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| NSULI N RESI STANCE SYNDROVE CROSS- REFERENCE TO RELATED APPLI CATI ONS

5[ 0001] THWe 2appisBrat i on cl ains the benefit of priority ®CTSGARMO0169 pat ent
application no. 201103478-2, filed May 13, 2011, the contents of it being
hereby incorporated by reference in iys entirety for all purposes. FIELD OF
THE | NVENTI ON 10[ 0002] The present invention relates to biochem stry and

nedi cal lications of biochem cal nolecul es. BACKGROUND OF THE | NVENTI ON
[ 0003] I ns Lﬂp(?M FQUNDSAYD WWQPSE@&WHNG RASHEANY REILHANE; stant to

the effects of 15 insulin. Accor @yigh ]%Ep body provides a smaller than
expected bi ol ogi cal response to a glven ose of insulin and thus, a higher
anount of insulin is required in order to be effective. Insulin resistance

may |ead to certa i s associ ated
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to the devel.o nt ..of di abetes. Insulin resistance is thus an inportant
nedlcawlﬁfﬁ'{ orBY@YHOPR% i nsulin signal transduction pathway has been
extensively studied. In brief, binding of insulin to the extracellul ar
portion of the transnenbrane |nsuI|n receptor triggers a 25 cascade of

nmol ecul ar events within t h&IEED OF ' EHEi ENT&@N vat| on of PI3 K| nase
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phosp pr o e a race 147 portlon of
the Cﬂhbdﬁﬂﬁ&ﬂ@@ﬁemﬂ@;turn | eading to activation of the protein kinase
known as AKT (or protein kinase B (PKB)). Activation of AKT triggers a
chai n of sequences, Ieading to the stinulation of glucose uptake into the

cell 30and the pronoti el | as gl ycogen.
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[ 0005] However in an insu |n reS|stan ect AKT activity will be
| ower ef@00Hencksulin resistance is when the cells of the body become resistant to the effects of

15 insulin. Accordingly, the body provides a smaller than expected biological response to a
given dose of insulin and thus, a higher amount of insulin is required in order to be effective.
Insulin resistance may lead to certain diseases. For example, Type 2 diabetes is associated
with resistance to insulin leading to elevated blood glucose and elevated -insulin levels.
Typically, insulin resistance precedes the development of Type 2 diabetes. Obesity-related

20  insulin resistance underlies metabolic syndrome, which is characterized by excess abdominal
fat, and can also lead to the development of diabetes. Insulin resistance is thus an important
medical problem.

[0004] The insulin signal transduction pathway has been extensively studied. In brief,
binding of insulin to the extracellular portion of the transmembrane insulin receptor triggers a

25 cascade of molecular events within the cell, leading to activation of PI3 Kinase (Pi3K).
Activated PI3K increases the level of the phosphatidylinositol (3.4,5)-triphosphate
(PIP(3,4,5)P3) protein at the intracellular portion of the cell membrane, in turn leading to
activation of the protein kinase known as AKT (or protein kinase B (PKB)). Activation of
AKT triggers a chain of sequences, leading to the stimulation of glucose uptake into the cell

30  and the promotion of glucose storage in the cell as glycogen.

[0005] However in an insulin resistant subject, AKT activity will be lowered. Hence,

increasing AKT activity could be used to counter insulin resistance by stimulating glucose



i ncreasing AKT activity could be used to counter insulin resistance by
stinulating glucose 2 uptake. One way to increase AKT activity would be to
i nhi bit tweactissi28y of the |ipid phosphatase and tensi RCESGR0QHIEIGTEN) ,

whi ch opposes PI 3K activity. However, PTEN has been identified as a tunor
suppressor gene, so it is likely that,a drug reducing PTEN activity m ght
pose an increased cancer risk. Furthefnore, hyperactivation of AKT is also
wi dely 5 found in cancer. Accordingly, manipulation of the insulin-Pl3K-AKT
pat hwasptaksulQnepper texiversasey AKT 9Rtgv1tyo woald; be do aighikitt therandyity orf he diméni ¢
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further drugs that can be used to treat insulin resistance or rel ated
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vari ant thereof or an inhibitor of PERK protejn or a functional variant
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mnistering an in tor of protein ase RNA-
endopl| Hsime @5 & adddatalpuowille hather RigRDatgende used @ thean oisubm adsis®Owaor aglated
thereof., or an inhibitor of PERK protein or a functional variant thereof.
09]A&E8di ng to a third aspect, there is provided si RNA directed agai nst
the nucleic acid transcribed fromthe PERK gene. [0010] According to a
fourth aspect, there is provided an anti body, or a functional valiant
t hereof, or a fragnent ofSIiMMARtY ObFBHEAPAMINTEONDI ndi ng to PERK protein.
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[ 0012] According to si xth aspect ere is provided a nethod of
i dént i Ry A 1dige a@nd@tﬁp@mnd‘etlculum kmase (PERK) gene, or a functional variant thereof, or an
inhibitor of PERK protein or a functional variant thereof.
[0008]  According to a second aspect, there is provided a method of reducing activity of
transcription factors of the FOXO family (Foxo 1, 3a, 4 and 6) by administering an inhibitor
of protein kinase RNA-like endoplasmic reticulum kinase (PERK) gene, or a functional
20  variant thereof, or an inhibitor of PERK protein or a functional variant thereof.
[0009]  According to a third aspect, there is provided siRNA directed against the nucleic
acid transcribed from the PERK gene.
[0010]  According to a fourth aspect, there is provided an antibody, or a functional variant
thereof, or a fragment of the antibody capable of binding to PERK protein.
25 [0011] According to a fifth aspect, there is provided a pharmaceutical composition
comprising an inhibitor of PERK gene or a functional variant thereof, or an inhibitor of
PERK protein or a functional variant thereof. _
[0012]  According to a sixth aspect, there is provided a method of identifying a compound
that modulates expression of PERK gene in a cell, the method comprising:
30 a. exposing cells expressing the PERK gene with a test compound;
b. determining the expression level of the PERK gene in the cells which were

exposed to the test compound under (a);



t hat nodul at es expression of PERK gene in a cell, the nmethod conpri sing:
30a. exposing cells expressing the PERK gene with a test conpound; b.

det er m niwg 20fre1serepr essi on | evel of the PERK gene in thectsiGke2zwniieh were
exposed to the test conpound under (a); 3 c. conparing the |evel of
expression of the PERK gene determ negd under (b) with the expression of the
PERK gene in control cells which were not exposed to the test conpound;
wherein a difference in the expression | evel between the cells under (b)
conpared to tke «wmariol thell¢ws! ofenpiepsion of e CoRboaent deienmierbyndet @3
expression of the. PERK gene in C 013] Accordi ng.t.0 a seyenth aspect,
Chore 1 pr ovi deii tpttasigh Of Serer 4 ek b o pRiMs it Bis S SRhgeFhe
anount or acti vifo)th®fesPERpqunas whétemangiffefedde imtha ekplebsiort ReclBRtbas the
conprising: a. exposing cells expressing PERK protein with a test conpound;
10b. det er ni ni ngeellsemgfp (it casmpaged it ithe, coptrabrKs ddetidicn the compoerd that whi ch
were exposed to : onpari ng the anount or
actsievi ty of PER&%&%&%?%X%% e%m%%pgﬁﬁeg% ﬁ% gﬁ g(\;ﬁlgh the activity of PERK
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difference in the ampunt or activity of PERK protein between the 15cells
under qogjp%ﬁﬁ%%téaoqr@at?w%m%wr Gy ngﬁ’t&f piotein KeMpHRshiTn Celthdbe
modul at es ol REmpRTOHRt of PERK protein in the cells. [0014] According to an

ei ghth asgect,aﬁﬁege is provided a nethod of identifying a conmpound t hat
nmodul at es t he aaneposing telPERigrgssiog PERKC propein sethh a tast@oopblind;t he net hod

conprising: 20a.,exposing, cells expressin ratein wt test
coMbound: . ~ BerdsaiAG toe SRl T PR R AP BIHH R e Re bR Rt n wer
exposed to the t&‘&%s&ﬁ%ﬁ%&& dé&%hn&ﬁﬁder (a);

c. comparing the amount or activity of PERK protein determined under (b) with

the activity of PERK protein in control cells not exposed to the test compound;
wherein a difference in the amount or activity of PERK protein between the
15 cells under (b) compared to the control cells identifies the compound that
modulates the amount of PERK protein in the cells.
[0014]  According to an eighth aspect, theré is provided a method of identifying a
compound that modulates the amount of PERK protein comprised in a cell, the method
comprising:
20 a. exposing cells expressing PERK protein with a test compound;
b. determining the amount of PERK protein in the cells which were exposed to
the test compound under (a);
c. comparing the amount of PERK protein determined under (b) with the amount
of PERK in control cells not exposed to the test compound; wherein a
25 difference in the amount of PERK protein between the cells under (b)
compared to the control cells identifies the compound that modulates the
amount of PERK protein in the cells.
[0015]  According to a ninth aspect, there is provided a prognostic method for determining
the receptiveness of a patient suffering from insulin resistance syndrome for a treatment with
30 a PERK inhibitor, wherein the method comprises identifying and determining the PERK
activity in the patient, wherein an increased PERK activity indicates that the person may be

receptive for a treatment with a PERK inhibitor.



c. conparing the amobunt of PERK protein determ ned under (b) with the
anmount of PERK in control cells not exposed to the test conpound; wherein a
25 diffewvenor/issi28he anount of PERK protein between thecCtsiGer20nadey (b)
conpared to the control cells identifies the conpound that nodul ates the
anount of PERK protein in the cells. LOOIS] According to a ninth aspect,
there is provided a prognostic nethod for determ ning the receptiveness of
a patient suffering frominsulin resistance syndrome for a treatment with
30 a PERK6) nhibiarding tevaderdh asrehie these isquovideg r ipsessostiremethpy forgleggranining
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a | onerredmAifTwitiag PERIK inhibitds.or | ower ed Pl 3Ki nase activity indicates that
the patient may be receptive for a treatnment with a PERK inhibitor.
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i nsul i weatmsitswiting EERKnithdmter.i n a patient, said kit conprises one of the
foll OV\{O%?S] According to a twelfth aspect, there is provided a kit for use in treating or
preventing insulin resistance syndrome in a patient, said kit comprises one of the following
15  selected from the group consisting of a siRNA as disclosed herein, an antibody as disclosed
herein, an organic molecule as disclosed herein, and a pharmaceutical composition as
disclosed herein. |
[0019]  According to a thirteenth aspect, there is provided a kit for determining whether a
patient suffering from insulin resistance syndrome is receptive for a treatment with a PERK
20  inhibitor, wherein the kit comprises:
a. antibodies specific to one or more of the AKT phosphorylation sitei(s) on one
or more of the human FOXO proteins; and
b. antibodies specific for one or more of the PERK phosphorylation site(s) on
one or more of the human FOXO proteins or for one or more of the PERK
25 phosphorylation site(s) on PERK protein or on elF2a.
[0020]  According to a fourteenth aspect, there is provided the use of an inhibitor of
protein kinase RNA-like endoplasmic reticulum kinase (PERK) gene, or a functional variant
thereof, or an inhibitor of the activity of PERK protein, or a functional variant thereof, in the
manufacture of a medicament for the treatment or prevention of insulin resistance syndrome.
30 [0021] According to a fifteenth aspect, there is provided the use of an inhibitor of protein
kinase RNA-like endoplasmic reticulum kinase (PERK) gene, or a functional variant thereof,

or an inhibitor of the activity of PERK protein or a functional variant thereof, in the



15 selected fromthe group consisting of a si RNA as di scl osed herein, an
anti body as discl osed herein, an organic nol ecul e as di scl osed herein, and
a phar macwothaissenposi ti on as di scl osed herein. [ 0019pATsondi2egoice a
thirteenth aspect, there is provided a kit for determ ning whether a
patient suffering frominsulin resistgnce syndronme is receptive for a
treatnment with a PERK 20i nhibitor, wherein the kit conprises: a. antibodies
specific to one or npre of the AKT phosphorylation site(s) on._one or nore
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C&{Beqweiﬁtahgg. a cell can be treated to reduce PERK activity, thereby
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in samples (a) to (d) referred to in Example 1. Sample (a) refers to the control cells, sample

(b) refers to insulin treated cells, sample (c) refers to endoplasmic reticulum (ER) stress
induced cells and sample (d) refers to ER stress induced cells that have PERK depleted by

25  RNA interference (RNAIi). From Fig. 2(a), it can be seen that the FOXO-GFP protein was
predominantly nuclear, but insulin treatment shifts the location of FOXO towards the
cytoplasm as seen in Fig. 2(b). From Fig. 2(c), it can be seen that ER stress counteracts the
effects of insulin by increasing the proportion of nuclear FOXO, but depletion of PERK by
RNAI increases cytoplasmic FOXO as seen in Fig. 2(d).

30 [0025] Fig. 3A shows the levels of expression of the FOXO target, 4E-BP (a regulator of
overall translation levels in cells), and PERK in Drosophila wing disc tissue expressing the

nub-Gal4 transgene alone (“Nub”) or together with an upstream activation sequence (UAS)-



20resi stance. [0024]Figs. 2(a) to 2(d) show the nucl ear and/or cytoplasmc
| ocal i zation of FOXO-GFP in sanples (a) to (d) referred to in Exanple 1.
Sanpl e (ayonrefxrssi28o the control cells, sanple (b) refePETISG20nH00 16N
treated cells, sanple (c) refers to endoplasmc reticulum (ER) stress

i nduced cells and sanple (d) refers to ER stress induced cells that have
PERK depleted by 25 RNA interference {RNAi). FromFig. 2(a), it can be seen
that the FOXO GFP protein was predom nantly nuclear, but insulin treatnent
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the "FOXO' fly and thi anple is denojed as_" O PERK RNAi ". A seen in
Fig. 310 dghrepleinp %&5 fg%él@"H‘ét&faﬁE?dég?S ?Ct%Hst QS%SH‘TYF’S?W%SI% a @ﬁe@s aring
"ot rl "ot fcreRERK (BN e eyetipever, when conparing "FOXO'™ with "FOXO, PERK

, 1t can be seen tHat depletion of PERK counteracted the effects of
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further co-transfected to express Foxo3a ("+Foxo3a"), PERK ("+PERK"), or

bot h FOxb@ep3an PEREK (tddtiar of bethokweds RERITERK Aegathas{“tFoxo3gtPIAK "k
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wh "zfl)EnReK;lzid 1?%2%%%&1 onC?h-e control, when comparing “4FRE” with “PERK”. However, co-
expression of PERK potentiated the effects of Foxo3a in the sample “+Foxo3a+PERK™.

[0028] Fig. 4B shows normalized luciferase levels of the FOXO luciferase reporter

referred to in Example 3B in human MCF-7 cells. Control cells expressed a human Foxol

25  luciferase reporter alone (“IRS™). Cells were further co-transfected to express Foxol

(“+Foxol”), PERK (“+PERK™), or both Foxol and PERK together (“+Foxol+PERK”). As

seen in Fig. 4B, a higher level of luciferase in “+PERK” as compared to “IRS” presumably

indicates that overexpression of PERK was acting on endogenous Foxol. A higher level of

luciferase in “+Foxo1” indicates that expression of Foxol increased reporter gene expression

30  when compared with “IRS”. Co-expression of PERK potentiated the effects of Foxol in the
sample “+Foxol+PERK”.



expression of PERK potentiated the effects of Foxo3a in the sanple
"+Foxo3a+PERK". [0028] Fig. 4B shows nornalized luciferase |evels of the
FOXO | uciwenrareisseporter referred to in Exanpl e 3B i n hecarsGriBrdoicel | s.
Control cells expressed a human Foxo 1 25 luciferase reporter alone
("IRS"). Cells were further co-transfected to expr ess Foxo 1 ("+Foxo 1"),
PERK (" +PERK) or both Foxo 1 and PERK together ("+Foxo 1 +PERK"). As seen
in Fig. | evel of luciferase in "+PERK" as conpared to "IRS"
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PERK (seBERERIARK RN + TIMP i OPERR. de O;(Ietlsﬁlao@ﬁ -r88fited FOXO &Rty RM@icby TM
t hat PERK depl etion down-regul ates F activity, thereby redicing the

degr eaedicingthgclesn of indusorr oy ROxQ éargetsm@ leeslepEBOR tRingXints wareodt pt s

wer e n ffect i nc ot a FOXO target. [0030]Fig. 6 shows the
nucl ea eﬁﬂglsbl}ce%{)% g%%jiﬁgé%fﬁ?tzml on of PERK in insulin 15 treated
Dr OSOp[m)oB(aq cekigs 6 sk B mrud1gat! addl/gr andplaiinkt (RISzatioe WEPERE! IS ifsufR
stress referred to in Exanple 6. The Serine residues of Dr osophi | a FOX()

pHéspHmayqdaﬂrwphﬂe esslly (aﬁﬁnWOIVVE’f‘SéhlPﬁ)t e ER sirpgsatidyecdn sally ok edress) 866A
and %%f‘e%d t?hat %Eeeg "Wlet §er§r}é”ﬂe&ﬁﬂ%/ g%f"‘]i)%]ogofélpg (?X%%l%sh Iatloﬁ' sl: Esgi It

can be seen Sstress counterac |n whe
conparadndg4’ \G&Btmoﬂaﬂadnﬁ)ulAﬂammalaﬂd dehotell ressS66as m&rSMM’baﬂd |txzeatedomt20 was
increased in "ER stress”". However, ER stress did nat up regul ate th

act i v.tflylcamywattatl@@uqﬁ&%)str@% de 0.0y car §Reeen {hab FiRasiess OBRETaCESthen of

PERK i &fecﬁ%sﬁi’ﬁdwhélzio?tg%a in T“Cfoigcﬁ-glz%hﬁe gﬁ%nﬁi{t&%gs”tajg%cgﬁpggﬂma FOX()

phosphorylation sites 243, are required to I nduce
e mewss mtreByedsio PRl sreBOXHomtegert, BR strest didsnot upaddijléte ghe actsitywd nmaatedl i zed

| uci f | evel h Fox f ter .25 t
Exanpl K030 ST6H 3 i s BT RUnarr L5 10 LB By SPaR dRdereB hag * "
Tut &t &n{ fufbaRbAGUISPIHE TRORSHIE FOX O RBRAIRIVLAN] GResS] lfid 4, 52456 aha

Drosophil a FOXO, denoted as "S303A" trol | s were co-transfected to
expr es%24t3hereIrcmlufeértagelupepmrvemntmfd)rﬁmpdnhla FOES aRotle nucjeuand PERK

uci 1 aP38H ¢ oar f ehoShaomed (T Rre Mk B IR o bl PeEBenge} . 30
AlstSé ig‘gidéﬁ%ﬁogw E»n(ambBS?Fth@Sﬁ@Ox%@idum lnh@h¥Fbyol 9§§spﬁf)1fy%ﬁng§ltet kag
mutated to Alanine (corresponding to phosphorylation site 4, S243, in Drosophila FOXO),
denoted as “S303A”. Control cells were co-transfected to express the luciferase reporter and
Foxol (“IRS+Foxo1”) and PERK (“+PERK”). The mutated “S303A” was also co—trénsfected
to express the luciferase reporter and Foxol (“IRS+Fox01S303A”) and PERK (“+PERK”).
30  As seen in Fig. 7, “IRS+Fox01S303A” was slightly less effective than “IRS+Foxo1”. When
Foxol (“IRS+Foxo01”) is co-expressed with PERK (“+PERK?™), the activity of human Foxol

was enhanced by about 2 fold. However, the effect of PERK was attenuated when co-



Foxo 1 ("I RS+Foxol ") is co-expressed with PERK ("+PERK"), the activity of
human Foxo | was enhanced by about 2 fold. However, the effect of PERK was
at t enuat estovhenisen3 8 expressed with Foxol S303A, evi dentsd2om/006169 | ower

| evel s of normalized luciferase in the "+PERK" sanples. This indicates that
S303 in human Foxol plays an irrportané role in nediating - the effects of
PERK on Foxol activity. [0032] Fig.” 8 shows the DNA sequences of Foxo 1

and Foxo3 and the correa&(zndi.ng 5 ghosphoryl ated sites _and phospho- pepti des
i n ER-&pressed withdosal Rafemh. svidaged oy the losvea levels efnarmalzesniyridergse mobe3] Fi g.

9 shows lJ.zZ | pei f.er. e of h ﬁ%n | e r.eporter
referrg 0 iﬁarﬁﬁla%pﬁgs éﬁél‘?%gs %?3@%81%}{1& B ¥ umﬁﬁég%gl 1%??{%%3 éd to

Al ani ngediaig ©8ROBE BYPERKNOBRMAr¢tidity.on site 4, S243, in Drosophila
FOXO), denoted as "S298A", 10 and tested for responsiveness to PERK. H1299

cel | s WA t rBigs Bethony the [ANHr segyenges (pfaloxodxid FoxExand fhe eoqresporgiog A

t ' f. " " .
v e SR P R oo BB R B R o AN RIE PRI bl Befeprea |
act i vitoyin BkahpRIBA" was conparable to that of "FOX01" in the reporter assay
i t hout added_PERK. Ho . S298A" sh I t o PERK

over oxPSAS T oftet shesrs BaRieR! JUcErist I ot B PRBRIEFPERICETRE TEARET hus be
concl ugdgd - shat ierf’?’-:‘gzgrtn?f%ognqhefsédseregidheso@ﬂurhw%xgpws highe £ tALRYEES to

medi ati ng the PERK on Foxol activity. [0034]Fig. 10 shows
nor mal (cagesponding ¢o abesphexyddtmndciite t4n € 243 e DrBsopdiila IREX O g rdasetcd ep GETXHA”,

referred to i.n. Exanple 10. Hu cells were transfected to _express
ki SsSIE Jor (oSPBRONSTESs i P EREn s LEYSL eIl M PR BRI EXPER0 TR
and bofdxg “?0@{@1@{)%@' e ShoEERKutshin 8&8ioh NdH 1dlo! (62 T8RO Latidndlichi W&k “coand

" FOX01+PERK+i nhibitor"). In Fig. 10, it can be seen from "FOX01" and

" FOX0 1xiRited thatveRERICsH BERMK (‘FBCO T HRERKT end “029820xERK Y} dseseeHoniger |

parti i nhi bi.ti qn ERK activity . reduc l,evel of Foxal actjvity
Rhen compamHav-EosgibeRes Sty FRRERED RR o Y e Rbri® 2t Pl toe
concl ugridd t PBRKZ2SHoWERK kSDogye” ishBvBi & OlowRAr febinky foNPERIK SoveERBre3sibh Vi ty,
t hereb dom-rﬁg’{l ating Foxo 1 activity. [003 Fig. 11A shows the
nddmal (S288AERBRES S po gompated go ofomldd’g?dﬁs IFesa thus rarngonchidgé that | SRIREE- 7

” _ RS IFexo _ ,
{7 eat et A SRR R T Sop RS PRlalle fpf ARl R E D) 21

starvesttivi¥y) to 30 sinmulate extrenme insulin resistance, as described in

Exampl e 11A. The cells were further treated w th PERK kinase inhibitor
(" ser ul$03¢lar VEIg+ L& shorraqraniipsd jugierpse tekels of sduveand %@kéyclfea%s@é?@rsff e BIM

Cycli nre%ed't@%thxaB?pqulB;Hﬂﬂﬁn%9 dlisFv&e tlhSfectell to express human Foxol
20  (“FOXO017), co-transfected to express PERK (“FOXO1+PERK™) and both were treated with
PERK kinase inhibitor (“FOXO1+inhibitor” and “FOXO1+PERK-inhibitor”). In Fig. 10, it
can be seen from “FOX01” and “FOXO1-+PERK” that PERK potentiates the effect of Foxol
alone. However, partial inhibition of PERK activity reduced the level of Foxol activity when
comparing “FOXO1+PERK” and “FOXO1+PERK-+inhibitor”. It can thus be concluded that
25 PERK kinase inhibitor partially inhibits PERK activity, thereby down-regulating Foxol
éctivity.
[0035]  Fig. 11A shows the normalized expression levels of endogenous Foxol mRNA
targets in MCF-7 cells that were serum starved to remove insulin (“control with serum”) and
treated with a PI3K inhibitor to further reduce AKT activity (“serum starved+LY”) to
30 simulate extreme insulin resistance, as described in Example 11A. The cells were further
treated with PERK kinase inhibitor (“serum starved+LY+PERK inhibition”). The
endogenous FOXO targets are BIM, Cyclin G2, IRS-2, p27KIP1 and PDK4. In Fig. 11A, it



9 can be seen that reduction of AKT activity increases Foxol activity,

evi denced by the substantial increase of target gene expression of "serum
st ar ved+Lwo 208/Bemeared to "control with serunt. FurthercTRERK2/008u6HI tioN
counteracted the effects of AKT reduction, thereby reducing the target gene
expression of "serum starved+LY+PERK %}nhi bition" as conpared to 5 "serum
starved+LY". Fig. 11B shows the normafi zed expression | evels of FOX()
targets in HEP& cells instead, referred to in Exanple 11B. Fig. 11B

confi rem baaterPERI redinitiont ¢fo AKSD antiatya atoechseshd&ord ¥ ectﬁ‘@'t}ofevixieﬁcercbbuciﬁlton and

reduced .t arget. genes .expression. The X ;

PCK2, FP% ﬁ% IPGRRSC OLIRRRS &1 BHRRESI o) b?%@ﬁ%’gﬁh etdEK ‘é@%‘foésm on
of rpl3ZnhaBAn™Gukther, WHRIO i@ibitioR tcoExQé’l(a}:teH qh&efects b9 [AQ@? %cﬁlcgon 128replons
the normalized expression levels of Foxo 1 target genes in EPG2 i ver

cells teldeang@he\mtgat paeraxpesgion of 'sedun etarveduL Y PERK mhitiden” afmenmated toas

nor | i zed t nes,,, veI and t e level of th 2 control
i Bfels 3 pE JeBoRs Jud P izt Senstortan,  veked] Fefro HigS8B L |

can benspen deatindtdd, REbidd &t B Ei@ﬂfnedlgehgs 1hBdccnifipnt at IPHRIY ifHiBifeh

|l evel s of PDK4 and PCK1 expression. However, the |evels of rpl23 15 and

mAct i ncouptradiechthe affetsid; Ttradlg?@pg and/ése@c%ﬁargﬁt@naﬁw@xmq:asgpnaﬂh@ FEXKOFi g.

12B sh f ﬁf(gﬁ d
PCK1, | eﬁsyfgrr%ﬁ@te re tlelg celTs ’aﬁz paqe Igt}elg a’[ e% ce ﬁmf P{ﬁﬁierfoq

t r eat egbdutd the Righéssdmnetn 13 nimdintetin, Whieh d&trﬁ)tmmw&g@él zed to Ki nesin MRNA
|l evels and to the_ | evel of the rpl32 control it can be

sekh t W86 PERKig: A%@h??v&ﬁledé%?‘éhé"é’c?xﬁ?és@% &Vékss(?fcﬁ?xﬁi mgﬂzéeawdmﬁéﬂi 20

Howevey:, ..t r wer e
not su{)s?ra%fﬁ |S ! I t erp é@%gﬁ%et @g}ld%%h%ﬁggwg%%g? %dgggqﬁaafgéglrn 8‘5%1%%0?1[0 of
Foxol Hatesiwi mBNMSIeaels(ané agthericee] of tHRERK32 ndithnl tthn RN AksnTleeF b 1i tackgc gehewd t h
insulin resi tan CR PTI ON OF THE PRESENT | NVENTI 25 [0037]
It is wﬁwﬁedf 736 580 T Fitnd 28 £ AnRP 50 i s PRIBTAIETS Brown as
AKT (Oﬁad)%ﬁ’)fsﬁhtnal é?' lgwe(léD &B?DKQ%HB‘?’@@I H)ﬁﬁgssfo% Ho%‘ézeﬂ BRUb{dls Bff‘%Jl?B ance
However yperactivation of AKT is also found in cancer.

pr Es engnd maetihowBich avenetdiexs litggets. wieyof mhstjmahlﬂﬁ alteared. g, nHBwsidBNsatlhd
conpounds r,treating, i su i i sta nd .r ed di seas

Spob 1 Tugaiged praeisioletl 96 FoxoEied Pl g RL R RaR Ao eg)s o
downr egid fhBnitdie t%{édens AfrtHeh rdatc@NsGihi PEREN Khdké AhBibRbr. t iR Marakhagd box
class 0 (FOX0) family E ovide a neans to treat insulin resistance and

r el at etordiadia @sKmem rp jeonls ztmfd torthe devehef theopl AkTontsoltrhBNPeXin Fig.

transc tion f.act ar s F V\/nos nuc ion is
regul ai%]% ]6 af&l%F wedi % gélgﬁo 1?/11 g?cre r‘?e@f]ﬁ r‘é‘% ngb&{%delgﬁéllsul in
signal HG@e%TdthE@((e)s offpe xald mA&tlﬁ Ghigom bricGiak Fyx@lhm@ygatsl, Wefd bt sifstantially
Referring to Fig. 1(a), the binding of insulin to the transnmenbrane I nsulin
r ecept dfergd. r{imantthﬁlsgl@feq(glchlded that a reduction of Foxol activity is a consequence of PERK

inhibition in cells induced with insulin resistance.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
25 [0037] It is known that an increase in the activity of the protein kinase known as AKT (or
protein kinase B (PKB)) could be used to treat insulin resistance. However, hyperactivation
of AKT is also widely found in cancer.
[0038] The present inventors have now surprisingly found alternative methods and
compounds for treating insulin resistance and related diseases. Specifically, the present
30 inventors have surprisingly found a way to downregulate the activity of the transcription
factors of the Forkhead box class O (FOXO) family to provide a means to treat insulin

resistance and related diseases.



5 cascade of nol ecul ar events leading to the activation of PI3 Kinase (P13
K). Activated PI3K increases the | evel of the phosphatidylinositol
(3,4,5)-twophespiese (Pl P(3,4,5)P3) protein at the cel | PeEsiGRen®potion t urn

| eading to activation of AKT. Phosphorylation of Foxol by AKT is known to
create a binding site for the 14-3-31ﬁr0tei ns, which brings FOX() out of
the nucleus and into the cytoplasm thereby |eading to the retention of the

phosphoréladat ed FOXO 10 in the cytoplasm The effects of AKT are conparable
on al | [0B8H f a@n¢ of theritrgets of [AJCL Y therF QRO transererdivadaeprsddignel. Jat 4jandt6d be
not ed t ot e _pf_the term.'FOXQ' [ el ers to all rs..0f the
Foxo 18 et Bzl reBie R n Lo ROGRoly i, BERRE R4, |
memberbeadivedn isuliedipngeghyd FOR@n & call iFekohatidali94hdiwh Fi. 9(a)l ReYerring | S
clear that an outcone of the insulin signal is the increase in 15 AKT

act i vitoyFigwhiaghthe findiag o inginrte dhe t@asITeRbrape desyhis ripeetorodnBh #iggsesy eases

r eteent | f oE j her.e i S A Fption
f 2ot or S Eiof TR SO IR AT o En of PRI TPISIY ARLGRTREEE

i nsul i incehgnahe¢ hgyet ahthieeptdepleatidbitbsitel €5,4,8ptriphosphaad (FABR4,8Y;) prdtsinand t he
consequentj al reduction of fhe expression of genes V\/no,seé)gﬁ))resgi on is

r egul ahggelhynemirene, iy lerdingdp scuvion Ak hel asBheryistion ob prpkly AKT

i ncrea; u r i M aafi : i i f
FOX() T agara ST Re e 1 e ot PRy PR PO e

f act ormsuchoud and irso ¢ie greplasmt, thoehelkbdiog &b thdrreggadn ef thaphesrhorylated pOSER@ Nt

i nventors have now.i deptifi_.e hat protein Ki -l i ke endopl asm c
s RitHeledn, Prsaectsar 20 kA el Y E DK TEHLY BEPBRST i ¢ at i on
fact orjpd40p- SERURL tavoldhR@S 6F dodtR! 28 1Bk ndt&P Hadkigs ufeOXOmeReAI HEROP Y, as
seen in Fig. 1(b) it was 25 found by the inventors that PERK phosphoryl at es

FOXO, hen¢in hrefsrsotopalbmetibersmiche &0X @ ¢ahsaiptiondacér fagilD, whERICeterdrices toja
therefore.acts..in opposition to AKT because. AKT increases retention of FOXO
1t he o Rl R BbbRe e P BB EREROn of Foxo in the nucl eus. As
AKT acfiopyilty Bohimgalies, §lisicraethdpimkercame Ifibs isalnsBngl isnae indiease in

resi stance, PERK activity can therefore be seen to be representative of

i nisul i AkAestixitarvech ingreapesi/Hs limediged FOSQphaspheselation apd incseasessisteation ve,
thereby FEeLiD Qh@%%ﬁfé@%r@ 'i‘togﬁﬂl%{ YLAbd %ntrgrgsc*‘:iﬁfcl% r{JJCE){grS &{O%i{cé Yhe AN

i ncrease I'n nuclea 1 zation and up-regu argets by

PERK- neghraatietl qfhigsaiyet éradsiinnhohuded0 This, Ghsylinosiphaingniaal tRadestobed azat i on.

