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Table 1 The summary of the clinical information
of TCGA-LUSC samples

LUSC-GE LUSC-ME LUSC-CNV

Number 282 178 292

Age (67.5+8.7) (68.0+8.9) (67.5+8.8)
Gender

Female 70 43 74

Male 212 135 218
Cancer stage

Stage | 154 96 158

Stage II 81 57 82

Stage Ill 47 25 52
Vital status

Dead 98 58 104

Alive 184 120 188
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Fig. 1 Flow chart of signature genes identification for LUSC tumor progression
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Table 2 Performance of stage classification model for LUSC tumor progression

Data Signature gene number AcCCl ACC2 ACC3 ACC
GE 67 91.59% 85.13% 72.83% 86.29%
ME 70 94.95% 86.92% 83.60% 90.92%

CNV 31 86.16%

54.00% 36.83% 69.16%
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Fig. 2 Beeswarm of GE signature genes in three cancer stage
(a), (b) Corresponding to HIF1A and STAT5B GE signature genes.
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Table 3 Enrichment analysis of KEGG pathways for the 165 signature genes

KEGG_ID Term P-value Gene symbols
hsa04062 Chemokine signaling pathway 0.018 CCR7, DOCK2, VAV3, STAT5B, ADRBK2, CCL7
hsa04350 TGF-beta signaling pathway 0.034 NOG, GDF6, NODAL, BMP5
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Table 4 The summary of the IPA genetic network analysis of 165 signature genes in LUSC

ID Molecules in network Score  Top diseases and functions

1 ACO2% ADH5, ANKH, ASIC1, CEP170B, CLEC7A* CSNK1D% DLC1% DPYSL5, FBXO03, FES* 24 Cellular growth and
FLRT3", FUCA1, GOLGAG6LS6 (includes others), GTSE1, HOXB4* LGALS3, MX2", NUPR1, PMAIP1", proliferation, cell morphology,
RNF2, SGTB% SHISA5, SHROOM3, SLC2A12, SP1, TDRD1", TNS3, TP53, TRAFD1, TRIM24, hematological system
UGDH, UNC5B, USP14%, ZNF483* development and function

2 ABCD2, CCL7% CELSR1, COBL", CREB1, CTNNB1, CYR61, DEFA5* EFTUD2, FAFl, GATA2, 22 Amino acid metabolism,
HESX1, HSF1, Hsp70, IDO1", IGF2BP3?, KNDC1", LDHB’, LDLR?, ME1, NUDT7, Ras, RHEB% small molecule biochemistry,
RNF112, SIM2? SPIN2A/SPIN2B, SRPK1, SYCEL", TAC3", THRB, TRH, TRIAP1% TSHB, WIFL, embryonic development
WNT11

3 ALDH1Al* APC2', APLF, AR, ATM, BCAN* CLGN’, CST6, DAPL1* DOCK2* DOCK7, DPPA%* 22 Cancer, gastrointestinal
ELMO1, FN1, FOXE1l, FOXH1, KIF16B, KLF4, let-7, NKX2-3*, PARP1, Prm1, RAC1, S100A14 disease, organismal injury
SOX2, SPATCL", Sprr2al/Sprr2a2, Sprr2b, Sprr2g, TAF7L, TEAD3, TTI1% TUBB3*, VAV3", XRCC1* and abnormalities

4 ADGRB1, ADRBK2% AHNAK, Alphatubulin, ASCL2", BRCA1#, CA9, CCR7% CD70, CUX2, CYP3A5, 19 Digestive system development
DCDC?2", DUSP16, ERK1/2, GGT6", GJB1, Hamp/Hamp2, HIF1A®¥ Histoneh3, HIVEP3, HNF4A, and function, lymphoid tissue
IGFBP5", IL17F, NODAL", NRARP, PERP, PNLIPRP2% SF3B1, SIAH1, STAT5B™ TNFAIPZ, structure and development,
TNFRSF11A, TNFSF11", TOX, TPM3 organ morphology

