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Relationship between microglial activation and serotoninergic or cholinergic system
in the brain of subjects with autism spectrum disorder
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Aim of the current study was to examine whether regional microglial activations
were correlated with dysfunctions in central serotoninergic or cholinergic systems in the brain of
subjects with autism spectrum disorder (ASD). To test this, we recruited male adults with ASD and
microglial activation iIn the brain was measured by means of positron emission tomography (PET) and a
tracer 11C-PK11195. Either brain serotonin transporter binding or acetylcholinesterase activity was also
measured by PET and 11C-McN5652 or 11C-MP4A, respectively. Their parametric maps were obtained and
subjected to correlation analyses using SPM. As a result, we found that (1) there was a significant
negative correlation between 11C-PK11195 binding and 11C-McN5652 binding in the pons, and (2) there were
several clusters of voxels where regional 11C-PK11195 binding positively correlated with 11C-MP4A k3
value at the region. Further study 1s warranted to clarify a role played by activated microglia in ASD
brain.



B X C—19,. F—19, Z—19 (tm)

1. ARFARINDOER

HEAEA LY kT AfEE (ASD) (X, #ha
PEDRERE & [RE SKER - &R TEER
KEICE o THESITON S REREETH
%, ASD DIFRETERRICIBV T, SR D RE
NEHELTWDZ LEREBTHEL DA
Db %, ASD HRLZ DRNEIZT LIV —EER
RHCARERERBOEIHNZ N EIXR L H
LNTW5, Bk, BEAEL E b
I BR PR B A 70 E EA R A S s -
B (iR C4B EIn 1) EDRI#ENRENT
W5, BBESR OMEREE-CAR R Mz B0
C TNF-0. %> IL-1B 72 EDORIEVEY A b A
DML TS Z SR LEfan <
W5, —J. 27 a 70 TIIMAO B RGRE
HYMIETH D | JEFIRDOR AR Al S
7o EEREMT 5 LlH0TIEMEIL L, TNF-a
R L-1B 72 ERIFEMES A NI A L EFEET D,
Z DK yolk sac F/IXBHEN D OHE~
sn 77—y T, b NTIHERESRH (12~24
) GRS ES L, % OMREEIC
B DU T T AR E B E 2 ReT=9,
H BHIE D SEH% A ZE Tl ZIMIMIZ I\ TR
I v 7 ) T7oOHEME 7V iifdo
B wEINTWD, INHERET D L.
ASD TIIHHXTH R TH BIRGIERDIE
AL LRI DL, BLXO, BZEHL
ZFORFIZIZa 7 )V THRMNICEET D
BRAMNCH D Z R R I N D,

Fex X, ASD & 20 4 &4 - A X
WfdEHE 20 4 L E2RRIC, FL—HP—¢L
LT "C-(R)-PKI11195 % HWVMNIEMEAL S 7
v 7' 7 % PET CaHlll L7z, Z D%, ASD
I D IR A2 AL TIEMER S 7 v 77 )
T INAEIZEIN LT U = (Suzuki et al., JAMA
Psychiatry 2013), L2>L., {EMHERI 7 a7
T DO/ — 1% ASD BE & xfEEE L T
FECTHo7z, IO REIT, Bk Lz
ASD T8 5 5 3 O R 72 &Mk o LR
DEAMICH D LT 2F~x DR R X
a2t ThoT,

ASD IMINTiE, Bu h=%, KR &,
SRINS YR (o e oot P YN8 ))
LbNBdZ L, BXO, #6008 HAE
BRSO KRR E ARICHEET S Z
LM, Fex O PET 2 L B 5ATHF5E0 HBF 5 00
{2 &4 TV B (Nakamura et al, Arch Gen
Psychiatry 2010; Suzuki et al., Arch Gen
Psychiatry), L72>L. ZiL5 OMEERDHEE
W2, 277 U7 OEEERED X SIS
TH5ONIELARHTH -T2,

2. HREDEM

Z 2T, ABFETIE. ASD & b O &
RBIZEr h=VF%R, RN R, F0E
2V R EE D D R LAY &
W72 PET RIB &2 1TV, ENENOHRR &G
PRI 7 a7 )7 o EDOBRIZONT
MadsZ E2HE L,

3. MRDAE

[er5: & BEPERTAM] 20 ML B A ASD #
gl L=, ASD D2 Hiix DSM-IV-TR iZ
HEox | EFMEREOZKImEEE TH D ADI-R
& ADOS & DOWF oy, Fl2EiliE Ic L o7z,
il & O EE =2 T T D, ok
fh AR R AT 5, MU IXBRAN LT,

[MRI #4] £9°. —772F v 780D
~ A7 CHAER % [E & L T1 9858 MRI Z % L
72 LLF @ PET #f%IF1213, MRI $fg s O 88
EROMER A S &I PET A U —Df
& % MR [E{4 & PET Hif§ & A3 AC-PC 71 >
WZATIZR D L9 EL, [RMU~AZ 2/
THEEZEE LRE L7, 20, B
IEfE7Z2 BB (ROI) ORBREMNAIREL 725
K IOomE L7,

