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Brief Introduction

This book is a monograph designed for the genome-wide studies on the functional genomics of 8
liver cell types during rat liver regeneration at transcription level, covering a number of experimental
data, research achievements in regenerative biology and medicine. This book is consisted of three vol-
umes. Volume | introduces the experimental materials and methods, the functional genomics of rat re-
generating liver, regenerating liver hepatocytes, and biliary epithelial cells. Volume Il describes the
functional genomics of oval cells, stellate cells, and sinusoidal endothelial cells during rat liver regen-
eration. Volume Il displays the functional genomics of Kupuffer’s cells, pit cells, and dentritic cells
during rat liver regeneration. The online edition of this book provides the expression profiles of 18, 895
liver regeneration-associated genes during rat liver regeneration, and is an essential reference for those
engaged in the related research. It can serve as a reference and dictionary available for researchers,

teachers, students, medical workers and technicians.
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Preface

It is well-known that the adult human body is composed of 1 x 10" cells. Of which, one kind of
cells does not proliferate under normal conditions, but become active and proliferate rapidly when nec-
essary. Liver cells are the most representative of such cells.

The liver is the largest digestive gland in human body with hepatocytes as its main composition,
and performs many complicated functions. Cell division is rarely observed in hepatocytes of normal
adult liver. However, the normally quiescent hepatocytes show a marked replicating capacity, and can
rapidly re-enter the cell cycle when the liver is damaged, especially after partial hepatectomy. The liv-
er mass is restored within several days. Providing an answer for the questions of why hepatocytes pos-
sess such an incredible replicating capacity and what are the controlling factors for the proliferating ac-
tivity of hepatocytes, is of important theoretical significance in unraveling the mechanism underlying
cell biogenesis, development, division, differentiation, abnormality and even death, especially the na-
ture of cell apoptosis, and also has a valuable reference for the related research in other organs and cell
types.

Such a unique property of liver and hepatocytes has been observed during partial hepatectomy
which was first designed and performed by Professor Jia-Xing Zhou, at College of Life Sciences,
Henan Normal University. On the basis of Professor Zhou’s study, his student, Professor Cun-Shuan
Xu, established a Province-Ministry Co-construction Key Laboratory for Cell Differentiation, and fur-
ther studied this fascinating phenomenon of life. They spared no pains to explore the regeneration
mechanism at systemic, tissue, cellular and molecular levels, respectively, in the past over twenty
years, and have connecled the regeneration of different liver cell types including hepatocytes with many
other life phenomena, thus laying a good foundation for exploring their internal rules. Now, their
achievements are going to be published as a monograph, which can be called a masterwork. This book
is consisted of three volumes, providing an accurate and informative description of the functional ge-
nomics research in regenerating rat liver and its 8 liver cell types. They dedicate this book to the peo-
ple engaged in scientific research of liver and life. 1 firmly believe that this monograph, that is going to
be published, will play an important part in promoting further study of animal and human liver, even

tissue engineering and disease prevention.

Zu-Ze Wu
February 1, 2008
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Foreword

This monograph is a collection of achievements made by many people including I myself, my
teachers, colleagues, students and assistants, and collaborators at home and abroad, in their studies
on rat liver regeneration mechanism in the recent twenty-five years. Today, I dedicate it to all of you,
in order to provide the counterparts with data about the selection of candidate genes and the gene con-
trolling to rat liver regeneration. I sincerely welcome criticisms on this monograph.

Twenty-five years ago, as a student, I was not aware of the significance, the whole scheme,
content and objective of this study when my tutors, Professors Jia-Xing Zhou and Jing-Bo Zhang,
planed to research the mechanism underlying rat hepatic regeneration in collaboration with Professor
Heng Chen at the University of California in USA. At that time, basically, I just did as they recom-
mended. Since then, I have realized that liver regeneration involves many physiological events inclu-
ding cellular activation (entry of cells from GO phase into cell cycle), dedifferentiation, proliferation
and its regulation, redifferentiation and structure-functional reconstruction, which is one of the best
models for studying a series of major problems in life sciences. As a result, I regained my initiative on
the theoretical and experimental research. To the present day, exploring the nature of liver regenera-
tion has become the great joy in my life and profession.

