168 HAEYZHREHESZSE 3545 45 (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.4, 2024

SRl [OEED MRS DN S, EFEEEICEEL /i ERER

3. 22RICHT B E bFHKERRE

KBRS

PER 0 O OWIEEM I KO MIEOBFIC RN AT 5, (S - RRFNEI K Z O RGhaRE g
OREBTH 5., 5 ORI T, 2k S5 CNISHEEIRBEICAEH & & 2 ZENEETZ UL,
JEE RGP 5 DR s & OBEEHNI D 0 & FHET 5 2 L2 5, FilliGREC BB~ —
N =D EF-N TS, 2D, 5 DRI DML, KRB EYFMRIZ B
FABIBEOMETH B, 5 OWOMREAEFIZHE W THH XN TV B TRilE»A 5 5., FERAi:E
T #2806, €7 7 2 VRO % 5] % N 7 & HEE S, RRICHIR & O
HAURIE XN TS, EHEEBN—-F 2752602V 7 by o 7 ORI, b TR0 IE
BHE A X — D YV I HBEE 57, AT OBEZEIZB T 2 B0 v b IKESEIFED» 555

I A OISR L 720,

BAREMFBHEFREE 35 (4) 1 168-172, 2024

Key words : deep learning, depression, semantic segmentation, habenula,

magnetic resonance imaging

1. 22/ICHE T B FRBROME

b b FAiFZIEERE S5 ~ 8Smm OVNMNEEETH D,
AR & TR a2 M § %, Mtk A3 2 7«
% SMUTFREL & NIIT-RilEL 2 & BB X A, TRk 2o
LHRIOEBIEY L, vU 2, ¥T 574 9vak
EDOBMEBPNZ B AFEAEL, HELD@FETIAL REX
R e Zz oM T3 Y, FHIEANOH AT
RELTE, FICHIRRIS (stria medullaris) %47
U 7-RiBEGE, iR, KIMIEER2 & OIAH 2 AT
R &, KW (fasciculus retroflexus) 23859 3%
AR NE MR 75 E OIKEETE /7 3 v iR AERE
NOMHTRPBHEN TS, THiEx T4 T
WIS L TR =33y - ko b=V fERENT L
CIE AR U, AR, WMICR, E#iRE, R
MIMEEE, WEEI A bbb b R D anti-
reward-center % {15 B CTH % L fEE T
%9,
T-Hilk% 1358 4 O fE AR O EA A DRI G-
BRI HHENER I TS, 2Ty, FE
HIRIEIN T H 5T/ 7 I VIR W DOFEE A

IR HIEN 5 9 DORIZEWTiE, B oA %
D TEMNNEETH 5, & MW TG
MG S 22 e DRA N B L 72720, Kb
DIZHDWET NI AR E LR EhDE L
THIROEMMHEA L, UKD, FIZHHTHi
2B 20TV NILORRENIH L M XhODObH
%00, FEETIE, DDORETLEYNC I B
SALIE {47 (magnetic resonance imaging : MRI)
G WA TH D, 5 DWiERISEICEEG4 5 T
MDA MRE RS S hs 88 Y, MR #H
Wk A bAD N5V AL — Y 3 FIOURFSEAN
DRGIEL & 72D 5 5 EEEEMR ORI EM D HEA T
%o

b MZEIT BN E LTI, 2010 -1 Ranft 5 23,
{5 K ORI RS OSBRI 2822 5,
I DIREE T TR ORR, shfsHilaks 5 BNS
TN Z LR UMD LT Z e a®RiGL
7= F R, IR RS & AR S AT
5T LT, BRITVWNABETER LSS NG5
T ERARPUME S DR TR L 22 RE Bl A S S h
727, 26 OFEEMRIRIE T D 5 D5 RE

The habenula imaging study in depression

* 50RO 5 8 S S B T o B R R el R R (T 606-8507

HOHE T A2 I B G BE 1 R ] 54) Yusuke Kyuragi © Department of

Psychiatry, Kyoto University Graduate School of Medicine. 54 Shogoin-Kawaharacho, Sakyo—ku, Kyoto 606-8507, Japan

[ARAIKS T E-mail : kyuragi@kuhp.kyoto-u.ac.jp)



AASMFREHEZ S 35% 4 2 (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.4, 2024 169

K AR BT

X1 MRI CHfitti X h 5 b FHi
BRI & O = d 2 800 (@A) 12k
H 11X DML, Tl HMHE G CEES 22T 2 F#Eiko
TNk

