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#SFBTU DBODFS�JOEVDFE JOGMBNNBUJPO JO UIF UVNPS SFBDUJWF TUSPNB TVQQPSUT JOWBTJPO
BOE NBMJHOBOU QSPHSFTTJPO BOE JT DPOUSJCVUFE UP CZ B WBSJFUZ PG IPTU DFMMT JODMVEJOH
NBDSPQIBHFT BOE GJCSPCMBTUT� *OGMBNNBUJPO BQQFBST UP CF JOJUJBUFE CZ UVNPS DFMMT BOE
TVSSPVOEJOH IPTU GJCSPCMBTUT UIBU TFDSFUF QSP�JOGMBNNBUPSZ DZUPLJOFT BOE DIFNPLJOFT
BOE SFNPEFM UIF FYUSBDFMMVMBS NBUSJY 	&$.
 UP DSFBUF B QSP�JOGMBNNBUPSZ iDBODFSJ[FEw
PS UVNPS SFBDUJWF NJDSPFOWJSPONFOU UIBU TVQQPSUT UVNPS FYQBOTJPO BOE JOWBTJPO� 5IF
UJTTVF QPMZTBDDIBSJEF IZBMVSPOBO 	)"
 JT BO FYBNQMF PG BO &$. DPNQPOFOU XJUIJO UIF
DBODFSJ[FE NJDSPFOWJSPONFOU UIBU QSPNPUFT CSFBTU DBODFS QSPHSFTTJPO� -JLF NBOZ &$.
NPMFDVMFT
 UIF GVODUJPO PG OBUJWF IJHI�NPMFDVMBS XFJHIU )" JT BMUFSFE CZ GSBHNFOUBUJPO

XIJDI JT QSPNPUFE CZ PYZHFO�OJUSPHFO GSFF SBEJDBMT BOE SFMFBTF PG IZBMVSPOJEBTFT XJUIJO
UIF UVNPS NJDSPFOWJSPONFOU� )" GSBHNFOUT BSF QSP�JOGMBNNBUPSZ BOE BDUJWBUF TJHOBMJOH
QBUIXBZT UIBU QSPNPUF TVSWJWBM
 NJHSBUJPO
 BOE JOWBTJPO XJUIJO CPUI UVNPS BOE IPTU
DFMMT UISPVHI CJOEJOH UP )" SFDFQUPST TVDI BT $%�� BOE 3)"..�)..3� *O CSFBTU
DBODFS
 FMFWBUFE )" JO UIF QFSJ�UVNPS TUSPNB BOE JODSFBTFE )" SFDFQUPS FYQSFTTJPO BSF
QSPHOPTUJD GPS QPPS PVUDPNF BOE BSF BTTPDJBUFE XJUI EJTFBTF SFDVSSFODF� 5IJT SFWJFX
BEESFTTFT UIF DSJUJDBM JTTVFT SFHBSEJOH UVNPS�JOEVDFE JOGMBNNBUJPO BOE JUT SPMF JO CSFBTU
DBODFS QSPHSFTTJPO GPDVTJOH TQFDJGJDBMMZ PO UIF DIBOHFT JO )" NFUBCPMJTN XJUIJO UVNPS
SFBDUJWF TUSPNB BT B LFZ GBDUPS JO NBMJHOBOU QSPHSFTTJPO�

,FZXPSET� IZBMVSPOBO
 CSFBTU DBODFS
 JOGMBNNBUJPO
 UVNPS NJDSPFOWJSPONFOU
 3)"..�)..3
 $%��

NBDSPQIBHF

)ZBMVSPOBO BT B $PNQPOFOU PG $BODFSJ[FE 4USPNB JO )VNBO
#SFBTU $BODFS

%VSJOH CSFBTU DBODFS HSPXUI
 UVNPS DFMMT JOUFSBDU XJUI UIFJS TVSSPVOEJOH TUSPNB UP DSFBUF BO
FOWJSPONFOU SFTFNCMJOH UIBU GPVOE EVSJOH XPVOE IFBMJOH XJUI JODSFBTFE JOGMBNNBUJPO
 BOHJP�
HFOFTJT
 BOE TUSPNBM SFNPEFMJOH� #PUI UVNPS DFMMT BOE GJCSPCMBTUT QSPEVDF QSP�JOGMBNNBUPSZ
DIFNPLJOFT BOE DZUPLJOFT
 XIJDI SFDSVJU BOE BDUJWBUF JOOBUF JNNVOF DFMMT JODMVEJOH OFVUSPQIJMT
BOE NBDSPQIBHFT 	�
� .BDSPQIBHFT BSF SFDSVJUFE CZ UVNPS DFMMT BT B LFZ DPNQPOFOU PG UIF
JOGMBNNBUPSZ NJDSPFOWJSPONFOU BOE IBWF CFFO TUSPOHMZ JNQMJDBUFE JO CSFBTU DBODFS HSPXUI BOE
QSPHSFTTJPO JO QBUJFOUT 	�o�
� 5PHFUIFS
 UIF UVNPS DFMMT
 GJCSPCMBTUT
 BOE JOGMBNNBUPSZ DFMMT QSPEVDF
GBDUPST UIBU SFNPEFM UIF FYUSBDFMMVMBS NBUSJY 	&$.

 MFBEJOH UP UIF GPSNBUJPO PG B iDBODFSJ[FEw

'SPOUJFST JO *NNVOPMPHZ ] XXX�GSPOUJFSTJO�PSH +VOF ���� ] 7PMVNF � ] "SUJDMF ����

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org/Immunology/editorialboard
http://www.frontiersin.org/Immunology/editorialboard
http://dx.doi.org/10.3389/fimmu.2015.00236
https://creativecommons.org/licenses/by/4.0/
mailto:mccar001@umn.edu
http://dx.doi.org/10.3389/fimmu.2015.00236
http://www.frontiersin.org/Journal/10.3389/fimmu.2015.00236/abstract
http://www.frontiersin.org/Journal/10.3389/fimmu.2015.00236/abstract
http://loop.frontiersin.org/people/205190/overview
http://loop.frontiersin.org/people/153645/overview
http://loop.frontiersin.org/people/234157/overview
http://loop.frontiersin.org/people/149755/overview
http://loop.frontiersin.org/people/213675/overview
http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive


4DIXFSUGFHFS FU BM� )ZBMVSPOBO
 JOGMBNNBUJPO
 BOE CSFBTU DBODFS

NJDSPFOWJSPONFOU UIBU TVTUBJOT UVNPS HSPXUI BOE QSPNPUFT
NBMJHOBOU QSPHSFTTJPO� 5IF &$. JT DPNQPTFE PG QSPUFJOT BOE
QSPUFPHMZDBOT�HMZDPTBNJOPHMZDBOT UIBU QSPWJEF TUSVDUVSBM TVQ�
QPSU BOE GBDJMJUBUF UJTTVF PSHBOJ[BUJPO� *O BEEJUJPO
 TQFDJGJD DPN�
QPOFOUT PG UIF &$. DPOUSJCVUF UP DFMM TVSWJWBM
 QSPMJGFSBUJPO

NJHSBUJPO
 BOHJPHFOFTJT
 BOE JNNVOF DFMM JOGJMUSBUJPO� " NBKPS
&$. DPNQPOFOU PG UIF TUSPNB JT IZBMVSPOBO 	)"

 B NFNCFS PG
UIF HMZDPTBNJOPHMZDBO GBNJMZ PG QPMZTBDDIBSJEFT� )" JT TZOUIF�
TJ[FE BU UIF DFMM TVSGBDF BT B MBSHF MJOFBS BOJPOJD QPMZNFS 	VQ UP
��� %B
 CZ NVMUJQMF DFMM UZQFT JO IFBMJOH XPVOET BOE JO UVNPST�
5IFSF BSF UISFF EJTUJODU JTPFO[ZNFT 	)" TZOUIBTFT
 )"4 �o�
 UIBU
TZOUIFTJ[F )" 	TFF CFMPX
� 6OEFSTUBOEJOH UIF SPMF UIBU )" QMBZT
JO DPOUSJCVUJOH UP CSFBTU DBSDJOPNB�JOEVDFE JOGMBNNBUJPO IBT
JNQPSUBOU JNQMJDBUJPOT GPS UIF EFTJHO PG UIFSBQFVUJD BQQSPBDIFT
UBSHFUJOH CPUI UIF UVNPS DFMMT BOE UIF QSP�UVNPSJHFOJD GVODUJPOT
PG UIF DBODFSJ[FE TUSPNB 	�
�

" OVNCFS PG TUVEJFT IBWF EFNPOTUSBUFE UIBU )" SFHVMBUFT
UVNPS DFMM NJHSBUJPO BOE JOWBTJPO JO WJUSP
 BOE UVNPS HSPXUI BOE
QSPHSFTTJPO JO WJWP 	�o�
� $FMM DVMUVSF TUVEJFT TIPX UIBU JOWBTJWF
CSFBTU DBODFS DFMMT TZOUIFTJ[F BOE BDDVNVMBUF MBSHFS BNPVOUT PG
)" UIBO OPSNBM UJTTVF BOE QSFGFSFOUJBMMZ FYQSFTT NPSF )"4�
N3/" UIBO MFTT BHHSFTTJWF UVNPS DFMMT 	�
� 'VSUIFSNPSF
 )"4�
QSPNPUFT CSFBTU DBODFS DFMM JOWBTJPO JO WJUSP 	�
�0WFSFYQSFTTJPO PG
)"4� JONBNNBSZ FQJUIFMJBM DFMMT PG..57�/FV USBOTHFOJDNJDF
JODSFBTFT UVNPS )" QSPEVDUJPO BOE FOIBODFT HSPXUI PG NBN�
NBSZ UVNPST 	��
�)"4��PWFSFYQSFTTJOH UVNPST FYIJCJU FOIBODFE
BOHJPHFOFTJT BOE TUSPNBM DFMM SFDSVJUNFOU� 5IFTF SFTVMUT EFNPO�
TUSBUF UIBU JODSFBTFE)" JO UIF UVNPSNJDSPFOWJSPONFOU TVQQPSUT
NFDIBOJTNT PG OFPQMBTUJD QSPHSFTTJPO�

"MUIPVHI DBSDJOPNB DFMMT TZOUIFTJ[F )"
 TUSPNBM )" MFWFMT BSF
JODSFBTFE JO CSFBTU DBODFST QSFEJDUJOH UIBU TUSPNBM DFMMT BSF BMTP
B SJDI TPVSDF PG UIJT CJPQPMZNFS� 4JNJMBS UP UIF DPOUSJCVUJPOT PG
)" GSBHNFOUT JO XPVOE IFBMJOH
 )" GSBHNFOUBUJPO MFBET UP UIF
HFOFSBUJPO PG BOHJPHFOJD GSBHNFOUT UIBU BDU PO FOEPUIFMJBM DFMMT
UP QSPNPUF CMPPE WFTTFM GPSNBUJPO 	��
� "T EFTDSJCFE CFMPX
 )"
SFHVMBUFT JOGMBNNBUPSZ DFMM GVODUJPOT MPDBUFE XJUIJO UIF UVNPS
NJDSPFOWJSPONFOU� 5IF DPNCJOFE FGGFDUT PG )" PO CPUI UVNPS
BOE IPTU DFMMT BT XFMM BT FWJEFODF UIBU FMFWBUFE BDDVNVMBUJPO PG
QFSJ�UVNPS TUSPNBM )" JT MJOLFE UP SFEVDFE ��ZFBS TVSWJWBM 	��


QSPWJEF TUSPOH FWJEFODF UIBU )" QBSUJDJQBUFT JO UIF HFOFSBUJPO PG
B QSP�UVNPSJHFOJD iDBODFSJ[FEw TUSPNB 	�
�

*O�EFQUI BOBMZTJT PG UIF )" TUBJOJOH QBUUFSOT XJUIJO UVNPST
TIPXT BO FOSJDINFOU PG )" JO UIF TUSPNB BU UIF MFBEJOH FEHF
PG UIF UVNPS
 BOE EFUBJMFE DMJOJDBM TUVEZ PG UIFTF )" MFWFMT BOE
MPDBMJ[BUJPO JO QBUJFOU TBNQMFT TVQQPSU B SFMBUJPOTIJQ CFUXFFO
IJHI�TUSPNBM )" BDDVNVMBUJPO BOE QPPS QBUJFOU TVSWJWBM 	��
�
8IJMF NPTU )" JT MJLFMZ TZOUIFTJ[FE CZ TUSPNBM DFMMT
 B TVCTFU PG
CSFBTU DBODFST BMTP TUBJO GPS )" JO UIF UVNPS QBSFODIZNB BOE UIJT
JT DPSSFMBUFE XJUI MZNQI OPEF QPTJUJWJUZ BOE QPPS EJGGFSFOUJBUJPO
	��
� 'VSUIFSNPSF
 UIFTF UVNPST UFOE UP CF OFHBUJWF GPS UIF IPS�
NPOF SFDFQUPST FTUSPHFO SFDFQUPS 	&3
 BOE QSPHFTUFSPOF SFDFQUPS
	13
 	��
�

)ZBMVSPOBO BDDVNVMBUJPO IBT BEEJUJPOBMMZ CFFO DPNQBSFE JO
FBSMZ BOE MBUFS TUBHF CSFBTU UVNPST
 TQFDJGJDBMMZ JO EVDUBM DBSDJOPNB
JO TJUV 	%$*4

 %$*4 XJUI NJDSPJOWBTJPO BOE JOWBTJWF DBSDJOPNB

UP EFUFSNJOF JG BMUFSFE )" QSPEVDUJPO JT MJOLFE UP FBSMZ BT XFMM
BT MBUFS TUBHF JOWBTJPO FWFOUT JO CSFBTU DBODFS� )" MFWFMT PG %$*4

BTTPDJBUFE XJUI NJDSPJOWBTJPO BOE MBUFS TUBHF JOWBTJWF DBSDJOPNB
BSF TJHOJGJDBOUMZ JODSFBTFE XIFO DPNQBSFE UP QVSF %$*4 	��
�
3)"..�)..3
 XIJDI QSPNPUFT NJHSBUJPO BOE JOWBTJPO PG
CSFBTU DBODFS MJOFT
 JT BMTP FMFWBUFE JO CSFBTU DBODFS
 QBSUJDVMBSMZ
BU UIF JOWBTJWF GSPOU PG UVNPST BOE JO UVNPS DFMM TVCTFUT 	��
 ��
�
$PMMFDUJWFMZ
 UIFTF SFTVMUT TVHHFTU UIBU )" QFSGPSNT B OVNCFS PG
GVODUJPOT JO QSPHSFTTJOH UVNPST BOE JO QBSUJDVMBS DPOUSJCVUFT UP
JOWBTJPO JO FBSMZ BOE MBUFS TUBHF CSFBTU DBODFS�

.PSF SFDFOUMZ
 )" TUBJOJOH BOE $%�� FYQSFTTJPO IBWF CFFO
FYBNJOFE JO )&3��QPTJUJWF CSFBTU UVNPST� )JHI MFWFMT PG TUSPNBM
)" TUBJOJOH JO UIJT CSFBTU DBODFS TVCUZQF IBWF CFFO MJOLFE UP
TQFDJGJD DMJOJDBM DPSSFMBUFT
 JODMVEJOH MZNQI OPEF�QPTJUJWF CSFBTU
DBODFS BOE SFEVDFE PWFSBMM TVSWJWBM 	��
� &MFWBUFE $%�� FYQSFT�
TJPO
 XIJDI PDDVST JO UVNPS QBSFODIZNB BOE UP B MFTTFS FYUFOU JO
TUSPNBM DFMMT
 JT BTTPDJBUFE XJUI )&3��QPTJUJWF CSFBTU DBODFST BOE
MJOLFE UP SFEVDFE PWFSBMM TVSWJWBM JO UIJT CSFBTU DBODFS TVCUZQF�
" OVNCFS PG TUVEJFT IBWF BMTP FYBNJOFE FYQSFTTJPO MFWFMT PG
)" TZOUIBTFT JO CSFBTU DBODFS UJTTVFT� &YQSFTTJPO PG BMM PG UIF
)"4 JTPFO[ZNFT 	)"4 �o�
 IBWF CFFO EFUFDUFE JO UIF UVNPS
QBSFODIZNB BOE TUSPNB PG CSFBTU UVNPST 	��
� &YQSFTTJPO PG
UVNPS DFMM )"4�
 CVU OPU )"4� PS )"4�
 XBT GPVOE UP DPSSFMBUF
XJUI SFEVDFE PWFSBMM TVSWJWBM XIFO CSFBTU DBODFS QBUJFOUT XFSF OPU
TPSUFE JOUP TVCUZQFT� *O UIJT TUVEZ
 FYQSFTTJPO PG BMM UISFF )"4
QSPUFJOT JO UIF TUSPNB DPSSFTQPOET XJUI SFEVDFE PWFSBMM TVSWJWBM
	��
� )PXFWFS
 )"4� FYQSFTTJPO JT QBSUJDVMBSMZ MJOLFE UP USJQMF
OFHBUJWF BOE CBTBM�MJLF CSFBTU DBODFS TVCUZQFT BOE JUT FMFWBUFE
FYQSFTTJPO JT BTTPDJBUFE XJUI SFEVDFE PWFSBMM TVSWJWBM PG UIFTF
DBODFS QBUJFOUT 	��
�

5PHFUIFS
 UIFTF TUVEJFT TVHHFTU QSP�UVNPSJHFOJD SPMFT GPS
JODSFBTFE MFWFMT PG )" JO CSFBTU DBODFS 	��
 ��
 BOE QSFEJDU
QPTTJCMF NFDIBOJTNT UISPVHI XIJDI )" NJHIU GBDJMJUBUF UVNPS
JOJUJBUJPO BOE QSPHSFTTJPO� 'PS FYBNQMF
 UIF JODSFBTF JO UVNPS DFMM
)" NBZ QSPWJEF B TFMG�QSPUFDUJWF DPBU
 NJOJNJ[JOH SFDPHOJUJPO CZ
JNNVOF DFMMT BOE IFMQJOH UP SFEVDF EBNBHF CZ SFBDUJWF PYZHFO
BOE OJUSPHFO TQFDJFT� *ODSFBTFE MFWFMT PG )" NBZ BMTP GBDJMJ�
UBUF NJUPTJT BOE JOWBTJPO PG TVSSPVOEJOH UJTTVF� )PXFWFS
 SFDFOU
TUVEJFT EFNPOTUSBUJOH UIBU GSBHNFOUBUJPO PG )" XJUIJO EBNBHFE
UJTTVFT BMUFST CJPMPHJDBM QSPQFSUJFT PG UIF JOUBDU CJPQPMZNFS BOE
UIBU )" SFDFQUPST EJGGFS JO UIFJS SFDPHOJUJPO PG )" QPMZNFS TJ[FT
TVHHFTU B NVDI NPSF DPNQMFY NPEF PG SFHVMBUJPO 	TFF CFMPX
�
5IFTF NPSF SFDFOU TUVEJFT FNQIBTJ[F UIF JNQPSUBODF PG EFGJOJOH
CPUI DIBOHFT JO )" MFWFMT BOE UIF FYUFOU PG )" GSBHNFOUBUJPO
GPS VOEFSTUBOEJOH NFDIBOJTNT CZ XIJDI UIF QFSJ�UVNPS TUSPNB

JO QBSUJDVMBS UIF JOGMBNNBUPSZ TUBUVT PG UIF UVNPS�BTTPDJBUFE
TUSPNB
 JOGMVFODFT CSFBTU DBODFS JOJUJBUJPO BOE QSPHSFTTJPO�

3FHVMBUJPO PG )" 4ZOUIFTJT BOE
'SBHNFOUBUJPO

&MFWBUFE )" TZOUIFTJT JO BEVMUT JT NPTU PGUFO BTTPDJBUFE XJUI
B SFTQPOTF UP UJTTVF EBNBHF PS EJTFBTF� 5IFTF JODSFBTFT SFTVMU
GSPN CPUI USBOTDSJQUJPOBM BOE QPTU�USBOTDSJQUJPOBM DPOUSPM PG )"
TZOUIFTJT� )" TZOUIFTJT JT DBUBMZ[FE CZ POF PS NPSF PG UISFF
)" TZOUIBTF JTPFO[ZNFT 	)"4 �o�
 	��
 ��

