
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: Materials and Methods - "Establishment of diabetic model and cell transplantation and TLR9 agonist management in rats" (P.9-P.10); Figure legends (P.14-P.16). Groups: DM Control (DMSO vehicle), BMSCs Only, BMSCs + TLR9 (25 mg/kg), BMSCs + TLR9 (50 mg/kg); n=10/group. Normal control and withdrawal group also included.
	Study design - 1b: Materials and Methods - "Sample size calculation" (P.11). Experimental unit: single rat. Sample size (n=10/group) calculated based on individual fasting blood glucose (FBG) measurements. "At least 6 rats were required per group... 10 rats were included per group.
	Sample size - 2a: Materials and Methods - "Establishment of diabetic model and cell transplantation and TLR9 agonist management in rats" (P.9-P.10) & "Sample size calculation" (P.11). DM Control: n=10; BMSCs Only: n=10; BMSCs + TLR9 (25 mg/kg): n=10; BMSCs + TLR9 (50 mg/kg): n=10; withdrawal group derived from 50 mg/kg group (n=10). Total animals used: 40 rats (as stated P.11: "yielding a total sample size of 40").
	Sample size - 2b: Materials and Methods - "Sample size calculation" (P.11). "Sample size was calculated using G*Power 3.1.9.2. Based on difference in fasting blood glucose between diabetic model rats and treated rats. One-way repeated measures ANOVA. Effect size: 2.54, significance level: 0.05, power: 0.95. At least 6 rats required per group. Considering experimental losses, 10 rats per group were included.
	Inclusion and exclusion criteria - 3a: Not explicitly reported in the manuscript. The study does not describe a priori criteria for inclusion or exclusion of animals (e.g., based on body weight, blood glucose level threshold for model success, or health status). However, model success criterion was described: "A blood glucose level above 16.8 mmol/L for 3 consecutive days indicates that the model is successful" (P.9). No explicit inclusion/exclusion criteria beyond this were stated.
	Inclusion and exclusion criteria - 3b: Not reported. The manuscript does not mention any animals, experimental units, or data points that were excluded from the analysis. It does not state whether there were any exclusions (e.g., due to death, failed model induction, or technical issues).
	Inclusion and exclusion criteria - 3c: Materials and Methods - "Sample size calculation" (P.11); Results sections and Figure legends (P.14-P.17). DM Control: n=10; BMSCs Only: n=10; BMSCs + TLR9 (25 mg/kg): n=10; BMSCs + TLR9 (50 mg/kg): n=10. Also stated: "10 rats were included per group, yielding a total sample size of 40" (P.11). Figure legends also confirm n=10 for each group (e.g., Fig. 7-9 legends: "n=10" for each group).
	Randomisation - 4a: Materials and Methods - "Establishment of diabetic model and cell transplantation and TLR9 agonist management in rats" (P.9). The manuscript states: "Three days later, rats were randomly assigned to an experimental group and a control group." However, the specific method used to generate the randomisation sequence (e.g., random number table, computer-generated sequence, coin toss) is not described.
	Randomisation - 4b: Not reported. The manuscript does not describe any strategies to minimise potential confounders such as the order of treatments/measurements, animal/cage location, or time of day for procedures. If no such strategies were used, this should be stated explicitly but was not.
	Blinding - 5: Partial blinding reported. Outcome assessment for immunofluorescence analysis was blinded: "image files were randomly renamed, and a researcher unaware of the experimental groups used ImageJ to analyze them" (Methods P.11). Blinding during allocation, experiment conduct (injections, transplantation), and data analysis is not described. No statement about who was aware of group allocation at each stage.
	Outcome measures - 6a: FBG (blood glucose meter, mmol/L); serum insulin and C-peptide (ELISA); oral glucose tolerance test (blood glucose and insulin after glucose challenge); insulin-positive and C-peptide-positive cell percentage (immunofluorescence + ImageJ); insulin/C-peptide co-localization (Pearson coefficient, ImageJ); mean fluorescence intensity (ImageJ); gene expression (qRT-PCR for INS, GCG, PDX1, SST, Ngn3, Pax4, NeuroD1 normalized to GAPDH); in vitro insulin/C-peptide secretion (ELISA after glucose stimulation); rebound effect amplitude and rate (quantitative analysis after drug withdrawal). All defined in Methods P.6-P.11 and Results P.14-P.17.
