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Genetic identification of the habenular pathway regulating the monoamines metabolism
in the brain
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Habenular subnuclei in the rodents were characterized by the heterogeneity of the
neurons in expression of marker genes for glutamatergic, cholinergic and substance P-ergic transmission an
d monoaminergic receptors. Tamoxifen injection to Dbx1CreERT2/+ knock-in mouse line before gembryonic days

12-16) and after birth (postnatal days 0-3) resulted in the ubiquitous labeling of the cells in the adult
forebrain and specific labeling of the astrocytes in the adult habenula, respectively. Electrophysiologic
al study revealed that the habenula lesion elicited the impairment of the hippocampal theta oscillation, w
hich was dependent upon the intact serotonergic raphe in the brain stem. These results suggested that the
habenula affected the diverse brain activity via modulation of neuronal activity in the monoaminergic neur
ons.
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MHDbS ++ +H+ ++ ++

MHbI ++ ++ - - - ++

MHbCd - + - + =+
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MHbL - ++ - - - ++ ++ +

Summary of the gene expression patterns assessed in the lateral habenula

Vglutl  Vglut2 Drd2 TH Htr2c Pcdhl10  Gprl5]

Medial division

LHbMS - ++ - + + ++ ++
LHbMPc - ++ - ++ + ++ +
LHbMC - ++ - + + ++ +
LHbMMg - - =+ - - +
Lateral division

LHbLPc - A - + ++ ++ +
LHbLMc - = + - =+ + +
LHbLO - i =+ - + - +

Abbreviation, MHbS, superior part of the medial
habenula; MHbI, inferior part of the medial
habenula; MHbCd, central part of the medial
habenula, dorsal region; MHbCv, central part of
the medial habenula, ventral region; MHbL,
lateral part of the medial habenula, LHbMS,
superior part of the medial division of the lateral
habenula; LHbMPc, parvocellular part of the
lateral division of the lateral habenula; LHbMC,
central part of the medial division of the lateral
habenula; LHbMMg, marginal part of the medial
division of the lateral habenula, LHbLPc,
parvocellular part of the lateral division of the
lateral habenula; LHbLMec, magnocellular part of
the lateral division of the lateral habenula;
LHbLO, oval part of the lateral division of the
lateral habenula.

(2) FHIZMIOBIR PR & £ DOt
BRI TEAL
Dbx1°FRT2* R 0sa-CAG:loxP-STOP-loxP-td
Tomato &#E (T A) ~IE4H 12 HH~16
H BIZ Tamoxifen % &5 L 7=k~ 7 2 Tlx,
Dbx1 AR F 23 Z D RE 5 IR 0 Kb B2 B
72 EINHEPHIZFEE L TS 729, tdTomato @D
WD T2 G Z D DRV IMEER I
Blegtasnhl, —FH, A% OBHE~4%3HH
|~ Tamoxifen &5 L7z ik~ 2 TiL, F
W oA 9 DA R Bl S v, Bk
EWEZ, ML TSI S h
b0, SMUFMEZ AR E L THEMA
R 72 & OSBRI CI3BlE s T, 1
FRAIR S FRIEZICER I L Tz, 20 Z &I,
WMEmRNPOLRAT LI ZINODOMNEEDOBE)
HPHMAT SO A D =X A2 X VS

TWAHFEZREL TS,

SIHIZ, INLOMIBFEEZRET D70,
Nr~v——LtOLFEERFTLIZEZ A,
NeuN Z B3 5 iRl E e < Emk ST,
Z D% < [79.6% (WHIFHIEZ) KOY57. 0% (4
MIFHIEZ, N=266 Flifid) 11X S100p % FHLT 5
FWET7T A brY A b TH-7 (FXB.C),
Z DORERIT L0 ARBFSE TS U7 R Ry
HBR TR EENFMEZ Y 7RO #ER
FREIZAEDTOHLIERHL N L2512,

Z DX DI LT S - R R BB
T MR E BB AT 5729,

Dbx 1’2" R 0sa-CAG:1oxP-STOP-loxP-ChR2
-EYFP %#t~41% 0-3 A HIZ Tamoxifen % #
HL,. 774 —%FHTHIELI-EZ A,
FRGTaEIR (R I TMEZ) oo feiel At i L Ao ek L
BYEO~w—D—ThHb c-Fos EBEHDRHH LFH
ZeRd Uiz, BUEZ LD OMRRIGEIRIEILIC
L2 7 I UMBRIEEN ~ DL RFH
Th b,

A

Dbx1
promoter

Cre-ERT2

Tamoxifen

- Rosa ]-P[ stop P tdTomato |-
1 ”¢'

1 "
-[ Rosa ]"-[ tdTomato ]—

Dbx15 1R Mo FEET S
Fz e DERFFIRE

FHZIZRBLE7 AOS A+
DEIRFHIFH

PLEDREREZF L DT, 2012 FRXV 2013
FEOMRE S TRELR,

(3) THkZELEEMED AT K 2 R PH R
IEE OB N ORFDOTE ) T I U AREEO R
)

