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Abstract
Objective  Osteosarcoma (OS) is a highly invasive bone tumor that frequently metastasizes to the lungs. This study 
aims to investigate the role of the Id-1 gene in OS invasion and metastasis, and its relationship with the Snail gene.

Methods  This study included tissue samples from 12 non-metastatic osteosarcomas and 9 metastatic osteosarcoma 
patients to examine the expression of Id-1 and Snail using RT-qPCR and analyze their correlation. In cell-based 
experiments, four osteosarcoma cell lines (Saos-2, U2OS, MG-63, and 143B) and the human osteoblast cell line hFOB 
1.19 were cultured. The expression of Id-1 and Snail was evaluated by RT-qPCR and Western blotting.Cells were 
randomly divided into the Control group, sh-NC group, and sh-Id-1 group using lentiviral infection. Transwell invasion 
and scratch assays were used to assess cell migration and invasion. WB was employed to detect the expression of 
Id-1, Snail, and epithelial-mesenchymal transition (EMT)-related proteins (E-cadherin, vimentin, and N-cadherin) in 
the OS cells of each group. In animal experiments, Tumor formation in each group was evaluated by injecting cells 
subcutaneously into mice. An osteosarcoma lung metastasis model was established by injecting infected cells into 
the tibia of mice. Tumor growth and lung metastasis were observed using HE staining. The expression of Id-1, Snail, 
and EMT-related proteins in osteosarcoma and lung tissues from each group of mice was assessed using Western blot 
and immunohistochemistry.

Results  The expression of Id-1 and Snail was significantly higher in osteosarcoma tissues than in normal bone tissues, 
and the expression of Id-1 was positively correlated with that of Snail. In cell experiments, downregulation of Id-1 
reduced Snail expression and significantly inhibited EMT, as well as the migration and invasion of OS cells (P < 0.05). 
In animal experiments, compared to the Control group, the sh-Id-1 group mice was no significant change in body 
weight, but the tumor volume was significantly reduced, and fewer lung metastatic nodules (P < 0.05). HE staining 
indicated decreased nuclear atypia, reduced invasion and destruction, fewer new blood vessels, and less calcification 
in the sh-Id-1 group tumors. Immunohistochemistry and WB results showed upregulation of E-cadherin and 
downregulation of vimentin, N-cadherin, Id-1, and Snail in the sh-Id-1 group (P < 0.05).
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Introduction
Osteosarcoma (OS) is a highly malignant bone tumor 
and the most common type of bone cancer [1]. It poses 
significant threats to patients, severely affecting limb 
function and quality of life [2]. OS predominantly occurs 
in adolescents and is characterized by high invasiveness 
and a propensity for distant metastasis, particularly to 
the lungs [3]. Despite recent improvements in patient 
prognosis through combined chemotherapy and surgi-
cal treatments, the high recurrence and metastasis rates 
of OS still result in poor outcomes [4]. The five-year sur-
vival rate for patients with metastatic or recurrent dis-
ease remains below 30% [5]. Therefore, understanding 
the molecular mechanisms underlying OS metastasis is a 
crucial focus in OS research, with significant implications 
for preventing and treating OS invasion and metastasis, 
and for improving survival rates.

Research has confirmed that epithelial-mesenchymal 
transition (EMT) of cancer cells is a key initial step in 
their recurrence and metastasis [6, 7]. During this transi-
tion, cancer cells lose their epithelial characteristics and 
gain mesenchymal traits, which enhance their invasive-
ness and migratory capabilities [8]. However, the intricate 
signaling pathways involved in this process in OS remain 
unclear. Inhibitor of differentiation protein 1 (Id-1) is an 
important transcriptional regulator that influences cell 
proliferation, differentiation, and apoptosis [9–11]. Previ-
ous studies have shown that Id-1 is highly expressed in 
various tumors and is closely associated with tumor inva-
sion and metastasis [12]. Research by Luo et al. Demon-
strated that the Id-1 gene affects the expression of EMT 
markers in tongue squamous cell carcinoma (TSCC) cells 
[13]. Zinc finger transcription factor (Snail), a key tran-
scription factor promoting the EMT process, facilitates 
cancer cell migration and invasion by downregulating 
E-cadherin and upregulating mesenchymal markers such 
as vimentin and N-cadherin [14, 15]. However, the spe-
cific roles and interactions of Id-1 and Snail in OS remain 
unclear.

