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Field of the invention The present invention relates to a cell -based
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ext race&IGrbaih FdctonRdv 20n0) 2nd2 183228)0- | nf | ammat ory cyt oki nes such as TNFa,
IL-18, 1L-6 and CDAQL. This pathway is typically nediated by the Inhibitor
of KB KIhagemmaligadyfis K%cﬁ’t’fﬁ!% th'%?§é§’e(m Ers. 'QC'&HH‘QF&?P(Q‘W&“@HW” as RelA),
phosphogyd adiso kKBWHBIERFSB 1), eeesiz fwsé Rnb#h Mhst RFIM)thFBUbHa RARbI0hRMIform
conpl ete degradation of |KBS prot easone and al |l owi ng the rel eased
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B-cel | particutatyi IvBo (St S1C. (BéXEFésmHI, pogands)for the | ynphotoxin 8 receptor
(LTOR). Experinental evidences suggest that this pathway is inportant in
regul ati ng many bi ol ogi cal processes such as secondary |ynphoid organ
devel opr@@tmaiB- shlva@ucyntlingaimé B&ivelidt IcPNRRE, inBfeBi ten c@lonSieinti fon-

chenoki nes 35i nvol ved in adaptive imunity (Dej ardin E., Bi ochem Phar nacol
20049, @npm@Qanjl‘y\ggys are now known. The well known canonical NF-xB pathway is triggered by

a wide range of extracellular stimuli including pro-inflammatory cytokines such as TNFa, IL-1p,
IL-6 and CD40L. This pathway is typically mediated by the Inhibitor of kB Kinase trimeric
complex Kinases (IKKa, -p and —y), which phosphorylate kB members, leading in turn to the
ubiquitination and complete degradation of IkBs by the proteasome and allowing the released

25 RelA/p50 heterodimers to translocate into the nucleus to initiate gene transcription (Hayden
M.S. et al., Cell 2008, 132:344-362; Vallabhapurapu S. et al., Annu Rev Immunol 2009,
27:693-733).

In addition to the well-known canonical pathway, a non-canonical pathway also exists. This
30 alternative NF-xB activation pathway is induced by a subset of tumor necrosis factor ligand

(TNFL) family members such as CD40 ligand (CD40L), B-cell activating factor (BAFF) or

ligands for the lymphotoxin B receptor (LTBR). Experimental evidences suggest that this

pathway is important in regulating many biological processes such as secondary lymphoid

organ development, B-cell survival and maturation and induction of specific chemokines
35 involved in adaptive immunity (Dejardin E., Biochem Pharmacol 2006, 72:1161-1179).



WO 2013/ 014244PCT/ EP2012/ 064718 -2- This pat hway invol ves the activation of
Rel B/ p52 conpl ex by inducing the processing of the pl00 precursor protein
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activate | KKa and | KKO. However, N K phosphorylates IKKa to a greater
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p52, thus confirm ng |ts e in the non-canonical pathway (Xiao G et
Mo/ Cel ¢onm®iklnase4:@§par@@)le foTlthe roxiaabsigealingiof yarisfusigyiokine resgdorss not
required for the recruitnent of pl00 to both kinases, however, it is
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disrupting signals from IL-1 and TNFa stimuli (Ling L. et al., Proc Nat/ Acad Sci 1998, 95:3792-
3797).

25  From the preferential interaction with IKKa, it can be deduced that NIK is a more important
kinase for IKKa than for IKKB and that NIK is only essential for the non-canonical pathway.
However, depending on inducer and cell type, NIK does play a role in both the canonical and
non-canonical NF-kB pathways,. Data from studies using mouse embryonic fibroblasts (MEFs)
with NIK knock-out or with a naturally occurring NIK defective mutant, alymphoplasia (aly/aly),

30  support this notion (Shinkura R. et al., Nature Genetics 1999, 22:74-77).

NIK is required for the processing of p100 to p52, thus confirming its role in the non-canonical
pathway (Xiao G. et al., Mo/ Cell 2001, 7:401-409). The kinase activity of NIK or IKKa is not
required for the recruitment of p100 to both kinases, however, it is required for ligand-induced
35  proteolysis to occur (Xiao G. et al., J Biol Chem 2004, 279:30099-30105). Surprisingly, NIK is

not required for the constitutive processing of p100 to p52. The mechanism by which NIK
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occurred, nor if this approach is amenable to high-throughput inhibitor discovery.

US 6,841,556 discloses the ability of a series of pyrazoloisoquinoline derivatives to inhibit NIK

35 in various in vitro assay systems. However, no details of the in vitro NIK assays are provided.
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There is a need for a robust and physiologically relevant assay to identify
Nl K inhibitors. It is desirable that such an assay can be easily and
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25 %P into the artificial substrate RBER-CHKtide, an artificial fusion protein expressed in E. coli
consisting of an N-terminal GST-tag separated by a thrombin cleavage site from a fragment of
the human retinoblastoma protein RB1 consisting of amino acids S773-K928, followed by 11
Arg residues (ER) and a peptide sequence KKKVRSGLYRSPSMPENLNRPR (CHKtide). As
this assay makes use of an artificial substrate, it is not clear whether its use in inhibitor

30 screening would allow detect molecules that would be physiologically relevant.

Hassan, N.J. et al. (Biochem J 2009, 419:65-73) discloses the use of baculovirus-infected Sf9
insect cells to monitor FLAG-NIK-wt mediated phosphorylation of Ser-176/Ser-180 of its
downstream substrate FLAG-IKKa-(kd). This assay was in a time-resolved fluorescence
35 resonance energy transfer (TR-FRET) format in a 384 well microtitre plates that utilized a
specific antibody against the Ser-176/Ser-180 of IKKa. This assay was used for screening

purposes against a kinase focussed small molecule library. A number of apparent NIK



15 against this potentially inportant disease target; only a few series of
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100jy a bead based | umi nescent proximty system In a bead based | um nescent
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inhibit NIK activity related to the phosphorylation of IKK1. The assay combines the use of
transfected Human Embryonic Kidney (HEK) cells with a non-radioactive, homogeneous
proximity assay using an “acceptor” bead and a “donor” bead. HEK cells are transfected with
at least one expression vector containing a DNA encoding the full length human NIK protein
30 and a DNA encoding a mutated form of IKK1. The mutated IKK1 protein substrate contains a
K44 A mutation, also named KD (Kinase Dead) mutation. The K44A mutation renders IKK1, the
full-length NIK natural substrate protein, incapable of autophosphorylation at the Ser-176
residue (Nakano H. et al., Proc Natl Acad Sci 1998, 95:3537-3542). The transfected HEK cells
are cultured in conditions which allow the production of NIK and the mutated IKK1 proteins.
35 Since NIK specifically phosphorylates IKK1 at the Ser-176 residue, the use of the IKK1-KD

mutated protein as a substrate results in only NIK-mediated phosphorylation of the substrate.



20 transferred froma donor to acceptor beads upon | aser excitation and a
signal is produced. The signal is then detected through any suitabl e neans,
such as tWwe 2Bmui1gi4en 2103 Miul til abel Reader. The advant GEELPRI12H64T8 a
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Human Enbryonic Kidney Sf9 cells: Spodoptera frugiperda cells fl: Full

| engt h InKBe kdsaykasrasiingltaitie ptdsbAt invgstiohdthaltansfet@dtHE K icalsseondnidy N3K-anhll K:
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the transfected HEK cells, as well as to maintain viable HEK cells. The ability of a candidate

molecule to inhibit NIK-mediated phosphorylation of IKK1-KD is then detected through the use

10  of a bead based luminescent proximity system.

