Am J Cancer Res 2022;12(3):1264-1281
www.ajcr.us /ISSN:2156-6976/ajcr0133911

Original Article

RP11-867G2.8 promotes EMT

and chordoma malignant phenotypes

by enhancing FUT4 mRNA stability and translation

Ming Yang, Shi Chang Liu, Ding Jun Hao, Liang Yan, Zhong Kai Liu, Xin Hua Yin

Department of Spine Surgery, Hong Hui Hospital, Xi’an Jiaotong University College of Medicine, Xi’an, Shaanxi,
China

Received April 4, 2021; Accepted February 23, 2022; Epub March 15, 2022; Published March 30, 2022

Abstract: Chordoma is a rare bone tumor, and the recurrence rate of chordoma is high, the treatment is difficult, and
the prognosis is poor. Therefore, it is of great significance to find key target genes for the treatment of chordoma.
Microarray was used to analyze the significant gene associated with chordoma. Western blot and RT-PCR were
used to detect protein and mRNA expression levels of RP11-867G2.8 and FUT4. Fluorescence in situ hybridization
(FISH) assay was used to locate the position of RP11-867G2.8 in chordoma cells. MTT assay, colony formation
assay, transwell assay and Xenograft Mouse Model were used to clarify the function of RP11-867G2.8 and FUTA4.
RNA pull-down, RNA immunoprecipitation, RNA stability assay and polysome profiling analysis were used to clarify
the relationship between RP11-867G2.8 and FUT4. We found that RP11-867G2.8 is highly expressed in chordoma
tissues and cells, and RP11-867G2.8 overexpression promotes the malignant biological behavior of chordoma
cells. RP11-867G2.8 overexpression alters the expression pattern of genes modulating signaling pathway. FUT4
is accumulated in chordoma tissues, and RP11-867G2.8 is antisense RNA of FUT4. RP11-867G2.8 can bind to
FUT4 mRNA, increasing FUT4 mRNA stability and facilitating translation of FUT4. RP11-867G2.8 binds to EIFAB and
PABPC1, which increases the translation of FUT4. Further studies found that FUT4 silence counteracts the effect of
RP11-867G2.8 in vivo and in vitro. Our results suggest that RP11-867G2.8 promotes the development and progres-
sion of chordoma by up-regulating the expression of FUT4.
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Introduction length. LncRNAs do not encode proteins while

encode a small number of short peptides [8].
Chordoma is a rare bone tumor that accounts Many studies have shown that IncRNAs can
for about 2% to 4% of all bone tumors [1-3]. It participate in the regulation of a variety of ma-
mainly originates from embryonic notochord lignant processes, including cell proliferation,

cells and occurs in the humerus and the skull
base [4]. Nowadays, surgical resection is the
main therapy for chordoma because it is insen-
sitive to chemotherapy and radiotherapy [5].
Given that chordoma has a high invasive ability
and recurrence rate, the treatment is difficult
and the prognosis is poor [6, 7]. In view of the
single treatment and poor efficacy of chordo-
ma, studying the occurrence and development
of chordoma will help us better understand the
disease and develop related molecular target-

metastasis, invasion, apoptosis and autopha-
gy, as well as participate in tumor radio-chemo-
therapy resistance [9-12]. So far, studies have
confirmed that IncRNAs act as oncogenes and
tumor suppressors in malignant tumors [13-
15]. However, the underlying mechanisms have
not been extensively elucidated. In chordoma,
studies showed that long non-coding RNA
LOC554202 modulates cell proliferation and
invasion by recruiting EZH2 and regulating miR-

ed drugs. 31 expression [16]. The role of the imprinted
gene cluster DLK1-MEG3 has been associated
Long non-coding RNAs (IncRNAs) are a class of with mRNA-IncRNA co-expression profiles [17].

transcription products that are >200 bases in Therefore, it is of great clinical significance to
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Table 1. The shRNA sequences

pital, Xi'an Jiaotong University College

Names shRNA numbers Target Sequence

of Medicine (Xi'an, China). All patients

FUT4 shRNA1

CGCAGCACCTGGATTATATCA
shRNA2 CGCTGACTTCTTTCACAAGTA

participated in this research were
diagnosed as Chordoma by two path-
ologists, and none of them received

shRNA3 CCTAAGGTTGAAAGTGCTTAT

EIF4B shRNA1

GCCGGGATATGGATCGATATG
shRNA2 TGGTAATGACAGTGATATAAT

any radiotherapy or chemotherapy
prior to surgery. Signed informed con-
sent was obtained from each patient.

shRNA3 GCGGAGAAACACCTTGATCTT The levels of MRNA and IncRNA

PABPC1 shRNA1

RP11-867G2.8 shRNA1

GGACAAATCCATTGATAATAA
shRNA2 AGCTGTTCCCAACCCTGTAAT
shRNA3 GCAAACATAATGCTAGTCCTA
GAGGAAACTGAAGATAAAGCTAT
shRNA2 AGGGTTACTACTGATATCACTGG
shRNA3 TGGGTGTTTGAAGAACTTACTCC

expression in the tissues were ana-
lyzed using Human OneArray® v7
Microarrays  (OneArray, Shanghai,
China). Total RNA was extracted with
the RNeasy Kit (Qiagen) to prepare
the cyanine 3 (Cy3)-labeled comple-

The sequences marked with bold were used in the formal studies.

study the relationship between IncRNAs and
the development of chordoma.

