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LRRC158 13 ¥ EPIBK/AKT SFAK{E S B IR B
B 51X ZM R Jeg R 1R K A5 7%

KIER B REE SR RS AW A EAS
RN BE R 2E 70 AR B 75 FE M GV L 28 PR3 5 %), BuMl 310011
TG B = e, W2 AR wE ST BT, Area 310011)

BE  LRRCISRZAZAME LS I EEO RAERNZ—. ZHR B ERKITLRRCISEM
K fm i % (LUSC) Y 69 o 464 B A LT ALkl 424-# A cBioPortal. TIMER2.0. UALCAN.
CPTACHF /503 B | F 45 A AR LA 42416 JRAF AR 09 45 40 B 43, K ILLRRC154 LUSC4L
BPERAFFTHRE, BLARRIKFENBARRELTRGRHFMAL., EAHREET, £k
FEMET LRRC15:iE R A 69785 o pk , JHi8 i3 CCK-83 74 52 36, 4m A X JR 55 32 vA & Transwellif
# EEiE %, LRRC15S1S A GA T 8 Rt LUSCA it 3 sh 5 it 45, #t—H e A 12 &35k
F TCGA%k3E 48 7, LRRC157 4818 it 4% PI3K/AKT/z 5 i@ 34 & 4m .ot 2R (extracellular matrix,
ECM) & %8 & %o P 95 tm L 69 B 4T 4 . Western blot 32 30304 X I, LRRC15it & ik 46495 2 & i
AKTA=FAK#) BEERAG KT, 42 EPTiR | LRRC157T 4818 i i7% PIBK/AKTAZ 5 i@ 34 B AT ECM & #
REMA], BEZ) LUSCLafiety g ih G it 45, H & R AT A LUSCE A TlE R R 2L Uit &M,
It 4 Bl 8 69 e 806 T AR T AT A9 FR R ).
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LRRC15 Promotes Proliferation and Metastasis of Lung Squamous Cell Carcinoma
by Activating the PI3K/AKT and FAK Signaling Pathways
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Abstract  LRRCI15 is a member of the leucine-rich repeat protein family. This study aims to investigate the
functional role of LRRC15 in LUSC (lung squamous cell carcinoma) and its underlying molecular mechanisms. By
integrating public databases including cBioPortal, TIMER2.0, UALCAN, and CPTAC with transcriptome sequenc-
ing data from 42 clinical samples in laboratory, identified abnormally high LRRC15 expression in LUSC tissues. Its
expression levels were significantly correlated with tumor progression and poor patient prognosis. In functional ex-
periments, we established stably overexpressing LRRC15 cell lines. CCK-8 proliferation assays, cell scratch assays,

and Transwell migration assays confirmed that LRRC15 overexpression significantly enhances the proliferation and
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migration capabilities of LUSC cells. Further bioinformatics analysis based on TCGA data suggested that LRRCI15

may influence tumor cell malignant behavior by regulating the PI3K/AKT signaling pathway and ECM (extracellular

matrix) remodeling. Western blot experiments validated that LRRC15 overexpression significantly upregulates the

phosphorylation levels of AKT and FAK. In summary, LRRC15 may drive LUSC cell proliferation and migration

through dual mechanisms: activating the PI3K/AKT signaling pathway and promoting ECM remodeling. Its over-

expression serves as a potential biomarker for poor prognosis in LUSC patients and provides new research direc-

tions for targeted therapy in lung squamous cell carcinoma.
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it e & 4 BRERE AL T SR, 202248 42 3K
WAL 92507351, o5 4 A 1 1) 12.4%, H
o [ B =z — M SRR 40 R (lung
squamous cell carcinoma, LUSC)%#E/J\?EH@%%
(non-small cell lung cancer, NSCLC)[ =24, {H
FERE[A)VR YT 77 T B S 5 T Al e BT SR I AR R
G R R R A N S0 T B S, (H
LUSCHFFIE ML T NBGEL 4077, X EIZAIR I
TR IEA R, B V) 75 EARZ IR T #E AP

B e AR 2 ¥4 (leucine-rich repeat, LRR)
HE KRR RE 5 R E R, 251
TR . 1T S 5 MU AR T (extracellular ma-
trix, ECM) (A8 FLAF FH & G gl i #2 0 1% 500 R 7
LRRC15(leucine rich repeat containing 15)7E % Fji %
PE b e b S S SRk, ELAROIE 2 5 T Rg gk i
BEVIMG, DA SR, 5S35
J A R, LRRC1S HAT 3 (e Th g 571,
FEFLIE T, LRRCISTEAR 221 A AL 1 bt b A
& LA, 2 501 Wnt/B-cateninfs 518 1%, {3
LR S22 10, FEGN T, LRRC1S Al
WU PLEE G 3R /FAKIE B IR S e AL dE R, LA [m) 257)
FE i PR B AR A rp b R tH PR A AR U SR,
LRRCISFELUSCH IRRFIE . AW ThRE S LT
WA N AR Tl H AT AR R

AW T B AL RS LRRC1STE LUSC% 1
JE A E AL . JAT T8 A S B A R,
LRRCI155ECME ¥AH G KK (W1 COL11AI. THBS?2
SR E M, KEGGHI GSEAE S i, Hnf
REE T PI3K/AKTAE 5 18 % 5 0 Jr g 400 L 29 e, O
IS S 3 /FAKIE B AR MO #8 . AR Ahsege 36
B, LRRC157d #3A ] . 25 14 5 NCIH22 6 4 g 184 5 11
RS, S AKTHIFAKSS 5. IX8ess AR

LRRCI15; lung squamous cell carcinoma; cell proliferation; migration; extracellular matrix re-

