10

11

12

13

14

15

Supplementary information:

Tracing immune cells around biomaterials with spatial anchors during large-

scale wound regeneration

Yang Yang'?{, Chenyu Chu't, Li Liu't, Chenbing Wang', Chen Hu', Shengan Rung'?, Yi

Man'*, Yili Qu?*

! Department of Oral Implantology & State Key Laboratory of Oral Diseases and National
Clinical Research Center for Oral Diseases, West China Hospital of Stomatology, Sichuan
University; Chengdu 610041, China.

2 Department of Prosthodontics & State Key Laboratory of Oral Diseases and National
Clinical Research Center for Oral Diseases, West China Hospital of Stomatology, Sichuan
University; Chengdu 610041, China.

* Corresponding author. Email: manyi780203@126.com (Y.M.) & gqyili@126.com (Y.Q.)

1 These authors contributed equally to this work

* These authors jointly supervised this work



16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

This PDF file includes:

Supplementary Fig. 1 Evaluation of the healing process of splinted and unsplinted wounds.
Supplementary Fig. 2 Analysis of Ctrl LW and ECM_LW samples.

Supplementary Fig. 3 Gating scheme for T cells and macrophages.

Supplementary Fig. 4 Overview of the single-cell transcriptome analysis between ECM_LW and
Ctrl LW.

Supplementary Fig. 5 Further analysis of fibroblasts and T cells between ECM_LW and

Ctrl LW.

Supplementary Fig. 6 Subclustering analysis of neutrophils and dendritic cells between
ECM_LW and Ctrl LW

Supplementary Fig. 7 Histological analysis of WT and Rag2”~ mice treated with biomaterials.
Supplementary Fig. 8 Overview of the single-cell transcriptome analysis between WT and Rag2-
" mice treated with biomaterials.

Supplementary Fig. 9 Subclustering analysis of neutrophils and dendritic cells between WT and

Rag2” mice.



31 Supplementary Figures

a o D ) Residualidefectiarea Splinted (SP) | -s- Cirl LW -= ECM_LW
Splinted Unsplinted Splinted Unsplinted Splinted Unsplinted % 100 p_os.?luzmpﬂ 6BE-7 Unplinted (US) | -%- Ctrl_LW -*- ECM_LW
] = e o praced
b & 4 ) <. \ 8w p value: Tukey's multiple comparison test
f\:\r) @wf ' ‘@‘ O. fé Day3 Day5 Day? Dayl4
" . ) g e SPICtrl_ LW SPIECM_LW 0016 0274 0.000437 0001
@D OO 00 :: Sl otes oo Soa ssay
Lw p [ SPIECM LW USCil LW 0407 0.001 0.002 0.004
o r r r l USIECM_LW 0.04 0000012  0.000008 0.00049
Day 0 Day 7 Day 14 Day3 Days Day7 Day14 _VSCULLW USEGMIW 4% 0033 0.01 0606
C cirl LW ol LW d Area of granulation tissue (Day7)
7;3 > = £44 p=0.000247
B 8 *% p=0001
‘ . ns —
Splinted E Zi’ ﬁ ,—|ns
£ = &
: :
Ctrl ECM Ctrl ECM
LW LW LW Lw
Splinted Unsplinted
e Hair follicles per sections (Day28)
Ctrl_LW Ctrl_ LW 0000141
’"WM : © 4 e
- g :
500pm § 30 % £=0,000033
Unsplinted ECM_LW ECM_LW g ® w:om'z %-'
B Sl T : 2 .
AP B
50pm ) G Ctl ECM Ctd ECM
W W W W
Day 7 Day 28 Splinted Unsplinted
32
33 Supplementary Fig. 1 Evaluation of the healing process of splinted and unsplinted wounds.
34 (a) Residual wound area of splinted and unsplinted wounds treated with saline or ECM scaffolds,
35 and (b) corresponding analysis (Data are presented as mean + SD, n=4 biologically independent
36 samples, one-way ANOVA with Tukey’s multiple comparison test, p values shown in the
37 figure). (c) Representative H&E images of each group on POD 7 and POD28. (d) Quantitative
38 evaluation of the area of granulation tissue (Data are presented as mean + SD, n=5 biologically
39 independent samples, two-tailed t-test, p values shown in the figure). (¢) Histologic
40 quantification of de novo HFs on POD28 (Data are presented as mean + SD, n=5 biologically
41 independent samples, two-tailed t-test, p values shown in the figure). p value: *p < 0.05, **p <
42 0.01, ***p < 0.001, and ****p < 0.0001.



