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Table 1 | Genetic variants at eight loci were significantly associated with putamen, hippocampus, caudate nucleus and ICV

Discovery cohort Replication cohort Discovery + replication cohorts

Trait Marker Al A2 Frg Effect (se) Pvalue Sample Effect (se) Pvalue Sample  Effect (se) Pvalue Total  Variance Diff./
size size sample explained allele

size %) (%)

G 058 6064 543x1072% 13,145 3915 781x10°1% 15130 4889 108x10°33 28275 0.52 094
(6.00) (5.46) (4.04)

C 044 3953 486x107!! 13145 2246 489x107° 14891 3028 101x10713 28036 020 058
(6.01) (5.53) 4.07)

C 071 4072 242x107% 11865 2697 402x107° 13675 3358 128x107' 25540 020 064
(6.82) (6.57) 4.73)

G 063 —3397 233x107% 13145 -2230 150x107* 13,113 —2795 394x107'!' 26258 0.17 051

(6.08) (5.89) 423)

o

c

G

G

Putamen  rs945270
Putamen  rs62097986
Putamen  rs6087771
Putamen  rs683250

058 2627 754x10°% 13171 3182 0025 1,860 2686 617x107° 15031 022 074
(4.89) (14.23) 4.62)

091 -5421 933x10°'! 13163 -5743 6.04x10°° 4,027 -55.18 282x10°'® 17,190 036 140
(8.37) (12.69) (6.99)

084 4340 292x107'° 13163 2681 0044 3,046 3990 687x107'' 16209 026 101
(6.89) (13.32) (6.12)

022 —15335.88 287x10 ? 10944 -5202.15 0337 1,878 —1346047 7.72x10° % 12822 0.26 096
(2,582.20) (5/428.60) (2,331.05)

The allele frequency (frq) and effect size are given with reference to allele 1 (A1). Effect sizes are given in units of mm? per effect allele. Results are provided for the discovery samples and the combined meta-
analysis of the discovery and replication cohorts (all European ancestry). Additional validation was attempted in non-European ancestry generalization samples (shown in Supplementary Table 6). The variance
explained gives the percentage variance explained by a given SNP after correcting for covariates (see Methods for additional details). The percentage difference in volume per effect allele (Diff./allele) is based on
the absolute value of the final combined effect divided by a weighted average of the brain volume of interest across all sites in the discovery sample and then multiplied by 100. Hip, hippocampus.

Caudate rs1318862
Hip. rs77956314
Hip. rs61921502

ICV rs17689882 A
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Blood-Brain Barrier Breakdown
in the Aging Human Hippocampus
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r=0.68
P<0.001
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1. Hippocampus 4. Thalamus

a. CA1 5. Caudate Nucleus
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b. CA3 6. Striatum 6 0 2 e 8 g

c. Dentate Gyrus 7. White Matter Age Age Age Age
2. Cortex Superior Frontal Gyrus 8. Corpus Callosum
3. Cortex Inferior Temporal Gyrus 9. Internal Capsule

BBB Kyans (X103 min-')




=)

ol A,

ZIINIZS

=
—
£018

et =F. JAAE2Z A
5=

ol 0424 XIAl

2
[

1S 22 AO0tLH &
ol

S

2| EOl A
Hsez

OIXtE
| XHO X1 ! A
2=

Dong Wook Han, Kyung-Sun Kang

Kyung-Rok Yu, Ji-Hee Shin, ...

HMGA2 R=9
1MI'0
=]

f Humanp Authors

ion o

t Direct Convers

icien

AKXl AlZICHS

=
=

}

ZH0il HM GA2

LN
—
(@]
(Q\]
©
(@]
)
©
S
C
©
s
o
LN X
Aﬁ. <
—
<
<
S
—
)
)
£
o
(X
[}
o
©
O

ks

>
Ko
R
©
o
£
b
n
®
B
=
[}
<
=]
et
=
]
©
o
O
prary
]
£
=
n
=
=
©
<

K]
~
o
S
>,
)
=
L

Rapid and Eff




3. QI7F HH-L-oLEl MM 0| &

- Let-7 9R| £ Let-79| E}ZIQI HMGA29)|
=7| NJZ (NSCs)2o| =2 lajalS 20|sA

Senescent
somatic cells

m
1
.