[PET #&f4%] © 1&MALI 7 =2 ) THIE:
KR B L—H—"C-PK11195 % KRN -
L. 62 4y Ot 2 fif 7 L 72, Simplified
Reference Tissue Model (SRTM)E(Z X Y k=)
FricBI 24568 (BPwp) ZHMH L. WMk
X7 w7 ) THOREESE Lz,

©® tu h=rROFHE: v h=> - b
TUAR—HZ =R R L ——Th 5
"C-McN5652 % AV, ERARPI R H-14 92 43
O IRSE % hi1T L7z, SRTM JEIZ X Y KR
FTIiZEIT 5 BPyp 2HEME L, BT b= k
T UARARN—E—BEEDIRE L LTz,

@ aV ROFHE: TREFALIY DT
F 2/ THb "C-MP4A & FL—H—L LT
A, BIRNFEEG% 62 S ok iRiE % it
17 L 7=, reference tissue—based linear least-
squares YEIZ X VW MRATICK I 27 EF L=
Voo 27T —BiEERd7-,

[KERt=2IfEHT] PET B{GMETY 7 b =T
PMOD (2 X v iEMib I 7 v 7 U 7 %
("C-PK11195BPy\p). T H h =2« kT R
A—x—gpE (1'C-McN5652 BPyp). 7 EF
Nal) 277 —BiEE (M'C-MP4A ks i)
D3IWTNT A MY v 7 B EERR LT,
%5 B fEMT 2 7 b Statisticcal Parametric
Mapping (SPM8)% Fv ., &K#¢BRE O T1 5
MRI # % 2T A MY v 7 E{BEER
1t « SEIB b L7=1%. ASD Bf & xtiafE & CLhig
Lize Flz, I 707 )7k b=
VR, AV CREOBERERLNCTT DD
(2. "C-PK11195 BPyp HEifg & "C-McN5652
BPyp Ei 4 £ 7213 "C-MP4A ks {5 & 4%
LULFE R 2. SPM8 L TiTo7z, P <
0.001 ZHEFHFrfa BKEL LTz,
LNV DERICB W THEZEZNRD
DIV ERALIZ DWW TIE, IERALETO T1 78
FHMRI ETHS-HT ROI ZREL, H3
T A — B OMBEBEfR & R LT,



4. HARRE
OiEMAkI 77y 7Etn b= R
AT ~DOBINZ SN TRIEDRE LN, B
BAaET Li=DOlIk A ASD B4 13 fil (¥
it 24.1£4.0 %) Tho7To,
£ 13 BNZHOWT, "C-McN5652 BPyp Hi4
L '"C-PK11195 BPyp Hifg & D%t b % K 1127
L7z, oM & LT, "C-MeN5652 BPyp
MNETFTLTWS ASD #1E & "C-PK11195
BPND i))I_JI/\'ﬂ:Emz)‘mu &) %j/bﬁ_o

24

# #¥0 #NM #12 #13

1. ASD HmWI B3 11c McN5652 BPyp (L E%)
& MC-PK11195 BPyp (FER)ED RELE

Lo L. &Mz BT 5 voxel-to-voxel L1
DOFHBAfENT TIX, WA ERFERENFED 5
N7z T A Z —IIWEEIZ D BAFE L TV,
F 2T, BB O T1 98T MRLIZRBWTH
fidi & F&IC ROI % & = . ""C-McN5652 BPyp &
"C-PK11195 BP\p & DR Z T2 L 2 A, 15
WCBWTIHAEICHHEE L Tz (87 V>
@W%%ﬁ=ﬂM\P=MMUO%®
"C-PK11195 BPyp & il DB EB AL IZ BT 5
1C-McN5652 BPyp & DRI, A& 72 FH B
ot (X2),

11C-PK11195 BP,, 11C-MP4A k;

W i
‘4

3. ASD lMIZ#& (15 "C-MP4A ks (Bl &
C-PK11195 BPyp (EfI)ED%ELE

Voxel-to-voxel correlation analysis hetween
PK11195 BP and MP4A k; by SPM (n=13)

Positively correlated clusters (r > 0.6)

Py M AL . R P ‘ L
I i, v > . ,“ '-. - " # 2 i
#U8 v - e o il i
y = .“' . ‘li-:‘ L \ -5 .: .

