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Abstract

Background and Aims: Colorectal cancer (CRC) is the third most commonly diagnosed malignancy
and the second leading cause of cancer death worldwide. The latest guidelines recommend that all CRC
patients need to be tested for microsatellite instability (MSI). MSI patients often have deficient mismatch
repair (AMMR). The MSI/AMMR has been used as a biomarker for predicting the favorable response to
immunotherapy and prognosis of patients. However, MSI signature genes and their relationship to tumor-
infiltrating immune cells have not been fully described. Therefore, this study was conducted to discover
novel MSI signature genes in CRC through machine learning and verify their diagnostic values and
relationships with immune cell infiltration.

Methods: According to the inclusion and exclusion criteria, the GSE39582 dataset in GEO database was
used as the training set, and the COAD dataset in TCGA database was used as the external validation set.
Using machine learning methods (LASSO regression and SVM-RFE algorithm), MSI signature genes
were screened in the GSE39582 CRC data set and validated in the TCGA COAD dataset. Receiver
operating characteristic (ROC) curve and area under the curve (AUC) were used to evaluate the
diagnostic performance of genes for MSI. The CIBERSORT algorithm evaluated each sample's immune
infiltrating cell components, and Spearman correlation analysis was used to verify the relationship
between MSI signature genes and immune cells.

Results: A total of 536 CRC patients were included in training set, of which 77 cases (for 14.37%) were
high microsatellite instability (MSI-H). In validation set, there were a total of 389 CRC patients, of
which 67 cases (17.22%) were MSI-H. The baseline data analysis showed that the TNM profiles and
survival rates in MSI-H/dAMMR CRC were superior to those in low microsatellite instability (MSI-L) or
microsatellite stable (MSS)/proficient mismatch repair (p)MMR) CRC (P<0.05). In GSE39582 dataset,
21 MSI signature genes were screened by LASSO regression, and 6 genes were screened by SVM-RFE
algorithm. The MSI signature genes were identified as EIF54, CXCLI13, HNRNPL, HOXC6, RPL22L1,
and Y/6709 by combining the two algorithms. The diagnostic efficacy of MSI signature genes was
further verified in TCGA database, and EIF54 was found to have the highest diagnostic efficacy. The
AUC values for EIF5A in training and validation sets were 0.922 and 0.805, respectively. At the same
time, Spearman correlation analysis found that EIF54 was mainly positively correlated with CD8'T
cells, activated dendritic cells, helper T cells, M1 macrophages, yd T cells, and neutrophils; it was
negatively correlated with CD4" memory T cells, M2 macrophages, quiescent dendritic cells,
eosinophils, and regulatory T cells.

Conclusion: Analysis of novel MSI signature genes in CRC shows that E/F54 has a good diagnostic
performance and clinical value for CRC MSI status. It is also associated with immune cells and immune

microenvironment. Thus, EIF54 may become a new marker for immune checkpoint therapy.
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WMATIR F U R W, 45 W (colorectal
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PR RS 3 6L . AL RARSS 5 L. & KRAE R
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HO L AR MR TR B R A A R Eh s m LAY
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(deficient mismatch repair, dMMR) £ 4 5 2 & i
MSI (MSI-H) M, tehh, A SCERPIIE £ B 42 2 4R
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HL PD-1/PD-L1 25 ¥ i 520K Ji 8 1936 7 10 L 180 1) e
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F3E %, HUPD-1/PD-L1 AT L A fd 1 5 i 8 952 i 4 32
MY A inE . (HZ, T PD-1/PD-L1 #Y 3Rk
AR A3 CRC M 23R 97 32 2 1 A R iy BR A .
H AT, CRC /Y% if )7 B £ 258 H T MSI-H/
AMMR f9 5B #75, H AT MSI-H 1 92 46 45 53067 1Y
WTE DL BIF 5T TT AL D, TR 1 45 T 18 &2 R 1
B BFFE AN, OC T 45 B 9 MSTARAE J P 1 A 15 3]
WAT Z WA 5E . A58y B rY 2 AL as 2 >
i 126 MSI 2 W 03 d5c i 1Y L O ELAIF 58 566 B A
Je G P2 IR BRI A S