LRRCI15A] ggi# it ECME %8 5 PI3K/AKTIH i 1
A A3t LUSCHIEMIERE , AFF & LRRC15#E 7]
VRTT IR $R At 7 BRSNS I6 AR 4

1 MR57EE

1.1 #H
1.1.1 e 1B A L R4l s 2 HBE A

N\ i 8% 95 40 B SK-MES-1. SW900. NCIH226.
NCIH520. Calu- 135 B 7T 24 i 8 5 B S 56 AR O
17; NHEK293 T4 = 22 H T8 st

1.1.2  E&RXHA DMEM =3 77 5L . MEM#;
723k [ RPMI- 164035 77 535 W [ 5 [§] ThermoFisher
Scientific/A 7 ; Ii 4 IfLi (fetal bovine serum, FBS)J
H 78RBS VR B A PR A 7 Hieff Trans™
JIR AR AL IR e G iR W | 3R 2 AR R (R ) It
H R/ ]; RNA Easy FastZ)4) 4 20/40 it S RNAFZHL
AIEI B R AR L) A R A A, RT-gPCR
FH GBI R o P B AR R R B IR A A
Western blot 2 8 5 UM DI B i HERG A4
RZARHEARA R ; NS HifkB-actin, Vinculin,
21k 404K P-AKT(Ser473). P-mTOR (Ser2448). P-
FAK(Tyr576/577)~ P-FAK(Tyr397), DL S AT
AmTOR. LOXL2. MMPI1#Il4 H % [H Cell Signal-
ing Technology /A 7] ; LRRC 15 B, [ AR | 2
Abcam/A 7] ; PI3K p1100(PIK3CA) AR H 2 F Im-
munoWay Biotechnology /A ] ; FAK$LAANM H il —
[ A=W RABR 2y 7 ; Transwell 5557 /NE W H 25
Corning A 7] ; CCK-8(cell counting kit-8)i 7] &5 H
X BRI RHA BR 7 LRRC15 5|4 Joad 5=
K JFREIE AR DR A A PR A 7]
113 ARt AW 1200844 H 22015
SF 3 H W IRIFE W VT4 g = B Wi PRI R 23 1918 T



TR E A% LRRC 1S UG PI3K/AK T 5 FAKAS S5 i {2 i3 i 65 DR 2 it Jes () 384 5 B % 7% 749

JIs B DR 4 e g P L R M 55 M R 424 . PR AR
G AR ERRREVE LR 1. Horp | iy >60% # 30
% (71.4%), AL A FR L DL /R oA o 32 (2841,
66.7%), Tor HILAT2afk % (2341, 54.8%); &£ AJCCHi8
Ao 1 2 45, 1alll 1941 (45.2%), Toi23%1 (54.8%), ik
EARAL S M2 R AR 2390 O T 4451 (9.5%) AT 11451
(26.2%). UbAL, LWL B AWML . A
FUHT P T B RE A 355K B Wi VL 48 g = B AR D0 4
JE, FEHUHTT A R R B AR B 2% D 2 il (i 5
IRB-2020-63) ¢ f8 3% B A1 [F) s, eV ax Sepe A
RS20

1.2 753k

12.1 #mpeyzs A HBEMIHEK293T4HML, LA fifi
% 9 ZH i) & SK-MES-1. SW9001# [l 10% FBS
1% 5 &R —HE% &= P11 DMEME; 7 515 57
NCIH226. NCIH520f# F % 10% FBSHI1 %Xt
(1) RPMI-1640%7 7= JE 85 7% ; Calu-140HfEH & 10%

FBS. 1%+ 1%IE00 7 & R (nonessential ami-
no acid, NEAA) /X 1% P4 B BE 4 1\ MEM B 77 2% . fir
HYMIAEST °Cy 5% COIFTRAE I .

1.2.2 LRRCISiE kX mramE Hid PCRY™
H3RAF NIE LRRC 1S5 R 1) 58 B % b5 )7 %)) (coding
sequence, CDS). A8 #4& pCDH-copGFP-
T2A-Puro(System Biosciences, [ YN H 4L, fEHZ
SLBEAL X, B Nhe TRI BamH I(NEB, 3 [ )[R #1
PEN DR AT UG D), @ 2R A Bk . B, R
il T4 DNA 4 (ThermoFisher Scientific, 3% [ K
LRRCI15 CDS v BtE In) e[ 2 a4y 55240 o
¥ pCDH-LRRC15-copGFP. 415 ki¥: 1k % DH5a
AU, 2R IUS, 8 ) %
J A=K DNA P (ALt R AE MR Rt A IR A D)
B RSN T B B IR PR B D e HERf M . kA
pCDH-copGFPAE Ay [ 14 Xof JE [ 20 4y 422

1.23 BrmFai K = RS # A R

=1 HILUSCRE MG R R IR HHE
Table 1 Clinical and pathological characteristics of patients with stage I LUSC

e PR BRAE AT

Clinical and pathological characteristics

BI%L, n(%)

Number of cases, n (%)

Age (years)
<60
>60
Gender
Male
Histological differentiation
Well/moderately differentiated
Poorly differentiated
Smoking history
Smokers
Lymphovascular invasion
Yes
No
Perineural invasion
Yes
No
T stage
Tlb
Tlc
T2a
AJCC stage
Ia
Ib

12 (28.6%)
30 (71.4%)

42 (100%)

28 (66.7%)
14 (33.3%)

42 (100%)

4(9.5%)
38 (90.5%)

11 (26.2%)
31 (73.8%)

2 (4.8%)
17 (40.5%)
23 (54.8%)

19 (45.2%)
23 (54.8%)

KT 3 e RE I & 2% 51 22 AJCC Cancer Staging Manual(5F5SFR) e 531 2 G55 g o3 1364745 2%
Tumor stages were classified according to the AJCC AJCC Cancer Staging Manual 8th edition lung cancer staging system.
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4t . fEHEK293 T4y, #2 LUV & psPAX2(4 pg).
pMD2.G(2 pg) M H R H FRL (8 pg), A 1.5 mL
Opti-MEM; 5 1.5 mL Opti-MEM#i#842 uLfig i A%
Geilf (IR FFDNAJi & 5 GuatGiiA I L 1:3), 785
RAE T = IEFES min, BAW S IRFEE20 min/5 0
ANTERFTT mLE R T HEK 293 T4 . #4546~8 h
JE N TE AR TR H k48 hEWUR A BB VR,
LB IEIRAIRAF IR IR B, 70 %¢J5 T —80 °CIRAF
124 #ridkdmiemiFiic B NCIH22641 0
HAR 2229 50%IC 4 BE, ISR R 100 pLt R EEIL
(polybrene)(1:1 000)}:7k, /#4448 h/5 H & & puromy-
cinfiii, BIEARMTE ST AL AR e
FIEFkR, 14 ] RT-qPCR AN Western blotiiF mRNAF/
BAKVHERIEGR . FERER I i 22
= iR IR S i puromycin PR FFIE R T 17,