Blood cells

(In vitro / In vivo)

Neurons

Oligodendrocytes




w
ba
=
]
Q
<
=
g
=
=)
Q
7]
m
=
=
i
2
o
=
5
>
=
]
=%
Q
o
=

E
k=
>
=
<
a
=
T
1

doi:10.1038/naturel3978

s,
wi
a
g
=
()
=]
T
&
=

=
4

=
)
<
Lo
R
-
g
g
—
=
3
=
3
=
g.
E
=
I
T
<
=
=
/m
%
|
b )
b=
A

o

v
a
S
&

=
|8}
2
T
=
(@]
w)
2]
kG

o

+
)

2
o
~
E=1
=
v
Q
g
=
=
(o]
g
1
(=¥
<
)
E
g
=1

T
3
o
)
e}
E
&
=
$e)
S
S
N
or
[P}
o
o
-
=
s
-
2
=
1=
!
[aW}
a
e
&
<
g
~
]
=
g
&
M
=
4
=
a)

=

o

22 0l

[MEe2lHL 3

=
=3

S2I|Y

10l BNDFE F0{oHAH A B AIEDL 45| st HA SEXNF0 o

=

]

=Y H

=N

Ol 20l PVTOI BNDFE Soll &Y

—
[—

cl BFA

>

FO XI= Xl JH

OFX
- O

0l Ol 2201 =




'm
-
@
LS

e
Q.
O

N

H
O

(V)

Im
)

I“

IN
e
(&)

<C
o
=
=
(gv}

)
v
=
@)
Q
-
n
i
-
@)
Q.

(Va)]

JAMA Psychiatry

Yoji Hirano, MD, PhD; Naoya Oribe, MD, PhD; Shigenobu Kanba, MD, PhD; Toshiaki Onitsuka, MD, PhD;

Paul G. Nestor, PhD; Kevin M. Spencer, PhD

doi:10.1001/jamapsychiatry.2014.2642

=X
=]

2 9s{x]

H O

i

HKHEr2

0

b= 4 28F AHHOll I

Ol H=101 A

>

CIIDN;

agso

HA= 22 A X=0l et By

R Z K= 0ll CHet S2140l Ko

Z

bt DX =0

b[=
— —

Ofl Ccpet Z=0|

St
=

Kl ZEA

AS Y

A

UYCZE 0 HA0AM &

>




H.iPsCe 22l &

FIOl=0ll LE=IHE D=2 M

A

400nm2| THEHof
MY B2 Y &

Al
=]

<l
ol
&
i
S
!
=
Ll

oaf 2

=

2
[=]

JIZ0 M opls A 22 27
=

X220 Lt mj
=R

(iPSC)

s
-

2tA0| z+zH 1 201013 201E (um), 400 L= OIE (nm) 2! 3}

H400Lt= Ol

=
0

=
qlnﬂ
=
=3
oll
e}
<
ol
n
w
E] o
of
=)
2
=
N
ol
<}
I[]
nH
=

| D122 SEBHSEI|A

T O 0t of
tA|Z4S ol B

==
o 2
Iz
o

)

HuX

X
&

>




M
712017, AOTHE, 0|27)7| 5 ChSt HO0je 7|H7la2 A BE KT H0|2Y 2Ot RS

0123 7|42 Oleisi7t 2013 A33 237|47| 2 A2 S Saf LHEH50) £0F 12074 22 7|4 S 300k
T4 MEE0 A7 F4AIC) TH 20} 2 SHU2 2E S45T 90t

e

4 252 7[T+ 2{of DNA,
HE g o e

Alof g T2 A2, o

O

SAIGEN 2T} F

)
0[N
=

0
Mo
[[#]

r
|
If

+
e
rr

or
M o

mo r pi

0x

F2UE

oo LT
2E5o) Qi) Eo] 9|=7(7|9] adalFolE 28 0|MH)E Jisa ot EAY 2)7] )
S Mgk Ao= AAsta U0t ot AYO| AL 2|22 A0 7tsoi| ot Higt e AlA
(theragnosis) 200 &2E ZIo2 & 7|Ch=IC}

UE EOF 0272 KM U Z2E|QYA SO| J|2HTEOF OfLIZ} AP, AT Y J7|7] 0]
o




3,

WA A )

Wt BT
Qi) M B (@01

¥ el 22

a3 ge, HYUYRERY,

28 2427| HEYEI|, A8 HE,
Ol AN

HauA 23
(40122 7|4 FHAIAE) sloloa 71¢t 13|

| 44 ] OENE
25 M, OlAY AEF7|
R 7hA A,
pH A, RFID,
Hef MM

o @3 1 HI0|24! ¢ S BiolNdustry-No.69(2013, ARSI DMEY)




MIA HHO| 23 AlZZ 20099 229 Ze{0iM GEd 10%2] &&= 20|08 201749 469 Zef
TEE BT 222 0S5t AUCL =7IE=E 20134 O=0] 9f 149 T2, 780l 129 &
o= 0=t 72| d MAAZS| tiFE2 Aot ULt OS2 Alefet 7|ef =/1=8] A& 2

= 92 SE0|2|0t HriFHo 2 W= HZ6ta QICt.

7ME7AYE Blo|e2 Al AR
(Che) : woroia)
2009 | 2010 | 2011 | 2012 | 2013 | | | 1 |

CAGR
1053 | 1116 | 1,195 | 1,293 | 1412 9.5%

8 | 95 | 105 | 117 | 130 | 145 | 942%

187 | 205 | | 97%
1,067 | 1171 9.81%
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