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Preface

2012 International Conference on Applied Biotechnology (ICAB2012) was
organized by Tianjin University of Science and Technology, Tianjin Institute of
Industrial Biotechnology, Chinese Academy of Sciences was held from October
18th to 19th, 2012 in Tianjin, China.

The conference served as a forum for exchange and dissemination of ideas and
the latest findings among all parties involved in any aspects of applied biotech-
nology. The following distinguished professors gave keynote speeches: Hassan
Ashktorab (Howard University, U.S.A), William Carl Skarnes (The Wellcome
Trust Sanger Institute, U.K), Hiroyuki Takenaka (Kyushu Kyoritsu University,
Japan) and Xueli Zhang (Tianjin Institute of Industrial Biotechnology, Chinese
Academy of Sciences, China). The conference was complemented by talks given
by other 51 professors and investigates.

More than 200 authors from 44 different universities, institutes and companies
submitted conference papers. A lot of fields have been covered, ranging from
fermentation engineering, cell engineering, genetic engineering, enzyme engi-
neering and protein engineering.

Special thanks are given to Academic Committee, Organizing Committee and
Secretary Staff of the conference for the commitment to the conference organi-
zation. We would like also to thank all the authors who contributed with their
papers to the success of the conference.

This Book gathers a selection of the papers presented at the conference; it
contains contributions from both academic and industrial researchers providing a
unique perspective on the research and development of applied biotechnology
from all over the world. The scientific value of the papers also helps the
researchers in this field to get more valuable results.

Tianjin, China Tong-Cun Zhang
Pingkai Ouyang

Samuel Kaplan

Bill Skarnes



Committees

Sponsor

Chinese Society of Biotechnology

Organizers

Tianjin University of Science and Technology
Key Lab of Industrial Fermentation Microbiology, Ministry of Education
Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences

Co-organizers

Tianjin Society for Microbiology

Tianjin International Joint Academy of Biotechnology and Medicine

College of Biotechnology and Pharmaceutical Engineering, Nanjing University of
Technology

College of Life Science, Nankai University

School of Biotechnology, Jiangnan University

College of Life Science and Technology, Beijing University of Chemical
Technology

School of Bioscience and Bioengineering, South China University of Technology
College of Biotechnology, Chongqing University

State Key Laboratory of Bioreactor Engineering, East China University of Science
and Technology

School of Biological Engineering, Dalian Polytechnic University

School of Food and Bioengineering, Shandong Polytechnic University

vii



viii Committees

Academic Committee

Chairman

Pingkai Ouyang, Academician, Nanjing University of Technology, China

Executive Chairman

Zixin Deng, Academician, Shanghai Jiaotong University, China

Baoguo Sun, Academician, Beijing Technology and Business University, China
Tianwei Tan, Academician, Beijing University of Chemical Technology, China
Prof. George Fu Gao, Institute of Microbiology of Chinese Academy of Sciences,
China

Prof. Xiaohong Cao, Tianjin University of Science and Technology, China

Prof. Jian Chen, Jiangnan University, China

Prof. Yanhe Ma, Tianjin Institute of Industrial Biotechnology, Chinese Academy
of Sciences, China

Members

Prof. Baishan Fang, Xiamen University, China

Prof. Cheng Yang, Tianjin International Joint Academy of Biotechnology and
Medicine, China

Prof. Cunjiang Song, Nankai University (Tianjin Society for Microbiology), China
Prof. Danqun Huo, Chongqing University, China

Prof. Fang Liu, Nankai University, China

Prof. Fuping Lu, Tianjin University of Science and Technology, China

Prof. Guocheng Du, Jiangnan University, China

Prof. He Huang, Nanjing University of Technology, China

Prof. Hongzhang Chen, Institute of Process Engineering, Chinese Academy of
Sciences, China

Prof. Jianhe Xu, East China University of Science and Technology, China

Prof. Jianjiang Zhong, Shanghai Jiaotong University, China

Prof. Jianjun Liu, Shandong Academy of Food and Fermentation Industries, China
Prof. Jibin Sun, Tianjin Institute of Industrial Biotechnology, Chinese Academy of
Sciences, China

Prof. Lirong Yang, Zhejiang University, China

Prof. Longjiang Yu, Huazhong University of Science and Technology, China
Prof. Min Wang, Tianjin University of Science and Technology, China

Prof. Muyi Cai, China National Research Institute of Food and Fermentation
Industries, China



Committees ix

Prof. Ning Chen, Tianjin University of Science and Technology, China

Prof. Qipeng Yuan, Beijing University of Chemical Technology, China

Prof. Ruiming Wang, Shandong Polytechnic University, China

Prof. Shiru Jia, Tianjin University of Science and Technology, China

Prof. Shuyi Qiu, Guizhou University, China

Prof. Shuangjiang Liu, Institute of Microbiology of Chinese Academy of Sciences,
China

Prof. Youshu Xia, Sichuan Academy of Food and Fermentation Industries, China
Prof. Siliang Zhang, East China University of Science and Technology, China
Prof. Tong-Cun Zhang, Tianjin University of Science and Technology, China
Prof. Xianzhen Li, Dalian University of Technology, China

Prof. Xiaolei Wu, Beijing University, China

Prof. Xinhui Xing, Tsinghua University, China

Prof. Xueming Zhao, Tianjin University, China

Prof. Yin Li, Institute of Microbiology of Chinese Academy of Sciences, China
Prof. Yinbo Qu, Shandong University, China

Prof. Ying Lin, South China University of Technology, China

Organizing Committee

Chairman

Prof. George Fu Gao, Vice Dean, Beijing Institutes of Life Science, Chinese
Academy of Sciences, China

Executive Chairman

Prof. Shuheng Ma, Vice Dean, Tianjin Institute of Industrial Biotechnology,
Chinese Academy of Sciences, China

Prof. Dongguang Xiao, Dean, Tianjin University of Science and Technology,
China

Members

Yinhua Wan, Deputy Secretary General, Chinese Society of Biotechnology, China
Lei Ma, Director, President’s Office, Tianjin University of Science and Technol-
ogy, China

Feng Wen, Secretary of the Party Committee, College of Bioengineering, Tianjin
University of Science and Technology, China



S Committees

Dingcheng Liu, Vice Dean, Division of Science and Technology, Tianjin
University of Science and Technology, China

Cunjiang Song, Secretary General, Tianjin Society of Microbiology, China
Cheng Yang, Vice Dean, Tianjin International Joint Academy of Biotechnology
and Medicine, China

Secretariat

Secretary General

Prof. Shuheng Ma, Vice Dean, Tianjin Institute of Industrial Biotechnology,
Chinese Academy of Sciences, China

Deputy Secretary General

Prof. He Huang, Dean, Division of Science and Technology, Nanjing University of
Technology, China

Prof. Cunjiang Song, Secretary General, Tianjin Society of Microbiology, China
Prof. Tong-Cun Zhang, Director, Key Laboratory of Industrial Fermentation
Microbiology (Tianjin University of Science and Technology), Ministry of
Education, China

Members

Yue Wang, Juke Wang, Hongling Wang, Jiaming Wang, Yanbing Shen, Yihan
Liu, Jian Zhang, Chaozheng Zhang, Kui Lu, Hao Zhou, Xuegang Luo, Cheng
Zhong, Qingyang Xu, Bin Jia,Xuewu Guo, Zhilei Tan



Contents

Part III Pharmaceutical Biotechnology

66

67

68

69

70

71

Promising Biomarkers: MicroRNAs at Diagnosis,

Therapy and Prognostic Evaluation of Breast Cancer ... ... ..

Dalin Lu, Nan Wang, Xinghua Liao, Xuan Huang, Jianhua Zhang,
Zhenyu Wang, Lian Duan, Jiajie Liu, Baoshu Jin,
Yue Wang and Tong-Cun Zhang

Dimerization of Chemokine Receptors and its Novel Roles

in Drug Discovery. . . . ....... ... ... ... .

Mingqing Wang, Baosheng Ge and Fang Huang

The Mechanism of Apoptosis in Adenocarcinoma
of Lung Cancer A549 Cells Induced by Albumin-Derived

fromPeanut. .. .. ........ . . ... ... e

Minhui Long, Yuejun Sun, Ni Chen, Zimin Zhang, Wen Chu,
Yue Ma, Shenheng Luo, Zhongpeng Zhao and Aipo Diao

Serum miR-124 and TNF-a are Biomarkers

of Ischemic Cerebrovascular Disease. . . ... ...............

Jiajie Liu, Xinghua Liao, Nan Wang, Jun Zhou, Lian Duan,
Dalin Lu, Zhipeng Liu, Tingbao Yan, Deyun Ma,
Xiumei Dong, Xueguang Sun and Tong-Cun Zhang

A New Process for Preparation of Hydroxytyrosol. . .........

Yinghao Gao, Xijuan Liang, Yuanmou Chen, Fei Hu, Weizhu Liu,
Peng Yu and Erbing Hua

Design and Synthesis of 2-Arylbenzimidazole Analogues
as Novel SIRT1 Activators for the Treatment

of Type Il Diabetes. . . . .. .......... .. .. .. ... ..........

Fei Hu, Yuanmou Chen, Yinghao Gao, Shaolong Jia, Weizhu Liu,
Peng Yu and Erbing Hua

xi


http://dx.doi.org/10.1007/978-3-642-37922-2_66
http://dx.doi.org/10.1007/978-3-642-37922-2_66
http://dx.doi.org/10.1007/978-3-642-37922-2_67
http://dx.doi.org/10.1007/978-3-642-37922-2_67
http://dx.doi.org/10.1007/978-3-642-37922-2_68
http://dx.doi.org/10.1007/978-3-642-37922-2_68
http://dx.doi.org/10.1007/978-3-642-37922-2_68
http://dx.doi.org/10.1007/978-3-642-37922-2_69
http://dx.doi.org/10.1007/978-3-642-37922-2_69
http://dx.doi.org/10.1007/978-3-642-37922-2_70
http://dx.doi.org/10.1007/978-3-642-37922-2_71
http://dx.doi.org/10.1007/978-3-642-37922-2_71
http://dx.doi.org/10.1007/978-3-642-37922-2_71

Xii

72

73

74

75

76

77

78

79

80

Contents

Design and Synthesis of SRT1 Activators for Potential

Lead Compounds of Treatment of Diabetes. . . ............. 705
Weizhu Liu, Qiuyue Wang, Fei Hu, Yinghao Gao, Yingying Wang,

Peng Yu and Erbing Hua

Synthesis of 1,3-benzodioxol-5-ethanol and Its Derivatives . . . . . 715
Na Ji, Yinghao Gao, Yuanmou Chen, Shaolong Jia, Fei Hu,
Peng Yu and Erbing Hua

Tetrandrine Inhibits Proteasomal Chymotrypsin-Like Activity

and Induces Apoptosis in Human PC-3 Cells. . . ... ... ... ... 723
Li Zhang, Wanxin Shi, Weihua Cao, Xiangru Liang, Yufu Hu,

Mo Chen and Guoqing Shi

The Purifying Effect of Apocynum Venetum Seedlings
on Estuarine Water ... .......... ... ... ... ... ... ..... 733
Yangcang Xu, Tao Yu, Yunshan Zhong and Xiaoyan Wang

Expression, Purification, and Activity Assay
of Chicken Interferon-Alpha. ... ......... ... ... ......... 741
Yue Ma, Minhui Long and Aipo Diao

Synthesis and Controlled Release of 5-Fluorouracil
from Hydroxyethylchitosan: Based Polymer Prodrug. . .. ... .. 749
Yanfei Peng, Wanshun Liu, Baoqin Han and Ruixue Zhou

Telomerase is Significant as an Early Diagnostic Marker

and Therapeutic Target . ... ........ .. ... ... ... ... ... 757
Lian Duan, Nan Wang, Xinghua Liao, Jun Zhou, Dalin Iu,

Jiajie Liu, Xueguang Sun and Tong-Cun Zhang

Isolation, Identification, Antibacterial Effects of Antibiotic

Drugs, and Chinese Herbal Extracts to the Pathogenic

Bacteria of Swollen Abdomen from Scophthalmus maximus

inVitro . . ... .. 765
Xuan Wu, Dongqing Bai, Guoxia Zhu, Yanbin Ji,

Zhichao Jia and Peng Zhou

Lichen: A Potential Anticancer Officinal Resource. . . ... ... .. 773
Meirong Ren, Feng Xu and Xinli Wei


http://dx.doi.org/10.1007/978-3-642-37922-2_72
http://dx.doi.org/10.1007/978-3-642-37922-2_72
http://dx.doi.org/10.1007/978-3-642-37922-2_73
http://dx.doi.org/10.1007/978-3-642-37922-2_74
http://dx.doi.org/10.1007/978-3-642-37922-2_74
http://dx.doi.org/10.1007/978-3-642-37922-2_75
http://dx.doi.org/10.1007/978-3-642-37922-2_75
http://dx.doi.org/10.1007/978-3-642-37922-2_76
http://dx.doi.org/10.1007/978-3-642-37922-2_76
http://dx.doi.org/10.1007/978-3-642-37922-2_77
http://dx.doi.org/10.1007/978-3-642-37922-2_77
http://dx.doi.org/10.1007/978-3-642-37922-2_78
http://dx.doi.org/10.1007/978-3-642-37922-2_78
http://dx.doi.org/10.1007/978-3-642-37922-2_79
http://dx.doi.org/10.1007/978-3-642-37922-2_79
http://dx.doi.org/10.1007/978-3-642-37922-2_79
http://dx.doi.org/10.1007/978-3-642-37922-2_79
http://dx.doi.org/10.1007/978-3-642-37922-2_80

Contents

81

82

83

84

85

86

87

88

Clinical Significance of Screening Impaired Glucose

Tolerance in Essential Hypertension Patients. . . ... ... ... ..

Jun Zhu, Peiqing Feng, Shu Guo, Xinghua Liao, Jiajie Liu,
Junfang Zhang, Tingbao Yan, Yue Wang and Tong-Cun Zhang

Cardiac Hypertrophy-Specific Genes are Synergistic
Activated by Myocardin and CREB-binding

protein (CBP) p300. . . .. ... ... ... ... .. ... . ... ... ...

Zhenyu Wang, Xuehua Zhao, Mingzhe Li, Dongsun Cao
and Tong-Cun Zhang

Design, Synthesis, and Biological Evaluation of the Novel
Antitumor Agent 2-benzyl-3, 4-dihydroisoquinolin-1(2H)-one

and Its Derivatives . . .. ......... ... .. ... . ... . . ... ...

Jian Lv, Lei Lv, Xiaomin Zhang, Yao Zhou, Kui Lu, Yifei lu,
Yuou Teng, Hua Sun and Peng Yu

Using Water Miscible Ionic Liquid to Improve the Efficiency
of 15a-hydroxylation of 13-ethyl-gon-4-en-3,17-dione

by Penicillium raistrickii . . . ..........................

Shuhong Mao, Na Wang, Zhijiang Ge, Boyuan Hua,
Yanqing Li and Fuping Lu

Nuclear Receptor Property of E2F1 for Novel Anticancer

Drug Discovery. . . . ... . ...

Ning Zhang, Jin Li and Aimin Meng

MRTEF-A Promotes Migration of MCF-7 Breast Cancer

Cells via Transactivation of CYR61. . . . ... ..............

Xuegang Luo, Chunling Zhang, Wenwen Zhao, Lei Liu,
Shu Guo, Zhipeng Liu, Jing Wang and Tong-Cun Zhang

The Analysis of the Inhibition Effect of Cholic Acid

Derivatives on the Proliferation of Breast Cancer Cells . . . . ..

Xuegang Luo, Jing Wang, Xiangchao Gu, Chunling Zhang,
Xiangzheng Hu and Tong-Cun Zhang

Design, Synthesis and Biological Evaluation of the Novel
Antitumor Agent 5-Bromobenzofuran-3(2H)-One

and its Derivatives . . . ... ... ... ... ... .. ... .. ... .. ...

Lei Lv, Xiaomin Zhang, Jian Lv, Yao Zhou, Weiguo Hu,
Peng Yu and Yuou Teng

Xiii


http://dx.doi.org/10.1007/978-3-642-37922-2_81
http://dx.doi.org/10.1007/978-3-642-37922-2_81
http://dx.doi.org/10.1007/978-3-642-37922-2_82
http://dx.doi.org/10.1007/978-3-642-37922-2_82
http://dx.doi.org/10.1007/978-3-642-37922-2_82
http://dx.doi.org/10.1007/978-3-642-37922-2_83
http://dx.doi.org/10.1007/978-3-642-37922-2_83
http://dx.doi.org/10.1007/978-3-642-37922-2_83
http://dx.doi.org/10.1007/978-3-642-37922-2_84
http://dx.doi.org/10.1007/978-3-642-37922-2_84
http://dx.doi.org/10.1007/978-3-642-37922-2_84
http://dx.doi.org/10.1007/978-3-642-37922-2_85
http://dx.doi.org/10.1007/978-3-642-37922-2_85
http://dx.doi.org/10.1007/978-3-642-37922-2_86
http://dx.doi.org/10.1007/978-3-642-37922-2_86
http://dx.doi.org/10.1007/978-3-642-37922-2_87
http://dx.doi.org/10.1007/978-3-642-37922-2_87
http://dx.doi.org/10.1007/978-3-642-37922-2_88
http://dx.doi.org/10.1007/978-3-642-37922-2_88
http://dx.doi.org/10.1007/978-3-642-37922-2_88

Xiv

89

90

91

92

93

94

95

96

97

Preliminary Study on the Mechanism of Cartilage
Polysaccharide Inducing H22 Cell to Engender

Immunogenicity . ............. ... .. ... .. .. ... ...,

Guogqiang Zheng, Pan Li, Anguo Teng, Jie Zheng,
Wenhang Wang and Anjun Liu

Design and Synthesis of Novel 20-Substituted

Hydroxycamptothecin Derivatives. . . . ... ........... ...

Shaopeng Wen, Dewu Quan, Yao Zhou, Haiyong Jia, Peng Yu,
Hua Sun and Na Guo

Design and Synthesis of 5-Azacytidine Analogs . ..........

Jianbo Xing, Hua Sun, Xijuan Liang, Yuou Teng,
Peng Yu and Kui Lu

Stigmasterol from the Flowers of Trollius chinensis . . . . . . ..

Mengmeng Zhou, Min Wang, Daoging Xu and Qin Pan

Design, Synthesis and Primary Biological Evaluation
of the Novel Antitumor Agent Indoline-3-One

and Its Derivatives . . . . ........... ... ... .. ... . ... ...

Haiyong Jia, Guojun Pan, Yigian Wang, Shaopeng Wen,
Qiannan Guo, Weiguo Hu, Peng Yu, Hua Sun and Yuou Teng

Research Progress on the Anti-Rheumatoid Arthritis Drugs. . . .

Peng Wang, Xuegang Luo, Chongxi Wang, Xinjia Wang,
Guang Hu and Tong-Cun Zhang

Design and Synthesis of 1H-2,3-Dihydro-1-Pyrrolizinones

Derivatives . . . . . ... ... ...

Changhai Sun and Jing Cao

Inhibition of iNOS to Protect Intermittent Hypoxia-Induced
Hippocampal Neurons Impairment by Astragalus

Extractin Rat . . ... ...... ... .. ... . ... . . ... . ... ...

Qiang Zhang, Wenyuan Gao, Shuli Man, Yun Zhang
and Baoyun Chen

Prepared and Characterization of 12f,15«-Dihydroxy-

16a,17-Epoxyprogesterone. . . .. ......................

Yibo Wang, Yanbing Shen, Jiajia Ren,
Jianmei Luo and Min Wang

Contents

883


http://dx.doi.org/10.1007/978-3-642-37922-2_89
http://dx.doi.org/10.1007/978-3-642-37922-2_89
http://dx.doi.org/10.1007/978-3-642-37922-2_89
http://dx.doi.org/10.1007/978-3-642-37922-2_90
http://dx.doi.org/10.1007/978-3-642-37922-2_90
http://dx.doi.org/10.1007/978-3-642-37922-2_91
http://dx.doi.org/10.1007/978-3-642-37922-2_92
http://dx.doi.org/10.1007/978-3-642-37922-2_93
http://dx.doi.org/10.1007/978-3-642-37922-2_93
http://dx.doi.org/10.1007/978-3-642-37922-2_93
http://dx.doi.org/10.1007/978-3-642-37922-2_94
http://dx.doi.org/10.1007/978-3-642-37922-2_95
http://dx.doi.org/10.1007/978-3-642-37922-2_95
http://dx.doi.org/10.1007/978-3-642-37922-2_96
http://dx.doi.org/10.1007/978-3-642-37922-2_96
http://dx.doi.org/10.1007/978-3-642-37922-2_96
http://dx.doi.org/10.1007/978-3-642-37922-2_97
http://dx.doi.org/10.1007/978-3-642-37922-2_97

Contents

Part IV  Agriculture, Environmental, Marin Biotechnology
and Bio-energy Technology

98 Structure Elucidation of Two Triterpenoid Saponins
from Leaves of Schima superba Gardn. et Champ . ..........
Guanghua Huo, Changling Zhang and Yingjun Zhang

99  Study on Extraction of Xylan from Bamboo Shoot Shell . . . ...
Nengfu Yu, Nengliang Wu, Yu Wang and Yegou Tu

100 Study on Preparation of Low Alcoholic Wine from Tomato . . . .
Kai-ye Deng and Er-na Li

101 Effects of Glucose Assimilation on Lutein and Chlorophyll
Biosyntheses in the Green Alga Chlorella pyrenoidosa . . . . . . ..
Tao Li, Yi-han Liu, Fu-ping Lu and Yue Jiang

102 RNA Interference and Applications in Plants. . . . ... ........
Yunrong An, Zhongyou Pei, Nan Xin and Haifeng Wang

103 Isolation, Identification and Degradation Characteristics
of Three Thick Oil Degrading Bacteria Strains . . ... ........
Chan Tian, Shengyan Tian, Xianbin Liu and Lulu Qin

104 Effect of Anti-Nematode Preparations on Physiological
Traits of Cucumber Leaves Affected by Root-Knot
Nematode. . . .. ... ... ... ... . .
Shuchang Lu

105 Enzymolysis and Microbial Transformation of Geniposide
in Gardenia Jasminoides into Genipin by Aspergillus niger. . . . .
Yu Li, Wenbin Jin, Wei Jing, Mengcheng Yao,
Yanyang Tang and Fuping Lu

106 Study on the Application of a Thermotolerant
Saccharomyces cerevisiae in the Production of Bio-ethanol . . . . .
Yueqiang Li, Yefu Chen, Jian Dong, Xinxin Zhang,
Tong Shen and Dongguang Xiao

107 Different Chemicals Stimulate Diapause Termination
of Artemia Embryos . . ... .......... .. ... ... ... ... ...
Yuqing Chen and Bo Zhang

XV

931


http://dx.doi.org/10.1007/978-3-642-37922-2_98
http://dx.doi.org/10.1007/978-3-642-37922-2_98
http://dx.doi.org/10.1007/978-3-642-37922-2_99
http://dx.doi.org/10.1007/978-3-642-37922-2_100
http://dx.doi.org/10.1007/978-3-642-37922-2_101
http://dx.doi.org/10.1007/978-3-642-37922-2_101
http://dx.doi.org/10.1007/978-3-642-37922-2_102
http://dx.doi.org/10.1007/978-3-642-37922-2_103
http://dx.doi.org/10.1007/978-3-642-37922-2_103
http://dx.doi.org/10.1007/978-3-642-37922-2_104
http://dx.doi.org/10.1007/978-3-642-37922-2_104
http://dx.doi.org/10.1007/978-3-642-37922-2_104
http://dx.doi.org/10.1007/978-3-642-37922-2_105
http://dx.doi.org/10.1007/978-3-642-37922-2_105
http://dx.doi.org/10.1007/978-3-642-37922-2_106
http://dx.doi.org/10.1007/978-3-642-37922-2_106
http://dx.doi.org/10.1007/978-3-642-37922-2_107
http://dx.doi.org/10.1007/978-3-642-37922-2_107

XVi

108

109

110

111

112

113

114

115

116

Dominant Bacteria TCCC15005 Used for Treatment

of Alkaline Wastewater from Oil Refinery ina SBR ... .. ..

Jing Yang, Hua Zhao, Xi Wang, Xin Feng and Xinhua Wang

Isolation and Characterization of a New Moderately
Halophilic Bacterium Strain SM. 200-5 from Solar

Saltern Ponds. . .. ... ... .. ... ... ... .. ... ... ...

Gaochao Xu, Yuangao Deng, Donghui Song and Liying Sui

Preparation of Wetting Powder for Biocontrol

Bacillus subtilis . . . .. ......... ... .. . . . .. ...

Fang Chen, Shangjing Guo, Haiying Shi, Deduo Han,
Yuanjun Kang, Yu Zheng and Min Wang

Isolation and Characterization of s-Butanol Tolerant

Microorganisms . . . ........ .. ...

Litao Shi, Hongjiang Yang, Qian Li and Xuying Qin

Application of Support Vector Machine in Base Liquor

Classification . .. ............ . ... .. ... . .. .. . . . . ...

Junsen Lu, Liping Du, Haimei Ding, Ziping Du
and Dongguang Xiao

Isolation and Characterization of n-Butanol Tolerant

Microorganisms . . . . ........ ...

Yue Yu, Hongjiang Yang, Qun Li and Xuying Qin

Effects of Dual-Frequency Ultrasound with a-amylase

on the Properties and Structure of Mung Bean Starch. . . . ..

Aijun Hu, Jing Lu, Jie Zheng, Xiaoqing Zhang, Ying Zhang,
Tong Zhang, Qian Li and Lin Yang

Relationship Between Diet and Stable Carbon

and Nitrogen Isotope Composition in Beef Tissues. ... ... ..

Fengmei Sun, Guangyu Shi, Huiwen Wang and Shuming Yang

Expression and Sequence Analysis of ChRpS3, a Ribosomal
Protein S3 cDNA, and its Potential Role in Ovary

Development of Cymbidium hybridium. ............. ...

Xiaoqgiang Chen, Xiulan Li, Ning Sun and Wenqin Song

Contents


http://dx.doi.org/10.1007/978-3-642-37922-2_108
http://dx.doi.org/10.1007/978-3-642-37922-2_108
http://dx.doi.org/10.1007/978-3-642-37922-2_109
http://dx.doi.org/10.1007/978-3-642-37922-2_109
http://dx.doi.org/10.1007/978-3-642-37922-2_109
http://dx.doi.org/10.1007/978-3-642-37922-2_110
http://dx.doi.org/10.1007/978-3-642-37922-2_110
http://dx.doi.org/10.1007/978-3-642-37922-2_111
http://dx.doi.org/10.1007/978-3-642-37922-2_111
http://dx.doi.org/10.1007/978-3-642-37922-2_112
http://dx.doi.org/10.1007/978-3-642-37922-2_112
http://dx.doi.org/10.1007/978-3-642-37922-2_113
http://dx.doi.org/10.1007/978-3-642-37922-2_113
http://dx.doi.org/10.1007/978-3-642-37922-2_114
http://dx.doi.org/10.1007/978-3-642-37922-2_114
http://dx.doi.org/10.1007/978-3-642-37922-2_115
http://dx.doi.org/10.1007/978-3-642-37922-2_115
http://dx.doi.org/10.1007/978-3-642-37922-2_116
http://dx.doi.org/10.1007/978-3-642-37922-2_116
http://dx.doi.org/10.1007/978-3-642-37922-2_116

Contents

117

118

119

120

121

122

123

124

125

126

Lichen Flora on the Genera Alectoria, Pseudephebe,
and Sulcaria (Lichenized Ascomycota, Parmeliaceae)

from the Hengduan Mountains in China (4) .. ............

Xinyu Wang, Dong Liu, Jianwen Li, Hiroshi Harada
and Lisong Wang

Discussion on the New and the Old Country Mark

in Detecting the Coliform Bacteria . ... .................

Lin Huang, Chunxia Wang, Ying Zhang, Fan Mei, Yan Huang,
Jinpeng Wang and Bo Zheng

Screening Autotetraploid Plantlets of Glycyrrhiza uralnesis

Fisch by Colchicine-Treated Bud Culture . ... ............

Xinglin Li, Junting Lu, Xuefei Cao, Na Zhao, Yang Han,
Aijia Cao, Jie Ding and Jun Zhao

Screening of Antimicrobial Marine Microorganisms

and Purifying of Its Bioactive Substances . ...............

Zhiwen Liu, Qiankun Ruan, Sirigulen Qian and Lina Cong

Determination of Dichloromethane in Waste Water

Using Headspace Gas Chromatography. . ................

Chaozheng Zhang, Huijing Xu, Yutao Li and Fuhai Wang

Simulation of Bio-syngas Production from Biomass

Gasification via Pressurized Interconnected Fluidized Beds . . .

Fei Feng, Guohui Song, Laihong Shen and Jun Xiao

Research on Salt-tolerant Gene GPDI1

in Zygosaccharomyces rouxii . . ... .....................

Lihua Hou, Yanfei Yu, Cong Wang and Chunling Wang

Mutagenic Research on Ciliary Neurotrophic Factor (CNTF)

in Escherichia coli After Heavy Ions Irradiation . ..........

Xiaodong Jin, Qingfeng Wu, Xinguo Liu, Yan Liu, Yong Chen,
Jian Lu and Lin Jiang

Molecular Characterization and Expression of Ribosomal

Protein L15 Gene (RPL15) From Arachis hypogaea . . . . . . . ..

Qi Wu, Xiuzhen Wang, Hongtao Yu, Yufei Ding, Fenggao Cui,
Jiancheng Zhang, Yueyi Tang and Chuantang Wang

Optimization of Extraction Conditions for Glycosaminoglycan
from Urechis unicinctus by Response Surface Methodology . . .

Chunying Yuan, Xu Han, Qingman Cui and Ping Liu

xvii

1095

1107

1117

1125

1137

1145

1157

1165

1171

1183


http://dx.doi.org/10.1007/978-3-642-37922-2_117
http://dx.doi.org/10.1007/978-3-642-37922-2_117
http://dx.doi.org/10.1007/978-3-642-37922-2_117
http://dx.doi.org/10.1007/978-3-642-37922-2_118
http://dx.doi.org/10.1007/978-3-642-37922-2_118
http://dx.doi.org/10.1007/978-3-642-37922-2_119
http://dx.doi.org/10.1007/978-3-642-37922-2_119
http://dx.doi.org/10.1007/978-3-642-37922-2_120
http://dx.doi.org/10.1007/978-3-642-37922-2_120
http://dx.doi.org/10.1007/978-3-642-37922-2_121
http://dx.doi.org/10.1007/978-3-642-37922-2_121
http://dx.doi.org/10.1007/978-3-642-37922-2_122
http://dx.doi.org/10.1007/978-3-642-37922-2_122
http://dx.doi.org/10.1007/978-3-642-37922-2_123
http://dx.doi.org/10.1007/978-3-642-37922-2_123
http://dx.doi.org/10.1007/978-3-642-37922-2_124
http://dx.doi.org/10.1007/978-3-642-37922-2_124
http://dx.doi.org/10.1007/978-3-642-37922-2_125
http://dx.doi.org/10.1007/978-3-642-37922-2_125
http://dx.doi.org/10.1007/978-3-642-37922-2_126
http://dx.doi.org/10.1007/978-3-642-37922-2_126

Xviii

127

128

129

130

131

132

133

134

135

136

Contents

Quantitative Trait Loci Mapping of Unstripped Germ Rate

in Milled Rice. . . . ....... ... ... ... ... ... ... ... ..., 1191
Shengbin Liu, Fang Wang, Zetian Hua, Meng Meng,

Fei Zhao and Xin Liu

The Application of the GSI in the Preservation
and Quality Control of Oat Beverage . . ................. 1197
Yuzhu Liu and Min Zhang

The Effect of Carbon Nanotubes on Rice Seed Germination

and Root Growth . . ... ... ... .. ... ... .. ... .. ... ...... 1207
Yumei Jiang, Zetian Hua, Yiqing Zhao, Qindai Liu,

Fang Wang and Qin Zhang

Study on the Accumulation Laws of Protein in Japonica

Rice Seed During Development . . .. .................... 1213
Fang Wang, Bolian Sun, Chunkai Gu, Jiajia Mi,

Qin Zhang and Zetian Hua

Prevalence Investigation of Tetracycline Resistant Bacteria
inRaw Milk. . ... .. .. .. .. 1219
Xiaomei Zhang and Hongjiang Yang

Study on Biological Denitrification Removal Technologies
Treating Eutrophication Water. . . . .. ............... ... 1229
Zongzheng Yang, Huan Zhang, Deqiang Zhang and Jinzhao Pang

Study on Decolorization Effect of Biological Strengthening
the Activated Carbon with White Rot Fungi . . . ........... 1237
Zongzheng Yang, Junxia Xu, Peng Yu and Jinzhao Pang

The Removal of Crude Oil in Waste Drilling Muds

by a Constructed Microbial Consortium . ................ 1245
Yunkang Chang, Xingbiao Wang, Yifan Han, Manman Wang,

Chenggang Zheng, Yongli Wang and Zhiyong Huang

Isolation and Identification of Saline Tolerance

Phosphate-Solubilizing Bacteria Derived from Salt-affected

Soils and Their Mechanisms of P-solubilizing . ............ 1259
Yang Han, Chunmei Wang, Xinglin Li, Xuefei Cao, Aijia Cao

and Na Zhao

Isolation and Characterization of a Bacillus Strain
for Alkaline Wastewater Treatment ... ................. 1267
Kun Chen, Wenyu Shi, Jing Yang, Tong Zhang and Hua Zhao


http://dx.doi.org/10.1007/978-3-642-37922-2_127
http://dx.doi.org/10.1007/978-3-642-37922-2_127
http://dx.doi.org/10.1007/978-3-642-37922-2_128
http://dx.doi.org/10.1007/978-3-642-37922-2_128
http://dx.doi.org/10.1007/978-3-642-37922-2_129
http://dx.doi.org/10.1007/978-3-642-37922-2_129
http://dx.doi.org/10.1007/978-3-642-37922-2_130
http://dx.doi.org/10.1007/978-3-642-37922-2_130
http://dx.doi.org/10.1007/978-3-642-37922-2_131
http://dx.doi.org/10.1007/978-3-642-37922-2_131
http://dx.doi.org/10.1007/978-3-642-37922-2_132
http://dx.doi.org/10.1007/978-3-642-37922-2_132
http://dx.doi.org/10.1007/978-3-642-37922-2_133
http://dx.doi.org/10.1007/978-3-642-37922-2_133
http://dx.doi.org/10.1007/978-3-642-37922-2_134
http://dx.doi.org/10.1007/978-3-642-37922-2_134
http://dx.doi.org/10.1007/978-3-642-37922-2_135
http://dx.doi.org/10.1007/978-3-642-37922-2_135
http://dx.doi.org/10.1007/978-3-642-37922-2_135
http://dx.doi.org/10.1007/978-3-642-37922-2_136
http://dx.doi.org/10.1007/978-3-642-37922-2_136

Part III
Pharmaceutical Biotechnology



Chapter 66

Promising Biomarkers: MicroRNAs
at Diagnosis, Therapy and Prognostic
Evaluation of Breast Cancer

Dalin Lu, Nan Wang, Xinghua Liao, Xuan Huang, Jianhua Zhang,
Zhenyu Wang, Lian Duan, Jiajie Liu, Baoshu Jin, Yue Wang
and Tong-Cun Zhang

Abstract MicroRNAs (miRNAs) are small noncoding RNAs with regulatory
functions, which play an important role in malignancies. An increasing amount of
experimental evidence has shown that many miRNAs are aberrantly expressed in
breast cancer and influence breast cancer behavior and progression. Furthermore,
miRNAs can act either as tumor suppressors or as oncogenes, depending on the
targets they regulate, and measurements of miRNAs expression in breast cancer
have diagnostic and prognostic implications. Thus, this implies that miRNAs have
huge potential as biomarkers. In addition, their extreme stability and ease of
detection further support the idea that miRNAs have great potential to evolve into
effective biomarkers in the clinic. The objective of this review is to update current
realization regarding that miRNAs are promising candidates at diagnostic, thera-
peutic and prognostic evaluation aspects of clinical application.
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66.1 A Brief Introduction to MicroRNAs

‘Noncoding’ or ‘non-messenger’ RNAs are various molecules with structural,
enzymatic, and regulatory functions. Among these RNAs with regulatory activity
are miRNAs, which are about 22 nucleotides in length [1]. The majority of animal
miRNAs are imprecisely matching to their target mRNAs, and then they hinder
protein synthesis by unknown mechanisms. Some studies even suggest that the
translationally repressed target mRNAs remain related with ribosomes [2—4]. In
addition, computational algorithms have estimated that miRNAs could target more
than 30 % of the human genome [5]. Significantly, a single miRNAs can regulate
more than one gene, and equally a particular gene can be regulated by compound
miRNAs. Thus, miRNAs, can regulate diverse biological processes, for example,
development, angiogenesis, differentiation, immune cell function, proliferation,
apoptosis and wound healing, and so on [6].

An increasing number of deregulated miRNAs has been detected in breast
cancer, and many of them are closely associated with cancer metastasis and poor
prognosis, and reduce survival time of breast cancer patients. For example, the
high-expressed miRNA, miR-21, has been reported to be associated with advanced
stage, node positivity. Meanwhile, miRNA-21 knock-down in cell-line models
have been related to increased sensitivity to topotecan and taxol. All of them
suggest an important role of miRNAs in oncogenesis, diagnosis, therapy, and
prognosis of breast cancer [7-11].

In this review, we discuss miRNAs as potential biomarkers used in breast
cancer, emphasizing that miRNAs can be effectively used in these aspects of
diagnosis, therapy, and prognostic valuation in the clinical setting. Our efforts are
to research and recommend more effective methods to improve the quality of life
and survival time.

66.2 Potential Use of miRNAs as Biomarkers for Breast
Cancer

miRNAs expression profiles derived from large-scale analyses of tumor samples
have been shown to serve as phenotypic signatures of particular cancer types. For
example, seven independent studies have analyzed the miRNA profile of breast
cancer tissues or cell lines, compared to normal tissues or cell-lines. These studies
described a general down-regulation of miRNAs in breast cancer tissues or cell
lines compared to normal breast cancer tissues or cell-lines [7, 12—17].

Up to now, most profiling studies have paid attention to deregulated miRNAs
either in the primary breast cancer tissue or in breast cancer cell lines. miRNAs
expression profile analyses from all kind of breast cancer or cell lines analyzed by
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miRNAs profiling have revealed considerably different miRNA profiles (for
mature or precursor miRNAs) compared with normal cells from the same tissue. A
review of the published large-scale miRNA profiles reveals that several constantly
deregulated miRNAs in tumors from breast cancer patients together with their
clinical correlations are listed in Table 66.1. Undeniably, many of these miRNAs,
such as let-7a, miR-10b, miR-21, miR-31, miR-145, and miR-155 are deregulated
in various types of cancer, including breast, prostate, colon, lung, liver cancers,
and melanoma [17-21]. In addition, the overexpression of several miRNAs such as
miR-21 and so on in human breast cancer is associated with advanced clinical
stage, lymph node metastasis, and patient poor prognosis [14]. Furthermore, Zhao
et al. have demonstrated that circulating miRNAs in plasma could potentially serve
as novel minimally invasive biomarkers for early detection of breast cancer [22].
Heneghan and his colleagues surveyed a panel of 7 candidate miRNAs in whole
blood RNAs from 148 breast cancer patients and 44 specific miRNA, miR-195,
only high-expressed in breast cancer. Additionally, they observed a significant
reduction of miR-195 in postoperative whole blood compared with the preoper-
ative samples of the same patients [17]. Thus, it could be applied not only to
directly detect breast tumors, but also perceive breast cancer relapse.

Besides, due to their resistance to degradation, blood miRNAs appear to be very
stable, and there is budding interest in profiling circulating miRNAs either as
diagnostic noninvasive agent markers or as therapeutic measures. Circulating
miRNAs have been widely reported to be drastically elevated in the blood of
cancer patients compared with healthy controls, and levels of these miRNAs are
associated with the primary tumors. The elimination of the primary tumor leads to
the recover of deregulated circulating miRNAs, implying that many of these
elevated circulating miRNAs are ‘tumor-derived’ and cancer-specific [6]. The
current belief is that these ‘tumor-derived’ circulating miRNAs are released from
the primary tumor via exosome vesicles and apoptotic bodies although the exact
mechanisms of release are still emerging [23-25]. Although there will be technical
difficulties, all these miRNAs’ properties imply that miRNAs as clinical bio-
markers will have a promising prospect.

66.3 miRNAs Profiling to Advance Development
of Diagnosis, Therapy, and Prognostic Evaluation

There is increasing evidence to support that miRNAs are closely associated with a
huge proportion of breast cancer heterogeneity. Many miRNAs have been shown
to be deregulated in breast cancer [7, 13, 26, 27] and specific miRNAs functioning
as regulators of tumorigenicity, invasion, and metastasis have been documented
[8, 9, 28, 29]. In addition, miRNAs that can regulate ER, PR, and HER2/neu,
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known to be of diagnostic value, therapeutic worth, and prognostic significance in
breast cancer, has been demonstrated [30, 31].

At present, miRNAs expression profiling can be used to evaluate clinicopath-
ological variables to categorize breast tumors. To predict disease progression and
prognosis using miRNAs expression profiling analysis is of particular interest.
First of all, profiling features the potential to identify novel prognostic indicators,
which may contribute to improve patients for adjuvant therapy. This approach has
already shown promise with genomic signatures, and miRNA profiles appear to
have superior accuracy to mRNA profiling [32]. Besides, the measurement of
miRNAs with regulatory roles, distinct breast tumor samples could identify novel
targets for therapeutic manipulation. For example, miRNA-221 and 222 are neg-
atively correlated with ERo protein expression and the knockdown of miRNA-
221/222 can effectively restore ERa protein expression [33]. Of course, there are
more miRNAs associated with PR and HER?2. Here, we do not list all of them.

In conclusion, all these findings discussed in this report suggest that miRNAs
detected are promising as novel biomarkers and useful for the elimination of false
positives, false negatives of conventional various classifiers, and prognostic
evaluation. Moreover, clinician could apply gene therapies to change expression of
miRNAs to remedy breast cancer.
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Chapter 67
Dimerization of Chemokine Receptors
and its Novel Roles in Drug Discovery

Mingqing Wang, Baosheng Ge and Fang Huang

Abstract G-protein-coupled receptors (GPCRs) comprise the largest family of
integral membrane proteins and mediate most of the transmembrane signal
transduction. Approximately 50 % of all marketed drugs target GPCRs, which
makes this protein family the most important drug targets. Chemokine receptors
belong to GPCRs, which were perceived as monomers decades ago. However,
recently there are growing evidences indicating that most of GPCRs can form
dimers or higher order oligomers. Some chemokine receptors are also found
existing as homodimers or heterodimers. A large number of studies have suggested
that homodimers or heterodimers may exhibit specific functions, which are dif-
ferent from their monomeric counterparts. Meanwhile, the appearance of dimers
with new signaling properties gives new chance in the search for novel drug
targets. In this review, we will mainly summarize the current knowledge of the
dimerization of chemmokine receptors and its potential roles in drug discovery.

Keywords Chemokine receptor - Dimerization - Drug discovery - GPCRs

67.1 Introduction

G-protein-coupled receptors (GPCRs) comprise the largest family of integral
membrane proteins and mediate most of the transmembrane signal transduction [1].
GPCRs are important drug targets and account for about 50 % of all the drugs on
the market [2]. Chemokine receptors are a subgroup of the GPCRs superfamily. To
date, totally 22 chemokine receptors have been discovered in human genome [3].
Chemokine receptors and their chemokines play an important role in the immune
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defense by directing the migration of leukocytes. In addition to their normal roles,
chemokine receptors are involved in many diseases, including inflammatory dis-
eases, cancer, AIDS, and so on [4]. Hence chemokine and receptors are deemed as
important drug targets. The first small molecule successfully targeting the che-
mokine receptor was the CCRS antagonist, for the prevention of HIV infection,
approved by the Federal Drug Administration (FDA) in 2007. Besides, a CXCR4
antagonist was approved by the FDA in 2008 for hematopoietic stem cell mobili-
zation [5]. The existence of dimers or oligomers of GPCRs has been confirmed in
the past decades. The structure of chemokine receptor dimers is different from the
monomeric form, so it is possible that the dimers function in specific signaling
pathways. Moreover, the dimers may take part in ligand binding and distinct signal
transduction. The specificity of dimerization may give new opportunity to find
novel drugs [6, 7]. Chemokine receptor dimerization and its role in drug discovery
are reviewed in this paper.

67.2 Chemokines and Chemokine Receptors

Chemokines are small proteins, which mediate cell migration during inflammation
and development. Based on the cysteine (Cys) in the N-terminal domain, che-
mokines are divided into four classes (CC, CXC, CX3C, XC) [8]. The nomen-
clature of chemokine is characterized by combination of “L” and an Arabic
number, such as CCL1. In the CC class, the two Cys residues are adjacent, and
there are 28 known members in human genome. In the CXC class, there is an
additional amino acid between the two Cys residues and 17 known CXC che-
mokines have been discovered till now. The CX3C chemokine has only one known
member, with three additional amino acids between the two Cys residues. XC class
contains only one cysteine and there are two known members [9, 10].

There are totally 22 known chemokine receptors in human genome [3], and 19
of which works as signaling receptors. The classification of chemokine receptors is
based on the ligands which they bind. For example, CC receptors bind CC ligands.
The other three chemokine receptors (D6, CCX-CKR, DARC) are atypical
receptors, which are unable to directly mediate leukocyte migration. They are
thought to regulate chemokine distribution or abundance to control chemokine-
derived leukocyte migration. Many chemokines bind multiple receptors and most
receptors bind multiple chemokines (Table 67.1). Despite of the pivotal roles in
the immune system, chemokine receptors are associated with many diseases, such
as atherosclerosis, rheumatoid arthritis, asthma, and cancer (Table 67.1). In
addition, CXCR4 and CCRS are the primary co-receptor for X4 and R5 HIV-1
isolates.
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Table 67.1 Chemokine receptor binding their ligands and related to diseases

Chemokine receptor

Binding chemokine

Related to diseases

CXCR1 CXCL6,7,8 Sepsis, atherosclerosis [48]
CXCR2 CXCL1,2,3,5,6,7,8 Sepsis, rheumatoid arthritis [48]
CXCR3 CXCL9,10,11 Transplant, psoriasis, cancer [49]
CXCR4 CXCL12 HIV, cancer [50, 51]

CXCR5 CXCL13

CXCR6 CXCL16

CXCR7 CXCLI11,12 Cancer [52]

CCR1 CCL3,5,7,8,13,14,15,16,23 Psoriasis, cancer [53]

CCR2 CCL2,7,8,13,16 Diabetes, obesity, cancer [54]
CCR3 CCL5,7,8,11,13,15,16,24,26,28 Allergic diseases, Asthmal [55]
CCR4 CCL17,22 Asthma, skin disease

CCRS5 CCL3,4,5,8,11,14,16 HIV, transplant, cancer [56]
CCR6 CCL20 Asthma [57]

CCR7 CCL19,21 Cancer [58]

CCRS8 CCL1

CCR9 CCL25 Irritable bowel disease [58]
CCR10 CCL27,28

XCR1 XCL1,2

CX3CR1 CX3CL1 Atherosclerosis [59]

D6 CCL2,3,4,5,7,8,11,13,14,17,22

CCX-CKR CCL19,21,25

DARC CCL2,7,8,11,13,14,16,17,18;

CXCL1,5,6,7,8,9,11,13

67.3 Methods to Study GPCR Dimerization

In 1996, Hebert firstly demonstrated that f2-adrenergic receptors could form
homodimers by using Co-immunoprecipitation [11]. Since then, many methods
have been used to detect the dimerization or higher order oligomerization of many
GPCRs [12]. Biochemical techniques are traditional methods to study the dimer-
ization of GPCRs, including SDS-Polyacrylamide Gel Electrophoresis (SDS-
PAGE), Cross-linking experiments, Co-immunoprecipitation (Co-IP) and western
blot [13]. However, such biochemical techniques can not be used to probe the
dimerization of GPCRs in living cells. In the past decade, there was a shift toward
using resonance energy transfer techniques to study the dimerization. Applications
of bioluminescence resonance energy transfer (BRET) and fluorescence resonance
energy transfer (FRET) can exhibit advantages over many more traditional tech-
niques because they can detect both intracellular and cell surface expressed dimers
in intact living cells [14]. BRET and FRET are based on the nonradioative transfer
of energy from a donor molecule to an acceptor molecule in a close distance (less
than 10 nm), which have overlapping excitation and emission spectra. Bimolecular
fluorescence complementation (BiFC) has also been used to detect the dimeriza-
tion. BiFC is based on the association between two nonfluorescent fragments of a



660 M. Wang et al.

Table 67.2 Methods to study GPCR dimerization

Biochemical techniques Biophysical techniques

SDS-PAGE, Fluorescence resonance energy transfer (FRET),
Cross-linking experiments, Bioluminescence resonance energy transfer (BRET),
Western blot, Biomolecular fluorescence complementation (BiFC),
Co-immunoprecipitation (Co-IP) Atomic force microscopy (AFM)

fluorescent protein, which could be fused to two GPCRs. If the two GPCRs can
interact, then the nonfluorescent fragments can be brought close to each other and
thus form a fluorescent protein. In addition, the dimerization and higher order
oligomerization of rhodopsin in native retinal disks was studied by using atomic
force microscopy [15] (Table 67.2).

67.4 Chemokine Receptor Dimerization and their
Functions

GPCRs were considered to exist and function as monomers which can interact with
G-proteins in 1:1 stoichiometry. However, in the past decades, the hypothesis was
challenged. The growing evidences indicate that GPCRs can physically interact
with each other. They can form dimers or even oligomers. In 1998, Jones et al.
found the GABAB (a member of class C GPCR) could exist and function as an
heterodimer [16]. Both GABABRI1 and GABABR?2 are nonfunctional when indi-
vidually expressed in cells, because GABABRI1 is retained in the endoplasmatic
reticulum (ER), GABABR2 can not bind the ligand [17, 18]. The class C GPCR
including sweet and umami taste receptors can function in the form of heterodimer
[19, 20].

67.4.1 Chemokine Receptor Homodimerization
and Heterodimerization

Some chemokine receptors can exist as homodimers. In the early research, ligands
were thought to induce the homodimerization. For example, CXCL12 induced
CXCR4 homodimerization [21], while CCL2 and CCLS5 could induce the homo-
dimerization of CCR2 and CCRS, respectively [22, 23]. Recent studies suggest
that CCR2 [24], CCRS [25], CXCRI1 [26], CXCR2 [27], CXCR4 [28, 29], CXCR7
[30], and DARC [31] can form constitutive homodimerization.

Some chemokine receptors can also form heterodimers. Mellado et al. first
reported CCR2/CCRS heterodimerization as ligand dependent. His study sug-
gested that CCR2/CCRS5 heterodimerization was induced by costimulation of
CCL2 and CCLS5. El-Asmar et al. found CCRS and CCR2 could heterodimerized
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with the similar efficiency as they could homodimerize using BRET. And there
was no cooperative signaling after costimulation by CCL2 or CCL5 [32]. This
result was very different from Mellado’s study. Different research methods in the
two studies may cause the different results. Mellado et al. used cross-linking agent
before addition of ligand, which is prior to cell lysis and immunoprecipitation in an
effort to stabilize receptor interaction, but El-Asmar et al. did not use. The cross-
linking agent could induce association of receptors and the ligand could also help
enhance the cross-linking effort. More experiments suggested that CCR2 and
CCRS5 formed constitutive homodimerization and heterodimerization. The role of
ligand in CCR2/CCRS dimerization is unclear [32]. In addition, CXCR1/CXCR2
[26], CXCR4/CCR2 [33], CXCR4/CXCR7 [30], CXCR4/CCR5 [34], DARC/
CCRS5 [31] can form constitutive heterodimerization (Table 67.3).

67.4.2 The Functions of Chemokine Receptor Dimerization

In contrast to class C GPCRs in which dimerization is strictly necessary for their
functions [35], while some chemokine receptors can exist and function as
monomeric form. The homodimers or hetrodimers of chemokine receptors may
have novel functions, which is possibly different from the monomers (Table 67.3).
The acknowledgment on dimerization of chemokine receptors may help find novel
drug targets for therapy.

Human immunodeficiency virus type 1(HIV-1) infection is mediated by binding
of the viral protein gp120 to two proteins on the surfaces of target cells, CD4 and a
co-receptor. The co-receptors are normally chemokine receptors, typically either
CCRS5 or CXCR4. HIV-1 strains can be divided into three major groups based on

Table 67.3 Functions of chemokine receptors dimerization

Functions of dimerization

CCR2/CCR2 Important for migration

CCR2/CCRS Alter signaling [60]

CCR2V641/CCR5 Delayed HIV progression [61]
CCR2V641/CXCR4 Delayed HIV progression [61]

CCR2/CXCR4 Transinhibition of chemotaxis and calcium response [62]
CCR5/CCRS Important for migration

CCR5/CXCR4 T cell costimulation and alternative signaling [63]
CCR5/CCR5A32 HIV resistance [64]

CXCR4/CCR5A32 HIV resistance [64]

CXCRI1/CXCRI1 Important for migration and signaling [65]
CXCR2/CXCR2 Important for migration and signaling [65]
CXCR1/CXCR2 No effect on CXCL1-induced signaling [65]
CXCR4/CXCR7 Delayed ERK activation [66]

CXCR4/CXCR4 Important for migration and signaling [66]

DARC/CCR5 Transinhibition of chemotaxis and calcium response [31]
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their co-receptor specificity as follows: RS (CCR5-tropic), X4 (CXCR4-tropic),
and R5X4 (able to use either CCRS5 or CXCR4) [36]. CCR5A32 is a 32-bp deletion
in the portion of the human CCRS5 open reading frame (ORF) that encodes the
second extracellular loop [37, 38]. CCR5A32 encodes a truncated protein, which is
not detected on the cell surface and therefore could not function as a co-receptor
with HIV [39, 40]. Only a small population of individuals have the allelic trun-
cation variant CCR5A32. People with CCR5A32 homozygotes can resist HIV-1.
Agrawal et al. evidence that expression of recombinant CCR5A32 protein confers
broad protection against RS and X4 strains of HIV-1 [41]. The mechanism was that
CCRS5A32 protein can heterodimerize with intracellular wide type CCRS5 and
CXCR4. They can form heterodimerizaion and thus CCR5A32 protein can act as a
negative regulator of wide type CCR5 and CXCR4. The heterodimerizaion can
reduce the cell surface expression of the major HIV co-receptors and thus can
resist entry of HIV. Understanding the mechanism of CCR5A32 protein hetero-
dimerized with CCR5 and CXCR4 may lead to new cues into the relationships of
these receptors. Then novel therapeutic drugs which induce resistance to HIV-1
can be developed.

