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Early markers and tumor prediction models of lung squamous cell carcinoma

SHANG Wenhui, WANG Xiaoxi, LI Xiaoqin“, GAO Bin
(College of Life Science and Bioengineering , Beijing University of Technology, Beijing 100124, China)

Abstract ; Lung squamous cell carcinoma( LUSC) samples selected from the cancer genome atlas (TCGA) database
were used as dataset to investigate differences of gene expression in cancer patients from normal to stage I cancer at
the whole genome-level. Early molecular markers of LUSC were explored, and a tumor prediction model based on
early marker genes was established. The early markers of LUSC were identified by the combination of pattern
recognition classification, gene pathway and functional analysis, and the prediction model was established by Fisher
discriminant. According to the screening procedure, 12 early markers of LUSC were obtained, namely CLDN18,
CD34, ESAM, JAM2, CDHS5, F11, F8, CFD, MRC1, MARCO, SFTPA2, and FTPAl. Modeling by machine
learning method, the classification accuracy rate of early cancer samples and normal lung tissue samples of LUSC
was over 98%. Based on the selected early LUSC markers, the Fisher discriminant analysis method was used to
establish a prediction model. The specificity and sensitivity of the LUSC early tumor prediction model established on
the basis of SFTPA1 and ESAM for normal lung tissue and stage I cancer samples were 100% and 99.18%,
respectively. The classification accuracy of the independent validation set was more than 90%. The 12 early
molecular markers are expected to be the marker molecules for the diagnosis of LUSC, and the established tumor
prediction model has high accuracy, which can be helpful for the study of the pathogenesis of LUSC and early tumor
prediction.
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Table 2 Pattern recognition results of LUSC molecular markers

S FIREY SVM RF ANN
ACC 0. 9932 0.989 8 0.993 2
SEN 1.000 0 0.995 9 1.000 0
SPE 0. 960 8 0.960 0 0.960 8
MCC 0. 976 2 0.963 6 0.976 2

EHTT LIE X6 T = o i 4y 2 gk
AL SVM FIAE RS ANN B8R E] 1, D0 I AR A0 X
TFREAE 1 AR MERR R B A8 RF A RO 1A

7 0.99, Wi WX AE T 3t H A AR & i 1R 0 v
B3, X =Fh I SRR AL Y 2 SR Z5 5 X AT LA Y
=T HER R AR B T 99% iy, BB IR G
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Table 3 Results of LUSC molecular markers distinguishing between LUSC and other cancers

Samples ACC SPE MCC
LUSC-THCA 0.939 7 0.967 3 0.916 1 0.880 9
LUSC-LIHC 0.880 4 0.983 7 0.734 1 0.762 1
LUSC-KIRC 0.880 1 0.979 6 0.790 4 0.777 7

H % 3 AI 1, LUSC 28 F-hr& % LUSC #y3
JEAR TS, UL B 96% LA b, 7EHES: FR i gea i 1k
2 91.61% W 4¢ SM:  HEBR 98 F1 B 375 B 41 He i 1) 4
SRR 73% L 1, R 12 4> LUSC 7445
HYIRERRUEXT LUSC A A R & i U3 BE (] Asf A,
REHERR HA R AE FEAS | B00IE T A 3C A i 12 7 245 3
1) LUSC 73 FA5 s W B e ek
3.2 Fisher #|5|ZE L&

SR T g ST M AR 2 e T 0 2 S e AR

BT Sy i PR 59 0 L2 32 W i (3t — P BT A il B
Tk B BRSO 1 A e bR S W AT 2 R
AW Fisher ) 51 73 Ay A5, S 7 458 70 ) 5 PR
AIRE/D I HLASE Y 6 A0 B R A8 A R E o 2R
W,
3.2.1. R B BRI 2 2 R

X ek PR A P 4 4 DR AR AT A
IPRERILFE 4,
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Table 4 Classification results of discriminant model for single marker

