DESCRI PTI ON METHODS AND SYSTEMS FOR ANALYZI NG A NETWORK OF BI OLOd CAL
FUNCTIONS 5 FIELD OF THE | NVENTI ON The present invention relates to the
field of analysis of biology. Mire specifically, the present invention 10
relates to the | ogical analysis of a biological entity such as a cell.
BACKGRAOUND ART 15 The survival of organisns depends on their ability to
perceive and respond to perturbation factors such as extracellular
signals. At the nolecular level, perturbation factors such as signals are
perceived and transmtted through networks of interacting agents present
20 in a biological entity such as pro bolites or the 1like, that
act cooperatively to maintain bIO|OgI%§%8§%%ﬂ§%§taSiS and regul ate
activities like growth, division, differentiation, drug response, and the

like. Information transm ssion tgg@ygbsngﬁgwggg%ﬁyg a biological entity is
25 nedi ated largely 2§%lnteract|ons bet ween agents having a variety of
functions that may a$8eddiPéYZRHCARSHEEEMRK OF BAEAMGTEIALy FUNCTEop6nse t o

signals, creating transient «circuits that |ink external events to specific

internal outputs, such as chanqﬁﬁmipcgeq. e%RQE§§E8ﬁ cell shapes, 30

organel |l e shapes, cell nobility, ‘enzynme activities, netabolite
concentrations, and |ocalization of ceIIuIar conponents. Nunerous

strategies have been ﬂ%@'r@@@ﬂttl%\ﬂ@i’tﬁlohmeeldﬁ-@sr@8%%%“?1@@5]‘5%@(?1% these
net wor ks. These %e di es hgxe col | ectlvelg rovided a wealth
dellneatlng gen8 @gﬁfot NEpr GPEFRT T R BF%ct £BRs PEGSent invention

relates to the logical analysis of a biological entity such

as a cell.
BACKGRAQUND ART

15 The survival of organisms depends on their
ability to perceive and respond to perturbation factors such
as extracellular signals. At the molecular level,
perturbation factors such as signals are perceived and
transmitted through networks of interacting agents present

20 in a biological entity such as proteins, metabolites or the
like, that act cooperatively to maintain biological
homeostasis and regulate activities like growth, division,
differentiation, drug response, and the like. Information
transmission through networks of a biological entity is

25 mediated largely by interactions between agents having a
variety of functions that may assemble and disassemble
dynamically in response to signals, creating transient
circuits that link external events to specific internal
outputs, such as changes in gene expression, cell shapes,

30 organelle shapes, cell mobility, enzyme activities,
metabolite concentrations, and localization of cellular
components. Numerous strategies have been developed to map

the interactions that underlie these networks. These



Escherichia coli, Saccharonyces cervisiae and other organisnms. Wiile
powerful, these approaches have provided 5 only partial pictures and are
likely to overlook many interactions that are context dependent, form ng
only in the presence of their appropri‘ate signals. The change in
interactions by perturbation 10 factors such as si RNA, anti bodies,

| i gands, hornobnes, drugs, proteins, nutation or small-nolecules can create
bi ol ogi cal fulcruns that enable small perturbations of a network of

bi ol ogi cal functions, such as those presented in transcriptional factors,

structural genes, %%'dﬁgéaaﬁég %ﬁk@ééyveﬁsf' pSULhageaMIkeLs, ofeldacshapes,

organel l e shapes, , enzynme-activit nmet abol

concentrati ons, rﬂflPBE%G}QﬁaﬁFB?P?ﬂ”léél?Eﬂ?&ﬂ“ Eﬁﬁﬁﬁ%@nf%t?§§Cté???nqprlarge
changes in bi ol ogi zadhephensct ypelisuchcasarapickal aremptienst yped Howewer not
all interactions '&g%ngbﬁ(:?n #0i & gl g, RalRWA pREEchd KBAYe b@o@mess this
pover. As such,  cg tary,strategies which aim to identidy global
i nteractions by af?qﬁﬁ IF i BT O4GET ARG oFei g Factor es into
cel I s whi ch corrpetJélt\mr?ﬁtJaﬁftP thet gre 6aﬁte%thé‘e%%‘d%fd’émoﬁ%mi”é‘@uP’éfﬁbﬂy‘

i nteractions, therebypdesengt ongti2h it hep narmimlecs raywilss t hat connect
external signals to cellular responses, are of interest. By conbining this
strategy with functional assays, such as the activation of gene

response to a signal, screend # ofh#Rffc tiTonHI LS TP AE BT rvh RF TEAR %%“Hbed to
identify peptiades fdwlorpeticurds SRNrgguitabodier bigndsprhotaomes, ntdergct | ons.

This strategy, Oflgz%lelggelz’n()@gt thx &S s RO ﬁ@@écdl@seégr@d:ﬂé&geciﬁologlcal
dom nant - negatlve eneti cs,. has

R I R R

applied but to a |esslegiest enfuiqiipppmmalyich as  those presented in
transcriptional factors, structural genes, cellular

15 markers, cell surface markers, cell shapes, organelle
shapes, cell mobility, enzyme activities, metabolite
concentrations, and localization of cellular components to
elicit large changes in biological phenotype, such as
cellular phenotype. However not all interactions ina given

20 signaling pathway are likely to possess this power. As such,
complementary strategies which aim to -identify global
interactions by artificially introducing foreign factors

or peptides into cells which compete with and titrate-out

the endogenous regulatory interactions, thereby disrupting

25 the normal circuits that connect external signals to
cellular responses, are of interest. By combining this
strategy with functional assays, such as the activation of

a gene in response to a signal, screens for functional
interference can be used to identify peptides that perturb

30 regulatory protein-protein interactions. This strategy,
often referred to as dominant-interfering or
dominant-negative genetics, has been successfully employed

in several model organisms where high-throughput screening



which traditionally have been | ess anenable to these types of screens. One
advant age of dom nant-negative strategies 1is that such strategies can

pi npoi nt the functionally 5 relevant protein-protein interactions "fulcrum
poi nts” and thereby expose the snall nunber of nodes within the | ar ger

web of a protein network that are susceptible to functional nodul ation by
external agents. As such, their results can provide vital information
about the regul atory conponents 10 that define a particul ar pat hway and can
allow the elucidation of key interactions suitable for targeting by drug

screening prograns. Rosetta | nphar iC as_ proposed cel.lu 5
information as a pr?eo*_:fhlD %airﬁ eééﬁgy 65? en augpﬁ géte?%%lé exf%tollé %%)r%%?'

WC01/ 005935, WD00/'89339 *adpoop39338havaped] 3933 2rewpply £2936 SC\VIBUGF17402,
WD99/ 66067, W99/ 66024y eend)9Ie8yRntagd MOEH15808Hegaknvsschaepresaf i | €,

information from sgpanglie Lehl ScbscdyiRcessgd ,agp& A OUR 0fundli Separat e
pi eces of infarmatiaon con er e: this

but not nt i NUOUS cdn or. mat |“?nl Ther ef 3re,
techni que is P m tEFVAE RAP e hsP et SR HfEtyels 8 fot" Ronidict®d on a
single (the same) thssleby x@oseculeasiadl hwmkdy of rodhpiwjiein digl ¥3i%er s
conducted only at wheospesidietntidoprititt Bekohigcapdimlfd es tAhcai et ai n
change, and a serig duQEtE%%?r%!te%QQP%I%%nLQ. aAE%%, &%@ex)eis%g%srk%
in-t i1 ni qu e

anal yzed. Recent advances . he profiliing tec e have to accurate
neasur ement of cel PiAVafecofFonEhtE a5her ta%Ei%? ChgorSHORPT hG OBPORE 15Ul ar
information (®.g.,tiSchedetiee ad . pat@8Glat Quanthivé it iavé meni tarliomg ©fe gene
expressi on patternsiibBeidh ¢@NpdeARDE AL iDNA JHiCEBAE IRY " ta DekeRE &y

270: 467-470; Lockhart et al., 1996, "Expression nonitoring by 4

hybri di zation to hclilfﬁ% Jenst l&}fgof)f(g%fnaﬁngl'eoti de arrays",

Rosetta Inpharmatics has proposed cellular

15 information as a profile in some patent applications
(WO01/006013, WO01/005935, WO00/39339, WO00/39338,
WO00/39337, WO00/24936, WO00/17402, WO88/66067, WO99/66024,
W089/58720, and W089/59037). In such a profile,
information from separate cells is processed as a group of

20 separate pieces of information Dbut not continuous
information. Therefore, this technique is limited in that
information analysis is not conducted on a single (the same)

cell. Particularly, in this technique, analysis 1is
conducted only at one specific time point before and after

25 a certain change, and a series of temporal changes in a peint

(gene) are not analyzed.

Recent advances in the profiling technique have
led to accurate measurement of cellular components, and thus,
30 profiling of cellular information (e.g., Schenaetal., 1995,
“Quantitative monitoring of gene expression patterns with

a complementary DNA microarray”, Scilence 270:467-470;
Lockhart et al., 1996, “Expression monitoring by



Nat ur e Bi ot echnol ogy 14: 1675-1680; Bl anchard et al.

, 1

996,

"Sequence to

array: Probing the genone's secrets”", Nature Biotechnol ogy 14:1649; and
W01/ 006013). For organisnms 5 whose genone has been entirely elucidated, it
is possible to analyze the transcripts' of all genes in a cell. In the
information is

i ncreasing, a nunber of genes in a cell can be sinmultaneously nonitored.
been utilized in the
field of drug search (e.g., Marton et al., "Drug target validation and

case of other organi sms where know edge of genomc
10 As array technol ogy advances, arrays al so have

identification of econdar. ru
hy rég

Med., 15 1998 Nov,

d t. t eff i M.
P5 b 0589 s8R It ey S fogiid Rt

roarrays"”, Nat.

*Epioi ti ng

chem cal |ibrariedlatere Fdrgeeinadrdy géndhv est 489/ tHensbarekt Flor XdHase
i nhi bitors", Scient®qudids 3332538). PAMhyStise gusomy saspeofid e feuge, US
Patent No. 5,777, %&F@%ﬁogymefam ahaPROs1 J@BoREPVI deS LpE oL gLl on

about 20 conditions o transpl ant at| on,

ar get

no

ecul és

t | and
candi dates for dr uf¥®seafNBE b Pl Pait et Ufdtron ?aLef?PthVS%ﬁgetoxicity
of drugs. These techehgues thn thhensusiad st of isddurenes comreal pr of i Itdenhi ch

represents ideal drlig &€tiothty argdashsrRasens@ndiddrsige Coymagémgniprofil es
25 assists in det efr;[flongagiésne?‘geisnclrga lfahtsgl thnSum%E%:ieoagl Xné @Lgeg ce?EdcaW ovl deS

predi ction of inproveé cltnical resu ‘for  pa

ents

0 have

een

di agnosed as havi if &iBrseaseusHoAPéEOT¢ther e has been no techni que which
can 30 provime actual information about networks of biological functions

present in a biological entihy . sYeh @Shaof&yY adivhnRsSidMgs afsbigdwrnt, and

iC(r)]I’ ;egt manner. | nbéger}leutl ioz\é%-gne%g!elg]leethc?tc Qtllg%ee%tckqa(teafgl.,s I\Bar}ltXnaér{al yzed
al., “Drug target wvalidation and identification of

15

20

25

30

secondary drug target effects using Microarrays”, Nat. Med.,
1998 Nov, 4(11):1293-301; and Gray et al., 1998, “Exploiting
chemical libraries, structure, and genomics in the search
for kinase inhibitors”, Science, 281:533-538). Analysis
using a profile (e.g., US Patent No. 5,777,888) and
clustering of profiles provides information about
conditions of cells, transplantation, target molecules and
candidates for drugs, and/or the relevant functions,
efficacy and toxicity of drugs. These techniques can be
used to induce a common profile which represents ideal drug
activity and disease conditions. Comparing profiles
assists in detecting diseases in patients at early stages
and provides prediction of improved clinical results for

patients who have been diagnosed as having a disease.

However, there has been no technique which can
provide actual information about networks of biological
functions present in a biological entity such as a cell in
a simple, efficient, and correct manner. In the

above-described techniques, data is only analyzed in a



bi nary-wi se manner, in other words, only relationships between two
particul ar networks are anal yzed, and therefore are not analyzed in a

gl obal manner. Analysis and evaluations based on such data | ack accuracy
and sonetines 5 allow nisleading interpretations. Therefore, there is an

i ncreasing demand for a nmethod for providing anal yzing nethods for

net wor ks of biological functions in a biological entity. 10 An object of
the present invention is to provide a nethod and systemfor analyzing a
networ k of biological functions such as transcriptional factors,
structural genes, cellular markers, cell surface markers el | sha es,
organel | e sgapes RISPEYREHIY i7" Bhz e HieE \Votrfriés ok erlﬁ‘g ?helpsp
concentrations, angtiveealtiveaairdhcofarcedwelkis are@@méan@cﬁvt gnd ‘theaefiﬂr@l ogi cal
entity such as a cald .notPastdulear Iy, angobpAaCt mdindhe presestisi nvantion is

to provide a systemaod, gethod.d or Dresentl agbLoloaical,g LaformLion in a

gl obal manner wi t hou catiaon ere | S cansi dere
conpl ex system SUNNBRYVGHE SPAE"Y NVERTPONFAS" dboVBEHRICEFY b@lfrﬁbj‘%@f‘s of the
present 25 inventirgmeneiry athsededobya pnevicdi fgraprpetivbdgcenpiysingg t he

steps of : A)subj ectdd@dad Bi-gberd o£BLb1 Q1 atunkeasts 108 iBebG DAt i on
agent; B) obtaini %:jnlnformatlon on at least two functional reporters in

sai d bi ol ogi cal tty wherein the functional reporters reflect a

bi ol ogi cal .functl on; and 30 C) subjecting the obtained information to set
theory processing to cal cul Ahebdeeebattheomyhispnbeénvertionhies té gnetidsnal
reporters in orderatRtgeneiat eyscdevbrdaalyel af honstidrkobs thei1byndagi cal

functions and to dgyel9Bn sfon ¥ ILEMLAL0RLY 20063 NELRE:f (B 00 cal
unctions in cellular markers, cell surface markers, cell shapes,

organelle shapes, c¢ell mobility, enzyme activities,
15 metabolite concentrations, and localization of cellular
components, in a biological entity such as a cell.
Particularly, an dbject of the present invention is to
provide a system and method for presenting biological
information in a global manner without modification where

20 the cell is considered a complex system.
SUMMARY OF THE INVENTION

The above-described objects of the present

25 invention were achieved by providing a method comprising
the steps of: A)subjecting a biological entity to at least

one perturbation agent; B) obtaining information on at least

two functional reporters in said biological entity wherein

the functional reporters reflect a biological function; and

30 C) subjecting the obtained information to set theory
processing to calculate a relationship between the
functional reporters in order to generate a network

relationship of the biological functions and to develop a



a biological entity, conprising the steps of: A) at |east one perturbation
agent for a biological entity; B) neans for obtaining information on at

| east two functional 5 reporters in said biological entity, wherein the
functional reporters reflect a biologital function; and C) neans for

subj ecti-ng the obtained information to set theory processing to calcul ate
a relationship between the functional reporters to generate a network

rel ationship of 10 the biological functions. The present invention
achieved a sinple, efficient and correct nmethod and system for analyzing a

network of a biol o%,eccal Nt tgl ;&h gs]e%w cel IOf EJ% Og][ltcPe %&g%;qﬁl

i nvention, gl obal Stwor K& &an anal yzed.” Such
conpl ete and gl obat PaRaPysisd 6‘!‘tlttyhec?f%&%ﬁ-kgotfhebFB?R)sgloéalAf6‘ ct§¥its have
not been provi ded ornenpkheufratopnardentTher ef dhelodirelpeesEnt; BhvesHrison

provides significay gffgetsg n%f@me%edotay akhe eenvenbi qmal:tﬁ;rtal 20
Accordi ngly, the present I nvent. d%rlolls for a_vari

orters an _sal 1cael ent .whérein tgt M.Eun tlon S_L
i ncl udi ng i dentifitHTSRT df"a B dHarRErS &S eoF Fug target,
anal ysis of a siderssfofréers reéllagﬁ@sPsobfgléaéeifqﬂlﬁiltaia“f lﬁﬁ‘@t?bﬁneaaﬁaﬁ%}m s of a
cel lular 25 pat hwayybieal tat iR obbeaiieal oghtaimaefibecttof satconpormnd, and

di agnosi s of an 'nglfoﬁéesg 3 d't%eaé&(fmqtghea ! 'rgeatlom% ef %eecwfeeﬁ prgsent

i nvention provides l.ow n 1. A nethod et wor k
of bi ol ogi cal funﬁ‘i’?c&ﬁgnf‘% T5PBY Gir(ng%gfen%ﬁéﬁe@ ne&Bﬁf}}F @?ﬁé ?’}?g‘lgt (ré%ps of :
A) subj ectingita bitlo@iicabgiernli fynttoioats.| east one 7 perturbation agent;

The present invention achieved a simple,
efficient and correct method and system for analyzing a
network of a biological entity such as a cell. Using the
15 present inventioﬁ, global networks can be easily and
completely analyzed. Such complete and global analysis of
the network of biological functions have not been provided
in the prior art. Therefore, the present invention provides
significant effects not expected by the conventional art.
20
Accordingly, the present invention is useful
foravarietyofusesincludingidentificationofatﬁomarker,
analysis of a drug target, analysis of a side effect,
diagnosis of a cellular function, analysis of a cellular
25 pathway, evaluation of a biological effect of a compound,
and diagnosis c¢f an infectiocus disease and the like.
Therefore the present invention provides the
following:
30
1. A method for analyzing a network of biological
functions in a biological entity, comprising the steps of:

A) subjecting a biological entity to at least one



B) obtaining information on at |east two functional reporters in said

bi ol ogi cal entity, wherein the functional reporters reflect a biol ogical
function; and 5 C) subjecting the obtained information to set theory
processing to calculate a relationship between the functional reporters to
generate a network rel ationship of the biological functions. 10 2. The

nmet hod according to Item 1, wherein the biological entity is a cell. 3.
The nethod according to Item 1, wherein the perturbation agent is selected
fromthe group consisting 15 of RNA including si RNA, shRNA, m RNA, and

ri bozyme, chem cal %\lﬁ! anti body, pol ypeptides, light, sound,
pressure change, % ?%tnlqm g ‘and gas. 4. The met hod accordl ng.to Item

1, wherein said 20 per?hrol?éf”r’b‘ﬁlgag%fﬂm@(ﬁhﬁ?|Q§“e§tale§‘lsﬁl\5°‘(’°c§ﬁ%‘fle°
speci fically regulwatpongess fiunet il riodbysailderftingt ivbratin kepdrreriorsl The

met hod accor di ng t&aotr@@}sl,re\@imeéelanbsawglc%a Fuheti@naknd eporter is capable

of transmtting a neasu abI n The nmet ot di Jtem1,
wherein said rgfunctlon rep %;% ﬁgwgg U“ﬁegj¥ﬁg§g ﬁ%”b&gdggc%ﬁ%| ting 30

of transcripti onalP¥ogEEstRd ﬁ@gu@%%b@?t@eﬁbsfe%%?ﬁ%ﬁﬂ%%l1§%W§§n &1 ul ar
mar kers, cell surfacetiankersporcelrds shgpessateos ganedtle rehapes,shéeldt

nDbiIity enzyme agld vibi&SvcaiMelabalhte concentrations, and |ocalization
of cellular 8 conponents. 7. The nethod according to Item1, wherein said

set theory processing conprises: 5 classifying two specific functional
reporters of 4t 2. The method according to Item 1, wherein the biological

entity is a cell.

3. The method according to Item 1, wherein the
perturbation agent is selected from the group consisting
15 of RNA including siRNA, shRNA, miRNA, and ribozyme, chemical
compound, c¢DNA, antibody, polypeptides, 1light, sound,

pressure change, radiation, heat, and gas.

4. The method according to Item 1, wherein said
20 perturbation agent comprises a siRNA capable of

specifically regulating a function of said functional

reporter.

5. The method according to Item 1, wherein said
25 functional reporter is capable of transmitting a measurable

signal.

6. The method according to Item 1, wherein said

functional reporter is selected from the group consisting
30 of transcriptional factors, regulatory genes, structural
genes, cellular markers, cell surface markers, cell shapes,
organelle shapes, cell mobility, enzyme activities,

metabolite concentrations, and localization of cellular



| east two said functional reporters into a relationship selected fromthe
group consisting of a) independent; b) inclusion; and 10 c) intersection,
wherein when it is determined to be indegpendent, the two specific
functional reporters are determned to have no relationship in the
network; when it is determned to be inclusion, one of the two 15 specific
functional reporters is determned to be included in the other of the two
specific functional reporters, and is |ocated downstream of the other;
when it is determined to be intersection, the two specific functional
reporters are detegdsrgdadnt®. be | ocated 20 downstream branched from

anot her by a comon function. 8. The nmethod according to Item 1, wherein

the set theory processing conprises the step of nmapping the absence or
presence of a respbnse BY° BaFRPHRITUADAT B tahentvBErI B AR SOBthemict i ona
reporter. 9. The netdwdsacgoralipmgsés: |tem 1, wherein said calculation of

relationship between sai@,dERYLEE S0 SO S8, LR bEL All8h PEIWBEM €ach
functi onal reporteg as %0 cl assi |eg.|nto |nde$endent, |nchsLon and
intersection to geHeratd®aSstimaly 61" ¢hé °BoF r&iartoR. 2 165 L 3Fhe #tthod
according to Item 3clastiedefrers&ind Frouypererdirdtinencf actors are prepared with
the nunber sufficient kpriegwahbynt;argeting an intracellular pathway. 11
The net hod according tObLtﬁﬂhksiﬁﬁﬁEQEn the 5 information on at |east two
functional reporters is based on an effect of said perturbation agent
after a desired time. £D. "fSHELHBY according to Item 1, wherein said

ef f ect wherein when it is determined to be independent, the
two specific functional reporters are determined to have
no relationship in the network;

when it is determined to be inclusion, one of the two
15 specific functional reporters is determined to be included
in the other of the two specific functional reporters, and

is located downstream of the other;
when it is determined to be intersection, the two
specific functional reporters are determined to be located

20 downstream, branched from another by a common function.

8. The method according to Item 1, wherein the set theory
processing comprises the step of mapping the absence or
presence of a response by said perturbation agent per said

25 functional reporter.

9. The method according to Item 1, wherein said
calculation of relationship Dbetween said reporters
comprises correlation between each functional reporter as
30 classified into independent, inclusion-and intersection to

generate a summary of the correlation.

10. The method according to Item 1, wherein said



is classified into the followng three groups in ternms of 10 a threshold
val ue: positive effect = +;, no effect= 0; and negative effect = -. 13. The
nmet hod according to Item 1, wherein thq) information on at |east two
functional reporters is based 15 on an effect of said perturbation agent
after a desired time; wherein the set theory processing conprises: a)
classifying the information into three categories by conparing the effect
with a threshold value for the functional reporter and classifying into
the follow ng 20 three groups: positive effect = +; no effect= 0; and

negative effect = s, ) deferm.piog i fi two,0f the fyngtional repenters
have a comon perturbatlon agen tion agent

e turb
has the sanme type OtffeffeRkt r° ﬁﬁ“?%ﬂhﬁéfﬁﬂfﬁgﬂ¥‘h%tﬁﬁEHRB£ ‘&t ur bat i on
agent, then the two functions corresponding to the two functlonal
reporters are |ocaied ungemedhbderenbrpeid urbatitym agentwheandni ftidhere is

such a CO”WDQ5per{H&Qﬁgkﬂﬁq%QGQqu%Q€Qm%hEIﬂﬁhkﬂﬁﬁnﬁqék%9r§hs'§ased

conducted: 30 c) determ.nin erturbation agent set for one
function of the tW@1Pﬁﬁéf?%ﬁ%fFél%BﬁﬁFﬂF@Fﬁo?ﬁ@?ﬁﬁgﬁteﬁﬁFﬁsfﬁ%ibE%iurbatlon
agent set for the other function of the two functions, and if this is the
case, then the one;d0 w@e&eitaadl@eio@elrtmobmgen S@iercS nl Q0at edestomnst r eam

of the other functlo hav%rgag1 |%§5Dw15%‘91ge $n£%%2l$§hqgg ghe

case, then the two T unctions are ocat
perturbation Hyent 3; I5eghodbtért e hineg? F%Wﬁﬁﬁf%%%b1ﬁaﬂFbﬁ§f%?tTHe ?%%ctlonal
reporters are invesédgggadtvedetfidctt his.is the case, then integrate all the
rel ati onshi ps of functions to a present
13. The method according to Item 1, wherein the
information on at least two functional reporters is based

15 on an effect of said perturbation agent after a desired time;
wherein the set theory processing comprises:

a) classifying the information into three categories
by comparing the effect with a threshold value for the
functional reporter and classifying into the following

20 three groups: positive effect = +; no effect= 0; and negative
effect = -;

b) determining if two of the functional reporters have
a common perturbation agent, wherein the common
perturbation agent has the same type of effect, and if there

25 is no such common perturbation agent, then the two functions
corresponding to the two functional reporters are located
under different perturbation agents and if there is such
a common perturbation agent, then the following step c) is
conducted:

30 ¢) determining if the perturbation agent set for
one function of the two functions is completely included
into the perturbation agent set for the other function of
the two functions, and if this is the case, then the one



gl obal perturbation effects network, and if this is not the case then
repeat the steps a) to c). 10 14. The nethod according to Item 13, wherein
said three groups are classified into +1, 0 and -1. 15. The net hod
according to Item 13, wherein said stedg 15 of a) to c) are calculated by
producing Mx N matrix, wherein Mrefers to the nunber of functional
reporters and N refers to the nunber of perturbation agents.: 16. The

met hod according to Item 1, further conprising 20 analyzing the generated
networ k by conducting an actual biological experinment. 17. The net hod

according to Item%’ct%x’?rh%bﬂn%@hg batgsgr%fet @@éyazeeagd&mmé%ftm use of
a regul ati on agent speC| func ion d according

t.ho
to ltem 17, mhereﬁh}Fﬁequﬁﬁﬁde?ﬁﬁgaﬁghme S§FRNWd éﬁqﬁﬁ‘ The et hod
accordi ng to |temthe wheeeithesablke fetwbrikcticoaprisdeocated gmaParamdduct i on
pat hway and a Ce||Mhﬁﬁ tm@kﬂm@ypeﬂ&nbaelmih@eﬂeghod according to Item1,

wherein said netvork g used.far.3 tise)selagled {romd e gLaup; Gonsi sting

of identification of %lonafi ana?13|s 0 g target, analysis of
a side effect, d|aﬁﬁﬁ%?@r%fa%Fc%ﬂW%iFé?a?%ﬂunﬁf ﬁhlg &nalty&i §26F a8 | ul ar
pat hway, evaluat|onﬂm@ratﬁuﬁﬂogm£aklaEﬁdnahnp@ﬁnhfcmﬂpGMﬁdtoamdr@wagn05|s of

an infectious dis fﬁ%al;&%tuéb§&¥8ﬁ¥ﬁﬁéB%s&QQMMZkﬂgnaJHEEMﬁgstiﬂJMHH ogi cal
functions in a bio qg;gge ent%EX tco r|S| ng:. 10 ﬁo at | east one
perturbation agent %lﬁp 9 @ neans for obtaining
i nformation off at Ieast tmo

14. The method according to Item 13, wherein said three

groups are classified into +1, 0 and -1.

15. The method according to Item 13, wherein said steps
15 of a) to ¢) are calculated by producing M x Nmatrix, wherein
M refers to the number of functional reporters and N refers

to the number of perturbation agents.

16. The method according to Item 1, further comprising
20 analyzing the generated network by conducting an actual
bicological experiment.

17. The method according to Item 16, wherein said step of
analyzing comprises the use of a regulation agent specific
25 to the function.

18. The method according to Item 17, wherein the

regulation agent is an siRNA.

30 19. The method according to Item 1, wherein said network
comprises a signal transduction pathway and a cellular

pathway.



functional reporters in said biological entity, wherein the functional.
reporters reflect a biological function; and 15 C) neans for subjecting the
obtained information to set theory prqgessing to calculate a rel ationship
between the functional reporters to generate a network rel ationship of

t he bi ol ogical functions. 20 22. The system according to Item 21, wherein
the biological entity is a cell. 23. The system according to Item 21,
wherein the perturbation agent is selected fromthe group consisting 25
of si RNA, chem cal conpound, cDNA, antibody, polypeptides, |ight, sound,

pressure change, ragiatirfmchgal 22R0r8a% to 24em MewRYSIOMACCALL N tO | tem
21, wherein said Pertuerdb%tl on agent. conpri.ses a si RNA caooabl gigfz%o
. The

Lo ?.us Pr g us se%ect d fFom E e ﬁrPup o] nSlF g
specifically regulating a function of Said functional ~ reporter.
syst em accor di ng t#qntémi2aticthef & Rigeiker? afalyétrotakR feporeeset s
capabl e of transm &étdingia dreastudableectSi @indnos26 of Fhee Slystemuaeeosi ng to

Item 21, wherejn salg,3fanctdonalaf eRORLEF, LeaBplachest FraThbge-gr oup

consisting of transcriptional factors, structural genes, cel]lular
mar kers, cell surf%‘iée%‘%i%fzgm%oéﬂnﬁ'§H8€é§?”%?’§a%?? g“%%%tﬁé’é]? diggpge-
mobility, enzyne activities, nmetabolite concentrations, and |ocalization
of cellular conpongnts. n Js2dm The sysi@Mnaccoriiid ko drt eodbgivdrer ei n
said set theory pglprgcec%%gggirgoanp)?jj§gfi:cagl %.?{Sllg yi nglgmig gcific functional
reporters of at least two said functiona regérters into a relationship
15 sel ected ftbm the gr&Up*icdRgFstRgPofrurbation agent for a biological
entity; '

B) means for obtaining information on at least two
functional reporters in said biological entity, wherein the
functional reporters reflect a biological function:; and

15 C) means for subjecting the obtained information to
set theory processing to calculate a relationship between
the functional reporters to generate a network relationship

of the biological functions.

20 22. The system according to Item 21, wherein the
biological entity is a cell.

23. The system according to Item 21, wherein the
perturbation agent is selected from the group consisting
25 of siRNA, chemical compound, cDNA, antibody, polypeptides,

light, sound, pressure change, radiation, heat and gas.

24. The system according to Item 21, wherein said
perturbation agent comprises a siRNA capable of
30 specifically regulating a function of said functional

reporter.

25. The system according to Item 21, wherein said



a) independent; b) inclusion; and c) intersection, wherein when it is
determ ned to be independent, the 20 two specific functional reporters are
determ ned to have no rel ationships iqlthe network; when it is determ ned
to be inclusion, one of the two specific functional reporters is
determned to be included in the other of the two specific functional
reporters and 25 is |ocated downstream of the other; when it is determ ned
to be intersection, the two specific functional reporters are determ ned
to be located downstream branched from another common function. 30 28.

The system accor di ag,&Qohl £MZdy e MNES 1 JL1h0R&, SeladRERE Yng RHREESSING
conprises the step of nmapping the absence or presence 6% a response by

sai d perturbation & ‘per said functional reporter. 13 29. The system
according to Item 21, wherein said calculation of relationship between
said reporters comprisese as¢gotdel atécruipgt weenrwach2f unchéonal seporter 5
as classifieddntogl] 2 ed C1USH i nt e I . ate a
sumary of thé§Corf%ﬁﬁ??ﬁ%ﬁ?%%?r%ﬂglgyéﬁ%ﬁfggg%ﬁﬁﬁEﬁgﬁﬁb?ﬁéﬁﬁglgg erein
said perturbation°f actOrSTaP e Brep4PEHOT t H° THE Thtmbererefo SGEEFR%ent for
equal |y targeting markemsy acél|swrdecpathiens cSlL sidressystgeneabecohabeary t o
Item 21, wherein sgiid nmeans,iifi@k, obt ainRiykg | nher petdieR, Conpdtsssl maans f or

obtaining the inf ti on at St unct i onal 0 rs_is. based 15
on an effect of sa?gq%@ﬁ?%?ﬁ%FVoﬁkﬁggﬁ?ag??%%ﬂag%é%?ﬁggg?fﬁgﬁogigasThe
system accordithg to Item 21, wherein said effect is classified into the

foll owi ng three graups Ihetsystemoficcording to Item 21, wherein said set
theory processing comprises:
classifying two specific functional reporters of at
least ﬁwo said functionalvreporters into a relationship
15 selected from the group consisting of
a) independent;
b) inclusion; and
¢) intersection,
wherein when it is determined to be independent, the
20 two specific functional reporters are determined to have
no relationships in the network;
when it is determined to be inclusion, one of the two
specific functional reporters is determined to be included
in the other of the two specific functional reporters and
25 is located downstream of the other;
when it is determined to be intersection, the two
specific functional reporters are determined to be located

downstream, branched from another common function.

30 28. The system according to Item 21, wherein the set theory
processing comprises the step of mapping the absence or
presence of a response by said perturbation agent per said

functional reporter.



a threshold value: positive effect = +;, no effect= 0; and 20 negative
effect = -. 33. The nmethod according to Item1, wherein the information on
at least two functional reporters is bq§ed on an effect of said
perturbation agent after a desired time; 25 wherein the neans for

subj ecting the obtained information to set theory processing conprises: a)
means for classifying the information into three categories by conparing
the effect with a threshold value for the functional reporter and
classifying into the 30 followi ng three groups: positive effect = +; no

effect= 0; and negative effect = -; b) means for determning if two out of
the functional re orte s have a ertur age wherei.n the 14
comon perturbatld% age%ﬁ h%%SEr% %ﬁﬁg’ Q tSfQ%F Q% re¥1t%e2% is no

such comon pert urdacudat Bgentt tﬁ@ﬁ“ﬁW@SPME lﬁﬁﬁé??on%ﬂébrﬁégﬁﬁﬁﬁﬁng to
the two functional congpaséers careeldtdoat eekutrdesadh ffheceninglertpsbaid on

agents and if ctherg élaésﬁfqeﬁ l%tgqmmeepggﬁturp@ctllug@o@%etlnt@g@c@m
following step c¢) 1Is conducted gé’ for determning if the
ti°

perturbation agent*S&E"FHe 4na” t?ﬁ PREStWO functions is conpletely
included into the perturbation agent set for the other function of 10 the
two functions, andidf this is§stdie @aserdirkentOnetéwnat,i omhehrawi ngatche

bi gger set is Iocaggglgggﬁ I{e%gkgg %hgigthg;vguggctggglhqygngP5Q§ﬁ§naller

set, and if this i's unctions_are |located in
paral | el undeV’thesuﬁﬁiﬁéeﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁbht3§%$ﬁ¥9gETSlHSr?ﬁE&ﬁ§l?6PaHEY%%ln ni ng
if all conmbinations of the functional reporters are investigated, if this

is the case, thenzintegratgsabh dherbehatbonsh ps, afnfruRgtiNRSmE A
for obtaining information comprises means for obtaining the
informaticn on at least two functional reporters is based

15 on aneffect of said perturbation agent after a desired time.

32. The system according to Item 21, wherein said effect
is classified into the following three groups in terms of
a threshold value: positive effect = +; no effect= 0; and

20 negative effect = -.

33. The method according to Item 1, wherein the
information on at least two functional reporters is based
on an effect of said perturbation agent after a desired time;
25 wherein the means for subjecting the obtained
information to set theory processing comprises:

a) means for classifying the information into three
categories by comparing the effect with a threshold value
for the functional reporter and classifying into the

30 following three groups: positive effect = +; no effect= 0;
and negative effect = -;

b) means for determining if two out of the functional

reporters have a common perturbation agent, wherein the



present gl obal perturbation effects network, and if this is not the case
then repeat the steps conducted by the neans 20 a) to c). 34. The system
according to Item 33, wherein said three groups are classified into +1, O
and -1. 25 35. The system accordi ng toftem 33, wherein said means of a)
to c) are conducted by producing Mx N matrix, wherein Mrefers to the
nunber of functional reporters and N refers to the nunber of perturbation
agents. 30 36. The system according to Item 21, further conprising nmeans
for anal yzing the generated network by conducting an actual biol ogical

experiment. 15 37, Re SHSLEBhACHORGENInES e 36 yWhekel k32l d pans
for anal yzing conpr i %ﬁs a,rerggl at.ion agent spec fic to theh fl%r}lcttl on. 5 38.
The system accordi hg 10" T t&8M 377 W8T hPEhe T PPEget 26F 8K ag8Nt™"Fs"dh si RNA.

39. The system accB+Witagns ¢orteRP2EIngfiertdientvwaf ¢hatdPudt KePeoifpsi s a
si gnal transducti omqakhwayderl@i4ferehiepsysir@atast aig@dinng 4ra litethedds

wherein sai d networks,isausedoh ok uline selaghed LromLhe: gooup consi sting

of identification of a bionmarker, analysis’o rug target, Tanalysis of

a side effect, di aghdsi §°BF EEel | ular function, 15 analysis of a cellular

pat hway, eval uation of &) beehedgprrdetenfindot idfthe rormpobad;cramekrdi sgnosi s of
an infectious di segs€one 4lncA HOMMPUELEWPEQGEIBAOLs Lo 1RABNY 1RGP LB

tor. ‘h FOID fire> . . . 20
SO ul ol cal ort1 LI LERBNAUNRLAG AEIIRT K0T e O OGI B, LHIGLLENSE 10
entity to at tleast hEvC pBREUIBEL 38 dgehts 15 the case, then ohe function

having the bigger set is located downstream of the other
function having the smaller set, and if this is not the case,
then the two functions are located in parallel under the
same perturbation agents;

15 d) means for determining if all combinations of the
functional reporters are investigated, if this is the case,
"then integrate all the relationships of functions to a
present global perturbation effects network, and if this
is not the case then repeat the steps conducted by the means

20 a) to c).

34. The system according to Item 33, wherein said three

groups are classified into +1, 0 and -1.

25 35. The system according to Item 33, wherein said means
of a) to c) are conducted by producing M x N matrix, wherein
M refers to the number of functional reporters and N refers

to the number of perturbation agents.

30 36. The system according to Item 21, further comprising
means for analyzing the generated network by conducting an

actual biological experiment.



B) obtaining information on at |east two functional reporters in said

bi ol ogical entity wherein the functional 25 reporters reflect a biol ogical
function; and C) subjecting the obtalned information.to set theory
processing to calculate a relationship Bet ween the functional reporters to
generate a network rel ationship of the biological functions. 30 42. A

st orage nedi um conprising a conputer programfor inplenenting in a
conputer, a nethod for analyzing a network of biological functions in a

bi ol ogi cal entity, conprising 16 the steps of: A) subjecting a biological
entity to at Ieastspne Tp@rstylgw@tac%rag?dﬂto ﬁ)enpl@%alwe@gm nfQungdd pn on at

| east two function ters in sa mher |n t he

n

functi onal reportgcﬁr aP‘éh é&g 2Bt 6P oyt cé?g”fl&ﬁég? (f?r%’eng S(Ifefs{f UBjO 9 ng the
obt ai ned i nf or mat i B atéoset theory processing to calculate a relatlonship
between the functional reporters to generate a network relationship of 10

the bi ol ogi cal fungs i ongye 43y AL T ans0l a5,on. gediym copriyslagga gamut er

program f or |nplenent|ng in“a conputer, r anal yzing a network
of biol ogical functiBHE A" £I576I byiTal B¥tity, comprising 15 the steps
of: A subjecting a biological entity to at | east one perturbation agent;

B) obtaining inforpati Omh@@yQEerI\ gasdrdiwg fdIRedn oNAlvnek8POELEE Setfosal d
bi ol ogi cal entity, W@g;gl Eggc@&g&g Ctggkggggrt rs reflect a
J

bi ol ogi cal function® ecting t rned information to set
t heory 10

) su

40. The system according to Item 21, wherein said network
is used for a use selected from the group consisting of
identification of a biomarker, analysis of a drug target,
analysis of a side effect, diagnosis of a cellular function,
15 analysis of a cellular pathway, evaluation of a biological

effect of a compound, and diagnosis of an infectious disease.

41. A computer program for implementing in a computer, a
method for analyzing a network of biological functions in
20 a biological entity, comprising the steps of:
A) subjecting a biological entity to at least one
perturbation agent;
B) obtaining information on at least two functional
reporters in said biological entity wherein the functional
25 reporters reflect a biological function; and
C) subjecting the obtained information to set theory
processing to calculate a relationship between the
functional reporters to generate a network relationship of
the biological functions.
30
42. A storage medium comprising a computer program for
implementing in a computer, a method for analyzing a network

of biological functions in a biological éntity, comprising



processing to calculate a relationship between the functional reporters to
generate a network relationship of the biological functions. 25
Hereinafter, the present invention will be described by way of preferred
enbodi ments. It will be wunderstood by ¥ hose skilled in the art that the
enbodi nrents of the present invention can be appropriately made or carried
30 out based on the description of the present specification and the
acconpanyi ng draw ngs, and commonly used techniques well known in the art.
The function and effect of the present invention can be easily recognized
by those skilled ifdhecdd o/art. BRI EF DESCRI PTION OF THE DRAW NGS 5 Figure
1 shows a schematic dia ram of accord odi nent of the
present invention. A an jgfgfngf fbdﬁ&?‘?lo(ﬁ‘al epgbtbﬁf tteor sat( 8¢y ,“Rkhi ch
reflect functi onspetﬁtuabmmrbggéa’tr entity such as a cell. Perturbation
agents used are | ocat edsmdblikbn5€f iAfomidthbn i ageleddt whé hiunct henal

intersection Q}f Se{‘e;ﬁ%r@@?s §gtsa§d bqlatlé!;gc,eal Qrttﬁ:%t vﬁlegglt?%‘i‘xe%u

L)y éﬁ%‘i
case where there are no ertur ation a ents functi on fse and
function B (set Bﬁef?orltﬁr?)re Phhct ioR AT Wt é“%‘?relqnocﬁf‘%d under different
perturbation agents. ii¥) shbiectdrgaske pherigecher®rapsidh tpesdtukhativon
agents for functi opsocAsangy Broandabddiatbe a peet st haisnep agaiiesnt ocrhke

el ed oo funchi,0n Brar & Rhsth: PELUABI N TUBGLEOD Sl dhdibiod unct L or

Bis |located downstream o case ere there are
comon pert urdat i oftagéAtIidsdt fuppefe incl uded onI y in 20 function A and
sonme are included only in function B. Iniii) , functions A and B are

| ocated under a COoyDR t&%ﬁgrh'f@.ﬁtoin%dium comprising a computer program for
implementing in a computer, a method for analyzing a network
of biological functions in a biological entity, comprising
15 the steps of:
A) subjecting a biological entity to at least one
perturbation agent;
B) obtaining information on at least two functional
reporters in said biological entity, wherein the functional
20 reporters reflect a biological function; and
C) subjecting the obtained information to set theory
processing to <calculate a relationship Dbetween the
functional reporters to generate a network relationship of

the biological functions.

25
Hereinafter, the present invention will be
described by way of preferred embodiments. It will be
understood by those skilled in the art that the embodiments
of the present invention can be appropriately made or carried
30 out based on the description of the present specification

and the accompanying drawings, and commonly used techniques
well known in the art. The function andeffect of the present

invention can be easily recognized by those skilled in the



agent in parallel. iv) and v) show cases where three functions are

i nvol ved. These can be explained in a simlar mnner as when two functions
are used. In principle, 25 integration19f all conbinations of two functions
wi Il produce the global network of all functions. Figure 2 shows an

exenpl ary schenme of the present invention, in which a pathway analysis is
presented 30 using RNAI and functional reporters. An RNAI library (siRNA
library) is used for measuring inhibitory effects on cellular functions
such as change in netabolites, gene expression levels, etc. Functions A B
and C will enconpags. 18 perturbation agents (siRNAs) having effects on the
particul ar functions. Figure 3 shows an anal yzed schene presented in 5
Figure 2. By identifying common genes inhibited by an RNAI and t hose not
bei ng in conmon, genes speci BREER @PEACRPEHIONI 6F THENORABINGSan be identified
(e.g. "A" specific genes, etc.) . Intracellular pathway structure is

cal cul ated from SUCh RNAI i @959}4 Qr ;hEXPerdMent &lc B?é&&!atmsof ]analﬂz_Qi'g e 4
shows a schenme show ng an enbodlgﬁﬁt. of tFe Qresent l.'nvention using a
SELEert Gf &P cganel

transfection devi c&FE I "AARIYSi PAEARRY S VPR -1 dr ¢°
shows an overvi ewBofteferhip fyséidesd ceeraysiecal I(yewded Whichheepiesent 15
invention. Lower | ebictshaws drowaRNAo1adacE unchnit@pal sucaposd erss aeel used "and

anal yzed for anal yzLng. 08l ik, LGl eas 2 102l ey of .2 Bl ol oghepl, enti ty.

Figure 5 shows a gra OW Nng e results o urbati on agents used

in an exanpl e*Usi ngSHELa" L& B 1At BT HIGGPeaT ent it 79 Pré §- axF§1<hows the

expression | evel, o&ngkt e crheesh®l d ivalkhews sa setset gh&80= %hieget hrs 'xanpl e.
perturbation agents for function A (set A) and function B

(set B). Ini), function A and B are located under different
perturbation agents. i1i) shows a case where there are
15 perturbation agents for functions A and B, and all the
perturbation agents to be included into function B are also
included in function A. In ii), function B is located
downstream of function A. 1ii) shows a case where there are
common perturbation agents, but some are included only in
20 function A and some are includedonly in functionB. Iniii),
functions A and B are located under a common perturbation
agent in parallel. iv) and v) show cases where three
functions are involved. These canbe explained in a similar
manner as when two functions are used. In principle,
.25 integration of all combinations of two functions will

produce the global network of all functions.

Figure 2 shows an exemplary scheme of the

present invention, in which a pathway analysis is presented

30 using RNAi and functional reporters. AnRNAi library (siRNA
library) 1is used for measuring inhibitory effects on
cellular functions such as change in metabolites, gene

expression levels, etc. Functions A, Band Cwill encompass



Arrows on the x-axis show the functions reflected on the functional
reporters used such as CRE, API, GRE, |ISRE, Myc, 25 RARE, and actin.
Figure 6 shows a result of HelLa cell transcriptional network anal ysis and
confirmation thereof. The gl obal netwdfk is shown with the transcriptional
factors 30 (genes) used for the analysis. Arrows from upwards show t he
genes down-regul ated when CRE is inhibited by s i RNA speci f ic thereto.
19 Figure 7 shows a graph showing the results of perturbation agents used
in an exanpl e using Hep& cell as a biological entity. Y-axis shows the

expression level. ,dhe bhtespolderad ugsh gusgt BQvﬁgq YodleRed it S o8 xam e.
e

Arrows 5 on the x-axi.s %Efm/%he functions refl ect on the functional
reporters used suchias “CRE. 19RE°M/c, SRE and RARE. Figure 8 shows a
result of Hep& cell transcriptional network analysis and confirmation
thereof. 10 The gl obal netwetkutes 3sétam av bhal fired sanaey ppédeonall fract ors

(genes) used for t ad YSkS.; g : ; n ;
domm-regulatedpmheﬁﬁ%%% %Z ?gﬁf%?%g%ﬁg§wggékﬁ&%%%§f??ggh%%gFggg{gﬁ%lFigure
9 shows a schemati &9 FBRFTRAFPFEF En CBRenpTI Ay Bfsaditfient @ SPethe pr esent

i nvention. This fl&wctdlvardancan ibentcidnddcteed- i"d"asreonput eenei ghre 10 shows
an exenpl ary conputefrasyshemnofpatiaf herpreseantid neartil Oed Firgdr eudil shows

an exenpl ary conbi patiqn,mptri eggegﬁggggp?%%?%ggprters and si RNA. 25

Figure 12 shows Hela array scanned | mages it tiff inmage) . Each
m xture soluttbn was printed as in the | ower panel. After seeding cells,
an array scanner Figure 4 shows a scheme showing an embodiment

of the present invention using a transfection device for
analysis of cellular pathways. Upper left panel shows an
overview of a chip type device typically used in the present

15 invention. Lower left shows how RNAi1 and functional
reporters are used and analyzed for analyzing a network such
as a pathway of a biological entity.

Figure 5 shows a graph showing the results of
20 perturbation agents used in an example using Hela cell as
a biological entity. The y-axis shows the expression level,
and the threshold value is set to 80 % in this example.
Arrows on the x-axis show the functions reflected on the
functional reporters used such as CRE, APl, GRE, ISRE, Myc,

25 RARE, and actin.

Figure 6 shows a result of Hela cell

transcriptional network analysis and confirmation thereof.

The global network is shown with the transcriptional factors

30 (genes) used for the analysis. Arrows from upwards show the

genes down-regulated when CRE is inhibited by siRNA specific
thereto.



was used for obtaining i mages (see upper panel). 30 Figure 13 shows
neuritegenesis of human neurobl astonma SHSYSY. SH SY5Y cell were cultured
and when RA is added, they differenti%gted into cholinergic neuron-line
cells, and when NGF is added, they 20 ifferentiated into doperm nergic
neuron-like cells. In this experinments, 1512 spots/chip of si RNA were
studied. 5 Figure 14 shows graphs of total neurite |ength/no. nucleus vs.
tyrosi ne kinase targeted si RNA (85 types were used). Figure 15 shows an
overview of the rational 10 approach to anal yze functional roles of

tyrosine kinases in neuritegenes §. oid Qur e, oA gm%r Led tr)esglggyv%ft he case
in which siRNAs inhibited neurite extensi on in gresence of

retinoic acid (RAPHEPEPARFTEFITHS REESED)2D ﬁﬁﬁm‘flﬁe et Fﬁp%lcce,ﬁlsaisRNAs
i nhi bited neurite axtiedsvorel rnthey pr ¥s@rice shofs NGR eherediaht é¢valne NGF

Sﬁt) arﬁ separ at elryhe ﬁhf@ﬁﬁaad\ﬁﬂh'e)’))s peexento 320h Ehosire&ahpbe ( Uppﬁj’wsl’l ght)
shows t t
e casg in 1%%%%? OwéQlﬁ E@Ef%ﬁ%%&%%@ N%léSEe%]ﬁx%ﬁgvtﬁx P&ng

menbers. Figure G- set is
enconpassed by therRR*$8FS UZE PRgeE BB (156Wer™¥igREy ¥ Fe&Ee in which
the RA set is enconpassed by the NG set. Figure 16 depicts elucidation of

a nunber of 30 kinases by r@g_bgﬂal gr ekgddonaf r amdihe g@rrme@t@@nsd;é/pl dat a

of ‘the cell-based 5] BNA, 2550y, Fl QNS LA, SDOMS A0 h ESHIA S oRTenECESE ST RNA

10 The global network is shown with the transcriptional factors
(genes) used for the analysis. Arrows from upwards show the
genes down-regulated when CRE is inhibited by siRNA specific

thereto.

15 Figure 9 shows a schematic flow chart for an
exemplary embodiment of the present invention. This flow

-chart can be conducted in a computer.

Figure 10 shows an exemplary computer system of

20 the present invention.

Figure 11 shows an exemplary combination matrix

of functional reporters and siRNA.

25 Figure 12 shows Hela array scanned images
(16-bit tiff image). Each mixture solution was printed as
in the lower panel. After seeding cells, an array scanner

was used for obtaining images (see upper panel).

30 Figure 13 shows neuritegenesis of human
neuroblastoma SHSYS5Y. SH-SYS5Y cell were cultured and when
RA 1is added, they differentiacted into cholinergic

neuron-line cells, and when NGF is added, they



EPHA2- si RNA, EPHA3-si RNA, #075-si RNA, KI T-si RNA,  #054-si RNA, RET-si RNA and
#006-si RNA Figure 18 shows neurite bearing cell 5 percentages are shown
for each agent. Figure 19 shows the marker enzynme expression in the
presence of each ligand of the receptor’tyrosine kinase. 10 Figure 20
shows the conparison between the rational relation and biological results.
DESCRI PTI ON OF SEQUENCE LISTING 15 SEQID NO 1 refers to a nucl eotide
sequence of c-Myc (Gene accession No: V00568). SEQID NGO 2 refers to an
am no acid sequence of c-Myc (CGene accession No: V00568). 20 SEQ ID NO 3

refers to a nucl eoh de SONENce Rl Cilasn( GaNG - ASCESShOR. o1 K006R0) - SEQ

ID NO 4 refers to an am no. acid sequence of c-Fos ((ene accession No:
K00650). SEQ | D NGNS FePRY &GS a ]n%@l EBPF U PLBREMCENBf "EES FhufiERte 25
accession No: J04111). SEQID NO 6 refers to an am no acid sequence of
c-Jun (Gene accession No: J04111). SEQID NO 7 refers to a nucl eotide

sequence of B (Gene accession X 7691). 30 S I r\%q refers to
an am no aci (?%Eequence of CRE%?‘E%% %/%%wesssigéﬁgf\i): %52758)?1 } ‘§%er[?§ NO 9
refers to a nucl eot PRHEILBRuUECECHT E2F Y EsRae HE@essivergd NedB71§> 22
SEQ I D NO 10 ref etgpdsowaneamedo.aci d sequence of E2F (Gene accession No:
MB6577). SEQ ID NO 11 refers to a nucl eotide sequence of ER (CGene

Figure 15 shows an overview of the rational

10 approach to analyze functional roles of tyrosine kinases

in neuritegenesis.

Figure 15A (upper left) shows the case in which

siRNAs inhibited neurite extension in the presence of

15 retinoic acid (RA; hereinafter the RA set), and the set in

which siRNAs inhibited neurite extension in the presence

of NGF (hereinafter the NGF set) are separately
{independently) present.

20 Figure 15B (upper right) shows the case in which
the RA set and the NGF set have overlapping members.

Figure 15C (lower left) shows the case in which

the NGF set is encompassed by the RA set.

25
Figure 15D (lower right) the case in which the
RA set is encompassed by the NGF set.
Figure 16 depicts elucidation of a number of
30 kinases by rational relation from the comprehensive data

of the cell-based siRNA assay.

Figure 17 shows the results of EGFR-siRNA,



accession No: ML2674). 5 SEQID NO 12 refers to an am no acid sequence of
ER (Gene accession No: ML2674). SEQ ID NO 13 refers to a nucl eotide
sequence of GR (Gene accession No: MLQ901). SEQ ID NO 14 refers to an
am no acid sequence of GR (Gene 10 accession No: ML0901). SEQ ID NGO 15
refers to a nucleotide sequence of HSF-1 (Gene accession No: NM 005526).
SEQ ID NO 16 refers to an am no acid sequence of HSF-1 (Gene accession
No: NM 005526). 15 SEQ ID NO 17 refers to a nucl eotide sequence of HSF- 2
(Gene accession No: M5217). SEQID NO 18 refers to an am no acid

sequence of HSF-2 }gm}e31ﬁﬁ£655|@JHA%IQ51EL\@5217)#O7§EQI{1\R NO L9 _Legeds to a
nucl eot i de sequence SEQ I'D NO 20

of HSE-4 (cen cgessi on No: DS7673) .
refers to an ani no 4i(f E%Ue‘ﬁ%é“e%%‘“mgﬁg g?Q’fer?é Nzéccesm on No: D87673). SEQ
ID NO 21 refers to a nucl eotide sequence of |IkBa (Gene accession No:
M69043). 25 SEQ ID NO 22 refregsrd asan a0 agbgrisequenseriol | kBsui Gene
accessi on No: 90 e ucl eoti de sequence of
NFAT3 (CGene a%ess%%cﬁn%&{%fgogyaﬁgéég %)gﬁ\?ogggﬂgrefers to an amino acid
sequence of NFAT3 (Gene 30 accession No: L41066). SEQ ID NO 25 refers to
a nucl eoti de sequence of NFkBifgGenes scwessieomNer S26688kprSEQInDMNO. 26
refers to an am notRChde SEAUENCE O 1 NRKB {CERE 123ep1RGCERIONe NRhas/ 6638) .

10 Figure 20 shows the comparison between the

rational relation and biological results.

DESCRIPTION OF SEQUENCE LISTING

15
SEQ ID NO: 1 refers to a nucleotide sequence of c-Myc (Gene
accession No: v00568).
SEQ ID NO: 2 refers to an amino acid sequence of c¢-Myc (Gene
accession No: v00568).
20 SEQ ID NO: 3 refers to a nucleotide sequence of c-Fos (Gene
accession No: K00650).
SEQ ID NO: 4 refers to an amino acid sequence of c-Fos (Gene
accession No: K00650).
SEQ ID NO: 5 refers to a nucleotide sequence of c-Jun (Gene
25 accession No: J04111).
SEQ ID NO: 6 refers to an amino acid sequence of c¢-Jun (Gene
accession No: J04111).
SEQ ID NO: 7 refers to a nucleotide sequence of CREB (Gene
accession No: M27691).
30 SEQ ID NO: 8 refers to an amino acid sequence of CREB (Gene
accession No: M27691).
SEQ ID NO: 9 refers to a nucleotide sequence of E2F (Gene
accession No: MS86577).



SEQ ID NO 27 refers to a nucl eotide sequence of RARA (Gene accession No:
NM 000964). SEQ ID NO 28 refers to an am no acid sequence of RARA (CGene 5
accession No: NM 000964). SEQ ID NO 29 refers to a nucleotide sequence of
RARA (Gene accession No: NM 000965). §I?EQ IDNO 30 refers to an am no acid
sequence of RARA (Gene accession No: NM 000965). 10 SEQ ID NO 31 refers
to a nucl eotide sequence of RARBL (Gene accession No: NM 016152). SEQ ID
NO 32 refers to an ami no acid sequence of RARB1 (Gene accession No: NM
016152). SEQ ID NO 33 refers to a nucl eoti de sequence of RARB2 (Gene 15
accessi on No: MB778H) 1o ReQ 1PN r 340 &f 8hSnd 9 AR saHLOAGE &oseqguance of
RARB2 (CGene accession No: I\;\/B?&QZ% SEQ ID NO 35 refers to a nucl eotide
sequence of RARG (T&RE°T2d6ssi'6R° Nd:" ML5400). 20 SEQ ID NO. 36 refers to
an ami no aci d sequEiéPofO RARG §iGReto acarskiviidRoSeMES4009E ESE(FI™D NO 37
refers to a nucl ecidddessegquencelpt7Bh (GCene accession No: J03161). SEQ ID
NG 38 refers {0 ab@Tbng.agh dSRIUANLE, Uil (LRNEcq 2 ACGLER! LA
J03161). SEQ ID NGO 39 refers to_a nucleotide sequence of SRF (Gene

accessi on No: M79%E)1°S3&0O D N&F°4D refers to an anmino acid sequence of
SRF (Gene accessi R NO: NG 28353 {er30tSEQnhDLNOid41sepfegcs ¢lo GR feryleeot i de
sequence of STATI aaddRReon accessbom No: MB7936). SEQ ID NO 42 refers to. an

am no acid sequencg: ot SFATHR (G206 AGRESTHL N MTARD) of cr

(Gene
10 accession No: M10901).
SEQ ID NO: 15 refers to a nucleotide sequence of HSF-1 (Gene
accession No: NM_005526). '
SEQ IDNO: 16 refers to an amino acid sequence of HSF-1 (Gene
accession No: NM 005526).
15 SEQ ID NO: 17 refers to a nucleotide sequence of HSF-2 (Gene
accession No: M65217).
SEQ ID NO: 18 refers to an amino acid sequence of HSF~-2 (Gene
accession No: M65217).
SEQ ID NO: 19 refers to a nucleotide sequence of HSF-4 (Gene
20 accession No: D87673).
SEQ ID NO: 20 refexrs to an amino acid sequence of HSF-4 (Gene
accession No: D87673).
SEQ ID NO: 21 refers to a nucleotide sequence of IkBa (Gene
accession No: M69043).
25 SEQ ID NO: 22 refers to an amino acid sequence of IkBa (Gene
accession No: M69043).
SEQ ID NO: 23 refers to a nucleotide sequence of NFAT3 (Gene
accession No: L41066).
SEQ ID NO: 24 refers to an amino acid sequence of NFAT3 (Gene
30 accession No: L41066).
SEQ ID NO: 25 refers to a nucleotide sequence of NFkB (Gene
accession No: S$76638).
SEQ ID NO: 26 refers to an amino acid sequence of NFkB (Gene



24 SEQ ID NO 43 refers to a nucl eoti de sequence of STATIb (Cene
accession No: MP7934). SEQ ID NO 44 refers to an am no acid sequence of
STAT1lb (Gene accession No: MB7934). 5 SEQ ID NO 45 refers to a nucleotide
sequence of STAT2 (Gene accession No: E29277) SEQ ID NO 46 refers to an
am no aci d sequence of STAT2 (CGene accession No: L29277). SEQ ID NGO 47
refers to a nucl eotide sequence of STAT3 (Gene 10 accession No: Y00479).
SEQ ID NO 48 refers to an am no acid sequence of STAT3 (Gene accession
No: Y00479). SEQ ID NO 49 refers to a nucleotide sequence of P53 (Gene
accession No: AF30/83Lk:iod NSEREEENA S0 ref ers to an amno acid sequence
of Scranble (Gene_ac on, No: AF307851 ID NO. 51 refers. to a

nucl eoti de sequenc® ggsb’%br%neg i §°§E@1%}[§ 87 SGHGIES & %l}ﬁAngG

sequence to fibronegetEsnion SEQ F‘TD_‘N@%E}:B refers to a nucl eotide sequence of
c-Fos si RNA. 20 SEQd DbNO: Zreefmr so ha aniRvdat dddfesequenrerof cérel UN

si RNA.  SEQ I R NG , 9% J8E8N%, .t Qa0 fitd,§0t | de sequence of CREB si RNA.  SEQ
ID NO 56 refers to a_nucl eot’i de"sequence of E2F si RNA | D NO 57
refers to a nucl eotTdéPSEGuehdEroTs ER S ERNKLOTI8EGIPeRER °§ R &7¥% 0 a

nucl eoti de sequence&cofssGR SHRNAM_ 280 BEQ-1 D NO 59 refers to a nucl eotide
sequence of HSF-1 siRNA.No: S‘EQ:%\]QMO e d’nﬁ.ﬂﬁ.@ra%lhgséiqu@bl@e%ﬁﬁﬁ@xf a@&&eeSF 4nceR&TA\
HSF-2 si RNA.  SEQ efer nucl eoti de sequence o Si

SEQ ID NO 62 ref e%%:eugloglwl eg ?%%%Sunence of 1kBa siRNA. SEQ ID NO 63
refers to a ntfcl eotFHEP EGUENERT BT MFATRCAPRIAe SERSEoe ¥ RERBI64ACe S ers to
a nucl eoti de sequencessfioNRkB SIMRNA1528EQ | D NO. 65 refers to a nucl eotide

sequence of RARA s§RNfb no

: 32 refers to an amino acid.seqdence of RARB1 (Gene
accession No: NM 016152).
SEQ ID NO: 33 refers to a nucleotide sequence of RARBZ (Gene
15 accession No: M57707).
' SEQ ID NO: 34 refers to an amino acid sequence of RARB2 (Gene
accession No: M57707).
SEQ ID NO: 35 refers to a nucleotide sequence of RARG {(Gene
accession No: M15400).
20 SEQ ID NO: 36 refers to an amino acid sequence of RARG (Gene
accession No: M15400).
SEQ ID NO: 37 refers to a nucleotide sequence of Rb (Gene
accession No: J03161). '
SEQ ID NO: 38 refers to an amino acid sequence of Rb (Gene
25 accession No: J03161).
SEQ ID NO: 39 refers to a nucleotide sequence of SRF (Gene
accession No: M97935).
SEQ ID NO: 40 refers to an amino acid sequence of SRF (Gene
accession No: M87935).
30 SEQ IDNO: 41 refers to a nucleotide sequence of STATla (Gene
accession No: M97936).
SEQ ID NO: 42 refers to an amino acid sequence of STATla

(Gene accession No:

M87936) .



