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Prion accumulation network g, 22 wks

- No Clinical Signs

FIGURE 4

A schematic of the prion accumulation and replication network in the prion-induced mouse neurodegenerative disease. The red indicates transcript levels that
have been increased in the brains from prion-infected animals as compared with normal control brains. The yellow indicated transcripts that are the same in
control and diseased animals. The three panels represent the network at 2, 12 and 20 weeks in animals that live about 22 weeks with this disease. The disease-
perturbed networks appear about eight weeks before the clinical signs appear in these animals. L.Hood et al. New Biotechnology(2012)
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7 = FIWaddington Epigenetic
Landscape (QWEL 3 :&)

. yﬁ'é'l.*.ﬁﬁ"ﬂiﬂ’ﬂ (RTERHAAR) DEanEiR
BERAIEKMEAE  Myeloid Progenitor Cell (CMP)

T#H?ﬁﬁﬁ%ﬁﬂiﬂ’ﬂ Megakaryocyte-Erythroid Progenitor

Cell (GATAL)
MRk~ U 0D 7— DHIBEER  Granulocyte-

Macrophage Progenitor Cell (PU.1)
o —
N j:ﬁi:—;t -

de, _ A o
i 'T.-'"+r"+'i'"+r" —kixy = Fi(x;.x0)

dy, _ 2% b, &7
dr 'E-"‘+r"+'£-"'+f' koxy = F(x1.%,)

SC
Common Myeloid
Progenitor (CMP)

Ss N\ S

Megakar.- Granuklocyte-
Erythroid monocytes

dx/dt = F(x) = [F(x; x2), Fy(xy x,)]
da _ _ g

dr

Wang J, Zhanga K, Xua L, Wang E, PNAS 108(20) 2011
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- Kaufman: NAT7 59 52 —1EiR
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Epithelial-Mesenchymal Transition
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T R EIEERHR(EMT)

- Epitherial-mesenchymal transition (EMT)

* non-motile, polarized epithelial cells, embedded via cell-cell junctions,
dissolve their cell-cell junctions and convert into individual, non-
polarized, motile and invasive mesenchymal cells

« EMT ZEMICEH->THLEELHRERR
— Gastrulation ([RRFEFEA) . BRIERRLG E
- EMT &, #l@0FXRY NDO—ORKBROKEWE(L

Normal epithelium

l -

Dysplasia/adenoma Carcinoma in situ

—

y ———
Basement membrane

Extravasation Intravasation

vessel

Epithelial cell

(© Mesenchymal cell
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— GEO, ArrayExpress & Y L Z#fild (E) &&UHEME (M) OEEFRERETO
J74I) - T—AaEINE

— EMT@EEDORRIT—2ELTHAT I2EELDEEBRMEMTT—4 3B/
— Takahashi E, Nagano O, et al. (2010); J Biol Chem. 285(6):4060-73.
- EMTE2ZEDEE
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—AEEIIRTERREINE
— BHEIPHBLRY, TORIVYIEBRICK)ERT DY ILRR
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F£1,2ERTDER

- PCLEREBEMREZ—RNICHEET HBIEF

— FN1 (fibronection), COL1A1, COL13A1(Collagen), NEGR1, TNC(Cell
adhesion) , ARHGAP24(cell motility) 7 &

« PC2.HRAT7 SV 3—IZBIHAEREBEMIREZ BT 5BIEF
— HMMR, PBK, CKMT1A/1B, and BRI3BP (A ABE&EEEF)
—  $HAE B #AREE & = Fcyclin B1, MAD2L1