In a bead based luminescent proximity system a donor and an acceptor pair of reagent-coated
(micro) beads are brought into proximity by a biomolecular interaction of binding partners
immobilized to these beads.
15
Proximity of acceptor to donor beads relies upon on the biological interaction of the molecules
bound to them. The most common assay is constructed by capturing one binding partner onto
the donor beads and the other partner onto the acceptor beads. When the partners are
brought to proximity by interacting with the same substrate, electromagnetic energy is
20  transferred from a donor to acceptor beads upon laser excitation and a signal is produced. The
signal is then detected through any suitable means, such as the Envision 2103 Multilabel
Reader. The advantages of such a technology are a very high sensitivity, a very low signal

background, high signal/background ratios, miniaturization and cost effectiveness.

25 The assay of the present invention allows a simple, sensitive and rapid way to achieve
screening of candidate molecules to identify NIK inhibitors against IKK1 as a substrate. In the

context of the present invention, the terms "assay” and “method” are used interchangeably.

Abbreviations

30 - HEK: Human Embryonic Kidney

— Sf9 cells: Spodoptera frugiperda cells

— fl: Full length

— KD/kd: kinase dead

— K44A: Lys-44-Ala mutant (kinase dead)
35 — NIK: NF-«xB inducing kinase

— NIK-fl: full length NF-kB inducing kinase



FLAG | KKa (kd)-T179A: ki nase dead FLAG tagged | KKa Thr-179- Al a nut ant
FLAG | KKa (kd)-S180A: ki nase dead FLAG tagged | KKa Ser-180- Al a nut ant

hNI K1- f | -wo-2pB/egMs wi | d type FLAG tagged full | ength hecamEPRMR/Opi7asm d
hNI K1-fl-wt-FlagN:. wild type full length FLAG tagged human NF- KB i nduci ng
ki nase 10l KK1- KD- pFl agN: ki nase dead FLAG tagged | KK-1 plasmd

| KK1- KD F FLAG t a | KK-a Al phaScreen: Amplified

Luni nesce IB@JF'W@N‘} ‘%6@38%6%“’%3@2‘9“%| phaScreen SureFire | KKa
(phospho- ISKI’-B IKibils? OF NAsESainKéd subbhpiefscreen kit to quantify Ser-176/180
phosphoryl ated | KKa protein in cells 15Conpound A relates to the nolecule

depi ct ed KWFK%L}W@SE@%MU”@%BM&O‘B relates to the nolecul e depicted in
Fi gure 19,:(@ I@W%&e%‘%h@ﬁﬁét@gq&q &ecul e depicted in Figure 19 (O
0 i

20Descr i ptl on Igures Figure A) Al phaScreen SureFire | KKa
( phdspho- MGW@S@)) -Sr1éafdunasafdead FRAChRgert |Kkiongrel 76claimuad non

transfect I | K1-fl Fla pl asm ds); (B)
As for (A) @553 ﬁ@)ﬂ-ﬂw'&lam%%s&dteﬁgﬁep‘ﬁ% %‘%5%% 1:?5}éa8%ﬁ1éjl Was onl y
observed Wm-IHEd&(I@E)JQmORMs% délaalFLtAmtagéapn@@ Sért 1800 Kdutadt- wt - pFl agN and
| KK1- KD- pFl agN pI asm ds. | mmunocyt ochem stry of HEK cel |l dual

t r ansf ect RWKEiEH-PNRSN- “F”|0|-"\‘Ali’e BWQQW%‘HU” RRath ks NENeIasnid ni ds. 30Fi gure

3. (A A | Sk | total DNA
For ot PR & PR oo P S

| KKIO- KD- plKKa gf\D-pF lag i lﬁlsa$a)dee®4FLtﬁQ;ta(gB§%d Bgsé plasspdnses for Conpound A at
i k- 17- P Sl Sl BAC R RS e ™Tor 24 hre. w0 -
2013/ OIAMéP&E'drEQEQ\h%IiﬂédEGﬁinescent Proximity Homogeneous Assay
— AlphaScreen SureFire IKKa (phospho-Ser-176/180) Assay Kit: AlphaScreen kit to quantify
Ser-176/180 phosphorylated IKKa protein in cells
15— Compound A relates to the molecule depicted in Figure 19 (A)
— Compound B relates to the molecule depicted in Figure 19 (B)

— Compound C relates to the molecule depicted in Figure 19 (C)

20 Description of the figures

Figure 1. (A) AlphaScreen SureFire IKKa (phospho-Ser176/180) readout after 24 hr for single,

dual and non transfected HEK cells (hNIK1-fl-wt-pFlagN and IKK1-KD-pFlagN plasmids); (B)

As for (A) but a 48 hr transfection. The AlphaScreen signal was only observed when HEK cells
25  were dual transfected with hNIK1-fl-wt-pFlagN and IKK1-KD-pFlagN plasmids.

Figure 2. Immunocytochemistry of HEK cell dual transfected with hNIK1-fl-wt-pFlagN and
IKK1-KD-pFlagN plasmids.

30 Figure 3. (A) AlphaScreen signal for phosphorylated-IKK1-KD-FlagN versus total DNA for
JetPEIl dual transfected HEK cells with hNIK1-fl-wt-pFlagN and IKK1-KD-pFlagN plasmids for
24 hrs (B) Dose-responses for Compound A at 0.0625 - 10 ug/ml total DNA for JetPEI dual
transfected HEK cells with hNIK1-fl-wt-pFlagN and IKK1-KD-pFlagN plasmids for 24 hrs.

35 Figure 4. Dose-response curves for compounds using dual jetPElI hNIK1-fl-wt-pFlagN and

IKK1-KD-pFlagN transfected HEK cells (A) Experiment 1: AlphaScreen signal for



- 8- phosphoryl at ed-1 KK1- KD- Fl agN at 24 hrs; (B) Experinment 1: Al phaScreen
signal for phosphoryl at ed-1 KK1- KD- Fl agN at 48 hours; (C) Experinment 2:

Al phaScr ew0 28i13ynad44f or phosphoryl at ed- | KK1- KD- Fl agN at PCTHP2012(08471Cel |
viability studies using Cell Titer-G@ o assay. 5Figure 5. DVBSO tol erance of
transfected HEK cells. Figure 6. Al phaScreen signal stability assessnment at

Ca Ty piePh PR R, o?%tfn’fat‘\b%“ﬁ%ﬁ SRRIRNON: + SPEENBen, o Shedl 1,
based ap;tm;ahormlawéuK\lr(EH{D-ﬁagll\btatm& holues; e€G) EBperBbextti 21 iAdrshalSoreed5 2ighhISar
\rlt\1lel:|rzt Ioého%p%?rga%ll rom gw% angg ﬁDﬁE E%ag'“@lg[ asetg"ra%eé”ﬁ%?gﬁ)%ssaﬁ Z

>0.5 for 9 plates and Z >0 4 for 10 microtitre plates; (B) raw data for

mcr5ot||t_.lﬁﬁréag§5 étg&@ncé%‘f"’trgr?stf técﬁéﬁfiﬁ'c%ﬂé)t'”e plate 5. Colums 1 and 2

and colu are contr ums;” colums 3 to 22 are colums used
for test conpounds Figure 9. Correlation of the duplicate screenlng data

sets ( NFi éu?enqi Ptaéc%zer]t Qﬁ“ n'é"lzlgé&ﬁltty s%gsé?ﬁésnefd a3 ad 1@“%00# %Iast a8t9{t|8‘ﬁ‘7of

control populations are 150¢ e exp ected posi tions.
conmpoundiphsboeemdete8itfbreadarts.t i on in n=2 data set only; B square: 13
conpounds showi ng >50% i nhibition in both n=1 and n=2 data sets; C square:
1 conpound showi ng >50% i nhibition in n=1 data set only. 25Figure 10.

