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Abstract: Objective To mine crucial genes involved in the “inflammation-cancer transformation” process of colorectal cancer using
public databases, screen genes combined the algorithm advantages of machine learning and neural network models, verify the
feasibility and immune correlation of key genes as predictive indicators, and then predict the potential traditional Chinese medicine
(TCM) for prevention and treatment. Methods Two data sets GSE66407 and GSE166925 from Gene Expression Omnibus (GEO)
were used to screen the differential genes that appeared in the progression from normal colon to inflammatory colon (ulcerative colitis)
and finally to intestinal cancer. The core genes were further screened by constructing protein-protein interaction network (PPI). Three
classification machine learning algorithms, gradient elevator, random forest and decision tree, were used to predict the outcome. The
core genes screened by the three machine learning algorithms were intersected to build an artificial neural network model under the
deep learning framework, and the prediction accuracy of the model was verified internally and externally. The real-time quantitative
polymerase chain reaction (RT-PCR) combined with immunohistochemical data of Human Protein Atlas (HPA) were used to analyze
the expression of key genes in cancer tissues and normal tissues of patients with primary colorectal cancer. The association between
core genes and immune cells was analyzed by single sample gene set enrichment analysis (ssGSEA). The genes with prognostic
significance for colorectal cancer were screened by survival analysis. Finally, the prediction analysis of related TCM was carried out
through core genes. Results A total of 152 common differential genes were identified in “inflammation-cancer transformation”
process of colorectal cancer. These genes were involved in biological processes such as tumor immune response and inflammatory
response. Through the screening of the three kinds of machine learning algorithms, eight core genes were determine ultimately,
including tissue inhibitor of metalloproteinases 1 (7/MP1), matrix metalloproteinase 1 (MMP1), C-X-C motif chemokine ligand 13
(CXCL13), Pleckstrin (PLEK), granzyme B (GZMB), CXCL5, CXCL3 and CXCLS. In the neural network model under the framework
of deep learning, the prediction accuracy of the normal group and the tumor group were 86.3% and 92.3% in training set, respectively.
The prediction accuracy of the normal group and the tumor group was 80.0% and 80.6% in validation set, respectively. A total of eight
core genes involved in multiple immune infiltration processes simultaneously; RT-PCR combined with HPA database analysis showed
that the expression of TIMP1, MMP1, GZMB, CXCL5, CXCL8 and CXCL3 in cancer tissues of colorectal cancer patients was
significantly increased (P < 0.05), while the expression of CXCL 3 was significantly decreased (P < 0.05). PLEK expression decreased
in cancer tissues but the difference was not significant. TIMPI, CXCL13, and CXCLS had a significant impact on overall survival. The
prediction analysis of seven core genes with significant differences in experimental verification of TCM showed that the predicted
TCM mainly consisted of heat-clearing and deficient-tonifying medicines, with cold, warm and peaceful in nature, and bitter, pungent
TIMP1, MMP1, CXCL13, GZMB, CXCL5, CXCL3 and CXCLS could be used as key molecules

to predict the “inflammation-cancer transformation” process of colorectal cancer. The early intervention of TCM on these molecules

and sweet in flavours. Conclusion

may be of great significance for the early diagnosis and treatment of colorectal cancer.
Key words: inflammation-cancer transformation; colorectal cancer; machine learning; neural network model; immune infiltration;
heat-clearing medicine; deficient-tonifying medicine
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Table 2 Core genes identified by three machine learning algorithms and intersecting genes
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Fig. 7 Neural network model (a), ROC curve for training set (b) and ROC curve for validation set (c)
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