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Introduction

Systems Biology

* Definition: Quantitative study of biological
processes as whole systems instead of isolate
parts.

e Goal: Construction and experimental
validation of models that explain and predict
the behavior of biological systems -2001, 2nd
International Conference on Systems Biology




Why Do We Need Systems Biology?

* The map of the genome is just the rule book;
“systems biology” is the ball game.

— by Alexandra Stikeman, Technology Review, 2002
March

Science [ nature

Recent Developments of Systems Biology in
usS

* |In 2003, MIT received a 5-year 16 million
research grant from National Institute of
Health to study systems biology.

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

BICLOGY
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Data mining /

Leroy Hood, ISB Genersie modl

Approaches to Systems Biology in the
Pharmaceutical Industry
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Basics of Biology

genome /

* chromosomes

===~ QENES »= ===~ >

Genes contain
instructions
for making
proteins

Proteins act

or in complexes’
perform many cellular
functions

U.5. DEPARTMENT OF ENERGY

Systems Biology & Omics Data
.f"BTo'i;fé:rhgiiEé"\,

Drug discovery
Development process
Understanding drug toxicology—

Transcriptomics)
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Traditional and Current Biology

e Traditionally, biology has been an
observational science.

* Now, biology has been converted into
deductive science.

The Data of Bioinformatics

* Very very large amount

* Nucleotide sequence databanks contain 1.7 x
10*? bases

e 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.
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Growth of the International Nucleotide Sequence

Database Collection
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Growth of the world-wide Protein Data

Bank
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The History

Sequence database
began in the early 1960s,
when Margaret Dayhoff
and colleagues at the

Protein Information
Resource (PIR) collected
all of the protein
sequences known at that
time.

* Atlase of Protein o=
Sequence and Structure '

PIR: http://pir.georgetown.edu/

The History

* The advent of DNA
sequence databases in

1982, initiated by the g S

European Molecular
Biology Laboratory
(EMBL) and joined
shortly thereafter by
GenBank, led to the
next phase in the
history of sequence
databases
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NCEI Home

NCBI Site Map

GenBank

GenBank Overview
~ Jtor
» What is GenBank?

GenBank™ is the NIH genetic sequence database, an anncéated colection of &l
publicly available DNA sequences (Muclec Ackds Research, 2008 Jan 36
(Duatabase sy 025-30). There are approumately 85,750 583, 764 bases in

B2 B53 685 soquenca records in the radsonal GenBank divisions and
108,635,736, 141 bases i 27439 206 sequance records m the WGS division as af
Fabruary 2008

The complete relaase notes for the cument version of GanBank ane available on the
NCBI fip site. A new reloase is made evary two months. GanBank is part of the
Intarnationsl Nucleolide Sequence Dulabass Colaboration, which comprises the
DMA DataBank of Japan (DDBJ), the European Molculsr Biokogy Labarstory
(EMBL), and GenBank at NCBI. These three organzations exchange dats on &
dialy Busis

An example of & GenBank fecord may be viewad fof & Ssccharmyces coveisae
gene

» In The News: Platypus Genome

Explora Platypus Genome resources
« Platypus Genome Prosgct
= Platypus Taxonomic and Sequance Resources

o Platypus Genome Resource Guide

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

Platypus Geneome

Search Gonome Prowct ~for|

Lonats | Prevsmingson | Hestony | Chptoond | Dot

Diaplayr | Overves = Shew (70 = Sendlo =
MY En 0 | Ekaryoos: | | Prokanyoies 0 %)

Gereime Frogect > Oenithorynchius anatinus (duck-billed platypus)

Resource Links  Ornithorhynchus anatinus, or duck-billed platypus, is a primitive egg-laying mammal

* Li 1 Eukaryota: Metazoa: Chordata; Cramiats; Vemabrata: Eutelecstom: Mammalia; Manoframals; harhynehidas. O

1 + | 2 o
Phato: OF. Liowd Glean Ingles © CalMormnda

i: Omnitharh anatinus

Acadamy of Sclonces

Search Map Viewer for
Available maps:

WashiLGEC

Find | [ Advanced Search

Sequence Maps

n;u;-u“- rmmm

Comparative genomics: |
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10



«for |E3

International sequence databases exceed 100
gigabases

In August 2005, the INSDC ammounced the DNA sequence
database exceeded 100 gigabases. GenBank is proud of its
Submit to contributions toward this milestone. We thank all the scientists
GenBank who have worked through the submission process at GenBank
and made their sequence data available to the world. See the

Updates related press release.

Search Growth of the
GenBank International Nucleotide Sequence Database Collaboration

—

g
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We look forward to working with you all i the future to
continue this tradition as the database continues to grow
exponentially.

International Nucleotide Sequence Database
Collaboration

ISl o @svian~ @

2 Sequence Datbases has kc 10 many bens ceal procts THat Promise 10 pollerats in e mokscubar biology Communty

Softs P aimmes and pobicies of I kong-ostabhshed

BN 3

The db_xref Qualifier

& recently added b

The country Qualifier
A nrw qualkber was recently 53ded % e Fasture Tatls £y} 10 vt oo courtry of ongin of a DA sampke
Feere March

it elhot 1G0T NG PN
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DDBJ

Joined the data-collecting collaboration a few
years later

wese Page

| .

| m (Feli 28 S AR URA, Data subimission, update, and release resumed fog
details, see

about DOAJ
[ Dtz subrmisson | What is DDBJ

DRI (DA Diata Baad: of Tapiau) began IINA datn bk activities o eamest i 1986 of
i

International Nucleotide Sequence Database
Collaboration

* |n 1988, there was an agreement to use a
common format for data elements within a
unit record and to have each database update
only the records that were directly submitted
to it.

e DDBJ/EMBL/GenBank records are updated

automatically every 24 hours at all these sites.

2010/5/17
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Data Flow for New Submissions and Updates
between the Three Databases

r e T
| Enfre? |

Y
NrBI /(
+ Submissions GenBank

«Updates —

'Updale‘s
EMBL |
/;na \\‘— (l/ EBI ~/
]

NIG « Submissions |
e Updates
g

iy i
| [=h{=

| ity | !

—— . ) |

» Subrnissions

SH‘S

—

EMBL

First Protein Sequence Database

In 1980s, Swiss-Prot Protein Sequence Database was laid.

