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Abstract. – OBJECTIVE: Chordoma is a rare 
malignant tumor difficult to diagnose and treat. 
Long non-coding RNAs acting as novel biomark-
ers are frequently reported in numerous can-
cers. The purpose of this study was to investi-
gate the role of long intergenic non-coding RNA 
00662 (LINC00662) and its associated action 
mechanisms in chordoma.

MATERIALS AND METHODS: The expression 
of LINC00662, Ring finger protein 144B (RNF144B), 
and microRNA-16-5p (miR-16-5p) was detected by 
quantitative Real Time-Polymerase Chain Reac-
tion (qRT-PCR). The protein levels of RNF144B, cell 
proliferation markers (Cyclin D1 and Ki67), epithe-
lial-mesenchymal transition (EMT) markers (E-cad-
herin, Vimentin and N-cadherin), and glycolysis 
markers [glucose transporter 1 (GLUT1), hexoki-
nase II (HK2), and lactic dehydrogenase A (LDHA)] 
were determined by Western blot. Cell proliferation, 
the number of colonies, migration, and invasion 
were investigated by 3-(4, 5-dimethyl-2-thiazolyl)-2, 
5-diphenyl-2-H-tetrazolium bromide (MTT), colony 
formation, and transwell assays, respectively. Gly-
colysis progress was evaluated by the glycolysis 
stress test, glucose consumption, lactate produc-
tion, and ATP production. The relationship between 
miR-16-5p and LINC00662 or RNF144B was predict-
ed by the online bioinformatics tool starBase and 
verified by Dual-Luciferase reporter assay. Xeno-
graft tumor model was established to monitor the 
role of LINC00662 in vivo.

RESULTS: LINC00662 and RNF144B were aber-
rantly upregulated in chordoma tissues. Knock-
down of LINC00662 or RNF144B impeded prolif-
eration, colony formation, invasion, migration, 
EMT, and glycolysis in chordoma cells. Besides, 
RNF144B overexpression reversed the role of 
LINC00662 knockdown. It was confirmed that 
miR-16-5p was a target of LINC00662, and miR-
16-5p could target RNF144B. The relationship 
between LINC00662 and RNF144B was estab-
lished by miR-16-5p. In addition, LINC00662 sta-
ble knockdown inhibited tumor growth in vivo.

CONCLUSIONS: LINC00662 participated in 
the malignant progression of chordoma by the 

promotion of RNF144B by acting as a sponge 
of miR-16-5p, suggesting that LINC00662 was a 
promising therapeutic target for chordoma.
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Introduction

Chordoma, an uncommon malignant tumor, 
originates from the primary malignant bone tumor 
of the original spinal cord tissues1. Primary tu-
mors occur along the spine, with around 1/3 of the 
cases developing in the clivus, mobile spine, and 
sacrum2. Chordoma has strong local invasiveness 
and a high recurrence rate3. According to statistics, 
the 5-year and 10-year survival rates of patients 
with chordoma are about 68% and 40%, respec-
tively2. Despite the most advanced skull base sur-
gery techniques, chordoma is difficult to eradicate 
by surgery because critical anatomical locations 
and tumor volumes rarely allow extensive radical 
resection4,5. Besides, chordoma grows with occult, 
non-specific symptoms6,7. Therefore, there is an ur-
gent need to identify novel biomarkers to improve 
the diagnosis and treatment of chordoma.

Long non-coding RNAs (lncRNAs) are a clus-
ter of non-coding RNA molecules longer than 
200 nucleotides8. The expression of lncRNAs is 
specific in diverse cell types, tissues at indicat-
ed developmental stages, as well as in different 
diseases, including cancer9,10, and the crucial 
role of lncRNAs in cancers has aroused much 
attention. Unfortunately, there is a lack of atten-
tion and research on the function of lncRNAs in 
chordoma mainly due to the rarity of chordoma. 
However, the specific regulatory effects of ln-
cRNAs in chordoma cannot be underestimated. 
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A previous study elucidated that the low expres-
sion of lncRNA LOC554202 was linked to the 
inhibitory proliferation, migration, and invasion 
of chordoma cells11, indicating the vital role of 
lncRNA during the development of chordoma. 
Long intergenic non-coding RNAs (lincRNAs) 
are one of the types of lncRNAs and share similar 
characteristics with other transcripts of lncRNAs 
family, making up over half of lncRNAs tran-
scripts12,13. LincRNA 00662 (LINC00662), one of 
the lincRNAs, was mentioned to be involved in a 
host of cancers. However, the role of LINC00662 
in chordoma was not mentioned yet. It was worth 
exploring whether LINC00662 functioned in 
chordoma. 

