cyclin D1, PCNA and ki-67 expression and increased cell cycle and growth in MG-63 cell.
Moreover, overexpression of ROR1-AS1 induced cell migration in MG-63 cell, promoting N-cadherin and
vimentin expression and inhibiting E-cadherin expression. Dual-luciferase assay proved that ROR1-AS1
served as one sponge for miR-504 and ROR1-AS1 overexpression suppressed miR-504 expression in MG-63
cell. ROR1-AS1 expression was lower in osteosarcoma tissues compared to non-tumor samples. Pearson's
correlation assay showed a negative correlation between miR-504 and ROR1-AS1 expression. MiR-504
overexpression partly abrogated ROR1-AS1-induced effects on osteosarcoma cell migration and
proliferation. These data implied that ROR1-AS1 played as an oncogene and might be a new treatment
target for osteosarcoma.

INTRODUCTION

no ability or limited ability to code protein [13–17].
Emerging references have observed that lncRNAs act as
tumor suppressors or oncogenes in various tumors such
as lymphoma, nasopharyngeal carcinoma, melanoma,
glioma, cholangiocarcinoma, renal carcinoma and
osteosarcoma [18–23]. LncRNAs participate in many
cellular activities including metabolism, differentiation,
metastasis and invasion [24–28]. LncRNA ROR1-AS1
was found to be overexpressed in nasopharyngeal
carcinoma, colorectal tumor and bladder cancer [29–34].
However, its role in osteosarcoma and its molecular
biological mechanism remain uninvestigated.

Osteosarcoma was a common type of malignant bone
tumor among young adults and teens and originated
from specimen of osteoid bon [1–5]. Osteosarcoma is
characterized by to high metastasis rate, Although
several treatment advancements including postoperative
chemotherapy and surgical resection have been attained,
overall survival (OS) rate of osteosarcoma cases
remains unsatisfactory due to recurrence and metastasis
[6–10]. Until now, detailed role and mechanism of
metastasis and oncogenesis remained unclear in
osteosarcoma [11, 12]. Thus, it is vital to investigate the
modulatory mechanism of osteosarcoma and seek new
treatment strategies for this disease.

We studied the role of ROR1-AS1 in osteosarcoma and
identified that ROR1-AS1 was upregulated in
osteosarcoma tissues and cells. In addition, ROR1-AS1
overexpression promoted cell growth and migration in
osteosarcoma.

Long non-coding RNAs (LncRNAs) are defined as one
type of ncRNAs with the length of over 200 nts and have
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RESULTS

SAOS-2) compared to hFOB1.19 (Figure 2A). We
selected MG-63 cell for function experiments. ROR1AS1 was overexpressed in MG-63 cell after transfected
with pcDNA-ROR1-AS1 (Figure 2B). ROR1-AS1
overexpression increased cell cycle in the MG-63 cell
(Figure 2C). Elevated expression of ROR1-AS1
promoted cyclin D1 (Figure 2D), PCNA (Figure 2E)
and ki-67 (Figure 2F) expression in MG-63 cell.
Moreover, ROR1-AS1 overexpression induced cell
proliferation in MG-63 cell (Figure 2G).

ROR1-AS1 expression level was upreguated in
osteosarcoma tissues
RT-qPCR assay was carried out to measure ROR1-AS1
level in 35 samples. The detailed expression of ROR1AS1 was shown in Figure 1A and Figure 1B. ROR1AS1 level was upregulated in 21 cases (26/35, 74.2%)
compared to non-tumor samples. Furthermore, ROR1AS1 expression was higher in osteosarcoma tissues
compared to non-tumor samples (Figure 1C).
ROR1-AS1 promoted
osteosarcoma cells

cell

proliferation

ROR1-AS1 increased cell migration of osteosarcoma
cells

in
RT-qPCR data revealed that ROR1-AS1 overexpression
increased vimentin expression in MG-63 cell (Figure
3A). Ectopic expression of ROR1-AS1 promoted Ncadherin expression (Figure 3B) and inhibited E-cadherin

RT-qPCR showed that ROR1-AS1 expression level was
upregulated in osteosarcoma cells (MG-63, U2OS and

Figure 1. ROR1-AS1 level in osteosarcoma tissues. (A) The detail expression of ROR1-AS1 of case 1-20 was shown. (B) The detail
expression of ROR1-AS1 of case 21-35 was shown. (C) ROR1-AS1 was higher in osteosarcoma tissues compared to no-tumor samples.

