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Introduction

This is the first of a three year grant entitled “Metabolic stress induced by arginine deprivation induces
autophagy cell death in prostate cancer”. The primary hypothesis of the research investigation is
PEG-ADI represents a potential therapy of prostate cancer to induce metabolic stress by arginine
deprivation and subsequent induction of autophagic cell death as a precursor to apoptosis in those
prostate cancers lacking biosynthetic enzymes to make arginine. The specific aims to investigate this
hypothesis are:

1) We will demonstrate that in those prostate cancer cells lacking ASS for which arginine is an
essential amino acid, metabolic stress induced by arginine deprivation achieved by ADI-
PEG treatment induces autophagic cell death as a precursor to apoptosis via a DRAM-
dependent pathway. From these studies, we will show: 1) ASS expression predicts cellular
response to PEG-ADI, 2) PEG-ADI therapy induces arginine deprivation, 3) the
consequence of the metabolic stress is the initiation of autophagosome assembly and
progression to autophagic cell death, and 4) DRAM induction is required for PEG-ADI
induced autophagy.

2) We will demonstrate that the induction of PEG-ADI induced autophagy in prostate cancer
cells is a precursor to apoptosis; furthermore, these events sensitize cells to traditional
chemotherapy-induced apoptosis. Autophagy mediators will be altered to determine effect
on sensitivity to PEG-ADI induced cellular events. In addition, PEG-ADI will be combined
with traditional chemotherapy to determine effect on apoptosis and in vivo tumor response.

Body

Significant progress has been accomplished during the first year of this 3-year award leading to
two publications (1, 2). The initial focus of the investigation was the characterization of the auxotrophic
requirements for prostate cancer cell lines for the semi-essential amino acid arginine. We have used two
methods of arginine deprivation, arginase and arginine deiminase (ADI). Both of these enzymes shuttle
arginine away from the urea cycle and have been demonstrated to reduce intracellular arginine.
Arginase has limited clinical applications due to rapid plasma degradation; we have been fortunate to
develop a collaborative research agreement with Polaris Pharmaceuticals, who have developed a
pegylated form of ADI (PEG-ADI) that
has reduced serum degradation. A
necessary requirement for the Foi N
proposed studies was to demonstrate | S0 Arginine
that intracellular arginine was in fact § ' |
depleted following PEG-ADI treatment. :
We used HPLC to characterize amino 2
acid levels in CWR22rV1 cells, which
we had demonstrated lacks the i
enzyme argininosuccinate synthetase
(ASS), the rate-limiting step in arginine
metabolism. We noted that withing 24
hours of PEG-ADI treatment, arginine
levels had decreased to undetectable
levels (Figure 1).
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Figure 1. Levels of amino acids in exponentially growing
CWR22 cells (left) and 24 hrs after treatment with PEG-ADI

(2 ng/ml) (right)

We have since characterized the expression of ASS in a panel of human prostate cancer cell
lines as well as a tissue microarray of human prostate tumor specimens (1). We noted that there was a
frequent lack of expression of ASS. The cellular effect of arginine deprivation achieved by PEG-ADI
treatment was then determined both in vitro and in vivo. We observed that cell lines deficient in ASS
expression underwent autophagy and programmed cell death, though not the traditional caspase-



dependent apoptosis (1). Our data suggests that expression of ASS is a predictive marker of response
to PEG-ADI, and only those prostate cancer cell lines auxotrophic for arginine will undergo programmed
cell death following arginine deprivation (2). We have further investigated the role of autophagy in the
cellular response of these prostate cancer cell lines. Our studies have primarily utilized CWR22rV1,
which lacks ASS expression. Using both pharmacologic inhibitors of autophagy (chloroquine) as well as
molecular inhibitors (sSiRNA-mediated knockdown of Beclin-1, a protein necessary for the initial
assembly of the autophagosome), we noted that when autophagy is inhibited, the cell death is
accelerated following PEG-ADI treatment (reference 1 manuscript, figure 5, attached in appendix).
These data suggest that autophagy following PEG-ADI participates in the induction of cell death by
providing a survival mechanism (2).

In order to demonstrate that lack of ASS expression is both required for the cell death following PEG-
ADI treatment as well as useful as a

predictive marker, we have cloned the :
ASS cDNA. In brief, we used the NIH- ASS Level in CWRZZRV;L After ASS
MGC-75 library to perform PCR for the cDNA Transfection

ASS cDNA from the Image Clone ID
No. 4042389 in the pDNR-LIB vector
from the IRAU library. It has
subsequently been subcloned into the
eukaryotic expression vector,
pCDNAS3.1. We have initially performed
transfection into the CWR22rV1 cell
line, which lacks endogenous ASS
expresson (Figure 2). This cell line will
now allow us to directly test our Figure 2. Evaluation of ASS expression in CWR22rV1 cells
hypothesis that ASS expression before and after transfection of a eukaryotic expression vector
correlates with cellular response to encoding the ASS cDNA. The CWR22rV1 cell line lacks
arginine deprivation achieved by PEG-  expression of ASS, and we have shown is auxotrophic for
ADI treatment arginine.

Given our investigation of the role of autophagy in the cellular response of prostate cancer to
PEG-ADI, we wished to develop a CWR-22Rv1 xenografts — ATG9A immunostaining
method to evaluate autophagy in N R AR TR A
xenografts for further in vivo s, oot 5 S A
characterization. Using the LA B, R e
CWR22rV1 tumors from our initial in e Gl TR L
vivo experiment, we screened the L L
tumors from the PEG-ADI treatment
group for expression of a variety of "IN GBS T
autophagy-related proteins. % g a By gh AV TR T LS
Expression was evaluated using A IR A e L
immunohistochemical techniques; we L 15,0 i B e e S NI
feel that this would provide us with the Control PEG-ADI
necessary method to further
characterize the role of autophagy in
tumor response. After screening a Figure 3. Immunohistochemical expression of ATG9A in
variety of antibodies, we noted that CWR22rV1 xenografts grown in athymic mice. Mice were
expression of ATG9A was increased treated with PBS (Control, left) or PEG-ADI (5 IU intraperitoneal
in those tumors undergoing treatment . .~ " . )

injection, twice weekly). Increased expression of ATG9A was

with PEG-ADI (Figure 3). We are now , ) .
performing in vitro studies to observed in those tumors from mice treated with PEG-ADI.

demonstrate that the ATG9A

CWR22 Control
CWR22 ASS cDNA

ASS

expression pattern is consistent with induction of autophagy and can be used as a marker in subsequent



in vivo studies.

