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Research on Cadherin-3 as a Biomarker for Early Diagnosis

and Prognosis of Lung Cancer
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Abstract This study aims to explore the potential of CDH3 (Cadherin-3) as a biomarker for early diag-
nosis and prognosis of lung cancer, and preliminarily investigate the mechanism of CDH3 in tumorigenesis and
progression. By integrating proteomic and transcriptomic data from multiple public datasets, the expression differ-
ences of CDH3 between lung cancer and adjacent normal tissues and the correlation with survival were analyzed to
evaluate its potential as a biomarker for early diagnosis and prognosis of lung cancer. CDH3 knockdown and over-
expression lung cancer cell lines were constructed, conducted proteomic analysis, screened differentially expressed
proteins, and performed functional pathway enrichment analysis. The effects of CDH3 on the biological behavior of
lung cancer cells were validated through CCKS proliferation assays, Transwell assays, and wound healing assays.
Multi-omics analysis revealed that CDH3 is significantly overexpressed in early-stage lung cancer, and its high
expression is associated with poor patient prognosis, indicating its potential as a biomarker for early diagnosis and

prognosis of lung cancer. Proteomic data analysis of CDH3 overexpressed lung cancer cells suggested that CDH3
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overexpression is related to pathways associated with tumor proliferation, migration, and invasion. /n vitro experi-

ments confirmed that knockdown of CDH3 weakens the proliferation, migration, and invasion abilities of H1975

cells, whereas overexpression of CDH3 enhances these abilities in H1299 cells. In summary, CDH3 is a promising

biomarker for early diagnosis and prognosis in lung cancer, likely by promoting tumor cell proliferation, migration,

and invasion to drive tumor progression.
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I 180 AL T ] 1o itids (1) 32 L 2H 232 Y A A 4
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DU AR A, S, BRRASEH
G PRFEAS 2 220 70, A 0% 50 4 Th 48 7w i Jgg
()3 4R 121 207 1 C A O IR AR AR E)
TR EEFB . EARTH, FATAAJHATL il
Ji% 9 (lung adenocarcinoma, LUAD) A JLE 4RI
Jiti %R 41 e S8 (lung squamous cell carcinoma, LSCC,
AT R M i e ) 2 FLH0H B2 R 3RS 1 I PR B 1 s 4L AN
s B, FF oA e e SE TR 41 &3 (The Cancer
Genome Atlas, TCGA)F e 4 8w, KL 78556 &
I 3(Cadherin-3, CDH3) v] 1 Jy i fi 6 K& i itz 17 1A
W ANTIE B0 AR B

PERL AR A 3, RN P-45 % 55 1 (P-Cadherin),
T — TR A R P 0 L T 6 B W £ 1, AE 4 BB 2H 21
Shr e A O EEEH . CDH3 R 2
N2 5 R NR K B YR RN 2R 2516 1 A R B0 AT
B RE, MM B PR KA 20
WP, [FR COH3ERIE A . 4. B
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1.1 BUERERAIE
11,1 #4ERR AHFFRILHUNT SAEAA
A B AT S A e St BA B . R A 2H A B A 455 4 Bl
B A A1 ZHANGIBA S (n=197)24, XU BA
H(n=103). GILLETTERIBA %I (n=110)2%1,
CHEN#BAF (n=103)27, LK 1/ Flifshtk 4 A Jes DA
5|: SATPATHY 1A% (n=108)1281, %% 53 20 B\ 5] G0 4%
3/ g BA B - XURIBASY (n=103)). GILLETTE
FIBAB (n=110)2%, TCGANii s BAF , LA K 2/ il
LR 41 g BA %1 : SATPATHY HIBA 1 (n=108)2%,
TCG AR 20 B Jeg A 51