5 ACANY AQP3, ARL4D% ARMCX1* ATP6VOE1l, BMP5’, CCNA2, CCND1, COX6A1% CPLX2, 18 Hereditary disorder,
CREB5", CXCL6, DNAJAL, E2F7, ELAVL2, HDAC2, HTT, IPO5, KCNQ2*, MAGEA1*, MELK", MLF2, neurological disease,
MTNR1A?, OLR1%, PACSIN2, PC, PCLO, PPARG, PRDM1, RBP4, SDPR, STX1A? STXBP5, TNNI2, psychological disorders
Tpm2

6 AHR, AKR1Al, CBR1% CELAl, COL16Al1, CYP1B1, DAF’, ESRRG, FBX032", FOS, FOXL2, 14 Ophthalmic disease,

GABRA2% GAS2, GDF6*, GSR, HDACS6, HSD3B1, IL11, KCNE3*, LTBP1, LTBP2, LTBP3, MGST1,
Mt2, NFE2L2, NOG# NPTX1, PTPRO, RABI1IFIP1", SLC1Al1, SLC7A8", SSX2/SSX2B, TGFBI,

TIPARP, TPI1

organismal injury and
abnormalities, developmental
disorder

“GE signature genes; “ME signature genes; ¥CNV signature genes.
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Pattern Recognition of The Lung Squamous Cell Carcinoma Tumor
Progression Classification Model and Signature Genes Identification
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(* School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China;
2 The First Affiliated Hospital Oncology of Dalian Medical University, Dalian 116011, China;
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Abstract To identify signature genes for the tumor progression of lung squamous cell carcinoma, which provides
a deeper theoretical basis for further explanation of its inherent mechanism, new targeted drugs and treatments
development. The pattern recognition method was used to analysis the genome-wide mRNA gene expression (GE)
values, methylation values (ME), and copy number variation (CNV) data. To overcome the disadvantages inherent
in the genome-wide data such as ultrahigh-dimensional-small-size, high-noise and multi-correlation among genes,
and to overcome the predominate influence of the whole genome to the dozens of signature genes, a new iterative
multiple variable selection strategy was used to identify signature genes step by step. The importance of genes was
comprehensively evaluated by their significant difference with SAM (significant analysis of microarray), statistical
analysis using PLS (partial least squares), known biological functions and contributions to the classification model.
67 GE signature genes, 70 ME signature genes and 31 CNV signature genes were identified from the LUSC
stage [ ~ Il patient samples in TCGA (The Cancer Genome Atlas project) database. The corresponding accuracies
from 5 fold cross-validation are: 86.29%, 90.92 % and 69.16% respectively. The genetic network analysis and
pathway analysis using KEGG (Kyoto Encyclopedia of Genes and Genomes) and IPA (Ingenuity Pathway
Analysis) indicated the highly related relationship among these three kinds of genes. They also indicated the
immediate relationship between our signature genes and the progression of LUSC which is very important to the
understanding of its mechanism and to the development of new targeted therapy.

Key words lung squamous cell carcinoma, genome-wide mRNA gene expression, gene methylation, copy
number variation, tumor progression, pattern recognition
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Table S1 The important known genes

Gene symbol Location Gene symbol Location Gene symbol Location
STX 1A 7911.23 CCR7 17921.2 HIFIA 14923.2
BRCA 1 17921.31 DLCI 8p22 XPOI 2p15
STATSB 17921.2 DAP 5p15.2 XRCCI 19913.31
TUBB3 16q24.3

Table S2 67 GE signature genes
Gene symbol Location Gene symbol Location Gene symbol Location
LOC90784 2pl1.2 TMEMSSB 1p36.33 C9orf172 9934.3
TAC3 12913.3 TNFSF11 13914.11 LAIR2 19913.42
WFDCI10B 20g13.12 FLJ40292 - PMAIPI 18921.32
LRRC4B 19913.33 C9orf50 9g34.11 MESTITI 7932.2
CHCHDI0 22911.23 C4orf31 4927 CTCFL 20g13.31

RABIIFIPI 8pl1.23 FLJ30679 16924.1 TCPI1 6p21.31
VAV3 1p13.3 BMP5 6pl2.1 C9orf84 9931.3
SLC7A8 14911.2 DFNB59 2931.2 C70rf40 7p13

