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Strategic Program
Integrative Elucidation of "Cellular Communities" for Disease Control

Executive Summary

The strategic program “Integrative Elucidation of Cell Communities for Disease
Control” is a research proposal to clarify disease mechanisms with an integrative
approach to elucidate the formation mechanisms of “cell communities” that influence
the status of biological tissues. In this proposal, the term “cell communities” is defined
as one of the variable cell populations, responding to stimuli from changes of

intracellular and extracellular conditions including cell-cell interactions.

As many as 200 types of cells constitute an organism, and highly diverse biological
phenomena occur through the interactions among these cells. This means that complex
interactions among a variety of subpopulations of cells may contribute to maintain the
community of cells as a whole. By responding to changes in surrounding environments,
such “sociality” of cells would be modified to maintain or disrupt organism homeostasis.
In particular, a recent study has shown that healthy cells, which initially appear to be
unrelated to a disease, can actually form an interdependent relationship with malignant
cells and influence the formation and maintenance of the “cell communities” in disease
states (see the column in chapter 1) . One can expect that further elucidation of the
formation mechanism of communities interwoven with a wide variety of cells would
contribute with higher efficiency to the early detection and treatment of disease. There
have been technical problems to investigate and reconstruct the formation mechanisms
of the “cell communities” in disease states. However, new technologies to overcome
these problems have emerged in recent years. By rapid development of emerging
technologies, as well as the integration of findings in the specialized fields of basic
research for detailed understanding of life, one can aim to elucidate the “cell
communities” by effectively integrating these technologies and detailed understandings.
A full understanding of the “cell communities” may enhance comprehension of the
mechanisms by which diseases appear and advance in organisms. It may also lead to
the improvement of medical cares, the development of science and technologies, and the
establishment of industrial competitiveness for Japan.

This proposal promotes research activities that will further clarify disease
mechanisms. We aim to engage basic medical technologies generated by research on

the “cell communities” into practical use.

(1) Research for understanding the “cell communities” in disease states:
- Develop analytical technology for elucidating the structure and functionality of
the “cell communities.”
+ Analyze disease mechanisms triggered by changes in the state of the “cell

communities.”
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(2) Research for the reproduction of the “cell communities” that occur in disease
states:
- Develop technologies that cultivate reproductions of the “cell communities” with
disease properties.
+ Develop animal models that reproduce the “cell communities” with disease

properties.

As a result of the advancement of above-mentioned research, one may be able to
expect the development of prevention and treatment technologies with much higher
efficiency, in addition to the better elucidation of disease mechanisms.

To promote this proposal, it is strongly encouraged to form a highly collaborative-
research system (described below) to elucidate the mechanisms underlying individual
disease through the elucidation of the “cell communities.”

@O “Coordination of different research fields” teams: investigators from the diverse
and specialized fields of life science research share the fundamental knowledge.

@ “Fundamental-and-clinical medicine coordination” teams: share knowledge
regarding the clinical pathology of disease and corresponding knowledge in
basic research.

@ “Medical-and-engineering-field coordination” teams: researchers in medical and
engineering fields collaborate to develop technology by matching needs and
seeds in both research fields.

These highly collaborative research will accelerate the development of basic
technologies that serves as a platform for the integrative elucidation of the “cell
communities.” Depending on the status of progress in each team, feasibility studies
and pre-clinical trials may start under academic-industrial partnerships with
pharmaceutical companies and/or medical device manufacturers, based on the basic
technologies from the individual teams. At the same time, the following research
infrastructures necessary to propel research on the “cell communities” will have to be
established.

(O Establishment of an institute for integrating knowledge on the “cell
communities” from various research fields in medicine, science, and technology
to strengthen the foundations of research.

@ Trainning human resources with a long-term perspective.

@ Outfitting libraries and databases for human specimen that can be accessible

for both academic and industrial researchers.

