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Supplementary Fig. 1 Cell Type Distribution in Spinal Ependymomas. Related to
Fig. 1. (a) Quality control plot showing the remaining cells for analysis (top). UMAP
plot showing both malignant and non-malignant cells in all samples, donor effect
corrected by BBKNN (bottom). (b) UMAP plot showing the expression of stromal and

immune cell marker genes. (c) UMAP plot showing the patient distribution of stromal



and immune cells, donor effect corrected by BBKNN. (d) Heatmap showing the
expression of top10 DEGs of stromal and immune cell types. (e) Bar plot showing the
number of malignant and non-malignant cells in each patient. Source data are provided
as a Source Data file. (f) Bar plot showing the proportion of stromal and immune cells

in each patient. Source data are provided as a Source Data file.
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Supplementary Fig. 2 Subsets of Malignant cells and TAM in scATAC-seq. Related
to Fig. 1 and Fig. 2. (a) Quality control plot for scATAC-seq experiment. Violin plot
displaying the total number of fragments in peaks, fraction of fragments in peaks, TSS
enrichment score, ratio reads in genomic blacklist regions and nucleosomal signal
strength. (b) UMAP plot showing sub-clusters in scATAC-seq data (top) and patient

distribution (bottom), donor effect corrected by Harmony. (c) Heatmap showing cluster-



specific ATAC-seq peaks for each cluster. (d) UMAP plot showing integration of
scRNA-seq TAMs and scATAC-seq TAMs. () UMAP plot showing the predicted TAM
sub-populations (3 major sub-clusters) in the scATAC-seq data. (f) Normalized ATAC-
seq profile of VEGFA for TAM subpopulations and TEAD I-VEGFA binding site.
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Supplementary Fig. 3 Subsets of Monocyte and TAM. Related to Fig. 2 and Fig. 3.
(a) Heatmap showing signature genes for each monocyte and TAM subset. Selected
genes are labeled on the right side. (b) Violin plot showing selected genes up-regulated
in TAM subsets. (c) Kaplan-Meier plot showing worse clinical outcome for high
expression of CD44" TAM signature genes in GBM patients from TCGA. +, censored
observations. P-values were calculated by using both the log-rank test and Cox
proportional hazards model. (d) Bar plots showing the proportion of CCL2" and CD44*
TAMs in EPN and AEP (n =3 biologically independent samples). The P value was



calculated by T-test, Two-way ANOVA analysis. Data are presented as mean values +/-
SEM. Source data are provided as a Source Data file. (€) Representative example of an
AEP tumor stained by IF. The upper panel image indicates AIF1*CD44* TAMs (the
scale bar represents 30um). The dashed boxes highlight regions shown on the right side
and the arrow depicts the CD44*" TAM in fluorescent images (the scale bar represents
100um). The bottom panel image indicates AIF1*CCL2* TAMs (the scale bar
represents 30um). The dashed boxes highlight regions shown on the right side and the
arrow depicts the CCL2* TAMs in fluorescent images (the scale bar represents 100um).
Images shown are representatives of three independent experiments. (f) UMAP plot
showing the cells from normal brain (reported by Darmanis, S. et al). Leiden cluster 6
marked in circle was Microglia. (g) UMAP feature plot showing the expression of

microglia and TAMs marker genes in normal brain cells.
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Supplementary Fig. 4 Comparison of TAMs from Spinal Ependymoma and Other
Neurological Tumors. Related to Fig. 2 and Fig. 3. (a) UMAP plot showing the major
TAM subsets from HGG (reported by Friedrich et al) (left). Feature plot showing the
CD44 and CCL2 expression in TAM subsets (right). (b) UMAP plot showing the major



TAM subsets from GBM (reported by Darmanis, S. et al) (left). Feature plot showing
the CD44 and CCL2 expression in TAM subsets (right). (c) UMAP plot showing the
integration of TAMs subsets and source origin from GBM (reported by Darmanis, S. et
al) and spinal ependymoma. (d) UMAP plot showing the major TAM subsets from
GBM (reported by Pombo, A. et al) (left). Feature plot showing the CD44 and CCL2
expression in TAM subsets (right). (€) UMAP plot showing the integration of TAMs
subsets and source origin from GBM (reported by Pombo, A. et al) and spinal

ependymoma.
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Supplementary Fig. S Heterogeneity of Malignant Cells in Each Ependymoma
Cancer Subtype. Related to Fig. 4 and Fig. 5. (a) UMAP plot showing the patient
distribution of malignant cells in three type cancer, donor effect corrected by Harmony.

