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[ NdOKx At gx T tdhTUioKhxfx ODiNSgx SnShx Klix h3cadh¢
2dux ~ux EAhhgXx EnhnSnx rddx Lhunt Lx Thx Knhx U cc
dhohAdénx nt x nintox AN ASKAIDIN Dt BA'MEA KRG X Thx
StuUShgLhAhx AhgK$BEwAsEt 8x a Aox KANLnKx Thx Kix dhTA
ONKNAKnNnUt Ox At gxnhSchgx Thxdndhx Kux TExlI NSSxc¢
KnhohoRAMAxXxEDOhKhAxKnhxl dhhguTxKixeAddgxuNKx”
f XASOUXVAt KxRgyKOBAAIRAINOGX hAONABDAEOXx Nt B¢
UnKKmhx ghcKnxdl xnhdxStuUOShgLhuxf xnAuhxLl dhAK
nAuvhX)mAgh dx dhLAdgnt LxTExcaduchg&PgAL gkéxhd DN
EnhxnAdx At gxélit Knt NhOx KiMp AKX AL @ AKR ONE U i B
dheéenhddbadgx?2duxEnhnSnxAt gx?2duxc NAt LhxfxnAuwhx
ehnt Lhx At gx ndchl NSSEXx A9x Ax 9 nht Kn9Kx Klix ef
Tht Kidowu

fxATXx ASOUXKHAY SANSK EHBDAY ST x KASImMInONLF X h x U
9énhgNShxAt gxohdunt Lxit KnhABExvaouBI HYKHUT KA &
TEXghlI ht Oh>e@XI DT NBERMSOUX SnShx Kix ABSt UUShH(
Et hnASAKAx AAUAAXx At gx?2dux Udnl NTnx OdAux !l 0dx

ghl ht 9h x 4G TTNKKHhh
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f X ATX ASOUXLdAKhI NSxlT Udx KnhxldcclidK@l x RN KU X
Enhn@n @8 CNAKDX SAe x E? du xdAut xO A Irdhnexe AAKh Sx At ¢
T At8MATIKIKAMRMAEST NSx Kix ASSx Knhx ATA+nt Lx I dn
Kht Ndhx AKX SAGRAKMHBJWONH UShxhI3chdnht hx TudhxL
SNShx KRS At SR g NMEKINIg n h @ik AAHKTht Kx Ul xX AnAdTA&
OcOKAKhx I dx KnhnadX@At KnKNg KoOA O E & @ Elh t KBS
At gx ONc ulBKmxad>xEn A © x ethrx & TANIERIKII AR Wiixd Sx n Adg
At gx OK DIN@ B lRBd x h ©c h &nAS SIENKen BAKAKR! Idhpk 8xin K Ux xn TATOxX

Uniu@hAdrNCSi dKhgx ThxKndiNLnXxASSxKnhxNc Ox At



EKdhOoOhxPBNgyArABnxnt x ~hKAeliSnéeASS

XNt Lx9At €hdx9hSSO

cnTAt nxsudnhn

Ecut ©tidhx~uwxEARRgXEnhnSnhx ~2uvuhxAr

XNt Lx At éhdx ndx Knhx SHAGIA KKg&ANDBAKN DIy &AN
KnhdAchNKnéx AccduAénhox Adhx NdLht KSExthhghg
nNAvhxonuOt x KNAKx KNTuUdahxnt @€SNgnt Lx SNt LxeAt
Ut Knt NUNOX LdNWASx AR g DNdiwc du L dATTnt Lhxnt O

TNKAKnUt ©x At gx t NKdnht Kdhx no9x ehSnhuhgx KU
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it Oh DNht KSEhx KnhdAchNKnéx AccdliAénhdox Kix KA
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UAEnuwx chdhx Uhe sahE L QYK K tAKBoSAMKG>aTh KI adT!
EAtgknmMe h Knéx gdNLéxnt gNEhx ThKAel Shéx OKdh 99x A
EhSSXLAdUUKNuY X

Nnhx hnfhéeKax Ul x Knhdhx ALht KOdx Uhdhx KhdKhgxnt

t AThSExcxuBhx 3xnhxAtgxcrannux §Ndx dh ONSK3X



glit ©nghdAeSExXx AnhéKx éhSSx égéShx dhbLNSAKNUGL W x
CXUBXAt gx 3XNXxeéhSSOxKndUNLnxNcdhLNSAKnNnUt x A
E?A38xcduKhntuxxNnhohxALht KExgngxt UKxe&ilt On
ciUDhuhdhx SSExNXEKMUrAKhgx ANKUCnALEXx nt 89Kh Agt
KdnkLLhdhgx Nt ghdx ThKAel Snéx 9K dHahaKungfStAngrhe i h
Nt xcrannxe&hsSSoxdhoNT /KgAK TXANK Ad U NISSAKMKI d Fx @i €

ghAKnhx ONLLRhOKNTt L x ANKNGhABIShKAT KA hOhiKE h S

ENAXT tgnt LOXxOnUUXKNAKx Knhd9hx Kndhhx SNt Lx éAt
Kixyadnx At gx ThKIFrddTntuxftxcxusx At gxpaanhxehns
Knhohx ALht KOx cadliTUuKhx Ac i c Kfifomok gehd xk & shKrkudAnk
CAKNUAZuU X 7 & xniKgKAd®Bx A ddEnt Lxcragnnx é¢hSS:
AEKNUAKhgxUnKnx Tnt nTASxhnhe&Kxitx?AsxadhlNSA
UnhKnhdx KnhAARARNBREKhgxy Knhx Oht @nKnunKgx U/l x
OKAhooux &&8Udgnt LY EmaxImtx NKensr ik d g A tAg g Al Kh g x K
TNKAtYkKAQuX nt x cxusBx At gx 3xXNXx 6hSSokx @gmeARADh g
ThklItatfntux Nnhohx Tt gnt Lox ShAINOXxKe x5 i tf &8 N
Nt ghasSEgntLxahAalitoxl tadxKnhxnt & AKSPN ¢ xdMd &

EhSSOKKUXAT gx ThKgNARGHELAUOUKnx ntnhenKnit u

NaxT¥egn BOgONDBKhBORIKOAKAON X
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XNOKxUlx eedhunAKnut d

6-KG Alpha-ketoglutarate
UNx xxxxx AduKhnt xSnt ABhx 7

TAxunt ABh

C«

XUXXXXXX%x tAcCSA9KNné&xxgTcn
~ A ghtudnthxTuitlUcniuocnAKH
~Auxxxxx ~BPeKnuAKhgxAduiuKhnt xunt ADh
§é xxxx tASEONOxUl xéAdnAt éh

E ExxxxXx OcAdALNnt hxdgt KnhKASh

N[ XxXXxXx &KnuAKnt LxKdAt9&dncKnitxl A
NAxxxxxx ghtiudnthxKdncnidcnAKh

790A rxxx7dAnt x9gKUucSADTnexA X T

D¢

7A [ xxxxxéPAMNINnt hx OAdeuTAxuwvndASx Ut
Q2uXxXXXXXX9cegmtcht ght Kxunt ASh 8

9c¢ N~rxxxx9Unghin$SxnhSnInKME B AT & x
9chAxxxxxx9g&Slinh3nTngh

QA X xXxXxxXx9USUdheEKASxE&At &hd

CRISPR Clustered regularly interspaced short palindromic repeats
?2~E~xxXxxX?NSehgelooxTiugni hgx EALShoOx
?~E§XXxxXx%x?NThKngSxONSIG3ngh
2A3xxxxxXx?hAKnxAhéhcKUudxs

E][ AxxxXxxEcnghdTASx] duUKnx[ AeKudxAheg



EAuxxXxxXXE3KdAEhSSWRAPNSAKIhtGAS Nt ADh
[ ?2caxxxx[ SAEpHKE Nt hxgnt NEShUKngh

] XExxxxx%xx] SNKATnt Adh

] xONxxxxx] SNetiohx KdAt ©dcudKhda

] EuwseHtT x x x ] SS&8uUuLht x OFtYRERABKASNt ADh

c

cfysx xxxx cECUBHANEN e AKX X X X

cA ExxxxxcAduhx dAKxSOAdeuTAxundASxut
f A9xxxxxftKhdt AKnUt ASx LhteéegxludxAhn
UE ArxxxxuhS8nSh¥E®dd énAKhJ(
UBXXXXXXXxutuéSuNK

UA ExxxxxunddKht xdAKx9Ad&UTAXxuvndASxU

x

9exxXXXX~nédiuKpNedBaEnAKhgxcdlKhnt xr x

U7rxxxxxxnuhdxSnt ABhx7r

x

l

Auxxxxx~nKiPfdRnuvAKhgx AdiuKhnt xunt A8

l

EuxxXxXxxx~nKid-8KnvAKhgx AdJuKhnt

—¢

Ng§AOr xxx~ATTASNAt x NAQLhKxul xAAcATEE&

l
e
e

XXX XX%XXeExpnThKng SEEEAMENIcH ht & SKh KA,

edliTnghx

l

CEXXXXXX~chSUuéegKUTAKU®OnOx Ut &ulhth
2cXXXXX%X NEUKNt ATnghxAghtnt hxgnt N&S
2Acxxxx NMEUKnNt ATnghxAghtnt hxgnt Né&S

EOXx9xxxXx UWTASSXEhSSxSNtLxeAt éhd



PARP Poly(ADP-ribose) polymerase

Adx xxxxxxAEANUVAKHh X &ADeXNHBESADN

A2cxxxxXxxAZANvAKhxghneggdulLht ABh S

>

feuxxxxxAnuodcnintyd®nK®phxe

Af AexxxXxxAnuocnAKngESHKKahenkRD®ExAKRh 3
AuxxxxxxxATdNuvAKhx Snt A9h
AADxxxxxxAAKx OAdeuTA
ASExxxXxxXxAhABKNnuhx83gLht xXEchénho
ANuxxxxxxAhé&hcKidxKgadudnt hxSnt Adh
E99xxXxxXXxE EDNATUNOXERSSxeAdé&nt uTA
EOX9XxXXxXXETASSxE8hSSXSNt Lxe&At &hd
E9AxxxxxxEedATeSh

E?® ] EXX>EUgnNNTXx?209hQYSEBRGEBRANGH X ]

EShéKadlicnudhono

e

9 xxxxxxNdnéeAdelU3gSnéxAéngxeégeéesSh

e
c

f NgdionthxSnt ABhx ntnhenKud®o

e
>

3exXxXxXNNTUdxcduKhnt x3e
OxurxxxxxOt@tsnShx ANKUCNALEXAEKNnUYAKN

T c8xxxxxxiUudSgxchASKnx8dLAtN+FAKnOt
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At ehdx At xehx ghT t hgx ADXx Ax TNSKNKNghx Ul x gn¢
EhSSOx hdeAchx Knhx Nt gATht KASx ThéenAt naTax
LdUUKnhxAt gx g h AKnnhuxxf teKehliddgAnK nbixtKAIKx L ht &g x [l ud
Ef A9&hxasxTnSSnut xt ijbA&ADatgd N x Akt BIhGER W td
dh S AMARESN I K@ B AL XL STR ASGEBETUIBAIN L x KU x Knh
T L N&RNOL L x edint TeAnBEXhigxxT U O KX I dh DNht KSEX gnhALt U Oh
UVhSSXxABXKNhx ShAgHEHNHSAKANSANAKASARKEREr Kuiiyeéx
E7dAT KGN TN SAdXx KUux KnhxLSUeASxKAdht gohx SNt L
EANBhXx Ul x ghAKnx At gx AnfjhéKaxt hAdSgxeBxchdeéht
EEnNhisgx@GsypeNnhx ThadnéAt x 9 A taKmAKE Ké'rhfdm K xOmS
Todhx KBAE X NSSnut xt hUx 8 At &h dx &IAO3N Ok UA kg & ATt Gsdnt
dh S AKMAGN Bx Nt x Knhx Ot BKh ¥R B& @& L tSo B amm E
ftxKnhx Ot nKhgx EKAKhOhx TUdhx KnAt x xBYx 0l x SNt

SAKhdx OKALhOxUnht xNKXxXNASOXASdAdhAgEXThKABKASN

Nnhxha®lx OfOKh TxlI tdxKnhxeéSA9dni AKnut xudl xS
egx ~AdénhoAtiAXKAERATB A XKEuXx chx 8 SAD29NT hgx SNt L

NNoKUSULEx ADx ODNATUNOXx €hSSx 6Adént UTAhx OT

—«
>
>

gAdeént U t gx EARARBEKAR X taiBToAKE ux cUUhuwhdhx
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Ut KAduSxEOf 99 uiatkmdrhxmmsxpBkBAxMNnh x Of 99 xnt KAl g
At gx ThKASDKABhOX EN ~&x &SA9ONnT eAKnuUt x Unneénx L
NnhxN ~x&SA9oni eAKnit x VASxeADhgx Ut SEgxut xe&s
Knhx CAKNnUSRNARBS I MThH SNt LY UKANKTAIhX O & BEnARTu N n n
€ SA89NT eAKnlUt x VDASXx I NAKnhdx ghuhSlichgx At gx n
tghdaut xnt AuAKRAhOhEAARL®EuwXx Suhdx Knhx gh&Aghorh
nASdx Nt ghdLUt hx O9huhdASx AdfNOR BthB AL § x Kii g @n &

Knhx O9KAL Nt LxuUl x SNt Lx&@At €hdoxAd9xULUhSSwu

~

ftxaBrahxKnhxi c8xeéSAD9NnT éAKnUt xUl x NnUdAénéeé
GONt Lx Kix Knhx KahTht guNOx AQuAt EhTht K&x nt x ed
KnNNOx ShAgNnt Lx Kix Knhx nt 8 hc Knu UK Uxfiy 5K A& h K i g x
ABr3x 8SA00nT AKniUt x ASQuxhTcnAdn+thgx Ut xnt &S

ehKKhdx KNTUdx 8SA98nT AKnUt hx 9KALnt Lhx At g
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]
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E E9x9&8hxUnnénx A& UNt Kox I Udx kBN koG5 ABSKXS N
tiKhgx ntx Knhx gaBarx i c8x ¢ SA20nT eAKnilUt hx SNt

AKhLiudnfhgxeAdhgx Ut x Knhx Sh & T NEKRAXKEn] u[ t AsrkxKAnt h

D¢

e
>

sexEf t ATNAAKENAAhE K LNnghSnt hoxl Udx KnhxK
Ul x SNt LxeéeAt éehdxghcht gxuit xKnhx O9KALhhx ThKABK
TNKAKmGO® ®Furh § PFABIKBRISSx SNt Lx At Ehddx E E9x
AKx hAdSEgx OKALhOx EBx At § 5 A R ThixtS\KIK h AR x hOXxKe
E ThdnéAt x 9At éhdx EuénhKgex AKnUt ASx 9At &hd
KdhAKTht Kx ®tcuhidBAhowhexdghn h TU KnhdAcgEgx I SSUULh g
At Ehdx ElénhKEex AKnuUt ASx 9Atéhdxft @R®OKNKhH &
ASAdhAGEXThKADKASN+hgxKUXKnhxSgTcecnxt UghoxAt (
Ur x éenhTUKnhdAcEXx At gx dAgnUuKnhdAcghx At gx ©u Th
At Ehdx EiUénhKEex AKniUtASx 9At éhdxft OKNKNKhH &
EUTCcShKhSHhamrATWBHxdKM x EKALhx xx E9x9xndx h3Kar
Knndox OKALhhxeénhTUKnhdAcghxdAgnAKnUt hx At gx K
Knhx NSKnTAKhX LUASx Gl x nt edhAdnt Lx SNdunuwASX
E ThdnéAt x 9At 8h dx E U &fnth&KEnaKN KAKEnWix A&SE 0 AG e th Ldx K
X Nt L x ft ORKmONKindlidtxhbXNd v n v ASx dAKhx I idx SNt Lx &A
OKALhOxnNOxt hAdSEgxmnevhxOnnShxKnhxONdunuwASxd

OKALhXxXNOx ThdhSEXxKYu
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Cancer, initially, was considered to be a condition that resulted from underlying
genome instability (Hanahan and Weinberg, 2011). Cancers have certain
hallmarks that assist their growth such as (i) sustained proliferative signaling, (ii)
evasion of growth suppressors, (iii) evasion of cell death, (iv) enabling everlasting
proliferation, (v) ensuring nutrient supply by favoring angiogenesis, and (vi)
activating invasion and metastasis (Hanahan and Weinberg, 2011). However,
research over the last century has shown that in addition to these six hallmarks
associated with genome instability, cancer cells also reprogram their energy
metabolism and evade immune checkpoints (Liberti and Locasale, 2016;

Hanahan and Weinberg, 2011).

In 1923, Otto Warburg published his milestone research that described how
there is a shift in metabolic pathways in cancer cells (Pavlova and Thompson,
2016). These studies became the foundational groundwork for understanding
how metabolic reprogramming in cancer cells contributes to cancer onset and
progression (Thompson et al., 2023; Pavlova and Thompson, 2016). Otto
Warburg showed that tumor cells exhibited higher rates of glucose uptake and
therefore higher lactate production than normal cells ( Thompson et al., 2023;
Stine et al., 2022; Pavlova and Thompson, 2016; Deberardinis et al., 2008). This
phenomenon, where tumor cells utilized aerobic glycolysis rather than oxidative

respiration was termed the Warburg Effect (Pavlova and Thompson, 2016; Liberti



and Locasale, 2016). Even though the concept of metabolic rewiring in cancer
cells was introduced a century ago, the underlying causes for this and its
aftermath have come to be understood only over the last decade. In normal cells,
glucose undergoes glycolysis to generate pyruvate (and 2 ATP molecules), which
then feeds into the tricarboxylic acid cycle (TCA) generating nicotinamide
adenine dinucleotide (NADH) and flavin adenine dinucleotide (FADH2) (Phan et
al., 2014). These NADH and FADH2 molecules thenprovide electrons for the
electron transport chain that occurs in the mitochondria leading to the
generation of 36 ATP (Phanet al., 2014). Therefore, efficient cellular respiration
yields a total of 38 ATP molecules for every glucose molecule . Unlike normal cells
where glycolysis is preferred only under limited oxygen supply, cancer cells
undergo glycolysis even in normoxic conditions generating just 2 ATP molecules.
As a result, cancer cells end up needing to compensate for the 18-fold lower ATP
productio n than normal cells. One way cancer cells compensate for this
continuous increased energy demand is to increase glucose uptake, which now
has become a feature that can distinguish cancer cells from normal cells (Phan
et al., 2014). Tumors are now also known to upregulate glucose transporters
(Glutl, Glut2, Glut3, and Glut4) and glycolytic enzymes (Phan et al., 2014).
Another way in which cancer cells maintain their rewired metabolism is by
undergoing autophagy and redirecting the intermediates of TCA cycle
(Alameddine et al., 2018). In 2016, Pavlova and Thompson described the key

hallmarks of metabolic rewiring in cancer including deregulated uptake of



glucose and amino acids, use of opportunistic modes of nutrient acquisition, use
of citric acid cycle intermediates for energy production, increased nitrogen
demand, alterations in metabolite -driven gene regulation, and metabolic
interactions/synergy with the microenvironment (Stine et al., 2022). It is of note
that oxidative phosphorylation, the final step in cellular respiration as well as the
TCA flux relies critically on the supply of electrons through the NADH/NAD+
redox pair (Pavlova and Thompson, 2022). Therefore, in addition to managing
continuous nutrient supply to ensure sustained growth , cancer cells also master

the art of mitigating oxidative stress (Pavlova and Thompson, 2022).

For a long time, only glucose was central to understanding metabolic rewiring in
cancer cells. It was not until the 1950s that it was noted that glutamine, a non -
essential amino acid, is essential for the growth of HelLa cell line (Eagle et al.,
1956). Then from 1972-1979, it was discovered that glutamine was a crucial
source for oxidative metabolism in hepatoma, lymphoma, and HelLa cells
(Kovacevic and Morris, 1972; Reitzer et al., 1979). Over the last 50 years,a large
body of evidence has shown that gluta mine indeed plays diverse roles in cancer
cells by acting as (i) a nitrogen source for amino acid and nucleotide biosynthesis;
(i) a carbon source for synthesis of TCA metabolites and lipids (Altman et al.,
2016). There are two isoforms of glutaminase (GLS-1 and GLS2) that regulate the
first and rate -limiting step of glutaminolysis (Jin 2023). Glutamine, the most

abundant amino acid in plasma, is exploited by cancer cells to replenish the TCA



cycle intermediates through the process of anaplerosis thus making them heavily
reliant on glutamine (Altman et al., 2016). This is accomplished with the help of
the enzyme glutamate dehydrogenase 1 (GLUD1) which catalyzes the conversion
of glutamate to alpha-Sh KU L S N K-R@ Afhgenétates ammonia as a
byproduct (Yelamanchi et al., 2015). This 6-KGfeeds into the TCA cycle whereas
the ammonia acts as an inducer of autophagy while balancing intracellular pH in
cancer cells (Guo et al., 2016). Figure 1 shows how glutamine is metabolized, and

how glutamine and glutamate are then utilized in cells.

Purine & Pyrimidine Asparagine
synthesis synthesis
Glutamine
glutaminase

\ 4
Glutathione «——— Glutamate

glutamine dehydrogenase

v
/ a-ketoglutarate \

<+—— oxaloacetate TCA cycle citrate —  Lipid synthesis

Figure 1: Glutamine metabolism and fate in cells. Created with BioRender.



For a long time, it was thought that oncogenes played a key role in regulating
glucose metabolism in cancer cells. Ras, Myc, and HIF-1a, all well -established
tumor promoters frequently found to be upregulated in several tumors, are also
master inducers of glycolysis in cancer cells ( Phan et al., 2014; Jones and
Thompson, 2009). Understandably , tumor suppressor p53 which is often noted
to be defective in tumors, can directly inhibit the transcription of glucose
transporter Glutl and Glut4 thereby suppressing glycolysis in cancer cells ( Phan
et al., 2014; Schwartzenberg-Bar-Yoseph et al., 2004). However, it has now
become clear that the control o f nutrient utilization and metabolism by signaling
pathways is not just a one -way street. Several recent studies have now shown
that different metabolites and nutrients also regulate signaling pathways
(Pavlova and Thompson, 2022). Glutamine, in particular, positively regulates
production (Duradn et al., 2012). Therefore, glutamine plays a critical role in the
multifaceted cascade of metabolic rewiring in cancer cells. Consequently, th is
hunght Kx L SNKATNt hx AggnéKnutinxdgndcSAZhgxecg
target for treating different cancers. Table 1 exemplifies how certain metabolites

aid tumor progression.



Disease Stage Metabolite/Nutrient

Epithelial -mesenchymal transition | Fumarate, succinate, glutamine

Invasion Citrate

Intravasation Glutamine, succinate, bile acids
Extravasation Adenine nucleotides, glycolysis
Metastasis Fatty acids, cNMP, lactate, fructose

Table 1: Targeting metabolic pathways in oncogenic K -RAS-driven tumors.
Adopted from Wei et al., 2020.

Metabolic reprogramming in Lung cancer

Lung cancer continues to be the most fatal cancer in women and men (Bray et al.,
2024). Itis now known that cancer cells regulate glucose uptake in different ways
to maintain high rates of glycolysis (Phan et al., 2014). A similar trend has been
observed and reported in lung cancer cases as well. Conventionally, pyruvate
dehydrogenases (PDH) catalyze the conversion of pyruvate to acetyl-coenzyme A
(acetyl-CoA), which then enters the TCA cycle (Kerr and Martins, 2018). However,
an alternate route for renewing oxaloacetate levels into the TCA cycle was noted
in NSCLC samples (Fanet al., 2009). Fanet al. noted that pyruvate carboxylase
(PC) levels were elevated in NSCLC samples, the enzyme responsible for
irreversible carboxylation of pyruvate to oxaloacetate (Fan et al., 2009). Another
study in 2015 reported that knockdown of PC reduced tumor growth in a mouse

xenograft model, and also disturbed the TCA cycle flux, lipid and nucleotide



biosynthesis, and altered glutathione homeostasis (Sellers et al., 2015). These
observations were made in early -stage NSCLC tissues, thus suggesting that PG
mediated anaplerosis is essential for early -stage tumor survival and proliferation
(Sellers et al., 2015). In another study, Hensley et al. reported that lung cancer
patients display increased glycolysis and TCA cycle by using #C-glucose
infusions in NSCLC patients (Hensley et al., 2016). Another study has shown that
lung cancer cells upregulate the en zyme pyruvate kinase (isoform PK-M2) which
is responsible for the conversion of phosphoenolpyruvate to pyruvate, thus
making PK-M2 a target for lung cancer treatment (Schneider et al., 2002). It has
also been reported that like other cancers, lung cancers also show an elevation
in glucose transporters (GLUT) (Martinez and Scafoglio, 2020). A Japanese study
reported that GLUT1 overexpression status was positively correlated with K -RAS

mutation (66.7%) in lung carcinomas (Sasaki et al., 2012).

In addition to alterations in various enzymes that regulate glycolytic flux, there is

also heterogeneity in the extent of glycolysis between as well as within NSCLC
tumors (Kerr and Martins, 2018). A study noted that NSCLC tumor sections that
U h d hwelb-pexfused relied on glycolysis, while the well -perfused section of the
same NSCLC tumor relied on other nutrients ( Hensley et al., 2016). This study
also reported that human NSCLC tumors show a higher reliance on PDH in
comparison to adjacent normal lung ti ssue to maintain TCA flux (Hensley et al.,

2016). Collectively , these studies provide evidence that not only NSCLCs engage



extensive metabolic rewiring with the help of multiple glycolysis -regulating
enzymes (Figure 2), but there also exists a high degree of intra- and inter -tumor
heterogeneity.
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Figure 2: Human NSCLC metabolism based on in situ glucose flux analysis.
Taken from: Kerr EM, Martins CP. Metabolic rewiring in mutant K -Ras lung
cancer (2017).

It is now known that glutamine is another indispensable nutrient that cancer cells
require to support energy generation and the accumulation of building blocks.
Figure 3 shows the process of glutamine catabolism in lung cancer cells that acts
as a nitrogen source for the biosynthesis of purines, and a carbon source for the

synthesis of pyrimidines and non -essential amino acids (Vanhove et al., 2022).
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Like glucose metabolism, glutamine metabolism also exhibits strong
heterogeneity and varied phenotypes depending on the tissue, genetic mutations,
and tumor microenvironment (Zhou et al., 2023). The two most common driver
gene mutations in NSCLC are K-RAS (nearly 30%) and EGFR (120%)
(Friedlaender et al., 2024). Like other cancers, numerous studies have now

provided evidence that oncogenic mutations in NSCLC also aid these cells in

rewiring their metabolism to meet their energy demands.



In 2021, Xia et al. reported that K-RAS-mutant NSCLC shows higher glutamine
metabolism than K-RAS wild-type NSCLC (Xiaet al., 2021). They also reported
that targeted inhibition of GLS1 (using CB-839) and MAPKERK (using
Selumetinib ) enhanced antitumor activity in vitro and in vivo (Xia et al., 2021).
These results indicate d dual inhibition of the MEK -ERK pathway and glutamine
metabolism to be an effective treatment strategy for K-Ras-driven NSCLC (Xia et
al., 2021). An earlier study by Hu and Lu reported that BCYRN1, a c-Myc-
activated long non-coding RNA, regulates cell metastasis of non-small-cell lung
cancer (Hu and Lu 2015). They found that BCYRNL is upregulated and targeted
by c-Myc in NSCLC, leading to an increase in cell motility and invasiveness (Hu
and Lu 2015). Similarly, in 2019 it was reported that K-Ras-mutant NSCLC cells
deficient in LKB1 also exhibit mutations in KEAP1 gene (Galan-Cobo et al., 2019).
These mutations in NSCLC cells collectively drove metabolic reprogrammin g and
enhanced cell survival in a glutamine -dependent manner (Galan-Cobo et al.,
2019). As a result, the NSCLC cells harboring LKB1-KEAP1 mutations displayed
increased sensitivity to glutaminase inhibitor CB -839 in vivo and in vitro (Galan-
Cobo et al., 2019). A parallel study found that glutaminase inhibition using CB -
839 sensitized human lung cancer xenografts in mice tumors toward radiation
therapy (Boysen et al., 2019). Momcilovic et al. reported that when EGFR (del19)
NSCLC xenografts in mice are treated with CB-839 and erlotinib, they undergo
metabolic crisis and cell death resulting in rapid tumor regression (Momcilovic

et al., 2017). Momcilovic et al. performed a subsequent study in 2018 using



human NSCLC squamous cell carcinoma (SCC) cells and found that inhibition of

MTORC signaling (using MLN128 and rapamycin) decreased glucose uptake

while increasing glutamine uptake invitro (Momcilovic et al., 2018). In this study,

Knhgx ASOilx dhctidKhgx KnAKx ] EuesHTx TUGgNSAKHE
through the regulation of ¢ -Myc and c-Jun (Momcilovic et al., 2018). Therefore,

Momcilovic et al. decided to use CB-839 in combination with MLN128 and

rapamycin. They noted that the combination of either of t hese mTORC inhibitors

and CB-839 led to a significant reduction in cell viability in 9 lung SCC cell lines

(Momcilovic et al., 2018).

Owing to the extensive evidence that there is an interplay between the tumor
microenvironment, genetic mutations, and consequent metabolic
reprogramming in NSCLC, substantial attention has been given to developing
agents that target these three aspects in various cancers including NSCLC.
However, many times it is noted that in response to targeting a particular
signaling pathway or metabolic intermediate, an alternative compensat ory
pathway is activated by cancer cells , thus leading to resistance. For insta nce, Kim
et al. reported that treating K -RAS-mutant A427 and A549 lung adenocarcinoma
cell lines with MEK inhibitor selumetinib led to enhanced PI3K -AKT signaling
when the MAPK pathway is inhibited (Kim et al., 2016). Another instance is the
development of resistance to tyrosine kinase inhibitors (TKIs) which constitute

targeted therapy for EGFRmutant NSCLC. Development of resistance to TKIs



can occur due to EGFR targetdependent resistance mechanisms or EGFR target-
independent resistance mechanisms (Xiang et al., 2024). Patients who receive
first or second -generation TKIs mostly develop resistance due to the acquisition
of the T790M resistance mutation, which is EGFR target-dependent (Yu et al.,
2014, Xiang et al.,, 2024). The most common mechanism for EGFR target
independent resistance is the amplification of the mesenchymal -epithelial
transition factor receptor (MET) gene (Xiang et al., 2024). Similar complications
have also been encountered with ALK inhibitors and BRAF inhibitors (Xiang et
al.,, 2024). Therefore, the last two decades have witnessed significant
development in efforts to understand metabolic reprogramming in lung cancer
and other cancers and targeting the same. However, there still exists a vast gray
area that warrants further inve stigation to fully understand the mechanisms
through which cancer cells utilize alternative metabolic and signaling pathways

that help them outsmart ex isting targeted therapies.

