HiZR EEET SEEFZEELSAIC.
FIMEEHHRH 5 NTF=69EREFIZ DU TXERHERE (PubMedfE F)

B BIE & DRREMRIZ S 1 %0ntnap2 (Al &Nrxnd) Bz FICEB L 1=

7 BEEESECOTEENBEIh (Alarcon M5, Am J Hum Genet 82: 150-159,

2008), F-BEFRETVANBRAELG-TEHRE %7~ (Penagarikano 05,
Cell 147: 235-246, 2011). Cntnap2 (contactin associated protein-like 2) D
BEb(E & - ERSE)
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Absence of CNTNAP2 Leads to Epilepsy,
Neuronal Migration Abnormalities,
and Core Autism-Related Deficits

Olga Penagarikano,' %+ Brett S. Abrahams,?->¢ Edward |. Herman,?” Kellen D. Winden,'2 Amos Gdalyahu,*
Hongmei Dong,? Lisa I. Sonnenblick,? Robin Gruver,* Joel Aimajano,? Anatol Bragin,? Peyman Golshani,?
Joshua T. Trachtenberg,* Elior Peles,® and Daniel H. Geschwind' 23"

Cell 147, 235-246, September 30, 2011 @201 1 Elsevier Inc.

SUMMARY

Although many genes predisposing to autism spec- =

trum disorders (ASD) have been identified, the bio- _A1 - - o
logical mechanism(s) remain unclear. Mouse models Mﬁ = 7 ) T*EE«F% 1= Eﬂ{%j— %):' - o L
based on human disease-causing mutations provide X2 (Neurexin) A—/—2 7 I Y-
the potential for understanding gene function and A 3 ==

novel treatment development. Here, we characterize —9;_ é mﬁ% o Hiﬁﬁﬁ E g 5

a mouse knockout of the Cntnap2 gene, which is

vy e e e AR COS 2 ETORROMTE
- 1 £ — ~
in the three core ASD behavioral domains, as well as (juxtaparanode) ICE LT, K+F ¥ L%

hyperactivity and epileptic seizures, as have been re- ZE - BHEALSHEABEEEF T 5,

ported in humans with CNTNAP2 mutations. Neuro-
pathological and physiological analyses of these

mice before the onset of seizures reveal neuronal LAL. 88 (ST 1k) LRI
migration abnormalities, reduced number of inter- L= HA - A - i
neurons, and abnormal neuronal network activity. (DEDE"E < 'B%IR B g 3'3 ) N itaut;m
In addition, treatment with the FDA-approved drug spectrum disorder (ASD) (BFREREE)
risperidone ameliorates the targeted repetitive & G)EE ZRIEd 6#&%b§i§ ZTLy 6%
behaviors in the mutant mice. These data demon- el

strate a functional role for CNTNAP2 in brain devel- FERTHE. HRBRUHREIIEWLTH
opment and provide a new tool for mechanistic and NDEEZ B L TWWBENDEEZOND,

therapeutic research in ASD.
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Cntnap2—/- autism model Pamela Feliciano, :
Nature Genetics 43: 1053, 2011 (research highlights).

CNTNAP2E/EF (%, autism spectrum disorder (ASD) (BEFAJEREE) K Ucortical
dysplasia—Tfocal epilepsy (CFDE) syndrome (REBEM-EHD TAMNAEERE) ICEE

L TULV% (seizures, language regression, intellectual disability, hyperactivity and
autism)

Daniel Geschwind X Z MKOT VR EMEBL (Cel | 147, 235-246, 2011)fEfTLI=& T A,

64, BHILIECTERMLEHE. K2 (corpus callosum) TOEREOHEE., RUMEEHAE
BINDEE L VSCFENEE LERFRGERERD. FTEFEMNICHLRYIEXEBE
MIEZEDFEREEZOND., REICKIBEREEMN., FUDLLELLEY, juvenile play
test CHMDIRT IR EBITHENEC BRI LEZREL TS,

FDAIZERR SN TWSEEEBHRETHY . BRAEICER SN TWLWEYRRY Ko (1)
ANRE—)L)1F, TOKOIHORIZEITAHESTEILUNORBEIZHEZRL =,

COIENLEELE, COKOTIRNADDERIZEL, HILLWY—ILELTEEESS
L@ N D

ASDOD ¥ (core) FEXR :

1) EEOREEE (O Ia=-4—> 3 [EE) [deficits in language development]

2) ABROEE LM DES) [deficits in social interaction]

3) ZrEHLYTE/EHE(r TP Rr— 3 VBEE) [repetitive behavior/ restricted interests]

uCntnapZiﬁ{z_:? :

COEBEFOFTI/ BOORVEZRIEORVICTEIERTHDIT U RAEREE
(Nonsense mutation) NEEL. MR EE L Teortical dysplasia—focal
epilepsy (CFDE) syndrome (REEWMM-MN TAMNAEERR) Z5IESEIELNHRE
= TULA (Straussis. 2006) .

