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Abstract

Cyclin-dependent kinase-like 5 (CDKLD5) is a X-linked gene encoding a putative
serine-threonine kinase. Mutations of CDKL5 have been implicated in many
neurodevelopmental disorders including autism spectrum disorders (ASD). To understand
the neural basis of disorders caused by CDKL5 mutations, we studied the behavioral and
neurochemical phenotypes in mice lacking CDKL5. To confirm whether loss of CDKL5
causes autistic features, we examined repetitive behavior of Cdkl5™ mice and found that
they kept digging the bedding matrix showing dramatically increased motor stereotypy.
Besides, in a three-chamber social test, the CdkI5™ mice spent less time to interact with
stranger mice, showing deficits in sociability and social preference. We also found significant
impairments of female-induced ultrasonic vocalization in adult male CdkI5™ mice. In addition
to the ASD-like phenotypes, CdkI5™ mice showed hyperactivity in an open-field test
compared with their wild-type littermates. Based on the high comorbidity between ASD and
attention-deficit hyperactivity disorders (ADHD), we further investigated whether CdkI5™
mice exhibit other core symptoms of ADHD. We found enhanced impulsivity and
aggressiveness in adult male CdkI5™ mice. In addition, they showed deficiency in
acquisition of cognitive spatial learning task. To access neurochemical alterations, we found
disrupted dopamine content in the striatum and medial prefrontal cortex of Cdkl5™ mice
associated with corresponding alterations in protein expression for dopamine biosynthesis
and metabolism, as well as changed expression of ASD- and ADHD-associated proteins.
Notably, we found that Ritalin®, a psychostimulant clinically used in treatment of ADHD,
could normalize the hyperactivity and stereotypy in Cdkl5” mice via enhancing dopamine
content in specific regions of the forebrain. Altogether, this study reveals a previously
unidentified function of CDKL5 in modulation of dopaminergic neurotransmission system,
also provides a potential treatment for stereotypic behavior in ASD and establishes a
conceivable mouse model for comorbid ADHD and ASD.

Keywords : ASD » ADHD » CDKL5 » dopamine » striatum » medial prefrontal cortex
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i&g -tk AP § 055 4-50t 1(Kogan et al., 2009) -

B Bt ASD s Fli7 £A v = REE R AT S R R R AL
60-90% ~ £ ‘PPz rng 10%4 2 £ & fF 5-10% 5 I e .% (concordance rate )
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B e stz ek (Tabuchi et al., 2007; Jamain et al., 2008) o p* ¢t » BE>Y2 p B e F
WP g e R FoxP2 Knockin /| Bl v * R4 dperdlg 3 A B P A
gt s TR A Y Purkinje dmre 2 1§ e g (Fujita et al., 2008) ;5 @ {8 i e
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AR A RGEd g (attention deficit hyperactivity disorder, ADHD)
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MIEE 5 TR MG B T RIF R § T Seafp B A+ 5 ASD
ik o Blde D% T IR i DRD3 A Fl ) ch R %42 ASD i & hiF THF (7 5
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?3:’ & 7 CdklIs Egr‘];l MJ:‘ A _/_3@ L %m* Al &35 o ﬁ\\l)‘{ir—f :

1. # = »xi (face validity) : =& CdkI5 & 77 %l PRz 75 ey Roadp R -
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2. #Z{grc & (construct validity) © 3= CdKIS z 517 Af CEZ Y AT R G hg i
%&@ﬁﬁwﬁ°ﬁiﬁﬁm$P2%%¥1CW5ﬁﬂﬁ%\ L FE
CDKL5 F-v > 122 gbagh & 3t 202 o f5 o gL ob o )% 3 s i 4p K 17 &
(High-performance liquid chromatography, HPLC) £ & = % 2> (Western
blotting)» 17 % %] K% ® #Fap L BEF Firde F2 i AR 2
% 5] o

3. FERI»x R (predictive validity) : 3= % P # fefk * 24 CdkIS & 717 G R S
FEBRORNE AP RREFSEN LM ORISR BRI RE

# . CKIS & F1 71t ) B2 jp o o DR H Joed 87 it el -



*ET T 2 CdkIS R/ REfI* FIRZL I BT # (homologus recombination)
2RI A R iririmre P thEES 2 (exon 6)eniz B #E ~ loxP & 7] > % i8 7| Cre £ 7]
TR B FIRA %R 0 2 N A - i TAA shi L A7) ]t CdkIS B F
3 2 2 18 1 B2k #4x(Wang et al., 2012) -

bitz2. Cdkl5 £ & 3 (heterozygote, CdkI5™)= & A FAHAEdLI oPTE &
BEA SR G % w2 C57/BLE) & T4 Al a Re » BB 42877 ¢ 47t * 2. CdkI5
b %l VB (rk - ) AR ) RZBF SR AR GHREF TN EF T R %
% 0 ) BB R b2 i § 4% $ (Individually ventilated cage, IVC)*® » # 4 5 3R
M LBEN22+2R FRP 12 P ERER(C S 8EITE8 B F) FRY
i ot 25 b pfoik o 29 % !r‘ B H-~ kg g (resident-intruder
test)id * 11-16 3% ~ 2. 2 B¢ » HEAF L PRIEZ 4 L o7 @ * 4-6F ~ v B o

F- skt ) B2 AT

Cdkl5+-

+o| P (FREBRIFAR) | - (FRER)
C57BL/6

% 4 7

Y +y (FARA R EEm) | -y (FRL R, T %)

¥ & A& F3 g E(genotyping)
- ~ A %% DNA (genomic DNA)z_ % B~
FhA s - 2 ] RET P 3mm & 2 B8 4o~ 300Ul fovz & 2%
(lysis buffer, z 3 0.05M Tris-HCI ~ 0.1M EDTA ~ 0.1M NaCl 4= 1% SDS) ¢ 1.5ul 3

v fix K(proteinase K, Amresco) & > 53> 55C-kig 3 > 7 /| &> i@ BT LR 2BfE e
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2 t6> %0 > 3ul ¥ pEt: fk e A (RNase A, Amresco)> . 37°C & Jis 30 # 4% 113 £ RNA-
#¥F 4~ 100 ul 3¢ Fiwdkik (protein precipitation solution, Promega) > & {323 14
BokE 54480 2 13000 rpm F ik g 10 4 48 0 B R P D ATACE e E 0 2 (8 e
* fe H4% 1B 3 R (Isopropanol, Sigma)iR £355 » 3tk 5 A4 DNA T - B i#
Bt PR 0 R F Ser T0% FE R ARG RY 0 ORI R 232 “,/T‘. J
B {5 4v » 200ul # =% ( TE buffer, z 3 10mM Tris-HCI 4= 1mM EDTA) » ¥ ** 50C

B 5 AP I DNA WA o Beib#-5 F AT DNA 2 3% 75 t 4Crk 4 o

 CdkIS % %] B2 A FIAIHFT
41#* + it genomic DNA % #i9 {6 - # * Tag DNA polymerase master mix
(Ampligon) & 7 & & f=4a4f £ J& (polymerase chain reaction, PCR) - #7% 513 33 &
Cdkl5 &%)+ » ¢ 2= % 315 (forward primer, 5-CCACCCTCTCAGTAAG
GCAGCAG-3)% & % 313 (reverse primer, 5-GTCCTTTTGCCACTCAATTCCATC
C-3) - PCR & Jgif 24c™ @ L& {7 95C 3448 %€ » PCRpHR > - Bk
M= i F (1) DNA % 12 F &(denaturation), *t 94°C & J& 30 ;& % 4% %2 DNA 2
= H % DNA; (2) 31+ %4 e F Js(annealing) » *>* 60°C * & 40 #3831 + A% 3] P
HAF=E;(3) 31+ & F (extension) > >+ 72C K i 60 ) > & = 37 DNA % g o
WML FHR IS BFT2CT A RLAF - F RS A HE CdkI5
2% Rz PCRAY ~ % & 1.5%T At F >4 653 bp 2 305 bp 2 # & (*q4ér
— ) °
N R A e S

- ~ = IR FAL R R4 7 B (three chamber social preference test)

ARt plE o] B eik ¢ 5 2 (sociability) 22 4- % if 47 (social preference) 2 it
4 At e Bl - A #7r(Moyetal., 2004) - F 5% B4 5 - BEA 5 = B % B(H 20cmx

40.5cmx® 22cm)e st 0 REAF Y - BR S 10 2 a il o ¥ - PR B

bl



POFERIRVAIERZBRIAS A S OFER S A RAITREFR] AR

£ w4 A 2 R(F2 R 12D 2 105 24 F

IS

11 o & cnFl4afp o X R4z 5 &

e 2

FE- T R A Rk g T bea

\

4 FRIRT A D EHEG L EL

fe

LF

BB ZFET&KRY 0 AR FREOART R A 0 A - RHITE

- & 3700y
A SR(Ca2ZR2) FRIAT pdEHEG g2 RS
P B engkr gl 3o * Smart ® 48 i 7 4 $7(PanLab, Spain) > #4738 p ¢ 7 B d R Z

AL HRHATRTSPER > RS * Student'sttest ki R B RE I F Q2

-~ R EGEF 2 2 BAg5 g (female-induced ultrasonic vocalizations)

~F B * Scattoni et al (2009) 77 3K 3 0 i ARAc Bl = A S7oF o BRI EDT RS 1

MR EEINAEI 9% X (FHHO5L8L) 7B 4P FRIEA T 5%

B2 g S FRRRAIN20 A FaE  FRA L FRSRES o BRI F

=

¢ L4e§ 2 & 5 b (avisoft bioacoustics ultraSoundGate 116H, Germany)#t & » 4z 4
BEF R TN 4&Jc 15 1 250 + 4 (KHZ)Z 5 o 7 L3865 ~ & F R b 2 F A8
P B EFR N AMS 2T AR B PiRiedT A B A R F B EsTE A
F 4 F AT AVISOFT RECORDER software version 4.2 :& 7 ¥ 1~ 17 > %82 &K
¥_% P& (Scattoni et al., 2011)-fast fourier transformation (FFT)z% ©_5 512-time window
overlap of 75% (100% Frame, Hamming window) - 3% Z_lower cut-off frequency 3
20 F Ak 0 A F 2 g o d A WA T D ) B 2 5 5 30 3 110 F
(Costantini & D’Amato, 2006; Portfors, 2007) » F]pt & d fic k8 <23 4 e Bagh > 3
Lgd 43 HF P f TR g 2 fhenfeil o Ao fS A F BRI ERZ F An e g

4 =t #ic(number of calls)¥r > ¥veg e 2 4 2 4 P ¥ (duration)» & {4 # * Mann-Whitney
Utest it im R RE T ¥ H2Z L8 o

= ~apomorphine % 2. %]4 {7 5 (apomorphine-induced stereotypy)

10



~F %+t Liao et al (2008):77 S AR > i ARACB = A T o B Sk

|1

=)
P H bR E B B { HEATRA o FHRB AR L6 8 Bk A1 Er(s 20 4
48(Veh-20) P 4582 & & | BLeny| 45 (7 5 3 A48 0 ¥ fid b1 150 A 4 (Veh-50)pF £ =
BRI 3 4 4s o AL e G AR 60 A48 0 i (7 A T & apomorphine (2mg/kg)
Fohefe bk fid (s 120 (Apo-20)~50 A 48(Ap0-50) ' A BB 3 A A h] (7 5 o
PRIEAIE M BRrw R AHEE BH o T 3ABFL TR AT REAZ
el At BB EA s 7L A o Veh-20 22 Veh-50 A 453 P ¢ 5 T A L 124
(digging)¥s 4.~ ¢ v4: & (head-up sniffing) <Hp# & 5 Apo-20 22 Apo-50 4 1578 P B 5 : 458
w. # (head-up sniffing)£2 #) % 1~ 3% % i< & w5 B (head-down sniffing) srpF fF - £ f
* £AFEE TS 88 ek 7 (repeated measure two-way ANOVA) & 1t i % 8 K &2

¥ &2 £B > & * Bonferroni post-hoc test :& (7 % {4 & %_o

z ~ jr 44 F % (open field test, OFT)

AR R Ry AR o BER R - Bt 5P (40X 40x25
cm) > &% 16 4 43 > & * Smart®4ic§2 (PanLab,Spain) 4 47 3 # 30 #; 1 15 # 30 ) &
12 g thd o o A 1738 P ¢ 7 5.5 # iedg(total traveled distance) ~ i 1+ 7 # e
Fp & (% time at resting) ~ * 324 § i & (average speed)fr ~ # # & & (maximal

speed) - £ {5 5 ¢ * Student'sttest k' Z g HE T §¥ H2 L 8 -

Iy

s B g -~ EHF % (resident-Intruder Test)

TR R ¥ NG R ¥ 7 5 (Gumulka et al., 1969) 0 Jn 424 B BA 1o o 11

31642 SREBE - BEHT A UHERHE - LJIER L RE R B 5%
TR AEE L ABL Fh LY BE R EREWERTL L 0 B AR

(intruder) » #-8::e4-20 245 - FRIEF 22447980 & 3§ I HP-% - N F ot g
i (latency to first attack) ~ 4z #5 %42 (digging) =P & ~ 1 #owl f » B F OPF R 2 5o 7

2 BT st ¥ F L E e (biting)®? ¥ = (mounting) > w E 2 FRIR A Forr ~ B

p)

11



5

Mo AR B2 BRG] B 2 B A 47 * Mann-Whitney U test

* ~ = 2 Xy ¥ (Barnes maze)

AP kAR N R 2 WE Y 4 (Barnes, 1979) 0 jnAz 4§ 6A #7F o F %

AR frRILE-RF 2T o kg 20 ) BUREMAGDIE RAFYHIT 55
wé%' %6’¢Q§Eiﬁﬁﬁﬁ%i% iﬁﬂggﬁ | E5 3 T 0 AP TR GE

AR E PR T RN TR R SR P c FRERES - L0 a4 e

«J
ol
o

.
/\‘

e
N

(Sh

PR Tas® 20 BRISC(Z/ES o) HY B - Fl34 T3
T 0 W R Ao ABPES £Q1IXx10XT7em) b £ xw g - Al ) Bk

FHERY EFARERE NI FRRFS L@ T o 5 L FRRGEs 28 Ha
A FRRE R ET D e APl c FRARAR P30 E X 3R E
FoBXERLARR AT RFERIECE RS L T FFEF ISP YR F 00
LRt BRI 0 I PR LA k B ek (440HZ, 76dB) - #RI R F H ¥ Ry i Gk
LRE UG DGR T o - L FRIEE S8R > ek Th sl > Feird 1)
BERANTCRLIER  RF A LB REDTIGER QAL FEIGERY > X
A HE TR A b b FREHENGE RS RENSERRT - S48 B 1%
FHEY BFTE SRR E RE RS LA FHRB Y e AR - X
7 probe test > &~ BRI/ Reeff 2 L el o FHRAFF iz H - FF emifgr
BASE o TR 0 ® T Smant®i 4 (PanLab, Spain) 4 17 | B #5 2 Fin o #-F)
BLon iw B0l BERET L GUTRT L BT AL R gt RS R
* £ BTG % R #iA 7 (repeated measure two-way ANOVA) & 1t #i 5 & ¢

¥ Rz Z B ¥ % Bonferroni post-hoc test i {7 ¥ {8 T_°

‘2:?;1 ‘;:‘“-";‘ /p}%‘ 3T %

_ .®

F)ﬂ

% 2t ¢ (methamphetamine)

12



4% ADHD 2 B4 3 &4 o & & #5584 %3 0.05, 0.1, 2 mg/kg 2

PRt
PR

AHE R - B4 A A T 3843 58 (subcutaneous injection, s.c.)¥% 4 4 32 & #oR
Fatia bt = A 4(Veh-30)B 2 Fp| Bl tejrfa f ok ¥ i@ 4 > T30 ) prig s
PRAEZ T AT & BB AT L 44 (Meth-30) ~ - % (Dayl) &= =

(Day3) #FRl& ajcia @ SReNT 5 AWM o A FHRZAREL e ASTT o FRREER
Prism i3t gcdg @ 0¥ )3 &2 - 7)3 % B #ics 7 (repeated measure one-way or

two-way ANOVA):g {7 %t 4 47 » # & * Bonferroni post-hoc test i& {7 ¥ {6 & -

= ~ s & (Ritalin)

flw i & B % ADHD T % - &TRk * & > 4 &4 5% fiy

(methylphenidate) » {212 255 F F30 7 Rt G2 EH - Rgphn g ¥ {8 5k

g

ADHD # 1~ #-5V i # 17 5 2 4p B # 7 (Gainetdinov et al., 1999; Rhodes & Garland Jr,
2003; Avale et al., 2004) » 2% 5 & #& Bl 1, 10, 20, 25, 30 mg/kg 2. % »< » Ritalin =
LEHEZLI 2 )P BxxgraF33 4/ Flpt Al T2 FAE TR

i 30 4 4874 (Ritalin-30) » L iRl 8 bjc B S ¥ B di i 4 o £ D

N

B2 #Foxk BEriE AR G R E o d AT R 2 w2 F (pure

-]

compound) » F]ptiE H - B R

=k

!