Bl & BHLAS 27 > AN TR BB TE B2 2 Ul i ) iz
EH, RERE B2 WY SR R 2 ORI P A
BITIIE AR R A LASE B R AR
ARy CRC B F KGRI S i TR A . A
M, ABFTE R EEH A, LA 5 ) AR
JE 96 UE 43 B 55 7 5 AE CRC B E I R8s o, & 8
B B A MSTRFAEFE A, Ay i AR BIF 58 110 FH B2 42 357 14
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) EAFm D F 30 d R E s () R RIFARIGIT
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1.2 HiEWE

7£ GEO B B (https://www. ncbi. nlm. nih. gov/geo )
T 3% CRC 58 % I ¥ B 4% GSE39582, £ TCGA ‘B M
(htips://portal. gde. cancer. gov) F # CRC il JF % 4%
TCGA-COAD ., H T GSE39582 [ CRC Ff A< £ 4% Kk,
RO AS #F 5% 85 GSE39582 /F M illl 4k 45, Ff TCGA-
COAD 1E R AN R 4E o b Ah, i H Linear Models
(LIMMA ) (O
normalizeBetweenArrays PR £ X6 4541 F 17 A o fb AL HE
i 3T SVA AL Combat bR 02 B 2 AN 508 45 i L ik
BN o
1.3 IR HHA

e BRI TR IR A B3 A A O R IR A 3R Gk K
S, ASHESE 43 B4 GSE39582 I TCGA-COAD % i 4
P R 2 MSI-H/AMMR 20 R A5 MST (MSI-L)
o DR R E (MSS) /45l & 1 5E % (pMMR)
4, 7 BF 5% 48 MSI-L-MSS/pMMR 41 1E g % 18 41
MSI-H/AMMR 20 7E 0 WL EE2H . i LIMMA 40 % 22 53
SERPEAT O 2k, HAIE J7vA M FDR ko 0 2k 45 1
K llog2 (ZEFAE%) 1>1.5 3 H FDR {<0.05.
1.4 HB[EX

T A5 B TEORS B A0 MSTERAE B, 0 4l
LASSO [m] )5 53 3% #0132 K5 1) 4 AL - 38 09 48 AE T BR
(SVM-RFE) Bk Xt 1R 15 ) 1y 22 5 5% B o 17
Ve LASSO [H%%k : fdi 1] glmnet £, alpha 2 $i5
BN, ZXIUEN 10, F= A T A U AIE )
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(B0 P X5F 87 B L D % H . SVM-RFE 8% . fdi i caret,
kernlab, el071 4, XJ#RFEAT N #38 LB UE, R
FI) 2k “svmRadial”, % 5 0 26 1 356 K]k 38 X
Bk 22 (RSME) H/MEMEREH., 2iX&E T
VERRAE T 28 (ROC) FH LA MSTARAE 3 K (1932 Wi
e, ML TmA (AUC) {H R MSIERAE JE K AT
Mrdebr . LUARE R J7 235 AUCAE 95% I A IX (1],
FhAETT 15 A bootstrap 72 -
1.5 BhEiRE R %% 4 AT

CIBERSORT 5 19 GSE39582 il J5 % 41 11
25 A0 MR A 0, P<0.05 VR S T v i 14 975 35 b
o PPN R R A R A S . CDAT 4,
CDS'T AL, ISR, HHBNAY T ML, M1 B b
YA, M2 B WA, MO B WA M, bk 40
M, BAnML, icAZ Mk B 40 AR K 4n i . AR B 5T 4
FHAR A 53 T F 58 MST 4 AF 32 PR 5 e 98 32 1) 0 8 40
JiL A I, AR R MST 45 AE 5 [R] X6 Fifr g 47 928 F3 3R
BerysZm o (RIS, MSIARAE 3 PR 55 6 5 20 it 14 AH ¢
PEW AT T Bk 5e .
1.6 FitF4E

TR R, 5 A IR A i 25 55 1R A S
PIFH8 + pifE 2 (82 s) MR ER, HE
55 75 3N Student't K5 50 58 7 22 43 M1 5 ANTF A IER 4
A B 7 22 5 P 0 B A ] A2 gk (DU g3 A6 R] i)
(M (IQR) |, B3N AESHAG K . AT R,
KX B (CAXED 0 (%) ], HER

