
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.

www.ARRIVEguidelines.org

http://www.arriveguidelines.org

	Study design - 1a: The CIA study compared renegeration and inflammation in mice reveiving hUC-MSCs or siTNFR1-MSCs to control mice. The peripheral blood after cell injection was collected to measure inflammatory cytokine level. All the mice were euthanized to observe pathological changes in limbs.



The BALB/c mice were injected with or without hUC-MSCs to observe the duration of TNFR1 secreted by MSCs in vivo.
	Study design - 1b: The mice were randomly grouped before or after CIA construction. The individual DBA/1J mouse was considered as the experimental unit.



The individual BALB/c mouse was considered as the experimental unit.
	Sample size - 2a: 35 DBA/1J mice were purchased. 5 mice were not used for CIA construction and grouped as Healthy. 30 mice were used for construction but 7 mice were not successfully modeled and they were excluded for following experiments. The rest 23 modeled mice were categorized to control (n=8), treatment I (n=8), treatment II (n=7). Control received electrolyte injection solution. Treatment I received hUC-MSCs. Treatment II received siTNFR1-MSCs.



20 BALB/c mice were given hUC-MSCs and separately euthanized on day 1, day 3, day 5, and day 7 after cell injection (5 mice/timepoint) to collect peripheral blood.  5 mice without cell injection were euthanized at day 7 to collect peripheral blood.


	Sample size - 2b: The sample size was to make sure there were at least five CIA mice for comparison.



To make sure 5 BALB/c mice were available to collect blood at each timepoint after cell injection.
	Inclusion and exclusion criteria - 3a: For CIA mice, two days after second immunization, they would be double blind rated and the ones having at least one leg rated clinical score ≥2 were considered successfully modeled.



For BALB/c mice, if they had no abnormality, they would not be excluded for experiment.




	Inclusion and exclusion criteria - 3b: For CIA study, the unsuccessfully modeled mice were excluded for experiments and sacrificed.



No BALB/c mice were excluded for experiments.
	Inclusion and exclusion criteria - 3c: For CIA study, healthy group had 5 mice;control group had 8 mice; treatment I group had 8 mice; treatment II had 7 mice.



For BALB/c, day 1, 3, 5, 7 had 5 mice receving hUC-MSCs for each. 5 mice without cell injection were control.
	Randomisation - 4a: The 23 modeled CIA were randomized into Control, Treatment I, and Treatment II.
	Randomisation - 4b: If severe abnormabilities were observed, such mice would not continue for experiments.
	Blinding - 5: The group of mice and assessment of CIA construction were double blind and conducted by different people. 
	Outcome measures - 6a: For CIA study, mice weight, paw thickness, inflammatory cytokines in peripheral blood were assessed.



For BALB/c mice, the hTNFR1 and hKGF were assessed.
	Outcome measures - 6b: For CIA study, the primary outcomes were the pathological results of limbs and inflammatory cytokine level in peripheral blood. 



For BALB/c, the primary outcomes were the duration time of hTNFR1 and hKGF in vivo.
	Statistical methods - 7a: One-way ANOVA and Tukey or Dunnette's test through Graphpad Prism 9.0 
	Statistical methods - 7b: Before performing one-way ANOVA, the distribution was checked through  Shapiro-Wilk to evaluate the homogeneity of variance. If data was not normally distributed, we then did nonparametric test.
	Experimental animals - 8a: DBA/1J mice, six weeks old.



BALB/c mice, seven weeks old.
	Experimental animals - 8b: Such information was accessable on Charles River Laboratories website
	Experimental procedures - 9a: Collagen-induced arthritis (CIA) was established in DBA/1J mice through two immunizations according to the protocol described by Pietrosimone et al (31). Before the first immunization, mice were randomly grouped: five mice were assigned to the healthy group and did not receive immunization; thirty mice were supposed to receive two immunizations (Figure 3.A). The primary immunization was performed on Day 1: 70 μL Collagen II (CII) & CFA emulsion was intradermally injected at the base of the tail through a 23G/0.75inch needle. A booster immunization was carried out on Day 21: 100 µl of CII&IFA emulsion was injected at the base of the tail. Finally, 23 mice in which at least one leg had a clinical score ≥2 were considered successfully modeled, and they were randomly grouped into the control (8 mice), treatment I (8 mice), and treatment II (7 mice) groups. On day 24, hUC-MSCs and siTNFR1-MSCs were adjusted to 1×107 cells/mL using multiple electrolyte injection solution. The treatment I group was tail-vein infused with hUC-MSCs (2×106/mouse) through 30 G/0.5 inch needle, while the treatment II group received siTNFR1-MSCs (2×106/mouse). The control group was given multiple electrolyte injection solution. The paw thickness was measured by 0-10 mm calipers. All mice were euthanized on day 42 (endpoint) with CO2 overdose and cervical dislocation. Peripheral blood was collected from mice on day 22 (200 μL), day 26 (200 μL), and the endpoint after euthanizing (1000 μL).
	Experimental procedures - 9b: 
	Experimental procedures - 9c: Totally twenty-five BALB/c mice were used. Twenty BALB/c mice were tail-vein injected with hUC-MSCs (2x106/mouse) through 30 G/0.5 inch needle. Mice were separately euthanized on day 1, day 3, day 5, and day 7 after cell injection (5 mice/timepoint). Eyeballs were quickly removed to collect 1 ml blood for human TNFR1 and human HGF ELISA. Five BALB/c mice were not given cells and euthanized at day 7 to collect blood. 
	Experimental procedures - 9d: 
	Results - 10a: Data collected from animals was presented as mean ± standard error of mean. 



