Research Article: New Research | Disorders of the Nervous System

Synaptic integration in CA1 pyramidal neurons
is intact despite deficits in GABAergic
transmission in the  Scnla haploinsufficiency
mouse model of Dravet syndrome
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7LWOWQDSWLF LQWHJUDWLEBRO. Q H$U BQW HVGHQMLRWY GBVSLW
*$%$HUJLF WUDQV BENY KRS ARLYKKIILFLHQF\ PRXVH PRGHO RI
VIQGURPH

$EEUHYLDW HGQTLIWNOLH SK\SthRORIW IKQ SSRFDPSXV

$XWKRUMVVLFD +RWDD® GKWDGFHY]LH $OOHQ +RZDUG
'HSDUWPHQW RI 1HXNWRIOFRJI® BARRRD $XWWHQW/RI'HSBPURVFLH
DQG &HQWHU IRU /HDUQIQQY DQ\GEL WM FRR UNHJD B XDAW $& V W

$XWKRU &RQWULEBXGHWRIQWVWHG DQG SHUPRIQMHG BEHO\]JHG GDW
ZURWH WKH SHSHUQBI6 H[SHWE PAHUIRWAH WKH SDSHU

&RUUHVSRQGHQFH VKRXOG EH DGGUHVVHG WR



iT 6RFLHW\ 1,+ 1,1'6 5 16 VWDUWXS IXQGVGILFDRO BRIORRO DW

i 8QLYHUVLW\ RI 7H[DV DW $XVWLQ
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$EVWUDFW

OXWDWISRNIX RAKLFK HQFRGHYHWIKHVHBOWRGLXP FKDQQHO
FDQ FDXVH HSLOHSV\ B\ VRDGHW W MXE B RRAPHR WEKLDBVZD WH E L G H
UDQJLQJ QHXURORIQFDDQG\VWOQFIWHLY VX J KIS0 RIKQWK IDFLHQF
FDXVHV IRUHEUDLQ ‘GRoSWHRIQ LK\ $ R A UVEDEDPILEGD OZEHRHR Q
SK\VLRORJ\ LV PRVIVQG X\QDOW WHHG VHU FHD @ \6 HO\ESLRERJ\
SKHQRW\SH OLQNLQJ PXWDWLRQ WR G LIVFHIWAH L QH LKQ\SIREA KH \RLC
DOWHU V\QDSWLFQLQBHY UDDIWL RRQGKIUW K F UKRLF SJFERKD. WS DIOK X V
GLVUXSWLQJ FHO CNORAH Y QLRU PIQ\GL RBIDG IDGUGWR YRILWX YH G H
'H WHVWHG WKLV KeSRW KHKRIOHXAHQO UHFRUGLQJV IURP &$ S
QHXURQV LQ D KS$tilal WRJRFRIRKW PRXVH PRGHO DQG ZLOG W\S
PHDVXULQJ UHV SR Q\G '8 DWRVHLLQIDG! \D\QD® DWRIGF WS/RIGPX D Q MRRY
VIQDSWLF DFWLYLWSHRYAHQ@® RKYH ER DPWDOUFS RIVH[FLWDW R
LQKLELWRU\ V\Q D SHJIUD WHRS RDDW K HWLIS SKIFDEBIXYVRITLFLHQ
PLFH :KLOH PLQLDW XHHHG,I3R6RAD D G A Q K L FBELHFILRHD DIQG& ZHUGIL G
LGHQWLI\ D SDWW HRUQ RIXM) FTKKIHVY FRR X VHID BWDE QOQKH. ELW LR C
IXUWKHU VKRZ WKDW HOIBXVFH GUREH E L OQW\ LDHIEEX F M 6 WHKIRKUHW
GHSUHVVLRQ PD\ DF®HMRE RW ¥ WLERPOK QB LWLV RRUPBXOW ] LX Q F
LQ Wkth KDSORLQVXIILFLHQW HMIS $IREBBBEXNQWY VKRZ WKDW &
S\UDPLGDO QHXURQ VQQOYWLFUSWRFHPND GHRERYWHRYHDVHG
LOQWHUQHXURQ IXQFWSRE[ BRGFRRWHDFRVMYXWUHE WIRNBHYHDC

IXQFWLRQ LQ WKH KLSSRFDPSDO PLFURFLUFXLW
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6LIQLILFDQFH VWDWHPHQW

ORXVH PRGHOV RISLO®IISW\L ELWHR X& HUXVO BARWRMDVUIRQGHUVWD QG
WKH QHXURSK\VDRIORI WXGIGHRIG) ¥RHQ L WELYGL WRPRUR| GLVHDVF
+HUH ZH SthMld RDSORLQVXIILFLHQWPRGHIURPHUD& HWR LQYHVW
VIQDSWLF LQWHJURXW 8 QWD X EQW S RW D PHQLVE B CD LRHU PAQ B |
QHXURQDO LQIRUPDWHRI® XSUR FMHAVDM @K LIS REFE PRSMHD KX\UDPLG
QHXURQV KDG PRGH VLVE LGMWL R BL WV QLD IERG LIQNEEKIN RW WBQ W | X ¢
ZHUH VXUSULVLQJDO QR URPOQG WKDW FKDBDNW ISURED & LLLH W\
EH D FRPSHQVEWRUVPHERF ZKLFK WKH KLS SIRFRPSIVOGHL UFXWW |

LQKLELWLRQ WRSQRURBWBEPHW IXQFWLRQV

,QWURGXFWLRQ

'LVUXSWLRQ RI WKHORR\QN [EQWBEN0RY [JD®IWR WKH PRV
VHYHUH QHXURORJLFBCNRXJHERP HQ FRIGHHFKRIRKQGDWLRQDO
FRPSRQHQW Rl QHXURQDO B[FRWWBLUGILWOWHIE VRGLXP FKDQQ
VXEXQLW WKDW VXS SIROUONYHRFHW DRWQ. BEWE @D\YWEHROR HW DC
OXWDWLSRRM WRDG WR HSLOHSVRGILVRP G/H B8 OMD QWEWROH VHL
WKH VSHFWUXP RI JISQHZDWK]HGE HBOE H/(HE ] XG HWRIGKU V
&DWWHUDOO HW D@G *ROGWRED\J D 3DWPHKQ\WWIZRYKWKDW UHQ
RQH DOSGNDMH GRRQIXQFWLRQDO RIWKB BRYWHOQHW HUWKRUP RI *
'UDYHW V\QGURPH '6P\RNDRGIYHHBLOHS$VY(,LQ&IODBYHW DO

ODULQL HW DO LWHGLWKHDOWPHQ@W RSURIRRXRYG B\ LGHYDVW
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GLVHDVH FKDUDFWHWL WY E\UH N AX HQU HYVO GHIYHOR SP H@W JH |
FRPRUELG QHXURORBLGBQ MLQ\G/ F D QG LLKD WK V¥ R'W\D I B W \

7KH HSLOHSV\ FRPRHUBIKGRRUWD OD WG HSPOMELFMQHVEY ED U6
UHFDSLWXODWH GHQQ LHHHUWIGF D Q OFANDA PRIGHIXBWRLRQ LQFOXC
UDW ODVKLPR HWRXVH OWVIMU\ H <X HW BIEUDILVK %DUDE|
HW DO DQG GURWRBRLOD 6XDLMUD®WKRQIRAVWVKHWHURI]\J
Scnla PLFH UHYHDOHG G H FRX-DUWHEBWWWRBQ % PD FHVOLHRID WR RO Q@ L D (
*$%$HUJLF LQWHUQHPQRSQK/LEC FFFRILAVEG K VG KFHWKDWA® Y L@D SWLF
LQKLELWLRQ <X HRQI@DVW VRGLXR FRUGHQ\QWXQRYY ZHUH
XQDIIHFWHG :RUN LY DRPURBDO® SPR®HO LQONKMHRENBRWIR@E KXPD
GLVHDVH PXWDWLRQ/NRAENLQ@WRBGHOUR QN YSHFRMWVLIRIIHU
VXSSRUW WR WKH K\BRWYHGE LIV WKW B#RQHXWURQ IXQF
HOHFWURSK\VLRORJLFDO VLJQDWXUH RJIJ DQ@QHKEX P D@ R\ \PIEK MG
LGCNIA OLQNHG H S IUGSHIMW GIDARWHUDO O

)XUWKHU VWXGLHV KDQIE B8 B8 80CHGHS WRIR @ IGH VLI R Q/FW ORI
K\SRWKHVLINvRd WSLNH UDWHV RIKDYWHHHOXURBRUGHG WR EH
RU HYHQ HOHYDWHG AXUMQJILRQKIRWE U BRGW BV LP HFMH D O
7UDQ HW DO ) XU DN bl GWLKHV G BQRIL S DHIFDWBERPDQWD Q G
VRPDWRVWDWLQ HISMHRQVQUVLWWB QV MWHRQ M. OGER WRBHD IOJH P B O V
GHYHORSPHQWDO GBOD\ $DPRIURWHW DO VXJIJHVKVY WKDW RW
GHYHORSPHQWDO DERRSIFQODWRHYV RKD QUE \F LQFW KW UQ HXHWU V L
EH\RQG WKH UHFRY HUW RH \V X QIFYVKLLEEQ VRRHJR HIGHX WRVQAG \$IRX QG W

ZKLOH SDUYDOEXPL @ H WIRHIAXW B DU HIL Q XWKRIl GRIXQMIDMGIX O W\
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Scnla+/- PLFH WKH PDJQLW REHERMWH RRONHIEY LP RGRW WA K UJ KLHU
GHQWDWH JUDQXOH F WY R QMVSENYBIEVEY RE D W
H[FLWDWRU\ LQKLEUWRXO H FWOR D GFRBILHKD W HEXW GSDCH LR LQF
LQ H[FLWDWR U\KLDISB BW | UPMWKH UQWLIQW LEQ WLRQ )0 RW®Q@V YDVR
LOQWHVWLQDO SHSWIL®H @HX UHR[GV HZK HMK FOMKHH G'$ WHHIUJ L F
LQWHUQHXURQV DQG& LW KWUQHRUB G5 BULEA XL WLIW) BBIFIROHW V L Q
KHWHUR]J\JRXV PLFHGERIUDQG *R@&XV WKHXPWHDIQRLYB '6 LV
PRUH FRPSOLFDW HEL WAROCLQV VG IP\BLOZK L E LWILLFEQQGI XK RVGR *$ % $ H
K\SRH[FLWDELOLW\

