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            Abstract
Macrophages are considered to contribute to chronic inflammatory diseases such as rheumatoid arthritis1. However, both the exact origin and the role of macrophages in inflammatory joint disease remain unclear. Here we use fate-mapping approaches in conjunction with three-dimensional light-sheet fluorescence microscopy and single-cell RNA sequencing to perform a comprehensive spatiotemporal analysis of the composition, origin and differentiation of subsets of macrophages within healthy and inflamed joints, and study the roles of these macrophages during arthritis. We find that dynamic membrane-like structures, consisting of a distinct population of CX3CR1+ tissue-resident macrophages, form an internal immunological barrier at the synovial lining and physically seclude the joint. These barrier-forming macrophages display features that are otherwise typical of epithelial cells, and maintain their numbers through a pool of locally proliferating CX3CR1− mononuclear cells that are embedded into the synovial tissue. Unlike recruited monocyte-derived macrophages, which actively contribute to joint inflammation, these epithelial-like CX3CR1+ lining macrophages restrict the inflammatory reaction by providing a tight-junction-mediated shield for intra-articular structures. Our data reveal an unexpected functional diversification among synovial macrophages and have important implications for the general role of macrophages in health and disease.
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                    Fig. 1: CX3CR1+ lining macrophages form a dynamic membrane-like structure around the synovial cavity.[image: ]


Fig. 2: CX3CR1+ lining macrophages repopulate locally from CSF1R-expressing interstitial macrophages.[image: ]


Fig. 3: Transcriptional profiling of synovial macrophage subsets.[image: ]


Fig. 4: CX3CR1+ synovial lining macrophages provide a tight junction-mediated anti-inflammatory barrier for the joint.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Spatiotemporal profiling of synovial CX3CR1+ macrophages.
a, BFM of macrophages within the synovial tissue using the macrophage markers F4/80 (left and middle; colour as indicated) and CD68 (right; green) in ColVIcreR26-tdTomato reporter mice (left; tdTomato+, red), Cx3cr1GFP mice (middle; GFP+, green), and Cx3cr1creR26-tdTomato, mice (right; tdTomato+, red). Scale bars, 25 µm. b, Flow cytometry analysis of macrophages of dissociated hind-paw joints of Cx3cr1gfp mice (n = 3) gated for CD45+, CD11b+, F4/80+ and GFP. Data are mean ± s.e.m. c, Representative 3D LSFM showing the spatial distribution of PMNs (Ly6G, green) and mononuclear phagocytes (tdTomato+, red) in knee joints of Cx3cr1creR26-tdTomato mice at indicated time points upon induction of K/BxN STA (AF, grey). Filled arrowheads point towards the macrophage lining layer to highlight changes in its morphology upon induction of STA. Scale bars, 100 µm. d, Exemplary BFM images of the synovial membrane of knee joints of Cx3cr1creR26-tdTomato mice at day 0, day 2 and 7 after induction of STA. Macrophages are defined as tdTomato+ (red) and F4/80+ (white) and infiltrating neutrophils as Ly6G+ (green) cells. Scale bars, 25 µm. e, Spinning disk confocal microscopy images of the synovial membrane of Cx3cr1creR26-tdTomato mice at day 2 after induction of K/BxN STA visualizing macrophages (tdTomato+, red) and neutrophils (Ly6G, green). Scale bars, 10 µm. f, CLSM scans of the synovial membrane in knee joints of ColVIcreR26-tdTomato reporter mice at the indicated time points after the induction of STA, enabling the visualization of synovial fibroblasts (tdTomato, red) and macrophages (CD68, green) along the synovial cavity (sc). Scale bars, 20 µm. g, LSFM of knee joints of Cx3cr1creR26-tdTomato mice showing the spatial distribution of macrophages (tdTomato, red) along the synovial cavity at day 21 after the first immunization during collagen-induced arthritis before the onset of arthritis (steady state) (top) and at day 35 after the first immunization after onset of joint inflammation, identifying rearrangement of macrophages in the form of palisade-like structures (filled arrowheads). Scale bars, 500 µm (left), 100 µm (right). AF, grey. h, CLSM images of knee joints of Cx3cr1creR26-tdTomato mice at day 21 (top; steady state before onset of arthritis) and day 35 (bottom; during active arthritis) of collagen-induced arthritis, illustrating reorganization of lining macrophages (tdTomato, red; CD68, green). Scale bars, 100 µm; scale bar of magnified view, 10 µm.