] [ R — sowx =

: | s — |
e =
- -

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

& Aty o sapary saphid]

bl L B
s ExPASY Homa page Sty Map Swarch ExPASy Contact us PROSITE Protecemics tocks
Search | Srass-FrofTrEMEL = for (G0 | e
e on® Swiss-Prot
- 5
. .. Protein knowledgebase =
SuiSProt TrEMBL UniProt
: . Comp to Swiss- o
eruirg e 200 Arrvvrsary of SssPrt Pros

The UniPrat Knowledgebase consists of
« UniProtKB/Swiss-Prot. a curated protein sequence database which strives to provide a high bevel of annatation {such as the
description of the function of a protein, its domains structure, post-translational modifications. variants, etc. ), a minimal level of
and high level of ion with other [More details ! References | Linking to Swiss-Prot / User marual /
Recent changes / Disclaimer].
« UniProtKB/TrEMBL: a computer-annotated supplement of Swiss-Prot that contains all the translations of EMBL nuclectide
sequence entries not yet integrated in Swiss-Prot

These databases are developed by the Swiss-Prot groups at 5IB and at EB|

UniProt Knowledgebase Release 7.1 consists of:

UniProtKB/Swiss-Prot Release 49.1 of 21-Feb-2006: 208005 = Swiss-Prot headlines
entries [More statistics) Over 25'000 protein polymorphisms annctated in
UniProtKB/TrEMBL Release 32.1 of 21-Feb-2006: 2618388 UniProtKB/Swiss-Prot (Read more...}

entries (More statistics)

Access to the UniProt Knowledgebase
= SRS - Access to Lini Prot, U BITrEMEL and other using the Sequence Retrieval System
» Full text search in the UniProt Knowledgebase
» Advanced search in the UniProt Knowledgebase by description, gene name and organism (can be used to create himi links to
UniProt Knowledgebase queries)
= Taxanamy browser (NEWT}

Goals

e “Saw life clearly and saw it whole”

Understand integrative aspects of the
biology of organisms

e To interrelate sequence, three-dimensional
structure, interactions, and function of
individual proteins, nucleic acids and protein-
nucleic acid complexes

2010/5/17
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DNA RESEARCH REQUIRFS

SYNERGY

o

Schematic of the Relationship between
the Different “omics” Disciplines

DNA
l Genomics 2
= <
mRNA Functional =1 g
Genomics € =
l 3l
Prorltem Proteomics
Metat!;lites, V

small molecules

Annu. Rev. Genomics Hum. Genet. 2004. 5:267-93

2010/5/17
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Protein-Protein Interactions &
Biological Pathways

e Kanehisa (2000):

Interaction — Network — Function

Post-genome informatics (2000)

Processes Involved in Expressing a Specific
Phenotype in a Cell

Allosteric regulation of enzymes

g — > Biochemical
® @ . g
Translation T /‘ : Molecular
mRNA 7 biology
sy, ) Protein-protein interactions

TGene transcription

DNA gz Chromosome

2010/5/17
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Protein-Protein Interactions

* Protein-protein interactions are intrinsic to
every cellular process.

e Form the basis of phenomena
— DNA replication and transcription
— Metabolism
— Signal transduction
— Cell cycle control
— Secretion

17



Construction of Gene/protein Network

e Electrophoresis (2002) 23: 2490 -2504.
e Bioinformatics (2004) 20: 3691-3693.
e Proteomics (2006) 6, 2991-3000.

PROTEOMICS
1006

eweprotacmios.journalcom:

Cancer Robustness

* Viewing cancer as a B
robust system with Ly
potential points of . E .
fragility opensupnew | =

strategies for the
development of drugs
and therapies.

= E=h s iR,
; DA A
NATURE 2003, 426, 125.

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

2010/5/17
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Structure of Integrin

o subunit B subunit

* Hynes in 1987 to
emphasize the role of
these RGD receptors
in integrating the
extracellular matrix
outside the cell with
the actin-containing
cytoskeleton inside
the cell.

Interactions of Integrins w/ Other

Proteins
e Signal are
__RGD motif presumably
Al £H transmitted into
the nucleus,
where they
stimulate the

s 3" " Cytos transcription of
é F. Signal . .
' § FN 7 \ et gene involved in
& & &£ 1in B ‘ to the nucleus

ﬁg’ r 29 Ay AP VRN cell growth and
g _‘; 7 al Nucleus . .
%tIE%D e (a0 16 proliferation

o

. DMA
— i Paxillin
Actin filament r@.

(c)
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A Novel Compound —
Cyclic RGD

3D Structure of Cyclic-RGD

Cis form Trans form

2010/5/17
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X-tal Structure: Integrin + RGD

Science 296, 151 (2002

Only Trans-cRGD Fits

RGD cRGD
control |- control
1mM & 05mM
5mM 1mM

2010/5/17
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Characterization of the Cyclic RGD
Induced Cell Death in Human MCF-7

Cells

@100
@
RCHCECECEE

Bioinformatics
Analysis
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Protein Identification

Up-regnlated profeins.
aTa" MKSTYX
T2 CF12
sT4" HSPAR

615" CFL2
615" PANKI
6T sniz

11" PSCA
214" TURAR
HT8" TIMM
HTS” §T2
nr-w" 3TYX
H"  =FTPD

48T NME
dar.2" nic
4t usem
T TRIMB
st ok

" PRDX2

Down-regulated proteins
61" DT
602" GAPD
603" ZFPIs]
-4 pDX21
4C.5" PPIA
6" PPIA
240" ARFI?1

240 ALDOA
244" GUCAIB

243" FNO1
ue-12" GRB2
24c-13"  HNRPAZBI
240.14"  HNRPA2BI
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Heag®  TIAFI

T NMR2
450 UBEA3

42C-3"  RYRI 72C-15¢ PRX
48C4"  [INR?A2BI  72C-19° NF2
A8C-5" VDAL 72C-207 ACTGL
485C-6"  HNR2A2BI

4ac8”  DUT

72C-1%  HNR?AZBI

720-2%  HNR?A2B1

703" VDAC

7047 NQO2

72C-5"  NMEL

70T TIMMRA

73C-™®  HRGI

72C8%  NPMI

720" TIAFI

TF2C-10"  ATOXI

72C-11""  RNASER

72C-12"  HSPEL

720-13" 'TBCA
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Hierarchical Clustering Analysis of Cyclic RGD-
induced Protein Profile of MCF-7 cells

@I

Gene Annotation

* Gene Ontology Consortium
— Biological Process
— Cellular Component
— Molecular Function

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

— http://bgssj.sourceforge.net/
— Automatic functional classification
— JAVA application (requires J2RE 1.3)

2010/5/17
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Bulk Gene Search System for Java