CCR2-V64I is a polymorphism in CCR2 in which Val 64 is replaced by Ile.
People with CCR2-V64I have four-year delay in the progress to AIDS [42].
However, relatively few virus strains that can use CCR2 in conjunction with CD4
to infect cells have been reported. Mellado et al. find that CCRS and CXCR4 can
form heterodimerization with CCR2-V64I. The heterodimers can delay the HIV
progress [43].

WHIM (Warts, Hypogammaglobulinemia, Infections, and Myelokathexis) syn-
drome is an immune deficiency, where dimerization is thought to result in abnormal
function of the CXCR4 receptor. The expression of C-terminal truncation mutants
of CXCR4 results in uncommon genetic immunodeficiency disease. The studies
show that CXCR4(wt)/CXCR4(mu) heterodimers are at least twice as much as their
homodimers, when two receptors coexist in the same cell at the same concentration,
thus suggesting that CXCR4(wt)/CXCR4(mu) heterodimers are dominant in the
cells of patients with WHIM [44].

Some chemokine receptors are reported to take part in cancer metastasis
(Table 67.1). For example, CXCR4 is reported to be expressed in a variety of cell
types, including peripheral blood lymphocytes and monocytes. CXCR4 is also
highly expressed in 28 human cancers, including prostate cancer, lung cancer, and
pancreatic cancer, metastases, and malignant breast tumors. Wang et al. found
constitutive dimers of CXCR4 in malignant living cell using FRET [45]. Lipid raft
microdomains are important in directed migration of cancer cells by maintaining
receptor dimer conformation. An 18 residue peptide which is as the same as the
TM4 of CXCR4, reduce the energy transfer between protomers of CXCR4 dimer
then block CXCR4-mediated cancer cell migration. Therefore, it is possible to use
peptides to specifically control migration of cancer cells and to decrease the
number of CXCL12 attracted tumor-associated macrophages, which could pro-
mote tumor metastasis. The study of TM4 peptide from CXCR4 suggested that
chemokine receptor dimers were potential important targets for effective cancer
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therapy. It is possible to block cancer metastases through drugs like TM4 peptide
that interfers with dimeric receptor structures [7, 45]. More efforts are needed to
address the structure of dimerization of chemokine receptors and their signaling
role in HIV-1 infections, immunity, cancer biology and therapy, allergic condi-
tions, and various inflammatory.

CXCRY7 is a novel chemokine receptor, which has two natural ligands CXCL11
and CXCL12. CXCL12 is also the ligand of CXCR4. In addition, CCX771 is a
small specific antagonist of CXCR?7, similar to CXCL11. CXCRY?7 is different from
other receptors in signaling. Ligand activation of CXCR7 cannot trigger Gi-
mediated signaling and induced cell migration. The stimulation of ligands can
induce CXCR7 to associate with fS-arrestin2, which is a unique signaling prop-
erties of CXCR7. CXCR4, and CXCR7 could form constitutive heterodimer [46].
Because CXCR4 and CXCR?7 are linked to many cancers, the study of the role of
CXCR4/CXCR7 heterodimer is a hot spot. CXCR7 is important for CXCL12-
mediated transendothelial migration (TEM) in CXCR4 + CXCR7 + tumor cells.
CXCR?7 can help tumor cells pass through endothelial cells. Moreover, although
the TEM is mediated by CXCL12/CXCR4, CXCL11, and CCX771 (belonging to
ligands of CXCR?7) can potently block TEM. CCX771 is more efficient in blocking
TEM than the CXCR4 antagonist AMD3100, but it does not change the binding
affinity of CXCL12 for CXCR4 [47]. These results suggest that ligands of CXCR7
can inhibit CXCL12-mediated transendothelial migration. The research suggested
CXCR?7 could be a novel cancer therapeutic target.

67.5 Prospects

The growing evidence supports the concept that chemokine receptor dimers or
oligomers may have more novel functions. The dimers or oligomers are probably
the basic functional unit of some chemokines. The dimerization of chemokine
receptors may have novel specificity and have less or even no side effect, which
makes them a promising new generation of drug targets. Synthetic peptides of
transmembrane region of chemokines may be an effective tool to study the role of
receptor dimerization. The synthetic peptides and their modified forms may be
useful for the treatment of cancers, infectious disease, and inflammatory condi-
tions. Interfering of HIV-1 infection can be achieved by drugs targeting dimer-
ization of co-receptor CCRS5, CXCR4. Above all, the research on chemokine
receptors dimerization will bring a new dawn in the treatment of cancers, AIDS,
asthma, and so on.
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Chapter 68

The Mechanism of Apoptosis

in Adenocarcinoma of Lung Cancer A549
Cells Induced by Albumin-Derived

from Peanut

Minhui Long, Yuejun Sun, Ni Chen, Zimin Zhang, Wen Chu,
Yue Ma, Shenheng Luo, Zhongpeng Zhao and Aipo Diao

Abstract Peanut albumin which possesses protease inhibitor activity could be
used as an anticancer regent. This paper would discuss the effect and mechanism
of apoptosis induced by peanut albumin on human adenocarcinoma lung cancer
A549. MTT assay was used to evaluate the inhibition of peanut albumin on 11
kinds of cancer cells. Compared with other cells, there was the great significant
change in A549 cells. Morphological structures were detected by fluorescence
microscope, and cell cycle was measured by flow cytometry (FCM). Annexin V/PI
was used to detect cell cycle of A549 treated with peanut albumin. The differential
expressions between the group treated with peanut albumin and the control were
detected by Western-blot and quantitative-PCR. It was found that peanut albumin
could inhibit proliferation of A549 cells, and induce apoptosis of A549. The
possibility apoptosis of A549 cells induced by peanut albumin maybe correlated
with mitochondrial apoptosis pathway.
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68.1 Introduction

Much epidemiologic evidence indicates that diets containing legumes products,
such as peanuts and soybeans, are relevant low cancer incidence and mortality rates,
particularly with respect to colon, breast, prostates cancer [1-5]. Protease inhibitors
in these products are effective suppressors of carcinogenesis and have ability to
prevent carcinogen-induced transformation [6—10]. Albumins are major groups of
seed storage proteins widely distributed in both mono- and di-cotyledonous plants,
such as peanuts and soybeans. In addition to the storage protein function of albu-
mins, recent findings have demonstrated that albumins have protease inhibitor
activity/or anti-proliferative activity and can also play a protective role in plants as
defensive weapons against fungal attack/or anti-bacteria [11-13].

Previous work from our laboratory demonstrated that albumins-derived from
peanut exerts trypsin inhibitor activity. Interestingly, this activity is stronger than
Bowman-Birk trypsin inhibitor, a candidate for anti-cancer, which has been
reported to exert powerful anti-carcinogenic activity [14—17]. Studies have been
verified that the inhibition of various types of cancers is one of anti-cancer
characteristics of BBI [18]. Much evidence shows that many different trypsin
inhibitors in their pure forms suppress carcinogenesis. Although some data from
in vitro studies suggest that peanut-derived isoflavones and other compounds may
have anti-carcinogenic activity, there is a scarcity of published studied in a pure
form [19]. Albumin in peanut has the character of trypsin inhibitor, it is supposed
that the albumin is one of constitutes which can inhibit carcinogenesis in peanut.

This study will demonstrate that albumin in peanut is responsible for the anti-
carcinogenesis and will find which kind of mechanisms of albumin is in action. On
the basis of this knowledge, several kinds of tumor cells will be used with respect
to the application of such constitute to verify its anti-carcinogenesis.

68.2 Materials and Methods
68.2.1 Extraction Albumins of Peanut

Local peanut cultivars were provided by the ShanDong Agricultural Institute in
ShanDong Province in china. Peanut was pulverized in the presence of liquid
nitrogen, 1 g peanut fine power was mixed with 6 ml of N-hexane for 24 h at —
20 °C, filtered with filter paper and dried with vacuum pump, then mixed with
phosphate buffer (10 mM, pH 7.9) at 4 °C for overnight according to 10 ml/g, and
centrifuged (Beckman Coulter, Krefeld, Germany) at 8,000 g for 20 min to collect
supernatant. To gain the protein, the supernatant was homogenized in 65 %
ammonium sulfate and kept at 4 °C for 4 h, centrifuged for 20 min (12,000 g,
4 °C). Part of the protein precipitated here and the supernatant was discarded after
centrifugation. The sediment was dissolved in phosphate buffer as described before.
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68.2.2 Assay of Trypsin Inhibitor Activity Using BAPNA
as Substrate

A reaction mixture of 200 pl containing protein(0-0.01 mg) and 0.25 mg tryp-
sinase in reaction buffer (50 mMTris, 20 mM CaCl,, pH 7.5) was incubated at
37 °C for 30 min., then added 1 ml of BAPNA solution containing 0.2 g BAPNA
(Sigma) in reaction buffer was incubated at 37 °C for 10 min. The reaction was
stopped with 200 pl of cold 30 % acetic acid, incubated in ice for 10 min, and
centrifuged at 10,000 g for 10 min. To the supernatant, the A410 was taken. One
unit of trypsin was arbitrarily defined as the amount that increased A410 by 0.01
under the assay conditions. One unit of TT was defined as the amount that inhibited
one unit of trypsin.

68.2.3 Cell Cultures

The A549, HGP-2, Hele, 7860, MCF-7, BGC-823, DU-145, CaCo-2, Colo 320,
Ramos, U-87MG, cell lines were kindly provided by Dr WenYan. HE and Pro-
fessor DongGang XU (Institute of Basic Medical Science Academy of Military
Medical Sciences, Beijing, China). The cells were cultured in DMEM-Hams’s F-
12 (1:1) supplemented with 50 mg - mL~"' gentamicin, 50 mg - mL~" kanamycin,
10 mg/ml.

68.2.4 MTT Assay for Albumins Application

The solution of albumins was poured into bag filter for renaturation in PBS at
4 °C. The albumins were added to the cell culture medium at a concentration of
50-200 pg - mL in different cell lines as described before and incubated for
6-48 h. Then MTT was added to the medium 500 pg - mL and incubated for 4 h.
The medium was removed, and the Formazan was diluted in dimethyl sulphoxide
(DMSO). After vibration, the formazane concentration of the supernatant was
measured by determination of the absorbance at 490 nm.

68.2.5 Total RNA Preparation and Real-Time PCR(qPCR)
Assay

RNA pure reagent kit for rapid extraction of ultrapure RNA (Biomed, China) was
used to extract the total RNA from the A549 cells-treated with/without albumin for
6 h, respectively, according to the operation manual. PrimerScript Reverse
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Table 68.1 The follow primers are used in qPCR assay

Caspase 3 CAS3-1 5'-CTGCCGGAGTCTGACTTGGAA-3'
CAS3-2 5'-ATCAGTCCCACTGTCTGTCTCAATG-3'

Caspase 9 CAS9-1 5'-ACCAGCTGGATGCTGTGTCAAG
CAS9-2 5'-TGCTCCAGAATGCCATCCAA-3'

Caspase 8 CASS-1 5'-GGACATGTTGTCCATCCTGA-3'
CASS-2 5'-TTTCTTGGTCAGCGTGTAGC-3'

Bcl-2 Bcl-2-1 5'-ATGAGCGATGAGTTTGAGGGTTC-3’
Bcl-2-1 5'-CGATCCCACCAGGACTGGATA-3'

Bax Bax-1 5'-TTTGCTTCAGGGTTTCATCC-3'
Bax-2 5'-CAGTTGAAGTTGCCGTCAGA-3’

Transcriptase (TaKaRa Biotechnology Co. Ltd. (Dalian)) was used for the reverse-
transcription of 1 pg total RNA of each group by strictly following the operation
manual enclosed with the kit. The resulted cDNA should be used for QPCR that
was carried out by using the fluorescent MaximaTMSYBR Green/ROX qPCR
Master Mix (2x) in Mx3000PQPCR Systems (Agilent Technologies Stratagene
Products Division, USA), and the reaction system (20 pl) should be used
respectively to detect the mRNA expression levels of caspase3, 8, 9, Bcl-2 and
Bax in A549 cells (primers information was shown in Table 68.1).

68.2.6 Protein Extraction and Immunoblot Analysis

The A549 cells of various group-treated with/without 100 pg-mL for 12 h were
rinsed with the pre-cooled phosphate buffer (1 x PBS) for three times, then from
which the cell total protein was extracted by RIPA lysis buffer (Applygen Tech-
nologies Inc., China) and quantified by the Protein Detection Kit with Lowry’s
method (KeyGEN Biotechnology Co., China).

Cell protein was separated by electrophoresis on 15 %SDS-PAGE, and then
transferred onto a PVDF membrane of 0.2 pm aperture (ImmobilonTM Millipore,
USA) by Western blotting. The nonspecific binding sites on PVDF membrane
should be blocked by 5 % defatted milk powder dissolute in Tris-buffered saline/
1%Tween20 (TBS-T) at 4 °C for overnight. Then, the specific antibodies (1st
antibody) against caspase3, 8, 9 (Cell Signaling Technology Inc., USA), and Bcl-2,
Bax (Cell Signaling Technology Inc., USA) were prepared with 5 % defatted milk
powder, and diluted for 1,000 times (1:1000). Finally, SuperSignal West Femto
Substrate (Thermo Scientific, USA) was used for development in a dark room, and
the house-keeping gene GAPDH (Cwbiotech Inc., China) as internal reference.
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68.2.7 Measurement of Apoptosis

Double staining method with Annexin V-FITC/Propidium iodide (PI) (Nanjing
Keygen Biotech Co, Ltd.) was used to detect the phosphatidylserine (PS) at the cell
surface to evaluate the apoptotic cell number. A549 cells were inoculated I at the
concentration of 6 x 10°/well into a 6 well-plate, which were divided into
untreated (control) group, negative group (BSA), treated with albumins at con-
centrations of 100 pg. The cells were collected after the treatment with albumins
for 24 h, digested with 0.25 % trypsin without EDTA (invitrogen, USA) and
washed with phosphate buffer for two times to which 500 pl Binding Buffer and
5 pl Annexin V-FITC were added, 5 pl PI-suspended cells were mixed homoge-
neously, and reacted in dark for 15 min. The stained cells were counted and
analyzed by flow cytometry (FACSCalibur, BD Bioscience).The above-mentioned
tests should be repeated for three times.

68.2.8 Statistics

All the parameters were expressed as mean £ SD, the softwares: Student ¢ test,
one-way ANOVA, SPSS13.0, and MxPro 3000- QPCR were used for statistical
analysis. *p < 0.05 and **p < 0.01 were used to express the statistically signifi-
cant difference.

68.3 Results and Discussion
68.3.1 The Trypsin Inhibitor Activity of Albumins in Peanut

The protein was extracted with 10-mM phosphate buffer, pH 7.9. The TI activity
of this protein was tested and compared to BBI and bovine TI. The change in
turbidity in every sample was measured by turbidimeter. The turbidity of albumins
decreased from 31 to 15 at equal concentration. BBI and Bovine TI also showed
similar pattern with turbidity being reduced from 33 to 10 and from 33 to 14,
respectively. TI assay done with BSA as control showed no activity (Fig. 68.1).
The turbidity, therefore, decreased by 51, 61, and 55 % for purified protein, BBI,
Bovine TI respectively at a concentration of 100 pg -ml~'. Although the decrease
in turbidity was better in case of BBI and Bovine TI, the protein also showed
significant and comparable TI activity (Fig. 68.1).
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Fig. 68.1 TI activity of purified peanut albumin protein along with BBI and Bovine TI. The
bovine serum albumin was used as a control. All experiments were done three times and
averaged. Collumn 1 Bovine TI; Collumn 2 BBI; Collumn 3 albumins; Collumn 4 BSA

68.3.2 The Effects of Peanut’s Albumins on Different Tumor
Cell Lines

BBI are responsible for anti-cancer or inhibitor tumor cells growth, migration,
differentiation [14—18]. BBI have the ability of anti-cancer, but some types of
tumors are highly resistant to these BBI therapy or BBI treatment [20]. Albumins
maybe have the similarity to BBI. We have therefore tested ability of 2 s albumins
to inhibit the different types of tumor cells. A549, HGP-2, Hele, 7860, MCF-7,
BGC-823, DU-145, CaCo-2, Colo 320, Ramos, U-87MG cells were grown for
4 days in DMED and harvested. 1 x 10° cells for every kind of cell line were
plated in 96-well dishes, then treated with 100 pg/mL of albumins for 24 h and
then subjected to MTT assay. The MTT assay is a convenient colorimetric assay of
mitochondrial viability that assesses the number of viable cells versus the number
of dead cell in a given sample. Figure 68.2 shows that the A549, MCF-7, Colo
320, Romos cells are more sensitive to albumins. These phenomena maybe due to

iq_hibition ratio

Fig. 68.2 Effects of peanut albumins treatment on the growth of 11 kinds of tumor cell lines.
Different cells were incubated with 100 pg/ml peanut albumin for 24 h. The color intensity was
measured using a microtiter plate reader (Bio-Rad model 550) at 490 nm. All the cell lines could
be inhibited by peanut albumin except 7680
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the fact that those cells were stimulated to apoptosis by peanut albumins more
easily than the others. Similar results were achieved by treating the cells with the
peanut albumins for 1 h and subjecting the samples to an MTT assay 24 h later
(data not shown). These data have been confirmed with other techniques such as
measurement of cell viability by trypan blue exclusion cell-count before and after
peanut albumins treatment, as well as by flow-cytometry analysis (data not
shown). Interestingly, the 7860 cells had an overall resistance to any dose of the
peanut albumins, whether above or below the assessed LDs,. However, A549 and
MCEF-7 are the most sensitive to albumins. The results showed albumins enhanced
A549, MCF-7 cell death even at doses well below the LDsqy(refer to BBI), sug-
gesting that albumins could easily simulate A549 and MCF-7 cell to die, maybe
used to lower the necessary dose of albumins treatments for patients.

Surprisingly, the Hele, BGC-823, DU-145, CaCo-2, Colo 320, Ramos, U-
87MG, cells were sensitive to treatments with 2S albumins. However, the affect of
albumins on those cells were more less than A549, MCF-7.

68.3.3 Changes of A549 Cell Mitochondrial Pathway
and the Apoptosis and Proliferation of Tumor Cell
After Treatment with Peanut Albumin

There were some interactions between tumor cells and peanut albumin when tumor
cells were incubated with peanut albumin in previous experiment, and the A549
cells were the most sensitive to albumins. For the further exploring the effect of on
A549 cells growth when they were treated with peanut albumin, different con-
centrations of peanut albumin were incubated with A549 cell, and the expression
change of Bcl-2, Bax, Caspase3, Caspase9, and Caspase8 were monitored. Then
the finding expression of Bax, Caspase3, Caspase9 displayed a significant
increasing tendency (p < 0.05), and the level of Caspase8 expression was not
significantly changed, while Bcl-2 mRNA expression was significantly decreased
(p < 0.05), and its protein expression was also significantly decreased (Fig. 68.3a,
b). These results suggested that peanut albumin as a new anti-tumor candidate
could induce A549 cells to apoptosis which displayed a character similar to the
action produced by BBI, which might be related with its trypsin inhibitor activity.
We also observed the influence of both on cell apoptosis, and found that the cell
apoptosis rate (42.5 %) was significantly higher than the control group (3.6 %),
further verifying that peanut albumin possesses the promotion effect on cell
apoptosis (Fig. 68.3c). This study demonstrated that the albumin in peanut can
regulate A549 cells’ function, and demonstrated the promotion effect to cell
apoptosis possibly through mitochondrial pathway.

Our goal was to find whether components of the peanut proteins, when they
were added into media, would inhibit the growth of the tumor cell or induce tumor
cell to death. We also hoped to find which type of tumor cells that response to
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Fig. 68.3 The expression and protein levels change of above-mentioned various cytokines in
cytoplasm were observed after A549 cell lines were treated with peanut albumin. A. The
expression levels change of Bcl-2, Bax, Caspase3, Caspase9, Caspase8 in inta-cellular were
detected by qPCR. B. The expression of Bcl-2, Bax, Caspase3, Caspase9, Caspase8 in protein
levels were detected. C. A549 cells apoptosis was detected by flow cytometry

peanut albumins at the time of culture, though in practice our screen was more
effective for finding the former. We chose different cell lines imaging to read out
our screening assay, an information rich method that facilitated monitoring of
multiple phenotypes. Typically, an imaging screen for cellular appearances would
be performed as a fixed endpoint assay in microplates with DAPI staining for DNA
and perhaps also apoptosis. The advantage of this method lies in ease of image
analysis; however, fixed endpoint imaging would limit our ability to quantify both
the cell growth and apoptosis responses, since they are separated by ~ 24 h.
Other potential drawbacks of a fixed endpoint DAPI assays include demarcation of
the necrosis and apoptosis cell as well as potential loss of weakly adherent cells
and distortion of cellular structures during fixation. Hence, to assess whether
peanut albumins-induced cell death, MTT assay was used to measure the relative
survival of cells. When A549, HGP-2, Hele, MCF-7, BGC-823, DU-145, CaCo-2,
Colo 320, Ramos, and U-87MG cells were incubated with increasing concentra-
tions of peanut albumins and the proteins caused a dose-dependent inhibition of
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cell proliferation (data not shown) except 7860 cells, whereas the inhibitory effect
of peanut albumins was approximately twofold higher than that of BBI with
concentrations ranging from 30 to 40 pg. Some components in peanut albumins
are family of trypsin inhibitors isolated from plant seeds that exhibit anti-bacterial
and anti-fungal properties [21, 22]. Few studies show they have the capacity to
induce cell death in human cancer cells. In this report, we first used A549 cell lines
as models for assay and found that albumins which possess the activity of trypsin
inhibitor inhibited the growth of this cell lines in vitro. Most significantly, A549
cells were more sensitive to albumin than normal pneumonocyte with lower
concentration of albumins, indicating A549 cells might be potentially model for
investigating the anticancer of peanut albumin (data not shown). Furthermore,
peanut albumins induced a form of apoptotic cell death in A549 cells, which was
characterized by extensive vacuolization, surface exposure of PS, and loss of
mitochondrial membrane. Moreover, the A549 cells apoptotic process induced by
peanut albumin was caspase-dependent. Caspase3, one member of caspases which
are a family of proteases involved in the execution of apoptosis, is known to be an
important molecule in the cellular suicide cascade. It can be activated by stimuli
with a membrane (receptor-activated) or mitochondrial origin [23]. In fact, cas-
pase3 is a downstream response factor of caspase9, which, in turn, is activated by
cytochrome c released by mitochondria or by caspase8 that is activated by
membrane death receptors [23]. Pro- and anti-apoptotic genes of the Bcl2 family
act by stabilizing (Bcl2-like) or destabilizing (Bax-like) the mitochondrial mem-
brane, thus altering the release of cytochrome c that, in turn, activates caspase9 and
caspase3 sequentially [24]. On the other hand, membrane-dependent stimuli such
as Fas/FasL or tumor necrosis factor o (TNF-a)/TNF-aR interaction may trigger
caspase8 activation, which eventually leads to caspase3 activation [23]. Over high
level of mRNA expression of caspase3, caspase9, Bax occurred in A549 cells in
this study and we observed that caspase3, caspase9, Bax also has the similar
changing tendency at protein level. Our study also found that peanut albumin can
inhibit Bcl-2 mRNA transcription, and decrease the expression of anti-apoptotic
protein Bcl-2 in A549 cell strain and little effect on caspase8 when A549 cells
were stimulated by peanut albumin, demonstrating that peanut albumin displayed
an effect of promotion of A549 cell’s apoptosis.

68.4 Conclusion

In summary, cell death pathway induced by peanut albumins was main charac-
teristic of mitochondrial pathway in A549 cells for great changes in expression of
caspase3, caspase9, Bcl-2, Bax (P <0.05), and for little change of caspase8 was
observed (P = 0.974). The anti-tumor function of (P <0.05) peanut albumin was
further understood, laid the theoretical basis for subsequent research and provided
a new idea for the research and development of the drugs against cancer.
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Chapter 69
Serum miR-124 and TNF-a are

Biomarkers of Ischemic Cerebrovascular
Disease

Jiajie Liu, Xinghua Liao, Nan Wang, Jun Zhou, Lian Duan, Dalin Lu,
Zhipeng Liu, Tingbao Yan, Deyun Ma, Xiumei Dong, Xueguang Sun
and Tong-Cun Zhang

Abstract MicroRNAs are small non-coding RNAs with 19-22 nucleotides. MiR-
124 expresses abundantly in brain tissue and is involved in the development of
ischemic cerebrovascular disease (ICVD). Tumor necrosis factor-alpha (TNF-«) is
one of the important factors of the inflammatory reaction after cerebral ischemia.
To explore the roles of miR-124 and TNF-o in the process of ICVD, here, we
collected the serum of 15 patients with ICVD and 5 normal individuals. The levels
of miR-124 and TNF-« were detected by real-time PCR and ELISA. The results
showed that compared with the normal individuals, the levels of miR-124 and
TNF-o in serum were upregulated in the patients, while they were downregulated
after clinical treatment, suggesting that these two factors could be used as good
biomarkers for the diagnosis and prognosis of ICVD. Besides, our research also
provided a theory foundation for understanding the mechanism of inflammatory
response in cerebral ischemia mediated by miR-124.

Keywords Ischemic cerebrovascular disease (ICVD) - Inflammation - miR-124 -
Tumor necrosis factor-alpha (TNF-o)
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69.1 Introduction

Ischemic cerebrovascular disease (ICVD) is a group of brain dysfunctions related
to disease of the blood vessels supplying the brain. The most common forms of
ICVD are transient ischemic attack (40 % of cases) and cerebral embolism
(30 %), followed by cerebral thrombosis (20 %) [1]. Cerebrovascular disease is
commonly known as activity limitations (also referred to as “disabilities”), mostly
in elderly patients, manifested as paralysis, weakness, aphasia, and mental health
changes. Stroke is a leading cause of mortality and permanent disability, with two-
thirds of onsets due to ischemia. Major modifiable risk factors of ICVD include
hypertension, smoking, obesity, and diabetes .

MicroRNAs are a class of small non-coding RNAs that can regulate gene
expression and play a critical role in many biological and pathological processes
[2, 3]. Although the total number of microRNAs remains controversial [4—7], and
the roles of some specific microRNAs need to be defined, recent research has
shown that expression of microRNAs in diverse tumors is significantly different
from normal tissue [8—10].Present studies have indicated that specific MicroRNAs
played important roles in ICVD occurrence and development process. MicroRNAs
may also provide a new strategy for the preservation and diagnosis of ischemic
stroke [11].

MiR-124 expresses abundantly in brain tissue and is involved in the develop-
ment of the ICVD. Besides, stroke-induced inflammatory reaction and the level of
tumor necrosis factor-alpha (TNF-o) in serum would be increased during inflam-
matory. These results lead to invasion of leukocytes into the evolving brain infarct,
seeming to play a key role in the deterioration of ICVD [12, 13]. In order to
understand the mechanism of inflammatory response in cerebral ischemia and the
roles of miR-124 and TNF-« played in such process, in the present study, the level
of miR-124 and TNF-u is tested in the serum of 15 ICVD patients and 5 normal
individuals.

69.2 Materials and Methods

69.2.1 Clinical Data

The study was conducted on 15 patients with first-ever ICVD stroke (mean age
63.4 £ 5.2 years, 66 % men). ICVD was confirmed by either MRI or CT imaging
of the brain, and the risk factors were characterized based on the ancillary blood
and other biochemical examinations. The study excluded the patients with hem-
orrhage stroke. Patients with concurrent diseases or conditions interfering with the
result of the study, like infections, type 2 diabetes mellitus (T2DM), hematological
disorders, autoimmune diseases, myocardial infarctions, severe liver disease,
malignancies, undergoing surgical interventions within the past 12 months, and
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Table 69.1 Clinical data of Group ICVD Control
atients
P N 15(10/5) (M/F) 5(3/2) (M/F)
Average age 63.4 +£52 60.2 &+ 3.7

M male, F female

those on immunosuppressive drugs were also excluded. All the patients presented
completed ICVD stroke, defined as clinical symptoms persisting for more than
48 h. All patients with acute stroke had symptoms confined to the carotid artery
territory. The diagnosis of acute stroke was confirmed by tomography of the brain
performed immediately after admission. Blood samples were obtained for white
blood cell (WBC) counts within the first 24 h after the attack of stroke [14—16].
Five healthy volunteers without risk factors (mean age £ SD—60.2 £ 3.7 years,
3 men, and 2 women) served as a control group. The study was performed on the
basis of the written consent of each patient and approval of the Ethics Committee
of the University School of Medicine in Wuhan.
The age and sex distribution of these 20 cases are shown in Table 69.1.

69.2.2 Blood Specimen Collection

The blood was respectively obtained on the morning of the first day and on the
seventh day after attack, and all serum was obtained by the initial centrifugation of
the blood samples at 3,000 g for 15 min at 4 °C (Centrifuge 5810R; Eppendorf).
Supernatants were collected and immediately stored at —80 °C until use [15].

69.2.3 Real-Time Polymerase Chain Reaction (PCR)

The level of miR-124 was tested by real-time PCR according to manufacturer’s
instructions (TIANGEN). The three operation step kits (miRcutemiRNA isolation
kit, miRcutemiRNA first-strand cDNA synthesis kit, miRcutemiRNA qPCR
detection kit (SYBR Green)) were provided. First, total RNA was isolated from
serum lysis buffer. Then Poly (A) was added to the 3’ terminal of miRNA before
reverse transcription. Real-time PCR was performed in the StepOne™ Real-Time
PCR System (Applied Biosystems, Inc., Carlsbad, USA). Fast SYBR® Green
Master Mix was obtained from Applied Biosystems. The experimental steps were
strictly in accordance with the instructions [17]. U6 snRNA was used for the
normalization.
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69.2.4 Enzyme Linked Immunosorbent Assay (ELISA)

The levels of TNF-o in serum were measured by a human TNF-o ELISA kit
(Quantikine, R&D Systems, Minneapolis, USA). A standard curve for quantitative
basis was first drawn with five different contents of TNF-o standard samples, and
then the serum samples were detected and the concentration of TNF-o calculated
using the standard curve. The minimum detectable concentrations in our labora-
tory were 7 pg/mL for TNF-a.

69.2.5 Statistical Analysis

All statistical analyses were computed using SPSS statistical software, and the level
of significance was set at P < 0.05. The data are reported as mean =+ standard error
of the mean.

69.3 Results and Discussion

69.3.1 The Change in mRNA Level of Serum miR-124
in ICVD

To understand the role of miR-124 in ICVD, we used real-time PCR to determine
the expression of miR-124 in serum of ICV patients. Compared with patients after
clinical treatment and controls, the circulatory miR-124 level of patients before
clinical treatment was increased, and compared with the controls, the patients after
clinical treatment were significant downregulated (Fig. 69.1). In this experiment,
one and a half times greater than the differences were considered as significant
difference criterion.

Fig. 69.1 The mRNA mir-124
level of miR-124 in serum of

the ICVD patients and F
normal persons Control:
normal person; After: ICVD
patients after clinical
treatment; Before: ICVD
patients before clinical
treatment

(7]
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Control After Before
sample

[

Relative expression

e : g 5
© i = i R in W &
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69.3.2 The Change in Expression of Serum TNF-a in ICVD

In addition to test the serum concentrations of TNF-« in patients with ICVD before
and after clinical treatment and that in control group, the TNF-« level of the
samples were measured by ELISA. Results: X &=SEM. TNF-« value was signifi-
cantly higher in serum of ICVD patients before clinical treatment than that in
normal person (p = 0.016, P < 0.05) (Table 2, Fig. 69.2). After the clinical
treatment, the level of TNF-« in the serum of patients decreased but was still a
little higher than that in normal person (Table 69.2, Fig. 69.2). This study showed
that increased serum TNF-o level was present in ICVD patients compared with
age-matched controls. TNF-« is engaged in the formation of damaged brain cells
during the acute cerebrovascular disease period [18-20].

The diagnosis and prognosis of ICVD are dependent on the clinical history and
physical examination. Many patients have seizures discontinued when treated, so
detailed inquiry seizures is more important. The development of modern imaging
technology provides great help for cerebrovascular disease diagnosis, but it cannot
apply more vital signs. Functional study of MicroRNAs has developed rapidly
recent years in the field of life sciences. A recent study determined that the
expression changes in some MicroRNAs and TNF-o in human serum or plasma
may be diagnostic markers for certain diseases or physiological changes. At
present, a variety of MicroRNAs has been found involved in the pathological
process of ICVD. It has been reported that miR-124 was related to the differen-
tiation of neural stem and precursor cells, and was significantly upregulated in the
acute phase of ICVD. The present study indicates that expression of circulatory
miR-124 was upregulated in serum of ICVD patients before clinical treatment, and

Table 69.2 The expression of TNF-« in serum of the ICVD patients and normal persons (TNF-
a/pg/ml, X = SEM)

Group n TNF-o
Control 5 9.50 + 0.68
Patients(after clinical treatment) 15 12.81 £ 2.15
Patients(before clinical treatment) 15 35.50 + 10.53
Fig. 69.2 The expression of TNF-a
TNF-o in serum of ICVD 50 *
patients and normal persons 451 [
(TNF-a/pg/ml, X + SEM) o 401
Control: normal person; S 35¢
After: ICVD patients after 230t
clinical treatment; Before: S 25¢ W TNF-a
ICVD patients before clinical & 20
treatment < 15} I
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downregulated after clinical treatment, compared to the controls. The finding may
have implications for the development of a desirable biomarker and therapy for
ischemic stroke. Since this study utilized serum, tested miR-124 and TNF-o levels
in system circulatorium, it would be beneficial for the elucidation of this disease
diagnosis method or treatment targets. Serum microRNA is stable and not easy to
be degraded, taken from the blood it is convenient, no tissue damage, quick and
simple, serum microRNA can be used as a new clinical diagnosis method.

69.4 Conclusion

Our results show that compared with normal serum, the level of serum miR-124 and
TNF-a were upregulated in the patients before clinical treatment, while miR-124
and TNF-o were downregulated after clinical treatment, suggesting that these two
factors could be used as good biomarkers for the diagnosis and prognosis of ICVD.
Besides, our research also provided a theory foundation for understanding the
mechanism of inflammatory response in cerebral ischemia mediated by miR-124.
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Chapter 70
A New Process for Preparation
of Hydroxytyrosol

Yinghao Gao, Xijuan Liang, Yuanmou Chen, Fei Hu, Weizhu Liu,
Peng Yu and Erbing Hua

Abstract Hydroxytyrosol is one of the major natural phenolic compounds, mainly
in virgin olive oil and the wastewater generated from olive oil processing. Based
on its strong antioxidation, hydroxytyrosol is widely used in medical treatment,
food, beauty, and other industries. Its diverse biological activities have for a long
time attracted considerable interest of synthetic and pharmacological areas. In this
paper, the new process of hydroxytyrosol synthesis has been explored, which starts
from catechol protection, followed by Friedel-Crafts reaction with ethyl oxalyl
monochloride, then the Wolff-Kishner-Huang reaction and reduction reaction with
LAH, and finally deprotection. The target compound was obtained by five-step
reaction with an overall yield of 23 %. The title compound was characterized on
the basis of ' H NMR spectral.

Keywords Natural - Hydroxytyrosol - Synthesis - New process

70.1 Introduction

Hydroxytyrosol (3,4-dihydroxyphenylethanol) is primarily found in fruits and
leaves of olive and has been reported to exert several biological and pharmaco-
logical activities [1]. It was first discovered and extracted from the wastewater that
resulted when green olives were rinsed in the process of making olive oil [2—4]
(Fig. 70.1).

For decades olive oil has been known for its many healthy properties. It has
long been noted that the Mediterranean diet has been associated with a lower
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Fig. 70.1 Structures of HO OH
hydroxytyrosol :©/\/
HO

incidence of cardiovascular disease and certain cancers than the diet of other
Western countries [5]. And since extra-virgin olive oil is the principal source of fat
in the Mediterranean diet and has been identified as an important contributor to the
reduced mortality associated with this diet, researchers began studying olive oil,
looking for the compound that was responsible for the anti-inflammatory and
cholesterol-lowering effects [6].

That’s when they found hydroxytyrosol—the polyphenol thought to be
responsible for olive oil’s anti-inflammatory and antioxidant effects [7]. Its ability
to absorb free radicals and protect cells and mitochondria [8] from damage is quite
impressive.

The antioxidant activity is the most studied property of hydroxytyrosol. The
interest of hydroxytyrosol is based on its remarkable pharmacological and anti-
oxidant activities. Reactive oxygen species, which are continuously being formed
as a result of metabolic processes in the organism, may cause oxidation and
damage of cellular macromolecules, and therefore, may contribute to the devel-
opment of degenerative diseases, such as atherosclerosis, cancer, diabetes, rheu-
matoid arthritis, and other inflammatory diseases [9].

The high antioxidant efficiency of hydroxytyrosol, attributed to the presence of
the o-dihydroxyphenyl moiety, is due to its high capacity for free radical scav-
enging during the oxidation process and to its reducing power on Fe3*[10].

In numerous human, animal, and in vitro studies, hydroxytyrosol has been
shown to:

(1) Decrease markers or indicators of inflammation including PEG-1, IL-10,
C-reactive protein, TNF-a, COX-2, iNOS, and others [11].

(2) Significantly increasing ATP energy production and supporting healthy
mitochondrial function [12].

(3) Improve the quality of life for osteoporosis patients. Hydroxytyrosol may have
critical effects on the formation and maintenance of bone, and can be used as
effective remedies in the treatment of osteoporosis symptoms [13].

(4) Reduce the risk of macular degeneration and improve eye health [14].

(5) Boost significant and rapid reductions in LDL or ‘bad’ cholesterol [15].

(6) Have a treatment effect on the cardiovascular system [16].

Additional research shows that hydroxytyrosol holds great promise for a wide
variety of potential health benefits.

Hydroxytyrosol is the most powerful natural antioxidant currently known.
Well-documented studies confirm its anti-inflammatory, antibacterial, antioxidant,
and cardioprotective health benefits. Although it is not familiar to most people,
hydroxytyrosol promises to soon become a staple in natural health care. Its bio-
logical activities and beneficial effects on human health have stimulated the
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development of different procedures for the chemical and enzymatic synthesis of
hydroxytyrosol. In this paper, we designed a new, economically effective, tech-
nically attractive process for preparation of hydroxytyrosol starting from catechol,
because catechol is commercially available.

70.2 Materials and Methods
70.2.1 Materials and Measurements

All reagents and solvents used were of reagent grade. Reaction temperatures were
controlled by oil bath temperature modulator. Thin layer chromatography (TLC)
was performed using E. Merck silica gel 60 GF254 precoated plates (0.25 mm).
Silica gel (particle size 200400 mesh) was used for flash chromatography. 1H
spectra were recorded on Bruker AM-400 NMR spectrometers in deuterated
chloroform.

70.2.2 General procedures

The route to prepare hydroxytyrosol was presented in Scheme 70.1 .
General procedure for the preparation of 1,2-methylenedioxybenzene(3) [17]

0]

C|)S(O\/CH3 0
HO:@ NaOH,TBAB <O]© o) <©Q)%°v‘”"s
CH,Cl,DMSO O o) 0

4

HO AICl3,CH,Cl,
2 3

(1)NHoNH,;(2)KOH;(3)HCI

0 COOH LAH,rt o) OH
CIy oot
0
5

BBr3,CH.Cl, HO

HO

1

Scheme 70.1 Synthesis of hydroxytyrosol
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A mixture of DMSO (80 ml), dichloromethane (20 mL), and tetrabutyl
ammonium bromide (1.9 g, 6 mmol) was rigorously stirred and heated to reflux.
Then a solution of catechol (11 g, 0.1 mol) in DMSO (60 mL) and a solution of
sodium hydroxide (8 g, 0.2 mol) in water (8 mL) were added dropwise at the same
time at such a rate that the addition was complete after 2 h. After the addition was
complete, the reaction mixture was stirred and refluxed for a further hour.

Then water (100 mL) was slowly added to the reaction mixture. The reaction
mixture was heated and the distillates were accumulated from 99 to 104° C. The
distillates were 1,2-methylenedioxybenzene (3) and water. The distillates were
poured into separator funnel and separated. Then 1,2-methylenedioxybenzene(3)
was obtained in 81.7 % yield.

"H-NMR(CDCl5): 6/ppm 5.96-5.97 (2H, s, CH,), 6.85-6.88 (4H, s, ArHy
General procedure for the preparation of ethyl 2-(benzo[d] [1, 3] dioxol-
6-yl)-2-oxoacetate(4) [18]

In a three-necked round-bottomed flask mounted with a cooler system under
inert conditions, AICl; (11.7 g, 0.086 mol) was suspended in CH,Cl, (120 mL) at
0 °C. To this mixture ethyl oxalyl monochloride (11.7 g, 0.086 mol) was added
dropwise in about 10—15 min. After 10 min the stirred suspension became a pale
yellow solution. At 0 °C 1,2-methylenedioxybenzene (3) (10 g, 0.082 mol) was
added dropwise in about 10 min. Then the solution was stirred at r.t. for 1 h. To
this reaction mixture the three fold volume of H,O was carefully added. Extraction
was performed with EtOAc (5 x 60 mL). The organic layers were collected and
washed with saturated NaCl solution (2 x 100 mL), dried over Na,SO4, and
concentrated in vacuo. The crude product was purified by column chromatography
on silica gel eluted with (PE/EtOAc80:1) to give the compound 4 (10.2 g, 56.7 %)
as a pale yellow oil.

"H-NMR(CDCl3): é/ppm 1.41-1.45 (3H, t, CH,CH3), 4.42-4.47 (2H, m,
CH,CHs;), 6.10 (2H, s, CH,), 6.90-6.92 (1H, d, ArH), 7.49-7.50 (1H, d, ArH), 7.62-
7.64(1H, dd, ArH).

General procedure for the preparation of 3,4-(methylenedioxy)phenylacetic
acid(5) [19]

In a three-necked round-bottomed flask compound 4(6.7 g, 0.03 mol) and 85 %-
hydrazine hydrate (8.85 g, 0.15 mol) was dissolved in ethylene glycol (60 mL).
The reaction mixture was stirred and heated at 120 © C for 2 h then it was cooled to
room temperature and KOH (5 g, 0.09 mol) was added in. The reaction mixture
was heated at 180 ° C for 2 h to remove low-boiling point compounds then refluxed
for 4 h. When the reaction mixture was cooled to room temperature, the pH was
adjusted to around 3 by progressively adding hydrochloric acid (6 mol/L). To this
reaction mixture H,O (60 mL) was added. Extraction was performed with EtOAc
(5 x 40 mL). The organic layers were collected and washed with saturated NaCl
solution (2 x 50 mL), dried over Na,SQO,, and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel eluted with (PE/
EtOAcS5:1) to give the compound 5 (3.39 g, 62.8 %) as a white solid.

"H-NMR(CDCI3): é/ppm 3.59 (2H, s, CH,COOH), 5.97 (2H, s, CH,), 6.73-
6.75 (1H, dd, ArH), 6.78 (1H, s, ArH), 6.80-6.81 (1H, d, ArH).
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General procedure for the preparation of 3,4-(methylenedioxy)phenethyl
alcohol(6)

In a round-bottomed flask compound 5(3 g, 0.017 mol) was dissolved in dry
THF (30 mL) at 0 ° C. To this mixture LiAlH, (1.7 g, 0.05 mol) was carefully
added. The mixture was stirred at room temperature for 1 day. When the reaction
was complete, the reaction mixture was quenched with 10 % HCI at 0 ° C until
evolution of gas stopped. For work-up, the mixture was diluted with H,O(50 mL).
Extraction was performed with EtOAc (5 x 20 mL). The organic layers were
collected and washed with saturated NaCl solution (2 x 30 mL), dried over
Na,SOy, and concentrated in vacuo. The crude product was purified by column
chromatography on silica gel eluted with (PE/EtOAc3:1) to give the compound 6
(1.28 g, 46 %) as a colorless oil.

'H-NMR(CDCl;): &/ppm 1.55 (1H, s, CH,CH,OH), 2.79-2.82 (2H, t,
CH,CH,OH), 3.82-3.85 (2H, t, CH,CH,OH), 5.95 (2H, s, CH,), 6.69-6.71 (1H,
dd, ArH), 6.74-6.75 (1H, d, ArH), 6.77-6.79 (1H, d, ArH).

General procedure for the preparation of hydroxytyrosol(1) [20]

In a round-bottomed flask compound 6 (0.2 g, 1.20 mmol) was dissolved in dry
CH,Cl, (25 mL) at -40 ° C. To this mixture a solution of BBr3 (0.7 g, 2.4 mmol)
in CH,Cl, (2 mL) was carefully added via syringe. The mixture was stirred at
room temperature for 2 h. When the reaction was completely detected by TLC, the
reaction mixture was quenched with CH;OH (5 mL) at 0 ° C. For work-up, the
mixture was diluted with H,O (30 mL). Extraction was performed with EtOAc
(3 x 20 mL). The organic layers were collected and washed with saturated NaCl
solution (2 x 30 mL), dried over Na,SQ,, and concentrated in vacuo. The crude
product was purified by column chromatography on silica gel eluted with (PE/
EtOAcl1:1) to give the compound 1 (0.141 g, 76 %).

"H-NMR(CDCl3): é/ppm 3.03-3.07 (2H, t, CH,CH,OH), 3.49-3.53 (2H, t,
CH,CH,0H), 5.04 (1H, s, ArOH), 5.14 (1H, s, ArOH), 6.64-6.66 (1H, dd, ArH),
6.73-6.74 (1H, d, ArH), 6.80-6.82 (1H, d, ArH).

70.3 Results and Discussion

In this work, a novel and efficient method based on Friedel-Crafts reaction and
Wolft-Kishner-Huang reaction to synthesize hydroxytyrosol has been developed.
This process has several advantages compared with the traditional pathway for the
synthesis of hydroxytyrosol. This method has fewer steps with lower cost which
uses cheap catechol as the starting material. In this procedure, catechol was reacted
with CH,Cl, in DMSO at 140 ° C to obtain 1,2-methylenedioxybenzene. Then 1,
2-methylenedioxybenzene was converted into ethyl2-(benzo[d][1,3]dioxol-6-yl)-
2- oxoacetate(4) by Friedel-Crafts reaction. Compound 4 was subsequently
reduced with hydrazine hydrate to obtain 3,4-(methylenedioxy)phenylacetic
acid(5) which was readily separated by column chromatography in a high yield.
Finally hydroxytyrosol was obtained by reduction of compound 5 with LiAlH, and
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deprotection with BBr;. The target compound was obtained by five-step reaction
with an overall yield of 23 %. Although this method involves several steps, it can
be easily performed in large scale and the starting material is inexpensive.

70.4 Conclusion

In conclusion, we have introduced a new method for accessing hydroxytyrosol, by
utilizing catechol as a starting material. The overall procedure involves com-
mercial available and inexpensive materials, using standard experimental proce-
dures, wherein all intermediates are stable and isolatable in moderate and good to
yields.
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Chapter 71

Design and Synthesis

of 2-Arylbenzimidazole Analogues

as Novel SIRT1 Activators

for the Treatment of Type II Diabetes

Fei Hu, Yuanmou Chen, Yinghao Gao, Shaolong Jia, Weizhu Liu,
Peng Yu and Erbing Hua

Abstract SIRT1, an NAD*-dependent sirtuin deacetylase, has emerged as
potential therapeutic target for treatment of human illnesses such as type II dia-
betes, cancer, cardiovascular and neurodegenerative diseases. Resveratrol, a nat-
urally occurring small molecule activator of SIRT1, has been demonstrated to
improve metabolism and glucose tolerance. SRT1720, an imidazothiazole deriv-
ative, recently made as the most potent SIRT1 activator is structurally unrelated to
resveratrol. In this work, we design and synthesize a series of compounds as novel
potential SIRT1 activators through a two-step convenient synthetic procedure.
Fourteen 2-Arylbenzimidazole analogues were characterized on the basis of 'H
NMR spectra. Tests for biological activity of these compounds are underway.

Keywords Synthesis - SIRT1 activator - Type II diabetes - 2-Arylbenzimidazole
analogues

71.1 Introduction

The prevalence of metabolic syndrome associated with increased risk for cardio-
vascular disease, type II diabetes, or cancer has been increasing over the past
decade [1, 2]. The metabolic syndrome was a complex process and can be regu-
lated by genetic alterations and calorie restriction [3]. Recently, a growing list of
evidence implicates mammalian sirtuins in the regulation of various aspects of CR
responses, namely, glucose homeostasis [4], insulin secretion [5, 6], fat metabo-
lism [7], stress resistance [8—12], and physical activity [13]. There has been much
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interest in developing pharmacological agents that mimic the effects of calorie
restriction. SIRT1, an NAD+-dependent deacetylase, has been implicated as one of
the key downstream regulators of CR in yeast, rodents, and humans [14-16]. Small
molecule activators of SIRT1 have been identified that exhibit efficacy in animal
models of diseases typically associated with aging including type II diabetes [17].
Resveratrol, a polyphenolic SIRT1 activator, mimics the anti-aging effects of
calorie restriction in lower organisms and in mice fed a high-fat diet ameliorates
insulin resistance, increases mitochondrial content, and prolongs survival [18, 19].
Milne et al. identified SRT1720 as potent SIRT1 activators, which are structurally
unrelated to but 1,000-fold more active than resveratrol toward improving glucose
homeostasis, increasing insulin sensitivity, and increasing mitochondrial function
in rodent models of type II diabetes [20]. Thus, SIRT1 activation is a promising
new therapeutic approach for treating diseases of aging such as type II diabetes.

On this basis, numerous efforts have been devoted to discover novel activators
of SIRT1. We synthesis 2-Arylbenzimidazole as new scaffold instead of the
nuclear structure of SRT1720, then fourteen 2-Arylbenzimidazole analogues as the
novel potential SIRT1 activators were synthesized. The aim of this work is to
explore new template structures for novel potent SIRT1 activators.

OH \_gz
HO N O o
S—_N
® }U@
OH

N
resveratrol HN\J SRT1720

71.2 Materials and Methods
71.2.1 Materials and Measurements

All reagents and solvents used were of reagent grade. Reaction temperatures were
controlled by oil bath temperature modulator. Thin layer chromatography (TLC)
was performed using E. Merck silica gel 60 GF,s4 precoated plates (0.25 mm).
Silica gel (particle size 200—400 mesh) was used for flash chromatography. 'H
spectra were recorded on Bruker AM-400 NMR spectrometer in deuterated
chloroform and deuterated DMSO.
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71.2.2 Experimental Methods

The route to prepare the 2-Arylbenzimidazole analogues was presented in
Fig. 71.1.

The methods of synthesizing and purifying intermediate 1 were as follows.

To aflask 1, 2-diaminobenzene (3.24 g, 30 mmol), 3-Aminobenzoic acid (4.93 g,
36 mmol), and PPA (33 g) were added, then the reaction mixture was allowed to be
heated to 200 °C by oil bath and kept reflux for 5 h. After the reaction was completely
finished, the reaction mixture was slowly poured into ice water and the resulting
mixture is basified with solid NaOH and NaHCO;. At pH8-10 the precipitate was
filtered, washed with water, and dried to obtain the crude product, which purified by
flash column chromatography (silica gel, pure CH,Cl,) to afford intermediate 1.
The synthesis and purity methods of intermediate 2 were the same as the method for
intermediate 1.

The second step b: two scaffolds (intermediate 1 and intermediate 2) with
aromatic carboxylic acid by acylation reaction.

In a round-bottomed flask, aromatic carboxylic acid (1.2 mmol) was dissolved in
suitable amount of CH,Cl, (25 mL), followed by adding EDCI (1.5 mmol), Et;N
(2 mmol), DMAP (0.5 mmol), and intermediate 1 (1 mmol). Then the reaction
mixture was allowed to be heated to 80 °C and kept reflux for 6 h. After cooling, the
reaction mixture was poured into a 100 mL separating funnel, then water was added,
then extracted by CH,Cl,, the organic layer was washed by water, saturated salt
water, and dried by sodium sulphate. The organic phase was evaporated under
vacuum to remove the solution CH,Cl,, providing the crude product. Then it was
purified by flash column chromatography to afford 2-Arylbenzimidazole
compounds.

Synthesized route :<R2
o
COOH H NH, H NH
NH, a N b N
/@: + — , - )
Ry NH, NH, Rj N Ry N

intermediate 1 Ry=H 2-Arylbenzimidazole analogues 1-14
intermediate 2 R;= CHj3

R1= H,CH3
o) 0 o o NO,
_0 \ “o\‘ N
1 2 3 4 5 6 7

Fig. 71.1 Reagents and conditions: a PPA, 200 °C, 5 h (yield 87-90 %); b CH,Cl,, EDCI,
DMAP, E;N, 80 °C, 6 h (yield 35-86 %)
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71.2.3 Syntheses

2-(2'-aniline) benzimidazole (intermediate 1)

A white solid, 87.4 % yield.

"H NMR (400 MHz DMSO): é/ppm 12.682 (s, 1H), 7.555 (s, 2H), 7.438-7.429
(t, 1H), 7.293-7.273 (d, 1H), 7.195-7.156 (m, 3H), 6.699-6.675 (dd, 1H),
5.286-5.284(d, 2H).

2-Arylbenzimidazole analogue 1

A white solid, 62.2 % yield.

'"H NMR (400 MHz CDCls): é/ppm 8.418-8.410 (t, 1H), 8.080 (s, 1H),
7.878-7.856 (m, 3H), 7.648-7.625 (m, 3H), 7.593-7.557 (m, 1H), 7.518-7.480 (m,
2H), 7.449-7.410 (t, 1H), 7.291-7.248 (m, 3H).

2-Arylbenzimidazole analogue 2

A white solid, 59.4 % yield.

"H NMR (400 MHz DMSO): &/ppm 12.778-12.740 (d, 1H), 10.430 (s, 1H),
8.682 (s, 1H), 8.037-8.019 (d, 2H), 7.860-7.841 (m, 2H), 7.639-7.314 (m, 6H),
7.063-7.011 (m, 1H), 2.443-2.426 (m, 3H).

2-Arylbenzimidazole analogue 3

A white solid, 45.8 % yield.

"H NMR (400 MHz CDCls): é/ppm 8.338 (s, 1H), 8.110 (s, 1H), 7.826-7.806
(d, 1H), 7.714-7.666 (m, 2H), 7.403-7.363 (t, 1H), 7.252-7.237 (m, 1H),
6.955-6.950 (d, 2H), 6.603-6.592 (t, 1H), 3.796 (s, 6H).

2-Arylbenzimidazole analogue 4

A white solid, 72.6 % yield.

"H NMR (400 MHz CDCl5): d/ppm 8.767 (s, 1H), 8.270 (s, 1H), 7.730-7.696
(t, 2H), 7.552-7.531 (dd, 2H), 7.283 (s, 1H), 7.270-7.231 (t, 1H), 7.220-7.197(m,
2H), 3.873 (s, 3H), 3.753 (s, 6H).