I ISH: RRAHTEZ < OMEI. KWKE. BE. D, BREK. RERE. RE
HTHREE (W RE2 UTRBAE4ETEEZRY)

KO R (RE., 1BIEMRRISETFEER & EHK) -

CFDEMEXERIE. BETOFZARA MO FEFEELBEET HIEZLNTINS, T
ADAFEE, 2KOXDORXTH64 AU LETEREORENRED bNT=,

BETORBARIEESD oGS, parvalbuminfGiEN7E#E (SGABABRENE M7
Z—a—aVIZ) OFELHBOHON, CFAPOLTFILEEMNEML TLESENS 2R
BHfEE B A bl

A®R14BEA o RABCHY, NRICEFMEICHERRNRD oz NeuNEE) o
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(=)

KB E TOHBRHABPBHOEENKOTHRTRO LN (RELEERHOSF
T —h—CUX1. FEREHDHFT—H-FOXP2THirzt) , CUXIEBEMaIERY
TEHLNT-, FOXP2IB14EMARIIE AR L FHk, BrdURR Y AARERTHLHERTE
T=o

PVALBFZ 4842 HK0T ™ X D iE B L E A TH A = GABANT EAIE D FZE ZCntnap2
BIZFNFE,

ASDD Y S5 4 T 7 IXHFEMEYN - HEFNTEEL ., THENERENMIST
Hol-DT. TEIREZ#&E, [Silvermans . Nat Rev Neurosci 11: 490-502,
2010]

=T 74— FTKOR O R IZBEREFHEHLEE(CIEMN, HAEEEH 50—
A—0w FTIRKOYORDANBREF WBDETILIORATHRESELER) . BB
FERTEIEEREL, Ry FTL— TR ETIERHKOIDRDOANERZELAEN 1=,
HEEEERSE TL/VLREG 2R LEECHAERIEIBDHLNT,. BETR
FTCHEIENRBO NG o=, ZREEHEEE Morris water maze) THZEIEIE
mHoNEMoT=,

—SEELZALZEETE). EHEE. BE - EFHEaE T, 43
(=)
Cntnap2:E{=+F :

BE$NE (Perseveration) ##REtd 54&I1Z. T Maze Spontaneous Alternation
TAMERFLEER, KORDXRIZT, BB LEWVWS L ONEEICEM, ¥
IW—2 5T BERAKOT ™ X THI3fEEM,

HEHMLAENEZBEMIEADIFEEEZOND., RECLIBERRE (¥
B=) BN, KO RIZTERYDLGLGNL, FERENGLWITODRZE®R2IBEIZAN
7 & LETEI 5 (Juvenile play test) LTz& 2 A, KORHRTIE, &VUE
W LM 48 9 FEESEA o=, Three chamberstt £ T X FTEHKOT ™S
ATET, BEYTEHELKOTHRXTIETL TLV,

ASD® Hh#% (core) FEAR :

1) SREBOREEE(D2a=45—3 3 VEFE) [deficits in language development]

2) ABROESE (HEEDES) [deficits in social interaction]

3) TIEbYTEI/E#ME (YT R— 3 UEE) [repetitive behavior/ restricted interests]

- Ontnap2 BIEFRETIRIZEWVWTERH NS EHRE
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Figure 6. Cntnap2 '~ Mice Show Communication
and Social Behavior Abnormalities

{A) UsV. Number of calls from pups when separated from
their mather at P3, PG, P9, and P12 (5 min).

{B} Juvenile play. Time involved in social interaction, as
well as repetitive behaviors (grooming and digging) in pairs
of mice matched in genotype and sex at age P21 (10 min).
{C) Threa-chamber social interaction test. Time interacting
with sither an unfamiliar mouse or an inanimate object
{empty cup} in 10 min.

