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$Q\ DFKLHYHPHQWY , KDYH PDGH , RZH WR WKH SHRSOH ZKF
3URI $O0DQ %D[WHU +H SURYLGHG PH ZLWK VWLPXODWLQJ Z
IXQGDPHQWDO WR P\ WUDLQLQJ D VWKRMIKRXWL P WW KH \KIDN 2
SDWLHQFH DQG NQRZOHGJH ZLWKRXW KLV HQFRXUDJHPHQYV

FRPSOHWHG RU ZULWWHQ

0\ FR VXSHUYLVRU DW WKH -DPHV &RRN 8QLYHUVLW\ * 'U 0D
DQG VXSSRUWLYH ,Q DGGLWLRQ WR EHLQJ DQ H[FHOOHQW
9DOSKD FRQVWUXFWV HVWDEOLVKLQJ WKH WUDQVJHQLF

, YH HQMR\HG P\ GLVFXVVLRQV ZLWK KHU RXWVLGH RI WKH

7KH %D[WHU ODE KDV EH H Qcolro Mith@aWAemanbez H LW R W R QMW URR G X |
WR WKH ODE DQG VKRZHG PH WKH ZD\V Rl IORZ F\WRPHWU\
FROOHDJXH IX0O0O RI H[SHULHQFH DQG LQIRUPDWLRQ DQG D
ORUJDQH ORUHDX FROODERUDWHG ZLWK PH RQ VLJQLILFDQYV
FUHGLW RQ PLFURDUUD\ DQG T3&5 H[SHULPHQWY 0DQ\ WKD
IRU JUHDW FRQWULEXWLRQ WR ODUJH )$ & BMHQNVUWRH.QW VQ €

/IDZ IRU EHLQJ YHUKHKDOEIPQE®WGLWRULDO DVVLVWDQFH

&ROODERUDWRUYV KDYH PDGH WKLV ZRUN SRVVLEOH , ZRXO
9. -. WUDQVJHQLF FRQVWUXFW E\ 3URI $OEHUW %HQGHOL
Rl 3URI 'DOH *RGIUH\ REOLJLQJ LOQVWUXFWLRQ DQG LQVLJK
FRQVWUXFW WKH QHWZRUN IURP 'U 'UDJDQD 6WDQOH\ KHO:

DQG 3URI %LOO +HDWK DQG HGLWRULDO DVVLVWDQFH IURP




$QG QRQH RI WKLV ZRUN FRXOG KDYH EHHQ GRQH ZLWKRXW
DWWHQGDQWYV 0V .\OLH 5REHUWVRQ 0OV 6HUULQ 5RZDUWK

/LDP )LQQ

O\ WLPH KHUH KDV EHHQ VXSSRUWHG E\ DQ $XVWUDOLDQ 'H’
IXQGHG E\ WKH 1+05& LQWUDPXUDO IXQGLQJ DQG ZDLYHUYV

$ZDUG %XUVDU\ IURP 5REHUW /RJDQ OHPRULDO *UDQW ),06:

, ZRXOG OLNH WR DFNQRZOHGJH /HDGHUV RI +DL '"XRQJ OHG

'LQK &KLQK DQG 'U 'LQK 7KL 'LHX +DQJ IRU WKHLU VXSSRUYV

)LQDOO\ , ZRXOG OLNH WR DFNQRZOHGJH P\ IDPLO\ 0O\ SDU
EHHQ XQIOLQFKLQJO\ VXSSRUWLYH WKURXJKRXW DOO P\ ZD

ODUJH FUHGLW IRU DOO RI P\ DFFRPSOLVKPHQWYV
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7KH UHVHDUFK FRQWDLQHG ZLWKLQ WKLV VWXG\ ZDV S
/IDERUDWRU\ LQ WKH &RPSDUDWLYH *HQRPLFV &HQWUH
XQGHU WKH VXSHUYLVLRQ RI 3URIHVVRU $0DQ %D[WHU
SURFHGXUHY UHSRUWHG LQ WKH WKHVLV UHFHLYHG WE
&RPPLWWHH 7KH GDWD SUHVHQWHG LV P\ RZQ ZRUN Z

VWDWHG LQ WKH DFNQRZOHGJHPHQWY PHWKRGYV DQG

7+, :8<(1 ', 1+
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7\SH 1.7 FHOOV DUH DQ LQQDWH OLNH SRSXODWLRQ R
F\WRNLQH DQG 7&5 VWLPXODWLRQ E\ WKH SURGXFWLRQ RI ¢
F\WRNLQHYV '"LITHUHQWHURPOPRQYHKHQMK RIQIUWHYVY D GLYHUVH
VHTXHQFHY WKDW DUH JHQHUDWHG E\ UDQGRP UHDUUDQJHF
HSLWKHOLXP H[SUHVVLQJ 0+& &0ODVV , DQG &0ODVV ,, SURGX
UHVWULFWHGD7&5Q PLFH DQG WKMH KRPRIORURANY KXPDQV S|

ZLWK D UHVWWHEHFRDH® W DM@E RUH SRVLWEYHORURHOREWE GQE

EO & G DQG 6/$0 IDPLO\ PHPE&EUW'H[SERIXFOEG RRVLWLYH %
FRUWLFDO WK\PRF\WHV ,Q WKH SHULSKHU\ RI PLFH W\SH
OLNH VXUIDFH SKBEQR®'\St D&QG/WKH JUHDW PDERIRUNW® LOHHL

SRVLWLYH @3 RGR&KEOH QHJDWLYH '1

6WXGLHVY RQ 1.7 FHOO GHYHORSPHQW LQGLFDWHG WKD\
SURJHQLWRU DV FRQYHQWLRQDO 7 FHOOV DQG WMWDQIJHKHG |
1.7 FHOOVY GHYHORSPHQW LV WK\PXV GHSHQGHQW WKH\ G
QHRQDWDO WK\PHFWRP\ RQ WKH WKLUG GD\ RI OLIH VHOHF\
LQ WKH SHULSKHUDO WLVVXHV RI PLFH XQWLO ZHHNYV DIV
XQGHUVWDQG WKH PROHFXODU PHFKDQLVPV WKDW JRYHUQ
WKH YHU\ ORZ QXPEHUV RI GHYHQOGRSYL @HO.GVFB®OW HMSB HFR

GLIILFXOW WR DQDO\VH WUDQVFULSWLRQDO SURJUDPV FRQ
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7R IXUWKHU GLVVHFW WKH HYHQWYV VXUURXQGLQJ 1.7 F
WUDQVFULSWLRQDO IDFWRUV FRQWUROOLQJ HDUO\ 1.7 FHOC

RI LPPDWXUH W\SH 1.7 FHOOV zDV JHQHUDWHG RQ WKH 6/$%

PLFH ZHUH IRXQG WR KDYH JUHDWO\ L'QFIUHAFWHIO® Q X P BHKUW KR

FKDUDFWHULVWLFV RI SUH VHOKEW ISRIR DIBEHGWII IR S SIRT WK C
WUDQVFULSWLRO®D SWRLIPEBW RUNBEKH7 FHOOV ZLWK WKRVH
FRQYHQWLRQDO1L7 FHROWHOD@WKRVH RI PRUH PDWXUH 1.7 FI

LQFIOQ&G 1. &' 1.7 FHOOV DG &1 1.7 FHOOV

([SUHVVLRQ OHYHOV RI D WRWDO RI WUDQVFULSW?
IRXU GLITHUHQW FHOO SRSXODWLRQV ZHUH REWDLQHG E\ P

DQRDO\WLYV LQGLFDWHG WKDW WKH I RXRIIDSRENX CCJW QR Q¥DFO H |
FRPSRQIH@R® 1. '3 7 FHW®AV&L. '3 1.7 FHOOV 1IWR &'

& 1.7 FHOOV DQG ILQRDOOIN WRFEOOV

&RPSDULVRQ RI JHQH AHSBRSKRIONEERY DQHRY HUDO O
WUDQVFULSWLRQDO SURILOH GXULQJ 7&5 YDOLGDWLRQ SR
FHOOV 7KHVH ILQGLQJV KDYH IXUWKHU FR®HQ® HG BIHKE R KM
REVHUYHG E\ SUHYLRXV VWXGLHV DQG VXJMHOM FWKIDR\) LP P L
SURJHQLWRUYV 2RIULWUPHO/FWLSWLRQDO UHJXODWRU\ QHWZR
YDOLGDWLRQ WR WKH WUDQVLWLRQUWRPH3VHOWRVWLRG BOG
FRPPLWPHQW ZHUH DVVRFLDWHG ZLWK WK HHOTRQN L W IMRKQH | |
ILUVW WLPH WKDW WKH HIIHFWV RI SRVLWLYH DQG QHJDWL"

SRSXODWH REPDWXUH '3 HFRAEOLODWY YHYRHULPHQWDWLRQ WKI




SRVLWLYH DQG QHJDWLYH VHOHFWLRQ RFFXU DW WKH ODW\
FHOO SRSXODWLRQ WKH HYHQWY DVVRFLDWHG ZLWK 7&5 YD
VHOHFWLARQ71 PFHURY LRGRGW R VWXG\ WKH HDUOLHVW LGHQW
FHOO FRPPLWPH@WDRG GHDEWBRYWHFW IDFWRUV FRQWURO(C

IXQFWLRQ RI WKLV LPSRUWDQW LPPXQRUHJXODWRU\ SRSXO
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P& .12:/(" (0176 «««KKKK KKK KKK KKK LK KK L
B7P7(0(1l7«CeeeUUE&UAARALEUAELEALELALLLLLLLL € « LLL
PUWBT7TEPE&T ««KKKKKKKKKLKKKLLK KL KKK X ZZZZ X e LY

73%/( 2) &217(1l70KCUAUUALAKLKKL K U« «YLL
/,67 2) ),*85(6«««««««««««««««««««««««««« « « [LL
1,67 2) 73U/ (6« &« &ELKK KK KKK KKK KKK LKL K KKK « [YLL

$%%5(9,37,21l0CUAUU«AUAALALULLUALUAUeeec««, [YLLL

&+3$37(5 [,7(5$785( 5(9,(:

IDWXUDO NdO Od 7 Q@O  « ««««« R RS
'"HILQLWLRQ RI 1.7 FHOOMC « €€&L LKL KK
& G + DQWLIJHQ SUHVHQWLQJ PROHFKXOH«RI«1.7 FHO
/ILSLG DQWLJIJHQV RI L1.7 FdkO®O Ve « @i « & o<
&ODVVLILFDWkKR Q&d 1« & «H@ O¥ e« «

7KH UROH RI 1.7 FHOOV kQ WKd& kRRXQdk & \V WP
S5ROH RI 1.7 FHOOV LQ DXWRLPPXQH GLVHDVHV«  «:
S5ROH RI 1.7 FHOOV LQ WXPRXWU«¥X U¥HIKk@OODQFH«  «
S5ROH RI 1.7 FHOOV LQ PLFURELDO LQIHFWLRQ« ««-

1.7 FHOO QXPEHUV @D Q & d 2« Pddxdt  ««««««««
1.7 FHOO QXP EH W& « €« « €«
12" PLFH« R R R A R R R IR (R (R R R R IR L €« «

1.7 FHOO GHXHQKRSE P QW « « KRR LR LK KK
1.7 FHOO RUYUEKJILQ U €« LLLL LKL &
SHDUUDQJHPHQW R 7&5 J& Qd¥ &HIP HQW W ««  «
S3RVLWLYH VHOHFWLRQ RI 1.7 FHOOV« R R EES
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IHIDWLYH VHOHFW(RQ R¢ e «FHROOV « «««
1.7 FHOO OLQHDJH FRPPLWRHKQW«B &G PDWXUDWLRC
TUDQVFULSWLRQDO UHIJXODWkKkRXx&Q kJd«kkdO@ GHYHOTI
9 D UHDUUDQJHPHQW DQG IDFWRUV FRQWUROOLC
7UDQVFULSWLRQDO IDFWRUV WKDW UHJX&GDWH 1.7
7UDQVFULSWLRQDO IDFWRUV UHJXODWLQJ OLQHDJ
DQG KRPHRVWDVLYV « R RZLZZZZZZZZZZZZZZS
EROQFOXVLRQX «eeaee €& «ELALELLKL KL &KL K«

&+%$37(5 *(1(5%/ 0%$7(5,%/6 $1' 0(7+2'6
SQLPDOV IRU ¥¥X Glch ¥ « €« €« &« KKK KKK KKK
,QEUHG PRXVH VWUDLQV« «&«& Q&LLLL &LLELLE LK<
SURGXFWLPRQ WUDQVDHRLFPRXVH VWUDLQV« ««« «
,Q KRXVH HVWDEOLVKHKéE RRX¥d VWD k Q&
*HOQRWAS Q& «eaead € €& €UELULLLL €L
*HQRWISLQJ E\l 3&5« & CA&LKLL KELLLKLLLL &K
&RQILUPDWLRQ RI JHQR®W/\BHFRIBNVNDHLIEHW RXWDQW
JORZ F\WRPHWUKkF K@ O« €Q®Qx\ Vdddk « « « « « « «
2UJDQ KDUYHVWLQJ DQG VLQJOH FHOO VXVSHQVLR
6XUIDFH VWDLQLQJ DQG IORZ F\WRPHWULF FHOO D!
&HOO VRUWLQJIK «&& CELEKEKEK KKK LKL
JXQFWLR XD O«RBY¥ VOAY € AL LLLKLLL «L &
, Q YWLU/YHRD W PDHDW &H W K € LKL €KL KL
,Q YILWBROO FXOWXUKHH&«Cc® «« « LKL & K«
E\WRNLQH EHDG DVVD\V«& «&&& QQEELELLLLL K &
'LDEHWHY LQFLGHQFH DQG LQVXOLWLY DVVHVVPHQ
,Q YW ®R8 LOQFRUSRUDWEKRQ«RYYO\ K«  wex ««
OLFURDUUD\ £ JHQH H§S Wk« V kR Q«B QD@ \V K ¥« «
513 SUHSDUDWLRQ® &« &« UQUQLLEKLIL & & & & &«
OLFURDUUD\ DQDO\WLV«K ««& «ELLKLK LLLLKLKLL &K<
*HQH &R H[SUHVVLRQ 1HWZRUN « ««& «&&KK €« <
*HQH 2QWRORJ\ $QDO\VWLY & CAELLELLLLLLK KKK
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S5HDO WLPH TXDQW&W DA k¥ 3 &E «« ««a««a««
6WDWLVW kF D&« 0 QOO \ ¥V « « « « « « UKL KKK

3$57 $ 1.7 &(// 75%16*(1,& 0,&(
&+3$37(5 &+$5$&7(5,6%$7,21 2) L1.7 &(//6 )520 75%$16*(1,& 0, &(
T, QWURGXRWEKRQUAUUAUAUUUUEELLLLLL KL KL
SHVX O WM €@ € KKK KL « « «
SURGXFWL-RQ WUPQVIKMQLF«RLEKMc««« « ««
1.7 FHEIDOVOLQWUDQVIKQLF«RLkdHc « « «  «w«  ««
&KDUDFWHULVDWLRQ RD 173 P KOH« ¥ X EAH ¥V [URP
1.7 FHOO VXEVHDWVWIIBRPHkZK '« ««c«a « ««
1.7 FHOO VXE\DHWYN AR« %« 9« « « € K K K & «
BXVDJIJH RI 1.0PFHQOQOUER« « «  «« «««« €« «
*HQHUDWLRQ RI IXQFIWIZR QPIx® HL «& FdHkXQ@ ¥ «L Q 9
,QFLGHQFH RI VSROQWDIY DHRXW KQEHW KH¥Y«LQ 12

"LVFXYVIKRQ « « € € € € K« KLLLK «KKK €« K« «

3$57 %% 5%$16&5,37,21%/ $1%/<6,6 2) 1.7 &(/1 '(9(/230(17
, S OWURG X FWL R €« € € €K K KKK KL KK « «
vy 2YHUYLHZ RIcUEMX XWX K €K «EELELELL KKK

&+%$37(5 75%$16,7,21 =+ $//(/,& (;&/86,21 $1' 7&5 9%/,'$7,21
, QWU R €6 XRW L R&EIK € € € & € € &€ K€ QKKK KKK
SHVXOWd« «««« R R R R R (R R (R R R R R R €L KKK
‘HLIKWHG JHQH FR H[SUHVVLRQ QHWZRUN DQDO\VLYV
DFURVYV 7UD QW¥kWLRQ« « «««««&«C &K € K«
7TUDQVFULSWLRQDO DQDO\VLV RI '3 7 FHOOV DQG '3
,QFUHDVHG H[SUHVVLRQ RI JHQHV YO DWHG WR F
'RZQ UHIJXODWLRQ RI JHQH& UdHXD WG WR 7&5 VLI
'LGHVSUHDG GRZQ 9DH HXQHD/ W R Qu R& « & S« «
YXQFWLRQDO DQDO\VLV RI 7&5 YDOLGDWkKRQ E\ LPP
,PPDWXUH '3 1.7 FHOOV H[SUHWWWLQRUHB&HG SUR
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ODOLGDWLRQ RI DOOBGBGKP IH] k O X<Wl«R @ R %&& 9
6XPPDU\ RI PDMRU d&k QBd Qddk « « «««« € K«

&+$37(5 75%$16,7,21 7+<0,& 6(/(&7,21 2) 1.7 &(//6
L, QWUREGEXRWE RO QK €& € UELAEL  €LKLLLLK
SHVXOWYV « «eeed Co&LEE&LELELLL &L LK «
7TUDQVFULSWIRRPIDAWRQBO3IVLVY FHOOV DQG &' 1.7 F¢t
7TUDQVFULSWLRQDO DQDO\VLV«RI«l«d FHOO OLQHD
TUDQVFULSWLRQDO HYLGHQFH RI 1.7 FHOO VHOHF
)XQFWLRQDO YDOLGDWLRQ RI SRVLWLYH DQG QHJID

(ITHFWV RI IDLOHG SRVLWLYH AMHDHAWLRQ«RQ 1.7
(ITHFWV RI IDLOHG SRVLWLYHYDHDHPWHHRQ RQ 1.°
(I!THFWV Rl IDLOHG SRVLWLYH VHOHFWLRQ RQ LPI

LQ ID 7J PLEFHKC®CCK (&K LLKLLLL KL «

(ITHFWV RI HQKDQFHGDG@G B OE\WM UYRIQV H.G HHMDLARQ «E\ «
(ITHFWV RI L D*DL@QAMHFWQRIQ7RFBD Y PREH2'
(ITHFWV RI LDWDOGMHRMLRY RBODGY PORFEH2'

6XPPDU\ RI PDMRU « kQ GKk@Q@ ¥« UK &L

&+$37(5 75%$16,7,21 "))(5(17,%7,21 $1' 75%),&.,1* 2) 1.7 &(.
T QWURGXEWLRQCCE €« €UUUEEUELLL L « « «
SHVXOWMCE ««aa € «&&ELLL LKL K R IR R R EKS

7TUDQVFULSWLRQDO7DRHEIDA V LD/QRSI '& " k.7« FH XOV «
*HQH H[SUHVVLRQ RI WUDQVFULSWLRQDO IDFWRUYV
1.7 FHOO GLIITHUHQWLDWLRQ EHWLHHQ &« DQG "1 1.
&E\WRNLQH DQG F\WRNLQH UHFHSWRU GLIIHUHQWLD
1.7 FHOOM «««a« « «&« CRLLR L KL LL KL

*HQH H[SUHVVLRQ RI F\AWRNLQH UHFHSRUV EHWZ
9IDOLGBWLRNLRH GLIITHUHQWLDW LIRQGERHWZHHQ LPPD
1.7 FH&XAV € € € € € ««&LLLK € K LKL & «
&KHPRNLQH DQG FKHPRNLQH UHFHSWRU GLIITHUHQW

1.7 F HG(@ Vi € € €& KKK KK K KK « KL K K KL « K«




*HQH H[SUHVVLRQ RI FKHPRNLQHY DQG FKHPRNLQH L
1.7 FHXO@WC L LLL KKK « « €K« «
JXQFWLRQDO YDOLGDW&«R Q@ Rd«klkdRRNLQHWHFHSWRL
(ITHFWV Rl &&5 RQ 1.d«kHOO GkYWULEXWLRQ
(IHMHFWV RI &&5 RQ WK\RLF «k«/ kidcxdx QXPEHUYV
6XPPDU\ RI PDMRWU [d&xG LexI\k « KK LK KK

&+$37(5 *(1(5%/ ',6&866,21

SURGXFWLRQ R9D QRY MAJ BFQWGMMBMR Ik @ « ««  ««
7.2. Increased production of very immature NKT cells « « ««  wegc«« 220
6XSSRUWLQJ HDUO\ VWDJHV RI SUHYLRXVO\ HVYWDEOL"
FHOOV
7&5 YDOLGDWLRQ ZzDV DVVRFLDWHG ZLWK MKH WUDQV
3RVLWLYH VHOHFWLRQ DQG OLQHDJH FRPPLWPHQW ZF
IURP LPPDWXUH '3 1.7 FHOOV WR kRRDMMXUK«&' 1.7 FHO

2% ,%/,2" 53 KU CAUAKUKUKUKLLLLLLLLLLL LKL K KK

$33(1I,;((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

$33(1',; $ 6833/(0(1l795< "F7TPAAUAKL  «€KKKKKKLLKK KKK K

$33(1',; % %8))(56 $1' 62/87¢2 B &« &K KKKKKK KKK

$33(1',; & &20081,&%$7,216 $5,6,1* )520 7+,6 :125.«« «QLL&KK
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)LIXUH *HRBVBAQREBIRXW PLFH E\ )$&6 IURREXRRG €« «

JLIXUHHQHUDWLR@ RIIUIPHPKC &L LUK & €L
J)LIXUH &KDUDFWHULVDWLRQ RID 77 FHODQAQWHY Q MKH WK\PI

J)LIXUH JUHTXHQF\ DQG DEVROXWH QXPEHUV RI PDWXUH
12'"9D0 7J OLQGABS\ODBRG WR 12' :7 PLFH € KKK

J)LIXUH &KDUDFWHULVDWLRQ RIOD. 77 FIPBP V« k& WKH OLYH!

J)LIXUH JUHTXHQF\ DQG DEVROXWH QXPEHUV RI KHSDWLF
WKH IRX2D12)J OLQBMDOWEFRB WR 12' :7 PLFH««««« «

J)LIXUH &KDUDFWHULVDWLRQ RI 307r FHPPH L&QWKH VSOH

J)LIXUH JUHTXHQF\ DQG DEVROXWH QXPEHUV RI VSOHQLF
WKH IRX2D12) OLQBMDODWEFRB WR 12' :7 PLFH«ccw«c« «

J)LIXUH 7TRWDO FHOO FRXQW RI WK\PL VSOHHQV DQG OL)Y
% 9D 7J OL @H\G K UL LKL €K € K& K«

JLIXUHCKDUDFWHULVDWLRQ &2 T7.J7 FAHOQ@ Y YRP &x «

J)LIXUH JUHTXHQF\ DQG DEVROXWH QXPEHUV RI WK\PLF
RI WKH WZRJIHOLQEBWOBERB8 WR % :7 PLFH ««« «eaa««

J)LIXUH 1.7 FHOO VXEVHWWY NIPRF NKP L« Rd &R« «
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J)LIXUH JORZ F\WRPHWULF FRPSDULVRQ RI WK\PLF &' &'
LQ 12" :7 DQG 2279 OLRHFH KK LK KKK

J)LIXUH 1.7 FHOO VXEVHWY I/Q PHAEK Od YH U «Rk 12

J)LIXUH 1.7 FHOO VXEVHWYV 9DRR WKH «“&O H&€xV RI 12'

J)LIXUH 1.7 FHOO VXEVHMVT7U QP MK &V Kk La R & @b

J)LIXUH 1.7 FHOO VXEVHWV/I (@ MFkdk O Ledkld V' R & %

J)LIXUH 1.7 FHOO VXEVHWAN T8 PLKHK /& O HHQXY «R T %

J)LIXUH *DWLQJ VVEXD/WBH\RRU. 7&FHOOV IURP 12' :7 DQG
12'9D 73 PLFH«c« «oaaaa €« & €L

J)LIXUH E7BDIH LOQO12) PLF#H« « LKL €« «

JLIXUH9D WQWIHQH H[SUHSVALQIRNQ DHHBDWREX FWRRE LQ 12
JLIXUH 9D WQWJHQH H[SUHVVLQJ LQFUHD\IBDG7F\RUEMNLQH SURG

JLIXUH 7KH FRUUHVSRQGHQFH EHWZHHQ 1.7 FHOO QXPE
LQ :7 DOG/J PHFLOMHFWHIRD ZHW K ««« «« « &«

J)LIXUH HYDEHWGHQFWRITWRHQUF'H P« « « ««  «

JLIXUH % *DWLQJ VWUDWHJ\ IRU VRUWLQJ RI SRSXODWLRC

JLIXUH % BULQFLSDO FRPSRQHQW DQDO\VLV RI WUDQ'
IURP GLIITHUHQW FHOO SRSXODWLRQV GXULQJ 1.7 FH

JLIXUH % 'HLIKWHG *HQH &R H[SUHVVLRQ 1HWZRUN $QDO\

J)LIXUH ‘HLIKWHG *HQH &R H[SUHVVLRQ 1HWZRUN $QDO\\
JLIXUHDUEXUJ SKHQRPHQRQ FRQFHKW DGDSWHGIURP 9DQ

J)LIXUH ([SUHVVLRQ SURILOHV RI JHQHV UHGRWHG WR "1¢
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YLIXUH () VLIQDOOLQJ SDWK&WDH YIRXQ AHB® ' DVRIESWHG U

JLIXUH ([ SUHVVLRQ SURILOHV RI JHQHVY UHODWHG WR Wi
JLIXUH ([ SUHVVLRQ SURILOHV RI JHQHVY HQFRGLQJ &HQW
JLIXUH 'RZQ UHJXODWLRQ RI WUDQVFULSWLRQDO IDFWR
DFURVYV 7UDQVLWLRQ TR Z NN T X « <
JLIXUH 'RZzQ UHJXODWHG H[SUHVVLRQ RI JHQHV HQFRGH
DFURVYVY 7TUDQVLWLRQ U CLLLLL €L KKK « «

J)LIXUH O0&5 H[SUHVVULREDWHG YDA 3&5 EHWZHHQ '3 7 FHOUC
DQG '3 1.7 FHOOV UK CUELLE CLELL L LKL LKL REE

J)LIXUH 'LGHVSUHDG GRZQ UHJXODWLRQ RI 7&5 9 DOSKD

J)LIXUH 5HSUHVHQWDWLYH )$&6 SORWYV VKRZLQJ JDWLQJ
LPPDWXUH '3 1.7 FHOOV 3 LPPDWXUH &' 3 DQG '1
WK\PL RI UG8 LIPDMHIPWHIE 124K« «&LELLLK K

J)LIXUH SBURSRUWLRQV RI %UG8 SRVLWLYH FHOOV DPRQJ
&' DQG "1 1.7 FHOOV «&« «&LELLL LKL KKLKLK KK

J)LIXUH 5HSUHVHQWDWLYH )$&6 SORWYV VKRZLQJ JDWLQJ
90 WK\FIHOO SRSXODWLRQV «&«& «&&& CLL KLLL €K

J)LIXUH 5HSUHVHQWDWLYH )$&6 SORWYV VKRZLQJ JDWLQJ
WKH SURSROWLRQWORF® DHISDWIZFFHOOV ««« «« « «

J)LIXUH JORZ F\WRPHWULP F®PSDQBVRBRRH [BAJHYVLRQ

E\ 1.7 FHO(@V KKK KK UL LK KK KKK KL

J)LIXUH ([SUHVVLRQ SURLIQOWMHIBDOHSAHD/VIROQ FRRFGAAEJUD QH S U
DFURVY 7UDQ¥& WLAR@X « €« «A&KAKKKKKK KK

J)LIXUH ([SUHVVLRQ SURILOHV RI JHQHVY UHODWHG WR OLC
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J)LIXUH ([SUHVVLRQ SURILOHYV RI WUDQWW LLBAWYV ZKLF
WR EH PRGXODWHG E\ 3URP\HORF\WLF /HXNDHPL

J)LIXUH ([SUHVVLRQ SURILOHV RI WUDQNWULRSWY ZKLFI
WR LQYROYH LQ SRVLWLYH VHOH#W+LRQ RI FRQY'I

J)LIXUH ([SUHVVLRQ SURILOHV RI WUD W DIOSWYV ZKLFI
WR EH DVVRFLDWHG ZLWK SRVLWLYH VHOHFWLR(

)LIXUH (I NTHFWV RI WDUJHWHG GHOHWIRQIRLRHG RQ 1.7 F

J)LIXUH (1"THFWV RI WDUJHWHG GHOHWLRQ RI & G RQ 1.7 F
12" 9D 7TIPLFHK QK «Q&EEE &€ LLK KL LLK « «

J)LIXUH (INTIHFWV RI WDUJHWHG GHOYONLRPHK «&' G RQ 1.7

J)LIXUH (IMTHFWV RI WDUJHWHG GHOHWLRQ7RIP&FBE RQ 1.7

J)LIXUH (IMTHFWV RI HQKDQFHG QHJDWREYPH/ YIPERFWLRQ RC

E\ LDr**DO&HU D GP L QcscW &k ¥kde«R (X « « « « « « «

JLIXUH (IIHFWV Rl HQKDQFHG QHJDWLYH VHOHFWLRQ RC
12' 9D 7J PHFE\ L "AD@&HU D G P L QW & WELR &

YJLIXUH (I IHFWV Rl HQKDQFHG QHJDWRPH/ YHOHFWLRQ RC
PLFH IROQWZIDQNKAPLF DGD EDQ ¥ VKR Wd RQx R Ik

J)LIXUH (IMTHFWV RI HQKDQFHG QHJDWLYH VHOHFWLRQ RC
12' 9D 7J PHFIROORZLQJ LQWUDWKDPDR BP & Q LkA&W U D W

J)LIXUH ([SUHVVLRQ SURILOHV RI JHQHVY UHODWHG WR GL

JLIXUH ([SUHVVLRQ SURILOHV RI JHQHVY UHODWHG WR SU
DQG '1 1.7 FHOOV R IR Z XL LI ER Z R E LR EXS « «

J)LIXUH ([SUHVVLRQ SURILOHV RI JHQHVY UHODWHG WR F\
DQG '1 1.7 FHOOV IR ZZ XL LR Z XXX RXS €€«

JLIXUH Q YLWWIRP XODWLRQ RI WK\PLF 1.7&d OO W ZLAWK DQWL
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J)LIXUH , QFUHDVHG H[SUHVVLRQ RI JHQHVY UHODWHG WR
DQG '1 1.7 FHOOV R R R R B R R R R EES « «

J)LIXUH (ITHFWV Rl &&5 GHILFLHQF\ RQ«k«w kH©®OV IURP %
J)LIXUH (IHMTHFWV RI &&5 GHILFLHQF\ RQ«k« &+HOOV IURP %
J)LIXUH DQG 1.1.7 FHOO VXEVHWYV L Q&é& 5« «& Pd«FH

J)LIXUH (INTHFWV Rl &&5 GHILFLHQF\ RQ WK\P&F«&.7 FHOO
J)LIXUH (INTHFWV Rl &&5 GHILFLHQFITIRPUFAKEHOOV IURP ¢
J)LIXUH (INTIHFWV Rl &&5 GHILFLHQF\ RQ WK\PLF 1.7 FHOO

00 9D 7J PHF « €« «&&KKKK KL&LKKK K&K «LLK « «
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1,67 2) 7$%/(6

7TDEOH ,QEUHG PRXVH VWUDLQV XVHG LQ WKLV VWXG\ «

TDEOHOD WUDQVJIHQABIPARARWV H dk €« € @& «&&EE KKK L

7DEOH ,Q KRXVH HVWDEOLVKHG PRXVH VWUDLQV KKK «
7TDEOH 3ULPHU GHWDLOV R Y Y N R R Z
7TDEOH /ILVW RI DQWLERGLHV XVHG LQ VWDLQLQJ PRXVH
7DEOH $QQRWDWLRQ FOXVWHUYV DQG UDQNHG E\ HQU
RI XS UHJXODWHG +'( JHQHV DFURVY 7UDQVLWLRQ

WLRLOQIRUPDWLFYV S5HVRXUFHY «««&&&&KLLL LK KLLL KL KL
7TDEOH ([SUHVVLRQ SURILOH RI FHQWURPHUH SURWHLQ F

7DEOH SURSRUWLRQV RI LPPDWXUH WK\PLF 7 FHOOV DQUC
9D D D OHDQ"6(0 ««e«eaaa« «« R «

7DEOH SURSRUWLRQV RI PDWXUH WK\PLF KHSDWLF DQG
HISUHVMBL@ 9 D OHDQ"6(0 ««e«aa« «« « «
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'3%6 'XOEHFFR V 3KRVSKDWH % XIIHUHG 6DO

($( ([SHULPHQWDO $XWRLPPXQH (QFHSKDC
(‘7% (WK\OHQH 'LDBEBW L7FH $ALIS

(5. (IWUDFHOO %8 IXD WIHGE® DIOQ D V H

)$&6 JOXRUHVFHQFH $FWLYDWHG &HOO 6RU"
)& 6 JRHWDO &DOI 6HUXP

),7& JOXRUHVFHLQ ,VRWKLRF\DQDWH

)728& JHWDO 7K\PLF 2UJDQ &XOWXUH

*$'V *URZWK )DFW RAR XIQFEH SUFROIDMOH G $GD S
* 'LVLDORJDQJOLRVLGH

*0 &6) *UDQXBRFAWRSKDJH\ERORMIWLQJ )DFW
6/ *O\FRVSKLQJROLSLG

Y +LJKO\ GLIIHUHQWLDOO\ H[SUHVVHG
+.9 +XPDQ LPPXQRGHILFLHQF\ YLUXV
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NIIZTPCZ:/SEE‘U M CD#4CD8CD24ish NK1.1CD1d et TCRE cells

NETPCZ:’SDN UF cbacps cp24nmenNK1.1CD1dtet TCRE cells
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S5HDMLPH TXDQWLWDWLYH 3&5
SHFRPEL@BWLRIOV\ *HQH
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S5LERQXFOHLF $FLG
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6/$0tDVVRFLDWHG SURWHLQ

- XXi -



6(0
6/$0
6/(
63

7&5
73
7K
7K
7K
715
71
71)

7TUHJ

*&1$

BWDQGDUAHYLDWLRQ

6WDQGDUG (UURU RI OHDQ

6LJQDOLQJ /\BEWRN\DWERQ OROHFXOH

6\VWHPLF /XSXV (UWIWKHPDWRYVXV

6LQJOH SRVLWLYH
7\SH , GLDEHWHV

7 &H O 08 WHRALH

7UDQVJHQLF

7 KHRESHU

7 KHOSHU W\SH

7 KHOSHU W\SH

7ROQNH UHFHSWRU
7ULSOH 1HJDWLYH
7XPRXU 1HFURVLV )DFWRU
7 UHJXODWRU\ FHOOV
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&+3$37(5

$1 ,1752'8&7,2021%$785%/. ,//(5 7 &(//6




&KDSWHU $Q  QWURGXFWLRQ WR

1$785%/ .,//(5 7 &(//6
'HILQLWLRQ RI 1.7 FHOOV

1DWXUDO NLOOHU 7 1.7 FHOOV DUH D QHZO\ UHFRJ(
SHVHDUFK LQWR 1.7 FHOOV RULJLQDWHG ZKHQ VHYHUDO
RI D SRSXODWLRQ RI 7 FHOOVDIEy PHPH A1MFKd SRR H U 7@&3Y Hi(
DKLIKHU ITUHTEHRQRURNVNYLRQ FRPSDUHG WR FRQYHQWLRC
H[KLELWH& D GQRXEOH @HIBDWHORWKDHW IG\R PRSI &'V R U
&' PDUNHRYOMHNW DO XGEGW DOD $URXQG WKDW WLPH R
GLVFRYHUHGOBE7 ¥ X EVAHO AYSWKEWHGWKH W\WHRDRI RPADKH QD\
NLOOHU 1. FHOO OLQHD&®H PRIQG1ZI8HMANLION KKHARKWH VR
GHVFULEHG DV D VRXUFH RI LPPXQRUHJXODW RQWHNY RN
,)1J DQG WXPRXU QHFUR¥HWGBPWRUDQ/A)6FKZD WM DO ¢

+D\DNMZWDO DO $UDNW DO ,QLWMDKOAOM\ QHZ VXEVHW ZDV U

1. 7 FHOOVH®® YALHGEHODF

SHFHQWO\ 1.7 FHOO VWXGLHV KDYH EHHQDIDFLOL
JDODFWRV\OFBOBRUGHZKLFK ZDV RULJLQDOO\ L¥RDDDWHG
PDXDOQWPQG WKH JHQHNOHR M RDEHQ EDGHR RD GO/HHGV
.DZDGRV DO 7KH XV& GWH@®.7 FHOO LGHOQWDRIGEPIWLRG WK
QDPH. 7FHOZI¥ QRW EUR EG FDQ@RIRR P P RRVP® XVH VWUDL
H[FHSW & %PDQRQ@GHOOV GR QWRW HBLHYVNU 7WHKH HWRIWH
31.7 FHOODMRZ ZLGHO\ DFFHSWHG D QG D3G RIVWIGHRWR/IPHPE HRK)
VXEVHW RI 7 FMDOROPH WM BAKD WHS L FDOVRF K IDW XIU D O LNQL @

DQG &' LQ KRXPOEME IO *RGIHW DO




&KDSWHU $Q  QWURGXFWLRQ WR

2YHRGHFDGH RI ZRUN KD V7 UFHHYOBOAVADE G LW WD OF W KHEH O C
RULJLQDWHKAD PR S URDF®IOW R QWHERQOBA KWW H U FEWV R U M VDUDG
IXQFW)LIRIQ/WO\ HFSERDDRQ WKHEBUIEXM[KLELW VRPH PDI
FRPRQO\ DVVAFRQODWMGBDO NLOWOHU GHREM &' &' LO
KXPD@®WHFRQBGL\Q@&5Y RI FRQYHQWLRQDO 7 FHOOV DUH G
FRPELQDWLRQ RI YDQIGYBUNH MRIQH JRIPHRIWY.7 FHOOV
UHODWLWHG\ 7KH PRVW IUHFEBQWGL LK1 ¥D 6 DU@MHR UL .7
FHOOV H[SUHVW¥&BMFKDRM®DUDD QWY PLFB RD 9LQ KXPID®DV
FRPELQDWLRQ ZEWKDIWMFAKN B®WEFWMHGQ PLFHEDQG BXPDQV
3HUKNWSH PRVW VWULNWED.G FIHRBNOAFWKRZQ WR ERWKHDF
H[RJHQRXV DQG HGERIPOBMVHQWHG R ONKRIU 8 RIQL NOH &
PROHFXOH &' G RQ& RUGBRXDOH&SRV IWKLP R RRGWH WWKHHO \
EXON RI PDDgVAHIOHD/P UHWIR GG SWR. VKR LIQL IKEDD APIRQIREH [ W
KLVWRFRPSDW L EQ48L \WO DF\RPLS OHI® DYRD QWLIHQ SUHVHQW
$3&VVXFK DV PBINURG KOG HQGULWQBE HFHMEOHIW DO
W ZDVARI/W RROQWWEHBROOV 1INOBROEGWY LQ WHUP
LPPXQH IXQRWAQR Y KPHIBIGYQWUDO RHRELWD WE GFHPPXQLW\ 1
SOD\ D FULWLFDO UROH LQ LPPXQH UHJXODWLRQVRAIKH\ D
F\WRNVRFK/DWQG ,JXSRQ VWLAXGDWLRARGXQBWH WKH EH
RI RWKHU FHOOV LQ WXHKDBREBRDH WYV WHPH O ORUB @ ®HNAH O
1. FHOM\SH , BHOOV H[SUHVV F\WRWR[LF JUDQXOHV VXEK
SROMWSRQ DFWWXHELRQGRDUH DEOH WR NLKBG\MWIBJJIHW

UHJ X0 BMW®RYYO F& D UNWK\D O 1JXNMQD O




&KDSWHU $Q  QWURGXFWLRQ WR

7DNHQ WRJHWKHU WKH ERG\ Rl ZRUN RQ W\SH , 1.7 |
LQWHUHVWLQJ VXEVHW RI 7 FHOOV WKDW PD\ EULGJH V
7KHLU 7&5 KDV HYROYHG WR UHFRJQLVH GLIIHUHQW JO\
DQG WR SHUIRUP LQQDWH OLNH UDWKHU WKDQ DGDSWL
UHVSRQVHV WR DQWLJHQ ZLWK F\WRNLQH SURBWEWQRQ

%HQGHVMDP

& G + DQWLJHQ SUHVRIQWLE-ORRO HF X O H

&' GLW PHPEMWHRI FOROYNH JO\FRBURWH LR DKILFXO H \
SOWQPSRUWDQW UROH LQ SUBVSIQAWL QY IRRIMLIG HD Q G WILHIC
& PROHFXOHV DUH MGPRGABRFPWW&HRQ FKURPRVRPH I
FKURPRVROHLFH &' LV VLPLODU WRQE¢ROFRDNM\G H D\ & PV
OHYDMMHKDYH VLPLOWURQ H[RQ JHQH VWUXFWXUWKDQHDG
VHT X HK@PR CORJE RYHUDOO GRIPDK® FOWDMVF W RBKEH FXIOH W\ S |
, LQWHJUDO PHPEUDQH SURWHLQV FRPSULVHG RIMD KHDY\
D WKDW IRUP HEKB GLQWDHDLR@R W KHU @/KPDIERYRQHQW O
DVVRWAIDBKPLFURJOREXOLQ 'XH W RP RVGKHHIR/HO HAWD W M H HDVO &R

FODVVLFDO 0+&0O,LRH PBDWW¥XOHV

7KHUHLDW¥PBG JHQHV WKDWVKEYRGWHRSRQGLQJ &' S
& D E F H DQGV& SURWHLGUYLBHABURRB\R EDVHG RQ VI
KRPRORJNDL@ QWXKGRPDLQV JURXSRI&'FIRQFLFWILQGI H DQG J
&' G +RZHYWWH QXPEHU RI &' LVRIRUPVLWHSURPDWPRG OL QY DO
FRQVLGHRDE®\DPSOH KXPDQV H[SUHVV DOO ILYBK&'OHVR

PLFH H[SUHVWKRH &' GKSUEIWWILWY IRU VXFK YDULHG XVDJH R




&KDSWHU $Q  QWURGXFWLRQ WR

ORFXV DFURVV PDPPDOV LV ODUJHO\ XQNQRZQ EXW SU

GLITHUHQFHY UHODWHG WR SDWKRJHQ GULYHQ HYROXWLR

7KH 7&5 RI 1.7 FHOOV HQJDJHV LWV OLJDQG &' G OL
JHUPOLQH HQFRGHGVBH\H RX MWK HQVLR XARPSOHPHQWDULW\
WKH FRPELQHG 7&5 .5 FOWQ/OHWE®DLQYHQFH SK\ORJHQHWLF
JHQHYFRGLQJ &' PROHFXOHV DQGFWHKHQLBLNQ UWLHDYHD @ . W&KE
HYROXWLRQ RIXPOWMHOOV $ UHFHQW SK\ORJHQRPLF DQD(
WHKHEIHQH LV DQ DPQLRWH LQQRYDWLRQ WKDW HWRPQQHG
LQ WKH H[WDQW DQDS$R®OLVYHHIUBRQEBQHQWISWUG 6LDPHV.
&URFRG\0O XV D\Q® RHKQ QHW$HO D Q DD WHRWURKS QVH Q@ QDY \D O
&GJHQHV GLYHUVLILHG LQ PDPPRG\WGHIKH WHLDQV HY RIOR/GIHGY
DJRQLVW SUHVHQWLQJ PROHFXOH WKDW FRQWUROV WK
SODFHQWDO %M¥@IBEWRANO . XPDHW DO &XULRXVO\ KRZHY!
UHSWL®IHD@H KDV QR RUWKRORRD @ REBB@HIDWLEDIIVR WD @ D P
VXJIHVWEQGUMIKDWPD\ KDYH HPHUJHG PXOWLSOH WLPHV
DOWH U QOGN PD\ KDYH HYROYHG UDSLGO\ DQG GLY
UHSWLOLDQ IRUP ZLWKLQ H[VOLQMHWUW\SIDISVH'E DR B DIPR T
HXWKHULDQ VSHFLHV 7KH ODWWHU YLHDDA\VQUXBBRBWHME
VXHEKY SODW\SXVHV DQG HEKLIGQDW TRR. @ERMI HKDWIQH H[LVW
IHZ PHWDWKHULDQ RI PDUVXSLDO PDPP.XODHWWSBIGLHV VX
+RZHY&'U PROHPMHPY VR HHENYWBHHQ VSHELHV 7KHUHIRL

OOV FDQ UHFRJQLVH PRXVH &' G DQG YLFH YHUVD %XUC

7KHUHWZ &3 GHQPVFBHVLI@BVWBGE&S G %ULJO BDQCHY
7KHVH WZR JHQHV DUH OR FDWWIHE RG FIKQ RFSES\RR/R M H

RULHQIRGWILWRH) DSSUR[L P DVHIOGHEWNE D S DUKH W 22RJ B H@QLHWH O




&KDSWHU $Q  QWURGXFWLRQ WR

WKH SURGXFW RI JHQH GXSOLFDWLRQ WKH\ VKDUH VH
'DVFKHU DQG %UHQQHU ORXVH &' G PROHFXOHV
RI WKH KHPDWRSRLHWLF OLQHDJH LQFOXGLQJ % DQG 7
%URWMWD\DO 3BIWNDO $W WKH WUDQ\WREUGBW HR DDV B H &
KLIKHU OH¥E @V WEKD®DO WLVVXHV WHVWHG H[FHSW WKH
DSSHDU WR EH HTXDO IRUHBRW® JHODKNUHDDEEWHKH D
GLIIHUHQFHV EHWZHHQ &' G DQG &' G SURWHLQV LQ ZKL
FOHIW ZKLFK LQFOXGHV D &\V :7US PXWDWLRQ 7KH F
LQWUDGRPDLQ GLVXOILGH ERQG WKDW LV KLJKO\ FRQVF
PROHFXOHV $GDPV DQG /XRRWIDO 3RWEBHGBXU\ DQG LV
EH FULWLFDO IRU WKH IROGIMQD®| 0B &E,XHMWARD N P DIQH
LPSDFW RI WKLV PXWDWLRQ RQ & G VWUXFWXUH DQG
ERYLHG JHQH HW @O DQG WKH SULPRUGLDO &' HQFR
FKLFNHQVHWDMRQFOVR FRQWDLQ DQ DPLQR DFLG FKDQJH
ZDV SUHYLRXVO\ UHYHDOHG WR DIIHFW WKH QDWXUH RI
=DMRQF ,QWULJXLQJO\ UDWV SRVVHVV RQO\ RQH
KRPRORJ\ PRUH UHVHPEOH PRXVH &' G WKDQ &' G ZL

,FKLPHWDD O

:KHUHDV &' G KDV EHHQ IRXQG WR SOD\ WKH PDMRU
IXQFWLRQ WKDW RI &' H3W ID\O X QUHSBHRJW &K MK DW &' G LV +
FHOO VXUIDFH RI WK\PRF\WHV LQ VRPH PRXVH VWUDLQYV
IURP HPEU\RQLF VWHP (6 FHOOV XVHG® LDPD P R §W XIHGHN
E\ 6XQGHWO DODM VKRZHG WKDW &' G PROHFXOHV DUH HJ
VRPH PRXVH VWUDLQV ZKHUH WKH\ VHOHFW IXQFWLRQD

DOQWLJHQ UHFHSWRU UHSHUWRLUH DQG SKHQRW\SH RI &'




&KDSWHU $Q  QWURGXFWLRQ WR

PLFH GLIIHUHG IURP & G VHOHFWHG W\SH , 1.7 FHOOV +
JHQH WUDQVFULSWV IURP WKH WK\PXV RI %$/% F PLFH
& G &' G ZDV FORVH WR ZKLFK VXSSRUWV WKH SRVVL
WKH GHYHORSPHQW RI L1.7 FHOOV 7KH FU\WWDO VWUXFW
DGRSWV DQ RYHUDOO DUFKLWHFWXUH VLPLODU WR &' G

DQWLJHQ ELQGLQJ JURRYH KRZHYHU WKH &' G $+ SRENH\
IDYRULQJ WKH ORDGLQJ RI OLSLG DQWLJHQWWLW® VKRUYV
&ROOHFWLYHO\ WKHLU UHVXOWV LQGLFDWH G/ MWD VR IWAKHC

DQWLJHQ V LQ WKH PRXVH WK\PXV WKHUHE\ LPSDFWLQJ

5HJDUGLQJ WR IXQFWLRQ &' D &' E DQG &' F PROHF)
IRUHLJQ OLSLG DQWLJHQV WRDERQ5RURDPOHW EF G R [8H
FHOOV ,QWHH®UDRMHFXOH XQLTXHO\ SUHVHQWY VHOI C
& GHSHQGHGWOMVLEHUR DQG @FRUAW DO $PRQJ PLFURELL
OLSLG DQWLJHQV @LBR BN FGHHUWLLYKHPEWHHE K W NS K\ HRGW
E\ & &' E DQG &KLOH &' G WHQGV WR SUHVHQW WKRVH
VXFK DDWXFXURBBUPQAGRBSKLQIJRPRQMDVIDOHFWRV\OGLDF\O

I[URBRUUHOLD ERQIEE RWBIRIYKLRMVMBIRRIUIIOAKPDQLD GRQRYDQL
/ILSLG DQWLJHQV RI W\SH , 1.7 FHOOV

, W KDV EHHQ PRUH WKDQ WZR GHFDGHV VLQFH W\S
GLVWLQJIJXLVKHG IURP FRQYHQWLRQDO 7 FH@D -PRSXOD)
UHDUUDQIHRHHQWU 7 FHOO DQWLJHQ UHFHSWRU 1.7 FHO(
DQWLIJHQV SUHVHQWHG E\ & G D PHPEHU RI D WKLUG II
+RZHYHU WKH NQRZOHGJH VXUURXQGLQJ WKHVH 1.7 FHO

PRVW ZHOO NQRZQ OLSLG DQWLJIJHQ WKDW FDQ EHDUHFRJ:
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*DO&BYDO&HU LV D JO\AR GHUILYIROLSH RI QDWXUDO DJHO
FORVHOGUHBGRWLSLGY ZKLRWKRIQOLAIGIBBUWLRQ 7KHVH
RULJLQDOO\ HIWUDFWH G $IJHCPD W HD BN/ EKINISIR Q FARVLY LW
GLVFRYHUHG LQ D VFUHHQ RI QDWXUDO VXEVWDQFHV IRLU

SKDUPDFHXWLFDO HERPBOQ\ 1DWRUL

7KH PRVW VWULN L Q D *PDORUHLF V@ QMM FERW ZHHQ WK H
PRLHW\ DQG FDUERK\GVROM R WH B & QDURXBGHORVISWQJROLSLG
PDPPDOLDQ FOMNM\G KIMYARIODOIL@NDIH LV FULWLEDO IRU L
DV FKDEOWRIHIRP HRUQIRBPDWLRQ FR P SFOZDWVHD \RB-EHRR\IED QWA C
VWLPXOWVBRU, RHBQJQLILFDQWW R H LEMWLLAEQAD OWLHU PKWD QX A
WWRKH VXJDU DQG RU WKH VW H UHHRVKHFHEP WDRRHUR/AHRK LLON R \VQLIQQ
EDVWU VDKWHNN DFLG FD QHGVENDSH E HLHBGI® WRPIH/WRMWNM YDULD
SURYHLTX®W HY HQ DIQW DIWHHWEKRINH OFO R REIK P HW DO )R U
H[D P SIDJHD X F R V\ O FHKHDFHGHLWR\SBB\FHOXFRVH * DO QG
&D*DO&MWURO\FRVLGLF IRUD @ IHQIHQGH U KIFOMARNG QIH HWHHNDSAR
FRPSDUB® ORBKML DQG .URQHQ@EHWRYHUJBODFWRV\DEEUDP
QXPHURXV UHODWWCH G SiG SWREMHYDIQOH RI DQWLJHQ VS
W\SH , BHODUGDYURGISKREIHUIXO DIJHQWYV IRU SKIRIPBERORJ

FHOOWK YDULRXV IXQFWLRQDO RXWFRPHYV

$OWKRXDK&HU DQG RWKHU VLPLODU FRPSRXQGV DUH
, 1.7 FHOOV WKH\ DUH QRW D QD W X UiKHIPP\B OLHD® HIRRP WV
V\V WGHPH V WO B WFHIGDU DAWD ULQH VSRQJHV 6DQGEHUJ DQG
&RQVHTXHQW VWXGDHWHKDMM RG 1 Q AULRIEH\® IOD QVLPSRRGOIBEOR\GHR

D ODUJH TWDBWLHEQMMORP PLFH DQTKKXHADRLFURELDO OLSLC
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DUH PDHQOWEGP WKUHH W\SHWYLRKd EQ WSSIKILIM IBRBYDV QG

MUUHEXUDGRKMHWKH FRPPRQ |HDDN&USLNVGRZ LBAHKD WIZRDD F\ O
DOLQNHG KH[RW® *DXOBHRZHYHU WKLWKHMW\SH +RIOEP RW B EWE
S\ORWIKH DQWLJHQ KDV D YHURRRQUWIHBR\RWHV W H X RW XRJRL K

IURP WKH HXNBHLRNQE KIRRQHQEHUJ

7KH ILUVW EDFWHULDO JO\FROLSLG 6B3WQJR®ESWND YV
ZHUH JO\FRVSKLQJROLBB&LQJIRPR QR FDXG LIDRERUBKLQJF
1 *6/ ¥ IWSRKPLQIJRPRQDV \DQRLNX\DH Dr#OH &KL K@\ WMV K
ZWK D FHUDPLGH EDFNERQIR FFHRWDLVF DARQIRD\WRW L 8 DFRER Q G
PDLQ GLIIHUH GEHLEH\WERBORXQGY *6/ RU *6/ 1 DQG *C
*6/ RU *6/ § XVH JOXFXURQLF DFLG RU JDODFWXURQLF
JURXS ZKLOH *DO&HU VLPSO®WXNEYV J D OHNDWIRDVOHE! W LHDBIFR
DO 3HL DQG .URQHQEHUJ *6/ *6/ 1 DQG RW
PRUH FRPSOH[ FDUERK\GUDWHY KDYH WKH DELOLW\ WR V'
FHOOVLERWRERD YLWUR EXW ELWKDAIBOXHU IS RQMHE

ODWWO@HDO 6ULUDP HW DO

7KH VHFRQG W\SH RI PLFURELDO JO\FROLSLG DQWLJF
DUH GHULYYRAW UURERD EXUYVYGRURFAKIHWH WKDW FDXVHV /\F
FXUUHQWO\ WKH PRVW FRPPRQ YHFWRHVWEROQAKGIUVHDWVH
WRDEXQGDQW JO\FROLSLGV SYWHYNQWN B@IGVEEK HH O O HZ WD
DQ DQWLERG\ UHVSRQVH LQ LQHW WH3G L QALH LRSIX AW V

FKROHVWHUROJDD DFWR S\UD QR VEXBIJ GGOWRERIOA. S L G %E*

DQRG WKH RWEEBWFA\®D '2JDODFWRSAQDORHWUB O,, %EQ
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OHQDFKHWP DO %E*/ ,, ZDV IRXQG WR.DFWQONWH W\ StH

GHSHQGHQW PEH@YPQMH® .LQMR

SHFHQWO\ LW ZDV LQGLFDWHG WKDW D FKROHVWHUF
VSHFEHOLFREDFWMWKHS\PRXMDWLYH DJHQW RI PDQ\ VWRI
VWLPXODWH W\SH , AW BEOOYRW&KODRBSOH LW KDV EHHQ
WKH DQWLJHQ FKROHVWHUR\O 2 DF\O JOXFIRY LYANYBR X O (
& G GHSHQGHQW PDQQHU DQG PRGXODWE WK®RIDXQRXML R
)1 SURGXFWLRQ &KROHVWHUR\O 2 DF\O JOXFRVLGH S
FRPSRXQG IURP DHWKPD &KECRZHYHU WKH XQGHUO\LQJ E
LOQWHUDFWLRQN EHMWBAHMIQ MK HE' G DQG WKH 7&5 LV QRW

IXUWKHU LQYHVWLIJDWLRQ

,Q D YDULHW\ RI FRQWH[WV W\SH , 1.7 FHOOV H[KLEL
DSSDUHQW DEVHQFH RI PLFURELDO DQWLJHQV 7KHUHIRL
VHO| UHDFWLYH DQG WKHUH PLJKW EH D VLQJOH VHOI D
DQG UHODWLYHO\ KLJK DIILQLW\ VHOI DQWLJHQV WKDW F
K\SRWKHVLV UHPDLQV XQBORUYHD QXPEHU R DG RWHIWLED
EHHQSBVRG RYHU WKH \HDUV DQG DOO DUH FDSDEOH RI

YLYRKH\ HLWKGAF RV SLQJRRIBLERVEBQGIROLS HW IDPNLIHQV

7KH ILUVW VHOI GHULYHG FHOOXODU OLSLG ZDV SKRV
IRXQG E\ *XPSHU] DQG FROOHDJIXHYV IURP DQ H[WUDF
E\ SODWH ERXQG PRXVH &' G PROHFEXOHV WR W\SH , 1.7
GHULYDWLYHV 3, KDV WKH KLJKHVELRGWQJHIQT FF IS8 W KQE
GLG QRW VXEVHTXHQWO\ UHVSRQG WR *DO&HU DQG WKH!

WKH W\SLFDO W\SH , 1.7 FHEBW PRSXGDRWRKARU*XAROHGHUL
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OLSLG GLVLD®RJIJDRDULRWEBHWWHG WR DFEWLYDWH D VXEV
LPPXQLVDWLRQ ZDV UHTXLUHG LQ RUGHU WR GHWHFW D *
HW DO $ QXPEHU RI HIIRUWYV ZHUH PDGH WR LGHIRNLI\ J
SDUWLFXODU VWUXFWXWWH\DQZHUGHRRDG 3DREMYHU VHY!
SDSHUV KDYH UHSRUWHG WKH LGHQWLILFDWLRQ RI IDFWF
ELRVI\QWKHVLY )RU H[DPSOH &S* 728 D L7JPD®ME QRN GUMHF
DFWLYDWH GHQGULVDLFLBENOIGVI WE RYSWEKHRANHLGV DQG D

ERWK RI ZKLFK DUH UHTXLUHG WR PRGBEODWH W\SH , 1.7 F

$Q LQWULJXLQJ ILQGLQJ LQ WKH LGHQWLILFDWLRQ
LGHQWLILFDWLRQ Rl WKH JO\FRVSLQJROLSLG LVRJORERW
DQWLJHQ UHTXLUHG QRW RQO\ IRU 1.7 FHOO GHYHORS
DXWRUHDFWLYH 1.7 FHOOVHMQ D/'OKH (CHHMMBBIOU\ ZKRMH L\
FRPSHOOLQJ HYLGHQFH DJDLQVW L*E DV WKH PDLQ SRVL
FHOO QXPEHUV DQG IXQFWLRQ DUH QRUPDO LQ HPWFBIOGH I

:KLOH L*E DYORPRWSIOQJIJROLSLG VHOI DQWLJHQ WKDW
LV KLJKO\ XQOLNHO\ WX\ W KHEP DLWRUHTHOUBM@WLIHQ 'DW
LQGLFDWHYV WKDW WKHUH DUH RWNKMNBKJOW BKRIMBKOON ISE
SKRVSKDWLEQGOSKRYE KD W L GWKDASKUDHY/RHMMPH @ HE\ &' G WR
1.7 FHORXYHYHU WKH\ GR QRW KDYHOULWWREU SIRMHQW FRR.
WKDW BPtPQBHU *XPBHU] 7KXYQWKHDQEHU LV VWLOO DC

OLPLBNWIRYVY WR LGHQWLI\ DQG VWXG\ 1.7 FHOO GHYHORSI|

,W KDV UHFHQWO\ EHHQ SURSRVHG WKDW OLQNHCG
JOXFRV\OFHUDPLGHYV *OX&HU ZHUH QDWXUDO HQGRJ}
SUHSDUDWLRQV RI & DQG & *OX&HU KDYH EHHQ VK

1.7 FHOOV RWWDIOGRBDBMNRO =LIJPR®WGDO % U HQWQ DQ




&KDSWHU $Q  QWURGXFWLRQ WR

+RZHYHU  *OX&HU LV RQH Rl WKH PRVW DEXQGDQW
UHPDLQV YHU\ GLIILFXOW WR FRQFHLYH WKH UHJXODWLR
UHFRJQLWLRQ E\ 1.7 FHOOV ,Q DGGLWLRQ EHFDXVH RI W
OLSLEBVHDAERVVLELDIQRP WKWWRXOG FRQWDPLQDWIHR YKH,

.DLQ DQG FROOHDJXH V GXEPHRD KWV BYVRHGWW R R ®/D W R U\
1.7 FHOOV DQG WKDW FRQWOPQ® B® LR FRIQWSQFEUHA MK T
LPSRUWDQW LVVXH IRU DERYH ELRORWDMDAR YW RG LG\ HFR
PHWKRGV .DLQ DQG FROOHDJXHV KDG XVHG WKH VSHFL
DVVD\V WR FKDUDFWHUL]H DQG LVRODWH WKH HQGRJHQR
'&V  7KH\ IRXQG WKDW WKH HQGRJWNQRXWHODQNBGG
PRQRJO\FRV\OFHUDPLGHVY D FODVV RI JO\FROLSLGV WI
PDPPDOLDQ FHOOV JLYHQ WKDW WKH RQO\ WZR JO\FRV
VIQWKDVH DQG FHUDPLGH JDODFWRV\OWUDQVIHUDVH
JO\FRV\OWUDQVIHUDVHV ,Q DGGEWQRIQU WK HR QGHR R @ KW Ut
OLJDQGV RI 1.7 FHEDWDBEROGLMVKDW\PHY WLJKWO\ FRQV

JDODFWRV\OFHOUHLPHPUGHQ . FHOOV DQG WLVVXHV

2ZWKHU SRWHQWLDOO\ UHOHYDQW VHOI DQWLJHQ
O\WWRSKRVSKDWLG\O FKROLQH /3& DQG O\WRVSKLQJRP\H
OHYHOV GXULQJ LQIODPPAMWERW\ URSHR @AWW \DHDR/ID 7KHVH
WZR VHOI DQWLJHQV ZHDNO\ VWLPXODWHHWRPI® KERWQ W
DSSDUHQWO\ IDLO WR WULJJHU D UHVSRGQWH EQ P RKWH W\
DO )DFFLR®@ VWDIO 7KLV UDLVHV WKH SRVVLELOLW\ Wtk
DQWLJHQ V IRU W\SH , 1.7 FHOOV PLJKW EH GLVWLQFW C
VHTXHQFH GLIIHUHQFHV EHWZHHQ PRXWHDOQG XXANPWIQHUY
GLITHUHQFHYV LQ WKH ILQH VSHFLILFLW\ RI KXPDQ DQG PR

. *DO&HU DQDORJXHYV KDYMWHHR UHBSRUWHBRINYKHU LV
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WKDW WKHUH LV QRW VLPSO\ RQH VHOI DQWLJHQ IRU W\S
DOQWLJHQV ZLWK YDULRXV VWUXFWXUHV PLIJKW EH FDSD

UHFRJQL]HG E\ WKH W\SH , 1.7 7&5
&ODVVLILFDWLRQ RI' 1.7 FHOOV

$OWKRXJK WKH GHILQLWLRQ RI 1.7 FHOOV LV VWLOO
1.7 FHOOV KDV E MHRQ D DFFHLLOVE IMDRYWH Y BRUGIEWN HUV VEXFK DV
& GWHDMQG. 1.7 FHOOV DUH LQLWLDOO\ GURIXEHWG &'QGVR
GHSHQGHQWLRDGE S8 Q3G HQ Wb Bl JGRIMIDIFY ~ *R GHWHD O
& GGHSHQGHQW 1.7 FHOOV DUH VEEMR @@WRBJDQRMS HQ X
SUHVHQWHG LQ&W&D F&R QWWHKIMX RHHG DQWLJHQV SUHVHQW
PDWXUDRGRIH\ DQG %HUJQ QPRQW BDEWSHQGHQW 1.B FHOC
VP HWORPVWKBAELS5Y UHFRIQLVH DQWR WHRIRD S B MRBH@BHG R Q
%HUJLQV 'XH WR WKH GLIIHUHQM H® BXILHM-PMIMXES' IBRIOBIG W
LQGHSHIQTG FEWDY LIEFHQWLILHGPLBHE&EDRRW EH GHWHFWHG

PRXVMWUYVDURQH@EHUIDSLQ

& G GHSHQGHQW 1.7 FHOOV DUH IXUWKHU FODVVLILH
,, 1.7 FHOOV .URQHQEHUJ DQG *DSLQ ,Q PLFH W\St
GLVWLQJXLVKHG E\ WKH U HDDMHW\ORD @/HG LRQ7&5% WR
7&5V DUH FRPSULVHG R| BRDLRYBULDQ VP LF&B RD 9LQ
KXPDQV LQ FRPELQDWLRQ ZEWKDD @VL PEWRHUE 9\ QWP RF H7 &5J
9E LQ KXPDQV 7\SH , 1.7 FHOOV D FF RNVOMHR @/ ORE SISWRRL |
1.7 FHOQBSSUR[LPDWRHO&' GHSHQGHQW IDQWWODU
ODWVHNWDDO 3DWHW DO %HQGHODP 'XH WR WWHLKEV B URLIDQV

7&50FKDLQ W\SBHS&EQ&GHQW 1.7 FHOOV DUH1D/ONIRORD/O Ot(
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FRPELQLQJ WHWUDPHU VWDLQLQJ ZLWK DQDO\VREERI 1.
FODVVLILHG LQWR WZR VPDQGHU 1SR FHOIMWLRQ WV HQOV DU
LPPDWXUHD @GHORS LQWR FRDWERHB ODF EQUUL. RQ WKHL
VXUIDFH HWM@MLFFLQ PLFHUSRISK ODWUIRD , AHDOM DQG

WKH UHPDE@OSVE' 7KH\ GR QRW VLPXOWDQHRXVO\ H[

DQWLJHBR WH(SURY&\ DV LQ KXPOWRG %HQGHODF

,Q KXPD®HW ,W.7 FHOOV DOVR H[SUMHKD D@ ZE® B K LIDVQ %
D LQ FRPELQDWLRQ ZL WeGHF IONVRKDME. DAHWG RVRZDUG WK
9E 6LPLODU ZLWK LWV PXULQH FRXQWHUSDDWD OKEXPD Q
7KH\ H[SUHVV &' KR PROURGRIQFWLRTIOLOYOOHQW WR PXULC

PDWXUH VWDJHV'D QGQJ RUW W D O % HHW @O

,Q FRQWUDVW W\SH ,, 1.7 FHOOV DO VR DD DQ GILW HUF
7&5MHSHUAMRGBHQRWO9PH DR DHDUUD EXVRNHEROE®U HVWULFW I
DQW[KLELW PDQ\ RI WKH VDPH SKRSRWWS HN TG LEXQ@RW DR
7\SH ,, 1.7 6ROHJ$SUHVV DFWLYDWHG RU PHPRU\ PDUNHUV \
EX®R QRW RJDMDHEBQWLO QRZ W KDW REMOED GRS DFWH UL
EHFDXVH RI WKH DEVHQFH RI D VSHFLILF &BTUXD KRR LREELHN H |
7&5 UHSHUWRLEHGRHVWULFWHG PFWGEGHWKI\EHGGRIRP 0+& |
GHILFLHQW PLFH KDV UHY BDOGMGR W KII¥& BWK Bl L QX/V 16 DD U +
SUHIHUHQ W\ KM OF &BLAKIP L Q  HVID LDND 2WKHU VWXGLHV KD
DGGLWLRQDO W\SHoR, QRWFNEDRWEDAP EXW VWKBIORELDV \
JHQHV WUGHPIDP L @\HKDQG &DUGHODKLY FHPPRWQBMHD QJH R
K\GURSKRELF DQWLJHQV LQFOXGLQJ VBXQGDMES HD URPIRAE

PROHFXX@HVWRBDEBHG &' G WHWUDPHU KDV EHHQ SURGXFHC
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KRZHYHU WKLV FRPSOH[ FDQQRW GHWHFW HOAODNLQGV R
&XUUHQWO\ WKH EHVW ZD\ WR VWXG\ WKR & 'FGGEH L\FX H\DHX

DQ-® GHILFLHFGW P

,Q DGGLWLRQ WR DERYH FODVVLILFDWLRQ UHFHQWC
LGHQWLILHG LQWR ILYH PDMRU IXQFWLRQDOO\ GLVWLQF
F\WRNLQHV (DFK VXEVHW FDQ EH IXUWKHU FKDUDFWHUL]
IDFWRUV WKDW JHQHUDOO\ FRUUHODWH ZLWK WKHLU F\
L1.7 FHOOV H[SUBIMYY 326HWQG VHFUHWH SUHGRPLQDQW
)1 L1.7 FHOOV H[SMHtvwey WE® VHFUHWH 7+ F\WRNLQH

/ HHHW D O L1.7 FHOOWDBYHS2EMIDG VHFUHWH 7+ F\
N L1.7 IROOLFXODU KHOSHU H[SUHVV %FO DQG SUF
GHSHQGHQW IDWWLIR® &KDQ@J FHOOV UHSUHVHQW D XQLT)>
WKDW DUH 3/=) QHJDWLLYG( B&8W BB HMWFUHWH |/ W F
LPPXQRUHJXODWRU\ HEWLDRQPHQW (DERKVXESRSXODWLR
SDUWLFXODU F\WRNLQH UHFHSWRUV L1.7 H[SUHVVHV |,
L1.7 H[SUHVVHV ,/ HSDODWDUIKIHQ VWLPXODWHG ZLWK W

F\WRNLQH HDFK VXEVHW SURGXFHG RQO\ WKH FHWRDNOQH

S5HFHQW VWXGLHV RQ JHQH H[SUHVVLRQ DQG HSLJHQ
PRGHO RI GLITHUHQWLDWLRQ DV HDFK VXEW\SH KWGDD GL
/IHHW DO *HRWHWHN O \HW LW LV OLNHO\ WKDW
LQWHUUHODWHG )RU H[DPSOH WKH L1.7 VXEVHW LV HTX
LW ZDV VKRZHG WKDW VWDJH DQG VWDJH L1.7 FHOOV
5% FHOOV WKDW PDNH XS L1.7 DQG L1.FHOWOWME WHRDW

SURJHQLWRUV RI WKH LIHHW BREVHWXUMKBUPRUH .URQI
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FROOHDJXHV IRXQG WKDW WKH L1.7 VXEVHW ZDV FRPSR\
H[SUHVVHG D ODUJH DPRXQW RI JHQHV LQYROYHG LQ FF

OLNHO\ D SURJHQLWRU RIHRWEK®GIU L1.7 FHOOV (QJHO

W LV H[SHFWHG WKDW DOO L1.7 FHOO VXEVHWV DU|
L1.7 FHOOV DFTXLUH WKHLU IXQFWLRQDO FDSDFLW\ L
OLFKH\W DO :DWDHWLDO /HA DO EHIRUH WKH\ PLJUL
SHULSKHUDO RUJDQV LQ D WLWWXB® VSFHRLGLIFWPDQQ HU
L1.7 FHOOV KDYH QRW EHHQ GHVFULEHG LQ WKH WK\PXV
UHPDLQ XQFOHDU ,W LV SRVVLEOH WKDW WKHVH WZR VX
ORZ IUHTXHQFLHV LQ WKH WK\PXV EHIRUH PLJUDWLRQ R
DEFWLYDWLRQ ,W LV LQGLFRWHNG\WMYWDULVH D@ KH.BH
SURSHU VWLPXODWLRQV FRQGEMQEQ W UYRU GEXFSGHL Q W7
IROORZLQJ LOQMHEWLRQ JRHWOD®LG BOMLIBIQY\ &HDGXFHGT
WKDW VKDUH FRPPRQ FKDUDFWHULVWLEFV ZLWK WKH L1.7

WLVVXHVY KDYH EHHQ GHVFULEHG IRDWRYQQJHDMWOIHQ VW

SHFHQW VWXGLHV RQ JHQH H[SUHVVLRQ DQG HSLJHQ!
PRGHO RI GLIIHUHQWLDWLRQ DV HDFK VXEW\SH KWGDD GL

/JHHW DO  *HRWIWHDO \HW LW LV OLNHO\ WKDW
LQWHUUHODWHG )RU H[DPSOH WKH L1.7 VXEVHW LV HTX
LW ZDV VKRZHG WKDW VWDJH DQG VWDJH L1.7 FHOO)\
500 FHOOV WKDW PDNH XS L1.7 DQG L1.FHOWOXE WHKADW
SURJHQLWRUV RI WKH LIHW BDREVHWXUMKBUPRUH .URQ]
FROOHDJXHV IRXQG WKDW WKH L1.7 VXEVHW ZDV FRPSR\
H[SUHVVHG D ODUJH DPRXQW Rl JHQHV LQYROYHG LQ FH

OLNHO\ D SURJHQLWRU RIHRWEK®GIU L1.7 FHOOV (QJHO
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W LV ZRUWK QRWLQJ WKDW WKH VXEVHW PRGHO LV (
HDFK VXEVHW KDV D WHQGHQF\ WR SURGXFH SDUWLFXOI
VWLPXOXV VXFK DV SKRUERO P\ULVWDWH DFHWDWI
SURSRUWLRQ RI WKHVH FHOOV ZLOO FR SURGXFH F\WRNL

<RVKLPRWR HW.DDWwDUDLRLQG HDFK VXEVHW H[SUHVVH(
RWKHU VXEVHW W O(QJHOR HIWHDI O TKHUHIRUH LW LV L
VSHFXODWH WKDW XSRQ F\WRNLQH VWLPXODWLRQ HDFK

XQGHU DQWLJHQ VWLPXODWLRQ DOO L1.7 FHOOV KDYH WK
7+(52/(2) 1.7 &(//6 ,1 7+( ,0081( 6<67(0

1.7 FHOOV SOD\ D FUXFLDO UROH LQ XU(PLPTREHO UWJ XD
UDSLGO\ VHFUHWH ODUJHALBKRRQQW \P LRIDXFN BERMUNQIPX OD WL |
0D W VKW DD O 2QFH DFWLYDWHG WKH 1.W K H®XO\W Q6 SLIG
F\WRNLQHV,/LQFOXGLQJ 71),)1JDQG FKHPRNAIQBY 5$17(6
(RWD[LQ DOBQG EFRGIHW DO &KDH)W DO 7KHVH F\WRNL
PRGXODWH WKH REMKRBUDIORX WL QRIERWK L Q QP RHQ B QUEH \DSIRE
.URQHQE®GJ*DSLQ )RU H[DPSOSURPBIXFHG E\ DFWLYDWH
SURPRWHY WKH DFWLYLW\ RI 1. FHOOV DQG PIEE %N DNV
WKH PDWXUDWLFO@®RY GHIUG U LW LW ¥ HOP DW X UH GHQGMEWLF
D 7K FHOO UHVSRQVH WR DF@ IPRIDMWH DG S W.17Y FHIORPPX @ IO\
DPRXQWV RAKUFK FRQWUROV WK GIH YHHDRGW HRWL RQ 7K

LQGLUHFWQY KR HGEDDWHG DXWRLPPXQLW\

,Q DGGLWLRQ WR rapid cytokine production, activation of type | NKT cells thrt
stimulation also augments the bidirectional cross-talk with DCs in a CD40/CD40L and CD1d-
dependent manner. This interaction promotes the maturation, activation, and the up-regulation

of other co-stimulatory receptors, such as CD80 and CD86 on DCs, as well as the release of
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IL-12. As a consequence of direct interaction with type | NKT cells, DCs can promote the

activity of antigen-specific CD4and CD8 T cells (Fujiiet al, 2003; Hermanst al, 2003)

Type | NKT cells can also prime the adaptive immune response through directly activating
CD1d-expressing B cells (Barrat al, 2008; Leadbetteet al, 2008). 7TKH U HMRURIX J K
F\WRNLQH SURG RVMNHOO ULVPWHOOV IRUP DQ LPSRUWDQW
DQG DGDSWLYH LPPXQH UHVSRQVHV 7KHW K P RM¥HMHIDNLRA

PDLQWDUXROHDMIQGPHXSSUHVY DXWRLPPHKWHDGLVHDVHY 0DW
5ROH Rl IL@RMMRQPPXQH GLVHDVHYV

SHFHQWO\ VWXGLHV RQ YDULRXV GLVHDVH SURQH F
GHIHEFWV LQ 1.7 FHOO IXQFWLRQ DQG QXPEHUV DUH FR
UHODWLRQVKLS ZDV ILUVWFHG HRXVIH HR G B OVVRIPKK FDXQS X
HU\WKHPDWRKNXQVN 600 ,Q5/ OSUFPL.7 FHOO QXPEHUV VWDU
DURXQG@HHNWIRIEHIRUH WK H KBQVHWVRW KKX\QRLPPXQH GLV
PDQLIHVWY 1.7 FHOOV D UKH FIRPVE O R GO LIREYY JREBA H Q H
VHIPH@WR WKHVH WIKEHFEHOPHHGQ 1.7 FHO G LOYXREMHW D
0L HHIVO ,Q KXPDQV WKH SDUWLFLSDWLRQ RI 1.7 FHOO
$Q LQFUMDDEMHLLQFHOO SURSRUWL BQ FRWXEWQRB@DIWHU VW
EHHQ REVHUYHG LQ BRRMIMNOMG VR WKK&JBWEKW FRI WKILRO V

FHOO SRBNOPRW. B FHGEXRIYH U KDHBSUVVRWMWIBWW KRIJHQLF '1 7 F
TKHHIRUHQWKGBGYHPHQW RI 1.7 FUHIDTOMUWNWK K RIDWILIRRQ. Q

,Q DGGLWLRQ H[SHULPHQWV LQ QRQ REHVH GLDEHWL
RI W\SH , GLDEHWHY 7' KDYH VKRZQ D SURIRXQG GHIH
12' 1.7 FHOOV H[KLELW D GUDPDWLF UHGXFWLRQ LQ ,/

*RPEHHUWNV DO % DIHWH D O +DPPRWGDO 7TKH RQVHW RI
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GLDEHWHYV ZDV UHSRUWHG WR EH DFFHOHUDWHG LQ 12' F
GHYHORSPHQWL@RQYRUWHIORXODW IDR@ GR& HIU7 R H QUMW \EL Q J
QXPEHUV HLWKHUWRLW W SHIHUULGHOOV IURP QRQGLDEH
) PLFH %DNYWHU +DPPHRQ®O RU LQW WG XFLQYIUWEWIHQ
/HKXHW DO FRXOG VXSSUHVV WKH GHYHORSPHQW RI W
SURWHFWLRQ DJDLQVW GLDEHWHY GHYHORSPHQW LV UHS
F\WRNLQH SURGXFWLRQ VXFK DV ,/ DQG ,/ +RZHYHU
F\WRNLQHVY RU DQWL 7K F\WRNLQH DQWLEREGRBYVKHG K
SURWHFWLYH LPSDFW FRQIHUUHG EWW\GH +DPPHRERA@O 7

IDORX[ HW DO

$OWKRXJIK LW LV QRW ZHOO GRFXPHQWHG VLPLODU L
ZLWK LQVXOLQ GHSHQGHQW GLDEHWHY PHOOLWXYV ,"'0 7
WR KDYH ORZHU IUHOXHQFEHOQ®J LIQIWKHLU SHULSKHUDO
GLDEHWLF WZLQV ,Q DGGLWLRQ 1.7 FHOOV IURP QRUPL
IRXQG WR VHFUWHDMHG ERWKDODWKRXJK WKRVH IURP GLDEHV
,)1J :LOVRMQ DO . XNYWMDO 7TKHVH ILQGLQJV VXJJHVW W
1.7 FHOO QXPEHUV UHVXOWYUIRG X\FKNHL ROQL ODXQE WXEVHT XH(
PHGLDWHG E\ 7K FHOOV +RZHYHU D UHFHQW VWXG\ XVL
GLITHUHQFH EHWZHHQ ,''0 SDWLHQWY DQG KHDOWK\ FRQW
WR SURGXFH#HW DO E$ VHSDUDWH VWXG\ DOVR FKDOOHQJH
FHOO GHILFLHQFLHYVY ZHUH DVVRFLDWHG ZLWK 7 ' LQ KXPL
ZHUH LQFUHDVHG LQ WKH EORRMG RO 7 '"$BWRQWWVRLGEDV
DV ZHOO DV WKH OLPLWDWLRQ LQ FROOHFWLQJ VDPSOHYV

UHTXLUHV IXUWKHU LQYHVWLJDWLRQ
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1.7 FHOO IXQFWLRQ KDV EHHQ VWXGLHG LQ H[SHULP
($( PLFH D PRGHO IRU RPEOWSES 06 RERMGXEWIGY E\ LPPXQ
WKH FHQWUDO QHUYRXV V\VWHP ZLWK P\HOLQ ROLJRGH
EDVLE SURWHD®@\FREDFWHULXP FRQWDLQLQJ DGMXYDQW
FRQIMAK ELDVHG LPPXQH UHVSRQVH WKDW SOD\V D UR
DXJPHQWDWLRQ RI 1.7 FHOOV LQ 12' POPH -PL DNGARIHH QB W L
KDV VLIJQLILFDQWO\ VXSSUHVVHBNORO LQ GRAHVA Y B(H QW U/
WKH GHOHWLRQ RI WKH &' G JHQH IURP % PLFH UHVXO
FRPSDUHG WR ZLOG W\SHHWRR@WURQQPERBWUHNW RWKH!
IRXQG QR GLIIHUHQFHV LQ GLVHD\KBKRXDNYH RBW-ZHHQ
)XUGMQ DO PLFH FRPSDUHG WR ZTLIOHU W\ISBIY® L BVWAHHQU F R
UHVX OOV ORBU WUHDWPHQW LQ ($( VWXGLHV D RNOKHWP S C
LQ % 3/ DQG & %/ PLFH EHIRUH LPPXQLVDWLRQ Z
DFFRPSDQLHG ZLWK DQ HQFHSKDOLWRJHQLF 02* SHSWLG
VHYHULW\ RI (MW IDXKQJ 2Q WKH RWKHWHKDWHESRUWY RI
HIDFHUEQWLBQDQG 6-/ / PLFH IROORZLQ@*BR &HIP DQICV W%

