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Abstract

Various studies demonstrated that bone morphogenetic proteins (BMPs) and their

antagonists contribute to the development of cancers. Chordin‐like 2 (CHRDL2) is a

member of BMP antagonists. However, the role and its relative mechanism of

CHRDL2 in osteosarcoma remains unclear. In the present study, we demonstrated

that the expression of CHRDL2 was significantly upregulated in osteosarcoma tis-

sues and cell lines compared with adjacent tissues and human normal osteoblast.

Inhibition of CHRDL2 decreased the proliferation and colony formation of osteo-

sarcoma cells in vitro, as well as the migration and invasion. CHRDL2 over-

expression induced the opposite effects. CHRDL2 can bind with BMP‐9, thus

decreasing BMP‐9 expression and the combination to its receptor protein kinase

ALK1. It was predicted that BMP‐9 regulates PI3K/AKT pathways using gene set

enrichment analysis. Inhibition of CHRDL2 decreased the activation of PI3K/AKT

pathway, while overexpression of CHRDL2 upregulated the activation. Increasing

the expression of BMP‐9 reversed the effects of CHRDL2 overexpression on the

activation of PI3K/AKT pathway, as well as the proliferation and metastasis of

osteosarcoma cells. Take together, our present study revealed that CHRDL2 up-

regulated in osteosarcoma tissues and cell lines, and promoted osteosarcoma cell

proliferation and metastasis through the BMP‐9/PI3K/AKT pathway. CHRDL2

maybe an oncogene in osteosarcoma, as well as novel biomarker for the diagnosis of

osteosarcoma.
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1 | INTRODUCTION

Osteosarcoma is the most commonly primary bone tumor type with

genetically unstable and highly malignant (Yang et al., 2016).

Osteosarcoma mainly affects children and adolescents and which is

the second leading cause of tumor‐related death of children and

adolescents (Zhao et al., 2018). In the United States, about 900 os-

teosarcoma patients are diagnosed each year. The biological char-

acteristics of osteosarcoma most generally manifested a highly rate

of transfer to lungs (Morrow & Khanna, 2015). Given the introduc-

tion of surgery and neoadjuvant chemotherapy as a primary therapy

for osteosarcoma, the 5‐year survival rate of patients without me-

tastasis has rapidly increased to nearly 80%, but since the 1970s,

there have been no reports of major survival improvements

(Thanapprapasr et al., 2017). Therefore, uncovering the molecular

mechanism of the development of osteosarcoma may help the

therapy of osteosarcoma.

Bone morphogenic proteins (BMPs), a vital secreted cytokines,

belongs to the TGF‐β family of proteins, and the abnormal expression

of them can be observed in various cancers including osteosarcoma

(Wu et al., 2016). However, the role of BMPs in cancer was con-

tradictory. Martinez et al. (2017) found that bone morphogenic

protein 4 promoted tumor progression in bladder cancer. However,

Hu et al. (2016) showed that bone morphogenic protein 6 inhibited

the metastasis of breast cancer cells via inhibiting the expression of

matrix metallopeptidase 1. Lv et al. (2013) demonstrated that BMP‐9
had potential to inhibit the proliferation and migration of osteo-

sarcoma cells. There are many factors influence the expression and

activity of BMPs, such as BMP antagonists, a class secreted protein

which can block the interaction between BMPs and their homo-

logous cell surface receptors (Bach et al., 2018). Chordin‐like
2 (CHRDL2), an antagonist of BMPs, can prevent the interaction

between BMPs and their cognate cell surface receptor (Fujisawa

et al., 2009). It has been reported that the overexpression of

CHRDL2 predict the poor prognosis of colorectal cancer (Sun et al.,

2017). However, the role of CHRDL2 in the development of osteo-

sarcoma still remained unclear.

In the current study, we explored the role and its molecular

mechanism of CHRDL2 in osteosarcoma. We demonstrated that

CHRDL2 played as onco‐gene in osteosarcoma, and promoted the

proliferation and metastasis via BMP‐9/PI3K/AKT pathway.

