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Background: Osteosarcoma development is a complex set which is determined by various 
factors. Many patients suffered from sustained osteosarcoma growth and revealed poor 
response to clinical interventions. However, the underlying mechanisms of osteosarcoma 
development still remain unclear.
Methods: In our study, we isolated osteosarcoma tissues from clinical patients, which were 
divided into high degree group (stage G1~G2) and low degree group (stage G0). The 
expression of type I collagen, integrin and STAT3 in tumor tissues were analyzed by 
immunohistochemistry or immunofluorescence. The collagen-induced cells proliferation 
was detected by CCK8 and colony formation analysis. The activation of JAK/STAT3 signal 
was examined by Western blotting and immunofluorescence. The anticancer effects of 
integrin α2β1 peptide were analyzed by Sao-2-bearing mice model.
Results: Our results implicated that type I collagen could facilitate malignant osteosarcoma 
development in patients. In vitro, 2D collagen culture also efficiently mediated the stemness 
up-regulation of osteosarcoma cells, resulting in the strengthened capability of cells prolif-
eration and tumorigenesis. In mechanism, we found that type I collagen could facilitate the 
activation of JAK/STAT3 signals through integrin α2β1, which elicited tumor-sustained 
growth and cancer relapse. In tumor-bearing mice model, integrin α2β1 signals inhibitor 
significantly suppressed the osteosarcoma cells proliferation and their tumorigenic ability, 
which improved the outcome of chemotherapy/radiotherapy.
Conclusion: Our study demonstrated that type I collagen could mediate osteosarcoma 
development through an integrin α2β1/JAK/STAT3 signaling pathway. Blockade of integrin 
α2β1 by α2β1 inhibitor efficiently improved outcome of chemotherapy/radiotherapy, which 
provided new insights for eradicating tumors in clinic.
Keywords: collagen, osteosarcoma, integrin α2β1, JAK/STAT3

Introduction
Osteosarcoma is one of the most common bone associated malignant carcinomas 
with a high risk of invasion and recurrence.1 Currently, localized osteosarcoma was 
traditionally treated with surgery combined with adjuvant chemotherapy or radio-
therapy. However, many osteosarcoma patients still suffer from poor prognosis due 
to sustained tumor growth and distant metastasis.2,3 The disease also has a high 
potential of recurrence due to residual tumorigenic cells, or named as cancer stem 
cells (CSCs).4 Thus, there is an urgent demand to clarify the underlying mechan-
isms of tumor progression and describe innovative therapeutic approaches, which 
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impairs tumor sustained growth and retards carcinoma 
recurrence in clinical osteosarcoma treatment.

In recent years, extracellular matrix (ECM) has been 
considered as an essential culprit for clinical osteosarcoma 
development and recurrence.5,6 Compelling reports implicate 
that multiple elements in ECM, such as collagen, fibrinogen 
and laminin, are tightly associated with tumor growth and 
cancer cells migration.7–9 Among those ECM compounds, 
type I collagen have been reported to regulate tumor cells 
proliferation and migration through activation of pro- 
survival signaling pathways in several tumor types.10,11 

More importantly, increasing evidence has implicated that 
2D or 3D collagen culture is capable of mediating the stem- 
like phenotypes of various cancer cells lines, including 
osteosarcoma cells, eventually resulting in high potential of 
tumorigenicity and proliferative characteristic of tumor 
cells.6,12–15 However, there is a lack of evidence to explain 
the potential correlation between collagen and osteosarcoma 
development, and how collagen mediates osteosarcoma pro-
gression has yet to be explored.

In our study, we further provided evidence to suggest that 
type I collagen is tightly correlated to the tumor development 
in osteosarcoma patients. Additionally, we identified the 
mechanisms of collagen mediated osteosarcoma develop-
ment, which depends on an integrin α2β1/JAK/STAT3 sig-
naling pathway. Here, we further took advantages from the 
combination of integrin α2β1 inhibitor and chemotherapy/ 
radiotherapy, which efficiently suppressed tumorigenesis and 
tumor growth, providing innovative therapeutic revenues for 
osteosarcoma treatment.