6LQHAKW DO ) XBADRO

7TKHVH FRQIOLFWLQJ UHSRUWY UDLVH WKH TXHVWLRQ
WKH LPPXQH UHWSR QWD B JDIKQUVWRSSRVHG WKH UROH RI1 ,/
E\D*DO&HU LQ & %/ PIWVFHD O-DK@IWKHUV WKD W WKHGS UR
HITHFWD/*DIRO&HU GHSHQG RQ WKH DELOLW\ RI WKH PRXV
VWLPXODWEBQ&HWKQ IDFW GLVHDVH VXSSUHVVLRQ ZDV
OHYHOV RI ,/ LR*OBLHRQWHHDRVPHQW ORUHRYHU WKH S

LQ ($( ZDVHIRW ,/ RU ,/ GHILFLHQWDPLFHZIGHQHRYV GLV
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ZDV VXSSUHVVHG LQ ,)1 GIHWLBOHQWWLF® $OWRRXJIJK RQ
VWXG\ GHPRQVWUBYW G RM/DEW LW LFDO IRU G L VHD&HHU SIUR
& %/ PLFH HWKRO WKHERMHGLQJIV VXIJIHVW WKDW ($( ¢

*DO&HU LV PHGLDWHG E\ 7K F\WRNLQHV SURGXFHG E\ 1.7

7KHUH LV D VXEVWDQWLDO ERG\ RI HYLGHQFH WR \
H[DPSIOHYLYRIHFWLRQ Rl . *DO&HU SXOVHG $3&V ZLWK &'
% DQWLERGLHVY QRW RQO\ SRODUL]JHV 1.7 FHOOV WRZD
FRQFRPLWDQW VXSSUHVVLRQ RI ($( ,Q FRQWUDVW . *D¢
$3&V LQGXFHV D ELDV Rl 1.7 FHOOV WRZDUG D 7K HOANH ¢
DO ORUHRYRIUEH YRERLQLYVWAVDN DRRQWRUHG JXRFRDLSL(
VSKLQJERVYXQWMDOR J*RO&PPHOLRUDWHY ($( DQG 7 ' E\ S
LOQGXFLQURP 1.7 EHWIOR'XW HQKDQFLQJ SDWHWRIMQIOF 7K U
*RIHW DO 2MW DO 2&+ KDV EHHQ VKRZQ WR EMDRRUHW HI
LGURWHFWLQJIPLFH IURPQG(LW SRVVHVVHV VRPH HIILFDF)
ZDV LQLWLDWHG VHYHUDO GD\V DIWHU ($( LDGKIEFWLRDH W
RUDOO\ ZKLFK LV WKH IDYRUHG WUHDWPHQRM2 &R XM IRL
DEURJDWHGVEYWRQHRWEIDOPRWRDO 7DNHQ UWWREHWHKH LGHQ
LQGLFDW.HVFWEOW DS SHD UHY R (ZRW RIVGWDD(HH FWHIGY DWLRQ RI
FHOOV FRXOG OHDG W R HOHP\HHD VRGN HRQKRY B3 SURYLGHG D
WKH UDWLFRQDOFEP®WVHE LPPXQRWKHUDSLHY IRU 06 WKD)
VSDULQJ RYHUDOO LPPXQH IXQFW LFOQ Q1 HFNAUDLEK®R O HAMW X B

EH UHTXLUHG WR EULQIDWKHHWIRDO WR IUXLWLRQ
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S5ROH RI 1.7 FHOOV LQ WXPRXU VXUYHLOODQFH

7KH LQYROYHPHQW RI 1.7 FHOOV LQ WKH LPPXQH UL
DRO\]HG LQ D UDQJH RI GW9LH GHITPW HVPX\P RDKEHPHRHBHHDQ F L G H Q
PHWK\O F K RIO@&YFKIEH QHE U RV D U F RIPCP\RXIUR JHRHIOKDOGL HRR Q W L
& %/ PLFHWHW DO 6P\WHW DO +RZHYHU WRRXCPRGQR® UXC
WHHIHRWVFH@EWWQRZQ WR FRQWULEXWH WR LREFRRQIROR JL
DQG H[SWHOQWGRXV REVHUYDWLRQV XWX RRPREHHWHAD FIORD DR
GHPRQVW UDARKBEY MYK-D W EHQ V EHTD GRYOL QMRZD D E @HR SURWHF
WKHFH IURP PHWK\QBIGKG B QWHWH@PDYV YLD GM\SHFWLLQW

7&5 ZLWK &' G PROHHXOB®Y &URZ

1.7 FHO®SNUKHRQMWUXRPOEGHY HORBIRNIBRRVEGKUHFW DQG LQ
F\WRWRI[LFL.OFMHBRXOHGUYH DV F\WR W RYRF GHIW HAF XRRINDEIO V

D Q GL WX O @/ KEHH UBRIK\YR Q1.7 GHILF IPHGMR X O GE H) BBWARMNGH B JD L Q V
H[SHULPHQWDO @I YD B EDRDIPIWD VIOV 2Q WKH FRQWRADH \
OLNHO\ WKDW 1. WKPEEHN MBRERFPBEAWES FW PDQQHU WKURXJKk
RI HIIHFWRU RHO @ \F HOXPK [DY6 PA WHRM @MADV6 P\WHKW DO ,Q
SDUW LLRBDOBHHX JIJHVWHG WKDW 1.7 VRGE OR& D W B WDHWDLFAD P
SURGXFH)10 DQWRUHIXODWHI[SUHVVURDQG &' / H[SUHVVL
VXEVHTEHR AW SURGXFWLRQVRIQDOODFWNYDWHFRQG EX
Rl ,)1SURGXEWLRQF MRUM PXODQ® &7 FHOOV W RRGXKEHQJ

6P\WHW DO 7DQLJINWKDOD

7KH UROH RI 1.7 FHOOV LQ WXPRXU N LGOH QH UKD/ FERDE
WXPRXU BR®KGY RI WKH 50 WXPRX&'PRIGHG HE@YH D W H (

LPPXQRVXSYRMDMH/IDEHQIJ WR WXPRXU SURJUHMWLRWRE\F LT
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O\PSKRF\WHNM WKRXUKPWRRVXSBUHKNYQYWP UHPDLQV WR EH

FRXOG EH DQ LQGLUH RWK ISR\ KZHDU Ll P RES L DLW/HGH O QRBW K H U

FHOO W\SHVHWDIDA EKKD VXEVHTXHQW VWXG\ 7HUDEH DQ¢
WKDW W\SH , 1.7 FHOOV DUH QRW QHFHVVDU\ IRU LPPXQH
ERWK W\SH , 1.7 {HFOIOVWOQW\SH ,, 1.7 FHOOV DUH VX|
LPPXQRVXUWHLOGPRBMIHEH DO $ QHZ PHFKDIQD¥REDRQ

GLVFRYHUZRBQMNN\DQG FR@RHMBKIXOHFWLYDWLRQ RI EHIWD, 1.
PDQQRV\OFHUD@GOGEWNPRIOWLPLQDWLRQ LQ W WH WDEXHQB!
QLWULF R[L®G DSHICPEHEWYANMRQOHM DO 2WKHU VWPXGLBWY R
WXPRXU PRERNGVY FIODWZR WKEWHWY RI 1.7 FHOORDQ®BH ,
RSSRVLQD QUR GBWRMODWH HPFERLRWIDHULPPXQRUHJIJXODWRL
LQIOXHQFH WKH EDODQFH R& RQWKINW HPRX @ MMBHWHK R QAKHU
DOVR MKDW W\SH , 1.7 FHOOV HQKDQFH DQG W\SH ,, 1.7

7HUDEH DQG %HU]RIN\

1.7 FHOOV DOVR KDYH DQ LPSDFW RQ WXPRXU GHYHOF
1.7 FHOOV H[KLEMW®JBDWORWRMHEYHUDO WXPRXU FHOO OLQ
PDOLJQDQFLHV WKURXJELMIGHFWRQFPHAKBROLWRRVH RI FR
DQG 1. FHOEBW DDFRA.7 FHOOV DOWRWRYISODFWLYLW\ DJC
WXPRXU FHOO OLQH WKURXJK WKH SHUIRUDODSEMKZDQ N
SUHVHQFH RI '& WW/ DD KDAMKWLHQWY ZLWK DGYDQFHIG FDC
1. 7 DQG 1.7 FHOOV FRPSDUHG ZL Wk Q@FROU DML 6 R Q WUR 6 X |
W\SH ,, 1.7&FIBGESHQGHQW W\$ K XIHNIDEBUPFNK QRSSUHVVLY

X Q FVLIQR ®P L FFHU H O HDR/ LI\JV R % DOHHAW D O
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5ROH RI 1.7 FHOOV LQ PLFURELDO LQIHFWLRQ

,Q DGGLWILBRIQHWR WRB DXWRLPWX®OR XU WHIOWHD/QBEG 1.
SDUWLFLSPWBHVGRQVHNLPUREQD W ADXMAWDRWHULDO YLU
SURWR] RID@WTV cells respond to a range of infectious organisms through the
recognition of microbial lipidssuch as.-galactosyldiacylglycerol fronBorrelia burgdorferi
(Kinjo et al, 2009, lipophosphoglycan frorheishmania donovar(Ampreyet al, 2004  -.
glucosyldiacylglycerol frons. pneumoniaéKinjo et al, 2011 -glucuronosylceramide and
.-galacturonosylceramide froBphingomonaspeciesKinjo et al, 2005; Sriranetal., 2005;
Mattneret al, 2005) DQG D F K RWDddaidd fidod@licobacter pylori(Changet al,
2011) presented by CDIdAPCs(Slauenwhite and Johnston, 20135RU H[DPSOH 1.7 Fl
FRXOG IRUP JUDQXORPDV DV DQ HDUO\ WVPRXQHFWHR®SRI
O\FREDFWHULXP "WX&HWHAXWRAMNOYOV DUH QRW HKHBHWIS\R\QIVQ EB
O\FREDFWHULXP BHIFDXKYHX &/KWIM LV QRVNIKGH I ISHURVOHFHWEMW
UHVSRQVHV DJDLQ\EW @HILFESTDIBKRUIFIE QYZLOG VB VKGR HVH
RIJUDQXORPD PRGHON7LEBOPYWBIUW KWKH PDMRU FHOO W
JUDQXOR@WYH GHYHORSPHQW RI1 DLWIH D\EWUIX FMWDQEK ORHPT
UHFUXLWPHQW RWBA1L.2 . FHEHOWAILFLHQMEMRWHGKBYHORS JUDC
$SRVWHRDO DX ,PSRUWMNWXMOUVHFUIXLWPHBOMORN WR JUDQXOF

QRW UHTXLUH VSHFLILF SUHVHQWDWLBQWFP{F REBKW HHYIH

1.7 FHOO\GREWLYHO\ WUDQVRHEKW HERZQWIRU&'LEBY KDV EHHC
WKDW 1.7 FHOOV SDUWLFLSDWH LQ SDWRRWRY POHDUDAQ

OHPSHW DO

NKT cell stimulation by microbial ligands is not restricted to microbial lipid antigens

that are recognise GLUHFWO\ E\ WKH 9. +-. P&duct asK bictivakel F U R
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APCs via pattern recognition receptors (such as TLRs, NOD-like receptors, etc), leading to an
increased accumulation of weak self-glycolipid antigens and the production of NKT cell-
stimulating cytokines (IL-12, IL-18, and type | IFNs) (Brgflal, 2003; Mattneet al, 2005;
Pagetet al, 2007; Salicet al, 2007; Nagarajart al, 2007; Briglet al, 2011). In that case,
CD1d-presented antigens may not be required and IL-12, IL-18, or type | IFNs alone or in
combination may be sufficient to drive NKT cell activation and IFNSURGXFWLRQ 1DJ
et al, 2007; Wesleet al, 2008).,Q SD U W1 .FXPBHF®RXWPBG L UKHFRMXEH SURWHI
LPPXQH UHVSRQWWBRSRRIVDBEEKDWLEBVGERPRQVWHKDWH® ZR
FRQVHFXWRYWH QRKHFWLRQW R LMBHR B WK D@ RK'RARBW DO

,Q WHUPV RI D PHFKDQLVP IRU MWW BEHHQK /B/B/® R FN
VWLPYXFODAWIR SKDDHAMSVR JHQHUDAMKHFK LQ WXUR PERMWHFWO\
FHOMRURGOGXFUIH DPRXMDMMNG RAIDNIFRQWLQXRXVO\ HQKDQFHYV
RI 71) ZHKIFEXKHSYDWRF\WH PHEWXWDO $OWKRXIK WKH FH(
SURGXHBE)LQIWRLWHS UHPDLQW XQROEDERQG O X GMIGH WHK DHFEW |
WKIH7 FWOOHV LQ WKHIOIWQG 790 R G X BRR/Q RIQV W MW \ZE MXKJ
D QRWKHUXYWXV/MANGEDGC A WHAW QW PLFH ZHUH UGIRVYUMWB& WKW RN
7KH\ QK RELW D UHGPORMEL R AWDHEWIMRQRWRFSDUHG WR ZLO
PLFHHKHQMHFWLRQ RI UHFPRPEQRWGWOG1BHYYRIFHHG PRUWI
DQ71) SURGXEBWIHREQN DO In addition, weak signAhg produced by
endogenous lipid ligands through the NK&ll TCR, although not sufficient for full NKT
cell activation, triggers NKT cells to release FN XSRQ H[SRVXUH WRI1I2VKH F\

and IL-18 (Wanget al.,, 2012).

,Q FRQWUDVW WR WKH SUHFLVH NQRZOHGJH DERXW V
PLFURELDO LQIHFWLRQ OLWWOH LV NQRZQ DERXW WKH U

$OWKRXIJIK WKHUH LV D GHFUHDVH LQ FLUFXODWLQJ 1.7 FH




&KDSWHU $Q  QWURGXFWLRQ WR

SDWLHQWY WKH\ GR QRW DSSHDDQWHR THWEMD G L¥E R WH L
UHSRUW LQGLFDWHG WKDW 1.7 FHOOV SOD\ DQ LPSRUWL
+69 *UXERHWODRN,Q IDPW DBQG &' G GHILFLHQW PLFH IDL
FRPSDUHG WR ZLOG W\SH PLFH ORUHRYHU 1.7 FHOOV DL
WKH\ DUH DBWR O RMUHGHEHQ W K R OWKU WEKEVRHDEK WAL LLRAD\ UL VF \ W

SURGXFHG E\ 1.7 FHOOV DQG VHFRQGDU\ F\WRNDQHV SUI

,Q DGGLWLRQ WR WKH IXQFWLRQV UHSRUWHG DERYH
UHVSRQVHWWDIENSIW QW UHMHFW LRWKR® GK DV IOHH UHI[IDFF V@ LI\
1.7 FHOOV LQ WK H\QF QERAMHY B EH\L W VG R HV DISRBIHDIQO DAPKIDW/

DFWXREURPONZHLIK WNKNBSUHWKIQRH UROH
1.7 &(// 180%(56 $1' 12' 0,&(
1.7 FHOO QXPEHUYV

1.7 FHDA@NPLQRU FHOO SRSXODWLRQ LQ WKH LPPXQH
GLIIHUHQW EHWZHHQ VSHFL® P DEHG FEHEWCR /N ©Q UR UBIDW ¥ H H
VWUDLQVW ERP@RQO\ RXWIE PWUDLQV & %/ PLFH KDYH U
FHOO QXKHEIWWVEREFH H[EVLELQLOMGRDMU QXPEHU RI 1.7 FHC
ILQG LZQUKR XGQ EERWR IO GMUX GVHQJ VX UURJDRAE FHOW DU V

%D[WMUDO DQG PRUH UH AHKO@WHXSWXEBHWVIRU 1.7 FHOO LGH

+DPPRHW DO 3 RXOWRQ

,Q WHUPV RI WLVVXH GLVWULEXWLRQ 1.7 FH®M\GDUH
VSOHHQ WEMAIRSNURSGRERW LRQFH® O\ YYMABH , ARHDOV DFFR X
IRU RI 7 FHOGWKH OLYHUQD@®&H ERQI MIKHURK\PXV 1.7
UHSUHVHQRN PDW»6$H FHDQREQO\ RI WRWDO WKNRRF\WH

DO D%WHQOBWMDO ODWWXWVGEDO +DPPRHLVG DO ,Q RWKHU
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WLVVXHV 1.7 FHOOV UHSUHVHQW D PLQRU SURSRUWLRQ |
EORRG ORNGIDGLSRVH WENNWHDODODWVIXWDD O

+ XK HW DO

1.7 FHOO GLVWULEXWXRB QHIGOV LONKXE BQBRSRUWILRQ R ¢
FHOOV LV FRQVLGHUDEO\ OR¥WM WD @ KD QKIHY VPRMH %HQGHO
RI EORRG 7 FHOOV EXW WKLV SURSRUWLRQ LV HKWJPO®\ Yl

/HHW DOD ORQWRNDDO ,Q KXPDQWV7 FHOOV DUH QRW
HQULFKHG LQ WKH OLYHU EXW DINLRIPXSOUDRWY/IHP D@ MOXH R ARH

FHGRS X OIDQV WK@\W) FHVW B O
12' PLFH

'XH WR WKH UROH RI 1.7 FHOOV LQ LPPXQH UHJXODWL
IRFXVHG RQ IDPRPAVMUDQ @KLFK 1.7 FHOO QXPEHUV DUH VF
&RPSDUHBLAKWKHU FRPPRQO\ XVHG PRXVH VWUDLQV VXF
&PYPLFH 12' PLFH KDYH UHODWMWSE\, @RDIOW Q QP\E K H WKI
DQG SHULSKHUDO O\PSKXRWEHRVYISDOWQLDBOKBLY HU *RPEH
%D[WMMUDO *RGHMWHDO 3RXOWRQ +DPPRQMGDO ,Q
DGGLWLRBXWPRIWKHO GHILFLHQFLHV 1.7 FHOOV GHULYHG
UHODWLYHOZX KOHWZ\RR XRO G QARZSODYRIHVSRQYH WR DQWIL
DGPLQLWMUDWLE @ Y%/LPPOPW O\ WREBGHHAMHEUHWLQJ
WK\PLF 1.7L8HI®O PWKID® %/ PLFH *RMEBOW +DPPHRW®G

DO SRXOWBQ

7TKH FRQFRPLWDQW GHILFLHQFLHV LQSISHAOFUH OVAR G RRBEA
WR WKH DXWRLPPRBDWHSKRHOGR WISHY 7KHVH PLFH VSRQWD

7' ZKLFKDUDFWHULVHG E\ WKH GHVWUXFWLRQVROCGGDQFUH
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7KHUH LV D WLJKW UHODWLRQVKLS EHWZHBQGWWHKHVSR Q!

GHFUHDVH LQ 1.7 FHOO QXPEHUV DQ GHWX @POW MFEDQMMOUILA " P
+DPPRAWG DO 7KH FRXUVH DQG WKHQVWKHMIBWAIDRFOH W

EPRGXOBDWHIFUHDVLQJ 1.7 FHOO QXPEHUV WKURXI K ®GR
/IDORY DO FRQJHQHVHW DRUGEH® DO )OHWRK DO

LY URGXFAUPLRA RHKXH®YO RE&G GVUDQV)BIQFRAY HD O

RU DFWILWYWKYORAQU O6HRWRDIOQXOULI HW DO

12' PLFH DUH DOVR VXVFHSWLEOH WR RWKHU DXWRLTF
HU\WWKHP®WRMMYDO (VWHEDD DQGHPRO\WLF DQBPRIGD %]
ODQGHO 1RWDEMW\LQMHFWLRQ RI %&* LQWR WKHVH PLFH
7' EXW LQVWVYD®/(LQIOWF G LWHBRHOG EH SRVWXODWHG W

PD\ FRQWUR O XWRHMHH YWMZR GLVHDVHV

$ JHQHWLF OLQNDJH VWXG\ RI D ILUVW EDFNFURVV |
UHYHDOHG WKDW WKH GHIHFW LQ 1.7 FHOO QXPEHUV LQ 1
INWDQINW ZKLFK PDS WR UHJLRQV FR @MWDAMFHBEWO KISG VWD
UHVSHFWLYHBW DOVHEK® FRQJHQLF UHSODFHPHQW RI \
FRUUHVSRQGLQJ UHJLRQV GHULYHG IURP & %/ PLFH SD
WKH FRQJHQLF UMNS®HDG BPH W KRH RELCHEW RV LEH FLSLHQV
PLFHRUGIDWQDO )OHMWFKHM +RZHYHU LW GLG QRW FRPSO
FHOO QRPEHQWLUHO\ SRIHHMMQ BNO &K ¥XIQW DO
ILFKR®@VDO 3DVTHWHDO *ULHZHDWNDO 7KHUH PLJKW EH |
IDFWRUV WKDW FRQVOXPEXWHDW B WKIOH W E B ARG 1\ K RIXFK

WKLY UHTXLUHV IXUWKHU LQYHVWLJDWLRQ
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1.7 &(/1 '(9(/230(17
1.7 FHOO RULJLQ

'KLOH PXFK LV N\QREZQURERKRDQW PPXQH UG HN®LW VR C
1.7 FHOO RULJLQV DQG WK H LDUNBMLYOHD RIEMXMRINWE @ \ SUL RIHLH
PRGHOV KDYH EHHQ SW RSR\HIOR S\FRH € R BE WEEBR Q D O G
7KH | RG\HDO GWHBVWUXFWLYH PRGHO BRVRIWBAWILIRAD |
FHOOV GHYHORS IURP WKH VDPH SURMHQGHM\ROFODBVFRQY
WH\ DUH DOMIBWQXEHQW 7 FHDWOR P XEXGBVPE®BNHEMHWHFWDEO
DIWHU WK\PHFWRP\ %BQGM®WKRO ODF'RRWOBO ,Q
FRQWUDVWR RPN BSHWGW PRGHO VXJJHVWHCHG KDRP 1G1L \AM
SUHFXUBRMRW DO 7KHVH SUHFXBQRIWDWHGH YHU\ HDU
HPEU\RJHQHVLY SHUKDSV HYHQ EHIRUH WKH GHYHORS

FRQYHQWLRQDO AW HXOOO%D XWNRQRZDEXFHMKL DO

7KH PRVW FRQYLQFLQJ DUJXPHQW IRU WKH SUH FRI
,ZDEXFKL QWKLY UHVHDU&EE EH@OVWLHGHQWLILHG LQ WKH
=$3 PLFH ZKLOH QHI®IGHQRU. 1.7&DE FHOOV ZHUH GHWF
HLWKHMKWEN WEEBHHQ 7KHVH FHOOV GLGEBHRRD X\ SEHAS0 \
JHOWHJPHAHNWH QRW UHPAHMMMEH®HG72E WK\PRF\WHV LQ
SUHVHQFH RI SKRUERO HVWHU DQG LRQRP\FLQ LQ IHWD(
IRUPDWLRQ RI VRPEH FHOOV DQG 9®HWH FWIDE QWD QUKLPAH Q W
UDGWHKH SRVVLELUOLWHQED P LIWMHKYEXW RQEHILFLHQW PL
,ZDEXHWLDO ,Q DQRWKHU VWXEE SRBRADWLRQV ZHUH L¢
W RIS OHBE RMUDQWILHFGLF2QH SRESUDWHEDRI® P51$WKH

RWKHU H[SWHRYWMGRU SKHQR&\SH D Q QMO GG E XB/LG
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H[KLELW WUDQVFULSWY UHOHYDQW WR WKH LPPDWXUH Gt
DQGDS7KHQ &'%$* 9D FHQOVESXULILH® KRR PDUURZ RI W
PLFH DQG FXOWXUHG LQ FREPEL)QDIEWRG BIMAKHQFH RI VW
WKEMUH D BQH HURL@QWY D@MWR PDWXIDH &.7 FHGOWR DO

,QIQRWKHULVW X\GK\P R FAMUBN W H FIIS G& ML JQR@HILFLHQW
PLFH 7KHVIHRRWO 8 PRGELWUHD QUHPRHDDEP&S HYHQ WKRXJK
KDG XQGHUHRQHWHRHEUDQJHPHQW 7KLV REVHRXYBRQW DLWDX
SUH7 FHOOVZHWHFKORFNHG LQ WKH DEVHQFHWIRO 7&5 VI
+RZHYHU ZKHWKHU RH O@ERAX DB\ HEHY WOWKR BDEBXVE WK H
ILQGLERDRW UXOH RXW WKH SRVVLELO LIV GMKKD B/U MAKHHQ B IE
SKDUPDIERID®R VWLPXODWRUV RU DEHUUDQW 1.7 FHAKH SUF

QRUPDO SDWKZD\ Rl WK\ FPDRISW B B3R HADHD W&D WLSRUHV VLR C

,Q VKDUS FRQWUDVW WKHUH LV RYHUZKHOPLQJ HYL!

E\ ZKLFK PDWXUBIUH U GYHHR®YV &' GRXEOH SBVWWKLIYRIF\WHV
WKH VDPH SDWR FRILWWHRUWWL R B BPOMXKEHOIOQJHG 7&5 . FKDLQYV
RQ '3 WK\PRF\WHV +RZHYHU \G{AKH BWWL.OSH QWAL SBFEDAK UR/@ WF
KDEHHQ RRIQUEMHBDWKHLU IUHTXHQF\ W HYWWHIQMHHUO®RORD F F
QR FMOK®W ZVWERLQVIBW FDQ EH LGHQWLILHG DPRQJ FRQ)
H[SUHVVLQJ KLJK OHYHOV RR ZERWHKY K RDBYEGEDHIFW &'GG

WNMWDLQHG FHOOV LQ D '3 :GX0O0O  SRSX\OHDOWHRWLRAKOFK F
SURJHQLWRUV WKDWJIKD X @& DSDHGV &D OBDQ GHERVZ Q @& H GMIIKDQ V
HW DO ZKLOH URMBRNKIDG GHWHFWDEOIH LKUBEMKMHQF\ R

UHDUUDQJHPHQW LQ SXUADBHQV D AV K\ PIRRA WDHOV 7TKHVH
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UHDUUDQJHPHQWY FDQ HYHQ EH GHWHFRHGE LQHY2 @VE\PF
VXJIJHVWLQJ WKH SUHVHQFH Rl XQVHOHFWHG '3 9. 1
7KH PRVW FRQYLQFLQJ WXIHG BRBWK RIVRHOGROR O 0@ D JH

ZKLBK & WK\PRRNMMRUWHG D Q@ ®QM BWWHMK@IAWNG H

1.7FHOOYREXWVEHE WKHDQG DRIFK' BKH UHVXOWV UHYHD

& RU 'l 1.7 FHOOV FRXOG EH GHWHFWHG 1M WK HNVK\P

ZKHUMKXWH\ GLG QRW H[LVW LQ WKH WKW L AHYVWROW KR XD & GA
KDG UHFHLYHG '3 FHO®W KW WHRRDGRDP SFYICRA\OD DR QEBRQJ
DFKLHYHG ZKHQ '3 WK\PRFLWH VZHURPVKIUBIWMHF WG UBIWR W

ZLOG WLABWKD®D&D FRQJHHIFARQ &' ®LFH.7 FHOOV FDQQ

GLITIHUHQWLBWWKH HADIXFHHQF\ RIQ &/ HAJ OBAFIHDWRENM \G RV LWLY

VHOHRWIBR®W K\P REWWWWDQVIHU RN RV & HEHF [ESHLOHIEBVE IPQULK WX O !
GLIIHUHQWLDWLRQ LQWSRIHAD \WXOU H, Q . D GGIOMIVR QFMGRG 5 R B R
(JDZD KDV SURYLGHG JWOSHW L EHDYO GH Y EDRBIBRNIHMWP DS S L Q
DQG PXWDWLYH DQDO\VLW\BKH, BHDOYWUMKREZOWRDWG | L

SRRO RI '3 WK(\PRABWHLY &ROOHMME D MWD\ VWURQWE®H V XS

LQVWUXFWLYH PRGHOWK ZKEWKH& DUH SURJHQLWRUV RI 1
SHDUUDQJHPHQW RI 7&5 JHQH VHIPHQWYV

7KH 7&5 JHQH UHDU U DW RHPRIW KY 9FR I F7R DH &R F 6 W\ D

WKK5&' &' WULSOH @H# MVDNDLIWHD § GV HKWHL BIYBIBKD V. EHHQ

GHVFULEHG IRU FRQYHQWKRQODWDAHHOEW RS WIKHE®EIRFERPRHRRA
SURJHQMMWRBUYLGIHRXVWPQPWR VWD&EHAV 7T &' &' 71!

& &' 71! & &' 71 EDVHG RQ WKH H[SUHVVLRQ RI &' l
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7KH UHDUUDQJHPHIQ® RAL7REFXUV ILUVW ZKHQ WKH FRP
IURWKH &' 71 WREH &' 71 VWDJHHGKYLRIGHWHD OD

*RGIUWHN DO E 7KLV WUDQVLWLR QEHYSIRO\OR RNE CEHKEAESR Q |
D IXQFWLREPKDZ®@5 $IWHU SDBAVHQHFWKBRXIJMKHVH FRPPR
GRZWHIXODWH &' H[SUHVVLRQ ®'ROERMPRWH\@RF\WHV ZKlI
LV DFFRPSDQLHG E\ U H DDUUWHIQW WRHHBRAFDRAEYTRE XV UDQGRF
FRPELQHY YDULDEOH 9 ZLWBQGLWHUHOH ZL WKHRBBPHQMWR/L QL
7KLV LV LQ RMRGHWWHLNWI I/QIHPKILQRAE FRX UN& EHMI G HQP HQ W V

WR FUHDWH D DRRHPFPHRINRELII H

,Q DFFRUG MR UZHRAHQMWL\RJRB&D D QBUHDUUD QUKRHQV
LQYDULDGWDL&SBH , AHOOV LV IRWPHQ BKMR@ LQ KXPV
UDQGRPO\ FRPEIDQWHBADWKH 7&KBDYH IRURHERPELQLQJ
UDQJHERKDLQRWVPS\ & F LQ PLRE LQ KXPDIQWEIHQHYV
7KHRM KH W HVXORAIQVIRQW\SH , EHOWHRGHODWHYHUVH ZK

HISOZK® 1.7 FHOONFRDMWOHJH Rl GLITHOYHQ@®MHDOQWOLIJHQV

*RGIWHW DO

7 KHUHVEZRSIS R RISQ D URIQ D UGK.I) P RWRRG& UHDUUDQJHPH
RQH LV LQ DDPRGRP SURFKNVRIXBESBUWYV D 6USIGRIWIDPP |
+RZHYHUWKH1 SURHQGBWOHPBQWHQHWLF SURJUDP OHDGLQ
UHDUUDQJHPHQW WKHUH VZRXD G HEER O BRHFEUVRUV GRRP
HYHU\ FHOO WKDW DPRLHYHGHDHHD®EHUBUWERZ DO
%HQGH@®DMO 7R GDWH WKHUHH WXSSRIMGHR D GLUHF
6KLPDAHW DO $ VWXGWRMXFOHRWLGH VHMNX@FMLRIQD&S5 Ul

&'5V KDV VKRZQ WKCHO\DSWEBR[LAHOOV GUNBWBWU QXFOH
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WULPPLQJ DQG DQ DGGLWLRQ RI 1 QXFOHRWLGHY HYHQ
DPLQR DFLG OHQJWK DQG VHTXHQFH )XUWKHUPRUH D
WK\PRF\WHV KD¥VKRX@&KBQIH ZLW-H DHQ B QW MJI FHRYW M X V
-D *DSH® DO &ROOHFWLYHO\ WKHVH ILQGLQJV VXJJHV\

EHHQ VHOHFWHG UDWKHU WKDQ SURJUDPPHG
SRVLWLYH VHOHFWLRQ RI 1.7 FHOOV

W LV VXJIJHVWHG WKDW DIWHU FRPPRQ '3 WK\PRF\W!I
WKH D&EDQI® JHQH WOWR DQG IRUP D UHDUUDQJHG 7&5 U
XQGHSBRRLWLYH VHOHFWLRQ 8 QMOZKIH K- FDQUYH YWORG VGl G7
DQWLJHQV SUHVHQWHG LQ WKH FRQW H[RW RHLSABOK AODWD |
1.7 FHOOV DUH VHOHFWHG E\ JO\FROLSLG DQWLJHQV SUH
%HQGHOD'RGIUBIQG %HUJL@KLY DQWLJHQ SUHVHQWLQJ DF\
SUHVHQERLRURJORBXEXMW HSHQAW®® FODVV ,, 7KHUHIRL

FHOOV DUHEDEY PQWHLERW LQWB&ILFLHQWRPQWHI DWW 1.7 |

QXPEHUV DUH VHUIKRXGROL\FBI I HFWQOVIKR XUKDUUD QWM PWQ Q/C
GHWHFWKKBL WK\PRF&RPOWY DQG 5DXOHW DO YXXKMXNQOKHUPRU'
DGRSWLYH WUDQVIHU RI '3 WWKUMDRGH\IMWMN GL @ WARG OW V8 K DROLOR\H

PDWXUH 1. EXWORPR/XOG QRW ZKHQ '3 WK\RZRRD/GH\E WWLL R R O.

WUDQVIHE&W I6E HVSRH QoM PEABDRROOHFWLYHO\ WKHVH |

WKDW &' G LV UHTXLUHG IRU 1.7 FHOOV WR EH SRVLWLYHC

'XH WR WKH UHTXLUHPHQW RI & G IRU SRVLWLYH VHC
DOVR DIIHFWHG E\ IDFWRUV FRQWULEXWLQJ WR &' G SU
&' G PXVW WUDIILF WKURXJK $3QWVRAHEONXD BRO$BWE ZDQ

SURFHVVHG DQG ORLGEHGBRWMRUR SBRVMHYRIVDIOHG VYIP@DLUF
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1.7 FHOO DFWLYDWLR® \P3 GD G & YHORBSIOMRUWRESORUWDQW UR
ORDGLQJ RI JO\WRE LEDLGW BIGERORIREKIIHWO DO ,Q WKLYV
FDVBH3 OLQNV WREDWHGRRWEKH F\WRSODVPLF WDLO RI &'
LQGLPADKIRUWLMGUDIILEFNLQJIJW&EMHGGWRODVPLF OHREDGFSXAEX P
DQWL3HRVDSRVLQ LV D RURWH VD SRAKNG/ R&J D & L FK
DUMPDOO O\WRVRPDO JO\FRSURWHLQV UHTXLUHG IRU
VSKLRSR®NUDHDDDO 7KHUHIRUH GHLVEIBHRBURED RRIVLQ
PXWDWWRE GQF\WRSODVURDEE®AEONDGH LQ 1.7 FHOO GHYH

HW DO /DZMWR® O

KLOH FRQYHQWLRQDO &' DQG &' 7 FHOOV DUH SRVL
LQ WKH FRQWH[W RI 0+& FODVV , RU ,, RQ FRUWLFDO H
VHOHFWHG E\ OLSLG QW I RV FRUHIVIHKDWH'G WK\PRF\WH
WK\PRF\WHV DUH WKH PDMRU FHOGLQGRWK@EHEHKWERQW\KD ®
HSLWKHGLD Q FW OVHH P WR$ A FRWHM\Q & "W R Q% HRFRGOHMHDOFI X H V
WKH\ DUH LPPDWXK\PFRRRUWHKFDWOD V8 K H U DWQRADEIUHBY & I QRV HY Y LF

VXBW D % FHOO RU D PDWMWUB O/ F.HO-GH o QFRXADF QRW EH
OHWKDOOEDUUDLGHDWHRR Q VEMLW KW B G DIVAKRIVKIKHO @ O Hi

WR BHQHUDWHG LQ UBKIS WPRFBIOF RIQVPWE W X WHVEDDL\WKY HU |
%HQGHOD&FROH DQG 5DXOHIW DO 7RISV Q Q &/IKFEDMAWWH D W LR
RI 1.7 FHOOV UHTXLRIHERW K HRESHUIMRHEHTR FHIRQLVEDEU R PRW H U
ZDV XWRGUHVWULFW WUDQVJHQLF H[SUHVVLRQ RIDRRXVH

VXEVHTGHE@WQVWUDW HIGS WHDYW. @I G3 WK\PRF\WHV DUH VX

SRVLWLYH VB OHFWLIHIO R WIHDLO =L PHPW WD O
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$V PHQWLRQHG DERYH WKH UD QI RRBUSHDRISIFH H P H
XQVHOWBRIGH &5 UH S B KMFRQ O HOHDW/HHWRHD HG L W\ | RRUJ SCHLSSL GG
DOQWLJBQYVRKH '3 WK\PRF\WHYV H[EUMNKYDSSFRSULDWH DYL
SHSWLGH DQWLJHQV DUH SRVLWLYHO\ VHOHFWHG XSRQ |
H[SUHVVHG RQ WK\PLF HSLWKHOLD® FHOD ¥H ORI WHA\DD\Q & |
SDVV WKURXJK WK\PIKHGQOMFWQR @ UV RERERPRION \M DRV RQ
& &' RU &&' VLQJOH SRWH@®QVH,Q FRQWUDVWRWKR&S W]
KDV DSSURS UIRMWHO DPRALSYV\G DQWLIJHQV SUHVHQWHG LQ
'3 WK\PRF\W NYWBIOH VSFO HFW H GYHQ GHOBHOOV *RGIUH\ DG

'3 WK\PRF\WHV ZKRVH 7&5 KDYH LQVXGRW.HQGR RiQR
DQWLJHQV HLWKHU SHSWLGH RU JO\FROLSLG DQWLJHQV
UHVBHIR®\ 3HOWOLGBFL &KX DO 6FKXRWQMO *RGIUH\ DQ
%HUJLQV

+RZHYSUHF KRIZG®B' GLOQWHUDFWLRQ FRXOG LQGXFH W
W\SH , EHOOV UHPDLQV DQ HQLJPD 6HYHUDO FIRRGEG QBN
VHOHFWR/E HERLILFLW\ Rl WKHLU LQY DU LTXGN& 518 B LOHRS Bl B MGF
FKDARQW\SH , EHADWW\SLFDOO\ WRNMDWLITESMXQFWLRQ UHJLR
YDULDEOH DV D UHRGORZREBWIR®P MDLGXE UWH [FOGREOBIQ VO \V L V
Q X FOH R W L GGD MVEDV XUHHQYFHHIY BFHR® O BIVEGNHDMH WA L Q L @IS5UHJILR Q

RI 1.7 FHOOV DUH RQMBBHG DQBXFOHRWLGHY HYHQ WKHF

WKH FDQRQLFDO DPLQR DFLG HOWM @IW K5RB®WKTXHQFH /DC

7&E FKDLQV FRXOG DOVR SDUWO\ FRQWULEXKMWHWNR S
DQG ODF'RQDOXRHW DO ,Q IDFW WKH PRV GURBRPLQHKQW

ZHUH IRRQ@BHY RFLDWHSH ZLLAMKZ 6 B B ® B DQG 9E
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LQ PLIF®IGE9 LQ KXPDQV MMM @EHODWKLW REVHUYWWURQ L
TXHVRERBWHKKILV ELDVHGFXORIY RVID UHVXOW RI 7&5 UHS
WKH LQDELOLW)\ RI|D¥FKD LD YWRJ SB® KD RS\ XG9 LR QD
7&5DDWQVIHQHVLY KDWQQKRUZDDEKWDRES FRXQGL 8 B U UFLIVOK W H
PDQIEIDPLOLHWW: IO ZKULX®HV REWDWKIHO 9 XWWKHUPRU
GLIIHUHQFHV Z&ER/AKRIQQWKWEXF O @F 9R| 1.7 7&5G FRPSOH[HV
UH\WXEINVDOWH BH GPRRGLDWH G ERIQOWHDB VRRI@HDW HEQDWHG E.
WKH LQY D URLKDQWQ D3BHSKMLOF FO.D O O HYQGE\FROGHPERMW UD W H C
VSHFLILFE VHTXHQFHV ZLWKLQ WKH &'5 DQG &'5 WGBRRSV |
1.7 FHOO UHSHYWRRGHGR VR E\ WRBH W IRE QL@W HDIDWM LR ¢
DQWLJHQ V &' G ODRPGHMWAIHYO ORUHRWBQVJHQEV LIVQR]

9F 7&EFKDUBXOWEBFUBIDVHG 1.7 FHOO QHKWEM®V KHDNDK
WUDQVJIH@HVRAVIRRH WBWY LQWRQ%BUMMDKH DIILQLW\7IRU &'
FHEGWD UL'QI$Y D UWKER®® WR D VHOHFWLY H&G HB GFHIMDIOR/Q
EHDUEQR®F FKDEZ®VFKPRWAMY FRPPRQO\ H[SUMBVVIHG FEN PR V

%HQGHWDFO 7ZR UHFHQW OBBRYIXEHKYH G FEEMRERUDWLQ

QRWLRQ WKDW WKHHSHUWBLEWHE ¥&D S HG G HSIRAAIOW LY H V
ODOOHNWHIO $OWRJHWKHU WKHVH IB BEXHOM R QAN DIRERR/QD |

& G VSHFLILFLW\ IRU SRVLWMMWYBOHOHFWLRQ %HQGHODF

W LV ZHOO GHPRQVWUDWHG LQ FRQYHQWLRQDO 7 FH
EHWZHHQ WKH QHZO\ IRUPHG 7&5QAXFE BQGRIHORRV LAQWI
VLIQDOOLQJ FDVEDGHV ZKLFK ZLOO GLUHFW WKH '3 WK\P
6WBWUDO 8SRQ HQJDJHPHQW RI WKH 7&EY EAE PRQHFARY HS

WKH 6UF IDFLPD QGQDLY DYHWHAWDQG SKRVSKRU\ODWH LPP
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EDVHG DFWLYDWLRQ PRWLHV

SURPRWH WKH UHFUXLWPHQW DQG VXEVHTX$QW ZKLVWEKY DV
LQ WXUQ SKRVSKRU\ODWHYV WKH W\URVQ®H W HRAL G K WV YRID
7 FHOYXYV 6DPHOVRQ 7KH SKRVSKRU\ODWLRQ RI /$7 Ul
VHYHUDO FRPSRQHQWY Rl WKH 7&5 VLJOWRZWKDQVGEREWL |
5HFH MWD G 3USRMOBMWHG $GDSWRY BURWRPIBRQEWDLQLQJ
JHXNRF\WH 3BRWHIBERVSKRODLBPYHE& DQPGRZWK IDFWRU
UHFHBRMQG SURBWHLMQJIJH .RUHWIW\DO ,Q WKH SUHVHQI
PRGHDIYWGLW\ 7&500UWDRRG /$7 SKRVSKR U\ @IVEL RIQVUG/BU X L

| ,QGXF [FEH®HD 7. |.D.D \UHH V X OMKDHDW LLXOOWLRQ RI WKH 5DV SO
FDOFLXP VLIQDOOLQJ 7KH 5DV SDW K X BPNOWIVAHPX@DOMWHN 6\X
5HIXODWHGS.LOBWHYDWLRQ ZKLOH W K MFRDHIFWRR IRIX[ DF)
SFWLYDPMIEI® 7 %URZBIXOE HDPR\WND7KHVH VLIQDOV XOWLP
WK\PRF\WH VXUYLYDO FHVVDWLRQ RI 7&5 JHQH UHFRPELC
PLJUDWLRQ LQWR D QHZDWIG\PLRHQYH FRPPHOWHQW ,Q FF
DYLGLW\ 7&5 L QW HIERAESWBHRWE MBHRUO OV Y VI IKR @ KR IWEHIFQ X L W V
*5% 6RQ RlI BHYHQOH¥¥6K KR @ RIMMXORQI LY UDQVLHQW DF
(5. FRXSOHG ZLFAWXQSYHD®GQ D O1 . LIFDA/IHYDKRA ERHD GV W R

QHIJDWLYH \SURHPW PR ¢ R BBMEW MHOD W K
1HIDWLYH VHOHFWLRQ RI 1.7 FHOOV

KLOH SRVLWLYH VHOHRAWIDRBXEROA\. 7TERHQDWVODULILHG

ZKHWM¥WBIH , EHOOV DUH VXEMHFW WR QHJDWLYH VHOHFW
FRPSHOI®LGHQF H/W® B WF DK H RKEIXF QELED@VERH U L @ RWRIQ BQ

YLWBRXOG VSHFLILFDOO\ DEODWH 1.7KBPNWOBH& R Y\HAIREEP N\
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LOWURGXFWLR @R W K QIXHO A KNBIOGIDXEHDILWHU 1.7 FHOOV

GLITHUHQWLDHNWH ® O3 HQOQ LFEMMWARQYR2&K DYV VKRZQ WKDW
FHOOV FRXOG QRW EH JH Q HUDW MG YLMW\M K HL QDWWIRER SAURE/H
ZKLOH QRUPPOQGHY BV REDVHXYYWEBPK \HP EFOBRORG U RU '062
&KXHQW DO SHHOLAFQA +RZHYHU WUHDWPHQIORHBLY¥HD.

LQWUDSHQMWRWHRQ IWWRP GDEVUWWRUHVIOWW tQPO&HBOH)

ORDGHGWEHRB OOV ZLWK QR VLJQLILFDQW HIIHFW RQ DQ\
SHOCHWFRO ORUHRYWHBWGLWLRQ RI WKL VinNV@DLG FIQQ W\RW)UT D &
DIWHU WKHQMHRMHR SEHOOV GRHWRRVD EMROPVWH QXPEHU
WKHVH VWXGLHR IDWK®I&SUH\DHORWHQWGQ BWILWHQH FHI®HF
W\VSH , BEHOSOMRUW XRQID/MOKEGIWU LV QRW D BPQWRDBQDIR W MK F
LQYDULDQW 7&5 WKXV WKHVH VWXGLHV GRSGRWEIBGGWY H \

FDQ EH QHJDWLYHO\ VHOHFWHGYXQGHU SK\VLRORJLFDO F

ORUH UHFHQW VWXGLHV KDYH HH]8UG MG LE\D & WEICHEWN
OLJDQG GHOQVHVSHU VRAGMANH S U RV \ALBRIQURNYHG IURP ERWK |
KXPDQY WUDQVJHGDA.FPYFHOO GH YIHOR DHDBV WR UHGXFh
QXPEHUFKXPBWQ 7KULW FRQVLVWHQW ZLWWKWMKKL $IR \OH ¥

Rl & GHVDXWMWQLILFDQW QHIJDWLYH VHOHFWLRQ RI 1.7 FHC

,Q DGGEWURQ@WLQJ PLFH H[SUHVVLQJ D WUDQVJHQLF
FDQRQLFDO 9. -. 7&5 . FKDLQ DQG FRQIHUV KLJK DIILQ
%HGHO DO LQGLFDWHG WKDW HIIHEFWLYH IXQFWLRQDO P
FHOOV LV FRQVWUDLQHG E\ QHJDWLYH VHOHFWLRQ DQG
3%6 ORDGHG &' WHWUDPHUVY UHYHDOHG D ODUJH UHG X

SURSRUWLRQ DQG WRWDO QXPEHU RI L1.7 FHOOV LQ WKH
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PLFH FRPSDUHG ZLWK WKH ZLOGW\SH PLFH :KLOH WKH L
VWDJH WR VWDJH RI''1.7 FHOO GHYHORSPHQW WKH Ut
VHOHFWLRQ LQ WKHVH PLFH H[SUHVV QDWXUDO VHTXHC
GHFUHDVHG DIILQLW\ IRU VHOI & G 7KHVH UHVXOWYV GLL
E\ DJRQLVW VHOI OLJDQGV LV WKH WULJJHU RI WKH L1
HPSKDVL]HV WKDW RQO\ D OLPLWHG UDQJH RI 7&5 DIILQ
L1.7 FHOO GHYHORSPHQW YHUVXV GHDWK EMWHI®HFW R
&ROOHFWLYHO\ WK HW KHISRW KDWY W & GIR IUQVR UL BVE MERLW \

DQWBUHY HQWHG L GWIOQDMKER LFHIDWLYH VHOHFWLRQ RI 1.

7KH VSMRABRIW3 & WKIPRKOG PHGLDWH QHJDWLYH VHOHFEW

D VRXUFH RI FB® WIRYHWHWEYHQH[SUBVVLQJ '&V LQWR LL
PLFH UHFRQVWLW XW HFSD DIURHEO DIVO GMKYSH [EQRERROO/AHIDIW H @
ERQH POIBWHWRAHG '&V EXW QRW WK\PLF HSLWKHOLDO FHO
PHGLDWLQJ QHJDWR YIH 7VHOBEWDIR @ R I$SHRWKHVXG\ RQ KXPF
& G WUDQVJHQLF PLFH KDV UHYHDOHG WKDW ERWK W
PDFURSKDJHV DQG % FHOOV PD\ LQGHSHQGRIIHINY®IW LQ
SURIHVY2&WDGSHDU WR EH PRUH HIILFWHRNY , LAHQ 6 ¥ DWH Y

WK\PRF\WHV HWKX®DQQ
1.7 FHOO OLQHDJH FRPPLWPHQW DQG PDWXUDWLRQ

JROORZLQJ SRVLWLYH VHOHFWLRQ QDVFHQW 1.7 FHC
FRPPLWPHQW DQG PDWXUDWLRQ WKDW LV PDUNHG E\ WK
Rl VXUIDFH PDUNHU H[SUHVVLRQ &XUUHQWO\ LW LV EHO
VXEGLYLGHG LQWR DW OHDVW IRXU VHTXHQWLDO VWDJF

SKHQRW\SLF PDUNHUV VXFK DV WKH KHDW VWDEOH DQW
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PRVW LPPDWXUH 1.7 FHOOV'BUHEEHILGMED DN/ &' IROORZE
&' ORg' OR 6WDJH OFg' KLJIK 6WDJH DQG YRQDOO!

&' KLIfX 6WDJH YD MIMIKD*DGXH DQG 6WHLIQW DO 3F

%HQODNKIDO  %HQKW] CDOF 0D F'RIQW OO0 6WDJH 1.7
FHOOV H[LW WKH FHORRODRG &UH FKDUDFWHULVHG E\ KL
DOQWLJHQ D SKHQRW\SH FRQVLVWHQW ZLWK &HYMNBERIS®HC
KDV D @R4. SKHQRW\SH LQGLFDWLYH RI LWV LPPDWXU

&' KL 1.7 FHOOV DUH VPDOO LQ VL]H DQG SUHVHQW LQ
LQ HYHU\ PLOOLRQ WK\PRF\WHYV *RGIUH\ DQG %HUJLQV
WKDW WKH\ GR QRW XfGWKRRJIEYR Gl RO\F OOLBHCHI UH D G\

GLVSOD\ D PDUNHG ELDV IRU H[SUHVVLRQ RI 9 LQGLFDV

SUHFHGHV FHOO H[SDQVLRQ LQ WKL%'OL'Q#.DIH 7 PHOMKH U
H[SUHVV WKHWHRQORF MDUFNHLY & V X JJHYMIOH VM QIMWVFWE® 8 V

UHFHQWO\ XQGHUJRQ % IS Q & H\WU D¥HH WIFER-OIL @@

&RQYHUNVNPWYU DWEMHP LAHQ @W D JHUAK D UDHFGVBUMMWH GHFUF

H[SUHVVLRQ Rl &' OW®EXJI'K WEKHD LWOREED@G GR QRW H[SUHV!
7KH\ DUH UDSIDB/OG RWIOULRUQHG E\ \WEHQUW\DWRHEYRFPRBR G
GHR[\XULGLQH %WBEE LY DPWEROW W %GIUHWQ@VDO 7KLV

VXJNWRD W WHIHD ISRWIWR Q H[S D BR P R QWRNEHASL, QHIBIBIY RFF X U\
WKLV VWDJH ,Q DGGLWLRQ WUDQVLWLRQ IURP 6WDJH V
FHOO PDWXUDWLRQ ZKHORVB SU RIS [FENGMY RUQREN MHO O W X E \
1.7 FHOOV WKBWLRQUH OWUDWK\PLF FHOO W U FGI\DIG VAKX RY H

VHYHUDO JURXBNHEBDNKIDMQGIL BBHHOOV D GH WY HBFWRP LPP

&' 6 WDJRIU SUHFXUVRHW D@HCQEODXHKMG 6WHLQHW DAGHO
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+RZHYHU WKH PHFKDQLVP UHVSRQVLEOH IRU GRZQ

WKLY PDWXUDWLRQ VWHS UHPDLQV XQFOHDU

6WDJH9. RL.7 FHOO GHYHORSPHQW LV GHILQHG E\ XS
FHOOV WKERSKHEIRWUIH VLPLODU WR PHPRU\ RU DFWLYDYV

&' OR%:' KLJ§ 1.7 FHOOV GR QRW \HW H[SUHVV 1. R L

PDUNHUV VXFK DV WKH /\ IDPLO\ RI LQKLELWRU\ UHFH

SUROLIHUDWLRQ $ POWRULEW\ RFMOKOVE&HPLIJUDWH WR SHU
ZKHUH WKH\ VWRS SUROLIHUDWLQJ DQG UDSLGO\ H[SUHV

Dv 1.**" /A $ &, DQG * DV ZHOO DV PDUNHUV RI 7 FHO

&' 0D W \H\E D O ,QWHUHVWLQJO\ D V¥PBPBQG 1uBFHWDRQ
VWD\ LQ WKH WK\PXV DQG DFFXPXODWW RMUKHDHD B ¥ H B DMKX

OLYHG UHVLGHQWHHID OV %HU]LQV

7TKH ILOQDGWDNBEIMH GLVWLQJIJXLVKHG E\ WKH DFTXLVLW
LQKLELWR U\ UHRRMMBWORQUB/O MO FFHRQIF B PHWSWBIQWLRQ RI P X

1. UHODWHG PDUNHUNMWI/HY\G/DE OV 6WNDDHH DEOH/®ROGLIITHU TURP

SUHFXDWRUH KDYH ERQWK &' SKHQRWARB& &' 1.7 FHOOV

DARRXQW IRURI &' @WNWDLQLQJ FHOOV LLQOD B RQWY (PR OHG W KR
'1 9. 1.7 FHOOV DSSHDU WR EH Py U H VAHD.ORVHDIOQ FE

VXFK DV 1. DQOQIPLO\ PHEEQUYLBEHQWD\ 1.7 FHOOV FHDVF

F\FOH FRQVLVWHQW ZLWK HQWHULQJ D WHUPLQDO VWDJF

7KH FODVVLF pVWDJH 1 PRGHO KDV EHHQ ODUJ
DOWHUQDWLYH 1.7 1.7 DQG/HHAW \DXEOLDRIOUWD QWL QL
%HQGHODFDPHVRW DO +RZHYWWQHZ ILQODWRD O OMKQHH

FRQYHQWLRQD®IFIOID Y \FHDEDW LRQYZKLFKV& DJH FHOOV XS
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&'  VWDJH EHIRUH ILQDOO\ H[SUHVHM) D O. % HUAIDQ W

DO *RGIUH\ DQG %HWI]DFEW 5%. 'FHOOV GR QRW JLY
1. FHOOV HWIMDWUDL ZKLOH 1.7 FHOOV DUH QRW SUHEXU
WKDW f1L1.7 FHOOV DUH KHWHURJHQHRXV FRQWDLQLQ
SURGXFHUY.7K&HOOV 1.7 FHOOV DV ZHOO DV WHH SUR

HW DO &RQVWDQWLQLGHYV {DPG WMIRBE OD F

5HFHQW DGYDQFHV KDYH HOXFLGDWHG LQ JUHDW GF
WUDQVFULSWLRQDO QHWZRUN JR YHUHQOL QIO1 .& ROIVWHDY W LG
DQG %HQGHMPHWMRQ DO *HRUJHWYDO ,W KDV EHHQ VXJJHV
./ 5% D NH\ FRPSRQHQW RI WEBVUWHGBMRIUY HRI\ H[SUHVV
1.7 SUHEXUVRUV EXW QRW LQ HW D®U HFBWWIRNLN JOW P UB}
./ 5% ODFNHG ERWK 1.7 DQG 7.7 WKEPRF\WRW NMXJJHV\
FRPPLWPHQW WR WKHVH VXEOLQHDJHV UHTXLUH® YIQIQD

$V ,/5% LV H[SUHVVHNG DYHHDRHADW WKH FRPPLWPHQ
RU VXEOLQHDJHV PD\ RFH>@U YRIUVWD UK\ DEHEDXWRI VWD
/ 5%LQ WKH % EDFNJURXQG WKH LPSOLFDWLRQ RI Wk
WK\PLF SUHFXUVRUV WR WKH 1.7 DQG 1.7 OLQHDJH WK
DSSDUHQW FRQIOLFWHGRXKLYKGFRYRIUPDWXUH 1.7 FHOO!
WK\PXV DQG LQ SHULSKHU\ 2QH SRVVLELOLW\ LOLWKDBW '
FRPSDUHG ZLWK 1.7 FHOO\W WKLHFEHHIIEQW S,UR S HW L H V

DO

,Q DGGMWX®OQHV RI PLFEHWDFMIZ®J DQG 525 W WKH
WUDQVFULSWLRQ IDFWRUV RI 1.7 VXEOLQHDJHV KDYH VKH
WKH 1.7 VXEOLQH D EHGE HFLVH QW VHAR 200/ HDGG ,GHILFLHQW

PLFHDWVXWDDO H[KLELWHG D EORFN LQ WKH GHYHORSPH




&KDSWHU $Q  QWURGXFWLRQ WR

/5" 1. " DQG ,PRB81. °RZyWDJH UHVSHFWLYHO\ ,QWH

H[KLELWHG D UHODWLYH LQFUHDVHW @ Q.7 7R Z QMHIDD V
7KHVH IZQGBGUOQOW D PRGLILFDWLRQ RI WKH HDUO\ PF

SURSRVHG E\ *RGIUH\ DQG FROOHDJXHV DQG UDLVH WK

1.7 1.7 DQG 1.7 FHOOV HPHUJH
75$168&5,37,21%/ 5(*8/$7,21 ,1 1.7 &(// '(9(/230(17

7KH PDMRU TXHVWLRQ\D ®QVIVGI\P G B YHZHRB® DYWL Q 1.7 |
DUH ZKDW DUH WKH IDFWRUV GHWHUPLQLQJ FHOO IDW
IDWH GHBIQMLRQWKRZ GR FHOO IDWH GHFLVLRQV GHWHUPL
RI 1.7 FHOO GHYHORSPHQW WKHUH PLJKW EH VSHFLDO
FRPELQDWLRQ RI IHDWXUHV IURP PXOWLSOH FHOO W\SHV
XQFRQYHQWLRQDO VHOHFWLRQ HYHQW ,Q RUGHU IRU V
SURSHUO\ VLJQDOV HPDQDWL®KHURIPIJRS LQ AW FBIR DR
PROHPBX®HUHFHSWRU LQWHUDFWLRQV PXVW FXOPLQDWH L
WKDW DOORZ IRU WKH VSHFLILFDWLRQPEMNWWRBW M V D WQ R
VRPH TXLWH UHFHQW KDYH SURYLGHG YDOXDEWRVLQVL
UHIJXODWAHJ EHOO GHYHORSPAQW VXPK UBD@WHOHFWLRC

H[SDQVLRQ PDWXUDWLRQ DQG DFTXLVLWLRQ RI HIIHFWRL
® -0 UHDUUDWB®MKE IDFWRUV FRQWUROOLQJ '3 WK\P

7KH UHDUUDGQOHPH QWH@H VMJIPWGWR QWL RODAHGE BDQJFH
IDFWRU®\ WIKULWWSURFHVYV RFFXUV LQ RUG®G DWR PWHKBIR M
FRPELQDWLRAQ \RK LV VHBERQEW DO 7 K H U HWRSHUHR FRHY V
1.7 FHOO GHY H G RIFAHFQXW V R MW R'GH DA W R VS P8@ H-YH

UHFRPELR® OLFH ODFNLQJ VHYBQNOWWR Q QDIFWWRINWR R 8 HIXF
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UHFHSWRU UHODW HE2 53W B R B QIR B WRWRIF F[® URRMWH/LIEY V
SUHFXDMRK \D VKR UW HR@QG TH @ ORIB@EMDHQWMNS R, EHO OV
*XRHW DO ,Q WKLY2EDYHWW DNVUDQV F U L 8\X DG R U
H[SUHVVLR[Q RVKHFODRW®KH VXUYLYDO RI 6X@WK\BRF\WHYV
DOORYXQIFLHIRW WHPHUDQJHPH QW /R DIWHQH RRLEMY T X VWG

IR9D -D UHFRRAELRR®] E U BKSW FIDO *DGERO DO

,Q DGGLWLRQ WR WKHVH IDEFWRUV F O\E D WUDQVF!
DOO KHPDWRSRLHWLFE OLQHDJH VD QKHPEHNVRBIL IG\W LIFQ LWW\L
KHPDWRSRDM VENH QVRKIRZI® XHRHGIO G H Y BIORSEWIQLIVO
7KH H[SUHVYLRQ VK IFJKH\D\W G @K\PRFDWM\NKHQ GHFUHDVH)
SRVLWLYHPOMND BFHWMLAM@RPIEDFWY HDUO\ 7 FHI\OSH BAHRYBIO\R
WUDQVLWILRWRRURPOHW DO WKH VXUYLYDO RIQG WKHKPI
GLIIHUHQWLDWIL®IORISSRVLWLYH WHNPREG\WKN SWHYBEBPH R
0\E LV DOVRRESWLFRIEOO R QMXRUZRI\FR\E SULPHW'&'
LPPDWXUH WK\PRF\WHV WRB H H® HF MIERHE G €@ W.R LW IQRW KL F H
90 -D UHDUUD QGBI BERW EHD OV D UK [DEW @ BESL D@ DRIV LV
WKH H[SUHVVLRQ RI VXUYLYDO IDFVFR\EG H I FARBEMW & R Z MG
WKBFDO H[SUHVVLRQRIZMBEO\E PLFH FRPSDUHG PRR VEAMLGW \ S |
WKH H[SURWHKHR®D WIUYLYDGIDWW RBED DXER OPAYWDEW
HW DO 7KH HIIHFONEPRN HK) GH S HRIS2BQWDXQER/ WUHDP/ Rl %F (
EHFDWKHHWURWGUOWHG D GG KDER B QR V BAEFEDQ VWWRDH -W K H
UHD U U D @KLRHHWL Q W U R G %0 LDRQERZBIE B VYV J AQ\E BGW R

&UH PLFHQRW DEOWHKMRGHR URIHFQF\ LQV1i+XHAMWH OO QXREHU

FRPSOHWH EORFN LQ 1.PDRHBM 05 ROV RE RHQWM GRI Q G
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6/$0 H[SUHEWHIFPD&'VE DQG 6H$OUH VL WIHRGIKFFO\E PLFHQ IDFW

-D GHILAMARRMWEHEY VXWERUWAIITHUKQ ®E B M BRYBIRNY, FHO O

LQ PLER®H PDUURZZRKBHHUDEE& UW K\PRF\WHV FRIKODHEVRLRW L
LV SRVVLERH @KIDWONDFRGMEREWHUDWDR QY GDQB 6/$0

HISUHWDWQEBREMIHFWY LQ 1.7 FHOO GHYHORSPHQW

$QRWKHU VLIQDOLQJ PROHFXOH WKDW DFWV YHU\ HEC

WV\URVLQH NLQDVH )\Q 5HVXOWV IURP *DGXHYV ZRUN L
GHILFLHQW LQ )\Q PXWDQW PLFH 1H¥ FHIFOLM\O OZ KLLFOR-D W XUt
GHYHORSPHQW LV ODUBSMO\DQRUPDYONHADHBMHLQJIO\ WKH

WUDQWDPHGRF UHD U UDOQNM HFIRPSOHWHO\ UHVEXHG 1.7 FHOO

WKD® LV UHTXLDHIGDEQIRHBUUDWBEHRHWKMDQ IRU SRVLWLY'!

FHOO H[SDOX&HRQLSERKH\VWXGLHW PQFBREPRQVWUDWHG W
GHILFLHQF \WUSHEWXIFRIY Rl WLPH IRU 7R B BRMD/UHT XE DNPOIQ WF

1.7DVVRFLRWBHISGQHUDWHWQDGDGXH

7KH ( SURWHLQ IDPLO\ RI EDVLF KHOL[ ORRS KHOL[ V
+(% ( ( ($ DQG ( +RPRGLPHUV RU KHWHURGLPH!
'1$ DW ( ER[ VLWHVY DQG FRQWURO WKH H[SUHVVLRQ RI J
7KH UROH Rl ( SURWHLQV LQ FRQYHQWLRQDO 7 FHRWKGHY
($ DQG +(% SURPRWH 7&5 JHQH UHDUUDQJHPHQW DQ
SUROLIHUDWLRQ D Q% CBHRW LDACL Y M6 BHIV@ EDRW L % Q@ H 'Y GDAD
'RMFLHFKRZVINL +RZHYRBWXPJQG FROOHDKRMM UHHSRUGAH G
WKDSMFLILFE ( SURWHLQW\3®IVRABD D\ @HY R O RBRMH P WG HQ HWKI

Rl +(% LQ '3 WKOPIGAYWRHHSPXKFLW\SRI , BEHDMAW WIKHOLHVW V\

&' KiKgr 1. EXWGKIDQLERPORRWWKH GHYHERYMOYWL RRQ D O
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RU &'7 FHOOV ,Q FRQWUDVW GHOHWLRQ RI ($ KDV QR C
FHOO RQWRJHQ\ ,QWHUHVWLQJO\ ORVV Rl H[SUHVVLRC
GHYHORSPHQW EXW GRHV QRW KDYH IXUWKHU HIITHFWV R
DEVHQFH RI +(% RQO\ 7KH DXWKRUV FRQFOXGHG WKDW \
WKH GHYHORSPHQW RI W\SHW, 007 FHROIQ¥LHRBAIXRI +(% UF

UHGXEOHYHOV RI 525 WPBQO$ %BRRU VXUYLYDO RI '3 WK\

LPSDLUPHQWYV LQ JHQHUWIWLEBDR U BQ YMITHRW V ' LLUDHFOXIGE

HI[ISUHVVLRERRJ BoRKHDUUDQJHG 9. 7&5 UHVFEFXHV WKH W\S

IXQFWLRQ SURYLGLQJ IXUWKHU HYLGHQFH WKDW +(% U}
GULYLQJ WKH H[SUHVVLRQ Rl JHQHV VWLPXODWLQJ WK\P

7&5. UHDUUDQJHPHWQ WD '1&&KWN] DO
7UDQVFULSWLRQDO IDFWRUV WKDW UHJXODWH 1.7 FF

,Q DGGLWLRQ WR WKH VWULFW UHTXLUHPHQW IRU VL
SRVLWLYH VHOHFWLRQ RI 1.7 FHOOV UHTXLUHV WKH KRPF
WKH 6/$0 IDPLO\HW IDHZD Q& $0 IDPLO\ PROHFXOWWIDDM HQ
ORFXV 7KHUH DUHRVKGHSHPEHPULW\LQDPHO\ 6/$0) 6/$0) 6/
6/$0) 6/$0)DQG 6/$0) 7KH\ DUH PRVWO\ H[SUHVVHG E\ FI
DQG SOULROH DBGHRHBQGHQW RU LQGHSHQGHQW UHJXODW
DFWLYDWLRW DQJHOJLQJ SRVLWLYH VHOHBWHRR[RUHIV Y LF
6/$0 RQ WK\PRF\WHV LQGXFHV WHKFHHISQUWROL\W MRHG RMLE DO L
PHOGWHG E\+®/$URFLDWHG SURWHLQ 6$3W KEMDF DNALIDIDW RIU) \\
6$3 DFWV DV D VWLPXODWRU WKDV\EKRS E\W R BWE R B/GIVVE/IS|

WDLOV 6$%$3 DOVR EHQICQDWR W HD ENILUGRYKHED QEELEVD BIWR D O
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7TKHVH FRPSXEHNVHVRAQWOAN D GRFNLQJ VIOWH PRW B FKHKOW \

1.7 FHOO GHYHORSPHQW

7KHUAOMYW GHQFH IRU WKH UHODWLRQVKLS EHWZHHC
GHYHORSPHQW OLFH ODFNLKME 6§/RRAREHOIB QXPEHUV DI

FRQYHQWLRQDO 7 FHO@VDMDUHUKWADBE®W &KXGIKH DEVHQFH

DQG )\Q 1.7 FHOO GHYHORSPHO®W&LeWHNM HVWW® IHW ZNKK_HF |
UHWXQWWKH UHGRAWAMS® RIEPFAGEOV  *ULHZBWNDO ,Q
KXPDQV PXWDWLRQV LQOIB@BHBDX\WPHRXRRGHILFLHQF\ ;/
FKDUDFWHIGNWHGLHQF\ LQ FHOOV ,Q WKH VDPH D/AQAXG\
FROOHDJXHY JHQHWLF FRQGLWLRQ ZDV HQJLQHHUBG VR \
LQWHUDFWLRQ ZDV ODFNLQJ RQO\ RQH 6/$0 UHFHSWRU
/\ 7KH UHVXOWV1LQSURPWH\GR W@ BO/R F \WIQH WZR 6/$0 U
HIKLELWHG RQO\ PRGHYBVYSBIOHFWR/ZHYHU LQ PL[HG ERQ
FKLPHUDV GHVLJQHG WR DEURJDWH ERQUKGE!(H Q)R JD&K GG 604
UHFRJQLWLRQ LQ WKH WK\PXV D VWURQJHU GHYHORSP
SURYH®/®KXDWQG 6/$0) H[HUWHG HVVHXWLBE0UWG UGG
HITHFWYV WKURXJKDR/FNRES R MWIIRFQ VBN @ WWQIBKSHY H.H 0708 5
UHFRJQLWLRQ RI &' G IQWHGDWWHR® DQG FRQFXUUHQWC

VXFK DV &/$® HQJD JHRHGED\WW ND O

3UHYLRXVO\ -RUGDQ DQG FROGHPWXHMSUHVVLRSR BD
WK\RWFHW IUR PLFH LV IDU ORZHU WKDQ WKDW RI '3 WK\P
7KH DXWKRUV KDYH SRVWXODWHG WKDW WKLV ORZ H[SU!
1.7 FHOO QRPEMUYHIRLQHWKMWLF EDFNJWR X)W $-FRIQGIDWQ F
OLQNDJH WXIGWVW EDFNFURVV |IUNRESREL FH/ L QIGR FIEPMHH GV

6 O DPRFXWW R SG KWWRIPRR VFRIPH WKHUWDBERM KH 12' PRXVH OX:
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VXVEFHSWLEGODEW)\ ¥BQWHEWQDO -RUBWQDO 7KIMQHWLE
UHJLWARJHWKWMK FKYURPRVRBHQHWLF 1IMMUERQWDLQMMV GLI
VXVEHSW LLE LFKRQAMY.LCRRA OO QXPEHUV (\QVHEWBRDEH -RUGDQ
HW DO )OHWRKHD ,QWURJUHWVKHRE 8HULODIDOCEHOH
ERWK FRQJHQLFV BRGHBBKI GIHHBFAWLRI UHWDUGHG 6/$0 F
PLFH DQG WO VWQIFW HDVHG 1.7 FHOO QXPEHUV LQ ERWK V

_-RUGID\QDO -RUBWQO

+RZHYHU WKH PHFKDQLVP E\ ZKLFK WKH 6/$0 UHFHS
WKRVH HPDQDWLQJ I[URP WKH 7&5 WR VXSSRUW W\SH , 1.7
7 FHOOV VWLPXODWLRQ RI WKH 6/%0 6%$3 )\Q SDWKZD\ OHI
FRQWDLQLQJ LOQRVLWRO SKRVSKDWDVH 6+,3 WKWH'RN
DFWLYDWLQJ SURWHHQ PODV*$®RWDWHRXUZW SRVVLEOH WK
WKH DEVHQFH RI 6%$3 'RN ELQGV WR 5DV*$3 DQG FR
DFWLYDWLRW DOWRBRBW DO ZKLFK PLIKW UHVXOW LQ LP
1.7 FHOO GHYHORSPHQW EHFDXVH RI D IDLOXUH WR QHJI

ZKHQ WKH 5DV 0$3. SDWKZzZD\ ZDV LQKLELDNMGBGQENWLQJ G

WUDQVJHQH7 FIHOO GHYHORSPHQW VHHPHEBW @®HHWBWXUEH
WKHVH VWXGLHYVY ZHUH SHUIRUPHG SULRU WR WKH DYDLOI

H[DPLQLQJ WKHVH PRGHOV XVLQJ WKLV PRUH VSHFLILF UF

7KH 6/$0 6$3 )\Q FRPSOH[ DOVR ELQGY WR 1) % YLD S
WKH %FO DGDSWRW®URWHLQQ BKGQREWHQFH RI 6$3 RU |
LPSDLUHG , %. GHJUDGDWLRQ UHGXFHG 1) % QXFOHDU
DFWLYDWLRQ DQG IDLO WR UHFUXLW 3.& DQG %FO WR
WKDW WKLV SDWKZD\ PD\ LQWHUDFW GLUHFWW\IXQA WK 7&F¢

3.& RU %FO NQRFNRXW PLFH VKRZ D VHYHUH UHGXFWL
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WK\PXV DQG VSOHHQ UHVSHMHWLDI®O\ 68HNPIDMD GENV 6/CaNSHUQ. |
WRIJHWKHU 3.& %FO DQG 1) % VHHP WR FULWLFDOO\
KRZHYHU WKHDGHWBIDHR SPBEWWZKLFK WKHVH PROHFXOHYV D

FKDUDFWHULVH® BQY DONMDBA IDFO E

7KH QXFOHDU IDFWRU 1) % 19V OIL K HFOH OLOP SSHLYRHDONR-SG
DQRWKHU LPSRUWDQW PHFKDQLVP OLFH GHILFLHQW LQ
QHJDWLYH , %. WUDQVJHQH VKRZHG VHYHUHO\ UHGXFHG
WKH IHZ UAPDLQLQUQHDJH FHOOV LQ WKH 1) % GHILFLHQV
1. PDUNHUV VXFK DV 1. DQG /\ LQKLELWRU\ UHFHSW
&' &' ORSKHQRW\SHW6DIO@LF $ SURSRUWLRIQ RIEWKBYH &'
9. 1.7 FHOOV DOVR H[SUHVVHG KLJK OHYHOV RI &'  VX.
6WDJH 7KLV EORFN DW WKH LPPDWXUH 9. 1.7 FHOO V
RYHUH[SUHVVLR® WRD QVIHXH ; VXIJIHVWLQJ WKDW WKH RW

9. 1.7 FHOO GHYHORSPHQW LV WR/ DPWORBPRWH VXUYLYDO 6

7KH 5XQW UHODWHG WUDQVFULSWLRQ IDFWRU 5XQ
1.7 FHOO RQWRJHQ\ DW WKH '3 VWDJH ,Q WKH DEVHQFH F
LPSDLUHG DW WKH HDUOLHVW GHWHFWDEOH W\ISH , 1
UHDUUDQJHPHQW LV VWLOO LGHQWLHW®OOQ 'FKIH\O O CLEP|
WKDW 5XQ[ DFWLYLW\ LV UHTXWEH G LRU GH YIHHQRIPH @W S

GXULQJ SRVLWLYH VHOHFWLRQ RU IRU H[SDQVLRQ RI SRV

7KH O\HORF\WRPDWRVLVY RQFRJHQH F O\F WUDQVFUL
LPSRUWDQW UROHV LQ UHJXODWLQJ FHOO SUROLIHUDWLF
O\F LV H[SUHVVHGLDW KRD KW OWHY HOWK\PRF\WHV EXW UHGX

VWDJH HMWDQO 7TDUJHWWHGF @GN KWL HOUO\ 7 FHOO (
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UHVXOWVY LQ SURIRXQG GHIHFWV LQ SUH 7&5 PHGLDWHG
VHYHUH LPSDLUPHQW RI 7 AMODOG R YON R5RIS PFHLOMD FEFSEN W K |
&UH VA\VWHP LQ '3 WK\PRF\WHV VHOHFWLYHO\ EORFNV 1.

FRQYHQWLRQDO DQG QDWXUDO UHJXODWRU\ 7 FHOOV )F

1.7 FHOOV DSSHDU WR EFRRUUNWDHIG DMBIDXKOKERH WR X Q
OLQHDJH H[SDQNWRQOO\FRR D ODWHU VWDJH RI LQWUDYV
SUHFHGHV PHPRU\ DREWXDWOLW L'RRW KRVWXGLHYV VKRZ WKDW
GHYHORSPHQWDO EORFN LV QRW GXH WR LPSDLUHG VXU"
QRW FRPSHQ@XDWH FRU $OWKRXJK WKH UHDVRQ IRU WKH

UHSRUWY UHPDLQV XQFOHDU WKH\ ERWK GHPRQVWUDWH

PDWXUH1&" SKHQRW\SHW\PAQR
1.5.3. Transcriptional factors regulating lineage commitment, maturation and homeostasis
*$7%

*$7$ LV D & & W\SH JLQF ILQJHULVAUPWONWVFWUHGSWIR Q. IDFWE
1.7 FHOOVHWLBPO 5HJDUGLQJ WKH 7 FHOO OLQHDJH *$°

OHYHOV LQFOXGLQJ GLIIHUHQWLDWLRQ RI FRPPRQ O\PS

71 FHOOV SURJUHVVLRQ WKURXJK VHOHFWLRKO ®W G30B
HW DO +HUQDQGHW+BORV *$7$ LV DOVR LPSRUWDQW IRL
RI & 7 FHOOV LQWR 7K F\WRNH@YHDWHF U HWQO & GHAD ®RD R3/L

*$79% RSHUDWHV XSVWUHDP GRZQVWWHD® RHRW\I\QH
DO ZLWK =LQF ILQJHU WUDQVFULSWLRQ IDFWRU RTK32.
*$7$¢ DW WKH '3 VWDJH UHVXOWY LQ D FHOO WIBMULQWVLF

FHOOVHWLP O 7KLY GHIHFW LV HYLGHQW LQ PLFH IURP \

ERWK 1DQG 1.SURJHQLWRUV ,QWHUHVWLQJO\ LQ WKH HY
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1.7 FHOOV XQGHUJR LQFUHWEH® LDHR/KW BVQ X P OHHWD\G IRQ JV S
QRWDEO\ KHSDWLF W\8MW ,DD7 FBHIOWNSKHBDO W\SH , 1.7 Ft
H[SUHVV &' DQG GR QRW VHFUHWH 7K R*DIO &W UHNLAA W F
DO :KHQ SUR[LPDO 7&5 VLIJQDOV DUH E\SDVVHG XVl
HISUHVVLRQSD®&® XFIWLRQ DUH UHVWRUHG KRZHYHU WKL
WKH ORVWDRG ,/ VHFUHWLRQ 6HYHUDO LPSRUWDQW FK

W\SH , 1.7 FHOO GHYHORSPHQW KDYH EHHQ HPSKDVL]H(

LPSRUWDQW IRU WKH IRWUBBWLRQ® RHOMXKBLLHDJIJH DQG VH
F\WRNLQH®\ 8/BRQIGVY FUXFLDO IRU W\SH , 1.7 FHOO VXUY
+RZHYHU ZKHWKHU WKLV PHFKDQLVP LV PHGLDWHG E\ D
KHSDWLF W\SH , 1.7 FHOO DSRSWRVLVY VXFK DV &;& FKHP
HW DO UHPDLQV XQFIOHMHO WKIHUREVHUYDWLRQ WKDW 30
7&5 LQGXFHG XS UHJXODWLRQ RI &' DWW K PIW ASH BU HWWHHR

WR IXQFWLRQ GRZQVWUHDP RI WKH 7&5 WR PRGXODWH W\
7K32.

7K32. D PHPEHU RI WKH %7% 32= IDPLO\ RI JLQF ILQJHU W
WKH JHQHUDWLRQ RI &' 1.7 WHKOOW SASRMHMODQIKRRNVBRDR X WL
=EWEHRFRGLQJ 7K32. KDYH QRUPDO IUHTXHQFLHYV DQG C
1.7 FHOOV WKHLU PDWXUH 1.7 FHOOV FRPSOHWHO\ ODFN
QXPEHUV RI 1'DYHHO ®W +HHW DO $GGLWLRQDGKN WILKIXD .
PLFH H[KLELWWGHIBPR E XIFQWDLRWBROHVVHUY) H[WH@W DO

+HHW DO W KEHWHQ VXJIJHVWHGPOWKBWDASDSVROHDP R

7K32. LQ & FHOO OLQHDJHHRRPHALLVPHIQHWU HIRUH LW LV SF
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*$7% DQG 7K32. PLIKW IXQFWLRQ LQ D VLPLODU OLQHDU

GHYHORSPHQWREWKM BQG VXEVHTXHQWO\ DFTXLVLWLRQ
3/=)
3URP\HORF\WLF OHXNDHPLD JLQF ILQJHU 3/=) WUDQVFUL

1.7 FHOO GHYHORSPH3IOYI PIORH IRQ FNQLLRRP OV EHDULQJ D Q
“EWEWKH JHQH HQFRGLQJ 3/=) VKRZ D VHYHUH UHGXFWL
WK\PXV EXW QR FKDQJHV DUH REVHUYHG LQ WKH GHYHOT
HW DO 6DWMIH O 7K\PLF 1.7 FHOOV Rl 3/=) GHILFLHQW
WKH W\SLFDO :*DFWLYDWHG  SKHQRW\SLF FKDUDFWHULV\
VHFUHWH 7K DQG 7K F\WRNLQHV XSRQ SULPDU\ VWLPXC
1.7 FHOOV DUH DEOH WR BNRBXRMHERQBQG\, PIFWHWD QR Q

6DYBYW DO 7TUDQVJHQLF H[SUHVVLRQ RI 3/=) LQ 7 FF

RI PHPRU\ OLNH FKDUDFWHUDRELFVFIHQ® SWUVEKKUIDWOLEYFU
DQG UHGXFHG &' / H[SUHVVLRQ +RZHYHU WKHVH FHOO\
FHOO DVVRFLDWHG PDUNHUV VXFK DV 1. HW; DA.* ' DQ
SDEHWHW WO .RYDORWVDNO 3/=) WUDQVJHQLF 7 FHOOV DC
SDWWHUQV RI F\AWRNLQH SURGXFWLRQ DQG HQKDQFHG SL

.RYDORMWN\DO WKDW DUH LQGHSHQGHQW RI 6%$3 DQ
.RYDORWYWNDRO 3/=) LV H[SUHVVHG LQ WKHE¥PRVW\ERPDW

1.7 FHOOV ZKLOH WKH UHPPHQQO®JLQDWKH&WEB\WIHWRI 6%$3

PLFH H[SUHVV QRUPDO OHY HOWDRO 3/6-D HORYIDOO R YIMNG LFD W L

WKDW 3/=) PLIJKW IXQFWLRQ HDUO\ LQ RQWRJHHWD IDACH U
DQG SOD\ D UROH GRZQVWUHDP RI WKH 6/$0 UHFHS\

WKH GHYHORSPHQW RI WWsBQ 1.7 FHOOV 'DV
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7 EHW

7 EHW LV D WUDQVFULSWLRQ IDFWRH W KIHYXODWRULRBRIL (¥I
VSHFLILFDWLRQ €& U DWYFRDSODROH LQ WKH ILQDO PDW.

FHOOV 7RADQDHDQ G ODWHAXEDO 9. 1.7 FHOOV GHILFLHQW L

VHOHFWLYHO\ EORFNHG DW D UHODWLYHO\ ORWHLNMWDJIF

1. DQG 6WDJHI g 7K\PLEHW\SH , 1.7 FHOOV GR QR
1. RU RWKHU 1. UHODWHG PDUNHUV VXFK DV PHPEHUV F
7KH\ DOVR ODFN &' D FRPSRQHQW RI WKH ,/ UHFHSW

ODFNLQJ 7 EHW IDLO WR SUROLIHUDMM DQ UHQSR@EHWA R
EHW GHILFLHQW FHOOV GR QRW DFTXLUH FKDUDFWHULVW
WKH DELOLW\ WR SURGXFH ,)1 LQ UHVSRQVH WR 7&5 VWI
7RZQVHMWGDO ODWHAGEDO 0D WHAX GDO &RQVLVWHQW Zl
GHYHORSPHQWDO DQG IXQFWLRQDO GHIHFWV 7 EHW H[SL
1.7 FHOO PDWXUDWLRQ DQG GLUHFWO\ UHJXODWHV WKH
W\SH , 1.7 FHOO IXQFWLRQV VXFK D SHMHWRDIOQ )D\EHW C
NQRFNRXW UHVXOWY LQ D VLPLODU GHYHORBMWHOQWDO LP:¢
ZKLFK LG LWBDBW 7-bet controls multiple genes involved in migration, survival,
HITHFWRU IXQFWLRQ RI 9.14tNKT2080),(MadSMdaD W LW MAWRTIOH LQ

cell development may be relatively complex.