CHRDL2 may be a novel biomarker for the diagnosis of osteo-

sarcoma, as well as potential target for therapy.

2 | MATERIALS AND METHODS

2.1 | Clinical samples

Human osteosarcoma tissues and corresponding adjacent tissues

were obtained from maternal and child health hospital of

Guiyang. All the specimens were obtained with informed consent

for patients and were approved by the Ethics Committee of

maternal and child health hospital of Guiyang. The study was

performed in accordance with the principles embodied in the

Declaration of Helsinki.

2.2 | Real‐time quantitative polymerase chain
reaction (PCR)

Total RNA in the tissues and cells was extracted using TRIZOL reagent

(Yeasen) according to the protocol provided by manufacturer's. The

complementary DNA used to examine targeted genes were synthe-

sized using the PrimeScriptTM RT reagent kit (Yeasen). The following

primers used in our study were showed as follow: CHRDL2 forward

primer, 5’‐CTGGCACCCCTACTTGGAG‐3’, and CHRDL2 reverse

primer, 5’‐GCGGTAACAACTCACATGGG‐3’; β‐actin forward primer,

5’‐CATGTACGTTGCTATCCAGGC‐3’, and β‐actin reverse primer,

5’‐CTCCTTAATGTCACGCACGAT‐3’. The response condition was

presented as the following: One initial cycle for 30 s at 95°C, followed

by 40 cycles of 5 s at 95°C and 31 s at 60°C. β‐Actin acted as the

control and tested the relative expression of CHRDL2. Relative ex-

pression of the targeted genes was calculated via ‐2 CΔΔ t analysis.

2.3 | Immunohistochemical staining (IHC)

Osteosarcoma and adjacent tissues were fixed, dehydrated, and

embedded in paraffin (Servicebio), and then cut into 2‐µm spe-

cimens. Specimens were deparaffinized and rehydrated with

graded xylene and alcohols, respectively. After restoration by

sodium citrate and blocking using H2O2 and bovine serum albu-

min (Servicebio), the specimens were incubated with primary

anti‐CHRDL2 antibody (Cat No. ab198786; Abcam) and anti‐
BMP‐9 antibody (Cat No: ab30588; Abcam) for 16 h at 4°C.

Subsequently, the sections were immunohistochemically stained

with horseradish peroxidase‐conjugated goat anti‐rabbit anti-

bodies (Servicebio) for 2 h at room temperature. After incubation

with the Cell and Tissue Staining HRP‐DAB Kit (Servicebio), an

orthophoto light microscope was used to collect images (magni-

fication ×200 and ×400).

2.4 | Cell culture and cell transfection

Human osteosarcoma cell lines (MG63, U2OS, Saos‐2, and 143B) and

human normal osteoblast (hFOB) were purchased from Cell Bank of

the Chinese Academy of Sciences (Shanghai, China). The cell lines

including MG63, U2OS, Saos‐2, and 143B were cultured in Dulbecco's

modified Eagle's medium (DMEM; Gibco) supplemented with 10%

fetal bovine serum (FBS; Gibco) at 37°C in a humidified atmosphere

incubator containing 5% CO2, while hFOB was cultured at 34°C

(other conditions were same). The lentiviruses for BMP‐9 over-

expression (Lv‐BMP‐9), CHRDL2 overexpression (Lv‐CHRDL2) and

the corresponding negative control were obtained from Sangon.
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Lentiviral of shRNA against CHRDL2 (sh‐CHRDL2) and scramble

control (sh‐scramble) was obtained from Genechem. The sequence of

sh‐CHRDL2 was AAGTCAGGAAGCAAGACTT. To obtaining stably

transfected cell line, osteosarcoma cells were treated with 0.5 μg/ml

puromycin (Selleck) for 2 weeks after 48 h transfection.

