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Phosphorylation-independent mTORC1 inhibition by the autophagy
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Wi recently found that Eottlerin not only inhibits proliferation but also causes Bol-2- and Beclin
l-independent autophagic death in apaptasis-resistant breast adenocarcinoma MCF-T cells. Having ex-
chided a role for canonical signaling patinay s, the ourrent study was aimed to investigate the comribution
of the AMPEImTOR axis in autophagy induction and to ==arch for the upstream signaling molecules po-
tentially targeted by Kottherin. Using several emeyme inkbibitors, Western blotting analysis, mTOR siENA

epeon and pull down assay, we demonstrate that the Rottlerin-triggered astophagy is medizted by inkibition

AMEE of mTORC] activity through a novel AMPK and mTORC] phosphorylation-independent mechanizm, likely

mTOR mediated by the direct imteraction between Rottlerin and mTOR
Inrnod W CTiom assaciated with aurophagosome formarion, acoamulation of LC3-

Autophagy, 2 highly regulared and dynamic process of cellular
degradarian, is ConsHmvely acive on a basal level helping m keep
U Tissue NOMenstasis, bar it can be soongly induced in response
[0 2 mulrirude of physiological and parhological situations such as
amino acids or groweh facoor deprivarion, hypoxia, pathogen in-
fection, exposure o chemaorherapeutic agents 2nd orhets [1].
Although this process is induced as 3 prOIECTiVE TESPONSE [T SITESS,
the prolonged activarion of aurophagy can lead m cell dearh by ex-
pessive self-degradarion of essenti2l cellolar companents [2].

We have previously presented evidence thar purified, commer-
rial Rowlerin kills apopoosis resistant, caspase 3-geficient MCE-7 cells
through 3 non-apoproc, Jumnphagic dearh mechanism that was

Abrennnars A MPE, AMP-aoaed prorein kinase; mTOR, mammakan marger
of rapamyrin; prOSEK, phosphoproren 70 ribesomal promen 56 kinase; 4EEP-1, En-
karymaic ranslason initiation taonr 4E-binding propsin 1; BrlZ, B-csll lymphoma)
leuiemia- I; Berk- 1, Beclin-1; FP2A, prosin e 1A; FEF- 12, i 506 binding
protein 13; FI3K. phosphoinosinide -kinass; RSE, poil ribosomal 56 kinase; SO5TM
1, sequesosome 1; LC3-IL, microrshuls. associared prorein 1 Eght chain 5-1I; T5C,
mbermes solerusis complex: CFE, mpillary 2one slecrophoresis; PMA, phorbal 12-
MyTisEns 13-30eme.

* Comesponding author, Tel: +39 0577 254337 - 59 0577 234210,

E-mnil sy, emanpslamaiolimisyin (E. Mok,

0l and degradation of SQSTM1/pG2 [1]

Although many Open qUESTioNs on Jurophagy regularion sl exist
[4]. three main conmal pariways have been recognized: te AMPK]
MTORC] cascade [5-7], the PLIK{] yAKMTORCI parhway and the
Bck-2 fBect-1 (ATgE) axis [B-10]

In our earier smdy, we shwed that the Jurophagic process was
Brl-2/Bect- 1-independent because MCE7 cells express Bed-1 ar very
low basal levels, its Ei]]'l'EEil:lﬂ Was nar induced t!l Romlerin and
neither Bcl-2 5i.|E‘I'.II:i.I'.I,E maT IJ'I'E‘I'E‘IFII.'-E‘SEiﬂl'I affected Romlerin-
induced auophagy [2].

We also excluded 3 role for both PI2KjAKT and ERK/po0 ribo-
somal 56 kinase (RSK) regulatorny parhways [11-13] in the Romerin-
induced ammophagy, since we previowsly Tound no changes (demeass)
in AKT {Thr 308) and ERK phosphorylazion following Roeuierin reas-
ment of MCE-7 cedls | 14]. Therefore, the CLITent study was focased
on the imvolvement of AMPK and mTORC] in the JI.I'IIIFIl'.IEgiE Te-
spansa of MCF-7 cells to Romerin.

