
OR I G I N A L R E S E A R C H

miR-100-5p Inhibits Malignant Behavior of

Chordoma Cells by Targeting IGF1R
This article was published in the following Dove Press journal:

Cancer Management and Research

Hongliang Zhang1,2

Kang Yang3

Tingting Ren1,2

Yi Huang1,2

Xin Liang1,2

Yiyang Yu1,2

Wei Wang1,2

Jianfang Niu1,2

Jingbing Lou1,2

Xiaodong Tang1,2

Wei Guo1,2

1Musculoskeletal Tumor Center, Peking

University People’s Hospital, Beijing,
People’s Republic of China; 2Beijing Key

Laboratory of Musculoskeletal Tumor,

Beijing, People’s Republic of China;
3Department of Orthopedics, Yangzhou

University Affiliated Hospital, Yangzhou,

People’s Republic of China

Purpose: Our research aimed to illuminate the role of miR-100-5p in chordoma and

potential mechanism.

Materials and Methods: We used microRNA array analysis to explore differentially

expressed miRNAs in chordoma tissue and then verified by qRT-PCR. Cell proliferation

and transwell assay were used to evaluate the function of miR-100-5p. Cell apoptosis was

analyzed by flow cytometry, and using biological software, we predicted that the insulin-like

growth factor 1 receptor (IGF1R) could be the target gene of miR-100-5p, which was then

validated by dual luciferase assays and Western blot.

Results: miR-100-5p was downregulated in chordoma tissues. Overexpression of miR-100-

5p could suppress the growth of chordoma both in vitro and in vivo, and miR-100-5p could

inhibit the migration and invasion of chordoma cells partially by suppressing epithelial–

mesenchymal transition (EMT). Furthermore, IGF1R was validated as the target gene of

miR-100-5p and expressed in most chordoma tissues.

Conclusion: In conclusion, our results showed that miR-100-5p was lowly expressed in

chordoma and inhibited tumor malignant progression by targeting IGF1R.
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Introduction
Chordoma is a mesenchymal tissue malignant bone tumor that arises from noto-

chord remnants, which is most prevalent in the 50 to 60-year age group and the

axial skeleton is the most common position.1 Chordoma is unresponsive to radio-

therapy and conventional chemotherapy drugs, and characterized by a high recur-

rence rate. Duo to the complex anatomical structure of chordoma, patients who

underwent surgical resection often cannot receive a good prognosis.2 Therefore, it

is urgent to investigate novel molecular markers of chordoma.

miRNAs are 17–25 nt non-coding RNAs that can suppress mRNAs at the post-

transcriptional level by complementary binding to 3′-UTRs. Highly conserved

miRNAs are believed to play important roles in regulating tumor progressions

such as migration, invasion, and apoptosis.3 Furthermore, increasing researches

showed that miRNAs dysregulation was significant in the progression of

chordoma.4 Thereby, we want to detect the expression of miRNAs in chordoma

tissues and illuminate the potential function and mechanism of dysregulated

miRNAs in chordoma.

In our study, we found that miR-100-5p was downregulated in chordoma tissues.

And current studies showed a controversial role of miR-100 in tumor progressions, for
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example, miR-100 was found to function as an oncogene in

renal cell carcinoma,5 but a tumor suppressor in epithelial

ovarian cancer.6 Therefore, in this research, we aim to clarify

the real role of miR-100-5p in chordoma and further illumi-

nate the potential molecular mechanism. And finally, we

demonstrated that in chordoma, miR-100-5p played

a crucial role as a tumor suppressor gene and inhibited

tumor malignant progression by targeting IGF1R.

Materials and Methods
Clinical Tissue
All tissues in this study were gathered from the

Musculoskeletal Tumor Center, under the protocols approved

by the Ethics Committee of Peking University People’s

Hospital. Fresh tissues were collected and frozen in liquid

nitrogen immediately. Written informed consents were

obtained from all patients following the Declaration of

Helsinki.