B3 FRIEGT 2 mon R T Al A g

S
=

BB AR SRR T L

o4

K

Eh 2 ko b Ht s R B2 B E
Foock o HRIEG A TAMBREA Btk I UL B -F P A
& H e b pEd o
2. Flw oz inpok

NR SRR G R ~F S AR Y TR Lok o R AR E A
H ket d Bok o 301518 30 4 48(Veh-30)PF it {7 e i F Sk o £33 | PE IS LT
fl# it 12 30mg/kg @ fitstis 30 4 4b(Ritalin-30) » £ =& (7 o6 F % - BB
B @R 2B AR %Y I HibRgs & ER R (AT

13



HEE R ERALA S P R R SR B AR L6 S Bk At it 30 4 4i(Veh-30)
PR O A | B 75 3 a [ Figiasfli s 18 30mg/kg >t
A tis 30 4 4a(Ritalin-30) » L&F. 5 rd s | el 75 » BFEF2 A3
2% BARE e e It - ] RSB (C R R T T e R &
FERERZ AR ] B2 75 RIFE rER Prism At ? ohH 73 &
+ % 2 #4417 (repeated measure one-way or two-way ANOVA):E {7 5u3t & 45 > 18

* Bonferroni post-hoc test & (7 % {8 & _-

I8 35wy E2AH
-~ ,_7%‘«#% i3
7eRBhiEaCdkls R % | &2 fpPrBr 4 4] o &2 %75E (cervical dislocation) = 3¢

At BB 2l 300 IXPBS e e E AR R B2 e ks o
"L R e e “%f PLIR ] T o BT e T A B Ry B e (brain matrix) t oo 7 R s
E5 R Amm)ind BBk P RRRFH ORI 2R o LB G IR kA
= ¥ & i (medial prefrontal cortex, mPFC) ~ ¥ #; ia < +% (nucleus accumben, NAc) ~
5 i (hippocampus) ~ ® %4’ 7] % (ventral midbrain, VMB) ~ -] *&(cerebellum, Cbll) ; ¥
‘b i * puncher iz & B~ ) w0 = 2k 8 (rostral striatum, ST-r)£7 4a s 2 = =4 4 F (rostral
cortex, CTX-r) ~ @ =4 %}k #(middle striatum, ST-m) £ 4p 4t & 2. £ F (middle cortex,
CTX-m) 2 {s =4 = % 48 (caudal striatum, ST-C)£2 4p ¥ & 2= & F (caudal cortex, CTX-C) -

DRI BNk LA 0 BT (A 4k 0 B80T Y B o

= ~ 32z 4p k& 17 5(High-performance liquid chromatography, HPLC)

*F &g ¥ HPLC i sve 2 7 1 8 1 ;p| B(VT-03 electrochemical flow cell) ~ g
#2731 ~ % ¥ (S5200 Autosampler) ~ 3 & §if (S1122 HPLC pump) 2 C18 ¢ 41 (Sykam
Corp) o K47 ¢ bt A BIE AR LA 30CTEF A7 > i i X 0.8 ml/min » s 7
#w& 25 051V 24 24,5 AQ/AQCI > F i » ek 2~ & 5 20l -

14



“4 1% % ey #s 4p (mobile phase) # £ 100 mM NaH2PO4-H20, 0.74 mM
heptane-1-sulfonic acid sodium salt, 0.027 mM EDTA, 2 mM KCI and 10% methanol,
i¢ * phosphoric acid 3 & pH=3.0) * i * 0.22 ym g &g (Critical, Inc).® 4 60
Mg ATtk AT § L 30%Y iRk E ok Sl B L ) g S EAE T P
B4 i (7 A 47 o A 47 A& 4o~ 210 pl 59 0.1N 3 & & & fif ik 1528 /% &7 0.45mM NapS,04°
PGB 1 Ak IR TRR T R Y R IR T e Ra s BE
14,0000 4CHrs -+ A4 > A im0 F 0 B g ¥ i % 0.22 ym nylon filters
(Millipore)iB g s 1 &7 HPLC #&ip] - A ¥ s & A 45 § = ez H (X 34
3,4-dihydroxyphenylacetic acid (DOPAC) 4= homovanillic acid (HVA) » %% # +

(standard) 3 2 = &k & (500, 100, 20 ng/ml) fie & 2.+ it = 815 % $ (Sigma, USA) -

= “HPLC 2 %8 = i#
HPLC 2 | £ i % & * A 47§48 Clarity (DataApex)it 7 £ » “r$ Hchz 2 i
(signal-to-noise ratio) § ~ * 3 4 7| » s o 47 o B g NehdcE > B4 AL &

"0k FIPIg L R R R A (% of WT) > 2 Student” s ttestie 77 ez F13]2 1t fi o

¥ R PR A

N

£

-~ R R

H-ig B B

*ﬂ}

7z 3 #v ps¥ri|#& (protease inhibitor, Amresco): lysis buffer » & g
SEPT L o B R AZ IR F B e BB ¥ 0 14,0009, 4CHs 10 A
o AR SRR 0 P R R FRRBI Lo 9 FRRBITZARR 40T 1
799yl i3 g+ -k 2 200yl protein assay dye(Bio-Rad)® 4c » 1ul ehj-v Fizig » R &

B3I m kR RPRIE Y FHRAZER -

= ~ @ > B %% (Western blotting)

i * lysis buffer #-3-v H k& 2 & 2 20ug/20pl # > 4 » loading dye *+ 95°C 4«



#1044 @ 0 o BB HEE BEFRAAI I 308 B Ry FEAR
SRl T REF ARG T R o BUF F ok TRk EMAL~ SDS-PAGE
2 ¥ R enostacking gel ¢ s i@ * Tank buffer @i ¥ #% % (50mM Tris, 380mM
glycine, 0.1% SDS) » W 70 REF T REF T AN 40 » 48> Fu g K9 > 10160 &
FRBEFT K separating gel %45 90 445 o T AR R & ¥ SDS-PAGE %
5§ B~ dije & Transfer buffer (25mM Tris,192mM glycine,10% methanol)® > 12 75rpm
#% 10 ~ 4> k% PVDF &% "(Milipore, USA) - § £ # PVDF #&i# "z e &

methanol « ¥ 30 # » % » 2 g+ -kjFieis - £ 3% transfer buffer @ - = priniE i
PVDF * ¥ SDS-PAGE #} # “f BREE {8 0 #-PVDF *m §) I #&Je > SDS-PAGE # % &

PRt MOREFN A 100 RETRTREFHEFG- I F-EF N BT T K
6§ eh PVDF 3% 4 & 5 % 0] > 12 6% dp 445 (2 0.05%TBST fefl)* i T &
blocking — /| ¥ » % B {4 %7 4 » A= BB (AR A = ) U 3D & B AC kY F

RIS 16 )

- =@ * 0.1% TBST(25mM Tris, 150mM NacCl, 2.7mM KCI, 0.1% Tween20,
pH=8.0) i3 /& jr = = = “,%—i AR SR 0 B F e Z B N FET R -
PFoooirid % 2 - sl ¢ 42 HRP conjugated goat anti-rabbit - HRP conjugated goat
anti-mouse -~ HRP conjugated goat anti- guinea pig ~ HRP conjugated donkey
anti-goat 2 2 HRP conjugated goat anti-rat (1:10000, Jackson Immuno Research) -
SR F RS E 4 0.1% TBST jFie= = » B i 4 » 4 6 & 4 324 (enhanced
chemiluminescence, ECL, Milipore) & ¢ > I 12 & & % 8 % 3L (LIAS Operating
Insteuctions)#E B~ B o P+E i & cnBi 1] Image J A7 T & ~ 47 ©
Z ok FARZ TR

11% Image J % oA 458088 » BIE T AW ok B cnfi o 2R B9 [
B ded oM A e RLA) 0 R ) 2 22 - e b e 2T
FHE o BT EFAZafF o TR ETL PRI FRA BEFEP &Ry Ty

16



** GAPDH #1163 #c » &% 12 288 4 3] 2 B (% of WT) » #f @ 23+ 5 ¢ # Student’ st

testig 7 bzt A dy - W RRFRL L ¥ H2L LR o
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%2 P ARERATR Y 2 B R

A= Bkl ES kR R
cyclin-dependent kinase-like 5 (CDKL5) Rabbit 1:300 abcam
p-Ser tyrosine hydroxylase(p-TH*) Rabbit 1:2000 Symansis
yyrosine hydroxylase (TH) Rabbit 1:20000 Millipore
monoamine oxidase A (MAOA) Rabbit 1:5000 abcam
. . Santa Cruz
monoamine oxidase B (MAOB) Goat 1:500 _
Biotechnology
catechol-O-methyltransferase (COMT) Mouse 1:5000 BD Biosciecces
dopamine transporter (DAT1) Rat 1:500 Millipore
dopamine D2 receptor (DRD2) Rabbit 1:1000 Millipore
dopamine D4 receptor (DRD4) Rabbit 1:500 abcam
neuroligin 1(NL1) Rabbit 1:1000 Synaptic Systems
neuroligin 2 (NL2) Rabbit 1:1000 Synaptic Systems
vesicular monoamine transporter 2 \ o
Rabbit 1:500 Millipore
(VMAT2)
glutamic acid decarboxylase 67 .
Mouse 1:2000 Sigma
(GAD67,GAD1)
glutamic acid decarboxylase 65 _ Cell Signaling
Rabbit 1:2000
(GAD65,GAD2) Technology
DOPA decaboxylase (DDC) Rabbit 1:5000 abcam
_ _ _ Affinity
postsynaptic density protein 95 (PSD95) | Mouse 1:2000 _

BioReagents
forkhead box protein P2 (FOXP2) Rabbit 1:1000 abcam
vesicular glutamate transporter 2 Guinea _

) 1:20000 Synaptic Systems
(VvGIuT2) Pig
vesicular GABA transporter _
Mouse 1:500 Synaptic Systems
(VGaT)
lyceraldehyde 3-phosphate
g Y PRosp Mouse 1:100000 Millipore

dehydrogenase (GAPDH)
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- & CdklI5 E_k_'ﬂ;"ﬂ,% JREARIEMASD Z Aok B S

*FE g orig * e Cdkl5 %fﬂ;’ﬂ",&rt DR D LRR T 2 RE 0 FET T 2 A
> CDKL5 3¢ ehd (*tsr= ) d »* CakIS 4p R 2 A s L & L ASD 5 4 > Bt 2 e g
A # p] CdkI5 zigfﬂﬁ'ﬂ,ért JERAETE L3 ASD 2 Prs sk 0 P ow iRk P = S BETIRE L 6
S0 AvmEmEs(2) A RmEe B) EAAT AP enEF S 0 FIU AP ALY B
Tz P A RBR L TR g A ARG I REMIESIF R LT %K (three
chamber social preference test)* #& CdkI5 £ 7] 7 “,45 8 (CdkI5™ , n = 14) gz 4 A
) & (Wild-type, WT, n = 19) =%t 2 it # (sociability) ¥4+ 4% (social
preference) » F Z%AZR 4cBl- A ¥7r o R % % - FFE (Sessionl) > | S a0 238
AP B A_CdKIS R AT A A B 2P R A Bt il i gly
FAB (12270 £8.19vs 121.42 £ 7.83in WT, p > 0.05 ; 116.25 + 12.47 vs 118.42 +
13.62 in CdkI5™ , p > 0.05, Student’s t-test; Bl- C) - %% % ¥ - F#£ (Session Il) »
Bl Bk i 4 o SRR - sk — 8 E #4p 0 0™ 4 7] o 8 (Stranger 1, S1) >
FREL A R Fr PRIFERRY &5 S1 9% (Empty: 93.9+6.9 vs S1:158.7
+ 9.2, p <0.001, Student’s t-test; - D); » Cdkl5 g_’ﬂm% OB E PR R4
(Empty: 109.5 £ 9.8 vs S1:130.8 £ 10.0, p > 0.05, Student’s t-test; B - D)’ % -+ CdkI5
&~ F17 Bl RBAL LA 4 b PR R W B % = FEE (Session ) s jplzE] R avk
R 0 3 SL AT A Y — BIE 2 - & FrenE dgp ol 4 ) o B (Stranger 2, S2) -
BRI AA REFE BFRIFT AT S2%E > o 2 E G FERATER &
(S1: 90.66 = 7.75 vs S2:157.32 £ 9.09, p < 0.001, Student’s t-test; B- E); » CdkI5
£ 715 K,éf | BUEr i m P ORE R 4F (S1: 116.85 +16.52 vs S2:132.70 + 16.91, p > 0.05,
Student’s t-test; Bl- E) - d i F %% 7§40 Cdk5 & 75 ol BLE A bA R
i N EAR B RIS A RP A R

d 3t dmpEy # #\ﬁﬁ% T ARR g v anp B gk (Wang et al., 2012) 0 F)pt

BT RSP R A 45 CKIS R F1FI% ) RAT AT ILASD ¥ A A s gk 2
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moo A A R 2 = K4 A 7 &% (female-induced ultrasonic vocalization)# /7]
Cdkis £ FI% | RAAIFEL I LFLF 2 Fitd o T @AZAGT P 4E o >
BETR Y FFIEZARELES e LT AT AMESRET AFH e A A R
(6 > CdkIS A F1§1%% | B (n=25) 4ppst B 2 31 & (N=27) &3 »&BOREEFR
Mg A = Boedz 3 4 FB e 2 (number of calls) (WT: 124.96 + 14.24 vs CdkI5™ :
5.84 +1.36, p < 0.001 ; Mann-Whitney U test; = C); &8+ p* ¥ (total duration)
4 OBEE enb I 4 A0 B(WT: 23.50 + 2.92 vs Cdki5™:0.59 + 0.15, p < 0.001 ;
Mann-Whitney U test; Bl= D) - d ik F %+ {§ 4 > CdkI5 & 715 ér‘ | Ripdot e F
L RAZ AT EEL A o