AMPY i5 an eNengy Sensor thal Promaoes eneTgy produdkon and
limirs ENETZY urikizamon 1o ensane cellular sunvival In fac, AMPK
5 amivared under conditions that ﬂ.E‘]]'l-E[-E cellular ATF and elevare
AMPF levels, such as glucose deprivaton, hypmia, and mimchan-
drial uncouplers [15.16].

Recently, an mMTOR-independent parhway for activaran of ULKT
has been reported: girect phosphorylation of ULK] by AMPK in



Tesponse o MNUITien I:IE']H[il]ﬂ leads o ULK1 acmivation and au-
mphagy induction [17-20].

Therefore, since the Rorderin unooupling efeas have been doce-
mened in different cancer cells [21- 23], we hypathesized thar AMPK
could be the Rorlerin @rger responsible Tor MCET aurnphiagic death,
le:l'l.l.ﬂ'.l no literamure dara have safar E]H}EE.T'Eﬂ in marure GanceT
2lls, in vascular cells and rissues [24| and in breast CanceTr siem
cells [25], Romierin has been demonstrared m activare AMPK.

The current smdy confirmed the working hy pothesis that the
Romterin-mriggered aumphagy is mediared by inhibition of mTORCL,
bur. surprisingly, the evidence scciuded any roie for AMPK and sug-
gested thar ROCHerin direcly ineracts with MTORCT and inhibics
its acriviry, through a novel phosphorylation-independent
mechanism.

Blarerials and mechods
Moerinls

ROmerin wiith puricy higher than D5 was chizned from Calsachem, 5an Diegn,
Oh. MEM, FBS, anuibiovics, DMS0, Okadaic acid, FMA, Temsirolimus |[CO0-770)
Tri oo mier ey pheny yd anone: | FOOF) and Comporand C wene §rom Sigma Alkdrics,
S Lowis, MO0 Amnibodies agains ol and phespho-AMFE [Thr172), mal and
phospho-A0C [S2r70], moaal and phospho- p53 (Sar15), phespho-Bapor (557X
A2, imal and phispho-mTOR [Ser24£2) @l and phospho- proseK [Thriga)
el and phoepho AEEP- 1 [Thr 37146, ol and phospho-Akr (Ser 473] LCE P11 and
fr-aminwere oinained from Cell Signaling Technology, Dameers, MA. mTOR and oommol
SiRN were from Sana Cnue Bioeschnology, Sanca Crse, O4. M-FER Masmmaian Prowsin
Extracticn anid Ha™ Promase and imhibirer codkail were from
PFierce, Rockiord, I Equipment and all reagencs 01 proosin FsTy and Wesiem -
ning anaky=s were rom [ crogen, Carlshaid, CA. Mirroosllulose, ECL Prime Wesiern
Eloning Detecion Reagem and Hyperfllm™ ECL™ wene from GE Healthcare Life 5o
ences, Uppsila, Sweden.

ot oy ol i T

Human breasm adenorarcinoma oell line MCERT (purchased By Isiruco
Fpoprofilancs Sperimencale della Lomibarndia & d=iFEmiliz- Romagna, Brescia, huly)
s FIOWT in 3 humidafied aomcsphere (95T 2ir] 5T0004) @ 57 °C in Minimum Es-
s=ential Medium [MEST} congaining 10% feal call serum [FRS), Na-Fynevare [1 mM}
Flurammin (2 mM ]} and annbiotics [100 U)mil penscillin, 100 pgiml SITEOITRTn,
250 ngJml amphovericin E]

Romierin, dissolved in DRESD ar 2 stock concemtration of 20 mil, wees soeed in
 dark-cokored bonde @t -20°C. Bore Roolerin rreamment, cells wWens: gRowm o abom
B0 confluenos and then sxposed 10 Romlenin dilueed in MEM comining 2 5% FRS
el growm in che same mediom Comining an aqual amount of D&ESD wichour
Forderin were used as conrol

In a subeer of enperimenos MOFT was depbaed of FECE by prolonged sxpo-
=ure [24 ) o PMA, 3 PEC aoivenorn, Belore Bomliernin meament | 26]. In anocher subses
o experiments MCET was pre-mregnsd for 1 hwich 20 M Commpound C [an inhib-
iror of AMPE) or 00 pM Oladaic Acid |2 sslecvive inhibswor of PF2A)

Limareared, serum deprined oels were ooloored in MES diled with PES (1:2]),
withour N2 Py nare, o check the inflmence of s@anvanion om A MPE aoivicy.

