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Strategic Initiative
Homeodynamics -Understanding and Control of Spatio-temporal Dynamics between Neural, Endocrine and Immunological Networks-

Executive summary

We propose research promotion of homeodynamics as the dynamics of homeostasis
in this strategic initiative. Homeostasis is one of the fundamental life phenomena.
However, it is hard to get an integrated understanding of homeostasis because
research in the fields of neurology, immunology, endocrinology, tissue repair, and stem
cells is compartmentalized and complex, there are not adequate exchanges of
information between these research fields, and the analytical methods, data utilizing
technology and application of mathematical technology are still immature. An
integrated understanding of homeostasis has thus been a problematic issue at the end
of the 20™ century.

In the 21* century, accumulation of genetic information in these two decades,
advances in bioinformatics, and an increase in supercomputer performance open the

way to simulation and modeling of a complex system like homeostasis.

In order to maintain homeostasis and protect the body from stress or diseases, the
nervous and vascular systems are distributed throughout the body to form systemic
structural networks. Through the vascular network, signal molecules (hormones,
neurotransmitters and cytokines) and immunocytes are transported throughout the
body to form local functional networks. We call such systemic structural networks and
local functional networks "Networks of Networks." (Figure 1)
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Figure 1 Homeodynamic Networks of Networks
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Strategic Initiative
Homeodynamics -Understanding and Control of Spatio-temporal Dynamics between Neural, Endocrine and Immunological Networks-

\

Dynamic changes in homeostasis occur with time, through the life stages of
development, birth, growth and aging. The homeodynamic "networks of networks" are
spread throughout the body space. This initiative proposes that integrated
homeodynamic research will provide a novel spatiotemporal understanding of

homeostasis.

For the understanding and control of homeodynamic "networks of networks," the

research involved in this initiative is as follows.

1. Understanding of the homeodynamic mechanism
1) Quantitative study of stress, stimulation and the reaction of the body
2) Modeling study based on the quantitative study
3) Experimental study of the model

2. Logical research for control of the homeodynamic research

3. Translational research for the application of medical treatment

Since both the biologist handling a wet specimen and the informatician handling
dry data join forces and cooperate to perform this research, the ideal interdisciplinary
organization of the researchers is that of a team, and the results of the research must
be shared in the team to make or test hypotheses. The research manager of the teams
shares the aim of an integrated understanding of homeodynamics by the team leaders,
helps the teams cooperate, and manages the research centrally. The research manager

needs strong leadership to conduct such interdisciplinary research.

The promotion of this initiative relies on the integration of fundamental and
computational biology, and thus opens a unique new and unexplored research area.
Since most diseases are the result of the disruption of homeostasis, an understanding
of the disruptive features will lead the way towards a healthy life through the
respective life stages of development, growth, and aging. The eventual goal of this
study is therefore a "calm mind," "healthy growth" and "healthy aging." On the way
towards the goal, the integration of homeodynamic research will introduce novel
understanding for the view of life, and the application of research will contribute to
the prevention and treatment of diseases, combination of medicine and safe

medications.

CRDS-FY2010-SP-12 Center for Research and Development Strategy, Japan Science and Technology Agency
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9-1. BET SEEFESDER
(40th Annual Meeting of the Society for Neuroscience) °
Society for Neuroscience |ZALKHUX Dt Fl 22 @fE T 2F M2 I 2 =7 1 Th D
N, HEFESE L TCOMELA LTS, TOFRRBIIIN I TANOSMNME L 1 T4
DIEFRIEED AL L. BEIC IR B2 B1T B R KO bIHER O & % EERFS
MR CTH D, UFEITEBWNT, MR &R - NOWROFE 53 B OWFZERRTE I T 5
THHRINEZIT o772, ATICESHIFIZIVE LW A2 b & (280 U 729 BR s Ehin 2 529,

O RAZMPIRGEIE - RN - TEEMEFSER B OMIm L LT, AR (b WIEH
XARRER) AT D A B L AOFH - EIN Z2 BT 5, LW o b DR EN T,
ARNVRAZEHUIL, §l#T 250 “EREOTaE20 5 b0 T OB L W
I X DICHMETE B, &R (Optogenetic) <° Micro Array fi##T, PET 72 &,
FIR IS REMFZEIZ B W T HhiEH ST E TV D FIED Z O3 B~ FH 5 15 O i
b3 —I2 b L BEbivs,