                          Source data
                        


Extended Data Fig. 2 Developmental origin of synovial lining macrophages.
a, Histological CLSM analysis of embryonic mouse knee joints at E15.5 and E16.5 visualizing CD68 (red) and F4/80 (white) expressing embryonic macrophages (filled arrowheads) within the newly formed synovial lining. Scale bars, 50 µm (top), 10 µm (bottom). b, BFM showing expression of CSF1R and the distribution of macrophages (F4/80, red) within the synovial tissue of CSF1RGFP mice (GFP, green; left). c, Representative CLSM scans of Cx3cr1GFP (green) knee joints confirming the expression of CSF1R (red) by antibody-mediated staining on interstitial CX3CR1− macrophages. Scale bars, 25 µm, scale bar of magnified view, 10 µm. d, Gating strategy for analysis of synovial macrophages isolated from hind paws of parabiotic DsRed/wild-type mice. Synovial macrophages were defined as DAPI− living, CD45+, Ly6G−, CD11b+, F4/80+ cells. DsRed expression discriminates the origin. e, Gating strategy for blood monocytes of parabiotic DsRed/wild-type mice. Blood monocytes were defined as DAPI− living, CD45+, CD11b+, Ly6G−, CD115+ and SSClow. DsRed expression discriminates the origin. f, Representative BFM of the synovial membrane of knee joints of a wild-type mouse sharing circulation with a DsRed mouse, six weeks after establishment of parabiosis (n = 3; DsRed, red; F4/80, green). Scale bars, 25 µm. g, BFM images of parabiotic wild-type (top) and DsRed (bottom) mice after nine weeks of parabiosis. In the wild-type mice, DsRed+ partner-derived macrophages are visible in the bone marrow (bm), but not detected in the macrophage (F4/80, green) lining layer. Scale bars, 25 µm. h, Flow-cytometric analysis of the percentage of partner-derived blood monocytes and synovial macrophages of DsRed/wild-type parabionts after 9 weeks of parabiosis. Mean ± s.e.m. Blood, n = 8; synovial joint, n = 8. i, Chimerism ratio of blood monocytes and synovial macrophages in DsRed/wild-type parabionts after six weeks and nine weeks of parabiosis, calculated as the quotient of content of partner-derived tissue macrophages to partner-derived blood monocytes. A chimerism ratio of one represents the chimerism observed in blood monocytes. Mean ± s.e.m. Monocytes 6 weeks, n = 6; synovial macrophages 6 weeks, n = 6; monocytes 9 weeks, n = 4; synovial macrophages 9 weeks, n = 8. j, k, Flow-cytometric analysis of parabiotic hind paws of DsRed/wild-type parabionts at the indicated time points of K/BxN serum transfer arthritis. Data presented show the percentage of partner-derived PMNs (k) and monocytes/macrophages (l) within the blood circulation and the synovial tissue and are used to calculate the individual chimerism of tissue- and blood-derived cells. Mean ± s.e.m. For j, blood day 0 n = 6; synovial tissue day 0, n = 6; blood day 5, n = 8; synovial tissue day 5, n = 7. For k, blood day 0, n = 6; synovial tissue day 0, n = 5; blood day 5, n = 7; synovial tissue day 5, n = 8.