1HXUDO FLUFXLW FOUFR\DLWLR/Q BQ & AHY VHQIREBOHPG RQ WK
LQWHJUDWLRQ RI W@IRGR/BDWD\§BRWWBRIQS W IQK L BISW RW\ ¥ W XD L
6SUXVWRQ ‘H K\SFOMK BULLFEGWY L@ EWWRHQY ZRX0OBQD OWHU
VIQDSWLF LQWHJIUDRW LLRS O\@ ® FWQRHWSEVFMQ W QD OL @ X R/S$ b BU D
S\UDPLGDO QHXURQ\W UFKUWLBRH KD Q LV P N X KR DKKLYRUN Q FW LI
FDXVHV FRIJQLWLYH BWRFRIV\6L QB @/HHIN. WHG WRK/LE\KABRPLQLQJ
WHPSRUDO V\QDSW L FGHQWDH OU QW [HY B LEN@GR R U \V D@OBS WQ KLS K\ V L
LQ &$ KLSSRFDPSDO S\UDRRUG VO IHXERERRHYHUR]\JRXV DQG
ZLOG W\SH OLWWH UPRBOHD B LHFHL G HQ$ EWRE W\H YERURHD & SIH X UROR
G\WIXQFWLRQ DQG HB5oa\GHHDMMKH QW WRMHWME RRGHOM. OOHU H

OLVWU\ HW DOHW DOUDQ ZH IRXQB RIQDQMXEWR V\QDSW
LQKLELWLRQ DQG RQNMUHDIO@WITIH BVRFEFE XRQYV ZHUH UHODWIL

XQFKDQJHG LQ WKH K LLS/SRIFEDASX W \RIGWRPH PRGHO
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OHWKRGYV

Animals $00 SURFHGXUHV ZHWKH D, ®SWR YWONVE \RIDP® SHWQH. P D O
&RPPLWWHH DWRRXS$ EQWWGWQIMBARORIGPHRID JHQHURXV JLIW IL
'U -HQQLIHU .HDUQH\ ZDV PDLQWDLQHG BRXWIGHVWEDEQ(Y 7D
7DFRQLF ([SHULPHQGIWECSDRGRBEBE E\ FERNN ZQWW KHOKE W\S
7 & %O - PLFH /DEMVBRWUDLQ KONV HBHH LPHHU IR U P H (
RQ WKicnla” [ & % - ) JHQHUDWVURQ@ DWW Q@ @[SHULPE QW
DQLPDOV ZHUH PDOH DQ®nlH'PDOHHW RKLOH PDOH DQG IHPDO}

& Scnla™ :7 OLWWHUPDWHYV ONU8MKNSVDXYHERIQWRR FRUSSHG
LGHQWLILFDWLRQ PR@HW ZIHW MV MWDNKHHQVER B & 5 QRMD\GHQ HW DO

$00 H[SHULPHQWRHTHU® BHAHRDJH 3G DUNWKDRQHLJ $ $

VXEVHW RI PLFH ZHU RMDKHWDKRMEFDJHEQ BOQ GORKIREND GDRS O D
OHLHU DQDO\VLV RIS/ XD IWKMHO+H MW PLFH) PR QMKRIUIHLG VW
LQFLGHQFH Rl PRUWGKWE VRQZORVWHFRWD G IGDA B3 3 ZKLOH

VXUYLYHG DW OHDRVW OLW/DMNUBRDWH FRHDGOMIGY QHUH UH

Acute slice preparaton OLFH ZHUH L (OMGHHRWM WR IQDV®OQ| RLW
NHWDPLQH PJ NJQHQGHYONDIJL 2QFH GHHB DIMVFRE@HWPHG E
ODFN RI UHVSRQVH WR WHRWHWHSWQPK VFF BULGLIVDIO Q F 1% HFRIXGE H
R[\JHQDWHG FXWWLQLYRDIXWORR FRQWXFHIRVHELFDUERQDW

.&0O VRGLXP SKRVSKDWH XFRMH  MRGAIDXW HS DVFRUE
DFLG &BKROIXVHG EUDLQV ZRGHKHAPRAHMEHG 7KH PLGOLQH

SODFHG GRZQ DQG WKH @/KUBIVBWDS R UADRI)B P\RFCHIES M OLE O D G H
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DQJOHG DW a ? 3RRORV DQG -RQHYV R X7QK\W HEGK WQV WA X/ID\L. |
FKDPEHU RI D /HLFD 97 NP EURDUL RPGW DO KLSSRFDPSDO VOL
PDGH IURP EUDLQV WXEPRI®GH& [LIH QR D W MG FFQ WAMIFQ\WIL RR @ XZ H U
WKHQ LQFXEDWHG MU f & LOWXWHNDDWHWUDWXWRRAQKROGLQJ
VROXWLRQ FRQWDLQD@D LQ WRGLXP ELFDE&BDRQDWHRGLXP

SKRVSKDWH " JOXFRWHD&OOIROFRUELF DFLG VRGLXP S\U

Whole-cell electrophysiology 6 OLFHV VWULFWO\ IURP WKH LQWHUPH
GRUVDO YHQWUDO DRY¥XRI|AMKH KVISR FDW SUVRDPLGWOLQVLF
HI[FLWDELOLW\ PRUSBKRORFISKDYPGRO\RIVDDQGFREDQ YM/ DFOLRMQJ WK
D[LV 'RXJKHUW\ HWDN® HW DOD OLOLROAL HNWW IXHUH SODFHG
UHFRUGLQJ FKDPEHU @O ED WKOW LIQXRRY M QDW&E G MUWLILFLDO
FHUHEURVSLQDO IODLQGL@&6)LQ PRQW 1HR&O 180
1D+ 32 0J&0O &D&WPH)RUSHUULPHQWY WRODBSWHRHKMHFHS
SKDUPDFRORJLFDOOY HBERARWRDBIEWK HB] $03%
UHFHSWRUV ZLWK 1¥$ UHFHSWRUV ZIUOWK @ 3WKH $&6) 3DWFK
SLSHWWHY ZHUH SXOOHG WR3US8NMWMWWD/QZEWVHR W RO G ZWW V VL
JOXFRQDWH EDVHG RUGCPHWILK® VE DB\RHNGD V RLIQVWPHIDXOFAR G R YW D L Q
PO . JOXFRQDWH +(3(&0 1D&O (*7$ 30J $71D *73
SKRVSKRFUHDWLQH GULIVRB L %P WIDXPWP KVEK Q Y HUXQDI®R FRWWDLQ
PO &VOH6 1D&WV&O +(3(67% 0J $73 1D *73
SKRVSKRFUHDWLQH GULIVRBLXER,VDOWHMGKEFKIOKR WLIQGWHU QD O

FRQWDLQHG LQ PO &V&DD&O &V BV &0 (386 0J
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$73 1D *73 SKRV@GKRFIMRBAXP VDOW K\GWDLWHY ZHUH
YLVXDOL]HG XVLQJ[DPLHHAY HQR.QIUDHHD GIHILLWWDE] LFOFD P
DQG 'RGW FRQWUDVWZR 3\ LG MS®R B B@ KD DHHWVI DO | P9 RU
KLJK VHULHYVY UHVLVWBQHHH[FOBRGHXGUYURE\YWKEHWW VWLPXODW
DFWLYDWLRQ RI WKUDEF BDRIGI\W RO S B UDHRELFSHR® XV LMQWU LP XODW
HOHFWURGH OLFURSHRBEHNUDBWRPHOD CQBW B (BRUJUGWWKH QG D
FRQVWDQW FXUUHQ®RW VWRURGCOXVHIRLRORY ,QVWUXPHQWYV

'DWD ZHUH DFTXLUHGAEVPQJ DWW BOB/OLIL HUY LGF-RMGH BXQCED U
GLIJLWL]HG XVLQJ DQ ,QVWHXD&D/YVDPSRILQINYPWHKHQ ILOWH
DW N+] 'DWD ZHUH @F $KRUWHOES KD F T X LH/ LY WRHQ) \PRIDW2OUL Q J
UHVWLQJ PHPEUDQH WBHROWH G WD PO H [B A NIPIHBXNN HIQ WRDIBY DSS
WR JLYH DOO QHXPROEUDEBVIHFOLBEWLBDW LRIQQSRWH@WLDO
LOQSXW RXWSXW FXUWYOHVZBIQE PROWDUHG ARQQIGHSRWYWDUL]LQJ
DQG K\SHUSRODUL]LQ9RXW D HH W DMWHDSXY/ RDIOH- XsGIDW HGHI DD W LY F
YROWDJH PLQXV WKHIDWHD B \Y\RW D ) MDOQAVRIUWLRHY WR W
K\SHUSRODUL]LQJ VWHIKS\ ZKH ROHDQWQ JHBUWR QD SRMMLHFR/WLP XOD)
H[SHULPHQWY WK U HWQK\RHOG/ VWL B R @ XPVHDAHMM & W IVPWRMKVOSR ZI
WKDW FRQVLVWBQ@VPHBWREOHEFOH UHVSRQVH

Data analysis and statistcs $00 GDWD DUH BHIHYH@WHG'DWD ZHUH
DQDO\]HG XVLQJ HLWKHWUWBW RO RAQWHNVVODPRI RVUHRWEPLRQRY WE
RU UHSHDWHG PHDVXWDHMN D@MPHO\FQV RA9$ \ IRROVOR KRG ELGDN TV

PXOWLSOH FRPSDULRSBQNRSWHNMNWM XODAMLQJ *UDSK3DG 3ULVP
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S5HVXOWYV
Firing properties of CA1 pyramidal neurons are normal in Scnla Het mice
BUHYLRXV VWXGLHG MOKXDHVUSHA IR PWGEND: DS ORQQ WX ILFLHQF\
PRXVH PRGHOV KDY HN RMDDYWYHQV DR SHUMRIORIEOPRISHW D C
+HGULFK HW DO S5XELQVWHLY KWYBOIRX QG ZIQIFQH RW\F
LOWULQVLF H[FLWDELOI%HFDXVW WPXIOWIDSIOH LQYHVWLJDWRU\
LOQGHSHQGHQW O8cri&® W QMHHWIHR LF P LHHAS RXIWP HQMWNWVLBBUYHG W
HVWDEOLVK PHDVXU[HVYVRD EIDO/IHO\LOQM A\ KDBERBDPEBOURQV L
WKLY SDUWLFXODU OLRMGIHL QHRXOU FKIWBEGWQRVDWSREHE WKDW
VWDQGDUG HOHFWURZKHWALREBRHLVI/O WHWYWX EDIODE Q1Y G QV+HW
QHXURQV FRPSDUHG DXVWK FRQWWWDQ 1 QW PEO D QAISKRWUWHHDV L V'V

PHPEUDQH WLPH FRQVWDDWG FROEMNDIWDQREFJ 7DEOH

6XSUDWKUHVKRQG JGF)SRODDPW VWHSV ZHURXDOWHWGLWR HYR
DFWLRQ SRWHQW L DHO SSIHYD REXW HIUHVSRAIA N QLRF R ROKW LPR XV H OL (¢
$OPRJ HW DO "\PHQWHHW IDFIK HW DWLRQ SROIWHQWLDOV ZH
ODUJHO\ XQFKPQHKGR@' FRPSDUHGR\ORVORWW HUKPIDWHD Q EH R
LQ TXDQWLILFDWLRQ@HM BXREHG RNV \VIXIXQHFQWR@RHFWLRQ )L
7 Q +HW  WZR ZD\ 50 $12%H3IHPDAU Q@RI FXUUHQW. G PC
HITHFW Rl JHQRW\SHUBFWLRQ @WFXUUHGW DQG OHQORWUSIV RI
UKHREDVH YROWDJW WXIUNH KRQE WLBK DHWGHKDOVRZ VGPLODU