The initial evaluation of biochemical signaling cascades altered following PEG-ADI treatment in
CWR22rV1 demonstrated induction of AMP kinase and ERK1/2 (reference 1, Figure 4, attached in
Appendix). AMP kinase is regulated by levels of AMP/ADP and is involved in initial responses to

alteration in cellular metabolism. Both AMP kinase and ERK1/2 have been demonstrated to be involved

in the regulation of autophagy, but not previously described in response to amino acid starvation (3, 4).
We therefore sought to determine whether these kinases are central regulators of autophagy by
examining CWR22rV1 cells following treatment with another inducer of autophagy, namely mTOR
inhibition by rapamycin (5). We first demonstrated that rapamycin induces autophagy in these cells
using our CWR22Rv1:GFP-LC3 cell line to evaluate for autophagosome assembly (data not shown).

We then examined the cells
following treatment with
rapamycin (2 uM) for various time
points. As expected, we noted
rapid and potent inhibition of S6
kinase, a downstream partner in
the mTOR signaling cascade. But
interestingly, we observed an
activation of AMP kinase, which
is postulated to be upstream of
mTOR (Figure 4). Therefore,
using two different methods to
induce autophagy (amino acid
deprivation with PEG-ADI and
MTOR inhibition with rapamycin),
we note the induction of AMP
kinase activity. Our future
investigations will determine the
role of AMP kinase in autophagy
and cell death induced by PEG-
ADIL.

Rapamycin (2uM) Time Course in CWR22RV1 Cell Line

—_ —_

Control
0.5
1hr
4 hr
24 h

p-AMP Kinase
p-JNK

pS6 Kinase
S6 Kinase
pERK1/2
ERK1/2
p-P38

P38 Protein

Actin

Figure 4. Time course of rapamycin (MTOR inhibition) in
CWR22rV1 cells evaluated for protein expression of indicated
kinases, including phosphorylated forms to evaluate for
activation/inhibition.

Key Research Accomplishments

1. Characterization of prostate cancer cell lines and tumor specimens for ASS expression
2. Characterization of prostate cancer cell lines for cellular response to arginine deprivation
3. Creation of stable cell lines of PC-3 and CWR22rV1 expressing eGFP-LC3 for use in evaluation

of the autophagy response

4. Development of a non-radioactive assay for arginine metabolism
5. Cloning of the ASS cDNA and development of a eukaryotic expression vector
6

. Identification of ATG9A as an appropriate immunohistochemical marker of autophagy in xenograft

specimens

Reportable Outcomes

Manuscripts:

1. Kim, R.H., J.M. Coates, T.L. Bowles, G.P. McNerney, J. Sutcliffe, J.U. Jung, R. Gandour-
Edwards, F.Y.S. Chuang, R.J. Bold, and H-J. Kung. Arginine deiminase as a novel therapy
for prostate cancer induces autophagy and caspase-independent apoptosis. Cancer
Research, 69(2):700-708, 2009.




2. Kim, R.H., R.J. Bold, and H-J. Kung. ADI, autophagy and apoptosis: Metabolic stress as a
therapeutic option for prostate cancer. Autophagy. 5(4):567-8, 2009.

Conclusion

In our first of a three year grant entitled “Metabolic stress induced by arginine deprivation induces
autophagy cell death in prostate cancer”, we have made significant progress in the investigation of our
central hypothesis. We have completed two of the four sub-aims for Aim 1 (We will demonstrate that in
those prostate cancer cells lacking ASS for which arginine is an essential amino acid, metabolic stress
induced by arginine deprivation achieved by ADI-PEG treatment induces autophagic cell death as a
precursor to apoptosis via a DRAM-dependent pathway). We proposed to investigate DRAM as a
mediator of autophagy and plan on initiating these studies in the coming year. We have completed one
of the two subaims of Aim 2 () We will demonstrate that the induction of PEG-ADI induced autophagy in
prostate cancer cells is a precursor to apoptosis; furthermore, these events sensitize cells to traditional
chemotherapy-induced apoptosis). In the coming year, we plan to investigate the interaction of arginine
deprivation with traditional chemotherapy. Our preliminary data in vivo (reference 1, Figure 3, attached
in Appendix) suggests and interaction between these two therapeutic approaches, though we will further
characterize in vitro.

As far as the financial conduct of the research, we are well within the budget without any significant
deviations noted or anticipated.
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Appendices

Arginine Deiminase as a Novel Therapy for Prastate Cancer
Induces Autophagy and Caspase-Independent Apoptosis

Randie H. Kim,' Jodi M. Coates,” Tawnya L Bowles, Gregory P. McNerner,"
Julie Sutcliffe,’ Jae U. ]ung.‘ Regina Gandour-Edwards,” Frank Y.5 ﬁm’
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Abstract

Arginine deprivation as an anitcane er therap y has historkcally
been met with limited swcess. The development of pegylnted

nginine doiminase (ADIPEG20) has remewod intemest in
nrgimime deprivation for the teament of some cancers. The
efficacy of ADE-PEGH) s directly cormelated with argininose-
cinate smithetase (ASS| deficikency. OWREZZRy | prostate coscer
oells do mot express ASS, the rate-limiting enoyme in orgindne
symthesis, and are susceptibde to AIDL-FEG ) én witno . Inberest -
ingly, mpoptosis by 03 pg'ml AD-PEGI0 ccours 96 hoars
posttreatment amd is caspase indep esdent. The effect of ADI-
PEGH) ir wive reveals redoced tomaor activity by micropositmn

emision mography ns well as reduced tomor growth os a
manatherapy amd in combination with docetace]l agninst
CWREE Ry | moase vensgmfis. In addition ., we show mtophagy
is il need by single amine ackd depletion by ADEPE G20 Here,
nutaphagy isan early ovent that isdetec ted within 1 to 4 hoars
of 0.3 gag/mil. AIN-PEG) treatment and is an indital pmot ective
response to ADE-PEGED in CWRERe]l cells. Siguificantly, the
inhitition of mtophagy by chloroquine aml Beclinl sRNA
knockdown enhances and accelembes AD-PEG20 - i doced
o]l death. PC3 colls, which express redee od ASS, also umdergo
nutaphagy amd are mpanEve o awtophagy ishikibion o
ADE-PEG2) treatment . In contrast, INCaP cells ighly express
ASS amd am therefore resistant to both ADI-PEGI0 amd
nutophagic inhibition These data peint to an inberrel st ioeon-
ship among ASS deficlency, autophagy, amd cell death by AD-
FEGH). Fimally, a tsue micmarrmy of 88 prostate temaor
samples Incked expresson of ASS, indicnting ADI-PEG2) is n