LncRNA RP11-867G2.8 (AP000943.4) is a
non-protein-coding gene located on human
chromosome 11. So far, no research has re-
ported about the function and mechanism of
RP11-867G2.8. In the present study, we also
explored the specific mechanism of RP11-
867G2.8 function. Fucosyltransferase 4 (FUT4)
is a novel regulator of epithelial-mesenchymal
transition (EMT), which is a crucial step in tu-
mor progression [18]. In addition, researchers
found that cancer-related CD15/FUT4 overex-
pression participates in cetuximab or bevaci-
zumab mechanisms of resistance in metasta-
tic colorectal cancer patients [19]. Although
many studies reported FUT4 as an oncogene
[20, 21], FUT4 has not been reported in chor-
doma so far.

In the present study, we found that RP11-
867G2.8 is a natural antisense RNA of FUT4,
and FUT4 is also low expressed in chordoma
tissues. Overexpression of RP11-867G2.8 up-
regulated the expression level of FUT4.
Therefore, we further explored whether RP11-
876G2.8 promotes the malignant phenotype
of chordoma and the specific mechanism by
which RP11-867G2.8 modulates FUT4.

Materials and methods
Microarray analysis

Chordoma tissues and normal nucleus pulpo-
sus tissues were obtained from Hong Hui Hos-
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mentary RNA (cRNA). The Cy3-labeled
cRNA was fragmented and hybridized
to the Human Microarray for 17 h.
The slides were washed and scanned immedi-
ately on an Agilent DNA Microarray Scanner
(G2565CA) using the one-color scan setting for
8x60 K array slides.

Cell lines and transfection

The chordoma cell lines U-CH1, U-CH2, U-CH7
and JHC7 were purchased from American Type
Culture Collection (ATCC, Rockville, MD, USA).
All cells were cultured in Dulbecco’s modified
Eagle’'s medium (DMEM) supplemented with
10% fetal bovine serum (FBS; Gibco, Grand
Island, NY, USA), 100 U/mL penicillin, and 100
pug/mL streptomycin. The cells were incubated
in a 5% CO, atmosphere at 37°C.

To induced the expression of RP11, we ligated
RP11-867G2.8 full sequence (RP11), RP11-
867G2.8 sequence overlapping with FUT4
mRNA (RP11-0), and RP11-867G2.8 sequen-
ce non-overlapping with FUT4 (RP11-NO) into
pcDNA™ 3.1 Mammalian expression vector
(V79020, Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s instructions.
Short-hairpin RNAs (shRNAs) were designed to
down-regulate RP11-867G2.8, EIF4B, PABPC1,
and FUT4 (Table 1). shRNAs were synthesized
by GeneChem (Shanghai, China). Transfection
was carried out using Lipofectamine™ 3000
Transfection Reagent (Invitrogen). In short, the
cells were inoculated in 6-well plates and
reached 70% confluence after 24 h. Then, the
cells were transfected with DNA complexes
using the transfection reagent according to the
manufacturer’s instructions.
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Quantitative reverse-transcription PCR (qRT-
PCR)

Total RNA was extracted from chordoma cells
using Trizol reagent (Invitrogen). cDNA was
amplified with the random primers and First
Strand cDNA Synthesis Kit (Fermentas, Vilnius,
Lithuania). B-actin was used as a housekeep-
ing control. The forward and reverse primer
sequences were as follows: RP11-867G2.8
5-TGATGTGGACAGCGTAGCTC-3’ and 5-ACTC-
GCAGCACCTGGATTAT-3’; FUT4 5-CTTCAACTG-
GACGCTCTCCTA-3' and 5-GTTGGTGGTAGTAG-
CGGACC-3’; B-actin 5-CATGTACGTTGCTATCC-
AGGC-3’ and 5-CTCCTTAATGTCACGCACGAT-3'.
gRT-PCR was performed on 7300 Fast Real-
time PCR system (Applied Biosystems, Foster
City, CA, USA) using SYBR Green gqPCR Mix
(TOYOBO, Osaka, Japan). Relative expression
was calculated according to the formula 24T,

Western blotting

Cells were washed with phosphate buffer sa-
line (PBS) and then lysed with RIPA lysis buffer
containing 10% protease inhibitor cocktail
(Roche, Mannheim, Germany) on ice for 30
min. Protein concentrations were determined
using a BCA Protein Assay Reagent kit (Ther-
mo Scientific, Waltham, MA, USA). The proteins
were separated using 12% SDS-PAGE and
were electroblotted to a PVDF membrane
(Millipore, Bedford, MA, USA). The membranes
were blocked in 5% nonfat milk at 4°C over-
night. Continually, the membranes were incu-
bated with anti-FUT4 (1:500, 22141-1-AP,
PTGCN, Wuhan, China), anti-vimentin (1:1000,
60330-1-1g, PTGCN), anti-N-cadherin (1:1000,
ab18203, Abcam, Cambridge, UK), anti-B-actin
(1:2000, 3700S, CST, Danvers, MA, USA) for 2
hours, followed by incubation with the second-
ary antibody. Then, the bands were visualized
using enhanced chemiluminescence. Band
quantification was performed using Quantity
One optical density analysis software (Bio-
Rad, Hercules, CA, USA). GAPDH was used as
an internal control to normalize the expression
of the other proteins.

MTT assay

The U-CH1 and JHC7 cells were incubated in
96-well plates at a density of 5x10° cells/well
in 100 pyL of DMEM. After 72 h-incubation,
50 yL of MTT [3-(4,5-Dimethyl-2-thiazolyl)-2,
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5-diphenyl-2Htetrazolium (Sigma)] was added
to each well, and the cells were incubated for
another 4 h. Subsequently, 150 pL dimethyl
sulfoxide was added to each well to dissolve
the crystals. The optical density of each well
was then measured using microplate spectro-
photometry at a wavelength of 570 nm.