Bfs > VP £ T3 &+ apomorphine 4 k3 %] 5% {7 5 (Liao et al., 2008) -
F S ARACRIZ AT o EEAR A AP F IR A E RSB RSh L
(Veh20) ~ 7 + (Veh50)~ 45 % =% {5 eh7 - (Apo50) ~ 45 > ¥ 4 Al K(n=6) &
CdklI5 E;?];"J",éf JRM=11) A%F A RaiE s AR A AL RARNRK S e
# (head-up sniffing) =7 % (Veh20: 53.833 + 7.51 in WT vs 3.727 + 1.18 in CdkI5™,
p < 0.001: Veh50: 60.333 + 7.61 in WT vs 9.182 + 2.79 in CdkI5™ , p < 0.001 ;: Apo50:
13.667 + 2.54 in WT vs 2.909 + 1.50 in CdkI5™, p < 0.01 ; repeated measure
two-way ANOVA, = B)- iz CdKI5 7 F] PI*k | & 4r - 5 cops B (42 4 %4 (digging)
(Veh20:1.50£1.15inWT vs 54.18 £ 8.32in cdkis™, p <0.001 ; Veh50: 5.17 + 3.49
in WT vs 45.64 +9.08 in CdkI5™ , p < 0.01 ; Apo50: 3.83 + 2.43 in WTvs 29.55 + 6.08
in CdkI5™ , p < 0.01 ; repeated measure two-way ANOVA; = C) > & feit bt
apomorphine & = -+ 4 4% (Apo20)r 7 L 4 48 (Ap0o50) » F|&E»x#r g 4 7 M e B
(head-down sniffing) z %/ 7 & > &2 4 4]/ & & CdKIS & F157] Fol B LR e
£ (Apo20: 109.333 + 2.16 in WT vs 108.636 + 2.64 in CdkI5™, p > 0.05 ; Apo50: 22.5
+3.35 in WT vs 33.909 + 6.21 in Cdkl5™, p > 0.05 ; repeated measure two-way
ANOVA; El= D) % CdkI5 éﬂ;’]f | R AR ERBEL RIL P RT > g adk

g 5 EAF T A By ks (' o
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ov:miéo - @H’o - @%ﬂi@

Habituation Sociability Social preference

B Session | Session Il Session Il

WT

Cdkl5 Y

o 200 4 HEmpty O 200 - - B Empty —~ 200 ok W Stranger 1
@ 180 - = Empty Q 4804 1 W Stranger 1 3 180 4 [ 1 Stranger 2
(2] 0N 0
< 160 - = 160 L 160 1 L
@ 140 - O 140 - 5140 I
9 120 - -g 120 - 2 120 -
E 100 - © 100 - E 100 ;
©

L 80 - < 30 £ 80 -
[3) o o

60 - 60 60 -
c c c
= 40 - P = 40 1
g 20 £ 20 - Q@ 20 -
E s ] E
- WT Cdlkls v = wT Cdkls v - wT Cdkls v

Bl- ~CdkI5 & FIFI% | RAR MR LAMLE T Fi 4 o (A) AL § T AL 42 F il
A2 ¢ (B) 4 %5 ¥ 21 8(2 £ WT > n=19)2 Cdkl5 # F1§1% | B(™ 4 - CdkI5™ >
N=14)t & BB B FP B o (CE) A8 2 3% MR & R TER2L LR
B e By 1 TimE + EERAL 4T o ¥ p<0.001, Student’s t-test -
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USV recording for 5 mins USV recording for 5 mins
(Baseline) (with Female)

0.1 0.2 03 04 0.5 086 07 08 09 s

Cdkl5 ¥

1200 e de ke *%k%
1000 ]
600 -
2 500- £ 100-
§ 4004 c 207
w 300 S 607
© 200 ® 407
S 100 S5 209
o L T
g 25+ A T 4]
20- ————— ‘ o
Z s L “a o 3 ——— N
104 ' AL ad 3' . Aaa
5+ et A,k T p T 4 A Ad
o : v coor vl 0 v e
WT Cakis™ WT Caki5"

®l= ~ CdkI5 A FIPI%% | B ik 2 i hh R P AL o (A) * B 2 & BAg 5 kg
#1F St AR o (B) B4 311 & (WT > n=27; + )2 Cdkls A 191% | & (CdkI5™ > n
=25; TR)EEFAAR XA FER (Hx: ) YIS (Hix: F#%)(C)
RFAHT T2 AT R (D) RFARXBFER2Z4FR (Hm:2f) - BY 2¢ 7R
* % ¢ =#(median) - ***, p < 0.001, Mann-Whitney U test -
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A . Apomorphine
Vehicle (2mg/kg, s.c.)

i\\ 0 20 S0 60 80 110
‘1) & é
A\NILY

0. 'R 0. ..
Single housing
for 5-6 hours g @ @/ @

Veh-20 Veh-50
(videotaping for 3 mins)

o
[y
N
o

WT C 120 -

wT

iy | WIS 100  mcdkis
2 .

- U =
.g 80 L o % 80 % %k k
= = ok
= 60 - I I o) 60 -
) = &
Q. 40 - D 40 A
5 - g
g 20 4 20 A
% I

ol e W . WL M I _ u
Veh20 Veh50 Apo20 Apo50 Veh20 Veh50 Apo20 Apo 350
120 7 ot

—
) I
D 100 - W CdklI5 ¥
B
o
£ 80 1
&
o J
S 60
c
S 40
)
i
T 20 4 1
@
[})
I o0

Veh 20 Veh50 Apo20 ApoS50

Bl = ~ CdkI5 & 77| &% R R AR 2 %4 7 5 o (A) Apomorphine %8 %k (7 A
AR 3R TR E208% W FL A os.C LTk o (B) FEARER

B34 1] R (WT > n=6)% Cdki5 & F171% | & (CdI5™ > n=11) & m4:5ek @ i
PR o (C) BRI EFRRAREHAKR R PFRE o (D)L BB B F R & 4 R IME

PR o By T EE £ B L L o, p<0.01, ***, p <0.001, repeated
measure two-way ANOVA -
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L

g Cdkl5 ftk_rﬂ;'ﬂ,% P RAREE - Ird 2 F Y R

Ay p g = » 2 - W ASD 24 ¢ ¥ ADHD % :I{Iﬁ(Rao & Landa, 2013) »
@ ADHD p % A fehk Z%rehz X £ 8407 (1) E# £ 8 5 (hyperactivity) ~ (2)
(impulsivity)f= (3) /=& + # % & ¢ (inattention) (Applegate et al., 1997) - # 3% i 12
Fefa R v # CdkIS K AP L & (N=9) &l 2 42 & (n=11) fuidd i
(Bl= A) PF > 23 CdKIS & 717 % | B R4S ¥ fEAE (total traveled distance, Total
Dist: 184.7 £ 14.8 % of WT, p <0.001; Student’s t-test; Bz B):-L 32k & (average
speed, V-avg: 139.1+ 4.9 % of WT, p<0.001 ; Student’s t-test; Bz B) & & + # &
i# & (maximal speed, V-max: 133.8+ 9.3 % of WT, p < 0.01 ; Student’s t-test; &=
B) ¥ % M EEH{ 40 T Bk 3§ chpE I A (% of immobility time, Resting T%: 55.1+
3.0 % of WT, p<0.001 ; Student’s t-test; Bz B) ~ %t > » &1 Cdkl5 & 715
ol BT B 2 g e

dN i T LA AR R B ARG IR T o A i
s 7 5 (aggressive behavior) % & 4 frds il i 4 2 4p 1% (Botchin et al., 1993;
Kaplan et al., 1995; Higley et al., 1998) - % 7 i&— # 434 Cdkl5 2 % ] & F & &
BRI o AP A é{’—‘ﬁ-/\ z,%ﬁ Bz (resident-Intruder test) *
¥ % CdkI5 & 715 l&f | RE_E L tds 4 27 (impulsivity) sz # 4 (aggressiveness) ()
I A § C57/B6 ¥x 4 A o> &4 g 1 ek &k @‘iﬁﬂ* R SER SN fs“iﬁf’&%’? ) e A
i g8 3 CdkI5 & 715 R FPEEE B OR D P75 2 £ IR (% time of sniffing: 13.30
1.27 % in WT vs 4.73 £ 1.04 % in CdkI5™ , p < 0.001 ; Mann-Whitney U test; ® 7
B) » ig@f A ¥ L F B¢ 3 I CdkIS E?W'J“% PRE G AR R A AR (R - ) o
BEAR A IR chT B (7 5 > 2 CdkIS fl_\fﬂ;"% ) BUEP BB g - A BesT T S
(latency to first attack: 18.04 + 1.34 in WT vs 12.48 + 1.82 in Cdki5™, p < 0.05 ;
Mann-Whitney U test; ®l7 C)> ¥ £ 5 # B #f & v {7 # (number of attacks: 1.5 +
0.37 inWT vs 5.2 + 1.38 in CdkI5™, p < 0.05 ; Mann-Whitney U test; BlZ D) £ i

RIS ik i %+ nf7 5 (number of bites: 0.21 £ 0.15 in WT vs 2.80 £ 1.07 in
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Cdki5™, p <0.01 ; Mann-Whitney U test; Bl7 E) > &7+ CdkI5 & 77/ Rl RE TR

£ entirds gl i 4 B RF 2 B o

F-’};ﬁ/? Cdkl5§_‘&q;’ K/f : "é 7\‘_\?”}; Brido & 5 N iR /?J Pﬁj—%;}g 4
= % < g ¥ (Barnes maze) k #& ¢ (Potter etal., 2005) (= A) o s* iplsk 3L 22 -k it 2

Ao P BT A Y AR R E Y P IR 2 B R Aok g E o T
FOLR 2 R oI BT ARG A < RF]H - LA gty (Bahi-Buisson
etal., 2008) 45 1! CDKL5 % i A ¥ LREFE B E A sk (intellectual
disability) » # = 22 % 4 &itdric 4 AApdip o § BHATY R wF oo F
HEEFAR A i s > FlU AP ER Y LR & kiR CdkIS E'_JW |#z ] B o 3t
PHERAE X LW 22 HF Y o CdkIs AP R (N=9) s
Al B (n=9) # & OpFF A 45 TR % (latency to target, Dayl1#1: 177.6 £ 2.4 in
WT vs 176.9 + 3.1 in CdkI5™ p > 0.05; Dayl#2: 113.3 + 15.5in WT vs 146.1 + 17.7
in Cdki5™ , p > 0.05; Day1#3: 57.2 + 12.9 in WT vs 123.9 + 20.4 in CdkI5™ , p < 0.05.
Day2#1: 43.8 + 14.3 in WT vs 132.3 + 13.5 in CdkI5™, p < 0.001; Day2#2: 25.9 + 8.5
in WT vs 101.6 + 18.4 in CdkI5™, p < 0.001; Day2#3: 33.6 + 17.2 in WT vs 95.9 +
23.4in CdkI5™, p < 0.05. Day3#1: 44.4 + 12.6 in WT vs 106.7 + 23.3 in CdkI5™ , p <
0.05; Day3#2:21.1 +5.6 inWTvs 74.7 £21.0in cdki5™, p < 0.05; Day3#3: 29.2 £
6.2 in WT vs 54.2 + 10.0 in CdkI5™ , p < 0.05; F1.16=18.73, p < 0.001, repeated
measure two-way ANOVA ; B+ B) e & fF % B 4pchr e 2 &2 5L - X R E
(T4 3¢5 (probetest) BLZ| R i 2 Ve §T o R s @ E L PR fytk o
FRET O EHEN S LD R CdKIS AR KAWL QL BHFLE
‘%‘ BMEFRIFR&H LR AF 8% % *Y(Day4, % time in target quadrant:
56.4 + 3.8% in WT vs 45.9 + 4.8% in CdkI5™ , p > 0.05; Day11, % time in target
quadrant: 42.9 +5.1% in WT vs 47.3 + 4.1% in CdkI5™ , p > 0.05; repeated measure
two-way ANOVA,; B+ C, D) & % A% - CdKI5 f F171% |- & ADHD & 4 4p i -
iR YRS L ora A s Rl ¥ e E L PR
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A | wr | | Cdki5 Y |

B 350%
WT
£
300% - B Cdki5
—
=
= 250% -
o
=] T
S 200% -
.; HEd e
= 150%
o
[+ T
T 100% |3 : 2 i I
O
=
S 50% -
o
O
0%

Total Dist. Resting T% \-avg Vemax Center T%

e~ CdKI5 3 F171% | B & MG 2 gk - (A) ¥4 41 8 (WT> n=11> %) # Cdki5
Z’%'}‘];’*]% 8] (CdkI5” s n=9> %) R A RLB BB o (B) preaF &L TEA
P75 % o Xfhd 2@ LA 6 I ABHIER S FLAHLETF A THEHRER A
ABBRBELENFREY CRFOTBTHEEFT A c FHEEET LT AR L RA
B Cdkls & FIpItf | Regefaiede 4 Rk Bl 0 F5E £ HEEAL L7 0%, p<0.01,
*** p <0.001, Student’s t-test -
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o

% time of sniffing

O

Number of attacks

9 -
| 2
recording
25 - *kKk
20-
A
154
10+ Aia
A
5- A
0 . Tagat
WT Cdki5™
*
20- A
15+ A
10+ -
54 A:L
4--
34 ——
24 FYYY
1- Ak
ol ok
WT Cdki5"y
B ~ CdkI5 & 7157 ol E F I F 2
B AR/ o (B) T4 Al & (WT >

N B

Bl £ BT B 7 52 %=

i~ #(median) -

O

Latency to first
attack (min)

Number of bites

27

251 *
20+ FYYYY Y
15- A
104 ""
A
Ch Ao, as
0 T T
WT Cdkis"
*%*
20+
154 A
104
54 AAA
4 A
34
24 A
11 —k—
0 - Tty
WT Cdki5'y

S L R g4 o (A) A
n=14) & Cdki5 & A 7% | & (CdkI5™ >
15.%&?';7 A o(C) FRIREZEPS - X FF L2 E g FR(E - 4 4)-(D) &
o (B) FRIB L doeva » RF 2 Ml WY RS
* p <0.05,*, p<0.01, ** p <0.001, Mann-Whitney U test -

‘3”}4 )"AF]F

n=15)

?ff,é{g_\;g\, ¢



Day 1~3 Day 4 Day 11

_ prabe test probe test
3 trails a day (no target) (no target)

B 200 - WT
180 - +Cdk/5-/v]**
T.; 160 T * %
;3' 140 - .
> 120 i & Kk *
Q
E 100 - *
8 80 1 *
9 60 -
S 40 -
W 20 -
#1 #2 #3 #1 #2 #3 #1 #2 #3
Day1 Day 2 Day 3
60% - ! 60% - :

Day4 (Probe test) 04 Dayl1l (Probe test) o |

50% Target | Right 50% - Tafget' Right
e i S (1m0 deemeen
40% - Left | Opposite 40% - Left | Opposite
] |
Ll
30% - : 30% -
20% - I 20% -
0% 0%

Target Right opposite Target Right opp05|te

Quadrant occupancy (%) O

Quadrant occupancy (%)

Bl ~CdkIs & FIPI% | RARKL2 ZHEY A L2 ¥ a2 L) °
2 kg ondemE e (B) ¥4 A & (WT>n=9) £ Cdkl5 %fﬂ?% 8 (Cdk5™sn=9)
N ARG FLEY VR X AFZ A F A R R Y phi R R LM F
o (C) fFipl B2 is b % 2 22 dp 36'%%\» Fo(D) FRIEF RIS - F2 EHpREAR -
HABE T £ L LT o % p<0.05,*, p<0.01,** p<0.001, repeated
measure two-way ANOVA -
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¥ = & Cdkis zikfﬂ;"ﬂ,% RN S A L

LAWF g dp ) 5T ok ki@ F4r 4] (Dunnett & Lelos, 2010) ~ A+ ¢ 5 #+
(Burgdorf & Panksepp, 2006) ~ == it # (Dastur et al., 1999) 2 % s¢# {7 3
(Harrison et al., 1997) & 17 » 24 i 7]t 45:p] CdkIS 24 15 %rt ) EBGED S AL AER R
A A o Facrie? P T i Aan R W 5 MR o Tt o AT ks CdkIs R ¥
RGP S TRy B R TAHET R SR AP ATRERD T RS T ki
g o Wi FERRA O - R MER S (nigrostriatal pathway) & E ~ e i
¥ A0 B e Rg-8 4k Suik JT (mesolimbic pathway):e (7 2 47 (B = A) -

fit * B Arie (HPLC) 472 %% % = 'z €1 > % & CdkI5 A 7]
7 ",!f | Rlehmn 3g £ F (medial prefrontal cortex, mPFC)~ %0 =4 X )k 48 (rostral striatum,
ST-r) ¥ 5o iy EREFHF I AAFA A 28 (MPFC: 212.68 + 18.13 % of WT, n
=5,p<0.001; ST-r: 134.92 £+ 853 % of WT,n =6, p<0.01 ; Student’s t-test; -
B), @ ftsxp k48 (caudal striatum, ST-c) |5 &8 ¥ i > (ST-c: 81.13 £ 8.18 % of
WT, n=6, p<0.05 ; Student’s t-test; B~ B) - # &% % 4ot 24 4 F (rostral cortex,
CTX-NE& 7§ % % = wepd g en? iG5| % (ventral midbrain, VMB) B & p? &g % = 5%
7z & aneg (CTX-r: 113.82 £36.59 % of WT, n = 3; VMB:97.58 + 19.93 % of WT, n =

10, p>0.05; Student’s t-test; B= B) - d Fif %A%ﬂrmCdeSBUW!f

l““ﬂ

Fa¥ ROF-RGRREG Y RG-iB i K A iEA G2 RV 5 TRy BEank g T i 2 HiE

Boo~ GA L AR R A S ST AR SR Y R TR .

