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Cameleon: a genetically encodable Ca2* sensor

Developed by Atsushi Miyawaki (RIKEN)

RIREEE
Temperature

S <B¥=2—Ov>

& AEZROD

l ST MGE
\@ <fME=a—Or>
C - Cryophilic HEROATEY

movement ‘@ (FPiE-2H)

T - Thermophilic

movement Thermotaxis

¥

HREBBONA—I VT LBIEESF

AFD thermosensory neuron responds to warming

YFP(F535)
CFP(F480)

Ratio (F535/F480)

25

Kimura et al. (2004)




Y7571 v a2z AW HREVIHA R A1 O ARRF

FEE R1T (BEAER - £EHEFER)

BADPHEOMELE LTHOTWEEX 77 7 4 vy 2 IIEMFREICIE 20, »w o
DR EBH 2, RN TG LFET 22 L, WHIESEHTH 2 2 L, FEINEDL 2
&L R EDSHAEMDREDIME N CRS ICBlgEcE 5, ¥, BEEIYTHD ., &
b & DOBEETHEMED GRICRD SN IEFETIPRBEETVREY DRI ) —= v 7
BAAINTET S, RABZIDEIBHRDH LT 774 v azET VEYL
L CHIV, Mo F8 4 RIS &9 LTk o T ICik E - 2872 T H
Kz Dn L) RFEICEID A TW» 5, MRl 4w T ED X H I L ThEAE X
N30 E )OI ENE T CORBELHETH 2 L & HICHERBEAMIS
TORBEVARICZRD I B THAH, BAZ, GHiZRO 3 EETEL T, A AL Ry
7 AMEE R TCd % iroquois %, %k 285 T &£ LT mind bomb &5 T123F
HLTEZiEDTETE D, ZOREEMHNL 20,

1) P ERE % PE 3 2 I E AT iroquois DIHE

Iroquois(Iro) JE{E T IE IS RIEFEIR DO —F I BB T 2GR FTH 5, Z DI
IR D HIN - BRI AN, eGSR 2 A A TWw A, i 7 Wit
ST F VIR SN B LI RE T T 7 4 v aBHE{K Headless Tl irol, iro7
IR T DFBIDHINED > TE D BEIE LT - B R, meodiie, =%
MREEI DT ASEE TIE R o NG VHETTH RS e, Trol, 7 OWREZ R % 729127
VFRVAFY ITZOMEEER ) v 2T v LERER, 2 3 O MR O L
ICHREDVED 6t TOMIRIT iro BE 23 Wnt & 7 F LD MRTHE, 2 D8
FISNTIRERIER S N2 WD 7= DY 2 Mt T 2 DICHETH 5 Z L 2R L T
%,
2) tfgfiEEZ T 2 26 % F > ) A —X mib BB T ORRE

PRAEHTENAI A < 1%, FeAERE ©— A DM 72 i A I pisiiie i 0k 3%, 2o
PREATAE (LB POERE TE < 2 A = X235 HHI & b, Notch & 7 F L3z D
HELHE2H->Tw5, 4 lE, Notch & 7 FVEERKICR EDOH X 75 7 4
v ¥ 22254k mind bomb (mib) 28584 D JEKGEIE 1% FE L 72, FE S 417z mib &
frf1x C Kl RING finger domain #5952 1E¥X¥5F 7 A7 —AT, Notch DV
Ay R ThAHEEN delta Z2EXF LT 52 L0bDd>7%, mib I delta 72
X F bl Lo delta ZHIINICED AT D 2T 5 2 & T, B d 2 Ml
@ notch itz delta FEBMIAAMI~G] Z 3k Z . notch DAMIIENFIE DN
2L T 5 &I A RIE L 72,



HEMROEDIIEZET 771 v a1%E>THIS

HREMRIZE DS UTRE S LBAIICRE S KHEITUDTERWD
£35Hh7?

~ BERESBTORFIITTILDIRT LEHEREA~N ~

COEZEEMBIR FHRT

Headless (hdl) ZE{K(Z wt
FAER (WH)IZ{BART
EEARIELTLS

hdl

fRiEMANTE S5, B0
MR ERZERAWN =BT TE L &R aTEE

BREETSI71v2aikn?

1. EHEBMTHD, £ F~DEAFRELGETILELT,
2. REMANTEITL, BRI CEETED,
3.ZBETHS.
4 BEMNEL: 2 4ABHTHRDEEAENTED
5. RREERKERBITHEYHE D,

(BHBMTIIBO TRKRELGR Y ) —Z VIR ENT)
6. BIZFNBRHER. / vI Iy (FoFEUR) AHlEE

=> RKEBEWN. DATLEHBERIZALTLS,
DFY. FomYBRCEKRLAILTETATEE !