Vi stal i Bigureoid. OA) Typica? p24Orntarse af ding auididowcareenigb wopliols fim dime HEE ¢dikbased|

based a I - ax| s).. &ibj n
(n23) (SR o7 WRylaofie bl (b Lplemhbesiior paZ RMET 1Bl 3 P beli Bt
based asstmy at different % inhibition cut of f values. 30 Figure 12. The
output fromthe Cell Titer-A o assay of the 21 hits identified fromthe HEK

cell based assay. Figure 13. (A) Correlation of the 21 hits fromthe HEK
ceI | bakigdrea8.s@y Zafvd tieh®d midrqtiite flates rdbt the nEdlandin=@rHEK oelbisesay .as€hy sthdy.21

0 d d d
TS S 990 2 S 1 e PIAAD e Rl PR
2013/ OMMdH-‘P@TdrEﬁJIE@)iJﬂéMﬁBCqumnS 1 and 2 and columns 23 and 24 are control columns;

columns 3 to 22 are columns used for test compounds.

Figure 9. Correlation of the duplicate screening data sets (n=1 and n=2) for the HEK cell
20  based assay. The high, low and mid control populations are located in the expected positions.
A square: 7 compounds showing >50% inhibition in n=2 data set only; B square: 13
compounds showing >50% inhibition in both n=1 and n=2 data sets; C square: 1 compound

showing >50% inhibition in n=1 data set only.

25  Figure 10. Visualisation of the 2,240 test compound screen output from the HEK cell based
assay. Plate Id (X-axis), inhibition (n=1) (Y-axis) and inhibition (n=2) (Z-axis).

Figure 11. Calculation of the hit rates of the HEK cell based assay at different % inhibition cut-
off values.

30
Figure 12. The output from the CellTiter-Glo assay of the 21 hits identified from the HEK cell

based assay.

Figure 13. (A) Correlation of the 21 hits from the HEK cell based assay and the output from
35 the CellTiter-Glo assay. Of the 21 compounds, 5 gave a >50% inhibition window between the

HEK cell based and CellTiter-Glo assay; (B) Summary of the results from Figures 8-12.



-9- Figure 14. Structures of the 9 conpounds that exhibited a profile of

Nl K inhibition in the HEK cell based assay >50% and cytotoxicity <50%

Fi gure 15v02013fu24she 7 microtitre plates fromthe n=3 PEKEPIR/Ob&HI®Ld assay
in (A) table format 5and (B) graphical format. Figure 16. (A) Correlation
of the n=2 and n=3 screening output fory the HEK cell based assay; (B)

Sunmar yg. t = = = J i ng. : hits. in e
ek cel TOU 16 SERURS ot e c o BRS ke bRATh Pty LA inbyBaid HER
(A) - (G cellralsyd bssayf>5aP4 artllcydstesigitys®%6titre plates (n=1, n=2 and n=3) from
the HEK cell based assay by way of Z', location of hits on assay plates

(compounds vyi el ding >50% I nhibition on at | east one test occasion) and
r epr odukighrd 1%.\Z' 6dr thén @ rhictaditre pEegfinore tHBn=3 BifEutell iasedhesdaysn (Aptapeunasat

hi g I i | s used in the screening assays. Figure 19. (A and
(B) aér)rrm @g%éghgcgﬁj@)%%\@s reported as NIK inhibitors (WD 2009/158011); (O

Compound reported as NIK i nhibitor (US 6,841,556). 20 Detail ed description
of the k. i i [ rel at.e c it .

Fr anor cBUEF 1ERAL PG BEks A et Qb TR B A R e sy
phospho(B)Satmnaary of thiekEdulthn="Tme2eindinc8 kelaiingdo thes?1 dsip thentdEK wel8ssay and

i nhi bi tti n elhlll.ll,[(-r[@di %ﬁ eid iﬁ)lpoasghoryl ation of | KK1-KD can be neasured in a
standara Crotiere pf’gPeyfg Mt In a preferred enbodi nent, the assay can
be tarried out in a H gh Throughput Screening (HTS) configuration. The term

" N1K- megli at e ] Lon grs to. |}ty € _N otgEp to
30" proctaar AP IEDARISL bEM 2] BB SusiubSmite i bl B (e L R
speci f i cdil basedtasshe bFewdy’ 6f F'edoadtien of hits lve assay elkdtef{conpeupde sielting >50%
i nventigp,. . NLK substrate is | KKl praotein w.tl 44A mut ation, also naned
et el oigh o RS Bk tocraan B Bb Rt by B R MARRL  Trcapant e o
aut ophosphoryl ation at the Ser-176 residue.

15  Figure 18. Layout of the test compounds, high, low and mid controls used in the screening

assays.

Figure 19. (A) and (B) Examples of compounds reported as NIK inhibitors (WO 2009/158011);
(C) Compound reported as NIK inhibitor (US 6,841,556).
20

Detailed description of the invention

The invention relates to a cell based assay with transfected HEK cells to identify compounds
that inhibit NIK-mediated phosphorylation of IKK1-KD. The efficacy of a test compound in
25 inhibiting NIK-mediated phosphorylation of IKK1-KD can be measured in a standard microtitre
plate format. In a preferred embodiment, the assay can be carried out in a High Throughput

Screening (HTS) configuration.

The term “NIK-mediated phosphorylation” refers to the ability of the NIK protein to
30 phosphorylate a substrate. NIK phosphorylates IKK1 protein substrate specifically at the Ser-
176 residue. In the context of the present invention, NIK substrate is IKK1 protein with a K44A
mutation, also named IKK1-KD. The use of such mutated substrate renders IKK1 incapable of

autophosphorylation at the Ser-176 residue.

35 A "HEK cell-based assay", when used in the present invention, refers to an assay system

which uses Human Embryonic Kidney (HEK) cells containing NIK and its substrate IKK1-KD



WO 2013/ 014244PCT/ EP2012/ 064718 -10- used in a nethod according to the

i nvention, for analyzing the effect of a substance added to said HEK cells.
Accor di ngwoaotdtg4sesent i nvention, "transfected HEK celPC3EPR&RM54718 0 Hunan
Enbryonic Kidney 5 cells containing a DNA encoding the full |ength human
NI K protein and a DNA encoding the full,length NIK substrate |KK1-KD
protein. The ass of the present i.nveption conbi ne he use .of transf.ected
ek cel 1ot enmatig dopddRede ERe RenBiic e rBRugRE R Find §F a BB Bl FEREHS
"acceptsmid He&atlland a "donor" bead. 10ln a preferred enbodi nent, a DNA
encoding the full length human NI K protein and a DNA encodi ng the | KK1-KD
protein are inserted into HEK cells by transfecting said HEK cells with a
first eXqroedisg tntheecdsent teertannitragsiecONAlEQcall’ refetshie Humdn Erebrgbhic didrey NI K

engt . FR cetipiat eRGRESRRD B R B AR AR A » PRCESBArie 1M e

HEK cel lesgtbdtiKizabstraa et KBdrotetrh The ssseyl & thex pressstiioventiec tombinestha utseny a

DNA encodi he, fuw | lenath human NLK..prot ein and a DNA encodi ng the
Ful |1 engereRia HER pris W oRRRgse e N nediosd PPt Paparce heRn
cells, ‘anyedon badd endretdomdrieadn in the art can be used. In a preferred
enbodi nent, the jetPEl transfection reagent is used. Transfection of HEK
cells can be transient or stable. In one enbodi nent, the transfection is
t r atisi elnta pESdirgrha@bpdierent,sa ®NFuehaddirgy tedollengtif hamaoriNIKaatbeicand/ @, DNA

honbgeneous. Pr.oxji gt ¥~assay .usin n. " tory. an L donor .\ =pead. . Ih

nor oy RO B KRISKPIRORNA1F 1 RRuBT i FERRT opRa B D RS sR R v Ry
Al phaScfirseexpressiorbeacte basdainthet & ONAoenditgeimes kb tbrigth Btmdy NIKgmolegcahdib
interactiqns . in a.mcropl for Lndi n f I e n. t.he
beads. | £a08 cPreloEhapEl B RaLPId R ouarb Bt g TR IFRt B SRS RSshy
produciprgtein. 30 | um nescent/fl uorescent signal. Every Al phaScreen assay
con}sai ns two bead types, donor beads and acceptor beads. Both bead types
are coated with a hydrogel which mnimzes nonspecific binding and

sel f - aggraagaterratiye amthogimewnt, dies HEKaetls van bé temsfeced mib pssifgbe exppesdigatachy

bi onol ecul.es. t o ead. . T, f transfec I in the
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NI Knedi at ed phosphoryl ation activity as it uses a human cell background.

