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Supplementary Figure S1. Separate waves of immune cell infiltration during wound closure, 
related to Figure 1. 
(A) Experimental layout of immune cell profiling during skin wound repair. Four full thickness circular 
dorsal skin wounds of 4 mm diameter were caused in mice. Wound and surrounding tissue was collected 
using an 8 mm diameter punch biopsy. A single cell suspension was generated prior to barcoding, 
staining, and analysis on a mass cytometer and two to four wounds were pooled per mouse. Data in 
Supplementary Figure S1 represents one of two representative experiments. 
(B) UMAP projection of immune cells detected during skin wound repair based on a 40-marker panel.  
(C) Heatmap of marker expression across all identified cell clusters. Mean intensity of each marker is 
plotted as scaled value across column. 
(D) Diameter of wounds plotted over time of two separate experiments. Each dot represents the mean 
diameter of 4-12 wounds from 1-3 mice per timepoint. Error bars represent ±SD. 
(E) Line plots of all immune cell clusters identified in (B) plotted as percentage of all CD45+ immune cells 
per timepoint of wound sampling (left y-axis). Dotted line represents wound diameter (right y-axis). Dots 
represent mean values of n=3 mice per timepoint. Error bars represent ±SD. 
(F) Phenotypic earth mover’s distance (PhEMD) diffusion map embedding, as described in Chen et al.41, 
of all samples collected during wound closure. Each dot represents the wound-resident immune cell 
composition of one mouse. Dots are color-coded by day and n=3 mice were collected per timepoint. UW, 
unwounded. DC, diffusion coefficient. 
(G) scRNA-Seq UMAP plot of CD45+ immune cells found during skin repair. 
(H) Bubble plot of differentially expressed genes across all identified clusters in (G). 
(I) Bubble plot of differentially expressed genes across all Mono_Mac subpopulations. 
(J) UMAP plot of all monocyte/macrophage cells. Violet color intensity indicates mRNA expression level 
of H2-Ab1 (gene encoding structural component of MHCII complex) and Nr4a3 within each cell. 
(K) UMAP plot of MHCIIhi Mono_Mac subset. 
(L) Gene expression of select genes along pseudotime. D00 represents unwounded skin. 
(M) Right: Space-time tile plot representing the non-Mono_MAC CD45+ subpopulations identified in the 
scRNAseq dataset during wound healing from Figure S1G. Tiles are color-coded relative to unwounded 
(UW) state of displayed cell subpopulation: red indicates increase, blue indicates decrease, white 
indicates no change in subpopulation compared to UW. 
(N) Space-time tile plots representing the Mono_2 and Mono_MHCII subpopulations within the 
Mono_Mac object. Tiles are color-coded relative to unwounded (UW) state of displayed cell 
subpopulation: red indicates increase, blue indicates decrease, white indicates no change in 
subpopulation compared to UW. 
See also Figure 1. 
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Supplementary Figure S2. Whole-mount imaging of wound tissue, related to Figuer 2. 
(A) Top-down view of D3 post-wounding imaged sample. Fluorescent stain of CD49f/ITGA6 is shown in 
white. *Edge of wound with re-established epithelial basement membrane. See Movie S1 for 3D view. 
One of two representative experiments is shown. 
(B) Top-down view of D7 post-wounding imaged sample. Fluorescent stain of CD49f/ITGA6 is shown in 
white. *Vasculature in non-wounded skin, **hair follicles, ***fascia, #severed nerve bundle. See Movie 
S2 for 3D view. One of two representative experiments is shown. 
(C) Top: UMAP plot of all Mono_Mac clusters. Blue color intensity indicates mRNA expression level of 
Arg1 within each cell. Bottom: UMAP plot of Mono_Mac subsets.  
(D) Top-down view of stained wound sample from Arg1-tdTomato reporter mouse (top) day 3 and 
(bottom) day 7 post-wounding. Boxes highlight zoom-ins shown in (E). One of two representative images 
is shown for each day. 
(E) Zoom-in of boxes from (D) displaying single z-stack. Images depict wound center region (i) and (iii) 
or wound distal region (ii) and (iv). CD11b+ Arg1-tdTomato+ double-positive cells are highlighted by an 