T oyoamiciy of the 00 7ra, was eraluarsd using the
Sulipemsdamine B (SRE] COMimSIie 55y, 3% previcusly described 3]

To check the role o maochomd il unocupling on auiphagy inducmon, cellswens
reaned wich the chemical mnooupler FOCE.

e deemmanm O AP aud AW P by copilary zone eleeropharens [DE)

OO was done 35 prewiously described | 23] The slsamopherograms werne read
and aralyeed ar 254 nm waveiengih. The nudeotides in samples wens dentifled by
oomparison of reEnon Gme wich imernal szandards run ar the ame Gme. Con-
cEnrarons of ompomds wene derermansd by using the correned peak areas of
noEm UM CONCERITANONS i 3 caliveason curee. The method was linear in
the range 2 m-0 msl

e ERTOCE

A ver reammenis, o ks were washed wich FES and then kysed with 0.2 mi of k8- PER
klammalian Provein EX racmion Reagent mon@sning a cocosil of procease and phos-
[Pharass inhibimrs. Afver shaking for 10 min, the spes were oollerned and mansiened
10 1.5-mil cemraluge cubes. Cell debris was pelleed by cemritegarion an 14,000« g
fior 15 min. The supsrmcEms Were ransfermed i new rules, and he proiesn oon-
CENITACoN was measured using Bic-Rad propein assiy reagens

Wemzern Hoeng oualyss

Equal amoums of proiein samples were esoboed on B2, 12T or 4- 20T, 505-
polyErylamide geis. Proeins wers ser-ransismed omo nionoeluler membranes
thar were Blocked in 5% non-dar dry milk in TRS con@ining L% Teeen 20 82r 1h
a1 TN CEmpErILre. Then, e hiorranere probed with Jpproprilie primary polyconal
aniibody ovemighe ar 4 °C Afver wazhing, horseradish i njogared IgG
wnls added for LS har room pemperamne. The bioswens then deveioped by che ECL
Denemion Reagenis and then sposed on phoographss fim, according, oo e ma-
ol 3CTrers insruaions. The densiomenry of the bands was periormed wsing Image-]
=l raare.

mrOR smol! meerjermy BN

MCF-T olls were groem in sin-vwell amad crarsfecred with SRKA (30 nk
iBimal concenoration for 24 hwith Lipafeoamine 2000 |1 orogen, acconding o the
LN USCTErETs prononl s SN was incutared in Op- MES! | Imvamogen) for
5 min ar mom remperarore, in another be, 5 pl of [Lipafeoamin 2000 was ddmed
i 2000 jad - RAEMA amel incubemed for 5 men, The SiRhA) Oiprs- MEM min wees incubaietd
ffor 50 mim bedore addition oo the cells. The medium wes remoeesd 2ier 34 hours of
trnsieion and the cells were incubaeed in serum-fee medimmior 24 b The odls
were then oollened for further s perimems and cell esaes wene prepared for
Wesrern bion amalysis. In all siRMA mediared mockdown experiments, cells
Transfeied With NOn-Speciflc | SoEmiHed) SiRNA Wepe s 35 conprmis.

Freparonm of Roesber- Cpemogen: bromide (O8NS oo oess Sepiaraze 4 B coolen

The procedure was periormed following previous reporsd proocools [27]. The
CMBr-acvasd Sepharoes 4B beads (L3 g were swelled in 1 mM HOfor 30 min and
wzshied in coupling Buer UM MSHCDy; [pH B and 05 M MaO | Rooerin | 1-2 mgl
disznived in 500 pl of coupling buler was added w0 CHEr- Seplamse 48 hagds and
rowaed end-over-end orermight ar 4 T The beads were subsequently mans emed
oo 001 16 Tris— HICH bufler | pi B0 and again romed end-oreend owernighe a4 5
Fimally, the Romrerin CHEr-aciwned 4B s vsrshed wich thres
cydles o aliemating low pH 00 8 acemee bulfer (pH 4.0) conining 0.5 M Macl|
and high pH 01 M Tris-HC [ pH B0 comzining 0.5 & MaCl] buffers.

