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Abstract

Lung cancer, a complex molecular network disease, is a malignant tumor with the highest inci-
dence and mortality around the world at present. In order to further understand the pathogenic
molecular mechanism of lung cancer, we firstly identified differentially expressed gene (DEG) be-
tween cancer tissue and the corresponding adjacent normal tissue. Then, we used weighted gene
co-expression network analysis (WGCNA) to screen for the DEG. In total, eight gene modules of
DEG were detected and hub genes were identified. By calculating the Pearson’s correlation coeffi-
cient between module eigengene and sample traits, we obtained the blue module which was highly
associated with lung cancer, and found the hub gene of blue module was carbonic anhydrase 4.
Hub gene plays an important role in the blue module. By using Database for Annotation, Visualiza-
tion and Integrated Discovery (DAVID), the Gene Ontology (GO) enrichment analysis and KEGG
pathway analysis were performed for blue module. The analysis of GO showed that blue module
played important roles in biological functions, such as regulation of Rho protein signal transduc-
tion, biological adhesion, and carbohydrate binding. The analysis of KEGG indicated that blue
module took part in the pathways of axon guidance and 0-Glycan biosynthesis. The results showed
that high correlations modules of lung cancer and hub gene identified in this paper played a po-
tentially important role in the development of lung cancer.
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HE

JiiyE R H AT AW E N KRR RN R &SRR, ER—MERNSTFREER. NTHE—PT
SRR BUR I FALS], FRATTAE B AR B 3R IE M 45 2T (WGCNA) 53, X iR S E 3 IE 4
LW ERREERNFET T, BTN ZERREEFEFATEIR IR 5 P ARG EE (hub gene) F1iHF], &
BT )\MER, B ESMEERE R &R F (module eigengene) SFEAHFIE K /R R E,
BABR—A 5 R =R AR (bluediil), KBblueffik X A E AR ET 54 (carbonic an-
hydrase 4, CA4), X—iRAEFERRbEEEENIER. FHELTEDAVID (Database for Anno-
tation, Visualization and Integrated Discovery)XtbluetEti#4TGOTh AL B £ X KEGGE K 417. GOZ:
trEnbluelE E5Rho FEHWGESHTRIE. EUWHH. BEESEYWINEE; KEGGHHT Enbluell
RS5THRSAMN0 BEENEDABGRE. XEMPEREH, SCH IR MR RSB A 4
HEREFEFENRERBIEPEEBAENEEER.
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1. 5I8

Jitidees A& A4t S i LS R 2 — (1], TR BV ILRR R R AR E MR e A, R S8
PEBME R AE T A BRI, R MR RO R IR 4, TR 2, FEH 5 AEAAERRIK[2]). HATH R
(VAT & A VI BR NG 2 Ay S o BRI X T Il 1) ¥6 7 e B ZE AT SR 02 FHRA U RS W Al =
TG bR EDD, XU A0 2 22 R A SR (R AR . JE R L RIE 4% 70 i L8 LN I F TR0 2
5 2P B B R . AR B A B o AU R LR W 245 3 BT (WG CNA) 2 A4 7 358 [R] L 3R 08 I
S TS, ERMERRIET RAEEDF BN L, FHTEIT S FERNHIMNSE X R, Ik
o P SR TR (0 2 PR B 2K 31 — AN B (module) [3]. WGCNA J5 72 [ HEAE BLSK Tk B IR T 22 Fh A 4 2 fo)
(RIS, FEHUAS T 2 BB R I [4]. B 4, Liao Z5[5]F FH WGCNA & 7wty - JEgnfish i H L RE M 2% .
Plaisier Z5[6]i8if WGCNA J57%, &5 bric B IR A H T USFL #1 FADS3 & ikt 5 & s g i
REFIA BB . bAh, H WGCNA TR AL Z [ AH G HERT, R RR K. i, ©C& %
BRI T2, Blhn, FE A BE . FUIRME. R RUE. B BHEE7] [8].

