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&ATTY ACIDMETABOLISM COMPLEM
SELECTIVE REGULATORY 4 CELL EX|
GROWTH

JLENIA OACHIAWD IO ORO GIACERMI& O CAITTEFAINO -1 EONORA 4AIMERRERGIO &AIBGRBHINA
SEVERAABIANA 2I9ZANA #O&LABRIZIA"ONACONATROUSEPPE .ORRREXISA 20SGETTI
2ANZANI OAGAN% ZIO 'IORIVATEI'IUSEPPE -ATARESEENZO "ARRWB/AA OICONESE

BAPIENZASNIVERSIT)%OF 2CMETITUTO SUPERIOREDUBRSIITY OB I3RAEN $IPARTIMENTO DI 3CIENZE &ARMACOLOG
"IOMOLECOLARI¢CBEGAHEHRBSUDI DI -ILANO -ILANOSTITUJTTALAZIONALE '"ENETICA -PDSEICOIAREBZIGNALE '"ENETICA -C
).'- 20MEO ED %NRICA )NAEMBNQZESHILDRENQgS (OSPITAST)Z2ZER3I0ASNBAERBSITAPOLI &EDERIIOERSITY OF ROME

BUBMITTED TOOROCEEDINGS OF THE .ATIONAL !CADEMY OF B3BCIENCES OF THESNITED 3TATES OF IMERICA

4HE TUMOR MICROENVIRONMENT RESTRAINS CON\HRTOGNPAM HCIEIB UAFONY G QSF FTUBCMJTIF
ACTIVATION WHILE FACILITATING THE EXPANS (W FRUFRECEHIADOBDY NEUBCPMJID SFRVJISFNF
4REGS (ERE WE SHOWED THAT 4REGS ADVAWIASSIE] PNO PHESDWPNOORT JOUP J5SFHT Q5SFHT &
MILIEU RELIES ON SUPPLEMENTAL ENERGETIC\RORDES FNMVIOTVPXEB DIBIIWF N503 BOE IJHI MF
METABOLISM )N MURINE MODELS TUMOR INILTRBBIOIGTQIREGEFBIEMVAYERZ PUI HMZDPMZUJD B (
INTRACELLULAR LIPID ACCUMULATION WHICH WROBVIRBRUABLIE FYOBONTIPO JO WJIJUSP
CREASED RATE QF FATTyY [AC|Ds&ls SiY NRHESIS MNGEHREOCAD BOADYMWPWMBEREBFSPHFOJD TJHOBU
IN GLUCOSE UPTAKE MAY FUEL|&! SYNTHES IS MV MIRAD PNMORAS BREEBOTIPO JO WIWP 0W
WE DEMONSTRATED THAT BO TH ‘G LY COLEY TIC 'ANP PY I DRAFHTENVEEABBEIBOMF CPUI HMZDPMZUJD
CONCURRED TO 4REGS EXPANSION 7ECORROBORMNIBWPBESJBR ATANINSHUBHNS DFMMT NBZ BM
TUMORS SHOWING THAT 4REGS DISPLAYED A GERBDUYIENATURE TGWARNMEBZ CFDPNF FTQFDJBM
GLYCOLYSIS AND LIPID SYNTHESIS /UR DATA SWNMRRNQRTF£A \0O/DRESIJINOANHBIWMBIMBCJIMJIUZ TVDI BT
SIGNALS FROM THE TUMOR MICROENVIRONMENTVIONDEYB DB XN KNRCWPTAREYUPFFGGFDUPS 5 DFMMT
GLYCOLYSIS &I SYNTHESIS AND OXIDATION THATTMI SQNMFERE BOWREGSKRPEBHUIWIUZ
ERENTIAL PROLIFERATIVE ADVANTAGE WHOSE TARSERE INGM P REARESENTIBU 5SFHT NBZ PW
ASTRATEGY FORCANCER TREATMENT UIFIPTUJMFUVNPSDPOUFYUUIBOLTUPUIFJ
TVQQMFNFOUBM NFUBCPMJD SPVUFT BOE U
4RE{G TUMOR MICROENVjRONMEN]TYBAITY ACID SYNTREBBSHF 8F GJSTUEPDVNFOUFEUIBU JOBNPV

ox JOGIJMUSBUJOH 5SFHT QSFGFSFOUJBMMZ D
POMZ UP GVFM HMZDPMZTJT CVU BMTP UP
JNTRODUCTION ""T BOE 5SFHT SFMJFE PO "4 BOE "0 UP B IJt

S5DRPROWT USP FOFTJOWPMWFE JOHMZI
3FHVMBUPSZ 5 DFMMT SSFHT J F 'PYQB§¥Q;§)F'IJ'P MENHOBUVSF PG BDUJV

QIPDZUFT BSF XJEFMZ SFDPHOJ[FE BT DSMBYBH ¢ B@Mﬁé PG YN NWFM P JUJOH B
SFTQPOTFT BOE UIF CBMBODF CFUXFFO SSFH%B(IBO?EF SEOBES ShEM Y

EFUFSNJOFTUIF TVDDFTT PG JNNVOFTVSWFIJMMBODF PWFS DBODFS QSP
HSFTTJPO 5IFSFGPSF VOEFSTUBOEJOH UIEEZOBNJDTUIBUFJDUBUFUIFE
SFMBUJWF 5SFH BEWBOUBHF PWFS 5DPOWBUGNACCRNKEETU JNQPSUBODF JO
UIFEFTIHO PG DBODFS IJNNVOPUIFSBQJFT #PUI UIZNVT EFSIJWFE

USSFHT BOE QFSJQIFSBMMZ JOEVDFE QSSEEIEI'NTFS"CL]'I:FIIE$ vaa\wmmwsnE THAT|METAL
UVNPS NJDSPFOWJSPONFOU 5.& X1JM IMPAIRT )NE AGTIVIT
PG Q5SFHT BT XFMM BT PG J5SFHT JO WJ ﬁ% § W TdRY el
DPOEJUJPOT PG QPPS 5 DFMM QSPMJGFSB M NS CONTRIE
DBO BDUJWFMZ QSPMJGFSBUF JO SFTQPOTFRE:SBECFI\RO/FBFUFFO'IT\EH:CDB/M'IANTI MBR IMMUNIT
JOEFQFOEFOUMZ DPODVS UP HFOFSBUF U|| FSISAMIQPIPAT 6 BOAVPRE COMYIDRED TO SURVIV
IPTUT UCH A STILE MILIEU THANKS TO A METABOLIC
ON THE COMBINATION OF GLYCOLYSIS AND|FATT)Y
51F 5 DFMM TXJUDI CFUXFFO RVJFTDFOD(FXB[(DAETBJD\IUQWIBlAJLEO\ASSFM.EIGTTO PREVAIL OVER
PO B NFUBCPMJD TIJGU GSPN PYJEBUJWF LDKQCBLUKT BWAYFORTHEIR
TQFDUJWFMZ FOTVSJOH MPOH UFSN TVSW@WW?@%@%%&@%&;?@? IQT A
TVQQMZ CJPTZOUIFTJT BOE SFQMJDBUJPROQO REAEY
EJTOQMBZ EJGGFSFOU NFUBCPMJD TIJHOBWESEIRVED 4 Q RFPBLPGAFWIR RO NOTE S

