Supplementary Figure 1. Validation of cell type identification and sample integration.

(A-B) UMAP plots showing cell distribution across individual samples and conditions. (C)
Correlation heatmap of major cell types. (D) Heatmap of representative markers across all

cells confirming cell type classification.
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Supplementary Figure 2. Validation and functional annotation of T cell subsets. (A) UMAP

projection showing T cell distribution across UN, UT, AN, and AT samples. (B) Heatmap of

marker gene expression across T cell subsets. (C) Distribution of T cell subsets in individual

samples. (D) GO enrichment analysis showing immunoregulatory processes including

negative regulation of T cell activation, tolerance induction, and cytokine modulation.
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Supplementary Figure 3. Related analyses of epithelial subsets. (A-B) UMAP plots of
epithelial clusters and their distribution across clinical groups. (C) Proportional distribution
of subsets across individual samples. (D-E) Heatmap and dot plot showing marker
expression across subsets. (F) KEGG enrichment highlighting functional specialization of

epithelial subsets.



z
=}
L]

o UT
© AN
® AT

¥ Epi_Inflam
» Epi_MHC

2 @ © * 9§ 9o
- o o o o o
abe)g Jad s)j80

[\
£
T
LY
¥ NV
€NV
ZNY
LNV
971N
sin
v 1n
€1n
zin
1in
9NN
SNN
¥NN
£€°NN
NN
L'NN

OHW 1d3

weyu|1d3

Bayaeqg 1d3

sseng1d3

oy 1d3

Column scaled

expression

1.0

) -
= OHW 13

=]
o

S8YQ-VH

YHa-vIH

weyu 143
18980-VIH
GSvO
1VY00LS
LAYSdY
Boyraq 143

Y8v9109

L8SM

88v9109

dOd
ssans1d3

[ 1d8Vy0

Fedd1

9180

I LENY-LN

oUW 143
TUNY-LN

Epi_Mito

Epi_Stress
Epi_DevReg

Epi_Inflam

Epi_MHC

Fraction of celis

in group (%)

2040 60 80100
Mean exprossion
in group

L
L L]

®

®

[ ]

®

®
@ceoo
@occe
@ o
®-

®-
238EQ
I EEH
_mLM 'z

55v9.
LYO0LS
LAVSdY
VIIN
0UY
ZzdarN
Yo
62v5201S
HSIN

dsa
[ECETUY
LLvaAN

Oxidative phosphorylation

15

Thermogenesis

10

in endc

Ubiquitin mediated proteolysis

Mitophagy - animal

Metabolic pathways

Carbon metabolism

Epi_MHC

Epi_Inflam

: Epi_DevReg

® Epi_Stress

Epi_Mito







Supplementary Figure 4. Validation of TAM subtypes across thyroid cancer samples.

(A) Cross-sample integration confirming reproducibility of TAM subtype identification.

(B) Heatmap showing subset-specific marker expression across patients.
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Supplementary Figure 5. EMT-related transcriptional reprogramming in thyroid cancer. (A-
B) Boxplots showing increased expression of EMT regulators (TGFB1, PHTF2, SNAI1, SLUG,
TWIST1/2, ZEB1/2) in high-signature tumors. (C) ESTIMATE score and tumor purity

comparison between low- and high-signature groups.

A

TGFB1 PHTF2 SNAN SLUG (SNAI2)
" p<222e-16 91 p<2.22e-16 6.5e-16
183609 . i 6
o o ‘ o o
| 34 I g
26 6.03 2 274 ‘ 244 17 =
S S S S L 1o78
8 B2 : 2 I 57 8 i
g : i ; . 7 £ 217
o 4 i I . & 27 o
4 .
H
: .
T T T T o_ T T o ¥ T
Low High Low High Low High Low High
B TWIST1 TWIST2 ZEB1 ZEB2
8.7e-05 6| 8.5e-12 p<2.22-16 2.3e-14
6 1 . 1
-~ i~ - ~34 :
. 44 4-| ...
%4— % . ; % ——3.64 %
- - i < 3 2.90 al T
g § N ' § 2 1.56
2 -, k3 2-
s 1.59 —1.78 s ‘ g. ] g.
X e X X x { -
w w —1.03 w ] w
—0.60 er 14
0 0
T T T T 0 T T T T
Low High Low High Low High Low High
c ESTIMATE score Tumor purity
4000 r 0.47 ) ai 047 |
® 2000 0.86 0.67
] £0.8-
w a2
< s
= 0- £
a -435.27 _60934 2
w 0.6 ] H
: {
~2000- & 4
0.4

Low High Low High



