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Suppl. Figure 1: Expression of fDEGs in GSE103322

(A) UMAP of malignant cells (n = 2,176) from n = 10 OSCC patients (GSE103322). (B) UMAP
representation of n = 16 fDEGs in malignant cells of GSE103322. (C) Dot plot of fDEG expression in n
=10 OSCC patients (GSE103322) showing average expression and percent of positive single cells. (D)
Bloxplot-whiskers graphs of the expression of INHBA, ITGAS5, and SERPINE1 in nodal metastases-



Supplementary Figures

negative (NO) and -positive (N1) patients of the HPV-neg. HNSCC-TCGA cohort. (E) Heatmap of
correlations of n = 16 fDEGs with signaling pathways within PROGENYy with correlation and p-values.

ISNE_2

1SNE_2

SNE_2

1SNE_2

A

SPHKT1
SERPINE1
PHLDA1
PLEK2
MT2A 1
LAMC2 -
LAMB3 1
LAMAS 1
ITGB4
ITGAS5 1
ITGAS
INHBA -
COL17A1 4
KLF6 1
FOSL1 +
CXCL8 A

GSE181919
Percent Expressed

e 25
® 50

@ s

Average Expression

Normal

CcXxcLs

20
ISNE_1
INHBA

25 20
1SNE_1
LAMA3

2% 20
1SNE_1
PLEK2

25 2
1SNE_1

15
12
09

06
03

10

25
20
15
10
05

ISNE 2

SNE 2

ISNE_2

1SNE 2

204

3

FOSL1

25 20
1SNE_1
ITGA3

25 20
SNE_1
PHLDA1

s -2
1SNE_1

5100@0® - 000000 o

1SNE_2

1SNE_2

SNE_2

1SNE 2

1000000000000 ¢

1.0
-0.5
KLF6 COL17A1
%]
35 2%
I 30 4200 l 0
w B 0
104
") 25 20 15 25 20 15
1SNE 1 1SNE_1
ITGAS 1TGB4
20
100 N2 15
o7s W i
0s0 & 10
0zs -
104
%0 2520 -5 T % 25 2 -5
ISNE ISNE
LAMC2 MT2A
%]
l . Sl Ij
, & 3
2 2
10
3 2 20 15 25 15
ISNE_1 ISNE.
SERPINE1 SPHK1
%]
20
~ g0l F
l? hE l ‘
] ey
0s
10]
3 25 20 is 25 2 is
ISNE_1 ISNE_1



Leucoplakia

Supplementary Figures

FOSL1 KLF6 COL17A1
2 n Ed L %
. 4 a2 . 3 a2
. 3w 2 W .
. 5 o z
a p 3
3 E g =
5 0] £ . 10
o
2% 2 -5 -0 5 0 2% 2 -5 _-10 5 0 5 -0 5 0
ISNE_1 ISNE_1 ISNE_1
INHBA ITGA3 ITGB4
0 30 ~ 30
20 o 20 L
e 15
il Iy PO
i wg |25, 10
os ~ L3 05
10
v <
)
0
2% 2 -15_-10 5 0 2 -5 _-10 =5
ISNE_1 £, |
LAMA3 LAMB3
£ e ) » 2
. s .,
25 a2 ~2
20 & e
- o 15 g " g
10 @ T
d LA 10
0 0
> 2 -5 -0 5 0 2% 2 -5 _-10 % 2 R [3 5 10 ]
ISNE_1 ISNE_1 ISNE_1 1SNE_1
PLEK2 PHLDA1 SERPINE1 SPHK1
n £ w % 2 v %
L g 5 i
25 .
20 m” i mzo
e wede 15 . W' 10 g, Ve?
0@ |/ . g |
05 L '
. A 10 y o g
0
2 ) 2 -15_-10 -
ISNE_1 ISNE_1
Carcinoma
CcoL17a1
» £ »
20 8 W] 2
~ ~
4w 2
z z
10 2 8w . B
0 ° °
25 2 -5 -0 ) -0 10
ISNE_1
INHBA
£ B £ 2
20{ = 20{ = I
3 9 20 &
2 ¥ 15 2
" : B 3
0s
° o °
- 20 -5 -0 ) R o
1SNE_1
LAMA3
£ 0 2
20 & s 21~ «
= ~ 5 =
) w
z 2 z
10 , 8w G0 &
1
° ° o °
25 20 -5 -0 ) -0 2 o -5 -0 0 -0
ISNE_1 ISNE_1
PLEK2 SERPINE1
£ o £ £ 2
2 20{ = 20 . 201 =
§ 20 & s 9 o~
s W w s W
- z 2 = 2 z
0 10 810 - G0 G0
05 y #
o o ° o
25 2 -5 -0 » 3 = -5 -0 20 -15 -0 0 2 -2 -5 -0
SNE_1 SNE_1 1SNE_1 SNE_1

20
15
10
05

—meao

100
075
050
025

Pyeprren

20
15
10
05



Supplementary Figures

E F cses1919 G  GsE18s737
SERPINE1 [ ] [ ] WNT
) . GSE188737
PLEK2 ° ° Percent Expressed
MT2A. [ ] [ ] o 25
Lo ° . ; A - ... B NS M N EHEE .
LAMB3- [ ] L]
Average Expression I H I I
04
s o s ‘

0.0
ITGAS. . . 0.4 PECAP R T  ECIETIRTIpeae g tary (o - - B . . B ..
ITGA3.
INHBA ok [ = |~ = oo | (] - [ |~ [ - | - [ .

COL17A1

® 0 o o
o o 0 0
E
2]

KLF6.

Corel
FOSL1 . . » | X

04
cxcLs . « . smele | || - 02 we | ~--E - - - - -
00
2
wiek [CIREEE - =] - [EE - | . e B~ . o B

CA LN

. @ o
& c%é&m}yve‘%‘“
E

Suppl. Figure 2: Expression of fDEGs in GSE181919
(A) Dot plot of fDEGs expression in normal epithelial cells (NL), leucoplakia (LP), and primary HNSCC
(CA) (GSE181919) showing average expression and percent of positive single cells. (B-D) UMAP
representation of n = 16 fDEGs in normal epithelial cells (B), leucoplakia (C), and malignant cells (D).
(E) Dot plot of fDEG expression in primary HNSCC (CA) and nodal metastases (LN) (GSE188737)
showing average expression and percent of positive single cells. (F, G) Heatmap of correlations of n =
16 fDEGs with signaling pathways within PROGENYy with correlation and p-values from GSE181919 (F)
and GSE188737 (G).
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Suppl. Figure 3: Effects of UV-irradiation on gene expression of selected functional differentially
expressed genes (fDEGs)

FaDu-Dendra2 and Kyse30-Dendra2 cells were grown as spheroids embedded in type | collagen and
entire spheroids were treated with blue light in the DAPI channel (Leica DMi8 microscope system) in
the absence of any further treatment. Cells in target areas were exposed to the following settings: FIM
100%, IL-FId 2 round, time interval (2 secs), exposure (5 secs), cycle (4 times). Non-irradiated spheroids
served as controls (ctrl.). Photoconverted red cells were sorted by FACS and the expression of the
indicated genes was assessed by qRT-PCR. Shown are mean ratios with SD of delta-Ct values of UV-
treated versus control samples from n = 3 independent experiments performed in triplicates.
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Suppl. Figure 4: Kinetics of LN5-induced ERK1/2 phosphorylation

(A-B) FaDu, Kyse30, and Cal27 cells were treated with laminin 5 (LN5) from 0-360 min. Whole cell
extracts were separated by immunoblot and phosphorylated ERK (pERK) and ERK1/2 detected with
specific antibodies. Shown are representative immunoblots from n = 3 independent experiments in (A).
Quantification of n = 3 independent immunoblots as mean with SD and statistical significance is shown
in (B). * p-value < 0.05, ** 0.01, *** 0.001, **** 0.0001. (C) FaDu and Cal27 cells were grown as
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spheroids, embedded in type | collagen with or without increasing concentrations of laminin 5 (LN5),
and treated with EGF as indicated. Shown are representative spheroids after 72 h of treatment with
invasive area and distance from n = 3 independent experiments with 5-10 spheroids each per treatment.
(D) Quantification of invasive area and distance from n = 3 independent experiments with 5-10 spheroids
per treatment. Shown are mean invasive areas and distances with SD for FaDu (left) and Cal27 cells
(right). ** p-value < 0.01, *** < 0.001, **** < 0.0001.
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Suppl. Figure 5: ITGB4 knockout in FaDu cells