MicroRNAs (miRNAs) are also a class of 
non-coding RNAs with short length contain-
ing ~23 nucleotides14. MiRNAs inhibit gene ex-
pression at post-transcriptional and translational 
levels via interacting with certain binding sites 
in 3’ untranslated region (3’ UTR) of targeted 
messenger RNAs (mRNAs)15. The dysregulation 
of miRNAs in human cancers participated in the 
progression of cancer16, including miR-16-5p. The 
involvement of miR-16-5p was reported in doz-
ens of cancers, such as breast cancer, lung cancer, 
and mesothelioma17-19. Consistently, miR-16-5p 
functioned in these cancers by acting as a tumor 
suppressor. Interestingly, Zhang et al20 partially 
clarified the role of miR-16-5p in chordoma. How-
ever, the diverse action mode and mechanism of 
miR-16-5p in chordoma still need to be explored.

Ring finger protein 144B (RNF144B), also 
known as PIR2, is an E3-ubiquitin ligase that is 
substantial for the participation in cancers21,22. 
Unfortunately, the research of the RNF144B 
function in chordoma was insufficient and lack-
ing. Only Ma et al11 asserted that RNF144B was 
an oncogene to regulate cell proliferation and in-
vasion in chordoma, indicating the vital role of 
RNF144B in chordoma. Hence, more information 
about the functional role of RNF144B and associ-
ated action mechanism should be investigated in 
chordoma.

In our research, we examined the expression of 
LINC00662 and RNF144B in chordoma tissues. 
The gain-function or loss-function experiments 
were performed to determine their potential func-
tions in chordoma cells. Besides, a novel action 
mechanism of LINC00662 was also elucidated. 
The aim of this study was to further understand 
the mechanism of chordoma development and 
provide novel biomarkers to identify and treat 
chordoma.

Materials and Methods

Tissues
The chordoma tissues (n=30) and adjacent 

non-tumor tissues (n=30) were collected from 
chordoma patients in the Yantaishan Hospital. 
These tissues were frozen in liquid nitrogen after 
excision and then stored in -80°C storage. The in-
formed consent was obtained from each patient. 
This research was approved by the Ethics Com-
mittee of the Yantaishan Hospital. 

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Rneasy MiNi Kit (Qiagen, Hilden, Germany) 
was utilized to extract total RNA from chordo-
ma tissues and cells. After the measurement of 
concentration and integrity of total RNA, re-
verse transcription was executed using RT2 First 
Strand Kit (Qiagen, Hilden, Germany) or miS-
cript II RT Kit (Qiagen, Hilden, Germany). After-
wards, RT2 SYBR Green FAST Mastermix (Qia-
gen, Hilden, Germany) or miScript SYBR Green 
PCR Kit (Qiagen, Hilden, Germany) were used 
for amplification reaction under a Real Time-
PCR system (Applied Biosystems, Foster City, 
CA, USA). The relative expression was normal-
ized by β-actin or U6 and calculated using the 
2-∆∆Ct method. The primers used were listed as 
below: LINC00662: 5’-ACTAACAAGCTGGGT-
GCAGA-3’ (forward) and 5’-CCTCCTGGTCT-
GCGAGAAAT-3’ (reverse); RNF144B: 5’-AT-
GGGCTCAGCTGGTAGGC-3’ (forward) and 
5’-GGTTGTGGATGGGTCGTGCT-3’ (reverse); 
miR-16-5p:  5’-TAGCAGCACGTAAATATTG-
GCG-3’ (forward) and 5’-TGCGTGTCGTG-
GAGTC-3’ (reverse); U6: 5’-GCUUCGGCAG-
CACAUAUACUAAAAU-3’ (forward) and 
5’-CGCUUCACGAAUUUGCGUGUCAU-3’ (re-
verse) and β-actin: 5’-GATATTGCTGCGCTC-
GTTG-3’ (forward) and 5’-TTCAGGGTCAGGA-
TACCTCTTT-3’ (reverse).