This study aims to explore the role of Id-1 in OS inva-
sion and metastasis and its relationship with the Snail 
gene. Through these investigations, we hope to elucidate 
the specific mechanisms of Id-1 in OS, providing new 
insights and theoretical bases for the prevention and tar-
geted treatment of OS.

Methods
Reagents
Mammalian shRNA interference lentiviral vec-
tor (VB010000, VectorBuilder, Guangzhou, China); 
Fetal Bovine Serum (FBS, F0193, Merck, Darm-
stadt, Germany); Penicillin-Streptomycin (TMS-AB2, 
Merck, Darmstadt, Germany); Dulbecco’s Modified 
Eagle Medium/Nutrient Mixture F-12 (DMEM/12F) 
(12634028, ThermoFisher, Waltham, MA, USA); Mini-
mum Essential Medium (MEM, PM150410, Procell, 
Wuhan, China); McCoy’s 5  A (Modified) medium 
(16600082, ThermoFisher, Waltham, MA, USA); Tryp-
sin solution (T4299, Merck, Darmstadt, Germany); 4% 
Paraformaldehyde Fixative (P0099, Beyotime, Shanghai, 
China); Crystal Violet (32675, Merck, Darmstadt, Ger-
many); Phosphate Buffer Saline (PBS, 10010001, Ther-
moFisher, Waltham, MA, USA); Pentasorbital Sodium 
(P3761, Merck, Darmstadt, Germany); Hematoxylin 
Eosin (HE) Staining Kit (C0105S, Beyotime, Shanghai, 
China); 10% Bovine Serum Albumin (BSA, V900933, 
Merck, Darmstadt, Germany); Diaminobenzidine (DAB, 
D5905, Merck, Shanghai, China); RIPA Lysis Buffer 
(P0013B, Beyotime, Shanghai, China); BCA Protein 
Quantification Kit (P0009, Beyotime, Shanghai, China); 
Polyacrylamide Gel (SDS-PAGE, NP0007, ThermoFisher, 
Waltham, MA, USA); Polyvinylidene Fluoride (PVDF) 
Membrane (FFP70, Beyotime, Shanghai, China); Tris 
Buffered Saline with Tween-20 (TBST) Solution (786–
1742, G-biosciences, Shanghai, China); BeyoECL Star 
(P0018S, Beyotime, Shanghai, China); RNA Extraction 
Kit (RC112-01, Vazyme, Nanjing, China); PrimeScript™ 
RT reagent Kit (RR037Q, Takara, Kyoto, Japan); Hieff® 
qPCR SYBR Green Master Mix (11201ES03, yeasen, 
Shanghai, China).

Clinical experiment
This study included 21 surgical resection samples, com-
prising 12 non-metastatic OS tissue samples and 9 lung 
metastatic OS tissue samples, from patients treated at 
our hospital between February 2021 and August 2023. 
All patients provided informed consent, and the study 
was conducted under the supervision of the Ethics Com-
mittee of Yingtan People’s Hospital (YT2024101). Quan-
titative reverse transcription PCR (RT-qPCR) was used 
to detect the mRNA expression levels of Id-1 and Snail 
in non-metastatic and lung metastatic OS samples, and 
the correlation between Id-1 and Snail expression in lung 
metastatic OS was analyzed.

Conclusion  Downregulation of Id-1 inhibits the EMT process by reducing Snail expression, effectively suppressing 
the growth, invasion, and lung metastasis of OS.
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Cell culture and treatment
Saos-2 (CL0271), MG-63 (CL0217), 143B (CL0441) OS 
cell lines, and human osteoblast cell line (hFOB 1.19, 
CL0140) were procured from fenghbio (Changsha, 
China). OS cell line U2OS (SNL-054) were procured 
from sunncell (Wuhan, China). The cells were cultured 
in an appropriate medium containing 10% fetal bovine 
serum and 1% penicillin-streptomycin. Saos-2 and U2OS 
cells were cultured in McCOY’s 5 A medium. MG-63 and 
143B cells were cultured in MEM medium. hFOB 1.19 
cells were cultured in DMEM/F12 medium. The cells 
were incubated in a humidified environment at 37  °C 
with 5% CO2.