® tvial3 (FLxI BT F ROAEYERINIZE) 0, HERSOE A1TE)
DN B 595 4 L & o V PEAMR O AW FHIEENZ OV T ORI ORI %
FFK, AUV URDPUERDIEFEHEFRFL D & 6 o & IREICHT - B - SRENR -
IKIFER EIC BB G35 RREMER H 5 2 & 2/RIB LTz,

® SENLFTIT Pericyte DL AR T T AW E o7, Pericyte 13K D B E D
SMANZALIE T 2 MR T, Il i B P O il C B e e 2 7 L, RIEZ
s SEHHRERFF o, & v Y3 v 41 (R LRI I T D R ARt R 4 R R
fa) O RmT T AT BT OMIEEE NG . M JE B AE 2SR AR R Y B DA
PARIEME O > 7T 2 T HY | ARER 72 SRR OB & HEMER RS 2 4 5
TOICEERZEEZHS Z L2 RTHLOTH T,

@ FHMETNIE~YTAR Ty IRELSENLDOEEZED X DI MIERT D0,
L) EZAIZBWTOHREW) (B NUANORRHEZET) OET AR, =
Ea—H U 2 —a VRO = FNEET H T ENHER ST,

® RN WD D W TR R O BRI IR BREIC X D KIMEE ~ DR 2T ST
A DI 72 O THREEE BT DR RN L A b vz, M A T, X b
L AT K D ARS VU DRRIEREE ODRMEAL O FFE, AEEE DL & T, e
TlX, ¥ F 7 A DO ZA LR E DRGEAL I OIEEY O [RHMRE D ZE L7 ECTh 5,
T AR LT D~ — I — OB RS EZDO L RIZe D ETFHRL TS
I S YAV

o JEIHIXOHAEEZDA ML A (A N VA BB D WIERZ & 0B Bf%,

8 X% HP: http://www.sfn.org/am2010/home.aspx
HEWEFRZRY A b http://www.abstractsonline.com/plan/start.aspx?mkey=%7BE5D5C83F%2DCE2D%2D4D7 1%2D
9DD6%2DFC7231EO90FB%7D

9 Anantha Shekhar and Gary S Aston-Jones (Chairs) ., Emerging Biology of Orexin/Hypocretin and Related Peptides,
Soc Neurosci. Abstr. 3, 2010

10 David | Attwell and Turgay Dalkara (Chairs) . Soc Neurosci. Abstr. 4, 2010
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BRI A R LR 72 &) MNBABERBIC E D L 2 B %2 5 2 TV D, &V HIFZEn
FEFIZEZL ANz, Flo, v TR« Ty FOETAOM, b MBI 2EF5E
LM g T — % OMAB ORI I DD R oz,

® ERATENZ HIE 3 2 A RS O RIB R T T e —F ORED L O, £
ZIWINTET 2D WRRMHR E DD Y FTEREL TWDIREBIZITLEALEALN
TRhho =,

O UHOWIZBITLHADMEEOEEH T LEL R IbFE D E 20 ETEREINS
(R2EZ—t vy a U EBITBWTHEN > T8 E. R V—FRNAZT 5N
Molz) B, ESLITHRIENRLETH S,

Flo, YESITBMUT-ARE L0, UFeBRENmICBE T 2 iRtz \We 2w T
TR T B,

HEREFOREDEIRICOWVT

Ja X - KTXAKE MF E—

PRSI 7 BF I, EAOIC, B O R - MR BSOS E 2] O 0B, #
FRAEVEIR B AR D /0 BF  RAEICFE O idds L OTEN R F ISR Lotk o8 & L C,
ENEIVREICHEELCEE L, LLARs, EOEEBIZET 25 A8 ET L
DIENTZ B Z T, ICBIT D RIERBEICN ED L D IZHIE S, &9 RBICH b D)
BEEZDLE, BRI ELEELIZERENEVWLET, EFEO Ry 7 X E L TIL,
7 U TBIORT A Mat A hORE~OEDY . RO GER EMOFMAELER, BE
DGR FOMNTOFZRER., SRS FbhET, SEFN I —F7 4 7 Tld, LU
TORNFIZEFICHEBELE L,

® Neuroinflammation and CNS injury"

