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Abstract: Altered microRNA (miRNAs) expression has been reported in chordoma which has been considered as an 
important and complex disease. The study aims to explore the mechanism of miR-31-5p in chordoma in vitro. We 
firstly verified miR-31-5p level after mimics transfection using real-time PCR and found over-expressed miR-31-5p 
could inhibit cell growth and invasive ability, while induce cell apoptosis in vitro as detected by CCK8 assay, flow 
cytometry assay and transwell assay, respectively. Based on prediction result in silico, we validated the target gene 
C-met using dual-luciferase assay and detected the alternation of miR-31-5p as evidence. Using recombinant plas-
mid, we also found over-expressed c-Met could reduce the effect of over-expressed miR-31-5p on cell growth, cell 
cycle change, cell apoptosis and invasive ability as detected by CCK8 assay, flow cytometry assay and transwell as-
say respectively. Meanwhile, it was also appeared that the PI3K/AKT signaling pathway relevant proteins had alter-
nation through WB assays in U-CH1 cells with treatment of miR-31-5p and c-met recombinant plasmid. miR-31-5p 
may play a protective role in chordoma patients by targeting c-met and then activating PI3K/AKT signaling pathway 
which suggested that alterations of miR-31-5p might be a useful biomarker and a potential therapy for early detec-
tion of chordoma as disease-related molecular and genetic changes.
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Introduction

As a relatively rare, low-grade mesenchymal tis-
sue tumor, chordoma arises from benign noto-
chordal rests and accounts for 1%-4% of all 
bone malignancies with an age-adjusted inci-
dence of 0.08/100000 [1, 2]. It has a slow 
aggressive and locally invasive character pre-
dominantly arising at the cranial and caudal 
ending of the axial skeleton [3]. With histologi-
cal category of a conventional, de-differentiat-
ed and chondroid disease, currently surgical 
resection is considered to be the most effec-
tive therapy for chordoma, since which is 
reported to be resistant to chemotherapy and 
radiotherapy relatively [4]. The patients are vul-
nerable to relapse after surgery with reduced 
quality of life postoperatively. Little is known 
about molecular signaling pathways involved in 

the chordoma pathogenesis and developing 
better treatment. Currently, the reliable prog-
nostic markers of chordoma are still under 
research. 

MicroRNAs (miRNAs) are a class of small non-
coding single-stranded RNA molecules of about 
19-22 nucleotides long, and can regulate gene 
function including cell proliferation and apopto-
sis, cell cycle distribution, differentiation and 
metabolism through translation inhibition or 
degradation after interacting with 3’ UTRs of 
their target messenger RNA [5, 6]. Previous 
studies have demonstrated that miRNAs acting 
as tumor promoters or tumor suppressors are 
involved in the regulation of several of malig-
nancies. Although reports focusing on miRNAs 
expression profiling in chordoma are limited, it 
is reported that miRNA dysregulation correlates 
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with tumorigenesis processes in chordoma, 
and can serve as tumor suppressors or poten-
tial prognosis biomarkers [7-10].

Emerging evidence from recent functional  
studies on one of the altered miRNAs, miR-31, 
has demonstrated the aberrantly low level of 
miR-31 in fresh and frozen tissue samples  
from chordoma patients 11. In the current 
study, we over-expressed miR-31 expression  
in vitro and tried to identify the effect of  
miR-31 on cell proliferation, cell apoptosis, cell 
cycle change and the ability of cell invasion by 
serial analyses. And then we found the poten-
tial target gene c-Met through screening in sili-
co and validated the association between dif-
ferentially expressed miR-31-5p and the target 
gene c-Met. Meanwhile, we further explored 
the effect of elevated expression level of c-Met 
on cell proliferation, cell apoptosis, cell cycle 
change and the ability of cell invasion by serial 
analyses. Finally we tested the expression of 
other relevant proteins in chordoma disease 
with a preliminary research of mechanism of 
miR-31-5p regulating c-Met through PI3K/AKT 
signaling pathway. 