Constructing cells with stable gene transfection
The shRNA targeting Id-1 (sh-Id-1) and the negative 
control for lentivirus infection (sh-NC) were purchased 
from Vectorbuilder (Guangzhou, China) (Vector Name: 
pLV[shRNA]-Neo-U6 > hID1[shRNA#1]). Human osteo-
sarcoma cell line MG-63 was inoculated into culture 
dishes and lentiviral infection was performed when the 
cells reached 60% fusion. sh-Id-1 (1, 2, 3#) and sh-NC 
were transfected into MG-63 cells, and the target 
sequences are shown in Table 1. After 48 h of infection, 
stable infected cells were screened by adding neomycin, 
and the success of gene expression changes was con-
firmed by RT-qPCR analysis.

Cell scratch assay
Each group of MG-63 was seeded at 2 × 10^4 cells/well in 
24-well plates and cultured to confluence. The medium 
was aspirated, and cells were scratched with a 10 µL 
pipette tip. Cells were washed with PBS and incubated in 
a humidified environment at 37 °C with 5% CO2. Scratch 
images were taken at 0 and 24 h using a phase-contrast 
microscope with a built-in digital camera. The wound 
healing rate was calculated using ImageJ software to ana-
lyze the scratch area. The wound healing rate was deter-
mined by the formula:

	

Wound healing rate =
Initial scratch area − Scratch area at 24 hours

Initial scratch area
× 100

Transwell assay
Cell invasion was measured using the QCM™ Cell Inva-
sion Assay Kit (ECM551, Merck, Shanghai, China) 
according to the manufacturer’s instructions. Cells from 

each group were plated in the upper chamber of a mem-
brane coated with polymerized collagen. The medium in 
the upper chamber contains low-serum concentration. 
Complete medium was placed in the lower chamber. 
After incubation at 37 °C for 24 h, cells that had invaded 
to the lower surface of the membrane were extracted and 
counted using a standard microplate reader (at 560 nm). 
Data are presented as the percentage of invasion relative 
to the control group.

Animal experiments
Thirty-six Specific Pathogen-Free (SPF) 6-week-old 
male BALB/c nude mice (17–21 g) were purchased from 
Hunan Slake Kingda Laboratory Animal Co., Ltd. (Pro-
duction License No.: SCXK [Hunan] 2016-0002). Mice 
were acclimatized for seven days in a suitable environ-
ment (18–26  °C temperature, 40–70% relative humidity, 
12-hour light/dark cycle, free access to food and water) 
before the experiment. This study strictly adhered to the 
3R principle and was approved by the Animal Committee 
of Yingtan People’s Hospital (Ethics No.YT202413).

Eighteen mice were randomized into three groups 
(n = 6): Control, sh-NC, and sh-Id-1. The tumorigenic 
ability of OS cells was analyzed by constructing a sub-
cutaneous tumor model. The stable infected cell lines 
from each group were resuspended in PBS, and the cell 
concentration was adjusted to 1 × 10⁷ cells/mL. The cell 
suspension (100 µL per mouse) was then subcutaneously 
injected into the mice. Mice were weighed once a week, 
and tumor volume was measured by calculating the long 
(L) and short (W) diameters. Tumor volume ( V = L× W2

2

). When the tumor volume in the Control group reached 
1000  mm^3, at week four, All mice were euthanized 
by intraperitoneal injection of pentobarbital sodium 
(150 mg/kg)., and collecting tumor tissue.