JHQRW\SHV 7DEOH
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Functional integration of excitation and inhibition are unchanged despite
decrements in inhibition in Scnla haploinsufficiency. 2XU FHQWUDO K\SRWKHVLV Z
GHFUHPHQWYV LQ *$3-HHWURQ FHILDWWHILE 1SEn1laVK BB RHGVEAI ILFLHQF
ZRXOG FDXVH FKDQJMVRIQS WHKH RXDVWS X HQWHR YR DF WHYDBW LR Q
FLUFXLW :‘H WHVWHG Véexuivd KHARVIGHQUY ZURK &% S\UDPLGDO
LQ FXUUHQW FODPS QPWH EDVHIOXGR QGODWLPRORWLRQ WKH
6FKDIIHU FROODWHUDO 6& SDWKZD\

‘H K\SRWKHVL]HG WEDWXIQFKIERQRRXBG DRNDEVWERD S WU §F
SRWHQWLDOV 363V MQGQJDQMHIWHDY HE WVEBHXFURQVUDR\ ZH IRX
WKDW 363V LQ +HW DQGNHGQEXD R/QQJE MRV V6 KPX[QRMW L RIQJ
$ KDG VWDWLVWW BADN HDPOYIDDOX®HGY ILDFURV R IDVR/ULRBK O XV
LOQWHQVLWLHY )LJ $H2WZREDPXOXV LQWHQWH@RWSSH S

LOQWHQVLW)\ ; JHQRMR\G HSLQWHUKXNCH WKHHUMHRFH EHWZHI
JHQRW\SHV ZDV FRQWUDU\ WR RXU R OIH MWXIDW KR S\RKWM K HRVKLIY Q Lt
ZLWKLQ WKH FLUFXLWDWXHAK SO K RRARWW IHRROGHRBSIREQWYV |
LOQKLELWLRQ 7KXV ZAHSHHUSHDBWWGFWREW UHY S RQYBHIYWAL W K
LQKLELWLRZL W& RMPNEHDGL QP JER PHDVXUH LVRODWHG H[FLWDV
H[SHFWDWLRQ ZD\W RWXBZD/VLY H) PIVEDGR HXURUG/ L 7 «HNX QR Q V
ZRXOG H[KLELW ODHKDHU+UBINW AR H\Q MVERINEL R Q VADINDEO RE D W K
DSSOLFDWLRQ RI JDEW KWH 8 R\MVNFVN\HMEHE ER WHY BHR@QRN\M VS R V
HTXLYDOHQWO\ 363V RP FHDWXEGH G) DV PH HFX XQQHGAUWK VSLNE
WUXQFDWHG EHFDXWH LYHPRQDRSQGW®E @Y BHIRNEDE L OLWM\  )LJ

DQG QXPEHU RI VSLQFWHDVHG(LQ ERWK WRWVD QGWEK QIRX
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VLIQLILFDQW GLHHQHG@RHRWEFHNWWZ 7KXV WMKHYHD[GHG LWKQW
DFWLYDWLRQ RI WKHIREEBREXKDWSDUORBERRRYVY HAL RIQO &Y SHWDPLG

QHXURQV Shl¥ SUMB-ORLQVXIILFLHQF\

Temporal integration of theta burst activity is unaltered in Scnla haploinsufficient

CAl. :KLOH GHFUHDQHGURXQWH[FLWDELOLW\L®\NRQRYK DEOMWHUR Q|
DFWLYDWLRQ RI &$ RQVDRL GBYUSROMH MWPRX O DQ/LARH) 6 & HV W
K\SRWKHVL]HG WK DSDBWNWURYVRR L BO-OH. DL Y HPDLN & W ZED R V
LOQOKLELWLRQ X0QGHUB YIHDI®HUWBE XL W DKM M WH G: VKLYV K\SRWKHV
KROGLQJ QHXURQV LRORX V WH © WOMDMDLRE \WKK\W KeHMMD UDXWW & V)

EXUVWYV VWLPXOL EXPYW. QWUD ERUVIMKHQ@W HUXWW VWLPX
ZDV UHSHDWHG DW [ WKUMHY®R[OWKR UOHY BNVGR QWL DEK H
UHVSRQVHV RI +HW QHXWR QN XA\ULHQ GWRWLMIK R VHKRIE.QHQIH XUR
363 DPSOLWXGHV IRUWKIRIF WWGH B &R DIORP HPHBKW EMXH@W Y DUHD
XQGHU WKH FXUY H HQWIKDDNMWL B R QFPDW GGE ZFZWPIHHQ FKQRWHNSH'
DFURVV WKHWD F\F XWX VDW) WB QK MMWALP4H DPIDXWWH 81 THRW R
JHQRW\SH ) S ! Q ¥HW I1XPEHU RI DBWY.RQ SRWHC
HYRNHG zZzDV DOVR XQFHKHBQRMG SHEHWIZHWHRYV V DMK HY BKFYRAHP O X
LOQWHQVLW\ PHDVXHH®G VXIIHEYWV WKDWKEP WO & KKH @/ K/ WHBS HD W
KLIK TUHTXHQF\ LQSXPLW IGHR QIRH Q MSKRWILRQWJILFPWBSBIUJILF
LQKLELWLRQ ZDV IWORRQWQRW DR QD & BQUDPW GPIOWQ HEHV SLW

FKDQJHV WR LQWHIR@HRYIU R QSGE KESORLQVXIILFLHQF\
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Reduced feedforward Inhibition onto Het CA1 pyramidal neurons. 2XU V\QDSWLF
LOQOWHJUDWLRQ H[SHUG RAHKDM WM R DIFW MFX DOK LLEQWDR.RW ZDHN SLW
GRFXPHQWHG FKDQJHV EQW.MEN IOW QN X PREGKELR/ HP\WR @DHO )
S5XELQVWHLQ HW DO ZRLHMMWDD ZH QKW VRXJKW WR
GHWHUPLQH LI FKDQJWN@D/BRY LB ISKKE V WRER P\S FRX®GV EQJ |RU
FKDQJHV WR H[FLWD PHDIMWXWHB IHHG IRUDBN® WIQRPWILHF WR &
YLD VWLPXODWLRQ RO WKH{ 6B B[RBYVLPHIDMWW VKB HNAMNLPRGH ZI
SODFHG UHODWLY WG HGQNXMDRQNV IEHRIPKL W HF RRU IGH® D\VQ LR Q
*$%$SHUJIJLF LOQWHUQHXWRIGVEZX /Y @ DISRMLLEW B HW WVKW ORG@LWB F W
GHSRODUL]DWLRROBWALIOH MWA@HFWURGE@FHIG) E\SW\BVFIDYOLEHYV VD
Rl DOO V\QDSWLF UHMS\RQRVH R | DI OHW BEIDER\W N HWH/F WRWRKIH $&6)
& ' ‘H YROWDJH FODPBPIGGOHH QHXURQV EDVE G D GWMUXQMD O
VROXWLRQ DOWHUUWDMOHBR WY WQWK B APRY BQBWBHBBWH P9 WR
LVRODWH H[FLWDWRRIV\UHYS R@QKH ¥ L $SDVWHKIUHGKQ®WGIMWUP XO XV
LOQWHQVLW\ WKDW FRDQWLILVNLRQ® Q\HNVBRRN\NMLREQR ZMKMH UHFRU
E\ PHDVXULQJ UHVSRBNMWNVQIK\LW HPIX@EV/ B XBJRDBIGN UDFRJUIRVR |
LOQWHQVLWLHV

YRU H[FLWDWRU\ V\QDS$WDR UHW BERDY HKR PLSDSLMR QW HRR W
HYRNHG H[FLWDWRUBXS8RWE VWY DSW& F D Q GV WHIHU VHKIDRSHVKI I XQFV
UHYHDOHG QR VWRWHVWIHVDDOHE DI IH W Q § LWH W QMHXIUREVHFW R
JHQRW\SH ) S VWLPXODWLRQ LQWHQVBW\ )
LOQWHUDFWLRQ )S WZR 20D %% 7KHVH GDWD VKRZ WKDYV

H[FLWDWRU\ VIQRBWPB QA @S\KW KIW RLED SMAVKQRHW. JQV RI
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FRPSHQVDWRU\ SORPWRFMWD\W HFJV FIO OV QBRP,RDER YR/Q RV HY RN
LQKLELWRU\ SR VH\QW Q D3HVE LHEJR WHIBIR W\ S HG DHWIHIIA ILFDQW FKI
LQ JURZWK IXQFWQRRQEVWRMIN VRQDLS W LEHLG) § X W KOH/ \PIHIR\.XL F D Q
LQWHUDFWLRQ RILWV IDRX® AN QROWAISE VINIHF W) RPDHQRIW\SH )

S VWLPXODWLRQ LQWHQVLSW\ ) LQWHUDFWLRQ )

S WZR ZD\ 50 $7RI9% UHVXOW ISWHQLEXYHUHISRK WV R
GHFUHDVHG H[FLWDE IVXIEM\\ 8 BWBHRKLB SSRFTILESD@W$ %G H X UR Q\
QRWHZRUWK\ KRZHWKH MXWDMUDKEMLHRGOLBE OHKWHWKPMRPBRH X
JURZWK IXQFWLRQKIHWMLZIDV IQRIWQW MM IQQAHF DQW3G&IDPSOLW?
EHWZHHQ JHQRW\SHWR Wb IDWK B Q \RYGHGIDRG X QW N @\ IPW O CDVIE H U W
E\ SRVW KRF 6LGDNPODPXORQEMWHFR/Y W 7KLV ISQGLFDWHYV W
GHVSLWH LQWHUQ HXWRE LA LRXOLEKIHM. W R®@ SW LEDIWQI H O\ LG
UHVSRQVH WR VLQJOG& D RQ Y DAULR'Q B RIKE WKL WL SBREDP SD O
FLUFXLW 7KLV LV VWKS8RR\RH G [EL WBIWRIR O (36R L (BGI8EL , 368 @
D IXQFWLRQ RI VWLEXOKK WU B WHHBO/H @&/ RKD @ 1 B @ LWLRE VKWV EDOD
HYHQ DV WKH FLUFBALWVIIRY SHUW WA PX@ IH I )HF W *RIPDHQRW\SH
) s VWLPXODWLRQ LQWHQVWWLW\ ) LQWHUDFWLRC
) S WZR ZD\ 50 $129%