NOEG, 76 IR Y — 7 v & LTOfHgE
EANEL TS, b TR SR E R 1 B2
T AMNKEETH D, T1 TS (IR & m{5)
THAMR 75 SR O &S Sl & L CRIEBETH %
(B 1), 2011 S I3 EHE, 5 DOWEE, Atk
fEEEBEICH T 5 ¢ b MRI O T1 583 1% % v
TeWFRIZEHWT, Lot S DR 5 K OB M Fe
BE TOTFMARMOWBD P #EG xhe ", Dk,
v NIERERA X — 2 v Z A AL 2w A8
L, 9 DOWREH CEFMAR DR 5 W7,
BXUOIDMER (TYyAF=7) & FHiGRIZE
OB ZE RT3 Y 5L, 5 OWIREIZI T 5 R
DR %R 5 i O ME LR AT WS, F 72,
MRI O T1 #EFHEGE LA OG> —r v ZDHIR S
EHLODOH 0, HRGHISOHEREZFT /T
FERE % BT 5 Z L Al RE 4 4 2 7 #BERY MRI %
AW Z92 Tk, fHE I BV CRMR B R
TG § 5 Z enfiahTng Y, 5
DRBHE I NTE, FHilELH kO MR
BSUSEICER Th > =W EET 2 7, b
RTIEHBICHAAET 5 MEN A (structural
connectivity) % Bl tH L3 % dnE R MRI &, &
IRE D i sk ] D B BEMY A5 & (functional connectivity)
% G 3 % R EF IR MRI DX 2 6 B < h
72, PURRBESR D S5V Rl th A% & DR EE
WA EHNTa Y 27 4 v 7R 2470, 5
DI RIS 2SRRI 75%, FERE 71.9% Tl
ARETH > - WG XT3, [BIFZICIZ2m 5
fREEDIRANFET S & DD, FHiFEO M ATIRIC
B 5 MRIAS S MEAREE D 5 DR I < —
B —=~NAHTH % etz Rk LTl D BIkZgn,
FRETE R L7222 b & LT, ks 5~
IS RE I IZ 35\ C, & b TRl O FEER D L

DHAS MDD DD H B, [HEPHALIE S DR ied #
WCBWTHELMER TH S ZEREIH, X5
55 HMAOERIEF-h T3,

2. AlZRVWERBBEE A T—2 3>

RO F T4 2 — 2 v 223, BRI
SIS L 22U Mg T B AW 212, HEIY
RN ESDEDRNETH % &) RAN
Hotze FTOROHTFNETHMER TR TH 722 &
N6, FHEEZEICKZ2MMENA 7T ARAHETH D,
22Ut K OMSHEME: % i 2 72 2 Kbl ¢ o0 5 A3 A
TdH o7z, WM E N2 TFHEAERED X 2 7 F Y
VATY, THEAROEGEIETIE T B
T, ¥RV T =V g VRERWRIE 4 8 I
EZITCWBRIEMREINTHE Y, £72, 95D
BEENR L L2BTRICBWN TS, bR
R T2 HAZ T Th <, BREICE R
LY, ZOURERRHMT 2", t@Erx X
FThD —EHLZAMANME ST, &R
REICBAL T¥, MoEly - BERERVAS S 22 LT
THI2H72D, GG TRUE T 2 BIOMHEEKO K
ERIEFICEREE R 5, T SREICAE T
TRAVTF =Y a Vb ERNEETH D, ThpiE
ko F T4 A=Y v I REETBERATH -
770

WA, NLHIBE (artificial intelligence @ AI) @ H
HELORIED, b6 W5 S CHHN 2%t
EH|IERZILDDH B, KA TEI /1 —4E
VaVIitBBREIZELL, WK, Wik,
Y RX VT =g v, LR e SRR O IR
T, HIEE A2 EET 5 EMEETE 7L 2RO Tl
ENTns, RRICEHBEBRICE TS 2V T —
g VAR, TEEEITIC B W THER 2 6726 L
TED, FIIBARAA=2—FNL Ly VI —2 (T
DB AA AT & 0 5 B ARG £ RS Thd
BlENizpy b T —2) ZHEEBELZET L EHL
ELTHRAER LN, 2015 FI12E, + v M7 —
JIZBT BT RTCOBRELARETH 55888A
AA Ay 7 —2 (fully convolutional network) %
% &1L 72 U-Net {5 & h 72, U-Netid = v
I—K— - FTA-F—WER A F v T o7
RS 2 H 35 BAAA= 12— T 1y T —
2THY, TILT 7Ny bOUIZHPIL7Z, K
GXfrl s EE2635 (B2, [HETFTLTHE,
KB EG % T T IUANATIR, BAHIAARE B KT max
pooling J 7 E 6k 5 BAAAT O X %4E5 T