Choosedata adapier File Export Choose Database

Gene/Protein function search: (Please separate identifiers with spaces. eg.Hs.126248) pe=line
SACT GRIAZ SHC1 CDKS SCYAZ LIME1 AREG MARCO CBX3 EEF1A1CACNES  OK ® Gene/Protein ID. (; Gene/Pratein symbols
| Defautt -
Category. |al| V| Level: |2 -
MName Times Percent(%;) |
integral to membrane [ 26 -
protein binding ] ¥iil
extracellular space a 21
membrane 4 7
nucleus &l 21
cell growth andior maintenance 4 17
regulation of transcription, DNA-dependent 4 17
DA hinding 3 13
G-protein coupled receptor activity 3 13
G-protein coupled receptor protein signaling pathway 3 13
cell praliferation 3 13
cytaplasm 3 13
cytokine activity 3 13
GTP hinding 2 g
aXONnogenesis - 1 1 2 a
e Input: A list genes/proteins —
calcium ion bin - 2 8
ermanae [ Genebank/UniGene/Gene Symbol] iz
growth factorac | 2 g
intracellular signaling cascade 2 g
inflammatory response 2 a
ion channel activity 2 8 |

51, AREG, P2Y5, MARCO, ADORAZA, ADCYAP1 R1, CBX3, GATA2, FAF1, JUNE, GLO1, PDGFA, BTG1, EEF1A1, 5100411, LCP1, GACNBS, ACYP1]

£ PBulk Gene Search System for Java

Choosedata adapier Fle  Export  Choose Database

Diata Type
GeneProtein function search: {Please separate identifiers with spaces. eg.Hs.126248) b

RACT GRIAZ SHC1 CDKS SCYAZ LIMS1 AREG MARCO CBX3 EEF1A1CACHE3 | OK (@ Gene/Protein ID. ) Gene/Protein symbols

| Derautt -

ene_ontology(23)

@ molecular_function(21)
@ binding{14)
@ protein hinding(7)
@ nucleic acid bindingid)
@ nucleotide bindingi(2)
@ purine nucleotide binding(3)
@ metal ion bindingi2)
@ receptor binding(4)
@ signal transducer activity(d)
@ receptor binding(4)
@ receptar activity(5)
G transmembrane receptor activity(5)
@ G-protein coupled receptor activity(3)
scavenger receptor activity(1)
@ glutamate receptor activity(1)
inotropic glutamate receptor activity(1)
@ nucleotide receptor activity(1)
@ purinergic nucleotide receptor activity(1)
@ purinergic nucleotide receptor activity, G-protein coupled(1)
@ adenosine receptor activity, G-protein coupled(1)
A28 adenosine receptor activity, G-protein coupled(1)
@ transcription regulator activity(3)
transcription factor activity(2)

81, AREG, P2va, MARCO, ADDRAZA, ADCYARPTR, CBX3, GATAZ, FAF1, JUNB, GLO1, PDGFA, BTG, EEF1AT, 8100411, LCP1, CACNEZ, ACYP1]

26



2 Bulk Gene Search System for Java

Choosedata adapter File Export Choose Database

Gene/Protein function search: (Please separate i ifiers with spaces. eg.Hs.126218)

Data Type

‘?Am GRIAZ SHC1 CDKS SCYAZ LIM31 AREG MARCO CBX3 EEF1A1 CACN53| oK | (@) Gene/ProteinID. () Gene/Protein symhaols

[perautt

-

Gene Information |

Gene Ontology 23
RACI
GRIAZ
SHC1
CDK35
BCYAZ
LIMS1
AREG
PiY5
MARCO
ADORAZA
ADCYAPIRD
CB33
GATAZ
FAF1
JUNMEB

RaCl
GRIAZ
SHC1
CDKS
SCYAZ
LIMS1
AREG
Pivs
NARCO
ADORAZA
ADCTYAPIR]
CBX3
GATAZ
FAFL
JUNE

Racl

ghitamate receptor, ionotropic, AMPAZ (alpha 2)
st homaology 2 domain-containing transforming protein C1
Cok3

small inducible cytokine A2

LIM and genezcent cell antigen-like domains 1
amphiregulin

purinergic receptor (family & group o)

macrophage receptor with collagenous structure
adenosine AZ2a receptor

adenylate cyclase activating polypeptide 1 receptor 1
chrotnobox homolog 3 (Drogophila HP1 garmima)
GATA binding protein 2

Fas-associated factor 1

Jun-B oncogene

51, AREG, P2Y5, MARCO, ADORAZA, ADCYAP1R1, CBX3, GATAZ, FAF1, JUNE, GLO1, PDGFA, BTG1, EEF1A1, S100A11, LCP1, CACNES, ACYP1]

Biological Process

metabolism

cell growth / maintenance
response to external stimulus

cell communication

reproduction
cell death
cell motility
excretion

pattern specification

2010/5/17
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Cellular Component

Molecular Function

2010/5/17
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Apoptosis Regulator

Apoptosis Regulator
A

U60519

L.

U97075
AF051941

U13738

AF005775

U60521

748810
AAF19819
U67319
U28976

ai

AF015450

2010/5/17
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Gene Network Inference

Linear Model
Ay.; t
At( ) ;wﬁyj (t) + b,'
Ay(t)
o Wxy(t)+B
W’ R T (YT x ¥)™!

At

2010/5/17
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Weights Matrix
Apoptosis Regulator

Weights Gene 1 Gene 2
2.670363 AF015450 Us0521
2068236 AAF19819 60521
-1.889373 AF015450 AAF19819
-1.427408 AAF19819 AAF19819

-0.81632 AFQ05775 AF005775
-0.761848 UI13738 AFO005775
0.763277 AF015450 60519
0.682257 Ul3738 AAFI19819
0.646907 ZAB810 AF005775
0.638552 AF015450 AF0Q05775
0.832796 AF005775 Z48810
0.5604627 AF005775 AAF19819
-0.55848 Z48810 AAF19819
0.543142 AAF19819 ua0519
-0.527872 U60521 Ue0521
0.518056 U28976 60521
0.508007 Uaens21 AF005775
0.499483 Ul3738 Z48810

Gene Regulatory Network:
Apoptosis Regulator

easpase 9, apopiosis-relaied
cystelne protease
CASP8 and FADD-like (1760530)
upsplosls regulaior
(AF#1 54,
caspase 10, apsptosk-relared (ARSI +2.670363
cysteinr proteme _____). S
(L'60519) +0.753277

-1.889372

._____...-« / \ +2.068236

+0.636552

CASPS and FADD-like
apophosls l!l!'l"l“'r inhibitor of apoptesis protein
(AFO85775) (AAF 19819,
\ +0.682257
i -0.761848 KI
+0.646907 caspusc i -relmtd
cysteine profease
(U13738)
caspase 4, apoplosis-related
cysteine protease
(248810}