BMEREDHTORFLITFTILDOYRT LEHEFEA

ETIL: EQ &S IHEMANAZ N ?
huC MR %in situ hybridization|Z TAI{R1E

Y sensory neurons
- ,..50‘:!'\.' 2
" g ;';-n interneurons
ol
Sy %2
2 k"--.‘l_‘:"'r:* 4 f
“a & motor neurons

vw‘\ BT A Ak

. Yue ',“..w'

hindbrain Spinal cord

ZRER1 1M (SKEH) OETS T4 vl




7371y 22cBT3PRBIBFOFKLEBE

sox3 ngn1 huC
4z Neural Proneural Neuronal
/ genes genes genes
NAEZE -
N ISR 57
Notch signaling
354 iroquois mind bomb
Notch
delta

Anterior expansion of proneural domain in hdl (tcf3a) mutants

wt hdl

Expansion of proneural gene

Inhibition of Iro7 function leads to a loss specific
domains of neurogenin1 expression and to a loss of
trigeminal neurons

Summary of iro1 and iro7 functions

hdl ngnl ——» neuron
Caudalizing —— jroi, iro7 > pﬂﬂ.’ > MHB

signal




R EAIAINH E VWS A D =X ALITE > T—HOMIREOANEEND,
NotchL J FILIZAIAIHEEE S 3 0R—F 2 b THS

#IRIZGY S D HRRER —& LR ENG N — £EMEICE o7
‘ﬂ. o:.oo .ooo&o D 0:.0
Po’%% 0PPPPo O
[Cececacatacd

oPIPFE
«{ o

Mind bomb (mib)- €757 4 v > 1 ERERK

1. fRiRBRIA A
2 (KB ERE

deadly seven (notchla), after eight (deltaD) & FE{ELL TUWD

Y F2TFIIEE T B IEDFIFHEF

Core Notch Signaling Pathway

Sending

Receiving
Cell

~ e

Nucleus

®osl

Target Genes
(e.z. HES family)

her4

Delta
Delta B
Delta C
Delta D

Jagged1
Jagged2

Jagged3 Notch6

MibZEREFDa52b 7 LILIITRHED S > & HHRLY

wt m178 ta52b

huC

her4




The RING domains suggest Mib might function
as an E3 ubiquitin ligase
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Sia species
Neu5Ac : R=-NHCOCHS3

Neu5Gc : R=-NHCOCH20H
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O-acetylation
O-lactylation
O-methylation
O-sulfation
Lactonization
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OH OH

DP: Degree of polymerization
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Glycoprotein

Origin

Linkage

References

<PolySia: DP 8 and greater>
MSORORMD TR fish egg PSGP fish egg O-, 2-8Neu5Gc Inoue & Iwasaki, 1978
NCAM brain N-, 2-8Neu5Ac Finne, 1982
* R=-NHCOCH; Neu5Ac fish KDN-gp fish ovarian fluid  O-, 2-8KDN Kanamori et al., 1989
Na channel a-subunit brain, eel organ N-, 2-8Neu5Ac  Zuber et al., 1992
-NHCOCH,OH Neu5Ge sea urchin PolySia-gp egg-coats 0-, 2-50g Neu5Gc Kitazume et al., 1994
CD36 milk O-, 2-8NeubAc  Yabe et al., 2003
-OH KDN echinoid 40-80kDa-gp_sperm flagellum __O-, 2-9Neu5Ac _ Miyata et al., 2004
<di/oligoSia: DP 2-7>
o o0 o ] oo R,=-H chromogranin adrenal medulla  O-, 2-8Neu5Ac Kiang et al., 1982
oH or -COCH; (acetyl, 4,7, 8, 9) Band-3 erythrocytes O-, 2-8Neu5Ac  Fukuda et al., 1984
NeuAc o KDN ° -CH; (methyl, 8) glycophorin erythrocytes O-, 2-8Neu5Ac  Fukuda et al., 1987
-HSO,- (sulfate, 8, 9) megalin kidney O-, 2-8KDN Ziak et al., 1999
o o -HPO,? (phosphate, 9) ceruloplasmin various organs ___O-, 2-8KDN Ziak et al., 1999
T2 oo H°sH° o -CH(OH)CH, (lactyl, 9) NCAM brain N-, 2-8Neu5Ac Finne, 1982, Sato et al., 2000
OAc) OH CD166 brain, lymphocytes O-, 2-8Neu5Ac  Sato et al., 2002
9-0AcNeuAc | /o.  8sulfatedNeuAc /o | anhydro (4,8 and 2,7) integrin a5 subunit  melanoma cell N-, 2-8Neu5Ac  Nadanaka et al., 2001
fetuin serum N-, 2-8Neu5Ac Kitajima et al., 1999
oH oH a2-macroglobulin serum N-, 2-8Sia Kitajima et al., 1999
adiponectin (adipoQ) serum O-, 2-8Neu5Ac Sato et al., 2001
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Hiroki R. Ueda et al. “A transcription factor response element for gene expression during
circadian night” Nature, 418, 534-539, 2002.

Hiroki R. Ueda et al. “Molecular-Timetable Methods for Detection of Body Time and
Rhythm Disorders from Single-time-point Genome-wide Expression Profiles” PNAS, 101,
11227-11232, 2004.