Genes ACC SPE MCC
SFTPA1 0.989 8 0.995 9 0.959 2 0.963 0
ESAM 0.983 0 0.987 8 0.959 2 0.939 3
CLDN18 0.979 6 0.995 9 0.898 0 0.925 2
CDH5 0.976 2 0.991 8 0.898 0 0.912 8
JAM2 0.976 2 0.991 8 0.898 0 0.912 8
SFTPA2 0.976 2 0.991 8 0.898 0 0.912 8
F11 0.969 4 0.991 8 0.857 1 0.886 9
MRC1 0.959 2 0.991 8 0.795 9 0.847 5
MARCO 0.955 8 0.983 7 0.816 3 0.835 7
CD34 0.952 4 0.987 8 0.775 5 0.821 1
F8 0.952 4 0.987 8 0.775 5 0.821 1
CFD 0.9320 0.959 2 0.795 9 0.755 1

M3 4 T AT LUE W 76 B sl op | s 5
7 0.98 A4, Uk X THRAE 1 3 PR A LA e
TR BIAE J1 B S AE 0.77 DL L, Ui HXHE Se REA
MTUNBE ISR . 2Rk F , ALY 12 A
PIHERRRARAE 93% L) I, Hop L[]l SFTPA1 Al A
ESAM BT P RET MR % B e, B 7E 98% LA I, B
LAY N it bR 240 98 98 55 AR AE 1 LA AR S Y
X 7 hE
3.2.2  PIANFRRIE S P 4 G AR IR 1) 7y e 2 SR

X 12 ANRRAE 35 PRI AT 1 79 % 2 S A 7R )

Fisher JI A7 L 857 T 66 A4~ J 1A 70 | B ffy 2%
T E A8 i AH O R BCHE 42 115 04 4 AR A G 2
RILES,

H13% 5 WTLAB A ), 5 B R ST AR TR AR L
PHANRHIESE R A A AR I A o o v, s W (.
W, AEX MR A 7 AR Rk B T
0.99,, FHorfr Fip 7S AN (8RR S RIGEU I 5 il 20 21
FEARIRE SRS T 1, MiBUsrE (IR LUSC JE 1 HIkE
) HAkF] T 0.99, Ul HAAS RS fili e DRk 41 At 88 e 55 A
i THIREAER BAA TR S Ui RE
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Table 5 Classification results of discriminant model for two characteristic genes

Genes ACC SEN SPE MCC
SFTPA1 \ESAM 0.993 2 0.991 8 1.000 0 0.976 2
SFTPA1 ,CDH5 0.993 2 0.991 8 1.000 0 0.976 2
ESAM (SFTPA2 0.993 2 0.991 8 1.000 0 0.976 2

ESAM \F11 0.993 2 0.991 8 1.000 0 0.976 2
ESAM \MRC1 0.993 2 0.991 8 1.000 0 0.976 2
CDH5 SFTPA2 0.993 2 0.991 8 1.000 0 0.976 2
CLDN18 ,CFD 0.993 2 0.995 9 0.979 6 0.975 5
SFTPA1 \JAM2 0.989 8 0.991 8 0.979 6 0.963 0
SFTPA1 .CD34 0.989 8 0.991 8 0.979 6 0.963 0
ESAM \JAM2 0.989 8 0.991 8 0.979 6 0.963 0
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Fig.7 Relationship between ACC and size of characteristic genes set
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Table 6 Discriminating model

Centroid of discriminant

Genes Discriminant function
normal cancer in stage |
SFTPA1 0.114 1 0.006 9 0.222 6xSFTPA1
ESAM 0.138 7 0.018 2
SFTPA1 [ESAM 0.229 1 0.022 9 0.247 TXESAM

RT WARBTFEMNDEER

Table 7 Classification result of independent verification set

ACC

Data set

SEN SPE MCC

GSE11969 0.909 1

0.

882 4 1.000 0 0.793 9
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