Colony formation assay

After transfection, the cells (1,000 cells per
well) were inoculated in culture dishes. A co-
lony was defined to consist of at least 10 cells.
Colonies were fixed with 4% paraformaldehyde,
stained with Giemsa, and counted with the
naked eye or using a stereomicroscope. The
percentage of colonies formed was expressed
as (number of colonies formed/number of cells
seeded) x100%.

Migration assay

To determine the migration capacity of the
transfected U-CH1 and JHC7 cells, 24-well
Transwell chambers with inserts (Corning, NY,
USA) were used. A total of 5x10* cells in 200
uL of RPMI-1640/F-12 without FBS were load-
ed into the upper chamber of the Transwell.
The lower chambers were added with 900
pL of the medium containing 5% FBS. The cul-
ture was maintained at 37°C in 5% CO, and
95% air. After a 24-h incubation, the non-
migratory cells were removed using a cotton
swab. Then the cells were fixed with 4% para-
formaldehyde, stained with 0.1% crystal violet,
and washed in PBS. The cells were observed
and counted under an inverted microscope
(Olympus, Tokyo, Japan).

RNA stability assay

To measure the stability of FUT4 mRNA, 5 g/
mL of actinomycin D (Sigma-Aldrich, St Louis,
MO, USA) was added to the cell culture to
inhibit transcription. RNA was harvested after
incubation for 5 h, 10 h, and 15 h, and was
subjected to qRT-PCR analysis for FUT4 ex-
pression at mMRNA level. Transcript levels were
plotted by appropriate nonlinear regression
curves using a one-phase decay equation.
RNA decay rate constant (k) was quantified
by fitting an exponential curve to the data
points (y = a*e-kt; y is the relative amount of
RNA, and t is time). The turnover rate of mRNA
was estimated according to previously pub-
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lished paper [22]. The half-life was then esti-
mated according to the equation t1/2 = In(2)/k
[23]. The normalizer transcript 18S rRNA that
does not decay over the course of this experi-
ment was detected as a control.

Polysome fractionation

Polysome fractionations were performed as
described previously [24, 25]. Briefly, the cells
(four 150-mm culture dishes) were treated
with 100 ug/mL cycloheximide (Sigma-Aldrich)
for 10 min at 37°C. Then, the cells were har-
vested and 1 mL of cytoplasmic extract was
layered onto 11 mL of 10%-50% sucrose
gradient and centrifuged at 36,000 rpm in a
Beckman SW-41Ti rotor for 2.5 h at 4°C.
Gradient fractionation was fractionated and
continuously monitored at 254 nm using a
density gradient fractionation system (Brandel,
Gaithersburg, MD, USA). The collected fra-
ctions were then analyzed by Western blotting
or qRT-PCR.

RNA pull-down assay

Bio (biotinylated)-NC, bio-RP11-867G2.8 over-
lap (RP11-0) and bio-RP11-867G2.8 non-over-
lap (RP11-NO), which were labelled with RNA
Labeling Mix (Roche) in vitro, were transfected
into U-CH1 and JHC7 cells, and the cell lysate
was collected after 48 h. The cell lysate was
combined with streptavidin-coupled magnetic
bead (Invitrogen) to form a protein-bio/RNA-
magnetic bead complex, and the protein-bio/
RNA was obtained through high salt elution.
The protein-bio/RNA was extracted and purifi-
ed with TRIzol, and then FUT4 expression was
detected using qRT-PCR as described above.

RNA immunoprecipitation-qRT-PCR

U-CH1 and JHC7 cells transfected with shRP11
were pelleted by centrifugation at 1000 g for
10 min at 4°C, followed by washing in pre-cold
PBS three times. The cell pellets were lysed in
an equal volume of polysome lysis buffer (100
mM KCI, 5 mM MgCl,, 10 mM HEPES (pH 7.0),
0.5% NP40) in supplementation with 1 mM
DTT, 100 per unit RNase (Invitrogen), 400 uM
VRC, and protease inhibitor. The cell lysates
were maintained on ice for 10 min. Protein A
beads coated by antibodies against EIF4B,
PABPC1 and IgG were prepared using the com-
mercially available kit (Thermo Scientific) at
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4°C. The antibody-coated beads were washed
in pre-cold NT2 buffer before suspension in
NT2 buffer containing 20 mM EDTA, 1 mM DTT,
400 uM vanadyl ribonucleosides complexes,
and 200 units of an RNase inhibitor. After pre-
incubation, the antibody coated beads were
mixed with the cell lysate, and the mixture was
incubated for 2 h at room temperature. The
beads were washed in pre-cold NT2 buffer five
times and washed in NT2 buffer containing 1%
Triton X-100. RNAbee (Amsbio, Lake Forest,
CA, USA) was used to extract RNA from the
immunoprecipitated pellets. qRT-PCR was car-
ried out for RP11-867G2.8 quantification as
described above.

Fluorescence in situ hybridization (FISH) analy-
sis

For FISH assay, fluorescence-conjugated Inc-
RNA RP11-867G2.8 probes were generated
according to the manual of Biosearch Tech-
nologies (Beijing, China). Chordoma cells were
treated in a non-denaturing condition, followed
by hybridization with IncRNA CASC2 probes.
After RNA hybridization, samples were incubat-
ed in 4'6-diamidino-2-phenylindole (DAPI,
1:1000) for 5 min of counterstaining, and ob-
served by a confocal microscopy (DMI40008B,
Leica Microsystems, Nussloch, Germany). All
experiments were performed according to the
manuals of Biosearch Technologies.