Data collected from single cell line was presented as mean  ± standard deviation.
	Results - 10b: ≥95% confidence
	Abstract - 11: Background: Human umbilical cord-derived mesenchymal stem cells (hUC-MSCs) can relieve the symptoms of rheumatoid arthritis. However, we did not know whether TNFR1 expressed by hUC-MSCs contributes to therapy as a neutralizer of TNF-α or whether TNFR1 has more roles. This study aimed to explore the functions of TNFR1 in hUC-MSC-mediated RA therapy.Methods: We knocked down TNFR1 in hUC-MSCs and compared the ability of MSCs to inhibit TNF-α production by PBMCs. hUC-MSCs with or without TNFR1 knockdown were infused into collagen-induced arthritis mice to compare RA therapeutic effects. The inflammatory cytokine levels at different timepoints after cell treatment were measured, and hematoxylin and eosin (H&E) staining was performed to observe the pathological differences. After confirming the importance of TNFR1 in RA treatment, we stimulated hUC-MSCs with different inflammatory cytokines to observe how TNFR1 responds and compare whether any genes were influenced by the presence or absence of TNFR1.Results: In vitro PMBC experiments showed that the inhibition of TNF-α production was dependent on TNFR1 expression. hUC-MSCs could relieve symptoms of RA in animals in a TNFR1-dependent manner. Inflammatory cytokine simulation revealed that TNFR1 was reduced after 24 h of stimulation in hUC-MSCs, while siTNFR1-MSCs showed upregulation of TNFR1 after the same treatment. In addition, impairment of TNFR1 expression led to different expression levels of p65, TLR2, HGF, and KGF in MSCs.Conclusions: Reduced TNFR1 alters gene expression and leads to the loss of therapeutic effects.
	Background - 12a: MSC-based therapies have been studied for immune diseases, including RA, graft-versus-host disease (GvHD) and systemic lupus erythematosus (SLE) (20-22). MSCs protect against inflammation through the secretion of anti-inflammatory factors, such as TGF-β, HGF, and PGE2, or cell-to-cell contact to inhibit proinflammatory cell proliferation and differentiation and reduce proinflammatory cytokine levels(20, 23-30). We noticed that human umbilical-derived MSCs (hUC-MSCs) constitutively expressed TNFR1 and secreted sTNFR1 under our culture conditions. These hUC-MSCs inhibited TNF-α production and alleviated RA symptoms in mice in a TNFR1-dependent manner. In hUC-MSCs, the therapeutic effects of TNFR1 might not be only a TNF-α neutralizer but also partially due to TNFR1-mediated anti-inflammation in MSCs.
	Background - 12b: The DBA/1J mice had been successfully induced arthritis in people's work and have been used as arthritis model.



The BALB/c mice are immune-deficient and therefore hUC-MSCs won't be quickly cleared after injection so that we can observe how long the cytokines could be produced by MSCs in vivo.
	Objectives - 13: The primary objective is to explore the role of TNFR1 in hUC-MSCs mediated arthritis therapy.
	Ethical statement - 14: Animal ethics committee Laboratory Animal Center, Beijing Yizhuang Biomedical Park (Approval number 2019S035, Approval date Jun/04/2019). 
	Housing and husbandry - 15: 5 mice/cage. The temperature was kept at 20-24 °C, with humidity of 40-70%. The animals were given 12 hours of illumination every day (8:00-20:00 given 15-20 lux illumination). The feeds and water were SPF grade and sterile.
	Animal care and monitoring - 16a: Monitor if abnormality occurred, such mice would be excluded for experiments. Abnormalities included severe paralysis, inability to eat or drink, erect or unkempt hair, strabismus, ataxia, hunched over, difficulty breathing, poor analgesia, etc
	Animal care and monitoring - 16b: No adverse events
	Animal care and monitoring - 16c: If an animal was found to be dying after arthritis induction or cell infusion, euthanasia would be performed.
	Interpretation scientific implicationsm - 17a: Our hUC-MSCs suppressed inflammatory cytokine levels and mitigated RA in CIA mice through TNFR1. In vitro studies demonstrated that TNFR1 expressed by hUC-MSCs repressed the production of TNF-α by active PBMCs. After stimulation by individual inflammatory cytokines, TNFR1 and p65 decreased in hUC-MSCs, but they increased in siTNFR1-MSCs, showing an opposite tendency. Combinational stimulation showed that TLR2 expression levels were dramatically reduced after TNFR1 knockdown. Before stimulation, the growth factors HGF and KGF were reduced in siTNFR1-MSCs. We thought that before encountering an inflammatory environment, the TNFR1 level would determine the anti-inflammatory and tissue regeneration ability of hUC-MSCs.
	Interpretation scientific implications - 17b: hUC-MSCs secretome could not be measured and cell distribution in limbs were not performed.
	Generalisability/translation - 18: The best strategy to observe the role of TNFR1 in hUC-MSC's therapy in vivo is to knockdown TNFR1 through lentivirus sh-TNFR1 transduction or CRISPR-Cas9-mediated TNFR1 knockout. However, the transduced shRNA transduction was easy to lost after cell passages and the  CRISPR-Cas9 need long time to expand monoclonal MSCs, yet MSCs were not suitable for long time passages. Here we displayed that siTNFR1 transfection could produce enough MSCs with TNFR1 knockdown for animal experiments, therefore the unstable retention of shTNFR1 or long time selection of TNFR1-KO cells could be avoid.
	Protocol registration - 19: Before this study, we performed experiment to look for the best dosage of hUC-MSCs that had therapeutic effect in CIA mice.
	Data access - 20: Data available on request from the authors.
	Declaration of interests - 21a: No conflicts of interest.
	Declaration of interests - 21b: Funder:  Beijing Municipal Science and Technology Project. They did not participate in design, analysis and reporting of thid study.


