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Construction of prognostic risk score model of colorectal cancer gene signature based on
transcriptome dysregulation

BAO Ru-juan, CHEN Hui-fang, DONG Yu, YE You-giong*, SU Bing*
Shanghai Jiao Tong University School of Medicine, Shanghai Institute of Immunology, Shanghai 200025, China

[Abstract] Objective*To construct colorectal cancer (CRC) prognostic risk score model, analyze the significant differences of cancer hallmark signaling
pathway or biological process among CRC patients with different scores, and predict the immunotherapy effect of the model on other cancer patients.
Methods - Eight independent CRC microarray datasets and two CRC RNA-seq datasets were collected from a public database. Differentially expressed
genes (DEGs) in each CRC dataset were screened. Based on DEGs with intersection from different datasets, univariate Cox regression model was used to
screen the genes associated with adverse prognosis. LASSO regression and multivariate Cox regression models were used to construct CRC prognostic
risk score model. According to the risk scores, the patients were divided into high risk group and low risk group. The area under the curve (AUC) of
receiver operator characteristic curve and Kaplan-Meier (KM) survival analysis were used to evaluate the model performance. Multivariate Cox
regression model was used to analyze whether risk score was an independent prognostic factor for CRC. Gene set enrichment analysis (GSEA) was used
to analyze the differences of cancer hallmark gene sets-related pathways between the CRC patients in the high risk group and low risk group. KM survival
analysis and chi-square test were used to predict the immunotherapy effect of other cancer patients, so as to evaluate the application value of CRC
prognostic risk score model. Results:Univariate Cox regression analysis showed that 16 genes associated with adverse prognosis were obtained from
DEGs with intersection from different datasets. Based on this, a CRC prognostic risk score model containing 8 gene signatures was constructed. In the
training set (AUC,, =0.788) and internal/external validation sets (AUC

risk group of all the above sets had significantly higher survival rate than those in the high risk group. Multivariate Cox regression analysis showed that

>0.600), the model displayed moderate accuracy, and the patients in the low

max mean

risk score was an independent prognostic factor for CRC. GSEA results showed that cancer hallmark gene sets-related pathways were significantly
enriched in CRC patients of the high risk group. KM survival analysis and chi-square test showed that other cancer patients in the low risk group had
higher survival rate and better immunotherapy effect. Conclusion:The CRC risk score prognosis model containing 8 gene signatures is successfully
constructed, which can provide reference for improving the prognosis of CRC patients and predicting the immunotherapy effect on other cancer patients.

[Key words] colorectal cancer (CRC); LASSO regression; Cox regression model; gene signature; prognosis model

[BEWE] R KPP R 7 R AE A BA (SSMU-ZDCX20180300)

HEEBN] WiklE (1991—), Z, #it; BTEH: brj@shsmu.edu.cn.

[@fE1EHE] 4B, HTE4: yougiong.ye@shsmu.edu.cn. #v 7K, HLF{5%H: bingsu@sjtu.edu.cn, “NIL[FEEGEIES .

[Funding Information] Innovative Research Team of High-Level Local Universities in Shanghai (SSMU-ZDCX20180300).

[Corresponding Author] YE You-giong, E-mail: yougiong. ye@shsmu.edu.cn. SU Bing, E-mail: bingsu@sjtu.edu.cn. *Co-corresponding authors.
[M4EE %] https://kns.cnki.net/kcms/detail/31.2045.r.20210315.1323.002.html (2021-03-16 12:32:31),,

http://xuebao.shsmu.edu.cn AR R (B 2E D) L 2021, 41(3) @‘\}



286 | rmzmmAZRE (EEm)

