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5. 72 I DOimH>21EMAICEH TS BDNF & KLU VEGF D% E|

il GElT, E BeET

PR [E/ 7 I VIRE] 2D BRFOP S DSITEDNET, K3 B S5 OREE AN 2R
9. —J5, NMDA ZHERFEPEET &4 3 V13, WP 5 D HE 2 & FIhE» DRt o i > O 1F
HERT Z e BEERZERTEHAED TS, 72 3 voHi> 2EMICIE, WHEIETEERTE (mPFC)
TOMH AR ER T (BDNF) W##iE T U2k =2 —a Y O Z{L N ERETH 5 Z & 1A
SNTW5B, EBH G I3, mPFC#ifk= 2 —u v IiZk 1} 2 IMENEERRE T (VEGE) ¥ 27+ L0
JUHEAS, BDNF & 7 F L EEMRICr 2 I V0N DfEHE, ZOHBEEZoN3r 2 I IC kb6
h—a—ayOuMNEICEETH S I L AR WA L7, X512, mPFCIZk3% BDNF v~ F L
EVEGF Y 7 F L OMEAEHD, r & I VOIS DEHRBICEE TH 5 Z L 2 RBA L 7= A% T3,
EEHODOREDOMZR R A HROIZr 24 3 VO35 D1EHIZE ) % BDNF £ & U VEGF ¥ 7" F L D #%
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I OMIT SRR REMERTH D, 2R 2R
8,000 I AD 5 DWEE NN D EHfEFF T T3 (fi
FOREAERE, 2021 4F), COVID-19 /%Y 57 3 v Z1iC
EIREHEDZ b L AT LT B 8EF ORI A
5, ZOHREKRDOX L L AMNNBEINS, —H,
ERO Lo b =Y FHEDAARFESE (selective
serotonin reuptake inhibitor : SSRI) 7Z& & d [ € /
VAR RA G ANNE SoR DL/ RO RO I0ETIE 31820}
FCICBOAMM AL, %3 #loEH N EEE
PitEEmRd 720", MR IR E 2 A =X
4TPL D DAEH 2R T T LA REEDO I KD 5 h
TW5,

2000 fF-12 NMDA 2B RFEPHEr & 3 28, JRRI
& & D KA EO HBIEIRNEE 502 & > TRIRIED
o OfEf ARSI it chz", Z0%, 7
B3 AP 5 DS 12 & RIRh A D Frie
YEDH S EHEZ RS Z B »IZE 72", T
NEDOHEL2S, 7 & 3Iv0hs 2fEHIZEZE 60

FITH725 5 DR DOHTE - & & EHI 2 78 7
ELTRZETFHEZHED TS, 2019 F12iF, 7
AIVOSEMRIZr 43I VOHEZTL =,
BRI S DIRIBEESE L U TRIOR CRR E L7z,
L2, 93 fhraIvkkmzyr a3 vidig,
RAFME R A R ERRERRAE IR 72 & D EE K & RIMER 23
57289, KOREHOECEIRIMEY S D3 - G
Pt S DRSO ARk EhTnd, 20k
I PP DIOBHFIZ, T & I VORI
DAEH % 40 5 7y T AR O R IE K & < H ik 2
LD LM IS,

I DWRET YR, 5 DOWEE - BRE ORI
RTEF UGS 0T, MHR AR 7 (brain-
derived neurotrophic factor : BDNF) ¥ & Of BDNF
Z Rk (tropomyosin receptor kinase B : TrkB) @
RIUK T 2RO 5N 5, 72, BDNFIZHAXRTH
FHIDLNE OO, BFEEYIME S DWEE L EBCR
P OGN T I P R B - (vascular endothelial
growth factor : VEGF) OREMMETL T3 Z &
RWE SN TW5, —J7, SSRIX =ERH1D DEE
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(tricyclic antidepressant : TCA) @ $it 5 2 E H 12
BDNF & VEGF O 568 A2 545 2 & 2415
NTVW3 (ZhsDREME, oK " 22
nzwv), KRETRE, 72 I vois >fFEHICE T
% BDNF & VEGF OEHNIZ DWW THEE S DD
WFPEHCR % &8 THEDLT .