(A, B, D, and E) ITGB4 expression was analyzed by flow cytometry in FaDu and Kyse30 wildtype cells
(WT) and CRISPR-Cas9-mediated ITGB4 knockout clones including one ITGB4-positive control
(ITGB4-Ctrl.) and two ITGB4-K.O. clones (ITGB4 KO1 and 2). Shown are representative histograms in
(A) and (D) and mean fluorescence intensity (MFI) mean values with SD from n = 3 independent
experiments in (D) and (E). (C, F) ITGB4 expression was analyzed by immunoblotting with specific
antibodies in FaDu and Kyse30 WT, ITGB4-Ctrl., ITGB4-KO1 and -KO2. Shown are representative
immunoblots from n = 3 independent experiments for FaDu (C) and Kyse30 (F).
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Suppl. Figure 6: Effects of SPHK1 inhibition on local invasion

(A) Fadu, Kyse30, and OSC-19 cell spheroids were embedded in type | collagen and treated with EGF
(9 nM) in the absence or presence of SPHK1 inhibitor (5 and 10 ug/mL) and Cetuximab (10 pg/mL).
Shown are representative pictures from n = 3 independent experiments with 5-10 spheroids per
treatment and experiment. (B) FaDu and OSC-19 cell spheroids were embedded in type | collagen and
treated with EGF, sphingosine-1-phosphate (S1P), and SPHK1 inhibitor in the indicated combinations.
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Shown are representative examples from n = 3 independent experiments performed with 5-10 spheroids
for each treatment and experiment. (C-D) FaDu (C) and OSC19 spheroids (D) were embedded in type
| collagen and treated with EGF in combinations with Cetuximab (0.05-1.0 pg/mL) and SPHK1 inhibitor
(SPHK1i) as indicated. Shown are representative examples from n = 3 independent experiments
performed with 5-10 spheroids for each treatment and experiment.
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Suppl. Figure 7: Effects of AREG and EREG on local invasion

(A-B) OSC19 and HSC4 cell spheroids were embedded in type | collagen and treated with EGF (9 nM),
AREG (1,000 ng/mL), or EREG (80 ng/mL). Shown are representative pictures from n = 3 independent
experiments with 5-10 spheroids per treatment and experiment. (C-D) Quantification of invasive area
and distance from n = 3 independent experiments with 5-10 spheroids each per treatment. Shown are
mean invasive areas and distances with SD for OSC19 (C) and HSC4 cells (D). (E-G) FaDu (E), OSC19
(F), and HSC4 cells (G) were treated in monolayer cultures with EGF (9 nM), AREG (1,000 ng/mL), or
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EREG (80 ng/mL) under serum-free conditions (10 min). Phosphorylated and total levels of ERK1/2
were visualized by immunoblotting with specific antibodies. Shown are representative immunoblots (top)
and quantifications as mean with SD from n = 3 independent experiments (bottom). * p-value < 0.05,
**** < 0.0001.
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Suppl. Figure 8: Expression of CytoTRACE differentiation score-associated genes in GSE181919
(A) Shown are the top n = 50 genes positively and the top n = 50 genes negatively correlated with the
CytoTRACE score in malignant epithelial cells of GSE181919 (Pearson). (B) UMAP representation of
CytoTRACE differentiation scores (left) and EGFR-activity subtypes (right) in malignant epithelial cells
of GSE181919. Shown is the predicted order from more to less differentiated and all EGFR-activity
subtypes by color-coding. (C) UMAP representation of n = 19 genes associated with high CytoTRACE
scores from GSE181919 that are significantly correlated to OS in HPV-neg. HNSCC-TCGA samples.
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Suppl. Figure 9: Identification of EGFR-activity subtypes in HPV-pos. HNSCC

(A) EGFR-activity subtypes identified by non-negative matrix factorization (NMF) from HPV-pos.
malignant HNSCC cells (primary tumor and nodal metastases) are depicted in a UMAP with tissue type
of origin and patient ID. Examples of selective genes (AREG, HBEGF), rare genes (EREG), and
ubiquitous genes (UBC) are depicted in the lower UMAPs. (B) Heatmap representation of the gene
expression of “REACTOME_SIGNALING_BY_EGFR” in EGFR-activity subtypes. (C) Heatmap of
intensity scores of n = 13 PROGENYy signaling pathways for all EGFR-activity subtypes of HPV-pos.
malignant cells. (D) Volcano plots with log2FC and p-value of DEGs from “AREG” versus “Basic EGFR”
subtypes and “HBEGF” versus “Basic EGFR” subtypes are shown. Gene set variation analysis (GSVA)
of “AREG” versus "Basic EGFR” and “HBEGF” versus "Basic EGFR” are presented (right panels).
Shown are significantly activated and suppressed human cancer hallmarks (MSigDB) with gene counts
and adjusted p-values.
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Suppl. Figure 10: EMT"9"-associated EGFR-activity subtypes interactions with non-malignant

cells

(A) B cells, CD4 and CD8 T cells, monocytes, dendritic cells, and fibroblasts were annotated in
GSE181919. Shown are UMAP representations of all immune and stromal cells (left), and single UMAP
representations for each cell subtype with stacked bar graphs of proportions of B cells, CD4 and CD8 T
cells, monocytes, dendritic cells, and fibroblast subtypes, as indicated (right). (B) Interactions of
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malignant cells with highest EMT scores (EMT"¢", “AREG&HRAS&PTPRK” subtype) and lowest EMT
scores (EMT", “Basic EGFR” subtype) with B cells, CD4 and CD8 T cells, monocytes, dendritic cells,
and fibroblast subtypes are shown. (C) Numbers and interaction strength of EMTM" and EMT"¥
malignant cells with B cells, CD4 and CD8 T cells, monocytes, dendritic cells, and fibroblasts are shown
as bar graphs. (D) Selective ligand-receptor interactions of EMT"9" and EMT'Y malignant cells with B
cells, CD4 and CD8 T cells, monocytes, dendritic cells, and fibroblasts are shown as dot plots, with
communication probabilities, p-values, and LAMC-CD44 interactions as reference. First gene =
malignant cells, second gene = non-malignant cells.
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C Interactions with CD8 T cells
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Interactions with monocytes/DCs
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E Interactions with fibroblasts
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Suppl. Figure 11: Ligand-receptor interactions of EMT"9" and EMT'°* malignant cells with non-
malignant cells
All ligand-receptor interactions of EMT"9" and EMT'°" malignant cells (GSE181919) with B cells (A),
CD4 and CD8 T cells (B, C), monocytes and dendritic cells (D), and fibroblasts (E) are shown as dot
plots, with communication probabilities, and p-values. First gene = malignant cells, second gene = non-
malignant cells.

18



Supplementary Figures

we>d @

anjea-d
B -

Q0ld “UNUALOD

S$3HOAV - (189LI*AYOL)

£D0S = ¥ILdONY

LTOS - ddv

952D - 02100

S3YOAV - 5500

6600 - 66020

(289043vOL) - 1HAD

900 - 2¥9100

1008 - Zv9100

(zaou+voLul - LWyl

TVOLI - LNV

P 612NINL - EJB4DI

(280U+VOL) - VT

TTION = ¥aW

LIZaN - 1ZdW

TON - NLd

1008 ~ Nid

UAGH ul BuireuBis peseasneg

qoid “UnWwaD

woxd @
S00>E>w0 @

anga-d

0000000
L ]
000000 OOSOS
[ ]

L L
L
c000 0
L]

oo
ce

@ 53u0av - (199.U+AVOLl)
P 20D = ddV

@ Sd—€HON — 99V
F¥#03D - V1700
k1008 — IWIT00
P 1008 — 2¥i100
P ¥#00 = VP00

k 100S — V00
F ¥#0D - 2¥PI00

P 120S - 2¥$I00

P #+00 - S¥H00

P $20S - S¥PI0D

[ ¥#0D - 9V$I00

F 100S — V00

P ¥P0D - 1V9700
k1008 — V9100
@ F ++0D - 299700

P 420S - 2V¥9700

b ¥$0D = INJ

F 100S - N4

F #H0D — EYWY

k ¥P0O ~ SYAYT

@ F #P0D — ESNYT

b #402 — 1OWY
® [ v900 - oWV

k ##0D — ESVO

P S#02 - 6SVON

F AHrd - 65TVO1

F S3HOOV - 2w
@ pION - dan

F 100S - ¥aW

k (##00+#200) - 3N
® | (PHOXO*$20D) - AN
P ZdW - 11Za0
P BId — Wd
k9S8 - Vidd
k##00 — 1ddS
k£00 - ISBHL