2010/5/17
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Signal Transducer

303071
X15215
S75361
M37483
U14187
D12614
NM_005130

(s25

v 7
M12783

AF107885

Us2112

M83575

L13857

A1692949

AW663903

AI222700

MsT7390

U31176 -
X03438

AIBSS899

AB009249

U73737

U66406 L

AF266504
AWSS73T0
AB039723
77227
AF010312
M3s5878
NM_005425

AF179274
ABO17365
AF03S835
D25328
NM_003242
S81439
ABO17364
L138S8
127475
AFO06S868
V34480
NM_005928
AF005271
X53038
AI127370
AF002986
M37763
AF 107885
AFOS1S13

u72338

AF041240

M3T43S
ABOODS09

AL634668
S77035
AF107885

Weights Matrix
Signal Transducer

‘Weights Genel Gene2

-0.875598 NM_003242 L27475
0.834468 M37435 L274786

-0.78655 L27475 L27477
-0.760695 Mz21188 L2Z7478
-0.728793 DB3395 L27479
0.645775 NM_003242 NM_005429
0.608239 NM_003242 NM_005430
0.558504 L27475 NM_005431
0.538674 D63395 NM_005432
0.530764 U7233% L27475
0.455149 AF041240 L37476
0.453129 Al634668 L27477
-0.452645 ABO17364 L27478
0.449854 NM_003242 Ul12535
0.444301 M21188 AF251118
-0.442259 M37435 Us2112
0.437687 M21188 Ul2535
0429097 NM_003242 AF2S1118

2010/5/17
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Gene Network: Signal Transducer

vascular endothelial growth factor C
NAE GSiEi .
e insuli

~degrading cnzyme

HLGORZIY MZIITS,

annli (Drosap! +0.444301

epidermal growth factor

receptor pathway substrate 8 - homnlog 1
+0.645775
U155
Interloukin-1 Superfamily 2
+0.558504 (AF251118)
+0.449854 -0.760695
0728793
ing prowih n.mu,*\_
Detu receptor T (70-80KD) -0.875598
(NM 003242)

wman interlenkin-1 hets
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Gene Network Modeling and
Reconstruction

o136

-

APPLICATIONS NOTE ©

% GeneNetwork: an interactive tool for
reconstruction of genetic networks using
1 microarray data

3 Ghia-Chin Wu', Hisuan-Cheng Huang 1.2, Hsuah-Fan Juan®? and
Shui-Tein Chen ™3

Phecobnd o Moverntos 12, 2005, soviisd o el 29, 2004, acoepted o oy 5. 2004
Ao hocws publication Ay 22, 2004

ABSTRACT
Summary: Inleming gerehc network archiecture Som me

validated experimestally
Beomre most penetst senwork puodels see mathematc II\

tempts Barve baeny made
of the mathemabcal models. A simple graphacal user rter.  prior known knowledge asd to simulate 5y
anabyus of the
] .") explore gene

Thus paper presents a cmwnmml and user-friendty »ol't

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

* Interactive interface for reconstructing gene
network based on microarray data
e Reconstruction Model
— Boolean Network
— Baysian Network
— Linear Model
— S-System
e http://genenetwork.sbl.bc.sinica.edu.tw/

Bioinformatics (2004) 20: 3691-3

Interactive - Data Input
Interface l

Data Interpolation

1 Linear interpolation

Interpolaticn
controller - 2 Lagrange Polynomial interpolation

3 Cubie Spline interpolation

L

Reverse Engineering Models

. 1. Boolean Network
Modeling 2. Linear Model
USER ” controller - 3 S-System

4. Bayesian Network

Genetie
l == | Agorithm
Search the
Solution pese

Gene Regulation

Information
r - _ Matrix

On-linear database l
validation
Network Visualization

L Network 1. Random Layout
graph viewer
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Duta ot &

VA tt-delimitad tet il i reguired for e input
The fallowng ¢ & example.

GENE NAME The snnresistion of a5ch gene name
(GENE |D: Tha secession number of sech gana

DESCRIPTION. This column cortein & funclions| and
biglogical description of each gene.

TIMET 4 A experiment in & bme point

DATA Exgression dera for a single gene in  single
| wssamar s g

GENE NAME|GENE ID_|DESCRIPTION 6 Hour |24 Hour[48 Hour|72 Hour
CASFG and FADCHIKE
PO [ e rpuator oge | os3t | 1am | seiz

Inhibitor of apogtosis
protein

1Pt |aar1aate

related cystein

lcFLAR 0786 0908
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®

Gane Indar: F 4

™ D ot shas e [ o0 e st ¥ ® ©.
oran coczn
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oK =0

Gonel0: RIS

2

APBC2006 Poster Award

BSIP

* Biological network modeling based on S-system
e Network reconstruction from time-series data

Qf BSIP BSIP Services

http://bsip.hchuang.info/

To access BSIP, pleass choose a service below:
Services Ingut File Builder 1.1
Input Buider For making an input file 10 it in the dewermination program,
Parmmetar Detaning 1f you didn't have an input data file, pleass click here o stant!
Run Online! Run Parameter of Equations Desermining Program ONLINE! v1.0
User's Guide For who had an input file and want 10 run the progrm ONLIVE.
sy T your data i not very huge, we can solve the equations for you_and send you an e-mail for the nesults
Main Program Executable File for Determining Equations v1.6
Input Buider For who had an input file and want w make a detesminaton program and download them.
Pansster Daterrine If your data is very huge, we suggest you 1o download the executable file and run them on your computer.
Run Online! : -
News This program is written by Heary Ou, NTUEE
Related Links = 2 o
Site Map \
Homepage | '
1 .
Contact Us 1 \'\)BS]P -
| -

\ WiehClient

Collaborated w/ Prof. F.5.Wang (CCU)
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Gene Network of Caspase Genes

INh_004347
caspase b

INM_001228
caspase B

MM_032976
caspase 10

Interaction Type:

— Active Regulation
(UM 001225 — Inhibitive Regulation
caspase 4 — Pasitive Sel-Fegulation

— Meaative Sel-Regulation

MNh_001223
caspase 1

MNh_D01228
caspase b

Nh_001227
caspase 7

MNh_D01229
caspase 9

Apoptosis pathway
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_/]—r‘""“' . 1 ? {Eaz]
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+
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o} Iy —
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et SLass

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
cancer therapy

75

Rank of deaths from leading causes of
death in 2007

Rank Causes of death

Heart disease

| Cerebrovascular disease

Diabetes mellitus

Accidents and adverse effects

Pneumonia

IR R R R

isease a

mmy
o
@D
v
|

Ch
Nephritis, nephrotic syndrome and nephrosis

amdingL o Snni i Seeide .