In addition to developments in science and technology through cooperation across
the fields of life sciences, medicine, and engineering, this proposal will empower

CRDS-FY2011-SP-05 Center for Research and Development Strategy, Japan Science and Technology Agency
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industrial competitiveness of Japan by solving unmet medical needs, reducing medical
expense, and creating new medical supplies and diagnostic systems.
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° http://www.lifescience.mext.go.jp/download/news/ips090624.pdf [iPS #ifaffzzO— K< v 7 (k21 & 6 B 24 BXER
=2l
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® 5200 HARKMESSHRES (2011465 7200 (&) —22H0 (H)) wEHEEERES®HYS
® 3200 HARIE - BAESS (20114F6 A2H (K) —3H (&) ESLRHEESAE
® F63[F AAMEAMFEAEARES (201146 H27H (H) —29H (k) JbiE K
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L2 OREE RIFRIIZ 18] 72 B AT 5T |

< W >

JST-CRDS Tix, 2010 EED T A 7H A = AT — 2 > a v S8BT, T4 7
A = AR OBUR &R Z 8T LTRSS, MR Z IR0 & AERNBIRO BB ZE L <
LTWDHEIR E LT, 8, RELRMASEMICHAGDLES Y, 2R bE RED T
FADOFESME] ICOWTOEMNRARE L TWAI EnbDEEX, ZOHREDEILICEBR
L., ZNETOMAx D5, ML~ )LOMRERREZTEN LoD, THfdottEtE] o2
T = A LOEMRETRD , Fex REBICELIERE Vn A2 L TP ZENEHEETH
LEBEZREY, 22T, ARHEBICET 2 MRMMREER A, RN DO SRR
(20t U7 Rt 2 FroflasE R 2 THilatt ) EEFR L. ZOWFSEOHEEIZ X Hx 7ok R
Rt DR & | R ONFEN e TES - I1BEEINZ IS5 b0 &5 x| WSS O
REICEF LT,

KU —r7 v ay 7T, THWETOWRBRELZTEN L, BFICECT HEOMEIZ DR
F. REBORHEEARIA L T < 72Dz, ERIFEE S %ITe NAEKRNE L0 BSEIZ M
L7 L~V DB E~ L, RIESELZENEE L OB 2 ICESE, THlgths ) s
EHEET D72 0IC B L SN HIN, FEHEE RO W TEmE T 7o, T ORER., #
FZMENODIF L, BEFERAZ B L CLULTO X 5 3l NS i,

® LT O AR AR IR B TIERERE OB M 7R C O HE R BN L 7 D, £
DA OTZOIE, Tilatts) 2 b SEo8dr e L bic, 2o Ttz o
Fptkze e L7c £ FiR T 2B EIN OB RN LETH 5,

® TERME & DB TITOINTE 7207+ « AIAMFZE TIXEHER R A = X L2 fiFHH LT
DATIIERAND D, & 2 THEEDOFIFZE B OM A2 G Loo, BRI G
DFRATZAT 5 LR H D,

® [ifijattz) WHIETH O WFIEM BN, BE RS . LV B MSIDWIREEZ BT
ELETNEYNEETH D,

® T, R WM ZLICA T+ —L R artr FORENRRDZ L, &
B DM ENAR L TND Z &R ENRBIT /2> TV D, E7HINBATE 217 5 .
ZOEM MM L TREZHIEST LM, WHFO—Ae ==X R L, Hifrof M
PECHOW TR T & 2 MM 2 R 1B THER T 2 Z LS ROBETH 5,

CT2010ESA 7YA IV ARBME T —- > 3y 7] #EE (CRDS-FY2010-WR-10) |
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F9F BEANDIKR

et ) R L R WNAEOZE T 1 77 Ak, AP THIFEL TWHRWR, AE
TUX, R L~V OTEFHFEIC X > TRIET 2RI T 5, (1) THlatts) e
RO 7 v 77 AROMEHEE S 1L, (2) THifatha ) A28 & BT 5 Bl o iR 4B 5%
FAENZDONTE L HTN D,