WO 2012/ 158123PCT/ SG2012/ 000169 11 Acqordng%gy, i nhi bition qof PERK provides

a mean&dugionod FOXSY aphralyeand theeqnseaicptalireduchion oAty sxpressien ofpeuss sdwspy

r educi A [ . i t here
%aéégﬁ%g Q%e[gﬁogﬁgol?)q: b¥d. }ins&ﬁqggiltpﬁceacaﬁaetﬁwg%are be ld%&%b%&'.%? B

is provi treating or Srevent|n I nsul'in resistance
s\y2tdr omeldan FAX Gadtivity, loadiyig byinactaseadi expessing oAROXGhidgitaced (efrgdedrgenes. n

ki nase_RNA-| i ke endopl ic reticulumkinase (PERK) gene, or a functional
vari an[tooleﬁer PVCBH Eﬁ)%%?h‘?rﬁi ttr%ﬂs_cré?thﬁE 1oJp ozﬂéii /S O%JC_ 416 Rqti epfenienal ant
ther eocirugia%%ﬂal%ét@ BHOSB&Nt SRAMBHTRMNe ndWed&tifRd Rﬁ%\grgﬁﬁl ﬁinlﬁ§et ig;gﬁx-ﬁf(e

reducing activity of transcription factors of the XO fam
adni ni edeplasmicamticuitindiinase (BERRERKSoglareyn ar eukafywic ttianslation amifiatinn fabter eof |

Venberk tiRRe e T 1 Rof Taier EOREI e tiealls) % Yok b Bie” 2R d8 Wekoxion.
and FogaRd pyhtHeeinvexen it tFERK i fHRsSHONAHO FOKOFaMASh PromeRs | the kiiRMAr as

Foxo3a, while Foxo3b is msepdogene. I'n one enbodi ment, the FOX() family
menberlecalizati@ord FOXQaPERKapdtivity thesfiet Astsuseopnositionetoc dkilekecayse vikel

speci f.i cation,, the s. "inhibiting e . gene" 1 r " kabihitor of

the® peri sk detehth QEFREo ¢h e BhesmahlE PRER i Syt Relhn st BP0 ber
gene- ithe dacle@ASSIA KT Rtisiey ktimiddieh RRlcosd tpthkearkdmuexbudérstifiliapedsthheat i on,
t he phrases "inhibiting the PERK protein” aor "inhibitor of the PERK

pr ot ei PERK @etivify paihthsreierarhsoveen fa g raprepeniatise t tnsulin yessftanchelnpERisplint ej n

i s;pdec r Mo JAR5E ' I ression
or™% o DER 58 AR T R, er T AR K T RS o8B B b SPGB
This results in an increase in nuclear FOXO localization and up-regulation of FOXO targets

by PERK-mediated phosphorylation of FOXO which promotes nuclear localization.



20 variants of an inhibitor of the PERK gene within the context of the
specification refers to genes which possess a biological activity (either
functi onaVO@gP124158128t ural ) that is substantially sim | ar PCH/SCREI2ZPPRKS gene

di scl osed herein. Functional variants of an inhibitor of PERK protein may
be construed simlarly to refer to aprotein that is altered by one or nore
am no acids. The term"functional variant" also includes a fragnent, a

vari ant based on_ the 25 9§ nerative nucleic acid code.or .a chenical

der i vaftPSpEdinglyr (RERHhAT PRRN RIFYIdRRG PEAPE [ BRUSTVREFYOPE TEHUR GeSTANEREPEi n a
subst i fopkethiadnk %y%hl?ciﬁgﬁw&irm@%mviﬂ@s simlar structural or chem cal

properties to thereplaced amno acid/nucleic acid, e.g. replacenent of

| euci N@ORE Yt h Asal eesolthén okef embodiowat, tharei anpravadedabhsmetimdeof treating or

non- conservative changes, e.q. replacenent .of | ycine with a,tryptaphan,
or 2 dOPETTRE RURJEoT RS tHPRT ToAs SBpnaldy Fy b e G EL et i on
andy/ or ploR3R kil QN RV - 1R AbpIAPRR FRHELIGNCkiAEsSe APERIKY defie, WRGCRBERRMR] Vhddntt he
functi‘onal variant at |least partially retains itsS biological activity, e.g.
f unct i heteohfor ammhitERK of BHRKoproRERK pruarctonal venansvkereadx hi bits i nproved

bi ol ogj activity., 12 [.0047]Lt is undersiood that the.inhibiti.on of the
peri e achne dhdier r@Badeal it I PSRRI SR Ph oty SR o
PERK pligspiisian Btess §OKe FOKIO M@ tissadniaistititoear inhigdl bz MERENg&le, GOXO, the
inhibition of the PERK gene or_inhibition of the activity of tﬁe PERK
pr ot ei fynetirng! vastpat Bereoliasan davibiserraf SrRRSh pEYSeIB 0y B AEnchiangfvapaydhereof.

eq ly, I Vi I _ e l.j,n
ol SRR {MEpTE b FEIED TERIY I bl I BB PP FIREL IR o
any abaar Padd6el wdsle T8 iiatledfisti bhholog WfiFoxo8sFetaniseknoMingy Retd3aj edilsuch as
the resistance to jnsulin, diabetes, hypertension, dyslipidema and

car di ovaoshIiap pasudegene- dyRae prgpdimenk the §OXG faady semness &g fugnke 32, 4

10[ 0049]iThe insulin resistance syndrone may be diet-induced insulin
resi stance and/ or obesity-induced insulin resistance. Diet-induced insulin
resi st @0é€] neAanssddhatthd duntexe st teapeafitaiionn el phrases “inhibittreecthb P FR Kgate” hi gh

in saturated. fat. an bohydr at es. esi fy-induced insulin resis e
melins ?rhg‘c‘hlg’ﬁ%r (Pfetgf g’tﬁgﬁgcge”t%’_ ?rngamapﬁ%gr_eptm&ﬁwgs CHRITEY 1L Oga@dﬂg @ggsi tion
0 ObegityisORe @RS tof KU HitthdHCint ShelicBhikd obat]g% { pecifith@BROhd NorilesC | 0s ed

met hods may be used for treati.ng any one of the follow ng conditions which
ar e catisktitimg the 8HRKnpnoessi serafinkibggmelt e ERK pritéin” r@svasiaatsdhereof, mean

h t ' dysl ipidem T 2 di abet t ' :

[ 0051] PP LR sl o be Sk o RE & ARmRhon Abordl] SRRHY ittt ohy PERT <
bl ood @In@siskfyeno Skpetddi 6f OPHRRT 8&RUGLa@IviROSthe INSRK PhrdRM. aF unefistias -t 0
el evated pl asnma chol esterol and/or 20 t“t%l yceride concentration or a |ow

hi h- deatightsyef] ampimbitdtoeiof the PERA: gene withinrthp wosisxt of theespgeifisntipesders de
o e 5L ST RO P AR AR B Y P L B Rl 0o

similar to the PERK gene disclosed herein. Functional variants of an inhibitor of PERK

protein may be construed similarly to refer to a protein that is altered by one or more amino

acids. The term “functional variant” also includes a fragment, a variant based on the

25  degenerative nucleic acid code or a chemical derivative. A functional variant may have

conservative changes, wherein a substituted amino acid or nucleic acid has similar structural

or chemical properties to the replaced amino acid/nucleic acid, e.g. replacement of leucine

with isoleucine. A functional variant may also have non-conservative changes, e.g.

replacement of a glycine with a tryptophan, or a deletion and/or insertion of one or more

30 amino acids, or a deletion and/or insertion of one or more nucleic acids. It is understood that

the functional variant at least partially retains its biological activity, e.g. function, of the

PERK gene or PERK protein, or even exhibits improved biological activity.



[0052] Insulin resistance refers to a decreased ability to respond to the
action of insulin, which is conpensated by a downstreamincrease in the
endogenowsoery¥8i2on of insulin. Over 25time, a person ®afiSerin@oduwedm

i nsulin resistance can devel op high plasm sugar |evels as the increased
secretion of insulin can no |onger cquensate for el evated plasma sugar

| evel s. [0053]Insulin resistance typiCally precedes the devel opnent of Type
2 diabetes. In certain individual s who subsequently devel op Type 2

di abet[8947]i nsluly wndeesipart that thenmbibiieonelethe ERL genmdgerspses BierapEssion 19é

act ual f.dia es.. Jn. T ' ' in cretj 1 S1.3
adodhSPERK BlodlhPRE Glingl oL KRS RO BRGHRe: EOXG W PRERGE! PP
def i cileedtizatiésn of FOXID e ihigibRion Tofe PERKBEAEsT ithiliflombs dleui@ivitsaf tha

deficiency due to the destruction of insulin-producing cells in the

pancr dERK puretsin idagnyegulates ithe fovwastrepph dhesrhiopetass ofd Ve Consesuently. 13
the r ' ' lon. In contrast, treatnment of Type 2

di gbe?@%%{agﬁﬁ)mg%wktgﬁ%’]#é\%g@g&r{g ‘ion of sensitivity to insulin. [0054]1n
gener di00481he Insulin resistainkd tyminomasnaksedp iarbrodkcliod] @péctaim hink issfuditied iagat i on

nmeans a decrease in the expressiogn of PERK gene or the activity of PERK
prot ej %ﬁlyaﬂl?amanaﬁﬁ&eﬁ 8sP6iRtRdnyite §trF%%$%‘?Cﬁeé%%%i§‘@?’itlﬁs EitsR(3s the Fesistange to

[ 0055]i 18 in| pﬁb@&&,%yggk{tﬁfepﬁbga}slfp 8RS c&@fo%&%ﬂaétd?sefg&r&hpnwheﬂ{mﬁhse at

| east one ol 1 gonucl a east one anti body or at [east one
i nor gamsistana syadtomeor at | east one organi ¢ nol ecul e. [0056] The

oL 1. Tl R Sl BORHSh l ACha L or it
"ol | gogyasiheRidueRl ingBne Falstahct EHRE-Indule® ilRE k&itidcanAGH s Mg RO tdstiearnee! yer
made of nore than 2 nucl eotide subunits covalently joined together.
Pr ef ertabinyultieisvnsinced) by red died highu ¢t saturaied dati ans! aargolpfde@em(,)bmzﬁs{incbmcﬂ erably
bet Vel sy 12n I%ngtagc(:)e means that the resistance to insulin is induced by a genetic predisposition to

obesity or obesity which is due to dietary habits. .

15 [0050] The disclosed methods may be used for treating any one of the following
conditions which are caused by insulin resistance syndrome: insulin resistance, hypertension,
dyslipidemia, Type 2 diabetes or coronary artery disease.

[0051) Hypertension refers to the sustained elevation of resting systolic blood pressure,
diastolic blood pressure or both. Dyslipidemia refers to elevated plasma cholesterol and/or

20  triglyceride vconcentration or a low high-density-lipoprotein level that contributes to the
development of artherosclerosis. Coronary artery disease involves the impairment of blood
flow through the coronary arteries, most commonly by atheromas.

[0052] Insulin resistance refers to a decreased ability to respond to the action of insulin,
which is compensated by a downstream increase in the endogenous secretion of insulin. Over

25  time, a person suffering from insulin resistance can develop high plasma sugar levels as the
increased secretion of insulin can no longer compensate for elevated plasma sugar levels.

[0053] Insulin resistance typically precedes the development of Type 2 diabetes. In certain
individuals who subsequently develop Type 2 diabetes, insulin resistance may be present for
many years before the actual onset of diabetes. In Type 2 diabetes, insulin secretion is

30 inadequate. Accordingly, Type 2 diabetes relates to relative insulin deficiency. On the other

hand, Type 1 diabetes is an absolute insulin deficiency due to the destruction of insulin-

producing cells in the pancreas. Accordingly, treatment of Type 1 diabetes may be linked to



nucl eotides units are joined together. The sugar groups of the nucleotide
subunits may be 15 ri bose, deoxyri bose or nodified derivatives thereof such
as 2'-0- wohyi2/rssizese. The nucl eoti de subunits of an ol ipgosceéemdIlde nay be
j oi ned by phosphodi ester |inkages, phosphorothioate |inkages, nethyl
phosphonat e |i nkages or by ot her rare.or non- nat ural | yoccurring |inkages
that do not prevent hybridi zation of ghe ol i gonucl eoti de. Furthernore, an

ol i gonucl eotide may have uncommon nucl eotides or nonnucl eotide noieties. An
20 ol ithemstiratian efdnsuin nredictiod. legosirast, reatmenfudd] Toips 2adinkptessisdinkegsto the

deoxyriQp%ﬁple%c agiq &DNAé.or ri bonucleic acid (RNA), or have a
conbi ASEPEHOBAT BV A58y 1 | bonucl eot i des coval ently |inked [0058] The

t er m "@bsgonugl Latiafdehe By “AhsbitioRs & usell ih tHeeosRRAE 6Xthe Specifitrrtisnatiahd gat i on,
to a nucleic acid anal ogue of those known in the art, for exanple Locked
Nucl eidscrapaiinthoyaypressionyy ZERK generqs thhveqtivdy of PRRK profain and geertespapdinge”

iné'“Qﬁ%w%he O%%&%%%HL?E%«?%Q%ﬁﬁﬁd of naturally occurring nucl eobases,

|
sugar s and rntemnucleos one) linkages as well as oligonucl eotides
havi ng00831- naty alhiityttod cfUinlyi GRJthp Oenbo Bferdd € hbreire iiagncomiprisk ait liyasoonwi t h
specific inmproved functions. A fully or partly nodjfied or substituted
ol i gorRltgcaBeleRfile; & ®fleass 9pe EPPEHOh ok leatiAneyBorgRIsMBIsEWE B Hfleastvae al
desir . j es of such oligonucleotides 30 such as for instance, the
abi|i?§k%89%§%§?%%te a cell menbrane, good resistance to extra- and
i nt r ac/@bbéil arTiuoligasekotilic gimyabé iani interfenidg spenutler 4oid f(RNAheompokenc aci d

tar get. t hq f nodifyjng, oli L eotides in this manner are known in
tH{Q arri‘%C%?‘iﬁc_lgg@gé? P'hl_°§ %;e“‘ﬁllqlﬁﬁ)‘ﬁggtﬁégi des, sonetines called _

ol i gowpékﬂot L Ae MR lIohgonRAIHIENERUBAY ATekst BE d RIBIDMEEOS! flRIdokinkage,
i.e., the backbone, of the nucleotide uhits are replaced wth novel groups.
The bamdymei tredarcd maienthan rie duélestidey prbudity abvaentlyi jdinehtagpihen piieterablyucl ei ¢

idt t On h ol i i , L | eqt i
ot | B B R 0 B aR TS RREvsSt dPBbreiyERY RSSO fgpel £ s,
is ref@llRddtOuniss @regblﬁfeaitsgéah&! Fhe sagdrdorbMAYE theNmRRINDLiEO FSIE Smayt Be

sugar - backbone of an ol igonucleotide I's replaced with an anmi de contai ni ng
badk bomlense, deprapribiosai| air madifiadi devvaiivey| theteal syl kasoReO-mptyhutiospbdbes are

retained,and are bound directlv.or.indirectl.y.t za. nitr of the
ot G BN 2hPupR R Rl Bhigsafey 26 ¥irkd, B JuRhoafe: MR
LockedsNgphdrbthioded HkddedARYthiNphdtbbdhatd Enlages by Byoxlér @FOUPndS-nhiurigd t o

the 3' or 4' carbon atom of the sugar ring thereby form ng a bicyclic sugar
moi et yoccyHing lirRagrethpsdp naf eexdT yBrigistiel 9hbe (ollal@lqlwt@r@%'umfﬁﬁpa@; AY t he
2 OXyﬁfg}nﬁélggﬁa%”%ayhehé‘v CHBAAH OMAMREE! Br MndihuticBlia?. mbfich.orAn " LNA
gener a rerers to a nucl eotlde contal ning one B|cyc P hucl eost de

arml ogelggonatisatidechedefartdtherehs isa hivédleittrid) cudr as deoxgibalucanacdd dONAJer

containing one or nmore bicyclic nucleoside anal pgues 0061], Exanpl es of
modi f i BRPISFlC ATt (RRA) e a6 @ capbinaggp Oéiflgo-n%}%J ﬂ?QOPfVEl%‘dLJFgOB}i?SgC&Hg@P tides
wi t h phgsghor ot hi oat e backbones and ol i gonucl eosi des with heteroatom
backbones, and in particul ar-CH2- NH O CH2-, - CH2- N(CH3) - 0- CH2- [known as a
met hy| [©088)( meTieyteimi"nbormclehhtie "baek bisn edfer, ICHR GnixCeB heGpReification, to a

phospHUtIa6Eur SBPREUSN S kgpndadin ¢ iatosans bookgig i pad Tolfl o ar o
oljsgonychgalt dgsredfVirhe @R PRibARIAKDORELELY WhbshRFeotides composed of
naturally occurring nucleobases, sugars and internucleoside (backbone) linkages as well as
oligonucleotides having non-naturally-occurring portions which function similarly or with
specific improved functions. A fully or partly modified or substituted oligonucleotide is often
‘ preferred over native forms because of several desirable properties of such oligonucleotides
30  such as for instance, the ability to penetrate a cell membrane, good resistance to extra- and
intracellular nucleases, high affinity and specificity for the nucleic acid target. Methods of

modifying oligonucleotides in this manner are known in the art.



[ 0062] The interfering ribonucleic acid may be a small interfering

ri bonucleic acid (siRNA) or small hairpin ribonucleic acid (shRNA) or mcro
ri bonucl ewo 2ac/ds(28i RNA) . [ 0063] Modi fi ed ol i gonucl eot i ¢#es/seaext/ 086169
interfering ribonucleic acids may also contain 25 one or nore substituted
sugar noieties. Preferred oligonucl eotides conprise one of the foll ow ng at
the 2' position: OH, F, 0-, S, or Njélkyl 0-, S, or Nalkenyl; 0-, S or
Nal kynyl ; or O-alkyI-O-aIkyI, wherein the aIkyI, aIkenyI and aIkynyI may be
subst i [Q68H oln serseldigbrudendide, someGnkd llky|oligpm@ledtide Ghlnaiickebgth thad

o (i b G SR L oo o o s b,
0( CH2) w@hl[ﬁ&'eh?)g%};] Zhe WSS @nfis ARd niBidhifed "BMhibh @zARRAUWihOan Q})ﬁ}%pnate

exenpl ary ol i gonucl eotides conprise one of the followi ng at th
posi t i mecleiCacidaageo ubmedaIQnyl sucls ghgermenit eemp@wdy aIaIOIagdmuCédokléﬂ ymmealc kynyl ,

S0, 1ty BApbeehhonin Bty o Ui Bhrifigr plovelies. isyjefegied to Bapyprotgipy

SQ2 C"Bnuc@é\@?amd\'@NA')B% NHRE aehgsimay cieatdoyt-badkebid @gy4l Qabkmicydotide is

am noal kyl am no, polyal kyl am no, substituted silyl, an RNA cleaving group,
a repofep @mﬁhpan amiderqoatairing bagkboge, gmdmtlcmhar amasnipepiylelysine backbone. .
phar ”a’fﬁéh&%d 9@%‘%&&%%&%@%84& Hrlty g %du%&l for n%oroggB a% Ohs bfREOVI NG
the 5 pharmnmaco nanl ropert an of i'gonuc eot 1 e, and St her

subst i &mﬂetp@rthﬁlvofnge Bacllrbb@er pr opert| es One exenpl ary nodi fication includes
-nethongthoxgﬁ&21 0- CH2CH2(OCH3 so known as 2! 2- et hoxyet hyl ) or

006 &l K@fé@@k@k%@ﬁ?ﬁ&%@bml% A&sdéc( Bilh, Whipk therm
S' RNAtiydr;o’{Cﬁ ﬁo%cﬁahﬁl&éﬁ%“&%% Qr € icdrbR m0<§f R u@é]allug% ﬂ&%qg,f Eoghlg&?gr het ween

abou eot1des (or nucleotide anal ogs ecting
or nedbiay¢livgsugmemisidly. |]Fiteelu1ﬂ<age Mﬁe@mﬁiy\mynetﬂiﬁgse(-@{ze)g \grep oradpivathe 1'n

| ength and can c ain ees.of c | ement, ty to he t ar get
messengBIECRARM ﬂ‘?&m?? 4 gar ata%t ngﬁngn it e ”?h%@ﬂ?emf* 2aeRRAlY FSiErsdfes
dupl exgsy;Rfectitl SARANIAL St bRYA® nliclBosi@OURABSE, " ARTGHFRNA toaﬁs VﬁlLINIQS

single strands that can orn12a|r pi n structures conprising of dupl ex
r el onmoildreers meh@nuhlav@deapdnm@ng on¢ obmbrdeay cibautledHde ma'kﬁgun&cl eot i des,

15 t 15.t Y 1 bout 0.t
el oltPRLE © EoRauEs nh  Radiiels SliE el o Rles Lot Db, Aotk IS0 30 1 o
50 nUCJ)l?gQ)tnhQQ&ideQrwhﬁtﬂﬁgﬁhoﬁ&ﬁi&at&@adligoﬁé% ﬁlﬁploﬁg(t)ﬂl@%md% vagl weemaghiput 40

to 50 nucl eotides, or between about 10 to 45 nucl eoti des, or between about

10 to lwkhmﬂse«mdu ldeogrtlcglarisféizvdéblrﬁ)é‘ldénx Cit NEQIQB Qr@diﬁ&tnmgas agmethgleoneen

about , i-des r

ot veel bt b0 MRS bEgBond ARSI e L NI TR an

nuxy eoDiNEH, ) THPEHVERMeAROtHe nbbivé ph&ﬁh&ueétamatcﬁl@cﬁme i9Fepbatieens ab@uD-15 to
30 nucl eotides, or between about 15 to 25 nucl eotides. In one enbodi nent,

the si RNalnAlso asabigareiolispnysiqofidenharing moghohne bakbpiresruciuseiss] The
appl i C@bh?ﬂeoh lﬁ%eﬁ%%‘e’ﬁn%&gg @%&;E%NA&BMM gm&ffeﬁﬁ riBh8Li "ﬂ‘{@h' S

known egrada t|on ccurs

ant i - s@IR¢ARbr shal Blndrpiribopticttéc sdid &N Af ortrhiercsti b citia @id EniRMNARNA- | nduced
si | encj ng_conpl ex_ (,RI. SC) that contai ns the RNA endonucl ease Ago2 to .cl eave
its taﬂﬂag%] n% ﬁ@érqh@@nac eQisP deheaersamgeiRancls l?c%ﬁ*gﬁ gy \PISot ¢ratain RNA
meys be &OHP'n%FE%Eét ufe@ %%?ﬁ RRYidt]eQN pRiferY }Sh dcf‘e%%@ co %&eoﬁﬁ% tH€ne.

The S|RNA may al so e co enentary to the e strand and/ or

ant i - stotlswirgg atathe 2bpo$1hm PERKFg€&neS- Aad@mﬂdyhg@y S-s bRNAalkergdit @erﬁ amabi be

ownst RESHL PODGHEAUYT AITRE. LRiALE naiies Hgr ST e, Peis LR o
di r ect ggygaRiBEC, th e HHJy?bP C2ed €, § AIRBRE ahdatkyhy P Pathal LR mPRE enclude,
but are not limited to O[(CH2):OlmCHs, O(CH2).OCHj;, O(CH2)sNH,, O(CH;).CHs,

30 O(CH»),ONH,, and O(CH»),ON[(CH3),CH3)}», where n and m are from 1 to about 10. Other
exemplary oligonucleotides comprise one of the following at the 2' position: C; to C;o lower

alkyl, substituted lower alkyl, alkenyl, alkynyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH,



16 [0067] The si RNA may be directed against fragnents of the nucleic acid
transcri bed fromthe PERK gene. Accordingly, the si RNA may conprise a

sequence wbabiysseenpl enentary to any fragnment of the PeBisgene/odiso one
enbodi nent, the si RNA conprises the foll owi ng sequence:

5' - CAAACUGUAUAACGGUUUATT-3' (SEQ ID N©@ 1), or functional variants 5

t hereof Such functional variants thereof nay conprise at |east one nodified
or substituted nucleotide. Functional nodifications and/or substitutions of

the si$H.)CHRe Per Bor 6 BiF:me@6bds Skl $A:CHe ANO.,[ 0888] NThéNlHler m

"sh " as used .herein, ;refers to a,uni nbl ecul A that .i.S ga | e of
vort ottt iR R sl BadinberBor il clhing, Mhalef AL 8, Pana.
The parN@Nggsaviy apshpgui Ci@l\&&*téra@ﬂ)u BYanbentSieRRicANtd ardp FBONPLRASALAT thet O
each other. The term "shRNA" may al so include nucleic acids that contain

noi et | BArBaekingtiga profesiissucifesni gligamictaotide, drn@ wdpwy, fasuimpeving niheed t o,

o0 (SRS SRR rop RS [resh DAL FLONER RO S L ARR R RO LR oS,

deoxy es, anal ogs o e nucleot nmenti one ereo at5069]

m RNAsprdpuviics. eQHé afxembphigy rmédifigionnfidiaes ThenetiRixpethoxRNA-OgemgIRRJOGH], ef er s
15 to a single stranded nol ecul e, but in specific enmbodi ments, may al so
enconmpdlsakaowines HrP-6+methoxyethyd) or a-MOH)aing: annalkoxyalkoxy erelin. y (bet ween 10%

50% bulC'PELS. ERancs N R R EhE RN O rbE 301 o B AL PR, "

conpl emaidgacymprisigg between rabgutoh) of 50 heckatidessjongluelestidandsddgs)yadapshlt efor to
anot her, nucleic acid. Th nucl ei ¢ aci ds may, enconpass a nol ecul e that
coltbr i $iECHBAET FREGY eﬁ%ﬂp@ﬁéwa? yatgwageﬁé-se Peflen et Yot ndReR) or
" conpl gEh%onRin @ar?i?]agtdegféleéf)f SEAMNERERGQ B hef AR n{&\&&g@yﬂ RNAFGARRA P! €,

precursor m RNA may ve a self-conplenmentary region, ich is up to"100%
conpl eimethe aamyisense RNangr Bivewrror siRiA8iiocladdsddupbdxes oé tivaveeptra@nsteaads,i ing| ude,

can be, or .can he | east ..60% 65% 70%  75% 80% .85% 90% 95%. 96% 97%
98% ol Sodon Rbimpre Rt sipe coiepd 1t g Qlélflaé%ftw PRRIBIES may
conpri $auptkx 3bgibaPle QRN RRIayDRIY a IERGhISTHRwet A00EYD t6 ShetRldofidad) or
anti gen-bi nding protein having a basic four- pols%peptl de chain structure

i

colfsi shétwgerdbauiubS ke pudedidesywr |betyrren @haitr), tod) raickshtifless ohbétmges albit] | zed,

for ex I by . interchain disylfj bonds ich has the apili t
Soect fTLR PO BigRaes ) Hefveincttolt 55 8 BucidiaE 1ot B A tLpd So
ant i boglicsotided) ok Betiwran hbdut40aH gh huslestdds Ostdetaddni dbadi BFjo 4 PALYEItEBA or
anti bodies, 30 nulti s(s)eci fic anti bodies (for exanple, bispecific

ant i bobrtwsgn akewi k2 £q €0 aveleasislgs.<s betrorn gpait o datrusisariees; onberrisp akput
e e T e AR
WQ R0 1clatities BEbétSEe 4841006 16 90 hiclablidest @ Heiwebntaboant 3 gedfsnuchnttideglorns ar e
Dol St eeen bott 151656 Ml s Bormans aboar 1376 35" Mifeotacd M 2odY
embodiment, the éiRNA has a length of between 15 to 30 nucleotides.
[0065] The application of siRNA to down-regulate the activity of its target mRNA is
known in the art. In some embodiments, mRNA degradation occurs when the anti-sense
25  strand, or guide strand, of the siRNA directs the RNA-induced silencing complex (RISC) that
contains the RNA endonuclease Ago2 to cleave its target mRNA bearing a complementary
sequence. Accordingly, the siRNA may be complementary to any portion of varying lengths
on the PERK gene. The siRNA may also be complementary to the sense strand and/or the
anti-sense strand of the PERK gene. Accordingly, siRNA treatment may be used to silence
30 the PERK gene, thereby depleting the PERK protein downstream.
[0066] Hence, in one embodiment, there is provided siRNA directed against the nucleic

acid transcribed from the PERK gene.