'l X FN - N

o

10 Hypertensive disease

76
Statistics data, Department of Health, Executive Tuan, Taiwan. 2008.
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Number of deaths of malignant neoplasm

Counts

in the past two decades

45,000 -
40,000 -
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& &

D O N DN P N S D PP PP O S
P D P PSP K NI LTS
0\9@«9«9\9\9\9\9g°’q°"9ﬁ9’\9'»°'9"9ﬁ9

Year

77
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:

B

Stage | Stage Il Stage Il

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.

78
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
robust system with e 4
potential points of |
fragility opens up new |
strategies for the W
development of drugs [ ,;’ .
and therapies. " ¥

Hunt for fragility: weaknesses in tumor growth

dynamics could yield new anti-cancer therapies.

Targeting Therapy

* Drugs or other substances which identify and
attack 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

FINDING NEW DRUG T
[Here, dovising a drug to kil

. OVERPRODUCED
PROTEIN IDENTIFIED

Cancer tissue

Normal tissue

= X-RAY SOURCE

DRUG BINDING TD ACTIVE SITE

PROTEIN

Modified by Scientific American 822002
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Proteomics: Two-dimensional Gel
Approach
f * 24 PH 7o
- —
v ‘ o Solubllize protens =] 3]
Condition & from cells e Faducton
= = L L
LI | [ — alkeyletion
LI
LI I lsnelectric focusing on
condition B e - of brosd-rangs pl strips S0E-PAGE
ffirst dirmension) [sacand dimension)
Staining
1. Sihvar
2. Commesse
3. Fluorescant
4. futoradiography
Mass spactrometric o
identfication of spats A [ R o] L e
83 shown In Figure 1 N B RS = OGN "::F-
Excision of spots of intersst Condition & Condition B
Irmiege analyals
Nature 2000, 405, 837-846 83

Proteomics: Peptide Mass Fingerprinting

A.  Electrophoresis
Protein Peptides

N
O—r@—rg}\_xc —>
IPUPIE S | Il |y

m/z
Acquired MS spectrum

B. MAAVFLTGNWPIHGGC

GLYSTTVFLAK
GICKGLYSTTVFLAKQ
HKMNPTYNQFRMHSNL ~— ™  MNPTYNQFR —
CAHPFTRLVSDEGDKC LVSDEGDK
GILNFPPS | |
Protein in Predicted peptides | |w 11
database from hypothetical &

Predicted MS spectrum

trypsin treatment
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Scheme

Normal tissue

85

J Proteome Researgg 2008
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ATP Synthase

Targeting Therapy for Breast Carcinoma research articles

Table 1. List of ldentified Proteins with Significamt Differemtial Expression in Cancerous Tissues

Avceitkin Blokgieal . Querks  Thevretical Theorethal Expresshin
ot wunibr Prafein name e Score Covernge matched MW (Da) Fl Ratle 0 view
4 P '“m'""“::::‘:':"‘““""‘*“’ sntispoptosis 151 035 W 72084 507 45 T ety

e A
& FOBIOT Heat shock 70 kDs peetein | amti-apogiosis 160 032 17 B 348 158

21 PORTIE Ammexin AF anti-apopioss 184 036 17 35914 e 99
n
® PILIG Peroriredain.2 ti-apopis W 036 # 2878 S5 m
Jaln
aal
9 PR Perowiredatine? ami-apoposis 59 035 [ 21878 566 346
_ AL A
y . ant-apopiosis, ——— T
27 2 i o S b 3 3 1 3 n
27 AR Glutsthivne Setransferase P membotic . 56 0 5 ] 54 1

ATF synthase subunit bets,
funsliial precisso:

W F6sTe catalytic sctivity 149 .42 17 56525 526 445

The Expression Levels of ATP Synthase B
Subunit

2DE
L - Western blot
~ e
i R E] y
‘ 1 %
i liEm @
Normal L-l-"?m(;r_

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

88
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ATP synthase: to produce energy
mO|ECUIe, ATP Inner mitochondrial

/ membrane

ADP—> ATP

AR

- - - 89
The flow of hydrogen ions through an ATP synthase drives the formation of ATP.
The Nobel Prize in Chemistry
1997
"for their elucidation of the "“for the first
enzymatic mechanism underlying  discovery of an
the synthesis of adenosine ion-transporting
triphosphate (ATP)" enzyme, Na+,
K+ -ATPase”
Paul D. Boyer John E. Walker Jens C. Skou
@ 1/4 of the prize @ 1/4 of the prize @ 1/2 of the prize
=) Urited Kingdom Denmark
University of MRC Laboratory of Aarhus University
California Molecular Biology Aarhus, Denmark
Los Angeles, CA, Cambridge, United
usA Kingdam
90
b. 191_! b. 1941 b. 1918
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ATP synthase

-
m

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

The action of subunit y on the lever of
subunit 3

Nature 459, 364-370 (21 May 2009)
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The function of the rotary electromotor

* Torque generation by Brownian rotary motion
and directed ion flow

ATP

93

Nature 459, 364-370 (21 May 2009)

Is ATP synthase also
located on cell
membrane ??

T ' 4 18RRI
ORI . PRRBMAADSIRRA :  Jy I
L T R T T R

For a long time, ATP synthase expression was believed to be found only in mitochondrja
where most cellular ATP synthase takes place

2010/5/17
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Characterization of ATP synthase expressed
on MCF-7 cell surface

@A)

1% Triton X 100

10’ 1w
FITC

(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
protein-ligand docking simulation

Sequence . “

alignment

—
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Homology modeling of human ATP synthase
using bovine as the template

» el JPR2008
Side View Top View

The sequence identity between human and bovine ATP synthase is 99%.

We used MODELER program encoded in Insightll 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. 97

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

Aurovertin B

"

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  subunit. J Proteome Researcﬁ82008

2010/5/17

49



Structures of ATP synthase B subunit
inhibitors

Piceatannol Resveratrol

99

Inhibitory sites of ATP synthase

Angiostatin, Enterostatin,
Ci iridin, Qui ine i
Bathophenanthroline-metal
chelates

Bz-423, Estrogens

Tentoxin

Efrapeptins

Substrate analogs,
DCCD, CMCD, EEDQ, — & [
NBD-CI (f;), Azide

Aurovertins, Asteltoxin
Resveratrol, Piceatannol

a-Helical basic
peptides

Oligomycin. Venturicidin
DCCD, NCCD, R207910
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Effects of ATP synthase inhibitors on cell
viability in MCF-7 breast cancer cells

» 1 3 »
=]

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 ICgy is 0.1 um. o

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

MCF-10A (no significant cytotoxicity)

- 5@\?\.__———\
"\.‘ MDAMB231 o 5.52)

i - .
T *. 147D (ICSO: 0.89) -

-----
---------

---------

[ |} [ =] ] EL | Sall Lo
The invasion capacity
CF-10A
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Cell viability of aurovertin B -treated
MCF-7 and MCF-10A in different time