(1) Tffattes) WRge Lo MgE 7 v 77 A WFgEHEdE )T 1k
7.%%?D77A

NIH oWkl 72 v = 7 b (NIH Common Fund) % 2011 4ERE 13 ai74FEE 1,800
T R/VEED 515 6,200 7 Rousdeimis & LTl 241D, Common Fund 13 2 B
(Phase) OFFiiZ i U CH%E 7 v 2/ 7 AR 4525, 2011 41X [Single Cell
Analysis] NZO—DITRIENTND, ZAUL, THIMEFIZI T 25 1 2 ORIOE T
ZOEMOBIE L BICEERERE L7257 (overview £ V) | ' Z &0 D Z O % DA
FUZOWTOBEERERO DL Z ERERE SN TND

AR EREEIZE H L, Ml NAN O ARG MEAZ ##B1 3% [Exploring the Extracellular
Space] 7% 2011 &, H7-IZHRIRE SN TS (X 6), Z DIRZED Phasel BREDFEAM
13 2011 4F 5 A I T TW D2, [BIEDOWFFRITMAAND A ) = X LZE R E THIL
TEY ., MENOREIIBIEFoIciik I Tnd, —J, RN T2 22 (b3 2 Mk
KR 2 U NRIE DERIC O W TSR E b?ﬁ)o“(b‘foﬁb\ (comment £ V)| 2 &b,
CORBOEEMEDRBEINTND, ZOHZET Phase2 BECX LIZHRFNERQ LI,
2012 $@§ WCREERENIH T A L7 X =l ko TED a7 FRFHES L, £ZTO
AFRZBIUE, 2018 4EENOHT-/2 70 s T 5 LTRSS %,

Exploring the Extracellular Space: This Common Fund planning activity is focused on identifying gaps in knowledge
and opportunities to leverage existing investments in malecular tools, technologies, and data such as dlycomics,
proteomics, and metabaolomics; single cell analysis, molecular probes; and induced pluripotent stem (IPS) cells to
create a new multi-disciplinary program aimed at better understand the role ofthe extracellular space (ES), and
specifically exosomes, in basic biology, development of new diagnostics, and therapeutics delivery.

Fhase 2 strategic planning activities will include warkshops to engage the scientific cammunity and portfolio analyses ta help
further refine these topics into specific initiatives with defined goals and milestones for potential funding as new programs in
Fv 2013,

6. [Exploring the Extracellular Space]
(NIH @ web ¥  "Common Fund Strategic Planning " X ¥ )

* Z OWFSEFTRENT R &3 O IR B I, MIasZER (ES). FRCEBAMFICRIT DTy VY —20&E, #Hiizlek
FOBFE, L OHEAIE %@ﬁﬂ@ﬁ%%ﬁ%&Ltﬁt&%%%&7n77A%WW¢ét :\774:~&x
TOTHAIT A ABROI I ARED XS T AR, T a—T e EOF, BMiafgir. A TRt (PS)
Miaze & OBEGFREEOMR ETERABRICBIT 52X ¥ v 72EEBTHZ L ICEREL TTV 5.

" https://commonfund.nih.gov/ (overview)

2 http://commonfund.nih.gov/InnovationBrainstorm/post/Exploring-the-Extracellular-Space.aspx (Comments)
'8 Common Fund Stratesgic Planning Report 2011 (next steps: strategic planning for FY 2013 and beyond)

' http://commonfund.nih.gov/planningactivities/overview-planning.aspx
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ZO|ETIE, KT° DL BREEOHENFT N TN D, AT R—P /L TlE, M
FANAMZHE £ 67, S BT 2B OMRIC L D MEE Y & OMAEE TR I N D E
MBROMHAZEMTHZ L2 BETHLDOTH Y, NIH common funds D — A 21T
S|ELEEZD,

Potential impact of Common Fund investment: A thorough understanding of the cellular
milieu can lead to breakthroughs in
® understanding and control of homeostasis

® intercellular communication

®  paracrine and autocrine functions

® transport of nutrients, factors, metabolites, and degradation products to and from cells
® establishment of resting potential of cells