[0071] PERK is a transnenbrane receptor protein. Hence, fragnents of PERK
may be fromthe lum nal domain or the cytosolic domain. Antibodies may be
used to iWDi2bi#15PBRK 5 protein such that substrate bi ndiPog/SGa0RERKG or an
i sol ated PERK fragnent thereof, may partially be inhibited. The degree of
i nhibition of the substrate binding q’gy differ. Accordingly, in one

enbodi nent, there is provided an anti'Body, or functional variant thereof,
or a fragment of the anti body capable of binding to PERK protein. In this
enbodi [086T], tTHe aRNAumdy be direttbd agamst fiiagmehts\od theamicl¢ib ecid dfapsarbeti Hom

fragne he antib 10 nonocl onal I ti body.

ant ) bolF LERA G ekl b ey RN HeuCoRAGN A pinvenes St S oS RprENAERS

pr ot ei fhyOfra@ndrt AFMEO P ERRCE&GR! 1n bRO EAlbbABdR! he iRt Gfprise¥ BN faIRRAng N t he
cont ext of an isolated protein, or fragnment of protein, refers to a protein

that hequirsens’ F%MGU@MAA@GMMUQTT@VG%I@MO Dopr émahmaé vaa@ntpart of

an Lor or. am sm.. The. t er m does t he nis
e onPireok S fuftioRaER eS8k T RBFSs polepme medBrd pbpi Que

suf fi civRiolide FaMBHiGHa® tholdi A Oh I/ dH sAb&itiiSond f ineIRBA infay WeetfoRaédibpl | y be
associated with, so that it is the predom nant protein present (at |east 10

- O:A)Inﬁth@dilﬁm@nﬁh%mher proteins). "lsolated" is not meant to exclude
art | E@Q%Jf Ol VBt D el B )gsggeedshet i e?elfr %aﬁ&%ﬁé{:ﬂﬁﬁ% nﬁﬁﬁ% ‘lt glfl g0 r the

prese inmpurities t'hdat do no ere w ivity

of t hepdpfopin@ignRIAY ahdh &at iy a lpessem@eeahnd faolboﬁ@ﬁd(ar’gmh(ﬁz stehing. The passenget et e
purification, addition of stabilizers, mpoundi ng_into, for exanple,

i PN HErAvEde TP E i hﬁr%lbaant&#larcﬁﬁ@éqmrﬁ%w t‘é@%@p‘?‘hﬁ] Wéﬁlarsa% smay
[ 0073] ngemEﬁlrdgh élEi@%@ﬁ@tthat c%tgﬂx M&%ﬂeé &h&xht?aﬁ; ﬁ%%ﬁeo‘? étgsein@ludfrgﬁer s to

a part or tion of a protelin conprising fewer po ypeptl e chal ns an an
I nt actbuymot hn‘mtleétt@ ma)abﬁed nuclEo*taigsn;emb&lﬁedmntbmuo]lebﬁdmhnkagea mhanickzatide;

enzymati c treat, n intact ete rotein. [0074] The inhibitor
may ¢ P‘V%‘@? i %‘?ﬁl TR 0 ﬁsgq?‘é'&téﬂné’ eredf. | east one i norganic
mol eCUﬂO@69]ThemH@(I}SI§ d@%ﬁ@é@tﬁat@%&ﬁ%é‘et el 8E SThJ REm O 3 gérﬁrzﬁl}%e?@?k ecul e

that is nade up predom nantly of carbon and hydrogen, such as, al kanes and
arifl antorresngld lsartded moleovds, gmn 1mspmifeomnh®dlmeitarrsay filoo eammmﬂsea regionot ecul es

t hat t 7 d t th
oo rad lond] SaGatos BRERE trlRt el Be % GHRRIEm IRy aci 5B RE S 1y
-N243 stfahd sdbsthrtiRy E%Jaméf Braft-50Ys bt 1831thad HodNARIplem¥hthry-&rdks length of

pyri m di nedi am ne;
strand) or fully complementary to another region of the same single-stranded molecule or to

another nucleic acid. Thus, nucleic acids may encompass a molecule that comprises one or

20  more complementary or self-complementary strand(s) or “complements” of a partiéular
sequence comprising a molecule. For exaﬁ1ple, precursor miRNA may have a self-
complementary region, which is up to 100% complementary. miRNA probes or nucleic acids
of the invention can include, can be or can be at least 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100% complementary to their target.

25 [0070] The inhibitor may comprise of at least one antibody. The term “antibody” refers to
an antigen-binding protein having a basic four-polypeptide chain structure consisting of two
heavy and two light chains, said chains being stabilized, for example, by interchain disulfide
bonds, which has the ability to specifically bind antigen. The term “antibody” includes
monoclonal antibodies (including full-length monoclonal antibodies), polyclonal antibodies,

30 multispecific antibodies (for example, bispecific antibodies), chimeric antibodies, CDR-
grafted antibodies, humanized antibodies, human antibodies and single chain antibodies

(scFvs). The term “antibody” also includes anticalins, which are artificial proteins that are



145- (4- Ami no- 7- et hy1- 7H-pyrrol o

[2,3-d] pyrimdin-5-yl1)-2, 3-di hydro-1H i ndol-1-yl] -2- [3-
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5-di fl'uor ophenyl ) acetyl1] - 2, 3- di hydr o- 1H-i ndo1-5-yl I t hi eno
cﬂrqn;arth@ lymigalggiman og-the cytosohc domain. Antibodies may e used to inhibit PERK
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d}bdﬂﬁﬂ[ﬁ‘b&"ﬁﬂhﬂﬁ&a 5P1$é1}ieérbla | $¥d azibitidn abf 1igs substrate binding may differ.
- (phenyl acetyl) -2, 3-di hydro- 1H i ndol-5-y1] - 7- (4- pyridinyl)thieno
pAeGoddlingly. mm@m@gng_qg there is provided an ant1 ody, or functional variant thereoft,

, 1) thi
58 s ORI LAl LR Tl ) (1
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or synthetic mixtures with other compounds or materials, or the presence of impurities that do
not interfere with the fundamental activity of the protein and that may be present, for
20  example, due to incomplete purification, addition of stabilizers, or compounding into, for
example, immunogenic preparations or pharmaceutical acceptable preparations.
[0073] The term “fragment”, when used in the context of a protein, refers to a part or
portion of a protein comprising fewer polypeptide chains than an intact or complete protein.
Fragments can be obtained via chemical or enzymatic treatment of an intact or complete
25  protein.
[0074] The inhibitor may comprise of at least one organic molecule or at least one
inorganic molecule. The term “organic molecule” refers, for example, to any molecule that is
made up predominantly of carbon and hydrogen, such as, alkanes and arylamines. The term
“inorganic molecule” refers, for example, to molecules that are not organic molecules.
30 [0075] In one embodiment, the organic molecule is selected from the group consisting of:
5-bromo-Ny4-2-pyridinyl-N,-[3-(1,2,3,6-tetrahydro-4-pyridinyl)- 1 H-indol-5-y1]-2,4-

pyrimidinediamine;



301-net hyl1l-3- { 1- [(3-nethyl phenyl)acetyl]
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-(trifluoromet hyephenyl] acetyl '2q§ di hydr o- 1H i ndol1-5-yl)thieno
c] pyridin-4- anine 53- {1- [(2 chlorophenyl)acetyl] ,
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3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} thieno[3,2-c]pyridin-4-amine;
3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-y1]-7-(3-pyridinyl)thieno[3,2-c]pyridin-4-amine;
1-methyl-4-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1H-indazol-3-amine;
3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-y1]-7-(4-pyridinyl)thieno[3,2-c]pyridin-4-amine;

15  3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(3-pyridinyl)thieno[3,2-
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c]pyridin-4-amine;
3-{1 -[(2,5-diﬂuorophenyl)acetyl]-2,3-dihydr0- 1H-indol-5-yl}-7-(1H-pyrazol-3-yl)thieno[3,2-
c¢]pyridin-4-amine;
4-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-indazol-3-amine;

20  3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-7-(1H-pyrazol-4-yl)thieno[3,2-c]pyridin-4-
amine;
7-(1-methyl-1H-pyrazol-4-y1)-3-[ 1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]thieno[3,2-
c]pyridin-4-amine;
3-{1-[(2-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-pyrazolo[3,4-

25  d]pyrimidin-4-amine; '
3-{1-[(3-fluorophenyl)acetyl]}-2,3-dihydro-1H-indol-5-y1}-1-methyl-1H-pyrazolo[3,4-
d}pyrimidin-4-amine;

I-methyl-3-{1-[(2 -methylphenyl)acetyl] -2,3-dihydro-1H-indol-5-yl}-1H-pyrazolo[3,4-
d]pyrimidin-4-amine;

30  1-methyl-3-{1-[(3-methylphenyl)acetyl}-2,3-dihydro-1H-indol-5-y1}-1H-pyrazolo[3,4-

d]pyrimidin-4-amine;
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3,4- 25d] pyrimdin-4-amne; 7-methyl-5- {1- [(2-nmethylphenyl)acetyl]
3-di hydro-1Hindol-5-y11-7H pyrroll% [2,3- d]pyrimdin-4-amne; 5- {1-
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, 2 ciB 8 A8 ni ne; 20 7- nmet hyl -
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i m di n-4-am ne;
| gBing: 2- net hyl phenyl )acetyl] -2, 3 d| hydr o- 1H-i ndo1-5-yl | thieno

3
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3, c
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- { 13-{1-[(3- chlorophenyl)acetyl] 2,3- dlhydro 1H 1nd01 5- yl}thleno[3 2 c]pyr1d1n 4-amine;
(2-fluoro-5-nmeth henyl J)acet hydr o ?/11 l-nethyl-1H
yrazo? 61 18- (mtmlﬁw)ph@rml 3cAYm, g1hy§ro-{ﬁ-mdol 5 yl)thleno[g 2-clpyridin-4-
(2, 3-4di, %I hyl phenyl ) acety1] - 2, 3-di hydro- 1H i ndol-5-y11- 1- net hy1- 1H pyr azol
[ 3, 4- d] pyri m di n- 4-am ne;

3-(1-{[2-(methyloxy)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)thieno[3,2-c]pyridin-4-

10  amine;
3-[1-(2-naphthalenylacetyl)-2,3-dihydro-1H-indol-5-yl]thieno[ 3,2-¢]pyridin-4-amine;
3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-7-(4-piperidinyl)thieno[3,2-c]pyridin-4-
amine;
7-{3-[(dimethylamino)methyljphenyl }-3-[ 1-(phenylacetyl)-2,3-dihydro-1H-indol-5-

- 15 yl]thieno[3,2-c]pyridin-4-amine;

3-{1 -[(2,5-dimethylphenyl)acetyl]-2,3-dihydr0- 1H-indol-5-y1}-1-methyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine; '
3-{1-[(3-fluoro-5-methyiphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine;

20 3-{1-[(3,5-dimethylphenyl)acetyl]-2,3-dihydro-1H-indol-5 ;yl }-1-methyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine; |
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} thieno[2,3-d]pyrimidin-4-
amine;
3-{1-[(2,3-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-pyrazolo[3,4-

25  d]pyrimidin-4-amine;
7-methyl-5-{1-[(2-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;
5-{1-[(2- ﬂuorophenyl)acetyl] 2,3-dihydro-1H-indol-5-y1}-7-methyl-7H-pyrrolo[2,3-
d}pyrimidin-4-amine;

30 5-{1-[(3-fluorophenyl)acetyl}-2,3-dihydro-1H-indol-5-y1}-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;
3-{1-{(2,3~difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl } thieno[3,2-c]pyridin-4-amine;
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-2, 3-di hydro- 1H i ndol-5-y11- 1- net hyl- 1H pyrazol o [ 3, 4-d] pyrim di n-4-am ne;
1- net hy 1-\80(2012/158123 PCT/SG2012/000169
[3-(trifluoronethyl)phenyl]acetyll-2, 3- di hydr 0- 1H i ndol-5-yl)-1H pyrazolo
[ 3,4-d] pyri mdin-4-am ne; 157-nethyl 23 - [3-(trifluoromethyl)phenyl]
acetyl } -2,3-di hydro-1Hindol-5-yl1l)“7TH pyrrolo [2,3 -d]pyrimdin-4-am ne;
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3- (rre@ﬂvﬁtl@xab)eﬁmwnd acetyll 2, 3-di hydro 1H i ndol-5-y1) - 1H pyrazol o [ 3, 4-
] pyrimdin-4-a (1- [3-(nethyl oxy)phenyl] acetyl } -2,3
b oo w0 B R MBI 3 [0 BHp P e eE 3. 1 1.

- di hyd d h I
2140%8523?{)[?/“%81&%5%&]4 zﬁmﬁe i hydro-1Hin 01 5-y11-1-net hyl- 1H pyrazol o
2, 3-

am ne;  1-nmet hyl-3 -(1-1[ 2- (net hyl oxy) phenyl Jacetyl 1
d3-Ky-d¢€203-dihéthy pHenyl jdety1]-2;3t dipydrazid-ndo8-54yl } -dhpythiylad HipyrakobofB de; 21

10  d]pyrimidin-4-amine;
3-{1-[(3-chlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-1-methyl-1H-pyrazolo|[3,4-d]
pyrimidin-4-amine;
1-methyl-3-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yI)-1H-
pyrazolo[3,4-d]pyrimidin-4-amine;

15  7-methyl-5-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

5-{1 -[(3-ﬂu0r0-5-methylphenyl)acétyl]-2,3-dihydro- 1H-indol-5-yl}-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(3-chlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo[2,3-

20  d]pyrimidin-4-amine;
5-{1-[(2-chlorophenyl)acetyl}-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;
7-methyl-5-(1-{[2-(methyloxy)phenyl]acetyl }-2,3-dihydro-~1H-indol-5-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;

25  1-methyl-3-(1-{[3-(methyloxy)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine;
7-methyl-5-(1-{[3-(methyloxy)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;
3-{1-[(2-chlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-pyrazolo[ 3,4-

30  d]pyrimidin-4-amine;
1-methyl-3-(1-{[2-(methyloxy)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-1H-pyrazolo[3,4-

d}pyrimidin-4-amine;
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-2, 3-di hydro-1Hindol-5-y11-1-nethyl-1H pyrazol o [ 3, 4- d]pyrimdin-4-am ne;
d]pyrimidin-4-amine;

(L L) 5, S o ot e )7
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i Hind- almhé3 fl uoro- 5 met hyl phenyl ) acet yl ]
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- chl or »{b[cA3- dﬁhmmpénnmﬂ}m:ewq 3-dﬁ1y:arcdi1Hy1dd<d-Sl:H}|—7}dm1h§5—7ﬁ pymwlo[2,3-
[ 3, 2-84 yr.i d4n 4- amine; 3- {1- [(2-fluoro-5-nethylphenyl)acetyl]-2,3
-di hy ]B HRUGINERMIBEy | | furo [ 3, 2-c] pyri di n-4- ani ne;

3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(1H-pyrazol-4-yl)thieno[ 3,2-

15  c]pyridin-4-amine;
3-{1-[(3,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-pyrazolo[ 3.4-
d}pyrimidin-4-amine; |
5-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(4-piperidinyl)-7H-pyrrolo[2,3-
d] pyrimidin—4—amine;

20 5-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(1-methyl-4-piperidinyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}thieno[2,3-d]pyrimidin-4-amine;
3-{1-[(3-fluoro-5-methylphenyl)acetyl]-2,3-dihydro-1 H-indol-S-yl} furo|[3,2-c]pyridin-4-
amine;

25 3-{1-[(3-chloro-5-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} furo[3,2-c]pyridin-4-
amine;
3-{1-[(2-fluoro-5-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} furo[3,2-c]pyridin-4-
amine;
1-methyl-3-{1-[(1-methyl-1H-pyrrol-2-yl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1H-

30  pyrazolo[3.4-d}pyrimidin-4-amine;
3-{1-[(3-chlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} furo{3,2-c]pyridin-4-amine;
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10 pyrazolo|3,4-d]pyrimidin-4-amine;
3-{1-[(3-fluoro-2-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-
pyrazolo|3,4-d]pyrimidin-4-amine;
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(1-methyl-4-piperidinyl)-
7H-pyrrolo[2,3-d]pyrimidin-4-amine;

15 5-{1-[(3-chloro-4-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7- methyl 7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

5-{1-[(3 -chlor0-2-ﬂuorophenyl)acetyl]-2,3 -dihydro-1H-indol-5-yl1}-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
3-{1-[(3-chloro-4-fluorophenyl)acetyl}-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-

20  pyrazolo[3,4-d]pyrimidin-4-amine;
3-{1-[(3-chloro-2-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine;
5-{1-[(2,3-dimethylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo{2,3-
d]pyrimidin-4-amine;

25 1-(1-methylethyl)-3-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1H-
pyrazolo[3,4-d}pyrimidin-4-amine;
2-(4-amino-3-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1H-pyrazolo[3,4-
- d]pyrimidin-1-yl)ethanol;
5-{1-[(3,5-dimethylphenyl)acetyl}-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo[2,3-

30  d]pyrimidin-4-amine; ,
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} - 7-(4-piperidinyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;



pyrrolo [2,3-d] pyrimdin-4-am ne; 3-

{1-[(3-chl oro-4-fluorophenyl)acetyl]-2,3 -di hydro-1Hindol-5 -y11-1

- et hyl - MO 2008 R30l 0 [ 3, 4-d] pyri m di n-4-am ne; 3- {1- PCT/SG2012/000169

[ (3-chl oro-2-fluorophenyl)acetyl] -2,3-di hydro-1Hindol-5-y11-1 -nethyl -
pyrazol o [3,4-d] pyrimdin-4-am ne; 5-3{1-
[ (2, 3-di net hyl phenyl )acetyl] -2, 3-di hygro 1H i ndol-5-y11-7-met hyl- 7H pyrrol o

| (233nef%%héﬁ@az%*a%‘}enﬁl)%%ﬂfw%ﬁﬁh&#ﬁﬁg@giﬁﬁ Hep i eldet o

[3 4- dd]ﬁyﬁfn'iﬂlﬂ-lmarﬂm@m ne; 2-(4-amno-3- {1- [(3-nethyl phenyl)acetyl]
dro- 1H i ndol- 5-y11- 1H pyrazol o [3,4- d]pyrimdin-I-yl)ethanol ; 5-

i 3- {1 [(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} -7-methylfuro[3,2-c]pyridin-4-
[ (3, 5- dlmat hyl phenypacet y1] - 2, 3-di hydr o- 1H i ndol-5-y11-7- net hyl- 7H pyrrol o
[2,3- BBfpyrim di n-4-ani ne; 5- {1- [(2,5-difluorophenyl)acetyl]

- (21,53 i f{'yg(zos Mﬁdoﬁﬁﬂénﬁ%&@t}_ﬂz Q‘lhl@d?@-’l Hdllnamla-ym (PYdctigh@ni 13- 131-
r-m am ne
[(3p¥rem§¢qé¢{érﬂyd]paueﬂt1@amj4-@nmedu hydro 1H-| ndol- 5- yll 1H pyrazol o [3, 4-

T4 ol AR et e P RRLE Y E R T veloRit- 5. ( o
[ ( 2 5 @pgzhmmlﬁ.p,h@ﬂl\,ﬁlg) acetyl]-2, 3- d| hydr o- 1H- i ndol 5 y1l1l-1-(1- et hyI ethyl)-1
Py ’?%noeltl?yl [5 {1- [(2 3 gl irllﬂrnocrjop%eﬁ)-ll)acetyl] -2,3-dihydro-1H-indol-5-yl}-7H-pyrrolo[2,3-

10  d]pyrimidin-4-amine;
5-{1-[(3,5-dichlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine; ,
7-(3-azetidinyl)-5-{ 1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7H-pyrrolo[2,3-
d]pyrimidin-4-amine; ,

15  5-{1-[(4-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl1}-7-methyl-7H-pyrrolo[2,3-
d}pyrimidin-4-amine; |
7-methyl-5-{1-[(4-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7H-pyrrolo[2,3-
djpyrimidin-4-amine;
5-{1-[(3-chloro-2,4-difluorophenyl)acetyl}-2,3-dihydro-1H-indol-5-y1}-7-methyl-7H-

20  pyrrolo[2,3-d]pyrimidin-4-amine;
5-(1-{[3-fluoro-5-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
7-[(methyloxy)methyl]-5-{1-[(3-methylphenyl)acetyl}-2,3-dihydro-1H-indol-5-y1}-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

25  7-methyl-5-{1-[(1-methyl-1H-pyrrol-2-yl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(1-methylethyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(5-chloro-2-fluorophenyl)acetyl]-2,3-dihydro- 1H-indol-5-yl}-7-methyl-7H-

30  pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(2,5-difluorophenyl)acetyl}-2,3-dihydro-1H-indol-5-yl}-7-[2-(4-morpholinyl)ethyl]-
7H-pyrrolo[2,3-d]pyrimidin-4-amine;
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-2, 3-di hydro-1H i ndol-5-y11-7H pyrrolo [2,3- 10d] pyri m di n-4-am ne; 5- {
1-[ (3, 5-di chl orophenyl ) acet yl ]

-2, 3-di hydro- 1Hi ndol yll 7- methylzﬁ—l-pyrrol o0 [2,3- d]pyrimdin-4-am ne;
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[ 2, 3- a@;l?gyrlm am ne; 7- met hyl -5 - {1- [(4-nethyl phenyl)acetyl]

-2, 3- dsJ@yqtm-miﬂuonqmnﬁ5acw1]n£mydo¢om A8k 5-0f] }pY-niethydi FHE-pymotofe3- 5- {
1- [(3d$hl Qr0-.2, 4-dj fl uor ophenyl )acetyl] .
-2,3 WHF’@IEﬁﬁ%’&S& 5-y11-7-net hyl- 7H 20pyrrol o 2, 3-d] pyri m di n- 4- am ne;
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dol-5 7prrro [2, 3-d] pyri m di n-4-ami ne;
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[(1 nme. }t]ydlo[ihl-j-%ﬁghdlg ypaget yl ] - 2, 3-di hydro- 1Hi ndol-5-y1} -7H pyrrolo
, 3-d]’pyri mdin-4-amne; 5- { 1- [(2 5- d|fluora§)henyl)acet yl']

[2
2 3- dﬁﬁ?df&-ﬂﬂuomznﬂmmfl]ﬂ MhhmitrWHemﬁylk}yIz} [P{dimsthylamino)ethyl}-

[ & Repies “nlﬂg?g‘ﬁ%%ﬁ@ﬁ‘é‘é‘&{%] 2, 3-di hydr o- 1H- i ndo1- 5-y11- 7- met hy1- 7H

30p;/rr5ﬂq> -&ul fdidinact JBedihRiro- H-{nddl-5-yti-f Iah @ phepyhdREES Y |
, 3-di h { gg)o ﬁ(’%bzl 15y3?1t}$]£ (éi r’?lar(r)phofnlﬁnyl ;ygthyl] ﬂ 7H-¥)y%r ol oy[]z 3

- d] pyrql]@mm:rmn-é‘aaﬁlme,
3-{1-[(3-chloro-2,4- dlﬂuorophenyl)acetyl] -2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-

pyrazolo{3,4-d]pyrimidin-4-amine;

15  7-(2-aminoethyl)-3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} furo[3,2-
c¢]pyridin-4-amine;
4-amino-3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1} furo[3,2-c]pyridine-7-
carbonitrile;
5-{1-[(3,5-dimethyl-1H-pyrazol-1-yl)acetyl]-2,3-dihydro-1H-indol-5-yl} -7-methyl-7H-

20  pyrrolo[2,3-d]pyrimidin-4-amine;
5-[4-fluoro-1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;
5-{4-fluoro-1-[(1-methyl-1H-pyrrol-2-yl)acetyl]}-2,3-dihydro-1H-indol-5-yl } -7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

25  5-{1-[(2,5-difluorophenyl)acetyl]-4-fluoro-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(2,5-difluorophenyl)acetyl]-2,3- d1hydr0 1H-indol-5-y1} furo[2,3-d]pyrimidin-4-amine;
5-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)furo[2,3-d]pyrimidin-4-
amine;

30  5-{1-[(3-chloro-5-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} furo[2,3-d]pyrimidin-4-
amine;

5-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-y1 } furo[2,3-d]pyrimidin-4-amine;



24 5- {1-

[ (2,4-difl uorophenyl)acet yl] -2, 3-di hydro- 1H i ndol-5-y11-7-nmet hyl- 7H pyrrol o
[ 2, 3- d] pyoieni2disgi24- am ne; { 1-[(83,4-difluorophenyl ) &€&tS¢%2§12/000169

-2, 3-di hydro- 1Hi ndol- 5- yll 7 met hyl- 7H pyrrol o [ 2, 3- d]pyrlmdln 4- am ne;
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[ (2,5-difl uorophenypacetyl]-2, 3-di hy&ro 1H i ndol-5- yllfuro

3, 2- ' 7-yl).et hyl bamat e
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6- chl or 9- 2- i d I tyl] -2, 3-di hydro-1H i ndol-5-y11-7- et hyl- 7H
[gw%cg?éﬁ)ﬁwam&)ace y1]3_ i hydro i ndo y nmet hy pyrro
-4 (37 9&&1%% - f(aqhéthwz_ gfnﬁﬁmbac@wybldﬂzyd% (iHhi!ﬁGlBPs%rl'}L TR roRs[ 233,}

met hyl- THpyrazol of 3, 4 rimd amne; - am noet hyI)- - {1-
5- d]pytlmoimﬁkmmylb)acetyl] 2, 3-di hydro- 1Hi ndol 5 yI | furo [3, 2-

2,
2. g*?l{h RS T ETBPS e 2 1 Hngpl g -meth 7
3

dlbl%'ﬁ z{mﬁ@ihbmhinél le;, 5- {1-
5 i met razol -1-yl1

3- dﬁ-H‘}/df dl-ﬂuOl‘fd@l@nﬂ)%fém/l]ﬁ %mi‘@hwﬂlﬂ IYH-IHQQipirb’}r}OT -6}-2xgawhl pyYHi i di n- 4- ami ne;

4f| A1+ hen cetyl)-2, 3-di hydro-1H i ndol- 5-yl
10[ 9[% 91&’9 %%?%S%pyrlmd|%4amne 5- a

{4 fl u 9-6256 Zﬂh\tﬂyl 9Y2, Sl-ldﬂ%rdy&lHClﬁHMLﬂ-yErﬁ{Zil hydr o- 1Hi ndol-5-y11-7-
met hy1- 7Hp%rrol o] 3-d] pyrimdin-4-amne; 255- {1-
[ (2, 5-Gh &skamféﬁtw% 3>21$]an¢md’oalamz,3 di hydr o- 114-i ndol - 5-y11- 7- net hyl -

H pyg 'iﬁ)eltl%lISZ 13{ [g](lg}lffdo%rgétﬂyﬁ'f%prmnyl]acetyl} 2,3-dihydro-1H-indol-5- yl) 7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

15  7-(3-oxetanyl)-5-(1-{[3-(trifluoromethyl)phenyl]acetyl}-2,3-dihydro-1H-indol-5-yl)-7H-

[ (
| o
11-
-1-
[ (
c]
[(2
[3,2
[(
-2

pyrrolo[2,3-d]pyrimidin-4-amine; »
7-[2-(4-morpholinyl)ethyl]-5-(1-{ [3‘~(triﬂuoromethyl)phenyl] acetyl}-2,3-dihydro-1H-indol-5-
yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
7-(1-methylethyl)-5-(1-{[3-(trifluoromethyl)phenyl]acetyl}-2,3-dihydro- 1H-indol-5-y1)- 7H-

20  pyrrolo[2,3-d]pyrimidin-4-amine;
7-(3-methylbutyl)-5-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
4-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-1H-pyrazolo[3,4-c]pyridin-3-
amine;

25  7-chloro-3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} furo[3,2-c]pyridin-4-
amine;
7-(3-azetidinyl)-5-(1-{[3-(trifluoromethyl)phenyl]acetyl } -2,3-dihydro-1H-indol-5-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
7-(1-methyl-3-azetidinyl)-5-(1-{[3-(trifluoromethyl)phenyljacetyl }-2,3-dihydro-1H-indol-5-

30  yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
7-[2-(dimethylamino)ethyl]-5-(1-{[3-(trifluoromethyl)phenyl]acetyl } -2,3-dihydro-1H-indol-
5-yh)-7H-pyrrolo[2,3-d]pyrimidin-4-amine;



5-

{1-[(2, 5-di fluorophenypacetyl]-2,3-di hydro-1H i ndol-5-yllfuro[2,3-d]pyrimd
i n-4-am e 28120158128 [3 - (trifl uoronethyl)phenyl]acet yllP2TBG2012/000169

-di hydro- 1Hi ndol-5-yl)furo [2,3-d] pyri m di n-4- am ne; 305- {1-

[ (3-chl oro-5-fl uorophenyl)acetyl] -2, 5—6di hydr o- 1Hi ndol-5-yl I furo

[2,3-d] pyrimdin-4- am ne; 5-

11-[(3:net hyl phe 3y acetyl] -2, 3-di hydro- 1Hi ndol- 5 11 furof 2, 3-d] %rlmdln 4
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(2 z ‘é‘gﬁl‘g][% %ﬂg% ?‘B%e%‘%‘llﬂf [2 3 -di h%/g?/o- 1 Hindol-5- yll 7-
2- (4 Pi{ peTuoth-ny peeinbitly] - 2-pK/HﬂmyI)ad:erlﬂ-2,£didi}1MFiIﬂﬁiﬂHdﬂ-—S@l&MﬂﬁeﬁhyNHnet hyl -5- {
- [(6-nethyl -2-pyridinyl)acetyl]-2,3-di hydro- 1 Hindol-5-y11 -7H pyrrolo
2, 3 -PAETP9: il py Houdigrfi-grines - (1-

4-f 1l u t{ D 1 .
aihy i B TP, ol AR PGP REK 350y oL S ey

-1(2, 57Id4pfyhum{b,ﬁhﬂpyimﬁimemahjme2 3 -di hydro 1Hindol-5 -y11 -7-(3

1 SRATAO: S BBk

[
(di met tyl 2-c]pyridin-4-amne ; 7-methyl-5 -(1 -
[6 (trmlp%orgﬁre ?f%rlmfd‘rﬁ@ab?rrlle;”] acetyl} -2, 3-dihydro-

1H i ndb14-ﬂuyfo)1 zHsglumrmb(tflﬂu@rom}w'l’hmﬂ]anem}amfdehydme(mdgb&ert)ahy 1)-54 1-
3- (t henyl -2,3 -di hydro- 1 Hindol-5 -y1)-7H

E# o|(1831r lﬁ%ﬁ%@?ﬁ%‘}é mg/; [ 2- (4- Im))r/pFlglinyl)le?hsl] 5- %/1)- {

[3-(trif hl[@r Qaﬁtdayc?t@g%ﬂmékﬂyua@ﬁwﬂo}z 3%11%@5111 Avgaer 541 ithio 2t B ridin-4-

yl)-7H pyrro o] pyrimd am ne
amine;

5-{4-fluoro-1-[{(4-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo[2,3-

[(2
[
1
]
[

d]pyrimidin-4-amine;

15 4-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-1H-pyrazolo[3,4-
c]pyridin-3-amine;
1-methyl-4-(1-{[3-(trifluoromethyl)phenyljacetyl } -2,3-dihydro-1H-indol-5-yl)-1H-
pyrazolo[3,4-c]pyridin-3-amine;
7-(3-azetidinyl)-5-{1-[(2,5-difluorophenyl)acetyl}-2,3-dihydro-1H-indol-5-yl}-7H-

20 pyrrolo[2,3-d]pyrimidin-4-amine;
7-[2-(4-piperidinyl)ethyl]-5-(1-{[3-(trifluoromethyl)phenyljacetyl}-2,3-dihydro-1H-indol-5-
y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine; |
7-(2-aminoethyl)-3-{1-[(2,5-difluorophenyl)acetyl]-4-fluoro-2,3-dihydro-1H-indol-5-
yl}furo[3,2-c]pyridin-4-amine;

25 3-{1-[(3,5-dimethyl-1H-pyrazol-1-yl)acetyl]-2.3-dihydro-1H-indol-5-yl}-1-methyl-1H-
pyrazolo[3,4-d]pyfimidin—4-amine;
5-(1-{[3-(trifluoromethyl)phenyl]acetyl}-2,3-dihydro-1H-indol-5-yl)-1H-pyrrolo[2,3-
d]pyrimidin-4-amine;
5-{4-chloro-1-[(6-methyl-2-pyridinyl)acetyl]-2,3-dihydro-1H-indol-5-yl }- 7-methyl-7H-

30  pyrrolo[2,3-d]pyrimidin-4-amine; and
5-(4-chloro-1-{[6-(trifluoromethyl)-2-pyridinylJacetyl }-2,3-dihydro-1H-indol-5-yl)-7-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine; ’
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,4-c]lpyridin-3 - amne; 257-chloro-3-"{ 1- [(2,5-difluorophenyl)acetyl]
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- di hydmelecaleps 3 pragll w}lefyle?phlbwrr R proteigy hileRER I 1nhiibitgrs ate knogyn'in
iy A hiouh PERI EhIHUAL I 4 BRRCREN i AGE POXO” fauiuay. The present,
{4- 1| uidwentdes Hhav6-most ByrbriRinglyr faindythjathed y)fganic’ molecule blocks the potentiati’ng

-2, 3-di hydr o- 1H i ndol-5-y11- 7- 1-7H 2,3-d i mi di n- 4- anj ne;
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1-[(3,5-di nethyl- 1H pyrazol -
- y pac e¢nybiyedic fdeud ppm@ntIadsdsyldipe-11¢Habeiekoducbtoylvds o prascteatic islet cells. Further,