2-Arylbenzimidazole analogue 5

A white solid, 47.9 % yield.

"H NMR (400 MHz CDCl5): d/ppm 9.883 (s, 1H), 8.460 (s, 1H), 7.904—7.885
(d, 1H), 7.812 (s, 1H), 7.645 (d, 2H), 7.506-7.486 (m, 3H), 7.396 (t, 1H),
7.303-7.270 (m, 4H), 2.533 (s, 3H).

2-Arylbenzimidazole analogue 6

A white solid, 86.1 % yield.

'"H NMR (400 MHz CDCls): é/ppm 8.416-8.406 (t, 1H), 7.923 (s, 1H),
7.876-7.857 (d, 1H), 7.776-7.754 (m, 3H), 7.681-7.659(m, 2H), 7.546-7.506 (t,
1H), 7.322-7.260(m, 3H).

2-Arylbenzimidazole analogue 7

A white solid, 35.1 % yield.

'"H NMR (400 MHz DMSO): d/ppm 12.952 (s, 1H), 10.791 (s, 1H),
8.889-8.880 (t, 1H), 8.717-8.709 (t, 1H), 8.488-8.461 (dd, 2H), 7.938-7.860 (m,
3H), 7.686-7.668 (d, 1H), 7.595-7.535 (dd, 2H), 7.239-7.200 (m, 2H).

2-(2'-aniline) -5-methyl-benzimidazole (intermediate 2).

A white solid, 90.3 % yield.
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'H NMR (400 MHz CDCls): d/ppm 9.337 (s, 1H), 7.468-7.461(t, 1H),
7.291-7.244 (m, 4H), 7.107-7.083 (dd, 1H), 6.786-6.758 (m, 1H), 3.804 (s, 2H),
2.487(s, 3H).

2-Arylbenzimidazole analogue 8

A white solid, 67.6 % yield.

"H NMR (400 MHz CDCl5): é/ppm 10.445 (s, 1H), 8.482 (s, 1H), 8.008 (s,
1H), 7.927-7911 (d, 1H), 7.886-7.864 (d, 2H), 7.822 (s, 1H), 7.559 (s, 1H),
7.521-7.489 (d, 2H),7.262 (m, 2H), 7.021-6.998 (d, 2H), 3.896 (s, 3H).

2-Arylbenzimidazole analogue 9

A white solid, 65.7 % yield.

"H NMR (400 MHz CDCls): é/ppm 8.393 (s, 1H), 7.987 (s, 1H), 7.865-7.835
(m, 3H), 7.637-7.617 (d, 1H), 7.554-7.534 (d, 1H), 7.464-7.424 (t, 1H), 7.404 (s,
1H), 7.110-7.089 (d, 1H), 7.003-6.981 (d, 2H), 3.887 (s, 3H), 2.485 (s, 3H).

2-Arylbenzimidazole analogue 10

A white solid, 44.2 % yield.

'"H NMR (400 MHz CDCls): é/ppm 8.406-8.397 (t, 1H), 8.021 (s, 1H),
7.875-7.855 (d, 1H), 7.657-7.633 (dd, 1H), 7.552 (s, 1H), 7.493-7.453 (t, 2H),
7.406 (s, 1H), 7.115-7.092 (dd, 1H), 6.999-6.993 (d, 2H), 6.651-6.640 (t, 1H),
3.861 (s, 6H), 2.489 (s, 3H).

2-Arylbenzimidazole analogue 11

A white solid, 73.2 % yield.

'"H NMR (400 MHz CDCl;): dé/ppm 8.347-8.338 (t, 1H), 8.073 (s, 1H),
8.817-7.768 (m, 2H), 7.545 (s, 1H), 7.504-7.464 (t, 2H), 7.404 (s, 1H), 7.110 (m,
3H), 3.940 (s, 6H), 3.925 (s, 3H), 2.491 (s, 3H).

2-Arylbenzimidazole analogue 12

A white solid, 56.3 % yield.

"H NMR (400 MHz CDCl5): é/ppm 8.750-8.736 (dd, 2H), 8.475-8.451 (dd,
2H), 8.409-8.387 (dd, 2H), 7.637-7.596 (dt, 2H), 7.479-7.458 (t, 1H), 7.447 (s,
1H), 7.426 (s, 1H), 7.416-7.415 (d, 1H), 7.396 (s, 1H), 2.684 (s, 6H).

2-Arylbenzimidazole analogue 13

A white solid, 85.7 % yield.

"H NMR (400 MHz CDCls): é/ppm 8.350 (s, 1H), 8.117 (s, 1H), 7.859-7.813
(dd, 3H), 7.610-7.607 (dd, 1H), 7.587-7.509 (m, 2H), 7.498-7.461 (t, 2H),
7.404-7.365 (t, 2H), 7.088-7.065 (dd, 1H), 2.460 (s, 3H).

2-Arylbenzimidazole analogue 14

A white solid, 37.4 % yield.

"H NMR (400 MHz DMSO): &/ppm 12.814-12.774 (d, 1H), 10.775 (s, 1H),
8.885-8.882 (d, 1H), 8.675 (s, 1H), 8.484-8.457 (m, 2H), 7.941-7.856 (m, 3H),
7.579-7.323 (m, 3H), 7.070-7.014 (m, 1H), 2.448-2.429 (d, 3H).
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Table 71.1 Effect of the

! ; . Entry Acid: diamine Yield (%)
ratio of aromatic carboxylic
acid 1 1 76.5
2 1.1 83.5
3 1.2 90.6
4 1.3 91.1
5 1.4 91.6

71.3 Results and Discussion

In this work, we synthesized intermediate from 1,2-diaminobenzene and
3-Aminobenzoic acid with PPA under solvent-free conditions. In this reaction, the
temperature is very important. In our initial attempts, when temperature was under
180 °C, the reaction produced a complicated composition and made the separation
difficult. When 200 °C, the reaction can react completely and easily work up to
afford pure product. Interestingly, the ratio of aromatic carboxylic acid can affect
on this reaction yield (Table 71.1). We found the increased yield with higher ratio
of acid, but when the ratio is higher than 1.2, the yield is not increased obviously.
In addition, the excess aromatic carboxylic acid can bring a side reaction and this
material is not cheap. So the ratio of 1.2 is the best choice.

In the step b, fourteen 2-Arylbenzimidazole analogues were synthesized by
acylation reaction. In our initial attempts, we use HATU as the catalyst but TLC
showed two main spots, the HATU may induce reaction within aniline and
imidazole acylations whatever the ratio of aromatic carboxylic acid to aniline was
changed. Without HATU the reaction directed to a major product and excessive
acid can increase the yield of reaction. In all, we take 1.2 equivalent acids in this
reaction. The total yield was 31-77 %; this method was lower cost, simple, and
convenient.

2-Arylbenzimidazole analogues have the similar structure with SIR1720, to
choose benzimidazole as structural template is due to its important pharmacophore
in modern drug discovery [21]. Benzimidazole derivatives have exhibited signif-
icant activity against several viruses such as HIV [22, 23], herpes (HSV-1) [24],
and human cytomegalovirus (HCMV) [23]. Benzimidazole and its derivatives
have been used as angiotensin II inhibitors [25], potential antitumor agents [26],
and antimicrobial agents [27].

71.4 Conclusion

In summary, we have synthesized two kinds of 2-arylbenzimidazole compounds
with moderate yield from relevant 1, 2-diaminobenzene and aromatic carboxylic
acids through two steps for imidazole formation and acylation. The imidazole
formation was conducted only in the present of PPA without using solvent. The
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salient features of this reaction are mild reaction conditions, moderate yields, and
clean work-up procedure. These advantages should render the synthesis of 2-
arylbenzimidazole analogues more efficient and environmental friendly.
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for Potential Lead Compounds

of Treatment of Diabetes
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Abstract Sirtuins catalyze NAD"-dependent protein deacetylation and are key
regulators of transcription, apoptosis, metabolism, and aging. There are seven
human sirtuins (SIRT1-7), and SIRT1 has been proven as a key mediator of the
pathways downstream of calorie restriction that has been shown to delay the onset
and the incidence of age-related diseases such as type II diabetes. Increasing
SIRT1 activity, either by transgenic over expression of the SIRT1 gene in mice or
by pharmacological activation by small molecule activator SRT1720, has shown
beneficial effects in rodent models of type II diabetes. In this paper, several small
molecules were designed and synthesized through a convenient synthetic proce-
dure. Ten newly synthesized compounds were characterized on the basis of 'H
NMR.

Keywords Sirtl - Activator - 2-phenylbenzo[d]thiazole - 2-phenylbenzo[d]oxa-
zole - Synthesis

72.1 Introduction

Silent information regulator 2(Sir2) was first identified as a gene that is required to
maintain cell mating type in Saccharomyces cerevisiae by repressing the tran-
scription of mating type genes [1]. It leads to a decrease in histone acetylation [1,
2] and an increase in lifespan in yeast [3]. Extensive researches show that four
sirtuins (Hst1-4) in addition to Sir2 in Saccharomyces cerevisiae, and seven
homologs (SIRT1-7) have been identified in mammals. Among the seven members
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Fig. 72.1 Structures of SRT1720, SRT2183, SRT1460 and Resveratrol [24]

of the homologs, the nuclear SIRT1 is the closest homolog of yeast Sir2 [4].
SIRT1, an NAD"-dependent deacetylase [5],is critical regulators of transcription
and playing important roles in the regulation of apoptosis, differentiation,
metabolism, and chromatin remodeling [6—14]. SIRT1 has shown to be activated
by fasting and Calorie restriction [15, 16]. SIRT1 is a principal modulator of
pathways downstream of calorie restriction that produces beneficial effects on
glucose homeostasis and insulin sensitivity in adipose tissue, skeletal muscle, and
liver [17-20]. On this basis, activation of SIRT1 could serve as a novel approach to
treat type Il diabetes.

Resveratrol, a naturally occurring small molecule activator of SIRT1, has been
reported to improve insulin sensitivity, increase mitochondrial content, and
prolong survival of mice fed a high fat, high calorie diet [21-23]. So it indicates
that SIRT1 may represent an attractive therapeutic target for the treatment of type
II diabetes. Recently, SRT1720, SRT2183, and SRT1460 were described by Sirtris
Pharmaceuticals as SIRT1 activators [24] (Fig. 72.1). They are structurally unre-
lated to resveratrol. SRT1720, the strongest activator of the series, was reported
that it could improve glucose homeostasis, increase insulin sensitivity, and
increase mitochondrial function in rodent models of type II diabetes [23, 24].
According to the structure of SRT1720, We have tried change the core structure of
SRT1720 from imidazo[1,2-b]thiazoles into 2-phenylbenzo[d]thiazole or 2-phen-
ylbenzo[d]oxazole. Ten new compounds were synthesized. In this paper, we
mainly explore a kind of new structures of potential SRT1 activators.

72.2 Experimental

72.2.1 Materials and Measurements

All reagents and solvents used were of reagent grade. Reaction temperatures were
controlled by oil bath temperature modulator. Thin layer chromatography (TLC)
was performed using E. Merck silica gel 60 GF,s4 precoated plates (0.25 mm).
Silica gel (particle size 200-400 mesh) was used for flash chromatography.
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"H spectra were recorded on Bruker AM-400 NMR spectrometers in deuterated
chloroform and deuterated DMSO.

72.2.2 Experimental Procedure

The route to Synthesis of 2-phenylbenzo[d]thiazole and 2-phenylbenzo[d]oxazole
analogs was presented in Fig. 72.2.

72.2.2.1 The Procedure of Reaction ¢ and b

The reaction a and b was used for the preparation of 2-aminobenzoic acid from
2-aminobenzoate. In a round-bottomed flask, 2-aminobenzoate (6.3 g, 41.6 mmol)
was dissolved in ethanol (30 ml). Then add 10 % NaOH solution (20 ml) in the
flask. The reaction mixture was warmed up to 60 °C for 5 h. After the reaction was
completely finished by the addition of suitable amount of 10 % HCI solution,
white solid appears at PH 5-7 and vacuum dried . The crude product was used
directly for the next step without further purification.

The first route
COOCH 4

T @ .
L, HOOCJ@ 9Oy @1@

intermediate 1 compound 1-5

R
The second route

oH HeN

L, *
NH

2

ﬂ.@f’,
N

COOH

intermediate 2 compound 6-10

[e) \ - -
N

Fig. 72.2 Reagents and conditions: a NaOH, EtOH, 60 °C; b HCI; ¢ PPA, 200 °C,6 h;
d CH,Cl,, EDCI, Et;N, DMAP, Et;N, 80 °C,8 h; e PPA, 200 °C; f CsHsN, EDCI, Et;N,
90 °C,5 h
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72.2.2.2 The Procedure of Reaction ¢ and e

The methods of synthesizing and purifying intermediate 2 were the same as
intermediate 1, the experimental procedure are as follows [25]. To a flask which
contained 2-aminobenzenethiol (4 g, 29.6 mmol), 2-aminobenzoic acid (4.5 g,
32.8 mmol) from last step and PPA (44 g, 130.6 mmol). Then the reaction mixture
was allowed to be heated to 200 °C and kept reflux for 6 h. After the reaction was
completely finished, the reaction mixture was slowly poured into ice water and the
resulting mixture basified with solid NaOH. At pH 5-6 the precipitate was filtered,
washed with water, and dried to give the intermediate 1.

72.2.2.3 The Procedure of Reaction d

In a round-bottomed flask, RCOOH (1.2 mmol) was dissolved in suitable amount
of CH,Cl,, followed by adding EDCI (1.5 mmol), Et;N (1.5 mmol) for stirring for
20 min, then DMAP (0.5 mmol) and intermediate 1(1 mmol) was added. The
reaction mixture was allowed to be heated to 80 °C and kept reflux for 8 h. After
cooling the reaction mixture was poured into a 100 ml separating funnel, then
water was added and extracted by CH,Cl,, the organic layer was washed by water
and brine. The Solvent was dried under vacuum to offer the crude product. The
crude product was purified by flash column chromatography to afford
2-phenylbenzo[d]thiazole analogs.

72.2.2.4 The Procedure of Reaction f

In a round-bottomed flask, RCOOH (1.2 mmol) was dissolved in suitable amount
of CsH;sN, followed by adding EDCI (1.5 mmol), Et;N (1.5 mmol) for stirring for
20 min, then intermediate 2(1 mmol) was added. Then the reaction mixture was
allowed to be heated to 90 °C and kept reflux for 5 h. After the reaction was
completely finished, the mixture was filtered. The solid was recrystallized from
methanol and hexane to yield the pure product.

72.2.3 Syntheses

2-(benzo[d]thiazol-2-yl)aniline (Intermediate 1)

This compound was prepared in 80.2 % yield by following reaction a, b, and
c. light yellow solid.

"H NMR (400 MHz CDCls): é/ppm 7990, 7.985 (d, J = 2 HZ, 1H), 7.891,
7.871 (d, J =8 HZ, 1H), 7.750-7.737 (t, J =4 HZ,1H), 7.501-7.475 (dd,
J = 0.64, 0.18 HZ, 1H), 7.402-7.377 (t, J = 5.2 HZ, 1H), 7.273-7.246 (m, 1H),
6.836, 6.823 (d, J = 5.2 HZ, 1H), 6.798-6.773 (t, J = 5.2 HZ, 1H), 6.451 (s, 2H).
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N-(2-(benzo[d]thiazol-2-yl)phenyl)-3-nitrobenzamide (Compound 1)

This compound was prepared in 40.7 % yield by following reaction a, b, ¢, and
d. white solid.

"HNMR (400 MHz CDCl3): 6/ppm 13.521 (s, 1H), 8.804,8.783 (d,J = 2HZ, 1H),
9.043-9.020 (q, / = 4 HZ, 1H), 8.607,8.587 (d, J = 8.4 HZ, 1H), 8.500-8.476 (dd,
J =172, 13 HZ, 1H), 8.163, 8142 (d, J = 8.4 HZ, 1H), 7.967-7.934 (m, 2H),
7.818-7.778 (t, J] = 8.4 HZ, 1H), 7.598-7.548 (m, 2H). 7.484-7.446 (t,J = 8.1 HZ,
1H), 7.282-7.244 (t, J = 8.5 HZ, 1H).

N-(2-(benzo[d]thiazol-2-yl)phenyl)-2-(3,4-dimethoxy-phenyl)acetamide
(Compound 2)

This compound was prepared in 36.8 % yield by following reaction q, b, c, and
d. light yellow solid.

'H NMR (400 MHz CDCls): 6/ppm 12.341 (s, 1H), 8.805-8.782 (dd, J = 8,0.8 HZ,
1H),7.929-7.899 (q,J = 4HZ,2H),7.843-7.820(dd,J = 6.4,1.2HZ, 1H), 7.548-7.416
(m, 3H), 7.177-7.136 (t,J = 7.6 HZ, 1H), 7.967-7.934 (m, 2H), 7.818-7.778(t, J = 8.0
HZ, 1H), 7.012-6.987 (dd, J = 6,1 HZ, 1H). 6.949, 6.945 (d, J/ = 2 HZ, 1H), 6.823,
6.802 (d, J = 8.5 HZ, 1H), 3.829 (s, 1H), 3.801 (s, 1H), 3.791 (s, 1H).

N-(2-(benzo[d]thiazol-2-yl)phenyl)-4-methoxybenzamide (Compound 3)

This compound was prepared in 25.1 % yield by following reaction a, b, ¢, and
d. white solid.

"H NMR (400 MHz CDCl5): é/ppm 13.257 (s, 1H), 9.052, 9.031 (d, J = 8.4
HZ, 1H), 8.224, 8.202 (d, J = 8.8 HZ, 2H), 8.027,8.007 (d, J = 8 HZ, 1H),
7.955-7.904 (dd, J = 8.4,1.6 HZ, 2H), 7.573-7.513 (q, J =7.2 HZ, 2H),
7.472-7.431 (t, J = 8.4 1H), 7.260-7.167 (t, J = 6.8 1H), 7.097, 7.075 (d, J = 8.9
HZ, 2H), 3.936 (s, 3H).

N-(2-(benzo[d]thiazol-2-yl)phenyl)-3,5-dimethoxybenzamide (Compound 4)

This compound was prepared in 23.5 % yield by following reaction q, b, c, and
d. white solid.

"H NMR (400 MHz CDCl3): é/ppm 13.384 (s, 1H), 9.052, 9.031 (dd, J = 8.4
HZ, 1H), 8.187, 8167 (d, J = 8.4 HZ, 1H), 7.946-7.915 (m, 2H), 7.564-7.525 (m,
2H), 7.466, 7.446 (d, J =84 HZ1H), 7.422-7.417 (d, J=2 HZ, 2H),
7.229-7.188 (t, J = 8.4, 1H), 6.700-6.689 (t, J = 2, 1H), 3.915 (s, 6H).
N-(2-(benzo[d]thiazol-2-yl)phenyl)-3,4,5-trimethoxybenzamide (Compound 5)

This compound was prepared in 20.6 % yield by following reaction a, b, ¢, and
d. white solid.

"H NMR (400 MHz CDCl5): é/ppm 13.170 (s, 1H), 9.001, 8.980 (d, J = 8.4
HZ, 1H), 8.187, 8167 (d, J = 8.4 HZ, 1H), 7.975-7917 (q, J = 8.4 HZ, 3H),
7.572-7.499 (m, 2H), 7.460-7.422 (t, J = 8.4 HZ, 1H), 7.396 (s, 1H), 7.234-7.197
(t, J = 8.4 1H), 3.962 (s, 9H).

3-(benzo[d]oxazol-2-yl)aniline (Intermediate 2)

This compound was prepared in 82 % yield by following reaction e light yellow
solid.

"H NMR (400 MHz CDCl3): 6/ppm 7.785-7.7.740 (m, 1H), 7.660-7.635 (dt,
J = 8.4, 1.2 HZ, 1H), 7.588-7.560 (m, 2H), 7.369-7.326 (m, 2H), 7.306, 7.286 (d,
J = 8.4 HZ, 1H), 6.864-6.836 (ddd, J = 8.4, 2.4, 1.2 HZ, 1H), 3.842 (s, 2H).
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N-(3-(benzo[d]oxazol-2-yl)phenyl)-3-nitrobenzamide (Compound 6)

This compound was prepared in 68.3 % yield by following reaction e and flight
yellow solid.

"H NMR (400 MHz DMSO): é/ppm 10.862 (s, 1H), 8.879 (s, 1H), 8.783 (s,
1H), 8.484, 8.464 (d, J = 8.4 HZ, 2H), 8.075, 8.055 (d, J = 8.4 HZ, 1H), 7.999,
7.980 (d,J = 7.2 HZ, 1H), 7.904-7.864 (t, J = 8.4 HZ, 1H), 7.862-7.818 (m, 2H),
7.664-7.624 (t, J = 8.4 HZ, 1H), 7.488-7.416 (m, 2H).

N-(3-(benzo[d]oxazol-2-yl)phenyl)-2-(3,4-dimethoxyphenyl)acetamide
(Compound 7)

This compound was prepared in 64.7 % yield by following reaction e and
f white solid.

"H NMR (400 MHz CDCl5): é/ppm 8.074 (s, 1H), 7.984, 7.964 (d, J = 8.4 HZ,
1H), 7.905, 7.885 (d, J = 8.4 HZ, 1H), 7.757-7.734 (m, 1H), 7.586-7.563(m, 1H),
7.488-7.448 (t,J = 8.4 HZ, 1H), 7.377-7.329 (m, 2H), 7.310 (s, 1H), 6.938-6,888
(q, J = 4 HZ, 2H). 6.853 (s, 1H).

N-(3-(benzo[d]oxazol-2-yl)phenyl)-4-methoxybenzamide (Compound 8)

This compound was prepared in 50.5 % yield by following reaction e and flight
yellow solid.

"H NMR (400 MHz CDCl5): d/ppm 8.408 (s, 1H), 8.047, 8.007 (t, J = 8.4 HZ,
2H), 7.894, 7.872 (d, J = 8.8 HZ, 3H), 7.788-7.766 (m, 1H), 7.607-7.576 (m,
J = 8.8 HZ,1H), 7.562-7.522 (d, J = 8.4 HZ, 1H), 7.380-7.357 (dd, J = 6, 3.2
HZ, 2H), 7.019, 6.997 (d, J = 8.8 HZ, 2H), 3.894 (s, 3H).

N-(3-(benzo[d]oxazol-2-yl)phenyl)-2-(3,5-dimethoxyphenyl)acetamide
(Compound 9)

This compound was prepared in 57.8 % yield by following reaction e and
f white solid.

"H NMR (400 MHz CDCls): 6/ppm 8.421 (s, 1H), 8.057, 8.037 (d, J = 8.4 HZ,
1H), 8.004-7,973 (t, J = 12.4 HZ, 2H), 7.785-7.762 (m, 1H), 7.602-7.579 (m,
1H), 7.563-7.523 (d, J = 8.4 HZ, 1H), 7.378-7.356 (m, 2H), 7.019, 7.013 (d,
J = 2.4 HZ, 2H), 6.648-6.636 (t, J = 2.4 HZ, 1H). 3.862 (s, 1H).

N-(3-(benzo[d]oxazol-2-yl)phenyl)-2-(3,4,5-trimethoxyphenyl)acetamide
(Compound 10)

This compound was prepared in 60.3 % yield by following reaction e and
f white solid.

"H NMR (400 MHz CDCl5): é/ppm 8.380 (s, 1H), 8.082-8.037 (m, 2H), 7.948
(s, 1H), 7.787-7.765 (m, 1H), 7.607-7.539 (m, 2H), 7.386-7.363 (m, 2H), 7.125
(s, 2H), 3.954, 3.928 (d, J = 10.4 HZ, 9H).

72.3 Results and Discussion

In this work, the core structure of SRT1720 has been changed from imidazo
[1,2-b]thiazoles to 2-phenylbenzo[d]thiazole or 2-phenylbenzo[d]oxazole. At the
same time, ortho-amide bond is shifted to meta-position one to check if these
changes could bring significant SAR improvement.



72 Design and Synthesis of SRT1 711

Table 72.1 The yield (%) of reaction under condition 1 and 2

Compounds Condition 1 Condition 2
1 40.7 26.5
2 36.8 22.3
3 32.1 24.4
4 35.5 20.9
5 28.6 19.6
6 46.7 68.3
7 38.6 64.7
8 30.5 50.5
9 36.7 57.8
10 31.2 60.3

As to the reaction ¢ and d, the temperature is a very important factor. In our
initial attempts, when temperature under 170 °C, the reaction produced a com-
plicated composition and made the separation difficult. When increased to over
200 °C, the reaction can complete for easy work-up to afford pure product.

In addition, as to reaction e and f acylation, when reaction condition was
CH,Cl, and DCC, all our reactions gave the yield among 14-19 %. We set up
other two new conditions: 1. CH,Cl,, EDCI, and DMAP as catalyst, Et;N, 80°C,
and 8 h; 2. CsHsN as solvent, EDCI, Et;N, 90 °C, and 5 h. Interestingly, two
different yield for this two different type reaction were observed (Table 72.1). In
Table 72.1, for compound 1-5 of 2-phenylbenzo[d]thiazole analog, yield under
condition 1 is higher than under condition 2; whereas for compound 6-10 of
2-phenylbenzo[d]oxazole analog, yield under condition 2 is higher than under
condition 1. Especially, compound 6—-10 was formed as precipitation under con-
dition 2 for making the isolation easy.

72.4 Conclusion

In summary, the two suitable conditions for quick synthesis of different kinds of
compounds such as 2-phenylbenzo[d]thiazole and 2-phenylbenzo[d] oxazole were
developed, which offered overall yield 30-69 %. All compounds synthesized in
this paper are core-changed partially similar to the structure of SRT1720. The aim
of the work is to find suitable fragments for a further structural expansion for
seeking a lead compound with a potential biological activity toward Sirtl.
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Chapter 73
Synthesis of 1,3-benzodioxol-5-ethanol
and Its Derivatives

Na Ji, Yinghao Gao, Yuanmou Chen, Shaolong Jia, Fei Hu,
Peng Yu and Erbing Hua

Abstract It has been reported that resveratrol can enhance Sirtl expression and
has the activation effect on the proteins related to insulin signaling. It can also
ameliorate insulin tolerance in order to achieve the function of preventing and
curing diabetes. In this work, we designed a new series of analogs related to the
structure of resveratrol such as 1,3-benzodioxol-5-ethanol, which is synthesized
from 1,3-benzodioxole by the reactions of Friedel-Crafts reaction, Wolff-Kishner-
Huang and reduction. In addition, seven new 1,3-benzodioxol-5-ethanol deriva-
tives were obtained through esterification with different substituents of organic
acid. All compounds were characterized by "H-NMR. Yields of derivatives are
from 13.2 to 78.8 %.

Keywords 1,3-benzodioxol-5-ethanol - 1,3-benzodioxole derivatives - Pharma-
ceutical intermediate - Synthesis

73.1 Introduction

It is a global problem that metabolic syndrome is a threat to human health. The key
point to treat metabolic syndrome is improving insulin resistance because it is the
pathogenesis of type II diabetes, obesity, and primary hypertension [1]. It has been
reported that Sirt-1 plays an important role [2, 3] in increasing insulin secretion
[4]. Resveratrol is the agonist of Sirt-1 and some derivatives have enhanced effect
on it [5]. In this paper, we aim to introduce 1,3-benzodioxole and design a new
series of analogs related to the structure of resveratrol. In the field of medicine
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synthesis, compounds with the group of 1,3-benzodioxole is not only the important
intermediates of berberine [6], but also the significant material to synthesis
quinolone drugs. Meanwhile good activity were found in the field of antitumor
1,3-benzodioxole derivatives [7, 8]. Thus, a series of active compounds and high
value added pharmaceutical intermediates derived from 1,3-benzodioxole is bound
to be more widely applied in the field of drug discovery in the future.

Economic and security synthetic technology of 1,3-benzodioxol-5-ethanol
has not been reported. The traditional method is from 1,3-benzodioxole by the
reaction of chloromethylation, nitrile, hydrolysis, and reduction [9]. However, the
virulent sodium cyanide used in this synthetic method is harmful to both envi-
ronment and experimenters, it is not an environmental friendly and safe process.
Wang Yuanxing [10] and his colleagues developed a relative safe synthetic
method using methyl methylthiomethyl sulfo (FAMSO) as an equivalent reagent
of carbonyl group. They gained 1,3-benzodioxol-5-acetic acid from piperonal with
three-steps reactions but it took a high production cost. In order to meet the needs
of developing new drugs, we have designed an economic and safe synthetic route
by using inexpensive 1,3-benzodioxole as the starting material. According to the
structure-activity relationship, we got seven new 1,3-benzodioxol-5-ethanol
derivatives.

73.2 Materials and Methods
73.2.1 Materials and Measurements

"H NMR spectra were recorded on Bruker AM-400 NMR spectrometers using
deuterated chloroform as solvent and tetramethylsilane as an internal standard.
Reaction temperatures were controlled by oil bath temperature modulator. Thin
layer chromatography (TLC) was performed using E. Merck silica gel 60 GF,s4
precoated plates (0.25 mm). Visualization was made with ultraviolet light. Col-
umn chromatography was performed on silica gel (particle size 200400 mesh).
All reagents and solvents used in the present were of reagent grade.

73.2.2 Experimental Methods

The route to prepare the 1,3-benzodioxol-5-ethanol and derivatives was presented
in Fig. 73.1.
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Fig. 73.1 Reagents and conditions: (i) C4HsClO3, AICl;, CH,Cl,, 1t; (ii) NoH4-H,0, EG, KOH,
HCl, 180 °C; (iii) LAH, THF, rt; (iv) EDCI, DMAP, TEA, CH,Cl,, rt

73.2.2.1 Ethyl 2-(benzo[1,3]dioxole-5-yl)-2-oxoacetate [11]

In a three-necked round-bottomed flask mounted with a cooler system, AICI;
(11.7 g, 0.089 mol) was suspended in CH,Cl, (100 ml) under O °C. To this stirred
mixture ethyl chlorooxoacetate (11.76 g, 0.086 mol) was slowly added in about
15 min. After 10 min the suspension became a pale yellow solution. 1,3-benzo-
dioxole (10 g, 0.082 mol) was added dropwise at 0 °C in about 10 min. Then the
reaction mixture was stirred at room temperature for 1 h. After the reaction was
completely finished, the threefold volume of H,O was slowly added. Extraction
was performed with ethyl acetate (3 x 30 mL). The organic phase was washed
with saturated NaCl solution, filtered, dried (Na,SQ,), and concentrated in vacuo.
The crude residue was purified by silica gel column chromatography (petroleum
ether/ethyl acetate 40:1) to give 10.2 g as yellow oil.

73.2.2.2 1,3-benzodioxol-5-acetic acid [12]

A mixture of ethyl 2-(benzo[1, 3]dioxole-5-yl)-2-oxoacetate (10.2 g, 0.046 mol),
85 % hydrazine hydrate (13.55 g, 0.23 mol), and ethanediol (100 ml) was stirred
at 120 °C for 2 h. To the mixture was added KOH (7.65 g, 0.138 mol), then heated
to 180 °C and kept reflux for 4 h. Cooling it to room temperature, dilute HCIl
solution (6 mol/L) was poured into the mixture to adjust the pH value to 2-3. After
a while the mixture separated out a large amount of white solid. Filtered and
collected the crude product (5.18 g, 62.8 %), it was used directly for the next step
without further purification.
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73.2.2.3 1,3-benzodioxol-5-ethanol [13-15]

In a round-bottomed flask, lithium aluminum hydride (2.93 g, 0.086 mol) was
added to 1,3-benzodioxol-5-acetic acid (5.18 g, 0.029 mol) stirred in anhydrous
THF (50 mL) in ice bath. The mixture was warmed up to room temperature for
overnight. Ice water (20 mL) was added slowly to the mixture to quench reaction
and flocks were resolved by dilute HCI (10 %). The mixture was washed with
ethyl acetate (3 x 20 mL) and we used saturated NaHCOs solution to neutralize
residual HCI. Dried (Na,SQOy,), filtered, concentrated in vacuo, and then purified by
silica gel column chromatography (petroleum ether/ethyl acetate 20:1) to afford
1,3-benzodioxol-5-ethanol 2.2 g.

73.2.2.4 General Procedure 1 (GP1) for 1,3-benzodioxole Derivatives
a1 ~7) [16-19]

In a round-bottomed flask, 1,3-benzodioxol-5-ethanol(0.2 g, 1.2 mmol) was added
to a mixture of organic acid (1.46 mmol), EDCI (0.28 g, 1.46 mmol), DMAP
(0.03 g, 0.25 mmol), and triethylamine (0.15 g, 1.48 mmol) were stirred in
anhydrous dichloromethane (20 mL) at room temperature. The organic layer was
washed with water (3 x 20 mL) and then dried over anhydrous Na,SO,4. The
solution was concentrated and the residue was purified by silica gel column
chromatography, eluting with petroleum ether-ethyl acetate mixture.

73.2.3 Syntheses

73.2.3.1 Ethyl 2-(benzo[1,3]dioxole-5-yl)-2-oxoacetate

Yellow oil, 56.7 % yield.

"H-NMR(CDCl5)5:1.412—-1.448 (3H,t,CH,CH3), 4.417—4.471 (2H,m,CH,CHj;),
6.101 (2H,s,CH,), 6.896-6.917 (1H,d,ArH). 7.490-7.494 (1H,d, ArH),7.618-
7.643 (1H,dd, ArH).

73.2.3.2 1,3-benzodioxol-5-ethanol

Yellow oil, 46.0 % yield.

'H-NMR(CDCl5)5:1.552(1H,s,CH,CH,OH),2.793-2.825(2H,t, CH,CH,OH),
3.819-3.851(2H,;, CH,CH,OH),5.953(2H,s, CH,).6.686-6.710(1H,dd, ArH),
6.743-6.747 (1H,d, ArH), 6.771-6.791 (1H,d, ArH).
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73.2.3.3 1,3-benzodioxole derivative 1

Yellow oil, 77.2 % yield.

"H-NMR(CDCl;) §:2.038 (3H,s,CH,CH,OCOCHj3). 827-2.862 (2H.t, CH,CH,
OCOCH,;), 4.206-4.241 (2H,t,CH,CH,0OCOCH3;), 5.928 (2H,s,CH,), 6.646-6.6.751
(3H,m,ArH).

73.2.3.4 1,3-benzodioxole derivative 2

Yellow oil, 78.8 % yield.

"H-NMR(CDCl3) 8:1.105-1.143 (3H,t,COCH,CH3;), 2.288-2.345 (2H,q,CO
CH,CH3;), 2.830-2.865 (2H,t,CH,CH,0CO), 4.215-4.250 (2H,t,CH,CH,0CO),
5.931 (2H,s,CH,), 6.648-6.752 (3H,m,ArH).

73.2.3.5 1,3-benzodioxole derivative 3

White solid, 19.2 % yield.

'H-NMR(CDCls) 6:2.978-3.013 (2H,t,CH,CH,0CO), 4.480-4.516 (2H,t,CH,
CH,0CO0) 5.930 (2H,s,CH,), 6.717-6.762 (3H,m,ArH), 6.837-6.842 (1H.d,Pyra-
zoleH), 7.660-7.665 (1H,d,PyrazoleH), 11.643 (1H,s,NH).

73.2.3.6 1,3-benzodioxole derivative 4

Yellow oil, 76.5 % yield.

"H-NMR(CDCl3) 8:2.557 (3H,s,ArCH3;), 2.969-3.003 (2H,t,CH,CH,0CO),
4.443-4.478 (2H,t,CH,CH,0CO), 5.928 (2H,s,CH,), 6.708-6.771 (3H,m,ArH),
7.215-7.253 (2H,m,ArH), 7.362-7.403 (1H,t,ArH), 7.850-7.870 (1H,d,ArH).

73.2.3.7 1,3-benzodioxole derivative 5

White solid, 62.5 % yield.

'H-NMR(CDCl3) §:2.807-2.841 (2H,t,CH,CH,0CO), 3.536 (2H,s,COCH),),
3.852 (3H,s,ArOCH;), 3.867 (3H,s,ArOCH3), 4.236-4.270 (2H.t,CH,CH,OCO)
5921 (2H,s,CH,), 6.573-6.577 (1H.d,ArH), 6.593 (1H,s,ArH), 6.693-6.712
(1H,d,ArH), 6.771-6.823 (3H,m,ArH).

73.2.3.8 1,3-benzodioxole derivative 6

Yellow oil, 37.3 % yield.
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"H-NMR(CDCl3) 6:2.979-2.997 (2H,t,CH,CH,0CO), 3.802 (6H,s,0CHs),
4.473-4.508 (2H,t,CH,CH,0CO), 5918 (2H,s,CH,), 6.541-6.562 (2H.,d,ArH),
6.723-6.809 (3H,m,ArH), 7.261-7.277 (1H,m, ArH).

73.2.3.9 1,3-benzodioxole derivative 7

Brown oil, 13.2 % yield.

"H-NMR(CDCl3) 8:2.305 (9H,s,ArCOOCH;), 2.946-2.983 (2H,t,CH,CH,O
CO), 4.437-4.472 (2H,t,CH,CH,0CO), 5.936 (2H,s,CH,), 6.687-6.745 (3H,m,ArH),
7.765 (2H,s,ArH).

73.3 Result and Discussion

The key of experiment is to find a method with good selective substituted at 5-
position and high yield. There are two methods reported. One is that 1,3-ben-
zodioxol-5-ethanol was acquired through bromination at 5-position of 1,3-ben-
zodioxol and then ethylene oxide treated with Grignard reagents which were
prepared from bromo-substituted intermediate. The other is 1,3-benzodioxol as
raw material to get 1,3-benzodioxol-5-acetic acid after three-step reaction or form
piperonal through two-steps by using FAMSO then through reduction by Lithium
aluminum hydride to get target compound. After trying these two methods, we
found that the condition of operation was strict and got 5,6-disubstituted. There-
fore, we used ethyl chlorooxoacetate to get the substitution product at 5-position
without 5,6-disubstituted because of the steric effect. However, the yield of this
step has yet to be improved. Because a large amount of reddish brown sticky
substance contained in the products brought difficulties to separation. This problem
still remains to be solved by further experiments.

In addition, the reduction from 1,3-benzodioxol-5-acetic acid to 1,3-ben-
zodioxol-5-ethanol was incomplete. Enhancing temperature and extending
reaction time could help finish this reaction. We tried to rise yield by esterifying
1,3-benzodioxol-5-acetic acid to relative acetate followed by reduction to
1,3-benzodioxol-5-ethanol, but this method increased difficulty during work-up.

Esterification on hydroxyl group of 1,3-benzodioxol-5-ethanol made this
1,3-benzodioxole derivatives structurally similar to resveratrol. Aromatic acids
with different substituent groups have different reaction activity because of
directing effects of various substituent groups on activation. In order to achieve the
goals of promoting reaction and improving yields, we elevated temperature and
prolonged reaction time. In addition, charging sequence affected an extent of
reaction. The suitable charging sequence was aromatic acids, EDCI, TEA, DMAP,
and 1,3-benzodioxol-5-ethanol.
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73.4 Conclusion

In this article, a novel synthetic method was developed to synthesize
1,3-benzodioxol-5-ethanol and its derivatives. This process has several advantages
such as fewer steps, good selectivity, safe, and environmental friendly compared
with the mainly used synthetic routes. We also afforded seven 1,3-benzodioxole
derivatives as potential active compounds for treatment of diabetes and cancer.
This method would provide a much better way for synthesis of new 1,3-benzo-
dioxole derivatives.
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Chapter 74

Tetrandrine Inhibits Proteasomal
Chymotrypsin-Like Activity and Induces
Apoptosis in Human PC-3 Cells

Li Zhang, Wanxin Shi, Weihua Cao, Xiangru Liang, Yufu Hu,
Mo Chen and Guoqing Shi

Abstract The ubiquitin-proteasome pathway has been accepted as a promising
target for cancer therapy, as it plays a vital role in cell cycle, function, and
survival. In this research, in silico study by molecular docking predicted that
Tetrandrine(TET), a compound from the roots of Stephenia tetrandra S Moore,
could bind to the active site of the proteasome 5 subunit. In vitro assay proved
that TET inhibits the chymotrypsin-like (CT) activity of purified human 20S
proteasome in a dose-dependent manner with ICso of 0.8 pmol/L. After exposed to
TET for 24 h, the CT activity in human prostate cancer PC-3 cells was inhibited
with 1Csq of 35 pmol/L, and the ubiquited proteins were accumulated in dose-
dependent manner. This inhibition was further proved by the accumulation of
GFP-CL proteins, which is an indicator of proteasome inhibition in pPEGFP-CL1
transferred PC-3 cells. The proteasomal activity inhibition by TET leads to
apoptosis like morphological changes and activation of caspase-3 activity in dose-
dependent manner in PC-3 cells. Based on these results, we suppose that TET is a
proteasome inhibitor and induces cell apoptosis.

Keywords Apoptosis - Tetrandrine (TET) - Proteasomal activity - PC-3 cells

74.1 Introduction

Tetrandrine (TET) is a purified vasoactive bisbenzylisoquinoline alkaloid derived
from the roots of Stephenia tetrandra S Moore, a medicinal plant widely dis-
tributed in China. The structure is shown in Fig. 74.1.
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Fig. 74.1 The structure of /
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TET has been used traditionally for the treatment of congestive circulatory
disorder [1] and inflammatory diseases [2]. Many studies have shown that TET has
anti-tumor activity [3]. TET induces apoptosis in various cell types such as A549,
HepG2 [4], HL60 [5], HCT116 [6], and U937 [7] cells, etc. There have been many
mechanisms reported about TET-induced apoptosis. Byeong-Churl Jang [8] shows
that tetrandrine-induced apoptosis is mediated by activation of caspases and
PKC-6 in U937 cells; Tetrandrine-mediated responses of cell proliferation and
cytotoxicity may be correlated with the tetrandrine-induced large-conductance
Ca’*-activated K* (BK) channel block [9]. Recent studies show that TET induces
apoptosis by activating reactive oxygen species and repressing Akt activity in
human hepatocellular carcinoma [10]. But the specific mechanisms remain
unclear.

Ubiquitin-proteasome system is responsible for a vast majority of protein
degradation in eukaryotic cells, which plays an important role in cell cycle and
apoptosis [11]. The 26S proteasome is composed of the 20S core catalytic complex
flanked on both sides by the 19S regulatory complexes; The 20S proteasome has
three catalytic active sites: chymotrypsin-like(CT), trypsin-like(TL), and post-
glutamyl peptide hydrolase-like (PGPH), which are located in f5, 2, and f1
subunits, respectively [12]. Inhibition of the proteasomal CT activity can lead to
apoptosis in most tumor cell lines [13].
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74.2 Materials and Methods
74.2.1 Materials

1. Cells
Human prostate cells PC-3 were obtained from the Cell Culture Center,
Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences.

2. Materials
Cell culture medium Ham’s F12 and serum were obtained from Hyclone Inc.
Tetrandrine was purchased from sigma; A 50 mmol/L stock solution of TET
dissolved in 1 mol/L HCI and regulated PH with saturated NaHCOj; to 7.0 was
stored at —20 °C. Purified human 20S proteasome was from BIOMOL
International LP. Antibody against ubiquitin (P4D1), actin (C-11), and horse-
radish peroxidase (HRP)-conjugated secondary anti-rabbit and anti-mouse IgG
were from Santa Cruz Biotechnology Inc. Fluorogenic peptide substrate
Suc-LLVY-AMC (for the proteasomal chymotrypsin-like activity) was from
Enzo Life Sciences Inc.

74.2.2 Methods

1. Proteasomal activity assay
The proteasome activity assay was performed as described [14]. PC-3 cells
were treated with different concentrations of TET for 24 h, after which, the
cells were harvested and lysed. Incubate the lysate with 40 pmol/L of fluoro-
genic peptide substrates for 2 h at 37 °C in 100 pL assay buffer (25 mmol/L
Tris—HCI, pH 7.4). After incubation, cleaved fluorescent products were mea-
sured using fluorescence plate reader with an excitation filter of 380 nm and an
emission filter of 460 nm.

2. Western blotting analysis
The Western blotting analysis was performed as described previously [15]. Cell
lysates (40 pg) were separated by SDS-PAGE and transferred onto PVDF
membrane. The membrane was blocked by 5 % nonfat milk, and the membrane
was then probed with antibodies overnight at 4 °C. After the unbinding anti-
bodies were washed, the membrane was incubated with horseradish peroxidase
(HRP)-conjugated secondary anti-rabbit or anti-mouse IgG for additional 4 h,
followed by the detection of the antibody-bound proteins using the ECL
detection kit.

3. PC-3-GFP-CL1 cells construction and exposure
The PC-3-GFP-CL1 cell line was constructed as described previously [16].
GFP-CL1 is consist of a short peptide degron fused to the carboxyl-terminus of
green fluorescent protein (GFP-CL1) [17, 18], which is known to be degraded
by proteasome, only when the proteasome was inhibited or the UPS crushed,
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will the GFP level accumulate and can be detected by fluorescence microscope.
PC-3-GFP-CL1 cells were exposed to 50 umol/L TET for designed time and
then pictured by fluorescence microscopy.

74.3 Results and Discussion
74.3.1 Molecular Docking

First of all, Autodock 4.0 software was used to predict the possible interaction
between TET and 20S proteasome [19]. The results showed that the lowest
“estimated free energy of binding” between f5 subunit and TET was —6.28 kcal/
mol. The predicted binding conformations were shown in Figs. 74.2a, b.

From Fig. 74.2a, it was shown that TET has a close binding with the active site
of proteasome f5 subunit, and TET was inlaid with 20S proteasomal cavity with a
close distance to the Thrl residue at 55 subunit [20] (marked by red), which is
responsible for the proteasomal CT activity; Fig. 74.2b showed that the major
binding power between TET and 55 subunit was hydrophobic interactions. Based
on these, we suppose that TET may be a kind of proteasomal inhibitor.

74.3.2 TET Inhibits Proteasomal CT Activity Both in Vitro
and in Vivo

TET inhibits purified 20S CT-like activity. In order to confirm the results pre-
dicted by in silico study, the CT activity change of purified 20S proteasome was

Fig. 74.2 Moleculor docking of TET to 5 subunit
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investigated in different concentrations of TET. The results were shown in
Fig. 74.3. TET inhibited 20S proteasomal CT activity in a dose-dependent manner
with ICsq of 0.8 pmol/L.

TET inhibits proteasomal CT-like activity in PC-3 cells. In order to investigate
whether TET inhibits tumor cellular proteasome activity, PC-3 cells were treated
with different concentrations of TET, followed by measuring proteasome inhibi-
tory effect by the cellular proteasomal chymotrypsin-like activity assay and
accumulation of ubiquitinated proteins. As it was shown in Fig. 74.4, TET sig-
nificantly inhibited the proteasomal chymotrypsin-like activity in PC-3 cells in a
concentration-dependent manner (Fig. 74.4); at 50 umol/L it reached of 70 %
inhibition. Coincidentally, levels of ubiquitinated proteins were accumulated in
PC-3 cells treated with TET in a concentration-dependent manner (Fig. 74.5).
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Fig. 74.6 TET induces GFP level accumulated in PC-3-GFP-CLI cells

Furthermore, the PC-3-GFP-CL1 cells were exposed to 50 pumol/L TET for O, 1, 2
4, 8, 12 h and pictured by fluorescence microscopy as shown in Fig. 74.6, which
showed the GFP levels were accumulated with the time increased, and after 8 h the
GFP level was decreased because of apoptosis, which further indicated that the
proteasome was inhibited by TET. These results indicate that TET is an inhibitor
of 20S proteasome.

74.3.3 Inhibition of Cellular Proteasomal Activity by TET is
Associated with Apoptosis in PC-3 Prostate Cancer
Cells

Many studies have shown that inhibition of cellular proteasome activity induces
apoptosis [21, 22]. The Caspase-3 activity and cellular apoptotic morphologic
changes (condensation and fragmentation) were detected to evaluate the apoptosis
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Fig. 74.8 PC-3 cells apoptosis after treated TET(DMSO, 10, 20, 30, 50 pmol/L) for 2 h
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of cells. TET at 50 pmol/L induced caspase-3 activity by 11.3-fold after 2 h of
exposure (Fig. 74.7). Morphologically, the TET-treated cells turned to round and
had serious shrinks, moreover, the floating cells increased with the concentration
increased (Fig. 74.8). The results show that with the concentration of TET
increased cells’ apoptosis aggravate.

PC-3 cells were treated with TET for O, 1, 2, 4, 8, 12, 24 h, respectively, and
then caspase-3 activity was detected. The results are shown in Fig. 74.9. It shows
that as early as 2 h the caspase-3 reached the peak by 15-fold. These results show
that the inhibition of TET to proteasome CT activity is associated with cell
apoptosis.

74.4 Conclusion

Molecular docking shows that proteasome subunit 5 has a low combined energy
with the natural small molecules tetrandrine. There is a closed conformation
between them; TET can significantly inhibit purified 20S proteasome CT activity
in an dose-dependent manner. Using prostate cancer cells PC-3 as cell model to
examine the inhibition of TET to 20S proteasome shows that: TET inhibits 20S
proteasome in PC-3 cells in a dose-dependent manner, 50 pmol/L TET has a
significant inhibition of 70 % in 24 h, and the ubiquitinated proteins obviously
accumulated, and TET induces the GFP level accumulated in PC-3-GFP-CL1
cells. These results suggest that TET is a potential proteasome inhibitor.
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50 pumol/L TET induces caspase-3 activated by 15-fold in 2 h, and lead to
obvious apoptotic morphologic changes, which indicates the inhibition of TET to
proteasome CT activity is associated with cell apoptosis.
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Chapter 75
The Purifying Effect of Apocynum
Venetum Seedlings on Estuarine Water

Yangcang Xu, Tao Yu, Yunshan Zhong and Xiaoyan Wang

Abstract The water in Bohai Bay has become more and more eutrophic, causing
a frequent red tide bloom. How to decrease eutrophication of this sea area is a
pressing problem. The seawater often enters the estuary by flood tide, so the
estuary may be a good place to remove eutrophic compounds from the seawater.
This paper reported apocynum venetum seedlings growth status in water from
Beitang estuary and its effects on nutrient removal. The results showed that
apocynum venetum seedlings could grow both in flood tide water and in ebb tide
water from Beitang estuarine, and the content of nitrogen and phosphorus in the
water was significantly decreased by apocynum venetum seedlings, and the
decrease level was largest for nitrite nitrogen in flood tide water. These results
indicated that the eutrophic water in Bohai Bay was probably purified by apocy-
num venetum growing in ecological floating boat at estuarine.

Keywords Apocynum venetum - Beitang estuary - Eutrophication - Removal -
Water quality

75.1 Introduction

The Bohai Bay is a semi-enclosed bay, located in the western region of Bohai Sea
in northern China. Due to the poor self-purification and increasing pollution
emission from land, pollution of the water body of Bohai Bay has become a
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serious problem [1]. Eutrophication in seawater would often cause a red tide
bloom [2]. There were several ways of purifying eutrophic water. Due to some
special advantages, more attention has been paid to the ecological floating bed,
gradually applied in the treatment of eutrophic water [3]. However, most studies
have been focused on purifying eutrophic fresh water [4]. Is it possible to purify
eutrophic seawater by ecological floating bed technology? The higher salinity in
seawater, which inhibits the growth of many higher plants, restricts the technology
application in this field. Estuaries are transition zones between freshwaters and
seawater where large amounts of eutrophication compounds are discharged [5].
Therefore, the ecological floating bed technology may be applied in this zone. In
this paper, we studied whether the apocynum venetum seedlings could grow in the
medium of Beitang estuarine water and whether it could effectively remove the
eutrophic compounds in this water.

75.2 Materials and Methods
75.2.1 Estuarine Water Collection and Treatment

The water samples were collected respectively during flood tide and ebb tide in
June at Beitang estuarine of Tianjin, China. Then the water samples were filtered
by cotton wool.

75.2.2 Plant Material and Growth Condition

The seeds of apocynum venetum were collected in the Binhai New Area, Tianjin,
China. After sterilization by sodium hypochlorite, the seeds were germinated and
cultured in a Hoagland solution. Seeds were allowed to germinate and develop in a
controlled growth room. The growth chamber was set at relative humidity
50-80 %, day/night temperatures of 20/16 °C, 16 h photoperiod (350 mol quanta/
m”.s.P.A.R.) supplied by fluorescent lamps with tungsten supplement. After 15 d
of growth, the seedlings were divided into three groups. One group was still
cultured in the Hogland solution, and another two groups were transplanted into
the flood tide estuarine water, or the ebb tide estuarine water.

75.2.3 Water Quality Determination

The pH, salinity, conductivity, and dissolved oxygen in estuarine water were
determined by water quality detector CX-401 (made by China).
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75.2.4 Growth Rate Determination

The growth rate of the apocynum venetum seedlings was calculated by the variations
of leaf length and the seedlings’ dry weight.

75.2.5 The Phosphate Content was Analyzed by Ascorbic
Acid-Molybdenum Blue Spectrophotometric
Method [6]

75.2.6 Nitrate Nitrogen Content was Determined by Zinc
and Cadmium Reduction Method [7]

75.2.7 Ammonium Nitrogen Content was Determined
by a Salicylate Spectrophotometric Method [§]

75.2.8 Statistical Analysis

Data was analyzed by analysis of variance and Student’s t test. The data shown
were mean and standard deviation (S.D.) of five repetitive tests. The statistical
significance for all tests was set at the P < 0.05 confidence level.

75.3 Results and Discussion
75.3.1 The Water Quality of Beitang Estuary

Beitang estuary is created where the Bohai Bay, the Yongdinghe River, the
Newchaobaihe River, and the Jiyunhe River join together. There, the flood tide and
ebb tide occurred daily. Table 75.1 showed that dissolved oxygen content was
lower in flood tide water than that in ebb tide water, but the salinity and the
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Table 75.1 The water quality in Beitang estuary (n = 5)

Sample DO(mg/L) SA(%) CD(ms/cm) pH
FT 385+ 0.11 3.18 £0.13 49.6 + 2.2 8.23 £ 0.11
ET 4.80 + 0.21 2.80 £ 0.10 435+ 1.6 8.10 + 0.13

Note: DO: dissolved oxygen. SA: salinity. CD: conductivity. FT: flood tide, ET: ebb tide

Table 75.2 The nutrients in Beitang estuary (n = 5)

Sample NN(mg/L) AN(mg/L) TP(mg/L)
FT 1.11 £ 0.09 0.47 + 0.07 0.38 + 0.09
ET 0.23 £ 0.11 041 +0.12 045+ 0.11

Note: AN: ammonium nitrogen. NN: nitrate nitrogen. TP: total phosphate. FT: flood tide, ET: ebb
tide

conductivity were higher in the former than that in the later. These results were
consistent with those reported by Zhong [9]. There was no significant difference in
the pH between the flood tide water and the ebb tide water.