Eighteen mice were randomized into three groups 
(n = 6): Control, sh-NC, and sh-Id-1. Construction of 
an OS lung metastasis model by injecting OS cells into 
mouse tibiae. Mice were anesthetized with sodium pen-
tasorbital (30  mg/kg) via intramuscular injection. After 
the mice lost their pain response, a 1  cm longitudinal 
incision was made at the proximal end of the right tibia 
under a surgical microscope (8× magnification). The 
skin was incised to expose the proximal tibia, and a 1 mL 
syringe was used to penetrate the bone cavity. A mouse 
osteosarcoma lung metastasis model was constructed 
by injecting 5 µL of stably infected cells (2 × 10^6 cells/5 
µL) from each group into the tibia of mice. The skin was 
closed with 5 − 0 surgical sutures. The entire procedure 
was performed in a sterile environment [16]. The mice 
were euthanized, and lung tissues were collected in the 
fifth week. Lung metastasis nodules on the surface were 
counted visually.

Table 1  The target sequences of shRNAs
shRNA ID Target sequence
sh-Id-1 1# ​C​T​T​C​G​G​G​C​T​T​C​C​A​C​C​T​C​A​T​T​T
sh-Id-1 2# ​T​T​C​C​A​C​T​C​G​T​G​T​G​T​T​T​C​T​A​T​T
sh-Id-1 3# ​C​G​T​T​T​G​G​T​G​C​T​T​C​T​C​A​G​A​T​T​T
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HE staining
Mouse tissues were fixed in 10% formalin for 24  h. The 
fixed tissue samples were then dehydrated and cleared 
through graded ethanol and xylene, followed by embed-
ding in paraffin. The paraffin-embedded tissues were 
sectioned into 5 μm thick slices using a microtome. The 
paraffin sections were deparaffinized in xylene and rehy-
drated through graded ethanol to water, then stained 
with hematoxylin and eosin. After staining, the sections 
were dehydrated and cleared again using graded ethanol 
and xylene. Finally, it was observed under a light micro-
scope after sealing the film by resin.

Immunohistochemistry
Paraffin sections of lung tissue from mice with lung 
metastasis were baked at 55 °C for 30 min in a constant 
temperature oven, followed by deparaffinization in xylene 
and a graded ethanol series. Endogenous peroxidase was 
eliminated by treatment with a 3% hydrogen peroxide 
solution. The sections were then sealed in 10% BSA for 
1 h. Subsequently, the sections were incubated with spe-
cific primary antibodies against Id-1 (1:100, ab230679, 
abcam, Cambridge, England), Snail (1:100, A5243, 
ABclonal, Wuhan, China), E-cadherin (1:100, A3044, 
ABclonal, Wuhan, China), vimentin (1:1000, A19607, 
ABclonal, Wuhan, China), and N-cadherin (1:100, A3045, 
ABclonal, Wuhan, China) at 4 °C overnight, followed by 
incubation with HRP-conjugated secondary antibodies 
(1:10,000, 31460, ThermoFisher, Waltham, MA, USA) at 
room temperature for 30 min. DAB was used for chromo-
genic staining, followed by counterstaining with hema-
toxylin. Imaging was performed using a digital confocal 
microscope (STELLARIS 8, Leica, Wetzlar, Germany).

WB
Total protein was extracted from tissue and cells using 
RIPA lysis buffer. The protein concentration was deter-
mined using a BCA protein quantification kit. Sub-
sequently, the protein samples were loaded onto an 
SDS-PAGE gel for electrophoretic separation. The sepa-
rated proteins were transferred to a PVDF membrane, 
which was subsequently blocked with 5% non-fat milk. 
The membrane was incubated overnight at 4 °C with pri-
mary antibodies against Id-1 (1:500, A8432, ABclonal, 
Wuhan, China), Snail (1:1000, A5243, ABclonal, Wuhan, 

China), E-cadherin (1:1000, A24874, ABclonal, Wuhan, 
China), vimentin (1:20,000, A19607, ABclonal, Wuhan, 
China), N-cadherin (1:1000, A3045, ABclonal, Wuhan, 
China) and GAPDH (1:50000, A19056, ABclonal, Wuhan, 
China). This was followed by incubation with HRP-con-
jugated secondary antibodies at room temperature for 
2 h. The membrane was washed with TBST solution for 
5 min, and bands were detected using BeyoECL Star for 
30 s. Band intensity was analyzed using ImageJ software 
(V1.8.0.112, NIH, Madison, WI, USA). GAPDH was used 
as an internal reference for quantitative analysis.