Western Blot
Western blot was executed according to the 

previous methods23. In brief, the proteins were 
transferred onto polyvinylidene difluoride 
(PVDF) membranes (Bio-Rad, Hercules, CA, 
USA) after the separation. Next, the membrane 
was placed in blocking solution containing 5% 
skim milk and probed with the primary antibod-
ies against RNF144B (PA5-39152; 1:1000; Invi-
trogen, Carlsbad, CA, USA), Cyclin D1 (MA5-
16356; 1:200; Invitrogen, Carlsbad, CA, USA), 
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Ki67 (ab16667; 1:1000; Abcam, Cambridge, MA, 
USA), E-cadherin (ab1416; 1:50; Abcam, Cam-
bridge, MA, USA), Vimentin (ab92547; 1:1000; 
Abcam, Cambridge, MA, USA), N-cadher-
in (ab18203; 1:1000; Abcam, Cambridge, MA, 
USA), glucose transporter 1 (GLUT1) (ab115730; 
1:100000; Abcam, Cambridge, MA, USA), hex-
okinase II (HK2) (ab104836; 1:1000; Abcam, 
Cambridge, MA, USA), lactic dehydrogenase A 
(LDHA) (ab135366; 1:1000; Abcam, Cambridge, 
MA, USA), and β-actin (ab6276; 1:5000; Abcam, 
Cambridge, MA, USA) and the secondary anti-
bodies (ab205718 and ab205719; 1:5000; Abcam, 
Cambridge, MA, USA). Finally, the protein blots 
on the membranes were appeared using an en-
hanced chemiluminescence (ECL) kit (Beyotime, 
Shanghai, China).

Cell Lines
Chordoma cell lines (U-CH1 and U-CH2) were 

obtained from American Type Culture Collection 
(ATCC; Manassas, VA, USA). Roswell Park Me-
morial Institute-1640 medium (RPMI-1640; Life 
Technologies, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum (FBS; Life Technol-
ogies) was used to culture these cells in a humid-
ified condition with 5% CO2 at 37°C.

Cell Transfection
Small interference RNA (siRNA) against 

LINC00662 and RNF144B (si-LINC00662 and 
si-RNF144B) and their negative control (si-NC) 
were synthesized by Sangon Biotechnology 
(Shanghai, China). RNF144B sequence frag-
ment was constructed onto the pcDNA3.1 vector, 
named as pcDNA-RNF144B, which was accom-
plished by Sangon Biotechnology, pcDNA3.1 
empty vector (pcDNA) as the control. MiR-16-5p 
mimics (miR-219-5p), miR-16-5p inhibitor (an-
ti-miR-16-5p), and their corresponding negative 
controls (miR-NC and anti-NC) were purchased 
from Ribobio (Guangzhou, China). Lentiviral 
vector (lenti-short hairpin sh-LINC00662) and 
its negative control (sh-NC) were assembled by 
Genechem (Shanghai, China). The U-CH1 and 
U-CH2 cells were subjected to transfection using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA). The following experiments were conduct-
ed at 48 h post-transfection.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl- 
2-H-tetrazolium bromide (MTT) assay

U-CH1 and U-CH2 cells with different trans-
fection were seeded into 96-well plates (5 × 103 

cells/well) (Corning Costar, Corning, NY, USA). 
After the treatment of 10 µL MTT solution (Be-
yotime, Shanghai, China) at the indicated time 
points (0 h, 24 h, 48 h and 72 h) for 4 h at 37°C, the 
dimethyl sulfoxide (DMSO; Beyotime, Shanghai, 
China) was pipetted into each well to dissolve 
the formazan. The absorbance at 490 nm was 
checked using the Multiskan Ascent (Thermo 
Fisher Scientific, Waltham, MA, USA) to assess 
cell proliferation.

Colony Formation Assay
U-CH1 and U-CH2 cells with different trans-

fection were digested with trypsin and seeded 
into 6-well plates (5×103 cells/well) (Corning Co-
star, Corning, NY, USA) for 2 weeks. Subsequent-
ly, the colonies derived from U-CH1 and U-CH2 
cells were fixed with methanol and stained with 
0.1% crystal violet for 20 minutes. Next, the num-
ber of colonies was investigated via a microscope 
(Olympus, Tokyo, Japan) and Image J software.

Transwell Assay
U-CH1 and U-CH2 cells (1 × 105 cells/mL) were 

resuspended in fresh RPMI-1640 medium contain-
ing 10% FBS. Then, the suspensions were pipetted 
into the top of 6-well transwell chambers (Corning 
Costar, Corning, NY, USA), and RPMI-1640 me-
dium containing 10% FBS was added into the bot-
tom of the chambers. After culturing for 24 h, the 
migrated cells in the lower surface were fixed with 
methanol and stained with 0.1% crystal violet. The 
cells in five random fields were counted using a mi-
croscope (Olympus, Tokyo, Japan). Noteworthily, 
cell invasion was also conducted using the same 
method, except that the upper transwell chambers 
needed to be pre-coated with Matrigel (Corning 
Costar, Corning, NY, USA).