Figure 2. Gain of ROR1-AS1 promoted cell proliferation of osteosarcoma cells. (A) The ROR1-AS1 expression in osteosarcoma cells
(MG-63, U2OS and SAOS-2) and hFOB1.19 was detected by RT-qPCR. (B) The expression of ROR1-AS1 in MG-63 cell after transfected with
pcDNA- ROR1-AS1 was detected by RT-qPCR. (C) ROR1-AS1 overexpression increased cell cycle in the MG-63 cell. (D) The expression of cyclin
D1 was detected by RT-qPCR. (E) The expression of PCNA was measured by RT-qPCR. (F) The expression of ki-67 was analyzed by RT-qPCR. (G)
ROR1-AS1 overexpression induced cell proliferation in MG-63 cell using CCK-8 assay. *p<0.05, **p<0.01 and ***p<0.001.
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expression (Figure 3C) in MG-63 cell. Wound healing
assay data indicated that elevated expression of ROR1AS1 increased cell migration in MG-63 cell (Figure
3D).

potential binding sites of miR-504 by searching Starbase
(Figure 4B). MiR-504 expression was upregulated in MG63 cell after transfected with miR-504 mimic (Figure 4C).
Ectopic expression of ROR1-AS1 suppressed miR-504
expression in MG-63 cell (Figure 4D). To verify
hypothesis, dual luciferase analysis was employed.
Luciferase activity was impaired in plasmids cotransfected with ROR1-AS1-wt and miR-504 but no
change was observed in plasmids transfected with ROR1AS1-mut and miR-504 (Figure 4E).

ROR1-AS1 functioned as a sponge for miR-504
RT-qPCR showed that miR-504 level was downregulated
in osteosarcoma cells (MG-63, U2OS and SAOS-2)
compared to hFOB1.19 (Figure 4A). ROR1-AS1 has

Figure 3. ROR1-AS1 increased cell migration of osteosarcoma cells. (A) ROR1-AS1 overexpression increased vimentin expression in
MG-63 cell. (B) Ectopic expression of ROR1-AS1 promoted N-cadherin expression in MG-63 cell. (C) The expression of E-cadherin was
detected by qRT-PCR. (D) The relative wound closure was shown. ***p<0.001.

Figure 4. ROR1-AS1 functioned as one sponge for miR-504. (A) The miR-504 expression in osteosarcoma cells (MG-63,
U2OS and SAOS-2) and hFOB1.19 was detected by RT-qPCR. (B) ROR1-AS1 has potential binding sites of miR-504 by searching
Starbase. (C) The miR-504 expression was detected in MG-63 cell after transfection with miR-504 mimic. (D) Ectopic expression
of ROR1-AS1 suppressed miR-504 expression in MG-63 cell. (E) Luciferase activity was impaired in plasmids cotransfected with
ROR1-AS1-wt and miR-504 but no change in plasmids cotransfected with ROR1-AS1-mut and miR-504. **p<0.01.
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MiR-504 expression level in osteosarcoma tissues

DISCUSSION

RT-qPCR assay was carried out for measuring miR-504
level in 30 samples. The detailed expression of miR-504
was shown in Figure 5A and 5B and miR-504 level was
downregulated in 21 cases (27/35, 77.1%) compared to
non-tumor samples. Furthermore, ROR1-AS1 expression was lower in osteosarcoma tissues compared to
non-tumor samples (Figure 5C). Pearson's correlation
assay showed a negative correlation between miR-504
and ROR1-AS1 expression (Figure 5D).