Ex wivD ekl Sown 0SRIy

For the & wivo poll-dow n @iy, 3 ool of 500y of MOF-T [NOIen &CITE waS
imonier wiith 100 pl {50 Surry) of Romierin-OSEr-conjugaed Sephamse 48 [or
OMBr-conjugaed Sephamse 48 alone 25 3 oomarel] beads in reacson uler |50 mM
Tris- HO pH 7.5), 5 mikt EIFDK, 150 mM Macl, | misd OTT, 001E Konider P40, 2 pgml
Boving sarum albumin, UO2 m& PMEF, T« propsass inhibicor cockeail]. Afer
imopanion, with gende rocking for 5 h ar mom Emperamee {or svernight ar 4°C)
the beads were washed three limes with 2 bofler con@ining 50 mM Tris-HO [pH7.5]
S m EDTA, 150 mM Mall, 1 mM OTT, 00 E Menider P40, and D002 mil PRSF. The
[proeeins boand 10 the Beads were slmed with S0% ading bulier and analyzed by
‘Wesrern bloming with specific annibodies.

Smnmirn! olyes

Values are s pressad as the mean £ 50, Siudens | s was wed i deermine
sareicl signiflcance with 2 threshold of pwaless less than 005,

Eesuls
Roglerin infibits mTORCT but noe mTORCE acHviEy

We checked the mTORCI2 activity by monimoring the phos-
pharylarion stams of their effecmors, by Westem bloming analysis.
AS SOWN in Fig. 1A, 20 1M ROITIETin Meanment efecrively sup-
pressed basal levels of phosphorylated p70SEK (Thr 383) and
phasphorylated AEEP- 1 (Thr 37/46), targers of mTORC] at 18 h and
24 htime poings. Comversely, the phosphorylation of Al in Ser 473
(1arget of MTORC2) iNTeaser Wpon Tearmen, indicating that the
drug inhibirs MTORC] bur nor mTORCE, which, comversely, appears
1o be activared {Akt phospharylarion). Several smodies repored thar
innibizkon of MTDRC] by Tapalogs iMTeases IMTORCE S0iviy Trough
2 poorly defined mechanism involving AKT acivation, possibly via
upregulamon of TECEpIDT yTosine kinases soch as insulin-like growth
facor-1 recepror (IGER1 ). Aive AKE in urm, tes and
acTivares MTORCE (Ser 2448), thereby closing e loop ([28] and ref-
erences therein
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45); (E) 10wl and phosphorylaied ART (Ser 473}, soual and phosphorylased mTOR (Ser 2443) after 20pM Rolerin meamment Sor 1-24 X; {C) Western bortiag of 1ot and
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In addition, consistent with AKT activation, likely mediared by
he descibed MTORC 1 ferdback [oap on the MTORCZAK axis, MTOR
PACSpRCTYLIGON in Ser 2448, the site argeted by Akr was slightly
increased. This result, which apparently conflicts with the drop in
the phosphorylated proGes and 4EBF- 1 [evels, sronghy indicares
Thar Rolerin inhibition of MTORC cooers independenty from Ak
and phasphorylatian evens.

Rottlerin inhibits mTORCT ooivity M 0 PRCE- independens manner

Romlerin is markered as a selective inhibitor of PKCE, although
this designation has long been debared [29]. To clarily whether the
Rotrlerin eflact on phasphorylared prOSGK and AEBR- 1 levels was
PRCH-dependent, cells were mansiendy deplered of PKCSy pro-
longed PMA Mearment [26]. As SNown in Fig. 15, in PRCE-depierd
cells, Romrierin retzined its abiliny o decrease p7OSGK and 4EEP-1
phiosphorylation after 18 h rreamment. This result exduded any PECE
imvolverment in the ROCCleTin ourcome.