Materials and Methods
Cell Culture and Reagents
Human osteosarcoma cell lines Saos-2 and MG-63 were 
purchased from the American Type Culture Collection 
(ATCC, USA). All tumor cells were cultured using 
RPMI1640 complete medium, containing 10% fetal bovine 
serum (Gibco, MA, USA) under 37°C and 5% CO2. For 2D 
collagen culture, type I collagen (Solarbio, Beijing, China) 
was diluted to 2.5 mg/mL with sterile water. Then, 25μL 
10×phosphate-buffered saline (PBS) and 20μL 1N NaOH 
solution (Solarbio, Beijing, China) were subsequently 
added into the mixture. The 295μL of the collagen mixture 
was seeded into each well of a 24-well plate and mixed 
thoroughly. After 37°C incubation for 2 hours, the collagen 
mixtures became solid and cancer cells were seeded on the 
2D collagen gel for 2D cells culture. α2β1 Integrin Ligand 

Peptide and STAT3 inhibitor FLLL32 were purchased from 
Med Chem Express (NJ, USA). Other reagents are of HPLC 
standard and purchased from Transgene biological Company 
(Beijing, China).

Collection of Patient Tumor Cells
Human osteosarcoma tissues were collected at the Affiliated 
Hospital of Southwest Medical University in this study. 
Patients were divided into high degree group (HD, stage 
G1~G2) and low degree group (LD, stage G0). Primary 
osteosarcoma tissues were sterilely obtained after the core- 
needle biopsy. Samples were stored at −80°C immediately. 
This study was approved by the local institutional review 
board of the Affiliated Hospital of Southwest Medical 
University. The internal review board’s approval and 
patients’ informed consent for this study were also obtained.

Cell Proliferation Experiment
For cell proliferation analysis, 2000 cells were inoculated 
in a 96-well plate and cultured at incubator. After 72 
hours, 10ul CCK8 solution (Thermo, MA, USA) was 
added to each well, following with incubating for 2 
hours. The absorbance at 450nm was detected with 
a microplate reader (Bio-rad, CA, USA). Each experiment 
was performed independently for at least 3 times.

Cell Colony Formation
For colony formation analysis, 200 tumor cells were 
seeded in a 6-well plate. After 14 days, cells were fixed 
by methanol and stained by giemsa staining solution 
(Solarbio, Beijing, China). The colony numbers were 
counted for further analysis. Each experiment was con-
ducted for at least independent 3 times.

Western Blot
The total proteins of osteosarcoma cells were extracted by 
1× SDS gel protein buffer (Solarbio, Beijing, China). 
Then, samples were cooked at 95°C to denature the pro-
teins. The protein was transferred to PVDF membrane 
(Solarbio, Beijing, China) using an electrotransfer system 
according to standard procedures. After transferring the 
membrane, the PVDF membranes were blocked with 
0.5% skimmed milk powder (diluted in PBS solution) for 
1 hour at room temperature, and the primary antibody was 
incubated at 4°C overnight. The primary antibodies are 
list: integrin α2 (1:100, Santa Cruz, Texas, USA), integrin 
β1 (1:1000, CST, Massachusetts, USA), JAK1 (1:1000, 
Abcam, Cambridge, UK), p-JAK1 (1:1000, Abcam, 
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Cambridge, UK), JAK2 (1:1000, Abcam, Cambridge, 
UK), p-JAK2 (1:1000, Abcam, Cambridge, UK), STAT3 
(1:1000, Abcam, Cambridge, UK), p-STAT3 (1:1000, 
Abcam, Cambridge, UK) and actin (1:1000, Abcam, 
Cambridge, UK). After that, the HRP secondary antibody 
(1:5000, Abcam, Cambridge, UK) were incubated at room 
temperature for 1 hour, and finally treated with super- 
sensitive luminescent solution (Solarbio, Beijing, China).