Xenograft mouse model

All animal experiments were approved by the
Animal Center of Central South University and
performed following International Guidelines
and Protocols. To generate tumors in vivo,
5x10° cells were injected subcutaneously
into 4-week to 6-week old BALB/C nude mice
on the right flank of their abdomen. When a
tumor reached 100 mm?3 in volume, the tumor
volume was measured every 3 day. After 30
days, the mouse was sacrificed and the
tumors were isolated and measured using ver-
nier calipers. The tumor volume was calculated
using the following formula: tumor volume (in
mm?3) = (the longest diameter x the shortest
diameter?)/2.

Immunohistochemistry

Cancer tissue sections were de-paraffinized
and rehydrated with graded alcohols, then
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treated with 0.3% H,0, in methanol for 30 min
and blocked with 1% PBA for 1 h. The prepared
sections were incubated with antibody against
Ki67 (Genetex, GTX16667) at 4°C overnight.
The polymer enhancers were incubated at
room temperature for 20 min and then biotin-
labeled second antibody was added to incu-
bate at room temperature for 30 min. Next, the
sections were stained with a DAB staining solu-
tion and counterstained with hematoxylin and
then mounted in glycerol-vinyl-alcohol (GVA)
(Zymed, San Francisco, CA, USA). The score
was determined by combining the proportion of
positively stained tumor cells and the staining
intensity.

Statistical analysis

GraphPad Prism 7.04 (GraphPad, San Diego,
CA, USA) was used for all statistical analyses.
All experiments were performed in triplicate.
Data are expressed as the mean * SD. Signi-
ficance testing of data sets was conducted
using analysis of variance followed by a com-
parison between the specific groups using the
Student’s t test, multiple comparison using
Bonferroni’s test and Tukey'’s test. P<0.05 in all
cases was considered statistically significant.

Results

RP11-867G2.8 was highly expressed in chor-
doma tissues and cells and promoted the ma-
lignant biological behaviors of chordoma cells

We selected 3 cases of chordoma tissue and 3
cases of normal nucleus pulposus tissues to
perform IncRNA array analysis (Figure 1A). All
the data were shown in the Supplementary
Table 1. A total of 285 IncRNAs were highly
expressed in chordoma tissues (P<0.05 and
fold changes >1). In the chordoma tissues
seven highly expressed IncRNAs with fold
changes more than 8 were selected for the fur-
ther study (Figure 1A). We further tested the
expression levels of these 7 IncRNAs in 12
pairs of chordoma tissues and normal nucleus
pulposus tissues. Among all the IncRNAs,
RP11-867G2.8 expression had the biggest
increase in chordoma tissues compared to nor-
mal nucleus pulposus tissues (P<0.001, Figure
1B). Therefore, we chose RPGG-867G2.8 for
further study. Subsequently, we selected U-
CH1, U-CH2, U-CH7 and JHC7 cell lines derived
from sacral chordoma cells, and we detected
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the expression level of RP11-867G2.8 by
gRT-PCR. As shown in Figure 1C, U-CH1 and
JHC7 cells showed high expression of RP11-
867G2.8 compared with U-CH2 cells (both
P<0.001). Continually, RP11-867G2.8 staining
was performed in U-CH1 and JHC7 cells, and
the representative images of fluorescence in-
tensify demonstrated significant localization of
RP11-867G2.8 in the cytoplasm and nucleus
(Figure 1D).

To confirm RP11-867G2.8 (AP0O00943.4) is a
non-coding RNA, we conducted a serious of
analysis. Firstly, we used the Coding Potential
Assessing Tool CPAT server (http://lilab.
research.bcm.edu/) for the analysis. In detail,
we used FUT4 and MALAT1 as the referen-
ces of mRNA and IncRNA, respectively. The
RNA sequences of RP11-867G2.8, FUT4 and
MALAT1 were put into the Coding Potential
Calculator (CPC) program. Results showed th-
at the coding probability of FUT4 is very high,
while the Coding Probability of RP11-867G2.8
and MALAT1 are very low (Table 2). Therefore,
RP11-867G2.8 and MALAT1 were predicted to
be non-coding RNAs, while FUT4 RNA was
identified to code for protein. Moreover, we
used another web for the analysis of the cod-
ing ability of RP11-867G2.8. PhyloCSF Can-
didate Coding Regions (https://github.com/
mlin/PhyloCSF/wiki) is a web that uses com-
parative genomics method to distinguish pro-
tein coding region and non-coding region.
Based on a formal statistical comparison of
phylogenetic codon model, it analyzes a multi
species nucleotide sequence alignment to
determine whether it may represent a con-
served protein coding region. The output value
of PhyloCSF is more than zero, indicating a
conservative coding area; otherwise, it indi-
cates a non-coding area. As shown in Supple-
mentary Figure 1A, the PhyloCSF values of
RP11-867G2.8 and MALAT1 are less than
zero, whereas the PhyloCSF value of FUT4 is
more than zero. These results suggested that
RP11-867G2.8 has no coding ability.

