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Abstract

Objective: Lung cancer-related death is mainly caused by lung adenocarcinoma (LUAD), an ag-
gressive malignant tumor. Therefore, the identification of important LUAD-related genes and the
further analysis of its prognostic significance are critical for the survival of LUAD patients. Method:
Weighted Gene Co-expression Network Analysis (WGCNA) and differential gene expression analy-
sis methods were adopted to screen out TCGA-LUAD database and the gene expression profiles of
GSE32863 from GEO. Functional annotation analysis and protein-protein interaction (PPI) net-
work were conducted on differential co-expression genes. Furthermore, survival analysis was car-
ried out on twelve hub genes that were identified by applying the CytoHubba plugin of Cytoscape.
Results: A total of 358 differential co-expression genes were extracted from the database of TCGA
and GEO. These genes were mainly enriched in extracellular structure organization, cell-cell junc-
tion and DNA-binding transcription activator activity. In the KEGG analysis, the main pathways
were Drug metabolism-cytochrome P450. Moreover, in a PPI network, the 12 hub genes were
identified. The expression level of ADCY4, VIPR1, and TGFBR2 was corresponded with clinical
stages and overall survival (0S) in LUAD patients. Conclusion: ADCY4, VIPR1 and TGFBR2 may play
an important role in the mechanism of the tumorigenesis, so they will serve as prognostic bio-
markers and therapeutic targets of LUAD in the future.
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1. 5|8

it A A 4 R R 3 B e RS MR PR, B e R T 26 1] fits v] 43 /N4 L i 982 (non-small cell
lung carcinoma, NSCLC)FI/INH A fifiig 258 . FE /N 40 i i g 1) = 2 97 784 2 Jfi i %8 (lung adenocarcinoma,
LUAD). il R0 AR [2]. SO fmtiskm], ¥k LUAD B 3 T ili@hE3]. 7014
YR IT A GBI TT 8 LUAD S8 AR A 3R i o o, T 2 R VBt 100 11 7 e FH VR I LUAD i3 3%
Fe A AR 32 AR B DR R AR I — A R T T S8 [4). BLAh, Tl SRy T il 1 i B, E AR
FPYEFET R A -1 AR RS TICAR-1, 7R i it 8 o e B W B R yT RO [5]. 2RI, LUAD &%
TS AR 2, 5 TR T HBALAKT[6] [7]. HTHRZX LUAD BAEZ LR FIBE 7T, 628 A
TBIT AR TEARM K. PR, #ERAR TN LUAD FHE A SRR A BT 22 2% LUAD TS AR YT R BE
VAR

BEAE FE R AR R R, R AR5 B 2 i R DR 2 a3 20 A SRAR R A 1) 431 Lot A0 A S HE A 10 2
bR EW AR T — R 3 7 28] BT BASK FH A 2 ] 3 3R 0K ) 4% 73 # (Weighted Gene Co-expression
Network Analysis, WGCNA)#) £ Gt 4227 50008 5 [R5 1 PRAPAEAR BEAT OCHR A0 AT, IR0 3K S8 L DR P s
AP EDIRE9]. WGCNA B8 S F 2 4 v FEAH SGJE R ) FL A R, IR P-Al A SRR S5 I R TR 2
(A IORHR[10]. bk, FRATTIEF 22 7 R PR ik o M SR ik BRI AL A2 (1 20 ML, JF AL 5 1R 4
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L AR AL IKP AR AN 1] o 22 5 R 8 43 W B T R I AE IO hEAH O AE bR 54 TR, 4 WGCNA
R 22 S DR SR 0 3 AT 45 B P 45 SR 5 G ke e ] FH T 7 At v v PS5 A G T

AW TR WGCNA FlZE 736 R RIE 41715, X TCGA Al GEO %# % 1) LUAD #15% mRNA
FARTEIAT T o001, AX A F R R AR A . 8k 8 (i - & F WA B4 H (protein-protein interaction,
PPD)7r#ir TheeE £ AEAE M, P8R T LUAD IR . FRATIIFLEeft 1 —Flosr i ik
T fi# LUAD BT LE S T Bl 55 22 e e ik ZE R i 40 #7 o

