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Reporting Summary
Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection No software was used.

Data analysis Graphpad Prism 9.0 (GraphPad Software),FlowJo 10.0 (Tree Star Inc.) were used for data analysis.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

All data are available in the paper. No restrictions on data availability.
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Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size Sample size to identify differences between patients and controls or between patient subsets were chosen to ensure 80% power with a level 
of significance of 5% when the difference in their means would be 1.5 standard deviation (n≥10). To assess the effect of in vitro interventions 
(e.g. gene silencing, metabolite exposure), we used paired testing with a sample size of 3 to 5. For in vivo experiments, 4-12 mice were 
enrolled in each treatment arm.

Data exclusions No data was excluded.

Replication All data were repeat for at least 3 times. All attempts at replication are included in the data.

Randomization PBMCs from control and patient donors were assigned randomly in each experiment. To implement random assignment, assign a unique 
number to every member of our study's sample. Then, we use a random number generator to randomly assign each number to a control or 
experimental group.

Blinding Blinding analysis was applied to all data. The investigators were blinded to group allocation during data collection.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines
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Human research participants

Clinical data

Dual use research of concern

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Anti GLUD1 antibody, Catalog 12793S, Cell signaling technology; Anti RFX5 antibody, Catalog 200401194, Rockland; Anti CCL18 

antibody, Catalog sc-374438, SANTA CRUZ BIOTECHNOLOGY; Anti CCL18 antibody, AF488, Catalog IC394G-100UG, R&D; Anti β-Actin 
antibody, Catalog 3700S, Cell signaling technology; Anti CD3 antibody, Catalog ab5690, Abcam; Anti CD3 antibody, BV421, Catalog 
344834, Biolegend; Anti CD3 antibody, FITC, Catalog 344804, Biolegend; Anti CD3 antibody, PE-Cy7, Catalog 300419, Biolegend; Anti 
IFNr antibody, Catalog MAB285-100, R&D; Anti CD68 antibody, Catalog PA5-32331, Thermo Fisher Scientific; Anti CD68 antibody, PE, 
Catalog 333808, Biolegend; Anti CD68 antibody, BV785, Catalog 333826, Biolegend; Anti HLA-DR antibody, Catalog MA511966, 
Thermo Fisher Scientific; Anti HLA-DR antibody, Pacific Blue, Catalog 307633, Biolegend; Anti CD4 antibody, PE-Cy7, Catalog 357410, 
Biolegend;  Anti CD19 antibody, BV711, Catalog 302245, Biolegend;  Anti Podoplanin antibody, BV421, Catalog 566456, BD 
Biosciences; Anti CD45 antibody, PerCp, Catalog 304026, Biolegend; Anti CD45 antibody, PE-Cy7, Catalog 368532, Biolegend; Anti 
CD206 antibody, BV510, Catalog 321138, Biolegend; Anti CD163 antibody, BV711, Catalog 333630, Biolegend;  Anti CD69 antibody, 
BV510, Catalog 310935, Biolegend;  Anti CD154/CD40L antibody, BV785, Catalog 310842, Biolegend;  Goat anti-rabbit IgG, HRP, 
Catalog 7074S, Cell signaling technology; Goat anti-mouse IgG, HRP, Catalog ab6789, Abcam; Goat anti-mouse IgG, AF488, Catalog 
ab96879, Abcam; Goat anti-mouse IgG, AF594, Catalog A-11032, Thermo Fisher Scientific; Goat anti-rabbit IgG, AF488, Catalog 
A-11034, Invitrogen; Goat anti-rabbit IgG, AF594, Catalog A-11012, Thermo Fisher Scientific.

Validation All antibodies are commercial which were verified by the companies listed above.  All primary antibodies validations were defined for 
the the manufacturer’s website. 
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Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals "8-10-week-old NOD.Cg-Prkdcscidll2rgtm1Wjl/SzJ (NSG) mice (78 males, 75 females) were obtained from Jackson lab and bred in 
Mayo animal facility under specific pathogen-free conditions on a 12/12 h light/ dark cycle at 20-22°C with free access to  water and 
food. 

Wild animals This study doesn't involve wild animals.

Field-collected samples This study doesn't involve sample collected from the field.

Ethics oversight The animal study ethics were overseen by Administrative Panel on Laboratory Animal Care (APLAC), Stanford University and Mayo 
Clinic Institutional Animal Care and Use Committee

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics The study population consisted of 144 patients with rheumatoid arthritis (RA) and 141 age-matched healthy controls 
subjects. RA patients were recruited if they fulfilled the 2010 ACR diagnostic criteria for RA and were positive for anti-CCP 
antibodies or for rheumatoid factor. Patients with a current or historical diagnosis of cancer, chronic inflammatory disorder 
and uncontrolled medical diseases were excluded. The demographic and clinical characteristics of all patients enrolled are 
presented in Supplementary Table 1.

Recruitment Recruitment criteria included: no personal history of cancer, chemotherapy, chronic inflammatory disease, chronic viral 
infection or autoimmune disease.  Without any potential self-selection bias or other biases in recruitment.

Ethics oversight The Institutional Review Board of Stanford University and Mayo Clinic reviewed and approved the study protocol.  All 
participants were informed appropriately, written consent documents were signed by all participants. 

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Synovial tissues were collected from patients with inflammatory polyarthritis undergoing synovectomy or total joint 
replacement and processed immediately. Freshly harvested synovial tissues were cut into thin slices and single-cell 
suspensions were generated by treatment with 1 mg/mL collagenase type IV (Worthington, LS004196) and DNase I (100 μg/
mL, ZYMO RESEARCH, E1011-A) for 1 hour at 37°C. Tissue debris was removed with a sterile cell strainer (100 μm) and 
macrophages were isolated with Easysep Human Monocyte Cell Isolation kits (STEMCELL Technologies, 19359). 

Instrument CYTEK NL-3000

Software FlowJo v10.7.2 (Tree Star Inc)

Cell population abundance The purity of cell population was consistently over 95% by flow cytometry.

Gating strategy Fluorescence minus one (FMO) was used to seperate the positive and negative populations for experiments.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.