K-RAS MUTATION IN NSCLC

In the last few years, the role of mutant K -Ras in influencing nutrient cycling and

metabolic stress in NSCLC and other cancers has begun to be brought to light.

Gwinn et al. performed a study to determine the effect of oncogenic K -Ras and
glutamine availability on a set of genes in lung cancer cell lines (Gwinn et al.,
2018). They noted that in low glutamine conditions, K -Ras regulates over 100

genes among which, 39 were in turn controlled by ATF4 (Gwinn et al., 2018).



Among some of its functions, ATF4 regulates the expression of genes involved in
oxidative stress, amino acid synthesis, cell differentiation, metastasis,
and angiogenesis; all of which are crucial in cancer progression (Ameri and
Harris, 2008). One of the downstream targets of ATF4 is the enzyme asparagine
synthetase (ASNS), which was found to play a role in apoptotic suppression,
protein biosynthesis, and mTORC1 activati on contingent on nutrient status and
genetic context (Gwinn et al., 2018). Their findings also indicated that K -Ras
regulates amino acid transport and metabolism during nutrient stress (Gwinn et
al., 2018). Another study reported that mutant K -Ras regulates intracellular fatty
acid metabolism through acyl-coenzyme A(CoA)synthetase long-chain family
member 3 (ACSL3), thereby promoting the cellular uptake, retention,
A& & NT NS A K noxidatior & tatfy sactds in lung cancer cells (Padanad et al.,
2016). 9ngh et al. also reported that mutant K -Ras drives a lipogenic gene-
expression program by employing a K -Ras=“¢'?® lJung cancer model (Singh et al.,
2018). All these findings indicate that K-Ras is indeed a master regulator of the
transcriptional response to nutrient deprivation that controls amino acid uptake
and consumption. Figure 4 summarizes some of the effects of mutant K-Ras on

cancer cell metabolism.


https://www.sciencedirect.com/topics/neuroscience/angiogenesis
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Figure 4. Some effects of mutant K-Ras-driven on cancer cell metabolism.
Created with BioRender.

Owing to all the evidence that K-Ras-driven tumors exhibit a diverse spectrum of
metabolic reorganization, several drugs are now available to target some of these
metabolic targets. Some of these drug categories targeting mutant K-Ras-driven
metabolism are listed in Figure 5 (Shi et al. 2025). Unfortunately, most of these
approaches targeting metabolism in K -Ras-mutant cancers face the common
complication of resistance due to the high metabolic plasticity of cancer cells,

including NSCLC (Shi et al. 2025).



The drugs of targeting metabolism in oncogenic KRAS-driven tumors
Targeting Glucose metabolism | Glutamine metabolism Lipid metabolism . Autophagy
metabolism
1 w I I
I S 2 |

g v 2 I 4] E ‘IIC, é I w 4 g |

= = il ] o o = o8 o &

5 &£ 5 £ 8 & £ 52 g £ 5

€ &2 5 E &1 2 ~ g s z =B

2 = = o = = £ c
£ £ £ = £, = = Ev 1 E £ o !
- = .= < = ] [ = O
S ¥ x¥x g, 1 2 55,8 &8 2, g ¢
® = & 8 1! G] © w©va ! < = o | O I
Drugs : : i
I I I

A P e oo 0 P o £ £

6 © © o 1<) 1<) 5] <] <] o o 5]

»w E E E E' E B e ' £ £ E ! E £

g 2 2 2 2! 2 2 2 2 2 2 ! £ 2

c c c c c | c s = I (< c e |

s g &g ¢ g, & § &, &8 &8 & , g ¢

£ % 3% %1 8 3 T 1B BT B ° S

P-RRRY, B, S, WY I » w v | ) v ) \ v ]

= T = 2 < 2 < <

S & | >4 o

" = é ¢ € <€ é é < < é % ‘ X B
Targeting I | \
cancers I I i
I | [

Promising antitumor | Promising antitumor Promising antitumor | The antitumor activity
effects in GLUT1/MEK/ERK effects in the pre- | effects and inhibiting breast | remains controversial
inhibitors, but side effects | clinical stages | cancer metastasis in CD36
and adaptive resistance in | I inhibitors

MEK inhibitors | | |
| | |
Effects :

Figure 5: Targeting metabolic pathways in oncogenic K -Ras-driven tumors.
Taken from: Shi et al.; Targeting K-RAS: from metabolic regulation to cancer
treatment (2025).

K-Ras inhibitors

The term oncogene is defined as a gene that can transform a normal cell into a
cancerous cell. The identification of the K -Ras Kirsten rat sarcoma) gene as an
oncogene in 1982 marked a milestone in cancer research (Tsuchida et al., 2016;
Tsuchida et al., 1982). The kRas gene belongs to the rat sarcoma viral oncogene
family (Ras), which includes two other isoforms in humans: the Harvey (H-Ras)
and neuroblastoma (N -Ras)rat sarcoma viral oncogenes (Tsuchida et al., 2016).
In 1982, Weinberg and Barbacid isolated a gene from human bladder cancer cell

lines, which was identified as the h uman homolog of the H-Ras gene (Shimizuet



al., 1983; Huang et al., 2021). Another homolog, K-Ras, was identified in human
lung cancer cells in the same year (Santos et al., 1984; Huang et al., 2021).
~AdnAt Ux7AdeAéngodxLdiNcxnght Knl nhgtkeKnh x ¢ dl
K-Rasoncogene in a human lung cancer sample that was not observed in normal
tissue of the same patient (Santos et al., 1984). This landmark discovery paved
the way for identifying K -Rasmutations as a distinct feature of lung
adenocarcinomas (Tsuchida et al., 2016). TheK-Rasgene istranslated into the K-
RAS protein. K-RAS belongs to a small family of GTPases, and its downstream
signaling is regulated by two alternat ive states of RAS proteins: RAS-GTP (active
form) and RAS-GDP (inactive form) (Tsuchida et al., 2016). Once activated, KRAS
can affect various downstream signaling cascades such as Raf-MEK-ERK, PI3k
AKT-mTOR, and RalGDSRalA/B pathways or the TIAM1-RAC1
pathway (Tsuchida et al., 2016). All these signaling pathways downstream of K -
RAS regulate multiple cellular functions including proliferation, apoptosis,

motility, and survival (Figure 6).



Ca‘h@
@ f) EGF
PDGF
O NMDAP \ N [ dailt NORCP 7] _._fGF
‘I» '-‘\JK/
|‘I ““
R PARNY i
N ( SHP2 .’/%/,’:/"—’
% sos GRB
e ‘\_———I’/
AS KRAS
P
RAF 13K PLCe
. N !
e PIP2 PIP3 —~
D MEK P PIP2 DAG + IP3
AKT
4 : o o Ll
PLD Rac TBK1 ERK l
\ NF-xB mTOR BAD PKC  Ca2+
CcDC42
Endocytosis \‘ / l
BCL-X Second messenger
\ *Cell suivival
*Cell cycle progression Apoptosis
*Cell polarity and movement
*Actin cytoskeletal organization
svesicular and nuclear transpore

Figure 6: Effect of K -Ras activation on downstream signaling pathways.
Taken from: Huang et al.; K-RAS mutation: from undruggable to druggable in
cancer (2021).

K-Rasis now known to be the most frequently mutated oncogene, occurring in
nearly a quarter of all cancers (Tsuchida et al., 2016). Unfortunately, for a
significantly long time, mutant K -Ras, the most frequent oncogenic mutation in
NSCLC has remained undruggable. Numerous studies have shown that tumors
harboring mutant K -Ras are the most aggressive and refractory to treatment.
Though there has been significant improvement in overall survival owing to
advancements in targeted immunotherapies, these treatmen ts have not been

successful in patients who have K -Ras-mutant cancers (Wu et al., 2023). One of

the main reasons that mutant -K-RasUASx € iUt dnghadh gx Nt gadNL L Ae ¢



diverse patterns of isoforms and variations in substitutions in different types of
cancers (Wu et al., 2023). However, there has been recent development of agents
that target specific mutant -K-Ras alleles in NSCLC (Wu et al., 2023). The first
drug for the treatment of K -RAS-G12C mutant NSCLC, SotoRasib (AMG510),was
approved by the FDA in May 2021 (Dyet al., 2023). SotoRasib is approved as a
second-line treatment in patients with K -Ras-G12C mutation who have
previously received at least one systemic therap y, such as chemotherapy or
radiotherapy (Dy et al., 2023). The first phase 3 clinical trial of SotoRasib
(CodeBreaK 200) included 345 patients with K-Ras-G12C mutant NSCLC, whose
condition had worsened despite previous treatments (Dy et al. 2023). After 1 year
of treatment, results showed that nearly 25% of patients who received sotoRasib
had cancer that had not worsened unlike 10% of the patients treated with
docetaxel (Dy et al. 2023). In April 2022, results from the CodeBreaK 100 trial
revealed that post sotoRasib treatment the survival rate of people with K-Ras-
G12C NSCLC was nearly 51% after 1 year of starting treatment, and 33% post 2

years (Dy et al., 2023).

Another K-Ras-G12C inhibitor , AdagRasib was granted accelerated approval by
the FDA in December 2022 (fda.gov). The criteria for receiving treatment with

adagRasib remains the same as those of sotoRasib; patients with K -Ras-G12C
NSCLC who have received at least one prior systemic therapy (fda.gov). Both

sotoRasib and adagRasib act as K-RAS inhibitors by maintaining K -RAS-G12C in



the GDP-bound inactive state, thus blocking the downstream signaling (Shi et al.,

2025).

Even though the development of K-RAS-G12C inhibitors marked a milestone in
the treatment of K-Ras-mutant NSCLC, these drugs still face the significant
challenge of development of resistance (Shi et al., 2025). A study reported that
one of the most commonly observed pathways of resistance to soto Rasib in
nearly 24% of NSCLC (and CRC) patients was the receptor tyrosine kinase (RTK)
pathway (Li et al., 2022). Other mechanisms of development of resistance to
these agents include secondary mutations, such as K-Ras"*"'S(Kogaet al., 2021).
As a result, researchers began investigating combination therapies that target
pathways commonly reactivated in resistant tumors (Shi et al., 2025). In these
combination approaches, the K -Ras inhibitor is paired with a drug that targets
the pathways commonly reactivated in resistant tumors. For instance, Koga et al.
identified and reported that switching to Bl -3406 (SOSL1 inhibitor) plus trametinib
(MEK1 and MEK2 inhibitor) is a useful strategy in NSCLC patients who developed
secondary K-Ras mutations causing resistance to soto Rasib, adagRasib, or both,
in vitro (Koga et al., 2021). Another study found that acquired resistance to
SotoRA®nex Nt X NdlULht néx €hSSOx éliddhSAKhgx UnKn x
Ef N] 7xé&x At gx A& K noatédnia fsignalifgnpatkway (Mdhanty et al.,
neanedux Nnhgx OnShtcatehmig gnd Nbled that it Gignificantly

improved soto Rasib sensitivity in intolerant, acquired, and inherently resistant



cells (Mohanty et al., 2023). Unfortunately, the inhibitors for mutant K -Ras-G12C
face another limitation aside from the development of resistance. The G12C
inhibitors are specific for the cysteine-12 pocket, and therefore, not useful
against other variants such as K-Ras-G12D, K-Ras-G12V, K-Ras-G13D, and k-
Ras-Q61H (Shiet al., 2025). Therefore, there has been a focus on developing pan-
K-Ras inhibitors. In 2023, the first novel pan -K-Ras inhibitor, Bl -2865, which
binds preferentially and with high affinity  to the inactive state of K-Ras but not N-
Ras and H-Ras was discovered (Kim et al., 2023). Kimet al. investigated the ability
of BI-2865 to suppress K-RAS activation and its downstream signaling in 39 cell
lines originating from lung, colorectal, or pancreatic cancers (Kim et al., 2023).
They found that BI-2865 inhibited K-RAS activation in both wild -type and mutant
cell lines (Kim et al., 2023). Unlike K-RAS-G12C inhibitors, Bl -2865 preferentially
targets the inactive state of K-RAS to prevent its reactivation by nucleotide
exchange (Kim et al., 2023). However, there are still no pan -K-Ras inhibitors
currently approved by the FDA. Therefore, even though these milestone
discoveries have provided significant hope for better prognosis of K -Ras-mutant
cancers, there is a lot of work that needs to be done before these therapies can

be administered to cancer patients.
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EXPLOITING METABOLIC VULNERABILITIES OF NSCLC

The last two decades have witnessed milestone developments and
breakthroughs in our understanding of how different cancers systematically
rearrange the metabolic pathways to ensure a steady supply of energy and
nutrients to maintain their proliferation, su stenance, and survival.
Consequently, new arenas have opened that aim at exploiting these peculiar
metabolic sensitivities of cancer cells with the end goal of improving the
management, survival rate, and quality of life of cancer patients. To this date,
lung cancer continues to be the leading cause of cancer-related mortalities, and
thus there is an urgent need for precision and targeted therapies that not only
have fewer adverse effects but are also equipped to better respond to underlying
genetic predisp ositions. Some of the targeted therapies currently approved by
the FDA for the treatment of lung cancers include adagRasib and sotoRasib
(mutant K-Ras-G12Cinhibitor), afatinib (tyrosine kinase inhibitor), alectinib
(ALK-mutant NSCLC), bevacizumab (VEGF iribitor), dabrafenib (BRAF
inhibitor), erlotinib (EGFR inhibitor), fam -trastuzumab deruxtecan -nxki (HER-2
mutant cancers) and pembrolizumab (PD -L1 and PD-L2 inhibitor) (cancer.gov).

However, a common complication with the use of these agents is the

O



development of resistance due to the simultaneous activation of alternative

signaling pathways in the cells of human body.

Currently, there are a few small molecules that target cancer cell metabolism in
clinical trials. These small molecules act by targeting glucose metabolism,
glutamine metabolism, fatty acid synthesis, and nucleotide synthesis ( Shi et al.,
2025; Stine et al., 2022). In the last few years, numerous studies have shown that
cancer cells rely heavily on glutamine metabolism for their proliferation and
survival (Zhou et al., 2023; Altman et al., 2016). Currently, two potent
glutaminase-l inhibitors, bis-2-(5-phenylacetamido -1,2,4-thiadiazol -2-yl)ethyl
sulfide (BPTES) and CB839 are being vigorously investigated as anti-cancer
therapeutics (Jin et al., 2023; Liet al., 2021). CB-839 is a selective glutaminase-1
(GLS1) inhibitor that inhibits the conversion of glutamine to glutamate and
ultimately alpha-ketoglutarate formation (Song et al., 2018). Consequently, this
inhibition of glutamat e generation also blunts glutathione production and
facilitates the reduction of oxidative stress. Thus, CB -839 inhibits the conversion
of glutamine to glutamate thereby (i) inhibiting production of the intermediate
metabolites leading to nutrient stress, and (ii) inhibiting the production of
glutathione thus disturbing the cellular redox balance (Figure 7). CB-839 is
currently in clinical trials , being evaluated for the treatment of NSCLC, solid
tumors, and colorectal cancer (cancer.gov). Recent studies ha ve also shown that

CB-839 treatment rendered NSCLC cell lines, acute myeloid leukemia cells, and



triple -negative breast cancer cells more susceptible to cell death (Gregory et al.,

2019; Reiset al., 2019).
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Figure 7: Effect of glutaminase -1 inhibition using CB -839 in cells . CB-839
inhibits the conversion of glutamine to glutamate, which prevents formation of
intermediary metabolites resulting in nutrient stress. Deficiency of glutamate
also results in inhibition of glutathione production which disturbs cellular redox
balance. Figure created with BioRender.

One of the other drugs that is currently in clinical trials for the treatment of
NSCLC and other solid tumors is metformin. Metformin, one of the most widely
used drugs to treat type-2 diabetes, also induces cellular metabolic stress by
inhibiting complex | of the electron transport chain in mitochondria ( Storozhuk
et al., 2017). This causes a decrease in NADH oxidation, and decreased TCA flux,
leading to low levels of TCA metabolites (Figure 8) (Sugden and Holness, 2012).

Another important mechanism of act ion of metformin is through the activation of

AMPK, which increases glucose uptake in peripheral tissues and thereby lowers



the blood sugar levels (Zhou et al., 2012). In recent years, numerous studies have
reported the anti -cancer effect of metformin. For instance, metformin prevented

the growth of breast cancer cells (MCF-7) through activation of AMPK (AMP-
activated kinase) and also inhibited growth and enhanced radiation respo nse of
non-small cell lung cancer (NSCLC) cells through AMPK (Saraei et al., 2019;

Storozhuk et al., 2017; Dowling et al., 2007).
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Figure 8: Effect of metformin on cellular metabolism. Metformin inhibits

complex -1 of the ETC thereby inhibiting ATP production. Metformin also activates

AMPK which inhibits mTORC, which is a crucial regulator of cell growth,

proliferation, survival, and metabolism. Figure created with BioRender.
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~hKAeli SN HhIKAKBGXx e hSSXghAKnx At §gx

NNTAt X SNt Lx&At ehdx&hSSO

cnTAt nxslidnnhxont LxcNAtLxAt gx~uxEAH
PheAdKTht Kxtl xAnAdTAEUSULEROERKRKROEhghaA
Ot nvhdd®nKEhxEZAdAENOhhx hUxoUdShxr

ANt t nt bxiKRIOAKShPn e x OKdh9ox nt x SNt Lx &At

9Uddhoc U teuixtESARHh g X EnhnNSnhx~4y?2vyhXxAnuwu?2ux?hcA:
EO 0xOcOKAKhx~hgnéASx Ot nuhdd®nKEhxii3sBXxEXx ¢
OanhnSnTAINCOKAKhuwhgN

EheKnit x AOPMESNBAEKHABgXx ~UShENSA

Nnnox & mMAdkredrh t x coNgxsrenthdt ASx Ul x AnAdTAS& U S
E3chdnTht KASx NnhdAchNKneéou

sx AnAdTAelUSxE3cxNnhduxasa3sxsNt€engEvnéhrees.
EcNexABA3X~AgXxeu



XNt Lx&@At ehdxdhTAnt Ox Ut hx UPENBAKD TATUAKASNBR
t hOUhdx KnhdAchNKnéx AccduAénhox Adhx NALht KS¢
ThKAelUSnéx gnohAdhhx SNt Lx At €hdx e€hSSOx nAuvhx
LdUGUKnXx AguAt KAKK ONG@nONSed Nnhdhl Udh b Knhx N
Nt gNént LxALht KOx AB9x Ax KnhdAchNKnéx O8KdAKhL g x
Knndox 8KNgEhx Dhx nAuvhx nt vhoKnlL AK hkkdexn K ndhtxg At K
ThKIGadTw.tewh Q@ Ax ©h Sh & KW hiRtelinSKNIKINTXN & APAK h X L ¢
ghi 8nht Kx 80t gnKniit Ohx At gx ThAKIadTnt x ox At x A
kKenx At gx ThKIdadTntxnt gNéehx ThKAeliShéx OKdh OO«
EAt éehdx ehSSOux §INx t UKhhx SNt L x &BAArasxhAddhexh SISk
Sht OnKnuhx KUx Knhohx AL ht K GxEcUHRME XA KA KKNH W xh f STSXE
AASx TNKAt Kx EhSSOhx Knhohx ALht Kdx nt gNéhx éh S
E?2AgBcht ght Kx h3Kdnt 9néx cAKnUDAZuxcliUOhuwhdhxnt
Un KE ¢ oA @drhikakh x ALht Kox A KnNnuvAKhx ANKUGcCcnALEx On |
2A3x AR ELNSAKNnUOt u xXADKERERTBHRSBDKk YuKnx ANKUGCn
nTcdiuvhdxKnhxAt KnéeAt ehdxcUKht KnNASxUl Y Knhoh)
ghocht ght Kx ¢ AKn U A ZruixBNGHX UaUhxORNISAKKSxXx K nNPaxKL d 0 U K n x,
Ul x Knhohx ALht KOx AcchAdx KuASexhaxKSANKE NSShx depth KEUANKOrh
AASDXx ntnmnenKudx KnAKx BABY erdKidoh Kt ®x ¢ SKARKKGE xu

nMtnnenKUidEx hnhéeKax ul x Knhohx A RADKDY I eSO



UNdx dhONSKoxcdliunghx tASNAeShxt hUxnt ©dnlknKax
Ul x SNt Lx At éhdx ehSSOXBEGNSONL L X QV'EKIA@)ZJS’@é)AGI

KnhdAchNKnéxAccdluAénu

UEOTI SABBISSXghAKnex NKUcCnALEEerneh KAKLISAEROLA

AhédhcKUdx3wu

Ef] f[f9 tREOAI EhAXCERKMKREAITAKKGATNt xNdxnt
SNtLxéeAt éehduxNnhohxALht KO xnfagNehgehB& S KA
At gx Ax dh SAKNiADOBKAROMBXlux SNt Lx At Ehdx éhSS
EhSSOXx UNKWADNRATSKF BHK N rhx e TCAIhKEKEB)X &M SSE
AABux NKUCHDALGZEXEAIXNEESO YO EE®ynTcduuwhdx Kn
CUKht KNASuxNnndxoKNggEgxcdliunghoxt hUOxnt &nlnK:

UF XSNt Lx&8At ehdxeh@gAxAPKAEXx ORAABKAETHX Kn



f NAg§?0O9Nf §

f Kxnox hBKARI®nhdx KnNAKxLht hdASn+hgx Susaxiul
SAt8hdohx cahguTnt AtKSEx gNhx Kix Lht hKnéx Aet
TNKAKnUtouxftocndhgxegx KnhxoOudSxul x§KKuxi A

Ul xdheheRxmer'gaBRAKhXxXKnAKXxXEAt 6hdxnNnOxASOlUxAxTH
dhcdlilLdATx Knhndx ht hdLgx ThKAelUSnoaTx At gx hwAg
At gxihntehdlL W axBGBEX BAKXIEG Thxul xXKnhxShEx!l hA
dhOndnt Lxnt x &AtEBHMgExxKkhSIBtox ANGKxeADRMAdAKN G OX
Aéngx NCcKAShhx U0t ONTcKniutx Ul x KdanédAdetu3gSh
enidgt Knhonmox At gx Lht hdAKnuGt x4l x ?2AchxhtnA
EnAt Lhox nt M himgmAKhGX K L NSAKN U ttxgkl NnliATtcroadig B A
ABrunéux NnNohx nt uvhdKnLAKnut ©x Adhx Ut Lidnt L x
ThKAelUSnoTxKlixghuhSucxt hUhdxAt KnéAt éhdxKnh ¢
AdhxehntLxghuvuhSlichgx KnNAKx KAdLhKx LSNeéludhx At

I AKKE X A NEEHAIKN g h x © EU MNKunkhkoohsSoxagFEEuK n t h X

EhvhdASx dhéeht Kx 9KNgnhax nAuhx dnu Ot x Kn AKx & At
ThKAetuSnoTx I udx Knhndx ¢ dilBmd h@AKmne & x xAlt § X FONT
t Uh90ht KNASXATNt UxAédnghxnoxAt xnTcudKAt Kx & A

At gx ASOQUxAxt nKAdliLht xOuNdehxl Udx KnhEKBX Knh 8’



cGhx asaréux f Kx ¢cSATOx Ax Shgx diiShx nt x dhlLNSA
] SNKATnt hx ndx nggdiuSg+shgx Kix L SNKATAKhx nt x A
LSNKATnt Aoh ¥ EmermdupdTx B I x Knnox ht #gThx ndx Uu
At 8hdx KEdhaxEagsam@nx f KxnAdxehht xdhclUdKhgx
Knhndx ThKAetiSnéx dhcdulLdATTntLhx At x Lht hdA
DUNdehox nt & SINGHMRK PKAERTKE ATAKHh x E ] 8x cAKnU/
LSNKATNnt ADh x UNx &5 &K 1B A A E X Epdimoen AT N @iraxKIAN @k x U1 x L
nt x At 8hdx 6hSSX ThKAeldSNOThx LSNKATNt G SEBN»
ghuhSilicxeAt ehdxKnhdAchNKnN &t NaamK KSZhtk K DR
AEE nht TSAER kARRIAIGIHASETBK N & SXx ONST g Hopl K ANB K& X
ehntLxnt yhdKnkAKHhgx I U dx KAMwnsakXa st bk heskAgs neshrdexecylix
9% enx EASOUlUx StuLt x Aox KhSALSht AGKAKEEERN Ox A
NtnnenKiddhx Unnénx ntnnenKd9x Knhx éudtuvhgonat x |
ShKUBAKKAT UadT AKIHMEOOBE KtelMoe i MBmnEh KO x Knh x ¢
Ul x Knhx nt KhdThgnAKhx ThKAeliSnKhox huht KNASSS
E NA&x cdUgyWewmnuintoxxeN7ddht KSEXx nt x €SNt ndASxX K.

KAhAKTht Kx Ul x vAdnu N3KEBIHGE BAS i tASIKEMMSORE |

~hKIdadTnt xndxAt UKnhdx gdNLxKnAKxnOxSnt ShgxK
G dx Knhx Kadh ApKxTght AKex hiK hxokagxc~hh KI 0 dTnt x n9x AS9l x
KdnASoOxl tdxnKoxAt KndAt ehdxcUuKht KnASuxNnhxT

NKOXhah&KBXPh3IXxAt gx TNSKnIT AShKhgxnt xt AKNGh v
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fxUlx Knhx hShéKdut x KIAt OdclidKx énAnt xnt x ThKU
Unnénxé@ANBOhOxghédhAdhoxnt xKnhx 2cxU3NngAKNnNI
ShurhSoxul x N9 x ThKAeliSnKhOxEENLght x At gxcuSt
~Aux EA&KAN BAKMAPhE XAt gxnAdxehht xOnuULUt x Kiixnt n

At 8hdx &hSSOx nlfNxwSHNG KN drhe xEPETAESAENRNIXE B MR WISH h X 4

XNt Lx&At éehdxeéelit Knt NhOx KixehxKnhx TU8Kx [l dh DN
EKAKhOx At g x dh ©K xUiIT v Kax rx FUNLH]-ShESKKE B @ &% vEdhg L h S
ABAXEuUuX XNt Lx At éhdx nOx ediAgSEx ESADONnT hgx A
Unnénx ABBUNIt KOx I Udxr3ayx iPIASSxXBENSEXx SNt BER &2
E E9x9&8hxUnnénx AB&UNTIt KOx I Udx kWY« xBArSUSEXUS(Nt
Lht hdAShXx SNt LxE@At éhdxndOxgnALt U8hgx SAKhxUnht

'xnnknxTiden AODIANPAKTIGIOAEMKSNG Lx e At éh dh

[ami¢

Adhx NdLht KSgxthhghgx Kix TAt ALhx Knndax TASnL{t
Nt thOKnNLAKhgXx Knhx At K@ Atk AR dx T ih KHE tHEATAS AL AX
SNt Lx At é6hdx éhSSOuxihxdhwWa dRX R AKKKAdBAKT h K
At gxntxeéliTent AKnithxnt gNéehgx ThKAeliSnéx oaKat
NNTAt x SNt Lx At 8hdx €hSSBQux Nnhohx ALht K&x c¢dh
ghAKnxnt x 3xnx At gx cxusx SNt Lx & A tfehhcaxt éghh Kexh »
hBdnt @8néx cAKNnUAgux clUUVUhuvhdhx Knhdohx ALht KOx S

At UKnhadx SNt Lx&At &hdxehSSxSnthxt AThSghxcr an



Cc

' x ANKUGCnALEXxNt xcrannx SNt LxeéAt éhdxeéhg9Soxnt ¢

Nt gNént LxALht KEe€xKnnoxnt EdhAdhgxoht O9nKnunK

enl¢

' x ghscht ght Kx h3Kdnt @néx cAKnUAE XUl X8hSSx ghA
KnhxK@gpt nnenKidgxhnhéKaxil xKnhdhx ALht K&x™n

Adhx SNntBAGx KNKAL Kx OKAKNOY



~ NEAf xEx ?2x~ENc§?E

t Knedgrdh kAt §&h

t Kne U g RN exNASINK i E M EAeS rKenrt’ & HEXgAKEN K Te-Ph/Ax sHxe B Hs kB B8 s SAH
AtEBhAUhgXx BABTYARMPESHB AR FKNYEA ByAXmP e AAXAL Kn
EHxeB xPky A EHK B4 ke hby 7A¢ BB 1 B Kk 84hik tArt N Lx AKKphhgxx cAA Af
dAeenKx EHIU B XAOAX EXHABEKnEx Uhdhx cdueéeNdhgx I
NhAéntidSuULnhohx 7U00KUthx ~ w¥NIhNKKEPEIRSI
cCAUCAt hONSI Ut NEXAENgXxOUINNTXxOKBKNEBEBGHLE hd
E¢ hx ANKUcCnALExXx nt nhenKide&xADB g8 xETlinggfhd\nToxx |
nidgnghhx ~NNx Y EXRSLTHIKGE SEKENSEAREUICSI ht § SKh KdAF U !
7duTnghéx ODhdhx cNAEnADSh g I EXI A& i WymkKBax BABDX /

cNdénAdhgxl dUuTXxERSShé&Sx9nhTux

OhSSOXAt gx 8 NSKNdhx&Ut gnKnut Oh

Nnhxl 0SSUONt LxnNTAt x SNt Lx&At &hdx é&hRIPOEnt h O
TNKAt Khxl duTxKnAXOf 0B SgxKJgamkEa3s ext NSSex [ adt
ERADXx TNKAt Khx N'duTx RN99x Snt gSgx cduunghgx e
Ot nuhdonNKEeu NAMFIBX AP NSeh SR OoOXx TUgni hgx EAL

gudt ntLxxnlhxE&dnht ehoéxelt KAnt ntA3T NEK KA



fteduhxi hoKx EAEdATht Kihx 9 &ux[Udx cEdNuAKhHX ¢
VDABnhgxex KnNThax UnKnxrfix A7Ex At gx gdNLx KdhAK
LSNeEUDOhhXxXLSNKATnt hxAt gxcEdANUVAKhKENDRAE GE&udy
ThKIadTnt x gnoomiSInh XN It xIgmTKkKE? ~ES§hx rBBYX Ti