Rottlerin inhibits mMTORCT ooty Mdependendy rom the AMPK
agmalng patfwedy

To onderstand the mechanism chrough whidh Rolerin inhib-
irs mMTORCL, the role of AMPE in this prooess was samined.

We first evaluared whether Zni if 5o, how much mimchon
drial uncoupling by Romlerin increases AMP levels in non-swanved
MACF-7 pells. As illnsmated in Table 1, in agreement with other smudies
|21], a drop in ATP kevels was observed after 20 min, followed thene-
afteT by 3 prompr. Zlbeir skow, recoveTy, due both 10 Compensanary
merabalism and o the acriviny of adenylae Kinase, which car
Iyzes the reaction  ADP — ATF + AMF. Indeed, the AMFP levels and

Table 1

the AMPJATP ratio increased earty and roughly doubled within
40 min after Rortlerin mearment. This prompred us ©o analyze the
levels of phospho-AMPE and its downsiream subsmace phospho-
ACC. The Weestern hinering resulrs shoveed thar the phasphorylation
sramus of AMPK and ACC in mreated cells did not diler significanty
ITom ComErgls 3t amy time (Fig. Z).

In addicion, we analyzed the phospharylacion kevel of Rapor (Ser
722[792) and pS3 (Ser 15), Twa sites targeted by active AMPE. The
Western bloting results failed vo show any phaspho-Rapoor and
phospho-pS3 bands in both coneral and treated cells {dam notshown)

A5 2 control, we checked the phosphorylazion levels ol AMPE in
starved cells and found thar, although the acivacion of phospho-
AMPK and |J|.'II:IE|J|'.IIJ-.F|'I:'|: pccumed afrer & 18 R starvarion, na
decrease in prOSEK and no Jutaphagy iNduCTion [Western blot-
Tng of LC3 1) were chserved [Fig. ) We 2ls0 measurad SQSTMI)
PG2 leveds after 18 and 24 h starvarion and no gecreasejdegradaton
was found {not shown).

These results indicate thar starvanon-acivared AMPE alane is
ot enaugh 1o inhibit MTORC] and to migger utophagy in MCE-7
calls.

To further exciude te involvernent of AMPE in the mTORCT in-
hibizion by Roclerin, we checked te phosphaorylation leved of p70SEK
in the presence of an AMPE inhibior [compound C). As expecied,
compound C decreased AMPE and ACC phosphorylation levels
(Fig. 4A} bur did not revert the inhibizony effect of 20 M Roctlerin
mrearment for 18 hon p70S6K phospharylation and, in additon, the
same i]1.'|'|.i|:|i'|:ﬂ|."_l|' eflect was obrained even with 5 |.I.'H Rorrkerin.
(Fig. 48).

Togethet, these dara unequivocally demonsrated that Rorrletin
inhibits MTORCT signaling independenty ITom the known AMPK
signaling parhways.

Bl of Romlerin on ATP and AMP levels. MCFT ozfls were mregped wich 20 pSd Borderin and ademyglaes wene depenmined By CE. ATF and AMP CORCENITICions were -
pressed 2 pminl) 10F cells and e AMPIATF o was calmulared ar the imdscared rime poincs. Valees are the verage of three independent s periments and are sypresced

s mean x50
Conired 2 min 30 min A0 mun
A NP 2E420 .+ 26E] 55270+ 300" 46777 £ 5112 AT50T 2 T
ATP 2ETITE + 26461 E3L32 + ET.0T 1472+ TES 23" 2308 & ) s
AMIF)ATP 00aZ + 0002 L6 & QU 03718 + 0U0E D205 = DLOE
* peliE
15
E
€ 1h 3 6h € 18h 4k I
PAMPE .:E
Eos
Total AMPK 5
an
L @ .?\- ,?- L 7] 'f- ‘F-
€ th 3 éh € 18 34 .
2
W icC
=
- -] g

o

{IJFF

Fg 2. AMPE independent inhibition of mTORC aciviny By Romlerin Wesnem biomwing of sl and phosphorylasd AMPK [Thri7 2] and ol and phosphonglaed A0C | S2r70)
afer 20 pM Roanlerin orearment for 1-24 b Represenmanve of multiple independ emn sxperamen s " 005,
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Rotderin induces auophagy ndependensdy from she miochondnol
uncoupling