1.2.5 KB R AT 21845 RIS B4E RS (RT-qPCR)
{5 FHHiScript® I1I All-in-one RT SuperMix4$2H [ &2
RNAW #3534 E it cDNA . B 5 PLcDNA AR, FIH
Taq Pro Universal SYBR qgPCR Master Mix7ECFX96
SR G E PCRA G FiHAT 38460 . 5197
IR . LRRCISSI#)F: 5'-TGC CCT AGC GAG
TGT ACC T-3', R: 5'-GAT GTG CGT GTT GAG GAT
CTG-3’; GAPDH5|YJF: 5'-GGA GCG AGA TCC
CTC CAA AAT-3’, R: 5-GGC TGT TGT CAT ACT
TCT CAT GG-3's  SEIGMOT#HAT3AEYFELE, H
BAMFEARRE N ARG W5, ULGAPDH AN
SHER, K 27 A5 H BRI I mRNAAE X R
BRI

1.2.6 & &R %% PP i (Western blot)  YEEXTHEZH
J LRRCI155E Fik H AN, InN & & A B 750
Tt PR A 1) 7510 ) RIPAZRWA, 10K 1 226% 30 min,
] BFR% 10 mindfEAT 10 sE GRS LA CR AR 78 57 o
FE4 °CHREE N, LA 12 000 r/min3 > 20 minHX W,
FIFHBCAEMHTHRAE EH R —SHIRE . %41
(V/V) HEITE R AR IS * B BRI, T
100 °C&:J@ N4 10 minffi 25 (A8 VE . Bl 5 4T
SDS-PAGE HELJK (M4 12 70 VAR 10 min, 4325 K90 V
fEIE M58 ). S6% PVDFIERE AN HEEdE AL, B S
TE4 °CIEE N HTIRIE LR, 15490 V4ERF 90 min.
ARG, B E T 5%/ R W B BS A R,
FIRBE 1 he IOAFE1:1 000 —HT, 4 °CHEFR
EER. KH, I 1:5 000F B 1 5, EiL

B#E 2 h)g, F TBSTUEME 3k, o, b 2E Rt
(enhanced chemiluminescence, ECL)¥#E AT {2 52 1R
o FIH Imaged Ao M i E 26 K A, LLH
A S NS E B EVE R B R A X %
K

1.2.7 @p03g7h 523 (CCK-87%) W X HE2H K
LRRC157d i H A M 3% BEAL 3 000/ %5 B2 e A T
96FLIR H, B EONFART L. HMe~8 hiahA
CCK-8 TAEM A5 T M iE KT 773 1:10, 100 uL/AfL),
37 °CHEE 1.5 h, 25T 24, 48, 72. 96 hill @ik K
1E450 nmAL WO ERE(D)VE . SE36 ST F AR 3K
1.2.8 Transwellif #5288 SEIG KA Transwell/NE
(L2 8 pm)idEAT. B, 78 24FLHR T =0 600 nL 7
H 20% FBS RPMI-164035 7536 /E ALK 7. K
X HEZH J% LRRC 153 3% A8 41 40 it FH JC I 37 8% 77 3 o
=, JFHE3X10YFLI 2 BEHER T Transwell EZE . B3
FEHRE T 37 °C. 5% COFEFRAA T H KT 7% 24 ho #%
FREEW G, BUH/INE  FERFLAWER, RS2
KerZ L=2RERITBHAMM. BEE, HNERAN
4%% 5 B FR SR [ 52 30 min, BEIAJEIR N 0.1%45
R R G 520 min. i ] PBSZE iR i 2
ZARYRIFIE T &Ja, TEEIE BB T3
ANVLEFHEAT AR . A Image 8025 & MLEF T (3T
Fe At AT THE, BV IME AR 912 20 48 i 1) 3 7% 25
H. SZ86por 2300,

1.2.9 XIJRFER KRR /NE , F ] HZH K&
LRRC155d F 1K 20 21 Jf DA BE AL 4x 0% 1) %85 B e T
ZINE Y o R T U B Sl B A2 100% T 38 S U2 IS,
INDFEBRNE I RRIR . PBSE R 2~3 % A
B 25 VT A0 R S Wy, B S N TG L35 355 77 2k 4k 452
R57% . 43 310 hf124 hE BB BAEE N g .
i ImageJ AT RRDR & &% . DL Eses b pisr
H=E3K.

1.2.10 A AL RNAN B B ELIE 5 H FIH
Kaiao K55007 i #E 47 RNAGEFE R . B
J&i , 183d Bioanalyzer 2100 & 4t A RNA Nano 6000
A8 AR 7 L 5 i RN A SE B PF Al SR BE DN 52 o 4K
PEHRAE UL, {4 ] NEB Next Ultra RNA S % il %
AN B mRNA S F . SCZELE [llumina NovaSeq
60003l 7 A _F AT XUl /77 , 3K 4 150 bpifc. &
EHk. JEKAEELAGNGETYGE, F35
Jo N R A o P HISAT2(v2.1.0)%5 I 7 132 B
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(reads) Ebxf 22 N 2EFE K 2H hg19, StringTie(v1.2.3)#t
ARG AR 3, HTSeq(v0.6.0) G0 1 JE R TH 4L, Jfiiid
FPKM(fragments per kilobase of transcript per million
mapped reads) 1T 5 L K FRIAIK