RT-qPCR
Total RNA was extracted from homogenized tissue or 
cells using an RNA extraction kit according to the manu-
facturer’s instructions. Suitable RNA was then reverse-
transcribed to obtain cDNA, which was subjected to 
PCR reactions according to the instructions provided. 
The relative expression levels of target genes were ana-
lyzed using the comparative threshold method (2−ΔΔCt 
method). The design of PCR primers is listed in Table 2. 
GAPDH was used as an internal reference for quantita-
tive analysis.

Statistical analysis
Statistical analysis was performed using Prism 9 software 
and data are expressed as mean ± standard deviation. 
Correlation analysis was performed using Pearson’s cor-
relation analysis. Differences between groups were ana-
lyzed by t-test, and comparisons involving three or more 
groups were analyzed by one-way ANOVA and two-way 
ANOVA, followed by Tukey’s post hoc test. p-values less 
than 0.05 were considered statistically significant.

Results
Id-1 is highly expressed in metastatic osteosarcoma
To investigate the expression of Id-1 in osteosarcoma, we 
assessed Id-1 levels in 12 cases of non-metastatic osteo-
sarcoma tissues and 9 cases of metastatic osteosarcoma 
tissues. As shown in Fig.  1A, RT-qPCR results revealed 
that Id-1 expression was significantly higher in meta-
static osteosarcoma tissues compared to Non-metastatic 
tissues (P < 0.0001). Subsequently, we further validated 
these findings in cell experiments, which demonstrated 
that both mRNA and protein levels of Id-1 were mark-
edly elevated in osteosarcoma cells compared to normal 
osteoblasts (Fig. 1B, C) (P < 0.05).

Snail is highly expressed in OS and is significantly 
correlated with the expression of Id-1
Based on the higher expression of Id-1 in metastatic 
osteosarcoma, we hypothesized that Id-1 may be associ-
ated with osteosarcoma metastasis. Snail is a key tran-
scription factor regulating cellular EMT, and studies 

Table 2  Primer sequences
Gene direction Sequence (5’-3’)
Id-1 F ​A​A​A​C​G​T​G​C​T​G​C​T​C​T​A​C​G​A​C​A

R ​G​G​A​A​C​G​C​A​T​G​C​C​G​C​C​T
Snail F ​C​G​A​G​T​G​G​T​T​C​T​T​C​T​G​C​G​C​T​A

R ​G​G​G​C​T​G​C​T​G​G​A​A​G​G​T​A​A​A​C​T
GAPDH F ​A​A​T​G​G​G​C​A​G​C​C​G​T​T​A​G​G​A​A​A

R ​G​C​G​C​C​C​A​A​T​A​C​G​A​C​C​A​A​A​T​C
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have shown that Snail is closely associated with cancer 
migration and invasion [17]. Therefore, we hypothesize 
that Id-1 may affect the migration and invasion of osteo-
sarcoma by influencing the expression of Snail. We ana-
lyzed the correlation between Id-1 and Snail in sarcoma 
using GEPIA (http://​gepia.c​ancer-p​ku.c​n/detail.php), 
and the results revealed a significant correlation between 
the two (Fig. 2A) (P < 0.05, r = 0.42). We further examined 
Snail expression in 12 non-metastatic and 9 metastatic 
osteosarcoma tissues, and the results showed that Snail 
mRNA expression was significantly higher in metastatic 
osteosarcoma tissues compared to non-metastatic ones 
(Fig. 2B) (P < 0.0001). Subsequently, we validated the cor-
relation between Id-1 and Snail in metastatic osteosar-
coma, which also demonstrated a significant correlation 
(Fig.  2C) (P < 0.05, r = 0.6824). Additionally, we assessed 
Snail expression in osteosarcoma cell lines, revealing that 
Snail expression in osteosarcoma cells was significantly 
higher than in normal osteoblasts (Fig. 2D, E) (P < 0.05), 
with the highest expression observed in the MG-63 cell 
line. Therefore, we selected the MG-63 cell line for subse-
quent experiments.