Cell Lines and Cell Transfection
The MUG and U-CH1 were purchased from American Type

Culture Collection (ATCC) and were maintained in Iscove’s

Modified Dulbecco’s Medium (IMDM; Gibco, Grand Island,

NY, USA): RPMI-1640 medium (Gibco) (4:1) with 10%

FBS (Gibco) and 1% penicillin/streptomycin (Gibco) at 37°

C with 5% CO2. For transfection, cells were cultured in

a 6-well plate, and miR-100-5p mimics and negative control

(NC) (GenePharma, Suzhou, China) were transfected into

cells by Lipofectamine3000 (Invitrogen, Carlsbad, CA,

USA). The final concentration of miRNA mimics was 100

nM, the sense sequence of miR-100-5p mimic was 5ʹ-

AACCCGUAGAUCCGAACUUGUG-3ʹ, the antisense

was 5ʹ-CACAAGUUCGGAUCUACGGGUU-3ʹ), the sense

sequence of mimic NC was 5ʹ-UUUGUACUACACAAA

AGUACUG-3ʹ, and the antisense was 5ʹ-CAGUACUUUUG

UGUAGUACAAA-3ʹ.

qRT-PCR
The total RNA was isolated using TRIzol reagent

(Invitrogen) and the miRNAs were extracted with

RNeasy/miRNeasy Mini Kit (Qiagen, Limburg, The

Netherlands). The reverse transcription was carried out

with Super Script First Strand cDNA System (Invitrogen,

Grand Island, NY, USA). All primer sequences are pro-

vided in Table 1.

Western Blot
Proteins were collected from cells lysates and loaded to 10%

SDS-PAGE gels, and then transferred to PVDF membranes.

After blocking, membranes were incubated with primary

antibodies and then secondary antibodies. The primary anti-

bodies used in this study include anti-Vimentin (Cell

Signaling Technology (CST), Rabbit, 1:1000, MA, USA),

anti-N-cadherin (CST, Rabbit, 1:1000), anti- IGF1R (CST,

Rabbit, 1:1000), anti-GAPDH (Abcam, Mouse, 1:1000), and

anti-E-cadherin (Abcam, Rabbit, 1:1000).

CCK-8 Assay and Colony Formation

Assay
After transfection, 5,000 cells were plated in 96-well

plates, and 10μL CCK-8 (Dojindo Laboratories,

Kumamoto, Japan) was added to examining cell viability.

For colony formation assay, 1,000 cells were plated in

6-well plates. After 10 days, cells were fixed and stained,

then colonies were counted for analysis.

Wound-Healing and Transwell Assay
After transfection, cells were plated in 6-well plates and

cultured to a confluent state. P-200 pipette tip was used to

scratch, then data was recorded at different time points.

For transwell assay, 3 × 104 cells in 200ul serum-free

medium were seeded in the upper chambers (BD

Biosciences) and there was 600ul medium with 20%

FBS in the lower chamber. After two days, the cells

were fixed and stained for analyzing under microscope.

Table 1 Primers for Real-Time PCR

Primers Sequences

E-cadherin F 5′-TGCTCACATTTCCCAACTC-3'

R 5′-TCTGTCACCTTCAGCCATC-3'

N-cadherin F 5′-CTGACAATGACCCCACAGC-3'

R 5′-TCCTGCTCACCACACTACTT-3'

Vimentin F 5′-CTGGATTTCCTCTTCGTGGA-3'

R 5′-CGAAAACACCCTGCAATCTT-3'

GAPDH F 5′-GCACCGTCAAGGCTGAGAAC-3'

R 5′-ATGGTGGTGAAGACGCCAGT-3'

miR-100-5p F 5′-GTGTTCAAGCCTAGATGCCCAA-3'

R 5′-GCATCTAGGCTTGAACACGCC-3'

U6 F 5′-CTCGCTTCGGCAGCACA-3'

R 5′-AACGCTTCACGAATTTGCGT-3'
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Flow Cytometry for Apoptosis Analysis
After transfection, chordoma cells were stained with the

Annexin V/FITC Kit (BD Biosciences) according to the

manufacturer’s instructions and analyzed by flow

cytometry.