45 H 9 (colorectal cancer, CRC) J&fcH UL ENE
ez —, AR ARG T R A Y, BT, CRCHEH
(T 3 B T2 W] (0 0 4 R MR 4330 2 AR
M, T = e W Tk, BUS FEARIE A BRI 2 52
FrRgilm R K 2 PRt , TR RE A% A 80 H I 8 3 TS 1Y
WM e bs T o b B, HET, DA R P MEAE T 52 1K -1
(programmed death-1, PD-1) b3 A% G 22 6 A 540 4l
FJ& CRC REEIRYT I E BB Iy 1], HAUH —/NEB 43
CRC B HZ 4, HAEHABREAE h i Wtk EE & T
Ji A s R, R ARAS TN A R IR YT AL
SRMOCHERFE R, A B TR SR AE A IR KR YT . I
ok, BHERMESIFE A © FIRNA NP HE AN LR,
F O 7 A B s B R TR R B HIL] L 424 4 2
PRI BUS ARG E ORI 7 L, G RIE TN
BARF-EBHRE, W25 s KO 53 g A 5
S R R A S 2R R Al

K, AR A YR B2 BOR B 5 A I8
(i CRC AR 4R , X CRC il J5 AH 5C Ay S B PR A A 7 0 B 0T
P AR, PPAR AR AL (Y S50 1 R, PR RS TE RO
TRITACR TN, i CRC B3 1Y 15 & ARk 1k
KRB ia T RS %

1 BAESHE

1.1 CRCHIJE B i 35 e B He st

RNA-seq 4l 4. DM LR B Z1E K (genotype-
tissue expression, GTEx) %45 % (https: //commonfund.
nih.gov/gtex) T £k 308 {4 1E H 45 B HSUEA I BE IR 5=
TRESCHE B X8 1N 4 I I R AR R (L 4R I 5 i 1k )
HLURIESE), BRIk GTEx B4, Kk F R 508 h 4
TANTREE Y 7 si B 1 7 SR RO e Bl (fragments per
kilobase of exon model per million mapped fragments,
FPKM) {H 34T log,(x+0.001) %5, @7 ik 3 K 21 4]
W% (the cancer genome atlas, TCGA) %45 J%E (https:/
portal.gdc.cancer.gov) H %471 ] CRCZHLUEA I 41 1)
WE B G5 15 W 40 SRR A (1) 5 DR 2 5K 50 DL BRI ) A8 I
IRIEE (RS BEWER . M. AEFRE D APt E
85), R TCGA B4R, Xk PR A HiHiE (1 FPKM {HL ik
TTlog,(x+1) ¥4k, Bfi)5, ffiH sva RELAY ComBat pRECK:
GTEx ¥4 5 F1 TCGA i S 8 5 08 — Mt 4, I H
RNA-seq £l 4

TR B B 4R . FE HE N R IK 2545 (gene expression
omnibus, GEO) %4 )& " (https://www. ncbi. nlm. nih.

@] JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2021, 41(3)

gov/geo/query/acc.cgi) H T %k 10 ffil CRC 4 1 3E K ik
Bl Ko R E IR RE B (S BF AR . TR, AR
FRIRAS . AEFPRTIE %), {095 GSE8671 1 GSE18105 M/,
GSE20916 '*', GSE23878 "'\ GSE37364 "), GSE21510 "',
GSE33113 "', GSE39582 "'\ GSE17536 "/ Fl GSE17537 "',
{# FH oligo R £ (http://www. bioconductor. org/packages/
release/bioc/html/oligohtml) %) Robust Multiarray Averaging
PREON IS AR B ST A PR TR 8 B A W I L T
CRCAHZVRNE# 45 HHAIREA , WUl TIR8i2 545
Brs Ja 3B S TR RIS it 1 PR A L
WO ARG IS EA T R SR E

1.2 &S ib JE DA Je S fE 5> Br

8T R 35 7 limma f 20 43 5165 > G 91 i 4 v
B 25 7 A FE A (differentially expressed genes, DEGs)
YEAT i . B i R 3 F RobustRankAggreg (RRA)
£ 2V ARAT T 8 TR A B s A h AL (1) DEGs., IR &
K25 P A2 R A5 % (fold change, FC) XL
(log,FC) /R . # P<0.05 H. |log,FC|>1 fy 3 [H # K
DEGs. FfiJi, 4rl% RNA-seq $0#4E . TCGA ¥4
() DEGs #EAT i vE , J5 ik R vk bnf[] b (i RIEH
clusterProfiler fi 22 73 il Xf 13 F4: 51 B Wi 4 . RNA-seq B4
4R 345 1Y) DEGs #F 17 2 N A /K %48 %2 (Gene Ontology,
GO) ThResrtr, Z5HRLLP<0.01 M AERHE, RHRIET
GOplotfd ' Z I GO TRE M T4 R