* (Hiroki R. Ueda uedah-tky@umin.ac.jp)
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Laboratory for Systems Biology, RIKEN CDB Darkness
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Sampling under Light Dark Condition
(every 4h over 2 days)
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R
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50 mice at each time point

Light-Dark

\.— \.— Condition

Central Clock (SCN)

4 mice at each time point,
Sampling under Constant Darkness
(4h interval over 2 days)
RN VoLl b Constant
Darkness

Peripheral Clock (Liver)
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101 Clock Controlled Genes
Light-Dark Condition Constant Darkness

Time (h)

Time (h) Time (h)
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Temporal Separation of
Repressors and Activators
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Photoactive Yellow Protein(PYP)Tld, HEAEICHBE L 721 2DE2 I T 5 Z &1
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Xk
Dynamical Transition and Proteinquake in Photoactive Yellow Protein,
K. Itoh and M. Sasai, Proc. Natl. Acad. Sci. USA , 101, 14736-14741 (2004).

Conformational Change of Actomyosin Complex Drives the Multiple Stepping
Movement,
T.P. Terada, M. Sasai, and T. Yomo, Proc. Natl. Acad. Sci. USA, 99, 9202-9206 (2002).
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(1) Fluctuations around a structure;
normal modes, or principal components

10-10 sec DHEHFTIEZN TOK !
LHL., ZLOEBMBEENRITT 5RX7—ILIE

Time scale: 103s — s
Energy scale 10 — 20kT
Length scale nm — 100nm

unfolding Proteinquake:
Large scale structural
change caused by a local
excitation

N-terminal B-scaffold

ca
P helical

connector

PAS core pCAl

Photoexcitation

Photoactive Yellow Protein (PYP)




Model

*Wako-Saito-Mufioz -Eaton model

m ;=1  when the ith residue takes the native-like configuration
m ;=0  otherwise

HWSME({mg/}):Zgg/Aymg/ +Zfi(T)(l_mi) m; :H m,

k=i

ME

V= ZKij(ri —r’).(r;—r))+ gAi/_<mi/.> (r,—r))’
5]
K : spring constant along the chain backbone

/:(T) : entropic contribution

& < 0 :interactions for the native contact
A; =1,when ‘ro —rj(." <6.5A

A; =0,otherwise  r:nativestructure

—— Unfolding of the N-terminal domain

l

Invoking the collective motion, in which the
N-terminal domain and the core part of the protein
move in the opposite direction

Induced large wavelength motion in the core part

accommodates the loosened structure around
the photoexcited chromophore

Self-consistent stabilization of the partially unfolded
structure in the photoexcited state

Gy = <Ari -Ar; >M/|:<Ari A, <Arf Ay >MT/2

Dark State
120 ||

residue index
—
N N o0 [}
() [} (e} [}

[\
(=]

-1

20 40 60 80 100 120 Photoexcited
residue index State

collective motion across the N-terminal domain and the rest part
in the photoexcited state: Dynamics mediated transition to the partially
unfolded state (Dynamical transition)

Amplitude of
mmSfmEm =S =9 fluctuation
y predicted by the
21 /MG model
g 1 rigidity of the
€038 structure
3 06 (Intensity of
202 | J NMR peak)
S ot

20 40 7 6707 SO 100 120
residue index
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ree Energy

protonation
of pCA

Isomarization

amical Transition

Protein Unfolding

Actomyosin

N. Volkmann and D. Hanein, Curr. Opin. Cell Biol. 2000, 12, 26-34

Domain Swapping:
Evidence for coupling of folding and binding

\

EPS8 SH3 domain dimer; PDB code; 1107

Modified from Yanagida et al. Curr. Opin. Cell Biol. 2000, 12, 20-25




p=0

Rigor state

—

Coupling of folding, binding and sliding:
two order parameters; p and x

Terada et al., PNAS 99, 9202-9206 (2002)

o
Weakly bound m
state

N

x = x(rigor
p=1 /

x is the relative position along the
filament

BT 7 )L Functional Funnel
EREEISOEIKIFEEIRILT—ATABKIER
INAT REFHES=ITRIILX—M|E

WRED 7RIV EDRS DTN DIEEHEA
HWRER B DR W REEERHT TS,

DU FIVREBREIZE T H5EEGPREEDO R (PYP)
NFE—F—DOEE (actomyosin)
AAYF . TART)— EEWHRRK

T7RIILBITRIILY—E
ErK #W(@BX RE)
RE MEF(HBK HAEHE)

Rk —1Z (&KX PD)

Actomyosin
FH E# (/X PD)
mA B (fRXK)
=5 AA(EfFEAX)
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[1] Molecular identification of a eukaryotic,
stretch-activated nonselective cation channel.
Science, 285, 882-886, 1999

[2] Subcellular positioning of small molecules.
Nature, 411, 1016, 2001
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Stretch chamber

-induced Morpnological charngeas
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Ca transient in response to stretcn
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Stretch chamber
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B3 MW 65-70 kDa S” SS
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PKMSIYKRMKLACCEDC -
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GRSERDCSCMSGSVHSNMDTLERAFPLSSVSVNDCSTSLRAF

Oncogene, 1998, FEBS letter, 1998 g §'
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Sperrn sorter

treatment of male infertility

Takayama S, Analytical Chemistry, 75:1671-1675, 2003
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How: animals get skin patterns?

