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Abstract

The progression of diseases can be roughly divided into three stages: normal state, pre-disease
state and disease state. The pre-disease state could be identified according to the dynamic charac-
teristics of biological network resilience at different stages. However, for the evaluation of network
resilience, the current materials are mostly model-based and only applicable to low-dimensional
data, rather than high-throughput genetic data. In this paper, we proposed a data-driven method
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for evaluating the resilience of gene-related networks, and used this method to identify pre-disease
states. The validity of this method was proved by the application of one simulated data set and five
real data sets. The five real data sets included gene microarray data sets of acute lung injury in mice
and four cancer data sets from TCGA database (lung adenocarcinoma, gastric adenocarcinoma,
thyroid cancer, and colon cancer).
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Figure 1. (A) The changing trend of network resilience during the progression of complex diseases (B) The algorithm of
evaluating network resilience (see more details in Section 3) (C) Property of indicator U during the progression of complex
diseases
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Figure 2. (A) 16-nodes gene regulation network based on numerical simulation (B) Curve: the indicator U changing with
parameter ¢ (C) 16-nodes PLS network at certain time points
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Figure 3. (A) Identifying critical stage on acute lung injury in mice (B) Identifying critical stage on LUAD (C) the survival
curve before and after critical stage on LUAD (D) Identifying critical stage on THCA (E) the survival curve before and after
critical stage on THCA (F) Identifying critical stage on COAD (G) the survival curve before and after critical stage on
COAD (H) Identifying critical stage on STAD (J) the survival curve before and after critical stage on STAD
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