1.3 1 DRURS B 23 B 700 1 g e Pl B A

1.8.1  H T KA SR e i i R by
T, A5G RO AR 0 R DR SRR B B IR AR B 1 A A
RZS . AEAFIIT], A TCGA $dli R vh ik #% 1 438 B4 & I
R A TF A ST, L BEALIER 219 IR AR ]
gidls, HEBRVIGRAE BT A 219 BIREAE ]y INFREGTESE ; W]
BF L DA 5 4l 4 v % B GSE39582 (556 lAEAS ) |
GSE17536 (177 filFEAS) F1GSE17537 (55 HIREAS) %
AR RSB BIESE

1.8.2 FilJE KU PP o 1S Y (AL A e o g AR il X <127
2 0 1 4R 15 19 DEGs #E47 Z Ik ik, 3K1% GSE39582,
TCGA %4l £ 3% 2 > %4 2L 45 19 DEGs. R I RiEH
survival £, 24 JEAT BRI 2K Cox BT, it 54 R
ML [XE It (hazard ration, HR) >1, P<0.05],
KA A AR A e R . ST YINZR4E, Wit RiB
& glmnet {3, > MR FE AR S HHTER (LASSO)
WUHHT, B e AR TTME, 1075 e B ) [T 4 22 4K

Vol.41 No.3 Mar. 2021



&, dR &

AR 0 BB AL Y, AT 2 I ER Cox [1IH 43 #T
P o e KRS PP A L XU PR A X . XU PE4)
=HEH 1 TR EXZ &K Cox TR B 1+--+ FER N F ik x
ZHZE Cox MIHZEN (Hirh NMACRIERED . AR08
F RS PESY, it R survival 2 2 (1 surv_cutpoint
BRIESCHE S5 0] 53y e DRSS 2 R XURG:£H

1.83.3  FEVIZREE P PHAL S KIS PS8 ke R L
IR A AR AR B 051 £ 35 i KU VP A 78R, O
Tt R G 53 Ay v XU ZEFIEOXURS: 26 . it R ggplot2 2
21 2 4 BB I KBS PP o R A ARSI 0 A 1], DA R e
FLNFGAE RS, it RIET survivalROC A 29 24| i [i]
(T G v S N (SR S 1 2
characteristic curve, ROCH14k), TR IIZRAE T B H A AF
Bl AAE 1L 20 34EMIMZ T AR (area under the curve,
AUC); i#iid R survminerfi, (https://cran.r-project.org/

(receiver operator

web/packages/survminer/index. html) %% #i] Kaplan-Meier
(KM) A:fehsk, iH5 2 HBF A3 i AUCTHH
T KM AR AR 2R 10 22 5, PPAS RS RLLE I 2R 4 v i 93
MPERE . WIE, S5 & UIZR%E T CRC B F AR . PR .
i geg 43 0 S I R A L, SR 22 3R Cox [ YA A5 51 53 4 JXL
B P32 5 A HI W CRCAS RS i Al sr 2

1.3.4  FEWN . AMERIGUELE ThpTAG TS RURS F 20 B R 1 4
AE SR BRI AN L A ERSR RS A 1) 5
N 7 i = M 1 o S D A T 9 s S R = L
o 2HL AN KUBS 4L o AR A A L AR SR TIE 4R (9 ROC i £k #

