Supplementary data

Figure S1. Quality control of the single-cell NGS (A) The UMI number and
percentage of the mitochondria. (B) The cell number in the normal lung (NL), primary
lung cancer (PLC), pleural fluid of congestive heart failure (HP), and pleural metastasis
(LCP) groups.

Figure S2. The cell profiles of primary and pleural metastasis tissue as determined
by scRNA-seq. (A) Co-expressions of various cell markers on different cell clusters on
the UMAP plot. (B) Proportion of various cell types. (C) Percentage of different cell
types in different patients.

Figure S3. The MesoMT of pleural mesothelial cells (PMCs). (A) Visualization of
PMC:s by different patient groups. (B) Upregulated /I[CAM1, SLC2A41, and TNC in LCP.
(C) The levels of MMP2 in pleural fluid obtained from the patients with congestive
heart failure or pleural metastasis. (D) No significant difference of various factors in
the pleural fluid of pleural metastasis lung cancer patients with wild type (WT) between
mutated (MT) EGFR status. The impact of various secretory factors on the overall
survival of lung cancer patients with WT (E) or MT (F) EGFR. Data are presented as
mean + SD. ns, not significant.

Figure S4. The evolution of cancer cells in the pleural niche. (A) InferCNV analysis
of epithelial cells v.s. primary lung cancer and mesothelial cells v.s. pleural metastatic
cancer. (B) The volcano plot of DEGs. Wiki pathway analysis (C) and IPA (D) of DEGs.
(E) Heatmap of the ferroptosis driver gene set in pleural cancer. (F) Weight analysis of
the ferroptosis driver gene set. (G) IHC showed upregulated GPX4 in pleural tumor
than that in primary tumor in a paired tissue section. (H) The knockdown efficacy of
GPX4 siRNA. (I) Inhibition of GPX4 by siRNA decreased cell viability of A549 in
MPE. (J) A GPX4 inhibitor reduced cell viability of A549 in MPE. The cells were

transfected with control or GPX4 siRNA and the expression of GPX4 were assessed



after 24 h transfection by qRT-PCR. The data were presented as mean+ SD.
*k%p <0.001.

Figure S5. LA-TAMs exhibited an immunosuppressive phenotype. (A) Cell
markers of myeloid cells. Heatmaps of M1/M2 phenotype (B), complement (C),
cholesterol metabolism (D), and IFN-related (E) pathways in IFN-TAMs and LA-
TAMs. (F) The expressions of secretory factors across the monocytes and TAMs
assessed by trajectory analysis.

Figure S6. The levels of complement factors in MPE of lung cancer patients with
wild-type (WT) or mutated (MT) EGFR. The concentrations of complement factors
of (A) classical pathway, (B) lectin pathway, (C) alternative pathway, (D) C3 and (E)
C5-related factors, and (F) complement factor H and complement factors I in the pleural
fluid of pleural metastatic lung cancer patients with WT or MT EGFR. ns, not
significant. *p <0.05, **p <0.01.

Figure S7. Kaplan-Meier curves representing overall survival (OS) in the cohort
stratified by complement factor expressions. The impact of complement factors of
(A) C5-related factors, (B) classical pathway, (C) lectin pathway, (D) alternative
pathway, (E) C3-related, and (F) complement factors H and I on the OS of pleural
metastatic lung cancer patients with WT EGFR. The impact of complement factors of
(G) C5a, (H) classical pathway, (I) lectin pathway, (J) alternative pathway, (K) C3-
related, and (L) complement factors H and I in the OS of pleural metastatic lung cancer
patients with MT EGFR. The OS of patients were calculated using the Kaplan-Meier
method. CFB, complement factor B. CFD, complement factor D. CFH, complement
factor H. CFI, complement factor I.

Figure S8. The levels of DC-derived factors in the pleural fluid of MPE. (A) The
levels of various factors in the pleural fluid of MPE obtained from lung cancer patients

with WT or MT EGFR. The impact of various DC-derived factors on the OS of WT



EGFR (B) and MT (C) lung cancer patients. ns, not significant.