AL TR N P W YK TS ——
- Y1) - Teardi@0REOME arfd Hdpensatitd disdased. PERKIEb RespoAdd ®Qinflded photeins in a cell.
[ (2,5-di fluorophenyl )acetyl]-4-fluoro-2, 3-di hydro- 1Hi ndol-5-yllfuro [3
, 2- c] pYRi stiieps due aviun lded proteins is elevated in cancers and inhibition of the ER stress
response can limit tumor growth. However, there has been no link until now to show that
inhibition of PERK can treat or prevent insulin resistance syndrome by targeting the FOXO
15  pathway.
[0077] The disclosed methods may further comprise administration of a peroxisome
proliferator-activated receptor (PPAR) agonist and/or an anti-diabetic agent. The PPAR
agonist may include, but is not limited to, PPAR-alpha agonists, PPAR-beta agonists, PPAR-
gamma agonists, and PPAR-delta agonists. In one embodiment, the PPAR agonist is selected
20  from the group consisting of mono-PPAR-alpha agonists, mono-PPAR-beta agonists, mono-
PPAR-gamma agonists, mono-PPAR-delta agonists, dual PPAR-alpha and gamma agonists,
N-[(4-methoxyphenoxy)carbonyl]-N-{4-[2-(5-methyl-2-phenyl-1,3-oxazol-4-
yDethoxy]benzyl}glycine (Muraglitazar), 2-[(4-methoxyphenoxy)carbonyl-[(1S)-1-[4-[2-(5-
methyl-2-phenyl-1,3-oxazol-4-yl)ethoxy]phenyl]ethyljamino]acetic acid (peliglitazar), N-(o-
25  benzoylphenyl)-O-[2-(5-methyl- 2-phenyl-4-oxazolyl)ethyl}-L-tyrosine (Farglitazar),
thiazolidinediones class of PPAR-agonists, (RS)-5-(4-[(6-hydroxy-2,5,7,8-
tetramethylchroman-2-yl)methoxy]benzyl)thiazolidine-2,4-dione (Troglitazone), (RS)-5-(4-
[2-(5-ethylpyridin-2-yl)ethoxy]benzyl)thiazolidine-2,4-dione  (Pioglitazone), (RS)-5-[4-(2-
[methyl(pyridin-2-yl)amino]ethoxy)benzyl]thiazolidine-2,4-dione (Rosiglitazone), 5-[[6-[(2-
30  fluorophenyl)methoxy]naphthalen-2-yljmethyl]-1,3-thiazolidine-2,4-dione (netoglitazone or
MCC555), 5-[(2,4-Dioxo-1,3-thiazolidin-5-yl)methyl]-2-methoxy-N-[4-
(trifluoromethyl)benzyl]benzamide (KRP297), 4-[[4-[2-(5-methyl-2-phenyl-1,3-0xazol-4-
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3-[4-[3-[4-(phenoxy)phenoxy|propoxy]phenyl|propanoic acid (Naveglitazar), (25)-3-[4-[2-
15 (4a,10a-dihydrophenoxazin-10-yl)ethoxy]phenyl]-2-ethoxypropanoic acid (Ragaglitazar;
NN622), PLX 204, PLX 134, PLX 203, 5-(4-((6-(4-amino-3,5-dimethylphenoxy)-1-methyl-
1H-benzo[d]imidazol-2-yl)methoxy)benzyl)thiazolidine-2,4-dione (CS 7017), DRF 10945,
AVE 0847, AVE 8134, 641597 (GSK), 590735 (GSK), MK 767, AA 10090, LY 674, LY
929, T 131, DRF 4158, CLX 0921, NS 220, LY 293111, DRF 4832, GW 7282, 501516
20 (GSK), LG 100754, GW 544, AR H049020, AK-109, E-3030 (Eisai), CS-7017 (Sankyo),
DRF-10945, KRP-101, ONO-5129, TY-51501, GSK-677954, LSN-862, LY-518674, GW-
590735, KT6-207, K-111 (Roche), Bay-54-9801 (GSK), R-483 (Roche), EMD-336340
(Merck KGaA), LR-90 (Merck KGaA), CLX-0940, CLX-0921, LG-100754, GW-409890,
SB-219994, NIP-223, T-174 (Tanabe Seiyaku), (+/-)-5-(p-((3,4-Dihydro-3-methyl-4-ox0-2-
25  quinazolinyl)methoxy)benzyl)-2,4-thiazolidinedione (balaglitazone, DRF-2593), VDO-52,
GW-1929, NC-2100, 5-[[6-[(2-fluorophenyl)methoxynaphthalen-2-ylJmethyl}-1,3-
thiazolidine-2,4-dione  (netoglitazone), 5-{4-[(1-methyicyclohexyl)methoxy]benzyl}-1,3-
thiazolidine-2,4-dione (ciglitazone), LGD 1268, LG 101506, LGD 1324, GW 9578, 5-[(2-
benzyl-3,4-dihydro-2H-chromen-6-yl)methyl]-1,3-thiazolidine-2.,4-dione (Englitazone), and
30 5-[(4-[3-(5-methyl-2-phenyl-1,3-0xazol-4-yl)propanoyl]phenyl)methyl]-1,3-thiazolidine-2,4-

dione (Darglitazone).



5 the art, known PERK inhibitors have not been used in the FOXO pat hway.
The present inventors have now surprisingly found that this organic
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20 (GSK), LG 100754, GW 544, AR H049020, AK-109, E-3030 (Eisai), CsS-7017
(Sankyo), DRF-10945, KRP-101, ONO- 5129, TY-51501, GSK-677954, LSN- 862,
LY-518674W0BABFRS, KT6-207, K-111 (Roche), Bay-54- 980PCIEEH)12/0p1483
(Roche), EMD 336340 (Merck K&GA), LR-90 (Merck K&A), CLX-0940, CLX-0921,
LG 100754, GW 409890, SB-219994, N P-3623, T-174 (Tanabe Seiyaku), (+/-)-5
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f ”"as[to%é]”’ ﬁtmecdisclosed chemical chaperone or the disclosed ER stress modulator may be

25  used in combination with an anti-obesity agent. The anti-obesity agent may include, but is not
limited to, pancreatic lipase inhibitors, serotonin and norepinephrine reuptake inhibitors,
noradrenergic anorectic agents, peripherally acting agents, centrally acting agents,
thermogenic agents, cannabinoid CB1 antagonists, cholecystokinin (CCK) agonists, lipid
metabolism modulator, glucagon-like peptide 1 agonist, leptin agonist, beta-3 adrenergic

30  agonists, peptide hormone, CNS modulator, neurotrophic factor, SHT2C serotonin receptor
agonist, methamphetamine HCl, 1426 (Sahoﬁ-Aventis), 1954 (Sanofi-Aventis), c-2624
(Merck & Co), ¢-5093 (Merck & Co), and T71 (Tularik). ‘



25 [0082] It has been shown that ER stress can al so be induced by genetic
nodel s of obesity such as the ob/ob nouse as well as diet-induced obesity.
Use of chefi20el15812aper ones to overconme ER stress has be®AT/S€ponRtedovo |imt
activation of the three pathways, to decrease insulin and glucose |evels
and to inprove glucose tol erance and ilnsul in tolerance test results in both
insulin resistant ob/ob mce and in c?bese di abeti ¢ humans.
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abnormal condition in the organism [0095]1n other enbodinents, there is
al so phesviateéonvagatisandotitrandipinpiepalasil. of PERK gene, or a functional variant
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treatnent_or prevention of insulin ({,e?i st ance, syndr one. )
[0092] or the avoidance of doubt, the disclosed chemical chaperone may be used in any
combination thereof as disclosed above. The disclosed ER stress modulator may also be used
in any combination thereof as disclosed above. _
[0093] In some embodiments, there is further provided the use of an inhibitor of PERK
25  gene, or a functional variant thereof, or an inhibitor of the activity of PERK protein, or a
functional variant thereof, in the manufacture of a medicament for the treatment or prevention
of insulin resistance syndrome.
[0094] The term "preventing” refers to a method of barring the organism from acquiring
the abnormal condition, while the term "treating" refers to a method of alleviating or
30  abrogating the abnormal condition in the organism.

[0095] In other embodiments, there is also provided the use of an inhibitor of PERK gene,

or a functional variant thereof, or an inhibitor of the activity of PERK protein or a functional



[ 0096] The di scl osed inhibitor of PERK gene or a functional variant thereof,
or an 5 inhibitor of PERK protein, or a functional variant thereof, may be
used i n avpharmaseati cal conposition. Accordingly, in omreTschodionet, there
is provided a pharnaceutical conposition conprising an inhibitor of PERK
gene or a functional variant thereofgsor an inhibitor of .PERK protein or a
functional variant thereof [0097] The "pharnaceutical conposition may further
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20 intrathecal, direct intraventricular, intravenous, intravitreal,
intraperitoneal, intranasal, or intraocular injections. [00103] The

phar macewocal2/iserggosi ti on may be in the forns normal |l ypPempsicayeapoisuch as
tabl ets, capsul es, powders, syrups, solutions, suspensions and the |ike,
may contain flavorants, sweeteners e%g. in suitable solid or liquid
carriers or diluents, or in suitable-sterile 25 nedia to forminjectable
sol utions or suspensions. Pharnmaceutical conpositions of the present
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adni ni stration’such as subcutaneous, intranuscular, intravenous and

i ntrad@on@l] rthdt esm ‘facipextinplfas té¢ arphemadceatiedllyi stemiblondditive, other than

phar maceut i.cal cqnpositi may.be farmul afed by. conbining the activ
Colboutiactive merediiat andad PoRRRBRYDAS hefiee Hiterem OB RSB ATEL K any of
the di SGhRHEnGRTRARASS thbidhil, RRAIBGBHE bE Althini ARGER! BRISHIEAS ERiseMs! |
known In the art. Such carriers enable the conpounds of the invention to be
f or nul iatlede.awithals|lianitatiopj tarsiers] Gofsolxentsestabiliziag agents,cspshilizing agenjsiiadd,

gel s, syrups | yeries,,. su nsjons and the. like, for oral.ingestion by a
pat | ertt 8BRS lliT CARIGEBEy ArRY Pestr Bl ey AIHGBERE SIS Sol i d
exci pi ghtisifeR! | anpbhdin®r bNdiRebsithe ab&fsll tinfiBadirial Ubgent@NEhBIbAES Bidhgs, t he

m xture of granules, after adding other suitable auxiliaries if desired, to
oblt5ai npresgsyatves,opweltengete sofuazing Lagshigl flavelipg cagentsandmaysiion; Ay, abdve
and, in particular LLLer uch. a 1N ' | ac rose,
ranni 1 QPO ool Soinglof gROER IS PRI Wt R Reb RO S BpuHIE 50

st ar chfun¥eadr Bt atepbndifig 6:€ thetrgreferadichndab@haustodtiehfoandlagdbher material s
such as ?elatin, um tragacanth, methyl cell ul ose, o

hydr oxhBI &y | %@taﬂsz% rquggs| | askeinisy alden Ay dReludss it Ay neelimifed de, orghdeepl,

pol yvi - | i (PP . [ I S|t e | g

Do, P EREGEP or ARRE L AdkninderaiE bf Hearth Sk SR A S BNARE
Far0 20inpathecd] e datctamimanérsticiddr, dntravicheusadhiraatredarapdstonas, hetraasdl] med w t h
sterile aqu?ous or organic nmedia to forminjectable solutions or
suspendfraflargyectidpinpl e, sol utions in sesane or peanut oil, aqueous

propyl 9?9%' %/ﬁ}f&! p}%?ﬂaéé&%célic‘éﬁlﬁgﬁiﬁgg?n&is&dm tRE Cortl3) iEh Iy @mﬁRJer'&,i Uk as

pr epar i's manner can t adm ni stered intravenously, .
i nt r ap@bletspnmpbulys, peMadans, asgops | yolutensi riuspemsivosi| zod yhe 28e00h@G] conkdihe t he

i nhi bi tor of PERK gene may be any..one..of. the.inhibitors disclosed ahove,
e pr LSRN SYEHERSh cii BLoaNE ST At BEUigeAgier APty o bt wsari ware. To
aigh i nptie @i fRAY &f¥ctatle Qbhifiont M RispQisfonSf PRERGCERNEGI bhPbabSs RIFauk ded,
in one enbodi ment, "a nmethod of identifying a conpound that nodul ates

expr espesent givemikRKge he manufaciedd by priceessest Welt keowip il Sie g .g., by means of

conventional mixing, dissolving, granulating, drageemaking, levigating, emulsifying,
encapsulating, entrapping or lyophilizing processes.

[00104] Pharmaceutical compositions for use in accordance with the present invention may

30 be formulated in any conventional manner using one or more physiologically acceptable

- carriers comprising excipients, diluents and auxiliaries which facilitate processing of the

active compounds into preparations which can be used pharmaceutically. The active



30a. exposing cells expressing the PERK gene with a test conpound; b.
determ ning the expression |level of the PERK gene in the cells which were
exposed twothe/tsee8 conpound under (a); 38 c. conpari n@Crise20eied1onf
expression of the PERK gene determ ned under (b) with the expression of the
PERK gene in control cells which merg not exposed to the test conpound;
wherein a difference in the expressi ﬁ | evel between the cells under (b)
conmpared to the control cells identifies the conpound that 5nodul ates

expr eseimpound wikde Mngmn%lch pharnaaskntica] Qompggitimseindghe fmognissuffieiertido

evel B iRa e TmaC JRoBclotbifFith . HR6R: wifins s AP eFIRETRRES: on

| evel @foséhe PERK gene determ ned under step (b) above, indicating that the
test conmpound is an inhibitor of the PERK gene and down-regul ates the
expr esl90 915 omewélepEms @éﬁémlmﬂratlpoon@w}e otieseich asordlyder pepaaeteral n t he

ress vel Vi n
LR e SRR L SRRl gt T
Ievel @(farriplftﬁ‘ fB’EBl%lgﬂilﬁnd&h@cmﬁ theq)huﬂdweuﬁéaamoﬁip)osmbﬁvmay madfomtﬂat@i bhat the

t est conpound does not exhibit inhjibition of the PERK gene and therefore

does rnRIBRA theastivacempeunde sy B<litiosst innlitaatgue e ik conBinaparmvjth ‘Fﬁlé

di sclo

PIESRPC< (Zfﬁge ?ﬁ&lg%gl ﬁmﬂ O(aﬁﬁ%gjrlﬁl: é}ﬂnﬂ%&gg?ée} nin c%(h%le g%?feéktl a kﬁﬁ\ﬁﬁ?t ors of t he
PERK m cdrﬂéﬂ;1@1]athihbecdrﬂqﬁ)undh|olﬁ|th®rinvzﬁnt15‘ERK I doreulatedhyas biablatsy polbee of

the inhibitors disclosed above, res i nvention al c enpl at es
othfer TPRFEHt 605 (CaPRAS DRGKIet 615 TR o PieE B S0 &Py L8 Tbg ore
i nhi bi s%oﬁfb Pﬁﬁ!ﬁlﬂ qilﬁ'nﬂacehﬂ@aﬁeprbﬁar@t'i&l‘é'fgﬁgral e QA b Thedi iR » $81id0

nethod identifying a conpound that nodul ates the anmount or activity of
PERK pcmctmm lemalil)s grjndmo aahecmlsllxlnng mexiet, hod prosepsing ithegmixtureendgsiuies, cel | s

expres PERK rotel a.te t, co un term ni ng the nt or
Sor T viat artipgradios diiaPls iclifie® SEpERiR L A tacisky Gt Siftied ot 1 BERY
CONPOURE; JAHE bre(A) outléRE.- aHéQéflaﬁdi | ekl TBYUBEs REh A§ hydrb,YinOudRERKCtBEOL €i n
det er m ned underééb) with the act|V|t of PERK protein in control cell's not

exlfos egicrase.t mennitdt o sorbUok dellwlisy @remamtldm fseehe pg efor rﬁxameleamm smch
activit f  PERK bet ween the.c ared

cont r ool sEAE MRl RSN, lRe" Bl ot ofurtl SREP Bkt e
pr ot ei tiagaBarithe celdlahy130[0%nﬂliosén anQiyﬂﬁfxy@fd?@ﬁhéfﬁﬁltcellhltﬁée i 'S gdfin
provi ded a met hod of Identifying a conpound_t hat nodul ates the anmount of

PERK  praghaymettigslioss apd/oapeléfmnylfﬁ@olmnﬁéﬁ\/@b%d@%ﬁeﬁgdmateg&%@é%ﬁgscel l's
expr esrﬁb goepg(ﬂédprsﬂ&?'ag Wogshhﬂ(etdeﬁglygf?l%%%hdone agar, or alginic acid. For

20  parenteral administration, the active compounds can be combined with sterile aqueous or
organic media to form injectable solutions or suspensions. For example, solutions in sesame
or peanut oil, aqueous propylene glycol and the like can be used. The injectable solutions
prepared in this manner can then be, administered intravenously, intraperitoneally,
subcutaneously, or intramuscularly. |

25 [00106] While the inhibitof of PERK gene may be any one of the inhibitors disclosed
above, the preseht invention also contemplates other inhibitors of PERK gene. To aid in the
discovery of other inhibitors of PERK gene, there is provided, in one embodiment, a method
of identifying a compound that modulates expression of PERK gene in a cell, the method
comprising:

30 a. exposing cells expressing the PERK gene with a test compound;

b. determining the expression level of the PERK gene in the cells which were

exposed to the test compound under (a);



39 b. determning the anount of PERK protein in the cells which were
exposed to the test conpound under (a); c. conparing the anount of PERK
protei n cwbermeR3under (b) with the amount of PERK i nPcorsGeal2/oo@ky s not
exposed to the test conmpound; wherein a 5 difference in the amobunt of PERK
protein between the cells under (b) égrrpared to the control cells
identifies the conpound that nodul at the anobunt of PERK protein in the
cells. [00112] The difference in the expression level may be a p05|t|ve

di fference. Thatcomparingdhe leyieb o iexprepgmeiof dhe PE&Kpere detemuped ypdern®)
control cells i e P ein
det er m ned undefw@%g gémg tO?ﬁle%dé gtééeg%({ﬁ&@ %eﬁlfsvfh k[@%rgnrlé%& ?Eé an

i nhi bitor of PERK th¢ &‘Steddm}ﬁmddd\OMmIil&gdlffateﬁSe inhthe @rpressioroleveltickwednythef t he
PERK pr ot ei n. [00113] Conversely, the difference in the expression |evel
may be a negat i v&llgider Enceomprred 19 dhe corirelsyle ddergidics gl compoyne that Rk
pratein of the | pression | evel of the PERK
prgt ein determ ﬁ@g&{}% gﬁrgéldn?gtﬂy\ggég%ﬂeg %ge?rng that the test 15
conpoyndl @fesTheodiffexdmcbiin thenkxdredsiomnlewél ﬂnhp bE’ERjz{oqunm differeanel Theengfthee does

not down-regul at nt or_activit PE rotein. The
07 sol GOBEron o of e dEAEk Bone it R comslermls i BEnF AR Bt Ao IOUTT of
activigy rdrsP EB&% Hét@ir%h@d 'u'ﬂdﬁ' ﬁ@éz 6bﬁ§iyov@e§r{&éat1§1§€th§t%€€%é§t% uRPLE Bﬁ! aI

i nhibitors of the PERK protein The activity of PERK protein may

be detiehitritoeet tbngtEﬁllﬁ@narayd dn'efn@egulates ﬂl@lelxpmssxgp okthh #dRK genei n vitro ki nase

t h tro k || k
TR UL REER R R R St Yt e SR o B
on el Fagt (;$58k, e)é}ﬁ‘éys% fehel BPVIRd PFIRKE (g8he iofeht | don@el llDi0 SRRk dhan REXO

25(as shown in Table 1 bel ow) or in human Foxol (S303); b. a cell based
assay GXQrCSFO)X(lf)VeéQf Ih?:l RERK \gene detgrmined gafer siepsdy aéggfaynd;patm@riéaq fheitest] udes
et T L ARRUATSALE P 0] il SRIRE etk AROTNE, O RITHO o oA

cells assay nucl ear ocaflza ion of

FOXQO, &gllﬂbteaﬁe @qﬁ;@sionbﬁﬂ&dPE&K@maOr eferred to in Exarrpl e 1 below, d. a
cell based assay based on expression_ of known FOX() et genes, such as a

cdl HAEY] asHa'zyd&S@lpaqdr Bgthod @fnldese%‘mgeazcompog%ﬁwe@o atamxmsse@m\fv 40
e. a Cﬁ%kzgg@ﬁeeﬂhoéen'xﬂa % ﬂé§& ?rﬁxggggp&&nﬁﬁﬁlﬁlm{& Osgﬁt Ridy optionally

neasure ho-"s to the auto ation site on
PERK ([0081D)], Wailt hiee HERKt(ﬁIdfd’ESHQ posterl maa beomytcmeSﬁClBe Githibitorardidetosed 1 (or
8? ti On%lolvg tl?engre(s)gnt Enrl/%ng(t)rb e%rso Q(())r}{tgrlnpllzgilgthselrg 1b1torse (r)ll. i’lfif{ﬁdprgtrél %%cf in the on any
discovery of other inhibitors of PERK protein, there is provided, in one embodiment, a
20  method of identifying a compound that modulates the amount or activity of PERK protein
comprised in a cell, the method comprising: ‘
a. exposing cells expressing PERK protein with a test compound;
b. determining the amount or activity of PERK protein in the cells which were
exposed to the test compound under (a); |
25 c. comparing the amount or activity of PERK protein determined under (b) with
the activity of PERK protein in control cells not exposed to the test compound;
wherein a difference in the amount or activity of PERK protein between the
cells under (b) compared to the control cells identifies the compound that:
modulates the amount of PERK protein in the cells.
30 [00111] In another embodiment, there is also provided a method of identifying a compound

that modulates the amount of PERK protein comprised in a cell, the method comprising:

a. exposing cells expressing PERK protein with a test compound;



5t he human FOXO proteins). [00116] In vitro kinase assays and cell based
assays provide a high throughput nethod for screening for inhibitors of
PERK pr otwonoendsese suitable for an initial screen of eamdicdan®00169
inhibitors. An in vitro kinase assay is a | ab-based technique to study the
activity of a kinase of interest bou to an antibody with a target
substrate. A cell based assay is co nly used to 10 refer to any assay
based on some neasurenment of a living cell. [00117] Known FOXO target genes
are, for exanpt edetermimpg (e a@gmtatfd?bgl’d{ resteinain| the eeltss Whichovere evpossdite
cells), CCAAT/en aEmf b| nd| dl%é) @iEI n epsilon (CHOP), Bim (anti- or
pr o- apoptotic re G5t 57 ’h Arrest and DNA Damage gene ( GADD45S).
[00118] Whil ect F@fn@pdrﬁgm&@amm off PERE bidkdin aétefiRKd gede (BWith Iy Ahdwaits of
PERK protein 15 that are useful in the treatnment or prevention of insulin
resi stance syneranERKhéﬂ diosepbselts inphickpased stontlly test compeyride cvherein; &
cerctain individu corgin di e r ubject is
reéeptl ve to the(%aéferl oégd% r%g untn& ng&éﬁlprbgw g %lélggn%&e?fb@al ment ,
a prognostic metdwsharal tcdeﬁeewmmlncgalltsheemtﬁteepﬁhevwnmnmfth@t ptulars the
suffering frominsulin re5|stance S ndrorre for a treatnment with a PERK
i nhi bitor, wher edmouef RERKqrotem wdhpeslises i dentifying and deternining the
PERK ty I . v cates
ol 1 SO alRRrReh L exlfOSI) RyBihl b 2B TR Thal e
[ 001195]xp&skajoﬂd:¢\$l ohiht PERK petdie oftheicoatrofeyg]lsisdughiee tiehi the ‘éxpmssmmheiznltotﬁr s of

ER stres ich .include PERK inhibjitqrs. 25[00Q12 The term "prqgnosis",
oﬁogr &ﬁﬁi’ﬁfi\ﬁgwaﬁ FRrRIRed gy Ifsteagﬁbgt@er%@a@?ﬁng g*ﬁéﬂgﬂ tegf %0%%1833% PBn of
the prlﬂﬂl%'%ﬁom}%%r@t@& &H%%Bregﬁla@s eld Gk oF R 0@ thePEIE ??(?fél% A

prognosis of a patient i1s usually made by evaluating factors or synptons of
a di se@8élI]haComeeselyndhe diffevencefinahé avpnesshdreleyel maf deor abdative alifferencer

out co f. the di sease.. The rm. nosi s does not refer to the ability
0o pr clabris: (1 SISt dpved e B B RS RYPE 1n Sonf] eHEos dedh gy e

301 nst&pebssibl fevle® bfMhe PERK Bk dbFBISd hﬁde%@tdpf’(ﬁ)r’]%%dlnﬁfc@@@éﬂhbt ¥ téspat a
certain course or outcone Will occur; that is at a course or outcone is

miSe | doaiopnd gloeg mat exlinbia uplabnt@ntof the RERK mr@tﬁmganad tievadorecdnedinot gewnnhen

conmpared 't o hose ndi_vi dua lti ng the condition. [00121] By the
t er m "SEHFEY %%m??rgr%r C%VIF rfﬂ? gﬁgﬁfr{g ¢'Syndrome" is nmeant that the patient

has alpeany bEeNddtREIOERMoIMS identiERES LEEPbEd that iddaladtedgtht r@munt syl i n
resi stance syndrome. 5 [00122] The increased PERK protein activi tfy may be

det er rACHEHY 19y PERIh pspiRe- S 66 imayaPRImBlotly seerening %P@Clﬁk%s%bﬂ?}‘ﬁét e site
on PE@% % (T980), or to the PERK phosphorylation site S51 on el F2a,
or tot phosphoryl ation site S303 on human Foxo 1 (or optionally any
of20t hel00t Tgr iy abtiRERKS HERIS prdeid irhaye dbe odetnened hedusing amy ofe fighbiunan
FOX() pr.otei ns) 10 [00123] The present inventors have now found that
PERK—d‘g HewHefpet ‘é%phoryl ation of FOX() drives FOX() into the nucl eus,

ety | S50 89 IR IS R DR ST i
Accordi ngly, in lonevresubsidatersmth ast ﬂhenéentﬁieﬁmmpuoaahpn@msﬂmes on@lﬂiﬁ@l for
(T980) on elF20. (S51), and/or the novel site(s) identified in Drosophila FOXO
25 (as shown in Table 1 below) or in human Foxol (S303);

b. a cell based assay for FOXO activity, wherein the cell based assay optionally
includes luciferase assays using a FOXO reporter transgene in human or
animal cells;

c. acell based assay for nuclear localization of FOXO, such as a cell based assay

30 referred to in Example 1 below;

d. acell based assay based on expression of known FOXO target genes, such as a

cell based assay referred to in Example 2 or Examples 7A and 7B below;



determ ning the receptiveness of a patient suffering frominsulin

resi stance syndrone for a 15 treatnment with a PERK i nhibitor, wherein the
met hod cowproeessrmeasuri ng activity of a protein ki nasePAKBEGa0/000169

Pl 3Ki nase activity in a subject, wherein in conparison to a control a

| owered AKT activity and/or |owered PlL3Kinase activity indicates that the
patient may be receptive for a treatnent with a PERK inhibitor. [00125] The
control may be the AKT or PI3K activity in a non-diabetic individual. 20
[00126] I n one. eniseliitmsent or tiheriteo i assgyr gaﬁede@ FERFo getsini activity hertdiohally

determ ning the receptiyveness of a patient ffering frominsulin

resi stance syndrBffg" egr]?yaa ﬁ%ﬁ)?lﬂifﬁ?g&f ?HtTtéOdS‘éﬂI{E? ﬁﬂ']%[ﬁhtoé,? 1ot té?réflﬁe Phe
net hod conpri SesPEﬁQﬁquQSG)Qt&th@ PERIKSi1e\SS 1| (Ve F 30, W tdBISPEPhYhat Fefb1qar t he
AKT site and on the PERK site(s), wherein a |lower ratio of AKT site

phosphoryl at i on emiopEiKary ekthp kdwpmnoys) PAiRkopitgsridertitedorpmedictehen pay vént i s
re(‘se_pti ve for a %‘5 trrneaqh:gﬁ&s %éig )a PERK i nhibitor. [00127] The

det'erm nati on wh Ff}%gr a FAPTUCBY AKT site phosphoryl ation to PERK site
phosphoyi &t | Bviirs Kirskeaedydand &gl Baed aedyOpiovidy LChigp alirotghpub enefieasior ed

ratio wth the ratio determ ned in a healthy nan-di abetic popul atij on.
[ 001285crgeningnier énibidnrawh PERK prateingangrasg isﬂlé%’kaf% an mgial sergen R candhidateg or

bne. o polst Al th D nf E3: 843 B REd RER e B R B0 ber 8 o ibifgrERET | o0
di scl omedesndoidito aarmn@ibddbwiti aasrgdi sbkwaedA loell dased aasayds gamimoniyohsedwd e -as

di scl osed herein and a pharnmaceuti cal coqposition as disclosed herein. 42
[ 0¥ 29%tar fo ameassapbrictren some pspairee A @ityane ¢¢llki t for det er mi ni ng whet her
a pati uf i pnsulin.resi gha nglf; ¢ j t] a
oot o R QK O s S O P At ek QP vt

ant i bomdnsktispéoicts in detls)o UE AT ephancerf bintiag Aldtepheps powo ( GHOP), dBins (angi¢ F on

one 5or nore of the human EOX() .proteins; d b. anti i specific for
one orprﬂiﬂpép@flcf%?WWh(g?ﬂ%%MeéttWﬁf@ﬁaﬁi@ﬁge&?n%gxﬁﬁ%T e of the human
FOXO piogl £3)nSwiile ftRére 99 BroRidedORRi bRbrstdTeP FiRIS e RN B8P Hbibit a4 bOPERK! Sogelin ON
PERK protei'n or on elF2a. [00130] The anti bodi es may be used to determ ne

t hié r athatoarefusgfidl iPERK resipspthor prientrition afOngHinFEXiSlangs synsirerse, the slisgdosedicl ude,

but are,not limted to, .l nof | uor escence .and i nobl ot t.i,ng, OL. ..
enzy et TR Jo P a0 & R ErTangtca Sy Mgt RP e Bt Tl PHis PG oay
et hodwh@s&d aOkubiétt | Merec@BleUi® RO EINeaSrreftmeat | @bl MApesiddd, ft baE

met hods such as nmass spectronetry are possible, but may not be practically
usef ul embppdiment; g pragnosee maied fusedaterminng therkeFeMERReSHASs b MaHSIt Sufferingn FOX0

pr ot ei be r - chi t.l.C: 1o | ower
Phan_ A du RapSRE Shrshertl E¥epuieny NAAE CHORREIREBE Whlteln uff ARUP .72
f 0 t r@miprzes idshfifyirg MAREtdrmiibg tlerPERR @3B}y hitke patiedntwiefein lah Gisdreaatd vel y

described herein may suitably be practiced in the absence of ~any el ement or
el enentBRK| aotivityripdiqatey that e persopsmaybe pativei fonia (reaimspy i@ PERK

inhibitor.
[00119] Subjects that may be receptive may also benefit from inhibitors of ER stress, which
include PERK inhibitors.

25 [00120] The term “prognosis”, or grammatical variants thereof, as used herein refers to a
prediction of the probable course and outcome of a clinical condition or disease. A prognosis
of a patient is usually made by evaluating factors or symptoms of a disease that are indicative
of a favorable or unfavorable course or outcome of the disease. The term “prognosis” does
not refer to the ability to predict the course or outcome of a condition with 100% accuracy.