Since inhibitors of the mitochondrial eleciron wanspart chain
are aurophagy inducers [20] and Rotlerin has been previously
desmibed 1o induce aumphagy via mitochondrial uncoupking [22),
we mmied [0 mimic the Rorclerin aumphagic effec by the use o the
mirachondrial unooupler FCCP. As shown in Fig. SA, FCCP failed to
increase te Epidated Torm of LC3, further indicating thar aurophagy
is nor miggered by the Roalerin mitochondria targeing in MCE7
cells. Comversaly, FOCF rearment resulted in nuclear chromatin

Condensation, oypical of apopeosis, evidenced by DNA s@ining with
Hoechsr 33342, performed as previoasty described 3] (Fig. 58)

Rottlerm mhibits she mTOR signaling pachwery independendly from
PFZA phospharass oo fvarion

Procein phosphatase 24 (PP2A) is 3 TEMEric COMpEX, CONSisTing
aof 3 caralytic subumdr (C), and the regulamry subanics A and B. PP2A
not anly regulates mMTOR phosphorylakon bar is alsa imeodved in the
direct dephospharylation and inacrivation of pPAOGEE [11]. Thenelone,
m explore if PP2A plays a role in the Romierin-induced prosek
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dephospharylarion, MCE-7 cells were premeated with nicarsic acid,
2 potent PP2A inhilitoe, for 20 min. Then, the cells wers mezmed with
20 UM Rorrlenin for 18 h and the cell lysates analyzed by Wesermn
bormng. As e pacred, inhibition of PP2A by okadaic acid enhanced
the MTORCI-induced phosphorylacon of pOSGK. Mevertheless,
PP2A inhibition did Not prevent te inhibitry effect of Rorterin on
70568 phospharylatian (Fig. &) This resalr indicaes thar Rortlerin
inhibits MTOR signaling independently from PP2A 3cTvarion.

Cimse-gffect ralanimsh iy berween mTOECT mhibiion and
e ophagic ol demh

To confirm that the mTORC] pathway is the main regulamor of
auzophagy in MCE-7 cells and thar the biackage of mMTORC] stimu-
lates the aurophagic i, independently Trom upsream signaling
molecules, the rapamycin analogue CC1 779 Was used, in paralled
o Rartletin. As shown in Fig7A, a srong and comparabie inhibi-
Tiom of p70SEK and 4eBP-1 phosphorylation was observed in both
meatments aer 24 h, accompanied by an increase of lipidaced LC3I
farm and cedl death {Fig, 78},
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Fig. 4. AMPE indepengent inhibition of p7IS6K phosphorylaion by Romierin. (A ) Westem hisming of mial and phosphorylansd A MPK [Thrl 72) and ol and phosphory -
Emed ACT (52070 in BOCF-T cells pre-meaesd with 20pM compound Cior 30 min and then culred for an additonal 200 in the presence of Romderin (B) Wesem Diowing

af wocal and phesphorglmed pTOGEE [Thr 380] afer 5 and 20 pM Romlerin oreammiens for 24 b i the presence of the AMPE inhidspor, compound O Represenianive of nas
independent Experimens. “p« 005

To examine if mTOR silencing has the same impact of CCI779
an MTOR @ngets and oyoomoxicity, cells were mansheced with mTOR
SiRMA_ AS shown in Fig. 84, depletion of mTOR was associared with
decreased lazion of the mMTOR GownSream [ngers, pP0S6K
and 4EBF1, increased L3I bevels and cell dearh. These Nndings
confirm the cause-efec relamnonship bemw een MTORC] inhibitiony
silencing and autophagic dearh in MCF-7 cells. To determine if the
combination of 5EMA against mTOR with Romlerin has a collab-
arative oy ionic effec, cells manslemed with siRNA agains mTOR
far 24 hwere exposed 10 2 and 20 uM Rortlerin for a further 48 0.
The resulrs of the SRE assay showed that the combination of mTOR
silencing with Romlerin has an additive effecr.