1.2.11 %it44r  ffHGraphPad Prism 9.0%fF, ¢
3 LA AL 22 5, P<0.05SHGIH R E. HET
TCGAZHR = H it itk 40 g (LUSC) A 42451 LUSC
i NI RNA-seq s, RGTITIE T 27 RIBE 5T I
Thfe s AT FT . B VR T b Jeg 28 23 K% E X e 55
IEHWHL, R ERAE AT 205 8 E & Abn il
KePf . 72 3ROSR L 5 & S 0T - 18 H] DESeq2
(version 1.38.3)1R 7l Mg 5 1F 5 41 2R [A] 1) 22 57 Rk
FELH, G ik BB A [loga(fold change)[>1 H. FDR<0.05;
i F R1% 5 #2744 clusterProfiler(version 4.6.2)%f Z
SR IE LA (differentially expressed genes, DEGs)itt
17K A 4K (Gene Ontology, GO)Th A 1K M 5T # 3k
5 RNHE R4 (Kyoto Encyclopedia of Genes
and Genomes, KEGG)If i & 573 #T ; GO Hrid i
YRR T ORe S A o = AMK, KEGG
73 HT EAFDR<0.0509 2. 35 PEb e, JFIEBUE iR i
H 1S FE AT . BN E RS RA
GSEA#AF: (version 4.3.2)7E 4 FE K 4 K-~F AT Thig
ST FER AR T MSigDBAR 1) c2(2
KR ) S cS(GOARTE) T-4; LAT 0007/ & ks Hy Ak
fith, 535 M BN INES[>1, % X.P<0.05 H.FDR<0.25.
FIFVE BT - AR FE LRRC 1S5 541545 538 1% K 40
P Ah L Joi 5 PR 4555 22, R Spearman 5 2 HH 5%
I3 PEAE LRRC153 1% /K1 55 PI3K/AK Tl # 4% /0
737 K ECMAH R HE R ik (AR Rt RIB B &
logo(FPKM+1) ¥4, A5 58 & DL Spearmanitf] 5%
RBpFoR, I |p|= 0.3, 0.5, 0.7 A A& N
B B RARRAR G . Gt R E M O RS
P<0.05, 85 5R DUERE AT AL BT sCE D

2 %
2.1 LRRCI157E iz A% 4HF FRIAHFIE Kl
RIS Bk

PR LRRC1STE il i v (1) SRR R AE K IR
B, BATVEES T 2 40 55080 e A 2L I R
R BEAT 0. cBioPortal B4 & 0 M W, £F
TCGA(Pan-Cancer Atlas)PA %] 47341 LUSCE ¥,
28.73%[1 35 (13641 ) f7-4E LRRC15FH: R4 14 (am-

plification) 4% (& 1A). TIMER2.0% 4 7 #7 57K
LUSCHMHIR4H 2P LRRC1S5 mRNAZKF- 3.3 i T 5%
M2, RN LRRCISTE e pR # 1 J 9 (bladder uro-
thelial carcinoma, BLCA). FLARZ VLS (breast in-
vasive carcinoma, BRCA) A Sk i (head and neck
squamous cell carcinoma, HNSC)25 % F jfi Hh 2R 1k
IR B (P<0.001)(E 1B). TCGA# 2054 7
Mridt—GAESE, LRRCISTESO3BILUSC 8 41243 ks
SR FRIE (P=1.62x10"2)(E 1C~E 1D). CPTACH
PEEE R IR, FELUSCHEH 4 (n=110)"FLRRC15%F H
FERIEHE AR (n=102) 82 THH (P=4.09x107%)
(BI1E). Ak, FRATHE 4241 R LUSC 3 1) ik 6
N 5% 1E 5 2141 (tumor-adjacent lung tissues, TALs)
HEAT RNAD 7207, 15 [FIRE IR 258 B LRRC 157
LUSCHY&E 41 2R 1 23 =318 (P<0.001) (B 1F). &
SEFRATHAT T W PRI B 22 R T 40 AT, 3@ 3k UAL-
CANXT 49241l LUSC &2 (115 AR 12E47 0, IR
[~ 3% LRRC15 mRNAJK T34 B % & T IE w4
Z(Stage 1 P=2.22x10"'%; Stage II P=2.05x10"'%; Stage
11 P=8.01x107), HibkEL45HEFE (N1-2) B3 RIE
KPR E =T IHEEE (NO)(NT P=8.93x10"%; N2
P=2.66x102) (K 1GHIE 1H). TV (n=7) X N3(n=5)
BEPRENEEFEER, WRREFEAZET D, X—
SEIRPEIR , LRRC1SZRIK KV 5 g it g 1 % ¥ v
e 2 IEAM . Kaplan-Meier =70 T~ , 1E 527
B LUSC &35 1 /S 447 1 (overall survival, OS)%d
DL eutoff=16 4 515 35 43 NAKERIE 4 (Low) 5
A (High), P4 A A7 A A7 8] 3531 5 634
H 1494 H (HR=1.29, P=0.029)(& 11). 7£ 2204
T R 33 IS 8] (first progression, FP)E( /-4, R
i cutoff=181F 4T 7 20 , (KR IE A 1) b AL A= A7 10 [A]
163340, 1 m RIS A 11.00 H (HR=1.68,
P=0.026)( 1]). R4 REZ W, LRRC1SERILS
LUSCEHE P TfE A R BE MG, LRRCISH{E i
TERITIS bR & o
2.2 LRRCISHEHXE{EMERINGEESE 74
IR Z LRRC15 0] 68 1) 53 A F I 45 2 0i %
BATE SR H STRING E s & 7 1% FLAE PF 4 >0.40
¥ HAR LI, JF 45 & GEPIA2 KU R IS
LRRC15&E 2 IEAIC 100N LR . it 35 B B RS
., {7 % OIER: BGN. COL1041. COLIIAI,
FAP. FNDCI. POSTN. THBS2(&2A), WRETERE
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30% =3 :
=)
S 75
7 25% =
g 2
3 5
gzo% = 50
& <
= 7
5 15% LUSC 30% g
E UL T &
2 0% g 23
< e Mutation 2 .
3 3
5% o Amplification g ola s
N
© Multiple alterations = e g
2 == 2