KM AL TEA, WEAZBAE N | SRR RS
4 TP RE

L4 JEPIEE T

N5 UE GSE39582 K41 45 Fl TCGA 5415 4 rh A% UK i
e AU 261 1) 1 B 68 25 5, FRATTRI A IR AR R AR A3 b
(gene set enrichment analysis, GSEA) 7" J5 ik Fb 4 I 4
fEFER 4 (hallmark gene sets) 7E2ZHIAIAY &, H,
2 i 98 e i 3 X 42 K U F Molecular Signatures Database
(MSigDB) %t# & (https: //www. gsea-msigdb. org/gsea/
msigdb/index.jsp) , LT SAE RN AR5 50 4L AR
S BT H 45 R R bR AL & A2 080 (normalized enrichment
score, NES), f#i NES it e Ry i B P AR T ey o AIRXURS:
A AR, B s« FOXURS: 21 ) 22 S5 1 2 1
i 968 R A AR 5 B SR Wk R . BDAE P<0.05S HT4E T,
NES>1 QR AL S 41 b 35 5 4, HONES R
AR TR AR 5 NES<-1AURIE AR 41 35 5
%, HINES|HOK AR

http://xuebao.shsmu.edu.cn

ST A TS MRS R SR BUS Ko | 287

1.5 13 RURR 08 53 R A G 22 363 97 80 04 B 50 B

ARWFFEARYEAI S Sk, T k2 & AR
A A RS R VA I AR 45 I DR A5 S 1 T A 9 i 1) 250 B
£, 50k 348 1l 2 R )y B T L A& -1 (programmed
death ligand-1, PD-L1) HEEIRTT M IR I I K i 8
I B DR 2 TR B R R AR L Y K 49 14552 PD-1 e i
IR I B A TR R L R B A R A B 2, R
5% CRC Tl WU P-4 B B AR G 16 Y 7 8O DAk v (9 R
O Wiz 58 B 7 o 9 B bl 46 vh o 5 T . ARl “1.3.2°
T TR 2 i AR v ) B9 28 8 IXURS: P43 i
FEVHEL, T4 R 122 2 B8t 2 43 531 43 Ay v JRURS: 4 AT R
W gH . i KM AR A7 il 23 2 21 /8 5 i AR A7 R b AT e Mo
QX KRG 2 A B 5 R RIS S iR TR
B2, KSR T Z R

1.6 Hil*¥iiik

FH R (3.6.2 A XA EdE #7401 5317 -
FETEGORNIEL (B 3Ib) R, R RSk T I
K X B A : (Log-Rank 35 ) LT A B4 4E v i
RIS 2 55 5 KM AE A2 T IRl ) 25 57 0 P<0.05 %R 2 7
HAG L

2 B#R

2.1 CRCEHHS il K5 hi
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DEGs 4317 -

*1 GEOHIEEM101 CRCEBENERER
Tab 1 Basic information of ten CRC datasets from GEO database

GEOID  Platform Tumor (#) Normal (#) PMID Country
GSE8671 GPL570 32 32 18171984 Switzerland
GSE18105 GPL570 94 17 20162577 Japan
GSE20916  GPL570 111 34 20957034 Poland
GSE23878  GPL570 35 24 21281787 Saudi Arabia
GSE37364  GPL570 56 38 25405986 Hungary
GSE21510 GPL570 123 25 21270110 Japan
GSE33113 GPL570 90 6 22496204 Netherland
GSE39582  GPL570 566 19 23700391 France
GSE17536  GPL570 177 0 19914252 USA
GSE17537 GPL570 55 0 19914252 USA

Note: (#) means number; PMID—PubMed unique identifier.
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Up-regulated genes Down-regulated genes
Leukocyte migration Negative regulation of cell migration
Response to hypoxia Regulation of blood circulation
Humoral immune response Positive regulation of ERK1 and ERK2 cascade
Antimicrobial humoral immune response Regulation of leukocyte cell-cell adhesion
mediated by antimicrobial peptide
Cellular response to chemokine Negative regulation of protein transport —lgP

