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WFPERRREOBEEE (3£37) : In this study, I examined the activities of transcriptional modulations of two
narcolepsy candidate genes, IGFBP3 and NR6A1, against ORX transcription. (1) IGFBP3 and NR6A1
expression were found in hypothalamic ORX neurons by immunehistochemical studies. (2) By using
reporter assay, IGFBP3 and NR6A1 modulated ORX promoter activity in several cell lines. (3) IGFBP3
overexpression mice showed the reduction of hypothalamic ORX expression and modulated sleep
conditions. I also found NR6A1 overexpression modulated ORX expression, however the mice number
examined have not reached statistically enough yet.

AT R
(AL - )
[ERESES A e 2 Rl
2008 4 1,800,000 540,000 2,340,000
2009 4F i 1,500,000 450,000 1,950,000
W E 3,300,000 990,000 4,290,000

BFgesy B« [E 3
B OSE - B« NESREERIE S - Fhe Rl

F—U—RF:Frarr—,

ORX. IGFBP3., NR6A1. #z55H|{H




1. MERBYFIOLE R

BWIRFED—>TH DT valL7F—ix, il
R FET O ORX M#EHiE Dz & - TH]
SHIENDZEIRENTEBY ., HE TE
TO ORX HEAMIE 2 & TolEAR Rt HX D%
REENEEIND, b MUK NHIZE T 5
BENBLOF LI L P —RECONERN
BT RBUENT 21T\, BEEROROND
9 BT EZFRT Lz, £ DN, IGFBP3
DIMRIE FHEBIC VT ORX %A & o5
ErERTZEERH LI, LLARRL, #i
PR FEBIZ 31 % IGFBP3 @ ORX ~ D KEREH
HIIRFETH 5,

AR KEYIZ ORX #AmIa AN KR4 5
~ 7 AT T b MBS TR B AT &
TV NR6AL Z[RE L=, £7-. ORX D7’ 1
E— X —fERIC B W T Z OEERF B ES
I AREMED & 5 NurRE B4l % R L7,

2. WEEOBRM

AKFRITFLa Lo —oE#MEETE L
CRIE S 72 IGFBP3 5 L U'NR6AL DA L3
U BLEIEERE~OB B2 R T2 LTk
D, FLralr—I2BiT5H ORX #FHa
OWPIRK D1 SEFEHTHZ L2 HAY L
15,

3. MfEREDOFE

(1) FEREFAIMET - C5TBL/6) ~ 7 A X 0 4HK
FERYI R & VERL L | In situ hybridization 35 X OY
T MR R A2 3 2 72 o 72, IGFBP3
7'u—7 £ IEPINROAL HUIAIC X D Yetath,
PLORX IMiFIZ T 2 B EZ I 2220, 17K
T ORX fhiR A & o A7 2 Mat Lz,

(2) ORX TE& : Zeitgeber time 2 725 3 DI
E¥~v A, IGFBP3 I~ A, BX
OV IGFBP3 288~ w7 2 J0 0 ek » Hi L,
HEtRE O L, RiEEY 7 e Lz, ORX
5 v A A4 &/ T vt A X Phoenix
Pharmaceuticals X ¥ "I RIA kit #lEA L =
Teote, FRRICHRRZ E LY HL7=% Total
RNA Zfilith L, #5754 ORX mRNA O E &
EBIhoT,

(3)~ 7 A DIEIRFLER & AT < BREM NI CIER
~ U A% KOV IGFBP3 i@BFRIF B~ 7 (T

telemetry transmitters % 355 L, EEG, {4,
BLOTE T — ¥ Zitgk Lo, 5%, B8
M (Ffl 2 ) DR ST D 48 IRf
[ OREAR FLék % 35 Z 72 > 7=, SleepSign ¥ 7
T = TIZ T IO HAL T FEE, non-REM HEAR |
F721% REM MEIROHEE I Z 8o 72,