Materials and methods

Cell lines culture and treatment

Human chordoma cells U-CH1 (American Type 
Culture Collection (ATCC), Manassas, VA) were 
cultured in IMDM/RPMI 4:1 (PAA Laboratories, 
Pasching, Austria) supplemented with 2 mM 
L-glutamine (PAA), 10% FBS (PAA) and 1% PS 
(PAA) at 37°C and 5% CO2. The medium was 
changed every two or three days according to 
the recommended culture condition. All cells 
were harvested by centrifugation, rinsed with 
phosphate buffered saline (PBS), and subject-

Using UNIQ-10 columns and TRIZOL Total RNA 
Isolation Kit (Sangon, Shanghai, China), one 
microgram of total RNA was isolated and then 
used for reverse transcription in a reaction vol-
ume of 20 μL using Cloned AMV Reverse 
Transcriptase (Invitrogen, Carlsbad, CA). We 
used 2 microliters of cDNA for real time PCR 
using TaKaRa Ex Taq RT-PCR Version 2.1 kit 
(TaKaRa, Shiga, Japan). 

Gene-specific PCR primers for c-Met and 
GAPDH are listed in Table 1. We selected DNA 
Engine Opticon 2 Continuous Fluorescence 
Detection System (Bio-Rad, Hercules, CA, USA) 
for PCR signal detection with conditions from 
manufacture instruction. Relative amount of 
c-Met mRNA was normalized to that of GAPDH 
mRNA.

Expression of mature miRNAs was determined 
using the miScript primer assays for specific 
microRNAs (Qiagen GmBH, Germany), and nor-
malized using the 2-ΔΔCT method, using Syber 
Green real-time PCR. PCR reactions were per-
formed in triplicate using Quantitect Syber 
Green PCR mix (Qiagen, Hilden, USA). The con-
ditions for RT-PCR were 95°C for 6 minutes and 
then 50 cycles of 95°C for 10 seconds, 55°C 
for 10 seconds, and 72°C for 30 seconds. 
Relative amount of miRNAs was normalized to 
that of U6. All reactions were run in triplicate. 
All primers used are listed in Table 1.

A melting curve analysis was performed for 
each of the primer sets used, and each showed 
a single peak indicating the specificity of each 
of the primers tested. 

Prediction of miRNA targets

The predicted target genes of the miR-31-5p 
were screened by TargetScan (http://www.tar-

Table 1. Sequence of the primers used for detection of se-
lected miRNA and genes in vitro
miRNA Primers (5’-3’)
hsa-miR-31-5p Forward: ACACTCCAGCTGGGTAGCAGCGGGAACAGTTC
has-miR-31-5p Reverse: CTCAACTGGTGTCGTGGA
U6    Forward: CTCGCTTCGGCAGCACA
U6    Reverse: AACGCTTCACGAATTTGCGT
c-Met Forward: CATCTCAGAACGGTTCATGCC
c-Met Reverse: TGCACAATCAGGCTACTGGG
GAPDH Forward: CGGAGTCAACGGATTTGGTCGTAT
GAPDH Reverse: AGCCTTCTCCATGGTGGTGAAGAC

ed to total protein or RNA 
extraction.

Before diluting into single cell sus-
pensions and seeding in 12-well 
plates (1 × 105 cells/mL), cells 
were transfected with NC and 
miRNA mimics for 24 h, 48 h and 
72 h respectively, NC as negative 
control group.

RNA isolation and real-time RT-
PCR
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getscan.org/). Then the Functional Gene 
Ontology (GO) biological processes terms of the 
putative targets, along with the KEGG pathway 
analysis, were performed by DAVID. For each 
GO score, the P value of the function enrich-
ment and P value of Benjamin correction were 
calculated. The role of the MAPK pathway in 
prostate cancer was analyzed by BioChart and 
KEGG.

Luciferase assay

Small oligonucleotides specific mutation for  
c-Met from 412 to 430 (NM_000245) bases  
(GATCCGGAAGACCTTCAGAAGGTTCTCAAGAGA- 
AACCTTCTGAAGGTCTTCCTCTTTTTTGGAAA->  
GATCGGGAAGACCATCAGAAGGTTCTCAAGAG- 
AAACCTTCTGAAGGTCTTCCTCTTTTTACGAAA) 
were cloned and inserted into PCMV3 vector. 
Before miR-31-5p and PCMV3-c-Met transfec-
tion using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA), U-CH1 cells transduction (1.0 × 
105 cells/mL) were carried out with 350 μL of 
media in the presence of 8 μg/ml of polybrene 
(Sigma) in triplicates in 24-well plates. U-CH1 
cells were incubated for additional 36 h after 
transfection. Thereafter, luciferase activity was 
performed using the Dual-Luciferase Assay Kit 
(Promega, Madison, WI, USA) and a Biotek 
Synergy 4 Microplate reader (Biotek, Vermont, 
USA). The Relative Light Units (RLU) was calcu-
lated using the ratio of Renilla Luciferase/
Firefly luciferase and the final values were nor-
malized against PCMV3-c-Met-MUT group and 
the normalized values were plotted.

