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Major Brain Diseases: Basic and Clinic Aspects

Xiong Zhigi' Xu Lin® Zhou Jiangning’

(1 Institute of Neuroscience, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences,

Shanghai 200031, China;

2 Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming 650223, China;

3 School of Life Science and Technology, University of Science and Technology of China, Hefei 230026, China )

Abstract Brain diseases are critical challenges that need to be addressed by the nation as China are becoming a well-off society with a continuous

expanding of the aging population. Pervasive developmental brain disorders, psychiatric disorders and neurodegenerative diseases devastate physical

and mental health at different ages, and bring huge burdens to families and society, whereas effective therapeutic strategies are still very limited.
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Given many of these diseases have been intensively investigated at cellular and molecular levels, there are still huge gap at the circuit level how
diseases progress. To circumvent this conundrum, scientists are modeling human diseases on animals with higher similarity to human and unveiling
the underlying mechanism at single cell and circuit levels. Advances of optogenetic technology as well as cell-type specific manipulation and labeling
approaches make it feasible to couple tracing and recording of different micro-circuits with cognitive, emotional and behavioral functions. Meanwhile,
non-human primate (NHP) animals resemble human with higher proximity when compared to rodent or low species, and can be used for the
development of disease models, especially those associated with sophisticated cognitive or psychiatric functions. As China has large collections of NHP
resources, and the public society shows higher tolerance of research activity using NHP animals, scientists should utilize this advantage to develop
NHP disease models, which will cultivate world-wide leadership in both basic and clinic neuroscience. Currently, NHP research centers in Shanghai
(ION), Kunming (KIZ) and Beijing are developing brain disease models. Transgenic macaque with overexpressed MECP2 that models human autism
spectrum disorder was successfully generated in Shanghai. New imaging techniques and big-data tools should be developed to map neuron connectome
of whole NHP brain at both structural and functional levels. Furthermore, genetic modified NHP animal models that mimic disease brains challenge
current genetic engineering techniques such as CRISPR/Cas9, which should be further modified to reach higher fidelity and lower expenditure of
animals and time. Precision medicine of brain diseases requires dissection of molecular and cellular pathology at single cell level. The emerging single-
cell sequencing technology enables whole-genome gene profiling of a single cell, making the dissecting of pathological molecular mechanisms more
accurate. Research of brain disease is at a historical critical period, and new breakthroughs demand more united efforts from the government, scientists,
doctors and enterprises. There is still considerable space to build new collaboration mechanism among these communities, especially basic scientists
and clinic doctors. Although China has the largest population in the world, originated findings using Chinese patient samples still account for a very
little portion of the world scientific progress. The development of research power for independent original innovation requires substantial advances on
the above challenges, and will define the leadership of Chinese research in the world.
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