[Cancer Fes M09 ¥700-4]

Introduction

The initial observations that varos tumor oclls ane msoepdible
mpprojwiate therapeutic methods have hindered  farther develop-
ment of this approsch until recently. Arginine deiminase (ADI), an
enzyme isalated from Meooplamma (1, 2), degrades srginine into its
pitrulfine premmsor. In s native fomm, it s strongly entigenic with

R sl o regurin i Hideg-lam Kung, UC Duvis Cocer Cimter; Unie sty of
Calfomin - Divds Madical Coter Bessech I, Room MOIE 468 Jod Avsos,
fSacmessito, CA BT, Mhom; $ET4-1938 Fax $06-73250; Eoal hhepd
woduvitady wmd Bched | EH, Udbesdty of Ceifonn - Dwas Medcal Cete,
A0 X Serwet, Sacmsnasta, O 4 15317 . Phoss HE-TH-200° Fac H5-WE-557T Feulk

SN A svrican A spcdefon S Casc e e b

il (L RS0 A LCA B AL

a half-life of § hours (3L Conjugation to 30000 mw palyethylens
M{mm'dm_mwtj-udlnm
incresmes serum haiflife. sllowing weekly sdminisiration that
r:d:m;hnupm to undeteciahle levels (4, 51 Yadous
tmmar types (hepatocsdinler cancinomes, melmames, mesathelio-
mas, renal cell carcinomes, penorestic oarcinomes) have besn
shown to leck expresdon of agninosuccinate amthetse (ASS
refi. 4, 6-8), a vhiquitous envyme invalved in the two-step
synthess of snginine from ctmlline (3] Unshle to smthesins their
ADI-FEGE) depletes irtraoeihler aginine by reducing extraosliular
levels svailshle for transmembrans uptake while unafiscting cells
with preserved ASS expression capehle of endogenous argnine
hinsynthesis (11} Previoms in vibm sheliss show the growth of
prosiate cancer PC3 oolls i inhibited when arginine s eliminasted
from oell oulture medinm {12), indicating ADIL-PEGA) may he an
effertive therapy for prostate camoems

The entitumor effeds of ADFPEGH) elict & &) oell opols arest
with everiual spoptosis in & mmmber of tumor ocll Eoes (130 In
meklition, ADI-PEG20 s inhihiting migration end
tube formetion in HUWVE cells (14) =nd neovesoularzation of
nemmnhlsstomas i wln (18] Hmueer  nther  oelhilar offects nf
arginine siarvation by ADLPEGH are still unknown.
process in which organelles and bulk proteing are turned over by
Iysnsomal sctivity. Autophagy serves to provide ATP snd other
mzcromismies = soures duning metshalic stress {16 17
The mmt distinctive lesture of mtophegy is the fonmation of
hmﬁnm:ﬁmﬁhmhuiﬁ&ﬂmﬁniﬂh
Iymosomes for hydmlytic desvage of enguifed proteins and
organells. In mammelin cedls, miootuhole-ssoisted  protsin
I EHght chain 3 (LC3) is procesed by bipid conjugstion to
phosphatidyplethenalamine for insertion into the autophagmome
:lﬂﬂuul_lﬂ].Trlu.hﬂinn-ﬂ.pm_h‘nf-:m-Iﬂa
fusion protein are often used s markers for sutophagic activity.
Antaphegy hes recently gainsd much sttention for s parsdoe
ioal roles 0 ooll suvivel end oell desth, paticulaly in the
pdimpdl..u.ﬂ.ﬂ!h‘ﬁnmtd"m‘llﬂ.ﬂ].wm
of mutaphsgy is highy complex with inputs from the oellular
enviromment through the phosphatidyd inosito)-3-0H kinsse (PISEY
Akt /memmalian tmget of rapemycin (mTOR) pathway (201}
members of fhe B2 bmily (22), p53 (Z3), and desth-associated
pratein kinases (24) Not surprisingly there is an intricate
enables oells to sarvine or enhanoes their desth s conbext-drven,
depending on the type of stimuli nuitent svailability arganism
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ADi in Autophsgy snd Caspase-independent Apoplosis

development, and apoptotico status. We hypothesze prostate
cancer oells that ere ASS deficint are sensitive to arginine
deprivation by AD-PEGH) and oconssquently, undergao sutophegy
= an indtial sumvival nespomse.

In this study, we show susoeptibility of several prostate osmoer
ol bnes to ADIFPEG2) oomelstes with the sheenos of ASS
mpremion. Due to the lack of AZS ADE-PEGH) mducess a labe
caspese-independent ool desth in CWRZ2Ee] v vigro. Metaboho
sotivity by miora positron enision tomagraphy  (micraPET)
imaging of CWEZEEy] xenogradis in mude mioe was reducsd by
ADI-PEGHL. Tumar growth wes sgnificantly mhitited by ADE
PEGZO sdone = well &5 in combination with doostees]. ADE-PEGZ20
alsn  inefuoess .l:mnp}u.;_v within hours of trestment Flowever
inhibition of mitophagy premeturely lesds to oell desth by ADE
PEGEZ0 With the suooess of ADE-PEG20 therapy for hepatocelular
carmnomas and melanomas snd our Sndings that prostste canoer
specimens lxk ASS expression, ADI-PEGEN) can potentially be
extendead to climes] trisds for pristate canoer. Morsaver, ocombins:
tion with standerd chemotherapies or sutophagy-targeting drugs
represents mul tipromged approaches to cancer therapy.