Silencing Id-1 reduces snail expression and inhibits EMT in 
OS cells
To investigate the effect of Id-1 on EMT, Id-1 was 
silenced in MG-63 cells by lentiviral transfection. RT-
qPCR results showed that silencing Id-1 significantly 
decreased both Id-1 and Snail mRNA and protein expres-
sion in MG-63 cells, with sh-Id-1 2# exhibiting the 

highest interference efficiency (Fig. 3A) (P < 0.01). There-
fore, sh-Id-1 2# was selected for subsequent experiments. 
The results of RT-qPCR and WB showed that silencing of 
Id-1 significantly reduced the expression of Id-1 and Snail 
(Fig. 3A-B) (P < 0.01). Next, we assessed cell proliferation 
using the MTT assay, and the results demonstrated that 
downregulation of Id-1 significantly inhibited the pro-
liferation of tumor cells (Fig.  3C) (P < 0.0001). In addi-
tion, down-regulation of Id-1 significantly promoted the 
expression of E-cadherin and suppressed the expression 
of vimentin and N-cadherin (Fig. 3D) (P < 0.01). Next, We 
evaluated the effects of Id-1 silencing on migration and 
invasion of MG-63 cells by scratch assay and Transwell 
assay. The results showed that the migration and inva-
sion of MG-63 cells were significantly decreased by Id-1 
silencing (Fig. 3E-F) (P < 0.01). These results suggest that 
silencing Id-1 significantly reduced Snail expression and 
inhibited the EMT process in OS cells.

Downregulation of Id-1 can improve the growth of 
subcutaneous tumors and lung metastasis in OS mice
The effect of Id-1 on lung metastasis and pathologi-
cal characteristics was studied by injecting lentivirus-
infected OS cells subcutaneously into mice. We first 
assessed the expression levels of Id-1 and Snail in subcu-
taneous tumor tissues using RT-qPCR and Western blot. 
The results showed that, compared to the sh-NC group, 
the expression levels of Id-1 and Snail were significantly 
decreased in the sh-Id-1 group (Fig. 4A-B). As shown in 
Fig. 4C, compared to the Control group, the sh-NC group 

Fig. 1  Id-1 is highly expressed in metastatic osteosarcoma. (A) RT-qPCR detection of Id-1 mRNA expression, (Non-metastatic, n = 12; Metastatic, n = 9), 
data results were analyzed using t-test, ****p < 0.0001 vs. non-metastatic; (B) RT-qPCR for Id-1 mRNA expression; (C) WB for Id-1 protein content. n = 3, data 
results were analyzed using one-way ANOVA, *p < 0.05 vs. hFOB1.19, ****p < 0.0001 vs. hFOB1.19

 

http://gepia.cancer-pku.cn/detail.php


Page 6 of 11Shu et al. Journal of Orthopaedic Surgery and Research          (2025) 20:124 

showed no significant difference (P > 0.05), in the sh-Id-1 
group, there was no significant difference in body weight, 
but the tumor volume was significantly smaller. (P < 0.05). 
Observation of the tumor microenvironment revealed 
that in the Control and sh-NC groups, tumor cells were 
densely arranged with large and deeply stained nuclei. 
Tumor cells invaded the normal bone tissue, forming 
irregular infiltrative borders, and numerous irregular vas-
cular structures were observed within the tumor tissue. 

Areas of acellular necrosis were visible within the tumor, 
surrounded by traces of calcification. In comparison to 
the sh-NC group, the sh-Id-1 group exhibited reduced 
nuclear pleomorphism, less invasion and disruption of 
surrounding normal bone tissue, fewer newly formed 
blood vessels with relatively regular structures, and sig-
nificantly reduced calcification (Fig. 4D). Further investi-
gation of lung metastasis revealed a significant decrease 
in the number of visible metastatic nodules on the lung 