Plasmid construction

The synthetic primers of c-Met are as follows: 
forward (5’-CGAAAGATAAACCTCT CATAATGA-3’) 
and reverse (5’-ATTAAACACTTCCTT CTTTG- 
TGG-3’). The nucleotides 169-1133 of human 
c-Met cDNA (NM_000245) was amplified by 
PCR using Takara LA Taq or Primestar (Takara 
Bio, Kyoto, Japan) and cloned into the PCMV3 
vector (Invitrogen, Carlsbad, CA, USA). All joints 
in the constructs were confirmed by sequenc-
ing (Sangon, Shanghai, China). Recombinant 
plasmid PCMV3-c-Met was transfected into 
U-CH1 for 24 h which was pre-treated with miR-
31-5p mimics for 24 h.

Western blotting analysis

To evaluate the target gene expression change 
in vitro affected by miR-31-5p, proteins extrac-

tion was resolved on 12.5% SDS polyacryl-
amide gel (SDS PAGE) resolving gel and a 5% 
stacking gel. Then proteins were electro-trans-
ferred onto nitrocellulose membranes at 140 
volts for 40 mins. The membranes were treated 
with antibodies to human c-Met (1:4000, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and 
anti-human GAPDH (1:10000, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) overnight 
at 4°C after blocking in 5% nonfat powdered 
milk for 1 h at room temperature. Before incu-
bating with horseradish peroxidase-conjugated 
secondary antibody IgG (1:10000, Santa Cruz 
Biotechnology, Santa Cruz, CA) for 1 h, the blot 
was washed for three times with 10 mins/time 
at room temperature. SuperSignal West Pico 
chemiluminescent substrate (Pierce, Rockford, 
IL) was used for positive antibody reaction. 
Membranes were exposed to X-ray film (KODAK) 
for visualization and scanning of protein bands 
using Alpha Imager software.

Cell proliferation detection

MiR-31-5p mimics (1 μg) were transfected into 
U-CH1 which were seeded at a density of 1.0 × 
105 cells/mL in 6-well plates for 24 h, 48 h and 
72 h, respectively through Lipofectamine™ 
2000 (Invitrogen, US). Then, 100 µL CCK8 
(Dojindo, Japan) solution was added into each 
well were incubated for 1 h in the incubator.  
The absorbance was measured at 450 nm 
using a microplate reader.

Apoptosis and cell cycle analysis

After plasmid transfection for 24 h, the apop-
totic cells were quantified using the Annexin  
V/PI apoptosis kit (Multiscience, Hangzhou, 
China). Cell suspension was firstly prepared by 
enzymatic digestion, and centrifuged. Then 
cells were resuspended in 195 μL Annexin 
V-FITC binding solution with removal of the 
supernatant. 5 μL Annexin V-FITC was added 
followed by 10 min incubation at room temper-
ature in the dark. The supernatant was removed 
again after being centrifuged. Subsequently, 
cells were resuspended in 190 μL Annexin 
V-FITC binding solution, and added with 10 μL 
PI staining solution, which was immediately  
followed by flow cytometry. Viable cells were 
resistant to staining with Annexin V-FITC and  
PI; cells at early stages of the apoptosis were 
stained with Annexin V-FITC, but not with PI; 
necrotic cells and cells at late stages of the 
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Figure 1. Effect of over-expressed miR-31-5p on U-CH1 cell functions. A. Expression of miR-31-5p before mim-
ics transfection as detected by real-time PCR; B. Cell numbers were counted in following time points: 24 hours, 
48 hours, 72 hours. Cell viability was measured using CCK8 assay; C, D. Invasive ability tests were performed by 
transwells inserts without basement membrane extract and the percentage of U-CH1 cells invasive ability in time 
point of 72 h. U-CH1 cells (1 × 105 cells per well) were seeded in insert with 200 μl no-serum medium, 800 μl 
medium containing 5% FBS was added in bottom wells and cells were incubated for 24 hours. Cells were stained 
with Giemsa; E, F. U-CH1 cells were transfected with mimics for 72 hours before being harvested for apoptosis test 
and the percentage of U-CH1 cells apoptosis in time point of 72 h; G, H. U-CH1 cells were transfected with mimics 
for 72 hours before being harvested for cell cycle change detection and the percentage of different phases during 
cell cycle captured at time point of 72 h. Data are shown as the mean ± standard deviation. All experiments were 
repeated independently three times. *Indicates P < 0.05, **Indicates P < 0.01 and ***Indicates P < 0.001 versus 
the data from NC group detected at same time point. 
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apoptosis were stained with both Annexin 
V-FITC and PI. 