TVHHFTU UIBU DPOWFOUJPOBM 5 DFMMT 5DPOWT SFRVJSF BNQMJGZJOH
PYJEBUJWF QBUIXBZT XIIJMFCMVOUJOHHMZDPMZTJT UPVOEFSHP UIF UFS
NJOBM SFTUSBJOFEBDUJWBUJPO UIBUVMUJNBUFMZ GBWPSTUIFJSEJGGFSFOUJ
BUJPOJOUP J5SFH Q5SFH 'JSTU NPVTFJS5SFHTIBWFCFFOTIPXO

UP QSFGFSFOUJBMMZ VTF GBUUZ BDJE PYJEBUJPO 'O IPX

FWFS HMZDPMZTJT JT SBUIFS FTTFOUJBM GPS IVNBO J55FH EFWFMPQNFOU
VQPO TVCPQUJNBM TUJNWVMBOJMWIGIFDJDNF UIF

FOPMBTF TVQQSFTTFT UIFUSBOTDSJQUJPO PG UIF FYPO DPOUBJOJOH

'091 TQMJDJOH WBSJBOU '091 & DSVDJBM EFUFSNJOBOU PG UIF
SFHVMBUPSZ GVODUJPO VOMFTTFOHBHFEJOHMZDPMZTJT
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&IG /8 TRIGGERING ALONE RECAPITULATES 4REG PR
&G %XPANDED AND ACTIVATED TUMOR INILTRATING ABE G/ QAR FAN:HNGHWMRMICE WERE INJECTED 4GP WIT
CELLULARLIPIXCOHMTEGELLS WEREINJECTEDS C INTO# ANTIMICEAGONIST M!B /8 OR 0"3 AS MOCK CONTRC

AND mOW CYTOMETRY'ANALYSIS WAS PERFORMED ON lYdiA keQ & % MEEST R TRMVEITYED & R0 P E R F © RAVREEIR UNE IS @ Y EQNR
SPLEEN 30, AND TUMOR 45- ARTRRQUEANCY OR#$ | &OXP gOoXP 4REGS IN GATED #$ LYBRRHEHQUGENES OF CELL
4REGS IN GATED #$ _LYMP&HREONIESCY OF CELLS EXPRESSENECHEEOMETRIC MEAN MUORESCENT INTENSITY G
AND# GEOMETRIC MEAN mUORESCENT INTENSITY G-&)cQ®H ANAINSGSADFDODIPY INCORPORATION INGATED #$
#$ &OXP 4REGS RED AND#$ &OXP 4CONVS BLURNIN#BY. EMRPY BABRVS BLUE INA/8 TREATED COMPAR
AND 45- ILLED BARS FROM TUMORS RERARINSEMTOHE VR |dES2EPRESENTATIVE HISTOGRAMS SHOWING "ODIPY LA
TOGRAMS¥WANR) ANALYSISOF"ODIPYINCORPORATIONIMRATED #REGP VYR 4CONVS NUMBERS INDICATE "ODIPY
4REGS RED AND#$ &OXP 4CONVS BLUE IN30, EMREVYRESKRANABABORESTENCE MINUS ONE &-/ CONTRO

45- SOLIDPEAKS ANDBARS FROMTUMOR BEARINGMIGB W EAMTHNGERELXBRRREBBNDS TO A SINGLE MOUSE A
THE mMUORESCENCE MINUS ONE2&ATICCBRTWEESN "ODIP¥ATCKHEXPERIMENTAL GROUP P P P |

INAREGS AND 4CONVS FROM 30, AND 45- %RFO-R BARSTSHEOW MEARED BETWEEN 4REGS AND 4CONVS IN THE S2

DOT CORRESPONDS TO A SINGLE MOUSE $ATA SHOWNSARWERQMAPRERRESENBATIMEERENT SAMPLES
OUT OF TWO INDEPENDENT EXPERIMENTS P P P

BY 3TUDENT T TEST PAIRED BETWEEN 4REGS AND 4CONVS IN THE SAME SAMPLES
UNPAIRED BETWEEN POPULATIONS OF DIFFERENT SAMPEEXFFO 5SFHT BOE 5DPOWT JO 56JHDPNQBS
4IJNIJMBS SFTVMUT XFSFPCUBJOFE JO B EJTL

NFUBCPMJD SPVUFTNBZ CF B OPWFM JNNVO¥SEPNOBEARPMO M6 PN OP3Ir £ NRRQEOBBB #
DPOWFZT UP5SFHTB TFMFDUJWF BEWBOUBHF JO UIF 5.&

5P BTDFSUBJO XIFUIFS UIF QSFGFSFOUJB
2ESULTS 5SFHT XBTBO FYDMVTJWF GFBUVSF PG UVNP

1SPMJGFSBUJOH5SFHT JO UIF5.& BDDVNVRMBEUFRIVIB OB DHR GRMBSSHIDEE£Z 5SFH FYQB

*O UIF WIJTDFSBM BEJQPTF UJTTVF 7"CSER¥YEBQREBQREIQY BHPFMMVMBS MIQJEDP
DVNVMBUF JOUSBDFMMVMBS MJQJET VvoEMSWAE BV @ TIFEGS NFMIEUIRFONFRMRQRP 8 H G ST
UIFBEJQPHFOJD &EBDURSASFEPSF XF GJSBEUPIPHGMENNBUPSZ DIPMBOHJUJT UIBU QS|
XIFUIFS MJQJE BDDVNVMBUJPO BMTP PDBBODFS Jo BBPE IS pPOWFROTHFOID )$751
PG 5SFH FYQBOTJPO JF UIF 5.& 5P UIJPHEINTMEEFWMPQJIOH TUFBUPTJIT BU BEWE
5SFHT XFSF BOBMZ[FE CZ GMPX DZUPNFBSZOXMVMBRNBESBOPPO XJOI ZPVOHDPX@BBFP
$% 'PYQ 5DPOWT JODFMMTFYUSBDUFEGRRAME/NEQENBDPF56FQBUJD 5SFHTEJTQMB.
PS GSPN TQMFFOT BT DPOUSPM 41- PG YIJ-XBIIRMHEBUQBF NWDIBUFE XJUIHSFBUFS J
CFBSJOH OPEVMFT PG UIF TVCDVUBOFPVS$ MY BWPWBUPUFER 6 AP BB OWFSTFMZ |IF
OPNB DFMM MJOF .$" UIF HBUJOH TUSBWBBHREA T XTFBEFXOPIW RY¥YQREOEFE JO BHFE NP
QFOEJH 4 $POGJSNJOH QSFWJPVT TUVERRNQBSEBVBE XFME RJZQF NJDF BOE OP QSF
NPVTF UVNPS NPEFMT BOE JO IVNBO DB ODMBYJP O 565 H EFIFFBFREQIFOTBRHIT% OWFSBM M
XBT TJHOJGJDBOUMZ JODSFBAFE BPNQBSNKHFTS EBIB JOEJDBUF UIBUSSFHT FOMBSHF L
UPTQMFFODFMMTBOEUP5DPOWT 56. 5S FXIFRFREFPNQEFFEIPAVRIGEBG@ UIRVGF JSSFTQFD U
BT QPJOUFE PVU CZ ,J 'JESFRBFOPYQSFYGENMBNNBUJPO PSUVNPS BTTPDJBUFE TUJ
I JHIFS MFWFMTPG UIFSADRBRUMDS R QSFWIPEFMEWF QSFWJPVTMZ EFNPOTUSBUFE U
EFNPOTUSBUFE UP TVTUBJO 5SFH GJUOFTSROPWPREIGINSPERMT PEIPNHFRYQBOTJIPO JO B
TUBUJD QSPMJGFSBUJPOBOEDPMJUJT JBOBBORSPNPUF UUFFYREBRSIRIPXF TPVHIU U
PG TUBCMFBOE TVQQSFTTJWF 5SFHT JO | VINBI® B RPRITE JOEVDF MJQJE BDDVNVMBUJ