F 100S - 1STHL
pL¥0D - 2S8HL

k 100S - 2STHL

F 100S - ONL

UAH ui Buyieubis peseaiou)

[ ZHLEN — LHOHO-0issowssg

Buiseld +vOI Buwse|d +VOI
80> ° 09 e
g oneN o
o e e e
s X /. .
g Mowsepy 1d +991 g Kiowepy BWse|d +99I

siompau Aemujed Buieubis UADH 493 yuomjeu Aemyed Buljeubis dAdH 493

UAdH dAdH UAdH dAdH

00 0
=z
[
g
+S'C m o
m. Looz S
p §
i O @
r0'S S 3
2 z0e g
3 =
z8E'9 .m )
o F L oov W
2
@

S6'6 rool €55
Bld +VOI

euws

l\lm\mm_m._,_a +99|
BN D
UAQH — SUONDBISIUI JO JSQUINN

g Adowapy 3
dAdH - suonoeiajul Jo JaquinN

\'4

19



Supplementary Figures

..E_

Q0ig UNLWOD

wo>¢ @

anma-d

e -

k ¥00S ~ FILJONY

F 9600 - 02700

F S3HOQY - S500

» 6500 - 6500

k (LEOLIF3VOL - 1HOD

k 1EH - 820310

» r#00 - 2v9100

= ¥00 - SEYA-VIH

k(289014701 ~ LIWYDI

= VDL - LNYDI

» NdS = lAVDI

* GLZNINL - €48491

B ZHLN - VLN

k (28OLIFIVOLI - LNV

F ZHOAVH = 6STVDT

= (1LgoL1+pvaLl) - Mow

= TON = MaN

P ¥H301d - €53914-239d

k958 - Vidd

= TON - N1d

k7305 — NLd

UAGH v Buleubis peseaicaq

QoI "UNWWIOD

wo>d @

00

(X ]

[ 53500V - (1gou+AvoL)

P PL00 = daV

I YHOH - ¥24OH0-10E31S30HD
I YHOH = ZHOHQO-TOH3LSII0HD
[F ¥HOH - ¥dIT-10H31530HD

[ 18U - 822370

P ##00 — V00

k#20S — LVI00

P v#32 - 2VI00

[ #O0S - 2¥i700

[ 1OWDaV -~ IVEI0D

P ##00 - IWEI00

[ $20S = LVPI0D

P PPOD - 2VPI0D

P #0085 - 2¥$700

P PPOD = SYPI0D

P #00S - S¥#I00

k 9HOX0 - 9119X0

F ZHIHN = ZHOH-1osIsoWseg
k##00 - INd

F#00S - IN3

k0O - BNG-YIH

k #00 - YHO-¥H

F$0 - 1GHO-VH
k2yi-a1

F¥#00 - £¥IV

F ##03 =~ SYAY

b ##00 - €8NV

kv#00 - 10M1

k ##02 - 2001

F 2HOAVH - 6STVD

I SIHOOV - ZHYd

k10N - ¥an

k vO0S - oW

F (#500+1200) - I

F (PEOXO+P£aD) - AW

k #H391d - $3944-239d
F PHIDLd - 253DLd-ZI0d
k #6301 - £5304d-239d
F uMd - Mvd

k958 - Vidd

F LIOIL - BAd

b ¥#00 - 1ddS

P 4900 - ISEHL

k$00S - 1SEHL

k200 - 258HL

F$00S - ZSAHL

k 00S - ONL

F 645HNL - 6353NL

UAGH v Bujeubis pesessou)

1¥00 eupoway)
1¥@0 2xa0lhD L

1¥QD supowayy
1$QD 2Xaj0ihD L

._.vn_oﬂgaw.e__ci ._.vcoﬂgzw.s__oi

dITDIEY d3ToeY

™
o

L)
1¥a0 Bauy
yiomjau Aemujed Buieubis UAJH 493

e o

1¥00 oneN Lvao Bei

yiompau Aemuyjed Buijeubis dAdH 493

e _
1¥a0 @AleN

UAGH dAdH UAdH dAdH
0 0
z
c
3
- o
5 00z 8§
5 m S
- w-
g g
2 3
m 00 o
] 5
0@ oLy, g
o 8
009 S
w
£0zvL 60L

1¥QD sunjowsyd

| aAnesa)iold

1905 Beut 1y oneN

UAdH — suonoeiajul Jo JaquinN dAdH - suoloeiajul JO JsquinN

20



Supplementary Figures

wo=d @
Wordxi00 @
anma-d

qoig Unwoey

s

k S3HOAY - $500

» (zgOu+3VOL) - LHOD

b LEE - 8203710

r ¥900 - 2V9100

F ZHIEN — LHOHO-seisowseq

» (Z8OU+VOL) - LWVOI

= TVOL — HAYDL

» NdS = LNVDI

= 6LZNINL - £4E491

k(289U WOL) - LN

r ¥H3901d - £S3D14-230d

r 958 - Vidd

F1ON < N1d

k 63SHINL — 64S3NL

UAJH u! Bueubis peseeaneq

wo>d @
S00=d>100 @

anea-d
_e.-
I.._

qolg UNWALOD

L ]
00000 G000 S0 900 H2OVES 0

*000 & s00000 o

o000 0e o0

0000000000000 000

F s3u0av - (19U+AvOL)

k v200 - ddv

k ¥HOY ~ $2HOHO-10631ST10HD
k VEOH ~ ZHOHQ-I0HILSIIOHD
k VHOH - ¥dI1-10831ST10HD

b 1SH % - 820310

b 18H1Y - 020310
k (tgOLI+ VDL - 1Y1100
kP00 - V1100
k (L8DLIFIVOLI) - 2¥1100
k ¥P0O - 2VLI00
F (18DLI+1VOLI) - IVPI00
k 400 — 1Y$100
k (L8DLIFIVOLI) - 2¥P100
k P00 - 2¥PI00
k (18DLI+1VOLI) - S¥PI00
k 400 - SYPI00
k (LEOLIFIVOLI) - S¥5100
k vPOD - 9YPI00
k (tgOL+1vOL) - 1¥9100
k 400 - 1¥9700
k (t8OLI+1VOLI) - 2¥9100
kP00 - 29700
k SHOXO -~ 9110X0
k (LEDLHPYOLD - ING
F (LBDLI+PVOLI = INJ
kv - INJ
b Y800 — ¥-¥H
kY200 — 8-YIH

8800 - 8-V H
kY800 - O-VH
k YZOMNPEAD — 3V
b LOEDI - 3-VIH
F NdS = YOI
k (LEDLIFIVOLI) - EYINYT
b 7500 — VWY
k (L8DLI+ VDL = SVINVT
k ¥POO - SYWY
b (LBOLIF VDL - B8NV
b ¥P0D - EGNVT
F (t8DLI+1VOLI) < LoV
k 7400 — 1OV
b (LEOLIFIVOLI - 2OV
k ¥P0D - ZOWVT
F S3HOAY - ZHVd1
k (LEDLHYOLI) - NOW
kTN - MOn
k (v900+72Q0) - AN
k (PHOXO+200) - 4N

k ¥H39Ld - S30Ld-239d
b PHIOLd -~ 253914-239d
F PHIOLd - £53914-239d
k 958 - Vidd

F LIOLL — HAd

k (LEDLI+PVOLI) - LddS
k900 - 1ddS

k £90D — 1SEHL

k £70D - ZSAML

F 6ASHANL - 63SINL

UAGH Ul Buieubis peseasou)

1800 558S

(G}

1800 eAnese)|oid

\n\\

T 1s@D eMEN

1800 oxoi0iD
yomjeu Aemyied Bujeubis UAJH 493

1800 s5@AS

18007 eAnesap0Id

18@D SAEN

18007 200D
yiomjeu femiyied Buyeubls dAdH 493

UADH dAdH UAGH dAdH
Lo 0
L m G
g
w - 002
oL =
S
m LET
LSl
g
0z
0SS
1800 sseas

1800 2!