Luciferase Reporter Assay
Wild-type/mutant IGF1R luciferase reporter vector was

synthesized by Genscript (Nanjing, Jiangsu, China), and

U-CH1 cells were co-transfected with the wild-type

/mutant IGF1R luciferase reporter vector and miR-100-

5p mimic/NC using Lipofectamine 3000. After 48h,

Luciferase activity was measured, and the results were

normalized to Renilla luciferase activity.

Tumorigenicity Assay
Briefly, 5 × 106 U-CH1 cells were injected subcutaneously

to the right flank of 8 BALB/c athymic nude mice

(Vitalriver, Beijing, China). Then, 8 mice were randomly

divided into two groups and intratumor injection of 10

nmol mir-100-5p agomir (Ribobio Co. Guangzhou,

China) or negative control (scramble) was performed

once every seven days for seventy days. The tumor

volume (length × width2/2) was measured every week.7

Finally, the mice were sacrificed and the tumor was

removed for further research.

All animal experiments were performed with written

confirmation authorized by the Animal Care and Use

Committee of Peking University People’s Hospital, and

followed the guidelines of Animal Care and Institutional

Ethical in China.

Immunohistochemistry
Immunohistochemistry (IHC) was performed as reported

before.4 Simply, 8 xenograft tumors were used to detect

the expression of EMT markers and 45 primary chordoma

samples were used to analyze the relationship between the

expression of IGF1R and clinical characteristics.

MicroRNA Array Analysis and Statistical

Analyses
MicroRNA array analysis was performed as reported

before.4 Simply, 12 chordoma tissues and 12 nucleus pulpo-

sus tissues (non-tumor tissues) were collected for microRNA

array analysis, and additional 16 chordoma tissues and 16

nucleus pulposus tissues were used as the validation set.

The data were analyzed by GraphPad Prism 8 using

a Student’s t-test or one-way ANOVA. All results were

shown as the mean ± SD and P<0.05 means statistical

significance. P < 0.05 (*), P < 0.01 (**).

Results
miR-100-5p Is Downregulated in

Chordoma Samples
Using miRNA microarray assay, we found that some

miRNAs were dysregulated in chordoma samples. Partial

dysregulated miRNAs were shown in Heat-map, among

which, miR-100-5p was downregulated (Figure 1A).

Bioinformatics analysis results showed that dysregulated

miRNAs might associate with biological processes such as

signal transduction, cell communication, transport et al

(Figure 1B). And these miRNAs might have functions

like transcription factor activity, GTPase activity, and tran-

scription regulator activity (Figure 1C). Pathway analysis

showed that several different pathways corresponded to

the significantly dysregulated miRNAs. In which, we

could see TRAIL signaling pathway, IFN-γ signaling path-

way, IGF1 pathway, and so on (Figure 1D). All these

findings indicated that dysregulated miRNAs played

a significant role in chordoma. Further validation by qRT-

PCR showed that miR-100-5p was significantly downre-

gulated in chordoma (Figure 1E).

miR-100-5p Can Suppress Chordoma

Cell Proliferation and Induce Apoptosis
Cck-8 assays results indicated that the viability of chor-

doma cells MUG and U-CH1 was significantly suppressed

by miR-100-5p mimics compared with NC (Figure 2A).