Immunofluorescence Staining
Tumor samples were fixed in a 2% paraformaldehyde ice 
bath (Solarbio, Beijing, China), incubated in 0.2% PBST at 
37°C for 15 minutes, and blocked with 2.5% BSA 
(Solarbio, Beijing, China). Then, the samples were treated 
with type I collagen antibody (1:400, Abcam, Cambridge, 
UK) at 4°C for 3 hours, following with secondary antibody 
(1:1000, Abcam, Cambridge, UK) for 1 hour. Samples 
were analyzed by confocal microscope (Olympus, Tokyo, 
Japan).

Animal Protocols
All animal experiments were approved by the Animal 
Protection Committee of the Affiliated Hospital of 
Southwest Medical University and carried out in accor-
dance with the guidelines and regulations of the Ethics 
Committee of the Affiliated Hospital of Southwest 
Medical University for the welfare of animals in cancer 
research. Animal Ethics Number: 201801–050. Female 
NOD-SCID mice (6–8 weeks old) were purchased from 
Huafukang (Beijing, China). All mice were housed in 
a specific pathogen-free (SPF) facility. For in vivo cells 
proliferation analysis, 2×106 Saos-2 or MG-63 in 50uL 
PBS were subcutaneously injected into mice. The tumor 
volume was recorded every day until day 50. The calcula-
tion formula of tumor volume is: tumor volume = length × 
width2/2. For tumorigenesis analysis, 1×105 Saos-2 or 
MG-63 in 50uL PBS were subcutaneously injected into 
mice. After 30 days, the tumor-bearing mice were 
recorded for further analysis. For tumor suppression ana-
lysis, 2×106 Saos-2 or MG-63 in 50uL PBS were subcu-
taneously injected into mice. On day 14, 100ul of PBS, 
IFO (2 mg/kg), and α2β1 integrin ligand peptide (0.5 mg/ 
kg) were injected into the mice by tail vein injection twice 
a week. The treatment was performed for 2 weeks. As 
a blank control, mice were injected with an equal volume 
of low-key saline. For radiotherapy, mice were treated 
with radiotherapy (0.5 Gy per mouse) twice a week. The 
treatment was performed for 2 weeks. The tumor volume 

and survival time of tumor-bearing mice were recorded. 
The calculation formula of tumor volume is: tumor volume 
= length × width2/2. All animal experiments were mon-
itored by the Affiliated Hospital of Southwest Medical 
University.

Statistical Analysis
Each experiment is repeated for at least 3 times. The 
results are expressed as mean ± SEM, and GraphPad 6.0 
software is used for significance analysis and statistics. 
Statistical significance between groups was calculated by 
Student’s t test for two groups or by one-way ANOVA for 
more than two groups. The survival rates were determined 
by Kaplan–Meier survival analysis (*p<0.05; **p<0.01; 
***p<0.001; ns, no significant difference).

Results
Type I Collagen Promoted Osteosarcoma 
Cells Proliferation
To explore the role of type I collagen in osteosarcoma 
development, we collected osteosarcoma tissues from 
patients and divided tumor tissues into high degree group 
(HD, stage G1~G2) and low degree group (LD, stage G0). 
Notably, elevated expression of type I collagen was 
observed in HD osteosarcoma tissues (Figure 1A and B), 
reminding us the potential role of type I collagen in osteo-
sarcoma progression. Next, we further added soluble type 
I collagen into the culture medium of osteosarcoma cells 
Saos-2/MG-63. However, no significant difference of cells 
proliferation was observed after addition of collagen 
(Supplementary Figure 1A and B). Given the presence of 
insoluble collagen in mammalian tissues, we further seeded 
Saos-2 and MG-63 cells on the 2D type I collagen gel as 
described in materials. After 4 days of 2D collagen culture, 
Saos-2 and MG-63 cells were collected for proliferation 
analysis. Intriguingly, pre-culture in 2D collagen system 
significantly strengthened the proliferative characteristic 
of osteosarcoma cells compared to dish cultured group 
(Figure 1C and Supplementary Figure 1C). The same 
results were duplicated in vivo (Figure 1D and 
Supplementary Figure 1D). More importantly, 2D collagen 
culture also mediated enhanced capability of colony 
formation (Figure 1E and Supplementary Figure 1E) and 
tumorigenesis (Figure 1F and Supplementary Figure 1F) of 
Saos-2 and MG-63 cells, reminding that the presence of 
type I collagen might facilitate the neoplasm recurrence or 
tumor development in osteosarcoma. Meanwhile, the 
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transwell analysis indicated that 2D collagen culture also 
promoted the capability of cells migration (Figure 1G). 
Together, we suggested that type I collagen could facilitate 
osteosarcoma progression.