Figure S9. The levels of various ligands involved in the cell-cell interaction of
pleural microenvironment. (A) The interaction of pleural cancer cells by autocrine
pattern. (B) The interaction of pleural cancer cells with LA-TAMs. (C) The interaction
of pleural cancer cells with the subsets of DCs. (D) The interaction of IFN-TAMs with
pleural cancer cells or mesothelial cell. (E) The levels of various factors in the MPE
obtained from lung cancer patients with WT or MT EGFR. The impact of various
ligands on the OS of EGFR wild type (F) and mutated (G) lung cancer patients. ns, not

significant.



>

Min: 163 - Max: 133064

uIlIspuBarcodo(I:In‘-tr‘
EEEEEFRIEREE

Min: 100 - Max: 10035

*31% %8

R X2

Feature per Barcode (Linear)

Min: 0% - Max: 20%

e (Linear)
g 3288

% Mitochondrial
per Barc:
8888

UMAP_2

18169 cells

Y

a 17923 cells

2.

» Phn E
LCP

3426 cells|

NL




A B cells Plasma cells T cells NK cells Monocytes B CD45"* Cell count
, = Teells
- o . ; P HP =3 NK cells
. .
— —~ - [ =]
[ = [ LeP B cells
=3 Plasma cells
- cD79B mze1 CcD3E NKGT7 vean = DCs
Macrophages DCs Mastcells  Mesothelial cells Fibrobl = Monocytes
7 ' PLC B3 Macrophages
,i. I - ~ 71—+ B3 Granulocytes
' 0 50 100
“‘ Cell percentage (%)
CDé8 coic CPA3 CALB2 coL1AT
Endothelial cells  Epithelial cells  Ciliated cells AT2 CD45" Cell count
" .
Lo 1 HP mEm Mesothelial cells
" B3 Fibroblasts
Lep =1 Endothelial cells
CDHS EPCAM SNTN SFTPB NL =3 Ciliated cells
= AT2
PLC I =3 Primary cancer cells
I T r = Pleural cancer cells
0 50 100
Cell percentage (%)
c HP LCP
50 50
— 40 — 40
g g
& 30 2 30
2 = HP1 2
EEY = He § = LCP1
@ @ = LCP2
2 4 S HP3 & 4o
n = HPs = LCP3
nHAB =] = = Lops
T T T T T T T T T T T T T T T T T
SEETEL LG EF ST OES SEESSL LSS S
3 & P B &
& & ¢ N
q\"' -;"OQ@‘\Q s o \*‘é ,)\@9 ‘p‘p’:é@ Q\d‘ @“"\ & <§° & 655&\ &\w f 0“&
&L ¥ & & 4 & S
¢ qi*f‘ W& N & “'f
q & <
NL PLC
60 60
= £
S a0 3 4o
o -]
g ]
8 §
£ 20 g2
g -8
[ =Y
ne D o
T T T T T T T T T T T T
S v © e W @ © @ & @ ® @ P o W@ o @ & @
R R R LA R
v N SIS ESE O v S TS ETSE S
& &P & & & i & & & ES & &
¢ FESTTGTT Iy < SET T



UMAP_2

UMAP_2

MMP-2 level (1x10° pg/mL)

WT

Probabillty of Survival
2

MT
Pty o e
5

1.5+

0.5

K

UMAP_1

HP LCP

Tenascin C

p=0437
HR = 0.536

Probiability of Survival

Fibronectin level (1x10° pg/mL)

SLC2A1

PAI-1 level (1x10® ng/mL)

p=0818
HR = 1.062

Probabilify of Survival

PAI-1

TNC

EGFR

Tenascin C

=068
HR=0755

Prabability of Survival

ICAM1
4
3
4
2
3
2 1
UMAP_1 !
Wee Mlce
250 ns 1000+ ns
l—\ ) I—I
200 ] —E.. 800 [
[=2]
c [}
L] < .
1504 % " % 600
= b 3
100 e <5 400+
>
2
50 = 200-
=
0- S 0-
WT MT - WT MT
EGFR EGFR
VEGFA Fibronectin ICAM-1
g PIOAB g g
i meae 2
Pw Pw
3 1
i :
B I 7 I