170 HAEYZHREHESZSE 3545 45 (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.4, 2024

Xy TR

B>

B EE

]

X2 U-Net 7Lk
BAALBIETATIWEHGEO M A LM, A+ v T EEH
EEADD, WEAAMBIETILORILNEILL, ¥/ A Vv TF—v 3
VIH§ A4 T 5. (Ronneberger O, et al : Medical image computing
and computer-assisted intervention — MICCAI 2015, 234-241. 2015 "

K& L THIA)

&M A MG L 7286102, Wi AIALE b
WMEHEICT S Z LT, Mg (ks Ay T =YY
M%) Z4EKT 5. ZOEMEICEETCIEAF Y T
Pt & F O TR RT O B 2 LD 3A Z & T,
WX T =V g VREEEERTSIE I NS,
DB, FETFNVEEHEBGROYE XY T =2 g v 4
22 THMEL, 2HDESB BT 4y T —
Vg VTOBHBIAHTR O TRE XT3, 3K
TEANDOIGH Y, &7 0y 28 AIZ & K LY
BEOYRETANL S @GS, ©EL &L
EHETA24 v A —- N ERHE§E s XY T —
VavEFLELTHSONTWS,

FF 513D U-Net 2R L 72E T A& Hun
T, FiAE X A v TF—v 335 Al ZH%L
727 ZRICXD, RERIZKREET D > 72 2B D GE
IZBWT Y, HEIN 2 DFBINGHG AT RE & 7 > 7=,
NEDRENESCHRIZFES 2%, BHFE L 72[6 Al % K
BiS DT — 4y MIBHTAZ LT, |HEET
TR e 25 2528, Ml e & $ICFEM L,
FRZ LMD 5 DREE TIEFHIARE L 5 DRERE
JENBIH T AR EH S N7z, FHlEARIE e b
BOTIHREEN 2D E MG T aE 2, 5 Dl
%M B IERE L 2 B ATREE DS RIR X M7z,

BhUIC

b FIEREM A X —D v EdLE LS ORI
B3 FHiIZOMA, Al # W 7zEHE§ 1o x v
F =¥ 3 YOIBHBNZ DWW THET L=, 5 Ok
PIREA ORISR EEZ 5N b 0, Tili%id
9 DRD MR BV CTEELNEKDO—DTH
%, WANOB S80S Blb» 613, 2RI T

DWRAE, HEHE A Y AN, &SI %
FEIHE L2232 DR R G £, FEehRHERK T
HL O e 5 ERE O 4 O FR I A D B 5. 2RI X
N5, FERIMICETFRRAEMO AL 63, FHllEO
YA TR Y 3 2 MRk ) Tl & e 2 R e A
HMREAE &, B PTFIBA X -V v DX 6k
HADERMH-N b,
RESNZHIR T R EFRSHIIAFEL v, 72,
KESZEOHE L 725 5 ORFF2IZ B LT3R C B
IRCRE %17 > T\ B,

X B

1) Abuduaini Y, Pu Y, Thompson PM, et al (2023) Sig-
nificant heterogeneity in structural asymmetry of the
habenula in the human brain : a systematic review
and meta-analysis. Hum Brain Mapp, 44 : 4165~
4182.

2) Cho SE, Park CA, Na KS, et al (2021) Left-right
asymmetric and smaller right habenula volume in
major depressive disorder on high-resolution 7-T
magnetic resonance imaging. PLoS One, 16 :
e0255459.

3) Cicek O, Abdulkadir A, Lienkamp SS, et al (2016)
3D U-Net : learning dense volumetric segmentation
from sparse annotation. In Medical image computing
and computer-assisted intervention — MICCAI 2016
(eds Ourselin S, Joskowicz L, Sabuncu MR, et al) ,
Springer Cham, Berlin, pp424-432.

4) Duan Y, Tsai PJ, Salmeron BJ, et al (2022) Compul-
sive drug-taking is associated with habenula-frontal
cortex connectivity. Proc Natl Acad Sci U S A, 119 :
€2208867119.