Structural variant data| + 2 L & £
Mutation data| + 2 ’g‘ g g
CNA data| + 2 5 z
] 539 2
LusC < 25 5
= =

mRNA expression of LRRC15 in LUSC Protein expression of LRRC15 in LUSC

©

based on TCGA samples based on CPTAC samples
"
30 i S
= 1 & 6 3 ok
2 25 | a7 |
| = |
g 20 2 E 4 1 i
i 2 =
2 i 5 2 - .
Z 0 ! I E) |
] = N
SIS _ ,
ol ! 0 B :
Normal Primary tumor Nomal Primary tumor
(n=52) (n=503) (n=102) (n=110)
(F . . _ G) @
mRNA expression of LRRC15 in 42 LUSC patients Expression of LRRC15 in LUSC based on oS
LRRCIS 407 individual cancer stages 1.04 HR=1.29 (1.03-1.63)
Py logrank P=0.029
%o ‘ﬂ‘ 0.8
200° £ 304 i ok =
109 . . = s i T £06
T b g T | i 3
< 4 5 ! i ! £
2 ) o TALs 2 204 i i i 2 0.4
E % < Tumor = H i H -
ER T | s |
=2 . é 104 | i 0.2 Expression \'_‘—‘—\_‘7*7‘
= : — Low L.,
- o — High
04 . + 0 e —_— 0 50 100 150 200 250
TALs Tumor Normal Stagel Stage2  Stage3 Stage4 Number atrisk | 11me /months
(n=52)  (n=243)  (n=157)  (n=85) (n=T) i St " 3 ! H
(H) )
Expression of LRRC15 in LUSC based on
509 nodal metastasis status 1.0+ HR=1.68 (1.06-2.65)
logrank P=0.026
Ek
- 40 T
£ 2
E 304 1 T Yoy,
oy ook i ]
% —;— ] @ 0.4 [ T
£ 20+ ! &
3 i i ns .
2 i * e 0.2 Expression
£ H T i
= 104 i i i — Low
.= _wm E
_ i T T T T T T
- = | 0 50 100 150 200 250
0- ; ; ~ Time /months
Normal NO N1 N2 N3 Number at risk
(=52)  (r320)  (=131)  (i40) () - O T

A: cBioPortal 5 HTLUSC(TCGA, Pan-Cancer Atlas)4#i 2 HHLRRCISFHE K (1) 2878 15 L« B: TIMER2.043 HTLRRC1STE Tz 3 iR 2 235 430 1F 5 40
LU Z R RIS, Gl RE M Wilcoxon k4 T, ZLHETE 7R T BRIRA M . C. D: TCGA(UALCAN) RNA-seq##i \7~, LRRCI51E
LUSCHR 4 b RIE AR 3 i T 5 4141, E: CPTAC(UALCAN)EfE 7, LRRC1SE (I fELUSCHR A 40 iRk . F: 4241 IRLUSC
HRNA-seqill 745 R R, AHECT IR QB Nl 41 24(TALs), LRRCISTEMR AP iEkik. G H: UALCANZHr A [FI R 73 01 2 it L2 45 e A2 4R
A FLRRCISFRIAKE, R Em T IEF XA . 1. J: Kaplan-Meier E 4743 T (OSHIFP) i 7R, LRRC15 w321k (3 A= 47 I 8] 45 56 (HR>1, P<0.05),
PRI AR BTG E . *P<0.05, **P<0.01, ***P<0.001, 5 IE % 4L A L. »P>0.05, TR E 2.

A: cBioPortal analyzed mutations in the LRRC15 gene within the LUSC (TCGA, Pan-Cancer Atlas) database. B: TIMER2.0 analysis of LRRCI5 dif-
ferential expression between pan-cancer tumor tissue and adjacent normal tissue, with statistical significance calculated by Wilcoxon test, the red box
highlights lung squamous cell carcinoma. C,D: TCGA (UALCAN) RNA-seq data show significantly higher LRRC15 expression in LUSC tumor tissue
compared with adjacent non-cancerous tissue. E: CPTAC (UALCAN) data show high LRRCI15 protein expression in LUSC tumor tissues. F: RNA-
seq results from 42 clinical LUSC patients reveal higher LRRC15 expression in tumor tissues compared with TALs (tumor-adjacent lung tissues). G,H:
UALCAN analysis of LRRC15 expression across tumor stages and lymph node metastasis status shows significantly higher levels than normal controls.
L,J: Kaplan-Meier survival analysis (OS and FP) indicates shorter survival times in patients with high LRRC15 expression (HR>1, P<0.05), suggesting
it is a poor prognostic factor. *P<0.05, **P<0.01, ***P<0.001 compared with the normal group. *P>0.05, no significant difference.
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Fig.1 Multi-omics expression profile of LRRC1S in lung squamous cell carcinoma and its clinical-pathological correlations
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A: R STRINGHH 122 i e LRRC 158 4 HAE M 25 (PPT, RIS fE>0.4), 454 GEPTA2AHE A i BU S LRRC1S i 3E A 10043 [, =5 UK RS SR 15 2]
TR ER . B: 22 T TCGA-LUSCHUE H53 HTLRRC 15 5 7AMZ OB R 204 /KT AR S, Spearmantfl SR 73 4 R 7 MZ Lo JE R ) 24 KT 1)
SLRRCISE W IEHSE, HFCOLIAIAMFAN 3R, C: HTCGA-LUSC RNA-seq i #LRRC15H 1715 7 ik 4H, fifloga(fold change)=1.5
ZE AN, HHTKEGGIB K A GO(CC. BP. MF)UIfit & 840 Hr. D: 42615 PRLUSCHE 2 W5 K v, 7% 03 K S5 LRRC 15/ Spearman ] < 1
IIMTE RIS R IEAR R, COLIATARRYE SR . E: 428G REEARIATO FE B 2R, BRBGNAE, HopE B e A At sk, HCOL1IAl
FIKERE . #++P<0.001, 5555 AU
A: by screening the LRRC15 protein-protein interaction network (PPI, confidence>0.4) via the STRING database and selecting 100 genes significantly
associated with LRRC15 from the GEPIA2 database, the Venn diagram intersection yielded seven core genes. B: Spearman correlation analysis between
the 7 core genes and LRRC15 using the TCGA-LUSC database revealed significant positive correlations for all genes, with COL11A41 showing the
strongest association. C: TCGA-LUSC RNA-seq data were stratified into high- and low-expression groups based on median LRRC15 expression. Genes
with log,(fold change)=1.5 were selected for KEGG pathway and GO (CC, BP, MF) functional enrichment analysis. D: Spearman correlation analysis
of 42 clinical LUSC patient sequencing data showed significant positive correlations between LRRCI1S5 and all 7 core genes, with COLI1A1 exhibit-
ing the strongest correlation. E: relative expression heatmaps of 42 clinical samples indicate high expression of all genes except BNG in tumor tissues.
***P<0.001 compared with the TALs (tumor-adjacent lung tissues) group.
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Fig.2 LRRC15-related interaction network and functional enrichment analysis
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A: protein expression levels of LRRC15 in five LUSC cell lines (SK-MES-1, Calu-1, SW900, NCIH226, NCIH520) and human bronchial epithelial
cells (HBE). B: validation of mRNA and protein levels in NCIH226 cells transfected with empty vector (Vector) or LRRC15 overexpression plasmid
(0e-LRRC15). C: CCK-8 proliferation assay indicates significantly enhanced cell proliferation in the LRRCIS5 overexpression group compared with the
control group at 48 h, 72 h, and 96 h. D,E: scratch assay and Transwell migration assay demonstrate that LRRC15 overexpression significantly enhances
LUSC cell migration capacity. The right panel shows statistical analysis of three independent experiments. **P<0.01, ***P<0.001, ****P<0.000 1
compared with the Vector group.