(a) The top 20 PC1 loadings (b) The top 20 PC2 loadings
Gene symbol Gene name PC1 loading Gene symbol Gene name PC2 loading
ELTD1 EGF, latrophilin and seven transmembrane domain 0.261823 DSC2 Desmocollin 2 0.266742
containing 1 ENPP1 Ectonucleotide pyrophosphatase/ 0.264823
FN1 Fibronectin 0.238429 phosphodiesterase 1
CNN1 Calponin 1, basic, smooth muscle 0.206869 ASPM Asp (abnormal spindle) homolog, microcephaly 0.258160
1A1 llagen, type I, alpha 1 0.203478 associated
NEGR1 Neuronal growth regulator 1 0.190520 HMMR Hyaluronan-mediated motility receptor (RHAMM) 0.246326
FBN1 Fibrillin 1 0.187782 PBK PDZ binding kinase 0.238582
ARMCX1 Amadillo repeat containing, X-linked 1 0.182721 CKMT1A/1B  Creatine kinase, mitochondrial 1A/1B 0.221564
WNTSB Wingless-type MMTV integration site family, 0.182222 AP1S3 Aqaptor-related protein complex 1, sigma 3 subunit  0.217856
member 5B MIR222HG m|:' hos_t gen;z . ) | 0.216734
XK X-linked Kx blood group 0.172636 :nb/lx':)lzu ﬁ’AF[’)"Z“'",t"t' asle, 5:’::‘;‘ e g-ig;‘l’j‘é
BAALC Brain and acute leukemia, cytoplasmic 0.163815 - R0 c arres Ceficlen™ 1xe ;
: . CCNB1 Cyclin B1 0.173976
GAP43 Growth associated protein 43 0.157189 5 5w i ;
ENPP1 Ectonucleotide pyrophosphatase/ 0.156683 CLIP3 CAP-GLY domain containing linker protein 3 0.171328
o g RSP ’ KCND3 Potassium channel, voltage gated Shal related 0.169711
phosphodiesterase 1 ;
L13A " Xiil. aloha 1 1564 subfamily D, member 3
SOt follagen, type e 0.136403 ELTD1 EGF, latrophilin and seven transmembrane domain 0.159304
DSC2 Desmocollin 2 0.154287 containing 1
FISER Scramt?lase " 0.148105 HPS3 Hermansky-Pudlak syndrome 3 0.144361
INC Tenasein € . 0143167 GAP43 Growth associated protein 43 0.133483
RCAN2 Regulator of calcineurin 2 0.140531 PVRL3 Poliovirus receptor-related 3 0.132407
1560208_at 0.135836 BRI3BP BRI3 binding protein 0.132175

ARHGAP24 _ Rho GTPase activating protein 24 0.135123 XK X-linked Kx blood group 0.128981




HEERLRMERGEEMR) ICHEITHEMTEELE
BEFHRBERY k77— (Cell line of EMT)

G 321401 2 3
TJP1

1D1
ID2

EEo DRE S R E KA (retinal pigment e

epithelial cell) DEERT—2%FEH, e
. _ CDH1
TGB-B, TNF-0 Z A9 2L EHERIICEMTZ v
RBlY . HAARETHEEER, TSNz
cTRNGH
COL1A1
A A o
Oh, 1h, 6h, 16h, 24h,42h, 60h et
2,218 probe sets (1,797 genes) conz
s
RHOA
ETS1
FGF1
___________________________________________________ MMP3
i Takahashi E, Nagano O, et al. (2010) ! HAS2
i Tumor necrosis factor-alpha regulates i eEARe
transforming growth factor-beta-dependent e s .
epithelial-mesenchymal transition by i . '&\e“ 1 6 16 24 42
promoting hyaluronan-CD44-moesin i ‘\,ée? Time with TGF-B2 and TNF-a (h)
interaction. |

\ J Biol Chem. 285(6):4060-73.
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MM ERIE

® Gene expression data of a human retinal pigment epithelium
cell line (£ MAIR & 3% £ R #IiE ARPE-19) in response to
treatment of TGF, which induces EMT,; total RNA was
extracted and gene expression was measured at each time
point (0, 1, 6, 16, 24, 42, 60h) using GeneChip (Affy HGU133
Plus 2.0).