And, miR-100-5p mimics decreased both MUG and

U-CH1 cell colony formation compared with negative

control (Figure 2B and C). To determine whether miR-

100-5p could inhibit cell proliferation by inducing apop-

tosis, flow cytometry was used and results showed that

miR-100-5p mimics could induce apoptosis significantly

compared with NC (Figure 2D and E). These data collec-

tively showed that miR-100-5p could inhibit cell prolifera-

tion and partially by inducing apoptosis.

miR-100-5p Can Retard the Growth of

Chordoma in vivo
To further evaluate the effect of miR-100-5p on chordoma,

we established an in vivo xenograft model. Results indicated

that overexpression of miR-100-5p significantly retarded the
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growth of chordoma (Figure 2F), and both tumor volume and

tumor weight were significantly decreased after miR-100-5p

agomir treatment (Figure 2G–I).

miR-100-5p Can Attenuate Chordoma

Cell Migration and Invasion by Regulating

EMT
As shown in Figure 3A and B, wound healing assay indi-

cated that overexpression of miR-100-5p could significantly

inhibit the migration capacity of chordoma cells. And trans-

well assays showed that both migration and invasion ability

of chordoma cells were attenuated significantly by miR-100-

5p mimics (Figure 3C and D). Considering that EMT plays

a crucial role in tumor metastasis. We further explored

whether miR-100-5p could regulate EMT process and qRT-

PCR and Western blotting results showed that miR-100-5p

could significantly reduce the expression of N-cadherin and

vimentin but increase the expression of E-cadherin in chor-

doma cells (Figure 3E and F). Furthermore, in vivo experi-

ments showed the same results (Figure 3G).

IGF1R Is the Target of miR-100-5p and

Highly Expressed in Chordoma
TargetScan, miRsearch, starBase, and mirDIP were used to

predict target genes of miR-100-5p and by which we found

IGF1R (Figure 4A). Dual-luciferase reporter assay and

Western blotting results confirmed that IGF1R was the

target gene of miR-100-5p (Figure 4B–D). And the immu-

nohistochemistry results of xenograft models showed that

IGF1R was downregulated in the miR-100-5p group when

compared with the NC group. Furthermore, immunohisto-

chemistry results showed that IGF1R was highly

expressed in chordoma tissues (31 of 45) (Figure 4E),

and highly expressed IGF1R was correlated with sur-

rounding invasion (p < 0.05, Table 2).

Discussion
Chordoma is a malignant tumor with the ability of metastasis

and recurrence. However, there are few researches about the

molecular and functional mechanism of chordoma. Our study

focused on the aberrantly expressed miRNAs in chordoma.

Figure 1 The miR-100-5p expression level was downregulated in chordoma tissues. (A) Heat-map representation of the differentially expressed miRNA patterns in

chordoma (CH) versus nucleus pulposus tissues (N). Relative expression is presented as a color gram (red: high expression). (B–D) Bioinformatics analysis of biological

processes, molecular functions, and biological pathways about dysregulated miRNAs. (E) Expression of miR-100-5p as determined by real-time RT-PCR analysis.

A comparison of the average relative expression levels of miR-100-5p in chordoma and nucleus pulposus samples is shown in the Violin plot. **P < 0.01.
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Currently, there are some researches have revealed that several

miRNAs might play crucial roles in the progression of chor-

doma. For example, Osaka et al revealed that upregulated

miR-155 could regulate cell proliferation, apoptosis, and

EMT in chordoma.8 Malgulwar et al found that miR-193a-

5p and miR-671-5p could influence the tumor by targeting

TGF-β signaling in chordoma.9 Zou et al found that down-

regulated miR-1237-3p in chordoma was related to poor

Figure 2 miR-100-5p suppressed cell proliferation in vitro and vivo. (A) Cell proliferation was evaluated by the CCK-8 assay at 24, 48, and 72 h. (B and C) miR-100-5p

decreased both MUG and U-CH1 cell colony formation compared with control. (D and E) miR-100-5p induced apoptosis in chordoma cells. (F) The growth curves of the

tumors. (G–I) Both tumor volume and weight were significantly decreased in the miR-100-5p agomir treatment group compared with the negative control group. All

experiments were repeated three times. Data are presented as the mean ± S.D. **P < 0.01.
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Figure 3 miR-100-5p suppressed the invasion and migration of chordoma cells. (A and B) Wound-healing assays were performed in chordoma cells transfected with miR-100-5p

mimics or negative controls. (C and D) Transwell assays showed that migration and invasion ability of chordoma cells can be attenuated significantly by miR-100-5p mimics.