4 LAE—%—7 vtA . IGFBP3 H LU
NR6AI ZFH 7T A I RICHAIAATS, FkE
\Zk b7 A XY ORX (&1 B 3.2kb B4
(-3278/487) LV AHR—H—TF3AI KThHD
pGL3-basic (ZHHA A~ 3.2kb-basic & L7z, K
BAERKL LTAH LR Bif-2023/487 8
K -634/+87 ZHAAIALTE S D EAER L,
2.0kb-basic 3 L T 0.7kb-basic & L7-, WNE%E
RIE X B 72 AAlud/3.2kb-basic (3.2kb-basic L
V) -2186/-634 DALEIZEH 5 4 DD Alufid sl % K
HEHEZH D) B LU ANurRE/0.7kb-basic
(0.7kb-basic & Y NurRE Et4lZ R SH7-
D) EEHKLE, 1 2¥—F771E 3 a—0
NurRE % pTAL-luc L' R—%—77 23 R|Z
L 7 3A A NurREx1-pTAL . ¥k X O
NurREx3-pTAL & L7z, 24 V= /L L — MZ
B 2RSS, RE ALY T =T — PR
77 A K (pGL3 K E 721 pTAL &) | #
VR TBEE T T A I K (pCMVTag3 |
IGFBP3/Tag3. pCMVTNT, Nur77/TNT, *7-
IZNROAITNT). BL N F T A7 27 v g
NREMRT DHD-OONEESREL LT
pGL4.74-TK (L —/R0 V=N 7 =7 —BF
BW7I 23 K) &#—ilEicgsilss, koH
T vk BB IR, MRE PBS I THE
G M2 ISR R Z ALY 7 = T —BHIE.
BgIcy— RV — 7 27— ERHIE L
7o Bz VOFREZNLYT =T —FRIEME
=R Y=y 7 27 —BHIEMEICLY
MHIEF . pGL3-basic (2 pCMVTNT (Mock) %l
2T % 1.0 &E L TEEL L, O&DD
FEIZOERK S VoD T—F Lir o
TWb,

(5)7 v~ TF RN 5 R o SYSY i
(ZARIL AT IVT B K& ZNEPMED NR6AL
L7 ) LDNA EE B R L SED, M
20y & i 1% | S LR K OY Micrococcal
Nuclease (2 C# / L&MW RLT 5, £ ZITH
NROAL FLiRZ ANz, —Wi4 CIZ TRIGHE.
ProteinG (Z THL NR6A1 Hifk Z 54 S EHUE
N E D ZT-NROALIZHEA L TWAHDNA Z &
IERG S E 5, 2o\ RER, BRI
DNA % 7 & L C NurRE 7% ® Primer (2 T
PCR 3 Z 72>, NR6AI @ NurRE ~DfEE
RS 5,

(6) - ENEREILIE : mNr6al % pcaDNA3 D
CAG 7' E—# — il EAT 5, FENE
REAIEIC LV IRIEH) 12 B B oA Y2kl



MEA~FEE T T A FEBEAL, HA¥EROH
R TERTO ORX 3B L L4 5, xfHRE L
T GFP-CAG 75 A3 REEAT A,

(7)HNZES) : 12 R, 12 REERE IS T
B Lz 4 BEHORET ~ ML 2EREEBXIC
R T2 v H L Total RNA A il L7=,
WL B % . R THECO Nr6al ODFBLEL%
Wat Uiz,

4. BFFEARE

(1) C57BL/6J ~ U AFIR T Orx #fk Al <
O lIgfbp3 OHAFZfifggB L7z, F7=, Nréal O
HENHERTELE ELICENICEFELET D
ZEERHLZ<E1 7 :DAPI (BYefn) |
fk:Orx, 7R :Nr6al >, L2> L7223 5, Igfbp3,
Nréal & H1Z Orx ML T 744
B,

H1 = vRARE T EOrxEMAEL B1) 5 Nr6a1d HiF

(2) Igbp3 / v 7 7 h~w A, b bk IGFBP3
WESEH -~ A BX O Igbp3 AR~ A%
T Orx FEBI~ORBA T L, PR T
T® Orx mRNA #ELiX Igfbp3 / v 7 7 U hiZ
BOWTHEBEIZIIEL > b 00 EHN
BIZZ S 41, IGFBP3 I RIFE B~ ¥ 2T T
BRI (K2) (p < 0.05),
L7 L IGFBP3 A £~ U A TIIHILOZEIL
MR TERNroTz, v br—L e LTHE
TEB Orx fEIRICFE B L TV % Mch Ein+ D3
BAMB LR, EO~ 72180 T H IR
AT ZTunany,

EHICTPHAAL )T v AL VBET
A L UMMERD Orx B A &2 WE LRSS,
1IEH~ 7 A2~ T IGFBP3 imEEH~ 7 &
THRE T & MO )7 C Orx G HBEDA &
RO B ST (BUR TS p <0.01, A%
i p <0.005) .