UAdH -

suonoeIajul JO JBqUINN

o
g
SUOORIBJUI PBLIBJUI JO JOQUINN

1800 aAnesRjliold

/7 1s@0TeneN

180D 791X0104D

dAdH — SuonoRISIUI JO JAqUINN

0

21



Supplementary Figures

soabiw s0Qbiw
° 8
soqde soqde
a2 N N
S8 g BRI > ] .
¥ XL @ W am@/
s a’s A LN ® LN
= Z3uDay - (1BOL+AWDL
- $340aV - (190LLAVOL) oo ®®  |s3uay-Geourwol
L] L b (s80U+SYOL - FILJONY . L] TOTVD - NV L J L
B |SH0HAL*ZNZL) ~ da¥ s 2 s 2
L4 2008 - VUGNV 960600888668 8pra-dv 100 Lt s
. £205 - YLLIONY [ ..«umEE-._ﬂ_« s20Qa2 $20Q2
(] ZEOLTWYOLL - €2
. 205 - ViLgoNY z
e o o (20DLXYOL0 - ©
o eee  fusa-waw . ihved - £ somiau Aemuyred Buijeubis UADH 493 iomiau kemyjed Buijeubis dAdH 493
o0 Shicd ~ IWXNY “ "ﬁ - £X00
W08 - . 1420 - 100
> s e & s 09 - Y1500
LR $Z4SHINL - daV e o o Y208 - Y00
.sana o 03 - 2100
= B gl ® @ o o o @ [no-ww UAdH 9AdH UAdH AL
L LR L S34OaV - 5500 e o o 208 - LYoo
i ® & o o o o [WO-200D
$900=6200 e o o V308 - 2VN00 o o
a 0 Vi - 6500 ® e & e e & pna-swod
£ Y308 - SYY
L e MR ® o o o o & [r03-w0d m
®® ©0 00 efLaouaVOL- IHID e o o V205 - WHICO 5
& ® & & o & & fwao-wiod
oo 1HOD - 1HOD e o Y205 - V9103 0sez
. NG~ INGD 6 e8s88888[na0-2vi00 = o4
o 348 - 2¥0N00 = ==
o 202 - 2¥5100 00“0”00 Ooo.w.hzﬂhwu?“gs oL@ o
< 19D - =4
- oo 208 - 2¥9100 - . by yy S o =
LR ] P £HIHN ~ ZHOHO-0iosowseq ® o _—8§>_“| iNgd D. w
% 3 (19DL+AVEL) - INJ o
— . zo50-7080 — - o o 00S =
(] 2950 - ©260 e o +208 - IN4 - =
z e I e &
0 1943 - 20N40 0 §1HOS - D) @ 5
. L saun - 4-vH =
O ®ofuiia-uns ® |izeourwoul - i ON.W (o]
- - e
Qi "UnLWoD L 12000+ TWOLI - LN Qig U0 - . Mwﬁ_.. m_ﬂ-‘u_ \u.' 052 m
o0 {ZaoUNVEL - LNV [ ] Ll . . * . 900 - VI p
it ® & & & & o [ruo-swvmn 3
UG @ M b wird @ |8®58 & & @¢efrud-camn 8v8 =)
° NS - LNV ® & & & & & prO3-IAN 8LS¢C W
%ord> 00 @ ® L - $00>4>100 @ *S0se  » ® 0 8 5 8pmad-zonN
@0 @0 ® @ @0 e feiTraEn-sdE ° ® ® ® o |s3unay-zuwn 000}
oo o o R aer-d @ Sl - P o
@ ® o} izaourvoL - o H HEDLIL SN £08'62 €p0L
@ FL9ou+vOL - ¥an ® L TON =N
- . 2305 - ¥am
e L L TON - ¥aN L ] _vualv_ﬂu
b - L ] Laveng )l ~ N
ol0 ole M“”Wvob’”vo_ !”._! (] {rEOXD+P200) - AN
r o - $ZdN - V2N
& b #3014 - S3014-2304 sD@biw sOQbw
e o {sgoursYOLll - LaWVN W9 Ld - 25391d-239d *
0 243014 - SIOL4-230d Wid9Ld - £SI91d-230d sod
L] 4301 - S30L4-TIDd 2508 - Nid r T,
0 243014 - 251014-219d V208 - Nid
2200 - tihd
. ZH3IDLd - £530Ld-730d ° 911 - WAd
F - . 124N+ LN} - DEVNAS
. scee WiF914 - £5191d-210d =0 SN NN o8 d
. 1H403N - 30d . e ligDuvoL) - Ldds !
S i 0 (18910+5v0LI} - LddS
: . (LGDLAVOLI) - LddS \
0 059 - Vidd . 1SD.+AVOLI) - LodS = LN
2 0 09 - LS Sy
®secseses s e efON- I ' BonoLs a0l - el >
oo 2208 - N1d . . %02 ° 581
2 . . = N
b el ® o & o o o fuoo-zau
X3 208 - Nid V208 - 250HL
- e o o V308 - oL Lr4ele ] sZDa°
A 103N - VD3N o0 3 P E4SHANL - B454NL

Akt Bt i 1N OO A UAdH — suonoelajul Jo JaquinN dAdH - suonoeiajul Jo JaquinnN

22



Supplementary Figures

wo=d @
500>d> 100 .

enjea-d
i _
ou -

QoId "UNuALGD

» S3HD0V - (18911+AVO.L}

= 1208 ~ $ULJONY

= 1THOS ~ ddV

[» Sd-EHON — 90VE

= 9420 - 02720

» S3WDOY - 8500

= 6600 - 6600

= (2891143VOL) - 1HOD

» (ZEOLHTVOLI = LAY

= WOLI = LIWYDI

= (ZEDLHTVOLI = L

» (#HOXOHLQD) - AN

[ 12N - 11ZaW

UAJH uI Buyeubis peseaineq

we>d @

enjea-d

900 S00 9

LA J L
L L
LR LR

LN J L]

L] LA

[* #£QD - ddV

= S3HOAY - 5500

[» ##00 - Z¥$100

* 1208 - Z¥¥ 100

Bwseld +vOI
a 09 .
am.'ut(\\\\\mhozmz
- s3uDqY - (189LIAYOL) & Eoﬂ.os_ ewsly +00;

yJomiau Aemuyjed Bujeubis UndH 493

dAdH

BWSE|d +V9OI

g09 o
= e
103 Eo=EH fo™\PN
.
ahoweyy SWstid +09I

yJomyau Aemyjed Bujeubis dAdH 493

UAdH dAdH

UAdH
- 100 - Zv9100
= ZHILIN - LHOHQ-RIROWseq
- 612NINL - £484D1
#4009 - ¥V
- 902 - vV
- 902 - eaV
- 50 - LONY
 $500 - 20NV
|- 1900 - 65T¥D
- 5702 - 65T¥D
- SHbd - 65TVO
» SIHOAY - 24vd)
» 10N - Yaw 1968
- 100S - yan
= (#bQO+L00) - AN
- (PHOXO+$£00) - HIN
» 11z - 11Zan
- 1Y - Y
- 958 - ¥idd
- 1ON - NI
» 1008 - NLd

= #9020 - LddS

UAGH i Buieubis peseaiou)

n
~N

o
w
yibuaiys uonoelaju

- .O.O
809

©
~

Bwse|d +vOlI

L 1o0s - o g Asoweyy BWSEId +O9OI
UAdH — suopnoeiajul jo JequinN dAdH — Suonoelajul Jo JaquinN

3

SUONORIBIUI PBLIBJUI JO JBQUINN

o
(=]
<

0
0ok
0oz
v62 ooe
33

Bwse|d +vOlI

va o
— \\1 aAleN

- xw-y«m*.

U //u_
m|>L°E0§ BWSE|d +99I

23



Supplementary Figures

woxd @
0>¢>1w00 @

angs-d

000000 OOSSY
L]
® e® o0
L L0 L
a
L
L L
L
*
L]
e o o L]
e o o L
e o o L]

° L
o0
® o000 opr
o
.
o0
e o o o

k S3HO0V - (19OU+AYOL)
b ¥OAS - PILJONY

k8400 - 02100

k S3HO0V - $509

F 6500 - 6600

b LEDLIFIVOLI) - 1HOD

b LGHTH - 820310

k v00 - YWWA-VTH

k00 - YHO-YH

k0D - SAHO-YH

k (ZEDLIFTVOLI - LAYDH

k WOLI - LINYOI

b NdS = LNV

k 61ZW3NL - £d83D)
k241 - Y

TLTSIE: 1R]]
(Z8OLIFIVOLI) - 1NV

k 2HOAVH — 65TYD

F (1@0LI+pvO L) - NaW

k (PHOXO+$200) = I

k P301d - SIDLd-2I0d
F PH30Ld - 25391d-239d
k ¥4391d - £5304d-239d

r OSH - Vidd

UAdH ur Buiieubis pesesioeq

E-._

qoig ‘woD

wo>d @

anpa-d

® & & o o
0000 ORONS
L0 L ® ¥
® & o o 0
L0000 AL L L
®
® & o o o
sceesnene
L
00000 OOGOIOS
L L0
o
o o
e0s0ceNeNS
LX)
e & o o 0
L]