KU VRY Y LT, K OREAILO I~ E DA & BeF] . i & RAE TR U
PERDY AT AN ED XY ITE ST E 2T 20, BBy 7 TL, 2 TH, i~
WA L7 R O O & 1%, MRRIELX B 2 2 KT, IEFICHIREW R T,
Univ. Virginia @ Kipnis b 1%, SiMREFET L4 HWC, HilEM: T M3 mik G E
ST O AR EZ R L CWE L, —H, FET AT, KMIEAHET L TMiao
FAEL RO L TEY, RIETORIERIS & FERIZ, FRRIE T b RIAEMEI X OHIRAE
PEDORIRL N RIRFIZAAET D 2 E R SN E T, FERIZ, SOD1 ~ 7 A T by D REH]
2o T, ORI E X ORIEEOMAEN N ZENE AR &E 25 Z L RS
L TWwWE L 72 (Henkel &, Methodis Neurolog Inst.), F 72, Univ Wisconsin @
Harris 51, AV F7 » RuethA ~3 T MO~ 2 HIf# 9 2 rretE 2 e L
TWE Lz, MfREESAMRBIZET 2 RIEOGEMIEORENL X 50 MHNTT
EOTENY THY ., AROZ VR DERPBIFESNET,

11 Jonathan Kipnis (Chair) ., Soc Neurosci. Abstr. 427, 2010.
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® (NS Pericytes in Health and Disease'

Pericytes 1%, 4D BHMIMLE OIMANZALE T 2D AR T, Abd i i< 064 . % BE Y oo il 811 2
HELREHEZREZT AT, KEFICERBSNLTHWET, 4B SIN T, g0
Pericytes # HMZ L7V AR U T ARV E Lz, RIEGRE &V 9 A TlE., Wayne
State Univ. ® Dore-Duffy %73, in vivo T® pericytes D&ZENZEH LTEY, £5
PEELAE D~ 7 ZE TV Tl 5 MOG # 8 EAE (23T, pericytes 23 RIE & J859 S
BHZEERWELTCWE L7, —J. Hacettepe Univ. @ Dalkara HiZ. BMEMmE5
JZBWT, BEME Mm% O BRI > TEASIILD NO X 02- 72 £ 73 pericytes D%
REEELLIESEI L, BREEOKRKEIZZRS Z L AR L TWE Ls, MEMITREO T
AR 2 & O T DR~ DRE NS ST Y, pericytes D K 9 IZHHIC Z < ST
AL ET DAl & SE R DM AERAN S HIEFERE T RE My I B2 b ET,

B, TOMA A X —TOIRFIZE W TIiL, Harvard @ Beth Stevens 512Xk - T,
RO > F T ABREICBIT MR E I 7 a7 ) T ORENZ O TERFTORENRH D
FLT, WHDA A=V 7RI LR, MK C3 Lo TH T EnieyF 72
M7 IUTIZEoTEESNTWDL XS, &DZETLE, YT T AREDAD
=AML, WEERIMBBH OIS MNLZNTTN, TAYNA v — {0 a RED v F 7
AN S REFEZ DD > TWDHAREMEDN H O, HE ST T3, Stanford
® Carla Shatz 5D 7 )V—T712 X0 | BIORERSFThHhH MHC I 0OEH b S
TEBh, ZhoDht+eI7u 7 U7 EDOBRIZOVWTOHIRNSHE S I Z &2
WS ET,

WZIZ72 0 305, EEMEOHIENCE T2, Mk, NOW., BE, LW OBENGT
HE, BBINDL OISO ERTRN S LICHEIZ s ETPRLET, RAE, £V
CoyE 8 LRERARRE R O A STV SO SENTE Y 928, #ilx
X, MR & ORISR UL EICRE < IR O BRI 585 5 D e e v O
ARH AN IZIEN ST WL KD Z e N7 TH0 E£3, —FH, ek,
FIEFICBN T, ARV LV TRIERERICE & D2 DB, MRRROEEL B
T 52 AT oD TIERWT L X 95, 29 LEEWAERRIZ, KEIZE
WTH, IRLTTTATHD LTV ERA, LERST, 25 O0% 2 REH I 2R
g T DEF N OBRENEHE & BNET,

Society for Neuroscience (Z 35 (T 2 A9 — HERDFEE DRI DEIE (C DL T

Ja X - X7RXCAKE AP E=E

BEER EBREEROHAEEMAIZL > T, WM AT A TH DR T - FIEA - F
% (HPAR) DILEL BB LV 7 vzardFaAs R (B b, aFV—)u; iFohE,
aNFaRrTay) OBWNMEESNE T, ZOME, MRRORENI SRS, K
MR BORIEE KT DITEHRE NI IND EE2bNET Y, Lo Lans, HPA %
DIREAIEIR 2 R TIRIR & 7 DR RICEEL 52200, 525L L7eb DX DI
FTHDNENSTE AT = AAF, FEAEHLNIRS>THERA,