Materials and methods

Reagents. Beoombmnant ADD fnmmulsted  with multiple linear
20000 v polyethylens glool moleonles (ADLPEGIO) was
genermnly provided by Designelix Pharmeceuticads, Ine Spechic
enryme aotivity was T4 TU mg. Intemal calbmation of ensymis 105
wan determinsd with sach batch

Cells and cell oulture. AL osll ines were oultures] in EPMD
1640 [10% fetzl hvine serum (FESL 1% penicilin streptommysin
glutzmine|. INCaP ool were colured i serumefres, phenol-fres
medium hefars 10 mmnl/L See-Ditnpedrotestosterans (HT, Sigma)
treatment dor £ 24, and 48 b PC3 oslls weres trangently trans fected
md CWEXRvl oslls wers sishly transfected with oGFP-LC3
plasmid (17} using Effectens ((fiagen )

Reverse tramsoription-PCR amd quantitative reverse bran-
seription- PCR. Total ENA wes isolated from multwed oslls by
THIznl {Invitrogen ) homogenization snd revemses transoribed using
Mulimesy murime keukemia virus {"[11.1-:1:!:@513. Ome hundred nanao-
grams ol cDMA were POR amplilisd as desoribed previously (250
Frimere ASS (F) 5-GACGCTATGTCCAGCAAAG-Y = (R) 5°
TTECTT TECGTACTCCAT CAG-5; glvoeral dehyde-3-phosphate de-
hydmgenese (GAPIH: F) 5-ADCACAGTCCATGOICATCAC S and
(B} 5-TCCACCACCOTGTTGOTGTA-S. Total ENA fom primary
prostate  tssues was reverse  trmsonbed wsng SuperSonpt T
{Invitragen). One hundred nemagrams of oDNA were amplificd by
1035 il veder thermal ovcler {Bin-Raxd) snd maomtonsd by SYER Green
{Invitragen) for neal-time POR. Threshokl oyole vahwes wene
nommalized against sctin aud anedyeed using (Fme software.
Primers were = follows: ASS (F) 5-TGAAATTIGC TG AGCTG-
GTG-Y and (B} S-ATGTACACCTGGCOCTTGAG-3: Adtin (F)
5-TCCTTAATGTCACGCACGATT TS anad (R) 5-GAGOGCGECTA
CAGCTTS.

[mmmuneblotting. Celular lysates were resoheed aon SDE-PAGE
md slectrophoretically tramsferred to pobrvinylidens  difluondes
membranes. Membranes wers inmbated with primary antibody
fullowssl by speci=sapecific hossradish peroxidess  ssoondary
mntibody. Immumoresctive matensl was detectsd by chemilimi-
mesoenos (Pieroe Labarstories L Antibodies were 25 follows: actin
(Santa Cruz Biotechnology), ASS (BD Bisciences), cmpese-3
(Basmouros), GAPDH (Chemicon], twbuln (Sigma), Beclinl, phos

pha-AMP kinase (Thrl?2L phephomTor (Ser248] ) phaepho-56
kinase (Thrif9), phepho-56 (Sar235/256), LOS, evtrac ellular signal-
regulated] dnase (ERE[ 2, ancd phospha-ERK1/2 {Cell Signakng

oS- Dimethylthiazol-2-v1§-2,5-di phenyltetrazol inm
bromide oyt ity assay. BWPE- 1. LNCaP, PCS and CWTEZEEv]
oells werne sesdedd in Wewel] plates and treated vith senal dilutions
of ADI-PEG2). After 6 o, thiszahd bhee tetremalium hromode (MTT;
Sigma) wes slded fora fined concentration of 05 mg'ml. PCS oslls
were treated for 3 d in 2% FES. Fonmezan orystals werne sohihilized
by 10% SR The: 100 hﬂzﬁqmmﬂmﬂwmm%ﬁuﬂ
grovwth ds dmba e del

Fhioresernee-act ival el cell sorting analysds for sub-Gz; INNA
Fragmentation. CWE2ERv] oells wers trested with 03 pgiml
ADL-PEGR), 100 mmol'l. pecditaee] (Sigma)l, ar pretrested with
50 pomnll L 2=VATmk (MBL Intemational | Cells were anahmed by
fow cyvtometry as descorbed previously (8)L

Awtive caspase-3 ELISA. OWTZZRv] cells were sesded in Gowell
plates sndd trested with 100 nmal/1. pacitoe] or 03 pg fml. AT
PECH for 24 h Trestment groups were oompersd with o=l
redreated with 50 pmal T 2 VAD-fnk for 2 h hefore sssaving for
mctivated caspese-3 by ELISA (EED Swbems)

MicroPET imaging Nude mics with V22 Rl so xenografs
were injected vim tail veim with 120 mCi of " F-FDG and imaged by
PET 2= desoribed] previoamly (26 ) hefore snd adter 5 117 ADI-FEG20
tregtment of 4 or 2 h Stenderd uptake valees (S1V]) were
oompaged by dividing the activity concentration in each voxel by
the imjected dose and multiplyving by snimal weight Ahsalute
uptake vahes of peetireatment images wene normabzed to
retrestment images hefore snabysis.

Xenograll efficacy studies. For tumorigenesis 1 = W0°
CWHREIR vl cells were injected s into the hilateral flanks of male
athymic BALE 'c moos (Harlan Spragues-Dawlex, Ine) Mice neceved
weekly 05 ml ip. ingections of sterle PES (o = 4], 10 mgkyg
doostaxel (mo= <) 5 I {225 pgfml) ADL-PEGH (o = 4L or both
10 mg/ kg dooetzoeed and 5107 ADFPEG20 (1 ml totzl valume o = 4}
Timar dimensions were memsansd twice weekly Tomar valimmes
were caboulated by Vo= 05236 (5 2 BOLL = length, W = width.

Flyoreseenee microscopy for LOL CWE2ZZEe ] and PO onlls
merepressing  elEFP-ICS were sesded on poly-lysine-ooated
overalips Cells were treated wath 03 pg/ml. ADFPEG2O for £ ar
24 hoar 2 pmold/L rapamyen for 4 b Cells were Gxed, maunted
wming SkwFade with € &-dizmiding 2-phenyiindole {DAFL i tro-
genl mnd evaminesd] under 2 260 kens oon osn Olmpus BXG1
motorimed rellected Juoresoenes micnsoope with e AMOA filter
(encitation, 350 nm: embsion, 46 nm) for DAPD and FITC fafter
ecitetion, 480 nm emission, 5535 nm) e =GFP-LECS osing
Shicke Boalko L] soltwares (Intedigent Imagng hnovatioms L

Far live cell imaging, CWREER vl cells overmqpressing oGFP-LOS
were plated on 35 mm #] glss bottom dishes (WillCo Wells),
treated with O3 pgiml ADFPEG20 =nd imaged with an 71
mverted micrisoops with a =100 L8 NA ol objsctive (Dlvmipas )
e AST 400 mir stream incuhator (WEVTEE) set to 37 0. Images
wene anquines] nsing a spinning dise system.