We designed three shRNAs to knock down
RP11-867G2.8. As indicated by the PCR, the
shRNA3 showed the strongest suppressive
effect on RP11-867G2.8 expression, followed
by the shRNA1 (P<0.001) (Figure 1E). Then,
we investigated the role of RP11-867G2.8 in
chordoma cells after knocking down RP11-
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Figure 1. RP11-867G2.8 promoted the malignant biological behavior of chordoma cells. A. Heat map of the up-regulated and down-regulated IncRNAs with fold
change >8. B. Expression of RP11-867G2.8 in chordoma tissues and normal nucleus pulposus tissues (n=12) by qRT-PCR. C. Expression of RP11-867G2.8 in chor-
doma cell lines (U-CH1, U-CH2, U-CH7 and JHC7) by gRT-PCR. D. Fluorescence in situ hybridization showed that RP11-867G2.8 was simultaneously expressed in
the nucleus and cytoplasm of U-CH1 and JHC7 cells. E. We designed three shRNAs to knock down RP11-867G2.8. As indicated by the PCR, the shRNA3 showed the
strongest suppressive effect on RP11-867G2.8 expression, followed by the shRNAL. F. MTT assay showed the cell proliferation of U-CH1 cells and JHC7 cells with
different treatments. G. Colony formation of U-CH1 cells and JHC7 cells with different treatments. H. The transwell assay results demonstrated the cell migration of
the different groups. Mean + SD (n=3 independent experiments). "P<0.05, **P<0.01, “*P<0.001. Bar =10 ym.
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Table 2. Bioinformatics analysis of RP11-867G2.8 (AP0O00943.4) as a non-coding RNA

Sequence Name RNA Size ORF Size  Ficket Score

Hexamer Score  Coding Probability Coding Label

RP11-867G2.8 1038 195 0.731
FUT4 6063 1593 1.1395
MALAT1 8779 213 0.6529

0.001655 0.02311 no
0.409005 0.99999 yes
0.005321 0.01419 no

Results were obtained from the Coding Potential Assessing Tool CPAT server (http://lilab.research.bcm.edu/).

867G2.8 by shRNA1 and shRNA3. MTT results
showed that the proliferation of U-CH1 and
JHC7 was higher than that of the control
group after overexpression of RP11-867G2.8,
while lower than that of the control group
after knockdown of RP11-867G2.8 (P<0.001)
(Figure 1F). The results of colony formation
showed that the clone formation rate of U-CH1
and JHC7 was higher than that of the control
group after overexpression of RP11-867G2.8,
and the clone formation rate of U-CH1 and
JHC7 cells was lower than that of the control
group after knocking down RP11-867G2.8
(P<0.001) (Figure 1G). Transwell results indi-
cated that the migratory ability of U-CH1 and
JHC7 cells was significantly enhanced after
overexpression of RP11-867G2.8 (P<0.01,
P<0.001), and the migratory ability of U-CH1
and JHC7 was lower than that of the control
group after knocking down RP11-867G2.8
(P<0.05) (Figure 1H). These results suggested
that RP11-867G2.8 promoted the proliferation
and migration of chordoma cells, but the spe-
cific mechanism is still unclear.

FUT4 was highly expressed in chordoma tis-
sues, and RP11-867G2.8 promoted the ex-
pression of FUT4

Obviously, RP11-867G2.8 overexpression ch-
anged gene transcription in chordoma cells.
All the data were shown in Supplementary
Table 2. A total of 16 genes were up-regulated
in the transfected U-CH1 cells overexpressing
RP11-867G2.8, and 18 genes were significant-
ly down-regulated (Figure 2A). Results from
GSEA and GO bioinformatics analysis showed
that RP11-867G2.8 participated in the regula-
tion of EMT, cell adhesion, migration, DNA-
dependent transcription RNA metabolic pro-
cess (Figure 2B, 2C). We then further analyzed
RP11-867G2.8 through the UCSC website and
obtained interesting findings. The 506~1021
bp region of the fifth exon of RP11-867G2.8
was completely reversely complementary to
the first exon 1482~1996 bp region of FUT4/
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CD15 (Figure 2D, 2E). This complementary
sequence suggested that RP11-867G2.8 was
antisense RNA of FUT4/CD15. It has been
reported that antisense RNA forms a hybrid
double strand (DNA-RNA, RNA-RNA) with target
gene DNA or mRNA, and promotes or inhibits
transcription of a target gene or enhances the
stability of a target mRNA [26, 27]. To further
validate our hypothesis, we examined the pro-
tein expression level of FUT4 in 12 pairs of
chordoma tissues and 12 pairs of normal
nucleus pulposus tissues. The results showed
that FUT4 expression level in chordoma tis-
sues was higher than that in normal nucleus
pulposus tissues (P<0.05) (Figure 3A). Next,
we observed that RP11-867G2.8 was overex-
pressed in U-CH1 and JHC7 cells transfected
with the full sequences of RP11-867G2.8
(P<0.001), overlapping sequence of RP11-
867G2.8 and FUT4 (P<0.001), while short-
hairpin RNA targeting RP11-867G2.8 elicited
the down-regulation of FUT4 (P<0.001) at pro-
tein and mRNA levels (Figure 3B-D). In ad-
dition, RP11-NO also elevated protein expres-
sion of FUT4 (P<0.05) (Figure 3B). However,
non-overlapping regions of RP11-867G2.8 and
FUT4 conferred no effects on mRNA and pro-
tein expression of FUT4 (Figure 3C, 3D). These
results suggested that RP11-867G2.8 was an
antisense RNA of FUT4, and RP11-867G2.8
promoted the expression of FUT4 at mRNA and
protein levels. However, further studies are
needed to illustrate the underlying mech-
anisms.