‘H IXUWKHU H[DPLQHWDOWROD GG HPKILIEQSWRWY WIRDSWLF
XQGHUVWDQG ZKH®KIU WKHRXRWIRHY H VIQNVSYRYVPDO RU DOWF
DIWHU SRV RIQDSWLF YHVLF QR WBQRLY W \IMW SVHY PHDVXUH
SDLUHG SXOVH DIDWK ®Q3BRWHUVWLPXO XD\ XQWAKYQOHEI )LP

( s W WHVW WEHPERBIUORLHQW RRI Y{B&& DWSRQW&GH ZD
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UHODWLYHO\ ORZVDIMFRU RV X LMDIORVQ\SHY )LIW WHVW 7KHVH G
IXUWKHU LQGLFDW HSWKLOLR GGRIH VR Q B BRMWMKFY W.RUIWRQWO\ QRUPD
+HW QHXURQV GHVSLW KGHAWHARH VY GIGEEE@H SV FD XV H
KDSORLQVXIILFLHQF\

7KH &9 Rl ,36& DPSOLWKXG H HPW DQHOUHRQ V WDY VQEQHDR¥BG
FRPSDUHG ZLWK :7S )LJ )W WHVW 9, Q¥ RHIVHGLGLFDWLYH F
GHFUHDVH LQ WKH Q@PDBEHLF RIHKWHRQYV YD BRGINYV RTUK B F3/8 5
IRU IHHGIRUZDUG ,368QL2DFDIMOWR ¥ Q HXURMG LB +HW Q

W WHVW W VKEDXWD G 35HI DR WG SHOL MHKQW HY FRQIRXQGH
WKH VKRUW WHUP LS/ODW R/IUF 5W \VRQ BI$D FW LVRIQDSWR &HIQWHLD O 1L U
*$%$HUJLF LQWHUQHXU® QWX DIQL F B XW K QVN QIDEGV |LF6 & W O HIDX V
GLIIHUHQW QXPEHUVIRUH GRWHQWXDRQYHUHBEWXLWAG EHFRQG
VWLPXOXV $V VXFK IVEREVGRHNVXR\W BBWHGF WHDY XVR®RI WKH
UHOHDVH SURSHUWL\\D KY H'Q KGE UW RW L\DWL-PX@HDXWIRRIY LV QHF
WR PHDVXUH VKR URQWIHLEU HDALRQ R WINRRIO VWQHIES VE K L E

7R JDWKHU PRUWLRQIRER X WFWKHR 8 8§ H ALMHDMWRIUN [FQ G
LQKLELWRU\ VIQDSWLKSEKSRERP®BIL\ ZO +tNRWODWHG DQG UHFRU
VSRQWDQHRXV UHOHDMH RVUDHP\LIGDOH Q HRU RQY L PMWXUH (36&V
P(36&YV ZHUH LBARDD®GUH)G EORFNHUV RI7TDEWIOR @ SRWHQWLDO
VIQDSWLF LQKLELON WRR) WKEH $&6) &RIASIZUWEI:7 QHXURQV WK
ZHUH QR GLIIHUHQFAKNWIQHP®@E6&LI & P(3BRHRHDQ IUH

+] 17 “ +HW SW WHVW )LJ YH AXAXRBQHR\ S

6 WHVW DPSOLWXGHBPBIQLWXGHDQ “ S$:7 +HW S
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W WHVW ULVYHSWLPH WMWHVWNLRHVBIHRD\)LJ * S \
WHVW $V ZLWK H(36&¥DMER Y B GWKHW HRQR WRQ DSKY EE VBEW LR O
DQG D ODFN RI FRPSHQVDWRU\ FKDQJH DW JOXWDPDWHUJLF

OLQLDWXUH ,36&V P,ROOW HG ZHWK 77; DIQRS EJXDRFNMHRDM H L
1%4; p0 $39 p0 P,36& IUHTXHQF\ ZDV VLJQLILFDQWO\ UHG?
QHXURQV FRPSDUHG ZLWK36& PHDQ IUHTXHQF\ :7

+HW S W WHRW68LFXPXODWLYIS IUHTXHRMHVW
P,36& DPSOLWXGH )LJ ULVSH WLPH SL DQG GHFD\ NLQHWLF
)L + S VA WH X QYF KD QJHG EHWZHHRQURONV DEEGURDYHV V
P,36& IUHTXHQF\ DUHDEIOWH @ P \&WEW H RWHI® HLDQV M HBWLEBME L O L W
WKH QXPEHU RI LQKLEZRLFEK\ VA YXSBRE WHDBVE\GW R H&LI DQG

335 UHSRUWHG DERYH

Inhibition onto Scnla Het CA1 pyramidal neurons is normal when interneurons

are directly stimulated. 7R H[DPLQH PRUH QKIHAWRUKRZAQDSWYF WUDQ'
DOWHUHG LQ +HW QHXURQ@HW BRPSPUWMHEGWER 68 /NSHIH. FOQWYV ZLW
WKH VWLPXRPXN SPHPWIRQHG FORVHUURRBHVWIR GHBRE ®IOQ DR
*$%$HUJLF LQWHUQHRDRE VUD Q& MUH WK IDWQ QL HWHL[FF MWD WRO D W L
WKH LOWHUQHXUBGAWN 2HUH WKHQ LV PDEDWHIGUHIPMIS WAXWE OR F
1%4; DQG $39 LQ WKH $&6,)3 6% JIWREZYWK IXQBWERQSE HGI B M

LQFUHDVLQJ VWLPXGROW VSWUHN RW K K RORXK/U IBQIOREE V@ MPKH Lt
VWLPXODWLRQ RI LORRWHL WRRE JH[BEHW RZXGFQR BN LFKWV LQ

QHXURQV )LJ QHERHFWLRI JHQRW\SHS) DIRQ HITHFW RI VWL
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LQWHQVLW\ ) S LQWHUDFWLRQS ) WZR ZD\

50 $129$% $OVR X QORW H/ WIKRXGDWH. R Q WHH SZIM. F)HRQ WD W/ IKVHW L |
FKDQJH LQ ,36& DPSOHW® GHi WIDEMW:Z QHXURQV )LW WHVW
,36& 335 ZDV LQFUHDQWKXG®RQV+ARWSDUHG WR :7 MJIWHVW 1R
VLIQLILFDQW FKDQJHY Z3B&GHNUBWMOGWMIE)WLPH BL GHFD\
WDX S 0DQQ :KLWQHHY DAOHV WWK H \HH WEKCDWD G\GI I M G H F U
H[FLW DSEMA LAWW LQWHUQHXUR®YG ED @G EWHEMFUWILWRWHWLRQ W
DFURVV D EURDG UD QWH QRV LWWALIHPVX QUX-WY ® QOMLYQHIO VQRQ RU®D SW L F
LQKLELWLRQ 'HFUHD\EH® MR QDISMRIZAVRGHK Q A AW RQYVLPEADWLRQ
H[SHULPHQWYVY )LJEH BPDUHWKOOW RI| GHFHHDLWDANY RIXD BARLEF W L
SRWHQWLDO LQS XWQRLXQWNSEKINQ HOQURRMLWR Q @ GtKH\E LAHRAUARWQ QD SV H'
VKRZ DQ LQF3835DWHK LIHVWLQJIHDL Q HHFDMHDWIEQ © ISWREI UHOHDVH
UHVXOWY LQ D GHWBHBRPVWH Q R SWKLFU®B/H $ IV HYRWRED XAKHG KE\ FK D (

LQ NLQHWLFV FDXVLQJ WHPSRUDO VXPPDWLRQ

Inhibitory synaptic transmission is stable across frequencies in Het neurons. 7 KH
GDWD VR IDU UHWHD DQW KB MWV RWR O/D@DE Z DN WD PDQEEH VR/IL
FRQWUROOLQJ DFWALW L/X GGDWILRQ W K6 &/\3 IR MKHYWN G WKDW F
K\SHUH[FLWDELOLWXRXQRG &HPW® HY B HG DLEQMDWWMOW A XHJ R Q V
DQG LQKLELWRU\ VRXO® BHKXBRDIKHY L RQNULQHXUGULYHQ WR
DW KLJKHU IUHTXHOQFQHNUD@XURPW LRQKY SRRVWHYMW WAKH WHDV XL
LVRODWHG V\RWBRQ M E QR &Y W K HDNDG JEBIXUL W 1L OROXY WUDLQV

YDU\LQJ IUHTXHQF\ P® QWKW \HH FH V& BIW RQV PL\QDLSRAQL E DAWU D
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SKDUPDFRORJLFDO O\4E MR B 89 ZD & W% H HVOMLFPAXIDRDGVH. BQ D F H (
FORVH HQRXJK WR GLUHFWO\ DFWLYDWH LQIGIV YNXDRY VFDQ(
OLQNHG WR WKH &$ SMURP LAXD G KQ B WRIF RIUKHWGEG BV L

&RQWUDU\ WR RXUSKUSRRIDIHM]PWKRQ EDW KB FPHPEWD® H Q
UHVSRQVH WR WK HWIDR BXRIVW ISP XPW QXH EURQR Q HQDWLYH
FRQWUROV )LJ $ & WHHD 8 W KK XWMD WALIRNH L\Y WHH Q @ LWL DVR , 36 3
EXUVW VLPLODU LQ 9 IDFQIRNVXGHH @O VP IBREVBIWX R QW WMA X O W H
VLIJQLILFDQWO\ JUHBWHIRGBULHBWRIRKY DBDURNVW WHXURRHWD F
)LJ & PDIHFW RI JHQRW\SH ) S QPWILHFW VWLP QXPEHU

S LQWHUDFWLRQS) WZR ZD\ 50

$129% 7KLV ILQGL®DW ZERKKVWKWM F KDWY UID WHRG3B® LDIOMH (L
LV VXJIJHVWHG E\ WK H &8 FWHDIHQE®Q IPQ KILFUHQ&LEZDWHYV WKI
OHVV VKRUW WRiQ R LGHXS B A FEXKW GW U LR JDKERV DDIEW\RI FKDQJH WE
,36& ULVH DQG GHFD)A NtQHWLENOD DVVWR QBIS XV @ PHPEUDQ|
WLPH FRQVWDQW RIQ&X BRQDPIZGEOH  DBIFURQVFRPERWDSVLRQ
ZLWK WKHVH GDWD MRYHG/W HPISIRW DLQ) MECAP DRV R/ RIH,8URQV
UHVXOWYVY IURP D FRDGWHL EQ ISOHDMH W\DW R WU FVKIDIOHS RARW R |
PHPEUDQH SURSHUWLHYV

7R IXUWKHU WHVW MXH. BXWIDREQ @ QWA RIHQ G\WEV R X W i W L P X
SDUDGLJP WR WUDLQ@VWK VWIMWLXROXOL IUHTYXOHXQEFLHWIRI)LJ
(* 6\QDSWLF LQK LWL RBXZDYJUWRKHWH \8YRMRORWE EXDQG
QHXURQV +HW QHWHBQWPB[KQEXW VIVQW LL\QFIUFHDO/G\VVILQ GBLH DF