Glycolysis Stress Test
U-CH1 and U-CH2 cells were seeded into RP-

MI-1640 medium without glucose or pyruvate 
and incubated for at least 30 min before the as-
say in a 37°C incubator without CO2; then, the 
baseline extracellular acidification rate (ECAR, a 
pointer of glycolytic lactate production) was mea-
sured using the XF96 Analyzer (Seahorse Bio-
science, Billerica, MA, USA). Glucose (10 mM; 
Sigma-Aldrich, St. Louis, MO, USA) was provid-
ed to detect the glycolysis rate according to the 
rapidly increased ECAR value. Next, the addition 
of oligomycin (5 µM; Sigma-Aldrich, St. Louis, 
MO, USA) was used to inhibit mitochondrial ATP 
production and transform the energy production 
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to glycolysis, with the increase of ECAR reflect-
ing the maximum glycolytic capacity. The final 
addition was 2-deoxyglucose (2-DG, Sigma-Al-
drich, St. Louis, MO, USA), which was used to 
suppress glycolysis by specifically binding to hex-
okinase, leading to a decline of ECAR rate, which 
confirmed that the ECAR production was due to 
glycolysis. The glycolytic reserve is the differ-
ence between glycolytic capacity and glycolysis 
rate, which represented the capability of the cells 
to respond to energetic requirements. 

Glucose Consumption, Lactate 
Production and ATP Production Assay

The glycolysis progression was evaluated ac-
cording to glucose consumption, lactate produc-
tion, and ATP production using Glucose Assay 
Kit (Biovision, Milpitas, CA, USA), Lactate As-
say Kit (Biovision, Milpitas, CA, USA), and ATP 
Assay Kit (Beyotime) in line with the product’s 
instruction, respectively.

Bioinformatics Analysis
The Online bioinformatics database starBase 

(http://starbase.sysu.edu.cn/) was chosen to pre-
dict the potential target genes of lncRNA or miR-
NA and analyze the corresponding specific bind-
ing sites.

Dual-Luciferase Reporter Assay
The wild-type (WT) sequences of LINC00662 

(LINC00662-WT) harboring the binding sites 
with miR-16-5p and matched mutant (MUT) 
sequences of LINC00662 (LINC00662-MUT) 
were amplified and constructed onto the pGL4 
vector (Promega, Madison, WI, USA), respec-
tively. Likewise, the WT sequences of RNF144B 
3’ UTR (RNF144B 3’ UTR-WT) harboring the 
binding sites with miR-16-5p and matched MUT 
sequences harboring the mutated binding sites 
with miR-16-5p (RNF144B 3’ UTR-MUT) were 
also amplified and constructed onto the pGL4 
vector. Afterwards, the U-CH1 and U-CH2 cells 
were co-introduced with miR-16-5p or miR-NC 
and LINC00662-WT, LINC00662-MUT, RN-
F144B 3’ UTR-WT or RNF144B 3’ UTR-MUT, 
respectively. After the transfection for 48 h, the 
Luciferase activity in U-CH1 and U-CH2 cells 
was detected using the Dual-Luciferase Reporter 
Assay Kit (Promega, Madison, WI, USA).

Xenograft Tumor Analysis 
BALB/c nude mice (n=12, 6-week-old, male) 

were purchased from HFK Bioscience Co., LTD 

(Beijing, China). U-CH1 cells with the transfec-
tion of sh-LINC00662 or sh-NC were subcutane-
ously inoculated into the right flank of mice back. 
One week after inoculation, the tumor volume 
was calculated once a week based on the formula: 
length × width2 × 0.5. After 5 weeks, all tumor 
tissues were excised and used for weighting and 
expression analysis. All animal procedures were 
approved by the Animal Care and Use Committee 
of Yantaishan Hospital. 

Statistical Analysis
The data were collected from at least three 

times, independent biological experiments. After 
the analysis by GraphPad Prism 5.01 (GraphPad 
Software, Inc., La Jolla, CA, USA), the data were 
displayed as the mean ± standard deviation (SD). 
The differences between two groups or among ≥ 
3 groups were analyzed by Student’s t-test or one-
way analysis of variance (ANOVA) with Tukey’s 
post-hoc test. The correlation analysis was inves-
tigated according to the Spearman’s correlation 
coefficient. p<0.05 was considered to be a statisti-
cally significant difference.