Type I Collagen Mediated Osteosarcoma 
Development Through Integrin α2β1
Our previous data have implicated that insoluble 2D col-
lagen, instead of soluble collagen, could mediate osteosar-
coma cells proliferation, which provides evidence to 
suggest that collagen might facilitate osteosarcoma devel-
opment through biomechanical force signals rather than 
chemical signals.16 Integrin α2β1, which belongs to integrin 
family, is involved in the biomechanical force signals trans-
duction in tumor cells. Here, we observed enhanced expres-
sion of integrin α2 and integrin β1 in 2D collagen cultured 
Saos-2 and MG-63 cells (Figure 2A and Supplementary 
Figure 2A). To further explore the role of integrin α2β1 in 
osteosarcoma development, we used α2β1 integrin ligand 
peptide to block the integrin α2β1 signals. As anticipated, 
blockade of integrin α2β1 efficiently suppressed the 

proliferation (Figure 2B and Supplementary Figure 2B) 
and tumor growth (Figure 2C and Supplementary 
Figure 2C) of 2D collagen cultured Saos-2 and MG-63 
cells. Additionally, the integrin α2β1 inhibition also wea-
kened the capability of colony formation of tumor cells 
(Figure 2D and Supplementary Figure 2D) or tumorigenesis 
in vivo (Figure 2E and Supplementary Figure 2E), implicat-
ing that blockade of integrin α2β1 could suppress the osteo-
sarcoma development induced by collagen. Meanwhile, 
blockade of integrin α2β1 suppressed the cells migration 
of 2D collagen-cultured Sao-2 cells (Figure 2F). 
Additionally, we also detected the integrin α2 and integrin 
β1 expression in those osteosarcoma tissues (divided into 
high collagen expression group and low collagen expres-
sion group). Consistent to our previous results, increasing 
expression of integrin α2 and integrin β1 was observed in 
high collagen expression group (Figure 2G). Additionally, 
we also found a high correlation (R2>0.5) between type 
I collagen expression and integrin α2/integrin β1 in our 
osteosarcoma tissues (Figure 2H and I). Together, those 
results implicated that type I collagen mediates osteosar-
coma progression through integrin α2β1 receptor.