P #2002 — dd¥

[ S3UOQV - 8502

[F YHOU = T30-7063LS3T0HD
I YHOH - ¥240H0-10H31S30HD
I YHOH - ZHOHO-10H3LSI10HD
P YHOH - ¥dIT-106315370HD
[ 18HTH - 920370

P P#32 - 2V¥$I00

F 008 — 2v$100

F +#00 — 1¥9100

P $20S - V970D

[ ¥#32 - 2V¥9700

F 008 - 2v900

F 9HOXO ~ 9110X0

[F ZHLUN = LHOHQ-[eimsowsag
Fedi-anl

P PR30 - EVINYVT

P b#00 — SYWY

[ ##00 — €8NV

PR30 - LONVT

;PR32 - 20NV

[ 2ZHOAVH - 65TVD1

[ SIHOOV - 2uYd

[ TON = %an

[ $20S - MaN

F (#400+4200) - I

F (FHOXOH+#202) - dW

[ PH3DLd -~ £539Ld-739d

[P HMVId =~ Md

P 1ON = NLd

F +00S ~ Nid

P ##00 — 1ddS

[ $20S - INL

UAJH ui Bujjeuiis pesesiou|

1¥QDeupOWeyD
1paD oxoIAD ®

1yQD IxommAD

1vyQD aaneaoid

° e _
1$Q0BoyL 19Q0 anEN

siomeu Aemyied Buieubls UADH 493

UAdH dAdH

1T ISE

L]
1¥Q0"Beyy

LA BUNOWeLD
@

L¥QD T8RRI 0.

® _
1yQD anmN

sdomieu Aemyped Buljeubis dadH 493

UAdH

UAJH — SUOIDBISIUI JO JequInN

T
0

o
-

ybuass uonoeseu|

B8ES

dAdH
sy

1vQD eunjowsun

dAdH - suonaeIeul JO JaquinN

002

o
g
SuoloeIBIUI PaLIBJUL JO JaqUINN

=

24



Supplementary Figures

.! _
10id “unurue)

wo=d @

Fs3uoay - (1g911+AvoL)

[ S3WOQV - §500

k2894#3¥OL) - 1HOD

F 18H - 820310

[P ZHIYUN = ZHOHQO-IoiMsowseg

F (89U IVOL) - LNV

FIVOLI - LVWDI

FNdS = LNYDI

[ 6LZNINL - £484DI1

k (2AOLHTIVOLI = LNV

P ¥H3IOLd - S3914-239d

I YH3DLd ~ 253DLd~239d

[ ¥H3OLd - €53DLd-239d

I 958 - Vidd

dAdH vl Buyeubis peseaiceq

QA UNLWoD

wexd @

enjen—d

1800 s5MS 1800 s5aMs _
1800 Saese0d
@
LERELE Tl
16007 aAmN
8 [ ]
L 53500V~ (18DLHFAVOLI) 180 om0 1809 20040
b #200 - dd¥ yiomieu Aemyied Bujeubis UNDH 493 somieu Aemyied Bujjeubis dadH 493
@ - SIHOAY - 5900
® @ @ @ |VHOu-130-10HALSTIOND
®0 008 @ |VuOU-FZHOHO-IOHALSTIOHO UAJH dAdH UAH dAdH
0908 # |VHOU-HOHO-IOHILSTIOHD Lo Lo
® ©® ©® @ [VHOH-VdN-I0HILSTIOND
o0 b LEEDI - 820370 =
L[] @ P804+ 1YOL) - 2¥H10D m
e e o e [#00-2ZwI00 LS L oot =4
° ® Flsousivou) - 1ve100 m N
® ®© e e [pad-1vsiod m W..
[ ® pgousIvoL) - 2ve100 5 >
® ® e e |[+00-2v00 oL 3 00z 3
e oo ® ® [} 96OXD - 9L10XD m m.
. h VZONNPE0D - 3-VTH % 2
. b LOUT - 3V .Wv. @
. o }usousvou) - eviv ke L oog m
® o o e [wa-ovw <}
L @ FU89us1vou) - syl W
®© 000888 8fHa-sYW Loz
LN ] ®  Fhsousivel) - canv 00V
oo e © b vpa0 - cANV
L[] @ p(189u41vDL) - LOWVT
® @ o @ |[#ao-i1on
o0 ® FU89U+IvOL) - 20V
®® 900 ® e Spwa-2onVT
oo - (19D1149VOL) - MON
® 080 e 0 ekFN-MIN
00000 0 OFFOXAI-dN
® 00000 0 opivuIXIwa) - AN
@ ® © |ru3oid-7SIDLA-TIOd
000000 SFN-NI
[ k (18911+¥YOL) - LddS
® @ ® @ [ao-idds
UAGH W Bulieubis pesesiou| UNADH =~ SUORORINIY JO J9qUIIN dAdH - SUORORIBIUI JO JOqUINN

O

25



Supplementary Figures

U -

™ -

qoig ‘unwwog
wo>d @

Word>00 @

angn-d

[ ] L] L
® o
L]
L
L]
L ] « L
e e
°
LI
L]
L) LA LA
L L L
LI L]
e o000
o0
L]
L]
L
L]
L]
LI L]
. o
L
° .
L]
LI T R L U I
e o
e o
* L)
LI
L
°®
L0 20 N 20 2 LN J
L]
o
L] e o o o
L
. e o o
L]
* 000 o
L]
L
®

UAGH vl Bureubis peseaeq

F 23600y - (189.U+AVOLI)
b S3HDaY - (19DL+AVOLI)
F (18DL14SYOLI) - ¥ILIONY
k 200S - PLAONY
k £20S - PLIONY
k OAS - PILAONY
b LHdd = LYXNY
k Etldd = LYXNY
k 1THOS - ddV
b 1Z4SH4NL - ddV
- 9600 - 02700
k S3WOQY - 9509
k6500 - 6600
k VId - 6600
- Qlid - BEPD
k (z80L43vOL) - 1HOD
b IHOO - 1HAD
k INGTD - INOTD
k2950 - 2080
k2950 - €250
k 19HAT — 18NS3
k 19Hd3 - 28N33
THERIE]
k (Z8DLIFIVOLI - LNV
k (ZEDLIFAVOLI) - LNYDI

k WOLI - LNYOI

bk NS = HNVO!

k 6LZW3NL - £d80I
EETR TR

k251 =81

b (2EDLHIVOLI - bW
k 400 — €8NV

k (1BDLIHPYOLI) - MO
b (F700+5200) - N

b (FHOXO+£200) — AN

F (1EDLHSYOLI) — LdWYN

k 24391d - $30Ld-239d
b ¥391d - $30Ld-239d
k 24391d - 253014-2394
b 301d - 253014-2394
k 24391d - £53014-2394
b 301d - £53014-2394
b 144934 - 39d

b BV 1d — NV1d

k959 - Vidd

b 144934 - V4934

wo>d @
Wordro @

anea~-d

QaId “UnuwoD

L] L]

£ ° o000 0000S
L]
(]
L]

® & & o o o
e o o

® O o o o o
e o o

® ® & o o o
e o o

[ THOTVD - Wav

k {d80HAL+2N3HL) - dd¥
k #£00 - dd¥

F LZASHANL - ddV

k16O - €120

k1HOD - 6100

b $¥00 - 2¥$100

F $00S - 2¥¥100

k #900 - 19100

k $00S - L¥9100

F $900 - 2v9100

k $00S - 2¥9100

P ZHIHN ~ LHOHO-1Ieis0wseq
FEHIEN = ZHOHQ-19150Wseq
F Q4¥dd - BZLINS-SYIHO
kXY - 95¥D

kL3N - 9SVD

F L1HOS - NuD

k ##09 - £V

k #902 = SYIV

F ##00 - £ANV

b #$00 - LOWY

k #$00 - 20N

L] ® ©® O O [S3IUUAV-AVd]
o000 F{LEOL+#YDL) - HON
e b Ldy - Maw
e ®c e e e e e s ep1ON-NWN
o0 F200s - Man
e0s o k $008S - Mon
© 00000 0 0praHad)-dN
L] F (¥HOXD+$£0D) = AW
CICIC NN ) k02N - 1Zdw
o0 k(LBOL+SYOL) - LINYN
] k LLHOS - SIN
®  |ru391d - £53D1d-239d
O 00 0kYYd - M
® ® ® © [XV-ISOHd
] FMLEIN - 1SOkd
SO0 OPOO OO O S SFION-NLI
LX) k2008 - Nid
L) k£00S - N1d
e0e o k#00S - Nid
e o F{(LBOU+YOL) - 1ddS
L] F(SEOLHAVOLI - LddS
o k (Zu8491+18840L) - 19401
e o o k $00S - ONL
° b (2H0vHL ) - 4ISL
UAGH u Buiieutis peseaiou)

s0abw s0abw
@ L J
s00d @ s00d @
i N / N
o @
,_mmal/l
W
®
51009 ®
82002

»eu Aemyied Buieubis UADH 493

slomieu Aemuyed Bujeubis dAdH 493

UAH dAdH UAGH dAdH
) -0
=
c
3
.8 o
3 05z
Lol m &
=
5 )
= 3
@ 0os &
e =3
0z Q. e
= g
L0S. ©
826 VT w
zL06Z L og

sg0a2

dAdH — SUOI2BIBUI JO JaqWINN I

sg2a°
UAdH — SUON2BIBIUI JO JaquinN

26



Supplementary Figures

; S4¥0ND S4¥OAD

. . 53WDQY - (1EDUTwOU)