SEQ ID NO 66 refers to a nucl eotide sequence of RARBL si RNA.
67 refers to a nucl eotide sequence of RARB2 siRNA. 25 SEQ ID NO 68 refers

to a nucl eoti de sequence of RARG si RNA
nucl eoti de sequence of Rb si RNA.
sequence of SRF si RNA.

SEQ ID NO 69 refers

SEQ I D NO

to a

SEQ I’'b NO 70 refers to a nucl eotide
SEQ ID NO 71 refers to a nucl eoti de sequence of

STATla siRNA. 5 SEQID NO 72 refers to a nucl eotide sequence of STATIb

si RNA.

Bl el(

SEQ ID NO 73 refers to a nucl eoti de sequence of STAT2 si RNA.
ID NO 74 refers to a nucl eotide sequence of STAT3 si RNA
refers to a nucl eogide, §89uance . of
nucl eoti de sequence of i
sequence of scranbfe e

SEQ

( SEQ ID NO 75
LR %ﬁ%-tid@'é%&&d\é% éenthf eES,d 0 a

0 SEQID NGO 77 refers to a nucl eotide
‘He accession No: AF307851). SEQ I D NO

78 refers to a nuctEptlibdBOsefuesateroftot Ar diimasecidEGERSBEQODSREY 179

refers to an am no(@aied aseginReensf Mdre@skj nase
refers to a nLch e‘ogééi%%q

to an am no acid sequence
a nucl eoti de sequeRtE SRR kilAdéL’) -EPHA3. SEQ ID NO 83 refers to an

am no acid
nucl eoti de
am no acid
nucl eoti de

sequenceE@iDge 46 nase s EPHASNISEQC] Dsh@heB4 ¢REBRT2 Geme

15 EGFR. SEQ ID NO. 80

o T Fad s AR e KA B T

refers
ers to

sequence-Qfs<iBg kd naser7A5 #075. SEQ ID NO 85 refers to an

sequenceg,
sequence

10

15

20

25

30

SEQ ID NO: 48 refers to an amino acid sequence of STAT3 (Gene
accession No:
SEQ ID NO: 49 refers to a nucleotide sequence of P53
accession No:
SEQ ID NO: 50 refers to an amino acid sequence of Scramble
(Gene accession No:

SEQ ID NO:
SEQ ID NO
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:

BForRE

accession No:

nase 075.
rerers

nese.. 075, SEQ. 1R
se .

Y00479) .

£
Y00479).

AF307851) .

AF307851) .

51 refers to a nucleotide sequence to fibronectin.

53 refers to a nucleotide sequence of ¢c~Fos
54 refers to a nucleotide sequence of c~-Jun
55 refers to a nucleotide sequence of CREB
56 refers to a nucleotide sequence of E2F
57 refers to a nucleotide sequence of ER
58 refers to a nucleotide sequence of GR
59 refers to a nucleotide sequence of HSF-1
60 refers to a nucleotide sequence of HSF-2
61 refers to a nucleotide sequence of HSF-4
62 refers to a nucleotide sequence of IkBa
63 refers to a nucleotide sequence of NFAT3
64 refers to a nucleotide sequence of NEFkB
65 refers to a nucleotide sequence of RARA
66 refers to a nucleotide sequence of RARBI

67 refers to a nucleotide sequence of RARB2Z

sNgc)';ue%Gcergtf EE‘Z?TSI ?Gg‘ne

(Gene

52 shows an amino acid sequence to fibronectin.
SiRNA.
SiRNA.
SiRNA.
S1RNA.
SiRNA.
SiRNA.
SiRNA.
siRNA.
SiRNA.
SiRNA.
S1RNA.
siRNA.
SiRNA.
SiRNA.
s1iRNA,



30 SEQ ID NO 87 refers to an am no acid sequence of the kinase KIT. SEQ
ID NO 88 refers to a nucleotide sequence of the kinase #054. 26 SEQ ID
NO 89 refers to an am no acid sequence of the kinase #054. SEQ ID NO 90
refers to a nucl eotide sequence of the Rinase RET. 5 SEQ ID NO 91 refers
to an am no acid sequence of the kinase RET. SEQID NO 92 refers to a
nucl eoti de sequence of the kinase #006. SEQ ID NO 93 refers to an am no
acid sequence of the kinase 10 #006. EGFR-si RNA, EPHA2-si RNA, EPHA3- si RNA,
#075-si RNA, Kl T-si RNA, #054-si RNA, RET-si RNA and #006-si RNA used herein

are available fro a S n f catalo
A aval | b e T OMRATes Shards pe HLASE ENGRSC IR e R BB RN g, catal g

M 003170-01; EPHA2SEY EQRWO VPO RES cff EﬁﬁA@%iWﬁquﬂcﬁo%% EﬁRNA#ooe
si RNA: M 003171- 01SE#0PH0si FNAefehd 0031 49c bt idadse05dcs PRNRE MBTS152- 01.
The sequences 20 tt@’@@ﬁoaﬂer@ﬂ@ﬂ@hb&%dl@&ﬁm@%ﬂ@é@h@@bs stther £eirzan be

d I f
o ‘E/Egr o RKIZ' Eé%e‘c’l"ehéegrdé?%@ 5%‘%‘%?8%%983 8&%‘@ e A sr%a{%eﬂ!:‘& %%‘rh‘f’?b SPRUENCE O

c-nyc si RNA. 25 B@FI‘R/E‘BE@@%ARFWIEI\I@@?FWPESFW ﬁ\lSF%T?sﬁb%di be
under st ood t hr ough$ig IbNe: preserirs topecidlicattonethatcarf SEABS sLRWA Si ngul ar

forms include the 520 eancept Qrebbaid apludiabtiye WBLESSObRerWs SavA .
ment i oned. SEQ ID NO: 76 refers to a nucleotide sequence of p53 siRNA.
10 SEQ ID NO: 77 refers to a nucleotide sequence of scramble
II pbuplex (Gene accession No: AF307851).
SEQ ID NO: 78 refers to a nucleotide sequence of the kinase
EGFR.
SEQ ID NO: 79 refers to an amino acid sequence of the kinase
15 EGFR.
SEQ ID NO: 80 refers to a nucleotide sequence of the kinase
EPHAZ2.
SEQ ID NO: 81 refers to an amino acid sequence of the kinase
EPHA2.
20 SEQ ID NO: 82 refers to a nucleotide sequence of the kinase
EPHA3Z.
SEQ ID NO: 83 refers to an amino acid sequence of the kinase
EPHA3.
SEQ ID NO: 84 refers to a nucleotide sequence of the kinase
25 #075.
SEQ ID NO: 85 refers to an amino acid sequence of the kinase
#075.
SEQ ID NO: 86 refers to a nucleotide sequence of the kinase
KIT.
30 SEQ ID NO: 87 refers to an amino acid sequence of the kinase
KIT.

SEQ ID NO: 88 refers to a nucleotide sequence of the kinase
#054.



Therefore, articles or adjectives for singular forns (e.g., "a", "an",
"the", etc. in English, and articles, adjectives, etc. in other |anguages)
i nclude the concept of their 27 plurality unless otherw se specified. As
such, the ternms "a" or "an", "one or rbre" and "at |east one" can be used
i nterchangeably herein. It is also to be noted that the terns

"conprising,"” "including,"” and "having" can be used 5 interchangeably.
Furthernore, a conpound "selected from the group consisting of refers to
one or nore of the compounds in the list that follows, including m xtures
(i.e. conbinationgyy oh NoWOs PLe FILL oL nthE ncRAUSenkt 3hoW dindhe al so
understood that te as used herein have definitions 10 ordinarily used in
the art unless oth ‘'se mentioned. Therefore, all technical and
scientific terns uSEdIREY R PO rha%es ther sapkeatddai srgeense e@dnionkynagwder st ood
by those skilled rmrthe art. Qtherw se, the present application

(i ncluding defd niti e e, fo ; ounds,
conposi tions, iyst%ﬁy%bégergirgﬂﬁg%?gﬁgtr%égEggg:%%%%ngggegﬁg&égg%fibed,

it is to be under8tbod that this invention is not linited to specific
synt heti ¢ et hods, SEpE&eiNG:c9? eafent $oor ntold idaberaatory odr thrrakufaet uri ng
techni ques, as suchogmy, of course, vary unless it is otherw se indicated.
It is also to be Q0 t erm._no u herein iis_for the
pur pose of describ?ﬁgﬁgzﬁ?i%ﬁ%gggﬁﬁggﬁﬁﬁgﬁkg‘%ﬁ%gsiﬁﬁ?gcﬁ§nﬁ%§2%g?%ﬁﬁed to
be limting. ¥ (DEPi%ition of terms) Hereinafter, ternms specifically used
herein w |l be defined.

EGFR-siRNA, EPHA2-siRNA, EPHA3~-siRNA,
#075-siRNA, KIT-siRNA, #054-s1iRNA, RET-siRNA and
#006-siRNA used herein are available from Amersham

15 Biosciences Japan, as the following catalog numbers: EGFR
siRNA: M-003114-01; KIT siRNA: M-003150-01; RET siRNA:
M-003170-01; EPHA2 siRNA: M~-003116-01; EPHA3 siRNA:
M-003117-01; #006 siRNA: M~-003171-01; #075 siRNA:
M-003149-01; and #054 siRNA: M-003152-01. The sequences

20 thereof are unpublished but equivalents thereof can be

prepared using well known technology in the art.

A nucleotide sequence of c~Myc siRNA used herein

can be obtained from Ambion, Inc. as Silencer™ c-myc siRNA.

25
BEST MODE FOR CARRYING OUT THE INVENTION
It should be understood throughout the present
specification that articles for singular forms include the
30 concept of their plurality unless otherwise mentioned.

Therefore, articles or adjectives for singular forms (e.g.,

w 1" W 1”
’

a an”, “the”, etc. in English, and articles, adjectives,

etc. 1in other languages) include the concept of their



30 (Biological Functions) As used herein the term"network of biological
functions" refers to any network of paraneters of a biological entity,
such as genes, transcriptional factors, structural genes, cellular

mar kers, cell surface markers, cell sﬁépes organel | e shapes, cel
mobility, enzyne activities, netabolite concentrations, and |ocalization
of cellular conponents and the |ike. Such networks nmay be but 5 are not
limted to a pathway of parameters such as genes, signal transduction

pat hway, and the like. As used herein a "pathway" refers to any pathway of

paraneters of a b:l\gi C{%fﬁ%kldtﬁ,ﬁteggyoth%lfglDsgas%hwgyleﬂay:’%?%uc}]yo AUt %rﬁenot

limted to a path stimilatron a use rein

t he tern1"b|olog|caﬁ Fﬁnc??on"on?éf ef'8¥% 0 23Ay" Farafet SPewhiEh PPsu ¥t ated to
and/ or reflects 15ntdrehbhyéaig ySteateénoflta sldlaloogi lcahoesd titat siueheass a cel | .

Such bi ol ogi cal fungdiRngihdo ludgugw@lagevnggdlhqkygggiocagraﬂ§cgggalonal
factors, regulglory ggnﬁsh Structur enes, ceé&ul%g nark Sy gghA
surface markers, cel &5 yorganelhlee §ﬁ3 &8s ot fie eﬁ%yne
activities, 20 neté%%9F®é>@6ﬁ%éﬁﬁ?%??6ﬁ§er%h@OF%QQWPfapﬁéﬁedﬁm@éPm@ﬁeu
conponents. Such biwl eagecalistunetdtontamypude mMeasubety byixusidyy aifancti ona

reporter which is §&§ﬂnfaltgortx§)) tolEet»EdJ%th'n% o ASh S BRI NEIRIN fé“%h&@fd‘n
"specific" in terns of the_ biologi unction refers to éee rel ationship

bobween & bi of 0gi CBF 2555 FHACHS GRTARE" ZoFIMGE PORAPCF SoRTE o< WRGEEP o
change in thelOfun@t@kﬂﬂ§PlVep@wiem1H%mr@katedlﬁiﬁtQﬁQEGhaﬁgeMﬁﬁiph@dstate
of the biological frneifces, Al usethikaneidy tbeedw@rrAt" " pamlsus Had hepeagent ™

30 refers to any ag§ﬂ§t&&g%aﬁgu§g§nﬁﬁktHgb@&kgﬂdbnuﬁdg4éyégy %@lthose
skilled in the art. Ctherwise, the present application
(including definitions) takes precedence.

15
Before the present compounds, compositions, system,
device and/or methods are disclosed and described, it is
to be understood that this invention is not limited to
specific synthetic methods, specific reagents or to
20 laboratory or manufacturing technigues, as such may, of
course, vary unless it is otherwise indicated. It is also
to be understood that the terminology used herein is for
the purpose of describing particular embodiments only and
is not intended to be limiting.
25
(Definition of terms)
Hereinafter, terms specifically used herein
will be defined.

30 (Biological Functions)
As used herein the term "network of biclogical
functions" refers to any network of parameters of a

biological entity, such as genes, transcriptional factors,



entity. Such perturbation agents include but are not |imted to, for
exanple, RNA (e.g. siRNA, shRNA, m RNA, ribozyne), chem cal conpound,

cDNA, anti body, pol ypeptides, 29 Ilght sound, pressure change, radiation,
heat, gas, and the like, particularly % RNA capable of specifically
regulating a function of said functional reporter is preferred, since such
Si RNA specifically targets the 5 function in a biological entity such as a
cell. As used herein the term"functional reporter” refers to an agent

whi ch changes the signal of a biological function to a neasurable signal,

such as |ight, expgmtq@ait%e%sPrc%tl%ﬂarR 99&9 gglpfsum@ml EL s change

in color, fluoresce chem | unescence, use ere| n the

ce
term"set theory” FeferSPiRFS a YHEBFY BsS }ﬁl%%etf an“c?]ﬁnd’éc}bé“flb&ﬂ' i Ai"EAR® art,
and the branch 15achfvigiee, matdendtecenchatrddans ., winthl oché i pettignecofand
rel ati onshi ps of se¢sLulArn@drpenatd£ahd faemblkiezatsuend fwbhres mw%ryu@f

‘sets” (aggreggtesagérlgli Jjeﬁnég g 8?L§C gmrasgggg %%ch mpers”)

Many mat hemati ci ans use set 6t her “mat Hemat i cs.
Such set 20 theorysf?ftqluﬁéénﬁ%téﬁ‘él%hé’abf %Féirrﬁé?s“lkr‘?to sets and
classification of sets into inclusion, independent and intersection, and

the like. As used herein theArsers@d"rse%znias'%magsrg@e;sh@o ag§p§@gwg}heory in
the art, and refersto a%te'rsptoabo rs .or rein the
or "

term "menber”, "carditRart rr%n?a’l entltr?'t er cLh n%a WS aé’go? o refer
to a basic 36° uni PUbfRrg %@1 Liphtacheo pr B3kt AT entrem stamplaidnonad
reporter can be reges dedkeas a set, and a perturbation agent or
i nformation/data/result derived therefrom can be
As used herein the term "biological function"
refers to any parameter which is related to and/or reflects
15 the living state of a biological entity such as a cell. Such
biological functions include but are not limited to
transcriptional factors, regulatory genes, structural
genes, cellular markers, cell surface markers, cell shapes,
organelle shapes, cell mobility, enzyme activities,
20 metabolite concentrations, and localization of cellular
components. Such biological function may be measured by
using a functional reporter which is specific to the function.
As used herein the term "specific" in terms of the biological
function refers to the relationship between a biological
25 function and a functional reporter, wherein a change in the
functional reporter is related to the change in the state

of the biological function.

As used herein the term "perturbation agent"

30 refers to any agent that causes perturbation in a biological
entity. Such perturbation agents include but are not
limited to, for example, RNA (e.g. siRNA, shRNA, miRNA,
ribozyme), chemical compound, cDNA, antibody, polypeptides,



regarded as a nenber. 30 As used herein the term"inclusion" refers to a
rel ati onship of two sets where all nenbers of one set there of is included
in the other set. 5 As used herein the term"independent” refers to a

rel ati onship of two groups where all netbers of one set are not included
in the other set and vice versa. 10 As used herein the term"intersection”
refers to a relationship of two sets where sone nenbers of one set are

i ncluded and sone are not, and vice versa, and therefore there is an
overlap set between the two sets. 15 As used herein the term "network

relationship" refers.to rel atlonsghi me . a ) ch
rel ati onship may 5§“§Fé53%¥5§ ?%é% nap9%¥¥ﬁ% e?%ﬁﬁﬁ%h g%%%&g%g'ﬁﬁ?%h shows
the direction of iHq ubhitte ot drEvhehider S HePabtRert XFSAS T ST d Yher ei n

the term "parall el feaMieninsed ffonctiwl atfi ossihi pfwfcttiwoaparapetters irsefers to

the state where thedwo-.parameier suad eslmeat gebdinidhifer entqpat hways in a
network. 25 As useg h%peln.the te¥ny"d wnst.reant when use for
5, uncrl oegi_lscago

t
rel ati onship of two pargﬁeléféb%% etﬁéysfgf%iﬁkgrgeﬂ%ne of the two

paraneters is | ocated downstream of the other in a pathway or a network.
30 As used herein the term "apsidgegiantrasmenhelsednf ofundtebatl arpbipe0f two

paranmeters refers [O-dNe SLALLWEHE chnUMenghs LR MR RPUARB8H Sgi sl ocat ed

upstream of the ot Sﬂétion to a measurable signal, such as light, expression

10 of protein, production of metabolite, change in color,

fluorescence, chemilunescence, and the like.

As used herein the term "set theory" refers to

a theory as used and understood in the art, and the branch

15 of pure mathematics that deals with the nature and
relationships of sets. A mathematical formalization of the
theory of "sets" (aggregates or collections) of objects
("elements" or "members"). Many mathematicians use set
theory as the basis for all other mathematics. Such set

20 theory includes the analysis of members into sets and
classification of sets into inclusion, independent and

intersection, and the like.

As used herein the term "set" is used as in the
25 set theory in the art, and refers to a group of members or
elements.

As used herein the term "member", "cardinality"

or "element" is interchangeably used to refer to a basic

30 unit of a set. In the present invention, a functional
reporter can be regarded as a set, and a perturbation agent

or information/data/result derived therefrom can be

regarded as a member,



31 in a pathway or a network. As used herein the term"comon" refers to a
state where two paraneters are in the sane relationship for 5 a function
or any other paranmeter of a biological entity. As used herein the phrase
"equal ly targeting” refers to a condi £Pon of distributi ng perturbation
agents, where the perturbation agents to be introduced have 10

substantially the sane effects on the targets of interest. |In the present
invention, two or nore perturbation agents are usually used to change the
network structure of a biological entity such as a cell, it is preferable

to use such equally targeting perturbation agents. 15 As used herein the
term"threshold" refers to gssgs%%i (ieé: ,vaItHe for evnallu%tigrrl],g A e'gfhetrO a
function is activated or suppressed. dch"a THfeshoid may be det erni ned
experimental |y, enpirfietdnghipeitreciastsi wareya l IThmesksIod orEos Hay e
arbitrarily sel ectefl ffsoninecesdeai AncaseschéBiitogy) As used herein the term
"biological enyity" refers to any entity which is biologically Iiving.
Exanpl es 25 of such biological entities include |iuvi ng or ani s or gan,
tissue, cell, microorganisns SR BARIERI BV PISPEART ™ t FE95°KE The
term"cell" is hereinelasednsihip ¢§ tycoadests WBEOrseAsandmperhecaone s&ferri ng

to a structural unite Gfott i 8SURIedOfn aBUbLth&eldetdl akd OFigani-eAza which is
capable of self replicating, has genetic information and a nechani sm for

expressing it, and is surroundede{o?)s/ a menbrane structure 32 which isolates
the cell from%he outside. CAFI&SfSBE HdY &Pf term "intersection” refers

to a relationship of two sets where some members of one set
are included and some are not, and vice versa, and therefore
there is an overlap set between the two sets.

15 As used herein the term "network relationship"
refers to a relationship of members of a network. Such
" relationship may be presented in a map of members with arrows,
which shows the direction of influence of one member on the
other.
20

As used herein the term "parallel"” when used for
relationship of two parameters refers-to the state where
the two parameters are located in different pathways in a
network.

25 .

As used herein the term "downstream" when used
for relationship of two parameters refers to the state where
one of the two parameters is located downstream of the other
in a pathway or a network.

30

As used herein the term "upstream" when used for

relationship of two parameters refers to the state where

one of the two parameters is located upstream of the other



may be either naturally-occurring cells or artificially nodified cells
(e.g., fusion cells, genetically nodified cells, etc.) . Exanples of cel
sour ces incl ude, but are not 5 limited to, a S|ngle cell culture; the
enbryo, blood, or body tissue of nornﬁfly grown transgenic animal; a

m xture of cells derived fromnormally-grown cell lines; and the 1like. 10
Cells used herein may be derived from any organisn1(e.g., any unicel lul ar
organisns (e.g., bacteria and yeast) or any nulticellular organisnms (e.g.,
animals (e.g., vertebrates and invertebrates), plants (e.g.,
nmonocot yl edons and, di cot %edons etc‘) For exanple, 15 cells used herein
are derived fron1al$é¥f@% %1% °Fe® g e " K4ixi ni f or mes, Pet ronyzoni f or nes,
Chondri cht hyes, Osteichthyes, anphlbian, reptilian, avian, mammli an,
etc.), nore preferably nanmrabksafsde hgreimmyhet et &ommBRT SdiFeaki & a

edent at e, der nopt egeatcf;‘gﬂtlgﬁ%om BapSALUQLS: 1 0L SR LINGE fon SigbRSCI e

peri ssodactyl a, artio ent at a sireni a, cetacean,
primates, rodentia, W“&(jbﬂ’broﬁhény Xreey . palrﬁme'l%r é’r?b?)diilr?éﬁglcaclefef”élt%erl ved
from Pri mat es (e.g., chinpanzee, Japanese nonkey, -human) are used. The

above-described cells may beagither ndbe St At GaldaSe OfefRMBY i tGrgek L sg Al SO,
the cells may be adh ren%oaCQ#Fﬁtlg qug% agetlm%P£|§§%St§&§ggngtgells

and ni xtures thereo be*usé or gan
may be targeted by“ktes pF}é%eﬁFrt‘B@ath?/’éntaﬂ%%ts ALBi SFogll”c‘,téPd‘é?ﬁq tS}a‘é%ch as a
tissue or cello tasgeiedtbylihehprsasertdffienvenin ome maygde dérinredeft om any

organ. As used herejnypet B_@eée%ﬁ;”lm%&%ﬂ rt%foeé§ rdo@epe FRBROI A0LGRME Y
i ndependent structure | ocall i zed gtta 3}1 ng% IeClﬁI!e worq{orsjttlrggtgge an,
i ndi vi dual organi sRTT n"SWfi"¢F U§°¢ t° ©

biological entity such as a cell, it is preferable to use
such equally targeting perturbation agents.
15
As used herein the term "threshold" refers to
a specific value for evaluating whether a function is
activated or suppressed. Such a thresholdmay be determined
experimentally, empirically, or theoretically. Threshold

20 may be arbitrarily selected for certain cases.

{(Biology)
As used herein the term "biological entity"
refers toanyentitywhich isbiologically living. Examples
25 of such biological entities include living organism, organ,
tissue, cell, microorganisms such as bacteria, virus, and
the like.

The term “cell” is herein used in its broadest

30 sense in the art, referring to a structural unit of tissue
of a multicellular organism, which is capable of self
replicating, has genetic information and a mechanism for

expressing it, and is surrounded by a membrane structure



certain function is perfornmed. In nulticellular organisns (e.g., aninals,
pl ants), an organ consists of several tissues spatially arranged in a
particul ar manner, each 5 tissue bei ng conposed of a nunmber of cells. An
exanpl e of such an organ includes an ofgan relating to the vascul ar
system In one enbodi nent, organs targeted by the present invention

i nclude, but are not limted to, skin, blood vessel, cornea, kidney,
heart, liver, unbilical cord, intestine, 10 nerve, |ung, placenta,
pancreas, brain, peripheral linbs, retina, and the |like. Exanples of cells

di fferentiated from, al uripotent, cells,inalude epidermg gells, pancreatic
parenchynmal cells, pancreatic duct cells, epa‘fl ccells, bls,oo_ 'ceﬂs,
cardi ac nuscle cel P8y Rk&EPaF iRl EeAIRrriny otlédbPaststifdrépbivl

nyobl ast's, neuronspoyiaSied asllendoyhelfvalosceldlss, pggrentatyy Invdisn@dt h

nuscle cells, fat .geld s.cbgne gehbses cardhhagg el hse1ad fhe,ld kg As
used herein, the term"tjssue" r rs to an. 20 agﬁ%ee?@te of cells having
a I

r.ef f
substantial ly the SAMESUAGL i%ﬁmgﬂewﬁcifrl f BYHE45S? &&P1 8P %r Yani sm
"Tissue" is typicably tapseygf egamel bf-arelhscrehsydrl sanEnadyi gimxthte may
be an aggregate of ogetdissofiedidfderent kgl Ns-@swhong 1asinédhe agal tise have
the same function angd/or form Therefore, 25 tissues used herein may be
conposed of an aggregate of cells of two or nore different origins.
Typically, a tissue constitutes a part of an organ. Aninal tissues are
separated intddepithelial ti$sdés ceahetbtraie tnaysue denised| droni ssye,
nervous tissue, andrdieidi k&.q.Qnady 30iBOIRNA0GH L@l smE URCHL ONRlctedla

devel opnent al basi §m? Ple%@tcb (’gll, Sa%uesu?{i%eEQU%ahrl yr\(s;g ar at Eid i ntonrlrggistematl c
% e~ 'accor d o the déve

) e.g., a
ti ssue and pernmanen I'SS ing to e ogrrent af st'age of the
cells constituting (Ehe i $SUEPTAFERr FAEI VEIVPriehdgss, 3plants  (e.g.,
monocotyledons and dicotyledons, etc.)). For example,
15 cells used herein are derived from a vertebrate (e.g.,
Myxiniformes, Petronyzoniformes, Chondrichthyes,

Osteichthyes, amphibian, reptilian, avian, mammalian,
etc.), more preferably mammalian (e.g., monotremata,
marsupialia, edentate, dermoptera, chiroptera, carnivore,
20 insectivore, proboscidea, perissodactyla, artiodactyla,
tubulidentata, pholidota, sirenia, cetacean, primates,
rodentia, lagomorpha, etc.). In one embodiment, cells
derived from Primates (e.g., chimpanzee, Japanese monkey,
human) are used. The above-described cells may be either
25 stemcells or somatic cells. Also, the cells may be adherent
cells, suspended cells, tissue forming cells, and mixtures

therecf. The cells may be used for transplantation.

Any organ may be targeted by the present

30 invention. A biological entity such as a tissue or cell
targeted by the present invention may be derived from any
organ. As used herein, the term “organ” refers to a

morphologically independent structure localized at a



may be separated into single tissues and conposite tissues according to
the type of cells constituting the tissue. Thus, tissues are separated
into various categories. 5 As used herein, the term"isol ated" neans that
natural ly acconpanying material is at 1%8ast reduced, or preferably
substantially conpletely elimnated, in normal circunstances. As used
herein, an isolated biological entity can be targeted by the present
invention. Therefore, 10 the term"isolated cell"” refers to a cel
substantially free fromother acconpanying substances (e.g., other cells,
proteins, nucleic acids, etc.) in natural circunstances. The term

"isol ated” in rel ab3on PORRIEIEN ot A Rl pitipde pEPRSTEANEN 1 HALE f or
exanpl e, the nucl eter@dindSirotidd isheegfokypept ideslaieSubst antraldns free

fromcellular substancesn@haCsll tprs capdi anwegaart h@&ns@@%sp'&)@dggegrﬁy
reconbi nant DNA technl ues cursor ances or_ather

or_pre chem

cheni cal subst ance§' Sihen Fﬁatlaﬂq & “thém<arfy® §§ ?%%dmnﬁ S6! atEd nucl ei c
acids are 20 pref efbbivy ’P‘?Jééi FPERASSEqRie fcReeat of eﬂellgilsf | 2Rk FRGPERCE nucl ei ¢
acid within an or ganitsnmnf oogmrivine bhuddie anuetinC ratathing sodeid wadciiae. ,

sequences positi oned, at, t he, B LRLELNNS:, A0 bhe Aoctehmnus. glolhe nucl ei c

acid) . Preferably, ol ated cell 1s used anal gresent
invention. 25 As USE ed“ﬁ@f‘él“ﬁlu‘?ef'lebutte‘ﬁﬁ m%tsjf’dﬁtlegﬁé’d"s ﬁ brl8P%f’F6?1 Yo cells
refers to a state ofrreagekidiqy,wheett .alipart ivobl dicpr opedt yinttsgthnas

pluripotency)iof therwsgl bung pma{temt&i neshaardst heage) Ipdindaegoesistabl e
prolifer at“ on 30 uPQ@lnaC"Qnd"qh dl téx gﬁﬁeé Be cg§%£d§§§é¥erﬂ;g¥€%§ kp&n such

an established cel be use use erein term refers to
a 35 P urlpotent cells include epldermlc cells, pancreatic

parenchymal cells, pancreatlc duct cells, hepatic cells,
blood cells, cardiac muscle cells, skeletal muscle cells,
15 osteoblasts, skeletal myoblasts, neurons, vascular
endothelial cells, pigment cells, smooth muscle cells, fat

cells, bone cells, cartilage cells, and the 1like.

As used herein, the term “tissue” refers to an

20 aggregate of cells having substantially the same function
and/oxr form in a multicellular organism. “Tissue” 1is
typlically an aggregate of cells of the same origin, but may

be an aggregate of cells of different origins as long as

the cells have the same function and/or form. Therefore,

25 tissues used herein may be composed of an aggregate of cells
of two or more different origins. Typically, a tissue
constitutes a part of an organ. Animal tissues are

separated into epithelial tissue, connective tissue,
muscular tissue, nervous tissue, and the 1like, on a
30 morphological, functional, or developmental basis. Plant
tissues are roughly separated into meristematic tissue and
permanent tissue according to the developmental stage of

the cells constituting the tissue. Alternatively, tissues



condition concerning various paranmeters of a biological entity such as a
cell (e.g., cell cycle, response to an external factor, signal
transducti on, gene expression, gene transcription, etc.). Exanples of such
a state include, but 5 are not linited3o, differentiated states,

undi fferentiated states, responses to external factors, cell cycles,
gromh states, and the like. As used herein, the term"gene state" refers
to any state associated with a gene (e.g., an expression state, a
transcription state, etc.). 10 As used herein, the terns "differentiation"
or "cell differentiation" ref e4 g{ten onenon_where t or . types
of cells having qu¥t¥ PatSwErarss éPe éég CEBFTRS ARA/SSF p??] 6t Fon° uoecscur in a
daught er cell poptﬁ@tqrdnnde‘rq Vidg 13r¢ rafmoehés diorissilont b9 &hsi Agheiccel | .

Therefore, "differenti atiors anel 4123 a8=PrioGessatibusngatdiahiea. popul ati on
(famly tree) of cells, whi ch do not originally have a specific detectable
feature, acquire a feature such as production of a ecific protein, or
the like. At present, 20 cel PSdH¥fetertfatiiEnta géﬁ‘e]r oy GRS difed to be
a state of a cellnitvoafilghacemppergifd cageoupl ofs genésasth tedecgenore are
expressed. Cell diﬁf&reeebtatsug@wmabeyi&ﬁ@t&tégdeh)ym@eaacttmgot@rl

intracel lular or ex% racetl uI ar agent, gegrhe COQ}dI koqgome@ eil |l%tcatlhe

above- descri bed state of gene 25 expressi on. erentiate s are
stable in principl ‘e“tltll’afatri %farqeredam%wr@erep% l\ﬂﬁ‘?’b“rfoﬁ‘avghl’ieéﬁo’fﬁrce
differentiateth ar ettreatetry“dsélfae:reerueilate.dfent aoGt derl sypesntodllcgeften 30 As

used herein, the terdp "Rkl raet:artcay{g,lriaf §u1§statnge§- metare cQ;fhe§- cells, i.e.,
an abilityto differentiate i.nt.o on prefer nore,

y or
tissues or organs. PrHdrEt o‘r‘eClelﬁea?ledrsr’rs pi e "pot en 3 ippuitsrdhods
"undi fferenti at ed"The term “igolated” in relation to nuclelc acids or

polypeptides means that, for example, the nucleic acids or
15 the polypeptides are substantially free from cellular
substances or culture media when they are produced by
recombinant DNA techniques; or precursory chemical
substances or other chemical substances when they are
chemically synthesized. Isolated nucleic acids are
20 preferably free from sequences naturally flanking the
nucleic acid within an organism from which the nucleic acid
is derived (i.e., sequences positioned at the 5’ terminus
and the 3’ terminus of the nucleic acid). Preferably, an

isolated cell is used for analysis of the present invention.

25
As used herein, the term “established” in
relation to cells refers to a state of a cell in which a
particular property (such as pluripotency) of the cell is
maintained and the cell undergoes stable proliferation
30 under culture conditions. In the present invention, such

an established cell may be used.

As used herein, the term “state” refers to a



36 are herein used interchangeably unless otherwi se nentioned. Typically,
the pluripotency of a cell is limted during developnent, and in an adult,
cells constituting a tissue or organ rarely alter to different cells, that
is, the 5 pluripotency is usually lost.3Particularly, epithelial cells
resist altering to other types of epithelial cells. Such alteration
typically occurs in pathol ogical conditions, and is called netapl asi a.
However, mesenchymal cells tend to easily undergo netaplasia, i.e., alter
to other 10 mesenchymal cells, with relatively sinple stinmuli. Therefore,
mesenchymal cells have a high level of pluripotency. Enbryonic stemcells
have pl uri pot ency. COW?%%H@ SPERIEEPY sVHAPE S pPRFATSEERCYT WHU§109H§“term
pIurlpotency mayennidlyudech hes coreépt (ofg.t otépbteandy, Amsgdbhsexampre of an

invitro assay fore%&@mﬂlc@grmfgggmrtparnsaqgtlcﬁq C@Arle Has- Rk UL p@é@@cy,

i ncludes, but is not lim g ‘%ﬁﬁ un er gon i tians fgr nduci ng
the formation and tHFF%EﬁBEf?at?%ﬁ of Pg% 8 584 &< SPER ARG R o an in
vivo assay for detes nPhilhgltdtetpreskiveenbrat@istmcesofungddf pruanitpatehcey,

! ncl ude, but are netatday t@bchees ivapdaidtrabl Gact6fs,aceel ey g, gBowth

i mrunodef i ci ent NOUSS SO Ag [0 f oL t% %EQ&"%ereirPJ el i.eD, of ?ﬁ‘ %‘E‘Ljﬁ" nto a

bl ast ocyst so as to orn1a chimeric ant ati on a ce into a

tissue of an organf&hirs(é€ %;a“yrﬁﬁ%ﬁﬁlSﬁsﬁ?“ﬁféeWPtPnFog§§8lt@s? 's0°as to
undergo 25 proliferapisioantdtdtee kitkmnsAsipsied hereinetgne. type of
pluripotency i@ "totipotency”, which refers to an ability to be

differentiated into all kindggofs&ehdswhigh g@g&t L\gy%greg@lgg%m s The
i dea of pIuripotepgg ghg ggasses tot)F?gencg q}exanﬁ é& a totipotent
cell is a 30 fertilf% SRAACEETT i TS b AP 1T ErentT A6 i onl y
one type of cell iBoraltvees vdntpdisemeying qualitative differences in form
and/or function occur in a daughter cell population derived
15 from the division of a single cell. Therefore,
“differentiation” includes a process during which a
population (family tree) of cells, which do not originally
have a specific detectable feature, acquire a feature, such
as production of a specific protein, or the like. At present,
20 cell differentiation is generally considered to be a state
of a cell in which. a specific group of genes in the genome
are expressed. Cell differentiation can be identified by
searching for intracellular or extracellular agents or
conditions which elicit the above-described state of gene
25 expression. Differentiated cells are stable in principle.
Particularly, animal cells which have been once
differentiated are rarely differentiated into other types

of cells.

30 . As used herein, the term “pluripotency” refers
to a nature of a cell, i.e., an ability to differentiate
into one or more, preferably two or more, tissues or organs.

Therefore, the terms “pluripotent” and “undifferentiated”



As used herein, the term"gene" refers to an 37 elenent defining a genetic
trait, which is a biological function of a biological entity. A gene is
typically arranged in a given sequence on a chronosone or other
extrachronmosoma 1 factor. A gene which Yefines the primary 5 structure of a
protein is called a structural gene. A gene which regulates the expression
of a structural gene is called a regulatory gene (e.g., pronoter) . Cenes
herein include structural genes and regul atory genes unl ess ot herw se
specified. Therefore, for exanple, the term"cyclin gene" 10 typically

| nol udes the structur gl gene. of ; GYGkin, and. NG, BLONRLEr. O GxelhD, AS used
herein, "gene" may refer 1o e'polynl_JcF(aC("f%lc}é’", *0 igqnuc‘e6¥| ep,. nucl ei c
acid", and "nucl ef¥PH&d Ynoltlee RleriBpainey ©pr ot el 1" poryirehirdéeny

"ol i gopepti de" anddépepidrdet, sAs Used hérlei,ncelgerendSiyutodyct tiksed udes

"pol ynucl eoti de”, 5ol bgonucleeii delver tBUGL BES-ACI dey 8 cHaycligi coaci d
nol ecul e" and/gr " otequ " o¥%9e§5|df", "ollgopeqtl e" anq"gegflde",
which are exptess8UbiPoASg8he’ S THESE ¥kiTi%ed FATTHE AFtY underSeand’ what a
gene product is, a€ebidiragieo alhervwnhtexethezotyresusédeidhelie! chélserm
"honol ogy" in rel ashemaltorariseqyenELl (yeoccu@s.in pahblUel &0 agidd tseqgaence,

an amno acid sequence, oShiGynd&heLsid 0 NG RLORULLOR,RS LAEN LYy bet ween
& 25 h %

two or nore gene sequences. Therefore, the reafer t ono Og et ween
two given genes, th g?@&ﬁér‘¥ﬁ%r?%eﬁ?F?%ﬁas 2 simidari 1Y Bet el gﬁ%ir
sequences. \Whét her mgsemditymphwo cegjadises Ravie heiekogsly s sdepes misteduby.
conparing their seguedcas,dif@ehk)yRdl bred1 ybiidi zat nggnmetded upder
stringent conditions,, Wien,byo 08e SRAVCOESS ALS AhLeE! LY G iatrgred with
each other, these gene ave honpl ogy i the
issue stem cells THHave pluripotency. Thus, the term
“pluripotency” may include the concept of totipotency. An
15 example of an in vitro assay for determining whether or not
a cell has pluripotency, includes, but is not limited to,
culturing under conditions for inducing the formation and
differentiation of embryoid bodies. Examples of an in vivo
assay for determining the presence or absence of
20 pluripotency, include, but are not limited to, implantation
of acell into an immunodeficient mouse so as to form teratoma,
injectionof acell intoablastocyst so as to forma chimeric
embryo, implantation of a cell into a tissue of an organism
(e.g., injection of a cell into ascites) so as to undergo
25 proliferation, and the like. As used herein, one type of
~ pluripotency is “totipotency”, which refers to an ability

tobedifferentiated into all kinds of cells which constitute

an organism. The idea of pluripotency encompasses
totipotency. An example of a totipotent cell is a
30 fertilized ovum. An ability to be differentiated into only

one type of cell is called “unipotency”.

As used herein, the term “gene” refers to an



DNA sequences of the genes have representatively at least 50%identity,
preferably at least 70%identity, nore preferably at |east 80% 90% 95%
96% 97% 98% or 99% 38 identity with_each other. As used herein, the
term "simlarity"” in relation to a sequence (e.g., a nucleic acid
sequence, an am no acid sequence, or the like) refers to the proportion of
identity between two or nore sequences 5 when conservative substitution is
regarded as positive (identical) in the above-described honol ogy.
Therefore, homology and similarity differ fromeach other in the presence

of conservative subpstituti | f _nQ _conservati bstit ns. are
present, honol ogy a?u:f“ sLtl gﬂl i Rave T he fﬁals%NEWh\}g e aSu%clh ﬁgmﬁ‘ ogous
genes and the |ikeffriFipe G§e6 §1??ﬂ§a§aﬁ€tfﬁhctl%nﬁ33$ aSnEtROFRLLY f

appl i cabl e, and nmayrrdigedsed aSgdvéde&an@nperbmrbathnnmageetorandhéMe i ke,

if —applicable. 15éxtTmhtr@w§on{59rpat&b@" 2 Ol RERI Q@fmes u@é bgopepy i de”
and "peptide" as used herei ave er to an am no

aci d pol ymer of any“16ngtR.° ?ﬁ“?tﬁﬁ?9ﬁé$qﬁ§5€bééﬂggffﬁ}éﬁFe bfafithed or
cyclic chain pol yweich 7¢0VdRiA® the pUPPRAS e of nat:ncabkyl eeewit ¢ cagler 20
nonnat ur al | y- occur &iRguaat ooy aehd, (k. a pramoddi) anGaeAbkdein Theltd® m may

i nclude those assegpled: ioggn&sorms'gesr?;_o kel Lhve ewa{é[' de

chains. The terma 0|ncues a_nhatura rrrng or artl I Cl

modi fi ed ami no aci PEpdiyiter Th8ueH 1odt 5 Eé?fvpolﬁ i A GBER, CYoriedaml e,
di sul fide bondJforhﬁm$nﬂ4ygiwth@baanﬁFrb¢pndatg@ﬁ;oface@yhammdnthe
phosphoryl ation, opréteot Bercymnhpulaat Lodd MerePdifjetat i @hy, (Rgr, to

conj ugation w th a“ %%‘a@g?@deet y)oliég-!;mﬁglgc?&g@’“ MN§ 99”&3&%595&%

pol ypepti de contain aci
nonnaturally OCCUFFP ic acid molecule” and/or ‘' proteln , po ypeptlde
“oligopeptide” and “peptide”. As used herein, “gene
15 product” includes “polynucleotide”, “oligonucleotide”,

“nucleic acid” and “nucleic acid molecule” and/or “protein”,
“polypeptide”, “oligopeptide” and “peptide”, which are
expressed by a gene. Those skilled in the art understand
what a gene product is, according to the context.

20

As used herein, the term “homology” in relation
to a sequence (e.g., a nucleic acid sequence, an amino acid
sequence, etc.) refers to the proportion of identity between
two or more gene sequences. Therefore, the greater the

25 homclogy between two given genes, the greater the identity
or similarity between their sequences. Whether or not two
genes have homology is determined by comparing their
sequences directly or by a hybridization method under
stringent conditions. When two gene sequences are directly

30 compared with each other, these genes have homology if the
DNA sequences of the genes have representatively at least
50% identity, preferably at least 70% identity, more
preferably at least 80%, 90%, 95%, 96%, 97%, 98%, or 99%



30 amino acid, etc.), a peptide-like conmpound (e.g., peptoid), and other
variants known in the art, for exanple. Gene products, such as

extracel lular matrix protelns (e.g., fibronectin, etc.), are usually in
the formof a polypeptide. 39 Polypept?des used in the present invention
may be produced by, for exanple, cultivating primary culture cells
produci ng the peptides or cell lines thereof, followed by separation or
purification of the peptides fromthe culture 5 supernatant. Alternatively,
genetic mani pul ation techniques can be used to incorporate a gene encoding
a polypeptide of interest into an app riate expression vector
transform an expr esSFon Hodt Wi (K Phe O%EtorAsaﬂaechﬁF%tT'ré%%nﬁ?ﬁ%nt

pol ypepti des from t#enidakitye lmaeéapewne@anﬁ@@én¢$éetqansm@phedc@eids The

above-descri bed h@éc’q’ue(h%b' aRYar@ o asyi dh@stu&elel, Soﬁoﬁi@ﬂ&k@ﬂ&lelﬂérblsﬁﬁ in

genetic mani pul ati n S as e N express eptide
of interest while g@? gpn%ﬁuﬁlO% l&ﬁﬂgtgl%afﬁﬁ gc iVity of ﬁﬁg ﬁ%gtlde

(e.g., E. coli? yeé%?n %&?%&ﬁV%E}YﬁHSW?éFFU“éPé Ys P8PFY idfedodétivred from
the thus-obtained(céddtscay hawveeatbdweastsandeamhmoobeiyd =shefotelt i on,

addi tion, and/or dghgliQy %rndatSJ.Jngfailthnﬁlf§é&gafro¢rhega%hslélgﬁéftyrtllthe
addi ti on, and/or del etion ave subst tl%?ﬁ% t he. same

| 0
function as that of *S S0 N %lJraSnga %Wﬁ?qiéé Bﬁ?fﬁ@ptl VaFhE°
"pol ynucl eot i de", SW%@GMGM%PF%@T@S@“Mdtq“@llégaépd aiiéeul & hayrdtHaqucl ei ¢
aci d" as usediher esmne haves { heusarenoBaPLBGaRd dref €fe tOka mayalLtéde -

pol ymer 25 havi ng QQM&%@QQ&QfuIB£§m¥%EW3@k§QO£PC|%dgﬁbfylabl '@,@nMg}eot'de

derivative" or a B \¥ cl eot.i derivative" onuc eOtI
derivative" or a ue? edd‘tfl §ESHe PPV RTTRFELOR r?cqeﬁ?aésa%fi AU | EdEr db
appllcable
15 The terms “protein”, “polypeptide”,

Moligopeptide” and “peptide” as used herein have the same
meaning and refer to an amino acid polymer of any length.
This polymer may be a straight, branched or cyclic chain
polymer. An amino acid may be a naturally-occurring or
20 nonnaturally-occurring amino acid, or a variant amino acid.
The term may include those assembled into a composite of
a plurality of polypeptide chains. The term also includes
a naturally-occurring or artificially modified amino acid
polymer. Such modification includes, for example,
25 disulfide bond formation, glycosylation, lipidation,
acetylation, phosphorylation, or any other manipulation or
modification (e.g., conjugation with a labeling moiety).
This definition encompasses a polypeptide containing at
least one amino acid analog (e.g., nonnaturally-occurring
30 amino acid, etc.), a peptide-like compound (e.g., peptoid),
and other wvariants known in the art, for example. Gene
products, such as extracellular matrix proteins (e.qg.,

fibronectin, etc.), areusually in the formof a polypeptide.



derivative, or refers to an oligonucleotide or a 30 pol ynucl eoti de having
different |inkages between nucleotides fromtypical |inkages, which are
i nt erchangeably used. Exanpl es of such39n ol i gonucl eotide specifically

i nclude 2'-0-nmethyl-ribonucl eotide, an“40 oligonucl eotide derivative in
whi ch a phosphodi ester bond in an oligonucleotide is converted to a
phosphorot hi oate bond, an oligonucl eotide derivative in which a
phosphodi ester bond in an oligonucleotide is converted to 5 a N3'-P5
phosphor oam dat e bond, an oligonucl eotide derivative in which a ribose and
a phosphodi ester bond in an oligonucl eotide are converted to a

pept i de- nucl ei ¢ aéF&YPBBHH?sdﬁ*ﬁgF@&ﬁﬁ&W@ﬁFPHé”ﬂ@PFVﬁ%W@%1¥hpﬁﬁPﬁﬁduraci
in an oligonucl edtvi.def¢s subsplid¢ut edlwitadri@5 priopynylcuitackl ,cellQsan

ol ibgf_nfclt egti _dtehdqmowaﬁgrvge ﬁh@ Mt@bfé’r&ckél% BETLE tf?Jeirtg_Qg,U@loQQ_E\iJ&f_biys _
substituted wi - azo uragil., . an ol.igonuc erivative in
whi ch cytosine i n%é%agca)‘f}ognoﬂﬁgluég%c etllmsl .osfu hs THu léiggvértoﬁ % cuftdlﬁfnyl
cytosi ne, an°®ol i golwGENebtitde der$b%ﬁﬁ”@élY?ﬂ%Mﬂ(ﬂ?W@§ﬂ6siﬁ@nﬁﬁu£%F¥EB

ol i gonucl eoti de i stezshbstindutcad e tisghenoxazémeraoeid ithe eytosimea an

ol i gonucl eoti de degsdiyativesd beMingB LiDOSR J Ry NS S SlstL LUt ad Wi th
2' -Opropyl ribose nd an _oligonucl eotide derivative in which ribose in
an ol i gonucl eot i A8 ST s UFSPPf SR d Wi i 2SI AR (108 %y Gt o§§82@CF950§§@'Unless
ot herwi se i ndi cat etpllgcpar r¢cutaranucl ki lyreatidesseduence thbsocihplbeci t |y
enconpasses 1@onsefuathyednt- apdhtiednyasiant Setiker enfe {1w@-cdegenssat e
codon substituti ong),.and; g0 Rl SIEE0LA) oSLUUANGES A%, dha1 85 Ld18 sgQquence

explicitly indicate ,Feci_ Y, 25 degenerate codon substitutions may
be produced by geffeFALF MG SRGIEHCASL SR WA THE KB Y RiPr A 503t PORESGT one or

a polypeptide of interest while maintaining the
physiological activity of the peptide (e.qg., E. coli, yeast,
15 an animal cell, etc.). Polypeptides derived from the
thus-obtained cells may have at least one amino acid
substitution, addition, and/or deletion or at least one
sugar chain substitution, addition, and/or deletion as long
as they have substantially the same function as that of

20 naturally-occurring pblypeptides.

The terms “polynucleotide”, “oligonucleotide”,
“nucleic acid molecule” and “nucleic acid” as used herein

have the same meaning and refer to a nucleotide polymer

25 having any length. This term also includes an
“oligonucleotide derivative” or a “polynucleotide
derivative”. An “oligonucleotide derivative” or a

“polynucleotide derivative” includes a nucleotide
derivative, or refers to an oligonucleotide or a
30 polynucleotide having different linkages between
nucleotides from typical linkages, which are
interchangeably used. Examples of such an oligonucleotide

specifically include 2’ -0-methyl-ribonucleotide, an



nore selected (or all) codons is substituted with m xed-base and/or

deoxyi nosi ne residues (Batzer et al., Nucleic Acid Res. 19:5081(1991);
Ohtsuka et al., J. Biol. Chem 30 260:2605-2608 (1985); Rossolini et al.,
Mol . Cell. Probes 8:91-98(1994)). A gene encoding an extracellular matrix
protein (e.g., fibronectin, etc.) or the like is usually in the formof a
pol ynucl eotide. A nolecule to be 41 transfected is in the formof a

pol ynucl eoti de. As used herein, the term"correspondi ng", when used for
the relationship between a functional reporter and 5 function, refers to a

state where the sig nuggéwl%@ &éﬂma@lw%t wml r@mghsal&ftel nL & est
reflects the state o herefore o he state of

such a function basdd O&hg?rhuct‘f &h%ﬁ §f CURE TS c’f‘? c?nggof‘% Oorrottg?o
correspondi ng to Perdfundti oplidropcesemske, derdgenelive) elpr egsialg a
fl uorescent proteprogpetabyed bokednunden igondidlaRscad Alsi enalerkaatoy 1s said

to oe,2 functj onal, reposter nieqphespandlog tohe 4f apseripihapglodactor.

and the like. As us her ei n term "correspon am no acid
nucl ei ¢ acid ref ef&X G AN am HB Ftiddt Hrosfueredt PH%SPWQr?lSSb?’{/é’ﬁ“Bo’r’ypeptl de
or pol ynucl eoti deanpllégoheslephidh arhapnvertéd tam pepipatedutbeirageid a
function simlar bendhah omgo@uQI&QQHSrdﬂﬁl@dt@ﬂé ne Agich Qradiicligodide in a

pol ypepti de Ornp%é’é‘o%'c%% Paee 33 &brsec ‘E&@%‘&%&Bh Cfg@%f&x?@f” urgQi1

Particularly, i ase %@ ["écu ers %o an am no
aci d which i & pr e@%ntolaﬁoral%eﬁﬂ 6%%—*}%%%6 iR athigdt i e cditt érandp
simlarly contribuoltegrtuvcleatadeytiscsutattitvi¢y wikorCexanphkeold mrahel case of

anti sense nol ecul gs oi%orﬁhc@@é&?den cpeqllyagpdeeou dghidhhekesmd efers,to a
simlar 25 portion,|n af,orthel 09,6817 £SRANUNG LS B RArLh ey aL;portion  of
the anti sense nol ecuf e.

an oligonucleotide derivative in which cytosine in an

15 oligonucleotide is substituted with phenoxazine-modified
cytosine, an oligonucleotide derivative in which ribose in
DNA 1is substituted with 2’-O-propyl ribose, and an
oligonucleotide derivative in which ribose in an
oligonucleotide 1s substituted with 2’/-methoxyethoxy
20 ribose. Unless otherwise indicated, a particular nucleic
acid sequence also implicitly encompasses
conservatively-modified variants thereof (e.g. degenerate
codon substitutions) and complementary sequences as well
as the sequence explicitly indicated. Specifically,
25 degenerate codon substitutions may be produced by
generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base
and/or deoxyinosine residues (Batzer et al., Nucleic Acid
Res. 19:5081(1991); Ohtsuka et al., J. Biol. Chem.
30 260:2605-2608 (1985); Rossolini et al., Mol. Cell. Probes
8:91~-98(1994)). A gene encoding an extracellular matrix
protein (e.g., fibronectin, etc.) or the like is usually

in the form of a polynucleotide. A molecule to be



As used herein, the term "correspondi ng" gene (e.g., a polypeptide or

pol ynucl eotide nmolecule) refers to 30 a gene in a given species, which
has, or is anticipated to have, a function simlar to that of a
predeterm ned gene in a species as a*eference for conparison. Wen there
are a plurality of genes having such a function, the termrefers 42 to a
gene having the sane evol utionary origin. Therefore, a gene correspondi ng
to a given gene may be an ortholog of the given gene. Therefore, genes
corresponding to nouse cyclin genes can be found in other animals. Such a
5 correspondi ng gene ggn bg |dent£ echn gye%_ known in the
art. Therefore, fOroE¥s ?e:&hlgorresﬁéﬂ % S a grven ani mal can be
found by searching a sequence database of the animal (e.g., human, rat)
usi ng the sequence of a reherenrgehgenea, 03&9tenﬂﬂd6ﬁmﬁ¥mhﬁﬂmgen&hmftC ) as

a 10 query sequeggﬁ/f@@ tHé%lQ@[&l%lptﬁ'é%wEéﬁ@ JJ&QB}%‘QI e¥bifL.r gspect  to

a polypeptrde or nucl eotide refer ' to a pol ynucl eot i de

havi ng a sequence ‘i“e‘ﬁd‘toﬁ rEHgiTigt e raoﬁ?aitelﬁhgﬁe ﬁhf Wr?rﬁ“lr g?b‘ev@fj t°% he full
| engt h of the referBncgiopol ypepticiecbripeirgatciedderte yhef stawgbh ) . The
length of the fragmenionCanhbeeapps ops idhekdtshangathedepanrdbnguen 4 he

pur pose. For exanp| e h e of the
| engt h of the frggnenloﬁn% %ﬁ9Q§§t9% Qﬁ%%@ B% Qgé %BQSlO%%MQ%gkkg%g 25, 30,
40, 50 or nore nuEPEGASPABEINT LEAgiHE FepFEL¥ht edfBY FREBYS s WhPER are not
herein specifi edekergpsingla afichotrhecdritkeyormiyn lbecappriopinbtd vasea al owner

limt. For exanpl eraﬂr&rtlhelgﬁaslefgét&ohyeu@he&;bgesfunéheng@we@olrt@}t of the
| engt h of the fra nent ing 29130, 40,

50, 75, 100 or FERGCre ??geséiel_grarfsﬁrl?teb(jrnéigef?cocc?r arrdzg'egers which are

not

As used herein, the term “corresponding” amino

15 acid or nucleic acid refers to an amino acid or nucleotide
in a given polypeptide or polynucleotide molecule, which

has, or is anticipated to have, a function similar to that

of a predetermined amino acid or nucleotide in a polypeptide

or polynucleotide as a reference for comparison.

20 Particularly, in the case of enzyme molecules, the term
refers to an amino acid which is present at a similar position

in an active site and similarly contributes to catalytic
activity. For example, in the case of antisense molecules

for a certain polynucleotide, the term refers to a similar

25 portion in an ortholog corresponding to a particular portion

of the antisense molecule.