RP11-867G2.8 bound to FUT4 mRNA, in-
creased its mRNA stability and promoted FUT4
translation

Next, we further explored the mechanism by
which RP11-867G2.8 regulates FUT4 expres-
sion. RNA pull-down results showed that the
enrichment of FUT4 in Bio-RP11-O group was
significantly higher than that in Bio-NC group
and Bio-RP11-NO group (P<0.001) (Figure 4A,
4B). This result indicated that the 506~1021
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Figure 2. RPH11-867G2.8 modulated gene expression and participated in signaling transduction. (A) UCH1 cells transfected with RPH11-867G2.8 (OE) showed
changes in gene transcription. (B) GSEA and (C) GO bioinformatics analyses suggested that the genes regulated by RPH11-867G2.8 possessed functions in signal-
ing transduction. (D) UCSC analysis results showed that RP11-867G2.8 overlapped with FUT4. (E) The fifth exon partial region of RP11-867G2.8 was completely
complementary to the first exon portion of FUT4.
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Figure 3. FUT4 was high expressed in chordoma tissues, and RP11-867G2.8 promoted the transcription of FUT4.
(A) Western blot showing the protein expression of FUT4 in chordoma tissues and normal nucleus pulposus tissues.
(B) Western blot showing the protein expression of FUT4 in U-CH1 and JHC7 cells transfected with the indicated
plasmids. Expression of FUT4 mRNA in (C) U-CH1 and (D) JHC7 cells transfected with the indicated plasmids. NC,
negative control; shRP11, short-hairpin RNA targeting RP11-867G2.8; RP11-F, full sequence of RP11-867G2.8;
RP11-0, the overlapping sequence of RP11-867G2.8 with FUT4; RP11-NO, non-overlapping sequence of RP11-
867G2.8 with FUT4. Mean + SD (n=3 independent experiments). ““"P<0.001.

bp region of the fifth exon of RP11-867G2.8
may directly bind to FUT4. The results of RNA
stability assay showed that the half-life of FUT4
mMRNA in RP11-0 group was significantly longer
than that of NC group, while RP11-867G2.8
knockdown contributed to a decrease in half-
life of FUT4 mRNA (P<0.05, P<0.01) (Figure 4C,
4D), implying that RP11-867G2.8 increased the
stability of FUT4 mRNA.

Next, we used sucrose gradient centrifugation
to resolve polysome fractions from cytoplasmic
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extracts of U-CH1 and JHC7 cells transfected
with the overlapping sequence of RP11-
867G2.8 and FUT4. The results showed that
overexpression of RP11-867G2.8 considerably
altered the polysome profile with an increase
in the polysome peaks (Figure 4E, 4F). Next,
we used PCR and RT-PCR to examine the distri-
bution of FUT4 mRNAs in the ribosome frac-
tions. We found that the relative distribution of
FUT4 mRNAs was shifted from sub-polysome
to polysome fractions in U-CH1 and JHC7 cells
transfected with RP11-867G2.8 (Figure 4G-J).
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Figure 4. RP11-867G2.8 increased FUT4 mRNA stability and promoted FUT4 translation. qPCR validation of FUT4
enrichment versus input after RP11 RNA pull down using different specific probes as compared to a non-specific
one in (A) U-CH1 and (B) JHC7 cells. The stability of FUT4 in transfected (C) U-CH1 and (D) JHC7 cells was measured
by RT-qPCR in the presence of the transcription inhibitor Actinomycin D at the indicated time points. The half-life of
FUT4 mRNA (t1/2) was calculated from each experiment shown in the graph. 18S rRNA was conducted as an inter-
nal control. (E, F) Sucrose density gradient fractionation and isolation of 40S/60S/80S and polysome cytoplasmic
components for analysis, and (G, H) then polysome-fractionated samples analyzed by PCR. (I, J) Relative levels of
FUT4 mRNAs in each ribosome fraction were quantified and normalized to RCN2 mRNA and plotted as a percentage
of the total. Line 1-6, 40S/60S/80S; Line 7-12, polysome. NC, negative control; shRP11, short-hairpin RNA target-
ing RP11-867G2.8; RP11-F, full sequence of RP11-867G2.8; RP11-0, the overlapping sequence of RP11-867G2.8
with FUT4; RP11-NO, non-overlapping sequence of RP11-867G2.8 with FUT4. Data are from three independent
polysome-profiling experiments. Mean + SD (n=3 independent experiments). “P<0.05, **P<0.01, **P<0.001.

This indicated that overexpression of RP11- FUT4. The above results revealed that RP11-
867G2.8 promoted the translational activity of 867G2.8 directly bound to FUT4 and increased
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Figure 5. RP11-867G2.8 modulated FUT4 expression by recruiting EIFAB and PABPC1. (A) RNA pull-down suggested
that RP11 bound to EIF4B and PABPC1 in U-CH1 and JHC7 cells. RNA immunoprecipitation experiment using an-
tibodies against EIFAB and PABPC1 to immunoprecipitate RP11-867G2.8 from extracts of (B) U-CH1 and (C) JHC7
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cells transfected with the indicated plasmids. NC, negative control; shRP11, short-hairpin RNA targeting RP11-
867G2.8; RP11, full sequence of RP11-867G2.8; RP11-0, the overlapping sequence of RP11-867G2.8 with FUT4;
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“*P<0.001.

the stability of its mRNA, prolonged its half-life,
and then promoted the translational activity of
FUTA4.

