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Background: Chordoma is a low-grade aggressive bone tumor with a high local recurrence. MicroRINAs
(miRNAs) have been reported to play crucial roles in the development of chordoma. Our previous study has
shown miR-1290 is associated with muscle invasion and the prognosis of chordoma. However, the underlying
mechanism of miR-1290 in chordoma remains unclear. In this study, we aimed to explore the function of
miR-1290 in the biological behaviors of chordoma.

Methods: Sixteen sacral chordoma samples and 10 fetal nucleus pulposus specimens were collected for
the detection of miR-1290 and Robol at the First Affiliated Hospital of Soochow University. Bioinformatic
analysis and a luciferase reporter assay was used to verify the interaction between miR-1290 and the target
gene robol in chordoma. Effects of miR-1290 expression on chordoma cell proliferation and invasion were
explored by clone formation and Transwell assay in vitro. The underlying mechanisms of miR-1290 and
Robol in chordoma cell proliferation and invasion were also explored in the U-CHI1 cell line.

Results: Iz vitro functional analysis, including clone formation, and Transwell assays indicated
overexpression of miR-1290 significantly suppressed chordoma cell proliferation and invasion. Bioinformatic
analysis revealed Robol as a potential target of miR-1290, and luciferase reporter assays demonstrated the
association between miR-1290 and the Robol gene in U-CHI1 cells. Robol was further confirmed to be up-
regulated in chordoma tissues by immunohistochemistry (IHC), which is negatively correlated with miR-
1290 expression in chordoma tissue. Additionally, we found down-regulation of miR-1290 could induce the
expression of Robol in chordoma cells, while the elevation of miR-1290 expression could inhibit Robol
expression in chordoma cells.

Conclusions: miR-1290 inhibits chordoma cell proliferation and invasion by negatively regulating the
Robol gene.

Keywords: Chordoma; miR-1290; Robol; cell invasion; proliferation
Submitted Oct 21, 2018. Accepted for publication Feb 28, 2019.

doi: 10.21037/tcr.2019.03.13
View this article at: http://dx.doi.org/10.21037/tcr.2019.03.13

© Translational Cancer Research. All rights reserved. tcr.amegroups.com Transl Cancer Res 2019;8(2):542-551


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2019.03.13

Translational Cancer Research, Vol 8, No 2 April 2019

Introduction

Chordoma is a rare and malignant bone tumor that arises
from the remnants of the embryonic notochord (1). It
mostly occurs at the sacrum, skull base and mobile spine (1).
Chordoma is typically a low grade but remains a locally
invasive malignant neoplasm (2,3). Currently, surgery
remains the most effective treatment as the tumor is largely
resistant to chemotherapy and radiotherapy (4). However,
it still has high recurrence and metastasis after surgical
resection (5). Therefore, the study of the mechanisms for
chordoma development is an urgent necessity.

MicroRNAs (miRNAs), which are small non-coding
single-stranded RNA molecules of about 18-25 nucleotides
long, can regulate gene expression and function by mainly
interacting with the 3'-UTR of their target mRNA (6).
Increasing evidence has shown that miRNA dysregulation
plays a critical role in tumor initiation and progression.
They can act as tumor suppressors or oncogenes in
numerous cancer types, including chordoma (7-9). For
example, miR-1 was reported to be downregulated in
chordoma and showed its inhibition effect in cell migration
and invasion by targeting the gene slug in chordoma (10).
Meanwhile, reduced miR-1237-3p expression was shown to
be related with chordoma invasion and a worse recurrence-
free survival of patients (11).

Recently, some reports have shown that miR-1290 is
significantly involved in tumor invasion and proliferation
(12-14). Our previous studies, by using miRNA array,
demonstrated that miR-1290 was significantly down-
regulated in chordoma compared to fetal notochord
pulposus (FNP) (15). Survival analysis indicated that low
expression of miR-1290 was significantly correlated with
the invasion and recurrence of chordoma (16). However,
the underlying mechanisms by which miR-1290 functions
via target genes in chordoma remain unclear. Thus, further
identification and validation of novel targets of miR-1290 is
important for understanding the development of chordoma.
In this study, we found that the over-expression of miR-
1290 inhibited chordoma cell invasion and proliferation in
vitro through Robol, which is a miR-1290 target gene.

