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Supplementary Fig. 1 Primary data analysis and distribution of clusters across
different samples. a Violin plot showing the number of UMI, cell, genes and ratio of
doublet across different samples (Control, n=5 patients; POP, n=16 patients). The

horizontal line within each box represents the median, and the top and bottom of each



box indicate the 75" and 25" percentile. Two-sided Wilcoxon rank-sum test was
applied to test the significance of the gene expression with p-value < 0.05. b UMAP
plot showing the different cell types in control (n=5) and POP (n=16) samples. c UMAP
plot showing expression of canonic markers for each cell type. d Dot plot showing the
GO enrichment results of differentially expression genes in each cell type. EP, epithelial
cell; FIB, fibroblasts; SMC, smooth muscle cells; MEP, myoepithelial cells; EC,
endothelial cells; LEC, lymphatic endothelial cells; M®, macrophages; TC, T cells; BC,

B cells; PB, plasma B cells; MAST, mast cells.



Supplementary Figure 2

a Control

Epitheliuml

Lamina propria

Muscularis
500 pm

b EP-KRT14
o

€

[e]

o

o

e}

o
c

SMC-SM22

POP

+

| Epithelium
Lamina propria

Muscularis

500 pm

EC-VWF

|

o
(O 1
a g
o ]
o i 1
2 |
0 i 1
@9 ¢ i
CD3*T cells CD19*B cells CD68* Macrobhages

Control POP
EPA o °
FIB- O O |Log,FC|
0.1
SMC O 8 "
MEP 4 ° e O 03
ECH @ o O B
LEC ° °
0.5
M® - @) (@] O
TCH ¢ ¢ ® Increased
BC ¢ e Decreased
PB1 e ° No change
MAST - ° °
500 p=0.033
— il °
% § 400
2 E 300- I
g g °
oy L ]
j:_) }%j 200+
N e
0 T T
Control POP
20 » Control
15-p=0.044 . POP
© p=0.007
s ot
Z 104 «I» v~
X . . .
5 'I‘ & F X p=0044
. - =
C T T T T
EP FIB SMC EC
124
;\? o- % E « Control
@ _I_ « POP
©
o 64
[ 0
= {‘
00— Ao .
T cells Bcells  Macrophages

Supplementary Fig. 2 Histological Characterizations of the main cell types and

changes in the composition of the main cell types. a IHC staining for a-SMA in

control and POP samples. Representative images were shown. b Immunofluorescence

staining for epithelial cells, fibroblasts, smooth muscle cells and endothelial cells.

Control, n=3 patients; POP, n=4 patients. ¢ Flow cytometric analysis of T cells, B cells

and macrophages. Antibodies of CD3, CD19, and CD68 were detected in each sample,

respectively. The corresponding isotypes were used for gating as negative population.



d Relative changes in cell ratios in control and POP samples according to computational
analysis. e Statistical analysis of the positive staining cells. The epithelium thickness
was measured from H&E staining in control and POP samples. Areas of positive regions
were measured from immunostaining images of epithelial cells (KRT14), fibroblasts
(Vimentin), smooth muscle cells (a-SMA) and endothelial cells (VWF). For
histological analysis, control, n=3 patients; POP, n=4 patients. For flow cytometric
analysis, control, n=4 patients; POP, n=4 patients. Data are presented as the means +
SEM; P values were determined by two-tailed unpaired Student’s t test. EP, epithelial
cell; FIB, fibroblasts; SMC, smooth muscle cells; MEP, myoepithelial cells; EC,
endothelial cells; LEC, lymphatic endothelial cells; M®, macrophages; TC, T cells; BC,
B cells; PB, plasma B cells; MAST, mast cells.
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Supplementary Fig. 3 Differential gene expression in different cell types between

control and POP samples. a Volcano plot showing the differential expressed genes

(DEGs) in each cell type, in which some representative genes were marked with red

triangle. b The number of DEGs in each cell type was shown. The asterisk represents

the cell types in which the upregulated genes was lower than the number of

downregulated genes. EP, epithelial cell; FIB, fibroblasts; SMC, smooth muscle cells;

MEP, myoepithelial cells; EC, endothelial cells; LEC, lymphatic endothelial cells; M®,

macrophages; TC, T cells; BC, B cells; PB, plasma B cells; MAST, mast cells.
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Supplementary Fig. 4 The expression changes of representative extracellular

matrix related genes in the cell type level. a The expression changes of representative

collagen family members and other extracellular matrix related genes in different cell

types in POP samples than that in control samples. b The expression changes of

representative matrix metalloproteinase family members and its inhibitor in different

cell types in POP samples than that in control samples. EP, epithelial cell; FIB,

fibroblasts; SMC, smooth muscle cells; MEP, myoepithelial cells; EC, endothelial cells;

LEC, lymphatic endothelial cells; M®, macrophages; TC, T cells; BC, B cells; PB,

plasma B cells; MAST, mast cells.