43

44

45
46
47
48
49
50
51
52
53

a
g 'mmunoflorescent area
§ 4 EKRTS
KRTS £ B KRT10
dg
g
o 2
KRT10 g '
<o
N
Hoechst G“\’\’Q/O"‘\}
Ctrl_LW ECM_LW
b Enriched terms in Ctrl_LW c Enriched terms in ECM_LW
=933
Extracellular matrix Hair follicle
organization development
Of'p jb
/?ng;v
S‘E’:/n oy
:‘Vgef{ )
Euar’ 5
Rofg3 0
Vangie @
z‘;ﬁfim
M'ffég % Whnt
3
Macrophage i, o
aclivafion Fo;‘;‘{\v‘a signaling pathway
S

Type 2 > gy
immune response & ow\"i@‘?,é\&m Hedgehog

@ §5§E§T cell signaling pathway
diﬁerentiatiok_c;cin thymus

- -
iy =t 1 £
d 1°iﬂ| “Dlm TD_M
iy R e e
i-—ﬂ:_::'tz‘a "- A3 'a‘e\:;'. ﬁ};& :;:‘g Immune cell infiltration
i L R o AT CcD3* cDes*
= Rl P s PN ok
Ctrl_LW S TS T o, o4, v &} 15 20
- G T ] E-t”'-\ ‘l Lt E o t
b L o et By ® --1 g 10 E15 i
1(Zu_m 10pm 1ﬂ?wn S g
Ay | =3 a7 ) 5 = 10
SR gEE [l T
eomuw rooay T O R e 2 2
= s ot i! e sl L}ﬁ; 0 0
o e Al F - NP
gt WNTEAN Fae S8 & 5
[ [N
Controls IHC/CD3 4 IHC/CD68 4 & <

¥¢ ECM Scaffold

Supplementary Fig. 2 Analysis of Ctrl LW and ECM_LW samples. (a) Representative IF
images of IFEB! using KRTS5 (red) and IFED! using KRT10 (green) on POD7 and
semiquantitative evaluation of the fluorescent area (Data are presented as mean + SD, n=4
biologically independent samples, KRTS: two-tailed t’-test, **p = 0.001; KRT10: two-tailed t-
test ****p =(0.000008). (b-c) Chord plots of enriched terms in Ctrl LW group (b) and ECM_LW
group (c). (d) Representative IHC images of stained T cells (CD3") and monocyte-macrophages
(CD68") on POD7 and corresponding quantitative analysis (Data are presented as mean + SD,
n=5 biologically independent samples, two-tailed t-test, CD3 **p = 0.007; CD68 **p = 0.008). p
value: *p <0.05, **p <0.01, ***p <0.001, and ****p < 0.0001.
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Supplementary Fig. 3 Gating scheme for T cells and macrophages. Multicolor flow
cytometry gating strategy to isolate T cells (CD45°CD3") and macrophages (CD45"'CD3"
CD68F4/80") from single cell suspension. Representative flow cytometry plots of Ctrl LW (a)
and ECM_LW (b) samples on POD7. Abbreviation: FMO, Fluorescence Minus One.
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Supplementary Fig. 4 Overview of the single-cell transcriptome analysis between

ECM_LW and Ctrl_LW. (a) Single-cell experiment workflow. (b) Cells are categorized into 10

main clusters. The number of cell populations in each cluster, number of cells (%), and

composition of ECM_LW and Ctrl LW groups are listed. (¢) Heatmap showing top 10 marker

genes for each cluster. (d) Volcano plot showing interested differentially expressed genes in

ECM_LW and Ctrl LW group (day 7).