N XK 56 5 Fisher K AL A . e AE 5 DY 55 4 g2 200
JHL B8 A 5 A 3 A SR TR J2 Spearman B AH & 73 BT o
APl A R RA A dplyr, geplot2,
pROC %45 . P<0.05 H 22 34 G2 X,

2 # B

2.1 EL&BEBMFE

GSE39582 % i v 4 it 4 536 4] CRC & #
Hor MSI-H &8 # 77 ] 5 MSI-L/MSS i 3 459 i .
MSI-H 20 55 (il f73% , F71% %0 71.4%, MSI-L/MSS 24
299 BIFENG , FEIG %K 65.1% , MSI-H 41 01715 % 5
F MSI-L/MSS 41 (P=0.001) . 7 TNM %33 & 4t
MSI-H 41 (1) 5 #2455 MSI-L/MSS 21 /2% (T 4330 .
P=0.036; N/4ri#. P=0.007; M. P=0.02). i
FARWS M RN A A ) (] 7E MSI-H 45 Fi MSI-L/MSS 41
22 5 G 2=E L (33 P>0.05).

TCGA-COAD £ #5 v 2 lir 48 389 4] CRC i 3,
H o MSI-H &8 # 67 i 5 MSI-L/MSS i 3 322 i .
MSI-H 20 57 (il 473% , 1% % 7 85.1%, MSI-L/MSS 21
258 I AETE , 1A N 80.1%, ML FETRE K% H
TGl X (P=0.442) . £ N4 H1F0 M 2031
MSI-H 71 fi4 8 # 5 T MSI-L/MSS 41 /% (N 2040 .
P<0.001; M43 P=0.014). T4, BAEER,
PR E A AE PRl i 22 5 B G i X
(#P>0.05) (£1).

F®1 TCGA GEO $E S AL FRIFE
Table 1 Baseline features of CRC patients in TCGA and GEO datasets

., TCGA %HfidE GEO %ffa s
- MSI-H(n=67) MSI-L/MSS(n=322) MSI-H(n=77) MSI-L/MSS(n=459)
(S 5+ s) 68.8+13.8 65.9+12.4 0.115 68.9+16.3 66.9+12.7 0.296
PERn(%)]
5 38(56.7) 144(44.7) 38(49.4) 261(56.9)
0.098 0.269
& 29(43.3) 178(55.3) 39(50.6) 198(43.1)
HEAPRE (%))
peans 57(85.1) 258(80.1) 55(71.4) 299(65.1)
0.442 0.001
A 10(14.9) 64(19.9) 19(24.7) 160(34.9)
PNl — — 3(3.9) 0(0.0)
AR () 51.8(26.7~86.2) 41.3(26.2~86.0) 0.402 47.0(26.2~70.2) 52.0(26.0~81.0) 0.148
T4 (%))
TO — — 1(1.3) 3(0.7)
Tl 3(4.5) 5(1.6) 1(1.3) 11(2.4)
™ 13(19.4) 56(17.4) 10(12.9) 39(8.5)
0.289 0.036
T3 46(68.6) 222(68.9) 43(55.9) 305(66.4)
T4 5(7.5) 39(12.1) 22(28.6) 81(17.6)
TX — — 0(0.00) 20(4.4)
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Table 1 Baseline features of CRC patients in TCGA and GEO datasets (continued)
. TCGA Bt GEO Bt
MSI-H(n=67) MSI-L/MSS (n=322) MSI-H(n=77) MSI-L/MSS(n=459)

N3 (%)]
NO 54(80.6) 174(54.0) 50(64.9) 220(47.9)
N1 10(14.9) 84(26.1) 15(19.5) 120(26.1)
N2 3(4.5) 64(19.9) <0001 12(15.6) 87(19.0) 0.007
NX — — 0(0.00) 32(7.0)

M 7 (%)]
MO 59(88.1) 242(75.2) 72(93.5) 383(83.4)
M1 2(2.99) 54(16.8) 0.014 2(2.60) 56(12.2) 0.02
MX 6(8.96) 26(8.07) 3(3.90) 20(4.36)