12 David | Attwell and Turgay Dalkara (Chairs) , Soc Neurosci. Abstr. 4, 2010.
13 Lupien SJ, McEwen BS, Gunnar MR and Heim C. Effects of stress throughout the lifespan on the brain, behaviour
and cognition. Nat Rev Neurosci. 10:434-445, 2009.
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4 Al @ Society for Neuroscience (SFN) > 7R ¥ 7 A TIiL, 1) epigenetics X° 2)
endocannabinoid system DZE L3, HPA 2 DTLHEE D SRR D EF 2D 72708 DRI B
HLTWDLZ R WMESINTEY, REBFKRECHFEL £ L7, 1) @ Endocrine-
epigenetics-neuron OBMRIX FLNE—FEH L TW58TT M, 2) @ Endocannabinoid
system (ZDOWTIX, AR T U7 ALAIZ D endocrinology & B Y2 L Ty % Dr.
McEwen @ 7 R DR A X —#iE73% 0 £ L7= ", Cannabinoid CB1 receptor signaling (Z
HHLTEY, 2 FLRIGEKIC XD cannabinoid receptor % I L 7= #iR A x W& D21t
Z L CE Y £9 % Early developmental Bl 2 ML A& 52 72T /LN R AL —
TELMEEINTBYE L, Znb0FIcEh, HPA ROTLE MR O R —>ITEN R
WRBEINTEBY £ L, 727, HPA RIEHEAEN LR RABE ~O A =X A
(epigenetics <° endocannabinoid system N Z D A B = X ALK& BHboTWn5 & T
LET), MRRRERENDITHRE DA D= X LIEEHL NI THRNE D ICE
WE L7z, ZOREASHZALNZL TV Z 23 innovative 22 (EF 72 L g, £z,
A N U RAZEERENL Td 5 Thalamus X° Hypothalamus @ development D3 > 7R ™7
ALY, ZHHHREEBGEN 72T, SEN IS LT, WOMW— R Ok IE
RADOEHSINEZNEE U FE LT,

14

15

16

17

Tracy L. Bale and Frances A Champagne (Chairs) , Transgenerational Inheritance and Epigenetics Epigenetics:

Animal Models of Neuropsychiatric Disease. Soc Neurosci. Abstr.312, 2010.

M. N. Hill. Functional crosstalk between stress, glucocorticoids and cortico-limbic endocannabinoid signaling; Soc
Neurosci. Abstr. 418.2, 2010.

Hill MN and McEwen BS. Endocannabinoids: The silent partner of glucocorticoids in the synapse. Proc Natl Acad
Sci USA 106:4579-4580. 2009.

Matthew N Hill and Jaideep S Bains (Chairs) . Functional Interactions Between Stress and the Endocannabinoid
System: From Synaptic Signaling to Behavioral Output. Soc Neurosci. Abstr. 418, 2010.
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9-2. B EHIERFORMEMAICET 2 F MO

BN [RAFEAFI T A LR SN OHBUR A m Y | HEEOFHHEAY
FERWTHE RN EO X S RIS D05 T, XERT —FX—R L LT
ISI Web of Science (WOS) % H T, 2011 4 3 A 25 HHLIE 2000 ~ 2010 F (25T
T EEE S L OWPEH IZ homeodynamics & Foib & #1725 3C 23 £, homeostasis & Frilk
SNTRR L 52,444 1ED 5 HEIFEAMZEEO 186 {2 >\ TER LT L7z,

(1) FRAFHALFIVRICET B8R

PR X OMP 8 I homeodynamics & Feif S V72w X 23 14D H B, [EHHEEEZHER
o TmmmsiT 12 EH 0 B T, RIAE & 00 2, B 11, A N L AIRE 11,
NRZW 1 HETHoTe, THHITETEREA Y N —7 OFENERHIORRTHY | K
A =TT 4 7B EE LTV LRERRIIIERER TIER WA, BN EEA TN D
bOLEEND, HEBDOERLED, SHOWRBIZITFEENLETH D,

(2) EEMHOETEEMEIFDHR
I L OYDELH 12 homeostasis & Foil ST, FEDENHEAEY T TH D7 L 186
D FREFAE R ST E & T,