Numerous references have indicated that lncRNAs play
vital roles in several biological processes such as tumor
initiation and growth [23, 35, 36]. We identified that
ROR1-AS1 expression was higher in osteosarcoma
tissues compared to non-tumor samples. Elevated
expression of ROR1-AS1 promoted cyclin D1, PCNA
and ki-67 expression and increased cell cycle and
growth in MG-63 cell. Moreover, overexpression of
ROR1-AS1 induced cell migration in MG-63 cell,
promoting N-cadherin and vimentin expression and
inhibiting E-cadherin expression. Dual-luciferase assay
proved that ROR1-AS1 functioned as a sponge for miR504 and ROR1-AS1 overexpression suppressed miR504 expression in MG-63 cell. ROR1-AS1 expression
was lower in osteosarcoma tissues compared to nontumor samples. Pearson's correlation assay showed a
negative correlation between miR-504 and ROR1-AS1
expression. MiR-504 overexpression partly abrogated
ROR1-AS1-induced effects on osteosarcoma cell
migration and proliferation. These data implied that
ROR1-AS1 played as an oncogene and might be a new
treatment target for osteosarcoma.

MiR-504 overexpression partly abrogated ROR1AS1-induced effects on osteosarcoma cell migration
and proliferation
Rescue tests were conducted to study whether ROR1AS1 regulated proliferation and migration through
modulating
miR-504
in
osteosarcoma
cell.
Overexpression of miR-504 inhibited cell cycle in
ROR1-AS1-overexpressing MG-63 cell (Figure 6A).
Ectopic expression of miR-504 suppressed cell growth
in ROR1-AS1-overexpressing MG-63 cell (Figure 6B).
Elevated expression of miR-504 inhibited cyclin D1
(Figure 6C), PCNA (Figure 6D) and ki-67 (Figure 6E)
expression in ROR1-AS1-overexpressing MG-63 cell.
MiR-504 overexpression suppressed cell migration in
ROR1-AS1-overexpressing MG-63 cell (Figure 6F).

ROR1-AS1 was located in the 1p31.3 and was one
novel identified lncRNA in lymphoma [30]. Growing
evidences have showed that ROR1-AS1 acts as

Figure 5. miR-504 levels in osteosarcoma tissues. (A) The detail expression of miR-504 of case 1-20 was shown. (B) The detail
expression of miR-504 of case 21-35 was shown. (C) ROR1-AS1 was lower in osteosarcoma tissues compared to no-tumor samples. (D)
Pearson's correlation assay showed one negative correlation between miR-504 and ROR1-AS1 in osteosarcoma tissues.

www.aging-us.com

222

AGING

oncogenes in some tumors including nasopharyngeal
carcinoma, bladder cancer and colorectal cancer [32–
34]. ROR1-AS1 expression was upregulated in
nasopharyngeal carcinoma samples and ROR1-AS1
knockdown inhibited cell invasion and migration and
EMT progression in nasopharyngeal carcinoma cell
via regulating miR-375 [33]. Chen et al [34]. found
that ROR1-AS1 was overexpressed in bladder tumor
samples and associated with lymph node metastasis,
advanced stage and histological grade. ROR1-AS1
knockdown decreased bladder tumor cell migration

and proliferation. Wang et al. [32] indicated that
ROR1-AS1 expression was upregulated in colorectal
cancer samples and ROR1-AS1 downregulation
suppressed cell invasion and migration in colorectal
cancer cell through regulating miR-375. However, the
functional role of ROR1-AS1 in osteosarcoma
remains uninvestigated so far. We observed that
ROR1-AS1 expression was higher in osteosarcoma
tissues compared to non-tumor samples and ROR1AS1 overexpression induced osteosarcoma cell
migration and proliferation.