20 In order to transfect HEK cells, any suitable method known in the art can be used. In a
preferred embodiment, the jetPEI transfection reagent is used.
Transfection of HEK cells can be transient or stable. In one embodiment, the transfection is

transient.

25  AlphaScreen is a suitable example of a non-radioactive, homogeneous proximity assay using
an “acceptor” and a “donor” bead. The acronym ALPHA stands for Amplified Luminescent
Proximity Homogeneous Assay. AlphaScreen is a bead-based detection system used to study
biomolecular interactions in a microplate format. Binding of molecules captured on the beads
leads to an energy ftransfer from one bead to the other, ultimately producing a

30 luminescent/fluorescent signal. Every AlphaScreen assay contains two bead types, donor
beads and acceptor beads. Both bead types are coated with a hydrogel which minimizes non-
specific binding and self-aggregation, and provides reactive aldehyde groups for conjugating

biomolecules to the bead surface.

35 The use of transfected HEK cells in the method of the present invention is more physiologically
relevant compared to current assays used to identify candidate compounds which inhibit NIK-

mediated phosphorylation activity as it uses a human cell background.
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t he de dence” o ion Ure S uéh
cuItureﬂﬁmnmﬂhnmnﬁmeemnesembeas@ﬁrenarkable |nprovenent over previous
scrﬁgnlng met hods for identification of NIK inhibitors, in particular over
insect Sf9 cell based assays which are generally carrled out at 22- 250 In

one enbodi nent, in addition to transfected HEK cells cultured with t
conpount® CQREPPUNIS JA DS tesied BRIdisselvaR 4t actuiabipeselveat: I%‘Cwaﬁ%'ﬁi?tht}’le%‘{'fox'de
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for an e contro used to determ ne ition of NIK

acti vi tgellem@tf@npﬁ&iﬂa&d)\fwth e eel tempauntibat B2 +x:<zmcamoﬁ% CO, praferablyfdrher
enbodi ment, additional wells containing only transfected HEK cells cul tured
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passive diffusion through cell membranes of the compounds to be tested. Such diffusion varies

dramatically over a range of 20-37°C, with the maximum diffusion being at 37°C (Garrick R.A.
et al., Am J Physiol 1982, 243:C285-C292). When active transport is involved, the dependence
of diffusion upon temperature is even more dramatic. Such culture conditions represent a
25 remarkable improvement over previous screening methods for identification of NIK inhibitors,

in particular over insect Sf9 cell based assays which are generally carried out at 22-25°C.

In one embodiment, in addition to transfected HEK cells cultured with test compounds, wells
containing only transfected HEK cells without test compounds are included in the microtitre
30 assay plate. Such wells provide for a negative control which can be used to determine the

inhibition of NIK activity upon exposure of the cells to the test compounds.

In a further embodiment, additional wells containing only transfected HEK cells cultured in
presence of a compound known to inhibit NIK-mediated phosphorylation of a substrate are

35 included in the microtitre assay plate. Wells containing the transfected HEK cells together with
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singl et oxygen has a limted lifetime prior to falling back to ground
st at e. Midrtherrioiidentity qasdidateadomdouhes alsle hginatbitdWikgeediatad ptosphosgation of IKK1-

appr.oxi pgt . 200 i ol ytion, | n e [ i thin.t .
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der i vat datedionisystem, sheh acibe ftigraSoesed, systebséqueedt | y cul mnating in |ight
production at 520-620 nm In the absence of an acceptor bead, singlet
oxygen falls to ground state and no signal is generated. 30 A first type of

bead i sAlphh$@dert &ca bpadrbadrsiaddn-réticegive anmpitet usirescattecoxisie dobegenexfus
appr oxi I 0 ' i te ceptQr nt.ai n. thi
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30 T3;(oE'Q%EPJ:Q%??%%%E%?%E%R%%%E& bRth%B%%/nsfr% WhYgR converts ambient oxygen to an
excited form of O,, singlet oxygen ('O,), upon laser illumination at 680 nm. Like other excited
25  molecules, singlet oxygen has a limited lifetime prior to falling back to ground state. Within its 4
psec half-life, singlet oxygen can diffuse approximately 200 nm in solution. If an acceptor bead
is within that proximity, energy is transferred from the singlet oxygen to thioxene derivatives
within the acceptor bead, subsequently culminating in light production at 520-620 nm. In the
absence of an acceptor bead, singlet oxygen falls to ground state and no signal is generated.
30
A first type of bead is called “acceptor bead”. Acceptor bead is a latex-based bead of
approximately 250 nm in diameter. Acceptor beads contain thioxene derivatives and
fluorophores and are conjugated with molecules which can interact with a binding partner. The
“binding partner” is a molecule, such as for instance an antibody which specifically binds to a
35 protein, which brings into contact the acceptor bead and a second species. The molecule-
conjugated acceptor bead and the binding partner are used to form a mix that is added to the

sample to analyse.



-1 3- According to the present invention, the binding partner of the
acceptor bead is an anti phospho-Ser-176/180 anti body. Such anti body

recogni zewOlRKK101KD4 I n particul ar, the antibody binds t@cCrmr2@phosihoryl at ed
formof Ser-176 residue of the I KKL-KD protein. Al so according to the

pr esent inventi on t he rml ecuI e conj ugated to the accept or bead is
Protein spe tg the Fc portiQ
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35Al so according to resent 1 nve Sécon corrposed
of a stmmtfa:allyjremognmataesbcdodepe@eadnanrde-cbwdh iamgblateld- watederWhadhy

D s LS NE AR BRI B S5 TPLA I 90T o tdic

2013/ ommamﬁr@mawe@aamssamme topdmiadyseed form t ransf ected HEK cells
culgured in presence of a candidate conpound to be tested for a NIK

i nhibitor activity, in which a first m xed has been previously added.
Accodi nicdoodihdneo et bobeof invérdiopr dése hindingvieamtnieonf thehdomal beddyisad biatibylateded

fromt ré‘rﬂ%&?t %ﬂc#l‘:tﬁotinylated antibody specifically recognizes IKK1-KD. In particular, the
biotinylated antibody specifically binds to the IKK1-KD protein in a protein portion which does

not comprise the Ser-176 residue. Also according to the present invention, the molecule

30 conjugated to the donor bead is streptavidin. Streptavidin is able to recognize and specifically
interact with high affinity with the anti-IKK1-KD biotynilated antibody. The streptavidin-coated

donor beads and the anti-IKK1-KD biotinylated antibody will consequently create a donor

complex (hereinafter designated also as “second mix”) when mixed together.