Nitrogen and phosphorus were the main eutrophic component of water body
[10]. Table 75.2 showed that nitrate nitrogen content was distinctly higher in the
flood tide water than that in the ebb tide water, but there was no significant
difference in ammonium nitrogen and phosphate content between flood tide water
and ebb tide water. The flood tide water had more seawater than the ebb tide water
[11]. The higher nitrate nitrogen in flood tide water indicated the nitrate nitrogen in
the seawater of the Bohai Bay was higher than that in nearby rivers. The Bohai
Bay is a semi-enclosed bay in which the water body exchange capacity with ocean
water was poor [1]. However, About 1 billion tons of wastewater was discharged
into the bay from Beijing, Tianjin, and Hebei Province every year [12]. Therefore,
the eutrophic compounds such as nitrate from these rives easily accumulated in the
bay. This may be the main reason why the nitrate content in the seawater of the
Bohai Bay was higher than that in nearby rivers.

75.3.2 The Growth Status of Apocynum Venetum Seedlings
in Beitang Estuarine Water

Apocynum venetum was Apocynaceae perennial herb. It was widely distributed in
the temperate zones of Eurasia and North America, especially in saline—alkali
land, river banks, fluvial plains and sandy soils [13]. Considering its hostile
environment, apocynum venetum is highly tolerant to salt and drought stress, and
can resists strong winds and sands [14]. It could grow in the soil of pH 7.07-9.21
[15] and salt content 8.32 % [16]. The pH of the Beitang estuary water body varied
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from 8.10 to 8.23 and the salinity varied from 2.80 % to 3.18 % (Table 75.1). It is
therefore possible for apocynum venetum to grow in the Beitang estuary water
body.

In order to prove the above view, a culture experiment was conducted. Fifteen
day old apocynum venetum seedlings were divided into three groups, one group
was still cultured in a Hogland solution, and another two groups were transplanted
into flood tide estuarine water, or ebb tide estuarine water. From the 4th day, the
length of leaves in the Hogland solution became longer than that in the other
mediums (Fig. 75.1). And the leaf length had no significant change at first 3 days
or first 6 days for the apocynum venetum seedlings that grew in the ebb tide water,
or in the flood tide water respectively compared to that at day zero. The higher
salinity in the flood tide estuarine water probably made the apocynum venetum
seedlings have longer lag phase. On the tenth day, the leaf length cultured in the
Hogland solution, the flood tide estuarine water, and the ebb tide estuarine water
increased by 126.8, 85.4, and 63.0 %, respectively compared to that at day zero
(Fig. 75.1). The dry weight of the apocynum venetum seedlings grown in different
medium was also measured at day zero and the tenth day of transplanting. It was
clear that the dry weight of the seedlings grown in the flood tide water was heavier
than that in the ebb tide water (Fig. 75.2). After adapting to the new growth
environment, the apocynum venetum seedlings grew quicker in the flood tide
water than in the ebb tide water. This is probably ascribed to more inorganic
nitrogen in the flood tide water than that in the ebb tide water (Table 75.1). The
above results indicated that the apocynum venetum seedlings could grow both in
flood tide estuarine water and in ebb tide estuarine water.
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Fig. 75.2 The change of the 6
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75.3.3 The Effect of Apocynum Venetum Seedlings
Removing Inorganic Nitrogen Compounds
and Phosphate in Beitang Estuarine Water

Fifteen day old apocynum venetum seedlings were transplanted into the Beitang
estuarine water, and 10 days later, the nitrate nitrogen, ammonium nitrogen, and
phosphate in medium were determined. The content of phosphate and ammonium
nitrogen in the ebb tide estuarine water was decreased by 51.1 and 41.5 %
respectively, but the nitrate nitrogen content had no significant change. The con-
tent of phosphate, ammonium nitrogen, and nitrate nitrogen in flood tide estuarine
water was decreased by 50.0, 75.7, and 48.9 %, respectively by the apocynum
venetum seedlings (Fig. 75.3). It indicated that the apocynum venetum seedlings
effectively removed nitrogen and phosphate in the Beitang estuarine water body.

Eutrophication is one of the biggest environmental problems in enclosed water
areas. The seawater in the Bohai Bay has become increasingly eutrophic during the
past several years as a result of runoff from land-base agriculture, industrial, and
other anthropogenic activities [17-20]. There are currently not many treatment
methods for purifying eutrophic waters. Existing in situ methods such as precip-
itation of phosphorus have not been successful. Wetland treatments have been
used for the removal of nutrients from eutrophic water, but their efficiency has not
been proven for (phosphorous) P removal [21]. It has been shown that ecological
floating bed effectively remove eutrophic matter in fresh water bodies [3]. Here,
we found that salt-tolerant apocynum venetum seedlings also effectively removed
eutrophic matter in estuarine water bodies in laboratory conditions. Hence, as long
as the ecological floating bed is favorable to the eatuarine environment, the
apocynum venetum seedlings can grow in this bed and purify the eutrophic
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estuarine water. The estuarine water elevation often changed because of flood tide
and ebb tide. Maybe an ecological floating boat would be favorable equipment for
purifying eutrophic estuarine water.

75.4 Conclusion

The Bohai Bay is one of the most polluted sea areas in China. The main pollutants
were inorganic nitrogen and phosphate [10]. How to control Bohai Bay pollution is
a pressing problem. Apocynum venetum is perennial which is widely distributed in
saline-alkali wasteland and has strong salt resistance. In this paper, we reported
that apocynum venetum seedlings could grow in Beitang estuarine water with the
salinity from 2.80 to 3.18 % and the pH from 8.10 to 8.23. What is more, it could
effectively remove nitrogen and phosphate in Beitang estuarine water. Therefore,
it is possible that nitrogen and phosphate compounds in eutrophic water of the Bohai
Bay are removed by apocynum venetum growing in ecological floating boat.
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Chapter 76
Expression, Purification, and Activity
Assay of Chicken Interferon-Alpha

Yue Ma, Minhui Long and Aipo Diao

Abstract In this paper, Chicken alpha interferon (IFN-a) gene was cloned into
pHis-NusA expression vector, then the recombinant expression vector was trans-
formed into host bacteria E. coli BL21. The recombinant chicken IFN-o was
induced to express by IPTG, then the protein expression was analyzed with SDS-
PAGE. Under the condition that the recombinant protein was induced to express
with 0.1 mM IPTG at 16 °C, the expressed protein was soluble. Recombinant
Chicken IFN-a was purified by Ni-metal chelate affinity chromatography. The
expressed protein was shown to inhibit the replication of Hand foot and mouth
disease virus in vero cells.

Keywords Chicken interferon-alpha - Prokaryotic expression - Protein purifica-
tion - Antiviral activity

76.1 Introduction

Interferon (IFN) belongs to a class of natural proteins that can inhibit virus rep-
lication [1, 2]. IFNs constitute a large group of cytokines that are best known for
their ability to induce cellular resistance to viral pathogens. They also play a
critical role in the response to microbial infections by modulating the innate and
adaptive immune system. Furthermore, they are potent regulators of cell growth
and have anti-inflammatory effects. IFNs are commonly grouped into tow types,
type I and type II. Type I IFNs form a still growing family of cytokines that
comprises IFN-o,IFN-f [3-5]. Type II IEN isIFN-y [6]. IFNs had already been
characterized, and possess broad-spectrum antiviral activity [7-11].
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In this study, chicken alpha interferon (IFN-«) gene was cloned into pHis-NusA
expression vector, then the recombinant expression vector was transformed into
host bacteria E. coli BL21 [12]. The expressed protein was shown to inhibit
replication of hand, foot, and mouth disease virus in vero cells.

76.2 Materials and Methods
76.2.1 Materials

76.2.1.1 Strains and Vector

E. coli TOP10 and BL21 (RILP) kept in our laboratory were used for cloning or
expression host. The pHis-NusA vector was a gift from Dr. Eddie McKenzie (The
University of Manchester, UK).

76.2.1.2 Virus, Cells and Enzymes

Hand, foot, and mouth disease virus and vero cell line were provided by the
Academy of Military Medical Sciences of the Chinese PLA. PCR Kkit, restriction
enzymes EcoR I and BamH I, T4 DNA ligase were purchased from Fermentas,
Ni-charged resin was from GenScript.

76.2.2 Measurements

76.2.2.1 Construction of Recombinant Expression Vector
pHis-NusA-chIFN-a

Chicken alpha interferon (IFN-a) gene (504 bp in length) was amplified by PCR
and digested with restriction enzymes EcoR I and BamH I, ligated into the
expression plasmid pHis-NusA and then transformed into E. coli TOP10-competent
cells. Finally, the nucleotide sequences of the selected clones were confirmed by
DNA sequencing. The positive clones with the correct sequence were named as
pHis-NusA-chIFN-o.

76.2.2.2 Expression and Purification of chIFN-a

The recombinant plasmid pHis-NusA-chIFN-« was transformed into E. coli
strain BL21(RILP) and plated on LB-agar supplemented with ampicillin and
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chloramphenicol. The transformant was grown for 4 h at 37 °C in LB medium
supplemented with ampicillin and chloramphenicol. When the OD600 nm reached
0.6, 0.1 mM IPTG was added to induce expression of target protein with the
incubation at 16 °C overnight. The cells were harvested by centrifugation at
4,000 rpm for 10 min at 4 °C, re-suspended in Na2PO3 lysis buffer (pH 8.0) and
subjected to sonication with pulse 2 s and interval 9 s for 10 min. Then the lysate
was centrifuged at 10,000 rpm for 10 min at 4 °C, the supernatant was collected
and stored at 20 °C. A 12 % SDS-PAGE was engaged to detect the expression of
target protein. The expressed protein was visualized by staining with Coomassie
brilliant blue (CBB). The Ni-metal chelate affinity chromatography was used to
purify recombinant protein His-NusA-chIFN-o [13, 14].

76.2.2.3 Bioactivity of Recombinant chIFN-a Against Hand, Foot,
and Mouth Disease Virus

The antiviral activity of purified recombinant chIFN-o was assayed by its activity
to inhibit the cytopathic effect caused by hand, foot, and mouth disease virus
(HFMDV) in vero cells [15-17]. Vero cells were grown in DMEM high glucose
supplemented with 10 % serum and seeded into 96-well plates (2 * 105 cells/well)
until the cells formed a compact monolayer after incubation for 12 h at 37 °C with
5 % CO2 atmosphere environment. A ten-step serial dilution of recombinant
chIFN-o was added into the cultures, and the dilutions were from 101 to 107.

After 12 h incubation, the culture media were removed from the vero cells
monolayer in 96-well plate and then vero cells were challenged with HFMDV of
100 TCID50. Wells where the serial dilution (101-107) of recombinant chIFN-a
was added but without adding HFMDV were used as negative control, and wells
where 100 TCID50 HFMDV was added but without adding the recombinant
chIFN-a were used as positive control. All cells in the 96-well plate were incu-
bated under the above culture conditions of monolayer cells for 24 h. When
pathological changes were formed by HFMDYV in more than 50 % vero cells at
positive control, the antivirus activity of the recombinant chIFN-o was determined
in accordance with the proportion of the percentage cells with pathological
changes to all the cells in the same well.

76.3 Results and Discussion

76.3.1 Cloning and Sequencing of pHis-NusA-chIFN-a.

Chicken alpha interferon (IFN-a) gene was amplified by PCR, the complete IFN-«
sequence consisted of 504 bp, the IFN-o gene fragment was digested with
restriction enzymes EcoR I and BamH I, and inserted into the expression plasmid
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Fig. 76.1 The pHis-NusA-
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pHis-NusA, which was digested with the same restriction enzymes. As shown in
Fig. 76.1, a specific DNA fragment about 504 bp was generated. The result of
DNA sequencing showed that the chIFN-o gene was correctly inserted into the
expression vector.

76.3.2 Expression and Purification of chIFN-a

Optimization of the expression conditions was performed to improve the expres-
sion of the soluble IFN-o protein in E. coli. To examine the temperature effect on
IFN-a soluble expression, two groups of recombinants were cultured at 16 and
37 °C, respectively. The lysate was centrifugated at 10,000 rpm for 5 min, the
pellet and supernatant were collected. T, P, S were indicated total protein of E.coli,
protein in pellet, protein in supernatant, respectively.

As shown in Fig. 76.2, the recombinant protein was induced with 0.1 mM
IPTG at 37 °C. A large amount of target protein at a molecular mass of approx-
imately 76 kDa was generated, and the chIFN-« protein was mainly in the pellet.

Fig. 76.2 The recombinant

protein was induced to

express with 0.1 mM IPTG at 116kD
37 °C. M. protein marker (14/
18/25/35/45/66/116kDA) 1.
IFN-o-Total; 2. IFN-a- Pellet; 45%D
3. IFN-o- Supernatant 35kD
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Fig. 76.3 Expression and purification of His-NusA-chIFN-a. The recombinant protein was
induced with 0.1 mM IPTG and 0.5 mM IPTG at 16 °C. M. protein marker (14/18/25/35/45/66/
116kDA). 0.1 mM IPTG induction: 1. IFN-a-Total, 2. IFN-a- Pellet, 3. IFN-a- Supernatant, 4.
IFN-o-unbound, 5. IFN-o-E1 (Protein was eluted by eluting buffer with 250 mM imidazole), 6.
IFN-0-E2 (Protein was eluted by eluting buffer with 500 mM imidazole) 0.5 mM IPTG
induction, 7. IFN-a-Total, 8. IFN-a- Pellet, 9. IFN-a- Supernatant, 10. IFN-a-unboundd, 11. IFN-
o-E1 (Protein was eluted by eluting buffer with 250 mM imidazole), and 12. IFN-a-E2 (Protein
was eluted by eluting buffer with 500 mM imidazole)

AsshowninFig. 76.3, the recombinant protein was induced with 0.1 mM IPTG at
16 °C, alarge amount of target protein at a molecular mass of approximately 76 kDa
was generated and it was soluble. Moreover, the protein expression level was higher
with 0.1 mM IPTG than that with 0.5 mM IPTG. The Ni-metal chelate affinity
chromatography was used to purify recombinant His-NusA-chIFN-o.

76.3.3 Antivirus Activity

To determine whether the recombinant chIFN-a could possess biological activity,
the resistance of HFMDYV reproduction in vero cells was evaluated using the CPE
reduction method [18]. The concentration of chIFN-o was 0.99 mg/ml. According
to the calculations of the Reed-Muench’s methods, 100TCID50 of HFMDV was
107>, The vero cells in the positive control were destroyed more than 50 %, the
treatment of recombinant chIFN-o could obviously inhibit the reproduction of
HFMDYV in vero cells [19, 20]. 100 %vero can be protected from 100TCIDS0 of
HFMDYV attack when the concentration of chIFN-x was about 1.65 x 10~ *mg/ml
(Fig. 76.4). 62.5 % vero can be protected from 100TCID50 of HFMDV attack
when the concentration of chIFN-o was about 1.65 x 10 >mg/ml (Fig. 76.4).
12.5 % vero can be protected from 100TCID50 of HFMDV attack when the
concentration of chIFN-o was about 1.65 x 10~ °mg/ml (Fig. 76.4). Vero cells
could not be protected from 100TCID50 of HFMDV attack totally when the
concentration of chIFN-o was about 1.65 x 10~ 'mg/ml (Fig. 76.4). The results
showed that chIFN-o had biological activity against HFMDV when the concen-
tration og ghIFN—oc was about 9.28 x 10~°mg/ml and the 100TCID50 of HFMDV
was 1077,
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Fig. 76.4 The vero cells were protected from HFMDV by different concentrations of chIFN-a. 1.
The concentration of chIFN-a is 1.65x10™* mg/mL. 2. The concentration of chIFN-a is
1.65x107> mg/mL. 3. The concentration of chIFN-a is 1.65x107® mg/mL. 4. The concentration
of chIFN-a is 1.65x 1077 mg/mL

76.4 Conclusion

In this study, the IFN-o was cloned into pHis-NusA expression vector, and the
recombinant expression vector was transformed into host bacteria E. coli BL21.
The recombinant chicken IFN-« was induced to express, and the molecular weight
of the expressed protein is about 76 kDa. Under the condition that the recombinant
protein was induced to express with 0.1 mM IPTG at 16 °C, the expressed protein
was soluble. Recombinant ChIFN-o had biological activity against HFMDV when
the concentration of chIFN-o was about 9.28 x 10~® mg/ml and the 100TCID50
of HFMDV was 1077°.
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Chapter 77

Synthesis and Controlled Release
of 5-Fluorouracil

from Hydroxyethylchitosan:
Based Polymer Prodrug

Yanfei Peng, Wanshun Liu, Baoqin Han and Ruixue Zhou

Abstract A novel water-soluble hydroxyethylchitosan-based polymer prodrug of
5-fluorouracil ((HECS-5-Fu) was synthesized through acetyl spacer via ester bond.
The conjugated content of 5-Fu was 12.2 % (w). In phosphate buffer solution
(pH 7.4) at 37 °C, HECS-5-Fu slowly hydrolyzed to release 5-fluorouracil-1-yl
acetic acid as characterized by RP-HPLC and LC-MS. The controlled release of
drug from HECS-5-Fu powder sustained for more than 25 days. The in vitro
experiment indicated that 5-fluorouracil-1-yl-acetic acid at concentration of 400
ug/mL inhibited the proliferation of about 40.0 % mouse fibroblast cell line L.929.
HECS-5-Fu could have a potential application as an antimetabolic material in
glaucoma filtration device implantation.

Keywords Hydroxyethyl chitosan - 5-Fluorouracil - Prodrug - Release - Fibroblast

77.1 Introduction

5-fluorouracil (5-Fu), as an antimetabolite has shown significant antitumor activ-
ities. However, its short plasma circulation half-life, serious systemic toxicities,
and poor tumor-targeting make it important to screen out more clinically efficient
derivatives of 5-Fu, alternatively to prepare controlled and site-specific drug
release system.

Polymer materials like peptides, polysaccharides, and other natural products
have recently attracted much attention as biodegradable drug carriers. A variety of
macromolecular prodrugs of 5-Fu have been developed [1]. In most cases, the
bioactivities are due to the free 5-Fu released by a nonspecific chemical hydrolysis
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of the ester, carbomate, amide bonds between the drug and the polymer backbone
[2-5]. 5-Fu-polymer conjugates have also been reported to be able to provide site-
specific release of 5-Fu by a step-wise enzymatic and chemical cleavage of
chemical bonds under the environmental conditions of target cells [6, 7].

Chitosan and its water-soluble derivatives have been extensively used in
developing drug release systems in view of their good biocompatibility, biode-
gradability, nontoxicity, antibacterial, antitumor, and other bioactivities. Many
reports are available on preparation of chitosan-based drug capsules, microspheres,
nanoparticles, beads, gels, and films. Chitosan prodrug, in which drug is covalently
linked onto chitosan chain has been found to be bioactive in the field of anti-
bacteria, anticancer, and antioxidant [8]. Our previous studies show that a blend
membrane based on hydroxyethylchitosan (HECS) has good biodegradability and
histocompatibility, and can potentially be used as a carrier for corneal endothelial
cell transplantation [9, 10]. A novel drug loaded membrane made of N-succinyl-
hydroxyethyl chitosan and mitomycin C could inhibit efficiently the in vitro
proliferation of fibroblast cell 1929 [11]. In an effort to decrease the side effects
and potential danger of 5-Fu, and meanwhile prolong the useful life of filtering
bleb following trabeculectomy, we reported here a novel synthesis and controlled
release of conjugated 5-Fu from HECS prodrug. The inhibitory effect of the
released substance against fibroblast cell was evaluated in vitro.

77.2 Materials and Methods
77.2.1 Materials and Reagents

5-Fluorouracil was purchased from Beijing Chemical Reagents Company (Beijing,
China). Chloroacyl chloride and N-methylpyrrolidone (NMP) were purchased from
Shanghai Medpep Co., Ltd. (Shanghai, China). 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) was purchased from Sigma Chemical
Co.(USA). Materials for cell culture including Dulbecco’s Modified Eagle Medium
(DMEM), fetal bovine serum (FBS), penicillin and streptomycin were from Gibco
Co (USA). Tissue culture flasks and 96-well plates were obtained from Corning Co.
(USA). All other chemicals and reagents were commercially available and used as
received.

77.2.2 Synthesis of Hydroxyethylchitosan -5-Fu Conjugate
(HECS-5-Fu)

Hydroxyethylchitosan (HECS) with molecular weight of 12.5 x 104 and substi-
tution degree of 3.0 was synthesized in our laboratory for the following experiment.
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1.0 g HECS was dissolved in 40 mL N-methylpyrrolidone, and 0.8 mL chloroacyl
chloride was added droplet to the solution in an ice-bath. The mixture was then kept
stirring at room temperature for 3 h. The chloracetylated HECS (CI-HECS, 1.5 g)
was obtained by ether precipitation, anhydrous alcohol washing, and vacuum
drying. Then 1.0 g chloracetylated HECS was dissolved in 30 mL re-stilled
dimethylsulfoxide, 0.9 g 5-Fu and 0.7 mL triethylamine were added. The whole
solution was kept in 50 °C for 24 h under stirring. After that, 60 mL acetone was
poured into, and the resultant precipitate was collected, washed with alcohol, and
dried in vacuum. 0.9 g HECS-5-Fu conjugate (HECS-5-Fu) was obtained as a white
powder.

5-fluorouracil-1-acetic acid (5-FuAA) was prepared according to the method
reported previously [12].

The content of 5-Fu in HECS-5-Fu was 12.7 % as determined by measuring the
amount of 5-Fu-1-acetic acid released from the conjugate placed in 2.0 mol/L
NaOH solution for 2 h at 40 °C, and the unconjugated 5-Fu was 0.5 % by mea-
suring the amount of 5-Fu released in distilled water in parallel [13, 14].

77.2.3 Characterization

UV-Vis absorption spectra were recorded with Tu-1800 UV-Vis spectropho-
tometer (PGeneral, Beijing, China) between 190 and 400 nm. The infrared spectra
(KBr pellets) were recorded on Nicolet NEXUE470 FTIR in a range of
400-4,000 cm™'. HPLC profiles of the released medium collected in intervals
were determined on a Shimadzu LC-10A HPLC system equipped with a Waters
Symmetry C18 column (2.1 mm x 100 mm, 3.5 pm) and a SPD-10A UV detector
at 266 nm at 30 °C. The mobile phase was water: methanol 98:2 (v/v) with a flow
rate of 0.3 mL/min. LC-MS analyses of the released medium collected in the first
week were done with a Micromass LCT time-of-flight mass spectrometer equipped
with an electro-spray ionization source.

77.2.4 In Vitro Release Studies

The in vitro release was carried out in a sealed plastic tube at 37 °C in phosphate
buffer (pH 7.4) solution. HPCS-5-Fu powders (100 mg) were suspended in 7.0 mL
of release medium and stirred at 100 rpm. At each selected time, the mixture was
firstly centrifuged at 10,000 rpm for 10 min, and then 5.0 mL of the supernatant
was removed and replaced by the same volume of fresh medium. The amount of
5-FuAA in the samples withdrawn was determined with an UV spectrometer at
274 nm as compared with the standard curve of 5-FuAA. The release experiment
was performed in triplicate. The curve of cumulative percent drug release as a
function of time was plotted.
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77.2.5 In Vitro Effect on the Growth of Mouse Fibroblast
Cell Line 1929

L929 cell line were cultured in DMEM supplemented with 10 % (v/v) fetal bovine
serum, 1 % penicillin and streptomycin solution. Cells seeded at 4 x 103 cells per
well (96-well culture plates) were maintained at 37 °C in a humidified incubator
with 5 % CO2 atmosphere for 24 h, the culture medium was removed, fresh medium
(200 pL/well, control group), or 5-Fu (200 pL/well, prepared in cultural medium at a
final concentration of 20, 10, 5, and 2.5 ug/mL), or 5-FuAA (200 pL/well, prepared
in cultural media at a final concentration of 400, 200, 100, and 50 ug/mL) was then
added. The plate was returned for incubation for 72 h. Cytotoxicity of samples was
evaluated by the 3-(4, 5-dimethylthiazole-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay. The in vitro inhibition ratio was calculated with the following formula:

Inhibition ratio = (ODO — ODS)/(ODO — ODC) x 100 %, where ODO,
ODS, and ODC were the average OD value at 490 nm of five wells in parallel of
the control (with the cultural medium), sample treated group and the blank
(without cell), respectively.

77.3 Result and Discussion
77.3.1 Synthesis of HECS-5-Fu

Based on the good solubility of HECS in N-methylpyrrolidone, a mild reaction
route for chloroacylation of HECS was developed in this report. Figure 77.1 shows
the FTIR of HECS and HECS-5-Fu conjugate. In the IR spectrum of the HECS,
both the OH groups at C-6 and C-3 and the NH2 group of chitosan were
hydroxyethyl substituted in view of the disappearance of the absorption peaks at
1,030 and 1,160 cm™' and the weakening at 1,599 cm™'. As for HECS-5-Fu
conjugate, new signal at 1247 cm™" assigned to the stretching vibration of C-N of
5-Fu appeared, and the vC = O moved to 1,670 cm™" due to the covalent con-
jugation of 5-Fu into HECS. The peak at 1,747 (C = O) and 771 cm™ (C-Cl)
indicated not all the C—Cl group of chloroacetylated HECS reacted with 5-Fu.

77.3.2 Structure of the Released Substance

During the in vitro release experiment, it was found that the peak absorption in UV
spectra of released medium moved from the initial 265 nm to 274 nm. From the
HPLC profiles (Fig. 77.2) of the released medium collected in different time
interval, it was obvious that the released substances were firstly a mixture,
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Fig. 77.1 FTIR spectra of HECS
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followed by a pure molecule, implying that chemical conjugation of HECS and
5-Fu could make changes of the released target substance.

To determine the structure of the molecules released, released sample collected
in the first week was analyzed by ESI-Q-TOF MS/MS. The first eluted substance with
[M + H]* of 131 was proved to be 5-Fu, and the second one to be 5-Fu-1-yl-acetic
acid (5-FuAA). It means that HECS-5-Fu conjugate released were no longer
pure 5-Fu but a mixture of 5-Fu and its derivatives. 5-Fu released in the beginning
might be those unconjugated, and just being embedded during the precipitation of
HPES-5-Fu from the reaction solution, while the conjugated 5-Fu released existed as
5-FuAA. It was reported that the release of 5-Fu from conjugates was strongly
dependent on the pH of the dissolution medium [15]. The ester bond linking 5-Fu and
HECS were firstly broken down to release 5-FuAA, which could be further hydro-
lyzed to give 5-Fu quickly in alkali solution, while remained unchanged in neutral
and acidic environment. Therefore, 5-FuUAA was released in the slightly basic
medium as we chose.
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77.3.3 Release Behavior of HECS-5-Fu Conjugate

The release profile of 5-Fu from the conjugate in PBS medium was shown in
Fig. 77.3. The conjugate was quiet stable and gave a slow and steady release of
5-FuAA in 26 days we followed. There was not a phenomenon of burst-release
usually observed in the initial period. The cumulative release was 43 % in the first
5 days and reached to 73 % in 22 days.

Mechanism for controlled release of bioactive agents from polymer matrices
has been well described in literature, suggesting the erosion, diffusion and swelling
followed by diffusion, etc. [16, 17]. In case of in vitro release of HECS-5-Fu
conjugate, the water-insoluble nature of the conjugate might govern the release
pattern. Although HECS adopted was originally hydrophilic and water-soluble,
while after chloroacetylation it could form crosslink as a result of the side reac-
tions between violable groups (~OH, —-NH,) and the adjacent chloracetyl group in
the polymer chain. The conjugate firstly swelled in the slightly alkali medium, the
release was swelling-controlled. After the achievement of swelling equilibrium,
the release turned to a diffusion-controlled mechanism. The swelled particles
served as a reservoir for drug release.

77.3.4 Inhibitory Effect on the Proliferation of Mouse
Fibroblast Cell L-929

It has been reported that 5-FuAA could efficiently inhibit the in vitro proliferation
of several tumor cells including leukemia cells, sarcoma 180, hepatic carcinoma
and ehrlich ascites tumor [18]. 5-FuAA as the main released substance from
HECS-5-Fu conjugate, its antimetabolite effect had to be evaluated firstly.

The effect of 5-FuAA and 5-Fu on the proliferation of mouse fibroblast cell L-929
was shown in Fig. 77.4. Obviously, 5-Fu at a concentration of 20—2.5 ug/mL could
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Fig. 77.4 Effect of 5-FuAA 100+ - '
and 5-Fu on the proliferation | F-'**:J 5-FuAA
of mouse fibroblast cell L929
80 1

S

P 60 1

g

=

-2 40

)

= 20

400 200 100 50 20 10 5 25
(ng/mL)

inhibit the proliferation of over 60.0 % fibroblast. As for 5-FuAA, the efficient
concentration was much higher than 5-Fu. When 400 ug/mL of 5-FuAA was
employed, the inhibition ratio reached to be 42.0 %. Therefore, higher concentration
of 5-FuAA must be provided for efficient anti-proliferation of fibroblast cells at the
target site, especially in the first two weeks after trabeculectomy. This, however,
could be fulfilled due to the relative high 5-Fu content (12.7 %) and good release
efficiency of HECS-5-Fu. The unconjugated 5-Fu, which was released from HECS-
5-Fu in the beginning, could be another kind of help for the whole inhibition against
fibroblast cells.

Due to the effect of possible inflammatory effect of implanted material on drug
release from conjugate, the exact antimetabolite effect of HECS-5-Fu conjugate
needs to be checked in animal models in future.

77.4 Conclusion

In this study, a novel 5-Fu prodrug based on hydroxyethyl chitosan was synthe-
sized. In phosphate buffer solution, the HECS-5-Fu conjugate released 5-FuAA,
and a small amout of 5-Fu at the beginning. The controlled drug release could
sustain more than 25 days. Although less efficient than 5-Fu, 5-FuAA could inhibit
the in vitro proliferation of mouse fibroblast cell L-929 when higher concentration
was employed. The relative high drug loading, sustained release in long period and
good release efficiency made HECS-5-Fu conjugate a potential site specific anti-
metabolite material in glaucoma filtration device implantation.
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Chapter 78

Telomerase is Significant as an Early
Diagnostic Marker and Therapeutic
Target

Lian Duan, Nan Wang, Xinghua Liao, Jun Zhou, Dalin lu, Jiajie Liu,
Xueguang Sun and Tong-Cun Zhang

Abstract Breast cancer, a hormone-dependence disease, is the most common
malignant tumor in women. Breast cancer incidence rates increase with age.
Telomerase is a ribonucleoprotein that maintains chromosome ends and endows
cells with unlimited proliferative potential. Activation of telomerase maintains a
relatively stable telomere length, confers immortality on some cells, and may even
lead to cancer. It has been reported that, in the tissues of the breast, the activity of
telomerase can be detected in more than 90 % of invasive breast cancers, while not
in adjacent normal tissues. Thus, telomerase activation plays a critical role in
development of breast cancer. Telomerase has been proposed as a biomarker with
diagnostic and prognostic potential in breast cancer as well as a basis for the
targeted therapy of breast cancer.

Keywords Breast cancer + Telomerase - Chromosome ends - Telomere
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78.1 Introduction

Breast cancer, a most common cancer mainly diagnosed in women, is the second
leading cause of death in the world. In 2008, breast cancer caused 458,503 deaths
worldwide (13.7 % of cancer deaths in women); this is due to difficulty in diag-
nosing at an early stage. Despite the improvements in diagnostic imaging tech-
niques such as computed tomography, magnetic resonance imaging, etc., the early
diagnosis of breast cancer is still difficult. Some reports indicate that telomerase
activity play a crucial role in cellular senescence and tumor initiation. So, the
detection of telomerase activity has been proposed to be a useful tool in the
diagnosis of pancreatic cancer.

Telomerase is a ribonucleoprotein enzyme that specifically restores telomere
sequences lost during replication by means of activity the catalytic subunit of
human telomerase reverse transcriptase (hTERT), and a telomerase RNA template
(hTR) [1]. It is activated in most immortal cell lines and in most malignant tumors
that is detected in 85-90 % of human cancer specimens. Telomerase activity is
found in breast cancer and pre-invasive lesions of the breast, such as ductal car-
cinoma in situ (DCIS), suggesting that telomerase activity is activated early in
breast carcinogenesis [2]. Since telomerase activity is present in a vast majority of
human cancers, it might have a role in the diagnosis and treatment of cancer. In
this paper, we mainly review the relationship between telomerase and early
diagnosis and therapy of breast cancer.

78.2 Function and Structure of the Telomeres
and Telomerase

The ends of linear eukaryotic chromosomes contain specialized structures called
telomeres. In humans, telomeres consist of long and repeated TTAGGG sequence,
which are associated with a variety of telomere-binding proteins. Telomere DNA
is dynamic, being progressively lost with each cell division due to incomplete
replication of the termini of linear DNA molecule [3]. After a finite number of
replications, the telomere reaches a critical length, and in turn induces replicative
senescence [4].

Recently, some researchers find that telomere integrity and function need to
bind to telomere response protein, such as telomeric repeat binding factor 1
(TRF1) and telomeric repeat binding factor 2 (TRF2) [5]. TRFI1 is a negative
regulator of telomere length. Early reports indicated that overexpression of wild-
type TRF1 will decrease telomere length, whereas overexpression of mutant TRF1
will lead to telomere elongation. TRF2 also plays an important role in chromo-
some stabilization. Recent studies have found that overexpression of mutant TRF2
leads to the loss of TRF2 bound at the telomere, induction of the p53-dependent
damage pathway, end fusion, and growth arrest as in replication senescence [6, 7].
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Although other mechanisms to maintain telomere stability are possible, the
mechanism for lengthening telomeres in humans is almost always by the reacti-
vation or upregulation of telomerase. It consists of two core function components
hTERT and hTR. These components jointly form the telomerase active site. hTR
contributes by binding the telomere end and acts as template for polymerization,
while hTERT catalyzes the addition of telomeric repeat [8].1 Telomerase functions
include addition of telomeric repeats, stabilization and maintenance of telomere
length, overall spatial orientation, structural integrity, and stability of the chro-
mosome [9]. It is only expressed in a small number of proliferating cell types, such
as germ line and somatic stem cells. Most normal human cells lack telomerase
activity and their telomeres shorten with each cell division, until they enter
replicative senescence. Cells that lose critical cell-cycle checkpoint functions
escape this initial growth arrest and divide until they enter crisis when chromo-
some end fusions and apoptosis occur. Cells remain in this crisis period acquires
telomerase expression, that can maintain telomeres is then able to grow continu-
ously (i.e., becomes immortal) and this is generally believed to be a critical step
toward cancer progression [10].

78.3 Effects of Telomerase Activity in Breast Cancer

Regulation of telomerase activity during normal cell development and tumori-
genesis is highly important in setting cell proliferative lifespan. A number of
mechanisms have been revealed to regulate telomerase activity that includes gene
transcriptional regulation, alternative splicing, and post-translational modifications
of hTERT. The tight correlation between hTERT mRNA expression and telome-
rase activity in cells suggests that transcriptional regulation of hTERT is one of the
primary regulatory mechanisms in regulating telomerase activity. Characterization
of the hTERT gene promoter has revealed a number of potential sites for tran-
scriptional regulation, including two typical E-boxes and several GC-boxes for the
transcription factors c-Myc and Spl, respectively. Especially an imperfect estro-
gen response element (ERE) has also been identified within the hTERT promoter,
providing a platform for action of the sex steroid hormone estrogen with estrogen
receptor (ER) in regulating hTERT gene transcription and cell proliferative life-
span [11].

Breast cancer is an estrogen-dependent disease. Studies in vitro show that
estrogen can upregulate the "TERT gene expression and telomerase activity in MCF-
7 cells, further studies suggest the imperfect palindromic ERE (GGTCAGGCT-
GATC) at —2677 of the hTERT gene promoter (differing from the consensus
sequence by one nucleotide (GGTCAN3TGACC)). Deletion of this ERE dramati-
cally reduces estrogen-induced activation of telomerase. Interestingly, mutation of

' Tong-cun Zhang: E-mail: tony @tust.edu.cn
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Fig. 78.1 Schematic model. In breast cancer, estrogen can promote the upregulation of
telomerase activity directly through binding to both nuclear and nonnuclear ER signal
transduction that activated Akt pathway

two c-Myc binding sites located within the proximal 181 bp region completely
blocks estrogen activation of telomerase activity. These findings suggest that
estrogen-responsive element is responsible for transcriptional activation by ligand-
activated ER and c-Myc/Max play additional roles in estrogen-induced transacti-
vation of hTERT [12]. The recent study shows that the activation of telomerase
induced by estrogen is due not only to transcriptional regulation of hTERT via an
ERE-dependent mechanism and a PI3 K/Akt/NF-xB cascade, but also to post-
translational regulation via phosphorylation of hTERT and association with NF-xB
in MCF-7 cells (Fig. 78.1), that is also true of the mechanism by which cytokines
modulate telomerase activity.

78.4 Telomerase: A Diagnostic Marker in Breast Cancer

There were multiple methods to detect telomerase in the breast cancer tissue. The
telomere repeat amplification protocol (TRAP) assay usually has detected telo-
merase activity. This sensitive polymerase chain reaction (PCR)-based assay can
detect as few as 1—10 positive cells or 0.01 % positive cells in a mixed population.
Kaori Saito et al. examined 38 breast cancer samples and 16 noncancerous breast
samples by TRAP that detected telomerase activity in 65.8 % (25/38) of breast
cancers, but no telomerase activity in any noncancerous sample [13]. He Guoping
detected telomerase activity in 47 of the 52 breast cancer samples (93.8 %), in 15
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of 52 adjacent nonmalignant breast tissues (28.85 %) and in 10 of the 32 benign
lesions (31.25 %), but no activity was detected all of 14 normal mammary gland
tissues [14]. Expression of the hTERT mRNA can also be detected using real-time
reverse transcription polymerase chain reaction (RT-PCR). Mohammad et al.
measured the mRNA of hTERT in 65 breast cancer patients, and found that 53
(81.54 %) patients exhibited hTERT expression positive and 12 (18.46 %)
exhibited expression negative [15]. AE Elkak also tested the expression of hTERT
protein by immunohistochemical and confirmed that hTERT expression was
positive in 27 (71 %) of 38 tumors [16].

With the increasing number of breast cancers detected by screening procedures,
a marker is needed to stratify the risk of subsequent invasive cancer. Blanca Murillo
et al. found a significant correlation between telomerase activity and tumor size,
lymph node status, and stage. Specially, they found a significant correlation
between low levels of telomerase activity and a lack of ERf expression (p = 0.03),
while telomerase activity was not related to ERo expression (p = 0.61) [17].
A significant association between telomerase-positive infiltrating breast carcinomas
and lymphovascular invasion, a fundamental step in breast cancer metastasis and a
predictor of survival, has also been observed, making telomerase a useful prog-
nostic marker [18].

These assays provide highly sensitive methods for breast cancer diagnosis, but
have limitation. Consequently, for the diagnosis of breast cancer, these biomarkers
should be combined with other diagnostic technology to avoid false-positive and
false-negative results, and better tumor grade and tumor classification can be
given. Based on these results, reasonable therapeutic schedule is designed.

78.5 Telomerase: A Potential Therapeutic Target
in Breast Cancer

The average telomere length in breast cancer cells is usually well below that of
normal cells. Furthermore, most stem cells are quiescent, and telomere shortening
normally occurs only with cell division. Since most breast cancer cells have very
short telomeres, treatment with telomerase inhibitors should lead to growth arrest
and cell death. Thus, telomerase and telomeres offer a variety of potential targets
for the development of anticancer therapies. The telomerase protein complex
allows for multiple sites for inhibition. Recent research includes targeting the RNA
component of the telomerase, inhibition of the catalytic subunit, immunotherapy,
and small molecule inhibitors [19].
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78.5.1 HTR

Telomerase uses intrinsic RNA subunit as a template for synthesis of new telomere
repeats at the chromosome termini. Inhibiting hTR can block elongation of telo-
mere to suppress activation of telomerase. Include antisense oligonucleotides and
ribozyme.

78.5.2 Inhibit TERT

The enzymatic activity of telomerase may be inhibited by various telomerase
inhibitors, with the induction of accelerated senescence and cell death. The most
widely used reverse transcriptase inhibitor is 3¢-azido-3¢-deoxythymidine (AZT).
Melana et al. observed that AZT inhibited the growth of breast cancer cells and
telomerase activity at lower doses than in normal breast cells [20].

78.5.3 Immunotherapy

There is the elimination of telomerase expressing cells by immune effectors.
TERT-positive cells express TERT in association with major histocompatibility
complex on cell surfaces. Cells can then be recognized and eliminated by
CD8+ cytotoxic T cells. This would provide the rapid elimination of tumor cells
with no delay effect. However, TERT-expressing normal cells also would be
affected [21].

78.5.4 Small Molecule Inhibitor

One method of specific inhibition of telomerase is through RNA interference
(RNAI). Since its discovery, RNAi has been shown as a potent posttranscriptional
gene silencing mechanism. Introduction of small interfering RNAs (siRNAs) can
mediate the specific degradation of the mRNA, whose sequence is present in the
siRNAs. It has been reported that RNAi against hTERT could successfully inhibit
telomerase activity in several cancer cell lines. The study from Xue demonstrated
the potential of inhibiting telomerase as an effective treatment of breast cancer by
siRNA [22].
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78.6 Conclusion

Ontogeny and progress of breast cancer were involved in several regulation of the
pathway. Although telomerase activation plays a role, the mechanism may involve
other regulation factors companied. It is expressed in over 90 % of breast cancer
cells, while it is not expressed in most normal cells. Recent research showing test
of telomerase has sensitivity toward diagnosis of breast cancer, but the guidance of
individualized radiation therapy, chemotherapy, and surgical treatment has limi-
tation. Research of telomerase inhibitors is increasing. Combining telomerase
inhibitors with current therapies to reduce tumor burden may provide a better
regimen to target breast cancer.
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Chapter 79

Isolation, Identification, Antibacterial
Effects of Antibiotic Drugs, and Chinese
Herbal Extracts to the Pathogenic
Bacteria of Swollen Abdomen

from Scophthalmus maximus in Vitro

Xuan Wu, Dongqing Bai, Guoxia Zhu, Yanbin Ji, Zhichao Jia
and Peng Zhou

Abstract The pathogenic bacteria was isolated from Turbot (Scophthalmus
maximus) with swollen abdomen, and proved to be the pathogenic bacteria by the
infection experiment. In this research, VITEK-2 compact system was used to
identify the pathogenic bacteria, and test the antibacterial effects of antibiotic
drugs, paper diffusion method was used to evaluate the antibacterial effects of
three kinds of Chinese herbal extracts on the pathogenic bacteria of swollen
abdomen from Turbot in Vitro.The results showed that the pathogenic bacteria of
swollen abdomen from Turbot was stenotrophomonas maltophilia, and the sepa-
ration purity was 99 %. Without Trimethoprim, S. maltophilia had no CLSI salient
point to the antibiotics of Ampicillin, Amikacin, Aztreonam, Cefazolin, Cefepime,
Cefuroxime, Cefuroxime Axetil, Cefotetan, Ceftazidime, Ceftriaxone, Ciproflox-
acin, Piperacillin, Imipenem, Gentamicin, Levofloxacin, Nitrofurantoin, Sulbac-
tam, Tazobactam. Extract of the scutellaria and honeysuckle had different
antibacterial effects to the S. maltophilia, and then the best bacteriostatic (MIC)
and bactericidal (MBC) effects were 3.125 mg/mL and 6.25 mg/mL, respectively.
However, the best MIC and MBC effects to extract from polygonum cuspidate
were 100 mg/mL and 200 mg/mL, MIC and MBC effects lower than that extract
from the scutellaria and honeysuckle. The results can provide reference materials
for the clinical use of aquaculture and aquatic animal health cultivation.
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79.1 Introduction

Turbot (S. maximus) is one of the most economically important marine cultured fish
in the world. The fish mainly distributes in the west of Pacific Ocean. At present,
Turbot has become an important commercial species to the industrialized culture in
the coastal areas of north of Chinese. But with high density of culture, disease
outbreaks have occurred and caused heavy economic losses. Swollen abdomen is the
main disease in the Turbot. It was a comprehensive disease that can cause infections
to most of the aquatic organisms. The diseased fishes appeared slightly with
enlargement of liver and spleen and obviously bloated abdomen. The anatomy of the
diseased fishes show that mass ascites with pus in the abdominal cavity, and severe
cases may have gastrointestinal bleeding [1, 2]. Some researches have studied
swollen abdomen of Turbot, and made some achievements [3-5]. In this study,
mainly isolated pathogenic bacteria from Turbot (S. maximus) with swollen abdo-
men, and to identify it. Test the antibacterial effects of antibiotic drugs and anti-
bacterial effects of Chinese herbal extracts for the pathogenic bacteria. In order to
provide reference materials for the clinical use of aquaculture and aquatic animal
health cultivation.

79.2 Materials and Methods
79.2.1 Bacterial Isolation

For bacterial isolation, samples taken from abdominal cavity of diseased Turbot
(n = 30, body length 4.2 + 0.6 cm) were directly streaked on agar plates (5 g/l
bacteriological peptone, 1 g/l yeast extract, 1 g/l KH2P04, 30 g/l NaCl, 15 g/l agar,
pH 7.2—7.4) [6]. After incubation for 48 h at 28 °C, the dominant colonies were
picked and streaked for purity onto the same medium and incubated for 24 hat 28 °C.
The pure isolates were saved on agar slopes and were routinely grown. Meanwhile
isolates were stored in a medium 15 % (v/v) glycerol at —80 °C until use.

79.2.2 Induced Infection Assays

In order to confirm the bacteria was the pathogenic bacteria of swollen abdomen to
the Turbot, 50 pl the dosages of 1.0 x 106 CFU with suspensions of pure cultures
suspended in steriled physiological saline, and injected to the health Turbot. While
fish in the control group was injected with 0.85 % NaCl.
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79.2.3 Biochemical Identification and Antibiotic
Susceptibility Test

The VITEK test method by the automated microbe identification analyzer (VITEK
2 compact, bioMérieux, France) was used to identify and characterize the isolates
further. The GN (Gram-negative) and AST-GNO4 (antimicrobial susceptibility
testing) cards were employed for the biochemical identification and antibiotic
susceptibility test respectively. The test was done as reported by [7].

79.2.4 Antibacterial Activity Assay of Chinese Herbal
Extracts

A disk diffusion method [8] was used to assay the pathogenic bactericidal activity
of the Chinese herbal extracts from scutellaria, honeysuckle, and polygonum
cuspidate.

The Chinese herbal extracts were dissolved in sterile saline solution (0.85 %
NaCl) in double dilutions: at 400, 200, 100, 50, 25, 12.5, 6.25, 3.125 mg/ml. After
dilution, antibacterial activity assay was carried out immediately. Bacteria were
suspended respectively in sterile saline solution and were diluted to 1.0 x 10°
CFU. The suspension (100 pl) was spread on the medium along the blank paper
disk (6 mm diameter) containing different levels of saturated Chinese herbal
extract. Blank paper disk with sterile saline solution was offered as control.

The inoculated plates were incubated at 27 °C for 24 h. Antibacterial activity of
minimum inhibitory concentration (MIC) was evaluated by measuring the distance
of inhibition zone of the tested bacteria. The diameter of inhibition zone below
13 mm was regarded as resistant, between 13 mm and 17 mm moderately sus-
ceptible, and above 17 mm susceptible. Tests were performed in triplicate for each
test concentration.

The Chinese herbal extracts were dissolved in agar medium in double dilutions:
at 400, 200, 100, 50, 25, 12.5, 6.25, 3.125 mg/ml, and then emptied to the
plate. 100 suspensions was spread on the plate, the inoculated plates were incu-
bated at 27 °C for 24 h. The MBC is defined as the lowest concentration of the
essential oils at which inoculated microorganism was completely killed (99.99 %).
Tests were performed in triplicate for each test concentration.

79.3 Results
79.3.1 Bacterial Isolation

Pathogenic bacteria of swollen abdomen were isolated from the abdominal cavity
of diseased Turbot, and it was identified as Gram-negative bacteria.
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During 5 days of the infection experiments, the Turbot of the control groups did
not show any disease signs. All of the treated Turbot showed different disease
signs similar to the original diseases. During the infection experiments, high
mortality was observed.

79.3.2 Characterization and Identification of Pathogenic
Bacteria

The results of biochemical identification test of pathogenic bacteria by VITEK-2
compact system were shown in Table 79.1 indicated that it was S. maltophilia with
99 % probability, which was considered as “a excellent identification” by the
system. The biochemical details were showed in Table 79.1.

Table 79.1 Biochemical details of pathogenic bacteria

Biochemical details Biochemical details

Ala-Phe-Pro-Arylamidase (APPA) + Saccharose/Sucrose (SAC) -
Adonitol (ADO) - D-Tagatose (dTAG) -
L-Pyrrolydonyl-Arylamidase (PyrA) - D-Trehalose (dTRE) -
L-Arabitol (IARL) - Citrate (Sodium) (CIT) -
D-Cellobiose (dCEL) - Malonate (MNT) +
Beta-Galactosidase (BGAL) - 5-Keto-D-Gluconate (5 KG) -
H2 s Production (H2S) - L-Lachate alkalinization (ILATk) +
Beta-N-Acetyl-Glucosaminidase - Beta-N-Acetyl-Galactosaminidase +

(BNAG) (NAGA)

Glutamyl Arylamidase pNA (AGLTp) - Succinate alkalinization (SUCT) +
D-Glucose (dGLU) - Alpha-Glucosidase (AGLU) -
Gamma-Glutamyl-Transferase (GGT) + Alpha-Galactosidase (AGAL) -
Fermentation/Glucose (OFF) - Phosphatase (PHOS) +
Beta-Glucosidase (BGLU) + Glycine Arylamidase (GlyA) -
D-Maltose (AMAL) - Ornithine Decarboxylase (ODC) -
D-Mannitol (dIMAN) - Lysine Decarboxylase (LDC) -
D-Mannose (IMNE) - Decarboxylase Base (ODEC) -
Beta-Xylosidase (BXYL) - L-Histidine assimilation (IHISa) -
Beta-Alanine arylamidase pNA(BAlap) - Courmarate (CMT) -
L-Proline Arylamidase (ProA) + Beta-Glucuronidase (BGUR) -
Lipasel (LIP) - 0/129 Resistance (O129R) -
Palatinose (PLE) - Glu-Gly-Arg-Arylamidase (GGAA) -
Tyrosine Arylamidase (TyrA) - L-Malate assimilation (IMLTa) -
Urease (URE) - Ellman (ELLM) -
D-Sorbitol (dSOR) - L-Lactate assimilation (ILATa) -

+, Positive; _, negative
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79.3.3 Antibiotic Susceptibility Assay

Use VITEK-2 compact system test antibiotic susceptibility revealed that without
Trimethoprim, s. maltophilia had no CLSI salient point to the antibiotics of
Ampicillin, Amikacin, Aztreonam, Cefazolin, Cefepime, Cefuroxime, Cefuroxime
Axetil, Cefotetan, Ceftazidime, Ceftriaxone, Ciprofloxacin, Piperacillin, Imipenem,
Gentamicin, Levofloxacin, Nitrofurantoin, Sulbactam, Tazobactam (Table 79.2).

79.3.4 Antibacterial Activity Assay of the Chinese Herbal
Extracts

The in vitro antimicrobial activities of Chinese herbal extracts from scutellaria,
honeysuckle, and polygonum cuspidate against the s. maltophilia and their activity
potentials were qualitatively and quantitatively assessed by the presence or
absence of inhibition zones, zone diameters, bacteriostatic (MIC), and bactericidal
(MBC) values. Although the MICs and MBCs results varied between microor-
ganisms tested, in the most cases the MICs was less than the MBCs.

Table 79.2 Antibiotic susceptibility information of s. maltophilia

Antimicrobial MIC Interpretation
Ampicillin(AM) - _
Ampicillin/Sublactam(SAM) - _
Ticarcillin/Clavulanic Acid(TCC) - _
Piperacillin(PIP) - _
Piperacillin/Tazobactam(TZP) - _
Cefazolin (CZ) - _
Cefuroxime(CXM) _ _
Cefuroxime Axetil - _
Cefotetan(CTT) - _
Ceftazidime(CAZ) _ _
Ceftriaxone(CRO) - _
Cefepime(FEP) - _
Aztreonam(ATM) - _
Imipenem(IPM) - _
Amikacin(AN) - _
Gentamicin(GM) _ _
Tobramycin(TM) - _
Ciprofloxacin(CIP) - _
Levofloxacin(LEV) - _
Nitrofurantoin(FT) - _
Trimethoprim/Sulfamethoxazole(SXT) <20 S

MIC = minimum inhibitory concentration. S = sensitive, R = resistant, and I = intermediate
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Table 79.3 Antimicrobial activity of the Chinese herbal extracts (1.0 x 106 CFU)

Chinese herbal extracts Bacteriostatic(MIC) Bactericidal
effects (MBC)
Scutellaria 3.125 6.25
Honeysuckle 3.125 6.25
Polygonum Cuspidate 100 200

Results obtained from disk diffusion method, followed by measurements of
MIC and MBC, indicate that extract of the scutellaria and honeysuckle had dif-
ferent antibacterial effects to the S. maltophilia, and then the best MIC and MBC
effects were 3.125 mg/mL and 6.25 mg/mL, respectively. However, the best MIC
and MBC effects to extract from polygonum cuspidate were 100 mg/mL and
200 mg/mL, MIC and MBC effects lower than that of extract from the scutellaria
and honeysuckle (Table 79.3) .

79.4 Discussion

In our study, we isolated pathogenic bacteria of swollen abdomen from the
abdominal cavity of diseased Turbot. And identified it was S. maltophilia
(S. maltophilia).

S. maltophilia is a Gram-negative, nonenterobacteriaceae, nonfermentative,
aerobic bacillus [9] that was formerly classified in the genus Xanthomonas [10].
The most common reported that this organism could infections to the human,
mammals, and many marine animals [11-15]. In recent years, S. maltophilia of
swollen abdomen has caused huge economic losses. It has been reported that at
Channel catfish (Ictalurus Punctatus), yellow catfish (Pelteobagrus fulvidraco),
Turbot (S. maximus), and so on [5, 16]. According to the research, the action
mechanism of S. maltophilia to the swollen abdomen was to produce exotoxin, and
then destroyed to cell membrane, finally disruption and dissolution of cell [17].

However, some scholar claims that swollen abdomen of Turbot is caused by
other pathogenic bacteria [1, 2]. It can be explained that swollen abdomen of
Turbot is comprehensive caused by many kinds of bacteria, such as Edwardsiella
tarda, V ibrioalg inolyticus, Aeromonas hydrophila. While only one kind of
pathogenic bacteria are to be found in our study.