22 ERERSH

R T4 T 0 e MST 4R AF 3 R, AR AR 5T B ST
HE T2 T B A g O, fdF LIMMA A3 %67 &5 A4 D
FE I BEAT 0 vk . 7E GSE39582 ¥ b, 2% 3L A
SyFrEE SEanE 1 TR . MSI-H 4017 AN FIE (4
@), TARKETHE (%658, 2R EA5%1T
R
2.3 LASSO [@J3F1 SVM i i% MSI4FEE F

Ry 1k — 20 R AH DG AL, A AL g
21 77 O 22 S L R HEAT R 58 . #E LASSO [l I3 v
AN EFENAEBR M PR E TR (EI24). 1
SVM-RFE 7+ #r i, 64~ 2 5L p i (K 2B) .
PR BIL 28 5 it 1 SR RIS SR R L IR e 15 B
6 > MSI F:AiF #£ [H . EIFSA. CXCL13. HNRNPL .
HOXC., RPL22L1. Y16709,

ROC 1 £k 36 31F MSI R 1F 5L PR B 12 W ik e, 4%
TEW %2, IS4 (GSE39582) i, 6 JLIA Y
AUC {H #8 7€ 0.75 LA I, H o EIF5A, HNRNPL I

29 30 31 3029 27 21 191377411
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Figure 2 MSI-related genes identified by LASSO regression and SVM-RFE methods
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Figure 1 Volcano diagram of differentially expressed genes
of MSI
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Table 2 Diagnostic efficacy of different genes for MSI

status in colorectal cancer

FEH GSE39582(lllZ:4) TCGA-COAD (HiF4E)

EIF5A 0.922(0.887~0.952) 0.805(0.726~0.872)
CXCLI13 0.765(0.709~0.819) 0.756(0.694~0.815)
HNRNPL 0.952(0.922~0.979) 0.518(0.441~0.598)
HOXC6 0.829(0.776~0.876) 0.780(0.709~0.846)
RPL22L1 0.895(0.851~0.932) 0.786(0.704~0.858)
Y16709 0.986(0.978~0.993) =

2.4 EIFSAREESMER EREHABX R

CIBERSORT 55 % fi# #t GSE39582 1) fith J& 4 2 4
Ji 352 A% 10 o AE T T s A P A 2
F& AT 43 A MSI 45 4F 3L [H EIFSA 5 405 40 Ji i A 56
PEo B3 W~ CDS'T UM, i fk i 4 28 1k 40 i
WERPET AN, M1 REANAE, ST 4ify, ik
AL 5 EIFSA BUIE AH G (3 P<0.05) ; CD4id 12
PET 40 ML, M2 RIS WA AE, Sk RN M, vE
PR kLA B, T PET UM (Treg) 5 EIF5A 211
I (3 P<0.05) .

CDS' T4

TEAL R R AN
BT 40

M1 A

ST 4y
RN

AR NK 40
LI CDATEIZHET A
LRI AL

i IEARAS NK 41
BIHE B AN

icte kB A
RISl 0]
MO FE I

S

WIlE CDATT 4L
HZ A

EVIHE T AL (Treg)
VERRERLAN
AR R TER AN
M2 [ 2 L
kR EICIZ 4T 4i

0.001

0.004

0.009

0.020

0.026 HICR B4t
0.041 e 0.1
0.072 @ 02
0.166 [ JE
0.203 80‘4
0.906 0.5
0.840

0.612

0.532

0313

0.151 P
0.062 0.0
0.053 l 0.2
0.049 0.4
0.026 0.6
<0.001 0.8
<0.001 Y
<0.001

Hhmh...l”lmu

-0.2 -0.1 0.1 0.2

4~Hk£§(5)zt/lw
3 EIFSAREESMERERZEMEMIXR

Figure 3 The correlation between EIF54 and tumor-

infiltrating immune cells
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MSI E £ 54 CRC 2B . 1697 LR BUS V- 9
T H L e PR AR 22— o TR IR R A B F Y A
H, MSIag 42 (2905 15%) F 3 o 0k R B
(chromosomal instability, CIN) (25 75%) & 42 i,
SR M CRC & A 1 W R 3 203 fi . i HO Lynch

© WA )3 of [ FF I F A EPTA

AR, LTI B AR R &0t MSLIR 12 &
AR, 5 CIN CRCHRAE R[] A4 2, MSI CRC F %
KA, AR RN M AR A 1k B A
F LA B, SR, MSIAH G I R i A 5
AR o T3 A0 A5 A TG A 35 PR 1 e A PR
AHIF 5% e T T AL A 2 2T 0 BRI R e R e 928 4 e
B o M, e A A EE B v B IE EIFSA R] BE &
MSI 1 FFHESE A .