Results

LINC00662 and RNF144B Were 
Upregulated in Chordoma Tissues

The expression of LINC00662 and RNF144B 
was determined in chordoma tissues and adjacent 
non-tumor tissues. We found that LINC00662 
was aberrantly overexpressed in chordoma tis-
sues (n=30) relative to that in non-tumor tissues 
(n=30) (Figure 1A). Similarly, the expression of 
RNF144B was also enhanced in chordoma tis-
sues (n=30) relative to that in non-tumor tissues 
(n=30) at both mRNA and protein levels (Figure 
1B and 1C). Besides, Spearman’s correlation anal-
ysis revealed that the expression of RNF144B at 
the mRNA levels was positively correlated with 
LINC00662 expression in chordoma tissues (Fig-
ure 1D). The data suggested that the dysregulation 
of LINC00662 and RNF144B might play crucial 
roles in chordoma.

LINC00662 Knockdown Inhibited 
Proliferation, Colony Formation, 
Migration, Invasion and Epithelial-
Mesenchymal Transition (EMT) 
of Chordoma Cells

The endogenous expression of LINC00662 
was knocked down to investigate the role of 
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LINC00662 in chordoma cells. Firstly, the in-
terference efficiency of LINC00662 was exam-
ined, and the result showed that the expression of 
LINC00662 was significantly reduced in U-CH1 
and U-CH2 cells transfected with si-LINC00662 
relative to si-NC (Figure 2A). The MTT assay 
concluded that the proliferation was prominent-
ly suppressed in U-CH1 and U-CH2 cells trans-
fected with si-LINC00662 compared with si-NC 
(Figure 2B and 2C). The number of colonies was 
also decreased in U-CH1 and U-CH2 cells with 
the knockdown of LINC00662 (Figure 2D). Be-
sides, the protein levels of cell cycle and prolif-
eration-related markers were ascertained, and 
the result showed that the levels of Cyclin D1 
and Ki67 were pronouncedly declined in U-CH1 
and U-CH2 cells transfected with si-LINC00662 
compared with si-NC (Figure 2E). Moreover, the 
transwell assay elucidated that the knockdown of 

LINC00662 markedly depleted the ability of cell 
migration and invasion (Figure 2F and 2G). Ad-
ditionally, the levels of EMT markers were also 
determined, and the data exhibited that the level 
of E-cadherin was significantly reinforced, while 
the levels of Vimentin and N-cadherin were re-
versely weakened in U-CH1 and U-CH2 cells 
with the knockdown of LINC00662 (Figure 2H). 
These data suggested that LINC00662 knock-
down blocked the aggression of chordoma cells.

LINC00662 Knockdown Inhibited 
Glycolysis Progression

The following experiment was conducted to 
explore the role of LINC00662 in glycolysis pro-
gression in chordoma cells. Firstly, the U-CH1 
and U-CH2 cells transfected with si-LINC00662 
and si-NC were used for the glycolysis stress test. 
The measurement of ECAR presented that the 

Figure 1. LINC00662 and RNF144B were upregulated in chordoma tissues. A, The expression of linc00662 in chordoma 
tissues and adjacent non-tumor tissues was detected by qRT-PCR. B, and C, The expression of RNF144B at mRNA and protein 
levels in chordoma tissues and adjacent non-tumor tissues was detected by qRT-PCR and Western blot. D, The expression of 
RNF144B at mRNA level was negatively correlated with the LINC00662 expression in chordoma tissues. *p<0.05.
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U-CH2 cells with the knockdown of RNF144B 
(Figure 4G and 4H). Moreover, the level of E-cad-
herin was reinforced with the downregulation 
of RNF144B, while the levels of Vimentin and 
N-cadherin were depleted (Figure 4I and 4J). In 
addition, RNF144B underrepresentation striking-
ly diminished the glycolysis, glycolytic capacity, 
and glycolytic reserve in U-CH1 and U-CH2 cells 
as indicated by the measurement of ECAR (Fig-
ure 4K-4N). Similarly, RNF144B underrepresen-
tation drastically restrained the glucose consump-
tion, lactate production, and ATP production in 
U-CH1 and U-CH2 cells (Figure 4O-4Q). Addi-
tionally, the protein levels of GLUT1, HK2 and 
LDHA all plummeted in U-CH1 and U-CH2 cells 
with si-RNF144B transfection compared with si-
NC (Figure 4R). The above data discovered that 
RNF144B underrepresentation inhibited the ag-
gressive progression of chordoma cells.

