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Introduction

Systems Biology

• Definition: Quantitative study of biological 
h l t i t d f i l tprocesses as whole systems instead of isolate 

parts.

• Goal: Construction and experimental 
validation of models that explain and predict 
the behavior of biological systems ‐2001, 2nd g y ,
International Conference on Systems Biology
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Why Do We Need Systems Biology?

• The map of the genome is just the rule book; 
“ t bi l ” i th b ll“systems biology” is the ball game.

– by Alexandra Stikeman, Technology Review, 2002 
March

Recent Developments of Systems Biology in 
US

• In 2003, MIT received a 5‐year 16 million
h t f N ti l I tit t fresearch grant from National Institute of 

Health to study systems biology.

• Harvard University created “Department of 
Systems Biology” in 2003Systems Biology in 2003.



2010/5/17

4

Traditional Biology & Systems Biology

• Traditional biology :
– Single gene or protein

• Systems biology: 
– Simultaneously study the 
complex interaction of many 
levels of biological information 
to understand how they work 

together

The Evolution of Molecular Biology into 
Systems Biology
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Systems Biology is Integrative Biology

Leroy Hood, ISB

Approaches to Systems Biology in the 
Pharmaceutical Industry

Nature Biotechnology 2004Nature Biotechnology 2004
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Basics of Biology

Systems Biology & Omics Data

Systems Biology

Genomics

Proteomics

Transcriptomics

Metabonomics

Bioinformatics

Drug discovery 
Development process

Understanding drug toxicology
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Traditional and Current Biology

• Traditionally, biology has been an 
b ti l iobservational science.

• Now, biology has been converted into 
deductive science.

The Data of Bioinformatics

• Very very large amount

N l tid d t b k t i 1 7• Nucleotide sequence databanks contain 1.7 x 
1012 bases

• The full three‐dimensional coordinates of 
proteins of average length ~400 residues > 
50000 entries

• Not only are the individual databanks large, 
but their sizes are increasing as a very high 
rate.



2010/5/17

8

Growth of the International Nucleotide Sequence 
Database Collection

Log scale on y‐axes

Growth of the world‐wide Protein Data 
Bank

Log scale on y‐axes
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The History

• Sequence database 
began in the early 1960s, g y ,
when Margaret Dayhoff
and colleagues at the 
Protein Information 
Resource (PIR) collected 
all of the protein 
sequences known at that 
itime.

• Atlase of Protein 
Sequence and Structure

PIR:   http://pir.georgetown.edu/

The History

• The advent of DNA 
sequence databases insequence databases in 
1982, initiated by the 
European Molecular 
Biology Laboratory 
(EMBL) and joined 
shortly thereafter by 
G B k l d t thGenBank, led to the 
next phase in the 
history of sequence 
databases
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GenBank

http://www.ncbi.nlm.nih.gov/Genbank/

Platypus Geneome 
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GenBank

International Nucleotide Sequence Database 
Collaboration 

DDBJ EMBL
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DDBJ
Joined the data‐collecting collaboration a few 
years later

International Nucleotide Sequence Database 
Collaboration

• In 1988, there was an agreement to use a 
f t f d t l t ithicommon format for data elements within a 

unit record and to have each database update 
only the records that were directly submitted 
to it.

• DDBJ/EMBL/GenBank records are updated / / p
automatically every 24 hours at all these sites.
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Data Flow for New Submissions and Updates 
between the Three Databases

First Protein Sequence Database
• In 1980s, Swiss‐Prot Protein Sequence Database was laid.

http://www.expasy.ch/sprot/
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TrEMBL: Translation of EMBL nucleotide 
sequences

Goals

• “Saw life clearly and saw it whole”

• To interrelate sequence, three‐dimensional 
structure, interactions, and function of 
individual proteins nucleic acids and protein

Understand integrative aspects of the 
biology of organisms

individual proteins, nucleic acids and protein‐
nucleic acid complexes
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Schematic of the Relationship between 
the Different “omics” Disciplines 

Annu. Rev. Genomics Hum. Genet. 2004. 5:267–93
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Protein‐Protein Interactions & 
Biological Pathways

• Kanehisa (2000):

Interaction Network Function

Post-genome informatics (2000)

Processes Involved in Expressing a Specific 
Phenotype in a Cell

Biochemical
reaction

Molecular 
biologygy
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Protein‐Protein Interactions

• Protein‐protein interactions are intrinsic to 
ll levery cellular process.

