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Method of the Year 2020TZE7 =0 A HFSHE(CFHE
BayesSpace STAGATE

Zhao et al. Nat Biotechnol. 2021 Dong and Zhang Nat Commun. 2022  Yang et al. Nat Commun. 2025
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cell state composition, and distribution, we categorized each tissue section into three regions
based on their proximity to the tumor bed: ‘tumor bed’, ‘tumor margin’, and ‘distant’. The ‘tumor

The convex polygon covering epithelium regions was generated b;(manually inputtin@he edge
point coordinates using the a-shape function from the alphahull package (version 2.5.0). The

Liu et al. Cancer Cell. 2025

Chang et al. Cancer Cell. 2025
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Xenium
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PhenoCycler
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SKNYDA VR k=)L - 1 YR—k

Installation

Stable release
To install skny, run this command in your terminal:

$ # pip install skny
$ pip install --extra-index-url https://test.pypi.org/simple/ skny

Tumor contour with Xenium data

1. Loading library

[11: # import library
import skny as sk
import stlearn as st
import matplotlib.pyplot as plt

/Users/sakai/miniconda3/envs/skny/lib/python3.8/site-packages/stlearn/tools/microenv/cci/het.py:192: NumbaDepre:
@jit(parallel=True, nopython=False)

https://skny.readthedocs.io/en/latest/installation.html v

https://skny.readthedocs.io/en/latest/notebooks/Xenium_analysis.html



SKNYZ? LT X AD5Hi

:w?x@ﬁ%ﬁ%%ﬁb\%Zﬁam/—ﬁmwﬁﬁﬁﬁ%iwé\

@ Outside @ Contour Q Inside of spatial domain

© 7571k ****?’ S A A
QWO\ e s une  enune
K%%ﬁf%% il SP. PSP S

/j T R
¥¥¥¥¥ ® 0 0 0

+60
J 90

Next B, EIESEEOBEERIE TS SOMETE




sE1 : TRENA, wRISART

LR — v I T OREFBIE & A U\ TTAREE

AV R Sy <
fal SRR
N

Ah AR

’:,1\".“./\ m
W | F 7J: ih
AL S5
5
Z



PublicdXenium>—% (Janesick et al. Nat. Commun. 2023)

1. median filtering 2. contouring 3. measurement of distance
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[3]: # Load Xenium data using stlearn

adata = st.ReadXenium(
feature_cell_matrix_file="tutorial_data/xenium_data/Xenium_FFPE_Human_Breast_Cancer_Repl_cell_feature_matri
cell_summary_file="tutorial_data/xenium_data/Xenium_FFPE_Human_Breast_Cancer_Repl_cells.csv.gz",
library_id="example data",
image_path=None,
scale=1,
spot_diameter_fullres=10

)

3. Preprocessing

[4]: # Gridding at 1@um interval using stlearn
N_COL = int((adata.obs.imagecol.max() - adata.obs.imagecol.min()) / 10)
N_ROW = int((adata.obs.imagerow.max() - adata.obs.imagerow.min()) / 10)
grid = st.tl.cci.grid(adata, n_row=N_ROW, n_col=N_COL, n_cpus=3@, verbose=False)

OMP: Info #276: omp_set_nested routine deprecated, please use omp_set_max_active_levels instead.

[51: # contour tumor and calculate distance
grid = sk.pp.calculate_distance(
grid, pos_marker_ls=['CDH1'],
)

[6]: # plot
sk.pl.preprocessed_images(grid, figsize=(800, None)) 34

https://skny.readthedocs.io/en/latest/notebooks/Xenium_analysis.html
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[9]: # Figure 2D ©
# gene marker dotplot
marker_genes_dict = {
“"Control": ["CDH1"],
“Tumor": ["“EPCAM", "FOXAl1", "GATA3", 1,
'Myoepithelial': ["KRT5", "KRT14", "MYLK", 'ACTA2',],
"Mé": ["CD68", “CD163", “ITGAX", 1,
“Endothelial”: ["CD93", “PECAM1", "VWF",],
"T cells": ["CDBA", "CD4", "TRAC",],
“Stromal": ["MMP2", "SFRP4", 1,
"B cells": ["MS4A1", "CD19", “SPIB", "BANK1",
1,

ax = sc.pl.dotplot(grid, marker_genes_dict, groupby='region_10', dendrogram=False, swap_axes=False, vmin=0.0, v
standard_scale='var',
smallest_dot=0,
figsize=(12,3), var_group_rotation=0,
categories_order=['(-120, -90]', '(-90, -60]', '(-60, -30]', '(-30, @]', '(@, 30]', '(30, 60
# save="Figure_2D.png"
)