Shigeru Kondo:

Riken Center for Developmental Biology

Nagoya University

Reaction-Diffusion Model
(A Turing: 1952)

<>
%
O<—<:>
Combinatorial

chemical reaction
forms waves

positional
information for
morphogenesis

Autonomous
formation of spatial
pattern

Reaction=diffusion model

200 Traveling wave
activation

C D

inhibition activation

~

Dact Dact > Dinn

Dact << Dinn
Dinn
Stationary wave

(Turing patterns)

Complex shell patterns are reproduced
by Beaction-Diffusion system

By H Meinhardt




Turing model lacks experimental proof.,

activation

?

C2)

inhibition P "D activation
- -

? 2
% Dinh

D act
?

Striped mammals

Zebra horse have beautiful stripes.

But the spacing is not even.

Dynhamic nature of pigment pattern.
(Stripes)

Pomacanthus imperator

Prediction from the computer simulation
of RD system.

Spot division and insertion

0 0 Siteicd
L

@@)’fﬁ%\m

Simulation




Zebrafish is a convenient model

: ) . Zebrafish patterns and pigment cells
system to investigate skin pattern

three kinds of pigment cells in

/ \ the hypodermis of zebrafish.

I xanthophores

*Small

melanophores

*Many mutants
iridophores

‘Variety of genetic techniques developed Tt o e prore)

fish forms stripes.

Need to know the stripes are really the Turing wave Localization is directed by some other cells?

Or the pigment cells manage by themselves?

When all the pigment cells ina wide
Genetics and Turing Model region are removed,,,,,

4

Pigment patterns of the different alleles of leopard gene First, pigment cells regenerate at
/A

random position,

How do gene mutations change the pattern?




Pigment cell network satisfies the principle
of Turing model

Negative feedback

—

47 Survival factor? ¢ ‘ (Long range)

Exclusion

Inhibit Positive feedback

differentiation (local)

To formi Turing Instability, |Locall activation
and loeng range inhibition are required.

Positive
feedback

Diffusion

Relay of direct
cell-cell signal

Neuronal
signal

Summary.

Both stationary and traveling wave
exist in the skin of animals

Waves are generated by the interaction
of pigment cells or hair follicles

Interaction network conjectured from
experiments satisfies the necessity of
Turing’s model

Identification of
long-range and
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Abstract

Therapeutic angiogenesis is an effective means for tissue salvage in patients with
critical limb ischemia. Angiogenesis is defined as a formation of new blood vessels by
sprouting of preexisting mature endothelial cells (ECs). In contrast, vasculogenesis is
referred to as the creation of primordial blood vessels from endothelial progenitor cells
(EPCs) or angioblasts. Neovascular formation in adults has been considered to result
exclusively from the former process (i.e., angiogenesis). However, we and other
researchers recently identified EPCs in human peripheral blood (PB), and circulating
EPCs have been shown to accumulate at active angiogenic sites and to participate in
neovascularization, a notion consistent with “postnatal vasculogenesis”. EPCs in
adults originate from bone marrow (BM), and we recently have demonstrated that in
vivo implantation of autologous BM-MNCs effectively augmented ischemia-induced
neovascularization in animal studies as well as human trial (TACT Trial). Here we

summarize recent advances in cell transplantation-mediated therapeutic angiogenesis.
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PAZEBIIRAE(LAE (ASO) % Buerger 3 (TAO) HEFICTEWTIE, FFAEHBOLE
BhiE (BSEZ &) Tz, SEYRECEERE R E0MfThbi s, Fontane 1T WL IV
DEIEGIN L CTE, ME TG 217 o 7 RICREIMAE 19 22 A TR (PTA 2 2 7 > R fAL
MAEBREAT) . Z S ISR N S ZAFEMDTRA SN D, 3o @D TR IIHENL S 7
BRIIRERETH 503, —EDHF (30-40%) THIR L 72 IME 2N A 238 2 DFFEAE P PHZEDS
A o5, F7- Buerger JWEED X )12, AENZIMEMERHZEMRZ DS RKMEIIRICEAE L.
RIS D NEEDVIN S WA IR, MM A S AR b A2 R L2 %
27 OMTAREE 25, T D &I BEEMNCHR U T, KEIMEE A o fifika> & o I 5t
R X OMIENMATOFREZME L, IO MR 2 MR U, S E L 2 B X ¥ X
I ET LA RINT WS, T06 ORIKIZIGEIVIME R4, H 2 WIXIE B ARk

(Therapeutic Angiogenesis) & FEIX4L, MR - B2 Db O DRGF, I 6IcZns D
FEREINIE L v ) B W T, JEFICEERRETT L RoTw 5,

MAEFT A TR A i - RN Ic X D EBICa vy Pa— L 3nTE D, M8 N
NEIHIC N T2 77 R L <A FADRTRED N T v A ko> THEEDIRIZNTH S, B
ELDMEHEBICE WX, MEHEICHT 277 ADRHT (VEGF, FGF, HGF,
Angiopoietin-1 7 & OIMERER T OB B PEE AR ZER) 28 L 22 Hid
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MBI R DL CMEINT 0 5,
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RO MRELRBETH S, Ld-> 7T, IfiiEFHA (Vasculogenesis) & I Hid:
(Angiogenesis) 1. JREVHIOLIEZI1Z L O & T 5G5S « IRE RO SR ME
DIGRZ Db DICERICHEGT 5, —HRAEERICE W TR, BEOEEL &L bICERD
WG - R T 203, EEINEE, BECREFNRIMEREZBEI L0, KEIIEWT
IR ) FEABEOREE ORI, —lEomulliEHilr»Zoonsd, Ladd-> T,
BN ARSEETICB W TH I IR RENERD - HRRFENICINEREZYAF Iy s
cavirto—rIncwistEions (1),