asterisk, which are predominantly found in the wound center on day 3. Bar, 50 µm. 
(F) Similar to Figure 2E. Quantification of CD11b+ Arg1+ cells relative to distance from the center of the 
wound from repeat experiment. Percentage of CD11b+ Arg1+ of all CD11b+ are plotted by day post 
wounding, representing an ‘Early Pattern’. 
(G) Top-down view of Ce3D-cleared unwounded skin from Arg1-reporter mouse stained with antibody 
against CD11b (green). Arg1+ CD11b- signal (red) visible in hair follicle bulge. Bottom left, zoomed-in 3D 
projection of box in top image. Bottom right, single z-stack of zoomed-in region showing no CD11b+ signal 
in Arg1+ hair follicle bulge. 
(H) UMAP plot of all CD45+ immune cells. Blue color intensity indicates mRNA expression level of Mrc1 
within each cell. 
(I) Top-down view of stained wound sample from WT mouse (top) day 3 and (bottom) day 7 post-
wounding. Boxes highlight zoom-ins shown in (H). One of two representative images is shown for each 
day. 
(J) Zoom-in of boxes from (H) displaying single z-stack. Images depict wound center regions (i) and (iii) 
or wound distal regions (ii) and (iv). CD11b+ CD206+ double-positive cells are highlighted by an asterisk, 
which are only found in unwounded skin on day 3 and day 7, and on the wound edge on day 7. Bar, 50 
µm. 
(K) Similar to Figure 2G. Quantification of CD11b+ CD206+ cells relative to distance from the center of 
the wound from repeat experiment. Percentage of CD11b+ CD206+ of all CD11b+ are plotted by day post 
wounding, representing a ‘Late Exterior Pattern’.  
See also Figure 2. 
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Supplementary Figure S3. Identification of non-immune cells in wound scRNAseq data and their 
relation to immune cells, related to Figure 3. 
(A) Bubble plot of differentially expressed genes across all identified CD45- non-immune cell clusters. 
Cluster labelled ‘immune’ expressed high levels of the MHCII invariant chain Cd74 and was excluded 
from further analysis. 
(B) Space-time tile plots of all CD45- non-fibroblast non-immune cells identified in the scRNAseq dataset 
during skin repair. Percentage within all CD45- non-immune cells is plotted by day and space post-
wounding. Tiles are color-coded relative to unwounded (UW) state of displayed cell subpopulation: red 
indicates increase, blue indicates decrease, white indicates no change in subpopulation compared to 
UW. 
(C) Bubble plot of differentially expressed genes across all fibroblast subpopulations identified during 
wound skin repair. 
(D) Stacked violin plots of select inflammatory cancer-associated fibroblast (iCAF) markers (left), 
myofibroblast markers (middle), and ‘universal’ fibroblast markers (right) plotted as natural log-normalized 
mRNA expression level. Individual violin plots are ordered by fibroblast clusters identified in this study. 
(E) Heatmap depicting Jaccard similarity of cluster-specific genes between fibroblast clusters identified 
in Buechler et al., 2021, and fibroblast subpopulations in present study. About 25% of all differentially 
expressed genes in Lrrc15 cluster from Buechler et al., 2021, and Fibro_4 cluster in present study were 
shared. 
(F) Heatmap depicting Jaccard similarity of cluster-specific genes between fibroblast clusters identified 
in Vu et al., 2022, and fibroblast subpopulations in present study. About 30% of all differentially expressed 
genes in Homeo_Fb cluster from Vu et al., 2022, and Fibro_5 cluster in present study were shared. 
(G) Space-time tile plot of Acta2 (gene encoding for ⍺SMA) mRNA expression (normalized to depth) 
within all fibroblasts. Tiles are color-coded relative to unwounded (UW) state. Red, high. White, low. 
(H) Zoom-in of Ce3D-cleared 250 µm thick section of D3 wounded skin (yellow box) in Pdgfra-H2B-
EGFP+/WT mice stained with anti-⍺SMA antibody (yellow). Image was processed to show ⍺SMA- Pdgfra+ 
(grey) and ⍺SMA+ Pdgfra+ (green) spots. Scale bar denotes 150 microns. 
(I) 3D-views of dorsal skin wound cross-sections from Pdgfra-H2B-EGFP+/WT mice collected at (top) day 
3, (middle) day 7, and (bottom) day 14 post-wounding. Images were processed to depict ⍺SMA+ Pdgfra-