8IFO XF TUBJOFE UIF DFMMT XJUI #PEJQRTBBDRMAFNPXKESBGE BO BOUJ 09 BMWFOJIT
QFSNFBCMF GMVPSPQIPSFTQFDJGJD GP SNIMWU B8RP MIBIEH UP VT XFTDPF BB U B 0!
EFUFDU B IJHIFS JOUSBDFMMVMBS MJQJEBDINMHFRDMW $6 BSF R T B5EIHY B'SFRVPOPEOTJIP O
5DPOWT JO CPUI 41-'BIOE BB®E 4* "QQFDEIJWMILFMZEVFUP UIFEJSFDUQSPNPUJPOPG U
4 # IPXFWFS UIJTQIFOPNFOPOBGGFDUFESHAKTFDRRNMZYSGFO6IFHTG 5DPOWT BT EFNPO
BT FWJEFODFE CZ B TJHOJGJDBOUMZ JODSFBDFP SBHBPPEG, #¥PESRZHTFWFMTOR U #J !
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&I1G JNHIBITION OF FATTY ACID SYNTHESIS BLOCKS P
ACCUMULATION PREFERENTIALLY¥ #$ 4RE G SAREGIT R\DA G
NETICALLY PURIIED FROM SBMEKOCYTHMBCEF WRARE LABE]|
WITH E&LUOR AND POLYCLONALLY STIMULATED FOR |
"ODIPY AND ANALYZED BY mOW2EFPREBENRATIVE HISTOGH
E&LUOR DILUTION LEFT AND "ODIPY INCORPORATION
WITH DIFFERENT ), CONCEHNTREASTHNNSTIVE PLOT OF PRC
AND RESTING 4REG GATING STRATEGY LEFT AND REPREF
IPY INCORPORATION WITHIN EAACHAGATEOREGSKENCE INTE
-&) OF E&LUOR IN GATED 4REGS LEFT AND GEOMETH!
INTENSITY G-&) OF "ODIPY INCORPORATION IN GATED R
4REGS RIGHT CULTURED WITH DIFFERENVAG&NEDINCEN
CALLY PURIIED4REGS AND4CONVSWERECO CULTURED A’
ANTI #$ AND ), WITH OR WITEBOWIT 4/BRTER DAYS CELLS
AINEDW TH' ODIPYAND&OXP AND MOWCYTOMETRY A

&G &ATTY ACID SYNTHESIS RATHER THAN UPTAKE ?l\ll-l,% SES THE [\PID 4BEG P OR 80P 2 E BRBNST AT

AND CONTRIBUTES TO 4REG #ROEIBERRINGNUMORS OF, ¥L%YOF4REGSAND4CONVSINTHEINDICATEDCONDI'I

IN SIZE RECEIVED AN | P INJECTION OF THE GREEN m q:REE&%_CiJEg\bTP R TA G BBYEYS OF E&LUOR  -2) OR "D
N

&, # HOURBEFORE SPLEEN 30, ANDTUMOR 45- RFEDLION RGN EFRRWTING CELLS 4REGS RED BARS OF
&, # UPTAKE AND #$ EXPRESSION WERE QUANTIIED,\ﬁanTk WECYTOMETEY N Or 4781 TREATED ILLED S ACH
#$ &OXP 4REGS AND#3 &OXP2ERRENMENTATIVE HISHOBRAMS ES pATA SHOWN ARE FROM A REPRESENTATIV
AND" FREQUENCY OF CELLS EXPRESSING #$ IN GATERAREGS RED ANDATONY S g SHDW ME AN 5
BLUE IN 30, EMPTY PEAKS AND BARS AND 45- 8OLID PE@{;%M@E%QR@TEST UNBAIRED

2ATIO BETWEEN FREQUENCY OF #$ EXPRESSING 4REGS AND4CONVS IN 30, AND

45- $ 2EPRESENTATIVE HIS POGEOWESTRNO MEAN mUORESC E

INTENSITY G-&) OF"ODIPY &, # ACQUISITIONIN GAT v
BLUE IN30, EMPTY PEAKS AND BARS AND 45-&2@TIDP (ﬁgé ? §%%A§:§J\TO%DESEHB)U\;)S&#;FS)E%QBZFI\L}S

BETWEEN "ODIPY &, # G-&) OF 4REGS AND 4CONVS |
0OEAKS IN GREY REPRESENT THE mMUORESCENCE MINU LéV”OL CFUXFFO55FH QSPMJ!

4HEEXPRESSIO(NPLAERWEAGBN§PTM2'WASASSESSEDINlé»“? BOEEFNPOTUSBUFUlBUU|FTPMF09 F
#$ #$ A4REGS AND#$ #$ 4CONVSWASPERFORMEDBVRAIMMEDWIWF QSPMIGFSBUJPO PG MJQJE
ASSAY 'EOMETRIC MEAN mMUORESCENCE INTENSITY OF EACH ZONF EXRRESSBANFS UIBO VQUBLF TIBQFT

IN 4REGS RED AND 4CONVS BLUE IN 30, EMPTY BARSOAND ¢ NPUFR BARFH QSPMJGFSBUJPO
( 2EPRESENTATIVE OVERLAY!COGONRARID EXORESSING

CELLS IN THE INDICATED SAMPLES %ACHDOT CORRESPON(BsUrU:A%EN]GQEﬂ;g'EJéETJAVrF MJQJE M?EFO SS
SHOWN ARE FROM A REPRESENTATIVE OUT OF FOUR INDVEPYNDMNTR @p HA MENPSERAMPDBUPS $%
INCLUDING MICEPERGROUP %RKRIR-BARS SHOWMBEANFUIFS B EJGGFSFOUJBM VQUBLF PG FYPHI

BY3TUDENTTTEST PAIREDBETWEENA4REGS AND 468195vY Ik IHHI ENMEMAQPRIEDPOUFOU JO 56. 5SFHT

UNPAIRED BETWEEN POPULATIONS OF DIFFERENT SAMPBESNPEFTUMZ VQSFHVMBUFE BU UIF UVNP S
5DPOWT CVU XJUIPVUBOZTQFDJGJD'F®®DSJID

"$ 5IFO XF NFBTVSFE UIFBCTPSQUJPO JC

BOE BMTP DPSSPCPSBUFE CZ UIF EFDSFBDFBDOMZ MBEIFOMPH 'FYAR EWR@Z '- $ B QBMN.
XJUIUIF TBNF 09 DMPOF PG 5SFHT CVU OPOKVUHABWHEPWGPBOBF #PEJQZ GMVPSPQIPSF