2~E8x VAOX NOh fix BT U Mirdk&IH KAuSx KAhAKTht Kow

9AZ h

l
pal
%.’

l
]

NXEEXP B ThKNT SEEEAENICH ht TSKhKdAFU9APTHYx edd
ADBDAEOXxI UdxeéhSSxLduUKnxntnnenKntit xUOhdhxcharl
E txhKxASuhxasr aéux PhiSsQ T HHxAKH DK anh &th ix Krad ATKth
E?~E§&xyaxxOW8 g Hh KIr adTnt x I Gdx gxx GHdhx »kpti KX d
ThgnAhxclioKxUnnénx Knudhx Uhdhxnt ENeAKhgx UnK
ekxnUuNdOuxNnhxl GAdTAfAt xcdhéncnKAKhxlI UdThgx/
nt Kiix gnThKngSx ONSI U3 nghwEDH EFeRpK EFIOEEKSh & )
eBBBXOCheKAUucniUKIThKhdx VDASXx NOhgx Kix ghKhadTn
At gxunext Tux[ tdx DNAt KnKAKnuvhx At ASE®nOhx Knh
UASNhx KixdhTiouvhx KnhxeA&SLAuNt gx EI amNTohASSx O
dhSAKnuhx €hSSx unAenSnKgx udx hAdnx D9ATcShx |
AedldeAt éhx tdx Knhndx dhd9chéKnuhx &uUltNKax S 9x
KAdhAKTht KExnAgxKnh ndxdh O cyh®anpkiuvh K hietSKkx A

dhocheKNnuvBREBATKFYORCAIAKH ST Xx hdINBx Kam AKUI th K &K



NESHABK h&K®&X At & h x ET rkKARexdRing»&n t L h
~Ax I udx ThKAetiSnéx cdiui SntLx VDASx chdliddThgx A
nt OKANTht Kux NnhxlieKAnt hgx O9ché&KdAx Uhdhx Knht

At gx] dAcnAAgxAdnoaTu

Oh 85S%Shx At ASDDIBOK WBh KEEZ h

OhSSx &geShx At ASEgOhax Uhdhx chdludThgx Nont L x
Nont Lx cdUiUKUeluSOx Aox cdhunliNOSEx ghdédnehgx E/
KdahAKhgxl 0dxXxkxniNdBhxcudKxUnnénxeéhSSaOxULUhAr

nignghx KtubOQHKQIXTEE &€ Shx OKALh Oy

1 hoKhdt xe SUKKnt Lh

i hoKhdt xeSUKKnNt LxUASxguUt hxexOKAt gAdgxcadlKI
ASuhx aBr eéwux [ UdxXpAgekSHEhA3TcchShinx Teha UKKEhHxt pxBE I G d x h A
SUAghgx At gx eZx 9hc AIJPAKNEIwX WNIAXSGRDH g XE@E X KdA
t NnKdueéhSSNSU O xdAtTheaxAl rhadihxx~KhnThet x e ST &8 Shgx NOn t
GSSUULhgxegxlduhdt nbnKxnt e NeAKnlUt XAKx XT9x0U0n
AigK e NeAKnut xUnKnxcdnTAAExAt KnelgnhohxKnhx
UnKnxr AxXN7ENhXTI 0SSUUhgxadEXxATf ENeAENH Oy WAKH X S

VDASXx DABnhgx KndhhxYKthd i A KAluA ™t B nckinxkoh é it g Ad



ENChAENLt ASXANBUXAt gx[ hTKUxI hdKxeénhTnSNTnt
E&nht Kni €8x Uhdhx NOhgx Kix ghuhSucx ¥hnmigxxonlkt
InhTn?208xAAE| xnTALnt LxOEgOKhTux[ Udx DNAt KnKA

DVhdhx ThADBNAAh g x N r-x ® U IARBRAGHEEh7aBINShOhx 9 hx

9Fg&sSunh FMABGHAZ h

9gé&sSuUnh3InTnghx 8nAdhx ADDAEx DABx chdliddThgx A
ghoédnehgXx EunAZATxXx hKx ASu hx a8 o4fp & ®mtSKOK G @
fGAdxxkxnUNdBhxcUdKxUnnénxKnhx ThgnApt BASxdh ¢ ¢
ECESUNhI3INTNgAXEREHEMAINSHKhY R ARKOAGH G IRy KO
XX At gx kKx nuNdo€ex Knhx O9ATcShox Uhdhx cdhcAdhgx

ShuhS$SOxegxi hoKhdt xeSUKKNt Lw

EKAKNB&KMEIADXO h

E3chdnTht K&dx Uhdhx chdladThgx AKx ShABKx Kndhh
CABBALhOX At gx Ut xgnnhdht Kx gAKh9x I Gdx hAénx &1
OKAKNOKNEASX On L WAZ&At &8héx N anr txL] xdMwth AAgx Adn o’

dx ASSx h 3 c Hdn N ok Skhdkh AMkHexg x AWt X 8X Th Kl adTr
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EUTcAdhgx Kix Knhndx dh 3fhmeAKrRhrdg x arthth k& 55 XE] S LS

NhOoKuxNnhxLdAcndxUhdhxcSUKKhgxNOnt Lx~né&adiat



UASNhOx dhcdh oht KR¥UTARSAYhxOXx XSEBO€xKn At x BuB 3 x Uh

OKAKNOKNEASSEXxONLt NT 6 At Kux



AEEOx NE

i AxNOhgxcxunuBhx 3 ¥IXMATIxEm JIMKNtUEXx At 8hdxehs
cxuBx ehSSORARIAX EAnt g &ix TNKAKNUt hfABIXEL RHEESD
TNKAKnUt hx UnhdhAdx cr gn HxASMS NI oAk & exh BE D XU &
UnKnx nt &dh AdnEklexn§ WaKIXhAIKITxI AT nt x I Gdx gxx ni NG
CEANHWARRNht Kx8hSSXENSKNAhx ThgnAAK gOoXBKIOAX
NntnnenKhgx KnhxdhSAKnuvhx&hSSxcdiuSnl hdAKniGt x

t X KnNhohx&EhSSXSht hot Kakk®F XA iy K KK drdA T wix K

=

'xXckuBXx&EhSSOhxeUKnxALht KOxdtt qnHmEH § g Ko Ky d

¢

TAtthdxE[MLuxr &ux7UiKnxALht KOx AS@Uxntnnenk
ehKUhht x Knhx KOUx ALht KBhx 3 xnTxhe&KH SIS ¥n © &x dnxp T
BUTCcAdh (KeKUIXXB[7nLuxr 78uxcrannx 8hSSOx ASOilx On
Unht x KIhAKhgXx UnKnx KnhohxALht KOXE[ nLuxr 9&xe
Udx 3XnNxe&hSSOuxihxASQlUuxntuvhdKnLAKhgx Knhx hr
ALthKOx Ut x KnhxLdUUKnxUl xXKnh9hxeéhSSOux9hsSSaxU
U xguohoxl Udx XKxniUNddBux OxonulLUt xnt x[ nbLuxr ?

'x LdUGUKnxntnnenKIidEgxhnhéKax UVABXxt GUKhgxUnht)

¢

t UKhgx U MPAKANIIKXIUK x LdUGUKnx nt nnenKudgxhnheéKS
KOUx ALht Kdx nt xcrannx €hSSOhxeNKx Knhx hnheéKax
CXUBX EhSSOxUdXx 3XnNxeéhSSOux 7he8ANBhx rBx T~x TH

UnKrpx s 87xnx dnliVUh gx TU dxxLAdIWKNONXtn&hnnenKnidt x n



At éhdx ehSSOhx Uhx NOohgx Knhdohx KUlUx guohox At g

h3chdnTht KOwu

Ha60 H460

24 hours =24 hours
100 100

a8 hours w48 hours

-
& - L
-
60
oy
oo
40 -
2.5 5

Control 1 2 4 Control 10
CB-839 dose (UM ) Metformin dose (mM)

o

Relative cell viability (%)
Relative cell viability (%)

»
o

A549 A549

60 it e
z

Relative cell viability (%)
g
-
Vi
H
E
H
Relative cell viability (%)

Control 4 5 7.5 10 15 20 Control 10 20 25 30 40 50
CB-839 dose (UM) Metformin dose (mM)



H1299 H1299
120 120
w24 hours w24 hours
§_ 100 w48 hours i 100 w48 hours
g £ w
8 K 1 I
2 = z I
= % 60 I &
3 S
H 2w
K 5
K & 20
o

Control 4 5 7.5 10 15 20 Control 10 20 25 30 40 50
CB-839 dose (uM) Metformin dose (mM)

W H460 wmAS549 mH1299

-
N
o

-
o
o

80

60

40 *

Relative cell viability (%)

20 x -

Control 2pMCB-839+2uMCB-839+ 4 uyMCB-839 +4 uM CB-839 +
5mM 10 mM 5mM 10 mM
Metformin Metformin Metformin Metformin

Treatment

[NENAh)kRrUXAT gx ThKIadTntxntnnenKxLduaUKnxul x
9hSSOx Uhdhx KAahAKhgx UnKnx Knhxnt gnéAKhgx guoh
vnAenSnKnhox Uhdhx g h Kbk T BhxgéxReSToxe- NN xh F%Sp DA X uAX
Ecraonnx €hSS9éx 9niiUx dhONSKOXx UnKnx &Alx Shx A
uTent AKnut x KAIhRAKTht KOxnt x ASSXKndhhx &hSSxS
Kndhhxnt ghcht ght KxKnThoxitxgnnhdht KxcSAKh:
gnnhdht KxKnThoux ASTKKhgX EESNHOHEGAThDGht Kx
h3chdnThREKAENKENAAh x ¢ dh Ot Kb gan A 8 K Keiu8ssslr o h
At gxapwww»wrr xnt x 80T ¢ AKdhhoiK fx g ex iuth K chie S



7U0Knxke@rnx At gx ThKIudTntx AnjhéKx ehSSNSAdx ThK
ghonkLt AKhgx ADox I UNeMS & xABMIKDI x h3Khx Uhx i
Knhx hnfhédKox Ul x Knhndx KAhAKTht Kox it x 8h SSNSA
chdlhudThgx ~AxAthAKPRISAXTMSXE LXx 3XKNx EhSSOX AL
8hSSOx Uhdh x KIheAKh AKX gXn KmKIo7d Tnt hx ASUt hx At g x
CECANWARB Nht Kx EhSSx ENSKNdhx ThgnAhx At gx 9ATc
ThKAelUSUTNE&EXx At ASEOhOux [ nkux ak xxAANKHDAKKmMIAtXXAT
ThKAelUSnKhax iUl xKnhxénKdnéx Aéngx &geShhxATnt
3XKNX 6hSSOxAtgxcrannx €hsSSoux ANAt KnKAKnNnuwh x ¢
UnNKnk @dAXx At gx TAKIdadTnt hx ASUt hx At gxnt&k®xiTent
ghéeddhAdhxnt xKnhx ThKAelSnKhax Ul xKnhx&nKdnéx
Kix viHodheShh gx it KdiSOux SKhdAKniUt 8xnt x Knhx

Knhdx ThKAelUSNnKhdxntx 3XxnNxeéhSSOx Uhdhx ASDU X

Cc

hSSohmKAPM®Ex Nt x Knhx d0Tcutht Kox Ul x Knhx &nK

D¢

cdutuNtehgxADxt UKhgx! Udx 3%xnxeéhSSOXE[nLxpg?
ShvrhSox tdl x tAdniUNOx AThnt ux Aénhgox At gx tKnhdx T
KdhAKTht Kx OUnKnx Kk odmhamHad Nt DN EH hx-x toEre&sA Kh x Kn
ALht KOx nt gNéhx ThKAelUSnéx 9Kdhodx A9Xx nNn9x huhn(
ThKAelUSnéxcdul Shoux [ NAKnhdTudhhx Knhx gnhnjhdh
Nt x Knhohx KUUXx €hSSx Snt hox ILUASISKIAXNA d-fx xKrath xAFK th it

gnnhdht éhoxt iKhgxnt xKnhndxLdiUKnxehnAuwnidx:
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LNdhx gux ~h KA @ ¢t LXKAhBOKOx ASKhdx Knhx Thi
TAthNtheA@ah&$aﬁ$$@m@E GONt LxeénAt Lhaxnt
"X 3XKNXEhSSOXEShIKxcAthSex At gxcr anax @hSSE
NxAt gxThKIddTntuxout KAuSoxeluddhRatoAgRE N X :
&5&%AtKnKAKnuhxahGNSKBm@mmngﬁmewaﬁmm X A
'x éUTent AKnUt hx Ut x Knhx ThKAeliSnKhax il x Knh:
TcAdh g x KKIKhuAhKniingex FEENKAT IKhEKWBK nrh x dh ONSKSx On
O enx At gx ThKIaadTnt hx ASut hx At goxomt At éyiixTiekrt hAd
ThKAeUSNKhOx ntx 3xnx 6hSSOKDMARK KGXUE AR K<
DNAt KnKAKnuvhx dhONSKaY ©mxXi BX &x A & & hjlh & K'w tiH xx 0¥
Tent AKnithx Ut x Knhx ThKAetd SnKhaox Ul x Knhx é&mn
TcAdh g x KKidkhuAhKnhngex EEENMRAT KK DK nvhx dh ONSKOx On
O enx At gx ThKIadTnt hx AStuthx Atgx ntx étdiTent Al
ThKAelUSnKhdx ntx crannx ehSSEABAKhgalc Kdh §o
h3chdnTht Kox UOhdhxchdl UdThgxKndhhxxmhjdREdE K h
cAeeALhexAKxgthahfKxKKﬁ@QuR@Hﬁ@Aéﬁﬂéh@@ﬁﬁ
lEE XUITWRGAGRht ght Kx h 3 HhASNHI KOEXK KO IKEKh t Kh § X
KRG Y B 3HBX B 5 KB UKBEBLI XX ARB (18 BNBL Bt & U T c Adn O KhKAIKKhuwgxn n
et KAANEDKXW NKNUNKxgkxOETeuSxntgheAKhxt ux9nlkt
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§Ndx cdhéhgnt Lx dh N SKKegwxx nA'tggnxe ARK /K Ix UKanTAK xx 9T7h § n
NtnnenKnittxnt x SNt Lx At ehdx éhSSOx At gx KnAKX '
OKAdhooux h3IKhx Uhx 9UNLnKx Kix ghKhdTnt hx Knh x
NntnnenKnit ux fnK&XKXARXhCRISBNLehSIhKxSkK Nt g Néhgx L du v
ghAKnux NiUx h3cSudhx Knhdhx ASKhdt AKnufR®hx Oh x 1
At gx ThKIadTntx it x ehSSx&gé&Shxcduldhoadnut x nt
crannxe&hsSSoax Lh dikxekKndkhAMN KGixghbkn KR Rk B Knhdx ALht Kx
EUTent AKniUt hx At gx EhSSx €gé&Shx cdui Shox Uhadhx
ECAt hSO®x 39éx ©9nliLOx KnNAKx 3xnx 8hSSO®x h3nnen
cduil ShoxlIiSSuULUNt LxKAhAKTht KxOnKnk8ahBhARAGRt
ntxeuTent AKpenx DognoOBBExnt €dhABhgx Knhx] BH]
ASUt hxASBlUxh3InnenKhgxAx TughoKxnt ddhAdhxnt x
UnKnxAx&uUut eldThKAt Kxghé&dhAdhxnt xKnhx] aH~xI d
398 wxedn7x gngx t UKx nAvhx AccdhénAeShx hnjhé& Kox U
EhSSOXx EENccShTht KASx[ nLNdhxr hx cAt hS8x 398wy
9 enxtilidx~hKlIaodint x KIhAKTht Khx AStithxuidxnt
EhSSx&&&ShxdnhnTAHNSKADN[tXLENENTTSHX ¢ At hSOx73?28uX
Nt gNneAKhx KN AKx ASKnUuNLnx ThKIadTnt xnAdx Ax Tug

3IKNXERSSOhxnt xLht hdAShxKnhd9hxALht K&x guxt U

7ThéeANOhx Knhohx ALht Kdxgngxt GKxAccdhénAeSgxA

At éhdx éhSSOx NOhghx Uhx nt thdKnLAKhgx Knhnadx



Lht hdAShx ehSSx ghAKnxnNdx ThgnAKhgx wunAx Knhx n
h3Kdnt O8N éx cAKnUAgEXx NOx élt KAUSShgx egx €hSSx ¢
dhLNSAKhgxeEsxh3KAdAEhSSNSAdxoKahooaxelit gnKni
ShixghAKAPAREGERABLNSAKhgx nt xdhociut Ohk Kii x &h
kenx At gx ThKIrddTntxnt gNéhx ThKAelUSnhnéx 9Kdh 9o
hnhéeKoxut x?2A3xdhLNSAKnUtuxcxushx 3xnxAt gxc
UnKng &dx At gx ThKI UdTwrtihixA$ AKmMJAhgNGIghdx on T
Ut gnKniut Ox AdxlIiddxKnhxUKnhdxh3chdnTht Ko€xi
KixghKhdTnthxKnhxhnhéKxutx?Asxcdg&EhyaAX §Ruh
ThkKroaint xKahAKTht Kxnt 8ahAShgxKRhx®RSIShxb
t UKx AccdhénAeSgEgx ntxcrannx ehSS8ux ?2A3x nox St
cuaxHNA fxx lddx nlx Knhx dhéhcKuiudx ndx tuwhdh3c
cduTUKhOx Knhx ABKnuvAKNUt x U x n¥gmikrAREBdxd NIAKA
AeKnNnuvAKHhBDEKOHEX € ASC ASh B ONIEmx A @ IAtSit AxPmn A K X <
ALht KOdx NcdhLNSAKhgx ?2?A3x ShuhSShx At gx nt &dh A
AeKnuvAKniUt hx Knhdhl tdhhxnt nKnAKUiUdx € AScABhX K
ehx AEKnuAKh g ux SN Exit GPEBRAIKNE[KmEAKes K x e h x Knh x
e 37hxKdhAKTht KxOnKnxKnhdohxALht KOdxnt 8dhAdDh
EABCABhXKxNt XCKUBX At gx 3XNXEhSSOx e NKxt UKxT
2A3XNCARLNSAKNUGL X E[ nL X &3d7heAwhNgmxhAD hAxAA L& FSth KADr A/
At gx 3XnxeéhSSoOxeNKxtUKxntxcr annxegph&soOXKE]Fhn L x

ThKIagadTntxnt xcxmuBx At gx 3xnx&8hSSOx KnNAKx ndx é



At gxex ONLLhOKOx ThKAelSnéxoKdhooxnt gNéhax Ac

h3Kdnt O8N éx cAKNnUAEXx Ul xEhSSXxghAKnhx AKx ShABKX

EhSSOx Adhxt iUKxuvhdgx 9ht 9nKnuhx Kix Knhx Ldid UKD

AgceuB8EBXxKnhx?A3xcAKnNUAgXxUVDADXxt UKxAccdhénAe !

—
—

DR5

Cleaved
caspase-3

Vinculin

Cleaved
caspase-8

—
—

PARP

Vinculin

H460

Control

A549

Control

H1299

Control
CB-839
Metformin

l. Metformin
u CB-839 + Metformin

B | cBa3o

|
. CB-839

:
|
|

» '. Metformin
q " CB-839 + Metformin

’

' ' " | cB-839 + Metformin

|
|
|
I

—— O —
s ——

—_— | e

-—— e b

— — — —

__.—Q'

kDa

19,17

124

43,41

18

116, 89

124



e Ene

Relative Fold Change

Relative Fold Change

15+

DR5 Protein Levels

kK
*ok Hokok
10+ =3 Control
Kok *kkk
— [ CB-839
= [ .
* =1 Metformin
] CB-839+Metformin
- =
5-
L Ol OO
H460 A549 H1299
Cell Line
neé
Caspase-8 Protein Levels
40- sekk
sk
30 skokk L 1 Control
1 CB-839
sk 5 1 Metformin
[ CB-839+Metformin
20 K%k
%%k
*ok
*
10
%*
0-== T — r ] r""lll'_1 |
H460 A549 H1299
Cell Line



Relative Fold Change

XBExn v e

Relative Fold Change

25+

n
o
1

-
]
1

-
o
1

o
1

Caspase-3 Protein Levels

T
H460

|
A549
Cell Line

PARP Protein Levels
*k

Aok T
Kk

T
H460

L]
A549
Cell Line

[ Control

1 CB-839

[ Metformin

[ CB-839+Metformin

*
*kkk
sk
H1299
[ Control
[ CB-839
1 Metformin
[] CB-839+Metformin
H1299



[ nL Ndh xkeewxx 9A7t g x T BhKTgiNBEThmtx € hSSx ghAKnx ndx Ad
NcdhLNSAKnit x ghAKnx dhéhcKlUidx3x E?A38x At gx A
NNTAt x SNt Lx AR §hDKEBEEF@BUKx At ASE@amIADY X L x
ThKIaadTnt x NcdhLNSAKhx?A3xeUNcShgxUnKnx&Adc
EShAUVALhXx Nt XCcCXMBXAT gXx 3XNxe&hSSOxeNKxt UKx™Nt
NecchdxcAdKx Ul xKnhxi LNdhx AB 3 AR YK DADET APtk lex &
ONLt ASOx nt x Knhx SGUhdx cAdKx ADx SiU Alg HEAKxE Ut K
LdAcndx @ntUx DNAt KnKAKnuhx Shyrs 8 AKX PAB hX Ax
CAUKhNt O9xNt xXASSXKndhhxeéhSSXxSnhnt hoIARKABKBE &X
ONUULX KkAeKXx9A7t g x ~h Kl 0dTnt x KIhAKTht Kx gix t UKXx
ShuhSaxnt xcr gnnx é henulxk-hhgkkAde TAAKEEXxSHKAAMAE S x U A
crannx 8hSSoux Nnhdhx h3chdnTht Kox Ohdhx chadl Uc
gnnhdhtIKK@EADKAGNnnhdht Kx KnThoxl tdxhA&nx&hSSy
KUx ThEAExx 0T WRKgBELEht ght Kx h 3R4h AN S KOITIKKNhKD h t
0SSP At 3ax B K XBXUKBKBII XX AB g R BBBE KNt x 80 TCcAQANBUL X
KdahAKh g xBAT FANKKOMKOE TelSxnt gné8AKhxt GxOnktni

ihxASQuxchdliudThgxKnThxeuiuNdDhx Ul xKnhx gdNL®d
EhSSOx UhAdhx T U drkxedxtKIMAK xUWHhxKKK WixddT7nt X E[ nLwxr &
KUUX g nnjh dh p~KxxAt oo E e X Kix giux KnThx U NdOhx A
ARLNSAKRAOhONSKPIA Nt R R KN KKAEXx NZAahLNSAKnU x
tOKhgx OUmKIQNmREXgrxaXA3 N TNTxnt gNEKNnUt x VDASXx Aén’nhi
X éux~hyfhgaARKHh gx NcdhLNSAKnut xul x?A3xUVABXxAS
KAhAKTht Kx nt x cXxnuBx e hSEOXtAY QA TAZORING KT ) N X X
KAhAKTht Kx E[ nLux 7 &uexnk tAxt g x XTHhHkx§ 5 B Kmdg x9 7 A3 »

NcdhLNSAKnUt x VDADX t U K RKIKhDBRNKKTHRNE t Kxa x45x[ nintiLN4axSrx9celivex
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[Nl MIIKx~h KAe U St & N@RILFALht KOx dh L NSAKhx ? As x
QUSAL gx Knhfchh t ght Kx TAt t hdxnt xcxusBx At gx 3 XX
T hOKhdt x e SUKx At ASE@m 8L WSAKh AKRBFx ¥ KA X ¢
ghecht ght Kx TAtt hdx nt x cxuex SNt Lx At &hdx €hSS
EShAUQh g XEBAREASNt T dTx KnAKx gdNLSx Uhdhx ! Nt 8 Kn

Y



OniULOX DNAt KnT e AKnuUt Ox Ul x1 hoKhdt xeSUR&8%x9nLt
i hOoKhdt xeSUKXx At ASEOh9x ©nitiUx Kn A KYAhK I WindT Thn t
ghcht ght Kx TAtt hdx nt x cxmuBx SNt Lx At 8hdx €hSS
EShAuvh g xXEARCAORt T dTx KnAKx gdNLOx Uhdhx ! Nt € Kn
OnuiLOXx DNAt KnT @KU OKWH Y Bnlt ASOX I U DxEXA3 x ¢ S
I hOKhaAt x e SUKX At A SOk tonxiVix KinAKKOt7x a8 L NSAK
ghoht ght Kx TAt t hdx nt x uxkBEA TSINS hLexx EUAht dBhhxd A SBThUSXS
EShAUQh g XELARTASNt T dTx KnAKx gdNLSx Uhdhx ! Nt 8 Kn
OniLAXx DNAt Kni éAKniUtax Ul xi hdKhdt x e SGUK8x 9nlLt
Nnhohx h3chdnTht Kox Uhdhx chdlhudThgx Kndhhx nt ¢
gnnhdht KxcA9BDALhOXAKxgnnhdht Kx KnThaxl addxhA
Kix ThEAExx Ul WKGgERRT ght Kx h 3R AN I KOIKOHKS h
0SS Al 3rs B 6 NBXUBEY XX AB IR BBBEK L X E0TCAPNBUL X
Kdh AKh g xBAd BOAWSRMEKNKX Kk x @ TeuSxnt ghé AKhxt U x ¢

h3Khx Uhx QUNLNnKx Kix nt vhoKnLW%Kmx Qi ijx Th&d Atdd
NcdhLNSAKhgx ?A3sxcduKhnt xShuhSBux 8§t hxcliKht K
cdiKhnt x 9KAenSnKgux Nix nt uhdKnLAKhx Knndx ¢t
nt nnhenKidx EERBRUIGHHABNTATghx nt XcnuxBxehSSOhx At §x

t x?2A3xcdUKhnt XOKAenSNKEXxVADXxghKhATnYhgux§]

¢

enx At gx ThKIdadTnt xéeShAASEgxntedhAdhgx Knhx?A

=

3X 3376w
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[ NLNdh X 3 4x ~h RAfeqiNe@nBtx LoxKAAhRtoK ©x nt 8 dh ADh x ?2 A3 x
CXUBXSNt Lx & Ath®Khdd ke DHRKRKGADRAHRBNT e AKnUt x U
ADx ¢ SN AX K KAKXXAY gx ThKItdTnt xnt €dhAdhx ? Az
CKUBX SNt LXEAt8hadx ehSSOoux AMIERKANEK wiASNG X dh
KdhAKhgx 80t KJd SeShixhtA Kéx) k BDAX 6 3 h © h x4y d tre X K htigdkx T
DATcShoéux Nnhohx h3chdnTht Kodx Uhdhx chdladTt
nt ghcht ght KSEXxNOnt L x &h S SEnxnjadinltx kgxnkjh Tarh & xKIx ic dv
Snt hux ASUKKhgx wASNHhOx|XxEESEh DI ¥htRygxE KB & gThit Atx
h3chdnThREKAENKENAAh x ¢ dh O@ns Kb gap A & K keiuBeSeir o h
At gxapwmwpwr xnt x 80T ¢ AKdhholiK x g ex iuth K chid Sahu X



E§Ndx dhONSKOXxE[NMLuxr9é&xnt gnéeAKhx KnAKxcr annx
eExPENX At gx ThKIudTnt hx e NKx Knhdhx €hSS9x Uhd
ALht KOxUnht xéeUTcAdhgx Kux Knhndx hnhéKax Ut xc X
Kixnt vhoKhSEAKRNIAKahgAodnox il xUngxcrannx 8hSSD
ThKAelUSnPp ¥ PKAMDOOX ALht KOdux &&udgntLSEhx Dhx |
Knhohx ALht KOx Ut x ANKUCNnALEX dhLNSAKnNnUOt uwx 8§ NdX
ALht KOx A KnuAKhgx KERNANKT @mAlx nsehxSSBK Ak VA S
nt 8dhADhgx ShuhSax ul x OSSrx At gx x9e H7x cduKh'’

cdiKhnt Ox Adhx ShgxeuTcutht Koxul x Knhx ANKucnA

(D¢

TUOKx I Ah DNht KSEx NOh gx TAASh dadx I wihddxKANKAIKchngAXL: T 7
kKenx At gx ThKIudTnt xhnhéeKox Ut x Knhx ANKUcCnALMNE
At gx GUNdXx dhONSKBx nt gné AKhgx KnAKx Knhohx ALht K
EhSSOXx E[MLxu Euxftx 3xnx &hSSOhx Uhx t tKhgx A
AccdaBnAenAt Lhdxnt x Knhx ShuhSax Ul xx9e H7x E]
ONdunuvASXx cAKNUAgOEex Aéélidgnt LSEhx dhéht Kx OKN
nhScx KNTudx éehSSox oNduhuhx ThKAelUSnéx OKdh 99x
OnliLxShooxonE OhEMWKKE X KA X &n KU dg x Binf RgeNeanxt Ul-Ixx
ALht KOx O NeenmxxAXx@Ox7Th KI tdTnt hx nKx VDASx cli©dneSt
ANKUcCnALEX Klix Nt Khdx Knhx hnhéKax Ulfx Knhah
cuodnenSNKEhxUhx NOhgh KNESAgAEFKhKkEeen&ByOxye
dhcudKhgx Kixe SNt Kx ANKUCnALExAEKNnUvAKnut xEI N

cdhKdhAKhgxcrannxeéhsSSoxUnNnKnx ANKIGCnALEXNT nn



O enx At gx ThKIdadTnt x KIhAKTht Kux §Ndx dh ONSKH?
NtnnenKlUdxe~ xnté&dhAdhgx Knhx 9ht OBKKenunAK goxxt I
ThKIaodTntux NnAKx Knhx ANKUGcnALExnhtnhenKidxe-~
At ASE+ntLx Kad x HBAjhgAK&dx®Kkghh gy NG Ae ikt &xad AD
x9e H7XxShuhSoxUAO9xe SNt Khgxegxe~ XE[nNLuxun9eért
NtnnenKnit xA9xnASxehht xdhcludKhgxcdhuniNSS¢g
NnhohxdhoNSKOx ON LSOk @K xx KB AKRXrAKMA AxxANK U cnAL g
Knhx LAUGUKnx ntnnenKudgx hthith § K&®R till xx gThNKLARWIXS 1 §
chdlhudThgxh3chdnTht KExKiuxnt vhdKnLAKhxUnhKnt
ASOux nTcAEKhgx A3 XAt gx ehSSKGhAKKAThENSABKE
crannx €hSSBOux §NAx @lwd N SnKaxn® AKX EX Kin AK x Bt & h x
ntnnenKhgxnt xcrannxe&hSSOohxThKAelSnéxdOKdhood
UnKnxenténhTnéeASxhunght ehx iUl xXAcUCKUI9®®x AdX
Ul x 8ShAuhgx EADcAothaxux Ntig OpX ERABh sk KnhOh x
KnAKxcraonnx €hSSOxAcchAdx Kix Nt Khdx Knhx Ac U
ShABKXx nt x cAdKhx egx A KnuvAKnt Lx ANKUcnALgex U
OKdhoOBAKA®X A3 xAt gxelit OhRDNPHEESEGAEKNPAKE®