Figure 6. miR-504 overexpression partly abrogated ROR1-AS1-induced effects on osteosarcoma cell migration and
proliferation. (A) Overexpression of miR-504 inhibited cell cycle in ROR1-AS1-overexpressing MG-63 cell. (B) Cell proliferation was
measured by CCK-8 analysis. (C) The expression of cyclin D1 was detected by RT-qPCR. (D) The expression of PCNA was measured by RT-qPCR.
(E) The expression of ki-67 was analyzed by RT-qPCR. (F) The relative wound closure was shown. *p<0.05, **p<0.01 and ***p<0.001.
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Compelling reports demonstrated that lncRNAs might
play their roles via regulating miRNAs expression [37,
38]. For instance, LINC01278 induced osteosarcoma
progression through sponging miR-133a-3p expression
[39]. Gui et al. [40]. showed that lncRNA CDKN2BAS1 knockdown inhibited osteosarcoma migration and
proliferation through regulating miR-4458 expression.
Hou et al [41]. demonstrated that lncRNA SNHG14
induced osteosarcoma cell invasion, proliferation and
migration through modulating miR-433-3p expression.
Huang et al [42]. indicated that knockdown of LncRNA
FTX inhibited osteosarcoma migration and growth
through regulating miR-320a expression. Recently,
Chen et al [34]. indicated that ROR1-AS1 expression
induced bladder tumor cell migration and proliferation
through regulating miR-504. ROR1-AS1 has potential
binding sites of miR-504 by searching Starbase. Dualluciferase assay was conducted to prove that ROR1AS1 functioned as one sponge for miR-504 and ROR1AS1 overexpression suppressed miR-504 expression in
MG-63 cell. ROR1-AS1 expression was lower in
osteosarcoma tissues compared to non-tumor samples.
Pearson's correlation assay showed a negative correlation between miR-504 and ROR1-AS1 expression.
MiR-504 overexpression partly abrogated ROR1-AS1induced effects on osteosarcoma cell migration and
proliferation.

with SYBR kit (Takara, Dalian) on ABI 7900 qPCR
system (Applied Biosystems, USA). 2 -ΔΔCt way was
used to study relative expression. Primers were
utilized as following: ROR1-AS1, 5’-CTGAC
GAAAC ACTGG AACTC-3’; 5’-GTCTG ATTTG
GTAGC TTGGA TG-3’; GAPDH, 5’-CCAAA
ATCAG ATGGG GCAAT GCTGG-3’; 5’-TGATG
GCATG GACTG TGGT CATTC A-3’; miR-504 5’GCTGC TGTTG GGAGA CC-3’; 5’-GCCCT
CTGTA TGGGA AAC-3’; U6 5’-CTCGC TTCGG
CAGCA CATA-3’; 5’-ACGCT TCACG AATTT
GCGT-3’.

In summary, we identified that ROR1-AS1 expression
was overexpressed in osteosarcoma tissues and cell and
ROR1-AS1 overexpression promoted cell migration,
EMT progression and migration via modulating miR504. Thus, ROR1-AS1 played as one oncogene and
might be a new treatment target for osteosarcoma.

To set up luciferase reporter constructs, ROR1-AS13WT and ROR1-AS13-Mut were cloned into pGL3
plasmids (Promega, WI). Cell transfection was carried
out with ROR1-AS13-WT, miR-504 mimic or ROR1AS13-Mut and scramble with Lipofectamin3000
(Invitrogen Inc.). Luciferase activities were measured
using one luciferase reporter system (Promega).