USFBUFENID®RPUBCMZ B09 JOEVDFE 5SBEMFRFRECGBEROHNIDF CPUISSFHTBOESDPO!
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&IG  45- 4REG DISPLAY HIGHER LEVELS OF BOTH GLYC
METABOLISN #$ 4REGS AND #$ #$ 4CONVS WERE M
CALLY PURIIED FROM POOLED SPLEENS AND TUMORS OF T
METABOLOMIC PROILING WAS PERFORMED DIRECTLY EX
HEATMAP DISPLAYS THE LEVELS OF EACH METABOLITE
SAMPLES MIN MAX RELATED TO EAE$ MSTAB®EIGSE AND
#$ #$ 4CONVS WERE MAGNETICALLY PURIIED FROM P
&IG 'LUCOSEUPTAKEANDUSAGEOCCURSPREFERENTTNMORA PREIGMAR BEORBENG MICE AND QUANTIICATION O
&-ICEBEARING TUMORS OF X MMINSIZE RECEIVED ANTI ®N|RAEETVOIND ANDEGX)Y GEN CONSUMPTION RATE /#2
ORESCENT GLUCOSE ANALOGUE ."$' AND SPLEEN 303EANORSNE PR MY SWEERETER A HOURS STIMULATION WIT
COLLECTED MINUTES AFTER INJECTION "$" UPTAKRAADGIsUCRRRRISS SXONO S RRNBSPECTIVE 4REG 4CONV R
WERE QUANTIIED BY mMOW CYTOMETRY IN #$ &OXP 4RAGISIANEX$INGOERNDICATED CONDITIONS $ATASHOWN
4CONMVS2EPRESENTATIVE HISTCFREQWE RED OF CELLS BXNPRESEYWLINDEPENDENT EXPERIMENTS $ATA3BMRE EXP
',54 IN GATED 4REGS RED AND 4CONVS BLUE IN 30, EGRMPHREENES ANREBWRNTS EACH COLLECTED IN REPLI
AND 45- SOLID PEAKS AND BARS GREY PEAKS REPRESERY ITHEDRMNOREE S EQENEPNMEREDALLY PURIIED 4REGS Al
MINUS ONE &-/ COANZIIRTOOBETWEEN FREQUENCY OF ', 5WEREPRE SIUNTGIRED AT RATIO FOR DAYSEWIOR OR WIT
4REGS AND 4CONVS IN 304 ARPRESSENTATIVE HISTOGRAMMANBTAINED WITH "ODIPY AND &0OXP AND ANALYZED |
MEAN MUORESCENCE INTENSITY -&) OF ."$' ACQUISITNONYINIE OTFEBARIRS REDPOR "ODIPY G-&) GATED ONPRO
AND 4CONVS BLUE IN 30, EMPTY PEAKS AND BARS ANDEDSBARGLIORPEARNWUNDBLUE BARS IS SHOWN IN THE INI
BARS%2ATIO BETWEEN ."$'-&)OF 4REGSVERSUS 4CONEOMWNDASFREAN ESCTHESEONDITION WAS TESTED IN TRIPLIC
" %XPRESSION LEVELS OF THE GL Y& O LA & RBINOT EDABENIROM A REPRESENTATIVE OUT OF TWO INDEPENDEN™
EVALUATED THROUGHORIME&LOW 2.l ASSAY INGATED #$P #$ 4RBGS REBYANPDENT TTEST UNPAIRED
#$ #$ 4CONVS BLUE FROM 30, EMPTY BARS AND 45- ILLED BARS %ACH
DOT CORRESPONDS TO A SINGLE MOUSE DATA SHOWN ARE FROM A REPRESENTATIVE
OUT OF THREE INDEPENDENT EXPERIMENTS EACH INCDUPPONNEB S vkEce PR@OBBROEWE OPILIBBABEDBDC

SHOW MEAN- P P P BY 3TUDENT FYESSFTTJPO UFOEFE UP DP TFHSFHBUF JO B
PAIRED BETWEEN 4REGS AND 4CONVS IN THE SAME SAWMPVE FUNP AI@ 56 BESWEENHHFTUJOH B MJOA CFU
POPULATIONS OF DIFFERENT SAMPLES FYQSFTTJPO BOE "4 QSPHSBN TQFDJGJDBMN

5IFSFGPSF XF UFTUFE XIFUIFS 50" BO JC

"™ JOUIFUVNPS TJUFDPNQBSFE UP UIF TQMPF ® BSICRYJAMBUNE NPEFEGZ FO[ZNF JO "4 DE
$% VQSFHVMBUJPO CVU XJUIPVU BOZ NBRPSEH TS BFYROFHISTU XF BENJO,
UIF UXP TVOHFU® '5IFTF SFTVMUT TVHHFIRESEIQHINIPEMQFSGPSNIJOH SFQFBUFE JOU!
EFGFDUJO " EJTUSJCVUJPO BOE VQUBLF XIBQFEPENHFFHXBOEGBMOQREMF UIJT USFB
BOE VOSFMBUFE UP UIFJS $% MFWFMT RGE FMIEMUWNENRSOHFRIESIFORNBWFS UIJT FGG
" TDBWFOHJOH CZ 56. 5SFHT UIVT XF JOMWNYOBHBUIBYXFEURWSEOUT BT XF GBIJMFE L
JOUSBDFMMVMBS " NFUBCPMJD SPVUFT XF&RESFBTFFBE 9% woPRAMMERIES RE/G PEDIPSI O /5
BDDVNVMBUJPO BOE QSPMJGFSBUJPO PAJEEBWTE PLNR BESH F W B MVPEAFEE Q REOHEBIO P E
JO 5SFHT BOE 5DPOWT GSPN UVNPS CFBSYOH NBBIHFSIE#YOBEPPIPOPYIDIUZ BHBJIOT
MFWFMT PG TFMPRBSHB BEOGEHOU BFTQFDUBRPRAYOU GPS UIF BOUJ UVNPS BDUJWJUZ |
SFRVJSFE GPS "™ TUPSBHF TZOUIFTJT BO¥ P BFEMPIEBMP UIQTWRIINP UIF WIBCIMJUZ
XF BEPQUFE 1SJNF'MPX 3/" "TTBZ BMMPXBd&E® U FEFQRARFOIFEPRTIIJPO BT FWIEFODFE
EFUFDUJPO PG USBOTDSJQUT BOE QSPUFJOT@RREAMINHBUPNFUSZ BU TIOHMF

DFMM SFTPMVUJPO 5IBOLT UP UIJT BQQSPEPBIBTXIFFDPVYMESPMAFDW " WBWUSFDUMZ PO 55
56. 5SFHT FYQSFTTFE BMM HFOFT BU TJRGJ& NPECVMZG| 58 FHS QBFPWRMTFSBUJPO JO W
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'JOBMMZ XF TPVHIUUPUFTU XIFUIFS 50
MFTTBCMFUPTVQQSFTT XIFOBEPQUJIJWFMZ
NVOJUZ FMJDJUFE CZB QSIJNBSZ HSPXJOH U
DIBMMFOMWP OIDPNJUBOU JNNY®OUWUZT BIJN NJ
CFBSJOH QBMQBCMF UVNPST SFDFIJWFE B T
DFMMT BMPOF PS BENJYFE XJUI 50" PS NPL
UIFBOBMZTJT PGHSPXJOHTFDPOEBSZ UVNP
SFWFBMFE B USFOE G P &BOEFIPSFBFTE\EDU/J P O
NJDF SFDFIJWJOH UVNPS DFMMT QMVT 5SFH-
BMPOF OPUBCMZ UIJTTVQQSFTTIWF FGGF
USFBUFE 5SFHT XFSF DP USBO T&F QSHFEOXIYI
‘JH 4 5PHFUIFS XJUI JO WJUSP EBUB UIFTF
LFZ SPMF PG "4 JO 5SFH QSPMJGFSBUJPO B¢
TVQQSFTTIWF GVODUJPO JO WJWP