(b) UMAP plots showing expression levels of selected genes in EPN. (c) Heatmaps



showing signature genes for each malignant cell sub-cluster in SE and AEP. Selected
genes were labeled on the right side. (d) Scatter plots showing average expression of
12 generic tumor cell programs across each malignant subsets in SE and AEP. (e) Bar
plots showing the proportion of each malignant subset in each patient. Source data are
provided as a Source Data file. (f) Heatmap showing comparison of malignant cells
from spinal, supratentorial and posterior fossa ependymoma. SE, EPN, AEP are spinal
ependymomas in our study, PF is posterior fossa ependymoma, ST is supratentorial
ependymomas. (g) Browser tracks showing epigenetic signals around CDH6 in ChIP-
seq and scATAC-seq. (h) Violin plots showing selected DEGS in CCL2" TAMs across
different cancer subtypes. We excluded CCL2" TAMs in AEP because of the limited

cell number (N=1). P-values were calculated by Wilcoxon test, two-sided comparisons.



EPN AEP
Pericyle NSC-like_CO Pericyle
Endotheiial Cell-cycle_C5 Endothelial
bortiast VEGFA+ T4 Fiborblast
cel ANK2+_C1 - itor-iik
Menocyte_GD14 SNTNS :?S’ﬁg? Erogenitor-i e C3

€3
Astroependymal-like_C2

Immune-reactive_C6~ TAM_CX3CR1

- Endothelial
APOLD1+ C1 F:’,?:;:”'
SGCZ+_Ca CD4+ T
SYCP3+_C0 o Neuronal-like_C7
immune-Teactve_C B cel cs
NSC-i 2 Mast Astroependyma |ke _C1

e_t
Ependymal-like_C7

cell
Ammepemyma\—|.m3ca Oligodendrocyte

GHIA

Mosenchyma like_C’
NSC Ike
+_C1l U

-_C6
Ou%um;muwls
-

Monacyte_CD16
&DC
Nonocyta_CD14

)
;

Oligodendracyte
|| Ependymal-like_CD

'250

= n .. TAM_CX3CR1 gg‘c:QﬁE_CZ 200
n TAM_CGL2 TAM_ISG15 T Co4
TAMIISG5 TAM_MKIST _CD44 150
TAM_CX3CR1 W | Tam_ccL2 TIFI5E omzos
] TAM_CD44 Ll LD TAM_CD44 2 §3sk 2z
poTmzz Tate] ZO<POPIMTPOBOTOOTATOZ A== CE- o -
328822 S BYfsasisneelaiscicipnzEzzs 2708 g
335 48 i3 LOEPRER T NE R 2T (o 185 £
B 5s %% Faiaogied” 2§ 37 28380 gz %
= Sing oo o=uBaE Fl Gadh®
g8 ] gg2 "5k §88 3 |
=3 a 55 F 3 a 1
9 b
|4 LM
b CD44+ TAM
SE : Endothelial  Pericyte Pericyte
by TGFB2_TGFbeta receptor2{ & -+ e 2 .- - . \':II‘{"‘FE; F'TFRK : : !
QM-VMK;W <3 TGFE1_TGFbeta racepior?: - - @+ - INTEA EFHAT $t
Monocyte_CD16 | NRP2_SEMAIC -9 - @ll+ - @ vag;:_ggﬁ. -4 s
ICAM_ITGAL . VEGFA_EPHBE2 ..
TAM_ISG15 il A oo ® | 1 ores Torbe acepions R ]
A FZDE_WNTSA{ « + @]|| + - @|{ + - @ TGFB3 TGFbeta receplor! ..
= PDGFB_LRP1 ' L ]
FGF1_FGFR3{ + + +-4-4 + NRPZ_VEGFA .
¢ Fiborlast: 12 54% ‘55 - ® NRP2_ SEMAIC .
& \l Endoffielial: 1055% & & Ernas Epaa) + - @l 0w oo |loe e e °:
< Pericyte: 10.99% § L1 NoTcHd + + @]+ @ @ . e R e
EPHB2_EFNB2 -
c:f E‘ ' L i® COPA_PZRYS] + o L B ] EPHB2 EFNAS T 8
&2 - ? colacort] - @[+ ¢ oo H ERAI EFNAS +4
2 ANGP .. . . BMP7_PTPRK: R ]
oy 5 T&c ANGRTZTER L4 ®|  curi_BPRE BIPS H.
cos+ PR | I A ACVR_1A2A receptor_INHBA. v
- R eng ACVRI_BMPRZ_BMET d ACVR_1A2A recaptor_BMPS: .
Fog, Y ® 8 K 8
¥ FPE FEE & ¥
25 75 25 75
- togaiPvaiue) I N ogpiaue * @ 0008
5 00 50 100125 00 50 100125
|
Q ~
P P 3
w = ~
2?0 = & -
S0 v = ]
£ & £ ‘ 110
. Y 2
= T
. - &
WO T Fiborast: 10.34% ‘,3 & ] g ‘ ‘
© B Endothelial: 10.05% = & s 2,
- : $ .
<] Pericyte: 9.46% A ! o~y
Ly ? \g,%‘z = E 3
2 2
* o : z
° . '
L\l & ‘?‘\\“g‘s? S FE & F
5°) &, B BT B A a7 Cor s 287
% Ol o, R gl g
> o @ o o FF o F o o
P\a & & &g
3
AEP
Py o]
T, % AIF1/CD44/ /DAPI
AM, C><30R1 2 .
Ny, &