&:&5 DQG ,QKLELWVERQ®RUQI$SURWHLQV ,G

&;&5 KDV EKRIANRIBEB6DLWLFDO UROH LQ KRPHRVWDVL\
FHOOV EAPWMIKHIDWFXPXODWLRQ RI 1.7 FHIOW \D OQ&WRB VLYt
@OFNLQJ &VYVEKRZHSOHWHG 1.7 FHOOV LBEXWKBHOMHWHEDMNWYLGE HOX

1.7 FHO®OYHRQH PDUURZ HWLNO PDGIQ PDWRYO 6LPLODUO\
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1.7 FHOO VXUYLYDO DQG KRPHRVWDVLY DUH DOVR XQGHU
ELQGLQJ SURMIHE QHYEDGWDNVWLF DQG VHOHFWLYH UHGXF\
OLYHU ZKLQXPERURD@MRBLDXV D Q 6 WISEHBNWR HFKD LV PV
UHVSRQVLEOH IQXPEKNH BH G KBREGHYHRBO®NIHFWV LQ KRPL
OLYE® W RQW UDHIWF L, BQKR EHGIOWN HDSRBWRVLY $GGLWLRQEL
GHILFLHQW FHOOV KDYH ORZHU DEPSRHQ\WMIGRQERIY &: &5V ZK L
LPSOLFDWHGF URLAWREHIWSH F EHOBVVVRDD Q@O *HUPDQRY
HW DO ORQWLHFW@®WML OLFH ODFNLQJ ,G VKRZHG PRISH VHYH
1.7 FHOQOPEHUWKHIFR PSYHHE WRHELEEHQW LOGCIYWGRDGV

GHILALHHW, AHBIOQR/LEUWGEXFHG H[S UH\DVQLAR @ RE LADH@ HW L F

G HO HRW LVRIQID SRIRW RW L F P R O HFEKIQ A L% QRV LEWM \IBGV, BHT X H
QXPEHHKMAXJINWWKD W ,G PR\GXODAMBWY KRPHRVWDVLV LQ WK
PRAOOWLQJ ODFWRWHWY WR PDLQWDLQ D IDDPRWGDEQWLEDOD (

DSRSWRWLF VLIQDOV

'HVSLWH WKH SURJUHVV PDGH RYHU WKH ODVW GHFD(
PROHFXODU PHFKDQLVPV FRQWUROOLQJ W\SH , 1.7 FHOO
HIDPSOH ZKDW LV WKH IXQFWLRQDO UHODWLRQVKLS EHW
ZKDW JRYHUQV WKH DFWLYLW\ RI WKHVH DQG RWKHU WUD
W\SH , 1.7 FHOO GHYHORSPHQW RU LQ WHKWZKRRIQR WWDHALH/
TXHVWLRQV FRXOG OHDG WR D JUHDWHU XQGHUVWDQGLQ

, 1.7 FHOO GHYHORSPHQW

S5SHFHQWO\ WKH LGHQWLILFDWLRQ RI DQ LQFUHDVLQJ
D FRPPRQ 'S SUHFXUVRU KDV SURPSWIHBHE WG RHWKE®YH VA
SHODWHG VWXGLHYVY KDYH LQGLFDWHG D QXPEHU RI IDFWR

FKDUDFWHULVHG DV 3PDVWHU UHJXODWRWDORI «RWIIHUHQ\
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DO H+HHWV DO ,YDHQ\RD O 7TKH FRQFHSW RI D PDVWHU UH
IURP HPSLULFDO HYLGHQFH LPSOLFDWLQJ WKH QHFHVVLW
FHOOXODU SKHQRW\SH +RZHYHU ULWRQRXQOW EHWMHIIKPLDL
WKH VXIILFLHQF\ LV PRVW RIWHQ DQ H[DPLQDWLRQ Rl ZKF
OLQHDJH FKRLFH RI WKH LPPHGLDWH SURJHQLWRWKRU FK
GRPLQDQFH RI PDVWHU UHJXODWRUYVY LV WASLFDOO\ RQO\
ZKLFK WKH\ DUH DFWLYH One transcription factor may be necessary for gene €
may not be truly sufficient. It can only seem sufficient under precisely limited conditions,

ZKHQ DOO WKH RWKHU QHHGHG WUDQVFULSWLRQ IDFWRU"
DOQWDJRQLVWLF RU FRRSHUDWLYH HIIHFWV RI PXOWLSOH
IDFWRU QHWZRUN" SOD\LQJ D SLYRWDO UROH LQ HVWDEO!

6LHZHNH DQG *UDI 2UNLQ UHYLHZHG LQ 5RWKHC

,Q SRVW VHOHFWLRQ 7 FHOO RQWRJHQ\ 7K32. )RJS
PDVWHU UHJXODWRUV E\ WKH FULWHULD &HQMWH\W @G DER
6 XHOW DO U H JX\W DDVOR U\ K BHRMMDIQ. ) R Q W\N QRO

7K 6RO DQG 7K HWDQRYFHOO SKHQRW\SHV +
FORVHU H[DPLQDWLRQ RI WKHVH V\VWHPV KDV UHYHDOHG
VWXGLHV RI )R[S UHJXODWLRQ DQG DFWLYLW\ E\ 5XGHQV
JR[S LV QRW WKH Sy4PLDYH DIDH \ERY HOQRBP HDOW HRNMWOH Q R W
DO JLNHZLVH WKHUH LV FRQWLQXHG GHEDWH UHJDUG
OLQHDJH FRPPLWPHQW ZLWK HYLGHQFH WKDW *DWD RS
VIQHUJLVWLFDOO\ ZLWK 7K32. LQ GM YOLQDJ WAWHD& OLQHD
7KXV LW LV FOHDU WKDW GHYHORSPHQWDO FKRLFHV DUH
RI LQWHUUHODWHG SURFHVVHV ZKLFK VIQHUJLVH WRZDU

DFFXPXODWLQJ HYLGHQFH VXSSRUWYVY WKH LGHD WKDW D ¢
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UHJXODWRUY DUH ODUJHO\ UHVSRQVLEOH IRU WKH GLIIHU
SHUKDSV RFFXS\LQJ FULWLFDO 2QRGHV™ LQ WKH QHWZRUN
FRPSOH[ PROHFXODU GHFLVLRQ FLHWXD®V BRMEH®EMUR X
PRVW FRPSOH[ V\VWHPV FDQ EH PRGHOOHG E\ Q/KGHNYVFWLY
WKDW LQWHUDFW ZLWK HDFK RWKHUHGBGKHRXPLGQFNODURUMH
TKHUHIRRUFRWSHOOLQJ TXHVWLRQ@NAINKH KQRQODXRQAWRFHQO
WUDQVFULSWLRQDO PLOLHX RUJDQL]JHGMN QVWHK RHFDON W H U C

SURJUDP JEYBUQH®DWXUH WUDQVFULSWLRQ IDFWRU V "~

'KLOH WUDQVFULSWLRQDO IDFWRUV GULYLQJ FRQYHQV
VWXGUKRVH Rl 1.7 FHOO RQWRJHQ\ DUH VWLOO HQLJPDWLF
GHVFULEHG PDQ\ HIIRUWY KDYH EHHQ PDGH WR XQGHUVWI

WKHLU KRPHRVWDVLY DQG IXQFWLRQ 7UDQVFULSWLRQDO

JHQH H[SUHVVLRQ EHWZHHQ 1.7 FHOOV ZLWKHO $H® OVQ @ D
UHJXODWRU\ 7 RHO @D B MR KNG OLJKW RQ WKH WUDQVFU

UHJXODWLQJ W\SH , 1.7 FHOM A Y HORZSPHQUW G&KRIKWR WKH (
1.7 FHOOV WKH HDUOLHVW 1.7 FHOO SURJHQLWRUV WKHYV

6WDJH ZLIWK & WDJH DQG &' 6WDJH 1.7 FHOOV

ORUH UHFHQW PDQ\ DWWHPSWV ZHUH PDGH WR GHWH
GHWHUPLQH ZKLFK DQG WR ZKDW H[WHQW D JLYHQ VLJQD
HISUHYVWUIHRTXLUHG IRU WKH FRPPLWPHQW WR YDULRXYV L1.
EHFRPH L1.7 L1.7 L1.7 FHOOV RU &' '1 1.7 FHOOV DSSI
GXULQJ GHYHORSPHQW KRZHYHU LW UHPDLQV XQFOHDU
FDQ EH IXUWKHU PRGXODWHG 7KHUHIRUH XQGHUVWDOQGL
GLITHUHQWLDWLRQ LV D SUHUHTXLVLWH WR WKH PDQLSXO

SXUSRVHV %\ FRPELQLQJ VLQJOH FHOO 51%$ 6HT pPLFUR
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6HT DVVD\V (QJHO DQG FROOHDJXHV FRPSUHKHQVLYHO\ I
RI WK\PLF L1.B/=P8RBW 1.7 3/%)25 W EHWQG 1.7 W25

7 EBWY°YFHOO VXEVHWY 7KHLU ILQGLQJY GHPRQVWUDWH
GLIIHUHQW LQ WKHLU H[SUHVVLRQ Rl QRW RQO\ WUDQVFU
LQYROYHG LQ KRPLQJ LQKLELWRU\ UHFHSWRUV WKDW SU
DOVR HIIHFWRU PROHFXOHVY WKDW SURYLGH KRVW H3 IHQ\

DO

7R SURYLGH QHZ LQVLIJKWY LQWR L1.7 FHOO IXQFWLR
L1.7 FODVVLILFDWLRQ *HRUJLHY DQG FROOHDJXHYV LC
L1.7 DQG FHOOV IURP WK\PXV RI %%$/% F DQG & %/ P
WKDW D VXEGLYLVLRQ LQWR L1.7 DQG FHOOV LV VXL\
LOQGHSHQGHQW RI WKH VWUDLQ EXW DOVR UHYHDOHG FDQ
YDULDWLRQV LQ L1.7 VXEVHW FRPS&RWDWLRQ@ NASRLWGHLGE B
JHQHV WKDW PD\ DIITHFW L1.7 FHOO GHYHORSPHQW PLJUD
VKRZHGPAMKDW LQYROYHG LQ JHQHUDWBRQSRIQI% . P RFEG-XADAMWA
IUHTXHQF\ RI L1.7 FHOOV 7KH UHVXOWY SURYLGHG FRPSES
FRQFHSW 7KH LQ GHSWK FKDUDFWHUL]DWLRQ RI L1.7 C
VXEVHW LV QRW FRPSRVHG RI D XQLIRUWRA.SREKODW LIRUH RH (
GLVWLQFW UURP FHOOV DQG D VXEVWDQWLDO SURSRUWLR
DORQJ ZLWK ,/ HWHDRUJLHRZHYHU LW UHPDLQV WR EH GH
A L1.7 FHOOV UHSUHVHQW D WUDQVLWRUFK®SXODKHIR
FXUUHQW YLHZ ZRXOG EH LQ OLQH ZLWK D K\SRWKHVLV W
RI WHUPLQDOO\ PDWX.UHG,/AHODV ,/&L1.7 EXW DOVR D
SRSXODWLRQ RI FHOOV QRW \HW. VL GFIHOMOWMG 741 HUHQWLDW

L1.7 *HRHWLB Y
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7R DGGUHVV WKHWHDIOVVBIOWR/ISHUIRUPHG 51$VHT DQD
VXEVHWY LQFOXGLQJ 1.7S 1.7 1.7 DQG 1.7 FHOOV ,PS
1.7 FHOOV EXW QRW 1.7 DQG 1.7 FHOOV VKDUHG D WU
&RKH® DO DFWLYDWHG &' 7 DQG LQWUDHSLWKHOLDO /
1.7S VLIQDWXUH JHQHV ZHUH VKDUHG DPRQJVW GLIIHUHQ
FHOOV LQFOXGLQJ GHYHORSLQJ WK\PRF\WHV ZKLFK ZHUH
O\F SURWHLW D/BIH 8VLQJ SUHYLRXVO\ SXEOLVKHG GDWD \
WKH WUDQVFULSWLRQDO VLPLODULW)\ RI L1.7 VXEVHWV W|
FHOOV 6LJQDWXUH JHQHV RI 1.7 FHOOV ZHUH GHILQHG I
DQG 7K FHOOV LQGLFDWLQJ SURIRXQG VLPLODULW\ EHW
SURGXFLQJHEMHOOV /HRA FHOOV ZHUH PRVW 91®/1LODU WHF
/| 7 FHOOV ERWK RI ZKLFK H[SUHVVHG KLJK OHYHOV RI 3/
ZHUH VLPLODU WROWKIRPLFH&® OV DQG ,/& FHOOV $OWKRXJ
VKDUHG D VPDOO FRUH RI HIIHFWRU VLJQDWXUH JHQHV ZL

L1.7 FHOOV WKHLU RYHUDOO WUDQVFWHHIWDRQDO SURILO

7TKHYM DOVR D PDMRULW\ RI ZRUN EHHQ GRQH WR VW X(
FHOOV KRZHYHU WKHVH ZRUN PDLQONGQVKH URG HR RRFP R/GS HI
IDFWRUV ZKLFK ZHUH UHIHUUHG IURP FRQYHQWLRQDO 7 FlI
UHODWLYHO\ PDWXUH RU PDWXUH 1.7 FHOOV L H DW 6WDJ
HVSHFLDOO\ VWDJH UHPDLQV XQFOHDU 2QH UHDVRQ LV V
HVSHFLDOO\ '3 1.7 FHOOV PDNHV LW GLIILFXOW WR DQDO\\
FHOO GHYHORSPHQW 7KHUHIRUH WR H[DPLQH WUDQVFULS
ROQWRJHQ\ HVSHFLDOO\ GXPHRUUWKHMLRBQ/ WDUHDWUDQYR & QI
VHPHQW KDV EHHQ XVHG WR LQFUHDVH 1.7 FHOO QXPEHUV I

IRU WUDQVFULSWLRQDO DQDO\VLV RI 1.7 FHOO GHYHORSPF
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&21&/86,21

/ILNH PDQ\ RWKHU FHOO OLQHDJHV 1.7 FHOOV SOD\ D¢
DGDSWLYH LPPXQLW\ 7KH\ KDYH YDULRXV HIIHFWV RQ PL

DXWRLPPXQH GLVHDVHV ,Q WKLV ZRUNO9MWUDQVHHRHRWI[S

KDQAUHDVHG QXP&EHUV3RL& FHOOV L@ @RVEK %2' 7KILLAH
SURYLGHY DQ RSSRUWXQLW\ WR FRPSDUH WKH WUDQVFUL
& 1. '3 1.7 FHOOWKRMMRRYHQWER®DWL. '3 7 FHOOV
DQG WHKFRWHRIDWXUH 1.7 FKIOFK LQEVEKVEW &' 1.7 FHOOV
DQ& 1. '1 1.7 FH®OU PLFURDUUD\ DQDO\VLV H[SUHVVL
WUDQVFULSWYV IRU HDFK ELRORJLFDRQ®WHB B B ORE WD LROX-
3ULRFQ FRPSRQHQW XKD 6 KFREIMGEBWHG RQ DOO WUDQVFU
LQYHV W LLXDG\IFFD@VKHHG IR XD V8 RS X O D W L R QVREGHIUR ¥ V \GHIS MU D
FRPSRQHQW &3& 1IURRB 7 FHOOWR ®'l. '3 1.7 FHOOV
3 WR 1. &' 1.7FHOOVD®G IMDDAD) '1 1.7 FHOOV
3 &RPSDULVRQ RI JHQHW BHEHRISK\OLIRQLWRRNGKIRN UHYHDOHG
KLJKO\ GLDIGIQHIPM UHVVHGRGNHUH D W K U ENyW HEQIG QV K L
WR XQGHUWKDPDIQ®B YEHHVVLRQ Rl WUDQVFULSWLRQDO IDFV
*HQHH{BUHVVLRQ QH VZERBY@RDWOWDHNWHQ WR DVVHVV WKH

WUDQVFULBRWAWBXIUGGFRHOORSPHQW
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$1,0%$/6 )25 678',(6

1RQ REHVH QLDBPRWLE B/ - % FRQIJHQLF WUDQVJH
ZHUH PDLQWDLQHG XQGHU VSHFLILF SDWKRJHQLF IUHH FF
J)DFLOLW\ RI -DPHV &RRN 8QLYHUVLW\ 'RXJODV 4/'" $XVWI
DW ZHHNV RI DJH ,Q D VLQJOH H[SHULPHQW H[GHULPI
ZLWK FRQWUROV $00 PRXVH H[SHULPHQWYV ZHUH UHYLHZ

&RPPLWWHH DW -DPHV &RRN 8QLYHUVLW\ $ $ DQG ¢

$V WMW X G\ IRFXVHV RQ 1.7 FHOO GHYHORSPHQW WKH
FRPSOH[ KDG SUHYLRXVO\ EHHQ LQWURBKBRGW QMR XUB
1. PDUNHU IRU FKDUDFWHULVKYJFR P SO & BEEIDOACD W L R (
RULJLQDOO\ GHULYHG IURP MKKIR BRRRLPA-D O RE RIK QRSLFUM\ O D\
' PLW DQ®LW DQG WKH GLVWDO ERRQW DQOGO DW E AKHZUHH Q
ZDV QR HYLGHQNUBAVRQDWQURHHIJPHQW DOWHUHG WKH QXP
FHOOV LQIWKBFRDIJHQLF OLKW DD WV XGBDP DRQG3RXOWRQ
HW DO ODWWK®IO 5RHMHDO WKHUHUIRNWESPLRH ZHUH

XVHG DV ZLOG W\SH FRQWURQVERBENDORXHGHULPHQWYV RC
,QEUHG PRXVH VWUDLQV

$ QXPEHU RI PRXVHQVWIM UV KD/HEK ZHUH RULJLQDOO
-DFNVRQ ODERUDWRU\ -DFNVRQ ODE ODLQH 86% DQG $¢C
' $ RU NLQGO\ SURYLGHG IURP SUHYLRXV VWXGLHV 7KH\

5HVHDUFK )DFLOLW\ DW 'RXJODV FDPSXV -DPHV &RRN 8QL
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Table 2.1. Inbred mouse strains used in this study

Mousestrains Description Source
NODI/Lt Wild type NOD strain The Jackson lab.
NODNkrplb Congenic for NK1.1 marker from B6 background The Jackson lab.

NODNkrplb.Cdld' Congenic for NK1.1 marker from B6 and mutant@did | Dr. Margaret Jordar

C57BL/6J Wild type B6 strain The Jackson lab.
B6Ccr2” B6 withCcr2knock out The Jackson lab.
B6Ccr7” B6 withCcr7knock out The Jackson lab.
B6Nkg7"" B6 withNkg7knock out Australian

Phenomics Facility

B6Cd1d" B6 withCd1ldknock out The Jackson lab.

SURGXPBWLRQ WUDQVIBQLF PRXVH VWUDLQV

12" DQG9Y% -. WUDQVJHQLF PLFH ZHUH JHQHUDWHG E
XVLQJ WKH SUHYLRXVO\ SXEOLVKHG FRQVWUXFW NLQGO\
DQG %YHQGHODF %ULHIO\ -WKKSUHKOHRUEBERBIEBP HQ
'1$ F'1$ zZDV 3&5 DPSOL&LHGSIHURALWKHFHOO K\EULGRPD ']
DQG %YHGHODF 7TKHQ 9. -. F' 1680 DODIMWIHQNR H D VEIO® \L )L
FRQWDLQLQJ WKH PLQLPDO &' SURPRWHU HQKDQFHU DQ(

ODWVXGD HW DIOH OLQHBWERGVWURFW ZDV SXULILHG
HOHFWURSKRUHVLY DJDUDVH WUHDWHG UH SXULILHG DQ
SURQXFOHL DW WKH :DOWHU DQG (OLVD +DOO PLFURLQMH
PDQLSXODWHG HPEU\RVY ZHUH SODFHG LQ WKH UHSURGXF)
UHFLSLHQW MIPQWHHRLFHLFH ZHUH VFUHHQHG E\ SRO\PHL

DQG FURVVHG RRWSO MWIKH WR' SHUPLW WKH XVH RI WKH 1.
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Table 2.2Val4transgenic mouse strains

Mouse strains Description Source
NODNkrplb.V N4Tg (line 1, 2, 3, 4) Transgenic fo¥ 24-J28 Generated by DiMargaret
segment. Jordanusing a construct gifted
B6V 24Tg (line 2, 5) by Prof. A. Bendelac

,Q KRXVH HVWDEOLVKHG PRXVH VWUDLQV

7KUHH PRXVH VWUDLQVY 7DEOH ZHUH HVWDEOLVKF
VWUDLQV FDUU\LQJ GLIIHUHQW JHQHV RI LQWHUHVW ,Q V
FURVVHG WR JHQHUDWH KHWHURJ\JRXV SURJHQ\ 5HVXOW
LOQWHUFURVVHG DQG WKH VXEVHTXHQW JHQHUDWLRQV ZH
QH[W JHQHUDWLRQ ,I WKH JHQHV RU JHQHWLF UHJLRQV R
KRPRJ\JRXV FRQJHQLF IRXQGHUV ZHUH VHOHFWHG WR HVV
L@HUHVW ZHUH WDUJHWHG GHOHWLRQ PXWDWLRQV PXWE

, QWHUFURVVHYV ZHUH VHW XS XQWLO PLFH ZLWK WKH GHV

Table 2.3. In-house established mouse strains

Strain Description Source

NODNkrp?.Cd1d".V 24Tg | A strain resultindgrom intercrossingCd1d™ | Generated in this study
from NODNkrp?.Cd1d to
NODNkrp2.V 24Tg

B6Cd1d 'V 24Tg. A strain resulting from intercrossir@d1d” | Generated in thistudy
from B6Cd1d to B6V 24Tg

B6Ccr7".V 04Tg A strain resulting from intercrossir@er7” Generated in this study
from B6Ccr7 to B6.V 24Tg

JRU WKH UHPDLQGHU RI WKLV WKHVLV WKHNJWBUDLQ C
PLFH )RU H[DPSORJZUHRABVIWU®D 7J PHF 12&G GUHIHUV

WR 12NUS&G GPLFH DQG VR RQ
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*(127<3,1*

3XSV IURP LQWHUFURVVHV ZHUH JHQRW\SHG WR VHW
7KH DSSHDUDQFH RU DEVHQFH RI D JHQH ZDV GKSHQ 8 GQB\

RQ WKH DYDLODELOLW\ RI VXLWDEOH DQWLERGLHYV
*HQRW\SLQJ E\ 3&5

*HQRPLF 'DY H[WUDFWHG IURP WDL®D&$BSV RU HDU SX
WUDFWRU *HQH &RUEHWW 5RERWLFV OLTXLG KDQGOLQJ
SXQFKHV ZHUH FROMHFMHGRLYWRXEHY WKHQ GLJHVWHG F
GLJHVW EXIIHU PO 7ULV+&0O S+ PO ('7$% PO 1D&O

PO BURWHIDQM& H . USP LQ D 9257(03 (9& /DEQHW +LDC
RU RYHUQLIKWQREXQEDWRU 0,5 6DOSFOHW IBIQYH PL[HG E\
DQG WKHQ FHQWULIXJHG WR VHSDUDWH RXW IXUHD@& RU
GLJHVWHGDVD®PROIBHGHHS ZHOO SODWH EHLREXI IPIGGLQJ
FRQVLVWLQJ RI 0 *XDQLGLQH WKLRF\DQDWH PO 7UL
7ULWRQ ; ROVIDGGHG WR HDFK VDPSOH 6DPSOHV ZHL
ILOWHU *) % SRO\SURS\OHQH PLFURSODWH :KDWPDQ ,QV
WR FDSWXUH WKH 6D 8QHW KAH U WIHWKHG RQFH E\ DGGLQ.
WKHQ YHD@WRXPHPRYH XQERXQG IUDFWLRQV 6DPSOHV ZHUE
EXIITHU DHDG RQFHWKDQRO '1$ ZDV WKHQ HOXWHG LQ —
7ULV +&0 S+ PO ('7$ '1$ FRQFHQWUDWLRQ ZDV PHD

(i VSHFWURSKRWRPHWHU %LR 5DG /DERUDWRULHV

*HQRW\SLQJ RI WKH FURVVHVY EHWZHHQ PRXVH VWUDL
INUSZHUH SHUIRUPHG E\ XVLQJ SULPHUV FKRVHQ IURP W

SRO\PRUSKLVP OLEUDU\ :KLWH KH DLCH WUV KRS WLH? H&UDVP E U |
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GHVLIQHG LQ KRXVH RQ WKH EDVLV Rl 3&5 SURGXFW OHQ
12" /W VWUDLQV 7DEOH *HQRW\ISLQJ RI NQR¥N RXW J

SURYLGHG

'LWK UHJDUGY WR WKH WD Q¥ JHAPIRMR IMGJIVIE KRIRYH
HVWDEOLVKHG SULPHUV DQG 3&5 SURWRFROV '1$ IURP V.
LQFOXGLQJ KRPR]J\JOJRXV KHWHUR]J\JRXV DQG QHJDWLYH
GLOXWHG WR WKH VDPH FRQFHQWUDWLRQ XVXDOO\ DW
ZHUH SHUIRUPHG DW WKH VDPH FRQGLWLRQV EHWZHHQ V
DVVHVVHG EDVHG RQ WKH LQWHQVLW\ RI WKH HOHFWURS
VDPSOHV IURP KRPR]J\JRXV PLFH SRVVLEO\ KDYH VWURQJ}
KHWHUR]J\JRXV PLFH OLFH ZLWK WKH EULJKWHVW WUDQV.
WKH QH[W JHQHUDWLRQ &RQILUPDWLRQ RI KRPR]J\JRVLYV
W\SH PLFH ODOH DQG IHPDOH KRPR]J\UJRXV WUDQVJHQLF P

KRPRJ\JRXV WUDQVJHQLF PRXVH VWUDLQV

Table 2.4. Primer details

gene or L Expected results
region ~(EHR]
Nkrpl® | D6mit135 B6 allele = 140 bp
Primer 1:CCTAACAGTTCAATTTGTCAGCC NOD allele = 130 bp

Primer 2:CCAGCCCCCAATTTGATATA

Ccrl - WT reverseGGTGATCAAGGCCTCCACT Mutant = a110 bp
Mutant reverse:AGACTGCCTTGGGAAAAGCG Het = a110 bp and 280 bp
Common:TAAGGGCATCTTTGGCATCT WT =280 bp

V 04Tg | Forward primer.-TGTAGGCTCAGATTCCCAACC WT = no band

Reverse primerGAGGATGGAGCTTGGGAGTCAGG | Het. or Hom. = 1000 bp
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&RQILUPDWLRQ RI JHQRW\SI® IFFIHWMBD U3BW PXWDQW &G

7KH SUHVHQFH RU DEVHQFH RI D JHQHfV SURGXEWYV F
FRQMXJDWHG DQWLERG\ )RU H[DPSOHJH@HWKUWRZ RGN H NQ
LQ WKH DEVHQFH Rl WKH &' G PDUNHU RQ WKH VXUIDFH R
FRQILUPHG E\ |IQRZQP\GMMRPYWWXNLQJ D IOXRUHVFHQW FRQM
DQWLERG\ %UEKPRG VDPSOHV ZHUH FROOHFWHG E\ UHW
FHOOV ZHUH O\WHG XVLQJ 5HG EORRG FHOO O\VLQJ EXIIH
PRQRQXFOHDU FHOOV 3%0&V ZHUH FROOHFWHG E\ FHQW
FRQMXJDWHG DQWL PRXVH &' G DQWLERG\ H%LRVFLHQFH
LQWHQVLW\ RI &' G FRPRRSIBWHR MNRRPRQWQYRBOM O0G WI\SH EO

Y)LIXUH

KO

Het

SSC-A
Cell count

FSC-A CD1d
Figure 21. GenotypingCdldknockout mice by FACS from bloddensity plot (left panel) presents

PBMCs by forward scatter area and side scatter area. The histogram (right panel) shows the fluorescent
intensity of CD1d expression on lymphocytes. KO stand3dbdknockout; Het stands fa€d1dheterozygous;
andWT stands forCd1dwild type.

)/2: &<720(75,& &(// $1$/<6(6
2UJDQ KDUYHVWLQJ DQG VLQJOH FHOO VXVSHQVLRQ

([SHULPHQWDO PLFH ZH WD YOWURWIERIG FKE&2L DQG VS
FROOHGWRONXEHY FROODLBHQEROG 0$&6 EXIIHU '3%6 FRQW

('7$ $PUHVFR 6RORQ 2KLR 86% YY %RYLQH 6HUXP
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$XVWUDOLD DQG Z-RUBGRGLXW $IDLEHUV ZHUH SHUIXV
POFKH@®6 YLD WKH SRUWDO YHLQ WR IOXVK UHG EORRG
WKHQ KDUYHVWHG ER@IRFBDUMXBH\O FB@®W DEIQQLIH FHOO
VXVSHQVLRQV ZHUH SUHSDUHG DQG FRXQWHG XVLQJ D FH
QXPEHUV SHU RUJDQ ZHUH FDOFXODWHG EDVHG RQ WKH Y

QXPEHU RI FHOOV FRXQWHG SHU PLOOLOLWHU

6LQJOH FHOO VXVSHQVLRQV IURP WK\PXV VDPSOHV Zt
WK\PXV EHWZHHQ WZR IURVWHG PLFURVFRSNZHWIHGHV LQ |
FROOHFW HGNDKQUR S VHVP PKINLKFKOPOV ZHUH ZDVKHG E\ VS

JIRU DPEEDQGVXWSHQGHG LQ PO 0$&6 EXIIHU IRW IORZ F

6LQJOH FHOO VXVSHQVLRQV IURP VSOHHXQY¥&HUH SUH
EXITHU XVLQJ D PO VVWWLQJH DQG D JDXJH QHHGOH DQ
WZR ITURVWHG PLFURVFRSH VOLGHYV &HOO VXVSPHQVLRQV
PHWK/ 7KH FHOOV ZHUH FHQWU FREHE DIWE H L O J RWU HBWVDH
5HG %ORRG &HOO /\VLQJ EXIIHU 6LJPD $OGUIRRRKP &DVWOH
WHPSHUDWXUH IRU PLQ $IWHU DGGLQJ PO 0%$&6 EXIIHU

ZDVKHG DQG UHVXVSHQGHG LQ PO 0%$&6 EXIIHU

,QGLYLGXDO OLYHUV ZHUH EXW LQWR BPDO®© BLHRHV
VWDLQOHVY VWHHO PHVK 7KH FHOOV ZHUHR&ERQ® ZBPW KB GE
WZLFH ZLWKH@®0® FIOLWHQFK\PDO FHOOV ZHUH UHPRYHG RY
*( +HDOWKFDUH 16: $XVWUDOLD /LYHU O\PSKRF\WHV ZH
3%6 IROORZLQJ E\ VSLQQLGB& EWOOY IRWUHPWQ HDWHG ZLWK
&HOO /\VLQJ EXIIHU DW URRP WHPSHUDWXUH IRU PLQ $I\
UHDFWLRQ FHOOV ZHUH ZDVKH® \B& DRI RHQBM G LD | RBI

0$&6 EXIIHU IRU IORZ F\WRPHWULF FHOO DQDO\VHYV
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6XUIDFH VWDLQLQJ DQG IORZ F\WRPHWULF FHOO DQD

JRU IORZ F\WRPHWULF FHOO DQDO\VHYV PLOOLRQ F

FRPELQDWLRQV RI WKH IROORZLQJ DQWLERGLHYV

Table 2.5. List of antibodies used in staining mouse cells for flow cytoinegll analyses

Antibody Fég?\;ﬁ;;fgge Host Isotype | Reactivty Clone Company
anti-CD16/32 Unconjugated Rat lgG2a,, Mouse 93 eBioscience
APC or FITC | Hamster | /P'TU Mouse | H57597 | BD Bioscience
anti-TCRE
PerCP Cy5.5 | Hamster IgG Mouse H57597 | eBioscience
anti-CD4 B\}:E:I(C): ,o\r/g(\)/%S( Rat /P'1T Ul Mouse RM45 | BD Bioscience|
anti-CD8 APCCy7, FITC Rat /P'1T U Mouse 53-6.7 | BD Bioscience
or V450
anti-CD44 V450 orFITC Rat /P'1T Ul Mouse IM7 BD Bioscience
_ APPngP;E:g;SoSr Mouse | /P'T U Mouse PK136 | BD Bioscience
anti-NK1.1
PerCP Cy5.5| Mouse | /P'T U Mouse PK136 | Biolegend
anti-CD24 FITC or BV605 Rat /P'T Ul Mouse M1/69 | BD Bioscience
anti TCR ¥B.1,8.2 FITC Mouse | /P'T Ul Mouse MR52 | BD Bioscience
anti TCR 8.3 FITC Hamster | /P'iU Mouse 1B3.3 | BD Bioscience
anti TCR & FITC Rat /P'T U Mouse TR310 | BD Bioscience
anti TCR R FITC Rat /P'T U  Mouse B20.6 | BD Bioscience|
anti-CD1d PE Rat IgG2b, k| Mouse 1B1 eBioscience
anti-CD150 PE, 'A(‘:I;(?: or PE Rat /P'T U Mouse 1;532 Biolegend
anti-CD5 V450 Rat /P'T U Mouse 53-7.3 | BD Bioscience
anti-CD25 APC Rat /P'iU| Mouse PC61.5 | eBioscience
anti-CD53 Alexa Fluor 647 Rat IgM, k Mouse OX79 | BDBioscience
anti-ICOS (CD278) PE Rat /[P'T U Mouse 7E.17G9| eBioscience
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$OSKD JDODFWRYDORHID PARBBHIGHG &' G WHWUDPHUV &
SURGXFHG E\ OU ODUFLQ &LXOD LQ 3URI 'DOH *RGIUH\YV
J)LUVWO\ PRXVH &' G SURWHLQ P& G ZDV PDGBIVLQ D EDF
GHVFULEHG SUHYHRXNMO\ OGCDMWVYKGIDE P& G SURWHLQ ZDV W
ZLWK %LUS$ HQ]\PH Q06 SRDG R ANWRAEPW ORDGHG P&' G
WHWUDPHUL]J]HG E\ DGGLQJ QHXWUDYLGLQ 3( $3& RU %9
SURYLGHG E\ 3URI OLWFKHOO .URQHQEHUJYVY ODERUDWRL

,PPXQRORJ\ 6DQ 'LHJR &$

)RU VXUIDFH VWDLQLQJ DQWLERGLHY ZHUH GLOXWHC
LQFXEDWHG ZLWK XQFRQMXJDWHG DQWL &' FORQH
IRU PLRWRVSUHYHQW )F UHFHIS@WRW EERGLIQV REIHOREH G\C
VXUIDFH VWDLQLQJ DQWLERG\ FRFNWDLOV /\PSKRF\WHV :
SURVISOHRRUZDUG VFDWWHU DUHD DJDLQVW IRUZDUG VFDW\V
GRXEOHWY IURP DQDO\VLV 'HDG FHOOV ZHUH H[FOXGHG |
:KHUH SRVVLEOH DQ HPSW\ IOXRUHVFHQW FKDQQHO ZDV
'DWD ZHUH DFTXLUHG RQ D %' /65,, )RUWHVVD F\WRPHWHU

86% DQG DQDO\WHG XVLQJ )ORZ-R VRIWZDUH 7UHH 6WDU
&HOO VRUWLQJ

6LQJOH FHOO VXVSHQVLRQV IURP WR\PL @LQHHHPNR O
ZHUH VWDLQHG RQ LFH IRU PLQ ZLWK ¥SHFLILF &QWLER
WMUDPHU DQWL &' 50 DQWL &' DQWL &' 0

&HOOV ZHUH VRUWHG RQ D %' )$&6$ULD ,, &HOO GRXE

FRPSDULVRQV IRUZDUG VFDWWHU DUHDHMWRHLRKWDWE& WRUD:
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VFDWWHU ZLCGWHKKBRIXWLWR VEOCWWFDWWHU ZLGWK 'HDG
DQDO\VLYVY E\ SURSLGLXP LRGLGH VWDLQLQJ $00O VDPSOH'

YLDELOLW\ DQG FHOO SXULWLHV ZHUH RYHU
)81&7,21%/ $66$<6
,Q YLYRDW P BOWORIHIK

$OSKD *DO&HU (Q]JR /LIH 6FLHQFH 1< 86%$ ZDV UHFR(

7ZHHQ 6LJPD $OGULFK WR WKH FRQFHQWUDWLRQ R
DWR& 6L[ ZHHN ROG PLFH ZHUH LQWUD Y HIQRR&HAD LA Q M HF W F
3%6 ; RU FRQWURO YHKLFOH —0 3%6 ; FRQWDLQLQJ
KRXUO\ IROORZLQJ LOQMHFWLRQ VHUD ZHUHS ROHOHHWHRB U
F\WRNLQH EHDG DVVD\V WR DVVHVV 1.7 FHOO IXQFWLRQ |
ZHUH LQMHFWDIO&HWWK—J LQ —0 3%6 IRUDQ LQW@DYHQ
3%6 IRUDQ LQWUDWK\PLF LQMHFWLRQ RU FRQWURO YHKI

WR KDUYHVW O\PSKRLG RUJDQV WK\PXV VSOHHQ DQG OL
,Q YLWHFROO FXOWXUH

6LQJOH FHOO VXVSHQVLRQV REWDLQHG IURPEZKROH W

+ &' WHWUDPHU DQWL &' 50 DQWL &' D C
DQWL 1. 3. ,PPDWXUH &' 1.7 FHOOV DQG LPPDWXUH
E\ )$&6 RQ DQ %' $ULD ,, DV GHVFULEHG SUHYLRXVO\ LQ \

UHVXVSHQGHG DQG SPODMIHEB3IOW [VXSSOHPHQWHG ZLWK
,QYLWURJHQ /LIH 7THFKQRORJLHV 0XOJUDYH O9LFWRULD
SHQLFL®DP® VWUHSWRP\FLR) VRO IDAWH WIIRGHQ /LIH 7HFKC

OXOJUDYH 9LFWRULD $XVWUDOLD ¢&EZOQWU&'2HOOV ZHU
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H%LRVFLHQFH &DPSXV 9LHQQD %LRFHQWHU ILHQQI
FRQFHQWRIDPMOLR®6 &HOOV ZHUH FXOWXUHG LQ WKH SUHV
PXULQH U,/ DQG 8 PO PXULQH W,\UQQHHD'SREMH R 1, B6$

K D W& &2DQG KXPLGLW\ LQ DQ LQFXEDWRU 0&2 $,& ¢
&\WRNLQH EHDG DVVD\V

AXDQWLWDWLYH GHWHFWLRQ RI F\AWRNLQHV IURP PRX
ZDV SHUIRUPHG E\ F\WRPHWULF EHDG DUUD\ XVLQJ %HQG
%HQGHU OHGV\VWHPV 9LHQQD $XVWULD 6DPSOHV ZHU
PDQXIDFWXUHU V SURWRFRO 7KH GHWHFWLRQ OLPLWV Z|
)1 SJ PO IRU ,/ . SJ PO IRU ,/ SJ PO IRU ,/
SJ PO IRU ,/ SJ PO IRU ,/ SJ PO IRU ,/ DQG
ZHUH DFTXLUHG RQ D %' /65,, )RUWHVVD IORZ F\WRPHWH L
&DOLIRUQLD 86$% DQG DQDO\WHG ZLWK )ORZ&\WRPLV70 3

&DPSXV 9LHQQD %LRFHQWHU 9LHQQD $XVWULD
‘'LDEHWHY LQFLGHQFH DQG LQVXOLWLY DVVHVVPHQW

12" ZLOG W\SH FRQWURO PLFH DQG 19 FRGOOL@QHUDQVJFH
ERWDOHY DQG IHPDOHV ZHUH FKHFNHG®G W HRN®\JH B\ GJLIC

EORRG JOXFRVH PHDVXUHPHQWY OLFH ZHUH FRQVLGHUHC

JOXFRVH ZHUH ! PJ/ RQ WZR FRQVHFXWLYH UHDGLQJV
PHDVXUHPHQWYV PJ/ ZHUH IRFONDRRRH G JXQ W WOWKW VO §R |

ZHUH FRQVLGHUHG SURWHFWHG
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,Q YAY®8 LQFRUSRUDWLRQ DVVD\V

12'"9D 7J PLFH UHFHLYHG LOWUDSHULWRQKE6 L S
UG8 6LIJPD $OGULFK % DW KRXU LQWHUYDOV IRU I
LQGLFDWHG WLPH SRLQW EHIRUH KDUYHVW 7KH PLFH ZHL
PLOOLRQ FHOOV IURP HDFKW®RKSOAH DAEHE GUIR XWMUE BEERMHNGR
PLFURSODWH *UHLQHU &HOOV ZHUH SUH LQFXEDWHG ZL
ZLWK ), 7& %YUGH® ' @RRWALIWQFH 3KDUPLQJHQ IRU PLQ RC
UHFHSWRU ELQGLQJ RI ODEHOOHG D QWIERXHG \Z L WKKH DRH/ODI
D8 ERWWRP ZHOO SODWH 7KH VXUIDFH VWDLQHGORHOOV
VWDLQHG ZLWK DQWL %UGS8 ), 7& IROORZLQJ WKH PDQXIDF
DQG UHVXVSHQGHG LQ 0%$&6 EXIIHU )LYH KXQGUHG WKR X\

JRUWHVVD IORZ F\AWRPHWHU DW WKH IORZ UDWH DURXQG
0,&52$55%< + *(1( (;35(66,21 $1$/<6(6
51$ SUHSDUDWLRQ

6RUWHG LPPDWXUH WK\PLF 7 DQG 1.7 HWO OVXEKYI MW \Z |
LQGLYLGXDOO\ KRPRJHQL]JHG LQ WKH 5/7 EXIIHU RI DQ 51F
I1HWKHUODQGY +RPRJHQDWHYV ZHUH SDVVHG WKURXJK 4L
1IHWKHUODQGV DQG 51% ZDV HIWUDFWHG XVLQJ WKH VWD
/ILPEXUJ 1HWKHUODQGV 7KH 51%$ \LHOGV ZHUH TXDQWLIL
1DQRGURS 1° XVLQJ WKH FRQYHQWLRQ WKDW DEVRUE
—J PO 51% $EVRUEDQFH RI VDPSOH DW DQG QP ZDV
HOHFWURSKRUHVHG IRU GHWHUPLQDWLRQ RI VDPSOH FRQ
FDUULHG RXW E\'U ODUJDUHW -RUGDQ DQG OV /HWLWLD

-DPHV &RRN 8QLYHUVLW\ $XVWUDOLD
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OLFURDUUD\ DQDO\VLV

QJ RI 51$% IURP HDFK VDPSOH ZHUH ODEHOOHG DQG
PLFURDUUD\ K\EULGL]DWLRQV ZHUH SHUIRUPHG XVLQJ Wk
&$ 86$ :7 THUPLQDO /DEHOOLQJ DQG &RQWUROV .LW $I
$INPHWUL[ ORXVH *HQHB 67 BBGUD\V SAKREHK FRWW DIHSUH
HVWLPDWHG PRXVH JHQHV 7KH SUREHG DUUD\V ZHU
*HQH&KLS +\EULGL]DWLRQ :DVK DQG 6WDLQ .LW $II\PHWU
XVLQJ WKH *HQH&KLS 6FDQQHU ,PDJHV GDW ILOHV
&RPPDQG &RQVROH $IINPHWUL[ &$ 86$% DQG WKH &(/ ILO
*HQRPLFV 6XLWH 3DUWHN 6* 6LQJDSRUH XVLQJ DQ 5¢
IXUWKHU DQDO\VLY $ VWDWLVWLFDO VLIJQLILEDQFH WKU
8 VWDWLVWLF RI LH QR RYHUODS LQ VLJQDOV EHWZHF
GLIIHUHQWLDOO\ H[SUHVVHG JHQH OLVW ZDV UHILQHG 7|
IURP 'U ODUJDUHW -RUGDQ DQG OV /HWLWLD 6PLWK &RP

&RRN 8QLYHUVLW\ $XVWUDOLD
*HQH &R H[SUHVVLRQ 1HWZRUN

$ JHQH FR H[SUHVVLRQ QHWZRUN ZDV JHQHUDWHG XV
*HQHB 67 DUUD\ DQDO\VHV RI WK\PRF\WH VXEVHWYV = D W
&(/ ILOHV ZHUH QRUPDOLVHG XVLQJ 50%$ EDFNJURXQG VXE!
HITHFWV ZHUH UHPRYHG XVLQJ WKH QRQSDHUDWD P®WWULF &RP
O9ODULDELOLW\ RI WUDQVFULSWY DFURVY DOO DUUD\V ZDV

DQG WKH PRVW YDULDEOH ZHUH XVHG IRU QHWZR
:*&1%$ DOJRULWKP LQ 5 /DQJIHOGHU DQG +RUYDWK JF

H[SUHVVLRQ QHWZRUN RI QRGHV WUDQVFULSWV DQG
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FRUUHODWLRQV DW D S DVVLIQHG WR VLIQLILFDQW
ZDV FDUULHG RXW ZLWK DVVLVWDQFH IURP 3URI $0ODQ %
*HQRPLF &HQWUH -DPHV &RRN 8QLYHUVLW\ $XVWUDOLD
4XHHQVODQG 8QLYHUVLW\ 6FKRRO RI OHGLFDO DQG $SSO

$XVWUDOLD
*HQH 2QWRORJ\ $QDO\VLV

*HQH OLVWV ZHUH JHQHUDOO\ VSOLW LQWR WKRVH XS
EHLQJ VXEPLWWHG WR 7KH 'DWDEDVH IRU $QQRWDWLRQ ¢
'$9," %LRLQIRUPDWLFV 5HWHRKDPOHYV Y IRXDEOH RQWROR
DQDO\VLYV RI IXQFWLRQDO DQQRWDWLRQ FOXVWHULQJ DJL
$QDO\VLV 2QWRORJ\ 6S 3LU .H\ZRUGV 63 3,5 *HQH 2QWF
OROHFXODU )XQFWLRQ *2 0) &HOOXODU &RPSDUWPHQW
83B6(4B)($785( 2QOLQH OHQGHOLDQ ,QKHULWDQFH LQ 0D
%LRFKHPLFDO ,PDJH 'DWDEDVH %%, %LR&DUWD 3DWKZL
WHFKQLTXH ZDV FDUULHG RXW ZLWK DVVLVWDQFH IURP 3

&RPSDUDWLYH *HQRPLF &HQWUH -DPHV &RRN 8QLYHUVL)
5($/ 7,0( 48$17,7$7,9( 3&5

SHDO WLPH TXDQWLWDWLYH 3&5 T3&5 ZDV FRQGXFWI|
ORUHDX WR YHULI\ PLFURDUUD\ GDWD RQ JHQH H[SUHVVLF
DQRG 1.7 FHOO VXEVHWYV %ULHIO\ SULPHUV ZHUH GHVLJQI
SURFHVVHG LQ SDUDOOHO ZLWK XQNQRZQ FRQWUROV T3¢
VHWYV RI 51% I[URP )$&6 VRUWHG LPPDWXUH WK\PLF 7 DQG
VHW XS XVLQJ D &%$6 OLTXLG KDQGOLQJ SODWIRUP &RLU

ZHUH FDUULHG RXW RQ WKH 5RWRUJHQH RU 5RWRUJHC
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—0 —0O0 UHDFWLRQ FRQWDLQHG —0 —0O 30DW
PO PO HDFK SULPHU DQG —O —0O0 F'1$ 3&5 FRQCG
R& PLGB& PLQ WKHQ "¢ F\AFOHW & SULPHU GHSHQGHQW

DQQHDOLQJ® VWHR VHF 'DWD ZHUH D& TXQ&HG DW EF
67$7,67,&%/ $1%$/<6(6

AXDOLWDWLYH GDWD ZHUH FRPSDUHG E\ )LVKHUTV H[I
VIXDUHG DQDO\VLV 4 KDIDWDLON D MWGE Y/ IGRDXMRIVERIKE B & 13 U V

IRU ODF DQG :LQGRZV /D -ROOD &$ 86% ,Q IORZ F\WR
DQDO\WHG XVLQJ %' )$&6'LYD VRIWZDUH %' %LRVFLHQFH
JORZ-R VRIWZDUH 7UHH 6WDU ,QF $VKODQG 25 'DWD 2z
OLFURVRIW ([FHO ILOHVY DQG FRSLHG LQWR *UDSK3DG IRU

VDPSOH VL]H DSSURSULDWH VWDWLVWLFDO WHVW ZHUH ¢

7KH VWDWLVWLFDO VLJQLILFDQFH WKUHVKROG RI WK
WK\PRFI& “Yf' &' G WHRW FHOOV LPPDWXUH "3"t’% FHOO
&' K &' G W&® FHOOV LPPDWXUH '3 FRQYHQWLRQDO
12'9D 7J PLFH ZDV VHW DW D 0DQQ :KLWQH\ 8 VWDWLVWLF
WR QR RYHUODS EHWZHHQ JURXSV :H KDYH SUHYLRXVO\
PLFURDUUD\ H[SUHVVLRQ DQDO\VHV RI VLPLODU GHVLJQ E
SRQ WDUJHW ™ IURP 3RIl WDUJHW  IGWI DHW H Q @VHIWB KPS U H V V L
$ FRPSDULVR& J&RES RV'f. &' G WHWE FHOOV LPPDWXUH ¢
1.7 FHOO¥' RQG&' *“f. &' G WHRW°F¥HOOV LPPDWXUH '1 1.
VRUWHG IURP WKH VDPH WK\PL ZHUH DOVR DQDO\VHG EX
REWDLQ DGHTXDWH DPRXQWYV RI 51$ 8QFRUUHFWHG VLJQ

FRPSDULVRQ RI WUDQVFULSWV RI WKHVH FHOOV ZLWK WK




3$57 % 1.7 &HOO 7UDQWRQ RI

3$57 $

1.7 &(// 75$16*(1,& 0,&(




3%$57 $ &KDSWHU &KDUDFWHULVDWLRQ RI

&+3$37(5

&+$5%$8&7(5,6$7,21 2) 7<3(, 1.7 &(//6 )520

75%$16*(1,& 0,&(




3%$57 $ &KDSWHU &KDUDFWHULVDWLRQ RI

,1752'8&7,21

7\SH , 1.7 FHOOV DUH WKH PRVW SUHYDOHQW 1.7 FHO
,Q PLFH WKH\ DFFRXQW IRU FRAHOWK DD QWR BIMVIE GD HW
DO 7\SH , 1.7 FHOOV DUH FKDUDFWHULVHGDERKWKB H[S
ZKLFKDLVI® LQ PLFBl RD 9.Q KXPDQV /DQW] H DRPELQDWL
ZLWK D OLPLWHEBKDHW R IPFRREWV R 9B PLFHEDQG RXPDQV
YJRZONHV HW DAOXGG HWED®DNDKDPD HWDDMDNDZD HW DO
$UDVH HW DORUFHOOL HMWWDHW7ZKQV FHOO W\SH KDV HYR
UHFRJQLVH JO\FROLSLG DQWLJHQV SUHVHQWHG E\ WKH Q
FRPSOH[ FODVV , + OLNH PROHFXOH &' G %HQGHODF
UDSLGO\ SURGXFH ODUJH DPRXQWV RI F\WRNLQHV ZKLEK
LPPXQH VIVWHP LQFOXGLQJ GHQGULWLE FHOOV 7 FHOOV
DFWLYLW\ WKH\ IRUP DQ LPSRUWDQW OLQN EHWZHHQ LQC
YDULRXV ELRORJLFDO HIIHEWV RQ LQIHFWLR®D% DOMDYJI\ |

DO

7KH GHILQLWLRQ DQG FODVVLILFDWLRQ RI W\SH , 1.7
WKH GLVFRYHU\ E\ .DZDQR DQG FROUWRBKBWHG DQADW DA
FKDLQ LQ ERWK PLFH DQG KXPDQ@V WRK RVAKWH [P XQLORU Y SIRHYL
JO\FROLSLG DOSKD JD ODF&HRN\6BHYBRWEHEHEM ROG .DZDQ
DQG WKH GHYMHODROSSAHHQ WRMIGHG &' G WHWUDPHUV \HDUV
LQQRYDWARIQSUMMH. RQORQGA E®Y D VXUURJIJDWH SKHQRW\SH
W\SH , 1.7 FHOOV DV D ZKROH EHFDXVH VRPH PRXVH VWU
QRW H[SUHVV WKH 1. HWP DONHMLD WHMXIEBED )XUWKHUPRUH

QXPEHUV RI W\SH , 1.7 FHOOV GR QRW H[SUHVV 1. DW Fl
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W LV QRZ FOHDU WKDW W\SH , 1.7 FHOOG¥' FB& EH IRX
WK\PRF\WHWW /DQW],Q PLFH WKH\ H[SUHVV HLWKHU &' DW
HOVH H[SUHVV QHLWKHU &' QRU &\SHRXEOHHQ®NDADQ HE H
VXEGLYLGHG RQ WKH EDVLV Rl H[SUWHBWULRD. RFHOOV:KHGIHA
PDWXUH WK\BRSXODWLRQV OLNHO\ UHSUHVHQW D SRRO |
FRQWUDVWQASHW\SKHU1.7 FHOOV DUH FRPSRVHG RI LPPDW
HPLJUDWHG IURP WK\PXV DQG PDWXUH W\SH , 1.7 FHOOV
PDUNHU IROORZLQJ DQWLHWQL® V\&KPRODWG R Q XKXKRHIQ V

1.7 FHOOV DUH RRUWWKRU &'LWK RU ZLWKRXW WKH H[SUHVVL

7KH ITUHTXHQF\ RI W\SH , 1.7 FHOOV YDULHV FRQVLVW
DFFRXQW IRU DERXW RI WRWDO WK\PRF\WHV EXW KDY
O\PSKRLG WLVVXHV DURXQG RI UBOHBI G HAOWD VYH@® D J |
ODWVHXWDDO +DPPRQG HW DQQ KXPDQV WKH SURSRUWLRQ
LV QRW ZHOO VWXGLHG GXH WR WKH OLPLWDWLRQ RI VDI
FRQVWLWXWH RI EORRG 7 FHHWOW MW LQ WKH SHRILSK
WRWDO WK\PRMAWIOV % BHMW @O DQG RI OLYHU O\PSKRF

% H Q OHDW KO 0 D WHWX ®[®

6WXGLHV LQ WKH 17V DQG TV KDYH UHYHDOHG WK
GHSHQGRRWURSRUWLRQVY DQG DEVROXWH QXPEHUV RI W\S
VWUDLQV &RPSDUHG ZLWK HLJKW RWKHU FRPPRQO\ XVHG
%$/% &PY'PLFH QRQ REHVH GLDEHWLF 12' PLFH KDYH UH
1.7 FHOOVUL YWKMRH DQG SHULSKHUDO OYRISSKROG HQNM D@Q\G OC
*RPEHWWDO %DHWHMWO *RGIHUMMW\DO 3RXOWRQ +DPPRQG
HW DO ,Q DGGLWLRQ WR WKH QXPHULFDO GHILFLHQFLHYV

SURGXFH UHODWLYHO\ OHVMSODVPIWRHYROG IR VHY SRQVH
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DGPLQLVWUDWORQHMZAHA ,/ VHFUHWLQJ WK\PLF 1.7 FHOOV

*RPEHUWWDO +DPPHROP®O IRXOHWROQ O

7KH FRQFRPLWDQ® .5 HFIHHE DHQX P HM U K DIYRRSQ X Q ERX\R QG
DXWRLPPXQH SKHQRW\SHAKNWH @ ILFH 12S PQWH QHRXVO\ GHY
7' FKDUDFWHULVHG E\ WKH GHVWUXFWH\R @ QI S DIQH\UB DM
DOVR VXVFHSWLEOH WR RWKHU DXWRLPPXQH GLVHDVHV
(VWHIEWQDO DQG KHPRO\WLFHBWQEPLD 7R4DJWHY D WLIKW |
EHWZHHQ WKH VSRQWDQHRXV GHYHORSPHQW RI W\SH , G|
QXPEHUV DQG IXQFWLRQ HQ DD P I WHOL QHD PP R@/GD O

WKH FRXUVH DQG WKH VHYHULW\ RI W\SH , GLDEHW
LQFUHDVLQJ 1.7 FHOO QXPEHUV WK U R\ KD O G RSWHRKHD & U D

FRQJHQHVHW PRUGRRHM DO )OHWRKIBO WUDQVJHQH
90 -D [/KXHQN DO RU &' G HMWOMPRQHRU DFWLYDWLQJ WK

*DO&HU 6HRM PIDQ @KBIWLDO

0DQ\ HQGHDYRXUV KDYH VRXJKW WR LGHQWLI\RVKH RL
1.7 FHOO QXPEHUV DQG IXQFIHORHWNLD QRPQRDBH VWXG\ RI
EHWZHHQ 12' DQG & %/ PLFH KDV UHYHDOHG WKDW WKH
PLFH LV FRQWUROOHG NEWIIB WHEPVAK WPB WRFUHJLRQV FR
DQG GLDEHWLF VXVFHSWLELO IHW DQ HAK HUFIR' G HHF QULLFY @IS C
RI WKHVH WZR UHJLRQV ZLWK FRUUHVSRQGLQJ UHJLRQV
1.7 FHOO QXPEHUV DQG GHOD\HG WKH RQVHW RIHW\® , G

JOHWHRKHIO +RZHYIHEE QRW FRPSOHWHO\ UHVERW 1.7
12' PLFH IURP W\SH , GIVDEMOWHV &KXMMRDY 3DVAWLBO

*ULHZDM) ®O -RUH®DRQO
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,Q WKLV FKDSWHU W\SH , 1.7 FHOO WUDQVJHQLF PLF
QXPEHUV RQ ERWK 12' DQEG 241 UEHD BEOWHR WRGYURYLGH VXIII
LPPDWXUH 1.7 FHOOV WR GLVVHFW WUDQVFULSWLRQDO FI

OLQHDJH FRPPLWPHQW

7KH IROORZLQJ K\SRWKHVHVVIEQ) WHROMHG' PLQLPDO
WUDQVJHQLF FRQVWUXFW RQ WKH 12' YWWWILIRD B O FN JURXQOX

LQFUHDVH 1.7 FHOO QXPEHUV LQ HDUO\ GHYHORSPHQWDO V

6SHFLILFDOO\ WKH DLPV RI WKLV FKDSWHU ZHUH
TR LQYHVWLJIDYDPH WKH[BHNHAWVWRRIRQ W\SH , 1.7 FHOO
7R DVVHVV WKH SKHQRW\SH RIOW\&H WRNAHRRBOB WV LJHH |
7R DVVHE¥EXVRERIH RI W\SH , 1.7 BP0/ WQBHOQWHBLEYH
7R DVVHVV WKH IXQFWLRQ RI SO SH , WQANE HQ DN RHIHRKH-

5(68/76
3URGRMEWLRE WUDQWPIHGILF

9. -. WUDQWJHDLFLFH KDYH EHHQ SUHYLRXVO\ GHYH
IXQFWLRQDO DQG GHYHORSPHQWDO VWX-GCQGMEORDFR\SH 1.
*ULHZB@WNDO +HWHKHEZH YW8DG D WHEGL FQRMRI\QB @ X,V F R
1.7 DVVRFLDWHG7&5 . FRRBPQOHPHQWDLH XIGGHU WKH UHJIX!
FRQWURO RI D PLQLPDO &' SURPRWH WU IHHZEDYNDIOU DQG LG
JLIXUHWR SURGXFH WUDQVJHQLF PLFH RQ ERWK SUWQG 1
UHDUUDQJIHG&5 . FKDLYDB&DPSOLILHG IURP WKH &' VSH
K\EULGRPD 'l 'HWDDQONDP. -. F'1$ ZDWKHQVE GJDG G/ MAKHH
RI D SODVPLG FRQQWPIDEL QI \§ KR P RQHI WHOIKIDOVEHRQLF VL

6DZDHBMD DO ODWHWX ®m )LJ $
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| I
Exon | Ihfog | Exon Il Poly(A)
|— mCD4 Enhancer/Promoter -I— mCD4 Silencer _I_ ATG-Va14-Ju18-Cu-TGA —I
Notl Sall Sall Notl
8.3 kb
Controls NOD.Va14tg

B mwm +/+ +/- /- ntc

—— e ——

Figure3.1. Generationof NODV 24Tg mice. A. A diagram of the transgenic construct, which consists of a CD4
minigene(including a minimal CD4 promoter/enhancer and @B4 intronic silencgri[ Js(rié:ridéd Z r
chain cDNA and a peH tail (Griewanlet al.,2007).B. Genotyping gel picturd?ups were genotyped using
constructspecific primers. mwm = molecular weight markett = homozygote fos r i @g +/- = heterozygote

for sridg;-/-= wild type (WT)ntc = no template control.

7KH FRQVWUXFW ZDV SUHSPIUSH GSEA LARMMDHM NV X RQQHRUJIJRQH
HOHFWURSKRUHVLVY WR VHSDUDWH WKH WUDQVJHQH IURP \
DQG GLDO\VHG EHIRUH EHLQJ VWRUHG DW P& RQ XQWHGWL
UHDG\ WRKIHOMHEWGQH FRIQVNEH XAW HFW O\ L% MDA WM& LQWR
HPEU\RQLF SURQXFOHL DW WKH 7UDQVJHQLF 3URGXFWLRQ
DQG WKH PDQLSROPBPHNY B®UMHPHE® \IRY WKH U HSWHREBH WQIY QIWNVIW C
DQG 12' /W UHFLSLHQW IHPDOHWJHQR WHS/HK® ED D V8/83H ¥V 8 Y

&' WR 7&5 VHTXHQFH WR LGHQWLI\ WQDXH WHDH VO ERVISRQ |

6HYHQ GLIIHUHQW WUDQVJHQLF IRXQGHUV ZHUH LGHC
RQ WKH 12' EDFNJURXQG :H XOWLPDWHO\ FUHDWHG IRXU
OLQHV OLQHYV DQG WZR % WUDQVJHQLF OLQHV ¢
HLWKHU GLG QRW REWDLQ JHUP OLQH WUDQVPLVVLRQ ZH

DQG ZHUH WKHUHMKIR UM FX MHNCK BGHORMMBG RQUWNRUWKH 12°
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OLQH WR SHUPLW WKH XVH RI WKH 1. GHYHORSPHQWDO

WKH DEEUHY2DWIRQ\VWRDGNRS®D 7J
1.7 FHODV-DQWUDQN PHEH

7R LQYHVWLJIDWA WXHVENDHFQL RIH[SUHVVLRQ RQ W\SH
GHYHORSPHQW O\PSKRLG RUJDDHMRE®H7B R D RDIBFEG/ WGSIH R P
FRQWURO PLFH WR PDNH VLQJOH FHOO VXVSHQVLRQV 7R
HDFRRUJDQ ZHUH VWDLQHG ZLWK DQWLERGLHY DQG WKHQ [
JRUWHVVD IURP %\PGBIKRFRUMHYFEHUH JDWHG E\ VLGH VEDWYV
DUHD WR H[FOXGH UHG EORRG FHOOV DQG GHEULV 6LQJO
IRUZDUG VFDWWHU KHLJKW DJDLQVW IRUZDUGEWXNFDROYWS,U D
DQG DQ HPSW\ FKDQQHO LI SRVVLEOHKVPRFH[KBSDW LIFXBVRC
1.7 FHOOV ZHUH LGHQWLILHG XVLQJ 10 XRURFKURPGE\ LRI/ >
*DO&HU ORDGHG &' G WHWUDFHUM' DQG O PLAHRIHOIH FRP

ZLWK 12' DQG % ZLOG W\SH FRQWUROV UHVSHFWLYHO\

JORZ F\WRPHWULF FHOO DQDO\VHV UHYHDOHKDWKDW
LOQFUHDVHGQXFEHHMPREDBENIJURXQG +RZHYHU WKH SURSR

QXPEHUV RI 1.7 FHOOV GLIIHUHG EHWZHHQ WKH GLIITHUHQ

,Q WKH WK\PL WKHUH ZHUH VLJQLILFDQW LQFUHDVHYV
RI 1.7 FHOON O D GQA GBH YV 0DQQ :KLWQH\ 8 WHVW )LJ
WK\PRF\WHV 1.7 FHOONQ@FROWWLWXWHO®LQH DQG LQ
FRPSDUHG ZLWK :7 PLBH12'Q WHUPV Rl DEVROXWH QXPEHU
KDG D IROG LQFUHDVHV LQ WK\PLF 1.7 FHOO QXPEHUV ZKL
7KHUH ZHUH QR GLIIHUHQFHV LQ WK\P X8O/ ZPR LEFHHW EH HHDS W2

LQ OLQH ZKLFK KDG D VLIQLILFDQW UHGXFWLRQ LQ WRW
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Figure3.2. Characterisation of NKT cells in the thymi of N®IR4Tg lines. A. Representative FACS plots

showing NKT cell gating strategy and the frequencies of NKT cel&'{CDRI-te) among total cells from

thymi of NOD WT and four NO®x i @g lines (1, 2, 3 and 4. Dot plots show the frequencies (left panel) and
absolute numbers (right panel) of NKT cells among total cells from thymus of NOD WT mice compared to four
NODV 4Tg lines. Dat are means (tSEM) from 5 males and 5 females for each group. Data illustrated are

combined from two independent experiments. Mann-Whitney U test, **** p<0.0001.

7R DVVHVV WoOH WIUBRWJIRIQEBHR® O RSPHQW WK\PLF 7 F

JDWHG )LJ 7TKHUH ZHUH QR VLIJQLILFDQW GLIITHUHQF!

EHWZHHQ 12'90 DRBHFH[FHSW D FRQVLGHUDEOH LQFUHDYV

OLQH )LJ S 'LWK UHJDUG WR WKH DEVROXWH C

JUHDWHU QXPEHUV RI 7 FHOOV LQ OLQHV DQG ZKLOH V

DQG FRPSDUHG ZLWK 12' :7 PLFH )LJ
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Figure3.3. Frequencies and absolute numbers of thymic T cells from NOD WT mice compared to four

NODV R4Tg lines. ThymiE cells were identified as TERCD1d-tetfrom total thymocytes (Figure 3.2). Data
are means (xSEM) from 5 males and 5 females for each group. Data illustrated are combined from two

independent experiments. Mann-Whitney U test, * p<0.05, *** p<0.001.
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Figure3.4. Characterisation of NKT cells in the livers of NODA4Tg nice. A. Representative FACS plots showing

NKT cell gating strategy and the frequencies of NKT cellﬂ't(l:ﬂd-te’f) among total cells from liversf NOD

WTand four NODs r i &g lines (1o 4).B. Da plot graphs show the frequencies (left panel) and absolute

numbers (right panel) of NKT cells among total cells from livers ofMMDmice compared to four NOD 24Ty

lines. Data are means (SEM) from 5 males and 5 females for each group. Data illustrated are combined from two
independent experiments. Mann-Whitney U test, * p<0.05, ** p<0.01, *** p<0.001, **** p< 0.0001.
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90 7J HISUHDWMRQQFUHDVHG KHSDWDF7D. DEQRBWY QXPE
DQG TKEHOXRI KHSDWLF 1.7 FHOOV ZHUH UDLVHG a IRO
OLQH ,Q VKDBDOUO ST FEQWHUDWMEH BEBRO\ IHZHU 1.7 FHOOV LQ
DQG DEVROXWH QXPEHUV WKDQ 12' :7 PLFH )LJ 7TKHL
O\PSKRF\WH QXPEHUV LQ WKH OLYHUV 7KXV WKH LQFUHL

VOLJKW UHGXFWLRQ LQ SURSRUWLRQV RI PRQWIIHQWHRQDC
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Figure3.5. Frequencies and absolute numbers of hepatic T cells from NOD WT mice compared to the four
NODV R4Tg lines Hepatic Tcells were identified as TERCD1d-tetfrom total hepatic leukocytes (Figure

3.4). Data are means (xSEM) from 5 males and 5 females for each group. Data illustrated are combined from

two independent experiments. Mann-Whitney U test, ** p<0.01, *** p<0.001, **** p< 0.0001.

,Q WKH VSOHHQV WKHUH ZHUH VLJQLILFDQW LQFUHD)
IRXW 7J OLQHV 'KLOH LQ :7 FRQWUROV RQO\ RI W
1.7 FHOOV WKH SURSRUWLRQRI7I.D EQ®D O \Z WK & ORI HELVQ F
ZDV OLQH ZDV DQG OLQH ZDV ,Q WHUPV RI

KDGIROG LQFUHDVHV LQ VSOHQLF 1.7 FHOO QXPEHUV Zk¥

QXPEHUV WR WKH QRQ WUDQVJHQLF SDUHQWDO VWUDLQ
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Figure3.6. Characterisation of NKT cells in the spleens of \DD4Tg mice A. Repraentative FACS plots
showing NKT cell gating strategy and the frequencies of NKT cel&'{CDRi-tet) among total cells from
spleensof NOD WT and four NOBr i &g lines (line 1, 2, 3,.48. Da plot graphs show the frequencies (left
panel) and absolute numbers (right panel) of NKT cells among total splenocytes dY/N€ipared to four
NOD.V24Tg lines. Dat are means (+SEM) from 5 males and 5 females for each group. Data illustrated are
combined from two independent experiments. Mann-Whitrigjest, ** p<0.01, **** p< 0.0001.

7TKH LOQOWUR@XKFW DROY RHIB I THFMO O S WRIGKK M\ ORI®I Q@ R I
12' 9D 7J PHF )LJ 7TKHUH ZHUH FRQVLGHUDEOH GHFUHLE

FRQYHQWLRQDO 7 FHOOV LQ OLQHV DQG FRPSDUHG WR

XQFKDQJHG ZKLOH VSOHQLF 7 FHOO SURSRUWLRQV LQ OL
DEVROXWH QXPEHUV RI FRQYHQWLRQDO 7 FHOOV WKHUH
FRQWUROVDQGQHW HBH®LQH LQ ZKLFK WKH\ ZHUH PDU

S 0DQQ :KLWQH\ 8 WHVW )LJ
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Figure3.7. Frequencies and absolute numbers of splenic T cells fi®@D WT mice compared to the four
NODV R4Tg lines. Sphéc T cells were identified as TERD1d-tetfrom total splenocytes (Figure 3.8)ata

are means (xSEM) from 5 males and 5 females for each group. Data illustrated are combined from two

independent experiments. Mann-Whitnéytest, *** p<0.001, **** p< 0.0001.

7KH HIITHF\WY RVUDKHRI® @ PLFH ZDV H[DPLQHG LQ FRP
17 FRQWURO PLFPWRHBHMHRADG UHGXFWLRQ 2@ TMKORXWMH VL]H
DQG OLQH PLFH FRPSDUHG WR % :7 PLFH )LJ 1R VL
WRWDO FHOO FRXQWV IURP WKH OLYHUV DQG VSOHHQV El
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Figure3.8. Total leukocyte counts of thymi, spleens and livers from B6 WT and BBVg lines2 and 5 mice.
Data are means (+tSEM) from 5 males and 5 females for each group. Data illustrated are combined from two

independent experiments
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1.7 FHOO DQDO\VHV UK®PH D HVEUBKDON FVKIHE B DOV R H]
DQ DXJPHQWHG IUHTXHQF\ RI WK\PLF WES¥' GLWHBMIOOV L

7KLV ZDV UHIOHFWROGS LI FUMIMVGHY LQ ERWK SURSRUW
QXPEHUV RI WK\PLL@ 907 7HBOQNY DQG UHVSHFEWLYHO\
DQG DEVROXWH QXPEHUV RI 1.9DFHIDQQHY WXKHGO LXHWKN IR
E\ ZKHUHDV WKRVH RI VSOHQLF 1.7 FHOOV ZHUMH LQFU

IROG LQ OCILQAJIOHAKDB VLIQDIPRDGW .7 FHD@K\PQ WRB

VSOHHQV FRPSDUHG WR OLQH EXW WKH\ KDG VURLODU

OLYHUV )LJ
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Figure3.9. Characterisation oNKT cells fronB6V 24Tg mice A. Representative RCS platshowingthe
frequendesof NKTcellsamong total cells fronthymi (top row), livers(middle row)and splees (lower row)of
B6, B6sridgline 2 ands mice. B Dot plot graphs show the frequers(left panel) and absolute numbers
(right panel) of NKT cells thymi (top row), livers (middle row)and splees (lower row)from the two

B6YV 247Tg mouse hes compared to B6 micBata are measn(xSEM) from 5 males and 5 females for each

group.Data are combined from two different experiments.
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Figure3.12 Flow cytometric comparison of thymic CD4/CD8 NKT cell subsets in NOD WT and KXaDgV
line 1 mce. A. Representativ&ACS plots show the mean frequiers¢+SEM) of CI@D8 NKT cedlubsets of
total NKT cells from thynaf NOD WT and NOD24Tg/ 1 mice.B. Representativd=ACS plots shoprofiles of
the expression of CD24, CD44 and NK1theffiour different thymic CDLCD8 NKT cell subsetsiOD WT
(upper rows) and NOM.24Ty 1 mice(lower rows).C. Graphs show CD2&dD44 expressioaf the 4 different
CD4CD8 NKT cell subseis.Graphs show CDA¥K1.1 expressionf the 4 different CDACD8 NKT cell subsets.
Dataare presented foten mice/groupcombined from two independent experimentEhe NKT gates applied

are illustrated in Figurd.2.
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mouse Ihes (filled bars). n = 10 for each group. Data are combined from two dependent experiffeatsKT
gates applied are ibtrated in Figur&.6.

$GGLWLRQDOO\ 1.7 FHOOV IURP ERM R JORKFH) S UMHY & H/C
D UHODWLYHORR@DWXSKHORW\SH 9%HVH'& 7 FHOOV
FRPSULVHG PRUH WKDQ Rl KHSDWLF OHXNRF\WHV DQG
ZDV UHODWLYHO\ VLPLODU WR WKDW RI 12' :7 FRQWUROV

FHOOV ZHUH DOVR H[DPLQHG IRU WKH H[SUHVVLRQ RI &'




3%$57 $ &KDSWHU &KDUDFWHULVDWLRQ RI

FHOOV ZLWK &'&' 1. RU &'l1. SKHQRW\SHW L/@ BPF'H9

ZHUH VLRMROBDIURWR2' :7 PLFH &)DIRG &

,Q WHUPV RI DEVROXWH QRBESHWRG XIPHG PRUH PDWXUH
LQKEHULSHMHKWD Q 12' :7 FRQWURO P VPH JHREHSWREPE MUK H

KHSDWLE'&' 1.7 FHOOV LQ OL®H )RILH[DPSOH WKH DEVRO
KHSDWLE'&' 1.7 FHOOV ZHUH WZRIROG KKIKHWUM. QHQHDQQ
PRUH WRD@ KLJKHU LQ OLQH FRPSDUHG WR W KR®HVKIHL 2
VSOHHQV WKH DEVRO&'WHLFXPEES OV HRMEWILKIHDDU EHWZHH
12' 9D 7J OL@KWG ORICAHH DQG 12' :7 PLFH EGWQWZIZBY GRXE

OLQBWQG)LJ %

/DNHQ WRIJHWKHU WKHYVS8DGDIWHH KMXIR E X WHW KLODW UL D V

QXPEHUV RI LPPDWXUHJ IWKHFHODYGC @ DMWKHUH $HUEIS& BV LIH)

1.7 FHOO VXEYABWN PULERP %

6LPODU WR ZKDW KDG EMBQ REMHEBRWE KQ DG 'l 1.7
FHOOV ZHUH LGHQWLILHG LQ WKW OWK\PHF Y@ OWHHQW KO\R® G ®
% 90 73 PHF WKH SURSRUWLRQ RI WKHWARWDRO VIX E \FHHWW D \Z HL
DQG LQ OLQH FRPEDUHGPWHRH )LJ$ 7KH 'l &' ZDWWLR

LQ ZKHUKHWVDVY®R 90 7JOLQH DQQG@ OL@HL.7 FHOOV ZHUH
DOVR VHHQ RP\WRH WEXARBORZHU WHKIDEXWRVH RD12J
PLFHKBFFRXQWHRBRIIWBWDO WK\PLF 1.DFEOOLQUHODWH YH
WRHWZHH@QOQG RQ WKH 12' EDERJWRX®G RI DEVRIIXWH QXP!
PLFFRGMFHG VIOONQRIAHWD QWPEHUV RI '3 1.7 BBOGOWWEBD Q GL
DQG+tRZHYHU LQ FRPSDULVRQ DLW - HRGSGREABKRIKK U

QXPERWY '1 1.7 D@BG1.7 FHOOV




3%$57 $ &KDSWHU &KDUDFWHULVDWLRQ RI

A. B6 B6.Va14tg/2 [Be E B6.Va14tg/2 M B6.Va14tg/5
25
20

15
’ I 1.0
0.5

T 0.0 -

coa'cost  cD4'CDE  CDACDY" " co#fcDst  CDA'CDE  CDACDE'

co
(=)

60.01£0.64 | 3.04+0.64

9.43+1.06 |48.57+2.33

=~ D
(=}

cD4
CD4
=1}

% NKT cells

[ae)
(=]

# NKT cells (x10 ) .

-

0.10+0.04/
L A o SRS Ena i

cDs

=1

3.44+0.47 1.83£0.39

77.62£2.16 | 1.68£0.14

CD24

% NKT cells—_
N 20 0 O

# NKT cells (x10 )
o —_ [p~] w E=N

31.28:0.24°

T

*93.45+0.79 3.19+0.35° | 17.51+2.00
oy e

CD44 - CD44 CD24*CDM" CDMCDAF  CD24CDA4* CD24*CD4" CD2CD4"  CD24CDA4*

ol

COMNKIA CDA*NKIL™ CDA4*NK1Y CDAFNKIT CDA*NKIL™ CDA4*NK1.1*

15.42+0.71| 79.86+0.67 10.50£0.84] = 8.69+1.25 |

CD44 ——

% NKT cells—_
N 2 0 O
(=] o o o (=)
# NKT cells (x10 )
L) - o w E=N

4.41+0.48 | 0.30£0.15

. 0.21+0.02
T T T  p Rl ey e e
NK1.1 NK1.1

114.484£0.59 48.99+0.76 55.88+£1.72)  2.54+0.44

CD4

% NKT cells—
[a] P [=2] (=]
o o o o
# NKT cells (x10 )
L] —_ (] oW S~

0
COA*NKLA™ CDA*NK1* CDANKA™ CDANKIA* COA'NKLA™ CD4MNKA1* COANKLT™ COANK1LH

Figure3.15 NKT cell subsets in the thymi of R624Tg mice A. CD4/CD8 NKT cell subs@&sCD24/CD44 NKT

cell subsetsC.CD44/NK1.1 NKT cell subsetsCID4/NK1.1 NKT cell subsets. For all figures, representative

FACS plots (left panels) show the mean frequencies (+SEM) of NKT cell subsets in total thymic NKT cells of B6

and B6Y 24Tg/2 mice Bar gaphs (right panels) show the mean frequencies and absolute numbers of thymic

NKT cell subsets betwe®®6 (clear bars) and B8.24Tgline 2 and 5 mice (filled bars). n = 10 for each group.

Data are combined from two independent experimerthe NKT gates applied are illustrated in Figd®e
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GLIIHUHG IURP WKRVH.RI :7 % PLBSWKHKGLYIH&'V UBWLR ZL
LQ :7 PLFH EXW ZDVYD 71 QLERWK BYHIDUG WR WKH DEVF
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Figure3.16. NKT cell subsets in the livers B6V 24Tg nice. A. CD4/CD8 NKT cell subsddsCD24/CD44

NKT cell subset&.CD44/NK1.1 NKT cell subs&@sCD4/NK1.1 NKT cell subsets. For all figures,

representative FACS plots (left panels) show the mean frequencies (xSEM) of NKT cell subsets in total NKT
cells from livers of B6 and B624Tg?2 mice. Bar graphs (right panels) show the mean frequencies and
absolute numbers of hepatic NKT cell subsets between B6 (clear bars) ah@ 8k lire 2 and 5 mice

(filled bars). n = 10 for each group. Data are combined from two independent experinibet®KT gates

applied are illustrated ifrigure3.9.
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Figure3.17. NKT cell subsets in the spleensiB6V 24Tg nice. A: CD4/CD8 NKT cell subsé8sCD24/CD44

NKT cell subset&: CD44/NK1.1 NKT cell subs@sCD4/NK1.1 NKT cell subsets. For all figures,
representative FACS plots (left panel) show the mean frequencies (tSEM) of NKT cell subsets in total NKT
cells from spleens of B6 and B624Tg2 mice. Bar graphs (right panel) show the mean frequencies and
absolute numbers of splenic NKT cell subsets between B6 (clear bars) &h@48@) lires 2 and 5 mice

(filled bars). n = 10 for each group. Data are combined from two dependent experinitNKT gates

applied are illustrated in Figur@9.
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Figure3.18 Gating strategy for TCR Eusage of NKT cells from NOD WT &an@DV 24Tg/1 mice A
Representative FACS plots show the gating strategy for BER-8&.2 analysis of thymic NKT cells from NOD
WT mice B. Representative FACS plots show the gating strategy for BER-8/2 analysis of splenic NKT cells
from NOD WT miceéC. Representative FACS plots show the gating strategy for TER-& Fanalysis of thymic
NKT cells from NO®24Tg/1 mce (n = 6 for NOD WT mice and n=10 for NQID4Tg/1mice)

JORZ F\WRPHWUQ 6 LFOMWHEBEXKDWH7ZEW YDULDEOH EHW
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Figure3.19. TCR Fusage in NODY. 24Tg/1 mice. A. Bar graph representatives of the mean frequencies
TCR \Eusage of NKT cells in thymus and spleen of NOD WTBni8ar graphs show the mean frequencies of
TCR \Eusage of immature and mature thymic and splenic cells from M@IaTg/1 nice (n = 6 for NOD WT
mice and n=10 for NOW.24Tg/1 mce).
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Figure3.20 V 04 transgeric expression increased cytokine production in NO4Tg nice. Bar graphs show
the mean concentration (xSEM) of IL-4, IFN-6, IL.-2, GM-CSF, TNBand IL-1 in serum of NOD WT mice (clear
bars) and NOI.24Tgihe 1 mice (filled bars), 4 hours after challenge witalCer (n = 6 for control and
injected NOD WT mice, n = 10 for control and injected N@BLTg ihe 1 mice).