30 Instead, the term “prognosis” refers to an increased probability that a certain course or

outcome will occur; that is, that a course or outcome is more likely to occur in a patient



herein. Thus, for exanple, the terns "conprising”, "including",
"containing", etc. shall be 20 read expansively and without limtation.

Addi ti onawbyp1zxtse128er nrs and expressi ons enpl oyed her ei nPhase2e®nogsed as
terms of description and not of |[imtation, and there is no intention in

t he use of such terns and expressi ong of excluding any equivalents of the
features shown and descri bed or porti éns thereof, but it is recognized that
various nodifications are possible within the scope of the invention

cl ai meekhibrHng a igivesheenditiore wherercompetpdt kattheget Hukigaualh enot 2exhibitsg rthe

i nventé%g.tltg)%s been specifically disclosed by preferred enbodi nents and

opt i onal “Ieat ures, nodification and variation of the inventions enbodi ed

t her ei [poh2riei By eheSehp Segtferay fem ieslihtredstieBynddare isKichhiabati the Higerar t
and that such nodifications and variations are considered to be within the

scope i almpdy baspdingnesed, pioio sBPECtyh &0 bhwdtering Aromy sl Fesitanee swlEoBe-oadl y

and. ge bhgal I f.: . r ! I.C

o Gup LG e ekl PERECpficih Moty BT OV1BECARTEA S £BHoHBABRARL

i nvent aibodyl hbStHenﬁl}ltuquSﬂH@ngﬁmersité: dte FERIPt proriro f(THHM®, iorventheoPBRKh a
proviso or. WD 2012/ 158123PCT/ SG2012/ 000169 43 negative |im¢tation renovin
any subjaspioryigtion sitg Soh ¢heltgen s to ﬁggggageg@sa ORYREPASHE 13 O N PHB AR i seg
Bt eri ) e 3 3 eSSt . o

it 1 Tpb PREIIE Bh b HRCUA A haer PERIC AR IC Bopre BRI ERI ST BE D or o
f eat urlasmar F@XpPepbeims). t he i nvention are described in terns of Markush

killed i th t will i t hat, the i ti. i |
P tp0Be oy Pasd tehert ayapesra st pov it Se A PR HER Aoy &
of t hepdYROKHEPesIFORD) e RERhNYENIAhFEEST le@&ingl tlboﬁaa%hclugen | thafl thi NEH&6AMP! es

of the invention and conparative exanples wll be further 10described in
gr eat eAKdetiwighokghordéteerctiediERIG-s8p phospherytianps méormativeh shoul d not be

t i liniting.th .of the i tion, [00135]} Th
£ ol T okt Ex A frclEhaltt o o HoRSIRL R b Prarafeld PoRAE e rBoRd hor s
si gnal digmidinpWaY rdcepeRns&r yed phthind yatiaiis frb@ anilTRleskianes Sydrbie ifsr a

therefore possible to = ) . ) o
15 treatment with a PERK inhibitor, wherein the method comprises measuring activity of a

protein kinase AKT and/or PI3Kinase activity in a subject, wherein in comparison to a
control a lowered AKT activity and/or lowered PI3Kinase activity indicates that the patient
may be receptive for a treatment with a PERK inhibitor.

[00125] The control may be the AKT or PI3K activity in a non-diabetic individual.

20 [00126] In one embodiment, there is provided a prognostic method for determining the
receptiveness of a patient suffering from insulin resistance syndrome for a treatment with a
PERK inhibitor, wherein the method comprises measuring the relative levels of
phosphorylation on the AKT site and on the PERK site(s), wherein a lower ratio of AKT site
phosphorylation to PERK site phosphorylation indicates that the patient is receptive for a

25  treatment with a PERK inhibitor.

[00127] The determination whether the ratio of AKT site phosphorylation to PERK site
phosphorylation is lowered may be carried out by comparing the measured ratio with the ratio
determined in a healthy non-diabetic population.

[00128] In one embodiment, there is provided a kit for use in treating or preventing insulin

30 resistance syndrome in a patient, said kit comprises one of the following selected from the
group consisting of a siRNA as disclosed herein, an antibody as disclosed herein, an organic

molecule as disclosed herein and a pharmaceutical composition as disclosed herein.



perform genetic screens in Drosophila to identify new regul atory

mechani snms. Accordingly, 15 the foll owi ng Exanpl es denonstrate the insulin
si gnal i ngvoeetraisseas i n Drosophil a, thereby identifyi ngPcoscGesponaicng
mechani sms in mamral s. [00136] Drosophila has one FOXO gene. Through a
genetic screen in Drosophila, the englgpl asm c reticulum stress pathway (ER
stress) was identified as an inducer '6f FOX() activity. On the other hand,
ER stress has three effector pathways in mammals: activating 20

t r ansdPPpi9loninf et embedipart-ghere| ivprowidad PERK fordstsrpong vdsther 2 aalkdy . ATF6

is an E [ -requl at. ran nbr : I .ACt . i vat es
the T rasaPE BTERSa B Re IR AR PR SR LR RS 5
possessk&eianbOkiyebapsesactivity and is inportant in altering gene
expression as a response to ER stress signals. 25 [00137]. EXAMPLE 1 [00138]
Thi s exanpl e @enibodigs srecifitato @R ApeIs HTithgi ARds Phaseherytation sHelsy aR o8 of
FO)gO in a PERK- d&%é}g??% e%’&’aﬁrF }eog)sggeﬁfg assay was used to show that

e lhe et ec(%s

ER st ress counterac I'nsul'i'n signaling, thereby increasing
nucl ear | ocal ibzadntibodies spFcifiofdti dng drQXGre dOMEIHRA PHOMEhayylaton kite(ey escent

(GFP) fusion protein was expressed in osophila_S2 30 cells [ i ent

transfection. Th‘éle[?ro@eﬁﬁh‘?ff('ge mag WSEP&W Pinfog NG (AT RIS Q%F&rﬁﬂid

deprived of insuly . t L Wer ted with 10 pg/nl of
iRl SR SEle R e

insulin for 30 ocal i zat1 on of FOXO GFP was scored
by obt[@0h3(g Theeaedbodits triag e@XEd to deterGhfe thepres sf AJCIYBERK. phbispharpkatibi n

treat ed | s were naned sanmpl . A control sanple (a),was obtained b
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di sr upntibndp mcERADbasad Pnrantigenvasptdtmen Isymsles rod gratrenit materids Riher metheds et e

HMG- CoA 1 educt d dat i . tein 3 (Hd3),. 1 . nduci R st :
Ther carEBA TEHETRETTEAoRE TEPUGE e e e ed ke dp Pl SRR °°°
t r eat NBRY ratibNofSARAYEEKK) phofRos¥1a€SS oMED X Ost6RehsOiiaf HPBNAgaeat feAdrniad
deplete Hrd3. PERK protein was al so depl eted using dsRNA treat nent.

Thidr eafanediabatiseconiapls sA wrticelomier Hiaa dhergantrol sl Andicaia that Hietnaficntiaay BRNA
treatment,. .1 4 T resu r-e.. in Fig. 2, where N neans

pr edongoﬁéiﬁﬁ%h%g%?rce%era@%trr“ggln%f)%ggd@rlﬁ%ﬁg%I y cytoplasm c and CN neans both
nucl eaoadd CYlie0 phv@atidic illustragidlgrdesaittsl, hdrei@. may Sdudnablyt be ppssticedtiagae of

cells in which FOXO GFP was found primaril ﬁ in the nucleus, primri Ig in
the cyibspicaseh any elsmeat of hesnents,| impatipr,er dispiftionst et Jsaidically diseinsedin

Fi g. .t tel r -ngntd =1 gar., i it is
segn %&%Pgﬁﬁ%( g?ﬁ%%%%,%gfwo’?gﬁpﬁﬁlgf ’ ﬁgﬁ@l@p ic}s;mgglt%oggf gtscmg@élg ﬁe about
7% of read kksanaivdlybatdhwithmit damitaiod. ddtivphal$yyithe itermaodtexp@¥siofis emplayed
Accorﬂl\igengl , tpis evi dences % at inpsuli trefalt nment shifts FOXO out .of the
nucl eusTHAGAY PN &Y I5HF A5 AFSCEPYRR aadrppteo lipttipneppd thspe s no inteatign he
seen tihahe BR St kR %erﬁgraﬂa eQﬁ@EﬁBﬁsOWex‘éﬁidMgezl{:%;%cﬁ‘ijvatlé?ﬁs &f e Gatties 'sH&HJF] inin

novi ng FOXO- GFP out of the nhucl eus because activity is now bot

nucl eamdatescrtheti aplpagivins thanectbowttit B0ecaghiz2d that|Maspupmedidicrienstdry pessitdpl asmi ¢

i n about, .25% of cel d predoni | | in_about, 5% of |s,
Howev VIR G Scarbicl e preaties gambed hus, R BnTRte it th hndfhaft on o
PERK  phi0dcit Tnwstitd hEE%KerR%cﬁﬁﬁaﬁFyf&m@&a BV refeledd BRbERnEhiseasd bpligians

FOX() fgr edom nantly in the cyt OF asmin about 70% of cells and FOX() in
bot h tiseturascmedidicaimen angd wsiatismrof theabentiognombedied thesein derppmdisplgsed manN and C

t ' f [ >0t i ts..f Br d3 | etjon.
and aoEarBrd Bn bor R, TR ap mar b Frofiat R, S PRaaREF s | b
for sasmakideded ko BOWitRiFHNOdopk Of tiaaimReatidd) . PERK depl etion had no effect

al one %r esults not shown). [00141] Accordingly, it _is evidenced that
depl etP8M34f Hrerikavenirikbes been descabed broadly gnd egggerically herein. Each of the

30 narrower species and subgeneric groupings falling within the generic disclosure also form

part of the invention. This includes the generic description of the invention with a proviso or



on FOX() nuclear localization. It also can be concluded fromthe results
that PERK activity is 30 required to nediate the effects of ER stress to

i ncrease woebhearss®X activity and suggests that PERK actvisGgoR/oonsd es
FOX() activity by pronoting nuclear |ocalization of FOXO. On the other
hand, the depletion of IRE1 had no effect on the in a conparable experiment
(data WD 2012/ 158123PCT/ SGQ2012/ 000168 45 not shown), showing that in
response to ER stress, depletion of I REL does not affect the | RE1L effector
pat hma}egaﬁmlmmnimmw&lgzars{ sﬁlbjbxlex]nattm fsorestharpérais degandbiss af whethbmor RERK
potentjiates FOX act.i.vi teyHJ VO | ﬂ Dx osophil a. [00144] Exanple 2A [00145]
Quant i D& EXYEedBeRAlds pReg écépyﬁcil%ﬂ P61 er ase chain reaction (RT-PCR) was

used 1Qof 93] EGfKY @rnﬁéfdlﬁf%ﬁﬁs'a?@w@thnﬁthlé oG Wik Qlﬁ@aﬂ@ﬁ@n AfniBRg RarhpigsilAt or  of
over al translatlon levels in cells), in RNA sanples derlve%l froma

Dr 0s opmidﬁtaom whegdeanrss o8 smgtstotﬁehmuber@@mm desasbeshio. termis of Markushogrospmpl e i s

AS) Befon Mehoarl AR v ol RBL RO s R HRRS ot o

eX p r esa&iyrlﬁdlaldﬁﬁbm@ftiﬁér drisabs@ap ef aRehbeh of thapcish grélpnot ed as " Nub>PERK".
The RNA 15 was extracted fromw ng discs of wandering 3'd instar |arvae,

and treated with DNAse to elim nate genom ¢ DNA contam nation. digo-dT
prinmers were used for rever Fﬁpﬁﬁ.& i@% ults were nornmalized to
Kinesin mRNA | evels and to eﬁ eve 1(;'18Lt e Ti;@? RNAs in the nub-Gl4
cont r olo0$34ip| IGSn-hhﬁﬁﬂgleianTmés 6ﬁﬁlullﬁ@enabﬁ agdeumpartie gxamfleasill bt dutiiange
rel ative to the "Nub" contral een in Fig. 3A .the levels of 4E-BP

arld mwcwegnergrwev'm&mm@remfﬁaw ﬁpﬁmﬁmdp"@wmphﬁewwmheuléfnopémow shown
in Fi f VQF«J] £€d to a control nRNA and show the
magni ?a ?wﬁé@e‘g‘é Ml% Sh%%ﬁn% evels resulting fromoverexpression of
t he UA{@OIPERK ‘Blendoliawih g\lulﬁma%l&ﬂk@ welrdz oaar[edbeutsbxmdt tratth¢ Hectl thaeltlse mrisuBERK

MRNA ar.e al so ch hi gher P K" t.h "NuE g rdin B/
exper | 13e 1 S SRBSETHe D l@a suedpme fyis ?rpa?% e Hat the

over exph-essl Qehd s&@b%s'?g@?obdbhﬂﬁl‘ﬂ@ﬁf)e%% néW r&8u14tBR1 Begedists: REchaMRlye ©

about 130 fold above the baseline as conpared to the "Nub" control i es
Helric e, the folisvieg Edempled demanstoiethe iprudis signaling meERKigmoindPnesophilaj thereby

Dr osop. |I%¥results ig an |ncrease in_expression of the FOX() target, 4E-BP,
and enfiSHESRERECRPdingMehapisys fn E]P‘é?ﬁ Pression. It thus can be concl uded

that RigRar ODRk@ﬁliﬁo?fas3QQ§W®ygene. Through a genetic screen in Drosophila, the
endoplasmic reticulum stress pathway (ER stress) was identified as an inducer of FOXO
activity. On the other hand, ER stress has three effector pathways in mammals: activating

20 transcription factor 6 (ATF6), IRE1 and PERK (also known as elF2a K3). ATF6 is an ER
stress-regulated transmembrane transcription factor that activates the transcription of ER
molecules. IRE1 is a ser/thr protein kinase that possesses endonuclease activity and is

important in altering gene expression as a response to ER stress signals.

25 [00137] EXAMPLE 1
[00138] This example demonstrates that ER stress induces nuclear localization of FOXO in
a PERK-dependent manner. A cell-based assay was used to show that ER stress counteracted
the effects of insulin signaling, thereby increasing nuclear localization of Drosophila FOXO.
[00139] A FOXO-green fluorescent (GFP) fusion protein was expressed in Drosophila S2
30  cells by transient transfection. The Drosophila cells were grown in serum free medium and
deprived of insulin. The transfected cells were treated with 10 pg/ml of insulin for 30 min

and the subcellular localization of FOXO-GFP was scored by obtaining images of the FOXO-



46 [00147] Exanple 2B [00148] In this exanple, relative eye size was used
as a neasure of the effects of FOX() activity in the control of tissue

growt h. [WOL4D)1sdhe control sanple were flies expressi ngca/sGybi26adido
transgene and is denoted as 5 "ctrl". Depletion of PERK was acconplished by

RNA interference (RNAi) and this sanple is denoted as "PERK RNA ".

Over expressi on of an upstream acti vatiton sequence (UAS)-FOX0 transgene in
transgenic flies was done by crossing with the control flies and this
sanpl eGFB cxpmstimgicals. TROXGUlin Begbd telbnwek raERK sampleabg.oirpbntsdiesdmipie (a)

oA RS aRL o7 e s ARG s MBI R B SE 3 Sl L S 7 P
tR ﬁ%. et hets WMduBeddy- RO iR Ritki) 1§ dstpiMmhopisnlena @fliniassobRida. PERK

. Digital ifmages of the eye sizes of each sanple were taken using a
m cr ogwoeen degtedatmnsFRAID) chazldenyadhé fdisreptionnof FRAD otaghinanyewao flomf bect ed

f I d i i xel i J
Thoa DiEERT A gRrovh e B8RS TVES AR durion:Safdiiet phSePCs (TR Shefhy i n
Fi g. 3Bdyihe BROLRLS TiQeAER! AT eRY Hed RBatbd vADInkAIR ¥ dafs hfted thel ARINW
standard deviation for the sanples. As seen in Fig. 3B, when "FOXO' was

conparteehtmenthln Ao RBRKR Ress'way nduceddyi dsEibe treatment tegsipbate blid b PHRERK
counteracted the effects of F ver expressi s eyldenced an

mor catah b e YTEE g SN RAE A ERSw Yy, A% B OEEIRRA I - perc
RNAI ", in§ilier £daesfieothe (dRNIA eetmehtat i ve eye 20 size. Accordingly, it can be
concl uded that depletion of PERK activity in vivo in Drosophila _counteracts

t HO efl0BHY oFhecsesissarpeipyn ae figi2 yhespaneans redpmigapiyerycsar.of nparK

o e e Bl LSRR BN by PRI PO SRR Y
can be2 sl thdgsbrichaige RIERIE1p i mbiiets FER-GFPSwas foundt primdrily tihehe nficleus, bot h

Exanples 1. .and 2, it can likely be cagncluded that the pronotion_of FOXO
act i viRm3dy dp e Giorissn At faad dn pethy HecanoReetrspdn g qﬁ@s@ sanle it Fig- 4§81 eus

wher e thh tﬁ??(ﬁ?@(ﬁ?’t ?rottéiﬁ‘%ﬁ %‘r&foﬁrﬂﬂaﬁﬂgg&[@r, [l s %kagh%@ﬁhi@o&léwl

Thi s exanp ates that human proteln pronotes oxo 1 and
Fdxo3doeationv bf WOXVEPP 112/ ¢88A128RCTINS@GROW2/70%0 b6 ells 410 bbth] nECED pndt ei ns

o SRR R ARSI o TP, TRSMS, g Sl gLa Bl R FERC on by
FouteaMast s CHFE AISSHLE 48 SRR S S8k () 1oy ap b FONO
| uci f ethatslER |srgss| (Elrd% depletion) counteracted the effect of insulin in moving FOXO-GFP out
of the nucleus because FOXO activity is now both nuclear and cytoplasmic in about 70% of
20  cells, predominantly cytoplasmic in about 25% of cells and predominantly nuclear in about
5% of cells. However from sample (d) in Fig. 2(d), it can be seen that the depletion of PERK
protein using PERK RNA interference even during ER stress retains FOXO predominantly in .
the cytoplasm in about 70% of cells and FOXO in both the nucleus and cytoplasm in about
30% of cells. Comparing N, CN and C categories of 3 independent experiments for Hrd3
25  depletion (sample (c)) and co-depletion of Hrd3 and PERK (sample (d)) yielded p-values of
p<0.05 for sample (¢) and p<0.001 for sample (d). PERK depletion had no effect alone
(results not shown).
[00141] Accordingly, it is evidenced that depletion of PERK blocked the effect of ER stress
on FOXO nuclear localization. It also can be concluded from the results that PERK activity is
30 required to mediate the effects of ER stress to increase nuclear FOXO activity and suggests
that PERK activity promotes FOXO activity by promoting nuclear localization of FOXO. On
the other hand, the depletion of IRE1 had no effect on the in a comparable experiment (data



[ 00155] Exanple 3A [00156] In Exanple 3A, control cells were transfected to
express a human Foxo3a firefly luciferase reporter alone, denoted as
"AFRE". TWO200MSBBB cells were further cotransfected toPEXHGRER/0PYRD3a
(denoted as "+Foxo3a"), PERK (denoted as "+PERK"), or both Foxo3a and 10
PERK together (denoted as "+Foxo3a+PERK"). A renilla luciferase reporter
was cotransfected to assess transfection efficiency. Cells mere gromn in

Dul becco' s nodi fi ed I e's Mediu l e te OfV

bovi nel¥é %Yﬁl)( ﬁlﬁ%)(mg |ln FPRGTSE &Eﬁéﬁ%ée@aﬁgwﬁﬁ% ‘gﬁ %‘ ﬁﬁﬁgem S
(Roche, W’%B,l ence, Cermany). Cells were |ysed and | uci fer ase assays
perforne 3 days after transfection using Pronega Dual - 15 Luciferase(r)
assay kit (Prorrega Cor por at i on, Wscon5| n, United States of America) in

accor dﬁ)@ﬁg E E ufacturer's instructions. Normalized |uciferase
| evel s the re measured and the results are shown in Fig. 4A

As sseefpoi i3 d1Fl Bhis4éanPi 'REDh G Ha@ K| m&&m@m%ewgeﬁew% Rpessi on
as neasured by an increase in luciferase levels in the sanpl'e "+Foxo3a" as
conpar Bibspphits4y FRE" control . PERK expression alone had little 20 effect in
the sanple "+PERK"'. However, co-expression of PERK potentiated the effects
of Foxo3a in the sanple "+Foxo3a+PERK". [00157] Exanple 3B [00158] In
Exanpl po34] ceRbmple Zel|s were transfected to express a human Foxol

| uci f er ase 25 reporter alone, denoted as "IRS'. The control cells were

f ur t hel00d 63 aﬂyﬁ@éﬂt@(f reBers HaBsssipHEN Polymetassothain eeectionFXIGPOR) vesRsed
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t r ansf Rotls on cell)] & RN@ysangtd derived eraii @vmro'saspﬂﬂvﬁwsﬁeelx;aesmgpﬂhe meht@d4W t h

10% PBS. Cell transfection was done using FUGENE(r) 6 reagents. Cells were
| ysed BARFEEREci TRIP AQWIgh saBple, 48 eRetsd nisd ;bJuB QVSWBGGS%I?%rﬁf%t%ﬁ“’m
Nor mal ey S I ults
A e ShiR o S B A BUYSNPERK o ﬁ”%‘*fﬁéﬁéﬁ e Ube b ol
r epor t Bies agpriessitigya nph- %mudnisgelmcetndrtbls@amphdsgemm%ad:‘d\)hdbPEﬁl@i. fliholRMNA Foxol
WO 2012/ 158123PC}1’/ 862012/ 000169 48 jncrgased r orter vi.tth'N%Et he

sahl e™as pokested: fram W A0t FandeRae ¢ oA 12 ~eg. %rsép%% { RIEOwi t h

FOXO' LRGMSRS SHnbBROT DRI adnkathihdiHd MLt | AiGest Reeref higet ©f FQ¥RE on

the Foxol luciterase reporter in the sanple "+Foxol +PERK". [ 00159] From
Exanpl trsnsBApmrd R3Bylty weannrivelizashol KiesintrhBNA eyeleagddo PERICvelcof thiettgst5
pot ent j %l?e[ Lg)t(fégﬁts of1 hu n FOXO. [00160] EXAMPLE 4 [00161] This
exanpl ? Cﬂﬁttmcféﬁ’lp i on of PERK reduces FOX() activity in human

AGS ce{dom LOThORLEHR arkh@o®% RA @%'3%a§fol&@ﬁér@b@elﬁ% e SNUBaSHhes]. AY
quantitative reverse transcri E'PI on pol ynerase chain reaction (RT-PCR I n

t &G esesnphdig.tHe thRbevelsaef dcBParre élulcérhiglpﬁrl rip fNob>BERRg thelsyNWr' anthl t
(9, 295 SKRERSY M R 0o L OCL BRI SO ATt
pri mer gnd sHoe INBNASnITRESHIT i@ 6keadetin IERED nfROXA e ey @eillfing GoAVIVeeadpastsidn dii ndi ng
protein the UAS-PERK gene in “Nub>PERK?”. It can be seen that the levels of PERK mRNA are also
much higher in “Nub>PERK?” than in “Nub”. Accordingly, the experimental conditions in
25  this Example positively demonstrate that the overexpression of UAS-PERK in “Nub>PERK”
flies increased 4E-BP levels of about 130 fold above the baseline as compared to the “Nub”
control flies. Hence, it is evidenced that overexpression of PERK prdtein in vivo in
Drosophila results in an increase in expression of the FOXO target, 4E-BP, and enhances the

effects of FOXO overexpression. It thus can be concluded that PERK promotes FOXO
30 activity.



15 epsilon (CHOP), Bim (anti- or pro-apoptotic regulators), Gowh Arrest
and DNA Danage gene (GADD45) and PERK. Bip2, which is not a FOXO target,

was al so weasiwesizas a control. Results were nornal i zedpto/siKoesnecorRNA.
[00163] Exanple 4A 20 [00164] Dinethyl sulfoxide (DVBSO0)-treated human AGS
cells were used as a control, denot eq as "ctrl". The human AGS cells were
grown in Roswell Park Menori al Instit&te (RPM) nedia supplenented with 10%
FBS, and treated with 10 lag/nl tunicanycin dissolved in DMSO at | ng/mlL for
4 hour@0i47]i nBuwspleRBst ress. The tunicanycin treated cells are denoted as
"TM' . 1 antitative RI-P erfo I lye

| evel @? E?ﬁeqisn]ntg géeza)(t%ellé’tl G%ﬁvenﬁmg%a&%gtuge.d Llsné Iﬁfegg&r tozqgérlvgffgﬁ%\c/’mﬁ !Flét%kzl g. 5A

wher e aivilin #edoheMelfsisafe gfbWh. t ranscripts were neasured for the "TM
cells con&ared to the "ctrl™ cells. It can be seen fromFig, 5A that the

"TM cl¥0149]halibeseantiol pasmple Werhflign sxpreasied & CHfR61q59 tragsgepe ai] i dgRatedADDAS as

compared it . ! T . I ces
Che 30 s spliion SPERICEES BoablliGR R SAARIHERAC D8 AR 3 amp R £
[ 00167dendted ds FRERKNBNIAL. tOveadxpeestion M hn epinteammant@afian sdyaender(@atiSpd O @ h
Si RNA treatnent to deplete PERK from human AGS cel|ls. The si RNA sequence
used waahsgene iy s pssatane i TaTossing gﬁbﬁﬁcmollf)hﬁsmi@ﬁw S
t ransf R bl j i I : r for 3
s b A o o s P A %
" PERK tRitApene, TMich pR1&68; aQiarid stairidv BNAT(REBRI Apsequendeo ravuigdt cPISRiwior he
re]l atiye | evel of the indicated hungn ets h esults are .shown
i nlOFi gdepigsiondst rdﬂl‘ﬁﬁf’?ti%ldt(?gg [ sVt L@épﬁgﬁlmhtm&mﬂf&mre
measur &thofarastaexXdMERKERNA 1€ ARALISHaBES bF thb ye BERKO RN samdiMwselden The
| evel s of these target nmRNAs in PERK-depleted ("PERK RNAIl + TM') cells were
nor mal usteg a troictdseopeeweles aottarndardizzdmpegnificativat dde (totmivanea gd raffested casies ©f
[ 00169 t can be%%aen fromFi ﬁ/‘ 5B Fhat t he PERK Ievbel s, decreased .nore
t han SCYESFIPHNRS SARIR YARATCASUIFin PLYESSUSINE HRRRS L B I EPBHEMARHPRETRE A
previ p}%{@émoncl uded in 15 Exanple 1, ER stress induces nucl ear FOX()

Ity

activ and that PERK pronmpotes FOX() activity. Hence, in this exanple,
PERK diéfleqli obhaitsamiisrasg showe HodB adidhplet tha averags\eye aadh agpirde Wdsr ee of

i nduction ;,of Fox ar S Bl a 2 ard P RNAI
" teghele, SO OB Fol i eatbIT T EPCRIN AR, SITRACEOROTRES BN
conpar gphgar&e iR eTFOI00 PERKIRINAIC £t i s evid&iiced ithat kieplrtise oBIPERK sournéracted OX( )

20 target and therefore was not affected by the depletion of PERK .
the effects of FOXO overexpression, as evidenced by an increase in relative eye size.

However, when “ctr]” was compared with “PERK RNAI”, there was no effect on relative eye
20  size. Accordingly, it can be concluded that depletion of PERK activity in vivo in Drosophila

counteracts the effects of excess FOXO activity. Specifically, depletion of PERK offsets the

effects of FOXO overexpression, resulting in an increase in eye area (p<0.05, using Student’s

T-Test).

[00151] From Examples 2A and 2B, it can be concluded that PERK promotes FOXO
25  activity. Further, from both Examples 1 and 2, it can likely be concluded that the promotion

of FOXO activity is done by an increase in the movement of FOXO into the nucleus where it

can act as a transcription factor.

[00152] EXAMPLE 3
30 [00153] This example demonstrates that human PERK protein promotes human Foxol and

Foxo3a activity.



[ 00170] Exanples 4A and 4B thus denonstrate that reduction of PERK activity
can reduce FOXO activity in humans. Accordingly, inhibition of PERK

provi des wornowelssyzechani smto control FOXO activity. 25PCOGGZAR/0BEMANPLE 5
[00172] In this exanple, the hypothesis that PERK phosphorylates FOX() to
pronote nuclear entry was tested. [0(%(]9773] A Drosophila FOXO GFP fusion
protein was expressed in Drosophila cells. The cells were treated with 10
[ig/ml tunicanmycin for 4 hours to induce ER stress, which in turn 30

i nduce0pEK BOXOyprojeinsTHe teoparinsion dadtpss. hemecasoite the effeetd ohihuman iRy ci n.
The purified R GER. pr.otel S..t hen m.n tr ry.to
dent 1 Pufie FOROCRILN R0 B A R D e PR LBy

[ 00174foukdblién-1 (MECPW) lcblsd G bhestr @atdrt &10find)hWwereexsedp| Fhe POXID PilviifedasE OX( )
am no acid residues show ng increased phosphor?/I ation in response to ER

st r essropaEers detgrming &§)X Gpend epesssipy as pgasured by lusHewphisvelsati on site is at
the amno acid serine at position 66 (S66), the second phosphorylation site
is at the amno acid threonine at position 222 (T222), the third 5
phosph@oyb3it | Bample4 s at the am no acid serine at positions 226 and 227
(S226/ S227)., the fourth phosphorylation site is at the am ng acid_ serine at
posi t i Bi915%I3 @sﬁmﬁiaﬁ&,@ﬂ@rqliq@ilh WO EARSESIehta gPressiaehymanFoxeie fis{lio aci d

; eerPgléxg{fﬁng;ﬂze%&gé}sag@%h (eiég)g%@ as “WHRIE . Fhe SohtPol UMD WerORRHRP Btk Asfbctedl b e 66

express Foxo3a (denoted as “+Foxo3a”), PERK (denoted as “+PERK”), or both Foxo3a and

10 PERK together (denoted as “+Foxo3a+PERK™). A renilla luciferase reporter was co-
~ transfected to assess transfection efficiency. Cells were grown in Dulbecco's modified
Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum (FBS). Cell
transfection was done using FuGENE® 6 reagents (Roche Applied Science, Germany). Cells

were lysed and luciferase assays performed 3 days after transfection using Promega Dual-

15  Luciferase® assay kit (Promega Corporation, Wisconsin, United States of America) in
accordance with the manufacturer’s instructions. Normalized luciferase levels of the samples

were measured and the results are shown in Fig. 4A. As seen in Fig. 4A, expression of
Foxo3a increased reporter gene expression as measured by an increase in luciferase levels in

the sample “+Foxo3a” as compared to “4FRE” control. PERK expression alone had little

20  effect in the sample “+PERK”. However, co-expression of PERK potentiated the effects of

Foxo3a in the sample “+Foxo3a+PERK”.