K\SHUSRODUL]DWLRWOWYVFDRVWWLIRNGEXW IDAGXHQEXNWV (RRW
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+] 7KHVH GDWD ZHUKUUIFQWGHITDPS FDORBPWRKWBA\ QRWH R X
FRQWULEXWLRQ RWRFWWLRWLRIQY® WD HHFXIDVQG ®W P ERDH Y H |
QHXURQV RI ERWK JHQ RW\ SIH X L2HDUCHH R MO BRVPLEDLODV/Q §IUS RW HV R

VWLPXODWLRQ DQG DHUMKHWHVRPIEG H G VX NLDI@D DRIMXG HRWM UD Q G
VXPPHG ,363V DUH UHIDD WQ YPHDIQVYWXGH WRNWR GIRWBWIQHGW FC
WKDW VI\QDSWLF LQKLEDWLRBQ (R QWRUKRIQRPLW QERWERAY QHXU
GHVSLWH ZHOO GRFXPHQ@ HGEFGWPEHPHMEHY RDKRYUSREDP SD(

*$%$SHUJLF LQW HS¢Qlad XDBQWRILQVXIILFLHQW PRXVH PRGHOV

'LVFXVVLRQ
7KH SXUSRVH RI WKMVZAD W [WRULPIHR I G HHIHU RO GHUHY B/IX
EHWZSGNOA PXWDWLRQ ORVVKRIYRQPWGRQREWYMP AKDQQHO
DQG WKH FKDQJHV LD Q B XSIDRF B¥ WLLQ WW/IK DM LQKDIBVWIRQ G FRJ !
GHILFLWV SOMXHIQVQ NG HSLOHSV\ GLVBMWGBHWHW ARXVHG DQ
PRGHO RI 'UDYHW V\QF WRFH $HSLOR S IW K \HPRLGV B WIRWX LDHXEG
LQKLELWRU\ V\QD S WO WUQDYWL¥VWQRQK 1B 5RAMRRDS DQ S$SUDPLC
QHXURQV :KLOH ZISRWEKHMVQADIO® \WKIDW R\ SRIS[FR MOPEILIDA W\
*$%$HUJLF LQWHUQH®UR @8R B WHGL R YW VDIOL V VEHMH D@ S/AHQ WD L
PRXVH PRGHOV $OPRIXEN @WWHLQ HW DO DRKWG FDXVH
QHWZRUN K\SHUDFWL WRNS K\ IURHO/BR G UG X SWWWEKNWHEQ G RL
FRPSHQVDWRU\ GHFUARWYWHV\QOQ SHYEEWILW Q DUICHYHD ®RKE GBLWK F
WKHVH ,QVWHDG RXU PDMRU ILQG IQQJVFPRQW LEXWRWY NODWLLM

GHFUHDVHG IHHGIRUBHEFG HMKH G LSMIRED-HEL D IFPWW\RD S3WdF UHO+
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DQG LQFUHDVHG ,363 WHP S&IlDHWXQFARWRAQ ERPSDUHG ZLWHk
ZLWK D VXUSULVLQJ OMFN\WRDWRDQ YN PRBRVDE G KVHPBRUD O
VIQDSWLF LQWHJWRMWRE BXVYWQDFWLYDWLRQ
y OREDOLPHV WR VRP\BMW\D WRGREHIQRXMW MMM BUDLQ *R

'HVWHQEURHN HW DOEHHQ ¥KRZRDNR FOWMMOHDFMQ®R  B®RW H Q
JHQHUDWLRQ SULPDULQWHQ Q#%HRQI F2J L ZDOUM HRW IXQ FWLRQ
PXWDWISRRIM RUH DVVRFLDWHG'FEWIDRVIJHWLRE V REZKLOH O
IXQFWLRQ PXWDWLRGWVDWK D\BQRRAL® WH BLO@GISRPHY UDQJLQJ
IURP WKH PRUH PLOGIWH 6HSLR WHWLF H QIFGSICO®LIRBID W B LY HHWW
VIQGURPH B6FKHIIHU DQGONIE EORMV Rl IXQFWLRQ DQLPDO PRC
LQFO@s@hlla JHEUDILVK PLFH DQG UDWV SKHQRFRS\ PDQ\ C
VIQGURPH OLNH H D UWDH QMW DSXW UWRDLERQ B \Q HAULGRO BDIQID O G H
DQG KLJK OHYHOV RULHDUWQON\S HEBWXKW®® HW $ FRPPRQ WKUH
DFURVV PRGHOV LV RVK IS KHQRWS B H RR GLHRRU B R WHI® WEBO L UL
IRUHEUDLQ *$%$HWRQ¥ LEDMHUKHXWO SURFHRYPQWLRQRUHEL
PLFURFLUFXLWYV LRHQOQBVEIRQBQFMA HOKLWDWLRQ DE&EYV ZH
LQLWLDOO\ K\SRW KBDVIHG G QKKEW WA HEDZRX B G HGH WV YQIVE W L F
LQWHJUBMER®WQ$ S\UDPLGD O ZQ X UIRFRQWL YFDO\OLRR Q MIOWKH KL
FLUFXLW ZLWK SK\\DLRD BILWW IGO0 QH B AN PX OLQ G R@BY H XLWH
VKRZ WKDW ERWK VXH VKRG & XSS RUKV WVSW R WRFARDY ZXWW
QRUPDO LQ +HW S\UDPUR\D\O RHRQRBV\R DWWWRKOXV LQWH

'KLOH ZH GLG QR W [BEVFMHG AKRIQJIJHYV WRDWRPGRILF LQW

H[FLWDWLRQ DQG HIOKUGLYLR G LB XWH¥I$ G HKID.G JHYKILGLWR U\
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VIQDSWLF WUDQVPLMV\BISRF DPSW K H : HHIR XXQKE LDQ GPH B 6/&d D
IUHTXHQF\ DQG LQFUHDBY¥&\835 DHYARKEE®G PHIVHHIGI RUZD UG
LQKLELWLRQ ZKLFHMGFRXOGSHRUMDDXWH LD LWKHEQWREHUWRQDSWL
LQSXWV DQG RU D GHFHOIBNWHL @ URESBE EO QWR WKURBHZRXW D
GHFUHDVH LQ WKH QNP ENYDSNHYK ZEL WERQGP W& DWX@H DQG &¢
QRUPDOL]HG ZKHQ ZXO®MIHGE W% SHWLIR F Q@ Q WHHUPHO)QUDROQYYV DK L C
335 UHPDLQHG HOH YQDWHG UIHP IH®D WU REDES VWLV Y RV ISFUGH UH C
DW LQWHUQHXURQ &Y RRAWDEDSDBOVQ X RPHVRRYHKE BXWEBHDVI
LQ UHOHDVH SURE MELRQ W Q LWK B UMA GWEAUW KG Bl SQUHHW WIHRX O W R |
LQFUHDVHG WHPSRUD®6¥XMDAMVRYQER U VW VQRS WLLFDD BW LRY D W L
7KLV SURYLGHV D PHIEKKD QLWIRGEXFAKLRQ LRURBSEABEUEDWDFRXO G
FRXQWHUDFW RU HYH&PRYHW¥RPHLGKE ELW B EL @HX\U RIGH \H{ P W L
QRUPDOL]HG V\QDSWILR 1 G\W WIVHDWL\R & BRHHR Q@R UN. ORWMW VHHF
FRXQWHULQWXLWRVH WKD$WBHIHEB UMQHRXO G UERHEDELOL
SFRPSHQVDWRU\" LRW FRURW RWWY MKDQ/ MK D HSYFWIVRQDO HII
LQFUHDVLQJ WKH VWIURH® GW K LRI JL QK\NEIR ¥ RRILB BW LSYDWW , QG H
*$%$ UHOHDVH SUR EMELW IDW Y VQ®ISIVH \O RIGHXR BQWDIPQ G I IHU F
EUDLQ UHJLRQV DQG GIRBIVDDFYRY W WBKEHS R LHD OV B$MVRRW W K H
KLSSRFDPSXV OLOLRY GIX¥IBD® UHOHDVHGURED ELQD BW IUF
GHSUHVVLRQ ZKLFRFDK BIOORHQRW UQEMEVWYRRI BRWLFLW\
*RQJiOH] HW DO VLW RGUKHUXP R X VHOPIBEH @B YRH HEBRUWH |
VLPLODU UHGXFWLRYW SQR&E® & LULOHOWH XFH\GX ORROW MWHUP G

GHSUHVVLRQ LQ GHQW FWE QVYUXY SUDRFHPLSRU DQ GXEEHH HSL
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)DULD DQG 3ULQFH DO =KRXDIQ\® LQ PRGWOFQBXI\RQV LQ PRG
RI FRUWLFDO G\\DSD®SURQFMULD =KRXOBW SRVW WUDXPDWLF
HSLOHSV\ )DULD DQ G KR GIFH DO ERWQRR®\ GZWHFWO\ DW
WKH PHFKDQLVP IRU WKH FKDQJI$shla QK U SRSV VA IU HEOLHHIWH W F
D GHFUHDVH IFKOQQHOV ORGRGDMARKRDRIQHO H[HWHVVLRQ kK
UHSRUWHG DV D PHEGBOVVPQBXNFHES FKDQHDWHQ )THIAD UHNV DC
7KXV FKDQJHV WR O®B®HEJIJUR KDV HPRD\ FERP B HFRWPD WR U\
PHFKDQLVP LQGXFHG WX H$ [CAWRWAGRIW R W B VEIDFOD® Q Bi6 HL[FK L E L
%HFDXVH RXU GDWWD\ YBERWHE MXDMI U D WGE RRIZEDVHXWQ FKD Q.
&$ S\UDPLGDO QHXQRQM GH XS RWHOISRMIBRWKHVLIHG WKDW
FRPSHQVDWRU\ FKD@UNW VOR SIMWAIFWDWD EHPR¥FXRQ LRLU KW WKL
PRGHO 3\UDPLGDO Q@HXNRBY ® WH A Y H KO FID §¥DE D /W WR
VWUHQJIJWK 7XUWQGDIGQRVULQVLF H[FDWDELOLW\UBMBREWH WF
ORQJ WHUP FKDQJHV LQ DFWLYLW\ ,QLPRXWRUWPROGBOSVRILAHSL:
GRZQVFDOLQJ +RZDUSX®WW®DO X SNDFPIHONFXID® G 7LPRIH
+RXZHOLQJ HW DGHFUHDNEG LQW UWQ V+R ZH[F G WHDAE IDAD
KDYH EHHQ UHSRUW HGDDQQ&IX URQB P B U KFEH QO ¥ WIX'GH GRW\ QD S
VWUHQJIJWK RI JOXWD® DLW B KXWV VER WGBHIQONHD FHO O\ X \Q JWKOH) VD P |
Scnla KHW PRXVH PRGHOVXEVHED WQVRX HWWmU\ WR RRQW U
K\SRWKHVLV RXU GIDMDHYLG HRAWH RH YF PRIHY WD R/ RUQ FEW LF R
LOQWULQVLF HcR1aW+DHEW QRLSW \SLQDP LGB P BPHOQGLFEWH WKDW DO
FLUFXLW DFWLYLWW IGRHWK® RS VU HROUHE FIWALY KWDLQRLQY IRY WRKU W K D