H2B-EGFP+ spots in green, ⍺SMA- Pdgfra-H2B-EGFP+ spots in grey, and ⍺SMA+ Pdgfra-H2B-EGFP- 
surfaces in violet. ⍺SMA+ Pdgfra-H2B-EGFP- surfaces most likely represent vascular smooth muscle 
cells surrounding blood vessels. Day 0 wound center annotated by dashed vertical line and wound bed 
edge annotated by dotted line. Images representative of 2 independent experimental replicates. Yellow 
box on D3 sample represents approximate zoom-in in figure S3U. Scale bar denotes 500 microns. 
(J) Quantification of ⍺SMA+ Pdgfra-H2B-EGFP+ double-positive spots of all Pdgfra-H2B-EGFP+ spots in 
(I) relative to distance from the center of the wound. Percentage of double-positive ⍺SMA+ Pdgfra-H2B-
EGFP+ spots are plotted by day post wounding. Data represents two independent replicates with line 
dashes representing each replicate. 
(K) Pearson correlation matrix output of STCA comparing all identified CD45+ immune and CD45- non-
immune cell subpopulations. Dots shown represent statistically significant pairs (p-value<0.05) and color 
indicates Pearson’s correlation coefficient. 
See also Figure 3. 
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Supplementary Figure S4. CellChat and NMF analysis of wound scRNAseq data set, related to 
Figure 4. 
(A) Heatmap showing gene weights for the top 8 contributing genes for each factor in the Mono_Mac 
subset. Values shown are normalized across the rows such that each gene has a maximal contribution 
of 1 towards a given factor. 
(B) Same analysis as in (A) for the fibroblast subset. 
(C) Plot showing strategy for choosing optimal number of factors for NMF decomposition. The factor 
number prior to a sharp downturn in cophenetic score (stability measure) was chosen.  
(D) CellChat stacked bar plot showing relative information flow computed within the Mono_Mac and 
Fibroblast merged datasets split by timepoint (D00, D1, D3, D7 and D14 following wounding) for the 
PERIOSTIN, TNC, and OSM pathways. 
(E) 3D-views of dorsal skin wound cross-sections collected at (top) day 7 post-wounding showing staining 
for POSTN, CD11b, and GPNMB. Day 0 wound center annotated by dashed vertical line and approximate 
wound bed edge annotated by dotted line. Images representative of 3 independent experimental 
replicates. Scale bar denotes 500 microns. 
(F) Inset images focusing on clusters of both GPNMB+ CD11b+ cells and GPNMB- CD11b+ cells and 
the presence or absence of POSTN signal nearby. Scale bar denotes 20 microns. 
(G) Quantification of mean fluorescence intensity of GPNMB staining for CD11b+ cells as a function of 
distance from the wound center. Line type represents three independent replicates. Accompanying 
Tileplot denoting mean expression of Gpnmb in the Mono_mac object as a function of space and time in 
the wound healing scRNA-Seq dataset. Red tiles denote increase relative to the unwounded state while 
blue tiles denote decrease relative to unwounded skin. 
(H) Histogram showing the distribution of distances to the nearest POSTN+ Surface from either GPNMB+ 
CD11b+ cells or GPNMB-CD11b+ cells.  K-S test performed for similarity of distributions. Dotted lines 
represent the medians of the two distributions. 
(I) Tile plots showing average factor loading over space-time for two selected gene programs belonging 
to the major classes defined (Early/Int-In/Late-In/Late-Ex/Edge) in Figure S4J. are highlighted with 
matching colors. Red tiles denote increase relative to the unwounded state while blue tiles denote 
decrease relative to unwounded skin. 
(J) Correlation matrix showing the space-time correlation between 114 factors generated from each of 
the coarse-grained cell type definitions identified in Figures S1J and 4A. Dots shown represent 
statistically significant pairs (p-value<0.05) and color indicates Pearson’s correlation coefficient. 
Abbreviations: endo, endothelial;  dc, dendritic cell; MM, Mono_Mac; fibro, fibroblast; kerat, keratinocyte; 
tnk, T and NK cell; t, T cell; mast, mast cell; dsp, dermal sheath papilla; vsm, vascular smooth muscle; 
Neut, neutrophil; melano, melanocyte; b, B cell. 
See also Figure 4. 
 