Cell viability at 48 hr

120%
100%
80%
60%
40%
20%

0%

Cell viability at 24 hr

—
. N, /
~E
ouMm 0.1uM 1uMm 5uM 10uM

=4—MCF-10A-24 hr  =>&=MCF-7-24 hr

Cell viability at 72 hr

- S _
B - 100% Q:\ R ’E‘\\\
. ~
TP 80% ~i
LTy Woeeeeeer R [ ] <
- 3irrre 60% S
R IR Xeveeenn. | Y
ceadft 40% [ ] ——@ ey -
20%
0%
oum 0.1uM 1uM 5uM 10uM oum 0.1uM 1uMm 5uM 10uM
103
o4+ MCF-10A-48 hr  ---+ MCF-7-48 hr

== MCF-10A-72 hr = @= MCF-7-72 hr

Aurovertin B induces cell cycle arrest

GG &GN

@
‘m
=

Cuall Com

aipM

GG &GN

138348
&
.

|t

alal & ai i E

In aurovertin B treated cells, percentage of cells in GO/G1 phase was increased.'**
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Annexin V for apoptosis & Pl for necrosis

[ = Plasma membrane
B = Phosphatidyl serine
@ =Plor 7AAD

‘ﬁ =AnnexinV-FITC

° ;
/o, ® @ Y
Lafe Apaptotic
o /Necrotic ¢°

assay

v’ As cells undergo apoptosis, PS is

translocated to the outer leaflet of the
plasma membrane and exposed to the
extracellular environment.

v Annexin V, a 35-36 kD Ca2*-dependent

phospholipid-binding protein, could
identify apoptotic cells by binding to PS
exposed to the outer leaflet.

v’ PI, propidium iodine, a dye for DNA

structure.

v’ Pl stain ability provides evidence of the

loss of plasma membrane integrity
105

Aurovertin B induces apoptosis of MCF-7

0

" 1w 1 10
FL1-H | ANNEXIN V-FITC

vishls ® necrocis ® el apoptosis Lt apoptosis

Control HOCI 500 :M, 24 b
& ] T T o mennre
=H Ry = P
_ PR PO
| ‘_"_____J ‘ H_h'f:!'*ﬂnnu.n.m

1M
8%
106
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Characterization of aurovertin B induced cell
death in human MCF-7 cells

Gonitrol Aurcvertin B

Morphology

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 angd,
shrinkage of nuclei in aurovertin B-treated cells

‘

Cancer cells

Normal cells No effect
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Aurovertin B activated caspase-dependent
apoptotic pathway

UM

pro-caspase 3

pro-caspase 7

pro-caspase 8

active caspase 8

O 01 1 5
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= erem

A
ﬁﬁ_.‘L'l- et
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- ]:'I'
Induce caspases cascade
!
!

Caspase 8 a

Caspase 7
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Inhibit ATP synthase
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‘ arrest
Apoptosis
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Summary

e ATP synthase was upregulated in cancerous
tissues and expressed on the surface of
cancer cells.

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

* Aurovertin B inhibits proliferation of breast
cancer cells by inducing apoptosis and
arresting cell cycle at the GO/G1 phase.

e ATP synthase can be a good novel
therapeutic target.

111
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Mechanism study:
Systems analysis reveals the anti-
leukemia molecular mechanism
induced by Ganoderma lucidum
polysaccharides

Outline

’ Access more than 5,000 times

Introduction (o R

¥S s in
kemia cells: from gene expression

Cell Differentiation
Summary

114

2010/5/17

57



2010/5/17

INTRODUCTION

115

Ganoderma lucidum (Reishi)’

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

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

e Polysaccharide extracts from Ganoderma
lucidum has been reported to exhibit immuno-

modulating and anti-tumor activities.
Bioorg. Med. Chem. 12, 5595-5601 (2004).

116
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e President Wong’s group purified the active

components of the polysaccharide extracts by gel
filtration chromatography and designated it as F3.

18

1o F3

14 '(\||

4

o8 I

ODs25

0B |

o4

oo

o |Hrr_]_55 7Hn205 300 aon

wolume of elute (mL)

Bioorg. Med. Chem. 10, 1057-1062 (2002).
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Reishi Polysaccharides

* The major carbohydrate components in F3 are

glucose, mannose and galactose.

pGle
1

} Sugar Components of F3

Percentage (%)

pcie “%‘c D-Glucose
l | D-Mannose
+- 3}|5G\c(1~];-3)ﬁglc(w +3}|)Glc(1 <];-3)ﬂGgIc(1 — D-Galactose
L-Fucose
D-Xylose
D-N-acetylglucosamine
L-Rhamnose

p-glucan backbone

Xyl

|
aMan(1—=4)aMan(1—= 4)jaMan(1—= 4)

58.1
15.1
E35)
7.1
3.1
12
0.7

a-mannan backbone

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

118
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Goal

e How can F3 stimulate anti-tumor effects on
cancer cells?

e To understand the molecular mechanism
underlying the F3 exertion in THP-1 cells

119

CELL DEATH

120
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@ — — —_
Treated
THP-| “a ‘@

@’. P
. @ |_:| (24 be

Treated  THP-1

P
‘ ’ Q) (snr
Condensed Time Cour:
Cantrol

THP-1 i@ (1 g e : m_,,
(ORI ==
2 L] 9

O Total MRNA
Q-PCR
Verification
Affymeerix HG-UI133A L -y /F'_
Microarra: y Analysis { — gt
/
Bioinformafics —
Analysis
F =1 =1 —_— %
B ‘3 E £
Gene Network
Pathway
Mi

e A powerful approach to accurately measure
changes in global mMRNA expression levels.

e Used to
— Discover novel genes
— Determine gene functions
— Evaluate drugs
— Dissect pathways
— Classify clinical samples.
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Flowchart for Microarrav Data Analvsis

Affymetrix HG-U133A
(_22.283 genes)

s v Proser | / } \\‘

F3-06 and C l F3-24 and C I LP&24anch

(7.806 genes) (7,777 genes) (7,364 genes)
) ) )
50 genes) genes) nes)
* \ p

~ Y vy

Search for Significantly Disturbed Biological Pathways

Induction of apoptosis DR3 and DR4/5 Death Receptors I

BMC Genomics 8:411 (2008)

123

A Quick Check for Data Validity

These results showed the consistency in duplicate microarray experiments.

g

/# R?=0.99

C-0hr

C-Ohr_2
C-Bhr 2
C-6hr

Fl-6hr 2

F3.24hr 2
L
<
]

LPS-24hr 2

R2=0.97

F3-24hr 1

BMC Genomics 8:411 (2008)
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The scatter plot