Cell growth and migration assay
CCK-8 analysis was utilized to detect cell growth.
Transfected osteosarcoma cells were cultured in the
plate of 96-well and 10 μL CCK-8 kit was cultivated
with cells for 2 hours. Absorbance at the 450 nm was
calculated by microplate reader. Wound healing
analysis was utilized to study cell migration. Cells were
plated in dish of 6-well and continued to confluence.
Pipette tip was used to scratch cell wound and cells
were plated in serum-free medium. Relative wound
distance was recorded by microscope (Olympus).
Luciferase assay

MATERIALS AND METHODS
Statistical analysis
Specimens, cell culture and transfection
Statistical assay was carried out by SPSS (19.0, SPSS
Inc, USA). Data were presented as mean ±standard
deviation. Student’s t-test was utilized to determine
significant differences. The value of < 0.5 was supposed
to be significant.

Human osteosarcoma specimens along with normal
adjacent specimens were obtained at our hospital. This
research was conducted according to Declaration of
Helsinki and approved with Nanyang hospital. Each
case provided consent signed forms. Cell lines of
osteosarcoma (SAOS-2, U2OS, MG-63 and HOS) and
osteoblast cell line (hFOB1.19) were utilized in our
reference. pcDNA-ROR1-AS1, miR-504 mimic,
pcDNA-control and scramble were getting from
GenePharma (Shanghai, China). Cell transfections were
performed by Lipofectamin3000 (Invitrogen Inc.)

CONFLICTS OF INTEREST
These authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS
Xiangkun Wu, Lihua Yan, Yongxi Liu, Lilin Shang
conceived and designed the project. Xiangkun Wu and
Lihua Yan performed experiments and/or data
acquisition and analyses; Yongxi Liu contributed
technical/reagents materials, analytic tools; Xiangkun
Wu, Lihua Yan and Yongxi Liu prepared, wrote,

qRT-PCR
RNA was collected from specimens or cultured cells
with TRIzol (TaKaRa, Dalian). qPCR was utilized to
quantify miRNA, lncRNA and mRNA expression

www.aging-us.com

224

AGING

Biochem Biophys Res Commun. 2015; 459:367–73.
https://doi.org/10.1016/j.bbrc.2015.02.101
PMID:25727016

and/or revision the manuscript. All authors discussed
the results and commented on the manuscript.

REFERENCES
1.

Li Z, Shen J, Chan MT, Wu WK. The long non-coding
RNA SPRY4-IT1: an emerging player in tumorigenesis
and osteosarcoma. Cell Prolif. 2018; 51:e12446.
https://doi.org/10.1111/cpr.12446 PMID:29484753

10. Wang L, Shao J, Zhang X, Xu M, Zhao J. microRNA-377
suppresses the proliferation of human osteosarcoma
MG-63 cells by targeting CDK6. Tumour Biol. 2015;
36:3911–17.
https://doi.org/10.1007/s13277-014-3034-2
PMID:25577249

2.

Xu R, Feng F, Yu X, Liu Z, Lao L. LncRNA SNHG4
promotes tumour growth by sponging miR-224-3p and
predicts poor survival and recurrence in human
osteosarcoma. Cell Prolif. 2018; 51:e12515.
https://doi.org/10.1111/cpr.12515
PMID:30152090

11. Pei H, Jin Z, Chen S, Sun X, Yu J, Guo W. MiR-135b
promotes proliferation and invasion of osteosarcoma
cells via targeting FOXO1. Mol Cell Biochem. 2015;
400:245–52.
https://doi.org/10.1007/s11010-014-2281-2
PMID:25416447

3.

Yang C, Wu K, Wang S, Wei G. Long non-coding RNA
XIST promotes osteosarcoma progression by
targeting YAP via miR-195-5p. J Cell Biochem. 2018;
119:5646–56.
https://doi.org/10.1002/jcb.26743
PMID:29384226

12. Niu G, Li B, Sun L, An C. MicroRNA-153 inhibits
osteosarcoma cells proliferation and invasion by
targeting TGF-β2. PLoS One. 2015; 10:e0119225.
https://doi.org/10.1371/journal.pone.0119225
PMID:25793604

4.