® tumor growth and metastasis

® neurodegeneration

" tissue injury and repair

® regenerative medicine

® drugdelivery, since access of soluble drugs to cells intissues is mediated by ES, and ECM

macromeolecules serve and can be expleoited as attachment sites for various pharmacological
compounds

® drugtargeting and development

® biomarkers of disease

" cell re-programming

" cellularmimics of disease

® elucidating disease processes by bridging the gap between intracellular and extracellular events, and
the crosstalk that takes place

7. TExploring the Extracellular Space] DIEFER72%h5%E
(NIH @ web ¥ b "Title of proposed idea:Exploring the Extracellular Space "** X V)
kBB O SE R 7B A0 L C, R PENER, MR E/ER . MG O & 58, AR AYE, kO RIE L &8 22
EDRA =X L7 EOBR, & HI2IE, MRPNCRZ 2AEMBRROX ¥ v 72D WHFEOHGEESRITHZ LItk
THEBA N = A LD DR 5, £lo, BAEER, FMWIERMLREE, BEONAA~—I—REDLIRT VA7
AN—\TOIRPB D AR B D

'S http://commonfund.nih.gov/InnovationBrainstorm/post/Exploring-the-Extracellular-Space.aspx (2 August 2011
18:29)
'8 http://commonfund.nih.gov/InnovationBrainstorm/post/Exploring-the-Extracellular-Space.aspx
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T, 20k 9 eRgeHEt H 5 NSF I W TR b5, NSF I, T4 15 %
L TEMFTHRONEMREAIKICHSRT S, Whwws T LI (5 L Oy )
REEEITHoTBY, TORENRT 777 LTh 5 Engineering Research Centers
(ERC) 71277 ACE, 2010 4FEEIC 2,000 77 RAMG LS T, #@HONSFOs L
T b EOES L LT, MIROUBREN S, S¥EOBMERD, =—X0RME, A =
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(2) THmARtEE ) BF9E & BEE9- 2 Bl O BFZEBE S Ehi
T A A= T

KT 1 IR —P IV DERA MR T —~ D —> & LT AR L~z H 5 THl
fathes) OE EBEREZ P LT 5 L WO BN S 5, BIFE, AFEOKEE&IIEIZB
TIES VSR TS, X#CT, MRI (BXIHEA 2 — 7)), PET (B 1 Hc i
Wilg A A — 0 7)) BB S OBAIIA T v R — YL T B EfEN 2 L KL TV D,

X # CT DBAITERA~DEBELBESNDL 0D, L0 EW2E 5 fRHE TAKRICERE
P22 W E R R EEN L E TN D, B X D EEZET Tt FERE, (KR, Kn
BEOHENHY ., IWEER STV, LA LAEOMBEEL LT 0 —7 7 LiIc kv IR
BEAIC AL 32 Z LI L CiE, BITEOEM CIERBIZR SN TS, ZDOH THITE,
PHTHZENTELROAERY 7y ME, REHLOWES DN 2em BETHHILB A
Thb, L LENLLEDO MRS O Z2 IFRIEAICETHD 2 L 1T B S TR &
EZONTWS, ZOMEE RS 272121, B BB o0 JEEE oM R B O AR AR 732
BARAMEE L SN TWD, EOTHELE, B AHRIC I T 2 60058 - JEdT - IR
MEEAVEa— =TT LHICLD, KEHELTODIEM CLF) OfrE - ik
IEFEIZRFE T HMFZE AL TV D,

VAE DRSSy A A= v 724 (WMIC) OHU R O B OHEB I KBS T
% (X9 " Xolc, £ A=V ZHFRIE, FRCRCK D S as OPEE R h Om S 2 &
WZHFZEBHR D CH R Z Y — R L TW5b, 648K, RFREIEZE=E L, FEONF
TRERL TOL ZENRTIRINDTZD, BAROT VT TOBN HIERINICE S <725 F
REME L/ E < Zeuy,
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PRATHIB T 5 AROZEEG O b £ WOeKIZH L‘(%ﬁjﬁ@%?’;ﬁﬁ%b‘ (12