E Cdk|5§_kr]§' AR %wﬂ@@@;;;};g@f}é g_ggi_,\%;&
- ~CdkI5 #& 715 f A L *ﬁ"i?i’ﬁﬁﬂi%
5T oRehE A& & Fd ARRpL(tyrosine) s d féAeft 57 i A5 (tyrosine hydroxylase,

TH) #i- 24 2 % = (L-dopa) » £ %gd % = s 23 i5 (DOPA decarboxylase, DDC) i+ #*

e

25wk d R CAKIS A FIFIG | RGP 57 kg & anic i Flt A

kot § ot X eph kv o4 TH 2 H & 1 fi— %t 40 Bk i TH (p-TH-Ser40,
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pTH-Ser40) - £ DDC ¢4 3 » A CdkI5 & 71 5* T BUg? AF G T o

B E SEEEZEAPENREY B Y h7 £ CdkIS Efﬂ;’ﬂ"fr&]‘ =]
TH 30 am A FEn kA REP HR 30k 2 42 & (MPFC: 138.33 +
3.35% of WT,n =3, p<0.001 ; ST-r: 155.29 + 12.33 % of WT,n =3, p < 0.05 ;
Student’s t-test; Bl ~ A, B) > e Afsxg ikl o & P& F R0 (57.49 £ 9.62 % of
WT,n=3,p<0.05; Student’s t-test)> & * *5% ] % B & P & #c % (112.36 + 12.58 %
of WT, n =3, p>0.05; Student’s t-test) -

@ PTH-Serd0 3+ 4 3.8 TH 4p > & CdkI5 & F P15 | B et g7 L e s
AR AR EP R e A A 2 R (MPFC: 125.66+ 9.42 % of WT,n =4, p <
0.05; ST-r: 150.81 £ 13.01 % of WT, n = 3, p<0.05; Student’s t-test; B ~ A, B) »
B ofs b kg p-THY 30 2 BRIBE R 5 (62.28+5.32% of WT,n=3,p<
0.001 ; Student’s t-test) - & ¥ "L ] % I & B’ &g 2<% (105.07 £ 18.6 % of WT,n =3, p
> 0.05 ; Student’s t-test) °

Bk ez SRS F T k) T wsps (DDC) chikd ZER AL T
B ¥ 4 (132.7 £11.77 % of WT, n = 3, p < 0.05 ; Student’s t-test; &~ A, B) > #
ARG P | PP R e (ST-r: 88.74+£7.72 % of WT, n = 3, p > 0.05; ST-c: 105.01 +
14.47 % of WT, n =3, p > 0.05; VMB: 97.12 £ 10.81 % of WT,n =3, p > 0.05 ;
Student’s t-test) - ¥ & F itz 2% ¥ ¥ CdkIS z*i\_rﬂﬂ“% R AR A e Rk

Pp TRy Rk HET L Y 0 5 T RE Al s ARE LR TER -

= ~CdkIS & B PI%% | Bra? 57 ik ips 2 g £ eric

i NBHELIS A R 4eT R PIRAF S T e IR0 S d e s ek s
el deg it figs(monoamine oxidase, MAO)§ it 5 34 - - 52F L i

(3,4-Dihydroxyphenylacetic acid, DOPAC) » #4732 ‘w2 ¢t » — IR BBpnpe B2 L 2 01
Y- e plgd RIsA g2 ki § =7 A#EH 2% (catechol-O-methyl
Transferase, COMT) & #= 3 4 & f&(homovanillic acid , HVA) 2 Frps @ & & 5 & 54
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fim e o pom e wH iRy itiry A - B A LA (MAOA ~ MAOB) > A A4 & &
L o SR ’“9]1% 5 Bt ’9]1% oA A]¥ B AR T il e e
(tyramine) o o 1 3§ % = ] CdKIS A FIPI'g | B 5 = veg 5 #rec %

re &
¥ ORp X

TRz PR F P AP ERET ke 4r § T ek s > 40 MAOA -~ MAOB £

AN

COMT » & Cdkl5 ﬁk[ﬂ?l%/ RGP hg 2 AT G TR o

i r S EEE R AT R MR AF T Ry A R IR CdKIS A F1 R ol B
MAOA 3-v th5 & v =8 %k R A7 (430 | 7205 4 7] 2 5(80.76 + 4.34 % of WT, , n
=4,p<0.01; Student's t-test; B4 A, B)»> @ sz 5k 7? MAOA v % P& %
H 40 (125.51 +7.37 % of WT,n =4, p<0.05; Student's t-test) - # #f & 22 @ "5
B % P& PR s (MPFC: 102.33+9.12 % of WT,n =4, p > 0.05;VMB: 94.99 + 7.16
% of WT, n =4, p >0.05 ; Student’s t-test) -

MAOB ¢ £ & CdKI5 A& FI7I% | & it g 4 v 400 e 7o 4 3] 2 £(95.89 +
1.52 % of WT, ,n =4, p<0.05; Student’s t-test; Bl4 A,B)> & iszhx k47 > MAOB
B0 4 TP AF F 9 4 (ST-c: 117.54 £+ 2.72 % of WT, n = 4, p< 0.01 ; Student’s
t-test) o % =3 KRR P P ) R B P BT % (ST-r: 92.09+6.07 % of WT,n=4,p
>0.05; VMB:111.20 £9.33 % of WT, n =4, p>0.05 ; Student’s t-test) -

COMT 3-v & CdkI5 & FIF1% /| Sleriv s ek d 3 BP0 AT 00 o 2509 4 )
& (ST-r: 94.52 + 2.00 % of WT, n = 4, p < 0.05 ; Student’s t-test; B4 A, B) > @ H &
% B & P B % (MPFC: 100.92 +8.37 % of WT, n =4, p>0.05 ; ST-c: 110.34 +
105% of WT,n=4,p>0.05; VMB: 117.11 £ 16.23 % of WT,n =4, p > 0.05 ;
Student's t-test) » s & 1 itz 5% ¥ 740> CdkIS & FIPIF | B &5 34 T8 ik il

by

l“‘b

HRCHT A 5 T RSP kY AR E L BT ER o

A

%%
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=8

Bregma+1.94 Bregma +1.54 Bregma +0.14 Bregma -3.28
(mPFC) (ST-r,CTX+) (ST-c) (VMB)

o

250% -

%k % %k

200%

150%

100%

50%

Dopamine level (% of WT)

0%

WT mPFC CTX-r ST-r ST-c VMB
-- dorsal striatum --

Bl= ~Cdkl5 AFIPI%F I B AT b 57 %7 B P AR (A) * 200475 7 g E2
GERAPHEE o (B) 1I* HPLC A i % & % ¥ 57 B2 8% « RAB R A LT 2
A28 (WT> n=4-10) 5t #i®E~ Cdki5 &4 75 ffﬁ\(CdeS Ny n=4-10)

R PR R o KRBy T IEE + B8R 47 o mPFC, W 3 4 F(medial
prefrontal cortex); CTX-r, = = & F (rostral cortex); ST-r, ‘wt,#.fsir;l%%ﬁ(rostral striatum);

ST-c, {$ 4%k %8 (caudal striatum); VMB, * *%7E i#] % (ventral midbrain) = *, p < 0.05, **,
p <0.01, ** p <0.001, Student’s t-test -

32



A mPFC ST-r ST-c VMB

WT Cdkl5” WT Cdki5» WT Cdkl5”  WT Cdkl5%

TH | 5% S o w0 D O

GAPDH P | s G S s Shass ssees S S

pTH-Ser40 » "“ ——— e G

GAPDH » G GEEED T Cmm—m C— C— P S

DDC b | woow seee D GID S e -— —

GAPDH P | wese seee GHED Gaad Gub S — —

£ = TH

= _ m pTH-Ser40
< 150% A * 2 DDC
Y— *
(o]
=
8 |
= 100% 4 B . g ...................
@)
~ * %
=
T 50% -
>
Q
=
9
(@]
| —
& 0%

mPFC STr ST-c VMB

B ~ ~ CdklI5 &ﬂ;’ﬁ*‘,ﬁ% DR R E S TORE SR AT o (A) & 7 BREE Ao I 4 )
B (WT>n=4) CdkI5 & 7157] % & (CdkI5Y s n=4) % "% % ¢ tyrosine hydroxylase
(TH) ~ p-Ser40 tyrosine hydroxylase (pTH-Ser40) {- DOPA decaboxylase (DDC)«r#-v
28 > GAPDH : # Bir#4lie-(B) it dvy FLM2 TE L% o328 3585 Cdki5 A7)
il “ff | &/ “fft VU e TR A Al B2 F A Foi kBl T EE £ REEEL Lt -mPFC, W
#f & F (medial prefrontal cortex); CTX-r, =i =4 & & (rostral cortex); ST-r, = = 5 % 48
(rostral striatum); ST-c, {& =} % %8 (caudal striatum); VMB, * *%7E ip] % (ventral
midbrain) - * p <0.05, *** p < 0.001, Student’s t-test -
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mPFC ST-r ST-c VMB
WT Cdki5» WT Cdkli5% WT Cdkl5%»  WT Cdki5%

MAOA b |y o W o o W o

GAPDH »| SHEED SHSS SHES SED Sau SR == =

MAOE > | s s i S e 0 | e e
GAPDH & | e D SIS SIS GHED SREN  sup s

COMT » — —— —— — —— —

e e wew o e e N
GAPDH > | g (D M S D B S

B MACA
aMACE
BCOMT

g
&

?

S0% 4

Protein level in KO mice (% of WT)

=4
Ea

mPFC

5T-¢ VME

Fi ~ CokI5 AFIFI% | Bt b rg® 5 7 it ipr 2 4E < (A) &> BEAHRITA
3 8 (WT-n=4) & Cdki5 AF171% | & (CdkI5™ > n=4) %% ® monoamine
oxidase A (MAOA) ~ monoamine oxidase B (MAOB) 4= catechol-O-Methyl Transferase
(COMT)en3-v B 7z & » GAPDH & T #4p4le - (B) F iy FEAREZ T Z 5% o 3
¥ 2545 Cdkis z‘%fﬂ;"l“éf g f?u“éf Ml RaBE A A B2 A F o kBl 1T EE £ R
®i2 ¥ %57 - mPFC, # 3 &£ F (medial prefrontal cortex); CTX-r, # =¥ & # (rostral
cortex); ST-r, = =4}k %8 (rostral striatum); ST-c, {s #4 % ;& %8 (caudal striatum); VMB, ¥
"% "% ip] % (ventral midbrain) - *, p <0.05, **, p<0.01, *** p <0.001, Student’s t-test -

34



#2

%I g Cdkl5 ftk_rﬂ);"ﬂ,ff\ £ 7 ADHD 4p B 30 2. & 1

ADHD % a7 7 3 & 2 F %A SRy o3 T3 3 & M i (Faraone
& Biederman, 2002) » # ¢ x 12 5 = icgr ADHD & %7 4p B o d (1) "R A M~ 7
FIADHD &4 &% = iR i Al 4 5 5 P A B (2) 7 TRk sup il 2 AT G 0T

s % ede 0SS 0 5 BicE 4 %02 ADHD 2 ik (3) ADHD i 40 5 dich F 3t 5

TRl @ R R E S PRI E AR A RS T R ks F 35 ADHD s %
i 7 F] - Gizer et al (2009) & ¥fiE2 + 7 & B ADHD e & Fli8 (7 5 & &2 47
(meta-analysis)# #.> 22 ADHD & 3 % BRApB 120 * 3t 5 9 s L Suenfl 70 B @45 5
¥ 1 i@ + (dopamine transporter, DAT1) ~ % = %% = 4] < 48 (dopamine D2 receptor,
DRD2)% # = "% w 3] < 4 (dopamine D4 receptor, DRDA4) - d ** CdkI5 % %] &~
M 3F 5 ADHD 2 sk » Flpt ARG i A3 A CdKIS R R < ®7¥ o
§ e

BRI G S Ed 2 fR%& DATL (h3-v 7 £ > 2 R CdkI5 5&?]5’*]“%/ | BUAp Rt
Frs 2 BRSO ORIE AR A B oah 3 Rk R 0 DATL 3 £ A ¥ i 4 (MPFC: 125.02 +
2.23% of WT,n=3,p<0.001 ; ST-r: 161.78 £ 15.67 % of WT,n =3, p<0.05 ;
Student’s t-test; B+ A, B) ; @ {s 38 X k4 DATL 3-v £ P& ¥ & > (38.70 £ 4.88
% of WT, n =3, p<0.001; Student’s t-test; B+ A, B) - mi 4 4L &7 DATL 7 & R &2
mAA ) RapigiP (150.24 £56.38% of WT,n=3,p>0.05; Student’s t-test; B]
LA B)e His gRAcP it~ F 5~ ¥ R R ] PR F A IREE KA P~

DRD2 73+ 3 £ 7§ & CdkI5 5191 | Red § i § B F g > (8277 %
4.04 % of WT,n=3,p<0.05; Student’s t-test; B+ A, B) » H 45 % P& P & %1t
(CTX-r: 89.92 + 15.50 % of WT, n = 3; mPFC: 102.35+ 11.78 % of WT, n = 3; ST-r:
93.38 £10.36 % of WT, n = 3; ST-c: 101.47 £ 24.27 % of WT,n=3; p>0.05 ;
Student’s t-test; NAc: 101.01 + 12.94 % of WT, n = 3; VMB: 121.78 + 10.52 % of WT, n

= 3; Cbll: 84.79 £ 9.11 % of WT, n = 3; Student’s t-test; B+ A, B) -
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# 15 » DRD4 % & CdklI5 ﬁgﬂalj% P R em R Y AIRE G R F R
(81.70+£1.94 % of WT,n =3, p<0.001; Student’st-test; B~ A, B) > # 45 % Pl &
pAgsg it (CTX-r: 113.20 £ 16.23 % of WT, n = 3; mPFC: 109.43 + 13.70 % of WT, n =
3; ST-c: 97.77 £ 7.42 % of WT, n = 3; p > 0.05 ; Student’s t-test; NAc: 110.01+ 7.58 %
of WT, n = 3; hip: 106.15 + 1.70 % of WT, n = 3; VMB: 100.30 £ 14.14 % of WT, n = 3;
Cbll: 95.5 £ 9.45 % of WT, n = 3; Student’s t-test; Bl-- A,B) > 5% & F 2 2% » 7