A

NMF analysis on 
B16F10/MC38 Mono/Mac

0.915

0.920

0.925

0.930

20.0 22.5 25.0
factors

co
ph

en
et

ic

C

0 0.5 1

Slc7a11
Clec4e
F10
Cxcl3
Rbpms
Il1a
Prdx6
Clec4n
Map2k5
Tm4sf1
Dcn
Slc25a30
Zfyve27
Phgdh
Dennd5b
Gm15283
Cd300ld
Stam2
Atr
Csnk1g1
Mafk
Gm26782
Ythdc2
Rnd3
Gclm
Rnf128
Slc48a1
Rhoc
Akr1b8
Srxn1
Ptgr1
Cd36
C4b
Folr2
Clec10a
Pltp
Fcna
F13a1
Fcgrt
Ltc4s Lpl
Wfdc17
Pf4 Fabp5
Ndufa4
Igf1
Ccl8
Vcam1
Birc5
Stmn1
Top2a
Ube2c
Cks1b
H2afx
Mki67
Cenpa
Pou2f2
Clec4b1
Clec4a1
Clec4a3
Cd79b
Cd72
Batf3
Gk
Pde4b
Nlrp3
Gpr132
Tnfaip3
Rel
Dusp5
Ptgs2
Kdm6b
Bnip3
Prelid2
Fam162a
Ankrd37
Ero1l
Hilpda
Tnfrsf9
Cox4i2
Olfml3
Fcrls
Pmepa1
Tmem119
Cxcl14
Pdgfa
Rapsn
Cd81
Plac8
S100a4
Ly6c2
Lsp1
Ccr2
Chil3
S100a6
Thbs1 H2-Eb1
H2-DMb1 H2-Ab1

H2-AaLy6a
Klrb1b
Zmynd15
AW112010
Ccl3
Tnf
Ccl4
Sertad1
Gm26532
Ifrd1
Atf3
Rasgef1b
Rassf2
Ikbke
Ocrl
Madd
Washc4
Mepce
Txndc16
Arhgef10l
Isg15
Ifi213
Ifi209
Irf7
Oasl2
Oasl1
Rtp4
Ifit3
Gbp2
Cxcl9
Gbp4
Slamf8
Fam26f
Serpina3g
Iigp1
Ccl5
Mcm3
Mcm6
Dut
Pcna
Mcm5
Lig1
Mcm7
Slbp
Ifitm1
Il1r2
Clec5a
Spint1
Runx3
Il1b
AA467197
Nt5e
Vps37b
Lats2
Serpinh1
Ms4a4a
Dgat1
Igfbp6
Col1a1
Rab34
Gm26522
Gm17056
2310033P09Rik
Lyl1
Slc36a3os
Fam71a
Lrrc45
Cul9
Ints6l
Anks1
Vps45
Aldh3a2
Ticam1
Crtc2
Rhoq
Brpf1
Mfng
Atpaf2
Tmc6
Ibtk
Htra1
Clp1
Zbtb44
Icam2
Bhlhe41
Gpr137b
Mmp12
Atp6v0d2
Slc6a8
Aph1c
Fnip2
Il1rn
Hspa1a
Hspa1b
Hsph1
Dnajb1
Gadd45g
Hsp90aa1
Dnaja1
Smad7