Figure 1 Type I collagen promotes proliferation of osteosarcoma cells. (A) Immunofluorescence of type I collagen in high-grade (HD, G1-G2) and low-grade (LD, G0) 
osteosarcoma tissues from patients, scale bar is 50um. The magnification is ×2. (B) Relative intensity of type I collagen expression in HD and LD tumor tissues from patients 
(n=10). (C) Relative cell proliferation of Saos-2 and collagen-cultured Saos-2 cells. (D) Tumor volumes of Saos-2 and collagen-cultured Saos-2 (4 days of 2D collagen culture 
before injection)-bearing mice. (E) Relative colony formation of Saos-2 and collagen-cultured Saos-2 cells. (F) tumorigenesis of Saos-2 and collagen-cultured Saos-2 (4 days of 
2D collagen culture before injection) in NOD-SCID mice. (G) relative transwell cells number of dish or 2D collagen-cultured Sao-2 cells (4 days of 2D culture). *Indicates 
P<0.05, **indicates P<0.01.
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Type I Collagen Mediated the JAK1/ 
2-STAT3 Signals Activation
Next, we further explored the downstream signaling mole-
cules of integrin α2β1. Here, our Western blotting analysis 
showed that 2D collagen culture could facilitate the phos-
phorylation of JAK1/2 and STAT3 in Saos-2 and MG-63 
cells, whereas blockade of integrin α2β1 suppressed the 
expression of JAK1/2 and STAT3 (Figure 3A and 
Supplementary Figure 3A), suggesting that 2D collagen 
culture mediated the JAK1/2-STAT3 signal activation 
through integrin α2β1. To further explore the role of 
JAK1/2-STAT3 signal in osteosarcoma progression, we 
used FLLL32, an STAT3 inhibitor, to suppress the JAK1/ 
2-STAT3 signal. Intriguingly, blockade of JAK1/2-STAT3 
obviously suppressed the proliferation (Figure 3B and 
Supplementary Figure 3B) and tumor growth (Figure 3C 
and Supplementary Figure 3C) of 2D collagen-cultured 
Saos-2 and MG-63 cells. Additionally, blockade of 
JAK1/2-STAT3 signals inhibited the colony formation 
(Figure 3D and Supplementary Figure 3D) and tumorigen-
esis (Figure 3E and Supplementary Figure 3E) of 2D 
collagen-cultured Saos-2 and MG-63 cells, indicating that 
collagen regulated osteosarcoma development through 

JAK1/2-STAT3 signals. Next, we further examined the 
JAK1/2-STAT3 expression in osteosarcoma tissues from 
patients. Consistently, HD osteosarcoma tissues revealed 
a higher level of phosphorylated JAK1/2-STAT3 
(Figure 3F). Those results suggested that Type I collagen 
mediated the JAK1/2-STAT3 signals activation to promote 
osteosarcoma growth.

Suppression of Integrin α2β1 Signal 
Strengthened the Anticancer Effects of 
Chemotherapy
Given the crucial role of integrin α2β1/JAK1/2-STAT3 
signaling pathway in osteosarcoma development, it might 
be feasible to suppress integrin α2β1 for an improved 
anticancer effect. Thus, we used α2β1 integrin ligand 
peptide combined with chemotherapy/radiotherapy for 
osteosarcoma treatment. As a result, α2β1 integrin ligand 
peptide treatment significantly increased the cytotoxicity 
of IFO (Figure 4A) or radiotherapy (Figure 4B) to Saos-2 
and MG-63. Next, we further established subcutaneous 
Saos-2-bearing mice and treated mice with PBS, α2β1 
integrin ligand peptide, IFO/radiotherapy or α2β1 integrin 
ligand peptide combined with IFO/radiotherapy. As 

Figure 2 Type I collagen mediates tumor progression through integrin α2β1. (A) Western blotting of integrin α2 and integrin β1 in Saos-2 and Collagen-cultured Saos-2 
cells. (B) Relative cell proliferation of collagen-cultured Saos-2 cells treated with α2β1 integrin ligand peptide (0.5mM, 48 hours). (C) tumor volume of collagen-cultured 
Saos-2 cells tumor-bearing mice pre-treated with α2β1 integrin ligand peptide (0.5 mM, 48 hours treatment before injection). (D) Relative colony formation of collagen pre- 
cultured Saos-2 cells pre-treated with α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours). (E) Tumorigenesis of collagen-cultured Saos-2 cells pre-treated with α2β1 integrin 
ligand peptide (0.5 mM, 48 hours treatment before injection) in NOS-SCID mice. (F) Relative transwell cells number of 2D collagen-cultured Sao-2 cells treated with PBS or 
α2β1 integrin ligand peptide (0.5mM, 48 hours). (G) the expression of integrin α2 and integrin β1 in the osteosarcoma tissues from HD and LD patients. (H) The correlation 
analysis of type I collagen expression and integrin α2 expression detected by Western blotting (R2=0.5934). (I) The correlation analysis of type I collagen expression and 
integrin β1 expression detected by Western blotting (R2=0.7431). *Indicates P <0.05.
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anticipated, suppression of integrin α2β1 signal remark-
ably strengthened the tumor suppression effects of IFO 
(Figure 4C) and prolonged the overall survival time 
(Figure 4D). Meanwhile, α2β1 integrin ligand peptide 
treatment also improved the outcome of radiotherapy in 
our subcutaneous tumor-bearing mice (Figure 4E and F). 
Those results reminded us that blockade of integrin α2β1 
signal could efficiently strengthen the anticancer effects of 
traditional clinical intervention, which provides a novel 
sight in clinical osteosarcoma treatment.