Hr | ZHANG. XU. CHENPASI )& (4 210
e s 2H 3K R B DA S I PR AT JEL T # E % B ST R Y
715 E ; GILLETTE. SATPATHY. TCGAJffi i3
S TCGAMBER AN A BA B (1) 8 (1 R s 3=
ISR DL R I RAR 2. T 3 E LinkedOmics M 35 (www.
linkedomics.org/login.php).
112 #ELEES A R HZH
BEAT Mo KT e sk s, 4% X4 FPKMAN
RSEM, 7EEHE T 20 2 SCHRkEL LinkedOmics ¥ 3
2 B L T AR AL, DRI AE S5 R o B it
—PAniEAL, 0T A ECRAE M EE , SR A imputefd
(1) impute. knn PR FOE AN R o X T 2R L
{8 FH quantile 7 VEEAT HAR AR HEAL , FF080 H 20K 56 P
[ e/ ME S AMER JAE

f#i Ff pROCHL %3 T CDH3. NAPSA. NKX2-1.
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FIRH, & HRNEE 2o N B E KT 0.1 (R
minpropZ 4% B N 0.1), 1 H ggsurvplot bk £4: & .
f8 ) survival B 47 B R R Cox [R5 704, 15X
[ Eb (hazard ratio, HR). 95% & 15 [X [fi] (confidence
interval, CI). P{H. M limmat#tiT =500, &
1EJ5 P8 (adjusted-P, Adj P)<0.05 H. | i3k T
1.54% [l log,(fold change)>0.58]/) & A A LA A,
K IE & PIE <0.05 H R A5 EUN T 0.6 765 [B logafold
change)<-0.58]HIEEH N T EH. M H R clus-
terProfiler k47 % X 45 & ££ 73 #T (gene set enrichment
analysis, GSEA). Z:% £ [K 4 T % H MsigDB(https://
www.gsea-msigdb.org/gsea/msigdb/human/collections.
jsp), FEIEFE KEGGHHE R K&, It H bR
AL '® % 7F4) (normalize enrichment score, NES), A
Adj P<0.05, #IKr AGSEA R % & 4. ffiflMetascape
A3k (https://metascape.org/) %) bR i FHEAT 1@ 2%
BT Al H ggplo2 i 22 .

1.2 #
1.2.1 %@ N A B 41 i HEK-293T (R SCRR

293T4HM), LA AE/INH i fiti i 40 i NCI-H 129941
NCI-H1975( N SCFRH129941 8. H197541 A ) 1410
R B b A0 P

1.2.2  FEEXHA) SEI RS : RPMI-1640
R 97 (Cat#C11875500BT). DMEM K 37 3t
(Cat#C11995500BT). Opti-MEM% 7% 3 (Cat#31985-
070). JG4 1% (fetal bovine serum, FBS)
(Cat#A5256701). 75 % & —#5 % & (penicillin-strepto-
mycin, PS)(Cat#15140-122)(3£ [E GibcoA 7)), HER E
22 M (phosphate buffered saline, PBS)(Cat#G4202-
S00ML) (R A4 /R AR A R AR, B
(Cat#25200-056). Lipofectamine™ 3000%% 441 5]
(Cat#L.3000015). BCAE F A MG & (Cat#23227).
L (Cat#A998-4)(3& [E ThermoFisher Scientific/A ) ),
PAGE#§E i P ] #3071 & (Cat#PG112) . Tris/ H&
F% /SDS HLIK 22 MHBUHE I kL (Cat# TF101) . #/E42
THBCE VA JURL (Cat#TF102). TBS/Tween 221 E
KL (Cat# TF103) (g HERG A= W= 25 BB TR &
7)), F B (Cat#80109218). HIEE (Cat#800804190)
(FHEEZGEGIRA R ), IR 42 (nitrocellu-
lose, NC)JI (Cat#10600001)(3E [F Cytivazs ] ), # 55
A 2% ) )% (enhanced chemiluminescence, ECL)is{
&L (Cat#P10300) (75 MM T FE R AVRHEE IR A R]),