• Form the basis of phenomena

– DNA replication and transcription

– Metabolism

– Signal transductionSignal transduction

– Cell cycle control

– Secretion
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Construction of Gene/protein Network

• Electrophoresis (2002) 23: 2490 ‐2504.

• Bioinformatics (2004) 20: 3691‐3693. 

• Proteomics (2006) 6, 2991‐3000.  

Cancer Robustness
• Viewing cancer as a 
robust system with 

t ti l i t fpotential points of 
fragility opens up new 
strategies for the 
development of drugs 
and therapies.

Hunt for fragility: weaknesses in tumor growth
dynamics could yield new anti-cancer therapies.

NATURE 2003, 426, 125.
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Structure of Integrin

• Hynes in 1987 to 
h i th l femphasize the role of 

these RGD receptors 
in integrating the 
extracellular matrix 
outside the cell with 
the actin‐containing 
cytoskeleton inside 
the cell.

Cell and Molecular Biology 2002 (3rd)

Interactions of Integrins w/ Other 
Proteins

• Signal are 
presumably RGD motif p y
transmitted into 
the nucleus, 
where they 
stimulate the 
transcription of 
gene involved in 
cell growth and 
proliferation

Cell and Molecular Biology 2002 (3rd)
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RGD Cyclic RGD

A Novel Compound —
Cyclic RGD

Asp

Arg

Gly Asp

Trp

Pro
Tpa

RGD Cyclic RGD

Gly
Arg

Pro

Cys

p

3D Structure of Cyclic‐RGD

Cis formCis form Trans formTrans formCis formCis form Trans formTrans form
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X-tal Structure: Integrin + RGDX-tal Structure: Integrin + RGD

Science 296, 151 (2002)Science 296, 151 (2002)

Only Trans-cRGD FitsOnly Trans-cRGD Fits

RGD cRGD

Breast Cancer Cell MCF-7

controlcontrol

1mM1mM 0.5mM0.5mM

controlcontrol

1mM1mM

5mM5mM

0.5mM0.5mM

1mM1mM
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Characterization of the Cyclic RGD 
Induced Cell Death in Human MCF‐7 

Cells

A B

DC

Proteomics, 2006
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2DE Map: 6hr
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Protein Identification

Proteomics, 2006

1.(ZFP161)
2.(DDX21)

4.(ENO1)
3.(GUCA1B)

18.(ACTG1)

97.0

66.0

45.0

pH 3 10

kDa

22.(PANK1)
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11.(HSPA8)

42.(GAPD)

28.(DUT)

6.(ALDOA)
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26.(TRIM3)

9.(VDAC)

10.(NQO2)

38 (NF2)

20.(PKM2)

29.(GP9)

23.(CMA1)

15.(GRB2)
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12.(PPIA)

13.(PPIA)

39.(PSCA)

16.(TIMP1)

32.(STYX)

34.(SFTPD)

14.(RYR1)

33.(NME2)

30.(DIC)

43.(HBG1)

17.(ATOX1)

37.(TBCA)

36.(PRX)

38.(NF2)

31.(HSPB1)

14.4
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Hierarchical Clustering Analysis of Cyclic RGD‐
induced Protein Profile of MCF‐7 cells 

Proteomics, 2006

• Gene Ontology Consortium
– Biological Process

Gene Annotation

Biological Process

– Cellular Component

– Molecular Function

• BGSSJ
– http://bgssj.sourceforge.net/

Automatic functional classification

Microarrays: Methods and Protocols, The 
humana press inc. (2007) 

– Automatic functional classification

– JAVA application (requires J2RE 1.3)
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Input: A list genes/proteins
[Genebank/UniGene/Gene Symbol]
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Biological Process
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Cellular Component

Molecular Function
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Apoptosis Regulator

Apoptosis Regulator
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Gene Network Inference

Linear ModelLinear Model
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Weights Matrix
Apoptosis Regulator

Gene Regulatory Network:
Apoptosis Regulator
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Signal  Transducer