                          Source data
                        


Extended Data Fig. 3 Fate mapping of synovial lining macrophages during arthritis.
a, Gating strategy for CD45+CD11b+Ly6G−CD115+ classical Ly6Chigh and non-classical Ly6Clow monocytes of Cx3cr1creERR26-tdTomato mice. b, Gating strategy for DAPI− living, CD45+CD11b+Ly6G−F4/80+ macrophages of Cx3cr1creERR26-tdTomato mice. c, Evaluation of tdTomato expression in blood monocytes and synovial macrophages two days and four weeks after tamoxifen pulse. Mean ± s.e.m.; n = 4 per group. d, e, BFM images of knee joint synovial membranes of Cx3cr1creERtdTomato mice four weeks after systemic tamoxifen pulse (d) and five days after local injection of (Z)-4-hydroxytamoxifen (e) at day 0 and day 7 after the induction of K/BxN STA showing selective tdTomato (red) expression in synovial lining macrophages. The smaller graphs to the right in e show the absence of tdTomato expression in blood monocytes after local (Z)-4-hydroxytamoxifen injection. Scale bars, 25 µm. f, Gating strategy for DAPI− living, CD45+CD11b+Ly6G−F4/80+ macrophages of Cx3cr1creERR26-tdTomato mice four weeks after tamoxifen pulse, used to calculate the absolute numbers of tdTomato+ macrophages during steady state and K/BxN STA. g, Gating strategy after EdU labelling of proliferating macrophages (CD45+CD11b+Ly6G− F4/80+) of Cx3cr1creERR26-tdTomato mice. h, Quantification of total tdTomato+ and tdTomato− macrophages in paws of Cx3cr1creERR26-tdTomato mice 4 weeks upon tamoxifen pulse at day 0, 2 and 5 after induction of STA. Mean ± s.e.m. Day 0, n = 6; day 2, n = 5; day 5, n = 6.