2. MRS
2.1. BIERE

LUAD )3 R 22 15 5t sk 5 T TCGA 38 5 F1 GEO $5#5 [ . 8 Fil TCGA biolinks 5[ 12] F ) TCGA
2 535 4 LUAD FEASHN 44 AN IE R HZUAE B AEDF L H, BT B2 fR/71E cpm (count per million)
> 1. FRAIIE edgeR L[ 1394 FH eR %L rpkm ik 24t 15, 127 ASEA RPKM EHRZEF AT T — & 54
M Tllumina HumanWG-6 v3.0 expression beadchip (GPL6884) F# GSE32863 % [K ik . GSE32863 11
fikH LUAD 1) 58 A Al 58 /ANARIT AR il 241, i Perl 155 ) merge A
(https://www.perl.org/) ¥ RNA-seq HHE SCAFFIE PREHE ST 53 51l 6 9 21—/ FE S

2.2. HEFEMEPINEERIRETIRF

FIFH R #1) WGCNA f#) % TCGA-LUAD 1 GSE32863 ¥ (3L R iAM£5[9]. X T 54 EBkEA P
ARABCHIBEEL, WGCNA X RE AR ] i AR G BE R ST 7 0 dir e D T3S — AN KA I 4%, AR A
pickSoftThreshold P&, FATIEFE T soft powers f=3 and20. R)5, MHLLTARN: a;=(Sy| B (a;: HEH i
LB j 2 AR 4HERE, Sy: Pearson AHICVEM T TH AR AERE, B: soft power )6l & 20 HH 4 .
o 4 1 B 4 FE(TOM) AAH B ) =l (1-TOM)EET 7484 . AR5, BT T 1-TOM AR ISR 2 Ik
R, BHRIRIEZER AR IR L RE B . RIEERT R, AT 7T - RptE X Bk
WUNTHREBER[14]. PR, fRiAHC REEH S IRPRHEARAA DS, FFPEImE TR 82504 . ZE T st 7e
X IR BT A o BRI [ 14].

2.3. ERRIAEFE(DEGS)FEFSThaeERIEEIER

FIHH limma BL[ 1570 RNA I RO 51 B8 35 4T 22 57208 70 A o B limma £33l %2 F T TCGA-LUAD
F1 GSE32863 $dls 4, ik LUAD 5 IE# 412 [0 2 7 RIK WL K(DEGS). N T#EHIBAME, K
F Benjamini-Hochberg i£X} p HHEAT T % . 1% DEGS [ BI{E % & 7E|logFC| > 1.0 1 adj. p < 0.05. #
5, N T ARBEER TSR, BAE VennDiagra G4 E DEGS 5 3L IA3E K 2 8] ) H B JE A
24. BEMBEERNEES

GO M B HE =/ 4> T DIRE(MFs) ARk 73 (CCs) R it #2(BPS). #IH KEGG 4 #1155 il
% R H R IR I A YRR VS AE D RS . ClusterProfiler EL[16]H T4 % W 78 TS J5 R 6 Th B (9 ik bR v Ay
adjusted p <0.05).

2.5. PPI KOt R ¥ L B E R TFix

FIH STRING 7F £k 1 H (https:/string-db.org) ) 22 11X L& {5 1% A X FE BB (1) B 11 i - 5 1 53 Y 4% (PPI)
[17]o FEARWTEH, FAMEH Cytoscape (v3.7.2)¥ L8G4 > 0.4 1E kA AR N AT ALK I ] £ A Y
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[18]. Hi CytoHubba (Cytoscape H' I —AMdif4 )i+ 5 Degree algorithm J5, 7 :FIAM L rp A $RAELE 25T A
[19]. Bfifi5, FATIEFE Degree algorithm A7 T HT 12 GEFEER > 6)HIEEFE ML L

2.6. #LEERIERE TG HME

FIH TCGA HHEEMIGIRAE B, AT 7 ERE 2 i OB A X R I8 . 7E TCGA #ds B b
12 F survival £ [1] Kaplan-Meier B4R 5 A2 A7 70 A 0 1% Oo B DR R AT A2 A7 20 BT