4> CDKL5 F1 & » § i % ADHD 4p B Ji Jeng it o
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A CTX-r mPFC ST-r ST-c NAc hip VMB cbll

WT Cdkl5% WT Cdkl5% WT Cdki5% WT Cdki5% WT Cdkl5% WT Cdki5% WT Cdki5% WT CdkI5”

SRR L L b

- e

(Y el ———

DRD2 p | s s W0 S S e e — — — — ———

GAPDH b et S G Gl Gwmmmmy S S S D GhmD S— S— —— — C— S——

DRDA p | weetr s quy Sy Gy G onuy Gy ™ TN S S SR S R S

R A ————————— )

o

200% 4 DAT1
s = DRD2
@DRD4

150% -

kg

100% L0l L

*

50% -

Protein level in KO mice (% of WT)

0%

CTXr mPFC ST-r 5T-¢ NAc hip vMB cbill

B+ -~ CdkI5 &ﬂ;"ﬂ%]» B 2>%% % ADHD #p B 30 2. £ 3L - (A) ¥4 4. & (WT> n
=4) % Cdkl5 & #157] f | 8 (CdkI5™:n=4) 2 # %% ¢ dopamine transporter
(DAT1) ~ dopamine D2 receptor (DRD2){- dopamine D4 receptor (DRD4)s 32 & 2 & °
GAPDH % 2 84##]2 o (B) t 39 FAM2Z T E % 3752345 Cdkls 2 %) &+
Bd ARBG R Y AR F A F AR BT 0E £ FEEL L - CTX,
= 33 & FT(rostral cortex); mPFC, = #f £ % (medial prefrontal cortex); ST-r, = =4 5 % 48
(rostral striatum); ST-c, {4 %k %ﬁ(caudal striatum); NAc, I #;a= % (nucleus
accumbens); Hip, = & ¥ (hippocampus); VMB, ¢ *47Z ] % (ventral midbrain); Cbll,-]
(cerebellum). *, p < 0.05, *** p < 0.001, Student’s t-test -
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# & CdkI5 & F171% - K% ® ASD 4phd §-9 2 %3
d 3 AR I CAKIS A FIPIG ) RAF S EE L L ok (W) AP
R B e e YNGR 3T g BB o < ek

v P2 (forkhead box protein P2, FOXP2) 35 % # w3 H £ L e & - L H IR > F 3
LR P FOXP2 e ] B A Bl P aAg f A rgry PR R b 0 X e R
purkinje iwm¥e 7 & ¥ 3 7 (Fujita et al., 2008) - @ {5 87 3 { 8- H 45 ) - FoxP2
G d S8 < gl B — A R i B (cortico-basal ganglia circuits) k 2 883F 3 oy B
(Enard, 2011) - 7]t » AT kA 475 Cdkls & 717 Mf X9t %P FoxP2 3-v
i RE o B F R CAKIS A FIP% | & FOXP2 3-v fedh sy L 5 £ 5 P AN 4
(142.66 £ 5.75 % of WT, n = 3; p < 0.01; Student’s t-test ; B]-- - A,B) > =@ &8 < k48

P& % 5% (81.12 £ 1.32 % of WT, n = 3; p < 0.001; Student’s t-test ; B+ - A, B); #
o E e P ey (mPRC: 108.77 £ 10.24 % of WT, n = 4; ST-r: 92.67 £ 6.68 % of
WT, n =4; NAc: 110.11 £ 6.39 % of WT, n = 4; Hip: 116.10 £ 12.34 % of WT, n = 4;
VMB: 101.10 + 9.87 % of WT, n = 4; Cbll: 100.78 + 14.40 % of WT,n=4; p > 0.05;
Student'st-test; B+ - AB)e @ A& 3 i FF 7 EV 2 - %% — ] %Y > T AF
TLFOXP2 3-v 2T E P e 0 ¥ o &.d > CDKLS 4 & £ AT D 3G % @ IR o F L
et g% o CdIs A FIFIE | Beng o il B e a EFPC A - A AP
FOXP2 F-v # Jeec s o

BiEEFLS VT LT %Y - A SRR ASD £ e s H - A RAe

e L 7 i (Folstein & Rosen-Sheidley, 2001) - %+ ASD £ 7 % R it @ > & § 0=
TR NEIHEARFFERT] - bzl iFEATFG Y 0 5 M Neuroligins (NLs) 725 3~
BAPM T T R EH o H Y NL3{oNL4 © B4r %5 p B 2 50 4 F1(Jamain et al,,
2003) > xm fri b7 # 2 NL1 ¢ NL2 &2 p oo d 2P NLL A & A #3082 E
MR f§(Songetal, 1999) ; m NL2 p 4 & fedrd|i- R ff iz % (Varoqueaux et al.,
2004)> 7 ®*t CDKLS & R g = & S 4p R » Flot AP dadh o sl CDKLS 39 7 >
BEM AR N AR L F R TLG T AT e
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A ks S g g i tes NLL 3d 2 CdKIS A F171°%% | 5% o ¥ o Rt
IR A LY R %G B ¥ > (CTX-r: 81.58 £0.48 % of WT, n = 3; p < 0.001;
VMB: 66.4 + 6.85 % of WT, n = 3; p <0.05; Student’s t-test; B+ - A, B) > @ H 4%
W P& P ke (MPFC: 84.96 £8.77 % of WT, n = 3; ST-r: 106.65 + 7.35 % of WT, n
=3; ST-c: 96.81 £ 13.13 % of WT, n = 3; NAc: 107.83 £ 20.94 % of WT, n = 3; Hip:
102.72 £13.94 % of WT, n = 3; Cbll: 103.73 £ 24.23 % of WT,n=3; p > 0.05;
Student’s t-test; B]-- - A,B) -

Ap#* NLL, NL2 chd-v 2 g fwr sy A B4 288 F 3 4 (135.74 £ 3.52 % of WT,
=3;p<0.001; Student’s t-test; B+ - A, B) @ fw g k485 & ¥ 0 (83.33
+4.93 % of WT, n = 3; p <0.05 ; Student’s t-test; B~ - A, B) - H &% &P &
% (mPFC: 118.97 + 18.37 % of WT, n = 3; ST-c: 113.00 + 19.65 % of WT, n = 3; NAc:

126.26 = 21.39 % of WT, n = 3; hip: 117.57 £ 21.92 % of WT, n = 3; VMB: 104.69 *
8.65 % of WT, n = 3; Cbll: 98.27 £ 19.40 % of WT, n = 3; p > 0.05 ; Student’s t-test; &l
- AB)c AB P THFEFR O NLL ARG L K5 G 2 B8V R 2 L7

%4 = 5 (Blundell et al., 2010) > 38 4 & & 7 % CdklI5 ztkrv;' Rz F R AR
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A CTXr  mPFC  STr ST-c NAc hip VMB bl
WT Cdkl5% WT Cdkl5% WT Cdkl5¥ WT Cdkl5¥ WT Cdki5» WT Cdkl5” WT Cdkl5”¥ WT Cdki5”

=
. - s S Lt I
FoxP2 B S e e R S e — '-.““““”“
GAPDH » | " Ghus s cuus s s wes aew TP aud IS SuED Saee SEED S S—

NLL  p| W s e e S e e s -----—-...

GAPDH )| " St Gt GHEED GHEES Gt S S D —" C— — G— — — —

NLZ;,—s_..- P -————-—

GAPDH »| s [— — ———— e o - S ——

o

mFoxP2

= 150% mNL1

{» aNL2

y—
(@) —
X —
3 = =
é 100% 4 . , , =
Q = = — = =
X — — — — —
= — — — — —
2 = = = = =
D 50% - — — — E E
= — — — — —
[} — — — — —
- — — — — —
(@] — — — — —
— — — — — —
(Al —] — —] — —
— — — — —
0% — — — — )

mPFC

=

B+ - ~ CdkI5 &ﬂ;’ﬁ%ﬁ R E F R ASD ApRE Rv 2 £ TR o (A) WA A R (WT>
n=3) £ Cdkl5 & 717 *;rt 8 (Cdkl5™s n=3) z#% ¢ forkhead box protein P2
(FoxP2) - neuroligin 1(NL1)% neuroligin 2 (NL2)# 13- & 7 £ » GAPDH % = & #74l%e o
(B) Fitdhy FAMZTELH, 3+ H > 545 CdkIS %] K9 4 Iﬁéﬁ% v e PR BT 4 g
SRzZFp A F A RBlY T EE + RERL LT o CTXr, x4 4 B (rostral cortex),
mPFC, = #f £ & (medial prefrontal cortex); ST-r, = = ¥} 4 (rostral striatum); ST-c, &
=% %k 8 (caudal striatum); NAc, ® 45 @< % (nucleus accumbens); Hip, % 5 ¢
(hippocampus); VMB, * *%7& ] % (ventral midbrain); Cbll,-]: * (cerebellum). *, p < 0.05;
** p <0.01; ** p < 0.001; Student’s t-test -
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= & CdkI5 A F1FI%% | Re® B R4 H 0 2 4R

LR R R i (G A E 440 CDKLS #-¢ 4r4| 2 B R 1| fRepA) & 22
4 & %7 CDKLS &Rf% 7 ¢ $idE & chk ¢ (Zhuetal, 2013) - it % 4% 4
4 > CDKLS ¢ Bifis it fm¥e k% » + netrin-G1 ligand(NGL-1) 3 Ser631 =2k > i¢
NGL-1 #7 11 & R f§ {& % & 39 95 (postsynaptic density protein 95, , PSD95) % & » i&
@ A5 %8 (Raymond et al., 2013) - £ 3R H > A e da s CdkIS &fﬂk}"]% | R
BEP LRI i € F 545 CDKLS v & F R » B8 PSDI5 chdk 3. o F]
Ay AR ReY &% PSDO5 Fv AR o EEAE A AR PSDOS A Rl
A FE SRk R A F e b (MPFC:52.71211.28 % of WT,n=3; p <
0.05; ST-c: 75.73 £ 6.54 % of WT, n = 3; p < 0.05 ; Student’s t-test; B+ = A, B) - &
A sy L e PSDO5 F-v & LB Fr AP B 4 (167.41+9.29 % of WT,n=3;p<
0.01; Student’s t-test; B+ = A, B);, H 4 5% Pl & P kg:x% (ST-r: 100.64 + 7.10 % of
WT, n=3; NAc: 86.42 £ 13.07 % of WT, n = 4; Hip: 138.36 = 24.69 % of WT, n = 4;
VMB: 92.14 + 11.43 % of WT, n = 4; Cbll: 94.95 + 13.28 % of WT, n=4; p > 0.05;
Student’s t-test; B+ = A, B) e

g5 b k2 IR 0 455 CDKLS 34 ¢ re %% ¢ PSDO5 39 thi > § ¥ it 25
BEUR G R FHRP i o %R (glutamate) Erf S AP R4
ASABBEMN TBEZ KR A G R E (Synaptic vesicle)pt § 2 5
%8 F i (synaptic cleft)ts » S & FIRfP e A G el X WV AR fS el 3F F v T
FET R Pt A RT Re R Cot R REORR T D R T
ek iefi f e #3F 3 (vesicular glutamate transporter 2, vGIuT2) 2_ 3-v £ I E - 2 %
% o % Cdkl5 ii&f*‘];"]",f SR R R R VGIUT2 £ IRE F B F o 4 (140.16
+4.16 % of WT, n = 4; p<0.01 ; Student’s t-test; B+ = A,B)» H &4 % ¥ vGIuT2
-0 7 2 Bl p ke (CTX-r: 99.07 £6.20 % of WT, n = 4; mPFC: 103.27 £ 13.40
% of WT, n =4; ST-r: 104.61 £ 4.16 % of WT, n =4; NAc: 113.54 + 14.21 % of WT, n =

4; hip: 112.53 + 40.7 % of WT, n = 4; VMB: 101.75 + 11.59 % of WT, n = 4; Cbll:
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101.22 £ 8.26 % of WT, n = 4; p > 0.05 ; Student’s t-test; B+ = A, B) - &1 4 >

CDKL5 3% ¢ o F e % BEHL RN Iy FZ 2% -
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A CTX-r mPFC ST-r ST-c NAc hip VMB cbll

WT Cdkl5% WT Cdkli5” WT Cdkl5* WT Cdkl5” WT Cdki5» WT Cdki5» WT Cdkl5% WT Cdkl5%

PSDOS p| W WD WD s ey S e e TR B B e e e

GAPDH P | st GHEES S S SIS Ghums Gm—" am— -----—-_

vGluT2 > | I A R e R R e L e —-— e

GAPDH ) | s Gl Ghmes Gass Gums s cesss casse D Guab SRS GRS G = SR E—

200% 1 = PSDO5

g " mvEluT2
[T
O Lt
o 150% -
(=]
()]
o
E
O 100% B L gl
~ *
=
)
=
D 50% -
=
()]
Q@
@]
o

0% -

CTXer mPFC ST-r ST-c NAc hip VMB cbll

B+ - -~ Cdkl5 &ﬂ?‘l‘ﬁ JRABEMBRMAAM Y 2 AR (A) WA R (WT> n=
4) # Cdki5 & #171% | 8 (Cdki5 Ny n=4) %% ¢ postsynaptic density protein
95 (PSD95)4- Vesicular glutamate transporter 2 (vVGluT2)h3-¢ % 7 € » GAPDH % z &
Frfle o (B) Fiuf kv FARZ T ERE - E 3545 CdkIS R %) fﬂ“% Y PR BT 4 R o
Rz paeFo iRy nTidE £ HERL L5 o CTXr, wvzy & B (rostral cortex);
mPFC, = #f £  (medial prefrontal cortex); ST-r, = =4 ¥k 4 (rostral striatum); ST-c, &
% %k g8 (caudal striatum); NAc, # #5 @< % (nucleus accumbens); Hip, % 5 i
(hippocampus); VMB, * *%*% ] % (ventral midbrain); Cbll,-|- *% (cerebellum). *, p < 0.05,
** p <0.01, Student’s t-test -
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SR CdeSELJWKf EArdl A S A e 2 A TR
¢ A EMEL DGR AR S AR EER O T FL B R A
I g (excitation-inhibition balance, E-lI balance) #»# ¥ £ & £ 4 - Lo agpT 7+ #F R
i\aév@ ? M S EE MR FR S A e gy 0 W uﬂ}s ks i 1’ ASD ¥ b
A #2424 i IR (Rubenstein & Merzenich, 2003; Rubenstein, 2010;
Vattikuti & Chow, 2010) » F]pt 2% 79 5 % §5 23 CdkIS & 7157 ",4rt | B e A 5 AR B
v AMEALTFTLE -