Takahashi E, Nagano O, Ishimoto T, Yae T, et al. (2010) Tumor necrosis factor-alpha regulates transforming
growth factor-beta-dependent epithelial-mesenchymal transition by promoting hyaluronan-CD44-moesin
interaction. J Biol Chem. 285(6):4060-73.

® ARACNEe algorithm to infer gene regulatory network based on
time-series gene expression data with 1000 bootstraps.

2DONEEFRERER X, Y) OHERHREIXY)ZFHEL., €DV I DplEZFET 5, MEMAGE
BERET DEOICT—INEBEREXZERAT 5, 100000 T—FR +F v FI2&YI0% LU EZEERA

Margolin AA, Nemenman I, Basso K, Wiggins C, et al. (2006) ARACNE: an algorithm for the reconstruction of
gene regulatory networks in a mammalian cel- lular context. BMC Bioinformatics 7 (Suppl 1): S7.

TMDU



Results: EMTBfzFREERY T —9 ZHTE
T B=-HDBIEFDEIR

|dentification of target genes to infer gene-gene influence network:
total 5183 probe sets (2988 genes)

1) Identification of (DEM) differentially expressed genes SAM,;
comparison b/w successive two time points; p<0.001; FC>1.5
3471 probe sets (1766 genes)

2) ldentification of upward/downward trend genes (accumulated chi-
squared test; p<1.0x10-19)
1689 probe sets (1203 genes)

3) Collection of known epithelial/mesenchymal marker genes and
EMT related genes
34 genses

TMDU



ARACNelZ &k BB FEAEI Y FT7—%
DHETE

- ARACNeldiE=zFHEiAry FO—0DO#HET7ILI) X LA

T. %Eh%mﬁéiﬁzféﬁﬁ REHICL, 2B LT ORI
@%Eﬁmﬁ$mﬁf@ﬁ LCHEEHR=EZEZELHL., 2
EIzFOHERREZHTE

ARACNe (< & DiBIEFEREI R v b T —V DIETE

EIEF B FERERE &R
wmE % aezs | EEWEED
1BI1n l:
BEFAY jpEEGO%E aEEt
ol wmmrone QG
« PIEETD—FR LT Y TREIZKYHTE L I-EEFRE
v NO—Y OEEEEHE
o AFEKXICK Y MBENLZHEEIER ST H:
I(g1, g3) < min [I(g1, g2); I(g2, g3)]

>

TMDU



1
Cancer EMT Bz FBEERY kDO —5

ARACNe [Z & % cancer EMT gene-gene influence network (17,368
regulations) (p<1.0x1019; bootstrap >90%)®D £ 5E.

ARACNE; p<1.0x1079;
bootstrap >90%

@@TNDU




MADEMTD T R —HRETERF2H(11EF)

Y X2 —ERETEF

£ BFILRIET £ THMSEN
JEEIZ% HH LT\ SERERT

(Fisher exact test p<0.05).

MA EMT GRN
ARACNEe algorithmIZ & > THEAI S B

YR 5 —HEEF
(Master regulator)

gﬁ»

> Y R —RE A FIx

EEREMRIREELF (DEGS) (+<7
* —HEEF)

o> BERFOHEHINDEERF

EMT BEEEFOIRE —FRHIETF
Transcription # of DEG (SAM; _P -value
factors p<0.0001, (Fisher exact
FC>1.5) test)
TCF3 86/135 2.20x 1016
ZEB1 46/592 8.58 x 1016
SMAD2 36/317 0.000209
TWIST1 16/154 0.005634
TP63 6/7 0.01302
FOSL2 5/6 0.02516
PPARA 5/7 0.03732
ARNTL2 15/38 0.03843
MXD1 4/5 0.04918
MITF 4/5 0.04918
NR2F2 4/5 0.04918

TMDU



NADEMTDT R —HRETERF2HT(11EF)

T R —EHETEF
%EM%E‘@%%$ﬂM%%@

DEEICZHIEL TLHEERF
(Fisher exact test p<0.05).