Weights Matrix
Signal Transducer
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Gene Network: Signal Transducer

Gene Network Modeling and 
Reconstruction

Bioinformatics (2004) 20: 3691-3. 
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GeneNetwork Software

• Interactive interface for reconstructing gene 
t k b d i d tnetwork based on microarray data

• Reconstruction Model

– Boolean Network

– Baysian Network

– Linear ModelLinear Model

– S‐System

• http://genenetwork.sbl.bc.sinica.edu.tw/

Bioinformatics (2004) 20: 3691‐3 
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BSIP
• Biological network modeling based on S‐system
• Network reconstruction from time‐series data 

http://bsip.hchuang.info/

Collaborated w/ Prof. F.S.Wang (CCU)APBC2006 Poster Award
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Gene Network of Caspase Genes

Apoptosis pathway

http://kegg.com/dbget-bin/get_pathway?org_name=hsa&mapno=04210
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Summary
• We have synthesized a novel cyclic‐RGD peptide, 
which induces apoptosis of MCF‐7

• These results provide a molecular explanation for the 
properties of cRGD in breast cancer cells and present 
a valuable in‐depth description of their possible 
impact on breast cancer therapy
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Drug Discovery:
ATP synthase, a new target for y g

cancer therapy

75

Rank of deaths from leading causes of 
death in 2007 

Rank Causes of death

1 Malignant neoplasmsg p

2 Heart disease

3 Cerebrovascular disease

4 Diabetes mellitus

5 Accidents and adverse effects

6 Pneumonia

76

7 Chronic liver disease and cirrhosis

8 Nephritis, nephrotic syndrome and nephrosis

9 Suicide

10 Hypertensive disease

Statistics data, Department of Health, Executive Tuan, Taiwan. 2008.
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40,000 

45,000 

Number of deaths of malignant neoplasm 
in the past two decades 
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77

‐
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Statistics data, Department of Health, Executive Tuan, Taiwan. 2008.

Breast cancer
• The most common malignancy among women in developed 

regions of the world.

• In the United States, more than 200,000 women are 
diagnosed with breast cancer each year and nearly 41,000 
patients die.

• Although breast cancer is primarily a disease of women, about 
1% of breast cancers occur in men.

• stages of breast cancer:

78

Harris JR. Staging and natural history of breast cancer. In: Harris JR, Lippman ME, Morrow M, Osborne CK, eds. 
Diseases of the Breast, 2nd edition. Philadelphia: Lippincott, Williams and Wilkins, 2000: 403-424. 
Cserni G, Kulka J. [New TNM classification of breast tumors]. Orv Hetil. 2003 Aug 10;144(32):1563-8
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Cancer Robustness

• Viewing cancer as a 
b t t ithrobust system with 

potential points of 
fragility opens up new 
strategies for the 
development of drugs 

79

and therapies.

Hunt for fragility: weaknesses in tumor growth
dynamics could yield new anti-cancer therapies.

NATURE 2003, 426, 125.

Targeting Therapy

• Drugs or other substances which identify and 
tt k ifi ll ith t h iattack specific cancer cells without harming 
normal cells. 

80
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Goal

• To discover drug targets and 
antitumor agents.

81

How Proteomics can help drug 
development

Cancer tissue

Normal tissue

82
Modified by Scientific American 2002
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Proteomics: Two‐dimensional Gel 
Approach

83Nature 2000, 405, 837-846

Proteomics: Peptide Mass Fingerprinting

84
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Scheme

Normal tissueNormal tissue
Tumor tissue

85

2DE Map

86
J Proteome Research 2008
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ATP Synthase

87

The Expression Levels of ATP Synthase β 
Subunit

2DE

Western blot

88

The expressions of ATP synthase β subunit in tumor tissues are 
higher than normal tissues. 
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ATP synthase

ATP synthase: to produce energy 
molecule, ATP Inner mitochondrial 

membrane

Mitochondrion

ATP synthase

89

ADP ATP

ATP

ADP
+
Pi

ATP synthase

The flow of hydrogen ions through an ATP synthase drives the formation of ATP.