APl a2 EFERE T Y AR endrd B B EE yoRE O R
(y-Aminobutyric acid, GABA) =& =t fis—45 vk % 2 fis % — 7] (glutamic acid
decarboxylase 1, GAD1) £ #3524 s % = 4] (glutamic acid decarboxylase 2,
GAD2) * & "% P kv 2 IE - 2% K1 > GADL % CdkI5 £ 17 oL RS T
ZHREApETHAA) R2E LR (CTX-r: 115.29 * 11.25 % of WT, n = 3; mPFC:
117.12 +8.33 % of WT, n = 3; ST-r: 103.37 £5.78 % of WT, n = 3; ST-c: 111.12 + 11.29
% of WT, n = 3; NAc: 98.39 + 15.54 % of WT, n = 3; Hip: 118.98 £ 13.30 % of WT, n = 3;
VMB: 118.11 + 7.74 % of WT, n = 3; Cbll: 97.98 + 6.56 % of WT, n =3; p > 0.05;
Student’s t-test; B~ = A, B) - iz GAD2 fh 35 ~ 5 b Rk Al 2105 8w 5 AR F
4v (CTX-r: 116.07 £ 3.25 % of WT, n =4; p <0.01; ST-r: 109.71 £ 3.75 % of WT, n = 4;
p < 0.05; Hip: 126.63 + 9.03 % of WT, n = 4; p < 0.01; Student’s t-test; B+ = A, B) >
He TR &P g (IMPFC: 114.75+ 17.79 % of WT, n = 4; ST-c: 95.86 £ 5.31 %
of WT, n =4; NAc: 102.94 + 10.38 % of WT, n = 4; VMB: 90.32 = 4.27 % of WT, n = 4;
Cbll: 101.13+£3.48 % of WT,n=4; Bt = A, B) -

e - HIFE3 L F ¥ GABA w4z I e s vesicular GABA transporter (vGaT)
v ZIE o F I AN R EEAE vGaT 3¢ & P A e 4 (173.25 £ 2.21 % of
WT, n=3; p<0.001; Student's t-test; Bl--= A, B); @ A¥ "SR % P TP R
(53.73 £ 14.50 % of WT, n = 4; p < 0.05; Student’s t-test; B-- = A,B); 2 &4 % P&

P Az (CTX-r: 111.10 + 9.90 % of WT, n = 3; ST-r: 105.48 £ 9.53 % of WT, n = 3;
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ST-c: 98.85 + 7.71 % of WT, n = 3; NAc: 120.96 £ 24.76 % of WT, n = 4; Hip: 113.41 +
20.4 % of WT, n = 4; Cbll: 102.59 + 8.78 % of WT, n = 4; p > 0.05 ; Student’s t-test; ]
+ = AB) 74k CDKLS -9 ¥ ac ¢ 250 RIm 3 A F 2 ¢ 'K ) % <7 GABA v
el -
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A CTX-r mPFC ST-r ST-c NAc hip VMB cbll
WT Cdkl5% WT Cdkl5% WT Cdkl5% WT Cdkl5% WT Cdkl5* WT Cdkl5% WT Cdkl5*¥ WT Cdkl5%

GADL » | Wieme SIS ey SRy Ty STREE GNP GEEED TR SR R SR e Wy S g

GAPDH D | "s cness anh Gmms Sl G cams s ------—-

GADZ >\ W W S e e e S S s e e e D B e
GAPDH »| Ml (IS SR D S il S P Gul Gt S SN0 A S SN St

vGaT » “““”“-- s 0 --

GAPDH P G G s Guas cms cue cos ey TS Suue SHED Shun GuED SEED GRED S

o

B GAD1
= = GAD2
E 150% - = BvGaT
— —
o —
R =
W — =
i) — =
£ 100% -1 =} == 1
O — =
x — — *
£ — =
B = =
D 50% - — =
£ — —
Q — —
iy — —
o — —
o — —
= —
0% =
CTXr mPFC ST ST-c NAc hip VMB cbll

B+ = ~ CdkI5 &Jﬂ;"]% R P A A R 2 Ao (A) WAA R (WTn=
4) g2 CdkI5 ggrﬂ;qv,% J & (CdkIs s n = 4) % %% ¢ glutamic acid decarboxylase 1
(GAD1) - glutamic acid decarboxylase 2 (GAD2){r vesicular GABA transporter (VGaT)
chj-v H 7 £ GAPDH 5 x &4l -(B) t it kv FA M2 TR L %35 2545 Cdkis
REDBE R RR A A AR F A F R BT T 0E 2 R L A7 CTX #
=% & F (rostral cortex); mPFC, = g & F (medial prefrontal cortex);, ST-r, = & * jk 48
(rostral striatum); ST-c, {4z % & 48 (caudal striatum); NAc, ® 4= @ < % (nucleus
accumbens); Hip, # 5 i (hippocampus); VMB, * *4%f i % (ventral midbrain); Cbll,-]- #%
(cerebellum). *, p < 0.05; **, p < 0.05; *** p < 0.001; Student’s t-test.
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L& 7 A &7 sy CdKIS AP | B2 @6

&

A% & CdklI5 ikfﬂ;"ﬂf JREF LA LSRR R TRy F LA RY ik
BoAPERET pwtr k ADHD s 128 B & (psychostimulants)-7 L% 256 &
(methamphetamine, Meth) » k#8342 & CdkI5 & 717 % | B a sk o

AagE s e o wE G Al 4ok 246 & (amphetamine)fr Meth - 354 3
s g AR are o 5T kg E o FARA R S g B 7 5 A (Sharp etal,
1987; Robinson & Camp, 1990; Kuczenski et al., 1991)  #% i LI Fip| B A T /1 5
0.05, 0.1, 2 mg/kg Meth - I »* ;3 & {5 ch= - &2 48 (Meth-30)~- = (Dayl)-= = (Day3)
227 % (Dayb) Lz Eda 4 2 2 (B2 A) - a4 8 A £ 0.05 mg/kg Meth
T CdkI5 A TP B LB BLERET F e IR A A 2 B S hi B EEdE
(genotype effect: F(1 10) = 50.51, p < 0.001; repeated measure two-way ANOVA,; &+
z B)oit— A 47 A E 7 B A TR e ffm@Cdengrﬂ;qnﬁ; /| &1 b+ Meth {8
ez - & 48(Meth-30)4p e e 472 B %K i8 = + 248 (Veh-30) 2 # o iEdps & ¥
% 14 (Fuo9=5.772,p<0.01: B-Lw B)om B4 4 28 > ;i bdpt &£ & Meth i3
*lppERE ke Veh-304p v 5 A ¥ 2 & (Fuse=1.402,p>0.05 B+ B)-

% 0.1 mg/kg Meth z_#| & = > CdkI5 & #1571 ol BT % 05 PR BE (9 AE 3 el 95 4
A B3 f i & R4 (genotype effect: F 11y = 28.34, p < 0.01: repeated measure
two-way ANOVA; Bl-t 2w C)eit— #H 4472 b AFA T2 Brck » FR,HET

EY

s ® £ A enecd CdkIS %'ﬂ#}"]",% B R TR o UL 2 S A s R

\-n.\

3 '

B ¥ and B (Fuo=10.43,p<0.001; repeated measure one-way ANOVA; &+
2 C); A amMA A8 s HEMeth e FRFRERE Veh-30 4p it 5@ g ¥ £
2 (Faszg =1.062, p > 0.05; repeated measure one-way ANOVA; B+ =z C) -

4

$2 %> FHE 2mglkg Meth 453 CAKI5 & FIJI% | 812295 2 4] 2 81 30 4 4

=%

5o @i 4 O FRS (WT Fusy=32.76,p<0.001: CdkI5": Fy 24 =12.25,p <

0.01; repeated measure one-way ANOVA; Bl-t 2 D). & itz F&%% > Bgr L

&

4 0.1 mg/kg Meth v 28 4 2 & Cdkl5 fl_\ﬂﬂ“% SIRCEEUE SF e
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A . Methamphetamine(Meth): 0.05, 0.1, 2 mg/kg, s.c.

N\
0 30 120 150 Day1 Day3 Day5
i L (5 LN C)
. o g g™ W= =g
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B WT  (n=8) C WT  (n=7)
8000 - ] ok y ]
=& Cdki5 ¥ (n=6) 8000 - —&— Cdkl5 ¥ (n=6)
— — % 3k 3k
E $] rx - *kk ko E ¥
3; 6000 - L% 6000 -
8 % ok ok 8 g * %k * *% * %k Kk
C e co
S 8E
2 S 4000 - DS a000
=< P S -
S5 L . ©3 : :
OE - v _ hd oE
= 000 1 1 1 1 — ' 2000
D WT  (n=8) ]**
18000 - =& Cdkl5 ¥ (n=5)
* %k
- 16000 -
go 14000 -
‘J"’h 12000 -
o2
C35 10000 -
© = T
wd
H~ 8000 - 7
E% 6000 -
©
"52 4000 -
= 2000 : : :
N G G
B X < < Q
A\ @0

B+ = ~Cdkl5 &Jﬂ;"]% JEREHS FRAE LT AL FET BN 4 2 A R(A)
ﬁi%“%i%w@Mﬁ#%%@ﬁ*i?%ﬁﬁﬁ%&mCWB%ﬂﬁfjEﬁ%4ﬂ
B A T a8+ 0.05 mg/kg (B), 0.1 mg/kg (C) & 2mg/kg (D) ® A% 2Le &5 187
BEFTE Ajcf Pk a4 2 AR o XA w5 XA TR REZ L 0k
(Veh-30)fri1 847 A% 2£1s & {2 30 4 48(Meth-30)~1 % (Dayl)-3 = (Day3)# 5 = (Day5);
Ygha tprfafR? DR{ABHIERE = 28) A REBIE LT HE £ REFL LT o ¥
p <0.05, * p<0.01, ** p<0.001, z@EzpEFa™ » CdkIS & 7157 “f | Ry s )
7 ALY repeated measure two-way ANOVA -
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Lg Al a7 e CdkIS L F) PR ] B2 3R A g

W% > ADHD % - % B 5l i > A A SIRfET
(methylphenidate) » & 232 2 55 F B9 fjedl S8 EH - f&> Bz e pFo P

Y4 L lA > TR cRE D L e IR P

ht!
o
W
ok
>
>
o
C
=
K

A A AL L FITE L] o Tt o ARG e a7 e d CdkI5 A F R f

| B e B

-~ FlsaHEER

By 3 5 B ADHD shde 47 1050 mam A A FIE S ) B & ARl p LR R
{7 % (voluntary wheel running) & i d1 i d» 2.~ &> P 3R * flis i ¥ 3 sxecd H F
74 (Dougherty et al., 1999; McFadyen et al., 2002; Rhodes et al., 2003) - 1335 + it 2
é}?& P3P RRIREF BAE 2 I g & CdKIS gg?]t;ljx,érp | BB gk a1
AT BP A FRIEZ R AE (1, 20, 25,30 mg/kg) 41 w6 30 4 4a(Ritalin-30) ~
- % (Dayl)# = = (Day3) > prH @ i 4 2 2 (B~ 1 A) -

b MA R 1 mglkg T o CdkIS & FIPI% | B3 L LR PR R BT AR S BT A 3 o
K3 & % ds B g4t (genotype effect: F1p1 = 14.46, p<0.01; B+ 1 B)» 2L

FipEApE(Flz)e a0 HE RG22 L CdIS A FIPI% | K EREFR g
Veh-30 4p+t » % @M A LB (WT: Fa10)=1.285, p > 0.05 ; CdkI5™: F315 = 0.9581, p
> 0.05; one-way ANOVA, Bl 7 B) o FptEF &t HF s 8 49 ke #HE o
FAE R A2 20 mglkg AL T o S E R B CAKIS A TPl B R R g

Veh-30 4p 1t $oj 0 &g e 4 »c % (Fg = 0.4308, p > 0.05 ; one-way ANOVA, &+
7 C); m ¥4 3] ] &P+ Ritalin-30 #rip| (7 2 4 # §E4L 3 8 % 3 4 (Fz1) =48.01,p
<0.001; one-way ANOVA, Bl 7 C)-# -+ 25 mg/kg 2. # & 22 20mg/kg &% 4p & >
& CdKI5 & 715 f B4 P A e (Fais) = 2.304, p>0.05 ; one-way ANOVA,

}EA]’L 7 ), ¥4 A ] J Bl EJ & ’Fﬁ’},\ Ritalin-30 "'T/?'Jx f“ﬁr"rk}ﬁ-}ﬂ gﬁ‘—:‘—‘;i‘a 4 (F(3’11)

F_‘-
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=27.29,p<0.001; one-way ANOVA, B+ 1 D)-

RS AT HREBFHES L5 K> }I%r‘ arig @] E 30mglkg 3t Etis 30 4 4E
BT e 4 05 4 ) O B 80 5E A (Fa1s) = 11.19, p< 0.05; B~ 1 D) fedpF # e 7
k¥ R 0 CdkIS 2L 71 7] f Bl & el (Feas) = 7.752, p<0.05; repeated measure
one-way ANOVA; Bl-- I D) 4ot 4p F ch& 4 »c % fL % paradoxical effect » £ =i 4
B3R H4p 7 £ (Noain et al., 2006) » F] E & R A5 S FF % »eH 2 -

bR R TR IR AR A PRETRRIG G AT FHETE
PERY enZEd st o S FRIRA BRI 2 IR 1S BBRES PPN JriaiEs S 2 %
o goeAE 1 mglkg 1 i (v T o CkI5 A FIPI% | SR EOT I 4 A R B e
BLP Ag a4 (WT-1mg vs Cdki5™ -1mg: F.66) = 36.14, p < 0.0001; repeated measure
two-way ANOVA; B+ A)» % 2 L3 o by 3 %2 %% - R(Fe ) &7 Cdki5 &
ﬂ%%1~ 7 EFZ K e BRI kS 30 mglkg flEs a few A 4E 0 B2 )
Renjefa s 4 5 P M 4o T F ]S ) B (WT-1mg vs WT-30mg: F1,110) = 111.6, p
< 0.0001; repeated measure two-way ANOVA\;, B+ = B) - @ & CdkI5 £ #157] “5 2=
F A 5@ E 30mglkg Flis we {8 > = FHERR AFEH 2 g TEFIIAHET LA
& o (CdkI5™-1mg vs CdkI5™ -30mg: F(111) = 4.092, p < 0.0001; repeated measure
MmmWW@M;@Aﬁqogagiﬁgiiiwigﬁcwﬁéqgv B
#$ 2 v % B fE 2 (CdKI5™ -1mg vs CdkI5™ -30mg Fs.16) = 18.59, p < 0.0001 ;

one-way ANOVA; Bl = D) A FF @R prR e ke Fisfa 75 FokmpEs 4

a4 o
=~ Al# i 4 rxsc i CdkIS f&fﬂﬁ'l“ff | BLiE# 2 R
BAEIRT PR~ BATHE R B F A B Ak R > AN P AR N A&

BB 2 e ek 0 R B AR Bl S A SR L TR 2 L A e
PR AR FRI R ER AR
¥ i1 5t 2o# E 1mglkg 5 > CdkI5 & 750 T | EARRATEF A A 0 B B0 R
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# £ (F(3,36) =48.58, p < 0.001; one-way ANOVA ; B+ - B) ~ Tiz:& & fi =
(F(3,36) = 54.25, p < 0.05; one-way ANOVA ; Bl-- - C) * & & & - (F(3,36) =
20.60, p < 0.05; one-way ANOVA; B+ = D) &% ¥ 5% 2% - % (Flzr B)-

toid st sl R 30mglkg ;o CdkIS A FIPIf | B0 2 3] 2 Bgprt o F A R
feenfs s ped(p < 0.001; two-way ANOVA) -~ fifh T 35:% & (p < 0.001; two-way
ANOVA) 2% | ende % ik B (p < 0.001; two-way ANOVA) - @ b #4p e 2k 713 T e
Pk FIRIT A Y 3R B EATHE S Bulpt 0 B AP R T30
#RZE B R HEFR S (p<0.001; two-way ANOVA; B+ - B,C,D) &7 flis

Gl A 2 REH P EFRAR D & CAIS R FPIE L RY > &R

%$
F_*
J
ki
=
I
+
4

IR E B BRE P B M (p<0.001; two-way ANOVA; B+ - B,C,D): &+

I it P T R e CaKIB A R L S B 5 R R -

FeF A B AT - AR A CdKIS A FIPIE | R ok 2 i g o F AL
AR G R TR A T ARIB N S P mERES k> T %
T ARACB - N A AT o

FERAD A FLRRTELE(RZ) > BF ISR RN R ST
A RERp S h T ingpe @ 2 CdkIS A& 717 R SR T T
B o g AN IR R4 Img/kg & 30mg/kg T 0 ¥ 2 F 2 Byt CAKIS A F] )
ol RA R 540 (Fao =99.11, p <0.001; one-way ANOVA ; B+ ~ B)» &
MeoBLn R omRES- R(F= B)om aipe AT Y 2 5 >0 g 0B & 4p v Bl E 5%
34 % (p>0.05; one-way ANOVA) - &% fis iy I+ * B30 ep el BB (7 5 o