Methods
Tissue specimens

Sixteen sacral chordoma samples were collected from
January 2010 to December 2016 at the First Affiliated
Hospital of Soochow University (Suzhou, China). Ten
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fetal nucleus pulposus specimens were obtained from
aborted fetuses with a gestational age of 8-24 weeks in
the Department of Gynecology and Obstetrics. Parts of
the samples were fixed in a 10% formalin solution and
embedded in paraffin. Histologic sections were stained
with hematoxylin and eosin for histology diagnosis. The
other parts of the specimens were collected and preserved
in liquid nitrogen. All the patients or their families were
informed, and supplied standard written consent. Our study
protocol was approved by the Ethics Review Committee of
the Institutional Review Board of the hospital.

Immunobistochemistry (IHC)

Immunohistochemical staining was carried out with an
EnVision two-step staining method on 4-pm-thick tissue
sections (17). The sections were dewaxed in xylene and
rehydrated in ethanol before the antigen retrieval. The
primary antibody (anti-Robol, dilution at 1/50, Abcam) and
secondary antibody were used. For positive control, tissue
sections of human hepatocarcinoma with known positivity
were used in each batch of staining. For negative control
(NC), sections with phosphate-buffered saline were treated
with an omission of the primary antibody. Immunostaining
was evaluated by two independent pathologists blinded
to clinical information. Tissue specimens were scored
according to the color intensity and the number of positive
cells. The intensity of the dye color was graded as 0 (no
color), 1 (light yellow), 2 (light brown) or 3 (brown), and the
number of positive cells was graded as 0 (0%), 1 (1-25%), 2
(26-50%), 3 (>50%). The two grades were added together,
and specimens were assigned to low expression [0-2], or
high expression [3-6].

Cell culture and transfection

Human chordoma cell line U-CHI1 was obtained from
American type culture collection (ATCC). Cells were
cultured in IMDM, and RPMI1640 (1:4) supplemented
with 10% fetal bovine serum and penicillin/streptomycin
(100 U/mL) (Invitrogen, CA, USA). Cells were cultured in
an incubator containing 5% CO, at 37 °C. The medium was
changed every 3 days and cells were subcultured once in
confluence. miR-1290 mimic, miR-1290 mimic NC, miR-
1290 inhibitor, miR-1290 inhibitor NC, and siRobol were
each transfected into chordoma cells using Lipofectamine
2000 reagent (Invitrogen, CA, USA) according to the
manufacturer’s instruction. After 48 h transfection, the cells
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were harvested for subsequent experimental studies.

RNA extraction and quantitative real-time polymerase
chain reaction (QRT-PCR)

For miR-1290 detection, miRNA was extracted from
clinical samples and U-CHI cells using RNA extraction
kit (Applied Biosystems; Life Technologies). The cDNA
was synthesized using the TagMan miRNA reverse
transcription kit (Applied Biosystems; Life Technologies)
following the manufacturer’s instructions. qRT-PCR was
performed using TagMan microRNA assays (Applied
Biosystems; Thermo Fisher Scientific, Inc.). Primer
sequences used in this study were as follows: miR-1290,
forward 5'-CAGTGCTGGATTTTTGGAT-3', reverse
S"-TATGGTTGTTCACGACTCCTTCAC-3"; U6,
forward 5"-ATTGGAACGATACAGAGAAGATT-3', reverse
5'-GGAACGCTTCACGAATTTG-3". Robol siRNA,
forward 5'-GGAUGUAUUUGCAACAAGATT-3', reverse
5'-GGAUGUAUUUGCA ACAA GAT'T-3'; scramble siRNA,
forward 5'-UUCUCCGAACGUGUCACGUTT-3', reverse
5'-ACGUGACACGUUCGGAGAATT-3".

Western blot analysis

The whole cell lysate from the U-CHI cell line was extracted
using a radioimmunoprecipitation assay (RIPA) buffer.
Proteins were separated on 10% sodium dodecyl sulfate
(SDS) polyacrylamide gels and transferred to polyvinylidene
difluoride (PVDF) membranes. After blocking with 5% non-
fat milk in tris-buffered saline-tween (TBST) for 1 h, the
membranes were immersed with the primary antibody (anti-
Robol, 1/50 dilution, Abcam) at 4 °C overnight. Membranes
were then washed and incubated with secondary antibodies
at room temperature. GAPDH (1:1,000, Cell Signaling) was
used as an internal loading control.