Prababilty of Survival

Prabability of Survival

Probabilty of Survival

Days




366 Wiki pathway
- o -
160 b Cytoplasmic ribosomal proteins Log ‘f_ GDR)
Translation factors 08
_120q y gland p y - Puberty (Stage 2 of 4) . o8
g 80 VEGFA-VEGFR2 signaling pathway - B 02
= a0 Bladder cancer - . )
4 3 receptor p y - °
2 . N: of receptor signaling o a:'“ o
_g: 40 Pathogenic Escherichia coli infection ° ° :2 61
F Pi y .
) 20 - Oncostatin M signaling pathway - o . 53.00
Ferroptosis 4 °
Perturbations to host-cell autophagy, induced by SARS-CoV-2 proteins - .
0 T TTT T 1 IL6 signaling pathway - .
-10 -5 0 5 10 E
Log, Fold Change
EIF2 Signaling ] F
PPAR Signaling - ©
PPARWRXRa Activation | . -log(p-value)
Endoplasmic Reticulum Stress Pathway | . 10 o
Cell Cycle Regulation by BTG Family Proteins - ° 8
Cell Cycle: G1/S Checkpoint Regulation - . (<]
DNA damage-induced 14-3-30 Signaling - . 6 Ol
ATM Signaling [ 4
TNFR1 Signaling . (=8
NOD1/2 Signaling Pathway - . 2 [+
Cha Mediated Autophagy Signaling Pathway -
mmm'Amm Aucdvltion sig:l: p.um;- : molecules (§)
BAG2 Signaling Pathway - B * <1000 {
Unfolded protein response ® 2588 E‘
Immunogenic Cell Death Signaling Pathway - . iy
Oxide .-::m @bt . . @ 6700 ©
MicroRNA Biogenesis Signaling Pathway -«
Coronavirus Pathogenesis Pathway - E A
S - —
3 0 3 6 S
z-score [« L
12
S0
£ -
- [+)]
§ 8 (3]
s -
3 6
o
§ -
3¢ ©
i 5
& 2
5 (7]
¥ s o
E ]
Primary cancer cells
M Pleural cancer cells mm GPX4  e— | 00|.|m
G H * I Hokok
—
g 1.5 ns | ns
= 20 l—‘ 1.4 l—l
§ e - s *hkk = ns i
o @ —
5 L0 g 18 a 312 N
s : 5
[ £10 210 L T
E s 2 v 3 NRA
s s 3 B
& i ale g 05 =08
o : : 5} 3 l%l
0.0 — T o N g N P X v . N r
5 N & & f & f & &
& & 9 IS
% 2 9
'6°\ Q*"
°°¢ @ Control siRNA ~ GPX4 siRNA Control GPX4 inhibitor

Primary cancer cells Pleural cancer cells
Log, (Folds)
-5

0 5

A549 A549



A

FFCNT

FVCAN
el

FS100412

[FCCR2
FC1QA

SPP1 high Monocytes
$100A12+CCR2 Monocytes

IFI27+ Macrophages
IL32+Macrophages 4
THBS1+ Macrophages 4
CD10%+
PLTP+ Macrophages
Proliferative macrophages

Alveolar macrophages

Normalization of gene expression

M1 phenotype

M2 phenotype

Cholesterol metabolism

D

Complement and
coagulation cascades

@ S100A12'CCR2' Monocytes,
@ SPP1"#" Monocytes

$100A12'CCR2" Monocytes
@ SPP1"" Monocytes

@ S100A12'CCR2* Monocyte:
©rSPP1"" Monocytes

- =
w 3 . 5 8 E < m o &
e 9 e ¥ 5 6 B 2 S 0 0 a & wu
a - > L 2 W o o > = - Lo o
<« < & 0 < « O 4 4 G O O 6 O &
IFN-TAMs| @& O ® ® ® ® |FNTAMS ® o0
LATAMS | @ @ @ © © 00| LAAN|®O © © O O O
Expression Exprossion
0.00 0.02 1.00 0.00 0.05 5.00
F HAMP FN1 A2M
@ IFN-TAMs . @ IFN-TAMs . @ IFN-TAMS .
O LA-TAMS O LA TAMS O LA-TAMS .