{D) Nesting bshavior. The nasting score represents the
amount of nesting materdal used after a 16 hr perod
(1, poor; 5, good).

n = 10 mice/genotype. Data are presented as mean =
SEM. 'p <005, p<0.01, ™"p < 0.001. See also Figure S5.

1437782 at
Cntnap2
BEB51445

contactin associated protein-like 2
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BEICBVLWTRRZEFHNEO N Cntnap2iB 5 FE 2L 69ERFHY.
RCTFILRIRT—DFHBLTVSHED
EEMERLRICHELEESEINIFE? (ALxy 7—272)

HELEEISHNER—DRY FT—0 THAHATREMEA T LY

\ 4
in silicoCTD7AT®—%—@&#
AR Genomat i x % FI FH

 EEFARURETIHABEREET - 49
[FIREEM : 10, FEHEA : 39]
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ﬁ% by Dr Igarashi, K
[}

Genomat i x

Chtnap2: Bz FDEERB R LRI,
ERDFEEESI (ERE) (XSO Sz, 1=

e i S hna ¢
Mus musculus '
100 bp
$XCPE VA T} visze Y viavin [ vssars 48c0r
$ETSE vl viPKW o fY vicar .
snoxr o} vaiee i ViLerF vt
soaxa el vipaxs ¥) vieror  §UR virser
ssars o visnir W -
sTear Vs wHtiE szros [ vazic
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ﬁ% by Dr lgarashi, K

—EEHIC TBPA] 28 E L. BRRBOBRICBEVTRAREHERLE
Cntnap2REFE# S TAREFISONT—
Posi + Nega
= Genomat i x
e AGRETHASRETO T OE—S2 —IitiE
= = T ABEERFHREEINIVIKLFSTH > 1=
= CntnapZiRETF R BERBL ERT
—REBL7 QIRETF) OHTOREHA
{EM ;, ,'. il 49
ﬁ% by Dr Igarashi, K
—BEHIC TBPA] 285 L. RBOBRICEVWTRERLERLT:

Cntnap2BEF ST 3NRIEFICONT—

Genomat i x

REFLTOTIOE—4—(c#E
T AERERFESEIIIVIKLFSTH o 1=

CMmMﬁE?EStMﬂE?@&Eﬁ%ﬁLﬁL

ey e e g
%y kO—b EHRL TIN5 AR AE

30T IISEETFICEE -
VSKLFS, VSETSF
3B EFHIGEETIHLE:

BEEE VSKLFS, VSETSF, VSE2FF, VSEGRF, V$GLIF

V$SPIF. V$ZFO02 20
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FIFDF R LI=Cntnap2iBEF %2308 EF

Abr, Aifm3. Ankrd29. Ankrd45. Arc. Atm. Bscl2, Camkk1, Cntnap2.
Crim1. Ece2. Foxp4. Gadd45b. Gja1. Gtf3c2. Hdac4. Hes5. Isoc1. Kif5c,
Lnp. Msi2. Mtap4. Nedd8. Nr4a1, Olfml2b. Pik3r4. Poldip3. Prkag1.
Prrc1. Rab3ip. Rab40c. Raph1. Rgnef. Rnf26, Rnf41., Rspry1. Sdhd.
Sin3b. Sirpa. Slc7a4. Ssh1. Tiparp. Tmem168. Txnrd1. Txnrd2, Uck2,
Wdr46. Zfp179. Zfp334
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VOKLFS

Krueppel like transcription factors

-Klf1, KIf2, Kif3, Kif4, KIf6, Klif7, KIf8,
KIf9, Kif12, KIf13, KIf15

V$BKLF.01 V$BTEB3.01

2.0~ 2.0+

= 1.0+ % 1.0 T C
Ccc jTAAA A T
0_0‘5?'.‘ TQQ—II 0.0 A—rcz _‘?‘ $ -=-T

10

— NOLDEEGEFORIREHIL?

