20244 31 28 A
<AMIFIERRE >
B2 2 K Elnd ORG « ATEA~KIE 0B EH O
ST ERTE N BT E T

RFEVIEE B KRFEZDHERFRE ZEHE R R ERAES
HFEIAFZEE  RRERREEFERY ¥ —ET T —~ VU —&— S 3T
[#046%]

vx v Kt BRI 00— Thh, MmikgEEICHERRFE LTI,
MR EB N T, B I K AR EHRIE, ZRM%EBEEIE /e & oistE Bz 5
ZEBBEITRENTWS, FLES. AARANOHUREF S RS ICBNT, EX I K 0
BRI L RBABEREIR T, 7 LA, 9 DL OREEZ AR OR L, S L TE 7, AN
ZECIX, B AT Ll s i g BB W Th, BEX 20 K R s ) ek & o
EREETH N TE, £, EXZ I K OEAA =X L TUIAR 2 E %L
BRENTWD, #il-ee X I v KEAEAEORIERB XX I KOEHICERE 2y 7
B I UTNARFTT—F (GGCX) BHE D HIVAR X LD EFZIT OV T O B 2 i
HOTEY, EEMRAOREZDITEX D X9 MR RICBIT o H e s I U KIEH Ofif

BA%ZBfLTWD,
1. WHEOBH

X IV KT, BEEEZIvo—fFETH
V. MEEEEIC LB 22K & L TIHR S,
P FFIEIT BT, B HERIE . 22T BIHITE 72
EONEmMEREBICE DS Z ERREITREN
TW5b, A, BARNOHIIEE A 12k
WT, BZ I K OFRRE & BRI T
(Front Nutr. 8, 811831, 2022). 7 L A )L
(Front Aging. 3, 865178, 2022). 9> (Am
J Geriatr Psychiatry. 30, 1051-1052, 2022)
& OB A2 A U 8IS O Bz B 4 2
K OFEENEE LTV D aREM 2R LT,
HBERE, T LA, DO L DT, B
v K A OB HERECIEENRERE, 1TENHIEIC
WEEMIFL TWDAZENRBIN, ZDRAD
= AN E U THRRRSCIMRBRIC B Z T L
TWDZ ERERI SN D,

EXIVKOERA T =ALE LTI, v
TINE I HILRFY T —F (GGCX) DOFfiEE
FRELTOBMENEL LM I TND,
GGCX 1 Z/MaEBEI (e L, /MaEmIicisun
THEEAEO I V2 I Uk (Glu) EED y
MDRFZHE IV RE L (Glaft) T 5 K6
Zoflie U, GEE[EI A 745 20 FEIZ E O FEE N E D
N5, HEEE DT, TNEIFRRDI A=A
LT, B2V KPBPENZERSXR (AT
oA KX SRR OoUFy RE LTSRS
MAL9 B VEH B L OV o nfin i E s ga e i

B} 5EF (J Endocrinol 207, 257, 2010,
PLoS One. 10, 0119177, 2015) (22 T#sy
LT&EX,

AR ClE, B4 2 K2 GGCX X° SXR
PUSND 5T EFEE L THERTA2HHA =X
LADRREE ZDIGHZBIO 1oL LT,

X5z, ERFEEYE X —MERTICAT
BT B ILRENFFEE A, 2023 RITHT o T HUEAE
EEEE &2 R & UMMt TG R R 55
TEWTIFZE ) ICB W T, EX IV KDOFREE S,
IHETEMMIZCH T WD LR X 2l
F AT A I (ucOC) 12z T, PIVKA-
II Z# HWCEHli L7, 23V E TORTE L 1T R
LR K OVER R DEEMIT, BAERE, 7 LA
by 90, EOREEAMEET A2 EIZkD ., A
=R LFRNTORIE H5- 2 58 hERIGE L
BT — 2 R L RE TSI T
HZElE2OHOHME LT,