3. &R
3.1. HREAEAERWEE

BAEH R L WGCNA M TCGA-LUAD 1 GSE32863 %4f £ 44 13 L R JL R0k W 4%, L 1
TCGA-LUAD H[f] 15 MEHFT GSE32863 Hrf) 7 MG, JRHEER 1 — AN IR, PO &8 35 T 2
. RIFSHIET - R R, TN A IR IR MR 5 B AP T A G . 25 R R,
TCGA-LUAD [1) i &% iR GSE32863 AR (il 5 13 il 4 2R A G 1t e i (M 2 i d: ¢ = 0.79,
p=>5e-127, KR r=097, p=9e-T71). AL, HIEHEHLUHLL, WLk EOBHURIAR O ) 2L K]
£ LUAD ZH 43 (1) 3R H Fir ™

3.2. DEG M FRiAMEE EESEEHARE

FA3E L limma £ (cut-off criteria of [logFC| > 1.0, adj. p < 0.05) &K ¥l TCGA-LUAD #4541 3583 4
DEGS il GSE32863 $#i4E+ 1] 957 A~ DEGS 1EMys 4l Zih RiA K. 7E TCGA-LUAD %45+ i 5 4
AHAT GSE32863 A KAZ b rf, 23545 5313 N1 1699 MR IAFEN . &, RATHEL T P/ M
Herp B 358 MIERRIGIE LR IE ML .

33. ThEEE&E D

R ER ) 358 AN E S IR M AEThAE, KA cluster profiler f1#4T GO 1 KEGG & #E4#r. £
YL FE(BP) S AR, X S BE N 32 B AR T AN A A 4L 23 20 P - B A2 B R0 ot T A A 2 00 ol P B i
o I B IR ZE 2 20 (C.C) P = B 5 5 4 i - 440 6 32 2 N A4 A/ 5 ol i SR 2 38 0 o IR TR IR, 70 T3
AE(MF) /M ATIE B, IXSEFE R 5 DNA 45 & 57 S im s 1, B s & e KN 745 6425 £ KEGG
AT, XL AR AR A - E R B R 450, BRAR QISR AL A DU ER A SR 42
3.4. PP1 MERHB R HEENEE

AT STRING %4 7E 8 S FE K 2 A3 57 PPI 4%, 3F M PPI 4% i B i B A B B HE T 1Y)
SR IILRE R . )5, 1% GNG11. ADRB2. ADCY4. TGFBR2. IL6. GPC3. VIPR1. GRKS5.
CAV1. RAMP3. RAMP2 #il CALCRL %5 12 M7y EBEE iz O3 .

3.5. BiLEEFRIAE LUAD BEhibIEAkE XY

TEFREH 12 MR R 5, HT TCGA a4, FAT@Ed7E R N H cliCor BIRIUE | ADCY4
(2835 5 g 2 WG TR SR IEAH 555 R(p < 0.05; [ 1(a)). 7£ VIPRI FIEIEF 15 IV I BEEER
(p=0.033, & 1(e)). HJr, I HIFITI H TGFBR2 HIRIEH BEMEZE R(p =0.024, & 1(i).

3.6. 12 MO EENFREMEBRERE
AT H R A A7 AR Kaplan-Meier 73825t 12 A AR 2E47 A2 0 (4] 2). Kaplan-Meier 737
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# W, ADCY4. VIPR1 fl TGFBR2 HJFRE/KFHELS LUAD & # SR EAE % (overallsurvival, OS)iRZE A
F(ADCY4: p =0.003, VIPR1: p = 0.019, TGFBR2: p = 0.002) (] 2(a)~ & 2(e)F1&] 2(i))

(3) Gene expression of ADCY4 among clinical stages (b) Gene expression of RAMP3 among clinical stages () Gene expression of RAMP2 among clinical stages (4) Gene expression of 1.6 among clinical stages
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Figure 1. Twelve central genes expressed in different tumor stages based on TCGA-LUAD database
1. TCGA-LUAD ¥t#2 B+ = A iR B E 72 7 B i 2 RO 3R A

(a) Survival analysis for ADCY4 in LUAD (b) Survival analysis for RAMP3 in LUAD (¢) Survival analysis for RAMP2 in LUAD (&) Survival analysis for IL6 in LUAD
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(1) Survival analysis for TGFBR2 in LUAD (j) Survival analysis for CAV1 in LUAD (k)  Survival analysis for CALCRL in LUAD (I) Survival analysis for ADRB2 in LUAD
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Figure 2. Analysis of the overall survival (OS) for the expression of 12 hub genes based on TCGA database
B 2. TCGA $iEEEXS 12 PR EERIXM 2R EF(0S) 747