FAEERHER OB D 6 . AR DIMAEHTA (Neovascularization) 13T 0 2 ffic A5
SN, 2D 1 DFFEYIICE T 2 WO FIERHTIE T H 2 Ll (Angioblast %
72 1% Endothelial progenitor cell; EPC) 2> 5 D4 #Hi L WILE DK <. M4 54
(Vasculogenesis) & WHEN2\RETHD (2) . I 12DF¥ A4 7k, T CIHIRICHEET
2 BAIMAE D 6 O, NEGMIEEEE X OHEE - VET Y v 72 HEAR L L722H L RINER O
TR T, EDIMEH 4 (Angiogenesis) EWM-ENZEFETH S (2. 3) , UL F THHAY
DBEMUBEE L OHBEBR T X TORYICE T 2 IMEH 4. PBEDIME FE
(Angiogenesis) 1L 2 bDDATH S EEZLNTER,
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7 I TEHIAE) 2SRRI ALE T 2 ifERE L L Cowb W 21 (Blood island) 25 if
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DINEGHIIE S S IR IME RIS, F 72RO EBIc Az § 2 @Il 3 1msk % 1243k U ik %
BT 5 LEZoNT VS, To DEFIEN F 7342 ERINED & | il & i
PN B2 BT e 1 i oo S e < & 2 BRI s e (Hemangioblast) 2057k L TK %
bortEzionTns (K1) @),
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Wiz, Thbb, WG & MmN R AT R ~ — A — 2 6 Z 4 6 OFLIE -
A ARSI T 2 LItk %, i CD34 IS A, IfiBkREfao~—A—& L
THRICHETH % L Ao T 2 RHPilEss, FEXME NG b FEHT 2 2 L2 6 0
WINTER, RENZDDIC, METEK & MEFHT LD ICEE L I3T\w» 5 I N EH
faEFii A 1 (Vascular endothelial growth factor; VEGF) @ 2 BIZF{ikT&H % Flk-1/KDR
&L R0 mBRFEA & E TR ICEE 2 AE Z B2 LT\ % Angiopoietin-1, -2 DZEART
H % Tie-2 3db %, FEEFIZ Flk-1/KDR, Tie-2 ., 26DV v FThH s VEGF %
Angiopoietin-1 @/ v 7 77 b= 2B WU, MAEFE & MERFE A O 7 230 E I 11T
W3 ZEDRHS I (5-7) . TS -HOWTED S M & A PR SR i
B MM 5 2L T B2 8, 5 ns DAL E b0 29D
HEORIENFCcary ru— L INTWwE I LR EBHELIISI N, SSICHETIE, F
A TR 3 W CIIBR R I IE & A N B RTEXHTAE (% Ao DM D 3 (LR L TR I
EHL., BEATRZDDTHD EHEZ SN TS, FHE, av=_—WEKTO X 5 %Il



BEMIEO S UHER T & | AR F2EIEIEEOIICE W T2 ) FEEL Tnws 2 L
LG IR D ERGE G (8) . T T, IIEREAIIEIE Angilopoietin-1 ZFEA L, IME
NERIED ) €57 v 7 E S5 ICBIMEFHIEZDHDICHFEES L T0BE EnI)IELH L VAIRDS
Takakura 5 IC X D HEINLTWS (9) ,

BB 2 NI O FfE L B RKWIEF4E (Postnatal Vasculogenesis) @ AJgg:

PERILNEAI B 1T 2 MAEHT R BEAE OIS NI D FE T 5 Ll Ic X 5 b o (B
F D Angiogenesis) DA TH 3 BRI N TV 7205, A KM 1213, NEfIIaI 4y
LU 9 2 NEHTERAIE (EPC) 23 E#E T % & & 23l & 221 X iz (10) . 1997 4F Asahara
5%, BRAKMIMF D CD34 Bl 572 & W~ &b L 9 2 —Fofilgsfstsn s
ZEZRFEHLZ (10) . 3o NEZEIEGHIIEIE, BFEEfd c—E ML LD S 7 2 fHfEsh
(au=—) ZBKL7DE, ZDOUZRL»SHFIRD 7 4 7027 F ITHET HMilE s
LTt L., ZD®RBIRRNG, =y b7 —7HEZ BIBRT 2 2 enBohican, T
S OfiEE, bR 7 a—3 4 b X Y =2 X o>, WEMIIEIC FRls R
ZPi)s (CD34, CD31, Flk-1/KDR, Tie-2, Ulex-1 Lectin #&&#E, ecNOS, von Willebrand
Factor % &) ZFHBIL T, Fo, NEMHORED —>TH 2 —-#LER (NO) D
4% Acetyl-LDL OHUDIAARBEZH T 5 2 & bHS IS SNz, F 7 NEZETGHIIE Z Sb R
kL. b MIEHEIRINEME (HUVEC) & & bicHg#g 2 &, < F Y7L ECHEE R
B AAZN S 2 E DRI N, 512, & bR N RTEXATIE 2 SOEEER L, s
MHIBENRREIRIICH G- T2 &, B NEOIMEFEICHAAZTNS 2 EBHS I N
7o DLEXDEA (&) 1B 5 HAEBoImE R4 (Postnatal neovascularization)
BT, MEFEDOARTIER L, FILAFONEZRTHIIEOE D A A & v ) EFAERD
METEE S B5-9 2 AfgikEyne s 7z (10) .