LWKRXW VWLPXODWLRQ BEBRWHK 1PISFHDE)GHZE GHWHFV

OHYHOV RI 71) DQNG QRW RI WKH RWKHU F\WRNLQHIY DVVD\I
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Figure3.21. V Q4 transgenic expressn increased cytokine production in B8.24Tg mice Bar graphs show
the mean concentration (xSEM) of IL-4, IFN=6, IL-2, GM-CSF, TRFIL-5 and ILEin serum of B6 WT (clear
bars), B8/ 24Tg ine 2 (grey filled bars) and line 5 mice (black filled bars) 4 hours after challengBGatCer.

(n =10 for B6 WT control and injected B®&4Tg line2 groups n = 9 for injected B¥.24Tg Ine 5 group).

,Q DIJUHHPHQW ZLWK D SUHFYWRXY VVRXE®\ E&D WM YGERDIBD(
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oLQH VHFUHWHG DW OHDVW WLPHV PRUH RI HDFK F\W

EHWZHHQ WKH WZR WDOD/QVOHQHF ®GURBWAAHY PRUH ,/ DQ(

WLPHV KLJKHKD QIBH G QLJ
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Figure3.22. The correspondence between NKT cell numbers and cytokine production in WT and
V 4Tg mice injeted with DGalCer A Absolute numbers of thymic, hepatic and splenic NKT cells from NOD
and B6, WT and 24Tg miceB. Mean concentration of IL-4 and IF}l serum of NOD and B6 mice, WT and
V 24Tg.4 hours after challenge wittbGalCer.
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Figure3.23. Diabetes incidence of the NOW.L24Tg line 1 micelife-table analysis of diabetes in cohorts of

male and female NOD WT and N@IR4Tg micewhich were checked weekly for glucose blood levels from

10-32 weeks of age
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HISUHVVRRQ-RI DWQMDIHQH UHGXFHG WKH LQFBBHQ@FHFRI GLD
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FHOO SRSXODWLRQ ZDV UHSRUWHG WR GHFUHDVH ZLWK D
DGXOW PLFHHWoBQODIEHOLHG D VLPLODU &' G WHWUDPHU
DQG LGHEWRILHES °R4. 1.7 FHOOV IURP 0$&6 HQULFKHG
WK\PRF\WHV RI GD\ WR ZHHN ROG PLFH ,Q HRPBOULVR(

DQG %HQMODIKD WKH LPPDWXU'H. WRNROLFY IURP RXU 12
% 90 WUDQWILHEBLFUH OLNHO\ WRG®R¥ WEOH HVKRI 'GHYHORS

UHSUHVHQW D YHU\ LPPDWXUH SRVVLEOV SUH VHOHFWLR

,Q HDUOLHU VWKW LMY %DICG/HBDNF® SURGXHFHG
PLFHYR@QG 12' EDFNJURXQGV UH\DS\HEWILWY BE\Y HFWRU OF R
90 HQGRJHQRXV SMWIRHP RWHIQKDQGE H U 90Q7 W RH ERJOW\R XS3LRHG/X |
DQ LQFUHDVH LQ 1.7 FHOO QXPEH UM GKKRH I YWHIY HQ I HWR HLLP

'3 1.7 FHOOV LQ WKH WK\PL RI WKHLU WUDQVJHQEF PLFH
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7&5DQG 1.PDUNHUV WR LGHQWLI\ WKH 1.7 FHOOV LQDGY}
LPPDWXUH 1.7 FHOOV IURP WKHLU DQDO\VHV $OWHUQDW.L
LQFHEDXYPEHUV RI LPPDWXUH '3 1.7 FHEDDYG +H WH WWWH XOF
ZLWK VWDJH VSHFLILF PDUNHUV LGHQWLILHG ODUJH QXP
H[SUHVVLGS'® &€"DQG 1.SKHQRW\SH 7KLV WKHUHIRUH UH:¢

PRXVH PRGHO WKDW SURGXFHG ODUJH QXPEHUV RI LPPDW

$OWKRXJIJK ERWK 22" WD WIMBLFURGXFHG LPPDWXUH
1.7 FHODXYP ZHHW\H KILQRHID 7J PHFFRQW WIKWWSHULSKHUDO 1
LQ ERWK VWWDMNOGWHY KHBIUE'DQG H[SURY VHE WKIPDWXUH
SKHQRTKISHD FFRXRRUHGWMIRBEBQ WRW IFBIOOV L QVAMKEBE RSEOHHQ
WHO LWREERW K 12' DI@G7% PHF,Q WHUPV RI DEV®RO XWW B ®WREHL
PLFH SURW XIRHGS 'L Q FRIMWDFHWHLRQ' ““'M .7 FHOWMHULSKHU\
WKDQ GLG &RFPIFBIEHWZ WHR WKIBDQVIHQLRPRIYVHPEW UDLQ
SURGAFIR®R®R PDWXUIHFHOOV LQ ERWK WKGIRQYODDL OLYHL
PLFHRU H[DPSI®H7IPLFHURBGF PLOOLEQ .7 FHOOV SHU
VSOHHQ LQ OLRQK O IDEYE OHDKEHUHD 9D 7J FFLHK DR/Q O\

PLOOLRSHAUHODYHH@O G PLOOLRQ FHOOV LQ OLQH

7KH SUHVHQFH RI ODUJHU QXPEHUV RI LRPPIDNKUH 1.7
PLFEXREZHU QXPEHUV Rl PDWXUH 1.FRPEOUR G BVKAHBEHULS
VXJIJHVWHG WKDW PDQ\ LPPDWXUH 1.7 RK®EW UB LDHG DV R
GHILFLHQF\ LQ 1.7 FHOO GHYHORSPHEWR PLSD WHIBI 7%/ KOP L R
OLQJXHBWDXO LGHQWLILHG D VHOHFWLYH GHSIR Q/VHQWR N &
HQJDJHPHQW LQ 12' YHUVXV % WK\PRF\WHV DQG 7 FHOOV

7&5 H[SUHVVLRQ LQ WK\PRF\WHV WKLV GLIITIHUHQFH DSSH
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SUH 7&5 HQJDJHPHQW UHVXOWLQJ LQ DQ H[SDQGHG '3 SR
VHOHFWLYH GHIHFW LQ WKH (UN VLIQDOLQJ PRGXOH W
VLIQDORVRPHY DUH SHUFHLY HG&G/&BNH GHIMHGLLIVW B DDAPKSHOUL
DEXQGDQW GLIITHUHQWLDWLRQ LQWR '3V &RPSHWLWLRQ |
'3 SRSXODWLRQ LV H[SDQGHG $V D FRQVHTXHQFH WK\PL
QXPEHUV RI '3 WK\PRF\WHV WKDQ WKHLU % FRXQWHUSDU
VHOHFWLRQ SURPRWLQJ FRPSHQVDWRUD QRIPBL ULKQ FHP B 1DV
VRPH PHDVXUH RI SRVLWLYHWBOHFWLRQ@K6LQRBRX HQHIHKU YV S
DYDLODEOH LQ WKLV WKHVLV LV WKDW WKH '3 SRSXODWLI

DQG WKH FHOOV SUHVHQWLQJ WKH OLJDQG IRU VHOHFWLF

6XSSRUWLQJ WKHVH K\SRWKHVHVY WKH SRVLWLYH VHC(
DOVR 5DV ODSN (JU GHSHQGHQW +X HW DO LV LPSD
WK\PLF L1.7 FHO®OW DBPEWRMWHWDXVH L1.7 FHOOV H[SUHVV D
UHSHUWRLUH FRPSHQVDWLRQ FRXOG FRXQWHUEDODQFH V

GHFUHDVHG QXPEHUV LQ 12" PLFH

,Q VXSSRUW RI WKLV PDUNHG LQFUHDVH LQ PDWXUH 1
WUDQVWFIHRXVH VWXGLHV 1.7 FHO O\ | WARUPD BR/MIHFEH 2U D RLGS @\
UHOHDVHG PDVVLYH DPRXQW RI FIWKRUMWHOA NIX\FHKUDNQ, /L Q]
LOMHFWERQ&RHIH GDWHERDVHVWHQW ZLWK SUHYLRXV VWXG|
1.7 FHOOV FRRWHH® BV IRU WKHVH ARWRDBLQ HWWK HD\DIMWUK B
WRURGXFH BPWIG , VP PHBZBEWHOD*DIONHHW L QOWCH/F \WANRED O

6 W HAMVR Q

,Q DGGLWLRQ WR WKH HYLGHQFH RI PDVVLYH LQFUHD

QXPEHUV BI 7T3'"PLFH GHYHORSLQJ GLDEHWHY FRPSDUHG V
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K\SRWKHVLVY WKDW WKH LQFUHDVHGIY1.7JFPIIOFAH QUREHUYV S|
VSRQWDQHRXY GHYHORSPHQW RI W\SH , GLDEHWHV +RZH
9. WUDQVJHQH OLPLWHG WKH 7&5 UHSHUWRLUH GLYHUVL
FRQWULEXWHG WR WKH GHOD\HG RQVHW RI WKH GLVHDVH
LQGLFDWHG WKDW V3DOHQLOELQHAHBINARQRX2 DIIHFWHG E\ V
LQWURGX FAMAzR Q~&arranged TCR transgene, the numbers W K\PLF 7 FHOOV
HYHQ VOLJKWO\ LQFUHDVHG EXW WKH QXPEHUV RI KHSDW
12'"9D 7J OLQHH FRIFSDUHG WR 12' ZLOG W\SH PLFH 7KH IL][
WKURSIK "t 1 "Fe—<fZ $8 "Feecte " —SE=tRE 2] fHo YD HEHHQ

VKRZQ WR EOXQW RU HYHQ SUHYHQW WKH GHYHORSPHQW

DO ODHW DO

BUHYLRXV VWXGLHY LQGLFDWH WKDW WKHUH DUH VW!
QXPEHUV EHWZHKQHERPRRQO\WWUDLQV KRZHYHU 12' PLF
VHYHUH UHGXFWLRQ LQ 1.7 FHOO QXPEHUV DQAHWQPWLRC

*RGIHW\DO 3RXOWBRQ 7KLV QDWXUDD. URBXEWIRKE HC
LQ 12' PLFH KDV EHHQ DVVRFLDWHG ZLWK WKHLU VXVFHS\
LQFOXGL@GLMWBEEMWHY OXSXV DRL® X KUK O AW RRW O LW
WKQRUHDVLQJ 1.7 FHOO QXPEHUV EMWD OGRS WRGHWADDQ VI H L

WUDQVJHQLFIR[SDHVY¥BDREMUIHKXHQ HWEOD® RXU RZQ
GDWD RUQVUWLIRKPD ZWW K W KOH VKK OBATDORGIO 8 Q. QKLELW WKH
W\SELDEHWHQVIHQLF H9BUHV VISBQFRDIMKHQ 12' PLFH
GUDPDWLFDWRM WGEGXEHQFH DQG VHY HQLV#DRP XNV RR & BilC
IRU PXOWLS OB WWOBIO FDWQI¥7 FHOO QXPEHUV DUHSGRBWHD V|

12" PLFH %DWWHU +RUWWO@DA® +DZNW DO
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6HYHUDO JHQHWLF VWXGLHV RI PLFH FRQJHQLF EHWZ
GLDEHWHY UHVLVWDQW LQEUHG VWUDLQV K® X ¥FIHGMQ\E L O
ORFL ,Q DGGLWLRQ D JHQHWLF OLQNDJH DQDO\VLV RI Wi
XQGHUWDNHQ LQ D ILUVW EDFNRUBVE PURP &HWH WZR PD |
ZHUH LGHQWLILHG H[KLELWLQJ VLJQLILFDEW DDQNDKH WR
ILUVW UNWRROSLQJ WR GLVWDO FKURPRVRPH ZDV LQ WK
VXVFHSWLELOLW)\ JHKQH WIFRQAGWWEYVRRQ FKURPRVRPH P
WKH VDPH \GHGILRRHVE D® )OHWHWHNO  12' PLFH FRQJHQLF
WKHVH WZR UHJLRQV GHULYHG IURP % VKRZHG VLJQLILFEL
&DPSRW DO -RU®DDO &KHON DO )OO HNWEKHU -RB®DDRO

7TKMWHJIJLRQ KDUERXUV 6/$60DPLG®PIRPEHRWSDQ

ZKLFK KDYH EHHQ FRROWWPRG THQHNY WKURXJK FRQJIHC
PDQLSXODWHRWQDORUGOHEBDODO ZRLMIHKDY EHHQ LPSOLEDYV
WKH FRQW UGV JGIHDWHRNRIDIO ,Q DG GEMNRMIMDO IRXQG WKDW
&G DQ DXWRLPPXQH VXVFHSWLELGGW \OIRERSBDNY IDRUGD H L
UHJ>XQIDMAV RO XW H'Q XP.E HHIMBERQJHQHVLV IRU D IXUWKHU U
FKURPRVRPH KDEERXQWLRDWBRKEBVR EHHQ VKRZQEWR\W.QFU

EXW LQ WKLY FDVH WKH LQFUHDVH LQ 1.7 HWOMOQXPEHUV

$Q DGGLWLRQDO H[SODQDWLRQ IRU WKH KDIRBHU QXPE
PLIF MVKDW '3 WKRORFEXWED/F NJURPSQUE VVHG \ORZHYOPHYHO
&'  H[SUHWKE®RIB WK\PRRARPYFHRUBWQ O -RU®DDRO

,Q RXU RZQ REYHUY BWQRY IW/RPJIIPHFH[SUHVVHG ORZF}
OHYRODG6/$0) WKDBQL.7 IURP B 79 PHFKH ORZBUHVVLRQ R

6/$0) RWKHE' EDFNJUBRXERQ W WHE XWKH KLIJIKHU DFFXPXODWL
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FHOOV LQ WKH WKAPIPRAEHF®2$UVH H[SUHVVLRQ RQ ERWK '3

DQG '3 7IFUHODNVLWMKXFERRMY IKKDOO GHYHORSHIWAW *RGIUH)\

(YLGHQFH VXSSRUWLQJ WKH UHODWLRQVKLS EHWZH
RQWRJHQ\ LQFOXGHV OLFH ODFNLQJ 6/$0 RU 6/$0 DGDSV
IRU 6/$0 VLIJQDOLQJ DUH GHILFLHQW LQ 1.7 FHOOV DOWK|
HW DO ,Q WKH DEVHQFH RI 6%$3 DQG )\Q 1.7 FHOO
&' "7THWUBSPHUVWDJH ZKLFK UHVXOWHG LQ WKH URAGXFWL
FHOOV *UHWH ZIDAQ N OXWDWLRQV LQ 6$3 FDXVH DQ ; OLC
/3 LPPXQRGHILFLHQF\ LQ KXPDQV ZKLFK DV EKDEHE®\H U
DQG $ JHQHWLF OLQNDJH VWXG\ RI D ILUVW EDFNFURVV
6/$0 ORFXV ZDV PDSSHG WR WKH VDPH UHXVYRQWDWK MWK H
JHQHWLF UHJLRQ DORQJ ZNWRRW WH LIGIQHIWE E DEH W IRF V X \

FRQWURO 1.7 FHOO QXPEHWHBWLIO12' PLFH -RUGDQ

,Q DGGLWLRQ WR WKH DEQRUPDOO\ LQFUHDVHG QXPE
9. WUDQVJHQLF PLFH LW ZDV UHSRUWHG Q\QJMXKH \D BKR S
'1 1.7 GHYHORSPHQW WR D JUHDWHU H[WHQW WKDRI&' 1.
WK\PLF 1.7 AHOIV 7UBLFH ZDV FRPSDUHG WR D UDW

$ ,Q0 WKH OLYHUV WKH 'L & UDWLR ZDV LQ :7 PLF
12' 9D 7J PHF)LJ $ ,0 WKH VSOHHQV WKH 'l & UDWI
YDULHG IURP VOR 7J 10Q QUENV $ 6LPLODU SDWWHUQV
WK\PL VSOHHQV DIPG7OLOMHIBY RI % $ )LJ $ 7KHVH
FRQVLVWHQW ZLWK D SUHY LR \D B E V HQY D KULFRKQ WEK H'H KROHQ

1. 7 FHOOV ZHUH PDLQO\ RI WKH '1 SKHQRW\SH
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W LV ZHOO GHPRQVWUDWHG WKDW WKH 7 FHOO GHY't
WK\PXV Rl ERQH PDUURZ GHULYHG O\PSKRLG SURJHQLWRL
GRXEOH QHJDWLYH '1 WK\PRF\WHV *RGIUH\ DQG =ORWQ
GHYHORS WKURXJK VHTXHQWLD®'VWD'IHV&LQFOXGLQJ '1
&' &' DQG 'l & $W WKH 'l VWDJH UDQGRE UHDU
FKDLQ 9'- JHQH VHJPHQWY RFFXUV DQG VXEVHTXHQWO
IXQFWLRQBRDLESE*RGIUH\ DQG =ORWQLN EFKDIZ®HVERQ\ St
ZLWK DQ LQYDDLUD@MWVIUBD IX@% WKH WK\PRF\WH WR XQGHU
WKLV SRLQW WKH 'L SURJHQLWRU DOVR XS UHJXODWHV &
DQG LQLWLDWHY UHDUWDQOHEBRHQWRFYW WKB BERGXHF WL
UHDUUDQJHPH (MW REFEQXUAD QWEBILU ZLWK WKE FIXOU 8 DIZQ tH [E
H[SUHVVHG RQ WKH VXUIDFH $00 VXEVHTXHQW VHOHFW|
VLWH IRUPHG E\ WKLV KHWHURGLPHU ,W LV FXUUHQWO\
ZLWK KLJK DIILQLW\ IRU VHOI 0+& SHSWLGH FRPSOH[HV D
WKRVH ZLWK D ORZ DIILQLW\ DUH SRVLWLYHO\ VHOHFWH
0+& WKH WK\PRF\WH XQGHUJRHV GHDWK E\ QHJOHFW Z
WKURXJK WK\PLF VHOHFWLRQ VXEVHTXHQWO\ &QGHUJR |
& &' VLQJOH SRVLWLYH 7 FHOOV *RGIUH\ DQG =ORWQL!

6WBW DO $ NH\ IHDWXUH RI WKHVH VHOHFWLYH HY
GHYHORSPHQW DUH WKH RUGHUHG DQG VHTXHQRDRG UHI
7&D FKDLQV WR HQVXUH WKH SURGXFWLRQ RI D FORQDOC

HQHUJ\ HI[SHQGLWXUH
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+RZHYHU WKLV WHPSRUDO FRQWURO LV ORVW LQ 7&5
PRGHO V\VWHPWEBMKDI®Y DUH H[SUHVVHG HDUO\ DW WKH
'l VWDJH MW DKWQFHFRUD]]D Muler®t@l, 2002) 7KH HDUO\
H[SUHVVLRIQKRN 7RHBHQ VXJJHEWMBE PWR PQIMFWMQ LQ WKH SU
7&5 EHFDXEKDNA&® KLJKHU DIIWEDW\ URUCRERDIFRA BOH 7

$OWKRBFKSVKHWHURG L P HUVFD® PMIGRQWHH[SUHVVHG
VWDJH LW LV KLJKO\ HQHDQ.FLHQWGBRWRRONIHDUO\ H[SU}
DEJGOLQHDJH FRPPLWPHQW ZKLFK UHVXOWYV L@ HOO N USRIV
LQ WKH WK\PXV DQG WKW 36 U L)IKHMWMB 0 U X QR K \W CFH
/DFRUBWDD O ,Q WKH WK\PXV WKHVH FHOOV UHSUHYV
SRSXODWLRQ ZLWKRXW WKH DELOLW\ VHRVVOHH G ZKK I M3 LR
WKH SHULSKHU\ WKH\ GLV SO DGLURSHHWAHBANF B QI\ILVH/QHF ®f
7KHVH OLQHDJH PLVGLUHFWHG FHOOV DUH QRW REVHUYH:
WUDQVJHEAKDTL&5

,Q WKLV ZRUN WKH SUHPDWXUH &[5 SHRPRRHR |' W 0 FO!
GHYHORSPHQWMW BDOGEIRRIW ®O 7KH '1 & LQYHUVLRQ V
ERWK 12' I0QGWWDQVJHQLF PLFH PLJKW EH GXH WR 7&5 HC
1.7 FHOOV RFFXUULQJ HDUOWHD QR QHMY.FULLFAH ERPSDUHG
UHVXOWYV FRXOG EH SRVWXODWHG WKDW LQ WKH QRUPDC
&' VXEVHWY GXH WR D GLIIHUHQFH LQ WKH 3DJH" RI WKH

WKH 1.7 OLQHDJH

,Q VXPPDU\ GDWD IURP WKLV FKDSWHU FRQILUP

90 -D WQNDIHQ[SUHVVLRQ LQFUHDVHG 1.7 FHOO QXPEHU
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12' DQGY®Y WUDE@VRHEH SURGXFH IDU PRUH RI WKH PR
VXEVHW LQ WKH WK\PXV ZKLOH WKH LQFUHDVH LQ WE
LQ PDWXUH 1.7 FHOOV

7KH 1.7 FHOOV JHQHUDANHEHEDOVR H[SUHVV WKH VWU
WKH XVHERI WKE 99E DQKE BDYHHQ LQ :7 1.7 FHOOV
ODWXUH 1.7 FHODOOWNWUB®®F PLFH SURGXFHG ODUJH DPR
W\A\SLFDO RI 1.7 FHOOV

12" 9O 73 OLQHH VKIRZHG VLIJQLILFDQW SURWHFWLRQ Il

12" :7 PLFH

7KH JHQHUDWLRQ RI LPPD®WXWH D & JHSFEHO@NG H Q
RSSRUWXQLW\ WR VWXG\ WKH HDUOLHVW LGHQWLILDEOH '
GLVVHFW IDFWRUV FRQWUROOLQJ WKH.PRREHUVOD@®R UXQF

SRSXODWLRQ
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, ,1752'8&7,21

1IDWXUDO NLOOHU 7 1.7 FHOOV DUH UHFHQWO\ UHER
7KH\ H[SUHVV ERWK WKH 7 FHOO UHFHSWRU 7&5 DQG V
1. FHOOV RQ WKHLU FH®ODWXUIDFHVFHORYI GHYIHU IURP F
FHOOV LQ VHYHUDO ZD\V :KLOH FRQYHQWLRQDO 7 FHOOV\
RI 1.7 FHOOV DUH UHODWLYHO\ OLPLWHG 7KH EHVW VWX
LQYDULDMMK D&Y DQG D UHVWURKDLHG/ VHWDRSIGT&ELRQ WK
FHOOV UHFRJQLVHV JO\FROLSLG DQWLJHQV SUHVHQWHG
DQWLJHQV SUHVHQWHG RQ PDMRU KLVWRFRPSDWLELOL\

.URQHQEHUJ

1.7 FHOOV DUH ZHOO NQRZQ IRU WKHLU UROH LQ LPP:
UusLGO\ VHFUHWH ODUJH DPRXQWWD R A WIRW LRORHG/X (DWW XA
RI RWKHU FHOOV RI WKH LPPXQH V\VWHP LQFOXGLQJ 7 F
QDWXUDO NLOOHU FHOOV 7KURXJK WKLV DFWLYLW\ WK
DGDSWLYH LPPXQH UHVSRQVHYVY .URQHQEHUJ DQG *DSLQ
LQ WKH FRQWH[W RI DXWRLPPXQLW\ FDQFHW DQG PLFL

6ODXHQZKLWH DQG -RKQVWRQ

SHFHQWO\ WKHUH KDV EHHQ RYHUZKHOPLQJ UHVHDU
RI 1.7 FHOO GHYHORSPHQW LQ ZKLFK 1.7 FHOHOV DUH WKI
SURJHQLWRUV DV FRQYHQWLRQDO 7 IF A G-®I\D O&/RDW H VQARHQ \
WKH SHULSKHUDO WLVVXHV RI PLFH XQWLO ZHHNV DIW
GHSHQGHQW 1.7 FHOOV GHYHORS LQ |HMWDDON KBMICFOR BB L
HW DO ZKLOH QHRQDWDO WK\PHFWRP\ RQ WKH WKLUG ¢

WKHP +DRMRRQOG
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7KH 1.7 FHOO OLQHDJH VKDUHV WKH HDUO\ GHYHORSH
FHOOV ZKLFK EHJLQV ZLWK WKH PLJUDWLRQ LQWR WKH
SURJHQLWRUV DQG LV IROORZHG E\ W& H'G LGIR-MNEHIHVQ B WOL\
'l WK\PRF\WHV *RGIUH\ DQG =ORWQLN 7KHVH ERP
VHTXHQWLDO VWDJHV &QFOXGL@J & &1 &' &'
DQG 'l &&' $W WKH 'l VWDJH UDQGRPEUKDWQD @IHP!
JHQH VHIJPHQWY RFFXUV DQG VXEVHTXHQWO\ WKH EHWD
FKDLQ *RGIUH\ DQG =ORWQLN 7KH FHOOV WKDW VX!l
WKH 'l VWDJH DQG WKHQ@EMERPHSRVLWLYH '3 WK\PRF\H
VWDJH UHDUUDQJWDPHK@WQR I9W KM Q&5VHIPHQWY RFFXUV |
7&DEUHSHUWRLUHHWDFORQDDKH '3 WK\PRF\WHVDBIZSWHV VL
DSSURSULDWH DYLGLW\ IRU VHOI SHSWLGH DQWLJHQV D
0+& FODVV , RU ,, PROHFXOHV H[SUHVVHG RQ WK\PLF HSL\
7KH FHOOV WKDW VXEFHVVIXOO\ SDVV WKURXJK WK\PLF V

FRQYHQWL&R&QDRU&SE' VLQJOH SRVLWLYH 7 FHOOV

,Q FRQWUDVW WKH '3 WK\PRF\WHV ZKRVH 7&5 KDV I
DQWLJHQV SUHVHQWHG LQ WKH FRQWH[W RI & G RQ FRU)
DV 1.7 FHOOV 7KHVH 1.7 FHOOV ZLOO HQJDJH LQ PDWX
H[SUHVVLRQ RI WKH DFWLYDWLRQ PDUNHUV &' DQG 1
%HU]LQV '3 WK\PRF\WHV ZKRVH 7&5 KDYH LQVXIILFLE
IRU HQGRJHQRXV DQWLJHQV HLWKHU SHSWLGH RU JO\F
QHJDWLYH VHOHFWLRQHWHNGHF WHM® ®\O 3 HEFXLXFAALQ QO

*RGIUH\ DQG %HU]LQV




3$57 % 75$16&5,37,21%/ $1$/<6,6 2) 1.7 &(// "(9(/2

,Q DQ DWWHPSW WR LGHQWIK\PWK H .A OFUHE@MHVD\T [8S LG W |
VWDLQHG PRXVH WK\PRF\WHV ZLWK &' G WHW SK\FRHU\WK
DQWL 3( PDJQHWLF EHDGV 2! WKH 1.7 FHOOV REWDLQHG |
ZHUH®*%°D SRSXODWLRQ ZKRVH IUHTXHQF\ GHFOLQHG ZLW
DW DQ\ WLPH DQ&GZORLPEVHRSULM@ 7KLV SRSXODWLRQ S!
UHSUHVHQWHG HDUO\ SRVW VHOHFWLRQ 1.7 FHOOV EHFDX
OLJDWLRINK\PRF\WHYV WULJJHUV &' DQG &'W ®RZQ ADHHXOI
HW DO ,Q FRQWUDVW TXDQWLWDWLYH SRO\PHUDVH FKC
HTXLYDOHQW SDR IR UMQARRBHRBI WUDQV F ULE¥WiARBRPVHR UMD
ZLOG W\SH &G @PQBEH FRQVLVWHEMNHDRW SHKFHR'GWDLQLQJ
1.7 FHOOVHW ADQ 7KHUH ZBUHD DBQRRIGHG WUDQVFULSW\
WK\PRF\WHV IURBGHGPTLAHQGTKHVH FHOOV ZHUH UHSRUWHG
JHQHUDWH PDW X UHQ1YD@RO DIMBIRWKFHRR RO )XUWKHU
HYLGHQFH"RMWRRKIBRNBDQVLWLRQ UHSUHVHQWLQJ SRVLWLYF
&'5 VSHFWUDW\SLQJ ,Q :7 PLFH RQO\ D VLEFPF®H SHDN FR
SRSXODWLRQ ZKLFK FRUUHHYS R GUHHED W B DVQEHKHLPHDERQL F D D

ZLWK WKH PXOWLSOH UHDU'Yfw®&JIFARRAQWHNMGEGBHBOWHG LQ '3

% H Q OHDW KIDO DSSOLHG D VLPLODU WHWUDPHU ED
LGHQWLILHIE 7FHOOV LQ WKH WK\PL RI QHZERUQ PLFH 7K]|
&' ¥ 7 FHOOV GHFUHDVHG ZLWK DJH IURP RI WHW H(

DW GD\ DQG DOPRVW XQGHWHFWDEOH DW *ZKHHNV R
1.7 FHOOV IRXQG LQ GD\&OTPLFHZAHWDH & HU\ IHZ FHOO!
'3O0Rg ORZ4 +RZHYHU LQ FRQWUDVW ZLWK WKHIUHGXFW
FHOOV SW&HLX6’M37 FHOO VXEVHW LQFUHDVHG ZLWK DJH Il

DW GD\ DW GD\ DQG DW ZHHMV®RI PFH $V Wk
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1. DQG WKIMHGOV LGHQWHWLBG E\ *D SAUWKHYH '3

&' KU 1.7 FHOOV DUH OLNH®B\YRE SOUBWHRE & IK\HFWY H U H
DO YXUWKHUPRUMTDI'WVFWRIBO\W'DOUHDG\ HKIEAIDNHG WK
FKDUDFWHULVWLF RI PDWXUH 1.7 FHOOV DQG DUH QRQ GL
PDNLQJ WKHP WKH HDUOLHVW SRSXODWLRQ RI SRVW VHO
&RQYHUVHO\ WKH AW HOWOIOPKIF8 W DLQHB @R VXEVHW:
&' XYY" ERWK RI ZKLFK ZHUH UDSLGO\ SUROLIHUDWLQJ 20Q
ZLWK DJLQJ IURP WRHWHHNV %HBSORIRBHE MIOCOND W IKRHQ!
SUHFHGHV*WRRSXODWLRQ LQ PDWXUDWLRQ 7KHUHIRUH \
SDWKZD\ Rl 1.7 FHOOV LO'RLPR4ALV /B Vved O HE WL RQ

&' K&+ OR# - ppr3PR% OREr ORH{ . E'1 RU &'&' OR7

& °fR4.  E'1 RU &'&' °R&' Y. E'1 RU &'&' °OR&' KbIK

1. % H Q DN\ KD *RGHWHD O

$V SUHVHQWHG LQ &KDSWHU W KH - S HK P8O FRRR1 OD U
1. &' G W& FHOOV LQ WKH WK\PXV DQG WKHLBIDEVHQF
PLFWXJJHVWHG WKDW WKHVH FHOOV OLNHO\ UHSUHVHQW
SRSXODWLRQ RI 1.7 FHOOV 7R WHVW WKDV7E\BRAHKENUM
VXEMHFWHG WR JOXRUHVFHQFH DFWLYDWHG3EHDO VRUWL
&' KHIf, &' G WHM LPPDWXUH '3 FRQYHQWRRJPO 7 FHOC
& °fR4. &' G WHME LPPDWXUH '3 8'7 &F H&O OXH'T.
&' G WHAE LPPDWXUH &' 1.7 F&O@v PG &&' G WHW
7&8% LPPDWXUH '1 1.7 FHOOV IRU WUDQVFULSWLRQDO DQ
ZLWKRSSRUWXQLW\ WR FRPSDUH WKH WUDQVFULSWLRQDO
ZLWK WKRVH RI PRUH PDWXUH 1.7 FHOO VXEVHWV LQ RUG

DVVRFLDWHG ZLWK 7&5 YDOLGDWLRQ SRVLWLYH VHOHFW|
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*HQHUDOO\ WKH DLPV RI SDUW % ZHUH

7R SURILOH JHRIN KIHSWRHMV SRGXODWLRQV LPPDWXU

'31.7 FHOOV LPPDWXUH &' 1.7 FHOOV DQG LPPDWXUH '1 1

7R SURYLGH GDWD IRU WKH WUDQVFULSWLRQDO F

GHYHORSPHQW DQG HYHQWYV VXUURXQGLQJ WK\PLF VHOHF
7R IXQFWLRQDOO\ YDOLGDWH JHQH H[SUHVVLRQ FKEC
., 29(59,(: 2) 5(68/76

,PPDWXUH '3 FRQYHQWLRQDO 7 FHOOV 3 LPPDWXUF
1.7 FHOOV 3 DQG LPPDWXUH '1 1.7 FHOOV 3 ZHUH VRU!
12'9D 7J PLFH )LJ % &HOO VDPSOHV ZHUH NHSW FRRO
WKHQ LPPHGLDWHO\ VWRE®HBU G 1%/ 1T EROIBIWLIRWY 51$ SUHS
DQG VFDQQLQJ ZHUH FRQGXFWHG E\ 'U ODUJDUHW -RUGD!
*HQRPLF & HQWUH -DPHV &RRN 8QLYHUVLW\ $XVWUDOLD
OHWKRGV 7KH H[SUHVVLRQ PLFURDUUD\ K\EULGL]DWLRQYV
NLW /LIH 7THFKQRORJLHV &$ 86$% :7 7THUPLQDO /DEHOOL
&$ 86% DQG $II\PHWUL[ ORXVH *HQHB 67 DUUD\V ZKLFK
UHSUHVHQWLQJ DQ HVWLPDWHG PRXVH JHQHV 7KH S
XVLQJ WKH *HQH&KLS +\EULGL]DWLRQ :DVK DQG 6WDLQ .L\
VFDQQHG XVLQJ D *HQH&KLS 6FDQQHU ,PDJHV GDW |
&RPPDQG &RQVROH $IINPHWUL[ &$ 86$%$ DQG WKH &(/ ILOI
*HQRPLFV 6XLWH 3DUWHN 6* 6LQJDSRUH XVLQJ DQ 50

IXUWKHU DQDO\VLV
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Gated on
thymocytes from
NOD.Va14Tg mice

CcD4

—— CD24 ——

—— CD24 ——

cD8 —— — NK11—— —NKIA —— TTNKAA -

Figure B.1. Gating strategy for sorting of populations by FA@$pulation (P) tepresents foDP'9" cD24"
NK1.1CD1d-tetTCREells or immature DP T celR2representDP'®" CD249"CD4£" NK1.1CD1d-tet
TCREells or immature DP NKT ceR&represents COCD8CD24"NK1.1CD1d-tet TCREells or immature
CD4 NKT cells, afdirepresents CD&D8 CD24"NK1.1CD1d-tet TCRE cells or immature DN NKT cells.

OLFURDUUD\ GDWD ZHUH DQDO\VHG E\ 'U ODUJDUHW -
VRIWZDUH ,Q RXU H[SHULHQFH RI PLFURDUUD\ H[SUHV
XVH RI VHYHQ UHSOLFDWHY DQG D VLIQLILFDQFH WKUHVK
QR RYHUODS EHWZHHQ JURXSV SURYLGHV UREXVW DQG U
HISUHVVHG WUDQWFDOSWY HWRPIGHDWR RWGIDQP DO $IWHU GDWI
SURFHVVLQJ H[SUHVVLRQ OHYHOV RI D WRWDO RI W

GLITHUHQW FHOO SRSXODWLRQV VHYHQ ELRORJLFDO VDP

BULQFLSDO FRPSRQHQW DQDO\VLV 3&% ZDV FRQGXF
LQYHVWLIDWLRQ WR GHWHUPLQH H[SUHVVLRQ WUHQGV Z
VFRUHYVY RI VHYHQ ELRORJLFDO VDPSOHV IURP HDFK RI Wk
ILUVW WKUHH SULQFLSDO FRPSRQHQWY 7KH 3&% UHYHDO
SRSXODWLRQ FOXVWHUHG WRIJHWKHU ZLWK WKH 3& DFF
DFFRXQWLQJ IRU RI YDULDQFH DQG WKH 3& DFFRXQWL

LQGLFDWHG WKDW WKH IRXU SRSXODWLRQV FOHDUO\ VHS
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7 FHOOWRBPDWXUH '3 1.7"WHQOWK LPPDWXUH &' DIRG MHROOV

LPPDWXUH '1 1.7 FHOOV 3

I\
INE
BN
?
ZmEmND
N
ANENENNAN
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; CD24* CD24* CD24"
NK1.1©  NK1.1©  NK1.1-

Figure B.2. Principal component analysis of 35,556 transcripts of 7 biological replicates from 4 different cell

populations during NKT cell developmerithe green circles correspond to gene expression of immature DP T cell
samples1); the purple circles correspond to gene expression of immature DP NKT cell s@8plesi(circles
correspond to gene expression of immature CD4 NKT cell sarR@learfd blue circles correspond to gene
expression of immature DN NKT cell sampRek (The three largest PC explain >58% of variation; samples from
each of the four cell types cluster together into groups, and the groups are distributed separately across PC1 (X

axis), which explains >29% of variation. A graphic illustrating the proposed NKT cell maturation pathway is

provided for comparisonData were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter.
THKHWUDQVFULSWLRQDO SURJUHVVLRQ RI 1.7 FHOO VX
SRVWXODWHG GHYHORSPHQWDO SURJUHVVLRQ GHVFULEH
RWKHUfV ZRHW RBRTXRGHWHD O 21 SDUWLFXODU LQWHUF
SRVVLELOLW\ WKDW RXU DQDO\VLV RI '3 1.7 FHOOV PLJKW
DVVRFLDWHG ZLWK &RQWURO 3RLQW RI'1.7 FHOO GHYHO

DWWULEXWHG WR VHOHFWLRQ
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$ WUDQVFULSWLRQDO UHJXODWRU\ QHWZRUN ZDV FRC
RI OHGLFDO DQG $SSOLHG 6FLHQFHV &HQWUDO 4XHHQVOI
&RUUHODWLRQ 1HWZRUN $QDO\VLV :*&1 DODOJRULWKP LQ
UHSUHVHQWLQJ WKH H[SUHVVLRQ GDWD IURP wuDQV
UHSOLFDWHV [ SRSXODWLRQV 7KH UHVXOWLQJ QHWZRU
WZHOYH PRGXOHV FR H[SUHVVHG WUDQVFULSW FOXVWHU

FRUUHODWLRQV )LJ %

Figure B.3. Weighted Gene Co-expression Network Analydmlirected, weighted transcriptional regulatory
network generated from thymic NKT cell subsets P1-P4 (n=7/population), consisting of 1,929 transcripts
(nodes) and 10,626 pair-wismrrelations (edges) across twelveregulated clusters (modules), named: Black
(587 nodes), Cyan (71), GreenYellow (177), Grey (32), LightCyan (42), LightGreen (26), Magenta (127),
MidnightBlue (68), Pink (525), Purple (188), Salmon (37) and Tabbé@)weregenerated with assistance

from Dr. Dragana Stanley, Dr. Margaret Jordan and Prof. Alan Baxter.
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7KH QHWZRUN ZDV WKHQ DQDO\WVHG DV WKUHH SURJUI
1.7 FHOOV '3 1.7 FHOOV : &' 1.7 FHOOV &' 1.7 FHOO\
HDFK WUDQVLWLRQ XQFRUUHFWHG 6WXGHQWI{V W 7THVW ¢
WUDQVFULSW ZHUH PDSSHG RQWR WKH QRGHV ZLWKLQ WE
&\WRVFDSH 6KDQQRQ HW DO +LJKO\ GLIITHUHQWLD

GHILQHG DV VLIQLILFDQW DIWHU %RQIHUURQL S YDOXH FI

7KH QH[W WKUHH FKDSWHUV SUHVHQW ILQGLQJV IUR
WUDQWIBNMIRQGH WUDQVFULSWLRQDO HYLGHQFH RI DQ H

1.7 FHOOV
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,1752'8&7,21

ODLQVWEAFMHOO GHYHORSPHQW HQFRPSDVVHV WZR FI
VHOHEWHRPMHFWLRQ DQG UHGHOMARN URQVRIODAHFINLE RXEQB W |
QHJDWLYH '1 VWDJH RI WK\PRF\WH GHYHORSPHQW IROO
UHFHSWRBUJHAESY /HYHOW DQG (LFKPDQQ 7KH H[SUH\
UHFRPERQEFRXDLQV ZLWKOBKWIDAWURIQWWBDWHY VLIQDOV HVYV
SUROLIHUDWLRQ DQG BRDWERRRAIRGRWR WIKYHH& WDJH 6DLC
'LHWHW DO %IBWUD O 7KH VHFRQG SKDVH RI VHOHFWLRQ
VHOHFWLRQ RU SRVLWLYH VHOHFWLRQ WDNGW SODFH DP|
UHDUUDQJHPHQW 'HYHORSPHQW RI WK\PRF\WHV WKURXJK
WKH UHDUUDQJHPHQW DQG HOFKHBVYLWRDRN BDVMX SWDE QH W
HISUHVNVNKGLR) WR PDNH D 7&5 WKDW LV VHOHFWDEOH 7KD
VHOIl 0+& SHSWLGH LOQOWHUDFWLRQ WR LQGXFH VLIJQDOV U

VR DV WR LQGXFH FHOO GHDWK

'XULQJ WK\PLF VHOHFWLRQ SURFHVVHVY DOOHOLF H[F
WK\PRF\WHV H[SUHVYVY RQO\ D VLQJOH VLSHFERIGFH®/ ERRQ H H
7&PD DOOHOH DREORIHOH&EBFOOHOLF HI[FOXVLRQ RI 7&5 JHQ
EHWZHBIQG-EDLQV SHHWIDNLQ )RU WEKAKDE&® D VXFFHVVIXOO!'
LQUDPH UHDUUDQJHPHQW RI RQH ORFXV HIITHFWLYHO\ LQK
ORFXV 7KLV LQKLELWLRQ LV DFKLHYHG DW WKH '"1$ OHYH
VXFFHVVIXOO\ IRUEH&DAIOP ALMRKQSERIQIV U D VW O BRI K W7 &3 DH
UHDUUDQJHG RIWHQ PXOWLSOH WLPHV XQWLEKW/IKMH ISRVL

FROMXQFWLRQ EZKWKQDDILOHRZVE WKH WK\PRF\WH WR GLIIHUI
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RI WKH DOWOHRFXMWNERHEBD LOWHUQDOLVHG XEHWIDWLQDWH
$ PDMRULW\ RI LPPDWXUH WK\PBRRKHW HHQUMKN PROC

ZKLOH DIWHU SRVLWLYH VHOHFWLRQ RQO\ RQH FKDLQ LV

7 FHOOV *DVFRLJQH DQG $ODP

$OOHOLF H[FOXVLRQ RI DQWLJHQ UHFHSWRU FKDLQV
LPPXQRORJLFDO VHOI WROHUDQFH ,QFRPSOHWH DOOHOL
ZKLFK FDQ DOORZ GHYPEBR®LRS KRFNVRHWDVFRVHYIHEDSH FORQ

FDXVH DXWRLPPXQLW\ LQ VWRWPID O \V SXHERMUD®D UXNKD Q

1.7 FHOOV UHSUHVHQW D PLQRU VXENRA&5 DIV7 ZH\®S KR
PDUNHUV W\SLFDO RI WKH 1. FHOO OLFGIMWDDI® ODKHRQDOG
UHSHUWHRISSHRRILQYDULDQW 1.7 FHOOV LV GRFIK@RLWHG E\
90 D LQ PLFH RD 9LQ KXPDQV DQG D OLFMKIDE FKRRVW
9E € DQG 9 $OWKRXJK 1.7 FHOOV VKDUH WKH FRPPRQ SU
7 FHOOV WKH\ EUDQFK RII IURP WKH PDLQVWUHDP OLQHE
SDWKZD\ RI 1.7 FHOOV LV OHVV ZHOO XQGHUVIWRRBORRP S
GHYHORSPHQW LV LPSDLUHG LQ PLFHINVEHKDBK @QUB 6D W MHON
HTXLYDOHQW WR WKH UHTXEU RROIE W \U HR X LREEER/GWHIHD P
HW DO OHQGHWDDMWIDQG JB5DQB JHQY &XL DO IRU
SRVLWLYH VHOHFWDR® ®RRIRKEMIOWKH UROHV Rl KRPROF
UHSHUWRLUH VHOHPWL RA R \W DIKH ZHSIBO@GHQFH RQ PRO
ZLWK &' FRPSOH[ VIJODNOCAMXND®' DQG SDHKMRIS5Q HWEHUO
DO DUH FRQVLVWHQW HLWKHU ZLWK D UHTXLUHPHQW
GHYHORSPHQW RU ZLWK D SUH 7&5 GEH\SHHMMAHMLVR @ KR-H FANCSLR

DE7 FHOOV
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$V VXIJIHVWHG E\ WKH IORZ F\WRPHWULF DQDO\VLV Lt
FRPSRQHQW DQDO\VLV RI WKH IRXU SRSXODWLRQV DQDO\
FHOOV DUH OLNHO\ WKH SUH VHOHFWLRQ SRSXODWLRQ RI
H[SUHVVLRQ FRPSDULVRQ ZLOO EH SHUIRUPHG EHWZHHQ |
1.7 FHOOV 7KH IROORZLQJ RKKSHERWK\HWVLEVLRDD WHOHV'EBGL.7 FI
90 WQVIHQLF PLFHOIHS VHOHEWLRQ SRSXODWLRQ RI 1.7 F

SURJHQLWRUYV DW VWDJH
6SHFLILFDOO\ WKH DLPV RI WKLV FKDSWHU ZHUH

7R SURILOH JHQH H[SUHVVLRQ FKDQJHV DFURVV 7UL

FHOOV DQG LPPDWXUH '3 1.7 FHOOV

7R LGHQWLI\ VLIQLILFDQW FKDQJHV LQ JHQH H[SUH

'3 1.7 FHOOV

7R IXQFWLRQDOO\ YDOLGDWH WKH REVHUYHG FKDQJ

GHYHORSPHQW IURP LPPDWXUH '3 7 FHOOV WR LPPDWXUH
5(68/76

"HLIKWHG JHQH FR H[SUHVVLRQ QHWZRUN DQDO\VLV R

7UDQVLWLRQ

8QFRUUHFWHG 6WXGHQWJV W 7HVW S YDOXHV RI SDLU
7UDQVLWLRQ ZHUH PDSSHG RQWR WKH QRGHV ZLWKLQ WI|
YLVXDOLVHG XVLQJ D KHDW P8 DQ & )WRWHAWSIK DSEOQQR (
%RQIHUURQL FRUUHFWHG VLJQLILFBQFKOW KUHYKIROGQE O\
H[SUHVVHG +'( WUDQVFULSWV ZHUH GHILQHG DFURVV WK
1.7 FHOOV 21 WKHVH ZHUH PHPEHUV RIQRGHFRORGH Q|

ZHUH LQ WKH 33XUSQOHR GPRG X®HD XR/IWUDWHGF LERRLW K Q BIH® F \
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Figure 4.1Weighted gene co-expression network analysis across Transitidteht map encoding of
ASu v SPdstd values generated by pair-wise comparisons of transcript abundance across Transition 1
(between DP T cells and DP NKT cells) mapped onto the transcriptional regulatory network illustrated in Figure

B.3. Data were generated with assistance from Dr. Dragana Stanley, Dr. Margaret Jordan and Prof. Alan Baxter.

*HQH 2QWRORJ\ DQDO\VLV ZDV SHUIRUPHG RQ WKH WL
WKH 'DWDEDVH IRU $QQRWDWLRQ 9LVXDOL]DWLRQ DQG ,C
%LRLQIRUPDWLFV 5HVIRWUF®IV YYKH WK UDQNHG &DWHJIRL
63B3,5B.(<:25'6 REWDLQHG IRU WKH WUDQVFULSWV LQ W
3KRVSKRU\ODWLRQ ZLWK D %RQIHUUR QWKR QUW K IMH & DIV ¥
WKHUH ZHUH JHQHV HQFRGLQJ VHYHUDO FRPSRQHQWYV RI
VXFK DV 1$'+ 'HK\AGRJH®DWK O&WBRFKURPH &RR[L&R[VH

&R[ DQG $73 6\@®MKSDMEO RI ZKLFK ZHUH GRZQ UHJXODWHC

7KLV ILQGLQJ LV VXIJIJHVWLYH RI WKH :DUEXUJ SKHQRPHQ
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1$'+ '"HK\GURJHQDVH &\WRFKURPH & 2[LGDVH DQG $73 6\Q
LOQWUDFHOOXODU GHYLDWLRQ RI VPDOO FDUERQ FKDLQV

VIQWKHVLYVY LPSO\LQJ LQFUHDVHG FHOO SUROLIHUDWLRQ

Figure 4.2Warburg phenomenor(concept adapted from Vandet al. 2009)

7TUDQVFULSWLRQDO DQDO\VLV RI '3 7 FHOOV DQG '3 1.7

,Q VXSSRUW RI WKH K\SRWKHVLVY WKDW LQFUHDVHG SL
WUDQVFULSWLRQDO FRPSDULVRQ EHWZHHQ LPPDWXUH '3 7
SHUIRUPHG 7KH H[SUHVVLRQ OHYHOV RI DOO WUDQVFE
SDLUZLVH XVLQJ WKH 0DQQ :KLWQH\ 8 WHVW DQG WKRVH
EHWZHHQ JURXSV ZHUH VKRUWOLVWHG IRU UDQNLQJ E\ W
WKH JURXSV ZHUH VHSDUDWHG E\ ODUJHVW PXOWLSOHV R

WUDQVFULSWY JHQHUDWHG D 0DQQ :KLWQH\ 8 VFRUH |
GLIITHUHQWLDOO\ H[SUHVVEHGWV #KV8 7KLV +'( JHQH OLVW
WUDQVFULSWYV XS UHJXODWHG WUDQVFULSWYV DQG Wt

EHLQJ VXEPLWWHG WR '$9," IRU IXQFWLRQDO DQQRWDWLRC
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, QFUHDVHG H[SUHVVLRQ RI JHQHV UHODWHG WR FHQC

*HQH 2QWRORJ\ DQDO\VLVXADHI $GDWMETHEY RQLSWV LQ
'$9,' %LRLQIRUPDWLFV +54D/ERM UFGI V7 KH W RISI OSODWHG DQQR!
FOXVWHU (QULFKRHRWP 5O RWHIGTEV R F L BWEH® @ KO FH O O
GLYLDVQRBQFRQWDLQHG WKH' DR QHRWIDERREGF BD W H IR QGH V
'1$ SHSOLFPWLRQ ZLWKQIHUURQL FRUEBIMFAHHEEGY D O X H

UHV SHFWLE®IKD \

Table4.1. Annotation clusters 1 an@ (ranked by enrichment score) from GO analysiss24 up-regulated
HDE genes across Transition 1 using DAVID Bioinformatics Resqdatasveregenerated with assistance

from Dr. Margaret Jordan and Prof. Alan Baxter).

Annotation Cluster 1 Eniichment Score: 14.67

Category Term Count| pvalue | Fold Enrichment|Bonferroni
GOTERM_BP_FAT | GO:0006259~DNA metabolic procey 49 | 3.35E17 4.194963362| 5.28E14
SP_PIR_KEYWORD] dna replication 24 | 4.86E17 10.26706601| 1.59E14
GOTERM_BP_FAT | GO:0006260~DNA replication 28 | 9.33E15 6.639396901| 1.47El1l
KEGG_PATHWAY | mmu03030:DNA replication 15| 1.39E12 12.94285714| 1.76E10
Annotation Cluster 2 Errichment Score: 8.67

Category Term Count| pvalue | Fold Enrichment|Bonferroni
GOTERM_BP_FAT | GO:0007049~cell cycle 58 | 4.04E16 3.421377313| 7.00E13
SP_PIR_KEYWORD] cell cycle 49 | 5.26E16 3.986048652| 1.82E13
SP_PIR_KEYWORD] cell division 29 | 5.16E10 4.119192337| 1.69E07
GOTERM_BP_FAT | GO:0000279~M phase 30 | 1.21E09 3.820753391| 1.91E06
GOTERM_BP_FAT | G0:0022403~cell cycle phase 32| 2.33E09 3.516335641| 3.68E06
GOTERM_BP_FAT | G0:0022402~cell cycle process 35| 3.75E09 3.209886542| 5.91E06
GOTERM_BP_FAT | GO:0051301~cell division 29 | 4.44E09 3.719682453| 7.00E06
GOTERM_BP_FAT | GO:0000278~mitotic cell cycle 24 | 3.02E07 3.545158064| 4.77E04
GOTERM_BP_FAT | GO:0007067~mitosis 21| 3.12E07 3.98363814| 4.91E04
GOTERM_BP_FAT | G0O:0000280~nuclear division 21| 3.12E07 3.98363814| 4.91E04
GOTERM_BP_FAT | GO:0000087~M phase of mitoticcellcy 21 | 4.37E07 3.901501272| 6.89E04
SP_PIR_KEYWORD)] mitosis 20 | 5.10E07 4.062852007| 1.67E04
GOTERM_BP_FAT | GO:0048285~organelle fission 21 | 5.59E07 3.842087547| 8.81E04

7KH WRS UDQNHG FDWHJRU\

FRUUHFWHG SFRQWDLQHG

WUDQVFULSWYV RI

*27(50B%3B)$7

*2 y

DOO XS UHJ

ZLWK '1$ PHWDEROLF SURFHV3ULPXFR W3R AP BRIDOAREHV H

RO QG 5SHSOLFDWERQIBPFVWRAU &I1F
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7KH PLFURDUUD\ GDMQ@H Y H\YQHYTRGDH/G GWKLIBRIOSHU H SO L F D
HQFRGLQJ 3RO\PHUDWHHQGFRAIORIQ' 1$ 3UHOBYHARGLQJ
I\PSKREASHFLILF +BGISPIMNGFREHOO®LFDW LR QZHURMWGHLLIQ FD Q W 1
X U H J X OBDHMHAR H Q DQGPPDMXWGH '3 1.7 FHOOV FRPSDUHG
7 FHOOWHVW SDQELW@NWDWLYMWLF 8$SHIJXODWIMRQ RI

H[SUHYZDVRERQILUPHRQED § A&FGHSHQGHIWW DPSOH VHW
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Figure4.3. Expression profiles of genes related to DNA replicationGAne expression &fim1, HellsandRpa2as
determined by microarray (dataete generated with assistance from Dr. Margaret Jordan and Prof. Alan BBxter)
Rpa2expression was confirmed by qRER 6 per cell populatigrMann-Whitney test, * p<0.05. Data were

generated with assistance from Dr. Morgane Moreau.

7KH VHFRQG PRVW XS UHJX QQWHE& MDHIRDRWBRUWLIR Q FOKE
FROQMHGPKH DQQRWDWLREF OCEAWNHIRULHNVNSYHO QW OQREF DL SWV
WRWHXJHJIJXODWHG +'( JHQHV % RQIHUDGSHRIO BRIMILHREWNHG S
%RQIHUURQL FRUUHFWHGHHYHUDO IXQFWLRQDO IDPLOLH\
FHOO F\FOH DQG FHOO GLYLVLRQ RGHFPHEHDMW R I WKEB QIAIQH] C
SDWKgD\ (| ( K\FOL&FQH &F&EBO GLYLWRIGFQ RGBOH &GF

DQECHQWURPHBH GIRWEHH@SL &HQSS

7KH () IDPLO\ RI WUDQVFULSWLRQ IDFWRUV SOD\ DQ
SURJUHVVLRHW DMBRYOWHYDX[ DQG '"\VRQ ,DTXLQWD D

() bQG () DUH GRZQVWUHDP RI WKH SUH 7&5 DQG 7/¢
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'"H5\FNHUH DQG 'H*UHJRUL DQG WKH\ UHJXODWH WKI
JHQHV WKDW DUH W®RGK BK O VH) WWKIHQV LWLRQ RI WKH FHOO
() DSSHDU WR IXQFWLRQ DV WUDQVFULSWLRQDO UHSUHV

* DQG HDWBLEDUV DQG 1HYLQV )LJ
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Figured 4. E2F signalling pathw&ygoncept adapted from Stevaux and Dyson, 2002).

'LIIHUHQWLDO H[SUHVVLRQ DQDO\VLV RI LPPDWXUH '3
FRYHULQJ 7UDQVLWLRQ UHYHD Q@ H GDW & DXD ¥ H\QLH QHL] ELUFFD\D\W
LQFUHDVHG E\ DQG W LPHV 0 D &8I ML YaH PO VAWW H \

$ ,Q FROWUDM® H[SUHVVLRRXPM BEQGDWD IR VRRIQJ
FRPSRQHQW\SELQ EEXWBIFQHEHUH DOWVBRKODM QFUHDVHG H[SUF
RI JHQHV DVVRFVDWHCODILWE ZDV FRQIL UR HDESEARTYIEEH G
IXUW K HQUF H YW B iY@ SSRUGMIRCH. IHUDWLRQ E\ LPPDWXUH '3 1.

LPPDWXUH '3 7 FHOOV




3$57 % &KDSWHU TUDQVLWLRQ =+

o

A. _ E2f1 Cdcé6 Ccne1
N 14 14 14
3 12_/****\ 12_/ Thekk O\ 12_/ Tkkke O\
. 50jeBeY o @y v oo Baw
© » 8- 8—® 8-
= @
s S 6- 6 6-
§ § 4 4- n
= % 2.4 2- 9.
E O T T T T O T T T T O T T T T
= - = = - o= e - o=
o ¥ | ¥ X L ¥ | ¥ ¥ o ¥ | ¥ X
o Z|z =z o Z |z = o Z |z =
o < =2 o < = o < =z
[m] (] (m]
\__a8/8 & \__ 48/8 & \__8/8 &
B E2f1 Cdcé6 Ccnet
~ 0015 0.04 0.03
g *%k *% *%k
=
0.03 - O
e 2 0010; 0.02-
o a
o o 0.02 4
©  0.005 O 0.01
-% ' 0.014 [CGO '
S
& 0.000- 0.00 ' 0.00 -
DPT DP NKT DPT DP NKT DPT DP NKT

Figure4.5. Expression profiles of genes related to the E2F signalling pathwagehe expression d&2f1,
Cdc6and Ccnelas determined by microarray (data wegenerated with assistance from Dr. Margaret Jordan
and Prof. Alan BaxterB.E2f1, Cdc@nd Ccnelexpression was validated lofPCR across Transition 1. n = 6 per
cell population. Data were generated with assistance from Dr. Morgane Moreau. Mann-Whitney test, ** p<0.01,
sorx n<0.0001.

7KH H[SUHVVLRQ RI &HQWURPHUH SURWHLQ HQFRGLQ.
7UDQVLAH@®BKHQWURPHUH SURMHHIVOUR P HBGIEHSAISRAWH L Q
&HQWURPHUH SURW KIH® W WDRPG & H BBURWE DQ 0 WR IROG
UHJXODWHG E\ LPPDWXUH '3 1.7 FHOOV FRREBWHG WR LPP
ODQKLW@HMWDWLOYWLE 7R FRQILUP RXG PWEWRDHBDAHV VLI

RI §8HZONDOLEGEDWHEDS )L I




3%$57 % &KDSWHU TUDQVLWLRQ =+

A. Microarray gene expression
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Figure4.6. Expression profiles of genes encoding Centromere proteinsGAne expression @enph, Cenpi,
CenpkandCenpm as determined by microarrayata@generation vere generated with the assistance from Dr.
Margaret Jordan and Prof. Alan Baxtds).gQPCR validationf Cenpm.n = 7 per cell population. Data were

generated with assistance from Dr. Morgane Moreau. Mann-Whitney test, *** p<0.001.

,Q WRWDO ZH IRXQG JHQHV HQFRGLQJ &HQWURPHU
$00 VKRZHG VLJQLILFDQWO\ LQFUHDVHG H[SUHVVLRQ LQ L
LPPDWXUH '¥ WHENGOV 7DEOHRZKLFK JHEXBDWIDQXLWQH\ 8

VWDW LXRALIORHH Q-8 VW DWEZDWOH !
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Table4.2: Expression profile of centromere protein-encoded genes at Transition 1.

+

Gene symbol | U Statistic | Ttest p-value (OP ,\'TE[? S:I%]g?r cell)
Cenpa 0 1.56E07 1.87384
Cenpb 2 0.0005753 1.18468
Cenpcl 0 0.0001395 1.80325
Cenpe 0 1.17E05 2.37934
Cenpf 0 6.16E05 2.28946
Cenph 0 2.33E07 3.36125
Cenpi 0 8.86E07 3.00947
Cenpj 1 0.0138735 1.23093
Cenpk 0 8.99E07 2.84247
Cenpl 0 2.23E06 2.02518
Cenpm 0 7.16E11 2.26051
Cenpn 0 7.76E09 2.00455
Cenpo 0 4.85E07 1.59497
Cenpp 0 1.64E07 2.90862
Cenpq 2 0.000535 1.46906
Cenpt 0 3.27E05 1.22957
Cenpv 0 7.16E09 1.66326
Cenpw 0 1.08E05 1.8043

7KH GRZQ UHJXODWLRQ RI JHQHVY UHODWHG WR WKH F
H[SUHVVLRQ RI '1$ UHSOLFDWLRQ JHQHVY DFWLYDWLRQ RI
UHJXODWLRQ RI JHQHVY HQFRGLQJ FHQWURPHUH SURWHLQ

SUROLIHUDWLRQ LQ WKH LPPDWXUH '3 1.7 FHOOV FRPSDUI
'‘RZQ UHJXODWLRQ RI JHQHV UHODWHG WR 7&5 VLJIQI

*HQH 2QWRIDRIALYGRAUHIXOBWWEGDQVFUISIWY XVLQJ
%LRLQIRUPDWLFV +54D/ERM UDFGI W KR Z H & W MIRBUGIR XQD W H G
DQQRWDWLRQ FOXVWH UFR Q WIDAIQRHXQ W Ko-F PQM) RWDWLRQ FLC
$FWLYDWLRQ *2 IJHXNRF\WH 'LIIHUHQWLDWLRQ *2
ZLWK %RQIHUURQL FRUUHFIMWHG $ FPDXMYEDN WIHMHY HQFF
DOPR\RW WKW SUR[LPDO FRPSRQHQRDY RD G\HK BHALH WILI@LD OF
G R ZWDH J X OTD/QHICL W @ H W\DWVL FF N S [ WHVWQ [

=DS [ 9DY [ 30FJ | yLJ
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Figure4.7. Down-regulation of transcriptional factors related to TCR signalling across TransitiGerde
expression profiles dfyn, Zap70, Vav antk as determined by microarray (data wegenerated with
assistance from Dr. Margaret Jordan and Prof. Alan Baxter)

$OWKRXIK QRW SUHYLRXVO\ UHSRUWHG WKH HIITHFWY\
PHFKDQLVPV RI 7&5 WXQLQJ VXFK DV GRZQ UHJXODWLRQ
XS UHJXODWLRQ RI DFFHVVRU\ PROHFXOHV VXFK DV &' &
6+3 *URVVPDQ DQG 3DXO VXIJIJHVWLQJ WKDW WKH 7
VLIQDOOHG FRQVWLWXWLQJ YDOLGDWLRQ RI D IXQFWLRC
UHFHSWRU 7DNHQ WRJHWKHU WKH WUDQVFULSWLRQDO F

LQFUHDVH LQ SUROLIHUDWLRQ DFURVY 7UDQVLWLRQ ZD\

'LGHVSUHDG GRZQ UHAXKBIMWLRQ RI 7&5

, ]/ WKH SUROLIHUDWLRQ REVHUYHG DFURVYV 7UDQVLWL
DQG YDOLGDWLRQ WKHQ DOOHOLF H[FOXVLRQ RI HQGRJH
&RQVLVWHQW ZLWK WKLV 7&5 DOSKD FKDLQV GRPLQDWHOC
H[SUHVVHG WUDQVFULSWYV FRQVWLWXWLQJ Rl WKH WRE
7&5 9D 7UDY 7&5 9DUDY Q D& JUDY 7185 9

7UDY G D& FUDY G D& FUDY G &5D9G D@GBDY

7&5 9D DOO VKRZHG WR IROG GRZQ WHG X0DOMPLR Q 7
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Figure4.8. Down-regulated expression of genes encoded TCR V alpha chains across Transgemel
expression profiles dfcraVV22.1 Travl2-2 Trav9-n1Trav9-4 Trav8d-1 Trav7d-4Trav7d-3 and Trav6-3(data

were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter).
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Figure4.9 TCRV [ d-3 expres$on was validated by gPCR between DP T cells and DP NKTncel&per cell

population. Data were generated with assistance from Dr. Morgane Moreau. Mann-Whitney test, ** p<0.01.
JRUW\ QLQH RI D WRWDO RI WUDQVFUWLBEKDLQWYHSUHYV
VKRZHG VLJQLILFDQW GRZQ UHJXODWHG H[SUHVVLRQ LQ 1

LPPDWXUH '3 7 FHOOV )LJ 7KH ORVV RI H[SUHVVLRQ
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DVVRFUDMKHDG&A QV LV FRQVLVWHQW ZLWK VXFFHVWIXO YDOL

7&5 LQLVUWQAIDWKH PHFKDQLVP IRU DOOHOLF H[FOXVLRQ RI F
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Figure4.10. Widespread down regulation of TCR V alpha genes across TransitiBiods correspond to
individual transcripts and columns correspond to tested populatidnsv11d encodes the NKT cell-associated

TCR \14. Data weregenerated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter.

,Q VXPPDU\ WKH FRPELQDWLRQ RI DFWLYDWLRQ SUR
HI[FOXVLRQ SURYLGH FRPSHOOLQJ HYLGHQFH WKDW 7&5 Y

7UDQVLWLRQ




3%$57 % &KDSWHU TUDQVLWLRQ =+

JXQFWLRQDO DQDO\VLV RI 7&5 YDOLGDWLRQ E\ LPPD\
,PPDWXUH '3 1.7 FHOOV H[SUHVNQLQEYRDVHG SUROL

7UDQVFULSWLRQDO DQDO\VHV LQ VHEWLRQV DQG
FHOOV SUROLIHUDWH PRUH WKDQ LPPDWXUH '3 7 FHOOV |
EURPRGHR[\XULGLQH %UG8 LQFRUSRUDLWLRIRDDW 8BWIRY
12'9D0 7J PLAWHLYHG WKUHHLLY WQMIS AW LWQQ HRD OPG\ % U G 8
LQWHUYDOV DQG WK\PL ZHUH FROOHFWHG IRU DQDO\VLYV |
DGPLQLVWUDWLRQ 6LQJOH FHOOV IURP WK\PL RI ERWK FF
VWDLQHG ZLWK VXUIDFH DQWLERGLHY WKHQ LQWUDFHOO)
%UG8 DQWLERG\ 7KH JDWLQJ VW WDKDI X 8 SOIRHG VAIMVWY @

PLFURDUUD\ H[SHULPHQW )LJ

Figure4.11. Representative FACS plots showing gating strategy for immature DP T cellsr(&jure DP NKT
cells (P2)immature CD4 (P3) and DN NKT cells (P4) from thyfBrdU injected NODV 24Tgmice.

JROORZLQJ JDWLQJ WKHFHORYRIWWRPRIPPBWX%UKG 83 7 F
'3 1.7 FHOOV LPPDWXRHO&'Y DQG LPPDWXUH '1 1.7 FHOOV

12'9D0 7J PHFZHUH LGHQWLILHG YLD KLVWRJUDP SORWYV DV
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Figure4.12. Proportions of BrdU positive cells among DP T cells, DP NKT cells, CD4 and DN NKT cells
A. Representative histograms showing proportions of Brdélls in total DP T cells, DP NKT cells, CD4 and DN
NKT cells between control and BrdU injected mid>roportions of BrdUcells of each subset in BrdU

injected mice.

7KH IORZ F\AWRPHWULF FHOO DQDO\VHV UHYHDOHG WK
VLIQLOMNRDIXWMU SURSRUWHAQV RRPEDABHIG WR LPPDWXUH '3
DYHUDJH SURSREMQARYQ RR \% GBR P RI WRWDO LPPDWXUF
LPPDWXUH '3 1.7 FHOOV S 0DQQ :KLWQH\ 8 WHVW 7
D KLJKHU IUHTXHQF\ Rl SUROLIHUDWLYH FHOOV LQ WKH LI
7FHOOV ,Q FRQWUDVW WHKIHD S U RESHRFUMAIDR/GIG RIQ¥LPG®D W X U |
FHOOV ZLWK RI LPPDWXUH &' D.@QGEHO@YV LERHIDUN QU He'U GL
FHOOV )LIJNHQ WRDHWKHU WKHVH GDWD VXSSRUW WKH K

FHOOWDKKIIDXHU SUROLIHUDWLYH UDWH WKDQ LPPDWXUH '3
O9DOLGDWLRQ RI DOOHIORKDHIFOXVLRQ RI 7&5 9

$OOHOLF H[FOXVLRQ LV D PHFKDQLVP ZKHUHE\ D SUR(
UHFHSWRUV LV VHOHFWHG IRU H[SUHVVLRQ 7KLV SURFHYV
LPPXQRORJLFDO VHOI WROHUDQFH ,QFRPSOHWH DOOHOL!

H[ISUHVVLRQ ZKLFK FDQ DOOBREGO\WHERELW H D XWRR K \HDIFN\
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GHOHWLRQ ORUULV DQG $OWODBQ $OOHHNOL G DH[GBPEIVLRQ DV
ORFXV LV PRUH VWULQJHQW SULPDULO\ DW WKH JHQH OH
DORFXV %RWK DIJEBREMWROQOWERD XH WR UHDUUDQJH XQWL(
KHWHURGLPHU LV IRUPHG ZEWKDLRH %HRW YX@ XD/ OK H R H PRILGH
LPPDWXUH WK\PRF\WHYV | DHTKCHQWROQ M/ISKH HFWHWY G ¥IXW ID FH

PDWXUH WK\PRF\WHD Bf FSREHL\Q\D I/ BNRAV@D ©GID PY-RNGD O

7R IXUWKHU FRQILUP WKH ILQGLQJ WKDW DOOHOLF H]J
LPPDWXUH DQG PDWXUH 1.7 FHOOV ZHUH B[D®LQHG IRU
DQ®9 E\ IORZ F\WRPHWU\ ,Q SDUWLFXODU WK\PLF VSOF
12'9D0 7J PHFZHUH VWDLEHD® G LN IKG V\&BW WR LGHQWLI\ 1.7 |
&' DQG 1. PDUNHUV ZHUH XVHG WR LGHQWLI\ 1.7 FHOO
DQG LPPDWXUH '3 1.7 FHOOV LPPDWXUH &' 1.7 FH
FHOOV ZHUH JDWHG IUR® WEKHPHMFKARXYHRPDW'XUH 1.7 FHOO
IURP WKH WK\PL VSOHHQV DQG OLYHUV 7KHVH 1.7 FHOO
75 B D FKDLQ ZHUH WKKHHWHNAWN GRI®UR BVA&HD Q G
9D FKDLQV )RU WKLV H[SHULPHQW LPPDWXUH WK\PLF 'C

KHSDWLF 7 FHOOV ZHUH XVHG DV FRQWUROV )LJ DQG
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Figure4.13. Representative FACS plots showing gating strategy fB@\hymic cell populationsThymocytes

were stained with stage-specific antibodies. Immature DP T cells, immature DP NKT cells, immature CD4 NKT
cells, immature DN NKT cells and mature NKT cells were gated from the thynufdy@BV 24Tg mice. The
proportionsof V2" cells from these 5 cell populations were identiflaghistogram plots (right). The lower

gate boundary for\2* o0o0e A ¢ ¢« & o }v Au]vue }v _ (o peEhistogram plots) Hhe

same strategy was applied to identify the proportions dB\2" and VIB.3" cells.

+
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Figure4.14. Representative FACS plots showing gating strategy to identify the proportions ¥plenic,

hepatic T and NKT cells. Splenic (A) and hepatic (B) cells were stained with antibodies for flow cytometric
analysisMature T and NKT cells were gated from the spleens and livers oMN®DIT.g mice. The pportions

of mature T and NKT cells expressing TCR Were identified in histogram plots (right). The lower gate

boundary forM2" o00e¢ A ¢ ¢« § « }v Au]vpe }v _ (Op}E o v }JVEE}oe ~0 (8§ Z]*§
strategy was applied to identify the proportions of®/2" and VI8.3" cells.
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JORZ F\WWRPHWULF DQDO\VLY UHYHDOHG WKDW YHU\ |
FHOOV H[SUHVV®G DXPB99 FKDLQVW IRIQOWKWHWXUIDFH 7DEOH
$ )RU H[DPSOH RQO\* DQG RI LPPDWXUH '3 7

FHOOV H[SUHI/VVIDG D&SBP99 UHVSHRFWEDHXQAW $

'LWK UHJDUG WR 1.7 FHOOV OHVV WKDQ H®@R&HPPDYV
9D RUD9 DQ® 9 DFFRPSDQLHGDZLWK FRBLEE O H)LJ
$ 7KH VDPH SDWWHUQ ZDV VHHQ ZLWK WKH IUHTXHQFLH
LPPDWXUH 'l 17DEEGBOV )LJ $ 7KH SURSRUWLRQV RI
FHOOV LPPDWXUH &' 1.7 FHOOV DQG LPPDWRUM'1 1.7 FH
DQ®9 FKDLQV ZHUH VLJQLILFDQWO\ ORZHU WKDQ WKRVH
0DQQ :KL&8WQHIYW H[FHSW IRU D VOLJKW LQFUHDVH LQ SU

FHOOV H[SWHWRRBEDYHG WR WKH RWKIHHU WKEVHWY 7DEOF

Table 4.3
(Mean £ SEM)

7&5 ,PPDWXU ,PPDWXUHKR ,PPDWXUH ,PPDWXUH
FKDL 7 FHOO 1.7 FHOC 1.7 FHOUC 1.7 FHOC

9D : : ‘ :

9D “ “ ‘ “

9D ‘ ‘ ‘ ‘

'LWK UHJDUG WR PDWXUH 1.7 DQG 7 FHOOV WKH SUR
KHSDWLF 1.7 FHOOV B[SDHBVEGKDLQY ZHUH PX\WR&/ DRIHU \
LPPDWXUH WK\PLF 7 DQG JL72 FHOGWOPRIYEWOBRQH RI WKH PI
FHOOV H[SUHDMVIDG HRLWEBDFBRPSDQLHGDZLRMKDEQ ,Q FRQW

WKHUH ZHUH ODUJH QXPEHUV RI PDWXRKDEZEFWHOOV H[SUHYV
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,Q WKH WK\PXIVPDWXUH 7 FHOOV H[SH[BVWHNG HIED %

HISUHWHGZ®LOH LQ WKH OLYHUV WKH SURSRUWLRQV
DQG LQ WKH VSOHHQV WKHUH ZHUH )DR G % UH)
7KH VLI @QMOIRFZHUWSURSRUWLRQ RI LPPDWXUH '3 1.7 FHOOV
HISUHVDL@ 9DQG 9PRPSDUHG WR LPPDWXUH '3 7 FHOOV |

SURSRVHG HIIHFWYORIOALES HHIFOXVLRQ RQ WKDW FHOO SRS

Table 4.4. Proportions of mature thymic, hepatic, splenic T cells and NKT cells expressing2(CRL¥.2
and VB8.3 (Mean+SEM)

7&5 7K\PL| +HSDVY 6SOH( 7K\PL| +HSDVY 6SOH(
FKDY 1.7 FH| 1.7 FH| 1.7 FH 7 FHQ 7 FHQ 7 FHQ(

9D : : ‘ ‘ ‘ ‘

9 D 1] 1] 1] 1] 1] 113

9D ‘ ‘ ‘ ‘ ‘ ‘
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Figure4.15 Flow cytometric comparison of TCRI¥, V3.2 and VIB.3 co-expression by NKT cells.ot

plots show the proportion of immature DP T cells, immature DP NKT cells, immature CD4 NKT cells and
immature DN NKT cells expressing TCR V3.2 and 3.3 in the thymi of NON.24Tg miceB. Dot plots
show the proportion of maturé& KT and T cells expressing TAR, VD3.2 and VB3 in the thymi, livers and
spleens of NOD.Y24Tg mice. n40; Mann-Whitney U test, ** p<0.01,**** p<0.0001.