35  Also according to the present invention, a “second mix” is a mix composed of a streptavidin-
coated donor bead and a biotinylated antibody which binds to the IKK1-KD protein. In the

present method, the second mix is added to and incubated for 1 hour at 24°C with the lysate



5 cells, after incubation with the first mx and the second mx, is excited
with a high-intensity |laser at 680 nm which i nduces the formation of

si ngl et owggers/ad24tthe surface of the streptavidin-coat edCligrer12ioesrds

foll ow ng conversion of ambi ent oxygen to a nore excited singlet state by
the phthal ocyani ne photosensitizer presgnt in the donor bead. The donor

bead gener at about 60, 0 i ngl et .oxygen ol ecul.es, resulting in

or oat Ly OSABEPrPEatanghated 5k, s Fuudeadt roRekE 4 sarofikicniPy LBt % Ldonor
bead, -etestedyor sNIK iahibfteraotidty, mowhittne fisdt ngkest hasxhegamprévioudshi addede deri vati ves
wi thin the acceptor bead, and light is produced in the 520-620 nmrange. |f
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NI K i nhj bi.1 Lt ave been detected, it may be appropriate to |et
t hem un‘%f%?%ﬂbor}gofg@% %%Qﬁaég"count erscreen” assay which could help

differentiate nol ecul es showi ng inhibition activity because of a cytotoxic
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176/180 antibody present in the first mix will interact with IKK1-KD and a reduced amount of
the acceptor complex will be in close proximity to the donor complex, with the consequent
reduction or absence of a detectable signal in the AlphaScreen detection system upon laser
excitation of the cell lysate.
30
In order to analyse the robustness of the AlphaScreen analysis, it is useful to calculate the Z’
value. The Z' value is a dimensionless parameter that allows for comparison and evaluation of
the performance of different assay technologies that use different reagents, formats and
instruments. The Z' value takes into account the standard deviations of two count populations,
35 and hence gives a more useful estimate of assay signal window than do signal/background
ratio alone. Typically, a Z' value greater than 0.5 is considered a good index of the robustness

of the assay.



10 (a) providing HEK cells containing a DNA encoding for NIK and a DNA
encodi ng for I KKl- KD (hereafter "transfected HEK cells") in a culture
medi um WO 201Byo1emgubat i ng sai d transfected HEK cel | s wPCh/ERa@2i8647h®ut a
candi date nolecule to be tested at a tenperature of 37C +1- 2C in the
presence of 5% CO2 for 24 hours; 15(c),£enmoving the culture nmedi um

(d) lysikng the.cells; adding to t cell..lysat n acce r_cqonpl ex

Fof 1 omesn talfufile oissyied B gbreer s g MY JRuf 666 Rbo Rk

i |1 um nia¢ epprogmidte to let them upgergreasytatogjct"heursteggraterdr assiaggvhiplo ol Eistes|p
excitatji.on of. cell | t si ng, .a.bead:based 20l umgi n n r QXi Im

dot ect 1 SCePlpBinbigREBE ot odfuBBE AT R L8e TN e Eb g nea
from a thellinteyfect witidére gxprgss$ioomf thearesbettiretht NEK andldubstalet proeins by bhieer
presenc nd. i s ,indicatiwv L nhibition | K- medj at ed
Phospnangras faskaE FRIERBIER ol goll dpREIcES A SEiely =Rt b g Calfibl oce
a nol ecGlossetl vatbdity dssay. and a bi ndi ng partner which binds to the | KK1-KD
protein and the donor conpl ex conprises a nol ecul e-coated bead and a

bi ndi ng partner which binds to the I KK1-KD protein. In an alternative
enbodi ménts, peovidedulc¢reidnaf nidtfeodsi fpnatierdibfieg ree dofpounda tiea | ihhibigs At aldivityi ng
30 fromtransfected HEK cells cultured in the presence of a test conpound

conpar et We si gnal obtained froma cell lysate deriving from
tratsfected HEK cells cultured in the absence of a test compound is

20131 014248 eSS R TENE S P BRbhf i el kRl S
second expr elSBi(lereaftrt vanstanitdHEKglls) DN cldtnoomedignt, or | KK1- KD.
(b) incubating said transfected HEK cells with and without a candidate molecule to be
tested at a temperature of 37°C +/- 2°C in the presence of 5% CO, for 24 hours;
15 (c) removing the culture medium;
(d) lysing the cells;
(e) adding to the cell lysate an acceptor complex followed by a donor complex;
(f) exciting the cell lysate with a laser illumination and
(g) measuring the signal arising upon laser excitation of cell lysate using a bead-based

20 luminescent proximity detection system,

wherein a reduction or the absence of the signal obtained from a cell lysate deriving from
transfected HEK cells cultured in the presence of a test compound is indicative of the
inhibition of NIK-mediated phosphorylation of IKK1-KD, and wherein the acceptor complex

25 comprises a molecule-coated bead and a binding partner which binds to the IKK1-KD
protein and the donor complex comprises a molecule-coated bead and a binding partner
which binds to the IKK1-KD protein.

In an alternative embodiment, a reduction of the signal obtained from a cell lysate deriving

30 from transfected HEK cells cultured in the presence of a test compound compared to the
signal obtained from a cell lysate deriving from transfected HEK cells cultured in the
absence of a test compound is indicative of a reduction of NIK-mediated phosphorylation of
IKK1-KD.

35 In a preferred embodiment, the DNA encoding for NIK and the DNA encoding for IKK1-KD

are inserted into HEK cells by transfecting said HEK cells with a first expression vector



I n one enbodi nent, the nol ecul e-coated bead of the acceptor conplex is a
Prot ei n- A 5coated bead and the binding partner of the acceptor conplex is
an ant i bod9 2eds/ae4gpeci fically binds to the phosphoryl aPtet/Hreriniocf/16er - 176
resi due of the | KKIL-KD. I n one enbodi nent, the nol ecul e-coated bead of
the donor conplex is a streptavidincoatgd bead and the binding partner of

t he donor compl ex_i bi ot.i nyl a ant1 body which 10binds to.the | 4+ KD
rotern. CATBRIS AR Reblng f G aPD oL B B BATV R o s BER on
syst em i s eAbqdiagSor 86€1-Bt ect i on system 151 n one enbodi nent, the nethod
further conprises the step of testing those candi date nol ecul es showi ng a
NI K inhibitory activity in a cytotoxic assay, thus allowi ng to distinguish
candi dat e Imwhecarhleslimenti thge aenoMicklecdaitdsi bead at thev Btoepas samm@Edeis & Pratein-A

cytatoxic effect from candi e | ec hayi NLK i phibitaor.activi not
asat at odorBo et BTE WAL PTRn G, e, g PPy ) GRaBl YhbY
Exanpl es Egedifidadly bindRéathe mphosmghdrylated foronofiBdr-d 7 6 sésidlieesf thdatkddli-liDs and

Met hods 5HEK cells (HEK293A, Invitrogen R705-07) were either dual or single
transfected with hNIK1-fl- W-pFl agN and/ or | KK1- KD- pFl agN pl asm ds (kindly

pr ovi ](cjed liry oRe cdmbddiraerd, \hed hmmdmumedltmilﬂbeémsgt%wtjemorl mmx];éda& isugi stigppfetdiizl
t ti t P AB Bi_qt i T tion. t
ncl uded. BARPAPCARAAGIE PR PaBEcHt i R <SRl 2 TPV L S HpBOTRRRES | <

wer® t r andfrelstiethef IKK1dde protemdi ti on (single transfection, dual transfection
or non- 10 transfected control) at 20pg total DNA in T75 flasks contai ni ng
10 M nedia using the protocol fromthe supplier of jetPEI. Cells were then
i ncubat ed If oon4émbadichedBhtheatbead®azead b¥0iGERentCaroxmiter deteatidmedsystem is
trypsiniz d_di spen in 384 well mcrotitre plates (25pl1, 5,000

cel | s/ wel ?ﬁjph%%gfeee@tq%ger?%ggsﬁt%hedi ated phosphoryl ation of |KKL-KD protein
was performed using the Al phaScreen SureFire | KKa (phospho-Ser-176/180)

Ass Kit (PerkinElp 5 t 0. 1 th i

A piasor edh OB Bb T, iR BR <R BRUE Btpo e (el RATE T o el e
6760617M moddudss shedingn Nédinhibitogredtivitysn e ayfotdlidassagntbiie eliedng &l distingbish
pl/well a 1 t aj ni Nt = - = /180 i.hodi es d
br ot oi n- acaua et Al s R h e SRRG R D R B E BRESTG: -
hr at r oomcabdidgie naiacuies R2ving/NAElinhiklonectivity xo( @ssotiateditng cytateqidt effactli n
coat ed- donor beads and biotinylated anti bodies), 20 was added and
mcrotitre plates were incubated for 1 hr at roomtenperature, before
readi ng (PerkinEl mer, Envision 2103 Miultilabel Reader). In an additional
control, HEK cell lysates fromtwo single transfected preparations
(hNIK1-f1-W-pFl agN or | KK1-KD- pFl agN pl asm ds) were m xed and then

anal ysed as descri bed above. 25 Results The results fromthe above
experinments are shown in Figure 1.