(MZDPMZTJTBOE GBUUZBDJET PYJEBUJP(
UBHFJO DBODFS

.FNPSZ $% 5 DFMMT XFSF TIPXO UP TZOL

HMVDPTEF UIFSFGPSFXFIZQPUIFTJ[FEUI

"4 UISPVHIBHSFBUFS BCTPSQUJPO PG HMVI

5DFMMT XIJDIBSFJOTUFBE EBNBHFE CZ HM

5.& 'JSTU XFBOBMZ[FE JOS5SFHTBOE®E

BOETQMFFOT UIFFYQSFTTJPO PG (MVU B (

QPSUFS JO'$%% “5\DFMM BDUJWBUJPO UIBL

QSPMJGFSBUJPO XFGPVOEUIBU (MVU X

SDPOWT BOE 5SEHT BU UIF 56. TIJUF DPNQBS

TVDI JOEVDUJPO XBT TJHOJGJDBOUMZ IJHIF

&G (UMAN 4REG PROLIFERATION IN VITRO AND EXV‘F\%%%BQBFS%?&#QM%WFSBUJPPG(MVU FYQS
ISASSOCIATED WITHGLYCOLYTro/8ENBEXPRESSmOM JO UVNRIFIT oP EJSFDUMZ USBDL HMVDPTH
4REGS AND 4CONVS WERE EXTRACTED AND SORTED FRAW 03 QT #FHo YIF oMY $F TDFOU HMVDPTFE BC
OF PATIENTS WITH CHRONIC (#6 INFECTION AND GENGERSRESIHINN RFALNGIMWAF XIJUI QSFWIPVT EBU
PERFORMBOMRTING STRAFEGOLD CHANGE WAS CALCUBANBOIFOREECEFGFDU JO HMVDPTF VQUBLF JO
GENEOVERTHE RESPECTIVE CONTROL /8 0"4CONVSFPRM.E ST 2ABSFESTANDTQMBZFE B SFMBUJW
/8 0"4REGSFORALL4REG SAMPLES AND GENES UPREQGYBATRB TFRBIONJBIOFE JO56. SFTVMUJOF
IN 4REG /8 #4WERESELECTEDF0RPATHWAYANALYpléuvlv'tvggglmcg@m,EO%gFMBuJWFSBUJPPGHMV

4HE HEATMAP DISPLAYS THE FOLD CHANGE OVER CONTR INgJHE GENES ACCOUNTI
FOR TWO PATHWAYS OF INTEREST AMONG THOSE SHOWING STATISTICALLY SIGNIICA
ENRICHMENT P 5IFO XF BOBMZ[FE UIF FYQSFTTJIPO PG

SFMBUFE)HF@BRIEBOSEOP UISPVHI1SIJNF'MPX

"TTBZ JO 5SFHT BOE 5DPOWT BMM HFOFT
UIF MJQJE BDDVNVMBUJPO PDDVSSJOH J&®EQ.SISTFHOUFE WQAW®. 53PFHHITDPNQBEBHFE UP 56
BJN 5SFHT XFSF FOSJDIFE GSPNFUNR OTR BEROFTSF GUJBBHOMBZO P CFJOH UIF MBUUFS B NB
QPMZDMPOBMMZ TUIJNVMBUFE JO WJUSP MBUPSQ@PSF TFOB® PSFH- NFUBQUPMITN BOE EF
DPOUFYU XF DPVME EFUFDU BO JODSFBTBEQODPPBREP $B WMNP ST 5OPNWRBGFE UP TQMI
UIF #PEJQZ MJQPQIJMJID GMVPSPQIPSF QSPROWUIJPOQ BIN®ME XUFU4-B HFFFOTIB-BSM DPOUSBDU
BOEUPUIFFYUFOUPGBSPORGEBESBIZIPPEIRQE MFERMYFM TP XFWFS UIFJS FYQSFTTJPO SFN
XFSFIJHIFSJOQSPMJGFSBUJOHUIBO JO SCARUUODRNMEMIMINBOBID RPION BOM IPFB QS FC(
MJQJE BDDVNVMBUJPO EVSIJOH 58 PHIDFMWMADPFMPOID BDUIWJIUZ'JIB 58 FSHIHIO UIF 5. &
UJOH 50" USFBUNFOUTJHOJGJDBOUMZ JOIJSIHUEEP WFBSERTVMEF GRFMEBEBUF B TDFOB ¢
GBTIJPO UIFQSPMJGFSBUJPO PG 5SFHT BGEPPOQMREBEMBBCEMYVIMEBIOFE CZ UIF DF
BDDVNVMBUJPO TFMFDUJWFMZ JO QSPMJIGGE $IBAVIOHT B B M M JEFINEPNOFTUIESEAM OH SBP VU F T
LFZSPMF GPS "4 JO CPUIFYQBOTJPO B O EQRISG ESNFEMBHNFOFSBRMP RIDGBOBMZTJIT PG &
5SFHIJH $0G OPUF DPOUSBSZUPUVNPS DENMN WLLWN'FFSMQPIVYEHMFFOT QSPGPVOEMZ E.
EJE OPU FYFSU B EJSFDU DZUPUPYJD FGGGEORNPWFEFD B PWN PBCINFRISF EF\UBJM XF DP\
SBUIFS JODSFBTFEAXI'FTQJS HWBIWIW B M BTFSJFT PG NFUBCPMJD DIBOHFT JO 56. 5SF

5P BTDFSUBJO XIFUIFS MJQJE BDDVNVMBUOHPOSBOFESFH BEMI@GMBEFE B QSFTFSWFE C
XFSFQSFGFSFOUJBM GFBUVSFT PG 5SFHTQRBN QB4 CY PFH bis FR-BTHMADIFOWAHOUND GMVY 1JH
GSPN TOQOMFROF REDEBMBCFMFE UIFN XJUBB"BHOEVMRG KB GISOU JOUFSNFEIJBUFPPG 5¢
USBDFS BOEDP DVMUVSFEUIFNJO UIF QSIFFU IV P &BS B UED ib'SEEQBGHIFUF UIJT QSPC
UIFMJUFSBUVSF *~ TVQQMZBMMPXFREBPBMAMHHREBOZ 30PSWETUE /"%) /"% BOE |
QSPMJIGFSBUF UPBJHNWEBFFYUEBUBM D FEBHIPIP BOE MPXFS "51 "%1 SBUJRT4 4 "Q
XF GPVOE UIBU 5SFHT TIPXFE TIJHOJGJDBOWMHRTHI§GH:KNEBY O POGUBEBDRHT BO INQSPW
ZFU TBNF QSPMJGFSBUJPO MFWFMT BT TYVURM BSED EDOMFMY FPSTF NOHBROSNFEJBUFT BS|
GMVPSFTDFODFJOUFOTJUZMFWFMT DPNJBSECUIFYIPEABYIKBOPEBOHSIBIBO CFJIOF
BMTP JO WJUSP 5SFHT XFSF NPSF QSPOF UPBBDDVNVMBUF MJQJET EVSJOH
DFMMEJWJTJPO OPUBCMZ UIFBEEJUJPO PGHG'VDDHUGPOEBMMAUWMENFERDFEIF QFDVMJ
QSPMJGFSBUJPOBOE #PEJQZ TUBJOJOH JOREWPWSBESXHBGBMBLFEOWHF CIPXKFOFSHFUJD QS
FWFS 5SFHT XFSF TJHOJGJDBOUMZ NPSF JFROMBUBW 6 §PNT¥D-| RI® bBC BOPOVMUVSFE J
"JH % & UISPVHI 4FBIPSTFBTTBZT #BTBM HMZDPMZ®
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DFMMVMBS BDJEJGJDBUJPO SBUF &%$"3 OQOGBBJOFNBBSCGCH BPEBBDUJWBUFE 5SFHT P
XBTSFQSFTTFEJOS5DPOWT BTFYQFDUFE TVDCBEWEBSOSUBIOHMEZSORBZPIEUIFIS DBQBD.
JO 5SFAM #5IF SBUF PG CBTBM PYJEBUJWPRIPPHSGPSRMBWBIWPIIHIFS SBUFT DPNQBSFE