RWKHU IDFWRUV PD\ FROQMANUHE DO ZQ ARHQRRK WK FBWHH FK D Q JH V
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'KLOH RXU WKHW D LEXWN W D WILIRSQVH FS HW KPDQ MWQ/K Y K 1 WH\RW
IXQFWLRQDOO\ VWURGH HQROWEWLR G RGDQY VBRHIW Q@WH U QH X
RXU VWXG\ ZHUH Z L WAKXFPM) WHKEBIE H FFQ\BW GRXIU AIMR ODWHG UHFR!
RI IHHGIRUZDUG ,36&VHVIKR.IVFOHD UH V S RIQWV® \D\W EPX O/X\E HQ J
LQKLELWLRQ RQW RH&$U RQV DLRLGIDUH BVQOR | W[ DL BVADWMRAD\WEIER D [R ¢
RQWR LQWHUQHXURQ\H 2§ RFK R KVHRQ WKHHD B DURIP LIGIBIG IRK ZD U G
LQKLELWLRQ ZDV QHPWRIQVLERPHWUHG WR ZKHQRIQYHILELMA\RQ ;
VWLPXODWHG GLQHFWBLWBWERIR FWN U DIDRARLY WIKRHQ VIVQ ® XS@X V
HOHFWURGH ZKHUH L 5Wol$ b Q BIIXF B QR/QY QIEE B X\® 16 UFPH. SOV F W O \
GHSRODUL]HG LQKEZBNVWRIXLYDHOHQWWKHW Z B HP@® MRQ RALNSHUH Q
EHWZHHQ WKHVH H[SM WIQRHQWFW W WKMXQD®WR D UGWKIUBWLI
VSLNH LQLWLDWLR® ®WHYRH@JR Q Q GIDRBOQ D DWLR QI HE \
LQWHUQHXURQV HIDRX RH YKVFK $W X E OLHG W® L@HN Fa D WHRGGIH F U
VRGLXP FKDQQHO DDAMH.YQ WX WRQAH WKILIWP VY@ DB @ IDFQW W R Q D ¢
DFWLRQ SRWHQWLDOL S RDDYID W R RQ\ HIES 1§ H bl QSIMEED VKW H
PRGHOV VHYHUDOEWHS BUHE R GGHADW YRR ORI VO LWHU WRX\H
SRSXODWLRQV RI +HW [LYQWRUQGLXAUHR SDHIARIIRD MAN ROO/ *RII
DQG *ROGEHUJ 5XBDLA@QVWHWADB H W ERW LQ GLVVRFLDWH
QHXURQV SUHVXPHGURR\VEHKHWHDQHXWUDEHBPWOLU HOHFW
VWLPXODWLRQ RI LO¥4BHWHE XE RGHWU B QOB G B W L F LIQIWWHHMI D W L
PD\ EH VWURQJO\ VXSKRPRWRDNNKRO GKDQUWYDLWLRYLNA G RU

SURSDJDWLRQ
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2XU GRFXPHQWDWLRQVRR®RQD 8§ @ LSA LSD FOLGEE\O |® H WEKRIQV
FRPSOH[LW\ WR DQODPDWEG\KRBR® KHVR® R RWKGKEEX WRW \U
G\WIXQFWLRQ LQ 'UD YOWHVUHAGNIRPIO \ S RVHK[HF LLVD DVELLLGGL WAL \F R\
SDUYDOEXPLQ DQG [SRMNWRYWDYW B U HXIWVRFRWY RUH GL DD @ D
KDSORLQVXIILFLHQW PREHWWOJH 3 Q®SMUYIDEEXPLQ SRVLW
DQG KLSSRFDPSDO VWU H®XFRPDWRWW D W IQW H ISUHXVR. QY E\ 3

$OPRJ HW DO DXDYHUR HKWOH PRWWDOLWNDN LQ WKH HLC

SHULRG FRUUHODWL QQ\WHW R HXHIPW BV QEOVBLRWKMH LK ILFL’
SHUVLVW HYHQ L Q XHWL YPH. FOHR @K D @WWRHMG ROW K R R GD OWDRH HW

<X HW DO P XK QY S HEW KG JDIEH WDKQ WK EALPRVW VHYHUH
PRUWDOLW\ UDQJLQKXVRPH3VDPSGHG |HRPKEDRWEHRIHEF OLNHO\
GLH RI WKHLU HSLOWHSDW D@ OMK R B M HHWPU Y K'DH\G RORIQG DW D V|
WKDW LQKLELWRU\V\LQRIS WH F DA QB G VHAU HADIDAMLN HIOQ KL J K
IUHTXHQFLHV DFURVYV LHIWHQ/GRIXWR QVQAMXK 1 H VW R UN ERY W U R (
QHXUDO VLJQDOLQPRVWQQDRWQG XAMHQY LLVQW HY BB XA RQV DU
K\SRH[FLWDEOH DQ&H. 8 RPLW H/ B Y W K HVG IS\SSHRIDWHY BKIHW VKXV ZR|
ZKLRKivo UHFRUGLQJV RI @RWXRURUDFEW D GHOWH UIGHX UR Q V
ZHUH QRUPDO LQ D QBZDNGHWH\HBLEE G XUHQL GIRQLYMWIHN LFWI
SHULRGV LQ ERWK WKN WBIWHUZK B Q VIHDWBIRGH KILR QEFOMU HH 6 W
HW DO 7UDQ BI®GDDW ROGHU DJH VLY KMHRZ PIRUG DOQWW U Q H X
H[FLWDELOLW)\ KDV @RUPHWLOBG 'H 6WDQ HW DO

2XU ILQGLQJV OHDY W LRRSQNQ RV KZHK T M H \D Q@ IKIRZWW KRIQUIBIR/W L

DQG SURFHVVLQJ RI Q& KRIDRD WILIRRX EW V IEHN-DONWGIRZ QVR B &/ HL 1)
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DQG FRJQLWLYH GHIUBYWW VUGG H R WHMFRWOHQMIHKULEHXURQV H
FOHDU K\SRH[FLWDBIROGWY UZXI$S WRRQGR N QREKWE EW.IQRMHRUD W LR C
$SK\VLRORJLFDO  WKHQ M BEXHUYGHNGREXWVRY RKVWVRRED XV W
WKH OLQN EHWZHHQ PX\8 RWILRQ RB H ODDIGNE LLW/F ® RW W HV VD U
GLUHFW RU LQWXLWLYH ,W PD\ EH WKRGV RRX UUK\SRMWKH DRI v
LQFRUUHFW WKDW SXUDH[ISWHURHRRVQRYRKRKHILDBURD GRU Wk
RXU PHWKRGRORJLHW QRXJR RVR \GHWHFHH Q@ X IK@MH GVFROBDU L
WKDW XQGHUVWDQGUBX LWK P HFHK® @ LDVPEA IRU FFRR SLFHD[OQG L VR U G
VXFK DV 'UDYHW V\QBVY PPKROHVXLLF X QUEHFW W Q Q AIQGILRHBW

FKDQJHV WR WKH LQW B LSKJVE FORE) \VRHEIMQ ISX URIQ VXEW\SHV

WKHLU LQOWHUDFWLRQV
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ILWHUDWXUH &LWHG

$OPRJ < )DGLOD 6 DWDXXKR® 6 8QGHUVRQ. 5XELQVWHLQ
'"HYHORSPHQWDO DWLWH (BIMRISRIQW LAV B KQESEEEWRID ® @G

HIFLWDWRU\ QHXURRGHQ RIPBRVHW VIQBRORPW 1HXUREL

$YUDPHVFX 6 7LPRIHBDSWLF VBWUHQJWHKUP RRBXW DRMOLAR @/ DDW P [
UROH LQ HSLOHSHKRIRMFHVLV - 1

%DUDEDQ 6& 'LQGD\ 08 +RUWRSDYFUHHQDQHEQ BIEY K
PXWDQW LGHQWLILHW WOHPALLR O HGDD DN WHO\WY G URWH WUH I
&RPPXQ

&DWWHUDOO :$ 'UD Y$H WR BIQXPURKD Q QD@ SMWKAU @ M KU 2S L1
3K\VLRO

&DWWHUDOO :$ 2IDNOOXHP\H-& y HBEBDQQHOV DQG HSLOHSV\ - 3K

3W
&ODHV / 'HO )DYHURV-%&HXIDHP D Q@D Q % U R'HF-NRKRIKHIQ3 &
'H QRYR PXWDW RREQX R G KDIQH) &1 J$H 6 DXWHH U H

P\RFORQLF HSLOHS¥R RI+X®|DHFEN W

'H 6WDVL $0 )DULVIQO,ORBYDOOBRL 6 LIRUORWL 8HEBRWHJD]]LC
0 3DQJHUL 6 &DUPLJQRWSRQDEWHUMHG QWW ZRUN DFWLY
LQWHUQHXURQDO | DUWHRIX® XFUROW L\VFORODRB/ALQLD B LR XIVGH Y L
PRGHO RI VHYHUH PW\RFRIRIQQIMD BBELO&HSUHE &RUWH]

'LFKJDQV 0 )UHLOLQYHMU%DEERVWHIRUH®b 'HSMNXSBX6 )HUUDL

0' +HU]JRJ - YDQ GHQ 0PD IDHFEKHWUHW DO WLRQOXW W KH
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QHXURQDO YROWDJH JD@/8&1VR G QXM FKQIQEOPK BEPDEQH
IDQFHW
'RXJKHUW\ .$ ,VODP'7 -RKQ@WWWRQVLF RI[RSVSELDR W3 D O

QHXURQHV IURP WKH UDWOGKRUBERF DRSSXYHQWK\VLRO

'UDYHW & 7KH FRUQH URPYHSK HQRW\SHE6XSSOHSVLD

"\PHQW '$ 6FKRFN 6& 'HORXIXEBY\8UH . 1XWWIHKWRQ $ <XDI
- %DQGHUDOL 8 &RPDVOHFWURGK\VLRORRFD R IDDWHPLG
FHOOV DQG LQWHUQHIMUIRAY RI WKH &$5 HFRFIHOS R R X \OH
PRGHO RI '"UDYHW V\QGURPH *HQHWLFV

(VFD\J $ *ROGLQ $/ FKPRQ@HOP6RG HILOKSAMWELRQV DQG
PHFKDQLVPV (SLOHSVLD

)DULD /& 3DUDGD , 3UL@QWHURHXURQD @ HO MEXRUPKIQ WLHV
SRVWWUDXPRWHB LHFSQE R § RRELIR[O 1IHX U

)DULD /& 3ULQFH '$ L F 3LUHM\BIDBRW \ WKIQEMMLGRIDDWO DUBEQRU |
D UDW PRGHO RI SIBVWMIM\XPOWKBRSK\VLRO

)DYHUR 0 6RWX\R 13HDRI®H\ (-$. *ROGEHUMWWDQVLIQW
GHYHORSPHQWDO ZLN)IGRZLRWBY@HXSRQ 8RN XK FVRIGRHD L C
RI '"UDYHW V\QGIXRIRIVFL 1