Indeed, 25 shown in Fig. BB, the cymoumic effect of Romlerin was
enhanoed Dy the combinarion with mTOR siRMA and this efect was
significant compared with Rorlerin alone or mTOR siRMA alane. O
nate, the SImMe CyTormic effect of 20 pM Rottierin alone can be
achieved with 2 pM Romlerin in mTOR deplemed cells.

Moreover, 25 it was expeced, while mTOR inhibivion by Eomderin
acrivared Akt (Fig. 14 ) mTOR siRMA did not alfect the phosphary-
lation of this UpstTeam signaling molecule (Fig. 847
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Rowderin bmds o0 mTOR

Incubation of the MCF-7 Iysate with 2 mg Rottlerin- coupled
Sepharosefor 3 b ar room emperarre resulied in a ght Rolering
mMTOR complex. As shown in Fig. 2, mTOR was pulled down by
ROrleTin-Sepharnse 48 beads, bur naot by Sepharose 48 beads used
dlone a5 negarive conrol ACoording m e recommended prooedore
[32], we also oiseTved that the binding was speciflc for mTOR, both
in the phospharylated and non-phosphorylared formes, since na
binding ocourred berween ROlerin and p53 used as negative
propein. The same qualitavive resolts were obained with 1 mg
Romlerin-coupled Sepharose and overnight inoabarion ar 4 =C (no
Ehown )

Discussion

IN MeCent years, Manmy S[UMes Nave repored the antCancer po-
penridl of Roalerin in different cancet ool models. Rocalerin has been
shown 0o affec multple signaling paciways and 1o inhibir cell pro-
lifeTarion [33] imvasion [34- 35] and angicgenesis [27].

In addiion, ROMIerin Conmals iferent genes imvaived in cell
dearh parhways. Although Romlerin-promoted cell death has been
mainly ascribed To apOprosis [18,39], ather studies have desoribed

aurophagy indoction in diferent cancer cells throogh different
mechanisms [22,40,41].

In an earlier smdy |3}, we found mar Romkerin induced 3 non-
canonical Bol-ZjBeclin 1-independent aurophagic death in non-
srarved MCF-7 cells, but the precise mechanism was not fully
undersrod. Since the knowledge of the mode of acion of 2 porential
anmicancer agen provides helpful informacion for is fomre use, we
further imvestigared on the moleclar mechanism underying e
observed Romierin effect

KNOWing Mat me AK-MTOR i the Major parhway that nega-
tively regulares the anmophagic process, we first determined e
activity of MTORC] and mTORCE by manitoring the phospharyla-
130N SEms of their subsraes, proseK at Thraso, pAEER-1 ar Thea?y
46 and AKT 3t Ser473, respectively. The decreased phosphoTyLation
of the MTORC] angers thar was observed both in cells expressing
functional PECS and in cells where PECR Was mansiencly
downregulaed oemonsSraed mar ROmeTin inhidis mTORCT in
PKCH-indepenent manner. Moreover, Rorderin, likely through feed-
back mechanisms miggered by mTORC] inhibition [28], increased
AKE [Ser 473) and mTORC] (Ser 2448) phospharylation, which,
nowever, did NOT result in enhanced MTORC] Kinase acwivity and
anmphagy inhibition thereby demonsoating the irmelevance of
MTORC 1 phosphorylation events in the presence of Rorrlerin.
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The key rode plzyed by MTORC] inhibition in surphagy induc-
Tom in MCF-7 cells was demaonsoated by the use of CCI 779 and
MTOR siRMA, which exhibited roughly the same potency in inhib-
iring e phasphorylaton of MTORC] SubsITaces, ineasing LC3
levels and indocing cyoomiciny.

Morepver, we found that mTOR siRMA and Rolerin work in
SYNETEY. since the Rorrderin-induced q’[ﬂmit effect was en-
hanced in mMTOR silenced cells. This result cowld 2lso be ascribed
o the lack of AL 2oivarion following mTOR siRMA, due to te con-
Comitant inhibition of bt MTORCT and MTORC.