[00157] Example 3B
[00158] In Example 3B, control cells were transfected to express a human Foxol luciferase
25  reporter alone, denoted as “IRS”. The control cells were further cotransfected to express
Foxol (denoted as “+Foxo1”), PERK (denoted as “+PERK”), or both Foxol and PERK
together (denoted as} “+Foxol+PERK”). A renilla luciferase reporter was co-transfected to
assess transfection efficiency. Cells were grown in DMEM media supplemented with 10%
FBS. Cell transfection was done using FuGENE® 6 reagents. Cells were lysed and luciferase
30  assays performed 3 days after transfection. Normalized luciferase levels of the samples were
measured and the results are shown in Fig. 4B. As seen in Fig. 4B, PERK expression

increased reporter activity, presumably acting on endogenous Foxol. Addition of Foxol



3 Serine 227 4 Serine 243 5 Serine 263 10 [00175] EXAMPLE 6 [00176] This
exanpl e tests the functions of the identified phosphorylation sites in

Dr osophi 10 2D 00682 The i dentified Serine or Threoni ne PEFISGaeER/00E6L
individually nutated to Alanine in Drosophila FOX() and the nutant proteins

were tested for ER stress induced nuclear 15 |ocalization. The

phosphorylation sites 2, 3 and 5 mut & ts, labeled as "T222A", "S263A" and

" S226A S227A", behaved like the native FOXO, i.e. as T222, S263 and

S226/ Sherrasedsysportéry a¢tivitySa6 the( simple 17+ Fand1°524 3aniparade tod Y TGt gpmtr@dr dicei ns
were refractor R.stress.i.nduced nucl ear .1 gcali.zatiqgn, i.e. there was
no i ndG®EFRUC fe%ﬁRFpgﬁflinogf 1 GRCTeRse srePﬂla?rc%(itlé’étyt%pqtﬁfg?aﬁerdeglgnggecgf(’?a
phos phrgxol @hahé Boxear lubiferhfSefbteerdd tHRaaplOPFoRE1-aPERRA3 is required for 20
ER stress induced novenent of Drosophila FOXO into the nucl eus. The other

sites (#8133t Bppedxamplepsd/ endidtedt cpode7@ncinded dbaiaipcigasedr PIBRE aqtivitxanpl e

1 s I &) e cept the predom nantly nuclear (N) and both
nu Ieal?o(%gnﬁ%{eggtpggji[f%dst%gféh%Hgg a were conbined in this exanple. Exanple 1

was al so repeated to test the nmutant proteins expressed in 25Drosophila
cells. [00179] The results are shown in Fig. 6. This exanple reinforced
that iR816GIn EXAMPREEt4 (sanpl e denoted as "Control +i nsulin") pronoted

cytopl %%ﬂ lﬂﬁ@'éxﬁ@xbieoaerﬁgnsﬁ%gt%tp depletion of PERK reduces FOXO activity in
human AGS cells.

10 [00162] The expression of certain mRNAs was measured by quantitative reverse
transcription polymerase chain reaction (RT-PCR). In this example, the mRNA was extracted
and purified using RNeasy Mini Kit (Qiagen, Netherlands) with DNase to eliminate genomic
DNA contamination. Reverse transcription to synthesize the first strand utilized oligo-dT
primers. The mRNAs measured are known FOXO targets: CCAAT/enhancer binding protein

15  epsilon (CHOP), Bim (anti- or pro-apoptotic regulators), Growth Arrest and DNA Damage
gene (GADD45) and PERK. Bip2, which is not a FOXO target, was also measured as a

control. Results were normalized to Kinesin mRNA.

[00163] Example 44

20 [00164] Dimethyl sulfoxide (DMSO)-treated human AGS cells were used as a control,
denoted as “ctr]”. The human AGS cells were grown in Roswell Park Memorial Institute
(RPMI) media supplemented with 10% FBS, and treated with 10 pg/ml tunicamycin
dissolved in DMSO at 1mg/ml] for 4 hours to induce ER stress. The tunicamycin treated cells
are denoted as “TM”.

25 [00165] Quantitative RT-PCR was performed to show the relative level of the indicated
human mRNA targets. The results are shown in Fig. 5A where normalized levels of mRNA
transcripts were measured for the “TM” cells compared to the “ctrl” cells. It can be seen from
Fig. 5A that the “TM” cells had significantly higher levels of Bip2, CHOP, Bim and
GADD45 as compared to the “ctrl” cells. It can be concluded that ER stress induces the

30  expression of Bip2, CHOP, Bim and GADD45.



51 while ER stress (sanple denoted as "ER stress”) counteracted the effects
of insulin to pronote nuclear |ocalization. The FOXO G-FP nut ant proteins
"S66A" amio28243%123were treated with RNAI to disrupt ERRDTS&eHi2reesty and t o
i nduce ER stress but were refractory to the effects of ER stress.

Accor di ngly, ER stress did not substa4 tially counteract the effects on 5
insulin in "S66A" and "S243A" and thu there was little novenent fromthe
cytoplasminto the nucl eus, as corrpared to the "ER stress” sanple. It can

t hus be concluded that Drosophila FOX() phosphorylation sites 1 and 4, i.e.

S66 a 3,..are reqguired to i nduce novenent of Drosophila FOX() into the
nucl e&g()?%é [M@@%"%’(ANPLE 7 [00181] In this exanple, the nutant
phosprrlgoydmt | PR ®hicBm ?&nhﬂﬁ&ﬂ (FOXP) cBSwB i @datell WRHEIRNREFdAUENSS03 1 N

human Foxo 1 was nutafed to Al ani ne lg@orrespondr ng to phosphorylation site
4, S24Bpldtqy PEBopliioha FOX®) . AG® asskay TdesciRNéd saquencenpised 3Bvasass’-

e AR T S b T RO O RERTREE 11

Act i Vi deYls @binB HTR& FE@X0agenSRPid fen\afetielARE) €6k 1 Bays®etord u!riﬁédihgydilhﬁeétﬁﬁhﬁ“ erase
reporter assay. The results are shown in Fig As shown in Fig. 7,

" | RS+FbixoP ISR 3iwplojgascedls prgrdengted @s § PERKe%NA\Vé EM2n the native Foxol protei nd
"| RS+F
o 1 PR, hQBERRTE SPHOE RS 1RAGH0] | St rslER OHOr 48 AOLEEE] Goo°

when cafga mRYA ia@tfd)h@ résulm/hfehshowlﬁﬁﬂiﬁ'lg SBowkste horrhdlzeé ldveltofahe BRRIK Was

att enuat ed when co-expressed with Foxol S303A conpared to the native Foxo 1
pridt elrﬁRM@aowlptSewrreWé@W%& for e | 8 Cfrllév%rr@oa&rd Wihrthe i PERKN ENAlet ase in

the " |“ﬁR | t“ 2% |

pl ays an :é ﬁ%%ﬁtﬁﬁgrlf\%is féh?s%]t%é]ﬁtr %??‘ﬁ“ lrﬁ ﬁje % e l%%?t(s é FEE%QPOW x‘%?(lg
act i viwgre nbhealizzdtto tHealévdPsEﬂ«tunmmmyhnltfeateﬂc{tjEM";acdmtml tyllsof Foxol S303A
sugges at_there ddition PERK- epen ent
phospr@%ﬁt i hgan @éﬁl@@sfrorﬁﬁrxp{ Hethat a*rroﬁ%@?slﬂf%@%&e@ﬁr R8RS el |
cel | lypgiegneapameypeldsl és”@orﬂgz[réd’ &d tfxé oM’ h@elﬁo Asyﬁﬂébloﬂﬂ‘}eéon\éﬁ'a@d in

transfected to express Vb-epitope tagged Foxol or Foxo3 as”Foxol -V5 or
Fdo3-Mnide 12 BRiystreanddsioty eutledt FOXER astivigs sndythatr BERKe ptomutesh FOX@g/ ml

rundsin 18- B Sy RABale BF RmdepRr Aarrahe e Lol G ARt frgby® "' ©

f’ina| Y Ste8udi rthéfde%%esophﬁémi@hybﬁtl%%ﬁltTaﬁg% d CHOX0Bimapsd X2ADI148S whin FOX03
in the ER-stress induced H1299 cells. The DNA sequences of Foxol and Foxo3

are shmmpa‘ring lfrPgERIQ RiNAh phiddprestly | wittle d TVt eeslis hbawever, e lemets phd3ip2

corres| ondr |de 5 shad 9L BV The. ful | uences
ot ne ATONHARS B FnE by 85n Ralh A ERHIE L & Bkt el M O3 o2y
IDONCItaagef@r&nﬁsﬂeforemSmet zifhﬁtesﬂaquﬁeaeplbmmd)ﬂmm00188] The cDNA of the
human Foxol gene has an accessi on nunber of CCDS9371.1. The gene encodi ng

t he huRBR Boxioranies £4 ané 48 this dereenstpisihaupdustiopof @EBﬁ@tlvwéa@m%f t he
human rexe3, GeR§ i Rimals. 2GEEREAAD HHERRL G PEERF G 8ests ndE nfLRGhism to

control FOXO activity.

25 [00171] EXAMPLE 5
[00172] In this example, the hypothesis that PERK phosphorylates FOXO to promote‘
nuclear entry was tested. ‘
[00173] A Drosophila FOXO-GFP fusion protein was expressed in Drosophila cells. The
cells were treated with 10 pg/ml tunicamycin for 4 hours to induce ER stress, which in turn
30  induces PERK activity. The control cells were not treated with tunicamycin. The purified
FOXO-GFP protein was then examined by mass spectrometry to identify sites of

phosphorylation that were induced by ER stress.



10 encodi ng the human Foxo3 protein has an accessi on nunber of 043524.

[ 00189] EXAMPLE 9 [00190] The phosphoryl ated resi dues S298 in Foxol and
S294/ T296W82012/1i5812B0x03 map to a regi on of the protei nsPEHSGSROOUINY t O
the region of S243 in Drosophila FOXO 15 [00191] To test its function,
Serine 298 was converted to Al anine i5r(5 Foxol ("S298A") and tested for
responsi veness to PERK. H1299 cells were transfected to express natural
Foxo 1 g FOX01") or the S298A mutant version of Foxo 1 ("S298A") and each
vere cl®9d Fdnstekle dabelewolies dixpresylis pEids (exampler Iprorgehila OXS) ammopagk ) |

This F |Gl fer I i:ne l..p L D AGHI VI L.V
measur%gﬁgg/s Isgg\lkl gr gggeﬁgﬁghé%ﬁgﬁ%ﬁ%mlﬁdﬁé (?:Hég té’o%g fs hrgsng?Sll ﬁ%ﬁfdérase
r epor t $pecifallpsthayied phb&hdB2gtiohhsiterieatithe amaieeacid easineian pbsition 86 () cthe
nornal i zed | uciferase | evels were nmeasyred for the samples, The | evel s of
| uci f e¥es9®d RResehorglatignisseds alothe mening geid ghesenineny Poélil%ng.zg (T2%nthsdhiden

fr Fi . AV f : " 5298A")
vva?mcoigr}%asPlz r?%ﬁ%%%?ﬁés?&% \ét emﬁgfitrcrla nlﬁ%'?i g?’? gpgﬁﬁ%éf gllti:cg)rzgf( " Foxéobfﬁ’)tﬁ?n t he
r epor t fourth ghaypldbylatidrhsite isaad dbel aRERKacitoeene at, pdsBROB243 633 dnd theofifth
response to PgRK over expr essi on .as conpar ed tg %hf 6{35” mal Foxol, when
conpar PIPRasslgHen pigdat thedming-asid pe) Posifigh £63{S4%°)-can be concl uded t hat
S298 g of the sites on human Foxol that contributes to nediating the
effects of PERK on Foxol activity. 30 [00194] EXAVPLE 10 [00195] Hunman
H1299| cB8it¢ sumbere |t r Bnegfopbiled |t o express human Foxol ("FOX01") and co-
transfected to expressineBRK (|" FOXO1+PERK"). The transfected H1299 cells
were freated 53 WrhRodinkE BPPERK ki nase i nhi bitor ("FOX0l1+i nhibitor" and

" FOXOI+PERKFi i it%&riﬁe 2741€ PERK ki nase inhibitor has the chem cal

f or mnufa—5=Brono- N SRy DA AT nyl - N2- [ 3-
(1, 2,3+6 te;] rafyer-o—4 J%H +Ay1l) - 1H i ndol- 5-y1] - 2, 4- pyri m di nedi am ne. The
acti vityof the Hox SFINGLYT orlase reporter gene was then nmeasured in terns

of normalizxd | RS-| SETIPe2 60X o 5l evel s. [00196] The results are shown in Fig.
10. It can be seen fromFig. 10 that PERK potentiates the effect of Foxol,

\/\h@p C i ng' R " wth "FOX01+PERK". The PERK inhibitor did not affect
th acﬁ);ag?%]y_ g%kl6 al one, when conparing "FOX01" with
" FOXO1pionhé o TRiK " exangievigsts  thbefune@dazaiol e " faeh@ledPBRKSphotiiftickO sites in

"FOX01+PERK+i nhibitor", it can be seen that the partial inhibition of PERK
act i vi Pyosppliiliced the | evel of Foxol activity. [00197] Accordingly, it can

be con d . ' i.nhi i i @l:LY 1i.nhi.bi P
oot 1ot (0 PR AR by el St b ¥R ohiAD 3 Q5 B M i A Bl S e 1

[ 00199 Deosbplsita FOXCfahéahs naftalREhisteinshivbiet tested obr @RIegess oududedxmlcidadr get s,
the cells were serum starved to renove actors and treated with the

h f
PIBK i lerrlizetion. Thergaemiprylaeonsiip 2 & a%é%f@%ﬁéﬂ%@ KT 2840 v IXP3 07 88 um
st ar vedb¥h)sah »4 JigMfed- liE@!tﬁet%aSi?E%kaape.bgs Vigwed as &d;&‘ég /she%

extrenme 1nsulin resistance, in it rerfoves the capacity e cell to
respectively. S66A (site 1) and S243A (site 4) mutant proteins were refractory to ER stress

induced nuclear localization, i.e. there was no induced nuclear localization. This indicates

that the presence of a phosphorylatable Serine residue at positions 66 and 243 is required for
20  ER stress induced movement of Drosophila FOXO into the nucleus. The other sites do not

appear to be required.

[00178] The éssay described in Example 1 was repeated here, except that the

predominantly nuclear (N) and both nuclear and:cytoplasmic (NC) data were combined in

this example. Example 1 was also repeated to test the mutant proteins expressed in
25  Drosophila cells.

[00179] The results are shown in Fig. 6. This example reinforced that insulin treatment

(sample denoted as “Control+insulin) promoted cytoplasmic localization of FOXO-GFP,



20 respond insulin signaling by activating AKT. Control cells were grown in
DVEM suppl enmented with 10% FBS ("control with serunmt). The endogenous hunman
FOXO t ar gwb0ewB8sBEM gene (a pro-apoptotic nmenber of thecBSc2@i2poekei n
famly), Cyclin & gene (encoding a cyclin that blocks cell cycle entry),
insulin receptor substrate 2 gene (Igi-z; encodi ng a cytoplasm c signaling
nol ecul e that nedi ates effects of insulin), p27KIPl1 gene 25 (encoding a
cell cycle regulatory protein), pyruvate dehydrogenase |ipoan de ki nase

i sozymehile F@netr¢BDEamplendoitery as “PRosie¢ss™ )t bamtdradtediths etfhets pyfr imgalire to

R e G RO S e T i
i nhi bi Qikad i RNYSUb h&ﬁ)ﬁ&gmm mA&HRRry AMIRindubB ER RA3LbaOMGe tdrdckd9o el

protein gene) and the tin gene (encoding a nuscle-specific t%/pe actin)
30 ar ethgeffeqrox( ERtsaﬁ@eﬁ@caﬁmg%erE& sirassl diwlsnad onipstanitiglly coudteract the etfects on

2012/ 158123P 012/, 69 00200] It. is to be noted that .in this
exanpl B SEPfe ik, 8oher TRLby davedab el mb Supfu drptha e Rintih OB ha
endogeneusiclBiRYs asthpartd Yo GRYERI $iebE&Ssahipld- @éanabitd Mdtdmeudea gt Diogtbhilh Ons
where the inhibitory effects of insulin/AKT signaling are renoved. 5

[ 00201OXaesehorylatipm el anfhyb isePofrard 824k Ararsquiredie inArtenneemeiof s wer e
furth th P i.nase inhibitor 5-Bronmo-N4-2-pyridinyl-N2- [3

- (1, 2?@"%{6@@&?}?&%9&@8}% Eupé}ér#l' di ny1) - 1Hindol-5-yl] -2, 4- ,

pyri m di nedi am ne, denoted as "serum starved+LY+PERK i nhi bition". [00203]
The results are shown in Fig. 11A It can be seen fromFig. 11A that

r ductP8RHs BEBAMMBLEC i vi ty generally increased Foxo 1 activity. Further,
PERK ifaRi&yirt i || f: i.qn,

t her eb@ b?%‘d uc@ﬁgg’? E%h? lg’r %‘8%@%@@@%&&%@ osgtfeilfrra\ ﬁk@gﬁ?gﬁ&fﬂ%@kﬁe&
FounddD 8] 7 Reédickie7 83021 ins hmabrEast eancentacel lto | Ahene [@b26phndneanpl e 11B

15[ 002Q5] Ex le 11A J t | & h t t | I's, instead.
[ o%zoeq rylglon $E 4% wm%?wﬁ@%’?@%@ﬁ@eypﬁ%ﬁs% CAp Exemals i 465
count eEaci&AntRerelhapls QRsAIxd1edie! -oEiaRd heduserpbhisd rar BR! nAeRes

expression. In contrast, PERK inhibition did not reduce the expression of
r 0232 hamshnniiepil idemtadrpsy TRS-EF axofl SFOX() anddtddiRkjanes. 20 [ 00207] EXAMPLE 12

00208}, . Thi | hat the_inhi.bitj f . PERK
[ noul (ROFEUT SRR S REHRE Gis8h a8 et b Rt PHoA pnd, RS of
Type Zefirdd QRS TH@F&S@I@@&E%MOWE@F%WQ&M@QQ%&H SY,NIR9PEo0I S30TRTRANI ed by

an acquired insulin resistance. [00210] Exanple I2A
slightly less effective than the native Foxol protein “IRS+Foxo01” (p<0.05) when expressed

on its own. When Foxol is co-expressed with PERK, the activity of human Foxol was
20  enhanced by about 2 fold, when comparing “IRS+Foxol” with “+PERK”. However, the

effect of PERK was attenuated when co-expressed with Foxol S303A compared to the native

Foxol protein (P<0.05), evidenced by the lower levels of normalized luciferase in the

“+PERK” samples.

[00184] This indicates that S303 in human Foxol plays an important role in mediating the
25  effects of PERK on Foxol activity. The fact that PERK can still induce activity of Foxol

S303A suggests that there may be additional sites for PERK-dependent phosphorylation.

[00185] EXAMPLE 8

[00186] HI1299 cells (a human non-small cell lung carcinomé cell line derived from the
30 lymph node) were transfected to express VS-epitope tagged Foxol or Foxo3 as Foxol-V5 or

Fox03-V5 for 2 days and subjected to ER stress by treatment with 10 pg/ml of tunicamycin

for 4 hours in DMEM.



[00211] HEP& liver cells were treated with 0.75nM of palmtate, a
saturated fatty acid, for 17 hours to induce insulin resistance, and the
ef fects oloRERIKssnBI bition were assessed by 30 nonitori rgTRGEe2b0é189 get
gene expression. The Foxo 1 target genes are pyruvate dehydrogenase
hpoam de ki nase isozyne 4 gene (PDK4;_ encoding a protein that inhibits the
55 pyruvat e dehydrogenase conpl ex) a phosphoenol pyruvat e car boxyki nase 1
(PCK1; encoding a mitochondrial enzyne). [00212] The results are shown in
Fi g. 1RA18%Whelbe Mietaggddapramnsneedmnnedptuofidd aes exannddAfdrephekphoayldtido t he

| evel the rpl32 control. - Lt can be seen that paln.tate treated
cel I's N&§ RIGEPBATICARYSHil Eleﬁéwpgp 1@5?8#@%%%“0‘%"811 242 pisin BoPget s
PDK4  apoih PERLsifTE ARMEQOH PYorliaat T b NWesdgBaicet b BoXdiind HIRWEURS sholWien! evel s

of rpl23 and mActin, which are not Foxol targets, were not substantially
al t er eHig. 80021 Phodphondaied kitss dheownoinciedded thdhaorrespbodiag elosphibtpeptdésdare

I nduces Foxo 1 act,i vi a consequence of i ndquc I nsulin resistance. 10
[ 001 afops e s ol Y8 s o Beipat i et Futhl dad dep Bt Feveraied

treat egh SHOIDNNG: 1 bitdSBERY NONASEpENeR) ihdhe Rqulic@MRrAd- 2-p yridinyl -N2- [3
-(1,2,3 .6-tetrahydro-4-pyridinyl)-1Hindol-5 -yl]-2,4- pyrimdinedi am ne.
15[ 0020081 8&he The siNAs ofiths luheamnboxo IFgene s Bn aghessont tenbatod Mel3SPBHnal | zed
to Kingsin nRNA |evel,s and ta the |evel, of the rpl32 contr [t can
bo seellt Rete prraden e ARt Patdl ol el one G5 R BHSEH (001 Z000T Thsr gers,
PDK4  agINRCKL thdHaumNe Foxbhehe Hak SanOdcck fslatB namdePE ADSWEBAN ahe sk Foxol
targets, were not substantially altered. [00217] It can thus be concl uded

t hHt  actcedingtithohuran Foxed| pratein Raswep apeesgiop sHELEIL{MB58f. 20PERK i nhi bition in
cells induced with insulin resistance.

[00189] EXAMPLE 9

[00190] The phosphorylated residues S298 in Foxol and S294/T296/S297 in Foxo3 map to

a region of the proteins corresponding to the region of S243 in Drosophila FOXO.

15 [00191] To test its function, Serine 298 was converted to Alanine in Foxol (“S298A™) and
tested for fesponsiveness to PERK. H1299 cells were transfected to express natural Foxol
(“FOXOT1”) or the S298A mutant Qersion of Foxol (“S298A”) and each were co-transfected
to overexpress PERK (“FOXO1+PERK” and “S298A+PERK”). This Foxol luciferase
reporter determines Foxol protein activity as measured by luciferase levels and the induction

20  of the Foxol luciferase reporter was assayed. .

[00192] The results are shown in Fig. 9 where normalized luciferase levels were measured
for the samples. The levels of luciferase were normalized to the levels of FOXOI1 alone. It
can be seen from Fig. 9 that the activity of the S298 A mutant form of Foxol (“S298A”) was
comparable to that of the normal intact form of Foxol (“FOXO1™) in the reporter assay

25  without added PERK. However, “S298A” showed a lower response to PERK overexpression
as compared to the normal Foxo1, when comparing “S298 A+PERK” with “FOXOI1+PERK”.
[00193] It can be concluded that S298 is one of the sites on human Foxol that contributes
to mediating the effects of PERK on Foxol activity.

30 [00194] EXAMPLE 10
[00195] Human H1299 cells were transfected to express human Foxol (“FOX01”) and co-
transfected to express PERK (“FOXO1+PERK?”). The transfected H1299 cells were treated



56 Claims 1. A nethod of treating or preventing insulin resistance syndrone
I n an ani mal body by adm nistering an inhibitor of protein kinase RNA-1i ke
endopl asmivo 20etisei2bum ki nase 5( PERK) gene, or a functi oral/scasizanéiecd her eof
or an inhibitor of PERK protein or a functional variant thereof 2. A nethod
of reducing activity of transcriptior% factors of the FOX() famly (Foxo 1,
3a, 4 and 6) by adm nistering an inhi Bitor of protein kinase RNA-|ike
endopl asm ¢ reticul um 10ki nase (PERK) gene, or a functional variant

t her eoWith dr pivh PERK Hirtase imfibiRERKFOXED kfimhibitord dndn'tEOX¥0at-PERKHandtibitdrd). eof

3. The.me of. claim.l erein the nmethod .is used for treatin y one
of t hZHFeoILHI% N5 Hﬂ;ﬂl?lg’ﬁ\gﬂ%?@n C&?’Blcggtfg‘é’&ulﬁy ﬁ@mq'ﬁrﬂé@if@wﬁ%&%-

syndr ofTe 3 b RsthlyBrd-£:ph SERPH A H-HRIBY-BSN L £85yeihid ¥ SRl e acTUBE of tlk abet es
or coronary a.rtgrg/ %?geasgg 4. The ﬁr}lé%ho?ygif 1cI aim1l, whergfn ?ﬁg insulin
resi stioxed kyietrssnreppgen gerte- wasl theadmicasidd i teems stfanmemabized) BRS-luciferase
ob%sit -iinduced insulin resistance. 205. The nethod of any one of clains 1
to4, eelf"'ein the inhibitor of any of the genes referred to in any one of

the prpoeshngTikd Rk £ORYWSRSFIAL10. éash b@@@erptrbﬂqng.f:ﬂoe@hﬂ BIERRpodintihRast one
antibody or at |east one inorganic nolecule or at least one organic
nol ecuihe effect of Fgxo rehameqompariag “EOXGh "5vitWiie@¥ 01 +HPERKSI Tho RERKeiphitdteri s an

i nterfeani ri u [ j.d, .or P rot ei ucl ei.c aci L L

(loc kecgamr}%lt e?@gﬁcﬁhﬁ gc}%{?(heoﬁegcﬁ(gél\lo%fl&g aiwmeg, Q\%lé’?ré?% th@gﬁ(ﬂt er‘?l\'llgli’i ng

ri bonuUd@EXO01-€iphibitos’. a SHBkWevert erdviéd Ng donfyRrug! ei cFOXICL +PHRRNA) okitsmal |
hai rpin ribonucleic acid (ShRNA) or micro ribonucleic acid (m RNA). 30 WO
2092/ 18363%Q b RIS mhshiopg 1i§Fag7be seen that the partial inhibition of PERK activity

reduced the level of Foxol activity.
[00197] Accordingly, it can be concluded that the PERK kinase inhibitor partially inhibits
PERK activity, thereby down-regulating Foxo1 activity.

15 [00198] EXAMPLE 11
[00199] To test the effects of PERK inhibition on endogenous Foxol targets, the cells were
serum starved to remove growth factors and treated with the PI3K inhibitor LY294002 (50
uM) to further reduce AKT activity (“serum starved+LY”) for 4 hours. This treatment can be
viewed as a model for extreme insulin resistance, in that it removes the capacity of the cell to

20 respond insulin signaling by activating AKT. Control cells were grown in DMEM
supplemented with 10% FBS (“control with serum”). The endogenous human FOXO targets
are BIM gene (a pro-apoptotic member of the BCL-2 protein family), Cyclin G2 gene
(encoding a cyclin that blocks cell cycle entry), insulin receptor substrate 2 gene (IRS-2;
encoding a cytoplasmic signaling molecule that mediates effects of insulin), p27KIP] gene

25  (encoding a cell cycle regulatory protein), pyruvate dehydrogenase lipoamide kinase isozyme
4 gene (PDK4; encoding a protein that inhibits the pyruvate dehydrogenase complex),
phosphoenolpyruvate carboxykinase 2 (PCK2; encoding a mitochondrial enzyme), p2/ gene
(encoding a cyclin-dependent kinase inhibitor) and insulin receptor gene (INSR). The rpl32
gene (a ribosomal protein gene) and the mActin gene (encoding a muscle-specific type actin)

30  are not FOXO targets and were used as controls.



9. The nmethod of clains 7 or 8 wherein the si RNA conprises the foll ow ng
sequence: 5 - CAAACUGUAUAACGGEUUUATT-3', or functional variants thereof
10. The rEORor/68128] ai m 9, wherein the functional vari aRC3/SGaer#edlczonpri se
at | east one 5nodified or substituted nucleotide. 11. The method of claim
5, wherein the organic nolecule is sglected fromthe group consisting of:
5- br ono- N4- 2- pyri di nyl - N2-

[3-(1, 2,3, 6-tetrahydro-4-pyridinyl)-1HjndqQl-5-yl]-2, 4-

10pyr i 1029 NHe dit dnione noted ff@i/ (ruthmwamk ht Fﬁﬁffvme B9t transbeqted t9 oygrexpress

pyri m gh:pe-5- = j - i k| 2= ivati
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[ 1- ( phamditaae twhide-tRe Brhibitoyyl effectdof insidihy AK IdigribHnp wreazologed.

4-d] pyri m di n4-am ne; 153- {1-

, 5-di fl uorophenyl )acetyl]-2, 3-di hydro-1Hi ndol-5-yl |

-yret fwbo i BY4#A48'194[ 3. 4- d] pyrirnidin-4-am ne; 3-

-ﬁh@?y?@cet yl 1-;2, 3-di hydro- 1H i ndol-5-y1] - 1H pyrazol o

, 4- d[00902]mi Thaseturastanesd dndrRIBKyihhibited cells were further treated with PERK kinase

- (phenyl.acet y1) - 2, 3-di hydr g- [ - B- - 7H pyr.r.ol -3 dlpyrim di n-
- S ReE b e L o e R B Y o2
, 2- C[}) MthidtHeBathiAdlidBgoteBas dsbrum starved+L Y+PERK inhibition”. _
2, 5-di fl uorophenyl )acetyl] -2, 3-di hydro-1Hindol-5-y1 }thieno
, 2- c[09y93]1di hheqresults are;sh@wn in Fig. .1 1A’ It can be seen from Flg: 1.1A that reQuction of
i, PIRRY! GRN DecRoin ! BdE QL FL 00 Oe Bty Hadtide S 4G i &Rty
3- megdintepirdly ihk agRty 1df- AK 3-dilytidh othbidbly nda@dciby Yk thrgel Hehdidaa@dssidn iam ne;
[ 1- (phenyl acetyl) -2, 3-di hydro-1H-i ndol-5-y1] - 7-{14- pyridi nyl)thieno
[3,2-¢ gadi panger Bgrndatiors? (WICE:-7)cells & bypast gansprdhym9acet yI | -2, 3
-di hydro- 1H i ndol-5 -yl } -7-(3-pyridinyl)thieno [3,2- 30c]pyridin-4-am ne;
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[00204] Example 11B

15 [00205] Example 11A was repeated with HEPG2 hepatocyte cells instead.
[00206] The results are shown in Fig. 11B where PERK inhibition also counteracted the
effects of AKT reduction and reduced the target genes expression. In contrast, PERK
inhibition did not reduce the expression of rp132 and mActin as they are not FOXO target
genes.

20
[00207] EXAMPLE 12
[00208] This example demonstrates that the inhibition of PERK overcomes insulin
resistance.
[00209] Resistance to insulin is a hallmark of Type 2 diabetes, and obesity-related

25  metabolic syndrome is accompanied by an acquired insulin resistance.