Clear separation of control and F3-treated samples.
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Fold Change in Time-course Gene Expression of F3- or
LPS-induced THP-1 Cells
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Search for Significantly Disturbed Biological
Pathways

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

Nucleic Acids Research, 2004, Vol. 32, W460-464

ArrayXPath

All p value of significant pathways < 0.05

0.5
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T
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S 0.
0 . . . .
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apoptosis through mediated Pathway Pathway Nontypeable
DR3 and DR4/5 neuroprotection Hemophilus
Death Receptors through NF-kB influenzae
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INGENUITY"
Biofunction: Cell Death
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- Death-associated Networks B
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Protein-protein Interaction Netwerk

INGENUITY]
Ingenuity Pathway Analysis (IPA)

All p value of significant pathways < 0.01
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0.4
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L2 03|
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Comparison: F3 Treatment for 6 and 24 Hrs

ArrayXPath
— Induction of apoptosis through DR3 and DR4/5 death receptors
— NF-kB signaling pathway
— TNFR2 signaling pathway

IPA

— Death receptor signaling

IL-10 signaling

Interferon signaling

IL-6 signaling

Apoptosis signaling

131

Induction of Apoptosis through DR3 and
DR4/5 Death Receptors

\
1
CYTOCHROME C

BCL-2

e
APAF-1

CASPASE 6™
-

132
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Apoptosis Assay

F3 Treatment: 30 ug/mL

) Control F3_24 Hrs F3_48 Hrs

E

2

2

o

o

1=

o

Annexin V-FITC
20 =
Control E *

- mF3_24 Hrs ] 25
@ | | mF3_48 Hrs L 2
] " 4 20
g . . 5
s £ 15
5 * §

= 10
5} o
| T
[ " i 0
Apoptosis Secondary Necrosis

*p value < 0.01

THP-1 Control

Network Plays a Central Role
in Systems Biology

Microbial
Cell i Proteips___ Molecular Comrmunitias
of Cells

™. Machine

~ Living Cell

Networks

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

1000

Expression level

100

a=>b

Time points

Gene Network Modeling and
Reconstruction

APPLICATIONS NOTE " 20 Wil
k GeneNetwork: an interactive tool for
I ion of genetic ks using
i} microarray data

Bioinformatics 2004, 20, 3691.

\_;'c _,.rs GeneNetwork.
A Srobm At 80T dre $ouie’ 00 SBCONEITLC Ting mbiedar
reguiatory netwarks frem gene arpression il and offer ttade dats
v eductien Enntuins D Decemean Ce

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

* Interactive interface for reconstructing gene
network based on microarray or proteomics
data

e Reconstruction Model
— Boolean Network
— Baysian Network
— Linear Model
— Simplified S-System

S-system Formalism

* Dynamics of biological systems can be
described mathematically by S-System

AIESEETAI RS
j=1 j=1
X=f(X,p) = : , X(0) = X,

n+m n+m

gnj hnj
a ] [ X5 =A11%;
R =

Bioinformatics, 2005, 7, 1180-8.
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* Biological network modeling based on S-system
e Network reconstruction from time-series data

7 BSIP BSIP Services http://bsip.hchuang.info/

Q To access BSIP, pm{mﬂ‘ﬂwm below:
Senvices Ingut File Builder v1.1
Input Builder Fer making as input file 1o fit in the determination program,
S . T yous 't v s impat data file, please click here o start!
Run Oniinel Run Parameter of Equations Desermining Program ONLINE! v1.0 -
User's Guide For who had an input file and want 10 run the program ONLIVE.
s T your data & ot very huge, we can solve the equations for you, and send you an e-mail for the results
Main Program Executable File for Determining Equations v1.6
Input Buider For who had an inpur file and want o make a determination program and download them.
Pansster Daterrine If your data s very huge, we suggest you 10 download the executable file and run them on your compuer.
Run Onlinel . o
News This program is written by Heary Ou, NTUEE S
Related Links - A pane - ol |
Site Map - retan \ ¥ |
Homepage | |
Contact Us HBSIP = |
| | Wt |
2 } \ D |
BISP Server 3 \ WebCliont / g
APBC2006 Poster Award 139
EITC 2006
INITIALOr £330 my/mi Treatment (Hrs) Effector 3 30 mg/mi Treatment (Hrs)
Caspase P Caspase 0 6 12 24

0 6
procsposes R - 5500 Procupwes [ F I ] 2100
Cleaved Caspase-8 . 43kpa  Cleaved Caspase-3 E’ > 20 kDa

Ratio 1.9 Ratio
— _ s prcoees R 410
clemes g | ] 5100 et Copses ] - 1100

Ratio 1 1.7 098 082 Ratio 0.7 05 1.5

pactin  [m—— > 450 Procaspase’ [N > 37 kDa
Nl ———
e = 19 kDa

Ratio 1 31 34 24

o [—] 450
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Death Receptor Pathway

TT~

F3: 30 pg/mL THP-1
1
1 Death Receptor Pathway

- Sz
. W .-f'/
CELL DIFFERENTIATION

2010/5/17

71



Biofunction: Cell Differentiation "= ="

F36His MF3_24Hrs @6 Hrspvaluie A 24 Hrs pvalue

106
o B
80
60
a 47 52
40
20
o
of Cells  Di of Blood Cells Di of Cell Lines
Differentiation-associated Networks o .
F3_24 hrs

= Genes associated with cell
differentiation were showed
by IPA web tool.

&
-log(p value)

Molecules Involved
8
5

Protein-protein Interaction Netweork

F3 Treatment: 30 ug/mL

Cell Morphology

400X  Macrophage-like cells

Control THP-1

&0
E
g
5 S
Rt A
F3_24 Hrs i ot
100X 0
o & 12 24 48

F3 Treatment (Hrs)

= Adhesion cells were increased in F3-treated THP-1 cells.

= Macrophage-like cells were shown under the microscope by Liu’s
staining.
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Macrophage and Superoxide

» Superoxide and NO are toxic radicals
produced by macrophages to kill micro-
organisms upon infections.

njury Macrcphage
Irritation
Infection @y
pd . S~ . }}6 4 =
LA O, {o7s
2
Recruitment of Recruitment of & F /ﬂ/‘g
mast cells and monocytes/maturation .
neutrophils to macrophages o
\ / o

Respiratory burst
and release of free
radicals

a;

ROS RNOS Invading microrganism
OH NO*
0, ONOO-

NzO3

S. Perwez H. et al. (2003) Nat. Rev. cancer*®

NBT Structure

NBT Reduction A

* 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).

* The soluble yellow form of NBT was reduced by
superoxide to form insoluble, blue formazan
precipitates.