As used herein, the term “corresponding” gene

(e.g., a polypeptide or polynucleotide molecule) refers to

30 a gene in a given species, which has, or is anticipated to
have, a function similar to that of a predetermined gene

in a species as a reference for comparison. When there are

a plurality of genes having such a function, the term refers



herein specified (e.g., 11 and the like) nmay be appropriate as a |ower
limt. As used herein, the |length of polypeptides or polynucleotides can
be represented by the nunber of am no 30 acids or nucleic acids,
respectively. However, the above-desc?ibed nunbers are not absolute The
above-descri bed nunbers as the upper or lower limt are intended to

i ncl ude sone greater or smaller nunbers (e.g., 43 10% , as long as the
sanme function is maintained. For this purpose, "about" nay be herein put
ahead of the nunbers. Fbmever it should be under st ood that t he

interpretation o nunber n% fecte g% the presenc gbsence of 5
a

"about" in the pre%ean?esepe(a:‘l’tl% Foneas’ Cerei rlgltnhe eerrr% Pbi oI ogi cal

activity" refersataeracteRAeEyOposess et JbyeaNcagety pe & orgholog of
pol ynucl eoti de, atps aiigien, g@tec.. ) T ddTiolte ANyedlegatd syspbOdime ltedinngse

activities exhlbltyaguya&ye@sC£HHQqu&%nﬁelg @thttaaegtapglons@ﬁpmptlng
activity, etc.). For

certai ac t he
bi ol ogi cal activi F?rreﬂ%’@ggb‘fg |ghe(§’leu85§ Pg ot d@ﬁﬁ%‘r’e %tyi gnlquﬁs other
exanpl e, when a &epwmiln fheceol- §h%¥qfoganéort¢ﬁ@mml@tdgpeéte%aﬂpﬁvtty 15
t hereof includes ghee bhrudiglge@fanthel lckgandt$undaby eeaptding edgeependi ng

thereto. The abovesdasald hodhbloleal ¢aly. afkhyl L% Sa1L:Re dRARkEEd DY

t echni ques wel | - known herein, the ter m search"

indi cates that a°§i YeF AERT S C°8Ei £ SequBALY IYCutt 19%08d £ i Ad Ot her
nucl ei ¢ aci dibaseaseguenrcesndmvi ng a specific function and/or property
either electronically or biol ogi cally, or using other nethods. Exanples of

an el ectronic search 25 incI Sy Pl ¢ 5&‘ ?m Qo %Alctschul et
al., J. Mdl. Biol. 215:403- fb (pB % E%%? “E son VﬁLlpna
to a polypeptide or polynucleotlde refer to a polypeptide
or polynucleotide having a sequence length ranging from 1
15 to n-1 with respect to the full length of the reference
polypeptide or polynucleotide (of length n). The length of
the fragment can be appropriately changed depending on the
purpose. For example, in the case of polypeptides, the
lower limit of the length of the fragment includes 3, 4,
20 5, 6,7, 8,9, 10, 15, 20, 25, 30, 40, 50 or more nucleotides.
Lengths represented by integers which are not herein
specified (e.g., 11 and the like) may be appropriate as a
lower limit. For example, in the case of polynucleotides,
the lower limit of the length of the fragment includes 5,
25 6, 7, 8, 9, 10, 15, 20, 25, 30, 40, 50, 75, 100 or more
nucleotides. Lengths represented by integers which are not
herein specified (e.g., 11 and the like) may be appropriate
as a lower limit. As usedherein, the length of polypeptides
or polynucleotides can be represented by the number of amino
30 acids or nucleic acids, respectively. However, the
above-described numbers are not absolute. The
above-described numbers as the upper or lower limit are

intended to include some greater or smaller numbers (e.g.,



Proc. Natl. Acad. Sci., USA 85:2444-2448 (1988)), Smth and Waternman
nmethod (Smth and Waterman, J. Mol. Biol. 147:195-197 (1981)), and

Needl eman and Winsch met hod 30 ( Needl eman and Winsch, J. Ml . Biol

48: 443-453 (1970)), and the |ike. Exafples of a biol ogical search include,
but are not limted to, a macroarray in which genomic DNA is attached to
a nylon nenbrane or the like or a mcroarray 44 (mcroassay) in which
genom c DNA is attached to a glass plate under stringent hybridization
conditions, PCR and in situ hybridization, and the |like. Such a search may
be conducted by using a method or systemof the present 5 invention. As
used herein, the répﬁ?”ﬁﬁd6@@ﬁ%ﬁ@ﬁ§aT%féﬁc%ﬁﬁb{%ﬂﬁﬁﬂFﬁPeﬁseFPHt@éﬁrchlng
which is used in PUsPobegi‘ePut'exger baemreisupht adepd of tthe awdlers.in vivo
screening or 10 thewkike, itnehsdidnge Mideri@bobeinig thaiinedrpoecdtabnexanpl e,

a nucleic acid ”D'oefCHLrﬁb&asV'lQQn% sReclide b@%ﬁﬁ%‘ég&?& S ap e REPLE

containing.a speC|f|c am no aci d sequence & niereic acid
nol ecul e as a’coméR°vi5 By Ghe ?ﬁ%ﬁﬁaeﬂﬁﬁéfﬁéﬁFHﬁ‘a nucl ei ¢ aci d sequence
having a length of at |east 8 contiguous nucleotides, which is honol ogous

or_conpl enentary to the nuclgi g, @&'hqréng%ﬂgecerﬁf“b%gse?c&f 2LDLgr&st. Such

a nucleic acid segﬁgnce may referably a nucleic acid sequence having a
length of at 20 | &8S€°9 éﬁht?b TSy nRASEEET ks PYnoite pPEHer dBHY 7a Pengt h
of at least 10 comdlgoeuseqiidkeoti desteand even nviehimraf epapdnisa, | engt h

of at l|east 4t contricgueusy rauéahep@ﬂe@egxm@tllaagwkl%satud&a@hs12e Gont i guous
nucl eotides, a length, c?hnﬁ. Fg%ﬁgt%§ ggp%hggo%§ nuclgogégesjﬁ Iength of
Cl c

at |east 25 14 contiguous nuc t R of at Teast ontlguous
nucl eoti des, a Ieﬁth?Qﬁﬁlétf?%%%§t120a60ﬂ¥?%ﬂﬁou§hﬁué+%kRQHﬂéé activity

thereof includes its enzyme activity. In another example,
when a certain factor is a ligand, the biological activity

15 thereof includes the binding of the ligand to a receptor
corresponding thereto. The above-described biological
activity can be measured by techniques well-known in the
art.

20 As used herein, the term “search” indicates that
a given nucleic acid sequence is utilized to find other
nucleic acid base sequences having a specific function
and/or property either electronically or biologically, or
using other methods. Examples of an electronic search

25 include, but are not limited to, BLAST (Altschul et al.,
J. Mol. Biol. 215:403-410 (1990)), FASTA (Pearson & Lipman,
Proc. Natl. Acad. Sci., USA 85:2444-2448 (1988)), Smith and
Waterman method (Smith and Waterman, J. Mol. Biol.
147:195-197 (1981)), and Needleman and Wunsch method

30 (Needleman and Wunsch, J. Mol. Biol. 48:443-453 (1970)),
and the like. Examples of a biological search include, but
are not limited to, a macroarray in which genomic DNA is

attached to a nylon membrane or the like or a microarray



a length of at |east 25 contiguous nucleotides, a length of at |east 30
contiguous nucl eotides, a length of at |east 40 contiguous nucl eotides, or
a length of at least 50 30 contiguous nucl eotides. A nucleic acid seguence
used as a probe includes a nucleic acd sequence having at |east 70%
honol ogy to the above-descri bed sequence, nore preferably at |east 80%
and even nore preferably at | east 90% or at 45 |east 95% As used herein,
the term"prinmer"” refers to a substance required for initiation of a
reaction of a 5 macronol ecul e conpound to be synthesized, in a

macr onol ecul e synthesis enzymatic reaction. In a reaction for synthe5|2|ng
a nucl eic acid nol GdGFeasHEul et AePeromisl Bl e e&t3cheDRA, 2 RNASSor t he
l'i ke) which is comilaerentdarysttiogpar hyofidizmadpomrohdttdaseoifffoand io be

synt hesi zed may qutlaehyﬁﬁlchlzétw&l ean@ agk d N ecyh@, whisehrbs @rdigaari |y
used as a priner |ncludq; on euSln

| é} guckesc C|do§eguenc§gSQHQV|ng a
length of at |east®B°¢ontS guous nﬁbled?? Q8. OFhidRTTE 75 Conplenshtary to
the nucleic aéid s@n@éﬁe@nof a gene of interest. Such a nucleic acid
sequence preferably has a length of at |east 9 contiguous nucl eoti des,

more preferably a length OfAQkaEQ%Er Q, cepLigugus., g&&yqukgg§1x¢%en nmor e
preferably a length of at |east 11 cont] guous nucleotld 20 a | ength of

at |east 12 conti gui$2ATRFBHLFEES, SearF%ng iP5 ST ehet 2 P3ORH I Hous
nucl eoti des, a | engtderofiemt, IseaBtas 14 vdntd guddsr nuclvewe i desenand exrgt h of
at least 15 clq)nti guQUS i kUEhE0ldidEeSs bud r{(ﬁnlgélh)goilrﬂiitelde@ﬁ,t tdbeg@flcgUOUS

nucl eot [ des, 2.1 engl ol absLeastedl aontlpuolis.auslsotides. gobangth 25

of at |east 18 co uous” nucl eot | d east " 19 contiguous
nucl eoti des, a Ien@fﬁ?ﬁﬁﬁd%thq§§é?l%&)acéﬂ??tﬁhﬁuémlno icia*ESquente.

Examples of a nucleic acid molecule as a common

15 probe include one having a nucleic acid sequence having a
length o©f at least 8 contiguous nucleotides, which 1is
homologous or complementary to the nucleic acid sequence

of a gene of interest. Such a nucleic acid sequence may be
preferably a nucleic acid sequence having a length of at

20 least 9 contiguous nucleotides, more preferably a length
of at least 10 contiguous nucleotides, and even more
preferably a length of at least 11 contiguous nucleotides,

a length of at least 12 contiguous nucleotides, a length

of at least 13 contiguous nucleotides, a length of at least

25 14 contiguous nucleotides, a length of at least 15 contiguous
nucleotides, a length of at least 20 contiguous nucleotides,

a length of at least 25 contiguous nucleotides, a length

of at least 30 contiguous nucleotides, a length of at least

40 contiguous nucleotides, or a length of at least 50

30 contiguous nucleotides. A nucleic acid sequence used as a
probe includes a nucleic acid sequence having at least 70%
homology to the above-described sequence, more preferably

at least 80%, and even more preferably at least 90% or at



nucl eoti des, a length of at |east 25 contiguous nucl eotides, a |length of
at |l east 30 contiguous nucleotides, a length of at |east 40 contiguous
nucl eotides, and a length of at 30 | east 50 contiguous nucl eotides. A
nucl eic acid sequence used as a prineﬁ’includes a nucl ei c acid sequence
having at |east 70% honol ogy to the above-descri bed sequence, nore
preferably at |east 80% even nore preferably at | east 90% 46 and nost
preferably at |east 95% An appropriate sequence as a priner nay vary
depending on the property of the sequence to be synthesized (anmplified)
Those skilled in the art can design an appropriate primer depending on the
sequence of 5 i nt er¥St. *Stich priner design is well known in the art and
may be perforned manual ly or using a conmputer program (e.g. , LASERGENE,
Primer Select, DNAStar). As wsegdieh€idhn,t bee ttRk-m \“Iﬁmnte(gpe"eﬂe&fsetcs a4 0 an

10 anti genic _det er gf,nanf,... TheLeface, gtrh%nt%wtm%p' 40P8: -cdaliidss g set of

am no acid reS|dues nvol ve ecogni t particul ar
i munogl obul i 7, (N“ﬁ9¥oﬁﬁéecﬁﬁhté%FW8Fn¢ céPIsbeth6§€tV%§ﬁﬁﬁﬁes Aécessary for
recognition by theackogeléculeceptdiesps aineynst andéort ). orinld reaction

H stoconpati bi | i tys&onphexediMiG) £ &aRALOE sacﬂihh@lé@n@ is n@dl%QCU§@lch

|nterchangeably W t antigenic t i geni ¢ .det er m nant
site". In the fiel raomo SR ot ¢ ODQZ? g]ilir? vi \%e (l)thEe wm th 93 e ?épé’ is a

feature of a mol ect® @artera m@@tqmﬁwulsee@emrw éﬁdoét éWﬁF}éﬁ%}Zﬁép‘HB@Ie
structure, 20i@and sdharsge) that forms a site recogni zed by an

i mmunogl obulin, T cell receptor or HLA nol ecule. An epitope including a
pepti de conprises 3 or nore am nQ aci a spatial . conformtion ichis
uni que to the epitope. GEneréﬂpvﬁeéﬁacé%??%ﬁ%”@dﬁ?ﬁgﬁﬁ‘8?lﬁFrtﬁ%§?a¥hsuch
am no acids, and nete RBimgdiinatides ocpordiast kapfe arcleigspcel seaugicd or 10
such am no having a length of at least 8 contiguous nucleotides, which

15 is complementary to the nucleic acid sequence of a gene of
interest. Such a nucleic acid sequence preferably has a
length of at least 9 contiguous nucleotides, more preferably
a length of at least 10 contiguous nucleotides, even more
preferably a length of at least 11 contiguous nucleotides,

20 a length of at least 12 contiguous nucleotides, a length
of at least 13 contiguous nucleotides, a length of at least
14 contiguous nucleotides, a length of at least 15 contiguous
nucleotides, a length of at least 16 contiguous nucleotides,
a length of at least 17 contiguous nucleotides, a length

25 of at least 18 contiguous nucleotides, a length of at least
19 contiguous nucleotides, a length of at least 20 contiguous
nucleotides, a length of at least 25 contiguous nucleotides,
a length of at least 30 contiguous nucleotides, a length
of at least 40 contiguous nucleotides, and a length of at

30 least 50 contiguous nucleotides. A nucleic acid sequence
used as a primer includes a nucleic acid sequence having
at least 70% homology to the above-described sequence, more

preferably at least 80%, even more preferably at least 90%,



acids. The greater the length of an epitope, the nore the simlarity of
the epitope to the original peptide, i.e., longer epitopes are generally
preferable. This is not necessarily t case when the conformation is
taken into 30 account. Methods of determning the spatial conformation of
am no acids are known in the art, and include, for exanple, X-ray
crystal |l ography and 2-di nensi onal nucl ear magnetic resonance spectroscopy.
Furthernore, the identification 47 of epitopes in a given protein is
readily acconplished using techniques well known in the art. See, also,
Geysen et al. , Proc i,. USA _(1984) 81: 399 ener al met hod
of rapidly synthes?%%Wasbéﬁ?fﬁggﬂﬁdﬂﬂéféfﬁpﬁ% tﬁBéﬁ%ﬁ???bﬁuﬁgg?u?ﬁﬁhnogenic
epi topes in a giveds arrigenyjay varySiemradéng onNge R4 0POBL 871 thpregeehees f or
identifying and chesbéalyhyhessyBtihaspbzi @i t10pRes safi 1 aak igeams)srtadih Geysen

pepti des wit h i gh S TEncty erTa Qrven o st %9H§'&“‘%h£°5e§ﬁ?§§”iy' "

recogni ze t he sane' & €6pe AP ém?ﬂéﬁFﬁPPé& V%Lh EPHDIE Fminbadsha
Thus, nethods for maleberarfvngdeginuepds o ncliodiangpreupeptpirderan ée vl /| knomn

in the art. Such pixpEkope GaRr b deker pined Using a wel |l -known, common
technique by those skilled in the art 15 if the primary nucleic acid or

am no acid sequence of the epitope is provided. Therefore, an epitope
i ncl uding a peptide requiredsassédqireiRéd: Ha¢i fif™a IRrvgPR” GRIgFS ekt 3
am no aci ds, 120 paefierabtydatetreashtd amhaoe@cieds,chrorterpr efept abybey” at

| east 5 am no aci ds,c@lsekeastt Q;fag%ﬂ% %@i&'%es@&uése@ﬁicr? ;L%nlﬁkﬁbl%%adﬁw at
| east 8 am no acids, at .least am no_aci.d am no aci ds, at

| east 15 amino aci H<S %%ﬁtf%bs?YZ@ Bﬁf?ﬁ§Ulﬁﬁl @mu?ﬁﬁg %%l%ﬂﬁ no act dse

Epi t opes may be ||¢@§ﬂex@ﬂﬁchells those residues necessary for recognition
by the T cell receptor proteins and/or Major

15 Histocompatibility Complex {(MHC) receptors. This term is
also used interchangeably with “antigenic determinant” or
“antigenic determinant site”. In the field of immunology,

in vivo or in vitro, an epitope is a feature of a molecule
(e.g., primary, secondary and tertiary peptide structure,

20 and charge) that forms a site recognized by an immunoglobulin,
T cell receptor or HLA molecule. An epitope including a
peptide comprises 3 or more amino acids in a spatial
conformation which is unique to the epitope. Generally, an
epitope consists of at least 5 such amino acids, and more

25 ordinarily, consists of at least 6, 7, 8, 9 or 10 such amino
acids. The greater the length of an epitope, the more the
similarity of the epitope to the original peptide, i.e.,
longer epitopes are generally preferable. This is not
necessarily the case when the conformation is taken into

30 account. Methods of determining the spatial conformation
of amino acids are known in the art, and include, for example,

X-ray crystallography and 2-dimensional nuclear magnetic

resonance spectroscopy. Furthermore, the identification



25 conformational. As used herein, the term "biol ogical nolecule" refers
to nol ecul es or aggregates of nolecules relating to an organi sm and
aggregat es of organi sns. As used herein, 30 the term "bi ol ogical" or
"organismt' refers to a biological or gé“ﬁl sm including, but being not
limted to, an aninmal, a plant, a fungus, a virus, and-the |ike.

Bi ol ogi cal nol ecul es include nol ecul es extracted from an organi smand 48
aggregati ons thereof, though the present inventionis not I|imted to this.
Any nol ecul es or aggregates of nolecules relating to an organi sm and
aggregates of organisns fall wthin the definitiaon of a bial ogical

mol ecul e. Ther ef or¥ SBL1R7S7) 2OVt pf?\%‘iedﬁ‘tlﬁrﬁ?%%ye%cc(og‘pgls D9LW S ecul ar
wei ght nol ecul e |igamdayeetel} koapabhetief abei Ageusddoasenedh canent,s fall

w thin the definitdn. ofa@ bA@A@gbgﬁl uRRBl @@lslae as bong (géﬁelaall géfreat on an
or gam smis intende pfap (’;{P ?r?the31§?g%ge$tl led%%!erm g}’ij ?(o!:gglol‘!\de but

are not Ilmtedto gopepl ept|
pol ynucl eoti dés, off g}é‘ﬁ%‘l’%’tllcd%%ltoﬁﬁéljébtal @?e‘ée“ ﬁ& b Iz}tclsds ey, DNA
such as cDNA and genori, CODNKN 1 RMA e ast o mRMA) ¢ 1 fdings ant kaeindes] 1y

ol i gosaccharides, Lipinds; | QW Jmbecsl & %1@@%5@'&@'@%3&# 8t , ahor nones,

l'i gands, 15|nfor tlontransmtt nc ul.ar _wej ght
organi ¢ nol ecul esnﬁeltec?u)lararfﬂ“mé%ﬁ}) | tg?%{ﬂecg?es fargerglc ghmﬁ{éiea %Orqregatl ons
thereof (e.g., glyt#ntpifdsng ghyeoisiest eiitd, hidghpopfGréitrs foétca)gl‘aﬁd t he
i ke. A biol og cal ammilbeay) e arBybddiekudatar&eighiké sekfsate apipairkl e@m of

tissue as long 20 'd’m%fi:{&t ?Hdae‘ll&& %m}nﬁkéé’é&%d ﬂh’&fso Retdelk- for
Typically,. a bio o‘%ca ecul e %? e.a nuclerc acid ‘ﬁ\hq(rotel a

lipid, a sugar, a ProtEoPipy &pll'ao‘?‘?spb BEPA, 2 BeBHASPF OS]
prot eogl ycan, or thee|é&ke. Ppefrerabl gpitarbi G?Iaoglh?aldetermlned using a

well-known, common technique by those skilled in the art

nogn an

15 if the primary nucleic acid or amino acid sequence of the

epitope is provided.

Therefore, an epitope including a peptide

requires a sequence having a length of at least 3 amino acids,

20 preferably at least 4 amino acids, more preferably at least
5 amino acids, at least 6 amino acids, at least 7 amino acids,

at least 8 amino acids, at least 9 amino acids, at least

10 amino acids, at least 15 amino acids, at least 20 amino
acids, and 25 amino acids. Epitopes may be linear or

25 conformational.

» As used herein, the term “biological molecule”
refers to molecules or aggregates of molecules relating to
an organism and aggregates of organisms. As used herein,

30 the term “bioclogical” or “organism” refers to a bioclogical
organism, including, but being not limited to, an animal,
a plant, a fungus, a virus, and the like. Biological

molecules include molecules extracted from an organism and



nmol ecul e may include a nucleic acid (DNA or RNA) or a protein. 25 In an
enbodi nent, a biological nolecule is a nucleic acid (e.g., genom c DNA or
cDNA, or DNA synthesized by PCR or the like) . In another enbodinent, a

bi ol ogi cal nmolecule may be a protein. *Such a biol ogical nolecule may be a
hornmone or a cytokine. 30 The term "cytokine" is used herein in the
broadest sense in the art and refers to a physiologically active substance
which is produced by a cell and acts on 49 the sanme or a different cell.
Cyt oki nes are generally proteins or polypeptides having a function of
controlling an immune response, regulating the endocrine system

regul ating the nerYHFEIEY$eEMEETT g P RAMERe R EGRDY 18 °AE I M dlfdi nst a
virus, regul ating tolitegrowthisreguy acilagulesebt adigkéerters patrodasulsrs t he

li ke. Cytokines arg.us8dg H&rLi Brifiheah@rdh@bqacdy QlrebAgisasnealiei ¢ acid
or in other forms,, 1 agtual.pract)ge., eYOOK 0ES, a1 & NPT CAllL Y o pr ot ei ns.
The term "growm h fac or"Crefers 1o a sdostanded |c\h,prom) es or
controls cell Jrowtdr MGt ouitlerf Wbt Hresulet $6- 8al Led ™PeeriFerativn
factors” or "devel pprentle figehos Sétc G owdad 1k actarisgnmye des mddednéoccel | or

tissue culture medium,; SpDstid WbEng &i0h &L WILIBG! Q0L .88 ad Iond1as been
reveal ed that a nunber o% romh factors have a 15 functi OE of controlling
differentiation i n®addi THOTT 8" & PUHELEBN Sof “pFosti ny ERLES Frotit H:

Exanpl es of cyt oki aesiokapresentawel yr¢nsleudept bate are nomikedi tod t o,

i nterl eukins, ichenpkédass, henpbopedtiies f act Orisyopep@ides,col aryptsaésmul at i ng

factors), tumor ”%%%ﬁlu%lééﬂooers’, %’i?g%%&%@{éeesﬂo'11%@889{0%%‘?”%@Eié’l‘%
exanpl es of growth factors 1nclude ut are not limted to
pl at el et - deri ved gﬁewﬁq1(e.g., DNA such as ¢DNA and genomic DNA; RNA such as
mRNA), polysaccharides, oligosaccharides, lipids, low
molecular weight molecules (e.g., hormones, ligands,
15 information transmitting substances, low molecular weight
organic molecules, etc.), and composite molecules thereof
and aggregations thereof (e.g., glycolipids, glycoproteins,
lipoproteins, etc.), and the like. A biological molecule
may include a cell itself or a portion of tissue as long
20 as it is intended to be introduced into a cell. Typically,
a bioclogical molecule may be a nucleic acid, a protein, a
lipid, a sugar, a proteolipid, a lipoprotein, a glycoprotein,
a proteoglycan, or the like. Preferably, a biological
molecule may include a nucleic acid (DNA or RNA) or a protein.
25 In an embodiment, a bioclogical molecule is a nucleic acid
{e.g., genomic DNA or cDNA, or DNA synthesized by PCR or
the like). 1In another embodiment, a bioclogical molecule may
be a protein. Such a biological molecule may be a hormone
or a cytokine.
30
The term “cytokine” 1is used herein in the
broadest sense in the art and refers to a physiologically

active substance which is produced by a cell and acts on



factor (PDGF), epidermal growth factor (EGF), fibroblast growth factor
(FGF), hepatocyte growth factor (HG-), endothelial cell growh factor
(VEGF), cardiotrophin, and 25 the |ike, which have proliferative activity.
The term "hormone” is herein used in it® broadest sense in the art,
referring to a physiological organic conmpound which is produced in a
particular organ 30 or cell of an aninmal or plant, and has a physi ol ogi cal
effect on an organ apart fromthe site producing the conpound. Exanples
of such a hornone include, but are not limted to, growh hornones, sex
hor nrones, thyroid hornones, and the 50 |ike. The scope of hornones may

i nt er sect partial | jhsitare CHaf Of LBk f8s1- ACHTEE I tiordicn IPRE2 et s
"cel | adhesion ageptdtein5 Sxeblypaiteskomahecultehctiadhésionragend and

“adhesi on ol ecul g7 afguls eeleé;fgn%ec haagead it OcHeef@{dothlﬁe mel,ecath e
capable O nedi ating t Ol ng of two or nDre ce a |on or
bl f di %%1h% h pir g |1 dhes )

ervou S alnst
adhesi on between a“Substrafe and a cerl y%ﬁﬁ nnlecules such as

fibronectin may bea¢se@ #eFinEG @ F’aﬁﬂfeé?ﬁ‘éﬂrﬁt&f‘ﬁﬁﬁl&s%@“itﬁ tFRIUB R BSEht
invention. In genesnl didekkenthedoan ol ol kEisear eCdiaiited kmeousew

groups: nol ecul es {aualved. |0 f%@&'ofcggko@&meéfgmucﬁg@&% geldruiraetﬁgpesion)

(cell-cell adheS|on nol ecul_es) nd nol ecul es inv

cel | -extracel | ul ar TAEtYi x 18 éﬁﬁé%%oﬁrfﬁEﬁqe’sdﬁ§F’éP%saﬁﬁgsﬂaﬁ?cally
(cell-substrate adhesiion. nilhectées) grofdy fachet'hadiefs tthea prubseance
invention, ebd herwﬁycﬁﬁpﬁcﬁmdﬂ@saﬁub@nﬂﬁ)lu&ﬂlmgrﬁbﬂdhca@rbetﬁfffae%iyekgl used.

Thorefore, ool | adbesl on.iuLgcule herel bk nclude 2 substiala Bgleln and

a'cellular protein i nvQ ved in ce substrate
adhesi on. A nol ecqu%Ct‘bttsher ‘%‘P?éfﬁh faffrt(?trél RREHT FArTT it ﬁreﬁlt‘hre t&Bﬁ‘d‘%pt of

cel l culture medium, substituting for serum macromolecules. It
has been revealed that a number of growth factors have a
15 function of controlling differentiation in addition to a
function of promoting cell growth. Examples of cytokines
representatively include, but are not limited to,
interleukins, chemokines, hematopoietic factors (e.qg.,
colony stimulating factors), tumor necrosis factor, and
20 interferons. Representative examples of growth factors
include, but arxe not limited to, platelet-derived growth
factor (PDGF), epidermal growth factor (EGF), fibroblast
growth factor (FGF), hepatocyte growth factor (HGF),
endothelial cell growth factor (VEGF), cardiotrophin, and

25 the like, which have proliferative activity.

The term “hormone” is herein used in its
broadest sense in the art, referring to a physiological
organic compound which is produced in a particular organ

30 or cell of an animal or plant, and has a physiological effect
on an organ apart from the site producing the compound.
Examples of such a hormene include, but are not limited to,

growth hormones, sex hormones, thyroid hormones, and the



adhesion nol ecule as long as it can nedi ate cell adhesion. For cell-cel
adhesi on, cadherin, a nunber of 25 nol ecules belonging in an

i mmunogl obul in superf amly (NCAM LI, ICAM fasciclin I, IlIl, etc.),
selectin, and the Iike are known, eacf’ of which is known to connect to
cell menbranes via a specific nolecular reaction. 30 On the other hand,
maj or cell adhesion nolecules functioning for cell-substrate adhesion are
integrins, which recognize and bind to various proteins contained in
extracel lular matrices. These cell adhesion nolecules are 51 all |ocated
on cell nmenbranes and can be regarded as a type of receptor_(cell adhesion
receptor) . TherefdKg; F@Eéﬁfﬁfs°f6¥§§8WFsSﬁycﬁﬁﬁrﬁﬁﬁbﬁﬁﬁééaﬁﬁhwéFEo be
used in a nmethod dghatthe qutesems.i nventi on. Exanpl es of such a receptor
include, 5 but are not limted to, a-integrin, (3-integrin, CD44,

syndecan, aggrecan, and the ]ike..  Techniques for .c esion are wel |
known as descri bed above andAas d%h%??bég%etﬁrmf cghladﬁ'Slonageg%

" Sai bogai mat oPi kkus61: RRHSIT6 ORI cepbe" Exehasi GP%‘Pt nﬁ’“ﬁfjl xadgsitfpcal
Applications-], Medileahle”l@rRedeewi nildrcbangdsdlget @nrifned obetdiercudr not a

certain "D|eCU'eda%aél&%kzmﬁéﬁ@?ﬁ@@h B@QQ&?onWd&%:%%%@Xm1§QQFeQ§
bi ochem cal quan catian % P 5 | apel

net hod, etc.), nﬁﬁhSFﬁapcg agaﬁaﬁFlé%%” o%sfgﬁtn&fyne ant" q60d>§e thod a
fl uor escent antlb@@ySW@thﬁdﬁcahe$Nﬂﬂﬁoﬁﬁsﬁebﬁgﬁééﬂns@@ﬂybeEH&§® fora PDR
met hod, a hyhwoi di zatihepedEidh0oGrroy h@&d|id«%hélbﬂﬂ3bﬁb anv@asiohi. ve theact i on

|5 detected. Exammles.of, such ageblofOnanheston.ppl sckl&d nokyde,but are

not limted to en, rmn, ronectin am nin V|tronect|n

fibrinogen, i murBgP Bullﬁo% PRanmitPyC it therd (£l cebh, efPsSieng,

(intercellular adhe51on) (cell-cell adhesion molecules)

and molecules involved in cell-extracellular matrix

15 adhesion (cell-substrate adhesion) (cell-substrate
adhesionmolecules). For amethodof the present invention,
either type of molecule is useful and can be effectively

used. Therefore, cell adhesion molecules herein include a
substrate protein and a cellular protein (e.g., integrin,

- 20 etc.) involved in cell-substrate adhesion. A molecule
other than a protein can fall within the concept of cell

adhesion molecule as long as it can mediate cell adhesion.

For cell-cell adhesion, cadherin, a number of

25 molecules belonging in an immunoglobulin superfamily (NCAM,
L1, ICAM, fasciclin II, III, etc.), selectin, and the like

are known, each of which is known to connect to cell membranes

via a specific molecular reaction.

30 On the other hand, major cell adhesionmolecules
functioning for cell-substrate adhesion are integrins,
which recognize and bind to various proteins contained in

extracellular matrices. These cell adhesion molecules are



| CAML, | CAM2, VCAM ), selectin, cadherin, and the Iike. Mst of these cel
adhesi on nol ecules transmt an auxiliary 25 signal for cell activation into
a cell due to intercellular |nteract|oﬂ as well as cell adhesion. It can
be deternined whether or not such an auxiliary signal can be transmtted
into a cell, by an assay, such as biochem cal quantification (an SDS-PAGE
nmet hod, a | abel ed-col |l agen nethod, etc.), 30 i mmunol ogi cal quantification
(an enzyne anti body nethod, a fluorescent antibody method, an

i mrunohi st ol ogi cal study, etc.), a PCR nethod, a hybridization nethod, or

the like, in whic ositive r ctlon is defected. 52 anpl es of ceI
adhesi on ol ecul esaqil?]%{c@%gfi Cﬁhfeg A R R 23,6 f%ﬁ%lac?bﬁltlyﬁ
superfam |y nol eqfl &sepLFa-(gell @tml,on@@z,epem, CliBref oL e ¢pAR s VCAML,
5 etc.); integrindragehy diketulhesbiidA tan MAGolpe gplebbld laame pd&D 0 £p95,
VLAL, VLA2, VLAS, t\4|e'°p‘k~es¥h€\§nv%/ Qm EtEQ(a)np eSEE gﬁ&k@ Je%%wr E‘Pél%%‘é' es

(L- selectln E- sel ec P-se ,

herein, the térn1"é%tF58ePPﬁléﬁmhﬁ??l?D ﬁ?dﬁé?ﬁﬁlqef%ﬂ§tF%rH‘pﬁﬁiév
constituti ng an " extdacatd Hamrecant rdnd' .thAas lgsed hbBrainaguehefqreranll
"extracel lul ar matddn¥siod BEMwe1S 1@lona Labdad ibeytaraceldnd & assbsityeat e” and

h h ly. . 15
as the sane rTeaSmbg £8P QQMQ y E;?eq%gagngpoerl%%ESu rtgm%?lgeﬁ?rﬁ;[cb 3 -

subst ance existin et weeh somatic cells are
epithelial cells oﬁmﬁéﬁc%bVPﬁélPéFrE%rfélnl%&&ﬂﬁ@%PF%W%PSnétrM%@§ﬁére

i nvol ved in swWpporRevidgwti ssue as well as in internal environnental
structures essential for survival of all somatic cells. Extracellul ar
matrices 20 are generally pr9duced fr m.connect hvehtl ssue ceI | s, Sorre

ta
extracel lular matrices are secreti eaef SRS "BosRTs STyt Basal “Hénbr ane
such as epithelial™@derPse gr erigdtheitiegion mOleCU e, by an assay, such as
biochemical quantification (an  SDS-PAGE method, a
15 labeled~collagen method, etc.), immunological

quantification (an enzyme antibody method, a fluorescent
antibody method, an immunohistological study, etc.), a PDR
method, a hybridization method, or the 1like, in which a
positive reaction 1s detected. Examples of such a cell
20 adhesion molecule include, but are not limited to, collagen,
integrin, fibronectin, laminin, vitronectin, fibrinogen,
immunoglobulin superfamily members (e.g., CD2, CD4, CDS8,
ICAM1, ICAM2, VCAM1), selectin, cadherin, and the like.
Most of these cell adhesion molecules transmit an auxiliary
25 signal for cell activation into a cell due to intercellular
interaction as well as cell adhesion. It can be determined
whether or not such an auxiliary signal can be transmitted
into a cell, by an assay, such as biochemical quantification
(an SDS-PAGE method, a labeled-collagen method, etc.),
30 immunological quantification (an enzyme antibody method,
a fluorescent antibody method, an immunohistological study,
etc.), a PCR method, a hybridization method, or the like,

in which a positive reaction is detected.



cells. Extracellular matrices are roughly divided into fibrous conponents
and matrices filling therebetween. 25 Fi brous conponents include coll agen
fibers and elastic fibers. A basic conponent of matrices is

gl ycosami nogl ycan (aci di ¢ nucopol ysactharide), nost of which is bound to
non-col | agenous protein to forma polyner of a proteoglycan (acidic
nmucopol ysacchari de-protein conplex) . In addition, 30 matrices include

gl ycoproteins, such as |anm nin of basal nenbrane, mcrofibrils around
elastic fibers, fibers, fibronectins on cell surfaces, and the |iKke.
Particularly differentiated tissue has the sane basic structure. For 53
exanple, in hyaline cartilage, chondroblasts characteristically produce a
| arge anobunt of cartilage n&tampdes ohclendi adghgpriohenglamanrs. itgivdenes,

osteobl asts. progyge Men%t rie8sewhich) cadsgcabshficati,gorsdmiagpl es 5
of extracellul ar may ric gﬁﬁxgsﬁxl £h88$ ?ég %Dén¥5iﬁﬁchAM2nql ﬁ? but
(0] grycan

are not linmted t&  €olta % el ast can; gl'ycosari no
fibronectin, Panimtﬁ,)réPéégl@‘fﬁ%b%ﬁm@bKWégédeﬁbbfﬁaénhrﬂﬁénﬂﬂ%é: 10 As
used herein, the tgasm "peseptint’, raefkersvins, avimal, ecube, WaLed, iscqanesent on

cell's, within nuclh o Ply ¢ h&ml‘ykemo%‘&le% C@Bagéﬁe&flnb' Neh0g 44 ;N

extracellular or intracellul ar agent where the binding nediates signal
transduction. Receépt6r&cEre Bypilcal§ ThF t1i&°form of 15 proteins. The

bi ndi ng partner of a receptor is usually referred to as a ligand. As used
herein, the tierm"agonist” rgfessdtnerain, Qg@rﬁermi&ﬁrbl:@ﬁﬁglfe@ hdreikecept or

of a certain biol ?Uyy e £ ACL 1L %%%%@llg@lt(u%ng an N GANG.. £1.0.5), and

has t he sane or unctlon unction o t he substance. As used
herein, the term W%ﬁFé@onléﬁ"uﬁqng?Eﬁﬁﬂo the term “extracellular matrix”
(ECM) is also called “extracellular substrate” and has the

same meaning as commonly used in the art, and refers to a
15 substance existing between somatic cells no matter whether
the cells are epithelial cells or non-epithelial cells.
Extracellular matrices are involved in supporting tissue
as well as in internal environmental structures essential
for survival of all somatic cells. Extracellular matrices
20 are generally produced from connective tissue cells. Some
extracellular matrices are secreted from cells possessing
basal membrane, such as epithelial cells or endothelial
cells. Extracellular matrices are roughly divided into
fibrous components and matrices filling therebetween.
25 Fibrous components include collagen fibers and elastic
fibers. A basic component of matrices is glycosaminoglycan
(acidic mucopolysaccharide), most of which is bound to
non-collagenous protein to form a polymer of a proteoglycan
(acidic mucopolysaccharide-protein complex). In addition,
30 matrices include glycoproteins, such as laminin of basal
membrane, microfibrils around elastic fibers, fibers,
fibronectins on cell surfaces, and the like. Particularly

differentiated tissue has the same basic structure. For



a factor which conpetitively binds to the receptor of a 25 certain

bi ol ogically acting substance (ligand), and does not produce physiol ogi cal
action via the receptor. Antagonists include antagonist drugs, bl ockers,
inhibitors, and the Iike. 30 As used fferein, the term "agent” may be any
substance or other entity (e.g., energy, such as light, radiation, heat,
electricity, or the like) as long as the intended purpose can be achieved.
Exanpl es of such a 54 substance include, but are not limted to, proteins,
pol ypepti des, oligopeptides, peptides, polynucleotides, oligonucleotides
nucl eoti des, nucleic acids (e.g., DNA such as cDNA , genomc , or the
li ke, and RNA suclf*38P 5 mRNAJ T popyééUEharlH%QHJBPFgosaééﬁﬁ?fﬂ€§StF|plds

| ow nol ecul ar weicghtaorgansicécadl e @rodsce e2 glardrorargnes, of | gartddage

i Rf or mat i onI tr ansrn%rtr?y@sstlaqe@@&nq”rlglrsgfggasjcmt hesi %@desbyos@@@mlalaagor i al
chem stry, |ow nol ecul ar,wei nmol ecul es ceut

accept abl e | ow nolF ec§]me PReT gfﬁtcrﬁ{be Wh?ic?fd%a asnedg?JhCllqf 1 E?On %gaa}% Fi ke),
and conbi nati éns dﬁfe%ﬁ@@@1h%ﬁ%%mﬁ@§CeEx%ﬁ%P§%16f“§hpé@§ﬁﬁ'éﬁ@%ﬁ?oé to a
pol ynucl eoti de i ncinadede bubuar erpotnoki mimeded oo, r eplésent,at evaedtin, a

pol ynucl eotide ha r%gegéﬁggd%”EQhﬁEbg3&1&6@1&&@1Seﬂﬂﬁﬁ&@c@fnthﬁamlnln,

pol ynucl eot i de Mﬁtq- pr dg tern1%§q 15 éggyence hg b g¥ (e.g., .70% or nore
sequence i dentity)$ & Jgﬁépt? 2GRN ST tYARSEr i ptT onal agent bi nding
to a pronoter region, and the |like. Exanples of an agent specific to a
pol ypepti de imacl ude, but areafaisehimadead, tthe teepresespadtvekyeranoanti body
speci fically di rectﬁgléahmm%% ﬁgsa@?&te g B8, derhyald ¥es1of, 8Rakags

t hereof (e.g., ain anti ecl an receptor when
the pol ypeptide |%”§'r€8%pf%r“§PbFFgaﬁdb’5£§&b§?r%ﬁe’%H€ﬁe%Héar or

intracellular agent where the binding mediates signal
transduction. Receptors are typically in the form of
15 proteins. The binding partner of a receptor is usually

referred to as a ligand.

As used herein, the term “agonist” refers to an
agent which binds to the receptor of a certain biologically
20 acting substance (e.g., ligand, etc.), and has the same or

similar function as the function of the substance.

As used herein, the term “antagonist” refers to
a factor which competitively binds to the receptor of a
25 certain biologically acting substance (ligand), and does
not produce physiological action via the receptor.
Antagonists include antagonist drugs, blockers, inhibitors,

and the like.

30 As used herein, the term “agent” may be any
substance or other entity (e.g., energy, such as light,
radiation, heat, electricity, or the like) as long as the

intended purpose can be achieved. Examples of such a



pol ypeptide is an enzyne, and the like. 25 As used herein, the term "agent
bi nding specifically to" a certain agent such as a nucleic acid nolecule
or polypeptide refers to an agent which has a level of binding to the
nucl ei ¢ acid nol ecul e or polypeptide e¥fual to or higher than a | evel of

bi nding to other nucleic acid 30 nol ecul es or pol ypeptides. Exanpl es of
such an agent include, but are not limted to, when a target is a nucleic
acid nolecule, a nucleic acid nolecule having a conplenentary sequence of
a nucleic acid nolecule of 55 interest, a pol ypeptide capable of binding
to a nucleic acid sequence of interest (e.g., a.transcription agent,
etc.), and the IFW@St§WHEWH§Hugeta%§EtaF% goboﬂﬁﬁé d%?’aﬁrtﬁ?gBOdy, a
singl e chain anti bodyperiitdesr otigrpsaicides, sparddept orravduslectidgand,
either of a pair ofiigneNzpiRdadd rmicsubsidaat enuctdit tdheaki ke.g.As psed

herein, the tern1"§ggpoun%"Are%&ggmifﬁm%ny dggglf@%blguf@%glgﬁhlggbstance

or nol ecul e, i ncl U but ecul ar wei ght
mol ecul e, a pépti dENAY, pPOLBFILCAT 8% , O hi FAFCPEBRTIRES orl P fiticl &P¥ aci d.
Such a conpound newlbeubamnatighal dngaoccupieng.esr Gdyct hormanesyhidvetdise
prloduclt . 15 fAs US?Q)fQ?ﬁﬂlrbn Ebﬁqstf%&r@ 'l'ﬂsQWnHPsl eggi@Jul\@@,lt Mﬁhe@&gédq:bﬁ?/

nol ecul e" refers to an organic u avi n rel at.i

nol ecul ar wei ght. % P?té& i?%“é%ngre 4] éleCUlﬁ¥ weﬁ§%§|§ ﬁnlggﬁle

refers to a nnlecu“ﬁﬁ mé¢iﬂwacéﬂt§ﬁﬁdﬂ ECEERP%@AGI 8% MYLRCHAFT r'etidnNtto a
nmol ecul ar 20 mei ghtigahdsoirel thanikePPOGindlove Mokerulsan wenghtatoogamifc

mol ecul es can be ondispar oh¥c§M£;he§$%ﬁ?le 8PtQ@d§g&an&@dl@1Eh%oa%t or
conbi nati ons thereof. These | ow nol pule ht org@nlglmlugfules may be

produced by organiRtgnucleotide™ inc
representatively, a polynucleotlde having complementarity

to the sequence of the polynucleotide with a predetermined
15 sequence homology (e.g., 70% or more sequence identity),
a polypeptide such as a transcriptional agent binding to
a promoter region, and the like. Examples of an agent
specific to a polypeptide include, but are not limited to,
representatively, an antibody specifically directed to the
20 polypeptide or derivatives or analogs thereof (e.g., single
chain antibody), a specific ligand cr receptor when the
polypeptide is a receptor or ligand, a substrate when the

polypeptide is an enzyme,\and the like.

25 As used herein, the term “agent binding
specifically to” a certain agent such as a nucleic acid
molecule or polypeptide refers to an agent which has a level
of binding to the nucleic acid molecule or polypeptide equal
to or higher than a level of binding to other nucleic acid

30 molecules or polypeptides. Examples of such an agent
include, but are not limited to, when a target is a nucleic
acid molecule, a nucleic acid molecule having a

complementary sequence of a nucleic acid molecule of



Exanpl es of the | ow nol ecul ar wei ght organi c nol ecul es 25 include, but are

not limted to, hornones, ligands, information transfer substances,
synt hesi zed by conbi natori al chem’str#gD pharmaceutically acceptabl e | ow
nol ecul ar wei ght nol ecules (e.g., |ow ol ecul ar weight |igands and the

like), and the like. 30 As used herein, the term"contact"” refers to

direct or indirect placenent of a conpound physically close to the

pol ypepti de or polynucleotide of the present 56 invention. Polypeptides or
pol ynucl eoti des may be present in a nunber of buffers, salts, solutions,

and the Iike. The mttgrgzrt Cg%%geeqﬁl@g'ﬁ%ggélg' g%%gsmg et a%&cq@%?qdl n a

beaker, a mcrotiter m croarray

a gene chip) or tkf’@qPPR‘ée CEntHiSTERG € Fot yhEpRP o BhéBEAFe by HNlicl ei ¢
acid or a fragnmentanidhereeciofke, Asduged aherrgien,istaes tvpept 1dmt abedylboglyconpasses

pol yclonal antibodi §$ng RRLIOBAL i Ak, bﬁd:'h%%ofhé'%ﬂr J0 aanideBedi asa
humani zed antlbodle Qggyfungtloqgl antlb%dle hi mer c ant i bodi es, and

antl-ldlotype5 antlboales “an ragne%?s thereé?mgme o aﬁbjarand Fab
fragnents), and ot#er theckisi- nant conj ugat es. These antlbodles may be
fused wth an enzyne (e.g., alkaline 15 phosphat ase, horseradi sh

per oxi dase, a-galactosidase and the l.ike V|a a .G ”

recombi nation. Antibodi es can Ciheﬁflgé %fe erfurba 8ﬁﬂég2§?g&8 to
present inventi orfnY2ieRst Gé%RPQEQ%ﬂlﬁalFHES¥%W?h@%Wﬁ%%ﬁ§ﬁe'léFéY%%Wﬂo any

substrate to mhi chown nant i bediedmboecal dowmayolspetaf i ealdhy mbiiadileAs aused
herein, the term "iJpinRE9en ki€l 8 sh9aANa ndBRLiOENCanabhec ofi d nditd.at i ng
activation of the ‘

Such a compound may be a naturally-occurring product or a

synthetic product.

15 As used herein, the term “low molecular weight
organic molecule” refers to an organic molecule having a
relatively small molecular weight. Usually, the low
molecular weight organic molecule refers to a molecular
weight of abeout 1,000 or less, or may refer to a molecular

20 weight of more than 1,000. Low molecular weight organic
molecules can be ordinarily synthesized by methods known
in the art or combinations thereof. These low molecular
weight organic molecules may be produced by organisms.
Examples of the low molecular weight organic molecules

25 include, but are not 1limited to, hormones, ligands,
information transfer substances, synthesized by
combinatorial chemistry, pharmaceutically acceptable low
molecular weight molecules (e.g., low molecular weight
ligands and the like), and the like.

30

As used herein, the term “contact” refers to
direct or indirect placement of a compound physically close
to the polypeptide or polynucleotide of the present



antigen-specific i mune response of a | ynphocyte. Antigens 25 can be used
as a perturbation agent in the present invention. 1In a given protein

nol ecul e, a given amno acid nay be substituted with another amno acid in
a structurally inportant region, such as a cationic region or a substrate
30 nol ecule binding site, without a clear reduction or loss of interactive
bi nding ability. A given biological function of a protein is defined by
the interactive ability or other property of the protein. Therefore, a
particular 57 amno acid substitution nmay be perfornmed in an am no acid

sequence, or at the DA SEqUENGRhevals oigoﬁm%s‘e%t@q@pmg?b@ plicgh
mai ntai ns the origi nal g%%gegéz ? ter the substitution. gg%efo%g, vari ous
nodi fi cations of 5"pept &G T 0¥ et Eih 8Ny BRATBRCGEF ng "Sich

pepti des may be perfolaredagi't hottuder aderckossest efcdipolhogiledl beagetrivity.
W\g_n t he ?bove-de%i&@dia@ﬂbuwtd easl efe-urkGides) g_ﬁt@dxo&ﬂeawyéirgopﬂogi city
i ndi ces of ami.no aci e en.i_n c e . r obi c
am no acid iﬁdicgéggﬁagﬁéﬁpi%%gﬁgégﬁer%nggﬁ§h 5%?5?ﬁ%ﬂ§1%§d$glﬁggﬁth an
interactive bioIoéﬁbél“?%ﬁﬁfi6ﬁ¥iWHiéth%Qﬂiﬁﬁeggﬁﬁﬁf'recognized inthe art
(Kyte, J. and Doolittle, RF., J. Ml. 15 Biol. 157(1):105-132, 1982). The
hydr ophobi c property of an a&M.Boq 86k&h £OMd LOY esntidotibe secrnialy ,
structure of a  probeln.and Lhen,reaul at s, jaiaractlong etueen, thg protein
and ot her nol ecul €s ee. . enzynes,'subsPraﬁes, receﬁiors, ,

ant i bodi es, dﬁtigéﬁ§}b@g€?%. EdeH2aHF3D acitFiPedgrsren 2P IRy PRdbi city

i ndex based on thearhydoophnbi cittiyeahd ahamgeips opedrtd esartthet eodt vae

fol lows: isoleuci ng(5848ds, aUal #NCmEifs DnerbEHCING . ( +8(8)) 2pheMYHAl ani ne
(+2.8); cystelnelgystlne %44259; gg}hlonlne (+1.9); alanjne

agments er recombinant ‘donjugates. These

antibodies may be fused with an enzyme (e.g., alkaline

15 phosphatase, horseradish peroxidase, a-galactosidase, and

the 1like) wvia a covalent bond or by recombinatioh.

Antibodies can be used as a perturbation agent in the present
invention.

20 As used herein, the term “antigen” refers to any
substrate to which an antibody molecule may specifically
bind. As used herein, the term “immunogen” refers to an
antigen capable of initiating activation of the
antigen~specific immune response of a lymphocyte. Antigens

25 can be used as a perturbation agent in the present invention.

In a given protein molecule, a given amino acid
may be substituted with another amino acid in a structurally
important region, such as a cationic region or a substrate

30 molecule binding site, without a clear reduction or loss
of interactive binding ability. A given Dbiological
function of a protein is defined by the interactive ability

or other property of the protein. Therefore, a particular



-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamc acid
-3.5); glutanmine (-3.5); aspartic aCL7d -3.5); asparagine (-3.5); lysine
(-3.9); and arginine (-4.5). 30 It is"well known that if a given am no
acid is substituted with another anmino acid having a sinilar

hydr ophobi city index, the resultant protein may still have a bi ol ogical
function simlar to that of the original protein 58 (e.g., a protein

havi ng an equi val ent enzyrrati c activity) For such an arri no aci d

substitution, the hydro it ndex i r ef rab

preferably within® Xno %d%e?g% %V‘él?ﬂ @Fér%eglpﬁr ”ﬁ) 35’ all“fm? §Cbﬁder st ood
in 5 the art that ssgepnem anPhGPact sivspie l}teivgh, Baﬁédéﬁe afguaptephobi city
is efficient. As deseni bgdiitaidsS Pahent orNo.nad, 5p403&dt,y amferacitbder esi dues

are given the fol Lowkng.. fudr OPnididelby,d ndlcege, ar liagcfednd) i pkysine

(+3.0); aspartic acid (+3 g tam c aci %n serine 10 0. 3);
aspar agi ne (+6. 2) pe@Fb?%ﬁr?ﬁ@“ﬁ% o NS e P ?“C‘f doth TP Rg e ?
proline (-0.51); alagniree peXBled hilshewi neldan). Byssepystiei heoJ(O@ﬂ.lce)L

met hi onine (-1.3);actvalépe (-1.5); leucine (-1.8); isoleucine (-1.8);
tyrosine (-2.3); phenylalanine (-2.5); and tryptophan (-3.4). It is 15
understood that an am no acid may be substituted with another amno acid
whi ch has a simlar hydrophi i t 09 mieveafes edbpeds ol f prahicae are

bi ol ogi cal equi valdntignédr taclydanpiariindty aciddcsslbst artinol @mm,dst hay be
hydrophilicity i nokea&ehs iRESf egﬁpiaegram&hl N Phe IR BLESRS 8o laciand even

nore preferably 20 DeV| rr&%&o}!ﬁ&% Prp%§%v§gpr%ortsl)oteln %q her ei n,

the term "device" lrnedf 8?% 8y or TR
an 1nteract1ve biological function, which is generally

recognized in the art (Kyte, J. and Doolittle, R.F., J. Mol.
15 Biol. 157(1):105-132, 1982). The hydrophobic property of

an amino acid contributes to the secondary structure of a

(+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); 25 tryptophan
(
(

protein and then regulates interactions between the protein
and other molecules (e.g., enzymes, substrates, receptors,
DNA, antibodies, antigens, etc.). Each amino acid is given

20 a hydrophobicity index based on the hydrophobicity and
charge properties thereof as follows: isoleucine (+4.5);
valine (+4.2); leucine (+3.8); phenylalanine (+2.8);
cysteine/cystine (+2.5); methionine (+1.9); alanine
(+1.8); glycine (~0.4); threonine (-0.7); serine (-0.8);

25 tryptophan (-0.9); tyrosine (-1.3); proline (-1.6);
histidine (-3.2); glutamic acid (-3.5); glutamine (-3.5):
aspartic acid (-3.5); asparagine (-3.5); lysine (-3.9); and
arginine (-4.5).

30 It is well known that if a given amino acid is
substituted with another amino acid having a similar
hydrophobicity index, the resultant protein may still have

abiological function similar to that of the original protein



part which can constitute the whole or a portion of an 25 apparatus, and
conprises a support (preferably, a solid phase support) and a target
substance carried thereon. Exanples of such a device include, but are not
limted to, chips, arrays, nrcrotrter’blates cell culture plates, Petri
di shes, filnms, beads, and the |like. Such a device may 30 constitute a
system of the present invention. In particular, such a device may be used
as neans for obtaining information on at |east two functional reporters in
said biological entity, wherein the functional reporters reflect a 59

bi ol ogi cal function As used her the term "support"” refer

material which canffx & %’iﬁﬁlﬁﬁjc? m%t?@he%?v&lﬁ?g COGYeHC %Ctmy géﬁﬁr e. Such
a support may be fadest¢lorarampifid xdqig wabetitaltioni cHehdydaorpabiryty of
bi nding to a bi ol agiherlis ppéecubeyas disadiheneid predeeaial eptnior +1,

noncoval ent bonds ool ahhsh. meyeDe.dgdused, (o have sueh a-oapabl Lhty. 10

Exanpl es of nmaterials use suppor I nc mat eri al capabl e of
formng a sol Pd suffacst &irh SHED aRi EHODP PFHA tHASGATUGITs L2561 PRa,
silicon, ceram cshydsppicioridy ok defifiplasti cds Aetalidbefi hel Udifsgeakl| oys),
nalt :Jrftl Iy- OCﬁurri NG . ampls@;yribmetaimqneca:c»rerere%legeg amelgivrl%alaret Y6 ENRing | )
cel lul ose, chitosan xt.r.an nyl.on), an [ u I . may be
formed of |ayers %‘ﬁ’ ‘g’?llmtru%%‘i‘”% %r?mrime (+§ A I'—‘oflygé]aé Pgo a’support
may be made  of an’iSPﬁé‘Hﬁan?@di nisdl- 8%%ng Thiterial acjs‘hc‘r‘f3a9+b)l'as%erl&8artz

gl ass, al um na, sapphBreasbersfier (€).Ri;| guormndxe de,0.20; sillviccom @ar bi de,

S Iti con nitri ﬂe, %&B&Aé ker o%ﬁupﬁgf)imeﬁax besdmde Qiarﬁrreolrwiss -
ol yet hyl ene. ¢ or dDRENAIR e Uit (PAF B Dol yeaber R aghie: Loneani ng
-valine (~-1. 5); leuc1ne ( 1.8); isoleucine (-1.8); tyr051ne
(-2.3); phenylalanine (-2.5); and tryptophan (-3.4). Itis
15 understood that an amino acid may be substituted with another
amino acid which has a similar hydrophilicity index and can
still provide a biological equivalent. For such an amino
acid substitution, the hydrophilicity index is preferably
within #2, more preferably * 1, and even more preferably
20 +0.5.

(Devices and solid phase supports)
As used herein, the term “device” refers to a
part which can constitute the whole or a portion of an
25 apparatus, and comprises a support (preferably, a solid
phase support) and a target substance carried thereon.
Examples of such a device include, but are not limited to,
chips, arrays, microtiter plates, cell culture plates,
Petri dishes, films, beads, and the like. Such a device may
30 constitute a system of the present invention. Inparticular,
such a device may be used as means for obtaining information
on at least two functional reporters in said biological

entity, wherein the functional reporters reflect a



resin, polyvinyl chloride, polyvinylidene chloride, 25 polyvinyl acetate,
pol yvi nyl al cohol, polyvinyl acetal, acrylic resin, polyacrylonitrile,

pol ystyrene, acetal resin, polycarbongte, polyam de, phenol resin, urea
resin, epoxy resin, nelamne resin, styrene-acrylonitrile copolyner,
acrylonitrile-butadi ene-styrene copol yner, 30 silicone resin, polyphenyl ene
oxi de, polysulfone, and the Ilike. Also in the present invention,
nitrocellulose film nylon film PVDF film or the like, which are used in
blotting, may be used as a material for a support. Wien a material 60
constituting a sugport is in the solid phase, such as a support is herein
particul arly refePtetPrtisalasunrtigs|id phase support”. A solid phase
support may be herein in the form of a plate, a mcrowell plate, a chip, a

glass slide, a film, 5 beadﬁguggﬁagaélxsgﬁgag@%\wgﬁpbheﬂubkgrsAosypport
rmy not be coat Ed g rinaly WQlCh Oc%tneglx ge‘g I‘lCeer el n(’: a@e tl?:{cmo %PI d
phase" has the sane neani Nng as comion derst ood % t Rose SKi T in the
10 art, typlcélIympéﬁ@#kﬁngsacétatéUERP%bW@ﬂléﬁ made @H“HEWéﬁﬁFlP%e term

"solid phase" hasmhberisflaneisreans rgcasaconmpnd fybunderstoedobyldsiose skil |l ed

inthe art, typig @h!e% feegngsea%ér%lﬁ \slgl &Qvaslteau;eor Aéné&%qen@rb@nes,w

liquid and SO|Id ma e collectivel Y referred to,.as a " . As used
herein, the term '°§u1°51§‘t?}éf“é"y PRAGFECED Ton PREE 118 (IR afbér a%Yy, sol i d)

whi ch is used to construct 20 a chip or array according to the present
invention. Therefore, SubStrm&ﬂ®la£@fhﬁﬁbﬂd£ﬁsﬁﬂaih&r@ﬁﬁ@ﬁﬁh:Dﬁﬂpﬁates.

Such a substrate ?ﬁ Q%etoer;qggl o{ QY ANYe §g![ terqia SM\@H&, has, as,

capability of bin gi ca ecul e as used herein via coval ent
or noncoval ent boﬁﬂé oB %hﬁ%ﬁ?tﬁ89 pglass, silica, silicon, ceramics,

silicon dioxide, plastics, metals (including alloys),
naturally-occurring and synthetic polymers (e.g.,

15 polystyrene, cellulose, chitosan, dextran, and nylon), and
the like. A support may be formed of layers made of a
plurality of materials. For example, a support may be made

of an inorganic insulating material, such as glass, quartz
glass, alumina, sapphire, forsterite, silicon oxide,

20 silicon carbide, silicon nitride, or the like. A support
may be made of an organic material, such as polyethylene,
ethylene, polypropylene, polyisobutylene, polyethylene
terephthalate, unsaturated polyester, fluorine-containing

, resin, polyvinyl <chloride, polyvinylidene chloride,
25 polyvinyl acetate, polyvinyl alcohol, polyvinyl acetal,
acrylic resin, polyacrylonitrile, polystyrene, acetal
resin, polycarbonate, polyamide, phenol resin, urea resin,
epoxy resin, melamine resin, styrene~acrylonitrile
copolymer, acrylonitrile~butadiene-styrene copolymer,

30 silicone resin, polyphenylene oxide, polysulfone, and the
like. Also in the present invention, nitrocellulose film,
nylon film, PVDF £ilm, or the like, which are used inblotting,

may be used as a material for a support. When a material



25 induced to have such a capability. Exanples of materials used for plates
and substrates include any nateri al capable of formng a solid surface,
such as, without limtation, glass, ica, 30 silicon, ceramcs, silicon
di oxi de, plastics, netals (|nclud|ng éﬁloys) naturally-occurring and
synthetic polyners (e.g., polystyrene, cellul ose, chitosan, dextran, and
nylon) , and the like. A support nmay be forned of |ayers 61 nmade of a
plurality of materials. For exanple, a support may be nade of an inorganic
insulating material, such as glass quartz gl ass, alum na, sapphire,
forsterite, silicon §X{de sg con arbldet15|llfo n|tr|dqj or._the I|ike.
A 5 support may béHEde-0f "dno d)nIC Hat et i AF, 58Ut pol & BYI &ne,

et hyl ene, poIyproﬁwpéﬁétlﬁdﬁ?ﬁé@@éf?%%ﬁérly68??%%%&F%ﬁé5&éﬁéﬁﬁﬂﬁ@ﬁate
unsat ur at ed pol yesteportfl uardicnadoaisa figrgrt masba, hapeliyvimnyhe col-ar i de,

pol yvinyl i dene Ch'o%ggat&%m'c@x&eﬂcsiaaéee,aemyvg@i s;(;l%go@oél,lmpol yvi nyl

acet al , acryllc resin, acrylonitrile, rene, acetal resin,
polycarbonate polRFAAT d e “ﬁ%@ﬁo SUEERFH, - GFe ‘?ééf EptsBPOTFelth "Ofel ani ne
resin, styrene-acrbd onated |og @@pdkyﬁ@ﬁ?edacrylonltrlIe but adi ene-styrene
copolyner, silicone resin, 15 pol yphenyl ene oxi de, polysulfone, and the

like. A materi al preferableA§%§§d§g9§££agge%%Q e§4q§9§@ghgg,ggs ri ous

par aneters such as a nmeasuri ng aevic e selecte fromt e

above- descri bed variMSURCATEPE Saf ¥U08 L4 p1EEH7 F ey BPOshSEe 584 FPdd®i n t he
art. For transfectdn ayprays,lvgkassr20gsd ideseaie gleferabl e. Preferably,
such a substrate may have a coating. As used herein, the term"coating" in

relation to a solid phase ngqgg%lggeﬁgpsgia£§m{efe uipgaan’%aSTSL

same meaning as commonly understood by those skilled in the

_art, typically referring to a solid state. As used herein,

15 liquid and solid may be collectively referred to as a
“fluid”.