Tl EEAEER (R 1281 2 NEZAETEIIIE & 2SR 2D TH A 9 5, SEicbid
N7z X9, WEZRTERAI & MEREAIE & 3D ICEERBERICH 2 72012, RATIZIE—D
IR ch 2 ERiICHK T2 b0 PRSI NS, FEFRIC Asahara & 1%, I NI RE
HNICHRHE I N 28 (FIk-1/KDR, Tie2) o 70 E—#%—I12XDFEEHEI NS
B-galactosidase Z¥Hl T2 F 7V AV 2=y 7 <7 Ao OFREEHEH Y 2 2 /FR L,
COBFHX X 7~y A, PEGBI, OBMEZE, MEmES A€ 7 (VEGF pellet
Bil) &2z TENRME L E2HERIER, ZO/R, ZNFhoEdEThc
BWT, Bidcko (X-gal $efic kX hBtkicdex 2) WO EEHER I N (11) .
INS6DI ENS, BIRIZE T AIMERRIZE TIX, WEZBTEMIIZA 2 < &b ERiicH
FL. BEICI U CORMImMEHIcE 2 (Mobilization) v, M FTAEGBAICHDIAE NS
(Chemotaxis) Z EPVRBEINT 5, L2LAEDVS, ZNSDFHMAET A=A LITD
WL, R E L TR 2%\,

fHfaBmIC X 2 BT EFEE

BfED L 25, WEZRIEHIIIC X 2 MEREROMEF LS, RAICE T 2 MEHED E
N 5VDHERE HDHTVRZD2IRHSLICINTWRARY, KT, ALWAIME EE TV
(E) 2B WTIE, §9 10% DFAIMNE KIC Bt kiiE (NEZREREIE) <Xk 2 L Bbn



B IMEFERDIMEFEDRA SN @GSk (12) . Lo THEm Bix, wRifdh o N i
B ® %2 100% 2 > Fa— LV HSETH . #910% < S WoFEmEKRK L2 ta—)L T
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Tarvitu—LT3k0iE, s DEHaE Vo ASMCED B L CHEEBET %2,
IH (RIMAHRR D Lik) (SRR TRl AT 2 0552035 5 2 L2 RRL T 5,

Y& AN & i N R @ o il (Hemangioblast) Xk W 3432 LE 2 6T
%, LhoT, BAICET 2 NERTEHIIEIZHE— DS IMESE Th 2 EHiic ks 3 %2
5%, FH92 1996 4E Noishiki 5 (13) X, A X KEARA LIME EHE 7LV 2ER L. B
IO -HOEHE2MNE H 52 O ANTLINE 77 7 MBS % 2 &2k h ALIEN
icE=EHNELZES, M2 PHTERLIE28ME L7, 1998 £, 512 Shi 5
(14) 1, 0 A4 MR T REIIRA IS EfLE 7V 2 /ER L. 2 E8as 217> 7%
W, MDA X6 OEHlz REERIRIICEIE L . WKOBEE - %2 PCRIETHITT 5 2 &1
b, ALIENBOFFNEGIC FF— BEFEoEhhkIE» B 532 2 L 2R L
77,

F 72, WECRTERAIIEIE CD34 Bl oz & FICHET 2 EE 2 5 TWwbHs, CD34
Btk . W ORRIMT 2B BEDRT 1/10 @ 0.2%FEE L o # e L s (15) , JHlE
HIEE 2 iR b R# M TdH % LTC-IC (long-term culture initiating cell) 13 RA4I 1ml fric
S 2.9 O ARIFLE L, HHEICIERF 1/100 L@ T3 (16) , 2 F hRAICE LT
. EREECRAIIE D /703 K D % < O N RTEIIE 2 4565 L. BHZINE TR A2 AR TE 51
BMEDI RIS,

DEDZEn»s, WAGINETIZYH X O MTRIEIE T VA2 T, Fili 1R
WCHOAEBEHRERIRZ BT 2 2 LIk b BN N O MAEF LRI N5 052
L7, MEESY - V—Y—Fy 77— « BRI R s 81 2 BMINE B E 72 £ oK fE
NI A= =BT, av boa— U CEMAEAKRE AR &SRR & L.
H O EH MR IC & T RICHIENIM TP mE R EodeEr A ol (17) (K2), £7-,
78 O GAMELFIEINE T AICE W TS, AR EMMIEO EmHEMRNEA . A RICmE R E
I (K3) . I HOEigRkE, Biifikicswc, At dbzhn
S HiE H & s —IMAE IS SIS 3 5. & 61213 4 o A H A &R 7 (6] VEGE,bFGF
% Angiopoietin-1 7 &) ZHEH L. BoMEH 2L 7zb0 L2 57 (18,
19) .