146
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NBT Assay: Superoxide Anion Formation

** p value < 0.001

1 *%
€ *%
8 o8 L
[}
g [
g 0.6 -
Q
<
2 oal I 1
§ I
3
& 02t
il
2

0

Control 6 12 24 48

F3 Treatment 24Hrs®
100X

¢ 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.

F3 Treatment (Hrs)

Cell Counts

Cell Cycle Analysis

El g i E g
3 Control % Fastrs | g Fazhs | 2 | Faaahs | 2 F3_48 Hrs
2 1
H g g Hana g H;z M 3
2 - g g I 8 I 8
R 8 2 E &1 2
DNA Content
100
G0/G1 e
o 8 HMS - >
S I \
9 W G2/M \
3
5 S
Q
g ;
] -
2 —adi—
&) E
Control 6 HRS 12 HRS 24 HRS 48 HRS p value < 0.01

F3 could enhance GO/G1 arrest in F3-treated THP-1 cells for 24 and 41§8
hrs.
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Macrophage Differentiation Markers

* Macrophage differentiation is associated with
increased expression of several genes, which
are critical for the functionality of
macrophage.

e CD11b, CD14, CD68, MPO, and MMP9 are
classical markers of macrophage
differentiation.

149

Macrophage Cell Markers

e CD11b, CD14, and CD68 are classical markers of
macrophage differentiation.

12

6 Hrs
W 12 Hrs
M 24 Hrs
W 48 Hrs

10 +

Fold Change (-AACt)
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Mean Fluorescence Intensity

Macrophage Cell Surface Markers

Control | F3 24 Hrs F3 48 Hrs
bs) 1 F | |
5
]
¥}
= l \—A LA
3§
CD11b-PE
Control F3 24 Hrs F3 48 Hrs Control F3_24 Hrs F3_48 Hrs
£ . %
=2
] C]
= L.L L.-L g
=
3
S — H
CD14-PE §
&
g
70 5 2
60 | MFIR=3.24
50 L Lo
MFIR=3.48
40 fik-
30 =
20
10
o I
CD11b CDi4

| mControl W F3 24Hrs mF3 48 Hrs | *x P value < 0.001

MPO: Myeloperoxidase

e 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.

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

152
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MMP-9: Matrix Metalloproteinase-9

e MMP-9, a Zn?*-dependent secreted type |V
collagenase, can degrade extracellular mactrix
components such as collagnes and elastins.

e MMP-9 expression increases as blood
monocytes differentiate into macrophages.

Macrophage Specific Enzyme

F3-induced macrophage m  F3-induced macrophage

differentiation is associated with differentiation is associated with

increased expression of CD11b, : : .
CD14, and CD68, while intracellular slightly |ncr?ased expresspn of
MPO decreased. MMP-9, an important mediator of

macrophage chemotactic activity.

F3 Treatment Hrs MPO ACt £S.D MMP-9 ACt £S.D

0 15.5 + 0.99 N/A
6 15.2+ 0.1 22.48 0.1
12 17.83+0.98 19.83 £1.12
24 16.66 + 0.5 17.9+0.53
48 16.1£0.15 14.83 £0.47
F3 30 pg/ml Treatment (Hrs) F3 30 pg/ml Treatment (Hrs)
0 6 12 24 48 0 6 12 24 48
wo e | ——
[ MRNA)

o-actn [T (O] e
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Specific Involvement of Caspases in
Differentiation into Macrophages

* Alteration of this pathway
might account for the
accumulation of monocytes
in the bone marrow and lead
to leukemia formation.

» Differentiation-associated / \
caspase activation is highly LRRL Gapses
specific of the cell type. _ﬁ;::{x mimm

NF-xB \
YT

MACROPHAGIC DIFFERENTIATON

155

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.

Cncogenes ‘ [ Dvelopmental [ Cther

BTG, PAIL PLIMA, HOXA, BAX, DRS,
others? PALAIF, FIG, APAF), afc.

R —
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Regulation of Differentiation into Macrophage

caspase cleavage

F3 30 ng/ml Treatment (Hrs)

p53 activation
F3 30 pg/ml Treatment {Hrs)

Procaspase-3

Cleaved Caspase-3

Procaspase-7

Cleaved Caspase-7
Procaspase-8
Cleaved Caspase-8
Procaspase-9
Cleaved Caspase-9

B-actin

0 6 12 24
[ = = o

U
|
|
l_

0 & 12 24 48

— —— --u-l

P2 |
Ratfo 1 1.7 2.3 35 2.2

Ratio 1 7 25

—

= Caspase cleavage and p53
activation might partially
contribute to the macrophage

differentiation in F3-treated
THP-1 cells.

157

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.

Isotype Control
— — — — THP-1 Control
F3 Treatment
F3 + Z-VAD-FMK

5
I — —— — THP-1 Control
F3 Treatment |

F3 + Z-VAD-FMK | L'.

Isotype Control
ﬂ
|

Call Counts

Cell Counts

C011b-PE Expression COM4-PE Expression
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Regulation of Differentiation into Macrophage:

Caspase Cleavage... innivitor: 7-vap-rFuik

* The caspase cleavage is specifically involved in
the macrophage dlfferentlatlon process

é S!O
3w .
i §1a
=
S
“ .
u-
3 : . . . -
*  —
i s im
i
g:ﬂ
&
€
gm..
E -
g
°
. = . + . +
+ e ——

p53 Inhibitor: Pifithrin-o.

* The p53inhibitor, pifithrin-a, 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.

|sotype Control
— e - Isotype Control
THP-1 Control S
F3 Treatment
F3+PET-a

F3 Treatment ] ok
F3+PET-a 1

Cell Counts.

€011b-PE Expression COM4PE E
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Regulation of Differentiation into Macrophage:

p53 activation ps3 inhibitor: Pifithrin-a

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

0
B
w0
]
L] -
S w
4
, - . .
0
m . . + + . -
+ - e ——— 8

PET- -

40

“.IIIII
a
- + * ——8
L .
I r . |
1
% i + + + .
161
- * - e ——)

PET-a

B

€11 Positive Colls
% of CO14 Positive Cells
B

%z
)

a0

-4

%} -

20} .-

£

st

8
[

n . - + . + B

PET-a . * = —— )

011b Mean Fluorescence Intemsity
€D14 Mean Fluorexence intensity
a w 3 &

2

Cell Differentiation to Macrophage

) Differentiation
e g i .
O “ Macrophage

F3: 30 pg/mL THP-1
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SUMMARY

163

The anti-leukemia molecular mechanism
induced by F3

ﬁ" ' \ Differentiation .
o ,-' —————
a w Macrophage

|
1 Death Receptor Pathway

F3: 30 pg/mL THP-1

(

164
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