Fig. 2  Snail is highly expressed in OS and is significantly correlated with the expression of Id-1. (A) Correlation between Id-1 and Snail in sarcoma analyzed 
through GEPIA, p < 0.0001, r = 0.42; (B) RT-qPCR for Snail mRNA expression, (Non-metastatic, n = 12; Metastatic, n = 9), data results were analyzed using 
t-test, ***p < 0.001 vs. non-metastatic; (C) Correlation between Id-1 and Snail in metastatic osteosarcoma, n = 9, data results were analyzed using pearson 
correlation analysis, p = 0.0429, r = 0.6824; (D) RT-qPCR for Snail mRNA expression; (E) WB for Snail protein content. n = 3, data results were analyzed using 
one-way ANOVA, *p < 0.05 vs. hFOB1.19, ***p < 0.001 vs. hFOB1.19, ****p < 0.0001 vs. hFOB1.19

 



Page 7 of 11Shu et al. Journal of Orthopaedic Surgery and Research          (2025) 20:124 

Fig. 3  Silencing Id-1 reduces Snail expression and inhibits EMT in OS cells. (A) RT-qPCR for Id-1 and Snail mRNA expression; (B) WB for Id-1 and Snail 
protein content; (C) Cell proliferation was assessed using the MTT assay; (D) WB for E-cadherin, N-cadherin and Vimentin protein content; (E) Cell Scratch 
Assay for cell migration(100×, scale = 400  μm); (F) Transwell for cell invasion(200×, scale = 200  μm). n = 3, data results were analyzed using one-way 
ANOVA, **p < 0.01 vs. sh-NC, ***p < 0.001 vs. sh-NC, ****p < 0.0001 vs. sh-NC
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Fig. 4  Downregulation of Id-1 can improve the growth of subcutaneous tumors and lung metastasis in OS mice. (A) RT-qPCR for Id-1 and Snail mRNA 
expression; (B) WB for Id-1 and Snail protein content; (C) OS cell-injected mice tibia treated to observe the changes of body weight and osteosarcoma 
volume, data results were analyzed using two-way ANOVA; (D) HE to observe OS tumour pathology(100×, scale = 400 μm; 400×, scale = 100 μm); (E) num-
ber of surface nodules on lung tissue; (F) HE to observe lung histopathology(40×, scale = 1000 μm; 100×, scale = 400 μm). n = 6, data results were analyzed 
using one-way ANOVA, *p < 0.05 vs. sh-NC, ***p < 0.001 vs. sh-NC, ****p < 0.0001 vs. sh-NC
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surface in the sh-Id-1 group compared to the sh-NC 
group (Fig. 4E) (P < 0.01). Lung tissue in the sh-Id-1 group 
exhibited reduced tumor cell infiltration, relatively pre-
served alveolar structures, and decreased areas of necro-
sis and inflammation (Fig. 4F). These results indicate that 
downregulation of Id-1 effectively inhibits the growth, 
invasion, and lung metastasis of OS tumors.

Id-1 knockdown inhibits the expression of snail and EMT-
associated proteins in OS mice
This study further verified the effect of Id-1 on the 
expression of Snail and EMT in vivo. Silencing of Id-1 
was found to significantly reduce the expression of both 
Id-1 and Snail in mouse lung tissues by WB and immu-
nohistochemical assays (Fig.  5A, C) (P < 0.01). Further 
testing by WB and immunohistochemistry, it was found 
that compared to the Control group, the sh-NC group 
showed no significant difference (P > 0.05). However, in 
the sh-Id-1 group, E-cadherin was significantly upregu-
lated, while vimentin, N-cadherin, Id-1, and Snail were 
significantly downregulated (Fig. 5B, D) (P < 0.01). These 
results indicate that downregulation of Id-1 effectively 
reduces the expression of Snail and EMT-related proteins 
in the lung tissues of OS lung metastasis mouse models.

Discussion
OS is a highly malignant and invasive primary bone 
tumor that predominantly affects adolescents and young 
adults, with a significant potential for metastasis, particu-
larly to the lungs [18]. Traditional treatment strategies for 
this tumor rely heavily on surgical resection and adjuvant 
chemotherapy, yet its high metastatic rate and recurrence 
still result in poor prognosis [19]. Therefore, investigating 
the mechanisms underlying OS metastasis and identify-
ing potential therapeutic targets is crucial.