We analyzed the proteins that probably bind
to RP11-867G2.8 using several bioinforma-
tics analysis, including Catrapid (http://service.
tartaglialab.com/page/catrapid_group), RNAct
(https://rnact.crg.eu/) and RPISeq (http://
pridb.gdcb.iastate.edu/RPISeq/). Among these
proteins, we noticed EIF4AB and PABPC1 as
their showed high possibility to bind to RP11-
867G2.8 (Supplementary Figure 1B). In addi-
tion, EIF4AB and PABPC1 are well known for
their ability to promote protein translation,
therefore it is possible that RP11-867G2.8 can
also regulate the translation of FUT4 mRNA by
recruiting EIFAB and PABPC1. To confirm this
conjecture, we chose EIF4B and PABPC1 for
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further study. Results from RNA pull-down
showed that the overlapping sequence of
RP11-867G2.8 and FUT4 mRNA bound to
EIFAB and PABPC1 (P<0.001) (Figure 5A),
which was further confirmed by RNA immuno-
precipitation, that is, the enrichment of RP11-
867G2.8 was obviously decreased in the com-
plex immunoprecipitated by the antibodies
against EIFAB or PABPC1 when RP11-867G2.8
was silenced in U-CH1 and JHC7 cells (P<
0.001) (Figure 5B, 5C). Next, EIF4B- and
PABPC1-deficient cells were constructed to
confirm that EIF4B and PABPCL1 are involved in
the modulation of FUT4 expression. As shown
in Figure 5D, EIFAB and PABPC1 silence
showed no significant effects on FUT4 mRNA
level in RP11-overexpressed U-CH1 and JHC7
cells. However, the protein expression of FUT4
was significantly decreased by shEIF4B and
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shPABPC1 (P<0.01, P<0.001) (Figure 5E). The
obtained results implied that RP11-867G2.8
may modulate FUT4 protein expression by
recruiting EIF4AB and PABPC1 to FUT4 mRNA.

RP11-867G2.8 promoted the malignant phe-
notype of chordoma cells via FUT4

The above results indicated that RP11-
867G2.8 was highly expressed in chordoma
tissues and cells, and RP11-867G2.8 up-regu-
lation promoted the malignant phenotype of
chordoma cells. What’s more, RP11-876G2.8
increased the stability of FUT4 mRNA and pro-
moted its translation. Based on these find-
ings, we wondered whether RP11-c-induced
up-regulation of FUT4 is associated with the
effects of RP11-867G2.8 on malignant pheno-
type of chordoma cells. MTT results showed
that overexpression of RP11-867G2.8 promot-
ed the proliferation of chordoma cells in U-CH1
and JHC7 cells, while FUT4 silence decreased
the proliferation ability (P<0.05, P<0.01) (Fi-
gure 6A, 6B). The results of colony formation
assay showed that overexpression of RP11-
867G2.8 increased the colony formation rate
of chordoma cells, while the clone formation
rate of RP11 + shFUT4 group was lower than
that of RP11 group (P<0.001) (Figure 6C, 6D).
Transwell results showed that overexpression
of RP11-867G2.8 increased the migratory abil-
ity of chordoma cells, while inhibition of FUT4
expression antagonized the role of RP11-
867G2.8 (P<0.01, P<0.001) (Figure 6E, 6F). It
has been previously reported in the literature
that FUT4 has the function of an oncogene and
is associated with EMT. Western blot assay
results showed that the expression levels of
vimentin and N-cadherin in U-CH1 and JHC7
cells transfected with RP11-867G2.8 were
significantly higher than those of the control
group, while the expression levels of vimentin
and N-cadherin were significantly decreased
when FUT4 was silenced (P<0.001) (Figure 6G,
6H). All abovementioned results indicated that
RP11-867G2.8 promoted proliferation, migra-
tion and EMT in chordoma cells by up-regulat-
ing FUT4.

RP11-867G2.8 promoted the progression of
chordoma in vivo

Subsequently, we confirmed the synergetic

functions of RP11-867G2.8 and FUT4 on chor-
doma in vivo. The results showed that the tu-
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mor volume of the mice in RP11 group was sig-
nificantly larger than that of the other three
groups, while the tumor volume of shRP11 and
RP11 + shFUT4 groups was significantly small-
er than that of the control group and the
shRP11 group (P<0.05, P<0.01, P<0.001)
(Figure 7A, 7B). The expression of FUT4 in
tumor tissues was detected by Western blot.
The results showed that the protein expres-
sion of FUT4 in RP11 group was obviously
increased compared to that of NC group.
However, the expression levels of FUT4 in
shRP11 and RP11 + shFUT4 groups were sig-
nificantly reduced (P<0.05, P<0.001) (Figure
7C). Then IHC was used to detect the expres-
sion level of Ki67 in tumor tissues. The results
showed that the expression level of Ki67 in
RP11 group was significantly higher than that
in the other three groups, while the expression
of Ki67 in shRP11 and RP11 + shFUT4 groups
was lower than that of the control group and
RP11 group (Figure 7D). The above results
demonstrated that RP11-867G2.8 may pro-
mote the progression of chordoma by up-regu-
lating the expression of FUT4 in vivo.

Discussion

Dysregulated expression of IncRNAs is fre-
quently observed in various cancers, where
they act as tumor suppressors or oncogenes
[28-30]. However, there is no related study
about RP11-867G2.8 in chordoma. The aim of
this study was to explore the function of
RP11-867G2.8 and associated mechanism in
chordoma.