1 R . oy
" 4 b i o

w R

>
W

g
o

NN TR T
%

L3 w
TP BPmd

g
3

1e-MeNS852 BPndl Inthe pons
]
| I

HOGMHE P Intha ke orbes

oo
IC_PK11195 BPnd in the pons

& =
IS BPmi e s

2. (ABIZH 115 C-McN5652 BPyp [ZRIER AL
@ 'C-PK11195 BPnp & AEBILTLM =,

(B) MR (C)RTBEE R B & fth DA ERLL TIX.

e ORSPYAY [ 2| EErE SI2Y (RAY NSy 8

QiFEMALI 77y T Eal) %

AFFE~DBINZHOWCRENE L. B
BAaET Li=OlIk A ASD B4 13 il (CF¥
R 24.144.0 %) ThH o7z,

FRFER 72 3 12DV T, TC-MP4A ks i &
lbpmu%BmmE@t@ﬁw%l 2R L
7= BRI BT B voxel-to-voxel L~ LD FARS
fEAT OFEF, WHE DA EREMEZRT 7 Z
A=W D TRFEIREAL TR B (X
4), ROIVEIZ K VR LT & 2 A, Al HE
REFCRHHRICIB T, FW DR FICH
B2 EMBENERD b,

X 4. ASD Tl D LS EAL T;EEILIIRT YT
EQ)UIRTS—EFEMENEDOHEBEERT .

AWFFEDFER NS ASD BTl b=
R DRI N TFAET D S RIRERR AL %2 & T
ZBWT, b 27a 707tk nr b=
Voo NI URAR—H L RWFEEI LT
HTEWTREIND, Thbb, [FEAMTO
EHEEI 7 a7 ) 7, ENtEe h=0% 42
IR RITTAREERHDL EEZEZLLN
72 —J7. AU URIZOWVWTIE., EH(LI 7
07V T NSV TIZa ) 2R T T
—PiEELEEWVE WO HEHENRD b
T2o FEATHIRICB W T2 U ROEEEIR T 23
TR STV D AEEER BN U Tid, 1EEAL
vy réal) o xT T —BiENE
OMNICEBERMENI /o7, Lzl #idE
WEIOTEHALI 70 7 ) 7REWNE L, [
N B DB %2 521 2 FRIEE RIS R kA T
Dal) AT T—BIEEIZEWE WS
HARD LI, BFOLLRIREIOI 717
U TR AL OB RE R 2o %t LARE IR
P L TWB LD EHERIE NS,

WTUCE L. BREDIRIEICR -T2
07 )7 OREOHEMERALNCT S0
W2, SHRDIMHAPMLELEEZ LN,

5. FLRREXF

MERERmsC) (BE 5 )

1. Vasu MM, Anitha A, Thanseem I, Suzuki K,
Yamada K, Takahashi T, Wakuda T, Iwata K,
Tsujii M, Sugiyama T, Mori N. Serum
microRNA profiles in children with autism.
Mol Autism. 2014 Jul 30;5:40.




2. Kameno Y, Iwata K, Matsuzaki H, Miyachi T,
Tsuchiya KJ, Matsumoto K, Iwata Y, Suzuki
K, Nakamura K, Maekawa M, Tsujii M,
Sugiyama T, Mori N. Serum levels of soluble
platelet endothelial cell adhesion molecule-1
and vascular cell adhesion molecule-1 are
decreased in subjects with autism spectrum
disorder. Mol Autism. 2013 Jun 17;4(1):19.

3. Anitha A, Nakamura K, Thanseem I,
Matsuzaki H, Miyachi T, Tsujii M, Iwata Y,
Suzuki K, Sugiyama T, Mori N.
Downregulation of the expression of
mitochondrial electron transport complex
genes in autism brains. Brain Pathol. 2013
May;23(3):294-302.

4. Shimmura C, Suzuki K, Iwata Y, Tsuchiya
KJ, Ohno K, Matsuzaki H, Iwata K, Kameno
Y, Takahashi T, Wakuda T, Nakamura K,
Hashimoto K, Mori N. Enzymes in the
glutamate-glutamine cycle in the anterior
cingulate cortex in postmortem brain of
subjects with autism. Mol Autism. 2013 Mar
26;4(1):0.

5. BAARBENE. B ru vWiERIc L AT

ARA=V T, FELDZ T AERHDI
TE. 2014 June 10;5(1):59-67.

(Fa¥ER) Gt 0 )
(XF) Gt o )

(PESERA PEHE]
OigRdt Gt o )
Ok Gt 0 1)

(Z Dfth)

6. WFIERE

(1) wFgefREs

i AP+ (IIDA, TAEKO)

AN ERLR S - R R RPT - 1EERE L
W& 5 70616474

(2) #FgEorinEs

SAKBEIE (SUZUKI, KATSUAKI)
AN ERIRY: « RS - HEHR
WrgeEdes 0 00285040

PrEFN (TAKEBAYASHI, KIYOKAZU)
IANERIR S « R R R « SR
WrgeEdes 50397428

(3) HHEMFIEE

+E®E  (TSUCHIYA, KENII)
EERKRSE - - 8L 02 2 AD¥EMER
A= AR

PEEH S 20362189