It was well-known S. maltophilia that has resistance to most of the antibiotics.
S. maltophilia has wide resistance to the antibiotics, has only sensitivity to tri-
methoprim, gatifloxacin, and Levofloxacin [18, 19] has improved that S. maltophilia
has no salient point to the antibiotics of cafteroline. Levofloxacin and trimethoprim
were of the first choice for infection caused by S. maltophilia, others have not
significant difference [20]. The above-mentioned results in our research were
similar.
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Scutellaria, honeysuckle, and polygonum cuspidate have been used traditionally
as medicinal herbs for the treatment of gastrointestinal infections in China. In this
study, the result showed that extract of the scutellaria, honeysuckle, and polygo-
num cuspidate had antibacterial effects to the S. maltophilia. In addition, several
studies showed that these medicinal herbs and extracts can be effective for treating
microbial infections. Zhang Bin [21] has shown scutellaria and honeysuckle has
different significant effect to resistance, the Edwardsiella ictaluri. The antibacterial
activity of rhus chinesis, scutellaria, and honeysuckle against Aerom on hydrophila
has been also reported [22]. Chinese medicinal herbs, such as Galla chinensis,
scutellaria, Pericarpium granat have synergistic inhibition for V ibrio splendidus,
Edwardsiellosis tarda, V ibrio parahaemolyticus, Aeromonas salmonicida, V ibrio
harveryi [23]. Schizandrae Fructus has also been found to have antimicrobial
activity against Bacillus spp, S. aureus, as well as viral infections [24]. At present,
it has not reported sensitivity to S. maltophilia by Scutellaria, honeysuckle, and
polygonum cuspidate. So these results will provide fundamental data for future
research.
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Chapter 80
Lichen: A Potential Anticancer Officinal
Resource

Meirong Ren, Xinli Wei and Feng Xu

Abstract Many natural products, which derived from plants, animals, and
microorganisms, have been isolated as bioactive compounds with great therapeutic
potential for cancer, but as a fungus, lichen has long been neglected in this area.
The special symbiotic form of fungi and algae and worldwide distribution even
extreme habitat of lichen contribute to its biological and chemical diversity, so,
lichen becomes an amazing resource for the discovery of new anticancer drugs.
The aim of this review is to show the value of lichen as a potential resource of
anticancer drugs, especially highlight several lichen metabolisms and their
derivatives, which can show the potentials to inhibit cellular proliferation or
cytotoxicity and trigger apoptosis of cancer cells. To identify the new lead-com-
pounds from lichen and elucidate the active principles with therapeutic potential
for cancer, it is essential to establish a high-throughput screening program and
dedicated collaboration among lichenologists, chemists, pharmacologists, and
biologists.
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80.1 Introduction

Cancer is a class of disease characterized by out-of-control cell growth. It is a
major health problem in the world, which is the second most common cause of
death disease for all ages [1]. The number of new cancer cases diagnosed has
been increasing steadily in recent decades, while the mortality of cancer patients
is decreasing. Earlier diagnosis and various treatments, especially chemotherapy,
have improved cure rates for malignancy and reduced risk of death. Natural
products and their derivatives, especially those from plants, animal, and
microorganisms, have long been a traditional source of drug which contributes
not less than 60 % drugs. Some of them, such as vinca alkaloid, vincristine,
taxol, fumiquinazolines, and rebeccamycin, etc. [2-4], show the strong anti-
cancer activity.

Lichens are a unique life form of symbiosis composed of fungi and algae and or
cyanobacteria. As pioneers, lichens show a worldwide distribution even various
extreme environmental conditions which were unfavorable to the survival of the
individual partners, from arctic to tropical regions, and from the plains to the
highest mountains (approximately 8 % of terrestrial ecosystems are lichen-domi-
nated) [5, 6]. It is not known how many species inhabit the earth; however, it is
becoming increasingly clear that the number of microbial species is many times
larger than estimated. For example, as conservatively estimated, there would be at
least 1.5 million species of fungi [7, 8], but up to now only 65,000 species are
known [9], accounting for less than 5 % of the total. The known lichen species is
about 13,500-17,000 [10], which only account for about 1 % of the total fungi
species.

In response to fancy physiological character and strong adaptability to extreme
conditions, there are great variety of secondary metabolites which are often
structurally unique produced by lichen, among which only a small number were
found in other fungi and higher plants [11]. Over 700 lichen metabolites have been
identified so far [12], only few of which are commercially available and the most
of known compounds are poorly investigated for their bioactivities and medicinal
potential [13]. Therefore increasing research on lichen natural resource may
provide good results for exploiting and developing valuable natural products
which benefit for human.

In 2000, 57 % of all drugs in clinical trails for cancer were either natural
products or their derivatives. Most of the important antitumor compounds used for
chemotherapy of tumors are microbial-produced antibiotics [14]. As fungi, for the
past 20-30 years, some studies with lichen, even with the limited screening effort,
have indicated the frequent occurrence of metabolites with antibiotic [15], anti-
bacterial [16], antiviral [17], anti-HIV [18], antiproliferation [19], and antioxidant
[20] properties. Recently, many researchers have been particularly interested in the
antineoplastic activities of lichen and have obtained some promising and inter-
esting results, which will be discussed in detail in this review.
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80.2 The History of Lichen as Traditional Medicine

Throughout the ages, lichens have been used for various purposes, in particular as
dyes, perfumes, and remedies in folk medicines. The topical use of lichen extracts
has its origin in ancient Egyptian times [21]. The most important application of
lichens is to treat diseases of animals and humans as traditional medicine, which
can be traced back to the 18th dynasty (1700—1800 BC) when Evernia furfuracea
(L.) Mann was first used as a drug [22]. Wei [23] published the book “Lichens
Officinales Sinenses” to describe the lichen usage as Chinese traditional medicine.
Spanish folk medicine has documented use of lichens in various medical ailments.
Tea prepared from Flavocetraria nivalis (L.) Kérnefelt & Thell is used in the
treatment of motion-sickness and heart attacks of by natives of Qollahuaya
Andeans in Poland [24]. Lethariella zahlbruckneri (Du Rietz) Krog can be found
only at high elevation and has been used for long term as a traditional tea and
medicine in Tibet, and for lowing blood pressure and body fat in Yunnan of China.
Local ethnic people believed it to be useful for anti-inflammation [25]. Cetraria
islandica (L.) Ach. commonly known also as ‘Islandic moss’ is probably one of
the best known alpine lichens used in folk medicine. Until now, it is still sold
annually in European pharmacies for treatment of minor ailments. This species is
traditionally used as reconstituent after tuberculosis and anticatarrhal by the Ital-
ians [26]. Studies in Germany developed tablets of C. islandica extracts containing
polysaccharides and lichen acids, along with pediatric lozenges containing C.
islandica for the prophylaxis of coughs and catarrh [27]. Ramalina thrausta (Ach.)
Nyl. is used in Finland for treatment of wounds, athlete’s foot, or other skin
diseases and taken to relieve sore throat and toothache [28].

80.3 Cytotoxicity/Antiproliferation on Cancer Cell
of Lichen Extract

Some lichen species have been used in screening cytotoxicity since early 1980s.
The results obtained guaranteed for the potential application of these lichen in the
near future. The cytotoxicity/antiproliferation of lichen has been studied in various
cell lines and primarily cultured cells, including multiple tumor cell lines and
normal cells. Recent reviews have discussed the anticancer pharmaceutical
potential of lichen substances [27, 29, 30].

Since the distribution of bioactive compounds differs according to the lichen
used, different solvents were used to extract these compounds from different
lichens correspondingly. The methanol extract of Xanthoria parietina (L.) Beltr.
showed potent antimyeloma activity against P3X63-Ag8.653 cell line [31]. The
acetone extract of L. zahlbruckneri exhibited significant antiproliferative activity
by time- and dose-dependent manners and inducing apoptosis on HT-29 cell lines
by caspase-dependent and -independent pathways [19]. A potent cytotoxic activity
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was also reported for the hexane extract of Parmelia caperata (L.) Ach. against
different cancer cell lines and the diethyl ether extract of Cladonia convoluta
(Lamkey) Anders demonstrated high cytotoxic activity (ICsq < 1 pg/ml) against
3LL cell line [32]. According to wide screening of cytotoxicity of lichen extracts,
it seems that cancer cell growth inhibitions can vary within the lichen extract,
solvent used for extraction.

A study monitored cytotoxic activity on 69 species of lichens from New Zealand
and showed their inhibitory effect against two cell lines: murine leukemia cells
P388 and monkey kidney cell BSC [33]. A high proportion of the lichen extracts
showed cytotoxic activity against one or both of the mammalian cell lines. Bézinvin
et al. reported that eight lichens C. convoluta, C. rangiformis Hoffm., Ramalina
cuspidata (Ach.) Nyl., Platismatia glauca (L.) W.L. Culb. & C.F. Culb., Parmelia
perlata (Huds.) Ach., P. caperata, Usnea rubicunda Stirt., Evernia prunastri (L.)
Ach. were extracted successively with n-hexane, diethyl ether, and methanol and
demonstrated interesting activities particularly on human cancer cell lines [32].
Also, Mitrovi¢ [20] evaluated methanol extracts of 5 different species and deter-
mined potent antiproliferative activity. Recently, Rankovi¢ [34] studied the anti-
cancer activity of extracts from Cladonia furcata, Lecanora atra, L. muralis. All
extracts were found to be strong anticancer activity toward both cell lines with IC5q
values ranging from 8.51 to 40.22 pg/ml. Thus, the screening results of crude
extracts produced very useful information that lichen species mainly focuses on
the family Parmeliaceae Zenker, Cladoniaceae Zenker, Lecanoraceae Korb.,
Lobariaceae Chevall.,, Ramalinaceae C. Agardh, Sphaerophoraceae Fr.,
Teloschistaceae Zahlbr., Umbilicariaceae Chevall. However, it is difficult to
determine the contribution of individual components for the overall anticancer
effect with crude extract of lichen. Often, the activity of the extracts may be the
result of a synergistic effect of several compounds.

80.4 Anticancer of Lichen Metabolites

80.4.1 Usnic Acid

Usnic acid is the most extensively studied lichen metabolite since its first isolation
in 1844 and was originally discovered as a mycobacterial product with weak
antifungal activity against rust fungi. Antitumor activity of usnic acid was shown
for the first time by Kupchan and Kopperman (1975) against Lewis lung carci-
noma in mice [35]. Since then, many researchers pay more attention to the anti-
cancer effect of usnic acid. Expression of caspase-3 revealed induction of
apoptosis by usnic acid on L1210 cell line [32, 36]. Unchanged morphology in
microtubules or non-increase in the mitotic index on two cancer cell lines sug-
gested that the antineoplastic activity of usnic acid is not related to alterations in
the formation and/or stabilization of microtubules [37]. Usnic acid derivative did
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not escape from the massive research to identify new potential anti-tumor com-
pounds. Cytotoxicity of nine usnic acid—amine conjugates was evaluated on
murine and human cancer cell lines. The author found the more active derivative
induced apoptosis via independent of the polyamine transport system (PTS) and
diaminooctane chain was a good vector to improve the cytotoxicity of usnic acid
[36].

80.4.2 Polysaccharides

Lichens have been used for medicinal purposes and are beneficial to some extent
being correlated with polysaccharides. Among the known lichen species, less than
100 species have been investigated for polysaccharides [38]. As plant and other
natural resource of polysaccharides, lichen polysaccharides have been known to
exert antitumor activity [39]. Japanese scientists were full of enthusiasm at this
area and their research show the lowering of non-toxic characteristic of lichen
polysaccharides. A lichen-derived polysaccharide CFP-2 reduced the viability of
HL-60 and K562 cells due to apoptotic pathway and telomerase activity, sug-
gesting its possible therapeutic potential against cancer [40].

80.4.3 Depsides and Depsidones

Depsides and depsidones, a class of compounds formed by condensation of a
phenolic carboxylic acid (such as gallic acid) with a similar compound, have been
isolated from plants, but most often found in lichens. Four depsides and nine
depsidones got from lichen were tested along with tridepside gyrophoric acid for
their cytotoxicity on lymphocytes. Compound pannarin, 1’-cloro pannarin, and
sphaerophorin have a cytotoxic effect stronger than positive control colchicine.
The activity of other compounds is moderate in degree except vicanicin and va-
riolaric acid. The results could provide useful information for determination of the
minimum structural requirements for the production of biological response by
these compounds, indicating that the presence of COOH or CHO groups adjacent
to an OH group appears to be indispensable [41]. Pannarin and sphaerophorin are
also reported to inhibit cell growth and to induce apoptosis in human prostate
carcinoma DU-145 [42] and human melanoma M14 cells [43]. Lobaric acid, an
orcinol depsidone isolated from Stereocaulon alpinum Laur., was shown to cause a
significant reduction of DNA synthesis on three malignant cell lines (from erythro-
leukemia) [44]. Gissurarson [45] reported the inhibition of cysteinyl-leukotrienes,
which are potent mediators of inflammation and constrictors of smooth muscles in
humans, with an effective dose of 5.5 uM.
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80.4.4 Others

A diphenyl ether, buellin, present in Diploicia canescens (Dicks) A Massal was
also found to act as cytotoxicity against B16 and HaCaT cell lines
(ICs5p = 0.25 uM for B16 murine melanoma cell line, lower than ICsy = 0.28 uM
of positive control etoposide) [46]. The antiproliferative activities of protoli-
chesterinic acid (butyrolactone) isolated from Cetraria islandica showed inhibi-
tion of growth of breast cancer cell lines and mitogen stimulated lymphocytes [43].
Ernst-Russell [47] reported the isolation of hybocarpone, a naphthazarin-derived
pentacycle, from the cultured lichen mycobiont of Lecanora hybocarpa (Tuck).
Brodo which was collected from woodland in Louisiana, USA. It was found to
possess potent cytotoxicity against the murine mastocytoma P815 cell line and
ICsqo value of 0.15 pg/ml. A new aryl-hydrazide L-glutamic acid derivative, pyg-
meine, was isolated from amethanolic extract of Lichina pygmaea, marine lichen.
The ortho-, meta-, and para-hydroxyl isomers along with their respective benzyl
intermediates, and a natural methoxylated analog were synthesized and cytotox-
icity of them were evaluated on murine and human melanoma cells (B16, A375).
The para-hydroxyl isomer was found to be the most active (IC5o = 1.6 uM) on
B16 cells [48]. Liu [49] and his colleague isolated the retigeric acid B, a natural
pentacyclic triterpenic acid from lichen and found retigeric acid B exerted its
antitumor effect by targeting the NF-kB pathway in prostate cancer cells, and this
could be a general mechanism for the antitumor effect of retigeric acid B in other
types of cancers as well.

80.5 Conclusions

The above-mentioned activities clearly indicated the potential of lichen com-
pounds for pharmaceutical purposes, but some properties of lichen metabolites still
need consideration. Structure of more than 700 lichen substances are available, but
due to the slow growth of lichen, their availability is insufficient in quantity and
difficulty in large-scale industrial production, lichens were frequently ignored by
pharmaceutical industries. As known, the secondary metabolites of lichen which
are deposited on the surface of mycelium were usually produced by fungi,
therefore it become possible that cultured mycobionts could replace the lichen. In
addition, advances in high-throughput screening technologies, have been a dra-
matic increasing in interest by the pharmaceutical and biotechnology industries.
Although many of lichen products are not likely to become therapeutics, the
information gained from studying them is likely lead to the development and
understanding of novel molecular targets and chemical synthesis or chemical
modification of natural metabolites, which in turn may lead to the development of
new classes of therapeutic agents. As alternative method, computer drug design
and the transfer of genes responsible for production of lichen metabolites may help
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development of new synthetics with enhanced pharmacological potency. Even-
tually, a collaborative effort among lichenologists, chemists, pharmacologists, and
biologists should be another pivotal point for the new drug development.
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Chapter 81

Clinical Significance of Screening
Impaired Glucose Tolerance in Essential
Hypertension Patients

Jun Zhu, Peiqing Feng, Shu Guo, Xinghua Liao, Jiajie Liu,
Junfang Zhang, Tingbao Yan, Yue Wang and Tong-Cun Zhang

Abstract Objective: Monitoring data of patients with essential hypertension
associated with impaired glucose tolerance then provide clinical basis for the
intervention of diabetes and reduce cardiovascular and cerebrovascular disease
risk factors. Method: Select 158 patients without sugar metabolic abnormalities
previously, whose fasting plasma glucose is <5.6 mmol/L. and diagnosed as
essential hypertension. Results: After OGTT, in 158 patients, there are 99 cases
(62.7 %) with normal glucose tolerance, 45 patients (28.4 %) with impaired glu-
cose tolerance, and 14 cases (8.9 %) with confirming diabetes. Conclusion: The
primary hypertensive patients with impaired glucose tolerance abnormalities show
a high proportion in hypertensive patients. With metabolic syndrome, patients
should be monitored regularly and actively fasting glucose and after 2 h of OGTT
to detect and intervene in diabetes earlier, reduce the risk factors of severe car-
diovascular and cerebrovascular complications.
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81.1 Introduction

Metabolic abnormalities were observed in the early duration of hypertension,
previous studies found that patients with essential hypertension have significant
differences in TC, TG, HDL-C, blood insulin levels, and fasting plasma glucose
compared with normal ones [1]. Early detection of glucose tolerance abnormalities
and therapeutic intervention for hypertensive patients may reduce insulin resis-
tance in phase of impaired glucose tolerance [2, 3], which is key point to prevent
and delay the development of T2DM and reduce cardiovascular complications
[4-6]. In this study, blood sugar of essential hypertensive patients with normal
fasting plasma glucose was detected 2 h after OGTT, thus providing the basis for
intervention in the incidence of diabetes and reducing the risk factors of severe
complications of cardiovascular and cerebrovascular.

81.2 Materials and Methods

81.2.1 Object of Study

Investigate 586 cases of patients with essential hypertension tested by OGTT in
our hospital from May 2007 to 2008. Inclusion criteria: patients who have been
confirmed as essential hypertension by outpatient wards, fasting plasma glu-
cose < 5.6 mmol/L, without regarding the merger of other cardiovascular and
cerebrovascular risk factors; outpatients with essential hypertension. Exclusion
criteria: acute cardiovascular and cerebrovascular complications, severe trauma
patients with infection; long-term diuretics used patients; long-term hormones
used patients; thyroid function, kidney function, urine, B-mode ultrasonography of
abdominal renal artery, adrenal CT, serum renin—angiotensin—aldosterone lev-
els, catecholamine, and other tests were carried out to rule out endocrine hyper-
tension, renal hypertension, renal vascular hypertension, secondary hypertension.

81.2.2 Methods

Try fasting plasma glucose and glucose 2 h after OGTT of eligible patients are
monitored by recommended method according to WHO. Patients whose glucose
>7.8 mmol/L 2 h after OGTT must be tested for the second time. If glucose
>11.1 mmol/L 2 h after the second OGTT, they are diagnosed as diabetes; plasma
glucose <7.8 mmol/L and >11.1 mmol/L 2 h after second OGTT are diagnosed as
abnormal glucose tolerance. The patients were divided into three groups according
to blood glucose results 2 h after the OGTT: glucose <7.8 mmol/L is the normal
group (NG group), plasma glucose <7.8 and >11.1 mmol/L is impaired glucose
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tolerance group (IGT group), glucose >11.1 mmol/L is the diabetes group (DM).
We selected NG group as the control. Data analyzed include age, BMI, systolic
blood pressure, diastolic blood pressure, uric acid, TG, TC, HDL-C, and influence
of HDL-C toward glucose 2 h after the OGTT.

81.2.3 Statistical Analysis

Measurement data show as x &+ S, count data expressed as a percentage, mea-
surement data using analysis of deviation.

81.3 Results and Discussion
81.3.1 Basic Situation of Patients

(Table 81.1) we selected includes 158 patients in which 88 cases (55.7 %) were
male patients and 70 cases (44.3 %) were female patients. There are 12 cases of
patients with coronary heart disease, 32 cases of cerebrovascular disease, 72 cases
of metabolic syndrome patients. In OGTT, 199 cases (62.7 %) of them are normal
in glucose tolerance, 45 cases (28.4 %) are IGT, 14 cases (8.9 %) are confirmed as
diabetes (Table 81.2).

81.3.2 Comparison of Risk Factors in Combined Patients
with Different Sugar Metabolic Status

Results showed that there were statistically significant differences among patients
of different glucose metabolism status like age, fasting plasma glucose, serum uric
acid, LDL-C level. Except for fasting plasma glucose, any other two groups were
statistically significant in the rest three groups (P < 0.01). There is not statistical

Table 81.1 Basic situation

. Item Parameter
of Patients(x = s) Number (M/F) 88/70
Age (Year) 52.6 £ 13.2
Fasting plasma glucose mmol/L 48 £04
Systolic blood pressure mmHg 145.8 £ 20.0
Diastolic blood pressure mmHg 90.4 £ 135

BMI(kg/m) 26.5 £ 3.7
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Table 81.2 Comparison of risk factors in combined patients with different sugar metabolic status
Item NG IGT DM P F

Age (Year) 51.5 £ 133 546 £12.7 56.0 £ 125 0.002 6.121
Fasting plasma glucose mmol/L 47 +£04 49 £ 04 516 £03 0.000 27.552
Systolic blood pressure mmHg  144.1 £ 19.0 148.6 £ 20.9 1519 £24.3 0.008 4.887
Diastolic blood pressure mmHg  90.2 & 13.6  90.5 + 129 927 £ 153 0.532 0.633

BMI(kg/m) 264 £ 3.8 26.6 £ 3.4 26,7 £33 0811 0.210
UA 326.0 £90.7 3489 £954 340.7 £922 0.027 3.644
TG 1.8+£12 1.8 £ 1.0 1.8+£09 0871 0.138
TC 48 £0.8 48 £09 50+ 1.0 0284 1.261
HDL-C 1.0 £0.2 1.0 £ 03 1.0£02 0993 0.007
LDL-C 3.1+08 32+ 09 39+ 04 0.001 7412

significance in age, systolic blood pressure, LDL-C level between the DM group,
and the NG group with the NG group (P > 0.05).

81.4 Discussion

Impaired glucose tolerance (IGT) population is at high risk of diabetes. IGT
patients are prone to develop into diabetes, IGT is also the independent risk factor
for cardiovascular and cerebrovascular complications [7-10]. The DECODE study
further confirmed that relationship of coronary heart disease mortality and 2-hour
postprandial blood glucose are more close than fasting plasma glucose. Early
detection of glucose tolerance abnormalities and therapeutic intervention for
hypertensive patients may reduce insulin resistance in phase of impaired glucose
tolerance, which is key point to prevent and delay the development of T2DM and
reduce cardiovascular complications.

In this study, there are 45 cases of impaired glucose tolerance in all selected
hypertensive patients accounted for 28.4 %, diagnosed diabetes cases accounted
for 8.9 %, indicating that the proportion of abnormal glucose metabolism in
hypertensive patients is relatively high, especially over the age of 35. Difference
between NG group and IGT group is statistically significant and also statistically
significant between NG group and DM group, and the trend for glucose is growing,
illustrating that the abnormality of fasting plasma glucose and glucose after 2 h of
OGTT are closely related.

The results indicated that high level of systolic blood pressure, uric acid, and
LDL-C in patients with abnormal glucose metabolism may be associated with their
own metabolic abnormalities. This study shows that there was no significant dif-
ference between the DM group and the NG group in age, systolic blood pressure,
LDL-C level, which may be caused by a high proportion of metabolic syndrome in
selected populations.
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Results of glucose metabolism survey in Chinese hospitalized patients with
coronary heart show that coronary heart disease combined with impaired glucose
tolerance and patients with high blood sugar after 2 h of single OGTT accounted
for 54.6 % [11-17]. Investigation and screening results of the Chinese hyperten-
sive glucose metabolism status in 218 cases of patients whose fasting plasma
glucose was <5.6 mmol/L. show that 2 h after OGTT patients whose plasma
glucose >7.8 mmol/L accounted for 22 % [18-20].

81.5 Conclusion

The above studies have shown patients of primary hypertension with no history of
diabetes in newly diagnosed glucose metabolism abnormalities are very common.
For hypertensive patients, monitoring fasting plasma glucose, especially by
OGTT, has significant meaning in understanding of glucose metabolism status,
early detection of hypertensive patients with metabolic syndrome, and intervention
of abnormal glucose metabolism positively. Meanwhile, it may reduce the risk
factors of cardiovascular and cerebrovascular disease more effectively.
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Chapter 82

Cardiac Hypertrophy-Specific Genes are
Synergistic Activated by Myocardin

and CREB-binding protein (CBP) p300

Zhenyu Wang, Xuehua Zhao, Mingzhe Li, Dongsun Cao
and Tong-Cun Zhang

Abstract Myocardin is a remarkably potent transcriptional co-activator expressed
in a broad range of embryonic and adult tissues, and it can induce cardiac
hypertrophy. However, it remains poorly understood about the effects of myo-
cardin in cardiac hypertrophy. Here, we show that the p300, a histone acetyl-
transferase, enhanced transcriptional activity of myocardin. Conversely, class 11
histone deacetylases HDACS suppress cardiac-special genes activation by myo-
cardin and p300. These findings point that myocardin maybe a nexus for regulation
of cardiac hypertrophic-special genes expression by changes in chromatin acety-
lation. Our results provide novel evidence to explore the roles of myocardin and

their co-factors in cardiac hypertrophy for the future studies.
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82.1 Introduction

Hypertrophy is a principal response of the heart to overload from any causes,
which include myocardial infarction, dilated cardiomyopathy, valvar heart disease,
and hypertension [1]. At the cellular level, the characteristics of cardiac hyper-
trophy includes that cell size and protein synthesis is increased, and a set of fetal
cardiac genes, which are normally expressed in the heart only before birth, are
reactivated [2—4]. It suggests that the transcriptional control program of cardiac
fetal genes may be redeployed to regulate hypertrophic cardiac growth. However,
the molecular mechanisms that regulate cardiac hypertrophy remain poorly
understood over the past years.

Serum response factor, SRF, a protein expressed in all tissues and containing
conserved MADS (MDMI1, agamous, deficiens, SRF) domain, is required for
specification of muscle tissue lineages, such as cardiac and smooth muscle [5, 6].
SRF binds CArG box, a highly conserved cis-regulatory element CC(A/T)6GG,
and existing in promoters of target genes include cardiac and smooth muscle-
specific genes which encodes atrial natriuretic factor (ANF), «-actin, myosin heavy
chain (cardiac-MHC), and so on, and plays key role in the expression of these
genes [7, 8]. Except binding to specific DNA sequence, SRF can also interact with
a wide variety of cell-restricted and/or signal-dependent accessory co-factors.

Until now, myocardin may be the most potent co-factor of the SRF-associated
proteins identified [9]. Myocardin is the strongly transcriptional coactivator
expressed specifically in cardiac muscle and smooth muscle cells (SMCs) during
postnatal development, and is required for cardiomyocyte survival and mainte-
nance of heart function [10]. Myocardin interacts with SRF, and then binds to
CArG box motifs to synergistically activate expression of cardiac and smooth
muscle-specific genes [8§—12], then induces cardiomyocyte hypertrophy [13]. But
currently, we still know relatively little about the function of myocardin in the
heart and its hypertrophy.

Chromatin remodeling and histone modifications, e.g., histone acetylation/
deacetylation play essential roles in heart development and disease by repro-
gramming gene expression under different pathophysiological conditions [14].
CREB-binding protein (CBP) p300, the most extensively studied histone acetyl-
transferases (HATs) in muscle, is required for heart muscle development and
hypertrophy [15]. The study showed that CBP can be recruited to the SRF-myo-
cardin complex, and acetylates nucleosomal histones surrounding the SRF-binding
site, and transactivates differentiation marker genes of SMCs [16]. In cardiac
hypertrophy, the interaction between myocardin and p300 and their effects remain
poorly understood.

In our studies, we investigated the effect how p300 regulates cardiac hypertro-
phy-specific genes transcription activated by myocardin. Luciferase reporter assays
illustrated that p300 significantly increased synergistic activity of ANF-promoter,
a-actin-promoter, and MHC-promoter with myocardin in COS-7 cells and neonatal
rat myocytes. Furthermore, we show that co-transfection of myocardin and p300 in
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neonatal rat cardiomyocytes could significantly upregulate cardiac hypertrophic
gene expression. This study indicates that myocardin and p300 might combine
together and play an important role in cardiac hypertrophy.

82.2 Materials and Methods
82.2.1 Plasmids

Plasmids, which were used in this study, have all been reported previously [13, 16],
and the expressive plasmid, pcDNA3.1(-)(Invitrogen), was used as a control.

82.2.2 Preparation of Primary Neonatal Rat Myocytes

Cultured cardiomyocytes were obtained from 1-3-day-old SD rats with the
following modifications. Briefly, the ventricles were isolated, dissected from major
vessels, and cut into small pieces. The heart tissues were then digested through
multiple rounds in phosphate buffered solution (PBS), pancreatin (Sigma), and
100 units/mL collagenase (GIBCO) at 37 °C for 15 min. After centrifugation, the
cells were resuspended in DMEM/F12 (HyClone) containing 20 % fetal bovine
serum (FBS). Afterward, the cells were differentially plated for 1 h to remove
contaminating nonmyocytes, and were then plated on dishes with a density of
1 x 106 cells/mL. Cardiomyocytes were cultured in medium supplemented with
20 % FBS for 12 h at 37 °C in a 5 % CO, incubator and changed to serum-free
DMEM/F12 before transfections and/or treatments.

82.2.3 Transient Transfection and Luciferase Reporter
Assays

COS-7 cells and cardiomyocytes were seeded at 1.5 x 104 cells/cm” onto 24-well
plates approximately 12 h before transfection. Plasmids were transfected into cells
using Fugene HD (Roche Applied Science). 10 pl of extracts (100puL/well) were
prepared for luciferase activity assays by using a luciferase reporter assay system
according to the manufacturer’s directions (Promega). Report gene luciferase
activities were normalized to the luciferase activity of the control. Each sample
was examined in duplicate, and it was repeated in 3 different experiments.
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82.2.4 Semi-quantitative RT-PCR

Semi-quantitative RT-PCR analysis was carried out as described previously
[13, 16]. To show equal loading of the cDNA samples, GAPDH (glyceraldehyde-
3-phosphate dehydrogenase) was used as an internal control. The PCR primer
sequences are as follows: GAPDH: Forward-ATTCAACGGCACAGTCAAGG,
Reverse-GCAGAAGGGGCGGAGATGA; ANF: Forward-AGAGAGTGAGCC-
GAGACAGC, Reverse-TCTGAGACGGGTTGACTTCC; a-actin: Forward-CAT
AGCCAGCAAAGGG, Reverse-CAAGGCACAGA AACCAA; cardiac-MHC:
Forward-TGAGACGGACGCCATACAG, Reverse-CCTCATACTTCTGCTTCC
ACTC.

82.2.5 Statistical Analysis

Data were expressed as mean + SE and accompanied by the number of experi-
ments performed independently, and analyzed by #- test.

82.3 Results

82.3.1 The Transcriptional Activity of Myocardin is
Modulated by p300

We tested whether p300, a ubiquitous transcriptional coactivator with intrinsic
HAT activity, might modulate myocardin activity. The expression plasmids
encoding myocardin and p300 were co-transfected into COS cells, and resulted in
synergistic and dose-dependent activation of luciferase reporters linked to the
cardiac muscle-specific ANF, cardiac-o-actin, and cardiac-MHC promoters
(Fig. 82.1a—c), all controlled by CArG boxes. Similarly, the ability of myocardin
activating a luciferase reporter linked to ANF, a-actin, and MHC promoter was
enhanced by p300 in cultured neonatal rat myocytes (Fig. 82.1d—f). And, we can
see that p300 alone could not stimulate expression of CArG box-dependent
reporters, whereas it could augment the promyogenic activity of myocardin, and
these suggested that effects of p300 were directed at myocardin, not SRF, the
endogenous factor both in COS cells and cardiac myocytes (Fig. 82.1a—f).

To further investigate whether the histone acetylation—deacetylation affects the
activation of cardiac muscle gene expression by myocardin, we tested potential
involvement of HDACS, a class II HDAC, in the transcriptional activity of
myocardin. Increasing the relative level of p300 could counteract the repressive
effect of HDACS on the transcriptional activity of myocardin, and vice versa
(Fig. 82.1g). In part, the study suggested that p300 and HDACS stimulate and
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Fig. 82.1 P300 and HDACS modulate the transcriptional activity of myocardin. a—¢ Expression
vectors encoding myocardin (0.1 pg) and p300 (0.1, 0.3and 0.5 pg) were transiently
co-transfected into COS cells and the indicated luciferase reporters as described in Sect. 82.2.
d-f Expression vectors encoding myocardin (0.2 pg) and p300 (0.2, 0.6 and 1 pg) were
transiently co-transfected into primary neonatal rat cardiacmyocytes and the indicated luciferase
reporters as described in Sect. 82.2. g Expression vectors encoding myocardin (0.2 pg), p300
(1 pg), HDACS (0.5 pg), and increasing amounts of p300 (0.6 and 1 pg) and HDACS (0.5,and
1 pg), respectively, were transiently transfected into primary neonatal rat cardiacmyocytes, and
the ANF-luciferase reporter as described in Sect. 82.2
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suppress the activity of myocardin respectively, and exert opposing influences on
cardiac muscle gene expression.

82.3.2 The Cardiac Hypertrophy-Specific Genes are
Regulated by Overexpressing Myocardin and p300 In
Vivo

Xing et al. reported that myocardin might promote cardiomyocyte hypertrophy
[13]. To investigate whether p300 enhances the transcriptional activity of myo-
cardin in cardiomyocytes, RT-PCR was carried out to determine changes in car-
diac hypertrophy-specific genes expression as a result of co-transfecting
expression plasmids of myocardin and p300 into primary neonatal rat myocytes.
As shown in Fig. 82.2, ANF, a-actin, and MHC mRNA levels were significantly
elevated. Therefore, in partially, p300 plays an important role in cardiac hyper-
trophy induced by myocardin.

All of these suggest that myocardin and p300 may combine to regulate cardiac-
special genes and induce cardiac hypertrophy. In our study, the results demonstrate
that transcription effect of cardiac-specical genes promoter activated by myocardin
could be enhanced by p300, and suppressed by HDACS.

Furthermore, the expression of cardiac gene is induced with co-transfecting
myocardin and p300 into neonatal rat cardiomyocytes. Our studies indicate that
combined activities of myocardin and p300 may play an important role in cardiac
hypertrophy. Our results provide novel evidence to explore the roles of myocardin
and its co-factors in cardiac hypertrophy and potential therapeutic targets of heart
disease for the future studies.

Fig. 82.2 P300 upregulated
the expression of cardiac
hypertrophy-specific genes
activated by myocardin.
Semi-quantitative RT-PCR
analysis for ANF, o-actinin,
and MHC in cardiomyocytes

ANF

a -actin

MHC

: : GAPDH
ovzre);ggessui% I}Illyocardm control pcDNAZ- pPCDNA3- pcDNAZ-
and p at p300 myocardin p300
+
pcDNA3-

myocardin
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82.4 Discussion

Cardiac hypertrophy is regulated by a complex transcription factor interaction.
SRF, a highly interactive transcription factor, associates with other known
hypertrophic regulatory factors and influences cellular growth [17]. Our previous
results show that, in the heart, myocardin, a member of megakaryoblastic leukemia
(MKL) family, binds directly to SRF, and activates a subset of cardiomyocyte-
specific genes, such as those encoding myofibrillar, cytoskeletal, and structural
proteins, and overexpression of these factors induces hypertrophy in neonatal rat
cardiomyocytes, whereas their dominant-negative mutants block agonist-induced
growth [13].

Histones involve in modulating the structure of chromatin and the accessibility
of regulatory DNA sequences to transcriptional activators and repressors, and then
controlling gene expression. Acetylation of histones by histone acetyltransferases
can relax chromatin structure, and allow access of transcription factors to DNA
and then stimulates gene expression [14]. Our previous study shows that p300
enhanced the activity of myocardin, and then induces the acetylation of nucleo-
somal histones surrounding CArG box in the control regions of smooth muscle
genes [16].
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Chapter 83

Design, Synthesis and Biological
Evaluation of the Novel Antitumor Agent
2-benzyl-3, 4-dihydroisoquinolin-1(2H)-
one and Its Derivatives

Jian Lv, Lei Lv, Xiaomin Zhang, Yao Zhou, Kui Lu, Yifei lu,
Yuou Teng, Hua Sun and Peng Yu

Abstract Tetrahydroisoquinoline and its derivatives have a wide range of
biological activities, such as antitumor, antimicrobial, and analgesic properties and
so on. Some tetrahydroisoquinoline alkaloid derivatives have been studied as
antitumor drug molecules, but 2-benzyl-7-substituted-ethoxy]-3, 4-dihydro-1(2H)-
isoquinolinone series have not been reported yet. In this paper, we would like to
report the design, synthesis, and biological evaluation of the novel tetrahydro-
isoquinoline derivatives. Among those compounds, four new tetrahydroisoquino-
line derivatives have not been reported before. All the newly synthesized
compounds were characterized by 'H NMR and their antitumor activities were
evaluated by using HT-29, K562 and HepG2 cell line. 2-Benzyl-7-[2-(tert-butyl-4-
piperazinecarboxylate) ethoxy]-3, 4-dihydro-1(2H)-isoquinolinone demonstrated
good antitumor activity against K562 cancer cell with an ICs, of 1.58 pM.

Keywords Tetrahydroisoquinoline derivatives - Synthesis « Antitumor - MTT

83.1 Introduction

Tetrahydroisoquinolines are naturally occurring small molecules belonging to the
alkaloids family, which possess a lot of biological activities such as antitumor,
antimicrobial, analgesic, and antiarrhythmic [1-3]. Recently, it was reported that
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animals and humans also have endogenous tetrahydroisoquinolines compounds,
which play an important role by acting as the receptor or regulating the activity of
enzymes [4].

Cancer is a global public health problem. WHO estimates that there are about
10 million new cancer patients each year. At present, cancer mortality rate is still
on the rise. The existing chemotherapy drugs mostly by interfering cell division to
kill cancer cells, in clinical practice by using anticancer drugs, the phenomenon of
resistance gradually emerged. Thus there is an urgent need for more effective
anticancer drugs.

In this paper, we would like to report the design and synthesis of novel tetra-
hydroisoquinolines derivatives with nucleophilic substitution reaction as the key
step. The target compounds (6a—d) were synthesized in six steps through cycli-
zation, nucleophilic substitution reaction, and so on. Biological activity evaluation
indicated that 2-Benzyl -7-[2-(tert-butyl-4-piperazinecarboxylate) ethoxy]-3,
4-dihydro-1(2H)-isoquinolinone (6d) shows good antitumor activity against K562
and HepG2 cells.

83.2 Materials and Methods
83.2.1 Materials and Measurements

All reagents and solvents used in this paper were of reagent grade. Reaction
temperatures were controlled using oil bath temperature modulator. Thin layer
chromatography (TLC) was performed using E. Merck silica gel 60 GF254 pre-
coated plates (0.25 mm) and visualized using a combination of UV. Silica gel
(particle size 200—400 mesh) was used for flash chromatography. 'H NMR spectra
was recorded on Bruker AM-400 NMR spectrometers in deuterated chloroform or
deuterated DMSO. The chemical shifts are reported in 6 (ppm) relative to tetra-
methylsilane as internal standard.

83.2.2 Chemistry

Figure 83.1 demonstrates the synthetic approach to the target compound 6a—d.

4-Methoxyphenethylamine was employed to react with ethyl chloroformate in
basic condition to provide compound 1 which was then cyclized in PPA at 120 °C
to afford the key intermediate 2. In this step, anhydrous conditions and appropriate
reaction time were required. If the reaction conditions were not controlled well,
almost no desired product or low yield was obtained.

After Compound 2 was charged to benzyl chloride to provide compound 3 in good
yield (83 %), it was converted into compound 4 when treated with BBr3 at —78 °C.
With compound 4 in hand, two methods were tried for the preparation of compound
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Fig. 83.1 Synthetic route to tetrahydroisoquinolines derivative

5. First, ethylenedichloride was used as reactant, but very low yield was obtained
because the bis-alkylated byproduct was generated at the reaction condition. So we
changed to the different approach with 1-bromo-2-chloroethane as the reactant which
resulted in very good yield for the key intermediate. Compound 5 was then reacted
with pyrrolidine, piperidine, morpholine, and 1-Boc-piperazine to afford compound
6a—d respectively. In order to optimize the reaction condition, different times and
temperatures were tested for each target compound, finally it was found that the best
condition was 80 °C for 1 h for compound (6a) with 84 % yield; 90 °C for 5 h for
compound (6b) with 54 % yield; 80 °C for 2 h for compound (6¢) with 82 % yield,
and 100 °C for 7 h for compound (6d) with 75 % yield, respectively.

Reagents and conditions: (i) CICO,Et, Et;N, CH,Cly; (ii) PPA; (iii) NaH, DMF,
benzyl chloride; (iv) BBr;, CH,Cl,; (v) K,CO3, DMF, 1-bromo-2-chloroethane;
(vi) K,CO3;, DMF.

83.2.3 Biological Assay

The inhibition activities of above newly synthesized compounds were tested on the
K562, HT-29, and HepG2 cells. The results of compounds 6a—d were listed in
Table 83.1. The results in Table 83.1 indicated that 2-benzyl-7-[2-(tert-butyl-4-
piperazinecarboxylate) ethoxy]-3, 4-dihydro-1(2H)-isoquinolinone (6d) demon-
strated good antitumor activity against K562 and HepG2 with an ICs of 1.58 uM
and 3.86 uM, respectively. But it was not active against HT-29 (ICsy > 10 uM) at
our test condition.
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Table 83.1 Inhibition activity of the compound 6a, 6b, 6¢, and 6d

Tested cell Samples (ICsp)

6a 6b 6¢ 6d
K562 >10 >10 >10 1.58
HepG2 >10 >10 >10 3.86
HT-29 >10 >10 >10 >10

83.3 Results and Discussion

83.3.1 Synthesize and Characterize tetrahydroisoquinolines
Derivatives by "H NMR

[2-(4-Methoxyphenyl) ethyl]lcarbamic acid ethyl ester (1) [5, 6] To the
4-Methoxyphenethylamine (4.0 g, 0.026 mol) in dry dichloromethane (50 mL) at
0 °C was added dropwise triethylamine (4.02 g, 0.039 mol). After stirring for
10 min ethyl chloroformate (4.31 g, 40 mmol) was added. The reaction mixture
was cooled to 5 °C and stirred at 5 °C for 2 h. The reaction mixture was diluted
with dichloromethane (100 mL) and water (50 mL). The phases were separated
and the organic layer was washed with water (2 x 100 mL), brine (100 mL), and
dried over anhydrous magnesium sulfate. The solvent was removed under vacuum
to afford the crude which was purified by flash column chromatography (silica gel,
petroleum ether/ethyl acetate 20:1) to yield the compound 1 (5.5 g, 93 %).

'"H NMR (CDCI3 400 MHz): d/ppm 122 (t, J=7.2Hz, 3H), 2.74
(t, J = 7.2 Hz, 2H), 3.41-3.36 (m, 2H), 3.78 (s, 3H), 4.12-4.07 (q, 2H), 4.72 (s,
1H), 6.86—6.82 (m, 2H), 7.11-7.09 (m, 2H).
7-methoxy-3, 4-dihydro-1(2H)-isoquinolone (2) [7-9] To a flask (50 mL) under
Ar was added polyphosphoric acid (PPA) (75.7 g) and stirred for 30 min
at 120 °C, then the compound 1 (5.0 g, 22.39 mmol) was rapidly added. The
reaction mixture was stirred for 4.5 h at 120 °C. The reaction mixture was cooled
to room temperature, poured into ice-water (100 mL), and then extracted with
dichloromethane (3 x 100 mL). The combined organic layers were washed with
water (2 x 100 mL), brine (100 mL), and dried over anhydrous magnesium sul-
fate. The solvent was removed under vacuum to afford the crude which was
purified by flash column chromatography (silica gel, petroleum ether/ethyl acetate
1:1) to yield compound 2 (2.6 g, 67 %).

'H NMR (d6-DMSO 400 MHz): o/ppm 2.87 (t, J = 6.8 Hz, 2H), 3.37
(t, J = 4.8 Hz, 2H), 3.81 (s, 3H), 7.10-7.07 (m, 1H), 7.28-7.25 (m, 1H), 7.41
(d, J = 2.8 Hz, 1H), 7.97 (s, 1H).
2-Benzyl-7-methoxy-3, 4-dihydro-1(2H)-isoquinolinone (3) [10] To a solution
of compound 2 (2.0 g, 11.29 mmol) in dry N, N-Dimethylformamide (8 mL) was
added NaH (60 % in oil, 0.54 g, 22.57 mmol) in portions at 0 °C. Benzyl chloride
(2.14 g, 16.93 mmol) was added. The mixture was brought to room temperature
and stirred until completion (TLC monitor). The reaction mixture was quenched
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with saturated solution of NH4Cl and then extracted with dichloromethane
(3 x 100 mL). The combined extracts were washed with water (2 x 100 mL),
brine (100 mL), and dried over anhydrous magnesium sulfate. The solvent was
removed under vacuum to provide the crude which was purified by flash column
chromatography (silica gel, petroleum ether/ethyl acetate 15:1) to afford com-
pound 3 (2.5 g, 83 %).

'H NMR (CDCl; 400 MHz): d/ppm 290 (t, J=4.4Hz 2H), 3.50
(t, ] = 4.4 Hz, 2H), 3.88 (s, 3H), 4.82 (s, 2H), 7.10-7.00 (m, 2H), 7.37-7.29
(m, 5H), 7.72 (d, ] = 1.6 Hz, 1H).
2-Benzyl-7-hydroxy-3, 4-dihydro-1(2H)-isoquinolinone (4) [11] To a solution of
compound 3 (1.5 g, 5.61 mmol) in dry dichloromethane (25 mL) at —78 °C was
added dropwise BBr; (5.62 g, 22.44 mmol) and the mixture was brought to room
temperature and stirred overnight. MeOH was added at O °C until the reaction
mixture was clear. The solvent was removed in vacuo to give the crude product
which was purified by flash column chromatography (silica gel, petroleum ether/
ethyl acetate 1:1) to afford compound 4 (1.2 g, 84 %).

'"H NMR (CDCI3 400 MHz): d/ppm 2.88 (t, J = 6.4 Hz, 2H), 3.51
(t,J = 6.8 Hz, 2H), 4.83 (s, 2H), 7.01-6.99 (m, 1H), 7.07-7.05 (m, 1H), 7.36-7.28
(m, 5H), 8.17 (d, ] = 2.4 Hz, 1H).
2-Benzyl-7-(2-chloroethoxy)-3, 4-dihydro-1(2H)-isoquinolinone (5) [12-14]
To a solution of compound 4 (2.0 g, 7.90 mmol) in dry N, N-Dimethylformamide
(5 mL) was added K,CO; (3.27 g, 23.69 mmol). After stirring for 10 min
1-bromo-2-chloroethane (3.40 g, 23.69 mmol) was added. The reaction mixture
was heated to 80 °C and refluxed for 24 h. The reaction mixture was cooled to
room temperature, and diluted with dichloromethane (100 mL). The organic layers
were washed with water (100 mL), brine (100 mL), and dried over anhydrous
magnesium sulfate. The solvent was removed under vacuum to afford the crude
which was purified by flash column chromatography (silica gel, petroleum ether/
ethyl acetate 10:1) to get compound 5 (1.9 g, 76 %).

'"H NMR (CDCl; 400 MHz): d/ppm 2.90(t, J = 6.4 Hz, 2H), 3.50
(t,J = 6.8 Hz, 2H), 3.85 (t, ] = 5.6 Hz, 2H), 4.33 (t, ] = 6.0 Hz, 2H), 4.82 (s, 2H),
7.06-7.04 (m, 1H), 7.12-7.10 (m, 1H), 7.36-7.30 (m, 5H) 7.70 (d, J = 2.8 Hz, 1H).
Compounds (6a—d) To a solution of compound 5 (1 equiv) in dry N, N-
Dimethylformamide (2 mL) was added K,COjz (3.0 equiv). After stirring for
10 min a-d (1.5 equiv) was added. The reaction mixture was heated to the
80-100 °C and refluxed for 5 h. The reaction mixture was cooled to room tem-
perature, and diluted with dichloromethane (100 mL). The organic layers were
washed with water (100 mL), brine (100 mL), and dried over anhydrous magne-
sium sulfate. The solvent was removed under vacuum to afford the crude which
was purified by flash column chromatography (silica gel, petroleum ether/ethyl
acetate 1:1) to get compounds (6a—d).
2-Benzyl-7-[2-(1-pyrrolidinyl) ethoxy]-3, 4-dihydro-1(2H)-isoquinolinone
(6a) [15] Starting from compound 5 (1.5 g, 4.75 mmol) and pyrrolidine (0.51 g,
7.12 mmol), compound 6a was obtained in 84 % yield.
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"H NMR (CDCl; 400 MHz): é/ppm 1.85-1.82 (m, 4H), 2.68-2.65 (m, 4H),
2.88 (t, ] = 6.4 Hz, 2H), 2.94 (t, ] = 6.0 Hz, 2H), 3.45 (t, J] = 6.8 Hz, 2H), 4.20
(t, J = 6.0 Hz, 2H), 4.81 (s, 2H), 7.06-7.03 (m, 2H), 7.35-7.28 (m, 5H), 7.71
(d, J = 2.8 Hz, 1H).
2-Benzyl-7-[2-(1-piperidinyl) ethoxy]-3,4-dihydro-1(2H)-isoquinolinone
(6b) [16] Starting from compound 5 (2.0 g, 6.33 mmol) and piperidine (0.81 g,
9.50 mmol), compound 6b was obtained in 54 % yield.

'"H NMR (CDCl; 400 MHz): é/ppm 1.48-1.45 (m, 2H), 1.66-1.60 (m, 4H),
2.55-2.53 (m, 4H), 2.82 (t, J = 6.0 Hz, 2H), 2.88 (t, J = 6.4 Hz, 2H), 3.49
(t, J = 6.8 Hz, 2H), 4.19 (t, ] = 6.0 Hz, 2H), 4.81 (s, 2H), 7.09-7.00 (m, 2H),
7.36-7.29 (m, SH), 7.70 (d, J = 2.8 Hz, 1H).
2-Benzyl-7-[2-(4-morpholinyl) ethoxy]-3,4-dihydro-1(2H)-isoquinolinone (6¢)
[17] Starting from compound 5 (1.6 g, 5.07 mmol) and morpholine (0.67 g,
7.60 mmol), compound 6¢ was obtained in 82 % yield.

"H NMR (CDCl; 400 MHz): é/ppm 2.61-2.59 (m, 4H), 2.83 (t, J = 5.6 Hz,
2H), 2.88 (t, ] = 6.8 Hz, 2H), 3.48 (t, J] = 6.8 Hz, 2H), 3.76-7.40 (m, 4H), 4.19
(t, J = 5.6 Hz, 2H), 4.81 (s, 2H), 7.09-6.99 (m, 2H), 7.35-7.30 (m, 5H), 7.70
(d, J = 2.4 Hz, 1H).
2-Benzyl-7-[2-(tert-butyl-4-piperazinecarboxylate) ethoxy]-3, 4-dihydro-
1(2H)-isoquinolinone (6d) [18] Starting from compound 5 (1.6 g, 5.07 mmol)
and 1-Boc-piperazine (1.42 g, 7.60 mmol), compound 6d was obtained in 75 %
yield.

'"H NMR (CDCl; 400 MHz): é/ppm 1.47 (s, 9H), 2.57-2.54 (m, 4H), 2.90-2.84
(m, 4H), 3.50-3.47 (m, 6H), 4.20 (t, J = 5.6 Hz, 2H), 4.80 (s, 2H), 7.02-6.99
(m, 1H), 7.09-7.07 (m, 1H), 7.35-7.28 (m, 5H), 7.70(d, J = 2.8 Hz, 1H).

83.3.2 Biological assay

The antiproliferative effect of these compounds was determined against K562,
HepG2, and HT-29 cells by using MTT assay [19]. The cells were diluted to a
density of 5 x 104 cells/mL and added 100 pL to each well of the 96-well plates
with a multichannel pipet. After incubating for 24 h, 0.5 pL. compounds were
added and then cells were further incubated for 48 h (final concentrations of each
compound: 0.1, 0.3, 1, 3 and 10 uM). The culture plates were incubated for 4 h
after which 20 pLL MTT was added to each well, then the medium were removed
from the wells and 100 pL DMSO added into each well. After leaving for further
10 min to dissolve the formazan crystals formed, the optical density (OD) was
measured at 490 and 630 nm. Cell viability was calculated from measurements of
OD value according to the corresponding formula and a graph is plotted of Cell
viability (y-axis) against drug concentration (x-axis) [20]. The inhibitory con-
centrations by 50 % values (ICsg) of sample compounds toward test cell prolif-
eration were presented in Table 83.1.
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83.4 Conclusion

We report the design and synthesis of novel tetrahydroisoquinolines derivatives,
several steps among this route were optimized, such as cyclization, nucleophilic
substitution reaction. The nucleophilic substitution reaction was the key step. All
the target compounds were synthesized in six steps with the overall yield of
20-25 %, respectively. The structures of these novel targets and all of intermediates
were confirmed by "H NMR. Biological activity test indicated that 2-Benzyl-7-
[2-(tert-butyl-4-piperazinecarboxylate) ethoxy]-3, 4-dihydro-1(2H)-isoquinolinone
(6d) has good antitumor activity against K562 and HepG2 cell. In order to improve
the antitumor activity further modification base on compound (6d) was undergoing
in our lab.
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Chapter 84

Using Water Miscible Ionic Liquid

to Improve the Efficiency

of 15«-hydroxylation of 13-ethyl-gon-4-en-
3,17-dione by Penicillium raistrickii

Shuhong Mao, Na Wang, Zhijiang Ge, Boyuan Hua, Yanqing Li
and Fuping Lu

Abstract Improved efficiency of steroid microbial transformation by co-solvents
is generally attributed to their positive effects on the solubility of substrate in
aqueous media. Ionic liquids have been widely researched as possible ‘green’
replacements for organic solvents. In this study, the effect of water miscible ionic
liquids on the 15«-hydroxylation of 13-ethyl-gon-4-en-3,17-dione by Penicillium
raistrickii ATCC 10490 was investigated. The results indicated that the striking
improvement of biotransformation of substrates up to 94.46 % were obtained after
addition of [BMIM]BF4 under the optimized conditions. This also resulted in
morphological changes of P. raistrickii mycelia in the fermentation broth with or
without [BMIM]BF4. Based on the above observations, we therefore conclude that
[BMIM]BF4-induced changes of mycelial morphology of P. raistrickii have
positive effects on the production of the desired product, thus most likely con-
tributing to the observed higher yield of steroid biotransformation in addition to
[BMIM]BF4 known effects on substrate solubility.
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raistrickii
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84.1 Introduction

Gestodene is exogenous female sex steroid with extremely potent oral
contraceptive. And gestodene appears to cause fewer adverse effects. Therefore,
they are commonly used in clinics [1]. In the preparation of gestodene, 150-
hydroxylation of 13-ethyl-gon-4-en-3,17-dione, an important intermediate prod-
uct, plays an important role.