Ye K, Wang S, Zhang H, Han H, Ma B, Nan W. Long
noncoding RNA GAS5 suppresses cell growth and
epithelial-mesenchymal transition in osteosarcoma by
regulating the miR-221/ARHI pathway. J Cell Biochem.
2017; 118:4772–81.
https://doi.org/10.1002/jcb.26145
PMID:28519068

5.

13. Li Z, Li X, Chen X, Li S, Ho IH, Liu X, Chan MT, Wu WK.
Emerging roles of long non-coding RNAs in neuropathic
pain. Cell Prolif. 2019; 52:e12528.
https://doi.org/10.1111/cpr.12528
PMID:30362191
14. Zou Y, Zhong Y, Wu J, Xiao H, Zhang X, Liao X, Li J, Mao
X, Liu Y, Zhang F. Long non-coding PANDAR as a novel
biomarker in human cancer: a systematic review. Cell
Prolif. 2018; 51:e12422.
https://doi.org/10.1111/cpr.12422
PMID:29226461

Yuan J, Lang J, Liu C, Zhou K, Chen L, Liu Y. The
expression and function of miRNA-451 in
osteosarcoma. Med Oncol. 2015; 32:324.
https://doi.org/10.1007/s12032-014-0324-x
PMID:25471786

6.

Zhao J, Zhang C, Gao Z, Wu H, Gu R, Jiang R. Long noncoding RNA ASBEL promotes osteosarcoma cell
proliferation, migration, and invasion by regulating
microRNA-21. J Cell Biochem. 2018; 119:6461–69.
https://doi.org/10.1002/jcb.26671 PMID:29323740

7.

Xu JQ, Zhang WB, Wan R, Yang YQ. MicroRNA-32
inhibits osteosarcoma cell proliferation and invasion by
targeting Sox9. Tumour Biol. 2014; 35:9847–53.
https://doi.org/10.1007/s13277-014-2229-x
PMID:24989927

8.

Zhao D, Jia P, Wang W, Zhang G. VEGF-mediated
suppression of cell proliferation and invasion by miR410 in osteosarcoma. Mol Cell Biochem. 2015;
400:87–95.
https://doi.org/10.1007/s11010-014-2265-2
PMID:25385479

9.

Zhang Y, Duan G, Feng S. MicroRNA-301a modulates
doxorubicin resistance in osteosarcoma cells by
targeting AMP-activated protein kinase alpha 1.

www.aging-us.com

15. Zhu S, Fu W, Zhang L, Fu K, Hu J, Jia W, Liu G.
LINC00473 antagonizes the tumour suppressor miR195 to mediate the pathogenesis of Wilms tumour via
IKKα. Cell Prolif. 2018; 51:e12416.
https://doi.org/10.1111/cpr.12416
PMID:29159834
16. Zhang J, Yin M, Peng G, Zhao Y. CRNDE: an important
oncogenic long non-coding RNA in human cancers. Cell
Prolif. 2018; 51:e12440.
https://doi.org/10.1111/cpr.12440
PMID:29405523
17. Yu X, Zheng H, Tse G, Zhang L, Wu WK. CASC2: an
emerging tumour-suppressing long noncoding RNA in
human cancers and melanoma. Cell Prolif. 2018;
51:e12506.
https://doi.org/10.1111/cpr.12506
PMID:30094876
18. Ba Z, Gu L, Hao S, Wang X, Cheng Z, Nie G.
Downregulation of lncRNA CASC2 facilitates
osteosarcoma growth and invasion through miR-181a.
Cell Prolif. 2018; 51:e12409.