Cell clone formation assay

Cells lines transfected with the miR-1290 mimic, inhibitor,
siRobol or control were plated in duplicate in a 6-well plate
pre-treated with type I rat tail collagen (BD biotechnology).
After incubation at 37 °C for 14 days, the colonies were
stained with crystal Violet solution in methanol for 15 min.

Transwell assay

After 48 h transfection, Transwell assay was used to evaluate
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cellular invasion. 2x10° U-CH1 cells were suspended
in serum-free DMEM and then seeded into the upper
chamber of each insert coated with Matrigel, while the
lower chamber was filled with DMEM supplemented with
20% FBS. After 48 h of incubation, cells on the bottom side
of the membrane were fixed with 4% polyoxymethylene
for 15 minutes and stained with crystal violet dye for 5-10
minutes at 37 °C and finally visualized by using a light
microscope (Carl Zeiss, Germany).

Luciferase reporter assay

The Robol 3'-UTR containing miR-1290 binding
sequences and its MUT 3’-UTR were cloned into pGL3-
promoter vector (Promega, Madison, WI, USA). For
luciferase reporter assay, U-CHI1 cells were co-transfected
with pGL3-Robol 3'-UTR-MUT and miR1290 mimic
or NC using Lipofectamine 2000. Forty-eight hours after
transfection, luciferase activity was measured by using
the Dual-Luciferase Reporter Assay System (Promega,
USA). Renilla luciferase activity was used to normalize for
transfection efficiency.

Statistical analyses

SPSS 16.0 software (Chicago, IL, USA) was used for
statistical analyses. Numerical data were expressed as
mean = standard deviation. Comparisons of quantitative
data between the two groups were performed using two-
sided Student’s 7-test, and the rates were compared using a
Chi-square test. The statistical association between miR-
1290 and Robol in chordoma tissue was evaluated with
Spearman’s rank correlation test. A P value <0.05 was
considered as significant, and a P value <0.01 was considered
as highly significant.

Results

The expression of miR-1290 and Robol in chordoma
tissues

miR-1290 expression levels in chordoma tissue and FNP
were detected by qRT-PCR. miR-1290 expression was
significantly down-regulated in chordoma tissue compared
to FNP tissue (Figure 1A4). In the meantime, we performed
IHC in the chordoma tissues to identify the expression
of Robol. The expression of Robol in the chordoma was

significantly higher than that in the FNP (75% vs. 20%,
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Figure 1 miR-1290 and Robol expression in chordoma tissues compared and FNP. (A) Expression of miR-1290 in chordoma tissues and

FNP; (B) expression of Robol in chordoma tissues compared to FNP; (C) representative image of Robol high expression in chordoma

tissue; (D) correlation analysis of the expression of miR-1290 and Robol in chordoma tissue. FNP, fetal notochord pulposus.

P=0.013) (Figure 1B,C). Correlation analysis showed that
there was a negative correlation between the expression of
miR-1290 and Robol in chordoma tissue (Figure 1D).

miR-1290 suppresses chordoma cells proliferation and
invasion in vitro

U-CHI1 cells were transfected with miR-1290 mimics
or miR-1290 inhibitor to explore the role of miR-1290
in chordoma progression. qRT-PCR analysis showed
that miR-1290 was upregulated in the miR-1290 mimic
transfection group and downregulated in the miR-1290
inhibitor transfection group (P<0.05) (Figure 2). Cell clone
formation assay showed that the number of cell clones in
the miR-1290 mimic group was significantly lower than
that in the miR-1290 mimic NC group (P<0.05), while the
number in the miR-1290 inhibitor group was significantly
higher than that in the miR-1290 inhibitor NC group
(P<0.05) (Figure 3). Transwell invasion test showed that the
number of cells that passed through the membrane in the
miR-1290 inhibitor group was significantly higher than
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that in the miR-1290 inhibitor NC group (P<0.05), while
the number of cells in the miR-1290 mimic group was
significantly lowered than that in the miR-1290 mimic NC
group (P<0.05) (Figure 4).