fa
ct

or
-1

fa
ct

or
-2

fa
ct

or
-3

fa
ct

or
-4

fa
ct

or
-5

fa
ct

or
-6

fa
ct

or
-7

fa
ct

or
-8

fa
ct

or
-9

fa
ct

or
-1

0
fa

ct
or

-1
1

fa
ct

or
-1

2
fa

ct
or

-1
3

fa
ct

or
-1

4
fa

ct
or

-1
5

fa
ct

or
-1

6
fa

ct
or

-1
7

fa
ct

or
-1

8
fa

ct
or

-1
9

fa
ct

or
-2

0
fa

ct
or

-2
1

fa
ct

or
-2

2
fa

ct
or

-2
3

fa
ct

or
-2

4
fa

ct
or

-2
5

Norm. Weights
B

−3

0

3

−5 0 5

MC38 B16F10

Hmox1

Serpine1

Prdx1

Gclm

Ccl6

Cd36
Ptgr1

Srxn1

Clec4n

Gclc
Creg1

Rnf128

Osgin1

Akr1b8

Sqstm1

Txnrd1

Fbxl5

F7
Cyb5a

Slc48a1

Mgst1

Lipa

Rhoc

Esd

Gstm1

Blvrb

CatSmpdl3a

0.000

0.005

0.010

0.00 0.01 0.02
Gene Weight WH Factor 11

G
en

e 
W

ei
gh

t T
um

or
 F

ac
to

r 4 Ccl8
Cd209f

Cd163

Lyve1

Clec10a
C4b

Fcna

Selenop

Gas6
Folr2

Ednrb

Fxyd2

Cbr2

Pltp

Cfh

Ltc4s Fcgrt

Igf1

Mrc1

Cd81

Igfbp4Npl

Pros1Lifr

F13a1

Stard8

Reps2Tns1

Rcn3
Etv1

0.000

0.002

0.004

0.006

0.0000 0.0025 0.0050 0.0075 0.0100
Gene Weight WH Factor 12

G
en

e 
W

ei
gh

t T
um

or
 F

ac
to

r 5

Hist1h2ae

Hist1h2apHist1h1b

Top2a

Mki67

Stmn1

Hist1h1e Hmgb2

H2afx

Smc2Cks2

Cks1b
Cdca8

Atad2

Cenpa

Mcm7

Smc4

Rrm1

Tmpo

Mcm6

Lig1

Tubb5

Mcm3

Dut

H2afv
Tubb4b

Selenoh

Mcm50.000

0.005

0.010

0.015

0.000 0.005 0.010 0.015
Gene Weight WH Factor 15

G
en

e 
W

ei
gh

t T
um

or
 F

ac
to

r 7

Inhba

Mt2

Nos2

Ero1l
Tnfrsf9

Slc7a2 Ndrg1

Egln3

Arg1

Hilpda

Bnip3

Slc2a1

Smox Ankrd37

Mxi1

Fam162a

Pgk1Ddit4

Selenbp1Higd1a
Mgarp

Prelid2

Eno1

Pfkp

Mif

Zfp395

Tpi1

Ak4Gm152830.000

0.005

0.010

0.015

0.0000 0.0025 0.0050 0.0075

0.0100

Gene Weight WH Factor 8

G
en

e 
W

ei
gh

t T
um

or
 F

ac
to

r 1
0

Ctla2aCx3cr1

Cxcl14

Fcrls

Ms4a7

Apoe Gatm

Trf

Syngr1

Pmepa1

Sox4

Acp5

Cd81 Rnase4

Dppa3
Pxdc1

Tgfbi

Cd63

Stab1

Trem2

PdgfaTmem119

Mmp14Cxcr4

Hexb

Olfml3

Rapsn

Tmem37
Tmem86a

Ms4a6d

0.000

0.005

0.010

0.000 0.005 0.010