Our results indicated that RP11-867G2.8 was
highly expressed in chordoma tissues and
cells, and overexpression of RP11-867G2.8
promoted the malignant biological behavior of
chordoma cells, indicating that RP11-867G2.8
is an oncogene in chordoma. Results from fluo-
rescence in situ hybridization assay showed
that RP11-867G2.8 was simultaneously ex-
pressed in the nucleus and cytoplasm, which
means that RP11-867G2.8 can regulate the
malignant biological behavior of chordoma
cells through various pathways. There have
been many studies on INcCRNA down-regulating
MiRNA through ceRNA mechanism to play a
general purpose [31, 32], but this indirect
mechanism often has limited effects, and no
similar results can be applied in practice.
Therefore, we are eager to find a more direct
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Figure 6. RP11-867G2.8 promoted the malignant phenotype of chordoma cells via FUT4. MTT assay showing the
cell proliferation of (A) U-CH1 cells and (B) JHC7 cells transfected with the indicated plasmids. Colony formation of
(C) U-CH1 cells and (D) JHC7 cells with different treatments. The transwell assay results demonstrated the migratory
activities of (E) U-CH1 and (F) JHC7 cells transfected with the indicated plasmids. Epithelial-mesenchymal transi-
tion (EMT) related markers vimentin and N-cadherin in (G) U-CH1 and (H) JHC7 cells transfected with the indicated
plasmids were detected by Western blot. NC, negative control; RP11, full sequence of RP11-867G2.8; shFUT4,
short-hairpin RNA targeting FUT4. Mean + SD (n=3 independent experiments). “P<0.05, **P<0.01, “*P<0.001.

mechanism to explain the effects of RP11,
such as directly binding to proteins or directly
acting on functional genes [33].

In further searching for the downstream mole-
cules of RP11, a new discovery caught our
attention. The fifth exon of RP11 is completely
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complementary to the first exon (1482-1996
bp) of FUT4. FUT4/CD15 has the function of
oncogene. It has been reported that FUT4 can
participate in the regulation of cell prolifer-
ation, differentiation and EMT [18-21]. How-
ever, the function of FUT4 in chordoma is still
unclear. In the current reports, antisense RNA
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mainly plays a two-way role. Antisense tran- may promote or inhibit gene transcription, and
scripts combines with the target sense gene to may also maintain the stability of the target
form a complementary double strand, which gene and promote protein translation [26, 27].

1278 Am J Cancer Res 2022;12(3):1264-1281



RP11-867G2.8 promotes the malignant phenotype of chordoma

Therefore, we consider that RP11-867G2.8
may regulate the expression of FUT4 by form-
ing a double strand with it. Subsequent experi-
ments further verified our hypothesis. The RNA
stability assay and the polysome fractionation
test proved that the overlapping area of RP11-
867G2.8 and FUT4 can promote the mRNA sta-
bility of FUT4 and promote the translation of
FUT4 protein. This means that FUT4 is very like-
ly to be an oncogene in chordoma, which is con-
sistent with reports of FUT4 in other tumors.

In addition, this discovery raises our question,
that is, whether FUT4 also promotes RP11-
867G2.8 mRNA stability and whether FUT4
promotes the malignant phenotype of chordo-
ma by promoting the stability of RP11 mRNA.
We think this is a question worthy of in-depth
consideration and research. Interestingly, we
found that RP11-867G2.8 bound to EIF4B and
PABPC1. What's more, EIFAB and PABPC1
down-regulation was found to decrease the
translation of FUT4. Translation initiation oc-
curs at which the ribosome is recruited to the
MRNA, and EIFs like EIF4B are involved in this
process [34]. PABPC1 offers positional infor-
mation discriminating premature from natural
stops that trigger nonsense-mediated mRNA
decay, and then shows roles in mRNA surveil-
lance [35]. What's more, the online website
catRAPID was used to predict the binding re-
gion of protein and RNA. The obtained results
revealed that the potential binding region of
PABPC1 and EIF4B with RP11-867G2.8 is the
overlapping sequence of RP11-OL and FUT4.

In the next study, we demonstrated through
cell and animal experiments that RP11-
867G2.8 promotes the progression of chordo-
ma by up-regulating the expression of FUT4.
RP11-867G2.8 may promote proliferation and
migration of chordoma cells through increas-
ing the stability of FUT4 mRNA. However, it is
worth mentioning that FUT4 is also a mole-
cular marker of stem cells [36-38]. Therefore,
RP11-867G2.8 is also very likely to affect the
differentiation and self-renewal of chordate
stem cells. We will further explore the correla-
tion between RP11-867G2.8 and chordoma
stem cells in future studies.

Conclusions

In the present study, we found that RP11-
867G2.8 is a natural antisense RNA of FUT4,
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and RP11-867G2.8 can directly bind to FUT4
to form a double strand to increase the stabi-
lity of FUT4 mRNA and promote its translation.
RP11-876G2.8 promotes the progression of
chordoma by up-regulating the expression of
FUT4. However, RP11-867G2.8 may have more
functions and mechanisms that require us to
explore further.
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Supplementary Figure 1. The prediction of coding region of RNA and the analysis of RP11-867G2.8 binding to EIF4B and PABPC1. (A) PhyloCSF Candidate Coding
Regions (https://github.com/mlin/PhyloCSF/wiki) was used to distinguish protein coding region and non coding region of RNAs, including FUT4, RP11-867G2.8
and MALAT1. The output value of PhyloCSF is more than zero, indicating a conservative coding area; otherwise, it indicates a non coding area. (B) We analyzed the
proteins that probably bind to RP11-867G2.8 using bioinformatics analysis in Catrapid (http://service.tartaglialab.com/page/catrapid_group). EIF4B and PABPC1
showed high possibility to bind to RP11-867G2.8.