4. i1ig

ARG FER VAT MG 28167 COB W N FH T LUAD 53, {H LUAD HI TSR 2 . AR B 1T
REPAFEN T Fik, WREFELGOADAREDNT LUAD RS ft g £ CHE B, AR
o BN 5 LUAD AH2GH DEGS AL ERIA B 1) 256 AR S B 232 0 i, AT 24 4E TCGA F1 GSE32863
Bl e PR3 T 358 N EAHIFIRIEBAMIERE . GO M KEGG Bk EESNERY, ZRtRiaiEE
BEETSMmEE. REMTEEROER . tbih, BRI Cytoscape #' CytoHubba Fifh:FriZE % FE HE
%, BAVHIESE 7RI 12 4~ LUAD AH2<3E K, 3% GNG11. ADRB2. ADCY4. TGFBR2. IL6. GPC3.
VIPR1. GRK5. CAV1. RAMP3. RAMP2 fil CALCRL. H:+#' ADCY4. VIPR1 1 TGFBR2 {J#%ix 5 LUAD
(G R 2 #3655 . IR, ADCY4. VIPR1 #1 TGFBR2 [#] F IS5 LUAD H AR OS VI 55
FAIX ADCY4. VIPR1 Fl TGFBR2 #HT T A A7 Al s LUK 4007 o

PR R LB (adenylyl cyclases, ACs)PIBUE cAMP {55186 . HTHE AC WA H 2501
AN, cAMP F LA BN B EH . Bk, ACs LRSS 9IS S, HHm vix (s 5@
R BERE[20]. BT, ACs HH ADCY 3235 P SE0H ML 40 ARG B L T8 c-Mye ik i
n21]. sesh, —DiE R, ADCY3 1E N B Hm AR, 7T LA DNA FEG IR 22] 23], R
EFIRES, ADCY4 5 G BEAMEBZIAT cAMP 15 5B VM. H ADCY4 RIS 7R B
(1 OS AR 43 1A 52 [24]. BOLHIBT7CIRIE, VIPR1 AT LI 2 P i & e, AL HEEE R4 pIRi[25],
T A IR [ 26 FIIbk L RE AN AR [27], #2755 VIPRI fEFIHIEAIMAE Kk & P s EE/EM . T4+,
VIPRI1 ) DNA FF A 5l 25 30| B R % 5%, VIPR1 B FIA 58 [ TIUE FHZH 2357 5040 A6 O [28] AR HiRiE,
HIEH ML, VIPRI ZEMf e 4rh 25 R H[29]. M40 H1299 H VIPRI A% T IE % i b
40 BEAS-2B. Ib4h, VIPRI X H1299 4Hf A&, ER AR WA R HIH/EM[29]. TGFBR2
AL S A A R, Wl BRI [30], HHUE(31], BEMEE[32]%F. /£ TGF-B {55 @,
TGF- fifk 5 TGF-BR2 45 &t 7 TGFBRI SRR L ANIE[33]. BJ5, W4k TGFBRI #i% Smad
HE, ATHHEPEE 0 EMT [33] [34] [35]. Li BIBFFERH, TGFBR2 MIIKFIA S5 i 4 f(AS49) 19 5H |
TR AR B RE T 1) LR OR[36].

TEBRATBE T P AP — 28 R ER . B4R LUAD 5 1E 8 442 R I 12 Wik R &l it 42 & AW B
SO NTRHE N, (B TRA LUAD B KU, IRMEMLEIHER #ER. th4h, ADCY4. VIPR1 Al TGFBR2
XF LUAD 8825 T 7= A= 5000 PR B AR 435 WL 38 e il S 56 LSS IE

5. &ig

RHTFCEAEAZIE S LUAD MIRRIAAEA TR, AT EE— 251 R — Pl BB 1 2 PRV 7 S . i
X5 LUAD 2 1) DEGS MUSERIA RN Zr & EMME B oAb, JATRAIRTE 1 358 M EAMFAREE
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