225

AGING

https://doi.org/10.1111/cpr.12409
PMID:29194827

27. She K, Yan H, Huang J, Zhou H, He J. miR-193b
availability is antagonized by LncRNA-SNHG7 for
FAIM2-induced tumour progression in non-small cell
lung cancer. Cell Prolif. 2018; 51:e12406.
https://doi.org/10.1111/cpr.12406
PMID:29131440

19. Hu X, Jiang H, Jiang X. Downregulation of lncRNA ANRIL
inhibits proliferation, induces apoptosis, and enhances
radiosensitivity in nasopharyngeal carcinoma cells
through regulating miR-125a. Cancer Biol Ther. 2017;
18:331–38.
https://doi.org/10.1080/15384047.2017.1310348
PMID:28402230

28. Chen Q, Huang X, Li R. lncRNA MALAT1/miR-205-5p
axis regulates MPP+-induced cell apoptosis in MN9D
cells by directly targeting LRRK2. Am J Transl Res. 2018;
10:563–72.
PMID:29511451

20. Chen X, Dong H, Liu S, Yu L, Yan D, Yao X, Sun W, Han
D, Gao G. Long noncoding RNA MHENCR promotes
melanoma progression via regulating miR-425/489mediated PI3K-Akt pathway. Am J Transl Res. 2017;
9:90–102.
PMID:28123636

29. Wang W, Zheng W, Zhang L, Li K. Long non-coding RNA
ROR1-AS1 induces tumorigenesis of colorectal cancer
by affecting Wnt/β-catenin signaling pathway. Biosci
Rep. 2019; 39:BSR20191453.
https://doi.org/10.1042/BSR20191453 PMID:31693094

21. Liao Y, Shen L, Zhao H, Liu Q, Fu J, Guo Y, Peng R,
Cheng L. LncRNA CASC2 interacts with miR-181a to
modulate glioma growth and resistance to TMZ
through PTEN pathway. J Cell Biochem. 2017;
118:1889–99.
https://doi.org/10.1002/jcb.25910
PMID:28121023

30. Hu G, Gupta SK, Troska TP, Nair A, Gupta M. Long noncoding RNA profile in mantle cell lymphoma identifies
a functional lncRNA ROR1-AS1 associated with
EZH2/PRC2 complex. Oncotarget. 2017; 8:80223–34.
https://doi.org/10.18632/oncotarget.17956
PMID:29113297

22. Tan X, Huang Z, Li X. Long non-coding RNA MALAT1
interacts with miR-204 to modulate human hilar
cholangiocarcinoma proliferation, migration, and
invasion by targeting CXCR4. J Cell Biochem. 2017;
118:3643–53.
https://doi.org/10.1002/jcb.25862
PMID:28059437

31. Liao T, Maierdan SL, Lv C. ROR1-AS1 promotes
tumorigenesis of colorectal cancer via targeting Wnt/βcatenin. Eur Rev Med Pharmacol Sci. 2019; 23:217–23.
https://doi.org/10.26355/eurrev_201908_18650
PMID:31389604
32. Wang FZ, Zhang MQ, Zhang L, Zhang MC. Long noncoding RNA ROR1-AS1 enhances colorectal cancer
metastasis by targeting miR-375. Eur Rev Med
Pharmacol Sci. 2019; 23:6899–905.
https://doi.org/10.26355/eurrev_201908_18729
PMID:31486489

23. Pan Y, Wu Y, Hu J, Shan Y, Ma J, Ma H, Qi X, Jia L. Long
noncoding RNA HOTAIR promotes renal cell carcinoma
Malignancy through alpha-2, 8-sialyltransferase 4 by
sponging microRNA-124. Cell Prolif. 2018; 51:e12507.
https://doi.org/10.1111/cpr.12507
PMID:30105850

33. Hou J, Yan J, Ren XY, Zhu K, Du XY, Li JJ, Xu M. Long
noncoding RNA ROR1-AS1 induces tumor metastasis
and epithelial-mesenchymal transition by sponging
miR-375 in nasopharyngeal carcinoma. Eur Rev Med
Pharmacol Sci. 2020; 24:174–180.
https://doi.org/10.26355/eurrev_202001_19909
PMID:31957830