MSI-H 7E 9 95 B2 Wr . s 36 97 R iR 3 T S
5 MSI-MSS AR K25, 2B AE CRCAFR M
iz —. TEMIEGRYT T, I MSI-H /) CRC &
ANTE F 5-80R W g Ry AR TE 7 4, il MST-H ()
CRC 5 X 0 37 8 B 45 1 Ak 7 25 W 3 ol UM . A
Jr 5 2 R WIS B T, B R )2 T R L 4
dMMR 2 15 3% 8 $0 5 85 4 9 307 il B Ak o7 o
FE R TS 5T, A SCHRHRAE . MSI-H o 305 i
T MSI-L/MSS fif g, Ji 2 75 LT 9 CRC 8 &
FpUT D OREFSE & B, GSE39582 CRC %#i . MSI-H ¢
B S AL T MSI-L/MSS #3 . SR 1M 78 TCGA 1Y
CRC 2 #F %l b, MSI-H 5 MSI-L/MSS H # 1Y 4= 15
BB 22 5 I G i h 22 o 3K n] BB 5 AR S 41 45 A
A K

TE 8 VA T A1, MSI-H/AMMR &% 2 2285
i CRC PTG IT 1A A HE . MSI-H CRC [ 35 7R 4%
% o BE K A A5 RS Y &L i R R 60% , %R
9 0 R R 849", A 45 B R Y 12 4 H Jo R
kR R T1%, 124 A B R A A R Oh 8391,
KEYNOTE-016 #f 5t B , 62% (7/13) MSI-H /Y
CRC 8 % 10 5 45 52 o S0 2 46 A s I RIB 97, JF
38T %M. KEYNOTE-164 BIF 582V W, 7F
P — 2397 5 9 MSI-H /Y CRC 8 34 F- 422 32 1 )
WHPUIRIT e, HE WG MR N 32% (7 b 1
IR 12.6 S H ), VAETCHE R A AR E B R
3R 41% M1 76% ., DL F 4518 — 8K W . MSI A
i CRC B8 R 7 JUH 2 B0 5 6 A w3697 158 2L b 9
Fra&dy, B, R b 5CT MSIARZS i i B a2 Wi Fi
MSI 5% 1 S8 ¥ 7 R HL A 52 A5 43 B Rna 11,

N T Rea Bz W MSL 7 i, ¥ EBEThH
B R 5 B, 2 4] A PR, R AR L
PPV FEME ST MSTUR S X g 6 Y 36 7 1 5% i) 7
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(tumor mutation burden, TMB) J7 I, 5 MSS/MSI-L
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WA 22 B

AWERAVRAFAELL T ILS AR . B, IIGE
G UEAE R A 2 E AN R NHE, 30 UE A7 76 Pl i 22
N TRE R 7 = E S A N M R S T BEL o O =
W, KT EIFSA ¥2 6 i 6 24 B2 Ak —Myc-MMR %l % A
VAT AN SR, 5 2R B Al S 5 A5 DL IE

AW 5T T CRC 2400 ) £l . & ok & i i
MSI [ F¢AE 56 B EIFSA, 9 % 30X MST i 2 B B
%5 i A E G R AR, i 3k IR A B A R MIST 403,
BAIESE 2 7, O LLJE A G 9 T R HIL i AT 9 B 44t
LR R AR .

Rl R . AN B R LA

© WA )3 of [ FF I F A EPTA

5% Tk

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries[J]. CA Cancer J Clin,
2018, 68(6):394-424. doi: 10.3322/caac.21492.

[2] Chen WQ, Zheng RS, Baade PD, et al. Cancer statistics in China,
2015[J]. CA Cancer J Clin, 2016, 66(2): 115-132. doi: 10.3322/
caac.21338.

[3] Kawakami H, Zaanan A, Sinicrope FA. Microsatellite instability
testing and its role in the management of colorectal cancer[J]. Curr
Treat Options Oncol, 2015, 16(7):30. doi: 10.1007/s11864-015-2.

