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Abstract

Key words

Backgrounds and Aims: Microsatellite instability (MSI) has become an important biological marker
for clinical diagnosis, adjuvant therapy, and prognostic guidance in colorectal cancer (CRC).
Microsatellite instability often accompanies the loss of DNA mismatch repair proteins (dMMR).
Currently, the diagnosis of mismatch repair protein deficiency mainly relies on the results of pathological
immunohistochemistry for four repair proteins (MLH1, MSH2, MSH6, and PMS2), and MSI has become
an important biological marker for immunotherapy in CRC. However, there are few studies on precise
MSI prediction models and new signature genes. With the development of artificial intelligence in
medicine, precise prediction and data mining have become research hotspots. The aim of this study was
to establish a neural network model for MSI prediction and to discern new MSI signature genes.
Methods: Three CRC GEO datasets (GSE39582, GSE29638, and GSE75315) were used as model
training sets, and one TCGA CRC dataset was used as an independent external validation set. Based on
the sequencing data and microarray data of the datasets, a neural network prediction model for CRC MSI
was established using differential analysis, random forest algorithm, and elastic backpropagation
algorithm. Traditional machine learning models for MSI were established using K-nearest neighbor
algorithm (KNN) and support vector machine (SVM) algorithm. The prediction ability of the models was
evaluated using confusion matrices, receiver operating characteristic (ROC) curves, and the area under
the curve (AUC).

Results: In the training set, a total of 787 cases were included, including 111 cases (14.10%) of
microsatellite instability-high (MSI-H) and 676 cases (85.90%) of microsatellite instability-low/
microsatellite stability (MSI-L/MSS). In the validation set, 389 cases in the TCGA dataset were finally
included, including 67 cases (17.22%) of MSI-H and 322 cases (82.78%) of MSI-L/MSS. One hundred
MSI-related genes were identified by differential analysis, including 61 up-regulated genes and 39 down-
regulated genes. By combining differential analysis and random forest algorithm, the top 30 most
significant MSI-related genes were screened out. Based on the expression matrix of the MSI-related
genes, a neural network prediction model was established using 23 gene expression matrices. The model
showed accurate prediction ability in both the training set (sensitivity: 0.993, specificity: 0.973,
diagnostic coincidence rate: 0.990, AUC: 0.991) and the validation set (sensitivity: 0.950, specificity:
0.828, diagnostic coincidence rate: 0.933, AUC 0.922). Moreover, compared with other machine learning
models, the neural network model demonstrated more accurate prediction ability in predicting MSI.
Conclusion: The neural network prediction model combined with tissue deep sequencing can assist
clinicians in diagnosing the MSI status of CRC, and provide references and decision-making basis for
the selection of tumor immunotherapy schemes. At the same time, the identified MSI signature genes
provide clues and directions for in-depth research on related functions and mechanisms.

Colorectal Neoplasms; Microsatellite Instability; Artificial Intelligence; Neural Networks, Computer
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Table 1 Basic clinical characteristics in CRC datasets [n (%)]
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T2 — — 49(9.13) 69(17.74)

T3 — — 348(64.93)  268(68.89)

T4 — — 103(19.22)  44(11.31)
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A: The relationship between the decision tree node and the error rate;
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Figure 2 MSI-related genes screened by random forest
B: The importance of the top 30 genes with the largest contributions
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Figure 3 Diagram of artificial neural network
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R2 BANESREENNERY
Table 2 The weight coefficients of the input layer and the

R3 REERSHHENNERY
Table 3 The weight coefficients of the hidden layer and the

hidden layer output layer
Tt H H1 H2 H3 H4 H5 TitH MSI-L/MSS MSI-H
T -1348  -99.23  16.77 89.09 23.59 T 1.59 -1.08
HNRNPL -5.40 11.02  -1.36 1.06 17.54 HI 0.97 -0.97
HPSE -6.46 19.76  —2.04 426  52.63 H2 -0.98 0.98
EIF5A -11.71 810 3887 -11.59  26.65 H3 -0.53 1.01
GZMA 4.66 1.66  -3.45 034  -12.09 H4 -1.06 1.06
GNLY 1.25 1.61 224 087  -6.36 H5 1.00 -0.99
HSPA4L -10.64 1674 071  -1826  -17.48
WARS -10.35 4.26 3.67 956  37.86 05 HEEEIEM 555
MMP12 -16.66 5.76 358 5.8 5.22 i . o .
HOXCE T A 174 A Al A 2 0 45 455 750 0 0 1 2 4R RN g6 ik
ENO2 ~10.05 099 -048 -21.76 ~0.88 LAY CRC MSIARAS o FEVIZREE R, i 25 [ 28 45 754
GBP4 240 -1543 086  -314  -522 T A 2 R R s BURCEE 99.26%, S FE 97.30%),
HLA-DMA 1276 -2.03  -0.65 11.95 0.60 12 W7 45 4 % 98.98% . FHE T Al 99.55% ., [ 1tk i
MEHI B e e M 95.37%, AUC 0.991, 95% CI=0.982~0.998; 7&
GEAsh s iia oo Ge MR (RO (A4, B0, fiRiE
CAB39L 1342 044  -077  -10.87 7.89 82.76% , & Wi 1% & & 93.03%, M ¥k W (&
AXIN2 12459 11441 -133  -10.06 6.66 96.76%, BATETMAE 75.00%, AUC 0922, 95% CI=
HSPH1 -12.57 1672 243 -3.97 4.08 0.866~0.969 . L) 4L, BibfEilgEd,
QUL R0 Ta0 0RO S R e S, 2 4 B AUC BRI 1,
SRSt B TR . AN, 5 KNN A SVM 5
SESN1 198 -071  -2.10 1419 -480 R E, PR W B B — B R
CPE 479 1713 075 1404 -12.32 — B (£5).
R4 EENENER
Table 4 Model evaluation variables
P ER Y grde BE4E
RS (%) 99.26 94.92
S EE (%) 97.30 82.76
FHPETTINE (%) 99.55 96.76
FFPAEFTINAE (%) 95.37 75.00
WA (%) 98.98 93.30
B (% ) 2.70 17.24
B (%) 0.74 5.08
AUC 0.991 0.922
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Figure 4 ROC curves of the training and validation sets
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Table 5 Accuracy of different algorithms for predicting
MSI status in CRC
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