Discussion
In our study, we further described the crucial role of type 
I collagen in osteosarcoma progression. The osteosarcoma 
tissues from patients provided evidence that enrichment of 
collagen could mediate the osteosarcoma development, lead-
ing to the carcinoma malignancy. Importantly, in vitro 2D 
collagen culture significantly strengthened the capability of 
proliferation and tumorigenesis of osteosarcoma cells. Our 
results also further demonstrated that collagen culture is 
capable of mediating the activation of JAK/STAT3 signals 
in osteosarcoma cells through integrin α2β1, eventually 
resulting in the tumor stemness up-regulation. More impor-
tantly, application of α2β1 integrin ligand peptide to suppress 
the integrin-associated signals efficiently improved the 

outcome of radiotherapy/chemotherapy, providing a novel 
strategy for osteosarcoma treatment.

Increasing evidence has implicated that elevated 
expression of COL1A1 gene, which encodes type 
I collagen protein submits, is tightly correlated to the 
poor outcome of osteosarcoma.17–19 Also, compelling 
reports demonstrated that type I could facilitate the 
tumor stemness up-regulation in several tumor types, 
such as breast cancer and colorectal cancer.20,21 In addi-
tion, the enrichment of collagen in tumor tissues might 
mediate the EMT process of tumor cell,22 resulting in the 
anabatic tumor invasion and distant metastasis. However, 
the correlation of type I collagen and osteosarcoma devel-
opment still remains controversial. More importantly, the 
underlying mechanisms of type I collagen-induced tumor 
progression in osteosarcoma remain unclear. Indeed, our 
results suggested that addition of soluble collagen had no 
obvious influence on osteosarcoma cells proliferation, sug-
gesting that collagen could not directly mediate the pro- 
survival pathways activation through chemical signals. 
Further, we seeded osteosarcoma cells on 2D collagen 
gel, in which osteosarcoma cells revealed enhanced stem- 
like phenotypes and proliferative characteristics. Our data 
provided evidence to suggest that type I collagen might 
participate in the osteosarcoma progression regulation 
through the physico-mechanical force associated signaling 

Figure 3 JAK/STAT3 acts as integrin downstream signal involved in tumor regulation. (A) the expression of phosphorylated and total JAK1, JAK2, STAT3 in Saos-2, collagen- 
cultured Saos-2 cells and collagen-cultured Saos-2 cells treated with α2β1 integrin ligand peptide (0.5mM, 48 hours). (B) Relative cell proliferation collagen-cultured Saos-2 
cells treated with PBS or FLLL32 (1μM, 48 hours). (C) Tumor volume of Collagen-cultured Saos-2 cell tumor-bearing mice treated with PBS or FLLL32 (1 mg/kg, treated 
on day 14 and 17 after injection). (D) Relative colony formation of Collagen-cultured Saos-2 cells treated with PBS or FLLL32 (1μM, 48 hours). (E) Tumorigenesis of collagen 
treated Saos-2 cells treated with PBS or FLLL32 (1μM, 48 hours before injection) in NOD-SCID mice. (F) Expression of phosphorylated JAK1, JAK2 and STAT3 in tumor 
tissues from HD and LD patients. *Indicates P <0.05.
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pathways. Intriguingly, previous reports have confirmed 
that the expression of biodynamic signal receptor integrin 
α2β1 are positively correlated to the outcome and tumor 
progression in osteosarcoma patients.23 Integrin α2β1 also 
has been demonstrated to promote cells migration and 
cancer metastasis in osteosarcoma.24 On the basis of 
these findings, we further determined the role of collagen 
in osteosarcoma stemness regulation, which is dependent 
on the integrin α2β1 involved JAK/STAT3 signaling 
pathway.