                          Source data
                        


Extended Data Fig. 4 Transcriptional profiling of steady-state synovial macrophage subsets.
a, Sorting strategy for bulk RNA sequencing analysis of synovial macrophages of Cx3cr1GFP mice. Macrophages were defined as CD45+, Ly6G−, CD11+ and F4/80+. GFP discriminated GFP+ lining macrophages and GFP− interstitial macrophages. b, Hierarchical clustering of z-score (left) and log2 counts (right) of selected genes of sorted GFP+ lining macrophages, GFP− interstitial macrophages and BMDMs generated from bulk RNA sequencing. c, Differential gene expression (mean fold change, log2(differentially expressed genes) (n = 3 per group) of tight-junction-associated genes comparing CX3CR1+ lining macrophages and BMDMs. Differential expression was performed with DESeq2. A Wald test was used to calculate two-sided P values; adjustment for multiple comparisons was performed with the Benjamini–Hochberg method. *P ≤ 0.05. d, Sorting strategy for synovial macrophages of Cx3cr1GFP mice for confirmatory quantitative analysis by PCR with reverse transcription (RT–PCR). Macrophages were defined as CD45+, Ly6G−, CD11+ and F4/80+. GFP discriminated GFP+ lining macrophages and GFP− interstitial macrophages. A dump channel using anti-CD31 and anti-E-cadherin was integrated to avoid endothelial cell or epithelial cell contaminations. e, Confirmatory quantitative RT–PCR analysis in synovial macrophage subsets determining expression of mRNAs encoding TJP1 (BMDM, n = 3; lining macrophage, n = 2), claudin 5 (n = 3 per group) and claudin 10 (n = 3 per group) in sorted GFP+ lining macrophages and in vitro cultured BMDMs, mean ± s.e.m.; two-tailed Student’s t-test, *P = 0.012. f, t-SNE profile of sorted synovial CD45+CD11b+Ly6G− mononuclear phagocytes of Cx3cr1creERR26-tdTomato mice analysed four weeks after tamoxifen pulse during steady-state conditions (top). After clustering, cell-cycle phase scoring based on canonical markers and regression was performed to determine clustering independent of cell cycle phase (middle and bottom). n = 7,362 cells. g, Gene ontology enrichment analysis of biological processes in cells of the proliferating Stmn1+ cluster of sorted CD45+CD11b+Ly6G− mononuclear phagocytes of a healthy tamoxifen-pulsed Cx3cr1creERR26-tdTomato mouse. The top 51 cluster marker genes determined with Seurat were used to perform a PANTHER overrepresentation test. The list of markers for the Stmn1+ cluster was compared to the reference list using Fisher’s exact test with false discovery rate correction. h, t-SNE profile of sorted synovial CD45+CD11b+Ly6G− mononuclear phagocytes of a healthy tamoxifen-pulsed Cx3cr1creERR26-tdTomato mouse after excluding Acp5+ osteoclast precursors revealing four remaining clusters (left). Single-cell trajectory analysis integrating cluster information (middle) and pseudotime (right) show a branch point of cellular differentiation into lining macrophages (red) or interstitial Retnla+ macrophages (dark blue) starting from proliferating MHCII+ macrophages (light blue). n = 7,028 cells. i, Differential gene expression analysis as a function of pseudotime in a branch-dependent manner showing a common gene signature of a pre-branch precursor cell population choosing two main cell fates: either Cx3cr1+ lining macrophage or interstitial Retnla+ macrophage. j, Gene expression changes of selected marker genes as a function of pseudotime reflecting the cellular differentiation into Retnla+ interstitial macrophages (solid line) and Cx3cr1+ lining macrophages (dashed line). n = 7,028 cells. k, BFM images of knee joints of Csf1rcreERR26-tdTomato mice (tdTomato, red) determining tdTomato expression in CD68+ (green) lining macrophages, MHCII+ interstitial macrophages (MHCII, white; top) and RELM-α+ interstitial macrophages (RELM-α, white; bottom) at indicated times after the start of tamoxifen treatment. Scale bars, 50 µm. l, m, Quantification of relative changes in tdTomato+ cells among CD68+ lining macrophages, RELM-α+ interstitial macrophages and MHCII+ interstitial macrophages in Csf1rcreERR26-tdTomato mice at indicated times after the start of tamoxifen treatment. n = 3 mice per group. Data are mean ± s.e.m. n, tdTomato (red) expression in CD68+ (green) macrophages in synovial tissue of the knee joint of RetnlacreR26-tdTomato mice. Scale bars, 250 µm (left), 25 µm (right). o, p, BFM images (o) and quantification of changes (p) in CD68+ (red) lining macrophages and MHCII+ (white) interstitial macrophages in LysMcreCD115DTR mice after 10 days of DT treatment, at the indicated time points after the beginning of DT treatment. Scale bars, 50 µm. n = 3 technical replicates. Data are mean ± s.e.m. q, Scheme of the postulated dynamic continuum of differentiating tissue-resident macrophages within the synovial tissue.

                          Source data
                        


Extended Data Fig. 5 Transcriptional profiling of mononuclear phagocytes during arthritis.
a, t-SNE scRNA-seq profiles of sorted synovial CD45+CD11b+Ly6G− mononuclear phagocytes of Cx3cr1creERR26-tdTomato mice analysed four weeks after tamoxifen pulse at the indicated time points after the induction of K/BxN STA, coloured by cluster assignment and annotated post hoc. Day 1, n = 4,640 cells; day 2, n = 2,722 cells; day 5, n = 3,237 cells. b, scRNA-seq-derived expression patterns of indicated genes within synovial mononuclear phagocytes at indicated time points after the induction of STA. Day 1, n = 4,640 cells; day 2, n = 2,722 cells; day 5, n = 3,237 cells. c, t-SNE plots of sorted CD45+CD11b+Ly6G− cells from arthritic hind paws at day 1 and day 5 after K/BxN serum transfer, showing the expression of Cx3cr1, Axl and Mfge8 within the cluster of lining macrophages. d, Comparison of available scRNA-seq datasets from monocytes of human synovial tissue derived from patients suffering from rheumatoid arthritis and osteoarthritis8 with scRNA-seq profiles of mouse CD45+CD11b+Ly6G− cells on day 5 after the induction of STA. Values represent the quotient of the numbers of all co-expressed marker genes of the 5 macrophage clusters at day 5 to the top 20 provided human marker genes of the 4 described subpopulations of human monocytes SC-M1, SC-M2, SC-M3 and SC-M4.