[4] FEARR, BN, e, 55 . 45 E A IR 21 41 PMS2 4 1 Rk ok

A5 5 L PO B AE 49 5C R [9]. R E SRR, 2019, 28
(10):1297-1301. doi: 10.7659/j.issn.1005-6947.2019.10.019.
Tang WS, Liao MM, Qu Z, et al. Expression status of PMS2
protein in colorectal cancer tumor tissue and the relationship with
its clinicopathological characteristics[J]. Chinese Journal of
General Surgery, 2019, 28(10): 1297-1301. doi: 10.7659/.
issn.1005-6947.2019.10.019.

[5] Bartley AN, Luthra R, Saraiya DS, et al. Identification of cancer
patients with Lynch syndrome: clinically significant discordances
and problems in tissue-based mismatch repair testing[J]. Cancer
Prev Res (Phila), 2012, 5(2): 320-327. doi: 10.1158/1940-6207.
CAPR-11-0288.

[6] Yi M, Jiao DC, Xu HX, et al. Biomarkers for predicting efficacy of
PD-1/PD-L1 inhibitors[J]. Mol Cancer, 2018, 17(1): 129. doi:
10.1186/512943-018-3.

[7] Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency
predicts response of solid tumors to PD-1 blockade[J]. Science,
2017, 357(6349):409-413. doi: 10.1126/science.aan6733.

[8] Jung DH, Park HJ, Jang HH, et al. Clinical impact of PD-LI1
expression for survival in curatively resected colon cancer[J].
Cancer Invest, 2020, 38(7): 406-414. doi: 10.1080/
07357907.2020.1793349.

[9] Jiang YH, Yang M, Wang SH, et al. Emerging role of deep learning-
based artificial intelligence in tumor pathology[J]. Cancer Commun
(Lond), 2020, 40(4):154-166. doi: 10.1002/cac2.12012.

[10] Huang SG, Yang J, Fong S, et al. Artificial intelligence in cancer
diagnosis and prognosis: opportunities and challenges[J]. Cancer
Lett, 2020, 471:61-71. doi: 10.1016/j.canlet.2019.12.007.

[11] Cammarota G, laniro G, Ahern A, et al. Gut microbiome, big data
and machine learning to promote precision medicine for cancer[J].
Nat Rev Gastroenterol Hepatol, 2020, 17(10): 635-648. doi:
10.1038/s41575-020-3.

[12] Chen BB, Khodadoust MS, Liu CL, et al. Profiling tumor
infiltrating immune cells with CIBERSORT[J]. Methods Mol Biol,

http://www.zpwz.net


http://dx.doi.org/10.3322/caac.21492
http://dx.doi.org/10.3322/caac.21338
http://dx.doi.org/10.3322/caac.21338
http://dx.doi.org/10.1007/s11864-015-2
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.10.019
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.10.019
http://dx.doi.org/10.7659/j.issn.1005-6947.2019.10.019
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0288
http://dx.doi.org/10.1158/1940-6207.CAPR-11-0288
http://dx.doi.org/10.1186/s12943-018-3
http://dx.doi.org/10.1186/s12943-018-3
http://dx.doi.org/10.1126/science.aan6733
http://dx.doi.org/10.1080/07357907.2020.1793349
http://dx.doi.org/10.1080/07357907.2020.1793349
http://dx.doi.org/10.1002/cac2.12012
http://dx.doi.org/10.1016/j.canlet.2019.12.007
http://dx.doi.org/10.1038/s41575-020-3
http://dx.doi.org/10.1038/s41575-020-3

1362 H E

UGBS

\_\_

531 4%

12

2018, 1711:243-259. doi: 10.1007/978-1_12.

[13] Alicia L, Preethi S, Yelena K, et al. Microsatellite instability is
associated with the presence of lynch syndrome pan-cancer[J]. J
Clin Oncol Off J] Am Soc Clin Oncol, 2019, 37(4):286-295. doi:
10.1200/JC0O.18.00283.

[14] Bertagnolli MM, Niedzwiecki D, Compton CC, et al. Microsatellite
instability predicts improved response to adjuvant therapy with
irinotecan, fluorouracil, and leucovorin in stage III colon cancer:
cancer and Leukemia Group B Protocol 89803[J]. J Clin Oncol,
2009, 27(11):1814-1821. doi: 10.1200/JC0O.2008.18.2071.