2.5 | Western bolt

Cells were collected and lysed using a RIPA buffer (Boster

Biological Technology) containing protease inhibitor cocktail and

PMSF (Boster Biological Technology). After centrifugation

(12,500 rpm/15 min), separate proteins were collected from cel-

lular debris. Bicinchoninic acid method was used to determine

the protein concentration. Proteins (30 μg) were separated under

90 V by voltage via the 10% sodium dodecyl sulfate poly-

acrylamide gel electrophoresis and transferred onto the poly-

vinylidene difluoride membrane (Millipore). After blocking the

membranes with TBST containing 5% skim milk for 2 h at room

temperature, the membranes were incubated with primary anti‐
CHRDL2, anti‐BMP‐9, BMP‐7 (Cat No: ab269586; Abcam), BMP‐
4 (Cat No: ab124715; Abcam), BMP‐2 (Cat No: ab276041;

Abcam), ALK1 (Cat No: 14745‐1‐AP; Proteintech), anti‐PI3K
(Cat No: 60225‐1‐Ig; Proteintech), anti‐p‐PI3K (Cat No: 17366;

Cell Signaling Technology), anti‐AKT (Cat No: 10176‐2‐AP;
Proteintech), anti‐p‐AKT (Cat No: 66444‐1‐Ig; Proteintech),

anti‐MMP‐9 (Cat No: 10375‐2‐AP; Proteintech) antibodies (all

1:1000 dilution) overnight at 4°C. After washing with TBST three

times, the membranes were incubated with the secondary

antibody (dilution 1:3000) for 2 h at room temperature. Finally,

the signals were detected by the Photoshop Image Analysis

software CS3 (Adobe Systems).

2.6 | Cell counting kit‐8 (CCK‐8) assay

Osteosarcoma cells (3 × 103cells/well) were placed into 96‐well

plates and cultured at 37°C in a humidified atmosphere incubator

containing 5% CO2. Then, in 0 h (cell adherence), 24, 48, and 72 h, a

total of 10 µl of CCK8 reagent was added into each well maintaining

2 h and was measured by a spectrophotometer (Bio‐Rad Labora-

tories Inc.) at a wavelength of 450 nm.

2.7 | Colony formation

Osteosarcoma cells were seeded onto six‐well plates (1 × 103

cells/well; dish diameter = 6 cm) and maintained for 14 days.

Then, the colonies were fixed with 4% paraformaldehyde for

30 min and stained with 0.1% crystal violet for 30 min. After

washing residual crystal violet solution, the colonies (>10 mm2)

were counted.

2.8 | Wound healing assay

Osteosarcoma cells were seeded on the six‐well plate and cultured at

37°C. While the convergence degree of cells was >95%, a 20 μl

sterilized tip was used to create a wound. After washing the floating

cells, the medium was replaced with the free‐FBS DMEM medium.

Cells were then photographed in 0 and 24 h. The percentage of the

wound healing at 24 h compared with 0 h was measured using Image

Pro Plus software.

2.9 | Transwell assay

Total 100 μl of matrigel (Millipore) was in each transwell chamber

(Millipore) before use. After 2 h, 1 × l04 osteosarcoma cells were

placed in the upper chambers, while DMEM medium contained 10%

FBS was added in the lower chambers. At 24 h, chambers were fixed

and stained with 0.1% crystal violet solution for 10min. After re-

moving cells which retained in the upper chambers, five random

fields of each chamber were photographed under an inverted light

microscope (Olympus).

2.10 | Immunoprecipitation

Total protein in cells was dissolved using mild RIPA solution (Boster)

and then collected via centrifuge at 4°C. Sixty microliters protein was

added into 1.5 ml centrifuge tubes, and then incubated with 3 µg

antibodies against CHRDL2, ALK1, and IgG at 4°C overnight, re-

spectively. For each sample, 30 μl Protein A/G Plus‐Agarose (MCE)

was injected to form immunocomplex. After 6 h. the agarose beads

were collected and washed by 1ml phosphate‐buffered saline for

five times to remove free antibodies and proteins. Then, agarose

beads were mixed with ×2 loading buffer and boiled at 100°C for

5min. Finally, the proteins were used to perform western blot to

detect the expression of CHRDL2, ALK1, BMP‐2, BMP‐4, BMP‐7,
and BMP‐9.