In steroid microbial transformation, the dissolution of substrate is the key step [2].
Solubility of steroids in water-containing media is very low, i.e., 10™*~107> mol/l.
This considerably limits the productivity of the biotransformation systems, where the
initial substrate concentration hardly ever exceeds 2 x 10~ mol/l. Conventional
approach to solve this problem is the feeding of substrates in the form of saturated
solutions in water-miscible solvents. In fact, there are many literatures on the opti-
mization of co-solvents for the yield improvement of desired product [2—4], and to
study the relationship between biotransformation rate and factors influencing this.

Ionic liquids have been widely researched as possible ‘green’ replacements for
organic solvents. ILs are salts with unique physical properties, such as a negligible
vapor pressure, low viscosity, and high thermal stability. There are many examples
for the use of these kinds of ILs in biocatalysis and biotransformations [5].
However, the kinds of biocatalysts used in ionic liquids have been very limited,
and most of those reported so far are hydrolytic enzymes such as lipases. To this
day, the possibility of whole-cell catalysis in the presence of ILs remains largely
unexplored, with only a few published accounts [6-8]. In this study, we
investigated the application of four water miscible ILs in 15«-hydroxylation of 13-
ethyl-gon-4-en-3,17-dione catalyzed by P. raistrickii ATCC 10490. Besides, the
effect of ILs as co-solvents on the morphological changes in the bioconversion was
also discussed.

84.2 Materials and Methods
84.2.1 Microorganisms and Medium Format

P. raistrickii ATCC 10490 were maintained on glucose/peptone/agar slants which
were incubated at 28 °C for a week, followed by adding 5 ml water to each slant,
and scalping the spores from the agar surface. The harvested spore suspensions
were inoculated into 50 ml fermentation medium in a 250 ml flask, with a final
concentration of 5 x 10° spores/ml. After growth for 21 h on a shaking operating
at 28 °C and 180 rpm, 5 % of the seed culture was inoculated in the fermentation
medium which contains (g/L) glucose, 20; corn steep liquor, 10; NaNOs, 2;
KH,PO,, 1; K;HPO,, 2; MgSOy, 0.5; FeSOy4, 0.02; KCI, 0.5. After 36 h, the
substrates with 3 % ILs were added to the fermentation medium to investigate the
effects of ILs on the morphology of P. raistrickii ATCC 10490.



84 Using Water Misible Ionic Liquid to Improve the Efficiency 807

84.2.2 Chemicals Analysis

The cultures of 500 pl were collected, then extracted 30 min with one volume of
ethyl acetate. The extracts were dried in air, and afterwards resolved in 1,000 pl
methanol. The determination of substrate and product was carried out by high-
pressure liquid chromatography at 241 nm with an isocratic run of methanol/
water = 80:20 and a flow of 1 ml/min using ODS-2HPERSIL C18 column.

84.2.3 Morphological Measurement

Pellet particles were analyzed by determining the number of pellet per given
volume and pellet size. Images of P. raistrickii ATCC 10490 were captured by
BX51 microscopy (OLYMPUS Ltd., Japan); the captured images were analyzed
by FerAnaForAv software developed by the State Key Laboratory of Bioreactor
Engineering, National Research Center for Biotechnology (Shanghai). The size of
the pellet was quantified using the diameter corresponding to a circular area
equivalent to the pellet projected area.

84.3 Results and Discussion

84.3.1 Effect of ILs on the Production of 15a-hydroxylation
of 13-ethyl-gon-4-en-3,17-dione

ILs are usually added to the fermentation broth to improve the dissolution of
substrate in aqueous by the formation of water-solubility agents with substrates
[9]. Moreover, hydrophile ILs reduced the polarity of the conversion system and
enhanced the transportation of substrates into fungi [5]. Therefore, during the
microbial hydroxylation at C-15 of 13-ethyl-gon-4-en-3,17-dione by P. raistrickii
ATCC 10490, water-miscible ILs and organic solvents such as [BMIM]DCA,
[BMIM]CI, [BMIM]BF4, [BMIM]Br, and 1,2-propanediol, were used as co-
solvents to enhance the solubility of 13-ethyl-gon-4-en-3,17-dione and to improve
the yields of desire product.

As shown in Figs. 84.1 and 84.2, the addition of ILs and hydrophile organic
solvents plays positive effects on biotransformation. In contrast to the biocon-
version system without co-solvents, the conversion rate of the initial substrate
concentration of 3.0 g/l, has been improved obviously after the addition of 4 %
[BMIM]DCA, [BMIM]CI, [BMIM]BF4, [BMIM]Br, and 1,2-propanediol,
respectively. Actually, it was found that the conversion rates were higher than
70.0 % after the addition of 4 % [BMIM]DCA, [BMIM]CI, [BMIM]BF4,
[BMIM]Br, and 1,2-propanediol, separately.
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Fig. 84.1 Bioconversion rate of 13-ethyl-gon-4-en-3,17-dione to 15x-hydroxylation of 13-ethyl-
gon-4-en-3,17-dione without co-solvents, and with 4 % [BMIM]DCA, [BMIM]CI, [BMIM]BF4,
[BMIM]Br, 1,2-propanediol, respectively

Subsequently, the effects of concentration of hydrophile ILs and organic solvent
on steroid bioconversion were investigated. As displayed in Fig. 84.2, the maxi-
mum conversion rate up to 90.24 % was obtained when 3.0 % [BMIM]BF, were
added. And then, the conversion rate decreased with the increasement of
[BMIM]BF,. Similar results were also found for [BMIM]DCA, [BMIM]CI,
[BMIM]Br, and 1,2-propanediol.

84.3.2 Fungal Morphology

P. raistrickii ATCC 10490 showed the pellet type of morphology in the
fermentation broth under the optimized condition. In this work, morphological
characteristics of mycelia grown in the culture media with ILs (3 % [BMIM]BF4)
and without co-solvents were explored, respectively. According to the classifica-
tion of the pellets [10], the morphology of pellet was characterized as a spherical
shape of particle with a dense core zone surrounded by a flurry region, namely, the
hairy type.

The frequency distribution of fungal morphology was shown in Fig. 84.3. The
size of pellets was in the range of 0.6-4 mm. The pellets grown in both two culture
media had narrow size distributions. In case of culture medium with ILs (3 %
[BMIM]BF4), the pellet size was diverse, and pellets bigger than 1.8 mm com-
prised 88 % of all pellets. Nevertheless, in the fermentation broth without co-
solvents, pellets in the same size range comprised only 10 % of all pellets, at the
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same time, pellets smaller than 1.8 mm comprised 90 %. The larger pellets
induced by ILs (3 % [BMIM]BF4), in which mycelial morphologies were plump
and symmetry, were benefit to osculation of substrate with pellets and the followed
transformation of substrate into the P. raistrickii ATCC 10490.
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84.4 Conclusion

In conclusion, effects of ILs (3 % [BMIM]BF4) on the bioconversion to
15-a-hydroxylation of 13-ethyl-gon-4-en-3,17-dione by P. raistrickii ATCC 10490
were studied. And the higher yield (94.46 %) of desire product was obtained, as
compared with those reported. Furthermore, the morphology changes induced by
ILs (3 % [BMIM]BF4), were first studied. Results indicated that the productive
morphology of P. raistrickii ATCC 10490 formed, being benefit to mass transfer,
occurred after the addition of ILs (3 % [BMIM]BF4).
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Chapter 85
Nuclear Receptor Property of E2F1
for Novel Anticancer Drug Discovery

Ning Zhang, Jin Li and Aimin Meng

Abstract E2F1, a member of transcription factor superfamily E2F, is similar to
nuclear receptors such as estrogen receptor (ER) and peroxisome proliferators-
activated receptors (PPARs) in structure and function. However, E2F1 plays a
paradoxical role in cancer progression control. Instead of non-transcriptional
function, the paradox mainly derives from E2F1 transcriptional function, which
determines cell death or survival by different cofactors recruitment. This charac-
teristic of E2F1 establishes itself as a good target for novel anticancer drug
discovery and it is promising to develop appropriate small molecules with E2F1
antagonism activity or inverse agonist activity which might be even better for
tumor suppression.

Keywords Anticancer effects -+ Antagonism - E2F1 - Drug target - Transcrip-
tional function

85.1 Introduction

E2F family members are key regulators of genes involved in cell cycle progres-
sion, cell fate determination, and apoptosis. E2F1, an E2F family member, is
similar to nuclear receptor members (such as PPARs and ER) in structure and
function. Structurally E2F1 has similar function domains to nuclear receptor
members such as DNA binding domain, transactivation domain, cofactor binding
domain, dimerization domain, and can form dimmer with DP1 to bind to DNA and
initiate gene transcription. Functionally E2F1 regulates many different biopro-
cesses depending on different cofactors recruited. Besides its transcriptional
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function, it also bears non-transcriptional function: being recruited to broken DNA
strand for DNA repair.

However, there are paradoxical effects of E2F1 on determination of cell death
and survival. E2F1 was initially found to promote cell cycle progression and
proliferation [1, 2] but was lately demonstrated to be involved in cell apoptosis
induced by DNA damage through p53-dependent and independent pathway [3].
Furthermore, upregulation of E2F1 levels in different kinds of cancers obtained
contradictory prognosis [4]. Finally, E2F1 can both contribute to chemoresistance
and chemosensitivity of DNA damage agents in cancer treatment [5-8].

Recent observations suggest that E2F1 transcriptional function is regulated by
its cofactors and finally results in two different consequences discussed below: one
is cell survival and proliferation by recruitment of coactivator; the other is cell
cycle arrest and apoptosis by recruitment of corepressor. Moreover some com-
pounds discussed below have directly or indirectly antagonism effects on E2F1 by
increasing its corepressor recruitment or coactivator dissociation, has tumor
repression effects. These studies suggest that E2F1 is a potential target for anti-
cancer drug development.

85.2 E2F Family

E2F family plays an important role in the control of cell cycle progression,
development, tissue homeostasis, and apoptosis. To date, eight members of E2Fs
(E2F1-8) have been identified in human genome and can be divided into two
subgroups according to structural and functional similarities: E2F1, E2F2, and
E2F3a are transcriptional activators, whereas E2F4, E2F5, E2F6, E2F7, and E2F8,
act as repressors of transcription [9]. Five functional domains of E2Fs have been
identified including N-terminal domain (containing a cycilinA/Chk2 binding site),
DNA binding domain (DBD), DPs dimerization domain, marked box, transacti-
vation domain. E2F1-3 have all these domains, while E2F4 and E2F5 have the last
four domains, E2F6 only have DBD domain and dimerization domain, E2F7 and
E2F8 have a duplicate DNA binding domain. Typically, E2F proteins, except
E2F7 and E2F8, associate with a dimerization partner (DP1-4) protein to form a
heterodimeric complex that binds to the promoter of target genes [10, 11].

E2F family and nuclear receptors (NRs) are all transcriptional factors with
similar structural domains. E2F1 is most similar to NRs in structure and function.
NRs contain the following domains: (1) N-terminal regulatory domain: contains
the activation function 1 (AF-1) which synergize with AF2 to produce a more
robust upregulation of gene expression independent of the presence of ligand but
normally very weak. (2) DBD: a highly conserved domain contains two zinc
fingers that bind to specific sequences of DNA. (3) Hinge region: connects the
DBD with the LBD and influences intracellular trafficking and subcellular distri-
bution. (4) Ligand binding domain (LBD): along with the DBD, the LBD con-
tributes to the dimerization interface of the receptor and binds to coactivator and
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Fig. 85.1 The domains of E2F1 and NRs

corepressor. The LBD also contains the activation function 2 (AF-2) domain
whose role is dependent on the presence of bound ligand. (5) C-terminal domain:
highly variable in sequence between various NRs [12]. Compared to NRs, E2F1
contains the following domains: (1) N-terminal domain: contains an nuclear
localization signal (NLS) signaling for nuclear trafficking functionally similar to
the NRs’ hinge region and a cyclin A binding domain for cyclinA to recruit Chk2
to mediate E2F1 phosphorylation and transactivation similar to AF1 domain of
NRs. (2) DBD: contains conserved DNA sequence to recognize E2F promoters
and binds to DNA. (3) Dimerization domain: along with DBD, dimerization
domain contributes to the heterodimerization of DP1 and E2F1. (4) Marked box
domain: binds cofactors. (5) Transactivation domain (TD): binds cofactors and
mediates transactivation. It seems that NRs’ LBD includes the functions of
dimerization domain, marked box domain, and transactivation domain of E2F1
[13-16], (Fig. 85.1).

85.3 The Transcriptional and Non-transcriptional
Function of E2F1

Among E2F members, E2F1 is the only member that considered is as both
oncoprotein and tumor suppressor protein because it paradoxically influences
human cancer development [17]. The real role of E2F1 gets fiercely debated.
According to its transcriptional function, E2F1 associates with DP1 to form a
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heterodimer on DNA to regulate downstream gene expression to induce corre-
sponding biological effects. E2F1 is first found to directly upregulate the expres-
sion of many cell proliferation related genes, such as cyclin E, cyclin A, c-myc,
DNA polymerase, and RBM38 [18-20]. However, E2F1 is also found to directly
upregulate the transcription of proapoptosis genes, such as p73, caspase7,
pl4ARF, Apafl, PUMA, and DBC2, to induce cell apoptosis [21, 22]. E2F1 also
has non-transcriptional activity that E2F1 interacts with proteins and regulates
their activity without affecting on cell proliferative or apoptotic genes expression.
For example, E2F1 can recruit NBS1 and GCNS5 to DNA broken strand for DNA
repair [13].

85.4 E2F1 Cofactors

Cofactors, also called coregulators, are proteins that can be recruited to NRs and
other transcription factors to alter chromatin and initiate (coactivators) or repress
(corepressors) gene expression. Antagonist ligand interacts with NRs and enhances
them to recruit corepressors on DNA to prevent gene transcription, while agonist
ligand interaction induces the dissociation of corepressor complexes and favors the
recruitment of coactivators to initiate gene transcription [23]. Compared to NRs,
cofactors that interact with E2F1 to initiate or repress genes induction has been
identified and some of them mediate E2F1 distinct bidirectional regulation, being
activator in one bioprocess and simultaneously repressor in the opposite
bioprocess.

85.4.1 Coactivator

E2F1 coactivators including MDM2, ANCCA, ACTR, nuclear EGFR, AHR, and
SIRT1 induce proliferative genes expression and/or repress apoptotic genes
expression. Murine double minute 2 (MDM?2) is an oncoprotein. Martin K and
colleages first observed that MDM2 directly contacts the transactivation domain of
E2F1 using residues conserved in the activation domain of P53 to stimulate E2F1/
DP1 formation and augment cell proliferation. Another study also demonstrated
that MDM2-E2F1 signaling is essential for melanoma cell proliferation cells and
identified E2F1 as a biomarker to consider when stratifying putative candidates for
clinical studies of P53-MDM2 [24, 25]. AAA nuclear coregulators cancer asso-
ciated protein (ANCCA) is an AAA + ATPase and has been strongly implicated
to promote tumorigenesis. Revenko and its colleagues first identified ANCCA as
an E2F coactivator and demonstrated that its N terminus interacts with both the N
and C termini of E2F1-3 to induce E2F target genes expression and a novel
mechanism involving ANCCA bromodomain may contribute to cancer cell
proliferation [26]. Nuclear epidermal growth factor receptor (EGFR), a nuclear
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tyrosine kinase receptor, can promote tumor progression and chemoresistance
[27]. Hanada and colleagues have recently found that EGF-activated nuclear
EGFR binds to E2F1 to induce B-Myb gene expression and breast tumors
proliferation in vivo [28]. ACTR (also named AIB1, SRC-3), a coactivator of NRs,
is considered as an oncoprotein. Louie and its colleagues first found that ACTR
protein directly interacts with E2F1 through its N-terminal domain and is required
for E2F1-mediated breast cancer cells proliferation. Another study found that the
ACTR gene expression is also positive regulated by E2F1 [29, 30]. The aryl
hydrocarbon receptor (AHR) is a ligand-activated transcription factor and plays an
important role in cell cycle progression and tumor progression. AHR ligands
include dioxin and related compounds which can induce a bidirectional regulation
of E2F1. In the presence of AHR ligand, AHR directly interacts with E2F1 on the
E2F promoter of cell proliferative genes to promote cancer cell proliferation, while
the complex of AHR and E2F1 can also bind on E2F promoter of apoptotic genes
to inhibit Apafl and P73 gene expression to inhibit cancer cell apoptosis [31, 32].
SIRT1, an NAD(+)-dependent deacetylase, is a metabolic regulator and recently
found to contribute to cancer cell survival [33]. Wang and colleagues found that
SIRT1 can directly interact with E2F1 to inhibit response of P73 to DNA damage
and rescue DNA damaged cancer cell. Another study found SIRT, PCAF, and
E2F1 corectuited in vivo on the P1p73 promoter to repress E2F1 induced P73
expression and contributes to cancer cells survival [34, 35].

85.4.2 Corepressor

RB family members, Alien, Necdin, and RIP140 are considered as corepressors of
E2F1 which stimulate apoptosis genes expression and/or repress proliferative
genes expression. Retinoblastoma gene (RB) family including RB1, p107, and
p130 are potent corepressors of E2F1. There are two different E2F1-RB1 com-
plexes probably formed in response to DNA damage: a repressing complex con-
taining histone deacetylase 1 (HDACI1) and an activating complex containing P/
CAF, which cause a bidirectional regulation of E2F1-RB1 that repress cell cycle
genes expression but stimulate proapoptotic genes expression to induce cell arrest
and apoptosis [36, 37]. P107 and P130 also directly interact with E2F1 and repress
its proliferative gene expression in cancer cells [38, 39]. c-Jun activation domain-
binding protein-1 (Jabl), is formerly reported as a coactivator of other transcrip-
tion factors and promotes cell progression but identified as an extremely specific
corepressor of E2F1 [40]. Jabl can selectively interact with the marked box
domain of E2F1 and exhibits a significant effect on the E2F1-mediated expression
of proapoptotic genes [41, 42]. Receptor-interacting protein of 140 kDa (RIP140)
is a cofactor of nuclear receptor involved in reproduction and energy homeostasis.
Aurélie and colleagues found that RIP140 can directly interact with E2F1 on E2F
target promoters to represses the expression of E2F1 target genes (such as cyclin E
and cyclin B2) and found that low RIP140 mRNA expression was associated with
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high E2F1-target gene levels and basal-like tumors in analysis of human breast
cancers and indicated that RIP140-E2F1 pathway can discriminate human breast
tumor subtypes [43]. Necdin (NDN), a member of the melanoma-associated
antigen (MAGE) family, is a tumor suppressor protein. Taniura and colleagues
found that NDN binds to a C-terminal domain of E2F1, and repress E2F-dependent
transactivation in vivo, and suppresses the colony formation of RB-deficient
SAOS-2 osteosarcoma cells [44, 45]. Alien is a corepressor of several nuclear
receptor superfamilies and mediates gene silencing and cell proliferation repres-
sion [46]. Tenbaum and colleagues found that Alien interacts with E2F1 in vivo on
the E2F promoter and inhibits tranctivation of E2F1 and endogenous E2F1 gene
expression using a proteomic approach. Another two studies also demonstrated
that Alien inhibits E2F1 activity to represses proliferative genes expression and
reduces cancer cell proliferation [47, 48].

The characteristic of NRs-like regulatory mode and distinct bi-directional
transcriptional regulation of E2F1 indicate that compounds with high affinity to
E2F1, which recruit corepressors and dissociate coactivators, may have value to
develop targeted anticancer drugs.

85.5 Anticancer Compounds Directly Modulate E2F1
Activity

It is unclear whether E2F1 has endogenous ligands. Some compounds are found to
repress tumor progression via modulating E2F1 activity. Beta-Lapachone though
does not cause DNA damage but can induce cancer cell apoptosis via increasing
the amount of RB binding to E2Flincluding mutant p53 cancer cells [49, 50].
Nutlin-3 and its enantiomer of nutlin-3a are MDM2 antagonist and potent
anticancer compounds. They both can induce apoptosis through inhibiting the
interaction between E2F and MDM2 and subsequently p73 and Noxa expression in
normal and p53 mutant cancer cell [51, 52]. SU9516 prevents the dissociation of
RB from E2F1 and induces cancer cell apoptosis [53, 54]. Esculetin induces G1
arrest in human leukemia U937 cells partially through the enhancement of RB/
E2F1 interaction and subsequently cyclin E expression repression [55]. Resveratrol
induces E2F1-mediated gene expression of ASPP1, a new member of the apoptosis
stimulation protein of p53 (ASPP) family and subsequently apoptosis in MCF-7 and
MDA-MB231 breast cancer cells [56]. Amurensin G, a potent natural SIRT1
inhibitor, inhibits angiogenesis and tumor growth of tamoxifen-resistant breast
cancer via repressing E2F1 mediated Pinl gene and protein expression [57, 58].
SAHA and TSA, inhibitors of histone deacetylases, stimulate apoptosis
through selectively induction of E2F1-mediated proapoptotic BH3-only protein
expression [59].

E2F1 completely or partially participate in the tumor suppression effects of
compounds listed above. Some was already been observed directly E2F1
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antagonist-like effect with enhancing its corepressors recruitment such as
Beta-Lapachon and Esculetin or coactivators dissociation such as MDM?2
antagonist. And the others display indirect antagonist-like effect in regulation of
E2F1 target genes. So it is feasible to develop little molecules with E2F1
antagonism for cancer treatment.

85.6 Perspectives

The paradoxical effects of E2F1 lie in its NRs-like regulatory mode depending on
cofactors recruitment, and can be resolved via properly modulating E2FI.
Moreover, P53 and RB protein are often mutated or deficient in malignances,
which cause chemoresistance and tumor recurrence [60, 61], while E2F1 is normal
in most cancer cells and can induce cancer cell apoptosis both dependent and
independent of p53 and RB. In addition, E2F1 has distinct bi-directional regulatory
function and some compounds repress tumor progression via direct and indirect
antagonist-like regulation of E2F1. These characteristic of E2F1 provide a potent
anticancer drug target and it is promising to develop appropriate small molecules
with E2F1 antagonism or inverse agonism even better for tumor suppression
(Fig. 85.2).
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Fig. 85.2 Development compound targeting transcription function of E2F1 for cancer therapy
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Chapter 86
MRTF-A Promotes Migration of MCF-7

Breast Cancer Cells via Transactivation
of CYRe61

Xuegang Luo, Chunling Zhang, Wenwen Zhao, Lei Liu, Shu Guo,
Zhipeng Liu, Jing Wang and Tong-Cun Zhang

Abstract Myocardin-related transcription factor A (MRTF-A) is a transcriptional
coactivator of serum response factor (SRF). Recent studies have found that the
MRTF-SREF signal pathway might play critical role in Rho-dependent cytoskeletal
rearrangements and tumor metastasis. To further explore the detailed molecular
mechanisms for MRTF-A-mediated cell migration, in this study, the effect of
MRTF-A on the migration of mouse fibroblast NIH3T3 cells and MCF-7 human
breast cancer cells was detected using a scratch wound model, and its transcrip-
tional activity on the promoter of Cysteine-rich angiogenic inducer 61 (CYR61)
was also analyzed by luciferase assay. The results showed that overexpression of
MRTF-A could significantly promote the migration of NIH3T3 cells and drive the
transcriptional activity of CYR61 promoter in African green monkey kidney COS-
7 cells and strongly enhance upregulation of CYR61 gene. In contrast, RNA
interference-mediated knockdown of MRTF-A reduced the migration ability of
MCEF-7 breast cancer cells. Taken together, our results suggested that MRTF-A is
involved in tumor metastasis via transactivation of CYR61.
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86.1 Introduction

Tumor metastasis is one of the biological characteristics of malignant tumor, and it
is the leading cause of death to clinical tumor patients, 90 % of all cancer-related
deaths are caused by tumor metastasis. Only by effectively controlling the
occurrence and development of tumor metastasis can we overcome tumor. Thus,
understanding the regulation of these series of molecular interactions and signal
transduction pathways are important in developing new antimetastatic treatment
strategies [1].

MRTFs are a group of transcriptional coactivators of serum response factor
(SRF) [2-4]. Myocardin, myocardin-related transcription factor-A (MRTF-A), and
myocardin-related transcription factor-B (MRTF-B), which are expressed in a
broad range of embryonic and adult tissues [5—8]. They all have similar structural
features and the transcription initiation function. Studies have demonstrated that:
MRTFs associates with SRF via the highly conserved cis-regulatory components
of CArG box motifs to synergistically regulate gene transcription [4, 9-11]. One
central signal pathway regulating MRTFs is regulated trough actin and is closely
linked to cytoskeletal rearrangements and tumor metastasis, such as cell polarity,
shape, and motility [12—-16]. MRTF-A have recently been implicated in tumor cell
invasion and metastasis [17]. Suppression of MRTF-A decreased MCF-7 cell
motility while cell proliferation was unaffected.

CYR61 is a member of the CCN family, the CYR61 gene of human is located
on chromosome 1q22.3, CYR61 have the mosaic multimodule structure and
interact with a variety of factors, it is a very important regulatory factor and play
critical role in the regulation of cell adhesion, migration, proliferation and angi-
ogenesis, inflammatory response, tissue remodeling, and other important physio-
logical and pathological processes [18—19]. More importantly CYR61 is involved
in occurrence and development of tumors, and the function is different in diverse
tumors. CYR61 can induce tumor cells proliferation and migration in breast cancer
and glioma tumor.

In our studies, to further explore the detailed molecular mechanisms for MRTF-
A-mediated cell migration. MRTF-A on the migration of NIH3T3 cells and MCF-
7 cells was detected using a scratch wound model, its transcriptional activity on the
promoter of CYR61 was analyzed by luciferase assay and RNA interference-
mediated knockdown of MRTF-A reduced the migration ability of MCF-7 breast
cancer cells.

86.2 Materials and Methods
86.2.1 Cell Culture, Plasmids Used, and Cell Transfection

COS-7 cells, NIH3T3 cells, and MCF-7 cells were cultured at 37 °C in
(DMEM)/F12 (HyClone) supplemented with 10 % fetal bovine serum (FBS) in
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a 5 % CO, incubator. The plasmid encoding human MRTF-A was purchased
from Addgene (Cambridge, MA). Promoter of CYR61 was amplified by poly-
merase chain reaction (PCR) using the genomic DNA isolated from MCF-7 cells
as template. For transfection experiments, the cells were cultured in serum
medium without antibiotics at 80 % confluence for 24 h, and then transfected
with transfection reagent (Turbofect, Thermo) according to manufacturer’s
instructions. After incubation for 6 h, the medium was removed and replaced
with normal culture medium for 24 h. Then, the RT-PCR and Western blotting
were performed as follows .

86.2.2 Measurement of Cellular Migration

NIH3T3 cells and MCF-7 cells were grown to confluence in 24 well plates, and
then scratched with the narrow end of a sterile pipet tip. The width of the scratch
was taken a picture in each well after initial wounding, Medium was immediately
replaced with serum-free DMEM/F12 containing MRTF-A to NIH3T3 and sh-
MRTFA to MCF-7 cells, and cells were incubated for 72 h at 37 °C in a CO,-
incubator. After 72 h, the scratch width was taken a picture again.

86.2.3 Luciferase Assays

COS-7 cells were grown in 24 well plates, within 24 h of transfection, cells were
treated with lysis buffer (Promega), luciferase assays (Promega) were conducted
by the GloMax-Multi Detection System.

86.2.4 Semi-Quantitative Reverse-Transcription Polymerase
Chain Reaction

Semi-quantitative RT-PCR analysis was performed as previously reported [20]. The
total cellular RNA was extracted from cells with Trizol reagent (Invitrogen) and the
total RNA was reverse-transcribed with M-MLV reverse transcriptase (Promega)
according to the manufacturer’s instructions. GAPDH was the internal control.

86.2.5 Statistical Analysis

Data analyzed by ¢ test. The difference at P < 0.05 was considered statistically
significant.
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86.3 Results and Discussion
86.3.1 MRTF-A Promote Cell Migration

To investigate whether MRTF-A promotes cell migration, we overexpressed
MRTF-A in NIH3T3 cells and RNA interference-mediated knockdown of MRTF-
A in MCF-7 cells using a scratch wound model. Within 72 h of transfection,
overexpression of MRTF-A caused a concentration-dependent decrease in
NIH3T3 cells migration. cell migration is shown in Fig. 86.1a. In contrast, RNA
interference-mediated knockdown of MRTF-A reduced the migration ability of
MCEF-7 cells, cell migration is shown in Fig. 86.1b.

NIH3T3 cells and MCF-7 cells migration were assessed using a scratch assay.
NIH3T3 cells were treated with MRTF-A, and cell migration into cell-free area
was assessed after 72 h (a). MCF-7 cells were treated with ssMRTF-A, and cell
migration into cell-free area was assessed after 72 h (b).

86.3.2 MRTF-A Drive the Transcriptional Activity of CYR61

CYR61 plays critical role in the regulation of cell adhesion, migration, prolifer-
ation, and angiogenesis. To determine whether MRTF-A promotes migration of
MCEF-7 cells via transactivation of CYR61, we overexpressed MRTF-A in COS7
and MCF-7. Within 24 h of transfection, MRTF-A caused a significant increase in
the activity of the CYR61-Luc reporter. The figure is shown in Fig. 86.2a, and
mRNA levels in Fig. 86.2b.

Luciferase assay for CYR61-Luc reporter in transfected with MRTF-A plasmid
for 24 h in COS-7 (a). RT-PCR analysis for CYRG61 in transfected MCF-7 at 24 h
(b). (*P < 0.05 vs. pcDNA3.1, n = 3).

72h

(a) Oh 72h (b)
control

control

MRTF-A ShMRTF-A

Fig. 86.1 Effect of MRTF-A on cell migration. a NIH3T3 cells were treated with MRTF-A, and
cell migration into cell-free area was assessed after 72 h. b MCF-7 cells were treated with
shMRTF-A, and cell migration into cell-free area was assessed after 72 h
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Fig. 86.2 MRTF-A upregulated the expression of CYR61. a Luciferase assay for CYR61-Luc
reporter in transfected with MRTF-A plasmid for 24 h in COS-7. b RT-PCR analysis for CYR61
in transfected MCF-7 at 24 h. (*P < 0.05 vs. pcDNA3.1, n = 3)

86.4 Conclusion

In summary, our results show that overexpression of MRTF-A promotes migration
of NIH3T3 cells and drive the transcriptional activity of CYR61. Furthermore,
h-shMRTF-A reduced the migration ability of MCF-7 breast cancer cells. Our
studies indicate that MRTF-A promotes migration of MCF-7 breast cancer cells
via transactivation of CYRG6I.
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Chapter 87

The Analysis of the Inhibition Effect

of Cholic Acid Derivatives

on the Proliferation of Breast Cancer Cells

Xuegang Luo, Jing Wang, Xiangchao Gu, Chunling Zhang,
Xiangzheng Hu and Tong-Cun Zhang

Abstract Cancer is one of the major causes of death worldwide. Many clinical
evidences showed that the incidence of colon cancer increased after the chole-
cystectomy, suggesting that bile acid and its derivatives might play roles in the
process of tumorigenesis and its prevention. Bile acid derivative is a kind of good
candidates for prodrug design, but there are still few reports of its development for
anticancer drugs either domestically or internationally. In the present study, IC50
of 9 bile acid derivatives against MCF-7 human breast cancer cells was detected
by MTT assay, and the safety of several bile acid derivatives with high anticancer
effect were further analyzed in human umbilical vein endothelial cells. The results
showed that among 9 bile acid derivatives, cholic acid n-buthyl ester had lower
IC50 against cancer cells, but it did not have cytotoxicity to normal cell at low
concentration, indicating that they would be a good candidate for the development
of novel anticancer agents.
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87.1 Introduction

Cancer remains one of the leading causes of morbidity and mortality worldwide
[1-4]. Natural products have been used extensively in traditional medicine for
treatment of a myriad of diseases including various types of cancers [5]. Investi-
gation of natural products is a research field with great potential [6—8]. Primary
bile acids (cholic and chenodeoxycholic acid) are hydrophobic derivatives of
cholesterol synthesized in the liver and secreted with bile into the duodenum
where they play important role in digestion and absorption of dietary lipids [9]. It
not only can promote digestion and absorption of lipids, regulate cholesterol
metabolism, but also be used directly as the drug treatment of liver disease,
gallstones, and inflammation and other diseases.

Although bile acid derivative is a kind of good candidates for prodrug design,
but there are still few reports of its development for anticancer drugs either
domestically or internationally. Thus, to screen such novel effective anticancer
drugs, in this study, the cytotoxic effect and the 50 % inhibitory concentration
(IC50) of 9 bile acid derivatives against human cancer cells and normal cells was
detected with MTT assay.

87.2 Materials and Methods
87.2.1 Materials

Bile acid derivatives (Fig. 87.1) were synthesized in our lab. Dulbecco’s Modified
Eagle Medium (DMEM) and Fetal bovine serum (FBS) were purchased from Hy-
Clone (Thermo scientific). DMSO was purchased from Biochem Technology
(Shanghai, China). Trypsin and MTT were purchased from Solarbio (Beijing, China).

87.2.2 Cell Culture

Both MCF-7 human breast cancer cells and human umbilical vein endothelial cells
(HUVEC) were grown in Dulbecco’s Modified Eagle Medium (DMEM) supple-
mented with 10 % fetal bovine serum at 37 °C in a humidified atmosphere of 5 %
CO, and 95 % air.

87.2.3 MTT Assay

The MTT assay has proven to be a rapid and reproducible means of estimating cell
numbers in various eukaryotic systems [10]. MCF-7 or HUVEC were seeded into
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Fig. 87.1 The structure of the bile acid derivatives

96-well dishes at a density of 1 x 10* per well in a fixed volume of 100 pL and
kept under 5 % CO, at 37 °C for 12 h. After 12 h, cells were attached as con-
trolled by microscopy and treated with the different bile acid derivatives dissolved
with DMSO, which final concentration range from 1 to 625 pmol/L. After 24 h
incubation, 20 pL. of MTT solution (5 mg/mL) were added to each well and
incubation with MTT for 4 h. The supernatants were removed and the cells were
solubilized in DMSO (100 pL) for 10 min [11-13]. Finally, the absorbance of the
formazan product of MTT reduction was measured at 570 nm using BioTek
Synergy™ 4 Hybrid Microplate Reader.
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87.2.4 Statistical Analysis

The inhibitory rate was calculated based on the following formula [14, 15]:

A .
Inhibition rate (% ) = (1 - ex"““*’“““) x 100

Acontrol

(A means absorbance)

Furthermore, IC50 is the concentration of the cytotoxic agent that led to a
decrease of 50 % of the recorded signal. The IC50 was calculated by using SPSS
Statistics 19 statistical analysis software.

87.3 Results and Discussion

87.3.1 Effect of Bile Acid Derivatives on Proliferation
of MCF-7 Breast Cancer Cells

We first performed a MTT-based proliferation assay to explore how the bile acid
derivatives influence the growth of MCF-7 cells, while taxol (paclitaxel) was used
as the positive control. Taxol is one of the most effective microtubule- targeting
drugs for breast cancer treatment, and it accounts for significant improvements in
the survival of breast cancer patient in the last two decades [16]. As shown in
Fig. 87.2, all the 9 compounds had remarkable inhibitory effect on the prolifera-
tion of MCF-7 cancer cells, and it showed a dose-dependent manner under the
concentrations range from 1 to 625 pmol/L.

MCE-7 cells were treated with bile acid derivatives (CAME, CAEE, CABE,
UDCA, CDCA, 3ABC, 2HCA, 4HCA, CAHE) and taxol. After 24 h, cell number
was determined by MTT assay. Data shown were average £ SE from one typical
experiment with 6 replicates out of a series of 3 independent experiments.

The MTT (3-(4, 5-dimethylthiazole-2-yl)-2, 5-diph- enyltetrazolium bromide)
assays are widespread methods to assess cell viability [17, 18]. MTT is reduced by
mitochondrial dehydrogenases in living cells to a blue-magenta-colored formazan
precipitate. The absorption of dissolved formazan in the visible region correlates
with the number of intact alive cells [19]. In the present study, the results sug-
gested that bile acid derivatives are able to damage and destroy MCF-7 human
breast cancer cells, and thus decrease the reduction of MTT to formazan.

Furthermore, to compare the anticancer function among the tested compounds,
IC50 values of the bile acid derivatives and taxol were calculated based on the
former data. The results showed that the IC50 of CAME, CAEE, CABE, UDCA,
CDCA, 3ABC, 2HCA, 4HCA, CAHE, and taxol were 56.272, 72.289, 13.685,
418.279, 395.918, 372.743, 182.356, 36.767, 104.081, 32.134 pmol/L, respec-
tively (Fig. 87.3). The results showed that among 9 bile acid derivatives, CABE
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had the lowest IC50 against MCF-7 cells, and it was even lower than the IC50

values of taxol, indicating that CABE might be powerful anticancer agents.

87.3.2 Effect of Bile Acid Derivatives on Proliferation

of HUVEC

Human umbilical vein endothelial cells (HUVEC) are a kind of human body
endothelial cells [20]. Therefore, we chose HUVEC as the normal cell lines to
assess the safety of bile acid derivatives with high anticancer effects. As shown in
Fig. 87.4, CAEE, 2HCA, CABE, 4HCA, CAHE were quite safe to the normal
cells, especially CABE and CAEE, which could even promote the proliferation of
HUVEC when the concentration was lower than 5 pumol/L.

HUVEC cells were treated with bile acid derivatives (CAEE, CABE, 2HCA,
4HCA, CAHE). After 24 h cell number was determined by MTT assay. Data
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shown were average + SE from one typical experiment with 6 replicates out of a
series of 3 independent experiments.

87.4 Conclusions

Our results strongly suggest that bile acid derivatives can be promising sources of
potential anticancer activity. The present results will form the basis for selection
of bile acid derivatives for further investigation in the potential drug discovery of
new natural bioactive compounds. Among 9 bile acid derivatives tested in the
present study, cholic acid ethyl ester and cholic acid n-buthyl ester had high
anticancer activity but low toxic effect on normal cells, indicating that these two
compounds would be a good candidate for the development of novel bile acid-
derived anticancer agents. Our future work will further confirm the in vivo anti-
cancer activity of them and explore its detailed mechanism.
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Chapter 88

Design, Synthesis, and Biological
Evaluation of the Novel Antitumor Agent
5-Bromobenzofuran-3(2H)-One and its
Derivatives

Lei Lv, Xiaomin Zhang, Jian Lv, Yao Zhou, Weiguo Hu, Peng Yu,
Hua Sun and Yuou Teng

Abstract Aurones and auronols are naturally occurring 2-benzylidenebenzof-
uranone-3(2H)-one derivatives. Aurones have a limited occurrence in fruits,
vegetables, and bright yellow color to flowers such as cosmos and coreopsis.
Aurones possess a wide range of biological activities, such as antitumor, anti-
fungal, phytoalexin, and so on. Some aurone derivatives have been studied as
antitumor drug molecules, but 2-benzylidene-5-bromobenzofuranone-3(2H)-one
series have not been reported yet. In this paper, we’d like to report the design,
synthesis, and biological evaluation of the novel aurone derivatives. All the newly
synthesized compounds were characterized by "H NMR and their antitumor
activities were evaluated by using MTT method in HT-29, K562, and HepG2 cell
lines. 5-bromo-2-(4-nitrobenzylidene) benzofuran-3(2H)-one demonstrated good
antitumor activity against K562 cells with an ICsq of 0.37 uM.
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88.1 Introduction

Aurones, a class of flavonoids found in fruits and flowers [1], possess a lot of
biological activities such as antitumor, antifungal, and phytoalexin [2—4]. Their
occurrence in marine organisms has been recently reported [5]. Compared to
flavones, the medicinal literature on aurones is in its infancy with trends and
design are just now emerging [6, 7].

Cancer is a global public health problem. Cancer chemoprevention aimed at
reducing the risk of cancer by avoiding exposure to cancer-causing agents,
enhancing the host defense capacity, adjusting lifestyle, supplementing with
chemopreventive agents that inhibit, reverse, or block tumorigenesis [§—10]. In
clinical practice with the usage of anticancer drugs, the phenomenon of resistance
gradually emerged, thus a tremendous effort will be made to enhance the intra-
cellular accumulation of antitumor agents in resistant cells [11, 12].

Aurones are recently attracting the interest of an increasing number of research
groups. In this paper, we report our works made on the design and synthetic routes
toward a series of functionalized aurones. The target compounds (6a—6e) were
synthesized in six steps through esterification reaction, nucleophilic substitution
reaction, aldol reaction [13], and so on. We also detected their antitumor activity
against K562, HT29, and HepG2 cancer cells. Their biological activity results
indicated that 5-bromo-2-(4-nitrobenzylidene) benzofuran-3(2H)-one (6a) shows
good antitumor activity against K562 cells.

88.2 Materials and Methods
88.2.1 Materials and Measurements

All reagents and solvents used in this paper were of reagent grade. Reaction
temperatures were controlled using oil bath temperature modulator. Thin layer
chromatography (TLC) was performed using E. Merck silica gel 60 GF254 pre-
coated plates (0.25 mm) and visualized using a combination of UV. Silica gel
(particle size 200400 mesh) was used for flash chromatography. "H NMR spectra
was recorded on Bruker AM-400 NMR spectrometers in deuterated chloroform
and deuterated DMSO. The chemical shifts are reported in ¢ (ppm) relative to
tetramethylsilane as internal standard.

88.2.2 Chemistry

The synthetic approaches of target compound 6a—6e were demonstrated in
Fig. 88.1.
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Br

COOH ?\COOCHs ?\COOCH3 ?\COOH
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CN CHj OH

Fig. 88.1 Synthetic route of aurone derivatives

5-Bromosalicylic acid was employed to react with methanol at 80 °C to provide
compound 1 which was then reacted with Ethyl chloroacetate at 70 °C to afford the
key intermediate 2. Compound 2 was reacted with 10 % aqueous NaOH at 60 °C to
provide compound 3 in good yield (81 %), then it was converted into compound 4
when treated with Ac,0, CH3COONa at 160 °C for 4 h. A mixture of compound 4,
methanol, water, and 1 N HCI was heated to reflux for 3 h to obtain compound 5.
Compound 5 was then reacted with 4-Nitrobenzaldehyde, 2-Thenaldehyde, 4-
Cyanobenzaldehyde, 4-methylbenzaldehyde, and 4-Hydroxybenzaldehyde to afford
compound 6a, 6b, 6¢, 6d, and 6e.

88.2.3 Biological Assay

The anticancer activities for newly synthesized compounds were tested on the K562,
HT-29, and HepG?2 cells by using MTT method. The results of compounds (6a—6e)
were listed in Table 88.1 which indicated that 5-bromo-2-(4-nitrobenzylidene)-
benzofuran-3(2H)-one (6a) demonstrated good antitumor activity against K562 and
HT-29 with an ICsq of 0.37 pM and 7.19 pM, respectively. But it was not active
against HepG2 (ICs5o > 10 pM) at our test condition.

Reagents and conditions: (i) CH30H, conc H,SOy; (ii) CICH,COOC,Hs,
K>COs, acetone; (iii) 10 % NaOH, H,0, then HCI; (iv) Ac,0, HAc, CH;COONa;
(v) CH30H, HCI; and (vi) HAc, conc HCI.
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Table 88.1 Inhibition Activity of the compound 6a, 6b, 6¢, 6d, and 6e

Tested cell Samples (ICsq)

6a 6b 6¢ 6d 6e
K562 0.37 4.14 >10 >10 >10
HepG2 >10 >10 >10 >10 >10
HT-29 7.19 >10 >10 >10 >10

88.3 Results and Discussion

88.3.1 Synthesis and Characterize Aurones Derivatives by 'H
NMR

2-hydroxy-5-bromobenzoic acid methyl ester (1) [14]. The conc. H,SO4 (6 mL)
was added dropwise into 5-Bromosalicylic acid (6.0 g, 27.65 mmol) in methanol
(180 mL) at 0 °C. After stirring for 10 min, the reaction mixture was heated to
80 °C for 12 h. The solvent was removed under vacuum to afford the crude which
was purified by flash column chromatography (silica gel, petroleum ether/ethyl
acetate 25:1) to yield the compound 1 (5.7 g, 89 %).

"H NMR (CDCl; 400 MHz): 5/ppm 3.98 (s, 3H), 6.90 (d, J = 8.8 Hz, 1H), 7.55

(dd, J = 8.8 Hz, 2.41 Hz, H), 7.97 (d, J = 2.8 Hz, 1H), 10.71(s, 1H).
Methyl 2-((Ethoxycarbonyl)methoxy)-5-bromobenzoate(2). To a solution of 2-
hydroxy-5-bromobenzoic acid methyl ester (4.8 g, 20.78 mmol) in acetone
(120 mL) was added K,COj; (8.64 g, 62.33 mmol) and ethylchloroacetate(5.1 g,
41.55 mmol).The mixture was stirred for 5 h at 70 °C. After the solvent was
evaporated, the residue was dissolved in water and extracted with ethyl acetate, the
organic layer was dried over Na,SO,. The solvent was removed under vacuum to
provide the crude which was purified by flash column chromatography (silica gel,
petroleum ether/ethyl acetate 10:1) to afford compound 2 (5.8 g, 87 %).

"H NMR (d6-DMSO 400 MHz): 6/ppm 1.29 (t, J = 9.6 Hz, 3H), 3.92 (s, 3H),
4.28(q, J = 9.6 Hz, 2H), 4.71 (s, 2H), 6.80 (d, J = 12.0 Hz, 1H), 7.55 (d,
J = 8.4 Hz, 1H), 7.96 (s, 1H).
2-(Carboxymethoxy)-5-bromobenzoic Acid (3) [15]. To a solution of compound
2 (4.6 g, 14.49 m mol) in 1 N aqueous NaOH (262 mL), the mixture was stirred
for 4 h at 60 °C. The product formed by adding 1 N HCI was filtered to give
3.18 g of compound 3 (80 %).

"H NMR (d6-DMSO 400 MHz): é/ppm 4.79 (s, 2H), 6.99 (d, ] = 9.2 Hz, 1H),
7.64 (dd, J = 2.8 Hz, 8.8 Hz, 1H), 7.75 (d, ] = 2.4 Hz, 1H), 13.1 (broad, s, 1H).
5-Bromo-3-acetoxybenzofuran(4). A mixture of acetic anhydride(170 mL),
acetic acid(157 mL), anhydrous sodium acetate(20 g, 240 mmol), and compound
3 was heated to reflux for 4 h. Saturated aqueous sodium carbonate was then
added, and the mixture was extracted with CH,Cl,. The solvent was removed in
vacuo to give the crude product which was purified by flash column
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chromatography (silica gel, petroleum ether/ethyl acetate 8:1) to afford compound
4 (2.4 g, 81.7 %).

"H NMR (CDCl; 400 MHz): é/ppm 2.37 (s, 3H), 7.33 (d, J = 12.0 Hz, 1H),
7.43 (dd, J] = 4.8 Hz, 2.8 Hz 1H), 7.71 (s, 1H), 8.02 (s, 1H).
5-Bromobenzofuran-3(2H)-one (5). A mixture of compound 4 (2.4 g,
9.54 mmol), methanol (50 mL), water (30 mL) and 1 N HCI (60 mL) was heated
to reflux for 3 h. The precipitate formed was collected by filtration, washed with
water, and dried under vacuum to get compound 5 (1.9 g, 86 %).

'"H NMR (CDCl; 400 MHz): d/ppm 4.67(s, 2H), 7.06 (d, J = 12.0 Hz, 1H),
7.69 (dd, J = 2.8 Hz, 2.8 Hz, 1H), 7.79 (d, J = 2.8 Hz, 1H).

Compounds (6a—6e) [16]. To a solution of compound 5 (1 equiv) and 1.2 equiv of
appropriate benzaldehyde derivatives in 10 mL of glacial acetic acid, 2 drops of
concentrated hydrochloric acid was added at the room temperature, the reaction
was stirred at the same temperature for 3 h. The reaction mixture was poured into
ice—water and filtered. The filter cake was purified by flash column chromatog-
raphy (silica gel, petroleum ether/ethyl acetate 30:1-20:1) to get compounds (6a—
6e).

5-bromo-2-(4-nitrobenzylidene) benzofuran-3(2H)-one (6a). Starting from
compound 5 (0.2 g, 0.94 mmol) and 4-Nitrobenzaldehyde (0.17 g, 1.13 mmol),
compound 6a was obtained in 66 % yield.

"H NMR (CDCl; 400 MHz): 6/ppm 6.90 (s, 1H), 7.30 (s, 1H), 7.82-7.79(dd,
J = 8.8 Hz, 2.4 Hz, 1H), 7.95 (d, ] = 2.0 Hz, 1H), 8.05 (d, J] = 8.8 Hz, 2H), 8.26
(d, J = 4.4 Hz, 2H).
5-bromo-2-(thiophen-2-ylmethylene) benzofuran-3(2H)-one (6b). Starting from
compound 5 (0.2 g, 0.94 mmol) and 2-Thenaldehyde (0.13 g, 1.13 mmol), com-
pound 6b was obtained in 71 % yield.

"H NMR (CDCl; 400 MHz): é/ppm 7.17-7.14 (m, 1H), 7.19 (s, 1H), 7.23 (s,
1H), 7.55 (d, J =3.6 Hz, 1H), 7.63 (d, J =5.2 Hz, 1H), 7.74-7.71 (dd,
J = 8.4 Hz, 2 Hz, 1H), 7.90 (d, J = 2.0 Hz, 1H).
5-bromo-2-(4-cyanobenzylidene) benzofuran-3(2H)-one (6¢). Starting from
compound 5 (0.2 g, 0.94 mmol) and 4-Cyanobenzaldehyde (0.15 g, 1.13 mmol),
compound 6¢ was obtained in 54 % yield.

'"H NMR (CDCl; 400 MHz): é/ppm 6.85 (s, 1H), 7.29 (s, 1H), 7.73 (d,
J = 8.4 Hz, 2H), 7.79 (dd, J = 8.8 Hz, 2 Hz, 1H), 7.93 (d, ] = 2.0 Hz, 1H), 7.98
(d, J = 10.4 Hz, 2H).
5-bromo-2-(4-methylbenzylidene) benzofuran-3(2H)-one (6d). Starting from
compound 5 (0.2 g, 0.94 mmol) and 4-methylbenzaldehyde (0.14 g, 1.13 mmol),
compound 6d was obtained in 88 % yield.

"H NMR (CDCl; 400 MHz): &/ppm 2.41 (s, 3H), 6.91 (s, 1H), 7.23 (s, 1H),
7.28 (d, J = 6.8 Hz, 2H), 7.73 (dd, J = 8.8 Hz, 2 Hz, 1H), 7.80 (d, J = 8.0 Hz,
2H), 7.96 (d, J = 2.0 Hz, 1H).
5-bromo-2-(4-hydroxybenzylidene) benzofuran-3(2H)-one (6e). Starting from
compound 5 (0.2 g, 0.94 mmol) and 4-Hydroxybenzaldehyde (0.14 g,
1.13 mmol), compound 6e was obtained in 65 % yield.
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"H NMR (d6-DMSO 400 MHz): 6/ppm 6.91 (d, J = 8.8 Hz, 2H), 6.96 (s, 1H),
7.55 (d, J = 8.4 Hz, 1H), 7.87-7.94 (m, 4H), 10.30 (s, 1H).

88.3.2 Anticancer Activity Assay

All the above compounds were tested for their in vitro anticancer activity against
HT-29, K562, and HepG2 cells by MTT-Based assay. The cells were diluted to a
density of 5 x 104 cells/mL and added 100 pL to each well of the 96-well plates
with a multichannel pipet. After incubating for 24 h, 0.5 pL compounds were
added and then cells were further incubated for 48 h (final concentrations of each
compound: 0.1, 0.3, 1, 3, and 10 uM). The culture plates were incubated for 4 h
after which 20 pL MTT was added to each well, then the medium was removed
from the wells and 100 pLL DMSO was added into each well. After leaving for
further 10 min to dissolve the formazan crystals formed, the optical density (OD)
was measured at 490 and 630 nm. Cell viability was calculated from measure-
ments of OD value according to the corresponding formula and a graph is plotted
of Cell viability (y-axis) against drug concentration (x-axis). The given values are
mean values of three experiments. The ICs, concentration represents the con-
centration which results in a 50 % decrease in cell growth after 2 days incubation.
The results were presented in Table 88.1.

88.4 Conclusion

We report the design and synthesis of novel aurone derivatives. Several steps among
this route were optimized, such as cyclization, nucleophilic substitution reaction,
aldol reaction, and so on. The cyclization reaction was the key step. All the target
compounds were synthesized in six steps with the overall yield of 25-30 %,
respectively. The structures of these novel targets and all of intermediates were
confirmed by "H NMR. Biological activity test indicated that 5-bromo-2-(4-nitro-
benzylidene) benzofuran-3(2H)-one (6a) has good antitumor activity against K562
and HT-29 cells. In order to improve the antitumor activity, further modification
based on compound (6a) was undergone in our lab.

Acknowledgments The authors sincerely thank the financial support from the Tianjin University
of Science and Technology (20110406, 20110115), the Natural Science Foundation of Tianjin
(11JGYBIC14300), the Science amp Technology Project of Tianjin (11ZCGHHZ00400) and the
Natural Science Foundation of Tianjin (12JCYBJC31600).



88

Design, Synthesis, and Biological Evaluation 841

References

10.

11.

12.

13.

14

15.

16.

. Harborne JR (1994) The flavonoids: advances in research since 1986. Chapman and Hall,

London, pp 341-399

. Brooks CJW, Watson DG (1985) Phytoalexins. Nat Prod Rep 2:427-459
. Aufmkolk M, Koerhle J, Hesch RD et al (1986) Inhibition of rat liver iodothyronine

deiodinase.Interaction of aurones with the iodothyronine ligand-binding site. J Biol Chem
261:11623

. Kayser O, Kiderlen AF, Folkens U et al (1999) In vitro leishmanicidal activity of aurones.

Planta Med 65:316

. Choudhary MI, Hayat S, Khan AM et al (2001) Two new aurones from marine brown alga

spatoglossum variabile. Chem Pharm Bull 49:105-107

. Boumendjel A (2003) Aurones: a subclass of flavonoids with promising biological potential.