CAKNUAgXxUlIxéhSSxghAKnxAdxnaxhunght eéhgxegxA
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[ NENAh Xrewixx AT gx ThKIddTnt x nt gNEBNANK @AW &lhdx
EhSSHhOKhAL xe SuKx A tkAeSnExaAt QxS rhikKUI xiod7T nt x nt & dh A
TAAShdoxR9&r HAKOX xcr annxeéhSSoOxeNKxt uKxnt xc
nox Nohgx ADxAx SUAgnt Lxé&ut KAiSuxNnhxeAdxLdAc
eSUKOOXxxPDAbhKkAFTRHOKAhAKTht Kx Ul x crannx SNt Lx &A
~hKnESAghtnt hxEe~ &xI USSHdmgAte@x KramAKT hi tx
CAdKNASx Nt nnen Enfd xKid xARNTKRITCKHXALIEMXr annx SNt Lo
e~ XOht OdnKn*h oxidAKmxmnt &mMPhENKHEERHAE §K DR KT AT
EgighxoKhdt xeSUKxAt ASgohoxonuUnt Lxdnkt ni At Kx
Al KhgahAKTht Kx OUnKnxe~ ©xént eNSNiRo&Atrh Sx A O
Knhx dnknKx dnudLax DNAt Kni AKniUt &x Ul xEiXgOoKh dt
NKUGCnALEX ntnhenKnittx ntxcrannx éhSSOx Nox él
Ut BUTNKAt Kx ABKnUvAKN EPRBICAd A KAKAxYkh x A §K e
E?RMNEAL KnT AKnUt ©x Ul x 1 h ©KhKHY bt KX @ AIKHA $ D>
ihOKhdt x e SUKOx OnLkt ASOE THANAE EMAGMAKNE AOx AdIk>
eSUKOxOnNLt ASOx I U dSsImnBem@ndAdDKAIMbheddKhgxn
chadltadThgx Kndhhx nt ghcht ght Kx KnThox Nont L x ¢
gnnhdht Kx KnThoxl tdx hAédnx 8hSSXx SnNtIfEEXA ST KKN ¢
Knamthghcht ght Kx h3cyhASNMOKABR K Ak SHas KB g h A OX |
l BBXY B I #BXMKBKBY XX A8 G R BB R KR x & 0 T ¢ AJAhhoAIK hx oKl lrth K ch B S

ihxnAuhx9nliUOt xnt xKnhxcdhunliNOxOheéKnit 8x Kn AR
Todhxoht OnKnuhxKixKnhxLdiUKnxntnnenKUudgxhnjt
dhONSKAOx ASOUxnt gné AKhx KnNAKXxXAéKnuvAKnuGt xul x A
Ax B GNPAKNt Lxdhocut OhxKlix ThKAelUSnéxoKdhacg
TNKAYKAxah x Unhdh ASx cr annx & SASSExnnAKdxe IAIXXLCNISa) S nk
Knhx OKARNDx UhtoKx ASBUXx ¢ SAEXx Ax duShx nt x Knhb
ThKAelUSneéx oKBh Dol x K mi BATGRKKATXKexium B X At g X 3 X X S
EhSSOx 8UNSgx TAShx Knhdhx 8hSSox Tudhx ONO&hc K1

Nt yhdKNLAKhgx Knhx TUSheNSAdx eAdnadx Ul x Knhx L



OKdhooxUt xcxubBxAt gx 3xnxe&hSHBkAD @K KAKK & §X
AKN3&x nt x UNdx t h3Kx Oh G inlt »p B ik iy & @O e K I
dhcudKhgx Kix nt nne HYrxOx A NKIAN SKxOK Ecufna xx thEKxx LA S w h
KdhAKhgxcxwax SNGx x & At & h d YSRnA Shxanxt Uninndemrykedisdig x Ec7 A
0SSULVhgx el X KAG AKX x UK XIBTnt x Nt ghdx Knhx
Nohgxnt xuNdxcdhéhgntlLxh3chdnTht KSukaegdx dhd
At gx ThKKAGHEAKDB gx eh8BOhXx ENBS$ABPBEAenSNKExXx VADX
cdhoht e HKRIASXCAttn ne n KU d9 P ABONBR Y KehKGAX cdiKh
SNt Lx €At ehdx €hSSOx duTx Knhx LAUUVUKnx nt nnenkK
nt gNéhgkegZxABTZgx ThKI GdTnt ux Nnixoxih TNWSEOK NU
AcchAdox Kixoht @nKnthx Knhxcxusx At gx 3 xXnxeé&hS

ThKAelSnéxO9Kadhoou
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[ NELNAhX 1w P-APKAANKE PN Kn+Fhax cxuex At gx 3 xnx SNt
LAGUKnx ntnnenKUdgx hnjh KOG N & rx t TLhxKAALS it & & 5O K [ §
unAenSnKgx onidUn tyl Nk A hifh § Ko HERF Gk n x At § X
~hKIadTnt x Kah AKTh Y& aBx A tKnhndexn KM KIA tX KXt LK € X 1 B X/
At €hdx éh S SfoMMax~INIKAT Kk ROx @I oAnKIUdx EulA ET
Kdh AKTht RgxeOinxKmtx@x7Th KT G dTnt xE #a ixe K Sk 3 ® vh SXSOr
diTx Knhx LAUUOKnx ntnnenKidgx hnfhéKax Ul x Knh&e
chdlrudThgx Kndhhx ntghcht ght Kx KnThax Nont L x ¢
gnnhdht Kx KnThoxl tdx hAEnx 8hSSX SNtMEEXASUT KKN ¢
Knamthghcht ght Kx h 3 &4y A Sgkmtadn s e xamk o K w Aoy U S
5 BBXY B T #BXMBBKB XX AB G R BB R KR X & U T ¢ AfdhhoAIR fx gxiex ith K hii S
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ftxKnnox OKNG & h kkWehaxxdiht cguxdTKhxKK niAIKTXnt 7x nt g N& h x T h K
AnheKxehSSxunAenSnKExnt xnNTAt x SNt Lx & At ¢ hdx
At gx nt x €SNt MéASx KANASSXx KnAKx Adhx MIec/mxiidnt |
nt gNeh ORKNIYPINIKAN ht Kx SKAKhx e&x nNY hRedKmdnADkK
ThAKIiddTnt xnox At x At KngnhAehKnéx gdNLuux xcUUhuwh

At Kn8At ehdxhnheKoxadhTAnt xKixehx! NSSExhSNEéN

hSSxghAKnYWe Rt hAKYXEBKENH ®AAZCcAKNL,

(D¢

nt g N&h x
NcdhLNSAKhgx?A3x ShuhSOxKnAKx VASx ADdUué&nAKhg
At gx A AAxeShAuvALhxnt xcxuBx At gx 3 xnx SNt Lx &A
egxnt gNént LxThKAeliSnéx oKAdh®OROTRAKARBhARKR N &)
2A3x cAKNUAZuXx i hx ASBuUux nt uhdKnLAKhgx Knhx Theén
NcahlNSAKhOx ?Aszux8NadxdhONSKOxnt gnéAKhx KnAK
ShuhSohx AKx ShASDKWKAAX ®@BAKh Yy irABx Kin& & m&KT x e ¢
A3 x cdUKhnt x O9KAenSnKgux Niix Knhx ehd®Kx tl x it Nd

ALht Koxnt xKnnox TAtt hdxnAdxt huhdxehht xdhcud

Nnhx SNt Lx At €hdx EhSSx Snt hox NOhgx nt x UNdx OF
ThKAeuSnéxoKadhooaxnt gNéhgxegxKnhdhxALht KOy x

KnhxLdilUOKnxntnnenKidgxhnhéKaxul xKnhdhxALht |



CXUBX €hSSOx Uhdhx Tudhx oht @nKnuhux crannx éhs
Oht OnKnuhx A9xcxuBxldx 3XNXxXEhSSOux9UlUit ©ndOKht
DABx ASOlUx tUKx ht LALhgx ntxcrannx éhSSOx egx K
TUShENSAdxcAPABRKBEOAXKEKRKONGhxEhSSxSnt hooxadl
O enx At gx ThKIudTnt xAt gxt UKhgx KnAKXxXcr gnnx e
Kix Nt Khdx Knhxt hL AKnuwhx LdtUKnx hnjhé Kax ul x K
cduéhodx KnAKx nt vl Suwh aXhTgNSKNST XA A tCGXAE he>OA & K 1
ANKUGcCcnALEXx Nt x UNdAx OKNgEhx A9x Knhohx TAdShdox /
Snt Shgx Kix A8 KnuvAKnut xidl xANKicnALExAB9xnAdxe
Ahenht KSghxuBxxLht hoxSht Shgx Kux dDBEENSAKH K x A ¢
nearédux Nniohx Lht hdx Uhdhx éenAdAEKhdn+thgx nt K

AKhLiUdnhox ehnt Lx Knhx ANKUcCnALEx étidhux Nnhx
Mt 8SNgnt Lx OSSrx At gx x9eux PKHOAPE X dHERNNAKY

ANKUCnRALSKAARSAGOExUEEeNdOxehe ANOh Xt UKXASSX]

c

AdhxASUAEgOxdhLNSAKhguxcliUUOhuvhdhxKnhxeétudhxlLadl
At gxx9exKnAKxUhdhxnt KN TAKASEXxSNUShsKe xdé &3
70dPAME Eaoear é&x  NAKnhdx dhcliUdKhgx KnNAKX r3x U
Onbktni At KSEX NcdhLNSAKhgx Unht x éhSS8x Lhadhx
Nt 8SNgNt Lx OSSrx At gx x9euwux NThdUNOx dhé&ht Kx OF
ANKGCnALEXASXAXKNTU axBNETTHhEBIEXHEREES S 8 KK 2

OKALhx Ul xKnhx KNTUAXxErnhxpageduxctiUOhuhdhx Knhd



Knhx KdnbkLLhdxl Gdx ANKUCNDALEXNt gNEKNnlUt hx x9ex S

TAdShdoxiul xANKUCnNALExEU AU AEBAME ENkEn At L h g

E§NAxTi tgntLdxnt gnéeAKhxKnAKxntnnenKniut xul xAN
EhSSOXKUXKnhxLduUKnxntnhenKidgxhnhéKaxul x Ki
NcdhLELNSAKnUt x Ul x ?2A3ux NnNOhx nt x GNdx OKNGEx n ¢
ANKUOCHBKEUNt Khdx KnhxhnhéKaxiul xKnhdhxALht KO
ntnnenKax ?2A3x NcdhLNSAKnuUt xnt xdhocut ohx Kiux T
ANKUCNALEXx dhO9éNhOx Knhx AenSnKEx Ul x Knhohx AL
LdGUKnx nt nhéehKEKZtOHKNGEA Nt thOdKnLAKnt Lx Knhx h
ghoncdATnt AxlUt XSNt Lx&At éehdxehSSoOxtuUKhgxKnA
CUKht KnNAKhgxKnhxLdUUOKnxntnnenKUidgxhnheéKaxul
nt €dhADh gx ? As YUFImwEEH B pgEmMtXtNANOhx nKx ndx eélt éh
ONccdhooniutx Ulx 2A3x dhLNSAKnlUt x ndx Ax duTTu
ntnnenKidox At xehx NOhgx nt x & ghit egr\teAnk n-ix t AxLUh'rt’ KK
 NaKnhdxoht OonKn+thx Knhx L du L KB ngrNed ik U s xahNn

Ut XAt €hdxéhSSou

Ot SnShx AcUcKUudnoahx ANKUcCcnNnALExnOx &t dnghdhg x
AeKnuvuAKhgx nt x dhoclit Ohx Kix O9Kdh88ux ééltdghnt L

EhSSNSAdxcduédhoohox KnAKx Adhx Snt Shgx Kix 8h S¢S



ANKUCNALEXx nA9x ehht x tUKnéhgx ntx gent Lx €hsSSO

NKUGCNALNEXEhSSXghAKnXxXNOXxAxKhdTxKnAKxnAdxe
EhSSxghAKnhxe NKxKnhxh3IAeKxduShxidl xXANKUGcCcnAL
c hdh hx UKKkhIKnhAelIdKnb K PKEAMPOEhSSx ghAKnx Bdx ANK
dchéni x TAtt hdux x edUOOKARSYEBKYHK AL TKK AR E
ANKUcnALEXx nA9x ehhtx dhctidKhgx E NSUShKUCUNS
Nt Khdc SAgOx ehKUhAt x € 0T ¢ UNKhlL cKndAXL IE I'x xAAddh IK ceKUUTaNSE

DAJIAY KX KO XNt rhOKnLAKNnUt Sy

CXUBXAt gx 3XnNxEehSSOxULUhdhxoht ©n Kn e KxXiAKODD X L
ThKIdadTnt xKnAKxh3nnenKhgxdnTnSAdxTuSh&eNSAQJ,

'x 2A3x dALNSAKNnUt ux SKnUuNLnxelUKnx @&hSSx Snt

[ani¢

TNKAtYKXatukhifdh 9K nt L SEThx nt BRSOk KergidBox @t m tT iNiKeAn K
eSNt Khgx Knhx LdUUOKnx Mg evme AKGAT k K hjlh @ RO O X

ONL LhOKx Kn BAKOK MSOtUKXALL ¢ h Adax Kliix ¢ SAEx Ax du Sh

D¢

3XNX @NSSOXKIUXxX Knhrhd@HOKAX X ThHAGNEEE 4 § K ANE
Nnnox &t Kht Kntit xnox I NdKnhdx 8Nc ¢ U dKATASSHx dh
EhSSxSNt LxeAt ehdxephSSoxmAded @dmi dxANKAT AKKh dx
LSNKATnt hx ThKAeliSnoTxWie kxRS ASuisx gegcdapk

ABLOT €4 X



O enxXnNIRPSAIOKUAASXALht Kux NnhxdhONSKaxul x.
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hKABKAKNEéxXx dUSNgx KNTWwa@dx AR SOMK Fhgex AR ngAKx A’
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cnAdTA8USNt hKnéoax At gx cnAdTAsugst ATHI®OX Ec A«

ShecKx cnADh®OKHh Kk O NEIE#MNTKE U Tent AKnidt x OnKn >
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AguAt ehgx dht ASx &h SSx & A& ad & nk tlxT Ak cddhticuth&Kd Tk L-9d7h
ONAunuvASx  ntx ThKASDKAKNnéx dht ASx 8hSSx 8Adé&nt U
KdhAKhgx UnKnx KEduodnt hx Snt K@My nhen&i BDE I ER

BAoAEux AhEht KSghx dhONSKax Ul x AxYcamown K rexdf
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AfF AeEgKngnt hhx Ax ? X ThKngSAKnutx ntnnenKidh
gt gauThox nt gnéAKhgx Knndx éuTent AKnit x Kliix e
declit Ohx dAKhx Ul x iBYXx Eulit UcShuwAx h KkxeASxurhtxxs B |

UTent AKnitx UnKnx TN8§Ax Snt ABhx ntnhenhKudx 8/
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CAKNht KdxnoxASauxilitLint LxEAARNOOXhKXxASuhxpas

SAdLhxelgegx Ul xhunght dhxl duTxcdhéSnt né ASx

X

Kht KnNASx Ul x ThKIagdTnt xlI tdxuvAdniuNOx TASnLt A

[l

(o]
hKx ASuhx aBr ke€x c NAx hKx ASuhx aepgeédux ftx TAt X
OnuLEt x At KKKt e&KAINA Sx Ef SNUcCcUNSUOXx hKx ASuhpgsr g
ASuhx nBpapeéux ARONSKOx duTx dAt guTn+shgx €Sntn
Mt gné AKhx KnNAKx ThKIdadTnt x TASxtUKx h3hdKx At K
At €hdx cAKnht Kawgsfr gnakcetAN S INTXAKRXKA RS U hx BT K €

h3ATcShhx ntx t hGUAgr NvAt Kx Ooh KKnt Lhx ThKIddTn

NN



CAKNUSULNEASX eUTcShKEX AhKnd@®n ktdh ADKxc EA{pS T
nAdeutudntlLx 9x ASShShx Ul'x N~xdorrarauriix EOQNE
chgnAKdnéxedAnt x KNTUdxcAKnht K&dxonuUhgx KnAKD>
DABDXx AB3l én AKmaxDihiKtinxemwKh x At gxt hNdASxdhéilduwhd
hKx ASuhxasaBx8ux &é&udgntlLxKixAxcnAdhxffxTN

Uer hé Kpuchixdend UESKKAAIKKEN L ht X EAE éxdhocit ohx At

A
el ¢
X
et

nt xenhTUKADEAX § AFNKHAKKNAL Kx cdUDOKAKhx At éhdxc
nAvhx gnAehKhox EOcKUt xhKxASuhxasaeex AuKnhadTt
TUBKxUlI xXKnhx&SnNnt NéASxKAnASOxNt ghdKASht x KU x
UVhSSx Ki ShAdAKHA g x e SKSKunxhfxKKxdrnaAHSxx KenAhddKHnl sindchAH'x 'n T ¢
ONedOhKxilUl x SNt Lx&@At éhdxcAKnht KOx KnAKx DGNSQg X
uUpAox OKAKNOXx Ul x SNt Lx At ehdx ehSSOxnhox Snt Sh¢
nhadhx ONLLHhOKSxXx Kn AK h xNitt Lxx &NAKE NsFhakx8cSANK rinhét AKSS xKedAnt
eADhgx Ut PEKBROKAKNDX Kix nt tuvhdKnLAKhx Knhx At

NTcUdKAt Kx At gx AT Ax Thgnént hw

XTtgnt Lxl dUTxUNAXOKNgGEXASOUXNt gnéAKhOx Kn A
KEcCHWAD®DXAcchAdXx KixAEKNnUvAKhx ANKUCNALEX KixeuN
Ul x ThKAe UYth@ NOKAh AL h thKeaxxOANEgux TARKKIOI7d Tnt w x &
ANKUcCHAXLSAtEhdx éehSSOx Ul Kht x ©dhduhox Adx Ax cdil
EUTclUtht KOx Ul X Knhx gATALhgx ehSSOx Kiuxehx NKnS

EAtEhdx ehSSxONAunuASx EéENEnehunéx hKx ASuhx e
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aneapedux Nnhdhl Gdhhxnt x Kn RxASSAH x&KhndhaaxhgxdBncuchit Ax e
nt edhABhgx ghTAt gx Iidx EhSSNSAdx ht hdLgex Ageé
LAKRUAEx KixnhScx TnKnLAKhAxKnndoxghTAt gx EENE™N

2het AKn xghex@MXu hx g

EOX9XNOXKnhx TUOKxeUTTUt xXKEgchxUl xX SNt Lxe&At &
TAt ALhgxegxnTTNthxénhéScunt Kx ntnnenKUidax Ex
CAKnht K&x dhoclit gx KixnTTNt UKnhdAcgEx At gx auTh
dh SACcOhux HBMAABIEDXRAXSEKX gut hx KixnT ¢adihuthixx Kn
ONdunuASOxnt xcAKnht KOxUnKnxAguAt éhgxThKADK:/
dhociut gx tdx dhSAcohx Ut x NnTTNt UKOHGRAGE & x R X

dhclidKhgxnhdhx8At xeb kN R rb SOKBAKADE Ak K&k aRs

NN



AE[ EAE 9EE

1. An, J.,, Shi, J., He, Q., Lui, K, Liu, Y., Huang, Y., & Sheikh, M. S. (2012).
CHCM1/CHCHDG6, novel mitochondrial protein linked to regulation of
mitofilin and mitochondrial cristae morphology. J Biol Chem 287(10),
7411NT426.

v CuUNehx Auhx ANgGgEhx Aux ~uhx 9U3hXxEuhx §EhT A
gMaalUt hx 7uhxEnndfAgnhxtiuhx[ nhdhTAt 9hx E
Qux7uyhxEStUénédhxsuhx70NnhKhxEwuhx~nSShadhx
Enepaséux O0hddKmtumx Aty R U NdASx dhédtuwhdg
chgnAKdnéx edAnt x KNTUAdSx nt x Ax ¢n SAIKKxx & S™n
~h@unEKkK &M X1 aKe 3

ew7ldgnhx ~uhx?hx9hLSNnhxAuhx NhOKAhx 7uhx N3
EaBaréux xLht hxKuouSeu3Ix/l Udx T ®hISEK® ALK A
2N Err 8hxr BXXWX

XKW AAEhx[wuhxxAvhdOAt t hhx~whXxENt Lhxcuhx[ had:!
fuhx3xshTAShx uxEpaBpagxéux] SteASx&At &hdx Ol
Ul xnt 8nght 8hx At gx TUAKASNKEX LUGASYU g h x [
OAt €hdxsx9OSMueixEed&hxann

3wW9NnNéliKhhxsuhxoONBOKhhxeéuxsuhx7Un3hxsuhxs3x/

Knhx NKUcCnALEX fY4hKeTEAGHXx AANLkkeEXx ] daUNt |
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Ehhgoxi nKn AU txXKXANMAEKMBKSe Xxe u X

NN



MWW NEPOXEhXx7N3Ux~hx[hddnxfLShOonAdx ~shxéhd
fhx ~AdKnt 9 AFENAAE HEKc7ThAHKKn SHXAKGd @ mbNKx®  hx
TnSSAtUxuhx?20Tnt LNAEFXxXEhxXx NDNhXx~hx~0dns$S
shxsutUuht xshx FaNthKREEMAXGOXKEANGALt nx EhRx AN
~AdMWABKNSSUX 7Thx ~ht ht @h $$SBSHNXAPERBEr aém K N
99U &énNAKhOxi nKnxcnlbnhdx AAKnNUSULNEASX 9UT
At ehdx AAKnht Kox Ndh AKh g x 1 [ndKintx K ¥nSHAggindd w A t |

whet AKnhxsuhx] ATTinhx whx3XATAt hxYux~wuxtE

=<

dh SAKh g x ¢ AKn D AEROxxAR uxxe-Al Exh a8 Iix37uxti S X 4 XK E Kk &
Kuw?ht Kit hx?2uhx NéuSOUt hxEuhx3XxuNTAdhxEuxE/[
At §x AccAdht Kix QFKNH ARG wph @il

WRUi0OSNt Lhx Auxsuhx UASNSnAt nhx ~uhx [ At KNOh x

=

v =~ o~ =

EaeBlidux ~hKIddTntx nt nnenKax PhicThA A tKxx K
KdAt ©SAKNnUt x nt nKnAK™nN OtAY % hd g A DR Kk & A i1 & fn
rBKTI OMWX

BJuASWB tielhx whxEnNnKKnnghAKcnAneuldt hxAuhx AN

|

NUGtLhx Auhx 9nht hx Aux cuhx 70dUNLNOhXx Xu¥ux uwu
AAdSAKnNnhx[vyhxi AtLhxsuhx] At gnnhxéuhxESUNS
2uhx 3X chETAEnhxuguxuédux BigxnuE ArH A[ g>
JulchdAKnuhSgx AdUTUKhx ~hKAeuSnéx Ahcadu
] SNKATnt hx haRt ENKAB KN KNt Lx ¢gBOATS&Ad&nt U

Ahox inErMEmMkex 3T
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rredAt AnAt hx 2uhx 3x i hntehdlLhx Aux wx EagBrr éwu
Lht h dORKISIERHKE 3 Bl HXKm KN
rpvAdgnt Lhxsuxsuhx NESSNnhx ~uhx ~Nt 8Khdhx Au h:
uhx?Ntcnghx~vhxxhhx~uxcuhx~uiSnt hAN3Zhx9
cuhx7htt hKKhXx ~ux uy hRiNAf OKAR K X f % x B hEg B
20 HOEASAKNUAK Dt X XEBKENgEx Ul x Nh SALSht A9K
guAt ehgxidx~hKADKSKT & X AT AT 5deOwm X
reciNAhx ouhxidnht Lhxouhx 0OAlGhx ouhxsnAhx Auhx]

tgx @At ehdxnASSTAASOhxdOnhggnt Lxt hskx Snln

pod
(D¢
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dAt 8Sx~hgxar Er @8hx xBeux

r@uSnNUcUNSUBOhx?2uhxcnd8é&nhxcux whx3ixEKANNS
guohx Ul x énhTUKnhdAcEx FTudx cduSutbkntLx |
3htULdAT KOx nt vidSunt Lx THNSKS It A thig red xp @& h
eABT YX

rasunt hx suhx 7ENt hx suxuuhx9nidnhx oux uuhx3x A/
ThKAelUSnoTxA9x Ax KnhdAcER&KR e SKEAGhK HrhU
Mr 3 wx

16.Khayam, A. U., Patel, H., Faiola, N. A., Figueroa Milla, A. E., Dilshad, E.,
Mirza, B., Huang, Y., & Sheikh, M. S. (2020). Quinovic acid purified from

medicinal plant Fagonia indica mediates anticancer effects via death

receptor 5. Mol Cell Biochem 474(1-2), 159M.69.
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rivn Thx 2uhxchdghnohxxuhx ANGgUScnhx 2whx GinAl
EAt KUdhx 9uxf uhx AHMHNADFAAT AR xWhiXh & ]9 INHxr A®x 0
whx 7dYShdhx suhx i Nt ehdLhx Nuhx E&nAAl hx §
udlicAKDénhx uwux ] &bt ASNHXx BudHhxx By Atx LERKXAZE Y h X e X X
uA Ex ntnnenKidx (gndoAeShox UteéelLhtneéx
LU UKANMKMNMIMMEN NN BInY K 1B

rexvhhx9chx~U0K+Fhdx AhXETAThSnUUuxchx~AKdAt Ax -
hx EAnNOnATcAZAt x Ohx xnNnNXEhx ~89Nt hx Ehx AAK
O9hx] AdJKAhSSx7 hx]utugTAtx87hx mSuSntASU
inAt Lxihx AAdTAdxchx BHSSAxxkEgahpagxtlhs
CcSNOx EvhausSnTNox ntx guAtéhgx Aht ASx 9h S
20NNt ghghBASRa@h88h ghx An AdMSHnftxxB ANA A\
Ahox ok ErMs & hxex XK

raxinhx Nuhx 9UchSAt ghx 9uhx 3x xhhx wx Easpg
9OAt ehrEAAT x E9 ¢ & hrxeErcradng niik d

aBxn hx AuhxchhxEwhx3Xx~Ahx 7y x EHhsSoAsKEhugxx cNIKUUKChn
nt x 8 AYBIAMNAL Ehdxr nEr 8hxr gux

21.Lilenbaum RC (2024). Overview of the initial treatment of advanced non -
small cell lung cancer. UpToDate, Connor RF (Ed), Wolters Kluwer.
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NKUCNALEx NOXx Ax cdiUKhe&Knuhx ThénAt noTx [ Uc
AENgné sRARARNIRJIO nh T x McBIVERRMWXh X € B U 1 X
newAdnonhx7uxuvhxESx t9AdnhxAuhx SIAddnhx
InhNt Lhxcuhx Nu©dhx ~uhx AASnAhXxEux whx3Xx]
At gx 9SnNntnéASx EnLtni At éhx Ul x ] SNKATNI
OAt EhAMe hdoOxEEAIRRK enmneux
AXWNSUSAKUCUNSUNhXx éuhx ~AdSASnhx ~vywhx AASnNnSA
9dliooKASSx ehKUhht x AclicKiof@BethEgauaiex &

EKAXT Keelenksahxe XK
A3MAUSUUARX ux whx3x NnuTcouthx Qux 7ux Easr
At ehdx ~hKAMNKVWXYREeET &hxpali
ovlinh ©9hxsuxiwuhx[ dAt ShShxAuhxEnA&éShSI udghx
Xuhx9nhddfhxEuxAuhxxAt *+AhxfuhxAAnghxsuh
2uXx Auhx xAdAhx Aux whx HhUTAt hx Euhx 3 X AAn ¢
~X BT AOKXEEACAt npPaAKDe8XxBRGIAZSht ADKAKSE X

guAt ehgx E9x9x E 9fx rsepiiéhxAAK N X RSIhx
9 At &ghadE r N 1B Xy X I
AAAM0 gdNB At ASHhOhWNOIE KAPITIAE Y hx3xi NOKNeAhXxf u.
At gx~U0SheNSAdx9SADONOAR RNtk N i SR AEO At ¢
28.Rong, R., Jiang, L. Y., Sheikh, M. S., & Huang, Y. (2007). Mitotic kinase

Aurora-A phosphorylates RASSF1A and modulates RASSF1Amediated
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microtubule interaction and M -phase cell cycle
regulation. Oncogene 26(55), 7700w 708.
oAl KnhdTNt gKhx 9w hxcAgU+*hxEuhxNhTecShKUL hx