Looking back on the twenty-five years journey of research on the mechanism of rat liver regenera-
tion, I am full of ambition despite all the difficulties and frustrations. Theory and technology of mod-
em biology have been changing with each passing day, from establishment of DNA sequencing method
by Sanger in 1975 to the birth of RT-PCR technique in 1995, from study on the structure and function
of single gene to the widespread application of high-throughput biotechnology, from bioinformatics to
system biology, etc. The amazing successes we do not dare to really dream of or even could not imag-
ine have been achieved, and I owe the publication of this monograph mainly to these improvements.

Looking back on the twenty-five years journey of research on the mechanism of rat liver regenera-
tion, I have been full of hope when breaking through the way. From rat breeding, laboratory build-
ing, establishment of a rat partial hepatectomy model to the dispersal, isolation, classification and
culture of liver cells, from study at tissue and cellular level to the development of DNA subtractive hy-
bridization library and gene expression microarray, from functional genomics research on regenerating
rat liver to the system biology analysis of liver regeneration, from RT-PCR measurement to the in vitro
and in vivo functional evaluation of genes, etc, in the past twenty-five years, along with the unnum-
bered beginnings of all the things, I steadily and confidently advanced forward step by step regardless
of many difficulties. Today, this monograph dedicated to all the colleagues is the deposition of begin-
nings and the triumph of persistent efforts. Of course, we know very well that we have only climbed
two steps, the first and second levels (gene — mRNA) among the four steps in understanding the ge-

netic central dogma, and the third and fourth steps ( protein — physiological activity ) are waiting us



to climb. It will bloom and flourish in the proteomics, cytomics, developmental biology and phylogeny
of liver regeneration, and liver disease research as well in the future.

It is no doubt that the second half of 20th century was the time of molecular and cell biology. It is
looking forward for the time of creating new life in the second half of 21 century marked with the age of
developmental biology. It has been recognized that the first 50 years of this century, playing a role in
linking the past and future, is the age of brain science and regenerative biology. The original interna-
tional organizations of regenerative biology are in the bloom of youth, and the new international centers
and industry for regenerative biology are being born. Now, more than 20 international organizations
relevant with regenerative biology and medicine are active in promoting the development of regenerative
biology and medicine! In 2005, the conference of “Regenerative Medicine” held in Xiangshan, Chi-
na, has sounded the homn that regenerative biology and medicine in China will catch up with the ad-
vanced world class, and the spring of regenerative biology and medicine is coming!

Although those crowded months and years are vivid, at the time when this monograph was com-
pleted, I would like to thank my family, especially my nice parents, affectionate sisters, sensible
children for their understanding, my beloved wife for her silent support and dedication, the leaders
and teachers at Henan Normal University in China, and Bremen University in Germany for training and
supporting me. [ especially express my gratitude to Professor Da-Wei Li who led me to the academic
path, Professor Jia-Xing Zhou who led me to the field of liver regeneration research, Professor J ing-Bo
Zhang who taught me cell biology techniques, and Professor Ludger Rensing who taught me molecular
biology technology. I express my thanks to many experts who have supported and fostered me, such as
academicians Zhong-He Zhai, Shui Hao, Zu-Ze Wu, Zuo-Yan Zhu and Xiong-Li Yang, Professors
Shao-Bai Xue, Qin-Nan Wang, etc. I also thank my colleagues, students and assistants who seized
every minute to be engaged in research of the mechanism of liver regeneration in rats, the leaders of
countries and the relevant departments of Henan Province for their financial support in scientific re-
search and platform building. Without their help and support, I would not complete this monograph.
Finally, I would also like to thank the editors at Higher Education Press in charge of editing and pub-
lishing this monograph. It is their all-out support and selfless works that make this monograph pub-
lished as scheduled.

The research on liver regeneration not only helps to grasp the growth of human tissue and the re-
construction process of structure, but also contributes to the treatment of liver diseases and liver tissue
engineering, and therefore, has its theoretical significance and broad application prospects. Current-
ly, liver regeneration is a very active field of research with many literatures available, and is rapidly
updated. However, many controversial and multi-point blanks are waiting to be filled. In particular,
with the intensive study about gene function, and continuous revision, supplement and improvement
of bioinformatics databases, novel microarray data will be available. Furthermore, due to lack of time
and limit of author’s scholarship, it is hard to avoid mistakes in this monograph. I hope that readers

will spare no efforts to make their comments.

Cun-Shuan Xu
August 8, 2008
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