TEREIE FH T RE 72 N B RTBIGHIAE X . R O KM & & 23 BERICATRETH % 9, Kalka o 1%
BT, JRAKRYIMZ 5525 U NI BTEHII 2 572, 2z X — K= 7 A SRS Ic s
% & (5x10° cells/animal) | MZIL T BCREIR o A BT A GRA7 IC 46/ L . AIEIIMA 2R + 1 %2
TN X, SIS LRGP (auto-amputation O [A#E) 2SHJHETH % 2 & 2T L 72 (20),
BRI K D N B RTBGHIEE BUCIR D 238 2 72012, SHBRKERTEIC X 2 HEfifaE o
MR ERHEE 25, S 6ICHRETIE, NWEATIHEOBUCHIR2® 2 720, 2416 Dl
filcd 55U VEGF BEFZ2EA L, 2 uililc b BEmziiE L L9 & 32~
HRINTWwSE (21) ., L2LINSDHEZREHELINIYHHEL  5HBDOX 6% 510
BBHETH S I,



HR BRI O BHEIC X 2 M8 F 4B k- RS-

IR 7z X 9 A EERARILIC LD & . T4 IR EIME R (BAZEMEEIIREEALE - N —
T =) HBEA~OHCEEHEO B M5 NGNS, AL RIMEFEREE L THRLY
OV TISHTIBED £ ) 2Bk L 72, DU ICZ Mg 2",

POE

1) RAvEmEE (PAZEMEEIIREELE - N—2 v —9F) .
WNREFZIE, HEAENGSE L CBEEIN TV 2 BERAMEMERE (PAZEM:BIREE A
BIUON= v —H) OBEE T, D\ 3 BFICS ONE T5RAENPIGFTE %
WS, B A B SCGE I TR I H A E B e A T A T B A ORIE - AhBg - A
- FEZEFHL, BEATH S OEEL X OKEDHE L &GS 6o\, Mg
EHRZGET2550AMITT 2, —EATEBICSMLUE T LZEEOHI Y MY =&
T,

2) MR BB X 0Lt (EhE X RO AHEED & 2 L ZRL)

3) 4EfiE : 20-75 %

4) WIS FIE - GOFEIC K D RS 1 FUN EEZ o b BE, B EME 6T % B,
K5 FEDINIC Z DBHED & % 5, BIEDFEMREIC X 0 EEERE O RetE»H % L
Wr S 7 B, BAE OB ERIE 2 6 3 2 5. BitolEEz A LiEI v
KWHEE Zoftif v 74—LFavery r2EonN0WEER L,

Vigs3

1) 3 & bt 2 3 XCTOEYER SRS kG 9 2, MR 2 RT3 AR

I (400mL) ZHHL LIS 5,

2) ERERERINE X OB ARG e o 20 i

EHREE NI TEREEE & D 600-800mL OFBEREIE 17\, /0 #EE (CS 3000,
Baxter tL# % i) I CTHBERZIRZ THET 2 (2 TOWMEREMEHIEIE, 3 CICEIRIEM S
NTOLHHBMEICHEL ) , IRICEHEIZ, H 50 L Ol L TE W72 H A%
195
3) THEREH~DOFHHELERE 5 © SRR O S Ht & 25 EE T2 T, Bo gt
Kk T%EK 50 AP, 23G #F% v TR T a5 I RN S 2179,
TEHERN R EE
1) TECEEATCOMmER A - PEREMNIE o A
ORI, SRR B IMEEESF 7/ — Xk, 206 O - RS - BBk %
GLERT B, EBEOKRNE I, Rk X O M ORANR THHME T 5, REEDE7Z £ OMIE
ARV CIERAAEZME T2, BEOEI X, TloMHEIc ks @ 1=REXE; 2=
BEPIRZA ; 3=MEd L ITF0HEL ; 4 D LB, 7, BEERE»ZHET
HHDHEHIT %,

@ABI (ankle-brachial blood pressure index)

@L—H—Fv 77 =% 713 TCO2 ¥z X 2 TRLMFEE - MEEAAIEHIE,
@IMEE[DSANC I % 3l 3 %,

O TR, POmME E coBfTIERE (£ F MLy FIOVEEIAM T A )
®QOL 12 X 2H]E,
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EFE OB (AR EREE) Tld. 2000 4E 11 HiZ, 73 kokisz263 %
PHEEM BRI (LIE O Lo B 1o L ¢, F—HIH o A D Etifia s o hiir Sk, 2
REE N ICHCEH 600 mL 28I L, B8Rk 2 s o s L . A5 0.93x 107
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&, BIRNMAEROHM (XM 4), MEOME%ED TWwb, BT R 10m 225 150m
2. 1 HERFEMERIBUZ TS 6 B2 6 1.6 [alic, Efllo ABI £ 0.27 205 0.55 1220z
ngGEL 72,