Id-1, as a transcription factor, has been found to be 
overexpressed in various tumors and closely associated 
with tumor invasion and metastasis [20, 21]. Studies by 
Wong et al. have shown upregulation of Id-1 expression 
in many cancers [22]. Our research also indicates that 
Id-1 expression is significantly higher in OS tissues com-
pared to normal bone tissues. Importantly, we found a 
positive correlation between Id-1 expression and Snail 
expression in OS tissues. Further investigation revealed 
that downregulation of Id-1 significantly reduces Snail 
expression in OS cells. Snail is a key transcription factor 
that promotes the EMT process [17, 23, 24]. This sug-
gests that Id-1 may influence EMT in OS by regulating 
Snail expression.

EMT is one of the crucial mechanisms by which tumor 
cells acquire migratory and invasive capabilities [25]. 
During EMT, epithelial cells lose their polarity and cell-
cell adhesion properties, transitioning to a mesenchymal-
like state with increased invasiveness and motility [26]. 

Key hallmarks of EMT include upregulation of mesen-
chymal markers (such as vimentin and N-cadherin) and 
downregulation of epithelial markers (such as E-cad-
herin) [27]. In this study, silencing of Id-1 led to signifi-
cant upregulation of E-cadherin and downregulation of 
vimentin and N-cadherin in OS cells, consistent with the 
results of cell scratch and Transwell assays. This further 
illustrates that high Id-1 expression in OS may promote 
EMT by regulating Snail expression, while Id-1 knock-
down can suppress cell migration and invasion in OS. OS 
is prone to distant metastasis, particularly to the lungs 
[28]. In vivo studies further demonstrated that silencing 
Id-1 significantly reduced the number of metastatic nod-
ules on the lung surface, decreased tumor cell infiltra-
tion in lung tissue, preserved lung alveolar structure, and 
reduced areas of necrosis and inflammation. This indi-
cates that Id-1 plays a crucial role in OS lung metastasis 
regulation, and targeted inhibition of Id-1 may serve as a 
therapeutic approach against OS metastasis. Pulmonary 
metastasis of osteosarcoma (OS) is a complex process 
regulated by multiple pathways. In addition to the Id-1/
Snail pathway explored in this study, other pathways are 
also involved in the regulation of OS pulmonary metasta-
sis. For instance, research by Wang et al. has shown that 
targeting the CK1α/CBX4 axis may be effective in treat-
ing OS lung metastasis [29]. Zhu et al. discovered that 
the Wnt/β-catenin signaling pathway is related to OS 
pulmonary metastasis [30]. Future studies could further 
explore other potential pathways involved in OS metas-
tasis to comprehensively elucidate the mechanisms of OS 
metastasis.

In conclusion, this study systematically elucidated for 
the first time the critical role of Id-1 and Snail in OS inva-
sion and metastasis, providing new therapeutic targets 
for the treatment of OS. These findings lay the ground-
work for the development of precise therapeutic strate-
gies against OS and also serve as a reference for research 
on other types of cancers.

Conclusion
Downregulation of Id-1 inhibits the EMT process by 
reducing Snail expression, thereby effectively suppress-
ing the growth, invasion, and lung metastasis of OS. This 
study systematically elucidates the critical role of Id-1 in 
OS invasion and metastasis, providing Id-1 as a new ther-
apeutic targets.
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Fig. 5  Id-1 knockdown inhibits the expression of Snail and EMT-associated proteins in OS mice (A) WB detected the protein expression of Id-1 and 
Snail; (B) WB detected the protein expression of E-cadherin, N-cadherin and Vimentin; (C) IHC detected the protein expression of Id-1 and Snail (100×, 
scale = 400 μm); (D) IHC detected the protein expression of E-cadherin, N-cadherin and Vimentin (100×, scale = 400 μm). n = 6, data results were analyzed 
using one-way ANOVA, **p < 0.01 vs. sh-NC, ***p < 0.001 vs. sh-NC, ****p < 0.0001 vs. sh-NC
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