(magnification 100X). (E and F) The mRNA and protein expression levels of E-cadherin, N-cadherin, and vimentin in chordoma cells transfected with miR-100-5p mimics or negative

control weremeasured by qRT-PCR andWestern blotting separately. (G) IHC results showed thatmiR-100-5p increased the expression of E-cadherin and decreased the expression of

vimentin and N-cadherin in tumors formed by chordoma cells. All experiments were repeated three times. Data are presented as the mean ± S.D. *P < 0.05, **P < 0.01.
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prognosis.10 Zhang et al found that miR-34a and miR-608

were participated in the progression of chordoma by regulat-

ing EGFR and MET.11 Furthermore, our previous study indi-

cated that downregulated miR-16-5p could regulate the

malignant development of chordoma by targeting Smad3.4

miR-100-5p has been found aberrantly expressed in

some type of cancers, such as oral cancer, acute myeloid

leukemia, nasopharyngeal carcinoma and endometrioid

endometrial carcinoma.12–15 However, there has no research

about the expression and function of miR-100-5p in

Figure 4 Identification of IGF1R as a target of miR-100-5p. (A) Venn diagram showed the comparison of targets of miR-100-5p predicted by TargetScan, miRsearch,

starBase, and mirDIP. (B) Schematic representation of IGF1R 3ʹ-UTR containing the wild-type or mutant binding site for miR-100-5p. (C) Luciferase reporter activity

following expression after transfection (negative control and miR-100-5p mimics) in U-CH1 cells. (D) Western blot analysis of IGF1R expression in miR-100-5p-

overexpressed cells. (E) Representative IHC staining images of IGF1R expression in xenograft models. (F) Representative IHC staining images of IGF1R expression in

chordoma tissues. All experiments were repeated three times. Data are presented as the mean ± S.D. **P < 0.01.

Table 2 The Expression of IGF1R in Chordoma Tissues

Biological Characteristics n Lower Expression Higher Expression χ2 p

n % n %

Age (years)

>60 24 8 57.14 16 51.61 0.119 0.731

≤60 21 6 42.86 15 48.39

Gender

Male 32 10 71.43 22 70.97 0.001 0.975

Female 13 4 28.57 9 29.03

Relapse

Yes 16 6 42.86 10 32.26 0.473 0.492

No 29 8 57.14 21 67.74

Surrounding invasion

Yes 27 4 28.57 23 74.19 8.364 0.004

No 18 10 71.43 8 25.81
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chordoma. In our study, we found that downregulated miR-

100-5p could be a tumor suppressor gene and further

research confirmed that miR-100-5p could suppress the pro-

gression of chordoma, and IGF1R was the target gene.

IGF1R is a widely expressed transmembrane tyrosine

kinase receptor and involved in many types of solid

tumors, such as osteosarcoma, colorectal cancer, breast

cancer, and prostate cancer.16–19 Previous studies have

demonstrated that IGF-1R participated in various biologi-

cal processes of tumorigenesis and development, including

proliferation, apoptosis, migration, invasion, vasculariza-

tion, and distant metastasis.20 Our results demonstrated

that IGF1R was highly expressed in most of the chordoma

tissues and highly expressed IGF1R was correlated with

surrounding invasion. All these findings indicated that

miR-100-5p could inhibit the malignant behavior of chor-

doma cells by targeting IGF1R.

Conclusion
In summary, we identified that miR-100-5p was lowly

expressed in chordoma tissues, and miR-100-5p could

inhibit the malignant behavior of chordoma by targeting

IGF1R which provided a new insight into the molecular

mechanism of chordoma and highlight the potential of

miR-100-5p and IGF1R as new therapeutic targets.
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