As used herein, the term “substrate” refers to

a material (preferably, solid) which is used to construct

20 a chip or array according to the present invention.
Therefore, substrates are included in the concept of plates.

Such a substrate may be made from any solid material which

has a capability of binding to a biological molecule as used
herein via covalent or noncovalent bonds, or which may be

25 induced to have such a capability.

Examples of materials used for plates and
substrates include any material capable of forming a solid
surface, such as, without limitation, glass, silica,

30 silicon, ceramics, silicon dioxide, plastics, metals
{including alloys), naturally-occurring and synthetic
polymers (e.g., polystyrene, ceilulose, chitosan, dextran,

and nylon), and the like. A support may be formed of layers



25 formng a filmof a material on a surface of the solid phase support or
substrate, and also refers to a filmitself. Coating is perfornmed for
various purposes, such as, for exanple, inprovement in the quality of a
solid phase support and substrate (e.g., elongation of life span,

i nprovenent 30 in resistance to hostile environnent, such as resistance to
acids, etc.), an inprovenent in affinity to a substance integrated with a
solid phase support or substrate, and the |ike. Various materials nay be
used for such coating, 62 including, wthout Iinitation bi ol ogi cal

substances (e.g ein etc ners

pol y- L- 1 ysi ne, MA@a?g@aﬁ jrupaf o %tsh%ﬁﬁl *q as()sr, E uPp%apan) and
hydr ophobi ¢ f | uor iM#& P%s?aﬁi)% 0§|4raﬁé05gar(lﬁpsnflelag‘—m9 T&?ﬁ%ﬁ#op@ﬂ@i Rane,
etc.)), netals (e.Qassgaldytz gl#sy),,aliuniaddisbpii deq fdretaboue- dasephbed

solid phase SUprJdeQ”dsﬁ‘ilE%Né‘atx%ldlh 151‘51' %Htﬁml% sychymierlal g is
ed

within the technical scope of those sk in the art a,nSl t hus can be
(]

per f or ned usi Ag tesc’:llli’ﬁP’é]hel&l“"‘%ef’i2 R‘ﬁgﬁmo?naf‘hé’r%”hcrtmatr‘?fl& SPEfeffed
enbodi nent, such a@cdeathnigneay ebbylady aprtagecwyllynemdeo ofispbhyyllenkeysi ne,

silane (e.g. epomlygtﬁﬁr&eor eI aph o8 dedne, urARSub Y r n@@[@e&s}’derSi | ane),

t MAS, "hyd haobi c_f t "y :
gugh)a mat er i a?/ :rgﬂ;? (éel gre%og]rgybpgé;hgs?}ng 2(% égﬁ% for g cr%ﬁ% )or

obj ects cont ai ni ngderfryigege MinsPobrgans, acetety. R8I iEéd therein,
the terns "chiop" arlcbhmer ochipdlyvanel usedacertadr,changeablicto refsmn,to a

mcro integrated p?&ygb£§wr¢lt%1@h haspo\i%ggﬁérlee fun%fchQ}S and-canstitutes

a portion of a syst el inc are _.not Ilmtedto
DNA chi ps, protei np agE%(anS t%oolylamkge’ Bhg uiserﬁ %er éllrﬁa Tt TR ar r ay”

refers to a re31n, melamine resin, styrene- acrylonltrlle copolymer,
acrylonitrile-butadiene-styrene copolymer, silicone resin,

15 polyphenylene oxide, polysulfone, and the 1ike. A material

preferable as a substrate varies depending on various

parameters such as a measuring device, and can be selected

from the above-described various materials as appropriate

by those skilled in the art. For transfection arrays, glass

20 slides are preferable. Preferably, such a substrate may

have a coating.

As used herein, the term “coating” in relation

to a solid phase support or substrate refers to an act of

25 forming a £ilm of a material on a surface of the solid phase
support or substrate, and also refers to a film itself.
Coating is performed for various purposes, such as, for
example, improvement in the quality of a solid phase support

and substrate (e.g., elongation of life span, improvement

30 in resistance to hostile environment, such as resistance
to acids, etc.), an improvement in affinity to a substance
integrated with a solid phase support or substrate, and the

like. Various materials may be used for such coating,



25 substrate (e.g., a chip, etc.) which has a pattern of a conposition
containing at |east one (e.g., 1000 or nore, etc.) target substances
(e.g., DNA, proteins, transfection n1§§ures etc.), which are arrayed.
Anmong arrays, patterned substrates havinga small size (e.g., 10x10 mm 30
etc.) are particularly referred to as mcroarrays. The ternms "mcroarray"”
and "array" are used interchangeably. Therefore, a patterned substrate
having a | arger size than that which is described above nay be referred to
as a 63 mcroarray. For exanple, an array conprises a set of desired
transfection m xtures fixe 0 ha ac r..a fil thereof An
array preferably 88ﬁ%?%§5% df%PégéﬁmlTﬁ%‘§h§F6H8?%%ao?8% E?ngs or "’
different types, MdPe SRWref errgbfyrat Yiedst 108S: eveﬁoﬁﬁ?%“bre$éﬁablyat

| east 109, and stdohl-BVieRiner e vpsef exadiliybad |mast MdSundIneseslaant i bodi es

are placed on a Slf("lfsﬁ?@ac% &!ﬂ)atn(? %@X}%Qiﬂmﬁogpé @luﬂl‘%feef&qlny ]sq)i%gemn An

array includes, but 1s not 96- we m crotiter

384-wel | mcrotitePPplEed:; tﬁma“ﬂPEQQ%Hﬁ%¥”6r§F8 Vet gise S?g &ngs sl i de,
and the like. A corpbdsitpopddigipe fioxdgdemapocorteaicniie arlig plhasality of
types of target suhshbancesd sswehracdunpes sefedwircgeds ssub&taaaeeawpes may be

in the range of fr to t 0 ) t
limtation, about. clig‘-‘?gg%ﬁ tec?% iggbs a ou(g';f gg(gée g}ﬁ%jpg n:%e %%{ 9 used
herein, the term "tWEnstedri BAT EATEG" US INGF SPENTIGIUEA ‘é?]r]a DRKT éﬁﬁodl es
transfectlonlon eaoht .0fIn bhe spEdesrod adddiésses @nchhecammaygr@uche

transfection may &vgﬁtgfmxu@y%d@SbﬁgoﬁpeLll%hnel maassc‘er k;bedegmg,el n and
exenplified in the rget

substances (e.g.,

e} merca sfiane %g 3 —amin rX DLSLf%ne ete

ré F%lr as cant i S ey “be 9 4
MAS, hydrophoblcfluorlnere51n anmta (e.g., gold, etc.).
Such a material may be preferably a substance suitable for

15 cells or objects containing cells (e.g., organisms, organs,

etc.).

As used herein, the terms “chip” or “microchip”

are used interchangeably to refer to a micro integrated

20 circuit which has versatile functions and constitutes a
portion of a system. Examples of a chip include, but are

not limited to, DNA chips, protein chips, and the like.

As used herein, the term “array” refers to a

25 substrate (e.g., a chip, etc.) which has a pattern of a
composition containing at least one (e.g., 1000 or more,

etc.) target substances (e.g., DNA, proteins, transfection
mixtures, etc.), which are arrayed. Among arrays,
patterned substrates having a small size (e.g., 10x10 mm,

30 etc.) are particularly referred to as microarrays. The
terms “microarray” and “array” are used interchangeably.
Therefore, a patterned substrate having a larger size than

that which is described above may be referred to as a



25 provided on a solid phase surface or film typically including no nore
than 108 bi ol ogi cal nol ecul es per substrate, in another enbodi nent no nore
than 107 biol ogical nolecules, no nore than 106 bi ol ogi cal nol ecul es, no
nore than 105 bi ol ogi cal nol ecul es, n& nore than 109 bi ol ogi cal 30

nol ecul es, no nore than 103 biological nol ecul es, or no nore than 102

bi ol ogi cal nol ecul es. A conposition containing nore than 108 bi ol ogi cal

nol ecul e target substances may be provided on a substrate. In these cases,
the size of a 64 substrate is preferably snmall. Particularly, the size of
a spot of a conposition contarnrng t ar get subst ances , proterns such
as anti bodi es) mayBECHST Wal [FOhsS¥HB S 287 BFr%Ys?ﬁB?ﬁngoFoéFEaP mol ecul e
(e.g., 1 to 2 nm dedérgd tBadafesphen vasesestheenitei aveed iardmsefsuafsabstrat e
may be determ ne@rbaaadmorhetraef nuakesrQf bHid-08bTalcoPl A g6 1@asta

substrate. A coan%btgggf$qﬂ_ f”91¥ar9§&359P5F?9§5§wm gg arg %ntended

to be introduced into ce are herq typrcally arraye PoR’ an i xed via
coval ent bondg or PERYSFRAY 20 LeApBridct iviRNt 8% Qﬁ%fs?‘i“"a’tl@aF eeRé ¥or m of
spots having a sisze a&m@lObvanrmoré0pmnfef£mat§t(ﬁedﬁmnbﬁrcawﬁﬁehecules
nmay be provided QntaBo@dLQYre éaayaegnrh%@mceta@uwmﬁmt mm| &foges to a
15 certain set of cog? %ﬁf|9$ contalnln tar ? dsubgttaqgensot 6%1%63

herein, the term' FFhg" 1 Verele: ¢ 8" ﬁgt ““Ppreparing a spot of a
conposition contaﬂ@pﬁg9@V@éﬂﬁaﬂﬁot%ﬁ%ﬁﬁlaﬁ§ubs%%ﬁ@@léﬁuargtﬁﬁﬁﬁﬁﬁ%§e@r pl at e.
Spotting may ibe penfiordsmdeb\plany et hiodd of @r gExanpl Bje, papettheng ker. t he

|1ke, 20 or alternathyglys: 5l 0 AN AULOMRY! CodloinCene INlesepppiiady are
wel | known in the art herein, the'term"a dr%§§" r ; to a
88 o targe

uni que position orfta t§85§t? ﬁ@rgﬁhrﬁﬁmﬁﬁ9cﬁ% dP8E} nyut

substance types may be in the range of from one to the number
of spots, including, without limitation, about 10, about
15 100, about 500, and about 1,000.

As used herein, the term "transfection array"
refers to an array which embodies transfection on each of
the spots or addresses on the array. Such transfection may

20 be conducted using the technology described herein and

exemplified in the Examples.

As described above, any number of target

substances (e.g., proteins, such as antibodies) may be

25 provided on a solid phase surface or film, typically
including no more than 10° biological molecules per
substrate, in another embodiment no more than 107 biological
molecules, no more than 10° biological molecules, no more

than 10° biological molecules, no more than 10* biological

30 molecules, no more than 10° biological molecules, or no more
than 10?2 biological molecules. A composition containing

more than 10%® biological molecule target substances may be

provided on a substrate. 1In these cases, the size of a



25 from ot her uni que positions. Addresses are appropriately associated with
spots. Addresses can have any distingui shabl e shape such that substances
at each address may be distingui shed Jom substances at ot her addresses
(e.g., optically) . A shape defining an address may be, for 30 exanpl e,
without Iimtation, a circle, an ellipse, a square, a rectangle, or an
irregul ar shape. Therefore, the term "address" is used to indicate an
abstract concept, while the term"spot" is used to indicate a specific
concept. 65 Unless it is necessary to distinguish themfrom each other,
the terns "address" and "spot" be herejn used interchangeabl 5 The
size of each addr &§85patS gﬁlprrel%)a?)éa%byeﬁfﬂ%ﬂ 'ong?‘ﬁtelcéjil%f%ﬁ tgﬁeSlszﬁbgfrate,
the nunber of addresxdsobr cAWEsSsUbUL eatteini e tanvehtubitarcesntsosi ti on
contai ni ng target prsubsiances &NGhdibadsaish akhe veeagests,l therrsd zezof
mcroparticles, angd Eh&rlg?\éeki fog"'g;'ft?'r&&iegﬂlé equigred, f.or .10, any et hod used
for the array. The size of eac ad ress nmay be, for exanple, in the range
of from 1-2 nm to LeFeral a3t it BLRI™ThGTGR Che2adiPRS< fFajfeHalie any

size suited to anrlearrminedlbadére ogplid ahmagy angeBouiand rohapelashish defi ne

an address are desi gnesdS@et hat bR Ik EENRIHAY i h S PHhtQL shids@arRakticul ar
application. Addre%gegar;aeyibe qieegsgol Yo anran ed er]tos%%ﬁel %rdlhstrligut ed, or

subgrouped into a desired ?)taet ern ap%rlgﬁf?% e for a parf"l charertey e of 20

material to be andlypredllwrErayarroayyddrigedivda opvresh ehvtfs oF Pty cexanpl e,
"CGenomu Ki no iKenkyintPusotickoru ¢ Gamenratd-unctihorforesefrgivtsPratiogok]

(Ji kken | gaku Bessat,susf Spegi gh {Ssuenpf 25 Experinental Medicine], Posuto
Genomu Jidai no Ji kken Koza

“Spots” of biclogical molecules may be provided

on an array. As used herein, the term “spot” refers to a

15 certain set of compositions containing target substances.
As used herein, the term “spotting” refers to an act of
preparing a spot of a composition containing a certain target
substance on a substrate or plate. Spotting may be
performed by any method, for example, pipetting or the like,

20 or alternatively, using an automatic device. These methods

are well known in the art.

As used herein, the term “address” refers to a

unique position on a substrate, which may be distinguished

25 from other unique positions. Addresses are appropriately
associated with spots. Addresses can have any
distinguishable shape such that substances at each address

may be distinguished from substances at other addresses
(e.g., optically). A shape defining an address may be, for

30 example, without limitation, a circle, anellipse, a square,
a rectangle, or an irregular shape. Therefore, the term
“address” is used to indicate an abstract concept, while

the term “spot” is used to indicate a specific concept.



1 [Lecture 1 on Experinentation in Post-genone Era), "Genonmu |kagaku to
kor ekarano Genonu Iryo [ Genonme Medical Science and Future Genone Therapy
(Ji kken 1 gaku Zokan [ Speci al Issue of Experinental Medicine]), and the
like. 30 A vast amount of data can be &btained froma ni croarray.
Therefore, data analyzsis software is inportant for adm nistration of
correspondence between 66 clones and spots, data analysis, and the |ike.
Such software maybe attached to various detection systens (e.qg.,

Ernol aeva 0. et al., (1998) Nat. Genet., 20: 19-23). The format of

dat abase i ncludes, for exanple, GATC (genetic 5 analysis technaol 0gy
consortiun) proposBdehy *AF FABTTISETY M &t UG Tt ﬁge‘fYtﬁmﬁﬁ’a L6 descri bed
in, for exanple, WGanpbsirs, Sd@ret$996nd " TmtSciraebanderBayi needi ng of

M croel ectroni c Fabfieeatdrapixford 10 University Press; Zaut, P.V.

(1996), "Mcroarray Fabrication: a Practical Guide to Sem conductor
Processi ng”, Sem conductor Services; Mdou, MJ. (1997), "Fundanentals of
M crof abri cati®on", CRC1 5 PrB&sipgiicRatifdryesPrarri99A !y fehfdlSok of

M crolithography, dM chensicti ninghe &ubStMier, ofadrmurder ovt addcested wogr aphy” ;

and the like, porgiongsiehadetnd Bes&i0, 0L WRb&h rabe kel i deorer at ed
by reference. (Det e%tl on ysis or déast ermnation in t he

SEskMen “goblef T naeh %68

present invention,’ _ ods ‘and“edns can be uséd as
| ong as they can beiareedrtizlget extd ithPokeHftli 6f HMIAPbueederdred &Ml or a

subst ance i ntwr actdmgné theicevdddhfoExaaplkesy. ofhsuthe detecth animetheds and
means include, but,are pot, 2n,kl mfedd Qanyl stle LASPELtdOn, OpYd Cal
M croscopes, centimeters, though the address may have any size suited

to an array.

15 The spatial arrangement and shape which define
.an address are designed so that the microarray is suited
to a particular application. Addresses may be densely
arranged or sparsely distributed, or subgrouped into a
desired pattern appropriate for a particular type of

20 material to be analyzed.

Microarrays are widely reviewed in, for example,
“Genomu Kino Kenkyu Purotokoru [Genomic Function Research
Protocol] (Jikken Igaku Bessagsu [Special Issue of
25 Experimental Medicine), Posuto Genomu Jidai no Jikken Koza
1 [Lecture 1 on Experimentation in Post-genome Era), “Genomu
Ikagaku to korekarano Genomu Iryo [Genome Medical Science
and Future Genome Therapy (Jikken Igaku Zokan [Special Issue

of Experimental Medicinel), and the like.

30

A vast amount of data can be obtained from a
microarray. Therefore, data analyzsis software is

important for administration of correspondence between



confocal m croscopes, reading devices using a laser light source, surface
pl asnon resonance (SPR) inmaging, electric signals, chem cal or biochem cal
mar kers, which nmay be used singly or in conbination. Exanples of such a
detecting 30 device include, but are ndt limted to, fluorescence

anal yzi ng devi ces, spectrophotoneters, scintillation counters, CCD,

| um noneters, and the |like. Any neans capable of detecting a biol ogical

nmol ecul e may be used. 67 As used herein, the term"marker" or "biomarker"
is interchangeably used to refer to a biological agent for indicating a

| evel or frequency of a substance or state_ of 5 interest. Exanples of such
markers include, BIC"8F e2Rdt SPTT't 6 Ho, 2 AL¥F R HE d'erdd§i ng "4 <Gene,
gene products, nedbeticnpy bdattashadeteptorons datgahdsn sutasodi-@s, and t he
like. 10 Therefor &rndsa&aed. her @i, @ s) efdn.” BBR&er," 200 19-ebat i @Ret 0 a
o e L fh8c e AN (e, |4 AUS AN AR 5ene i c

conpl enentary nucleic acids, etc. Interacting w th i'ntracellul ar factors
i ndicating thé starelydis theeheelqady( oysortiyr) ePPRcrds e AdodM Ay & -gene,
gene 15 products (e.g., nRNA, proteins, posttranscriptionally nodified
proteins, etc.), metabolic prAdughsn;id8CeRsOESrayLi6 destRigdddih] ¢t 0
transcription control ;act o(gs. I theS Apresw%J / nvention C§ucch a_mar ker may
be used to producé**Rtor metIBREwh ch i i Atof analyzedS Slich & War ker
may 20 preferably Bnsteracinon o aMiacedechbionin eFaBiicaidonsed OHex€in, the
term "specifiwci t y'vriiRerel vt i oprds@; a manker pefers(1d4am)a preperdarrafy t he

mar ker which intergagts wiih.a, ppl&GULe cuQhe kBlRReSEnd R 8- $iOBLEL GRAPL Y
hi gher extent than_ it Wt h h

dogs th other simlar m)ngg% Eeaf Sgch a‘iagar ker is
herein 25 pref er abiS FPREEHCI W HICE M8 My esé altsiaé
of Microfabrication”, CRCl1 5 Press; Rai-Choudhury, P.
(1997), “Handbook of Microlithography, Micromachining, &
15 Microfabrication: Microlithography”: and the like,
portions related thereto of which are herein incorporated

by reference.

(Detection)

20 Incell analysis or determination in the present
invention, various detection methods and means can be used
as long as they can be used to detect information attributed
to a cell or a substance interacting therewith. Examples
of such detection methods and means include, but are not

25 limited to, visual inspection, optical microscopes,
confocal microscopes, reading devices using a laser light
source, surface plasmon resonance (SPR) imaging, electric
signals, chemical or biochemical markers, which may be used

singly or in combination. Examples of such a detecting

30 device include, but are not limited to, fluorescence
analyzing devices, spectrophotometers, scintillation
counters, CCD, luminometers, and the like. Any means

capable of detecting a biological molecule may be used.



cells. As used herein, the term"label" refers to a factor which

di stingui shes a nol ecul e or substance of 30 interest fromothers (e.g.,
subst ances, energy, electronagnetic waves, etc.). Exanples of |abeling

net hods include, but are not linted £©, R (radioisotope) methods,

fl uorescence nethods, biotinylation nmethods, 68 chenol um nance net hods,
and the |ike. Wen the above-described nucleic acid fragnents and

conpl ementary ol igonucl eotides are | abel ed by fl uorescence nethods,

fl uorescent substances having different fluorescence 5 em ssion maxi mum
wavel engt hs are used for |labeling. The difference between each
fluorescence em ssion maxi num wavel ength may be preferably 10 nm or nore.
Any fluorescent substance whkishecherdinndheceaniasekpof br dhigfarkentcl ei ¢
acid may be used,;splefar-abhyedmng ygudwgoafe%@mmg wﬂoeecagl ag&y8 £5@ and Cy5

in the Cy DyeTM seri.es am ne Gé%rea.e
N- acet oxy- N2- acet§1daﬁ%%%x%?ﬁg?ggéxi%ﬁﬁﬁu €|o ﬁﬁghc et va ?%8 of AAF),

and the |ike. SExarpltesedi- f Fxiidscent sushibseaiftes inalidty &UHi¥T%erefice in
fl uorescence emn ssSiientedraxdi, Mo Wavel@ngt Bnofdite nmede, e pnedwde, a

conbi nation 15 of Qya,and: g-4AR4AM A8 6G ea0eAhas ¢ aﬁpmuaa@fsl QRadheCy3 and
fluorescein, a cogB}natlon of a rhodam ne 6G reagent and fl uorescein, and

the like. In the §ent invention, such a label can be used to alter a
sanple of interest so that the sanple can be detected by detecting neans.
Such 20 alteration is known trReddieras bs vERaserskhl lted ddint heraetk” i@an

per for m such al t erationoysing a. et had .anpr onriaate {or., aglabel. and a

sanpl e of interest term"interaction” refers '25 to
wit hout [ini tatlorilgﬁVG?opﬂﬁﬂﬁQSdF%ﬁ@H%%?PF%WﬁPtary nucleic acids, etc.)

interacting with intracellular factors indicating the state
of the cell (e.g., nucleic acids encoding a gene, gene
15 products (e.g., mRNA, proteins, posttranscriptionally
modified proteins, etc.), metabolic products, receptors,
etc.) in addition to transcription control factors. In the
present invention, such a marker may be used to produce
information which is in turn analyzed. Such a marker may
20 preferably interact with a factor of interest. As used
herein, the term “specificity” inrelation to amarker refers
to a property of the marker which interacts with a molecule

of interest to a significantly higher extent than it does

with other similar molecules. Such a marker 1is herein
25 preferably present within cells or may be present outside
cells.

As used herein, the term “label” refers to a

factor which distinguishes a molecule or substance of

30 interest from others (e.g., substances, energy,
electromagnetic waves, etc.). Examples of labeling methods
include, but are not limited to, RI (radioisotope) methods,

fluorescence methods, biotinylation methods,



hydrophilic interactions, hydrogen bonds, Van der Waals forces, ionic
interactions, nonionic interactions, electrostatic interactions,.and the
like. 30 As used herein, the term"intgraction level"” in relation to the
interaction between two substances (e.g., cells, etc.) refers to the
extent or frequency of interaction between the two substances. Such an
interaction |l evel can 69 be neasured by nethods well known in the art

For exanple, the nunber of cells which are fixed and actually perform an

interaction is counted directly_or indirectly (e.g. , the intensity of
reflected |ight) f%mg arg%lagte \Quit, 5 Iln%]tattlon 15y usm&an %gglcal
m croscope, a fluorescence m cr'o sco e ase-contrast ni croscope, or the

like, or alternatiP¢EryiaRFraPad m%eéelq%dﬁf?ﬂ“&”ﬁﬁr‘k@ Coé}ﬁl%ﬁ‘ﬁ“itﬁéély, a
fluorescent | abel cangbheldokedespeet f Lebdler efy0 @ncbrereasey | mgrHoke,

intensity thereof f1§HQQsc3en|tev§éb§c%QcQ§ Jh%vghéplcﬁx)/f@grgﬂx{ e(‘ftlh}!résrc%%@ mar ker
or indirectl y via a.l abel he neasured %ﬁa such ghl evel ,

the nunber or° fr&JUERtS” Sfaxégweswav\fﬁ?%%thir Sr’éc‘ﬁféﬁ de¢PPbe
expressed |n a cerdidifargpst  paisebe eeehcmla@e@cemse(Pmeeemratrilmmamd
di spl ay) As used herelanpgitheaes pbefdhiasplyay” nmbdnorpr esantratibodsceare used

i nter changeabl y { Q. el elcd gu Al A6k 130 oKL oI NEoLFALLoNn gptae ged by a

nmet hod of the present i vention or i nformaiioh derived therefrom |rectly

or 20 indirectly, ¥ P9 ugR REELRBERT i pTiacesg edc¥drine Bxants8s: “8f such
di spl ayed foruis i regldutts, itbtibe 8y @ynOtsdriimbt edctlo, a readinus fetdomsit,such as

graphs, phot ograph&acEe&Lﬁss,z 288t ymtians, rapskddie (Aake, JWeh tachrkques are
descri bed in, for exa 1vé Wsanu\l IIL qu; %prle\é fégbrescen@% 25

pp: 185- 215, A High- eﬁeso uti o IITDdg oscope

substances having a dlfference 1n fluorescence emission
maximum wavelength of 10 nm or more include a combination
15 of Cy5 and a rhodamine 6G reagent, a combination of Cy3 and
fluorescein, a combination of a rhodamine 6G reagent and
fluorescein, and the like. 1In the present invention, such
a label can be used to alter a sample of interest so that
the sample can be detected by detecting means. Such
20 alteration is known in the art. Those skilled in the‘art
can perform such alteration using a method appropriate for

a label and a sample of interest.

As used herein, the term “interaction” refers

25 to, without limitation, hydrophobic interactions,
hydrophilic interactions, hydrogen bonds, Van der Waals
forces, ionic interactions, nonionic interactions,

electrostatic interactions, -and the like.

30 As used herein, the term “interaction level” in
relation to the interaction between two substances (e.g.,
cells, etc.) refers to the extent or frequency of interaction

between the two substances. Such an interaction level can



System (Sl uder & Wl f, Sal non), which discusses application software for
automating a mcroscope and controlling a canera and the design of a

har dwar e devi ce conprising an autonat optical m croscope, a canera, and
a Z-axis 30 focusing device, which can be used herein. Inmage acquisition
by a canera is described in detail in, for exanple, Inoue and Spring,

Vi deo Mroscopy, 2d. Edition, 1997, which is herein incorporated by
reference. Real tinme 70 display can also be perfornmed using techni ques

wel | known in the art. For exanple, after all inmages are obtained and
stored in a sem -per ngglseunted ngr%/hodosrweSﬂb tant| aI Ih% artt thga same t| nme as
when an i mage i s obtalne e | mage can 8’5’ B rocessed wth a pFFopnate

appl i cati on sof t war P8Rk éifnCe]p]rso@é%%cﬁrd‘atfaxe‘Y:@ﬁ‘de%‘é‘i‘fﬁléy H%’E%Prr‘fay be
processed by a nedrhodtdwictpbayisngubaek darsegquencenof radqrages: wi.t howt

Interruption, a ”Eim%fl% QJfSpk@ﬁ’le‘?sth”H&%%t n fgal e&érﬁ@:e ofi éndiRt hod for
di spl ayi ng |m%ges f g N E adl atl%]? gﬂi as changes or
continuation on a fdcar l%’?a EUSngaﬁ?o?Welrcaén%chﬁloﬁﬁ S Bppli°Eat T O sof t war e
for nmeasurenent andIPEESRN & PBRSTWIPEARTY NiAEPSRRPS  SOF tiker d1ka5 Fror
setting conditi onsafw@rnappraaiyigy staialing @1 16oncint 4 @AskdOr af @GOLELNY

detected signals. WE,SUG Peﬁt ”F&%‘ir %@e%ea'l‘ike r?éeedltf%' ‘EHe?@rRJ | Gafion,

conputer can have a neans a stinulus to cells and a nmeans fOf

processi ng si gnal B3t eRe e rHHie@éll% LRERPITn adbfti ®nlEEn Whtt%l 20 an
optical obserM ng #eaisyéd dSkdcclaméren an@ranrlqragehfnelcthg videvigegl.and/or a

cell culturing nea@assedBynitm@uﬁéaislﬁge@mmEi@ﬁﬁ%u&@ra stieml ahe Q@B raor
paraneter setting &Cqu]%?{c SBPQF&GA@W gard. .3, a%@aﬂ%“eéfans%%@eémo se, or

the like, it is possi
expressed in a certain spot, can be calculated.

15 (Presentation and display)
As used herein, the terms “display” and
“presentation” are used interchangeably to refer to an act
of providing information obtained by a method of the present
invention or information derived therefrom directly or
20 indirectly, or in an information-processed form. Examples
of such displayed forms include, but are not limited to,
various methods, such as graphs, photographs, tabies,
animations, and the 1ike. Such techniques are describedin,
for example, METHODS IN CELL BIOLOGY, VOL. 56, ed. 1998,
25 pp:185-215, A High-Resolution Multimode Digital Microscope
System (Sluder & Wolf, Salmon), which discusses application
software for automating a microscope and controlling a
camera and the design of a hardware device comprising an
automated optical microscope, a camera, and a Z-axis
30 focusing device, which <c¢an be wused herein. Image
acquisition by a camera is described in detail in, for
example, Inoue and Spring, Video Miroscopy, 2d. Edition,

1997, which is herein incorporated by reference. Real time



conplicated conditions for stimulation. In addition, various conditions,
such as a tenperature for cell culture, pH and the |like, can be set using
a keyboard, a nouse, or the like. A d| pl ay screen displays information on
a 30 network detected froma cell or information derived therefromin rea
time or after recording. In addition, another recorded information or
information derived therefromof a cell can be displayed whil e being
superinposed 71 with a mcroscopic imge of the cell. In addition to
recorded information, neasurenent paraneters in recording (stimulation

condi tions, recor da{%rl%gn ‘f 1,908, b bépéo%edc&”d'gt jcgg_ﬁ,s s Qc‘ﬁesﬁ grqndl tions,

vari ous condltlons nperature, e dlsp ayed in

real tinme. The pr&séAt airﬁverﬁqro‘?f(arwebéfé&ﬁladﬁeﬂ“%"*ﬂ?%? PRSP st
i ssui ng an al arm whgrred timerpesEt-peenarenpHnatepar ter tniosanheéalliplaera e

range. 10 On a dat ga@nakysiss s&a@ﬁe&h llmeg@dpb. toho@auﬁéat%e %tget heRerye as used
in the present_inventi QN i w1tlhs £ fi %fttw forbvarl ous

mat hemat i cal anal y8€s ~°§ucn ? ?ragﬁ%*%ar m?ﬂ o (?Irﬁstt e hirdl ysi s,
FFT anal ysi s, coh@?@r?@éeﬁn%tfsl sForc@#F’éﬂ’h?ul G‘ﬁtaﬁwyy%s?rws?ﬁeb? ike. 15
The present i nvent h@rhauayr e paqmpcpedaw th acfumickl of Ch'fmagfeeﬁp@l’:ﬁ(ﬁ\hd y

di spl ayi ng i nformat jqn e U o) ;ay ogr aphy,
or the like. The res%l}t g{gi;ﬁgé\g%rtlﬁgﬁgf sg%tﬂclg?ll 2 :ngé az?l £%E% ‘bei ng
[

superi nmposed with °hiTrds F ndiyds 24t o7 edi9%5°a aFeEor’Eﬁ’ "meaP e 20
(CGene introduktionjrymdiatechniighe Aayclirnggsedr herrgiinugpion jomt podocdl on of a
nucl ei ¢ acid nol ecglend.nto cells, including, for exanple, transformation,

t ransducti on,

In another embodiment, application software for

measurement and presentation typically includes software

15 for setting conditions for applying stimuli or conditions
for recording detected signals. With such a measurement and
presentation application, a computer can have a means for
applying a stimulus to cells and a means for processing
signals detected from cells, and in addition, can control

20 an optical observing means (a SIT camera and an image filing

device) and/or a cell culturing means.

By inputting conditions for stimulation on a

parameter setting screen using a keyboard, a touch panel,

25 a mouse, or the 1like, it is possible to set desired
complicated conditions for stimulation. In addition,
various conditions, such as a temperature for cell culture,

pH, and the like, can be set using a keyboard, a mouse, or

the like. A display screen displays information on a

30 network detected from a cell or information derived
therefrom in real time or after recording. In addition,
another recorded information or information derived

therefromof acell canbe displayed while being superimposed



25 transfection, and the like. In the present invention, transfection is
preferable. As used herein, the term"transfection" refers to an act of
perform ng gene i ntroduction or transfectlon 30 by culturing cells with
gene DNA, plasmd DNA, viral DNA, viral”'RNA or the like in a substantial ly
naked form (excluding viral particles), or adding such a genetic nmaterial
into cell suspension to allowthe cells to take 72 in the genetic
material. A gene introduced by transfection is typically expressed within
cells in a tenporary manner or may be incorporated into cells in a

per manent manner. 5 Such a nucl ei.c acid nolecul e |ntroduct|$h technrque i's

wel | known in the 8t EndiEHANBIY d88EE AhdthS Céscr iBed?T it For-exanpl e,
Ausubel F. A et alxecogded amdpormgtligRg)meaGurererit PROAEGICS i1h rhobetiwioar

ii (ﬂ)ogy,b Wley, %th%@[%tlddﬂg;coﬁaﬁg[&@ﬂ Jrec@&da;llg £3R87) oVb) e@ﬂé;ﬁﬂaycl oni ng:
aboratory nu n an

Laboratory Press, %%%% é?“swufﬁﬁﬁ 0 Cg%@é%lgns rl?ﬁ%sggndggﬂi gaku

[ Experi mental SMedi%4lié} UeE?ﬁé?"r‘rF@ntPéi e gy rﬁ?d»sber Brsré@rrédrlrﬂr%fdu‘aﬂreon &

Expressi on Anal ysi®e pr¥oso:- shaentdQ87 paane theippde wiGene fiuntrbductfi on can

be 15 confirmed by; aetihgds, §§a9@@95htaegexrg%&wre%rc£9a% Netd kepn cHal ot ting
anal ysi s and VEster blogtuﬁg anal ysi s, ot her Enomn, conmon

techni ques. Wen a"Y&i8° qEi oned hereln t he ternr 20 "vector" or
"reconbi nant vector" refers to a vector transferring a pol ynucl eoti de
sequence of interest to a tahgewaeel&mu§emh:ax%eﬁtohuESdtamabkerﬂk

self-replication e 0 ok ;i s e (€.
Qétykﬁ‘&&ryp% %%EBH ? &l FR%&IE? hn s hosbscalle (€. g.

a prokaryotic cell el{, 25 an |ns%gt cel |
an individual ani n&? Seén&PQﬂ%trﬂ?ﬁ\ﬁoﬂu%ﬁrlﬁPérﬂathematlcal analyses, suc

as Fourier transformation, cluster analysis, FFT analysis,
coherence analysis, correlation analysis, and the 1like.
15 The present invention may be equipped with a function of
temporarily displaying information on a network, a function
of displaying topography, or the 1like. The results of these
analyses can be displayed while being superimposed with

microscopic images stored in a recording medium.

20

(Gene introduction)

Any technique may be wused herein for
introduction of a nucleic acid molecule into cells,
including, for example, transformation, transduction,

25 transfection, and the like. In the present invention,

transfection is preferable.

As used herein, the term “transfection” refers

to an act of performing gene introduction or transfection

30 by culturing cells with gene DNA, plasmid DNA, viral DNA,
viral RNA or the 1like in a substantially naked form
(excluding viral particles), or adding such a genetic

material into cell suspension to allow the cells to take



etc.), and contains a pronoter at a site suitable for transcription of a
pol ynucl eotide of the present invention. A vector suitable for performng
cloning is referred to as a "cloning vector”. Such a cloning vector
ordinarily 30 contains a multiple cloni’hg site containing a plurality of
restriction sites. Restriction enzyne sites and multiple <cloning sites as
descri bed above are well known in the art and can be used as appropriate
by those skilled in the art 73 depending on the purpose in accordance with
publications described herein (e.g., Sanbrook et al., supra). As used
herein, the term"expression vector” 5 refers to a nucleic acid sequence
conprising a structuraf 9eg8hE" BatPE 3gr ofof®te BYEYRGET i MG ek pr &< on

t hereof, and in atsditypopalaekpuss sedgul dtior yeElseere $enpowa st asendrhat

al lows themto opesat:g WobthidthestacR ligeo Tha1kegulAbakyand e RBRLe MBY
include, preferably, termnators, selectable 10 markers such as

drug-resi stance genes, and enhancers. Exanples of "reconbi nant vectors”
for prokaryotic cells includgchbdgt Brédchot 2Fifi Pedetv.e pEINARgue)on

pBl uescri pt - SK( +/ - }ecipGaNe Tis pEF: B@SwnpEGtRe, apHATd @lu@d8ly uked, and

PFT- DESTTMA2GATEVAY, (LAVEIHQOEN) £oRRGahbfe | K& RIPI 8 20, Sugcopbi nant
vectors" for aninal s includ t |[imte 0, .. pcDNAI / Anp,

cell e, but are no t t
pcDNAI, pCDMB (al I Eommer Gitarfy “arar P b8 “?OESW Bk%g‘%ﬁy)',w Rz 20
[ Japanese Lai d- QpekoPublNiYeatdmwnroNs. J 32291 (| (Wi I déEicrlap AGRTOBI[ R
Eizgggerznz,78%(()?909%;’:?1@%703}:3/ pAMaL, PAMDAER ] .arkli @t s 31&1@&16 @88, spring
- e SS 21 Or , ne stem
cel | virus (VoY) " BERBY RS PLRSS LR HEEhOrBBRg Ph Spprids

. Exa es
reconbi nant vect or $5%'8 Bf%ﬁylé%?W%[Experlmental Medicine] aExperimental
Methods for Gene introduction & Expression Analysis”,

Yodo-sha, 1997; and the like. Gene introduction can be
15 confirmed by methods as described herein, such as Northern
blotting analysis and Western blotting analysis, or other

well-known, common techniques.

When a gene is mentioned herein, the term

20 “vector” or “recombinant vector” refers to a vector
transferring a polynucleotide sequence of interest to a
target cell. Such a vector is capable of self-replication

or incorporation into a chromosome in a host cell (e.g.,

a prokaryotic cell, yeast, an animal cell, a plant cell,
25 aninsectcellfanindividualanimal,andanindividualplant,
etc.), and contains a promoter at a site suitable for
transcription of a polynucleotide of the present invention.

A vector suitable for performing cloning is referred to as

a “cloning vector”. Such a cloning vector ordinarily

30 contains a multiple cloning site containing a plurality of
restriction sites. Restriction enzyme sites and multiple
cloning sites as described above are well known in the art

and can be used as appropriate by those skilled in the art



include, but are not limted to, pPCVICEn4HPT, pCGN1548, pCGN1549, pB1221,
pBl 121, and the like. 30 Any of the above-descri bed nethods for
introducing DNA into cells can be used._as a vector introduction nethod,

i ncluding, for exanple, transfection, ransduction, transformation, and
the like (e.g., a calcium74 phosphate nethod, ‘a | i posone nethod, a DEAE
dextran nethod, an electroporation nethod, a particle gun (gene gun)

nmet hod, and the like), a lipofection nethod, a spheroplast nethod (Proc.
Nat|. Acad. Sci. USA, 84, 1929(1978)) a Iithiun15 acetate nethod (J.
Bacteriol ., 153, 1 glg8%3 agge roose . 1n a <?rme Clth a ions.
1929(1978)), and the T ke ° éﬁlﬁe Fﬁ%r W eng |n ro ucti on
reagent" refers tdkaCFéagéﬁPrﬂhPcﬁf93rd§§@npﬁka¢©éﬂer Tanﬁﬁtroductlon

met hod so as to enhance introduction efficiency. Exanples of such a gene
introduction reagent includg, huy aggagpttkén%égp“ggpngahbgnb&ﬂggyyners

cationic |ipids, polyanm ne-based reagents, polyimne-based rea ents
caIC|un1phospﬁate ”ﬁﬁ&stﬂéalP%EElgﬁ@EV#Fﬁq%%aﬁnggnaflangSFéﬂb Lused in
transfection incl uaer eayemmnavar [fabl eouflpbmy arpPoess isoureesofsucll as,

without. limtatiomn agklfesteneridansteetdnyReagents(cata sB@te IhA25,

$%§%§P20 ReageI[a(%E%%%TQ@ganSfeCtbfn R%ﬁggpﬁé&Eg gﬁ%r§%§$§ggu (%@agent

(301305, Q agen, CH)erepg| Weé?clq‘?ean§F%E‘ﬁac5’r1ryRe%@“é‘HPaE%ﬁl'1(§Sle‘§aaﬁ€n
Li pof ect AM NEo 200teReagesich( 33668:001851$nricker ogess cenporratanonys CA) ,
Jet PElI (x4) conc. (101-30, Polyplus-transfection, France) and ExGen 500

gsgféiéigﬁrnentas Inc.. MD), EQQ%ﬂ%Qe |H¥e'“ré¥%m 1Q§h€Xp5§§¥%£%n (ecg TRNA

prokaryotic cells include, but are not limited to, pcDNA3 (+),
pBluescript-SK(+/~), pGEM-T, pEF-BOS, pEGFP , pHAT, pUC18,
15 pPFT-DEST™42GATEWAY (Invitrogen), and the like.

Examples of “recombinant vectors” for animal
cells include, but are not limited to, pcDNAI/Amp, pcDNAI,
pCDM8 (all commercially available from Funakoshi), pAGE107

" 20 [Japanese Laid-Open Publication No. 3-229 (Invitrogen),
pAGE103 [J. Biochem., 101, 1307(1987)], pAMo, pAMoA [J. Biol.
Chem., 268, 22782-22787(1993)], a retrovirus expression
vector based on a murine stem cell virus (MSCV), pEF—BQS,
pEGFP, and the like.

25
Examples of recombinant vectors for plant cells
include, but are not limited to, pPCVICEn4HPT, pCGN1548,
pPCGN1549, pBI221, pBIlZ2l, and the like.
30 Any of the above-described methods for

introducing DNA into cells can be used as a vector
introduction method, including, for example, transfection,

transduction, transformation, and the like (e.qg., a calcium



pol ypepti de expression) nmay be "detected" or "quantified" by an
appropriate nethod, including nRNA neasurenent and i mmunol ogi cal

measur enent mnet hods. Exanpl es of nol ecul ar 30 bi ol ogi cal neasurenent

met hods i nclude Northern blotting netﬂéds dot blotting nethods, PCR

met hods, and the |ike. Exanples of |nnunological measur enent net hods

i nclude ELI SA nethods, RI A nethods, fluorescent antibody nethods, Western
75 Dblotting methods, imrunohistol ogical staining nmethods, and the |ike,
where a mcrotiter plate may be used. Exanples of quantification met hods
i ncl ude ELI SA neth Rl A and the ene_anal met hod
using an array 5 (quﬁ;hage ngo$r§ JFQS%W%P%?%Dar?géAchXtrinm tmﬁ% used.
The DNA array is @W§é¢VH$@9F@MEﬁ”NﬁhSév@dﬁﬂégak%gPEéBPneEH@iﬁéé@@hg]
speci al issue, "DNéndVcakorikedy @andpbpedodahenhddCRe Mphbods]aedinéatbdy
Shujun-sha. The probeld) REERY Aca.desel iRRd bh, defaldoda Nat Cepelun 2002

Dec; 32 Suppl:526-32. 10 Exanp] es of nethods a ne_expressi on
i nclude, but are ﬁ%eltaltﬁn'i“?teﬁfdt dY - REPER tretr h&ag ]Fééé%ﬁg)[’h%&

met hods, i nmunopr egatpi-t acedn Jvet hoek, 7t5mol$@%rll9a825y,sta@#s,the iikeitro

transl ation nmethods, and the like in addition to the above-descri bed

t echni ques. Ot her analysis thods are 1o descrihed.in, for exanple

"Genone Anal ysis Experinenta N@?% & Svusuke Ngkanuﬁene { éﬁ%ﬁh edited
by Yusuke Nakanur&229%8do- $R&2¥2002)2 awemﬁewm% ig\ psest %fhea gené
above-descri bed pubhicaticonsn amethedeisv | _REOr por adrecinby  fefwidencieen 20 As

used herein, the t@fmm%}seyesgkgr@pleesvgk ‘suche] §fefiel thiRuAIDINL QbR

pol ypepti de or g? sg a subj ect cell. The term"ex Lession
| evel " incl udes thénC d\r‘?él {51t b et H gﬁggessﬁaéﬁo%%c 50%56 Ve Ctafgée €Val uat ed
by lipids, polyamlne based reagents, polyimine- basedreagents,

calcium phosphate, and the like. Specific examples of a

15 reagent used in transfection include reagents available
from various sources, such as, without. limitation,
Effectene Transfection Reagent (cat. no. 301425, Qiagen,

CA), TransFast™ Transfection Reagent (E2431, Promega, WI),
fx™-20 Reagent (E2391, Promega, WI), SuperFect

20 Transfection Reagent (301305, Qiagen, CA), PolyFect
Transfection Reagent (301105, Qiagen, CA), LipofectAMINE

2000 Reagent (11668-019, Invitrogen corporation, CA),
JetPEI (x4) conc. (101-30, Polyplus-transfection, France)

and ExGen 500 (R0511, Fermentas Inc., MD), and the like.

25
Gene expression (e.g., mRNA expression,
polypeptide expression) may be “detected” or “quantified”
by an appropriate method, ihcluding mRNA measurement and
immunological measurement methods. Examples of molecular
30 biological measurement methods include Northern blotting

methods, dot blotting methods, PCR methods, and the like.
Examples of immunological measurement methods include ELISA

methods, RIA methods, fluorescent antibody methods, Western



25 any appropriate nmethod using an antibody, including inmunol ogical
nmeasurenent nethods (e.g., an ELISA nethod, an RIA nethod, a fluorescent
anti body nethod, a Western blotting nethod, an inmmunohi stol ogical staining
met hod, and the like, or the nRNA | evéd of expression of a pol ypeptide 30
eval uated by any appropriate nmethod, including nolecular biological
measurenment nethods (e.g., a Northern blotting nethod, a dot blotting

nmet hod, a PCR nethod, and the like) . The term"change in expression

| evel " indicates that an 76 increase or decrease in the protein or nRNA

| evel of expression of a polgl(%)ept_i de eval uated by an appropriate nethod
i ncl udi ng the aboVR-FédBP FEERCHIMIMHINGG 8 5L ogreas Framehtd retinsd: gnd

nol ecul ar bi ol ogi cale Aetasumereata M3cnet ted. p{Ber eeniyguseds Bsachlzer ei n,

the term "screeni ngf gefarisitoise! RCHAE afhcaubdr 88tsa SHEM AR, arki@r gani sm

a substance, 10 or_the |ike i,yen specific.propert f interest froma
popul ati on cont ai nFAG 4" hih étr%egfl\égr e%eqﬁnse a@?ilgél amgtb%ocdlo‘fsilcng anartay
oper at i on/ eval®uat i 6 IrethBW: aF6RY s@rRESHPhY 2raRY agént) rayde, usedn aitsi body)

a pol ypepti de. or apNmCketay ackd winkegulevoéwed heénpresentkodquikent (agrican be

used. 15 As used hgrginge, Seyeeidg by Wbl | hgh0Q; o a b ApuRalRgi Gak, feacti on
is also referred to as "

single chain anti %%Veﬁﬁé%gggggggg%}‘%ﬁb%eh%pg%@%ﬁgﬁg :jTt‘)T’gdBZ/OO;nS
a bi ol ogi cal sanpl @esAibednscietpti dn Nart Ganatis| 280 drec/ prlodiuwtl :6E6-a3gene may
be useful as m celtxsReekidCndBIIBI for Bfia RLEGg PRI &tdrkkYon anéthde,mar ker
which s distinetiyg ¥re B0 £8R%%4! (b VRFIAUCSLAMRS LibsIhERIRN S on
andaror methods, immunoprecipitation methods, two-hybrid systems,
in vitro translation methods, and the like in addition to
the above-described techniques. Other analysis methods are
15 described in, for example, “Genome Analysis Experimental
Method, Yusuke Nakamura’s Lab-Manual, edited by Yusuke
Nakamura, Yodo-sha (2002), and the 1like. All of the
above-described publications are herein incorporated by
reference.
20
As used herein, the term “expression level”
refers to the amount of a polypeptide or mRNA expressed in
a subject cell. The term “expression level” includes the
level of protein expression of a polypeptide evaluated by
25 any appropriate method using an antibody, including
immunological measurement methods (e.g., an ELISA method,
an RIA method, a fluorescent antibody method, a Western
blottingmethod,anjﬂmmnohistologicalstainingnethod,and
the like, or the mRNA level of expression of a polypeptide
30 evaluated by any appropriate method, including molecular
biological measurement methods (e.g., a Northern blotting
method, a dot blotting method, a PCR method, and the like).

The term “change in expression level” indicates that an



mat uration of a specific cell type. A nonoclonal antibody 25 directed to a
specific epitope, or a conbination of epitopes allows for screening of a
cel |l popul ation expressing a marker. Various techni ques enpl oy nonocl onal
antibodies to screen for a cell popul dion expressing a marker. Exanples
of such techniques include, but are not limted to, magnetic 30 separation

usi ng magneti c beads coated with anti bodies, "panning" using antibodies
attached to a solid matrix (i.e., a plate), flow cytonetry, and the |ike
(e.g., US Patent No. 5, 985, 660; and Morrison et al. , Cell, 96: 737-49

(1999)) . 77 These techniques may be used to screen cell popul atians
cont ai ni ng undi f f eFEFEREE eBT cBPFEE2SGhiIN T8N PTHFDIT atd/ BV di ¥96rtetli at e as
seen in human unbidsxpcakstor bf 5 pbbgekraidahecdil vatedt peatredrandr nodief | ed

into an undifferentdabed stal &g J9theeMbyoiesstepaLel dngunbi s§l@1 Stem

cells, etc.). (D a nosisg1 10 A% gsed hegei t he Rerm"dia nosis" refers
’ ) ; 1 € ! Piological". e%sggem nt
to an act of identiTying various parafsters dssociated with ~a di sease, a

di sorder, a cdnditheder the |ike of a subject and determning a current
state of the disease, the disorder, the condition, or the like. A nethod,
device, or systemof 15 the pgesent,ipvention can be used to analyze
cellular networks, a drug resistance |l evel, identification of a

bi omarker, analysis of a dru§°t&rgete dRal Vi 50t 8°E e "Jef et & agnosi s
of a cellular functélestianabfysi savfeta soeh lad an petaniay; vabadeiren of a

bi ol ogi cal effect ©f tac20i1e0MpoyinGdn afst idiiaghasiestofomAntafant kous «i sease
and the like. Such iur].fa(%riggtci gpafn%q bae H]%?edr EPeﬁgrLgrﬁ}s P f rs?%éif'cSUCh as
a di sease, a disorder, a cond| ion, %and  a prescription or nethod for
treatnment or pr eve?ﬁqr@ﬁl@p/%valuatlon method. For screening, an agent (e.g.,

an antibody), a polypeptide.or a nucleic acid molecule of
the present invention can be used.
15
As used herein, screening by utilizing an
immunological reaction is also referred to as
“immunophenotyping”. 1In this case, an antibody or a single
chain antibody may be used for immunophenotyping a cell line
20 and a biological sample. A transcription or translation
product of a gene may be useful as a cell specific marker,
or more particularly, a cell marker which is distinctively
expressed in various stages in differentiation and/or
maturation of a specific cell type. A monoclcnal antibody
25 directed to a specific epitope, or a combination of epitopes
allows for screening of a cell population expressing a marker.
Various techniques employ monoclonal antibodies to screen
for a cell population expressing a marker. Examples of such
techniques include, but are not limited to, magnetic
30 separation using magnetic beads coated with antibodies,
“panning” using antibodies attached to a solidmatrix (i.e.,
a plate), flow cytometry, and the like (e.g., US Patent
No. 5,985,660; andMorrisonet al., Cell, 96:737-49(1999)).



subject. 25 A diagnosis nethod of the present invention can wuse, in
principle, a sanple which is derived fromthe body of a subject.

Therefore, it is possible for soneone which 1is not a nedical practitioner,
such as a medical doctor, 30 to deal with such a sanpl e. The present
invention is industrially useful. (Therapy) 78 As used herein, the term
"therapy" refers to an act of preventing progression of a disease or a

di sorder, preferably maintaining the current state of a disease or a

di sorder, nore preferably alleviating a disease or a 5 disorder, and nore
preferably extinguishing a disease or a disorder. As used herein, the term
"subject"” refers to an organismwhich is subjected to the treatnent of the
present 10 invention. A subffeese itscahsougefreyr bd tocdsta stpaeh errll A
patient or subj eCtpma@ﬁeﬁﬁr@hkylm@uh@mm%imcherej Rhithecder m

cause’ of 'Pathoggh,, ohf/JElRELOM:9,8, US688e }ﬁmﬁ%gﬁfll%la &ndi tion

of a 15 subject associated | sease

di sorder or the co?lJcﬁ’th oﬁr(a‘I’%lc? oF‘F%cttir\?éltﬁdre‘?‘éjrré‘ﬂ tbedas 1859 | & on", or
"di sease damage" i unqiffrts)tidted| atdithgie.gwi tdmbulohigrsteat icehls.attausati ve or
pat hogeni ¢ subst angg., (Rathogeni ¢ agent), a disease agent, a diseased cell,
a 20 pathogenic virus, and the |like. A disease targeted by the present
invention may be any di sease associated with a pathogenic gene. Exanpl es
of such a disease include, buPiageesié? linmited to, cancer, 25 infectious

di seases due to viruses or baetwrddaanesdilngrghe term “diagnosis” refers to

an act of identifying various parameters associated with
a disease, a disorder, a condition, or the like of a subject
and determining a current state of the disease, the disorder,
the condition, or the like. A method, device, or system of
15 the present invention can be used to analyze cellular
networks, a drug resistance level, identification of a
biomarker, analysis of a drug target, analysis of a side
effect, diagnosis of a cellular function, analysis of a
cellular pathway, evaluation of a biological effect of a
20 compound, and diagnosis of an infectious disease and the
like. Such information can be used to select parameters,
such as a disease, a disorder, a condition, and a

prescription or method for treatment or prevention of a

subject.
25
A diagnosis method of the present invention can
use, in principle, a sample which is derived from the body
of a subject. Therefore, it is possible for someone which
is not a medical practitioner, such as a medical doctor,
30 to deal with such a sample. The present invention is

industrially useful.

(Therapy)



hypertensi on, hyperlipem a, diabetes, cardiac di seases, cerebral
infarction, denentia, obesity, arteriosclerosis, infertility, nmental and
nervous di seases, cataract, progeria, hypersen5| tivity to ultraviol et
radiation, and 30 the like. A disorder®targeted by the present invention
may be any di sorder associated with a pathogenic gene. 79 Exanpl es of
such a di sease, disorder or condition include, but are not limted to,
circulatory diseases (anema (e.g., aplastic anem a (particularly, 5
severe aplastic anem a), renal anem a, cancer ous anerri a, secondary anerri a,
refractory anema, etc.), cancer aqr. tunors | eukem a, nulti

nyel oma), etc.): neurol ogi c4f ucfege}b%réén(cf@ﬁe'iﬁr o, CREEPRBr 4P TSET SR nand
sequel a t hereof, cetelyfapravemding spicnagssipnuery ,a éiesgse 20 4 mignotoygi cal

di seases (T-cell dgfdwirency H&Mﬂdéﬂﬁﬁ}g theUkaiHedr €lLle) of MMIAe0EgaY and the

skel etal system dgsg oer%e(.r”rﬁ‘&i ef8§£k?l§g%::lg%\7§atln%x%t Q0. 01, 1 Qi nt's,

subl uxation, sprain | ganent i nj ., osteosarconsg,

Ewi ng' s sarconh, oSt¥ygEResiy i‘“ﬁﬁ%rﬂré?éteéabli% cE5t BBLHORAP otlySFrase £ etc.):
der mat ol ogi ¢ di seasesisofdéri chia, nelanoma, cutis malignant |ynpona,
hemangi osar coma, histiocytosis, hydroa, pustulosis, dermatitis, eczens,

etc.); endocrinol ogic di seasegs S(et&y ot hal 25”“3/ h%pogquy eag,,die%eas S, thyr0| d

gl and di seases, 20 accessory thytoi aeréellah EpaT At Al i°¢§58¢S.2"adr enal

cortex/ medul | a di se¥ases sneddeharofel HSGERS HimbFaineny, of FRpipdentttabol i sm
abnormality, proteifvaretiabol kssubphnot srellisbyre fuiekei o aei d nettabot 1.sm

abnornmality, inborp paetrlegg of Srggr]gpglrﬁa%n’bgﬁpf@%hgegé)rgu%ﬁangal actosem a, 25

honmocystinuria, maple syrup uriné disease), anal bum nem a,

As used herein, the term “cause” or “pathogen”

in relation to a disease, a disorder or a condition of a

15 subject refers £o an agent associated with the disease, the
disorder or the condition (also collectively referred to

as a “lesion”, or “disease damage” in plants), including,
without limitation, a causative or pathogenic substance
{(pathogenic agent), a disease agent, a diseased cell, a

20 pathogenic virus, and the like.

A disease targeted by the present invention may
be any disease associated with a pathogenic gene. Examples
of such a disease include, but are not limited to, cancer,

25 infectious diseases due to viruses or bacteria, allerqgy,
hypertension, hyperlipemia, diabetes, cardiac diseases,
cerebral infarction, dementia, obesity, arteriosclerosis,
infertility, mental and nervous diseases, cataract,
progeria, hypersensitivity to ultraviolet radiation, and

30 the like.