2.11 | Gene set enrichment analysis (GSEA)

To predicting the pathways regulated by CHRDL2 in osteosarcoma,

GSEA was performed. Gene expressed‐profile GSE99671 and

GSE87624 were downloaded from Gene Expression Omnibus data-

base (https://www.ncbi.nlm.nih.gov/gds/). After annotation of probe

and standardization of data, the osteosarcoma tissues in these two

profiles were divided into high and low expression group according the

medium expression of CHRDL2. Then, GSEA software (UC San Diego

and Broad Institute, https://www.gsea-msigdb.org/gsea/index.jsp) was

used to analyze the pathways enriched in high CHRDL2 expression

group tissues. p < .05 was set as cut‐off to consider pathways

significantly enriched in.
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2.12 | Statistical analysis

All statistical analyses in our present study were performed by

GraphPad Prism 6.0 tool. Statistical significance of differences be-

tween two groups using Student's t test, while analysis of multi-

groups was performed by one‐way analysis of variance and LSD‐t
test. p < .05 was considered statistically significant.

3 | RESULTS

3.1 | CHRDL2 was upregulated in osteosarcoma
tissues and cell lines

The expression of CHRDL2 in osteosarcoma (N = 25) and corre-

sponding adjacent normal tissues (N = 25) was detected using

quantitative reverse transcription PCR (qRT‐PCR) method. Results

showed that the messenger RNA (mRNA) level of CHRDL2 was in-

creased in osteosarcoma tissues compared with adjacent tissues

(p < .05, Figure 1a). Similarly, results of IHC demonstrated that the

protein level of CHRDL2 was upregulated in osteosarcoma tissues

compared with adjacent tissues (Figure 1b). Then, qRT‐PCR and

western blot were used to detect the expression of CHRDL2 in

osteosarcoma cell lines and osteoblast. Results showed that both the

mRNA and protein level of CHRDL2 was increased in MG63, Saos‐2,
U2OS, and 143B osteosarcoma cells compared with osteoblast hFOB

(all p < .05, Figure 1c,d).

3.2 | Inhibition of CHRDL2 suppressed the
proliferation and metastasis of osteosarcoma cells

Lentiviral of shRNA against CHRDL2 (sh‐CHRDL2) was used to

construct stably lowly expressed CHRDL2 cell lines. Results of

qRT‐PCR and western blot showed that sh‐CHRDL2 significantly

decreased the expression of CHRDL2 in MG63 and 143B cells

(all p < .05, Figure 2a,b). CCK‐8 assay was performed to detect the

effect of CHRDL2 inhibition on the proliferation of MG63 and 143B

cells. The results indicated that inhibition of CHRDL2 obviously de-

creased the proliferation of MG63 and 143B cells (all p < .05,

Figure 2c). Similarly, colony formation assays demonstrated that in-

hibition of CHRDL2 decreased the colony number of MG63 and

143B cells (all p < .05, Figure 2d). Furthermore, would healing assay

and transwell assay revealed that suppression of CHRDL2 sig-

nificantly reduced the migration and invasion of MG63 and 143B

cells (all p < .05, Figure 2e,f).