LI T8ITVD - WaY
. ® FUEDUIVOLI - VLNV

o @ fpungo-vumw V0! @==v0!

E '] @ p200s - riLdowy

S4YOP S4YOP
yomiau Aemyred Buieubis undH 493 ssomau Aemyred Buiieubis dAdH 493

2200 - ddv

LY ® @ o pS3OOV-S500

P 6600 - 8609

%600 - 6600

UAdH dAdH UAJH dAdH

Lid

b (1EDUTIVOLI - ZV9I00

. ® FO1@OU+ILYOL) - 2v8N00

. L] WENO3 - INGS

. BuNT3 - INGS

- L] L] YHNOD - 2N03

i
e
. .000.'.000‘0..._“’. ~ ._... LX) o0 .. . 90 90000000
- L " e :.. e o0
- . . o0
L
55
8 & =4 4
yibuans uonoeiau|
g & °
SUOIjOBIBJUI PaLIBjUI JO JaquINN

o efu-mm
i *Hiziiay-sm
b A kol F (100 avaLi - i)
(L@DU+LvaLI - S
oo 2vaa - W ] g )
- & (1800 ivDLl - S 8101
{iERusevall - sl
- BLZNARL - C4O1 VDLl - VY
@ prroo-eEvel s e (LEDU+ VDL - SErOr] 1962
wort @ (LEDU+EVDLI - BNV
o - ¥an H D+ EvaLl - co 005
TS o . ]
!!!! ¥ .:.,.A = PIRSRRRRRT ] $T g
2005 - wan b | B+ EVDLI - LY
- EDU+EVDLI - LONY
g BEt- o
® @ prwoorwian) - am t yrAM B
. 1-2omn
LI 9154 V0L - 201 g
b (tox0s22001 - A P vigey 88t
. 3
® p(BDUrSYOLI - LN o 1%—®
® f2Hanie - $30Ld-230d
e
® @ |ruanis-$a0Ld-2Id . s s
30
® pau3nLs - 7530147304 s 3
o o o
e o
.o
® @ |ruanie-zsanie-zing .o
L)
® peu30Ls - 530147300 5%
i .
.o U30LE - $SI0LE-7I0 0
.
0
. @ prHI0Ld - ©S2916-209d . »
HERPI
L) ® o posa-vids e o o
e o o
. . .
® & o @ fovweav-100s o ¢ ¢
.
see
UAJH - suoioeiajul jo JaquinN dAdH - suonoeIajul JO JaquinN

. P (1H49141HA2Y) - 10404

UAGH Ul Bulfeuis peseesseq UAGH Ul Bulleus peseesoul

27



Supplementary Figures

g -
‘9014 “unuwawog
wo>d @

word>i00 @

ones-d

LR ]
. L]
. L] .
.
@ B @
.o
LR ] e 00
& L ]
L L]
L L]
L
. o @
LR J
3
[ 3N
L J
Ll
LN
.
L]
L]
. L]
L]
L]
L L]
L]
LR J
L L]
0o 00

TEIVD - WOV

b (182114SVDLI) = ¥ULdONY

IHOD = YUdONY

1208 = ¥LIONY

2008 - ¥LIONY

19V - 9900

S3YOAY - $500

6600 - 6600

216600 - 6800

YHNG3 - ZNa3

GUNG3 - 2Na3

b 6L2NANL - £48401

(18200 1vol) - s

(12U VDL - ESIVY

F (1@o0+2voL) - ESWVT

F (18900 1vDL) - 2oMVT

Q2 - 65TV

(rp02+9202) - 4N

(PHOXD+#200) - JIN

b (180L+SYOL) - LANYN

24301d - S30L4-Z30d

£4301d - S30L4-Z30d

30Ld - $301d-230d

24301d - 2530142304

€4301d - 26301d4-230d

*UIOUd ~ 25391d"2IDd

Z430Ud ~ £539UdZIDd

EYI0Ud ~ £53DUd"ZIDd

Y5391d - £5391d239d

958 ~ Vidd

UAQH ul Bujeubiis peseanag

word @
worexi0 @

anes-d

H.._

qaig unwwe)

G0N NNL0009 10 0000000000000

L]

SIVOND SIVOND
sJyow S4Yow

Y493 - 536V w3 s EEELE ]

00000

L

000680 0066 .0 00 00

P SIUOQY - 2uvd

dAdH ul Buieubes paseasou)

(ZUdNG+LUADY) - Ldive

SIHOQV - 5509

VHOU - 130-1043LS30HD

VHOH - $ZHIHO-TOHIASTIOHD

WYHOU - LHOHO-10M3LSTI0HD Y0l $s3v0!

VHOH - V1106315 TI0HD

(18DLIEVOLI) - 2¥9100

(1GDLEVILI - IVS100

(180LI+EVOLI - 2¥8100 ®
ZHIYN = ZHOHQ- Paessowsag

b Qbvdd - 8211NS-SY3HA s4¥0P s4v0P

bt siompau Aemyed Bujreubls uAdH 3493

BUNG3 - INO3
2¥Hd3 - L¥NI3
2ZVH43 - YN43
¥AHAI - 1AN3
vAHd3 -~ N3

14404 - 51304 UAdH dAdH UAdH dAdH

siomau Aemyied Buireubls dAdH 493

& e
yibuais uonoela|

o
™

(19OLH VDL - 2oMY1

SUOIJORIB)UI Pa1IBJUI JO JBqUINN

0051
(1GDL VLI = 200V
##00 - 201
1OV0 - ZONY

IHOLON - 19Vr 0 0
ZHOLON - 1OV

EHOLON - 19V

YHOLON ~ 10V

H2d - e

(19DLH VLI - EVINWY

(1GDLEVDLI - EVIWT

(18DLHOVOLI - EYINVY

(1GDLI+2VOLI = EVIW

0D~ VY1 00S
19V ~ EVIVV]

(1EDLIHLVOLI - SV

(1G2LEVILI - SYIWT

(18DLHEVOLI - SYINV

(1§9L1+2VOLI - SV 2

0D - SvriY )

iova- svvi

1SDLHIYOLI - CaNVY

(1G911eVLI) - AWV 000}
(190LHEVOLI - EANVY 2o

90 - SNV

10V - £SNY]

(1GDLEVDLI = 120V

(1EDLHAVDLI - 1OWY]

(199L1+2vOLI - 120V 6cg6e

(199L1+svOLIl - Naw £59'88 oy veLL
LU - NN

(+$02+p209) - AW
(OX0+$£00) = AN
EHNOV - S
(19DLHSVOLI - LawN
2HHAN - S3IN

308 - Nid
(2ASVHI+VUYH) - LYLHOTY-Yi
(ZdSVEI*OEVH) = IVIHOTV-VH

ZANX W - YPYINIS
(1§DLSVOLI - 1ddS
(19DLHAYDL) - 1ddS
(SEDLIAVOLI) - 1ddS
YOO ~ LS

Y493 - V0L UAJH = suonoeiaul Jo JaquinN
(14404 1MADY) - 18401

(Zd849L+1884910) - 18591

dAdH — suonoeIauI JO JAqUINN

ﬁ

Suppl. Figure 12
malignant cells

Interactions of HPV-neg. and -pos. malignant cells from GSE181919 with non-

Interactions of malignant HPV-neg. (HPVn) and HPV-pos. (HPVp) cells from GSE181919 with B cells,

CD4 and CD8 T cells, monocytes, dendritic cells, and fibroblast subtypes are shown together with
numbers and interaction strength and ligand-receptor interaction (communication probalibity and p-
value). (A-D) Interactions of cells of the “AREG” subtype with immune cells as indicated. (E-H)

Interactions of cells of the “HBEGF” subtype with immune cells as indicated. (I) Interactions of cells of

the “AREG” subtype with fibroblast subtypes. (J) Interactions of cells of the “HBEGF” subtype with

fibroblast subtypes.
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PDX model (GSE84713)
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Suppl. Figure 13: Correlation of fDEGs with Cetuximab response in a PDX-model of treatment
Area under the curve (AUC) of receiver operating characteristic curves (ROC) for the association of the
indicated genes with response to Cetuximab treatment in GSE84713 are shown in the upper graphs.
Boxplot-whisker graphs are shown for the expression of the indicated gene with non-responder (blue)
and responder (red) samples (displayed are: minimum, 15t quartile, median, 3™ quartile, maximum).