/Users/sakai/miniconda3/envs/skny/lib/python3.8/site-packages/scanpy/plotting/_dotplot.py:747: UserWarning: No ¢
dot_ax.scatter(x, y, s*xkwds)

36
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[12]: # Aggregate gene expression in the interval (-», @] for each tumor solid
# Define new object "solid"
solid = sk.pp.convert_indivisual_solid(grid)

Calculatting gene expression of (-e, @] mﬁﬁ(zg‘?ﬁ

[13]: # Filter genes and cells with at least 10 counts ©
solid. layers["counts"] = solid.X.copy()

# solid object has mean count of expression data of each tumor solid, we can consider it as density.

# The area of tumor solids are defferent each other, so normalize total underestimate gene expression of tumor
# For the above policy, we recommend not to apply normalize total.

# sc.pp.normalize_total(solid)

# count data is exp distribution
sc.pp. loglp(solid)

# Ki dat. — —_— \
soliﬁ{,r;:w: :oiid ;ﬂmﬁu;ﬁﬁ\ a 7Zg U >a

# reduction of dimension
sc.pp.pcal(solid, n_comps=50)

# clustering

sc.pp.neighbors(solid, n_neighbors=20)

sc.tl.umap(solid)

sc.tl.leiden(solid) 38

https://skny.readthedocs.io/en/latest/notebooks/SKNY_paper_Sakai_et_al.html
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[14]: # Figure 3A
fig, ax = plt.subplots(figsize=(4, 4)) mgmwu MAP

sc.pl.umap(

solid, [18]: # Figure 4A
color=[ # generate graph structure based on simmilarity of gene expresssion of each cluster
"leiden", # Uging PAGA algorithm
1, sc.tl.paga(solid, groups='leiden')
ax=ax,
palette=sc.pl.palettes.vega_10, fig, ax = plt.subplots(figsize=(4, 4))
# save="Figure_3A.png" sc.pl.pagal
) solid, color=['leiden', 1, ax=ax, #legend_fontoutline=2,

# save="Figure_4A.png", — —" sci Y —
/Users/sakai/miniconda3/envs/skny/lib/python3.8/site-packages/s :g::iﬁ:;i:; le=3, a 7‘25‘ — — t EE{E?%iﬂwﬁ{ug (Q
cax = scatter( ! Ej < a > 7*%’5*%3&

leiden

UMAP2

000000 00
0O N WL s WN = O

39
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[19]: # place tumor solids onto paga space ©
sc.tl.draw_graph(solid, init_pos='paga’')

# calculate preudotime which root is 3 aazg—3€r00ttﬂiﬁ b’ttgd)

solid.uns['iroot'] = np.flatnonzero(solid.obs['leiden'] == '3')[0] =ti =
sc.tl.dpt(solid) pSEUdO tlme?ﬁil':

WARNING: Trying to run “tl.dpt’ without prior call of "tl.diffmap’. Falling back to 'tl.diffmap’ with default pi

[20]: # Figure 4B
# each gene plot

et it pseudo-time& EBEY—H—/
i E% Y —h— & DARID
15

wmax=[1, 2.5, 2.5,
1,
use_raw=True, sort_order=False, size=150,
save="Figure_4B.png", #cmap="coolwarm"
)

WARNING: saving figure to file figures/draw_graph_faFigure_4B.png

d| eudotime
_ps Lo 23
B 20 2
‘.”.« " on
Y
:&' 15 :
<, €
06 10
~ - "
s g - 2 05 & o
. ° 0s °
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o‘, o’ - b .P
-1
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[21]:

Z v F T ENREDtra Jectoryﬁ@il‘ﬁ J—R

# gene list
gene_names = [
"ACTA2", "ACTG2", "MYLK",

"CXcL16", 1

SCXCL12", "CCLS™, *ﬂ F£ 2 *E{b
"VWF", "PECAM1", "CXCR4",

“Cpa", "CD68",

"MKI67", “ABCC11", "FASN", "ANKRD3QA", "ERBB2", # invasion marker

# define three pathway of tumor progression

paths = [
(e (a0, (R, L Wy W, L Oy
('IDC path #2°', [:-3u' LT (O T ..4--])'
('DCIS path', ["3, *2* N1},