E3 ARIMASIESILRRCIS(Z i F B4A 20 A iz 4R A A9 35 7E 5T %%

Figure 3 In vitro studies confirm that LRRC15 promotes proliferation and migration of lung squamous cell carcinoma cells



s s s LRRCLSIEIEEOEPIRK/AK TS5 FAKAE S 380 J& (12 i3k i 5k 0% 40 e e () 38 B )% 7% 755

CCK-8IGFH S 45 ML W], ST AHLL, LRRC15
I 0k B HE T NCTH22641 f 34 58 At 77 (K1 3C).
AL, RIJR 5286 F Transwel iE A2 5256 Bk, i Rk
LRRC15% 3 #58 LUSCYH i L FE 66 (K 3D A1
3E).
2.4 LRRCISEFEPIBK/AKTESEESECME
B ENEELUSCEMH R

KEGG & #/0#1#7~, LRRCISH] GBI PIBK/AK T
5SS S 5 i A R . i
il it GSEAZM T &K B, LRRC1S5HH O 7 e Rk FE K]
£ PI3K/AK Tl % 1 8 30 2 3% 1F % 48 (NES=2.277,
¥ 1E P1 <0.001, FDR<0.001)(K4A). #ET TCGA-
LUSCH#f 1) Spearmantl X 14 43 #r /8 ik 7k, LRRC15
F1& 5 PI3K/AKT/mTORGH % 5 5 5 [K 5 I8 2% 1EAH
K (P<0.001)(H4A). ML FIRAEYE ST,
FATIF I Western blot3L 56, 459 IR 7E LRRC155
Fakrp , PIBKAEALIE L PIK3CARIA B, AKT
Serd 7347 s IR ALKV B3 T, 1A AKTH 3R
IEAR IR (KEI4B). DL Eg5 R, LRRC150]
WIS PIBK/AK T 5 il B e i3 LUSCAM g 3 5 -

MG B T FERE7R, LRRCISH e
S 0 o0 o VI AR, T M s R M R
GSEAJE % & £ T £ ], LRRC15HH ¢ 5 K 75 48
FARSE R ZH A, TR REARE . HE 5 2 —4l f 3R i AR B
YEF . ECM-SZ44AH BAE FH & 346 3855 2 4> ECMAH
S ) 3 AR (R 4CHIE 2). (HAFVEE N,
COLIIAIMITGAII S KA FE R FR il g s 15
SN, $E7RLRRCISH] AEIE L 12 COL11A1%
ECM4r, & HZ N SR -GS %S,
M R LUSCA ML T B 51258 . thab, 2T
TCGA-LUSCHUE (1) 335 53 Hr 7, 22 Mt ot 35 28 AH
Sl (WIMMPs. LOXL1/LOXL2)ZE it g 4 21 rh 3¢
i5 % Fif (P<0.001)(E 4D), i#—#5 3 LRRC15
2 5 ECMEM A 2. it RT-qPCRESS
E, RILMMPI. MMP17. LOXLI}; LOXL2{ )%
15 7KFAE LRRC15 = R IA 40 i 1 35 5 3 7 = (B 4E)
Western blot4h Jtit — 5 .~ , LRRC15id % ik |
W P-FAK(Tyr576/577 ) Tyr397) (B BR AL K °F-, H-4E
bE FAKJEA 2 /K138 m , [ MMP1AI LOXL2 %5
FRIEAKFINEE ETH(E4F). idgs F—3km,
LRRCI5A] @1 42 ECME ¥Rt #2, #E ik LUSC

3 g

s e 5 3E/ N0 M e 11 25%~30%, (R 7357
JR PR HLk 2 A ROB YT R s, R AR AR AR AR L,
Folw ARG T TG = KRR — 2 8 v 7 & A
IR, A 5% 8 3 4% 4 EGFREE 1] #E m] 3K 5 22 [
KA, H AW A7 TEIRAF P 245 1] 0 e S VR 97
i 8 241G, PD-1/PD-L 171 5 265 RCR A L 20%,
i B A 55 st 2 A A 11 40 P 4 5 5 T R sE )
T 57 5 R G %8 ) BRI Ak U =R AR R R
DAFE ], I 50% 1) 5 A2 I C kAR ik T Bl b
R, R ME A SO AL A AT R, 4R
FOHTIA YT 4 R IAE L A I R .