F IGURE 1 CHRDL2 was highly expressed in osteosarcoma tissues and cell lines. (a) qRT‐PCR was used to detected the expression of
CHRDL2 in osteosarcoma tissues (n = 25) and adjacent tissues (n = 25). (b) Immunohistochemistry was used to detect the expression of
CHRDL2 in osteosarcoma tissues and adjacent tissues (magnification ×200. (c) qRT‐PCR was used to detected the mRNA levels of CHRDL2 in
normal osteoblast hFOB cells and osteosarcoma cell lines MG63, U2OS, Saos‐2, and 143B. (d) Western blot was used to detected the protein
levels of CHRDL2 in normal osteoblast hFOB cells and osteosarcoma cell lines MG63, U2OS, Saos‐2, and 143B. *p < .05; **p < .01. CHRDL2,
chordin‐like 2; mRNA, messenger RNA; qRT‐PCR, quantitative reverse transcription polymerase chain reaction
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3.3 | Overexpression of CHRDL2 promoted the
proliferation and metastasis of osteosarcoma cells

CHRDL2 overexpression lentiviral (Lv‐CHRDL2) was used to con-

struct stably highly expressed CHRDL2 cell lines. Results of qRT‐PCR
and western blot showed that the expression of CHRDL2 in

Lv‐CHRDL2 group was significantly increased in Saos2 and U2OS cells

(all p < .05, Figure 3a,b). CCK‐8 and colony formation assays showed

that overexpression of CHRDL2 significantly increased the prolifera-

tion and colony formation of Saos2 and U2OS cells (all p < .05,

Figure 3c,d). Wound healing assay and transwell assays indicated that

the migration and invasion of Saos2 and U2OS cells was higher in

Lv‐CHRDL2 compared control group (all p < .05, Figure 3e,f).

3.4 | CHRDL2 blocked BMP‐9 and regulated
PI3K/AKT pathway

CHRDL2 was a antagonist of BMPs, which can bind with BMPs and

blocked them to interact with corresponding cognate cell surface re-

ceptor (Fujisawa et al, 2009). Therefore, we then determined whether

CHRDL2 had potential to block BMPs in osteosarcoma. Results of im-

munoprecipitation revealed that CHRDL2 bind with BMP‐9, but no

BMP‐7, BMP‐4, and BMP‐2 (Figure 4a). Inhibition of CHRDL2 increased

the expression of BMP‐9, while overexpression of CHRDL2 decreased its

expression (Figure 4b,c). Moreover, we found that inhibition of CHRDL2

increased the combination of BMP‐9 to its receptor ALK1 (Figure 4d). In

addition, we found that BMP‐9 was lowly expressed in osteosarcoma

F IGURE 2 Inhibition of CHRDL2 decreased osteosarcoma cell proliferation and mobility. (a) The efficiency of targeted CHRDL2 short
hairpin RNA (sh‐CHRDL2) was detected by PCR. (b) The efficiency of sh‐CHRDL2 was detected by western blot. (c) CCK8 assays were
performed to detect the effects of CHRDL2 inhibition on osteosarcoma cell proliferation. (d) Colony formation assays were performed the he
effect of CHRDL2 inhibition on osteosarcoma cell colony formation. (e) Wound healing assay was used to detect the effects of CHRDL2
inhibition on osteosarcoma cell migration. (f) Transwell assay was used to detect the effects of CHRDL2 inhibition on osteosarcoma cell

invasion. *p < .05; **p < .01. CCK‐8, cell counting kit‐8; CHRDL2, chordin‐like 2; PCR, qRT‐PCR, polymerase chain reaction
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tissues while CHRDL2 was overexpressed (Figure 4e). As the previous

study indicated that BMP‐9 can bind with ALK1 and inhibit PI3K/AKT

pathway (Song et al., 2019), we then determine whether CHRDL2 had a

relationship with PI3K/AKT pathway. GSEA performed in gene expres-

sion of GSE99671 and GSE87624 both showed that CHRDL2 had po-

tential to regulate PI3K/AKT pathway (Figure 4f). Similarly, we found

that inhibition of CHRDL2 significantly decreased the expression p‐PI3K,
p‐AKT, and MMP‐9, while overexpression of CHRDL2 induced the op-

posite effects (all p< .05, Figure 4g,h).