                          Source data
                        


Extended Data Fig. 6 Expression patterns of tight-junction proteins and gap-junction proteins in tdTomato+ lining macrophages.
Expression of claudin 5, TJP1/ZO-1 and claudin 13 as well as that of connexin 43 (grey, filled arrowheads) in synovial lining tdTomato+ (red) macrophages of Cx3cr1creR26-tdTomato mice during steady state and on days 1, 2 and 7 after the induction of K/BxN STA. Scale bars, 5 µm.


Extended Data Fig. 7 Ultrastructural characterization of cell–cell contacts between lining macrophages.
a, Representative CLSM of macrophages (tdTomato, red) within the synovial membrane of knee joints of Cx3cr1creERR26-tdTomato mice, visualizing the tight-junction protein ZO-1/TJP1 (white). Phalloidin, green; DAPI, blue. Scale bars, 5 µm. b, Transmission electron microscopy (TEM) images of the synovial membrane of a healthy knee joint showing tight junctions (tj), adherens junctions (aj), desmosomes (ds) and interdigitations connecting synovial lining macrophages. c, TEM micrograph showing synovial lining macrophages (red) constituting a dense physical barrier segregating the synovial fluid from sublining interstitial tissue containing synovial fibroblasts (cyan), endothelial cells (purple) embedded into the extracellular matrix (beige). d, TEM micrograph demonstrating synovial macrophages (red) forming the uppermost cell layer covering the layer of synovial fibroblasts (cyan). e, f, TEM micrographs of an inflamed synovial membrane two days after induction of K/BxN STA, showing the disruption of the covering synovial macrophage (red) layer and a reorientation of synovial macrophages (red) and synovial fibroblasts (cyan) directed to the synovial cavity. g, A TEM micrograph of an inflamed synovial membrane two days after the induction of STA reveals the emergence of macrophages containing large amounts of vacuoles filled with phagocytosed material. h, i, Recruited monocytes and granulocytes as well as free DNA of neutrophil extracellular traps (blue) within the synovial cavity of knee joints two days after the induction of STA. Filled arrowheads point at an exemplary monocyte engulfing free DNA.


Extended Data Fig. 8 Comparison of mouse and human synovial lining macrophages.
a, Histological sections of healthy (STA day 0, left) and inflamed (STA day 7, right) mouse knee joints of Cx3cr1creR26-tdTomato mice, showing the expression of TREM2 (green; filled arrowheads) in lining macrophages (tdTomato, red). Scale bars, 100 µm (top), 10 µm (bottom). b, c, Histological sections of synovial tissue of human knee joints isolated from patients diagnosed with osteoarthritis (OA) and rheumatoid arthritis (RA) determining expression of TREM2 (green; filled arrowheads) (b) and TJP1 (green; filled arrowheads) (c) in synovial macrophages (CD68, red). Scale bars, 100 µm (top), 10 µm (bottom). d, Flow-cytometric analysis of the composition and frequencies of MHCII+TREM2− and MHCII−TREM2+ mononuclear phagocytes in synovial tissue samples isolated from human knee joints of patients diagnosed with osteoarthritis and rheumatoid arthritis. e, Histology-based quantification of the density of the synovial macrophage lining (defined as percentage of CD68+TREM2+ macrophages among total lining cells) in synovial tissue sections of patients diagnosed with osteoarthritis (n = 4) and rheumatoid arthritis (n = 5), respectively. Data are mean ± s.e.m., two-tailed Student’s t-test.