6800$5< 2) 0$-25 ),1',1*6
7UDQVFULSWLRQDO DRJDRRBUANXEH PR FURBDOOY\DQG LPP
FHOOV UDLVHG WKH SRVVLELO LWK WKW ISRIARIOW. KHUUHD W L1R Q)
LPPDWXUH '3 7 FHOOV 7KH UHGXFWLRQ LQ H[BUHWBVLRQ RI

16 O 18] &[] &RDGE®SI XIJIJHVWHG UHGXFHG PLWRFKRQGUL
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SKRVSKRU\ODWLRQ 7KLV LV D FKDUDFWHULVWLF RI WKH :
SUROLIHUDWLYH FHOOV SUHGRPLQDQWO\ UHO\ RQ JO\FRO\

SKRVSKRU\ODWLRQ DV D VRXHWHD®I $73 9BQAHY +HLGHQ

7KH SRVVLELOLW\ Rl LQFUHDVHG SUROLIHUDWLRQ LQ
XS UHJXODWHG H[SUHVVLRQ RI JHQHV DVVRFLDWHG ZLWK
JHQHV HQFRGLQJ &HQWURPHUH SURWHLQV DQG JHQHV LQ
'1$ UHSOLFDWLRQ ZHUH VLJQLILFDQWO\ XS UHJXODWHG E
LPPDWXUH '3 7 FHOOV () () DQG () DFW LQ D IXQFWLR
HQKDQFH WKH H[SUHVVLRQ RI PDVR 6HSKDW H HTXD QM GW RRIG
F\FOH L QFOXKGEQH ODERKHMR®O MW DO 7KH JURZWK
UHJXODWRU\ IXQFWLRQ Rl WKH 5% WXPRXU VXSSUHVVRU ¢
WUDQVFULSWLRKQL OIHF "REWHNMRIHVVLRQ RI () XQRSSRVHC
H[SUHVVLRQ UHVXOWV LQRVGRUGIRE¥MGHSG RO H W LYY DEP D

JLHOMG DO  &RQVLVWHQW IZ HBWKUHYNULRQVKHG UHJIJXODW
HQFRGLQJ SURWHLQV FULWLEDGDI®R® GHS K DHV/GIHWOQMQUAR & XE |
FULWLFDO IRU VSLQGOH IRUPDWLRQ BBAQG FXYRPRY¥ RPH VH

UHSOLFDWIBLRBR@ VXHUHDVOVR XS UHJXODWHG

7KH UROH RI WKH () SDWKZD\ LQ PHGLDWLQJ 7 FHOO
(1 (1 GRXEOH NQRFNRXW PLFH () DQG () DSSHDU WR S
SUROLIHUDWLRQ +3 EXW QRW LQ SUROLIHUDWLYH UHVS
(1 (1 GRXEOH NQRFNRXW PLFH LV VHYHUHO\ UHGXPMG 'H
DO W LV UHSRUWHG WKDW KRPHRVWDWLF SUROLIHULI
VLIQDOOLQJ 6FKOXQXW KW @D 6SUHQW DQG 7&5 VWLP.
SHSWLGHW(DQVW WKDW RI PHPRU\ &' 7 FHOOV LV GHSHQG

0+& VHOI SHSWLGHW IDMRQHVIRRPHRVWDWLF SUROLIHUDWL
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LQFOXGLQJ PHPRU\ &' 7 HHIOQV GIRXEPSDNQRBNRXW PLFH
SDWKzZD\ SOD\ D UROH LQ PHGLDWLQJ 7 FHOO SUROLIHUDY

SUROLIHUDAWLROX® )LHOG

$OWKRXJIK WM @@DIKD SUHYLRXVO\VRSEKUVIWHG WKDW
1.7 FHOOV LQ WKH WK\PL Rl QHZERUQ PLFH ZHUHL@RQ GLY
YLYRUG8 LQFRUSRUDWLRQ FRQILUPHG RXU K\'S'R.W KEHI\OLO/V W
LQ 1®D 7J PHFKDYH LQFUHDVHG SUROLIHUDWLRQ 7KH SUR

YDOLGDWLRQ VHHPV WR KDYH VRPH VLPLODULWLHV WR +3

7KHUH ZDV ZLGHVSUHDGQE&RZQ FHIDIX 0 W@RQ RQ
LPPDWXUH '3 1.7 FHOOV 7KHVH ILQGLQJV SURYLGH IXUW
OHYHO RI DOOHOLF H[FOXDFK® LRI VF RIFCBIHDL DK DA&E DO O H O
DOVR UHSRUWHG WR EH PHGL RWIH®B WIOHR\® KHAUD B H FRIDVQ K
GHYHORSPHQW ERDMKDO®HBEM BHWKHWDQJH XQWLO D SR
KHWHURGLPHU LV IRUPHG ZLWE AKIDH G URMIRXVON VHDHB!
WKH HDDBKRILQ UHDUUDQJHPHQW E\ KDDMWLE® WHRAVFULS
%RUJKOADO %UDW M .RXWWRIDO $OBW DO E$
SRVW WUDQVODWLRQDO PH FKDRKDARY HQYV XHIGIV UL K DW SRIHO
FHOO VXUIDFH Rl PDWXUH 7 FHOO $ODP DQG *DVFRLJQH
5\EDNHW® DO 'LIITHUHQW PRGHOV KDYH EHHQ SURSRVHG
UHJXODIWERRDLRIDOOHOLF H[FOXW LIR® ¥ KHGWHLLPESHOUH\HW P R
SURSRVHG WKDW DOOHOLF H[FOXVLRQ G HSHKQDGEHG SRIQR W/HK
IRU D HO&/XISB B\FRDLQ SURWHLQ ZKHQ WKH 7&5 OHYHO RQ
GXULQJ SRVLWLYHHWHDEFEVLRIOD PSORB *DVFRLJIQH * D

$ODP ,Q WKH VHFRQG PRGHO LW ZDV SURSRVHG W
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WKH 7&5 &' FRPSOH[ PD\ SOD\ DQ LPSRUWDQW UROH LQ
DFKDLQ E\ VWDELORESQJL $\EMRUHPIG HQWLDODE VWDELOL
FRPELQDWLRQ ZLWK WKH KLJKHVW LQW HQY RMKCH. @ HDO H-FW M
UHWHQWLRQ PRGHO LW ZDV LQGLDBBEMRPE VDKW R\K HVS RD
RQ WKH FHOO VXUIDFH ZKKO HQWLKH GRZ@V H B HFOMHGEH G RU
FHOO E\ UHJXODWLRQ RI 7&5 GHJUDISW VDIORQ ¥RIZHEMD XLV
WKRVH PRGHOV GR QRW H[SODLQ KRZ WKH ZLGHVSUHDG
9D JHQHV REFFXUV LQ LPPDWXUH '3 1.7 FHOOV FRPSDUHG
SRVVLELOLW\ LV WKDW WKH UB ODWHYHHDW W DXOW K HIIU BN K
RI HQGRJHQRXVY DOOHOHYV WKHUHE\ HOLPLQDWLQJ DQ\ F¥
WUDQVFULSWV 7KHUHIRUH WKH GRZQ UHJXODWLRQ RI C
FHOOV OLNHO\ UHIOHFWV WUDQVFULSWLRQDO HY¥LGHQFH
FKDLQWPDWXUH '3 1.7 FHO OV 7KW VWK B ®LOQIHOMHY GFHRYQH DU P |
YHU\ ORZ QXPEHU DOPRVW QRQH RI LPPDWXUH '3 1.7 FF
H[SUHVVLQJ BWKDBIUQYV&5 XFB D® 7&08 9 DFFRPSDQLHG E\
7&5 D D FKDLQ 7KH SURSRUWLRQ RI LPPDWXUH '3 1.7 F
1.7 FHOOV H[SUHVVLQ.D WKBILYY VLG VAN BILFDQWO\ ORZ

'3 7 FHOOV RU PDWXUH 7 FHOOV

7KH 7UDQVLWLRQ FRQFHSW VWURQJO\ VXJIJHVWYV WK
LQGXFHV WKH IRUPDWLRQ RI' D '3 1.7 FHOO KRZHYHU WK}
DOWHUQDWLYH VFHQDULR LQ ZKLFK '3 1.7 FHOOV DQG '3
GHYHORSPHQWDO SDWKZD\V $W WKH SUHFHGLQJ '1 VWI
FKDLQ FDQ SDLU ZLWK SUH 7. WR IRUP DQ DXWRQRPRXV G

WKH SURFHVV FDOOHG VHOHFWLRQ VHOHFWLRQ VLJQD
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JHQH UHDUUDQJHPHQW DQG UHVXOWY LQ FHOOXODU H[SD
Rl IXUWKHU 7&5 FKDLQ JHQH UHDUUDQJHPHQW LQLWLDW
PLIJUDWLRQ LQWR WKH FRUWH[ DQG GHYHORSPHQW RI SR

IDFWRUVHWLBIOLH 1HLHON PQ@ 3DQJ HW DOHVEWYDNQ\

([SUHVVLRQ RI WKH SUH 7&5 XSRQ SUREXRMLY H VXKD
D EXUVW RI SUROLIHUDWLR® \DWQBJHQ SURDOEBRBURQRWR Wi
FRPPLWPHQW $OWKRXJK LW LV VRPHWLPHYV DVVXPHG WK
QRW H[SUHVV FHOO VXUIDFH 7&5 WKLV DVVXPSWLRQ PD\
IXEDMW BRUN UHYHDOHG ORZ OHYHO RI 7&5 H[SUHVVLRQ F
%UGWK\PRF\WHV KRXUV DIWHU %UG8 LQMHFWLRQ ZKLFK
UHVXOWBVKIORWZ 7&5 LV H[SUHVVHG DW D ORZ GHQVLW\ E\ P
SUROLIHUDWLRQ DQG BF T )SIKWHMRWRGBHRV \MRBV&TKH '3 1.7
FHOOV GHWHFWHG LQ RXU ZRUN DSSHDU WR KDYH YDULDE
WR KLJK EDVHG RQ VWDLQLQJ ZLWK WHWUDPHU DQG DQW
7&5 PD\ WUDQVGXFH D VLJQDO LQ FHOOV SUROLIHUDWLQJ
WK\PRF\WHV E\ FHQWULIXJDO HOX®DUDN ERQ G&K\D D VK RIZU k
WKDW KDYH QRW \HW XQGHUJRQH SRWPWDLO/G! FHHIGH\E \ URIQ
SUHVXPDEO\ RQ WKH ZD\ WR oW [DWK EXQGEEHEF WD Q*X I6E&R WV \

,Q 7&5 WUDQVJHQLF PLFH GHOHWLRQ RI VHOI UHDEF\
DOUHDG\ GHWHFWDEOH LQ ODUJH '3 WK\PRF\MWMW ZLWK Kl
Q %D MWXG\ WKH ODUJH VL]H RI WKH FHOOV VXJJHVW

SKHQRW\SH VXJJHVWYV WKH\ ZHUH XQGHUJRLQJ VHOHFWL

'KHQHYHU WKH '3 SRSXODWLRQ ZDV VXEGLYLGHG LQW
GHOLQHDWHYV '3 VXEVHWYV RI GLITHUHQW DJHV SUROLIHUL

GXH WR VHOHFWLRQ LQGXFHG SUROLIHUDWLRQ GXULQJ"
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WKLV FKDSWHU GR QRW H[FOXGH WKH SRVVLELOLW\ WKDW
'3 7 FHOOV ,I LW LV DGPLWWHG WKDW '3 1.7 FHOOV PD\ EI
FDQ DOVR H[SODLQ WKWDMQGNVQD WHKIDNE IPHDVQAHG DW ORZHLU
1.7 SRSXODWLRQ FRPSDUHG WR WKH '3 7 FHOO SRSXODWL
UHFRPELQDWLRQ DW WKH 7&5. ORFXV ZRXOG EH7H[BYHFWH (

VHIPHQWY RYHU WLPH DV WKH '3 SRSXODWLRQ DJHV

,@. 7J'1L FHOOV DVVHPEO\ RI D 7&5 FKDLQ WKDW SH
PLIKW OHIR&W MW RNWKEG RI D '3 1.7 FHOO ZKHUHDV DVVHPEO
SUHFOXGHQIW®WIGPHQW PLIKW OHDG WR WKH IRUPDWLRQ R
FRQVLGHUDWDRAUW DIE\VRKW WKH 37UDQVLWLRQ ~ FRQFHS)
HTXDOO\ WR LWV &HYDODWDWH RWKHRQFHSW 7KLV PD\ QR
VWDJH DW ZKLFK WKH '3 1.7 SRSXODWLRQ DQG '3 7 FHOO ¢
WKH GRZQ UHJXODWLRQ RI JHQHVY UHODWHG WR WKH HOH
() SDWKzD\ 7 FHOO VLJQDOOLQJ DQG WKH GRZQ@DUHJIXOD

JHQHVY VWURQJO\ VXJIJHVWV WKDW VXFFHVVIXO 7&5 YDOL
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&+$37(5

75%$16,7,21
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,1752'8&7,21

7K\RAVHOHFWLRQ HQVXUHV WKDW WKH UHVXOWLQJ 7 F
DQWLJHQV EXW QRW VHOI DQWLJHQV SUHVHOQWBG E\ DQ\

,Q FRQYHQWLRQDO 7 FHOOV WK\PLF VHOHFWLRQ LV
LOQWHUDFWLRQ EHWZHHQ WKH QHZO\ IRUPHIGMR&S5 RQ '3 WK
KLVWRFRPSDWLEBE®ISWRERBSW/KIH $3&VHWRDDXLSWDP HW DC

.OHHW DO :KHQ '3 WK\PRF\WHV BB LD PURIBBIAWLIR Q
SRVLWLYHO\ WHCEHVHT B8 (IMMON QWLDWH LQWR PDWXUH &' R
FRQYHQWERQODY ,Q FRQIQ DWW X I K FEMHHIIH RYW H HDIFWH. R Q
QHJDWLYHO\ VHOKUFRYHIEO BDEBMR KWRN Y 8 HFWKIHY BEW UHVXOW |
LQWHUDFWLRQV DOORZV IRU WKH JHQHUDWLRQ RI 7 FHOO

R1 SRWH Q WJLHDFON LDGKWERY QODO/

7KH LQWHUDFWLRQV EHWZHHQ WKH QHZOLQBXMPH® 7&*°
VHULHVY RI LQWUDFHO O XXRB KV Z 1 QDO®LLH FFMD WKIHG VW K\ P F
QHJDWLYH VHBWFIVA R R QWDQID JH P H QWE \RD QWK ABH Q WH G
RQ 0+& PROHFXOHV WHKHFWEG PRAHODRWQPPBMWHG DQG SKR\
LPPXQRUHFHSWRVHEB\DRWLYB®WLRQ&PRWLMAV TS0V RQ
3KRVSKRU\ODWHG ,7$0V SURPRWH WKH UHF WRW MHPH QWURY
NLQD¥$B ZKLFK LQ WXUQ SKRVSKRU\OW KHED SAM HUWR B R WL
/$7 6DPHOVRQ7KH SKRVSKRU\ODWLRQ RI /$¥HHHYVXDWV LQ
FRPSRQHQWY RI WKH 7&5 VL JQLDQF Q/X$HMEIGEX F 3V RRMQED WK Z |
*UE.RUHWAW\DO :DQJH ,Q WKH SUHVHQFBIYRIGB\W\RGHUDW|
OLIJE@E&WLBRRES KR UHMBXER®QS'V /B8 7. UHVXOWLQJ LQ

DFWLYROWLKRH 5D VDSIEIW®EDX P MQAIKIHDB®DY SDWKZD\ VWLPXOD




3$57 % &KDSWHU 7UDQVL

ORZ OHYHO (5. DFWLYDWLRQ ZKLOH WKH FDMWPBIOXP 10X[ DF
7KHVH VLJQDOV XOWLPDWHO\ UHVXOW LQ WK\PRF\WH VXU
DQWLJHQ UHFHSWRU WXQLQJ FHOO PLJUDWLRQ LQWR D QF
,Q FRODKUDKWYLGLW)\ 7&5 LQWHUDFWLRQ UHVXOWV LQ IXC
SKRVSKRU\ODWHG /$7 LQ WXUQ UHFUXLWV *UE 626 DQG

FRXSOHG ZLWK S DQG -1. DFWLYDWLRQ DQGEWIBHDGYV WR S

$OWKRXJK OHVV ZHOO XQGHUVWRRG WKDQ FRQYHQWL
DOVR XQGHUJR SRVLWLYH DQG QHJDWLYH VHOHFWLRQ HY
HOLPLQDWLRQ RI KLJKO\ DXWR UHDFWLYH FHOOV ZKLOH S
FRQYHQWLRQDO 7 FHOO SUHFXUVRUV ZKLFK DUH VHOHEW
FRQWH[W RI 0+& FODVV , RU ,, PROHFXOHV RQ FRUWLFDO
JO\FROLSLG DQWLJHQV SUHVHQWHG E\ & G RQ FRUWLFDO
5DXOHW HW:BQ@ *RGIUH\ DQG %HU]JLQV 1.7 FHOOV
&G GPLFH &KW QO OHQGHWDMOND6PLHOMDO *DSMQDO

DQG ERQH PDUURZ FKLPHULF PLFH WKDW ODFNHWG H]
DO ,Q FRQWUDVW 1.7 FHOOV GHYHORS QRUPDOO\ LQ
HQGRJHERBVIHQH LI KXPEG G BMUD QVJIH GHV ®RKXPDQQ7KH
ODEFN RIDSBG SURVDSRVLQ ZKLFK DUH LQYROYHG LQ WUDI
ORDGLQJ RI JO\FROLSLGV LQWR P/SIDH &M & 1.7 RARHYGHO  ISDILY M 1D
7KHVH ILQGLQJV VXJJHVWHG WKDW &' G H[SUHVVLRQ RQ F

UHTXLUHPHQW IRU WKH SRVLWLYH VHOHFWLRQ RI 1.7 FHO

:KLOH WKH UHTXLUHPHQWY IRU SRVLWLYH VHOHFWL
FODULILHG WKH TXHVWLRQ RI ZKHWKHU L1.7 FHOOV DL
FROQOWURYHUVLDO *RGIUH\ DQG %HU]LQV 7KH PRVW

WKH HDUO\ L QIWDROGXIFMW ERYWERRIHW DO WK\PLFDRIG DYAL WX &\
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LS LQMHFWLREHWRIIURP GD\ WR GD\ FRXOG VSHEF|
GHYHORSPHQW +RZHYHU LW FRXOG QRW GR VR LI WKH |
GLITIHUHQWLDAWH® O3HOOLFFKH VWXG\ RI IHWDO WK\PLF F
VKRZQ WKDW 1.7 FHOOV FRXOG QRW EH JHQHUDWHG LQ W
*DO&HU ZKLOH WKH\ GHYHORSEQRO&B 0 CR UL Q0 ~ZXQBMBDIH.\F

&KXQ DO ,Q WKHVH VWXGLBEVOOWHKH DUBHRWERRHV RD Q'
SURSRWHBGLDWH QHJDWLYH VHOHFWLRQDRDQ&HU AHWO QR\
PDPPDOLDQ VHOI DQWLJHQ IRU WKH VHPL LQYDULDQW 7&

TXHVWLRQ RI ZKHWKHU L1.7 FHOOV FDQ EH QHJDWLYHO\ V

,Q DGGLWLRQ E\ FUHDWLQJ PLFH H[SUHVVLQJ D WUD
FDQRQLFDO 9. -. 7&5 HWKIDQAQ FWMHGW®GIG D PRGHO ZLWK
VHOIl OLSLG & G FRPSOH[HV 7KHLU UHVXOWYVY LQGLFDWH
LQYDULDQW QDWXUDO NLOOHU 7 FHOOV LV FRQVWUDLQHC
DIILQLW\ $QDO\VLV ZLWK 3%6 ORDGHG &' WHWUDPHUV
FRPSOHWH ORVV RI WKH SURSRUWLRQ DQG WRWDO QXPE'L}
RI WKH $ ' 7J PLFH FRPSDUHG ZLWK WKH ZLOG W\&H PLF
WUDQVLWLRQ IURP VWDJH WR VWDJH RlI'1.7 FHOO GHYH
QHIJDWLYH VHOHFWLRQ LQ WKHVH PLFH H[SUHVV QDWXUD(
GHFUHDVHG DIILQLW\ HRAU D/ O | BK HV HoBIKBNH OO WV GLUHFW O\
7&5 VLIQDOLQJ E\ DIJRQLVW VHOI OLJDQGV LV WKH WULJJF
DOVR HPSKDVL]HV WKDW RQO\ D OLPLWHG UDQJH RI 7&5 I

L1.7 FHOO GHYHORSPHQW YHUVXV GHDWK E\ QHJOHFW RU

,Q FRQWUDVW RWKHU VWXGLHV KDYH H[DPLQHG WKH

GHYHORSPHQW WKURXJK DOWHULQJ & G GHQVLW\ RQ OL
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& G GHULYHG IURP EHRWIO ®LFH &BQRQQ KXPHW W 06 FKR® D Q(
WK\PLF VWURPDO GHQGULWILK) PMODQYV RHWQ 'L3F WK \FHR F\RASHD
GHYHORSPHQW DQG OHG WR UHGKIFHENM DV IHE O/ORQREB 5EHW k
DIILQLW\E7&EXW QRW WKHAKL&EK 9V NQRZQ WR KDYBH D OR
*DO&HU LQ WKH FRQWHWWDRI| &&RZH&KXQ WKH DIRUHPHQWL
VKRZHG D IDLOXUH RI 1.7 FHOO GHYHORSPHQW DV RSSR\
, I QHIDWLYH VHOHFWLRQ GRHV RFFXU LQ WKH 1.7 FHOO
SRVVLEO\ DURXQG WKH VDPH WLPH DV SRVLWLYH VHOHF!
PRVWO\ PDWXUH 1.7 FHOOV E\ LQWUDWK\PLF LQMHFWLRC
SHOOHW FILO $GGLWLRQDOO\ 1XU D WUDQVFULSWLRQ
VHOHFWLRQ LV VHOHFWLYHO\ H[SUHVVHGH®B\A DYGIWR LPPLC
7TKHUHIRUH IXUWKHU VWXGLHVY DUH UHTXLUHG WR EHWMW

DFWXDOO\ XQGHUJR SRVLWLYH DQG QHJDWLYH VHOHFWLR

,Q &KDSWHU IORZ F\\WRPWWD RN PHEHOUWHYWHRIOHG WK
SURGXFHG ODUJH QXPE®UVRI wK\BLARE *YLPPDWXUH '3
1.7 FHOOV 3KHQRW\SLF DQDO\VLV LQGLFDWHG WKDW WK
ZLWK WKH HDUOLHVW SURJHQLWRUV RI 1.7 FHOOV RU SUH
WUDQVFULSWLRQDO DQDO\VLYVY RYHU WKH FRXUVH RI L1.7
WRPPDWXUH '3 1.7 FHOOV LQGLFDWHG WKDW DOOHOLF H[F
DW 7UDQNXGMIGRQRW VKRZ DQ\ VLJQ RI 7 FHDQ@RVADSERFYH@RW
DQG QHWZR UKNDXFDF®G W&HE XD/ LEDMALFRQV XUH '3 1.7 MHOOV P
VLIQDO IRU WKRLW KLHO FH Q/T RSERSHQERRKINRSQY HQH H[SUHV VL
ZLOO EH FRPSDUHG EHW.ZHHDIP® D WKDWXRIFHHOOV WR LGH

WUDQRBODIOSMWY.L &K QFFLHF IRWOHFWLRQ DQG OLQHDJH FRPPLW
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7KH IROORZLQJ K\SRWHRHNLWLY BWWOGNRPWIGRQ RFFXUV I
EHWZHHQ LPPDWXUH '3 1.7 FHOOV DQG LPPDWXUH &' 1.7 |

GHYHORSPHQW’
6SHFLILFDOO\ WKH DLPV RI WKLV FKDSWHU ZHUH

7R FRPSDUH JHQH H[SUHVVLRQ EHWZHHQ LPPDWXUI

1.7 FHOOV

7R LGHQWLI\ VLIQLILFDQW FKDQJHV LQ JHQH H[SUI

1.7 FHOOV

7R IXQFWLRQDOO\ YDOLGDWH JHQH H[SUHVVLRQ FKI




3$57 % &KDSWHU 7UDQVL

5(68/76

7UDQVFULSWLRQDO DQDO\WVLY EHWZHHQ LPPDWXUH '

*HQH H[SUHVVLRQ FRPSDULVRQ ZDV SHUIRUPHG EHWZ
LPPDWXUH &' 1.7 FHOOV DFURVY 7UDQVLWLRQ WR LGHQ!'
2IWKH WUDQVFULSWY DQDO\WHG E\ PLFURDUUD\
KLWQH\ 8 VFRUH RI |JHUR 21 WKHVH ZHUH RLWKYWGE I

[ 7KLV JHQH OLVW ZDV VSOLW LQWR WUDQVFULSWYV
WUDQVFULSWYV DQG WKRVH ZKLFK ZHUNHKRZ3QUHBXXO /M B
GRZQ UHJXODWHG +'( JHQHV ZHUH VHSDUDWHO\ VXEPLWW

IRU IXQFWLRQDO DQQRWDWLRQ FOXVWHULQJ
7UDQVFULSWLRQDO DQDO\VLV RI 1.7 FHOO OLQHDJH

*HQH 2QWRORJ\ DQDO\VLY ZDV SHUIRUPHG RQ XS
'$9," WLRLQIRUPDWLFVY 5HVRXUFHVY 7KH WRS XS UHJXODW
6FRUH ZDV GRPLQDWHG E\ LQWHJUDO SODVPD PHPEUD
FDWHJRULHV 63B3,5B.(<:25'6 OHPEUDQH UHSUHVHQWLQJ
%RQIHUURQL FRUUHF@GIGOSFRSURWHLQ %RQIHUURQL FRU
6HYHUDO IXQFWLRQDO IDPLOLHV RI LQWHJUDO SODVPD Pt
LQFOXGLQJ 7RO0 OLNH UHFHSWRUV 7/5 DQG UHF

,PL7*)EDQG 71)5 VXSHU IDPLO\ PHPEHUV E D C
FKHPRNLQHV &&5 &:&5 DQG * SURWHLQ FRXS
& % LQWHJULQV DOSKD ( / 9 DQG )* *$3

DQG DQG OHXNRF\WH GLIIHUHQWLDWLRQ PDUNHUV &'
$ % /N$ & *DQG /\ 7KH GLIIHUHQ\

VHYHUDO WUDQVFULSWY HQFRGLQJ LQWHJUDO SODVPD P}
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'3 1.7 FHOOV DQG &' 1.7 FHOOV LV VKRZQ LQ )LJXUH V

FRQILUPHG E\ IORZ F\WRPHWU\ WKH VHFRQG DQG WKH IR:

Figure5.1. Expression profiles of genes encodintggral plasma membrane proteinacross Transition 25ene
expression o€cr2, Ccr7, Cdthe first row), Cd25, @53 andCd278 (Icgghe third row) as determinedy
microarray ata were generateavith assistance frordr. Margaret Jordaand Prof. Alan Baxt@r The differences
in protein expressiotevekwere confirmed by flow cytomey (the second'ow andthe last row, n=56 mice per
groupin CCR2 and CCRY7 expression experiment§mice per group ittD5, CD25, CD&Spression experiments
MannWhitneyU test, ** p<0.01,*** p<0.MOL).
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2] WKH XS UHJXODWHG +'( WUDQVFULSWY DPRQJVW W
H[SUHVVHG 0DQQ :KLWQH\ 8 VWDWLVWLF WKHUH ZHUH
LPPXQRPRGXODWRU\ DQG LQQDWH OLNH FXWUDRNWHULVWL
6HPD D $UWDRQESEWWE)LJ

Figure5.2. Expression profiles of genes related to lineage commitment across TransitiGe2e expression dfirl,
Nkg7,Semaddthe first row) Art2b, S1prl, ZbtbX e third row)as determined by microarray (data were generated
with assistance from Dr. Margaret Jordan and Prof. Alan Baxter). The differences in transcriptional levels were
confirmed by gPCR (the second row and the last o6 for DP NKT cell samples, n=5-7 for CD4 NKT cell samples;
data were generated with assistance from Dr. Morgane Moreau; Mann-WHitiest, ** p<0.0J).
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7OUHQFRGLQJ 7RO0 /LNHZBNFXSWRUXOD®WHG IROG L
FHOOV FRPSDUHG WR '3 1. WFHO/QW 3/5 [SOD\V D IXQGDPH
SDWKRJHQ UHFRJQLWLRQ DQG DFWLYDWDRQ RDB@RDRWH L

INJHQFRGLQJ 1DWXUDO .LOOHU &HOO *UDQXOH 3URW
&' 1.7 FHOOV FRPSDUHG WR '3 1W FHOWV 1S* LV DVVRFLD
WKH FHOO PHGLDWHG F\WRQRRIGA @ JQAHP\DHE KRHPAL D$ ZDV
IROG LQ &' 1.7 FHOOV FRPSDUHG WRW 37 #l VAWFH®@% $SLV D
LQWHJUDO PHPEUDQH SURWHLQ UHTXLUHG IRU 7K GHYLD!

.XPDQRKHWKD O

,Q DGGLWLRQ D QXPEHU RI RWKHU 1.7 FHOO DVVRFLD
LQ WKLV WUW@E/LWLRROG FRRQJHHQFBBLQUERV\OWUDQVIH
E WKDW PHGLDWHY DSRSWRWLF W HOW L RED BW T FRHID0U B X §
1.7 FHOOWV&KHQ 6 SU S | ) & HQFRGLQJ 6SKLQJRVLQH

5HFHSWRU ZKLFK SOD\V DQ LPSRUWDQW UROH LQ O\PSKI
=EWES [ )& HQFRGLQJ 3URP\HORF\WLF /HXNDHPLD =L
WUDQVFULSWLRYZG LD FHARID WKDWLE QLIYGWR 1.7 FHOOV DQG |
FHOOV 7KHVH GDWD LQGLFDWBG@. W KB WODDXMVRF IUDPHB R X U
ZHXIS UHJXODWHG LQ LPPDWXUH &' 1.7 FHOOV FRPSDUHG

FRQILUP WEKWGIDYBYWH DO WKDW 3/=) H{SUHVVLRQ LQ 1.7 FH

EHWZHHQ 6WHIGHH Y QRS P HIQW DEH Y DJ H

7KH VWURQJ XS UHJXODWLRQ RI VXFK D ZLGH UDQJH F
VXUIDFH H[SUHVVHG LQWHJUDO PHPEUDQH SURWHLQV VX
1.7 FHOO OLQHDJH FRPPLWPHQW &RQVLVWEMER KAIFK KL W KL

UHVSRQVLEOH IRU GULYLQJ WKH LQQDWHHMW. DK GLITHUHOQ\
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Figure5.3. Expression profiles of 69 transcripts, which were reported by Sawetga. (2008) to be

modulated by PLZF he heat map shows the expression of thé8etranscripts by 4 different cell types (P1

DP T cells, P2: DP NKT cells, P3: CD4 NKT cells, P4: DN NKT cells), 7 biological samples per cell type, across 3
transitions. Pie charts show proportion of transcripts with 4 different statistic categories (up-regulated and U
statistic = 0, up-regulated and U statistic > 0, down-regulated and U statistic = 0, and down-regulated and U

statistic > 0) across each of the 3 transitions.
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FRQGXFWHG D FRPSDULVRQ RI JHQRPH ZUBHRWHXWQQMUEZEW
WKDW LQ :7 PLFH 7KH DXWKRUV LGHQWLILHG JHQHV EH
WHVW ZKHWKHU WKH XS UHJXODWLRQ RI =EWE DFURVV 7
H[SUHVVLRQ RI 3/=) WDUJHWHG JHQHV GXULQJ 1.7 FHOO G
OHYHOV RI WKH JHQHWWGH®Q W )LLUHG E¥YBOMDIBUHVVLRQ
UHYHDOHG WKDW RlI WKH JHQHV KDG D 8 VWDWLVWLF
&KL VTXDUH FRQWLQJHQF\ WDEOH WKH YDVW PDMRULW\

7KHVH GDWD DUH FRQVLVWHQW ZLWK 3/=) H[SUHVVLR1

GHYHORSPHQW DFURVYV 7UDQVLWLRQ

2YHUDOO WKH FRRUGLQDWHG H[SUHVVLRQ RI WKH LQ
WUDQVFULSWLRQ IDFWRU 3/=) DQG WKH VXEVHTXHQW XS |
IXQFWLRQDO UHFHSWRUV DVVRFLDWHG ZLWK 1.7 FHOO LP
FHOO OLQHDJH FRPPLWPHQW RFFXUUHG DFURVYVY 7UDQVLW

UHSRUWHGHW ®DYDJH
TUDQVFULSWLRQDO HYLGHQFH RI 1.7 FHOO VHO

7KH DVVRFLDWLRQ RI 1.7 FHOO 7&5 YDOLGDWLRQ ZLW
FRPPLWPHQW ZLWK 7UDQVLWLRQ UDLVHG WKH LVVXH RI
SUHVXPDEO\ FRXOG QRW RFFXU BWWHU WSKKE®D 7 WO IDVEXR
PLFURDUUD\ DQDO\VLYVY Rl WUDQVFULSWLRQDO FKDQJHV G
WUDQVFULSWYV EHWZHHQ '3 WK\PRF\WHVURRDWBHLFE QRW L
& %/ % P $E "°ZLWK WKRVH IURP SRVLWLYHO\ VHOHFWLQC
DQG HLWKHU ) RU 3 ‘H ZHUH DEOH WR LGHQWLI\ HTXLY
IRU RI WKH WUDQVFULSW W @ H DRUBHLE E\XEXDIYIXODWH G

FRQYHQWLRQDO 7 FHOO VHOHFWLRQ )LJ 21 WKHVH
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7TUDQVLWLRQ 16 &KL VTXDUH FRQWLQJHQF\ WDEOH (
GLG DFURVYV 7UDQVLWLRQ S 21 WKH WUDQVFULSW
WUDQVLWLRQV WUDQVFULSWY ZHUH XS UHJXODWHG LQ
LPPDWXUH '3 1.7 FHOOV DFURVV 7UDQVLWLRQ ,Q FRQW!
7TUDQVLWZRQ@HUH XS UHJXODWHG DFURVYVY 7UDQVLWLRQ

H[SUHVVLRQ E\ ! 7TKHVH GDWD DUH FRQVLVWHQW ZLWK

7UDQVLWLRQ

Figureb.4. Expression profiles of 32 transcripts, which were reported by Huanhgl. (2004) to be involved in
positive selection of conventional T cell. The heat map shows the expression of these 32 transcripts by 4
different cell types, 7 biological samples per cell typeRie charts show proportions of 32 transcripts with 4
different statistic categories (up-regulated and U statistli; up-regulated and U statistic > 0, down-regulated

and U statistic = 0, and down-regulated and U statistic > 0) across each of the 3 transitions.
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Figureb.5. Expression profiles of 56 transcripts, which were reported by Mitlal. (2004)}o be associated
with positive selection of conventional T cell¥he heat map shows the expression profiles of these 56

transcripts by 4 different cell types, 7 biological samples per cell type.

OLFNW DO LQYHVWLIJDWHG JHQHV UHJXODWHG GXULC
FRPSDULQJ JHQH H[SUHV&'LRGRKEPQBHSRNVNQWLYH + '3 WK\F
27, WUDQVJIJHQLF PLFH WKDW KDYH UHFHLYHG W UG WJ IHIQLI
PLFH WKDW KDG QRW UHFHLYHG D VLIJQDO 7KHLU GDWD L
GXULQJ SRVLWLYH VHOHFWLRQ RI FRQYHQWLRQDO 7 FHOUC

JHQHV LQ RXU PLFURDUUD\ GDWD ([SUHVVLRQ FRPSDUL
WUDQVLWLRQV LQGLFDWHG WKDW JHQHV ZHUH VLJQLILF
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KLWQH\ 8 VWDWLVWLF )LJ ,Q FRQWUDVW RQO\
DFURVYV 7UDQVLWLRQ DQG JHQHV DFURVYV 7UDQVLWLRQ
K\SRWKHVLV WKDW SRVLWLYH VHOHFWLRQ RI 1.7 FHOOV R
FHOOV DQG &' 1.7 FHOOV

7TDNHQ WRIJHWKHU WKH DERYH ILQGLQJV VXJIJHVWHG
RFFXUULQJ EHWZHHQ '3 1.7 FHOOV DQG &' 1.7 FHOOV DQC

VHOHFWLRQ SRSXODWLRQ
JXQFWLRQDO YDOLGDWLRQ RI SRVLWLYH DQG QHJDWI

,Q RUGHU WR IXQFWLRQDOO\ YDOLGDWH WKH ILQGLQJ®
VHOHFWLRQ RI 1.7 FHOOV RFFXUV DFURVY 7UDQVLWLRQ

QHIJDWLYH VHOHFWLRQ RQ LPPDWXUH 1.7 FHOOV

(IITHFWV Rl IDLOHG GIRY IPMIOGHE IBHFWLRQ R

7K\PISRVLWLYH VHOHFWLRQ LV WKH SUHIHUHQWLDO G
PRGHUDWH DYLGLW\ IRU WKH HQGRJHQRXNWWODIDQGW RV WK
ZHOO GHPRQVWUDWHG WKDW &' G IXQFWLRQV DV DQ DQWL
HQGRJHQRXV JO\FROLSLG OLJDQGV IRU SRVLWLYH VHOHFW
5DXOHW:HHW DO *RGIUH\ DQG %HU]JLQV 7KXV LQ RU
W KRV LWLYH VHOHFWLRQ RFFEMKMW PEWRVW 70D JVEWQAQ L@

RI 1290 7 JPHFUHSDEVHQWOHFWLRI BPALOQBVELWRRKQH HITHFW

GHOHWLRQ RI & G RQ WKH GHYHOR®YPHYWD R QPP BWHIH 1.

(IN'HFWV Rl IDLOHG SRVLWLYH WAOHMFPWERQ RQ 1.7 F

7TDUWHG GHOHWLRQ RI &' G ZBN BHEBRUPHBURY V12Q J

12' 9D 7J PHFZLWK&IRZ'GPLFH 7KH ) PLFH ZHUH LQWHUFURYV
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12' &G GO 7J PLFH M™QBLVSOHHQV ZHUH FROOHFWHG IURP
12" &G G 129D 7J DQG &6 G 7J PHFDQG VLQJOH FHOO VXV

SUHSDUHG &HOOV ZHUH WKHQ VWDLQHG ZLWK IOXRUHVFF

IORZ F\WRPHWU\

# NKT cells (x10 )

# NKT cells (x10 )

# NKT cells (x10 )

# NKT cells (x10 ©)

Figure5.6. Effects of targeted deletion of CD1d on NKT cells from N4 Tgmice. A.Representative FACS
plots show the mean frequencies (xSEM) of thymic NKT cells in total thymocytes of NRODTH1d,

NODV 24Tgand NODCd1d".V 24Tgmice.B. Dot plots show mean frequenciesmd absolute numbers of thymic
NKT cellsC.Representative F&S plots show the mean frequenci@SEM) of splenic NKT cells in total
splenocytes of NOD WNODCd1d", NODV 24Tgand NODCd1d "V 24Tgmice.D. Dot plotsshow mean
frequenciesand absolute numbers of splenic NKT cells. n=18@D WT group, h=6 forobcdad’,

NODV 24Tgand NODCd1d".V DA4Tggroups.
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JORZ F\WRPHWULF DQDO\VLV LQGLFDWHG WKDW LQ 12
UHVXOWHG LQ WKH ORVV RI DOPR¥W 'D3 @&/ HWQ FBHRONK WIKGH
WK\PXV DQG WKH SHULSKHU\ LQ DFFRUGDQFH ZLWK SUHY

&ROH DQG 5D XOHIW DO "HL

,Q VKDUS FRQWUDVW WER\RIGF QYT FHPKRZ HURP
VLIQLILFDQWO\ LQF W} DOVHBJ FRHESDAMIGRWRK 1.7 FHOOV LQ
ZHUH VHYHUHO\ GHSOHWHG )LJ %RWK WKH SURSRUW
1.7 FHOOV ZHUH PRUH WKDQ GRXEOHG )RU H[DPSOH WKH
LQFUHDVHG IURP RI WRWDO7 W IR RFRWHM. G G2°
9O 73 FH S 0DQQ :KLWQH\ 8 WHVW ZKHUHDV WKH DE
FHOOV URVH IURPOOV LQ 12'PFH WR FHOOV LQ 12' &G G

9O 7J FH S yLJ

7KH PDVVLYH H[SDQVLRQ RI 1.7 FHOOV LQ WKH WK\PX"
RI 12&G G 7J BFH V) XHIQHKIWDW WK\PLF 1.7 FHOOV ZHUH SUH
XQGHUJRLQJ SRVLWLYH VHOHFWLRQ LQ WKH DEVHQFH RI
LGHQWLI\ WKH PDMRU SRSXODWLRQ FRQWULEXWGQEG WR W]
W 7J FIH RU LGHQWLI\ WKH VWDJH DW ZKLFK 1.7 FHOOV X
1.7 FHOO VXEVHWYV ZHUH H[DPLQHG XVLQJ VWDJH VSHFLIL

&' 1. DQG SUHVHQWHG LQ )LIJXUH
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# NKT cells (x10 )
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# NKT cells (x10 )

# NKT cells (x10 )

Figure5.7. Effects of targeted deletion of CDbad thymic NKT cell subseis NOD WT and NOW.24Tg nice. A.

CD4/CD8 NKT cell subs@&sCD24/CD44 NKT cell subs€t€D44/NK1.1 NKT cell subsets. For all, representative
FACS plots show the mean frequencies (tSEM) of thymic NKT cell subsets in total NKT cells from the thymi of NOD
WT,NODCd1d", NODV D4Tgand NoDCd1d "V D4Tgmice.Dot plots show mean frequefiesand absolute

numbers of thymic NKT cell subsets in total NKT @&lisNKT cell gates applied are illustrated in Figéra.n=10

for NOD WT group, n=6 fdlODCd1d", NODV 24Tgand NODCd1d".V 24Tggroups.
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JORZ F\AWRPHWULF DQDO\VLV RI WK\PLF 1.7 FHOO VXEV
1.7 FHOOV SUHGRPLQDQWO\ H[SUHVVHG RPDW X4 SKHQRV
&' K Q0 VKDUS FROQAWOBFWFH QWIKH IHZ UHPDLQLQJ 1.7 FHC
VRZHG DQ LPPDWXUH SKHQRW\SH'&LWKDQG3 &R&:
1. )LJ ,@Q@ 20D 7JPLFH WKH SURSRUWLRQ RI WK\PLF
IURP RI WRWDO WKIP RFEPWAN WER RYHU &G GQ 12J
PLFH S 0DQQ :KLWQH\ 8 WHVW )LJ $ 7KH YDVW P
FHOOV K@ GBD 7JPLFH H[SUHVVHG WKHELPPAEAWXUH &'

SKHQRW\SH )LJ % DQG &

:LWK UHJDUG WR DEVROXWH QXPEHUV WK\PLF '3 1.7 F
IURP FHOOV LO 72'®BFH WR FHOOX &G G 7J PHF
S 0DQQ :KLWQH\ 8 WHVWSD A PHFKD G12'g" "t
&' °R4 .7 FHOOV Z&GO®WDLZIPLFH KDG D PRUH WKDQ IROG
FHOOV S ,Q FRQWUDY&' FPWXUFHORWEZFH&H DOPR)
FRPSOHWHO\ GH&® KOPHBIRIQFH2'7KH QXPEHUV RI PBWXUH W
&' %7 FHOOV GHFUHDVHG PRUH WHKII®V IR UEBRAVR |
[ FHOOV &Q G2 7JPLFH S 7KHVH GDWD LQGLFDW
LQ WK\PLF 1.7 FHOOV ZDV SULPDULO\ GXH WR DQ LQFUHDV
7KH PDWXUDWLRQDO DUUHVW RI LPPDWXGHGI9B YJPIFFHOOV L
VXJIJHVWHG WKDW WKHVH LPPDWXUH '3 1.7 FHOOV IDLOHG
GHYHORS IXUWKHU LQ WKH DEVHQFH RI WKH DQWLJHQ SUH
7KLV ILQGLQJ VXSSRUWHGWH KV$RWKIHV LY . W IKBIW OWK H

UHSUHVHQW D SUH VHOHFWLRQ SRSXODWLRQ
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(IMTHFWV RI IDLOHG SRVLWLYH VHOMFPDWLRRQHRQ LPPD

yWMWeBIHQ UHSRUWHG WKDW WKHUH DUH GHILFLHQFLHYV
PLFH FRPSDUHG WER WY RMIGHRRXR/PMPRW U D QYK H AKLYFHKUBHHW X G XWF
ERWK 1.7 FHOO QXPEHUV BHWGD®& Q PAMHRQDUWR P ERIGHWHD O

SRXBWRO +DPPHROQ®O TKHUHIRUH WR FRQILUP WKI
DUUHVW RI LPPDWXU®' '®&D179PRHFE AW MDKH FRQVHTXHQFH RI
&' G HQGRIJHQREXG ODVDBEHSOHWB G/ JIPIRPPHYE FURMNERDI %
PLFH ZLWBGY¥WPLFH 7KH UHVXOWLQJ ) PLFH ZH®H GQWHUFUI
90 7JPLFH 7K\PL VSOHHQV DQG OLYHUV ZHUH KDUYHVWH(

F\WWRPHWULF FRPSDULVRQ RI WKHLU 1.7 FHOOV WR WKRVH

)ORZ F\WRPHWULF D QDR® \'V LKL BW KNHDUOBHSOMBIDAR &
DOVRVXOWHG LQ WKH. ORNY QM DLGRHRENAL I8 G VKRS
OLYBQ@GSOHHQV ,Q FRWHDQMXPEHU RI WK BFG 1IGIDFHIO OV
PLFZDV PRUBQ TXDFRDFRUE® QW ZHWVISHULSKHKBO 1.7 FHOC
SURSRUWKWQRRFHODAM HDVHGRWRR DO WKWP®RF\IPVFR |
WROPRVW® &G G 7JPLFH 7KH DEVROWWWIQKPEBOV RRVH
IURP[ FHQQWH 7JPLAMRERXW FHQ@WV&G GO 7J )LJ

7HKAMHGDWD L Q G IDADI\M WG GV RBIVBHG BR Q7 FPILAHKRZHG D VLPLQ
HITHRFQV1.7 AHODW GLG RD2WHOR VI LBRKD UD FW H (PLDARVG. EN W K

LQFUHDVH LQ WYX P FHMYV&HHOMHWLRQ RI SHULSKHUDO 1.7 F
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Figureb.8. Effects of targeted deletion of CD1d on NKT cillB6.V 24Tg miceA. Representative FACS

plots show the mean frequencies (tSEM) of thymic, hepatic and splenic NKT cells in total cells from the thymi,
livers and spleens, respectively,BﬁWT,BGCdld', B6V 24Tg and6Cd1d".vV DA4Tg miceB. Dot plots

show mean frequeriesand absolute numbers of thymikhepatic and spleniblKT cells. n€ifor B6WT, n=1

for BECd1d", n=5 forB6V 24Tg anch=7 for B6Cd1d .V 24Tgmice.
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'H QH[W LQYHVWLIJDWHG WKH WK\PLF 1.7 FHOO VXEVH)\
WKH DEVHQFH RI & G 7K\PLF 1.7 FHOO VXENRAWYGEHUH FRF
% &G GO 7JPLFH E\ IORZ F\WRPHWULF DQDO\VLV XVLQJ VWI
&' &' DQG &' 1. 2XU GDWD UHYHDOHG WKDW WKH LQF
ODUJHO\ DWWULEXWHG WR WKH DFFXPXODWLRQ RI LPPDW;
WKH SURSRUWLRQ RI LPPDWXUH WK\PLF '3 1.7 FHOOV URVF
% 90 7JPLFH WR RYH&QG G 7PLFH LWK UHJDUG WR DEVRC(
WK\PLF '3 1.7 FHOOV LQFUHDVHG PR UAHWEDB® Q7 IWLLPHH W R U F

[ FHOOWGQY 7JPLFH S )L J $

# NKT cells (x10 ) # NKT cells (x10 ®)

# NKT cells (x10°°)

Figure5.9. Effects of targeted deletion of CD1d on NKT cell subseB6YV 224Tg mice A.CD4/CD8 NKT cell
subsetsB. CD24/CD44 NKT cell subs&CD44/NK1.1 NKT cell subsets. For all, representative FACS plots
(left panels) show the mean frequencies (+SEM) of thymic NKT cell subsets in total NKT cells from the thymi
of B6V 24Tg andB6Cd1d".V N4Tg mie.Dot plots (right panelsshow mearfrequendesand absolute

numbers of thymic NKT cell subsets in total NKT deils.NKT cell gates applied are illustrated in Figuge

n=>5 for B6V 24Tg and n=7of B6Cd1d .V 024Tg mice.
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:LWK UHJDUG WR &' &' DQG 1. H[SUHVVLRQ WKH
WK\PLF 1.7 FHOOV H[SUHVVH& WKA LPBKMRBMW\WH )LJ
DQG & 9YKAMHJIPLFH KDG &' ““&' °Ff4 .7 FHB @G G
9D 7JPLFH KDG D ! IROG[ LQFHIGIOV HSW R 0DQQ :KLWQH\ 8
FRQWUDVW PRWXUB.Z2'FHOOV ZHUH SURIRXQGO\ GLPLQLVK
% &G @D 7J7KHU QXPEHUV IHOR @B UHRPKBHDOV SHU WK\PX'
% 9D 7JPLFH WR %RHID QYW L7TQPLFH S ,Q VXPPDU\ WK
PDWXUDWLRQDO DUUHVW RI LPPDWXI{CHGI 17IPER B OVLIPQ O\
WR WKDW IRX® @DQ7IRLFH 7KH LPPDWXUH WK\PLF '3 1.7 Ft
12' DQGO9® 7JPLFH IDLOHG WR XQ G HIUQ\RK B ROVELWHLQY FHH VRHIO&H FGV
WRJHWKHU WKHVH GDWD DOVR VWWBRQOBOKNXSSRUW WKH k

& ©°Rf. 1.7 FHOOV D$ISH NHIDGIWWLRQ SRSXODWLRQ
(IIHFWV Rl HQKDQFHG DHDDWHYIRBHOWMRWLRQ E\

| LPPDWXUH '3 1D3 UFH Y6I'Q HDAMALRQ SRSXODWLRQ RI 1.
VXEMHFWHG WR QHJDWLYH VHOHFWLRQ 1HJDWLYH VHOHF
DSRSWRVLV RI WK\PRF\WHV ZLWK KLJK DYLGLW\ IRU WKH
IUHTXHQF\ Rl 7 SUHEXUVRUV IRU DQ\ JLYHQ DQWLYHRQ LV J
PRGHOV Rl QHJDWLYH VHOHFWLRQ HLWKHU LQYROYH LQ D
.LVKLPRWR DQG 6SUHQW UHVSRQVHV WR HQGRJHQR
OLJDWH ZKROH |DPEIODHYVRI. I8® ®HU-H@NLQVRQ RU W
7&5 WUDQVJHQLF HPWFBIO % DIOIGF @&HU LV QRW WHFKQLFDO
VXSHUDQWLJHQ LW LV D VWURQJ 1.7 FHOO DQWLJHQ JO\F
RI D H[SUHVVLQJ 1.7 FHOOV IROORZLQJ SUHVHQWDWLF

HW DO DQG MFIOISWHEIRW RI FDXVLQJ WKHLU QHJDWLYH VH!
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VIVWHPLFDOO\ RU LQWUDWK\PIHFPDGH BRHMDORHBULWIRVIROOF

QHIJDWLYH VHOHFWLRQ LQ 1.7 FHOO GHYHORSPHQW
(IMHFWV RI LQWUD Y HI®O& HU YR QL .M HFFMDICRIPLIAH. 2

7KH HITHFW RI QHJD3WENH VHEOHPFWLRQIRQFHOOV LQ W
WK\PL RI9D27J PHFZDV H[DPLQHG E\ L YD 1mMOBHAW LIRGRI —
VXEVHTXHQW DQDO\VLV E\ IORZ F\WRPHWU\ :LWKLQ KR>
1.7 FHOOV LGHQWL1REGUDBI\G XF KGGW H WP RI WRWDO WK\P

12'9D0 7 LQMHFWHGWR WD 3Bp@&HU LQMHFWHG PLFH )LJ

# NKT cells (x10 ) # NKT cells (x10 )

# NKT cells (x10 )

Figure5.10. Effects of enhanced negative selection on NKT cells in N@EATg mice by u. DGalCer
administration. A.Representative FACS plots show the mean frequencies (zSEM) of NKT cells in total cells from
the thymi, livers and spleens of PBS dn@alCer injected NQW24Tg miceB. Dot pbts show mean

frequenciesand absolute numbers of thymibepatic and spleniblKT cells. n=10 feach group
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,Q WHUPV RI DEVROXWH QXPEHUV WK\PLFFHOOPH®®YV

[ FHOODR *DIWAHU LQMHFWLRQ S 0DQQ :KLWQH\ 8 WI
WK\PRF\WHV KDG RQO\ VOLJKWRHCIHF B8 D\2HR QUIREIR OV R

[ FHODVYDIO@HU LQMHFWHG PLFH S ,Q FRQWUDVW

LQ 1®D 7JPLFQMHFWBGDOAHKW IURPFHOPV SHU OLYHU RI W
PLFH WR FHOOV SHU OLYHU RI WKH WUHDWHWRLFH S

LQ WKH VSOHHQV S )LJ 7KHVH GDWD DUH FRQV

DFWLYDWLRQ DQG SUROLIHUDWLRQ

JORZ F\WRPHWULF DQDO\VHV RI WK\PLF 1.7 FHOO VXE'
UHGXFWLRQ LQ WK\PLF 1.7 FHOOV ZDV FRQWULEXWHG E\ LU
RI WRWDO WK\PLF 1.7 FHOONQLD EREW WR O HPEWH GVRLFH
0DQQ :KLQH\ 8 WHVWQ)WHUPV$RI DEVROXWH QXPEHUV WK
GHFUHDVHG IURHPPOOV[LQ FRQW URXH O DNBIORAH U LQMHFWHG |
S )LJ $ ,0 FRQWUDVW WKH SURSRUWLRQV RI W
FHODWIZIQLILFDQWO\ ROFO&BY MGU HQ WHKG PLFH S D

VKRZHG PRGHVW UHGXFWLRQV LQ WMBHUPIV RI DEVROXWH Q'
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Figure5.11. Effectof enhanced negative selection on thymic NKT cell subsets in N@ATg mice by.v. D
GalCer administration. ACD4/CD8 NKT cell subs@&sCD24/CD44 NKT cell subs&sCD44/NK1.1 NKT cell
subsets. For all, representative FACS plots (left panels) show the mean frequencies (+SEM) of thymic NKT cell
subsets in total NKT cells from the thymi of PBS Bi@hICer injected NQW24Tg mie. Dot plots (light
panels) show mean frequenciasd absolute numbers of thymic NKT cell subsets in total NKTreell3 for
each group

'LWK UHJDUG WR &' &' DQO*DO&HUSDENNVQRQWUDW I
RQO\ WKH LPPDWXUM' WKYPLF &'7 VXEVHW 7KHUH ZHUH VL.
UHGXFWLRQV LQ ERWK SURSRUWLR DODQEEERFOXWH QXI
1.7 FHOOV LQ WKRBOM&K\W WRHDWHG PLFH ,Q FRQWUDVW W
PDWXUH"& DQG PDWX'YH &' 1.7 FHOOV ZHUH XQFKDQJHG
WRIJHWKHU WKH UHGXFWLRQ LQD3IOOAZAHHO@PHPWHEREY |

FRQVLVWHQW ZLWK WKL W GRS QOID W R QHEVH Q Bl FAX ERI® F W
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(IITHFWV Rl LQWUDWK\PL*P&H W R Q @ M HFMCR@\Y LFEIL E 24

'"HOLYHU\ RI VXSHUDQWLJHQ LV D SUHIHUUHG PRGHO |
OLJDQGYV DUH H[RJHQRXV ,QGHHG DV WKH QHJDWLYH VH
HQFRXQWHULQJ VHOHFWLQJ OLJDQGY FHOO GHDWK FDXV
YLVXDOL]HG ,W DOVR DOORZRDWEKH IV \WRG\ FRD WXUH | B MWBIOR/
H[SRVXUH LQ WKH VDPH VI\VWHP +RZHYHU WK\PRF\WH GH
QRQVSHFLILFDOO\ E\ WKH FRQFRPLWDQW ZLGHVSUHDG DF
F\WRNLQH UHOMDWH #KBRQ® WR PLQLPLVH WKH HIIHFWV RI
DFWLYDWLRQ LQ RXU PRGHO RI HQKDQFHG QHJB®MAVEYH VHC
PLFH ZWWHEMHFWHG WR LQW U DDA R\®& A U QIM H F\W DROQQRKIP E H-U V

VXEVHWY IURP WKH WK\PXV OLYHU DQG MBOHHQ ZHUH WK

JORZ F\WRPHWULF FHOO DQDO\VHVY LQGLFDWHG WKDW
GHFUHDVHG IURP RI WRWDO WKYBRFRHMWRY LQ IKRQWURO
12'9D0 7J PHFLQMHFWHG LQWUDWKWHU FPLAIO\ ZLWJIKQ DVHUPV F
QXPEHUV WK\PLF 1.7 FHOOWRIHOPHORF DIWHU LQWUDWK\!
DGPLQLVWUDWERQ RIQ FRQWUDVW WKH KHSDWLF DQG VS

XQFKDQJHG EHWZHH Q@ 326 &R WUNRKDAMNMHGGPLFH )L J
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Figureb.12. Effects of enhanced negative selection on NKT cells in N@Tg mice followingntrathymic
administration of DGalCer. ARepresentative FACS plots show the mean frequencies (+SEM) of thymic,
hepatic and splenic NKT cells in total cells from the thymi, livers and spleens, respectively, of PE® et
injected NODV 24Tg mie.B. Dot plots show mean frequetiesand absolute numbers of thymibepatic and
splenicNKTcells. n=5or PBS injected control mice and n=7 fioiceinjectedintrathymicallywith DGalCer

'LWK UHJDUG WR 1.7 FHOO VXEVHWYV WKH SURSRUWLEF
IURP RI WRWDO WK\PRF\WHVRIO® R %16QRK RIOMU RO KWPR. F L C
*DO&HU S ODQQ :KLWQH\ 8 7THVW )LJ $ $JDLQ V
PDWXUH &' 63 DQG 'l WK\PLF 1.7 FHOWRY LQFWBHDVH®QG@RF
IURP W R S UHVSHFWLYHO\ DOWKRXJK WKHLU I
VLIQLILFDQWO\ )LJ $ %RWK SURSRUWLRQV DQG DEV
&' ¥ ORPQG &RF. 1.7 VXEVHWYV VLJQLILFDQWO\ UHGXF
LOQOMHFWHG FRPSDUHG WR FRQWURO PLFH )LJ % & 7

LQWUDWXDRPKHU RQ GHYHORSLQJ 1.7 FHOOV DV GLVWLQF\

LOOXVWUDWHG E\ WKBXUVROBWE Y ARG HISPHOWAR Q! RI FRPSDL




3$57 % &KDSWHU 7UDQVL

WRKZE' KL °RERQYHQWLRQDO 7 FHOOV VH GDWD QRW
VXJIJHVWHG WKDW WKH HITHFIVVDRIEHQWRUD W.R\FP BB T QP M IF N

PLFH ZHULPH ODU WR WIIORDI® &H W D/VGWPHRQUFVWUDWLRQ

# NKT cells (x10 ) # NKT cells (x10 ©)

# NKT cells (x10 )

Figure5.13. Effects of enhanced negative selection on thymic NKT cell subsets in WQBATg mice following
intrathymic administration of DGalCerA. CD4/CD8 NKT cell subsé8sCD24/CD44 NKT cell subséls.
CD44/NK1.1 NKT cell subsets. For all, representative FACS plots (left panels) show the mean frequencies
(xSEM) of thymic NKT cell subsets in total NKT cells from the th{aBiSo€ontrols and intrathymically injected
mice.Dot plots (right panels) show mean frequéasand absolute numbers of thymic NKT cell subsets in total

NKT cells. n=5 for PBS injected control mice and n=7 for intrathymically injeicted

7TRIHWKHU WKH IDLOHG SRVLWLYH VHOHFWLRQ DQG V
LPPDWXUH '3 1.7 FHOOV VXSSRUWHG WKH K\SRWKHVLV WK

SUH VHOHFWLRQ SRSXODWLRQ RI 1.7 FHOOV RU UHSUHVHC(
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6800$5< 2) 0$-25 ),1',1*6

,Q WKLV FKDSWHIHQH Q@RPUHHXNVERQ FRPSDBUVEW LKROAD C
SURJWDDPANRFLDWHG ZLWK WKARAPID/WRQNI&®URDWERQCOM WR LP
1.7 FHORBN UHVXOWY VXJJHVWHG WKDW SRVLWLYH VHOHFYV

FHOOV RFF XWWW UDXQULLQVL R &

*HQH 2QWRJHQ\ DQDO\VLV RI XS UHJXODWHG +'( JHQH
VWURQJ XS UHJXODWLRQ RI D ZLGH UDQJH RI IXQFWLRQD(
VXFK DV 7RO0 OLNH UHFHSWRUV F\WRNLQH UHFHSWRUYV
GLIIHUHQWLDWLRQ PDNHUV 21 WKHVH WKHUH ZDV D SUH(
LPPXQRPRGXODWRU\ DQG LQQDWH OLNABWURSHUWHRD RI :
$UW E 6 SEEWEJGHVH GDWD VXJJHVWHG WKDW 7UDQVLWLF

OLQHDJH FRPPLWPHQW

&RPPLWPHQW WR WKH 1.7 FHOO OLQHDJH LV ZHOO NQ
H[SUHVVLRQ RI WKH LQQDW HWIUNGIVEG LPLSSHRFRG! © EOFAVRLFLID W
/HXNHELQDE QJBAE) HQFREEWHEBDYBWHDO :KLOKHWH ZDV QR

VLIJQLILFDQW GLIIHUHEMSBOQU HQS UHMERRIGWRRQ LPPDW X UH

FHOOV DQG LP.FRIPMXOMEWE DV KBIXODWHG RPROE WXDIQQJ WK
VXEVHTXHQW WUDQV'IBWILR G HORKN WRDLWRDWX0OBQD 1.7 VW
'KLWQH\ 8 VWDWLVRQNVLVWHQW ZLWK LPPDMQ@HH®' 1.7 FF

SRVLWLYHO\ KBIOHRWPMBESAHQEHADIH FRPPLWPHQW

7KH FRRUGLQDWHG H[SUHVVLRQ RI 3/=) DQG WKH VXE'
RI FHOO VXUIDFH IXQFWLRQDO UHFHSWRUV DVVRFLDWHG
SURYLGH HYLGHQFH WKDW 1.7 FHOO OLQHDJH FRPPLWPHQ

EHWZHHQ 6WDJH DQG 6WDJH +RZHYHU LW UDLVHG WK|
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VHOHFWLRQ HYHQW ZKLFK VHHPV XQOLNHO\ WRWWIHNH SO
JHQHV SUHYLRXVO\ GHVFULEHG DV VKRZLQJ LQFUHDVHG F
FRQYHQWLRQDO 7 FHOOW KEHIUR-P X% XJUWHH X80 D W FHAVXED HW  + X

OLFHNW DO 7KHVH GDWD DUH FRQVLVWHQW ZLWK 1.7 |

DFURVV 7UDQVLWLRQ

%\ FRPSDULQJ JHQH H[SUHVVLRQ EHWZHHQ '3 1.7 FHO
LGHQWLILHG D ODUJH QXPEHU RI JHQHV HQFRGLQJ PROHF
ELRORW\BH , 1.7 FHOOV DQG PDQ\ RI WKHP KDYH EHHQ YD

F\WRPHWU\ RQ DQ LQGHSHQGHQW VDPSOH VHW

KLOH SRVLWLYH DQG QHIJDWLYH VHOHFWLRQ RI 1.7 F
LV NQRZQ WKDW 1.7 FHOO GHYHORSPHQW LV PDUNHGO\ LF
PROHFXOH &' G %HQGHOD DB OH@EHYDWWD6RWOBIO HW DO

&ROH DQG 5DXOHW DO *BHIBMLQO DQG WKDW DGPLQLYV
D*DO&HU DW DQ HDUO\ VWDJH UHVXOWY LQ HW BHOOO GHY
&KXHW DO ,Q WKHVH VWXGLHVY GXH WR WKH YHU\ ORZ Q
PLFH WKH HIIHFW RI WDUJHWHG GHOHWLRQ RI & G DQG C
HI[DPLQHG RQ '3 1.7 FHOOV EXW LW ZDV SUHVXPHG WKDW
GHYHORSPHQW RI 1.7 FHOOV EHFDXVH WKH GHOD\ DGPLQL
)72& RU DW ZARMXNNOGRORBW GR VR RQ GLITHUHQYWILWHG 1.7
7KH SURGXFWLRQ RI YHU\ ODUJH QXPEHUV RI L®PPPDWXUH "'
WUDQWIHLFH KDV QRZ SURYLGHG DQ RSSRUWXQLW\ WR GL

VHOHFWLRQ LQ YDULRXV VXEVHWYV RI 1.7 FHOOV

7TDUJHWHG GHOHWLRQ RI &' GOURPPERWIGUIRDWEGG WKD

LV UHTXLUHG IRU IXUWKHU GHYHORSPHQW RI WK\PLF LPPI
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& G LPPDWXUH '3 1.7 FHOOV GLG QRW SURWDWWW R Q/X E
DFFXPXODWHG LQ WKH WK&RL GBS0 FRWHK A 2KB @® PRVW FRPS
DEVHQFH RI SHULSKHUDO 1.7 BRQO\D QG ER V&G 12 'PHE G

LV FRQVLVWHQW ZLWK IDLOHG SRVLWLYH VHOHFWLRQ RI
$GGLWLRQDOO\ LPPDWXUH '3 1.7 FHOOV ZHUH DOVR VXVF
WKH DGPLQIDMDOBRWURBRRVK LQWUDYHQRXVO\ DQG LQWUD\
DUH FRQVLVWHQW ZLWK WKH K\SRIMKWNQWRAWKIRY 'SRIS X G-Di\
SRVLWLYH VHOHFWLRQ RI 1.7 FHOOV RFFXUV EH®W@HHQ Wk

GHYHORSPHQW VWDJHV

,Q FRQFOXVLRQ WKH GDWD SUHVHQWHG LQ WKLV FKD
SURILOH RI SRVLWLYH VHOHFWLRQ DQG OLQHDJH FRPPLW
WKDW WKH HIITHFWV RI SRVLWLYH DQG QHIJDWLYH VHOHFW

SRSXODWLRQ + WKH LPPDWXUH '3 1.7 FHOO VXEVHW
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&+$37(5
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,1752'8&7,21

1.7 FHO®®'DAUBHSHQGHQW 7 FHOO VXEVHW WKDW PHG
UHJXODWRU\ IXQFWLRQV LQ VHWWLQJV RI DXWRLPPXQLW\
FHOOV FDQ EH GLYQGH& LORRE®H QHIJDWLYH '1l VXEVHW)\
+DPPRHME DO (EHHWW ®O RU &'1 DQG ¥XEVHWV LQ KXPDQ
3UXVVLQ DQG )RVWHU 1.7 FHOOV VKDUH WKHLU HDU
FRQYHQWLRQDO 7 F&'O 08 ROEVOIHO SWRK HWLIWHK L V3 'S R MWDWHL . 3
FHOOV EUDQFK DZD\ IURP FRQHWQWQRQDO 7DRHI DX E WHHTXE
JLYH ULVHRWR1&1.7 FHOOV *RGIUH\ DQG .UR@HDEHUJ
+RZHYHU ZKHWKHU WKH '3 1.7 FHOOV GRZQ UHJXODWH &'

WRIHWKHU WRREHFRERPH &HOOV LV VWLOO XQNQRZQ

1.7 FHOOV ZHUH RULJLQDOO\ UHSRUWHG DV DULVLQJ
& 1. 1.7 FHOOV H3WHOOLFFIKH\ WKHQ E&FRPH &'QG
‘1 1. E\ GD\ EXW NWLPIOQBHPDXENHW XQWLO ZHHNV F
&' G WHQULFKPHQW VWHWWHI\ %RODPHKDLGEQWINLHG &'
1. 1.7 FHOOV LQ WKH WK\PL RI QHZERUQ PLFH 7KLV FHC
JLYH ULVH WR '1 1.7 FHOOV DIW-AHU [PQ MR R SMIIRKIFE MVIRMLGR\F L
VWXG\ RI VWH RO ®H URSRIUWHG. WKHDOOV FRXOG JHQH
1. 1.7 FHOOV LQ DQ DGRSWLYH WUDQVIHU WR IHWDO WK
JHQHUDWH &'1.7 FHOOWHSRD®H )XUWKHUPRUH D ORZ EX\
OHYHO RI DFWLYDWLRQ E\ HQGRJHQRXV DQWLJHQ RQ WKH
‘1 1.7 FHOO GLIIHUHQWLDWLRQ LQ VHFRQGDU\ O\PSKRLG R

& 1.7 FHOOV EHFRPH '1 1.7 FHOOV DIWHNVW WA SHDWHG DFW

,Q DGGLWLRQ WR WKH GHYHORSPHQWIDGRGLIIHUHQFH
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FHOOV DUH DOVR IXQFWLRQROO1 .G LAMINDLAM WHHE ¥V H B/RU W'}
ERWK 7K DQG 7K F\WRNLWQH,V WDOXHX DVZKHUHDMN. &'
FHOOV SULPDULO\ SURGXPEHQ GK7 IHPHWR B OQHVXPE FW D O

,Q FRQWUDVWD PR XVHA.&FHOOV KDYH QR FOHDU GLII
SURGXFWLRQ *RGIUH\ DQG .URQIH@Q@EHUI1.7 FHO®WRWHKREP PL
UHSRUWHG WR SURGXFH DQ@GJH DRFRRRCR | OPIWHAWX G D
DO 6WHWDRQ &RMWEXWHDO +RZHYHWQ& "1 1.7
FHOOV DUH GLVWLQFW LQ WKHLU DEQOWWMWRWRDPEBGXO KW H
‘'T11.7 FHOOV DUH DEOH WR FRQWURO WXPRKHVUCCRUHRR W

VDPH OLYHRW &ULRZH

5HFHQW ZRUN VKRZHG WKDW VLPLODU WR 7K FHOOV
GLVWLQFW OLQHDJHV 1.7 1.7 DQG 1.7 DQG GLVFULPL
VXUIDFH PDUNHUV RU W UDVQ \DFOU L SMLARH) UD.FWRHB OMIH[SUF
7EHW/F 525 WL1.7 FHOOV H[SUHVV KLJK OHYHOV RI *$7!
3/=¥""%525 WDQG L1.7 FHOOV KDYH LQWHUPHGLDEMHWOHYHC
3/=y°"525 W/HHW DO 7KLV PHWKRG RI GHILQLQJ L1.7 FHOC
SUHFLVHO\ ZLWK F\WRNLQH SURGXFWLRQ WK\PLF 1.7 1.7
./ DQG ,/ UHVSHFWLYHO\ ZKHQ VWLPXODWBG ZLWK 3¢
(DFK VXESRSXODWLRQ H[SUHVVHV SDUWLFXODU F\WRNLQ}
H[SUHVVHV ,/ 5% DQG L1.7 H[SWNWDBV ,/:KI5Q :DWDRXQDV
ZLWK WKH FRUUHVSRQGLQJ F\WRNLQH HDFK VXEVHW SUR

WKHLU VXEMVWHWD@OWDUDL

SHFHQW VWXGLHV KDYH DOVR XQFRYHUHG DOWHUQDW

LQFOXGLQUD.7 7 BHYW''H.7 7HUDMMLPD DWDNMDIO DQG
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525 WL.7 FHOOV OLFHKWE&RIXHHWWO 'RLA@H O 7

ENW1.7 FHOOV FDSDEOH RI SURGXFLQJ ODUJH DPRXQWV F
GLIIHUHQWLDWLRQ SURGXKMWDIOD 9% FEMEHD 06 HGQRIZHYIHU LW
VKRXOG EH VWUHVV WKDW WKHVH FHOOV DUH QRW IX0OO\
D VLQJOH FHOO EDVLV DOWKRXJK WKH DPRXQW RI ,/ LV
GHYHORSPHQWDO VWHIHVDQKH5 2674 VXEOLQHDJHYV DUH U
PLFH EXW FDQ EH GRPLQDQW LQ RWKHU VWUDLQV RU LQ Y
PRUH DEXQGDQW LQ %$/% F PLFH SUHGRPLQDWH LQ WKH
PRVWO\ IRXQG LQ SHULSKHUDO O\PSK QRGHV GUDLQLQJ W

DQG OLYHU

+RZHYHU LW LV UHSRUWHG WKDW FHUWDLQ F\WRNLQ
H[DPSOH 7HW®®HFDRXVO\ VKRZHG WKDWH& OV VLPLODU
1.7 H[SUHVV ,/] 5% D UHFHSWRWIBO ,/ ,/ 7THVDINKLWBNL
SURGXFHG E\ VWURPDO FHOOV WKDW FDQ SWRPEWH WKH
,QGHHG K&' SRVLWLYH ,/ SURGXFLQJ FHOOV ZHUH IRX
SRSXODWLRQ ERWK LQ % DQG %$/% F PLFH :DWDUDL DQC
L1.7 FHOOV FRXOG SURGXFH ,/ ZKHQ H[SRVHG WR H[RJHC
GHILFLHQF\ SDUWLDOO\ SUHYHQWHG WKH GHY H®RAS POQ W

+RZHYHU % 1.7 FHOOV SURGXFH OHVV ,/ WKDQ %$.
,/ 5% H[SUHVVLRQ DQG % 1.7 FHOOV DOVR H[SUHVV ,/

VXIITLFLHQW WR GULYHHWO SURGXFWLRQ /HH

JXUWKHUPRUH LW ZDV VKRZHG WKDW VWDJH DQG VYV
SRSXODWLRQNHOOV5WKDW PDNH XS L1.7 DQG LEHOOWXEVH
WKDW DUH SURJHQLWRUV RHWKIMHOL1ZKL\OHEVYHW VXWWDHWLL

HTXLYDOHQW WR VWDJH L1.7 FHOOV ,W LV ZRUWK QRWL
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SDUWLFXODU F\WRNLQHV \HW XQGHU DQWLJHQ VWLPXOD\
SURGXFH DOO F\WRNLQHV )RU H[DPSOH ZKHQ VWLPXODW
30$ LRQRP\FLQ RU .*& D ODUJH SURSRUWLRQ RI WKHVH
RWKHU VXEVHWY SDUWLFXODUO\ ,/ DHW DO ORMK HDR K
VXEVHW H[SUHVVHG VRPH F\WRNWQB® R FHRWKIMEDWXEVHWYV
.URQHQEHUJ DQG FROOHDJXHV DOVR IRXQG WKDW WKH L1
VXESRSXODWLRQV LQ ZKLFK RQH H[SUHVVHG D ODUJH DP

SURJUHVVLRQ LQGLFDWLQJ WKDW LW LV OHMHDOD SURJH

7KHUH DUH DOVR GLYHUVLILHG IXQFWLRQV DPRQJ 1.7
H[DPSOH SXULP&BGWK\PLF 1.7 FHOOV SURGXFHG D KLJKHU
HVSHFLDOO\ ,/ WK D@ 5/15.0 HQICFO1IH W D@J <D QHW DO
DOVR LQGLFDWHG WKDW WK\PLF DQG D/3® HQRR XIVH FR\OJDWL
GLIIHU LQ WKH H[SUHVVLRQ RI DFWLYDWLRQ PDUNHUV DQ
'KLOH VSOHQLF 1.7 FHOOV UHTXLUHG ERWK 7&5 DQG &' P
HQJDJHPHQW RI & KDG QR GHWHFWDEOH HIIHFW RW WKH
DO 6LPLODUO\ WKH HQJDJHPHQW RI &' OLJDQG &' .,
FHOOV GLG QRW DIIHFW WKHLU F\WRNLQH SURGXFWLRQ L

F\WRNLQH SURILOH RI VSOHQLF 1.7 EBHQMDBO+D\DNDZD HW

7KH IXQFWLRQDO GLYHUVLW\ EHW ZH HIF RQ\V B QX HRHGIW
GLIIHUHQWLDWQRQ IR1.& FHOO VXEVHWY DV WKH\ H[KLELW
UHFHSWRU SDWWHUQV 6O0DXHQBKL\WA DQQGRKIMWMWR Q KD
FHOO VXEVHWY GLIIHU VXEVWDQWLDOO\ LQ WKHLU H[SUH
WKRXJK WKH\ VKDUH H[SUHVVLRQ RI PDQ\ RWKHUV )RU H
&&5 &&5 &;&5 &:;&5 DQG &;&5 $PRQJ WKHVH &&5 &§&

DQG &;&5 DUH KLJKO\ UHODWHG WR 3WLVVXH" 7 FHOOV IR
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&' 1.7 FHOOV ZKLFK SURG/XFBRIQK&LJK OHYHOWRI&&S DQG U
VWURQJO\ WR &&5 OLJDQG 7%$5& ZKLOH &' DQG "1 1.7 Ft
SURGXFHUV H[SUHVV &&5 &&5 DQG &;&5 DQG UHVSRQG
/$5& .LRW DO 7KH VSHFLILF FRPELQDWLRQV RI DGKHVL
UHFHSWRUV WKDW 1.7 FHOO VXEVHWY H[SUHVV GHWHUPL
ZLWK WKH ZLGH GLVWULEXWLRQ RI' 1.7 FHOOV LQ WLVVXH'
GDWD VXSSRUW WKH LGHD WKDW WKH WLVVXH VSHFLILF |
GLIIHUHQWLDWLRQ RI WK\PLF 1.7 FHOOV LQWR VXEVHWYV |

SKHQRW\SLFDOO\ GLVWLQFW

KLOH WUHPHQGRXV SURJUHVYVY KDV EHHQ PDGH LQ WK
GHYHORSPHQWDO LQWHUPHGLDWHY DQG WKH YDULRXV VL
LOQYROYHG LQ HDUO\ GHYHORSPHQW WKH PROHFXODU PHI
WKH GLITHUHQW L1.7 FHOO DW ODWHU VWDJHV VXEVHWYV L
WKDW GHWHUPLQH ZKLFK DQG WR ZKDW H[WHQW D JLYHQ
H[ISUHVVLRQ LV WXUQHG RQ RU RIIl WR GHWHUPLQH ZKLFK
FKRRVH" ) XUWKHU LQYHVWLJDWLRQ WR VHHN WUDQVFULS
QHFHVVDU\ WR DQVZHU WKH IROORZLQJ TXHVWLRQV tK
LQ GLITHUHQWLDO EUD@E KL QJ7RFHOKHWBMXEVHWYV" DQG tKL
ZKLFK WKH\ GLITHUHQWLDWH" %DVHG RQ RXU GDWD SUHVF
DVVRFLDWHG ZLWK 7UDQVLWLRQ DQG SRVLWLYH VHOHFYV
ZLWK 7UDQVLWLRQ DV SUHVHQWHG LQ &KDSWHILFW LIWIQHD\C
GLITHUHQWLDWLRQ PLIJIKW EH DVVRFLDWHG ZLWK/7UDQVLYV

FHOOV DQG LPPDWXUH '1 1.7 FHOOV

6SHFLILFDOO\ WKH DLPV RI WKLV FKDSWHU ZHUH
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7R SURILOH JHQH H[SUHVVLRIQ7EHMXZGIVH @ Q@ 8 PLLPW K WX
1.7 FHOOV

7R LGHQWLI\ VLIQLILFDQW FKDQJHV LQ JHQH H[SUH
1.7 FHOOV

7R IXQFWLRQDOO\ YDOLGDWH JHQH H[SUHVVLRQ FKI

5(68/76
7UDQVFULSWLRQDQ.D FHO\WYVWRG&'L 1.7 FHOOV

7R WHVW WKH K\SRWKHVLV WKDW IXQFWLRQDO GLIIHU
7UDQVLWLRQ WUDQVFULSWLRQDO E.RPBSHDQQV R® € H\P P DML
1.7 FHOOV ZDV SHUIRUPHG 7KH H[SUHVVLRQ OHYHOV RI D¢
ZHUH FRPSDUHG SDLUZLVH E\ 0DQQ :KLWQH\ 8 WHVW DQG
RYHUODS EHWZHHQ JURXSY ZHUH WRRWW O$NVWRV/GE R K LYDWQ

WUDQVFULSWV JHQHUDWHG D 0DQQ :KLWQH\ 8 VFRUH |
GLIIHUHQWLDOO\ H[SUHVVEAGN 7'HVS/ 21 WKH +'( WUDQVFUI
XS UHJXODWHG LQ 'l 1.7 FHOOVFHRMSD ZHKGEGOMR &'WUDQVFU

UHJXODWHG

7R JDLQ LQVLIJKWY LQWR WKH ELRORJLFDO SURFHVVH)
LPPDWXUH.&'FHOOV DQG LPPDWXUH '1 1.7 FHOOV WKH XS
UHJXODWHG +'( JHQH QDPHV ZHUH VXEPLWWHG WR *HQH 2
%LRLQIRUPDWLFV 5HVRXUFHV 7KH WRS DQQRWDWLRQ FO:
+'( JHQHV ZDV GRPLQDWHG E\ OXPHQ PHPEUDQH SURWHLQ
DQQRWDWLRQ FDWHJRULHY PHPEUDQH HQFORVHG OXPHQ
JHQHV %RQIHUURQL FRUQMFRIDHEG GOXPDU RUIDQHOOH OXI

S DQG QXFOHROXV %RQIHUUR®MLVFRIN BIFQH®ISVW [ W
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SUHGRPLQDQFH RI JHQHV HQFRGLQJ PIWMBRFKRQGULDO ULE
oOusv SRO\PHUDRDY1DH E H ODHGAH®HUDO

WUDQVFULSWWR Qi | DIFDNRU

*HQH 2QWRJHQ\ DQDO\VLYV RI WKH GRZQ UHJXODWHG +
RYHU UHSUHVHQWDWLRQ Rl JHQHV DVVRFLDWHG ZLWK FHC
GRZQ UHJXODWHG +'( JHQHV %RQ|HUHM\RFPRY WDHF NG VBL |
* 2 %RQIHUURQL FRU DMRNHEGHOO PFWLYDWLRQ *2
%RQIHUURQL FRUUHKWEB SHQHY UHODWHG WR FHOO DFWL
H[SUHVVHGILQRHOOV WKDQ LQ '1 1.7 FHOOV JHQHV HQFERG
OXPHQ SURWHLQV ZHUH PRUH KLJKO\ H[SUHVVHG LQ '1 1.7
GLIIHUHQWLDO JHQH H[SUHVVLRQ VXEVHTXHQWO\ IXQFWL

1.7 FHOOV DQG LPPDWXUH '1 1.7 FHOOV

*HQH H[SUHVVLRQ RI WUDQVFULSWLRQDO IDFWRUV DC

GLITHUHQWLDWLRQ EHWZHHQ &' DQG '1 1.7 FHOOV

7RIDLQ IXUWKHU LQVLJKWYV LQWR WKH IXQFWLRQDO C
ZH QH[W FRPSDUHG JHQH H[SUHVVLRQ Rl WUDQVFULSWLR
1.7 FHOO GLIIHUHQWLDWLRQ UHSRUWHG H®W WRH GHWHUD)
DO J&BONEDUL HWDIG /< 4H QG HUW D@D )LJ

7K32. D PHPEHU RRWKMHP®%OIW%RI| JLQF ILQJHU WUDQVFULSW
IRU WKH JHQHUD.W LFRH@®&VV&'DO  $OWKRXJKLRLKE VSRQWDQH
PXWDWEEQWVEHEDFRGLQJ 7K32. KDYH QRUPDO IUHTXHQFLHYV
DQG SHULSKHUDO 1.7 FHOOV WKHLU PDWXUH 1.7 FHOOV |
H[SUHVV &' RQ ODUJH QXMEHW RO ¥ HH WHD® V

$GGLWLRGDO®NIU/KLHQW PLFH H[KBUHRW XGHWHR @Y MDD U/ H[W
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,)1J 'DYHW DO HW DO ,Q RXU PLFBEWHBUBUEUWILRQ ZD\
IROG KLIKHU TGHROOV FRPSDUHG WRVWI1S7 RHHDQ®V
KLWQH\ 8 VWDMWLYWERLY LV FRQVLVWHQW ZLWK WKIHQURC

WKH &' VXWHMHWFRIOO SRSXODWLRQ

*kk*k

Figure 6.1. Expression profiles of genes related to differentiation of CD4 NKT celBerfe expression of
Zbtb7b, IcomndLy6adetermined by microarray (microarray datam generated with assistance from Dr.
Margaret Jordan and Prof. Alan Baxtd3).ICOS protein expression as determined by flow cytometry. n=10,
Mann-Whitney U test, **** p<0.0001

,Q PLFH\ WERIFXV HQFRGHV D IDPLO\ RI JO\FRSKRVSKD
GHYHORSPHQWDOO\ UHJXODWH® BHO O UM P EBIRN RURPKIHL Q
IDPLO\ DUH PDUNHUV RI GLIIHUHQW OLQHDJHV RI KHPDWR
310W DO PRQRF\WHV DQG ERQH PBWUD®Z FNO®WD\ 3DWYV
KDYH D UROH LQ 7 FH{ONO IDF W LYY WVLLRDQD VEIRIRNLF H[SUHVVLR
& &' WK\PRF\WHV SURPRWHG WK\EXRK PORWK EBWOR QL @ | \\K
DEVHQFH RI 7&5 0+& LQWHHWFMMLRQV +H® BNUVRREURDUUL
H[SUHVVLRQ RI /\ D ZDV IRD BHIOLOK HFIR RD&IHG WR '1 1.7

THVW S PDOQRLWQH\ 8 VWDWLVWLF )LJ $

$SNEMHW. DO UHSRUQYGEXFWEKONYTVERRQ@DINRRW KLJK O\
H[ISUHVVHG RQ & DWW LMW HGD QH [SEH®R@WVRDPL A61 . 7 VXEVHW

ZDV JUHDWHU WKD Q@ RQOY'H DROAMIKIDG WKDW ,&26 LV UHTX
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& 1.7 FHOO VXUYLYDO DQG KRPHRVWDVEWQQ QWXMESIKWWLZ
VLIQLILFDQWO\ ORZHU LQ VSOHHQV DQG OLYHUV RI ,&26 (
OLJDQG 6XUYLYDO RI ZLOG W\SH L1.PLFFHODIVWUBIQWE U U |
GXH WR WKH LQGXFWLRQ RI DSRSWRVLV )XUWRKHWPRHWBIH V
XQDEOH WR SURGXFH ,/ DQG ,/ DQG IDLOHG WR UHFRQ'
DGRSWLYHO\ WADD Q¥ LHF$N BB ULLQMWR, RRX U ZRBN[SUHVVLRQ

ZDV WKUHH WLPHVL.KLBEKBOV RPSDUHGLWRRXU1PT FHROMWU D
WHVW S (DQ®&LWQH\ 8 VWDPWLVWRRKH SURWHLQ H[SUHVYV
FRQILWERIMO®RZ F\WWRSPHW ODRIOV@MAHVW )LFRQWLVWHQW Z

UROH LQ1&7 FHOO IXQFWLRQ KRPHRVWDVLV DQG VXUYLY

Figure 6.2. Expression profiles of genes related to proliferation between CD4 and DN NKT cékseA.
expression o€enph, Etv5, Cd2ndBlkas determinedoy microarray (data were generated with assistance from
Dr. Margaret Jordan and Prof. Alan BaxtBr)Etvcand Blk expression were confirmed by qPCR. n=6 per cell

population,MannWhitneyU test, ** p<0.01.Data were generated with assistance from Dr. Morgane Moreau.
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7UDQVLWLRQ ZDV DOVR FKDUDFWHULVHG E\ LQFUHD"
GLYLVLRQ DQG GLIIMRHOQBNKLDWERGOWNXFK 3BV 7KH GLIIHUHC
WUDQVFULSWURDDWGEMIYH GR@RILUPHG E\ T3&5 LQ DQ LQGH
)LJ % 7KH XS UHJXODWLRQ RI JHQHV UHODWHG WR F
ZLWK WKH LQFUHDVHG SURSR URMIORIYV RIQS'URIOZ IAO @\ QBR

WKDW RI & 1.7 FHOOV PHQWLRQHG LQ &KDSWHU
6.2.3. Cytokine and cytokine receptor differentiation between CD4 and DN NKT cells
*HQH H[SUHVVLRQ DQDO\VLV RI F\WRNLQH UHFHSWR

TKHUHYLGHQFH WKDW PDWXUDWLRQ DQG KRPHRVWDYV
RQ F\WRNLQHV \VOORKYDN D/O SDQVRQ HW DQG WR D OHVVHE
RQ ,/ 6 DIQW HOJQ , W KDV EHHQ GHPRQVWUDWHG WKDW ,/
RI NH\ PROHFXBD &N 7VREK BYG, WZKLFK SHUWDLQ WR 1.7 FH(

*RUGW DO

*HQH H[SUHVVLRQ FRPSDULVRQ LQ RXU PLFURDUUD\ G
GLIIHUHQFHV LQ H[SUHVVLRQ Rl JHQHV HQWRBGLMIMF\WRN L
,OUDQ,® AJEAMWHQ &DQG '1 1.7 FHOOV )LJ ,0Q)RADB®PSO
,ODH[SUHVVLRQZDYWAVGRIZQ UHIXODWHG RQ 'l 1.7 FHOO
UHVSHFRMRPSDOUHG WR BHOHIWW B ODQXLWQH\ 8 VWDWLVYV
ZKLAHAIDQGAZDV VLJ@MXSADIXWDWHG LQ 'l DJGFROG V
KLIKWBWVSHFRPSBOHG WR BRHWONEW [ ODQXLWOQH\ 8
VWDWLMWLF ,Q FRQWAIDWWDV H[SEHWYABWLYHO\ VLPLODL
LPPDWXUH.&Z'FHOOV DQG LPPDWXIWHUW 0.V LERQICK\E DWW RS
SRVLWLYH VH@®HDQVRYIMND JR FRQILUP RXU PLFURDUUD\

GLIIHUHQFHV LQOWMUMBI@VE QL M MDD BQFR&LQZHUH
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H[DPLQHG E\ T3&5 LQ DQ LQGHSHQGHQW VDPSOH VHW )LJ
& UHVSHFWLYHO\ 7RJHWKHU WEKQG8HI1IGDWFHQGV R ® BBV

GLITHUHQW F\WRNL @MW HHB FSHRSAM Rl YSHU R HOHAW LR Q

Figure 6.3. Expression profiles of genes related to cytokine receptor between CD4 and DN NKT ¢&dreA.
expression ofL2rD 114rD l16r D 117r, 112r2 andIL2r £15r Fasdetermined by microarray (data were
generated with assistance from Dr. Margaret Jordan and Prof. Alan Bakt#). Cand 1112r £ expression was
confirmed by gPCR (dataeve generated with assistance from Dr. Morgane Moreast for CD4 NKT cell
subset, n=1€14 for DN NKT cell subs&tann-WhitneyU test, ** p<0.01.C.CD25 (IL2B) protein expressioRls
presented by flow cytometryn = 10 per cell populatioann-WhitneyU test, *** p<0.001.
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O9DOLGDWLRQ RI F\WRNLQH GLITHUPQWLDWLR® HMHWNZ

$Q LPSRUWDQW TXHVWLRQ IURP WKH PLEURDUUD\ DQE
JHQH H[SUHVVLRQ RI F\WRNLQH DQG F\WRNL@G® 'UHIFASWR L
FHOOV UHIOHFWHG IXQFWLRQDO GLIIHUHQWLDWLRQ DFUR
LPPDWXUBP @G '1 1.7 FHOOV |1URBOWKFPH RZIHIPH VW.ICP XOD W H
YLWRYR.PPRELOLVHG DQWL &' VXSHUQDWDQWYVY ZHUH FROC

DVVD\ 7K\PLF LPPDQOWGXUH1&7 FHOOV ZHUH VRUWHG IURP L

&XOWXUH VXS KQUDWD @\WE |RU DWWUFORH W § F CEGIDG\ V H \
LQWHUOHXNDLQ/ ./ ./ .,/ I 1 WXPRXU QHFURSKI IDFW
71)D LQWHWRRRQ)DQG JUDQXORF\WH RIVLPRKSKDN HQRRIO!
*0 &6) $ VWULNLQJ ILQGLQJ ZDV RHOOW LPPRGWEHSE & L IK
FRQFHQWUDWURQMIRI*0/&6) DQGD,ERPSDUHG WR LPPDWXUH
FHOOV )LJKH PRVW SUR®@DRHGIRMLEKLDBY WLPHV KLJKHL
1.7 FHOO®J PO FRPSDUHG WRQJ PO FROMVPPDWXUH &' 1.
DOVR VHFUHWHG DWICPHW ®® DO PRVW  V&I6R HD\Q BB, WK D@

'1 1.7 FHOOWKRXJIKDNY GHWHFWHG LQ WKH FSIDRMGXFHW U R © HRU
QRW EH FRPSDUHG DV PRZDAH UGGRGELR DKM ZHOOV DW V
FXOWXUGLG QROMGHWHFW RU ,/SURGXERWK &' DQG '1

1.7 FHG@®WD QRW VKRZQ 7KHVH ILQGLQJY DUH EURDGO\
&KDHQV DO LQ ZKLFK VRUWH® @YV IURP KXPDQ DGXOW EOR
PRUH HIWHQGHG F\WRNLQH. S BRG X FNWE ROV KKG\&H GDWD [
DOVR FRQVLVWHQW ZLWK SUHYLRXV VWXGLHV UHSRUWLQ.
VWURQJ FRGRNFIHQW SHUDW PIRID G % HH W @\D HYHQ WKRXJ|

VWXGLHYVY ZHUH RQ GLIIHUHQW 1.7 FHOO VXEVHWY 7DNHQ
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SURGXFWLRQ EHWZHH.Q ERPPDW XDJHGELPPDWXUH "1 1.7 FHOC
WKH OLNHOLKRRG WKDW WKHVH FHOOV DUH IXQFWLRQDOC(

DFURVV WUDQVLWLRQ

Figure 6.41n vitro stimulation of thymic NKT cells with anti-CD3€&hymic NKT immature CDdnd DN cells
were sorted and then cultured with 100Ul IL-2 in RPMI complete medium. After 72 hours, supernatants were

harvested; cytokine production was determined by CBA. These dot plot graphs show means +SEM of cytokine
concentration of thymic immature CDAKT cells and immature DN NKT cells from N@IATg mie, 5

mice/group with duplicate cultures. Mann-Whitné&jtest, **** p<0.0001

&KHPRNLQH DQG FKHPRNLQH UHFHSWRU GLITHUHQWLDWV

6.2.4.1. Gene expression analysis of chemokiraggl chemokine receptorsdetween CD4

and DN NKT cells

7KH DELOPWF\RVHVKWR PLJUDWH EHWZHHQ SDUWLFXOTC
WKH SHULSKHU\ LV FULWLFDO IRU WKHLU PDWXUDWLRQ
DE FHOOV LV PHGLDWH @ &\KOIP BN @K RJEHFB\G WRUV &&5 V
6X]XH\W DO &DPEWD®® &&5 .ZDQ DQG .LOOHWQDO 8Q
OLFHW DO +XBWJDO DQG &&5 HAHKWMUD +RZHYHU WK

LV OLWWOH NQRZQ DERXW WKH HIIHFW RI FKHPRNLQH VWI
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FHVO,® KDV EHHQ UHFHQWO\ UHSRUWHG WKDW 1.7 FHOOV L
DFWLYDWLRQ LQGXFHG DSRSWRVLVHIQBOS UR QXFGGLMR R
&&5 SOD\V DQ LPSRUWDQW UROH LQ FRQWUROOLQJ WKH
FHOOV E\ HQDE O L QUUDSHRH VN QWD VHWR Q O&RZQQVKH DEVHQF
&&5 1.7 FHOO GHDMPRSANHBMOVZLPSDLUHG

Figure 6.5. Increased expression of genes related to chemokine receptors in@@4N NKT cellGene
expression of Ccr2, Ccr4, Ccr7, Gtr8 upper row)Ccrl0, Cxcr6, Xcihdld2 (the lower row) across 3
transitions as determined by microarray (data weenerated with assistance from Dr. Margaret Jordan and

Prof. Alan Baxter).