A disorder targeted by the present invention may

be any disorder associated with a pathogenic gene.



| ack of ascorbic acid synthetic ability, hyperbilirubinem a,
hyperbi l i rubi nuria, kallikrein deficiency, mast cell deficiency, diabetes
i nsi pi dus, vasopressin secretion abnormality, dwarfism Wl nan's di sease
(acid lipase 30 deficiency)), nucopolj@acchar|d05|sVI etc.); respiratory
di seases (pul nonary di seases (e.g., pneunonia, |lung cancer, etc.),
bronchi al di seases, |ung cancer, bronchial cancer, etc.); alinmentary

di seases (esophagi al di seases (e.g., 80 esophagial cancer, etc.), stonach

/ duodenum di seases (e.g., stomach cancer, duodenum cancer, etc.), snal
intestine diseases/large intestine diseases (e.g., polyps of the colon,
col on cancer, rectal cancer, etc.), bile duct 5 diseases, |iver diseases
(e.g., liver cirrhosis, hepakatgles (& Bpck, D, diseamstec .Jisorflmkmamant
hepatitis, chroni &or’{}ﬁl%%ht ESc1udRl | BBE Yatd ViRJ: Canceta & cqﬁqlcu@awgﬁr

di sorders, drug induced |iver, d orders 1&Le. anggggr lcghgggses (acute
pancreatitis, chrdhi® sﬁﬁné?eé? p&nc?éﬁ% cancer, t1c parcreas

di seases, etc.), ?)%‘rqrteoﬁéi;ﬁﬁtaﬁdéﬁ?w venay Gpafﬁﬁragﬁf‘a?%‘é’e?s%e‘(‘%r ni a,
etc.), Hirschsprusgadadyseaseia etiefacusinasiyerdiaseases) ( kraneyr diseases

(e.g., renal failyre.s pri.;mgry ol Qnepubus fiS833es, mf&NAascukar )
dlsorders t ubul ar functlon abnornmal it

nterstiti 5 kj d y d| eases,
ki dney di sorders Hﬂ€“189é9%%eﬁfﬁe%*?ea§g§@”tk?ﬁn§§I%% erSt%qf <%Iadder
di seases (e.qg. cysQuah&stheb@aﬂdeﬁrean@brvm@mn.Fplg@hlxﬁﬂundvséaseb (mal e
geni tal orgafy " di SRAFRS obEcq. , dTBEkEs&d erfr-kkyl pdazsbaémgegadyyldrpm@state

cancer, testicul ag S@Q%%r,e§%c ). f&ml e gggl%g proan AQ.dhseadses, (e. 9.

female sterility, ovary function disorder st eromyoma, adenonyosi s

uteri, uterine caﬁt%ﬁasesenﬁﬁﬁﬁfY?%S|%ﬁtQSﬁaf?%ﬁsca&&ﬁﬁtloglPF0§F?9 i seases,
etc.), etc); cireubhbatyodi seases,( hbagdmehai liurieryangishaopediroLis,

osteosarcoma, Ewing’s sarcoma, osteogenesis imperfecta,
15 osteochondrodysplasia, etc.); dermatologic diseases
(atrichia, melanoma, cutis malignant lympoma,
hemangiosarcoma, histiocytosis, hydroa, pustulosis,
dermatitis, eczema, etc.): endocrinologic diseases
(hypothalamus/hypophysis diseases, thyroid gland diseases,
20 accessory thyroid gland (parathyroid) diseases, adrenal
cortex/medulla diseases, saccharometabolism abnormality,
lipid metabolism abnormality, protein metabolism
abnormality, nucleic acid metabolism abnormality, inborn
error of metabolism (phenylketonuria, galactosemia,
25 homocystinuria, maple syrup urine disease), analbuminemia,
lack of ascorbic acid synthetic ability, hyperbilirubinemia,
hyperbilirubinuria, kallikrein deficiency, mast cell
deficiency, diabetes insipidus, vasopressin secretion
abnormality, dwarfism, Wolman’s disease (acid lipase
30 deficiency)), mucopolysaccharidosis VI, etc.); respiratory
diseases (pulmonary diseases (e.g., pneumonia, lung cancer,
etc.), bronchial diseases, lung cancer, bronchial cancer,

etc.); alimentary diseases (esophagial diseases (e.g.,



nyocardi al infarct, arrhythm a, vaIvuIitis, cardi ac 25 nuscle /pericardium
di seases, congenital heart diseases (e.g., atrial septal defect, arterial
canal patency, tetralogy of Fallot, etc. ) artery di seases (e.qg.
arteriosclerosis, aneurysn), vein di seMses (e.g. phl ebeurysm etc.),

| ynphoduct diseases (e.qg., lynphedema, 30 etc. ) etc.); and the like. As
used herein, the term"pharmaceutically acceptable carrier” refers to a
material for use in 81 production of a nedicanent, an animal drug or an
agricultural chemcal, which does not have an adverse effect on an
effective conponent. Exanples of such a pharmaceutically acceptable
carrier include, BRPPEEEaHGENFET BEBY oS tInaght Fesdedanit’s Sepfesdrvati ves,
colorants, flavorstguaagentscer diduneatsy cnubks) fewr.g, swspenditagtagents,

sol vents, f"'eré;sé&&e%VDQmﬁQ%Hkéstﬁﬂgfd%E%asQ?'k&ejy %@hy§é6§f the
exci pi ents, armaceut i cal uvant's %% 10 The
e

agricul tural é%? 1 J S v
type and anount of °HPhaitEle a8l afBhtt UEEESh & freat od of
t he present |hven@L®ﬁﬁ@anJbeereh§ﬁﬁyeﬁéﬁe@nﬂheﬂabylfﬁ6§esskﬁpﬁéét}% the art
based on informatips, ehtgimes y, uiRl had wipatthei pr esesnti cinvpant £ o6 15

(e.9.. informtion.ahou ihe! suploof Sruigeies! siances shaol, and.yith

reference to the use isease (type, severit and the
like), the patlen%“%P%&ﬁ#lW&?fﬂﬁorde§%xet5nﬁfBé%%“ﬁﬁéf e33R ‘PEPMT or type
of the cell, and ptherdatkeis,Thehkpegquepeycofattifiest r eatrents neehodrof the 20
present | nvemi oncappld egaﬁ&eessmseggea( Or epal) enggdritsnahstpddatesm ned by

those skilled int th re ect t the pur.pose gg g§1 t.aroget

et

di sease (type, seve?%f%fapﬁQ%P?f1 ease hexriia ik e 488G
disease, etc.):; urlnary diseases (kidney diseases (e.g.,

renal failure, primary glomerulus diseases, renovascular

disorders, tubular function abnormality, interstitial

15 kidney diseases, kidney disorders due to systemic diseases,
kidney cancer, etc.), bladder diseases (e.g., cystitis,
bladder cancer, etc.); genital diseases (male genital organ

diseases (e.g., male sterility, prostatomegaly, prostate
cancer, testicular cancer, etc.), female genital organ
20 diseases (e.g., female sterility, ovary function disorders,
hysteromyoma, adenomyosis uteri, uterine cancer,
endometriosis, ovarian cancer, villosity diseases, etc.),
etc); circulatory diseases (heart failure, angina pectoris,
myocardial infarct, arrhythmia, valvulitis, cardiac
25 muscle/pericardium diseases, congenital heart diseases
(e.g., atrial septal defect, arterial canal patency,
tetralogy of Fallot, etc.), artery diseases (e.g.,
arteriosclerosis, aneurysm), vein diseases (e.g.,
phlebeurysm, etc.), lymphoduct diseases (e.g., lymphedema,
30 etc.), etc.); and the like.

As used herein, the term “pharmaceutically

acceptable carrier” refers to a material for use in



the patient's age, weight, sex, and case history, the progression of the
therapy, and the |ike. Exanples of the 25 frequency include once per day to
several nonths (e.g., once per week to once per nonth) . Preferably,
administration is perforned once per $eek to nmonth with reference to the
progression. 30 As used herein, the term"instructions" refers to a ‘
description of a tailor nmade therapy of the present invention for a person
who perfornms admi nistration, such as a nedical doctor, a patient, or the
like. Instructions 82 state when to adm nister a medi canent of the present
invention, such as inmediately after or before radiation thera (e.q.
within 24 hours, BFRIUCtiTRELATGIIGETT ¥ af el Madr EPdr ¥t ?lg%ﬂé:él&ltgg?fce with a
format defined bychemiautlhorhigh Sdafs aotobatve yan nadwdcle teiéepr egemn

invention is pr aCEEE@&lv@ec&nponblﬁal t ﬁxa&@@roﬁmcw&é fakenMditstey1§ n Japan,

Food and Drug Admnlstr tio e xplicitly
describing that tRETHE ?uct(:lagnée?ir émz:alucDe Lédlsc ag&f hgggutl ;.nlf,?@}d t%‘h

instructions are sataiicedta ﬁéék%@t}ﬁeﬁn§éﬁ?r%'aFJ@WﬁP%éIQPW?)'r ovi ded
as paper nedi a. Theluwdmistr uehbonsiare, ncduspenting t edeand, rras;plbmpss ovi ded in

the formof electioplg, negxﬂlakl(ne Ggenteb %'u'f?érs el @Qifxgﬂlyc y@iilkges, and the
| i ke provided on the internet % §apd' .esent_iny ntion,

two or nore phar TECEASESEY éﬁP t‘f‘fhi} B’épt?]‘ utrlgawr ad’*Wign®"tTwo or
nore pharmaceuti cadhealyet-s are used, these agents nmay have simlar
properties ongmay be derived from sim'lar origi ns, or alternatively, may

have different properties 20.,0r pRY algg deri. gegf gggghgge%r&@;l Qkgins. A

nmet hod of the present |nvent| on"can be used to obtain infaormti on about
the drug resistand&fevel graammt AGE Y CadmnPERETImg THg o can P°

easily determined by those skilled in the art based on
information obtained by a method of the present invention
15 (e.g., information about the level of drug resistance, etc.)
and with reference to the purpose of use, a target disease
(type, severity, and the like), the patient’s age, weight,
sex, and case history, the form or type of the cell, and
the like. The frequency of the treatment method of the
20 present invention applied to a subject (or patient) is also
determined by those skilled in the art with respect to the
purpose of use, target disease (type, severity, andthe like),
the patient’s age, weight, sex, and case history, the
progression of the therapy, and the like. Examples of the
25 frequency include once per day to several months (e.g., once
per week to once per month). Preferably, administration is
pefformed once per week to month with reference to the

progression.

30 As used herein, the term “instructions” refers
to a description of a tailor made therapy of the present
invention for a person who performs administration, such

as a medical doctor, a patient, or the like. Instructions



or nore pharnmaceutical agents. 25 Also, in the present invention, a gene
therapy can be perfornmed based on the resultant information about drug
resi stance. As used herein, the term"gene therapy" refers to a therapy in
whi ch a nucl ei c acid, which has been %xpressed or can be expressed, is
adm nistered into a subject. 30 In such an enbodi nent of the present
invention, a protein encoded by a nucleic acid is produced to nediate a
therapeutic effect. 83 1In the present invention, it will be understood by
those skilled in the art that if the result of analysis of a certain
specific information is once correlated wwth a state of bi ol ogi cal
entity such as a eB1%® iHe? <i%idHr 8567 gahi BR(Em G T u§gevx,ip1rﬁs Hspect to
human, etc.), theinvegiibt, ofucinakysimedobhtehe adoer expbadprry tagfiorhwti on can
]pe tcorr_el ated wi t:xh%laag@t ﬁatf.%.pfwi@hbr? ok agiLed) e €At yrisutts tasc8iowehte This
eature i s supporte .. for ex e, . u J Ani mal
Culture Cell I\/anugfelﬁ%gelnno?c?eoi%ggi%w %?i {o:rﬁaéﬁg%g%asgiig&%\%?%ﬁyl[s
her ei n i ncor por at 88 by OUpPEFerignyaicTHEepPEREHT L AVEHPEn PrRFabé i apdlied to
gene therapies baseg. ,omesuch aaber taidnWspeief MEnisfmyr imt yarenef Fodd t he
result of network,anal Vgl SanAN¥ e PRLNQASFHOr 10ene bher apywqavad hakke, in the
art may be used in c,co.rgan(ge V\A.E)h HIVLE resent inventian, IIIustrgti ve
met hods will be dE&8RTIHEdYpdT w207 %taﬁoage 8Pt §ehe Thef By Tare general |y
reviewed in, forbexaspuhoGhldsplied iestrictiots pap cal cPhEhad@pCciage
488-505(1993)¢ WiiasgtWhndBiaetheyapalldy 87095(el0%%) papdol sédshevhdnn. Rev.

Phar macol . .TOXICOknstgﬁgtions are not so limited and may be provided in the

form of electronic media (e.g., web sites, electronic mails,

and the like provided on the internet).

15 In a therapy of the present invention, two or
more pharmaceutical agents may be used as required. When
two or more pharmaceutical agents are used, these agents
may have similar properties or may be derived from similar
origins, or alternatively, may have different properties

20 ©  or may be derived from different origins. A method of the
present invention can be used to obtain information about
the drug resistance level of a method of administering two

or more pharmaceutical agents.

25 Aiso, in the present invention, a gene therapy
can be performed based on the resultant information about
drug resistance. As used herein, the term “gene therapy”
refers to a therapy in which a nucleic acid, which has been
expressed or can be expressed, is administered into a subject.

30 In such an embodiment of the present invention, a protein
encoded by a nucleic acid 1is produced to mediate a

therapeutic effect.



25 573-596(1993); Milligan, Science 260: 926-932(1993); Morgan and
Anderson, Ann. Rev. Biochem, 62: 191-217(1993); and May, TIBTECH 11(5):
155-215 (1993) . Commonly known reconbi nant DNA techni ques used in gene
therapy are described in, for exanplé? Ausubel et al. (ed.), Current 30
Protocol s in Ml ecular Biology, John Wley & Sons, NY (1993) ; and
Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton
Press, NY (1990). 84 (Basic techniques) Techni ques used herein are within
the technical scope of the present invention unless othermﬁse specified.
These techniques are commonly used in the fields of fluidic

ni cromachi ni ng, organi ¢ ched'st¥Pra5E8ERSFFREISE, Helett & Lé‘r‘?ﬁlrﬁ‘é%‘?‘? ng,
nol ecul ar bi ol ogyby mhorelikdlldgy,ingemetairc sthatand thkeiesulal eVanelf$sed ds. The

fj echni q;Jes ar et welaJsd;jI ﬁ@%gﬂrbelge&m@owmtasl@hea@r &E@éﬂ cb@k@ﬂ%ﬂdwiﬂf} .
ocunents nmenti one el n g r§ gqag IQ@ glhs ?ﬁg{é e |n
8GR S GRYISLE el A

for exanple, &dience and gl neerin o
M croel ectronfc Fa’é‘?airt:léf“l dRv9 - ORPYPE ‘UrﬁhvéﬁéP?‘i/t PredgmanzGHc, ) p, e (1996) ,
"M croarray Fabrieatilonot amews:is oalthbSc@nedeoh@lrﬁemnﬁm@mabmrcaﬁrMessi ng",

Sem conductor  Sepyias: Nagdoy, aM;t]ate( %991)1)1 Een@i@mtt@l: afch as a

M crof abri cati on” 1 Press; Rai- ndbook of
M crol i t hogr aphy, Cﬁ/}(fcoﬁléjc%fﬁiaﬁ‘ére &° T\}fpc? 5Fﬁ%rkiydaﬁ3£ exaf{}%l?’ol :_?Hggr aphy".
Rel evant portionsB2ovq dripoésivicy Phémehtitietsy) Cofl ¥achlof Senesed- -

publ i cationsioar exheraisu isneesOr abed, byhircaf esenesinVMihectbatatbiobpgy

techni ques, biochepgistitsy. techniques, and mi crobiol ogy techni ques used
herein are

The present invention may be applied to gene
therapies based on such a certain specific information of

15 the result of network analysis.

Any methods for gene therapy available in the
art may be used in accordance with the present invention.
Illustrative methods will be described below.

20

Methods for gene therapy are generally reviewed
in, for example, Goldspiel et al., Clinical Pharmacy 12:
488-505(1993); Wu and Wu, Biotherapy 3: 87-95(199%91);
Tolstoshev, Ann. Rev. Pharmacol. Toxicol., 32:

25 573-596(1993); Mulligan, Science 260: 926-932(1993);
Morgan and Anderson, Ann. Rev. Biochem., 62: 191-217(1993);
and May, TIBTECH 11(5): 155-215(1993). Commonly known
recombinant DNA techniques used 1in gene therapy are
described in, for example, Ausubel et al. (ed.), Current

30 Protocols in Molecular Biology, John Wiley & Sons, NY (1993);
and Kriegler, Gene Transfer and Expression, A Laboratory
Manual, Stockton Press, NY (1990).



25 well known and commonly used in the art, and are described in, for
exanpl e, Sanbrook J. et al. (1989), "Ml ecular doning: A Laboratory
Manual ", Cold Spring Harbor and its 3rd Ed. (2001); Ausubel, F.M (1987),
"Current Protocols in Mlecular Biol ddy”, Greene Pub. Associates and 30
W ey-Interscience; Ausubel, F.M (1989), "Short Protocols in Mlecular
Bi ol ogy: A Conpendi um of I\/bt hods from Current Protocols in Ml ecular

Bi ol ogy", Greene Pub. Associates and W Iey-Interscience; Innis, MA
(1990), "PCR Protocols: 85 A Guide to Methods and Applications”, Academ c
Press; Ausubel, F.M (1992), " Short Pr ot ocols in Mlecular Biology: A
Corrpendl um of Met hods from CRPPENRtPIBEEEH)s in Ml ecul ar Bi ol ogy", G eene
Pub. Associ ates; Ausubel, F.T¥ch5i¢ug08)ed HSrantaRr ottddol e rediblieell ar

Bi 0: ogy: AG Corrpe@@%;s@no@ftﬂxbgmtf 11BN EUE K QAL % Ok nealiSe shdhlresal ar

Bi ol ogy", eene ociates, lnnis.. MA_ et

Strat egi es” Acadgﬁ’l [l éfesnslqu gfaﬁglomm‘f:ﬂll\% s(efdéb Al f;‘éh]d% 0599 toggl sin
Mbl ecul ar Bi of ogymlﬁr@ﬁ?ﬁéﬁéﬁ‘%ﬁn%ﬂa&{ﬁ MBEROHE W r BRP CXATEREY PISPEESE s i n
Mol ecul ar Bi ol ogy'engWdeaying, andleanndal bupdatyes i SnomiskygyJ. denegtical .

(1999), "PCR Applahsattm@% Brotacol s fon Fungld onal,Ggnom ese weﬁgademc
Press; Speci al |ssue kken I aku LEerge“ rrewé%ﬁ |\/EdldCI p)e]dc;'cl den hi Donyu
& Hat sugenkai seki “§PkK l.”LS% BFY msEAL AR 568" £ 81 EERe I HFEGBicti on &
Expressi on Anal yses}ionedodersira,cl399reand the |ike. Rel evant portions
(or possiblyithe entirety) of each of these publications are herein
i ncorporated by reference. F?MMI%SI? dechnigyes, ard, nuclehe acid

[ CI a

chem stry for producing arti esl zed genes _are descri %ed in,

for exanmple, Gait C3RPISLY '1§8§) %%ll goﬁpﬁﬁl éﬁi“f"tfé" Syifit FBERSCTABr 8Et i cal

Approach", | RL Microelectronic Fabrication” Oxford University Press;
Zaut, P.V. (19%6), “Microarray Fabrication: a Practical

15 Guide to Semiconductor Processing”, Semiconductor

Services; Madou, M.J. (1997), “Fundamentals of

Microfabrication”, CRC1l 5 Press; Rai-Choudhury, P. (1997),

“Handbook of Microlithography, Micromachining, &

Microfabrication: Microlithography”. Relevant portions

20 (or possibly the entirety) of each of these publications

are herein incorporated by reference.

Molecular bioclogy techniques, Dbiochemistry

techniques, and microbiology techniques used herein are

25 well known and commonly used in the art, and are described
in, for example, Sambrook J. et al. (1988), “Molecular
Cloning: A Laboratory Manual”, Cold Spring Harbor and its

3rd Ed. (2001); Ausubel, F.M. (1987), “Current Protocols

in Molecular Biology”, Greene Pub. Associates and

30 Wiley-Interscience; Ausubel, F.M. (1989), “Short Protocols
in Molecular Bioclogy: A Compendium of Methods from Current
Protocols in Molecular Biology”, Greene Pub. Associates and
Wiley-Interscience; Innis, M.A. (1990), “PCR Protocols:



Press; Gait, MJ. (1990), "digonucleotide Synthesis: A 25 Practica
Approach", I RL Press; Eckstein, F. (1991), "digonucleotides and

Anal ogues: A Practi cal Approach" IRL Press; Adans, R L. et al. (1992),
"The Biochemistry of the Nucleic Acids", Chapnan & Hall; Shabarova, Z. et
al. (1994), "Advanced O ganic Chem stry of Nucleic Acids", Winheim 30
Bl ackburn, GM et al. (1996), "Nucleic Acids in Chemstry and Biol ogy",
Oxford University Press; Hermanson, G T. (1996), "Bioconjugate

Techni ques”, Academ c Press; and the |iKke. Relevant portions (or possibly
the entiret of 6 .of t se pu Ilca e} re herein .incorporated by
ref er ence. y) 2£ 8 aohg?g}n g % %% P i E%ﬁéqu a% g@[atlon of
RNA |nterference éﬁéub%kerg X0 élpﬁﬁnonﬁﬁvﬁt whertecahs agent Mdlsrcuéansi ng
RNAi , such as doullieisdy:andedmpdNA uhad Se ttaddsert csiNARn tirs ok Bésdused i nt o

cells and rrRNA h@p@ge&%saimrg@tlo dl%eﬁge&.lbflgégdcxa@egr %@qbeﬁoptnat
synt hesi s of ég ﬁgucts are sup ressed, ate 10 using the
us

phenonenon. Fein: GorAFe ﬁﬂengﬁﬁﬁ E?ﬁaa Jﬁﬁoﬁ% t hat of an
agent which cause§bﬂm¢@dMMEO®§@§h%eréwnw<hheebeﬁ#ptaﬂ0h@entM@hueﬂﬁg RNA; "
refers to any agemﬁoﬁ%ﬂb|&é@he%&ﬁiMOMes ;ABnruseds her&d By . (135 an agent
causi ng RNAI of a“%ﬁpeStpgg%ﬁ%%es £g§£hggepg %ptAggﬂj s BNA hebgﬁlng to

the gene and the e pression o
expression of the gBREL Evdocehe HWIM@}ecuﬁ%éﬁ%Pe§g¥ﬂ: §u€ﬁm%ﬁPQ%y@nPfcau5|ng
RNAI i ncl udezo buMeahedmotOMCmmn&niEmmtqaosequemﬂeCMBM1Bgiaknveaeneabout 20

70% horml ogy to te%dnuﬁh@alc %aqe§eq§§nc£< f gagt aegealgenf:gggqr apggguence

hybri di zabl e under s& qgent con tlon 09n |ng a double"stranded
otoigﬁ %p?
portion having a 8 of "at | ed nuc %@otid s 5P ar FERTY Cher eof .
Here, this agent Aca emlc Press; Special issue, Jikken Igaku [Experimental
Medicine] “Idenshi Donyu & Hatsugenkaiseki Jikkenho
15 [Experimental Method for Gene introduction & Expression
Analysis}”, Yodo-sha, 1997; and the like. Relevant

portions (or possibly the entirety) of each of these

publications are herein incorporated by reference.

20 DNA synthesis techniques and nucleic acid
chemistry for producing artificially synthesized genes are
described in, for example, Gait, M.J.  (1985),
“Oligonucleotide Synthesis: A Practical Approach”, IRL
Press; Gait, M.J. (1990), “Oligonucleotide Synthesis: A

25 Practical Approach”, IRL Press; Eckstein, F. (1991),
“Oligonucleotides and Analogues: A Practical Approach”, IRL
Press; Adams, R.L. et al. (1992), “The Biochemistry of the
Nucleic Acids”, Chapman & Hall; Shabarova, Z. et al. (19%4),
“Advanced Organic Chemistry of Nucleic Acids”, Weinheim;

30 Blackburn, G.M. et al. {1996), “Nucleic Acids in Chemistry
and Biology”, Oxford University Press; Hefmanson, G.T.
(I%996), “Bioconjugate Techniques”, Academic Press; and the

like. Relevant portions (or possibly the entirety) of each



may be preferably DNA containing a 3' protruding end, and 25 nore
preferably the 3' protruding end has a length of 2 or nore nucl eotides
(e.g., 2-4 nucleotides in length). Tqugh not wi shing to be bound by any

t heory, a nechani sm which causes RNAI 1Is considered to be as follows. 30
When a nol ecul e whi ch causes RNAi, such as dsRNA, is introduced into a
cell, an RNaselll-like nuclease having a helicase domain (called dicer)

cl eaves the nolecule on about a 20 base pair basis fromthe 3" termnus in
the 87 presence of ATP in the case where the RNA is relatively |ong

(e.g., 40 or nore i . sed .herein, the ter "Si " 1s an
abbrevi ati on of sﬁggﬁgfﬁ?ﬁﬁi%ﬁﬁﬁﬁén eéﬁzel?é'gggp ﬁ§%§ 5?ﬁr%é%%§F8?Stranded
RNA of 10 or nore base pairs 5 which are artificially chemcally

synt hesi zed or bi ochem cal | "8y ht hesi zed, synthesized in the organi sm
body, or produced by doubl esst panded RNY, of @hout. 40 OrnADF € ;Rasg, pairs
bei ng degraded within the.or .Sm_Si typi cal l has a structure having
5' - phosphat e gnd §Q?fixla 8?g§t ﬁ?f?§§§??V%$ﬁﬂ§rﬁ¥%?%6?§i?ﬁf@ﬁﬁSﬁ?”Z bases.
A specific protei iheis dfoandnt ¢ogsi RNKing Ribkim RUSE as double-stranded

( RNA- i nduced- si | easA n@g-leongdiexi.dsRh$, GRNMPhoduec@gmitzes11a8nghdintds t o MRNA

havi ng the sane s S f.gi s A e 2ORNA m ddl e
of siRNA due to R%%gell Pliﬁgg%%tgnzgna ic gg%?%%%%%%§ s p%%f%?gBle t hat

. It ,
the relationship SEREMEEST thEceedquiente" DS iIsRRRT GIT Y ha"SaquiiCebd? nRNA to
be cl eaved as$da targed the Pacd@GIonat ¢.uskdwevern, BEdemaytat tbasaat a site

away fromthe m ddkenofy sisRNMede el agerpletal yateadvantihe cl eavage
activity by RNAi, leaving 20 partial activity, while base nutations in the
m ddl e of si RNA have a large inf|luence and the mRNA cl eavage activity by
RNAi is considerably |owereds BFURFISIZY HGesifidh & MdqfiteSausing RNAL

refers to any agent capable of causing RNAiLi. As usedherein,
15 “an agent causing RNAi of a gene” indicates that the agent
causes RNAl1l relating to the gene and the effect of RNAiL is
achieved (e.g., suppression of expression of the gene, and
the like). Examples of such an agent causing RNA1 include,
but are not limited to, a sequence having at least about
20 70% homology to the nucleic acid sequence of a target gene
or a sequence hybridizable under stringent conditions, RNA
containing a double-stranded portion having a length of at
least 10 nucleotides or variants thereof. Here, this agent
may be preferably DNA containing a 3’ protruding end, and
25 more preferably the 3’ protruding end has a length of 2 or

more nuclecotides (e.g., 2~4 nucleotides in length).

Though not wishing to be bound by any theory,

a mechanismwhich causes RNA1 is considered to be as follows.

30 When a molecule which causes RNAi, such as dsRNA, is
introduced into a cell, an RNaseIII-like nuclease having

a helicase domain (called dicer) cleaves the molecule on

about a 20 base pair basis from the 3’ terminus in the



only nRNA having a nutation can be specifically degraded. Specifically,
SiRNA in which the nutation is provided in 25 the mddle thereof is

synt hesi zed and is introduced into a cell. Therefore, in the present
invention, siRNA per se as well as aﬁ‘agent capabl e of produci ng si RNA
(e.0., representatively dsRNA of about 40 or nore base pairs) can be used

as an agent capable of eliciting RNAi. 30 Al so, though not wi shing to be
bound by any theory, apart fromthe above-descri bed pathway, the
antisense strand of siRNA binds to mRNA such that the si RNA 88 functions
as a priner for RNA-dependent RNA polynerase (RdRP), so that dsRNA is
synt hesi zed. Thi sPERTNAS Sf ATP 0¥ 5 Fiorreatih R 15| %8ddithge o lpRdduct i on
of new si RNA. |t (bsgi,n4éndedndrdeabaseiglaian) achsonseds hampin f itde. tdirer ef or e,

5 in the present "\QYL@M”‘ Q@ a§' FNARELt S5 and sﬁ@r@gﬁ%r%ﬁ%@ @NAOEncﬁ)r oduci ng
si RNA are usef ul

i.nsects 35 dsRNA
nol ecul es can conﬁFg? Gl 3t/° 888F%8‘8ub]1e ﬁﬁﬁaﬁ?e‘ﬁgy%cgo& %rsm%e éﬁ?%)gééff ul ar
MRNA, and t he? ef orkich i tayg | | apd fdadelst oothatiael by RNV gdesseeds del |l as an
agent 10 capabl epv@bcpuraduci ngystiNAzad e suseddizelinntthe qreasert bbayenti on,

doubl e- stranded Ruégg%ﬂggggbgckﬁ&ggh an%QQQ&ngfQ@§§§4GQMQmorekmse

representativel ses | ess than about 20 bases, which
15 is call ed. si RNRalE%ﬁeb%g GE8H2 I Bt B}he &rgg A i e 1f%plc(a,‘él?'lysuppress
expressi on of a pathogertirocgerre hegigetddpbyspitadie siRNA -OFhevlefrgr she si RNA
can be used figr tneatdmihus fHoGREYS &Y%l SoouRlr PBHAEEE S, rdskkdiliec|ddeRe0h

di seases. 20 The si RNA of e present inv QLion be in.any formas |ong
as it can elicit RNA. | nouélrt%ot her§enbod| ngnt anmg%ent ca]E)abI e _?5
(RNA-induced-silencing- Complex). This complex recognizes

and binds to mRNA having the same sequence as that of siRNA
and cleaves mRNA at the middle of siRNA due to RNaselIII-like
15 enzymatic activity. It is preferable that the relationship
between the sequence of siRNA and the sequence of mRNA to
be cleaved as a target is a 100% match. However, Dbase
mutations at a site away from the middle of siRNA do not
completely remove the cleavage activity by RNAi, leaving
20 partial activity, while basemutations in the middle of siRNA
have a large influence and the mRNA cleavage activity by
RNAi is considerably lowered. By utilizing such a nature,
only mRNA having a mutation can be specifically degraded.
Specifically, siRNA in which the mutation is provided in
25 the middle thereof is synthesized and is introduced into
a cell., Therefore, in the present invention, s$iRNA per se
as well as an agent capable of producing siRNA (e.g.,
representatively dsRNA of about 40 or more base pairs) can
be used as an agent capable of eliciting RNAi.
30 '
Also, though not wishing to be bound by any
theory, apart from the above-described pathway, the
antisense strand of siRNA binds to mRNA such that the siRNA



causing RNAI may have a short hairpin structure having a 25 sticky portion
at the 3' termnus (shRNA; short hairpin RNA) . As used herein, the term
"shRNA" refers to a nol ecule of about 20 or nore base pairs in which a
singl e-stranded RNA partially contai € a pal i ndrom ¢ base sequence and
fornms a double-strand structure therein (i:e., a hairpin 30 structure).
ShRNA can be artificially chemcally synthesized. Alternatively, shRNA can
be produced by |inking sense and anti sense strands of a DNA sequence in
reverse directions and synthesizing RNA in vitro with T7 89 RNA pol ynerase

sing the DNA as tenpl ate. Th h i Shi to b b th ,
iutI sgoul d be unde?§?‘6rrp naslt ﬁﬁt aaggg'f’ergo V%Ng"ﬁ!jn ggﬂﬁgéggﬁ%yg%ég%/, tﬁce)ry

ShRNA i s degradedRiRPit-hesocéhpt i At isengrhheofizaBout T2 I9a888 {2 g . , 5
representatively 2ilps@dte2BobaseslerantkLauges RNNudtiohhes ns@n@RRANNEr as
si RNA, | eading to;thg 't%gﬁgg;a}é‘%gzstlgﬁtan fc.té%{ﬂgé%rm%?ﬂed.”V@}E‘éx‘eg'ar It should

be understood that suc IS exhi In a wde ran

. f (0]
organi sms, sutch a8 FHfsRERSEN oAl S o P ABl S PET 7€ M AD APERIE$PC1and t he
10 li ke. Thus, shREspmiducits sRRMN arp uskéusanménf@neriragnssRNAandhde
therefore can be used, asr aRamff£Cid ¥e@OMPQRENE s 0fn hgp) PrasaMgrhAvent i on.

ShRNA may preferaQI ohave a 3 .prot£udi ng eeﬂfilﬂa;'?n%gkggaq}téﬁtgréf%e
[ ed, "bu

doubl e- stranded porti o I?Osren((:)(fplpeeisr P CUTArT m I'S pref"gfabl y

about 10 or 15 noré Hiddl edtpdesstofdtinr el erer &5 §°5 &#56Lt2S20" G9Shbr e
nucl eoti des. 1bler e caphel S'ofppoddusdinggs Exh may befpief erably DNA, nore
preferably DNA of at |east 2 nucleotides in length, and even nore

preferably DNA of 2-4 nucleofides in |length. 20 An agent capabl causi ng
PR Cueod i the. ot esent | wbdRE G HHEDC REVRE Y C FaRE P Sy AEReY] S0h
(chemical ly or bi denény caleygtropt mitqutal? yaseeuer-idng. representatively

about 21 to 23 bases) or less than about 20 bases, which
15 is called siRNA, can be used. Expression of siRNA in cells
can suppress expression of a pathogenic gene targeted by
the siRNA. Therefore, siRNA can be used for treatment,

prophylaxis, prognosis, and the like of diseases.

20 The siRNA of the present invention may be in any

form as long as it can elicit RNAL.

In another embodiment, an agent capable of

causing RNALi may have a short hairpin structure having a

25 sticky portion at the 3’ terminus (shRNA; short hairpin RNA).
As used herein, the term “shRNA” refers to a molecule of
about 20 or more base pairs in which a single-stranded RNA
partially contains a palindromic base sequence and forms

a double-strand structure therein (i,e., a hairpin

30 structure) . shRNA can be artificially chemically
synthesized. Alternatively, shRNA can be produced by
linking sense and antisense strands of a DNA sequence in

reverse directions and synthesizing RNA in vitro with T7



There is substantially no difference therebetween in terns of the effect
of the present invention. A chemcally 25 synthesized agent is preferably
purified by liquid chromatography or the Iike. An agent capable of causing
RNAi used in the present invention cdfl be produced in vitro. In this 30
synthesis system T7 RNA polynerase and T7 pronoter are used to synthesize
anti sense and sense RNAs fromtenplate DNA. These RNAs are anneal ed and
thereafter are introduced into a cell. In this case, RNAI is caused via

t he above-described 90 nechanism thereby achieving the effect of the
present invention., Here, for exa t he introduction of into cell
can be carried out{N%yp%}y@&Iréf‘%rﬁ%ﬁgsbtﬁ%t%qﬁr@tsh%te’?}mﬁ%t herﬁ'hoélﬁgnﬁ?% of an
agent capabl e of easmsingtoRNAPowEChY dinygthertvhel hréserd Penvefriséacds a
singl e-stranded RuU&t eifkeackrNYhREI iﬂtzx%lahéedl ontBNA @113l thauglrainci aci d

anai'ogs _ ther eof . Sych, a0 g 56 1USBIUL L0k NG A0S, 80de. cRmRosi L on of

the present inventi et t above, the term set
theory" refer$ t&cBFHEGA l‘é%lyuged nd2arRiEest oBd FAVTHe NPt WndPEhe
branch of pure na‘adnerminnes a4 dRNBealesdwhy htd hbenataptecandefifect of

rel ationshi ps of %ﬁgspré\é%w mteh%mtl Crangiuse elinhbeaba asad Rechasis for
all other mat hematl CS, sexti1 ({Xn i ncl.udes the anal ysi s of 051 ects
g

("el ements or "meABerst e)c |nto s ? &gafes™ 5 R619° 88T oNY) “An
cl assi fying theseasselt%eqtﬁtropl%n:tlsusﬁwa isndepeirdene warailat erd¥etPen, and
the 20 |ike. 1bet ttheery ThsswehknkrownitnRike iartheapaheonenski ks edRNAN t he

art can refer to %Ht%ere%re %%l?lzbe %@@%@ﬂaﬂ %ffé@@ﬁ@k&%mt@f |t'n@:
Springer-Verlag; Ua S., 1930, " Zur

present J.nventlon shRNA may preferably have a 3
protruding end. The length of the double-stranded portion
is not particularly limited, but is preferably about 10 or
15 more nucleotides, and more preferably about 20 or more
nucleotides. Here, the 3’ protruding end may be preferably
DNA, more preferably DNA of at least 2 nucleotides in length,

and even more preferably DNA of 2-4 nucleotides in length.

20 An agent capable of causing RNALi used in the
present invention may be artificially synthesized
(chemically or biochemically) or naturally occurring.
There is substantially no difference therebetween in terms
of the effect of the present invention. A chemically

25 synthesized agent is preferably purified by liquid
chromatography or the like.

An agent capable of causing RNAi used in the

present invention can be produced in vitro. In this

30 synthesis system, T7 RNA polymerase and T7 promoter are used
to synthesize antisense and sense RNAs from template DNA.
These RNAs are annealed and thereafter are introduced into

acell. Inthis case, RNAiL is caused via the above-described



Masst heorie in der allgeneinen Mengenl ehre', Fund. Math., 16, 140-150;
Godel , K., 1940, "The consistency of the axiom 25 of choice and the
generallzed conti nuum hypot hesis', Ann. Math. Studies, 3; Scott, D., 1961,
Measurabl e cardinals and constructi bP® sets' , Bull. Acad. Pol. Sci. , 9,
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The | anguage of seteliheghynd Takased QR By Si R@he:iuwh Wrdapeatalnetabal i on,
cal l ed menbership. W say that Ais a nenber of B (in synbols A EB) , or
that the set B contains A as its elenent. The und rstanq is that a set
is determined by its el emenfB M5 GFHE Swot 48,2905 SH '8 e 0" gethed -
equal if they haveR¥agtdopdthe tedme PefIEéﬁémsvermonmﬁiL@@l,e-éﬁéar&ﬁﬁs|ders
sets of nunbers, seisicat RabMysridsabseab rfRIAGK ANsHuets seldahbesgset s and

S0 0n L theory, wld:dos Mot Aeossanty, Le. distinguish bel weemgbiggis. . One

only need to consi der |p rel ati on, one can
derive other conc%ﬁﬂ3956§b%ﬂlﬁf é§§cﬁﬁ%§F§H ﬁﬁ%ﬂ?tééfs such as unions and

i ntersectionsi®of sets. For exanple, a set Cis the union of two sets A and
Bif its menbers are exactly(gQQSQKQQbects 20 that are either nenbers of A

or nenbers of B. The set Cig  uniquely defernined, hecayse we have
specified what its

to a theory as used and understood in the art and the branch
of pure mathematics, that deals with the nature and
15 relationships of sets. Many mathematicians use set theory
as the basis for all other mathematics. Such set theory
includes the analysis of objects ("elements or "members")
into sets (aggregates or collections) and classifying these
sets into inclusion, independent and intersection, and the
20 like. Set theory is well known in the art and one skilled
in the art can refer to Cantor, G., 1932, Gesammelte
Abhandlungen, Berlin: Springer-Verlag; Ulam, S., 1830, ‘Zur
Masstheorie in der allgemeinen Mengenlehre’, Fund. Math.,
16, 140-150; Gddel, K., 1940, ‘The consistency of the axiom
25 of choice and the generalized continuum hypothesis’, Ann.
Math. Studies, 3; Scott, D., 1961, ‘Measurable cardinals
and constructible sets’, Bull. Acad. Pol. Sci., 9, 521-524;
Cohen} P., 1966, Set theory and the continuum hypothesis,
New York: Benjamin; Jensen, R., 1972, ‘The fine structure
30 of the constructible hierarchy’, Ann. Math. Logic, 4,
229-308; Martin, D. and Steel, J., 1989, ‘A proof of
projective determinacy’, J. Amer. Math. Soc., 2, 71-125;
Hrbacek, K. and Jech, T., 1999, Introduction to Set Theory,



el ements are. There are nore conplicated operations on sets that can be
defined in the | anguage of set theory (i.e. using only the relation E=-),
and we shall not concern ourselves 25 Wi th t hose. Let us nention another
operation: the (unordered) pair {A éﬁ has as its elenments exactly the
sets A and B. (If it happens that A=B, then the "pair" has exactly one
menber, and is called a singleton (Al.) By conbining the operations of

uni on and pairing, one can produce from 30 any finite list of sets the set
that contains these sets as nenbers: {A B CD ,K,L,M. It should al so
be nentioned that§he enptﬂngﬁt t he §§gmghat hasD@gquenents IngThe enpty

set is uniquely dgterghngdgo Stanfa grqgsg% Sﬁﬁd heoﬁgzarlme %5 set that
- T

has no el ements consequent erst g sets are
determined by theitrang|tdgehtss). Wien deallng with sets informally, such
operations on sets are self-evident; with the axiomatic 5 approach, it is

postul ated that such operati ‘%'ﬂé 1%%§u<9<§e oﬁ%@'t't%@_ Al ANRGA0F 151988

postul ates that faor any sets e se ,B exists, In order to
endow set theory MF?%X§Y541%ﬁ%ﬁﬁ“%xﬁ?@%g?ﬁﬁmBB 1E5nBe i@ed5P? o Apost ul at e
nore general constmardeirorf Priinciypbess th&nBt hosectalt! tidedet 8 abydwéns 10 The
gui ding principleai $sthat anynobj ecire thabrsahdiagsiibgkad: @utseeams be

collected 1nto a selerllnd 804 asaeLs. hen Jheougor deped. pabt.{a

is a set whose el ene ‘a and
b are put tod%thePEEW%§§“ﬁﬁlrbfem“?ahaﬁ? PIRCaY. t¢%w5%%§n§ ﬁﬁﬁﬁﬁca?Pons it
i's necessary to pamacauxandnb mnmsdehsamﬂayothammene,GanS"péaﬂn@ﬁﬁ whi ch

set comes "first's @-Qd}fv‘@\ilml%gge%e"§%08g1 ktcd sndenoted thhatedhi s

ordered pair of a, %nls no %céss to dlsttlrrlgu{ék{ %et%ggxg dolbrﬁaetCQS /zgngf the
pair (a, b), bis 'hé® second coordi nat €.
only need to conSLder sets.

15
Using the membership relation, one can derive
other concepts usually associated with sets, such as unions
and intersections of sets. For example, a set C is the union
of two sets A and B if its members are exactly those objects
20 that are either members of A or members of B. The set C is
uniquely determined, because we have specified what its
elements are. There are more complicated operations on sets
that can be defined in the language of set theory (i.e. using
oniy the relation €), and we shall not concern ourselves
25 with those. Let wus mention another operation: the
(unordered) pair {A, B} has as its elements exactly the sets
Aand B. (If it happens that A=B, then the “pair” has exactly
one member, and is called a singleton {A}.) By combining
the operations of union and pairing, one can produce from
30 any finite list of sets the set that contains these sets
as members: {A,B,C,D,...,K,L,M}. It should also be
mentioned that the empty set, the set that has no elements.
(The empty set is uniquely determined by this property, as



As any object of our study, the ordered pair has to be a set. It should be
defined in such a way that two ordered pairs are equal if and only if
their first 25 coordinates are equal and their second coordi nates are
equal . This guarantees in particular #hat (a, b) (b,a) if a # b.
Definition. (a, b) {{a}, {a, b}}. 30 If a# b, (a, b) has tw el enents,
a singleton {a} and an unordered pair {a, b} . The first coordinate can

be found by | ooking at the elenent of (a). The second 93 coordinate is
then the other elenent of {a, b) If a=b, then (a, a) = {{a}, {a,a}}

{{a}} has only one case, | ObVIOUS that bot h
coordi nates can bé® lset% quaTy s‘arté‘:a &FF"”O elemetnﬁ ST By SRS
statement is 5 madé ﬁt‘%c‘i’“ﬁrﬁﬁa’tcﬁé‘gf ShPBEWE RES téﬁ"@ord@ﬁ’?r & thairh) = (a

, b'" ) if and onl gléfersts.¥.a' @hdnbdeatbing li@nhPrseef. ihformaz1a, anedhb = b’

then’ of Course %@ratpﬁ)on{sa}m &@\:s la}re} salﬁie@ldemt{awlth @he a>}10ma€§c b
The ot her ngllca ion
'

) — ({a ) apBroac}hS rﬁflgo%ﬁaa(ﬁ? bt?‘ra SL}C% Here(td.onﬁ) {:ai?%é ,

}. So, first, a =aapliet tfhenm{saanqtﬁ engpqsgulptey thapliassapy sdys A | f

EI, ({a}, {a, a)} anf{®} khe s?&lt fa}sFekasts. thapraed 8o dnandsve wgebra = t
SO a = a an I’S a

. d; Eﬁ sugfl&%n‘é% VRS }(}ﬁﬁe% oztedx?eed\é'écl‘p&sr dere %‘ B?!e o)

our disposal, order can_be
or der ed quadr Up| egeggral constructlon principles than those allud d To a ove

T °
a

10 The guiding principle is that any objects that can be singled

out can be collected into a set.

If a and b are sets, then the unordered pair {a,

b} is a set whose elements are exactly a and b. The “order”

15 in which a and b are put together plays no role; {a, b} =
{b, a}. For many applications, it is necessary to pair a

and b in such a way that one can “read off” which set comes
“first” and which comes “second.” It is denoted that this
ordered pair of a and b by (a, b); a is the first coordinate

20 of the pair (a, b), b is the second coordinate.

As any object of our study, the ordered pair has
to be a set. It should be defined in such a way that two
ordered pairs are equal if and only if their first

25 coordinates are equal and their second coordinates are equal.
This guarantees in particular that (a, b) ¥ (b,a) if a #
b.

Definition. (a, b) = {{a}, (a, b}}.
30
If a ¥ b, (a, b) has two elements, a singleton
{a} and an unordered pair {a, b}. The first coordinate can

be found by looking at the element of {a}. The second



(a, b, ¢, d _ ((a, b, ¢), d), and so on. Also, ordered "one-tuples" can be
defined. 30 (a) = a. Abinary relation is determ ned by specifying 94 al
ordered pairs of objects in that relation; it does not natter by what
property the set of these ordered pair’s is described. W are led to the
following definition. 5 Definition. Aset Ris a binary relation if al
el ements of Rare ordered pairs, i.e., if for any z E Rthere exist x and y
such that z = (x, y). It is customary to wite xRy instead of (x, y) 10 E
R We say that x is inrelation Rwith y if xRy holds. The set of all x
which are in relation, R w.t | al | omai n.,of and_denot ed
by "domR " So d%ﬁ?ﬁlﬁa}% J[15 tsc(h%gﬁeé/héex?gf(}%r f%gﬂ%:ﬂgtoga?yk@}' ?‘Rcfomd?é is the
15 set of all fir&heRoGrdPhates'adt br'dered pdlrshPh RIYTRRS SE™6Ptal | y
such that, for sode aqy xXass, in saegbatbivonuR thiathogth socadirgedet hmnriamge of R,
denoted by "ran RniqR0y aRedd e rhod REE &eXIStE) X FHEH skhadmarRYls 20
Function, as understoaod 10 ”HLD%%Et%Qﬁj IS a?K$Qo%edure or a rule,
assigning to any OBfedt" ' fFom the domain 9o &™tunction a uni que obj ect,
b, the value of the function at a. A function, therefore, represents a
speci al type of 25 relation,rreokehatjagnowher@’ every) ol eet, oy firos t he
domain is related to prgclsely one object in the range, nanely, to the
value of the function at a. Definition. A binary relation Fis called a 30
function (or mapping, correspondence) if aFbl and aFb2 inply

10

Proof. If a=a’ and b =Db’ , then, of course,

(a, b) = {{a}, {a, b}} ={{a" }, {& , b }}=1¢(" ,b' ). The
other implication ismore intricate. Let us assume that {{a},
{a, b}} = {{a’ ), (&, b’ }}. If a # b, {a} = {a’ } and
{a, b} = {a’ , b }. So, first, a = a’ and then {a, b} =

15 {a, b’ } implies b =b’ . If a = b, {{a}, {a, a}} = {{a}}.
So {a} = {a’ }, {a} ={a’ ,b’ }, and we get a =a’ =11 ,
soa=a’ and b = b’ holds in this case, too.

With ordered pairs at our disposal, ordered
20 triples can be defined:

(a, b, c) = ((a, b), ¢),

ordered quadruples
25

(a, b, ¢, d) = ((a, b, c}, d),

and so on. Alsoc, ordered “one-tuples" can be
defined.
30

(a) = a.

A binary relation is determined by specifying



bl =b2 for any a, bl, and b2 . In other words, a binary relation F is a
function if and only if for every a fromdomF there is exactly one b such
that aFb. This unique b is called the 95 value of Fat a and is denoted F
(a) or Fa. [F (a) is not defined if &domF.] If Fis a function with dom
F=Aand ran F CB, it is customary to use the notations F: A B, <F(a)
| a EA>, <Fa | a E A>, <Fa >a E A for the function F. The 5 range of t he
function F can then be denoted {F (a) | a E A} or {Fa}a EA. The Axi om of
Extensionality can be applied to functions as follows. 10 Lemma. Let F and

G be functi o/ral\sf un%H e deredqp(a:hrﬁ e% obn‘J gnlE1 Eha OrPeE;a&noqx Fgg)fgesq&l) for all

x E dom F. or "1 nject E dom
f, a2 E domf, anna@er#bazvnaﬁpw%rfm%ﬂe) S#t Cff (ﬂ%\%ﬁe Orrinr%ﬂ ReErRords i f al
e domf, a 2E donmiéscrapddf Wealke red (ta2)ihe tfenoalng=daZinimnicr.der to devel op
mat hematics within the 20 framework of the axiomatic set theory, it is
necessary to _define natural Qunbers Nat ur al %nbers ar.e

intuitively: 0, 1, 2, 3, ..DPefigs-ion. Asgid lse1fSl INAEY o A lo’Pes 2%6f sets
havi ng zero, one, elmnteroftmaeeoeﬁezrmzsu@am lee e—ésﬁdryansgliv%nR tp&reTo defi ne
nunber 0, a represgndatd ¥edof sakh seits z hawt,ng)no el enents i s chosen.
However, this is easy, since there is only one such set. 0 = 0 is defined.

Let us proceed to sets having one elenment (singletons): , 0,
30 {O}}}; in general, {x). ASrtHrEsErtay v "Can BeRycﬁ%%‘e‘?ﬂa{da £ ‘%{OY})} ?{

Since we al ready defi. ned sayetpat t4 cul ar rebpeoin R with y if xRy holds.

The set of all x which are in relation R with
some y is called the domain of R and denoted by “dom R.”
So dom R = {x | there exists y such that xRy}. dom R is the

15 set of all first coordinates of ordered pairs in R.

The set of all y such that, for some x, x is in
relation R with y is called the range of R, denoted by “ran
R.” So ran R = {y | there exists x such that xRy}.
20
Function, as understood in mathematics, is a
procedure or a rule, assigning to any object a from the domain
of the function a unique object, b, the value of the function
at a. A function, therefore, represents a special type of
25 relation, a relation where every object, a, from the domain
is related to precisely one object in the range, namely,

to the value of the function at a.

Definition. A binary relation F is called a

30 function (or mapping, correspondence) if aFbl and aFb2 imply
bl =b2 for any a, bl, andb2. Inother words, abinary relation

F is a function if and only if for every a from dom F there

is exactly one b such that aFb. This unique b is called the



nanely 0, a natural choice is {0}. So it is defined: 96 1 = {0} {o}. Next
sets with two elenents are considered: {o, {0}}, {{0}, {o, {O}}}, {{0}
{{o}}}, etc. By now, defined 5 0 and 1 have been defined, and 0 # 1.
particul ar two-el enent set is S|ngledS8ut t he set whose elenents are the
previ ously defined nunbers 0 and 1: 2 {0,1} = {0, {o}}. 10 It should
begin to be obvious how the process continues: 3 ={0, 1, 2 = {0, {0},

{o, {o} } } 154 ={0, 1, 2, 3) ={o, {0}, {o,{q}{o, {0}, {o, {O}}}} 5 =
{0, 1, 2, 3, 4)etc. The idea is sinply to define a natural nunmber n as the

set of all smal I ef f@%gfﬁltQ¥QP§E§d$&9ma%F(a orF?I[gQa 1;h0th@flﬁgé vay. n

is a part|cular set enen S has a fundanent al

deficiency. 0, 1if2 dgm B.1{qFeiff dupebiPudtFhetPafd” o™ €a8ily define
15 and not so easHd B, 515.isButistignariysto ofsesued rdebiodd ans 23,t eFks) us what

a natural nunber is; @Ageaﬁgaﬂ é§£ ategeny e@,f fcgmhteomcltgomce@&@ry A
set nis a natural nunb n |é g nat ur al

ay, t ef
nunber if its’ eIeﬁ%ﬁ?aogr ehFV“?ﬁﬁ?“QﬂaFPéﬁl ? 5P di e?s b3causk such a
"definition" woul dri fRAdlRvE-he very concept belng 30 defined. The
construction of the first few nunbers is observed again. W defined 2 =

{0, 1}. To get 3, we had to§¢ a2HObR BkleRkighLliegeain 1o Zppnamety, 2
itself: 3 =2U {%&nctlons aé }éllobs
10
Lemma. Let F and G be functions. F = G if and
only if dom F = dom G and F(x) = G(x) for all x € dom F.

A function f is called one-to-one or injective
15 if al € dom f, a2 € dom f, and al # a2 implies f(al) #

f(a2). In other words if al € dom f, a 2€ dom £, and f(al)
= f(a2), then al = az2.

In order to develop mathematics within the
20 framework of the axiomatic set theory, it is necessary to
define natural numbers. Natural numbers are Xknown
intuitively: 0, 1, 2, 3, ..., 15, .., 515, etc., and examples
of sets having zero, one, two, or three elements canbe easily
given.
25
To define number 0, a representative of all sets
having no elements is chosen. However, this is easy, since
there is only one such set. 0 =g is defined. Let us proceed
to sets having one element (singletons): (@}, {{&}}, {{d,
30 {@}1}; in general, {x}. A representative can be chosen as
follows: Since we already defined one particular object,

namely 0, a natural choice is {0}. So it is defined:



5 Smlarly, 4 =3 U{3} _ {0, 1, 21 U {3}, 5 =4 U/{4},etc. 10 Gven a
natural nunber n, we get the "next" nunber by adjoining one nore el enent
ton, nanely, n itself. The procedure wor ks even for 1 and 2: 1 =0 U {0},
2=1 U{ 1}, but, of course, not f8r 0, the least natural nunber. 15
These consi derations suggest the following. Definition. The successor of a
set x is the set S(x) = x U{x}. 20 Intuitively, the successor S(n) of a
natural nunber n is the "one bigger" nunber n + 1. W use the nore
suggestive notation n+l for S(n) in what follows. W later define addition
of natural nunbers ( 5| % the otion of successor) in such a way that n +
1 i ndeed equal s the %0 ‘and 1. Until then, it is just a notation,
and no properties of addltlon are assuned or inplied by it. It can now be
sumarized the intuitive umdetskandiing tob ¢latenat amenbessdasd:old,ows: 30

1. 0 is a natural @pnbeq® Z{df gypp euﬂatqq@j}nugp@rd%;n@@ kg SdEcessor n
+1is also a natural 5 at ur al nbérs are obtalned by

application of (af aRd %bj‘a"‘? een Wféf‘a‘?'tl"flfgdv@tﬁ 01 and* rEFEatemy
appl yi ng the suctessgemngpersgti bhsiQylgl ul, £h¢ sef yhgse-ePementy qre= 3, 3 +
1 =4, 4 + 1 =5, the HeiodsDeldefiidOMmunbeseto bnbisical |l ed i nductive if 1
CEIl. 2. If nEI, then (n + 1) EI.
2 = {0,1} = {8, (g}}.
10
It should begin to be obvious how the process

continues:

3 =1{0, 1, 2} = {9, {8}, {(2,{0}}}
15 4 =1{0, 1, 2, 3} = {@,{2}, {8,{28}}, {9, {2}, (B, {B}}}]}
5= {0, 1, 2, 3, 4}etc.

The idea is simply to define a natural number
n as the set of all smaller natural numbers: {0, 1, .., n

20 - 1}. In this way, n is a particular set of n elements.

This idea still has a fundamental deficiency.
0, 1, 2, 3, 4, and 5 have been defined and could easily define
15 and not so easily 515. But no list of such definitions
25 tells us what a natural number is in general. A statement
of the form is necessary: A set n is a natural number if
We cannot just say that a set n is a natural number if
its elements are all the smaller natural numbers, because
such a “definition” would invelve the very concept being
30 defined.

The construction of the first few numbers is

observed again. We defined 2 = {0, 1}. To get 3, we had to



10 An inductive set contains O and, with each elenment, also its successor.
According to (c), an inductive set should contain all natural nunbers. The
precise nmeaning of (c) is that the sg% of natural nunbers is an inductive
15 set which contains no other elenents but natural nunbers, i.e., it is
the small est inductive set. This leads to the follow ng definition.
Definition. The set of all natural nunbers is 20 the set {x | x E| for
every inductive set 1}. The elenments of the set are called natural 25
nunbers. Thus a set x is a natural nunber if and only if it belongs to
every i nductive Sebyofif QMLENG: RAEAL,OMoVh OVl IRU" # Sk kheory, the  mDSt
basi ¢ question abou? a set 1's: How many el enents’ does 30°it have? It is a
fundanment al observation that we can define the statenent "sets A and B have
t he sanme nunber of eBesentls"{2)}wet hputlikhowehg anyt hi ng about nunbers. 99
Definition. Sets A and B have the sane cardinality if there is a one-to-one
function f with donainsié. nd range B. W denote this by Al =1BlI. 5
Definition. The cardinallfy of ‘Ais less than or equal to the cardinality
of B (notation: 1Al < IBl) if there is a one-to-one mapping of A onto B.
Notice that Al < E bk seans ghat [ 15 bClufory, 10 sone subset C of B. W

also wite Al < IBlI sto ymanhat. | ALl :- 1 Bl and not I Al =1 BI, |
e . , that there is a one-to-one napping of A onto a subset of B, but
there is no one-to-one mapping of A onto B. 15 Lenma.
10 Given a natural number n, we get the “next”

number by adjoining one more element to n, namely, n itself.
The procedure works even for 1 and 2: 1 = 0 U {0}, 2 =1

U{l}, but, of course, not for 0, the least natural number.

15 These considerations suggest the following.

Definition. The successor of a set x is the set
S(x) = x U {x}.

20 Intuitively, the successor S(n) of a natural
number n is the “one bigger” number n + 1. We use the more
suggestive notation n+l for S(n) in what follows. We later
define addition of natural numbers (using the notion of
successor) in such a way that n + 1 indeed equals the sum

25 of n and 1. Until then, it is Jjust a noctation, and no

properties of addition are assumed or implied by it.

It can now be summarized the intuitive
understanding of natural numbers as follows:
30
1. 0 is a natural number.
2. If n is a natural number, then its successor n + 1 is

also a natural number.



1. If TAl < IBl and Al =1C, thenIC < 1IBlI. 2. If Al <IBl and IBl =
ICl, then Al <- I1Cl. 3. Al <- IAl. 20 4. If IAl <1IBl and IBl < I1dC,
then 1AI<ICI. Cantor-Bernstein Theorem If I XI < | YI and |l Y I <

I XI, then IXI =1Yl. 25 Finite sets cal# be defined as those sets whose size
is a natural nunmber. Definition. Aset, S, is finite if it has the sane
cardinality as sone natural nunber, n. W then define 30 ISI = n and say

that S has n elements. A set is infinite if it is not finite. As described
above, set theory can be applied 100 to an analysis of the present
invention. For exanple, a test result can be sunmarized. in

Excel (tradenark) - f(n%nﬁlq?4§§raﬁﬁuﬂﬁ?ﬁﬁafﬁﬁ@Fﬁﬁﬁﬁ’byFBBb}T%¥§m§U%Haas
transcriptional f agd o), epor .t eby,stamdify parhut batli mpeagent s appdhing si RNA' s
are plotted in ant%eysucfcew@s ,opeesitﬁchxe yalde gornespondi Rg2f @ each-

conbi nati on thereof |s f|| ?FEI . T e actual value may be conpared

to a standard val de,” or a"t resho i'iterest such as a result obtained
by using a sctanbl ed si RNA. The val ues may 10 be nornalized into three

val ues such as +, 0 and -. Theivatiues rase: evabuedlddd foduaiaapie, when 80

% or |less of the threshold, it is nornalized to "-1", and when between 80
% and 120 % of the threshold it is normalized to "0", and when 120 % or
nore of the threshold, |sInornaI|zed to "+1". The 15 normumlized or

degenerated matri x may 2beIﬂsred5 tlo ghahye +t he €effects of perturbation
agents (suchi@s siRNA's) on reporters in a sinpler manner, and to obtain a

set of perturbation agents g ving.e{{LClst QneAG of 4NE NARATLGER-
element, also its successor. According to (c¢), an inductive

set should contain all natural numbers. The precise meaning

of (c) is that the set of natural numbers is an inductive

15 set which contains no other elements but natural numbers,

i.e., it is the smallest inductive set. This leads to the

following definition. P

Definition. The set of all natural numbers is
20 the set

= {x | x € I for every inductive set I}.

The elements of the set are called natural
25 numbers. Thus a set x is a natural number if and only if

it belongs to every inductive set.

From the point of view of pure set theory, the

most basic question about a set is: How many elements does

30 it have? It is a fundamental observation that we can define
the statement “sets A and B have the same number of elements”

without knowing anything about numbers.



An exenplary table is shown bel ow. 20 before normalization Function 1
Function 2 Function 3 Function 4 siRNA 1 70% 120% 80% 75% si RNA 2 115%
100% 65% 130% si RNA 3 150% 90% 105% 115% after normalizati on Function 1
Function 2 Function 3 Function 4 siRNMA 1 -1 +1 -1 -1 siRNA 2 0 0 -1 +1
SiRNA 3 +1 0 0 O 25 (Description of preferred enbodi nents) 101
Hereinafter, the present invention will be described by way of enbodi nents.
Enbodi ments described below are provided only for illustrative purposes.
Accordingly, the scope of the present invention is not 5 limted by the
enbodi nents except as by the appended clains. |n opne aspect, the present

i nvention provides a net hocPeIfggltah?&I'yz?‘?f@ a®nétifork JFVBi ot'Syi E%H‘é)
functions in a bretagiadakyertittare The queesemnaréthed cochpiisesmete 10
steps of: A) subj gciidgaagbi®] 0@ eaho@Nkhly B |aL Least. one perturbation
agent; B) obtaining information on at |east two functional reporters in
said biological entity, wherein the functional reporters reflect a

bi ol ogi cal fuhction; and C)PeLdiBj B nghe e r8bPA: Hedof Y oF BRI R ED set

t heory 15 processingduw@lcabcileaterdineelay icdnshippthetween Atthe [Hlungfi onal
reporters to generate. a Net weLk J-shatiLprshyp.ofa ohbe i ol ogi cal functions.
The step of subjecting a biological entity to 20 at |east one perturbation
agent, may be conducted in any

Notice that |A} £ |B| means that |A| = |C| for
10 some subset C of B. We also write |A| < |B} to mean that
|A] £ {B| and not |A|l = |B|, i.e., that there is a one-to-one

mapping of A onto a subset of B, but there is no one-to-one

mapping of A onto B.

