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Optimization in network medicine
Feng-Sheng Wang

Department of Chemical Engineering, National Chung Cheng University, Chiayi 62102,
Taiwan
E-mail: chmfsw@ccu.edu.tw

Network medicine is a rapidly emerging field that combines systems biology and network
science towards identifying, preventing, and treating diseases. | will present how to apply an
optimization method in a metabolic network of hepatocyte toward inferring a novel oncogene.
The liver is a vital organ involving in various major metabolic functions in human body.
MicroRNA-122 plays an important role in the regulation of liver metabolism, but its intrinsic
physiological functions require further clarification. This study integrated the genome-scale
metabolic modeling of hepatocytes and mouse experimental data with germline deletion of
Mir122a (Mir122a™") to infer Warburg-like effects. By definition of the similarity ratio, we
compared the flux fold change of the genome-scale metabolic model computational results
and metabolomics profiling data measured through a liquid-chromatography with mass
spectrometer, respectively, for hepatocytes of 2-month-old mice in normal and deficient states.
The Ddc gene demonstrated the highest similarity ratio of 95% to the biological hypothesis of
the Warburg effect, and similarity of 75% to the experimental observation. We also used 2, 6,
and 11 months of mir-122 knockout mice liver cell to examined the expression pattern of
DDC in the knockout mice livers to show upregulated profiles of DDC from the data.
Furthermore, through a bioinformatics (LINCS program) prediction, BTK inhibitors and
withaferin A could downregulate DDC expression, suggesting that such drugs could
potentially alter the early events of metabolomics of liver cancer cells.

Keywords: Flux balance analysis; Genome-scale metabolic model; Metabolic reprogramming;
Hepatocyte; Mir122a”’- mouse; Metabolomics profiling



Optimization in
Network Medicine

What is Network Medicine?

= Network medicine is a rapidly emerging field that combines systems
biology and network science towards identifying, preventing, and
treating diseases.

= The term network medicine was first introduced in The New England

Journal of Medicine in July 2007 by Albert-L&szl6 Barabasi in
"Network Medicine - From Obesity to the Diseasome"
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Roadmap of studies: Model-based optimization in
metabolic networks
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Flux balance analysis predicts Warburg-like effects of mouse hepatocyte deficient in miR-122a
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DDC overexpression in hepatocellular carcinoma (HCC)
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Mir122a’- mice induced DDC overexpression in hepatocyte that agreed with the computation
DDC, P-BTK, and BTK were upregulated in liver tissues from mir-122 knockout mice.

By using CRISPR/Cas9 system to
knockout DDC in Huh7 cells, we
shown that Huh7-DDC”- decreased
growth rate and reduced ability for
growing

DDC may be a novel oncogene in HCC

Huh7-DDC** cells and Huh7-DDC™
cells were injected subcutaneously
in the left and right flanks of male
NSG, respectively

Until day 11, blood vessels grow into
tumor in left flank and growth rate
was faster than Huh7-DDC” cells
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The tumor volume and tumor
weight of Huh7-DDC** cells were
much higher than Huh7-DDC"- cells.

[ ——"

Old drug for new use
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O Using LINCS, we found BTK
inhibitor and withaferin-A were
identified as potential drugs
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Summary: Precision medicine GSMNss for 20 healthy and cancer cells
This iterative procedure is to integrate dry-lab and wet-lab to build a protocol as -_—
artificial intelligent for assisting to find a novel oncogene and to discover old
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Thank for your attention!
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