ATP synthase

90
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ATP synthase

91
Proc. Natl. Acad. Sci. U. S. A. 98, 8519‐8524 (2001)

The action of subunit  on the lever of 
subunit 

 

92Nature 459, 364‐370 (21 May 2009)


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The function of the rotary electromotor 

• Torque generation by Brownian rotary motion 
d di t d i fland directed ion flow  

ATP

93
Nature 459, 364‐370 (21 May 2009)

Is ATP synthase also 
located on cell 
membrane ??

Extracelluar

94

Cytosol

For a long time, ATP synthase expression was believed to be found only in mitochondria 
where most cellular ATP synthase takes place.
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Characterization of ATP synthase expressed 
on MCF‐7 cell surface

1% Triton X 100

95

(A) Confocal microscopy image of the distribution of ATP synthase subunit on MCF‐7 cell 
surface. MCF‐7 were fix and with (lower)/without (upper) permeabilization. Red, ATP 
synthase subunit; blue, hoechst 33342. (B) Cells in red area represent the ones stained 
with anti‐ATP synthase subunit Ab followed by FITC‐labeled anti‐mouse IgG antibodies. 
Cells in black area denote negative control cells.

J Proteome Research 2008

Molecular modeling of the 
inhibition on ATP synthase

Homology modeling and 
t i li d d ki i l tiprotein‐ligand docking simulation

Sequence 
alignment
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Homology modeling of human ATP synthase 
using bovine as  the template

97

The sequence identity between human and bovine ATP synthase is 99%.
We used MODELER program encoded in InsightII and  used bovine ATP synthase 
which has the 3D structure as the template to model human ATP synthase.  
The structure with the lowest energy scores was chosen as the candidate.

JPR2008

Three potent drugs were screened out by 
protein‐ligand docking simulation

Aurovertin B

Resveratrol

98

Piceatannol

Docking simulation was done by the shape‐based docking algorithm LigandFit. 
All calculations were carried out in the Discovery Studio 1.2. 
Aurovertin B can dock into ATP synthase β subunit.   J Proteome Research 2008
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Structures of ATP synthase β subunit 
inhibitors

Aurovertin B

99Piceatannol Resveratrol

Inhibitory sites of ATP synthase
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Effects of ATP synthase inhibitors on cell 
viability in MCF‐7 breast cancer cells

101

When treated with ATP synthase inhibitor, aurovertin B, breast cancer cells exhibited a 
significant decrease in cell density.
Aurovetin B inhibited the growth of MCF‐7 cells in a dose‐dependent manner. 
The IC50 is 0.1 um.

Effects of aurovertin B on cell viability in 
breast normal cells (MCF‐10A) and cancer 

cells in vitro

MCF‐7 (IC50: 0.09)

T47D (IC50: 0.89)

MDAMB231 (IC50: 5.52) 

MCF‐10A (no significant cytotoxicity)

102

MCF‐7MCF‐10A T‐47D MDA‐MB‐231

The invasion capacity
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Cell viability of aurovertin B ‐treated 
MCF‐7 and MCF‐10A in different time

80%

100%

120%

Cell viability at 24 hr

0%

20%

40%

60%

80%

0 uM 0.1 uM 1 uM 5 uM 10 uM

MCF‐10A‐24 hr MCF‐7‐24 hr

120%

Cell viability at 48 hr
120%

Cell viability at 72 hr

103

0%

20%

40%

60%

80%

100%

0 uM 0.1 uM 1 uM 5 uM 10 uM

MCF‐10A‐48 hr MCF‐7‐48 hr

0%

20%

40%

60%

80%

100%

0 uM 0.1 uM 1 uM 5 uM 10 uM

MCF‐10A‐72 hr MCF‐7‐72 hr

Aurovertin B induces cell cycle arrest

S
G2/M

104

G0/G1

In aurovertin B treated cells, percentage of cells in G0/G1 phase was increased. 
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Annexin V for apoptosis & PI for necrosis 
assay

Annexin V for apoptosis

 As cells undergo apoptosis, PS isAs cells undergo apoptosis, PS is 
translocated to the outer leaflet of the 
plasma membrane and exposed to the 
extracellular environment.

 Annexin V, a 35‐36 kD Ca2+‐dependent 
phospholipid‐binding protein, could 
identify apoptotic cells by binding to PS
exposed to the outer leaflet.

