Mechanisms responsible for hypersensitivity of small cell lung cancers to novel
Dana-Farber Cyclin A/B RxL macrocyclic peptide inhibitors
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INTRODUCTION RESULTS

* Cyclins regulate the progression of cells through the

w=fl) @velke oy (simeline eel seitvating @eln depemndan Figure 1. Small Cell Lung Cancer Cell Lines (SCLC) are highly sensitive to Cyclin A/B Figure 3. CRISPR inactivation of selected screen hits caused resistance to Cyclin A/B RxL Figure 6. Cyclin A/B Inhibition Promotes DNA Damage
kinases (CDKs) and selective targeting of Cyclins inhibitors which induce mitotic arrest and apoptosis Peptide Inhibitors Preferentially in Sensitive SCLC Cell Lines with RB1/TP53
and/or their CDKs are promising therapeutic a0 Compound A Gl mEmS  — G2M e sgCtri# e sgCtri#t1 . sqCui# Inactivation
. . . % %k %k %k 120_
Ziratig'destfor : a(;'otuhs e type;' NIIOSt dcanc.er 5 | eeld — o sl - sgCtri2 s e 15 Sg%\:‘fém (SCLC)  NCI-H1048 NCI-H446 NCI-H69
rected targeted therapies are developed using  |RERINER Eloom o i T Rl HHH! LITT ||=% —+sgCCNB1#1 o'+ —sgCDR2#1 = = 59 Compound A (nM) 0 20 200 2000 0 20 200 2000 0 20 200 2000
small molecule inhibitors that require a druggable s O 3 1 2000 nM = +sgCCNB1#2 S _g1 0 —+ sgCDK2#2 S 810. — SgKNTC1#2 =
binding pocket on the target of interest. Macrocyclic el . = E & § Tg . § ‘_EU yH2AX R TTIEE SEe—
peptides can selectively block protein-protein [{l L N 8 5. 8 505, 8 5054 )
interactions required for function and hence can be |JRes a 209 - = X "00 A\ A I ————
used to target previously undruggable proteins. . nsns*  nsns [° nsns ** NS a8 S S ST ENSTEE S SEESS 1 0 & &8 T B 11 10 5 8 7 8 11 10 9 -8 -7 -8
Using a structure—guided approach, pue deveIOped " NCI-H1048 NCI-H446  NCI-H69 ":;g.m HCC4006 NCI-H1299 %19(196 %19(19% C:rrriqgjnd Aq,((fi/lqiQ %(&L& %LQ(LQQ Jog|lrizauti A 1 log[Compound A], M log[Compound A], M (NSCLC) A549 HCC4006 NCI-H1299
cell-permeable macrocyclic peptides that block the SCLC NSCLC NCI-H1048 NCI-H446 NCI-H69 A549 HCC4006 NCI-H1299 Compound A(nM) 0 20 200 2000 0 20 200 2000 O 20 200 2000‘
Lo 1 [TAVAe) @Yol [T W N To VLo T @Yol [Ta W= IR oM o o e MM To] 4|9l | 1A. Apoptosis induction measured by cleaved SCLC NSCLC SaCtri#1 Dose response of NCI- VH2AX — D D G ———
on their substrates thereby inhibiting Cyclin activity. PARP FACS ana|ysis in different |ung cancer cell 1B. Cell cycle distribution measure by Pl FACS -~ SgCtrl#Z -e- sgCitri#1 H1048 cells infected
05 |G -e e+ 1M | lines treated with Compound A (Cyclin A/B analysis of lung cancer cell lines treated with ,_51'5' . sgMAD1L1#1 A1-5- Sg(Z:\t/cﬁ\lem with sgRNAs against H3 | o e s o o oo o o o s a_p =
A VR qn A/CDK2 bound to p27. p27 inhibitor) at concentrations indicated for 72 Compound A (CyChn A/B |nh|blt0r) at § .&31 0. . sgMAD1L1#2 § §1 A - ngWINT#Z top screen hits treated
‘..,'» ~:‘=\:;}, > (green) binds to Cyclin A via |ISTes concentrations indicated for 24 hours. 3 T;_g S ‘_é N S with Compound A RPE1
PSRV O 4 its RxL domain (orange) . . .- . D 50.5. T 50.54 Cyclin A/B inhibitor) at SgRBT
o g 08! ¥y : ” Figure 2. Genome-Wide CRISPR/Cas9 Positive Selection Screen o £ o S8 . (Cy / . ) sqCtrl sgRB1 sgTPS3 ~ _ sgTP53 ~ NCI-H1048
hich litat 8
Ty e which  facilitates  proper . e . . - . T — concentrations CompoundA 0 200 2000 0 200 2000 0 200 2000 0 200 2000 0 200 2000
A & Aty localization of p27 within | Reveals SAC Activation as a dominant mechanism of cell killing by Cyclin A/B inhibitor 0.0 — \k% , 0.0 — \é"‘*‘ ) indicated for 6 days (M)
RS ve si : : : : T 1 10 9 -8 -7 6 1 10 9 -8 7 - ' - = .l
: LCCLAEI AR ClICL /A Apron analysis comparing the end timepoint for each drug condition indicated vs. Compound A log[Compound A], M log[Compound A], M VHEAX
R o R E N  E L VA L Lo el M R R VAI 8 enantiomer control. n=2 biological replicates. Cyclin ABIE Inhibitor Cycin AB nnibitr . . . —_— : : L
dysregulation were highly sensitive to Cyclin o CompoundA - Compound8 Figure 4. Spindle Assembly Checkpoint (SAC) Activation by MPS1 is Necessary for Cyclin
. . g yclin nhibitor vs. Enantiomer Contro _ . o . . . . . . .
macrocyclic peptides, which includes most small cell Nontargeting/ A/B inhibitors to Block Proliferation in SCLC Cell Lines yH2AX immunoblot analysis as a surrogate for DNA
!ungt-catricer ) @Sl s v Gt e 1Ee KNTC1e 2N 24hrs 72hrs = Compound A damage accumulation of SCLC/NSCLC lung cancer cell
I EEN kN 2" e e CompoundA(nM) - + - + - + -+ = - CompoundA+ lines and RPE1l (non-transformed) cells treated with
to) C o L] ° TROAPe 0l _ _ _ _ = - . - - -
% s .. C@lﬁéz PPy . = . MPS1 Inhibitor (nM) S M % ;’%1.0- BAy_p1217389 (3 nM) Compound A (CYClln A/B |nh|b|tor), 72 hrs
N Venn Diagram showing common enrichment p-KNL1 — ™ % £
"""""""""""""""""""""""""""""""""""""""" += 01 . .
& § b QR o v s hits between different treatments. O 2054 CONCLUSION
= AT O S Kl -9 v ' el ol o Al 2o 24 ° Crtlas . .
-5{ARLBIPIEENPFe E£2r7e veoe PER3R R (18626 ® Vinculin M
MAD1L1
Cene Sy (phabetized) NCI-H1048 o1 > SCLC cell lines are highly sensitive to cyclin A/B RxL
C dH C dB , . . log[Compound A], M i inhibhi i inhibi
Cyciin AJB/E Infibitor vs. Enantiomer Control herasele NCI-H1048 cells treated with 20 nM Compound A (Cyclin A/B®S™°FPPIE "o Peptlde inhibitors where CV.C“n. A/B RxL lnh!bltOFS