Inhibition of mytophagy. CWEZZEr]l oclls were trested with
25 pmial! L chlaraguine (Sgma), 0 pgdml. ADFPEGHL, ar bath {or
24, 48, T2 and 96 h LNCaP oclls wene trested = above sxoept
with 0.3 pgiml. ADELPEGN. Cells were anabvosd by fluoresoemioe-
sctivated oell sorting (FACS) snalysis as describes] previowsly,

OWEZIRr]l oells were seeded in G6eowell plates then transiently
tramsfected with 100 pmol = GFP siiNA (Ambion) or Beclin] afNA
ON-TARGETpls SMARTpool (Dheamscon) wsing DhamaFECT

wwnaacrjoumals.ang
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reggent (Dhamascon) Cells were trested with 03 pg'ml
ADTFPEGZ2D for 24 or 48 h the fnllowing day end snabhyzed by FACS
znahmis & desonbed previoushy

PC3 oells were trested with 05 pgiml. ADL-PEGR, 5 ;.L;n‘rnL
ADFPEG2O, | mmol/L S-methyladenine (3-MA: Sigma), or bath for
24, 48, mnd T2 h mnad anabyzesd by MTT & desemibed previously.

ASS mrmum arhistechemistry. Formadin-feed, paraffin-embedded
archival matenal from 88 prostate tumons and 59 nommal prostate
samples were ohtained Tumors represent a renge of GGHeason
grades (3+3 = 6 to 445 = 90 H&E-stained s ctions were made fram

® % g
£ 8 58
ASE o e —
GAPDH e o s e
gRT-PCR (AS3) 6.7 14 1
B

£ g
aos (S
.

“ %

10nM DHT
4h 24h 4h

Do o4 0B DWW 03 0§ 1r A
(A0 Lgimi

Fgurel. Prosaie cancer opll lings prdiled for 455 cxpreason and &0 HSEE20
s ldiy PRS-, LMNCa®, PO3, and CWREERY 1 wem examined for ASS
AL by BT ECR (4) and ASS praein by Immunoblosing (). O, immencbion
for 10 Feecddll DHT A corse of LMCaS Ta-A85 O opll lres wonn
eated by ADIFEGERD & 002, 004, 008, 095, 03, 08 1.2, and 2 4 pg'mil
for 3 ;FI:EJ or 8 d ket MTT assay. Panls, maar; bam, 500

earh block to define representative tumar regions, and & tumor
microarTay (THMA) wes construct=]l. TMA paraffin Wocks were
sectonesd st € pm and transfemesd to gles shiles. mmunahisto-
chemistry was perdormed using o-A%8 monackinal momse antihady
(Designefx Pharmamologies) at 22 pg'ml. Nomal liver was
used & a pesitive condral. Dmiss on of primery antibady was used
= negative ooniral. Sechiona were oountemstmined with Glls
hematoeyin and Bwed. Slides were mdependently sxamined by 2
hoan] oertified anatomic patholegist (RGEE) thooe and soonesd by
peroenage of oells stagned.

Results

Senstivity to ADFPEGZ) cormelates with ASS expression
ASS expresson in thres commomnby cultured prostete carcinoma
oell fines (LNCaP PCX CWE22Hoe 1) was evalusted for mBNA and
protein levels. LNCaP s andmogen dependent, wheress PC3 and
CWE22Ey | sre snddrogen mdependent. The nomal mmostsbzed
oell fine FWPE-1 was used to evahate ASS expresmion in
nonosnoerous prostate oells Al osll nes expressed ASS mENA
determined by revems transoription-PCR (RT-PCR) exoent
CWIZZEw ] (Fig. L4 L Quentitative resl-time PCR of ASS mENA
the prostate canoer oell Bnes revesled that, relative to CWEZ2Rel,
LXCaF and PC3 expresssd ASS tramsonpt 67 and 14 times grester,
respectively. Western Wit anabsis showsd CWEZERv] did not
epress ASS protein: in omirest, PC3 epressed moderate levels,
wheress LNCaP amd BWFE-1 expresssd high levels of ASS (Fg L8]
Diispexity betwern AR5 mBENA smd protein levels is potentially
sttributed] to namproduoctive, altematively splosd transcripts or
pselagenes.” The redatimship betwesn androgen statis and
ARS svpresmion was further examined by tresting LNCaP oslls wath
10 mmal L. DHT (Fig 10L revesling androgens do neot negulste
ASS epresadan.

Ta evahizte the effzct of ADI-PEGZ0 on prostete carcinoma, the
previously described osll lines were trested with ADFPEG20 over
5 hrosl doss range smel smsawed for ovtobovicity with MTT
CWI22Er | wes the most sensitiwe to ADI-PEGA vath an 1, of
0% pg'ml. PCS was moderstely senative to ADL-PEGH, whereas
LXC2F and BWFE-1 wene not responave to ADFPEG2O (Fig. 10
Teken together, these data confimn that ASS protein kevels invemely
oomelste with sensativity to ADELPEGH. CWE22ZRv ] wes suhse-
quently chosen as the modsl o=l line {or future espeiments.

ADFPEGEY induees caspase-independent  apoptosis in
CWRZIRv] im witrw. To study whether the reduced vishiity of
CWE2ERy | upon ADL-PEGAD trestment is due to ol growth srmest,
mpopiisis, or both, we subjected treated and ontreated cells to
FACS analysis. The sub-f DNA content was used & an indicstor
of apoptisis induosd by ADI-PEGHL CWE22Er | oclls weere trested
wath 03 pg 'mL ADFPEG20 far 4, 24, 48, 72, mned 96 houms. Apopioss
wan nat inchuosd until 4 das posttreatment, when = 50% of oslls
hel undergome spaptosis (Fig 24 L Although DNA fagmentstion is
oonsidersd the defining end poirt in apopiois, caspase cleavage
is an early marker for olssc apoptosis. terestingly, odeavage of
rampene-3 indo its sctiveted 17 kTBa fragment was undetected after
ADI-PEEHD (Fig. 281

Caspomeindependent cell desth wes Rrther investigatsd wath
=VADdmk a panoaspase inhibitor. Caspese inhibition wes -
fimmed with cospase-3 ELSA (Fig. 200 = VADmk bed to 2 50%