1

solid.obs['distance']
solid.obs['clusters']

solid.obs['dpt_pseudotime']

# scale
sc.pp.scale(solid, max_value=10)

# plot heatmap

_, axs = plt.subplots(ncols=3, figsize=(7, 5), gridspec_kw={'wspace':

plt.subplots_adjust(left=0.05, right=0.98, top=0.92, bottom=0.12)
for ipath, (descr, path) in enumerate(paths):
_, data = sc.pl.paga_path(
solid, path, gene_names,
show_node_names=False,
ax=axs [ipath],
ytick_fontsize=12,
left_margin=0.15,
n_avg=50,
annotations=['distance'],
show_yticks=True if ipath==0 else False,
show_colorbar=False,
color_map="coolwarm',
groups_key="1leiden"',
color_maps_annotations={'distance': 'viridis'},
title="'{}'.format(descr),
return_data=True,
show=False)

plt.tight_layout()

solid.obs['leiden'] # just a cosmetic change

s "left':

pseudo-time&iEEFHRRED

0.12})

IDC path #1 IDC path #2

CXCL12
CCL5
VWF |

PECAM1 1|

CXCR4
CD4
CD68

MKI67

ABCC11

FASN
ANKRD30A

ERBB2
leiden

distance

ACTA2

ACTG2

MYLK

CXCL16
mi |
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Pham et al. Nat Commun. 2023 L i
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Gridding

Now performing the gridding. The resolution chosen here may effect the results. The higher
resolution, the better this represents the single cell data but the longer the computation takes.

To summarise the gene expression across cells in a grid, we sum the library size normalised gene
expression. Summing allows for representing the fact there are multiple cells in a given spot.

[12]: ### Calculating the number of grid spots we will generate

n_ = 125

print(f'{n_} by {n_} has this many spots:\n', n_ % n_)

125 by 125 has this many spots: OU\\J F‘U"(X@E%
15625

By providing ‘use_label’ to the function below, the cell type information is saved as deconvolution
information per spot, and also the dominant cell annotation. That way we can perform stLearn CCI
with the cell type information!

[13]: ### Gridding.
grid = st.tl.cci.grid(adata, n_row=n_, n_col=n_, use_label='louvain')
print(grid.shape) # Slightly less than the above calculation, since we filter out spots

Gridding... 1w R 4=
(14364,g313) JVUw REETT 4

https://stlearn.readthedocs.io/en/latest/tutorials/cell_cell_interaction_xenium.html
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LR Permutation Test

Running the LR permutation test, to determine regions of high LR co-expression.

[17]: # Loading the LR databases available within stlearn (from NATMI) UjJ) |\ l/t7°/5’—0)
_ . 1 . 1 N 1 1 —t
lrs = st.tl.cci.load_1lrs(['connectomeDB2020_1it'], species='human') —g/\ ZM_ 37.
print(len(lrs))
n_spots 1
2293 CXCL12_CXCR4 14215
SLAMF7_SLAMF7 8162
) ) CXCL12_CD4 14057
[18]: # Running the analysis # MMRN2_CLEC14A 7961
: . EPCAM_EPCAM 13271
st.tl.cci.run(grid, 1rs, EDN1_EDNRB 8249
min_spots=20, # Filter out any LR pairs with no scores for less than min_: ﬁﬁﬁﬁgmgsggmms igggg
distance=250, # None defaults to spot+immediate neighbours; distance=0 fo Pg;{gi{gggc ng;
n_pairs=1000, # Number of random pairs to generate; low as example, recomi  |pTPRC_MRC1 13055
n_cpus=None,  # Number of CPUs for parallel. If None, detects & use all a ggg’;jlgggg”” 1322
) CD80_CD274 4944
CD86_CTLA4 10168
Calculating neighbours ’f-ﬂlﬂﬂf‘“ﬁﬁ {IF ﬁg*ﬁ;" EEE?‘EEET 1238?
1 spots with no neighbours, 10 median spot neighbours. ! atH B m 17 CD274_PDCD1 1756
Spot neighbour indices stored in adata.obsm['spot_neighbours'] & adata.obsm['spot_neigh_t D212 Pocol - 1902
Altogether 20 valid L-R pairs =
Generating backgrounds & testing each LR pair...: 100%| I
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Nature Methods (2025) | Cite this article

Huizing et al., Nat Method. 2025
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Thank you for your kind attention.