RIPAZL R (Cat#R0020) = (¥% FF 35 ) 32 it F B [ Tris
(hydroxymethyl) aminomethane, Tris](Cat#T8060)(-t
TR ERHEEIRAT), anti-flaghifk (Cat#F1804-
IMG). & F N #17] (Cat#S8830-20TAB). & LMk
Jfé (chloracetamide, CAA)(Cat#C0267)(32 [E Sigma’sy
7)), L CDH3$ik (Cat#13773-1-AP). HRPHRiC 1L
EH/N R IgG(CattRGAMO01). HRPHRIC L FE 41 %
IgG(Cat#SA00001-2)(3E [H Proteintech /A 7] ), CCKS8
7 (Cat#AQ-308500T)(Jb H F AR i A IR
A, B AEER 4 (deoxycholate acid sodium salt)
(Cat#A600150-0250)[ 4= T4 THE (BRI A TR
Al ], = (2-FR CHE) B EE IR £R [ Tris(2-carboxyethyl)
phosphine, TCEP](Cat#C4706-10G)(35E MCE A 7)),
JR 1 2% fi i (Cat#V5-28 A)(3E [H Promega /A ) ), FIZ
(Cat#14265)(3% [E Honeywell A 7 ), Transwell/N %
(Cat#353097)(3 [E Falcon/A 7] ), RNAH B 7 £
(Cat#R711-02)(Fd 5t v MEFE LR R AT IR 2 7)),
CI8/tEhAE . 5% EFELZPPHl(5% loading buffer)(SZ5:
EJ=E)B

1.2.3 % LI B HE . COLMEIR KT R AH
(Heracell 1501 GP). Jii i1 (Q Exactive HF)(3
ThermoFisher Scientific/A ] ), 400 F T/E G
(KLCZ-880A) (AL 3 W28 FBHEAX 25 B AR A PR A 7)),
& A E B L L (Centrifuge 5425R). fHIRE 11X
(ThermoMixer C)(3[E Eppendorfa &), 4 1151%
(T20). HL¥KAX (PowerPac HC)(3E [E Bio-Rad /A A ),
JiE I R 214 (MX-S)(35 [H Scilogex /A ] ), 1HIE K 77
i (DH63L) (R Z TR AR A IR A ), el
JEH P R B A (Q800 Sonicator)(3E [E Qsonica s /) ),
4 H A HE L TR % K F (Practum). 21 7K4X (arium
mini)(#& ¥ Sartorius A 7] ), {5 & &M (CKX53)(H
AOlympus 2y 7)), 5 1 ENZE 4% 4% (ImageQuant 800)
(£ Cytivaly 7)) %%

1.3 5%

1.3.1 @i AR S 10%IMI5 1% % -
R R PLIMRPMI-16405¢ 4 55 77 36, B 137 °C.
5% CO4NMEE Fad B 75,

132 siRNA# % EF4CDH3FIsiRNAT H 75 M
TR R A AR AR, HPHI 0L 1; FH 1ipo3000
R sSIRNAFE YL 2 H197540 M0« 7E 6L 42 Bl
U H197540/0, Rrgn s FEIA B 60% /i fa, &7
e ¥ 2 ng siRNABBIPEX B (si-NC) LA & 4 pL
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&1 NFHRNAFS
Table 1 Sequences of siRNAs

/NHHERNA FPo(5'—3")

siRNA Sequence (5'—3")

si-NC Forward: UUC UCC GAA CGU GUC ACG UTT
Reverse: ACG UGA CAC GUU CGG AGA ATT

si-CDH3 Forward: GGA GAU CCU UGA UGC CAAUTT
Reverse: AUU GGC AUC AAG GAU CUC CTT

&2 5145
Table 2 Primer sequences

B SRS JF3(5'—3")

Gene name Sequence (5'—3")

CDH3 Forward: AGG CGC TGG GGA AAG TAT TC
Reverse: TGG AGC AAC CAC CCAATC TC

ACTB Forward: CAT GTA CGT TGC TAT CCA GGC

Reverse: CTC CTT AAT GTC ACG CAC GAT

P3000/J A250 uL Opti-MEME: 7= 3L /1, [F] K54 uL
lipo3000t 1A\ 250 pL Opti-MEM# 753 IR & )5
FEIRFEE 20 min. QA 5T L e A R IR,
LI T mLG &R 7R3, SRJE 4 3 Qe 20 N
R IRk 2 b . 37 °CL 5% CO MU 75/ H i & 8 his,
405 77K 2 BN RPMI-164058 415 97 . 1%
JLJ524~48 hUSCEEN Y, HEAT 5 225856