67

Pdgfra
{ LS
Fibroblasts *| AT Y i
*, % " I o
Pappa2
| B8
. 1
a I 5
Fibroblast-like A
cells o

b Enriched GO terms
Wnt signaling pathway
Epithelial to mesenchymal transition
Hair follicle marphogenesis
Hair follicle development
Wnt signaling pathway
Post-embryonic development
Collagen trimer
Wound healing
Mitotic cell cycle phase transition
Extracellular matrix structural constituent N
Angiogenesis I
Innate immune response N
Collagen fibril organization |
Blood vessel development S
Fat cell differentiation | EEEG_—_
Lysosome
Innate immune response D

Antigen processing and presentation I 00

500 00 1w
-log10(P value)

Cc Enrichment analysis of T cells
i ion1 ® @ @ [ 3] .
Th and The ol difkrentstion] @ © e o | CeneRatio
Cytokine-cytokine receplor interaction| @ @ @ [ ] @ o1
IL-17 signaling pathway { @ @ @ o
T cell receptor signaling pathway{ @ @ @ ® o
PI3K-Akt signaling pathway 1 @ @ ® @
TNF signaling pathway{ @ @ ® o . 04
Chemokine signaling pathway{ @ @ ® o
NF-kappa B signaling pathway o
Leukocyte transendothelial migration [ ] o o p.adjust
Signaling pathways regulating pluripotency of stem cells @ 0.04
Lysosome L ] { ]
Ribosome @ o
Natural killer cell mediated cytotoxicity @ o 0.02
Antigen processing and presentation ® 001
Endocytasis ® o
Focal adhesion [ ]
68 SEPFEL
69 Supplementary Fig. S Further analysis of fibroblasts and T cells between ECM_LW and
70 Ctrl_LW. (a) Feature plot of the marker genes of pan-fibroblasts (Pdgfra), fibroblasts (Dpt), and
71 fibroblast-like cells (Pappa2). (b) GO enrichment analysis of fibroblast subtypes. (¢) Enrichment
72 analysis of T cell subtypes.
73
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Supplementary Fig. 6 Subclustering analysis of neutrophils and dendritic cells between
ECM_LW and Ctrl_LW. (a) Subclustering of neutrophils showing four subsets. The marker
genes, composition, and KEGG enrichment analysis for each subset are listed. (b) Subclustering

of dendritic cells showing two subsets, marker genes, composition, and KEGG enrichment
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Supplementary Fig. 7 Histological analysis of WT and Rag2”- mice treated with
biomaterials. (a) IHC staining of CD3, CD68, and Ly6G. (b) semi-quantification of CD3" T cell
infiltration (Data are presented as mean + SD , n=5 biologically independent samples, two-tailed
t-test, ***p = 0.000210). p value: *p <0.05, **p <0.01, ***p <0.001, and ****p < 0.0001.
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Supplementary Fig. 8 Overview of the single-cell transcriptome analysis between WT and
Rag2”- mice treated with biomaterials. (a) Single-cell experiment workflow. (b) Cells are
categorized into nine main clusters. The number of cell populations in each cluster, number of
cells (%), and composition of ECM_LW and Ctrl LW groups are listed. (c) Heatmap showing
the top 10 marker genes for each cluster. (d) Volcano plot showing interested differentially

expressed genes in WT and Rag2”~ group (scRNA-seq).
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96 Supplementary Fig. 9 Subclustering analysis of neutrophils and dendritic cells between WT
97 and Rag2”~ mice. (a) Subclustering of neutrophils showing two subsets. The marker genes,
98 composition, and KEGG enrichment analysis for each subset are listed. (b) Subclustering of
99 dendritic cells showing two subsets, marker genes, composition, and KEGG enrichment analysis

100 are listed.
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