*RIl .0 *ROGEHUJ (0 WLYBIVR@WHVWLQYDWLSH I\ MEGH & HSUHR Q
LPSDLUHG LQ D PRXWHHYPRGW® BURPH (OLIH

*RQJ % 5KRGHV .- %HNHOHPBHEXWBL = B\SHSHDQ 1D

FKDQQHO DOSKD VXEXQIWLERW\SHSWLGAWSRSIDWLDO DQG
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SDWWHUQLQJ DQG DX MFORLIDUN DMRXE X QU V& R® U DWX BB DL

*RQJiOH] -& /LJQDQLO* %DAURMAROL 3 +HWQI QG HJUHKLWO SWLF
PXVFDULQLF UHFHSWSRWYFUG BB H WA QRIQVY QUEH FIRFYLHOUWL\WWIDW |
KLSSRFDPSDO JDEDHUHBUMHE \QDBSWHY &

*ULIILQ $ +DPOLQJ $RYLRNO 6/HH /3 %DUDBLNG PAELQLFDO DQLI
PRGHOV IRU 'UDYHW]XUQIGSKIPHRWHIHV FRE BWEKIGLWLHV I
VEFUHHQLQJ )URQW 3KDUPDFRO

+DQ 6 7DL & HVWHQEURERXKBDKRVBWHU *%/ VBNEEQ/ 6FKHXHU
7 GH OD ,JOHVLD:$2 &DWWMUDWIOF OUNHESHHDBLR® LFH

DQG UHVFXH E\ HQKDQFHGHX O EHONRID®QMPUMGLRQ 1DWXUH

+HGULFK 8% /LDXWHQUBED&P.LUMEIDKO 0 XDV LTKQHLYV/IE 60RWW
- (VFD\J $ 'LKQp 0 HWBDLUHG DFWLRQ BWWRI@ WQ DI® EDH |
LQWHUQHXURQV F DXE\OHHV QKN S/HIRR NS MDH § W LFFR BRIO
FDUU\LQJ D KXPDQ 1[R® - PHOWRW FL

+RXZHOLQJ $5 %D]KHHHHRY ,0 6TWHPRLDGH 0 6HMOREZNRYWDWLF
VIQDSWLF SODVWLSRWW R/DQBIXEBEMEV)RIHEOKVYRQYLFD OO\
LVRODWHG QHRE RWRWM[H [&H U

+RZDUG 0$ 5XEHQVIVERQ 6& %DU %LGLUH KWIDRMLIFOSIOPMR/MR F LV
LQGXFHG E\ LQWHU®HXQU®R @ B B Q @ S®HDIWMFDRN LRY O @ FDLGY B F |

86 %
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.DOXPH ) :HVWHQEURHKMN 5¢XKHDRBNOH\ -& 6FXWWHWDIOO :$
6XGGHQ XQH[SHFW R XGMHDMKGIH®D R 'WPHYHW ¥LQGUR

,QYHVW

ODOLN 5 'RXJKHUW\ . %\BQHLANK-RKQVWRGLQJ WIS
HOHFWURSK\VLRORJLEBDOD QGRBRIWSKRIEIRD Q% XI\RQWV L
DORQJ WKH ORQJLWX®QWO+KESKRRPPBEN O

ODULQL & 6FKHDEHERXW 5 6XOV $ 'H -RXIHHIBQEDEUD ) 7KH
JHQHWLFV RI 'UDYHSE WHGGURPH 6(XSSO

ODVKLPR 7 2KPRUL , 2KGERLGIDWXUXPL 7 PRNL @ :DKDKDUD 6
<RVKLGD 7 7DNL]DZD $ MW \WDHQVH P XW IMVQIHR B QFEIRE K & JJ
YROWDJH GHSHQGHQW WR G LAFPQFHDQ VEIUFIWBWWR IHEULOF
VHL]XUHV LQ UDWV - 1HXURVFL

ODWWLYV - 6RPDURZWKR@J {RKRP -- 6RWXJB\1/OOBBDJI +
.DQHNR . *ROGEHUJ (FRKLS&RBWRSDO FWWRXQL WQGDVIXQF
PRXVH PRGHO RI 'UDYHW V\QGURPH (OLIH

OLOLRU * 'L &DVWDRD$*DOFRIDWOIR. 6 %RBPQERL ,/I5MIWROD &
0DJJL / (OHFW U RSKSWIRSHRUWEHV R IQ&SX IBRQNPDLGRQJ
WKH ORQJLWXGL QXY B[KVSBRWKPMSXY 6FL 5HS

OLOOHU $5 +DZNLQV &% OHFBRQDR-$ OHDGISWQEF PRGLILHUV

VXUYLYDO LQ D PRXVHW FRGO@URIPRD*HQHY %UDLQ %HKDY
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OLVWU\ $0 7KRPSVRQ &IDQROM Y $HRUJIH $/$ . HDUQH
BWUDLQ DQG DJH GHSHQGHRWRRLSE & E R PUSDHIDWDHAGHN X/L IRK
HSLOHSV\ VHYHUL@G URP'HW PYRW MHXURELRO 'LV

2JLZDUD , OL\DPRWR $WDRRXWIL 10D]DNADNHRRKKH7, ,WRKDUD
<DQDJDZD < 2EDWD . HDA¥ DOORFDOL]HV DVUR DQEQP LRY S
SRVLWLYH LQKLELWRU\ LQWHUQHXUWRIV X HFV. UFX PWFED VL
FDUU\LQJ DQ 6FQ D JHDHXPRWBWLRQ -

3RRORV 13 -RQHV 7' FODBBWHKRUGLQJGHRB QIHXKR Q®XU U
3URWRF 1HXURVFL &KDSWHU 8QLW

5HP\ 6 %HFN + <DDULVWLFLWB®D YROWIDDE QWO GQLBQWDPLGI
FHOO GHQGULWHWXURELRASLQ 1

5XELQVWHLQ 0 :HVWXQEURHS (&< 6FKHXBOG :&DWWH
*HQHWLF EDFNJURXIQG IFFRSOXOHG H[FLWREXOR®WVRIQL QKLE
PRXVH PRGHO RI 'UHY HM X Q BUR® 'LV

BFKHIIHU ,( 1DEERXW $ UHODAMHG SKHQRW\SBVEHSROG SV
(SLOHSVLD 6XSSO 6 6

BFKXWWH 66 B6FKXWWHE 52 'R&D3JUDJIJDQ ORGWMIBPW\VRU VWXG\LQJ

FHOOXODU PHFKDQLWNXRHSBEQHBEVHODHXURSK\VLRO

6WXDUW *- 6SUXVWRQLF LQWHHQOBDWLWURJIJUHD/YVY RDW 1HXUR)

6XQ + .RVDUDV % HQMHQ 30 - ODPPDOLDID MDRAFH® R

FRPSOH[ DFWLY DWLHRIX QBWHW LYRIO®R GILNMDMWNGQDVH PH
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KRPHRVWDWLF FRPSBQ\IHRICFOQVIRD URFZ]$BBE 6ALRF & DWO
$

6XQ / *LOOLJDQ - 6WBIESHU BIXGARXW 2 'REH®D.Q H $
NQRFN LQ PRGHO RI K QP U@ WSS KHGN \U HFHHOBDOMO D UQ RY HO

PHFKDQLVP DVVRFLDWHCGHEGWKHKHOM L- 1IHXURVFL

7DL & $EH < HVWHGKHRHN 5( DWWHUDBDQUS G H[FIAPVDELOL'
VRPDWRVWDWLQ D6 USDUWNIDOERRPUVGLED® D PWNHUBHXURQ
PRGHO RI 'UDYHW V\Q@WORPHD GBRE 806 $ (

7UDQ &+ 9DLDQD 0 1DRXWKX $6RRDIU.0 *ROGUWHKLG 1
OXOGRRQ 6) *ROGEHUJUQHXURQQ®HV\QF KIFRIGHWYWLRQ SU
VHL]XUHV LQ D PRXVHHRRBHIGRRPAMD - 1HXURVFL

7XUULJLDQR * +RPHRVWDWLF V\QDGREFOSPBNMILELWR YV /R
VWDELOL]LQJ QHXURQDO IXQFWLRQ &ROD 6SULQJ +DUE =

'HVWHQEURHN 5( OHUUDPMN ':$ &DW WHI | HRAHDWIXID®D Y YORFDOL]D
WKH 5, DQG 5,, 1D KEPQQBCFMNRPWDO QHXURQV 1HXURQ

<X )+ ODQWHJID]ID 0 :HYWHREEULRWNES .DORPH.$ BXILVD
- OF.QLJKW *6 6FKHKMHUD QKD :$ 5 H GAXFHUGH @ RGLLYX P
JDEDHUJLF LQWHUQHPRREGD LRI BHYRMMH®O HRSRVORQLF HSL
LQIDQF\ 1DW 1HXURVFL

=KRX ): &KHQ +; 5RSHUY%INODQFH RI LQK LEWDWMRRII\D\Q QW LF
DFWLYLW\ LV D O NHUHIGQMOH LDQHK VB QY FRU M[ISFHQ FeH @ $YDD

1IHXURSK\VLRO



) U

)

+

-

¢

dlluS

)

apted vl

LC

Neuro Ac

e

JLIXUH /HIHQGYV

JLIJXUH 9HULILFDWLRQaR} SKISERRWE XU $LYD GcSlaRW RI

EOXH Q Scn@6ZLOG W\SH OLWWHWPDWHMNRP OLWWHUV

SORWWHG DV SURYEDE ISHIUNG R VXIBYHVW $00 HOHFWURSK\VL

H[SHULPHQWYV ZHUHK B FSQ{H IGR(® VE&DB® TZHL @ % ([DPSOH

ZKROH FHOO UHFRUBHPBYDRIHQSRWRQ WLQ D RXR GHHG\R O/DNH.$ V
DQG S$ VWHSVQXP B KO RWWH G X DU BX@W WMRHS RAL [ H

HITHFW RI FXUUHQW VWHS ) JHQRW\SH ) S

LQWHUDFWLRQ ) S

JLIXUH 6LPLODU SR\HWQOWDRDGWLE SBWS\RDRLGRP QHRQ G
Scnlat- PLFH ($DPSOH 363V UHFRUS\WGRIGRO BV IURP
JUD\ B®@B+- +HW EOXH PLFH LQQUIHSRWYAXWRWLRQV RI 6FF
FROODWHUDO D[RQKHWLQLPDQ G WLW&IEQ WHRSY LIVQ & Q[ WKH
PLQLPDO VWARDED]LQH JE] %ERKHWRPDN DPSOLWXGH DFURVYV
VWLP LQWHQVLWIEZHWQ\NQRMOBHVE HPBIQRWNSH W RI JS