. 723I20H52ERICEIT S
BDNF D% E|

A IVOPS OFEHA = X LIIIRRE LT
AHZEENL L, XEXEHFEHP/IRBXN TS
MR, ZIZTREA 2= NLKRZORTFILE - FTav v
EEic k0B 7 [HPIHIREE] 120 -> GGl %
DB, IKHEY 2 32k, F oy b AT EERT
¥? (medial prefrontal cortex : mPFC) Z& W\ T2
LA I VRGBSR T B Z EBNHIE R T
WBABRY ZhEA—T v F e xTay h—Th
B 23 VH, Frgiiz 3k L Tw b GABA fT1E
=2 — 8 Y ®O NMDA 254k % 8 e 128 L,
BRI EC 4R Th B ELONSE " (B]),
a3 VOP S DM, mPFC N GABA i 7
= 2 —a VERWIZ NMDA 244 GluN2B 4 7 1
= hEI IR VT BEHERTE T, L
a3 VEREEIMEO A = 2 — v v EIRIIZ GluN2B
w74y LA R S s n e Oaan
Wi Y%, 2o [BENERS] 2%/ LTCns, 7
£ 312K % mPFC N2 L & 3 v gilEgERE kI &
D, k= 2 — v o AMPA ZEESTEMAL &
N, WoMm»Er s, ZOPSMmIZ& D LIER
WA LS o AF v ZOUDBBI L, ZOREHR, G
7 2 BDNF %2823 U3 %5, BDNF i3 TrkB
% 47 L T mechanistic target of rapamycin complex 1
(mTORC1) ¥ 7+ L & @\ AT 5, KW T,
mTORC1 IRAFINCHER = 2 — a2 VIZv F T 2 H 2,
RHRg MR, SEMy 7 2B O R E onf¥E
WZELBET 5 Z T, RhtEroRittodt> >
FHORBUZ O KA B LZEALRE Y (R1).
mPFC (2 #5 F % W% @) K /£ Y 7 BDNF i # &
mTORC1 #EMEALIZ, 2aKRF IV (FEERML 2
AN UETEFL D) VREERENEE) (2R,
6R) —vFuafxv / nrx3yv (&3 vintRE
W) &, ORI S DEBERIE M OPt S D
fERIZE 5 LT3 >7, —J5, SSRID 7L+ F
tF R TCADF ¥ 75 3 vid BDNF 38 4 80
XD, = 2—avhbOIEEKIER & BDNF
WA FE L 20", Zh6DHIRA? 5, mPFC IS

5T B WG EIR AL 72 BDNF W8ttt &, 7O ik
@ mTORC1 WHMEILIZ X B8R = o — v v DO u[¥E
AL, KDY DL F AWMLz & 3V
BROP DMEHOMRIBETH DL EL 6N 5,

2. 72IOHIIOERICETS
VEGF D1 E|

VEGF (&, I T iisE N0 EA, =2 —a v
7 A buH A4 MCEHBT 2 LHER T TH S,
VEGF I8 DT A4V 7 + — LWBET B H, <
7 ARGTIE 164 7 3 [BEHEA 6 75 5 VEGF,, (b
P VEGF, DA —vu2) BEBETA Y T+ —4LT
»%"Y, VEGF, &, 2HEOFO Y v FF—¥%
HiK (FMS-like tyrosine kinase 1 : Flt-1, VEGFR1)
¥ & U fetal liver kinase 1 (Flk-1, VEGFR2, KDR)
RO TS T 52", FISFk-1 2L T
M HTAELERH, REREEM I K O IRGEEH %
1 B

