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Discovery of drug combination: Overcoming
resistance to targeted drugs for liver cancer

August 31 2017
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Simulation results from cellular experiments using hepatocellular carcinoma.
Credit: KAIST

A KAIST research team presented a novel method for improving
medication treatment for liver cancer using Systems Biology, combining
research from information technology and the life sciences.

Professor Kwang-Hyun Cho in the Department of Bio and Brain
Engineering at KAIST conducted the research in collaboration with
Professor Jung-Hwan Yoon in the Department of Internal Medicine at
Seoul National University Hospital. This research was published in
Hepatology in September 2017 (available online from August 24, 2017).
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Liver cancer is the fifth and seventh most common cancer found in men
and women throughout the world, which places it second in the cause of
cancer deaths. In particular, Korea has 28.4 deaths from liver cancer per
100,000 persons, the highest death rate among OECD countries and
twice that of Japan.

Each year in Korea, 16,000 people get liver cancer on average, yet the
five-year survival rate stands below 12%. According to the National
Cancer Information Center, lung cancer (17,399) took the highest
portion of cancer-related deaths, followed by liver cancer (11,311) based
on last year data.

Liver cancer is known to carry the highest social cost in comparison to
other cancers and it causes the highest fatality in earlier age groups
(40s-50s). In that sense, it is necessary to develop a new treatment that
mitigates side effects yet elevates the survival rate.
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Network analysis and computer simulation by using the endoplasmic reticulum
(ER) stress network. Credit: KAIST
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There are ways in which liver cancer can be cured, such as surgery,
embolization, and medication treatments; however, the options become
limited for curing progressive cancer, a stage in which surgical methods
cannot be executed.

Among anticancer medications, Sorafenib, a drug known for enhancing
the survival rate of cancer patients, is a unique drug allowed for use as a
targeted anticancer medication for progressive liver cancer patients. Its
sales reached more than ten billion KRW annually in Korea, but its
efficacy works on only about 20% of the treated patients. Also, acquired
resistance to Sorafenib is emerging. Additionally, the action mechanism
and resistance mechanism of Sorafenib is only vaguely identified.

Although Sorafenib only extends the survival rate of terminal cancer
patients less than three months on average, it is widely being used
because drugs developed by global pharmaceutical companies failed to
outperform its effectiveness.

Prof. Kwang-Hyun Cho's research team analyzed the expression changes

of genes in cell lines in response to Sorafenib in order to identify the
effect and the resistance mechanism of Sorafenib.
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Accumulation of e Upregulated in sorafenib group
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As a result, the team discovered the resistance mechanism of Sorafenib
using Systems Biology analysis. By combining computer simulations and
biological experiments, it was revealed that protein disulfide isomerase
(PDI) plays a crucial role in the resistance mechanism of Sorafenib and
that its efficacy can be improved significantly by blocking PDI.

The research team used mice in the experiment and discovered the
synergic effect of PDI inhibition with Sorafenib for reducing liver
cancer cells, known as hepatocellular carcinoma. Also, more PDIs are
shown in tissue from patients who possess a resistance to Sorafenib.
From these findings, the team could identify the possibility of its clinical
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applications. The team also confirmed these findings from clinical data
through a retrospective cohort study.

"Molecules that play an important role in cell lines are mostly put under
complex regulation. For this reason, the existing biological research has
a fundamental limitations for discovering its underlying principles,"
Professor Cho said. "This research is a representative case of
overcoming this limitation of traditional life science research by using a
Systems Biology approach, combining IT and life science. It suggests the
possibility of developing a new method that overcomes drug resistance
with a network analysis of the targeted drug action mechanism of
cancer."

More information: Jae-Kyung Won et al, Protein disulfide isomerase
inhibition synergistically enhances the efficacy of sorafenib for
hepatocellular carcinoma, Hepatology (2017). DOI: 10.1002/hep.29237
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