Nuhx 7DdK8énnhx 2uhx AUSSAShx ~yuhx x Nnhx x4 hx

(o]
bl

KNt TABhXx Auhx 3x] NnSShooht hx EuX¥EAB KR U X -

D¢

AOKJBKBHOKAY KA A OKARK N NSKNEht Khdx ¢nA-d
BK HE/N&Gw Od U SxMcinEe R hx XU K

eBEMAdAR Nhx Auhx ©AQgnhx fYyuthXruxA SWAXdE X B-rv/K & wixhN mx.
hnhéKoxdl x ThKIGgafTnt xtat xéAt &hdxcadhuht Kn
dhunhOx Ul x dh QALY KhAguAtt AR-SWd Oy x hx e gns

erBfnhLhShx Aux xuhx ] NADNNt Kihx wx w4whx 3% sh

ABAUXx OAt 6hdxsxMk8nKXxMXKXEreéhxr g

£

egRNhLAShxAuxxuhx~nSShdhxuux?uhxi ALShhx uwx
nBA®RYx 9At EhdxsxMk8mkxiieEr dhxr it
eeBit Lhx~uhxunThxEuxcuhxf Thx9uxouhx3xcUALt |
Gr xETASSx~USheNShx] SNRAXNOASRROK A BN KO @]
KK e u X
exuKnt hhx Uux Euhx EEnNLhx 0ux Nuhx EASunt ihxs
At &hdx ThKAeldSnOTx nt x Knhx hAIKAxx AR uxx c?ddhNeln
?'n &l E g &Vhix & uKX
esBuK U dU*FnNShxouhxclicTAt ©hx Eux uwhxEAt Shhx N

At ghx] ywhxidnkbnKhxswuhxEntLnhx] whx3x NOAS
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LAaGUKnx At gx ht nAt 8h Ox aA PRSI téxh B CUN' A hxx
E E9x9éxKnduNLDNX dANsxOtAgxe h-dAkMiB e Ev B & hx 48[
eMBANLght hx ~ux 9uhx3XxXclUSthOohx ~uxsuxEaBr géu
TnKUénlit gdnAux[ GeENOxUt x3 xtuouwhSxnyYyuwvhdoh:

KdnlkLhdmMHgixANTAudnlkt ASnt Lx At gx ¢c3ex cdiKhn

D¢

LSNeuPhiohgxchc|TeMHgTRNE 9K 0 5 $ Sseeubr & hx 9
eVBUNt x chx xXx sNAt Lhx x Nix Aihx shntxihxchx Ahx t
X Néénhonx 9hx xnNx 0hx EnhnhSnx ~Ehx ENAt L x
ONccahoonuhx diShx Gl x TGt ULSE&EhAnghx SncA
gt elLht h¥iekghix ae x
ekKOic KUt hx Nuxsuhx UAvASAhXxEwuhx~hKnSnhhxAuwhx
7ht dnt Lhx Euhx €éA89NnSNAgnhx 2ux whx] df KAAE
7hdnt ghdhxuyuhxEnTNt SUvAhxuwuhx7ASuUTht ASn
Whx9dliooShEhxANDHENRBBKESHKEMh X I X XHLNKTA
dhOUSNKniUt X gAnSgEgxcdul Shox il x KndoNhx Agdh
BUSShEENYRNE@At ©SX~hgXxr3EWBréhxhAgLEKXMNXYX
enévAt ENdAhx whx 7Nhx Auhx 7nALUAKhx ~uwhx O0ht
~hKIuodTnt x Aox At xNdKtn@aAX ArhAXT A&l BOwEKSWnxx e n E
XBENE NEhunN&hx xXwuhx ~nmdndSnéhx ~whx sAtrhKdun
fOht Uuwnéhx Euwhx AYQAAA SN u-rehhodcKidmiAmn® Ak n By

7NTeAondhunéhx éuhx3x NdAr Stiunéhx éuxEpasrr
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ANKUCDALEXNt xEAt 8hdxehSWOgKoAEhE KxeBig
Ul x SKHTNE§ A NKA F mi UEA SBvh 5 9o

XTTWAt LhxowuhxAnNAhxouwuhx3xx NhxiuwxE g ©rAd &vwixdxh K A
QUTTNt xeKkEr&hxwmsux

XKOUNhx 0ux Nuhx NAt hxcuxxuwuhxEnNnhx] whx 7ANwgEh
whx 9UGguUuLtUhx Auhx 3 x Enht hXchkxnTSAGRE NE & %
TOUGgNSAKnut xul x ANKUCnALEXUNAx gnnjhdht Kx Kh
ESA0Ox fx At gx fffXPOnASEA0hESK@mENHg&M>er B k 3
rBKUT WX

xefvn Ahx ~uhx xnhx fuhx ?2nAlhx 0Ouhx 2Nhx 7uhx 3 X
LSNKATnt hx ThKAetuSnaTx ht nAt ehdx Knhx At Kn |
UA ENKAt Kx NERAX PEx 8§t USXr XKEréhxrBBnagBsuYX

¥xunt t Anhxuux~ux whx hUAFx ~Ntt Ahx uwhx EhUS
Enspeéux tx tKnghcdhooAt Kx MAINEX ¢ draddADH
At gxEht OnKn*hgx x Nt L ¥ AINSHdx9 fo$ FEI0a IR xf

Lht KOx ~mEexnmENha g/ a3
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Lung cancer continues to be the leading cause of cancer-related mortality.
Although there have been significant advances in the last two decades, the five -
year survival rate for metastatic lung cancer remains lower than 10 percent.
Hence, novel therapeutic approaches are needed. Numerous studies have
provided evidence that cancer is also a metabolic disease. Lung cancer cells also
rearrange their metabolism to promote their survival and maintain continuous
proliferation. Therefore, there is a need to identi fy novel metabolic markers that
are crucial for maintaining metabolic rewiring in such cancers. Another
approach to improve the management of such cancers is to use agents that
induce metabolic stress. Coiled-coil Helix Tumor and Metabolism 1 (CHTM1) is a
protein that is deregulated in human malignancies and was characterized by our
lab as a novel metabolic marker in human malignancies. We hypothesized that
CHTML1 can be antagonized in lung cancer cells, thus making them more sensitive
to the growth inh ibito ry effects of metabolic stress -inducing agents. In this study,
we investigated the effect of CHTM1 deficiency on the growth behavior of A549
lung cancer cells in the presence of nutrient stress (pyruvate deficiency) and
metabolic stress -inducing agents. CHTM1-knockout A549 cells were generated
using the CRISPRCas9 approach. However, due to technical limitations, the

results are inconclusive at this time. Future in -depth studies will be needed to

N N



gain more insights into how CHTM1 can be targeted in human lung cancer cells

to make them more susceptible to agents that induce metabolic stress.
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X Nt Lx At éhdx n9x Knhx ShAgnt Lx e ANSBhx Gl x 8 At &+
Nt &nght 8hohx t hAPEESSxwd R AFh SNl x & AEOATSX E

ONdunuASXx dAKhXx I EARUNSEGE i ®x mkvxikdEh x [ tdx ¢ AK
ThKASKAKN & x FHhoAAXNQ@AiinxrE S FARE GCH®X IR Bh !l G dh
Knndx SUGUx dAKhx I x 9NdunuvASx DAJdAdAt K8x Knhx t h
KnhdAchNKnNnéx KAdLhKOXxOUXxXKnAKX DNASNKEXUlI xSnl

E9X9XCAKNnht KOy x

ftx Knhx SABKXx KUlUXx ghéAghohx h3Kht @nuwvhx dhdhAd
ThKAeluSnéx gnoudghdux f Kx UDASx §KKUux i AdeNdLx L
KNTUiUdxehSSoxnAgxnnkbnhdxdAKhOxuUl xLSNeloOhxNCF
U3&Lht x UASxtcedhhxSehA KXhEgnxhK n h x i Ade NdL x h njg K& x Kn
cGxaBrkéuxNnuNLopxnKxnAdxehht xSt uOt xI Udx Ax &
ThKAelUSnéx cAKnUDAZOXx Kix TANt KAnt x Knhndx oNduwhn
ThenAt naTox At g x & U t ormhKNehitt Friéxxdii KrkKahrtaxx n Awh x 1
Nt ghdoKuligxnt xdhéht KxchAdOXEAAwSUUvAxAt gx Nn i
Ulrx ThKAetuSnéx dhndntlx ntx e At ehdx Adhhx ghd
ThKAelUSnNOThx NOohx Ul x ASKhdt AKnuwhxA & Néd RIED®h X

nt KhdThgnAKhax ! Udx 2Acx cdiUgNeéeKnuthxnt &dhA
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Lht hKnéxdhLNSAKnuUt 9xnt ONhAt éhgxeEgx ThKAel ShKI
Nt KhdAeKnit &dx UnKnx Knhx Tnédihtundit Tht Kx E[ ¢
ehhtx Ax 9nnl Kx KUVDAdgax ghuhSltcnt Lx KnhdAchNK

ThKAeUSnNOTEMSSOAERBEAX+AhXx 4B AB &YX

U NPRNSXxchSNIx NNTudx At gx ~hKAeliSnaTxrxE9c N~
Ax cdiuKhnt x KnAKXx UDA9x énAdAéKhdnfhgx A9x Axt tuwh
9cN~rxghi 8nht 8gx VDASXT UNt gx Kixehx A9l énAKhJg
Unht x Knhgx UhialhxtgMraEMrthigx ONénx A9x L SNEW Oh x A
cGhxaer kduxf Kx UASx ASHhT texnthit KKhx gexAK néAhkdxx 9ech6~Sra x U n
L SNeégiodhx LSNgATBENhht Kx LdUUKnx €t gnKnit ©ohx 8
ThKAeUSNOTHIEWHG g A AKX & ux  Sdil ) ® KNJm i ent xx auhinuih d A
OATcShOx I duTx cAKnht Kox ONnhdnt Lx I daTx SNt L x &
9c¢c N~r xh3cdh oot kkxEa7sAreedAudxx[ NdKnhdTudhlxnKx LA
StuesSguLtxdhnt ghdhgx nNTAt x SNt Lx At 8hdx €hSSc
Unhtx ©Ner hé Kh g x KUYt TGghNKEAnet USXn & & t PKndKhnali¥ ©x 9N & n .
KAhAKTht Kx Udx ghcdnuvAKnUGt x U1 ¥ SEEmod « AR x 0A
ASOuxt uKhgxKnAKx 9cN~rx UVA9xhooht KnASx I udx Kn
Nt ghdx tWYKa@ahAKgx nt 8dhAdhgx ThKAeuSnhéx OKdh
ONccdhaonut x Ul x cek YWA&KGUSKEmBtuxx NhHhechAdixt §nt
hunght 8hxKnAKx 9cN~rxnA9xKnhxcliKht KNASx Kilixe

NNTAt X TASnLt At EnhoxuONenxADx SNt Lx&At &hd
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UAADX Udx unddKht x dAKx DAdEUTAX uUnFAS BB EH X ht

NUTUSULX!I dUTxKnhx TATTASNARwRGOLH& vhxxfl BX eniSEh
cadiKBRAraSXXUK N AKxnaxnt wld Suhgx'nt xWKmuhbxn sgk A& xAxuux ¢

OnbkLt ASnt Lxnd9xdhaclutoOneShxlI tdxeéhSSxcduSnl hd
ThTehdoxul xKnhx A Ex I t EhHX B i R SAE BEXHAXTARSSKINhIXNEL N X
AASDX TNKAKnuUt ©Ox Adhx TUOKx el TTuwE G addhdgsinyt x S
moxut hxdl x Knhx KU UKKATKIR)KxxUet GETUTLUR t ShEaXxTNN' X E 9 x 9 h»
henghdTASXxLAUUKnXx! A KWaAyBEGCEBC K@ xEELTNAKSNE A )
At ehdoxn AR AXKDNh X UNKAL Kx At gx AdhxdhOnoKAL k
KEdudnt hxSnt Adhxnt nnenKudox ANNgXEAg BN wARX KIEAD
cGEhx asaBéux BrAOYXBAGNLENR Ul x Knhx 7 d8Kx ut elLh
Knhdhx nA9x t UKx ehht x TNé&nx ONEéehoox nAA@Hh uvh ST
EEAOKIP G ABr nédux St Wx EINKRNEKXXx EBDx 9x nOx Knhx
dBndntlLxnt xe&At 8hdx éhSSOx A tYys NN Ix NI ASKNE Witoxh’

EAt ehdOoOWERPBRAEGABr néux Ahéeht Kx OKNgWAPx nAuh

—¢

NKAt Kx At éhdx ehSSx Snt hdx ASBuUx @nuUXx nhAuwg x
ONAunuvAShx Aok eBSNKRTBIHhgnKnUt 9x ShAgx Klixnt &,
OKdhooxnt x KWAOEGABSSOXEROAIKN XAt gxxUueéADASHI
EhSSNSAdx ThKAelUSnNnéx OKdhO9O9x NSKnTAKHSEEK dh NS
TNKAt Kx SNt L x & Al 1@ G Rx & eh BESOx xEMenPAXK n x At gx x U & AE

KAdLAKNt Lx 8hSSx ThKAeUuSnOTxWRiIE NEAK R x ERNEGKn
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>t

AcchAdox Kix ehx Ax cdiTnont Lx AccduAénux EU X
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ntnnenKnutx Ul x L SNKAT N tYhexn hix KLAS NHSH Bl ty ARNrorh U d-
dht ghdhgx SNt Lx €At ehdx éhSSOx Tudnx NG hce&ne

] Ah LTI HXK@BT NE X

NnhxclUKht KnASx & U 8d hEXATKNIKUAL KXnelift KsUBhKRAEKXNU® x At g X 9 ¢C
nAox t UKxehht xnt yhdKnLAKhgux UdxnAd9x9cN-~r x ¢

KnNohxh3cSltidntLxnKaxduShxntx ThKAelSnhé&x ASKHh

¢

cht xt hUx gtnxghltKénhid xaKrinh dAch NKnéduxi hxngcliKnh

At KALUt nNFhgx ELAht hKnéeASSEX At gx cnAdTA&USULNE
Tudhx ONOEhcKneShx Kix At KnéeAt &hdx gdNLdOx KnAK

e At

D¢

hdxehSSxThKAeliSnolBKEIK®KShdARAOh NKAS®X KA
nEctiKnhdnfhgx KnAKx 9 @N HTNKBt K& SUNN Kixx nét Axt @ h d x ¢
dht ghdx KnhTx Tidhx 9N O & hicSKSnlieUSnht Xl KxUiKx et ASHS BRI

OKdAmO®GNent Lx dNL DOy x
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EQudtntLxxBknAEBENhKEeEBDx hKASxeAaugNERBDANT & §
i hoKx EAdATht Kihx 9 &8ux SSx h3chdnTht Kox Egd,|
CECANWARB Nht KX ?~E~%ENRAEFHXUXhKT tdTnt x Uhdh x
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ThKAeldSnWi PKAMDOOx gAML AIRSOPKXT 3xnx E9Ix9x &t
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I hoKhdt xe SUKKnt L h

| hOKReSBIXKKnt Lx VASx chaltafThgx Asddadgnt Lx Kix F
ghoédnehdR BEx@®mBox ENt x KX ASuhx e ey ¥[ §dx/
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E&nht KnRAgxx@dnhdn?iéx iAKnh ® VASKI NXhGKK U X g h |

ghuhStichgxonlkt ASOu

EKAKN&KMEASDIKS h

ihxchdlidThgxKnhdhxh3chdnTht KOx AKx ShADKxX Kn .
gnnhdht Kx cASB8ALhSOx At gx Ut x gnnhdht Kx gAKhax I
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Nnhx tASNhOxA9xcSUKKhgxdhcdhoht Kx ThAt xax EE-~
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ihx nt thd8KnLAKhgx Knhx h nfhtegKNe it ¥ X &g XK ®ith g, x9 T F
ThAKIrdadTnt xidtx9cN~rxcdiKhnt x ShuhSox nt x SNt L x
crannx SNt LxeAt ehdx ehSSOXYWakn AN PR ABRKHNELER QX
At gRikNd O x nt MdgEanMhu AKKH? ~ E ~u x 1 iy & i KRG KK TAKIX DT T
ghédhAdhgxKnhxdhSAKnuvhxeéhSSxunAenSnKgxul x

At gx mTEmt ght Kx TAtt hdx E[ nLNdAhxr x At gxr 7eéux
EhSSOxULhdhx TlidhxOht ONKPpwhRKEaKBx bk xBABDRh X AL
dhONSKOx Adhxr NOKx dhéht KSEx cNeSnanhgX¥nt x 0N«
ThgnAKhgx ehSSx ghAKnx At gx ANKUCHDAL EUWMukkxh NTA
ABA3EUudUuXx x h3Khx OUhx nt uhdKnLAKhgx Knhx hnhéK
h3cdhoonut uxi hx Oh Sh&KmgEEAttgkgE@n §x Ta &Kk 8 ATn
T~xAt gxrexT~8hxhnKnhdxASuUthxudxnt xé&uTent AKT
OhSSOx Uhdhx KAhAKhgx I 0Udx Xk x nUNdBhx cid9Kx Un'né
eSUKxADAGEDh xchdlddThguxi hxt UKhgxKnAKxnt x 3
ThKIaodTnt xXEASUt hx At gxWeREXNToOK KERAK OB @hAE
cdiuKhnt xShuhSaxAdxonuULUt xnt x[ NMLNAhxpag uwxclUUh
T~xThKIraoadint xutgEedhAEBKhgxBENArxcdiKhnt xS
[ NnELNAhxa7ux[ dUTxKnhdhxh3chdnTht KEBhxUhxASSU »

UAdExehKUOhht x 3xnxAtgxcrannx SNt LxeéAt éhdxeéh
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[ NELNAh krewmixx AT gx ThKIdadTntxntnnenKx Knhx LduUK
EhSEP8EOXx Uhdhx KAhAKhgx UnKnx Knhx nt gné AKhgx
dhSAKnuhx €hSSx unAenSnKnhox Bh dhxgxh&KmTET &é& sh 4t
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08dATeShx&hSSoxeuaanacut gnt L x KIxgxKILIIKG x3 8kS1ik
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EhSSOxLVhdhx KAdBARAgKkha8x BN MSAASAKNnt Lx gloh
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[ NELNAhXx nux 3 MEXJAT@Shs & hSSOx @nitUx gnnhdht K
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OedATeShxEE9AExenSSOx Uhdhx KAhAKaBgE@H ER X Knh
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ASKhdAKnuUut dx nt x Eh SSNSAdx ThKAetliSnoTx ASOUx C S
cdiuladnho@mht SABKX KUlix gh8Aghohx Ae Nt gAt Kx OKNY
EhSSOX TAt NncNSAKhx At gxdhcdulLdATxKnhndx ThKAe
At gx ONOKANTt h § x L ddnmKeng agEsNnetiéTucxactitt xh wh dhx 'n Kx U A ¢
Mt NMKNASXT t gnt L Ox KahPKxSAMXKARXL 1EXfNE XORTcudr
dhcdiLdATTntLx ntx KNTUdOx Ei AdeNdLX §hx  rnsueé:
ThKAeliUSnéxdhcduLdATTntLxntxeAt 8hdxe&hSSaOx ON

hnjl d K9 x K BXAIT teduaAtkim d A c h N K'n &3 xSKSnx Al kn xKKAL di LSHNKOKT &4 A

Entéhx nKx nAdx ehhtx gnoduduvhdhgx KnAKx At 8hdx
dh AddAt IKWITXhAKEUTTUGgAKhx Knhndx t NKdnht Kx dh D
Nt nt KhddNcKhgxcduSnl hdAKnit hx KnhdhxnA8xehh
h3cSUnKx At 8hdx 8hSSx ThKAeluSnoTuxf Kx DASx Gut
AtgKd SAKhOx I Udx KJdheAnKind glakh $ i NOSAhSTXnAX Unctixdh g x E[ A
Entéhx Knht hx 9dnbkt n7T At Kx ¢cdiLdhddx ntx ghuhs$S
ThKAelUSnoTx nt x KNTUdox nAdx &fxh A&HKRxAGA &R IONIxD
KAdLhKnt Lx LSNeuUdhx ThKAelUSnaThx LSNKATnt hx T
t NEShUKNghxOgt Knhdndx KnAKxnAuvhxehht xhnKnhd

nt x&$hnt né VxS e BKEEXh 8 &
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O enx Nndx Ut hx Ul x Knyrx KO ® el nSANKENIANKINARS & x e h n
Nt vh OKn L A K REGAASShxdXAXLATKKK [ Udx KAhAKTht Kx U1 x &1
OTASSxXx &€h$SSx SNUD &Mt e IXTAIENY A-x©x A && G h Oh x
ABAr €x EFG ma&Qsxyr €N hgi8h e bk @er k €x e At e h dwu
~hAKIudTntxnox Attt Knhdx gdNLx KnAKx ndx ehnt Lxn
AtWAt 8hax cUKht KnASux f t %hAgAderh K tx xh Kihxg i b drkamAt
nhcAKnéx LSN&Uut h dElfwtnit @ xSXhAtOGEK N o KE x KU x LSNE&
UKnhdx hnjhée Kox oNénx A9x A KnuvAKnt Lx ~Auhxntn
KdAt ©c u dKx aJARogGgeEd SSKACEINGAXBE 4 e R WididrAhénwx Nn h ©h
TNYKAMEhKhgx ThénAtnaTaxul x ABKnut xnAuhx UDAdAdA

At@At ehdxclUKht KnNASwu X

Aheht KSEhx TAt &x KNG 'nh Ox hkAewixxyhht Tam' KonkEahAdKxh §Ex 9K
KOUDAdgox Knhx hnhé&Kox Ul x KIAgnKnut ASxeénhTUKnh
ghAKnx EUmée&@asr €x A & Gsam K hgMiexy s €M ig Oht
cGaer nex Nl h@istri e uxf KxnA9x ASOlixehht xonuUt
AenSnKEx Kix AnfhéKx At &hdx 6hSSx ThKAeluSnoThx K
h3cSUnKxnKax ¢ KA &nd)S A LAOXHBNEREATHNEK) ik BB €X
SnTWRHAKX G B nex 7THIT hcERBEAR ux X Nt Lx At €hdx &1
dhocit oneShxl dadx ' MAISEKGeYKAR X @AV BAFG LN G h X E
ft OKNKNKh&uxx Nt Lx&At ehdhxnt xTUBOKXEADhShx™n9x

AddliéenAKhgxUnKnxnnlknxThKADRAZ N hakd g rathhAtka
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fddx tiuwvhSx KnhdAchNKnéax nox nTchdAKnuwhux ftx
hnhéKogkehx 7 gx ThKIadTnt xXEhnmKnhdx ALht Kx ASut
LddUKnxehnAunudxul xKndhhxnNTAt X E9X9x8hSSxX:
g’nooh dKAnrthtx lke>@Wirn g h g x h w'n gbh@ &khexnkxiAxt SPNKcTchiKd KixdKT
KAdhAKTht Kx EASUt hxAt gxntxeéldTent AKnut&xnt gNe&l
ghAKnxnt xcxusx At §gx & shnehSaNnt xLA LERhAL t KeThxdnxt &&8haShSASBHhxX
Ul x ?2A3x cadiKhn thexdehilt NSPATKNAE TLKKS?TA 3 x Shvh SOx nt x K
Snthoux Nnnox ThénAt hoTx kedx ARYyx IThmIKN AR ME X6
ehht x dhcudKhgx ¥ehedAntugxx BT &ixdI At x KAhAKTH |
EUTent AKnutéx ABKnuAKhx Knhx ANEKEAN A hiHa&we eSSl
ftnnenKniUt x Ul x ANKGcnALEx Nt xcrannx SNtYL x é At &
kenx At gx ThKIudTnt x dhONSKOxXx 4 f g KA KK XS KF K AWK
CAKNnUAE x Ul ¥ MEBnuhcxkhit ainAguéxh g x Oht 9 nKnunKE XUl xc xu

EM®x KUVDAJdgOxKnhohxALht KOxnox cARMPUXx g Nh x KU x

ihx NOohgx Kndhhx E9x9x&hSSx Snt h SfAIxnTeNK AKaTs tht'X
Ennéx s3xnhxUnndhAaxMBNRARKX] tt@EAtUGX EnNnNthéxcr g
KEcHBADBXxX e NKxnNndxc3ext NSSuxi h retnuxhAa Kynx LTAKKH qixdKimin
Knhohx EOXHORMSIXGTANNAKKX & 0t §n KENiLt Tarxt Kk x T
ThKAeU S nudxxi hkkdhtiekeh g x Kn AKx Knhohx Kndhhx E9x9x
gnnhdht KnNASxOht 9nKnunKgx Kix Knhdhx KOUx ALht K

KnhxLdiUKnxnt n'neéknexiAtggohheIKiek i tx®xUnh dh Adxc
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Knhx ShABKXx O9ht 9nKnuhx Kix Knho9hx ALht KOux § Ndx d
Knhohx ALht KBx dhONSKhgx nt x Ax ©dnbkt ni 6 At Kx ghéc
3XKNXENhSSOhx KN NOX UASNgAKNt Lx Kn AKX Knhaohx AL h
KnhohsXxbsPPurhdhx Knhxh3Kht Kxul xdhgNeKniat xnt .
EhSSOx Al Khdx K&rek AR tgxXTTKK ixdgrmt x VDASx t U Kx AdX
3XNXx EhSSOhx Unnénx VASXx ASDux dhOhéKhgxnt x Knt
KUUDAJdQg Ox Kn h ©hxoAilxht't UKKehugxxi AXKAh dAKnNn Ut x nt x U T h
ATntixAéngoxntxelUKnxUl xKnhohxe&hS %xeJrxtAr @xx'n t
ThAKIuodTnt ux NnNOhx Knhohx ALht KBx ASKhdhgx Knh

E9x9x €h$SSx SNt houx §NAxx@NedADNY tjhem & BAHgIRn T |
ThKIaodTnt x NcdhLNSAKhgx Knhx ShvhSaxul x?A3xcd
VDASXT USSUULRgxXxeEx At xnt &ah AMohAEng x [AN KR AKX U Fx x
dhclUdKxKnhxnt edhAdhxnt x A AAx & Sh AulAkl FKxrOthxKanx |
O enx At gx ThKIudTnt uxf Kxndx UhSSx St iPhx KnAK
At gx A AAXxXeShAvALhxnNnOxAxUABKEARABRRUKkXx SSH KKh O
KASht x KiLhKnhadXkretngm& ARKADOKT AKAXTNT x h 3hdKx Knhn

hnhéKaxnt XcxXxuBXAt gx 3XNxSNt LxeéAt éhdx¥hSSah.

=

ThgnAKhgxh3Kdnt ©néx cAKnUDAESx Ul XA & o KH'DBOx & F
ThKAe U SnpgXk@®KAmM®O? Az x cduKhnt x NcdhLNSAKnuUt xnt

9 enx At g xnthxKH tirA@At 8 hgx?2A3xcdiKhnt xOKAenSnKE
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CB-839 and Metformin
treatment of NSCLC cells

l

Metabolic stress

Growth Inhibition

DR5-mediated apoptotic cell death Autophagy

[ Inhibition of autophagy in K-Ras
wild-type cells

Figure 1: A schematic depicting CB -839- and metformin -mediated cell death

and autophagy in non -small cell lung cancer cells. Figure created with

BioRender.