Transwell assay 

After being starved off serum overnight, 5 × 
104 U-CH1 cells were prepared in serum-free 
DMEM and seeded into the 24-well transwell 
upper chambers (8.0 μm pore size; Costar, 
USA) pre-coated with 100 μg/ml Matrigel (BD 
Biosciences) before being inserted into the 
lower wells containing DMEM with 10% FBS. 
With incubation for 24 h, the cells remaining on 
the upper surface of the chamber membrane 
were removed, and the cells that had invaded 
to the bottom of the membrane were fixed with 
methanol and stained with crystal violet. The 
invaded cells in at least five randomly selected 
fields at 200 × magnification were quantified, 
and images were captured using a phase con-
trast microscopy equipped with a digital image 
capturing system.

Statistical analysis

The data were expressed as mean ± SD and 
analyzed statistically using one-way analysis of 
variance (ANOVA). Two-way ANOVA was followed 

by post-hoc Scheffé tests to compare the differ-
ent treatment groups. Statistical significance 
was set at P < 0.05, using SPSS (v 16.0).

Results

Effect of over-expressed miR-31-5p on U-CH1 
cell functions

The result in Figure 1A suggested that miR-31-
5p expression was increased dose-dependent-
ly after miR-31-5p mimics were treated for 72 h 
(Figure 1A). Then we examined the effects of 
miR-31-5p on cell proliferation as shown in 
Figure 1B, and found miR-31-5p could inhibit 
the cell growth in time-independent manner 
(Figure 1B). Furthermore, as shown in Figure 
1C, the invasion potential of U-CH1 cells of  
miR-31-5p group was significantly lower than 
that of the NC group cells (52.26% vs 80.23%, 
P < 0.01, Figure 1D). Meanwhile we also  
found that highly expressed miR-31-5p induced 
U-CH1 cell apoptosis analyzed using flow 
cytometry after mimics transfection for 72 h 
based on CCK8 results (Figure 1E). U-CH1 cells 
exposure to mimics presented typical promo-
tion from apoptotic morphology with respect to 
NC group (Figure 1F). Cell cycle distribution 

Figure 2. Expression of c-Met after miR-31-5p being over-expressed in U-CH1 cells as detected by real-time PCR and 
western blot analysis. A. mRNA level of c-Met in U-CH1 cells; B. Protein level of c-Met in U-CH1 cells; C. The potential 
binding region in c-Met; D. miR-31-5p targeted c-Met directly as detected by dual-luciferase assay. All experiments 
were repeated independently three times. *Indicates P < 0.05, **Indicates P < 0.01 and ***Indicates P < 0.001 
versus the data from NC group detected at same time point.
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was analyzed using flow cytometry after mimics 
transfection for 72 hours. Compared to NC 
group, Cell cycle testing results showed that 
ratio of G2/G1 was increased and S cell cycle 
arrest was increased after mimics transfection 
(Figure 1G and 1H).

Validation of interaction between miR-31-5p 
and target gene c-Met in vitro

Based on results of screening in silico, we 
chose c-Met as the candidate of miR-31-5p tar-
get gene. Then mRNA level and protein level 
detection of c-Met were conducted using real-
time PCR and western blotting after miR-31-5p 
mimics transfection. As shown in Figure 2A and 
2B, both of mRNA level (Figure 2A) and protein 
level (Figure 2B) of c-Met was significantly 
inhibited in U-CH1 cells after miR-31-5p trans-
fection, compared to NC group at the same 
time point. To explore the interaction between 
miR-31-5p and c-Met, cell lysates were detect-
ed in dual-luciferase assay system after the 
potential binding region being predicted in sili-
co (Figure 2C). With pre-treatment of miR-31-5p 
mimics, we found PCMV3-c-Met-WT group 
decreased the luciferase activity in U-CH1 cells 
(Figure 2D), compared to PCMV3-c-Met-MUT 
group.