Pseudotime

Pseudotime

' Pseu'd:otime

M1/M2 phenotypes
@
g 5
=
g 0
£l
g
IFN-TAMs. LA-TAMs
E IEN-priming
o~ ™
2 E E ¢ &
£ & T ¢ §
IFN-TAMs| o e 0
LA-TAMs| @ @ o0
Expression
0.0 1.0 5.0



EGFR
EGFR

-}

EGFR
EGFR

EGFR
EGFR

m

EGFR
EGFR

=) o = =] o wn o [ o

(qw/Bu .01Lx}) [2A3]  Jojoe

EGFR
EGFR

g 8 8 g °
2 g &8 § 8§

o (w/Bu (opx1) 193] g 4030e4

b
(w/Bu 0Lx1) 19A2] bLD

<

'8

w

1=} =3 o =) e o
S ® @ 3 ~

(qw/Bu Lg1x1) 12A9] | J0joRY

e 9 o e o o
e o =3 S ©
w T ® & -

(Tw/Bu .g1x)) 13A3] H Jojoey

[

2 v o w o w o
® NN e -

(Jw/Bu 0LxL) 1242 BGD

MT

WT

EGFR

EGFR

EGFR



100] p=0.331
HR =201

p=0772
HR=1.353

p=0270
HR =0.356

p=0.158
HR=0.315

Probability of Survival

= High

- Low

Probability of Survival

Probability of Survival
s

Probability of Survival
2

= High
- Low

A C5 C5a B Ciq Cc2

200 200 o 200 00 00 200 00 600 200 o0 800

Days. Days. Days Days

Cc c4 Céb D MBL CFB CFD

o0 p=0.438

HR = 0.589
— High
- Low

o 200 40 600 o 200 400 0 200 400 600

Days Days Days

1003 p=0.767 o0 p=0825 p=0.503

HR = 1.682

100- p=0514
HR= 0505

HR = 0.792 HR=1.473

Probability of Survival
3

Probability of Survival

Probability of Survival
2

Probability of Survival

Probability of Survival
2

-m
)
m
T
@)
I

E C3 C3a C3b

p=0.158
HR=0.315

p=0910
HR=1.086

p=0.141
HR=0.298

p=0.365
HR = 2.040

Probability of Survival
2

Probability of Survival
g

Probability of Survival

Probabillty of Survival

Probability of Survival
2

- p=0318

3 100 HR=2.080 g g HR=1.985

z H

: H

H 3

2 8o 5 50

i

2 = High § - High

& - Low = -—Low

Mo om0 om0 00 o0 40 0 w0 1000
Days Days
p=0.411 CFB p= 0885 CFD p=0834
3 3 1] HR=0s81 3 ' HR = 1.032 3
z z
] : i 3
k] k] k] k
z g % o z
3 z | z
H o z :
& & d tow £ 3
%o w0 mo o P o e s s e

p=0058 p=0.413 p=0.202
F 1] HR=0.284 & 100 HR=1.742 ] = 100 HR =2.368 3
z 5 : z H
H 4 4 @ 3
T 3 % 5 4
z % z = £ = z
F B E £
F I . 2 = hen H H H
& = Low £ = Lor * T T T T T y *
00 40 w0 80 1000 o 20 4w a0 BaD 1000 0 0 400 60 B0 1000 o a0 a0 w0 ew 100 T 2m &0 ms s 100