2A3xnNOxAt xnTcUdKAt KxeliTcutht Kxul xKnhxh3Kdn
At xnt nKnAKUdx EA9cABhx KnNAKxndx AeKnuvuAKhgx egx
9ABCABhXKhxUnht x A Knuhhx éShAuvhax At gx Aé KnuA
SNLAt gxA cfixgx HHEINt X EOhx aBrréux §uhdh3cdhadnit
A& KnuAKnduUt ¥PEhAAITrihxx AqtBGKKEASK BB X 3 BMx Unnhénxnoxeh S

e Ndx ntYAgBOtAg gt Kx TAtt hduxi hxgngxt GKxnt wh

[anq

ALht KOx Ut x obgxiHNBX dKNgEux f Kx n9x cli©9d8neShx
NcdhLNSAKhx cugxHNA fxx ShuhSO®hx Unnénx 8UNS

cuaxHNA fxxnox tuKx dhLNSAKhghx Knht x AGKnuA
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nt 8dhADh g x Sh whtSEK i tx Akt KxLTAXtgt hdux Nn NShx G Nd
OKdiUtLxclidnKnuhxeéltuddhSAKnlGt xehKUOhht x NcdhLN
Kx At gx ehx At gx ¢t OSh DNht KSEhx Knhx h3Kdnt 8neé x
Nt vd Swvhgx ttxXx@hSEXAKMAIKNn x nt x dhdcilit Ohx Kix Knh &
dh TAnt ©8x Kiix ehx nt thdKnLAKhgux 8§t hx Ul x Knhx A
StuesSguLt x 2Asx nt x Knhohx 8hSSx Snt hdx At gx Knh
ThKAeldSnB K RAMDOOX ALht K@t h ajh 8 &x g h AKmh Oh x

cuapxHNA fxxeAt xASOuxehxnt uhdKnLAKhgxnt x Kn

i hx t UKhgx KnAKx ntkxeairx gt ngxx ThhSKS @ikaxTnt x cdhgiaTnt
ANKUCNALEX eMAY NAKRPAACUCKIDNOuUuX cUVDhuwhdhx K
AeKnuvAKhx Knhx ANKUcCcnALNéx cAKNUAEX Nt x c Xxusx &
ANKUCnALEX Nt x crYWnx YyahrsSORNIORR K-exnee n KO x ANKU C 1
ntnnenKnt LxéSA9OxfffxAfeuxeéliTcSh3IhxKnNOxe Sl
Eche STAY Hox@Bredux §t ehx ANKUCNALGZX UA&xemtxnhen
At gx ThKIudTnt xXdhONSKh HKMERIKKRABGKERKTAKKS S € AD
crannxeéhsSSoux Nnhohx gAKAXx8USSheKnuhSgEgxnt gné
crannxéhssoxaht ghdoxKnhohkeéhsAOy{TiAKKDIDSE H
nt x KNdt hx ASOUx ONLLhOKOx KnAKKker gAKESHTBOkKk X |
Nt NKNASSEX A KnuAKhx ANKUcCnALEXx Kix hoéAchx éh
cdiéhooxgNdntLxUnnénxKnhxeéhSSxhooht KnASS¢ x

gATALRhgx UdLAt hSSh dx RINxHXHE:BhadsASKuhxx AN Khidclng A LESX XN
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cdUéhodxAt gxnoxSt iUt xKixcSAExAxgNASxdUShxn
OKALRKX U x &Km A N Thit AN Hox@:B 4B €x O Nt x At gx x hh hx
OKNgnhoOxnAuhx ASBuUux9niLt x KnNAKx &éAt éhdxéhSSox
gnnhdht Kx ©9Kdh98x 8KNTNSnhhx nt SN bk G N&KE8X% h
~AZ 8 UKKhxG:B I xR A& GBI ¥ ©x &N &k &hsur'm 8KNEMEAG: L X

aerréduxNASnt Lxnt Kix&ut onghdAKnUt xKnhOhxh3h:

—_

tgnt LOhx NKx €At x ehx Ut ESNghgx KnAKx ntnnen

—¢

GTent AKnitx UnKnx KdAgnKnitASx é&nhTuKnhdAch

D¢

—

hKAS N BREN@OENTt Lx ALht KOWAKB R HK r AKEBE KAARR Af

D¢

hSSXxghAKnxnt x8At &hdx&8hSSOu

Nnhx SAS9Kx ghéAghx nAdx UnKt hodhgx h3nANDKNuwhX
hooht KnNASx ATnt Ux Aénghx nox M ASxATANMKIAITNG xK & AntTec
EéAdanphongs nURKE@A X @XielIRAK @B r n &IKMEIBST AxE X

NUO gk hk Gi:B 1 WEXHEUEBxr e 8w x f Kx n ADx ASOU x efihdxx dh ¢l
nt ONht ehox ThKAelUSnéx dhcdiLdATTnt Lx nt x At &1
NcdhLNSAKnuUt x Ul x ADcAdALnt hx 8gt KnhKA8hx E E
A9cAdALnt hx ! duTx Adc AdK AKX xS t xhEqXSE RBGEME S E A
dhidLAt NFAKNUt x Ul x LSNKATnt hx ThKAeluSnaTx Kn -«
cAt edhAKnéx g Né KA S x AJThHIGEBArdes én® i EfiiVix SEXET O ix A h @4
EUSUdREKASX At ehdx 8hSSx Snt hdx NcdhLNSAKhXx AT

Ex9ex AHE NahxAt gxEx9r WH O\ sxaxuAX t goxAENASTX,
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uUpADx nt EdhABhox Knhx ghcht ght 8 xul xcAt 8dhAKn
LSNelUohxAt gxLSMRAXABEhREENENSRXOKNgNhOxnAuwh)
KnAKx Knhx é it é Ndedmx KKK XN@Odh rx Al ik A - IStNKKERIAREMNO h X n t
TNKAt Kx @At éhdx éhSSOx OhtdnKn*hox KnhTx Ki
NTTNt UKnhdAchNKnéoahx KAAgnKnit A SA3ExndhATguinKinKhnduAt
KnhadAc g x BEARS@QH OR@HE @A N r €N h&Gh gx T HES:h t

ABT NTé Y X

§Ndx dhONSKOx Nt gnéAKhx KnAKx Knhx Kndhhx E9x9x
Klix Knhx ThKARUUGME& xtLKxdAOBt KOx NOhgux cXnusx &hS:
nAdeutudx THRRBKKhIT it OKdAKhgx nt edhAdhgx 9ht On
EUTCAAhgXx KUXOBAKXN AN & KESBEOREBESY St ehx KAAOT NKAT
DABx ntnnenKhghx Knhx cxusx €hSS8x At gx 3xnx &h
ThKAelU St @NAmMDOOx ALht Kdux Nnhohx 1 t g HrASXx ONL
OKAKNOxXx Ul x Knhdohx &hSSx 1thiKIx AKnjix & BOAK i I5'm & x D)k
OKNgnhox Adhxthhghgx Kix LANnt x AQHARY DKAKHNBX @
dhLNSAKNt Lx 8hSSNSAdx oht OnKnunKEx KAAIH KA U S
EhSSOxeAdATRhABXTRKAT BEJue Kn it KX WKWENFRAOXU T x K
OKAKNOXxEUNSgxcduunghxAggnKnut ASxntl UdTAKnNU!
nt xuA ExLhthxnt xXEPSHRADEAOGEKHIBDKUNBFKnlUOhx U’
AggnKnit ASx nt nlk n KxA®K Kt xx KA XN A K X WK xS S N ¢

ThKAelUSnéx OKdhodux X X
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NnhxPBARBhdXx cUKht KNASX Ul x ThKIdadTnt xlIddx KAJL
ASBuxehht x Nt ghdx nt whaKn L A RKMIHKGBIAdEXHooNGE A S X
0B kA3 Mg S a x x HSaxEXZThKI tdTht xnAdx ehht x dh
Knhx LdOUKnxUlx E9x9Xx&hSSx Snt hox A tgghtAcharixx OF
hnhé&Kax Ul xdAgnAKnuUtkKonhaAe g x EEKITRAIBEANSKNG &
ThKIadTntx dhbLNSAKhO9x KdgcKucnAtx ThKAeluSnoT
OKNTNSAKNt LXx 92K | x Nx EhSSYRMLK@RNEGEAx A& R'KuhRS
OKNgeExdhcliUdKhgx KnAKx ThKIadTnt hx AKxStuUxguoh
m?2x EA? En?éx nylix SEnASEKKAX AKKxn &1 dl U © K A K h tx nénlet’néKhina’ hl:xx Hiruf
cdulLdhooWNtx@BABEYuXx OhRKXx At UKnhdx dhéht Kx OKNGg
h3hdKOxAxdhLNSAKUAEXxhnhEeKx Ut xLNKx Tné@HlenlK
AXrx At Knelgihxhuht KNASSE x dh QNSHOER: & x end w xKNETT
LdUNcxASOlUxdhcUudKhgxKnAKx ThKIddTnt x ASKh dox
OKhTx ehSSx E9QE9&x TAAShdohx KnhdhegZx cdhuht Kn

ft KIAhcnNnKnhSNnASx hwahx@mAreenwE~UnATThQgx

E§NAxT tgnt LOXEEnNACKhdxaéxnnkbnSnLnKKENBREBNES
gANLOXx €At X CcSAEx nt x ntnnenKnt Lx Knhx LdiUKnXx
dhcdliLdATTntLxAt gxdhSExnhAunSgxut xt NKdnht K
TNKAtYXax dh Ot EKKhpAXx KUx ALht KOx KnAKXx KAdLhKx & A
Nt gnéAKhgx egx GNAx T tgnt LOux clLhuvhdhx Yhx cdl

nt gNént Lx ALht KEBx DUINSgxehx TUBKXxXhAEAENUNDOXx Nt
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KNTUdox h3nnenKx h3Kht @nuvhx ThKAeliSnéx dhcdilld
KnAKx&8hdKANnt x E9x9xeéhSSxSnthdxEONénxAdxcr g

' x Knh ohx T h KhAegiNSBnmBtxLaxKAALhhYeK ©x e E X A8 Kn v AKnt L x A

enl¢

ghAKnuYx hhKEBATAht KNt ASSEhxnNd9xAxeéhSSxaNdunuw

Ut KAUSxEBNhg@ARKeSyux clUULVUhvhdhxAxl hOXx OKNgnhoXx

D¢

hSSOx 6At x A6KnuAKhx ANK GcAnt ASLhEaxx nA Lxh & FK&d i t ASBhSKU

D¢

>
—¢
>

g Lhgx At 6hdx &xh BB AR IKUKAXhAthGAKHhdLshx Unn
NKnSn¥fhgxl Udx At ehdR BRGEK DRIGHNEAGRERAGRT € X
EADhx Unhdhx ANKUCNALEx AeKOx Adx Ax ONdunuwASx T
KNTUiUdohxéluTentnt LXANKIUCnALExNnt nhenKudaxULUnK
cdhuht Kx Knhx ghuhSUcTht Kx Ul x dhd9ndKAt 8hx At
9uUSShéeKnuhSEghxUNdxdhONSKoxcdhoht KhgxnhdhxOf
OKdAM®GNeENnt Lx ALht KOx éAt x ehx NBhgx idx Knhx K.

ThKAgnéxadhUnadnt Lwx

XNt Lx At dhdx nox Ut hx ol x Knhx TUSKx [ dh DNht KS¢
dhociut ©ne Shx INurarntxhiAl EICSAAUIIHGEX g h AKnOu x Evht x K
hnudKx ndxehnt Lx O9cht Kx KixnTcduuwhx Knhx TAt ALF
Ut Knt Nh&x KU x eKimxx ASB @& ARG {IBMm Ox At gx SUUXx ONJ
OKdAMO®GNENt LxALht KExNOhgx nt xUNdx OKNgEXxnAuwh x
Ax KnhdAchNKnéx AccdiAénx Kix Kdh A K KABOSXR9KX ¢ A K
At gAdhoht Kx Un KiaASMNKeAT xKXtug d ThtKX 8 At x ASSUx ehx &
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OnKnx GKnhdx KnhdAchNKnédx O9Nénx A9x KEduUuont hx
~EUHEAUXCcAKnUDAEBhXx xuxntnnenKiddxA9xUhSSxA;
t UKx ABx Oht ©nh Kn wh XhKIUgxNE MK A e UASnhét xK &Pk ddht ey A & K |
Nt nnenKnt LEXANNKAISCENUAXLSEhxt ©'n K'n + h x @ A& @ h & A th &jih & BOOK

ThKAelUSnéxOKdhoowu x
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KNTudohxcuodneSgxeh& ANOhxcdnTAdEXKNTUJdOX&U |
LA UKnuxctdUOhuhdhxntnnhenKnt i KARKBRRNOY M t 'K &
At gxedAnt ux NnhohxT t gnt LOXONLLhOKhgx Kn AKx Kn
ThKABDKA®NOXx 8UNSgx ehx NKnSn+hgx A9Xx CcUKht KnA:
cdUcUudhgxKnAKhxl UdxeéAt éhdxeéehSSOhxuUBHUNAKN wh >
diShxntxKnhxcdueéehooxul xThKABKA®MOuxcUULhuwhadh

nt 8ahAohgx ThKASKAKnEéxeNdght xAdhx Nt §ShAdx AL
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Nnhndx dhONSKaxt hvhdKnhShaaxnnknSnknKx Knhxmn
KNTlUdx cdilLdhoonut hx nt @SNgnt Lx ThKASKA®NBu X 7
CAKnNht Kx UNKEUThOhx Knhx OKNgExUcht &dx Ncxt hOx U
AeKnunKExOKmtt xxa@htgdhhdx cdiLdhddniut x At gx ghuh
Nnhx dhONSKOXx nnLnSnknKx Knhx cUKht KnASx I GUdx
OKdAKhLEXxlI tUdxdONccdhoont LxThKABKA®ONOhx TASNKTt |
NUUXThKAelSNOTxeAt x KANARKIbE Kahgex i OR&ABBRAN K <
EhdKANt x SNTNKAKnUt OXxXKixKnnoxo9KNggux ©OxAest
Knhx cAKnht KOdxdhclUidKhgraACeAKnEdx OKNRELVOEE & X 3
ONAt ©x Uhdhx nt x Knhx elinlidKuXhNnKAKR Ktnh ¥ AaXT
gnuhdohux ftx I NKNdhx O9KNgnhdhx nKx UnSSx AS9il»
LSNKATnt hxnt xdhSAKniUt xKix ThKADKA®nOxeh&AND
Axeht KIASxduShxnt xdhUndntLxThKAeliSnokx At §x:
vAdnNiUNOx At €hdaxdrrhragahrehr xhrs3dux tiKnhdx’
KNTUdx nhKhdliLht hnKEhx Knhx dhctudKhgx NOhx ul x
BACKNAhxKnhxgst ATnéxt AKNAhx Ul x ThKAetuSnaTxd
KdnASXDOmEet nnepKBdN xVASIXKhdTnt AKhgxhAdS:g
ONénx ABx hShuAKhgx eSUlUgx SAEKAKhhx SAEKneéx /
t ANdUCAKnEXxOrindux NnhxLDidSxdhctidKhgx efEx 9Anx
ghdnuhgx 3ht UL dATlUKKxE AE29x&%x Tnitgxh S&? HE9f 2 x LATTA
ASKniNLnxAxehKKhdx TughSxeéuTcAdhgx KixhoKAeS

MOUOX SNTNKAKNnUt Qux [ udxnt OKAt 8hhx 8§?HE9f 2xTh
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At gx KnhdhxnoxASBuUxKnhxdnoSxul x TNdnt hxé&

UnKnxA?2AxTUghSOxnodxKnhxcliKht KnASx SU89x

(a4

X
hUvidSNKniUt x8rkduxi nnShxKnhxeéNddht KxOKNggExgurt
KUx KKXBLARt ehdx ehSSx ThKAelSnoTxnt xdhSAKniUt x KU
rddx h3Kht SfplrE K nAxt @K Ngtn h ©x Kix I NSSEXx h3c¢SinKX

ThKAeliUSnéxdhOndntlLxnt xeéAt éhduwu

[l

NKntidxeutKahg ARNKhti@oxeuti dTxeéelut KdneNKnilt x
OKNgEx eutehcKniUt x At gx ghdnkt hx cshx AEhx ~EE €x
ANKnutdoxdhunhUOhgxKnhx dhoNSKOx At gxAccdiuhgx |
ot OneKaxUfsnEKmN@GORMANSnxnNOxKnhx9UNt KAg x E¢
[ Nt gmNrthx DUdSx nt x ~EEx SAetudAKUdgEgx DADx oNcc U«

~hgnéASx Ot nuhddnKgxAnhohAdenx] dAt Ku

g St

¢

UShgLPRH&SADng Xt 0t hux
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Al hanht &hox

rv EnhLAShx Aux xuex ] nADNnt Kihx u4ux we€xshTAS

OAt éhdxsUNdt ASx I Udx 9 St dnxg n8Aft hox rams yiexehmx i ke AA &

EnNhLAShxAuxxuex ~nSShdhxuux?uwexi ALShhx u

i
£

9 hx x9AtéhdxsUNdt ASx !l UMKXJIKPEH d'x At ax ®m/maiE
ew éAtghdxchnght hx~ux] uex 9At KShghxxux9uexN
i AdeNdLxhnhéKhxNnhx ThKAeliSnéx dhDNndhTht KOXx

eAXXE3snaBBEheugnfif hxrsurr guHOENht Ehurr mBK B
X4 XnehdKnhx ~ux éuex xUBADAShhx suxiux Nnhx UA
At &hdx 6nhSSOl x NAht gOx nt x 7nUuénhMin&AIx?E& hixt
rsuyrBBrumHryKneowyngBrs3sur gusBBT

34 cAt AnpAt hx?uwexihntehdLhxAux wuxcASSTAdSOx
OhSSxAaBr r hMimuomxx28E hhxxrwmwr Br uHr wéhSSuasrruepg
My TAt Lhx 0we€x A nNAhx 0uex xNhx Gux ~hKAeliSnéx I

QUTTNtnNneAKnUt ©xaBrkhxekxEpEprafis ux ?28f hxrBur

=

W Xh7ShNhx éuxEuex 8§69uUtthSShxsux Nuexchddhd
CANLNOhx ~ux9uex?hx9AdUvASNUhXx[ux ~vwex?ATABEéHN
OAdAhXxsux ~ucKAGINENBXAnKAEAUt gdnASxenilLh
CniocnildESHAKMUEIKAdX 6 h SSOXKUXxcdUTUKhxThKADKAE

rux Er sMéshexenwixg? 8 f hxrsursek Ht €eeBenwu
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Ky 9ANhXUY €LxoAKBN[ uexXNNhBIELCATNAHL Ay €K ER
snt hx ] vwex EmIXh AAtLHx | w €x 1Y RSk hAY d @& DM Lhix X7 oiu
CuexiPlineEdprutaxxcpex P LUSOKnt Uhx Aux 7uex [ NAg
XWeRAAAsuxEuexoInnSEuChNPALHARLRE NAL L hx ex1 AKA
cHiux AnudcnlidESAKnutxulx A?2c xefx ~Auxgdnuh
ThKABDKA®NOuUux ~UShE&NSAAXx 9hSIKIUKMEMBIKX 2k Xh

rBYrBrmHr uTUSEhRSUYUABABUYBNUBT Ku

ny J]Ut ©9ASuhohx iux fuex sAtLhx sux Ewue€x shooht
shudhTuounéhx ?u@w B KNBHIU tuhxx ] Awex | dAt Oh h hx s
UNTAdhXxEuxuuwex AndhxuuxEuxftxunulxADOhooTht
ECE&Shx nt x WNRBANAY KAWMt gx TASNLt At Kx €S0t ASx ¢ SA
~hKAelUSnOTxaBaBhXxKXEHeWenSshxrsurr Kk uHOxXB T
reu9ANx xhx cATTUt gx ] hx NASguULAtx hx SSATdA,
ANAt x Ahx EuSTutoutx hx] NxihxAAé&nt nox Ahx uANAd:
2U0XA hx~AdKnt ©x A9&ht Khox~hSuxxhx OehSSAe&Sh
f hxUuNdESUULUNE*x uhSXAdERNENKIIBRKE 2y u SBOHh x s h
Nshx AAlix ?hx9dht KdnSxcEhxxnxchx7dndKhdx][ hx
Xx] hx ENgghdKnxshx AiNxshx ~AKnhU9x NAhx §Snuhdx -
uhdt @8Knt hxuchx [ ANe hdKx 7 h xh?xp& thtdkAd8TgenN Ko tAxs K ik )
ES&8Shxnox Ax I h AKNBHXABISX & Lh 1S3 SN whxxStAItE h d x n t

?2noétuhdEx aBycen g EXE hx vy mn B g KPR rnsun
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rryidniNhxxuexunAt LhxAuexiunNhxAuexinAt hx ou €x
KAdLhKNt Lx GF x LSNKATND hASTSIKKARSI SN SNX Inx ¢ Atli & h
§teuSULExxhKKhdaxaeanehxasxExéux?8fhxrsuekn
roushnt hxsuyey BX BYB e ARBE SHAEE h Knt LxLSNKATHht h
A9x Ax KnhdAchNKnéx OKdAKhLEx I tdx At éhdux E3ch

?8f hxr Bur Byeag4HOmYng in n

rewvwxhhx whx Egux Nnhx chKhadiLhthnKgx Ulx 9A
ft Khdt AKnit ASXANeSnaOnnt LhxPrepBHigxsar uwx ?8f h

rxy NASAnAdAhxRNuex ThTnEgAhxouwuexENLNTAHARX AU«
ghecht ght Kx et KAdaisSxiul x TNgE§A9rxonLt ASnt Lhx xuw
Ur xX7N0Thgné&ASxEE&Enht e hx s asphoposingier dux ?28fF hxr
rsu| ANehdKhx7uexxnhxuuxouex9Anhxxuexcht 8Sh,
uex?UPyNeRKKRhXxEuex7NALNhKhhx?2uwe€xxnhxcuex
ouex nhx~vyuexNiuddhASeAhxsuye€x8§Shuhdhx?uex xht
TuexolUNt Lhxsux?2uexuhdt @9Knt hhxuuwe€ex?h7hdAdgn

SNt L x KN TSlixdn@sur xiohhxSIMi i X EmMBx 28KkhxrsursrmHr wéhs

rmucht ©9Shghx 9ux Nu€x [ A NelhndAnH xh7xu @ix@xNsAM t hhxx AR wes X
Xuexullhx7uexEShSKIUt hx Auex xiNgAKhxxuexilug#fA

Nhx ~u€x §Snuhdhx 2uex NiddhASeAhx su€x ~ASSugl
2h7h@RAtAn Ohx Auxsux~hKAeliSnéxnhKhadidLht hnKgxnt

ExEMxmKxux ?28f hxrBursrmHr wédhSSuagBrsur gusex
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Kht Kx NtnnenKigki ahRt KICaliSEInNndOx KNTUdx &
TnKUénit gdnASx dhdcndAKUdEX 8UTcSh3Ixfx KnduNL
7NUSULNEASxInhTnoKaExnBughE§nhyxEur B hxHr e du
rkusnt hx suex otonnTNIAENS wAMK Eh®ASRE ARYLE Y €
ONASSht Lhox At g x AdRrod K@ il tx ALAKAIMK &KX [ G dx 9 A
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[f] OAE

3C-labeled glucose infusion in
NSCLC patients for 11 years

l

TCA cycle metabolites
measured periodically

l

Increased *C-enrichment in
pyruvate, lactate, and TCA
cycle metabolites

|

Advanced metastases, poor
prognosis, and reduced
survival.
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ONSSXghAKnhx TUSheENSAIKIAHERKKHDKKE

dhcduLdATTntENKAKEYXBRt LxeAt éhad

cnTAt nxslid®nnhxont LxcNAtLxAt gx~uxEAH

PhcAAKTht KxUl xAnAdTAGUSULEhXxEKAKhXx Ot nwh da:
Ot nuehddnKghx

EZdAeNOhhx hUxoudShxregpgrs

uhgLURgEMt G Nt hex 7nTex EcnghdTASX LAUGULUKnx [ A
NgdudnthxSnt ABhxntnhenKidoexEdSuKnt ne€x] hi

9Uddhoc U teuixtESARHh g X EnhnNSnhx~4y?2vyhXxAnu?4x?hcA:
EO 0xOcoOKAKhx~hgnéASxOt nuhdanKghxinsBxEX ¢
dnhnSnTAINcOKAKhuwhgN

Nnnox dha&kmh®IhxnAdxehht xACehgAhgwaB8ddxcNeS
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EnTcShxENTTAQE

-

XNt Lx €At ehdx dh TAnt ©9x Ax L SUeASx nhASKnx cdueSt
At EhadxnoxeUTcSh3xeh8ANOhXTAt ExLht hKnéxAt g>
ENAtLhOX NTRRASBNSAAXKX Adhx nt v Suvhgux EcnghadT.

EE] [ ABhxAxeéhSSxoONdlIAehxcdiKhnt hxndx TNKAKH >

Q-

noéeNOoSx Knhx duShxul x TNKAt Kx E][ Axnt x dhLNSAT
ThKAelUSnoTuxi hx ASPIlx ghde POPS Ko mtk Ndédn KU doOx K
TNKAt Kx E][Ax r'itdx SNt Lx At éhdx KdhAKTht Kux f
Nt ghdSgntlx huht Kox egx Unnénx TNKAt Kx E] [ Ax «
ThKAelUSnoTx ndx h3chéeKhgx Kix I Ad8nSnKAKhOIXxKn h x

KdhAKx SNt Lx At éhadu

e OKd A& K

XNt Lx At ehdx n9x dhdcliutoneShx fddx nnknx Tuder
Lht hdAShxSNt LxéAt éhdxeéAt xehxgnhunghgxnt Kix KL
EAdEnt UTAXx EE9x98x At gx KPAAITIxdB R SIUXT BNE & ¥ & 2
E E9x9&8ux ~U0Sh&NSEahy h x SINGa@xx NtALRah ax ghuhStcT
cdulLdhoonitx dhTAnt x €0TcSh3ux ftx AggnKnut x K
ASKhdAKnlUt O9xnt x8hSSNSAdxThKAeliSnoTxnAuvhxeht
dhéhcKUAxEE] [ A& xndx Ax & h SHStxkoNedN TAN K A KeragixKrntny x|

Knnox dhunhUhx Uhx gnoéNoox Knhx hnfhéKox ul x E] |
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ONAdunNuUASXOnLLt ASOhxADxUhSSxADx ThKAelUSnéxdhc:
Knhx Nohx At gx ThéenAt naTox il xAeKnit xul x KEAUudn
E] [ANKAt Kox At gx ThgnAKhx Knhndx ntnhenKudgx h
2huvhStcTht KAUE ixkxdRREXTED Y MO x Ax cdlieShTxnt x Knhx
gnd9éNddxKnhxAccdliAénhd9x KnAKx Adhx NOhgx Kux U w
ghuhStcTht KY it i dFAKMIRD 84k A TTNt GKnhdAcCgEgXx n&
hnhéKnuvhxUnNKAEKKA E9x9ux 1 hxc ASOT g ShkOoRN®E S
ThenAtnaTox udx Knhx nt Agh DBDNRAKAKKAh N TIT D& x
NTTNt UOKnhdAChNKneédux ] nuht x KnAKx TNKAt Kx E]
cdigNéhox ONAunuvASx Onbkt ASO9hx At gx AnhéKax ¢
Nt ghdoKAt gntLx GIMKKhhE X INARERESEKRAX OnLt ASD
ThKAeuSnéx dhcdiLdATTntLx ndx h3cheéKhgx Kix I A

chdolit ASnFhgxKnhdAchNKné&ox Kix TAt ALhx SNt L x &
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rayxft KdAugNeKnut
XNt Lx @At ehdx dhTAnt Ox ATUt LxKnhx TAnt x&uit Kdne
eABhox Adhx gnALt Udhgx AKx AuAt éhgx 9KALhBhx
KdhAKTht Kx OKdAKhLNhax 8r 8ux x Nt Lx e At 8hdx ¢ At >
OTASSXxehSSx SNEExEARSON NI AXASEUNt KOx I udxnr 3
At g x E¥E&OOtXE E9x 9 & Uit ménmexShaxy dirkdx nk 3 Yx Ul XASS
E9x9x&At xehx NAaKnhdx ONe& AKhLUdnfhgx Adx Agh
gAdéent IMAXEINSAL g x SAJL B ol sh)VSESKKE sAsdw XnN niHTXAGxh v h S U
cdiLanoantt x il x SNYWEh EAtcaii@h BdhOF KSR X nt wii

ABENTNSAKniUt x Ul xLhthKnéx ASKhdAKnUt ©x Guwhdx K

D¢

NNKYXUlIXE9x9x 8A0hOx Adhx Snt Shgx Ki x KAnet ABxe U x ¢

t NThdiNOxe&AdentuLht OhxduThxiul xUnnénxAdhxci

—¢

t iEnYyhanuhgxAffmKABAKUEt hox KnAKx datfx Ax &0
huht KNASSEXx ShAgnt Lx Kix Lht hKnéx AehddAKnut d

ht #EThox At gxPYSINIKAB AR ht + g Thox Adhx dhacit

o

ThKAeUuSnéxAeKnuvAKnlUt xul xKnhohx&AdéntiliLht Oh:

—¢

uTc

D¢

EUTcSh3ux Ut OnoKht Kx I UAdTAKnNnUGt x Gl x ? X
ehSnhuhgx KixLnuhxdndhx Kix L h t KhNKGnhéxxiel nx A N:-t hi:Sxx &
Mox nKox gnuvhddhx Lht hKnéx TNKAKhUt &x Anjhé&Knt L
KhéntidSiuLkLnhdx nAuvhx Shgx Kix LdhAKhdx nTcdliuh
KAdLhKAeShx TNKAKnUt x nt x SNt Lx @At ehdoux ~USh

ehhgthKnT hgx nt x Enéx LAt UKnx I AéeKiidx dhéhcKUdEe
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dhéhcKUdAxEE] [ AéexAt gx7 edlieSABDKx LAUuUKnx ! A& KU

SN tBENXUT hx 2?2 Aaghx At gx Afue9 hx At gx Ennnés

(D¢

nt
ONénx A9x c3ehx xu7r hx At gx ANE uwx ] ht hKnéx dhAz¢
NTcUdKAt Kx TAdASuB89A®Nehx ABgx AENXx nAuhx ASOi X
§Knhdx TAdShdohxoNénxAoxAxTutuLSgehdnghxSnc
Nt x SNt Lx MAUME&HEXXNGggNKNnIUGt hx ghdhLNSAKnuUt x Gfl ;

CAKNUDATOxnABxASOuxehht xSnt ShgeKixXedtEeaRNGAD

it ©nghdAeShx rAdnAenSNKgEgx h3ndKax nt x nt énght

Cc

vAdniNOxTAdShdoxnt x E9x90ux[Udxh3ATcShhxE] |
AeliNKxepnyxeAdoh oKl IExx THNKxXAKHWIE YXXNUEXX OE39 X 9 x 8 ADh €
] ht hKneéx T NBRAKKIhIE AKKnAitt O hx ASehnKx Shaax ! dh DNh t
X uMBe hx 7 8kyeéxhk oM N & He MEWS HEr At g MIASErxxOE M 8 u )
~AtALAhTht Kx Ul x E9x9xntuliSuwvhox ONdALhdEghx &nhT
KnhdAcihx At gxnTTNtUKnhdAd@BgseENAe 8Axh e R NAGD
ALAnt 9Kx yAdniNOx ghl héKnuhx TAdShdouxftxKnhx
ntnnenKlidox ENuf ©98x ONé&nx Ad9x Al AKntnehx gA&
GtonThadKnt nex Adhx Accdiuhgux ShéKnt nghx edhn
SUdSAKnt nex Adhx Accdiuvhgx A9x xux ntnnenKid:
AccdiuhgxlTuodx 7A [ x TNKRNKAt EQKPDugpuadrg AENAF
KhcuKntnex Adhx Accdiuuvhgux AJASOhKnt nex At gx Ot

nAdeudnt Lx AENx TNKA&YX WAt wxhd Krah & K 4 0 D¢ K i & i x
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KNTUdOu x APRAIVKROx Nt gdNLLAeShxl UdxAxSiUt LxKnT
KOuYAdx ntnnenKuidax nAvhx ehht x Accdliuvhghx 90K
ghuhSltcTht Kx GNAGKMitxnTh@dKxid Ox VABx Ax SAt gTAAS
KnhdhxdhTAnt &x Kx 8% FRKSAENT ipthxein KU d9x e h & ANOhA x K

Knhx] rag9x vABBAE NKXGT X Kx KnhxUKnhdx TNKAt Kx wAd’

nux~hKAeliSnéxdhcduLdATTnt LxAt gxeéAt &hd

XNt Lx At &hdx ghuhSlUicTht Kx ndx LdhAKSEx nt ONh
ciUDhuhdhx B8KNgnhax nt x Knhx cA9Kx dhuhdASx ghAd
dhcdiLdATTNt LXASOUXxCSAEZOXAxOnkt ni At Kxdu Sh>
CAKNUAgOx Nt x e AE BN@MBISSOthixx € At Ehdhx UDADx dh é
Ormhrinduxft xKnhxcABKxKUOUxghéAghohxh3IKht 8nuw
TAt NncNSAKhxAt gxdhcdlilLdATxKnhndx ThKAelSnheéxc/
At gx ThKASKADNOEDTIHX gnAKIERERATAZKRENOKNE OX
dhcduLdATTntlLxnt xéAt&hdoxnt eSNghxAhdlenéxlL
Ulrx €nNKdnéx Aéngx 6éShx nt KhdThgnAKhox [ Udx hi
ThKAeggmiht x Lht hx dhLNSAKnUt x 8r néa nEnxh & hi 3«
AdAdAt LhTht Kxnt x 8At 8hdx 8hSSOx VDASdx dhcudKhgxe
gnoélduhdgxiuchthgxKnhxcAKnx Kix Nt ghdaKAt gnt L
At gx ht hdLhKnéx 9nnl K&x l tdx Knhindx LdtUKnhx 9N

dhuhASAKgY KAt 8 h AKhEINSAEh N L SNEUBOhx ThKAelShé

D
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LSNéetUOhxNcKAShhx NcdhLNSAKnt LxLSNeélUohx KdAt &
NnNOhxl Udx Ax St Lx KnThhx LSNeliUohx ThKAeluSndT x
dhOndntbx nt x E€Atéhdx éhSSBQux cliULhuwhdhx Ax SAdL
LSNKATNnt hx EAEKAENSH)Pax AP Udx At EhdxEehSSOux]
Ae Nt gATHKSIMITKNASX ATnt Ux A8ngdhx At gx nKx ndx F
gnnhdht Kx VDAEOx9ar 3ux] SNKATnt hxndx KnhxcdhéN
KixLht hdBKKGASNKAJAKRX AL i x BHIN&Ks Kk SSKEABAKH x n ¢
elx At ehdxehSSOxKlixdhcSht ndnx Knhx N9 x&Fé&Sh
At AcShadiondhxUnnShxLSNKAKnnit hxcdnTAdnSgxn
Nnhadhl Udhhx LSNKATnt hx cSAXBeASTNSAhEAGh BAG X