133 dkFEmigrmE  fE6fLIR T EILF 293T
Y P, A5 40 B 25 N 60%~T0%I5 , 4% CDH3 i kL
Jo2 8 FRL (empty vector, EV), pMD2G. psPAX2
LR, 4% 1.5:0.7: 1/ 5T & LU AT 3% g, % kL
J2 P3000/1% 250 pL Opti-MEME; 7256 | [&]IF¢
1ipo3000t I A250 uL Opti-MEMZ; ## 3L 7, 1R & 5
IR E 20 min. FF 2203 THNMJF A K575, AL
IIANT mLIJC MG 5 IR 3, B Yl 35 S0 I N5 T4k
A 37 °C. 5% COAMMEFRA T E 8 hfa, ¥
Y% 774 R T o NDMEM 58 485 95 3, 37 °C. 5%
CO 20 i 85 7 4 vh 4k 41 55 9% 24~48 h. 1E 6LH
FHUF H129940 M, % 20 50%0, FRR5 7%, A
293THHMIM FIHH, dkalik Bk %8598 hii fq,
B R IE T ¥ RPMI-164058 45 5 973, 24 h)5 5
HONE10 ng/mLIEN BRI S R IRk | KSR IR
HEAT 40 B 9 e , i ok B H )% EIVIZE (Western blot,
WB)IHTEE .

134 Z@LEepiE  NAEHIREUEE A, HHBCA
HEERIEGHEE ZEE O UK. A 5% loading buf-

fer)i FFEZ 10% SDS-PAGE, HLIKZEH G , BikEA HLE%
BNCHE. 5%MifE2F 9y E iR 12 h, anti-flaghifidi
FE 1:1 000F% R LLAC#1 , anti-CDH3PT/A$% I 1:1 000
PR LLBC I, B-TUE B (1 (B-tubulin) A N 2 8 4% 18
1:5 000% FE, —Hid °CiF & I #&; —Hi(1:5 000) = I
B H 1 he FHECLALS: RGIRTE 8 (1 ENIZE sARAX b3k
TR, HRAFEE.

1.3.5 RT-qPCR  F RNAREUAH A FEHRNA
F RNAW 7% 56 5 cDNA FFEAT RT-qPCRAZI , 5147
FH L3 2; 2x SYBR qPCRTUIE 5 pL, 1E [ 5
YN/ A 51 %0.4 pL, W 545 B cDNAF B 10
%, B 4.2 uL58 /% RT-qPCR 2 M AK R BCHI, [N 5%
f: 95 °CHIAZ 142 min; 95 °CAEM10 s, 55 °CiR K
FAEI30 s, fEFR39YK; 95 °CAEME:S 55 65 °CHES s
1.3.6 Jism g1k CDH3/ H12994H i
ATEVE 1) H129940 M 9 B A A% o Tic ) R -
100 mmol/L Tris+ 10 mmol/L TCEP. 40 mmol/L CAA.
1% M AR, EFEAS N NSRRI, 95 °CAEE
5 min, P4l A R A, Z 16 000 xg ks
0010 min, B F3E, FIBCAF & E & E iRk .
B 100 pgia 8 (A Bl 1% 50: 1 (w/w)iE A 2, A
1% H g, EHREMHT, 161 xg#E% 5 min, 4 °C.
16 000 xg® > 10 min, B F3% . F A HIHI C187/)
FEMEL, WCER LI I B2 T T MS o T, i
43¢ DA P 44 i 14 SR 4E (data dependent acquisition,
DDA R GFEAT R . ] MaxQuant™F & 43 # 4E B
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(122 Bk B3, FF M UniProt$ ¥ B T 8 T AR S
FFASTA YA,
1.3.7 CCKS8#mAtig st 52 i WS L4, 4
RN T96FLAR, H129941 A1 500/4L, H197541
3 000/4L, 737 °C. 5% CO. AN K: F# 56 H B 7% .
MEE TR BIHE SR, EAM P IMA T 10% CCK8ik
FHI T ML RPMI- 164085 7555, F-37 °CH 7746
BEE 1 h, EPK 450 nmAb K I O6 A . 18
GraphPad Prismif 17 £ 4 73 #7 o
1.3.8 TranswellZ23 W& FFSZIGAN D, 35 2 Hiks
FRIE | NN I, 37 °CE IR AL 1 min, FH
SEARE TR AL A ETEAL, R IR B O, 37 °C
800 r/min&5.(»3 min, 7 _FiE I FH PBS H 2 41 YT IE,
PR L, AFRET, 77 B3 R g B s
SAEMYTE , BEAT MR, DAH129940 i 3% 10%/4L
FILIAL . H197540 i 5x 10%/FL A 40 i B i3k 47 5256
HE £ TranswellZ/N % A1 24508, 1228 /N = $R BT (E TG I
TERE R PRI, I BE 30 min. 7E 24508 H0
N 20% L7 I 56 A 3G 7R 2, B /N3N 249K, 1E
[ E IO T i B 7R R R AN, 7E 37 °C.
5% COZM A ES 740 H 559724 h/36 h(iIT#%/1238). =
T, ML B RITBAN, 4%2 5 H R
FE30 min, 0.1%%5 f 5K Y413 h, FIPBSYE R4 i
25, M, £ RMEE S G A LIl
3K o 45 5 FlImageJ v+ %45 F GraphPad Prism(10.1.2hR)
HEAT B 3 H
13.9 XRPRFE  BK4x10°MN R T e LI,
KRG, 200 pLiask7E40i_ERIJR, FHPBS
F 52 AN o 7 5 2% L35 (1K) 7 3 o 55 7 4 i,
3T 0. 24 haAFR R A B A, F Imaged 1 4434
ITRIR A5, FPhotoshop#E4T B F 4L #E, Graph-
Pad Prism(10.1.25) 347 208 53 Hr
1.4 ZitFaE