T Paiee (hoes, prnl commasctns
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AD{ in Autophsgy and Crspese-independent Apoplosis
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Fhgure 2. ADMFEEN Indaces caspas ol

apoptals inCWRESRY L A, 0.3 ug'mil ADSSEEE0 e course of CWIRESRV bafiom FACE aralysls forsubad
O, content. Columng, mear; bas, SE B, memunobiod for 003 po'mil ADE-FEG20 fme cowrae of CWREZSV . o

g3 detechs T 32 kDa and T

acivated T7 kiDa cheavage procdlct. C, CWREER cdls weda Insaded with vehicks {unaneated, 100 mimodiL padibansd, o O3 po'ml ADKSEGERD for 24k and compared
wiTh 2 B preowmatment with 50 amolL 2A0A0- fmis Before caspase-d ELESA. Valuoa were noemalized to vendde. 0 CWIRZERVT oolis warnd oated with 50 pmiodL
TWADETE, 03 poiml ADPEER0, ADFEE 0z VADSmi for 85 F, and 100 rmoil pacizasel, paditaasis-WADAmk for 24 b before FACS analyais forsub-G,; DMA

Conird.

reduction of mctivated capase-d levels in ool trested wath
paditzoel, & stamadard chemotherapy for adveanosd] and metestatio
prostete canoer. Hionwever, ADEFPEG20 did not sgnificantly aler
motive caspase-3 levels. Althmgh 2 VAD-fmk sttenusted apoptoss
in oells meated with pachmysl by —50%, &t did nm affecr the
fraction of spoptotio cells after ADL-PEGH (Fig 201 These dats
suggest that oell desth medisted by ADE-FEG2) i independent of
caspese-madiated pathways

ADL-PEG2 devrenses glibal tumor metalylic activity. The
immediste effect of ADI-PEGH) in weo was examined iming FET.
Hohal hmor meteshalian of gleomse consumption was monstonsd
ty "Fofumrasleygluome (TEFDG) in CWEE2Er ] mouss teno
grafis MicoPET scans were performed hefore and afer ADF
PEGZ0 treatment of € ar 24 houms. "F-FDG uptake in CWRE2Z2Er ]
tumars femows) did not change sher 4 houm of treatment. In

omtrast, "F-FDG upteks wes decremed sfter 24 howrs of ADE-
PEEXNL Tumor UV decressed 308 alter treatment (0000056 versus
Q000G ). ndicating reluos] metaholio activity (Fg 340
ADEPEGER) retards CWERE2Z2Re ]l tumor growth im owio aml
symergloes whh mxane To detsmmine the ong temm effsos of
AD-PEGHE ;v wivo, made sthymic mice with so OWEEERe]
menigradis were injected ip. with oontral PES ar 5 107 AT-FEG20
weekly Tumom from ADF-PEGEN mioe were significantly smaller
than tumam from ombral mice (1576 mm” versus LlD&99 m:rn"i
at 13 devs after intiation of trestment when control mios were
edhanized The effects of AD-PEEZD were compered with the
onrent standard of care for harmone refractory prostiste canoer
patients, doosteyel alone (27), =nd docetmwosl in oombination
Daceteoee] mice (10 mgp'lg) hed tumomns that wers amaller bat
nat statistioally sgnificent from control mice. However, the

wWww.aacrjournals.ong
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oom binstiom of AT-PEGEX mnd docetzes] had & synergistio effect
mn  tmar growth inhibition. Twmoms fom ADFPEGH mice
resched am aversge of 910 mer =t the end of the study, wheres
tumamns from ADE-PEG2ZO doostaes] =treated mice were - 758
smaller (Fig 38)

ATEPEG) indweces atophagy in prostate cancer oells
Arginine degradation by ADI-PEGY) causes metsbalic stress to
mreatraphic sl Notrient starvation such ss complete aminag soid
deprivation is a known indicer of autophagy (280 To dete mmuine
whether gngls amino aoid deprivetion i sifficient to trigger
mutophagy CWE22Er] oells stshly expreming oGZFP-LCS were
examine] mder fhworsscenos microscopy. Under nomal condi-
tions, LO3-D s umiformby distmbated ﬂmmﬁhmt the nuck=us =ndd
mytiplzsm. Doring sutophagy, IE3E-1 s procsssed mto TE-TT amad
translooates into autophagmome membhranes, appearing as hright
pametme 291 LOET localimation wes seenin foed OWEZ2REy ] oedls
wfter 4 mned 24 houm of O3 pgdml ADE-PEG2) treatment
Papamyomn, an inmhibitar of mTOR, was used s & positive oord nol
(Fig- 44, &g L Live cell imaging of CWF22Er ] oslls reveabsd rapad
mndl intense aidophagosome formation sfer only 90 minutes of
ADIPEGIO (Fg 44 bottom) Rapearyoin or ADL-PEGH signifi-
pantly incressed the number of cells yndergoing mitophagy to 15%
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Figuwe 3. ADCFEGEID o an efeciive in wivg. A mice wish CWRZZR

wen imaged by FET using "FFDG befon and afer madmont with
5B DG FEG D0 for 4 o 24 0. B, mice with OWRZZRv] menogm®s were
meatad with FES whide, 10 mgig docetansd 5 B ADEFEE20, or 5 0
ADEEEE 00 Mg dooefaded weakly TIEmor wolimes o mpomed as
s = SE

(Fig £4) The L3 fragment appeansd = carly @ 30 minotes: of
ADE-PEGH and pemsisted after 24 houns of arginine deprivatiamn.
Inorease in tote] sutophagic fhox wes confirmed with chloragqueme
(30}, =n sutophagy nhibitor that dismupts heosomal hmction
(Fig 48) and prevents completion of aitophegy resulting in =n
sooumudstion of LC3-TL In sddition, potential off-target «fects: of
chinroguime did not lesd to caspese-3 oeavage.