Effect of over-expressed c-Met on U-CH1 cell 
functions

The result in Figure 3A and 3B suggested that 
c-Met mRNA level (Figure 3A) and protein level 
(Figure 3B) were increased after recombinant 
plasmid transfection for 24 h. Then we exam-
ined the effects of c-Met on cell proliferation as 
shown in Figure 3C, and found cellular popula-
tion was increased time-independently in c-Met 
over-expressed group especially at 24 h, 48 h 
and 72 h after recombinant plasmid transfec-
tion and miR-31-5p mimics pre-treatment 
(Figure 3C) compared to vector only group. 
Furthermore, as shown in Figure 3D and 3E, 
the invasive potential of U-CH1 cells of PCMV3-
c-Met group was significantly higher than that 
of the vector only group cells (43.26% vs 
67.23%, P < 0.01). Meanwhile we also found 
that PCMV3-c-Met group inhibited U-CH1 cell 
apoptosis analyzed using flow cytometry after 
miR-31-5p mimics transfection for 24 h and 
PCMV3-c-Met transfection for 48 h following  
by (Figure 3F). U-CH1 cells exposure to mimics 
and recombinant plasmid presented typical 

depression from apoptotic morphology with  
cell shrinkage, nuclear fragmentation, and cel-
lular rupture into debris. The occurrence of 
apoptosis was significantly lower in PCMV3-c-
Met group with respect to vector only group 
(Figure 3G). Cell cycle distribution was analyzed 
using flow cytometry after mimics transfection 
for 72 hours. Compared to NC group, Cell cycle 
testing results showed that ratio of G2/G1 was 
decreased and S cell cycle arrest was inhibited 
after recombinant plasmid transfection (Figure 
3H and 3I).

miR-31-5p regulate c-Met through PI3K/AKT 
signaling pathway 

In order to explore the effect of miR-31-5p on 
chordoma relevant proteins, we harvested 
U-CH1 cells after miR-31-5p mimics treatment 
for 24 h and PCMV3-c-Met transfection for 24 h 
followed by, and then detected c-Met, p-PI3K, 
PI3K, p-AKT, AKT expression in protein level  
as Figure 4 shown. c-Met, p-AKT and p-PI3K 
expression were down-regulated significantly  
in U-CH1 cells with overexpressed miR-31-5p 
which was reversed after miR-31-5p inhibitor 
transfection. Differently, AKT and PI3K levels in 
U-CH1 cells didn’t show significant change, 
compared to overexpressed miR-31-5p group 
(Figure 4A). As Figure 4B shown, p-AKT and 
p-PI3K expression were up-regulated signifi-
cantly in U-CH1 cells with overexpressed miR-
31-5p and PCMV-c-Met transfection following 
by, with respect of PCMV group. Meanwhile, 
AKT and PI3K levels in U-CH1 cells didn’t show 
significant change. 