A R/M-HNSCC (GSE65021)
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Supplementary Figures

B R/M-HNSCC Cetuximab treatment (odds of short PFS)

Variable N| Odds ratio p Variable N| Odds ratio p
Age <60 15 [] Reference Age <60 15 [] Reference
>=60 25 - 0.30 (0.03, 2.14) 0.241 >=60 25| —WH 0.10 (0.00, 0.92) 0.082
Gender Male 31 [ ] Reference Gender Male 31 [ ] Reference
Female 9 —— |1.89(0.15,34.04) 0.632 Female 9 —i— 1.36 (0.09, 27.44) 0.823
Stage Staget 3 o Reference Stage Staget 3 ] Reference
Stage2 8 —a— |06 (0.02, 32.95) 0.930 Stage2 8 —— 0.77 (0.01, 39.22) 0.890
Stage3 9 —a 0.03 (0.00, 1.66) 0.100 Stage3 9 — 0.03 (0.00, 1.74) 0.105
Stage4 20 0.32 (0.01, 10.12) 0.495 Stage4 20 0.30 (0.01, 11.15) 0.496
Grade Grade1 2 Reference Grade Gradel 2 Reference
Grade2 20 1.44 (0.02, 111.65) 0.860 Grade2 20 _I._ 5.81 (0.08, 925.94) 0.429
Grade3 18 2.48 (0.03, 222.14) 0.671 Grade3 18 I_._ 21.94 (0.29, 3636.85) 0.172
Radiotherapy No 6 [ ] Reference Radiotherapy  No 6 L Reference
Yes 34 == 0.34 (0.02, 4.91) 0.438 Yes 34 i 0.31(0.02, 2.84) 0.325
COL17A1 high 20 n Reference FOSL1 high 20 | Reference
low 20 1 —l—|34.68 (4.35, 856.04) 0.005 low 20 = _|24.55 (3.27, 441.69) 0.008
0.000.010.1 1 10100 0.000D.1 1 10100000
Variable N| Odds ratio p Variable N| Odds ratio p
Age <60 15 [] Reference Age <60 15 [] Reference
>=60 25 —m 0.27 (0.04, 1.32) 0.1 >=60 25 —m 0.31(0.05, 1.45) 0.2
Gender Male 31 [ ] Reference Gender Male 31 [ ] Reference
Female 9 —— 1.23 (0.15, 13.24) 0.9 Female —i— 1.62(0.19, 19.74) 07
Stage Staget 3 [} Reference Stage Staget 3 ] Reference
Stage2 s| —— |147 (0.04, 39.20) 0.8 Stage2 8| —m— 1.61 (0.05, 38.64) 0.8
Stage3 o|—m— 0.33 (0.01, 7.31) 0.5 Stage3 9|—m— 0.20 (0.01, 3.99) 0.3
Stage4 20 1.52 (0.05, 29.06) 0.8 Stage4 20 1.11 (0.04, 17.21) 0.9
Grade Grade1 2 Reference Grade Grade1 2 Reference
Grade2 20 _I._ 2.54 (0.04, 171.87) 0.6 Grade2 20 -—I.—- 5.82(0.08, 419.88) 0.4
Grade3 18 _I._ 4.87 (0.08, 297.32) 0.4 Grade3 18 'T.— 9.96 (0.16, 666.43) 0.2
Radiotherapy No 6 L Reference Radiotherapy No 6 L Reference
Yes 34| —i— 0.63 (0.05, 5.58) 0.7 Yes 34 —il— 0.40 (0.03, 3.61) 0.4
IL8 high 20 | | Reference INHBA high 20 | | Reference
low 20 o m 2.45 (0.53, 12.77) 0.3 low 20 o 2.30 (0.50, 12.47) 0.3
0.01 0.1 1 10 100 0.0101 1 10 100
Variable N| Odds ratio p Variable N| Odds ratio p
Age <60 15 [] Reference Age <60 15 [] Reference
>=60 25| —m- 0.28 (0.03, 1.66) 0.19 >=60 25| —m- 0.32 (0.05, 1.54) 0.2
Gender Male 31 [ ] Reference Gender Male 31 [ ] Reference
Female 9 —n— 1.81 (0.20, 21.62) 0.60 Female 9 —— 1.31(0.17, 14.42) 0.8
Stage Stage1 3 ] Reference Stage Staget 3 ] Reference
Stage2 8| —m— |2.85(0.06, 139.43) 0.58 Stage2 8] —— |1.48(0.04,39.87) 0.8
Stage3 9 [—m— 0.33 (0.01, 13.02) 0.56 Stage3  9|—m— 0.23 (0.01, 5.23) 0.4
Stage4 20 1.46 (0.04, 46.15) 0.83 Stage4 20 1.61 (0.05, 35.73) 0.8
Grade Grade1 2 Reference Grade Grade1 2 Reference
Grade2 20 — — [5.37 (0.10, 444.99) 0.40 Grade2 20 ——|5.11(0.08, 332.44) 0.4
Grade3 18 -—ll—' 8.92 (0.16, 727.31) 0.28 Grade3 18 _I._ 8.39 (0.14, 518.43) 0.3
Radiotherapy No 6 L Reference Radiotherapy No 6 [ Reference
Yes 34 —— 0.75 (0.06, 7.79) 0.81 Yes 34 — = 0.54 (0.04, 4.58) 0.6
ITGA3 high 20 [ | Reference ITGA5 high 20 n Reference
low 20 B [8.25 (1.67, 56.50) 0.02 low 20 - 2.26 (0.45, 14.24) 0.3
00101 1 10 100 00101 1 10 100
Variable N| Odds ratio P Variable N| Odds ratio p
Age <60 15] W Reference Age <60 15 [] Reference
>=60 25| W 0.11 (0.01, 0.74) 0.038 >=60 25| —m 0.26 (0.04, 1.29) 0.1
Gender Male 31 [ ] Reference Gender Male 31 [ Reference
Female 9 im 6.34 (0.44, 159.98) 0.207 Female 9 —— 1.41(0.17, 16.18) 0.8
Stage Staget 3 ] Reference Stage Staget 3 ] Reference
Stage2 8| —l— 1.36 (0.02, 103.08) 0.885 Stage2 8| —i—  [1.34(0.04,35.30) 0.9
Stage3  9|—— 0.19 (0.00, 10.82) 0.437 Stage3 9 |—m— 0.30 (0.01, 6.55) 05
Stage4 20 1.86 (0.03, 108.72) 0.752 Stage4 20 1.54 (0.05, 29.63) 0.8
Grade Gradel 2 Reference Grade Grade1 2 Reference
Grade2 20 I_._ 262.19 (1.28, 158586.69) 0.051 Grade2 20 -—I.—- 7.32 (0.11, 532.91) 0.3
Grade3 18 —l—|533.22 (2.47, 456516.95) 0.034 Grade3 18 ———|13.08 (0.21, 969.79) 0.2
Radiotherapy No 6 * Reference Radiotherapy No 6 * Reference
Yes 34| - 0.40 (0.02, 5.49) 0.491 Yes 34| —— 0.60 (0.05, 4.78) 0.6
ITGB4 high 20 n Reference KLF6 high 20 [ Reference
low 20 = 39.22 (4.49, 895.20) 0.005 low 20 o 2.15 (0.45, 11.84) 0.3
0.00.1 1 101 OTDOMEEDOO 00101 1 10 100
Variable N| Odds ratio p
Age <60 15 [] Reference
>=60 25(—@ 0.04 (0.00, 0.56) 0.053
Gender Male 31 [ ] Reference
Female 9 Lm—-  |11.02(0.75, 325.58) 0.105
Stage Stagel 3 ] Reference
Stage2 8 L [146.35 (1.16, 75502.72) 0.064
Stage3 9 + 0.82 (0.01, 64.15) 0.927
Stage4 20 —— |16.10(0.30, 1555.54) 0.174
Grade Gradel 2 Reference
Grade2 20 3.41 (0.04, 284.83) 0.560
Grade3 18 I_._ 39.37 (0.46, 5918.03) 0.107
Radiotherapy No 6 L | Reference
Yes 34| —iy 0.08 (0.00, 1.59) 0.130
LAMA3 high 20 | Reference
low 20 | ——|288.11 (10.76, 50692.81) 0.007