MA EMT GRN
ARACNEe algorithmIZ & > THEAI S B

YR 5 —HEEF
(Master regulator)

g+

> Y R —RE A FIx

EEREMRIREELF (DEGS) (+<7
* —HEEF)

o> BERFOHEHINDEERF

Transcription

# of DEG (SAM;

P-value

factors p<0.0001, (Fisher exact
FC>1.5) test)
TCF3 86/135 2.20%x 1016
ZEB1 46/592 8.58 x 1016
SMAD2 36/317 0.000209
TWIST1 16/154 0.005634
-ﬁ-
FOSL2 5/6 0.02516
PPARA 5/7 0.03732
ARNTL2 15/38 0.03843
MXD1 4/5 0.04918
MITF 4/5 0.04918
NR2F2 4/5 0.04918

EMT B EEEZFDTARAE —RSEF

A ILEIETF G%EE) B 4BEFANEE)

TMDU



NADEMTIZE TSR 2—FRATEF»HT (4EHF)

Inference of master regulators (MRS)
which regulate more differentially

expressed genes than expected (Fisher

exact test).

Cancer EMT gene GIN
inferred by ARACNe algorithm

Transcription
factor

Master regulator

+

<> transcription factors

differentially expressed genes
§ (DEGS) (+marker genes)

genes connected to
transcription factors

transcription # of DEG (SAM; P-value (Fisher
factors p<0.0001, FC>1.5) exact test)

TCF3 86/135 2.20%x 1016
ZEB1 46/592 8.58x 1016
SMAD2 36/317 0.000209
TWIST1 16/154 0.005634

TP63 6/7 0.01302

FOSL2 5/6 0.02516
PPARA 5/7 0.03732
ARNTL2 15/38 0.03843

MXD1 4/5 0.04918

MITF 4/5 0.04918

NR2F2 4/5 0.04918

TMDU



MA EMT
network

Gene regulatory
networks directly
regulated by 11
master regulators.
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Oh 1h

HA EMT
network

KRT18 and TP63
expressed in the
epithelial cells as
reported before. A
master regulator
TP63 was predicted to
regulate KRT18.

Y

t'l 7y A
s 914
-
o g \%

I

1 !

/\ u‘“’:/» A‘i"
A

é‘\ri\‘\“{ﬁ\ yx’ﬁ
N

)

'\

/:;,,
7

éﬂz‘» L)
\\

4
%

y

" Ve
VPN Ny

A& 2 ";':"» 4 =
VX NSV i,

ig/"‘f‘ﬁﬁ

7

V7

l.’./{
master ___ gene regulatory
regulator interaction

epithelial mesenchymal
marker marker




Oh 1h

A A EMT network &g
K RE

A master regulator
CTNNB1 was predicted
to induce the expression |,
of ZEB1 as reported
before. The CTNNB1
was known to be key
factor inducing the EMT
process.

ZEB1 was also a master
regulator which
expressed from the
beginning of EMT
process, and was known

) %
",
72

to down-regulate CDH1 & izl
gene expressions. ”

master ___ gene regulatory
regulator interaction

epithelial mesenchymal
marker marker




MA EMT
network

SMADZ2 was a master
regulator, and was
known to induce the
mesenchymal marker
genes; e,g., MMP9
and FN1, and
SERPINEZ2 genes.

A 3 L0 S T | Y
TWIST1 was also a & ",‘ e S A"'";’,qgf"@% o
master regulator, and o e fese T A
in fact, was reported to fism g
be essential in
induction of the EMT
process.

master ___ gene regulatory
regulator interaction

epithelial mesenchymal
marker marker
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Evaluation of drug targetness from protein-
protein interaction network



DTFERYRND—ODOBEERRE BIX

Principle of Systems Molecular Medicine
Disease Is caused by
Distortion of the cellular molecular network

Drugs which cure diseases would be
more efficiently discovered by
Systems approach

systems-oriented drug design
- .