15 Lemma.
1. If Al £ |B| and |A} = |C|, then |C| £ |B].
2. If |Al £ |B| and |B|] = |C|, then |A| £ |C].
3. |A} £ |A].
20 4. If A}l £ |B| and |B|] € [C|, then [AIL{C}.
Cantor-Bernstein Theorem. If | X| £ |Y| and |Y|
£ |X], then |X| = |Y]|.
25 Finite sets can be defined as those sets whose size
is a natural number.
Definition. A set, S, is finite if it has the
same cardinality as some natural number, n . We then define
30 1S| = n and say that S has n elements. A set is infinite

if it is not finite.

As described above, set theory can be applied



manner as long as the perturbation agent is conducted to the entity and
attains the effects of interest, and is dependent on the type of
perturbation used. 25 The step of obtaining information on at |east two
functional reporters may be conducted ’h any nanner as long as signals of
such reporters can be nmeasured. Preferably, reporters emt neasurable
signals such as light, fluorescence, protein expression and the |ike, when
a 30 perturbation agent has an effect. Therefore, preferably, the
functional reporter is capable of transmtting a neasurable signal. 102
So | ong set theory can be conduc%qgi the step of sugjecting the data to set
theory can be condGc@fed@™1Fsr &F abl% P*a°HiolF8YFLat°entity used in the 5
present invention is a cell .FPeftaliB4t icoheslgEnt sl USeH PP WHEr presk éht
inventi on may be any mgent(sraddrclrkgttermatpefiiler bain onhiosh aucdtdngelto a

bi ol ogi cal entity QL. SYStERLSHEN: A% BNA, O LACk i 110 SLERNA - ShRNA, i RNA,
and ri bozyne, chem ¢ s, light,

al ~caonpound, cDNA, antibodqy, polypeptjde

sound, pressdre c,pﬁéﬁldﬁkfatrlggi GG, SRS Sg’?f%q,A_gn etﬁgg’f%ée}n'épr} &férably a
si RNA capabl e of dpeeveti cald yheegaulugt icrgrespdndandi bh sfchsgpabinatéeronal
reporter. 15 Functdnenads ieFanted sheseith.i neHehecfiaesente rdayventdgareacl ude
put are not 11mteg Lo.dfaneariAlonal o 1AGaLse JL0ULaL ALY Sgehey, o
structural genes, cellular 'markers, cell surface markers, cell shapes,
organel | e 20 shap&€sutelPPLAbRRT PY 'SIBAAYTEHOLFVIStTRE; dBE ABoPFT 82Y
concentrationg, ane dovalizet iore ohrasetdlulearsucomroneniasd - .| Theavaslpesi fi ¢
enbodi nent, the SQ&eQﬂ@Qﬁyted,forexample,when80f%orlessofthethreshold,

it is normalized to "-1", and when between 80 % and 120 %

of the threshold, it is normalized to "0", and when 120 %

or more of the threshold, it is normalized to "+1". The

15 normalized or degenerated matrix may be used to analyze the

effects of perturbation agents (such as siRNA's) on

reporters in a simpler manner, and to obtain a set of

perturbation agents giving effects on each of the reporters.

An exemplary table is shown below.

20
before normalization
Function 1| Function 2 | Function 3| Function 4
SiRNA 1 70% 120% 80% 75%
SiRNA 2 115% 11008 65% 130%
siRNA 3 150% 50% 105% 115%

after normalization

Function 1| Function 2 | Function 3 | Function 4
siRNA 1 -1 +1 -1 -1
siRNA 2 0 0 -1 +1
siRNA 3 +1 0 0 0

25 (Description of preferred embodiments)



processing used in the present invention may be conducted 25 by
classifying two specific functional reporters of at least two said
functional reporters into a relationship selected fromthe group

consi sting of a) independent, b) inclu8 on, and c) intersection, wherein
when it is determned to be independent, the two specific functional
reporters are 30 determned to have no relationships in the network; when
it is determned to be inclusion, one of the two specific functional
reporters is determned to be included in the other of the two specific
functional reporters and | ocated 103 downstream of the other; when it is
determined to be intersectifGacitHetwo tEPefrPFER T UHEI6AST Fipbriers are
determ ned to be kesatietadownsty esimeobantied sf.r obntaidnbhers aowmobed uncti on

5 1n the present ipyghtiQn, any:peiheiBlical, RAOEESS: Al eSefudagesy can be
used as long as sets can cording to set theary. In a

P ; orgi Ee %gal %Fg ag sent _inv QJOD is._1no .
speci fic enbodi meAECOTHIERE pheseitPPPndént P o R "sét ' Thesry *Br 6&essing 10
conpri ses thesst epiofterppithg errhed birsencxcept prayeriteapiendgdrdgpbhse by
said perturbation agent per said functional reporter. In a specific
embodi ment of the present —1g iopgea@ ieQE,’ dhe, selthearan RLecsssiingscan
conprise a calculation of a relations |p}be?meen t he nepgr%ers, conpri si ng
correl ati on bet weén™@&¥ £ARCITONAL Y hOrLEPTadt BEAE FRedt PHitgons
i ndependent, incl usi @rbiaidgiclersetty onTio prgesrer arehed senarseofththe
correlation. ;Jhi s gabsWratd)opusatti2Q DeicRdUst edchyy Usi g 18asmbhex. In a
pr ef er abl e embodi n%@%ul%cattigg Q(geenste‘ng) gbr]:\é?_zqgriléjwnfgpﬁatpi%rnt Hﬁbﬂ il%gsftaCt ors
used i n the present ’ . _ , _
two functional reporters in said biological entity, wherein
the functional reporters reflect a biological function; and
C) subjecting the obtained} information to set theory
15 processing to calculate a relationship Dbetween the
functional reporters to generate a network relationship of

the biological functions.

The step of subjecting a biological entity to

20 at least one perturbation agent, may be conducted in any
manner as long as the perturbation agent is conducted to

the entity and attains the effects of interest, and is

dependent on the type of perturbation used.

25 The step\of obtaining information on at least
two functional reporters may be conducted in any manner as
long as signals of such reporters can be measured.
Preferably, reporters emit measurable signals such as light,
fluorescence, protein expression and the like, when a

30 perturbation agent has an effect. Therefore, preferably,
the functional reporter is capable of transmitting a

measurable signal.



invention are advantageously prepared such that the nunber 25 of
perturbation factors sufficient for equally targeting an intracellular

pat hway. In the present invention, two or nore perturbation agents are
usual |y used to change the network st'flicture of a biological entity such
as acell. It is preferable to use equally targeting perturbation 30
agents. Basic elenents constituting biological functions are changes in
net wor ks such as a nol ecular network in response to the circunstanti al
stinmulation. In other words, although not w shing bound to any particul ar
theory, it is 104 considered that the existence of diversity in_biological
functiyons show t hat such net%g’ﬁggisﬁtaubﬁoorlyoﬁ?%%e 8%?4%C$e33u‘)c/}he 85°R celgl
have al so diversi f. sThimcéfog ethe dabr der sed thaprgstaydice cpnekiiges in a
state of a biological entity such 5 as a cell, N perturbation agents can be

given to the biological entifftetbi),! QWHISEYQIda12RALEYS) SustliCRnashe
nol ecul ar netgnrk anal vsi.s or.an.anak%ﬁhs of the nunber of the states,
en

whi ch have diversf???e ufﬁﬁ%?%%?é}s anal ysis is conducted with respect
to a fixed M sufficient 10 nunber of perturbation agents, N, is used so
t hat the nunmber of cases (arerthebatirder agéntconbkadt iiloNSkhées greakerabl y

Zﬁ;riC!entwgna|ysh%véQ{n?f%wQ?&a%ﬁ | y§drds ?Hﬁgaﬁﬁvéﬂa;k@ﬁﬁéﬂéﬂﬂd# g;lgetmgrk
ysis. reover, equa rgefing, perturbation agents are copsidere

to cause 15 chang@%Cﬁﬁ“%%f%b?kg§$¥ﬁ%f%}eFWﬁ?ﬁbﬁf %dﬂ@%ﬁ@ B?gééﬁ g&?ects on
t he networ k. 1Ther éhetedinguctiRGualshiNa ar getNing andertibpbatd onchaydnes are
preferably usgd, anRepoBiE @neien?hhyoaﬁﬁ g@ﬂh&®t@ae§uchuﬂﬂntu&b@ULoE If .
agents is used. u Wi adi under.st t skille
20 in the art fro?#%%%éﬁ$sc g%ﬁfergg?gﬁgﬁﬁré%%ﬁf ggééi%?gaﬁﬁgnﬁg§%he

i nfornmation on at PFEASTAt\Wo of GAYA drigRPle ©of specifically regulating a
function of said functional reporter.

15
Functional reporters used 1in the present
invention include but are not limited to transcriptional
factors, regulatory genes, structural genes, cellular
markers, cell surface markers, cell shapes, organelle
20 shapes, c¢ell mobility, enzyme activities, metabolite

concentrations, and localization of cellular components.

In a specific embodiment, the set theory

processing used in the present inventidn may be conducted

25 by classifying two specific functional reporters of at least
two said functional reporters into a relationship selected

from the group consisting of a) independent, b) inclusion,

and c¢) intersection, wherein when it is determined to be
independent, the two specific functional reporters are

30 determined to have no relationships in the network; when
it is determined to be inclusion, one of the two specific
functional reporters is determined to be included in the

other of the two specific functional reporters and located



reporters as analyzed in the present invention may be based on an effect
of said perturbation agent after a desired tinme. 25 As used herein such a
desired tine may be sel ected depending@ on the circunstances, purposes and
the like of the analysis to be conduct®d. For exanple, when effects of
agents on a cell are observed, tens of mnutes to a couple of hours, or
up to several days nmay usually be used. 30 In a specific enbodi nent, the

ef fect obtained by the perturbation agents used can be classified into the
follomjng three groups in terns of a threshold value: 105 positive effect

= + (preferably +1): no effegct n atlve ef f preferably
-1). In a preferab %’“Sé%eaa‘ th% %ﬁgr e}g “gt |n§%%eﬁméﬁeé E B

i nformation on atJPéa§%@“¥ﬁB fEﬁiﬂﬂ@néPeC¥%ﬁbﬁPéF%“F§Jb§§Eﬂ“6ﬁsaﬁr@ffect of
the perturbati on ageatmirafd ep & Hesdtregidddvimmyrewhérrennhéd g roptaricdt@ery
processi ng conprk§g§onqmngk§§§ifyihg the information into three
categories by_conparing the effect with a threshold value 10 for the

functi onal reBorter and classifying theminto the follow ng three groups:
positive effect = + (preferablythel)presgoteffeer=on, and meghenardcetfect = -
(preferably -1); Rrocdes erfirisbt nthddryt ¥n @dt uedd tahe 1buficds eaas depoeters

have a common perf, gw%a 9&&%@1@“@% gg@@he IR CREL UrbaiA 15 agent

has the same type qQ ect, an no suc connon erturbatlon
agent, then the t%ﬁffUﬁ%t?Bﬁ?”mchP@§ﬁﬁﬁﬂlnbpﬁos?ﬁetpﬁ8r¥uﬁé?$
reporters aréﬂlocax@drlﬂﬂdébedﬁt@%K@nmauemﬁut%aﬁﬁ@ﬁnagewt?rawaKKfOﬁhere is

such a conmon perd webaddRNbagent, pédheivhbeod abbOWiRg Siep rapct iHnd0
conducted: c) deter gl pipg if the perturbation agent set for one function
of the two functions is conpletely included

In a specific embodiment of the present

15 invention, the set theory processing can comprise a
calculation of a relationship between the reporters
comprising correlation between each functional reporter as
classified into independent, inclusion and intersection to
generate a summary of the correlation. This calculation can

20 be conducted by using a matrix.

In a preferable embodimént of the present
invention, the perturbation factors used in the present
invention are advantageously prepared such that the number

25 of perturbation factors sufficient for equally targeting
an intracellular pathway. In the present invention, two or
more perturbation agents are usually used to change the
network structure of a biological entity such as a cell.
It is preferable to use equally targeting perturbation

30 agents. Basic elements constituting biological functions
are changes in networks such as a molecular network in
response to the circumstantial stimulation. In other words,

although not wishing bound to any particular theory, it is



into the perturbation agent set for the other function of the two
functions, and if this is the case, then one function having the bigger
set is | ocated downstream of the other 25 function having the smaller set,
and if this is not the case, then théd% wo functions are located in
paral l el under the same perturbation agents; d) determning if al

conbi nations of the functional reporters are investigated, if this is the
case, then integrate all the relationships 30 of functions to present a

gl obal perturbation effects network, and if this is not the case then
repeat the steps a) to c) . These steps can be conducted on a conputer
equi pped with a 68Fr'b’tﬁeére pF YT &BFi PP ERBAE I Hy ALHE” ProcédsHH¢9steps 106
of interest. |n atprefiamabbkoertrbedi sesit nefvweties presdnitcloghvehtandaty sai d

steps of a) to c) sake a%aé cul atrede byl spr @duskngy. STM Xe NrBAtiH Xrdsvhesei n M
refers to the number of fa‘é”%& af‘n%'esrfrpg EQEE o§”ahbl\!>1ro 1%%@ etn(gl££%u pinber of

perturbation agentnve5%§ e easily
processed by®a néfmal SFatri¥ EéFEHﬂ&FF@% ﬁ?%ﬁé%§mnl@elﬁ”&eFuFPhéPe
enbodi ment of thebpresgintali nueritiyorto dNewpresentki rnedvson magh f ast her

conprise anal yzi n%oabgulagen@£@é@ﬁangimrsk BY £PRAUELiNg ANcACtHaber

bi ol ogi cal exper i | erabl uch an_anal ysis.c rises t e use of
a regul ation agentrEE b %%i§FR x%h?iﬁ%dglwﬁﬁ?Fgenég %gEOTogdnucFeotlde
i nhi bitor, acti vatamalwwgaﬁ&onid@%feﬁm ok r%%ﬁfctth‘éo pi KeceddpePFiiciEatt he

function. PreberabhypesioRNArthsbatsied. agEhespNesentsédivenheonheanmperused for

anal yzing 20 net uar %ésﬁyctbzasch@ Shepal d# ansdueti Qi patbvnayerar gl ! ul ar

pat hway and the |ik resent . invention is useful for
uff1c1ent analysis for network analysis, such as an

intracellular network analysis. Moreover, equally
targeting perturbation agents are considered to cause
15 changes in network structure without causing biased effects
on the network. Therefore, such equally targeting
perturbation agents are preferably used, and more
preferably the number of such perturbation agents is used.
Such a number will be readily understood by those skilled

20 in the art from the disclosure of the present specification.

The information on at least two functional
reporters as analyzed in the present invention may be based
on an effect of said perturbation agent after a desired time.
25 As used herein such a desired time may be selected depending
on the circumstances, purposes and the like of the analysis
to be conducted. For example, when effects of agents on a
cell are observed, tens of minutes to a couple of hours,
or up to several days may usually be used.

30

In a specific embodiment, the effect obtained
by the perturbation agents used can be classified into the

following three groups in terms of a threshold value:



identification of a biomarker, analysis of a drug target, 25 analysis of a
side effect, diagnosis of a cellular function, analysis of a cellular

pat hway, eval uation of a biological effect of a conpound, and di agnhosis of
an infectious disease and the like. 381 n another aspect of the present
invention, the present invention provides a systemfor analyzing a network
of biological functions in a biological entity, conprising: A) at |east
one perturbation agent for a biological entity; 107 B) neans for obtaining
information on at |east tw functional reporters in said biological

entity, wherein t ti repoyter ect, .a_hi i.cal, .f tion;
and C) neans for %gﬁ%yggetie%}g{:ﬁe oﬁt gﬁrﬁe rlgﬁ%r%ﬁfi Sg tQ%P%& toﬁeggig/ 5
processing to cal @GH%’E%"%QI‘%F%’{ ionshPpeiseeReEn Y he - functional reporters to

generate a network relationship of the biological functions. In a system
of the present invention, pgftarpatianragerhsodBitnRe FUPHL edhseparatel y.
Therefore, in_an enbodj nent e tehem%gsa nt_inventi narswgrg‘lﬂg %0 COnpL i ses B)

.. invention ilon a unct .
means for obtalnlng rnforrfation on a east two Functlona repor?ers In

sai d biol ogi cal erftPPyteithépdharedt pre runttsonaf YepBrIerParérr é8rna
bi ol ogi cal functi afreand ads)ireaanisne;omwhsudreathienget heheolityapnecedsihor mat i on

to set theory proggssifg.t 0a>cakga£sqtf?iﬁg rehat i;gpshid ibet weed theeld
functi onal reporte(r# to gﬁengrat e a _ne "é’?f Kk %‘%I gt i OtnSh'ﬂt of N }lhev t1| ol ogi cal
functions. Means fGFe8BtEnPA T RABEH M SnS T Cht 1 adt " PWS " On& "6 nal
reporters inl8aid fisrorloyifeartemalt yeradiereind chessiXyifandigmonato rtéporters
reflect a biol ogi callibuned tiorse sypbe cpEOviwedr Bsta- t nansfecibign-1arsray, but

the present inventionc isngt JLimiecita Lhis. Suchoacbiansiectjon)array is
extensively descriped g sewnhere erelnAnd, exemplifledliers nave a
common perturbétion agent, wherein the common perturbation
15 agent has the same type of effect, and if there is no such
common perturbation agent, then the two functions
corresponding to the two functional reporters are located
under different perturbation agents and if there is such
a common perturbation agent, then the following step c) is
20 conducted: ¢) determining if the perturbation agent set for
one function of the two functions is completely included
into the perturbation agent set for the other function of
the two functions, and if this is the case, then one function
having the bigger set is located downstream of the other
25 function having the smaller set, and if this is not the case,
then the two functions are located in parallel under the
same perturbation agents; d) determining if all
combinations of the functional reporters are investigated,
if this is the case, then integrate all the relationships
30 of functions to present a global perturbation effects
network, and if this is not the case then repeat the steps
a) toc). These steps canbe conductedon a computer equipped

with a computer program implementing the process and steps



the follow ng Exanpl es. 25 Means for subjecting the obtained information

to set theory processing to calculate a relationship between the
functional reporters to generate a network relationship of the biol ogical
functions, may be provided as a conput!® 30 program but the present
invention is not limted to this. As set theory is known in the art, it is
understood that any conputer program i nplenenting such a cal culation based
on set theory can be used in the present invention. 108 It should be noted
that those skilled in the art will understand that any other specific
enbodi nents of the_ nethod as descri bed herei nabove may be enpl oyed and are
5 applicable to aogygﬁfﬁfﬁ?'the present invention if necessary. In a
further aspect of the present invention, the present invention provides a
conput er program for i npl enentd ngrdferabtonputetineat methdsdef ereasmat yzi ng a

network 10 of bi Oliggérptailonf, %Q.hiSQQES o 4 Rl 9] Qgt cal centuetiyy MpELSGNg the
steps of: A) subjecting a biologi ent i

i cal ity .to at I 0 Lu{ bation
agent; B) obt ai ni Hg® ThPariati 8o at 158 totwgapﬁﬁgé%gga fgg%rters in

sai d biol ogi cal emtpbytenshorel mefehets thetrivahal Of GSEFPERA1P8fa%Eet S a
bi ol ogi cal functi @g;,saRd sh5nh @masebi pehé BEL theonbtai hedas nfyopmatesendt o set

theory processing o calcyl ale g relalionship.detueen the functional
reporters to generaté a nétwork relationship of the biological functions.

20 It should be noted that those skilled in the art w/ll understand that
any other speoific enmbodi nent s fokthdeenymstinodt afidhsysEeft ad "t bed
her ei nabove may be,enploysd ignhake appltugahte doapaiconpulerips ageam of
the present Inven(}eln(e):rr]atl:éd nggtewsosr ryo‘y conducting an actual biological

experiment. Preferably, such an analysis comprises the use

of a regulation agent such as siRNA, antibody, antisense

15 oligonucleotide, inhibitor, activator, ligand, receptors
and the like, specific to the function. Preferably, siRNA

is used.

The present invention can be used for analyzing
20 networks such as a signal transduction pathway, a cellular

pathway and the like.

The present invention is useful for
identification of a biomarker, analysis of a drug target,
25 analysis of a side effect, diagnosis of a cellular function,
analysis of a cellular pathway, evaluation of a biological
effect of a compound, and diagnosis of an infectious disease

and the like.

30 In another aspect of the present invention, the
present invention provides a system for analyzing a network
of biological functions in a biological entity, comprising:

A) at least one perturbation agent for a bioclogical entity;



25 A configuration of a conmputer or systemfor inplenmenting a nethod of
the present invention for analyzing a network of biological functions in a
bi ol ogical entity is shown in Figure 10. Figure 10 shows an exenplary 30
configuration of a conputer 500 for ex@tuting the cellular state
presenting nmethod of the present invention. The conputer 500 conprises an

i nput section 501, 109 a CPU 502, an output section 503, a nenory 504, and
a bus 505. The input section 501, the CPU 502, the output section 5083,

and the nenory 504 are connected via a bus 505. The i nput section 501 and
the OUt pUt SeCtI O% 5063 ng‘rf% %nnJ?l’cl:%I‘IEdléfoor% 105n na QSXé’é:gW Q6HC Ar(])nO?tl I ne Of
a process for presé ing a stafte f? Wht BT e ex el ed e
conput er 500, mnIFeBért%@%b?FBéﬁbb%%ﬁwcai@“AlbY0@?%ﬁﬁ¥b¥h%§é%ﬂﬂpﬁgla met hod
for analyzing a nepwotrdkrotebialtogilciallobiiogt ifonstion;aabéia)ogesad rentity is

stored in, for eX%%B?@ctﬁQﬁ %EQDrMﬂéﬁgedAL&ﬁ%Qﬂ££MﬁlYmo i of or natd,ep
necessary for _the nethod rmay be stored |n a e. of recordlngsnedlunl

such as a floppy @"€KESMI? CffRd\‘?llc ]I'-?(ﬁ%loxgl?”f h&°FI'kE séParatel y
or together. AItéﬁﬁéti%ﬁﬁ%ﬂGRQﬂ§eﬁﬁd@W%ﬁﬂQﬁayeb%ngt%ﬁﬁkﬁ¢#ﬁﬁy@nabp?péation
server. The infor maki @ocbsgidtatia rahot&chsi.N SUCH @yEEEHI 6f Nghe NREHALI S

| oaded via the I/ Qn@@(ﬁﬁ% 59<§réu%bgtlor@agér§!% gg%%@su%%l@e@%%é@f%eﬁ? g. the

Internet)) to the nmeno uter exécut es t he

cellular state pré@éﬁf%ﬁb b?dﬁ?ﬁﬂ?mgﬁeP aﬂjfh%r%%ﬁﬁufﬁwﬂgﬁﬁnFﬁﬁ@ﬂ?ons as
a device for lgerf grombngses Ret hothoffor hebtpriesentinfovaation onf ot laralkyzing a
networ k of bi ol ogitcal rfieREbhONSepdktRrs in said biclogical entity, wherein

the functional reporters reflect a biological function; and
C) means for subjecting the obtained information to set
theory processing to calculate a relationship between the
15 functional reporters to generate a network relationship of

the biological functions.

Means for obtaining information on at least two
functional reporters in said biological entity, wherein the
20 functional reporters reflect a bioclogical function, may be
provided as a transfection array, but the present invention
is not 1limited to this. Such a transfection array 1is
extensively described elsewhere herein and exemplified in

the following Examples.

25
Means for subjecting the obtained information
to set theory processing to calculate a relationship between
the functional reporters to generate a network relationship
of the biological functions, may be provided as a computer
30 program but the present invention is not limited to this.

As set theory is known in the art, it is understood that
any computer program implementing such a calculation based
on set theory can be used in the present invention.



25 biological entity. Information about a cell or the like is input via
the input section 501 as well as data obtained. Known information may be
i nput as appropriate. 30 The CPU 502 generates display data based on the

i nformation about data and cells thr oul@ﬁ the input section 501, and stored
the display data into the nmenory 504. 110 Thereafter, the CPU 502 may
store the information in the nenory 504. Thereafter, the output section
503 outputs a network analyzed by the CPU 502 as display data. The out put
data is output through the 1/0 device 506. 5 In still different aspect of
the present invention, the present invention provides that a storage

medi um conpri sing a conputer programfor inplenenting in a conputer, a
net hod for anal yzi ng a net wortkskfuliRe Bejficcarhafotiuifet Fot€di i &hdrst ogi cal
entity, conprisingithenstepsaref thatApnguhbjhectsprgididbieobogicalcsert khy to at

| east one  perturhathoh AgeRLer BleOREALMAByENHF BY 1681 6fcdlankeast T wo
functional reporters.in b§a|td bi ol Oegn'[ cfalh ent i t% im@]ggtelonni{ggcg unct i onal
reporters reffect 2BPhi 610G Cat “ ¥ URCt T ore R o115 &Y 4ttt Ay THhaY obt ai ned
information to set theory processing to calculate a relationship between
the functional reporters torrgenesaiheraasieiososk thel atéanshipraftiothe

biol'ogi cal functiqps. ,20:01: shorhdibe ppiadethal dhpseeskitdgdnl Rothe art
wi | | understand that any ot her specific enbo%r(riﬁgts oflthe rrettk‘]qodk system
and conput er pr ogram S HeSEri" bR 4O HEFS T fabd §F B el 8yed and “ar e
appl i cabl e taoa stodriage ogiedl Frmotidansel presenogdi avertiony i FoRECes8dry. Such
a the steps of: A) subjecting a biological entity to at least

one perturbation agent; B) obtaining information on at least

two functional reporters in said biological entity, wherein

the functional reporters reflect a biological function; and

15 C) subjecting the obtained information to set theory
processing to calculate a relationship between the
functional reporters to generate a network relationship of

the biological functions.

20 It should be noted that those skilled in the art
will understand that any other specific embodiments of the
method and system as described hereinabove may be employed
and are applicable to a computer program of the present

invention if necessary.

25
A configuration of a computer or system for
implementing a method of the present invention for analyzing
a network of biological functions in a biological entity
is shown in Figure 10. Figure 10 shows an exemplary
30 configuration of a computer 500 for executing the cellular

state presenting method of the present invention.

The computer 500 comprises an input section 501,



25 storage nedium may be any type of recording nedium such as CD ROV,
flexible disks, CD-Rs, CD-RW, M3, mni disks, DvVD ROMs, DVD-Rs, nenory
sticks, hard disks, and the like. In yet still further aspect of t he
present 30 invention, the present inv&htion provides a transmn ssion

medi um conprising a conputer programfor inplenenting in a conputer, a
nmet hod for anal yzing a network of biological functions in a biologi cal
entity, conprising the steps of: 111 A) subjecting a biological entity to
at |east one perturbation agent; B) obtaining information on at |east two
functional reporters in said biological entity, wherein the functl onal
reporters reflect 2&56i 8PogrE AP PUNTIG AT 2ttt FregoyuBLacErng 15e °Bbt ai ned
informati on to setrhthepny septioeesSinghecwabon) ahe catpet at¢onghisp3bet ween

the functional r gggrgh%r §e$@£ygg@@raa;eec@ﬂﬁ&gg@wgarglb@gl omshi pnofinptihe
bi ol ogi cal functions, ose_ s jhe art

ha h
wi Il understand tﬁﬁftja?ﬂ/ Sgﬁhééqd Elb%& g? és’nﬁ%lcfm %O% &5 CcfrhneCtggtrhoa system
conput er progbam ané ¢¢vicegelfedi um as descri bed herel nabove nmay be
enpl oyed and are applicable to a transm ssion nedium of the present

invention if 15 necessary. Exanples,d Efsaugpod,aestsrW@ré§émn@eg's‘{@tbnd ude,
but are not limted to, networks, such Intranets, the _|nt er]\r}LeE)8 and t he
ee

like. The preferr&d 2rfddi gt of GE’?‘?é?ub?%?é(nfhe SEPRVEN 3N i
her et of ore descri bedctovecabbébter understanding of the present |nvent| on.
Herei nafter, the present invention will be described by way of exanples.

Exampl es descri bed bel ow ar e, proyi dedo oMy folnd blhabiat isean pursases.

Accordingly, the scope of the“present i1nvention |1 mted éxcept as
by t he appended (”qapﬁgwogkuﬁ§rH}?&fglcal functions in a blologlcal entity

is stored in, for example, the memory 502. Alternatively,
information necessary for the method may be stored in any
15 type of recording medium, such as a floppy disk, MO, CD-ROM,
CD-R, DVD-ROM, or the 1like separately or together.
Alternatively, the program may be stored in an application
server. The information or data stored in such a recording
medium is loaded via the I/0 device 506 (e.g., a disk drive,
20 a network (e.g., the Internet)) to the memory 504 of the
computer 500. The CPU 502 executes the cellular state
presenting program, so that the computer 500 functions as
a device for performing a method of the present invention
for analyzing a network of biological functions in a

25 biological entity.

Information about a cell or the like is input
via the input section 501 as well as data obtained. Known
information may be input as appropriate.

30
The CPU 502 generates display data based on the

information about data and cells through the input
section 501, and stored the display data into the memory 504.



to the exanples below, it will be understood that those skilled in the art
can select cells, supports, biological factors, salts, positively charged
subst ances, negatively charged substances, actin acting substances, and
the |ike, 30 as appropriate, and can ndke or carry out the present
invention. 112 EXAMPLES Hereinafter, the present invention will be
described in greater detail by way of exanples, though the 5 present
invention is not limted to the exanpl es bel ow. Reagents, supports, and the
| i ke were commercially available from Sigma (St. Louis, USA), Wako Pure

Chem cal | ndust riygs. (Onaka. capgh) oo Mal.5UDAM, qlgsigmmm chdapan)

unl ess ot herw se speC| ents)  Fornul ati ons bel ow
were prepared in Eﬁﬁﬁﬁié f Tﬁ@ﬁ?%ﬁ%ﬁ%lﬁh%ﬁHtPﬁ%SFF Enel’e RuHTeSct al |y
avai |l abl e. Fr agnmeetsocandnalarzedritystiveC el G aisnticc iy ygemet | Fherrgitpeeri ng 15

techni ques: 1) fi bhgnesd idhSEQHBNR 12kyoPeReaNest i n F (Sanyo Cher cal
I ndustries, Kyoto, Japan); 3) ProNectin L (Sanyo Chem cal Industries); 20

4) ProNectin Plus (Sanyo Chem cal Industries); 5) gelatin. Plasmds were
prepared as DNA for transfeck oftillpl asfhedsnt pEERPEN Of pl¥RedZeNENANd ot her
transcriptional 2%vekacior,stanthkishaseiereodbngprgeneecankal ai Nprphasm ds

(avail abl e from BR.Bi gscignces opL&& %g@%)fwgr%1 $80ncidnikhese
pl asm ds, gene epreSS|oﬁ)B n:n%i%:ftpe gécfié) éétwol'pu g§i§§ﬂﬂzg§ (CwW)
The plasnid DNA mé%C%Wﬁ1eFréH Phitod for analyzing a g

functions in a biological entity, comprising the steps of:
A) subjecting a biological entity to at least one
perturbation agent; B) obtaining information on at least
two functionai reporters in said biological entity, wherein
the functional reporters reflect a biological function; and
15 C) subjecting the obtained information to set theory
processing to calculate a relationship between the
functional reporters to generate a network relationship of

the biological functions.

20 It should be noted that those skilled in the art
will understand that any other specific embodiments of the
method, system and computer program as described
hereinabove may be employed and are applicable to a storage
medium of the present invention if necessary. Such a

25 storage medium may be any type of recording medium, such
as CD-ROMs, flexible disks, CD-Rs, CD-RWs, MOs, mini disks,
DVD-ROMs, DVD-Rs, memory sticks, hard disks, and the like.

In yet still further aspect of the present

30 invention, the present invention provides a transmission
medium comprising a computer program for implementing in

a computer, a method for analyzing a network of biological

functions in a biological entity, comprising the steps of:



E. coli (XL1 blue, Stratagene, TX, USA) and the anplified 30 plasm d DNA
was used as a conplex partner. The DNA was dissolved in distilled water
free from DNase and RNase. shRNA and/or si RNA were al so prepared according
113 to the known technol ogy. The fol I'dhi ng transfecti on reagents were
used: Effectene Transfection Reagent (cat. no. 301425, Q agen, 5 CA),
TransFast TM Tr ansf ecti on Reagent (E2431, Pronega, W) , TfxTM 20 Reagent
(E2391, Pronega, W), SuperFect Transfection Reagent (301305, Q agen, CA),
Pol yFect Transfection Reagent (301105, Q agen, CA), LipofectAM NE 2000
Reagent (11668-019, Invitrogen corporation CAE( 10 Jet PElI _(x4) conc.

(101- 30, Pol ypl us? r aHEPECEFh, errEmiepicabnd Eken 80 ( ROBAT, RBF nent as
Inc., MD). These rerawmsfgdbhorargag@hteposenénaddédrnatitdrecaboveedescri bed

DNA and actin actBunubséaNCeeddt tadyanCsiaric08pl &xesnt gl eaferewht h the
DA were produced i Ad¥R068: 43,5U18, L1431 08 95@%%%&%@&&@@ usgd in
assays using transfection ,arrafs &escrj ed below. {Exanple 2: Transfection
array - DenonstratS orfuP20ctisihgtiifes¥tcHyRal 18fiadePPs) Ol eExamsPéY2, the
transfection effi gpreneysiofy the sdkbdatphase wasstcbseniredbeTheermpr ghocol used
in Exanple 2 willshe: dasar hed dael qw (25 LR a60kdriThe fdiBabnip of

concentration of %A was. ad ftgudnctcg 1 g/L. An actin acting substance was

ju
preserved as a st ocR bh%lvcigﬁﬁaa coricénttation of 10 g/L in ddH20. All

dilutions were nmade using PBS, ddH2O or Dul becco's MEM A series of 30
di lutions, fao exanple, 0.2 »Of kho@l?Fe pgtéqd tBad tgbbe skilled in the art

will understand that any other specific embodiments of the
method, system, computer program and storage medium as
described hereinabove may be employed and are applicable
to a transmission medium of the present invention if

15 necessary. Examples of such a transmission medium include,
but are not limited to, networks, such as intranets, the
Internet, and the like.

The preferred embodiments of the present

20 invention have been heretofore described for a better
understanding of the present invention. Hereinafter, the
present invention will be described by way of examples.
Examples described below are provided only for illustrative
purposes. Accordingly, the scope of the present invention

25 is not limited except as by the appended claims. According
to the examples below, it will be understood that those
skilled in the art can select cells, supports, bioclogical
factors, salts, positively charged substances, negatively
charged substances, actin acting substances, and the like,

30 as appropriate, and can make or carry out the present

invention.



0.53 g/L, 0.6 g/L, 0.8 g/L, 1.0 pg/L, 1.07 g/L, 1.33 g/L, and the |ike,
were formul ated. 114 Transfection reagents were used in accordance with

i nstructions provided by each manufacturer. Plasm d DNA was renoved from a
gl ycerol stock 5 and anplified in 100 L-anp overnight. Q aprep M niprep
or Qagen Plasmd Purification Maxi was used to purify DNA in accordance
with a standard protocol provided by the nmanufacturer. 10 In Exanple 2,
the following 5 cells were used to confirman effect: human nesenchynal
stemcell (hMsCs, PT-2501, Canbrex Bi oSci ence Wal kersville, Inc., M);
human enbryonic renal cell (HEK293, RCB1637, RIKEN Cell Bank, JPN);

NI H3T3-3 cell (RCB0150, RIKEN Cell BanI@XAP]’WS HeLa 15 cell (RCB0007, RIKEN
Cell Bank,JPN); and Hep&(RCB1648, RIKEN Cell Bank, JPN). These cells were

cultured in DVEM 10% | FS cqrgr@lnhﬂgell_ et ﬁ@gep@niggﬁgon(gkyt Len and
DNA spot's) 20 Transfection, feagents and. DNA vere mxed Lo form, a,
DNA- t r ansf ecti on FPEaGeHecoMmrEs S THE 2 %ﬁ % 8F RAETBh°r 5601 9eS 8 certain
period of timk. TReretwy em"’?hélfl’ﬁ xltswnét %\H@l@éoﬁ?eﬁ?%rﬁxémal%%lqedoﬁhase

support (e.g. , arpabynis,|ysipsorts) i dejd ushag ldkear wayeer cohmledianpye 2, as

a solid phase 25 %‘&QP&EM %E‘om“‘%%gﬁg ag.. ﬁod\{‘%s §ézi)devvaﬁ‘5‘q>u§@ é%%ﬁ%%?d sl i de

were used as well _as a ¥S|ne sl'id These ‘sl | de are avall abl e
from Mat sunani d &é’guf'ﬁ]seﬁl \A&éPaa aﬂaﬁ%ﬁ‘?}“)or Mafﬁ'é”?"llké;laéﬁ IfﬁfSWﬁﬁFex
formation and spotabpxatirgrssthehersliseeenefeediri ed overnight in a vacuum
dryer. Dryingowas perforned in the range of 2 hours to 1 week. 115

(Example 1: Reagents)

Formulations below were prepared in Example 1.
Fibronectin and the like were commercially available.
Fragmentsandvariantswereobtainedbygmneticengineering

15 techniques:

fibronectin (SEQ ID NO: 52);
ProNectin F (Sanyo Chemical Industries, Kyoto, Japan);:
ProNectin L (Sanyo Chemical Industries);

20 ProNectin Plus (Sanyo Chemical Industries);

g W N R

gelatin.

Plasmids were prepared as DNA for transfection.

Plasmids, pEGFP~N1, pDsRed2-Nl1 and other transcriptional

25 factors and kinase encoding gene-containing plasmids

{(available from BD Biosciences, Clontech, CA, USA) were used.

In these plasmids, gene expression was under the control

of cytomegalovirus (CMV). The plasmid DNA was amplified in

E. coli (XLl blue, Stratagene, TX, USA) and the amplified

30 plasmid DNA was used as a complex partner. The DNA was
dissolved in distilled water free from DNase and RNase.

shRNA and/or siRNA were also prepared according



Al t hough the fibronectin and the |ike m ght be used during the conpl ex
formation, it was also used immediately before spotting in Exanple 2. 5

(Formul ati on of m xed sol ution and appi%cation to solid phase supports)

300 L of DNA concentrated buffer (EC bu fer) + 16 L of an enhancer were

m xed in an Eppendorf tube. The mxture was m xed with a Vortex, followed
by incubation for 10 5 mnutes. 50 L of a transfection reagent (Effectene,

etc.) was added to the m xture, followed by mxing by pipetting. To apply
a transfection reagent, an annular wax barrier was formed around the spots

on the slide. 366 +pf thenmadieoyps added to the spot region surrounded
by 15 the wax, followed by incubation at roomtenperature for 10 to 20

m nutes. Thereby, the fixation to the support was manually achieved.
(Distribution of cells) 20 Neht follomioyacehsfortiaddiargcoed wsravuskdbe
SleS_cri Ibled- Cell's %"fgcg&% Fﬂr@ﬁ%@itﬁ@ﬁ rtera%@@éteg:éaitqnno.Thﬁ)14g'sstA<§ﬂa:g,%i,on was
ypically perfor reduceds pressure. syction i ood. s e was
pl aced on a d%sh?%%ﬁdxga“§g7ﬂiioﬁmgbefgﬁﬁ?%ﬁa %$1§E%£g”adﬁgﬁg?bwk & di sh
for 25 transfecti difx TRE c&ergenter e (BAXXri bltreaeas: f ol'f bws. SUFRFEe§E owi ng
cells were distrihubedréerian coawentr aticasoef Ifidgeel | I35 nbolyFeetcel | s

were plated on the sLide in R4 OBy sauar eda Petiliboflshwakza 100 mm
30 (radius) x 15 n%lclrcular di s G'Iragsfectlon was conduct.ed Q%# about 40
hours. This period 8P fieRELtor f &53InGe "t 0"VRHGIE"2 PPy es.“ The sl de
was treated flgr iJavERbf(kdbrrescerndll - BoePHEypline-drangiperidref Frygmeel for an
116 exanple of amnd r@yGen 500 (RO511, Fermentas Inc., MD). These

transfection reagents were added to the above-described DNA

and actin acting substance in advance or complexes thereof

with the DNA were produced in advance.

15
The thus-obtained solution was used in assays

using transfection arrays described below.

(Example 2: Transfection array - Demonstration

20 using mesenchymal.stem cells)
In Example 2, the transfection efficiency of
the solid phase was observed. The protocol used in

Example 2 will be described below.

25 (Protocol)
The final concentration of DNA was adjusted to
1 pg/uLl. An actin acting substance was preserved as a stock
having a concentration of 10 ug/pL in ddH;O0. All dilutions
were made using PBS, ddH;0, or Dulbecco’s MEM. A series of
30 dilutions, for example, 0.2 pg/pL, 0.27 pg/pL, 0.4 pg/pL,
0.53 pug/puL, 0.6 pg/pL, 0.8 pg/upL, 1.0 pg/pL, 1.07 ug/pL,
1.33 pg/puL, and the like, were formulated.



(Eval uation of gene introduction) CGene introduction was eval uated by
detection 5 using, for exanple, inmunofl uorescence, fluorescence

m croscope exam nation, |aser scanninq radi oactive |l abels, and sensitive
films, or emul sion. When an expressed b&otein to be visualized is 10 a
fluorescent protein, such a protein can be observed with a fluorescence

m croscope and a phot ograph thereof can be taken. For |arge-sized
expression arrays, slides may be scanned using a |aser scanner for storage
of data. If an expressed protein can be detected using fluorescence 15

ant i bodi es, an i munof| uoregcenc Qrotocol can be su%§e§5|vel erforned
If detection is based on raldfoacivPty S PR 3IFAE ey be a&ﬁe ?

descri bed above, Wéﬁﬁi&ﬁt@#ﬁd@ﬁgr%ﬁﬁydaéﬂwgeﬁphﬂﬁﬁﬂféﬁﬁP§ﬂbn can be
performed to detect radioactivity. 20 (Laser scanni ng and Quantification
of fluorescence intensity) pTosgHanthfyad LaRs/eCELON o e%iy&éz%acxméme

present inventors use nlcroarraz scanner Genomi ¢
Sol utions Inc, MY a*f‘BPaqleldl toré8den eari‘%f’é‘ﬁ”sriltg;}/‘t( aeriaPF%? JLHAPESP was
measur ed, and thepedfiegen Pliabyot @sceficatiinh éhsiit wa peseditiot pwurffyal® ar ea was

cal cul ated. 30 (CiRsscspehhonaliabserstahiom yr-eepd DCoviseanpy Nehe
m croscope) Cells_we C%eeded on tissue culture dishes at a final

concentration of TxI cefTs/well and cultured in 117 appropriate nedi um
(Human Mesenchymal Cell Basal Medium (MSCGM Bul |l etKit PT-3001, Canbrex
Bi oSci ence Wi kersville, In Example 2, the following 5 cells were used

to confirm an effect: human mesenchymal stem cell (hMSCs,
PT-2501, Cambrex BioScience Walkersville, Inc., MD); human
embryonic renal cell (HEK293, RCB1637, RIKEN Cell Bank,
JPN); NIH3T3-3 cell (RCB0O150, RIKEN Cell Bank, JPN); HelLa

15 cell (RCBO007, RIKEN Cell Bank,JPN); and HepG2 (RCB1648,
RIKEN Cell Bank, JPN). These cells were cultured in DMEM/10%
IFS containing L-glut and pen/strep.

(Dilution and DNA spots)

20 Transfection reagents and DNA were mixed to form
a DNA~transfection reagent complex. The complex formation
requires a certain period of time. Therefore, the mixture
was spotted onto a solid phase support (e.g., a poly-L-lysine
slide) using an arrayer. In Example 2, as a solid phase

25 support, an APS slide, a MAS slide, and an uncoated slide
were used as well as a poly-L-lysine slide. These slides
are available from Matsunami Glass (Kishiwada, Japan) or
the like.

30 For complex formation and spot fixation, the
slides were dried overnight in a vacuum dryer. Drying was

performed in the range of 2 hours to 1 week.



Inc., MD) . After fixation of the cell layer with 4% parafornal dehyde
solution, SYTO and Texas Red-X phalloidin 5 (Ml ecular Probes Inc., OR
USA) was added to the cell layer for ! servation of nuclei and F-actin.
The sanples emtting |light due to gene products and the stained sanpl es
were observed with a confocal |aser mcroscope (LSMb10: Carl Zeiss Co.,
Ltd., pin hole size=Chl=123 m Ch2=108 m imge 10 interval = 0.4) to
obtain cross sectional views. (Experinmental protocols) (Cell sources,
culture nedia, and culture conditions) 15 In this exanple, five different

cell lines were used: hurrar;\ltgegle&]chgafll §> &elLsy ngg/ﬁlﬁe %CZI

Canbrex Bi oSci ence Wl kersvi | uman enpryoni ¢
HEK293 (RCB1637, RPRENCERYIY BHIfk, CUBNEX NOHBTSLI® (RCBIS02 % |<ENE
Bank, JPN), HelLa @ﬂmﬁlymdﬁﬁmewdtﬁﬁgmmxaﬁ@w 2.and Hep®& (RCBlG48,
RIKEN Cel| Bank, JPN). In the case of human MSCs, cell s were mai ntai ned in

comercially .available Hu Cel QGM

Bul letKit PT- ?3001 Carrbrexm{%oéré‘llgarnfce ma% rf(‘le)FesAvF%?usuoP and apﬁ\}lﬂ)ca " case of
HEK293, NI H3T3- 3, LPlet® i4nd@ ¢ E@Prestd)s were 25 nai ntained in Dul becco' s
Modi fi ed Eagl e's Medi um (DVEM0 phicghDgh ucasendr b eg/ hufietrh (Ec Gudttam ne and

sodi um pyruvat e; 114624@ o?f5an Nakal aiy J&Se%&edlﬂk\')anvﬂﬁplan&@r/? tgtal byine
serum (FBS, 29-167- maceut | cal CO. LTD. ,

TN BT eel 1 GFSETET DATRUAT AT & YO o Pad A0 FROIBUPBE Rt FSTC | n D%
C2. I n expet? nenPsmimitEisvi ngl MVBES, @ weansfed thvbCeagknt e$BL fidsganei ve
passages, in ordeetto avai chadehenot ypé cmthanges folldied Ryasitikdsg angd

Transfection reaggnfs): 1. v Uah§ 4 Re.fldd ¢ BRGK.QLnd r ANSTEGEHLONax t hE

barrier was formed around the spots on the slide. 366 uL

ceI |

of the mixture was added to the spot region surrounded by
15 the wax, followed by incubation at room temperature for 10
tc 20 minutes. Thereby, the fixation to the support was

manually achieved.

(Distribution of cells)

20 Next, a protocol for adding cells will be
described. Cells were distributed for transfection. The
distribution was typically performed by reduced-pressure
suction in a hood. A slide was placed on a dish, and a
solution containing cells was added to the dish for

25 transfection. The cells were distributed as follows.

The growing cells were distributed to a

concentration of 107 cells/25 mL. The cells were plated on

the slide in a 100x100x15 mm squared Petri dish or a 100 mm

30 (radius) x 15 mm circular dish. Transfection was conducted
for about 40 hours. This period of time corresponded to
about 2 cell cycles. The slide was treated for
immunofluorescence. See Figure 4, upper left panel for an



pEGFP-NI and pDsRed2-NI vectors (cat. no. 6085-1, 6973-1, BD Biosciences
Cl ontech, CA) were used. Both genes' 5 expressions were under the control
of cytonmegal ovirus (CW) pronoter. Tr stect ed cells continuously
expressed EGFP or DsRed2, respectively. Plasm d DNAs were anplified using
Escherichia coli, XL1-blue strain (200249, Stratagene, TX), and purified
by EndoFree Plasm d Kit (EndoFree Plasm d Maxi 10 Kit 12362, Q AGEN, CA)
In all cases, plasm d DNA was dissolved in DNase and RNase free water.
Transfection reagents were obtai ned as below Effectene Transfection
Reagent (cat. no. 301%2? Ogl‘ﬁ/? TransFast TM Transfecti on Reagent
(E2431, Pronega, W éI'fx 2?) ﬁé’agent 15 (E2391, Pronega, W), SuperFect
Transfection Reagent (301305, Q agen, CA), PolyFect Transfection Reagent
(301105, Q agen, CA), Li pof ectaANbNEOR(F0gReagentofddited) 019, | nvitrogen
corporation, ‘CA), Jet PEI (x4c o0t (dQl30: uaPUuplused FANSeciiion
France), and ExCGen 500 (R0511 %Fer nment ag %) %o i d- Phase
Transfection ,&rrayls(lgﬁ”I'A) T SERIE Pon) TG é‘f%ﬁqSCSflc t ot 088F $°FOF® reverse
25 transfection' wisrdesers dedhiratipe wWedesheaininRevedseacivgnsfhedsi on
Honepage' (http:/dnst aéfsaventtiigubsabatlisabpubl i c/reverse trans
fection.htm or J. Ziauddin, D. M Sabatini, Nature, 411, 2001, 107; and
RW Zu, S.N. Bailey, DM Sabat | ni, Trends 30 in Cell Biol og Vol . 12,
No. 10, 485. In our solid ph%e¥ 2Py HRICEEET G oL SPTAIBE HEdP 21 Hite St ypes of
gl ass slides mere a Studiesgtepsidnezed sgbasspsbidiascaARS shdcdesd varrd

pol y-L-1ysine coataeqlg&ﬁess%e%bedﬁ%roegépéIahgeas,phaeslng;ﬁ 119 e 20342 Ges| i des;

Mat sunam G ass, JPN) WI tE%ralggges%l{%ég epxpre531on arrays, slides may be

scanned using a laser scanner for storage of data. If an
expressed protein can be detected using fluorescence
15 antibodies, an immuncflucorescence protocol can be
successively performed. If detection 1is Dbased on
radioactivity, the slide may be adhered as described above,
and autoradiography using film or emulsion can be performed

to detect radiocactivity.

20
(Laser scanning and Quantification of
fluorescence intensity)
To quantify transfection efficiency, the
present inventors use a DNA microarray scanner (GeneTAC
25 UC4x4, Genomic Solutions Inc., MI). Total fluorescence
intensity (arbitrary unit) was measured, and thereafter,
fluorescence intensity per unit surface area was
calculated.
30 (Cross—-sectional observation by confocal

scanning microscope)
Cells were seeded on tissue culture dishes at

a final concentration of 1x10° cells/well and cultured in



(3 mMm x 3 mm) separated by a hydrophobic fluoride resin coating. 5
(Plasm d DNA printing solution preparation) Two different ways to produce
a SPTA were developed. The main differences reside in the preparation of
the plasnmid DNA printing solution. 10 {{fthod A In the case of using

Ef fectene Transfection Reagent, the printing.solution contained plasmd
DNA and cell adhesion nol ecules (bovine plasnma fibronectin (cat. no.
16042- 41, Nakal ai Tesque, JPN), dissolved in ultra-pure 15 water at a
concentration of 4 ng/nmL) . The above solution was applied on the surface

of the slide usin L hkj.et i nt y Si Teghnal,ogi es,
Inc., CA or mngiflé)?g%)ﬁ?st%n me,gi%rpSﬁuggioﬁ%%%@é%%%%&ér :B%'? eé]d sl g&an was

dried up over 15 ni'fG %?“&%e'%i)l&nﬁ'ear%éra?ﬁﬁpée’f LAOFPEHMEEERDi NSt . Before
transfection, totalncEff 801 enerfreeagantethas génthy poulr ethysr tHighDMA- pri nt ed
glass slide and ijigubatRd dayad 3oMitidESseto ROMekepesat vhelldian excess

Ef fectene sol ytion gcﬁfa@gf% efsrﬂ,ggt.t’hgR %gﬁsggglégﬁle%g'? A & 1{acum

|
aspirator and “dried at room tenperature for 2 es ina °
saf et y- cabi net. TheTNE=pVRht@ICraseistideashthai 188 SREBLS2E™ 1 it"He bot t om
of a 100-mm cul t urkeigdicsbuand gapproxedmtel yn@5hel sobimel Isagudpensiren (2 to
4x104 cells/nm) vas060d |y ROWr ednid0 16 disirofbes thResdh Shcaas
transferred to the i,ncube}tor at 37C in 5%_C%=?g incg@g}gg 30, for 2 or 3
days. (Method B) ITFCASE of 8t hBi " (PARST EETIPon Fadierte 136 (T ERSFast T
Tf XTM 20, Supér FecintepgpyFedt 2) Lipoéet AMINES 2000,0n"3ét PEVYS(x4) conc., or
ExGen) , plasm d DNA, fibronectin,
(Experimental protocols)
(Cell sources, culture media, and culture
conditions)
15 , In this example, five different cell lines were
used: human mesenchymal stem cells (hMSCs, PT-2501, Cambrex
BioScience Walkersville, Inc., MD), human embryonic kidney
cell HEK293 (RCB1637, RIKEN Cell Bank, JPN), NIH3T3-3
(RCB0150, RIKEN Cell Bank, JPN), HelLa (RCB00O07, RIKEN Cell
20 Bank, JPN), and HepG2 (RCB1648, RIKEN Cell Bank, JPN). 1In
thecaseofhumanMSCs,cellswerenmintainedincommercially
available Human Mesenchymal Cell Basal Medium (MSCGM
BulletKit PT~-3001, Cambrex BioScience Walkersville, Inc.,
MD). Incase of HEK293, NIH3T3-3, HeLa and HepG2, cells were
25 maintained in Dulbecco’s Modified Eagle’s Medium (DMEM,
high glucose 4.5 g/L with L-Glutamine and sodium pyruvate;
14246-25, Nakalai Tesque, JPN) with 10% fetal bovine serum
(FBS, 29-167-54, Lot No. 2025F, Dainippon Pharmaceutical
CO., LTD., JPN). All cells were cultivated in a controlled
30 incubator at 37°C in 5% CO;. 1In experiments involving hMSCs,
we used hMSCs of less than five passages, in order to avoid

phenotypic changes.



and the transfection reagent, were m xed honogeneously in a 1.5-nL

m cro-tube according to the ratios indicated in 5 the nmanufacturer's
instructions and i ncubated at room tenperature for 15 mnutes before
printing on a chip. The printing sol utPon was applied to the surface of
the glass-slide using an inkjet printer or a 0.5- to 10-L tip. The
printed glass-slide was conpletely dried at room 10 tenperature over 10
mnutes in a safety-cabinet. The printed glass-slide was placed in the
bottom of a 100-nm culture dish and approximately 3 nL of cell suspension
(2 to 4x109 cells/nm) was agﬁﬁ%m%d |nrglcybart1 eﬁqecglor oom  Lenperature over 15
m nutes in a safety-cabi net ter i“nctibat’ion, 1 r'esi®medi um was pour ed
gently into the dish. Then,Tq fgrlHasR t\)&)&sefifrléﬁg‘li%ﬁf P’é&rﬁﬁs%ﬁr?tllﬁﬁutﬁéﬁor at
37Cin 5% C02 and:»EiGEIBtlﬂDB.taed dBRe224M Sedayss (Akt emoi. n€HSatli 068 73usi, Ng

fl uorescence i cr gecampstlXidel, Qypus, PROVRKET Mo | Naiown Jihko: v
observed the %ransfect ants, based on %se 18 I’eSSI on. of, en @Z

f1 uorescent prot eSS EEES SE&GE HNE Rfe?i‘f)ro QEE E IRt ALt S 8 s were
taken with the sarFEfomﬁ‘F%lFOs“éb?p’é;fei?ﬁe%eﬂql%ﬂ@tfd@éjpgs,lBC@FEP@S\ﬁéﬁ@GFF>’(>éd by
usi ng a paraf or malsgehbyderdsBEA} i fd1vat i shieh hadths( 4% PRAHIA fPES, usihkeat ment
time was 10 mnutes gL [9em éql %%t H[?Q Ft?.?i (P?o%%%s%%%t{& %n%q,

fl uorescence |ntenS|ty uan ca 1 on n order to gyantl

transfection ef f %Ity 1GR PYSEdORT BNAL AT RYDESY E)Y c‘fﬁn%]rasf“éﬁﬁ’@ﬂ\c uc4x4,
30 Cenomic Sdbuti drig 11EE62, MIAGENheCA)ot alinf blbr estence lpptehsiNg wearbitrary
units) was neasur efssaiéed har eakber and tReadd Ugeeseense. | ntransEdot iRar

surface area vas cal.gulal et 128 (39 L9~ BOASE tA05I % 1:00,8E LAY gf human

Reagent (cat. no.301425, Qiagen, CA), TransFast™

Transfection Reagent (E2431, Promega, WI), foTM—20.Reagent
15 - (E2391, Promega, WI), SuperFect Transfection Reagent

(301305, Qiagen, CA), PolyFect Transfection Reagent (301105,

Qiagen, CA), LipofectAMINE 2000 Reagent (11668-018,

Invitrogen corporation, CA), JetPEI (x4) conc. (101-30,

Polyplus-transfection, France), and ExGen 500 (R0O511,
20 Fermentas Inc., MD).

(Solid~Phase Transfection Array (SPTA)

production)
The detail of protocols for ‘reverse
25 transfection’ was described in the web site, ‘Reverse
Transfection ’ Homepage’

(http://staffa.wi.mit.edu/sabatini_public/reverse_ trans
fection.htm) or J. Ziauddin, D. M. Sabatini, Nature, 411,
2001, 107; and R.W. Zu, S.N. Bailey, D.M. Sabatini, Trends
30 in Cell Biology, Vol. 12, No. 10, 485. 1In our solid phase
transfection (SPTAmethod), three types of glass slides were
studied (silanized glass slides; APS slides, and
poly-L-lysine coated glass slides; PLL slides, and MAS



mesenchymal stemcells) The capacity of human Mesenchymal Stem Cells
(hMSC) to differentiate into various kinds of cells is 5 particularly
intriguing in studies which target tissue regeneration and renewal. In
particular, the genetic analysis of tHansformation of these cells has
attracted attention with the expectation of understanding of a factor
that controls the pluripotency of hMSC. In conventional 10 hMSC studies, it
is not possible to performtransfection wth desired genetic nmaterials. It
was denonstrated that solid phase transfection can be used to achieve a
"transfection patch” 5.capabl e of bei us for .in,yivo gene deliver

A Srast 6 TOP B g ¢ ’

and a solid phase 1¥a&hRsrec |%h&%ﬁﬁ%§§mt hi'g PIughpLE “GéRet i ¢

function research Gh™MSC Mt HeBgRe techbrber hydrophahdiarid weethni tiids are 20
avai l abl e for transfaeehgng mammalian cells, it is known that it is

i nconvenient and difficult to introduce genetic material into hVsC as
conpared with cell lines, such as  HEK293, HelLa, and the |ike. Conventi onal
viral vector >delivery and el'Bt}¥GpoP3ft PPt EehmicquesCars *BALH % por t ant .
25 However, these techni quesThaveiffraehdl Wews nge Pnedumeerd efREs . wepwt ent i a

t oxi ﬁi ty (for the sdveusped e?!ae!mes) ai tiefrbh6sd tre sk Be hirgbnd @;r@gggmtona??l ysis
at the genonmic sc i an i applications.in in vivo studies or
el ectroporation). %%%?ﬁep%%ggghﬁﬁ? fgﬁkg} fﬁgggf%%éd solid phase support
fi xed systemwhich can be easily fixed to a solid phase support and has

sust ai ned-rel®ase capability (gachaeh) 122 affinity, whereby nost of the

above-described drawbacks In the case of using Effectene Transfection
Reagent, the printing solution contained plasmid DNA and

cell adhesion molecules (bovine plasma fibronectin (cat.

no. 16042-41, Nakalai Tesque, JPN), dissolved in ultra-pure

15 water at a concentration of 4 mg/mL). The above solution

was applied on the surface of the slide using an inkjet

printer (synQUAD™, Cartesian Technologies, Inc., CA) or

manually, using a 0.5 to 10 uL tip. This printed slide was

dried up over 15 minutes at room temperature in a

20 safety-cabinet. Before transfection, total Effectene

reagent was gently poured on the DNA-printed glass slide

and incubated for 15 minutes at room temperature. The

excess Effectene solution was removed from the glass slide

using a vacuum aspirator and dried at room temperature for

25 15 minutes in a safety-cabinet. The DNA~printedglass slide

obtained was set in the bottom of a 100~mm culture dish and

approximately 25 mL of cell suspension (2 to 4x10° cells/mL)

was gently poured into the dish. Then, the dish was

transferred to the incubator at 37°C in 5% C0O,; and incubated

30 for 2 or 3 days.