                          Source data
                        


Extended Data Fig. 9 Role of CX3CR1+ macrophages during arthritis.
a, To quantify lining density, tdTomato+ macrophages (red) were manually isolated from 3D reconstructions of optically cleared and LSFM-imaged Cx3cr1creR26-tdTomato knee joints (autofluorescence, grey; CD31, blue) using Imaris software. Isolated surfaces (yellow) were volume-rendered for tdTomato+ macrophages (red) and whole-area volume (green). Lining density was calculated from the ratio of whole-area volume to macrophage volume. An exemplary image of the same knee joint before and after isolation of lining macrophages is shown. Scale bars, 200 µm. b, Dynamic-contrast-enhanced magnetic resonance imaging (DCE-MRI) data analysis. The red line drawn in the sagittal T1-weighted image after administration of contrast agent marks the transverse plane used for T1-weighted DCE-MRI analysis. The DCE curve generated from the region of interest (synovial tissue) was normalized to the measurement time point after complete injection of contrast agent, and the time of measurements was converted to distinctive measurements. c, CLSM images of knee joints of Cx3cr1GFP mice injected with protein-G-purified and Alexa-Fluor-647-labelled K/BxN serum IgG (grey) at the indicated time points after IgG injection, determining the uptake of labelled IgG by macrophages (GFP, green; CD68, red) in the synovial tissue and the synovial lining (synovial cavity, sc). Scale bars, 10 µm. d, CLSM scan with higher magnification showing localization of labelled IgG (grey) inside the vacuoles of CD68+ (red) lining and interstitial synovial macrophages 24 h after injection. Scale bars, 10 µm. e, Clinical course of K/BxN STA in wild-type mice that were treated with an anti-GR1 antibody to deplete PMNs and inflammatory Ly6Chigh monocytes and a control antibody (LTF-2), one day before induction of STA. Mean ± s.e.m.; n = 5 per group. f, Histological CLSM analysis of lining morphology after anti-GR1 antibody-mediated neutrophil/monocyte depletion one day after induction of STA. Lining macrophages (tdTomato, red). Scale bars, 20 µm. g, Flow cytometry analysis of synovial macrophages and blood Ly6Chigh or Ly6Clow monocytes of Cx3cr1creiDTR mice and iDTR control mice one day and five days after two injections of DT (500 ng per mouse per day, i.p.). Mean ± s.e.m; For day 1: iDTR, n = 5; Cx3cr1creiDTR, n = 7; for day 5, n = 3 per group. Two-tailed Student’s t-test, ***P < 0.0001. h, Representative BFM images of the infiltration of PMNs (Ly6G, green) and neutrophil extracellular trap formation (filled arrowheads, DAPI, blue) within the synovial cavity of knee joints of Cx3cr1creiDTR (n = 3) and iDTR control (n = 3) mice 6 days after injection of DT and 24 h after induction of STA (CD68, red). Scale bars, 200 µm and for magnified view, 50 µm. i, Treatment scheme and clinical course of STA in Cx3cr1creiDTR and iDTR control mice that had received a unilateral local injection of DT (n = 7) and PBS (n = 7), respectively. P values calculated using two-tailed paired t-test, **P = 0.008. j, Clinical course of STA including AUC of the corresponding clinical index in C57BL/6 wild-type mice treated with C5C2 claudin peptidomimetics (3.5 µmol kg−1, i.v., n = 8) or scrambled C5C2 control peptide (C5C2scr; 3.5 µmol kg−1, i.v., n = 6) one day before and after the induction of STA. Data are mean ± s.e.m. Mann–Whitney U-test for clinical index with *P ≤ 0.05, and two-tailed Student’s t-test for AUC with **P = 0.0062. k, Normalized signal intensity curves of DCE-MRI of synovial tissue of knee joints over 90 measurements with intervals of 7 s at the indicated days after STA in C57BL/6 wild-type mice treated with C5C2 claudin peptidomimetics (3.5 µmol kg−1, i.v.) or vehicle one day before the induction of STA. Data are mean ± s.e.m. Day 0: vehicle, n = 10 knee joints; C5C2, n = 10 knee joints; day 1: vehicle, n = 9 knee joints; C5C2, n = 10 knee joints. P values for AUC were calculated using two-tailed Student’s t-test, *P = 0,0256. l, Flow cytometry of blood monocytes and neutrophils of LysMcreCD115DTR mice (n = 6) and CD115DTR control mice (n = 5) one day after two injections of DT (500 ng per mouse per day, i.p.). Mean ± s.e.m.; two-tailed Student’s t-test, *P = 0.0467, **P ≤ 0.0069, ***P = 0.0001.
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Extended Data Fig. 10 Schematic summary.
Top, scheme of the postulated origin of resident synovial CX3CR1+ lining macrophages that constantly repopulate from proliferating tissue resident CX3CR1−MHCII+ interstitial macrophages. Bottom, tight-junction-forming resident lining macrophages form a protective barrier for joint structures that disintegrates during arthritis, enabling infiltration of inflammatory myeloid cells.
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Supplementary Table 1
Marker genes of clusters of scRNA-seq data of sorted synovial CD45+CD11b+Ly6G- mononuclear phagocytes during steady state.