RNF144B Overexpression Reversed the 
Role of LINC00662 Knockdown

U-CH1 and U-CH2 cells were introduced with 
si-LINC00662 or si-LINC00662+pcDNA-RN-
F144B, si-NC or si-LINC00662+pcDNA acting 
as the control, respectively. Firstly, the exam-
ination of RNF144B overexpression efficiency 
showed that the expression of RNF144B was 
markedly strengthened in U-CH1 and U-CH2 
cells transfected with pcDNA-RNF144B rel-
ative to pcDNA (Figure 5A and 5B). Then, 
LINC00662 knockdown-inhibited cell prolifera-
tion was recovered in U-CH1 and U-CH2 cells 
with si-LINC00662+pcDNA-RNF144B trans-
fection but not si-LINC00662+pcDNA (Figure 
5C and 5D). Likewise, the number of colonies, 
inhibited in cells with si-LINC00662 transfec-
tion, was restored in cells with si-LINC00662+p-
cDNA-RNF144B transfection (Figure 5E). The 
protein levels of Cyclin D1 and Ki67 were weak-
ened by LINC00662 knockdown but regained by 
the combination of LINC00662 knockdown and 
RNF144B overexpression (Figure 5F). Besides, 
the number of migrated and invaded cells was 
depleted by LINC00662 knockdown but recov-
ered by RNF144B overexpression (Figure 5G and 
5H). The protein level of E-cadherin was elevat-
ed in U-CH1 and U-CH2 cells transfected with 
si-LINC00662 but repressed in cells transfected 
with si-LINC00662+pcDNA-RNF144B, while the 
levels of Vimentin and N-cadherin were opposite 
to the level of E-cadherin (Figure 5I). Moreover, 
LINC00662 knockdown-inhibited glycolysis, 
glycolytic capacity, and glycolytic reserve were 

addition of glucose increased the level of ECAR, 
while the level of ECAR in U-CH1 and U-CH2 
cells transfected with si-LINC00662 was signifi-
cantly lower than si-NC, suggesting that high glu-
cose induced glycolysis, and LINC00662 knock-
down inhibited the increase of glycolysis relative 
to si-NC. Then, the oligomycin was added to ex-
amine the glycolytic capacity, and we found that 
the addition of oligomycin strengthened the level 
of ECAR, while the level of ECAR in U-CH1 and 
U-CH2 cells transfected with si-LINC00662 was 
significantly weaker than si-NC, suggesting that 
LINC00662 knockdown suppressed the glyco-
lytic capacity. Next, the 2-DG was used to block 
glycolysis, and the result showed that the addition 
of 2-DG remarkably reduced the level of ECAR, 
while the level of ECAR in U-CH1 and U-CH2 
cells transfected with si-LINC00662 was remark-
ably lower than si-NC, suggesting that LINC00662 
knockdown lessened the glycolytic reserve (Fig-
ure 3A-3D). Additionally, we examined the glu-
cose consumption, lactate production, and ATP 
production, and we noticed that they were all sub-
stantially decreased in U-CH1 and U-CH2 cells 
transfected with si-LINC00662 relative to si-NC 
(Figure 3E-3G). Moreover, the protein levels of 
glycolysis-associated indicators were quantified, 
and we found that the levels of GLUT1, HK2, and 
LDHA were all weakened in U-CH1 and U-CH2 
cells with the knockdown of LINC00662 (Figure 
3H). These analyses manifested that the glycol-
ysis progression was enormously impaired after 
the knockdown of LINC00662.

RNF144B Underrepresentation Blocked 
Proliferation, Colony Formation, 
Migration, Invasion, EMT and Glycolysis 
of Chordoma Cells

To determine the role of RNF144B, U-CH1 and 
U-CH2 cells were introduced with si-RNF144B 
or si-NC. Firstly, the interference efficiency test 
monitored that the expression of RNF144B was 
conspicuously reduced in si-RNF144B-trans-
fected U-CH1 and U-CH2 cells relative to si-
NC at both mRNA and protein levels (Figure 
4A and 4B). Cell proliferation was significantly 
suppressed by RNF144B underrepresentation in 
U-CH1 and U-CH2 cells (Figure 4C and 4D). The 
number of colonies was also declined in cells with 
si-RNF144B transfection compared with si-NC 
(Figure 4E). Besides, RNF144B underrepresen-
tation dwindled the protein levels of Cyclin D1 
and KI67 (Figure 4F). The number of migrated 
and invaded cells was suppressed in U-CH1 and 
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recovered in U-CH1 and U-CH2 cells transfect-
ed with si-LINC00662+pcDNA-RNF144B (Fig-
ure 5J-5M). The glucose consumption, lactate 
production, and ATP production were blocked 
by LINC00662 knockdown but reestablished by 
the combination of LINC00662 knockdown and 
RNF144B overexpression (Figure 5N-5P). Addi-
tionally, the protein levels of GLUT1, HK2, and 
LDHA were suppressed in U-CH1 and U-CH2 
cells transfected with si-LINC00662, whereas 
their levels were restored in cells transfected with 
si-LINC00662+pcDNA-RNF144B (Figure 5Q). 
The results clarified that LINC00662 knockdown 
inhibited the aggressive progression of chordoma 
cells by decreasing the expression of RNF144B.