24. Yu X, Zheng H, Tse G, Chan MT, Wu WK. Long noncoding RNAs in melanoma. Cell Prolif. 2018;
51:e12457.
https://doi.org/10.1111/cpr.12457
PMID:29582492
25. Xiao M, Feng Y, Liu C, Zhang Z. Prognostic values of
long noncoding RNA PVT1 in various carcinomas: an
updated systematic review and meta-analysis. Cell
Prolif. 2018; 51:e12519.
https://doi.org/10.1111/cpr.12519 PMID:30252166

34. Chen Q, Fu L. Upregulation of long non-coding RNA
ROR1-AS1 promotes cell growth and migration in
bladder cancer by regulation of miR-504. PLoS One.
2020; 15:e0227568.
https://doi.org/10.1371/journal.pone.0227568
PMID:31929567

26. Xiong WC, Han N, Wu N, Zhao KL, Han C, Wang HX,
Ping GF, Zheng PF, Feng H, Qin L, He P. Interplay
between long noncoding RNA ZEB1-AS1 and miR101/ZEB1 axis regulates proliferation and migration
of colorectal cancer cells. Am J Transl Res. 2018;
10:605–17.
PMID:29511455

www.aging-us.com

35. Meng L, Ma P, Cai R, Guan Q, Wang M, Jin B.
Long noncoding RNA ZEB1-AS1 promotes the
tumorigenesis of glioma cancer cells by modulating
the miR-200c/141-ZEB1 axis. Am J Transl Res. 2018;
10:3395–412.
PMID:30662595

226

AGING

36. Zhang C, Su C, Song Q, Dong F, Yu S, Huo J. LncRNA
PICART1 suppressed non-small cell lung cancer cells
proliferation and invasion by targeting AKT1 signaling
pathway. Am J Transl Res. 2018; 10:4193–201.
PMID:30662662

https://doi.org/10.1002/jcp.29582
PMID:31994731
40. Gui D, Cao H. Long non-coding RNA CDKN2B-AS1
promotes osteosarcoma by increasing the expression
of MAP3K3 via sponging miR-4458. In Vitro Cell Dev
Biol Anim. 2020; 56:24–33.
https://doi.org/10.1007/s11626-019-00415-7
PMID:31950433

37. Zhang XY, Tang XY, Ma LJ, Guo YL, Li XS, Zhao LM, Tian
CJ, Cheng DJ, Chen ZC, Zhang LX. Schisandrin B downregulated lncRNA BCYRN1 expression of airway
smooth muscle cells by improving miR-150 expression
to inhibit the proliferation and migration of ASMC in
asthmatic rats. Cell Prolif. 2017; 50:e12382.
https://doi.org/10.1111/cpr.12382
PMID:28960519

41. Hou XK, Mao JS. Long noncoding RNA SNHG14
promotes osteosarcoma progression via miR-4333p/FBXO22 axis. Biochem Biophys Res Commun. 2020;
523:766–72.
https://doi.org/10.1016/j.bbrc.2020.01.016
PMID:31948764

38. Yu N, Liang Y, Zhu H, Mo H, Pei H. CsA promotes XIST
expression to regulate human trophoblast cells
proliferation and invasion through miR-144/titin axis. J
Cell Biochem. 2017; 118:2208–18.
https://doi.org/10.1002/jcb.25867
PMID:28059474

42. Huang S, Zhu X, Ke Y, Xiao D, Liang C, Chen J, Chang Y.
LncRNA FTX inhibition restrains osteosarcoma
proliferation and migration via modulating miR320a/TXNRD1. Cancer Biol Ther. 2020; 21:379–87.
https://doi.org/10.1080/15384047.2019.1702405
PMID:31920141

39. Qu Z, Li S. Long noncoding RNA LINC01278 favors the
progression of osteosarcoma via modulating miR-133a3p/PTHR1 signaling. J Cell Physiol. 2020. [Epub ahead
of print].

www.aging-us.com

227

AGING