105

 PI, propidium iodine, a dye for DNA 
structure.

 PI stain ability provides evidence of the 
loss of plasma membrane integrity

PI for necrosis

Aurovertin B induces apoptosis of MCF‐7

106
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Characterization of aurovertin B induced cell 
death in human MCF‐7 cells

107

Phase contrast microscopy shows cell shrinkage, irregularity in shape, and cellular 
detachment in aurovertin B‐treated cells. 
MCF‐7 cells stained with 4, 6‐diamidino‐2‐phenylindole (DAPI). Condensation and 
shrinkage of nuclei in aurovertin B‐treated cells

X

DeathCancer cells

No effectNormal cells
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Aurovertin B activated caspase‐dependent 
apoptotic pathway

109

Aurovertin B Inhibit ATP synthase

Induce caspases cascade

Caspase 3
Cell cycle 
arrest

110

Apoptosis

Caspase 8

Caspase 7

arrest
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Summary

• ATP synthase was upregulated in cancerous
tissues and expressed on the surface of

llcancer cells.
• ATP synthase inhibitor aurovertin B could
target on the cancer cells and leave normal
unharmful.

• Aurovertin B inhibits proliferation of breast 

111

p
cancer cells by inducing apoptosis and 
arresting cell cycle at the G0/G1 phase. 

• ATP synthase can be a good novel
therapeutic target.
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Mechanism study:
Systems analysis reveals the anti‐
leukemia molecular mechanism 
induced by Ganoderma lucidum

polysaccharides

Outline

• Introduction

Access more than 5,000 times

• Cell Death

• Cell Differentiation

• Summary

114
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INTRODUCTION

115

Ganoderma lucidum (Reishi)

• Ganoderma lucidum has been widely used as 
an herbal medicine for promoting health andan herbal medicine for promoting health and 
longevity in China and other Asian countries.

Bioorg. Med. Chem. 10, 1057‐1062 (2002).

• Polysaccharide extracts from Ganoderma

116

lucidum has been reported to exhibit immuno‐
modulating and anti‐tumor activities.
Bioorg. Med. Chem. 12, 5595‐5601 (2004).
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F3
• President Wong’s group purified the active 
components of the polysaccharide extracts by gel 
filtration chromatography and designated it as F3.

F3

117

155 205

Bioorg. Med. Chem. 10, 1057‐1062 (2002).

Reishi Polysaccharides

• The major carbohydrate components in F3 are 
glucose mannose and galactoseglucose, mannose and galactose.

Sugar Components of F3 Percentage (%)

D-Glucose 58.1

D-Mannose 15.1

D-Galactose 13.5

L-Fucose 7.1

D-Xylose 3.1

118Bioorg. Med. Chem. 10, 1057‐1062 (2002).

D-N-acetylglucosamine 1.2

L-Rhamnose 0.7
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Goal

• How can F3 stimulate anti‐tumor effects on 
cancer cells?

• To understand the molecular mechanism 
underlying the F3 exertion in THP‐1 cells

119

CELL DEATH

120
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Methods

121

Microarray
• A powerful approach to accurately measure 
changes in global mRNA expression levels.

• Used to 

– Discover novel genes

– Determine gene functions

– Evaluate drugs

Di t th– Dissect pathways

– Classify clinical samples.  
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Flowchart for Microarray Data Analysis 

123
BMC Genomics 8:411 (2008)

A Quick Check for Data Validity

These results showed the consistency in duplicate microarray experiments.

BMC Genomics 8:411 (2008)
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The scatter plot 
Clear separation of control and F3‐treated samples.

125
BMC Genomics 8:411 (2008)

Fold Change in Time‐course Gene Expression of F3‐ or 
LPS‐induced THP‐1 Cells

126
BMC Genomics 8:411 (2008)
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Search for Significantly Disturbed Biological 
Pathways

• Statistical methods based on Fisher’s exactStatistical methods based on Fisher s exact 
test and false discovery rate.