Discussion

Currently the main choice of treatment strategy 
for chordoma is surgical excision, but local 
recurrence after surgery still exists in around 
40% of chordoma patients [12-14]. Through 
explore of the potential biomarker and thera-
peutical target of chordoma, previous study 
found that significantly low expression of miR-
31 as a potential novel oncogenic microRNA in 
chordoma patients but without clear mecha-
nism [11]. To investigate the resolution of this 
concern, our studies indicated that over-
expressed miR-31-5p may decrease cell growth 
and invasive ability with induced cell apoptosis 
in U-CH1 cells by directly inhibiting c-Met 
expression, based on screening results in sili-
co. We propose that miR-31-5p has an impor-
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Figure 3. Effect of over-expressed c-Met on U-CH1 cell functions after pre-treatment of miR-31-5p. A. mRNA level of 
c-Met in U-CH1 cells after recombinant plasmid transfection; B. Protein level of c-Met in U-CH1 cells after recombi-
nant plasmid transfection; C. Cell numbers were counted in following time points: 24 hours, 48 hours, 72 hours and 
96 hours. Cell viability was measured using CCK8 assay; D, E. Invasive ability tests were performed by transwells 
inserts without basement membrane extract and the percentage of U-CH1 cells invasive ability in time point of 72 
h. U-CH1 cells (1 × 105 cells per well) were seeded in insert with 200 μl no-serum medium, 800 μl medium contain-
ing 5% FBS was added in bottom wells and cells were incubated for 24 hours. Cells were stained with Giemsa; F, G. 
U-CH1 cells were transfected with miR-31-5p mimics and PCMV3-c-Met following for 72 hours totally before being 
harvested for apoptosis test and the percentage of U-CH1 cells apoptosis in time point of 72 h; H, I. U-CH1 cells were 
transfected with miR-31-5p mimics and PCMV3-c-Met following for 72 hours totally before being harvested for cell 
cycle change detection and the percentage of different phases during cell cycle captured at time point of 72 h. Data 
are shown as the mean ± standard deviation. All experiments were repeated independently three times. *Indicates 
P < 0.05, **Indicates P < 0.01 and ***Indicates P < 0.001 versus the data from control group detected at same 
time point. U-CH1 cells treated with miR-31-5p mimics and PCMV3 both were considered as the control group.
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tant function as a modulator of c-Met activity in 
Chordoma. Then our results indicated that miR-
31-5p could regulate c-Met by targeting directly 
as detected by dual-luciferase assay. We tried 
to over-express the c-Met using transfection of 
recombinant plasmid after pre-treatment of 
miR-31-5p mimics and found c-Met reverse the 
effect of miR-31-5p on cell proliferation, cell 
apoptosis, cell cycle status and invasive ability. 
Finally we found the expression of some rele-
vant proteins had alternation. All our results 
implied that miR-31-5p inhibits c-Met, thereby 
inhibiting proliferation through the c-Met/PI3K/
Akt pathway and activating apoptosis in vitro.

C-Met, mainly expressed in epithelial cells, is a 
transmembrane tyrosine kinase such as 
Hepatocyte growth factor (HGF) receptor [15]. 
As a model for a paracrine system in mesen-
chymal epithelial interaction in many human 
carcinomas and sarcomas, it is reported that 
HGF/c-Met signaling system may contribute to 
tumorigenesis and disease progression or to 
correlate with invasiveness and poor prognosis 
[16, 17]. According to previous research, inhib-
iting c-Met-HGF pair in an HGF+/Met+/PTEN-
null glioma model robustly inhibits tumor-initiat-
ing capacity, tumor xenograft growth, and resis-
tance to cytotoxic therapeutics [18, 19]. Some 
other results suggested that PTEN may alter 
the response of a glioblastoma xenograft mo- 

del to HGF/c-Met pathway inhibition through 
enhancing the inhibition of glioma cell prolifera-
tion and tumor angiogenesis but diminishing 
tumor cell apoptosis [19, 20], which showed 
that c-Met-HGF plays an important role during 
tumor prognosis. Scientists also found that 
c-Met expression was increased in early stage 
of poorly differentiated tumors like chordoma 
especially skull base chordoma, which is a 
unique bone tumor exhibiting a slow growth but 
an invasive growth pattern, especially in recur-
rent lesions [21, 22]. C-Met-HGF pair plays a 
leading role in the formation and metastatic 
progression in chordoma malignancy. Recent 
studies also reveal that c-Met may be a poten-
tial trigger for the Ras/Map Kinase signaling 
pathway and PI3K/Akt signaling pathway during 
tumor prognosis by targeting this receptor tyro-
sine kinase/ligand system which has anti-onco-
genic effects in several pre-clinical model sys-
tems [23-25]. 

Conclusions

In conclusion, we chose c-Met as the target 
gene of miR-31-5p based on previous findings 
and prediction in silico and validated our 
hypothesis using real-time PCR, western blot-
ting and dual-luciferase assay. And then we 
demonstrated that c-Met affected expression 
of some relevant proteins through activating 
PI3K/AKT signaling pathway which implied the 
underlying mechanism of miR-31-5p’s role in 
chordoma. In the present study, we found that 
down-regulated miR-31-5p may induce c-Met 
sensitivity in vitro, which may subsequently 
activate PI3K/AKT signaling pathway as a criti-
cal compensatory intracellular event for the 
survival of U-CH1 cells. Our gene-specific and 
semiquantitative approaches revealed a poten-
tial biomarker with phosphoproteomic data 
which may provide new insights to clinical appli-
cation for chordoma disease.
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