IRRAEBAOE L B RoeH R Img/kg 2T 0 CdKIS A FIPIE | BUAR T
A S HEREK S IZMEAAFFT S (Fae) = 71.75, p <0.001; one-way ANOVA ; B+

NC) NN AT FHRERPR (M= C)e Ak eHET o BHY AT

»

R
= B CdKIS A FIFIs ) B e A F1AI P e gocl R Apr S F g st LR (p<
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0.001; one-way ANOVA) » &g J# it ¥ F »x#zE CdklS gg_rﬂ;v% JORE R 4

I= X
T ©°

P VR I e o A SIS T R
- AR Rt R R AT AT R Btk o p B SR R
£ Img/kg = + #4515 - 5 3 CakI5 & FIPI% | & g5 kW e = e (Faes) = 21.52,
p <0.001; two-way ANOVA ; Bl 1 A) &4z g 2t F R (Feog =17.52, p <
0.001; one-way ANOVA: Bl 4 B) AT~ 84 1| 2 B 2 MmA # A # %25 - &
(F= B,C) > &xa g 3 »cAE 30mglkg T - 3 R A0 2 q o B2 425 e =
grdg s ke AP BTFE % (p<0.001 ; two-way ANOVA; -1 A, B)> @ &
CokiS & F1FI'% | B¢ 5 AL AR - Rl e Sz 2 B F L R (p > 0.05; two-way ANOVA;
W4 AB)d PHERHRGET @A f1# G g% g CdkIS A B | HAL R R

2_IRER o
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Ritalin®: 1,5, 20, 25 and 30 mg/kg, s.c.

o/

30 120 150 Day1 Day3
i 0. o9 0.
: - e T 8T T8
Saline = - - -
Veh30 Ritalin30 Dayl Day3
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32 82 s000
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o S
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S
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—
E s 8000 - s gd 12000 - i
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[y £ c o
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'3: ’ 28 4000 | @
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. S —=
8= ©< 2000
2 0 ox
= 0
® o > >
> & A N O © 5 >
Y i ° ) » 5\
& \\“ Q Q & 5 S &
& &

B+ 1 ~Cdkl5 &fﬂ;"ﬂﬁi JORIA A AR 2l A e daE e 4 2 AR o (A) R s
AR R prda i 4 2 F S AZR] o (B-E) CdKIS A& F1PI*f o] R4 3] B AT 2 b
1 mg/kg (B), 20 mg/kg (C) ,25mg/kg (D) 2 30mg/kg (E) fli ican s 7 e PERFBET o

RSk EH A 2 AT o Xfh i jistd 188 Wk s 30 A4 (Veh-30) frit s # it {5 30
> 45 (Ritalin-30) ~ 1 = (Dayl) £ 3 = (Day3); Y #ih : pefa iRz 4 o pEdp(H = ¢
DAY Mok RY T + L AT o % p<0.05 * p<0.01, ¥ p<0.001, %
BapmeeT > Cdkls ﬁ_k_'ﬂ;"ﬂ,f R BT A A BGET AL R #, p < 0.05, ###, p <
0.001, ¥ 4 4| | B4 & (5 & pLRPF A BLEr Veh-30 i /7 35 1 i 5 @, p < 0.05, CdkI5 £
FIPIG ol BT E i & AR T B Veh-30 i {7 5t3h it g5 repeated measure one-way
two-way ANOVA and Bonferroni post-hoc test -
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A A B A TR e 1 mg/kg Fle i tsm | 2 B Ao (B) 4 A R4 T it
Lmolkg # 30 mghg {15 35 188 L (C) CUKB BRI 4 B AT T
mg/kg 2 30 mg/kg fli ie {873 | PF2iEE AR o Y dh o prfaRlE Y i b g (B
D)o BT + BT LT o * p<0.05 * p<0.01,*** p<0.001, z@E%
PERY ELTT iR {7 R ettt 5 repeated measure two-way ANOVA - (D)4 % {8 30 &
T 40 A BB B ERAE o Y ph o e R BIEY PR S ERd(H 0 2 A)  JUR I 2 T3

+ L AT o A 2 F13) 2 £ 12 two-way ANOVA and Bonferroni post-hoc test
47 bl % p < 0.05, %, p<0.01, ** p<0.00l,ns: LAigE Ll o

2% < (A) CdKkI5 £ 7157 % | R

(\x,
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Ritalin
A Vehicle (1 or 30mg/kg)
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B+ - -~ CdkI5 ;ik?];"]*,f B A Jls Gp fErn L iR 2 (A) 7 Jlis 5o iRl & pedaid
# 4 2 F 42 B o (B-D) ™ 4 4| & CdkI5 % % 1 E:w F7 > £ 30mglkg & il e
HE Imglkg flis ic 304 4818 AjrfaR sk Eda 4 2 2 R-(B) A gz £ ifH (H
Fra ) (C)T 3o ek B2 K iERI(E o 24 5) D)X B doid B2 KX (B 2o
&%) ) 7 F A T3] &2 A& E 12 two-way ANOVA and Bonferroni post-hoc test ig {7 szt 1t
%, p<0.05 ** p<0.00l,ns: mEFLPL -
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A Ritalin

Vehicle (1 or 30 mg/kg)
0 120

At ‘ s ‘ .-

\e: —
Single housing 9 g fr/ \ \j
for 5-6 hours

Veh-30 Ritalin-30
Stereotypy Stereotypy usv
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B+~ CkIs A FI% | 84S fle i S B RFRB LA E L o (A) 4TI

Al TR R TE 2T &K AER - (B, C) ¥4 A0 & Cdkl5 &ﬂ;’*]% o] B 3
4 »cm £ 30 mg/kg & 54w m 1 mglkg F1¢ & 30 A4B1E AR TR 2 AR o Y
LR 5P & 7 iEpee @ (head-up sniffing, B)¥2 #2454 (digging, C) - (WT_1
mg/kg: n = 7, WT_30mg/kg: n = 8; Cdki5 ™ 1 mg/kg: n =5, Cdkl5 ™ 30 mg/kg: n =

7) o * k£ 71322 % £ 2 two-way ANOVA and Bonferroni post-hoc test i 7 ket 1t i ;
¥ p<0.001,ns: mEFLR -
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Bl 4~ CdkIS & FIPI% | B4R 3 I L 16 ik se Ak 2 B 2 - 9 2 31 ) B2 CdkIb
A FIPIF L Ry ookl £ 30 mo/kg 4l AR 1 mglkg f1% i 30 A 4818 0 tedR
RAF2 2R B - (A) R A Btz EiER(B) &4 A B AP £ ik
B (E 1% 4))-(WT_1mg/kg: n=7, WT_30mg/kg: n = 8; Cdkl5 ™_1 mg/kg: n = 5, Cdkl5
N 30mglkg: n=7) -7 I 3 %42 % £ 2 two-way ANOVA and Bonferroni post-hoc test

RiFAIL R " p<0.001,ns; mEEF LR o
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FL-& e agarg? §7 R g
Fls i hBERPF A A T T EFLLE LR S "B E T 2L > Pl v s
= ¥z ¢ (Schweri et al., 1985; Gatley et al., 1996) - 4p i v)}; - IRl A €
NG RAFR S T ez £ 4 (Kuczenski & Segal, 1997) - @ & A 7 3 IR

s qe ¥ oreecd CAKIS A F1PI% | REds 2 g k> Flpt i@ HPLC #& iRl = {16 &

)

Pl

(5853 3] By CdkI5 & F191% ) Sovky BEFE G it od AP
PG E AN L b6 500 2 3] By CdIS A FIFI% ) R £ K7 e
BRI -) FR A BRI R AR AT RE . F TR RS L B A
FA P o F AR oA R 2 A kv (% of control) - s 5 8 F ot adr o

BEFR - BHAI A A B CAKIS A FIPIE | R id b5 ook 15 Bk
FEARY > R F M Aem AT (30 mg/l mg in WT: 409.39 +£103.01 %, p < 0.05 ;
30 mg/1l mgin Cdki5™: 150.46 +10.24 %, p <0.01 ; one-way ANOVA; n=4, Bl=- -+
A)~ B qs (30 mg/l mg in WT: 139.94 + 18.09 %, p < 0.07 ; 30 mg/1 mg in
CdkI5™: 106.61 + 2.45 %, p <0.05 ; one-way ANOVA; n =4, B= -+ B)~ = 2k 48
(30 mg/1 mg in WT: 145.65 + 7.29 %, p < 0.001 ; 30 mg/1 mg in CdkI5™: 212.60 +
17.67 %, p <0.001 ; one-way ANOVA; n=4, Bl= - C)z2 5 = "7 & > @ &7 LR
¥ Rl AEc® (30mg/lmg in WT: 107.86 + 20.50 %, p > 0.05 ; 30 mg/1 mg in

CdkI5™: 108.57 + 46.67 %, p > 0.05 ; one-way ANOVA; n=4, Fl- -+ D) -
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Blo L~ 355 6 s gy 5oy 2 5e% o (AD) B2 4] Bz CdKI5 % %) &
4} ekl R 30 mo/kg & 4 dl A £ 1 mglkg 1@ i 30 A 4 %‘PT £ § (medial
prefrontal cortex, mPFC, A) ~ =4 & %8 (rostral striatum, ST-r, B) ~ {4 z3 %k %8 (caudal
striatum, ST-c,C) % # *57 | % (ventral midbrain, VMB, D) # % = %7 2 <% > 9%

BT A AT S B EH 2AE Imglkg ot iR E - 3 A E 12 one-way
ANOVA and Bonferroni post-hoc test it 7 stz i 5 #, p < 0.07, *, p < 0.05, **, p < 0.01,
*** p<0.001 -
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Fri i

AFTE LG TR S EHATR 2 RRPTR = < 2 e dE 5t CdKIS & 717 f Eepd &
BEiEL 47 ”&mCdeBéﬁ;’]f ELE i 3¢ 0 ASD 22 ADHD 1% gk a7 5 % HeZ
BFE T2 e o b 0 325 CDKLS 39 T e mish T 5 T MRins S N A A
#4 ADHD % - &% Zeflis dv i8> 7 jpd RA D RTH 0T TRy £ T F Ak 2

sek o Bl CAkIS A FIPI% | BT 2 4 5 ASD 22 ADHD # o2 #0454 3 i A &

‘+‘ﬁ‘€

PR T G

- a0 CdkIS A Fla g g% ¥k kD e
L mre s HFTF ¢ P o CDKLS 3ov Gt A4 s RfF1 22 # S R EPHE &
ernd ¢ (Chen etal., 2010; Valli et al., 2012; Zhu et al., 2013) - » Cdkl5 Zﬁg_rﬂ;;% &
B L - HFER 450 CDKLE B9 % 7 g 34l g A B B T ik 2 o 4 g

FHgmie 225 & (Amendolaetal, 2014) - X a@ > A5 3 A F & {4 5~

9
9

B L@ @R e 3 05 7 A%0 3RS RMDERIE

i ¥ #41 (Ikemoto, 2007) ~ #4822 8 ¥ (Wise, 2004) ~ zz4wic 4 (Nieoullon, 2002)
F# 44 (Dunnett & Lelos, 2010) ~ 4+ ¢ = & (Burgdorf & Panksepp, 2006) ~ ¢ % it
4+ (Dastur et al., 1999) 2 2 sz # {= 5 (Harrison et al., 1997)% » #|pt 2§ & * HPLC

>

218 fé?’ra"ﬂs‘*%/zé\*frﬁwakzd z‘%m%ﬁ%

i

PR G AW SR 5 T g £

A

WIS E 5o S B RS M by 0 F ZHE 0 2 CAKIS A F et 4 AT g 8
R engRidec g o

AR CdkIS & F1 P | B A o e Wkl 5 T v g RS > Hd vt
IR T s A EEE TH #4002 2§ 7 Rk BEF MAOA ~ MAOB &2 COMT & > #7
BRoopboh o AP B G T RS b AREF A EH e 0 T A 0 S 4
Mg ST VR E S A A e o AR A RRRRMIrE TS T RE AR
TH 3 412 2 % = ik s MAOA 2 COMT i i & 5 = i B o 4e o SF & 10+ F

Teib% o AP E RS CDKLE i T > 10 G5 T kg S N 4 ¢
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BMEFaRRMA» 57 @+ Foo chdA Rod WA F T oiklmie B R 0 R R &
WA T RE SR AMEEE SR RS AP AR Hr R L W a s

= B 4 0 e dh b CDKLG thges 7 il id & 25 -RR RE 2 codd (O S A 4 T i en

p - CdkIS ZA T3 4 H 3R ASD AP 20 (7 5 Rk B A F1 A 2 2 %
AEFLTHETF T CAKIS A T4k 4 €33 23 iy ASD eh= ~ P k2 7 5 & e
FAAATHREZ RN AT HFRDATI A ASD P i  ££ &4 > A E
J6 i (social phobia)z 5 & - # sk 487 DATL chi & P & gady ) > (Dougherty
etal., 1999) ; @ :THF T P P 725 27 2 L3+ T/ (whole-exome
sequencing) R i3 A 58 DATL JAF] P naTR =8 2 P RP-B e+ F 7%
4 ken% fF(Hamilton etal., 2013) » @ & P awT g @ 2 F IR DATL enj-v £ E &
ORGP e SR e BT R Y DATL e A T g A AL E T B
7 5 hlRe
HAHASD ¥ - B k—2FE 5o TR R 7 & o fgd it
i ASD ehighk 48 - B &£ &gtk o 82 SR T RN FE g - RefEf o e
Fek i MA Y- BARAEFTENF L AR LBES R o 5 41985 £ ¢
oo @F 5o X BT T @ < BA 4 347 5 (Szechtmanetal.,, 1985) » 15 %
P E- HEF L F-XRES (nigrostriatal pathway) » %2 H ¢ (Langen et
L2010) 0 A AEAT T T CoKIS A Tl % gk & = aR i B X B o £
HERF-RoR LY Rkl Bgon BV a0 5 CdKIS A Fl4: & ) B2 %4 (7 5 2 &
Floth 5T RAATAALANFF AL BTN F 5 FRFELTS FaA Y
4 @ NL1 i—bk?];"ﬂf P EARIEEE 3 £ ML (75 (grooming) 0 A & d A
kgl (corticostriatal) X ff 4 2 # iy > @ AL S AL FHFERNLLARE RS 2
Wh o Bor BT a5 CAKIS A Fax 2 0] B p M mEB2 2T 5 o

Bots @2 AU BmAASD ¢ ToR BETP k2 - o BRI BAT T Rk

—3
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PETPRFAFTRBEONTF) B ERETFR G TR AL B AR e
Dastur et al (1999) # 7 #£31# I eh§ = et R RTH] € B0 % B BEPF Az 3 k78
v e A SRS T R R R AL LR o BT ST REAT A - 4
BF T R gar g o R B ARG PR o

B i A7 R CdkIS & 7 7% 4] BUFOXP2 shi-d 4 IR s 4 B
F MR e @ B RORRRAP AR D o m FOXP2 A B G- B FT A4 R A
< REEY PF IR ¥ A Fl(Hurstetal,, 1990) > &7 BTy ¢ o R EF FoxP2
AFSEFTEY > 4o s X 4 (zebrafinches)fr+ &% - \ FOxP2 A 717 L%
BT 2o AR FOXP2 A FIShR e ML F 0 ¥ P F R A
% = (Laietal., 2003) » &7 Xk FOXP2 3o i MHF T FEF £ o
A OKET Y 4 B IAL 0 CDKLS thdev o € 3% & & o8 2R fen FOXP2 30 £ RE R
A PEFTEY LAY - B FET DR R RREP R T AT
CDKL5 ¥-v i & £ &2 5855 F o