MiR-16-5p Acted as a “Bridge” to 
Connect the Relationship Between 
LINC00662 and RNF144B

It was well known that lncRNAs contained the 
miRNA-response elements and could modulate 
mRNAs by binding to miRNA, thus participat-
ing in tumorigenesis and development24. Follow-
ing this manner, we identified the potential target 
miRNAs of LINC00662. As shown in Figure 6A, 
miR-16-5p was a target of LINC00662 with spe-
cial binding sites between them by the prediction 
of starBase (http://starbase.sysu.edu.cn/). Also, 
RNF144B was a target of miR-16-5p with specific 
binding sites between RNF144B 3’UTR and miR-
16-5p (Figure 6A). Next, Dual-Luciferase report-
er assay was performed to confirm this predic-
tion, and the result indicated that the miR-16-5p 
reintroduction significantly weakened the Lucif-
erase activity in U-CH1 and U-CH2 cells trans-
fected with LINC00662-WT but nor LINC00662 
MUT compared with miR-NC (Figure 6B and 
6C). Besides, the miR-16-5p reintroduction also 
notably reduced the Luciferase activity in U-CH1 
and U-CH2 cells with RNF144B 3’ UTR-WT but 
not RNF144B 3’ UTR-MUT relative to miR-NC 
(Figure 6D and 6E). Moreover, we found that the 
expression of miR-16-5p in U-CH1 and U-CH2 
cells transfected with si-LINC00662 was de-
clined relative to si-NC (Figure 6F). Afterwards, 
the endogenous level of miR-16-5p was weakened 
to observe the effects of miR-16-5p on the expres-
sion of RNF144B. The inhibition efficiency of 
miR-16-5p showed that the expression of miR-16-
5p was markedly declined in U-CH1 and U-CH2 
cells transfected with anti-miR-16-5p relative to 
anti-NC (Figure 6G). Not surprisingly, the ex-
pression of RNF144B was considerably increased 
with the inhibition of miR-16-5p at both mRNA 

and protein levels (Figure 6H and 6I). Addition-
ally, the expression of RNF144B was decreased 
in U-CH1 and U-CH2 cells transfected with si-
LINC00662 but recovered in cells transfected 
with si-LINC00662+anti-miR-16-5p at both mR-
NA and protein levels (Figure 6J and 6K). These 
data proved that LINC00662 regulated the ex-
pression of RNF144B by targeting miR-16-5p.

LINC00662 Knockdown Inhibited Tumor 
Growth In Vivo

U-CH1 cells were transfected with sh-
LINC00662 to investigate the role of LINC00662 
in vivo, sh-NC acting as the control. The tumor 
volume was recorded once a week, and the data 
showed that the tumor volume was significant-
ly declined with the knockdown of LINC00662 
(Figure 7A). Besides, LINC00662 also dwindled 
the tumor weight compared with sh-NC (Figure 
7B). Additionally, the expression of LINC00662 
in excised tissues from the sh-LINC00662 group 
was notably reduced compared with that in the 
sh-NC group, while the expression of miR-16-5p 
was opposite to LINC00662 expression (Figure 
7C and 7D). The expression of RNF144B was 
notably decreased in excised tissues from the sh-
LINC00662 group was, which was notably re-
duced relative to that in the sh-NC group at both 
mRNA and protein levels (Figure 7E and 7F). 
The data indicated that LINC00662 knockdown 
inhibited the tumor growth in vivo through the 
regulation of miR-16-5p and RNF144B.

Discussion

Chordoma is a rare malignancy tumor with 
a low incidence of 0.08 per 100,00025. Unfortu-
nately, the development of chordoma is associat-
ed with severe local aggressiveness, and massive 
masses to damage nerves and blood vessels26. Be-
sides, chordoma is insensitive to the radiotherapy 
and drug chemotherapy, and surgery seems to be 
a leading therapeutic strategy. However, the com-
plexity of the spinal anatomy and considerable 
tumor size present significant challenges for sur-
gery25,27. Therefore, it is urgent to find novel thera-
peutic strategies to improve treatment effects.