3.5 | Overexpression of BMP‐9 reversed the
effects of CHRDL2 in osteosarcoma

To determine whether overexpression of BMP‐9 can block the effects

of CHRDL2 in osteosarcoma, we then overexpression of BMP‐9 in

CHRDL2 overexpressed cells. Results showed that overexpression of

BMP‐9 blocked the stimulative effects of CHRDL2 on the expression of

p‐PI3K, p‐AKT, and MMP‐9 (all p < .05, Figure 5a). Similarly, CCK‐8 and

colony formation assay showed that overexpression of BMP‐9 reversed

the stimulative effects of CHRDL2 overexpression on the proliferation

and colony formation of U2OS and Saos2 cells (all p < .05, Figure 5b,c).

Furthermore, wound healing assay and transwell assay showed that

overexpression of BMP‐9 in U2OS and Saos2cells decreased the sti-

mulative effects of CHRDL2 overexpression on the migration and in-

vasion (all p < .05, Figure 5d,e).

4 | DISCUSSION

BMPs and their antagonists are multifunctional cytokines which in-

volved in various biology function of cells including growth, differ-

entiation, and mobility (Chen et al., 2020). Dysregulation of BMPs

F IGURE 3 Overexpression of CHRDL2 promoted osteosarcoma cell proliferation and mobility. (a) The efficiency of CHRDL2 overexpressed
lentivirus (lv‐CHRDL2) was detected by PCR. (b) The efficiency of lv‐CHRDL2 was detected by western blot. (c) CCK8 assays were performed
to detect the effects of CHRDL2 overexpression on osteosarcoma cell proliferation. (d) Colony formation assays were performed to detect the
effects of CHRDL2 overexpression on osteosarcoma cell colony formation. (e) Wound healing assay was used to detect the effects of CHRDL2
overexpression on osteosarcoma cell migration. (f) Transwell assay was used to detect the effects of CHRDL2 overexpression on osteosarcoma
cell invasion. *p < .05; **p < .01. CCK‐8, cell counting kit‐8; CHRDL2, chordin‐like 2; PCR, qRT‐PCR, polymerase chain reaction

628 | CCell ell BBiologyiology
    IInternationalnternational

CHEN ET AL.



and their antagonists has been proved to be one of the obvious

biomarkers in osteosarcoma, and detection of the expression of

BMPs and their antagonists in osteosarcoma has been demonstrated

in several research (Gobbi et al., 2002; Nguyen et al., 2014). In the

present study, we determined the role and molecular mechanism of

CHRDL2, a antagonist of BMPs, in osteosarcoma. We found that

CHRDL2 was upregulated in osteosarcoma tissues and cells com-

pared with adjacent tissues and human normal osteoblast. Similarly,

we demonstrated that suppression of CHRDL2 inhibited the pro-

liferation, colony formation and mobility of osteosarcoma, while

overexpression of CHRDL2 had opposite effects. This is the first

evidence we provided that CHRDL2 may play as oncogene in

osteosarcoma.

The effects of BMPs were contradictory in osteosarcoma. For

example, BMP‐12 had positive effects to promote the prolifera-

tion of osteosarcoma cells through increasing the expression of

alkaline phosphatase (Furuya et al., 1999). Increasing the ex-

pression of BMP‐7 indicated the enhanced proliferation and mi-

gration of osteosarcoma cells (Jiang et al., 2017). However,

BMP‐4 which regulated by LIM homeobox 9 inhibited the

F IGURE 4 CHRDL2 blocked BMP‐9 and regulated PI3K/AKT pathway. (a) Immunoprecipitation demonstrated the binding between BMP‐9,
BMP‐7, BMP‐4, BMP‐2, and CHRDL2. (b,c) Western blot was used to detect the expression of BMP‐9 while CHRDL2 was overexpressed or