[15] RERESC, AHE, EoM, 55 RYRCIE 28 A 7E B A 38 L H

X B i B I A 9 R o N A ). e L T AR A
2020, 29(10): 1178-1186. doi: 10.7659/j. issn. 1005-
6947.2020.10.004.
Cheng KW, Li J, Wang GH, et al. Expression of mismatch repair
proteins in rectal cancer and its predictive value for sensitivity of
neoadjuvant chemoradiotherapy[J]. Chinese Journal of General
Surgery, 2020, 29(10): 1178-1186. doi: 10.7659/j. issn. 1005—
6947.2020.10.004.

[16] Ma HY, Brosens LAA, Offerhaus GJA, et al. Pathology and
genetics of hereditary colorectal cancer[J]. Pathology, 2018, 50(1):
49-59. doi: 10.1016/j.pathol.2017.09.004.

[17] Merok MA, Ahlquist T, Reyrvik EC, et al. Microsatellite instability
has a positive prognostic impact on stage II colorectal cancer after
complete resection: results from a large, consecutive Norwegian
series[J]. Ann Oncol, 2013, 24(5):1274-1282. doi: 10.1093/annonc/
mds614.

[18] Lenz HJJ, Cutsem EV, Limon ML, et al. Durable clinical benefit
with nivolumab (NIVO) plus low-dose ipilimumab (IPI) as first-
line therapy in microsatellite instability-high/mismatch repair
deficient (MSI-H/dAMMR) metastatic colorectal cancer (mCRC)[J].
Ann Oncol, 2018, 29:viii714. doi: 10.1093/annonc/mdy424.019.

[19] Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with
mismatch-repair deficiency[J]. N Engl J Med, 2015, 372(26):2509-
2520. doi: 10.1056/NEJMoal500596.

[20] Le DT, Kim TW, van Cutsem E, et al. Phase II open-label study of
pembrolizumab in treatment-refractory, microsatellite instability-
high/mismatch repair-deficient metastatic colorectal cancer:
KEYNOTE-164[J]. J Clin Oncol, 2020, 38(1):11-19. doi: 10.1200/
JCO.19.02107.

[21] Hildebrand LA, Pierce CJ, Dennis M, et al. Artificial intelligence
for histology-based detection of microsatellite instability and
prediction of response to immunotherapy in colorectal cancer[J].
Cancers (Basel), 2021, 13(3):391. doi: 10.3390/cancers13030391.

[22] Cao R, Yang F, Ma SC, et al. Development and interpretation of a
pathomics-based model for the prediction of microsatellite

instability in Colorectal Cancer[J]. Theranostics, 2020, 10(24):

© WA )3 of [ FF I F A EPTA

11080-11091. doi: 10.7150/thno.49864.

[23] Krause J, Grabsch HI, Kloor M, et al. Deep learning detects
genetic alterations in cancer histology generated by adversarial
networks[J]. J Pathol, 2021, 254(1):70-79. doi: 10.1002/path.5638.

[24] Lin AQ, Zhang J, Luo P. Crosstalk between the MSI status and
tumor microenvironment in colorectal cancer[J]. Front Immunol,
2020, 11:2039. doi: 10.3389/fimmu.2020.02039.

[25] Ganesh K, Stadler ZK, Cercek A, et al. Immunotherapy in
colorectal cancer: rationale, challenges and potential[J]. Nat Rev
Gastroenterol Hepatol, 2019, 16(6):361-375. doi: 10.1038/s41575~
019-x.

[26] Zhang HL, Alsaleh G, Feltham J, et al. Polyamines control eIF5A
hypusination, TFEB translation, and autophagy to reverse B cell
senescence[J]. Mol Cell, 2019, 76(1): 110-125. doi: 10.1016/.
molcel.2019.08.005.

[27] Martella M, Catalanotto C, Talora C, et al. Inhibition of eukaryotic
translation initiation factor 5A (elF5A) hypusination suppress p53
translation and alters the association of eIF5A to the ribosomes[J].
Int J Mol Sci, 2020, 21(13):4583. doi: 10.3390/ijms21134583.