£

§88 ¢

Hypothalamic hypocretin-1
(pg/mg protein)
aNuwsaas

g ¢

0
WT (59) TG(34) TGmut@S)  WT (10) KO (8)

€
5

0.0
WT (40) TG(15) TGmut(18)  WT(9) KO (8)

o
WT (24) TG(18) TGmut(18)  WT (10) KO (7)

unit)

Hypocretin mRNA
(arbitrary
MCH mRNA
(arbitrary

00
WT (40) TG(17) TGmut(18)  WT (9) KO (8)

B2 Iefop3BRIRIvy 2 BLOER Y 2B SRR THONHKER

(3) £ Z CTZ OEALNFEEEOREIRFEIZ & D
KO R RIS AR T AT-DIER~
7 A% L IGFBP3 @RI EL~ 7 2 & H\W\ T
MEARFLER A B Z o7z, ZORES:. IGFBP3
WL~ 7 2 TILREEE O & D 0 I IEIR R
N2 5Z &S, BIROE & LTiX
NREM FEIR 23 2 Tz (43) o

Wake time (%)

Accumulated NREM (h)

Day 2
(Recovery)

0 6 12 18 24 30 36 42 48 0 3 6 9 12 15 18 21 24
ZT (h) ZT (h)

X3 bRGFBPIBEIEE~YAITBIIHREEDEL

@) VR—F—T v¥A :0x 7 uE—H—1H
i 3.2kb FEFI O 7 v E— & —{E R IO
IGFBP3 ~OD Rt Z fFt L7z, A L7z Orx
B 3.2kb 7 — X —fEIIT HeLa A,
SH-SYSY #ifi, 3 X O COS7 M T /L
V72— OIERE ERIEDHZENRE
M7=, SF126 fifds L O Becker MR TlX Z
DO EFHIIHERTE R o T2, &M EHOED
L7z 3 FEOMAENANIZ IV T IGFBP3 (2%
HESTE BB Sz ay, SH-SYSY Mg T
WA OFMAEN T O RUG &1 F 72 0 Z 3
HERTH -T2,

Orx 7' v & —& —fEiN T IGFBP3 (ZKi
THENMARET D720, W ONDKRIBZE
FARZERL L HeLa MR CHIGTZ B Z72-
77, W 12kb (O 2HD Alu Y B — R 25
ie) OKREEFIR (2.0kb-basic) . N4 >D
AluV v°— b RIEZ FLK (AAlud/3.2kb-basic) |
BLO A VE—FLY ERETOREBEER
& (0.7kb-basic) 1B\ T 7 2 E—& —IEMIT
REFESNTZEETHY, 2> IGFBP3 (X3
DS B RFF SN TV,

ERRIZIZZ O NuREBSIZA VX 07
TE—4—¢ LTHMHENTUVWS OEl DU



NETH7=0, OEl OIEMZHIE (=
P ALY — FFA T2l —Z
—5) KB LD EEZ LN, £TIT
Mo 7ne—4—Thsb SV4) T ut—4
— @ L2 NurRE B2 3 % fl A A it 2 38 =
2o 77, FEH. HeLa M3V T NurRE I%
THROZTrE—F¥—IZR LT —L
L= | IGFBP3 |2/t L CEDIEMREZ X B
W EFEED 2 ERENT,