In view of the imperative role of lncRNAs in 
cancers, lncRNAs are promising candidates for 
the diagnosis and therapy of cancers28. Our data 
showed the carcinogenic effects of LINC00662 
on chordoma. The similar role of LINC00662 
was demonstrated in numerous cancers. For ex-
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ample, LINC00662 overexpression was linked 
to the undesirability prognosis of patients with 
lung cancer, and upregulation of LINC00662 
promoted cell migration and invasion in vitro29. 
Likewise, LINC00662 was observed to be up-
regulated in gastric cancer tissues and cells, 
and its knockdown reduced proliferation and 
chemoresistance of gastric cancer cells30. In 
agreement with the role of LINC00662 in other 
cancers, our study, for the first time concluded 
that LINC00662 was aberrantly expressed with 
a high level in chordoma tissues. Furthermore, 
its interference blocked the progression of chor-
doma cells through the inhibition of prolifera-
tion, colony formation, migration, invasion, and 
glycolysis in vitro and inhibited tumor growth in 
vivo, suggesting that LINC00662 was an onco-
gene in chordoma. Recently, the research of me-
tabolism emerges in the development of numer-
ous human diseases because glucose metabolism 
is the main mean of energy acquisition in living 
organisms31. The link between aerobic glycolysis 
and tumorigenesis has been previously described 
as the “Warburg effect”32. As a consequence, 
the dysregulation of metabolism is identified as 
one of the most important indicators of cancer 
progression33. Wang et al34 declared that fulves-
trant inhibited prolactinoma by blocking cellular 
glycolysis through a special signaling pathway. 

Interestingly, LINC00662 was also involved in 
the regulation of glycolysis, which enriched the 
functional role of LINC00662. 

It has been elaborated that lncRNAs serve as 
competing endogenous RNA (ceRNA) to adsorb 
miRNAs and mediate their biological function24. 
Following this regulatory manner, the underlying 
target miRNAs of LINC00662 were identified, 
and miR-16-5p was forecasted and verified as one 
of the targets of LINC00662. The document about 
LINC00662 or miR-16-5p in accordance with this 
regulatory mode was mentioned in previous stud-
ies. So, LINC00662 accelerated the malignant 
development of acute myeloid leukemia cells by 
modulating ROCK1 by targeting miR-340-5p35. 
LncRNA PVT1 contributed to proliferation, inva-
sion, and EMT by sponging miR-16-5p and inhib-
iting its expression23. The tumor suppressor role 
of miR-16-5p was also introduced in other can-
cers, such as hepatocellular carcinoma36. Addi-
tionally, we verified that miR-16-5p bound to the 
3’ UTR of RNF144B and modulated the expres-
sion of RNF144B.

RNF144B was reported to be a potential bio-
marker to promote cell proliferation by activat-
ing the GSK3β activity in endometrial cancer22. 
Besides, miR-100 inhibition interdicted ubiqui-
tin-mediated p53 protein degradation via inducing 
RNF144B, leading to the mediation of cell apop-

Figure 7. LINC00662 knockdown inhibited tumor growth in vivo. U-CH1 cells transfected with sh-LINC00662 or sh-NC 
were injected into the nude mice. A, The tumor volume was recorded once a week. B, The tumor weight was measured after 
five weeks when the mice were killed. C, and D, The expression of LINC00662 and miR-16-5p was detected in excised tumor 
tissues by qRT-PCR. E, and F, The expression of RNF144B at mRNA and protein levels was detected by qRT-PCR and West-
ern blot. *p<0.05.
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tosis in gastric cancer37. These data introduced us 
to realize the important role of RNF144B in can-
cers. Interestingly, the role of RNF144B was in-
vestigated in a previous study, and the result pre-
sented that RNF144B downregulation restrained 
cell proliferation, migration, and invasion but 
advanced cell apoptosis in chordoma cells11. Con-
sistent with the result from this research, our da-
ta proved that RNF144B was highly expressed 
in chordoma tissues, and its knockdown blocked 
proliferation, colony formation, migration, inva-
sion, EMT, and glycolysis. These consequences 
maintained that RNF144B was an oncogene at 
least in chordoma. Further exploration manifested 
that RNF144B overexpression rescued the effects 
of LINC00662 knockdown, and the interaction 
between LINC00662 and RNF144B was linked 
by miR-16-5p.

Conclusions

Summarily, the expression of LINC00662 and 
RNF144B was aberrantly elevated in chordoma 
tissues. Functional experiments alleged that the 
knockdown of LINC00662 or RNF144B sup-
pressed chordoma progression in vitro by the 
block of cell proliferation, colony formation, mi-
gration, invasion, EMT, and glycolysis. Mecha-
nism analysis revealed that LINC00662 exerted 
its role by activating RNF144B via sponging miR-
16-5p. Our study supplied a theoretical basis for 
the mechanism of chordoma development and 
provided novel biomarkers for the diagnosis and 
treatment of chordoma. 
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