The results clearly denonstrate that the |I KKI1-KD- Fl agN under goes

hNI K1-f | -wt - Fl agN nedi at ed phosphoryl ation with both 24hr and 48hr

t ransf ectwonsgis/dis4the absence of hNIK1-fl-wt- 30F agN oPCIrHR01EDs4FNHrgN
proteins, no Al phaScreen signal was observed. Exanple 2: Confirmation of
the presence of | KK1-KD-pFlagN by inmmgocytochemi stry Havi ng
denonstrated that the | KKL- KD Fl agN éjxngnerl oes hNIK1-fl-wt-Fl agN nedi at ed
35phosphoryl ation, fluorescence inma performed to confirmthe
presence of both the NIK and I KK-1. WD 2013/014244PCT/ EP2012/ 064718 - 18-

Mat er i g%§$@?gt1weg§?ﬁt %rﬁ‘%#‘l"ﬁé’\éﬁﬁ?ﬁﬁ%c transfected as descri bed above.

Af ter he C s were f1i etone. | mmunocytochem stry studies
used an anti-N K-T559 anti body (Santa Cruz, catal ogue no. sc-12957) and an
anti-| Cral Hdydy (Santa Cruz, catal ogue no. sc- 57121) and

Al exa- 4 -eseacsg%\ armf}E a‘ﬁ%i body (I nvitrogen). Nuclei were stained with DAPI.
Resul t sHEK celiee(HESU3As InyHiogan IRTOB0ghivere2eithendnaltar atnglet transfactsskbwiteh WK 1-fI-

they priiaaaeie gy K LRBSEIBER Nnn e fad By PR ARt/ o, T LARERREN
f easi bl WeizBeanphditBe, Iomef)iusingtj¢t®R| tansfectionfreagdnd (PEREAR Binteshnaiogie GebRE|
Mat eri %%n%aidxeé&?rgﬁ included buffer and non-transfected controls. Approximately 1x10° HEK
cells were transfected for each condition (single transfection, dual transfection or non-
10  transfected control) at 20ug total DNA in T75 flasks containing 10 ml media using the protocol
from the supplier of jetPEl. Cells were then incubated for 24hr and 48hr at 37°C and 5% CO..
Cells were washed, trypsinized and dispensed into 384 well microtitre plates (25ul, 5,000
cells/well). Detection of NIK-mediated phosphorylation of IKK1-KD protein was performed
using the AlphaScreen SureFire IKKa (phospho-Ser-176/180) Assay Kit (PerkinElmer,
15  catalogue no. TGRKAS10K) together with the AlphaScreen IgG Detection Kit (Protein-A)
(PerkinElmer, catalogue no. 6760617M). After medium removal and lysis of HEK transfected
cells, 5 ul/well acceptor mix (containing anti-phospho-Ser-176/180 antibodies and Protein-A—
conjugated acceptor beads) was added and the plate incubated for 2 hr at room temperature.
2 pl/well donor mix (containing streptavidin coated-donor beads and biotinylated antibodies),
20 was added and microtitre plates were incubated for 1 hr at room temperature, before reading
(PerkinElmer, Envision 2103 Multilabel Reader). In an additional control, HEK cell lysates from
two single transfected preparations (hNIK1-fl-WT-pFlagN or IKK1-KD-pFlagN plasmids) were

mixed and then analysed as described above.

25 Results

The results from the above experiments are shown in Figure 1.

The results clearly demonstrate that the IKK1-KD-FlagN undergoes hNIK1-fl-wt-FlagN
mediated phosphorylation with both 24hr and 48hr transfections. In the absence of hNIK1-fl-wt-
30 FlagN or IKK1-KD-FlagN proteins, no AlphaScreen signal was observed.

Example 2: Confirmation of the presence of IKK1-KD-pFlagN by immunocytochemistry

Having demonstrated that the IKK1-KD-FlagN undergoes hNIK1-fl-wt-FlagN mediated
35 phosphorylation, fluorescence imaging was performed to confirm the presence of both the NIK
and IKK-1.



15HEK cells were dual transfected (with hN K1-fl-W-pFl agN and

| KK1- KD- pFl agN plasmds, 1:1 ratio) over the range 0 - 10 pg/nml total DNA
The anmourwocbh1ya$REl transfection reagent used was consPamtEPe®2/0847m8 cel |
suspension). Upon transfection, cells were i medi ately dispensed into a 384
well mcrotitre plate (50pl/well contaiging 10,000 cells/well) with

i ncubat | EM% % CO2 for 24hr. Phosphoryl ated | KK1- KD- Fl agN was
det ect elgg{lggsr%‘rls'gég"tZ e ﬁfdogé%aScreen 20 SureFire | KKa (phospho- Ser-176/180)

r eadout HEK addis everd ddalabanstectédd de slescriisquoatsmeeAfier Bordant theicelis Mepd &iSed aih
SureFire_ readqut was. perfaor far Co und A, . cul e, kno inhibit
N RS GRS R RE L BITA o8RRI oo RS o dD Rah G 1t
3. Dual cgtaivflid ndr et 2857 exthdHEK aa Ml KiSo-Cetetrh tanitinodyh €S guitd Splgr sdtaldguen nof sc-

| KK1- K N s detected, by the Al phaScree ssay. t he |l oad is
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to inefficient transfection at high DNA concentrations as the 30anpunt of
| et PEI %/as I%ﬁcom ng limting. Conpound A provides an acceptable profile
when t hR®tW&hsfection is performed with a total DNA | oad of 0.125pg/m .
Exgrrpl eﬁmare@on@eu@ﬂn p¥ Pigutd Egiewidnbtrhl@ttl?aprésreiaﬁ% medebEKafg:\]?IAlmoNgm &Td'sa:js
and Met ho 35In_the first experinent, seria i,lutions of .four cqonp S
wer e t rERURSPREGPR %RQOPITSEdexpRImET Moy Prefisbana iy NSNS Ane
ComuounekliBased asdyl wabifahsibleansf ect ed HEK cel |'s

2013/ 014244PCT/ EP2012/ 064718 -1 9- (50 pl containing 10,000 cells/well)
were di spensed into mcrotitre plates and i ncubated for 24hr and 48hr at
37C andExdmprRZA: ddnfirmative bé trahefecion e&isattyewith pgtPEphor yl at ed | KK1-

KD- Fl agN det ected using the Al phaScreen SureFire | KKa (phospho-Ser-176/180)
readout, as described in Exanple 1. A second experinent for Conpound C
ConpounMateriatlaidbMethods 5 B was perforned at the 24 hr tine point only.

For, t he me, conpoun ell  yiability S r rfarmed using. the

ol 1971 ¢ AFREPIS P oL banSeied [t o oSV B KO e Bk
G7570) . rabb) @fdr¥he tanapsf eabd ed/miEKtat OINAS TAE @nfduint Bf j@tPH| frahbfecidrecanest ukd
candi dat e conpounds to be tested for N K inhibitor aCtiyit%@ After renmoving

the medVehforsiantde HUE GeIEKSREARIOR) W08 tansiagtion welis wegs immaedligiefyegisrgnsed
r eagentinfy 884 eIlimiclofite drsa Y50l iveasntadthgh J,0002e418/well) with incubation at 37°C

and 5% CO, for 24hr. Phosphorylated IKK1-KD-FlagN was detected using the AlphaScreen

20  SureFire IKKa (phospho-Ser-176/180) readout as described above. A dose-response
experiment with AlphaScreen SureFire readout was performed for Compound A, a molecule
known to inhibit NIK.