Mualsoular pathways scoompanying the mduction of sutophagy
wern: alsg mvestigated A major nuinentsemsing pathvay involves
AMPE/TSC/mTOR/S6E. During mbrient starvatiom. ATP lewvel
derreases and AMP kvel increasss, neulting in sotivation smd
phosphorvlation of AMPE. ADIPEGN immediately inoresssd
phispho-AMPE levels (Fg 4L This should lesd to inschivation
il deoreassd phosphorviation of mTOR Hnese through the
inhihition of TSC complex by AMPE-mnducesd  phesphaorviaticom.
Decressed phosphorylation of mTOR was evident soon after ADI-
PEG2O trestment (Fig 4CL A downstresm mTOR effecton 86K
was mactivated st s leter stage (24 hours) as shown by s own
decreass] phosphoryistion and the demresssd phaspharylation of
its substrate 56 Transent inoresse of 36K sctivity was observed at
early ADI-PEGEN time points. The exsct mechsnism of this
phenomenon is unclear but is Bkely due to fesdback of this kinese
2 reparte] by othem (310 AMPE activation and mTOR dowm-
milulation are compatible wath their roles of major sutophagy
regulstors. We abo surveyed other kinese pathwas relevant to
mutnphagy. ERELZ phasphaorylation wes evident within 30 mimde s
of ADI-PEGH) treatment, which inoressed in 2 timedependent
mznner (Fig 40 EEK12 srtivation has hesn shown previoushe to
oontribute to sutophagy induced prosurvival function (320

Amtophagy delays amd protects agninst ADV-PEGE2O - imdhee el
orll death. The parasdoxical redationship hetwesn aitoaphagy and
mpaptisis necesitstes determination of the cousal nature betwesn
these two fundamental hiological processes after arginine deprivas
tion. Temparally sutophagy preeedes spoptosis; thas, inhibition of
mutophagy may malulste the onset of apoptoss

Chemical inhibitiom of with chlaragquine sooel srated
mnd  enhenced ADI-PEG2-imduced oell death m OWEEZEr]
(Fig. 54) By 48 houm, 2T'H of ADL-PEGCN + chhrapine oslls wers
mpoptotic comparsd wath 10% and 6% of cdlls umdergoing
apapiosis by chlonoipuane alone and AD-PEGEB) aloane, respect ivedy,
Chimagguine  further inereassd ADLPEGEN-induwsd oell death to
60% afer 72 hours By 9% houms, the effect of chlomegquine was
shrogated, pmsibly dus o its metshobsm. Simdlarly, siBNA
kmckdown of Beclinl, ssential for sutophagosome nuclestion
{21} mlo imeressesd the ate of cell desth after ADFPEGHD
trestment (Fig. S8 Almaost 60% of cells had undergone apaptoss
il Becinl was knocks] down befors 48 howrs of ADL-PECZEDL
wherees ADI-FEGAD sdone anly ke to apoptoss in 30% of cells_ In
oontrast, ADEFPEG20, chlomaquine, and the combinstion of AD-
PEGEZ0 and chiorospane had mo eHect on apoptosis st &l time
points m the ASS expressng LNCAP oells (Fig 5C) To compl ste the
chamoterization of the melationship of ASS expresion  snd
sensitivity to ADE-PEGHN, we examined ocflular response in
PCA = ool line with low ASS levels. Higher doses of ADL-PEGH
{5 pgmL) were requirsd to amest cell growth completely oompeaed
with CWIEZIRv], althoagh lower dises {ﬂ.ﬂ ppml) malced
mutophagy (Fig. 500 Inhibdting  sutophagy with 3-8 grestly
retduosd osll viahdlity fallowing freat ment with ow doss AD-PE G20
(Fig 501 Therefore, ASS protein kvl oomelstes with oelhelar
responss to AD-PEGEED, moludi ng the early induwction of sutophagy
bedire the late onset of apoptosis.
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AD{ in Autophegy andl Caspase-independent Apoptosis
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ASS expression in pmstale cancer Hssoe. The shove neults
sugpest appnine depmation by ADE-PEGH may afer 2 new
treatment strategy for prostate csnoers o which ASS expressom
is lmw_ A key question that Inllows is whether the alwence of ASS
epremion s grneralizables among divess homan prostste ommoer
specimens. We therslore evaminesd ASS evprsgan by mmmmema s
tochemusiry in our prostate tissues mcmarray. O the 88 hamen
prastete tumom, nons showsd any detectable ARS staining. Strong
oytoplesmic ASS staining wes ohservesl, indiceted by cosed amows,
im ther horinal cells of bengn prostste glands {Fig. 64) snd nonmeal
prostate tmus (Fig 68 bf )L Howsver, o ASS reschivity was
detectsd in prostate cancer glands (Fig 64, ogen armows ) or s
(Fig. A8 npht)l Among 59 sampls of nommal prostete tisme, 275
expresed ASS to same degree O the 16 samples showing ASS
expression, 2 were found to have ASS in =755 of the oells. wheneas
the remaimmg 14 showesd spresion in <25% of the ool In
mldfition, ASS mPENA sqpossion wes evalusts] in sic primary
prostate tumor tssuss amd two primary benign prostatic
hypemplaga timues. ASS mENA was almost shsent i specimen

18 znad reducsd m all ather sampls (Fig 60 The differentisd
expresmon of ASS is in oontrast to hepatooytes, whach hemaly
depenad on ASS funetion for the urea ovcle, and uniformiby stadnesd
for cytoplasmic ASS protein (Fg G0

Discussion

Im this report, we shiwed AT-FEGH can effectively indmoes ol
death im priststs canoer oells with low or sheent ASS expremion
B sho sensitizes colls to trestament with doostavsl, an sonepdesd
chematherapy in prostate cancer, or chlimeprine, an mhibtor of
sutaphagy. Thess results are Hkely to be generslly appliahble to
mther prostate csnoer . oells bemmme virtuslly all prostate canomer
spedimens examined in this report = well as that by Ok and
ool leagues {12 ) exproessed undeteciable levels of ASS By depletian
of agamne, AD-PEGH cmmes metshalic stres on spetrophio
oells, oomplirenting conventional  therapies logely bassd an
prnotanic siress Although srgmine depovation therapy bassd an
hovine arginese has seen Imited sppdications clhinically AD-PEG3

weLaacfjournals.org
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hes  LO00-fnkd Froater effmty for srgmine (33) with fewer ads
effects. Our wark descrbesd here thus offes 2 new treatment
wptiem for prostate cancer. In addition, we imoover novel oellder
resprinses of angnine deplebion, inchiling sutophagy and caspese-
imglepeenadent oell death