5)

©
~

10)

11)

12)

13)

14)

AASMFREHEZ S 35% 4 2 (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.4, 2024 171

Gosnell SN, Curtis KN, Velasquez K, et al (2019)
Habenular connectivity may predict treatment re-
sponse in depressed psychiatric inpatients. J Affect
Disord, 242 : 211-219.

Khalighinejad N, Garrett N, Priestley L, et al (2021)
A habenula-insular circuit encodes the willingness to
act. Nat Commun, 12 : 6329.

Kyuragi Y, Oishi N, Hatakoshi M, et al (2024) Seg-
mentation and volume estimation of the habenula us-
ing deep learning in patients with depression. Biol
Psychiatry Glob Open Sci, 4 : 100314.

Lawson RP, Nord CL, Seymour B, et al (2017) Dis-
rupted habenula function in major depression. Mol
Psychiatry, 22 : 202-208.

Li G, Bo B, Wang P, et al (2023) Instantaneous anti-
depressant effect of lateral habenula deep brain stim-
ulation in rats studied with functional MRI. Elife, 12 :
€84693.

Li K, Zhou T, Liao L, et al (2013) pCaMKII in lateral
habenula mediates core symptoms of depression.
Science, 341 : 1016-1020.

Liu WH, Valton V, Wang LZ, et al (2017) Association
between habenula dysfunction and motivational
symptoms in unmedicated major depressive disorder.
Soc Cogn Affect Neurosci, 12 : 1520-1533.
Matsumoto M and Hikosaka O (2007) Lateral
habenula as a source of negative reward signals in
dopamine neurons. Nature, 447 : 1111-1115.
Namboodiri VM, Rodriguez-Romaguera J and Stuber
GD (2016) The habenula. Curr Biol, 26 : R873-
R877.

Nishi H, Oishi N, Ishii A, et al (2020) Deep learning-

15)

16)

17)

18)

19)

20)

21)

derived high-level neuroimaging features predict
clinical outcomes for large vessel occlusion. Stroke,
51 : 1484-1492.

Ranft K, Dobrowolny H, Krell D, et al (2010) Evi-
dence for structural abnormalities of the human
habenular complex in affective disorders but not in
schizophrenia. Psychol Med, 40 : 557-567.
Ronneberger O, Fischer P and Brox T (2015) U-
Net : convolutional networks for biomedical image
segmentation. In Medical image computing and com-
puter-assisted intervention — MICCAI 2015 (eds
Navab N, Hornegger J, Wells W, et al), Springer
Cham, Berlin, pp234-241.

Sartorius A, Kiening KL, Kirsch P, et al (2010) Re-
mission of major depression under deep brain stimu-
lation of the lateral habenula in a therapy-refractory
patient. Biol Psychiatry, 67 : e9-ell.

Savitz JB, Nugent AC, Bogers W, et al (2011)
Habenula volume in bipolar disorder and major de-
pressive disorder : a high-resolution magnetic reso-
nance imaging study. Biol Psychiatry, 69 : 336-343.
Schmidt FM, Schindler S, Adamidis M, et al (2017)
Habenula volume increases with disease severity in
unmedicated major depressive disorder as revealed
by 7T MRI. Eur Arch Psychiatry Clin Neurosci, 267 :
107-115.

Weidacker K, Kim SG, Nord CL, et al (2021) Avoid-
ing monetary loss : a human habenula functional
MRI ultra-high field study. Cortex, 142 : 62-73.
Yang Y, Cui Y, Sang K, et al (2018) Ketamine blocks
bursting in the lateral habenula to rapidly relieve de-
pression. Nature, 554 : 317-322.



172 HAEYZHREHESZSE 3545 45 (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.4, 2024

l ABSTRACT

The habenula imaging study in depression

Yusuke Kyuragi

Department of Psychiatry, Kyoto University Graduate School of Medicine

Depression requires a long time for remission and recovery, and is the representative disease that causes a lot of social
and financial loss. In the clinical settings, objective indices that are useful for diagnosis or the evaluation of therapeutic
effectiveness are not available, and not a few non-remission or treatment-resistant cases exist. Therefore, it is crucial to
elucidate the neural substrate of depression in the biological research of neuropsychiatry. One of the brain regions that has
been drawing attention is the habenula. The habenula is assumed to be involved in the anti-reward system as the hub
adjusting the monoamine system. In recent years, it is possible to evaluate the human habenula thanks to the improvement
of hardware and software in non-invasive imaging techniques. This paper would describe the findings of the habenula in
depression mainly from the human brain research.
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