Taking protein-protein interaction network (PIN) as

typical example of cellular network
Systems properties of drug are investigated

Hase, T., Tanaka, H., Suzuki, Y., Nakagawa, S., Kitano H (2009)
Structures of protein protein interaction network and their

implications on drug design. PLoS Compt Biol 5(10):e1000550. TMDU
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In protein-protein interaction networks (PINs), a node and a link
represent a protein and an interaction between two proteins, respectively.
The number of links connected to a node is called a degree.

Rrp43

Degree of red node 1s 5.

TMDU



n
4
@D

o
=
@
>
(]

<

=
=
S
=]
o
@
=
[=}
=
>
o
o
@
%

<

In PINs, there are a large number of low-degree nodes (branches) and a
small number of high-degree nodes (hubs). Hub-branch (scale free) structure

h

t

5 i
tp: /i, nd.e dui~nefivo

7
e

¢

‘z(

o\l

‘

it

Number of nodes with k links

Power Law Distribution

.

}7\1 Very many nodes
55 Ry MREAY

P Z/ o with only a few links

1%\\\ A few hubs with
R large number of links

\’fﬁ,\./\"kf\r ?( b

Number of links (k)

Scale free distribution

log

) TMDU



HIPPIE » Human Integrated Protein-Protein Interaction rEference

PROTEIN QUERY NETWORK QUERY SCREEN ANNOTATION DOWNLOAD INFORMATION & CONTACT CBDM GROUP

HIPPIE Howto

Confidence scoring of experimentally measured interactions

A core component of HIPPIE is the confidence scoring of interactions based on the amount and reliability of evidence supporting each interaction. This score is calculated as
a weighted sum of the number of studies in which an interaction was detected, the number and quality of experimental techniques used to measure an interaction and the
number of non-human erganisms in which an interaction was reproduced.

The parameters of this scoring scheme were jointly optimized by a group of experts and a computer algorithm: we first assigned quality scores to each experimental
technigue that measures protein-protein interactions. This experimental quality score is supposed to reflect the reliability and the error rate of the techniques. The list of
experimental quality scores can be found in the download section. We are aware that the estimation of experimental quality is led by the individual perception and
experience of our expert team to a high degree and can only reflect our subjective beliefs. If you feel that we misjudged a technigue fundamentally, we would like to ask
you to give us feedback. Also, there is the possibility for users of HIPPIE to modify the scores and to apply our rescoring tool to get an individually scored version of HIPPIE.
Please, find 2 stand-alone version of the tool and instructions on how to run it in the download section.

Query interactions

The guery mode allows for querying HIPPIE with a UniProt identifier (id or accession), gene symbol or Entrez gene id. All literature interactions in HIPPIE that match the
query dprotein are displayed.

On the result page UniProt id, Entrez gene id and gene symbol of the interactors of the query protein are indicated. The confidence score of the interaction is given in the
last column. Clicking on it opens an evidence page where the source databases of the interaction are listed, the publications which mention the interaction, the experimental
systems used to detect the interaction and in which species the interaction is conserved.

We use a high confidence protein-interaction dataset that several integrate
representative interaction databases (e.g., BioGrid, IntAct, MINT, etc).

The high-quality protein-interaction network 1s composed of 28,889 interactions among

7,890 proteins. TMDU



Moving stratification by connection

—— I_MSD was used to extract
sub-networks consisting
of nodes with degrees
from u —o to u +o.

|
|
 degree (MSD)
|
|
: j;t Scale-free distribution of PIN
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A subnetwork in the PIN
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Average clustering coefficient
0.05 0.10 0.15 0.20 0.25 0.30

0.00

——————————————————————————————————

i ' There are extensive interconnections |
. among middle degree that form core i
] ' backbone of the network. !

Low Middle High
_ o 0O Human PIN
A Random
_ (m ]
(m]
o~ -s\ S
’

5], SOl

| There are a small number of

. connections among high-

. degree nodes.