OYLIPT BT BTTFTTFECZPYZHFO DPOTVNQUJP BUF
BHBJO JOIJCJUFE JO 5DPOWT BU UIF UVNP EEE %Fs%éjégﬁﬁf% %%E%{‘Z'}"S?DPMZT”GPS(
5SFHTH $'PS BMM UIF NFUBCPMJD JOEF¥F S OSFDFOU ZFBS
PT, RMBSJFE JC

TIPXFEB SFMBUJWF BEWBOUBHF PWFS 5D Ez%é %@‘%HE‘M@%B% C
TJUF BTFWJEFODFE CZIJHIF\BHSS%H&SDPO%I P F UIBU HM2
F P IVNBO J5SFI

5IFTFEBUBEFNPOTUSBUFE UIBU UVNPSTQJ/ % {%Fr?ﬁ;' K USIDUMZ SEM
CPUIHMZDPMZTJTBOEOY1IPT GPSUIFJS FY, 7 ﬁl) FF%%T SEIIHIMZ b
UIFTF NFUBCPMJD SPVUFT BSF EJGGFSFO pg% E) 2 TUSPOMN
BTTBZEFTDSJCFEBCPWF JOUIF QSFTFOD JIQU ?'y FGFSBUIPO JO

K/
% N% I UBDPOGJ:
TEFMEDUJWFE JOIJCJUPST PG HMZDPMZTJT 0o %9 S§OE;P5§'EBMTPEFNP‘
XJUI QSFWJIPVT SETVMUT XJUI IVNBO 5SFH AL v tone
SFTUSBJOFE QSPMJGFSBUJPO BOE MJQJ ,ﬁ%\)ﬁ(\l% %%b I%&& EUPEDPC
I8 h U 15% g

BOE 5SFHT UP B TINJMBS FYUFOU TVHH
SFRVJSFE HMZDPMZTJT UP TVQQPSU DFMM HNUWBSTABVBO EIPX CDPIBW EFBVEMIT IJHIFS JC
&UYBGGFDUFE TMJHIUMZ UIPVHI TJHOJG EBPNUME POWBENVES K ROGFOBO EGFIBRBUINPYOU P W |
BOE POMZ JO5SFHT JUQSPNPUFEB GVSUIBODOSPSFBEEPO #RRIQPWMEZBJIO BOE PYJEBUJ
JOH JOEJDBUJOH UIBU "0 DPOTVNFE UIFQ9R\SBDFH BYAVB 5 WIRJEJEPPM UIF TQMFFC
BOE DPOUSJCVUFE UP DFMM EJWJHI PO 0 QFIPXFE BMNOZI JOGSSFHVDFE TUBCJIJMJUZ BOE
BOBMPHZ XJUIl/g4F BCPWF EFTDSJCFE FGGFDBIFGRH&ETXMDPVIWE BPTU UIBU BO BSUJC
UFTUBMTP JO WJWP XIFUNESIEUY CMPDL EENSBEVQBPMIFFSBSIRROGOSBUNPSTGSPN TVQ
EVF UP JUT EJSFDU UPYJDJUZ BHBIQTU UYPPPRSMFSMMF SHBIO PWFSF IBEPKFEEIJDBUF Ul
BOZJNNVOF NFEJBUWEAFB GEREWFS UIF HEBBUFSZ JOUFSDPOOFDUFE FTQFDJBMMZ J
TFOTJUJWJUZ UP "0 CMPDLBEF JO WJUSP BOFRIBP D PWBWUWEV $6 BAFB ZE BIAE UF UIFJS SF(
UIFIJHIFS SBUFPGOYLIPTFY WJWP GSPN UMNRNSM BB HFWY IRSWUIHISIB HISFHT BSF B 1JHIM
UIFSFMJBODFPG5SFHTPO "™ VUJMJ[BUJPQI® @B WWHHFCT B WII BUBSE BHOENIRABOT BOE NB(
EJTQMBZB SFMBUJWF SFTJTUBODF UP HM \EFRNPROSRUTSBIUDWIEROBIDUUM BUEEBEFH EJTQN
UP UIFJS TQFDJBM BCJMJUZ UP FOHBHF N\S\WFQ ¥ F WEJUB E 8 M WOF OPMUFSFB VP UIFJS TV
BTHMZDPMZTJTBOE " TZOUIFTJT PYJEBUDPOUFYUT 'FX FYBNQMFT BSF UIF TQPO

(MZDPMZUJD BOE MJQJE CJPTZOUIFUJDPEBNFXBBNY BS K BDOHNNWFIIY IEMBOP INQBJISFE
UVNPS BTTPDJBUFE 5SFHT 5SFHT JO N503% EFGJDJFODZ UIF INQBJS

$PNQBSFE UP NPVTF UVNPST 5SFHT JOGSYMMSBEIO N RVINEXRBBHT DPMJIUJT CFDBVTH
DFSTEJTQMBZ TVQFSJPS DPNQMFYJUZ BAEFIFUFsPHFOBRGIMINIDG PP oY - UP JOEVD
DPNQMFUFMZ VOEFSTUPPE FTQFDJBMMZ F& h#NMéPTN/rQ%PTMs?WEJr\?&%@?SFHT B
)VNBO DBODFS JOGJMUSBUJOH 5SFHT SFWHWH W @PEYESVYM hHGNVMUJQMF TI
UVSF DIBSBDUFSJ[FE CZ TQFDJGJD DIFNPFLYbEFFED RWPBOPFS NPVTFE NPEF
DIFDLQPJOUT BOEDPTUJNVMBUPSZ NPMAWHWEBMNYIBIRG BEFNPOTUSBUFTUIBL
#BTFE PO PVS SFDFOU XPSL EFNPOTUSBUJOLMAB §S0HlT BDDVNVMBUF J¢
5SFHT XFSF FYQBOEFE JO IFQBUJD DJSSIPYSTPNS PuP BU UIF UVNPS
DBODFST BOE UIBU 09 XBT DPOOFDUFEP@va]JHP%EFD pHO BTTPDJBUJPO X.
TUBCJMJUZ BOE TVQQSFTTJPO PG UVNPS BRMBHIR S (MVYUEFFYQSFTTJPO B
FYQMPSFE UIF HFOF TJHOBUVSF PG 09 %%%ﬁ“@’%ﬁ%ﬁf\g&s@ﬁ@g)&w' UIF XEMM FT