HNZRGIR T LRRCISTE LUSC H [ R I RFAE
I PR 73 VB TENLE,, AP AR A 2 H%E
W1E B 285 . JB1Y cBioPortal B4 EE 70 # K B,
LRRCI157E %) 30%[) LUSCY 5 H /7 7E 548 ; TIM-
ER2.045 R W R HAE Z g )2 |3 1A ; UAL-
CANLE CPTACH ¥z & 43 7] I mRN AR & 1 7K ik
52 LRRCI57E LUSCHH 21 b K3k /K1 5 3 vy T+ 5%
MR, HIHERIE G MR > Bt e . kg8 &
B A RS A% (Kaplan-Meier 4770 #1 ). DA E
S MRS T LRRC1SAE N LUSCIEEA K Ts
I SV PR 1E

RN fEHT LRRCS (1) D RE 4% IR 4%, AHIE 5T
HE— A& B STRING 5 GEPIA2 ¥ ¥E 7 #E47 25 11 HAF
K ALFRIE 3 H, Tk IRTS 5 LRRC1S W 35 41 5% 1) 5
S, &4 BB ERR 7% 0 BAERRF (BNG.
COLI0AI. COLIIAI. FAP. FNDCI. POSTN.
THBS?2), JFi it TIMER2.0%#% e 13147 Spearmanif] ¢
PEIGAIE . F£T TCGA-LUSCHI 42511l A9 A [ RNA-
seq U 1 22 S Rk A it — 0 oR | IX e R 7 i
AR EE B, b)G, BIdKEGGEHGOE H 1T,
RILLRRCLS K HAF IR 2 2 & 4 T PBK/AK TS
51 % S ECME ¥R AH Gl % , $275 LRRC15 1] Gl
T I P 4 S IR AR TR 4 R SR e R AR

1E R AEE TR Al B, AR T &
FIRANSEEGIOAE . 25 RR B, LRRC15A] i B
PI3K/AKTAE 5l B2 it LUSCHN i35, HARR I
N PI3KAEAL W PIK3CA K I i J AKT Serd73
WAL K FF v . BN, LRRC1S A 7] i i 4%
ECME M 3L A (41 COL11Al. ITGAIl. MMPs.
LOXLI/2%6 s AT RE Re /), X —idFE T RE I K



756

WL -

(A)

Enrichment score

©

(D)

Ranke(‘i list metric

[WikiPathways] PI3K/AKT signaling pathway

PR—=O—=W

o NES=3.241
S 0.6 Padjust<0.001
z FDR<0.001
£ 0.4
£
S 0.2
=
N
" QUL ORI
=
= 3.
£ 2
2 [ -
3]
£ ; ; ,
S 0 10 000 20 000 30 000
Rank in ordered dataset
[Reactome] Collagen formation
L, 081 NES=2.932
S 0.64 Padjust<0.001
= FDR<0.001
£ 0.41
S
g 0.2
m
O 5 i, i i
Il
3 3
g 24
% 14
= -
g 0 10000 20000 30000
Rank in ordered dataset
[KEGG] Focal adhesion
o NES=2.827
§0-6' Padjust<0.001
2 FDR<0.001
§0A4- 00
£
50.21
=
m
(i e s s s
11 111
- e
T 31
g 21
= 4
g 0 10000 20000 30000
Rank in ordered dataset
sk TCGA_LUSC
- = sk
T>) sk A . P
22104 -
&5
S5 i ok
52 3 TH ]
2 i * ++
i i '
‘ i
04 * - _J-

NES=2.277
Padjust<0.00
FDR<0.001

0 10000 20000 30000

Rank in ordered dataset

[Reactome] Extracellular matrix organization

Correlation coefficient=2.31x10""; P value=1.78x10"7

(B) NCIH226

z
z
=
= 0.
=9
o
o
=
£
E
0.
<
¥
jat}
Al
0.561 «
) 3 3 6 8 Vinculin [ 124 kDa
log,(LRRC15 TPM+1)
[Reactome] Collagen degradation [Reactome] Integrin cell surface interactions
NES=2.987 ° 0.8 NES=2.957
© .
07 Padjust<0.001 806 Padjust<0.001
2050 FDR<0.001 @ FDR<0.001
p o4
50.25 =
g =202
i i
Of--c--cmm e [ e
. | . ]
=) =)
£ 34 s 3
23] 22
B P— - Z (P .
ER) .
£ £
) 10000 20000 30000 g0 10000 20000 30000
Rank in ordered dataset Rank in ordered dataset
[Reactomei!]Assembly of collagen fibrils [PID] Integrinl pathway
and other multimeric structures NES=2.901
NES=2.931 p 081 -
£ 0.754 Padi <‘0 001 S 0.6 Padjust<0.001
3 ;f DJ;S<10 e z" FDR<0.001
‘é 0.50 : S 041
E 35
5 0.251 202
= =
=) 3}
N Ol s i s s st s A
: Ml | I
T 3 2 31
E 21 =29
z 1 Z |
= ) 311
< 27 . . . —g—Z 1 i . .
S 0 10000 20 000 30 000 x 0 10000 20 000 30 000
Rank in ordered dataset Rank in ordered dataset
[KEGG] Ecm receptor interaction [WikiPathways] Focal adhesion
. 0.81 NES=2.792 0.6 NES=2.653
‘g 0.61 Padjust<0.001; § ’ Padjust<0.001
2 FDR<0.001 Zo04] FDR<0.001
5 0.4 5
g g
502 50.21
=] =
5 s
[ R s Qt----=-===-======-2-----——---3
] EINLT
g 3 g 31 —
g 24 g 2
Yy — } 2 P— ~
511 311
=7 =21
£ 0 10000 20 000 30 000 g 0 10000 20 000 30 000
Rank in ordered dataset Rank in ordered dataset
NCIH226
(E) (F)
NCIH226 & F
4 sekokok kR ok sekokosk sekokok © S
- a == Vector p-FAK (Try576/577) 125 kDa
sk T S = m oc-LRRCIS
1 B Normal 3 23 p-FAK (Try397) 125 kDa
® B Tumor = .©
o FAK
o 55, [==#m]| 125kDa
1 o g LOXL2 100 kDa
: 54 MMP1 55 kDa
=2
—— LRRCI1 - 64 kD
A\ \»\ \:\, 0 CI5 d a
\)0*\94’ MMPI MMPI7 LOXLI LOXL2 praciin [S—| 45 kDa



s s s LRRCLSIEIEEOEPIRK/AK TS5 FAKAE S 380 J& (12 i3k i 5k 0% 40 e e () 38 B )% 7% 757