Chemokine-mediated signaling pathway Cellular response to zinc ion

2
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Note: A. Number of DEGs in the 8 CRC datasets from GEO database. B. Heatmap of the top 10 significantly DEGs with intersection in the 8 CRC datasets from GEO
database. Shades of color—the degree of change in the expression. FOXQI—forkhead box Q1; MMPI—matrix metallopeptidase 1; 7CN/—transcobalamin 1; CTHRCI—
collagen triple helix repeat containing 1; C2CD44—C2 calcium dependent domain containing 4A; CXCL3—C-X-C motif chemokine ligand 3; CRNDE—colorectal neoplasia
differentially expressed; 4ABCG2—ATP binding cassette subfamily G member 2; GUCA2B—guanylate cyclase activator 2B; C4A4—carbonic anhydrase 4; CLDN8—claudin 8;
ZG16—zymogen granule protein 16; GCG—glucagon; A QP8—aquaporin 8; MS4412—membrane spanning 4-domains A12; CLCA4—chloride channel accessory 4. C. GO
function analysis of DEGs with intersection in the 8 CRC datasets from GEO database. ERK1—extracellular signal-regulated kinase 1. D. GO function analysis of RNA-seq
datasets. The inner dendrogram indicates the hierarchical clustering of the gene expression profiles, the outer circle represents the log,FC of each DEG, with the color
corresponding to the gene level, and the outermost circle represents the biological process terms assigned to the gene.

1 CRCHEIEEFHI DEGs HiE R E GO ThBES

Fig1 Screening and GO functional analysis of DEGs from the CRC datasets
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Note: A. HRs of 16 prognostic DEGs from TCGA dataset and GSE39582 dataset. SEMA4C—semaphorin 4C; SNAII—snail family transcriptional repressor 1; 44RS—alanyl-
tRNA synthetase; SERPINHI—serpin family H member 1; CHPF—chondroitin polymerizing factor; FSTL3—follistatin like 3; FKBPI0—FKBP prolyl isomerase 10;
SERPINEI—serpin family E member 1. B. Optimal parameter selection in the LASSO regression model. C. LASSO coefficient profiles of the 16 prognostic DEGs. D. Forest
plots of the 8 genes based on multivariate Cox regression model. N means patient number.
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Fig 2 Construction of CRC prognostic risk score model
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Note: A-C. The distribution of the risk scores (A), survival state (B) and modeling gene expression (C) in training set. D. ROC curves for predicting one-, two- and three-year survival
in the training set. E. KM survival analysis of the two groups in the training set. F. Multivariate Cox regression analysis of patients’ clinical information in the training set.
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Fig 3 Performance evaluation of CRC prognostic risk score model in the training set
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Fig 4 Performance evaluation of CRC prognostic risk score model in internal/external validation sets
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Tab 2 Analysis of immunotherapy effect between the high risk group and low risk group in the two datasets

Anti-PD-L1 dataset
Immunotherapy effect
High risk group (N=147)

PR+CR/n (%) 23 (15.65)

Low risk group (N=151)

Anti-PD-1 dataset

High risk group (N=15) Low risk group (N=34)

45 (29.80) 0(0) 10 (29.41)
SD/n (%) 30 (20.41) 33 (21.85) 8(53.33) 10 (29.41)
PD/n (%) 94 (63.95) 73 (48.34) 7 (46.67) 14 (41.18)

Note: SD—stable disease; PD—progressive disease.
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Prof. SU's group has a keen interest in the biology of signal transduction mediated by the MAPK and mTOR pathways, particularly their
regulation and function in mucosal/intestinal immunity against pathogens, tumor and other immunogens. We are employing cutting—edge
technologies, including single cell and spatial multi-omic profiling, whole mount tissue imaging, Hi—-parameter flow cytometry, combined
with newly established lineage tracing mouse models, mouse intestinal disease models, and clinical biopsy of enteritis and colon cancer
to investigate spatiotemporal distribution and the transcriptomic/metabolic regulation of certain cell types such as innate lymphocytes
(ILCs), myeloid cells (macrophages, neutrophils, mast cells, etc.) and mesenchymal stromal cells in homeostatic and disease condition.
A series of original scientific research provides novel therapeutic targets and intervention strategies for inflammatory bowel diseases
(IBD) and colorectal cancer (CRC) treatment. Prof SU's group has published more than 100 SCl-indexed papers on Cell, Nature, Nat
Genet, Nat Immunol, Immunity, Mol Cell, EMBO J, etc., with more than 15 000 citations.
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