Validation of Robol as a direct target of miR-1290

Bioinformatics analysis was performed to understand
further the mechanisms underlying the role of miR-1290 in
chordoma. The target genes of miRNA-1290 were predicted
by using the TargetScan, microRINAorg and PITA databases.
Robol was identified as a likely target for miR-1290 because
there was a complementarity relationship between miR-
1290 and the Robol 3'-UTR (Figure 54). The results of
the Western blot analysis showed that the expression of
Robol was significantly increased in the miR-1290 inhibitor
transfection group, while it decreased significantly in the
miR-1290 mimic transfection group (Figure 5B,C). The dual
luciferase reporter assay showed that upregulation of miR-
1290 significantly reduced the firefly luciferase activity of
Robol-3-UTR (P<0.05) (Figure 5D,E).

Transl Cancer Res 2019;8(2):542-551
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Figure 3 Cell clone formation assay for chordoma cells transfected with miR-1290 mimics and inhibitors. (A) Representative images for

chordoma cell clone formation after transfection with miR-1290 mimics and inhibitors; (B) quantitative analysis for chordoma cell clone

formation after transfection with miR-1290 mimics and inhibitors. *, the number of cell clone formation in miR-1290 inhibitor group was

higher than inhibitor NC group (P<0.05); ¥, the number of cell clone formation in miR-1290 mimics group was lower than mimic NC group

(P<0.05).

miR-1290 inbibits chordoma cell proliferation and
invasion by suppressing Robol expression

U-CHL cell line was transfected with siRobol and miR-1290
inhibitors or miR-1290 mimics to explore the underlying
mechanism of miR-1290 and Robol in chordoma cell
proliferation and invasion. Western blot results showed that
the transfection of siRobol could significantly reduce the
expression of Robol protein in chordoma cells. The cell
cloning formation assay and Transwell invasion experiment
results showed that downregulation of Robol significantly
inhibited the proliferation and invasion ability of chordoma
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cells (Figure 6). The results of cell cloning formation assay
showed that the proliferation ability of the Robol siRNA
+ miR-1290 inhibitor group was significantly higher than
that of the Robol siRNA + inhibitor NC group (P<0.05),
while the proliferation ability was significantly lower in the
Robol siRNA + miR-1290 mimic group than that of the
Robol siRNA + mimic NC co-transfection group (P<0.05)
(Figure 7A4,B). Transwell invasion assay results showed
that the invasion ability of the Robol siRNA + miR-
1290 inhibitor group was significantly higher than that of
the Robol siRNA + inhibitor NC co-transfection group

Transl Cancer Res 2019;8(2):542-551
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Figure 4 Transwell invasion assay for U-CHI1 cells transfected with miR-1290 mimic, inhibitor or their NCs. (A) Representative images show
the chordoma cells that passed the membrane of Transwell from the upper chamber to the lower chamber; (B) quantification of the chordoma
cells that passed the membrane of Transwell from the upper chamber to the lower chamber. NCs, negative controls. *, the number of invaded
cells in miR-1290 inhibitor group was higher than inhibitor NC group (P<0.05); *, the number of invaded cells in miR-1290 mimic group was
lower than mimic NC group (P<0.05).
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Figure 5 Robol is the target gene of miR-1290. (A) Schematic representation of Robol 3'-UTR containing the binding site for miR-1290;
(B) western blot assay of Robol expression in chordoma cells after transfection with miR1290 inhibitor, mimic or their NCs; (C) quantitative
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transfection group (P<0.05); ***, P<0.01; * the expression of Robol decreased significantly in miR-1290 mimic transfection group (P<0.05).
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Figure 6 Robol influences chordoma cells proliferation and invasion. (A,B) Western Blot detection of Robol expression after transfection
with Robol siRNA into chordoma cells; (C,D) representative images and quantitative analysis of cell cloning formation assay with
downregulation of Robolin chordoma cells; (E,F) representative images and quantitative analysis of Transwell invasion experiments with

downregulation of Robol in chordoma cells. *, the transfection of siRobol can significantly reduce the expression of Robol protein in

chordoma cells (P<0.05).