The next step was o idenzify the malecule responsible for the
inhibirion of the MTORC] signaling and then indwcrion of au-
mphagy. Although AMPK w.as the most |ikely candidate, ie resulis
revealed that Roctlerin, despite the Tise in AMP and AMPJATF ratia,
i not affecr AMPK activicy, bar was able to block pFOSEK phos-
PROTYLICON SVen in e presence of the AMPK inhibeor compoant
C

The m'-:lmﬂm sLanvarion-activared AMPE neither decreased
F70SEK phosphanylazon nor induced LC3 [T provided farther ev-
idence thar AMPK plays an irrelevans role in regulating mTORCI
activity and awuraphagy in MCF-7 cells.

We also considered the SerfThr progein phospharass FP2A &5 2
potential rarger of Rorlerin, because FF2A has been reported as 2
major negative regalator of pFOSEK and 2 major warger of mTORCL
Infac, MTORC] incTeases fP0SGEK (and 4EBF1 ) phospharylation both
directly and via inhibizion of PP2A [42]. The resolt excluded PP2A
25 2 Romlarin target since the PP2A inhibitor, okadaic acid, had no
eflect an the Ronderin-induced inhibiton of pROSEK phosphonylation.

Therefore, in the light of these results, we concleded thar Romerin
likely inhibits MTORC] by phosphorylarion-independent
mechanisms.

Relevanr precedents already exist for this phenomenon. Far
exampile, Rapamycin, which has been used in this sty spiehy m
establish a cause-eflect relanionship berween MTORCT inhibition
and aurophagy indwion, inhibits MTORC acoivity by 2n allose-
Tic mechanism. InTacr, i iswell known that Rapamycin, by forming
omplexes with FKEP- 12, causes Rapror dissociation and inhibi-
tion of MTORC] Kinase Il.'['l'l"lljl'. Farther HHITIF“EE al allosteric
inhibitoTs of MTORCT ane curcumin [43] and ferrerinite [44]

QLT BX VIVD PUIl-1oWT 2553y, deMAOnSITANg that ROCCerin binds
m mTOR, SLIM an allosteTic mechanism of action thar m@'.l[
be responsibie for the chserved inhibitson of MTORC] kinzse ac-
Tiviry. The Ainding thar Rowlerin also bings o phosphorylaed mToR
farther supports te condwsion thar MTOR inhibition ocours nde-
pendently from upsmeam phosphorylakon events. In addition, based
an the different effiect of RoTerin on MTORC] and MTORC2 activi-
o5, it can be hypoehesized that the drug 2Becs the binding benween
MTOR nd its partner FKEP- 12 Althongh harther sndies are needed
0 conflrTn the fonctonzl impact of this direcs imeraction, the fnding

Taises the possibiliny taz Roelerin, by direct binding, migtn permurt
2 variery of signaling pathways, which could help expiain the pleio-
TIopic activities of this compound [28]. Docking studies and pall
dimwn 3s53ys hawe shown that other narural polyphenols ane able
10 miodulate mamy target molecales, both procein kinases [32] and
TeON-Kinase PrOeins [45-47 | by difect ineracmon.

Mevermheless, only anotheT narural polyphenal, isoangusmone A,
isnlared from the licarice root, has been demonstraed, by pull down
assay, m directhy bind mTOR [48].

Interestingly, like Roaerin, this novel flavonpid exhibits ant-
TWmOT properies in different cancer cells [49)

In Elﬂﬁﬂg_ w I:l}lTIIJiITII'.I,E our resulis and the CUITEno Knowl-
edge, we hypothesize thar Roalerin induces utophagy in MCE-T
calls by diraczly inhibiting MTORCL in 2 PROG-, ERK-, PISKAKT-, By
Beclin- and AMPK-independent fashion. The identification of
MTORC] as a novel rarger of Romderin sheds new light on the lab-

yrinch of the Roelerin-modulared signaling pariways and implicates

Thart the drug may TEpresent a porenial new class of 2gents far te
mearment o cancers where the mTORC] signaling plays 2 cuocial
role.
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