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Abstract: Objective: Identifying lung cancer disease-related functional modules is important to understand the mecha-
nism of lung cancer. Methods: In this paper, we propose an integration method of mining disease-related functional mod-
ule. Using microarray data of normal and lung cancer samples, firstly, rank-based method was applied to construct gene
co-expression network. Secondly, gene co-expression modules were mined through Qcut, then disease-related functional
modules were screened based on the joint measure of lung cancer differentially expressed genes and the functional con-
sistency. Results: 7 significant disease-related functional modules were screened, which were closely linked with the
development of lung cancer by literature confirmation. Further it found that our method could not only return the func-
tional consistency modules, but also find two modules were associated with specific functional annotations named “virus
response” that could not be identified by other methods. Conclusions: The method provided additional insights for find-
ing new functional module, which will be helpful for the studies on the pathogenesis of human complex diseases.
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Figure 1. Work flow
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Table 1. Module information of rank-based co-expression

network (part)
# 1. Rank-based Z£RIAMBEMIERIZRFEBS)

M_R  Size Genes
rl 3 PRO2964, KITLG, TGFBR1
2 4 E2F4, CDX1, DAXX, NAAA
PTP4A3, KRT33B, LLGL1, CYP2U1,
3 11 LOC100131613, SLC1A2, LOC100131062,
FAMI163A, SNN, AHSG,0R7AS
r4 3 ATXN7L1, CXCRS5, APOC3
5 3 KIAA1661, DNAH2, DDC
6 4 TRAPPC9, ACSM2A, USP32, ACSM2B
7 6 BAIAP2L2, FZR1,IFNA13,
Cl4orfl15, IFNA1, C20rf83
3 7 S100A1, SLC5A3, C220rf31,
r DKFZP56400823, AURKA,GCATP6,V0A4
9 4 ERCCS, B3GALT4, KRT37, WFDC8
10 3 ATP5G2, LOC732447, DAZ1, DAZ2, DAZ4, DAZ3,

PGK1, PCDHB1

Note: M_R denotes ID of module in rank-based co-expression network, Size
denotes size of module, Genes denote name of gene.

#: M_R &R rank-based LR IEM L B ID, Size R/RBIHK /N, Gene
FORIER M4 T

FERILIER, 1E 1274 ANAT 251 Bidrb 2y )7k ) 368
AR 47 A2 R (N 3 FIK 4 FR).
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Table 2. Module information of value-based co-expression
network (part)
R 2. Value-based EFRIEAMLZHERIEREB)

M_V  Size Gene

vl 4 MORCI, HADHA, LOC100132923, PMCHLI1

PNPLA3, KISS1, SYNM, PAXS, PCDHA2,

V2 6 LOC399904
3 ||  MEDI4 BCL7A, SSTR3, CYCSPS2, CYCS, SIRT2,
v BMP7, PLCB1, KCNS1, MLANA, PKD2L1
vé 3 ZNF362, INPP4A, RAG2
s ; PRRX2, MASP2, NNAT, PHTF2, KANK2, SNX26
v ,COL14A1
CHDY, KIF3A, ATXN2L, GJB4, KIAA1751,
v6 14 ADHIA, MCM3AP, EPHA7, LOC728946, UBE3A,
SNRNP200, KRTAP1-1, ZNF701, WBSCR23
v7 4 CNGB3, GRIN2B, ELOVLS, GPR68
o ; KCNAG6, NRAP, BAIAP2L2, KIAA1045, ZNFS1,
v HNRPDL, FCER2,
0 10 CCDC85B, MYTIL, HRH4, SSTR4, HTN1,
v HOXDI12, C9, WT1, UBE2D1, SMURF1, WISP3
v10 4 ATXN7, RUFY3, TTBK2, AKAP13

Note: M_V denotes ID of module in value-based co-expression network, Size
denotes size of module, Genes denote name of gene.