5DPOW QSPMIJGFSBUJPO XF QFSGPSNFE

GSPN TQFDIJNFOT PG MJWFS DJSSIPTJT B EQR/SI\P#?s@I?Vs R8F §|3W% VODUJPOPGUVNF
SJQIFSBM CMPPE 1# PG QBUJFOUT XJUl DHBPUSESY¥ X FdFBUMp 9 g B QJDUVSF JO )
IFQBUPDFMMVMBS DBSDJOPNB )$$ JO DENGEE196BNPSBYIRQBOE DPOTFRVFOU
BOE TBNF TVCTFUTJHG SDBFOMWMFDUFE oFTJO DFSUBJOUJTTVFTBOE FTQFDJBMM

TIPXJOH B GPMEJODSFBTFTFMFDUJWFMZ-@Q@
S

Jo
Vo0sESTHHPOBRBEPOF JT TVGGJIDJIFO!
QFSGPSNFE B QBUIXBZ FOSJDINFOU BO BN

N
FEEMZ4T UP PYJEBUJWHE
INDUBGAMIPUP MPX HM
SPVUFT OBNFMZ HMZDPMZTJT Q BOE BD U9 WRUIPOBRMIE FPFPRS BN NBZ IFMQ 5SF

QSFTTJPOCZ43&# QH BOE4*"QQBBEM¥FRyIFTDFOU TUBUF JO BEWFSTF DPOEJUJPO
4 4 (MZDPMZTJT SFMBUREINAOHIT ROOMVERBBUF UIF QSFTFODF PG BO BDUJWF 5SFH G
BOE,. BMMJOWPMWFEJOUIFHMlZDPWLb]FDOQJPF-R(QJB@&TBI'QEMZTVTUBJOFECZHMZDPI\
QBSUJDVMBS JO TVCTUSBUF QIPTQIPSZMRBY SRR THIPYR S VEBEBMNBEEPS PG 5SFH BD
CFMPOHJOHUPUIF 43&#' SFM$%BBE‘BulX%XFFSd:HBHFN OU EJSEDUMZ SPNPUET UIF
SFTQFDUJWFMZ JOWPMWFE JO NPOPVOTBWYVG Wi BTl BEEAT BOWIANP OWESBMM

NFWBMPOBUF QBUIXBZ GPS DIPMFTUFSPI\/N@%ngf%bcﬁﬁflzEQlelflpqgl\bVJlJFP@OFTJEF P
UIFTF EBUB EFNPOTUSBUF UIBU BMTP IVRBQERS FHIEId 3@ W SIS FRB IO UBJIO 5SFH TV:
EJGGFSFOUNFUBCPMJID SPVUFTJO TQFDISI R LB U VFESPPIRY F Y T JHOBM FMIDJUFE Ul

PUIFS DPTUJNVMBUPSZ SFDFQUPST BOE PU
$ISCUSSION SFDFQUPS TVQFSGBNJMZ NBZ  TVQFSJNQPT
5/F 5.& QPTFT NFUBCPMJD IVSEMFT TVDICBPTUQPWBEB BOFEPWMEBUJWF QSPHSBN BMNM
DPTF SFTUSJDUJPO UP UIF EFWFMPQNF ®Y JFFT DFPLF DWAIRFSBEO BDUYWFESQSPMJIGFSE
JNNVOJUZ /FWFSUIFMFTT UIJT DPOUFY UTO/BNOBST UJW B GY\ONVWMBOIPO PG
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%F OPWP TZOUIFTJ[FE JOUSBDFMMVMBS$EM HFEH KCB/UEBMIPIMUIFE BPOFT JOWPMWEF
POMZ GPS NFUBCPMJD CVU BMTP GVODUJRDB BOEEFCSR@UBNPAJRY PINTMBSIF B 5IFSFGPS
QSFGFSFOUJBM TPVSDF PG BDFUZM HSPVRBZGPHS BDOUIRNOHIBDEBUMB'BIBOBOE&E. 5SFHT

FQIJHFOFUJD SFQSPHSBNNJOH BOE TIRSBHEBNM®G MIQOBERSFBBISSBOHFNFOU UIBU J
CFFOTIPXO UP TVQQPSU DPMPOJD 5SFH IPRPBBFUBEFYIQBAO S PRE | SIFVFS DFSUBJO FOEP
MBUJOH IJTUPOF BDFUZMBUJPO 514 MBQPMIFWOF P EGT'PNEYZ COODEMBU SFMBUJWF M
JTIJODSFBTFE CZBDFUZMBUJPO BOE NBIZ Z&FJJI VU JW K TIRJA WFPWPFS TR B M *U JT S

TVQQMZ PG MJIQJE EFSIWFEBDFUZMHSPVOIT'3aNBIYECBBDBIWB OFDBTTEBBBEZ GPBSRVFODF
UIFQBMNJUPZMBUJPO PG DSVDJBM TJHOBMJBSIFGIP U6 MJIO G R3UC WIMEUDOHDFMM T XF
NFNCSBOFTBOE TIBQJOH UIFJS MJQJE DP NP FITFHS PHBREER@HE 8 FEYJYUIF GIPIP O JO 56. 5SF
UIFTZOUIFTJTPG QSP BTXFMMBTBOUJ JOGMBNRKBIWASZMNIO NERNFEMBYBBEWBUJIPO M
OVS SFTVMUT TVHHFTU UIBU 56. 5SFHT NBEYXQFBEGPIN'W OPWHA UV NFEJBUJPO PG UIF |
UP GVFM 'O CVUBMTP GPSPUIFSQVSQPTFJOEGFEEFBPWIEIJHEPOF\PESBMPS OVUSIFOU BV
MJQJE DPOUFOU BOE BMTP UIF NFUBCP MODF GISHFONBHYBSXUPETEFEWEEOTOE UP IPNFP T
56. 5S§FHT FY WIJWP JOEJDBUFT UIBU " TZOMNKFUDT WIBEZQKNVEBINM BWFSGSPN JOGMBNNE
" DPOTVNQUJPO UIFHMZDPMZUJD SBUF XBTE® PSTFUFEVIMES®G S PRFPHIFWRBU UIF UVNPS TF
BHSFBUFSFYUFOU XIFODPNQBSFEUPPYXBRPOWFYOEBYFVUBQEAURDBSWBUJPO BU U
JOEVDUIRBGBEEEDBIXBT IJHIFSSQWBI@®DSFBTEPQPUFSIOH JINNVOF SFHVMBUPSZ FWFOUT ¢
56. 5SFHT GJOBMMZ JOWJUSP 5SFH QS P NMESBE EPMXBITONPIFFMFOENMUIWNPS BTTPDJ
UP UIF CMPDLBEF PG "4 UIBO PG "0 )VNBEODEIFTHYNDPEMMZ JO 5SFH FYQBOTJPO SFN
JOGIJMUSBUJOH 5SFHT EJTQMBZFE B HFORTIMPBUNVE FAISCEOXNFEQIPOFMIDPMZISPOJD .
TJT BOE MJQJE CIJPTZOUIFTIJT OWFSBMM HIRTREREFBMEGEUBRBWR PIBR MJQPEUIMM VOL
CIJPTZOUIFUJD-QBUIXBZT NBZ EPNJOBUF ¢ BOIFDNFBYEEHVBCIRQUIPEEIJQPTIUZ PS N
JO DBODFS BOE_BMTR JOWOGMBNNB UPS|Z DRIOEQ B BFMN MBEWIRPIES O WVZ UYNM PS TJUF IP
QBJSFES5SFHIPNERTUBTJTJO N503% EF G IDM¥D0 VENSIDAFEBU MPDJIBUFISEM T BDDVNVMBUF
EFGFDUJWF MJQJE CJPTZOUIFTJT [ VNBO TVCKFDUT VOMFTT BGGFDUFE CZ DPN
"DDPSEJOH UP PVS HFOF FYQSFTTJPO BUBMBEIRPI PYITFYFHTG PCFTF JOEJWJIEVBI
FYUSBDUFE GSPN IVNBO UVNPS B 43&#1 HSIRBMOP S SRS MHBZ UP CF SFDSVJUFE UF
TVQQPSUMJIQJECJIJPTZOUIFTJTJO UIFTF D® BMNMITF @ U METYMB AN Y SIHIFOUr yWBlU QFSUVSCB
EBUBFYJTUPOUIFSPMFPG UIJT GBNJMZ PBUWY BFFONIDSIRAQW & SSPEONFFCSUrBIND MEMWHM NBZ
IPNFPTUBTJT BOE TVQQSFTTJWF GVODUJPBMMIEYY VI B UPIP ONBYQHPBEMM GVODUJP
DMFBSMZ FMVDJEBUFE JO $% 5DFMMBDUUWSBUWEDP OO H3'&4 1IEXSF PV MZORIIBMEISFDUMZ
GPS 5 DFMM USBOTJUJPO GSPN RVJETDEOOPBODFBUS5WBNEO0 UISEBAFE IO PVBEBUB
BDUJWF QSPNPUJPO PG NFNCSBOF TZOUIEBSHBBEFHIF ROEMH @BPFHBMMZ BDUIJWBUFE L
VMBUF UIBU MJLFXJTF B QSPHSBN PG MBOIEJMINBZAUYATRD UBETER EPVICEMF FEHF TXF
UP UIFDPOTUSVDUJPO PG GVODUJPOBM NERMMERSPMNIHS B GTIRDMHPGE INNVOF SFHVMB
MPDBM QSPMJGFSBUJPO PG 09 5SFHTJO UILBY.RSJBME BROE FIGIPER
43&#1 SFMBUFESPBIAET7, VQSFHVMBUFE JOSYWNEBSDEMM MJOFT