A: GSEARITCGA¥UHE 5 /3 T i /R LRRCISEEPISK/AK TI B i 5 35 IR & 45, JF S 2 IEM 5. B: Western blotdiilE4% R i 7=, LRRCI53E
FIE A _EIHPIKAE ALV FEPIK3CA M AKT Serd73 AL S BEIR /K ¥, #/n B R PIBK/AK TS il BR e E AN 458 . C: GSEAE 270 M d s,
HLRRCISIE S LR 22 57 5 ) 25 3 56 T ORECM &6 AR Sl i, (AR AM I AME AL ZA(NES=3.24) IRJF & 1 [ (NES=2.99).
FAN PR A EAFE FH(NES=2.96) A [1IE M(NES=2.93). JR R L4 & 2 B AR 412 (NES=2.93). 4 H/FAKSS 518 (NES=2.90). KEGG
Fi 76 DRl H(NES=2.83). ECM-5Z & fH H.F HI(NES=2.79) S WikiPathwaysZi % I il #% (NES=2.65). D: TCGA-LUSCH{ 4 P /) 45 A ik 7RECM # %
HKEEMMPS(MMP1, 3. 7. 8. 9. 12, 17, 20. 27)MLOXLI/LOXL2A MR E £ iE . E: RT-qPCREZIGIESE, AELRRCISE FIEM M+,
MMPI. MMPI17. LOXLI}LOXL2HImRNAZRZL /K148 % T1 5. F: Western blotS2 4645 H & 7%, LRRC15id ik I HP-FAK(Tyr576/577 5 Tyr397)
KPS FAK AR, FEAEBEMMP 1S LOXL2 MR (IR KK T THE . #P<0.01, #¥£P<0.001, *++¥P<0.000 1, 15 Vectord] Ht i J 15 1EH 4L LK -

A: GSEA and TCGA database analysis revealed significant positive enrichment of LRRC15 in the PI3K/AKT pathway, with positive correlation among
related genes. B: Western blot validation demonstrated that LRRC1S5 overexpression upregulates the PI3K catalytic subunit PIK3CA and AKT Ser473
phosphorylation levels, suggesting it promotes cell proliferation by activating the PI3K/AKT signaling pathway. C: GSEA enrichment analysis revealed
that the differentially expressed genes positively correlated with LRRC15 were significantly positively enriched in nine ECM and focal adhesion-related
pathways, including extracellular matrix organization (NES=3.24), collagen degradation (NES=2.99), integrin-cell surface interaction (NES=2.96), col-
lagen formation (NES=2.93), collagen fiber and polymer assembly (NES=2.93), integrin/FAK signaling pathway (NES=2.90), KEGG focal adhesion
pathway (NES=2.83), ECM-receptor interactions (NES=2.79), WP focal adhesion pathway (NES=2.65). D: results from the TCGA-LUSC database
indicate that ECM remodeling-related enzymes MMPs (MMP1, 3, 7, 8, 9, 12, 17, 20, 27) and LOXL1/LOXL2 are highly expressed in tumor tissues. E:
RT-qPCR experiments confirmed significantly elevated mRNA expression of MMP1, MMP17, LOXLI, and LOXL2 in LRRC15-overexpressing cells. F:
Western blot analysis revealed that LRRC15 overexpression upregulates P-FAK (Tyr576/577 and Tyr397) levels and FAK substrate expression, accom-
panied by increased MMP1 and LOXL2 protein expression. ¥**P<0.01, ***P<0.001, ****P<0.000 1 compared with the Vector group or normal group.

El4 LRRCISEFPIBK/AKTESEESECMEZRHEIHTLUSCE L R
Fig.4 LRRCI1S synergistically regulates LUSC malignant progression through the PI3K/AKT signaling pathway
and ECM remodeling

®2 GSEA BEENMERFR
Table 2 Details of GSEA enrichment analysis results

lhiacd LD AR FERERA FESH b EES S RIEEPH ot SR A A
ID Gene set name SetSize Enrichment score ~ NES P.adjust Core_enrichment
REACTOME_EXT RA- Extracellular 299 0.771 413 3 3.240 636 2.5%107? COLI1IAI/ITGAIL
CELLULAR M ATRIX matrix

ORGANIZ ATION organization

REACTOME COL LA- Collagen 64 0.867 129 4 2.987 304 2.5%107? COLI1A1/CO-
GEN_DEGRAD ATION degradation L1041
REACTOME _ INT EGRIN_  Integrin 84 0.832 529 8 2.957 262 2.5x107° ITGA11/COLI10A1
CELL_SU RFACE_IN- cell surface

TERAC TIONS interactions

REACTOME_COL LA- Collagen 90 0.808 556 6 2.932 287 2.5%1077 COLI1A1/CO-
GEN_FORMATI ON formation L1041
REACTOME_ASS EM- Assembly of 61 0.862 123 4 2.930 767 2.5%x107 COL1141/CO-
BLY_OF_COLLAGEN_ collagen fibrils L1041

FIBRILS AND_OTHER _ and other

MULTIMERIC STRU multimeric

CTURES structures

PID_INTEGRINI _ Integrinl 66 0.838 348 9 2.901 201 2.5x107° COLI11AI/ITGAlI
PATHWAY pathway

KEGG FOCAL A Focal adhesion 199 0.709 671 6 2.826 767 2.5x107° COLI11AI/ITGAlI
DHESION

KEGG_ECM_REC ECM receptor 83 0.786 408 9 2.791 621 2.5x107° COL 11A1/ITGA11
EPTOR_INTERAC interaction

TION

WP_FOCAL _ADH Focal adhesion 198 0.665 3950 2.652 980 2.5%x107° ITGA11/THBS2
ESION (WikiPathways)

LR NEACH GSEA R S Hr 8 R VAT EA AP TS, JoR 1 %00 W SRR SN R G 24
This table provides detailed numerical data for the GSEA enrichment analysis shown in fig.4C, including the top enriched pathways and their corre-

sponding statistical parameters.
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