10), A7 BR—=P BV TRET S THilaths) MHROHEEICLY . AKRICBIT 559
FA A =T TWER EOSENIIE R S BICHRE S, EREBAN I :Oiﬁ#‘éﬁk%é"ﬁﬂﬁ
LT ZEPBETH D, SHITIE, EEDMOSE THIEM B O£ 2 B L 72
FEERPHIE Z HEME L. PEREHIN N OLZ XS Z LN EEND,

(fBFIL)
0 20 40 60 80 100 120 140 160 180

Siemens(t) 125

123

yihes
S S

Philips(f#)

wZ A5 cHIL(E) _ "
4

Fw182(8)

X 10. FRZWHESE A — 7 — O EFHMHToFE (2010 4F)

9 i 2012 & 2 AR TEAD web Yo N TABENTULZLT® Annual report. SREE R % EIC CRDS £5

- GE 2010 Annual report (http://www.ge.com/ar2010/pdf/GE_AR10_Financials.pdf)

- Siemens Financial Report2011 (http://www.siemens.com/investor/pool/en/investor_relations/siemens_ar_2011.pdf)

- PhilipsAnnualReport2010 (http://www.annualreport2010.philips.com/downloads/)

CHMASHEZ2010FEERE GEHFE - BH) B EH (http//www.toshiba.co.jp/about/ir/jp/library/er/er2010/fy/
ter2010fy_18.pdf)

AUV AMRER 2011 F 3 BERRESEER (http://www.olympus.co.jp/jp/corc/ir/brief/pdf/financial143PB_2.pdf)

wTEEIE82M/$. 117H/€ (2011 &3 AEADAEES) THhE
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4. FERETILEY

REET NN~ T AZHONTIE, A HERLZIZEB SN TE TV AN, BIZIXHEN A
ETFNTTRAEGNC L DL FDOEATNANIAET 2HRBEOMIBIC . A BLEEE 7O
BREYANL B RESEEETLTHD, ThDL, NABERET LS OEET
K2 FHE S CUREBOBIEICEAFRT 2EBROMBOMARFREZ BRI E S X 9 7,
Tttt 2B L2 WOBLENLOET VIR ERWVWE VNI ONREIRTH D (X
11) 2, A%, BSAEWS, B, BERR EOMAIC X 258N THilutts) 28

HEEITTNVIMOERBBEL D THAS D,

Maximizing mouse cancer models ATVRFREVIFWSICANCER
Kristopher K. Frese and David A. Tiveson
Organ Histopathology Genetics
Lung Adenocarcinam a Kras™
Squamous cell cancinoma NA
Large cell carcinoma NA
Small cell carcinoma Rb1:Trp53 [REF 16T)
Colon Polypoid adenocarcinoma KrusApc'™
Hereditary non-polyposis carcinoma Mshb'™
Breast Ductal ca BreaZ:Trp53 (REF. 1 7
Lobular care inoma Cadh1;Trp53 [REF 17
Pancreas Ductal adenocarcinoma Kras; Cdin2o'™, Kras:Trp53 [REF 175
Mucinous cystic neoplasm Kras;Dipcd (REF 66)
Intraductal papillary mucinow neoplasia NA
Prostate Prostate carcinoma Pren™, Pren;Nks 1 (REF. 175), Rb1:Trp53 (REF. 176)
Liver Hepatocellular carcinoma Apc™™ Myc;Trp53 [REF | 781, Myc: TGFA'™
Owary Endometrioid carcinoma Kras:Pren'™, ApcPun™
Serous carcinoma NA
Mucinous carcinoma NA
Desophagus Squamais cell carcinoma Pren;Dpcd [REF 182 Cond 1;Trp53 [REF. 183)
Adenocarcinoma NA
Bladder Transitional cell carcinoma Hras'*
Kidney Renal cell carcinoma Apc:Trp53 [REF 1 85)
Brai Astrocytoma PrencRb1 [REF 186]
Glioblastoma Nf1:Trp53 IREF. 198]
Stomach Gantric carcinoma i PigsZ Prges
Skin Melanoma HRAS Tnk4a 3Eoncoge nlcﬁ:&ﬁ%iﬁT&;{t
Squamodn cell carcinoma Xpe='™=
11. ERAET IV