Waterfall plots of 44 SCLC cell fines treated with inhibitor) in presence or absence of MPS1 inhibitor (BAY-1217389, 3 induce DNA damage and mitotic arrest leading to
aterfall plots o cell lines treated wi o] ol KNTCHe . -

Compound A (as assessed by Gls). 2 —— (KB pocrrse - Z@g&q& nM) for 24 hrs (left) and dose response at 72 hrs (right). apoptosis.

e CRISPR/Cas9 positive selection resistance screens 2 : ' Figure 5. Genetic disruption of the SAC complex significantly decreases mitotic arrest - S o
were performed to identify genes responsible for N o . and apoptosis caused by Cyclin A/B Inhibitors enome-wide néc Sl SEEE ERTREIEE] el
hypersensitivity of SCLC cell lines to Cyclin A/B RxL Bo e wonie e m s T — = MAD1 and the ROD-Zwilch-Zw10 (RZZ) complex of
inhibitors. ’(—0—10. E2FTeMm ORSRRN e STRING analysis of common hits between e Bl VVehicle ] Compound A ’% N Bl Vehicle ] Compound A the mitotic spindle assembly checkpoint (SAC), which

METHODS Gene Symbol (Alphabetized) Compound A and Compound H . i 2 4] . is regulated by the kinase Mps1, is required for Cyclin
— o= o o o o .
(SCLC)  NCI-H1048 NCI-H446 NCI-H69 _ miEsa §§3— J[ A/B inhibitors to induce apoptosis.
Schema for the CRISPR/Cas9 genome-wide Compound A (nM) 0 20 200 2000 0 20 200 2000 0 20 200 2000 Phospho-KNL1 immunoblot analysis || £ = . . . . o, Sk, e - N
.y . . 1 o 8 o . . oML o .
positive selection screens in NCI-H1048 SCLC cells. o-KNL1 p— — -m— as a surr.ogate for sp.mdl'e as.sembly E<§2‘ £3 N » Chemical inhibition of Mpsl caused Cyclin A/B
: o irots Gl — ChﬁCkpomt (SAC) activation Iln §C|-IC C m m ﬁ m ﬁ 3 I ' inhibitor resistance demonstrating that SAC activation
with Whole Genome sgRNA library (Brunello) VINCUIN| e s s — — f:e S .t.compared tI(I) rTI atllve y 0— | . . | l | . . o Y | & o by Mpsl is required for the ability of Cyclin A/B
| Insensitive non-sma ce ung D NN N D 0\3\ O\\\ NN N O & . o . )
X SRS SRS N inhibitors to induce apoptosis.
R L b (NSCLC) ~ AS49 D NCI-H1299  cancer cell lines (NSCLC) selected as ég)“‘\ @&’6\ L& oy & & N S A ol POP
12 Cyclin A/B Cyclin A/B/E Enantiomer Compound A (nM) 0 20 200 2000 0 20 200 2000 0 20 200 2000 I £ & & ¢ SR
Inhibitor (200nM) Inhibitor (200nM)  Control (200nM) - controls from cell growth inhibition P 3 S S 2> .. . , o , ,
Comound A Compound H Compound B o KNLA o * oo ~s amaw | data (Abstract 1560) and treated . . . Apoptosis induction measured by cleaved | > Overall, selective inhibition of cyclins with RxL
i l i : : FACS analysis of phosphoserine10-H3 in NCI- | | PARP FACS analysis in NCI-H1048 cells treated macrocyclic peptides offers a mechanistically distinct
. . with Compound A at concentrations : : : i . R .
-Harvest Genomic DNA for Deep Sequencing Vi . L. H1048 cells treated with Compound A with Compound A (CYClln A/B Inhlbltors 20 mode of action to inhibit CycIm/CDKs
-Analyze sgRNA Enrichment to Identify INCUIIN | e e s s e s s e indicated for 24 hours. Cvclin A/B inhibi )
Genes Whose Loss Causes Resistance ( yclin inhibitor, 20 nM) for 24 hours. nM) for 24 hours.