[00210] Example 124

[00211] " HEPG? liver cells were treated with 0.75mM of palmitate, a saturated fatty acid,

for 17 hours to induce insulin resistance, and the effects of PERK inhibition were assessed by
30 monitoring Foxol target gene expression. The Foxol target genes are pyruvate

dehydrogenase lipoamide kinase isozyme 4 gene (PDK4; encoding a protein that inhibits the



- {1- [(2,5-difluorophenyl)acetyl] -2,3 -di hydro-1Hindol-5-yll
7- (1H pyrazol -3- yQ hieno[ 3, 2-c] pyridin-4-amne; 58 4- {1-
(2, 5-di fwoanmpisengl ) acet yl | PCT/SG2012/000169
2, 3-di hydro- 1Hi ndol1-5-y11-1- net hyl- 1Hi ndazol - 3- am ne; 3-
1- (phenyl acetyl) -2, 3-di hydro- 1Hi nd%% 5-yl] -7-(1H pyrazol - 4-ypthi eno
3, 2-c] pyri di n4-am ne;

57-(1-nmet hyl- 1H pyrazol -4-yl) - [1 (phenyl acetyl) -2, 3-di hydr o- 1H-| ndol 5-yl
]t hi eryrpgito-delygrperrsisa - corapieye :and- phasphpenolpymayaip Heasygrakiess 11 (PC
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(ma[tobyi xy@p(nﬁml]]ggacetyl } -2,3-di hydro-1Hindol-5-yl)thieno

2-c] pyri d| n-4-" am ne;, 253-

-(2- ﬁabh‘t haTlmmhadettey@teg c8ligiverednphdrirdareddy-iBhipitingrf TS kinase inhibitor

2-

Cf] -%¥0rrlng-ll\ﬂ-2-pyrr1gln)§l-N2-[3—( 1,2,3,6-tetrahydro-4-pyridinyl)-1H-indol-5-y1]-2,4-
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15 [00216] The results are shown in Fig. 12B, where the data was normalized to Kinesin
mRNA levels and to the level of the rpl32 control mRNAs. It can be seen that PERK
inhibition decreased the expression of the Foxol targets, PDK4 and PCK1. However, the
levels of rp123 and mActin, which are not Foxol targets, were not substantially altered.
[00217] It can thus be concluded that a reduction of Foxol activity is a consequence of

20 PERK inhibition in cells induced with insulin resistance.



3- [1-(phenyl acetyl)-2, 3-di hydro-1Hindol-5-yl] -7-(4-piperidinyl)thieno
[3,2-c]pyridin-4- amne; 7- {3- Rdinethylam no)nethyl]phenyll-3- [1

- (pheny| awet2yib)158123- di hydr o- 1H i ndol-5- yl]thieno [3, 2- erpwGzdiznvodieann ne;
303-

11-[ (2, 5-di net hyl phenyl ) acety1] -2, 3- g6hydro 11 -1-indol -5-y11- 1- net hyl -
pyrazol o[ 3, 4-d] pyri m di n- 4- am ne;

[ (3-fluoro-5-nethyl phenyl)acetyl] -2, 3-di hydr 0- 1H i ndol-5-y11-1-net hyl- 1Hpyr
azol o €Bims d] pyri mi di n- 4- ani ne; 3- {1-

[ (3, 5-di met hyl phenyl ) acetyl] -2, 3-di hydro- 1H i ndol-5-y11-1- et hyl -

pyrazol o [ 3, 4-d] pyri mdin-4-am ne; 55- {1-

[(2,5-di fA mfmh@&é&ﬁg%ryﬁrbv&t&gdhmm Rsibtant d@ldrdmy lih tahi #i@al body by
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d] pyri mdi n-4-am ne; 5- {1-

3-

3- d] pyrim

, 3- di hhdi6) bphedmihiseciap )aﬂl]ln}ilbﬁeldbﬁyidﬂ@n Kihdsa diN4-Bkey bhddplesnoc retzculum
2-c]pyridin-4- am ne ; (3- ylph acety -2,3
Ohydr oXAsS O%K)sg%lorﬁéwwr@?( efar[wzlt erfeﬂ p9rr R SRR protem ba®?

functional variant thereof.

3. The method of claim 1, wherein the method is used for treating any one of the following
conditions which are caused by insulin resistance syndrome: insulin resistance,

15 hypertension, dyslipidemia, Type 2 diabetes or coronary artery disease.

4. The method of claim 1, wherein the insulin resistance syndrome is diet-induced insulin

resistance and/or obesity-induced insulin resistance.

20 5. The method of any one of claims 1 to 4, wherein the inhibitor of any of the genes referred
to in any one of the preceding claims comprises at least one oligonucleotide or at least

one antibody or at least one inorganic molecule or at least one organic molecule.

6. The method of claim 5, wherein the oligonucleotide is an interfering ribonucleic acid, or

25 PNA (protein nucleic acid) or LNA (locked nucleic acid).

7. The method of claim 6, wherein the interfering ribonucleic acid is a small interfering
ribonucleic acid (siRNA) or small hairpin ribonucleic acid (shRNA) or micro ribonucleic
acid (miRNA).

30
8. The method of claim 7, wherein the siRNA has a length of between 15 to 30 nucleotides.



3- {1- [(3-fluoro-2-nethyl phenypacetyl]-2, 3-di hydro-1H i ndol-5-yllthieno
[3,2-c] pyridin- 204-amne; 3- {2- [5-(4-am nothieno [3,2-c]pyridin-3
-y1) -2, 3-wphyrissBt i ndol-1-yl] -2- oxoethyl | benzonitri P€T/S82012/000169

11-[ (2-fl uoro-5-net hyl phenyl ) acetyl] -2, 3-di hydro- 1H i ndol-5-y11- 1- et hyl -
pyrazolo [3 ,4-d] pyrimdin-4-am ne; 3 {1-

[(2,3-di rret hyl phenyl ) acety1] - 2, 3- di hydr o- 1H i ndol1-5-y11 - 1 nmet hy1l- 1H
pyrazol o rimdin-4-amne; 3- {1- ) .

[ (3-ch? chp mllgmg/ elcdayns 7 or §. whergdy the ﬂRNAd@mrmsysmm ToHewing| seqpnger Hzol o

[afi’e:"y?] W%bﬁfcﬂ\;éma@m&%& ik ppegiT 1) e

pyrlmd|n4amne 7rrethy| -(1-

rifluoronethyl) % ]acetyll 2, 3-di hydro- 1H i ndol-5-y1)-7Hpyrrol o
- dl oyt rinethed of & , Wheres. the jfuneticmal vaisands theseal ipnpmisa At )least ope |
d|

h thyl 7Hpyrrolo [ 2, 3-d] pyri m di n-4-am ne; 5-
oro%ﬁgg%g%t??%%ég& di hydro- 1H i ndol1-5-y11-7-net hyl - 7H pyrrol o

d] pyri m di n-4-am ne; 55- 11- [(2-chlor ophenyl )acetyl ]

-dj hydro-1Hindol-5-y11-7-neth 7H pyrrol o d] pyri m di n-4-am ne,
th&/ll )i"g (q_lethod of claim y5, wherein ﬂ%’e orgam%y mo ecule[ is selectec? yfrom the group

- (et h%ml)h%r&?nyl ] acetyl1-2, 3-di hydro- 1H i ndol1-5-y1) - 7Hpyrrol o[ 2, 3-d] pyr
i m di n-4-am ne 1-nmet hyl-3-(1- { [3-(nethyl oxy)phenyl]acetyll-2,3
hydr o 53hﬂ9mndM25>yy1ﬂ)ny1—N2 [Bo@y2, 2 battedhy drb-dHpyiding ) el Hrintloh iy p2,4-

10 pyrimidinediamine;
1-[5-(4-Amino-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2,3-dihydro-1H-indol-1-y1]-2-
[3-fluoro-5-(trifluoromethyl)phenyl]ethanone;
1-methyl-3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-1H-pyrazolo[3,4-d]pyrimidin-
4-amine;

15 3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-pyrazolo|3,4-
d]pyrimidin-4-amine;
3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-1H-pyrazolo[ 3,4-d]pyrimidin-4-amine;
7-methyl-5-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-y1}-7H-pyrrolo[2,3-d]pyrimidin- 4-
amine; ‘

20 3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]thieno[3,2-c]|pyridin-4-amine;
3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} thieno[3,2-c]pyridin-4-
amine;
3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-7-(3-pyridinyl)thieno[3,2-c]pyridin-4-
amine;

25 1-methyl-4-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5- yl} 1H-indazol-3-
amine;

3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5- yl] 7-(4-pyridinyl)thieno|3,2- c]pyr1d1n 4-
amine;
3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-(3-pyridinyl)thieno|[3,2-

30 c]pyridin-4-amine;
3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-7-(1H-pyrazol-3-
yhthieno[3,2-c]pyridin-4-amine;



-met hyl -5-(1- { [3-(nmethyl oxy)phenyl]acetyl} -2,3
i hydro- 1Hi ndol-5-yl1)-7Hpyrrolo [2,3-d] pyri mdin-4-amne; 3- {
-[ (2- chiwoaptearsgizpacet yl | -2, 3-di hydro- 1H i ndol- 5- y11- PcmsiGhgiz/odHepyr azol o
, 4- d] pyrimdin-4-am ne; 151-nmethyl-3 -(1- {
(et hyl oxy) phenyl ] acety11- 2, 3-di hygro-1H i ndol-5-y1)-111-
razol o[ 3, 4-d] pyri m di n-4-am ne; 5- {1-
3-chl oro-5-fl uorophenypacetyl] - 2, 3-di hydr o- 1H i ndol1-5-y11- 7- net hyl - 7Hpyrr
o [ 2, 34d{IpiRiSndiflnerophenyiaestyl]-2,3-dihydi®-1H indqlﬁﬂflﬁldmeﬂhubiHﬂhMI Bacet yl |
3- d| hydro 1H i ndol-5-yllfuro [3,2-c]pyridin-4-am ne; 201-nethyl-3- {1-
2 3, 5- FPRE ’uor ophenypacet yl] - 2, 3-di hydro- 1H i ndol-5-y11-1H pyrazolo
4- d] pyLi1oiptesyideRn-n8:di drtBJI'H indol-5-y1]-7-(1H-pyrazol-4-yl)thieno|[ 3,2-c]pyridin-
2, 5-di rrellt %I pﬂh)yény%g)cetyl]ﬁy 3-di hydrg]lH-(l n (}J, -5-y11-7- rret ylpy?H- pyrrol o
3- d]ﬁyatmlrmp‘dln4amne 3- {1- [(2,5-difluorophenyl)acetyl]
gi Bi’]d{l A gﬁ]%azog%-y{l)ﬁ HERRS REQLD % 3-4RY b K5 Sndol-5-y1thienof3,2-
3,5 di eppyeicaphemipacet y1] -2, 3- d| hydr o- 1Hi ndol-5-y11-1- rret hyl 1Hpyrazol o
, 4-d] pyri mdi n- (2, 5-difluorophenyl)acet

d| h)}dﬂo[@fﬂqoﬁmﬁnﬂ)@em/ﬂé préltﬂmdio TH-gdel Db - {@e@nyldﬁbp}'ﬁamlaﬁﬁ “4- ani ne;

3
2,5 d| i (IR amines 11 - 2, 3- di hydr o- 1K i ndod- 5-y11- 7- ( 1 pyr azol -
t

hi eno 3} 8- K%dhwdspMnﬂaafke@mn@-dlhﬁio&H ihdel-$-4B - B—meﬂl}fllllﬂbp}mﬁh@ﬁw é)-acet yI ]
3 -di hydro-1Hindol-5-y11-1-nmethyl-1H pyrazolo [3,4

B%/rl mi GIRrDig-deming; (7 1. [ (3-net hyl phenyl )acetyl] -2,3
i hydr 0'1%&999 ]{'1 %(Z-leegthp}{eﬂylgé&atﬁf y) g'dw};&oﬁﬁ indol-5-yl}-1H-pyrazolo[3,4-

d]pyrimidin-4-amine;
1-methyl-3-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-1H-pyrazolo|3,4-

7
-d
1

[3
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py
[ (
ol
-2,
[ (
[3
[ (
[2
-2
[3
[ (
[3,4
-2,
30
[ (
yp
-2
d]
- di

d}pyrimidin-4-amine;

15 3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-y1]-7-(1,2,3,6-tetrahydro-4-
pyridinyl)thieno[3,2-c]pyridin-4-amine;
3-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)thieno[3,2-c|pyridin-
4-amine;

3-{1 -[(2-¢hlorophenyl)acetyl]-2,3-dihydr0- 1H-indol-5-yl}thieno[3,2-c]pyridin-4-amine;

20 3-{1-[(3-chlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} thieno[3,2-c]pyridin-4-amine;
3-(1-{[3-(methyloxy)phenyl]acetyl}-2,3-dihydro-1H-indol-5-yl)thieno[3,2-c]pyridin-4-
amine;
3-(1-{[2-(methyloxy)phenyl]acetyl}-2,3-dihydro-1H-indol-5-y])thieno[3,2-c|pyridin-4-
amine;

25 3-[1-(2-naphthalenylacetyl)-2,3-dihydro-1H-indol-5-yl|thieno[3,2-c]pyridin-4-amine;
3-[1-(phenylacetyl)-2,3-dihydro-1H-indol-5-yl]-7-(4-piperidinyl)thieno[3,2-c]pyridin-4-
amine;
7-{3-[(dimethylamino)methyl]phenyl}-3-[1 -(phenylacetyl)-2,3-dihydro-1H-indol-5-
yl]jthieno[3,2-c]pyridin-4-amine;

30 3-{1-[(2,5-dimethylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-
pyrazolo|[3,4-d]pyrimidin-4-amine;



pyrrolo [2,3 -d]pyrimdin-4-amne ; 55- {1- [(3 -nethyl phenyl)acetyl] -2,3
-di hydro-1H i ndol-5-y11-7-(1-nethyl-4-piperidinyl)- 7Hpyrrolo [2,3

-d] pyri mwpre/Esi2zae; 5- { 1 -[(3 -nethyl phenyl)acetyl ] P€2/S&2012/000169

-di hydro- 1H i ndol-5 -yllthieno [2,3 -d]pyrimdin-4- amne ; 3- {1- [(3
-fluoro-5 -nethyl phenypacetyl] -2,3 d| hydro- 1Hi ndol-5 -y11 furo [3

,2-c] pyridin- 4- 10am ne; 3- { 1- [(35 -chl oro-5-fl uorophenyl )ac etyl] -2,3
-di hydro- 1H i ndol-5-ylIfuro [3,2-c]pyridin-4- amne ; 3- {1- [(2-fluoro-5
- met hyl pBefly{adbioyd-p-m&h@phatiybhyuchtyl-2i3-dihgdid- B yhd ol bk } {13mBthy]-p¥F i di n- 4-
amne ; 151- thyl-1H pyrrol -2-yl)acetyl] -2,3

-di hydropiﬁzgﬁ’bg%{]aé‘?}gﬁlﬁﬁé&weazol o [3, 4-d] pyri m di n-4-am ne; 3-
{1-[(3-chlLor Rmsedmﬂe)x@ﬁﬁkmac&yﬁ ?de%&mnagpé yP-VIhdi1o -

[ 3, 2-c] pyri din-4-am ne; 3°-difl uorophenyl)acetyl] -2,3
- di hydr opymphﬂbé%p}ymldﬁkmmm}el 7H- pyrrolo [2,3 - d] pyrimdin-4-am ne ;

20 1- 2:

- di ygr 0- 'l(-lr {(% Cﬁh%"fyﬁ}ien?’ )ﬁ%ettmgrk?#ly%ﬁ 1&%11‘])“0[1%33} thigng {23 HHiryrimidings ne . 5.
{1- [(3 =afdiseoro-2- rrethylphenyl)acetyl] -2,3

- di hydr o- 1H i ndol- 5- yl1l-7-nmethyl-7 yrrolo[2 -d]pyrlmd|n4amne;

5- { 1- Ped- ngc;hau@omwamﬁﬁg ibpsdrpt TH-iRlod-5-y1}-1-methyl-1H-pyrazolo[3,4-

-dlhydro in 11 7-met hyl- 7H25pyrro|o [2,3 -d] pyri mdin-4-am ne; 3-
{1- Tdiﬁ)lrn%lggw m%f yI phenyl )acetyl] -2,3 -dihydro-1Hindol-5-y11-1

- met hyI THaythaz ©1{0-[[Bméttd)ihenyIndceiyil- %samymo 1BRinflolL5-y[ {-BH-pyrrolo[2,3-
-fl uoro- 2- net hyl phenyl ) acetyl] -2,3 -di hydro-1H-i ndol 5- ylp]?,
-t hyl - Sipyyraider-dramene: 4- d] pyri m di n- 4- ani ne ;. 305- 1-

[ (2, 5- di il yof onpERRAGATaLdd T2, P-aftyA¥SlT A-ihlbiL 9817 ﬁle}'}?ﬁ 7f-bSIBEY. - 4-
d}pyrimidin-4-amine;
5-{1-[(3-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;

15 3-{1-[(2,3-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl} thieno[3,2-c]pyridin-4-
amine;
7-methyl-5-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5- yl} TH-pyrrolo[2,3-
d]pyrimidin-4-amine;
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pyrimidin-4-amine; ‘
1-methyl-3-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-y1)-1H-

30 pyrazolo[3,4-d]pyrimidin-4-amine;
7-methyl-5-(1-{[3-(trifluoromethyl)phenyljacetyl }-2,3-dihydro-1H-indol-5-y1)-7H-
pyrrolo[2,3-d] pyrimidin-4-amine; |



pi peridinyl)-7Hpyrrolo [2,3 -d]pyrimdin-4-amne ; 62 5 {1-

[ (3-chl oro-4-fluorophenyl)acetyl] -2,3-di hydro-1Hindol-5-y11-7-nethyl-7H

pyrrol o [Wo3etj@yr2sm di n-4-amne; 5- { 1- [(3-chloro-2-peugcaphenyils) acet yl |
-2, 3-di hydro- 1H i ndol-5-y11-7-nmet hyl-7H pyrrolo [ 2, 3-d] pyri m di n-4-am ne;

53- { 1- [(3-chloro-4-fluorophenyl)ac (§tyl]

-2, 3-di hydro- 1H i ndol-5-y11-1- rrethyl H pyrazolo [3, 4- d]pyrlmdln 4- am ne;

3- {1-[(3 -chloro-2-fluorophenyl)acety
- 2, 3- di hyefrleH(34ubredd ncshyipteny!)aeety1y-2; 31<|Hby<ﬂmzkﬁm<[o$—§4y1§j-]7|aymuhm -@Hn- 4- ani ne;

-52 gldl h&&#@oﬁaﬁﬁﬂ%&#g %_/fzr"il(l:et?r:a%”hlll 7H-pyrrolo [2, 3-

10d] pyr i Bi 34h1%m %nl 0E 5 iyl yRik b1y Hmdol-5-y1} -7-methyl-7H I0[2,3-
{1-[(3-met phen Ilj)hacye %4] dl}%dro 1Hi ngo}l 5- ylyl 1HB§?%§([)| 0

[ 3, 4-d] psiﬂpymrrddm- ammene 2- (4 am no-3- {1- [(3-nethyl phenyl)acetyl]

1 s RN RS ol L PH R hipl ot £5 N

-2, 3-di h)ﬂﬂj il 8@ dred- yll 7- rrethyl 7H-pyrro|o [2,3- d]pyrimdin-4-am né;

5- {1-](2 -dfluorophen ) acety 1
hydr oiwhwdw-wymet%ﬂmy)phw o) 3.3 Filgiro-8Hgindol-5-yD)- TH-

- di
2 3 an o B e ol (5. 4 20 pyr i m i ne 4- A ne:
I-methyl-3-(1-{[3- (methyloxy)phenyl]acetyl} 2,3-dihydro-1H-indol-5-yl)-1H-

10 pyrazolo[3,4-d}pyrimidin-4-amine;
7-methyl-5-(1-{[3-(methyloxy)phenyl]acetyl}-2,3-dihydro-1H-indol-5-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
3-{1-[(2-chlorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-1-methyl-1H-pyrazolo[3,4-
djpyrimidin-4-amine;

15 1-methyl-3-(1-{[2-(methyloxy)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-1H-
pyrazolo[3,4-d]pyrimidin-4-amine;
5-{1-[(3-chloro-5-fluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1} furo[3,2-c]pyridin-4-amine;

20 1-methyl-3-{1-[(2,3,5-trifluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-1H-
pyrazolo{3,4-d]pyrimidin-4-amine;
5-{1-[(2,5-dimethylphenyl)acetyl]}-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;
3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-7-(1H-pyrazol-4-

25 yDfuro[3,2-c]pyridin-4-amine;
3-{1-[(3,5-dichlorophenyl)acetyl]-2,3-dihydro- 1 H-indol-5-yl}-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine;
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-amine;

30 3-{1-[(2,5-difluorophenyl)acetyl}-2,3-dihydro-1H-indol-5-yl}-7-(1H-pyrazol-4-
yDthieno[3,2-c]pyridin-4-amine;



{ 1- [(2,5-difluorophenyl )acet yl]
3-di hydro- 1H i ndol-5-y11-7-nethyl furo [3,2- c]pyridin-4-amne; 3- {1-
5- di fwoeoopisenyl ) acetyl] -2, 3-di hydro- 1H- i ndol- 5- y1peisGiommbingd
yl)-1Hpyrazol o [ 3, 4- d]pyrlmdln 4-am ne; 255- { 1-
5-di f | uor ophenyl ) acetyl ]
di hydro-1Hi ndol-5-y11-7-net hyl- 671I—|-pyrrol o [2,3- d] pyr| m di n- 4- am ne;
hyl -5- { 1-
, 3, 5- BF{If—[(Bl,dFd)ﬁhmphagre)aye‘tizl-]-z Rdithy npet id-idddl i5Sayl pAl-meth i Hipyrapio|B)4e
d] pyri m di.n-4-am ne; 5- {1- [(3,5-dichlorophenypacetyl]
di h yémilﬁilr}‘ﬁ&@inﬁs y11-7-met hyl- 7Hpyrrol o [2 3-

3-
3-

d]3py“ 5L A3 4namy gﬁengY)aééy@é%t Bi‘ﬁ H%HH Fndc{l %V]IE) &MLW@PN I)acetyl ]
3-

2,
h
3,

3-
et
2

3
[
e
[
7
[
[
3
- di hydro-1H1n H py -amne; 63
{ [ (4- fpb’I‘IOI’O(ﬁhB&ﬂpj'r)ra[dm ¥iamine; |
-7 met ﬂlyr%d{l ﬁ(% metﬂ}qolg[enyl)%cetyﬁ 2?51?\}&0?#1 pXC{Ol% }ﬂ} 7%(1 met?ll'lox -piperi l1nr;'l)4 am ne;
?
5-
a
[
[
1
[

2,
(
t
(
2,
(
2,
2,
0
2
1-
2,

- met hyppaayb @}p%,;,}mgm&g _ginipedr o- 1H-i ndol1- 5-y11-7H-pyrrolo [ 2, 3-
rimdi n-4-am ne;

(4
1p 5(3 chl oro- 2, 4-di f | uor ophenyl ) acet yl ]
2,

py

3-di hﬁdﬂo[(imathﬂplle@l)yqeiyl ~2riediby dro7 H-ipdod ey lpthieo 2, Eiidﬂmrrmdm -#~ 4- ami ne;
(1- { [3-fluoro-5-(trifluoromnethyl)phenyl]

etyll- rrf%‘-lch hydr o- 1H-i ndo1- 5-y1)-7-nethyl - 7H pyrrolo

3-

c
2, 3- d] pgt {1nf(3ifirofo-8ithéiRyIpienyl ab@y el REY aRE MW iddol 3=y If firo[3,2-c]pyridin- 4-
(3-net hyl%hn[ényl)acetyl?yg yﬂcf(ahy%;llr]l-o 1Hﬂﬁ%’ndol yll}% : Ipy
Oy rr ol 6P2NR- d] pyri m di n-4-ani ne; 7-methyl -5- {1-

(

1-met hyl { 11|!?3 ¥[8 I5 f%uo‘f&ﬁl%%?l)ﬁlce yl]- 2 ’33dlﬁi§rcn‘x 95 Lihbt. B-yﬁi}%iro% VE c%pyrl_chn 4-
amine;
3-{1 -[(2-ﬂu0r0-5-methylphenyl)acetyl]-2,3-dihydro’- 1H-indol-5-yl1} furo[3,2-c]pyridin-4-
amine; .

15 1-methyl-3-{1-[(1-methyl-1H-pyrrol-2-yl)acetyl]-2,3-dihydro-1H-indol-5-yl }-1H-
pyrazolo[3,4-d]pyrimidin-4-amine;

3-{1 -[(3-chlorophenyl)acetyl]-2 ,3-dihydro-1H-indol-5-yl} furo[3,2-c]pyridin-4-amine;
5-{1-[(2,3-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-methyl-7H-pyrrolo[2,3-
d}pyrimidin-4-amine;

20 5-{1-[(2-fluoro-3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(3-fluoro-2-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(2-fluoro-5-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-methyl-7H-

25 pyrrolo[2,3-d]pyrimidin-4-amine;
3-{1-[(2-fluoro-3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl-1H-
pyrazolo [3 4-d]pyrimidin-4-amine;
3-{1-[(3-fluoro-2-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-1-methyl- 1 H-
pyrazolo[3,4-d}pyrimidin-4-amine;

30 5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-(1-methyl-4-

piperidinyl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine;



rolo [2,3-d]pyrimdin-4-amne; 5- {1- [(2,5-difluorophenyl)acetyl]
3-di hydro- 1H i ndol-5-y11-7- (1- et hyl et hyl ) - 7Hpyrrol o

, 3- d] pyworsthissesani ne; 155- PCT/SG2012/000169
-[ (5-chl or o-2-fl uor ophenyl ) acetyl ] - 2 3-di hydro-| Hindol -5-y11-7- met hyl -
yr

rolo [2,3-d] pyrimdin-4-am ne; { 1-[(2,5-difluorophenyl)acetyl]

i hydro-1Hindol-5-y11-7- [2-(462rmrphollnyl)ethyl] -7THpyrrolo

-d

-d] pyri m di n- 4- anm ne; 5- {1- [(2,4-difluorophenyl)acetyl]
- di hﬁd{leﬁiﬁhlmdéaﬂlﬁ)rqﬂrbnyl)mt}’rhkl3MWO{lb] mdpPR5-31}-7-methyl-7H-
y
di

rimdi 1- 3, 4-di fl uorophenyl ) acetyl

P i hyHFSQi%@%HTn@Wi%"‘?H%'E hyl- 7H pyrroloo [% %3 d] %y]rl m di n- 4- ani ne;
yl metshyl | ; -

- di h;d?’lo (%ﬁhfo%—%@dl{?oﬁwn?l&éegtyﬁ%@ 352?%{;?][13{ gﬂbﬁmﬁﬁeﬂ? ﬁ?/?d]nga?lloarmt e; 255-
[

2, defol[lséfd}p)rremylaaé

e fErE Rty Eﬁwﬁp@yl&%tﬁf%% R TSR R ety -

Wf&();blrg M&]lﬁiknﬁldﬁﬂﬂ—aﬁnn d;:2- (dimethyl amino)ethyl] -7H pyrrolo

i

yrim di n-4-amnm ne; 6-chl oro-2-pyri di nyl ) acet yl
H@ufloumhm@@iﬂwgmyﬁmmﬁ R et T L
]
i h

p;{)&{azo@f %ﬁmﬁ_ T{“%Fe [ (3-chl oro- 2 4-di f1 uorophenyl ) acetyl ]

di
(
di
- d]
d
-d
-d
-d
- di thyl- 1prrazo| 0 [3, 4-d] pyrimdin-4-am ne;
(

-(2- 3n IHREBtdihl)eﬂﬁipI&nﬂhacetyl] 2,3-dihydro-1H-indol-5-yl1}-7-methyl-7H-pyrrolo[2,3-
, 5-di f | uorophenyl )acetyl] -2, 3- “di hydr o- 1H i ndol-5-y1) furo [3, 2-

ri di fdpprapidped-anungyi no- 3- { 1-
5-
r

| g | ‘;LH Iha a?%gﬁ)ll e Fﬁ?@%e&y?phghyflya‘éé&ultb IRl PrYinhb18 9131 -
pyrazolo[3,4-d]pyrimidin-4-amine;
2-(4-amino-3-{1-[(3-methylphenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-1H-pyrazolo|3,4-
d]pyrimidin-1-yl)ethanol; .
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20 5-(1-{[3-fluoro-5-(trifluoromethyl)phenyl]acetyl } -2,3-dihydro-1H-indol-5-yl)furo[2,3-
d]pyrimidin-4-amine; ' |
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl }-7-[2-(4-piperidinyl)ethyl]-
7H-pyrrolo]2,3-d]pyrimidin-4-amine;
7-methyl-5-{1-[(6-methyl-2-pyridinyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-7H- |

25 pyrrolo[2,3-d]pyrimidin-4-amine;
5-(1-{[4-fluoro-3-(trifluoromethyl)phenyljacetyl } -2,3-dihydro-1H-indol-5-yl)-7-methyl-
7H-pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-y1}-7-(3-oxetanyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

30 3-{1-[(2,5-difluorophenyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-[2-
(dimethylamino)ethyl]furo[3,2-c]pyridin-4-amine;



255 -(4-fluoro-1- [6-(trifluoronethyl)-2-pyridinyl] acetyl} -2,3

-di hydro-1Hindol-5 -y1)-7- nmethyl-7H pyrrolo [2,3 -d]pyrimdin-4-am ne ;
5- {1- [ (8p20c/1set2By1- 1H pyrazol -1 PCT/SG2012/000169

yl )acetyl]-4-fluoro-2, 3-di hydro- 1H—indol 5-yl1 } -7- methyl-7H pyrrolo
2, 3-d] pyri m di n-4-am ne; fluoro-1- {

4-f | uoro- 3- (trlfluoronethyl)phenyl]§§cetyl -2,3 dlhydro 1H i ndol-5
yl1l)-7- 30nmethyl-7H pyrrolo [2,3 -d] pyri m din-4-am ne ; ép

(2, 5- di firmehwphéhy [0-408ugomethyl); Zrovndmylia(chtﬁ}/@nbdmmdmblddn Isp-yDf7bk-o0 [ 3
2-c] pyridin )

4- f|uor8YT°€%§g¥ﬁE%PB§HEﬁ§F¥%%ety1] 2, 3-di hydro- 1Hi ndol1- 5-yI |

7- et hy b= ?%'-‘dﬁééfdh o-A-83 lrm/ddrd%gﬂhl' eyl A&styl4-X {ditydfo31H-indol-5-yl)-7H-
(trlfluoronethgggp %nﬁiﬁ acetyl g)gh gphy g:ﬁk+|%hol -y1) - %a+pyrazolo
[ 3, 4- c] pyrpilH33Upyrimidin-4-amine;

511 WY o L AR e NGRS 2 A SR Bo i o1 5y

{1-[(2, 511d1d115L5@} OHWId[aged]ﬁﬂxm?dlﬁxﬂdathéfo 1I+| ndol- 5- yII
-7prrro|o 2, % rimdin-4- 4- pi peridi nyl hyl] -5-(1-{
[3-(trifl’ rraﬁthy ﬁwj)piréhy‘{i%%ﬂwypmeﬂgl)ghmﬂ%@tﬁl}ﬂﬁ -dihy fo- 1 EYirdolos- yD)-

%Okgdgilﬁggé% %§t%y?kgk§g&ggﬁg%ﬁ%g:gkﬁgﬂyﬁ)22;?;1] 4-fl uoro-2, 3-di hydro- 1H

i ndol- 5- 7y(B-thethyibafyB)- 2« T} [By(ttiflusrodedml paenylacétyt}-2,3-dihydro-1H- indol- -5-yl)-
[ (3, 5-dinethyl-1H pyrazol - rAﬁyl)acetyl] -2,3 dihydro-lkkindol-S -yl -1
~ it hy! - 7HoR¥Eeel o] alParimidiped-#teh- 4- ani ne:

rlfgl E, [12{ %}3{185(% %«%ﬂ#ﬂﬂg@éﬁ QQ%@ n%)lﬁggéﬂ%@m%@flér-'lﬁdo%s%l?i1@9&&2&1&‘3‘,4@%&{#@ - 1Hpy

{ 4- chl or @mind;( 6- nethyl 2-pyridinyl)acetyl]-2,3-di hydro-1Hindol -5-yl |
- /- methy 17 cﬁ'cﬁ% ? ?&25 g‘lﬂ(ljlln%%[lenyl)acetyﬁ 2?3r[idﬁle§'\f;droe} ?lq-indol-S -yl} furo[3,2-c]pyridin-
4-amine; '
15 7-(3-azetidinyl)-5-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-y1)-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;
7-(1-methyl-3-azetidinyl)-5-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-

[
[
[
{

indol-5-y1)-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
7-[2-(dimethylamino)ethyl]-5-(1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-

20 indol-5-yl)-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
5-(4-fluoro-1-{[3-(trifluoromethyl)phenyl]acetyl }-2,3-dihydro-1H-indol-5-yl)-7-methyl-
7H-pyrrolo[2,3-d]pyrimidin-4-amine; |
5-{4-fluoro-1-[(6-methyl-2-pyridinyl)acetyl]-2,3-dihydro-1 H-indol-5-yl}-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine;