&RQVLVWHQW ZLWK WKHVH UHSRUWY RXU PLFURDUUL
ODUJH QXPEHUV Rl FKHPRNLQHY DQG FKHPRNLQH UHFHSW
&FU DRALQ ERWK LPPDWEBUH &'7 RPGOWHB WR LPPDWXUH
FHOOVM $ 8SRQ SRVLWLYH VHOHRWUR® [BIUBVV.ZREHDDWY LQ

IRO&FU H[SUHVVLRQ ZDV U@ BGHIB}HGH [XQ E RIS X5

UHJXODPRVAHRYWMKHUH ZHUH OLWYHYH IFFKQ RIHDVERYPH FSKHP RN L (
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DFURVV 7UDQVLWLRQ :KLOH WKH H[SUHVVLRQ RI &FU Z]
'L1.7 FHOOV& WKDWFRI ZDV XS UHJXODWHG D IQ\GW IR C
S WKRWURI &FU;FODWOLIEBRAHIXODWHGDQG IROGYV

UHVSHFWHYMOS LW &1.7 FHP®ORSDUHG ZLWK '1 1.7 FHOOV

‘H DOVR REVHUYHG WKH XS UHJXODWLRQ RI JHQHV U
VXFK&PDAWDQG &[FBOD\V D FULWLFDO UROH LQ KRPHRVWD\
FHOOV *HUPMDM®RY 'HILFLHQF\ Rl &:&5 ZDV DVVRFLDWHG :
1.7 FHOOV LQ WKH OLYHU DQG OXQJV EXW DFFAXPXMmDW LR

*HUPDHQRRYO  6LPLODUO\ 1.7 FHOO VXUYLYDO DQG K
WKH UHJXGDMWAL@RLELWRU RI '1$ ELQGLAWSDEWELQ ORQV
H[SUH®R®Y 7 %(FjUVHFUHWLIEFHOOV ZDV UHTXLUHG IRU WKH ¢
1.7 FHOO VXE OLQHD DO 'T&QRFNGBZAHRBOOND GUDVWLFE D
VHOHFWLYH UHGXFWLRQ RI 1.7 FHO GNRRU X® 10OQ YHKAP XK
VSOHHQ ,Q FRQGVDQPE WL @IRPDORN DIIHFWHG L1.7 FHOO DE
GHYHORSPHQW RI WK\PLF 1.7 AMOD® DY RMXWDR HF U R PJWD]\
ZH IRXQ&[MUDEME H[SUHVVLRQ ZDV LQFUHDVHG IROG DQC
ERWK &' DQG 'l 1.7 FHOOV FRPSDUHG WR '3 1.7 FHOOV )l
WKDW WKH LQFUHDRUD® G B\U&VWICRY'RIL.7 FHOOV LV DV\

ZLWK WKHLU UROH LQ UHJXODWLQJ WKHLU GLITHUHQWLD
)XQFWLRQIDE®D WKIRBRRIL Q HRWHPAAHDSMWRIH &' DQG '1 1.7 FH

,Q RUGHU WR IXQFWLRQDOO\ YDOLGDWH RXU PLFURDL
PDWXUDWLRQ HIITHFWV&FIUWRBRBGBHWRGL GHFIOHONML RFAFEHUV L (
ZHUM[D MIBW& FUPLFH ZXWH KDVMXHUROFNVSRQ WERH -$;

% & FUPLFH ZHUH SURYLGHG E\ WKH &RZDQ ODE




3$57 % &KDSWHU TUDQVLWLRQ + 'LIIHU

(INTHFWV RI &&5 RQ 1.7 FHOO GLVWULEXWLRQ

&& FKHPRNLQH OLJDQG &&/ LV D SURWRW\SLF LQIC
LQLWLDOO\ GHVFULEHG DV D PDMRU FKHPHRWDWWUDFWDQW
SRO®MIMRD YO +RZHYHU LW ZDV UHFHQWO\ GHPRQVWUDWH
FKHPRNLQHV IRU ERWK &' DQG &' HIIHFWRU PHPRU\ . 7
SRWK HW DODQG 1.7 FH®WOD/O . P E WKDW H[SUHVV LWV I
FKHPRNLQH UHFHSWRVWHT&&EY HGEBRBU LDQJHUKDQV FHOO P

ORFDOL]DWLRQ RI 7 KHOSHU FHOO W\SH HKRY DA QGXFLQ.

&&5 DOVR SOD\V DQ LPSRUWDQW UROH LQ 1. FHOO PL
YLUXV LQIHFWLR®W DXOQ BAGGR ®DWXUBWLBRQ -LRHQE@]
PXULQH F\WRPHJDORYLUXV 0&09 LQIHFWLRQ PDFURSKDJ
GHSHQGHQW RQ &&5 VIH\WDMOLQIWNIHBQHWGLFDWHG WK
PRQRF\WH PDFURSKDJH WUDIILFNLQJ IURP WKH ERQH PDU
WKH DEVHQFH Rl &&5 VLJQDOOLQJ &&5 DFWLYDWLRQ ZL\
WKH PDJQLWXGH RI PRQRF\WH PDFURSKDJH UHOHDVH IUR
LQIHFWLRON ®&®WDQHQ VXSSRUW RI D UROH IRU &&5 LQ PHG
LQIODPPDWRU\ PRQRF\WH PDFURSKDJHV H[SUHVVLQJ KLJK
&&5 H[SUHVVLRQHWHRL®VPDIFNH DQG 5DQGROSK ZHU
DFFXPXODWH LQ WKH ERQH PDUURZ GXULKY"0&09 LQIHFWL
PRQRF\WH PDFURSKDJHV ZHUH GUDPDWLFDOO\ UHGXFHG L
&RQVLOAWHKQW FHOO SRSXODWLRQ ZDV DOVR GHFUHDVHG L
GHILFLHQW PLFH LQGLFDWLQJ D KRPHRVWDWLF UROH IRU
HJUHVV IURP WKH ERQH PDUURZ 6HWEL@QD OQH®/GDP HU

4XHW DO <DPDHHV\D MO
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,Q RUGHU WR H[DPLQH WKH HIIHFW RI &&5 RQ 1.7 FHC
WKH&%U PRXVH VWUDLQ 7KLV VWUDLQ KDV D PRQRPHULF
VHTXHQFH UHSODFLQJ WKH FRGLQJ VHTXHQFH RI WKH FKF
DEROLVKHV WKH BFQUH LX@FAHILRQEBFNFURVVHG WR LQEUH
JHQHUDWLRQV SULRU WRRZWH R IQWH] 5 FPADEFHIIDMNG R | : 7

FROQWURG YHBEHG WKDW ERWK WKH SURSRUWLRQV DQG DE

DQG VSOHHQV ZHUH XQFKDQJHG )LJ

A. B.

# NKT cells (x10 ©)

Figure 6.6. Effects of CCR2 deficiency on NKT cells from B6 WITAnRepresentative FACS plots showing the
mean proportions (xSEM) of thymic, hepatic and splenic NKT cells between B6 WTGmd Bsice.B. Dot

plot graphs show the mean frequencies and absolute numbers of thymic, hepatic and splenic NKT cells
between B6 WT and BBcr2” mice. n=10 for B6 WT group, n=11 for®62" group. Mann-WhitneyJ test,

NS= Not significant

,Q FRQWUDVW WKH SURSRUWLRQ RI 1.7 FH@GBY GUDVW
PLFAHW RYHUDOO DEVRRNXNWHOQX® BSDUMVZHEXBODU WKH SURSES
FHOOV VLIJQLILFDQWO\ LQFUHDVHG IURP “ % &FRU% 17 F

PLFH S ZKHUHDV WKH DEVROXWH QXPEHUW WRI JCH$ IDRDLCF
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GLITHUHQW EHWZHHQ % PHEBO% &FQE®LFH - [ FHOOV

7KH LQFUHDVHG IUHTXHQF\ RI KHSDWLPUFRA FIHD &K H (@ A
FKDQJH LQ WKH DEVROXWH QXPEHU RI WKHWHKHUW OBGXFREN
VXEVHW L Q RZKHOMIRVAKIH UHEROGNYQPWH RQ LV WKDW LQ DEVHC(
FHOOV FDQQRW UHFHLYH VLIQDOV RI UHFUXLWPHQW WR L
OLYHUYRRUPLFE FRUROODUKRNWKLV MAISRW &&5 H[SUHVVL

WKH UHFUXLWPHQW RI 1.7 FHOOV
(INTHFWV RI &&5 RQ WK\PLF 1.7 FHOO QXPEHUYV

7R H[DPLQH WKH HIIHFWV Rl &&5 H[SUHVVLRQ RQ 1.7
RI WKH % &FU NQRFNRXW PRXVH VWUDLQ 7KLVIRIREKKWH V)
ZDV GHVLIQHG WR UHSODFH D IUSODRP HIHD R MEXHRWELDVGLK
DFLGV 6MWWR $VSZLWK D QHRP\FLQ UKVEKVWERPH VKKWH WKH
IXQFW& P XWDQW P LFHRAHEBAENAU PLFHIJIHRQQHUDWLRQV

SULRU WR XVH LQ H[SHULPHQWYV

JORZ F\WRPHWULF DQDO\VLV RI 1.7 FHOOV DQG VXEVH
PLFH 1.7 FHOO QXPEHUV ZHUH UHGXFHG LQ ERWK WKH Wtk
WK\PL WKH SURSRUWLRQ RI 1.7 FHOOV ZDV VLJQLILFDQW:(
WR ¢ KFGPLFH S 7KH DEVROXWH QXPEHUV RI

IROG IURP “LQ % :7 PLFH WR FHOOWEQ P4LFAKH
GHFUHDVH LQ WK\PLF 1 .FLFHOFRRXOG B®H&GXUH DW OHDVW L
PHGXOODU\ YROXPHFHY 8H@&E&®BO ,Q WKH SHULSKHU\ VLPLO
ZHUH WHKI) SURSRUWLRQ DQG QXPEHRV®RGHFUHBDYE VL @ KW b

DQRG VSOHHQV RI &&5 .2 PLFH )LJ
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# NKT cells (x10 ©)

Figure 6.7. Effects of CCR7 deficiency on NKT cells from B6 WTAnRepresentative FACS plots showing the

mean proportions (xSEM) of thymic, hepatic and splenic NKT cells between B6 WTCod Beice.B. Dot

plot graphs show the mean frequencies and absolute numbers of thymic, hepatic and splenic NKT cells

between B6 WT and BBcr7” mice. n=10 for B6 WT group, n=9 for®&7" group. Mann-Whitney test.

TKHUHDOHREHH U RI FKDQJHV LQ WK\PRR S .G HHGQ VM VAH.

)L J :KLOH WKH SURSIREMOARYVHRUKVLIQLILFDQWO\ LQ
1.7 FHOOV ZHUH PDUNH&BPUY BHFH HI)VWE WLRVIRI &' 1. H[S
WKHUH ZDV D VLIJQLILFDQW LQFUHDVHLLQ WREB YHRE RPDWMOEK
&' 1. 1.7 FHOO VXRWHWAEKY PRPSDUHG WR :7 FRQWUROV
SURSRUWLRQ RLPDWMXUWHKROOV ZDV UHGXFHG )LJ 7TKH'

WKRVH RHWRZOQ DQG DUH FRQVLVWHQW ZLWK D UROH IRL

1.7 FHOOV
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# NKT cells (x10 ©)

Figure 6.8. NK1.Jand NK1.1NKT cell subsets in CCR7KO it plots show mean proportions (upper row)
and absolute numbers (lower row) of NKlahd N1.1 NKT cells in the thymi, livers and spleens of B6 WT and
CCR7 KO mice=10 for B6 WT group, n=9 for B6r7 group. Mann-Whitney U test.

TKHUH ZDV D VLJQLILFDQW LQFUHDVRK'LQ "WKH SURSRL
FHOOV ZKLFK URVH IURP : RI WRWDO WK\PLF 1.7 FH
LQ % &MPWFH )LJ 7KLY FHOO SRSXODWLRQ LV QRUPDC(
LWV UDULW\ 3UHYLRXVO\ PDQ\ VWXGLHV UHSRUWHG WKD
UHVSRQVLEOH IRU WK\PLF H[SRUW HWUPHQW®®R G.%HYDQ
1.7 FHOOV EXW QRW.PIDrWRON I1IDUH UHSRUWHG WR WUDIIL
6/& &&/ -RKQWWRQ +RZHYHU LQ WKLV FKDSWHU WKH L
1.7 FHOOV DORQJ ZLWK WKH HASDQYLREHRO AN PBIWWUR @&H (
SUHYLRXVO\ VXJJHVWYV DQ HIIHFW Rl &&5 GHILFLHQF\ RQ

IROORZLQJ SRVLWLYH VHOHFWLRQ
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Figure 6.9. Effects of CCR7 deficiency on thymic NKT cell subdg€&mice A. Representative FACS plots and

dot plot graphs showing the mean frequency (xSEM) and numbers of thymic CD4/CD8 NKT cells from B6 WT
and B6Ccr7” mice.B. Representative FACS plots and dot plot graphs showing the mean frequencies (*SEM)
and numbers of thymic CD44/NK1.1 NKT cells from B6 WT (n=10) auBeice (n=10). Mann-Whitney U

test, ** p<0.01, ** p<0.001 and **** p<0.0001.

,Q RUGHU WR H[DPLQH WKH HIIHFW RI &&5 GHWILFLHQF)\
&&5 GHILFLHQW G/UQHFRI 2DV FUHDWYG7 PUHEHZIKDUH% URVVH
% &FU PLFH 7KH UHVXOWLQJ ) PLFH ZHUH WKHQ LQWHU FL

IRU PLFH RI LQWHWWH VY RQW&FU 9O 7J DINMN® FDOOHG

% 90 73 RFH
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Figure 6.10. Effects of CCR7 deficiency on NKT cells froxh[B&Tg mice A. Representatig FACS plots
showing the mean frequency (+SEM) of thymic, hepatic and splenic NKT cells betwe@mBg! and
B6Ce7".V D4Tg+" mice.B. Dot plot graphs show themean frequency and absolute numbers of thymic,
hepatic and splenic NKT cells between\BB4Tg"” (n=1Q and B6Ccr7".V 24Td" mice (9). Mann-Whitney
U test, ** p<0.01, *** p<0.001 and **** p<0.0001

)JORZ F\AWRPHWULF DQDO\VLV Rl WK\PLRFKHBI'WLF DQG
DQ®9D 7J FRMQURO PLFH UHYHDOHG D VLIJQLILFDQW UHGXFW
0DQQ :KLWQH\ WHVW DQG DEVROXWH QXPERBWY S RI V
9 7) PHFRPSDUHG ZLWK WKH FRQWUROV )LJ ,Q FR
QXPEHUV Rl VSOHQLF 1.7 FHOO V&R XQ FIKQEIH GIEHW ZHH
PLH )LJ 7KH SURSRUWLRQV RI KHSDWLF 1.7 FHOOV ZH
ZHUH VLJQLILFDQWO\ LQFU HDB\OHGS IURHFREURO[ PLFH WR

“ [ FHOOREQ M 7J PLF )LJ 7KHVH GDWD LPSO\ W
GHILFLHQF\ DIIHFWHG WK\PLF DQG KHSDWLF 1.7 FHOO QXPE

LQ % 7 PUHHYHQ WKRXJK WKH PHMKD® LYRPWH/ZRQ AXHN DK DLW
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&&5 GHILFLHQFVILI@LLY RSSRVLWO&BSMFKIHDVH LQ KHSDW
QXPEHUV LQPWFRRFRPSDUHQLWR D JIALFH

JORZ F\WRPHWULF DQDO\VLV RI 1.7 FH&ORUJVXEVHWYV IU
90 73 PLHHGHQWLILHG DQ LQFUHDVH LQ ERWK WKH SURSF

LPPDWXUH '3 1.7 FHOOV )LJ

# NKT cells (x10 )

Figure 6.11. Effects of CCR7 deficiency on thymic NKT cell subsets fréhi28&g mice A. R@resentative
FACS plots showing the mean proportions (+SEM) of thymic CD4/CD8, CD24/CD44 and CD44/NK1.1 NKT cell

subsets from B& 24Tg and B.Ccr7.V DATg mice.B. Dotplot graphs show the mean proportions and
absolute numbers of thymic CD4/CD8, CD24/CD44 and CD44/NK1.1 NKT cells betwérB£TB6. (n=10)

andB6Ccr7".V 04Tg mice (nB). Mann-Whitney U test, ** p<0.01, *** p<0.001 and **** p<0.0001.

7KH SURSRUWLRQV RI '3 1.7 FHOOV URVH IURP “
LQ O 7J FRMURO PLFH WR &FUIDLRIWPLFHQ FRQWUDVW
SURSRUWLRQV R1. WKWQBWZHUH XQFKDQJHG DQG WKRVH

GHFUHDVHG :LWK UHJDUG WR WKHLU DEVROXWH QXPEHU
% &FU 9D 73 DQ%9D 7J FRMURO PLFH ZKHUHDV WX QXPEF

'11.7 FHOOV ZHUH VLJQLILEBQWDODV UHGXMHWGLPQO®™WU SDWW
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ZDV VHHQ ZLWK WKH QXPEHUV RI & &' 1.7 FHOOV :KLO
&' K€ °R1 .7 FHOOV ZHUH QRW GIPIHUHMWEEFHWZHHQ %
9D 7J PLFB®XPEHUV RI P& XUH1&7 FHOOV GHROIWQHG LQ %
90 7J PLFHPLOMDUO\ WKH QRHEHUWRT €. DQG &'’

1. 1.7 FHOOV DOVR GHFEPWADAIHGB LIFHKRBROIK WKH SURSRUW
LPPDWXUBRB' &'&" K& °RDQG &RF. WK\PLF 1.7 FHOOV ZHU
LQFUHDVHG )LJ WKH VLIQLILFDQW UHGXFWLRQ RI W

DV LQGLFDWHG LQ )LIJXUH UHVXOWHG LQ GHFUHDVHG

7TRIHWKHU WKH GLIITHUHQFHY LQ H[SUHVVLRQ OHYHO)
IDFWRUV F\WRNLQH UHFHSWRUV FKHPRNLQH UHFHSWRUYV

LPPDWXUH &' DQG '1 1.7 FHOOV

6800$5< 2) 0$-25 ),1',1*6

7UDQVFULSWIRRIOIFRD W@ DB YYENOOV DQG LPPDWXUH '1 1
LQGLFDWHG WKDW WKHEKDDHUN OQ ULHR@ODHAGRIMEW RUDQV L W
2QWRJHQ\ DQDOBGALUVHRIHIQW KDGIQHN[BHNHMDIOE G MAKDUM DV H |

XUHIXODWLRQ RI JHQHV HQ FROXPHEFSRERMDIQLHILY 1 DA ¥ R BIODAV |

FRPSDUHG WR RRHOQNO PEP®IDHQ FORVHG I0KEBBHD@XODU RL
OXPHQRWHR @S LWH@QWRJIHQ\ D OHO@BNIWHR X AQWHG.7 FHOOV
LQGLFDWHG D SUHYDOHQFH RI JW@@HRWY W HQ DONHERD BWILHOD
FDWHJR U LGIMI HE& FNHMHS UH EWMRAHH Q. &FHOOV DQG '1 1.7 FH

VXJIJEVWHUHQREWSRQVHY WR VLIQDOV DQG HQYLURQPHQWD

7KH IXQFWLRQDO GLII&UHQONWL DIWLR FEE WY DY ILUVW
E\ WKL VWLQFW HBEVEVEIBRE® R$V PLFURDUUD\ DQDO\VLV U

VLIQLILFDQW XSBWEBE XOBMRAD RQUPRIQVFULSWWVHQOY FRPSDUH
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'L1.7 FHOOV 7KH ,&26 ,&26/ LQWHUDFWLRQ LV UHTXLUHG
IXQFWLRQ DV &' 1.7 FHOO GLIITHUHQWLDWLRQ DV ZHOO LC
LQ ,&2BLFH WWIHO +HW DO $NEWUDRO JXUWKHUPRUH V

RI :7 1.7 FHOOV WUDQVIFPUBHG VL QWR ¥RE& OSNEDUL

1.7 FHOOV UHTXLUH D UDQJH Rl JURZWK IDFENRUV DQC
2KWHWLDO  ,/D5%RHVWWDDQX DQG5 DD@EFKDLQV HRAGROF
DO &KIDWJIDO WR VXSSRUW WKHLU KRPHRVWDWLF SUR
VXUYLYDO HM@®HGS5DQVRQ HOW DEEW DO ,Q SDUWLFXODLU
1.7 FHOO QXPEHUV DQG SUROLIHUDWLRQ DUH LPSDLUHG L
FRPSOHWHO\ DEROLVKHG 0B QWM ®DHW PSRVVLEOH H[SOD!
WKDW GLVWLQFEW 1.7 FHOO VXEVHWY UHTXLUH GLIIHUHQW
H[DPSOH VHFUHWLFHOOV H[SUHVV &' WKEFKDLQ DWHFH
UHTXLUH ,/ IRU WKHLU GHYHORSPHBDW.D 6 KRV IR\ DRI
QRUPDOO\ LQ WKH DEVHW B ®I ,/,Q DPMRMGIDIQFH ZLWK WK
GLIIHUHQFHV LQ F\WRNLQH UHFHS®'RUL H[ FHIOWDWWL R Q (R EIV H

FHOOV LV FRQVLVWHQW ZLWK WKH K\SRWKHVLV WKDW [XQ

3HUKDSV WKH PRVW LPSRUWDQW FKDUDFWHULVWLF W
LQ WKH LPPXQH V\WVWHP LV WKHLU DELOLW\ WR UDSLGO\ V
FKDSWHU F\WRNLQH DQDO\VLV RI FXOWXUH VXBM® QIDWD Q
1.7 FHOOV UHYHDOHG W KD RH DFOP/D BAXRIGIXEHG VLIQLILFDQW
PDQ\ F\WRNLQHY LOFQXIBI*Q&6) DQGD, Z)KHQ FRPSDUHG WR
LPPDWXUH '1 13U R MDBIAMWXRELHY KDYH UHSRUWHG GLIIH
SURGXFWLRQ EHWZHHQ VSO D@ &E X W HRAW WKRPL P L BH
+DPPRHME DO DQG KXPDQ EORRG 1HWFM® OVHWXBOHU]

5RIJHUW DO /LHQNV DO +RZHYHU WKHVH VWXGLHV ZHUH St
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FHOOV WKHUHIRUH LRXYIGWMERAVMWUWNWH RDQURMGP PIDINVXUH &

FHOO VXEVHWY EHLQJ IXQFWLRQDOO\ GLVWLQFW

SBUHYLRXVO\ PDQ\ FKHPRNLQH DQG FKHPRNLQH UHFHS:¢
HISUH¥V 1.7 FHOOV DQG EH LQYROYHG LQ 1.7 FHOO VXUYL

UHSRUWHG&WKD.W KX®GO® H[SUHVV ORZ OHYHOV RI &&
&&5 FRPSDUHG W&R WKHI1&'1.7 FHOO VXEVHWYV 1Q FRRQWUD
VXEVHWY FKDUDFWHULVWLFDOO\ H[SUHVV &&5 &&5 DQG
KLIK OHYHOV Rl &;&571$METEEMDHD ORWVLHQWHIO ,Q PLFH
&;&5 DQG LWV OLJDQG &; WKHREPORHRNVWIWHDIO7TIRHOOV Wi
SHULSIKURRWP\ WKH WK\PB®Y H[KLELWHG UREXVW PLJUDWLRQ V

AKHPRNQLOHN &/ DQG &;&/ -RKQWWRQW®O

$GGLWLRQDOO\ &;&5 DQG LWV WUDQV PHPEUDQH OLJ
DEFXPXODWLRQ RI 1.7 FRGGWV QY WKARRQYWH LR UFRFO0ON KHSD
7KHAHUH IRXQ& MWWRKEQDKHOSDWLFE VLQXVRLGY DQG WR VWRS
DFWLYDWLR® IIBERHQW PLFH H[KLELWHG D VHOHFMOLFMLY @ G
1.7 FHOOV LQ WKH OLYHU D QG FGHGHAB-HID/GHEQ VXN IV EMBMD BYLLOYL
DO &:&5 DQG LWWIVOWRID( FULWRPHR WRDHWYQRIQGEL R Q
&' GUHVWU.ZFRMHIDW ORKWLDQ 6KLAD/RNDD *HUPDRBWYDO

$ WXG\ RQ KHWHUR]J\JRXV PLFH ZLWK DEW BIWYBKRVZAHZG UH ¢
WKROW LW 1.7 FRIMIOXOWHG WKH FKHPRNLQH UHFHSWRU &;&
VHOHFWLRQ DQG PLJUDW MBWAURDENRGDL; & LYHU DQG OXQJ 1
FHOOV ZHUHQG8H & BIHUMCH &; &BLFHKRZHYHU WHKHEULW \ D WV EDX W L R G
1.7 FHOOV ERWR WHHHBZH X W U B.O&/ D W HREQUFRMIF X P XODWLR Q
PDWXUH 1Q WKH OLWHNSHREXAWOGRW LPPOWXBEHOQ UHFHQW W
HPLIJURQWRWNLQH SURGKHFW DRG7EASHHORVQZDY LPSDPURB LQ &

IROORZAY QMW RP XO D WIRGDEMWRRK/ \OFHUDPLGH 7KHVH ILQGLQ
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UROH IRU &;&5 &;&/ LQ PDWXUDWLRQ RU VXUYLYDO RI LP

UROH IRU &;&5 LQ 1.7 FHOO DFWLYDWLRQ

,Q WKLV FKDSWHU PLFURDUUD\ DQDO\VHV RI LPPDWX
12'9D0 7J PHFUHYHDOHG WBQ®W HRWK RBRHOOV KLJKO\ H[SUHYV
QXPEHUV RI FKHPRDNM)HUUWMEK H SSRRFUW LLYHFORB&H Q&AL RQ HYH
&&5 &5 &5 DQG&% 21 WKHVH FKHPRNAKHR QHH $RH ZBU8\R U V
YDONLBOG RQ % ::BMDQRG PLFH GKHFLHQF\ RI &&5 DRBGXOWHG
IROG GHFUHDVH LQ WK\PLF DQG SHULSKHUBOPLFHFHOO QX
+RZHYHU LWGEGEUHMWHHRWY RQ/7J PLFHKLOH WKEHAH&OERDLR Q
% 90 7J PLF OHDGHG WR D VLIJQLILFDQW UHGXFWLRQ LQ ER
WK\PLF 1.7 FRRFOWIKRVIVSOHQLF 1.7 FHO (AXWK N HD KD & R W Ht
QXPERIMUKHSDWLFZHUH MODQA | L F DKW OR HLFRJFABMHIDWKIIGY GLVFUH
Rl &&5 UROH RQWD:7TIDRGFH XWFOHDU 7KH HIITHFW Rl &&*

FHOOV IURP WHHQLRHWKHV H KIREWIHIP H® IKR®EIRZD Q

,G LV D WUDQVFULSWLRQDO UHJXODWRU WKDW SOD\
KHSDWLF ORG BOILIBPWH®W 1.7 FHOOV IDLO WR DFEFXPXODWt¢
ORQWLHFW @M. UHSRUWHG WKDVERHKWH @EWHQRHER/I 1 & FHOC
EXW UHVXOW YV %BOU HEFEERBILR QQHYHOV DQG LQFUHDVHG DS
PLFH %RWK KHSDWLF DQG,&%5 ®HPRH RV K R7Z FGIWERAD MIIRFP U H G X

&;8&5 P51%$ DQG SURWHLQ H[S\GHVV.I7ZREHPRON/S MRMG FHRO O L H

*HLVVRDQ @O DI RW DO

,Q FRQFOXVLRQ WUDQVFULSWLR@DO FRESDULY EQ E
LQGLFDWHG WKDW WKH WZR SRSXODWLRQV H[KLELW GLIIF
GLIIHUHQFHV LQ WKHLU F\WRNLQH UHFHSWHRG LDIGI® HFRARR |
F\WRNLQH SURGXFWLRQ VXSSRUW WKH K\SRWKHVLV WKDW

EHWZHHD. &' FHOOV DQG '1 1.7 FHOOV
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&+$37(5

*(1(5$/ ',6&866,21




&KDSWHU *HQHUDO 'lI

SURGXFWLRQ RI D QRYHOUPRMDBQ@LF VW

9. -. WUDQVJHQLF PLFH KDYH EHHQ SUHYLRXVO\ GH"
GHYHORSPHQWDO VWXGLHV RI HQW DOLDQMHZDENGAOW D®H
, Q WKLWL2RUNLGDWHG WUDQVJHQLF PRYRWUXWWG-BQW-DLQ

FKDLQ FDM Z[SUHVVHG RQ WKH 12' PRXVH JHQHWLF EDFN
GHIHFW LQ 1.7 FHOO VHOHFWLRW DQG BRI BNURQPHQW %D

*ULHZBWND O

JORZ F\WRPHWULF DQDXHEVQW 8K RF\GV BAHMR R P PIL FH
LQGLFDWHG WKDW WK\PLF KHSDWLF DQG VSOHQLF 1.7 FH
7UDQVJHQLF OLQHV DQG KDG a IROG LQFUHDVHYV LQ
DQG KDG a IROG LQFUHDVHV QXPEHUV RI KHSDWLF 1.7

DQG E\ LQ OLQHV DQG OLQHV DQG UHVXOWHC
FHOO QXPEHUV ZKLOH OLQHV DQG KDG VLPLODU QXPE!
%RWK WKHDRQG 'l SRSXODWLRQV RI PDWXUH 1.7 FHOOV FR
OLYHUV DQG VSOHHQV RI :7 PLE.H TI®G @H ¥ H IAIURW XD IO \1 2D
1.7 FHOOV LQ WKH OLYHWYV DIFGA M ZHHABWRWKH U, ERWK
SHULSKHUDO RWJDQRLRH1IWKH SURSRUWLRQV RI WKH WZR
WKDW H[SUHVV WKH UH@DWISHEQRDWWXHUHEHRUH VLPLODU W
WKH SURSRUWYRQ@VFRIO&®OY RI HLWKHU VXEVHW WKDW H[SU
SHULSKHUDO 1.7 FHOOV ZHUH LXRQ FWWR BX®@DD\AIRON: i VBARIQ G

UREXVW F\WRNLQH SURGXFWLRQ

7KH H[SUHVVLRQVED QXM ®OH RQ ERWK 12' DQG % JHQF
UHVXOWHG LQ LQFUHDVHG QXPEHUV RI PDWXUH SHULSKH U

HYROXWLRQDU\ SHUVSHFWLYH WKH UHVXOWWERBOQ WKD\
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DORQH PLIJKW EH VXIILFLHQW LQIRUPDWLRQ WR ELDV WKH
1.7 FHOO SDWKzZzD\ +RZHYHU LW UHPDLQV WR EH WHVWHC

7&5 . FKDLQ LWVHOI LV JHQHWLFDOO\ SURJUDPPHG LQ L1.
, QFUHDVHG SURGXFWLRQ RI YHU\ LPPDWXUH 1.7 FHOO)

$V SUHVHQWHG LQ WKLV ZRUN RQH RI WKH PRVW VWI
FHOO SRSXODWLRQ 9Q ERRVKH ZDDQWKH SUHVHQFH RI LQF
WKH '3 VXEVHW ,Q SDUWLFXODU WKLV SRSXODWLRQ FRQ
&' G WIKRVE 1.7 FHOOV LQ WKH YDIDOLRX\PIORKIHOHRIWML DFFRXQ
OHVV WKDQ Rl WK\PLF 1.7 FHOOV LQ 12' :7 PLFH 7KH '3
&' K& ORA4 &RPSDUHG ZLWK SUHYLRXVO\ SXEOLVKHG
*RGIUH\ DQG %HU]LQV L W' 3% I8 H YWY WIKDW WKH WK\F
&' G WHW SRSXODWLRQ UHSUHVHQWYV 1.7 FHOOV WKDW KL
VHOHFWLRQ EHFDXVH 7KH SRSXODWLRQ ODFNV H[SUHV
PDWXUH 1.7 FHOOV YL] 1. DQG &' 7KH\ H[SUHVV WK
FKDUDFWHULVWLF Rl FRQYHQWLRQDO 7 FHOOV SULRU WR
IRXQG RXWVLGH WKH WK\PXV GHVSLWH YHU\ ODUJH QXPE
AXDQWLWDWLYH 3&5DQWOQFRIGHE VDD QV FU fASKA I RFEEIN W RV W K
SUHYLRXV VWXG\ E\ *DSLQ DQG FROOHDJXHV&RXSPGFHIT X LY
*DSH® DO 6LPLODUO\ 9RQ @\ DUNDQ IMMW HIRXOG EH GHW I
WKH*®RSXODWLRQ RI :7 PLFH LQ FRQWUDVW ZLWK WKH F
3KV K\PRF\WHV *DSLQTKHMWBORUH WKH WUDQVOHQLF H[S!
DVVRFLDWHG 9. -. 7&5 . FKDLQ F'1$ LQ WKLV ZRUN UHV>

RI LPPDWXUH '3 1.7 FHOOV ZLWK WKH SKHQRW\SH RI WKH
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,Q 1.7 FHOO GHYHORSPHQW PXFK DWWHQWLRQ KDV E
DFTXLVLWLRQ RI WKH 1. PDUNHU SULPDULO\ EHFDXVH ¢
% H Q OHDWKMIO 0D W VIX\® D O WKH H[SUHVVLRQFHOIOV ZAY &'
XVHG DV D VXUURJDWH PDUNHU RI 1.7 FHOOV "D G DOPRV\
7KHUHIRUH &' DQG 1. ZHUH ZLGHO\ XVHG WR FODVVLI\
7ZR WK\PLF SRSXODWLRQV RI 1.7 FHOOV WKD¥ KDYH EHHC
1.7 FHOOV ZKLFK DSSHDU WR EH QRQ GLYLGLQJ DQG ORQ
VLIQLILFDQWO\ WR WK\PLF HBHROUWN F FD SHYHEEMDIXD

DQG UHFHQW WK\PLF HPLJUDQW 1.7 FH0OOVD @& LIFKT R UBIHS U
1. H[SUHVVLRQ EHWZHHQ KRXUV DQG D HWHINODIWHU W
OF1DHEW DO 7KH XS UHJXODWLREO®RIZFIIFHOBQ KW GHSHQGH

FHOO LOQWULQVLF H[SUHVVLRQ RI WKHHWUDQVFULSWLRQ ||

The identification of the HSA" P ° Rtd HSA - tD4" stages byn vitro
enrichmentofl .7 SUHRXVUYVWURP SRROV ERX® WK WKGBED O&HU
WHWUDPH®Y DRGHWISYHQWLD OO\ FR PSHI B WH®D WIS PR \WHRD
SDWKKID1.7 FHDOMQ@ DO %HQOBWKDO SHOOLFFL HW ®OXH

HW DO +RZHWHHWWUHU\ ORZ IBHYKHNQEPPDWNOBNVYLPDWHG DW

WKDQ KDV SUHFOXGHG SK\YKH DS HBHHEHNDE HWEIBRQGHG Q
RI' YHU\ LPPDWXU® 12D FHEO DRFU BHIGZXWIQ RSSRUWXQLW\ W
WKH HDUOLHVW LGHQWLILDBOMHHQWDD § G KL QUERJAKHIONE B WR IR
GLVVHFW IDFWRUV FRQWUROOLQJ WKH QXPEHUYV DQG IXQF
SRSXODMHBRIRUH IRXMUIPILFHR¥UGHG D QRYHO PRGHO RI 1.7
LQ ZKLFK VXIVIHFOHHE W BQH-BYDNVODEOH WKDW WKH VWDJH\

FRXOG EH FOHDUO\ GLVWLQJXLVKHG
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6XSSRUWLQJ HDUO\ VWDJHV RI SUHYLRXVO\ HVYWDEOL\

,Q FRQWUDVW WR H[WHQVLYH ZRUN PDGH RQ PDWXUH
ZHUH YHU\ IHZ VWXGLHV WKDW IRFXV RQVERUIDW\GHRF §W RG]
LGHQWLI\ WKH W BWIO\PHWVW. &' BHOOV *D SV @ LGYAH G RO 44D J X
PRXVH WK\PL ZVISW RR HU\W KDL L S RO\DIWH.G K BHB\ALY Z LW

PDJQHWLFESH@ WO 21 WKH 1.7 FHOOV REWDLGBGRORBP W
PLFH ZHPHDISRSXODWLRQ ZKRVH IUHTXHQMHHEHEQLQFH
WKH SHULSKHUDQ® DMV WE P HQWHKH RGW SRVWKODWHG V
SRSXODWLRQ SUREDE O\ VWHOSHAWIHRQN B SBHEND O O VESHF\DW V H

GXW FRQYHQWLRQDO 7 FHOO GHY MOYWR B PRHRFPVW A & 5WALLIIIW UF
&' GRZAMHIXOBPIDHMQDO 3 BIHO ,Q FRQWUDVW TXDQWL
SRO\PHUDVH FKDQOUVMIDFRLEQFRGHG WUDQVFEYLSWYV RI VI
WK\PRF\WHV IRXQG HTXLYDOHQW G WBRSKRH WAIRRDM. V@ HQ O GZ
'3KKSKHQRW\SH PHONHFW LSHBID S7HQV D O YXUWKHU HYLGH
WK HY¥ W RC*$RUDQVLWLRQ UHSUHVHQWE QD S@N GWEL\ Y& 5V H O H
VSHFWUD@\SL®UFH 2QO0\ D VLQJOH SHDN°f¥ROKBODHWGR @/ H
ZKLFK FRUUHVSRQ@OHP WR WHKB URDIMERIPIPHQW 7KLV FRQWU

PXOWLSOH UHDUUDQJMPWR VPR FEMSMQF VDIOG LQ '3

, Q %YHQODJKD DQG FROOHDJXHY DSSOLHG D VLPL
VWUDWHJI\ WR LEHIQWLI.73F&'0O0 SUHFXUVRUV LQ WKH WK\J
7TKHVH FHOOV ZHUH QRQ GLYLGLQJ B Q& 5DBIUDHD 6K Bi JHLFBN. MV
PDWXUH 1.7 FHOI®OW DOHQ OUKKIHKDNVWVKHUHIRUH DUH OLNHO\ WF
PDNLQJ WKHP WKH HDUOLHVW SRSXODWLRQ RI SRVW VHOI

WKH VXEVHTXHQW SREXOBRWGRAQHRY RHOOV FRQWDLQHG WZ
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&' °RDQG &' ERWK RI ZKLFK ZHUH UDSLGHW DWROLIBUDW
WKH EDVLV Rl WKH FKDQJLQJ SURSRUWLRQV ZLWK DJLQJ |
FROOHDJXHV SURSRYVHERSWRDW LRIQHS& M HFSRSHKWO W HRE G X U
WKHLU PDWXUDNMW FD® %HB®EDIKDPHORSPHQWDO SDWKZD\ R

SRVWXODWHG E\ *RGIUH\ D QG %'HUTE& Q VRN, WK HVUHHDI IR WM L R

'3 ORZ% KLIg+ ORZ 6WDJH - '1 RRU &R&' ©OR74 6WDJH
'1 RU &'&' ©OR%gr KLJK 6WDJH c 1 RRU&REr KLIK
1. 6 WDJH *RGIUH\ DQG %HU]LQV

$OWKRXJK WKH ODWHU SDUW RI WKH GHYHORSPHQWD
%HUJLQV LV FXUUHQWO\ FKDOOHQJHG E\ WKH PRUH UHFHC
WKH QRYHO 1.7 1.7 DQG 1.7 OLQHDJHV WXMH''SUHVHQFH
&' KLi§&' ORZAQ &' G WH% FHOOV LQ WKH MWKYRBRY FRHD G2
WKHLU DEVHQFH LQ WKH SHULSKHU\ VXJJHVWHG WKDW W
SUH VHOHFWLRQ SRSXODWLRQ RI 1.7 FHOOV 7KLV JDYH X
WUDQVFULSWLREPD SUKILTAV RI&' G WRE FHOOV L H YH
LPPDWXUH 1.7 FHOOV ZLWK WKRVH RI PRUH PDWXUH 1.7 F
WUDQVFULSWLRQDO WUDQVLWLRQV DVVRFLDWHG ZLWK HE

YDOLGDWLRQ SRVLWLYH VHOHFWLRQ DQG OLQHDJH FRPP

OLFURDUUD\ DQDO\VHV ZHUH SHUIRUPHG 'BQ'fRXU GLI
&' KHf, &' G W&W FHOOV LPPDWXUH '3 FRQYHOWLRQDO
& °Ff4. &' G WHW FHOOV '3 1.& F&oeV ““’f. &' G
WHW®5EFHOOV &' 1.7 FHAOV&'DOHCE &' & G WHWE FHOOV
'1 1.7 FHOOV ZKLFK ZHUH LVRODWHG E\ 9P&BIPREM/ LQJ Il

BULQFLSDO &RPSRQHQW 3& DQDO\VLV RI WUDQVFULSW H
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3&V H[SODLQHG ! Rl YDULDWLRQ DFURVV DOO VDPSOHV
W\SHV FOXVWHUHG WRJHWKHU LQWR JURXSV DQG WKH IR
. D[LV ZKLFK H[SODLQHG ! Rl YDULPWLRQ FHQAOWKH'RUG
&' ¥t1. 1.7 FHoOOV : &*'1&' 1.7 FHOOV&' 'ff1. 1.7

FHOOV 7KH WUDQVFULSWLRQDO SURJUHVVLRQ RI WKH IR>
GHYHORSPHQWDO SURJUHVVLRQ GHVFULEHG E\ *RGIUH\TV
*RGIUH\ DQG %HU]JL®W DO &RTSBWWLFXODU LQWHUHVW |
RXU DQDO\VLV RI '3 1.7 FHOOV PLJKW LGHQWLI\ WKH WUDC(
3RLQW Rl 1.7 FHOO GHYHORSPHQW ZKLFK *RGIUH\ DQG ¢

DQG %HU]JLQV

,Q DGGLWLRQ WR WKH FRQILUPDWLRQ RI 1.7 FHOO GH
LQGLFDWHG VRPH RWKHU SRLQWYV RI 7 OLQHDVHTXHQMOPS
UHDUUDW RPMRH 7 FHOO UETFGIFWRUQR W \D QWKIDIBI@QPDUN R
GHYHORSPHKWWUDQVIHQLF PROBBRKYMWHP B UAH&EB[SUHVVH
WKH &' '1 VWDJH LZWKWHB GARDUMHWFBO /DFRUD]]D HW DO
'ROIHW DO ) 7KH HDUO\ H[S UHR/IVV FEQ RQ N&E) J IEVWE 8 FWR FDQ |
HYHQ LQ WKH SUH®B@EHFRXBKIMIUKLIKHU DDIWEDW\ URU 7
GRHV IRD BUR® DO ,Q WKLDEFHKHWKMRBQPMEGLDWH
VHOHFWLRQ LI H[SUHVVHG DW WKH 'l VWDJ® DEXW LW LV k
7KHUHIRUH HDUO\ H[®EHDLIORI® PO FRPIPIEWPHQW ZKLFK U
SRSXODWLRQ Rl PEMWXOW ERW&5LG WKH SHKUP SHWIR O % U X QF
JULWWFBO 7HUMWQFM /DFRW\D]PDO 7KH\ UHSUH\
WHUPLQDOO\ GLIIHUHQWLDWHG WK\PLF SRSXODWLRQ ZLW

/IDFRUBWDD O DQG SUHVUMQWVSERQ\GED VYHDQIMW FIHWVDOIOV LQ W
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SHULSKHU\ HWHDOHQPAM FUHDWLQJ D &UH OR[ EDVHG FRQG
7&5 H[SUHVVLRQ ZRXOG EH GHOD\HG XQWLO WKH '3 VWDJt}
%DOGEML@PO UHVFXHG WKH UHGXFHG '3 DQG LQFUHDVHG '

7&5 WUDQVJHQLFV EHFDXVH WKH FKDLQ ZDV H[SUHVVHG D

,Q RXU ZRUN WKH SUHPDWXWH R&SUMHMKIVWR G LRR PVRWIHQ \
FHOO GHYHORSPHQW DV VHHQHWW BOHYERMDWEOGLHY %C
7KH '1 & LQYHUVLRQ VHHQ 9.Q WR\VR \LPH QIOFGP%FH PLIJKW |
HQJDJHPHQW LQ GHYHORSLQJ 1.7 FHO®V RFBRQWUEQHDBC
FRPSDUHG WR FRQWUROV 7KH UHVXOWV FRXOG EH SRVW)
PLJKW ELIXUFDWH LQWR '1 DQG &' VXEVHWV GXH WR D GL

LW LV SRVLWLYHO\ VHOHFWHG LQWR WKH 1.7 OLQHDJH

6HFRQGO\ DV VHHQ LQ WKLV ZRUN WKHO9PDWXUH 1.7
PLFH H[KLELWHG WKH UHODWLYHO\ VLPLODU FKDUDFWHU
7 PLFH KRZHYHU *1. RFBROOV DQG a 1.RIFREOOV LQ WKH
WK\PXV R9.127J PLFH XVH 7&5 9 FKDLQV RWKHU WKDQ 9 ¢
IDU WKH TIUHTXHQF\ GHWHFWHG LQ WKH WK\PXV RI :7 12" P
WKDW WKH FKRLFH RI 7&5 FKDLQ DIIHFWV WKH SUREDELO

WK\PRF\WH ZLOO WUDQWR VDL &KX HQARRV DS &'
7&5 YDOLGDWLRQ ZzDV DVVRFLDWHG ZLWK WKH WUDQV|

12'9D 7J PLFH ®.QRM& WUDQVJHQLF VWUDLQ EHDULQ
QXPEHUV Ri&' 1.7 FHOOV SURYLGHG D PRGHO RI 1.7 FHOC
VXIILFLHQW SUH VHOHFWLRQ FHOOV ZHUH DYDLODEOH WK
FOHDUO\ GLVWLQJXLVKHG (YLGHQFH VXSSRUWLQJ WKH X\

ODUJH QXPEHUV RI WUDQVFULSWYV GLITHEHIWEDOOK H[SUE
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SRSXODWLRQV WKDW HLWKHU GLG RU GLG QRW ELQG &' G
VXFFHVVIXO 7&5 VLI@PO®LOIILQ WR\PHPOV LQFOXGLQJ 7

DOOHOLF H[FDXVEIRDQDWHEIXODWLRQ

7UDQVFULSWLRQDO DQDO\VLY FRPSDULQJ LPPDWXUH '
UHYHDOHG D UHGXFWLRQ LQ H[SUHVVLRQ RI WKH HOHFWU|
'"HK\GURJHQDVIKG 1G &\ GVRFKURPH&R[2[RGCD®H DQG $73
6\QWKDWH VXIJIJHVWLQJ UHGXFHG PLWRFKRQGULDO R[LGDW
SRVVLELOLW\ WKDW LPPDWXUH '3 1.7 FHOOV KDG D KLJKHL
RI WKH :DUEXUJ SKHQRPHQRQ LQ ZKLFK FDQFHURXV RU S|

JO\FRO\VLY DW WKH H[SHQVH RI RILGDWWYBOGKRVSKRU\OD

7UDQVFULSWLRQDO HYLGHQFH ZDV VRXJKW WR VXSSR
SUROLIHUDWLRQ DFURVV 7UDQVLWLRQ ZDV GXH WR 7&5 "
SUR[LPDO FRPSRQHQWY Rl WKH 7&5 VLJQDOOLQJ FDVEDGF
VWDWENS [ W 7H\QW [ =DS [ 9DY [ DQG
30FJ | $OWKRXJK QRW SUHYLRXVO\ UHSRUWHG WKH
DNLQ WR RWKHU PHFKDQLVPV RI 7&5 WXQLQJ VXFK DV GR
FRUHFHSWRUV UHJXODWLRQ RI DFFHVVRU\ PROHFXOHV VX
SKRVSKRU\ODWLRQ RI 6+3 *URVVPDQ DQG 3DXO V X
OLJDWHG DQG VXFFHVVIXOO\ VLIQDOOHG *+ FRQVWLWXWLC

WKLY FDVH WUDQVJHQLF UHFHSWRU

7KH HYLGHQFH RI DOOHOLF H[FOXVLRQ RI HQGRJHQRX
K\SRWKHVLV WKDW WKH SUROLIHUDWLRQ REVHUYHG DFUR
VLIQDOOLQJ DQG YDOLGDWLRQ 7&5 DOSKD FKDLQV GRPL(

H[SUHVVHG WUDQVFULSWV FRQVWLWXWLQJ WHQ\RI WKH \
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GRZQ UHJXODWHG 7&5 YDULDEOH DEOWKXD JHQHUDHNIBH QWYL

7UDY 7UDY 7UDY 7UDY Q 7UDY 7UDY G 71
7UDY GY 7UDY 7UDY G 7UDY 7UDY 7UDY }
7UDY 7UDY G 7UDY 7UDY Q 7UDY 7UDY 71

7UDY G 7UDY Q 7UDY G GY DODY8 D[DSQGWUBYW 7K
ORVV Rl H[SUHVVLRQ RI WKH JUHDW PDMRDL®V RN FR® \ L%
ZLWK VXFFHVVIXO YDOLGDWLRQ Rl WKH WUDQVJHQH HQFR

HIFOXVLRQ RI FRPSHWLQJ 7&5

7KH SRVVLELOLW\ RI LQFUHDVHG SUROLIHUDWLRQ LQ
XS UHJXODWHG H[SUHVVLRQ RI JHQHV DVVRFLDWHG ZLWK
QXPEHU RI JHQHV LQYROYHG LQ WKH () VLIQDOOLQJ SDW
SURWHLQV ZHUH VLJQLILFDQWO\ XS UHJXODWHG E\ LPPDW
'3 7 FHIXBIVPRVW VWURQJO\ GLIIHUHWWILBIGOD FH[B VW \T\UD® VI
HOFRGHG WKH WUDQIVZKLFW LAY IPEVKRY YHIROD\WBGWOH &
VXSSRUW IRU LQFUHDVHG SUROLIHUDWLRQ LQ '3 1.7 FHOO
IXQFWLRQDOO\ UHGXQGDQW P DQRQHW @ARIH Q K B QURWIBVBLHH B [
SKDVH FHOO F\FOH SURJUHVVLRQ SUR®GFHIPOH RIDGQG C
-RKQWR/QDO :X HW DO 7KH JURZWK UHJXODWRU\ IXQFWLR
VXSSUHVVRU SURWHLQGLMBHGR DW MG BEQUWYLBEWLRQ IDFW
RYHUH[SUHVVLRQ RI () XQRSSRVHG E\ LQFUHDVHG 5% HI[!
SUROLIHUDWLRQHYR GRPADNHRAMRIDO )LHOG HW DO
&RQVLVWHQW ZUWHK SQRQWDYHBEODWHG JHQ@FDMEFFAK DV
ZHUH DOVR VLIUMHIXED®WG\ RS ZHUH JHQHV HQFRGLQJ SU|
IRUPDWLRQ DQG FKURPRYVR&HQBHJ ILHIG WILSR QH ¥ IEKDDIWL R Q

FRQVLVWHQW ZHORKWLR XSULYLQJ FHOO SUROLIHUDWLRQ
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7KH UROH RI WKH () SDWKZD\ LQ PHGLDWLQJ 7 FHOO
(I (I GRXEOH NQRFNRXW PLFH ,W DSSHDUV WR SOD\ D U
EXW QRW LQ SUROLIHUDWLYH UHVSRQVHVORKEHPRINQRKNF
PLFH LV VHYHUHO\ UHGXFHG 'H5\FNHUH DQG 'H*UHJRUL
H[RJHQRXV DQWLHMWQDIOV CHEWF NHKKXH DQG 'H*UHJRUL
QDLYH 7 FHOOV UHTXLUHV ERWKOQ V1LQQGD/QGL\QWLBERROWQ
0+& VHOl SHSWIMGBO(UQN8BWRI PHPRU\ &' 7 FHOOV LV GHSH(
VWLPXODWLRQ E\ 0+& VHOI SHSWLEWH +BORIQMO G IYQF HWOD/O L
PHPRU\ & 7 FHOOV (LV (RSRXBOHLINQRENRXW PLFH WKH (
SOD\ D UROH LQ PHGLDWLQJ 7 FHOO SURWLDBUDWLR @KLH H
SURFHVVHV Rl WK\PRF\WH 7&5 YDOLGDWLRQ DQG 7 FHOO \
DUH PHGLDWHG E\ 0+& VHOIl SHSWLGH UHFRJQLWLRQ DQG
() SDWKZD\ LQ 7UDQVLWLRQ WKHUHIRUH VXJIJHVWV WKD

YDOLGDWLRQ KDV RFFXUUHG

KLOH %HQODJKD DQG FROOHDJXHV°BRHYTYRXVO\ UHSI
1.7 FHOOV LQ WKH WK\PL RI QHZERUQ PHWHDDHUR>QRQ GLY
IXQFWLRQDO YQ O¥UWBBMLRQFRUSRUDWLRQ FRQILUPHG RXU
LPPDWXUH WKAPLFHDOVALQ7U2PLFH KDYH LQFUHDVHG SURH
7UDQVFULSWLRQDO HYLGHQFH RI| DO.OFKDLFQN [ EQ X\WPLFROQVK U
1.7 FHOOV ZDV SURYLGHG EU NIKKHD B WGEIR DSRHHIDIB QG B T3 V
LQ 7UDQVLWLRQ 7KLWGLBE\GWERH DIOPRRQYIEFRPSOHWH DEV
1.7 FHOOV DQG PDWXUH 1.7 FHOD FKH[ISQWH VWXRK BRWREE J &
DQG 9 DFFRPSDQLHGDZ - KFK&I7@ JHWRKHIHJIXODWLRQ RI JH

UHODWHG WR WKH HDHFNMWU RG WLYDOGM-RRU R/ FKKDH. ( ) SDWK:-
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WKH GRZQ UHJXODWLRQ RI QRJIHQHVDWXRFH\DMWH & KBW ¥.XF

YDOLGDWLRQ RFFXUV DFURVYVY 7UDQVLWLRQ

SRVLWLYH VHOHFWLRQ DQG OLQHDJH FRPPLWPHQW ZH

LPPDWXUH '3 1.7 FHOOV WR LPPDWXUH &' 1.7 FHOOV

7UDQVFULSWLRQDO DQD®WILNDEYVRVKDW BRYLWLRE V
OLQHDJH FRPPLWPHQW RI 1.7 FHOOV RFFXUV GXULQJ WKH
WR LPPDWXUHH®OY.7*HQH 2QWRJHHIXQOD@ANG V+ R IIXHDHV U
WKH VWURDJIODOIWLRQ RI D ZLGH UD QJMVR R PLORWHLCR © B PEQ\D
SURWHLQV WVXKNK WHFROWR BN S WRWR/N L&KHH RIRQIW G K JUWH. /S D
JHXNRFAWHUB QWLDWLRQ PDUNHUV 21 WKHVH WKHUH ZDV
ZLWK WKH LPPXQRPR GG DMKV BUR SQGWMLGQYDRIEIL7 ENOOV V)

6HPD D $UWDREWSHB

&RPPLWPHQW WR WKH 1.7 FHOO OLQHDJH LV ZHOO NQ
H[SUHVVLRQ RI WKH 3VE)D @V AMUCSQWIFRIQ SWWEWRUDFWRU WKD
LQWR 1.7 FHOOV DOSHEXATFQISBN FROVE E6BEIMEM DO
7UDQVDFWLYDWLRQ RI 3/=) DWSH DEFYG W RHIEMDYWK EB RS0/
LOQWR D@LQWBWHFWRU 7 FHOO D3K-DVLR&ORPIBBTBOLQRQO\ 9
WK\PRF\WHV DQGVBAKDRIWKHUVL.7 FHOOV LQQDWH O\PSK
PLFH DQG PXVR¥DDWHG LQY FHIODQYW 17. SO0V /DDUFHHOOV
DEOH WHRIXODWH 3/=) DQG DFTXLUH WKLV SKHQRW\SH ,Q \
D 7&H[SUHMVFHOOV MRLQ WKH KHWHURJHQHRXV SRRO R
PLJUDWLQJ WK URKS K RLHGF RIQESHR IO DR W PG VBUYPWURQ EH
EHLQEOH WRHHI[SFWRY IXQFWLRQV +RZHYHU WKH FRPSOH

FHOOV KLQWYV DW WKH QHFHVVLW\ RI RWKHU 3/=) IXQFWLF
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HQJDJHG GXULQJ 1.7 FHOO OLNH SRVLWLYH VHOHEWLRQ ¢
QRUPDOO\ GR QRW LQGXFH H[SUHVVLRQ FRQIHUV D UREX\V
WKDW RI 1.7 FHOOV LQGLFDWLQJ WKDW 3/=) LV Bl OLQHDJ
SKHQRW\SH 7KH FORVH DSSRVLWLRQ Rl HYROXWLRQDULO
DQG WKH XQLTXH HIIHFWRU SURJUDP UHJXODWHG E\ 3/=) |

WKHVH UDUH DW\SLFDO 7 FHOO VXEVHWYV IRU SURWHFWL"

BUHYLRXV VWXGLHYVY LQGLFDWHG WKDW 3/=) GRHV QRW
'3 SRRO RU WK\PLF VHOHFWLRQ DQG GRHV QRW VLJQLILFC
UHSHUWRLKHW DB@WYD$RDO\VHV RI 3/=) WUDQVJHQLF FHOOV
RI WKH ODULO\Q 7&5 WUDQVJHQH RI PDOH PLFH WKRVH HJ

FRQVHTXHQFH QHJDWLYHO\ VHOHFW 7 FHOOV EHDULQJ WK

WKDW LQ WKH SUHS#KQW¥SHFEILBLUE)OD $SLO\Q 7&5 WUDQVJIHQLF
XQGHUZHQW QHJDWLYH VHOHFWLRQ DW WKH BBWIW®JH RI
3/=) GLG QRW VHHP WR DOWHU WKH 7&5 VLJQDOLQJ W
E\ & LQGXFWLRQ XSRQ JUDGHG 7&5 VWLPXODWLRQ E\ D
DGGLWLRQ Datrouital suped ntiges| PHGLDWHG GHOHWLRQ RI FHO
families associated with recognition of BALB/c super antigdn@ GLFDWHG WKDW WKF
WKH 3/=) WUDQVJHQH SURYLGHG D SDUWLDO UHVFXH IURF
% ) PLFH BWYDOH *LYHQ VXFK OLPLWHG LQIRUPDWLRC
FHOOV LW LV GLIILFXOW WR VSHFXODWH RQ KRZ HFWRSL]|
GHOHWHG +RZHYHU WKH GHIHFW RQ QXPEHUV RI 1.7 FHO
ORFDOL]HG WR WKH LQWW¥DWRAPLF \&/\R D6GMAD J H& '
&' ORgr KLIK WUDQVLWLRQ OL[HG ERQH PDUURZ FKLPHL
IUHTXHQFLHV RIX6¥'DJRF. &'DQG 6WDJH SRSXODWLRQV Z

GHFOLQH RI WKH VXEVHTXHWWWDJH FHOOV 6DYDJH
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,Q RXU ZRUN WKHUH ZDV QR VLJQL HEFWEWVGIHHYHQF
LPPDWXUH '3 7 FHOOV DQG LPPDWXUH '3 1.7 FHOOV FRQV
FIDY QRW \HW KDYLQJ XQGHUJREHWERWL XS YHH JYHIDMHF WE PR

IROG GXULQJ WKH VXEVHTXHQW WUDQVLWLRQ IURP LPP
VWDJH 7KHVH ILQGLQJV DUH FRQVLVWHQW ZLWK LPPDWX!
VHOHFWHG DHXG LRRPIPHQ FRARL WWHIBHIX ROWLRQ RI VXFK D
RI IXQFWLRQDO\OARBKRWHGH VXUIDFH H[SUHVVEB®W LQWHJU
7UDQVLUWLRQVR FR QWKW W NMEBEM® GVWWR RLE® W H/GFHIOND OLQHDJ!
FRPPLWPHER®D DQEYV WKH ILQGLQJ E\V6ONWJI3 D) QHY FIRHOOH.R.
1.7 FHOOVHYX®® WHEWHDHWEG @ DJH LOQBMMORCSPHEWH |

GULYLQJ WOKHN i QGIURIMW HRQ R 16 D X7OHBIM@ O V

%\ FRPSDULVRQ RI JHQRPH ZLGH W UR[QRIFEXNWSWWRPLE®
ZLWK WKDW LQ :7DRIGF HFROMWHDIKHY LGHQWLILHG  JHQHYV
H[SUHVVLRBW6D®DUKH H[DPLQWWDRY FRILSWHOHYHOMQHV L
PLFURDUBRQUOAMWEG WKDWOWMERESFRIRVY WUDQVLWLRQ Z
WR PRGN ODMMVA/RY VRD UM YR UM RI WKH  JHQHV LGHQWL
DQG FROKM® DXBWWDW LV WILKH RV B QR LDFIURY XS U H &KL
FRQWLQJHQF\ WDEOH D QGZWHKHU¥MS X O/RRINGR WIHQW ZLWK 3

H[SUHVVLRQ SOD\LQJ D VWIQRAQLFRIQW 7URKMOL G HMIDARAP H Q

7KH FRRUGLQDWHG H[SUHVVLRQ RI WKH LQQDWH OLNt
IDFWRU 3/=) DQG WKH VXEVHTXHQW XS UHJXODWLRQ RI D
UHFHSWRUV DVVRFLDWHG ZLWK 1.7 FHOO LPPXQRELRORJ\
FHOO OLQHDJH FRPPLWPHQW RFFXUUHG DFURVY 7UDQVLW
UDLVHG WKH LVVXH RI WKH WLPLQJ RI WKH 1.7 FHOO VHO

WKDQ OLQHDJH FRPPLWPHQW LQ 7UDQVLWURDPP2PW ¥KHH J}
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& 1.7 FHOOV PDQ\ KDYH EHHQ SUHYLRXVO\ GHVFULEHG L
SRVLWLYH VHOHFWLRQ RI FRQYHQWIFNWODO/ FKBON GIDXND

DUH FRQVLVWHQW ZLWK 1.7 FHOO VHOHFWLRQ RFFXUULQJ

3RVLWLYH DQG QHJDWLYH VHOHFWLRQ RI 1.7 FHOOV K
GHYHORSPHQW LV PDUNHGO\ LPSDLUHG E\ WKH DEVHQFH |
IRU SRVLW L Y4H QIEOHOMEHIRQY DO 6PLOHN DO OHQGLHIYW WD
DO &ROHV DQG 5PRXSHW DO :HHW DO RU E\ WKH HDUO\
DGPLQLVWUD®&RPORMVE FLO &K XHQW DO +RZHYE® UNKHVH
VWXGLHV GXH WR WKH YHU\ ORZ QXPEHU RI '3 1.7 FHOOV
GHOHWLRQ RI &' G DQG*DOGRHYLXMUM @RRIGRIUHFG RQ '3 1.
FHO,OWZDV DVVXPHG WKDM I® I WHGL WH IV DKW IGRHY HORS P |
GHOD\HG WU DD WPIQWWY GY B/ @RW.HWH GB Y HW A0  ,Q
FRQWUDVW WKH SURGXFWLRQ RI YHU\ OD WKH WKPEHRIV RI
9. WUDQVJHQLF PLFH SURYLGHG XV ZLW W BHR VR S\SLRFHWDX@E

QHIJDWLYH VHOHFWLRQ RI 1.7 FHOOV

/T DUJHWHG GHOHWLRQ®.RVF&'PEGFIWR®GRPFDWHG WKDW &'
IRU IXUWKHU GHYHORSPHOW.RIFWROCM.F,QPWRW DENHQFH R
LPPDWXUH '3 1.7 FHOOV GLG QRW SURJUHVV WR VXEVHTXH!
DFFXPXODWHG LQ WKH WK\PL RI WKHVH PLFH 7KH DOPRV\
FHOOV & 1IGX® 7J PLFH LV FRQMNLUWGE GWVAIWMKYH VHOHFWLF
FHOOV LQ WKH DEVHQFH RI & G $GGLWLRQDOO\ WKH LPF
WR QHIJDWLYH VHOHFWLRQ PHGEDW&HKUEE RVKK] LDQCAPUDRY M QYR
LQWUDWKARH FDHXKM\Y LR XUFR D SWXMFHHMULPHQWDO FRQGLW
FRQVLVWHQW ZLWK W®&E R UWRW HVH ERFLYE BOHOIM QRW IR XC

RXWVLGH WKH WK\PXV GNVRBILWKHYHBE N IOV IRMXY@REREIHIK L Q
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QXPEHUV ZHUH PRUH WKDQ GRXEOHG E\ WDUJHWHG GHOH
SUHVHQWDWLRQ JO\FRSURWHLQ UHTXLUKB\IRHUH 7GHISOQ®
DERXW KDOI WKHLU QXPEHUV E\ VIVWHPLF RU LQWUDWK\P
JO\FROLSLG* BDEWMUIHQ ®KHSEHRGHQW PD3QD.H W HMEE/ZHG RQO)
WKUHH RI WKH WU D Q VRN ISWHIORHFRCL KW OIOW DW KMV GD W I
FRQVLVWHQW ZLWK WKH K\SRWKMMDWH MVKIDRY) 'SRISKEGEBWORC

SRVLWHOHFWLRQ RI 1.7 FHOOV RFFXUV EHWZHHQ LPPDWXI

1.7 FHOOV DUH SRVLWLYHO\ VHOHFWHG E\ OLJDWLQJ .
WK\PRF\WHV ZKLFK DFFRXQW IRU ! RI DOO WK\PRF\WHYV
VHOHFWLRQ DV GLVWLQFW IURP PHUHO\ QHFHVVDU\ WKH
12' 9D 7J PLF® $OREDEO\ QRW EH H[SODLQHG 2Q WKH FRQ
SRVLWLYH VHOHFWLRQ RI 1.7 FHOOV LV QRW MXVW GHSHC
WK\PRF\WHV DV WKHVH DUH DEXQGDQW ,QVWHDG WKLV F
VHOHFWLRQ ZKHQ QXPEHUV RI SUH VHOHFWLRQ 1.7 FHOO\

ZLWK D UDWH OLPLWLQJ VWHS

& G LV UHTXLUHG IRU 1.7 FHOO SRWID/MLYHRGHOHFWQR
%HUJLQV 7KH DEVHQFH RI & G RQ WK\PRF\WHV DEUR
LV UHTXLUHG IRU VHOHFWLRQ R+ R\ZKHD 9 UDQGHM®LIWM L\RIQAIRCE M DT
DWISH$06/$0 KRPRW\SLF LQWHUDFWLRQ &WVDOHH QHLPHPIRWMDQ
WK\PRFRWIK VD EH DVROOQGE IDBHD VWHQ HFH V V D U \6'% Bl FPRHBAEL VMY HQY/D |
6/$0 UHFHSWR WYHDDW CEHHY VKRZQ WR REWXW XBSWOR'QV DQ
UHTXLUHG IRU 1.7 FREOHB/HYO® ORISHWHEXYND O -RH®/DRO

,Q 69BLFH' WHWDFWLYH FHOOV QHYHU PDWXUYH sDvw
VWDIHLHZD DO 7KHMHXBILHKNOLIKW WKH X Q MIKGWWHHDH F W

FRPPLWPWRMW RI7F FHOO OLQHDJH SR¥HWDUYI) YV HBOW RKWLRFQW
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FRLQFLGHQW ZLWK 6/$0+BREZHN &HW ROG G IL Y& BREIUGAR H/S KR U

VLIQDROWRWWERXODWRUYV RU F\WRNLQHYVY VXFK DV ,/ RU ,/

$OWKRXJK WKH DSSURDFK XVHG LQ WKLV WKHVLV WR
QRW QHZQRBXQJV HOXFLGWVGGLRPHLOROHY UHIJDUGLQJ WK
RI 1.7 FIEO GV UHIFVRER@HEDO '3 1.7 FHO G GRISW DBYQDVRYK R Z H G
LQ RRWUN DQWG WMIKWM&' 1.7 DQG 'l 1.7 FHOOVPXVHRYHU\ UD
& G PLFH *B®LRO DQWKLY WKHVLV %\ FRQWUDVW LW L
WKDW \@HRBHOOV DWW VBBHQRWGSHY LQ WKH DEVHQFH RI &' G
HLWKHU &D@EN'1100 H[SUH\&Y HGS WHORIKISHDUH SUHVHQW L
WK\PXVGRG® 7J PLFH ZLWK SRSXOD®A R VIPHRLFHPLODU
$OWKRXJK WKH PHFKDQLVP IRU 'WISHK DG B WD\ EM R Q RAKHHE
SRVVLEOH H[SODQDWLRQ LV WKDWGHSH\QFELHEW BBYEBBS 7
RQWRJHQ\ WAR WHOD B/HBPDW XUH H[SUHVVLRQ RI WKH 7J 7&
FKDLQV H[SUHVVHG DW WKH 'Ll VWDJH ,W LV EHOLHYHG W
HPDQDWH IURBSWKRPSOH[HY WKH 7&5. WUDQVJHQH E\SDV
IRU&5PHGLDWHG SRVLWLYH VHW HFOV L RQHIDARD % R BEHW O U
DO E 7HUWMW®@RH %RURIZWVIIO %DOMELMO 7KHUHIRUH
VLPLODU WR D VXEVHW RI PDWXUH 1.7 FHQOKR WK &V HDTIGF
& ,Q 7&5 UHDUUDQJLQJ FHOOV 7&5. SURWHLQV DUH HJS
SUM5. FKDLQ ZLWK UHJDUG WR LQGXFWLRQ RI FHOO PDW:
HW DO ,W ZLOO EH XVHIXO WR LGHQWIHY WER S PHRHD O (

GHWHUPLQH ZKHWKRBRUGNRBHSHQGHWOYMQW DFHOOV

6HFROQ®W KH FKHFNSRLQWY LPSRVHG RQ GHYHORSLQJ 7
7&5 . DQG FKDLQV WKDW IRUP DQ . 7&5SRBPLIDENDKH ORQ G RoW-

7&5 . DQG FKDLQ JHQH PRGHREDAL WK ISQ MR HFRQ W H |
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WK\PRF\WH GHYHORSPHQW 7&5 FKDLQ JHQHV DUH UHDUU
=ORWQLN 6WDUUYSHWVD/ARQ RI D 7&5 FKDLQ DV D SU}
VLIQDOV WKDW SURPRWH FHOOXODU H[SDQVLRQ DQG GHY
WK\PRF\WH GHYHORSPHQW *RGIUH\ DQG =ORWQLN 0L
HW DO 3UH 7&5 VLJQDOV DOVR SURPRWH 7&5. FKDLQ JHQ
IXUWKHU 7&5 FKDLQ JHQH DVVHPEO\ WK USRXDKHWKBOSUR F 1

YRQ %RHKPHU DQGKRKOL®3 60HFNRBIGDXVH DOOHOLF
SURKLELWYV '3 WK\PRF\WHV IURP JHMRHUDWHQD QX YV &5J HF@
FKDLQV WKDW IRUP DQ . 7&5 FDSDEOH RI SRVLWLYH VHOF
'DWD SUHWHKQWHBKHYLY FRQILUPV WKDW WKH UHTXRQUHPH(¢
YLYRWHQG EH\RQG WRHEP B GH *PIOSSCHUL W& WG WHWUDPHU 7.
UHTXLUHPHQWY DUH L D 3VHOHFWDEOH" 7&5 FKDLQ VHT:

SDUWLFXODU JO\FROLSLG LQVLGH &' G

7&5> FKDLQ UHSHUWRLUH RI 1.7 FHOOV LV JHQHUDWH
VXEVHTXHQW VHOBEWDEQHRURAERQ H[RQV GXULQJ WK\PRF
VWXGLHV XVLQJ 7&5 FKDLQ WUEQV¥NHQRXP®GFWNKRQHG N&KI
VHIPHQW XWLOL]HG LV FULWLERWHRU DQ/GFIHOFORQPOIKEOR S |
XVDJH DQDO\VLY LQ RXU ZRUN UHYHDOWE WKDIWQALF PHE®
WKH ELDV WRZDUG 9 9 DQG 9 +RZHYHUWS'BEW.DOVR VKF
FHOOV DQG a RI &' 1.7 FHOOVIOLQ7TWRHFWKAPN VI &F 92
FRLQV RWKHU WKDQ 9 9 RU 9 H[FHHGLQJ E\ IDU WKH
7 12' PLFH a 7KHVH ILQGLQJV VXJIJHVW WKDW WKH FKF
SUREDELOLW\ WKDW D .*PIOGGEIUQR &W IG\ R\RHFWW B FZH&D O° WU D Q V

WR D &SKHQRW\SH
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6RPH UHFHQW VWXGLHV VXJJHVWHG WKDW WKH ELDV
DVVRFLDWHG ZLWK &'5 FRPSOHPHQWDULW\ GHWHUPLQL
OHQJWK DQG VHTXHQFH KHWHURJHQHE VWHR D& HWERPHW Q

DQG OCHWWRGD FRQFOXGHG WKDW &'5 OHQJWKV RI St
9 9 DQG 9 ZHUH HTXDOO\ KHWHURJHQHRXV IRU 1.7 F
GLVWLQFWLYH &'5 VHTXHQFH PRWLIV DUH QRW DSSDUHQ
FHUWDLQ 7&5 FKDLQ VHTXHQFHV PD\ ELDV SRVLWLYH VHC
H[SUHVVLQJ D 7&5 FKDLQ 9 - GHULYHRK\EWR B MPW UL
9LUHHW DO LQGLFDWHGOWKDW FIHDRIQIDFQIHPHQWY ZHUH L
WK\PXV RI WKHVH WUDQVJHQLF PLFH LQ D & G GHSHQGHQ
1. 7&5. ZHUH WZLFH DV IUHTXHQW DV LQ FRQWURO PLF