2000 4 fX |1 VEGF-Flk-1 ¥ 2" F JL %%, SSRI %
TCA DM 512 & 5 bt 5 DA R0 e or 4
EAEAERICBI S35 Z AWM I T s ™, —7,
a3 VOH S 2MERIZ BT B VEGF O & #)13,
EHONHBIRD 2016 FIzW) THE Sz, T
Bbb, r& I VEE 24 KM%IZT Y b igEEIR
[0l C VEGF B2 LR 3§52 &, SBITT AL
N7 & —F o2 IR E VEGF O Sl e fl k5 R
Jy o Bk, r &I ISk B L
S OERBIIRIE NS Z LR Ehs", IRA\T,
EH ORI E M = 2 — o VY ERNIZ VEGF
(CaMKIIa—Cre ; Vegff """, LIF Vegf™ ") % 7=
'3 Flk-1 2R X ¥ 7<% 2 (CaMKIla—Cre ; Flk-
"7 DR Fle-1"""") %L, Zhon~vy
Z T 24 3 v OH) MEHMEART 5 Z & &R
7ZL7", %72, mPFC ~\® VEGF HHIHiAD 5
BeE5R T A N ZRY &4 — % 72 mPFC #ifk = 2 —
aVEIRNFk-1 7 v 27 89 I2Xk-T8, 7 &
VORI OEREIH XY, X512, mPFC
N VEGF,, R 512k 0, 74 I VDS DfF
ARBTG5, 205 DMERIE Flik-1"""" <
T 2ATCRRO N7 MAT, r&23IVIC
& % mPFC #ffhk = 2 — 0 VR BHIRERIC B 1T 5
A8 VBRI, Veg™"™ " < w 2 TIRAD 5
Nahorz?, ZThEDOR»E, r23Ivitk-
T mPFC §fffk= 2 — 1 v » 5zl X 7172 VEGF 23,
iRk = 2 — o v RIZHBL$ 5 Flk-1 % fill3 L v %810
AL & THEL 725, BIshidE 2 DRtk o35> S 1E
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AMPAR : AMPA receptor, BDNF : brain—-derived neurotrophic factor,
Flk-1 : fetal liver kinase 1, GABA,R : GABA, receptor, L-VDCC :
L-type voltage-dependent Ca®* channel, mTORCI : mechanistic target of
rapamycin complex 1, NMDAR : NMDA receptor, PI3K : phosphoinositide
3-kinase, PLCy: phospholipase Cy, TrkB : tropomyosin receptor kinase

B, VEGF : vascular endothelial growth factor.

FIORBUZ DA H 2 Z LAReEhs (®1),

. FEIVERMI ERARBICHEITS
BDNF & VEGF O E(ERADEE

mPFC #fk = 2= — 2 2%} %5 BDNF-TrkB &
7L & VEGF-FIk-1 ¥ 7 FILOMiER, 54 I
O DEHRBUZEE TH %, BDNF & VEGF
NENFIAL L TH S DTEHRBICBE ST 50
A, HWVEMEDOHAERAEETH 5 D2 IEA
HTh 7. — T, FEFMEHIRaREk~ D BDNF
WLEZ & D, VEGF %8 E5 & B hbrp o VEGF
WA BIIN$ 2 Z el S h T Zenn v,
BDNF 78 VEGF-Flk-1 & Z'F L %41 L THi 5 O fF
HERTHREMEDSE Z SN0, ZOaEEM %2
kL 7z, VEGF,, &[AlBkIC, BDNF % #p4: %~ 2

Ol mPFC PIC RS54 5 &, 74 IV
MOP > DOEMB B 552 *>%Y, Z 0 BDNF
DL D1, VEGF W HIPL K O [6] 15 % 5%
Vegf™ """ <~ 2 iyl il hr?, £7-,
7w MG R KNG E = 2 — 1 v~ ® BDNF
Bk DN VEGF gt 8L, Zo
VEGF iz 854 &R0 TrkB BHE SR O il 1< &
DI E LAY, X610z, UIMREEE RN
= a2 — 1 YO BDNF QL& 12 & 2wk gt iz i,
FEIRW) Flk-1 HFEORILEC & 0 A EIHIH &
727, Zhe DR » 5, mPFC P BDNF #5-12
&0, #hk= a2 — 150 VEGF A HE X h,
VEGF-FIk-1 ¥ 7" L &7 L 7z ] ¥ AL 234 C 7=
FEH PUO DMERA KRBT 2 Z L AR I h: (F 1),