FEEIZ SH-SYSY MifgicinCbmitzi
Z 7o 72, 0.7kb-basic KL EIRIZEB T
3.2kb-basic & [F4E IGFBP3 1Zxf L CTAD K
MERLENEEEIIIE->TWARY, £
NurRE KAEZ5 FL{A ANurRE/0.7kb-basic (235>
T HeLa A COMGEE FARIC T nE—F —
IEYEDOW I HEFR S 4L, NurRE DA ZE A L
72 NurREx3-basic TH i LR 23R T & 7”_@
L72>L72 A3 5 IGFBP3 (%4 5 A D sl
ILLLAEREEIC i%%ﬁ#oﬁoik
SH-SY5Y iRtz T NurRE (%, IGFBP3 (2
IS LT RO a®—&—%2 Al s 5
EMNBEEINT-, 72770, Eb &N kX
<ﬁmliﬁ%Mﬁ#oto

NR6AL [ZR L CTHRERICL AR —F—T v
AT THET B 272 > 7=, Orx Lt 3.2kb i
L SYSY M THEIZNROAL IZXT 5
JetEE R LT (K 4) . ZDOKIGHEIL NurRE
Bed 2 R SEDZ LIk VL, WICiE
ME BRI FAICE< 2 ERBE I,
X HIZNurREB2HZ TATAR v 7 A7 0 E—
& — ERICE N URF 21T o 72655, NurRE
AKX RO e —% — 52 RICHIET 2 2
ERTRBEINTZN, VE—RMNIRDZ LT
DIEOHIEAZFFSZ ENBIE ST, Ll
NG, U E— M XIS 7z BRI 2R

G T 5 PTREME b O E TE WD IEE R
VETH D,

Relative Luciferase (/uc+) Activity
OE2 Alux5  NurRE OF1

3.2kb-basi

an

2.0kb-basi .... -

AAlu4/2.0K> SN
aslc-é'q

D7k e _H—H

ANurRE/0.7kb o
-basic )
so01-5 [IsCHT
p6L3-basic Il NR6AL/TNT

0 5
NurRE_ TATA

et —

NurREx3-pTAL —— =

PTAL-luc 2

0 5
B4 Orx EfEZFIDONROAI~DRIEHE

NurREx1-pTAL

-633Fw -611Fw
> > "NurkE
LT fe— «+—
-467Rv -431Rv

orexin

M -611Fw& -467Rv. M -633Fw & -431Rv
Ab NRS Input W Ab NRS Input W

B35 rw# e RERERHCEENRCAIO NuRERA~ 0fE &

E6 FwhRETHICET5Nal D B NER

wn

s

in the rat hypothalamus
[
— 1
T
- —
: 1
I
) -

-

Relative quantities of Nréal expression

0

0 2 4 6 8 10 12 14 16 18 20 22

zeitgeber time (h)

(5)7 m~F PR © L NR6AL FLAIZ X
D NR6AL & & b ITRERRE S 72 SYSY #
sk 7 7 - DNA Z$4 & LT Orx Eis
F B3 NurRE BB 5 % HEE 35 L 91
Primer Z#% & L PCR #8272 >7-, NurRE
Be BT 5 O HEWE A3 R X 4B @ Primer % H
WEBRFHZBW T HiER S 172, NR6AL (&
NurRE (ZFEA L TWA Z &R R S
o (Ks),

O)FENERELE  REM 12 EEDO~Y
AFEHEROBINZE ~ mNroal BT A I K
ZZEAN UEKIELIEIC X0 i ~nE
IR EANERB o7, % 1 HEIRIKET
HaERYHL, BB 27 bof
F2ERD O Total RNA Z i, WG 0%, 14
IR T T Orx FBL%& il L 7=, mNR6AL i&
5+ DR B EARAFAY 72 Orx FEHLE DAL E]
RINTNDD, EUREDD 22 0 T2 D REEHY
IRRREHT R TV 20,

(7) B NS« 24 B OREE F#C O Nr6al
DOHRNEBZRF L=, BERE I8
EnTniy (Ke) ,

5. ERRRRIE
(WFZe e, ARge oy K OV 22 512
=Y

(MRS C) (FF 8 )

D Tanaka S, Honda M. (2010) IgG
Abnormality in Narcolepsy and Idiopathic



Hypersomnia. PLoS ONE 5(3): €9555. 2t

=l

@ Miyagawa T, Honda M, Kawashima M,
Shimada M, Tanaka S, Honda Y, Tokunaga
K. (2010) Polymorphism located in TCRA
locus confers susceptibility to essential
hypersomnia with
HLA-DRBI1*1501-DQBI1*0602 haplotype. J
Hum Gent. 55(1), 63-65. & & h