	Outcome measures - 6b: Primary outcome = fasting blood glucose (FBG). Sample size calculation was based on the difference in FBG between diabetic model rats and treated rats (Methods P.11: "sample size calculation was based on the difference in fasting blood glucose between diabetic model rats and diabetic rats that had undergone preliminary treatment").
	Statistical methods - 7a: Software: ImageJ v1.53 (image quantification, P.6, P.11); GPower 3.1.9.2 (sample size calculation, P.11); CellQuest (flow cytometry, P.5). Data expressed as mean ± SEM (P.11). Normality assessed by Shapiro-Wilk test (P.11). For normal data: unpaired Student's t-test (2 groups) or one-way ANOVA with Tukey's post hoc (≥2 groups). For non-normal data: Mann-Whitney U test (2 groups) or Kruskal-Wallis with Dunn's post hoc (≥2 groups). One-way repeated measures ANOVA used for sample size calculation (P.11). qRT-PCR data analyzed by 2-ΔΔCt method (P.8). Significance set at p<0.05 (P.12).
	Statistical methods - 7b: Normality was assessed using the Shapiro-Wilk test (P.11). Parametric tests (t-test, ANOVA) were applied when data met normality assumption; non-parametric tests (Mann-Whitney U, Kruskal-Wallis) were used when normality assumption was not met (P.11-P.12). Homogeneity of variances (e.g., Levene's test) was not reported.
	Experimental animals - 8a: Species: Rat (Rattus norvegicus). Strain: Sprague-Dawley (SD) (P.4). Sex: Not reported. Age: 6-8 weeks for animals used for BMSC isolation (P.4); adult rats (age not specified) used for STZ-induced diabetic model (P.9). Weight: Measured after STZ injection (P.9: "The weight of rats was measured after an intraperitoneal injection of 45 mg/kg"), but specific weight range or mean values not provided.
	Experimental animals - 8b: Provenance: Shanghai Jiake Biotechnology Co., Ltd., China (P.4). Health status: Animals were maintained at 20-25°C with free access to food and water (P.9); specific pathogen-free (SPF) status not reported. Genetic modification: None (wild-type animals). Previous procedures: None (animals were experimentally naïve).
	Experimental procedures - 9a: Complete procedures described in Methods P.4-P.11: BMSC isolation from rat bone marrow using α-MEM+10% FBS (P.4-P.5); cell identification by flow cytometry (CD29/CD44/CD106 positive, CD34/CD14/CD45 negative) and tri-differentiation assays (Oil Red O, Alizarin Red, Alcian Blue) (P.5); IPC differentiation using TSA (55 nM, 3d), high-glucose DMEM/DMED-F12 (1:1, 7d), GLP-1 (10 nM) and nicotinamide (10 nM) (P.5-P.6); TLR9 agonist SD-101 (1,2.5,5 μM in vitro; 25,50 mg/kg i.p. in vivo) (P.7,P.9-P.10); qRT-PCR with TRIzol, PrimeScript RT kit, TB Green, QuantStudio 5 (P.7-P.8); ELISA for insulin/C-peptide (Chengdu Smart Biotech) (P.7); immunofluorescence with anti-insulin (1:200), anti-C-peptide (1:100), Alexa Fluor 488/555, DAPI, Leica TCS SP8 (P.6,P.10-P.11); TheraCyte encapsulation with Matrigel, 5×10⁶ cells/capsule (P.8-P.9); STZ-induced diabetes (45 mg/kg i.p., FBG>16.8 mmol/L for 3d) (P.9); subcutaneous transplantation into dorsal scapular area under 2% isoflurane (P.9-P.10).
	Experimental procedures - 9b: Timing: BMSCs culture - media change every 3d, passage at 80-90% confluence (P.4-P.5); IPC differentiation - TSA for 3d, high-glucose for 7d, GLP-1/nicotinamide with media change every 2d (P.5-P.6); TLR9 agonist in vitro - 24h treatment (P.7); STZ model - FBG measured at 48h and 72h post-injection, model success if >16.8 mmol/L for 3d (P.9); TLR9 agonist in vivo - daily i.p. injection for 6 weeks (P.10); metabolic monitoring - FBG, insulin, C-peptide monthly for 6 weeks; OGTT at week 24 (P.10).
	Experimental procedures - 9c: Location: Animals housed at Animal Laboratory Center of Anhui Medical University (P.4). Transplantation site: subcutaneous dorsal scapular area (P.9-P.10). Acclimatisation period: NOT reported. Only stated: "Rats were free to feed and drink water, and the animal room maintained a temperature of 20-25℃" (P.9).
