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Supplementary Figures
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Supplementary Figure 1. Fluorescent footprints and sequencing library statistics. (a) Images
of H&E stained tissue sections and corresponding fluorescent cDNA expression footprints
marking spatial gene activity for RA1 (knee) and RA2 (hip) patient biopsies. cDNA signal shows
optimized tissue handling for both RA sampling sites. Scale bars represent 500um and are shared
between the H&E and cDNA patient images. (b) Sequencing library statistics for all patient
biopsies (RA1-6; color code) reporting number of raw sequence reads, unique UMIs and unique
protein coding genes per 100um spatial feature (black dots represent average values per section).
Center black line, median; black box, interquartile range; black vertical line, 1.5x interquartile
range.
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Supplementary Figure 2. Single cell segmentation and histoCAT analysis workflow. (a)
100um ST features were used to crop the respective H&E images as 100pm x 100um areas. Ilastik
software was used to train a random-forest classifier to create Probabilities for three classes in the
H&E image (red: nuclei; yellow: membrane; pink: background). Single Cell Segments (each
individual cell represented in discrete grayscale color code) and Single Cell Density (color scale
represents the percent of each cell’s area touching a membrane of a neighboring cell) were
quantified and visualized in the histoCAT software (Methods). (b) Same as in (a) for a less cell
dense area overlapping a 100um ST feature. Scale bars represent 25um and are shared between all
respective images in (a) and (b).
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Supplementary Figure 3. Cellular morphology reproduces manual annotations. On average
80% of all manually annotated infiltrates (red octagons) were present in 100um ST features with
a percent touching score >70% (left boxplot in pair), while 91% of all Clusterl ST features were
present in cell dense areas (red circle; right boxplot in pair). Center red line, median; blue box,
interquartile range; black dashed vertical line, 1.5x interquartile range.
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Supplementary Figure 4. Clustering analysis of RA1 infiltrate regions. (a) PCA plot of each
individual spatially resolved infiltrate feature present in any of the RA1 tissue sections. Samples
have been color-coded based on hierarchical clusters (cyan; purple). (b) Heatmap of differentially
expressed genes (color scale, rows) between the two clusters (color code, columns) as determined

in (a). Color code is shared between the panels.
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Supplementary Figure 5. Average infiltrate signatures in four RA1 biopsy sections. (a)
Volumetric morphological view with overlaid color-coded infiltrate regions present in all four
sections as determined by clustering (color code). Yellow arrow marks an event where the infiltrate
region changed its cluster assignment in the 3D tissue volume. Scale bar represents 500um and is
shared between the sections. (b) Boxplots showing average expression of three cluster driving
genes; CD52; MS4A1 and FNI (color code; blue; light blue; yellow) present in two spatial infiltrate
clusters (color bar; cyan; purple). Center black line, median; color-coded box, interquartile range;
black vertical line, 1.5x interquartile range. In case only one spatial feature was present, only
individual measurements were plotted (dots). Infiltrate regions are number coded (1-5) and the
numbering is shared between the panels.
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Supplementary Figure 6. Average expression of spatially variable genes in seropositive RA
tissue volumes and clusters. (a-c) Boxplots denoting average gene expression (columns) per
spatial cluster (color code) in respective seropositive RA tissue volumes (RA1-3). Statistical
significance markings (two-sided z-test, Benjamini-Hochberg adjusted) are displayed; p>0.05 (ns),
0.005<p<0.05(*), 0.0005<p=<0.005(**). Center black line, median; color-coded box, interquartile
range; black vertical line, 1.58x interquartile range; black dots; mean gene expression values per
individual tissue section.
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Supplementary Figure 7. Spatial and infiltrate clustering for seronegative patient biopsies.
(a) Spatial and infiltrate clustering (color code). Scale bars represent 500um and are shared
between the sections within the individual patient tissue volume. (b) Boxplots denoting average
expression (columns) per spatial cluster (color code) in respective seronegative RA tissue volumes
(RA4-6). Statistical significance markings (two-sided z-test, Benjamini-Hochberg adjusted) are
displayed; p>0.05 (ns), 0.005<p<0.05(*), 0.0005<p=<0.005(**), p<0.0005(***). Center black line,
median; color-coded box, interquartile range; black vertical line, 1.58x interquartile range; black
dots; mean gene expression values per individual tissue section. Spatial clustering color code is
shared between panels (a) and (b).
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Supplementary Figure 8. Cell type abundances across spatial clusters. Boxplots denoting top
three cell type abundances [%] (columns; color code) in each spatial cluster in respective
seropositive (RA1-3) and seronegative (RA4-6) tissue volumes. Center black line, median; color-
coded box, interquartile range; black vertical line, 1.58x interquartile range.
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Supplementary Figure 9. Correlations between spatial cell type abundances in the
rheumatoid arthritis synovium. (a) Correlation plots between macrophages and different
fibroblast subtype abundances in the whole tissue volume in seropositive patient samples (RA1-
3). (b) Correlation plots between macrophage, fibroblast and plasma cell abundances in RA2. (c)
Correlation plots between regional distributions of macrophage and dendritic cell abundances in
seropositive RA tissue volumes. Reported are Pearson’s correlation coefficients (R) and p values
for each comparison. Colored line (gray) represents the linear regression line while the shaded
areas represent the 95% confidence intervals for predictions from the linear model.



Supplementary Tables

Rheumatoid ACPA Biopsy D1s§ase Treatment at
Sample Sex Age . duration at s
factor status site . . sampling
time-point
RA1 RF-positive positive F 70-74 years knee Approx. 18 MTX
old years
. . 50-54 years . Approx. 14 | MTX and anti-
RA2 RF-positive positive F old hip years TNF
RA3 RF-positive positive F 80-84 years knee Approx. 17 MTX
old years
. . 35-39 years . Approx. 20 | MTX and anti-
RA4 RF-negative negative | M old hip years IL6R
. . 40-44 years Approx. 23 | MTX and anti-
RAS RF-negative | negative | M old knee years IL6R
. . 55-59 years . Approx. 6 MTX and
RA6 RF-negative | negative F old hip years CTLA4-Ig

Supplementary Table 1. RA patient information.

Supplementary Notes

Supplementary Note 1. In RA1.3 location 24 3 does not have any cells in the H&E image.

Supplementary Note 2. In RA1.3 location 30 17 is missing and was so far removed from Cluster

2.
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