(P<0.05), while the invasion ability of the Robol siRNA +
miR-1290 mimic group was significantly lower than that
of the Robol siRNA + mimic NC co-transfection group
(P<0.05) (Figure 7C,D).

Discussion

Chordomas are the fourth most common malignant
neoplasms originating from bone (4). Although histologically
low-grade, they are highly invasive and often recur locally (4).
The gold standard for the treatment of chordoma is a radical
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en bloc resection with wide margins (1,4). Nevertheless,
large en bloc resection is feasible for less than 50% of sacral
chordomas and even fewer clival chordomas (18). Moreover,
large en bloc resection may require extensive nerve and
ligamentous excision leading to ambulatory, sexual, bowel
and urinary incontinence (19). The overall 5- and 10-year
survival rates following sacrectomy are 45-77% and 28-50%
respectively (4).

Exploring detailed molecular mechanisms in chordoma
progression and providing novel therapeutic targets are
urgently needed. Recently, miR-1290 was reported to

Transl Cancer Res 2019;8(2):542-551
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mimics or inhibitors; (C,D) representative images and quantitative analysis of Transwell assays with chordoma cells transfected with Robol

siRNA and miR-1290 mimics or inhibitors.

have a great role in tumor progression (12,20,21). Endo
et al. reported that miR-1290 was down-regulated in ER
high Ki67 low breast cancer and might be associated with
its characteristics (12). Li et al. revealed that miR-1290
was elevated and may be correlated with cell proliferation
and invasion in esophageal squamous cell carcinoma (14).
Cancer stem cells-associated miR-1246 or miR-1290 are
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important in the invasion or metastasis of non-small cell
lung cancer (22). Therefore, we can see that miR-1290 plays
various roles in different kinds of cancers.

Our previous studies have shown that miR-1290
was down-regulated in chordoma tissues and might be
negatively related to the prognosis of chordoma (15,16).
However, the real underlying mechanisms are unclear.

Transl Cancer Res 2019;8(2):542-551
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Therefore, we explored the specific functions of miR-1290
in chordoma in this study. After transfected with miR-1290
mimics, chordoma cell proliferation and invasion were
both significantly inhibited, while the opposite effects were
observed when transfected with miR-1290 inhibitor. These
all indicate that miR-1290 might act as a tumor suppressor
in chordoma.

"To probe the mechanism by which miR-1290 influences
chordoma cells, bioinformatics tools were used in our study.
Robol was identified as a potential target gene of miR-1290.
Accumulating evidence has shown that Robol can promote
tumor angiogenesis and migration in many types of cancers
(23-25). In our study, Robol expression was found to be
up-regulated in chordoma by using IHC. We also observed
that expression of Robol was negatively correlated with
miR-1290 in chordoma tissue. Moreover, Robol expression
was significantly increased when miR-1290 inhibitor was
transfected into the U-CHI cell line. Furthermore, by
using luciferase reporter assay, we confirmed that Robol is
a direct target of miR-1290 in chordoma cells.

Robol has been reported to be over-expressed in many
cancers, and its dysregulation has great importance in tumor
invasion and angiogenesis (24-26). Zhou et al. found that
Robol and Slit2 were both overexpressed in colorectal
epithelial carcinoma, and that knockdown of endogenous
Robol could diminish tumor growth and liver metastasis (27).
miR-218 elevation was discovered to inhibit cell invasion and
migration by downregulating Robol in gastric cancer (28).
Dontula ez a/. reported that miR-203 could inhibit migration
of the glioma cells by disrupting the Robol/ERK/MMP-
9 signaling axis (29). Consistently, in the current study we
found that downregulating miR-1290 could restore the
inhibitory effect of Robol downregulation in chordoma cells.
Meanwhile, elevating miR-1290 could facilitate the effect of
Robol downregulation in chordoma cells.

In conclusion, we discovered that miR-1290 is a tumor
suppressor in chordoma, and it can inhibit the chordoma
cell’s proliferation and invasion by negatively regulating
the direct target gene Robol. Although the exact molecular
mechanism remains to be further explored, our present
study is the first to report how miR-1290 might inhibit
chordoma progression by targeting Robol, which provides
new clues for guiding therapeutic intervention in chordoma.
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