
The ARRIVE Essential 10
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

Sample size 2 a.	 Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a.	 Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c.	 For each analysis, report the exact value of n in each experimental group.

Randomisation 4 a.	 State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly.

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a.	 Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a.	 Provide details of the statistical methods used for each analysis, including 
software used.

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met.

Experimental 
animals

8 a.	 Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

c.	 Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

a. Summary/descriptive statistics for each experimental group, with a measure of 
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.
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The Recommended Set
These items complement the Essential 10 and add important context to the study. Reporting the items in both sets 
represents best practice.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions.

Background 12 a.	 Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach.

b.	 Explain how the animal species and model used address the scientific 
objectives and, where appropriate, the relevance to human biology.

Objectives 13 Clearly describe the research question, research objectives and, where 
appropriate, specific hypotheses being tested.

Ethical 
statement

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification.

Housing and 
husbandry

15 Provide details of housing and husbandry conditions, including any environmental 
enrichment.

Animal care and 
monitoring

16 a.	 Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress.

b.	 Report any expected or unexpected adverse events.

c.	 Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

Interpretation/
scientific 
implications

17 a.	 Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature.

b.	 Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results.

Generalisability/
translation

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate).

Protocol 
registration

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 a.	 Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated.

b.	 List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study.
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	Study design - 1a: Four groups: Ctsk-Ctrl (control group), Ctsk-Ctrl+Fe₃O₄ NPs (treatment group), Ctsk-CKO (knockout control), Ctsk-CKO+Fe3O4 NPs (knockout treatment group). — Materials and Methods — Animal feeding
	Study design - 1b: Individual mouse. — Materials and Methods — Animal feeding
	Sample size - 2a: n=7 per group (3-4 males and 3-4 females per group), total 28 mice. — Materials and Methods — Animal feeding
	Sample size - 2b: Sample size determined by power analysis using GPower software (α=0.05, β=0.2, effect size d=1.5, power ≥80%). — Materials and Methods — Animal feeding
	Inclusion and exclusion criteria - 3a: Inclusion criteria established a priori: 8-week-old mice, body weight 20-25g, successful tumor development, good health status. Exclusion criteria established a priori: (1) unexpected death before endpoint; (2) failure to develop measurable tumors; (3) signs of severe systemic illness (>20% body weight loss, severe lethargy). — Materials and Methods — Animal feeding
	Inclusion and exclusion criteria - 3b: No animals, experimental units, or data points were excluded. All 28 mice completed the 12-week treatment period and were included in the analysis. — Materials and Methods — Animal feeding
	Inclusion and exclusion criteria - 3c: n=7 per group for all analyses (tumor volume, survival, histopathology, IHC, Western blot, RT-PCR). For in vitro experiments, n≥6 independent biological replicates. — Materials and Methods — Statistical analysis
	Randomisation - 4a: Yes, randomisation was used. Computer-generated random number sequence (www.random.org). — Materials and Methods — Randomization and blinding
	Randomisation - 4b: Allocation concealment was achieved using sequentially numbered opaque sealed tubes. Randomisation was performed at 8 weeks of age before treatment initiation. — Materials and Methods — Randomization and blinding




	Blinding - 5: Group allocation: performed by investigator not involved in outcome assessment. Conduct of experiment: animal care staff were aware of treatment (drinking water with/without Fe₃O₄ NPs), but all outcome assessments (tumor volume measurement, histopathological scoring, IHC quantification, Western blot band quantification, RT-PCR data analysis, survival analysis) were performed by investigators blinded to group allocation. Unblinding occurred only after all data were collected and locked. — Materials and Methods — Statistical analysis (Blinding paragraph)