THEE O BLABII MG E DO K—r33 >
Stw b=V EAMBEOR K E R
T 2FENE, PHRBEIIMANTE , 7 2 U ACH
OFEHFXE L THmb5NTEZ, LrL, F
MEgERE 7 IVl ENLTCED LD A
IEENC B2 52 5 0ONIARHEREET
b5,



IO XD MEICEY T, TR O
il 82 703 g B S0 KM R AP TR B U2 - 2 D 52
BIZOWTHATZ, KIMEE, HEO~7 1 —
v REAITRRITE), BRITE, TEE, LA
MEAR, /> L AREIRZS & O HER: B 72205
FRE = BT HERMLNTND, R
F57 4 — v REALE, TRBITENC L AREIR RF
RS 72 5-8 Hz fRENEE) (3 — & U X L)
RAEEITENC /L AREIR ICE Y72 Sharp
wave / ripple complex 72 E N S, B0
TR E) & LA B D D & INIE B Ok REE
BrElgETosER kKD,

FEBROFE R, PHEMRES v b TiZv L
VR K OMEIR T OS> — Z 0I5
NEFILCTHBY ., EBEINLOEIT L AKE
IREFF OSBRI N, ZOFIL, T
s U 2 BERR ) 8 |2 BB e A R & e 3
ZoRIBELTWD,

BLERR WIS, FRIBIEIC L 25> —
AR, B u = o AEE R A
e 2 LRI N -T2, 2D LI,
TN R b= EBN AR OTEE) &
ML CHER Y — 2 OREMMERFFICEZET
HHEERLTWDS (THA),

5T, T OB RIRENCRB T D
BINEENC DWW THRETT 5720, IR 5
WMETEZ v b7 be—REHWEE R
FRFFLER 2T o 72 & 2 A, FHE AR
WE Y —% U XL ENARRS L C W aRiEE)
LTWi= (FRIB), 2 bORERIT, T
MREES At b= R E0E /T I ME
AR R OTEBNEAR 2 /T LT, SR 72 idTE
B L5 2 TWDHZEE R LTS,

TINS5 R A2 F L O T, Journal of

Neuroscience & & TV Frontiers in Human

Neuroscience s ~%3#& L 77,
esion  Lesion+DHT B /\/\
T E

Non-Theta period

A 100 [ mSham = Lesi

% of total period
@
3

o
=3

Firing probability

2

360
Phase (degree)

Theta period

5. FeREERmILE
(WFFEIRFRAE . WHIE A S ONEEERFE# (1
=Y

(MRS ) (Bt 4 1)

@O  Aizawa H, Cui W, Tanaka K, Okamoto H.
Hyperactivation of the habenula as a link
between depression and sleep disturbance.
Front Hum Neurosci. 2013 7:826.7% #t
DOI: 10.3389/fnhum.2013.00826

@  Aizawa H, Yanagihara S, Kobayashi M,
Niisato K, Takekawa T, Harukuni R,

McHugh TJ, Fukai T, Isomura Y, Okamoto
H. The synchronous activity of lateral
habenular neurons is essential for
regulating hippocampal theta oscillation. J
Neurosci. 2013 33(20):8909-21. F#Hi

DOI: 10.1523/JNEUROSCI.4369-12.2013

® Aizawa H. Habenula and the asymmetric
development of the vertebrate brain. Anat
Sci Int. 2013 88(1):1-9 # 7t
DOI: 10.1007/s12565-012-0158-6

@  Aizawa H, Kobayashi M, Tanaka S, Fukai
T, Okamoto H. Molecular characterization
of the subnuclei in rat habenula. J Comp
Neurol. 2012, 520:4051-4066. 75wt
DOI: 10.1002/cne.23167

(¥R G5 1F)

© ¥ AW, BYE Ob—, HE Fi
Activation of the lateral habenula under the
acute and chronic stress 5 36 [a] 0 Af#
R RS HUAR, 2013 42 6 A 21 A (R
AL —FEFK)

@ FH{EE FAd Role of the lateral habenula in
pathophysiology of major depression 2 36
[B] B AR R, b, 2013 4F 6
H20H (vordRTY T L)

@ & s, % EM, BE St—, tHiE
Fhe O OWBFEITENCEB T 2 T O
Bk 5118 Bl i AfRHI AR -2 E
TR B, 201343 H 30 A (AR
A B —5EFK)

@ ¥ HMW,HEYT Ot—, HE Hid
Activation of habenula neurons in the
social avoidance behavior after chronic
social stress 2 35 [F] H AR E 2R,
AEE, 20124F9 H 21 B (GRA X —%
#)

® ftHE FHA, B MW, mF Ot —
Temporally-regulated neurogenesis and
gliogenesis in the mouse habenula % 35
[B] A AR R, Al R, 2012459
H19 R (RAZ—%K)

(XE) Ghofr)
(PE £ PEME)
ORI (BF 0 #)
L

ORI (BF 0 1)
L



(& D]
A=V
http://www.tmd.ac.jp/mri/aud/index.html

6. AFFERERR

(D) WFgefzs

I Hi (AIZAWA, Hidenori)

WO R R KT - R BFSERT - HEH
%

WFoeE 35 80391837

(2) W 5E sy 3
L

(3) I HEIF 2T
L