Supplementary Figure 5

[ T [ |
[ |
||
|
z w
m =
T O
(o8]
|
m=m
o

[ [ ]
||
-
m
9]
=
m
(@]

f
| TC -4+ Mec
|

l BC  Normalized BWvasT
l PB  AUC score

HAA B -=-- L

234N

LESINZ I RS e

LIS
VGBEAINZ

b regulation of G2/M transition of mitotic cell cycle
regulation of cell cycle G2/M phase transition
G2/M transition of mitotic cell cycle
protein-DNA complex assembly

cell cycle G2/M phase transition -

sequestering of actin menomers

actin filament severing o

) response to folic acid -]

establishment of lymphocyte polarity

positive regulation’of actin nucleation -

smooth muscle cell chemotaxis

glomerular mssanq_lal cell proliferation

- ; ibroblast activation -
positive regulation of metaneghrcs development
metanephric mesenchyme development -

MXD3

3

BX2

onic smooth muscle contraction

smooth muscle tissue development

cellular response to osmotic stress

positive regulation of wound healing

muscle tissue morphogenesis

cell junction organization -

tight junction assembly 4

regulation of cell shape

apical junction assembly -]

. cell-substrate adhesion
transforming growth factor beta receptor signaling pathway -
cellular response to transforming growth factor beta stimulus
~response lo transforming growth factor beta -
cytoplasmic pattern recognition receglo_r signaling pathway o
DNA biosynthetic process -

neutrophil degranulation

neutrophil activation involved in iImmune response
neutrophil activation

N neutrophil mediated immunity

positive regulation of immune effector process

T cell activation

leukocyte cell-cell adhesion -

. T cell costimulation

regulation of B cell receptor %g,lrjallng pathway

positive regulation of T cell activation

B cell activation

hocyte differentiation
leukocyte proliferation -
eukncre_génlife;at on -
X . ) B cell differentiation

. ‘antigen processing and presentation of endogenous peplide antigen |
antigen processing and presentation of endogenous peptide antigen via MHC class |
antigen processing and presentation of exogenous peptide antigen via MHC class |

HOXD13

ERG

DDIT3

SPI1

. lym
regulation of ‘

) antigen processing and presentation of endogenous antigen
antigen processing and presentation of peptide antigen via MHC class |
alpha-betaT cell differentiation

protein autophosphorylation

T cell activation involved in immune response -

T-helper cell differentiation

mast cell activation -

| T

o
-
(5.
[~]
o

-Log,,(p value)

Supplementary Fig. 5 Cell type-specific TFs and target genes on control samples.
a Heatmap showing the activity of top 5 cell type-specific TFs (columns) in each cell
type (rows) as identified by SCENIC. b Bar plots indicating the GO enrichment results
of representative TFs and corresponding target genes. EP, epithelial cell; FIB,
fibroblasts; SMC, smooth muscle cells; MEP, myoepithelial cells; EC, endothelial cells;
LEC, lymphatic endothelial cells; M®, macrophages; TC, T cells; BC, B cells; PB,

plasma B cells; MAST, mast cells.
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Supplementary Fig. 6 The feature of ligand-receptor interaction pairs in control
samples. a Sankey plot showing the cell-cell interaction strength across different cell
types (left panel). Detailed view of the number of pairs from one cell type to another
(right panel). The line thickness indicates the number of ligand-receptor pairs. b The
relative expression level of representative ligands and receptors in each cell type. ¢ Bar
plots displaying the GO enrichment results for expressed ligands and receptors

respectively. Fisher's exact tests (two-side) were performed with p-value <0.05 was



defined as statistically significant. d Heatmap showing the GO enrichment results for
ligand-receptor pairs in three major cell types (fibroblasts, smooth muscle cells and
macrophages). EP, epithelial cell; FIB, fibroblasts; SMC, smooth muscle cells; MEP,
myoepithelial cells; EC, endothelial cells; LEC, lymphatic endothelial cells; M®,
macrophages; TC, T cells; BC, B cells; PB, plasma B cells; MAST, mast cells.
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Supplementary Fig. 7 Subclustering of fibroblasts. a Heatmap showing expression
signatures of top 10 DEGs in each subtype. B Bar plots showing the percentage of 7
fibroblast subtypes in control and POP samples. ¢ Dot plot displaying relative changes
in cell ratios in each subtype across control and POP samples (red, increased; blue,
decreased; grey, no significant change). d The expression changes of representative
extracellular matrix related genes in each subtype in POP samples than that in control

samples.
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Supplementary Fig. 8 Subclustering of smooth muscle cells. a Heatmap showing
expression signatures of top 10 DEGs in each subtype. b Bar plots showing the
percentage of 4 smooth muscle cells subtypes in control and POP samples. ¢ GO
enrichment for DEGs in each subtype. d Dot plot displaying relative changes in cell
ratios in each subtype across control and POP samples (red, increased; blue, decreased,;

grey, no significant change).
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Supplementary Fig. 9 Subclustering of macrophages. a Heatmap showing
expression signatures of top 10 DEGs in each subtype. b Bar plots showing the
percentage of 5 macrophages subtypes in control and POP samples. ¢ Dot plot
displaying relative changes in cell ratios in each subtype across control and POP
samples (red, increased; blue, decreased; grey, no significant change). d Bar plot
showing the percentage of phagocytic M® and inflammatory M® cells in control and
POP samples. e GO enrichment of upregulated or downregulated genes in two subtypes

in POP samples. Control, n=5 patients; POP, n=16 patients.
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Supplementary Fig. 10 Subclustering of epithelial cells, endothelial cells and T

cells. a UMAP plot showing 5 subtypes in epithelial cells. b Heatmap showing

expression signatures of top 10 DEGs in each subtype of epithelial cells. c UMAP plot

showing 3 subtypes in endothelial cells. d Heatmap showing expression signatures of

top 10 DEGs in each subtype of endothelial cells. e UMAP plot showing 3 subtypes of

T cells. f Heatmap showing expression signatures of top 10 DEGs in each subtype of T

cells.