FBX032 8024.13 NAPILS 4g22.1 ZNF90 19p12
HAAO 2p21 CLGN 4¢31.1 MYHI5 3013.13
Clorf168 1p32.2 SLCI0AS 8021.13 APC2 19p13.3
ABCA9 17924.2 C9orf140 9934.3 MX2 21022.3
1DO1 8pll.21 C2orf74 2p15 RIC3 11p15.4
DCDC2 6p22.3 HIFIA 14923.2 GGT6 17p13.2
CREBS 7p15.1 NODAL 10922.1 KNDC1 10026.3
ENTHDI 22q13.1 C19orf46 19913.12 ASCL2 11p15.5
IGFBP5 2935 SSX2 Xpll.22 SYCEI 10026.3
PBXIPI 1921.3 COBL 7pl2.1 ZNF14 19p13.11
ILIRL2 2gq12.1 SPATCI 8024.3 MELK 9p13.2
ACCN2 12913.12 PCDPI 2q14.2 FLRT3 20p12.1
RPS26PI1 Xql13.1 TDRD1 10925.3 CDNF 10p13
ATPIIC Xq27.1 ADAM32 8p11.22 STATSB 17921.2
C8orf46 8013.1
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Table S3 70 ME signature genes
Gene symbol Location Gene symbol Location Gene symbol Location
LDHB 12p12.1 WBPI1PI 18g12.1 ZNF671 19913.43
CBR1 21¢22.12 HOXB4 17921.32 ACAN 15926.1
OR2BI11 1g44 MTNRIA 4935.2 ADHFE1 8g13.1
CLEC7A 12p13.2 PNLIPRP2 10925.3 KCNQ2 20013.33
SPRN 10926.3 DOCK?2 5035.1 SI100A 14 1921.3
DAPLI 20q24.1 KCNE3 11913.4 LOC648691 22q11.22
SNORD116-29 15911.2 ARMCX1 Xg22.1 BRCA1 17921.31
C170rf46 17¢g21.31 ABCA 10 17924.3 TEX13A Xq22.3
KLHL34 Xp22.12 ALDHIAI 9g21.13 CSN1S2B 4g13.3
DEFAS 8p23.1 PRSS50 3p21.31 LOC646813 11p11.12
BCAN 1g23.1 PRKY Ypll.2 STXIA 7911.23
NXPHI 7p21.3 ZNF844 19p13.2 ZAN 70922.1
DPPA S 6913 TNFAIP2 14932.32 FES 15026.1
RPLI3AP3 14922.3 GDF6 8g22.1 SDR42E1 16023.3
ZNF607 19913.12 ZNF483 9931.3 MAGEA1 Xq28
LDLR 19p13.2 NKX2-3 10g24.2 CCR7 17921.2
MIR888 Xq27.3 SLFNI2 17q12 DAP 5p15.2
FSDI 19p13.3 SPIN2A Xpli.21 DLCI 8p22
TPPP3 16922.1 SIM2 21022.13 CYP2B7PI1 19913.2
IGF2BP3 7p15.3 FGF11 17p13.1 HIFIA 14923.2
LOC647121 - OR1J4 9g33.2 XRCCI 19g13.31
ZIK1 19913.43 CCL7 17912 TUBB3 16924.3
LOC284788 20p11.21 OLR1 12p13.2 STAT5B 17921.2
PLEKHG4 16g22.1
Table S4 31 CNV signature genes
Gene symbol Location Gene symbol Location Gene symbol Location
SH3BGR 21922.2 TRIAPI 12924.31 NOG 17922
ADRBK2 22912.1 GATC 12924.31 SGTB 5q12.3
ACO2 22913.2 LOC646214 15q11.2 TRAPPCI3 5q12.3
CRISP3 6p12.3 FAM27C 9g13 LINC01387 18p11.31
SLC30A8 8g24.11 TSG1 6016.1 LOC101927150 -
CSNKID 17925.3 LOC101927637 12024.32 PIGU 20g11.22
LINC00911 14931.3 USpr14 18p11.32 TTII 20q11.23
ARL4D 17921.31 GABRA2 4pl2 ADARB2 10p15.3
GOLGAG6L6 15q11.2 MIR4273 3p12.3 DLCI 8p22
LOC101927616 12q24.32 RHEB 7936.1 CCZIB 7p22.1
COX6A1 12g24.31
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