[28] Pelechano V, Alepuz P. elF5A facilitates translation termination
globally and promotes the elongation of many non polyproline-
specific tripeptide sequences[J]. Nucleic Acids Res, 2017, 45(12):
7326-7338. doi: 10.1093/nar/gkx479.

[29] Zhang J, Li X, Liu XR, et al. EIFSA1 promotes epithelial ovarian

progression[J].  Biomedecine

168-175.  doi:

cancer  proliferation and
Pharmacother, 2018, 100:
biopha.2018.02.016.

[30] Coni S, Serrao SM, Yurtsever ZN, et al. Blockade of EIFSA

10.1016/j.

hypusination limits colorectal cancer growth by inhibiting MYC
elongation[J]. Cell Death Dis, 2020, 11(12): 1045. doi: 10.1038/
s41419-020-6.

[31] Yu MC, Chen Z, Zhou Q, et al. PARG inhibition limits HCC
progression and potentiates the efficacy of immune checkpoint
therapy[J]. J Hepatol, 2022, 77(1): 140-151. doi: 10.1016/).
jhep.2022.01.026. [Online ahead of print]

(R tpig £0E)

Iy

305 AEN  ZEF ), WhEHE, EOh, 5 T LA Ak E
Bl TR AN e i R 248 SR AR B3 AT (] Rl AR A,
2022, 31(10):1355-1362. doi: 10.7659/j.issn.1005-6947.2022.10.011
Cite this article as: Li XQ, Han TH, Wang S, et al. Mining of genes in-
volved in microsatellite instability in colorectal cancer through ma-
chine learning and evaluation of their application values[J]. Chin J
Gen Surg, 2022, 31(10): 1355-1362. doi: 10.7659/j. issn. 1005—
6947.2022.10.011

http://www.zpwz.net


http://dx.doi.org/10.1007/978-1_12
http://dx.doi.org/10.1200/JCO.18.00283
http://dx.doi.org/10.1200/JCO.18.00283
http://dx.doi.org/10.1200/JCO.2008.18.2071
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.10.004
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.10.004
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.10.004
http://dx.doi.org/10.7659/j.issn.1005-6947.2020.10.004
http://dx.doi.org/10.1016/j.pathol.2017.09.004
http://dx.doi.org/10.1093/annonc/mds614
http://dx.doi.org/10.1093/annonc/mds614
http://dx.doi.org/10.1093/annonc/mdy424.019
http://dx.doi.org/10.1056/NEJMoa1500596
http://dx.doi.org/10.1200/JCO.19.02107
http://dx.doi.org/10.1200/JCO.19.02107
http://dx.doi.org/10.3390/cancers13030391
http://dx.doi.org/10.7150/thno.49864
http://dx.doi.org/10.1002/path.5638
http://dx.doi.org/10.3389/fimmu.2020.02039
http://dx.doi.org/10.1038/s41575-019-x
http://dx.doi.org/10.1038/s41575-019-x
http://dx.doi.org/10.1016/j.molcel.2019.08.005
http://dx.doi.org/10.1016/j.molcel.2019.08.005
http://dx.doi.org/10.3390/ijms21134583
http://dx.doi.org/10.1093/nar/gkx479
http://dx.doi.org/10.1016/j.biopha.2018.02.016
http://dx.doi.org/10.1016/j.biopha.2018.02.016
http://dx.doi.org/10.1038/s41419-020-6
http://dx.doi.org/10.1038/s41419-020-6
http://dx.doi.org/10.1016/j.jhep.2022.01.026
http://dx.doi.org/10.1016/j.jhep.2022.01.026
https://dx.doi.org/10.7659/j.issn.1005-6947.2022.10.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.10.011
http://dx.doi.org/10.7659/j.issn.1005-6947.2022.10.011

	1     资料与方法
	1.1 研究对象
	1.2 数据收集
	1.3 研究对象分组
	1.4 机器算法
	1.5 肿瘤浸润的免疫细胞评估
	1.6 统计学处理

	2     结　果
	2.1 基线资料特征
	2.2 差异基因分析
	2.3 LASSO回归和SVM筛选MSI特征基因
	2.4 EIF5A基因与肿瘤浸润免疫细胞的关系

	3     讨　论