Gene Weight WH Factor 14

G
en

e 
W

ei
gh

t T
um

or
 F

ac
to

r 1
1

Ly6c2

Chil3

Plac8

Thbs1

Hp
Ms4a4c

Ifitm6

Tmsb10

Napsa

Crip1

Lsp1 Ccr2

Slfn5

Tgfbi

Gsr

Mcemp1

Ifitm2

Cd52
Slfn1

Ifitm3

S100a11
Ramp1

Igfbp6

Plbd1

Ltb4r1
Zbp1

Gda

Msrb1

Mefv

0.000

0.005

0.010

0.015

0.000 0.003 0.006

0.009

Gene Weight WH Factor 1

G
en

e 
W

ei
gh

t T
um

or
 F

ac
to

r 1
2

GO:0034599
Cellular Reponse to Oxidative Stress

GO:0030449
Reg. of Complement Activation

GO:0007076
Mitotic Chromosome Condensation

GO:0071456
Cellular Reponse to Hypoxia

GO:0050866
Negative Reg. of Cell Activation

GO:0046597
Neg. Reg. of Viral Entry

J20= 0.43 J20= 0.38 J20= 0.33

J20= 0.38J20= 0.43 J20= 0.33

0.015

D E F

G H I

Supplementary Figure 5

J K

L

M N

−3

−2

−1

0

1

2

3

−6 −3 0 3 6
UMAP_1

U
M

AP
_2

−5.0

−2.5

0.0

2.5

5.0

−8 −4 0 4
UMAP_1

U
M

AP
_2

D01_2mm
D01_4mm
D01_6mm

D01_8mm

D03_2mm
D03_4mm

D03_6mm
D03_8mm

D07_2mm D07_4mm

D07_6mm

D07_8mm
D14_2mm

D14_4mm

D14_6mm

D14_8mm

UW

KPP_Large

KPP_Norm

KPP_Small
B16_D05

B16_D08

B16_D11

factor−1

factor−3

factor−6

factor−7

factor−8

factor−10

factor−12

factor−13

factor−14

factor−17

−0.4

−0.2

0.0

0.2

0.4

−0.5 0.0 0.5 1.0
PC1 (50.14%)

PC
2 

(1
8.

73
%

)

0.07

0.1

0.09

0.04

−0.12

−0.11

−0.3

−0.09

−0.29

−0.34

0.28

0.34

0.03

0.18

0.22

0.26

0.33

2mm

4mm

6mm

8mm

D01 D03 D07 D14 UW
Day

Sp
ac

e

−0.2
0.0
0.2

0.07

0.1

0.1

0.11

−0.07

−0.08

−0.2

0.06

−0.27

−0.31

0.3

0.3

0.09

0.17

0.21

0.23

0.29

2mm

4mm

6mm

8mm

D01 D03 D07 D14 UW
Day

Sp
ac

e

−0.2
0.0
0.2

Δ Dist. in 
PC Space

Δ Dist. in 
PC Space

D5
D8 D11 Adj. Normal Small Large

S. Davidson et al. 2020 - B16F10 Fibroblasts C.X. Dominguez et al. 2020 - KPP GEMM Fibroblasts

Change in PC Space distance to Wound Space
-Time Coordinate D5 → D11 

Change in PC Space distance to Wound Space
-Time Coordinate Adj. Normal → Large Tumor