Results

25  The results from the above experiments are shown in Figure 3.

Dual jetPEl transfected HEK cells result in the phosphorylation of IKK1-KD-FlagN, as detected
by the AlphaScreen assay. As the DNA load is increased, a decrease in the AlphaScreen
Signal is observed most likely due to inefficient transfection at high DNA concentrations as the
30 amount of jetPEI was becoming limiting. Compound A provides an acceptable profile when the

transfection is performed with a total DNA load of 0.125ug/ml.
Example 4: Compound profiling with jetPEIl transfected HEK cells

Materials and Methods
35 In the first experiment, serial dilutions of four compounds were transferred to assay plates

[Sunitinib, Compound A, Compound B and Compound C]. JetPEI dual transfected HEK cells



10 well containing cell lysate and incubated at roomtenperature for 30

m nutes. The plates were then read using the Envision 2103 Miultil abel
Reader. OEDI20i3@u24@ 0 assay permts the determ nati on ofCTEP2mBENS Of
viable cells in culture based on quantitation of the ATP present, which
indicates the presence of netabolicallyg,active cells. 15Results The results

of the first_experi ar hown in Fiqure 4(A).a (Bl,...1t is notable
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ot o BOFAc feBhll Ao B AeS b S ER & KL bt S SR o Bt 2
(cj:gf i neddégaribet iﬂiEFT)@fmpﬁé quloﬂ setor ém)mimedtl f@ai_&bgi_plﬂmd phaSmpeen;P Aia@!datoFmpound
ounds were_al S a e N a, ce Vi 111t assSa sSNo N, Flgure
O N teitiopRg Al R 2N S ok ola B5b, B8 s pnactbeSy R Bitb o ShE
bel ow 1®%@Merﬁ>ﬂg@@a§ih@®d O&Timhel@[mmmggc@ml\ﬂiabgﬁ %ﬁ/gsag (ﬂ’('(fh)uega(, Bhtatuade( C)
are not u C oun cyt ot oxl . a e . t ol erance 0O
B PE g o Bzh gl SR S G Tk iR a6 TR T A Braedop ) e iate
VI\\A/;en exaﬁﬁ;&dl lgtjﬁ)/éc[h@@sw'_lc_ifbr NﬂCMhﬁiithHzﬁézéi&ﬁy.ﬁ?ﬂ@r %‘ngb\&?{g ﬁ@né@mﬂ@fsfecﬁoHEK
terl a an t ho r S ct ce S. cont al ni ng , Ul
cel |l s/ m‘éqﬁlﬁ)wqﬁéysggpgéé‘bofgeﬁ) iter- /J‘?P/gx‘?”beSﬁdé’a 'ré%?SﬂSWI it "P’ﬁ‘%?%‘?th 'Peeaﬁf‘at e
foria préll eshtaihing4eltlysale shéGnantlatGeBm t@ﬂbéfﬁidr@'for@ﬂnlnt!fésﬂ?ﬁé?Flétescﬁérje
Viability Assay was Berfor med as described 1n Exanple 4. 35Results The

y m ] . .
resul t s oifRfhesiagdie BRpsioNmeBsMyltitabal Raaden Feylils G0 aspgy permits the
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that transfected HEK cells can tolerate exposure to DMSO up to 0.5% v/v for
24 hr wWYRIRh iRdietRs the peasepse eanetabelically #¢tiye CBléanpl e 6: E and Al phaScr een
Signal stability determnation 5 The Z' and Al phaScreen Signal stability

wer e del&er ined. Materials and Met hods
15 esults

The results of the first experiment are shown in Figure 4(A) and (B). It is notable that
Compound C was inactive in the assay whereas Compound A and Compound B appear as
hNIK1-fl-wt-FlagN inhibitors. Sunitinib did not appear to inhibit the AlphaScreen Signal. These
results were confirmed in experiment 2, see Figure 4(C). The dose-response curves for these
20  compounds were well defined in terms of slope, minimum and maximum AlphaScreen signal.
Compounds were also evaluated in a cell viability assay shown in Figure 4(D). No signal
change was observed at concentrations of test compounds below 10 yM, suggesting that the

effects shown in Figure 4(A), (B) and (C) are not due to compound cytotoxicity.

25 Example 5: DMSO tolerance of jetPEIl transfected HEK cells

The viability of HEK cells was investigated when exposed to DMSO with incubation at 37°C
and 5% CO, for 24hr.

30 Materials and Methods
Transfected HEK cells (50 ul containing 10,000 cells/well) was exposed to 0 - 10% v/v DMSO
in a 384 well microtitre plate for a period of 24 hr at 37°C and 5% CO,. CellTiter-Glo

Luminescent Cell Viability Assay was performed as described in Example 4.

35 Results

The results from the above experiments are shown in Figure 5.



The HEK cell based assay was perfornmed in 384 well mcrotitre plates. Each
pl ate contained 4 10control colums (64 wells) and 20 columms (320 wel |l s)

cont ai ni nyoaot3atad44of 2, 240 screened test compounds (ChecBEPAge/obdi7vg ary) at
10 pM As a negative control (high control), 0.1%v/v DMSO was added to 32
well's. 10 pMof Conmpound A was added tg,16 wells as a positive | ow control

(100% inhibitio and Qun ) de 16 wells as a paositive
i d contToiesphomiar Rt e Pom BTG et BEe e e totdBn de Bl PRl b15.
Si gnal KdESECctp @.9%s/vofor a4 heditbisimpadlosfbpdediStabdign Sur eFi re readout as
previ ously described after 3 and 16 hours. Results 20The results fromthe
above experinents are shown in Figure 6. The Z° was >0.5 at both 3hr and
16hr afExamplecs: Zddnd iAlphasicredreSiinahsi8bilite detéenirtionn r eagents. Exanple 7:
DI\/SQ) and control conpound study in mcrotitre plates 25 Before exposing the
HEK cel | based assay to 2,240 test conpounds, assay perfornmance was tested

in mcroid ZradmshSeresnSighdlistdiliMeelevRitdrimiddong with md, |ow and high
controls. Materials and Met hods 30The assay protocol described in Exanple 6
was performed. The plate layout is shown in Fig. 18. Md and | ow control

wel | s cmatediaeghd Metiddznd 10 p. M of Conpound A, respectively. H gh control

%Hgfoiﬁ%%géﬁjeggémvd\gé%éx%%tp%l o?rgeé) i'nJ§§J4VV\//E§1I rr?i'grso%re Rp?astelzjsl.tE%ch \p/)\gte contained 4
10  control columns (64 wells) and 20 columns (320 wells) containing a total of 2,240 screened
test compounds (ChemBridge Library) at 10 M.
As a negative control (high control), 0.1% v/v DMSO was added to 32 wells. 10 uyM of
Compound A was added to 16 wells as a positive low control (100% inhibition) and 1 uM
Compound A was added to 16 wells as a positive mid control (50% inhibition) using the plate
15  layout depicted in Fig. 18.
Signal detection was obtained using an AlphaScreen SureFire readout as previously described

after 3 and 16 hours.

Results

20  The results from the above experiments are shown in Figure 6.
The Z' was >0.5 at both 3hr and 16hr after the addition of the AlphaScreen detection reagents.

Example 7: DMSO and control compound study in microtitre plates
25
Before exposing the HEK cell based assay to 2,240 test compounds, assay performance was

tested in microtitre plates containing DMSO wells along with mid, low and high controls.

Materials and Methods
30 The assay protocol described in Example 6 was performed. The plate layout is shown in Fig.
18. Mid and low control wells contained 1 uM and 10 uM of Compound A, respectively. High

control wells and 352 test wells contained 0.1% v/v DMSO.

Results



-21- The results shown in Figure 7 (A denonstrate that the HEK cell based
assay performance was acceptable with Z' >0.5. Analysis of the DVSO wel | s
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Results

15  The results from the above experiments are shown in Figures 8-11.

The results shown in Figure 9 show a good correlation between the n=1 and n=2 data sets. A

higher variance in the high controls was observed than in the mid and low controls. The data

from all plates was also visualised in a 3-D plot of plate (X-axis), inhibition (n=1) (Y-axis) and
20  inhibition (n=2) (Z-axis), see Figure 10.