FEIX R SCE A, AT WGCNA St 7 il 3 (R 3 R A 1 5 REACRHIE 2 (R I AE G, 153 81—4N 5
Jiti e e DR IR (AR, P IX AR EEAT GO Dy s 240 A Al KEGG 3@ 6 40 AT, FFHR BN AN X A 5k [,



BET S X A5 A B D REEAT 0 M7 o G5 SRR, AR AL DR W] REA'E JMilieg A 25 L 39334 W 23 7 A0 5 TS 1Y)
PRED

2. BIRFAGZE
2.1 Wi

ASCEHE YR B 2010 4E Tzu-Pin Lu 28 TAFE[9]. 1% K B NCBI 71 GEO %i4f% J# (Gene Expression
Omnibus, http://www.ncbi.nlm.nih.gov/geo). GEO i & .45 J5 46 HHfE A1 FiAb B 5 (8 ds , A SCfd A ) %
0 AL BT B HOHE o B F & 45 2 GPL570, 1B HXAACHE 2 4 5 je GSE19804, ik M
HG_U133_Plus_2. ZEIEEHFREE 120 MEA, Ho 60 Ml 2V, 1 55 60 /NI HH M (1136 5% 1
WHGREAR, IXEEREARIISR AT G VS TCHhE 52 0 Lot il . TEASC, BAMEM R 155 GSEquery
A Limma B NI BT AR, R M S BE S B E R R IA R A

2.2. INIREEHRIEM LR

WGCNA J& 1 F Jk P 2 38 Bt SR A 2 T RUBE I 2% 14 R e e 27 77 0 o FLIEACRBBR 401R [3] [10] 15
P B R IR AR K, R 557 P 32k X 2 1] B AR BRAR R SR B 2 x B, (T A 30 1 THREED i ANt
j I BORARA R A EG Horb A0 j R S T SRR § AN PR R IA R

1+cor(xi +y))
2

ij

)

RIE, AR 2 K IE R R IEFL: 50 MR e i AR TR I, 828R signed, oA g NHBRIME,
FLSEEt AR P B S R B R BRAH SR R B B IR T o 1R — 20 BE W8 T8 B 31 oAk 5 AH S 14 AN 55 53 AH = 4 .
s

1+ cor(xi + yj)
2

a =

O]

T2l A SR 3 K AR B L ¥ M FhAERE, 1 S (topological overlap measure, TOM)H K
BRI R 2 8] () SR R S
2 BBy + 3
mi”(zuaiu +Zuaju)+1_aij
1-TOM FRoRFEEH i AL j 2 [AIRAH R FERE . ] 1-TOM 15 a3 6 L kAT )2 R R 2, AR5
BNAS BY VI B AT R R o AR b i B AR M S R FR O REIE ) s LR, fRiRR ME, &
RF T IZAEH N FE R RIE KT, BRI — %0, MHAR 4 KitHE ME, HA i
TRt g HISEL, | SRORBEEL g FE B
ME = princomp(xi(,q)) (4)

TOM =

©)

FATH T FE AR BT REAS (1A 1% 5 B2 NVRFE [7) S R DR ME 3RIA 1 (1) 57 R AR AH D& Pk i =X A
FEPREZAE P Sy, BB £ 4 (module membership), 8k MM. A 5 8 MM, Hrhx, %
INE TN ERRIERE, ME® KR g FRHIE R R EEF(ME), MM EoR TR i fEEER g S,
HMMY =0, BEEIER | AR g, MM BRI+ 8-, DRI SR | S5 q mEAROG . IF
TR 7R | SR q 2 1ER SRIE 2 UK

©,
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MM =cor(xi,ME°') (5)

FE[K B 2 14 (gene significance), HFR GS, FikfE LK 5A4MTE BRCEFER, GS Mim R~ LK
HEAYZEREN, GS=0, UWHXANEFEADSS SR RAEY R .
2.3. XELFRAERERNIBRAERARTFIE