FHUWDLQ &'5 PRWLIV DUH FULWLFDO IRU &' G UHFRJQLW

,Q WHUPV RLOQPMIAKVYY¥DQ UHFRJQL]H & G PROHFXOH
GLITHUHQW JO\FROLSLGV %HFDXVH VRPH RI WKHVH JO\FR
WKDW 1.7 FHOOV VW RIQWHIVEWWRH Q@RDGBGHQJ EDFWHULD +RZH
ZLWK 8H[GUHVVLQJ DQWLJHQ SUHVHQWLQJ FHOOV $3&V L
VXIJIHVWLQJ WKDW 1.7 7&5V FDQ UHFRJQL]H &' G SOXV HQ
LQ DXWRLRBXXQAGM\UHFWO\ SOD\ D UROH LQ LQQDWH UHVSF
LOQYHVWLIDWHG WKH QDWXUH RI WKH HQGRJHQRXV OLSLG
YDULRXV LPPXQRORJLFDO FRQWH[WYV ORUH WKDQ OLSL
JO\FHURKRIORVBEGY DQG VSKLQJROLSLGYVY KDYH EHHQ LGHQ'
SURGXFHG E\ WKH KXPDQ %HMHOO OLERWKHU &R[XG\ UHY}
SKRVSKDWLG\OFKROLQH O\WRSKRVSKROLSLGYVY DQG VSKL
DVVRFAZWWK KXPDQ &' G PROHFXOHV H[$SIWHDOHG GKYWHK DY

JO\FRVSKLQJROLSLGY LQFOXGLQJ *o Db * D DQG *0 DUH
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HISUHVVHG E\ PI\HORHG® 383GV )0RID@®) YDULRXV PROHFXOI
SKRVSKDWLG\OFKROLQH ZLWK GLIITHUHQW IDWW\ DFLG FRF
PROHFXOHV SURGXFHG E\ LQVHFW FHOOV 7KHVH VWXGLH

FDQ EH IRXQG DVVRFLDWHG ZLWK &' G PROHFXOHV ZKHQ ¢

7KH VWUXFWXUHV RI VHYHUDO PRXVH DQG KXPDQ 1.7
WR WKH PDULQH VSR QIBO®H WLRNH G FIHQBDHPLHIGW RDJC
3HOGHW MO . *DO&HU DQDBAWJIDO:XQRU UHORWHIBOPLO\FROL S
/LHW DO KDYH UHFHQWO\ EHHQ VROYHG 7KHVH VWUXFW
RI WKHLU SUMAIXHQ@RIS GRFN VLPLODUO\ RQ &' G 7KH ORI
GRFNLQJ DUH TXLWH GLIITHUHQWPIKH®® W KRR B YHHOL RQ DVX
0+& SOXV SHSWLGH @WIDQGV$ HRERMWHWSRWIT RQ WKH 1.7
RQO\ Rl JHUPOLQH HQFRGHG UHVLGXHV LV HVVHQWLDO IF
VWUXFWXUDOO\ GLYH U V6 RERWLIHQ R V QIFROHEDRLIGIHY RLY E
SURSRVHG WR EHDQ@WHJIRIQWKHHVERQVLEOH IRU HW PHOO D
7KHVH VWXGLHV DOVR VXJJ8RWSWHDW PR &b QLW H UD/QC
LQWHUDFWLRQ RI 1.7JD&BR (ZULSNIG & QGNLIHQ ARP D@H[HV 0D
,Q WKLV WKHVLV 7&5ZH@ID NOBHZ@WDZ UWKF RO L S LIGQ LYQIWLRG H
GHPRQVWUDWHG QHJDWH®B W BQBFIWARR RRQILIZUP WKH UHT

LOQYROYHPHQW RI &' G

(DUO\ 7 FHOO GHYHORSPHQ@W ROMHD IGRIFWFO R ®B/L Q Bl WKW PIR
VXUYDODAHOLF HFXOSOWMLRRQ LQWR D QHZ WK\PLF PLFURHQY
DOWLIH@QMLYHYBRY DQG OLQHDJH FRPPLWPHQW 7KH ILU\
UHIJXODWLRQ RI VXUYLYDO DQG FHOO GHDWK 6XUYLYDO \
GXULQJ SRVLWLYHSVWHRAOHPWERGHOMWKHRQA/G DOORZXWKH WK

DORQJ WKHLU PDWXUDWSER  WRWILKZ DIKPWKRAHIHEAAHSRUWHG
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PDLQWDLQ '3 WK\PRFQWHJIWQHYHYDWHVVLRQ ZDV IRXQG WR
'3 VWDJH Rl FRQYHQWLIRWDIOO7 FHOEO W KH\DH WWHHOV DUH F
VHOHFWLRQ WKHVRB\WHV, QRXN PLF®WRDUUDNSGBEWWLRQ ZD\
UHODWLYHO\ VLPLODU EHWZHHQ '3 7 FHOOV DQG '3 1.7 FH
E\ LPPDWXUH &' DQG 'l 1.7 FHOOV VXJJHVWLQ»W®HVH S|

H[ISUHVVLRQ WR VXUYLYH

,Q ZLOG Wthe B. PandH. JHQH VHIPHQWY DUH GLVWDOO\
gene and it has been shown that the 90--. rearrangement requires &xtended period
at the DP stage to takeagk, ands dependent on the expression of a number of factors

including Bckxy D % FIORPRORJXH BoGFORBHIE EBGLE O (JDZD HW

DO .IncontrastR XRL FUR GDWD VK RK H GIVBRI W R W4 FOI IDF VZ RV

GRZWHO®WHGRVY 7UDQVLWLRQ IURP LPPDWXUH '3 7 FHOC
7KH H[DFW PHFKDQLSRAWHPPLQNGRIK ERNYHBEOH H[S\DKH) D W
H[SUHVVLRQ RI W.KH.UHIHOQUD QH HBH@WY FH Q H VULNQRSDH UKHIEY H

WKH XS UHIXRODODXQRMFRVV DU\

7KH SURMULDBPHG &HOO 'HDWK 3" DOVR SOD\V DQ
WK\PRF\WH BAXRRFQWDBAOOLQJ WKH WKUHVKROG RI SRVLWL)
The dfects of the PBL deficiency on the thpocyte differentiationwere examineat the

clonal levelon transgenic mice crossed between TCH and TCR D E(H-Y and 2C)
transgenic micand PD1 mice on neutral genetic backgrounds LVKLAXWUDO. It

was reported that these mieghibitedaselectiveincreasen the CD4 CD8 population with
little impacton other thymocyte subsef®he absencefd®D-1 significantly facilitatedhe

transition of thymocytes from DN to DP stage in the TCR transgenic lines as well as in RAG

2 mice injectedwvith anttCD3 mAD, suggesting that PDcontrols the threshold of
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selecton, SUREDEO\ E\ DIIHFWLQJ &8K& WRPIFHPBOHKERDEG/RG SULH QD
I1LVKLPAXWDO. In contrastH-Y or 2C transgenic PI2™ ~ mice with the posively

selectng background reveaesignificantly reduced efficiency for the generation of CD8
single positive cells bearing the transgenic TOREN spite of tke increased DP population.
The results collectively indicate that PDnegatively regulates thEselectimm and nodulates

the positive selection1 LVKLPAXWDO

,Q RXU PLRWRDHQBE\H[SUHVVLRQ OHYHOV ZHUH ORZHV
VKRZLQJ D IROG LQFUHDVH RQ '3 1.7 FHOOV EXW ZHUH
'1 1.7 FHOOV FRPSDUHG WR LPPDWXUH '3 1.7 FHOOV 7KLV
VWXGLHV ZKLFK IRXQG WKDW 3' ZDV QRW H[SUHVVHG RC
H[SUHVVHG RQ SRVW VHOHHRWDRQ DIFMDDY 1 I8RQ\PXVMH Q\
ZWK VWXGLHY PHQWLRQHG DERYH RXU ILQGL @ )Y UHYVGILRIE

DQWK\PLF VHOHFWLRQ RI 1.7 FHOOV

$OOHOLF H[FOXVLRQ LV WKH VHFRQG EXWIKIRPK RI HD!L
SURGXFW RI VLQJOH DOOH O DW @ HRO R FRROGGUINRAHE FSRILAW V L
UHJXODWHG GLII WRHEQBOK CBHQVFREQQH DQG $RDBVKH
FKDWEH SHHMHI) B URG XFW LEY HIOD LLOY BIQ®IBD DOKE SUHYHQWYV |
UHDUUD RIHRMMEWH D JWOHKHUHIRUH REF&EDRQHORFMWKWY DEC
SURG X FOHH QXOMK  FR U U HEF KD\ L QHSBRADING O . ULPSHQIRUW
HW DO ,Q FREWRWKVINO O BBKNMIRI UDIQHH XQWLO D SRVLWLY
KHWHWPRU&5DEYV IRUPHG JRHW SREHWLYH VHOMBWLRQ 0DO
leading to Rag1/2urnoff, which stops further rearrangemefo RUIJK@W\DO % UDQGOH
HW DO 3HWWDKD .RXVNRII HW DDKXV LAFRBR XUH

WK\PRF\WHV K MWIYDEMRIGWEFRIWEDLQ PHVHWPILEXNIQ®
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FKDLQ SURWHLQV RQ WKH FHOO VXUIDFH 7KHUHIRUH VRF
UHDUUDQJHG DF& M[SOVHEXWGPRV W FH{B UG MYHHELHY Y O HD F H
$OCHPW DO %R\G HW DOW LV UHSRUWHG WKDW WKH QXPEH
H[SUHVVLQJ WZRKGLQMUHQSDUW RI WZR IXQFWLRQDO DQG
ZLGHO\ IURP  WR IHWWPRBH (OHIOLWRMW DQG $OWPDQQ

*DVFRLJQH HWRUWKB\EBIMLQO DQG DERXW LQ KXPEL
3DGRYW@O &HOO VXUIDFH BIFXDHOWLRQDVRD ®\ZR EHHQ G|

WUDQVJHQLF PLFH +HDWK DQBWILDIDOHU +DUGDUGRW)

,Q FRQWUDVW DOWKRXJK PRXVH 7 FHOO FORQHV IUH"
9DUHD WHPH@WYV DQG H[SUHVV WZR P51$ VSHFLHV WKH\ KD
FHOO VXARKDEBYV DM DWHQKXH@®DDO &RXHM] DO ,Q
DGGLWLRQ 5\EDNLQ DQG FROOHDJXHV LOGLERW G WKDW
PLQLORFL VKRZHG ORZ IUHTXHQF\ Rl FHOOV LQ WKHBVH WL
FKDLQ PLQLORFRY. DOEDNRZQHYHU RQFH H[DPUHBQBGY ERWK
FRQWDLEKMLUQY KDG D VWURQJ DELOLW\ WR EH SRELWLYH
FRQWDLQLQJ WUDQVJHQH RU BVKKDQOW XWR® DX\E KB W\R LUHH

WR ILQG D GLVWLQFW SRSXODWLRQ RI FHOOV WKDW H[SUI

,Q RXU ZRUN PLFURDUUD\ DQDO\VHV VKRZ WKH ZLGH
1.7 FHOO D&%HQHYV LQ LPPDWXUH '3 1.7 FHOOV 7KLV ILQG
HYLGHQFH RI DOOHOLF H[FOR¥KRPQ (R BRPWHKW LVQU DIE\BFY L
7KH SULPDU\ PHFRORQLY M ABDHOLF H[FOXVLRQ GHVFULEHG
WKH SURWHLQ OHYHO 'XULQJ WKH '3 VWDJH RI WK\PRF\W
FKDLQ JHQH UHDUUDQJH XQWLO D SRVLWLYHO\ VHOHFWD

SUHYLRXVO\ BJHOWLD BIRNG W L Y HDVAHKMH. DWUL R DU FHDIM HHWP H Q W
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VKXWWLQGDRD@EEKIHHQHY %RWJIBRO\D% U DG M

.RXVNRW DO $0OBW DO $ SWUWQVODWLRQDO PHFKDQLV]
RQO\RPKIDLQ LV JHQHUDOO\ SUHVHQW RQ WKH FHOO VXU
*DVFRLJQH *DVFRLJQH DQGWOD® 'LIIHFFUERQNL@RGHO
KDYH EHHQ SURSRVHG WR H[SODLQ WK BRINMWQ VDWIDGNOQ B
H[FOXVLRQ 1HVWGBOEHOEHWLPSOHVW PRGHO SURSRVHG
GHSHQGHG RQ WKH FRP ®HAWDWQRSURWWFZOMQRVUER OLPLWI
FKDLQ SURWHLQ ZKHQ WKH 7&5 OHYHO RQ WKH FHOO VX
$ODPW DO $ODP DQG *DVFRLJQH *DVFRLJQH DQG $(
PRGHO WKH &' ] FKDLQ D FRPSRQHQW RI WKH 7&5 &' FR
UROH LQ SKHQRW\SLFDF®OHQ LFA NWDKVQRESBL SV HI® G PMK
SUHIHUHQWLDO CDEFWPELQDWIQRQWAKIHIN K WKH KLIJKHVW LQ\
WR WKH FHOO ,Q WKH VHOHFWLYH UHWHQWLRQ MREGHO
FRPELQDWLRQ LV PDLQWDLQHG RQ WKBH FKDO@ LXUGREZ Z
UHJXODWHG RU UHWDLQHG ZLWKLQ WKH FHOO E\ UHJXOD
%RWW DO +RZHYHU WKRVH PRGHOV GR QRW H[SODLQ
UHJXODWLRQ Rl QR® IJHQAMORFFEBWLQ LPPDWXUH '3 1.7
WR LPPDWXUH '3 7 FHOOV 7KH SRVVLELOLW)\ LDV WKDW W
VWRSV IXUWKHU UHFRPELQDWLRQ RI HQGRJHQRXV DOOH
QRW KDYLQJ JHQHUDWHG D YLDEOH WUDQVFULSW 7KHUF
IDPLOLHVY WUDQVFULSWV LQ '3 1.7 FHOOV LV OLNHO\ WK
H[FOXVLRQ RI| FRFSHIWDLL@N 7I&3 OPPDWXUH '3 1.7 FHOOV DV
ILQGLQJ ZDV FRQILUPHG E\ WKH YHU\ ORZ QXPEHU DOPR

DQRG PDWXUH 1.7 FHOOV HQFKBYQNVNQJV RVMBK B 7 & G
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9D DFFRPSDQLHGDZLYWK FRBLY 7KH SURSRUWLRQ RI LPP
FHOOV DV ZHOO DV PDWXUH 1.7 FHOGKDH[@GV HXNV Q/ 1L WXH

ORZHU WKDQ LPPDWXUH '3 7 FHOOV DQG PDWXUH 7 FHOO

SHIXODWLRQ RI PLJUDWLRQ DQG DGKHVLRQ LV DOVR |
JROORZLQJ SRVLWLYH VHOHFW IDRQQ HW KLIHDUWKDBRFPWXZ R ¥ R
ORFDOLVDWLRQ WK\PRF\WHV EHJLQ WR PLJUDWH UDSLGO
$NL\DHPW DO %R @MWRO &KHPRNLQH UHFHSWRU VLIJQDOL!
LPSRUWDQW PHFKDQLVP WKDW HQDEOHV WK\PRF\WHV WR
IXPHURXV VWXGLHY KDYH LPSOLFDWHG &&5 DV D NH\ FKF
DFFXPXODWLRQ RI 63 WK\PRF\WHNW LD/OK LIQOW KB PI&GX%DR B

(KUBIWFIDO &RAHDNQDO W LV UHSRUWHG WKDMQ63 WK}
YLWKRIPRWD[LV WRZDUG &&5 OLIJDQGV ZKHUHDV &&5 PH
WK\PRF\WHV I[URP WKH FRUWH][ KR DU Go KK OP B Q & ORDH KoFX
(KUOHWKD O 2YHUH[SUHVVLRQ RI &&5 OHDGV WR LQDSSU
WK\PRF\WHV WR WKH PHGXOOD .ZDQ DQG .LOOHHQ .
UHVXOWYV LQ GHFUHDVHG DFFXPXODWLRQ RI 63 WK\PRF\W|
vVLIQDOOLQJ QHIJDWLYH VHOHFWLRQ DQ&GWRABUDO DXWR

&RZMHQV DO

,Q RXU PLFURDUUD\ GDWD ZH IRXQG D ODUJH QXPEHL
FKHPRNLQH UHFHSWRUV ZKLFK KDYH EHHQ SUHYLRXVO\ U
VHOHFWLRQ RI FRQYHQWWRRQO O @LFWOID/ &BPRKYDO
.ZD®W DO )RU H[DPSOH ZH REVHUY H&F UQ BS@ED VSR @[S L
VHOHRWUR[BUHVVLRQ ZDV VOLJKWO\ GRZQ UHJXODWHG E\
WR LPPDWXUH '3 7 FHOOV EXW VKRZHG IRXU WLPHV KLJKH

1.7 FHOOV FRPSDUHG WRAEBPBWUHVVARF ZDV HTXDO EHW
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DQG '3 1.7 FHOOV EXW ZDV LQFUHDVHG DOPRVW QLQH IRC
7KLV LV FRQFXUUH QW UZ LIWX PMIGK Q@D W IRIUDWLRQ DQG LPF

WK\PXV .ZDQ DQG .LO@EWHIDO 8HQR

&&5 DOVR DIIHFWV PHGXOIORS \UMHQ WQD WKRZ HLYLHHUW [RAD
VHOHFWLRDXEOG &&' WK\PRF\WHV EHIRUH WKH XS UHJXO|
VWDJH BW]ONL &RZHDM) DO HW DO ,Q WKH DEVHQFH RI &!¢
WK\PRF\WH QHJDWLYH VHOHFWLRQ LV LPSDLUHG ZKLFK F
QDWYH 7 FHOOV LQ VHFRQGDU\ O\PSKRLGHRWDDMQV PRG DX
DGGLWLRQ WR SURPRWLQJ WK\PRF\WH FKHPRNLQHVLV DQ
PHGLDWH HIILFLHQW LQWHUDFWLRQV RI 63 WK\PRF\WHV Z
KDYH EHHQ VKRZQ WR IDFLOLWDWH LQWHUDFWLRQV RI 7 F
DV ZHOO DV LQWHUDFWLRQV Rl 63 WK\PRF\WHV ZLWK PHG

JULHGHPW @D O +KHW DO

7KH IRXUWK RXWFRPH RI HDUO\ 7 FHOO GHYHORSPHQ\
UHFHSWRU UHVSRQVLYHQHVV ZKLFK DOORZV LPPDWXUH \
FRPSOH[HV RI VHOI SHSWLGH DQ@Q#& (R{ ZQORRE H FXIOIHYL V&\H 5 XM
PDWXUH 7 FHOOV |IURIPODHFNBRQK5[IHYI LMQRWAKLHP SHULSKHU\ Ne
prevens generalized T cell aggression towards healthy tissue, while preserving a naive T cell
repertoireavailable tgoroduceT cell responses against foreighH S V@ & &whenthey are
summoned to fight iction ormalignant cell transformatiofiPalmer, 2003Fuet al.,2014).
Thistask isfulfilled only when the survival during thymidevelopment of immature T cells
to recognize selfS H S V@ k &with low-to-moderate strength in a process termed positive
selection is ensuredPositive selection generally precedes negative selection in the thymus,
signaling survival of th@ositively selected thymocytes enabileese cells to distinguish

foreign antigen in the context of their own sIHC (i.e., MHC restriabn).
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& D PRQRPHULF FHOO VXUIDFH JO\FRSURWHLQ H[SU
VXEVHW RI % FHOOV KDV EHHQ VRORDQ MIRWXHIDWN KYEROW IR F
FHOO DQWLJHQ UHFHSWRUV % ENIDDGRYVN\ BOWKRXJIK WK
PHEFKDQLVP E\ ZKLFK &' LQKLELWYV 7&5 VLJQDOLQJ KDV QF
DIWHU 7&5 HQJDJHPHQW &' LV W\URVLQH SKRVSKRU\ODW
PROHFXOHV WKDW FRXOG SRWHQWLDOO\ LQIOXHQFH WKH
UDV*$3 6+3 FDVHLQ NLQDVH DG D®&5 38%BLDO'DYLHV
*DU\ *RX\ HW DBDRHM DO 'HQQHK\WDO &' GHILFLHQF\ LQ ZL
W\SH PLEH KDV QR REYLRXV HIIHFWV RBW BBOO+GEMMBRS
WKH DQDO\VLV Rl WK\PRF\WHV H[SUHVVLQJ D WUDQVJHQL

ZDV GUDPDWLFDOO\ DITHFWHG LQ ARWFBOGDEFNQOQ BBR\DWX D U D

7KH GHFUHDR/RIFLAH3QWREHUV LQ 7& P WAHDRRBEDRQUHG'V

7&5 WUDQVIHQLPIDFRHGLE'VXIIJHVWLYH RI HQKDQFHG 7&5 VI
LPSDFW RI & GHOHWLRQ RQ WK\PRF\WH VHOHFWLRQ YDU
DQERDO\]JHG UDQJLQJ IURP D PLOG WR D VLIJQLILFDQW VKLI\
&' VXUIDFH H[SUHVVLRQ LV UHJXODWHG E\ 7&5 VLJQDO LC
VXUIDFH H[SUHVVLRQ OHYHOV RQ PDWXUH WK\PRF\WHYV D(
SRVLWLYHO\ VHOHFWLQJ 7&5 0+& OLJDQG LQWHUDFWLRQ

PDQLSXODWHG &' H[SUHVVLRQ LQ PXWDQW PLFH GXULQJ

HITHFW RI & RYHUH[SUHVVLRQ RU & GHOHWLRQ RQ VHOI
WUDQVJHQHV $]]DPTKMLDALQECRKDWHWKIHD OPSDFW RI DOW
HISUHVVLRQ RQ WK\PLF VHOHFWLRQ GHSHQGYVY RQ WKH DY

VXEVHTXHQWO\ WKH OHYHO RI HQGRJHQRXV &' VXUIDFH

&' ZLWK D WUDQVJIJHQH HQFRGLQJ D WUXQFDWHG IRUP RI

SKHQRW\SH ZKLFK GHPRQVWUDWHG WKDW WKH F\WRSOD\
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LQKLELWRU\ IXQFWLRQ 7RIJHWKHU WKHVH UHVXOWY LQG]|

OHYHOV GXULQJ WK\PRF\WH VHOHFWLRQ IXQFWLRQV WR I|

BUHYLRXV ILQGLQJV LQ FRQYHQWLRQDO 7 FHOOV LQG
VWDJH Rl FRQYHQW LR QIHI XOMEBR\D QRE TRVIMERD SWHBSW R
EORMNDFWLYDWLRQ 6SUHQ® WKIGY6BMMH &' DEWV DV D QI
RI 7&5 VLJQDOOLQJ GXH WR WKH SUHIHUHQWLDO VKLIW IU
GHILFLHQW PHWHD®]]DPQ RXU PORMURDIWW ZDV &G S RAWGDEG W |
&ED H[SUHAMDM.RQFUHDVHG E\ SRVLWL &G MHOHFWIKRQ RDY.7
UHJXODSWRMALWLYHQPRBONBWHRG DOGEHHOVIROG KLIKHU LG
H[SUHVVLR QI RFROLQD %8 OPRFDW MRPLDW HE W HQXH BMEG D
IROG JUHDWH U EPES DBV \DLARRRARWXRBWOHFWLRQ 1.7 FHOO S|
FRPSDUHG WRVWRHPWARQUIRSXODWLRQV LPPDWXUH '3 7
7 D IPHW R J H W KG-DUW BV Kb BABIIWY \FE K Q QIBAWD@ED OHYHOV PLIKW |

WR&S5S WXQLQJEURFHYVYVEHMFHORSPHQW

7KH FRPPLWPHQW WR WKH 1.7 OLQHDJH DV ZHOO DV |
O\PSKRF\WHV LV DVVRFLDWHG ZLWK WKH H[SUHVVLRQ RI :
3/=) HQFREHWHEHBDYBWHDO DEBW HQFRGHG7RZ MM QG

DO 2XU PLFURDUUD\ G DKM H@Z®M QW WG MK DVEDMQW GLIIE
RI =EWVEHWZIRRQWXUH '3 DQGHPPIYWXUH '3 FRQYHQWLRQD
WKHUH ZDV D PROGUMSXODWLRQ DFURRE VILWDONQW LZR@WK O
FRPPLWRHARXWULQJ DWE AWAOLW VBIRIQQWLFDQWO\ EXW RQO\ VC
H[SUHVVHG LQ LPPDWRWPISDI T WROAPPDWXUH '3 FRQYHQV
FRQWUDVW WKH LPPDWXUH &' 1.7 FHOGY VKREM G/ O HINXF |
LQFUHDVH LQ WREB[H[BQHWWPDROXEH '3 1.7 FHEOLO WX JRHVIW

HDUOLHU FRMRAHDBEHPARPWLWPHQW
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, Q &SRIKMHRQEBSRUWHG JHQH H[SUHN.VLRQ.3UFFRIQOMW
VWDJH VKRUWO\ DIWHU WKH '3 EUDQFK SRLQW 21 WKH
UHIJXODWHG E\ WKH VWDJH 1.7 FHOOV FRPSDUHG WR '3 W
JHQH OLVW ZKLFK ZHUH KLJKO\ VLIJQLILFDQWO\ XS UHJXOI
WR LPPDWXUH '3 1.7 FHOOV S DQG DQRWKHU IRUW\ W
LQFUHDVHG H[SUHVVLRQ S 6XSSOHPHQWDU\ 7DEOH
WHUPV RI DGGUHVVLQJ FKDQJHV GXULQJ SRVLWLYH VHOH
HYLGHQFH WKDW RXU L1.7 FHOD YDUWIOGVBRQHPO RRXVHDVYW U

GHYHORSPHQW VWXG\

,Q FRQFOXVLRQ WKH GDWD SUHVHQWHG LQ WKLV ZRL
WUDQVFULSWLRQDO SURILOH GXULQJ 7&5 YDOLGDWLRQ S
1.7 FHOOWH TK®GLQJV KDYH IXUWKHU FRQILUPHG SKHQRW\
GHYHORSPHQW REVHUYHG E\ SUHYLRXV VWXGLHV DQG VX.
VHOHFWLRQ SURJHQLWRUV RI 1.7 FHOOV 2XU GDWD DOVR
SURJUDPV DW HDUO\ VWDJH RI 1.7 FHOOV WKURXJK D ODU
GXULQJ SRVLWLYH VHOHFWLRQ RI 1.7 FHOOV 7KH WUDQVI
WKDW 7&5 YDOLGDWLRQ RFFXU\.3 ULHRDOW W SIRY V. FULLYSMW\L IR C
UHJXODWRU\ QHWZRUN DSSURDFK PDSSRB 'B&5 WROBGIDW L
FHOOV ZKLOH SRVLWLYH VHOHFWLRQ DQG OLQHDJH FRPP
IURP '3 1.7 WR &' 1.7 ITKDWLWWPKHWKDW WKH HIIHFWV RI
VHOHFWLRQ KDYH EHHQ H[DPLQH®W K LWRBIMX DIF WX DT FRIS
ZH FRQILWP YR\SRHHULPHQW DWKLRRVWWDWHEIRQG QHJDWLYH VF
ODWWHU WUDQVLWLRQ VHSDUDWLQJ IRU WKH ILUVW WLP]
ZLWK 7&5 YDOLGDW LR@® WHFP AN KKV SRVIVWD YH PHOHFWLRQ
SURYLGH DQ RSSRUWXQLW\ WR VWXG\ WKH HDUOLHVW LGH
GLIIHUHQWLDWLRQ DQG ZLOO KHOS GLVVHFW IDFWRUV FF

LPSRUWDQW LPAPXSRINMHIXW DRR




%LEOLRJUDSI

LKL KLK KK KK

%% /,2*5$3+<

LCER COR COR COR COR COR GO (R (R (O G COR (O (O (O (O (R (R (R (¢




%LEOLRJUDSI

$GDP . 6DYDJH 0 &RQVWDQWLQLGHV * +DQ - 3LFDL
%HQGHODF $ 7KH WUDQVFULSWLRQ IDFWRU 3/:
WKH 1.7 FHOPPXQHWDYH GRL M LPPXQL
(SXE $XJ

$GDPV (- DQG /XRPD $ 0 7KH DGDSWDEOH PDMRU
0+& IROG B6WUXFWXUH DQG IXQFWLRQ RI QRQFODVYV
$QQX 5HY ,PPXQRO

$SLIDQWLYV %XHU - YRQ %RHKPHU + $]JRJIJXL 2
UHFHSWRU LQ DOOHOLF H[FOXVLREFRNQULWHN 7 FHOO U

SMXHERU 01 $VvVSLQDOO §$ , =KRX ) /H 7 <DQJ < 8
.URQHQEHUJ 0 +RJDERDP & 0 6ZDLQ O * IDF
&&5 SURPRWHYV PXULQH IXOPLQDQW OLYHU IDLOXUH
DFWLYDWHG &' G UHVWULFWHG 1.7 FHOOV 7KH -RXUC

‘2, MLPPXQRO
$NEDUL 2 O6WRFN 3 OH\HU (+ )JUHHPDQ * - 6KDUSH
5 + ,&26 ,&26/ LQWHUDFWLRI@QVYD WHTQXWUHG FRO

IXQFWLRQ DQG KRPHRPWOQRE VXUYLYDO
MLPPXQRO

$NL\DPD 7 6KLPR < <DQDL + 4LQ - 2KVKLPD ' o0DL
.LWD]DZD - 7DND\DQDJL + 3HQQLQJHU -0 ODWYV
< ,QRXH - 7KH WXPRU QHFURVLV IDFWRU IDPL

FRRSHUDWLYHO\ HVYWDEOLVK WKH WK\PLF PHGXOODU
PPXQLW\ %

$ODP $ &RKHQ /< $RXDG 6 6HNDO\ 5 3 (DUO\
O\PSKRF\WH VWLPXODWLRQ UHVXOWYV LQ VHOHFWLYH
- ([S OHG +

$ODP 6 0 &ULVSH , 1 *DVFRLJQH 15 - D $OOHOLF

FKDLQV RFFXUV DW WKH WLPH RI|,PPKAN\@RW\WH 7&5 XS |

$ODP 6 0 6LP % & *DVFRLJQH 15 - E 6HOHFWLRQ
FODVV ,, SUHGLFWV VXSHWUDEGWXQRQ UHDFWLYLW\




%LEOLRJUDSI

$ODP 6 0 DQG *DVFRLJQH 1 5 - 3RVW WUDQVODWLE
H[FOXVLRQ GXULQJ 7 FHOPX®IRHUHQWLDWLRQ

$OEHUROD ,0D - +RJTXLVW .$ 6ZDQ . $ %HYDQ 0 - T
DQG QHIJDWLYH VHOHFWLRQ LQY-RNS @GHTWLEHFW VLIQI

$OOHQ 5' %HQGHU 7 3 6LX * F O\E LV HVVHQWL
*HQHV "HY

$PSUH\ -/ P -6 7XUFR 6 - O0XUUD\ +: ,OODULRQRY
6SIWK *) $ VXEVHW RI OLYHU 1HL \FKHROODQL DV DF
GRQRYDOQHFWLRQ E\ & G ERXQG OQ[ISSRBERVIKRIO\FDQ

$SRVWRORX 7TDNDKDPD < %HOPDQW & .DZDQR 7 +
7TDQLJXFKL O 1IDNDXFKL + )RXUQLp - - .RXULOVN
OXULQH QDWXUDO NLOOHU 7 1.7 FHOOV >FRUUHFWL|
WKH JUDQXORPDWRXV UHDFWLRQ FBRHAGIPWROFREDE
6FL 86% +

$UDVH + $UDVH 1 2JDVDZDUD . *RRG 5% 2QRH
VLQJOH SRVLWLYH WK\PRF\WH VXESRSXODWLRQ WKD
DQWLIJHQ UHFHSW3RJRB EBWO $PPIGOGFL+8 6 $

$UDVH + $UDVH 1 1DNDJDZD . *RRG 5% 2QRH
WK\PRF\WHV ZLWK VSHFLILFEXO\P SKRANQLR® VHFUHWLRC

$VDUQRZ '0 &DGR ' O5DXOHW ' + 6HOHFWLRQ LV
7 FHOO UHFHSWRU JDPPD JHIPFWMM B FWLRQDO VHTXHC

$XJHU -/ +DDVNHQ 6 G6WHLQHUW (0 %LQVWDGW % $
H[FOXVLRQ DFFHOHUDWHY VSRQWDQHRXV DXWRLPPX

PLF(XU - ,PPXQRO % (SXE GRL
HML
$]]JDP + 6 'H-DUQHWWH - % +XDQJ . (PPRQV 5 3DUN
(@.KRXU\ ' 6KRUHV (: /RYH 3 ( JLOQH WXQLC

& - ,PPXQRO %




%LEOLRJUDSI

%DFRQ 5 0 .XJHOHU . - OHDG 3 6 &HQWHUYV IRU 'LVH
6XUYHLOODQFH IRU /\PH GLVHDVH + 8QLWHG 6W
6 XPP 66 *

%DHY '9 3HQJ ; + 6RQJ / %DUQKDUW -5 &URRNV
/| 6 'LVWLQFW KRPHRVWDWLF UHTXLUHPHQWYV R
LQYDULDQW QDWXUDO BIOR@®KEU 7 £FHOOV LQ KXPDQV

%DLQ * (QJHO , B5REDQXV ODDQGDJ (& WH 5LHOH +
- +XH\ % 3LQNHO ' OXUUH & ($ GHILFLHQI
7 FHOO GHYHORSPHQW DQG WR UDSLGRE®HZHORSPH

%LRO +

%DNHU - 9HUQHULV 05 ,WR 0 6KL]XUX -$ 1HJULQ
&' QDWXUDO NLOOHU 7 FHOOV ZLWK OLPLWHG FDS
LQGXFWLRQ GXH WR LQWHWORRR JMOPPD SURGXFWLR

%DOGZLQ 7 $ 6DQGDX 0O 0 -DPHVRQ 6 & +RITXLVW
7&5. H{SUHVVLRQ FULWLFDOO\ LQIOXHQFHKW 7RLID G
RI ((SHULPHQWDO OHGLELQHKWWS GRL RUJ MH I

%DUQGW 5 'DL 0) =KXDQJ < $ QRYHO UROH IRU
SUH 7&5 VLIJQDOLQJ SDWKZD\-GRBKQRO WK\PRSRLHVI

%DUQGW 5 - 'DL 0 =KXDQJ < JXQFWLRQV RI ( $ +
GHYHORSPHQW UHYHDOHG E\ D GRP QRO @M @M IBLRIOY

+

%%»DUUDO 3 (FNO 'RUQD - +DUZRRG 1 ( 'H 6DQWR & |
&HUXQGROR 9 %DWLVWD )’ % FHOO UHFHSW
UHVWULFWHG DQWLJHQ DXJPHQWY DQWLERG\ UHVSR(
LQ YLYURF 1DWO $FDG 6F+t 86%

%DXU 1 1HU] * 1LO $ (LFKPDQQ . ([SUHVVLRQ
UHDUUDQJHG 7&5 EHWD 9'- JHQHV DUH VHTXHQWLDOC
GHYHORSPHQW RI 1. DO@W K P FRDHYRID 7 FHOOV

D[WHU $ * DQG ODQGHO 7 ( +HPRO\WLF(BQHPLD L
,PPXQRO + GRL HML




%LEOLRJUDSI

%»D[WHU $ * +RUVIDOO $ & +HDOH\ ' 2]HJEH 3 'D\ 6
O\FREDFWHULD SUHFLSLWDWH DQ 6/( OLNH V\QC
PLFHPPXQRORJ\ %

%D[WHU $ * .LQGHU 6 - +DPPRQG .- G6FROOD\ 5 DQC
EHWZHHQ DOSKDEHWDF&E®DRQR'GHILFLHQF\ DQG ,"'0 LQ 1
'LDEHWHYV

%HGHO 5 %HUU\ 5 ODOOHYDH\ 7 ODWVXGD -/ =KDQ
.DSSOHU -: ODUUDFN 3 DQG *DSLQ / (ITHFW
LQYDULDQW QDWXUDO NLOOHU 7 FHOOV LV FRQVWUD
UHFHSWRBURFHHGVNQJYV RI WKH 1DWLRQDO $FDGHP\ R
6WDWHVHI $PHUL +( KWWS GRL RUJ SQDV

%HKDU 6 DQG &DUGHOO 6 'LYHUVH &G G UHVWULF
GLYHUVH IBOFMWALRPEPXQRO

%HQ OHQDFKHP * . XEOHU .LHOE - &R[RQ % <HUJH\ $
QHZO\ GLVFRYHUHG FKR O FMNMWHUHOL DD EBBR/ERRHGHD UW/F
WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI WKH#8QLWH!

KWWS GRL RUJ SQDV
%HQGHODF $ DQG 6FKZDUW] 5 + & DQG &' 7 FH(
O\PSKRNLQH VHFUHWLRQ SRWHQWILWRWHGXULQJ WK\P

GRL D

%HQGHODF $ ODW]LQJHU 3 B6HGHU 5% 3DXO : ( DQG
HYHQWYV GXULQJ WK\PIOHBHOHFWLRQ

%HQGHODF $ .LOOHHQ 1 /LWWPDQ '5 6FKZDUW] 5 +
WK\PRF\WHV VHOHFWHG E\6FH&8HBO6BVV+, PROHFXOHYV

%HQGHODF $ 3RVLWLYH VHOHFWLRQ RI PRXVH 1.
WK\PRFYWESVOHG

%HQGHODF $ /DQW] 2 4XLPE\ 0 ( <HZGHOO -: %HQ
&' UHFRJQLWLRQ E\ PRXVHELHQ@FB\PSKRF\WHYV




%LEOLRJUDSI

%HQGHODF $ +XQJLNHU 5' DQG /DQW] 2 L QFUHD
LPPXQRJOREXOLQ ( SURGXFWLRQ LQ WUDQWJHS®LF PL
OHG

%HQGHODF $ O5LYHUD 01 3DUN 6 + O5RDUN - +
FHOOV GHYHORSPHQW VSHFLIZHYWRPBQB8AXQFWLRQ

%HQGHODF $ 6DYDJH 3 % 7H\WRQ / $QQX7KHHYELRORJ
,PPXQRO

%YHQGHU 7 3 .UHPHU & 6 .UDXV 0 %XFK 7 5DMHZVN'
F O\E DW WKUHH FKHFNSRLQWYV GOW QP MWKQRRF\WH GH

%HQODJKD . :HLVV $ %HDYLV $ 7HOQWRLIER Q ViH QRDANDL
JO\FROLSLG DQWLJHQ VSHFLILF 7 FHOOVY[XWH®EJ 10XR

%HQODJKD . .\LQ 7 %HDYLV $ 7H\WRQ / %HQGHODF
WKH 1. 7 FH O LOH@HD JH

%YHQODJKD . HL " * 9HLJD - 7H\WRQ / %HQGHODF
HDUO\ VWDJHV RI WK\PLF 1.(1§¥KB8BG GHYHORSPHQW

%HU]LQV 6 3 &RFKUDQH $' 3HOOLFFL '* 6P\WK O -
FRUUHODWLRQ EHWZHHQ KXPDQ WK\PXV DQG EORRG
RQWRJHQ\ VWXG\ Rl SDIXWHG WRRXQROEDPSOHYV

%HU]LQV 6 3 OF1DE ): -RQHV & 0 6P\WK O0 - *RGIUI
UHWHQWLRQ RI PDWXUH 1. 1.7PPEKQ®WY LQ+WKH WK\F

%HUJLQV 6 3 6P\WK 0 - %D[WHU $ * 3UHVXPHG J
DQG KXPDQ 1®WXHDWIBHYLHZV ,PPXQ@RORGRL
QUL

%H]EUDGLFD -6 +LOO 7 6WDQLF $. 9DQ .DHU / DOQC
WARDUG WKH QDWXUDO 7 L1.7 FHOO OLQHDJH RFFXUV
RQWR 3H 8 GRL SQDV

%LNDK * &DUH\ - &LDOOHOOD -5 7DUDNKRYVN\ $ 9
QHJDWLYH UHIJXODWLRQ RI DQWLJHQ UHFHSWRU LQG
6FLHQFH




%LEOLRJUDSI

%MRUNPDQ 3 - 6DSHU 0 $ O6DPUDRXL % %HQQHWW : 6
6WUXFWXUH RI WKH KXPDQ FODVV $SKLDWRBRPSD

+

%OHXO & & DQG %WRHKP 7 &KHPRNLQHYV GHILQH GL
GHYHORSLQXWK\APXRWPXQRO=*

%ORPTYLVW 0 O5KRVW 6 7HQHEHUJ 6 /RIERP [/ 2VWHI
&DUGHOO 6 / OXOWLSOH WLVVXH VSHFLILF LVR
UHVWULFWHG W{RH ;,, PP XBRHR®OV

I+

RHVWHDQX $ 'H6LOYD $' 1DNDMLPD + /HRQDUG
'LVWLQFW UROHV IRU VLIQDOV UHOD\HG WKURXJK WKl
LQWHUOHXNLQ UHFHSWRU . FKDL@SLQHGDWXUDO 7 FH

RQLWR $ - $ORPDQ & )LHO O, '‘DQ]JO 1 0 &KD 6
< :DOVK 0 & DQG $OH[DQGURSRXORV . OHGX
GHSOHWLRQ OHDGV WR DRXOVLRLPRXQRNWHSDWLWLYV

%RUJ 1$ :XQ 6. .MHU 1ILHOVHQ / :LOFH & -0 3HOC
%KDUDGZDM 0 *RGIUH\ ,' OF&OXVNH\ - B5RVVMR
DQWLJHQ UHFRJQLWLRQ E\ WKH VHPDWRYBULDQW 1.7
GRL QDWXUH

%RUJXO\D 3 .LVKL + B8HPDWVX < YRQ %RHKPHU +
DQG 7 FHOO URHIBWRU DOOHOHYV

%RURZVNL & /L : $LIDQWLV , *RXQDUL ) [DI@BGYRQ %
7& D DUH QRW LQWHUFKDQEMXEQY JS D WDWRSHKRF RNV H &5H
- ([S OHG +

%RXGLQRW 3 ORQGRW 6 -RXQHDX [/ 7H\WRQ / /HIUD
SHVWULFWLQJ QRQFODVVLFDO 0+& JHQHVY FRHYROYH
7 FHOOV LQ3RMRFPDIOWO $FDG 6FL 8(6 $

%R\G 5 .RJLHUDG]NL , &KLGJH\ $ OLWWUXFNHU +
.LVKLKDUD . 2QJ & - &KXL ' ODUWK -' ODN 7
5HFHSWRU VSHFLILF DOOHOLF H[FOXVLRQ RI 7&

,PPXQRO +




%LEOLRJUDSI

UDGEXU\ & %HOW . 7 1HUL 7 0 OLOVWHLQ & &DOD
IURP DQG FR H[LVWYV ZLWK (DPo2Q- WKH*YDPH WK\PXV

%UDQGOH ' O0OXOOHU & 5XOLFNH 7 +HQJDUWQHU + =
FHOO UHFHSWRU GXULQJ SRVLWLYH VHOHFWLRQ LQ V
HISUHWWIRQ 1DWO $FHG G6FL 86%

%UHQQDQ 3 - 7DWLWXUL 59 %ULJO 0 .LP (< 7XOL
+VX )) %HVUD *6 %UHQQHU 0 % ,QYDULDQ
UHFRJQL]H OLSLG VHOI DQWLJHQ L QI®X¥ HBPX\QRIOF URE

%ULJO 0O %U\ / .HQW 6 & *XPSHU] - ( %UHQQHU 0 %
UHVWULFWHG QDWXUDO NLOOHU 7 FHXDOND FMAYDRA. R

+

%ULJO 0O DQG %YUHQQHU 0 % &' $QWLIBQ@®UHVHC
SHY ,PPXQRO +

%ULJO 0O 7DWLWXUL 59 DWWV *)0 %KRZUXWK 9 /
15 +VX ) ) %HVUD *6 %UHQQHU 0 % ,QQD
VLIQDOV UDWKHU WKDQ PLFURELDO DQWLJHQV GRP
GXULQJ PLFURELD[IS LQHEFWLRQ

%URVVD\ / -XOOLHQ ' &DUGHOO 6 6\GRUD % & %XU
0 ORXVH &' LV PDLQO\ H[SUHVVHG RQPRMORSBRL

+
%UXQR / )HKOLQJ + - DQG YRQ %RHKPHU + 7KH I

UHSODFH WKH JDPPD GHOWD UHFHSWRU LQ WKH GHY
,PPXQLW\ =

%URZQOLH 5 - DQG =DPR\VND 5 7 FHOO UHFHSWRU
GLYHUVLILHG DWW BRINQ GMRBX QRO

%XGG 5 & &HURWWLQL - & DQG ODF'RQDOG + 5 D 3
F\WRO\WLF 7 O\PSKRF\WHV LQ IPFXE@RDBW RI /\W FHO




%LEOLRJUDSI

%%G 5 & OLHVFKHU * & +RZH 5 & /HHV 5 . WURQ &
'"HYHORSPHQWDOO\ UHJXODWHG H[SUHVVLRQ RI 7 FH(
LQ LPPDWXUH-WXURFXFAWHY[SHULPHQWDRO OHGLFLQH

%XUGLQ 1 DQGOURQHQEHWHGLDWHG LPPXQH UKXSRQVH
RSLQ ,PPXQRO

&DPSEHOO - - 3DQ - DQG %XWFKHU ( & &EXWWLQJ
FKHPRNLQH UHVSRQVHV GXUIPPXQRAHOO-PDWXUDWLR

&DQQRQV -/ <X [/ - +LOO % OLMDUHV [/ $ 'RPEURVN]I
.RUHW]N\ *$ *DUGQHU . DQG 6FKZDUW]EHUJ 3/
GLIIHUHQWLDWLRQ DQG 3.& WKHWD PHGLDWHG DFWL"

+

&DQQRQV -/ <X [ - -DQNRYLF ' &URWW\ 6 +RUDL 5
$ 6KHU $ G6FKZDUW]EHUJ 3/ 6$3 UHIJXODW|
KXPRUDO LPPXQLW\ E\ D PHFKDQLVP GLVWLQFW IURP

+

&DUU 0 : 5RWK 6 - IXWKHU ( 5RVH 6 6 6SULQJHU 7
FKHPRDWWUDFWDQW SURWHLQ DFWYURF O ODWXO PPFHKOR
6FL 86% +

&KDQ $ & /HHDQV\DK ( &RFKUDQH $ GT8GHNHP GYIS$FF

*RGIUH\ ', %HU]JLQV 6 3 (] YLYR DQDO\VLV RI
GHPRQVWUDWHY KHWHURJHQHLW\ EHWZHHQ WLVVXH)\
&' VXEXEWY ([S ,PPXQRO + GRL FF

&KDQ % /DQ\L $ 6RQJ + . *ULHVEDFK - 6LPDUUR *U
6XPHJL - 7HUKRUVW & DQG (FN O - 6$3 FRX
UHFHSWRUWHOO %+ RO GRL QFE

&KDQJ '+ 2VPDQ . &RQQROO\ - .XNUHMD $ .UDVRY'
*HOOHU 0 /LX 1 $QQDEOH 5 6KD\ - .LUFKKRII
+D\DVKL . +DVVRXQ + G6WHLQPDQ 50 DQG 'KRGD!

H[SDQVLRQ RI 1.7 FHOOV DQG DQWLJHQ VSHFLILF 7 F
JDODFWRV\O FHUDPLGH ORDGHG PDWXUHSGHH@GG ULWLI

+




%LEOLRJUDSI

&KDQJ 33 %DUUDO 3 )LWFK - 3UDWDPD $ 0D & 6
9 7DQJ\H 6 * %LWWPDQ 5 HW DO L GHQWLIL
IROOLFXODU KHOSHU 1.7 FHOOV WKDW SURW.GH FRJC
,PPXQRO +

&KDQJ < - .LP + < $OEDFNHU /$ /HH + + %DXPJDU)\
7 ,QIOXHQ]D LQIHFWLRQ LQ VXFNOLQJ PLFH H
SURWHFWYV DJDLQVW IFIKWHZ DR XU © B O URIDEWLYILFAD\O , QY

+ KWWS GRL RUJ - &,

&KHQ + +XDQJ + 3DXO : ( 1. &' 7 FHOOV ORYV
LQ YLWUR D FR\PLXYQDRAOL R Q +

&KHQ + DQG 3DXO : ( $ SRSXODWLRQ RI & /ORZ 1
UHVHPEOHYV 1. &(X U7 -FHPORQRO

&KHQ - &KHQ < * B5HLIVQ\GHU 3 & G6FKRWW : + /HH
+DDJ ) .RFK 1ROWH ) B6HUUH]H '9 J/HLWHU ( +
&' DFFHOHUDWHY DXWRLPPXQH GLDEHWHYV LQ 12' /W
LQ DQ $'3 ULERV\OWUDQVIHUDYMPXQROHQGHQW IDVKI

&KHQ - =KDQJ + &KHQ 3 /LQ 4 =KX : =KDQJ / ;X
EHWZHHQ VI\VWHPLF OXSXV HU\WKHPDWRVXV DQG F\W
GLIITHUHQWS&PH. WY KSRKGI\K P D W R O

&KHQ < * 'ULYHU -3 6LOYHLUD 3 $ G6HUUH]H "9
JHQHV ZLWHKIOQRWXWH FRQWULEXWHYV WR LPSDLUHG GH)Y
FHOOV LQ 1PPRIOFRHIHQHW IV

&KHQ < + :DQJ % &KXQ 7 =KDR / &DUGHOO 6 %HK
& 5 (ISUHVVLRQ RI & G RQ WK\PRF\WHV LV QRW V
GHYHORSPHQW RI 1. GHHGEOMQG\Q BRELEDRO  +

&KHQ : :DQJ ; .HDWRQ -0 5HGGLQJWRQ ) ,00DULR
- ( 'LVWLQFW HQGRVRPDO WUDIILEFNLQJ UHTXLL
DXWRDQWLJHQV DQG H[RJHQRXV OLSPBYX@ERXXPDQ &'

+

&KLX < + 3DUN 6 + %HQODJKD . )RUHVWLHU & -D\D
7H\WRQ / %HQGHODF $ OXOWLSOH GHIHFWV |




%LEOLRJUDSI

GHYHORSPHQW E\ PLFH H[SUHVVLQJ FADMRSOBVPLF WI

,PPXQRORJ\ GRL QL
&KXQ 7 3DJH 0 - *DSLQ /7 ODWVXGD -/ ;X + 13X\
$. -R\FH 6 .ROWXQ :$ &KRUQH\ 0 - .URQHQEH

&" G H[SUHVVLQJ GHQGULWLF FHOOV EXW QRW \
QHIJDWLYH VHOHFWLHQ RIHLG 7 FHOOV

&KXQJ % $RXNDW\N $§ 'XW] - 7HUKRUVW & 7DQ 5
DFWLYDWLRQ PROHFXOH DVVRFLDWHG SPRWARQ FRQ

+

&KXQJ < 1XULHYD 5 (VDVKL ( :DQJ < + =KRX ' *D¢
FULWLFDO UROH RI FRVWLPXODWLRQ GXULQJ LQWUD)
FHOOWPXQRO +*

&RKHQ 15 %UHQQEDQ 3 - 6KD\ 7 DWWV * ) %ULJO
,PPXQRORJLFDO *HQRPH B3URMHFW &RQVRUWLXP
WUDQVFULSWLRQDO SURJUDPV XQGHILDOAKUWMKH K\EUL
,PPXQRORJ\ KWWS GRL RUJ QL

&ROHV 0 & DQG 5DXOHW ' + 1. 7 FHOOV LQ WKH
VHOHFWHG E\ LOWHUDFWLRQV ZLWK FOPWPKXQR®B®OHFX

&RQVWDQWLQLGHV 0 * %HQGHODF $ 7UDQFULS\
OLQHDIHUHQW 2SLQLRQ LQ ,PPXQRORJ\
KWWS GRL RUJ M FRL

&RTXHW -0 .\SDULVVRXGLV . 3HOOLFFL '* %HVUD *
*RGIUH\ ', ./ LV SURGXFHG E\ 1.7 FHOOV DQ
DFWLYDWLRQ DQG F\WRRN.@MOSURGXFWLRXQ
KWWSV GRL RUJ MLPPXQRO

&RTXHW -0 &KDNUDYDUWL 6 .\SDULVVRXGLV . OF1DE
%HUJLQV 6 3 6P\WK 0 - DQG *RGIUH\ ', 'LYH

1.7 FHOO VXEVHWYV DQG LGHQWLILFDWLRQ RI DQ ,/
SRSXOBWRRQDWO $FDG 6FL 8 6 $ GRL
SQDV




%LEOLRJUDSI

&RUWKD\ $ 1DQGDNXPDU .6 +ROPGDKO 5 (YD O X
SHULSKHUDO 7 FHOOV ZLWK WZR GLIIHUHQW 7 FHOO |
SRWHQWLDO UROH $XQWIRX\WRXBPXQLW\

GRL M D X W

&RXH] * ODOLVVHQ 0 %XIHUQH O 6FKPLWW 9HUKXOVW
WKH WZR SURGXFWLYH 7 FHOO UHFHSWRU . JHQH UHLI
%0 7 FHOO FORQHYV JLYH ULVH WR DQ . FKDLQ ZKLF
RI' D VXUIDFH H[SUKW VRBXQRQPHU

KWWSV GRL RUJ LQWLPP
&RZDQ - ( OF&DUWK\ 1, 3DUQHOO 60 :KLWH $ - %L
3-/ -HQNLQVRQ (- -HQNLQVRQ :( DQG $QGHUVR

UHTXLUHPHQW IRU &&5 DQG &&5 GXULQJ WKH GHYHC
FHOOV LQ WKH DERRAQYRWK\PXV

KWWSV GRL RUJ MLPPXQRO
&R[ " )R[ / 7LDQ 5 %DUGHW : 6NDOH\ 0 ORMVLORY
+LOGHEUDQG : '"HWHUPLQDWLRQ RI FHOOXODU

PROHFXOHV 3/R6 21( H

&UDQH 0 - +RNHQHVV $QWRQHOOL ./ 6DOD]DU ODWKHL
LQIODPPDWRU\ PRQRF\WH PDFURSKDJH UHFUXLWPHQ
PXULQH F\WRPHJDORYLUXV LQIHFWLRQ UROH IRU W\
RI &&5 OLJDRPX\QRO  #

&ULVStQ - & 2XNND O %D\OLVV * &RKHQ 5% 9DQ %}

9 & -XDQJ < 7 DQG 7VRNRV * & (ISDQGHG G
SDWLHQWYV ZLWK 6\WWHPLF /XSXV (UIAWKHPDWRVXV Sl
NLGQH)RPXQRO +

&URZH 1 < B6P\WK 0 - *RGIUH\ ', $ FULWLFDO UR

LPPXQRVXUYHLOODQFH RI PHWK\OFKR®DE®KUHQH LC

+

&URZH 1 < &RTXHW -0 %HU]JLQV 6 3 .\SDULVVRXGLYV
+D\DNDZD < *RGIUH\ ', 6P\WK O - 'LITHUH Q"
PHGLDWHG E\ 1.7 LFH @ DY\RE D\HHGW V  +




%LEOLRJUDSI

&XL - 6KLQ 7 .DZDQR 7 6DWR +

0 7DQLJXFKL O

UHMHFWLR G RUHD¥MR UV
'f$QGUHD $ *RX[

.RQGR ( 7RXUD

SHTXLUHPHQW IRU 9DOSKD
+

1

'H /DOOD & .RH]XND < ORQWDJQ!

$EULJQDQL 6 1HRQDWDO LQ)
O\PSKRF\WHV DUH DFW(XWWHREP RERRH\ FHOOV

'T&UX] /0 .QHOO

3 &DVRUDWL *

- )XMLPRWR - . *ROGUDWK $ :
WUDQVFULSWLRQ IDFWRU +(% LQ WK\PRF\WH VXUYLY|

GHYHORSPHQW RI QDMX\WJ PRCP XQAEOHU 7 FHOOV

"&UX] / 0 6WUDGQHU 0 + <DQJ & < *ROGUDWK % :
LQIOXHQFH LQYDULDQW 1.7 FHOO VXEOLQ HPRIKQRIONH |

GRL MLPPXQRO

(SXE -DQ
'DR 7 *XR

" %

30RVV $ 6WRO]JHU %

6D\ORU & %RXUYV

'HYHORSPHQW RI & G UHVWULFWH®&UW.7 FHC
- ,PPXQRO

'DV 5 6DQW $QJHOR ' %

FHOO GHYHPRSPRIQWH Y
; [

'DVFKHU & & DQG %UHQQHU 0 %

1LFKROV . ( 7TUDQVFULS
GRL M

(YROXWLRQDU\ FFK
IURP FRPSDUDWLYH JHRQBNVF, BROO@RWOL V

'‘DVKWVRRGRO 1 :DWDUDL +

6DNDWD 6 7DQLJXFKL O
'RXEOH QHJDWLYH QDWXUDO NLOOBI/RGE FHOO SUHFXU
H KWWSV GRL RUJ MRXUQDO SRQH

'DYDORV OLVVOLW] $ & 0 :RUEV 7

'LOOHQ]RQ 6 %HUC
,PSDLUHG UHVSRQVLYHQHVV WR 7&5 VWLPXODWLRQ L
WK\PRF\WHV LQ &&5 %GGIRIRFGHQW PLFH
'DYH 93 $00OPDQ ' .HHIH 5 +DUG\ 55 .DSSHV ' -

PRXVH PXWDQW ZLWK D VSHFLILF GHIHBWRR IWKH JH
$FDG 6FL 8 6 $+




%LEOLRJUDSI

'‘DYLHV $$ /H\ 6 & &UXPSWRQ O - &' LV SKRVSK
VWLPXODWLRQ RI WKH 7 FHOXW PR WD WHXQ $¥ 1B IEGHGRLR8L &

+

'H /JLEHUR * ORUL / 5HFRJQLWLR QDRMXQLHS & 8 YILGI\E/V
,PPXQRORJ\ GRL QUL

'"HQQHK\ . 0 %URV]HLW 5 )HUULV :) %H\HUV $ '
LQGXFHV WKH DVVRRIQFRSRERB R B SORFVREDYWL QJ
SURWHLQ ZXWK P PXQRO %

'"H5\FNHUH ' DQG 'H*UHJRUL - () DQG () DUH GLI
KRPHRVWDVLY GULYHQ DQG DQW LLIH @ LLYQRG X F,IR 8 X7Q RKC
GRL MLPPXQRO

'LHOL ) 7UR\H %ORPEHUJ 0 ,YDQ\L - )RXUQLpP - - %l
* 6DOHUQR $ 9JDPPD 9GHOWD 7 O\PSKRF\WF
LOQWUDBHRREODFMHULXP WXEHUFRORROV

'LPRYD '. DQG '\VRQ 1 - 7KH () WUDQVFULSWLRQE
ZLWK QH2QBPRHMQH =

'RKHUW\ 3 & +RX 6 (YDQV &) KLWWRQ -/ 20GVWR
/ILPLWLQJ WKH DYDLODEOH 7 FHOO UHFHSWRU U
FKRULRPHQLQJLWLY YLUXV LRGENRIPDOG RRPDHXRRDLWRRQ

'RLVQH -0 %HFRXUW & $PQLDL / 'XDUWH 1 /H /XGX

6NLQ DQG SHULSKHUDO O\PSK QRGH LQYDULDQ\

UHFHSWRU UHODWHG RUSKDQ UHFHSWRU JDPPD W I
LQIODPPDWRU\ FRR)GLRVO R Q¥

'RVH 0 .KDQ , *XR = .RYDORYVN\ .UXHJHU $ YRC
*RXQDUL ) F O\F PHGLDWHYV SUH 7&5 LQGXFHG
GHYHORSPHQWDEOOBBBIJUHVMYLRQ
(SXE -XQ GRL EORRG 30&," 3(




%LEOLRJUDSI

'RVH 0 6OHFNPDQ % 3 +DQ - %UHGHPH\HU $/ %HQG
, QWUDWK\PLF SUROLIHUDWLRQ ZDYH HVVHQWLDO IRU
GHYHORSPHQW GHSHRBEVMRWOF$HRPBG 6FkE 86%

(EHUO * J/RZLQ .URSI % ODF'RQDOG + 5 D &XWWL
GHYHORSPHQW LV VHOHFWLYHO\-LPBPXQRG LQ )\Q GF

(EHUO * )HKOLQJ + - YRQ %RHKPHU + DQG ODF'RQDO
UHTXLUHPHQW IRU WKH SUH 7 FHOO UHFHSWRU . FKD
GHYHORSPRHQW,PPXQRO =

(EHUW 3 - -LDQJ 6 ;LH - /L 4 - 'DYLV 00O $Q |
VHOHFWLQJ SHSWLGH HQKDQFHYVY PDWXUH 7 FHOO UH'
WKH DEVHQFH RI PLFURWI1$PFPDEQR @*

(Jbzb 7 (EHUO * 7DQLXFKL , %HQODJKD . *HLVVPDC
$ /LWWPDQ '5 *HQHWLF HYLGHQFH VXSSRUWL
1.7 FHOO OLQHDJH IURP GRXEOH SRFK@LWNWK\PRF\W

(KUOLFK [/, 5 2K '« 'HLVVPDQ ,/ DQG /HZLV 5 6
FKHPRWD[LVY DQG VXEVWUDWH UHVWULFWLRQ WR VHJ

WK\PRF\RRQ LW\ M LPPXQL
(OOLRWW -, DQG $OWPDQQ 'O 'XDO 7 FHOG UHFH:
([S OHG +
(PRWR 0 OLWWUXFNHU + : 6FKPLWV 5 ODN 7 : .DXIF

RI OHXNRF\WH IXQFWLRQ DVVRFLDWHG DQWLJHQ LQ
- ,PPXQRO *

(QJHO "5 ODXUHU - 7LWWHO $ 3 HLVKHLW & &DYO
SRRLMHQ 1 7UDXWZHLQ & 7DFNH ) DQG .XUWV &
+RPHRVWDWLF DQG LQIODPPDWRU\ UHOHDVH RI *U KL
EXW LV GLVSHQVDEOH IRU EODGGHU LQILOWUDWLRQ
,PPXQRO KWWSV GRL RUJ MLPPX

(QJHO , B6HXPRLV * &KDYH] / 6DPDQLHJR &DVWUXLWE
.URQHQEHUJ 0 ,QQDWH OLNH IXQFWLRQV RI QTC




%LEOLRJUDSI

I[URP KLJKO\ GLYHUJHIPW XHEH FRRXRJIRDOR IA
KWWS GRL RUJ QL

(QIJHO 3 (FN 0 - 7HUKRUVW & 7KH 6$3 DQG 6/%$0
DQG ; OLQNHG O\PSKRSUBWLIFHYWWRFKQRLO/HDVH

(UQVW % J/HH '6 &KDQJ -0 B6SUHQW - B6XUK &'
PHGLDWLQJ SRVLWLYH VHOHFWLRQ LQ WKH WK\PXV F
SUROLIHUDWLRQ,PO®XWQKMW \SHULSKHU\

(VWHEDQ /0 7VRXWVPDQ 7 -RUGDQ 0% O5RDFK ' 3RX
9 O6LGREUH 6 *RGIUH\ ', DQG %D[WHU $ * *
QXPEHUV PDSV WR PDMRU-GEPERWEBY DQG OXSXV ORF|

([OH\ 0O *DUFLD - %DON 6 3 3RUFHOOL 6 SHTXL
KXPDQ LQYDULDQW&ID O SKBOQP3X0OHG

J)DFFLRWWL ) 5DPDQMDQH\XOX *6 /HSRUH 0O 6DQVDQ
JRUVV 3HWWHU 6 1L * &ROPOH SBHBREPLKDROH $HUI
OLSLGYVY DUH VHOI DQWLJHQV WKDW VWLPXODWH LQYI
1DW ,PPXQRO *

)DOFRQH 0 )DFFLRWWL ) *KLGROL 1 ORQWL 3 20LY
&DVRUDWL * 6DQYLWR ) DQG 6DUYHWQLFN 1
H[SUHVVLRQ UHVWRUHV WKH LPPXQRUHJXODWRU\ [XC
DXWRLPPXQH GLDEHWHV L KHR QREWYBIOGR D ER-PXIQR P IR

+

J)LHOG 6 - 7VDL ) < .XR ) =XELDJD $0 .DHOLQ -U
6 + *UHHQEHUJ 0 ( () IXQFWLRQV LQ PLFH W
VXSSUHVV SBRI®IOHUDWLRQ

JOHWFKHU -0 -RUGDQ 0$ 6QHOJURYH 6/ 6O0DWWHU\
*RGIUH\ ', DQG %D[WHU $ * &RQJHQLF DQDO\
JHQH 1INW LPSOLFDWHV WKH SHBRKQYR®DO SURWHLQ

JRQWHQRW - ' *DYLQ 0$ B5XGHQVN\ $ < JR[S SUR
IXQFWLRQ RI &' &'  UHJIXOOWDWRPKXQRRBHOOV
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JRQWHQRW - ' 'RROH\ -/ )DUU $* B5XGHQVN\ $ <
JR[S H[SUHVVLRQ GXU[ISQUHREQW REJH Q\

JRZONHV % - .UXLVEHHN $ 0 7RQ 7KDW + ‘HVWRQ O
3DUGROO 'O $ QRYHO SRSXODWLRQ RI 7 FHOO
WK\PRF\WHV ZKLFK SUHGRPLQDQWO\ H[SIDWWVUWHY D VL

+

JR[ / 0 &R[ "* [/RFENULGJH -/ :DQJ ; &KHQ ; 6FKDU
50 9HHUDSHQ 1 %HVUD *6 HW DO SHFRJQ
KXPDQ QDWXUDO NLGMRBUWLROPSKRF\WHYV

JULHGPDQ 56 -DFREHOOL - DQG .UXPPHO 0) 6 X
DQG SULPH 7 FHOOV IRLUDW QPPKH RBUPDWLRQ
GRL QL

JULWVFK 0 $QGHUVVRQ $ 3HWHUVVRQ . DQG ,YDUV )

LQGXFHVY PDWXUDWDRGIRD &HW8 7 FHOOV IURP JDPP
SUHFXUMRUV ,PPXQROt

)X * B\EDNLQ 9 %U]JRVWHN - 3DVWHU : $FXWR 2
WXQLQJ 7 FHOO UHFHSWRU VLJQDOUMRER EFRQWURO
,PPXQRORJ\ + KWWS GRL RUJ M LW

)XMLL 6 6KLPL]X . 6PLWK & %RQLID]/ B6WHLQPDQ 5

NLOOHU 7 FHOOV E\ DOSKD JDODFWRV\OFHUDPLGH U
GHQGULWQFEBR®RONVKHUHEN DFWV DV DQ DGMXYDQW IR
FHOO LPPXQLW\ WR D FREEPORGVWHUHG SURWHLQ

YXuobQ 5 %HUJDPL $ &DQWDUHOOD ' %UDPELOOD (
* ODUWLQR * $FWLYDWLRQ RI LQYDULDQW 1.7
DGPLQLVWUDWLRQ SURWHFWYVY PLFH IURP 02* LQG

DGPLQLVWUDWLRQ URXWH DRPXQROM PPD

*DGXH 3 ORUWRQ 1 O6WHLQ 3/ 7KH 6UF IDPLO\ W
QDWXUDO NLOOHU -7(F5HIOBGCGHYHORSPHQW

*DGXH 3 6WHLQ 3/ 1. 7 FHOO SUHFXUVRUV H[KLE
DQG UHTXLUH ,WN IRU-H]PIPPAGIRAY PPWXUDWLRQ




%LEOLRJUDSI

*DSLQ / ODWVXGD -/ 6XUK &' DQG .URQHQEHUJ O
GRXEOH SRVLWLYH WK\PRF\WHV WKDOWW UPHPXRWRIONVLY |

*DSLQ / L1.7 FHOO DXWRUHDFWLYLW\ ZKDW 3HY VH
,PPXQRO +

*DUARXY + /DQJ 9 6DUXQ 6 %RXPVHGOY IDWRAR FPXWIKR @
&' ZLWK W\URVLQH SKRVSKRU\ODWHG =DS DQG S
&' WK\PRFAWRHR/XQRO +

*DVFRLJQH 15 - DQG $ODP 6 0 $OOHOLF H[FOXVLR
UHJXODWLRQ RI D SRVWWPNQDOVRQRERQDO HYHQW

*DYLQ 0% 5DVPXVVHQ -3 )RQWHQRW -' 9DVWD 9
5XGHQVN\ $ < JR[IS GHSHQGHQW SURJUDPPH R
GLITHUHQWWXW HR Q+

*HLVVPDQQ ) -XQJ 6 J/LWWPDQ 'S5 %ORRG PRQRF
VXEVHWYV ZLWK GLVWLQ,PWXQUWDWRU\ SURSHUWLHYV

*HLVVPDQQ ) &DPHURQ 7 2 6LGREUH 6 O0ODQORQJDW
‘XVWLQ 0/ J/LWWPDQ "5 ,(QWUDYDVFXODU LPI
1.7 FHOOV SDWUROOXI/®RDb OdLYRHJ VLQXVRLGV

*HRUJLHY + 5DYHQV , %HQDUDID & )JUVWHU 5 % H
H[SUHVVLRQ SDWWHUQV FRUUHODWH ZLWK GHYHORS
VXEVHDMWWXUH &RPPXQLFDWKRGQWS GRL RUJ QFRF

*HUPDLQ 5 1 7 FHOO GHYHORSPHQW DIDGVVBKIY &' &'
,PPXQRO %

*HUPDQRY ( 9HLQRWWH / &XOOHQ 5 &KDPEHUODLQ
&ULWLFDO UROH IRU WKH FKHPRNLQH UHFHSWRU &;&
&' G UHVWULFWHGPPXQROO OV +

*LRUGD 5 "HLVEHUJ ( 3 S 7. 7TUXFFR O *HQRP
H[SUHVVLRQ RI WKH QDWXUDO NRPXOHRIOFHGO UHFHSW

*RGIUH\ ', DQG =ORWQLN % D &RQWURM®PBRQRWYV L(
7RGD\ *
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*RGIUH\ ', .HQQHG\ - 6XGD 7 =ORWOQLN $ E $C
LQYROYLQJ IRXU SKHQRW\SLFDOO\ DQG IXQFWLRQDO
WULSOH QHJDWLYH DGXOW PRXVH WK\PRF\WHV GHILC
,PPXQRO %

*RGIUH\ ', .LQGHU 6 - 6LOYHUD 3 $ %D[WHU $ *
FHOO GHYHORSPHQW LQ 12' PLFH UHYHDOWY'D GHILFLI
WK\PRFARVHMIDO RI $XWRLPPXQLW\

*RGIUH\ ', ODF'RQDOG +5 .URQHQEHUJ 0 B6P\WK O -
FHOOV ZKDWI1DWQ TH®DFPHP'XQRO

*RGIUH\ ', DQG .URQHQEHUJ 0 *RLQJ ERWK ZD\V L
GHSHQGHQW- 1& D IF®I Q@YH VW

*RGIUH\ ', DQG %HU]JLQV 6 3 &R QW U R\ RSLHOW V L C
,PPXQRO +
*RGIUH\ ', 5RVVMRKQ - DQG OF&OXVNH\ - 7KH |

DQG YHUVDWLOLW\ RI 7 FRERVQWIHFHSWRU UHFRJQLWL

*RGIUH\ ', 6WDQNRYLF 6 %D[WHU $ * I1DWXJIHVLQJ
,PPXQRORJ\ % GRL QL

*RI ' 5' *DR < ODWWQHU - =KRX ' <LQ 1 &DQWX &
6DYDJH 3 % (INTHFWV RI OLSLG FKDLQ OHQJWKYV

F\WRNLQH UHOHDVH E\-@GPWXULPO6RIFOOHU 7 FHOOV

*ROGUDWK $: DQG %HYDQ O - 6HOHFWLQJ DQG PD
1DWXUH

*RPEHUW -0 +HUEHOLQ $ 7DQFUHGH %RKLQ ( '\ 0 .
(DUO\ TXDQWLWDWLYH DQG |XQ® MWLHR QUIXOPRIFAMAHLW Q B\

PRX(KU - ,PPXQRO=%
*RUG\ / ( %H]JEUDGLFD -6 )O\DN $, 6SHQFHU & 7
%RRWKE\ 05 +H <: =KDR = 9DQ .DHU / -R\FH

KRPHRVWDVLYVY DQG WHUPLQDQPPDXMRODWERQ RI 1.7 F
GRL MLPPXQRO




%LEOLRJUDSI

*ULHZDQN . %RURZVNL & S5LHWGLMN 6 :DQJ 1 -XOL
7THUKRUVW & DQG %HQGHODF $ +RPRW\SLF LC
DQG 60ODPI UHFHSWRUV FRQWUROQPRPPKEGHWO OLQHDJF

*URVVPDQ = DQG 3DXO : ( '"\QDPLF WXQLQJ RI O\PS
PHFKDQLVPV DREQXK EHVYLRPPXQRO GRL
DQQXUHY LPPXQRO

*UXERU %DXN % 6LPPRQV $ OD\WKRIHU * ©6SHFN 3 *
KHUSHV VLPSOH[ YLUXV W\SH IURP PLFH ODFNLQJ &
VHPLYDULDQW 9. - PPXBQ&O *

*XLGRV & - 'DQVND -6 )DWKPDQ & * DQG :HLVVPDQ |,
PHGLDWHG QHJDWLYH VHOHFWLRQ RI DXWRUHDFWLY|
FRPPLWPHQW WR WKH &' (RY &H®LQHDJIHV

*XPSHU] - ( 5R\ & ODNRZVND $ [/XP ' 6XJLWD 0 3R
SBRUFHOOL 6 $ &DUGHOO 6 %UHQQHU 0 % 9%HKDL
UHVWULFWHG 7 FHOO UHERPEDRDWWRQ+tRI FHOOXODU OL

*XPSHU] - ( OL\DNH 6 <DPDPXUD 7 %UHQQHU 0 %
VXEVHWYV RI & G UHVWULFWHG QDWXUDO NLOOHU 7 F
- ([S OHG =

*XR - +DZZDUL $ + 6XQ = ODKDQWD 6. /LWWPDQ
5HIJXODWLRQ Rl WKH 7&5DOSKD UHSHUWRLUH E\
&' & WK\PREDWHVYPPXQRO

+DKQH OHK WBCSH O'W 3R XVHW N:D H P BQ QR6GIE V V E/D U W K
(IWHQGLQJ SDWKZD\V EDVHG RQ JHQH OLYWE XVLQJ ,
%LRLQIR®BDWLFV

+DPPRQG .- 3RXOWRQ /' 3DOPLVDQR /- 6LOYHLUD
$ * $OSKD EHWD 7 FHOO&UH FH.SWW ¥ \ PTRMA\ WeH V
SUHYHQW LQVXOLQ GHSHQGHQW GLDEHWHY PHOOLW)
WKH LQIOXHQFH RI LQWHUOHKNDO® G,/ DQG RU ,/

+DPPRQG .- 3HOLNDQ 6 % &URZH 1 < 5DQGOH %DUUH
6P\WK 0 - YDQ 'ULHO ,5 6FROOD\ 5 %D[WHU $ *
FHOOV DUH SKHQRW\SLFDOO\UDQ®RXQRWIRQDOO\ GL)\




%LEOLRJUDSI

+DPPRQG .- 3HOOLFFL '* 3RXOWRQ /' 1DLGHQNR 2
DQG *RGIUH\ ', éUHVWUGFWHG 1.7 FHOOV DPQ LQWH
,PPXQRO +

+DQ 3 *RXODUWH 2 ' 5XIQHU . :LONLQVRQ % .D\H
VXSHUIDPLO\ SURWHLQ H[SUHVVHG E\ O\PSKRF\WHYV L
WK\PRF\WH SRVLWLRPXODHRMOHFEFWLRQ + GRL

MLPPXQRO

+DUGDUGRWWLU ) %DURQ -/ -DQHZD\-U & $ 7
VSHFLILF BWRHFSWBW®Y $FHG 6FL 86$%

+DZNH & * 3DLQWHU '0 .LUZDQ 3' YDQ 'ULHO 55 ¢
O\FREDFWHULD DQ HQYLURQPHQWDO HQKDQFHU RI O
VIVWHPLF OXSXV -HURWKEBRDWRVXV

+D\DNDZD . /LQ % 7 +DUG\ 55 OXULQH WK\PLF &
7K\ WKDW VHFUHWHV GLYHUVH F\WRNLQHV DQG RY
JHQH IDP(G\OHG +

+D\DNDZD 7 <DPDVKLWD . 7DQ]DzZD . 8FKLMLPD ( DC
SURPRWLQJ DFWLYLW\ RI WLVVXH LQKLELWRU RI PHW
UDQJH RI FHOOV $ SRVVLEOH )Q®WB OWWWWK IDFWRU L

+D\DNDZD < 7DNHGD . <DJLWD + 9DQ .DHU / 6DLNL
'LIITHUHQWLDO UHJXODWLRQ RI 7K DQG 7K IXQFWLRC
FRVWLPXODWRUWPBREQR@D\ \&

+H ; +H ; '‘DYH 9 3 =KDQJ < +XD ; 1LFRODV ( ;X
7KH JLQF ILQJHU WUDQVFULSWLRQ IDFWRU 7K 3
FHOO OLQHDJH PWRPIHWPRHQW

+HDWK : 5 DQG OLOOHU - ) ([SUHVVLRQ RI WZR . FI
FHOO UHFHSWRU-WU® QVHEQLF PLFH

+HDWK :5 &DUERQH )5 %HUWROLQR 3 .HOO\ - &R\
RI WZR 7 FHOO UHFHSWRU . FKDLQV RQ (WMKH-VXUIDFH
 PPXQRO
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+HQGHUVRQ 6 & %HUH]JRYVND\D $ (QJOLVK $ 3DOOLV
&' 7 FHOOV PDWXUH LQ WKH DEVHQFH RI 0+& F
LQ/\ $ WUDQVIKBLR®PUBBO RI ,PPXXQRORJ\

+HQGHUVRQ 6 & .DPGDU 00 %DPH]DL $ I\ $ HI[S
VSHFLILF &' 7 FHOO SUROLIHUDWIFRFRXORG F\WRNLQH

+HUPDQV ,) 6LON -' *LOHDGL 8 6DOLR 0 ODWKHZ
$/ 20G / &HUXQGROR 9 1.7 FHOOV HQKDQF
UHVSRQVHV WR VR ¥ WEKRIR PIXWEUIHBFW LQWHUBDFWLRQ
,PPXQRO +

+HUQDQGH] +R\RV * $QGHUVRQ 0. :DQJ & 5RWKHQEF

*$7$ H[SUHVVLRQ LV FRQWUROOHG E\ 7&5 VLJQDOV
GLIIHUHQWR R Q/IL\R O+

+LUDLZD 0 ODUWLQ % 0 .LVKLPRWR < &RQQHU * (7
/\WVRVRPDO SURWHRO\VLV RI SURVDSRVLQ WKH SUHF
DFWLYDWRU SURWHLQV LWV PHFKBQEXKP%L@GE KIHPKLE
%LRSK\V

+R , & 7DL 7 6 3DL 6 < *$7%$ DQG WKH 7 FHOO O]
EHIRUH DQG DIWHU 7 KHO SWW 5HYO® FSAQEHO HQW LD W I

+RJTXLVW . $ -DPHVRQ 6 & +HDWK :5 +RZDUG -/ Y%
7 FHOO UHFHSWRU DQWDJRQLVW&HID®OWIHGHV LQ (

+RNHQHVV ./ .X]JLHO :$ %LURQ & $ 6DOD]DU ODWKH!
FKHPRDWWUDFWDQW SURWHLQ DQG &&5 LQWHUDFW
LQGXFHG LQIODPPDWRU\ UHVSRQVHVPPX® ®PQWLYLUD

+

+RUL 6 1RPXUD 7 6DNDJXFKL 6 &RQWURO RI UH.
WUDQVFULSWLRGLIDGMRU IR[S

+RUVIDOO $ & +RZVRQ 5 6LOYHLUD 3 :LOOLDPV ' *
&KDUDFWHUL]DWLRQ DQG VSHFLILFLW\ RI %9 FHOO UH
O\FREDFWHULRP1IERM WIPEKHQ R O
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+RVVDLQ + ‘HOOHQVLHN + *H\HU 5 IRFKQLW *
JO\FROLSWRW UHRORD EXUJGRUIHW. %LRFKLPLH

+X 7 B6LPPRQV $ <XDQ - %HQGHU 7 3 $OEHUROD ,OI
F O\E SULPHV &' &' LPPDWXUH WK\PRF\WHV IRU VHO
1DW ,PPXQRO +

+X 7 *LPIHUUHU , :IHPWRQW @G $OEHUROD ,0D -
SDWKZD\ LV UHTXLUHG IRU JHQHUDWLRQ RI L1.7 FHO
KWWS G[ GRL RUJ MRXUQDO SRQH

+X = [/DQFDVWHU -1 6DVLSRQJDQDQ & (KUOLFK /, 5

HQWU\ DQG WK\PRF\WH+*GHQGULWLF FHOO LQWHUDFW
-RXUQDO RI ([SHULPHQWDO OHGLF2QH
MHP

+XDQJ & < %UHGHPH\HU $/ :DONHU /0 %DVVLQJ & +
UHJXODWLRQ RI F O\F SURWR RQFRJHQH H[SUHVVLRQ
UHYHDOHG E\ D *)3 F O\HRANWRRFAPXQ@ R& XV H

+XDQJ ': 6KHUPDQ % 7 7DQ 4 .LU - /LX ' %U\DQW
'$9," WLRLQIRUPDWLFV 5HVRXUFHVY H[SDQGHG DQQRYV
DOJRULWKPV WR EHWWHU H[WUDKROHILRCHILGIW B P \GHI

‘HE 6HUYHU LVVXH - KWWS GRL RUJ (

+XDQJ '": % 7 6KHUPDQ DQG 5 $ /HPSLFNL 6\VWH
RI ODUJH JHQH OLVWYV XVLQJ '$9, 1DV RURIRURWREFV

+XDQJ <+ /L ' :LQRWR $ DQG 5REH\ ( $ '"LVWLQ
WK\PRF\WHV UHVSRQGLQJ WR 7 FHOO UHFHSWRU 1R\
BURF 1DWO $FDG 6FL 86%

+XK -< .LP -, 3DUN < - +ZDQJ ,- /HH <6 BRKQ -
.LP 66 &KRL 6 + J/HH '6 3DUN 6 + 6HRQJ 5 +
$ 1IRYHO )XQFWLRQ RI $GLSRF\WHV LQ /LSLG $QW

&HOORWO &HOO %LRO

,DTXLQWD 3 - [HHV - $ /LIH DQG GHDWK GHFLVLR
&XUUHQW 2SLQLRQ LQ &HHO %LRORJ\
KWWS GRL RUJ M FHE




%LEOLRJUDSI

,FKLPL\D 6 .LNXFKL . ODWVXXUD $ 6WUXFWXUDC
& (YLGHQFH IRU HYROXWLRQDU\ FRQVHUYDWLRQ RI
WUDQVFULSWLR® FEXQRON FHOOV

. YDQRY ,, OF.HQJLH % 6 =KRX / 7DGRNRUR & ( /HS]
DQG /LWWPDQ ' 5 7KH RUSKDQ QXFOHDU UHFH:?
GLIIHUHQWLDWLRQ SURJUDP Rl SURLQHODPPDWRU\ ,/

GRL M FHOO

,ZDEXFKL . ,ZDEXFKL & 7RQH 6 ,WRK ' 7RVD 1 1H
2QyH . 'HIHFWLYH GHYHORSPHQW RI 1. 7 FH
DOSKDEHWD FHOOV LQ JHWD DVVRFLDWHG SURWHLQ
1. & 1. OLNH FHOOV%U@RWEH WK\PXV

-DKQJ $: ODULFLF , 3HGHUVHQ % %XUGLQ 1 1DLGF
< .XPDU 9 $FWLYDWLRQ RI QDWXUDO NLOOHU

H[SHULPHQWDO DXWRLPPXQIK WEEHSKDORP\HOLWLYV

-DPHVRQ 6 & /HH < - +RIJTXLVW . $ $GYDQRM\D W O
,PPXQRORJ\ % KWWS GRL RUJ EV DL
"HQNLQVRQ ( - $QWLJIHQ LQGXFHG DSRSWRVLV LQ C

QHJDWLYH VHOHFWLRQ RI WKHJR SHID® WR¥HGC /A R IUH

-LPHQH] ) 4XLQRQHV 03 ODUWLQH] + * (VWUDGD & $

$KXMD 6 6 &&5 SOD\V D FULWLFDO UROH LQ G|
UROH RI &&/ D-RXUQPDW RI ,PPXQRORZ
KWWS GRL RUJ MLPPXQRO

-RKQVRQ $/ $UDYLQG / B6KXO]JKHQNR 1 ORUJXQ $ &
7 'RPDVFKHQ] + .XFKDUVND (0 =KHQJ/ HW DO
RI D QHZ PHWD]RDQ JHQH IDPLO\ DQG LV UHTXLUHG |
SRVLWLYHI1DWMOHPWXRRO +

-RKQVRQ ' * 6FKzDU] - . &UHVV :' DQG 1HYLQV -5
IDFWRU () LQGXFHV TXLHVFHRQWXRHOOY WR HQWHU 6

-RKQVRQ : ( 5DELQRYLF $ DQG /L & $GMXVWLQJ
H[SUHVVLRQ GDWD XVLQJ HPLR\UWBWQ VAMDLFY PHWKRG




%LEOLRJUDSI

-RKQVWRQ % .LP & + 6ROHU ' (PRWR 0 DQG %XWEK
FKHPRNLQH UHVSRQVHV DQG KRPLQJ SDWWHUQV RI P
VXEV-HWRPXQRO

-RUGDQ 0$ )OHWFKHU -0 3HOOLFFL ' DQG %D[WHU ¢
FRQWURO JHQPPXNMR ORJ\

-RUGDQ 0% )OHWFKHU -0 -RVH 5 &KRZGKXU\ 6 *HL

$ * 5ROH RI 6/$0 LQ 1.7 FHOO GHYHORSPHQW Ul
FRPSOHPHQWDWLRQPIRXQROPLFH GRL
MLPPXQRO (SXE YHE

.DLQ / :HEE % $QGHUVRQ % / 'HQJ 6 +ROW 0 &R
7KH ,GHQWLILFDWLRQ RI WKH (QGRJHQRXV /LIDQGV F
3UHVHQFH RI ODPPDOLDQ . /LQNHREIDWRRV\®@FHUDPLG
KWWS GRL RUJ M LPPXQL

.DNLPL . *XLGRWWL [ * .RH]XND < &KLVDUL ) 9
LQKLELWY KHSDWLWLY Y. YRUXV[BHSGLFDWLRQ

.DQH /3 /LQ - DQG :HLVV $ 6LJQDO WERQVGXFW
2SLQ ,PPXQRO +

.DSSOHU - : 6WDHU] 8 KLWH - ODUUDFN 3 & 6
VSHFLILF IRU OOV PRGLILHG SURGXFWYV RI MIWDKVHXRIBIM R
* GRL D

.DZDQR 7 &XL - .RH]XND < 7RXUD , .DQHNR < ORV
5 6DWR + .RQGR ( .RVHNL + DQG 7DQLJXFKL 0
7&5 PHGLDWHG DFWLYDWLRQ RI 9. 1.6FEHQ®ON E\ JO\

.DZDQR 7 &XL - .RH]XND < 7RXUD , .DQHNR < 6DV
OLNH QRQVSHFLILF WXPRU FHOO O\VLVY PHGLDWHG E\
1.7 FHGORF 1DWO $FDG 6FL 86%

.HNDODLQHQ ( +DQQLQHQ $ ODNVLPRZ 0O $UVWLOD 7
GLIIHUHQW 7 FHOO UHFHSWRUV IRUP D KHWHURJHQH|
FORQR® ,PPXQRO+




%LEOLRJUDSI

.HQQHG\ 0. *ODFFXP 0 %URZQ 61 %XW] ($ O9LQH\

&KDUULHU . 6HGJHU / :LOOLV &5 %UDVHO . OF
- &/ -R\FH 6 3HVFKRQ - - 5SHYHUVLEOH GHIH
& 7 FHOO OLQHDJHV LQ LQWHUSHXELQ +GHILFLHQW

.KDWwWUL 5 &R[ 7 <DVD\NR 6 $ DQG 5DPVGHOO )
&' &' 7UHIJXODWRU\ ,PRPAQRORDOWXUH

.KRU % DQG 60HFNPDQ % 3 $OOHOLF H[FOXVLRQ D
,PPXQRO
L 6 3DUN ' B6HOGHQ + - B6HLWD - &KXQJ + .LP -

*OREDO WUDQVFULSWLRQDO SURILOLQJ UHYHDC
VXEVHWY DQG DJH UHODWHG FKRG OHV56GESRIENWIVW K\P L

GRL M FHOUHS

LP & + %XWFKHU (& DQG -RKQVWRQ % D 'LVWLQ
LQYDULDQW 1.7 FHOOV F\WRNLQH UHVSRQMHI/QDBYG F
,PPXQRO

LP & + -RKQVWRQ % %XWFKHU ( & E 7UDIILENLQ

DQG GLIITHUHQWLDO FKHPRNLQH UHFHSWRU H[SUHVVL
1.7 FHOO VXEVHWYV ZLWK GLVWLQPFVD RRGBRNLQH SURG.