ST 4 R(4.4.3 /% ) f1 GraphPad Prism
(10.1.25 )8 . 1 F Wilcoxon rank sum testX AN [A]
S ) CDH3R B S AT sk de . SR Cox bl
5] JR 6 A5 L RN Wal d i 36 % CDH 3 i 3 ik 4RI 26
IR B AEAEEAR AT 0, IPE R, 95%E(E
DX )T PIE o i LA 3AN ST S 56 (1) P S48 AR v 2
(£8) RN, KH G5 XK J7 2 58T (Two-Way
ANOVA)XS A [0] 22 S AT R R 30 . DL P<0.05 4%
REAGIEE

2 R
2.1 CDH37E R HA RS AR 22 B i 8 92 o B 3R IR 7K
ST IEEHA

RHFFEIN T 44 5K 3R BT it de BA 1) F
TCGAJifi Ji Jes 01 i fih e B 1) o 2 25 2 R 2H )2 1
XU. GILLETTE. CHEN. SATPATHY i\ %145
o5 IR A, TNMHHON T 1L T TV i
Jor R R | 45 SRR TR CDH3 R TE 7K T 78 T i
A T . RS R, 99N T XU, GIL-
LETTE. SATPATHY f¥JFA%1 LA & TCGA £ Hs, fu4
eSS IEH AL, 10 10 TIL. TV ) At i pes i it 5 Jees |
4 R FIRER B CDH 37 VI M Ji e A il fefeg o gh . 3%
mERIEED.