EEEOHEEVMFED H XD FRIER

O XN & & X b O A DO O
Q Q Q Q Q Q Q Q Q Q N
DS SIS S SR SO S S S\

% & 705 2010 T 40 R 72 e WL CTlE & 2 23, FSCBOEINZ, 5% 0%
ERMGETCEA0HETOD I AR LTS, 186 A2 EHIEAIIC S &, FHEEL O
T2HEPKRENS RSN TEY, EE25 M, A Y 23 FICIRWTHARIZ 13 & 725
TWb, £72, KEICBIT2RERCHLTYH, FEESBHEO /M2 R THD L,
EAZIZALE LTy D DX University of Warwick, Duke University, ~"—7 > REST
BT 2=, VX 7 = B PT, Texas A&M University, 72 5 OV Z University of
California Los Angels 72 & ToHh 2725, W AUITAHFFEHEBT & 5 HIRE D& Hiam LD FERIZ
LEFEoTWD, DXV BRI L IHFRBE N FFOME T L —7 R ST
WD EITFVRTEW, DX IT, EEMERER OF R A S I RIS S S AF D
72 MRERITAEIITENE Vo TR, TBEICBW T, MEIZERNT 72 7e
BIZX T, FEPSIGEINZ DR T Y AR 0D 2 R END,
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9-3. homeostasis (CB89 % PCT i EF O 5 #h

85 M B9 2 BUARTBR 28 o EBREh 6 2 5 7=, PCT HFER T FORB 1 T-72, T —
B R 2\ TSRO T A HERSBE © PATENTSCOPE™ % T, 2001 ~ 2010 4F1Z/AB
S7=7 v h_X—IZ homeostasis & & 5 316 D 5 &, T D 100 HFIZ OV THE
o Lz

FIE THENIXAREESEOS 2WEICETAREFFCH Y. R, HBORTEEMEN AV, R
TE O XREVE N A 72 W& 12 homeostasis (B3 5 stk 2 fF 3 N A Sz, 520
O 3ENTEE, B, BHE, EREWICET A8 T, A=V T T4 7 TG L
TDRALT LA F I AT DEEFI o7,

(1) BEHEEEEBEARMEE

2001 ~ 2010 AR S 7= PCT HFERFFTF O R BB ST 2 & 0 | HE IO
D OAEFNE R S0,

VT D 100 O34T Tl HEEAOFTBIEIL, 7 A U 3 38 IRWTH T Z D 9 4,
AAFXF—DTHTHY, B TI6 VENO STV, K¥EL D b RSO HFE
N <, BHARMNDOHFEIL 100 49 24 TH - 7=,

MMEE 4 IPCT H FEFEF 4 3K

50
40 p .

gy~ N~ N\

« N v
10
0 J
N QN Qo) 3 N () A Q) O Q
Q Q Q Q Q Q Q Q Q N
DS SIS S S S S S
BB

18 PATENTSCOPE http://www.wipo.int/patentscope/en/
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9-4. ENTETHROMETZOS LY b

KA =TT 4 7B TIRET 2203 fE B U<, 1R MEMER ICBE+ 2 40 %
AR ZITo TS 7 nY =2 b BLOKE « BEICHT 2REOREDT — 4
FWETOMET RV x 7 FE LT, PR 234 3 HBUE, TRiD 30 ®H 5.

M JO-—/SVCOE [4BEEY JF L OFANHE]

HiE BEAY IBE

[EHMED 3 S OMETH 2 BRI FHAERBL ~OT 71 —F L LTe /T LIRSk
I LT 5,

B FHFEAHARESE [ME-—SE71VYV 27T 2HEEKEMORIITERE]

BiiE =RAGBEZEEMAERAE SERT
R EME RO Y b T — 7 RIS 2 FH BARLFE O L 2 PRAF 2 &9 B
IO T THEEOF— L08R N AT v IR A D TN 5,

B FHORRERRICHT 22EHRE (T3 FIVHED

RIBEEIRE Y X 7 FHAE=E
FHOMRM~DBREACFIHOKEZ | VR 23 5 13 4, Ie VB RE D B Al
& ak— bAAT AT B =y FTHD,

=

HAW e IRE R E#EE~O T 7 —F, BIOWMREMED Ry NV —7EKIZE
T D AEARIEYEOMZEIE, Wk Yy N — RO FFEE L CTHERTE 5, £z, AR
PO DEEL GO O ak— FF— 2 OEREIL. BIEHNS OBREERENR A 4 X A
FI T RCHERDHBEENE L TV BB L 25 2 LB TX 5,
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