At EhdxeéhSSOuxftxAggnKnit xKixeéhdKANnt xt NKdn
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UShéx dhndntLxnt x 8 At & h dXANMSAKI XK ' ME FKHi/
E drpéhx Ax Shgx dhLNSAKUAX Ul x At KnRB&O @AM Ky ¢

dhcdUuLdATTntLxnt x SNt Lx&At éehdx dpaandux EGThx Ul

—¢
>t
A
>
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GSnéxdhUndnt LxAdhxunAxnt édhAdnt LxLSNK
ONOKANt x AfeuH SKxOnLtASntLhxAt gxdhLNSAKnUt
Nnhx TNSKm&ESBSAt ndTOx KndudNLnx Unnénx drl gx ¢
dhcdulLdATTntlxntxeAt 8hdxehSSOxASOuUx TAShxnhK

At gx TAt ALATht KxUlx E9Xx9wu

EnTnSAdx Kix UKnhdx At &hdx KEchdhx ThKAel Sheéx

LSNKATu®ABSOUA ehht x dhclUdKhgxntx E9XPAYPSt hx O
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TNKAt Kx E9x@xbFmarehAKDASxLSNKKETHRADKOEI xRXAt
OnX3ux9Ut Oh DNht KSEhx KAdLhKhgx ny ememtKmAt &id:
At KNKNTUAXxABKNUNKEXx Ul X OhSNTHRBNKAX Ex E9KBA
Baoxdux SUt Lx Knhdhx SnK h@®Exhk A KixKK /&K OIK PN E A Tdrhtc
egxPenxohtOnNKnthgxnNTAt x SNt Lx&At &hdx 3htdld
On3 sk @B OTASSxTUShENShx Nt n'nen K lhdxKKrhAKX TEENTT
dhocutoneShxlidxeéeltvhdonut xNENESNKATHE h ® KA
OTASSx TUShENShx KnAKxntnnenKax Knhx cukx A X |
dhctudKhgxKnAKx ONcnt ti3nt xdhONSKOXHEH OTOKAE K
E9x9x&hSSOhxKnhdhegxntnnenKnt L x KBy mdKnlld i UKK
OTASSx TUShENShOXKnNAKx KAdLhKx&At EhdxeéhSSxTh
TAdShdoxudxcdiKhnt Ox KnAKx cSAExAxduShxnt x Th
AoxcdiulLtiuoKneéx TAdShdoux[udxnt OKAt EhhxEx 9

DAGXNt gx Kix ehx dddhSAKhgx UnKnx nt €édhAdhgx L §
VidogrAdxoONAunuASxdakduxxNnhdhl ddhhx oNeénx T,

annl Kdxnt x At éhdxeéhSSOxnAvhxKnhxcliUKht KnASx

eux EcnghdTASx LAdUUKnx [ AdhEaA KMEH OKLd A TrE] |

ThKAetuSnéxdhcduLadATTntL

EcnghdTASx LdUUKnx AéeKudx @médmd KUKKXAEBThA&R:

dhéhcKudhx ehSUt LOx Kix Knhx hde7x T ATnSgx Br % v

NY



hde7réhx Kndhhx AggnKntut ASxdhéhcKidox h3ndOKxT
hde7ehx At gx hde7xx 9andux E3Z3EhcKx I ildx hdeehx A
AEKnunKEX gNhx Kix Knhxcdhaht éhxul x At xnt KdAéh
AEKnUvAKhNEXESWAAANG 9x Kn AKX ent gx Kix nK8x h3Kad/
E][ AxSnLAt goxnt ESNghxhecnghdTASxLAduUKnx!l AgK
AScnAXEAY]cinndh LNSht x ELAEgOK S0 EFAI U UKn X [ A
Ec7E][é&hxhcnlht xEE AE ]&&xxAd egexshucXnxdrlLAN SgnxtexnE’ B n t
Kix SWhIEANGEhgx gnThadn+FAKnUGt hx UnnénixhndmAKE QR X
KEdudnt hxSnt Abhx ABKnuAKnuUut hx 8NSTnt AKnt Lxnt
ONAunuASx @nlkt ASoYy whAtk gl tEKHKAS T IHEAS NS L X EAKA DL,
ThgnAKhgx dnkt ASnt Lx ASBUx ShAgOx Kix A KnuvAK’

ThgnAKhgxoOnLLt ASnt Lxhuht KOxder 8XxXE[ nLuxr éwu

E][ Axnoxl dhDNht KSEXTNKAKhgxnt x E9x9uxNnhxmn
nnkbnhdxntx ONMAt XCUCNSAKnutxe&uTcAdhgx Kixchau
ccdu3nTAKhSEXx uayx Ulx Aght uéeAdént iTASx AS
Gurhdh3cdhodnit xS epMKARD WD XL hEh[@AX L ht h X
AT hx Ax dhlbLnit x KnAKx étghdx iddx Knhx dhéhcKUar
ghShKnitoxntxh3udtxrnx AdhxKnhx TUSKx euTTuUt €x
SANENt hx AKXcUOnNKniUt xk3kxKURKButkEGHX &xii. x i A :
TNKAKnUt Ox KiuxnAuhxehht xI UGNt gx de383ux Nnhx Nii

ThKnnutnthx AKx ATntiUx Aéhgx clionKnut x inex nt x

NY



dhcliUdKhgxdeundux Nnhx Niine~x TNKAKnUt xndx &Ut On
AdxnNKxnNndOxAEDNNndhgxAl KhdxKdhAKTht KxUnKnxKgadt
E][ Axnd®xehShhuhgxKixehdtdThxeéelit OKnKNKnuwhS¢g x.
ANAunUvAS®N&ETt I hddnt LxLdUUKnx AGuAt KALhx Nc i
Ut OKNKNKnuhx AKnuAKnhUt hx Knhx TNKAt Kx E] [ Ax
CAKNUAZE Xx ON&n x A xhAc hE HA t [ KHYEA ggnxAKFhegux 9 n bt ASnt L
E[nLuxréuxftx AggniAreKinhewh K THKAT K E1D K MK nAShodizx
ThKAeliuSnéx dhcdulLdATTnt Lx E[NnLux réhx cAdKneéN
htnAt 8hgx LSNEUBhx NcCKAShx At gx Tudhx SAEKAKH x |
ekdux [ NAKnhdTudhhx nt edhABhgx dhLNSRKATHxX U/
cgdnTngnt hxenudft KnhdndxAdhxdhcudKhgxAdxUh

Vhadhxt OKhgxKlixnt edhAdhxLSE8uSEOnoxnnénx VA

XKuXxXE] [ AxAox AxXKAdLhAKx Ul x KnhdAchNKnNné&®o

AdnuNOxKEAudnt hxSnt ABhxntnnenKUdaOxENuf 98&x ¢
Nt @SNghx LhTi Knt hehx hdStiKntnehx néldKnt nehx Al
] hi KntnexE[ nLux gé&x DABx Knhx1 doKx Nuf xul xE] [ A
?2dNL x gdiAK IS Kx EOE[ 2?7 éx AccdUuvASxl Udx Knhx Kdh 4
OXB3ux ciLDhuwhdhx nKx DAS®x dhclidKhgx rassuaunt L x
ONelLdiUNcCcx UFlx cAKnht K&x UIl'x ©OnAtx hKnt nénKg x

EnhTUKnhdAcCcEx uTent AKNK® % g Kaoh ¥ WK Edg @i U
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Cc

OnThdKnt nex EY ht k@ Akt Ax Nifrhdxgn 8 o KAKUTE X STKU d x
nAdeutudntlx E][ Ax TNKAKnUt ©8x dxadux f Kx n9x ASai
AEDNndhgx Niine~x TNKAKNnUt Ox Oxad8ux §9nThdKnt ne

AGNSKOhx At gxXAINA G XntEUAXKENIItT KO X SNt Shgx Kix NnKOx NOh u

geldgnt LxKUuxKnhxOtmnKhgx EKAKhSx[ GUugx At gx 2?4
gdNLx SAehSx ENcCgAKhgx ABx Ul x Ehcx aBAaX&hx 09n
Mt gnéeAKh gy NEAKEY] [ BEO9x90x O9ché&ni eASSEXx I udx KNI
ghShKnit ©x Udx h 38K®Uotr XuxxkfsPx NPKx ndx nt gné AK
Agr NuAt Kx 9hKKNnt Lx atSStUnt Lx dhohéKniat x 0l x
Nt dhoheéeKAeShx KNTUdOx EBKALhx ffféx KnAKx nA
EnhTUdAgGNAKNUt x Kn AKABE ¢ S84 b'g X & Q&8X EnNpIINCEKXn US>
' Udx ThKADKAKNE X KNI HJuixKmbd x ndxANTTEBK AKnUt
At gx c SEBROhNX dhbnTht x Udx SUEASSEXAGUALt 8hgx
ThKABKAKNEXx KNTUdoax UnKnx E] [ Ax Nine~x TNKAKN Ut
E] [Auf Qux Nnhx UAdt nt LOx At gx cdh&8ANKnUt ©x ¢ hdx
gnOohADhxEf x?&8Hct ANTUt NKnOhxANéxnt KhdwASxc adt
TNSKnl GdThx THBrihd o E KRERTGE UG Thhx At gx Ki3néx h
ENKAt h i NOx w AASDEKNFEKKALShHTXNAKFAK AR e FEEN KT x Nn
OdnghxhnhéKoxAééeudgnt LxKixKnhxSAehSxAdhxAdxl|
SETecniuchtnAhxKnduTetuéegKicht nAhxAt hTnAhx gnA

t ANKAUcht nAhxt An SXTRARKF KOO T XAKSM: tNH x4 & KEn n

Nd&



ALht Kx Al K npdXShAKKENtANTTU dAgnAKnUt x KnhdAcghx S§

fXx?Hct ANTUt nKndhx KnduTelégKilchtnAhx t hNKduc

(D¢

TNOENSUOShShKASX cANY hy RENBNRATf X pI®&EHR Nt X
chThKadh3hgx AtppOeGSARBAENTHht hx SANSUcCcht nAhx K
t hNKdUcht nAhxSgTcecnlicht nAhxdAd®nhxgnAddnhAhx

nt édhAdhgxeStlugxeédhAKnt nt hu

Nnhx ThenAt naTx Ul x RNauK mextnxt WwihSKrnfox EhmA bt k X U >
O9nMKhx nt x Knhx KEZdudant hx Snt Adhx guTAnt x Ul x Knh
TNKAt KxE] [ Ahx Knhx Nuf ©@xnt Khdl hdhx OnKnx E] [ Ax
e Sué&Sx Knhx KdAd enN ehKanAIK xuthl xxAt g x ONduv nuwv ASx @n Lt
Knhx Nuf s ABAKKNAnuvhx nt nnenKUidPhKkBHAKn O & NI
ONénx A9x Lhi Knt nehx hdStUuKnt nex At@xnhguakhi®aXi
Sxedux Nnypx Ol & A K gtie KN taXXnAT AKnt nex At gx gA&uT
ent gx AKpKtignt AN Khgp BRI AKMIT xKuhddgonThdKn
nddhuhdone FEXIAIKXE Knxhexn KNiAx Sxe dux 8§ x t UKh hx Knh
Aéngx clionKnut x i} gkt tgiul khkxn ARKAE] [ Ax n&x n
tonThdKntnex entgntLx Oxedux 7heANOHEY [KAX GdD>
ghuhSUchgx dahonoKAt 8hx ALAnt 8Kx hAdasnhdx Lht h
ghuhSlUchgx Kix eUPpnNKBEgKAhONIKALEEhhx At gx AKx K
Khx E]9PAt ©onKn#fnt Lx TNKAKnUt ©x Oxaghx xedux txAg
NKOXxAenSNKE x Kfid Bdtl OOk Kamix @ >xSAtI@GX KN NOhxnKxno:

Nd&



edAnt x ThKAODKADhOux §uhdASShx tonThdKnt nex nA
CUKht Khx At gx h3nnenKdx Shodx Ki3nénKgx &uTcAdr
ghuhStchgx ALAnt 9Kx TNKAt Kx E] [ AN xhexd K neustuxdl

E9x 90x nAde U JNKAKNHE]t [QAixxT

OhSSNSAdAx ThKAelUSnNOTxASBuUxcSAEZOxAxdiuShxnt xd
Gr x SNt Lx&At &h 3 xeunfssuonKebinpKBlk[RAEFH AASOTxehht X .
nt Khdl hdhx UnK@RINEKRE &Kx EhKAeliSneéex dhcduldATT
KnAKx Kdh ANTURftSkxx LA KKint ne x At gx hdSuKntnex Shg»
cdugNeKniutx At gx LSNeuohx iUt ONTcKniutx ntx
~hKAelUSuTnéx At ASgO®ndx  NAaKnhdx dhuvhAShgx KnA
ThKAelUSnNKhSx Ul x LSTEUSEKNEx AtERAAABR K KGUhErh & Bt
OnLtni At KSEXx Nt x SNt Lx Aght U AREQNERAX EESSR
NtnnenKnittx At gx LSgeuSEgONAXx ntnnenKniYx nAuh
Oht @nNKnuhx EhSSx Snt hox Oxxhx x33uxf Kx ODASXx t KT

Nt edHABREEUSEODNOXxUNMNEénx VASXthhghgx KixOKAen!

XNt Lx At &hdx ehSSOx Adhx ehSnhuhgx Uik IS A XA
ThKAetuSnéx dhcduLdATTntLux ftx Knndx &Yt Kh 3KF
Oht ©n KHEAhhSXNAIKIMX Kx Eh SSOx LUhdhx At ASE+hgx At gx Kn

nt x wAdnid NOXtTHKNMEUTSINXKIhOHET SEKNnéx nt KhdThgnAK]

Nd&



At gx ahOnNOKAt Kx8hSSxSNFhOrRBKkabx AUASEXOh AR S
Oht ONKn@WhOADKAL Kx €hSSOx ASOlUx dhuhAShgx gnnjh
ThKAelUSnKhaxnt xOht 9nKnuhx At gx dh O9ndKAt Kx &8h S
dhcUdKRASKKMANKnxudnThdKnt nexntnnenKhgxLSge&uU
TNKAKNUt ©hx nKx gngx t KON BK AT KN ER DAY PRKSA 6 X
dhcudKhgx KnAKx t9nThdKnthex AcchAdhgx Kux 4d
cnlidcnlidEgSAKnUt x EERASEOKAE®x §RiB8AERgNiEdX ¢

ghuhSlUcTht KxuUul xdhdonoKAt ehx KixidnThdKnt nex 9

3ux9hSSxghAKnx N WINEhgxeTXxE] [ A

E] [Ruf ©&x Nt gNéhx €hSSx ghAKnx Kix ThgnAKhx Kn
ThenAt noTOX GNRNGKEhSSXxghAKnxnt vdSuhxht LALHR
At gxh3Kdnt ©néx cAKnUAgEOx Ul xehSSxghAKnuxft xcoc
Kixnt gNéehxENSBEXGgAABKhERERSSXxSNt hoxnAdgilddnt L
KEchx E] [ Ax OvR®BgNEhGIxKAChe KUdndx ht LALhgx nt |
AclUcKU9nax At gx ntvuaSuhgx 7A3x AéKnuvAKnit x A9x

AEKnuAKnuUt x Ul x Knhx &A8c A ahhxué&A eddgnhhxd ATt g A x A:

5

t gNEhgxNcdhLNSAKNUL x ®hoghm Gfr tKax A XAR it TheExw A t7 gnxXT¢

t SEx cdliAcilc KUK Hexx TARTTneShEadixx U It xKh&@® OKnt L Sghx LT

¢

Knhad® 7 8Ex ThTehadauxl IAXTRIBIEX PNE n x ADx AX~g xh x 7

ASOlUx KPNAuwrdwWASXx ThTehda@mtEOKNG AT Gx 29X 1 x DxK

¢

Nd&



[ NdKnhdx nt uh9KnLAKnlUt x dhvhAShgx G A KR VNOXT x
AclUcKUOMmMOx nt x Knhx SNt Lx At ehdx €hSSx Snt hox n
dhcudKhgx KnAKx 7nTx L AJRK G ok H KnAS SHF i A K #ON' th)

SNt LxE&At €hdxeéhSSOu

tOKnhdx OKNgExegx] Ut LxhKxASux 83 B3x NOhgx hds
ht LALhgxnt KAnt 9néx cAKnUAZ XAt gxKhHdKARhGXx OAS
ghAKnx nt x SNt Lx At €hdx €hSSx Snt hdxnAdelddnt L X
ntghcht gHItNKXx hBSgKBhge AcUcKiUonoax Kix ehx !
NcdhLNSAKnuUtux NnNOohx OohvhdASxnt ghcht ght Kx 8K
ThgnAKUdx Ul xXAcUucKUPudIunxt NNTEhaXWExMDBUTl uadTl
eNKx Knhx cdhgiTnt At Kx nogpficarn®yAdkhx EBUELK R ERA
EonudKeéx E[nLux x8ux Nnhohx noul udTox Adhx Lht h
TNTExxnoxeuTcuodhgxul xrnuxATntlixAé&ngohx 7nTx
TAghx UGl xrrBx ATnt Ux AEnNgox E[ nLux xéuxTengxx 7c e
NULVAhvhdhxUt SEX7TNTEXXAt gx7nTxxnAdetdxKnhxggcH
nmoul GdTox Adhx ehSnhuhgx Kux I Nt7a&aRmExtexhSahxh crd § A
ThgnAKhx NnK9x AclUcKUKNEéXx hnjh &JKOk kK kK &xhidmiiee&rmd
KnhY7xeSAFNBENKOx 7cex gUTANt x At gx Kfhhidd g &K' & XN
hnNh&KBux7nNnTxnoxASaU X diiKd Kk K& XT i rg i SAKKS xx en KO tc

7A3x nt xlidghdx Kix AnfhéKx 7A3xeltlI udTAKMIL x At @

=

edixNOYAXTKeex OFNSHBX KA AKX nOx StYHPA & Fiikaex$ nne
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(D¢

THeitx VDADXx ASOUXUNPRAK KXY SN[ xAE At €hdx €hSSOx A

CUKht KnNAKhxKnhxAclUcKUKnéxhnhéKxdlxLhT Knt ne

Nnhx ohintdhgd AKnh Ut x tdnThdKnt nex E u?2npagnr &x nAdx
AclUcKUOmMaxnt xSNt LxeéAt éhdx éhSSax KA KxNeAdext d
AclUcKUo9moax ntvliSuvhgx AéKnuvuAKnut x GFfx e ASBCABh S
[ NGKnhdTudhh$h i @gaxh@K8Sneag hAKnx UVADx ASOlUx él
NcdhLNSAKnUt xAt gx gFUKdBIKMSIAELMXTHONMTHhdEKRt ne x
7A3Xx AtYgxx IrRBh SOhx nKx t huhdKnhShodx nt nnenKhgx
At gx4eB88onThdKntnex gnhgx t iKAKE Y PBAXY3&A8x Kijd
UonTh 3KINGMNEKAL Kx EhSSOux ~hénAt ndKnéx nt whadKn |
ht nAt &hgx 7nTx ShuhSOxegxntnnenKnt Lx ngdx g h L «
ghLdAgAKNnUt xunAxcdUKhABUTASX cAKNUA Funxif tKxx U A ¢
At gx4¥X BONccahooanitx Uhahxthhghgx [ Gdx d8nThak

hnhée KOXWINKRAE KA SNt LxEAt ehdxehSSoxd3xdu

huvhSlticTht Kx Ul xudnThdKntnex dhonoEAOEBKASOX
SNt Lx At é€hdx ehSSOhx 9KdAKhLNhox Kix tuwhdé&uTh
cdhé&SntN&ASx OKNgGNnhoux Ennx hKx ASux 83 x8x KN

Tent AKnit xtOmé&xn DT MgEKAINPKAKKEK BNt Lx &ALt &8 hd

enlq

é

enl¢

tUKhgx KnNAKx~EuxntnnenKiudaxASUthxudxudnThdK’
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EhSSxghAKnx HhOmMDKAR KKEthBSeSux cUUOhuwhdhx Unht x
GonThadKnt nexUhdhxeéuTent hghxonktni At Kx&hSS
el Knx nt x ynKdix At gx nt x unuwitix 83 xdux ~Ax h Kx ASt
CcAKNnUAZ xHIA KixheSStxxje h x Ax OKdAKhLEx KixUuwhdeiThx
dhctudKhgx KnAKx KdncShi 2 hTemteAKmidthyx TARXXAS &
tonThdKnt nex VDASx Knhx TUOKx hnjhé Knuv@EkhohoKAfg K&

EhSSOXx At gx Kn Nax T fdjin A Kx tAISXOA tk kot & At & wdhxr U x O h KK

gonThdKnt nex At gx UKnhdx Nuf 8x nAuhx ASBUXx ehht
ht LALNt Lx Knhx h3Kdnt 9néx cAKnUDAgEx Ul x AclcKior
GtonThdKnt nehx hdSuUKntnex At gx Al AKntnex ntnne
KANt 8 AKh ¢ x uehcddserhiixt kxHirrexxeénAli TU SULNhXx Kn AKxnt nnhe'’
EhSSx ghAKnux Nnhohx Nuf ©x egx ONccdhaant Lx &[>

h3Kdnt ©néx cAKn VDA XY NKARRSSNOAKBEADEBREXEASSO:

nux 8§9nThAdKnt nex dh SnEtKAT A K it BBl [UN ad Kn
Ox tUKhgx Aetuwhhx UYomtT i d A K1 thteh RSAixtHxXXMBogKAXI Tt & O
E9x9Xx UnKnx TNKAt Kx E] [ Ax Se n 3puAXShigxx maaxdAirkh A’
E] [Ruf xd3kduxxf Kxnox ASOlUx NOohgxl udx KNTudax k
Bendux 9ht KaAAKhXTtXxhEDPw IENXXTHKA OKADhOx Adhx euTTui

cdubLtidndx ntx E9x9x cAKnht K&x €¢AddgntLx E][ A

Nd&



€dlioox KehdxAen$ klegAddnhdex Aeélidgnt LSEhXx NKx nAd
ThKABKABhOX 83 nhx nB3dux ?hacnKhy MtKrod A kInHIT tnxmHh Jx [A
Nuf hx ABDNndhgx dhdnoKAt éhx KiixuonThdKnt nexnA
Nt ghdSgnt LgXidmImadkKAt &hx nOx TNSKnlI ABhKhgx nt x
AnKnhadxpEJHAGh t Bt glhdxpt ght Kx Ouneetugh Aimhgh EKEK
ThenAtnaTxul xidnThdKnt hex dhOondoKAt 8hxnoxeéuT
CAKNUAEgOux EUThx AccdiuAénhdx KKiAtuérhad d ih K i tor '

Nt xOheéKnut xkxUl xXKnnd9x AdKneé Shux

ftxKnhx e A@thx bt gEY KA3dahonoKAt 8hx ThéenAtnoTahx
dhdngNhx Ul x KnhxE] [ AxcdiKhnt x cSAEgx Ax eédnKneA
ThenAtnoaTx Ul x AéeKnut hx Knhx 8O8Khnt hx AKx cli®d
AénSnhKAKN tWKmrE x &rimtii ggrintflBxx dh Lnhdt x U x Knhx Sn
E][AuxNnhx9nnixdhodngNhxndxhteéeldghgxesxKnhxt

E][Ax Lht hux §88nThdKnt nex nt KhdA&EKA9x UGuvASht K

D¢

COKhnt hx dhdngNhx AKX ¢ U nhKindift fixx iAtinl ixx S8 K 1o &1 kK niNwrir
GtonThadKnt nex cdhgiTnt At KSEx nt KhdAeKax UnKn x
TNt NnTASSEXANKEKDXEKNEIDOSYgXxXNnnoxdhSheKnuwnKE:

hnhéKnuht hddx At gxSUVhAXKUZINENKEX ORAB X ERh x h

Nd&



~NKAKniUt ©8x AKx 9iiniix dhdngNhx nAuwh x4y i@t K Al KKhxg
EAOhOuXx 9NNNEX TNKAKnUt x nox Tudhx edTTut x At gx |
ohedgmt hx NOohx Ul x tonmThdKnt nex Suedux 7hé& ANDhAX
cuOnNKnNULt x it n MH xekxnehhxKnr hkhit kAKenknx T NK At Kx E] [ Ax At ¢
ftx OUiThx eAohox Ul x AEDNndhgx dhO9dnoKAt éhx Kix U
dh KAnthghxUOnhdhAd9xnt xouThxe8A9hohxKnhxNiins ~
O nii Bxe&Ndd nt Lx TNKAK™ NI t'mtOn&m S xNiidixg K & A thdKmxh rad s, x
dh SAKnUt x Klix tonThenremtundx &Kdrhs KA néiihBxx &masx n t x
nAdeudntlLx elKnx 9WniAEx At gx Ninne~x A@liux ddh®n ol
cilDhuhdhxnl x 9UNANEXx nOx nt x KAAt ©x dhIrAKTnwri x KX
DNnt A#ISIHGXxYEY T Bx ONeénx AdXx LhT Knixérx MBGx k 8B
onnnxdhdngNhxnoxednKné&ASxl idxudnThdKnt nex!l |
TNKAKnUt xnt x dhSAKNnUt x Kix ghuhSlicTht Kx Ul x U9’
hnjt dKkAaph x ehht x h3cht ghgx KY R tghhdrh g {Ka H KA i N
GuvhdelThgBAdhgEUDONThAdKnt nex dh §rhd /AAKIYIX xxEER U T
Nuf @x nAuvhx ehht x KhdKhgxnt xcdhéSnt nédASx OKNgh

ESNt NEASXKhaOKnt L wx

7x@ x3hx ASOuUxXx St Ut x A9x KnL U+ h KAnhngexhdhrrdhxd Bth x
O NQ R hdAAKN Ut x Bl xuEhpme Kkt x cdh&Snt n&dASx O
OnluLt x cduTnohx Adx Ax ©nt L SHH AhBKR YRk HMKRFE K

Zht ULdAR K®%x DU x nOx hnh & Kn v KXeAKNAMATKanK X- & Ul INTKUATKXN
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VhSSxADx9unnExAt gx Niine ~x T N3t xKnx@nh Adtaxniid’ ASxuA L
nAS9xehht x KhOdKhgx Ont LSghx At gx AS@luxntxeuTent
EO~Ac§ 0Ox RUEMNALKOMMUADX dhclidKhgx Kn A KIXK3eK x ¢ A
Adx TUt UKnhdAARQk xR AKnht K&xkdixdhtxgxtixohx 7 & K
UTent AKNUt uxNnhxdhOWNKE®Ont § SEARGEgXx Kin KK X 0O
KiShadAKhgx UhSSxAt gx ghTit oKaAKhgxAx ghéahAah
KNTUdx ®dndnt SALhx VADx AS@hdk @k i ¢ & mhgpds e Kxx O .
gUTent AKniUt x OUnKnxtdonThdKntnexh3hdKhgx dhaci
KniohxNohgxlodxTut UKnhdACEXxOukdux oOxul xs At )
~hgnént hdohx 9ATedngLhhx ~ hx OE &x nAdx ghén
ghuhSUcThtExaXKTADKNNOX TASN Y3t xeFm XA i tUB xrA 8 Un’

gANLXKnAKx At xehx! NdKnhdxnt thdKnLAKhgx !l Gdx

7?2Nize3shx ASOUlx St Lt x ADx OnShuh ARG XYEX) f Sx At x
E[nLux3éuxf Kxndx At xnddhuhddne Shx i nenxenKe@x

hnhéKnuwhx ALAnt ©9Kx uTTutx E] [ Ax AEKnuAKnt L x
TNKAKNUt ©x nt EBuUSNfgtnt K-k Fixnint gnt LoxlilgepA®nE ko
E9x99x €AdAdgEntLx E][ Ax A KnuAKnt Lx TNKAKniGt &
TNKAKnUt xOhdhxdhcUudKhgxnt x NLNOKxaBaxwxNnh
canTAdgxhtgcoint Kx il x KnihkqhKgaXnBATSIuEXL: xx Kenmhyxx c8 AR LY
Knhx cdiKUéuSx édnKhdnAux 8Ix Kniidhx cAKnht K9x

dhonoKAt Ehx TNKAKnUt ©hx Knhx 8 AAx VABx dhciudKhg

111
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ht gcuiunt KEx Uhdhx KixWYhBABNOK Ay KEBEAKXMirKt KOx E
KnhxUcKnTASxgudhuxf Kx VDASXt UKhgx KnAKXx Knld9h x
TnSgx Kix TughdAKhx EB®ux Nnhx cnAdhxffx KAnASxT

KnNhx CUKAPKRASKX I Bundwu

sfyeax nox At x U dASIRuxIAURMASRe O Bch&nT &x I iad>
AeKnuAKnt Lx TNKAKnlUt ©x A8x UhSSx A9x Knhx A&D)
TNKAKnUt uxf KxndxehSnhuhgx Kixehxdchéni &x /I Uc
Gdnht KAKhe o g Axehdh KJdAt Kx At gxnAdxOniuULt x cd