Fe iz #E s A F P e 3 CdkIS z‘i’.\ﬂ’}'ﬂ% R E N E P ASD 48 R -

v e gT a2 ASD e ¥R ME(= - B)e

5= &8 Cdkl5 £ 73k % H 5 ADHD 4p M 2 (7 5 gk 27 L 514 2 e

*F L CAKIS A FIPI% | R A LADHD 2 3 & ik 0 ¢ ¢ i

Pl
-
W

Frilrdem 2 2 st 75 0 B RATE A Rk A o
B Lo AR Cdkis ii'_\_rﬂk;'ﬁﬁ O RE G B s A fRd s (impulsive
aggression) i - e A A0 35 H S H L BB o FE R R
it $r 413 M (Davidson et al., 2000) o gt ¢h 4 S iliy Fre I wE R hE I o A 5F
2 f dr HOFN PR 3 SR TR MUK R Shak & (serotonin, 5-HT) ¢ i = g1 § chfirds s
7 % (Linnoila & Virkkunen, 1992) - # Cdkl5 2k #] 7] % RGO R RRE st 5
Tt g R R TR G FLO R Aot th s f R T ’ﬁ&% .
57y Gh chenE gy it g (MAO) b » ¢ BT H 7 5 0 A5 R MAOA
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ér‘];'x/f SRR LRI & %‘Pﬂ;’ﬁ%mﬁgﬁ’;ﬁ*ﬁ&;mi{?‘ﬁﬁ (Cases et al.,

1995) « 7 i if & H o5

—_
44

Bebo 5l ¥ - BAET L e & rh st i
By H o AR PFETET > PRI REBRFT § R KA 2 RF DiFEd s F
(Netter & Rammsayer, 1991) - @ ¥ - /A T RIFR > i F §A & 5 7 ek s

B F2Z A7 Thre ¢ REFT L i 4 BT (Seoetal, 2008) c s E b it o AP A

CdKIS # F1§1%% | B T] 2 % i 5 MAOA v A B > 112 REL [Fens =
vk §5f 7 i L CAKIS A TP L BE G F s F fhend 7

H=xoo g g CdkIS & 75 f R o8y T4y  RLDEY Y 8- 17
= %1% ADHD 2% ¥ £ 7 340> 6 ehRigdps o @ ADHD s & spivhiat ¢ 3
AR R MARL S - 50 R EA T B RN AH S LAY
(Chudasama & Robbins, 2006) » £ H Emi gl B9 5 T ic{ IHFF L L N4 I > F
Py F o B R f(rhesus monkey) i FE A Fen s ¥ ik g id A g B IRATIT R g
Phst o g3 § = @A L-dopa & apomorphine B ¥ L F ik 2 gk
(Brozoski et al., 1979) - (s w7 3 » # ML Fen? = =X 48 > 4 DRD1, DRD2,
DRD4 & s>l 75 i £ 5 % I a4 (Floresco & Magyar, 2006) » @ 3% %

Z]

CdkI5 & #15] f | & e PR ?ﬁ’a WIS TR L ALARRE o TH,

& 2
PpTH-Ser40, DDC, DATL sd-v # I P 3 4c > &7 w 3F L B o

~= gs 4
Rt 'E'%K

Cdkl5 &Jﬂ;’d“ﬁ% R AERE Y vE2 AR .

B.i8 > ADHD &P Breig ke T 5 s > /i A AFE 4 B8 o @ § TR TR
WERPE A F I AR BT o bleik b § T RA G A0k U
(Parkinson's disease) - @ Cdkl5 # #]57] ol BRI Y LR R SRR L
NN PR R AT R R R R AT S & A 4o 2 18 3
Frip s m g S M TRy 2R B CdKIS A FIPIG L BLE G 5T Rk s e

2R Foo gt th o DATL Bids 2 ks 455 £ & ch%rd o % & ADHD J5 4 Ap A=
#FIH o wDATL enf A 71+ £ 3 % Al (polymorphisms) e @ &5 7 > 6 » & 51 %
WAL 25 DATL shk F1I% | &> & § 6 2 gk (Caron, 1996) - @ {447 ¢ { &
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- H Mo i % i%pE T o (methylphenidate) ¥ 12 i i DATL f F171% |- B e i
(Gainetdinov et al., 1999) o & 475 + 3 H.4 > CDKL5 v € it & % = =% gz, *
S DATL i i eindd SR+ 12 A3 T R LB R R L F T AR
® fz(methylphenidate) &+ + i #c £ H i o

&2 A e R CdkIS A FIPI% L Bl AL YT @ ADHD A B 3

9 e v &2 ADHD fro ik § 2 B E(= - - C) -

Sowod ARk 233
B 3tyng ADHD ehy - REFH {5 » L &7 I%),%f_ sffrds ~ WEde &
ARA B 2k o JlE i v A DATL ! o el H w g R 2 5 T ks )
EEIRT NS " IRER < BRD c AFFTERLERY B LRI ISHES > AP
Tt 30mg/kg #[E T 0 ¥ 2 G sken'E K CdkI5 2 F17) f Rz imd % £AF M%7
o TG AW AR R SRR RS T kg A e o
B Rl R R TR 2R RS 0 B AW ADHD #5550 chg K Ap
#* (Gainetdinov et al., 1999) > *t 5 »c#| & pF# 1 P e L Cdkl5 7_%?1;"]“% | B
Rodoo Lig ¥ TRy B anc (W ) £ A2 )] B CdkI5 & #1701 )
AFH 25 =g E o A CdKS f FIPI% | B 4o et

iy
LR FT AL ARES FH T CAKIS AT L B A e

L) 2hm a3 4p 2 (Hurd & Ungerstedt, 1989; Butcher et al., 1991; Kuczenski
& Segal, 1997; Gerasimov et al., 2000) -

PSR LE I > ADHD HE A Ret b £ B fpdle » AR FEI T4 4p
B enk /3 F R 5% (go/no-go task) ¥ o P ¥ ROR RS MR o @ B 8 S o
4 ADHD e & 04 " % 2 78 12 0 X B dlF it £ ¢ § P AT (Vaidyaetal,
1998) - @ AR T F A LS BT 5 Cdk5 & F) 7 %l Bliss kel i vz £ id
(B=) A flisite gkl omg gaih (B C) ZgF
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A5

Ex

-
1

A gk 2o e L o F]p A RE =R L R ShEE AT A B EF LSRRl @ CdKIS
AFIPIG L SR A (SR IRAIST en S 2 ong B AR G F Rk A it
e U PRV EAR S

Bots o ART EE - BIEATIE 0 A ASD FAFIYE 7 L a0 BT
113 vt 14 CdklI5 ﬁ‘k_'"ﬂ;'lj% FRR R AR R o AT LA AL o
iz red ASD H4pa < Prup R T RE @AY (RARES A0 r 287
F)e B vy AR 2 % 2l BT 0E AL E kg B (Wang et al., 2008) - @
AET R T E R ERRE 0 EREHCEE AT Bmis kT 8 DR

BRI AR o

& CdklI5 ikﬂ;“l% ] B¥ i¢ % ASD 22 ADHD £ ’ﬁ | &

AAm g g AT CKIS A TP [ Benis & & Al a 47 0 F IR Ak § 5 6 1 5 Sk
2(B-) &ismy - & (Wangetal.,, 2012) - iz &% égkzviiﬁ?%#ﬂ?ﬁ Cdkl5 & 7
PIvE ] AT 55 ASD H 6 fros it o Bt Stk - ) 47 0 5 R CdkIS A F1 71 ]
HAMRSpHFHaFEFE (Pt TeZEH T QRRNR S P HEAp2
FEORZ) D hE T EE Y oA A (T B R LT A A0 B R g

FAH RO B ) e ik A7 B CAKIS & F 7 ﬁ? | Bz i7 &% % e & ASD

L@ 7w m Cdkls & F157) f L3 @Eda 4 i 5 R (Wangetal,
2012) > i3t A s g AP AR (Bl ) e L @2 ehd > & ASD ¥ TN A dp
gofu eamAa iy 29 2 WADHD 5105 CdkIS & R4 | R e prL B 6
2 {75 AT F e - A 45 CAkIS A F1F1% ) RAE 5§ ADHD 2 gk o 2
15 CdKIS A FIPI% | BUE § B chod F (T ) > & & b brd] P G ek
Z oo pleb s Aindvi 4 APk R Sk~ T CdkI5 %fﬂ;’*]% TR RENTEEY w4 (B
A)ed A Y ¢ GRS g Bl CdkIS AT PG R &G AR 4

R ek R o T E KRR MR RAMALLS AMDT B - B F REFARTE



(5-choice serial reaction time task) - ¥ * &kit—- # fx:3 CdkI5 & 7] “f P RAETE G
AR RO L AR AT DB (SR P s ADHD % - &5 s i >t
CdkI5 f&[ﬂ;"ll‘,% B IR G o fr il b 2 sk e

RBI 2 bhG kR o CdkIS AFIFI% ) B 5 ASD 22 ADHD f
Bk s @R S G o 40 CDKL5 3-6 & > B § i¢ % ASD £ ADHD 4p 3%
2HEE TG AR GECE RS ATFRRG v o AP B T
Fooeeed HiER R 7 5 2R 0 BT CdKIS A FIPIGl BY Y S 5 - BFT Y ASD

% s ADHD 185 #+ #73¢ o
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Lack of CDKLS

Dopaminergic Neuron

COMT

T vl o AT ‘-,.
ROSIEY P AN WIS ey

1
|
1
Normal ! .
| Tyrosine
Dopaminergic Neuron 1 [DA] T mPFC, ST-r ¢l TH
1
1 L-DOPA
Tyrosine 1 DDC
¢, TH I Astrocyte / Glial cell ( :“" ’b
! Do ine” b
L-DOPA | o 1 pam ..~ DAT1
R
‘1’DDC : MAOB @ VoA < - 8
| comT Y T nS ')
Astrocyte / Glial cell ( W_ Dopamlne’ i V\g“ il e O 134,
I o v 1 P -".,“‘-a 3 > ;; 3 ‘o :'
MAOA 2 Cop ¥, ‘
COMT . " v :
\ AT Gt -1 DAL | [STC Tyrosis
o V=TI | *TH
" & : L-DOPA
NS Ay
o oY ! Astrocyte / Glial cell . _gb',?Dc
eptor receptq 7 “ Dopaming-
rece? ' : MAOA X s AP
oy
. MAOB MAOA CH Y - |
I
I
1

Proteins/ Proteins/
M““ osrs m

mPFC ) o PN Cognitive deficits and
NAC o PAN PIN mPFC A RN Impulsive aggression
(Linnoila & Virkkunen, 1992;
CTX-r © ¥ 7 Chudasama & Robbins, 2006}
ST-r o © v NAc NA & &
ST-c v © © CTX-r “ © “
Hi © © ©
b ST-r 0l & v Hyperactivity
2 ¥ =2 ST-c b &> PR {suet al., 2001)
Chll > o “~ ) 73
= e
<> &

Hip NA
Phenotypes VMB NA
Chll NA

Bl= + - ~CDKLS 3-v ¥ 7 = it g =2 502 CdkIS A FIPI% | &% ¥ ASD, ADHD #p B -9
gk 2 f ko (A) # 0 CDKLS F-v 437 = i f sz @258 S Bl BF 2 4] & § 7 idl i
LA N R AR L RIR T IEA R T ey R a5 CDKLS B-d R T 0 € 4 4 TH,
DDC th3-v % E &> MAOA, MAOB, COMT eh3-v £ & »iEm g = § "7 £/ o pt
Rt R O DATL 030 2Ry PR Vi 5 TR RRFAFE L h S Tk fpE B
o 2 ¥R R 4% > CDKLS 39 F{Hn™ » ¢ > TH, DDC 13-+ % B E 73 4« MAOA, MAOB,

COMT th-v £ E »itmd = %y £ K> m DATL P& F o k9 23 - (B)» B

Wi CdKIS A FIPIf | R4 A4t 7 % ¢ ASD AP M 3-0 FoxP2, NL1, NL2 sec 5 22
75 pt 2 Mo (C) *BILS CdkIS A FIFIMs | KT 2 34pt &7 % © ADHD 4p B v
DAT1, DRD2, DRD4 sz 22 {7 5 gk 2. B g o

67



i

-
1

¥ B

ARF LR T Al e ) 39 ik 4f eps (cyclin-dependent kinase-like
5,CDKL5) & FIJI% | &4 4 3 A# > 114 5 »ei (face validity) ~ 2 22k
(construct validity) 2 3g p|sc & (predictive validity)= = »x & 5 # 3 > = > £33 CdkI5
= F15 ",f P RE_E ¥ O IF L p B g sk (autism spectrum disorders, ASD) £ 1 g, 4
7 &_i§ ¥z (attention deficit hyperactivity disorder, ADHD) siv#> 3= 558 ©

BA AR ’?ﬁCdleéﬂﬁ“f HE75 ASD TR 2 %= ~ k-4 g 5 # 42
A~ AREAFEL DTS o AT R peh A g & ASD AR B 3-d 4o
Neuroliginl (NL1) ~ Neuroligin2 (NL2)¥2 Forkhead box protein P2 (FoxP2)~ # % I
ol ¥ F OATETR o

% pzoek s AFE 7w g CdkIS grﬂ;;% | B e pEE 3 ADHD 3R A4 g i o
v R4 R b st B L B Y a4 A AL & ADHD &
FRFL - s TR FR TR TN REE S AR A AR 7 U
He 4p M 39 B 4 Dopamine transporter (DAT1) ~ Dopamine D2 Receptor (DRD2)
f- Dopamine D4 Receptor (DRD4) e 4F 2 "% ¥ #IRF P H AR - s> AP T HF R
@ % P s ADHD ehfies % #4101 ic ¥ 11§ scic g CAKIS f FI 7% | B2 i ds 0t 2
2 7 5 Ak e
BT AT kRESRET NT ZBLES

1. > CDKLS 3-v ¢ ER@EFEp FPpbk TR EDHFAFTER WS 7 e

FE A B Y 2 AR o

2. i
k2 2R -

=

Wk T g ki CAKIS A FIPIE L BB SRR T £ R

3. Cdks & 5171% ) f?,%—i”ﬁ%‘if»ﬁ:)i‘tfﬁf:;:}g&m,ﬁj LR hg N T

* 204734 ASD &2 ADHD & cnfsd] » £ % 5 i FpenT 5 o
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WT  CdkI5

653 bp »

« 305 bp

\
#

=~ CdkI5 A TP K2 A FIAIEE - Bl 5 CdKIS & 171 | B2 529

MEELALL 8 LR AT
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CTX-r mPFC ST-r ST-c

CDKLS ), | e -— e —_

actin » | Y WY WY e . Sy —
NAc hip VMB chll

CDKLS ) | s — — - -

actin > D Geud Gub Gub Sud Gub Guh N

%t4-= ~ Cdkl5 ﬁkfﬂ;ﬂj% o B P4k b CDKLS 39 o P Bl & @ % 0 3 BEE 2P+ P
% % CDKLS 39 2. 23 2% %P » =R 54 A &> 4 @5 Cdkls &rﬂgqaﬁ; B e
CTX-r, = =3 4 & (rostral cortex); mPFC, = % A & (medial prefrontal cortex); ST-r,
=g (rostral striatum; ST-c, & =3 %k %8 (caudal striatum ) ; NAc, o= o< %
(nucleus accumbens) ; Hip, /% 5% := (hippocampus) ; VMB, *® *3*2 % (ventral

midbrain) ; Cbll, -] % (cerebellum)
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