	Experimental procedures - 9d: Rationale provided: BMSCs can differentiate into IPCs but functional maturity limited; TLR9 agonists may enhance maturation (Introduction P.3-P.4). TheraCyte encapsulation avoids inflammatory response and protects transplanted cells (Discussion P.19). High TLR9 agonist dose used due to capsule limiting local concentration (Discussion P.19). Gradient concentrations (1,2.5,5 μM) to assess dose-dependent effects (Methods P.8). Withdrawal monitoring to assess dependency on continuous stimulation (Results P.16-P.17).
	Results - 10a: Yes. All results are reported with measures of variability. Mean ± SD used for: Figure 3 (Oil Red O area, Alizarin Red nodules, Alcian Blue absorbance), Figure 4 (insulin/C-peptide positive cell percentages, MFI, Pearson coefficient), Figure 12 (immunofluorescence quantification from retrieved capsules). Mean ± SEM used for: Figure 5 (in vitro insulin/C-peptide secretion), Figure 6 (qRT-PCR gene expression), Figures 7-11 (FBG, insulin, C-peptide levels, OGTT, rebound analysis). Sample sizes (n) specified for each experiment (e.g., n=3-10 per group). P-values reported with asterisks (*p<0.05, **p<0.01, **p<0.001).
	Results - 10b: Not reported. The manuscript does not provide effect size measures (e.g., Cohen's d, η², partial η²) or confidence intervals for effect estimates. Only point estimates (means) with variability (SD/SEM) and p-values are reported.
	Abstract - 11: Abstract (P.1). Reports: objective (TLR9 promote BMSC maturation in diabetic rats); species (rats); key methods (BMSC isolation/differentiation, STZ model, TheraCyte encapsulation, TLR9 injection, FBG/insulin/C-peptide monitoring, PCR, immunofluorescence); findings (improved diabetic conditions, increased insulin/C-peptide, withdrawal reverses effects); conclusions (TLR9 promotes IPC maturation, provides foundation for cell therapy). Missing: animal sex (not reported) and strain (Sprague-Dawley in Methods but not in Abstract).
	Background - 12a: Yes. Introduction P.3-P.4 provides: DM burden and limitations of current therapy; BMSC properties and potential to differentiate into IPCs; problem of uncertain terminal differentiation; TLR9 agonists enhance BMSC maturation in bone repair; knowledge gap (role in IPC maturation unknown); experimental approach rationale (TheraCyte, high dose).
	Background - 12b: Yes. Introduction P.3-P.4 and Discussion P.18-P.24. Rat model justified by established use in BMSC research and STZ-induced diabetes. STZ-induced diabetic rat is standard preclinical model for β-cell replacement studies. Relevance to human biology: authors state this strategy "provides a foundation for developing functional β-cell replacement therapies" (Abstract), while acknowledging translational limitations (Conclusion P.24-P.25).
	Objectives - 13: Research question: The study addresses whether TLR9 agonists can promote the differentiation and functional maturation of bone marrow mesenchymal stem cells (BMSCs) into insulin-producing cells (IPCs) in diabetic rats, as the role of TLR9 agonists in this context "remains poorly understood" (Introduction P.4).**Research objective: Clearly stated in the Abstract - "To investigate the ability of TLR9 agonists to promote the maturation of BMSCs in diabetic rats" (Abstract P.1). A secondary objective is to "explore a novel combined strategy to enhance the efficacy of stem cell therapy for diabetes, thereby providing a reference for future translational research" (Introduction P.4).*Hypotheses: Although not explicitly prefaced with "We hypothesized that...", the following hypotheses are clearly implied and tested throughout the study:Primary hypothesis: TLR9 agonists promote the differentiation and functional maturation of BMSCs into IPCs (supported by data, stated in Abstract Conclusion P.1).*Secondary hypothesis: TLR9 agonist treatment enhances pancreatic endocrine-related gene expression in differentiated BMSCs in a dose-dependent manner (tested in Fig. 6, P.14).**Secondary hypothesis: BMSC transplantation combined with TLR9 agonist improves metabolic parameters (FBG, insulin, C-peptide) in STZ-induced diabetic rats (tested in Figs. 7-9, P.14-P.16).**Secondary hypothesis: The therapeutic effect depends on continuous TLR9 agonist stimulation (tested in Fig. 10, P.16-P.17).*All hypotheses are supported by the results presented.