—
0.00100.1 1 101 0TDIID00
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Supplementary Figures

B R/M-HNSCC Cetuximab treatment (odds of short PFS)

Variable N| Odds ratio p Variable N| Odds ratio p
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>=60 25| - 0.25 (0.03, 1.37) 0.14 >=60 25 —ir 0.27 (0.03, 1.69) 0.18
Gender Male 31 ] Reference Gender Male 31 | Reference
Female 9 -F— 2.77 (0.31, 36.53) 0.38 Female 9 —F— 1.84 (0.21, 19.76) 0.59
Stage Staget 3 Reference Stage Staget 3 ! Reference
Stage2 8 1.14 (0.03, 34.81) 0.94 Stage2 8 —— |3.06 (0.04, 305.19) 0.60
Stage3  9|—W— 0.12 (0.00, 3.50) 0.23 Stage3  9|—m— 0.10 (0.00, 4.83) 0.30
Staged 20| —l— 0.53 (0.02, 12.70) 0.70 Staged 20| —M— [2.22(0.04, 151.90) 0.69
Grade Gradel 2 [ ] Reference Grade Grade1 2 " Reference
Grade2 20 —L—— |17.89 (0.23, 1680.84) 0.18 Grade2 20 —Im— |3.49 (0.06, 245.32) 0.53
Grade3 18 +—m—|32.03 (0.43, 3210.28) 0.11 Grade3 18 —HB— |4.46 (0.08, 276.36) 0.44
Radiotherapy No 6 | | Reference Radiotherapy No 6 | | Reference
Yes 34| — 0.46 (0.04, 4.21) 0.51 Yes 34 —iH 0.22 (0.01, 2.50) 0.24
LAMB3 high 20 n Reference LAMC2 high 20 | ] Reference
low 20 L 5.16 (0.92, 40.21) 0.08 low 20 1 ——|24.32 (3.03, 664.87) 0.01
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Gender Male 31 | Reference Gender Male 31 ] Reference
Female 9 T |3.86(0.39, 60.89) 0.27 Female 9 - 3.07 (0-30, 46.67) 0.37
Stage Staget 3 Reference Stage Staget 3 ! Reference
Stage2 8 1.90 (0.04, 73.73) 0.72 Stage2 8| —— [5.03(0.12, 216.57) 0.36
Stage3  9|—— 0.25 (0.00, 7.74) 0.45 Stage3 9 —— 1.62 (0.04, 60.98) 0.79
Stagea 20| —l— |1.33(0.04,37.32) 0.87 Stagea 20| ——m— |[7.74(0.21,271.95) 0.23
Grade Grade1 2 ] Reference Grade Grade1 2 ] Reference
Grade2 20| —l4——|4.80 (0.08, 365.35) 0.44 Grade2 20| —l———|14.97 (0.21,2118.64) 0.22
Grade3 18 ——|5.44 (0.10, 353.24) 0.39 Grade3 18 ———19.50 (0.30, 2213.83) 0.16
Radiotherapy No 6 n Reference Radiotherapy No 6 n Reference
Yes 34| —i— 0.45 (0.03, 4.58) 0.51 Yes 34| —— 0.98 (0.07, 13.30) 0.99
MT2A high 20 [ ] Reference PHLDA1 high 20 n Reference
low 20 |—— [9.60 (1.76, 75.32) 0.02 low 20 = 17.38 (2.53, 215.44) 0.01
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>=60 25| —r 0.39 (0.06, 2.19) 0.30 >=60 25| —r 0.28 (0.04, 1.32) 0.1
Gender Male 31 | Reference Gender Male 31 | | Reference
Female 9 —F— 1.52(0.17, 17.57) 0.71 Female 9 —F— 1.56 (0.19, 17.56) 0.7
Stage Staget 3 Reference Stage Stage1 3 Reference
Stage2 8 0.96 (0.03, 28.95) 0.98 Stage2 8 1.60 (0.05, 41.68) 0.8
Stage3 9|—— 0.18 (0.00, 4.85) 0.31 Stage3 9|—i— 0.27 (0.01, 5.33) 0.4
Stage4 20| —m—  |0.50(0.02, 11.22) 0.66 Stage4 20| —i— 1.22 (0.04, 20.40) 0.9
Grade Gradel 2 [] Reference Grade Gradel 2 ] Reference
Grade2 20| —— |1.81(0.03, 122.05) 0.77 Grade2 20| —Ll——|4.23(0.07,269.13) 05
Grade3 18| —HB——|2.79(0.05, 202.14) 0.61 Grade3 18 —m——|7.17 (0.1, 432.20) 03
Radiotherapy No 6 | Reference Radiotherapy No 6 u Reference
Yes 34| —lH 0.35 (0.03, 3.35) 0.38 Yes 34| —i— 0.54 (0.05, 4.40) 0.6
PLEK2 high 20 n Reference SERPINE1 high 20 n Reference
low 20 B |6.55 (1.25, 44.27) 0.03 low 20 - 1.32 (0.27, 6.85) 07
00101 1 10 100 001 01 1 10 100
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Age <60 15 [ ] Reference ar Odds 0 Ld
>=60 25| —ir 0.29 (0.05, 1.35) 0.1 Age <60 15 | | Reference
Gender Male 31 ] Reference _ |
Female 9 -—F—- 1.46 (0.19, 15.61) 0.7 >=60 25 —.i 0.17(0.01, 1.24) 0.12
Stage Stage1 3 Reference Gender Female 9 | | Reference
Stage2 8 1.57 (0.05, 38.43) 0.8 f
Stage3 o|—m— 0.28 (0.01, 5.45) 0.4 Male 31 —Ir 0.17 (0.01, 2.08) 0.19
Stage4 20| —M—  |1.20(0.05,21.04) 0.9 Stage Stagel 3 n e —
Grade Gradet 2 ] Reference
Grade2 20| ~—L#— |5.21(0.08, 351.64) 0.4 Stage2 8 + 1.25 (0.01, 203.33) 0.92
Grade3 18| ————|8.60 (0.14, 565.64) 0.3 -
Radiotherapy No 6 n Reference Stage3 9 0:07}(0:00715:66) 0:26
Yes 34| —i— 0.53 (0.04, 4.39) 0.6 Stage4 20 -—.I—- 0.27 (0.00, 18.08) 0.57
SPHK1 high 20 n Reference
e 20 - 1.20 (0.26, 5.72) 0.8 Grade Grade1 2 | Reference
ootic: 1 do a0 Grade2 20 | —ill— | 1.84(0.03, 134.57) 0.76
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Stage2 8| —li— 0.84 (0.02, 24.64) 0.92
1
Stage3 9 |—H 0.11 (0.00, 3.04) 0.21
Stage4 20 + 0.56 (0.02, 12.26) 0.71
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Grade2 20 ~+l—| 11.69 (0.18, 1516.68) 0.25
1
Grade3 18 ~— | 10.35(0.19,920.27)  0.25
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Yes 34| - 0.35 (0.03, 2.88) 0.34
1
AREG High 20 | Reference
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Suppl. Figure 14: Correlation of fDEGs with Cetuximab response in R/M-HNSCC patients

(A) Area under the curve (AUC) of receiver operating characteristic curves (ROC) for the association of
the indicated genes with response to Cetuximab treatment in R/M-HNSCC patients (GSE65021) are
shown in the upper graphs. Boxplot-whisker graphs are shown for the expression of the indicated gene
with short progression-free survival (PFS; blue) and long-PFS (red) (displayed are: minimum, 15t
quartile, median, 3 quartile, maximum). (B) Multivariate linear regression model testing the odds to
belong to the short progression-free survival (PFS) patient group. Shown are reference, p-values, odds
with confidence interval for the parameters age, gender, stage, grade, radiotherapy, and fDEG (stratified
at mean into high and low gene expression).
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