##: M_V IR value-based Tk W 4% Hr {5 ID, Size RN/, Gene
FRFER AT

Table 3. Information of differential gene module in rank-based
co-expression network (part)

3 3. Rank-based #RIEMENERERIREREZEB)

D_R  Size Genes

GMFG+, PFDNS, STX8, MRPL34, FAM32A,

! 6 S1PR4+

2 3 VAT, FBXO7+, VPS24+
3 4 RTN3+, BRPF1, FAM62A, OPTN+
4 X FAMS2A2, HK3+, SLC47A1, FABP4+, SFRPS5,
GPA33, CYP27A1, GPD1+
CRIP1, MARCO+, STEGGALNAC2, PTPNG,
5 10 GPRC5A+, APOB48, R LTA4H+, S100A4+,
TSPO, CD52+

6 3 HTT, PNPLAG+, PHF17+
; " FLVCR2+, VPS8, ITGAM, MRCILI, PCOLCE2+,

MAST3, SNX2, MSR1+, MRC1, VSIG4+, BACEI
9 5 HIGD1B+, PDE2A+, GIPC2+, AATK+, KIAA0040+
0 9 KAL1+, ADRB2+, FAM134B+, SPTBN1+, AGER+,

CLIC5+, LOC100131610,TNNCI1+, C10orf116+

Note: D_R denotes ID of differential gene module in rank-based co- expression
network, Size denotes size of module, Gene denotes name of gene, “+” denotes
differential gene.

#: D_R IR rank-based JLFRIEM 4 22 R FBIH ID, Size FRBIHK
/N, Gene FERFIM AT, W7 “+7 MIER B 7R 2R AL

3.2.3. HRRIAXRINRERR IR THE
T TR A S R O 22 R R, )
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Table 4. Information of differential module in value-based
co-expression network (part)

%R 4. Value-based £FAMEEREFEREREBS)

DV  Size Gene

1 3 C200rf20+, MUC1, CCNO

PIH1DI1, TNFRSF11, ABOLA1, ARHGEF16+,

2 6 GYG2+, ABCF3
; ) YIPF2+, DECR2,RPP40+, TOMMS6, COX6C.,
NPMI1+, TMED3+, PRICKLE4
4 4 ZCCHC2, PHF11+, ARGLU1+, UBA7
5 . DCPIA, MKNK1, RGL1+, IFFOI,
RUFY2+, CRTC34
COLIAI+, SULF1+, COLIA2+, COL3A1+,
6 10 SERPINE2, COL5A1+, COL5A2+, MFAP2,
LRRC17, FAP
7 4 TRAV20, TRA@, TRD@+, TRAJ17
8 4 FBXO7+, CYBSR3+, ATF4, SPAG7
9 3 EIF4E2+, TIMM17A, PSMC1
03 MALL, CEACAM6, CD24+

TS PP IRAFI 341 A 33 S22 7 R k4T
GO ThREFRBEAN KEGG Mk & &£, &a, ks
P 9 i K] Ty e R 3 — B 22 e R R BBE R (FDR. <
0.05), RIZmAH SRR . 73 0l 9fi i th 5 9 9 25 K]
TJREE R (intrinsic to plasma membrane, mitochondrion,
mitochondrial lumen §5) {2 — 1 7 AN AH R TLRE
R, 155959 2k K] By fe33 B (mitochondrion, plasma
membrane part, RNA binding) & 3% — L[] 10 M7 AH
KINRet
3.2.4. BIRIEXTIBEER 4T

BTG R AR T, IR A DG D e s
(LK 2), FATKIAE rank-based 331k M 4% Fl
value-based FLERIEM L, L 13 XA AR
Tt T rank-based HLFR kML iAoy 3 MK DI fE
(B 239, 351 Al 352)F1 value-based LIk M & 2
MEI DRI 14 M 2DEEZE R

AV A W 2 L I DR, R ES 4>
PR ThAE S plasma membrane part. extracellular
region. mitochondrion %5 12 NIIREAIC, SHRIEIX L
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SLUBIRF TR, (R TR Yt #2 f,  IFN-alpha/beta
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Figure 2. Disease-related functional modules in both network. Small circle within red oval and green oval intersect part, which represents the same
function pair of module in the two networks, small circle within disjoint part, which represents module of function differences in two network, differ-
ent colors represent different functional classes in small circle, the letter R and V in small circles, which represent rank-based expression networks and
value-based co-expression network, respectively. Green arrow point to the graph, which is modules 351 and 352 visualization, the light blue represents
gene, blue edges represent gene co-expression relationship.
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