TR AR E A SE 1) & FE K (ME) S AEA RS BB B R B/ 9% REOCRI E s it . MX 41 3L R
HIRERNERE, e M B EEREN— KK . WGCNA B—/™ B 52 3K B B i
WA FER . — R, X TR, FRERAZERNEBEGEWFEE N .. SLUEHES 5 i)
(MM)®] LR SR Al — AN SE RIE AR B R g LM, JFH MM SHERFEREE A & AR R[11].
Fk, FATVREE MM (ESRIEDURAFER, FFAFERTE — AN g PR b B A & KRIMMIE, A
FER X 41 3L A
2.4.GO 1 KEGG BEREE S

i F DAVID (https://david.ncifcrf.qov/) X AR BT GO & &0 Hrfl KEGG @734, DAVID &—4

RS BRI, A T AR EORE RN T, R 35 R R B B R AR R G A A T
Bl B, FEBNA PR B (5
3. R

3.1 BiRAEMERFREERNGIE

XF 2 A RER TR AN FEE I OL, BATHCT AR I R R . & e R P B s K
A NFENRIRIERE, HAp AT SRR, FIFOREEREAFREA R RIS E. BB @R 120
HEMREARHE R, KRR EEAN “17, BAEREADY “27 , SEFREARRFALAE, (LR 5
RIFA R R AP AT IO RS R R IE I B AT, P XU 45 AT DU ke B[ 12] . BB (e M|IgFC > 1, 3%
321 1359 R RIAFE A . FIE R 5 H (10 Limma BAFE 5 K.

3.2. MANEEILRIEMEHIIIE

158 FH it 2L 2355 4 2 e 55 1E 5 443 R 1359 A2 R Rk B RIEAT W 4 (A 2, [ TR RIB S
T WGCNA L. WFALR AL RIB ML fF & To R EEM 2%, BV ISR K 1795 s LRI 2 log(K) 5
2T A IR K 2 log(P(K)) EEHURH G, HAHSR REELR T 0.8 N T BRI AT REEM S, FAl
W p=12 (K] 1) F— DA RIDFERE A il AR HERE R, AR5 PRI AT HE e e e R $MAE R, 2T TOM,
AL average-linkage /2 UCRFVE XS S RIHEAT RIS, (B VIS (deep split = 4) I\ 5 45 J e o
PO, AR T 9 MBI 2), FREFRH, grey BIHUR TERERIH e BN RNES . K 3 BIF
T4 p=12 1, 42 BA O R ERR I . ] 3(a) ion 1 2 BRI B2 B2 M ATZR ) AR RFE, 14 3(0) 7R T log(K)
F log(p(K)) ARG, HAHSGRECK T 0.8, TESE T BT k4 I 2% T U ek

3.3. REHFAEFBRIRIBRAERITFIE

THREARMEERE) ME SFEARFE R BORBRAICRE M IC R B0 U X MR 21 4). 4 4
AT RN B RERARHIE AR, SRR EEARHIEE R, 3 tissue FoRFEAHLURIE, B
51| age F/ANFWE, H=H stage T MR . AL R FRIRAR I R BN = BURAR VOB I B/
T BB RN B R B S A R AR A R R EL, 55 BTN P AR, B ERATAT LS ) blue F
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Figure 1. Analysis of network topology for various soft-thresholding powers

E 1. DA EEE T MRS

o _
-
©
o
£ © +
2 o
[0}
I
<
o
N
o

Dynamic Tree Cut

Gene dendrogram and module colors

Figure 2. Gene dendrogram and module colors
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Figure 3. The test of property of scale-free network
3. TREMZFFHERE

Module-trait relationships

MEblack o Y 00 1
MEbrown ) Py A
MEpink ik (66.04) 05
MEturquoise H 'O'?%“ o (6%%1)
MEblue 0o (6e-10) 0
MEgreen (()695 )9 (;4%1)%)
MEred Yy 008) 05
MEyellow (%12? (6%%73) l
MEgrey o(_g%?sa (%-%%) .
»’\\99\)0 Q’Q’Q é@o‘?

Figure 4. Module-trait associations

4. HER-FHERIME X1

P GREAR S LR (B SR A 75 B i) AH DG PR de i, B blue BEHM il s SRR, B LARE N oReFtAT]
FBE X AMEIGHAT JE B 0T . TR B 5 blue BLHURRAE A 5 BE B AR DG, ) LATS 3] blue 45
BLifTHX A5 R A BRI I I 4 (MM, = 0.952).