Nucleic Acids Research, 2004, Vol. 32,W460‐464
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All p value of significant pathways < 0.05
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Biofunction: Cell Death
 Genes associated with cell

death were showed by IPA
web tool.
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Ingenuity Pathway Analysis (IPA)
All p value of significant pathways < 0.01
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Comparison: F3 Treatment for 6 and 24 Hrs

• ArrayXPath

I d ti f t i th h DR3 d DR4/5 d th t– Induction of apoptosis through DR3 and DR4/5 death receptors

– NF‐B signaling pathway
– TNFR2 signaling pathway

• IPA
– Death receptor signaling

– IL‐10 signaling

131

– Interferon signaling

– IL‐6 signaling

– Apoptosis signaling

Induction of Apoptosis through DR3 and 
DR4/5 Death Receptors

132
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Apoptosis Assay
F3 Treatment: 30 g/mL

133* p value < 0.01

Network Plays a Central Role 
in Systems Biology

134

U.S. Department of Energy
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Time‐course Data can be Used to Infer the 
Network Structure

b da

a b

Expression level

c
1000

135

Time points

100

0 1 2 3 4

Gene Network Modeling and 
Reconstruction

136

Bioinformatics 2004, 20, 3691.

http://genenetwork.sbl.bc.sinica.edu.tw/
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GeneNetwork Software

• Interactive interface for reconstructing gene 
t k b d i t inetwork based on microarray or proteomics 

data

• Reconstruction Model

– Boolean Network

– Baysian NetworkBaysian Network

– Linear Model

– Simplified S‐System

S‐system Formalism

• Dynamics of biological systems can be 
d ib d th ti ll b S S tdescribed mathematically by S‐System
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Bioinformatics, 2005, 7, 1180‐8.
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BSIP
• Biological network modeling based on S‐system
• Network reconstruction from time‐series data 

http://bsip.hchuang.info/

139
APBC2006 Poster Award
EITC 2006

Caspase Cleavage

Initiator 
Caspase

Effector 
Caspase

140
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Death Receptor Pathway

Differentiation

h
p53 caspase

Macrophage
p53 caspase

Death Receptor Pathway

F3: 30 g/mL THP-1

141

Apoptosis

CELL DIFFERENTIATION

142
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Biofunction: Cell Differentiation

 Genes associated with cell
differentiation were showed
by IPA web tool
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143Protein-protein Interaction Network

Cell Morphology
F3 Treatment: 30 g/mL

Control THP-1
Macrophage-like cells400X

144

 Adhesion cells were increased in F3‐treated THP‐1 cells.

 Macrophage‐like cells were shown under the microscope by Liu’s 
staining.

F3_24 Hrs

100X
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Macrophage and Superoxide

• Superoxide and NO are toxic radicals 
produced by macrophages to kill microproduced by macrophages to kill micro‐
organisms upon infections.

145S. Perwez H. et al. (2003) Nat. Rev. Cancer

NBT Reduction Assay

• Superoxide anion was generated by xanthine‐

NBT Structure

Superoxide anion was generated by xanthine
xanthine oxidase and detected by the NBT reduction.

• NBT (nitroblue tetrazolium) is a reagent that can 
absorb superoxide and change it color to purple
(absorbed at 570nm).

146

• The soluble yellow form of NBT was reduced by 
superoxide to form insoluble, blue formazan
precipitates.
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NBT Assay: Superoxide Anion Formation
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• NBT assay showed insoluble and blue formazan precipitates obviously 
in F3‐treated THP‐1 cells.

• F3 treatment was able to increase NBT reduction significantly and 
might induced differentiation of THP‐1 cells into macrophages.
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148
 F3 could enhance G0/G1 arrest in F3‐treated THP‐1 cells for 24 and 48 

hrs.
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Macrophage Differentiation Markers

• Macrophage differentiation is associated with 
i d i f l hi hincreased expression of several genes, which 
are critical for the functionality of 
macrophage.

• CD11b CD14 CD68 MPO and MMP9 are

149

CD11b, CD14, CD68, MPO, and MMP9 are 
classical markers of macrophage 
differentiation. Aordet O. et al. Blood 15: 4446-53 (2002).

Ding Q. et al. J. Leukoc. Biol. 81:1568-76 (2007).
Jung H.S. et al. Inflamm. Res. 56:45-50 (2007).