Curr Med Chem 10:2621-2630

. Lawrence NJ, Rennison D, McGown AT et al (2003) The total synthesis of an aurone isolated

from Uvaria hamiltonii: Aurones and flavones as anticancer agents. Bioorg Med Chem Lett
13:3759-3763

. Sporn MB, Liby KT (2005) Cancer chemoprevention: scientific promise, clinical uncertainty.

Nat Clin Pract Oncol 2:518-525

. Hail NJ, Cortes M, Drake EN et al (2008) Cancer chemoprevention: a radical perspective.

Free Rad Biol Med 45:97-110

Chen C, Kong AN (2005) Dietary cancer-chemopreventive compounds: from signaling and
gene expression to pharmacological effects. Trends Pharmacol Sci 26:318-326

Ford JM (1996) Experimental reversal of P-glycoprotein-mediated multidrug resistance by
pharmacological chemosensitizers. Eur J Cancer 32:991-1001

Wiese M, Pajeva IK (2001) Structure-activity relationships of multidrug resistance reversers.
Curr Med Chem 8:685-713

Lee CY, Chew EH, Go ML (2010) Functionalized aurones as inducers of NAD(P)H: quinone
oxidoreductase 1 that activate AhR/XRE and Nrf2/ARE signaling pathways: synthesis,
evaluation and SAR. Eur J Med Chem 45:2957-2971

. Ohkata K, Tamura Y, Shetuni BB et al (2004) Stereoselectivity control by oxaspiro rings

during Diels-Alder cycloadditions to cross-conjugated cyclohexadienones: the syn oxygen
phenomenon. J Am Chem Soc 126:16783-16792

Cheng C, Zhu SF, Liu B et al (2007) Highly enantioselective insertion of carbenoids into O-H
bonds of phenols: an efficient approach to chiral alpha-aryloxycarboxylic esters. ] Am Chem
Soc 129:12616-12617

Cheng H, Zhang L, Liu Y et al (2010) Design, synthesis and discovery of 5-hydroxyaurone
derivatives as growth inhibitors against HUVEC and some cancer cell lines. Eur ] Med Chem
45:5950-5957



Chapter 89

Preliminary Study on the Mechanism

of Cartilage Polysaccharide Inducing H22
Cell to Engender Immunogenicity

Guogiang Zheng, Pan Li, Anguo Teng, Jie Zheng, Wenhang Wang
and Anjun Liu

Abstract It was discussed that the apoptosis product of H22 hepatocarcinoma
cells induced by cartilage polysaccharide (CP) could activate the body immune
system to antitumor. The mice’s survival time, life extension rate (LER) and
livability were measured by animal experiment. Lymphocyte proliferation was
determined by MTT. The immune serum titer was identified by ELISA. The
tumor protein antigen was analyzed by SDS-PAGE, Western blot, 2-D, and mass
spectrometry analysis (MS). Compared with the model group, there was a sig-
nificant improvement on the survival time, LER, livability, thymus index, spleen
index, and stimulation index in immune group. The serum had high antibody titer
which was up to 1:6,400. The tumor-specific antigen was tubulin alpha chain by
MS and molecular weight is 50 KDa. The apoptosis product of H22 induced by
CP had immunogenicity and could activate the immune system of the mouse to
antitumor.

Keywords Cartilage - Polysaccharide - Immunogenicity - Tumor-specific
antigen - Antitumor

89.1 Introduction

Immunotherapy is an approach to induce immune responses to tumor-associated
antigens. Yet, the immunogenicity of tumor antigen is generally weak requiring
an adjuvant which stimulates the immune system against tumor [1]. Several
studies have applied cytokines as adjuvant in vaccine [2], but in recent years
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polysaccharide has been shown to be a good biological response modifier
(BRM) without the adverse side effects compared to traditional agents [3].
There are more than 220 kinds of antitumor polysaccharides extracted from
Ganoderma lucidum, Lentinus edodes, Grifola frondosa, and others [4-6].
Previous studies confirmed in our lab that cartilage polysaccharide (CP) isolated
from porcine cartilage could significantly induce cell apoptosis and inhibit
tumor growth in vivo and extend the survival rate of mice. The pathogenesis of
systemic lupus erythematosus (SLE) had close relation with cell apoptosis that
apoptotic body could denature their own tissue and engender immunogenicity
of proteins antigen in mice immune system [7]. Due to the discovery of tumor
antigen with immunogenicity, some people attempted to search the high
expression tumor-associated protein as tumor antigen [8]. In this study, H22
hepatocarcinoma cells were treated with CP to investigate whether its apoptosis
product as the tumor cell vaccine could protect the immune mice from tumor
or not.

89.2 Materials and Methods
89.2.1 Cell Line and Experimental Animal

The murine H22 hepatocarcinoma cells line was purchased from Tianjin Medical
Sciences University. The animals were female BALB/c mice, 6-8 weeks of age,
20 g in weight, and purchased from Chinese Academy of Military Medical Sci-
ences Experimental Animal Center.

89.2.2 Preparation of the Tumor Vaccine

The H22 hepatocarcinoma cells (2.5 x 108 cells) were cultured in 8 ml
RPMI1640 medium with 10 % FBS and mixed with 400 pg/mL CP for 48 h. Cells
were harvested by centrifugation (12,000 r/min for 20 min). The pellet was sus-
pended in distilled water and then subjected to six repeated freeze—thaw cycles in
liquid nitrogen as vaccine. The vaccine was injected in back subcutaneous once a
week, amount to four times. After 4 weeks, H22 hepatocarcinoma cells (2 x 108/
0.2 mL) were injected in armpits.

89.2.3 Animal Immune Experiment

Animal trials were undertaken using groups of 20 animals for each treatment
(control, model, and immune group). The model group was immunized with equal
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amount of 0.9 % saline. Trials were performed over a 30-day period with the
survival time, life extension rate (LER), and livability of each group.

89.2.4 Spleen Index and Thymus Index

The mice body weight was measured and then they were sacrificed. Organs (spleen
and thymus) were removed and weighed.

89.2.5 Lymphocyte Proliferation Experiment

Lymphocytes proliferation experiment was assayed by MTT. The fresh spleen of
each group was ground into single cell suspension, about 5 x 10° cells/ml. The
H22 cells (100 pl/well) were cultured in the 96-well microplate and simulta-
neously treated with ConA and LPS for 48 h, whose concentration is 5 pg/ml
respectively. The cells were added MTT solution (0.5 mg/ml in 1 x PBS pH 7.4)
for 4 h and DMSO simultaneously shaking for 2 min. The culture medium and the
untreated cells were used as controls. The optical absorption at 570 nm was
measured and the stimulation index (Si) was calculated.

89.2.6 Preparation of Immune Serum

After 4 weeks, blood was taken from the eyeball of immunized mice and incubated at
4 °Cfor 3 h. The serum was subsequently collected by centrifugation (5,000 r/min,
10 min) and stored in liquid nitrogen prior to analysis.

89.2.7 SDS-PAGE and Western Blot

The proteins were extracted from the H22 cells treated with CP (24, 48, and
72 h) respectively, and the control cells by Ripa lysis buffer. One SDS-PAGE
gel was stained with Coommassie Brilliant Blue R-250. The other duplicate
SDS-PAGE gel was transferred to a nitrocellulose membrane (NC) and subse-
quently treated with blocking reagent (5 % w/v skimmed milk powder) for 2 h at
4 °C. The NC membrane was then reacted with immunized serum at 1:150
dilution and incubated overnight at 4 °C followed by incubation with goat anti-
mouse IgG labelled with HRP at a dilution of 1:2,500 for 1 h at 37 °C.
Immunodetection was accomplished by enhanced ECL and autoradiography on
Kodak film.
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89.2.8 2D-PAGE and MS

To perform 2-D PAGE, first, proteins (1 mg) were applied to isoelectric focusing
(IEF), the IPG strips (17 cm, pH 3-10) were rehydrated overnight. Secondly, IPG
strips were equilibrated twice in the equilibration buffer (0.375 M Tris—HCI [pH
8.8], 6 M urea, 20 % glycerol, 2 % sodium dodecyl sulfate [SDS]) for 15 min. In
the first equilibration, 200 mg of DTT was dissolved in 10 ml buffer. In the second
equilibration 250 mg iodoacetamide was added. Strip was then transferred to the
12 % SDS-PAGE gels and covered with 0.5 % low melting agarose. The gel was
stained with Coommassie Brilliant Blue R-250 and then used for MS analysis.

89.2.9 Statistical Analysis

One Way Analysis of variance (ANOVA) was performed to determine differences
in life extension rate and livability. A P value of <0.05 was considered significant.

89.3 Results
89.3.1 Survival Status was Improved in Immunized Mice

The survival time (30.06 £ 0.84 d) was increased in immune group compared
with model group (18.0 & 0.91 d) (P < 0.05) (Table 89.1). The life extension rate
(66.87 %) and livability (70 %) in immune group were significantly different from
model group (p < 0.01). The result showed that the immunized mice were gen-
erated immunogenicity by tumor vaccine, which activated the immune system and
enhanced immunity to provide protection against tumor intrusion.

89.3.2 Thymus and Spleen were Protected by Tumor Vaccine

The thymus was severely atrophied and spleen was swollen obviously in model
group compared with blank group, but in immune group thymus atrophy and

Table 89.1 Survival status of the mice (X+s)(n = 20)

Groups Survival time(d) Life extension rate ( %) Livability (%)
Blank group - - -

Model group 18.0 £ 091 0 0

Immune group 30.06 £ 0.84* 66.87%%* 70%%*

*P < 0.05 vs. model group; **P < 0.01 vs. model group
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Table 89.2 Spleen and

thymus indexes of the mice in Groups Thymus index (Ti) Spleen index (Si)

different groups (X£s) Blank group 4.17 £ 0.98 4.86 £+ 0.47

(n = 20) Model group 0.49 £ 0.32 9.35 £ 0.41
Immune group 3.43 £ 0.24%* 4.41 £ 0.71%*

**P < 0.01 vs. model group

splenomegalia were changed slightly, which was close to normal mice
(Table 89.2). The result showed that, to a certain extent, immune organ in the
immune group was protected after treatment with vaccine. The reasons for sple-
nomegalia are required further study in model group.

89.3.3 Lymphocyte was Activated with Tumor Vaccine

From Table 89.3, compared with the model group, B and T cells’ stimulation
index (SI) of the immune group had increased remarkably (P < 0.01). Although
the immunized mice had extreme gap with the blank group, it had much
improvement contrast with the model group. Results revealed that tumor vaccine
could activate lymphocyte to protect mice to resist the tumor cells.

89.3.4 High Level Antibody was Detected in Immunized
Mice

The serum of the immune group had higher antibody titer than the blank group
(> 1:6,400) (Fig. 89.1). The result showed the tumor vaccine treated with CP
adjuvant could produce tumor antigen or enhance the immunogenicity of tumor-
specific antigen which could generate antibody to enhance humoral immune. Thus
the tumor vaccine could generate antibody to inhibit tumor cell proliferation.

89.3.5 A 50 kDa Tumor Protein Antigen was Found
by SDS-PAGE and Western Blotting

A tumor protein antigen band emerged at 50 kDa, which showed strong reaction
with immunized serum rather than the blank serum. We presumed that the tumor

Tab.le 89:3 L}fmphocyte _ Growp Con A LPS

proliferation of each group (X

+ 5, n = 20) Blank group 10.29 £ 0.68 9.86 + 0.32
Model group 1.26 £+ 0.15 1.74 + 0.18
Immune group 5.87 £ 0.41%* 429 £ 0.71%*

**P < 0.01 vs. model group
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Fig. 89.1 The absorbance of
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protein antigen could activate the immune responses due to the changes in antigen
protein’s expression, which could combine with these specific antibodies. It could
be the tumor protein antigen producing these specific antibodies to stop the
invasion of tumor cells (Fig. 8§9.2).

89.3.6 The Tumor Antigen was Tubulin Alpha Chain
by 2-D-PAGE and MS

The total protein extracted from H22 cell mixed CP for 48 h and the untreated H22
cells were analyzed in at least three independent experiments. The result showed
that a protein was up-regulated obviously in treated H22 cells with CP in Fig. 89.3.
According to MS analysis, the protein is tubulin alpha chain (Accession Number:

(@) (b)

(c) (d)

Fig. 89.2 Result of tumor-specific antigen by Western blotting. a Marker; The numbers above
are for H22 cells treated with the CP for 0, 24, 48, and 72 h, respectively; b SDS-PAGE; ¢ The
result of western blot incubated with the immunized serum; d blank serum
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(@ : .. b s i

Fig. 89.3 Result of 2-D PAGE stained by Coomassie blue. a The protein from the untreated H22
cells. b The protein from the treated H22 cells with CP for 48 h

2il549052). Its pI is 4.94 and molecular weight is 50.81 kDa. The result of the
50 kDa protein was consistent with previous results of SDS-PAGE and Western
Blot.

89.4 Discussion

The primary cause of CP that inhibited cell proliferation and induced cell apop-
tosis was used as a blocker in cell cycle which was blocked in the G1 and S phase
and could not inverse to the G2 phase; the changes in cellular morphology such as
nuclear condensation and fragmentation occurring upon CP treatment was also
observed [1].

This study tried to evaluate the effect of tumor vaccine treated with CP for 48 h.
Compared with model groups, there was an evident improvement in survival time,
life extension rate, and livability in the immune group. Thymus index and spleen
index were also demonstrated as available protection for immune organ. Lym-
phocyte proliferation experiment had increased remarkably in comparison with
model group. These results revealed that the tumor vaccine could significantly
stimulate the homologous antitumor immune responses, containing cellular
immunity and humoral immunity. Western blot and 2D-PAGE showed the
expression of a tumor antigen at an estimated molecular mass of 50 kDa, was
up-regulated after treatment with CP, and the tumor antigen was tubulin alpha
chain by MS. Tubulin alpha chain was the component of the microtubule involved
in maintaining the cell morphology, mitotic progression, and chromosomal seg-
regation. Tubulin alpha chain binding the drug could promote cell apoptosis by
inhibiting mitotic program. Some studies illustrated that tubulin alpha chain had a
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certain effect on occurrence, development, and prognosis in lung cancer. With the
development of the tumor, the expression of tubulin alpha chain increased grad-
ually, so that controlling tubulin alpha chain in cancer cells had vital significance
on the treatment of cancer [9].

In our opinion, the expression of tumor-specific antigen (TSA) in H22 hepa-
tocarcinoma cells was controlled by CP. We may deduce a conclusion that the
immunogenicity of the tumor vaccine was increased due to the high expression of
protein or post-translational protein modification by CP. When the tumor vaccine
was injected into mice, the antitumor immune responses were activated, so that the
mice could keep from invasion of tumor cells. The identification of TSA led to the
development of immunotherapy aimed at augmenting antitumor immune respon-
ses [10]. From this fact we could conclude that TSA might be a therapeutic target.
Tumor vaccines based on TSA played a key role in cancer prevention. Active
immunotherapy with cancer vaccines could induce humoral and cellular immune
responses and the development of immunological memory which may substan-
tially reduce the relapse of the tumor [11, 12].
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Chapter 90

Design and Synthesis of Novel
20-Substituted Hydroxycamptothecin
Derivatives

Shaopeng Wen, Dewu Quan, Yao Zhou, Haiyong Jia, Peng Yu,
Hua Sun and Na Guo

Abstract Camptothecin (CPT) is a potent antitumor alkaloid isolated in 1966 by
M.E. Wall. Clinical use of camptothecin in cancer therapy, however, was limited
by its poor water solubility. Recently, there is a growing tendency to develop some
new methods for the synthesis of novel derivatives to solve the problem. In this
paper, we’d like to report the design and synthesis of a novel series of 20-
substituted Hydroxycamptothecin to increase the water solubility. All the five
products have never been reported before. All the products and important inter-
mediates were characterized by "HNMR and LC-MS spectra.

Keywords Hydroxycamptothecin derivatives - Water solubility

90.1 Introduction

Camptothecin is a pentacyclic alkaloid, which was first isolated in 1966 from the
extract of a Chinese plant, Camptotheca acuminate, by M.E. Wall [1], and soon it
was found that CPT possess good inhibitory activity against a broad spectrum of
tumors. Interest in CPT derivatives was revitalized in 1985 by the discovery that
CPT exhibits a unique mechanism of action because it targets the nuclear enzyme
topoisomerase 1 [2—4]. CPT forms a ternary complex with topoisomerase I and
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DNA, and the stabilization of these complex results in DNA breaks by preventing
DNA relegation [5-7].

Initial clinical trials with CPT were limited by its poor solubility in physio-
logically compatible media [8]. Early attempts to form a water-soluble sodium salt
of CPT by opening the lactone ring with sodium hydroxide resulted in a compound
with poor antitumor activity [9—11]. It was later reported that the closed lactone
form is an absolute requisite for antitumor activity [12, 13]. Intensive efforts in
medicinal chemistry over the past several decades have provided a large number of
camptothecin analogues, of which topotecan and irinotecan [14] are among those
clinically approved for the treatment of cancers.

In order to increase the water solubility, we added some water soluble groups in
appropriate position of hydroxycamptothecin. In this paper, we would like to
report the design and synthesis of novel 20-substituted hydroxycamptothecin
derivatives. The target compounds (4a—4e) were synthesized through four steps.

90.2 Results and Discussion
90.2.1 Chemistry

Figure 90.1 demonstrates the synthetic approach to the target compounds 4a—4e.
Hydroxycamptothecin reacted with Di-tert-butyl dicarbonate in DMF generated
compound 1, which was then reacted with 4-Nitrophenyl chloroformate under
argon to afford the key intermediate compound 2. In this step, anhydrous and
anaerobic conditions were required because low yield was observed when the
reaction conditions were not well controlled. Compound 2 respectively reacted
with diethylamine, propylamine, n-Butylamine, morpholine and pyrrolidine to get
compounds 3a-3e. Compounds 3a-3e in dichloromethane was allowed to react
with trifluoroacetic acid to produce the target compounds 4a—4e.

90.3 Experimental
90.3.1 Materials and Measurements

All reagents and solvents used in this paper were of reagent grade. Thin layer
chromatography (TLC) was performed using E. Merck silica gel 60 GF254 pre-
coated plates (0.25 mm) and visualized using a combination of UV. Silica gel
(particle size 200-400 mesh) was used for flash chromatography. "H NMR spectra
was recorded on Bruker AM-400 NMR spectrometers in CDCl; or dg-DMSO. The
chemical shifts are reported in 6 (ppm) relative to tetramethylsilane as internal
standard.
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Fig. 90.1 Synthetic route of 20-substituted hydroxycamptothecins derivatives

90.3.2 Experimental Section

tert-butyl(4-ethyl-4-hydroxy-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyrano[3',4":
6,7]indolizino[1,2-b]quinolin-9-yl) carbonate (1). To the hydroxycamptothecin
(12 g, 0.055 mol) in dry N,N-Dimethylformamide (137 mL) at 0 °C was added Di-
tert-butyl dicarbonate (10 g, 0.027 mol). The reaction mixture was stirred at room
temperature for 10 h. The reaction mixture was diluted with dichloromethane
(800 mL). The phases were separated and the organic layer was washed with water
(3 x 300 mL), 1 N HCI (3 x 100 mL) and dried over anhydrous magnesium sul-
fate. The solvent was removed under vacuum to afford the crude, which was purified
by flash column chromatography (silica gel, dichloromethane/methanol 20:1) to yield
the compound 1 (14.5 g, 95 %).

"H NMR (CDCl; 400 MHz): 6/ppm 1.06 (t, J = 6 Hz, 3H), 1.62 (s, 9H), 1.91
(m, J = 6 Hz, 2H), 5.30 (s, 2H), 5.31 (d, J = 16.5 Hz, 1H), 5.75 (d, J = 16.5 Hz,
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1H), 7.66 (dd, J = 2.4 Hz, 1H), 7.67 (s, 1H), 7.75 (d, J = 2.4 Hz, 1H), 8.21
(s, 1H), 8.25 (s, 1H), 8.34(s, 1H).
tert-butyl(4-ethyl-3,14-dioxo0-3,4,12,14-tetrahydro-1H-pyrano[3',4':6,7]indo-
lizino[1,2-b]quinoline-4,9-diyl) (4-nitrophenyl) dicarbonate (2). To the com-
pound 1 (4.0 g, 8.4 mmol) in dry dichloromethane (400 mL) at 0 °C was added 4-
Dimethylaminopyridine (1.52 g, 42 mmol) slowly. The reaction mixture was
stirred at 0 °C for 10 min, then 4-nitrophenylchloroformate (5.2 g, 25.1 mmol)
was added. The reaction mixture was stirred for 10 h at room temperature. The
reaction mixture was diluted with dichloromethane (100 mL). The phases were
separated and the organic layer was washed with water (2 x 100 mL), brine
(100 mL), and dried over anhydrous magnesium sulfate. The solvent was removed
under vacuum to afford the crude which was purified by flash column chroma-
tography (silica gel, dichloromethane/methanol 120:1) to yield the compound 2
(3.3 g, 60 %).

"H NMR (de-DMSO 400 MHz): é/ppm 1.06 (t, J = 6 Hz, 3H), 1.54 (s, 9H),
2.26 (m, 2H), 5.28 (s, 2H), 5.56 (d, J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.52 (d,
J =12 Hz, 2H), 7.66 (dd, J =9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21 (d,
J =9.2 Hz, 1H), 8.28 (d, / = 9.2 Hz, 2H), 8.68 (s, 1H).
9-((tert-butoxycarbonyl)oxy)-4-ethyl-3,14-dioxo0-3,4,12,14-tetrahydro-1H-pyr-
ano[3',4':6,7]indolizino[1,2-b]quinolin-4-yl diethylcarbamate (3a). To a solu-
tion of compound 2(1.0 g, 1.59 mmol) in dry N,N-Dimethylformamide (8 mL) was
added diethylamine (0.23 g, 3.18 mmol). The reaction mixture was stirred for
30 min at room temperature. The reaction mixture was diluted with dichloro-
methane (25 mL). The phases were separated and the organic layer was washed
with water (2 x 50 mL), brine (100 mL), and dried over anhydrous magnesium
sulfate. The solvent was removed under vacuum to afford the crude which was
purified by flash column chromatography (silica gel, dichloromethane/methanol
175:1) to yield the compound 3a (0.3 g, 60 %).

"H NMR (d-DMSO 400 MHz): é/ppm 0.97 (m, 6H) 1.06 (t, J = 6 Hz, 3H),
1.54 (s, 9H), 2.26 (m, 2H), 3.40 (m, 4H), 5.28 (s, 2H), 5.56 (d, J = 6.4 Hz, 2H),
7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21 (d, J/ = 9.2 Hz,
1H), 8.68 (s, 1H).
9-((tert-butoxycarbonyl)oxy)-4-ethyl-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyr-
ano[3',4':6,7]indolizino[1,2-b]quinolin-4-yl propylcarbamate (3b). To a solu-
tion of compound 2(1.0 g, 1.59 mmol) in dry N,N-Dimethylformamide (8 mL)
was added propylamine (0.19 g, 3.18 mmol). The reaction mixture was stirred for
30 min at room temperature. The reaction mixture was diluted with dichloro-
methane (25 mL). The phases were separated and the organic layer was washed
with water (2 x 50 mL), brine (100 mL) and dried over anhydrous magnesium
sulfate. The solvent was removed under vacuum to afford the crude which was
purified by flash column chromatography (silica gel, dichloromethane/methanol
175:1) to yield the compound 3b (0.3 g, 60 %).

"H NMR (dg-DMSO 400 MHz): 6/ppm 0.90 (m, 3H) 1.06 (t, J = 6 Hz, 3H),
1.54 (s, 9H), 1.60 (m, 2H), 2.26 (m, 2H), 3.18 (m, 2H), 3.40 (m, 4H) 5.28 (s, 2H),
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5.56 (d, J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01
(s, 1H), 8.21 (d, J/ = 9.2 Hz, 1H), 8.68 (s, 1H).
9-((tert-butoxycarbonyl)oxy)-4-ethyl-3,14-dioxo0-3,4,12,14-tetrahydro-1H-pyr-
ano[3',4':6,7]indolizino[1,2-b]quinolin-4-yl butylcarbamate (3c). To a solution
of compound 2 (1.0 g,1.59 mmol) in dry N,N-Dimethylformamide (8 mL) was
added n-Butylamine (0.23 g, 3.18 mmol). The reaction mixture was stirred for
30 min at room temperature. The reaction mixture was diluted with dichloro-
methane (25 mL). The phases were separated and the organic layer was washed
with water (2 x 50 mL), brine (100 mL) and dried over anhydrous magnesium
sulfate. The solvent was removed under vacuum to afford the crude which was
purified by flash column chromatography (silica gel, dichloromethane/methanol
175:1) to yield the compound 3¢ (0.3 g, 60 %).

"H NMR (dg-DMSO 400 MHz): 6/ppm 0.90 (m, 5H) 1.06 (t, J = 6 Hz, 3H),
1.54 (s, 9H), 1.60 (m, 2H), 2.26 (m, 2H), 3.18 (m, 2H), 3.40 (m, 4H) 5.28 (s, 2H),
5.56 (d, J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s,
1H), 8.21 (d, J = 9.2 Hz, 1H), 8.68 (s, 1H).
9-((tert-butoxycarbonyl)oxy)-4-ethyl-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyr-
ano[3',4':6,7]indolizino[1,2-b]quinolin-4-yl morpholine-4-carboxylate (3d). To
asolutionofcompound2(1.0 g, 1.59 mmol)indry N,N-Dimethylformamide (8 mL)
was added morpholine (0.23 g, 3.18 mmol). The reaction mixture was stirred for
30 min at room temperature. The reaction mixture was diluted with dichloro-
methane (25 mL). The phases were separated and the organic layer was washed
with water (2 x 50 mL), brine (100 mL) and dried over anhydrous magnesium
sulfate. The solvent was removed under vacuum to afford the crude which was
purified by flash column chromatography (silica gel, dichloromethane/methanol
175:1) to yield the compound 3d (0.3 g, 60 %).

"H NMR (de-DMSO 400 MHz): é/ppm 0.90 (t, J = 6 Hz, 3H), 1.54 (s, 9H),
1.81 (m, 2H), 1.91 (m, 2H), 2.11 (m, 2H), 3.17 (m, 2H), 3.61 (m, 2H), 5.28 (s, 2H),
5.56 (d, J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s,
1H), 8.21 (d, J = 9.2 Hz, 1H), 8.68 (s, 1H).
9-((tert-butoxycarbonyl)oxy)-4-ethyl-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyr-
ano[3',4':6,7]indolizino[1,2-b]quinolin-4-yl pyrrolidine-1-carboxylate (3e). To
a solution of compound 2 (1.0 g, 1.59 mmol) in dry N,N-Dimethylformamide
(8 mL) was added pyrrolidine (0.24 g, 3.18 mmol). The reaction mixture was
stirred for 30 min at room temperature. The reaction mixture was diluted with
dichloromethane (25 mL). The phases were separated and the organic layer was
washed with water (2 x 50 mL), brine (100 mL) and dried over anhydrous
magnesium sulfate. The solvent was removed under vacuum to afford the crude
which was purified by flash column chromatography (silica gel, dichloromethane/
methanol 175:1) to yield the compound 3e (0.3 g, 60 %).

"H NMR (dg-DMSO 400 MHz): é/ppm 0.90 (t, J = 6 Hz, 3H), 1.54 (s, 9H),
1.81 (m, 2H), 1.91 (m, 2H), 2.11 (m, 2H), 3.17 (m, 4H), 3.65 (m, 4H), 5.28 (s, 2H),
5.56 (d, J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s,
1H), 8.21 (d, J = 9.2 Hz, 1H), 8.68 (s, 1H).
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4-ethyl-9-hydroxy-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyrano[3',4':6,7]ind
olizino[1,2-b]quinolin-4-yl diethylcarbamate (4a). To a solution of compound
3a (0.3 g, 0.53 mmol) in dry dichloromethane (25 mL) at O °C was added triflu-
oroacetic acid (1 mL) and the mixture was brought to room temperature and
stirred overnight. The solvent was removed in vacuo to give the crude product
which was purified by flash column chromatography (silica gel, dichloromethane/
methanol 120:1) to afford compound 4a (0.12 g, 50 %).

"H NMR (dg-DMSO 400 MHz): 6/ppm 0.97 (m, 6H) 1.06 (t, J = 6 Hz, 3H),
2.26 (m, 2H), 3.40 (m, 4H) 5.28 (s, 2H), 5.56 (d, J = 6.4 Hz, 2H), 7.28 (s, 1H),
7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21 (d, J = 9.2 Hz, 1H), 8.68 (s,
1H).
4-ethyl-9-hydroxy-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyrano[3',4':6,7]ind
olizino[1,2-b]quinolin-4-yl propylcarbamate (4b). To a solution of compound
3b (0.3 g, 0.54 mmol) in dry dichloromethane (25 mL) atO °C was added triflu-
oroacetic acid (1 mL) and the mixture was brought to room temperature and
stirred overnight. The solvent was removed in vacuo to give the crude product
which was purified by flash column chromatography (silica gel, dichloromethane/
methanol 120:1) to afford compound 4b (0.11 g, 51 %).

"H NMR (de-DMSO 400 MHz): 6/ppm 0.90 (m, 3H) 1.06 (t, J = 6 Hz, 3H),
1.60 (m, 2H), 2.26 (m, 2H), 3.18 (m, 2H), 3.40 (m, 4H), 5.28 (s, 2H), 5.56 (d,
J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21
(d, J = 9.2 Hz, 1H), 8.68 (s, 1H).
4-ethyl-9-hydroxy-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyrano[3',4':6,7]ind
olizino[1,2-b]quinolin-4-yl butylcarbamate (4c). To a solution of compound 3¢
(0.3 g, 0.53 mmol) in dry dichloromethane (25 mL) at 0 °C was added trifluoro-
acetic acid (1 mL) and the mixture was brought to room temperature and stirred
overnight. The solvent was removed in vacuo to give the crude product which was
purified by flash column chromatography (silica gel, dichloromethane/methanol
120:1) to afford compound 4c¢ (0.11 g, 53 %).

"H NMR (dg-DMSO 400 MHz): 6/ppm 0.90 (m, 5H) 1.06 (t, J = 6 Hz, 3H),
1.60 (m, 2H), 2.26 (m, 2H), 3.18 (m, 2H), 3.40(m, 4H), 5.28 (s, 2H), 5.56 (d,
J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21
(d, J = 9.2 Hz, 1H), 8.68 (s, 1H).
4-ethyl-9-hydroxy-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyrano[3',4':6,7]ind
olizino[1,2-b]quinolin-4-yl morpholine-4-carboxylate (4d). To a solution of
compound 3d (0.3 g, 0.56 mmol) in dry dichloromethane (25 mL) at0 °C was
added trifluoroacetic acid (1 mL) and the mixture was brought to room tempera-
ture and stirred overnight. The solvent was removed in vacuo to give the crude
product, which was purified by flash column chromatography (silica gel, dichlo-
romethane/methanol 120:1) to afford compound 4d (0.12 g, 52 %).

"H NMR (ds-DMSO 400 MHz): 6/ppm 0.90 (t, J = 6 Hz, 3H), 1.81 (m, 2H),
1.91(m, 2H), 2.11(m, 2H), 3.17(m, 2H), 3.61(m, 2H), 5.28(s, 2H), 5.56 (d,
J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21
(d, J = 9.2 Hz, 1H), 8.68 (s, 1H).
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4-ethyl-9-hydroxy-3,14-dioxo-3,4,12,14-tetrahydro-1H-pyrano[3',4':6,7]ind
olizino[1,2-b]quinolin-4-yl pyrrolidine-1-carboxylate (4e). To a solution of
compound 3e (0.3 g, 0.53 mmol) in dry dichloromethane (25 mL) at 0 °C was
added trifluoroacetic acid (1 mL) and the mixture was brought to room tempera-
ture and stirred overnight. The solvent was removed in vacuo to give the crude
product which was purified by flash column chromatography (silica gel, dichlo-
romethane/methanol 120:1) to afford compound 4e (0.11 g, 50 %).

"H NMR (dg-DMSO 400 MHz): 6/ppm 0.90 (t, J = 6 Hz, 3H), 1.81 (m, 2H),
1.91 (m, 2H), 2.11 (m, 2H), 3.17 (m, 4H), 3.65 (m, 4H), 5.28 (s, 2H), 5.56 (d,
J = 6.4 Hz, 2H), 7.28 (s, 1H), 7.66 (dd, J = 9.2 Hz, 2 Hz, 1H), 8.01 (s, 1H), 8.21
(d, J/ = 9.2 Hz,1H), 8.68 (s, 1H).

90.4 Summary

Here we describe the synthesis of a series of novel 20-substituted hydroxycam-
ptothecin derivatives, several steps among this route were optimized, such as the
coupling reaction. The coupling reaction was the key step in the entire route. In
this step, anhydrous and anaerobic conditions were required. All the target com-
pounds were synthesized through four steps with the overall yield of 12-15 %.
Compared with the hydroxycamptothecin, the water solubility has increased a lot.
These new target compounds and key intermediates were confirmed by '"H NMR
and LC-MS spectra. The biological activities of these compounds are being
evaluated.
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Chapter 91
Design and Synthesis of 5-Azacytidine
Analogs

Jianbo Xing, Hua Sun, Xijuan Liang, Yuou Teng, Peng Yu
and Kui Lu

Abstract 5-azacitidine is a prescription injectable drug used for the treatment of
myelodysplastic syndromes (MDS) and acute myelogenous leukemia (AML). In
this paper, we would like to report a new approach to 5-azacitidine analogs from
dicyanodiamine and formic acid or benzoic acid through several efficient reac-
tions, such as cyclization reaction, Vorbriiggen coupling, and so on. Among those
compounds, two azacytosine analogs and two 5-azacitidine analogs have not been
reported yet. All products and important intermediates were characterized by
IHNMR and MS spectrums.

Keywords 5-azacytidine analogs - Antiproliferative activity - Cyclization reac-
tion and Vorbriiggen coupling

91.1 Introduction

5-azacytidine (5-aza-CR) is well-known DNA methyltransferase inhibitor and has
been approved to be prescription injectable drug for the treatment of myelodys-
plastic syndrome (MDS), chronic myelomonocytic leukemia (CMML) and acute
myelogenous leukemia (AML) [1]. 5-azacitidine and its anologs extensively exist
in nature and possess lots of biological activities like antiviral, anticarcer,
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anti-HIV, etc. Recently, there is a growing tendency to develop some new methods
for the synthesis of 5-azacitidine analogs to study their biological properties [1, 2].

Usually, the azacytosine analogs were synthesized from guanylurea with
orthoesters, refluxed with the dimethylformamide [3-5]. In this paper, a new
method is developed for the synthesis of azacytosine, we would like to report the
design and synthesis of azacitidine analogs with cyclization and Vorbriiggen
coupling as the key steps [6, 7]. The target compounds (1-3) were synthesized in
three steps in 15-40 % overall yield.

91.2 Results and Discussion
91.2.1 Chemistry

As illustrated in Scheme 91.1, the target compounds 1 were synthesized from
dicyanodiamine through the intermediate compounds 2 and compound 3. Com-
pound 3, 4-Amino-6-1,3,5-triazin-2(1H)-ones, prepared from the reactions of
dicyanodiamine and formic acid (or acetic acid, benzoic acid), reacted with hex-
amethyldisilazane (HMDS) to produce N,O-bistrimethylsilylated-1,3,5-triazinones
[8]. Vorbriiggen coupling of compound 2 with acylated sugars in anhydrous
acetonitrile in the presence of a Lewis acid catalyst (SnCl,) gave the acylated
nucleosides [9, 10].

Reagents and Conditions: (i) carboxylic acid/anhydrous sodium salfate/DMF,
145 °C, 70-80 %; (ii) HMDA/(NH,4),SOy/toluene,130 °C, 85-95 %; and (iii)
acylated sugars/SnCly/acetontrile, 1040 %

IZ i NH2 i /élq\lH )N\HZ
1l 2

HN-SNH N7 N . NN i N

,‘L‘ oA lg Al 81 goo N“ R

N o)
3 2 o O
T oA
la R= H— 1c  R=
b R= HeC— 1d R= HSCOQ— e R= OF

Scheme 91.1 Synthetic route to azacytidine analogs
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91.2.2 Experimental

Materials and Instruments. All reagents and solvents used in this paper were of
reagent grade. Reaction temperatures were controlled using oil bath temperature
modulator or ice bath. Thin layer chromatography (TLC) was performed using E.
Merck silica gel 60 GF254 precoated plates (0.25 mm) and visualized using a
combination of UV. Silica gel (particle size 200-400 mesh) was used for flash
chromatography. "H-NMR spectra was recorded on Bruker AM-400 NMR spec-
trometers in deuterated chloroform and deuterated DMSO. The chemical shifts are
reported in 0 (ppm) relative to tetramethylsilane as internal standard. Mass spectra
were recorded on LCMS-QP2010 mass instrument.

91.2.2.1 Compounds (3a-3b)

To a flask (100 mL) dicyanodiamine (2 g, 0.12 mol), formic acid (2.2 g, 0.24 mol),
or acetic acid (3.3 g, 0.24 mol) were added. The mixture was heated to 120 °C for
20 min, then the system was cool to room temperature, the precipitate was filtered
and washed with EtOH to give a white solid. The white solid to was put into a flask
(100 mL), and heat to 145°C for 4 h. Then the reaction system was cooled to 75 °C,
and water (30 mL) was added, the mixture was stirred for 5 min, hydrochloric acid
was added until the white solid was completely dissolved. The mixture was filtered
and the ammonia (aq) was added until the pH = 8-9, the precipitate was filtered to
give another white solid which was then put into a flask (100 mL), water (30 mL)
and ammonia (aq, 10 mL) was added. The mixture was heated to 75 °C for 10 min.
After cooling to room temperature, the mixture was filtered and the filtrate was
adjust to pH = 8-9 by hydrochloric acid. The precipitate was filtered to give the
pure product as a white solid.

4-Amino-1,3,5-triazin-2(1H)-one(3a). Starting from dicyanodiamine (2 g, 0.12
mol) and formic acid (2.2 g, 0.24 mol), compound 3a was obtained (1.73 g,
65 %). '"H NMR (d-DMSO 400 MHz): d/ppm 7.26(s, 2H), 8.05 (s, 1H), 11.56
(s, 1H). EMS-MS: m/z 113[M + 1]".

4-Amino-2-methyl-1,3,5-triazin-one(3b). Starting from dicyanodiamine (2 g,
0.12 mol) and acetic acid (3.3 g, 0.24 mol), compound 3b was obtained (1.8 g,
61 %). "H NMR (dg-DMSO 400 MHz): é/ppm 2.37 (s, 3H), 7.89 (s, 1H), 11.67
(s, 1H). EMS-MS: m/z 127[M + 1]%, 125[M—1]".

91.2.2.2 Compounds (3c-3e)

To a flask (100 mL), dicyanodiamine (2 g, 0.12 mol), benzoic acid (2.6 g, 0.12
mol), or 4-methyoxybenzoic acid (3.3 g, 0.12 mol) or 3-fluorobenzoic acid (3.3 g,
0.12 mol), anhydrous sodium sulfuric (2 g) were added. The mixture was heated to
145 °C for 6 h. Then the mixture was cool to room temperature for 12 h, the
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precipitate was filtered and washed with EtOH to give a white solid. The white
solid was put into a flask (100 mL), water (10 mL) was added, the mixture was
stirred for 5 min, hydrochloric acid was added until the white solid was completely
dissolved. The mixture was filtered and the ammonia (aq) was added until the
pH = 8-9, the precipitate was filtered to give another white solid which was then
put into a flask (100 mL), water (30 mL) and ammonia (aq, 10 mL) was added.
The mixture was heated to 75 °C for 10 min. After cooling to room temperature,
the mixture was filtered and the filtrate was adjust to pH = 8-9 by hydrochloric
acid. The precipitate was filtered to give the pure product as a white solid.
4-Amino-2-phenyl-1,3,5-triazin-one(3c). Starting from dicyanodiamine (2 g,
0.12 mol) and benzoic acid (2.6 g, 0.12 mol), compound 3¢ was obtained
(1.0 g, 23 %). 'H NMR (d-DMSO 400 MHz): d/ppm 7.49 (s, 1H), 7.51
(t, J = 10.4 Hz, 3H),7.60 (s, 1H), 8.19(d, J = 8.8 Hz, 2H) 11.53 (s, 1H). EMS-
MS: m/z 189.0[M + 1]*, 187.1.0[M—1]".
4-Amino-2-(4-methoxyphenyl)-1,3,5-triazin-one(3d). Starting from dicyanodi-
amine (2 g, 0.12 mol) and 4-methyoxybenzoic acid (3.3 g, 0.12 mol), compound
3d was obtained (1.5 g, 29 %). 'H NMR (dg-DMSO 400 MHz): é/ppm 3.85 (s,
3H), 7.06 (d, J = 6.2 Hz, 2H), 7.38 (s, 1H), 8.19 (d, J = 6.2 Hz, 2H), 11.74 (s,
1H), 11.78 (s, 1H). EMS-MS: m/z 219.1[M + 117, 217.3[M—1]".
4-Amino-2-(3-fluorophenyl)-1,3,5-triazin-one(3e). Starting from dicyanodiamine
(2 g, 0.12 mol) and 3-fluorobenzoic acid (3.3 g, 1.2 mol), compound 3e was
obtained (2.0 g, 40 %). 'H NMR (d6-DMSO 400 MHz): o/ppm 7.39 (s, 1H),
7.56(d, J = 10.0 Hz, 1H), 7.64 (s, H), 8.16 (d, / = 9.4 Hz, 1H), 8.21 (s, 1H), 11.26
(s, 1H). EMS-MS: m/z 207.1[M + 1]*, 205.2[M—1]".

91.2.2.3 Compounds (1a-1e)

To a solution of compound 3a-3e (4.46 mmol) in HMDS (10 mL) was added
(NH4),SO4 (0.01 g). The mixture was refluxed for 12-16 h. After evaporation
under vacuum, compound 2a—2e was obtained. The crude product was used to
glycosylation without further purification. Compound 2a-2e (1 equiv) was dis-
solved in anhydrous acetonitrile, 1,2,3,5-tetra-O-acetyl--D-ribose (1 equiv) and
SnCl, (2 equiv) in acetonitrile were added. The mixture was stirred at room
temperature for 10-18 h, then diluted in chloroform and neutralized with a satu-
rated solution of sodium bicarbonate. The organic layer was separated, dried, and
evaporated. The residue was purified by flash column chromatography (CHCl;-
CH;0H) to give Compound la-1e as white solids.

1-(2,3,5-tri-O-acetyl- f-D-ribose)-4-Amino-1,3,5-triazin-2(1H)-one(1a).  Start-
ing from the compound 3a (500 mg), compound la was obtained in (600 mg,
40 %). "H NMR (d6-DMSO 400 MHz): 6/ppm 2.05 (s, 3H), 2.06 (s, 3H), 2.07 (s,
3H), 4.27-4.32 (m, 1H), 5.33 (t, / = 11.2 Hz, 1H), 5.43 (t, / = 5.1 Hz, 1H), 5.78
(d, J = 4.1 Hz, 1H).

1-(2,3,5-tri-O-acetyl- f-D-ribose)-4-Amino-2-methyl-1,3,5-triazin-one(1b).
Starting from the compound 3b (500 mg), compound 1b was obtained
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(380 mg, 27 %). 'H NMR (d6-DMSO 400 MHz): é/ppm 2.05 (s, 3H), 2.06
(s, 3H), 2.07 (s, 3H), 2.44 (s, 3H), 3.69-3.75 (m, 1H), 4.19-4.29 (m, 2H),
4.50-4.54 (m, 1H), 5.62-5.72 (m, 3H).

1-(2,3,5-tri-O-acetyl- f-D-ribose)-4-Amino-6-phenyl-1,3,5-triazin-one(1c).
Starting from the compound 3¢ (500 mg), compound 1c was obtained (237 mg,
20 %). '"H NMR (d6-DMSO 400 MHz): 6/ppm 2.05 (s, 3H), 2.06 (s, 3H), 2.07 (s,
3H), 4.27-4.37(m, 2H), 4.64 (m, 1H), 5.37 (m, 1H), 5.66 (t, J = 12.6 Hz, 1H),
6.54 (s, 2H), 6.83 (d, J = 11.2, 1H), 7.46 (t, J = 10.1, 2H), 7.55 (d, J = 9.5, 1H),
8.41 (d, J = 9.5, 2H).

1-(2,3,5-tri-O-acetyl- f-D-ribose)-4-Amino-2-(4-methoxyphenyl)-1,3,5-triazin-
one(1d)). Starting from the compound 3d (500 mg), compound 1d was obtained
(106 mg, 9 %). "H NMR (d6-DMSO 400 MHz): é/ppm 2.05 (s, 3H), 2.06 (s, 3H),
2.07 (s, 3H), 3.87 (s, 3H), 4.14(m, 2H), 4.64 (m, 1H), 5.35 (m, 1H), 5.63
(t, J = 12.7 Hz,1H), 6.46 (s, 2H), 6.80 (d, J = 11.2, 1H), 7.09 (m, 2H), 7.34
(t, J = 10.8, 1H), 7.94 (s, 1H), 7.99 (d, J = 9.5, 1H).

1-(2,3,5-tri-O-acetyl- f-D-ribose)-4-Amino-2-(3-fluorophenyl)  -1,3,5-triazin-
one(le). Starting from the compound 3e (500 mg), compound 1e was obtained in
(160 mg, 15 %). "H NMR (d6-DMSO 400 MHz): 6/ppm 2.05 (s, 3H), 2.06 (s, 3H),
2.07 (s, 3H), 422 (m, J =404, 2H), 4.37 (m, 1H), 5.25 (m, 1H), 5.63(t,
J = 12.7 Hz,1H), 6.41 (s, 2H), 6.80 (d, J = 11.1, 1H), 7.23 (m, 1H), 7.40 (m, 1H),
8.09 (d,J = 11.8, 1H), 7.99 (d, J = 9.5, 1H).

91.3 Summary

In summary, we report the design and synthesis of azacitidine analogs by using
cyclization reaction and Vorbriiggen coupling as the key steps. Among this, the
cyclization reaction is a new approach to synthesize the azacytosine analogs. With
this method in hand, the synthesis of azacytosines becomes easier and cheaper. All
the target compounds were synthesized in three steps with the total yield of
15-40 %. These new target compounds and all intermediates were confirmed by
'"HNMR and MS. The biological activities of these compounds are being
evaluated.
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Chapter 92
Stigmasterol from the Flowers of Trollius
chinensis

Mengmeng Zhou, Min Wang, Daoqing Xu and Qin Pan

Abstract After being extracted with 75 % ethanol, Trollius chinensis extract was
obtained by evaporation of its supernatant under vacuum conditions and dissolved with
water, followed by extraction with petroleum ether. The petroleum ether part was
collected and subjected to silica gel column chromatography and separated individual.
Components were further purified by several rounds of silica gel column, followed by
recrystallization with methanol. In total, three compounds were isolated from the air-
dried flowers of Trollius chinensis and identified as f-sitosterol, stigmasterol and
hellebore acid based on spectral analysis, NMR experimentation. Among these three
compounds, stigmasterol was found for the first time in Trollius chinensis.

Keywords Trollius chinensis - Ranunculaceae - f-sitosterol . Stigmasterol -
Hellebore acid

92.1 Introduction

Thanks to its remarkable curative effect [1, 2], Trollius chinensis Bunge (Ran-
unculaceae), is now widely used for treating upper respiratory infection [3],
chronic pharyngitis, laryngitis, and amygdalitis in traditional Chinese medicine.
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Recently, medicines that mainly contain Trollius chinensis are more popular [1],
such as Trollius chinensis Particles, Trollius chinensis Capsule, and Trollius
chinensis Dispersible Tablets. It is also used in cigarette as a spice [4]. The yellow
pigment [5] in this plant is now widely used as a natural dyestuff [5]. In agri-
culture, it plays a role as a natural insecticide because of the active insecticidal
ingredients 2”-O-(2 -methylbutyryl)-vitexin and ursolic acid [6]. In the field of
food production, it is also used as an antioxidant [7, 8].

The origin habitat of Trollius chinensis is in Peru. It prefers to live in the areas
that are warm, moist, and full of sunshine. In China, it is mainly distributed in the
southwest, northwest, and northeast, especially in Chengde of Hebei province,
Neimenggu, Yunnan, and Xinjiang province. The statistical data from Doroszewska
in 1974 showed that there are 31 species of Trollius chinensis in the whole word.

Previous studies indicate that the main components of Trollius chinensis are
flavones, organic acids, and alkaloids [9, 10]. It is also reported that the main
constituents that contribute to pharmacological function is flavones [11, 12].
Recently, thanks to new technologies, more active ingredients were found from
this valuable medicine plant, for example, vitexin, orietin, and their derivatives.
Jian-Hua Zou [13] identified four flavone C-glycosides in 2005; Zhan-Lin Li [14]
isolated three new flavone C-glycosides in 2008; Shao-Qing Cai in 2006 isolated
an antiviral flavonoid-type C-Glycosides [15]. Ru-Feng Wang isolated trollioside
[16] in 2003, a new alkaloid [17] in 2004, and a new natural ceramide in 2010.
However, little work has been conducted to isolate and identify active ingredients
from the petroleum ether part of the Trollius chinensis extracts.

In this paper, we report the isolation and structure elucidation of the compounds
that obtained from the petroleum ether part, one of the identified compounds was,
for the first time, found in this plant, which was a supplement to the composition of
the Trollius chinensis.

92.2 Materials and Methods
92.2.1 General

NMR spectra were recorded in CDCl; with an BRUKER 400 NMR spectrometer
with TMS as an internal standard. Silica gel H and silica gel 60-100, 200-300
mesh (both from Qingdao Haiyang Chemical Co., Qingdao, P.R. China) were used
for column chromatography.

92.2.2 Plant Material

The air-dried flowers were bought from Anguo Chinese herbal medicine market,
Hebei, China, in June 2011. And it is stored in the medicine storage of R&D
Center Tianjin Zhong Xin Pharmaceutical.
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92.2.3 Extraction and Isolation

The air-dried flowers were extracted (20 kg) with 75 % ethanol three times,
soaking for 24 h each time. The supernatant was evaporated in vacuo at 50 °C into
small volume and made sure there was no ethanol left. Then dissolve it with water.
After that, partition the solution with petroleum ether, ethyl acetate, and n-butyl
alcohol one by one [18], and yield petroleum ether extractum 720 g. The petroleum
ether extractum dissolved by petroleum ether was subjected to silica gel (200-300
mesh), eluting with a petroleum ether—ethyl acetate gradient to gain 10 fractions
judging by the result of TLC. Number them as fraction 1, fraction 2 and so on.

Fraction 4 was set up to silica gel (200-300 mesh), eluting with a petroleum
ether—ethyl acetate gradient to give four parts. Then, put the third part to the silica
gel, eluting it with a petroleum ether—acetone gradient to yield three sections.
Dissolve the last section with the lest methanol in 50 °C water bath, then put it into
the refrigerator when its temperature was near to the room temperature. In this
way, we got both I and II by the method of recrystallization.

Fraction 5 was set up to silica gel (200-300 mesh), eluting with a petroleum
ether-ethyl acetate gradient to get 6 parts. The last part was evaporated to small
volume, and lay aside at room temperature. Few days later, there was crystal yield,
washed it with method, the crystal of III was obtained from the last part.

92.3 Results and Discussion
92.3.1 Identification of the Compound I

Compound I was got as a white powder, mp: 135-137 °C; It is easy to be dissolved in
CDCls, while hard in methanol. °C (400 MHz, CDCl5) d(ppm): 140.78(s, C-5),
121.73(d, C-6), 71.83(d, C-3), 56.89(d, C-14), 56.09(t, C-17), 50.16(d, C-9),
45.87(t, C-4), 42.26(s, C-13), 39.71(t, C-12), 38.86(t, C-1), 36.16(s, C-10), 35.89
(d, C-20), 33.98(s, C-7), 33.73(d, C-8), 32.43(t, C-22), 30.31(t, C-2), 29.19(t, C-24),
28.26(d, C-25), 26.13(d, C-16), 25.41(t, C-28), 2438 (t, C-15), 2122
(t, C-27), 21.10(t, C-11), 19.82(q, C-26), 19.41(q, C-19), 18.99(q, C-27), 18.79
(q,C-21),11.99(q, C-29), 11.87(q, C-18). Comparing the detail spectral date with that
from the literature [19], this compound was identified as ff-sitosterol (Table 92.1).

92.3.2 Identification of the Compound I

Compound II was obtained as a white powder, mp: 135 °C ~ 137 °C; It is easy to
be dissolved by CHCl;, while hard in methanol. 1H (400 MHz, CDCI3) é(ppm):
5.36(1H, s, H-6). 13C (400 MHz, CDCl3) é(ppm): 140.78(C-5), 138.31(C-22),
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Table 92.1 Basic information of the compounds I-III

Number Name Molecular formula Structural formula
1 f-sitosterol C,oH5,0
HO
11 Stigmasterol C,ooH450
/
HO
il Hellebore acid CoH ;004 o
~ ° OH
\O

129.31(C-23), 121.73(C-6), 71.83(C-3), 56.80(C-17), 55.99(C-14), 51.25
(C-24), 50.16(C-9), 42.34(C-4), 42.24(C-13), 40.45(C-20), 39.71(C-12), 37.28
(C-1), 36.53(C-10), 31.93(C-2,8,25), 31.69(C-7), 28.91(C-16), 25.41(C-28),
24.38(C-15), 2 1.22(C-21), 21.10(C-11, 27), 19.41(C-19), 18.99(C-26), 12.25
(C-29), 11.87(C-18). Comparing the detail spectral date with the literature [20],
identified it as stigmasterol.

92.3.3 Identification of the Compound II1

Compound III was obtained as a yellow powder, mp: 179 °C ~ 182 °C; It is easy
to be dissolved in CHCl5. '*C (400 MHz, CDCl3) & (ppm): 171.88(COOH), 153.92
(C-4), 148.87(C-3), 124.76(C-8), 121.85 (C-1), 112.52 (C-2), 110.51(C-5),
56.23(0CH3-4), 56.17 (OCH;-3). 'H (400 MHz, CDCI3) § (ppm): 11.806 (1H, s,
COOH), 7.79 (1H, d, 2-H), 7.61(1H, d, 2-H), 6.93(1H, d, 5-H), 3.96(3H, s, 4-
OCHs;), 3.95(3H, s, 3-OCHs;). This detail spectral data was compared with liter-
ature date [21], as the result, this compound was recognized as hellebore acid
(Tables 92.2, 92.3, 92.4).

The petroleum ether part contains a variety of aliphatics and chlorophyll, which
made the separation harder. To remove the aliphatics, the experiment was per-
formed in cold temperatures and samples were loaded to the silica gel column,
eluted with petroleum ether, ether acetate. The above procedure was repeated as
necessary to minimize the amounts of aliphatics. However, each round of silica gel
column purification resulted in 10 % loss of contents.