Nearer

Farther

Nearer

Farther

Wound Healing
Spacetime coordinates

KPP tumor samples

B16F10 tumor samples

Factor contribution to 
PCs



Supplementary Figure S5. Translation of mouse wound gene programs to mouse cancer models, 
related to Figure 5. 
(A) UMAP dimensional reduction on integrated MC38 and B16F10 Mono_Mac datasets (n=3859 cells) 
(B) Heatmap showing gene weights for the top 8 contributing genes for each factor in the Mono_Mac 
combined B16F10 and MC38 dataset. Values shown are normalized across the rows such that each 
gene has a maximal contribution of 1 towards a given factor. 
(C) Plot showing strategy for choosing optimal number of factors for NMF decomposition. The factor 
number prior to a sharp downturn in cophenetic score (stability measure) was chosen.  
(D-I) Scatter plots for selected tumor/WH factor pairs for (D) Tumor factor-4 vs WH factor-11, (E) Tumor 
factor-5 vs WH factor-12, (F) Tumor factor-7 vs WH factor-15, (G) Tumor factor-10 and WH factor-8, 
(H) Tumor factor-11 and WH factor-14, and (I) Tumor factor-12 and WH factor-1 with the gene weight 
contributions plotted as calculated from the basis matrix in the NMF output (see Figure S4A for WH 
factors and S5B for tumor factors). Slope represents x=y line and dotted lines represent the weight for 
the 20th highest gene contribution in either factor. The Jaccard20 index is shown and thus reflects the 
frequency of points in quadrant I over quadrants I,II and IV. For pairings in D-I, top shared genes in the 
upper right quadrant were put through Enrichr to find overrepresented cellular processes with the top 
result by p-value listed. Full Enrichr output can be found in the extended data.  
(J) UMAP representation of the Fibroblast subset of S. Davidson et al. dataset colored by timepoint 
(n=316 cells). 
(K) UMAP representation of the fibroblasts from C.X. Dominguez et al. 2020, derived from separate 
samples from the pancreas of a KPP GEMM animal, colored by adj. normal tissue vs. small vs. large 
tumors (n=8550 cells). 
(L) A signature score was generated on the Fibroblast objects in (J,K) as well as the wound healing 
space-time points (17 space-time coordinates) using the top 10 genes contributing to each Mono_mac 
factor (see Supp. Figure 5B). PCA was then performed on these 17 dimensions and each sample 
plotted in PC space (1st two PCs). Red arrows denote the various factor contributions to these PCs 
1+2. Tumor datapoints denoted in blue and purple and wound healing space-time points in black. Arrow 
between tumor timepoints to highlight tumor stage progression for readability.  
(M) Euclidean distances in PC space from B16F10 D5 and D11 samples to each of 17 wound healing 
space-time coordinates was calculated. Tileplot denotes the change in this distance between D11 and 
D5 samples. Negative values in red denote the tumor samples approaching that space-time point in PC 
space, while blue positive values denote distancing.  
(N) Euclidean distances in PC space from adjacent normal and large tumor samples from the KPP 
model to each of 17 wound healing space-time coordinates was calculated. Tileplot denotes the change 
in this distance between adj. normal and large tumor samples. Negative values in red denote the tumor 
samples approaching that space-time point in PC space, while blue positive values denote distancing.  
See also Figure 5. 
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Supplementary Figure S6. Translation of mouse wound gene programs to human cancer, 
related to Figure 6. 
(A) Subsetted Mono_Mac object from integrated human tumor scRNA-Seq datasets with cluster 
numbers denoted in UMAP representation (n=5612 cells). 
(B) Dotplot representation of top 7 DE genes for clusters in (N) sorted by log(fold difference) with color 
representing average expression level and dot size representing the % of cells with a read for the gene. 
(C) Subsetted Fibroblast object from integrated human tumor scRNA-Seq datasets with cluster 
numbers denoted in UMAP representation (n=1263 cells). 
(D) Dotplot representation of top 7 DE genes for clusters in (P) sorted by log(fold difference) with color 
representing average expression level and dot size representing the % of cells with a read for the gene. 
(E) UMAP representation of subsetted Mono_Mac object from integrated human tumor scRNA-Seq 
datasets with cells from different tumor types and either tumor or normal tissue highlighted 
(F) UMAP representation of subsetted Fibroblast object from integrated human tumor scRNA-Seq 
datasets with cells from different tumor types and either tumor or normal tissue highlighted. 
(G) Heatmap showing the Jaccard20 distance (defined in Materials & Methods) between all 22 M_M 
wound healing and 18 M_M HuTumor factors based on shared top contributing genes after converting 
mouse to human gene orthologs. 
(H) Heatmap showing the Jaccard20 distance (defined in Materials & Methods) between all 17 
Fibroblast wound healing and 13 Fibroblast HuTumor factors based on shared top contributing genes 
after converting mouse to human gene orthologs. 
See also Figure 6.  
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Supplementary Figure S7. Imaging of the tumor microenvironment highlights conserved gene 
program movements, related to Figure 7. 
(A) POSTN+ surfaces generated via Imaris overlaid on top of IF images from B16F10 and MC38 tumors. 
Magenta dots denote DAPI+ spots in close association (within 3 µm) of a CD11b+ surface (defined as 
CD11b+ Cells) and yellow signal denotes the distance transform from POSTN surfaces. Images 
representative of 3 separate tumor samples per type. 
(B) 3D projections of cleared tissue imaging from 250 µm thick tumor sections from B16F10 and MC38 
tumors stained as indicated. Images representative of 4 tumor samples per type. 
(C) Histograms indicating the distances of MHCII+ spots and MHCII- spots to the nearest Selectin-P+ or 
Selectin-P- surface in the MC38 and B16F10 models. Dashed line indicates the median. Histograms 
representative of 4 independent replicates (4 separate tumors). 
See also Figure 7.  



Supplementary Table S1.  
Table listing cell types and subpopulations according to Space-Time Correlation Analysis (STCA) 
patterns. vSM, vascular smooth muscle. See also Figures 1, S1, 3, and S3. 
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