	Outcome measures - 6a: Primary outcome measures: (1) tumor volume/size assessed by HE and PCNA staining; (2) mouse survival assessed by Kaplan-Meier analysis. Secondary outcome measures: apoptosis (TUNEL), macrophage activation (caspase-1), inflammatory cytokine expression (PCR-array and RT-PCR for MIP-1α, CCL3, CCL2, TSLP, CSF2, CCL5), MIP-1α/CCL3 protein expression (Western blot and immunofluorescence), CD31 expression (immunofluorescence and RT-PCR). — Results — Figures 3-6
	Outcome measures - 6b: Primary outcome measure used for sample size calculation: tumor volume reduction. Effect size d=1.5 (estimated 50% reduction based on preliminary data). — Materials and Methods — Animal feeding
	Statistical methods - 7a: Statistical analysis performed using SPSS 19.0 software. Data presented as mean ± SD. Multiple group comparisons: one-way ANOVA with Tukey's post hoc test. Two-group comparisons: two-tailed unpaired t-test with Welch's correction for unequal variances. Survival analysis: Kaplan-Meier method with Log-rank test. — Materials and Methods — Statistical analysis
	Statistical methods - 7b: Normality was assessed using Shapiro-Wilk test. Homogeneity of variances was assessed using Levene's test. When equal variances could not be assumed, Welch's correction was applied. For non-normally distributed data, non-parametric tests (Mann-Whitney U test) were used. — Materials and Methods — Statistical analysis




	Experimental animals - 8a: Species: Mouse (Mus musculus). Strain: C57BL/6J (Ctsk-Ctrl and Ctsk-CKO). Sex: both male and female, equal distribution per group (3-4 males and 3-4 females per group). Age: 8 weeks old at start of treatment, 20 weeks old at endpoint. Body weight: 20-25g at start, no significant differences among groups. — Materials and Methods — Animal feeding
	Experimental animals - 8b: Provenance: The Jackson Laboratory (Bar Harbor, ME, USA). Health/immune status: SPF (specific pathogen-free). Genetic modification: Ctsk-Ctrl (wild-type) and Ctsk-CKO (conditional knockout of cathepsin K). Genotype confirmed by PCR. No previous procedures. — Materials and Methods — Animal feeding




	Experimental procedures - 9a: Fe3O4 nanoparticles were prepared and surface-coated with oleic acid. Mice were fed with drinking water containing 100 μg/mL Fe3O4NPs ad libitum. Tumor volume measured by HE and PCNA staining. Protein expression assessed by Western blot (primary antibody from Proteintech, 1:1000). mRNA expression assessed by RT-PCR (primers listed in Table 1). — Materials and Methods — Nanoparticle construction, Animal feeding, Tissue staining, Western blot, RT-PCR
	Experimental procedures - 9b: Treatment: continuous for 12 weeks (water replaced every 48 hours). Outcome measurements: at endpoint (20 weeks of age, after 12 weeks of treatment). — Materials and Methods — Animal feeding




	Experimental procedures - 9c: All experiments were conducted at The Affiliated Hospital of Southwest Medical University, Luzhou, Sichuan, China. Mice were acclimatized for 1 week before the start of the experiment. — Materials and Methods — Animal feeding