2. WFEITE LR
2-1 X v KESEHEEMORTE

EX IV KBRS L D DRIMO T DOERRE
iToTc, A F Ak I K ZA
FL., fifaNIcBWWTEZ I K EEALT
WHEHEEZARN LT N T EY A2 HWTHE
FERNCRR LT, HEOIT AR ED 2 L
WX, B Z I K EEEEE OB



DFIE S GRIRFERD =D, 75 174 1R
HIHETWELEEED), BEORELY, ©
2 KAEEH B, B2 KO
UG RS S el = AP GV [ SIANER
VRENREE N L5 2 L B HER S iz 72 5
fEAEICR LT, B Iy KHBICHEY -
BLORFIZEWC VZAS TRy T 4
T wATo77,

2-2 y INHE I AN F YT —E (GGCX)
DVKEVZEAGIZ B % st

GGCX #v# v K 45 Lickv,

GGCX DOIKENRIENENT 5 Z &2 F 2 1L
HLTRBY ., ZDRXA N =R LLEYEERZD
iR % iA1=, GGCX 1, IWEHEA'E O Gla ik
TR, Bbb Gla kA2 5 2 &4
HNTHEY . Glafkic kv GGCX OkEkTE
NELT DO TRV AT, Gla
R 2 FE TITHEIN TN D Glu 7S,

Fex MBIZFEE LT Gla fbx%1) % Glu 4%
% Ala |ZE 2 A B8 GGCX Z#{ERk L., B
I KfllicE sy Az Taysr v
TIWZB T HKENEL AR L=, 72, 2D
DZERA GGCX OMIENRBIEIZE LT, %
WYL EIEIC L0 AT o 72,

2-3 MG IER R A HEWTITIE

fth DFEEEHFFEI SN LT 722 WO B ER AR
FBIXAEED 70 LA E, 85 i LA T O il % %t
B & LT, BREETHED (RGREERR M
78) % 2023 4 2 2350 L 7=, B R A2 T
BHNRX A AT A BT (ucOC)
ZRIEL, B4 I KEREOREL Lz,

3. WFEORE
31 B¥ v KEAEAEEMORTE

X I KA R AEREME TR L
T. FLAG % L <% Halo tag El# A {0 L 7=
cDNA Z{ER L. & MR BMRA kD
HEK293 fiifaic h o v A7 =273 a2 L,
INHOEAEOREL tag HikE AW =D
TRAEZTa T 4L VR L,
noorv s v KiEGEAEREAMZ HEK293
M v A7 27 g LIZIREET, 10
uM O MK-4 (£ % 2 > K2) (2 CTHIE L7223,
KEMEDOZALZFRD 5 L DITHFHE LR -T2,

32 y I NHEIUANRF YT —F (GGCX)
DUKENZALIZ BT 2 Fiat

GGCX @ Gla {bz5 T 5O Glu F&k
ZWLSOMFE LD T Ala BRI -LR
GGCX Z#BER L7z GRSURIERD =D, A
RKEY7e Glu FEEOENIHRE STV =EE
F9), ZINHDOEE GGCX (21X, FLAG EZ51
AU FLAG Hifkic TRt ca sk oicL
72, ZH GGCX @ plasmid = HEK293 #ifid
WChTFv A7 varl, ¥4I K FlK

(20 uM, MK-4) %47 - 7B D ykEREE D21k
EiHli L7z & 2 A, BEROFALIZ L - T, 7k
BRIEDZALTERT 2 ONFIE LT, 2D
ZEMB, Glu & Gla b2y, GGCX Dk
FRIEICR 2 MIF T Z E NI S, 20
JRAA. GGCX DRFEEICHED bDTH D
MEFL 720, HEK293 i L Ok b
R k> SH-SY5Y fifaic, A% GGCX
M7 AT7 2733 L FLAG fiikZz v
7o Y S TR 2 1T - 72, GGCX I
INBIRIZRTET D Z & 23E S AL, /MBI JEITE D
HEH'HE Calnexin & HHEZ RS, AFEICE
WL, Calnexin Hiffkz 7z ZEHYLAIZ K
0, EBRZANZ GGCX 1T, BREZ AT
720y GGCX [AlkE, Calnexin & #:/RfEZ R L,
WIS /MAKRRTETH S Z LRSI NT,