Given the essential role of integrin α2β1 in collagen- 
induced osteosarcoma progression, integrin α2β1 might 
represent a feasible therapeutic target in clinical osteosar-
coma therapy. Indeed, small molecule inhibitors or neutraliz-
ing integrin binding with antibodies have been proved to 
efficiently suppress tumor progression and disrupt angiogen-
esis in immunodeficient mice models.25,26 In addition to 
tumor growth suppression, integrin α2β1 inhibition could 
also block tumor cells distant metastasis or peripheral tissue 
invasion.27,28 Also, the application of integrin α2β1 inhibitor 
could efficiently improve the outcome of cancer patients.29

Our study further identified the tumor suppression effects 
of α2β1 integrin ligand peptide in tumor-bearing mice when 

combined with chemotherapy/radiotherapy. Collectively, 
these data suggested that integrin α2β1 associated signal mole-
cular, including integrin α2β1 and JAK/STAT3, might serve as 
markers of osteosarcoma diagnosis and malignancy analysis.

Based on the limitations of preliminary findings, our 
study firstly demonstrated the role of type I collagen in 
osteosarcoma development. Firstly, we found the corre-
lation of type I collagen/integrin α2β1 and osteosarcoma 
cells stemness, suggesting that type I collagen mediated 
osteosarcoma cells stemness up-regulation, leading to 
malignant progression. Secondly, we further clarified 
the underlying mechanism of the osteosarcoma stemness 
induced by collagen. Our results proved that collagen 
could facilitate osteosarcoma development through an 
integrin α2β1/JAK/STAT3 signaling pathway. Third, the 
application of α2β1 integrin ligand peptide was proved 
to efficiently improve the anticancer effects of che-
motherapy/radiotherapy in osteosarcoma-bearing mice 
model, providing new support for clinical integrin α2β1 
inhibitors application. Finally, the expression level of 
type I collagen and integrin α2β1 in tumor tissues 
might serve as potential biomarkers for osteosarcoma 
progression analysis and novel treatment guidelines.

Figure 4 Inhibition of integrin α2β1 enhances the therapeutic effects of chemotherapy/radiotherapy on osteosarcoma. (A) Cytotoxicity of PBS, IFO (2 mg/kg, 48 hours), and 
IFO (2 mg/kg, 48 hours) combined with α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours) to Saos-2 and MG-63 cells. (B) Cytotoxicity of PBS, radiotherapy (0.5Gy) and 
radiotherapy (0.5Gy) combined with α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours) to Saos-2 and MG-63 cells. (C) The presentative image and tumor volume of Saos- 
2-bearing mice treated with PBS, IFO (2 mg/kg, 48 hours), α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours) and IFO combined with α2β1 integrin ligand peptide. The scale 
bar is 0.5 cm. (D) The survival time of Saos-2-bearing mice treated with PBS, IFO (2 mg/kg, 48 hours), α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours) and IFO combined 
with α2β1 integrin ligand peptide. (E) Tumor volumes of Saos-2-bearing mice treated with PBS, α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours), radiotherapy (0.5Gy), 
radiotherapy combined with α2β1 integrin ligand peptide. (F) the survival time of Saos-2-bearing mice treated with PBS, α2β1 integrin ligand peptide (0.5 mg/kg, 48 hours), 
radiotherapy (0.5Gy), radiotherapy combined with α2β1 integrin ligand peptide. *Indicates P <0.05, **Indicates P <0.01.
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In conclusion, we demonstrated that type I collagen 
could mediate osteosarcoma cells stemness up-regulation 
through an integrin α2β1/JAK/STAT3 signaling pathway, 
eventually leading to tumor-sustained growth and devel-
opment. Suppression of integrin α2β1 signals efficiently 
strengthened the anticancer effects of traditional clinical 
interventions, which might serve as an innovative 
approach for clinical osteosarcoma treatment.
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