¥ HOFRVHLTRLTWDET N~ T RATHE, MROEE LS RRIC, NAOFA - BHLICEELEZEZ O DEER
ERBETERICIVFEIE VD, PABEEBREFUNOBEFETEEICAND Z LICRY THifartks) 280 1E
LL<HIHLTWD EEZBNRD,

BARBIZIE, Wnt, Ptgs2, Ptges L)) 3 2D#EME DI H, Wnt &5 BEITMIREZ B A{LZE 2 loncogenic
R OBIETTHDH, —F., Ptgs2 & Ptges O 2 DIFRIE CTE BT T, MEEDAMLIEDL Z LTV, BA
b U7zl 2 $5E & B 2 B & AFE D DIC/ER %, oncogenic FREETEMEAL & FF oncogenic EIETELDO NI b D Z &
2LV, THifatts) OFBERERINTHWDIHBIEE X LD,

ZoXoT, THatks) ZHEBLEET A~ ARNEENTEY, 4%, THiadts) AL BRCHISh T
ADRIH ST &b b,

20 Kristopher k.et al.Nat. Rev. Cancer.September 2007.7.654-658.
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iz
FPIAESRA (A 1+5IR)

@7 Ay b AT ¢ H)L s =—X (unmet medical needs)

WETZA 7GR EN 2 BEFOEERML T SN TR WEEDER=—X%
BT D, TVAY N AT 4 ) e =—=ZARENHEDO L LT, DA, EFEiVv~TFiel
SRR B MER, TN iR L U & T MR OER R ERET B D,

@ iPS /i@ (induced pluripotent stem cell)

N LZRetkapfiin, BRIk Lo iifaic BB 0B A BATHZ LICLEL N
T N LR Z & T, 2 < OMEIZ/3{bTE 51587) (pluripotency) ##§-D, iPS
MO E LT, ROMIREO L £, BB IZHREEIE L2 N TE D, 5
K« (U IRESRE S D 7 N —FI2 80 . <= T 2D RGN 5 2006 IR THIH T
EB LT,

@:fiia (stem cell)

%< OMRFEIC /L TE DN 2 RFF L F. MR 20 K4 Z L3 TE S
DT L, BREOIEMIO 71355 L T, FRrx 2EEOMIEZ G223, 9 —TD
BRAIRR TR AR & U COME 2 REF LT 5, Bfifu OfSE & L CIEATE O 1PS Allfa oAl
ZREIR HAE S 2 IR MY (embryonic stem cells) . AAAN O EFHHRIAFIET D Ak
Kl (adult stem cells) 72 ENdH 5,

@7V Tl (glial cell)

PREBAIE (LAT NI 9 SWEH) & BIET L, MR 2R T DR Cixen
A O, 7V T HIBOEENIZA T, MR (ma—m ) ITREBZMGELIZD,
PRREA R Ak L72 0 L TR DI E) 2 X 2 CTWAH—5C, 7 U THllfaFE - CiEwm %
R0 &L THOEIREREIC G B> T\ 5,

@:: 7 = —7 (fluorescence probe)
HHEFHL T AW A A OREZRE L0 Bl L7203 28 ORFR,

@k E5# (subculture)
BEAEDREE 8 5 WIIE O —E 2 8 LW 2 & Tois B e 1o U 2 TR, #ERid 5
N

® /7 / . (genome)

il 2 DBIn T (gene) Tk LT, T XRTCOBREREMELZCDET ) LEMT D,
ERE L L CIEREAAR DNA THS (RNA 7 A L ADSEAITY AR RNA), HHEAS
MRETED Lo TURRIL, TRl efElk T 2 2EERS) b, 7/ LA &S
Xolhot,
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