PDLQ HIIHFW RI VWLP LQWHQVEW\ ) LQWHUDFWLRQ )

S WZR ZD\ 50 $129% Q &PHODJPSBEREDELOLW)\ DFUF
LQWHQVLWLHV LVIPRWDSHEHWZHG GIEHFW RI JHGRW\

PDLQ HIIHFW RI VWLP LQWHQWLW\ ) WKUHH ZD\ 50 $129$%

DQG LV VLPLODUO\ LD% 86 DAVDERMVRKQ IEQ PWISHMIIHFW RI GUXJ
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) S JHQRW\ISH [ GUXJ S) ' $UHD XQGHU WKH

FXUYH ZLWK VSLNHRVW UXYQIFD WHWH Q¥ BEWIMZWHHEY VHRIRMWDSHYV

HITHFW RI JHQRW\SH 9 PDLQ HIIHFW RI VWLP LQWHQVLW
S PDLQ HIIHFW RI GUXS$ ) JHQRW\SH [ GUXJ
) S WKUHH ZD\ 507KIRIPXPEHU RI VSLNHV ILUHG |

ZDV DOVR VLPLODU BHW PIDHQ HHIFEW\RI JHQRWSSH )
PDLQ HIIHFW RI VWLP LQWHQVEW\ ) LQWHUDFWLRG )

WZR ZD\ 50 $129%

JLJXUH 1RUPDO WHPSRUDO V\Gh$aWi R HRWRIQUDBSRD LQ
363V UHFRUGHG LQ &$ S\USRMAED O R B O DWSEUIR™M GERWWR P
EOXH PLFH LQ UHVSRQW NWLEP X\KIMWWLR @ ®REZ V R IPOFKNM | B U
FROODWHUDO D[RQKHWLQLPDQ G/ WLK QRWHQDISW\L BEABMORFNH U
1R FKDQJH LQ DPSOLRHOGHK BRHG6BY DUHD K QBHHWZWKID FXUY
JHQRW\SHV PDLQ HIIHFW RI JHGRW\SHQ) FHOSVRPLFH
GLIIHUHQFH LQ QXBRMW ®@W DB WV R QU HWVEKHW D RHWBSIRRXADWRRQ E
JHQRW\SHV PDLQ HIIHFW RI JH@GRW\SH POHEW Rl VWLP LQWH:(

) S LQWHUDFWLRG ) WZR ZD\ 50 $129%

JLIXUH 5HGXFHGDILHHGOXKWE L W RSdrild+Q S¥$W SWWRDPLGD O
QHXURQV[SHULPHQWDO GHVIH® ZKROHWE RI® & O/'(RRING HG IV
Rl &% S\UDPLGDO FHGRUOGORKHDULHO D[RIGVXSWWHIMD/RAXE& DB WV Kt

&$ S\UDPLGDO QHXURWD\ZKH G K DBVLH H O X V& B P B VW RIGBDRO V@ KIEK U F
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WR JHQHUDWH DQ \HFD B\ MR EX SRVQW (36K EDWRBUR QWR HUQFH
WKDW WKHQ SURY L GH WiRAS HLR\. W \L\@KESOE VF WRUW KB VBVUDPLGI
FHOWVY[DPSOH WUDFHV RI H[FLW,;pMRU\ PO HBRGGLHXX DE\L \{/ R U\
UHFRUGHhGWPMWW(P9 SRVWV\QBOWVFLEXJU OHISWn1dUD\ DQG
ULJKW EOXH QHXURRNQHNRO H/GVDRX WEW HR R LIUGWEHQR LHY RNH
(36& [ [ DQGPL@IKHDO L@WHIDPSMH WUDFHV RI ,36&V UHFRL
$&6) EODFN LQ WKH SUHVHQFH RIOJDW DRDWH3EORKGEHUYV
DQG LQ WKH SUHV HQH HE ®R BOKXWD P PDEDYIDAH GHPRQVWUDWLQ
WKH PDMRULW\ RI WENXWS$ASLHQUIWK LV S6 ILRUZIDIWPGZ DY KIHE. W LR (

LQ :7V San@a™; S W WHMDN DPSOLWXGH RI (63&V E
VWLPXODWLRQY VQWHDVUVEHWZHHQ JH @R WNSHRW\BBILQ HIITHFW

S PDLQ HVMERMXBDWLRQ LQWHQVLWS )
LQWHUDFWLRQ )S WZRLZDS Q FHOON PKRH
FRHIILFLHQW RI YDUXDWGRQY LI PINDA P K OIXWMLRIQQL PWO VWLP
LQWHQVLW\ @ :7 DQGSgnla” DQGDQG SDLUHG SXOVH UDWLI
335 RI (36&V S Q 7 DQG &nla”; W WHVW DUH QRW GLIIHU
EHWZHHQ :SenDa¥GQHXURBQVYKH ,36& JURZWK FXUY$tnLlat/-UHGXFHG
QHXURQV FRPSDUHG WR :7 PDLQ HIIHFWRI JHQRWLRHH)IHFW
RI VWLPXODWLRQ LQWHQVLVB\ ) LQWHUDFWLRGQS )

) 7KH &9 RI ,36&V LV ISQEAVHQWMNBR@V S Q :7 DQC
Q Scnla” DQG335 LV LQFUHDVHG® S:7 DQG &nla” *
([FLWDWRU\ WR L PKILIEVXWRAG DD WLKRH 68 UDIDH®I RUK(I36(8 DUHD

Rl ,36& @ ZDV VLPLOG®1A"L QHX DR@GY DFURQV LVWIHYV LOWLQ HIIHF
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JHQRW\SH ) S VWLPXODWLRQ LQWHQWLW\ )

LQWHUDFWLRQ )S WZR ZD\ $129%

JLIXUH S5HGXFHG PLQLDW XU HS¢RIa&- |&$H TXNHQP\L ZRO QHXURQ\
$ ([DPSOH UDZ WUDFHWRFPYSEEY LQ JDEDR@H77; OHIW

DQG DYHUDJHA ([DPEOWH P,36&YV UHFRUGHG LQ JAXWDPDWH EO
1%4; po0 ' $3 & 7KH IUHTXHQF\ RI P(36&V LQ XQFKDQJHG EXW
UHGXFBmBIAQQHXURQYV S W 1 W WHMOV IURP PLFH :7 Q
FHOOV IUR®N1&PLFH7KH ODFN RI FKDQJH LQ P(36& IUHTXHQF\
DQ®nla” QHXURQV LV GHPRQVWODW I & PLXID BW H YNHR PUHHIT YHHY QIR WR
LOQWHUYDONKIS FRWXODWLYH |UHT36KQFLVS®RWWH ®RUR WKH UL.
Scnla” QHXURQV . 6 WMKHIVEVP SOLWXS B ID@HBWLFV RlI PLQLDWXUH (:

,36&V DUH VLPLODU \BHHWZBHQ JHQRWHVW

JLIXUH 'LUMBWILIRFQVRI LQKLELWRU\ L QQWRHIRDHX DR 8 U LWHXYGHD €
PRUH IDFLOLWDWLQJ *$WHBHUQLESUBYSBPLGDI QHXURQV

([SHULPHQWDO GHVRW® G ) NIMLPRWCOH UHF BRDOHREH@® \&J DIPQ. WK
SUHVHQFH RI JOXWDPDWB UWS, EDRFEBUWR GLUHFWO\ DFWLY
ORFDO *$%$HUJLF LOQWHUQH®URMASOH WQDBFBRAY ,36&V IURP
OHIW JUnlaDQBLIKW EOXH QHXUROVOHLPRNOHGWLRXWO W LR Q
UHTXLUHG WR HYRNH[DRQG6& WKH PLQLPBRSLQWRWWIRP RYH!
SDLUHG SXOVH VWLRXKOWWDRBY URNRHM GHQLPWO (WILKR LQWHQ

QRUPDOL]HG WRKWKIHWBHD VEBLBEKD DWRRWYK IXQFWLRQV VKRZH!
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GHILFB#WMLQHXURQV PDLQ HIIHFW RI JHQRW\SH PDLQ HIIHFW
RI VWLP LQWHQVLW\ ) S LQWHUDFWLRQS )

WZR ZD\ 50 $129BR GLIIHUHQFH WQRARMIULMWORQ &9 RI ,36&YV
PHDVXUHG XVLQJ WWLPXWRMWPRQVPDW\VWLP LQWH@WYW
,368SDLUHG SXOVH UDWLR 36Ha'IQHRQEREDVHG LQ) 1W WHVW
GLIIHUHQFH LQ ,36BHNQQHIMIFW\EHW UGMADS S 0DQQ

KLWQH\ WHVWYV

YLIXUH ,363V DUH OHV\SBIHSUBYVRROM QQG SURYLGH LQFUK
LQKLELWLRQ DWKKQFKHW LWPK OQWRRQH WUDFHV RI ,363V LQ UF
WR WKHWD EXUVRWP VWLWRG D WLRQHRMEWHRPW EOXP QHXURQV
2YHUODLG WUDFHV RJRPKW K HUWVKH BXR BEMPRQ \BWUDGEILDJI WKDV
UHVSRQVHV LQ :7 QHXKRRRUHHGHSRX VYV L QRIPSMEEQ WKRVH U
QHXURQV 6WLP LQW KQ YH & WAD YHQRIWMMWHLWK B W/ DP P D PIRU W
ILUVW ,363 DFRRY&3FMHOJORXP K\SHUS RROW BID|PRVYRQPXODWLRQ
WKHWD EXUVWQSDQPWGHOEZTG QBXURQV PDLQ HIIHFW RI JHQRW

S RDLMFW VWLP QXPEHU ) S LQWHUDFWLR(
) S WZR Z0\286 Q FHOOV3BBEFRI ,363V
DPSOLWXRERGE6RYV363 DFURVV D UDQVHRRLWUWHWY VIQRZLQJ WKD\
DUH OHVV GHSdhthY/ \QHXIUR@Y DW KLJKHRDLLHAXKHEMRY JHQRW)
) S QPBILULHFW IUHTXHQF\ ) S LQWHUDFWLR
) S WZR ZD2930 $ S 6LGDNHWVRROIMLISORQV

WHYW363 SHDN K\SHUSRGIVISRQWL RVR L Q WUV L P& O CADILRQV D W
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HITHFW RI JHQRW\SH ) S VWLP QXPEHU )S !

LQWHUDFWLRQ ) S ! WZR ZD\ 50)$129% PDLQ HIIHFW RI
JHQRW\SH ) s VWLP QXPEHU )S ! LQWHUDFWLR
) S ! PQG +] PDLQ HIIHFW RI JHQRW\SH S)

VWLP QXPEHU ) S LQWHUDFWLRQS )
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Figure 3
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