OKNgnhoexnKxnodx éNddht KSExnt xcnAdhxf Hf f x&Shn

7Apurrinsx nodt x EhARXx nAdx dnu Lt x Bchénl énKg X
Nt ESNGgNt Lx OuninEwT NRKAIKmDKah ¢ &A@ K S KHixx B]c[Avhx«
f KodxcduTnohxnAdxehht xghTut OKdAKhgxnt xcdheé ST
Adxmnt xunuwiwxAfcK amAAth®@0 dASXALht KX KNAKxN9x AS:t

7TAgnrrinsxnoxnt xcnAohxf HfF f x&8Snt neASXxXKdnASox

NAgparmnox At x dASSEx Aw KmBAKeg hiox AJS[OAI x Odché&ni & x

E] [ Auxf Kxndx & AcAe S ExAANX &dUAArnthLdxx KA igxxen SAIBX P n
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cdhé&SntnéASxOKNGJG n BEhxIBANLSAKNA t SKKxxZUha nii T-hddAKl nkt @nxedé A d d

TNKAKnUg axNA@x e Nddht KSExnt xcnAdhxf Hf f xé@Snt

THenx nOxWiuf EKPDAKXNOXx UdASSEXAUANSAeShux ft x
rnKdiux At gx nt x vradigxArAdA Amth Dk FddKh §gx Klix h 3
ALAnt O9Kx euTTut x E] [ Ax A KnuAKnt Lx TNKAKnhuUt Ox
TNKAKNUt OXKmth& DNgitEIXXT NKAKNn Ut uxf KxnA9x ASOUl x €

UnKnxlionThdKnt nex At gx VDASxdhcudKhgx Klixehxhnj

Gdx TUt OKnyhaAdAX B OX &7 ¢ 0 dKIhNKAKUKxedhkSEN (K& v h x K n

8AcAeShx Ul x & dupaaaiintd Sehid x D¢ 8 B W g

NA7eBBaxndOx Ax Tidhx dh & ht KxJARgtgHndAn ki tkkie ikknfh kxxS
nmox dhclidKhgx Kiix nt nne'nKKNKANK PR trdh ANt 1Ox K
TNKAt Kuxf KxndxdhclidKhgxKixnAuvhxdnuUt xONch adh

cdhéSntK8@ASANOhY xwthx ynuvix9OKNgnhouxf Kxndx é&Nddh

f TTNt UKnhdAcEx At gx TNKAt KxE] [ A

¢

Y

X

f TTNt UKnhdAChNKN&EOx ONEnx A®PKXnmERNTUR@Dxe mh &S

—¢

Ut UeSut ASx At Knetgnhax ALAnt 9K x ¢ & BLx3M TgTxhny K S8

SnLAtYxXAPAvhx ehht x Accdliuvhgxnt xdhéht KK ghAdo
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A x At Knelugnhox Adhx &NdAht KSEx ntx NBOhx nt
chTediSNnfNTAexEuhEKANGAEXALt M\PHh T NASKT AR § BN
KnAKx Adhx Accdiuhgx nt 8SNghx AKh¥USn+*+NTAex ENT
NnhxhnhéKnuht hooKkKkREKnheOhKeaBEBERNEIXx9xdhT
ghcechtgoxtitxKnhxUKnhdxnTTNt hxl AeKudox ONénx A
AMq HAFr xh3cdhoonut xnt xKnhx KNTidxTnéduht wndli
E] [RANKAt Kx E9x9hxKnhohxénhé&aiwmi tKg i ad Fe s

OKBhXKTI 3uXx

[Gdx h3ATcShhx¥nbax dEASBREf Hf f f x KANASx ht du S
CAKNht K&x Unlix gngx tUKxYyehdmdgKegdrm@ladknhIAKG S
[ NdKnhdTuodhhxKnhxKNTUOdoxul xht ddSEhgKNARERKt |
cducudKnit x 98t dhx HNXAMAE &x it lxrey@niidx KahimK T ht K
Nntidhx UnKnx E9x9x nAdeudntlLx TNKAt Kx E][ Ax Uh
KnhdAcgux Nnhx cAKnht K&x Uhdhx dAt guTnfhgx At g
chTediSnfNTAex rex TLHSLhx Udx guédhKA3ZhSxXx 113X
NISNGghgx GvhdASSXx ONAUuNURAIHEEONAENGASIAEARRES®
Nt gné AKhgx KnNAKx nt x Lht hdAShx cAKnht K&x nt x Kn
chTediSnENTAeuxcliUhuhdhxKnhxONelLduNcxUl xcAF
TNKAKnNUt 8x g gt TixkexheThetdniiSKn # NTAe x diinduxft xKnh
fffx KAaNASXx KnAKx hvrASNAKhgXx t nuwi SYPDANAY & NI x Ad

E9x9x cAKNht K&x cdhuni NO SR @ i ASKphhgTxl B'm K @A ¢ &
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ONelLduNcx Ul x cAKNnht K&x UnKnx E] [ Ax TNKAKnUt 9x
t Nnutd SNTAex dnindux Nnhx A§8Ax AxcnAdhxax KAnASxh
ASBlix AnShgx cdp AP IXCOABARKNNAEACE X Blikdux
dAt guTn+hgx At gx KAhAKEGK KA X ABRQ §USHhEKRBAS U
ONdunuASXx ESE&x VDASx Knhx cdnTAdgEgx htgcocunt Kx 0l >
AKh+USNENTAexUVABXKIUShAAKhgx UOhSSxAt gxcdiuuwngt
gUehKAZIhSux ciLDhuhdhx Knhx ONelLdUiNt®XI§RIAKDK
h3chdnht ehxonktni At Kxeht hT Kox I duTx AKh#+UShn
Bikdux Nnhx AnAPh R BKNUDHE Ot EhOKNLAKhgx Knhx |
chTedliSNEFNTAexUNKnx EAJdPDNSAKNOXNES OXKALEAKN B t
nNnAgx cadhuwimid XNKIhxAKm gx UnKnx Nuf dux Nnhx dh ONSKE
CAKNht Kox e AddgntLx TNKAtWEHBhPRALUOKN ) AR DN A

AGggnKnit xgngxtduKxonktni eAt KBk dORathu&8R S

ONddht KSEhx AKniUtASx 9uTcdhnht ®dnuwhx 9At &hdx
ELNnghSnt hox gux tuKx dhéeuTTht gx nTTNFNKAHBBACH |
E9x9xOkBdux NnndxnadxcdnTAdnSEx g NHxHEPx Knhx(g
ntnnenKUiJdDPNKAKKEY BRI Kx nOx t UKx ht KndhSgx € Sh A
nMtnnenKUidox Adhx t UKx YrNEAX Knjh & B r @ WX NKeAR KE] A /
E9x99x Adhx eutonghdhgx UnTTNt USULNEASSExX &l
ehSnhuvhgx Kix nAuhx nTTNt UoNccdhod numSHTKBAOR t

nAvhx ehht x cdiciohgx dhLAdgnt Lx Knhx Nt ghdS¢g’
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dhociut oh INIKAE KXKNTodoaxKlixnTTNt UKnhdAchNKnNe@
ehx I NSSEx nt tvhdKnNnLAKhghx Knhx SNt Lx At €hdox L
KNTWaT SKAAKNt LxSETecnuégKhoxENf x98xoONeénx Adx:
At KiHthioht K'tdinXKypE x e h SSOx E?908x KnAKx AdhxnTc
Vhdhx dhclidKhgx Kix nAvhx Knhndx I NINKKH Ktx xNe-TE™ .
NdhLoxAdhxnTTNt UONccdhodnuhxeéhSSOXxKnBKxAJdh »

TNKAt Kx N~EXx Bkr 8w

SKhdAKnUt 9xnt x €h SSNSMRAAXITRXKKAN T BHhDT A dH x ES P R
CSAEx Ax duShxntxeéedhAKntLxnTTNt UdNccdhddnuhx
gutuwhdoniutx Ul x NAx nt Kix Aghtidont hx At gx A
NTTNt UoNccdhodnuvhg N ExK DX [IKAeBHFABPcShhxh3eé
OhKOx Knhx OKALhx I udx AEKnuvAKnUt x il x ThKAelShn:¢
92enx At gx 92?2nex KNAKx AéKx Ncut x XNNA&K NAKX DG KA

At gx ~Ax AT KhdxnggduSg+nt L x Aux Nnhx héeKut N&

~Axnt KixAght U9nt hx Ok aghxKkedwu

ghtudnthxnAdxehht xnTcSnéeAKhgx nt x Ax tAdnhKg

0Knx KiaAt mKIEnk ARAAIXNKER dhéhcKiudodux ghtudnt h

~D
ol

—¢

UGgNSAKUAXx cUKht KnNBKEYE &7 hkenshinkw n X TABtKRn Ut ©x Ul X

111
<



dhLNSAKUdEX Nx e ¥R h BN rAdYix IIRGBEXNNGNCc c dh 01U «

E~?2E98¢éux[ NdKnhdTlidhhxnKxl AEnNSnKAKhSx At Knlk’

¢
—¢

I d xehdldTnt LxhwBRaIKDIASSMEEANB[SThXx Knhoh x hnjh

¢
—¢
¢

cd Khox KNTUdx LduUKnxAt gxnoxt UKxeut gNénuwh

EKNgnhoxAdhxeNddht KSExuUt Ludnt LxKUixdhoKdAnNnt x /
KixhtnAt éhx KnhxhnhéKxul xnTTNtUKnhdAcgxnt x T
AccdiuAénhdox Adhx ehnt Lx NOdhghx t i KAeShx ATUt L X
At Knelgnhhox ALAXB?PDEX B2 /M AgnKx Aghtkedmtkh x L

t KALOUt noKax Ul x Aghtuodnt hxadheéhcKidoax Mahx ASS
9?2hex TUtliUeSUt ASxXAt KnelgExt AThSEhxUSheNTAex
UnKnx énheésScunt Kkxe®tx nennhkxl @ 8 x EBNKxrcankBNghex, f f x K d:
nt vhoKnLAKHRQg X G4\ Bkur ASSXNATE Agexx UESARBSRNIT eAde xx EUAT ekt A K'n U
Nt dhohéKAeShxOKALhXxf ffx E9IXx9XxOKkxdux SKnuNLI
KdnNASxnOxt UKxSt UUt hx KnhxUNKeuThxnt @SehAKh g x F
' Avli dAeSEx KiuxhtnAt éhx GuhdASSx d¥ dd i tx DHN>A & A Kr A
EA[EéxUnht xeuTcAdhgxKUux gNAuvASNT AJexx KN g K A>
cnAdhx fffxKAnASxKnAKxndOxh3icsSudnt Lx gNduvASNT

Nt dh ©h & K MefSthx OFKAXLGNhx nOx 8 Nddht KSgxut Lunt L x Sk 3
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~AEAUANKUCNALEhxeUTTUt Sgxdhl hddhgxKUxASXANEF
ghLdAgAKnuUt x UFlx gATALhgx UdLAt hSYdabkAY T'®dP¥ S
KndiUNLnx SEOUDUTASxAeKnutoxdkudux Nnhdhl Gdhh
Lht hdAKnUt x Uy A NRShY RBHEOhx  AKKEXx Angohx ¢
NKiGcnALEXxXNOx ABKnvAKhgxegx tAdniNOx OKNTNS™N X
8Kdho9d8hxngcli3inAhx? XgQATALhhxAt gxcAKnlULhRht &)
Mox Ax cdiéhodx KnNAKx ht ONABMMAXK BANA OR KIIXT @ ii OK & D
ciDhuvhdhxnt xKnhxeéADhxiul xeAt ehdohxANKUCnAL &>

Ut KdneNKhx KlixKnhxcdulkdhoonut xil xéAt €hdx Bk |

D¢

'x hunght éhx nAS8x 9nid Lt x Kn AKx ANK U cintAx: & & x@ MK %

¢

Lht hdAKhdxt NKanht KOx At gx ATntiuxAéngox Knhdhe

>, = N~ o~ =

dhclidKhgx KnAKx ANKUcCcnALgEXx @UNSgx ShAgx Kix

—¢

méduhtundiut BxthK OB BhhKO®AIShKULt x hKXx ASux O«
EhSSOx SAESntLx KL3xcdiugNeéhx Tudhxnt Khdl hdut
tUKnhdx OKNgEXxesx 1 At Lx hKx ASux dnedx ghTut 8Kd
LABKdnéx At ehdx Ent x va@iwhd X A ' x it x wrth a0 &k Fihfyd
A2Zrx unAx KnhxUci HEAKMVAZTUuxXx f Kx n9x cliddneShx
ANKUCNALEX UNSgx ASOux it KdneNKhx Kix nTTNt U
E] [ANKAt Kx E9x98ux NnhdhlUdhhx ntnnenKnt Lx /
ONaEKnenSNKEXx Ulx éhdKAnt x $ANKALBE®xEAt EBR&N

NMTTNt UKnhdAchNKnNé&Su
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KuxOut é SNOnut

XNt Lx @At ehdxndOxAxLSlieASxnhASKnxcdiueShTux ¢
Adhxehnt Lx KdAAt 8SAKhgxnt KixKnhxéSntnéxUnKnx
SNt Lx €At éhdux ~UShEeENSAdx cAKnlULht honax il x SNt

Lht hKneéx eKAAAKR®OhK SNt x ehSSNSAdx ThKAeuSnoaT

D¢

o4

TNKAKnUt ©x Adhx éeuTTut xnhtx E9x98ux~NKAt Kx E] [
At gxcSAEZOXxAt xNTclUdKAt KxdliShxnt xSNt LxeAt &had>
At x nTcUdKAt Kx KAJL h Kx unl hixxSEN WA @x KA hxA L h NK e B &
CAdKxUl xKnhx OKAt gIANIIGAIIR x A XD i xEKG ANL n x Kn
At gx NOh YNIU fXEAf AvhxnTcdiuvhgxKnhx TAt ALhTht Kx U
Ki3nénKExul x Knhohx ALht KOxAt gxghuk3hSHwthoh b
E] [RANKAt K x E9x98x nAuhx nNTTNtUONccdhddnuh
NTTNtUKnhdAcEgxnoxt UKxuvhdExhnhéKnuvhxnt xONel .
E][ AXTNKAKnUt QuxftxKnndxAdKnéShhxUOhxnAuhxg:
SNt ShgxKUuxKNTodAcgaoaw®ant Lxul x ThRRAEASKR x C .

E9x98uxihxnAuhx ASBUxgndeN8dhgxghdhLNSAKNU

KixAeDNnoOnKnut xil xdhonoKAt ehxKUXE] [ AxNuf ©x

(D¢

ESnNtnéeASx KAdnASox I UxK\nhahixg i nfihtexK ntrir b ® B8 k AIK nxt N
nt hnfhé&Knuwht hoax Ul x 'n TTNWK AtKKxh dRATEX K AEH Y RS DU

7EXxAt AST*nt LxKnhxeéNddht KxOKAKhxUl xSt GUShgLt

R

nhx ©98nht Kni 8x LAcOX KnAKx Ut LgnBk KXAK X & 8&NAX

TAtALATht Kx 0l x E9x9ux 7TheANOhXx EhSSNSAdx ThK
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LdUUVUKnx At gxcdulLdhodnit hx! NKNdhxghuvhSucTht K
At xnt KhLdAKhgx AccduAénxlI GéNont Lxut xKnhxLht

EhSSNSAdx ThKAelUSnoTu

111
<



NKntdx OUt KAt e NKOKNABN+AKNUt hx c ma @Xx LA t§A Sxu
gdAl Kx cdhcAdAKNnUt hx md s uw'® AW XA t~d E R ¢ n Fex tUIEdm Ko ¢
ONchdundnit hx ~wEWEuwWex cdlirhékKx AgTnt ndKdAKnU

SSXxANKnudoxnAuvhx doRgIADG KX AL @& @ Kilx KinshKn ho

[ Nt gmtildrSx nt x ~EEx SAeti dAKUdEx VASx ONcclUdKhgxt

Ot nuhddnKggxAhohAdénx] dAt Ku

?2AKAXx wANSAe n KnuKkSOXABKKAAXKUhhTahhtxkKehd h A K h ¢ u

9uUt OnméKx iUl xnt Khdh oK

ftxdhSAKnuUut x KixKnnoxVudShxKnhxANKnudaxnAuwh:

D¢

StiuVUShgLhTht KO

Nnhx ANKnUidox KnAt Sx?2dux ont LxcNAt Lxl tdx dhAgr

ONLLhOKnuUt Dy x

111
zZ



Ahrhantehna

rvy EnhLAShxAuxuex] nADNnt Kihx 4w h€xshTAShx
sX9SNMNt ux AMEA)khX AXhXT g

nu NAt Lhx[uwcuexilUt LbLhxcuouNuex NOAt Lhx AuEuWi w€
it bLhxsuex[ AdJAnphx[wcu~uexiltbLhxsuxAheht Kx A-q
Axt AJdAKnuhxdhunhUOux NGAt 9Snpetul x 9At ehdx An o

ew 7dATenSSAhxEuex] A+gAdhx uxAAKnULht hdnoxi

diuAg

—¢

Acxl tdxKnhdAcnhoux BMNxtddh ©8dcndxsux 4BBah

XW 9ndEIBAt KNnASUCUNSUB®Ohx w wex 2AdhniKnx Ewu

EhSSNSAdxONLt ASNt LXxXCAKNUAEOXASKhdAKNYit 9xnt

rrux
3w 9luUchdhxiu wuex xAThx?2u9uex §YNUUShhXx Eu u€
SNt LxeAt ehduxsx NnUudAexRn®Ouwx aBrehx3sxENccSx3

My 9nNéhShx ouex uldAdhx Au wex §+KNAShx §ux ~1U¢

ENdADNAt xsx ANSTUY GBuxaBrkhxashxrrr

=
£

XNNhxAuexi At LhxAuex9INAKn9dhxouexxAt gAah:

~dtuLSgendnghxSncAdhxLht hxStuédSUNKxnt xTnhéh

[l
(D¢
>

Aghnt dent UTAuUuX9hSSx?hAKnx?nduxaBr khxnhxe
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Ky ENthxcuexsnAtLhxxuex xNihxfAuexsnt hxiuwexc

ENhx] €exhKx ASuPANIEEHNRBAGRKBUIBGHEXx Ul x TUtaLSgehn

D¢
(g
N

UdheéKASxeAt ehdux fitkgmixht hx aBrehxeaghxpgex

ny snNAtLhxxuwexxNiIhxAuexEnnhxsue€xENt hxcue€exE

GuhSx KNTudx TAdShdxludx TNSKnecShx TASnLt At

>
X

—,

c

LAt UKU3NEXOKAdhOOux9At eBdemmUSxNnhduxasrr hx |
reu~nNSntghx ~we€x Aldhhx ~yu~uye€x cnSKhdTAtt hx K
AclUCcKUOMNOX CAKNUAEOx Nt x SNt Lx é Agmekh du x 9At € hdx .
rruAnt Ahx wex ~Anjhihx 2ue€x ~ntt Anhx [Ww€x EScUD
AiBAKnhx 2uex ~Adnhx [uwex [ ANSSAt Knhx Euex 90 Su
KnhdAcgxnt x SNt Lx €At éhdhx é Nddht Kx AguAt éh ox A
rmhx oKk Aagu

FraouoNhxxuyuexo0At LhxAuexxtitLhxiouwex NBTFASS% €% 81$)
SNt LxeAt eghdhxThenAt ndTOxAt gxeéSnt NeASxKAnAS
revEnnhxouexiunhtbLhxcuexi At bhx Nu€x intdNhx Eu €
UA Ehxl duTxThKAelSnNnéxdhLNSAKnUt x Kix&At &hdx
rxuERErIdnhghx Nu wex [ Sidhdohx AuEuwex Alnhx u-~
ThKAeliUSnéxgnohAdhhxnTcSneAKniUt Oxl udxt UuwhSx

3T/ MY X
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rswuéAt ghdxchnght hx ~u] wex 9At KShAghx xu9uex Nni
i AdeNdLxhnhéKhx Knhx ThKAetuSnéx dhDNndhTht K9x

e 4 X hXg ey

~

rmuNnliTcoOlt hx9u7uex éiNOght hxuuwcuexsunt dut h
XNhxtOuex[nt ShghxxuiwvEuex[ dh*+¥Ahx9uexunThxs

hnhéKux AKNdhx~hMAxex aBAehXx3hXT KXB

r’mu AAvSUuvAhx w wex NnuTcouthx 9u7ux Nnhx hTh

ThKAeUSNOTux9hSSxwinKAeuxasruhxagehxai

rku[ ANehdKhx 7uex EGSTuUt dut hx uwex?h7hadAdgntn
At gx @At éhdxcduldhodnutuxEe&nht ehxaBaBhxeunkh
rfyEKnt hhx UuEwex EénNLhx tuNuex EASunt dhx swu
ThKAelUSnoTxnt x KnhxhdAx Ul xcdhéndnutxut &uSiul
rxM mpgux

ABUANAt hx xu~uwex OhNt Lhx Ewu9uex xhhhx ~yucux 9AL
NTclUdKAt &hhx TAnt x  hAKNdhOhx At §x UAKHE RKIXA S E
KnhdAcnhoux 9At ehdx INNA®X 3IX~hguxaBrxhxrrhxr

Arvw SKTAthx 7usuex EKnt hhx GWEWex 2At Lhx 9uéux

ThKAelUSnoTxKlixeAt ehdxKnhdAcguMeAkMNdhx Ahuwx 9,
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aavinAlhxsuexxnthxiuex~htLhx?2uexiht Lhxxuex
dlr ax ThgnAKhOx ThKAel SNy ABSE BIhBASK TNt LLxx NSt At 1

gt é

(g

SuxaBaBhXxrBhxs3snker 3ux

ney~nNKONNOnnhxouex NALNéEnnhxuuwexuAUDAKAt nhx o
cuex OATATUKUhX ~w€x ~UKUinAd9nnhx cux dlgx dhghn
At AeiSnéxcAKnUDAgaxnt x ThKAeliSnéx dhiidimixdATTn
AXYANAhX ~4€x xNhx Auex 2nNAlhx ouex 2 Nhx 7u€x xnt
ThKAelSnaTx ht nAt ehdx Knhx At KnKNT HaNKRAM K&K X
EOx9uxNdAt OSx 8§t 8USuxaBaAr hxrxhxreBnpgsux

A3uwT7UEORt hx] wekdadmAhmgnuex 2Auvrndhx~u wexEnhl
uldhhx Au wex?2nt Lohx AuAu~vwex ] dketiXnA AN APE |
dAGNAKNUt x Oht @ nKnunKEXx Ul x SNt Lx KNTUdx éhSSa;
Tnéhuxft Kmysx ARG WMBMIUIKe ¥

ANUYEUGt Lhx ~wexunThxEucuexf Thx 9uouex c VAt Lhxec
TUShENShAXxLSNKATNnt AShxntnnenKiudakxe Nddx Nuc x
Auw?AdhXx Euex ihAhx ~vwAuex ANOSHIS Sht-mAEELRah 8t
cuEuwexcAdchdhxcuy YwexES*Fhghx7u?2uex NdAt hx Eux s
cdilLdhddnitx eEx ntnnenKnt Lx TnKiénit gdnASx 4a

ABA3hXxAKhXxrraoaor nuyx
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AKusnhxAuwuexAnAt hxsuexAAnTAt hxEu~usue€xEnoaSAl

~y?2yex Ndht Adghx fu wex chhngnhx 9 v &k hEnNEK heghxd L

gtéeldLht hxasmehieikhx 3 BB I

£

any7hKnNthhx]uwuex 7ThKnNt hhx 2ue€x AngLUAZhXx u€
dhéhcKUdxEE] [ Aéexnt x SNt Lx @At ehdhx At xduwhdunh
XK r oy

eBY XnNtLLnhx 7ue€x 9Adcht Khdhx 9ue€x 9lUnhEhx Auswy
AguAt eéhoux[reseAnduxagsyyphgakx[ reeBx[ AENSKE
erySgAhxuuwuex~AKONUSAhxouex[ Nt AnAd®nnhx uwexut
TAcx Gl x hecnghdTASXx LdUUKnx  ABKUdx dhéhcKUdx ¢
NBB34YWBBTI BYWX

egvuouUinht hxEux8dnlknt Oxiul xLAdUUKnxl AeKudahx ]|
eepen nimux

eeuxnhxiwouexinAlhx NuNuexiAaNhxcu~uwexinht hx
i NhxsucuexAiNhxcuexont hxEuduexhKxASuxNnhxdui!
nt x ONdunuwASx AT Khdx gnALLt U GPrlfAxSHBIXxE e BAXISINT H kg A<
O OKhBAENBY X ARPGATHBEAOUu X 7~9x 9 At &hdxaBrnhxr nl
exuAuUoOohSShx Auex ~tdAt hx Nuex ANhdASKhx 9ue€ex Al

~Ar hThx ~waxuvAl dflhx ] wex f 8SAhx 2uex Adiuuvht &nu
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henghdTASXLJdUUKnxl AGKidxdheéehcKUdx TNKAKnUt 8
enr hMimaim x x

e3uégohhxEuexcNAt LhxAucux NAdLhKnt LXEY[ Axh3
OTASSxEhSSXSNtLxeAt ehduxEnLt AMEWEAL OgNeE Ku x
enuoONt hx Qucuex ~ht LUADOhdhXxuwuEuWex NOTOhx uwéwu
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dhonoKAt dhxegxnt edhAont LxKnhxAAt nKExTI udx N
4B IMBB 13 4 X

ennu] SUNt KASUOhx wex9ht Kit*thhx] we€xénKAhxEu€
~nNSnit hhx ~wex EEAACAhx u4wexEnTelUSlihx~uxf ght K
gt ATnéx ThKAelSheyw NKAT S 6 NitT XXEAJHt GeAdént U

ehglUt gx LhtWdm@®XTMitdlxx E] [ Ax Nuf x dhdnoKAt &hwvx

AARYX XX
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7NUSXxX9nhTux oY Bk gAEMAhX ABKT €
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EhSSOux tKne&At ehaxRmiBwx BT Xxhxexhxaliin

XKihu~Ahx Auex T At Lhx suex Aht hx ouex ~ht Lhx [ wex i
BKNGgnhax ul x U8nTh dKng ThASISHIES nSONK A-tx&e At néthxdtx i&th S
Nt Khe dAKnuh xyffa KA U BUudaxSt ASEONduxsx 8§t el Su x|
KKWOAALLhXx ~wEwex uNAUugAhx sue€x ANKnASASAKnN hx
] h1 KehttgeNehgx SNSSnt Lx il x E9x9x&hSSxSht hoxh:
7f ~x At gx eAt x ehx ht nAtéhgxegx 7cex TMINkKEEOu X
gno9eNoDnlUt xr nnex

XKNuOUOKAhX 2u7ue€x cASTUDhx 7ue€x uNTAdhx wex E¢
70LLUEt hx Nusuex Nht ht hx 2u] wex ulleAZAd®nnhx Ewx
Nt nnehMKINEhgx ACUCcKUBNOXx nt x SNt Lx e At Ehddx UnK
Ax UGEXx~hgux 4B eiiinxex hunioyeNmek 3B

3BU] Ut LhxowexEUTUOAdhxAuexAuSnKnhxuuwex7ASASE
ftgNEeEKnUt xUlx7f ~xnNdxhooht KnNASxI GdxAcuUcKUSn
TNKAt KWBIChA ght Kx SNt LxAght GeAdént UTABuxAxiE
3ru?htbLhxsuex EnnTATNdAhx Nu€x AhdhdAhx Euwe€x 9A
it Lhxuwuuwex xhKANhgE T 8&EET BT NSK K KEEXKHhend x 7 f -~
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Ax Knndgx Lht hdAKnuUut x E][ Ax nt nnen Kyrddx tKaratt Ny n
TNnTXxAtYx ¢®BISARAGPAKI SNt x 9AL & h dMAshiIemwxg BT i hx e hx
33u~Ahx]uex?htbLhx ouex AnAt hx xuex EASShLAhXx uwu
Nuuuwex AATASNt LAThXEWEwWEex[ At Lhx?2u?24ue€xiunAnhxo
Kix KnndgxLht hdAKnUt xE] [ AxntnnenKidoxefx KA
CAKNnUAZIXHKNEENEt nnenKnidt hx 7TA3x A KnuwAKNnUt hx U d
rmmrii BB Y X
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Auexunonntihx ouex uNONTUKUhX Ewe€x t guhxuuexu
Nutht gNERGgXxAcUCKUONOXx At gx OKdAKhENKAKKY At B Kn
OTASSxEhSSY BNhOxEAAOMBEXX ABAAhXT ehXxAr Kewu

SUMENNhx Auex UnAt Lhx Euex iunNhx xu€x AnAt hx ] 4€x

ENt hx Euou g NihdAKwm@AEGx E] [ Ax nt nnenKi@kt AdnTh
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XAnhx Guex ~AdSUuvhKohx wex énuvAt e@liohx wex uNA
TNKAKnUtx ThgnAKh9x dhOonoKPTABSxKa R SIx? BNOL X
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MNYENDNThXEUWEXESATNt hx0wuowex AniKJdiUOSAuX U u€x
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AEKNUNKEIxkBKXNTx @AKNnht KOx VT KNKAAYWAEBR X BEKh &
ENdENSAKnNt Lx KNTuUdx ? X E& K? gxnt x KnhxcnAdh

neaahxkaEr nAENCcCcShTht KEhRXONT Kk Xy X
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nt x edTent AKnlit x UnKnx tdnThdKntnex ESEf &x nt
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EAt d@gmEAL At gh¥hx we€x?ASnNShxEuex 9ATngLhhx?2u

chEFAehShx cnAdhx ffhx TNSKngdNLx ¢ SAKIudTx 9K

Cc

ElUTent AKniUt x UnKql § ti BSPESWNTAeex itdx c AKnht K8x Un

EKALhAXETABBIISX X Nt Lx 9At ehduxsx9OpBanrgg§t euSuxga

=

3w7AdShOnhx[uex9Inihx7u9uex]iSgehdLhxEu7ue
cuex]icnt AKNAt hx we€x7nhShéSAhx iihx By APOBKG
KdanASxul xgNAauvASNTAex | xtuiSheSNTAextudx Hit ASn#
T ASIBS S x SNt Awx[ANKNIh X §t S wHimBAXhX 4B hX AT e
Knuxhunt hhx 7ue€x udihThdhx ] uyx NKUCnALEx nt x Ki
A B B K h X Menmxx g i

KnwuinnKhhx Ewex xAKKnThhxEu9uwex] Nihxsuoux NK
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LhT Knt nehxhdSuKntnexAt gx89nThadKnt nexAdhxch
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