09 5SFHT NBZ DPODVS UP UIF CIPTZOUIFTgT PGPYIPHFBMFDEIBSDIOPNB BOE #
OBNFMZ NPOPVOTBUVSBUFE '"T BOE FTQREIBMMWA B IBMETWY KVSRDM TUIBIDEMZ QSPWJIE
NPSF QSPGPVOEMZ JNQBDU PO NFNCSBOF GMEBEIPEFM3Q4E SBIHWGEBNB[JPOBMFE 5VI
UJPO BOE 583 DMVTUFSJOH BOE TJHOBMJ Gt SBETHFWE QYREZ B b P R OWUsB I CHHDND P N
JO$% 5DFMMT %.&. XJUI IJHI HMVDPTF (JCDP TVQQMFN

8F SFQPSUIFSFUIBUO09 WERNHPEIDSHNGOBUBM CPWJOF TFSVN '#4 (JCDP N. - H
QSPMJGFSBUJPO PG MJQJE MBEFO 5SFHT"MHEBSBPGPSEFOIPIMMXI® TUSFQUPNZDJO O
TJHOBM PDDVSSJOHJOUIF)$$NIJDSPFOWIBFOWN QUSVWBBEE&ES\DFENDBMFUPFUIBOPM
TVTUBJO 5SFH MJQPHFOJD QSPHSBN *OEFWESO0D| ®OHBUNP)F QE EVDWSISHIFD IRV NBILE J G J F
53" BDUJWBUJPO JO $% 5 DFMMT BOE $6"'BUNBDSI¥BFBEP PCUBJO USBOTQMBOU
ESIJWFS PG MJQJE NFUBCPMJTN JO NFNP SXF5PB AN K EVFWBFOVFPYN RI@K FDUFE JOUP UIF SJ
UIFSFGPSF XF XPVME TVHHFTU UIBU UIFXIMB BM PGNEMF RPOFIEIBBEMFT 3JWFS -BCP
UPHFUIFS XJUI PUIFS 5/' SFDFQUPST NBZ TWNMIBJOPEIFMISBOTIUJIPO

PG 5SFHT JOUP UIF FGGFDUPS QIBTF UISPV Hlgy Eif QIDEP BEPQIRC-MIQIUESBOTHFOJID MJ
CIJPTZOUIFUJD QBUIXBZT JOH UIF )$7 QPMZQSPUFJO VOEFS UIF BMC)\
OVS EBUB TIPX UIBU 55SFHT BDDVNVMBUKFSBSBOEMEQISBYWNVEREBEZQPFSBU *@TUJU
POMZJODBODFSCVUBMTPJOBDPOUFYU FG® JORS M B N3N B UKERID! BENS BANG-QJIRY Q Bk SBSU T
TJPO FBSMZDIENMBNHDEPJTYW OPU JO IFQBUIWD sHBW PEQE CBDLDSPTTFE GPS NPSF U
JOUIFBCTFODFPGJOGMBNNBUJPO )$75HRIDIFBU BEWBDWICBPHESPVOE CFGPSF BO
5|FSFGPSF 5SFH MJQJE MPBEJOH TFENT U #DDNSMTNE BE XAABE S BESEFBHOE NBJOUBJO
JOUSJOTJD QBUIXBZT TVDIBT 09 TJHOBWMIROBMOBQESHEIRFDBUWE PNSBM GBDIMJIUZ |
UIF MJQJE QSPGJMF JO UIF TVSSPVOEJOH'WBYRNKIBORK STWPMAHMD | K F+RENERFBNI PHVBRVDIPY
GJOE IJHI FYQSFTREMTPG @138. 5SFHIT BIYPSF 4"*.-"- JO 4BQJFOIBIORINE- S/TAEFS QS
OVDMFBS GBDUPS UIBU JO SFTQPOTF UP MRYTEBR ASPIETE 6B YUK PWEMBIIBGRIOJITUSZ
HSBN PG '"VQUBLF HMVDPTFVQUBLFBOE MJQPHFEGFTES JOMWF BEIQP®E “PSNIDF XFSF
UJTTVF CVUBMTP SFHVMBUFT B WBSJFUZPGUBUOFEGY/OINJUPO FBDLPTPIE SPGPSBUPSZ
HBOTBOEJOJNNVOFDFMMT axXPTVTiBEPHBULPBIFO GSFF DPOEJUJPOT BU UIF 1BTUF\
ESIWF$% FYQSFTTJPOBOE " JODPSQPSBUBBOTIPPSVWAEMWSFEYRFSUNFOUT NJDF XF
PG 1133USBOTGFDUBOUT XJUIBTZOUIFUJCEBANM®DBWJIGDVB¥RROP CPBOIMDH $ #- /$SM |
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BGUFS UXP XFFLT GSPN TVCDVUBOFPVT UWNR® DF W BIOESBIOYBYN B O UBRBINFEB CIMJI[BUJ|
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