TACT trial

2000 4 6 H&X b, LidHCEREMIaAEIC X 2 FRERE S B o IS AR kDS, BN 3 i

% (BIVEERERSY: « ARPKRRY: - HIRERERYE) 128 W TiET X 117z, Therapeutic Angiogenesis
Usmg Cell Transplantation (TACT) trial &WEEIL T %, &l 45 ADBEDIRFETH L.
ABI 23T 1 A A » FEEINL . TR REMEIH 9 0 %D EETHAS N, FL vy F3
VT A+ OBFTHEEEIHKT 2.6 5~ BN L 7o, MR REEA. O SE0E - IFIE( wbénﬁ Ifirh o
VEGF, bFGF, HGF I, HUZBREUI 22 R x> 7o, BIFEER & AMRICE - TR &
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- 27 HCERICBET 20108% < (K18 0 %) Aohiz (22) .
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L L2236, FRHCHER L Tl tudzz o 2 0HERIZZ (. 5HB0 X 6 % 2158
ROFFl- 5,
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IREREIERZEMEIE DRREICE D < AR

IR, HTIT (ERRMARE - #EARD

BREMEVERZE (SBMA) 13, BRABNCIERE 9 2 FEIREFTIED M ALEE) = 2 — v PR
TH Y, VBSENE O IMR T - FiZEHE & B2 FRER & §2, BERBEOARTHD .,
VRN B RN TH 5, HWIEIE 7Y Far vZ8E (AR) $ 1 =27V Y ND CAG
JE—FOBRFIERTH Y, FkDEE £ %1Z Huntington JE- B lli/MM A MERETH Fvw
ZEINTWE,SBMAZIZL D ET 2 06 OMFEEMEEIZRY 708 2 VK L RIS N,
WHIER L 2R V% S VAR ET 3R AR BEADPHMNICER L, BERELR %25
I ENLBOREBLEEZ N TV 5,

41k, SBMADEFLEME LT, CAG Y E— F2397 IIERE L 22 EDE F AR EE
TEEBALLEN I VA 2=y 729 A (Tg) 2R L7, D Tg TIHEFTIEDEEIHEAE
BEEDTHEM A O 4, AERIZHEIC B W TEE» D 2BUSHETT L 7223, M CIHEERSZD &
N, HoTHHEX VB ICBIETH 72, VI AY Y70y FPREREATIE, AR
AR DENERBBA S, HICEWTXDHEETH > 7o, M Tg IcERAZTATL 72 & T A1)
PRI L CBGE L. 25 AR ORNERDBINICSGE L7, Wicl TgicT A P AT v %
G L7E A, MNDZEE AR 23EBHICHEM L . #HEFERE 135 L CIR P L, 2o O
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The HNE-histidine configurational isomers
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A portion of a "TH-NMR spectrum of the
HNE-N<-acetylhistidine adduct
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His His C’YS c_ys Lys Lys
JD\OH RJ"’Q%OH WJ"”’oj\ou "l"’oj%ou 'JD\OH 'J%D%OH
His His Cys Cys Lys Lys
R)D%‘J“ ")D\OH R)"'D%”ou JD\OH Jp%ou “)D\ou
His His Cys Cys Lys Lys
"fo) “oH "bo\ou Rfo>""’ou "/b\ou "fo) “oH R/b\ou
His His Cys Cys Lys Lys
R/Q\OH /O “Ion R/Q\OH R/O K R/Q\OH R/Q 0
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oH oH OH oH oH oH
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Cys C

His His Y °ys Lys Lys
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His His Cys Cys Lys Lys
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Distribution of (R)-HNE and (S)-HNE adducts in
the kidney of rats administered with Fe3*-NTA

[]

Anti-R (R310) Anti-S (S412)

Hashimoto et al. JBC (2002)

Alignment of the heavy chain sequences of
Anti-R and anti-DNA antibody (24.1.2)

R310 ?AG GTG AAG CTG CAG GAG TCA GGA CCT GAG CTG GTA AAG CCT GGG GCT TCA GTG
Anti-DNA B e it it e

1

AAG ATG TCC TGC AAG GCT TCT GGA TAC ACA TTC ACT’ AGT TAT GTT ATG CAC‘ TGG GTG AAG

P U S

CDR1

CAG AAG CCT GGG CAG GGC CTT GAG TGG ATT GGA

TAT ATT AAT CCT TAC AAT GAT GGT ACT

CDR2

AAG TAC AAT GAG AAG TTC AAA GGC‘AAG GCC ACA CTG ACT TCA GAC AAA TCC TCC AGC ACA

CDR2 l
GCC TAC ATG GAG CTC AGC AGC CTG ACC TCT GAA GAC TCT GCG GTC TAT TAC TGT GCC CCC

e e e mem D mmm mmh mmm mmm cem —f@ mmm mmm mmm mmm e mmm e oo




R310 H-chain| = |Anti-DNA antibody

24.1.2

Anti-poly(dC)

R32 L-chain | -_ |antibody
R310 L-chain

Anti-polyreactive

natural autoantibody
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Recognition of HNE protein adducts by
an anti-DNA monoclonal antibody
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