inhibited. (d) Immunoprecipitation was performed to detect the combination between BMP‐9 and ALK1 while CHRDL2 was inhibited.
(e) Immumohistochemical staining was used to detect the expression relationship between CHRDL2 and BMP‐9 in osteosarcoma tissues
(magnification ×400). (f) GSEA analysis showed CHRDL2 had potential to regulate PI3K/AKT pathway according to the gene expression profile
GSE87624 and GSE99671. (g) Western blot was used to detect the expression of PI3K, p‐PI3K, AKT, p‐AKT, and MMP‐9 while CHRDL2 was
inhibited. (h) Western blot was used to detect the expression of PI3K, p‐PI3K, AKT, p‐AKT, and MMP‐9 while CHRDL2 was overexpressed.
BMP‐9, bone morphogenetic protein 9; CHRDL2, chordin‐like 2; GSEA, gene set enrichment analysis
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development of osteosarcoma (Li et al., 2019). BMP‐2 had

potential to inhibit the stemness of osteosarcoma cells

(Wang et al., 2011). Overexpression of BMP‐9 decreased the

proliferation and migration of osteosarcoma via decreasing the

activity of PI3K/AKT pathway (Li et al., 2012). BMP antagonists

had opposite effect with the BMPs. In the present study, we

found that CHRDL2 bind with BMP‐9 and decreased its expres-

sion. Therefore, we speculated that CHRDL2 promoted osteo-

sarcoma cells proliferation and metastasis via blocking BMP‐9.

PI3K/AKT pathway is vital pathway regulating a series of biology

function of cells, including proliferation, differentiation, and migra-

tion (Jiang et al., 2020). In osteosarcoma, the change in expression

levels and activity of proteins involved in the PI3K/AKT pathway

were most common. Dysregulated PI3K/AKT pathway promoted

osteosarcoma cells proliferation, metastasis, and drug resistance

(Zhang et al., 2015). Various onco‐genes had been demonstrated to

regulate the PI3K/AKT in osteosarcoma (Cohen‐Solal et al., 2015,

Meng et al., 2020). Present study indicated that BMP‐9 combined to

F IGURE 5 Overexpressed BMP‐9 reversed the effects of CHRDL2 overexpression on regulating PI3K/AKT pathway, proliferation and
mobility. (a) Western blot was used to detect the expression of PI3K, p‐PI3K, AKT, p‐AKT, and MMP‐9 while BMP‐9 was overexpressed in
CHRDL2 overexpression cells. (b) CCK‐8 was used to detect the proliferation while BMP‐9 was overexpressed in CHRDL2 overexpression cells.
(c) Colony formation assay was used to detect the colony formation while BMP‐9 was overexpressed in CHRDL2 overexpression cells. (d,e)
Wound healing assay and transwell assay were used to determine the mobility while BMP‐9 was overexpressed in CHRDL2 overexpression
cells. *p < .05; **p < .01. BMP‐9, bone morphogenetic protein 9; CHRDL2, chordin‐like 2; GSEA, gene set enrichment analysis
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receptor ALK1, which had potential to inhibit the activity of PI3K/

AKT pathway. We then determine the relationship between

CHRDL2, BMP‐9, and PI3K/AKT pathway in the present study. We

found that inhibition of CHRDL2 increased the combination of

CHRDL2 to ALK1. Through GSEA, CHRDL2 was predicted to reg-

ulate PI3K/AKT pathway. Suppression of CHRDL2 decreased the

activity of PI3K/AKT pathway, while overexpression of CHRDL2

increased the activity. Overexpression of BMP‐9 reversed the effect

of CHRDL2 on regulating the activity of PI3K/AKT, as well as pro-

liferation and metastasis of osteosarcoma.

In conclusion, our present study demonstrated that CHRDL2

was upregulated in osteosarcoma, which promoting the proliferation

and metastasis via regulating BMP‐9/PI3K/AKT pathway. CHRDL2

may be a novel biomarker for diagnosis of biomarker, as well clinical

targets for therapy.
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