2.2 CDH3Z2E7ER) R HARH AR Fe A0 Bh 85 B2 12 BT AR
=+

A A 1) F 7 3 e 55 1 5 20 235 B 8 it i
i S s (L1 2 DA O RIS S, 18 2308 TAER:
fif (receiver operating characteristic, ROC) i £k T4
CDH3 [X 4y g 5598 5% 1IF & UM R ) — H T
H0 ity e A0 I B8 e 12 DRI A PR R o R R I R T R
£ (CSCO)E /N il 1297 5 7 2025 )4 F# Napsin-
A(HI NAPSA%E5 ). TTF-1( 1 NKX2- 1455 )1 N i
i e AL bR EW, PAO(H TP634ES). CK5/6(%)
Sl KRTS5+ KRT6AXE R 9 i )1y fif ik g 4 9% 40
kR EW P, R0 5T LUK S EE R N 2 1], VP4l CDH3
B Sy B 30 s i s R0 s 8 3 12 W b B K098 0. AE
TAFA)Z T, A FCAE 3A-F 30 il e A4 (XU
GILLETTE. CHEN/#BAF )FI 1/~ 5 1 it fik ez A 41
(SATPATHY BRI ) HHPEAk 1 CDH3 X 1 fif it e
R 63 92 (11 12 T 12 BE (B 2 A~ 2D), 45 34275 CDH3
£ XU. GILLETTE /2 SATPATHY [ bA 1| v 1142 Wy
PEREIAR T4 aT G PRAE I 73 AR £ 4, /£ CHEN
(18R %1 CDH3 12 i M fiE 5 Napsin-AAH 24, 2211
T TTF-1. TEFEAZTH, 3k xf 24 53 il A e DA
H1(XU+ GILLETTERIBAF ). 1/ 5 34 il fik Jess A %71
(SATPATHY (¥ A1) LA Ko TCG A F) - 3 il i e 11 i
WIS BAF 23 HT, AL CDH 3% 5 507 il Fi Jos A0 e 6k g 1)
ZWiPERE (K 2E~KI 21), CDH3[FERER IR 112
W BE, 53 A 28 T [ #H (area under the curve,
AUC)KT0.9, BRXUIBA S5k = NAPSA. NKX2-15%
k15 BN, 78R BAF T CDH3 2 Wt e 48 T 24
R R AL FH B0 20 TAR G o 2 B 0 e g A0 i i
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. L A .
Normal [ 11 11 v Normal [ 11 I v Normal [ 11 it v

A~D: & AR B B~ #E 2R 50E . A: XURIBAA; B: GILLETTEf{ BA1l; C: CHENF B #1); D: SATPATHY [ BA#1]; E: XU BA1; F:

GILLETTEMFA%; G: SATPATHY [¥IBA1]; H: TCGAN R BAF1; 1: TCGAiJE A% . Normal: Ji# 5% 1E 5 2141, 1.

**P<0.01, ***P<0.001.

1. 1. IVAMETNMS: H;

A-D: proteomics data; E-I: transcriptomics data. A: XU’s cohort; B: GILLETTE’s cohort; C: CHEN’s cohort; D: SATPATHY’s cohort; E: XU’s cohort;
F: GILLETTE’s cohort; G: SATPATHY’s cohort; H: TCGA lung adenocarcinoma cohort; I: TCGA lung squamous cell carcinoma cohort. Normal: adja-

cent normal tissues; I, I, III, IV indicate TNM stages of lung cancer; **P<0.01, ***P<0.001.
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Fig.1 Expression of CDH3 in lung adenocarcinoma and lung squamous cell carcinoma cohorts
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A-D: proteomics data; E-I: transcriptomics data. A: XU’s cohort; B: GILLETTE’s cohort; C: CHEN’s cohort; D: SATPATHY’s cohort; E: XU’s cohort;
F: GILLETTE’s cohort; G: SATPATHY s cohort; H: TCGA lung adenocarcinoma cohort; I: TCGA lung squamous cell carcinoma cohort. AUC: area

under the curve; sp: specificity.
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Fig.2 Diagnostic performance of CDH3 in early-stage lung adenocarcinoma and lung squamous cell carcinoma
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A-D: overall survival analysis; E-F: progression-free survival analysis. A: ZHANG’s cohort; B: TCGA lung adenocarcinoma cohort; C: SATPATHY’s

cohort; D: TCGA lung squamous cell carcinoma cohort; E: ZHANG’s cohort; F: XU’s cohort. OS: overall survival; PFS: progression-free survival.
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Fig.3 Prognostic value of CDH3 in lung adenocarcinoma and lung squamous cell carcinoma
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A: expression of CDH3 in lung cancer cell lines based on HPA data; B: validation of CDH3 overexpression cells by Western blot; C: volcano plot of
differentially expressed proteins between H1299-EV and H1299-CDH3-OE cells; D: major pathways identified by GSEA associated with CDH3 over-
expression in H1299 cells included CAM (cell adhesion molecule) interaction pathway; E: major pathways associated with CDH3 overexpression in
H1299 cells analyzed by Metascape.
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Fig.4 Proteomics and functional pathway analysis of CDH3-overexpression lung cancer cells
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Fig.5 CDH3 enhances the proliferative capacity of lung adenocarcinoma cells
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Fig.6  CDH3 enhances the migratory capacity of lung adenocarcinoma cells
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Fig.7 CDH3 enhances the invasive capacity of lung adenocarcinoma cells
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