- ChoDEEFEFBRMITHEER & OBE ZPubMediz R
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VIKLFS

Krueppel like transcription factors

KIf1, Kif2, KIf3, Kif4, KIf6, Klf7, KIf8,
KIf9, Kif12, KIf13, KIf15
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Kriippel-Like Factor 9 Is Necessary for Late-Phase Neuronal Scobie KN et al, J
Maturation in the Developing Dentate Gyrus and during Nelmsel 29;

% 3 9875-9887, 2009
Adult Hippocampal Neurogenesis

Kimberly N. Scobée,"* Benjamin J. Hall,* Scott A. Wilke* Kristen C. Klemeshagen, ' Yoshiaki Pujii-Kariyama,’
Anirvan Ghosh,* Resé Hen, ' and Amar Sahay**¢
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—BRRICKY . EMFENLGEHZETRT EEZ N D69 RIEF
—BEDIITFILEy FD—J RN EEahiEho7z
SXERRICE Y. RETDRADBERE & L-THRE 2 <9 Cntnap2 R=F (AREKF
MERBEORELD) ~ERABROBPAOREHREIC & Y BRAESSER S S THEM
—In silicoCHTAE—2—@BTICELY ZD6IEIEFD S5 5. Cntnap2iBZFE2STH
WREOMNED DN -30EEF: 3NEEFETCOEEMEBALRICHE L TEERFKFD
EERIINEFE
SINLDBEFARI—DIITFILEY ET—I THHIENTE SN, SORBEFHIEI
KLFZ 7 = 1) — (KLF9?) A BE 5§ ol H 5.
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FEWML=-, FHOEEY O TILEZAN-RENECTFRIELEREZT:
2-A) RBEEMS :

- EYRMICRFEMNATEINE=E0 194 ps

-BHERT, PRFM—JXAOBRENA FLRAZED. EEEEICEERT SR

BF - TFLRYy RI—H 3B hEM T,

2-B) RERVS:
- AR CRIBENATEIN-2D : 97 ps
 ABEECEET ARET L LT, GABA-ASE{ATH BGabrb3, BINFRE
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B : (L EMEICL 3 EREOBHENTHEEOS FERZHLNCT S
=EH2

3) ThRUFPYS LI .. TA4RTUE iz, HERRSOREE.

- ERMOFEREEELNRO LN,

- Npasd B UBdnfEZFDRITFDHNED ST

EA{tEMBREICHEL T, ERBELHIBO onf=NpasdZ=ETEEF) X+

= 14 ps [13R{5F]

= ZOEFEEAEN TRYTYISL] . T4RTUE HIZ NpasdDIJE & Rk
BRBANI—2V%RLE

= NpasdERBILBRUTFILRy hO—0 THAHAEEELAELY [BER]

*HE L THRBERD LEI8EEFICIE. EERIGR LRICHE LIEaRIINTTF
EL [IBREFLTOIOE—4—IH#:E: VETSF; 12BEFOTOE—4—(HE:
87&. O$VTBP, VSEGRF, VSKLFS, VSMAZF. VSMZF1, VSNR2F, V$ZFO2, VSETSF]

= ERUEOFHRNTHEEZSZRI SV ITILRY FT—7 )
THLHITMREELNH D

EERFNpasdld, FTRORE LHNFIDOEEN/NS O X#ERI“E <

[RRA—RAYF] :
Npas4l3200ELL E D EEHERERNBEFORBREZFHELTEY. COBMEIC
&Y. GABANEE ST TROEEFIET S

Editor's Summary
30 October 2008

Balance of mind

A fine balance between the numbers of excitatory and inhibitory
synapses must be maintained for neuronal circuits to function. The
intracellular molecular signalling pathways involved in activity-
dependent formation of synapses, particularly inhibitory ones, are
largely unknown. A new study has identified the transcription factor
Npas4 as a 'master switch' acting in brain cells to maintain the
homeostatic balance between synaptic excitation and inhibition, a
balance that is thought to be disrupted in neurologic disorders such as
autism, epilepsy and schizophrenia. Npas4 acts by regulating the
expression of more than 200 activity-dependent genes, which in turn
control the number of GABA-mediated synapses that form excitatory

neurons

Article:

Activity-dependent regulation of inhibitory s‘napse development by Npas4

Yingxi Lin, Brenda L. Bloodgood, Jessica L. Hauser, Ariya D. Lapan, Alex C. Koon, Tae-Kyung Kim, Linda S. Hu, Athar N.
Malik & Michael E. Greenberg

doi:10.1038/nature07319
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neuronal PAS
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protein signaling
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Ptgs2

prostaglandin-
endoperoxide
synthase 2
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brain derived
neurotrophic
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activity
regulated
cytoskeletal-
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