Macrophage Cell Markers 

• CD11b, CD14, and CD68 are classical markers of 
macrophage differentiation.
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Macrophage Cell Surface Markers

151** p value < 0.001

MPO: Myeloperoxidase
• MPO is present in the granule, which is a major 
component of lysosome.

• The enzyme MPO is synthesized only in granulocytes 
and monocytic cells, making it an important marker of 
myeloid lineage.

152

• Decrease in the activity of MPO is a characteristic 
feature observed as monocytic cells differentiate into 
macrophages.

Koeffler H. P. et al. J. Clin. Invest. 66:1101-8 (1980).
Lin K.M. et al. Leukemia. 16:1143-53 (2002).
Shiney S. J. et al. Mol Cel Biochem. 233: 9-17 (2002).
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MMP‐9: Matrix Metalloproteinase‐9

• MMP‐9, a Zn2+‐dependent secreted type IV 
ll d d t ll l t icollagenase, can degrade extracellular mactrix 

components such as collagnes and elastins.

• MMP‐9 expression increases as blood 
monocytes differentiate into macrophages

153

monocytes differentiate into macrophages.

Michael H. et al. Biol Chem. 387:69-78 (2006)
Nicole. L. W. et al. J. Leuko Biolo. 80:1052-66 (2007).

Macrophage Specific Enzyme
 F3‐induced macrophage 

differentiation is associated with 
increased expression of CD11b, 
CD14, and CD68, while intracellular 
MPO decreased.

 F3‐induced macrophage 
differentiation is associated with 
slightly increased expression of 
MMP‐9, an important mediator of 

h h t ti ti itmacrophage chemotactic activity.

154【Protein】

【mRNA】
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Specific Involvement of Caspases in 
Differentiation into Macrophages

• Alteration of this pathway 
might account for the 

l i faccumulation of monocytes 
in the bone marrow and lead 
to leukemia formation.

• Differentiation‐associated 
caspase activation is highly

155

caspase activation is highly 
specific of the cell type.

Nathalie Droin et al. Biochimie 1:1-7 (2007)
Olivier S. et al. Blood 15: 4446-53 (2002).

p53 Family
• The role of p53 as a tumor suppressor is generally attributed to its 

ability to stop the proliferation by inducing cell cycle arrest or 
apoptosis.

• The p53 also have essential functions in differentiation control.

156Thurston S. Nature Rev. Cancer 7:165-168 (2007).
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caspase cleavage

Regulation of Differentiation into Macrophage

0        6        12      24 

F3 30 g/ml Treatment (Hrs)
p53 activation

Procaspase-3

Cleaved Caspase-3

Procaspase-7

Cleaved Caspase-7

P 8
 Caspase cleavage and p53 

157-actin

Procaspase-8

Cleaved Caspase-8

Procaspase-9

Cleaved Caspase-9

p g p
activation might partially 
contribute to the macrophage 
differentiation in F3‐treated 
THP‐1 cells.

Caspase Inhibitor: Z‐VAD‐FMK

• The general caspase inhibitor, Z‐VAD‐FMK, prevented the 
differentiation of F3‐induced THP‐1 cells into 
macrophages in a dose‐dependent manner and blocked 
the appearance of CD11b and CD14 on their plasma 
membrane.

158
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Regulation of Differentiation into Macrophage: 
Caspase Cleavage

• The caspase cleavage is specifically involved in 
the macrophage differentiation process.

Caspase Inhibitor: Z-VAD-FMK

159

p53 Inhibitor: Pifithrin‐

• The p53 inhibitor, pifithrin‐, also prevented the 
differentiation of F3‐induced THP‐1 cells into 
macrophages in a dose‐dependent manner and blocked 
the appearance of CD11b and CD14 on their plasma 
membrane.

160
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Regulation of Differentiation into Macrophage:
p53 activation

• Expression of p53 is involved in the induction of 
differentiation specific markers.

p53 Inhibitor: Pifithrin-

161

Cell Differentiation to Macrophage

Differentiation

Macrophage
p53 caspase

F3: 30 g/mL THP-1

162
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SUMMARY

163

The anti‐leukemia molecular mechanism 
induced by F3

Differentiation

Macrophage
p53 caspase

Death Receptor Pathway

F3: 30 g/mL THP-1

164

Apoptosis