Days Days Days Days. Days



EGFR

EGFR

EGFR

§ § § 8 °

(wyBd) jeae) 210X

EGFR

2 8 2 8 8 °

8 F 2

(uwBd) jos) £700

! v 2
(Tw/Bd ;01x}) @AR)
uynBasydwy

2 s
(wBd) |342) 393-GH

<

EGFR

EGFR

EGFR

Amphiregulin CCL3 CXCL2 Galectin-3

HB-EGF

38 23
is 3 =
I BT 8
s, o e,
g9 H
te > 3
[§]
A 5
258 258
i1 11
) T - T T
ﬂ:_tam-ca_:idc-n_ ﬂs_r!m.ob:_noapi
«§ ré v B r
- 23S
i IRt e
©
rg, o re,
£ g H
lg > te
[§]
5
eI §38
(I (RIN
g 3 L) L)
wanng jo hiniaeaoid feApang jo Aynoegoid
. F 3] g
is
T ré
o § .
L2
(] @
£ d £
Q rg
ks o
5 a
23 R
KN (KIn
[ 3
eAng jo Ggeaold RAING J0 KHNGUaOid
o -8 e g
H g3 b §:
; g8 i 5
" w.p 2 rg © o £ =
2 5, £ 8
= g0
a ‘mm 9 rg
£ 8
Bife L
IR il
) [ 5 )
eaning jo K11qeQoid leapung jo Aujgeqoid lennng jo Ayngeqoid
- rg H = r&
i af . 53 .
i i i g
%]
AT o
s O E, & 2
i w 3 A s
Es [us] re= N
" I
s 5 Els
g2 Brre g8
(RI i1 i
g 3 ) L) g [)
EAANG Jo Aligegold [eApINg jo Ayjiqeqoid [eaning jo Ayjiqeqoid

(&)

Days



>

CADM1T
CD44:

cD74
CD74_CDA4
€039

EGFR:
EGFR_ERBB2
1
ITGA2_ITGBT:
ITGA3_ITGBT:

Pleural cancer cells

SDC4
TGFBR2

ITGAS_ITGB1
LAMBZ
LAMB3

NECTINI

Pleural cancer cells

CD44:

co74:

"] CD74_CD44
= cn9g
< FPRT
=8 ream_mrcsz
< LRP1
- PILRA
PTPRC

Possibility

LGALSY
NECTING:

Pleural cancer cells

CAP1

CD44

CD55:

CD9%

DSG2

EGFR
EGFR_ERBB2
icam1
ITGAS_ITGB1
ITGAV_ITGB1
ITGAV ITGBS
PARD3
PLXNA4:
PLXNB1
PLXNB2:
PODXL
TNFRSF12A
vCAM1

CAP1

CD44

€D55:

€D98

DSG2

EGFR
EGFR_ERBB2

Mesothelial cells

30

(X3
o
1

-
o
1

icam1
ITGAS_ITGB1
ITGAV_ITGB1
ITGAV_ITGBE
KDR:

PARD3
PLXNB2-
SORT?
TNFRSF12A

o
1

=
£
B3
c
o«
=)
-
%
=
k]
>
2
o
7
£
s
i}
2
T
o

Pleural cancer cells

H

CD99
Dsc2
GRN-
GZMA
Probability of Survival

ADGRES5:

e
)

pre-DCs

<DC1

cDC2

cDC3

mo-DCs

Pleural cancer cells

ns 3 25+ ns
5
-] 8 20 u
F -
HO 2 )
. : 15+
— ]
£ 10+
2
£
% 5
2
r 0-
WT  MT WT  MT
EGFR EGFR
Galectin-9 Resistin

p=0330
HR =1.961

100

p=0.921
HR =1.095

ITGA4_ITGB1

IFN-TAMs

Possibility

o0

MT

Probability of Survival

200 600
Days
Galectin-9
p=051T
HR = 1,069
- o
- Low

Probability of Survival

Resistin
p=0838

00

400

500

HR =1.159

1000

MIF level (1x10° ng/mL)

ns

-1}
o
1

@
o
1

40

30

n

o

1
LN ]

-
o
1

o
1

WT
EGFR

MIF

Probability of Survival

1004

Probability of Survival

1000