(Method B)

In case of other transfection reagents



coul d be overcone and attained analysis a network of a biological entity
such as a cell with set theory. 5 As a result of this exanple, several
inportant effects were achieved: high transfection efficiency (thereby
making it possible to study a group ofells having a statistically
significant scale); |ow cross contam nation between regions having
different DNA nol ecules (thereby 10 nmaking it possible to study the effects
of different genes separately); the extended survival of transfected
cells; high-throughput, conpatible and sinple detecting procedure. SPTA
havi ng these features serve,as _ap appropriate basis for further studies.
15 A coating agent (TG8B&# 3 or Egi‘arz({’)'oﬁu?ﬁgecéch‘?%l\ygﬁﬁﬁt TgPORFGHHMINE
transfection effi cdi0®fcyedoRETHKkpscond., svaBxdounchlelsat d\whien fabgbmasgsiohip i s

used, PLL providediddhene ReshsfasubhsrLQbhe f dlerbranslestioprebhic) ency and
cross 20 contam nati ogﬂr(ﬂgescrl bed bel OV\Q N en.fibronect. n,coating was
X %fnga ?rg icated i

a H mMiCro-tu acCco e ragios in
not used, few transfectants Were obseérve e ot her exper|nental

condi ti ons were ré&th&i Megubpettged) Insuticagh bt ébmAPrEEEl ylestoghl i shed,
fibronectin probableppephiaye aor dlsemimitaecedferatimigtihe «eklcraghesihen

process (data 25 ngtinshoyn)e1@ndnt hus, Jdgnithngot heet i e subbchepeppi ts the
di ffusion of DNA rel eased fromthe surface. _éExfarrPl e 3; RN? transfection
mcroarray) ArraysAR8r & BrottclA As et PrhRES AT BxAnpT 6°2'°*30-Rs geneti ¢
mat eri al, mi xturesThef giasei dIDhAS (PDNA) wand conRMNA ader eduisdd.atTheon
conposi tions of thengexitl@S Af@ I00WAnLtes Tabl £ 2ardid3 cafakde 2 PBNA vs.
ShRNA ratio [L/[llﬂrinted glass-slide was placed in the bottom of a 100-mm
culture dish and approximately 3 mL of cell suspension (2
to 4x10" cells/mL) was added and incubated at room
temperature over 15 minutes in a safety-cabinet. After
15 incubation, fresh medium was poured gently into the dish.
Then, the dish was transferred to an incubator at 37°C in
S%CozandincubatedforZ1x>3days. After incubation, using
fluorescence microscopy (IX-71, Olympus PROMARKETING, INC.,
JPN), we observed the transfectants, based on their
20 expression of enhanced fluorescent proteins (EFP, EGFP and
DsRed2). Phase contrast images were taken with the same
microscope. In both protocols, cells were fixed by using
a paraformaldehyde (PFA) fixation method (4% PFA in PBS,

treatment time was 10 minutes at room temperature).

25
(Laser scanning and fluorescence intensity
quantification)
In order to quantify the transfection
efficiency, we used a DNA micro-array scanner (GeneTAC UC4x4,
30 Genomic Solutions Inc., MI)} The total fluorescence

intensity (arbitrary units) was measured, and thereafter,

the fluorescence intensity per surface area was calculated.



9:1 7:3 1:1 3:7 1:9 plasmd DNA (1 ng/n.) 1.8 1.4 1.0 0.6 0.2 shRNA (1
ng/m.) 0.2 0.6 1.0 1.4 1.8 Lipofectam ne2000 4.0 4.0 4.0 4.0 4.0

Fi bronectin (4 ng/nm.) 5.0 5.0 5.0 5.0 5.0 Thus, it was reveal ed that the
met hod of the 5 present invention is 5ﬂplicable to any cells for analysis
usi ng shRNA. (Exanple 4: Use of RNAI mcroarray using si RNA) Next, siRNA
was used instead of shRNA to 10 construct RNAi transfection mcroarrays in
accordance with the protocol as described in Exanple 2. Functional
reporters for transcriptional factors and fibronectin described in Table 2

were used to 15 synthesi ze S or the transcriptional tors
i ncl uding SRE, TRE, E2F, p53%é%ésﬁ\c N”F‘E&ﬁia Cﬁi# B, g‘s‘f&% ﬁ’A
| SRA, HSE, Myc, mesem@maeREtefGR@eléﬁa CRE. SiRNA for EGFP was used as a

control. Each si RNA was eval Ulat edrasito odhbther Megenpiimglt Skawclkes lsut a
target transcripti Qﬁas‘i:acwr dlf&rgﬁfﬁeﬂﬂﬂ a6t BNAs: wRrise xisad as é@g@t i1ge

controls, and the'ﬁartléﬁi %rgé%t at%dstTQleJ %useg % %ms t he

transcrlptlonal actors SI R e present
25 Exanple. 124 meeeesatwnmd (reeeﬁb SE@JERE%l?&Il@’et E%%egmtlef
MANUFACTURER ANAL Y8laS vk Ds (SEQrkbs Amneitabhont  gieRNAre NGs )hasSet ardidted( SEQ | D
attention with the expectation of understanding of a factor
that controls the pluripotency of hMSC. In conventional
10 hMSC studies, it is not possible to perform transfection

with desired genetic materials.

It was demonstrated that solid phase

transfection can be used to achieve a “transfection patch”

15 capable of being used for in vivo gene delivery and a solid

phase transfection array (SPTA) for high-throughput genetic
function research on hMSC.

Although a number of standard techniques are
20 available for transfecting mammalian cells, it is known that
it is inconvenient and difficult to introduce genetic
material into hMSC as compared with cell lines, such as
HEK293, Hela, and the like. Conventional wviral vector
delivery and electroporation techniques are each important.
25 However, these techniques have the following
inconveniences: potential toxicity (for the wvirus
technique); difficulty in high-throughput analysis at the
genomic scale; and limited applications in in vivo studies
(for electroporation).
30
The present inventors developed solid phase
support fixed system which can be easily fixed to a solid

phase support and has sustained-release capability and cell



NO. 77) Non-targeting Dharmacon Dharnacon avail able as (scranble I1

Dupl ex) Scranble Il Duplex c¢-Myc available Human V00568 (SEQ uman nRNA
Anbi on Anbi on encoding the Silencer'" ID NGCs: 1-2) c-nyc oncogene c-nyc
si RNA Human fos KO00650 (SEQ proto-onc&jene Dharnacon B-Bridge c- Fos(SEQ

I D NOs: 3-4) (c-fos), conplete 1D NO 53) cds Human c-jun proto Dharnmacon
B-Bridge J041 11 (SEQ oncogene (JUN), c¢-Jun(SEQ ID NGs 5-6) conplete cds,
clone 1D NO 54) hCJ-1 Human transactivator Dharnmacon B-Bridge M27691
(SEQ protein (CREB) |ID NGCs 7-8) CREB(SEQ nRNA, conplete ID NO 55) cds

MD6577 ( SEQ Homp sapi.er g o BoyBri.dgesd kDo E2F- 1
Vw6577 (SEQ Homo saniens,, RARLSED ROAT 1200 BalcdR: LS a9k E2F- 1)

N
coulg be overcome and attained analysis a network of a

biological entity such as a cell with set theory.

5 As a result of this example, several important
effects were achieved: high transfection efficiency
(thereby making it possible to study a group of cells having
astatistically significant scale); low cross contamination
between regions having different DNA molecules (thereby

10 making it possible to study the effects of different genes
separately); the extended survival of transfected cells;
high-throughput, compatible and simple detecting procedure.
SPTA having these features serve as an appropriate basis
for further studies.

15

A coating agent wused is crucial for the

achievement of high transfection efficiency on chips. It

was found that when a glass chip is used, PLL provided the

best results both for transfection efficiency and cross

- 20 contamination (described below). When fibronectin coating
was not used, few transfectants were observed (all the other
experimental conditions were retained unchanged) .
Although not completely established, fibronectin probably

plays a role in accelerating the cell adhesion process (data

25 not shown), and thus, limiting the time which permits the

diffusion of DNA released from the surface.

(Example 3: RNAi transfection microarray)
Arrays were produced as described in Example 2.
30 As geneticmaterial, mixtures of plasmid DNA (pDNA) and shRNA
were used. The compositions of the mixtures are shown in
Table 2.



125 protein nRNA, conplete cds ML2674 (SEQ Human estrogen ER (SEQ I D
Dharmacon B-Bridge I D NOs receptor nRNA, NO 57) 11-12) conpl ete cds
Human MLO901 ( SEQ gl ucocorticoid Dharnpcon B-Bridge ID NGs receptor al pha
GR (SEQ 13-14) nRNA, conplete 1D NO g%) cds Honmo sapi ens heat NM 005526
HSF- 1 shock-transcription Dharnmacon B-Bridge (SEQ ID NOs factor 1 (HSF1),
(SEQ I D 5-16) 15-16) NGO 59) nRNA Human heat shock M5217 (SEQ HSF- 2
factor 2 (HSF2) Dharnacon B-Bridge 1D NOs (SEQ ID nRNA, conplete 17-18)
NO. 60) cds Honmo sapiens D87673 (SEQ nRNA for heat HSF-4 Dharnmacon
B-Bridge ID NOs shock-transcription (SEQ ID 19-20) factor 4, conplete NO
61) cds Honb sapi ens

Table 2
pDNA vs. shRNA ratio [uL/ulL]
9:1 7:3 1:1 3:7 1:9
plasmid DNA (1 mg/mL) 1.8 1.4 1.0 0.6 0.2
shRNA (1 mg/mL) 0.2 0.6 1.0 1.4 1.8
Lipofectamine2000 4.0 4.0 4.0 4.0 4.0
Fibronectin (4 mg/mL) 5.0 5.0 5.0 5.0 5.0

Thus, it was revealed that the method of the
5 present invention is applicable to any cells for analysis

using shRNA.

(Example 4: Use of RNAi microarray using siRNA)

Next, siRNA was used instead of shRNA to

10 construct RNALI transfection microarrays in accordance with
the protocol as described in Example 2.

Functional reporters for transcriptional

factors and fibronectin described in Table 2 were used to

15 synthesize siRNAs for the transcriptional factors including
SRE, TRE, E2F, p53, Rb, Actin, NFAT, NFkB, STAT3, RARE, PMA,

ISRA, HSE, Myc, APl, GAS, ERE, GRE and CRE. siRNA for EGFP

was used as a control. Each siRNA was evaluatedas towhether

or not it knocks out a target transcription factor.

20 Scrambled RNAs were used as negative controls, and their

ratios were evaluated.

The following table shows the transcriptional
factors to be targeted by the siRNA used in the present
25 Example.



M69043 (SEQ MAD-3 nRNA Dharnmacon B-Bridge | D NOs encoding |kB-1ike |kBa

(SEQ 21-22) activi
sapi ens

Ly,

B-Bridge I D NGs peripheral

NO 64) nt]

Hono sapi ens
(SEQ ID NCs (SEQ I D receptor,

conpl ete

ID NO 62) cds NFAT3 L41066 (SEQ Homo

(SEQ I D Dharmacon B-Bridge ID NOs NF-AT3 nRNA, NO 63) 23-24)
conpl ete cds 126 p50- NF- kappa B S76638%( SEQ honol og [ human,
bl ood T NFkB (SEQ 25-26) cells,

Dhar nacon
MRNA, 3113

| D

NM 000964 RARA retinoic acid Dharmacon B-Bridge

al pha 27-28)

NO 65) (RARA),

sapi ens NM 000965 retinoic acid RARB1 Dharnmacon B-Bridge (SEQ I D NGCs
receptor, beta (SEQ ID 29-30) (RARB), Tlt_&%%gécri pt NGO 66) variant 1, nmRNA
Hono sapiens NV 015 -6162-f-ettnoi-c—aci-¢—RARB2 DharmaeconB-Bridge(SEQ I D
NOs receptor, betgaSv(e8EQ IID 31-32) (RARB), transgrd Bt.. NO 67) varig
MRNA Human reti noi|¢semabd |(M67707 gSEQ SEQUENCE
MANUFACTURER ID(SEQID Annotation
NO: of ANALYSIS
NOs)
siRNA)
Scramble
(SEQ ID
NO: 77) Non—targeting
Dharmacon Dharmacon
available as (scramble 1T Duplex)
Scramble 1
Duplex
c—Myc
available
Human mRNA
as V00568 (SEQ
. Ambion Ambion encoding the
Silencer™ ID NOs: 1-2)
c—myc oncogene
c—myc
siRNA
Human fos
K00650 (SEQ | proto—~oncogene
Dharmacon B-Bridge
c-Fos(SEQ ID NOs: 3-4) | (c—fos), complete
1D NO: 53) cds
Human c¢c—jun proto
J04111 (SEQ | oncogene (JUN),
Dharmacon B-Bridge
c~Jun(SEQ ID NOs 5-6) | complete cds, clone
ID NO: 54) hCJ-1
Human
transactivator
M27691 (SEQ
Dharmacon B-Bridge protein (CREB)
ID NOs 7-8)
CREB(SEQ mRNA, complete
ID NO: 55) cds
Homo sapiens
M96577 (SEQ
E2F(SEQ | Dharmacon B-Bridge (E2F-1)
ID NOs 9-10)
ID NO: 56) pRB-binding

MRNA Hono

nt 2,



RARG receptor gamma Dharmacon B-Bridge ID NGs (SEQ | D nRNA, conpl ete
33-34) NO 68) cds Human ML5400 (SEQ retinobl astoma Dharmacon B-Bri dge
I D NOs: susceptibility Ro (SEQ I D 35-36) nRNA, conplete NGO 69) cds Human
serum J03161 (SEQ response factor Dharnmacon B-Bridge | D NOs SRF ( SEQ

(SRF) nRNA, 37-38) |ID NGO 70) conplete cds 127 MB7935 ( SEQ Hono sapi ens
STATla transcription factor Dharmacon B-Bridge 1D NOs (SEQ I D | SG- 3 nRNA,
39-40) NO 71) conplete cds Human WMB7936 (SEQ STAT1b transcription factor

Dharmacon B-Bridge ID NOGs (SEQ ID 41-42) ISG-3 nRNA NO 72) sequence

Hono sapi ens MB7934—(SEQ Tnterferon alpha orotein mRNA.,
complete cds
M12674 (SEQ | Human estrogen
ER (SEQ ID | Dharmacon B-Bridge ID NOs receptor mRNA,
NO: 57) 11-12) complete cds
Human
M10901 (SEQ | glucocorticoid
Dharmacon B-Bridge ID NOs receptor alpha
GR (SEQ 13-14) mRNA, complete
ID NO: 58) cds
Homo sapiens heat
NM_005526
HSF-1 shock-transcription
Dharmacon B-Bridge (SEQ ID NOs
(SEQ ID factor 1 (HSF1),
15-16)
NO: 59) mRNA
Human heat shock
M65217 (SEQ
HSF-2 factor 2 (HSF2)
Dharmacon -| B-Bridge ID NOs
(SEQ ID mRNA, complete
17-18)
NO: 60) cds
Homo sapiens
D87673 (SEQ | mRNA for heat
HSF-4 Dharmacon B-Bridge ID NOs shock~transcription
(SEQID 18-20) factor 4, complete
NO: 61) cds
Homo sapiens
M69043 (SEQ | MAD-3 mRNA
Dharmacon B-Bridge ID NOs encoding 1kB-like
[kBa (SEQ 21-22) activity, complete
ID NO: 62) cds
NFAT3 L41066 (SEQ | Homo sapiens
(SEQ ID Dharmacon B-Bridge ID NOs NF-AT3 mRNA,
NO: 63) 23-24) complete cds




i nduced Dharmacon B-Bridge | D NOs STAT2 43-44) transcriptional
(1 SGF-3)
DNA- bi ndi ng STAT3 Dharrmacon B-Bridge |ID NGCs protein (APRF)

activator

nRNA, conpl ete

NG 73) nRNA sequence Honb sapi ens

Dhar macon B-Bridge I D NOs for thyroid hornone
AF307851 Honp sapi ens p53 p53 (SEQ Dharmacon B-Bridge (SEQ ID NGs protein

L29277 (SEQ

(SEQ I D

(SEQ | D 45- 46)
NO. 74) cds Y00479 (SE&H. sapiens mRNA TR (SEQ I D

NO 75) 47-48) receptor

NMRNA, 1D NO 76) 49-50) conplete cds The functional reporters used in the
present Exanple are as follows: 5 128 TABLE 4: FUNTI ONAL REPORTER LI STS
Mercury Detectio Ilnductiof Binding Nof LCocalTzati Re-To¢gdolye-gd 'ng
. . | NF-Rdp
Active n Targets |elenents TFs activejon on patshwa% P(I)((, and Rel at ed
increas Phorbol llow pAPl(PM Pathways c jun, e ESPEPEY ATEREIE™®Yt dsol No
A) - EGFP such as c-|f os i nt eRsiradefd\PK/ J | BFidde y yID NOs peripheral blood T
NFkB (SEQ 25-26) cells, mRNA, 3113
1D NO: 64) nt]
Homo sapiens
NM_000964
RARA retinoic acid
Dharmacon B-Bridge (SEQ ID NOs
(SEQ ID receptor, alpha
27-28)
NO: 65) (RARA), mRNA
Homo sapiens
NM_000965 retinoic acid
RARB1 Dharmacon B-Bridge (SEQ ID NOs | receptor, beta
(SEQ ID 29-30) (RARB), transcript
NO: 66) variant 1, mRNA
Homo sapiens
NM_016152 retinoic acid
RARB2 Dharmacon B-Bridge (SEQ ID NOs | receptor, beta
(SEQ ID 31-32) (RARB), transcript
NQ: 67) variant 2, mRNA
Human retinoic acid
M57707 (SEQ
RARG receptor gamma
Dharmacon B-Bridge ID NOs
(SEQ ID mRNA, complete
33-34)
NO: 68) cds
Human
‘ M15400 (SEQ | retinoblastoma
Dharmacon B-Bridge ID NOs: susceptibility
Rb (SEQ ID 35-36) mRNA, complete
NO: 69) ' cds
Human serum
J03161 (SEQ
) response factor
Dharmacon B-Bridge ID NOs
SRF (SEQ 37-38) (SRF) mRNA,
ID NO: 70) complete cds




i nduction
No FP SAPK/J c-fos
activatio

| ow pERE- EG e
response ner y vy
degradat i

i ncr eas

serum

| ow pAP1-EG and c jun,
intensit factors
| ow pCRE-E n and cAPM CREB, e GFP JNK, p38 forskolin
ATE intensit intensit cytosol No MAPK!?’y y PKA activatio increas
Estrogen estrogen honodi
el ement E2F-ned Rb
E2F intensit e cytosol

NK y

I ntensit cytosol
| ow i ncreas

e growh intensit
pat hway CREB

Homo sapiens

M97935 (SEQ
STATla transcription factor
Dharmacon B-Bridge 11D NOs
(SEQID ISGF-3 mRNA,
39-40)
NO: 71) complete cds
Human
M97936 (SEQ
STAT1b transcription factor
Dharmacon B-Bridge ID NOs
(SEQID ISGF-3 mRNA
41-42)
NO: 72) sequence
Homo sapiens
interferon alpha
M97834 (SEQ
induced
Dharmacon B-Bridge ID NOs
STAT2 transcriptional
43-44)
(SEQ ID activator (ISGF-3)
NO: 73) mRNA sequence
Homo sapiens
L29277 (SEQ | DNA-binding
STATS3 Dharmacon B-Bridge ID NOs protein (APRF)
(SEQ ID 45-46) mRNA, complete
NO: 74) cds
Y00479 (SEQ | H.sapiens mRNA
TR (SEQID | Dharmacon B-Bridge 1D NOs for thyroid hormone
NO: 75) 47-48) receptor
AF307851 Homo sapiens p53
p53 (SEQ | Dharmacon B-Bridge (SEQ ID NOs | protein mRNA,
1D NO: 76) 49-50) complete cds

Example are as follows:

The functional reporters used in the present

n of ER
No FP intensit
pE2F- EG FP fated

No pathwats on y intensit 129 (early vy




S-phase) induction increas of Cytokine STAT1 | ow pGAS-E e STAT1(J s(STAT1
[/ STAT intensit cytosol No GFP intensit AK/ STA /STAT1l) 1y y T path)
activatio n of increas |ow pGRE-E d ucocor glucocort e Rintensit cytosol
No GFP ticoid icoids intensit y resp ffse y elenment activatio n of HSF

i ncreas | ow pHSE-EG and heat Heat e HSFs intensit cytosol No FP shock-m
shock intensit ediated y y Path IFN-trigg ered path, antiviral, growth
INF a, $ IRFs, increas

TABLE 4: FUNTIONAL REPORTER LISTS

Mercury
i Detectio | Induction | Binding | Not Localizati | Re~locati
signaling Active
n Targets | elements | TFs active on on
pathway
PKC and
Related increas
Phorbol low
pAP1(PM | Pathways c—jun, e
esters " | intensit cytosol No
A)-EGFP | such as c-fos intensit
(PMA) y
MAPK/J y
NK
AP1
induction increas
serum, low
pAP1-EG | and c-jun, e
growth intensit cytosol No
FP SAPK/J c—fos intensit
factors y
NK y
pathway
CREB
activatio increas
low
pCRE-E | nand cAPM, CREB, e
intensit cytosol No
GFP JNK, p38 | forskolin | ATF intensit
Yy
MAPK, y
PKA
activatio
increas
n of ER fow
pERE~EG e
Estrogen | estrogen | homodi | intensit : cytosol No
FP intensit |
response mer y
Yy
element
E2F-med | Rb jow increas
pE2F-EG
Ep iated degradati | E2F intensit | e cytosol No
pathwats | on y intensit




| ow plSRE-E inhibitory (Type 1) STAT2 e GFP , y(Type /STAT intensit
intensit cytosol No inmmunor 1) 1y y egulatory activities, JAK/ ST AT
130 activatio n cMyc and M/c/ Mincreas. serum |ow pMc-EG cMc-ne ax e
FP diated growh hetero intensit i nt end#t cytosol No factors y path | ead
dimer y to cell gromh activatio n NFAT and increas |ow PpNFAT-E NFAT-m
e PMA NFAT intensit cytosol No GFP ediated intensit y path, y carcineur
in, PKC activatio TNF, n of IL-1, increas |ow

(early y
S-phase)
induction .
increas
of Cytokine | STAT1 | low
pGAS~E e
STAT1(J | s(STAT1 | /STAT | intensit | cytosol No
GFP intensit
AK/STA | /STAT1) | 1 y
Yy
T path)
activatio
n of increas
low
pGRE-E | Glucocor | glucocort e
o GR intensit cytosol No
GFP ticoid icoids intensit
Yy
response y
element
activatio
n of HSF increas
low
pHSE-EG | and heat | Heat e
HSFs intensit cytosol No
FP shock-m | shock intensit
Yy
ediated y
Path
IFN~-trigg
ered
path,
antiviral,
growth INFa,B |IRFs, | increas
ow
pISRE-E | inhibitory | (Type ) | STAT2 e
intensit cytosol No
GFP . v{(Type | /STAT intensit
Yy
immunor | II) 1 y
egulatory
activities,
JAK/ST
AT




pNFkB- E NFkB | ynphoki e NFkB intensit cytosol No GFP signal ne intensit y
transduct receptor y ion s increas |ow p53-EGF p53-nedi e p53 intensit
cytosol No P ated path intensit y y induction increas |ow pRARE-E of
RAR, e RA intensit cytosol No GFP retiffoic RXR intensit acid (RA) y y 131
activity of Rb-nedi ated increas decrea pRb-EG- path, Rb e se cytosol No
P repressio intensit intensit ncell y y cycle progressi on induction
increas serum SRF, | ow

activatio
n cMyc
and Myc/M increas
serum, low
pMyc~EG | cMyc—me ax . e
growth intensit .| cytosol No
Fp diated : hetero intensit
factors -y
path lead dimer y
to cell
growth
activatio
n NFAT
and e increas
low
pNFAT-E | NFAT-m e
PMA NFAT | intensit cytosol No
GFP ediated intensit
y
path, 1
carcineur
in, PKC
activatio | TNF,
n of -1, increas
low
pNFKB-E | NFkB lymphoki [
NFkB intensit cytosol No
GFP signal ne intensit
Yy
transduct | receptor vy
ion s
increas
low
pS3-EGF | p53-medi i e
p5d3 intensit cytosol No
P ated path intensit
Y
Yy
induction increas
low
pRARE-E | of RAR, e
RA intensit | cytosol No
GFP retinoic RXR intensit

Yy
acid (RA) y




pPSRE- EG of SRE, e FP MAPK/J growh Elk-1/ intensit intensit cytosol No
factors STAT y NKy increas JAK/ ST STAT3 | ow pSTAT3- Cytokine e AT-nedi

/| STAT intensit cytosol No EG-P s, intensit ated path 3 y y induction
increas |ow pTRE-EG of thyroid e i nt endlit cytosol No FP response intensit
element y y Each cell was subjected to solid phase transfection, followed
by culture for two days. Images were taken using a fluorescence inmage
scanner, and the 5 fluorescence | evel was quantified. In detail, the assay
was conducted as follows: The foll ow ng reagents were m xed for

"printing” DNA ontjo a traQ§%§ction arrnfay as{follaws. 10 132 ([TMA priinting
M x Plasm d DNA [ljug/ ulL] >GIL | si RNA [ 20pnpl ] 7./QuL  PMEM 7. QuL
Fi bronectin [4mg/ L] 5. Opff Li ppf ect AV NE20DO 4. QuL
Rb-medi
ated increas | decrea
pRb-EGF | path, e se
Rb cytosol No
P repressio intensit | intensit
n cell y y
cycle
progressi
on
induction increas
serum, SRF, low
pSRE-EG | of SRE, e
growth Elk—-1/ | intensit cytosol No
FP MAPK/J intensit
factors STAT y
NK Y
increas
JAK/ST STAT3 | low
pSTAT3- Cytokine e
AT-medi /STAT | intensit cytosol No
EGFP s, intensit
ated path 3 v
Y
induction increas
low ]
pTRE-EG | of thyroid e
intensit cytosol No
FP response intensit
Yy
element y

Each «cell was subjected to solid phase
transfection, followed by culture for two days. Images were
taken wusing a fluorescence image scanner, and the

5 fluorescence level was quantified. Indetail, the assay was

conducted as follows:

The following reagents were mixed for
"printing™ DNA onto a transfection array as follows.
i0



Final Vol. [ulL] 25.QuL Bubble Jet (trademark) DNA printer 5 (manufactured
by Cartesian D spensing Systenms, Ann Arbor, M , USA) was used for
printing the DNA m xtures as prepared above onto glass slides. Al

conmbi nati ons of nineteen reporters, anf twenty six si RNA's were prepared
for the present assay, and four spots per each conbination were 10 spotted
onto the transfection array to nake the transfection array for the present
Exanpl e. HelLa cells (human cervical cancer cell line) and Hep& (human
hepatoma cell line) were each seeded at 2 x 15 106 cells/nlL and cul tured
in G2 incubators for forty-eight hours. After culturing the cells, a
scanner for DNA mcroarrays (ArrayWwRx (trade nanme), Applied Precision,
LLC, 20 Issaquah, Washington, USA) was used for obtaining fluorescent

i mages of EGFP expression. T[asR pliRBgERMiver e analyzed wijth image anal yzing
software (I maCene; BioDi scoyery; El Segundo, CA USA) to jobtain intensity
integral value of the EG-P f|rufmngg NG E1ug2bLI33 2BglLative intensity ratio
against the intensity in the Scranbl e Dupl ex, which is a
negative control, was used ﬁ%gzée;%ﬁogl ed. Resu;'ggLWth 120 % or nore in
terms of the negative contro e deened as up- dhl ation, 5 results with
80% or less in terns of the (fgatestn Homg/ndl] wab.Odeened las

down-regul ation. Results thefghgtwaenNERosy . 80%wuesul tsKK1209% were

considered to be no change. e, L I for HelL ells and Hep& cells are
shown below. 10 134 5l VeP L P 3598

Bubble Jet {trademark) DNA printer

5 (manufactured by Cartesian Dispensing Systems, Ann Arbor,
MI , USA) was used for printing the DNA mixtures as prepared
above onto glass slides. All combinations of nineteen
reporters, and twenty six siRNA's were prepared for the
present assay, and four spots per each combination were

10 spotted onto the transfection array to make the transfection

array for the present Example.

HelLa cells (human cervical cancer cell line) and
HepG2 (human hepatema cell line) were each seeded at 2 x
15 10% cells/mL and cultured in CO, incubators for forty-~eight

hours.

After culturing the cells, a scanner for DNA
microarrays (ArrayWoRx (trade name), Applied Precision, LLC,
20 Issaquah, Washington, USsa) was used for obtaining
fluorescent images of EGFP expression. These images were
analyzed with image analyzing software (ImaGene;
BioDiscovery; El1 Segundo, CA USA) to obtain intensity
integral value of the EGFP fluorescence.
25



TABLE 5-1 (HelLa cells) Hela-K AP1 PMA ; CRE E2F ERE GAS Scranbl e 100. 0%
100. 0% 100. 0% 100. 0% 100. 0% 100. 0% c- Myc 63. 1% 63. 4% 67. 7% 136. 7% 103. 5%
89.0% c-Fos 72.9% 89. 6% 67. 0% 112. 5% 116. 6% 86. 4% c-Jun 63. 1% 78. 4% 60. 9%
93.4% 119. 4% 84. 1% CREB 71.9% 102. 1% %8. 7% 128. 3% 98. 1% 90. 7% E2F 57. 9%
104. 5% 58. 0% 99. 2% 103. 6% 81. 8% ER 44. 2% 85. 4% 44. 3% 110. 9% 97. 3% 89. 8%

GR 70.5% 119. 9% 33. 9% 124. 6% 100. 9% 88. 9% HSF-1 84. 5% 123. 2% 37. 4% 109. 2%
98. 1% 91. 3% HSF-2 72.6% 124. 5% 25. 7% 144. 2% 95. 0% 81. 6% HSF-4 55. 3%

112. 9% 28. 2% 104. 2% 94. 4% 100. 0% | kBa 68. 4% 109. 3% 27. 6% 123. 8% 97. 5%

94. 0% NFAT3 79. 7% 104. 2% 22. 7% 140. 4% 95. 6% 84, 5% NFkB 93. 2% 89. 8% 21. 3%
125. 2% 92. 9% 100. 1% RARA 8124395 498tEA568% 1881999 o A Yot B8 1086 " RARBL 87. 1%
67. 0% 24. 8% 139, 2%195h2% &k 5h6rfRRARBENSS: 1% BH18% 7hizd 1923 6%996.vEY 86. 3%

RARG 70. 2% 60. 3% 63nf%01] Qa8%s94 AW A3 8% cdd) Hls0¥e 5941 470145 50% A2 8%
107.3% 83. 7% SRF 35 7% 56, 2% 55. 6% 140, 081. 9% STAT1 a 32.7%

: 2,870,140, 090 112, 8% 1

56. 3% 88. 4% 93, 6% 105 T B4 SO CTATTS “34% ShA aE Bo0 55 BN 46998 105 6%

85. 2% STAT2 32. 305940166, MU0 F 196905, 99484 8o NSTATRE B 696 5P 11% 40. 1%
133. 3% 106. 8% 81. 8%hs TR 49 55-2%y 30k A% 13 Re 180 1010 O%BA#R86 (P53.,36. 7%

149. 7% 26. 9% 174. 8%»‘1%@%@&1%» A e QOEEldﬂe%éd dABLE n3- 2ndi)ea cells
(continued) Hel a-K GRE HSE | SRE M/c NFAT N

The results for Hela cells and HepG2 cells are shown below.
10



Scranbl e 100. 0% 100. 0% 100. 0% 100. 0% 100. 0% 100. 0%
126. 7% 79. 2% 99. 7% 61. 6%
0% 57.

55.5% 77.
138. 3%

4% 108.

172. 8%
110. 9% 91.

NFkB 69. 1% 103.

6% 195.

7% 62.

6% 86. 0% 72. \
119. 3% 98. 9% RARBL 60. 6% 102. 094 &% 179“‘4‘?% 16%"
73.3% 77. 9% 70. 9% 133. 6% 132. 6%

2%
9%

113,

9%

CREB

6. 4%

66. 2%

2% 88. 4% 59.

6. 8%

82
ER 79.

. 1% 74.

c-Myc 69. 7% 89. 5%
c-Fos 70.1% 98. 1% 68. 8% 63. 8% 98. 3% 87. 6%
9% 104. 4% 80.
E2F 76.5% 84.5% 67. 7% 46. 9% 13Y. 3% 99. 7%
48. 9% 158. 7% 60. 0%
117. 3% 84. 0% 69. 5% 253. 2% 143. 2%

c-Jun

7% 47. 7% 109. 7%

6% 87. 4% 70. 3%
GR 115. 2% 92. 9% 76. 1% 56. 8% 215. 8% 144. 2%

HSF-1 51. 0%

HSF-2 51. 6% 122. 0% 65. 2% 99. 7% 177. 4%
HSF-4 77.1% 111. 4% 79. 5% 99. 4% 141. 7% 111. 0%
NFAT3 71. 0% 80.
9%

| kBa 81.0% 89. 5%
7% 162.
7% 122.
93. 4%
RARG 73.8%88. 1% 77. 1% 74. 4% 124. 9% 79. 5%

1% 109. 4%
9% 119. 1% 122.
RARB2 114. 5%

4%

Rb 70. 3% 84. 6% 1(70% 81A206 12/r\8% 146RE% SRF 63.3%E97. 3%ng9. 3% 75. 3%
74, 0% b5 0o% 63, 39 BRTELL oR0 B} © bl O uowEs T o6 e 9{?33*2070% o 9 77 206
STAT3 97. 8% 104. 3989, 796 8F3b4 908 68. 7o | TRIEH 1304 80P*an 1%8P* 7% 87. 6%
95. 3% 177.5% p53 cBkbs6%)| 82.7296 [72. 8944103, &% 177118%% [12518%| Anasisx GFP 136
TABLE 5-3 tela cdlls, [CONT iguetl) Fela-K BARE RagSTATS SRE THa P53 Actin
ggfg% 8;_ 1% '108‘f AGREE 4ds 617 %) 64050 100, 000, QU TOG R0 C Mt 68. 6%

E2F 57.9% 104.5% 58.0% 99.2% 103.6% 81.8%

ER 44.2% 85.4% 44.3% 110.9% 97.3% 89.8%

GR 70.5% 119.9% 33.9% 124.6% 100.9% 88.9%

HSF-1 84.5% 123.2% 37.4% 109.2% 98.1% 91.3%

HSF- 72.6% 124.5% 25.7% 144.2% 95.0% 81.6%

HSF-4 553% (. 112.9% 28.2% 104.2% 94.4% 100.0%

1kBa 68.4% 109.3% 27.6% 123.8% 97.5% 94.0%

NFAT3 79.7% 104.2% 22.7% 140.4% 95.6% 84.5%

NFkB 93.2% 89.8% 21.3% 125.2% 92.9% 100.1%

RARA 81.1% 95.4% . 24.6% 183.9% '94.9% 86.1%

RARB1 87.1% 67.0% 24.8% 139.2% 95.2% 81.5%

RARB2 89.1% 65.0% 79.7% 129.6% 96.1% 86.3%

RARG 70.2% 60.3% 63.7% 110.5% 97.3% 93.8%

Rb 41.7% 59.4% 45.0% 142.8% 107.3% 83.7% 4

SRF 35.7% 56.2% 55.6% 140.0% 112.8% 81.9%

‘STAT1a 32.7% 56.3% 88.4% 93.6% 109.1% 84.9%

STAT1b 34.9% 48.8% 52.8% 140.2% 109.6% 85.2%

STAT2 32.3% 49.5% 44.2% 141.1% 105.9% 84.8%

STAT3 30.0% 59.1% 40.1% 133.3% 106.8% 81.8%

TR 29.4% 55.2% 39.2% 131.1% 101.0% 80.2%

pb3 36.7% 149.7% 26.9% 174.8% 98.0% 79.9%

Anti-GFP




c- Fos 62.9% 99. 7% 85. 3% 148. 1% 108. 5% 148. 1% 67. 7% c-Jun 76.0% 148. 9%

75. 8% 128. 1% 127. 7% 100. 2% 106. 0% CREB 39. 3% 259. 6% 116. 5% 8030. 8% 134. 2%
87.5% 73.8% E217 51.1% 151. 7% 180. 1% 15876. 5% 125. 0% 109. 3% 69. 3% ER

100. 5% 102. 2% 114. 4% 63797. 3% 118. 0% 8%35% 123. 6% GR 64. 8% 133. 4% 139. 7%
44143. 6% 150. 1% 63. 0% 134. 6% HSF-1 136. 9% 252. 8% 162. 5% 11434. 8% 223. 5%
75.2% 75. 1% HSF-2 127. 3% 227. 3% 237. 7% 32416. 7% 764. 1% 41. 2% 41. 6% HSF- 4
87. 4% 128. 3% 127. 5% 17739. 5% 179. 4% 103. 3% 252. 6% | kBa 130. 4% 142. 0%

177. 4% 16354. 2% 149. 7% 136. 5% 181. 9% NFAT3 88. 7% 118. 6% 129. 4% 18955. 4%
87.9% 135. 4% 164. 5% NFkB 68. 6% 106, 5% 299. 0% 17733. 0% 170. 2% 111. 2% 242. 1%
RARA 70. 4% 147. 4% 149. 7% 42652P1003 Bk e b 70084 "YARB1 69. 0% 113. 7%

84. 0% 12200. 8% 69. 2% 104. 5% 190. 6% RARB2 100. 9% 126. 6% 87. 7% 30989. 4%

101. 4% (}95 0% (}95 Rtk RARGEAS. 1%sd 25. 5&@;_65 %yd07. 68eAL0. PUKE72.]5% 95. 1%
69 AW 16, q V) 0, 0,

19027 596 234, 296 1B BUEGs IRVGTATEY o BiPds SD GHOTELoAOU 1 0g doh
58. 2% 121. 2% STATIHVE9. 0% §9%.|39685% 3%‘2&2?‘58 8%%2%19. 39/4R32. 6%6"17. 9%
STAT2 52.0% 110. 7%-8& 0% 1290.3.| 7% B8% 6% 278 (9% 28%0% BSFAT3 FA62% 94. 9%
105 4% 122 7% pab B0 ovboa Sma Rl noRE by, Ea e, W [ B, 4 e
53.9% 137 Nor mal | S mat ri 8451 t H2 bt wdf# lof iiva cHP7% ar'@®ftiovi ded as
foll ows: TABLE 5-4EZFI -1} -1765%|5 Q@4Gx0 060740 . - 46.9% |, - 13D  99.7%

ER 79.6% 87.4% 70.3% 48.9% 158.7% 60.0%

GR 115.2% 92.9% 76.1% 56.8% 215.8% 144.2%

HSF-1 51.0% 117.3% 84.0% 69.5% 253.2% 143.2%

HSF-2 51.6% 122.0% 65.2% 99.7% 177.4% 172.8%

HSF-4 77.1% 111.4% 79.5% 99.4% 141.7% 111.0%

kBa 81.0% 89.5% 110.9% 91.6% 195.7% 62.2%

NFAT3 71.0% 80.2% 88.4% 59.7% 162.1% 109.4%

NFkB 69.1% 103.6% 86.0% 72.9% 113.9% 96.4%

RARA 58.7% 122.9% 119.1% 122.4% 119.3% 98.9%

RARBH1 60.6% 102.0% 96.9% 79.4% 106.6% 93.4%

RARB2 114.5% 73.3% 77.9% 70.9% 133.6% 132.6%

RARG 73.8% 88.1% 77.1% 74.4% 124.9% 79.5%

Rb 70.3% 84.6% 107.0% 81.2% 124.3% 146.0%

SRF 63.3% 97.3% 79.3% 75.3% 101.9% 74.3%

STAT1a 82.2% 94.8% 67.5% 58.7% 89.2% 197.0%

STAT1b 85.8% 74.9% 65.9% 63.3% 86.8% 168.7%

STAT2 58.5% 84.1% 83.3% 68.7% 83.4% 77.2%

STAT3 97.8% 104.3% 89.7% 85.6% 99.0% 68.7%

TR 54.3% 80.6% 137.7% 87.6% 95.3% 177.5%

p53 60.6% 82.1% 72.8% 103.5% 177.8% 125.8%

Anti-GFP
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TABLE 5-3 Hela cells (continued)
Hela-K RARE Rb STAT3 | SRE TRE P53 Actin
Scramble 100.0% | 100.0% | 100.0% 100.0% | 100.0% | 100.0% | 100.0%
c-Myc 68.6% 97.2% 85.4% 108.2% 75.4% 61.8% 64.3%
c-Fos 62.9% 99.7% 85.3% 148.1% | 108.5% | 148.1% 67.7%
c~Jun 76.0% | 148.9% 75.8% 128.1% 1§ 127.7% | 100.2% | 106.0%
CREB 39.3% | 259.6% | 116.5% 80308% | 134.2% 87.5% 73.8%
E2F 51.1% | 151.7%| 180.1% | 15876.5% | 125.0% | 109.3% 69.3%
ER 1005% | 102.2% | 114.4% | 63797.3% | 118.0% 82.5% | 123.8%
GR 64.8% | 133.4% | 139.7%! 44143.6% | 150.1% 63.0% | 134.6%
HSF-1 136.9% | 252.8%{ 162.5% | 11434.8% | 223.5% 75.2% 75.1%
HSF-2 127.3% | 227.3% | 237.7% | 32416.7% | 764.1% 41.2% 41.6%
HSF-4 87.4% | 1283% | 1275%| 17739.5% | 179.4% | 103.3% | 252.6%
1kBa 1304% | 142.0% | 177.4% | 16354.2% | 149.7% | 1365% | 181.9%
NFAT3 88.7% | 118.6% | 129.4%| 18955.4% 87.9% | 1354% | 164.5%
NFkB 68.6% | 1065% | 299.0%| 17733.0% | 1702% | 111.2% | 242.1%
RARA 70.4% | 147.4% | 149.7% | 42654.8% 94.5% 56.7% 72.9%
RARB1 69.0% | 113.7% 84.0% | 12200.8% 69.2% | 104.5% | 190.6%
RARB2 100.9% | 126.6% 87.7% | 30989.4% | 101.4% | 195.0% | 1952%
RARG 451% | 125.5% 65.9% 107.6% | 1102% | 172.5% 95.1%
Rb 43.6% | 159.6% 86.6% 104.0% | 112.3% | 410.8% 62.1%
SRF 133.6% | 116.0% 65.3% | 14027.5% | 234.7% | 181.5% 33.2%
STATl1a 50.5% 85.2% 528% 1 15856.3% | 148.3% 58.2% | 121.2%
STATI1b 59.0% 1 126.3% 82.3% | 11458.8% | 119.5% | 132.0%| 217.9%
STAT2 52.0% | 110.7% 93.0% | 12913.7% 98.6% | 278.9% 28.0%
STAT3 74.2% 94.9% 79.5% | 13046.1% | 154.1% | 110.2% | 129.5%
TR 108.0% | 206.0% 56.7% | 13107.4% | 157.1% | 1054% | 122.7%
p53 98.9% 84.2% 51.6% | 12588.8% | 152.5% 264% | 167.7%
Anti-GFP 53.9%
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oC~uryWC~zzz~Zuz-, C)dAJCnUICl)I-a 138 TABLE 6-1 Hep& cells Hep& AP1
PVA CRE E2F ERE GAS Scranbl e 100. 0% 100. 0% 100. 0% 100. 0% 100. 0% 100. 0%
c-Myc 72.4% 74.8% 53. 6% 113. 9% 97. 8% 87. 4% c- Fos 89. 0% 113. 3% 67. 5% 114. 3%
95.8% 91. 1% c-Jun 97.2% 92. 6% 65. 1% 117. 1% 106. 8% 88. 4% CREB 125, 7%

128. 3% 48. 5% 163. ¥o5"G3 1466 935 50% CEXP 1T ewi or. BohBE2 0% 152 PAYY 8 Bos 98. 4%
ER 115. 7% 78. 6% 54s 59611365 9% 97. 0% 98. 9% GR 108. 1% 103. 2% 48. 6% 148. 7%

93. 7% 103. 0% HSF-1 115. 7% 82. 6% 54. 7%;99% 0% 93. 2% 114. 6% HSF-2 101. 9%
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NFAT3 97. 6% 143. 1% 54. 3% 160. 8% 101. 0% 93. 7% NFKB 85. 1% 82. 8% 38. 2% 129. 2%
113.9% 102. 2% RARA 114. 0% 104. 8% 35. 0% 194. 0% 104. 7% 91. 4% RARB1 90. 7%
70. 1% 32. 6% 142. 4% 109. 9% 87. 4% RARB2 101.3% 61. 5% 72. 0% 129. 3% 111. 0%
89.3% RARG 90. 9% 76. 4% 69. 2% 127. 9% 1#7. 2% 94. 7% Rb 108. 6% 71. 9% 45. 4%
145. 7% 101. 0% 85. 0% SRF 77.1% 77. 1% 53. 8% 127. 7% 106. 3% 86. 6% STATL a

65. 5% 56. 7% 86. 4% 134. 6% 110. 1% 89. 6% STAT1 b 100. 9% 64. 6% 70. 2% 166. 6%
100. 2% 86. 8% STAT2 79. 1% 40. 6% 42. 8% 163. 0% 97. 8% 89. 9% STAT3 167. 3%

51. 3% 54. 4% 132. 0% 96. 6% 94. 0% TR 67.6% 61. 1% 51. 8% 134. 0% 94. 6% 90. 9%

p53 94. 0% 85. 7% 53. 1% 170. 0% 91. 8% 89. 3% Antj-GFP 139 TABLE 6-2 Hep&
cells (continuted) HepG GRE HSE 'PERE M/c "RPAT WRKB Scranbl e 100. 0% 100. 0%
100. 0% 100. 0% 100. 0% 100. 0% c- Myc _75. 7% 98. 4% 109. 0% 102. 1% 82. 3% 55. 6%

c-Fos 83. 0% 108. 1%ed@ 39n0b. 9% @\n 0% DReB8% | e2rJun [ARES% 1@As1% 111. 4% 94. 7%
O Gon 63 206 111, GeraTORd, - BRoe,  BUEl 0T B B e e 2
111. 5% 110. 1% 75.|0'60. 3% 884800 8640 HEE*1 771369 1188, 048768, 57. 0% 89. 4%
95.0% HSF-2 73. 3%-ANR8. 9% GB.08Y6 623.80p 1201.8% 7429 HSFeM 77914% 104. 3%
82. 1% 57. 3% 119. %G1 4% T&Ba| 106G, gob 10¢5 3% 757 90h 6%008h 1025540 64. 5%
NFAT3 84.7% 94. 2% O £-6% 55 4%£06-0%61160, 0% —N-KB B 194.95-090.99. 7% 57. 6%
94. 9% 54. 6%

E2F 107.6% 96.9% 56.7% 122.4% 92.3% 98.4%

ER 115.7% 78.6% 54.5% 136.9% 97.0% 98.8%

GR- 108.1% 103.2% 48.6% 148.7% 93.7% 103.0%

HSF-1 115.7% 82.6% 54.7% 114.0% 93.2% 114.6%

HSF-2 101.9% 86.8% 64.3% 123.2% 96.5% 93.6%

HSF-4 98.5% 81.3% 66.7% 141.7% 103.6% 108.0%

1kBa 96.6% 61.1% 56.0% 154.0% 101.0% 101.8%

NFAT3 97.6% 143.1% 543%| - 160.8% 101.0% 93.7%

NFkB 85.1% 82.8% 38.2% 129.2% 113.9% 102.2%

RARA 114.0% 104.8% 35.0% 194.0% 104.7% 91.4%

RARB1 90.7% 70.1% 32.6% 142.4% 109.9% 87.4%

RARB2 101.3% 61.5% 72.0% 129.3% 111.0% 89.3%

RARG 90.9% 16.4% 69.2% 127.9% 107.2% 94.7%

Rb 108.6% 71.9% 45.4% 145.7% 101.0% 85.0%

SRF 17.1% 77.1% 53.8% 127.7% "106.3% 86.6%

STAT1a 65.9% 56.7% 86.4% 134.6% 110.1% 89.6%

STAT1b 100.9% 64.6% 70.2% 166.6% 100.2% 86.8%

STAT2 79.1% 40.6% 42.8% 163.0% 97.8% 89.9%

STAT3 167.3% 51.3% 54.4% 132.0% 96.6% 94.0%

TR 67.6% 61.1% 51.8% 134.0% 94.6% 90.9%

p53 94.0% 85.7% 53.1% 170.0% 81.8% 89.3%

Anti-GFP




RARA 77.3% 108. 5% 104. 2% 56. 9% 100. 8% 62. 5% RARB1 68. 6% 96. 4% 75. 6% 45. 3%
91. 3% 60. 8% RARB2 112. 6% 89. 3% 70. 7% 48. 0% 99. 0% 87. 9% RARG 76. 8% 94. 3%
91. 9% 96. 2% 104. 2% 84. 4% Rb 84. 7% 100. 5% 91. 6% 102. 3% 149. 8% 131. 6% SRF
63. 1% 102. 6% 89. 4% 119. 5% 174. 7% 63. 298% STAT1 a 79. 9% 97. 8% 77. 7% 122. 0%
162.6% 93. 7% STATL b 72, 1% 93. 9% 66. 9% 116. 4% 187, 8% 47. 3% STAT2 77. 6%
89. 5% 69. 2% 140. 5% 161. 2% 83. 7% STAT3 89. 2% 119. 3% 82. 9% 105. 1% 118. 2%
50.2% TR 62. 8% 92. 3% 90. 4% 87. 2% 89. 0% 87, 9% p53 66. 1% 95. 2% 63. 6% 69. 1%
92.8% 86. 1% Anti-G-P 140 TABLE 6-3 Hep& cells (continued) Hep& RARE Rb
STAT3 SRE THE P53 Actin Scranble 100.0% 100. 0% 100. 0% 100. 0% 100. 0% 100. 0%
100. 0% c- Myc 96. 9% 110. 4% BBLE06 96 F3061 032 5% 83070874 - Fos 66. 8%
525. 5% 80. 2% 88. 4% 127. 0% 503. 7% 81. 3% c-Jun 59. 1% 516. 4% 81. 6% 74. 4%

98. 6% 228. 0% 108.[1phcCREBRAG. 1Ph%B6. G1REDS. bRS3. 3pkBa. 19miky. 9% 132. 2%
57 096 86. 706 102, AU BB sy Ao 10513 WL BT L BRI 00003 0o,
HSF- 1 59. 5% 376. 9%M36. 0% 42.79% 1994 200 B9*8% 98100 FEE-2 79%.58% 320. 1%
174. 8% 48. 6% 183.[5%d%4. 9% 33020 0SF-|4 47%.3%% 196.90% 1200%3% 494.89% 233. 3%
5" 69% 195, 8% 136, |60 B3, 1 36 Pab| GBI 03 o8 | 1o S n L a0 130 06 110 9%
44. 4% 143. 3% 129. 4%FB3. 500 RARA 66580 24889 108006 68! Bop 11945 89. 1%
73.1% RARBL 71.6%2273. 6% 5/2.17% 3@8.40p 120.08% 136286 20268%0% 91.9%

ER 76.8% 106.7% 97.4% 66.2% 96.1% 62.3%

GR 111.5% 110.1% 75.0% 60.3% 89.8% 86.6%

HSF-1 71.0% 118.5% 94.8% 57.0% 89.4% 95.0%

HSF-2 73.3% 108.9% 68.3% 62.0% 120.0% 77.2%

HSF-4 77.4% 104.3% 82.1% 57.3% 118.6% 67.4%

IkBa 106.2% 102.3% 76.0% 61.9% 102.1% 64.5%

NFAT3 84.7% 94.2% 97.0% 55.4% 100.0% 109.9%

NFkB 89.1% 95.0% 99.7% 57.6% 94.9% 54.6%

RARA 77.3% 108.5% 104.2% 56.9% 100.8% 62.5%

RARB1 68.6% 96.4% 75.6% 45.3% 91.3% 60.8%

RARB2 112.6% 89.3% 70.7% 48.0% 99.0% 87.9%

RARG 76.8% 94.3% 91.9% 96.2% 104.2% 84.4%

Rb 84.7% 100.5% 91.6% 102.3% 149.8% 131.6%

SRF 63.1% 102.6% 89.4% 119.5% 174.7% 63.2%

STAT1a 79.9% 97.8% 71.7% 122.0% 162.6% 93.7%

STATI1b 72.1% 93.9% 66.9% 116.4% 187.8% 47.3%

STAT2 77.6% 89.5% 69.2% 140.5% 161.2% 83.7%

STAT3 89.2% 119.3% 82.9% 105.1% 118.2% 50.2%

TR 62.8% 92.3% 90.4% 87.2% 89.0% 87.9%

p53 66.1% 95.2% 63.6% 69.1% 92.8% 86.1%

Anti~GFP




RARB2 50. 0% 137, 0% 69. 0% 55. 8% 142. 7% 74. 2% 149. 0% RARG 107. 9% 258. 3%

53. 0% 83. 2% 103. 5% 132. 3% 94. 5% Rb 80. 3% 395. 2% 92. 4% 70. 0% 98. 8% 649. 6%
127.7% SRF 79. 4% 220. 9% 63. 2% 55. 1% 128. 0% 126. 2% 66. 3% STAT1 a 72. 3%
136. 5% 39. 0% 45. 8% 108. 7% 173. 3% 100. 24 STAT1b 71.6% 150. 9% 40. 8% 38. 1%
111. 2% 156. 6% 363. 0% STAT2 59. 6% 104. 2% 68. 3% 39. 8% 90. 6% 116. 5% 82. 3%
STAT3 120. 4% 144. 1% 63. 6% 32. 6% 106. 9% 86. 6% 143. 9% TR 81. 7% 113. 6% 53. 6%
26. 5% 86. 8% 94. 3% 199. 6% p53 99. 2% 181. 7% 52. 2% 33. 2% 294. 4% 26. 5% 191. 9%
Anti-GFP 45. 7% 141 Nornmalized matrix of the network of Hep& cells are

provided as follows: TABLE 6-4 1 ~i .-0.- 1 5.1 1000 10 -O.-0001 CO
0aTi1-1- -1 -1 1 wJ 0.-00DBRLE GO3-gasB0cells Qcontinugd)| | | | | | | | | |
1122121210 i 1 1 v) CO0000 O----0OO0L 2121 OT .- .-1 | .- .-1 .-1 10
€dO.- 000 TfoWl RIRE IIRIIIIAIARODREI LI 1RO [peg Y I I D 1 0 1 - |
0011101 1o o o8 ohah o0k o PUSOR00R oPPa80O0 600w 000

c-Mye 96.9%{ 110.4% 83.8% 96.3% 1 103.5% 81.7% 87.4%

c-Fos 66.8% | 525.5% 80.2% 884% | 1270%! 503.7% 81.3%

c—Jun 59.1% | 516.4% 81.6% 74.4% 98.6% | 228.0% 108.1%

CREB 46.1% | 686.6% | 105.6% 63.3% 82.1% | 107.9% 132.2%

E2F 59.7% | 296.1% | 187.0% 54.0% 89.3% | 317.2% 75.4%

ER - 67.4% 87.7% | 105.1% 57.8% 86.7% | 192.2% 60.8%

GR 51.4% | 169.1% | 133.8% 55.7% 85.4% | 142.9% 93.9%

HSF-1 595% | 376.9% | 136.0% 479% | 1198.2% 68.8% 50.0%

HSF-2 77.6% 1 320.1% | 174.8% 48.6% | 183.5% 54.9% 33.2%

HSF-4 47.7% | 195.9% | 120.3% 41.0% 1 233.3% 85.2% 54.1%

kBa 65.2% | 139.7% | 116.1% 39.7% 1 139.8% | 301.1% 48.6%

NFAT3 57.6% | 1955% | 136.6% 53.1% | 1208% | 310.6% 51.1%

NFkB 535% | 1388%| 119.9% 444% | 143.3% ] 129.4% 53.5%

RARA 60.9% | 246.0% | 105.4% 61.5% | 112.5% 89.1% 73.1%

RARB1 71.6% | 273.6% 57.7% 384% | 120.2%| 135.3% 202.0%

RARB2 50.0% | 137.0% 69.0% 55.8% | 142.7% 74.2% 149.0%

RARG 107.9% | 258.3% 53.0% 83.2% | 103.5% | 132.3% 94.5%

Rb 80.3% | 395.2% 92.4% 70.0% 98.8% | 649.6% 127.7%

SRF 79.4% 1 220.9% 63.2% 55.1% | 128.0% | 126.2% 66.3%

STAT1a 72.3% 1 136.5% 39.0% 458% | 108.7% | 173.3% 100.2%

STAT1b 71.6% | 150.9% 40.8% 38.1% 1 111.2% | 156.6% 363.0%

STAT2 59.6%! 104.2% 68.3% 39.8% 90.6% | 116.5% 82.3%

STAT3 120.4% | 144.1% 63.6% 326% 1 106.9% 86.6% 143.9%

TR 81.7% ) 113.6% 53.6% 26.5% 86.8% 94.3% 199.6%

ph3 99.2% | 181.7% 52.2% 33.2% | 294.4% 26.5% 191.9%

Anti-GFP 45.7%
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10 (Exanple 5: Mathematical analysis using set theory) Next, analysis
using set theory was produced based on data obtai ned using the techniques
described in 15 Exanples 2-4. Here, La cells and Hep& cell were used
for analysis. For HeLa and Hep& cell§ transcriptional factors SRE, TRE,
E2F, p53, Rb, Actin, NFAT, NFkB, STAT3, RARE, PMA, |SRA, HSE, Mc, AP1,
GAS, ERE, GRE and CRE were used. 20 (Mathematical analysis technique) A
mat hemat i cal anal ysis techni que used herein is shown in Figures 1 and 9.
Figure 1 shows a schematic diagran1of anal ysi s according to one enbodi ment

of the 25 present invention. AL Tar refer to full;lr%%al olggl orters whi ch
can be regarded as sets, refi ecf) hg FaRRLiSORE Bf "E M Bi ofjogl WiEft Pty such
as a cell. Perturbadidbn agents used are |ocated W|th| n set AL within set

B, within the intersection of set A and set B, outside of set A or set 30
B. i) shows a case where thez,[s S@g‘ﬁg} .prp p&;# Ar gaatnldop @Q@rﬂkﬁm f.or Jfupction A

(set A and function B (rset unction A are | ocated under

di fferent perturbdffdi® ﬁéélrﬂ“so'f Eiafhs‘ﬁd\ﬁsw% éag‘él’?/ﬂ‘?é‘rléytsi%?ée%ﬁeéi in
perturbation 143 aagenisyf of fametrsonghAsantt Basadehaldtrehed pérttupbat i on

agents to be incliuded nntiagf ungtianiByase Rneeit neddeded, j nﬂﬁllémce'k@n A In
ii) , function B ig R cated. d%\(y?str%z%rgeof function, A, case

where there are cofhon pertur I oricagent s, JSZet():1 ?n%gﬁglésrles) }J&I}]CIHJSG only in
function A and sorfBeaF% GeRcPERSF fOsRPY o7 FRMETT6ATRT IRNALi ¢ celfgnctions A
and B are | oééted wunder a common perturbation agent in parallel. iv) and

V) (Example 5: Mathematical analysis using set

theory)
Next, analysis using set theory was produced

based on data obtained using the techniques described in
15 Exampleé 2-4. Here, Hela cells and HepG2 cell were used for
analysis. For Hela and HepG2 cells, transcriptional
factors SRE, TRE, E2F, p53, Rb, Actin, NFAT, NFKB, STAT3,
RARE, PMA, ISRA, HSE, Myc, AP1l, GAS, ERE, GRE and CRE were
used.
20

(Mathematical analysis technique)

A mathematical analysis technique used herein
is shown in Figures 1 and 9. Figure 1 shows a schematic
diagram of analysis according to one embodiment of the

25 present invention. A and B refer to functional reporters,
which can be regarded as sets, reflecting functions of a
biological entity such as a cell. Perturbation agents used
are located within set A, within set B, within the
intersection of set A and set B, outside of set A or set

30 B. 1) shows a case where there are no perturbation agents
for function A (set A) and function B {set B). In 1),
function A and B are located under different perturbation

agents. 1i) shows a case where there are perturbation



show cases where three functions are involved. These can be explained in a
simlar manner as when two functions are 10 used. In principle, integration
of all conbination of two functions W‘% produce the gl obal network of al
functions. Figure 9 shows a schematic Tlow chart for an exenpl ary

enbodi mrent of the present invention. This flow chart can be conducted in a
conputer. 15 An assay was conducted using the reporters for the siRNA
under control conditions (cells, supplenent factors, culture conditions,
etc.). For the following analysis, conditions as described in Exanple 4

were used. 20 Thegmris kXr 4aeck {06 £alLH)| @kagm%e%e%mm%%en@t“ x of
functi onal report%r col unm represents

a colum and row cOr %%%%ﬁ%ﬁlj§8:MgﬁtE%Egq?F?%H%hﬁFgfd§ﬂé€tﬁ”§§l? e
actual |y used tradsfedt idn ArPelionsE shoWwrated demwgarecaRof Fugareonl 2. shows
HeLa array scannediiijmagess a(ch6elhtré ihérd aBgeImmonERaR uBbxtitnes k] i On was

printed as ip th%uk%\eﬁeageq%luég&s&lfﬁ?@u %ﬁ"énd&pnagfeayné]%eaer 30
ne a

was used for obtainin see per. . pa ry results are
summari zed in Fi g@radY %‘ t?o 1% w&gldéhoﬁ§FF P@Hsﬁﬁﬁﬁ'%ﬁéﬁ “ipafed only
to DNA 144 in thm@dﬁaﬁne@mmmmsertﬁﬂxmeomﬁaHBCHﬂpp¢nﬁlkéetow$ avet &) i nduced
when inducing agenrhswesesadead thexd ruhbeiatt hvétinvelivide shdAsanas

Cl aSSI fl ed S I nt Q)etag lg%_ﬁg.plz Iﬂ%llgg‘lf %nner% a‘[}]ge 3 ‘tw;)r% r§sg st%r(e:an be

expressed using a nmatri fects were an i'n ‘accordance with the
set theory u§f)ng éléﬁgne Iasp%lﬁm&;‘ﬁlqenlntegratlon o} all combination of two
functions will produce the global network of all functions.