(® Tanaka S, Kawashima M, Honda M. (2009)
Absence of Anti-aquaporin-4 Antibody in
Narcolepsy. Sleep Biol Rhythms. 7: 66-70.
At

@ Miyagawa T, Honda M, Kawashima M,
Shimada M, Tanaka S, Honda Y, Tokunaga
K. (2009) Polymorphism located between
CPT1B and CHKB, and
HLA-DRB1*1501-DQB1*0602  haplotype
confer susceptibility to CNS hypersomnias
(essential  hypersomnia). PLoS  ONE.
4(4):e5394. EHA

® HH#, ALE, Mignot E (2009) &Y
BATFHATICE D RnlEankzrrar
7 — ARG - DS REMEAT. SR
WFIEFH 41 42 97-108.  AFeME

® Honda M, Eriksson KS, Zhang S, Tanaka S,
Lin L, Salehi A, Hesla PE, Maehlen J, Gaus
SE, Yanagisawa M, Sakurai T, Taheri S,
Tsuchiya K, Honda Y, Mignot E. (2009)
IGFBP3 colocalizes with and regulates
hypocretin (orexin). PLoS ONE. 4(1):e4254.
EoE ]

(@ Matsunaga H, Tanaka S, Fukumori A,
Tomonaga K, Ikuta K, Amino N, Takeda M.
(2008) Isotype analysis of human anti-Borna
disease virus antibodies in Japanese
psychiatric and general population. J Clin
Virol. 43(3):317-22. #Ht

Tanaka S, Honda Y, Honda M. (2008) MX2
Gene Expression Tends to be Downregulated
in Subjects with HLA-DQB1*0602. Sleep.
31(5): 749-751. & HE

(K] GHo)

@ Tanaka _S. (2009) NR6A1 regulates
hypocretin/orexin transcription in vitro. The
3rd Asian Narcolepsy Forum, Osaka
[2009/10/27]

@ Tanaka S. (2009) IgG abnormality in
narcolepsy and idiopathic hypersomnia. The
3rd Asian Narcolepsy Forum, Osaka
[2009/10/27]

@ HEFH, I, ALH. (2009) F /L=

L —1IBIT BT 7 TARY v 4 Hik
DAYV —=27 HKERPEEE 34 [
ERIITES, KK [2009/10/25]

@ Hh#E, WETE, AL, FUREIR, A

%2 H. (2009) 7 v MUK FEICHIT 54
L% mRNA O ARNEHEA ¥ — H
AHEIR T2 34 BUESIFIMES, Kk
[2009/10/25]

® BTl BWEF, AL T, FURHR, A

ZH. (2009) 7 v MUK FEICHBIT 54
L% mRNA O ARNE#E ¥ — H
AHEIR T2 34 BUESIFIMES, Kk
[2009/10/25] oral selection

® Honda M, Tanaka S, Honda Y. (2009) HLA

gene expression in white blood cells of
narcolepsy. 23rd annual meeting of the
Associated Professional Sleep Societies,
Seattle [2009/06/09]

@ HEHE, K%, Emmanuel Mignot. (2008)

MR B FRBUBEHTIC LD RW/Z L
Fova v — B AR T DOFSREARAT .
5541 [ R R R IR ST S 2,
KB [2008/12/05]

HE, KEE, JIG%EE, Bk, 5Fh

[, A X, Eriksson KS, Lin L, K%
#, Mignot E. (2008) K F#iA L %
FEEHIENC BT D Nur77/NR4AL D5,
HARBEIR 22555 33 BIE RIS ES, BRIL
[2008/06/25]

© Zhang S, Lin L, Zhang J, Tanaka S, Honda

M, Mignot E. (2008) Insulin-like growth
factor binding protein-3 reduces
hypocretin/orexin transmission. 22nd annual
meeting of the Associated Professional Sleep
Societies, Baltimore [2008/06/07]

6. BFFEAHLR

(HWtFEzEE

Hrp ¥ (TANAKA SUSUMU)

WA N FORCER RS2 Jepens - SO h
e A WESERT - ATIER

WFFeE 25 1 30399472