3-3 MRAB IR A HEW T IE

WEIZRL T HEFISE OISR & U= mEiin
FAEM & TR 5 IRIEEmERE T LT v
v K FERELRAERE., 7L AL, 9O
& OBEIZOW TR 21T > 72,

D OFEWRIZOWNT T AT o7 & 2 A &t
GHIL 6194 TH Y . EHHFEH 75.7 1. 9 D
JEIRDFEMFIT 21.6% Th o 7=, TN
LD ARWENSIEIC QL 25 Q4 D 4 BEIZ/rE
L7z PIVKA-II & L <% ucOC % FEIRFEL
. 9 ER (GDS15 D 6 HHELL E) 08
BHE LB AT v 7 BRSO 1T
o7z, Fhn, MR, FERE, BMI, DRFRE,
WL R % 28 4% K- & L CHHIE L 72, ucOC @
Q1 ZHHEL LZBRZ, Q4 D 9 DERITH T
%A AT 1.92 (95%(E 8 X M 1.04, 3.56)
TH Y EAREIZB W TR OBENTRD 5
iz (P=0.045), AWFFEIZIWT, HUIBIESE
EEEIZRBUVL T, ucOC OEfAE & 9 RO
AN L EFICB W TREES L,

>

4. 5%D

=113
8

&



R ORER LV, B4 I K R,
FHWERE, 7 LA L, D DNEIR & O B HER
SND AT BENRICE EE-TED,
AWFFE DR %2 72 L2 AFZEIC 3 R S
HEN, SHROBETHD,

F 72 RBAERESC 7 LA L, 9 DJER & DB
HIX, MRHERRICBT X I K OfEH %
HHSELHOTHD, EX I K EHOH
ToIp AT = R D L C L MR A AR L
TN E N D,

AW TIIE# 2 v KAEEEA-EER 20
SOMRIELER, B4 v K A OMEEX
REBLNLTORWRRTH D, Vo AZ T
a7 4 BT B UKENRIED (L LIS D

FET, ¥y K S EEMNT DA S
LHZENEROMETHD, RO E AW
FEEZBRERBN LTS, F-. EXI KD
BEA2H IR THS GGCX [T LT, AHF
FTIZBNCH =R A NS LTz, BER £
H U7z GGCX OTEMEZ T 5 ik i3
HI2ODFEREED TWD EZATHD,

5. WFFERRFDRRITIE

AWFFeCELNTFHT- A LT, %
DREBLVRIBREIT) TETH S,

Uk



Novel psychological and behavioral effect of vitamin K in
older adults; molecular biological and epidemiological
approach

Primary Researcher: Kotaro Azuma

Assisitant Professor, Department of Geriatric Medicine,
The University of Tokyo Hospital
Co-researchers: Hiroyuki Sasai
Theme Leader,
Tokyo Metropolitan Institute for Geriatrics and Gerontology

Vitamin K is a fat-soluble vitamin which was discovered as a factor necessary for blood
coagulation. Epidemiological studies revealed that vitamin K insufficience was shown to
be related with some aging-related diseases such as osoteoporosis and osteoarthritis. We
have conducted a epidermiological study and reported that insufficient vitamin K intake
1s related with cognitive impairment, frailty, and depressive symptoms. We performed
cross-sectional study based on independent cohort of community-dwelling older people
and verified the reltiohship between vitamin K insufficiency and depressive symptoms.
As for mechanism of vitamin K action, a lot of questions remain to be elucidated. We are
searching for new candidates of vitamin K-biniding proteins. We are also interested in
self-carboxylation of gamma-glutamyl carboxylase (GGCX) which is an important
enzyme for vitamin K function. The biological significance of carboxylation of GGCX is
under investigation. We aim to clarify novel function of vitamin K in the nevous system
which can explain the results of our epidemiological studies.