25 5-(4-fluoro-1-{[6-(trifluoromethyl)-2-pyridinyljacetyl } -2,3-dihydro-1H-indol-5-y1)-7-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
5-{1-[(3,5-dimethyl-1H-pyrazol-1 -yl)acetyl}-4-fluoro-2,3-dihydro-1H-indol-5-yl1}-7-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine; '
5-(4-fluoro-1-{[4-fluoro-3-(trifluoromethyl)phenyljacetyl}-2,3-dihydro-1H-indol-5-yl)-7-

30 methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine;
3-{1-[(2,5-difluorophenyl)acetyl]-4-fluoro-2,3-dihydro-1H-indol-5-yl} furo{3,2-c]pyridin-

4-amine;



5-(4-chloro-1- { [6-(trifluoronethyl)-2-pyridinyl]acetyll

-2, 3-di hydro- 1H i ndol-5-y1)-7- 20net hyl -7H pyrrolo

[ 2, 3-d] pywOormhtymss3am ne; and salts thereof, including pharscacewvical |y
acceptabl e salts thereof 12. The method of claim 11, wherein the organic
nmol ecul e i s 5-brono-N4-2-pyridinyl - N%ES- :
(1, 2, 3,6-tetrahydro-4-pyridinyl)-1H i"hdol-5-y1] -2, 4-pyri m di nedi am ne. 25
13. siRNA directed against the nucleic acid transcribed fromthe PERK gene.
14. The $t{RNNab-lel(diflwotdphiaxl)acgtyl hd3 siéhyideord H-iBdolorsBEHBUAMAAEEGUUUATT- 3' .
3015. An antfégfg)a or ﬁ f%nct.i onal variant thereof, or a fragment of the
ant i body PEIBIRER-& AR BRSH A 8% PERK protein. WO

2012/ 158 323BE/SERBIANQRNISRnSiTackBi } -BIvedianddobadlynddi- 5ol Mphkazolé[erei n t he

antibody, or the functional variant thereof, or the fragnent of the
ant i body cipyridimdraodhaenal or pol ycl onal anti body. 17. The nethod of any

one of cl ai 1 Jurt he onpr i:si 1 i Straty er oxi some
pr (§I ifer Af%%ﬁgléﬁ(eéfégnblel%rg&eghry(b(p E%Rﬁfacé%ggg?’gd}hgr%?gy'%ﬁog%y |B-' I3'i?-abet ic
agent. 18yraZbR[IBicNseidaf-3ehahen 17, wherein the PPAR agonist is selected
fromthe group consisti ng of PPAR-al pha agoni sts, PPAR-beta a%oni sts,
PPAR- gamfd32geidisyls-5- dnldZ Srdiftuerephenyhigentyid 1253 -dihgdrpel Hppdolwetlhodil-of cl ai m
17, wher g| PRAR: 14 St.:L S selected fromthe group consisting of
nono- PPAE&QP%E%3 gg@ﬁf@tﬁyh%ﬁ%%PPAR- bet a agoni sts, nono- PPAR- ganma

ago ?i sts ,7-[Ec(nqﬁlfléi?ﬂﬁnd?lth3a]t;ag DJlﬂ{][E(tﬁﬂudnm}eﬂBWemﬁ]r?alaty}a}nﬁﬁ gﬁlmjlrthoagb ni sts,

N-[ (4- nmet hoxyphenoxy)carbonyl ] -N 14- [245 -nmethyl-2-phenyl- 1,3

- o‘&)azol - Andoi'éyﬂl)‘@ﬁrﬂi%ﬂ?‘%gﬁz@%b’@?&@;ﬁéa‘(‘m?r aglitazar), 2-

[ (4- met hgx 3L 0oy ls- 4; F stviD-4- 5vet. - A =51, 3

- oxazol - Z%g%tﬁ g%’)l?gh‘gn@?f dé?f%‘%ﬁ’ h%%ll) h%]tylg(%efthfcgogg% 5%% ?)%I jlqg?ﬁ%zsar) ,

N- ( 0- benzbyuphk e lpyridif-2-apbneret hyl - 2- phenyl - 4- oxazol ypet hyl] - L-t yr osi ne

Farglitazar t hi azol i di nedi ones, cl ass, of .. PPAR- agoni st s
E RS) _g 5- ( 3; (%S,Q%%iyl-é%ﬁa@gﬁ -ysl)acety -2,?—d1hydro-1ﬁgmgol-g-yl}-1-methyl-lH-
t et ramet By}aggllbmmy%rryﬁm{mijagﬁlyg;benzyl ) thi azol i di ne-2, 4-di one
(Troglitazone), (RS)-5-

15 5-(1-{[3-(trifluoromethyl)phenyljacetyl }-2,3-dihydro-1H-indol-5-yl)-1H-pyrrolo[2,3-
djpyrimidin-4-amine;
5-{4-chloro-1-[(6-methyl-2-pyridinyl)acetyl]-2,3-dihydro-1H-indol-5-yl}-7-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-amine; and
5-(4-chloro-1-{ [6-(triﬂuoromethy1)-2-pyridinyl] acetyl}-2,3-dihydro-1H-indol-5-yl)-7-

20 methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine;

and salts thereof, including pharmaceutically acceptable salts thereof.

12. The method of claim 11, wherein the organic molecule is 5-bromo-N4-2-pyridinyl-N2-[3-
(1,2,3,6-tetrahydro-4-pyridinyl)-1H-indol-5-yl]-2,4-pyrimidinediamine.
25
13. siRNA directed against the nucleic acid transcribed from the PERK gene.

14, The siRNA of claim 13 having the sequence 5>-CAAACUGUAUAACGGUUUATT-3".

30 15. An antibody, or a functional variant thereof, or a fragment of the antibody capable of

binding to PERK protein.



20 (4-[2-(5-ethyl pyridin-2-yl)ethoxy] benzyl)thiazolidine-2,4-dione
(Pioglitazone), (RS)-5- [4-

(2-[ met hywoOpyrdsn32- yl ) am no] et hoxy) benzyl ] t hi azol i di n@c2/Sé2di2one 69
(Rosiglitazone), 5- [ [6- [(2-fluorophenyl)nmethoxy] naphthal en-2-yl]nethyl]
-1,3 -thiazolidine-2,4-dione (netoglitazone or MCC555 ) , b5-

[(2,4-D oxo-1, 3-thiazolidin-5-yl)nethyl]-2-nethoxy-N [4-
(trifluoronethypbenzyl] benzam de (KRP297), 4-f[ [4 - [2-(5

- met hyl6. Thegrenbedy af dainpka gherdin the gntghodat erothg]fupdiongl Yariast thergof, dr, the -

oxazol i digne- 3 - di JTT-501 12-(4-Chl or.ophenyl) -

257 al chitaEmaBL s bt 14e pRibdond i RS AaRREn

242-met hyl- 4- ([ 4- met hy1l- 244-

(trifluoromethyl)phenyl)thiazol - 5-y12 met hyl t hi o) phenoxy) acetic acid

( GN6015A Ghe @Qélpd of. ahorg-F claims 1 to 12, further comprising administration of a

[ 4- 2- ph - 10~ d ol ' 622) 1: . R={(4-12-[ (4-
chi’or obeRea S kST ST REYARE NP HaPRE AR RSy A MR iptatciedde )
5-(2,5- 30 dinethyl phenoxy) -2, 2-di net hyl - pent anoi ¢ acid (genfibrozil),
fibrate class of PPARagonists, (5)-3- _[4- . . o

[ 2- ( PhEhdkasnsibahohalsigr hbxylestie &Wj’l_-’féR@tgﬁ@Wﬁ rBisaid ifoa g groroamsistng

ggﬂf‘l Z hgzr%?ﬁ?@(-%@a dLORERY PPARNYRA DL ARdts, PN R A ¥ i, U@ EAR Gt d (WY
[ 2-( Bénzag&rﬁsml - 2-yl - et hyl - am no) - et hoxy] - phenyl 1- 2- et hoxy- propionic acid
(SB 213068), (25)-2-Ethoxy-3-[4-[2-(4-

melt yl sul f onyl oxyphenyl ) et hoxy] phenyl ] propanoi ¢ acid (Tesaglitazar; AZ
242), {9.TPe method of claim 17, wherein the PPAR agonist is selected from the group consisting
[[442-(nethy1-2-pyr|d|nylan1no)ethoxy]pﬁenyl]nethyl]-2,4-ﬁ%|azol|d|n%dlone,
(2) - 2- SbfitenedPeR -elphd agoriftp.-thong-BP ARHydta dgomixtd yhond-RB&R Fapyma agonises, 1-

A amar b BEARIRAE ety Wl * BPAR ARG 4l "Yarfits! USHHRY K2 ca-
met hoxy- %&Myﬁhér{%)g}ég%%bpmmmy.}]{y&qulyﬂdappp;gld,@g@lpanoi c acid

Naveglitazar),
E 2 42, ;ab)edtp%w]@f(awh}@mg@z (Mureglitpeen hoxiF padayynheposd easkymi dplandrid-Rei d
100 et Ko BHORY R4 iyt By Teherb heng anind dclat b Gefifllfey” >

[ d] i mi dazp{o-BenrbylREnOX} RaBaMtthyhi azol i di ne-pRedyl-4dbelylehyl|0l-HrosiBRF
10945, AVE 0847, AVE 8134, 641597 (GSK), 590735 {csg MK 767, AA 10090, LY
674, LY Obaglitpzary thiappirdinadignes glass pg PPARgeomisrs, (RS)<Del(6-hydmxyA833.8- W

7282, 50 : . . 0.20Q, ; - 303 i i),

B0 015 e RSP e B Deni R A0 fron€ g Bl ¥R A S 521 )

RA83 (FoeL VD 336540 (Mar gk Koo L G0 (Mor ok Ko o oy,

R-483 (R e - VeY . - 90, I CK ;. - ,

G 0091 b bylmEiinco FtBol oS poTaBbRa- NS SS ancs RO AN oot yaku)
+/ ) - 5 _ i _ A . ik . 1o } T

et hy o SO EorabnEhy Rlcth Ot vInaphhalen Lyl Imets 13- higgoliding 2 dxdione.

(bal agl i (mtegitgzoDREr BEYE)35)VBY25LDIEM 1L328iazCi 2300 ShYI[-B-ridtoxy-He4-

(net oot (auhay et Hent e tnide R REr b a sty Sihapaal fromasota”™ <! O

-] 2201 i s ApHerBNRN i 9LAARRIR) 3 SLhI 26AT-663) L01SRR.CHGRAFES. OV

5- [ ( 2- beAdydicBomddieaadpis2aeid HEMEHL GTARMTETHARE, 1-E2-mithak-éi((4imediy2244di one

phony prl cprort Pt et D S BN s ol gt AL KRG D P HRB et o
of any 0Q%tlﬂfxycj-ﬁé@-(ﬂipﬁenbﬁazl@-lOfylelHoiy()p}_ilngl]f)MpEﬁtﬁé R ATPNNS2IJ zafimzl'[(at ration
of an agent used in the treatnent of diabetes, obesity or insulin

resi st aneklospsazayhamiggethyl } pienoxiet terdhdproppagien 20id whezafibratehe a¢2at is

sel.ect ed i $t] r uc BA
oA DB PP RO R SLEGASTREALE! Bl PR
(trimet hygaiidtne (§oxjdde)(Phamskadigr ivaldth@s | pieayB ot sthatiproghnaikadiic @yt s,
anti- 69 _obesity agents, anti-dyslipidema agent or_anti-atherosclerosis
agent, aspidi rL[4w9hh059rﬁﬂ§2,>3-mm@hfélpée,nyg)ﬁanrw}tﬁ-pwp@my(lﬂﬁlsmlréceageﬁelé. (¥X  The
met hod of claim 21, wherein the anti-diabetic agent is used in conbination
with a



5 chem cal chaperon selected fromthe group consisting of biguanides,

sul fonylureas, insulin and anal ogs thereof, peroxisone
proliferavoremdtstzat ed recept or- gamma agoni sts, dual PPRRTaggemi2gbEI6and PPAR
pan agoni sts, conbination therapies, meglitinides, alphaglucosidase

i nhi bitors, glucagon-1like peptide-1 P- 1) anal ogues and agoni st s,

di peptidyl peptidase IV (DPP-1V) inhi®Bitors, pancreatic |ipase inhibitors,
sodi um gl ucose 10co-transporter (SA.T) inhibitors, and anylin anal og. 23.
The met hdd,6d8), c BdurB-(Benzmox2al-2afienethpl-athmoghthok glaphenkBplethory-ptopibre m 22

or the ER stress nodul gtor of clai LS used in c ihation wt n
anti - obedtf'y agent ;el(g ed fromt %%épghp consi st 2$£3%68r32&&ar| pase
i nhi bi toh%thﬁﬁﬂ%9l%'x?pl?éﬂ91)&%§ﬂb%§§r:fﬂ%% rnoi@%c"i@‘d’ﬂ’&s%ﬁﬁtaké}h'& tz%f,’r(ét)-s-

nor adrener gi'c anorectlic agents, al'l'y acting agents, cen Fly
acting agéridmethyb?pygdinylematpaethexylphanyliinéthdi-a.4eBbzeltiredomest s,  (2)-2-

chal ecystokini-n.(CCK) agonjsts, |ipid t i dul at,or, gl ucagon-1ike
pe%ti de %u%éa%iﬁ?aé , leptin %né{)ni st, bet gﬁg%gﬁ%@%@r’%&?ﬁé’oFﬂng%’y Oz%ﬁqae
hor mone, c&iNoxaidolethly Qpheniigdul fohylPRiirsnstBakmllcyObHeXel)aeha ot OAVahdastRpt or
agoni st, met hanphet am ne HCl, 1426 (Sanofi-Aventis), 1954 )

20( Sanof imetiyexyd-I-[3-4-hemoxyiphearxdproppxy lpheydiprqmppick agidcdiNavegitazany

Tul ari k ' i ical -
Chaper ot SF L B fyd g oM epHER L. K Al e IR TE Brb R REET kg |
conbi nat (Ragaglitalaran NaNt2R),dyIX pRoemiPAXagédd, dLXan203,atSh@r@sc4-amisi-3,5agent

| ected f t i sti f HVG t 5 inhibit :
7115 at o5 b hphgiodh S b T ber il bR 08 B R eiridiner fcase)

anti - pl ahgngt@s ANGH ODRASI 925 CRVES b347) APEWTB4 (SEh7i BRII 56685 @Kot ensin
Il receptor antagonists, acyl-CoA cholesterol ‘acetyltransferase {(ACAT)

i nhi bi t oMK WolAestl®Ns0. BEsaiptliv2oni b3t dPRT 4iS8o LXK €92k NS0 X i ves,

i ol yoorPi i PRIHER Bngialh T el ol dV B 6% s TcRBIERBem ka0

modul at ongg, 3080 ks, "OSLTO 8 P8 shky )R TRE-3 09, INFEP-i1 b B @GNS AC gl e |
receptor (PPAR) agoni sts, gene-based therapies, conposite vascul ar

priét ect aftSK-47 6258 JTS&SG%LIW@J@@L,/@%%QB.;Q KX6e2(Flerié 411 5RbeleroBay-ddol |
BO- 653; k) i A O | 0 it
(nercor. SRSk, SHCRREURLOEMIPALIA, ORY! Kopha LA TP ! oo°

i nhi bi t 03, X-09408CIITe-099 Nt hESIBOT 54)i G090 NBBIXIYHS4, QNEPATES, (T-874 ETdnaBé Ot ei n
(MCP-1) inhibitors, liver X receptor a?oni sts, and ot her new approaches. 5
25. The SEWRBY. df/-oaPrié3-4-Dibydros-mekwi-digxorhauispatingAmehrapbersd)- 36 cl ai m
22 or theg:ER: 0 SR 24 (S NS Eeh i I Qnratbh an
anti - hypgn#?grl]@lh%ﬁﬁ)gagﬁggélg%&nte’eglﬁ ggnﬁ ’hgﬂgér gg’pgg\(])r%glz%ﬁgﬁgﬂ?p §HL%¢| cs,
al2pha- bl dokepbenybptahdypredpattalenCagimethgiinies-thibatiiares2,4aligieot ensi n

converting enzynme (ACE) inhibitors, angiotensin Il (AT-]1)  antagonists,
vasopept (abseel 420 b g-EoﬂAsf,ﬂ-&tFéhlylﬁ@iﬁheéﬂ @ﬁé@ﬁﬂaﬁwé}s Saihizaidinera i tena o
converti I ikt ICPRERSAgN sHAL i 5 A@E{, P

i nhi bi topggﬁ%éﬁgﬁ I%@é?g?@%g’u atng’s?G?aé%Z(}?I at or 5,8’ g\éttezljfrséet (P:B’gept Cglgs,
angi ot en8Hrchrenept ol )nimtind keéBsthjatbiBiine-2 Ak one ogEhglitkzonepaleads, S-frAgot(Bel i n

receptor agoni.,sts, ¢ i nation. therapjes, and 2 (University of
Ve § obaPREB ey Ra os8e0 - nracd arere DHE b b b s el ne
chem cal (shapareng. of claim22 or the ER stress nodul ator of claim?2l is

used in combination with vitamn, mneral, and other nutritional
suppl enent s. 27. A pharmaceutical conposition conprising an inhibitor

of PE ne gr afunctiopal. 20variant.thereef ,  or an.inhibitor of PERK

pr ot eﬂ_@' gﬁe eﬁl?ﬁlc(ifiagﬁgfle\(} %Fl_érﬁtl %’hfe‘f%rolffto(;g : UFHET A W‘@éﬁtrag%ﬁgsi tion
of cl ai MiRdgent uﬁddhﬁﬁhect%ﬁﬁhbrﬁldﬂﬁia%eiéb,&ib@ﬁ%eéﬂihﬁﬁid ¥siER@DREAllogecar ri er

and/ or diluent and/or excipient. 25 29. met hod of identifying a conpound
t hat nodul at es expression of PERK gene in a cell, the nethod conprising: a.
e%posifNg i . ene_ W test compound; ..b,

aoPer A AT HE AR 28 G BREAEERTs Bibele ke s PHB N GRE AT ER wer e
exposed tteest A duRsdrs @8 PBA Uhgkdny( Bityrate), TUDCA (tauroursodeoxycholic acid),

TMAO (trimethylamine N-oxide), and derivatives thereof; anti-diabetic agehts, anti-



30c. comparing the | evel of expression of the PERK gene determ ned under
(b) with the expression of the PERK gene in control cells which were not
exposed twothe/t58e8 conmpound; wherein a difference in tReTSGROKRISIIOGN | eve
between the WD 2012/158123PCT/ S&2012/000169 71 cells under (b) conpared to
the control cells identifies the conpound that nodul ates. expression of the
PERK gene in a cell. 30. A net hod 68f I denti fying a conpound t hat
nodul at es the anount or activity of PERK 5protein conprised in a cell, the
nmet hod cobpsitysagegts, anti-ebyplgsdengiacagehtss oexpti-agderosgleRsRKagemat asipivingi titandng, est
conpound;_bdﬁgete m ni ng the anount or activity of PERK protein in the

cel | s whi"tHCier &1 SSHFTERIYIREREst conpound under (a); c. conparing the
anount or activity of PERK protein determ ned under (b) with 10 the
activity of PERK protein in control cells not exposed to the test conpound;
wher ei 22.dhdirhétbod nf elaim 2lhevheraiu tite anti-diebdtici 4gendfs WRERKN pooibéiatiohetitteen t he

I d b onpared to,the control cells.identifies,the conpound that
modul at oS heREAL oI P BHAK BBt OF nErohP (ESSUtY O DiBagidesn SHETHOHERr
i dent i fyiinglia &1@%@1{%5’ theP@t, PRekisehE réleradsidnlaed rddeRorRARLA %&B‘i@r i sed

in acell, the nethod conprising: a. exposing cells expressing RK protein
with a taval RvhRagaristsiand @8 pamagapisth sombpimation dier@iedK nmgbitisides,i alphahe

cells which re ex ed tq the st _conpoun r . 20c. ,conparing the
rount o e, SRR, patfedfe . aBARE "Gt TE ht Hanst g BB n
control qqidggdljlcﬁepﬁm@svotm-meinm&brspmmﬁd lipwéesinBibitos, %diﬁﬁr%ﬂ&%ei n the
anpunt of P protein between the cells under (b) conpared to the contro

cell s i denttranproster (¥Cl bhipbibiiars; ard ampéauintaes t he amount of PERK protein in
the cells. 25

23. The method of claims 21 or 22, wherein the chemical chaperone of claim 22 or the ER
stress modulator of claim 21 is used in combination with an anti-obesity agent selected
from the group consisting of pancreatic lipase inhibitors, serotonin and norepinephrine

15 reuptake inhibitors, noradrenergic anorectic agents, peripherally acting agents, centrally
acting agents, thermogenic agents, cannabinoid CB1 antagonists, cholecystokinin (CCK)
agonists, lipid metabolism modulator, glucagon-like peptide 1 agonist, leptin agonist,
beta-3 adrenergic agonists, peptide hormone, CNS modulator, neurotrophic factor,
SHT2C serotonin receptor agonist, methamphetamine HCI, 1426 (Sanofi-Aventis), 1954

20 (Sanoﬁ-Aventis), c-2624 (Merck & Co), ¢-5093 (Merck & Co), and T71 (Tularik).

24. The method of claims 21 or 22, wherein the chemical chaperone of claim 22 or the ER
stress modulator of claim 21 is used in combination with an anti-dyslipidemia agent or
anti-atherosclerosis agent selected from the group consisting of HMG-CoA feductase

25 inhibitors, fibrates, bile acid sequestrants, niacin (immediate and extended release), anti-
platelets, angiotensin-converting enzyme (ACE) inhibitors, angiotensin II receptor
antagonists, acyl-CoA cholesterol acetyltransférase (ACAT) inhibitors, cholesterol

- absorption inhibitors, nicotinic acid derivatives, cholesterol ester transfer protein (CETP)
inhibitors, microsomal triglyceride transfer protein (MTTP) inhibitors, other cholesterol

30 modulators, bile acid modulators, peroxisome proliferation activated receptor (PPAR)
agonists, gene-based therapies, composite vascular protectant, 4,6-Di-tert-butyl-2,3-
dihydro-2,2-dipentyl-5-benzofuranol (BO-653; Chugai), glycoprotein [Ib/Il1a inhibitors,



32. A prognostic nethod for determning the receptiveness of a patient
suffering frominsulin resistance syndrone for a treatnment with a PERK

i nhi bi t orvowheysgr23t he net hod conpri ses identifyi ng andPdEiSezom2enoigot he
PERK activity in the patient, wherein an increased PERK activity indicates
that the person may be receptive for %treatrrent wi th a 30PERK i nhi bitor.
72 33. The prognostic nethod of clai m 32, wherein the increased PERK
activity is determ ned by a phospho-specific anti body to the

aut o- phosphidnydrdt amatogsi thereofy deERKnasiont thierap{cFO 8631, bide atid trérspSERK(IBAT)

hosphoryl ation site S51 on el. .. or to the PERK ph h | ati i S303
P oo EEhssT. R, st mafitolr PR croRsUBrRaRat BRI 11 od

or 5pr edijghiBRorONiRPX @beptdterBHRRNaddBthdr RAPiProithes. 34. A prognostic net hod
for determning the receptiveness of a patient suffering frominsulin

resi stance syndrone for a treatnent with a PERK i nhibitor, wherein the

met hod, | ri ses ur i activity.of a,protein kinase. AKT and/gr

o a1 med TRorsi6ed OF FattEs 28 of oy Whirtintihe PPl RanskRrd i, 200k B by &
| over ed Afdssamblvbioy Anddiar 21 aveised ifPlc3ibiasion agkth bt dhti-MePeedhskon bbait t he
patient may be receptive for a treatnent wwth a PERK inhibitor.

35.
The progrelseied fremhie eoup| eqnsistag ofhdivedtiest Rphadhackets, ibstarlecksrs 68 Pl 3K
t H H t M _ - t - - - .- 3 . i
oSt e BRSO RL B AP Rh c BORIRS G RRL P L2

resi st anc@tagymidisO Measbmiptidader aaliibns, vdiah AcUtlaRKendupepiidee , and eemitielinge

nmet hod conpri ses neasur n%‘é he relative |levels of phosphoryl ation on the
AKIP si t e CARETBRS ReYDY (SEREGE ) mhabitorsyrmgrqtensin vasganesy 4G epbityrs. e
phosphor on ' p apl .nd] S e tent is
recepti vg\&afayol{r aAitrlsaesgtElr?Je6 Htﬁfaé‘m’?%hklg&%ﬂ%{%y%’ nhélltgll%ttlgr gb& g{;@ ?&g%%%n%%nggt&%&net hod
of cl ai mb3dckemwh@RBs), deleramsslinly badukeiserentibthelimtrec@pafr dY6hiss, tedmbination

25phosphoryl ation_t RK sjte. ph horylation is lowered is carried out by
conpar i néh‘irﬂéesr’ré%Nf%‘@%ﬁjpgeﬁngw?mlﬁoéﬁj%%{r@r mned in a healthy

non-di abetic population. 38. A kit for use in treating or preventing
insulin resistance syndrone in a patient, said kit conprises one of the

f 019 okt heehebod df thaons 2 her §2 owpereonthe shemgrab thapesinRNA dancliongd BRI n
claims 13 or 14, .an antibody, as clainmed in clains 15 ar 16 n _organi c

mol ecul e SHESSCATHRT ioﬁ ‘%ﬁl ' %Js is) yseg ml‘?‘,’mﬂé‘ﬂﬁn% B rwgﬁé"é‘ﬂt F’d%qraCS%g’ZIi’etri on as
clai med ifyfilda®pgiénihts. 73 39. A kit for determ ning whether a patient
suffering frominsulin resistance syndronme is receptive for a treatnent
with a PERK i nhibitor, wherein the kit conprises:

27. A pharmaceutical composition comprising an inhibitor of PERK gene or a functional

20 variant thereof, or an inhibitor of PERK protein or a functional variant thereof.

28. The pharmaceutical composition of claim 27, further comprising a pharmaceutically

acceptable carrier and/or diluent and/or excipient.

25  29. A method of identifying a compound that modulates expression of PERK gene in a cell,
the method comprising:
a. exposing cells expressing the PERK gene with a test compound;
b. determining the expression level of the PERK gene in the cells which were
exposed to the test compound under (a);
30 c. comparing the level of expression of the PERK gene determined under (b)
with the expression of the PERK gene in control cells which were not exposed

to the test compound; wherein a difference in the expression level between the



5a. antibodi es specific to one or nore of the AKT phosphorylation site(s)
on one or nore of the human FOX() proteins; and b. antibodies specific for
one or nowe 20f2/1583PERK phosphoryl ation site(s) on one @®cTsore2ofotbhe human
FOX() proteins or for one or nore of the PERK phosphoryl ation site(s) on
PERK protein or on el F2a. 10 40. Use Cif an inhibitor of protein kinase
RNA-| i ke endopl asm c reticul um ki nas€ (PERK) gene, or a functional variant
thereof, or an inhibitor of the activity of PERK protein, or a functional
vari ant thereof,cdlls urder fnodmgdred ¢o dhe aomedi cedivadentifems théeompeandrelmdt or

revention of insulin resistance r . 15 4 Use of an inhibitor of
Brotei n ki nase ﬁﬂﬂd?lﬁﬁgée@faﬁm%%fﬁﬁ%?’%@g%wwﬁ‘%]hase (PERK) gene, or a

functional variant thereof, or an inhibitor of the-activity of PERK protein
or a functional variant thereof, in the manufacture of a nedi canent to
r educe3tct method of identafysng A ponmpouhd ¢has msodiflatesh theF@X@uftaori doyivitFof PERK 3a, 4
and 6) o il ot BB B celll 12 RERYEOShSRiSY., | nsulin resistance syndrome.
a. exposing cells expressing PERK protein with a test compound;
b. determining the amount or activity of PERK protein in the cells which were
exposed to the test compound under (a);
c. comparing the amount or activity of PERK protein determined under (b) with
10 the activity of PERK protein in control cells not exposed to the test compound;
wherein a difference in the amount or activity of PERK protéin between the
cells under (b) compared to the control cells identifies the compound that

modulates the amount of PERK protein in the cells.

15 31. A method of identifying a compound that modulates the amount of PERK protein
comprised in a cell, the method comprising:
a. exposing cells expressing PERK protein with a test compound;
b. determining the amount of PERK protein in the cells which were exposed to
the test compound under (a);
20 c. comparing the amount of PERK protein determined under (b) with the amount
of PERK in control cells not exposed to the test compound; wherein a
difference in the amount of PERK protein between the cells under (b)
compared to the control cells identifies the compound that modulates the
amount of PERK protein in the cells.
25
32. A prognostic method for determining the receptiveness of a patient suffering from insulin
resistance syndrome for a treatment with a PERK inhibitor, wherein the method
comprises identifying and determining the PERK activity in the patient, wherein an
increased PERK activity indicates that the person may be receptive for a treatment with a

30 . PERK inhibitor.
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The prognostic method of claim 32, wherein the increased PERK activity is determined
by a phospho-specific antibody to the auto-phosphorylation site on PERK protein (T980),
or to the PERK phosphorylation site S51 on elF2a, or to the PERK phosphorylation site
S303 on human Foxol (or optionally any of the other novel PERK sites identified or
predicted on any of the human FOXO proteins). '

A prognostic method for determining the receptiveness of a patient suffering from insulin
resistance syndrome for a treatment with a PERK inhibitor, wherein the method
comprises measuring activity of a protein kinase AKT and/or PI3Kinase activity in a
subject, wherein in comparison to a control a lowered AKT activity and/or lowered
PI3Kinase activity indicates that the patient may be receptive for a treatment with a

PERK inhibitor.

The prognostic method of claim 34, wherein the control is the AKT or PI3K activity in a

non-diabetic individual.

A prognostic method for determining the receptiveness of a patient suffering from insulin
resistance syndrome for a treatment with a PERK inhibitor, wherein the method
comprises measuring the relative levels of phosphorylation on the AKT site and on the
PERK site(s), wherein a lower ratio of AKT site phosphorylation to PERK site
phosphorylation indicates that the patient is receptive for a treatment with a PERK
inhibitor.

The prognostic method of claim 36, wherein determining whether the ratio of AKT site
phosphorylation to PERK site phosphorylation is lowered is carried out by comparing the

measured ratio with the ratio determined in a healthy non-diabetic population.

A kit for use in treating or preventing insulin resistance syndrome in a patient, said kit
comprises one of the following selected from the group consisting of a siRNA as claimed
in claims 13 or 14, an antibody as claimed in claims 15 or 16, an organic molecule as
claimed in claims 11 or 12, and a pharmaceutical composition as claimed in claims 27 or

28.
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39. A kit for determining whether a patient suffering from insulin resistance syndrome is

receptive for a treatment with a PERK inhibitor, wherein the kit comprises:

a. antibodies specific to one or more of the AKT phosphorylation site(s) on one
or more of the human FOXO proteins; and

b. antibodies specific for one or more of the PERK phosphorylation site(s) on
one or more of the human FOXO proteins or for one or more of the PERK

phosphorylation site(s) on PERK protein or on elF2q.

40. Use of an inhibitor of protein kinase RNA-like endoplasmic reticulum kinase (PERK)

41.

gene, or a functional variant thereof, or an inhibitor of the activity of PERK protein, or a
functional variant thereof, in the manufacture of a medicament for the treatment or

prevention.of insulin resistance syndrome.

Use of an inhibitor of protein kinase RNA-like endoplasmic reticulum kinase (PERK)
gene, or a functional variant thereof, or an inhibitor of the activity of PERK protein or a
functional variant thereof, in the manufacture of a medicament to reduce activity of
transcription factors of the FOXO family (Foxo 1, 3a, 4 and 6) for the treatment or

prevention of insulin resistance syndrome.