' A high-degree nodes

AT connects to a large number of
' low-degree nodes to form a

' hub-centric functional

[
5 10 20 50 100 200 500 TMDU



Three-Layer Structure in the yeast and human PINs

YA ENENENENEEEEENEERENENEERENN

E‘};e.;l:s.t...’.‘::.:......’
P T
4 N

* T
High-degree layer Same as former report yeast -

The layer composed of nodes with degree
greater than 31 and 39 for human and yeast,

Al

[

Middle-degree layer
The layer composed
of nodes with degree
with 6 ~30 and 6
~38 tor human and
yeast, respectively

4 N EEFEE N FEEFEEFEEEEEEEEEEEENEEEEENEEEEEEEEEES
AEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER
‘.I.IIIII.IIIIII.IIII.:]
- =
=g
TN —
AaEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER?

2 Low-degree layer
o TR The layer composed of nodes with degree lower than 5. LCLIDLICE LI IO LI

————————————————————————————————————————————————————————————————————————————

' *Hase, T., Tanaka, H. et.al (2009) Structures of protein protein interaction TMDU
' network and their implications on drug design. PLoS Compt Biol. 5(10)

____________________________________________________________________________



High-degree genes tend to be essential.

Middle-degree genes may affect phenotype.

i S A

Genes with less severe impacts are tend to be lower
degree regions.

K=k 3 -3




High-degree genes tend to be essential.

% — = o Disease genes?
Lo ® Z <~V >

Middle-degree genes may affect phenotype.

\ Disease genes?
/S

Genes with less severe impacts are tend to be lower
degree regions.

% . % Disease genes?



High-degree genes tend to be essential.

I:I A aw
Not Disease genes! = A

Nele vTe
Middle-degree genes affect phenotype.
VAN —=. N .
' Goh et al. 2007 PNAS
Dlsease SCNES:  plicdman et al 2008 PNAS
o0 ® 0 ~\

Genes with less severe impacts are tend to be lower
degree regions

% Disease genes'
IV



High-degree genes tend to be essential.

% — EI > & Drug targets?
Lo ® Z 4 0
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hEIE#R 2 > /\D E the optimal target for therapeutic drugs.
Therefore, many targets for drugs that are currently on the market are
concentrated on backbong of the human PIN.
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GO Biological Processes

Rank GO Biological Processes Count %  P-value Benjamini
1 Anatomical structure development 179 304 46x10% 1.3x1021
2 Nervous system development 107 18.2 1.7x102% 2.4x1021
3 System development 166 28.2 3.7x1023 3.4 x 1020
4 Developmental process 195 33.2 1.4%x 1020 9.9x 1018
5 Multicellular organismal development 177 30.1 4.0x1018 2.2x10%
6 Multicellular organismal process 228 38.8 3.0x1016 1.5x1013
7 Neurogenesis 63 10.7 2.1x1015 8.3x1013
8 Cell adhesion 63 10.7 2.1x107? 7.1x1010
9 Biological adhesion 63 10.7 2.2x1012 6.8 x 1010
10 Generation of neurons 55 94 22x107? 6.1 %1010

ﬁ> 603 BIEFIT ML - REDIEIE

TMDU



Expression of gene B
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EHDAEFR GO Biological Processes

Rank GO Biological Processes Count % P-value Benjamini
1 Synaptic transmission 6 214 7.9x10° 3.4x 1072
2 Transmission of nerve impulse 6 214 1.7x10*% 3.6 x 1072
3 System process 10 357 2.3x10* 3.4%x10?
4 Nervous system development 8 286 9.6x10*% 1.0x 101
5 Cell communication 7 250 1.1x10° 9.0%x10?

=) F IS EHEREDIEE

Rank GO Biological Processes Count % P-value Benjamini
1 Extracellular matrix organization 6 20.7 7.5x107 2.4x10*
2 Extracellular structure organization 6 20.7 6.9x10° 1.1x103
3 SPt?;iltJil\l/Ji regulation of response to 5 172 6.2x104 6.4 % 1072
4 Collagen fibril organization 3 103 1.1x10°3 8.3x 1072
5 Immune effector process 4 138 1.5x103 8.9x107?
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