TAM CD?

Im

2
5
=4

P,
Coy

or,

Fiborlast; 12.08%. ‘
I Endathelial: 12.09%
X
©

o)
<%

Pericyte: 16.21%
N -

Mast cel\

T,

%

4

DB‘ I
Fiborbia

EPN

Supplementary Fig. 6 Cell-cell Interaction Analyses for CD44* TAMs. Related to
Fig. 6. (a) Heatmaps showing the total number of interaction events between cell types
in each cancer subtype reported by CellPhoneDB. (b) Circos plot showing putative
ligand-receptor interactions between tumor cells and non-malignant cells. The fractions

of significant interaction events between tumor cells and fibroblasts/endothelial



cells/pericytes are summarized. The fraction of each interaction pair was calculated by
dividing the total number of interaction events related to tumor cells in each cancer
subtype. (c) Bubble heatmap showing selected LR pairs between CD44" TAMs and
stromal cells (including fibroblasts, endothelial cells and pericytes) in each cancer
subtype. Each row represents an LR pair, and each column defines a cell-cell interaction
pair in a specific cancer subtype. P-values were indicated by circle color and size (top).
P-values were calculated by CellPhoneDB. Violin plot showing the expression level of
the chosen ligand-receptor pairs which was marked red in the bubble heatmap (bottom).
(d) Representative example of an EPN tumor stained by IF with anti-AlF1 (red), CD44
(green), VWEF (gray) and DAPI (blue) antibodies. The dashed box highlights the region
shown in the bottom panel. The white arrow depicts the CD44" TAMs and the yellow
arrow depicts the endothelial cells in fluorescent images. The scale bar in the top panel
represents 30pm and the scale bar in the bottom panel represents 100pum. Images shown

are representatives of three independent experiments.
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Supplementary Fig. 7 Cell-cell Communication Analyses for CCL2" TAMs.

Related to Fig. 6. (a) Heatmap showing potential ligands driving the signature of

CCL2" TAMs. (b) Heatmap showing the expression of PGF in stromal and immune

cells (top). Violin plot showing the expression of PGF in fibroblasts, endothelial cells

and pericytes from each cancer subtype (bottom). (c) Violin plot showing the expression

level of the chosen ligand-receptor pairs which was marked red in Fig. 6f. (d)

Representative example of an AEP tumor stained by IF with anti-AlF1 (red), CCL2

(green), CD3 (gray) and DAPI (blue) antibodies. The white arrow depicts the CCL2*

TAMs and the yellow arrow depicts the T cells in fluorescent images. The scale bar in



the top panel represents 30um and the scale bar in the bottom panel represents 100pm.

Images shown are representatives of three independent experiments.