Our results showed that recrystallization with normal hexane are an efficient
method to remove chlorophyll in the extracts, as the chlorophyll is very hard to



92 Stigmasterol from the Flowers of Trollius chinensis 871

Table 92.2 '*C NMR (400 MHz) spectral data of compound I

The number of C o (ppm) The number of C o (ppm)
1 38.36 16 26.1
2 30.31 17 56.09
3 71.83 18 11.87
4 45.87 19 19.41
5 140.78 20 35.89
6 121.73 21 18.79
7 33.98 22 3243
8 33.73 23 2122
9 50.16 24 29.19

10 36.16 25 28.26

11 21.10 26 19.82

12 39.71 27 18.99

13 42.24 28 25.41

14 56.89 29 11.99

15 243

solve in normal hexane. Thus, after silica gel column chromatography, the sections
that contain the target compounds were collected and the chlorophyll removed by
recrystallization. In addition, part of the chlorophyll also can be removed by silica
gel column chromatography. However, the chlorophyll cannot be completely
removed by either method. Therefore, effective new methods for chlorophyll

removal are needed.

The petroleum ether extractum contains a large variety of sterols and terpe-
noids, and many of them have the same core structure and only differ in some
functional groups. Repeated silica gel chromatography and recrystallization cannot

Table 92.3 '*C NMR (400 MHz) spectral data of compound II

The number of C o (ppm) The number of C o (ppm)
1 37.28 16 2891
2 31.93 17 56.80
3 71.83 18 11.87
4 42.34 19 19.41
5 140.78 20 40.45
6 121.73 21 21.22
7 31.69 22 138.31
8 31.93 23 129.31
9 50.16 24 51.25

10 36.53 25 31.93

11 21.10 26 18.99

12 39.71 27 21.10

13 42.24 28 25.41

14 55.99 29 12.25

—
9]

24.38
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Table 924 °C NMR . The number of C d (ppm)

(400 MHz) spectral data of

compound III C-1 121.85
C-2 112.52
C-3 148.87
C-4 153.92
C-5 110.51
C-8 124.76
OCH;-3 56.17
OCH;3-4 56.23
COOH 171.88

separate them efficiently. And it is essential to develop novel methods to separate
the above classes of functional compounds.

The main chemical compositions in the petroleum ether are volatile oils [21],
aliphatics [22], chlorophyll, sterols, and terpenoids. Many of them are active
ingredients. The currently reported compounds found in the Trollius chinensis fail
to account for the pharmacological activities of this medicinal plant. Further study
of its petroleum ether extracts might help uncover the active ingredient responsible
for the curative effects of this valuable medical plant.

92.4 Conclusions

Through silica-gel column chromatography and recrystallization, three compounds
were isolated from the air-dried flowers of the Trollius chinensis. All three com-
pounds are medicinally active ingredients. Especially, the discovery of stigmas-
terol is a valuable addition to the list of medicinally active ingredients in the genus
Trollius. Given that lack of attention to the petroleum ether extracts of Trollius
chinensis, more efforts are taken to further isolate additional active ingredients that
are warranted.
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Chapter 93

Design, Synthesis and Primary Biological
Evaluation of the Novel Antitumor Agent
Indoline-3-One and Its Derivatives

Haiyong Jia, Guojun Pan, Yigian Wang, Shaopeng Wen,
Qiannan Guo, Weiguo Hu, Peng Yu, Hua Sun and Yuou Teng

Abstract Indolinone displays promising antitumor properties by inhibiting various
kinase families. In this paper, we’d like to report the design, synthesis, and primary
biological evaluation of the novel indoline-3-one and its derivatives. All the newly
synthesized compounds including the novel compound 2-(4-(trifluoromethyl)ben-
zylidene)indolin-3-one (5f) were characterized by '"H NMR and their antitumor
activities were evaluated by using MTT method in HT-29, K562, and HepG2 cell
lines. 2-(2-nitrobenzylidene)indolin-3-one (5d) demonstrated good antitumor
activity against HT-29, K562, and HepG2 with an ICsy of 2.04 uM, 2.33 uM,
2.24 uM, respectively. 2-(4-(trifluoromethyl)benzylidene)indolin-3-one(5f) dem-
onstrated good antitumor activity against K562 and HepG2 with an IC5q 0f 2.27 pM,
3.47 pM.
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93.1 Introduction

Indolinone displays promising antitumor properties by inhibiting various kinase
families [1]. Indolinone tyrosinekinase inhibitors block kit activation and growth
of small cell lung cancer cells [2]. Sunitinib is an oral multitarget tyrosine kinase
inhibitor with potent antiangiogenic properties, and it possess similar core struc-
ture to indolinone. Preclinical data have demonstrated that pancreatic neuroen-
docrine tumors depend on vascular endothelial growth factor receptors and platelet
growth factor receptors-signaling pathways for tumor angiogenesis. Sunitinib has
recently been approved for the treatment of patients with advanced, progressive
pancreatic neuroendocrine tumors [3-7].

Microtubules are among the most successful targets for anticancer therapies and
for the development of new anticancer drugs. A-432411 is a novel small molecule
that destabilizes microtubules at high concentration and disrupts normal spindle
formation at low concentration. A-432411 is an indolinone that is structurally
different from other known synthetic microtubule inhibitors. This compound is
efficacious against a variety of human cancer cell lines including drug-resistant
HCT-15 that over expresses Pgpl70. Biochemical studies show that A-432411
competes with the colchicine-binding site on tubulin and inhibits microtubule
polymerization [8, 9]. Receptor tyrosine kinases (RTKs) have been shown to be
important mediators of cellular signal transduction in cells [10]. Many RTKs have
been shown to be oncogene products implicating their role in the transformation
process associated with human cancers [11]. 3-substituted indolin-2-ones have
been designed and synthesized as a novel class of tyrosine kinase inhibitors which
exhibit selectivity toward different RTKs [12]. We’d like to design, synthesis and
biological evaluation of the novel indoline-3-one and its derivatives.

Indolinone are recently attracting the interest of an increasing number of
research groups. In this paper, we report our works made on the design and
synthetic routes toward a series of functionalized aurones. The target compounds
(5a—5f) were synthesized in five steps through hydrolysis reaction, nucleophilic
substitution reaction, aldol reaction [13], and so on. We also detected their anti-
tumor activity against K562, HT29, and HepG2 cancer cells. Their biological
activity results indicated that 2-(2-nitrobenzylidene)indolin-3-one (5d) demon-
strated good antitumor activity against HT-29, K562 and HepG2 with an ICs, of
2.04, 2.33, 2.24 uM, respectively. 2-(4-(trifluoromethyl)benzylidene)indolin-
3-one(5f) demonstrated good antitumor activity against K562 and HepG2 with an
ICsg of 2.27 uM, 3.47 uM.
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93.2 Materials and Methods
93.2.1 Materials and Measurements

All reagents and solvents used in this paper were of reagent grade. Reaction
temperatures were controlled using oil bath temperature modulator. Thin layer
chromatography (TLC) was performed using E. Merck silica gel 60 GF254 pre-
coated plates (0.25 mm) and visualized using a combination of UV. Silica gel
(particle size 200—400 mesh) was used for flash chromatography. 'H NMR spectra
was recorded on Bruker AM-400 NMR spectrometers in deuterated chloroform
and deuterated DMSO. The chemical shifts are reported in ¢ (ppm) relative to
tetramethylsilane as internal standard.

93.2.2 Chemistry

The synthetic approaches of target compound 5a-5f were demonstrated in
Fig. 93.1.

¥

i ii iii
—_ > _— > —_— N\
COOCH, COOH COOH N
H

NH, NH, N\/COOH )<O
1 2 3

iv (6] \ 0
- o o
N R

N H

4%0

5a R_ 5b R@ 5¢ R—@
5d R= 5e R—é 5 R= @

Fig. 93.1 Synthetic route of indolin-3-one derivatives



878 H. Jia et al.

Table 93.1 Inhibition activity of the compound 6a, 6b, 6¢, 6d and 6e (M)
Tested cell Samples (ICsp)

S5a 5b 5c 5d Se 5f
K562 >10 >10 >10 2.33 >10 2.27
HepG2 >10 >10 >10 2.24 >10 347
HT-29 >10 >10 >10 2.04 >10 >10

Methyl anthranilate was employed to react with 10 % aqueous NaOH at 80 °C
to provide compound 1 which was then reacted with chloroacetic at 100 °C to
afford the key intermediate 2, then it was converted into compound 3 when treated
with Ac,O, CH3COONa at 160 °C for 8 h. A mixture of compound 3, Sodium
sulfite, water was heated to reflux for 2 h to obtain compound 4. Compound 4 was
then reacted with benzaldehyde, 4-methylbenzaldehyde, 4-Cyanobenzaldehyde,
2-Nitrobenzaldehyde, 4-Nitrobenzaldehyde, and 4-(trifluoromethyl) benzaldehyde
to afford compound 5a, 5b, 5c, 5d, Se and 5f.

93.2.3 Biological Assay

The anticancer activities for newly synthesized compounds were tested on the
K562, HT-29, and HepG2 cells by using MTT method [14]. The results of com-
pounds (5a—5f) were listed in Table 93.1 which indicated that 2-(2-nitrobenzyli-
dene)indolin-3-one (5d) and 2-(4-(trifluoromethyl)benzylidene)indolin-3-one(5f)
demonstrated good antitumor activity against K562 and HepG2 with an ICs, of
2.33, 2.24, 2.27, and 3.47 pM, respectively. But it was not active against HT-29
(ICs9 > 10 uM) at our test condition.

Reagents and conditions: (i) 10%NaOH, H,O, then HCI; (ii) CICH,COOH,
Na,CO;, NaOH, H,0, then HCI; (iii) Ac,0O, HAc, CH5;COONa; (iv) C,HsOH,
H,0, Na,SO;; (v) C,Hs0H, H,0, conc HCI.

93.3 Results and Discussion

93.3.1 Synthesis Indoline-3-One and Its Derivatives
by 'H NMR

2-aminobenzoic acid (1). To a solution of methyl 2-aminobenzoate (10 g,
66.15 m mol) in 10 % aqueous NaOH (80 mL), the mixture was stirred for 4 h at
80 °C. The product formed by adding 1 N HCl was filtered to give 8.2 gof 1 (90 %).

"H NMR (CDCl; 400 MHz): 6/ppm 6.689-6.723 (m, 2H), 7.341 (t, ] = 8.0 Hz,
1H), 7.962 (d, J = 8.4 HZ, 1H).
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2-((2-carboperoxyphenyl)amino)acetic acid (2) [15]. To a solution of
2-aminobenzoic acid (10 g, 72.92 mmol) in water (120 mL) was added NaOH
(9.33 g, 233.35 mmol), Na,CO3 (9.27 g, 87.50 mmol) and chloroacetic (8.27 g,
87.50 mmol). The mixture was stirred for 10 h at 100 °C. The product formed by
adding 1 N HCI was filtered to give 11.4 g of 2 (80 %).

"H NMR (d6-DMSO 400 MHz): é/ppm 3.666 (d, ] = 4.8 Hz, 2H), 6.464—6.498
(m, 2H), 7.216-7.258 (m, 1H), 7.781-7.805 (dd, J = 8.0 Hz, 1.6, 1H).
1-acetyl-1H-indol-3-yl acetate (3). A mixture of acetic anhydride (100 mL),
acetic acid (30 mL), anhydrous sodium acetate (16.81 g, 204.95 mmol), and
compound 2 was heated to reflux for 4 h. Saturated aqueous sodium carbonate was
then added, and the mixture was extracted with CH,Cl,. The solvent was removed
in vacuo to give the crude product, which was purified by flash column chroma-
tography (silica gel, petroleum ether/ethyl acetate 15:1) to afford compound 3
(4.45 g, 40 %).

"H NMR (CDCl; 400 MHz): 6/ppm 2.409 (s, 3H), 2.632 (s, 3H), 7.311-7.348
(m, 1H), 7.399-7.440 (m, 1H), 7.564 (d, J = 4.0 Hz, 1H), 7.740 (s, 1H), 8.485
(d, J = 4.0 Hz, 1H).
1-acetylindolin-3-one (4). A mixture of compound 3 (4.0 g, 18.41 mmol), ethanol
(40 mL), water (80 mL), and Na,SO3 (2.79 g, 22.10 mmol) was heated to reflux
for 2 h. Ethanol was removed in vacuo to give the precipitate which was collected
by filtration, washed with water, and dried under vacuum to get compound 4
2.7 g, 90 %).

'"H NMR (CDCl; 400 MHz): &/ppm 2.343(s, 3H), 4.316 (s, 2H), 7.240
(t, J =7.2 Hz, 1H), 7.666-7.708 (m, 1H), 7.769 (d, J = 4.0 Hz, 1H), 8.582
(d, J = 4.0 Hz, 1H).

Compounds (5a-5f) [16]. To a solution of compound 4 (1 equiv) and 1.2 equiv of
appropriate benzaldehyde derivatives in 2.5 mL of water, 2.5 mL of ethanol, 2
drops of concentrated hydrochloric acid was added at the room temperature, the
reaction was heated to reflux for 2 h. The reaction mixture was poured into ice-
water and filtered. The filter cake was washed with petroleum ether and dried
under vacuum to get compounds (5a—5f).

2-benzylideneindolin-3-one (5a). Starting from compound 4 (0.2 g, 1.14 mmol)
and benzaldehyde (0.15 g, 1.37 mmol), compound Sa was obtained in 70 % yield.

'"H NMR (CDCl; 400 MHz): d/ppm 6.697 (s, 1H), 6.897 (s, 1H),
6.983-7.030(m, 2H), 7.367 (d, J = 7.2 Hz, 1H), 7.458-7.522 (m, 3H), 7.578
(d, J = 3.6 Hz, 2H), 7.780 (d, J = 4.0 Hz, 1H).
2-(4-methylbenzylidene)indolin-3-one (Sb). Starting from compound 4 (0.2 g,
1.14 mmol) and 4-methylbenzaldehyde (0.15 g, 1.37 mmol), compound 5b was
obtained in 75 % yield.

"H NMR (d6-DMSO 400 MHz): d/ppm 2.360 (s, 3H), 6.630 (s, 1H), 6.918
(t, J=72Hz, 1H), 7.150 (d, J =3.6 Hz, 1H), 7.295 (d, J = 4.0 Hz, 2H),
7.503-7.544 (m, 1H), 7.585 (d, J = 4.0 Hz, 1H), 7.644 (d, J = 4.0 Hz, 1H).
4-((3-oxoindolin-2-ylidene)methyl)benzonitrile (Sc). Starting from compound 4
(0.2 g, 1.14 mmol) and 4-Cyanobenzaldehyde (0.18 g, 1.37 mmol), compound 5c
was obtained in 50 % yield.



880 H. Jia et al.

'"H NMR (d6-DMSO 400 MHz): é/ppm 6.627 (s, 1H), 6.963 (t, ] = 7.2 Hz,
1H), 7.149 (d, J =4.0Hz, 1H), 7.562 (t, J = 8.0 Hz, 2 Hz, 1H), 7.610
(d, J = 4.0 Hz, 1H), 7.874 (dd, J = 11.6 Hz, 3.2 Hz, 4H), 10.058 (s, 1H).
2-(2-nitrobenzylidene)indolin-3-one (5d). Starting from compound 4 (0.2 g,
1.14 mmol)and 2-Nitrobenzaldehyd (0.21 g, 1.37 mmol), compound 5d was
obtained in 88 % yield.

'"H NMR (d6-DMSO 400 MHz): é/ppm 6.801 (s, 1H), 6.948 (t, ] = 7.2 Hz
1H), 7.090 (d, J] = 4.0 Hz, 1H), 7.549 (t, ] = 7.6 Hz, 1H), 7.592-7.689 (m, 2H),
7.843 (t, ] = 7.2 Hz, 1H), 7.931 (d, J = 4.0 Hz, 1H), 8.109 (d, J = 4.0 Hz, 1H),
10.000 (s, 1H).
2-(4-nitrobenzylidene)indolin-3-one (5e). Starting from compound 4 (0.2 g,
1.14 mmol) and 2-Nitrobenzaldehyd (0.21 g, 1.37 mmol), compound 5e was
obtained in 85 % yield.

"H NMR (d6-DMSO 400 MHz): d/ppm 6.663 (s, 1H), 6.976 (t, J = 7.2 Hz,
1H), 7.160 (d, J = 4.0 Hz, 1H), 7.553-7.594 (m, 1H), 7.619 (d, J] = 4.0 Hz, 1H),
7.948 (d, J = 8.8 Hz, 2H), 8.263(d, J = 4.0 Hz, 2H), 10.155 (s, 1H).
2-(4-(trifluoromethyl)benzylidene)indolin-3-one (5f). Starting from compound 4
(0.2 g, 1.14 mmol) and 4-(trifluoromethyl)benzaldehyde (0.24 g, 1.37 mmol),
compound 5f was obtained in 75 % yield.

"H NMR (d6-DMSO 400 MHz): d/ppm 6.664 (s, 1H), 6.957 (t, J = 7.2 Hz,
1H), 7.151 (d, J = 4.0 Hz, 1H), 7.539-7.622 (m, 1H), 7.795 (d, J] = 4.0 Hz, 2H),
7.922 (d, J = 4.0 Hz, 2H), 9.995 (s, 1H).

93.3.2 Anticancer Activity Assay

All the above compounds were tested for their in vitro anticancer activity against
HT-29, K562, HepG2 cells by MTT-based assay. The cells were diluted to a
density of 5 x 10* cells/mL and added 100 pL to each well of the 96-well plates
with a multichannel pipet, After incubating for 24 h, 0.5 pL. compounds were
added and then cells were further incubated for 48 h (final concentrations of each
compound: 0.1, 0.3, 1, 3, and 10 uM). The culture plates were incubated for 4 h
after which 20 pL MTT was added to each well, then the medium were removed
from the wells and 100 pL. DMSO added into each well. After leaving for further
10 min to dissolve the formazan crystals formed, the optical density (OD) was
measured at 490 and 630 nm. Cell viability was calculated from measurements of
OD value according to the corresponding formula and a graph is plotted of cell
viability (y-axis) against drug concentration (x-axis). The given values are mean
values of three experiments. The ICs, concentration represents the concentration
which results in a 50 % decrease in cell growth after 2 days incubation. The results
were presented in Table 93.1.
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93.4 Conclusion

We report the design and synthesis of novel indoline-3-one and its derivatives.
Several steps among this route were optimized, such as cyclization, nucleophilic
substitution reaction, aldol reaction, and so on. The cyclization reaction was the key
step. All the target compounds were synthesized in five steps with the overall yield
of 25-30 %, respectively. The structures of these novel targets and all of inter-
mediates were confirmed by '"H NMR. Biological activity test indicated that
2-(2-nitrobenzylidene)indolin-3-one (5d) and 2-(4-(trifluoromethyl)benzylidene)
indolin-3-one(5f) have good antitumor activity against K562 and HepG2 cells.
In order to improve the antitumor activity, further modifications based on com-
pound (5d) and (5f) were undergoing in our laboratory.
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Chapter 94
Research Progress on the Anti-Rheumatoid
Arthritis Drugs

Peng Wang, Xuegang Luo, Chongxi Wang, Xinjia Wang, Guang Hu
and Tong-cun Zhang

Abstract Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease
leading to synovial hyperplasia and a series of multisystem comorbidities. Per-
manent disability usually occurs in 20-30 % of untreated patients within 2-3 years
of the disease. Therefore, it is important to diagnose the disease and initiate
treatment as early as possible. The drug therapy plays an important role in
maintaining a state of very low disease activity and slowing the progression of
joint damage. Traditional drug therapy in RA is a pyramid approach, in which
nonsteroidal anti-inflammatory drugs (NSAIDs) serve as the base of pyramid and
disease-modifying antirheumatic drugs (DMARDs) are employed relatively late.
But since this approach is no longer valid, many new drugs used to manage RA
have been developed. In this review, we specifically summarize the current drug
therapies for the treatment of RA and briefly describe the etiology, pathology and
pathogenesis of RA.
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94.1 Introduction

Rheumatoid arthritis (RA) is a lifelong chronic inflammatory disease characterized
by synovial hyperplasia, eventually, cartilage erosion and bone destruction [1-4].
Although its etiology remains largely unknown, evidence points to a complex
interplay between environmental and genetic factors [5]. RA usually attacks joints of
the hands, feet, wrists, knees, elbows, ankles, and shoulders symmetrically. Fatigue
and weight loss as common symptoms are accompanied by lean blood, slight fever,
pericarditis, vasculitis, subcutaneous nodules, etc. Pain and stiffness followed by
swelling, redness, and muscle pain in one or more small joints may become worse
after a few weeks or months. As the disease progresses, irreversible joint damage
may lead to deformity of joint and loss of function. Long-term studies have sug-
gested that disease popularity is estimated to be 1 % all over the world, about
50-70 % of persons with RA become permanently physical disability after
1015 years of diagnosis [6]. Furthermore, the number of the women suffering from
RA is three times more than men, and the disease bedevils all age groups ranging
from children to the elderly, but the people in middle age are in supreme danger [7].

Therapeutics options for RA have become more and more. In general, there are
four methods in the treatment of RA, i.e., physical therapy, function exercise, drug
therapy, and surgical therapy. While physical therapy and function exercise act as
adjuvant therapy and work temporarily only for patients in early phase of the
disease, surgical therapy is suitable for those with severe disease. However, RA is
not simply a joint inflammation but autoimmune disease involved in multiple
systems, hence, effective drug therapy is crucial for decreasing the rate of disease
progression. A great majority of patients need to change drug types frequently
because of efficacy reduction and the lack of significant disease control. Therefore,
development of new and better drugs can obtain markedly improved outcomes to
patients with RA, with a goal of alleviation of symptoms and improvement of
physical function. In the last decade, all kinds of the agents used in the treatment of
RA have been developed from immunomodulatory agents to molecules targeting
specific cytokines and cells related to the pathogenesis of RA. Fortunately, mul-
tiple drug therapies for RA substantially bring about long-term good outcomes for
many patients.

94.2 Etiology of Rheumatoid Arthritis

The etiology of RA is not fully known, although quite a lot of researches are
ongoing regarding it. For example, it has been determined that the frequency of
RA in monozygotic twins is obviously higher than that in the general population
[8]. Furthermore, there is a more than 30 % concordance rate of disease in
identical twins. The polymorphic human leukocyte antigen DR (HLA-DR) f chain
genes (some DRI and DR4 subtypes) seem to be the mainly identified



94 Research Progress on the Anti-Rheumatoid Arthritis Drugs 885

susceptibility genes [9, 10]. A recent research of class II genes and molecules of
the major histocompatibility complex has showed an increase susceptibility to
seropositive RA patients expressing the HLA-DR4 subtypes [11]. It has been
indicated that Collagen II and HLA-DR f molecular form dimer complex in order
to drive immune responses possibly in the pathogenesis of RA. However, there is
not any convincing evidence that a rheumatoid specific antigen has been forth-
coming, although some antigens rich in joints, such as collagen II, are possible
candidates [12]. An investigation has pointed out that a majority of adult patients
present more DR1 antigens than others in the early development of RA [13, 14].

However, nongenetic factors, such as environmental factors, bacteria, viruses,
sex hormones, play a major role in initiating and maintaining RA for the majority
of patients. A research has showed that a constant stimulus for pathogenesis of RA
is peptidoglycan existing in group A streptococcus. And a continuous high titer of
anti-EB virus antibody was found in the sera and synovial fluids of patients with
RA. Furthermore, the number of the women suffering from RA is three times more
than men, however, women with RA will go into remission if they are in gestation
period or take the pill. It is known to us that many contributors, e.g., cold, damp,
fatigue, malnutrition, trauma, mental factor, etc., would give rise to RA. Many
patients are very curious to know whether the cause of RA is attributed to
improper nutrition, however, by now no investigations have determined that
specific nutritional factors are causative agents.

94.3 Pathology and Pathogenesis of Rheumatoid Arthritis

The pathological changes of RA include synovial membrane arthritis, rheumatoid
nodules, and rheumatoid vasculitis. Active inflammation is first seen in the
synovial membranes of the joints. The normal synovial lining of joint capsule
holding the fluid that lubricates the joints is generally two or three cells in
thickness. Therefore, thickening of the synovial membranes will gradually cause
inflammation and further lead to irreversible damage to joint capsule and articular
cartilage because these structures are replaced by scar-like tissue called pannus.
After a triggering incident, possibly autoimmune or infectious, synovial macro-
phages, and fibroblasts begin to proliferate. Then lymphocytes infiltrate perivas-
cular regions and endothelial cells proliferate. It has been suggested that the
vascular endothelium plays an active and key role in a variety of immunological
processes. In addition, neovascularization occurs and blood vessels are blocked by
small clots or inflammatory cells. As time passes, the damaged synovial tissue
begins to grow irregularly and then forms pannus tissue. Later, thick and hardened
pannus protrudes over the surface of the cartilage and gives rise to joint destruction
[15]. Unfortunately, the skin, bones, and muscles adjacent to the joints atrophy
from disuse and destruction. Rheumatoid nodules and rheumatoid vasculitis, as
severe RA indications, are extra-articular pathological changes of RA and appear
in organizations and organs of the whole body.
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94.4 Drug Therapy
94.4.1 Nonsteroidal Anti-Inflammatory Drugs

Traditional drug therapy of RA is a pyramid approach, with nonsteroidal
anti-inflammatory drugs (NSAIDs) serving as the first-line medicine. Although
support for the use of NSAIDs in RA, NSAIDs have lost their historical roles
because they cannot be used alone to alter the disease course [16, 17]. NSAIDs are
associated with gastropathy, so new NSAIDs were approved and came into broad
use in order to decline incidence of NSAIDs gastropathy. In addition, all of these
agents, such as nabumetone, etodolac, rofecoxib, etc., were used for initial treat-
ment of RA to reduce joint pain and promoted as being safer than their predecessors.

94.4.2 The Traditional Disease-Modifying Antirheumatic
Drugs

Disease-modifying antirheumatic drugs (DMARDs) are very effective for all RA
patients to reduce joint swelling and pain, inhibit progressive joint damage, and
improve function. The traditional DMARDs consist of methotrexate, hydroxy-
chloroquine, sulfasalazine, leflunomide, etc. MTX is the dominant DMARDs for
treatment of RA for many years, SSZ and leflunomide are also widely used.
Historically, MTX has been the mainstay of treatment for RA [18], because it
slows the progression of joint destruction. However, many trials have showed that
methotrexate in combination with another DMARDs is more effective than alone
[19].

94.4.3 Biological Agents

Efforts to develop safer and more effective treatments for RA have been achieved
through the development of the biologic agents. A few different cellular and
cytokine targets have been identified, and some biologics have been approved to
treat RA at present, including TNF-o antagonists (adalimumab, etanercept, inf-
liximab), IL-1 antagonist (anakinra), an inhibitor of T cell costimulation (abata-
cept), and a selective depleter of B cells (rituximab) etc. These biological agents
have shown the ability to bring good outcomes for many RA patients.
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94.4.3.1 Cytokine Antagonists

Though there are many effective therapeutic targets, inhibition of cytokines seems
to be a particular effective approach to controlling inflammation and preventing
further joint destruction [20].

TNF Antagonists

TNF-u is a trigger that causes joint tissue damage resulting in bone erosion, so the
development of anti-TNF-o monoclonal antibodies alleviates symptoms effec-
tively and prevents the progression of joint damage.

Etanercept (ETN), a soluble tumor necrosis factor (TNF) receptor fusion pro-
tein, has been approved for the treatment of RA. TNF-« plays its functions via
interaction with its membrane receptors, p55 or TNF receptor I (TNFRI) and p75
(TNFRII), which activate two kinds of completely different signal pathways and
cause distinct biological effects. Etanercept, a dimeric human p75-Fc fusion pro-
tein, consists of extracellular domains of the human p75 and the constant Fc
portion of human IgGl. It has been proved that Etanercept can reduce RA activity
for those who have had an inadequate response to other therapies [21-23]. The
reason is that Etanercept competitively prevents the binding of TNF-o to cell
surface TNF-o receptor, inhibiting the biological activity of TNF [24]. Inhibition
of TNF activity may slow or halt progressive joint damage in order to improve the
quality of life for patients. Compared with oral methotrexate, subcutaneous eta-
nercept acted more rapidly to decrease disease activity and prevent structural
damage in patients with early active RA. The findings indicated that the combi-
nation of etanercept and methotrexate was significantly better in decreasing dis-
ease activity and slowing joint damage compared with methotrexate or etanercept
alone.

Adalimumab (ADA, Humira) is a fully human recombinant immunoglobulin
Gl (IgGl) anti-TNF monoclonal antibody, therefore it is thought to be less
immunogenic than chimeric antibodies. Adalimumab is suitable for those who
have had an inadequate response to DMARDs and also effective in the treatment of
patients with moderately to severely RA. Adalimumab, either alone or in com-
bination with methotrexate or standard antitheumatic therapies, has an obvious
effect in early treatment of RA. In a key study [25], adalimumab in combination
with methotrexate, at a higher dose of 40 mg subcutaneously every 2 weeks,
yielded a statistically remarkable improvement compared with methotrexate plus
placebo. In general, adalimumab significantly decreased symptoms of active RA
and established a long-lasting clinical response in patients, as well as a well-
tolerated feature with few patients discontinuing treatment because of side effects.

Infliximab (IFX), a Human-Mouse Chimeric anti-TNF monoclonal antibody, is
found to be effective for the treatment of early RA [26]. It is a heterotetrameric
protein, and its hypervariable region is murine in origin and the constant domain of
the immunoglobulin is made up with a human IgG1 Fc heavy chain and partial k
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light chain. Infliximab is usually administered intravenously in an outpatient
setting every 4-8 weeks. It has been demonstrated that infliximab plus MTX
regimens caused significantly greater improvement in patients with active RA
compared with the patients receiving monotherapy with methotrexate.

Golimumab (GLM) is a novel fully human monoclonal antibody to TNF which
is used as an immunosuppressive drug. It was derived from hybridomas generated
from a transgenic mouse including activated human immunoglobulin genes and
inactivated mouse immunoglobulin genes [27]. Golimumab was used as once a
month subcutaneous treatment for adults with moderately to severely active RA.
The results of GLM administered subcutaneously plus background MTX have
suggested a benefit in the long-lasting symptoms reduction of RA [28].

Certolizumab pegol (CZP), lacking a Fc region, is a novel construct consisting
of the Fab’ antigen binding domain of a humanized anti-TNF mAb and site-
specifically attaches to a 40kD molecule of polyethylene glycol (PEG). So it
cannot induce complement or antibody-dependent cell mediated cytotoxicity,
which has been found in vitro with ADA, ETN and IFX [29]. CZP also increases
lengths of disease duration compared with other TNF antagonists. PEG does not
cross the placenta, so this drug can be used throughout pregnancy without adverse
effects on the fotus. In addition, applicable scope of CZP is very broad, including
patients with or without other TNF antagonists, with or without MTX or other
DMARD:s.

Additional Cytokine Antagonists

A lot of cytokines except TNF are also targets for RA therapy, including IL-1, IL-6
and RANKL etc. Anakinra is the first IL1-receptor antagonist, either alone or in
combination with methotrexate, has played a very good efficacy in moderate-to-
severe RA. Tocilizumab is a fully humanized mAb targeting the IL6-receptor, now
approved for the treatment of RA [30, 31]. However, biologic inhibition of either
IL-1 or IL-6 shows no obviously superior outcomes to TNF blockade.

94.4.3.2 B Cell Targets

B lymphocytes are implicated in the pathogenesis of RA. Rituximab (RTX), a
chimeric mAb against the protein CD20 which is primarily found on the surface
of B cells, effectively destroys B cells in peripheral blood [32]. Several additional
agents targeting B cells have been developed, such as ocrelizumab and of-
atumumab. Ocrelizumab-a fully human mAb against CD20 can effectively
improve symptoms for serum positive patients. Ofatumumab is a complete
humanized anti-CD20 antibody, appearing to inhibit early stage B lymphocyte
activation. It had been launched by Genmab pharmaceutical company and
GlaxoSmithKline (GSK) for the treatment of RA. Although these agents similarly
target CD20, ofatumumab can bind to more different antigenic epitopes on CD20
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than rituximab or ocrelizumab. All of these compounds targeting B cells cause a
reduction in B cell numbers, rheumatoid factors and total immunoglobulin levels
in order to preferably control inflammation and prevent joint destruction in the
case of inadequate response to anti-TNF-o therapy and conventional therapy.

94.4.3.3 T Cell Targets

Activated CD4™ T cells lead to stimulation of osteoclastogenesis and activation of
metalloproteinases and further result in joint destruction. Simple activation signal
without complementary costimulation signal is unable to achieve full T cell
activation. In general, CD80 or CD86 on the surface of antigen-presenting cells
(APC) should naturally bind to CD28 on T cells in order to activate T cells.
Abatacept (CTLA4-Ig, Orencia), a cytotoxic T-lymphocyte-associated antigen
4-IgGl fusion protein, contains a high-affinity binding site for CD80 or CD86. As
a result, it can effectively prevent the CD80 or CD86-CD28 from delivering
costimulatory signal to T cells [33, 34]. The findings indicate that the combination
of abatacept and methotrexate was significantly better in improving symptoms of
RA and physical function, compared with methotrexate or abatacept alone.

94.4.4 Glucocorticoids

Short-term glucocorticoids (GCs) reduce joint swelling and pain temporarily in a
short period when a single inflamed joint contributes to disability acutely. While
the long-term steroids may decrease joint damage [35] but have significant side
effects, such as osteoporosis, cataracts, cushingoid symptoms, and infection.
Besides, increasing evidences show that prudent use of GCs in the treatment of RA
should be recommended [36] because of the low risk of adverse effects. In prac-
tice, low-dose GCs (less than 10 mg/d) can relieve most patients from pains.

94.4.5 Chinese Herbal Medicine

Previous study has demonstrated that the various active ingredients in Chinese
herbal medicine for RA have multiple physiological functions, such as antimi-
crobial, anti-inflammatory, analgesic, and immunomodulatory activities. In addi-
tion, the Chinese herb medicine is effective with higher safety and less adverse
effect. Tripterygium wilfordii Hook. F (TWHF), a Chinese herbal medicine and a
member of the Celastraceae family, has been reported to be a therapeutic agent
against a number of autoimmune and inflammatory diseases such as RA. The
extractives of TWHEF, for instance tripterygium glycosides, can effectively inhibit
the production of cytokines by suppressing quite a number of proinflammatory
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genes and then induce the apoptosis in lymphocytes and synovial fibroblasts [37].
Patients taking extractives of TWHF frequently developed adverse effects, and
occasionally severe toxicity to their livers and kidneys.

94.4.6 Other Agents for RA

Tetracyclines and a number of their semisynthetic derivatives, such as minocy-
cline, have been used as therapeutic agents for RA since the late 1960s. In addition
to their antimicrobial activities, antibiotics of the tetracycline family have been
further shown to have anti-inflammatory, immunoregulatory, and chondroprotec-
tive properties. And anti-inflammatory activity is found to be independent of their
antimicrobial properties [38]. The tetracycline compounds directly suppress
activities of B and T cells and inhibit matrix metalloproteinase (MMP) by
downregulating the expression of type 2 nitric oxide synthase mRNA, an important
mediator in collagen degradation.

94.5 Conclusion

In recent decades, development and application of new therapeutic agents for the
treatment of RA bring a remarkable development for the treatment of this disease
and contribute to research on the pathogenesis of RA. Furthermore, it is very
apparent that RA is a multidimensional disease with a highly variable course, so a
great majority of patients need to change drug types frequently because of
reduction of efficacy and the lack of significant control of disease. RA is a lifelong
disease, therefore, it is still necessary to develop novel effective therapeutic
approaches against RA in the future. The drugs at present will be replaced by the
new drugs which not only target all phases of RA disease progression, but also can
be used in combination with other agents. The development of multiple new drugs
for RA must be able to bring about long-term good outcomes for many patients.
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Chapter 95
Design and Synthesis of 1H-2,
3-Dihydro-1-Pyrrolizinones Derivatives

Changhai Sun and Jing Cao

Abstract Pyrrolizinone derivatives were discovered showing remarkable
anti-inflammatory and analgesic activities. Based on the SAR summarized before,
a series of pyrrolizinone derivatives were designed and synthesized in this paper.
All the eight target compounds were characterized by 'HNMR spectra, and the test
of anti-inflammatory and analgesic activities is in progress.

Keywords Anti-inflammatory - Analgesic - Pyrrolizinone

95.1 Introduction

Anti-inflammatory drugs has a long history of clinical application, more research
showed that inflammation is associated with a variety of diseases. Therefore, the
anti-inflammatory drugs is also expected for the treatment of many inflammatory-
related diseases, such as atherosclerosis, cancer, stroke, etc., the research of new
anti-inflammatory drugs have never been stopped.

Nonsteroidal anti-inflammatory drugs (NSAID) are one of the most important
class of anti-inflammatory drugs, widely used in clinic. However, many NSAID
could lead to various side effects, for example, the gastrointestinal damage,
nephrotoxicity and hepatotoxicity, and so on. Therefore, developing new anti-
inflammatory and analgesic agents with lower toxicity have still been the interest
of this field [1-8].
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It has been reported that some /H-1, 2-dihydro-1-pyrrolizinone derivatives
showed remarkable anti-inflammatory and analgesic activities with new mecha-
nism of action, however, the application of such compounds was restricted due to
its toxicity and low activities. In order to improve their activities and reduce the
toxicities, a series of new pyrrolizinone derivatives were designed and synthesized
based on the SAR reported before [5-8]. Finally, target compouds (5a—5h) were
obtained and characterized by '"H NMR and LC-MS spectra.

95.2 Materials and Methods
95.2.1 Materials and Measurements

All reagents and solvents used in this paper were of reagent grade. Reaction
temperatures were controlled using oil bath temperature modulator. Thin layer
chromatography (TLC) was performed using E. Merck silica gel 60 GF,s,4 pre-
coated plates (0.25 mm) and visualized using a combination of UV. Silica gel
(particle size 200—400 mesh) was used for flash chromatography. 'H NMR spectra
was recorded on Bruker AM-400 NMR spectrometers in deuterated solvent. The
chemical shifts are reported in d (ppm) relative to tetramethylsilane as internal
standard.

95.2.2 Chemistry

Figure 95.1 demonstrates the synthetic approach to the target compounds 5a—5h.

CN 0
C\ =/ = KClI NaCl AICl NBS
~
\_-NH G\T N
TN N
1 2
0
?  RcHO -~
s \ p—
<\;Nf§ N
Br
Br
R R
3 4 5a-5h

Fig. 95.1 Synthetic route of target compounds 5a—5h
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1H-pyrrole was employed to react with acrylonitrile to provide 3-(1H-pyrrol-1-yl)
propanenitrile (compound /) which was then cyclized in the presence of Lewis acid
to afford the key intermediate 2. Compound 2 was bromonated with NBS in a
specific site to provide compound 3, it was converted into compound 4a—4h through
aldol condensation, 4a—4h were treated with different boric acid to provide target
compounds Sa—5h.

95.3 Results and Discussion

As described above, eight target compounds (5a—5h) were obtained (Table 95.1)
with a simple and feasible synthetic route. The evaluation of anti-flammatory and
analgesic activities of these compounds are ongoing right now.

95.4 Experimental
95.4.1 3-(1H-pyrrol-1-yl)propanenitrile (1)

To the 1H-pyrrole (30 g, 0.45 mol) was added 20 % TEBA (6.5 mL), then at 0 °C
added acrylonitrile dropwise for about 1 h. After stirring for another 1 h at
3540 °C, compound 1 was obtained with 80 % yield by distillation in vacuum
(130-132 °C/1,066pa, Lit: 132-136 °C/1,066.2pa).

95.4.2 2,3-dihydropyrrolizin-1-one (2)

Potassium chloride (5.6 g), sodium chloride (5.6 g), and anhydrous aluminum
chloride (28 g) were heated to melt together in a 100 mL round bottom at 140 °C,
then the compound / was poured into the melted salt mixture, stirred for 3540 s,
the mixture was poured into ice water, adjusted pH to 6-7 with potassium
hydroxide, heated with a water bath at 75 °Cfor 30 min. After cooling, the reaction
mixture was extracted with CH,Cl, (50 mL x 3), organic phases were combined
and dried over anhydrous magnesium sulfate, purified by flash chromatography
using 200-300 mesh silica gel (petroleum ether:ethyl acetate = 8:1), 4.55 g
compound 2 was obtained (65 % yield) with m.p 54-55 °C (Lit. :53.5-54 °C).

"H NMR (CDCls, 0):3.11(t, 2H,2-H),4.33(t, 2H, 3-H),6.54(q, 1H, 6-H),6.76
(t, H, 7-H),7.06(d, H, 5-H).
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Table 95.1 Structures of target compounds 5a—5h

Compounds  Structure Compounds  Structure
no. no.
Sa Se

5b

5¢

5d

95.4.3 5-bromo-2,3-dihydropyrrolizin-1-one (3)

5.0 g (41.3 mol) of 2,3-dihydropyrrolizin-1-one (2) was dissolved in 20 mL
CH,Cl,, the solution of NBS (8.0 g, 45.4 mol) in CH,Cl, was added dropwise to
solution of 2 at 0 °C, then stirred at room temperature for 3 h. After the reaction
was completed, washing reaction mixture with sodium chloride aqueous solution,
organic phases were dried over anhydrous magnesium sulfate. Compound 3 was
purified by column chromatography with a yield of 90 % (silica gel 200-300
mesh, petroleum ether: ethyl acetate = 10:1).

"H-NMR (CDCls, 6):3.12(t, 2H,2-H),4.2(t, 2H, 3-H),6.5(d, 1H, 6-H),6.72(d, H,
7-H).
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95.4.4 (E)-2-(4-substitued benzylidene)-5-bromo-2,
3-dihydropyrrolizin-1-one (4)

Compound 3 (100 mg) was dissolved in 5 mL ethanol, which was then added with
0.2 mL 10 % sodium hydroxide aqueous solution under ice-bath condition, stirred
for 10 min, 4-substituted benzaldehyde ethanol solution was added dropwise, then
stirred for 1 h at room temperature. The reaction mixture was filtrated, washed
with cold 95 % ethanol 2-3 times, the yellow solid were dried to give the com-
pounds 4 with 58-70 % yield. The following is "H NMR example of compounds 4.

(E)-2-benzylidene-5-bromo-2,3-dihydropyrrolizin-1-one: 'H NMR (CDCls,
0):5.0(d, 2H,3-H),6.53(d, 1H, 6-H),6.89(d, 1H, 7-H),7.47(m, 5H, Ar-H),7.6(s, H,
=CH-).

95.4.5 Target Compounds 5a-5h

To a pressure flask-added compounds 4 respectively (1 eq.), 4-substituted phenyl
boronic acid (1 eq.), potassium carbonate (1l eq.), triphenylphosphonium
(0.05 eq.) and palladium acetate (0.025 eq.). A 3 mL DMF was poured at the
condition of N, protection, then reacted in a microwave reactor at 130 °C for 1 h,
cooled to room temperature, added water, extracted with CH,Cl, three times,
combine the organic solution, dried over anhydrous magnesium sulfate, and
purified by column chromatography with petroleum ether and ethyl acetate system.

5a (46 % yield): "H NMR (CDCls, 6):3.91(s, 3H, -OCH3),5.3(d, 2H, 3-H),6.69(t,
1H, 6-H),7.02(d, 1H, 7-H),7.06(d, 2H, Ar-H),7.44(m, 5H, Ar-H),7.51(q, 3H, Ar—
H and =CH-).

5b (33 % yield): '"H NMR (CDCls, 9):5.28(d, 2H, 3-H),6.7(d, 1H, 6-H),7(d, 1H,
7-H),7.23(t, 2H, Ar—H),7.45(m, 5H, Ar-H),7.6(q, 3H, Ar-H and = CH-).

5¢ (40 %): '"H NMR (CDCls, 6):5.27(d, 2H, 3-H),6.73(d, 1H, 6-H),6.97(d, 1H,
7-H),7.52(m, 8H, Ar—H and Thiophene-H),7.58(s, 1H, =CH-).

5d (38 %): "H NMR (CDCls, ):3.87(s, 3H, -OCH3),5.21(d, 2H, 3-H),6.70(d, 1H,
6-H),6.95(d, 1H, 7-H),7.0(d, 2H, Ar-H),7.42(d, 2H, Ar-H),7.5(m, 3H, Ar—H and
=CH-),7.57(d, 2H, Ar-H).

5e (34 %): "H NMR (CDCls, 9):5.16(s, 2H, -OCH,-),5.30(d, 2H, 3-H),6.76(d, 1H,
6-H),7.02(d, 1H, 7-H),7.09(d, 2H, Ar-H),7.46(m, 8H, Ar-H),7.54(t, 3H, Ar—H and
=CH-),7.66(d, 3H, Ar-H).

5f (46 %): "H NMR (CDCl,, 6):3.87(s, 3H, ~OCH3), 5.05(s, 2H, -OCH,-),5.15(d,
2H, 3-H),6.63(d, 1H, 6-H),6.88(d, 1H, 7-H),6.98(d, 2H, Ar-H),7.37(m, 11H, Ar-
H) .

5g (45 %): "H NMR (CDCls, 6):3.87(s, 3H, -OCH3),5.21(d, 2H, 3-H),6.70(d, 1H,
6-H),6.95(d, 1H, 7-H),7.0(d, 2H, Ar-H),7.42(d, 2H, Ar-H),7.5(m, 3H, Ar-H and
=CH-),7.57(d, 2H, Ar-H).
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5h (48 %): "H NMR (CDCls, 6):3.87(s, 3H, OCH3),5.25(d, 2H, 3-H),6.74(d, 1H,
6-H),6.98(t, 3H, Ar-H and 7-H),7.42(m, 3H, Ar-H),7.52(t, 3H, Ar-H and =
CH-),7.64(d, 2H, Ar-H).

95.5 Conclusion

Finally, a series of novel 1H-2, 3-dihydro-1-pyrrolizinones Derivatives were
designed and synthesized, further SAR research will be carried out in the future.
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Chapter 96

Inhibition of iNOS to Protect Intermittent
Hypoxia-Induced Hippocampal Neurons
Impairment by Astragalus Extract in Rat

Qiang Zhang, Wenyuan Gao, Shuli Man, Yun Zhang and Baoyuan
Chen

Abstract The aim of this paper is to research the protective effect of Astragalus
against intermittent hypoxia-induced hippocampal neurons impairment in rat and
lay the theoretical foundation for sleep apnea improvement in cognitive function
by Astragalus. Male Wistar rats were divided into four groups: (1) blank control
group; (2) normoxia group; (3) intermittent hypoxia group; (4) Astragalus treated
intermittent hypoxia group. After 6-week treatment, the expression of iNOS was
detected by real-time reverse transcription polymerase chain reaction (RT-PCR) at
mRNA level as well as by immunohistochemistry (IHC) and western blot at
protein level. As a result, Astragalus reduced the expression of iNOS at mRNA
and protein levels in hippocampus compared with non-treated groups (P < 0.05).
In conclusion, Astragalus could protect intermittent hypoxia-induced hippocampal
neurons impairment in rat.

Keywords Astragalus - Intermittent hypoxia - Hippocampus neurons apoptosis -
INOS
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96.1 Introduction

Astragalus extract is an important candidate for the treatment of memory disorders
[1]. Previous research reported that Astragalus extract has antioxidant activity. In
vitro results show that AST-IV protects cardiomyocytes from oxidative stress-
mediated injury under hypoxic conditions [2]. Astragalus membranaceus can also
protect intestinal mucosa against intestinal oxidative damage after hemorrhagic
shock [3]. This study aimed to observe the effects of astragalus membranaceus to
protect intermittent hypoxia-induced hippocampal neurons impairment in rat.
The hippocampus is related with cognitive function. Intermittent hypoxia in
hippocampal neurons may cause damages to different systems. Astragalus extract
modulated the hypoxia/reoxygenation injury of hippocampal neurons and inhibited
the apoptosis[4]. Intermittent hypoxia is a hypoxia re-oxygen cycle process.
Therefore, we used the intermittent hypoxia (alternating cycles of normoxia (2 min at
21 % O,) and hypoxia (2 min at 10 % O,), repeated continuously for 8 h/day during
the light portion of the cycle for 6 weeks) to simulate OSA patients and researched
whether Astragulus could intervene damage progress of hippocampal neurons.

96.2 Materials and Methods
96.2.1 Animal Model

Twenty-four adult male Wistar rats, with body weight around 310 + 30 g, were
provided by the Animal Center of Tianjin Medical University, Tianjin. The animals
were randomly divided into four groups (n = 6), blank control group, normoxia
group, intermittent hypoxia group, and Astragalus treated group. All groups had free
access to water and food. The hypoxia condition was intermittently induced 30 times
per hour (h), and the lowest concentration of oxygen in capsule was 5 %. The capsule
inducing hypoxia was circularly charged with nitrogen for 30 s (10 L/min), atmo-
sphere for 40 s (10 L/min) and atmosphere for 50 s (5 L/min), overall 2 min/cycle.
The oxygen concentration in capsules ranged from 5 to 21 %. Rats were exposed to
alternating cycles of normoxia (2 min at 21 % O,) and hypoxia (2 min at 10 % O,),
repeated continuously for 8 h/day during the light portion of the cycle for 6 weeks.
The experiment was conducted according to the ethics of animal experiments.

96.2.2 Astragalus Extraction

Four hundred and twenty g of Astragalus were crushed and extracted by 75 %
ethanol three times for 3.5 h. The extract was filtered and rotary evaporated, and
the remaining part was diluted to 300 mL by distilled water, then the extract
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stored at 4 °C. The rats were administrated with 3.5 g/2 mL/kg body weight of
Astragalus extract once everyday for six months.

96.2.3 Immunohistochemistry

The IHC was performed using Rabbit Anti-Mouse HIF-1a antibody (Santa, USA),
Rabbit Anti-Mouse iNOS antibody (Santa, USA), streptavidin—biotin complex
(SABC) kit (Boster, China), and diaminobenzidine (DAB) kit (Boster, China).
There was no false positive by setting the blank and replacing the control. Five
fields of view without overlapping and at high magnification (x400) were selected
and the average optical density was detected.

96.2.4 Real-Time RT-PCR

The primers of genes were designed by Gene Runner, a comprehensive sequence
analysis utility, and no significant homologous sequence was discovered using
National Center for Biotechnology Information, The Basic Local Alignment
Search Tool (NCBI BLAST). Quantitative real-time RT-PCR was performed
according to the protocol using the following primers: iNOS (179 base pairs, bp),
5'- CCTCAAGTCTTATTTCCTCAAC-3' (sense) and 5'-TCAGCAGCAAGT
TC-CATC -3’ (antisense), glyceraldehyde-3-phosphate dehydrogenase (Gapdh)
(121 bp), 5'- TTCAACGGCACAGTCAAG-3' (sense) and 5'-CGACATACTCAG
CACCAG-3’ (antisense). We performed real-time RT-PCR using SYBR green
PCR kit (Takara, Japan) and analyzed the amplification curve. The relative
expression of the target gene was represented by the 2-ACT value of the tested
sample (CT are cycles at threshold detection fluorescence; ACT = CT value of
target gene — CT value of Gapdh).

96.2.5 Western Blot

The proteins were extracted using Protein Extraction Kit (Promega, USA). Thirty
png of proteins were mixed with 2 x sodium dodecyl sulfate/sulphate (SDS)-
PAGE sample buffer at the ratio of 1:1. The electrophoresis was performed and the
proteins were transferred to the nitrocellulose (NC) film. The film was blocked
overnight using a buffer. The NC film was washed thrice using a buffer. The
monoclonal Goat Anti-Rat iNOS antibodies (1:400) (Santa, USA) were incubated
with NC film and shake at 4 °C overnight. The NC film was washed thrice and the
secondary antibody of Rabbit Anti-Goat immunoglobulin (IgG) (1:5,000) was
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added. After incubation at 37 °C for 1 h, the NC film was exposed. 5-Actin (Santa,
USA) was used for normalization.

96.2.6 Statistical Analysis

Data were presented as the mean =+ standard deviation (SD) and analyzed by using
Statistical Package for the Social Sciences computer program (SPSS version 13.0).
We employed multi-factor variance to analyze the data and performed the com-
parison by using Student—-Newman—Keuls test. Differences were considered sta-
tistically significant if P values were less than 0.05.

96.3 Results and Discussion
96.3.1 Immunohistochemistry Assay of iNOS

Studies have shown that Astragalus may improve cerebral hypoxia and reoxy-
genation of hippocampal neurons apoptosis. Ethyl acetate fractions of Astragalus
membranaceus (Fisch.) Bunge var. mongholicus (Bunge) Hsiao (Fabaceae) sig-
nificantly decreased pro-inflammatory mediators (e.g., NO and PGE(2))[5].

Intermittent hypoxia is also a hypoxia and reoxygenation of the pathophysiol-
ogy process. Thus, we tried the above findings applied to intermittent hypoxia rat
model experiments to investigate the protective effect of Astragalus intermittent
hypoxia in rat hippocampal neurons.

The negative cells appeared purplish-blue under optical microscope and the
cytoplasm of positive cells brownish-yellow. Compared with normoxia group and
blank control group, large quantity of brown-yellow particles in hypoxia group
were observed. In Astragalus group, the brownish-yellow particles decreased, and
-blue cells also could be observed (Fig. 96.1). Statistical significant difference was
observed between Astragalus group and hypoxia group (P < 0.05), as indicated in
Table 96.1.
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Fig. 96.1 Immunohistochemistry analysis of iNOS in brain of rats. a iNOS in control group;
b iNOS in normoxia group; ¢ iNOS in hypoxia group; d iNOS in Astragalus group
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Table 96.1 The IHC assay of iNOS in hippocampal neurons statistically analyzed

Groups Number of rats iNOS

(mean £ SD)
The first group (blank control group) 6 1.434 £+ 0.072
The second group (normoxia group) 5 1.366 £ 0.004
The third group (intermittent hypoxia group) 6 7.803 £ 0.053
The fourth group (Astragalus group) 10 3.709 £ 0.046
F value 27 21661.803*
Comparison between the third and the first group 6.369 £ 0.029*
Comparison between the third and the second group 6.437 £+ 0.029*
Comparison between the third and the fourth group 4.093 £+ 0.029*

*P < 0.05, compared with intermittent hypoxia groups

96.3.2 The Expression of iNOS at mRNA Level

As shown in Fig. 96.2, the expressions of iNOS at mRNA level in Astragalus
group were lower than those in hypoxia group, and the expressions of iNOS in
hypoxia group were higher than those in normoxia and blank control groups.
Statistical significant difference was observed between Astragalus and hypoxia
groups (P < 0.05), as indicated in Table 96.2.

96.3.3 The Expression of iNOS by Western Blot

The