The defayed onset of apoptsis suggests the posabiity of
oompensation mechanisms ater mrginine depletion. Here we
present evidenos forthe mt Bme that single sming soid stervation
thrmugh arginine degradation by ADFFEGZ0 i sudboient fo tngger
mtnphagy in rostete caneer oells. LES trnslooation and cleavage
oooam wathin howrs of ADE-PEGEN freatment, indicating  that
sutnphagy is an cardy response. AMPE senses celindar AMP/ATP
raticy e in dts phosphoryiated fomm, signab the lsck of merients
in the environment to the mTOR complex via TSC2 (3] Whihition
o mTR leads to suppresion of 36K aothity. Consistent with our
fndings, Feum mnad oollesgoes (35) hove reported the effects of
ADTL-PEG2A on mTOR sgnading, which inchide dephosphondation
ol mTOR dovwnstream effectom 536K and fE-EP muad inoressed
phosphorylstiom of AMPE in ASS-negative melanoma osll fines.
This: chain of svents hes heen shovn to promaote sutophagy (56)
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There: are varins signabng cosoades that regulste T OR/S6K
incluhing the PIEE (cless 1)/ Akt pathway: mhibition of which has
been shovwn to nduce atophegy in malignant ghomes (32 57}
Although we did net speciioally examine the activation of the PESK
(ol 1)/ Akt patiwee ADEPEGA] inhibited mTOR events sssmd-
wtril with & rapid sctivation of AMPE, suggesting this mechamism
in mgnine deprvatim-nduos] satophsgy. Furthermors, we
ohmerved AD-PEGE-imhucesd EEKD 2 sotivetion, whach hes besen
sherwm o regulsts sutophagy undder = varisty of stimuoh (32, 380
What is the hiakgical fimction of ADFPEE20 indueed sutogih-
=gy? Autuphagy oan be prossrvival or prodesth. dopending an
oelldar contet and diration: of treatment To stely  whether
ADI-PEGHE mnducesd sutophage contrbutes to or sttenustes cell
demth, we chme to block ADE-FEGEN indwoosd sutophagy with the
imhihitor chloroaquine, which inhibits Iste stage sotophagy by
alkalinimng sosames and dismupting the autophagohsosome (33
Bemuses chlomgprne itssll may have functions other then
mactivating hsmomes (B0) we also sl siRNA targeting =n
essential campanent of sutophegy Beclinl, a component of the
class T P13 nese oomplex that nulestes sitnphagosomes (291

Fhgore 5. nHEEcn of
aconlhemies and enbarogs ADS-PEEI0
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AD{ in Autophegy andl Caspase-independent Apoptosis
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Our alata show inhibation of early stage autaphegy by chiorasguine
or Beddinl knockdown acorlerates sl embances oell desth after
ADI-PEGH, strongly suggesting ADE-PEEN-induce]
iriggem o protective responss diving eardy stages of reatment. Af
present, we pannat mde oot that pral anged AD-PEG20 trestment
(=% howrs) may trigger sutophagic cell desth (programmesd o=l
denthy tygee )L which s umizdly canpeme independent. In our study,
we fanmed chiomosprine itself hasl litths eliect on the oell killing of
CWEZERy ], unless ADFPEGH) s present and sutophagy is
induesl In sddition, coslminstretion of chlomgqune with ADT
PEG20 did not sctivate cospese-3. This again suggesis that the
maor effsct of chloroquine i to blook smitophagy, snhencing the
underhving mechanism of cepase-mdependent apaptosis. Conss-
tent wath this result. PO ocll wath reduced ASS levels aba
of sutaphagy with 5-MA significantly reduosd ol profiferation m
tha presenes of ADT-PEGH0. Fath ohlomaaprine snd ADT-PRGHD have
n effect on LNCaP oolls, which expres ASS Intenstingly ASS
pasitive hepatooslldar carcinomes resistant to ADI-PEGX
responddesd to aganine deprivation by pegylated  necombinant
mrginase (41}, providing 2 patential altemative to ADI-PEG3)-
resisfznt tumoms mnd oedl Bnes such s INCaP

In cancer, en mtnphagy parsdor hes emergsd m which sanavel
mud death sre oombext specfic, pertiendardy doe o complex
imtersctioms hetwesn sutophago snd spoptotic pathwas. Acoard-
ingly. cancer thempies have boen mporisd to hove opposing
eliecis an cell desth. Photedynamic therapy promotes sutaphegio
oell desth in spoptosis-deficient camoer oells (£2), whensas
sutfrraphans-indoced sutophagy m PCS mnd INCaP & qwote chive
15 L Furthermone, mamiplstion of satophagy o sensgtine tumor
oells io subsequent trestments. Indiction. of sutophagy by =n
mTHE inhibitor inoreass] poostate cancer ol susoeptibility to
irrzdistion (#£) Conversely chlomepume is 2 highly promising
mutaphagy inhibitar for ciniced use. Althaugh it &5 extengvely wsed
to trest maleris (A} s uses sgeinst csnosr sme only recentiy
emerging In s mpe-induesd hmphoma model, autophegic

to suppress tumor gowth (851 This andemonres the mportanos
of mtnphegy to hmdemental odll processes and s ability o
mindulste the effect of chemothemapis sorms 5 wide varisty of
AN,

The shaence of ASS = 2 omarker for ADFPEGH eficacy hes
revinualy heen estshfished in hepatoma =nd melanomes cell nes.
Phase [Nl clinical trials with ADE-PEGA led to a 47H mesponses
rate in patients with unmesectahle hepatoosllular ercnomes mnd
= 25% response mis in metststio melamome patients (86 4TL In
tinn study, we show AD-PEGRE] can be efsctive agsine prostsis
cznoer. ASS spremion cam be detenmined by mmunmaohistochemn-
istry aned potentially he used a2 clinical indicstor for AD-PEGN
e The shsence of ASS poten in 2l examinesd prostete tum or
samples makes ADLPEGX & promising therapeutic svenue to
follow. The combination of ADI-PEGH] which induces csposme-
independent spoptosis, mnd tecoeness, which e oaspess-depens
deni. s more effective than momotherapy. This ooncept of
synergistic intersotion betwesn cenosr therapies is an active anes
of research. o particnler, combining therapies that target different
mechanians of cell desth mexy inoremse eficacy heyond  sither
sgent alme Furthermore, the incresse of sdvanoesd imagng For
tumor messsment and staging may allow cdlinical meomitoring of
tumar repongvensss to AD-FEGH by PET. Finally, arginine
deprivatiom. by ADE-PREGH) inchioss sutophagy = 8 protective
mechenian. Coslminstration with an sutophegic inhibitar sush
= chlomwpine oan potentialhy snhanoe oell desth in prostste
timom. The mivicate link between awtophagy sl apoptosis
mints ton miophagy = =n additional target for enbcsnecer
trestments. Thus, ADI-PEG20 s 8 noved prostate csnoer therapy
whme mechanism of sction can be complementsd] by uther
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