3.4. GO ThEEEE N ## KEGG B
GO LyRe & AT F TR A BB T E £ R EE GO i X [13]. £/ DAVID %} blue i #4T



GO w2 MLl J KEGG Il T, KBLUIXASb w42 31— 2L 5 2] GO 15 A il . GO B4
Hrivgs B W4 1, blue FEbE 234423 4 (biological process)ffJi& X A: Rho & HHIME S # SiHx
(regulation of Rho protein signal transduction). =4k (biological adhesion): ‘& % 34140 /3 (cellular
component) i R : [l JE(intrinsic to membrane). 41 ffu#h X 5k (extracellular region part); & %24 F I
fit(molecular function) (135 SUA: BR/KAL A W45 4 (carbohydrate binding). Rho S R #4 # K+ P (Rho
guanyl-nucleotide exchange factor activity). KEGG i #% & £ 73 #r45 S 4 W55 2, blue BEHE 4L 21 6y -
128 F 7] (axon guidance). O Y ZEKE I 445 B (O-Glycan biosynthesis).
4. Wig

FERL BT, FRATR I blue BEHUR M = X DA EE,  JF Bk 3| 7 iX MESR IR A EE . GO B4
SIMTEE RN, blue BLHUE E E LM AV IR : Rho ARG SHE SHE. AN, KEGG M
ST E R MRFN. O BEEN AN G, KT RIBHMEm 4 fFETHREN. HF
20 55 200 B B) B D 5 A 5T (R AH LR AN 25 S ) — 380 1, RENMEE A, DEOVRENR, /A T ARk
e AN ET . T CA4 52 blue BEEIIHXAIEN, CA4 FERGubd =Y o iE L e e by, &—M) 2
FAE TR I — Rl  DhRE AL BrAKA &P T () 7 AR A SR 7, B A fE il B2
MR EA S NE R VP2 REY], RN 4 Z25MWRKE. %8, 5 SUmnA RS
Ko M, FESARIE 1 — WIm PRI B, A8 FH R A ) 7140 ) CAG ik, W] DA IR I #2 #2 [ 14] . KEGG
ST EEE AR 3, O R RERY: AR Sm 5T, Frla2 semaphorin 8 H 5 R K
AL RS DL R A B PE T B VAR 9E[15]. Semaphorin 8 S — Rl /3 WA B S IR S 2R 1, T 0 bR i
)3 R HG T LA K S0 Ji e I A2 ORItk 2 4l Bt Ak 1t 9 BRI AR s < A2 4+ . CA4 2 A3 12
Ty L A LR ) —F, 1/4 1) CA4 AEAE T FELL N 2 FAh K 40 M (1 20 B /bR 1T, B R — — AN did
I B 235 ) 3T A o Rl TR IR b (R BRI [16], 1B 472 5 DA b s S B AE PR Pt i R AN b 58 5 1) J
P o XECER R, SO R A e v O IRAR R DL R A AN R 2 DRI it e S8 ) e AR I R
HEMEH.

Table 1. Most enriched functional annotations of the blue module
i< 1. Blue IRHLEEFHEH GO IBX

Category Term name P-value
GOTERM_BP_FAT regulation of Rho protein signal transduction 3.8E-5
GOTERM_BP_FAT biological adhesion 3.0E+4
GOTERM_CC_FAT intrinsic to membrane 4.6E-6
GOTERM_CC_FAT extracellular region part 9.9E-6
GOTERM_FM_FAT carbohydrate binding 5.4E-4
GOTERM_FM_FAT Rho guanyl-nucleotide exchange factor activity 9.3E4

Table 2. Most enriched pathway of the blue module
3z 2. Blue IR B E E K AUIA R

Category Term P-value
KEGG_PATHWAY axon guidance 2.7E-4
KEGG_PATHWAY O-Glycan biosynthesis 6.9E—4
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