The results shown in Figure 11 indicate that increasing the percentage inhibition threshold
increases the probability of hits being active on both test occasions. With a 50% inhibition
threshold, 65% of the hits were active on both test occasions. With a 70% inhibition threshold,
25  81% of the hits were active on both test occasions. With a 90% inhibition threshold, all of the

hits were active on both n=1 and n=2 test occasions.

Example 9: Evaluation of hit compounds in CellTiter-Glo assay

30 A screen was performed to identify hits arising from cytotoxic and assay interference effects. A

total of 21 hits (compounds yielding >50% inhibition) were profiled in the CellTiter-Glo assay.

Materials and Methods
The CellTiter-Glo Luminescent cell viability assay was performed as described in Example 4.
35

Results



30A screen was perforned to identify hits arising fromcytotoxic and assay
interference effects. Atotal of 21 hits (conpounds yiel ding >50%

i nhi biti onp 20syE4aofiled in the Cell Titer-A o assay. MrCEmPad12/0647d8 Met hods
The Cel |l Titer-A@ o Lum nescent cell viability assay was perforned as
described in Exanple 4. 35 Resul ts V\D 2013/014244PCT/ EP2012/ 064718 -22- In
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shown '”"':t%‘gg? ﬁgslailwltﬁpisgﬁo riﬁﬁﬁlil}rg@@g in Figure 13 (B) denonstrate

that noSt |ts in the HEK cell based assay
produced a si gnl f| cant cytotoxic effect. Therefore t hese conpounds are

comount® (alfe SEMFES" 5 B o Boae Kekrpshiing RoobEhiRuet M his
10cyt otioxthei tI-LEK<5ﬁ% laaerseds hesay prodecerlire sighificant cgtotdxics ieffact. ofherdfere2 these
conpoun&?nvéc;}@p%é%r?n“ﬁgl té’B‘é Sgn%g% CQWRHIBF&FeXhl bited a profile with

hNI K1- f ron- <50% and cytotoxicity <50% The current HEK
cell based assay is capable of detecting putative inhibitors of NI K

t t t D-_El N bst t .hat 5
e A S e Y S B SAPR SO PRI 293 n
confwounaytetoxieign<g0¥s3je shown in Figure 14.

In conclusion, of the 21 compounds that were evaluated, 9 compounds exhibited a profile with

hNIK1-fl-wt-FlagN inhibition >50% and cytotoxicity <50%. The current HEK cell based assay is

capable of detecting putative inhibitors of NIK activity (against IKK1-KD-FlagN substrate) that
15 appear not to be exhibiting cytotoxicity.

Example 10: HEK cell based assay in a 2,240 compound screen (n=3)

Materials and Methods

20  The screen was repeated as described above.

Results

The results from the above experiments are shown in Figures 15-17.

25  Of the 7 microtitre plates that were screened, one had Z' 0.35 which was lower than expected
and due to a larger than expected variation in the control populations on left/right hand side of
plate. The remaining 6 plates had Z' >0.59. All 21 of the hit compounds that were shown to be
active previously, see Figure 13(B), showed a similar trend in the n=3 data set, see Figure
16(B).

30
A plate by plate analysis was performed for the triplicate data sets in order to determine the

reproducibility of the hits, see Figure 17.

The data in Figure 17 suggests that despite the lower than anticipated Z' for 5 plates, the most

35  active compounds in general are reproducible.



Mat erial s and Met hods 20The screen was repeated as descri bed above. Results
The results fromthe above experinents are shown in Figures 15-17. 250 the
7 mcrotiwpeop/Easrg t hat were screened, one had Z' 0. 35pramiEPRoRAsS4TIOWEr
t han expected and due to a | arger than expected variation in the control
popul ations on left/right hand side of ,plate. The remaining 6 plates had Z

>0.59. Al 21 of the hit conpounds al re showmn to be active previously,
see Figure 13(B), showed a simlar ﬁgrger%%ci'éﬁﬁt he n=3 data set, see Figure

16(B). 30 A plate by plate analysis was perfornmed for the triplicate data

sets in, order et.ernm n e, r.eproduci.hi ity of the hits,.,see Fi 17.
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Clainms 1. A nethod for identifying a conpound that inhibits NIK activity,
conprising: 5(a) providing HEK cells cgataining a DNA encoding for NI K and
a DNA encoding for | KKL- KD (t ransfecéleid SHEK cells) in a culture nedium
(b) incubating said transfected HEK cefFPe with and without a candidate

nol ecule to be tested at a tenperature of 37C +1- 2C in the presence of 5%

cx2 f 2 ; i h | t . ' .10(d) lysi. th Il's;
O 1o, 24 BRGS0 the o o
conplex; (f) exciting the cell lysate with a |aser illumnation and (Q)

measuri ng, t\he siagnal-.arisin n_l r_exeitati f |\ Lysate ' a
bea -baseéé )I %r%v'ﬂgg?elzr\}?c%lfso%%tﬁwﬁg ge eCFP%’n ns%/@i Qﬁ]@aﬁgamégp%ooir%gr@gﬁ%@ﬁon
or the absenk (pdnsfdutedsHEK &kl aicnkbdemenimne; cel | | ysate deriving from
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and wher ei n tebhiedat e égrhperatuoerpl X CeignPid indise presehacafl58: COafe®4dend;and a

bi ndi ng partner whi.ch binds to the | KK1-KD 20protein and the donor conpl ex
conpri ses%%? rr?mogl&gltﬁe (Q,lggjtr%aqeggénd and a bi ndi ng partner
10 (d) lysing the cells;

(e) adding to the cell lysate an acceptor complex followed by a donor complex;
(f) exciting the cell lysate with a laser illumination and
(g) measuring the signal arising upon laser excitation of cell lysate using a bead-based
luminescent proximity detection system,
15
wherein a reduction or the absence of the signal obtained from a cell lysate deriving from
transfected HEK cells cultured in the presence of a test compound is indicative of the
inhibition of NIK-mediated phosphorylation of IKK1-KD, and wherein the acceptor complex
comprises a molecule-coated bead and a binding partner which binds to the IKK1-KD
20 protein and the donor complex comprises a molecule-coated bead and a binding partner
which binds to the IKK1-KD protein.

2. A method according to claim 1, wherein a reduction of the signal obtained from a cell
lysate deriving from transfected HEK cells cultured in the presence of a test compound
25 compared to the signal obtained from a cell lysate deriving from transfected HEK cells
cultured in the absence of a test compound is indicative of a reduction of NIK-mediated

phosphorylation of IKK1-KD.

3. A method according to claim 1 or 2, wherein a DNA encoding for NIK and a DNA
30 encoding for IKK1-KD are inserted into HEK cells by transfecting said HEK cells with a first
expression vector containing a DNA encoding for NIK and a second expression vector

containing a DNA encoding for IKK1-KD.

4. A method according to any of the preceding claims, wherein the molecule-coated bead

35 of the acceptor complex is a Protein-A coated bead and the binding partner of the acceptor
complex is an antibody which specifically binds to the phosphorylated form of Ser-176
residue of IKK1-KD.



whi ch binds to the I KK1-KD protein. 2. A nmethod according to claim1,
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| KK1- KD. WD 2013/ 014244PCT/ EP2012/ 064718 -26- 5. A nethod according to any
of the preceding clains, wherein the nol ecul e-coated bead of the donor
conpl ex i 9. A sdthepbeoording tccargt & dhdopradedingl claines, furthér ngmprasitaitbe stdp dfliestaignor
conplex ig a biotinylated antibod Leh pinds to LKK1-KD. 56. A nmethod
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having a NIK inhibitor activity associated to a cytotoxic effect from
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cytotoxic effect.