Figure 9 shows a schematic flow chart for an exemplary
embodiment of the present invention. This flow chart can
be conducted in a computer.
15
An assay was conducted using the reporters for
the siRNA under control conditions (cells, supplement
factors, culture conditions, etc.). For the following
analysis, conditions as described in Example 4 were used.
20
The matrix used for calculation of a combination
matrix of functional reporters and siRNA shown in Figure 11,
Each column represents a column and row corresponding to
an Excel (trademark) sheet.
25
The actually used transfection array is shown
in Figure 12. Figure 12 shows Hela array scanned images
(16-bit tiff image). Each mixture sclution was printed as
in the lower panel. After seeding cells, an array scanner

30 was used for obtaining images (see upper panel).

Exemplary results are summarized in Figure §

and 7. It was demonstrated that when compared only to DNA



Figure 1. In this case, effect of siRNA on paraneters such as cellular
formation, neurite growh, gene expression, and 10 the |i ke were conpared.
The neasurenment can be conducted at any tine after a certain period of
time sufficient for observing the ef f'étt of interest. For exanple, in this
exanple, 1 hour and 6 hours were selected. 15 The results are shown in
Figures 6 and S. As shown in Figure 6, in HeLa cells, SRE is | ocated nost
downstream of the network. Above SRE, p53, E2F, Rb and THE are |ocated.
Actin is | ocated above E2F and Rb, and Rb has actin, NFAT and STAT3

t her eabove. NFkB |s upstr %%gggf $gg& oszh ngragg F%ﬁﬂ%dgq%&gngégfr%iggT?shas

AP1 and HSE t her eabove: cated upstream
| ocat ed nost upstP&HAdFPERe EEWRT IRISNTE HEesardf®ters used, and has GRE
RARE, APi and Myc thereunder. GAS and ERE have no related paraneter and

therefore are independent inekhe tmety&akltgéfaemlylms»& shawarieq Figure
8, in Hep& cells

strea he net. wor al yzed,
and has GRE, ISIﬁpgﬂghéﬁﬁgfﬁe?%ﬁﬁ ere  Rad” l %%ﬁ%f

t hereunder. Rb anexm@s&ﬂeuﬁb%taed\aaéw\hstﬂéawé#eqquweé%t?f%ﬁlyzvﬁeE}n p53,
NFAT and STAT3. SIAJ&:&&&CEOQ&MECEth%Sttff%ﬂyOfASlrS)QEchEﬁw%\ 4s dhogat edl

upstream of API, gﬂg hs | %C%%dcastgoséfw 9% kiR NFA%E’faﬂqequ%ueﬁe
| ocat ed dommstrean1 RARE. ERE ‘and gg no re at ed, garangter and

therefore |ndepeﬁaéﬁ%lPhaEﬁenﬁﬁfﬁﬁrweéﬁbV?ﬁﬁﬁ’ oS TEORT TR L OF
experiments, 1ef f echs bﬂwewﬁNA005p$eﬁiCREmf@ﬁaHeﬁa@aﬁdﬁ¥b§€2aeewp§eﬁere
anal yzed. The resudktsny aige H@wn Hycath oMperAod s cshowuttliecigrangeti pti onal

factors which had 5}@]@;@1 0lhe CLEARIS oBY 1118 AT AN QhnS1EMAY hAE s OFE,
t her ef ore suggest °t ese factors are l[ocated
example, 1 hour and 6 hours were selected.

15 "The results are shown in Figures 6 and 8. As
shown in Figure 6, in Hela cells, SRE is located most
downstream of the network. Above SRE, p53, E2F, Rb and TRE
are located. Actin is located above E2F and Rb, and Rb has
actin, NFAT and STAT3 thereabove. NFkB is upstream of NFAT,

20 and has RARE thereabove. STAT3 has APl and HSE thereabove.
APl is located upstream of PMA and ISRE. CRE is located most
upstream of the network of the parameters used, and has GRE,
RARE, APl and Myc thereunder. GAS and ERE have no related
parameter and therefore are independent in the network

25 analyzed.

As shown in Figure 8, in HepG2 cells, CRE is

located most upstream of the network analyzed, and has GRE,

ISIR and SRE thereunder. SRE has PMA, STAT3 and RARE

30 thereunder. Rb and E2F are located downstream of HSE, actin,
TRE, p53, NFAT and STAT3. STAT3 is located downstream of

SRE. PMA is located upstream of APl, which is located
upstream of HSE. NFkB and Myc are located downstream of RARE.



very close to the CRE in the network. 10 In conclusion, the present
invention in which a network of a biological entity such as a cell, can be
correctly analyzed by applying set theory. Set theory has never been used
to anal yze biol ogical functions, in 13*particular, a network thereof.
Therefore, it is a significant result to find that set theory can be used
for <correctly construct network rel ati onshi ps of paraneters of a

bi ol ogical entity. 20 (Exanple 6 : McroRNA) Next, nucleic acid nol ecul es
encoding m croRNA (m RNA) were used to produce cellular networks. As

m RNA, m RNA-23 was used. A protocol as used in the above-described
exanpl es was usedER55 3fcr& '€ £ ho @SR NG RREC ST 131 ot PE *H858s  (not
transl ated i nto protependenfhiehthgagetverdt ahalyred-n  nemat odes and t hen
revealed to be preserved widely in animals and plants. It has been

reported that m RNA is involy, C&ékéyQaEQ§Yg§¥§§9%ﬁgggeq@gcﬁggﬁgﬁgggiation

of nemat odes and plants. |t has been su t animals have a simlar

process. To date f?é(?%rf%?‘:émrr?ﬁf\lﬁ@p%fi%g%%éﬁr‘? BpOYEE.. 146 93 kawasaki ,
K. Taira, Nature 428, s888r8u2(2003)s.reporved that thre trmngetimfiomaRNA-23 is
the Hesl gene (Hasktbss ani@PEASSNiit8psEFFetdsasy fRCLQI AL G s iSMAPT eSS
the differentiatian of stemcells Lot neurans) o m R%"’sf»c o-%%rlesloocra%%gnt I n
the vicinity of the tFardslatron term nating codon for i's gene, and forns
i nconpl ete ~conpl éRékt &F3FDESetHRIFENY (FFFoPeE'SRiCh i nconpl et e
conpl enment ar yobase pairing is inmportant for the function
In conclusion, the present invention in which
a network of a biological entity such as a cell, can be
correctly analyzed by applying set theory. Set theory has
never been used to analyze biological functions, in
15 particular, a network thereof. Therefore, 1t is a
significant result to find that set theory can be used for
correctly construct network relationships of parameters of

a biological entity.

20 (Example 6 : MicroRNA)
Next, nucleic acid molecules encoding microRNA
(miRNA) were used to produce cellular networks. As miRNA,
miRNA~23 was used. A protocol as used in the

above-described examples was used.

25
MicroRNA is a non-coding RNA of 18 to 25 bases
(not translated into protein), which was first found in
nematodes and then revealed to be preserved widely in animals
and plants. It has been reported that miRNA is involved in
30 the development and differentiation of nematodes and plants.

It has been suggested that animals have a similar process.

To date 200 or more miRNAs have been reported.



of m RNA. Indeed, it has already been found that synthetic 10 m RNA-23,
which is introduced into NT2 human enbryonic tunor cells, can suppress the
expression of Hesl. This activity can be knocked out by using si RNA or the
| i ke. According to the above- descrlbed‘%rlnC|pIe 15 m RNA is produced. It
can be denonstrated that such a systemcan be used to analyze by set
theory in a simlar manner as .described above for m RNA. 20 (Exanple 7:

Bi ol ogi cal systemribozyne) Next, a ribozynme was used to produce cellul ar
networks. A ribozynme as described in 305 YAKUGAKU ZASSHI [ Journal of

Phamacol ogy] 123(5) 305-313}%2003; was hereln 2% used. § grotoc as
described in the above nentitoned"*'Beipr es fvas 088F’ R bozYites

di scovered by obsé&B9+8p 12A88) tdeporgrdupat tihet Forpedf of evifdRy At na @a@ al yzes
site specific QO_Hagga;\éalge @ bi ndiregréfact ¢ ansceipRNVG ehatsis whAchi bozyme
refers to RNA having, sUch.ap SOZYPBIJG.3GL I Lien EXATDLGS o O, JiibpZyES

i ncl ude hanmer head" halrpln r1bozynes, It can
be denonstratéd tRaR's Jé SYEEYH Cidh THE USEH 1Y AtalVze B et PReory in
a simlar nmanner asrmiesdngbeddaboyer f oris idrorynesd SofExampterd=tér ug

screening) Next, %oﬁ@@%@@lrb' bgaa_;rey bsiMsed {ore) scr eefichg llaccdxrpugteA cel I,
which is a nDdeI of sease such as a cancer _ce tgal cel.l and sten1

cell, is used forcggpggﬁ”‘ﬁryfﬁ*ﬁ BoMpotha®1 1 Brary %on “aiArng ot 706D

conpounds i s used of4guiRNA. Indeed, it has already been found that synthetlc
10 miRNA-23, which is introduced into NT2 human embryonic tumor
4 cells, can suppress the expression of Hesl. This activity

can be knocked out by using siRNA or the like.

According to the above-described principle,
15 miRNA is produced.

It can be demonstrated that such a system can
be used to analyze by set theory in a similar manner as

described above for miRNA.

20

(Example 7: Biological system-ribozyme)

Next, a ribozyme was used to produce cellular
networks. A ribozyme as described in 305 YAKUGAKU ZASSHI
[Journal of Phamacology] 123(5) 305-313 (2003) was herein

25 used. A protocol as described in the above mentioned
Examples was used.

Ribozymes were discovered by observing that the

group I intron of tetrahymena catalyzes site specific
30 cleavage and binding reactions of RNA chains. A ribozyme

refers to RNA having such an enzymatic activity. Examples
of ribozymes include hammerhead ribozymes, hairpin

ribozymes, and the like.



perturbation agents. Paraneters such as transcriptional factors,

regul atory genes, structural genes, cellular markers, cell surface

mar kers, cell shapes, organelle shapes, cell nobility, enzyne activities,
met abol i te 15 concentrations, and | ocdti zation of cellular conmponents are
sel ected. Exenplary paraneters are: cancer drugs, drugs for diabetes, and
the like. These paraneters are neasured in an appropriate 20 manner for
each paranmeter, and information collected thereon. Collected infornmation
is anal yzed based on set theory as described above. Analyzing the results
to allow elucidating 25 which conpounds are likely to be a |eading
candidate for the drug, thereby used for drug screening. Accordingly, the
present invention is useful Itfoanitdentndndtmgtad ndeel swrtug. sBGeftExampl e 9:

I dentification of ,bi QE& kel sha1 /e P §8€NtndoRY et i O igaNabandssed Lor
identification ofdbionqg ers. é&ﬁ%garK§g§ are generally 148 indicators for
quantifying or di gFtTZiTg Brological **IAf'6Ff mati on. Such bi omarkers incl ude
bl ood gl ucose>l evel as a biomarker for diabetes, adi ponectin, TNF-al pha,
PAI -1 and the like, which arexgmadual | prussedréeniclginic. 5 Digitization of

bi ol ogi cal information can Qe interpreled 110-80eci hiseatd@nsOfcetfifigct s of
perturbation agents on a cell, ang_c ara terﬁggfc ngtmoék sgny%tuge in a
variety of cells (FafcersSeoris"cel 89%t 3ht CérFa®and TARAGRETT 10 In
this regard, si RNAedan bemasecelds andartget celbr idrugedlifocoverssriand t he
identified shlRNA mayomsathdl 0fbragvebofiigngr UgR0 compounds is used as
perturbation agents. Parameters such as transcriptional
factors, regulatory genes, structural genes, cellular
markers, cell surface markers, cell shapes, organelle
shapes, cell mobility, enzyme activities, metabolite
15 concentrations, and localization of cellular components are
selected. Exemplary parameters are: cancer drugs, drugs
for diabetes, and the like.

These parameters are measured in an appropriate
20 manner for each parameter, and information collected
thereon. Collected information is analyzed based on set

theory as described above.

Analyzing the results to allow elucidating
25 which compounds are likely to be a leading candidate for

the drug, thereby used for drug screening.

Accordingly, the present invention 1s useful
for identifying a novel drug.
30
(Example 9: Identification of biomarkers)
The present invention c¢an be used for

identification of biomarkers. Biomarkers are generally



Therefore, the present Exanple uses a variety 15 of biomarkers as
functional reporters of perturbation agents such as siRNA and the I|ike.
Specific functional reporters identified in the present Exanple may be
used as biomarkers for the specific ¢8| of interest. 20 (Exanpl e 10:

Anal ysis of adverse effect and diagnosis of cellular functions) The
present invention may al so be used for analyzing an adverse effect of'a
drug, and/or diagnosing a cell or other biological entity including

di agnosi s of 25 infectious di seases. The present invention can al so be used
for analyzing cellul ar pathways. In this exanple, changes in _network
structures by perbdtrBEtFdn %éénﬁ§m§Péy§89téH'iﬁl%ﬂﬁéﬁgﬁodnfgfﬁéfa{o 30
provi de an eval uathdermsttandar utbrbigingtkqmpuiishlung hovemhlolanesabave hal

cell's. Further, bysobbabit @ rnesMerdbetshl UClivpRScGharaat-anpgingaa-cel | ul ar
function, a nethod_ f‘j@vaif%gingh%jpeglglagagﬁgﬁ%iogE&gnipecggg cted. 149
For exanpl e, when adm nistering a drug fq d vari ety of nornmal cells froma
vari ety of organsPigbmFariag OékW?QQQlHBFﬁﬁﬁbﬁ@?Vﬁ¥kC§?Fﬁb%%ﬁ%§aﬁﬁF?ﬂout

adm ni stering thetospdeuff)caalibows eg¥atuadf oaroirteftfiectgentcdudicagladver se

effects of the drugyQn.2.0i0!00icacteblk ¥ - SHENASh B G8H ety FHILIEE,
net wor k dat abase i ncl udin

g catalo of networ structure i nformation of
known dat abases sd&ﬁn%?”kE@ﬁfm%%éngfhéﬁﬁgt% saaﬁd&Fhél?Fké, can be used
for 10 characterizing cellular functions. Mapping of perturbation agents
having effects on cellular finehionsgaea, airAp careakedsdy athe watabase
al I ow anal ysi s OffB?Rﬂ%ﬁ&di%&ﬁkﬁ%E%&k?kﬂ&jﬁ%kkykﬁ&iEQH@AM%QSuaéﬁféﬁxaﬁp|e

11: Biological evaluation o
developing drugs.

Therefore, the present Example uses a variety

15 of biomarkers as functional reporters of perturbation
agents such as siRNA and the like. Specific functional
reporters identified in the present Example may be used as

biomarkers for the specific cell of interest.

20 (Example 10: Analysis of adverse effect and
diagnosis of cellular functions)

The present invention may also be used for

analyzing an adverse effect of a drug, and/or diagnosing

a cell or other bioclogical entity including diagnosis of

25 infectious diseases. The present invention can also be used

for analyzing cellular pathways.

In this example, changes in network structures

by perturbation agents are sorted in a catalog format to

30 provide an evaluation standard for distinguishing normal
and abnormal cells. Further, by obtaining network
structures characterizing a cellular function, a method of

evaluating a cellular function can be conducted.



conpounds) Perturbation agents are not only those having a single target,
but al so those having a nunber of targets, and therefore conpounds used in
drug screening and/ or si RNAs 20 can be conbi ned for eval uating bi ol ogi cal
effects. Wien- using these conpounds dtt/or siRNAs, it shoul d be considered
that these agents have a plurality of targets and therefor have effects on
a plurality of functions constituting a network. Effects on such a network
structure obtained by 25 the present exanple, are also useful for analyzing
effects of compounds on a biological entity. (Exanple 12: Rational
Approach to analyze functional roles of tyrosine kinases in
neuritegenesis) 30 In the present exanple, human neurobl astoma, SHSY5Y was
used for observing the difféteneratplon tbeneaudromisktekncel Igubasedaon the

i nformation obtai R}@Qlétryoms tRenielhod; fQBmtah\%rQreQ§fot obMENtiMparih® In the
presence of ret|n0|g?g£| Sk ;%Imgwor%ﬁﬁfhggx §%§Uﬁﬁq#lﬁﬁﬁgc%%¥ltr sferase

and extend the nelri "Her &6 ence o s express

tyeorin 5 hy#roxykase ahﬁp%&téﬁﬁhﬁﬁéoﬁeeflﬁéfFﬁ%ﬁeéPCIW%%Weﬁ5W€rS?erS|ne
ki nases play an i mpostanbs 1l eras oa yaliveodivalhensignahémgspatceway f or

cel lular events. F%Quk& t %%twsﬁ%aﬁéggpl&m&né scasctaq%@someccmowr osi ne
ki nase anongst a e nunbe r osSi ne égPase

g % LS respo sib %Eggr
chol i ne acetyltraﬁ§ %?%?@Srnaﬁﬁ?ﬁ om0 GUIHB RS ERE ag e BT 6587 on and
neurite extentionsievehing 45t¢Bypgertmbnttak) likeat esdal Peandset Fods)

10 characterizing cellular functions. Mapping of
perturbation agents having effects on cellular functions
on a map created by the database allow analysis of pathway

characterizing cellular functions.

15 {Example 11: Biological evaluation of
compounds)

Perturbation agents are not only those having

a single target, but also those having a number of targets,

and therefore compounds used in drug screening and/or siRNAs

20 can be combined for evaluating biological effects. When

using these compounds and/or siRNAs, it should be considered

that these agents have a plurality of targets and therefor

have effects on a plurality of functions constituting a

network. Effects on such a network structure obtained by

25 the present example, are also useful for analyzing effects

of compounds on a biological entity.

(Example 12: Rational Approach to analyze
functional roles of tyrosine kinases in neuritegenesis)
30 In the present example, human neuroblastoma,
SHSYS5Y was used for observing the differentiation to neuron
like cells based on the information obtained from the method

of the present invention.



Cell used: SH SY5Y (available from ATCC No: CRL-2266) Reagents used: 20
Retinoic acid (all-trans available from Sigma-Aldrich, Prod. No. R 2625)
NG~ (avail able from Sigma 2.5S #N- 6009) Eagle's m ni mum essential medi um
foetal bovine serum glutanine, and g&hicillin/streptomycin were purchased
from 25 BioWwittaker, Walkersville, MD. (Cell culture) Cell culture Human
neur obl ast oma (SHSY5Y) cells were maintained in 30 Eagle's m ninum
essential nedium (EMEM supplenented with 10% (v/v) foetal bovine serum
(FBS) , 2% (v/v) glutamne and 1% (v/v) penicillin/streptomycin (10%

medi um}, hereafter referred to as growh nedium Cells were incubated at
37C 151 in a humdified atnosphere of 5% carbon di oxi de. '
(Differentiation) Differentilationphaseieent perioriedcadcOREY Mg cedls 5 Yanada

Y]-c etGFal ) geur OS%&(pJ‘f@gst chgpl% é&&y&‘tmag@tﬂeﬁa@a éra]dlei%nd Bré Qfdu)bit@l@o ng/ m
of NGF or 10 ug of_retinoi cid was a tq.the t.ur j
differentiate t hetg?—@fgs' c%i ?ge PrERTATT 9?%%(9%}1%?%1%%%%5%%%?}53%%%%, the
cel | differehtiabsdrentlgsehand gerghe HeurenitickEPe®dt-as 10 exenplified in
Figure 13. When NGF is added, the cell differentiates into dopam nergic

neuron-like cells as exenplified,id Eigu §l8indH-apsiLGhi Ofdrtahear ray)
15 Transfection mcr oarra% experinents ing.to t he

Liedt s ere  periorned. ancord
Exanpl es descri bed°h@P8inGHove:” ont EHilg P PRGRY HAs Y “Gliaht it Carron of
neurite outgrowh inhibition by the si RNAs targeted tyrosine
10 In the present Example, it is studies which
tyrosine kinase amongst a huge number of tyrosine kinases
is responsible for choline acetyltransferase induction,

tyrosine hydroxylase expression and neurite extention

events. ,
15
(Experimental)
(Materials and Methods)
Cell used: SH-SY5Y (available from ATCC No: CRL-2266)
Reagents used:
20 Retinoic acid (all-trans available from
Sigma-Aldrich, Prod. No. R 2625)
NGF (available from Sigma 2.5S #N-6009)
Eagle's1ninimun1essentialInedium, foetal bovine serum,
glutamine, and penicillin/streptomycin were purchased from
25 BioWhittaker, Walkersville, MD.
(Cell culture)
Cell culture
Human neuroblastoma (SHSY5Y) cells were maintained in
30 Eagle's minimum essential medium (EMEM) supplemented with

10% (v/v) foetal bovine serum (FBS), 2% (v/v) glutamine and
1% (v/v) penicillin/streptomycin (10% medium), hereafter

referred to as growth medium. Cells were incubated at 37°C



20 kinases) In order to anal yze various types of kinases, siRNA specific
to the tyrosine kinases have been used. siRNA were prepared according to

t he Exanpl es descri bed hereinabove. 25 Neurite grow h was neasured by
means of i nage-based quantification f?équency of neurite outgrowh
according to Neurosci Lett. 2005 Apr 11;378(1):40-3. Epub 2005 Jan 7. In
Brief, the protocols are as follows. 30 Rat pheochronocytoma (PCl2) cells
(Tischler, A. S., and L. A Geene. 1975. Nerve growth factor-induced
process formation by cultured rat pheochronocytoma cells. 152 Nature
(Lond.). 258: 341-342.) were grown in nonolayer culture.in DVME with 4.5
g/l gl ucose suppléﬁeﬁﬂéﬁ”ﬁ?? g ﬁoﬂghrpiﬁﬁc'?fﬁfganh °&&98erum 5% newbor n
calf serum glutamne (2 MV, and penicillin/streptonmycin (100 Um) 5 and
were carrried for no nomerebadhtli@epapsages. PCl2 cells were "prinmed" with
NG as described (Greene, L.pheel@fifiacify QUaRLLE3LLYE DoAY hoE T Ve

growm h factor (NG- activity e oyl ng a ona eochr.onocyt o ce
line. Brain Res. Y#B3da I5Rt385-. Fewaiel fetta 2009 Sy 2fiP8fét il land 10 M M
Bl ack. 1982. The mBolefbf, 1¢@nscmi pfiNgi-dependerftretpnpit agid manexidedgr owt h

factor pronoted neuridhg QULGHAMILdiuReV: £ Bl Qnt198e 38R 33MJvsvFale19kuUdi es on
process outgromﬁhUsuggf-prlqE% PC1gi§eIIs wer.e Qassggggjanq:nechaghcally

di vested of their neurTtt'es by trf?uralfbnefﬁgoug a nartrow f§ bor €~ 9-i nch

past eur pipet. AfCefieHiliages hridéot | thed iPATIHE oweHE PRt el s 2fer e
resuspended ab a eeBephifiaid an Foduk033cel HisdnTINGEN igr edtidd medhieumenilt h or
wi thout 50 ng/m differentiates into dopaminergic neuron-like cells as

exemplified in Figure 13.

(Transfection microarray)
15 Transfection microarray experiments were

performed according to the Examples described hereinabove.

{On-chip image-based quantification of neurite
outgrowth inhibition by the siRNAs targeted tyrosine
20 kinases)
In order to analyze various types of kinases,
SiRNA specific to the tyrosine kinases have been used.

SiRNA were prepared according to the Examples described

hereinabove.
25
Neurite growth was measured by means of
image~based quantification frequency of neurite outgrowth
according to Neurosci Lett. 2005 Apr 11;378(1):40-3. Epub
2005 Jan 7. 1In Brief, the protocols are as follows.
30

Rat pheochromocytoma (PC12) cells (Tischler, A.
S., and L. A. Greene. 1975. Nerve growth factor-induced

process formation by cultured rat pheochromocytoma cells.



NGF, and 100 ul of this cell suspension were added per welt (0.28 cn®
surface area). 20 Fixation and staining with fluorescein |abeled antibody
to neurofilanment 100 protein or DMLA an i body to tubulin (4 hr) have been
conducted. | nage acquisition using | N°Cel | Anal yzer 1000 (Amer sham

Bi oscicences) ; 3 mn / plate 25 was conducted. (Acquisition) |Inmages were
acquired at 1392 x 1040 pixels, 12 bit precision, 400 nsec exposure. Total
acquisition tinme 30 (nove/focus/acquire) was about 3 min for an entire 96
well plate. Both epifluorescence (4X and | OX objectives) and DIC (10X

optics were used. 153 a ing) skill ed technicians traced
neurites and celpabﬁﬁiegﬂﬁ L 'D%%FEE??@ ﬂﬁﬁﬁegéﬁﬁTy§?§“§5$?M8fe. A

m ni mum | engt h parcametes lWa@WFc@Prb]i’ rfed of 1 lgluretmisuBp ese gt Okt 0%

di stingui sh neuri thestfirRothesd Shetket UaSnm, (Autoimbed SGOEI nGlulhe

machi ne was gi Vengﬁ‘u%&ln%f ?CI%M' ”Qndpﬁern%?}f{é/s(t@‘e t&?r{)@ ﬁ”?’uf@%’ M neurite

width, mninmum 10 neurite con |t|on) defi ned
prior to the énal?§P§mr?H€”ﬁ§é§ﬁF@ﬁéﬁi§O?%&G??é8IFEFaE BFeti&rith ?tlon
process took aboutveam ‘heumetld wiithaNar ay Resutitg)l 16rddve resudts.9dfe shown

in Figure 14. Figyr %ulsﬂtl@m% %@99 ffarotraelrvee@&b&,@nlﬁagao&/ n@crhucl eus

vs. tyrosine kinas et ed si p re u tiqna
approach to analyze%%%e Fanet Ponal 9 rolgrsl‘ﬂ(;fp(-%1 fommﬁgﬁéakéngSes "Fh

neurltegene5|s) Brain Res. 133 350-353; Greene,IJ A., D. E. Burstein, and
10 M. M. Black. 1982. The role of transcrlptlon—dependent
priming in nerve growth factor promoted neurite cutgrowth.
Dev. Biol. 91:305-316). For studies on process outgrowth,
NGF~primed PCl2 cells were passaged and mechanically
divested of their neurites by trituration through a narrow
15 bore 9-inch pasteur pipet. After washing three times in
growth medium, cells were resuspended at a concentration
of 10° cells/ml in growth medium with or without 50 ng/ml
NGF, and 100 ul of this cell suspension were added per welt
(0.28 cm® surface area).
20
Fixation and staining with fluorescein labeled
antibody to neurofilament 100 protein or DMI1A antibody to
tubulin (4 hr) have been conducted. Image acquisition using
IN Cell Analyzer 1000 (Amersham Bioscicences); 3min / plate
25 was conducted.

(Acquisition)
Images were acquired at 1392 x 1040 pixels, 12
bit precision, 400 msec exposure. Total acquisition time
30 (move/focus/acquire) was about 3 min for an entire 96 well
plate. Both epifluorescence (4X and 10X objectives) and DIC

{10X) optics were used.



Overview of the rational approach to analyze the functional roles of
tyrosine kinases in neuritegenesis is shown in Figure 15. As in Figure 15A
(upper left) , the set in which siRNAs inhibited neurite extension in the
presence 25 of retinoic acid (RA; heréfhafter the RA set), and the set in
whi ch siRNAs inhibited neurite extension in the presence of NGF
(hereinafter the NGF set) are separately (independently) present, then the
two pat hways triggered by choline acetyltransferase (differentiation into
30 cholinergic neuron-like cell) and by tyrosi ne hydroxyl ase
(differentiation into dopam nergic neuron-like cell) are independent.
Chol i nergi ¢ neuron-1|ikdMeg¥dls SpeF&™9) dentified by using anti-choline
acetyltransferase 154 anti body skahtedopabhbetgisc tmegednrdikieecebhhd were

identified by using;antdaiby¥r@sindembysie aothkaseaat LRody:s Beth0k Which are
avai | abl e from C ont ech. 3 |f the RA set and the QFF set hgye overiapplng
members, then the™pRtAhy P ht SPPEEEY t §%6e S¥VERSAN I'h " Fi'garat 15B. As
shown, RA sighal &NMAlNCROog| ghalshirguisht egprated GrePoC e SAFCyaEhway i nt o
the neurite direction. 10 If the NG- set is enconpassed by the RA set as
shown in Figure 15C then.the Rakhyay,d,s interpreted such that the NG
signaling (tyrosine hydrophosphate) 1s |ocated wupstreamof the RA

signal i ng (choline acetyltransf ePaSE® attf edertuall y°Fesift SS9% R8urite

growth. 15 |If therRAas@terss (magompassed rayinke NEEiset wadth.showdmin Fi gure

15D, then theopat heayits1édydr pfhat 1SUGhe delalontihei B  sd@gnaleunrgibehol i ne

acetyl transferase) iSUKiogg%%%i PStf%Q”%&Lnﬁgﬁe#E? ?Egﬁﬁk&ﬁgfé}yEﬂéine 20
d ﬁy 5 te grow h.

hydr ophosphat e) and event ua resul'ts 1 n neuri .
predefinition’process took about an hdur to obtain.

(Results)
15 The results are shown in Figure 14. Figure 14
shows graphs of total neurite length/no. nucleus vs.

tyrosine kinase targeted siRNA (85 types were used).

{(Rational approach to analyze the functional roles of
20 tyrosine kinases in neuritegenesis)

Overview of the rational approach to analyze the
functional roles of tyrosine kinases in neuritegenesis is
shown in Figure 15. As in Figure 15A (upper left), the set
in which siRNAs inhibited neurite extension in the presence

25 of retinoic acid (RA; hereinafter the RA set), and the set
in which siRNAs inhibited neurite extension in the presence
of NGF (hereinafter the NGF set) are separately
(independently) present, then the two pathways triggered
by choline acetyltransferase {differentiation into

30 cholinergic neuron-like cell) and by tyrosine hydroxylase
(differentiation into dopaminergic neuron-like cell) are
independent. Cholinergic neuron-like cells were

identified Dby using anti-choline acetyltransferase



By conducting above-nentioned anal ysis, we have elucidated a nunber of

ki nases by rational relation from the conprehensive data of the cell-based
si RNA assay 25 (Figure 16) . Figure 1q5§homs t hat si RNAs agai nst FGFR1,
FGFR2 and KDR inhibited neurite extension in the presence of RA but not
in the presence of NG-. EPHB1, EPHB2, EPHB3, NTRK2, PDGFRA, and | NSR
inhibited neurite extension in the presence of NG- but not in the presence
of RA. Furthernore, 30 si RNAs agai nst EGFR, EPHA2, EPHA2, KIT and RET
inhibited neurite extension in the present of both RA and NG-. (Knockdown

of RTK proteins) 155. In order, tq further, anal t unct,i.Qns tyrosi ne
ki nases, we furth@Pég%ﬁgﬁctggdkngg%ﬁgﬁﬁrgaipe?%ﬁﬁﬁt2§ﬁ£iRﬁﬂégvargg%y of

si RNA agai nst tyrd8pnelfiednhEessing RRAL Sty NEeRY YT 1382 ot tith§ o t he
protocols 5 as deserhbed wheeri nabavei niblaccosdialgntecit-he common gener al
know edge of the art. Figure 17 shows the results of EG-R-si RNA,
EPHA2- si RNA, EPHA3- si RNA, #Qég-ﬁiRNA, Klg'%i A #%qg-siRNéf RET- si RNA and
#006-si RNA. The entire nuclBoflud saduéRees of CEGER, "EPHASS  EHAA3Y #075,
10 KIT, #054, RETmande#D06her dhshpvihvin itshénSegrenee 19 8¢ iafg3noSED | D NOs:
78, 80, 82, 84, 8Gig88: BB.anthH2sndwaspeaat i @) .andTherentiighel agirso aci d

sequences of EGFR, EP P #0758, : RET -and #006 ;are shown
in the Sequence Lfggf gs.gﬁiiﬁﬁ%qﬁ§%§%58i$g?y§§?§§§? 85? 87, 89,191 and 93,

respectively) 15 Neurite extension in the presence of the specific
ligands of the receptor tyrosfneekidfases iwasnaimesseXdyi Hed RARBS: wist hout
speci fic agents wasouseth @8sg@r£ABEl Ohen Rie FRBEnwNGRs EpturpteB2a BBNF, PDGF,

IeQ er“: In g’d VEG-, FG?:Jﬂ’a tchn eFI\ngzé i g%gf i ngS %yr@imei &%op%ﬁn aac@q ;Meﬂé éaLEreidn were
- upstream of the RA signaling (choline acetyltransferase)

and eventually results in neurite growth.
15
If the RA set is encompassed by the NGF set as
shown in Figure 15D, then the pathway is interpreted such
that the RA signaling {choline acetyltransferase) is
located upstream of the NGF signaling (tyrosine

20 hydrophosphate) and eventually results in neurite growth.

By conducting above-mentioned analysis, we have
elucidated a number of kinases by rational relation from
the comprehensive data of the cell-based siRNA assay

25 (Figure 16). Figure 16 shows that siRNAs against FGFRI1,
FGFR2 and KDR inhibited neurite extension in the presence
of RA, but not in the presence of NGF. EPHB1l, EPHB2, EPHB3,
NTRK2, PDGFRA, and INSR inhibited neurite extension in the
presence of NGF but not in the presence of RA. Furthermore,

30 siRNAs against EGFR, EPHA2, EPHA2, KIT and RET inhibited
neurite extension in the present of both RA and NGF.

{Knockdown of RTK proteins)



Figure 18 shows.neurite bearing cell percentages are showmn for each agent.
RA subset include KDR, FGFRI and FGFR2, which receptors correspond to

| i gands VEGF, FGFl and FGF2, respechgégly. NGF subset include EPHBI1,
EPHB2, EPHB3, 25 NTRK2, PDFGRA and | whi ch receptors correspond to

| i gands EphrinB2, EphrinB2, EphrinB2, BDNF, PDG- and insulin. The

i ntersection subset of RA and NG- subsets enconpasses EGFR, KI T, EPHA2,
EPHA3 and RET, which receptors correspond to |igands EG-, SCF, EpherinA3,
EPhri nA3 and 30 GFNF/hburturin. Next, the marker enzyme expression in the

presence of each |igand of the r cepto r osi ne, ki nase has 156 been
studied. First, expression of' § F 159 gﬂﬁé/}éﬁfhgﬁéeﬁze B CE‘]S\DIC g

bet a- actin (contrévyowhﬁfaﬁﬁrvzéﬂffovethéUfmFﬁand§“éé§%¥4be@“&%é?%ﬂ The
intensity of expressédimedks @achy|iganthidty sHowirabowea{vet wdabain&i gure

19, upper 5 panel i latid Iy ) Fi o1k ower
panels) . As sho ﬁlnﬁ%ﬂ?s %??%hgfi%%6§%§‘§§35QBOL§I%Lt£ hgé&Qm%% lgFGFZ,

whi ch indicates tﬁéﬁkFﬁéé%@qP@éﬁﬁ?baY%oréﬁﬁPFﬂé?%F8*jﬁﬁewgﬁ§gﬁﬁﬁr?§
strongly correl at édowiddueN@E, thEphrin BR2iguBBENE? PDGE tihesulesnlandoPehrin

A3, which indicat @aFRlé)thbxat t bese -k gands apeadopamianer gk¢rsIdirapmary, as
shown in Figure 2Q,. SQR%% qgﬁpagkﬁpn ﬁﬁAtQ§ r$%6@Q§kN£elaghgn and

bi ol ogi cal results, a vafletz Kilases are classified into subsets of 15
bi ol ogi cal si gni f eBhkER H4ded HﬁfFﬁ%“%%%ﬁtHédﬁﬁﬁanﬁ?%%$sEPB?&tﬁ@ Pr esent
i nvention. Specifixcal [#4054FGERLaand 0PCRR2 arevn ¢hassl fe@encatloisoness| ocat ed

upstream of RA si grabirRGosRatdvey, def o egé né@,@@@%h@@z EPHgéetlﬁPelj% EPHB3,
NTRK2, PDGFRA, aqg kﬂ%R ar%lcla35|f|ed |@gq) ? ? eqﬂ%agtw%qg120 of
NGF signaling pat Angy " EGER™MRP AR g CRET G LT asY|

KIT, #054, RET and #006 are shown in the Sequence Listings.
(SEQ ID NOs: 79, 81, 83, 85, 87, 89, 91 and 93, respectively)
15
Neurite extension in the presence of the
specific ligands of the receptor tyrosine kinases was also
examined. FBS without specific agents was used as a control.
RA-FBS, NGF, Ephrin B2, BDNF, PDGF, insulin, VEGF, FGF1,
20 FGF2, EGF, SCF, EphrinA3, GDNF and Neurturin were examined.
Figure 18 shows neurite bearing cell percentages are shown
for each agent. RA subset include KDR, FGFR1l and FGFRZ,
which receptors correspond to ligands VEGF, FGFl and FGF2,
respectively. NGF subset include EPHBl, EPHB2, EPHB3,
25 NTRK2, PDFGRA and INSR, which receptors correspond to
ligands EphrinB2, EphrinB2, EphrinB2, BDNF, PDGF and
insulin. The intersection subset of RA and NGF subsets
encompasses EGFR, KIT, EPHA2, EPHA3 and RET, which receptors
correspond to ligands EGF, SCF, EpherinA3, EPhrinA3 and
30 GFNF/Neurturin.

Next, the marker enzyme expression in the

presence of each ligand of the receptor tyrosine kinase has



into ones | ocated downstream of the pathways after integration before
proceeding to the neurite extension. Although certain preferred enbodi nents
have 25 been described herein, it is not intended that such enbodi nents
be construed as limtations on the scoﬁﬁ% of the invention except as set
forth in the appended clains. Various other nodifications and equival ents
will be apparent to and can be readily made by those skilled in the 30
art, after reading the description herein, without departing fromthe
scope and spirit of this invention. Al patents, published patent
applications and %ubl ications _cited herein are_incorparated l%y reference
as if set forth 189enfihUfyeter BERST1 RBRETHRITRD MPSPFeABIERTY BPABESF ding to
t he present invenbiyothaT,t TH sandpbssifalcein olcdeterhi mest e lyratdefwof thel | s by

_Obsef;/! ng a - sur FFLLE@EI:&QJ %ﬁe§g_ﬁiﬂednﬁ_ﬁb%. ofné aGi@nsitThar ekpréssibheor present
invention is applica . to di.agnpsi s, _.preventio .a n he
present inventi on 5F§"af §675 5Isi cs:§§ ré ?b??v%o‘?fq%% ??teﬁ'd$8P£$%%? U%gggeti Ccs,
agriculture, &nvi PERfENt-aknd engrhelingrrasdiehecyYikder1a5® 18 4T 1. A
met hod for anal yzipageasnet mordhogh, bRoliggkcabnglfyunctrairs ednw atIc 8EGE,

conprising the stepgi0hngArcSUbjRGLHNGNE: Calds tRaat theastiopesRNAkcagent;
B) obtaining information gon at

| east_two functional reporters in_said
cell, wherein the FanttTsHar ‘F}}eeﬁg?tseb}és? YF e ré’@?%é Pi'o ggﬁecarlﬁjﬁggfon and
are sel ected fromEphein §R oBPNEORRGEST iy loP apAdRBELT PBi SAAFL FattGss
regul atory genes,chatr tigdddr ab ggenesre ceddanliaerqiar.kers, cell surface

In summary, as shown in Figure 20, which shows

comparison of the rational relation and biological results,

a variety of kinases are classified into subsets of

15 biological significance based on the set theory analysis
of the present invention. Specifically, FGFR1 and FGFRZ are
classified into ones located upstream of RA signaling
pathway before integration. EPHBl, EPHB2, EPHB3, NTRK2Z,
PDGFRA, and INSR are classified into ones located upstream

20 of NGF signaling pathway. EGFR, KIT and RET are classified
into ones located downstream of the pathways after

integration before proceeding to the neurite extension.

Although certain preferred embodiments have

25 been described herein, 1t 1is not intended that such
embodiments be construed as limitations on the scope of the
invention except as set forth in the appended claims.
Various other modifications and equivalents will be
apparent to and can be readily made by those skilled in the

30 art, after reading the description herein, without
departing from the scope and spirit of this invention. All
patents, published patent applications and publications

cited herein are incorporated by reference as if set forth



mar kers, cell shapes, organelle shapes, cell nobility, enzyne activities,
nmet abol ite concentrations, and |ocalization of cellular conponents; and C
subj ecting the obtained information to.set theory processing to calculate
a relationship between the functional reporters to generate a network

rel ati onship of the biological functions; wherein said set theory
processi ng conprises: classifying two specific functional reporters of
said at |least two functional reporters into a relationship selected from
the group consisting of a) independent; b) inclusion; and c)

i ntersection, whe Hn ﬁhenAit is determned to be independent, the two
specific f unct i onaf Pbp%??%?s are determned to have no relationship in
the network; when it is determned to be inclusion, one of the two
specific functional reporters isnpuwaresm ard.itestietvncl uded in the ot her of
the two specific functional reporters and is |located downstream of the
other; when it is determned to be intersection, 159 the two specific
functional reporters are dEFEYHHINEd 10 HE IFEECEE BRI ¥am* Sorihched
from anot her commeesfildet tondet2rnThe thet ktdtaceforcdilhg o Esgirmilg avherei n
said RNAI  agent ceomiissesl @nsid 1RNAEapabbe abcspeaci fimrlleyoregutding a
function of said H&Ce%'tomlenﬂc%}?rits.eéppf’ic%?g feybod, ageordi g g*c&’or@' aim 1,

wherein said functional reporter 1S capa of transmftin measur-abl e
and treatment. The present invention is also applicable to

10 the fields of food, cosmetics, agriculture, environmental

engineering, and the like.



signal. 4. The nethod according to Caim1l, wherein the set theory
processing further conprises the step 6%% mapping the absence or presence
of a response by said RNAI agent per said functional reporter. 160 5. The
met hod according to Caiml1, wherein said RNAI agents are prepared with

t he nunbeglglﬂnfl cient for equal ly targeting an intracellular pathway. 6.
The net ho ding to daiml, wherein the information on at |east two
functional reporters is based on an effect of said RNAI agent after a
desired tinme. 7. The nmethod according to Claim1, whereln s ideffect 1is
classified intd t REFHIT o AF tﬁlnééy&rlélﬁfps & n Perterbf &° ]é%lmﬂld:%| ue:

positive effeet mstin@ effact zdhpand negal ivegffgct = -. 8. A nethod
for anal yzing a network of blologlcal unctions in a cell, conprising the

steps of: A) siébj ectijmgtarngeld aed lattd edstleorsd RINAI @@elntaQEB)t bt ai ni ng
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subj ectin obt ai ne ormation to's eory processing to ¢
rel at i onshigmezet weemucheraflungenesal rcepbdniers nargener ateehl netwwoikce
relatlonSMA%kers,b|O| %’Cshgggg?l(g¥§anelle shapes, c¢ell mobility,
enzyme activities, metabolite concentrations, and
localization of cellular components; and
C) subjecting the obtained information to set theory
processing to calculate a relationship between  the
functional reporters to generate a network relationship of
the biological functions;
wherein said set theory processing comprises:
classifying two specific functional reporters ot
said at least two functional <reporters into a
relationship selected from the group consisting of
a) independent;
b) inclusion; and
¢) intersection,
wherein when it 1is determined to be independent,
the two specific functional reporters are
determined to have no relationship in the
network; when it 18 determined to be inclusion,
one of the two specific functional reporters is
determined to be included in the other of the two
specific functional reporters and is located
downstream of the other;

when it 1s determined to be intersection,



wherein the information on at least two functional reporters is based on
an effect of said RNAI agent after a #He3ired tinme; wherein the set theory
processing conprises: a) classifying the information into three categories
by conparing the effect with a threshold value for the functional reporter
and classifying int he | I owi.ng. three gr : Sit] t =& no
effect= 0; and neggﬁ%Ve 5??ectgég?%kg§ de?%?ﬁ?%?%%Pif %%é?éﬁéf%f t &?
functional reportedethawe nedconmon HRNAIl cagenrtd, whenaitirdare cdmmmheayent
has the sanme type of effect, and if there is no such a common RNAI agent,
then the two functi AR ERTOY F e 43Mo functional reporters are

| ocated under different RNA agents and if there is such a commbon RNA
agent, then the following step ¢c) is conducted: c) determning if the RNA
agent set 2f.or Ghe hahbodorpofordiendg woof udtaionsl i s whemsliet ebgldndiNaded
into the RNAL agent .set for t t her ncti.on_of .the t functions, and
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downst r eam gfuridie oot ke sdfiunatiren imding-ddwe-tsgval ler set, and if this is
not the case, then the two functions are |ocated in parallel under the
same RNAI agents; d) determining if all conmbinations of the functional
reporters.are i-hyvest] , Lf IS JdS t C <o Lhen i e . t he
rel ati onsﬁ)i'ps oT?%f unllg%?%ﬁg tgcactoqlg?edgzntggl o%\g%llgNAi f’ef f g%%gre%télt V\gér%;l& and
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according to Caim8, wherein said three groups are classified into +1, O
and -1. signal.

4., The method according to Claim 1, wherein the set
theory processing further comprises the step of mapping the
absence or presence of a response by said RNALI agent per

salid functional reporter.



10. The method according to Claim9, wherein said steps of a) to c) are
cal cul ated by producing Mx N matrix, Wherein Mrefers to the nunber of
functional reporters and Nrefers to the nunber of RNAI agents. 11. The
met hod according to Caiml or 8, further conprising analyzing the
gener at ed _net k by conductin n _actu bi ol agi cal experi nent. .. The
met hod accor d;ﬂﬁé‘et orx?f%?gn ffc%]dgiﬁ@ nggai l%%mep?ldf Wgﬁgﬁy?i nsga%:%rrpRg[\lgA‘sles t he
use of a wegukation agespaspeciits the thendamnctipnicidnt THermeihed 1y
according to Claim12, wherein _the agent is an siRNA 14. The net hod
accor di ng teg9efrarm Brorng ramtdrieild s ad Widet-wor k conpri ses a signal
transduction pathway and a cellular pathway. 15. The nethod according to
Claiml1l or 8 wherein said network is used for a use selected fromthe
group comsi st iThg ofmédendi f iacatamahirgf atbi ondrkin, dnal yshsrefina tralg
target, analysis of a side effect, diagnosis of cellular function

anal ysi s o R Par pafhndy3Sevhrda iuélﬁtd‘fonzﬁbi%?%ﬁ%%lfs effedt®id a
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anal yzing a network of biological functions in a cell, conprising: A at
| east one RNAI agent for a cell; B) neans for obtaining information on at

| east two ., function orters ..n said . er f ti
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cel | : positive effec +; 1O ;
negative effect = -.
8. A method for analyzing a network of biological
functions in a cell, comprising the steps of:
a) subjecting a cell to at least one RNA1I agent;
B) obtaining information on at least two functional

reporters in said cell, wherein the functional reporters
reflect a biological function and are selected from the
group consisting of transcriptional factors, regulatory
genes, structural genes, <cellular markers, cell surface
markers, cell shapesg, organelle shapes, cell mobility,
enzyme activities, metabolite concentrations, and

localization of cellular components; and



mobility, enzyne activities, nmetabolite concentrations, and |ocalization
of cellular conponents; and C) neans féflsubjecting the obtained
information to set theory processing to calculate a relationship between
the functional reporters to generate a network relationship of the

bi ol ogi cal functions..wherein _said.theory. processi conprises: .classifying
two specific f&ﬁct?%‘?%%%%r@‘& %)?ta]sré%dd éfl%fjgg‘gfn“gf)\?\o UnEi ontg]‘eory
reportersprid@sainkel atbonstd poselest ed, freantheogrnip copstwéeéng afhd)

i ndependent; b) inclusion; and <c) intersection; wherein when it is
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deternjne%ioh% ave Q%hgﬁkgnships in the network; when it is determ ned
to be inclusion, one of the two specific functional reporters is

determ ned t ehlereiimcltlded iinfdrwetatdrer cof tde tlwmsspediwa ¢ Fumct ional

reporters and is Iocat&% do strean%%f theﬁg{her; when.it is determned to
be i nt er s&éEECITEThet T WP SSpetit P8 FdtéGo Fpor FBfS GPE deterhinedl t hat

to be | ocrl-8dGowisids,eam branched from another common function. 164 17.
The system according to Caim 16, wherein said RNAI agent conprises an
si RNA capabl e of spedicfhiedal Iyhe et dthianyy Pragras g ofori dsdnct i onal

reporter. 18. The s&gtenh§%%%ﬁ%ig%_to ghgin1%6 o¥Q§E§EH said__functional

reporter is capable of transmtting a neasura%Fe srgnal . 19-°The System

accor di ng da@ édaaiimsl 6hy Waek@lamris@i tthe effect with a threshold value
for the functional reporter and classifying into the
following three groups: positive effect = +; no effect= 0;
and negative effect = -;

b) determining 1f two out of the functional
reporters have a common RNA1I agent, wherein the common
agent has the same type of effect, and if there is no such
a common RNA1I agent, then the two functions corresponding
to the two functional reporters are located under different
RNAL agents and if there ig such a common RNA1 agent, then
the following step ¢) is conducted:

c) determining if the RNA1I agent set for one
function of the two functions is completely included into
the RNAi1i agent set for the other function of the two
functions, and 1if this i1is the case, then one function
having the bigger set is located downstream of the other
function having the smaller set, and if this 1is not the
case, then the two functions are located in parallel under
the same RNAi agents;

d) determining 1if all combinations of the
functional reporters are investigated, if this is the case,

" then integrate all the relationships of functions to a
present global RNA1 effects network, and if this is not the

case then repeat the steps a) to c).



functional reporter is selected fromthe group consisting of
transcriptional factors, structural geh®s, cellular markers, cell surface
mar kers cell shapes, organelle shapes, cell nobility, enzynme activities,
met abolite concentrations, and |localization of cellular components. 165
20. The system according to Claim 16, wherein the set theory processing
conprises the step of mapping the absence or presence of a response by
sai d RNAI cagentrhpermsehed faunetdcamal tep@iltgm 21. wHigesyst eatacadrtieng to
Claim 16, wherein said RNAi . are prepared with the nunber sufficient for
equal |y BAPYEEi RgSak lieftridddd 4 gdt-hWayp 2.1 -The system according to
Claim 18, wherein said neans for obtaining information conprises neans for
obtaining the information on at |east two functional reporters is based
on an effécdt. offhsaincktRMAl agemtdiaid ero aCtesnr ed wheeell3sallde syegtsemt

accordin o0 Caim 16, wherein said effec is classjified i.nto the .
P ot no T uts RTEErsear B e Mar ol Bt v e iR = 4
no effect® Gerand mneoatd VeuRbLLCHF =func24onA1syshemkol anal Wi érs

network of biological functions in a cell, conprising: A) at |east one
RNAI agenttof gihea negler B fglris daentebt ai ning i nformation on at | east two
166 functional reporters in said cell, wherein the functional reporters

reflect a biological function and are selected fromthe group consisting

of transcnilpti amal feeilosd, aceguiahorytcgenes,aicel | ul abrmarker sfucehdr

surface markers, = cell shapes, organelle shapes, cell nnbili&y, enzyne
comprising analyzing thé generated network by conducting  an

actual biological experiment.

12. The method according to Claim 11, wherein said step of
analyzing comprises the use of a regulation agent specific

to the function.

13. The method according to Claim 12, wherein the agent is

an siRNA.

14. The method according to Claim 1 or 8, wherein said
network comprises a signal transduction pathway and a

cellular pathway.

15. The method according to Claim 1 or 8, wherein said
network ig used for a use selected from the group
consisting of identification of a biomarker, analysis of a
drug target, analysigs of a sgide effect, diagnosis of a
cellular function, analysis of a cellular pathway,
evaluation of a biological effect of a compound, and

diagnosis of an infectious disease.



activities, netabolite concentrations, and |ocalization of «cellular
conponents; and C) neans for subjecting®the obtained information to set
theory processing to calculate a relationship between the functional
reporters to generate a netvvork relationship of the biological functions;

wherein t |nfor on_on t functi epart er, d on
an effect Hgf sai d%ﬁ ey f %?’glytz\é%gm :éed ??%”eor%eggl n ﬁh(g Sorﬁgcﬁa? for
subj ecti nguhkrel@bltsallmle@ derlflqr ratnipan dimgs:et theory processing conprises: a)
means for classi fy| ng the information into three categories by conparing

the effect with a3thr PRIl Pgentthd FufctGSnal reporter and

classifying intg trﬂéanémé@ﬁ’“ %ttamh%%g)grﬁ?i’@érm99§bﬁ' V& effreciezst:
effect= 0; and negative ef nmeans for determning if two out of

t he funct |f@1muazlt1qn@|dorrepcsrihave c@mmmlﬁmlelégemhemm eichet Herreommre RNA
agent has _the sane t¥§ﬁ%of ef fect
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common RNAI agent, then the following step c) is_ conducted: c) neans_ for
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set, and if this is not the case, then the two functions are located in
par al | ol RIS e Farid RS L Hgght e Tponents i and

C) means for subjecting the obtained information to
set theory processing to calculate a relationship between
the functional reporters to generate a network relationship
of the biological functions.

wherein said theory processing comprises:

classifying two specific functional reporters of
said at least two functional ©reporters into a
relationship selected from the group consisting of

a) independent;

b) inclusion; and

¢) intersection;

wherein when it is determined to be independent,
the two specific functional reporters are determined
to have no relationships in the network;

when it is determined to be inclusion, one of the
two specific functional reporters is determined to be
included in the other of the two specific functional
reporters and is located downstream of the other;

when it 1s determined to be intersection, the two
specific functional reporters are determined that to
be located downstream, branched from another common

function.



d) neans for determning if all conbinations of the functional reporters
are investigated, if this is the case,'®then integrate all the

rel ati onshi ps of functions to a present global RNA effects network, and
if this is not the case then repeat the steps conducted by the neans a) to
c). 25. The system according to Caim24, wherein said three groups are
classified into +1, 0 and -1. 26. The system according to C aim 24, wherein
sai d nmeans7.of Tae tey€jemr @m«ﬂiﬁgedtcby qiradduciag Mheddimat saxd Ruferein M
refers to the nunber of functional poriers and N ref rs to the nurrber of
RNAI  agenf§ensy Ceffﬁjerls%?s%e?ﬁla%%%y%h @pf‘B e 8 mePE Cart et Iyttt ating
conprisi ng meaRs fQr Analyz e dhe genenalrd-tigt work by  conducting an
actual biological experinment. 28. The system according to O aim27, wherein
said neans for anal yzing conprises a regulation agent specific to the
function. system according.to C.aim 8 V\/ne in the agent is, ;an

si RNA. 30 l?BThe St T Acor df‘ﬁﬁofgl’é?al m°16 or A, ; er elwr%leé:zg’lg"él neat‘work
conpri ses f@rfdtgraﬁialt radissitied  oNs pabpwBYe 68t r3hsmike isyStemeceorabg to
Claim 16 or 24, wherein said network is used for a use selected fromthe
group corsSi®B¥ilng of identification of a biomarker, analysis of a drug
target, analysis of a side effect, diagnosis of a cellular function,

anal ysis of a cellular pathway, evaluation of a biological effect of a
conpound, land Theagnegsisenf ancomBiéati ous diGkase. 32, Avtemputer program

bi 0l 0g! cal FHCHTHS FROAECEE! [+ acEBTBPRGSt d Sern, 4. Broge conbisfing
of transcriptional factors, structural genes, cellular
markers, cell surface markers cell shapes, organelle shapes,
cell mobility, enzyme activities, metabolite concentrations,
and localization of cellular

components.



33. A storage nedium conprising a conputer programfor inplenenting in a
computer, a method for analyzing a net%rk of biological functions in a
cell according to claiml or 8 34. A transm ssion nedium conprising a
conputer programfor inplenmenting in a conmputer, a nethod for analyzing a

network of obi obpgi cal functions, 4@ G&l! ACGRf dhBY toneFLalMdnOr Kt
theory processing comprises the step of mapping the absence
or presence of a response by said RNA1 agent per said

functional reporter.

21. The system according to Claim 16, wherein said RNAi
are prepared with the number sufficient for equally

targeting an intracellular pathway.

22. The system according to Claim 18, wherein said means
for obtaining information comprises means for obtaining the
information on at least two functional reporters is based

on an effect of said RNAi1 agent after a desired time.

23. The gystem according to Claim 16, wherein said effect
is classified into the following three groups in terms of a
threshold wvalue: positive effect = +; no effect= 0; and

negative effect = -.

24. A system for analyzing a network of Dbiological
functions in a cell, comprising:
A) at least one RNA1 agent for a cell;

B) means for obtaining information on at least two
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functional reporters in said cell, wherein the functional
reporters reflect a biological function and are selected
from the group consisting of transcriptional factors,
regulatory genes, cellular markers, cell surface markers,
cell shapes, organelle shapes, cell mobility, enzyme
activities, metabolite concentrations, and localization of
cellular components; and

C) means for subjecting the obtained information to
set theory processing to calculate a relationship between
the functional reporters to generate a network relationship
of the biological functions;

wherein the information on at least two functional

reporters is based on an effect of said RNA1I agent

after a desired time;

wherein the means for subjecting the obtained
information to set theory processing comprises:

a) means for classifying the information into three
categories by comparing the effect with a threshold value
for the functional reporter and classifying into the
following three groups: pogitive effect = +; no effect= 0;
and negative effect = -;

b) means for determining if two out of the functional
reporters have common RNAi1 agent, wherein the common RNA1L
agent has the same type of effect, and if there is no such
common RNAi agent, then the two functions corresponding to
the two functional reporters are located under different
RNAi1 agents and if there is such a common RNAiLI agent, then
the following step c) is conducted:

c) means for determining if the RNAi1 agent set for one
function of the two functions is completely included into
the RNAi agent set for the other function of the two

functions, and if this 1is the case, then one function
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having the bigger set is located downstream of the other
function having the smaller set, and if this is not the
case, then the two functions are located in parallel under
the same RNA1 agents;

d) means for determining if all combinations of the
functional reporters are investigated, if this is the case,
then integrate all the relationships of functions to a
present global RNAi1 effectg network, and if this is not the

case then repeat the steps conducted by the means a) to c).

25. The system according to Claim 24, wherein said three

groups are classified into +1, 0 and -1.

26. The system according to Claim 24, wherein said means
of a) to <c¢) are conducted by producing M x N matrix,
wherein M refers to the number of functional reporters and

N refers to the number of RNA1 agents.

27. The system according to Claim 16 or 24, further
comprising means for analyzing the generated network by

conducting an actual biological experiment.

28. The system according to Claim 27, wherein said means

for analyzing comprises a regulation agent specific to the

function.
29. The system according to Claim 28, wherein the agent is
an giRNA.
30. The system according to Claim 16 or 24, wherein said

network comprises a signal transduction pathway.
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31. The system according to Claim 16 or 24, wherein said
network is used for a use sgselected from the group
consisting of identification of a biomarker, analysis of a
drug target, analysis of a side effect, diagnosis of a
cellular function, analysis of a cellular pathway,
evaluation of a biological effect of a compound, and

diagnosis of an infectious disease.

32. A computer program for implementing in a computer, a
method for analyzing a network of biological functions in a

cell according to claim 1 or 8.

33. A gstorage medium comprising a computer program for
implementing in a computer, a method for analyzing a
network of biological functions in a cell according to

claim 1 or 8.

34. A transmission medium comprising a computer program for
implementing in a computer, a method for analyzing a
network of Dbioclogical functions in a cell according to

claim 1 or 8.