Wiz, ¥R~ 2 Ol mPFC N VEGF,, %
5z Xk 3415 O1EH &, BDNF s HIH A O [A] B £
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Bizkoiensz?, 72, 79 M wCEEE AR
BB = 2 — 1 YD VEGF,, ALiE 12 & 0 Bkt o
BDNF i#ZEE A BN L, Z o BDNF 37 fff 84 hi 138 7
[ Flk-1 PHES O RILEIC & D52 aiciiil X Y,
51T, PMUREEARNEE = 2 — 1 ¥ \D VEGF,,
WUE I & B iR, IR TrkB BLESE O
RALE I & 0 ARICHIRI X =Y, Zh o ORI,
mPFC I VEGF,,, #5-12 & 0, BDNF %28t 2S e L,
BDNF-TrkB ¥ 2 F L & 47 U 7= Al ZAL 234 U 7=
FER, VO OEHZ RIS 242" L T b,
PLEosE &b, mPFCIZ% 3 5 BDNF & VEGF
OMBAER A, 7 & 3 VRO RE» D Hife o bt
D DEHRBUCEBE A% EH A>T\ 5 Z L HURE
h7 (A1),

BHUIC

AR TIE, mPFC #fk= 2 — v v » 5l & 7z
BDNF 5 KO VEGF OEHEBEHIZEH L 2EE LD
R Z OIS, ZRhETICHSE2IZIE > TS
FRAIVOHIOMEHA A ZZLIZONTHAL
7z BDNF & VEGF iZWWw§hd, s2HKY /3 —-&
Cy (phospholipase Cy : PLCy) #PE{b % 47 L Tk
WAL 7Hh6 Ca i &5 2RI T ZEnMoN
TWBZENH "™ PLCy #47 L =Ml Ca® i
¥ EH %5 %4 & LTCBDNF & VEGF 1, =2 —
O Y6 DR WO EFET RSN E L b h
% (®1)., 5%, ZOWREEOREE* &0, 74 IV
DOPLS DEHORBUZ b 555 TRl A 1 =X 4
DHAE X SIZHED B I LT, 72 IV EDReME
D EORIEIMEGT S DRI FICPUNE 5 DR HSED
PRIZ O RN Z Enlikah s,

¥k, ARNZEE U TRR R & R AT
LWy, fC#l L7285 Off92IcB L TR TR P
MIRRE A 17> T %,
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Il ABSTRACT

Roles of BDNF and VEGF in the rapid antidepressant effects of ketamine

Satoshi Deyama, Katsuyuki Kaneda

Laboratory of Molecular Pharmacology, Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University

Currently available antidepressants based on the monoamine hypothesis of depression (e. g. selective serotonin
reuptake inhibitors) have significant limitations, including delayed onset of therapeutic response and low efficacy :
approximately one-third of depressed patients fail to respond to multiple antidepressant treatments and are considered
treatment-resistant. In contrast, ketamine, an N-methyl-D-aspartate receptor antagonist, produces rapid and sustained
antidepressant effects in patients with treatment-resistant depression. Previous preclinical studies have demonstrated that
brain-derived neurotrophic factor (BDNF) -mediated neuronal plasticity in the medial prefrontal cortex (mPFC) is
essential for the antidepressant actions of ketamine. We have recently shown that neuronal vascular endothelial growth
factor (VEGF) in the mPFC also plays an important role in the antidepressant and neuroplastic effects of ketamine in
rodents. Moreover, we have demonstrated that a heterologous interplay between BDNF and VEGF signaling in the mPFC
is required to produce ketamine-like antidepressant effects of these neurotrophic factors. This review provides an overview
of the roles of BDNF and VEGF in the antidepressant actions of ketamine, especially focusing on our recent findings.
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