	Ethical statement - 14: Ethical approval is reported in the dedicated "Ethical approval" section (P.27). The ethics committee name is provided: "The ethics committee of The Forth Medical Center of Chinese PLA General Hospital". The approval number is provided: "82172389". The statement confirms that all animal experiments were conducted in accordance with China's "Regulations on the Administration of Laboratory Animals" and relevant international guidelines. The statement also describes adherence to the approved protocol, provision of adequate food/water/environment, use of appropriate anesthesia/analgesia for invasive procedures, and establishment of humane endpoints.
	Housing and husbandry - 15: Partial. Location: Animal Laboratory Center of Anhui Medical University (P.4). Temperature: 20-25°C (P.9). Lighting: "certain amount of light" (具体周期未说明，P.9). Food/water: free access (P.9). Not reported: humidity, cage type/size, bedding, animals per cage, diet type, environmental enrichment, acclimatisation period.
	Animal care and monitoring - 16a: Yes. The following interventions are reported: (1) Anesthesia: 2% isoflurane used for transplantation surgery (P.9-P.10). (2) Analgesia: postoperative subcutaneous injection of butorphanol (0.1 mg/kg) (P.10). (3) Sterile surgical procedures performed in a laminar flow hood for cell encapsulation (P.8). (4) The ethical approval statement confirms that "All invasive procedures were performed under appropriate anesthesia and analgesia and clear humane endpoints were established to alleviate the potential pain the animals might experience" (P.27). (5) Humane endpoints were established (P.27).
	Animal care and monitoring - 16b: Not reported. The manuscript does not describe any expected adverse events (e.g., STZ-induced morbidity, hyperglycemia-related symptoms) nor report whether any unexpected adverse events (e.g., infection, mortality, surgical complications, behavioral abnormalities) occurred during the study. No statement indicating that no adverse events occurred is provided.
	Animal care and monitoring - 16c: Partially reported. (1) Humane endpoints: The ethical approval statement indicates that "clear humane endpoints were established" (P.27), but the specific signs/criteria for humane endpoints (e.g., % body weight loss, inability to eat/drink, moribund state) are NOT described. (2) Signs monitored: Not explicitly reported for daily health monitoring. However, model success was defined as FBG >16.8 mmol/L for 3 consecutive days (P.9). (3) Frequency of monitoring: FBG, serum insulin, and C-peptide were monitored monthly for 6 weeks; OGTT was performed at week 24 (P.10). The frequency of general health/welfare monitoring (e.g., daily checks for behavior, appearance, body weight) is NOT reported. (4) Experimental endpoint: Animals were sacrificed at the end of the study (P.10; Abstract P.1).
	Interpretation scientific implicationsm - 17a: Yes. Discussion P.18-P.24. Results interpreted with reference to: BMSC biology, diabetes therapy, NF-κB (p65/p50 vs cRel/p50), IRF7/JAK-STAT, MAPK/MyD88 pathways. Comparisons to Lu et al.2024, Kaya et al.2025, Wiest et al.2023, Shemesh et al.2021, Kochumon et al.2022. Discusses dose-dependence, withdrawal rebound, paracrine vs endocrine mechanisms.
	Interpretation scientific implications - 17b: Yes. Discussion P.22-P.24 & Conclusion P.24-P.25. Limitations: preclinical/basic research not directly translatable; IPC maturity assessment insufficient; high-dose safety not verified; qPCR internal reference/primer efficiency not verified; paracrine effects not ruled out; molecular mechanisms need further validation (siRNA, inhibitors); lack of empty capsule control group.
	Generalisability/translation - 18: Yes. Relevance to human biology: "provides a foundation for developing functional β-cell replacement therapies" (Abstract P.1). Translation potential: "reference for future translational research" (Intro P.4); "potential short-term intensification plan for diabetes" (Discussion P.23). Cross-species generalisability implied from conserved pathways (NF-κB, JAK-STAT, MAPK). Limitations to translation explicitly stated: preclinical basic research, cannot be directly extrapolated to clinics, safety not verified, long-term status insufficient (Conclusion P.24-P.25). Challenge identified: converting short-term stimulation to autonomous persistent function (Discussion P.23).
	Protocol registration - 19: Not reported. The manuscript does not provide any statement indicating whether a study protocol (including the research question, key design features, and analysis plan) was prepared before the study. There is no mention of protocol registration on any platform (e.g., clinicaltrials.gov, PROSPERO, or animal study registries such as the Animal Study Registry or Preclinicaltrials.eu).




	Data access - 20: Yes. Data availability statement (P.26): "All data generated or analysed during this study are included in this published article [and its supplementary information files]." No public repository deposition mentioned.
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