 XIJDI BSF VOJRVF
BNPOH PUIFS HMZDPTZMUSBOTGFSFSBTFT TJODF UIFZ BSF MPDBMJ[FE BU
UIF QMBTNB NFNCSBOF SBUIFS UIBO JO UIF (PMHJ 	��
� 1SJNBSZ
TUSVDUVSFT PG BMM UISFF FO[ZNFT QSFEJDU UIBU UIFZ TQBO UIF QMBTNB
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'*(63& � ] )ZBMVSPOBO JOEVDFT SFDFQUPS�NFEJBUFE TJHOBMJOH
UISPVHI JOUFSBDUJPO XJUI DFMM�TVSGBDF )" CJOEJOH QSPUFJOT�
*OUFSBDUJPO PG )" XJUI $%�� BOE 3)".. JOEVDFT $%�� SFDFQUPS
DMVTUFSJOH BOE JOUSBDFMMVMBS 3)"..�SFHVMBUFE ."1, BDUJWBUJPO
 SFTVMUJOH
JO &3, QIPTQIPSZMBUJPO BOE EPXOTUSFBN BDUJWBUJPO PG UIF USBOTDSJQUJPO
FGGFDUPST "1�� BOE /'L#� "DUJWF USBOTDSJQUJPO PG "1�� BOE /'L# UBSHFU

HFOFT VMUJNBUFMZ SFTVMU JO UIF JOEVDUJPO PG EJSFDUFE DFMM NJHSBUJPO BOE
SFMFBTF PG JOGMBNNBUPSZ DZUPLJOFT� "CCSFWJBUJPOT� .&,
 ."1, &3,
LJOBTF� &3,
 FYUSBDFMMVMBS SFHVMBUFE LJOBTF� 3)"..
 SFDFQUPS GPS
IZBMVSPOBO�NFEJBUFE NPUJMJUZ� $%��
 DMVTUFS PG EJGGFSFOUJBUJPO ��� "1��

BDUJWBUPS QSPUFJO �� 35,
 SFDFQUPS UZSPTJOF LJOBTF� /'L#
 OVDMFBS GBDUPS
LBQQB #�

NFNCSBOF TFWFSBM UJNFT 	��
� 5IF UISFF JTPFO[ZNFT DPOUBJO DZUP�
QMBTNJD DBUBMZUJD TJUFT UIBU TFRVFOUJBMMZ BEE UIF BDUJWBUFE 6%1�ı�
HMVDVSPOJD BDJE BOE6%1�/�BDFUZM�ı�HMVDPTBNJOF UP UIF HSPXJOH
)" QPMZNFS
 XIJDI JT UIFO FYUSVEFE UISPVHI QPSFT JO UIF QMBTNB
NFNCSBOF
 MJLFMZ DSFBUFE CZ GPSNBUJPO PG )"4 PMJHPNFST 	��
 ��
�
3FMFBTFE )" QPMZNFST BSF DBQUVSFE CZ FYUSBDFMMVMBS )" CJOEJOH
QSPUFPHMZDBOT TVDI BT WFSTJDBO
 BMPOH XJUI PUIFS &$. QSPUFJO
DPNQPOFOUT BOE DFMM�TVSGBDF SFDFQUPST 	�
 �
 ��
� )JHI�NPMFDVMBS
XFJHIU QPMZNFST PG )" BSF UIPVHIU UP GVODUJPO MJLF PUIFS &$.
DPNQPOFOUT
 JO QBSU
 CZ QSPWJEJOH B NVMUJWBMFOU UFNQMBUF UP
PSHBOJ[F &$. QSPUFPHMZDBOT BOE UP DMVTUFS )" SFDFQUPST UIVT
iPSHBOJ[JOHw QMBTNB NFNCSBOF DPNQPOFOUT� $MVTUFSJOH MFBET UP
TVCTFRVFOU DZUPTLFMFUBM SF�PSHBOJ[BUJPO
 UIF FGGJDJFOU BTTFNCMZ
BOE BDUJWBUJPO PG TJHOBMJOH QBUIXBZT BOE VMUJNBUFMZ DIBOHFT JO UIF
DFMMVMBS USBOTDSJQUPNF 	'JHVSF �
�

)ZBMVSPOBO TZOUIFTJT JT DPOUSPMMFE CZ NVMUJQMF EJTUJODU CVU
PWFSMBQQJOH NFDIBOJTNT� )" TZOUIFTJT JT QBSUJBMMZ SFHVMBUFE CZ
JOUSBDFMMVMBS MFWFMT PG UIF )"4 TVCTUSBUFT 6%1�(MD" BOE 6%1�
(MD/"D� 5IFTF BSF QSPEVDFE CZ DPNQMFY QBUIXBZT UIBU DPO�
USPM UIFJS MFWFMT BOE�PS BWBJMBCJMJUZ XJUIJO DFMMT� 'PS FYBNQMF
 UIF
DPNQPVOE ��NFUIZM�VNCFMMJGFSPOF 	��.6
 JOIJCJUT UIF TZOUIFTJT
PG )" CZ EFQMFUJOH DZUPQMBTNJD 6%1�(MD"
 	��
� "MUIPVHI ��
.6 UIFPSFUJDBMMZ DPVME MJNJU TVCTUSBUF BWBJMBCJMJUZ UP NVMUJQMF
HMZDPTZMUSBOTGFSBTFT
 JUT JOIJCJUPSZ FGGFDU BQQFBST UP CF MPDBMJ[FE
UP MJNJUJOH TVCTUSBUF BWBJMBCJMJUZ GPS )"4 JTPFO[ZNFT BTTPDJBUFE

XJUI UIF JOOFS QMBTNB NFNCSBOF� #Z DPOUSBTU
 UIF NBKPSJUZ PG
HMZDPTZMUSBOTGFSBTFT BSF SFTJTUBOU UP UIF JOIJCJUPSZ FGGFDUT PG ��.6
TJODF UIFZ BSF MPDBUFE JO UIF (PMHJ
 XIJDI JT OPU QFSNFBCMF UP ��
.6 	��
� 5IF HFOFT FODPEJOH )"4 JTPFO[ZNFT BSF MPDBUFE PO
EJTUJODU DISPNPTPNFT BOE UIFJS FYQSFTTJPO JT SFHVMBUFE CZ EJTUJODU
USBOTDSJQUJPOBM BOE QPTU�USBOTDSJQUJPOBM NFDIBOJTNT 	��
 ��
 ��
�
/VNFSPVT XPVOE BOE UVNPS�BTTPDJBUFE DZUPLJOFT BOE HSPXUI
GBDUPST QSPNPUF )" TZOUIFTJT
 JODMVEJOH 5('C
 1%('
 '('�

&('
 BOE 5/'B <3FG� 	��
 BOE SFGFSFODFT UIFSFJO>� *U JT JNQPSUBOU
UP FNQIBTJ[F UIBU SFHVMBUJPO PG )"4 JTP[ZNF FYQSFTTJPO BOE
BDUJWJUZ DBO CF DFMM BOE UJTTVF TQFDJGJD� 5IVT
 DBSFGVM BOBMZTJT JT
OFFEFE XIFO DPOTJEFSJOH )"�SFMBUFE NFDIBOJTNT JO EJGGFSFOU
QBUIPMPHJFT� 'PS FYBNQMF
 )"4� USBOTDSJQUJPO DBO CF SFHVMBUFE
WJB &('3�45"5� QBUIXBZT
 1,"�$3&# QBUIXBZT 	��

 PS 5/'B
PS *-��C�JOEVDFE BDUJWBUJPO PG /'�L#� 5IF MBUUFS QBUIXBZ JT QBS�
UJDVMBSMZ SFMFWBOU UP UIF JNQBDU PG VQ�SFHVMBUFE )" TZOUIFTJT JO
UIF DPOUFYU PG JOGMBNNBUJPO� 8IJMF USBOTDSJQUJPOBM DPOUSPM JT B
NBKPS NFDIBOJTN GPS SFHVMBUJOH )" TZOUIFTJT
 QPTU�USBOTMBUJPOBM
NPEJGJDBUJPO PG )"4 JTPFO[ZNFT BMTP BGGFDUT UIFJS BDUJWJUZ BOE�PS
DFMM�TVSGBDF MPDBMJ[BUJPO� 'PS FYBNQMF
 &SC#��&3,�
 � TJHOBMJOH
BDUJWBUFT BOE QIPTQIPSZMBUFT UIF UISFF )"4 JTPFO[ZNFT JNQMJ�
DBUJOH UIJT BT B NFDIBOJTN GPS VQ�SFHVMBUFE )" TZOUIFTJT JO
)&3��OFV�QPTJUJWF UVNPS TVCUZQFT 	��
� )"4 QSPUFJOT DBO BMTP
CF DPWBMFOUMZ NPEJGJFE CZ 0�(MD/"DZMBUJPO
 XIJDI NPEJGJFT
USBGGJDLJOH BOE�PS TVCDFMMVMBS MPDBMJ[BUJPO PG UIF FO[ZNFT UP UIF

'SPOUJFST JO *NNVOPMPHZ ] XXX�GSPOUJFSTJO�PSH +VOF ���� ] 7PMVNF � ] "SUJDMF ����

http://www.frontiersin.org/Immunology/
http://www.frontiersin.org
http://www.frontiersin.org/Immunology/archive


4DIXFSUGFHFS FU BM� )ZBMVSPOBO
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QMBTNB NFNCSBOF 	��
� 'JOBMMZ
 FBSMZ FWJEFODF GSPN BOBMZ[JOH UIF
OBLFE NPMF SBU HFOPNF TIPXT UIBU BDUJWBUJOH NVUBUJPOT PG )"4�
DBO CF TFMFDUFE GPS
 UIBU JODSFBTF OPU POMZ UIF QSPEVDUJPO CVU BMTP
UIF QSFEPNJOBOU TJ[F PG )" TZOUIFTJ[FE CZ UIJT )"4 JTPGPSN 	��
�

-BSHF
 OBUJWF )" QPMZNFST DMFBSMZ QBSUJDJQBUF JO UIF BSDIJUFD�
UVSBM NBJOUFOBODF BOE IZESBUJPO PG IPNFPTUBUJD BEVMU UJTTVFT�
)PXFWFS
 SFDFOU FWJEFODF EFNPOTUSBUFT UIBU )" GSBHNFOUBUJPO
JT B DSJUJDBM DPOUSJCVUJOH GBDUPS JO UIF QIZTJPMPHZ PG XPVOET BOE
DBODFSJ[FE TUSPNB 	��
 ��
 ��
� 8IJMF MBSHFS )" QPMZNFST BQQFBS
UP CF BOUJ�JOGMBNNBUPSZ BOE BOUJ�UVNPSJHFOJD
 )" GSBHNFOUT BOE
PMJHPNFST BSF QSP�JOGMBNNBUPSZ BOE QSP�UVNPSJHFOJD� 5IJT IBT
MFE UP UIF DPODFQU UIBU )" GSBHNFOUBUJPO JT POF PG UIF JOJUJBM
iEBOHFS TJHOBMTw TFOTFE CZ DFMMT UP JOJUJBUF FGGPSUT UIBU MJNJU UJTTVF
EBNBHF UISPVHI QSPNPUJOH UJTTVF JOGMBNNBUJPO BOE SFQBJS 	�
�
5IJT DZDMF PG JODSFBTFE TZOUIFTJT BOE GSBHNFOUBUJPO BQQFBST UP
CF IJKBDLFE CZ UVNPS DFMMT BOE UIFJS TUSPNBM QBSUOFST UP TVTUBJO
JOGMBNNBUJPO
 XIJDI DPOUSJCVUFT UP NBMJHOBOU QSPHSFTTJPO� 5IF
NFDIBOJTNT CZ XIJDI )" GSBHNFOUBUJPO DPOUSJCVUFT UP TVDI
UJTTVF QBUIPMPHZ BSF OPU XFMM VOEFSTUPPE� 0OF QSPQPTFE GVODUJPO
JT UIBU -.8 GSBHNFOUT BMUFS PS EJTSVQU UIF DFMMVMBS iPSHBOJ[JOHw
QSPQFSUJFT PG ).8 )" CZ JOIJCJUJOH UIF )"�JOEVDFE DMVTUFSJOH
PG DFMM�TVSGBDF SFDFQUPST TVDI BT $%�� BOE BGGFDUJOH TJHOBMJOH
	�
 ��
 ��
� %JSFDU QVMM EPXO BTTBZT PG DFMMVMBS FYUSBDUT VTJOH
CFBET DPVQMFE UP )" PMJHPNFST IBWF EFNPOTUSBUFE UIBU UVNPS
DFMM BOE XPVOE 3)".. DBO CJOE -.8 )" GSBHNFOUT 	��
�
5IJT TDFOBSJP QSFEJDUT UIBU DFMM�TVSGBDF 3)"..
 EJTQMBZFE JO
SFTQPOTF UP DFMMVMBS TUSFTT
 JT POF )" SFDFQUPS UIBU iTFOTFTw )"
GSBHNFOUBUJPO BOE UIVT TFSWFT UP JOJUJBUF DFMMVMBS SFTQPOTFT UP
UJTTVF EBNBHF QPTTJCMZ CZ BGGFDUJOH $%�� DMVTUFSJOH 	�
� 5IFTF
QSFWJPVT TUVEJFT QPJOU UP UIF JNQPSUBODF JO EFUFSNJOJOH CPUI UIF
MFWFM PG )" BOE UIF SBUJP PG ).8 )" UP -.8 GSBHNFOUT OPUFE
QSFWJPVTMZ 	��
 ��
 BOE JO BO BDDPNQBOZJOH NBOVTDSJQU JO UIJT
JTTVF 	��
�

)ZBMVSPOBO GSBHNFOUBUJPO XJUIJO UJTTVFT SFTVMUT GSPN UIF
JODSFBTFE FYQSFTTJPO PG POF PS NPSF IZBMVSPOJEBTFT 	)ZBMT

BOE GSPN PYJEBUJWF�OJUSPTBUJWF EBNBHF� )ZBMT GVODUJPO BT FOEP�
PS FYPHMZDPTJEBTFT UP DMFBWF )" QPMZNFST 	��
 ��
� )ZBM�
BOE )ZBM� BSF NPTU PGUFO BTTPDJBUFE XJUI EBNBHFE PS UVNPS�
BTTPDJBUFE TUSPNB VOEFSHPJOH SFNPEFMJOH 	��
� *O WJUSP BOBMZTJT PG
IZBMVSPOJEBTFT JOEJDBUFT UIBU UIFJS BDUJWJUZ SFTVMUT JO VOJRVF GSBH�
NFOUBUJPO QBUUFSOT� 'PS FYBNQMF
 BMUIPVHI CPUI )ZBM� BOE )ZBM�
DBO DBUBMZ[F EFHSBEBUJPO CZ DMFBWJOH C�	�
�
 MJOLBHFT
 UIFZ EJGGFS
JO UIBU )ZBM� EFHSBEFT )" JOUP TNBMM GSBHNFOUT 	IFYBTBDDIBSJEFT
BOE UFUSBTBDDIBSJEFT
 XIFSFBT )ZBM� BQQFBST UP QSPEVDF QSF�
EPNJOBOUMZ MBSHFS 	J�F�
 �� L%B
 GSBHNFOUT 	��
� #PUI )ZBM� BOE
)ZBM� IBWF Q) PQUJNB JO UIF BDJEJD SBOHF BOE BSF BTTPDJBUFE XJUI
QSPDFTTJOH )" UIBU IBT CFFO JOUFSOBMJ[FE JOUP FOEPDZUJD WFTJDMFT�
)PXFWFS
 MPX Q) XJUIJO MPDBMJ[FE TUSPNBM NJDSPFOWJSPONFOUT
GBDJMJUBUFT FYUSBDFMMVMBS )ZBM�NFEJBUFE )" EFHSBEBUJPO 	��
�

)ZBMVSPOBO JT BMTP GSBHNFOUFE CZ SFBDUJWF PYZHFO BOE OJUSPHFO
TQFDJFT 	304�3/4
 TVDI BT IZESPYZM SBEJDBMT 	•0)

 QFSPYZOJ�
USJUF�QFSPYZOJUSPVT BDJE 	0/00−�0/00)

 BOE IZQPDIMPSJUF
BOJPO 	0$M−
� *SPO
 EFSJWFE GSPN UJTTVF BTTPDJBUFE IFNF PS GFS�
SJUJO
 JT POF JNQPSUBOU DPOUSJCVUPS JO DBUBMZ[JOH UIF GPSNBUJPO
PG CPUI IZESPYZM SBEJDBMT BOE TVQFSPYJEF BOJPOT

(
0−•

�
)
� 5IJT

NFDIBOJTN JT DPOUSJCVUFE UP CZ JOGJMUSBUJOH QPMZNPSQIPOVDMFBS
MFVLPDZUFT
 NPOPDZUFT
 BOE BDUJWBUFE NBDSPQIBHFT 	��
� )" JT

FYUFOTJWFMZ DMFBWFE CZ BOZ PG UIFTF SFBDUJWF TQFDJFT
 BOE UIFZ BSF
UIFSFGPSF JNQPSUBOU NFDIBOJTNT GPS )" GSBHNFOUBUJPO XJUIJO
JOGMBNFE UJTTVFT� "MUIPVHI BTTFTTNFOU PG )" GSBHNFOUBUJPO CZ
UIFTFNFDIBOJTNT IBWF MBSHFMZ CFFO EFGJOFE VTJOH JO WJUSP BOBMZTFT
	��

 JU JT DMFBS UIBU UIJT EFHSFF PG )" GSBHNFOUBUJPO PDDVST JO TLJO
XPVOE UJTTVF BOE JO IVNBO NJML 	��
 ��
�

$FMMVMBS 3FDFQUPST GPS )ZBMVSPOBO

"MUIPVHI B OVNCFS PG )" SFDFQUPST IBWF CFFO JEFOUJGJFE
 UIF UXP
UIBU IBWF CFFO CFTU DIBSBDUFSJ[FE BOE BSF UP EBUF NPTU SFMFWBOU UP
JOGMBNNBUJPO BOE CSFBTU DBODFS BSF $%�� BOE 3)".. 	�
 ��
�
0UIFS SFDFQUPST JNQMJDBUFE JO DFMMVMBS SFTQPOTFT UP)"
 5-3�
 BOE
5-3�
 BSF EJTDVTTFE JO NPSF EFUBJM CFMPX� *OUFSBDUJPOT CFUXFFO
)" BOE $%�� MFBE UP MJHBOE�JOEVDFE DMVTUFSJOH
 BOE BDUJWBUJPO
PG JOUSBDFMMVMBS TJHOBMJOH QBUIXBZT TVDI BT &3,�
 �
 "LU
 BOE
'",� 5IF CJOEJOH PG )" CZ $%�� PDDVST UISPVHI JOUFSBDUJPOT
XJUI BO BNJOP UFSNJOBM iMJOLw EPNBJO
 TJNJMBS UP UIPTF GPVOE JO
TFWFSBM PUIFS UZQFT PG )" CJOEJOH QSPUFJOT
 JO QBSUJDVMBS
 FYUSBDFM�
MVMBS )" CJOEJOH QSPUFPHMZDBOT TVDI BT WFSTJDBO
 BHHSFDBO
 BOE
MJOL QSPUFJO� 3)".. CJOET )" UISPVHI TUSVDUVSBMMZ EJTUJODU
EPNBJOT 	#9�# NPUJGT XIFSF # JT B CBTJD BNJOP BDJE SFTJEVF
BOE 9 BSF OPO�BDJEJD SFTJEVFT
 UIBU EJGGFS GSPN MJOL EPNBJOT
	�
 ��
� 8IJMF $%�� FYQSFTTJPO JT VCJRVJUPVT
 3)".. JT OPS�
NBMMZ OPU EFUFDUFE JO NPTU IPNFPTUBUJD UJTTVFT
 CVU FYQSFTTJPO
JODSFBTFT JO SFTQPOTF UP JOKVSZ BOE UIVT TFFNT UP CF QSJNBSJMZ
JNQPSUBOU GPS SFTUPSJOH IPNFPTUBTJT GPMMPXJOH JOKVSZ 	�
� /VMM
3)".. NJDF BSF WJBCMF CVU FYIJCJU EFGFDUT JO UJTTVF SFTQPOTF UP
JOKVSZ JODMVEJOH WBTDVMBS EBNBHF BOE FYDJTJPOBM XPVOE IFBMJOH
	��
� 3)".. NBZ BMTP CF SFRVJSFE GPS SPCVTU GFNBMF GFSUJMJUZ
JO NJDF 	��
� *OUFSBDUJPO PG )" XJUI $%�� JT PGUFO BTTPDJBUFE
XJUI JODSFBTFE DFMM NPUJMJUZ BOE JOWBTJPO
 BMUIPVHI OVNFSPVT
SFQPSUT IBWF EFNPOTUSBUFE UIBU $%�� DBO BMTP NPEJGZ HSPXUI
BOE UIFSBQFVUJD SFTJTUBODF PG UVNPS DFMMT 	�
 ��
� "T XJUI $%��

3)".. JT EJTQMBZFE PO DFMM TVSGBDFT� )PXFWFS
 VOMJLF $%��

3)".. TVSGBDF FYQSFTTJPO JT UJHIUMZ SFHVMBUFE
 PDDVSSJOH VOEFS
DPOEJUJPOT PG DFMMVMBS TUSFTT� 5IVT
 3)".. JT MBSHFMZ B DZUPQMBT�
NJD QSPUFJOXIPTF TVSGBDF MPDBMJ[BUJPO JT SFHVMBUFE CZNFDIBOJTNT
TJNJMBS UP PUIFS OPO�DPOWFOUJPOBMMZ FYQPSUFE DZUPQMBTNJD BOE
OVDMFBS QSPUFJOT BOE UIBU SFHVMBUFT TJHOBMJOH DBTDBEF BDUJWBUJPO
UISPVHI DP�SFDFQUPS GVODUJPOT XJUI JOUFHSBM SFDFQUPST TVDI BT
$%�� 	�
� $FMM TVSGBDF BOE JOUSBDFMMVMBS 3)"..BSF BMTP JOWPMWFE
JO TUJNVMBUJOH DFMM NPUJMJUZ BOE JOWBTJPO� *OUSBDFMMVMBS 3)"..
DP�EJTUSJCVUFT XJUI JOUFSQIBTF NJDSPUVCVMFT BOE B TQMJDF WBSJBOU
PG IVNBO 3)"..IBT CFFO EFUFDUFE JO OVDMFJ 	��
 ��
� 3)"..
FYQSFTTJPO JODSFBTFT JO (��. PG UIF DFMM DZDMF
 BTTPDJBUJOH JU XJUI
NJUPTJT BOE NPEJGZJOH DFMM�TVSGBDF 3)".. CMPDLT DFMMT JO (�.
	��
� 5IJT JT DPOTJTUFOU XJUI NPSF SFDFOU SFQPSUT JOEJDBUJOH UIBU
3)".. JT B DSJUJDBM DPOUSJCVUPS UP NJUPUJD TQJOEMF GPSNBUJPO
BOE SFHVMBUJPO PG QSPQFS DISPNPTPNBM TFHSFHBUJPO BOE HFOPNJD
TUBCJMJUZ 	��
� #PUI $%�� BOE DFMM�TVSGBDF 3)".. BMTP GVODUJPO
BT DP�SFDFQUPST GPS BDUJWBUJOH USBOTNFNCSBOF UZSPTJOF LJOBTFT
	JODMVEJOH &('3
 D�.&5
 BOE 1%('3
 BOE &3,�
� 	'JHVSF �
�

#PUI $%�� BOE 3)".. SFHVMBUF UIF JOUFOTJUZ BOE�PS EVSB�
UJPO PG TVDI TJHOBM USBOTEVDUJPO QBUIXBZT BT &3,�
 �
 XIJDI
BSF JOJUJBUFE CZ HSPXUI GBDUPST 	��
 ��
� *OUSBDFMMVMBS 3)"..
GVODUJPOT BT B TDBGGPME QSPUFJO UIBU EJSFDUMZ CJOET UP &3,� BOE
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GPSNT DPNQMFYFT XJUI &3,�
 �
 BOE .&,�� 5IJT IBT CFFO QSP�
QPTFE UP CF POF NFDIBOJTN CZ XIJDI 3)".. IFMQT UP JODSFBTF
UIF JOUFOTJUZ BOE�PS EVSBUJPO PG PODPHFOJD &3,�
 � TJHOBMJOH
QBUIXBZT 	��
 ��
� 0OF DPOTFRVFODF PG )"
 $%��
 3)"..�
NFEJBUFE JODSFBTFT JO UIF EVSBUJPO PG &3, �
 � BDUJWBUJPO JT
UIF BMUFSBUJPO PG UIF USBOTDSJQUPNF PG DFMMT XJUIJO UIF DBODFS�
J[FE TUSPNB 	'JHVSF �
� 5IFTF DIBOHFT JO HFOF FYQSFTTJPO IBWF
BO JNQBDU PO UIF BDUJWBUJPO PG USBOTEVDUJPO QBUIXBZT SFMBUFE UP
DFMM NJHSBUJPO BOE UIF FYQSFTTJPO BOE FYQPSU PG JOGMBNNBUPSZ
NFEJBUPST� *O UVSO
 UIF QFSTJTUFOU BDUJWBUJPO PG UIFTF QBUIXBZT JO
DBODFSJ[FE TUSPNB FOIBODFT QSP�UVNPSJHFOJD JOGMBNNBUJPO BOE
CSFBTU UVNPS QSPHSFTTJPO� 5IVT
 UIJT SFQSFTFOUT POF NBKPS NFDI�
BOJTN CZ XIJDI CJPMPHJDBM iJOGPSNBUJPOw FODPEFE XJUIJO )" DBO
MFBE UP QSP�UVNPSJHFOJD PS iDBODFSJ[FEw BMUFSBUJPOT JO TUSPNB�

1PTJUJWF QBSBDSJOF BOE BVUPDSJOF GFFECBDL MPPQT CFUXFFO UVNPS
BOE TUSPNBM DFMMT DBO CF JOJUJBUFE CZ JOGMBNNBUPSZ NFEJBUPST TVDI
BT *-��B BOE 5('C UIBU JODSFBTF )" TZOUIFTJT BOE FYQSFTTJPO PG
CPUI 3)".. BOE $%��
 XIJDI DPMMFDUJWFMZ TVTUBJO DFMM NJHSB�
UJPO BOE JOWBTJPO XJUIJO DBODFSJ[FE TUSPNB� 5IVT
 UIF BCFSSBOU
VQSFHVMBUJPO PG $%�� PS 3)".. JO DBODFSJ[FE TUSPNB JT B
OFGBSJPVT DPOTFRVFODF PG TVTUBJOFE &3, �
 � BDUJWBUJPO
 GVSUIFS
BHHSBWBUJOH QFSTJTUFOU PODPHFOJD TJHOBMJOH 	��
 ��
� 4JODF $%��
BOE 3)".. GVODUJPOBMMZ DPPQFSBUF VOEFS DFSUBJO DPOEJUJPOT
	��

 UBSHFUJOH 3)".. NBZ CF BO FGGFDUJWF XBZ UP TQFDJGJDBMMZ
MJNJU UIF GVODUJPO PG $%�� JO CSFBTU UVNPST�

-:7&��
 BOPUIFS DFMM�TVSGBDF )" SFDFQUPS BTTPDJBUFE XJUI DBO�
DFSJ[FE TUSPNB 	��o��

 XBT GJSTU JEFOUJGJFE BT B TVSGBDF NBSLFS
FYQSFTTFE CZ MZNQIBUJD FOEPUIFMJVN BOE IBT CFFO QSPQPTFE UP
TFSWF JO )" USBOTQPSU GSPN JOUFSTUJUJBM UJTTVF UP MZNQI 	��
�
)PXFWFS
 TUVEJFT BEESFTTJOH UIF PCMJHBUPSZ JNQPSUBODF PG -:7&��
JO QSPNPUJOH OPSNBM MZNQIBOHJPHFOFTJT IBWF ZJFMEFE DPOGMJDU�
JOH SFTVMUT 	��
 ��
� *O UVNPST
 UIF EFOTJUZ PG TUSPNBM -:7&��
QPTJUJWF MZNQIBUJD WFTTFMT JT B OFHBUJWF QSPHOPTUJD JOEJDBUPS JO
CSFBTU DBODFS QBUJFOUT XJUI JOWBTJWF EVDUBM DBSDJOPNBT 	��
� 'VS�
UIFSNPSF
 JO WJUSP TUVEJFT TVHHFTU UIBU )" BOE -:7&�� QSPNPUF
BEIFTJPO PG CSFBTU DBODFS DFMMT UP GJCSPCMBTUT
 QSFEJDUJOH UIFTF
JOUFSBDUJPOT DPOUSJCVUF UP BEIFTJPO PS EJTTFNJOBUJPO PG UVNPS
DFMMT 	��
� /FWFSUIFMFTT
 B NFDIBOJTUJD SPMF GPS -:7&�� JO QPPS
QSPHOPTJT PG CSFBTU DBODFS IBT ZFU UP CF EFNPOTUSBUFE� 0OF QPT�
TJCMF NFDIBOJTN JT TVHHFTUFE CZ UIF FYQSFTTJPO PG -:7&�� JO
DBODFS�BTTPDJBUFE NBDSPQIBHFT 	��
 CVU B DBVTBUJWF SPMF GPS UIJT
)" SFDFQUPS JO JOGMBNNBUJPO IBT ZFU UP CF FTUBCMJTIFE�

&GGFDUT PG )ZBMVSPOBO PO *OOBUF *NNVOF
$FMMT JO $BODFSJ[FE 4USPNB

5IF HFOFSBUJPO PG B QSP�UVNPSJHFOJD JOGMBNNBUPSZ FOWJSPO�
NFOU EVSJOH CSFBTU DBODFS JOJUJBUJPO BOE QSPHSFTTJPO SFRVJSFT
SFDSVJUNFOU PG JOGMBNNBUPSZ DFMMT
 JODMVEJOH OFVUSPQIJMT BOE
NBDSPQIBHFT� 0ODF SFDSVJUFE UP UIF UVNPS TJUF
 UIFTF DFMMT CFDPNF
BDUJWBUFE BOE TFDSFUF GBDUPST UIBU BSF OPSNBMMZ JOWPMWFE JO QSPMJGFS�
BUJPO
 BOHJPHFOFTJT
 BOE TUSPNBM SFNPEFMJOH EVSJOH UJTTVF SFQBJS
	�
� .BDSPQIBHFT SFTJEJOH XJUIJO UIF UVNPS QBSFODIZNB BOE UIF
UVNPS SFBDUJWF TUSPNB BSF QSPHOPTUJD PG QPPS PVUDPNF JO CSFBTU
DBODFS QBUJFOUT 	��
� .BDSPQIBHFT JO B XPVOE�IFBMJOH DPOUFYU
BSF DIBSBDUFSJ[FE BT QSP�JOGMBNNBUPSZ 	.�
 PS BOUJ�JOGMBNNBUPSZ
	.�
 	��
� 1SP�JOGMBNNBUPSZ NBDSPQIBHFT BSF JOWPMWFE JO UIF