Reporting Summary

Supplementary Table 2
Marker genes of clusters of scRNA-seq data of sorted synovial CD45+CD11b+Ly6G- mononuclear phagocytes at day 5 post K/BxN serum transfer.


Supplementary Table 3
Supplementary experimental procedures and key resources.


Video 1
Spatial arrangement of tdTomato+ macrophages at the synovial membrane. Optical sections of a light-sheet fluorescence microscopy scanned Cx3cr1creR26-tdTomato murine knee joint (Autofluorescence, grey; CD31, blue) show the dense and continuous localization of tdTomato+ macrophages (red) along the synovial cavity in all three dimensions.


Video 2
High resolution scan of the synovial lining architecture. Processed confocal laser scanning microscopy scan of the synovial membrane of the knee joint in Cx3cr1creR26-tdTomato mice (tdTomato, red; Phalloidin, green; DAPI, blue) showing the dense spatial arrangement of lining macrophages (tdTomato, red) with high resolution.


Video 3
Localization of tdTomato+ macrophages (MΦs) at the synovial membrane. 3D reconstruction of an optically cleared and light-sheet fluorescence microscopy scanned Cx3cr1creR26-tdTomato knee joint shows the general tissue morphology (autofluorescence, grey), vascularization (CD31, blue), and distribution of tdTomato+ macrophages (red) in the tissue.


Video 4
Physical barrier of tdTomato+ macrophages (MΦs) between the synovial capillary network and intraarticular space. Manually isolated tdTomato+ lining macrophages (red) from a light-sheet fluorescence microscopy scanned knee joint of a Cx3cr1creR26-tdTomato mouse form a barrier between the dense capillary network (CD31, blue) within the sublining synovial tissue and the synovial cavity.


Video 5
Morphology of the membrane-forming lining macrophages (MΦs) at D0 of STA. 3D reconstruction of a light-sheet fluorescence microscopy scanned Cx3cr1creR26-tdTomato knee joint at steady state showing a healthy morphology of the synovial membrane. TdTomato+ lining macrophages (red) form a dense barrier along the synovial cavity and neutrophil granulocytes (Ly6G, green) are exclusively located in the bone marrow (autofluorescence, grey).


Video 6
Morphology of the membrane-forming lining macrophages (MΦs) at D2 of STA. 3D reconstruction of a light-sheet fluorescence microscopy scanned Cx3cr1creR26-tdTomato knee joint at day 2 (D2) after K/BxN serum transfer showing a massive reduction in the density of tdTomato+ lining macrophages (red) in the synovial membrane (autofluorescence, grey). Additionally, neutrophils (Ly6G, green) sporadically infiltrate the synovial fat pad.


Video 7
Morphology of the membrane-forming lining macrophages (MΦs) at D7 of STA. 3D reconstruction of a light-sheet fluorescence microscopy scanned Cx3cr1creR26-tdTomato knee joint at day 7 (D7) after K/BxN serum transfer (autofluorescence, grey). Neutrophils (Ly6G, green) and macrophages (tdTomato, red) infiltrate the synovial fat pad and the synovial cavity.
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