	Experimental procedures - 9d: Oral administration via drinking water was chosen to minimize stress from daily injections and to simulate a clinically feasible route of administration for potential future human use. The 100 μg/mL dose was selected based on preliminary dose-finding studies (data not shown). — Materials and Methods — Animal feeding
	Results - 10a: Tumor volume: Fe3O4-treated group 142.3 ± 18.7 mm3; control group 410.5 ± 35.2 mm3(mean ± SD). Survival: median 68 days (Fe3O4-treated) vs. 42 days (control). Caspase-1 and TUNEL: significantly increased in Fe3O4-treated group (Fig. 4A-4C). MIP-1α: 2.74-fold upregulation; CCL3: 2.59-fold upregulation (Fig. 5B). — Results — Figures 3-6
	Results - 10b: Tumor volume reduction: Cohen's d = 2.1 (95% CI: 1.4 to 2.8), considered a large effect size (d > 0.8). Survival: hazard ratio = 0.38 (95% CI: 0.22 to 0.65). — Materials and Methods — Statistical analysis; Results — Fig. 3A, 3B
	Abstract - 11: Abstract, Page 1. Species: mouse (Mus musculus), strain: C57BL/6J (Ctsk-Ctrl and Ctsk-CKO), sex: both male and female. Key methods: Fe₃O₄ nanoparticles treatment, tumor volume measurement, survival analysis, RT-PCR, Western blot, immunofluorescence. Principal findings: Fe₃O₄ NPs inhibited tumor growth (65.3% reduction, P<0.001, Cohen's d=2.1), extended survival (42→68 days, P=0.0004), activated MIP-1α/CCL3 pathway.*
	Background - 12a: Introduction, Pages 1-2. Background covers osteosarcoma prognosis (60% 5-year survival), metastasis (20% detectable, 80% micrometastases), TME and TAMs role (M1/M2 polarization), Fe₃O₄ nanoparticles properties (bone-targeting, biocompatibility, superparamagnetism).
	Background - 12b: Introduction, Page 2. C57BL/6J mice with Ctsk-Ctrl/Ctsk-CKO background are well-established osteosarcoma models that recapitulate human bone tumor microenvironment, enabling study of macrophage reprogramming and immune signaling pathways relevant to human osteosarcoma immunotherapy.
	Objectives - 13: Introduction, Page 2 (last paragraph). Research question: whether Fe₃O₄ NPs influence osteosarcoma progression by modulating macrophage activation via MIP-1α/CCL3 signaling. Hypothesis: Fe₃O₄ NPs modulate MIP-1α/CCL3 pathway, affecting macrophage function, altering TME immune landscape, and inhibiting osteosarcoma growth.
	Ethical statement - 14: Materials and Methods — Animal feeding, Page 2; Ethical approval, Page 10. Approved by the Animal Ethics Committee of The Affiliated Hospital of Southwest Medical University. Approval No: AHSMU-E-20240505 (animal experiments) and KY2025305 (clinical trial ethics).
	Housing and husbandry - 15: Materials and Methods — Animal feeding, Page 2. SPF conditions, individually ventilated cages (IVCs), 23±1°C, 55-60% humidity, 12h light/dark cycle, regular health monitoring, environmental enrichment (nesting material, tunnel).
	Animal care and monitoring - 16a: Materials and Methods — Animal feeding, Page 2. Euthanasia by gradual CO₂ displacement (20% chamber volume/min) followed by cervical dislocation per AVMA Guidelines (2020 edition). All efforts made to minimize suffering.
	Animal care and monitoring - 16b: Materials and Methods — Animal feeding, Page 2. No adverse events were observed. No mice met exclusion criteria; all 28 mice completed the 12-week treatment period without unexpected death, failure to develop measurable tumors, or signs of severe systemic illness (>20% body weight loss or severe lethargy).
	Animal care and monitoring - 16c: Materials and Methods — Animal feeding, Page 2. Humane endpoints: >20% body weight loss or severe lethargy. Signs monitored daily. No mice reached these endpoints.
	Interpretation scientific implicationsm - 17a: Materials and Methods — Animal feeding, Page 2. Humane endpoints: >20% body weight loss or severe lethargy. Signs monitored daily. No mice reached these endpoints.
	Interpretation scientific implications - 17b: Discussion — Limitations, Page 9. Five limitations stated: (1) no macrophage depletion experiments; (2) only subset of macrophage markers tested; (3) oral dose imprecision due to variable water intake; (4) sample size (n=7) powered for large effect sizes only; (5) single mouse strain and single tumor model limiting generalizability.
	Generalisability/translation - 18: Discussion — Limitations, Page 9. Findings may not generalize beyond C57BL/6J mice and this specific osteosarcoma model. Future studies needed in other strains, species, and with alternative administration routes (intravenous or intratumoral injection).
	Protocol registration - 19: Not registered. Explanation: This was an exploratory study to investigate the mechanism of Fe₃O₄ nanoparticles in osteosarcoma. A detailed study protocol including research question, key design features, and analysis plan is available from the corresponding author (Yiran Yin, yiranyin@swmu.edu.cn) upon reasonable request.
	Data access - 20: Data availability statement, Page 10. The datasets generated and/or analyzed during the current study are available from the corresponding author on reasonable request.
	Declaration of interests - 21a: Conflict of interest, Page 10. The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
	Declaration of interests - 21b: Funding, Page 10. There was no funding. Not applicable.