JOJUJBM TUBHFT PGXPVOEIFBMJOH BOE BSF DIBSBDUFSJ[FE CZ UIF FYQSFT�
TJPO PG /'�L#�SFHVMBUFE QSP�JOGMBNNBUPSZ DZUPLJOFT
 JODMVE�
JOH *-��C BOE *-��� BT XFMM BT NFEJBUPST DPOUSJCVUJOH UP
QBUIPHFO EFTUSVDUJPO
 JODMVEJOH SFBDUJWF PYZHFO TQFDJFT� "OUJ�
JOGMBNNBUPSZNBDSPQIBHFT BSF JNQPSUBOU GPS UIF SFTPMVUJPO QIBTF
PG UIF XPVOE�IFBMJOH QSPDFTT BOE UIFZ BSF DIBSBDUFSJ[FE CZ
FYQSFTTJPO PG BOUJ�JOGMBNNBUPSZ DZUPLJOFT
 JODMVEJOH 5('C BOE
*-��� BT XFMM BT GBDUPST UIBU QSPNPUF UJTTVF SFNPEFMJOH JODMVE�
JOH UIF ..1T� 1SPGJMJOH BOE GVODUJPOBM TUVEJFT EFNPOTUSBUF
UIBU NBDSPQIBHFT XJUIJO UIF UVNPS NJDSPFOWJSPONFOU FYQSFTT B
SBOHF PG CPUI QSP� BOE BOUJ�JOGMBNNBUPSZ GBDUPST EFQFOEJOH VQPO
UVNPS UZQF BOE TUBHF� 'PS FYBNQMF
 NBDSPQIBHFT BTTPDJBUFE XJUI
FBSMZ TUBHFT PG UVNPSJHFOFTJT IBWF IJHI MFWFMT PG /'�L# BDUJWBUJPO
BOE TVCTFRVFOUMZ FYQSFTT QSP�JOGMBNNBUPSZ GBDUPST
 TVDI BT *-�
�C BOE *-�� 	��
� "T UVNPST CFDPNF JODSFBTJOHMZ BHHSFTTJWF

UVNPS�BTTPDJBUFE NBDSPQIBHFT FYQSFTT IJHI MFWFMT PG JNNVOP�
TVQQSFTTJWF DZUPLJOFT
 TVDI BT *-��� BOE 5('C 	��
� 5VNPS�
BTTPDJBUFE NBDSPQIBHFT BMTP QSPEVDF GBDUPST UIBU BSF FTUBCMJTIFE
QSPNPUFST PG CSFBTU DBODFS HSPXUI BOE QSPHSFTTJPO JODMVEJOH
&('
 7&('
 BOE ..1�� 	��
� 5IVT
 JU JT DMFBS UIBU UVNPS�
BTTPDJBUFE NBDSPQIBHFT SFTJEF JO B GVODUJPOBM DPOUJOVVN UIBU JT
SFHVMBUFE CZ TQFDJGJD GBDUPST XJUIJO UIF UVNPS NJDSPFOWJSPONFOU�
)PXFWFS
 UIF TQFDJGJD GBDUPST XJUIJO UIF NJDSPFOWJSPONFOU UIBU
NBDSPQIBHFT BSF SFTQPOEJOH UP BOE ESJWJOH UIFTF SFTQPOTFT BSF
OPU XFMM VOEFSTUPPE�

" QSJNBSZ GVODUJPO PG NPOPDZUFT BOE NBDSPQIBHFT JO XPVOE�
IFBMJOH FOWJSPONFOUT JT UP QSPEVDF SFBDUJWF PYZHFO JOUFSNFEJBUFT

XIJDI DPOUSJCVUF UP QBUIPHFO LJMMJOH EVSJOH XPVOE IFBMJOH 	��
�
)JHI MFWFMT PG SFBDUJWF PYZHFO TQFDJFT
 GPVOE JO CPUI XPVOE
IFBMJOH BOE UVNPS FOWJSPONFOUT
 BSF LOPXO UP GSBHNFOU )"

XIJDI UIFO JOEVDF FYQSFTTJPO PG QSP�JOGMBNNBUPSZ HFOFT 	��
 ��

��
� 3FDFOU TUVEJFT PG IVNBO CSFBTU DBODFS TBNQMFT EFNPOTUSBUF
UIBU IJHI OVNCFST PG $%��� QPTJUJWF NBDSPQIBHFT DPSSFMBUF XJUI
JODSFBTFE MFWFMT PG )" TZOUIBTFT BOE )" BDDVNVMBUJPO XJUIJO
UVNPST 	��
� #BTFE PO UIF MJOLT CFUXFFO )" BOE NBDSPQIBHFT
EVSJOH XPVOE IFBMJOH
 JU JT MJLFMZ UIBU )" JO UIF UVNPS NJDSPFO�
WJSPONFOU NBZ SFHVMBUF NBDSPQIBHF GVODUJPO�

*OEFFE
 )" NPEVMBUFT FYQSFTTJPO MFWFMT PG QSP�UVNPSJHFOJD
DZUPLJOFT BOE DIFNPLJOFT JO NBDSPQIBHFT� 4QFDJGJDBMMZ
 )"
JOEVDFT FYQSFTTJPO PG UIF QSP�JOGMBNNBUPSZ DZUPLJOF *-��C JO
NBDSPQIBHFT 	��
� /VNFSPVT TUVEJFT IBWF JNQMJDBUFE *-��C JO
CSFBTU DBODFS JOJUJBUJPO BOE QSPHSFTTJPO� &YQSFTTJPO PG *-��C JT
JODSFBTFE JO UVNPS BOE TUSPNBM DFMMT JO ��� PG &3 OFHBUJWF
JOWBTJWF CSFBTU DBSDJOPNBT 	��
 ��
� *O BEEJUJPO
 IJHI MFWFMT PG
TFSVN *-��C DPSSFMBUF XJUI SFDVSSFODF JO CSFBTU DBODFS QBUJFOUT
	��
� 'JOBMMZ
 *-��C NBZ BMTP CF JOWPMWFE JO QSFNBMJHOBOU CSFBTU
DBODFS CBTFE PO TUVEJFT UIBU TIPXJOH JODSFBTFE *-��C FYQSFT�
TJPO JO QSF�JOWBTJWF %$*4 	��
 ��
� .FDIBOJTUJDBMMZ
 JODSFBTFE
*-��C XJUIJO UIF UVNPS NJDSPFOWJSPONFOU MFBET UP FOIBODFE
FYQSFTTJPO PG DZDMPPYZHFOBTF�� 	$09��

 XIJDI DPOUSJCVUFT UP
UIF GPSNBUJPO PG FBSMZ TUBHF MFTJPOT BOE JT B XFMM�FTUBCMJTIFE
UVNPS QSPNPUFS 	��
� *ODSFBTFE *-��C BMTP MFBET UP NBNNBSZ
UVNPS HSPXUI BOE NFUBTUBTJT JO QBSU UISPVHI JOEVDJOH SFHVMBUJPO
PG NZFMPJE EFSJWFE TVQQSFTTPS DFMMT 	.%4$T

 XIJDI QSPNPUF
BO JNNVOPTVQQSFTTJWF FOWJSPONFOU 	��
� 5BLFO UPHFUIFS
 UIFTF
TUVEJFT TVHHFTU UIBU NPEVMBUJPO PG QSP�JOGMBNNBUPSZ DZUPLJOFT
CZ )" JO UIF UVNPS NJDSPFOWJSPONFOU SFQSFTFOUT B QPUFOUJBM
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NFDIBOJTN UISPVHI XIJDI )" NJHIU DPOUSJCVUF UP UVNPS HSPXUI
BOE QSPHSFTTJPO�

5IF QSFDJTF NFDIBOJTNT CZ XIJDI FMFWBUFE MFWFMT PG TUSPNBM
)" NPEVMBUF QSP�JOGMBNNBUPSZ SFTQPOTFT BSF OPU XFMM VOEFS�
TUPPE� 4JNJMBS UP UIF XPVOE�IFBMJOH FOWJSPONFOU
 CPUI JODSFBTFE
MFWFMT PG IZBMVSPOJEBTFT 	��
 ��
 BOE SFBDUJWF PYZHFO PS OJUSPHFO
TQFDJFT
 JODMVEJOH OJUSJD PYJEF BSF QSFTFOU JO CSFBTU UVNPST 	��

��

 QSFEJDUJOH FMFWBUFE )" GSBHNFOUBUJPO JO UIF UVNPS NJDSPFO�
WJSPONFOU� *O WJUSP TUVEJFT EFNPOTUSBUF UIBU JODSFBTFE )" GSBH�
NFOUBUJPO JT DPSSFMBUFE XJUI FMFWBUFE IZBMVSPOJEBTF FYQSFTTJPO
CZ CSFBTU DBODFS DFMMT 	��
� 4UVEJFT GPDVTJOH TQFDJGJDBMMZ PO
IZBMVSPOJEBTF � 	)ZBM�
 EFNPOTUSBUF UIBU FOIBODFE FYQSFTTJPO
PG )ZBM� JO CSFBTU DBODFS DFMMT JOEVDFT UVNPS DFMM QSPMJGFSBUJPO

NJHSBUJPO
 JOWBTJPO
 BOE BOHJPHFOFTJT 	��
� 'VSUIFSNPSF
 LOPDL�
EPXO PG)ZBM� JO CSFBTU DBODFS DFMMT SFEVDFT DFMM HSPXUI
 BEIFTJPO

BOE JOWBTJPO JO DVMUVSF BT XFMM BT EFDSFBTFE UVNPS HSPXUI JO WJWP
	��
� #SFBTU DBODFS DFMMT MBDLJOH &3 FYQSFTTJPO UZQJDBMMZ QSPEVDF
NPSF IZBMVSPOJEBTFT UIBO FTUSPHFO QPTJUJWF DFMMT BOE UIJT DPSSF�
MBUFT XJUI JOWBTJPO JO WJUSP 	��
� -.8 )" GSBHNFOUT
 CVU OPU
UPUBM )" MFWFMT
 EFUFDUFE JO UIF TFSVN PG CSFBTU DBODFS QBUJFOUT
BMTP DPSSFMBUFT XJUI UIF QSFTFODF PG MZNQI OPEF NFUBTUBTJT 	��
�
*O BEEJUJPO
 )ZBM� FYQSFTTJPO JO OPO�JOWBTJWF EVDUBM IZQFSQMBTJBT
DPSSFMBUFT XJUI TVCTFRVFOU EFWFMPQNFOU PG JOWBTJWF CSFBTU DBS�
DJOPNB 	��
� 5IFTF TUVEJFT JOEJSFDUMZ FTUBCMJTI B MJOL CFUXFFO
CSFBTU DBODFS BOE )" GSBHNFOUBUJPO 	'JHVSF �

 BMUIPVHI TUVEJFT
BOBMZ[JOH UIF BDDVNVMBUJPO PG )" GSBHNFOUT JO FYQFSJNFOUBM PS
DMJOJDBM CSFBTU DBODFS UJTTVFT BSF TUJMM MBDLJOH� #FDBVTF )" GSBH�
NFOUT BSF QSP�JOGMBNNBUPSZ
 JU JT SFBTPOBCMF UP BTTVNF UIBU UIFZ
DPOUSJCVUF UP QSPEVDUJPO PG JOGMBNNBUPSZ DZUPLJOFT
 DIFNPLJOFT

BOE QSPUFBTFT CZ UVNPS�BTTPDJBUFE NBDSPQIBHFT 	��
� *O DPOUSBTU
UP -.8 GSBHNFOUT
 ).8 )" TVQQSFTTFT FYQSFTTJPO PG NBOZ
PG UIF BCPWF QSP�JOGMBNNBUPSZ DZUPLJOFT JO NBDSPQIBHFT 	��
�
5IJT PQQPTJOH GVODUJPO PG OBUJWF )" TVHHFTUT UIBU CPUI UIF MFWFM
BOE UIF EJTUSJCVUJPO SBUJP PG EJGGFSFOU TJ[F )" GSBHNFOUT NBZ
EJDUBUF JOGMBNNBUPSZ DFMM QIFOPUZQFT XJUIJO DBODFSJ[FE TUSPNB�
%FWFMPQNFOU PG OFX UFDIOPMPHJFT UP JTPMBUF BOE DIBSBDUFSJ[F )"
QPMZNFST BOE GSBHNFOUT GSPN UJTTVFT XJMM CF LFZ GPS EFWFMPQ�
JOH B NFDIBOJTUJD VOEFSTUBOEJOH PG UIF CJPMPHJDBM DPNQMFYJUJFT
BTTPDJBUFE XJUI )" NFUBCPMJTN 	��
�

*O BEEJUJPO UP SFHVMBUJOH QSP�JOGMBNNBUPSZ DZUPLJOF QSPEVD�
UJPO
 )" DBO NPEVMBUF UIF FYQSFTTJPO PG BOUJ�JOGMBNNBUPSZ
DZUPLJOFT� "OBMZTJT PG NBDSPQIBHF SFTQPOTFT UP UVNPS DFMM
DPOEJUJPOFE NFEJB EFNPOTUSBUFT UIBU UVNPS DFMM�EFSJWFE )"
TUJNVMBUFT QSPEVDUJPO PG *-��� CZ NBDSPQIBHFT 	��
� *-���
 BO
BOUJ�JOGMBNNBUPSZ DZUPLJOF
 JT B QPUFOU NFEJBUPS PG JNNVOP�
TVQQSFTTJPO JO UIF UVNPS NJDSPFOWJSPONFOU UISPVHI JOIJCJ�
UJPO PG 5 DFMM BDUJWBUJPO 	��
� 3FDFOU TUVEJFT IBWF EFNPOTUSBUFE
UIBU JODSFBTFE *-��� JO UIF CSFBTU DBODFS NJDSPFOWJSPONFOU
MFBET UP UIFSBQFVUJD SFTJTUBODF UISPVHI NVMUJQMF QPUFOUJBM NFDI�
BOJTNT� 'PS FYBNQMF
 JODSFBTFE MFWFMT PG *-��� MFBE UP UIF TVQ�
QSFTTJPO PG $%�+ 5 DFMM SFTQPOTFT JO SFTQPOTF UP DIFNPUIFS�
BQZ 	'JHVSF �
 	�
� 'VSUIFSNPSF
 *-��� IBT CFFO GPVOE UP BDU
EJSFDUMZ PO CSFBTU DBODFS DFMMT UP QSPNPUF TVSWJWBM JO SFTQPOTF UP
DIFNPUIFSBQZ JOWPMWJOH B 45"5��CDM�� NFDIBOJTN 	��
� 5IVT

JU JT QPTTJCMF UIBU )" DPOUSJCVUFT UP JNNVOPTVQQSFTTJPO BOE
UIFSBQFVUJD SFTJTUBODF UISPVHI NPEVMBUJPO PG *-��� JO UIF UVNPS
NJDSPFOWJSPONFOU�

)ZBMVSPOBO BMTP DPOUSPMT FYQSFTTJPO PG DIFNPLJOFT
 JODMVEJOH
*-���$9$-� 	��
� $IFNPLJOFT BSF QSP�JOGMBNNBUPSZ DZUPLJOFT
UIBU QMBZ BO FTTFOUJBM SPMF JO MFVLPDZUF SFDSVJUNFOU BOE DFMM
USBGGJDLJOH� 5IFTF TFDSFUFE QSPUFJOT JOUFSBDU XJUI DFMM�TVSGBDF (�
QSPUFJO�DPVQMFE SFDFQUPST UP JOEVDF DZUPTLFMFUBM SFBSSBOHFNFOU

BEIFTJPO UP FOEPUIFMJBM DFMMT
 BOE EJSFDUJPOBM NJHSBUJPO PG DFMMT
UP TQFDJGJD UJTTVF TJUFT 	��
� 'PS FYBNQMF
 *-�� CJOET JUT SFDFQUPST

$9$3� BOE $9$3�
 UP TUJNVMBUF OFVUSPQIJM DIFNPUBYJT 	��
� *-�
� JT PWFSFYQSFTTFE JO CSFBTU DBODFST BOE DPOUSJCVUFT UP UVNPS
JOJUJBUJPO BOE HSPXUI UISPVHI QSPNPUJOH NJHSBUJPO BOE JOWB�
TJPO PG CSFBTU DBODFS DFMMT� .PSF SFDFOUMZ
 TUVEJFT IBWF JNQMJDBUFE
*-�� JO UIF SFHVMBUJPO PG CSFBTU DBODFS TUFN DFMM JOWBTJPO 	��
�
.BDSPQIBHF DIFNPLJOFT UIBU BSF SFHVMBUFE CZ )"
 JODMVEJOH
$9$-� BOE$9$-��
 IBWF TJNJMBSMZ CFFO JNQMJDBUFE JO CSFBTU DBO�
DFS QSPHSFTTJPO 	��
 BOE IBWF CFFO TIPXO UP QSPNPUF NJHSBUJPO
BOE JOWBTJPO PG UIFTF DBODFS DFMMT 	��
 ��
� 5IF $9$-���$9$3�
BYJT JT QBSUJDVMBSMZ JNQPSUBOU GPS IPNJOH PG CSFBTU DBODFS DFMMT UP
NFUBTUBUJD TJUFT
 JODMVEJOH CPOF BOE MVOH 	��
�

*O BOPUIFS QPTJUJWF GFFECBDL MPPQ
)"QSPEVDUJPO JT BMTPNPEV�
MBUFE CZ QSP�JOGMBNNBUPSZ TJHOBMJOH QBUIXBZT� 'PS FYBNQMF
 CPUI
*-��C BOE 5/'B JOEVDF )" QSPEVDUJPO JO FOEPUIFMJBM DFMMT JO
BO /'�L#�EFQFOEFOU NBOOFS 	��
� 8F IBWF BMTP EFNPOTUSBUFE
UIBU )" TZOUIFTJT JT FOIBODFE JO UVNPS DFMMT UISPVHI BO *-�
��45"5��EFQFOEFOU NFDIBOJTN 	��
� 'VSUIFSNPSF
 JOGMBNNB�
UPSZ NBDSPQIBHFT FYQSFTT IZBMVSPOJEBTFT 	��
 BOE 304 	��


XIJDI QPUFOUJBMMZ GSBHNFOU )" JOUP QSP�JOGMBNNBUPSZ QPMZNFST�
5IFTF SFTVMUT QSFEJDU UIBU )" BOE QSP�JOGMBNNBUPSZ DZUPLJOFT BDU
SFDJQSPDBMMZ UP TVTUBJO JOGMBNNBUJPO�

$POUSJCVUJPOT PG )ZBMVSPOBO 3FDFQUPST
BOE #JOEJOH 1SPUFJOT UP *OGMBNNBUJPO

" NBKPS DIBMMFOHF JO UIF NFDIBOJTUJD VOEFSTUBOEJOH PG )" JO
CSFBTU DBODFS�BTTPDJBUFE JOGMBNNBUJPO JT UP MJOL )" NFUBCPMJTN
XJUI TQFDJGJD DPOUSJCVUJPOT PG )" SFDFQUPST $%��
 3)"..
 BOE
-:7&��
 XIJDI BSF BMM FYQSFTTFE CZ NBDSPQIBHFT 	��
 ��o��
�
$%�� IBT CFFO FYBNJOFE GPS JUT BCJMJUZ UP SFHVMBUF NBDSPQIBHF
NJHSBUJPO BOE QIBHPDZUPTJT 	��
� *O UIF DPOUFYU PG NPEVMBU�
JOH NBDSPQIBHF SFTQPOTFT UP UVNPS DFMMT
 GVODUJPOBM TUVEJFT
EFNPOTUSBUF B MJOL CFUXFFO $%���)" CJOEJOH BOE HFOFSBUJPO PG
JNNVOPTVQQSFTTJWF NBDSPQIBHFT� 4QFDJGJDBMMZ
 CMPDLJOH UIF BCJM�
JUZ PG )" UP CJOE UPNPOPDZUFT FJUIFS UISPVHI CMPDLJOH )"�$%��
CJOEJOH PS VTJOH BO )"�TQFDJGJD CMPDLJOH QFQUJEF JOIJCJUT UVNPS
DFMM DPOEJUJPOFE NFEJB QSPNPUFE GPSNBUJPO PG JNNVOPTVQQSFT�
TJWF NBDSPQIBHFT 	��
�

8IJMF 3)".. IBT OPU CFFO FYBNJOFE TQFDJGJDBMMZ JO UIF
DPOUFYU PG UVNPS�BTTPDJBUFE NBDSPQIBHFT
 SFDFOU TUVEJFT IBWF
TUBSUFE UP FMVDJEBUF JUT QPUFOUJBM GVODUJPOT EVSJOH SFTQPOTF UP
JOKVSZ� 3)".. FYQSFTTJPO JT JOEVDFE JO NBDSPQIBHFT GPMMPXJOH
DIFNJDBMMZ JOEVDFE MVOH JOKVSZ 	��
 BOE JO FYDJTJPOBM TLJOXPVOET
	��
 BOE CMPDLJOH 3)".. GVODUJPO JO UIFTF JOKVSJFT SFEVDFT
UIF MFWFM PG UJTTVF NBDSPQIBHFT 	��
 ��
� "EEJUJPOBM TUVEJFT IBWF
EFNPOTUSBUFE UIBU 3)".. SFHVMBUFT NBDSPQIBHF DIFNPUBYJT
JO SFTQPOTF UP 5('C JO UIF DPOUFYU PG TVSGBDUBOU QSPUFJO "�
NFEJBUFE JOGMBNNBUJPO JO UIF MVOH 	��
� 8IJMF OPU TQFDJGJDBMMZ
BEESFTTFE
 UIFTF TUVEJFT QSFEJDU UIF QPUFOUJBM PG 3)".. GPS
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'*(63& � ] &GGFDUT PG )" PO WBSJPVT DFMM UZQFT XJUIJO UIF UVNPS
NJDSPFOWJSPONFOU� )" JT TZOUIFTJ[FE CZ )"4 FO[ZNFT JO CSFBTU
DBODFS DFMMT 	TIPXO
 PS JO TUSPNBM DFMMT 	OPU TIPXO
 BOE FYUSVEFE UP UIF
FYUSBDFMMVMBS TQBDF� )" DBO CF GSBHNFOUFE CZ IZBMVSPOJEBTFT 	)ZBM
 PS

SFBDUJWF PYZHFO TQFDJFT XJUIJO UIF UVNPS NJDSPFOWJSPONFOU� )"
 GVMM
MFOHUI BOE GSBHNFOUFE
 DBO BDU UISPVHI DFMM�TVSGBDF SFDFQUPST
 JODMVEJOH
$%�� BOE 3)"..
 PO WBSJPVT DFMM UZQFT UP SFHVMBUF UIF JOEJDBUFE DFMM
GVODUJPOT�

QSPNPUJOH )"�NFEJBUFE NBDSPQIBHF NPUJMJUZ BOE DIFNPUBYJT JO
UVNPS�BTTPDJBUFE JOGMBNNBUJPO�

8IJMF UIF DPOUSJCVUJPOT PG )" JOUFSBDUJPOT XJUI -:7&�� UP
NBDSPQIBHF GVODUJPOT BSF FWFO MFTT XFMM VOEFSTUPPE
 SFDFOU JOUFS�
FTU JO -:7&�� BT B NBSLFS PG UVNPS�BTTPDJBUFE NBDSPQIBHFT TVH�
HFTUT UIBU GVSUIFS TUVEJFT PG UIFTF JOUFSBDUJPOT BSF XBSSBOUFE 	��
�
(JWFO UIF OVNFSPVT FGGFDUT PG )" PO NBDSPQIBHF SFDSVJUNFOU
BOE GVODUJPO
 B GPDVT PO UIF SPMFT PG )" SFDFQUPST JO NFEJBUJOH
UVNPS�BTTPDJBUFE NBDSPQIBHF GVODUJPOT XJMM MJLFMZ ESBNBUJDBMMZ
JODSFBTF VOEFSTUBOEJOH PG UIF NFDIBOJTNT ESJWJOH NBDSPQIBHFT
UP QSPNPUF CSFBTU UVNPS QSPHSFTTJPO�

4UVEJFT IBWF BMTP TVHHFTUFE B MJOL CFUXFFO )" BOE UPMM�MJLF
SFDFQUPS 	5-3
 TJHOBMJOH JO NBDSPQIBHFT 	��
 ��
� 4QFDJGJDBMMZ

-.8 )" JOEVDFT FYQSFTTJPO PG QSP�JOGMBNNBUPSZ DZUPLJOFT
BOE DIFNPLJOFT
 NFEJBUFE JO QBSU CZ 5-3� BOE�PS 5-3� 	��

��
� "EEJUJPOBM QVCMJTIFE TUVEJFT VTJOH CMPDLJOH BOUJCPEJFT IBWF
TVHHFTUFE UIBU UIF 5-3�NFEJBUFE FGGFDUT NBZ SFRVJSF JOUFSBD�
UJPOT XJUI $%�� 	��
� 5-3 TJHOBMJOH IBT CFFO JNQMJDBUFE JO
CSFBTU DBODFS QSPHSFTTJPO
 BT 5-3� JT FYQSFTTFE BU IJHI MFWFMT
PO JOWBTJWF CSFBTU DBODFS DFMMT BOE LOPDL�EPXO PG 5-3� MFBET
UP SFEVDFE DFMM QSPMJGFSBUJPO BOE TVSWJWBM 	��
� *O WJWP TUVEJFT
IBWF TVHHFTUFE UIBU 5-3� BHPOJTUT DBO JOIJCJU NBNNBSZ UVNPS
NFUBTUBTJT 	��
 ��
� #Z DPOUSBTU
 SFDFOU TUVEJFT VTJOH B QPUFO�
UJBM 5-3� BHPOJTU EFNPOTUSBUFE FOIBODFE TVSWJWBM PG NJDF JO B
NPEFM PG UVNPS SFTFDUJPO
 TVHHFTUJOH UIBU UIF DPOUSJCVUJPOT PG

5-3� UP CSFBTU DBODFS QSPHSFTTJPO BSF DPNQMFY 	���
� 3FDFOU
TUVEJFT IBWF TVHHFTUFE UIBU CSFBTU DBODFS DFMM�EFSJWFE FYPTPNFT
NPEVMBUF JOGMBNNBUPSZ DZUPLJOFT JO NBDSPQIBHFT QPUFOUJBMMZ
JOWPMWJOH CPUI 5-3T BOE $%�� 	���
� 8IJMF EJSFDU JOUFSBD�
UJPOT CFUXFFO )" BOE 5-3T JO CSFBTU DBODFS DFMMT IBWF OPU
CFFO FTUBCMJTIFE
 BEEJUJPOBM TUVEJFT FYBNJOJOH )" BOE 5-3
TJHOBMJOH JO CPUI UVNPS DFMMT BOE UIF NJDSPFOWJSPONFOU BSF
XBSSBOUFE�

5VNPS OFDSPTJT GBDUPS�TUJNVMBUFE HFOF�� 	54(��

 XIJDI JT BO
FYUSBDFMMVMBS )" CJOEJOH QSPUFJO
 JT TZOUIFTJ[FE BOE TFDSFUFE BU
TJUFT PG JOGMBNNBUJPO 	���
� 54(�� CJOET)"XJUI IJHI BGGJOJUZ WJB
B MJOL NPEVMF BOE FOIBODFT CJOEJOH PG )" UP $%�� 	���
� 54(��
BMTP DPOUSJCVUFT UP)" DSPTT�MJOLJOH
 XIJDI IBT CFFO JNQMJDBUFE JO
BEIFTJPO BOE SPMMJOH PG MFVLPDZUFT 	���
� *O UIF DPOUFYU PG CSFBTU
DBODFS
 54(�� JT VQ�SFHVMBUFE JO CSFBTU DBODFS DFMMT GPMMPXJOH
JPOJ[JOH SBEJBUJPO
 TVHHFTUJOH B QPUFOUJBM SPMF GPS 54(�� XIFO
UJTTVF JT EBNBHFE 	���
� *U XJMM CF JOUFSFTUJOH UP EFUFSNJOF UIF
DPOUSJCVUJPOT PG 54(�� UP)" SFNPEFMJOH BOE GVODUJPOXJUIJO UIF
CSFBTU DBODFS NJDSPFOWJSPONFOU�

&GGFDUT PG )ZBMVSPOBO PO "EBQUJWF *NNVOF
$FMMT JO $BODFSJ[FE 4USPNB

*O BEEJUJPO UP JOOBUF JNNVOF DFMMT
 BEBQUJWF JNNVOF DFMMT BSF BMTP
QSFWBMFOU XJUIJO UIF CSFBTU DBODFS NJDSPFOWJSPONFOU� *NNVOF
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DFMM QSPGJMJOH TUVEJFT IBWF EFNPOTUSBUFE UIBU CSFBTU DBODFS XJUI
IJHI MFWFMT PG NBDSPQIBHFT BOE 5I� 5 DFMMT BSF BTTPDJBUFE XJUI
XPSTF PVUDPNF UIBO UIPTF XJUI IJHI MFWFMT PG 5I� DFMMT 	���
�
.PSF SFDFOUMZ
 TUVEJFT IBWF EFNPOTUSBUFE UIBU UIF QSFTFODF PG
JOGJMUSBUJOH 5 DFMMT BOE # DFMMT QSFEJDU CFUUFS SFTQPOTF UP OFP�
BEKVWBOU DIFNPUIFSBQZ JO CSFBTU DBODFS QBUJFOUT 	���
� 6OEFS�
TUBOEJOH UIF SFHVMBUJPO BOE GVODUJPO PG BEBQUJWF JNNVOF DFMMT
EVSJOH CPUI UVNPS QSPHSFTTJPO BOE UIFSBQZ JT B SBQJEMZ HSPXJOH
GPDVT PG SFTFBSDI JO UIF CSFBTU DBODFS GJFME�

8IJMF UIF QPUFOUJBM SPMF PG )" PO UVNPS JOGJMUSBUJOH MZNQIP�
DZUFT IBT OPU UP PVS LOPXMFEHF CFFO SFQPSUFE
 )" JT LOPXO
UP DPOUSJCVUF UP UIF SFHVMBUJPO PG 5 DFMM USBGGJDLJOH 	'JHVSF �
�
4UVEJFT IBWF EFNPOTUSBUFE UIBU VQPO BDUJWBUJPO
 5 DFMMT BEIFSF
UP BOE NJHSBUF PO OBUJWF )" 	���
� 0UIFS TUVEJFT TIPX UIBU
)"�$%�� JOUFSBDUJPOT PO 5 DFMMT DBO DPOUSJCVUF UP BDUJWBUJPO�
JOEVDFE 5 DFMM EFBUI 	���
� 5IJT SFTQPOTF PDDVST GPMMPXJOH FYQP�
TVSF UP ).8
 SBUIFS UIBO -.8 )"
 TVHHFTUJOH BO BEEJUJPOBM
BOUJ�JOGMBNNBUPSZ SPMF GPS ).8 )"� 'JOBMMZ
 ).8 )" IBT
BMTP CFFO GPVOE UP QSPNPUF UIF JNNVOPTVQQSFTTJWF GVODUJPOT PG
SFHVMBUPSZ 5 DFMMT 	5SFHT
 	���
� &YQPTVSF PG 5SFHT UP ).8 )"
MFBET UP QSPMPOHFE FYQSFTTJPO PG 'PYQ�
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