.LP 3 - 3DL 6 < %ULJO 0 %HVUD *6 *XPSHU] - +R
WKH GHYHORSPHQW DQG IXQFW,PPX@®RQQYBULDQW 1.

.LQMR < =:X ' .LP * :LQJ *: 3ROHV 0% +R '' 7VX
'RQJ & + .URQHQEHUJ 0 SHFRJQLWLRQ RI ED!
QDWXUDO NLDWKUH FHOOV

.LQMR < 7XSLQ ( :X ' )XMLR O *DUFLD 1DYDUUR 5
%HQ OHQDFKHP * $LQJH *' 3DLQWHU *) .KXUDQ
60 %HXWOHU % :LOVRQ ,$ 7VXML 0O 6HOODWL

1DWXUDO NLOOHU 7 FHOOV UHFRJQL]H GLDF\0J
EDFWHMWIDPPXQRO +

.LQMR < ,00DULRQRY 3 O9HOD -/ 3HL % *LUDUGL (
< 2NDZDUD $ OL\D]JDNL < *yPH] 9HODVFR $ G5RJ
B8FKL\DPD 6 .KXUDQD $ .DZDKDUD . <HVLOND\D




%LEOLRJUDSI

+ .DZDNDPL . 1LJHW 9 %HVUD *6 7VXML 0 =D
0 ,QYDULDQW QDWXUDO NLOOHU 7 FHOOV UHFR
*UDP SRVLWLYBVEDFN HRIDDQRHO®RJI\GRL QL

.LVKLPRWR + DQG 6SUHQW - 1HJDWLYH VHOHFWLR
FHOQYS OHG +

.OHLQ / .\HZVNL % $OOHQ 3 0 +RJTXLVW . $ 31
WKH 7 FHOO UHSHUWRLUH ZKDW DWK\PHRF\WRAXQR{LH D
GRL QUL (SXE 0D\

.REDVKL . ,ZDJDNL + <RVKLQR 7 ORULPRWR < .RKN
$NDJL 7 7DQDND 1 'RZQ UHJXODWLRQ RI ,/
LWV FOLQLFDO VLJQLILFDQFH $QWLFDQFHU 5HV

.RKOJUXEHU $ & 'RQDGR & $ /DODUFKH 1 0 %UHQQI
$FWLYDWLRQ VWUDWHJILHV IRPROYRIUHLQPWLE D\
+ KWWS GRL RUJ Vv

.RUHWI]N\ *$ S$EWDKLDQ ) 6LOYHUPDQ 0 $ 6/3 I
UHJXODWLRQ RI VLIQDOOLQJ1IDQVD\WPBEKRFEFXWRY DQG E

.RXVNRIl 9 O9RQHVFK -/ %HQRLVW & DQG ODWKLV
VHOHFWLRQ RQ 5%$* H[SUHXVLRPRPRQRIO\PRF\WHYV

.RYDORYVN\ ' 8FKH 2 8 (ODGDG 6 +REEV 5 0 <L

" % 7TKH %7% ]JLQF ILQJHU WUDQVFULSWLRQDO LU
GHYHORSPHQW RI L1.7 FHIDOWH UHFEWRXQIKQRINLRQV
KWWS GRL RUJ QL

.RYDORYVN\ ' $ORQ]JR (6 8FKH 28 (LGVRQ 0 1LFKR
3/=) LQGXFHV WKH VSRQWDQHRXV DFTXLVLWLRC
FHOOV LQGHSHQGHQWO\ R} 1,PPXHQIRDUHODWHG VLJIQI

.UHVODYVN\ 7 *OHLPHU 0 OL\DJDNL 0 &KRL < *DJQF
%RHKPHU + VHOHFWLRQ LQGXFHG SUROLIHUTE
GLIIHUHQRRDWMLRQ

KWWS GRL RUJ M LPPXQL




%LEOLRJUDSI

.ULPSHQIRUW 3 2VVHQGRUS ) %RUVW - OHOLHI & %
WUDQVJHQLF PLFH FDUU\LQJIDWXWDQW JHQH IRU 7&!

.URQHQEHUJ 0 DQG *DSLQ / 7KH XQFROIYW GW YR QD C
,PPXQRO
.URQHQEHUJ 0 7RZDUG DQ XQGHUVWDQGLQJ RI 1.7

SDUDGRJIBX 5HY ,PPXQRO

. XLGD . )XUXWDQL 6HLNL 0 6DLWR 7 .LVKLPRWR +
WUDQVODWLRQDO DWWDLQPHQW RI DOOHOLF H[FOXV
FORM@W ,PPXQRO

. XNUHMD $ &RVW * ODUNHU - =KDQJ & 6XQ = /LQ
0 :LOVRQ % 3RUFHOOL 6 ODFODUHQ 1 0XC
GHIHFWV LQ W\S KO L®L DEHWWHY

XPDQRJRK $ G6KLNLQD 7 6X]XNL . 8HPDWVX 6 <XND
TVXWVXL + <DPDPRWR O 7DNDPDWVX + .R OLWD
ODUXNDZD 6 ,VKLGD , ORULVKLWD + 3UDVDG "' ¢
7TR\RIXNX 7 $NLUD 6 7DNHGD . 2NDEH O .LNXW

UROHV RI 6HPD $ LQ WKH LPPXQH V\VWHP GHIHFWLY|
UHIJXODWLRQ LQ 6HPDP XGHUWRLHQW PLFH

.XPDU $ 6XU\DGHYDUD 1 +LOO 7 0 %H]EUDGLFD - 6
I1DWXUDO .LOOHU 7 &HOOV $Q (FRORJLFDO (YROXWLI
SHUVSHERWDRDYWHHUV LQ ,PPXQRORJ\

KWWS GRL RUJ ILPPX

.ZDQ - DQG .LOOHHQ 1 &&5 GLUHFWV WKH PLJUDMW
PHGXOM®IP XQRO *

ZRQ ' /IHH < - /I[LQHDJH "LITHUHQWLDWLRQ 3URJI
&EHOBGPXQH 1HWZRUN= KWWS GRL RUJ LQ
IDFRUD]]ID + ' 7XFHN 6]DER & 9DVRYLF /9 G5HPXV . I

SBUHPDWXUH 7&5 DOSKD EHWD H[SUHVVLRQ DQG VLJQ
WK\PRF\WH H[SDQVLRQ DQG SDUWLDPOROAERORFN WKHL




%LEOLRJUDSI

IDORX[ 9 %HDXGRLQ / -HVNH ' &DUQDXG & DQG /HK
SURWHFWLRQ DJDLQVW GLDEHWHYV LQ 9DOSKD -DOS
LV DVVRFLDWHG ZLWK D 7K VKLIW FLUFXPVFULEHG U

WR LVOHW DXWRBKQWOJIHQ +
/IDQJ 0/ +RZ GR QDWXUDO NUSCSABHW BHHOODOVFKIQBIY %
* 30, 30&,' 30&
/IDQJIHOGHU 3 DQG +RUYDWK 6 *&1$ DQ 5 SDFND.

QHWZRUN DQDO\WLV %0& %WLRLQIRUPDWLFV

/IDQW] 2 DQG %HQGHODF $ $Q LQYDULDQW 7 FHOO
VXEVHW RI 0+& , VSHFLILF & DQG &' 7(F$HOOV LQ
OHG

/IDVOR 3 3RQJXEDOD -0 /DQFNL ': 6LQJK + *
GLUHFWLQJ P\HORLG DQG O\PSKRLG FHOEGLQWHV ZLW
,PPXQRO

IDWRXU 6 *LVK * +HOJDVRQ & ' +XPSKULHV 5. 3DZ

5HIXODWLRE& RGBDIHG VLIQDO WUDOVGXNMERQ E\ 6
O\PSKRSUROLIHUDWDWH ,PHPXIQ BQRGXFW

/IDZWRQ $ 3 3ULJR]\ 7, %URVVD\ / 3HL % .KXUDQD
2]JD 0 +|QLQJ 6 %DNNH 2 .URQHQEHUJ 0
F\WRSODVPLF WDLO PHGLDWHV &' G WUDIILFNLQJ DQ
SURWHLQ GHSHQGHQW DQG- LEBMSRQGHHOW PHFKDC

/IHDGEHWWHU ($ %ULJO 0 ,O00DULRQRY 3 &RKHQ 1
WUHQQHU 0 % 1.7 FHOOV SURYLGH OLSLG DQW
FHGB@WWF 1DWO $FDG 6F+ 86%

/IHH 3 7 %HQODJKD . 7TH\WRQ / %HQGHODF $ D
KXPDQ 9. QDWXUDO NSOOHG 7 RHOOV

/IHH 3 7 3XWQDP $ %HQODJKD . 7TH\WRQ / *RWWOLH
7THVWLQJ WKH 1.7 FHOO K\SRWKHVLV ROKQPRQRIHVIWSD
+ GRL -&,




%LEOLRJUDSI

/IHH < - +RO]JDSIHO ./ =KX - -DPHVRQ 6 & +RJTXLV
SURGXFWLRQ RI ,/ PRGXODWHYV LPPXQLW\ LQ GLIIHU
OLQHDJH GLYHUVUIUWWRKIUHL, P FPHDROOR J\ QL

KWWS GRL RUJ QL
JHH < - :DQJ + 6WDUUHWW * - 3KXRQJ 9 -DPHVRQ |
7LVVXH VSHFLILF GLVWULEXWLRQ RI L1.7,PRRQNVW\PSI
+ KWWS GRL RUJ M LPPXQL
JHH < - B6WDUUHWW * - /HH 6 7 <DQJ 5 +HQ]OHU
$ JLQHDJH VSHFLILF HIIHFWRU VLJQDWXUHV RI
7 LQQDWH O\PSKRLG -RRGQD RHOS,IPB XHROAWRE \R % D OW
+ KWWS GRL RUJ MLPPXQRO

JHKXHQ $ /DQW] 2 %HDXGRLQ / /DORX[ 9 &DUQDXG
ORQWHLUR 5 & 2YHUH[SUHVVLRQ RI QDWXUDO
-DOSKD WUDQVJHQLF QRQREHVH-GL®BHWLF PLFH D

/IHYHOW & 1 DQG (LFKPDQQ . SHFHSWRUV DQG VLJ
,PPXQLW\%

/'L 4 - &KDX - (EHUW 3 - 6\OYHVWHU * O0LQ + /LX
6RXWVFKHN - G6NDUH 3 .OHLQ /2 'DYLV 00 &K

DQ LOQWULQVLF PRGXODWRU RI EHHO®O VHQVLWLYLW\

/L < *LUDUGL ( :DQJ - <X (' 3DLQWHU *) .URQHQ
7KH 9D LQYDULDQW QDWXUDO NLOOHU 7 FHOO

DQG & G LQWR D FRQVHUYHG ELQGLQJ PRGH - ([S ¢
JLQOHWWH * 3 *UXVE\ O - +HGULFN 60 +DQVHQ 7 + *

% FO LV XSUHJXODWHG DW WKH &' &' VWDJH
SURPRWHV WK\PRF\WH GLITHUHQWPPWQRW\DW VHYHU

/IR '/ '"RQHUPH\HU '/ $OOHQ 3 0 $ YROWDJH JDW
IRU WKH SRVLWLYH VHOHPWLRRPKIQ&R'® 7 FHOOV

JRGROFH -3 %RRQH '/ &KDL 6 6ZDLQ 5 ( 'DVVRSRX
./ UHFHSWRU PDLQWDLQV O\PSKRLG KRPHRVWDVLV
DQG SUROLPRMRWWRE GRL 6




%LEOLRJUDSI

/IRSH] 6DJDVHWD - G6LEHQHU /[ 9 XQJ - ( *XPSHU] -
I\WRSKRVSKROLSLG SUHVHQWDWLRQ E\ & G DQG UHF
7 FHOO UHEHRSWRU =+

IXEDV % 9DVVHXU ) DQG 3HQLW & 1RUPDO VHTXIH
FRKRUW RI GHMRPRULGLQH SXOVH ODEHOHG WK\PRF\
UHFHSWRU H[SBBNYQRIORQ

IXQGEHUJ . DQG 6KRUWPDQ . 6PDOO FRUWLFDO W
VHOHFW(U[RQOHG

IXQW 6 < DQG 9DQGHU +HLGHQ O * $HURELF JO\FR:
UHTXLUHPHQWYV RI $QI@XDOURIDYLHADRV IFRHH® O DQG GHY

+

JA\QFK / 2Y6KHD ' :LQWHU ' & *HRJKHJDQ - 'RKHUW\
,QYDULDQW 1.7 FHOOV DQG & G FHOOV DPDVV LQ K
SDWLHQWYV ZLWK FXQFH P PRXGRREHV LW\

IN\QFK / 1RZDN 0 9DUJKHVH % &ODUN - +RJDQ $ (
$GLSRVH 7LVVXH ,QYDULDQW 1.7 &HOOV 3URWH
DQG OHWDEROLF 'LVRUGHU 7KURXJK 5PHBRXQDWAR U\ &\W

* KWWS GRL RUJ M LPPXQL
IN\QFK / OLFKHOHW ; =KDQJ 6 %UHQQDQ 3 - ORVHPI
% 5HIXODWRU\ L1.7 FHOOV ODF NyBfFH)OK[ DPUHEV V L
PDFURSKDJH KRPHRVWDYDLWXQHD,EPXR\RD RA\VV XH
KWWS GRL RUJ QL
ODF'RQDOG + 5 1. 7 FHOO UHFHSWRU . FHOOV (

VSHFLILFLW\ D@ IXHQEWLRQ

ODF'RQDOG + 5 5DGWNH ) :LOVRQ % 7 FHOO IDW
DOSKDEHWD JDPPDGHOWD OLQHDJH FRPPLWPHQW &>

+

ODF'RQDOG + 5 'HYHORSPHQW RQYG WHI®W R\8LRQRR) I
,PPXQRORJ\

ODF'RQDOG + 5 1.7 FHOOWYXUGQ WK ERaISSO@L Q8




%LEOLRJUDSI

ODF'RQDOG + 5 DQG O\FNR 0 3 '"HYHORSPHQW DQG
,Q ORRG\ %UDQFK ' (G 7 &HOO $FWLYDMNIR@ EN &'
%YHUOLQ +HLGHOESHIJ &KDSAWHU B

ODNLQR 6 .XQLPRWR . OXUDRND < OL]XVKLPD < .DW
%UHHGLQJ RI D QRQ REHVH-LENHEHWEXWWXDLQ RI PL

ODNLQR < .DQQR 5 .RVHNL + 7DQLJXFKL O "HYF
LQ WKH HDUO\ VWDJHBWRF HPIEWOR ARG VEFL 86%

ODOLVVHQ O 7UXF\ - J/HWRXUQHXU ) OS5HEDw 1 'XQQ
$ 7 FHOO FORQH H[SUHVVHV WZR 7 FHOO UHFHS
KHWHURGLPHU IRU DOORUHFRJQLWLRQ DQGHG@®OI 0+4&

ODOLVVHQ 0 7UXF\ - -RXYLQ ODUFKH ( &D]JHQDYH 3
5HIJXODWLRQ RI 7&5 . DQG JHQH DOOHOLF H[FEC
,PPXQRO 7RGD\

ODOOHYDH\ 7 G6FRWW %URZQH -3 ODWVXGD -/ <RXQ.

*DSLQ / 7 FHOO UHFHSWRU &'5 DQG &'5 ORR
WR VKDSH WKH L1.7PPK@QQWWHSHUWRLUH
KWWS GRL RUJ M LPPXQL

ODUV /7 I[DORX[ 9 *RXGH . 'HVERLV 6 6DRXGL $ ¢
+HUEHOLQ $ /HKXHQ $ /LEODX 5 6 &XWWLQ
1.7 FHOOV QDWXUDOO\ UHJXODWH H[SHULPHQWDO DX
QRQREHVH GLDFPPXOROLFH +

ODUVK 5$ 9LOODQXHYD - .LP 02 =KDQJ . ODUPHU
%OHHVLQJ - - )LOLSRYLFK $ + 3DWLHQWYV ZL

GLVHDVH GXH WR %,5& PXWDWLRQ KDYH QRUPDO LQ
SRSXORWILRQWP XQR Ot

ODWORXELDQ 0 'DYLG $ (QJHO 6 5\DQ - ( &\VWWHU
FKHPRNLQH LV D OLIJDQG IRUDW9 FRXGIF@BSWRU %RQ]F

ODWVXGD -/ 1DLGHQNR 2 9 *DSLQ / 1DND\DPD 7 7LC
.RH]XND < .URQHQEHUJ O 7TUDFNLQJ WKH UH\
WR D JO\FROLSLG DQWLJIJHQ(KS/LQHGE' GtWHWUDPHUYV




%LEOLRJUDSI

ODWVXGD -/ *DSLQ / )D]JLOOHDX 1 :DUUHQ . 1DLGH
IDWXUDO NLOOHU 7 FHOOV UHDFWLYH WR D VLC
FHOO UHFHSWRU EHWD UHSBURWMRLDW ® @E&ED\GP BPLO 866G F

ODWVXGD -/ *DSLQ / G6LGREUH 6 .LHSHU : & 7DQ -
.URQHQEHUJ O0+RPHRVWDVLV RI 9 DB DPPIXQROFHOC

+

ODWVXGD -/ *DSLQ / %DURQ -/ G6LGREUH 6 BWHWYV
.URQHQEHUJ 0 ORXVH 9 DOSKD L QDWXUDO NI
F\WRNLQH SRQDW.L|RWIWRRF 1DWO $FD& 6FL 86$%

ODWVXGD -/ =KDQJ 4 1GRQ\H 5 G5LFKDUGVRQ 6 . +F
EHW FRQFRPLWDQWO\ FRQWUROV PLJUDWLRQ VXUYL
GHYHORSPHQW RI 9DOSBRRG 1. AFHOOV

ODWVXGD -/ *HRUJH 7 & +DJPDQ - *DSLQ / 7H
IXQFWLRRRXQRO +
ODWVXGD -/ ODOWWYBBRZDHG6FR *DSLQ / &' G UHV\

WKH 36ZLVV $UP\ NQLIH ™ REMMKWH 2FIPX QMHP X R/R\CH P

ODWVXNL 1 6WDQLF $ . (PEHUV 0 ( .DHU / ORUHO /
GLVVHFWLRQ RI 9 DOSKD - DOSKD QDWXUDO 7 FHC
DXWRLPPXQH SURBXQRICFH +

ODWVXVKLPD . /DUVHQ & * 'X%RLV * & 2SSHQKHLP -

FKDUDFWHUL]DWLRQ RI D QRYHO PRQRF\WH FKHPRWEL
D KXPDQ P\HORPRQRF\MBLFHBHO O ©OLQH

ODWWQHU - 'HERUG ./ ,VPDLO 1 *RIl 5' &DQWX &
'DQJ 9 *DR < <LQ 1 +RHEH . B6FKQHHZLQG 2
7H\WRQ / 6DYDJH 3 % %HQGHODF $ ([RIHQ]

JO\FROLSLG DQWLJHQV DFWLYDWH 1. 2FWRON GXULQ.

+

OF&DUWK\ & 6KHSKHUG ' )OHLUH 6 6WURQJH 9 6 .R
6DOLR 0 'HQNEHUJ * OS5HGGLQJWRQ ) HW DO




%LEOLRJUDSI

KXPDQ &' G PROHFXOHV PRGXODWHYV WKH DIILQLW\ R
1.7 FHOO DFW{[SDWHRQ = GRL MHP

OF'RQDOG % ' %XQNHU - - ,VKL]XND , ( -DEUL % %
&HOO 5HFHSWRU 6LJQDOLQJ ,GHQWLIL&V'® 7K\PLF 3U
, QWUDHSLWKHOLDO [FPXKRFNVWH /#QHDJH
KWWS GRL RUJ M LPPXQL

OFIDE ): %HUJLQV 6 3 3HOOLFFL '* .\SDULVVRXGLYV
*RGIUH\ ', 7KH LQIOXHQFH RI &' G LQ SRVWVH
DQG KRPHRWPXQRO +

OHPSHO 0 OXVHWWH 3 )ODJHXO % 6FKQRSS & 5HPC
5LQJ - $EHFN ' 7 FHOO UHFHSWRU UHSHUWRI
JUDQXORPD DQQXODUH GHILQLQJ D SDUWLFXODU W\
LQIODPPDWIYRHYW "HUPDWRO

OHQGLUDWWD 6 . ODUWLQ :' +RQJ 6 %RHVWHDQX $
& G PXWDQW PLFH DUH GHILFLHQW LQ QDWXUDO 7 F
PPXQLW\

OLFKHO 0/ .HOOHU $ & 3DJHW & )XMLR 0 7URWWHL

6FKQHLGHU ( '\ 0 /HLWH GH ORUDHV 0 & , G
SURGXFLQJ 1. QHJ L1.7 FHOO SRSXODWLR@SLQYRC
OHG *

OLFKHO 0/ ®BQOGHY .HOOHU $ & /RFKQHU 0 6FKQHL
/JHLWH GH ORUDHV 0 & &ULWLFDO UROH RI 525
OHDGLQJ WR ,/ SURGXFLQJ LQYDYVURRBMHGL7QEMCR) &
1IDWLRQDO $FDGHP\ Rl 6FLHQFHV Rl WKH 8QLWHG 6W|

KWWS GRL RUJ SQDV
OLFKLH $ 0 DQG =XQLJD 3I0XFNHU - & 5HIJXODWLR
7&5 VLIJQDOV DQGGHPWQ VRPKERQRQ +

OLFN 9 ( 6WDUU 7 . OF&DXJKWU\ 7 0 OF1HLO [/ . +RJ
UHJXODWHG H[SUHVVLRQ RI D GLYHUVH VHW RQJHQH
YLYR - ,PPXQRGCG




%LEOLRJUDSI

OLH]D 0$ ,WRK 7 &XL -4 ODNLQR < .DZDQR 7 7V
<DJLWD + ODWVX]DZD $ .RVHNL + DQG 7DQLJXFK
RI 9 DOSKD 1.7 FHOOV DVVRFLDWHG ZLWK GLVHDYV
SURQH -PIPFFX QRO

OLOSLHG 3 ODVVRW % 5HQDQG $ 'LHP 6 +HUEHOLQ
07 +HUPLQH 2 SURGXFLQJ LQYDULDQW 1.7 FHOO\
DUH UHFHQW WK\PLF HPLJUDQWYV LGR@MRRIEHG E\ QH)>

OLQJXHQHDX 0 -LDQJ : )HXHUHU O ODWKLV ' DQG %
VHOHFWLRQ LV IXQFWLR®DEHGQ 12' PLFH

OL\ADPRWR . OL\DNH 6 <DPDPXUD 7 $ VIOWKHWLF
DXWRLPPXQH HQFHSKDORP\HOLWLYV E\ LQGXPWXU RAK

+

ORQWLFHOOL /$ <DQJ < .QHOO - '&UX] /0 &DQQDLI
0 *ROGUDWK $ : 7UDQVFULSWLRQDO UHJXODV
1.7 FHOOVIDAW®F$FDG 6FL 86$% +

ORQWR\D & - 3ROODUG ' ODUWLQVRQ - .XPDUL . :D

07 $WNLQVRQ 0% /DQGD\ $/ :LOVRQ 6 %
KXPDQ LQYDULDQW QDWXUDO NLOOHU 7 VXEVHWV LQ
QDWXUDO NLOOHU 7 FHOO FORQRWPXIFROPRIRFORQDO

ORUULVY * 3 DQG $O0OHQ 3 0 &EXWWLQJ HGJH +LJKO\
D GRPLQDQW UROH LQ JUDIWPWHWRWOXY KRVW GLVHDVH

ORWVLQJHU $ +DDV ': 6WDQLF $ . 9DQ .DHU [/ -R\F
UHVWULFWHG KXPDQ QDWXUDO NLOOHU 7 FHOOV DUH
LPPXQRGHILFLHQF\ YLUXV LQIHEWLR®RL ([S OHG

MHP
OXFHQVNL 0/ OF/DLQ . .LHU $ % 6ZHUGORZ 6 + 6FK
BLHWU\JD ': 6FRWW - :- 3RWWHW\BHRQH LV $ IX(

UHTXLUHG IRU QRUPDO PXULQHYHDMD O+tKHSDWLF KHP

oXLQGL . &HUQDGDV 0 :DWWV * )0 O5R\OH / 1HYLOC
*6 5XGG 30 XWWHUV 7' DQG %YUHQQHU 0 %




%LEOLRJUDSI

LOQWUDFHOOXODU WUDIILFNLQJ FRQWULEXWH WR WKF
SUHVHQWHG E\ & G 3URF 1DWO $FDG 6FL 86%

O\FNR 0 3 )HUUHUR , :LOVRQ $ -LDQJ : %LDQFKL 7
BHOHFWLYH UHTXLUHPHQW IRU F O\F DW DQ HDL
GHYHORSPHPXWRO +
1DJDUDMDQ 1 $ DQG .URQHQEHUJ 0 ,QYDULDQW 1.
UHVSRQVH WR OLSRSRO\VDFFKHULGH - ,PPXQRO
IDWRUL 7 ORULWD 0 $NLPRWR . .RH]JXND < $J

LPPXQRVWLPXODWRU\ FHUHEURS1GG D VI PROX WLKNHL B R N |
THWUDKHGUR®)

1HLOVRQ -5 :LQVORZ 00 +XU (0 DQG &UDEWUHH * 5
HVVHQWLDO IRU SRVLWLYH EXW QRW QHJDWLYH VHOI
PPXQLW\ %

1JX\HQ . 6\0YDLQ 15 %XQQHOO 6 & 7 FHOO FRV
LQKLELWY WKH DFWLQ GHSHQGHQW FHQWUDOL]DWLR
DGDSWRU 6/3 ,PPXQLWARL M LPPXQL

1LFKROV . ( OD & 6 &DQQRQV -/ G6FKZDUW]EHUJ 3/
OROHFXODU DQG FHOOXODU SDWKRJHQHVLV RI ; OLQI
,PPXQRO 5HY

1LFRO $ 1LHGD O .RH]JXND < 3RUFHOOL 6 6X]XNL
+XPDQ LQYDULDQW 9. QDWXUDO NLOOHU 7 FHOOV LC

.51 KDYH F\AWRWRI[LF DQWL WXPRXU DFWLYLW\ WK

FHOOV DQG QDW,PPXQRQ@RIDHU+FHOOV

KWWS GRL RUJ M [
1LHGHUEHUJHU 1 +ROPEHUJ . $ODP 6 0 6DNDWL : 1

15 $OOHOLF H[FOXVLRQ RI WKH 7&5 . FKDLQ LV

785 PHGLDWHG VLJQDOLQJ DQG E &EO - ,PPXQRO
1LHPH\HU 0 'DUPRLVH $ OROOHQNRSI + - +DKQNH

6FKDLEOH 8 ( .DXIPDQQ 6 + ( 1DWXUDO NLOO

WKURXJK JHQH H[SUHVVLRQ SURILOLQJ DQ DFFRXQW




%LEOLRJUDSI

7K 7K DQG 7K LPPX®HRXQRGRIQ V HV
KWWS GRL RUJ M [

1LVKLPXUD + $JDWD < .DZDVDNL $ 6DWR O ,PDPXU
1IDNDQR 7 DQG +RQMR 7 '"HYHORSPHQWDOO\ L
SURWHLQ RQ WKH VXUIDFH&R| GRE\PGRFQHIMP\F K QIR O& '

1LVKLPXUD + +RQMR 7 OLQDWR 1 )DELOLWDWL
SRVLWLYH VHOHFWLRQ LQ WKH7WHK\PRXYURID®GR k {18 H.IF
OHGLFLQH +

1IRUPHQW $ 0 DQG %HYDQ O - 5ROH RI FKHPRNLQH
6HPLQ ,PPXQR®

29.RQHN - - ,OODULRQRY 3 .KXUVLJDUD "6 S$PEURVL!
THUDEH O ORXVH DQG KXPDQ L1.7 FHOO DJRQL
UHYHDOV D GLVWLQFW PHFKRRBLRXWRQNXRR & QPE® XD
,QYHVWLIDWLRQ* KWWS GRL RUJ -&,

2KWHNL 7 DQG ODF'RQDOG + 5 6WULQJHQW 9 UHTX|
1. 7 FHOO UHFHSWRU DOSKD-EXMSDOIHEOOY LQ PRXV

2KWHNL 7 +R 6 6X]XNL + ODN 7 : 2KDVKL 3 6
EHWD FKDLQ LQ QDWXUDO NLOOHU 7 FHOO UHFHS
,PPXQRO +

2LNDZD < ©6KLPDGD $ <DPDGD 6 ORWRKDVKL < 1DNI
6DUXWD 7 +LIJK TUHTXHQF\ RI 9DOSKD 9EHW
W\SH GLLEPEWWWYYV &DUH

2NL 6 &KLED $ <DPDPXUD 7 OL\DNH 6 7KH FOL
PHFKDQLVP RI SUHIHUHQWLDO ,/ SURGXFWLRQ E\ PF
FHOO®%OLQ ,QYHVW

2NL 6 7RPL & <DPDPXUD 7 OL\DNH 6 BUHIHUHC
LV VXSSRUWHG E\ LQFRPSHWHQW 1.7 FHOO LQGXFWLI
RI LQIODPPDWRU\ F\WR N LIQH V LFARE \N\QMD PRHKI) KE O O V
(SXE 1RY




%LEOLRJUDSI

2UNLQ 6 + 'LYHUVLILFDWLRQ RI KDHPDWRBWLHWLF
5HY *HQHW

2UWDOGR -5 <RXQJ +$% :LQNOHU 3LFNHWW 57 %HUFL
5 + 'LVVRFLDWLRQ RI 1.7 VWLPXODWLRQ F\WRN
DFWLYODWYER@KH XVH RI GLVWLQFW-7PXQRGLQJ FHL

2]PHQ / 3HULFLQ O +DNLPL - &KL]JIRQLWH 5 $ :\VRF
0O *DURWWD * ,(QWHUOHXNLQ LOQWHUIHURQ
DUH WKH NH\ F\WRNLQHV RI WKH JH@HUD®IGHG 6KZI

+

3DGRYDQ ( &DVRUDWL * 'HOODERQD 3 OH\HU 6 %URI
([SUHVVLRQ RI WZPRB FKPHQY UGXHCGWREHQWHRU 7 FHOOV

3bJH "0 .DQH /3 $OOLVRQ -3 DQG +HGULFN 6 0
QHIJDWLYH VHOHFWLRQ RI-&PRXQRMK\PRF\WHYV

3DJHW & ODOOHYDH\ 7 6SHDN $ 2 7RUUHV ' )RQWD
5\IITHO % )DYHHXZ & /HLWH GH ORUDHV 0 3O0ODWMW
$FWLYDWLRQ RI LQYDULDQW 1.7 FHOOV E\ WROO OLN
UHTXLUHV W\SH , LOQWHUIHURQ DBXEXMMNWIIJHG JO\FRV.

3DL 6 < 7UXLWW 0/ 7LQJ &1 /HLGHQ -0 *OLPFKHU
UROHV IRU WUDQVFULSWLRQ IDFWRUPBX®LWQ WK\PR

t

3bO ( 7DELUD 7 .DZDQR 7 T7DQLJXFKL O OL\DNH 6
&RVWLPXODWLRQ GHSHQGHQW PRGXODWLRQ RI H[SHL
E\ OLIJDQG VWLPXODWLRQ RIJPPRQBKRD =+ 1. 7 FHOOV

3DOPHU ( 1HIDWLYH VHOHFWLRQ + FOHDULQJ RXW
1DW S5HY ,PPX@RO

3bQJ 6 6 %HUU\ 5 &KHQ = .MHU 1LHOVHQ / 3HUXJL!
&KHzZz 6 + /D *UXWD 1/ :LOOLDPV 1 . YHGGRH 7
*RGIUH\ ' 3XUFHOO $ : 'LOFH 0 & OF&OXVNH\ -

7TKH VWUXFWXUDO EDVLV IRUDXWRQRPRXYV GLPHUL]D
1DWXUH +




%LEOLRJUDSI

3bQL * )LVFKHU . ' OOLQDULF 5DVFDQ , 6LPLQRYLWEF
WKH 7 FHOO DQWLJHQ UHFHSWRU LV QHJDWLYHO\ UH
SKRVSKDW® \OH G *

3DUN 6 + B5RDUN -+ DQG %HQGHODF $ 7LVVXH V.
PROHFXQPRRXQRO +

3DUN 6 + :HLVV $ %HQODJKD . .\LQ 7 7H\WRQ / %
& G UHVWULFWHG UHSHUWRLUH LV GRPLQDWHG E\ D
IDPLOLHY OHG +

3DVTXLHU % <LQ / )RQGDQQgFKH 0 & B5HORX]DW ) %«
JLVFKHU $ GH 6DLQW %DVLOH * DQG /DWRXU 6
GHYHORSPHQW LQ PLFH DQG KXPDQV ODFNLQJ WKH D
O\PSKRSUROLIHUDWLYH VAQ[®URPE JHQH SURGXFW

SDWULFN 06 2GD + +D\DNDZzZD . 6DWR < (VKLPD
0 $EH 7 1DWVXPH 7 HW DO *DVS D *UE D)\
IRU SRVLWLYH VHOHBWRR Q1RWWK $SFDREWeRE 863

3DWWHUVRQ -00 -RKQVRQ 0+ =LPRQMLF '% DQG *U
&KDUDFWHUL]DWLRQ RI /\ 0 D QRYHO PHPEHU RI WK
S UR W HROQW

3HL % DQG .URQHQEHUJ 0 BWUXFWXUH DQG UHFRJ
&HOOV ,Q 7THUDEH 0 %HU]JRIVN\ -$ HGV 1DWXU
UHJXODWLRQ RI W$BRUQRPXOEMHQFH %XVLQHVV OHG
&KDSWHU '2, B

3HL % 6SHDN $ 2 6KHSKHUG ' %XWWHUV 7 &HUXQG
'LYHUVH HQGRJHQRXV DQWLJHQV IRU PRXVH 1.7
JO\FRVSKLQJROXRIRDV =

S3HOOLFFL '* +DPPRQG .- B8OGULFK $3 %D[WHU $ *
$ QDWXUDO NLOOHU 7 1.7 FHOO GHYHORSPHQW
GHSHQGHQW 1. &' &' G GHSHQQEHRWHSUHFXUVRU V\

B3HOOLFFL '* B8OGULFK $ 3 .\SDULVVRXGLV . &URZH
6LGREUH 6 .URQHQEHUJ 0O 6P\WK 0 - *RGIUH\ '




%LEOLRJUDSI

FHOO GHYHORSPHQW LV EORFNHG E\ WKHXSWHVHQFH
,PPXQRO

3HOOLFFL '"* 3DWHO 2 .MHU 1LHOVHQ / 3DQJ 6 6 6.
SRVVMRKQ - 'LITHUHQWLDO UHFRJQLWLRQ RI &
9 DQG 9 VHPL LQYDULDQW,RAPXKG@LMHOO XU HFHSWRU
KWWS GRL RUJ M LPPXQL

SH@bRVVL & =XFNHUPDQ / $ 6WURQJ - .ZDQ - )HUU

%H\HUV $' .LOOHHQ 1 1HIJDWLYH UHMWODWLTE
DQG UHVSRQVHWEX@RO =

SHUHLUD & 6 $J]HYHGR 2 O0DLD O/ 'LDV $) 6D 0OLUDC(
,QYDULDQW QDWXUDO NLOOHU 7 FHOOV DUH SKHQRW
GLVHIDRMH*HQHW OHWDE

3HWULH + 7 /LYDN ) 6FKDW] '* 6WUDVVHU $ &ULVS
UHDUUDQJHPHQWY LQ 7 FHOO UHFHSWRU D FKDLQ JH
WK\PRFYWHS OHG

3I0XJK '/ ODKHU 6 ( %RWKZHOO $ / /\ , D QHZ
VXSHUIDPLO\ ZLWK D GLVWEQFPP )SPRONHUQ RI H[SUHYV

3RUFHOOL 6 <RFNH\ & ( %UHQQHU 0 % %DON 6 3
UHFHSWRU 7&5 H[SUHVVLRQ E\ KXPDQ SHULSKHUDO
GHPRQVWUDWHY SUHIHUHQWLDO XVH RI VHYHUDO 9 E
FKDLQ[S OHG =

3RUFHOOL 6 $ 7KH &' IDPLO\ $ WKLUG OL@BDJH RI
PPXQRO %

3RUXEVN\ 6 6SHDN $ 2 /XFNRZ % &HUXQGROR 9 30
GHYHORSPHQW DQG IXQFWLRQ RI LQYDULDQW QDWXU
KH[RV\OFHUDPLGH BYURFABDMPBL$IKIFG 6F+ 86%

3RXOWRQ /' B6P\WK O - +DZNH & * 6LOYHLUD 3 B6KH:
*RGIUH\ ', DQG %D[WHU §$ * &\WRPHWULF DQC
DQG 1.7 FHOO GHILFLHQ@WHWPRQROPLFH




%LEOLRJUDSI

3UXVVLQ & DQG )RVWHU % 7&5 9 DOSKD DQG 9 E
KXPDQ 1. 7 FHOO DQDORJ FRQWDLQLQJPPXQRDXH 7K

+

4X < ODR 0 /L : =KDQJ / +XDQJ : <DQJ & =KDR
(QKDQFHG PLJUDWLRQ DQG &:&5 RYHU H[SUHVVLRQ L
UHFRQVWRO X®HBQ %LRFKHP + GRL V

SDEHUJHU - 6FKHEHVWD $ 6DNDJXFKL 6 %RXFKHURQ
%HUJO|I $ .ROEH 7 6PLWK &, ( 5OLFNH 7 DQG
WUDQVFULSWLRQDO UHJXODWRU 3/=) LQGXFHV WKH C
SKHQRW\SH 7 FHOOV 3URF 1DWO $FDG 6FL 869%

5DPDQ & .XR $ 'HVKDQH - /LWFK¢{¢HOG ': DQG .LPEH
FDVHLQ NLQDVH E\ GLUHFW LQWHUDFWAIRROZ IEW K FF H

SDQVRQ 7 9RVVKHQULFK & $ &RUFXII ( 5LFKDUG 2

6DQWR - 3 ./ DYDLODELOLW\ FRQGLWLRQV KF
NLOOHU3URFQDWO $FDG 6FI1+86% GRL
SQDV

5RFKD &DPSRV $ & OHONL 5 =KX 5 'HUX\WWHU 1 'DI
*DUFKRQ + - *HQHWLF DQG IXQFWLRQDO DQDO
FRQJHQLF 12' PLFH LPSURYHG 9DOSKD 1.7 FHOO SH
SURWHFW DJDLQVUWDWNWHVGEDEHWHYV

5RFN ./ <HK (7 + *UDPP &) +DEHU 6, B5HLVHU +
7$3 D QRYHO 7 FHOO DFWLYDWLQJ SURWHLQ LQYROY
7 O\PSKREKWHRXUQDO RI ([SHULPHQWDO OHGLFLQH

5RJQHU 8 & %RLWDUG & ORULQ - OHODQLWRX ( $YC
FKURPRVRPH LQIOXHQFH RQVHW DQG ILQDO LQFLGH
FRQJH QL F* N Q/RMDLLROW

SROOLQV % - -( 0&3 DQ HDUO\ UHVSRQVH JHQH HC
F\WRMNDXHHU &HGOV

5RQHW & OHPSHO 0 7KLHEOHPRQW 1 /HKXHQ $ .RX
5ROH RI WKH FRPSOHPHQWDULW\ GHWHUPLQLQJ UHJL




%LEOLRJUDSI

DVVRFLDWHG ZLWK WKH 9 VHPL LQYDULDQW 7&5 FKI
FHOOWPXQRO %

5RVVMRKQ - *UDV 6 OLOHV - - 7XUQHU 6 - *RGIUH\
DQWLJHQ UHFHSWRU UHFRJQLWLR®QRIXDEHNYL JAHRX QB A"

SRWK 6 - 'LDFRYR 7 * %UHQQHU 0 % S5RVDW -3 %XI
79 TUDQVHQGRWKHOLDO FKHPRWDI[LV RI KXPD¢
O\PSKRF\WHV WRXKHRRRXQRUY

SRWKHQEHUJ ( 9 &HOO OLQHDJH UHJXDWWRUV LQ %
,PPXQRORJ\ GRL QL

5\EDNLQ 9 :HVWHUQEHUJ / )X * LP + 2 $PSXGLD -

15 - $OOHOLF H[FOXVLRQ RI 7&5 . FKDLQV XSR
UHSH UWWHREG 2 H ( H KWWSV GRL RUJ MRXU:!
6DJ .UDXVH 3 +HGULFN & & .URQHQEHUJ O LQJF

SURGXFLQJ 1.7 FHOOV DUH D GLVWLQFW7HHIJXODWR
-RXUQDO RI &OLQLFDO ,QYHVWLIDWLRQ
KWWS GRL RUJ -&,

6DLQW 5XI & 8QJHZLVV . *URHWWUXS 0 %UXQR / )F
$QDO\VLYV DQG H[SUHVVLRQ RI D €PIRHHGI SUH 7

t

6DOLR 0 6SHDN $ 2 B6KHSKHUG ' 3RO]JHOOD 3 ,00DL
30DWW )0 &HUXQGROR 9 ORGXODWLRQ RI K>
RQ 7/5 PHGLDWHG DQWLJHQ SSWHRWVFHDDW.@ 3 FBI® @ FILF 8\6L

+

6DPHOVRQ / ( 6LJQDO WUDQVGXFWLRQ PHGLDWHG E
RI DGDSWHHQSURWHYQYPPXQRO

6DQGEHUJ -. 6WRGGDUW & $ %ULORW ) -RUGDQ . $
LQQDWH &' . FKDLQ YDULDEOH JHQH VHJPHQW 9.
HDUO\ KXPDQ IHWDO WK\PXV LV UHJXODWHG EA ,/ 3

GRL SQDV




%LEOLRJUDSI

6DQGEHUJ - . DQG /MXQJJUHQ + * 'HYHORSPHQW D
1.7 FHOOV LQIOXHQFH Rl VSKLUWHRGYSPEX QKRB DQG \

6DUXNKDQ $ *DUFLD & /DQRXH $ YRQ %RHKPHU +
UHFHSWRU DOSKD JHQHV SRVHV DQ DXWRLPPXQH KD]
DXWRVSHFLILPRXHFHBEWRUYV

6DWR + 1DND\DPD 7 7DQDND < <DPDVKLWD 0 6KLED
TDQLJIJXFKL O ,QGXFWLRQ RI GLITHUHQWLDWLRC
9DOSKD 1.7 FHOOV E\ JUDQXORF\WH PDFBBRBKDJH FF
1DWO $FDG 6FL 86%

6DWR 1 $KXMD 6. 4XLQRQHV 0 .RVWHFNL 9 B5HGGL

&KHPRNLQH UHFHSWRU &FU LV UHTXLUHG IRL

ORFDOL]DWLRQ RI 7 KHOSHU FHOO W\SH 7K LQGXF

VKLIWV WKH /HLVKPDQLD PDMRU+*UHVLVWDQW SKHQR

7K F\WRNLQHV % FHOO RXWJURZWK DQG/KNHKVWDLQH
-RXUQDO RI ([SHULPHQWDOOHGLFLQH

6DYDJH $ . &RQVWDQWLQLGHV 0* +DQ - 3LFDUG '
%HQGHODF $ 7KH WUDQVFULSWLRQ IDFWRU 3/:
WKH 1.7 FHO,® FOX @D\ H

6DYDJH $ . &RQVWDQWLQLGHV 0 * DQG %HQGHODF $
ILQJHU WXUQV RQ WKH HIIHFWRU 7 FHOO SURJUDP ZL
VLIQDOLQJ 7KH -RXUQDO R# ,PPXGRRORJ\
MLPPXQRO

6DZDGD 6 G6FDUERURXJK - .LOOHHQ 1 J/LWWPDQ '5
WUDQVFULSWLRQDO VLOHQFHU UHJXODWHYV &' JHQH
GHYHOR&SWBQW =

6FKOXQV .6 .LHSHU : & -DPHVRQ 6 & /HIUDQORLV /
KRPHRVWDVLV RI QDwYH DIQXG YRR UD& , P FRHIDROD/

6FKPLGW 6XSSULDQ O 7LDQ - *UDQW (3 3DVSDUDNL\
+/ &R\OH $ - 5DMHZVN\ . 'LITHUHQWLDO GH!:
UHIJXODWRU\ DQG QDWXUDO NLOOHU OLNH 73RHREOV R
1DWO $FDG 6FL 86&$




%LEOLRJUDSI

6FKPLHJ - <DQJ * )UDQFN 5 : 7TVXML O 6 XSHUL
DQG PHODQRPD PHWDVWDVHV E\ D & JO\FRVLGH DQD(
OLJDQG DOSKD *DODARWRWEFHUDPLGH

6FKXPDQQ - 3LWWRQL 3 7RQWL ( ODFGRQDOG + 5
7DUJHWHG H[SUHVVLRQ RI KXPDQ &' G LQ WUDQVJHQI
WK\PRF\WHV DQG WK\PLF $3&V LQ SRVLWLYH DQG QH.
FHOOWPXQRO +

6HDUV 5 & DQG 1HYLQV - 5 6LIQDOLQI QHWZRUNYV
IDWKH -RXUQDO RI %LRORJLFDO &KHPLVWU\

6HPDQ O $GULRXFK 6 G6FKHXSOHLQ ) .UHEV & )JUHH’
+DDJ ) .RFK 1IROWH LDQGXFHG 7 FHOO GHDWK $'3 Ul
FHOO VXUIDFH SURWHLQV E\ $57 DFWLYPP/PXQ WKH F\

6HRNPDQQ + :LOVRQ 07 6HUL]DZD |, X | 6LQJK 1
+DED 7 O6FKHUHU " & :HL - .URQHQEHUJ O .RH]
7TKH QDWXUDO NLOOHU 7 FHOO OLJDQG DOSKD J
DXWRLPPXQH GLDEHWHYV LQIQWXWRHEKOBHUE IGFLHEHWLF P

GRL QP

6HUELQD 1 9 DQG 3DPHU ( * ORQRF\WH HPLJUDWLR
EDFWHULDO LQIHFWLRQ UHTXLUHV VLIQDOMWHGLDW
,PPXQRO

6KDQQRQ 3 ODUNLHO $ 2]JLHU 2 %DOLJD 16 :DQJ -
6FKZLNRZVNL % ,GHNHU 7 &\WRVFDSH D VRI\
PRGHOV RI ELRPROHFXODUW QRMHEBY¥WLRQ QHWZRUNYV

6KDULI 6 $UUHD]D *$ =XFNHU 3 OL 4 6 6RQGKL -

.RH]XND < 'HORYLWFK 7/ *RPEHUW - 0 J/HLWH C
=KX 5 +DPHJ $ I1DND\DPD 7 7DQLJXFKL 0 /HSD
) +HUEHOLQ $ $FWLYDWLRQ RI QDWXUDO NLC

JDODFWRV\OFHUDPLGH WUHDWPHQW SUHYHQWYV WKH
GLDEHMWWWH OHGLFLQH GRL QP




%LEOLRJUDSI

6KLPDPXUD 0 2KWHNL 7 %HXWQHU 8 ODF'RQDOG + ¢
. UHDUUDQJHPHQW\YXUD 1.,PP¥XB®RON

6KLPDRND 7 6HLQR . .XPH 1 OLQDPL O 1LVKLPH &
7DQLJXFKL 0 ODWVXVKLPD . DQG <RQHKDUD 6
FKHPRNLQH OLJDQG 65 362; LQ 7K UHVSRQVH PHC
,PPXQRO +

6LHZHNH 0 + DQG *UDI 7 $ WUDQVFULSWLRQ IDFWHF
GLIITHUHQ&XILDUN PBQQ *HQHW 'HY

6LPDUUR 0 /DQ\L $ +RZLH ' 3R\ ) %UXJJHPDQ - &l
7HUKRUVW & 6$3 LQFUHDVHV )\Q7 NLQDVH DFW
SKRVSKRU\ODWLRQ RQW $8 DR O '2
KWWSV GRL RUJ LQWLPP G[K

6LQJK $ . :LOVRQ 07 +RQJ 6 20LYDUHV 9LOODJyPH]
6 6ULUDP 6 .RH]XND < 9DQ .DHU / 1DWXUIL

SURWHFWYVY PLFH DJDLQVW H[SHULPHQWEOO0BIXWRLP P X

6LYDNXPDU 9 +DPPRQG .- +RZHOOV 1 3IHIIHU . :HI
UHTXLUHPHQW IRU 5HO QXFOHDU IDFWRU NDSSD % ID
GHYHORS{ISQOMG +

6ODXHQZKLWH ' -RKQVWRQ % SEHIJXODWLRQ RI 1.7
DQG ,QINBRQWQHUYV LQ ,PPXQRORJ\
KWWS GRL RUJ ILPPX

6PLOH\ 6 7 .DSODQ 0 + *UXVE\ O - ,PPXQRJOREX(

DEVHQFH RI LQWHUOHXNLQ VHFUMWEE] &' GHSHQG

6P\WK 0 - 7KLD .< &UHWQH\ 6 ( 6WUHHW ( 7UDSDQ
SHOLNDQ 6 % &URZH 1 < *RGIUH\ ', "LITHUFE
QDWXUDO NLOOHU 1([SD@EG.7 FHOOV -

6P\WK 0 - &URZH 1 < *RGIUH\ ', 1. FHOOV DQG 1.
SURWHFWLRQ IURP PHWK\OFKRODQWRX®ROG LQGXFHG




%LEOLRJUDSI

6P\WK 0 - &URZH 1 < +D\DNDZD < T7DNHGD . <DJLWL
FHOOV FRQGXFWRUVWGWRUWR2RBRQ | PPXQRW\"

6SUHQW - DQG 6XUK &' 1RUPDO 7 FHOO KRPHRVW
LQWR PHPRU\ SKHQRW\SH FHOOV 1DW ,PPXQRO

6ULUDP 9 'X : *HUYD\ +DJXH - DQG %UXWNLHZLF] 5 5
JO\FRVSKLQ BBELYURY RQDV DOMF EP RBEVOMFLILF OLJIDC
1.7 FHOOW - ,PPXQRO +

6WDQLF $ . %H]JEUDGLFD -6 3DUN - - ODWVXNL 1 O
05 -R\FH 6 D 1) NDSSD %% FRQWUROV FHOO ID\
PROHFXODU GLITHUHQWLDWLRQ RI LPPXQRBXQRODWR

+

6WDQLF $ . %H]EUDGLFD -6 3DUN -- 9DQ .DHU / %
&XWWLQJ HGJH 7KH RQWRJHQ\ DQG IXQFWLRQ RI 9D
UHTXLUH VLJQDO SURFHVVLQJ E\ SURWHLQ NLQDVH &

6wbuu 7 . -DPHVRQ 6 & +RJTXLVW . $ SRVLWLYH
$QQX 5HY ,PPXQRO (SXE 2FW

BWHWVRQ ' % ORKUV 0 B5HLQKDUGW 5/ %DURQ - /
0 /RFNVOH\ 50 &RQVWLWXWLYH F\WRNLQH PE
DQG 1. 7 FHOOV SRLVHG IRU-UPSSDEEHIIHEWRU IXQFWL

6WHYDX[ 2 DQG '"\VRQ 1 - $ UHYLVHG SLFWXUH RI \
5% IXQFWXKIWRQ2SLQ &HOO %LRO

6XJLWD 0 &DR ; DWWV * )0 5RJHUV 5% %RQLIDFL
J)DLOXUH RI WUDIILFNLQJ DQG DQWLJHQ SUHVHQWDW|
,PPXQLW\ + GRL 6

6XQ * J/LX ; OHUFDGR 3 -HQNLQVRQ 65 .\SULRWRX
%RVVHOXW 5 7KH JLQF ILQJHU SURWHLQ F.UR[

GXULQJ LQWUDWK\PLF 7TIPHOOPBRQRWLYH VHOHFWLRQ




%LEOLRJUDSI

6XQ = B8QXWPD] ' =RX <5 B6XQVKLQH 0 - 3LHUDOQL ¢
5( /ILWWPDQ 'S5 SHTXLUHPHQW IRU 525JDPPD
O\PSKRLG RUJDQ6GHMBBORSPHQW

6XQGDUDUDM 6 =KDQJ - .URYL 6+ %HGHO 5 7XWW(

.KDQGRNDU < 3UDYHHQD 7 /H 1RXUV - ODWVXGED

'LIITHULQJ UROHV Rl & G DQG & G SURWHLQV L

GHYHORSPHQW DQG IXQFWLRQ 3URF 1DWO $FDG 6FL
SQDV (SXE -DQ 30,

6XUK &' DQG 6SUHQW - +RPHRVWDVPEPX@RUWADLYH D

+

6X]XNL * 6DzZD + .RED\DVKL < 1DNDWD < 1DNDJDZD
.DNLQXPD 6 ,ZDEXFKL . DQG 1DJDVKLPD . 3
VLIQDO FRQWUROV WKH WUDIILFENLQJ RI WK\PRF\WHYV
WKH WK\RRRXQRO =

6ZDW : 'HVVLQJ 0 %DURQ $ .LVLHORZ 3 DQG YRQ %
FKDQJHV DFFRPSDQ\LQJ SRVLWLYH VHOXEWLRQ RI &'
,PPXQRO

6\NHV 0 8QXVXDO 7 FHOO SRSXODWLRQV LQ DGXOW
&' &'+ &'+ DQG . 7&5 1. - FABP®OQORO =

6]DER 6 - .LP 6 7 &RVWD */ =KDQJ ; )DWKPDQ & *
WUDQVFULSWLRQ IDFWRU 7 EHW&IBQOHF¥WYV 7K OLQHI

7DFNH ) DQG 5DQGROSK * - OLJUDWRU\ IDWH DQG
VXEVHVWYXQRELRORJ\ (SXE -XO
TDNDKDPD < .RVXJL $ 6LQJHU $ SKHQRW\SH RQ

& i&" i 7 FHOO UHFHSWRU DOSKD EHWD WK\PRF\WH\
DOQWLJHQV RQ 7 FHOO UHPIREIWRO 9#=HWD XVDJH

7DNDKDVKL 7 1LHGD 0 .RH]XND < 1LFRO $ 3RUFHO
+LUDL + -XML 7 $@DR'VLY.RIFKXORD/QDFEWLYDV
DJO\FRV\OFHUDPLGH SXOVHG PRQRFXWBAD®HRLYHG Gt
,PPXQRORJ\ =
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7TDNHXFKL 2 6DWR 6 +RULXFKL 7 +RVKLQR . 7TDNHG
$NLUD 6 &EXWWLQJ HGJH UROH RI 7TRO0 OLNH
UHVSRQVH WR PLFUREPPRQRGRSURWHLQV

7DQ -7 (UQVW % .LHSHU : & J/H5R\ ( 6SUHQW - 6XL
DQRG ,/ MRLQWO\ UHIJXODWH KRPHRVWDWLF SUROLIH!
EXW DUH QRW UHTXLUHG IRU PHPRPRUMHEHQRW\SH &'

7DQJ +/ DQG &\VWHU - * &KHPRNLQH XS UHJXODW
E\ PDWXULQJ GBRGHUIQMH.F FHO &V
GRL VFLHQFH

7DQLJXFKL 0 +DUDGD O .RMR 6 1DND\DPD 7 :DNDR
RI 9DOSKD 1.7 FHOOV LQ LQQDWH BQ®XWBHXLUHG LP

,PPXQRO +

7DQLJXFKL 0 6HLQR . 1DND\DPD 7 E 7KH 1.7 FHO
DFTXLUHG UPRKQRRKQRO 30,

7DUDNKRYVN\ $ .DQQHU 6 % +RPEDFK - /HGEHWWHU
S5DMHZVN\ . $ UROH IRU &' LQ 7&5 PHGLDWHG

WK\PRF\WH ¥HICHFAHL R Q +

7HLJH $ 7HLJH , /DYDVDQL 6 %RFNHUPDQQ 5 ORQG
1IDYLNDV 6 &' GHSHQGHQW UHJXODWLRQ RI FK
LQIODPPDWLRQ LQ H[SHULPHQWDO-DRRRQRPXQH HQF

7HUDEH 0 6ZDQQ - $PEURVLQR ( 6LQKD 3 7DNDNX
2VWUDQG 5RVHQEHUJ 6 6P\WK 0 - DQG %HU]JRIVN\
9. -. &' G UHVWULFWHG W\SH ,, 1.7 FHOO LV VXIILF
WXPRU LPPXQRWVXHY-HRXUMDDFRI ([SHULPHQWDG OHGL]
KWWS GRL RUJ MH P
7HUDEH 0 DQG %HU]RIVN\ - $ 7KH LPPXQRUHJXODYV
FHOOV LQ FDQFHU BOQGFRWKHHPPXCQREDVAXQRWRHU
Vv

7THUDVKLPD $ :DWDUDL + ,QRXH 6 G6HNLQH ( 1DNDJ
IDNDMLPD + IDND\DPD 7 7DQLJXFKL O $ QF
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FHOOV EHDULQJ WKH ,/ UHFHSWRU % UHVSRQGV WHF
K\SHUUHDFWLYLW\ - ([S OHG *

7HUUHQFH . 3DYORYLFK & 3 ODWHFKDN (2 DQG )RZOI
H[SUHVVLRQ RI 7 FHDEVKSSHIS VWM J 3 HDUUDQJHPH !
SHUPLWV GHYMORGQFB QW TRFH QMI\G +

7RZQVHQG 0 - :HLQPDQQ $6 ODWVXGD -/ 6DORPRQ
*DSLQ / *OLPFKHU / + 7 EHW UHJXODWHV WK]
KRPHRVWDVLY RI 1. DQG 9BPP3&DWL 1.7 FHOOV

7UHPEOHDX 6 3HQQD * ®%RVL ( ORUWDUD $ *DWHO\
DGPLQLVWUDWLRQ LQGXFHV 7 KHOSHU W\SH FHOC
LQ 12' PLRHS OHG

7TURS 6 5KRGHV 0 :LHVW "/ +XJR 3 DQG =XQLJD 3IC
GLVSODFHPHQW RI S7 DOSKD E\ 7&5 DOSKD GXULQJ 7
FRH[SUHVVLRQ RI SUH 7&5 D,.@BX0J0RSXD EHWD 7&5

7VRX &/ 3HWHUV : 6L < 6OD\PDNHU 6 $VODQLDQ ¢

&KDUR ) &ULWLFDO UROHV IRU &&5 DQG 0&3

IURP ERQH PDUURZ DQG UHFUXLW®GIQW, WRHVQM ODPPLC
(SXE 0DU

8HKDUD 6 6RQJ . )DUEHU -0 J/RYH 3 ( &KDUDF
DQG &&/ WK\PXV H[SUHVVHG FKHPRNLQH UHVSRQVL"
&' KLIJK&' WK\PRF\WHV DQG /7&5 WK\PRF\WHV SUH|

&&/ - ,PPXQRO % GRL MLPPXQRO
S8HPDWVX < 5\WHU 6 'HPELF = %RUJXO\D 3 .ULPSHQ
+ BWHLQPHW] 0 ,Q WUDQVJHQLF PLFH WKH LG

UHFHSWRU EHWD JHQH SUHYHQWY HESHUHY VIZRQ RI1 HQ

8HQR 7 +DUD . :LOOLV 06 ODOLQ 0$ +RSNHQ 8 (
/LSS 0 6SULQJHU 7% %R\G 5/ <RVKLH 2 7DND
&&5 OLJDQGV LQ WKH HPLJUDWLRQ RI QHZO\ JHQHUD
W K\PYXPP X QLW\

8HQR 7 6DLWR ) *UuD\ "' + ' XVH 6 +LHVKLPD . 1L
&&5 6LJQDOV $UH (VVHQWLDO IRU &RUWH[+0HG
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TK\PRF\WKH-RXUQDO RI ([SHULPHQWD® OHGLFLQH
KWWS GRL RUJ MHP

9DOORLV ' *ULPP & + $YQHU 3 %RLWDUG & DQG 5RJ
GLDEHWHYV PREWVWROGE 7/5 - HPPKHWRL R Q

YDQ GHU 90LHW + - YRQ %ORPEHUJ % 0 +D]JHQEHUJ 0
%HQWKHP % + 3ULQV 0 &ODHVVHQ )$ YDQ GHQ
OLHGHPD ) 6FKHSHU 5 - 3LQHGR + 0 BHOHF

DOSKD 9 EHWD 1.7 FHOOV GXULM@PIPXQRW\SH LQI

+

YDQ +HOGHQ O0 - =DLVV "0 6LMWV $ - &&5 GHILC
FHOOV DQG PHGLDWHYV WKHLU PLJUDWLRQ@/®BULQJ LC
2QH H GRL MRXUQDO SRQH (SXE

9DQ .DHU / 3DUHNK 99 DQG :X [/ 7TKH UHVSRQVH
1.7 FHOOV WR PLFURELDO SDWKRQWQVPPRQRBIRHLU SL
ILPPX

9DQGHU +HLGHQ 0 * &DQWOH\ / & TKRPSVRQ & %
(1"THFW 7KH PHWDEROLF UHTXLOBRPHQMH RHZF HE®O NS UIF
* KWWS GRL RUJ VFLHQFH

9DQGHU +HLGHQ 0 * /XQW 6 < 'D\WWRQ 7/ )LVNH % 3
9RNHV 1, 6WHSKDQRSRXORV * &DQWOH\ / & OH\
OHWDEROLF SDWKZD\ DOWH U D W L&R/GWSKSIM QUIX S

+DUE 6\PS 4XDQW %LRO

9LUHW & /DQW] 2 +H ; %HQGHODF $ -DQHZD\ & $ -
GHULYHG 7&5 EHWD FKDLQ WUDQVJHQH SURPRWHYV S|
DOSKD EHWD 7 FHOOV - ,PPXQRO

YRQ %RHKPHU + .LUEHUJ - DQG 5RFKD % $Q XQX
FRQWDLQV DXWRUHDFWLYH FHOOV - ([S OHG

YRQ %RHKPHU + DQG )HKOLQJ + , BWUXFWXUH DQC

$QQX 5HY ,PPXQRO
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'DQJ ' =KHQJ 0 /HL / -L - <DR < 4LX < 0D [/ IR
+H < &KL - :DQJ / .XDQJ < :DQJ - &DR :; IX
LQYROYHG LQ ODWH WK\PRF\WH GHYHORSPHQW WKUF
VLIJQDOLQJ 1DW ,PPXQRO +

:DQJ - *XLOODXPH - 3DXZHOV 1 9DQ &DOHQEHUJK 6

&U\WVWDO 6WUXFWXUHV RI %RYLQH &" G 5HYHDO
D 5HVWULFWHG $1 SRFNHW 8QDEOH3WRG6RIQG /RQJ &K
H KWWS GRL RUJ MRXUQDO SRQH

'DQJ / :LOGW .) =KX - =KDQJ ; )HLJHQEDXP / T7H\
YRZONHV % - %RVVHOXW 5 'LVWLQFW IXQFWL
*$7%$ DQG 7K32. GXULQJ LOQOWUDWK\PLF GIDIWUHQWLD
,PPXQRO +

'DQJ 1 6DWRVNDU $ )DXELRQ : +RZLH ' 2NDPRWR
BRVD 05 B6KDUSH $ + T7HUKRUVW & 7KH
FRQWUROV 7 FHOO DQG-REBQOROKRUK[SHQUEWHRQWDO OF

+

'DQJ ; %LVKRS .$ +HJGH 6 B5RGHQNLUFK /$ 3LNH
+XPDQ LQYDULDQW QDWXUDO NLOOHU 7 FHOOV DFTXI
KLVWRQH + DFHW\ODWLRQ LQGXRKG @D Q@ HRD N[ B &%) VR\F
OHGLFLQH ‘2, MHP

:DQJH 5 / /$7 WKH OLQNHU IRU DEWLYDWLRQ RI 7 F
DQG JHQHUDO VLIQPOGNJ §BIWKZD\V

'DUEXUJ 2 2Q WKH RUAFILMQRHFDQFHU FHOOV

:DUEXUWRQDWVYXL 0 5RZODO®BPARXHVDEVW]HQVWHLQ * (

7 (GLGLQEZHHULQOFOLFKDHQUISOLQJHU -BXWDWLRQ
WKH DOSKD GRPDLQ GLVXOILGH EULGJH RI WKH FOD
PDWXUDWLRQ DQG SHSRVRBXQROHVHQWDWLRQ

:DWDUDL + 6HNLQH .RQGR ( 6KLJHXUD 7 ORWRPXUD
+ .XER O .DZDPRWR + .RVHNL + DQG 7DQLJXFKL
DQG IXQFWLRQ RI LQYDULDQW QDWXUDO NLOOHU 7 F
3/R6 %LRD MRXUQDO SELR
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‘HL '* J/HH + 3DUN 6 + %HDXGRLQ / 7H\WRQ / [HK
(ISDQVLRQ DQG ORQJ UDQJH GLIIHUHQWLDWLRQ RI W
&' G H[FOXVLYHO\ RQ FRU\\ISFID®IGVK\PRF\WHV

‘HVOH\ -' 7HVVPHU 06 &KDXNRV ' %URVVD\ /
9. L 1.7 FHOOV GXULQJ I&®BIIIDWHKRWLR Q
KWWSV GRL RUJ MRXUQDO SSDW

'LHVW '/ .HDUVH .3 B6KRUHV (: DQG 6LQJHU $
H[SUHVVLRQ RI & FRPSRQHQWY LQGHSHQGHQW RI F¢
FRPSOH[HV RQ LPPDWXUS WKGRF\WHYV

'LOVRQ 6 % .HQW 6 & 3DWWRQ .7 2UEDQ 7 -DFNVR
6FKDW] '$ $WNLQVRQ 0% %DON 63 6WURPLQJH
(IWUHPH 7K ELDV RI LQYDULDQW 9DOSKD1DWXSKD4 7

+

':RMFLHFKRZVNL - /DL $ .RQGR 0 =KXDQJ < ($
WK\PRF\WH SUROLIHUDWLRQ SURRXQRR SWH 7&5 H[SUHI

'ROIHU $ :LOVRQ $ 1HPLU O ODF'RQDOG + 5 DQG 5D
1RWFK LPSDLUV 9'- EHWD UHDUUDQJHPHQW DQG DOC
RI HDUO\ DOSKD EHWD FRPLQHDNH WK\PRF\WHV

X '< 6HJDO 1 + O6LGREUH 6 .URQHQEHUJ 0 &KDSPEL
SUHVHQWDWLRQ RI GLVLDORJDQJOLRYE®HG' WR QDV

+

X |/ 7LPPHUV & ODLWL % 6DDYHGUD + , 6DQJ / &t
*LDQJUDQGH 3 :ULJKW )$ )LHOG 6 - *UHHQEHUJ
5RELQVRQ 0/ /HRQH * 7KH () WUDQVFULS)

FHOOXODU SIDR\OXUHUDMWLRQ

:XQ .6 B5RVV ) 3DWHO 2 %HVUD *6 3RUFHOOL 6 $
+RZHOO $ 5 *RGIUH\ ', B5RVVMRKQ - +XPDQ
.LOOHU 7 FHOO DQWLJHQ UHFHSWRUV H[KLELW GLIIH
7KH -RXUQDO Rl %LRORJLFDO &KHPLVWU\

KWWS GRL RUJ MEF 0
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<DPDVDNL . .DQDGD . ODFOHRG "7 %RUNRZVNL $ :
&RIHQ $/ *DOOR 5/ 7/5 H[SUHVVLRQ LV LQF
VWLPXODWHY HQKDQFHG VHULQH SURVWHBWN SHBBRXW

+

<DPDVDNL / -DEFENV 7 %URQVRQ 5 *RLOORW ( +DUOF
LQGXFWLRQ DQG WLVVXH DW&RSKR\ LQ PLFH ODFNLQJ

<DQJ < B8HQR $ %DR 0 :DQJ = ,P -6 3RUFHOOL 6
RI'1.7 FHOO GLIITHUHQWLDWLRQ E\ WLVVRXPMHXQROFLILF

+

<DQJ = :DQJ & :DQJ 7 %DL - =KDR < /LX ; OD 4
5HQ / $QDO\VLV RI WKH UHSWLOH &' JHQHV H
,PPXQRJHQHWLFV

<RVKLPRWR 7 & SRV 1. SRV 7 FHOOV SURPSWO\ S
WIRQ YEKROOHQJ®'ZLVREK D@MA Rl ([SHULPHQWM O OHGL

<XDQ : .DQJ 6 - (YDQV -( DQG &UHVVZHOO 3 ‘
ZLWK KXPDQ &' G WDUJHWHG WR GLIFHUPMRQRKREFHOC

+

=DMRQF "0 6WULHJO + 'DVFKHU & & :LOVRQ , $
&' UHYHDOV D VPDOOHU PRUH SULPRUGLDO DQWLJH

PDPPDOLDBU&KFE 1DWO $FDG 6FL 86$% +

=DMRQF ' 0 7KH &' IDPLO\ 6HUYLQJ OLSLG DQWLJH
HUBPXQRJHQHWLFV +

=HNDYDW * OR]DIIDUL 5 $ULDV 9 - 5RVWDPL 6 < %D
1IRRUFKDVKP + $ QRYHO &' SRO\PRUSKLVP LQ
DQG 1=% : ) PLFH LV OLQNHG WR D &'PHAXQR FHQOWAH

+ KWWS GRL RUJ v
=KDQ < 3XUWRQ -) *RGIUH\ ', &ROH 7 - +HDWK : ¢

SHULSKHUDO LQWHUIHUHQFH WK\PLF GHOHWLRQ LV
FHOOV ZLWKRXW F3WDKNK L1BDNCO DFADIGY BFLL REX




%LEOLRJUDSI

=KRX ' ODWWQHU - &DQWX & UG B6FKUDQW] 1 <LOQ
X <3 <DPDVKLWD 7 7HQHEHUJ 6 :DQJ ' 3URLE
3% 7H\WRQ / %HQGHODF $ /\WRVRPDO JO\F

1.7 FH®OVHQFH +

=KX -: )J)LHOG 6 - *RUH / 7KRPSVRQ 0 <DQJ + )XM
*UHHQEHUJ 0O 2UNLQ 6 + 'H*UHJRUL - () D
WKUHVKROGY IRU DQWLJHQ LQGXFHG 7 FHOO SUROLI
&HOO %LRO

=LJPRQG ( 3UHVWRQ 6 3DSSR 2 /DOD]DU * 0DUJDOI
JULHGPDQ ' $O0SHU 5 ,0DQ < %HWD JOXFRV
HQKDQFHPHQW RI QDWXUDO NLOOHU 7 O\PSKR\FWH S
PHGLDWHG *®XMVRUGHUV

=LPPHU 0, &ROPRQH $ )HOLR . ;X + 0D $ :DQJ &
VSHFLILF & G H[SUHVVLRQ SURJUDP PRGXODWHYV LQY
IXQFWLAP@XQRO +

=XxLJD 3I0OXFNHU - & J/RQJR '/ .UXLVEHHN $ O 3
7 FHOOV LQ WKH WK\BRWRUKQRUPDO PLFH
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7TDEOH/BVW RI JHQHV WKDW DUH RYHUODSSKIBQBWHINZ HH Q
GDWD

R T AN A & 1.7 FHO®V.7 FHOO

&%ﬁﬁngBWHV *HQ| IlURP WKLV UHVH

*HOH 6\P] )& | SYDO]J *HOH 6\P] )& | SYDO
- 5L ~ 5L (
$GK $GK (
$UW E SUW E (
$WS E $WS E (
&F U &F U (
&F U &F U (
&G &G (
&G 0J &G 0OJ (
&G &G (
&G &G (
&KQ &KQ (
&WVZ &WVZ (
&[FU &[FU (
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)DP D )DP D (
YROU YROU (
*LPDS “LPDS (
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O UE O UE (
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,SFHI ,SFHI (
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1UJO 1UJQ (
1W H 1W H (
2DW 2DVO (
3DUS 3DUS (
3GFG 3GFG (
30DF 30DF (
6 SU 6 SU (
6HPD D 6HPD D (
6010 6010 (
6PSGO D 6PSGO D (
6W VLD 6W VLD (
7DJDS 7DJDS (
—EWE —EWE (
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) LIX18 ([SUHVVLRQ SURILOHV RI JHQHV WKDW RYHI
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7TDEOH 6 *HQHV ZHUH IRXQ & SL Q HIKIOHD@MNGWIRHQ H OLVW
VLIQLILFDQWO\ LQFUHDVHG H[SUHVVLRQ LQ RXU PLFUREL
FHOOV FRPSDUHG WR '3 1.7 FHOOV

SRR GRS, & 1.7 FHO®M.7EHO
3 7TK\PRF\WHYV AP AN
&RKH@ DO *HQH

*HQH *HQH
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; 7$( %XIIHU 7ULV $FHWDWH ('7$

J 7ULV EDVH
PO *ODFLDO $FHWLF DFLG
PO 0 ('7$%

', +2 WR OLWHU
'HLJK RXW J 7ULV EDVH ): DQG GLVVROYH LQ

&DUHIXOO\ DGG PO JODFLDO DFHWLF DFLG DQG P/
WKH VROXWLRQ WR D ILQDO YROXPH RI /

7KLY VWRFN VROXWLRQ FDQ EH VWRUHG DW URRP WHPS
DQG VKRXOG EH DERXW

; 7$( % XIITHU ZRUNLQJ VROXWLRQ

7KH ZRUNLQJ VROXWLRQ RI ; 7$( EXIIHU LV PDGH E\ VLPS«
LQ GHLRQL]JHG ZzDWHU )LQDO VROXWH FRQFHQWUDWLRQV
EXIITHU LV QRZ UHDG\ IRU XVH LQ DJDURVH JHO HOHFWUR S
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,QYLWHG WDONV DQG SRVWHUYVY DW FRQIHUHQFHYV
$QQXDO OHHWLQJ RI WKH $XVWUDOLDQ 6RFLHW)\ IRU ,PP X(
7RZQVYLOOH IHVWLYDO RI OLIH VFLHQFHV DQG
$QQXDO OHHWLQJ RI WKH $XVWUDOLDQ 6RFLHW\ IRU ,PP X
$QQXDO OHHWLQJ RI WKH $XVWUDOLDQ 6RFLHW\ IRU ,PP X(
%ULVEDQH ,PPXQRORJ\ *URXS WK $QQXDO 5HWUHDW

WK RQJUHVV RI ),06% 6LQJDSRUH 7DON

$QQXDO OHHWLQJ RI WKH $XVWUDOLDQ 6RFLHW\ IRU ,PP X

BULPDU\ SXEOLFDWLRQYV

7&5 YDOLGDWLRQ GLVWLQFW IURP VHOHFWLRQ DQG OLQHI
ODUJDUHW $ -RUGDQ 'UDJDQD 6WDQOH\ ORUJDQH ORUHD X
$O0DQ * %D[WHU PDQXVFULSW XQGHU SUHSDUDWLRQ -RX

2ZWKHU SXEOLFDWLRQV

OLFUR51$ D UHJXODWHV ,&26+,&26/ VLIQDOOLQJ WR OLP

KHOSHU FHOOV DQG JHUPLQDO FHQWUHV $OYLQ 3UDWDPLE

,OHQLD 3DSD 6DX . /HH :X\HQ 7 'LQK $QGUHDV +XWORII

=KDR 5DIDHO &DVHOODV RUDANRODNK OQ QXRIYRXARWXUH FI
"2, QFRPPV

%LRORJLFDO SURFHVVLQJ RI GLQXFOHDU UXWKHQLXP FRP
+HLPDQQ ;X\HQ 7KL 'LQK ) 5LFKDUG .HHQH DQG - *UDQW
‘2, & 0% +

$ZDUGV

$XVWUDOLDQ '"HYHORSPHQW 6FKRODUVKLS 'RFWRU RI 3KL
5REHUW /RJDQ PHPRULDO JUDQW ),06%$ FRQIHUHQFH 6LQ.
), 06 WUDYHO %XUVDU\ ),06% ,,6 $GYDQFHG ,PPXQRORJ\ F

$6, FRQIHUHQFH WUDYHO DZDUG $QQXDO OHHWLQJ RI $6,
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